Di suBSTi TUTED PHTHALAZGNE HEDGEHOG PATHWAYANTAGONI STS The present invention
rel ates to Hedgehog pat hway antagoni sts and, nore specifically, to novel

1, 4- di subwoi2zowvsd21pht hal azi nes and t herapeuti c use t her eafr/ustie/obisdgehog
(Hh) signaling pathway plays an inportant role in enbryonic pattern
formation and adult tissue maintenance by directing cell differentiation
and proliferation. The Hedgehog (Hh) protein famly, which includes Sonic
Hedgeh@gF ERFAY TATIRNI & HIY EHBY PR hJLEMaREE15e 38 rTHEHRANGEROY { BRPHCRANE

secr et &gV oproteins that undergo posttransl ational nodifications,

i ncl udi ng autocatal ytic cl eavage and coupling of cholesterol to the

am na-term pal peptide.to f.orm.the fragnent that SS i.gnal i ng

St 104y LRl e P URTS AL S PG v UG B BYGaH B (Prchl and
Ptch2), theoabyeral|2®eg.ati ng Ptch-nmedi ated suppression of Snoot hened (Snp).
Snmo activation triggers a series of intracellular events culmnating in the
stabilization of the Ai tr ri pt.i.Qn QU , G2, and GH3) and the
expression of @ i-dependentq%@ﬁg£8%h .EgﬁgkﬁﬁiB nsi bl e for cel
proliferation, cell survival, angiogenesis and invasion. Hh signaling has
receldod?} atthegotsent ice@nsom@oalbtsenéthids tegomogskddiffarehteiod oSlomeutgnt t hat

aberrant activatjon of .Shh signaling |eads to the formation of various
fumor o e oot B P i BR e B PR BB R, ar &1 norm,
smal | cel | dxprgsieaofardrkeramdodiatabial the pamceric eilyeinclinckfe. ant agoni sts have
been reported in the art, such as the steroidal alkaloid conpound | P-609;
t he am noproline conpound CUR614 %knaaﬂoﬁﬁﬁ)2,4-disubstituted t hi azol e
conmpound JK18. W2005033288 di scloses certain 1,4- disubstituted

pht hal azi ne conpounds asserted to be hedgehog antagonists. Simlarly,

W2 0[0803] 106Advenetis sictabisieplacercnatherafdy #r dysulblabctes metityphant alshoriage ot onpounds
related to i 1S can fi. ol ogi .rel a o the
hedgehog pé%%ggéhﬁgaggg(gif%?hgggggg%%mﬁgggg%%#xﬁgygﬁ?ﬁ%%ﬁgg %% pat hway

i nhi bi t or s, inpdintpraducag lcyllst idbellhapprogride fir cadrhfemghaOnaapdyack iv thg

phar macoki neti c .and. t oxi col,0 rofjl.es. The present invention provides
Povel 1.4 crotmud] T bEoERP RIS bt b PSR o SOBRRS & of s
pat hway. Theenibregeniterh BsiBNt i on provi des a conpound of Formula | : Fornula |
wherein, Rl is hydrogen, fluoro, cyano, trifluoronethyl or nethoxy; Ris
hydr , fluorq aor trifl.uqronethyl; i.s _hydrogen aqr chl or rovi ded
et D8P oot Sl phbsy o AR 5 s YRERE et §0P Bt eyano,
trifl uor omedomplrisingetrésgeym ldicfsl(easdermt iaxyeror artdrénflbdean pimtphaxys; represents a
substitute i perazine-l,4-diyl selected fromthe group consistjng of or a
har mmceut | QPR RebEGb Bouh voE peRsren T H0 aFRER b "2t ructur os
above it Wwdnd1Rer, uild@vslop ddnt thatndob&n, efatan sitelthcoibitetstige.pTIREr aZi Ne ring, as

drawn, is linked.to the bhicyclic. phthalizin .the rjght_sij of the
intermediate stageeln this process is F%he ‘rgrmatlzon 0?de 1n9uve endodegn. De 1nqt?ve

endoderm cells express a number of markers, such as, HNF-3beta, GATA4, Mixll,
CXCR4 and Sox-17.

[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 develop
beyond the formation of ventral and dorsal buds. Thus, Pdx1 expression marks a
critical step in pancreatic organogenesis. The mature pancreas contains, among other
cell types, exocrine tissue and endocrine tissue. Exocrine and endocrine tissues arise

from the differentiation of pancreatic endoderm.



pi perazine ring is linked to the carbonyl. It will be understood by the
skilled artisan that the conpounds of the present invention conprise a
tertiary woi2om/osudiety and are capabl e of reaction wth aCmursbe9/06f635

i norgani c and organic acids to form pharnaceutically acceptable acid
addition salts. Such pharnmaceutically acceptable acid addition salts and
common net hodol ogy for preparingthemare well known in the art. See, e.g.

P. qge«m], Sl AlbearIRNRBCH OBt BARNEGELTEL Sk Bk Sl PRIBRRTh B on SEL ECT! N
AND USE, | ey- VCH, 2002) er et ah Phar maceuti cal Salts,
" Jour nal oqellpﬁ@hm@wt |Fea¢xas@leeh@re§8kywnl len%29211389a%m5}r9p0£977 Specific
enbodi ment sqiaf e hiioh ¥ ABEse QRbHIFI UG CAIRAKMMR sQretfid s tEred simPhr B
pharnaceutléa%ey agce taSIe sggtcthereogn)mﬂﬁrggﬁeI%S 1e%gnhy%rogen
fluoro or clgﬁaﬁroathlﬁiyts R&omasetﬂl (dibetes(49) 15R22008) tepert thgtelnswn sedrefongo; (d) R2 is
hydr ogen;

trifluor orre 1%@“)6 1{8 uo@%ﬁe&?l%%é%c gﬁémtcr%lllgflll‘oglgélorré%%%@[aq? §%%%8toglnf | uoro or
cyano; (h) iRduded dfabeimmaice.(1) R1 is hydrogen, fluoro or cyano; and R2 is
hydr ogen or quoro (m Rl is hydrogen, fluoro or cyano; and R2 is

Dy CBAFA. (onEbdnind HUADL LR 18100 HB9GRAL 0l Bep @hdil | 11 o o
fluoro; andelﬂtrycprsc a‘t¢m9¢lb WIthhhhlmers cz@/[dwephomosltlﬂmbkmm(hb’ﬂ9'400a} f 1 uor onet hoxy
or trifluor h ydrogen, fluoro or cyano; R2 is hydrogen;
and R4 is f E@%gy&mﬁﬁMI&%£ME%%%éﬂ$rlfIuoronethoxy, di f | uor onet hoxy or

trifluoronmethyl; (r) Rl is fluoro, R2 is hydrogen or fluoro; and R4 is
f 1 ud0808lchl ]@raDOth@yampleiﬁlb’ﬂfZICZ}lkrétbﬁbe%‘)@ 100998} BB drepoiitroty generation of

trifluoromefhyh: pr&ﬁ%mgﬂceﬁssfm{] HOLR s dnft s gs&su@lﬂgeﬂfﬁ réssqu%éuoro,

chloro, cyano, tri romet hoxy, oronet oxy or tri oro thyl; (t) Rl
i's hydrogen&mﬁluoro or cyano; R2 |s hydr ogen or fluoro; R3 is hydrogen; and
R4 is fluoro, chloro, cyano, trifluoronethoxy, difluoronethoxy or

L0 OB O o ) plthd B RAGHCRORTE cob AR, BE oM en: BPryitgr 0gen: B3 s

o
hydrogeA an oro oro, cyamo, tri or onet
d|f|uoronet%@nydbnoﬁnmﬁﬁ&bp@mBmm@mGE%wﬁnﬁmmmm Rmmom@mdmznmseﬂydwggen or
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di f| uor onet uor ome
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- 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
treatment resulted in an increased level of the transcript for Pdx1 (Biochem. J. 379:

749, 2004).

[0012] Shiraki et al. studied the effects of growth factors that specifically enhance

differentiation of embryonic stem cells into Pdx1 positive cells. They observed that



(WR 1 is fluoro; R2 is hydrogen; R3 is hydrogen; and R4 is fluoro, chloro,
cyano, trifluoronethoxy, difluoronmethoxy or trifluoronethyl; (x) RL is
fluoro; REOI2810MpMI6gen; R3 is hydrogen; and R4 is fl uor @CT(USR00RD61635

hydr ogen, fluoro or cyano; R2 is hydrogen or fluoro; and (z) Rl is
hydrogen, fluoro or cyano; R2 is hydrogen; and is(z) Ris fluoro; Ris
hydrogen or fluoro; and is (aa) RL is hydrogen, fluoro or cyano; R2 is
hydrogen orrdk otrodidiblySy il A8 pRportidn bf BRI Posiiitd QNO(GE¥A0QS, _
trifluoronethoxy, difluoronethoxy or trifluoronmethyl; and or (bb) Rl is
hydr ogen, f30986den:dP(6e\pAAdO)R2 i s hydrogen; R3 is hydrogen; R4 is The
present invention also provides a pharmaceutical conposition conprising a
compeary] of GEAbAMHA demoNiraftd RRAKIRESV radhl Yy IENEPIRAl nddddrin decher eof , i n
conbination with a pharnaceutically acceptable excipient, carrier or

di | uent. ThiEome SioptsuiePsY Qi sigre cglls dis s pbjeAcretis Py R 2ad é the BreesnsdPy f or nul at ed
as phar maceitil 6 alons QAR ifHiIARS oAAm HbSiRE Donsoyaddeally of routes.
Preferably, such conmpositions are for oral or intravenous adm nistration.
Such Rharnaceutical conposi tions and processes for preparing themare well
cnovk0I4 { Heode ¢ d64BNAG, ol 10RempenEeroR: 20PREasey BRRSEARDT PRACTICE. O
PHARMACY  ( AycriEaRNALIRg s&hulBheou8fSyere Ahifedg8r the MakkutibhiBF ths MiBghrCo. .  1995) .
The present invention also provides a nethod of treating brain cancer,
basal cel | REREVHBIPEK ™ esophagus cancer, gastric cancer, pancreatic cancer,
biliary tract cancer, prostate cancer, breast cancer, small cell |ung
canci@di1s|NONHSWBL}, tfeahdust HdEcl ©RBGE oniBs el el MERNPIRNt 34 Adt BkRupy el o,
ovarian cancer, colorectal cancer, liver cancer, kidney cancer or nelanom
in a pati entingpihsdeslopneaghpiogemeinihighct Hagmalss suehes. foi ckagde. $pmaife h
treatnment an effective anmount of a conpound of Fornula I, or a

pharargut | Tnlsyn aCRaRIAR] @nisdbdic (BB CER fronk huidnl BlasRRyHOERIHE00d that the
anount of the conpound actually adm nistered will be determ ned by a

d |
physi ci an ufder 4t 1188} diguintlyi Gatheeah eeeorksrhdirivad Rgnimaipeits tion to be

treated, theahRSECdMLrh r@dToMdEEtseid QRambibieeaR! PRk 1GRMAesNd or
conpounds adm ni stered, the age, weight, and response of the individual

patient, an®FitlieA 8&VER0t 1P98) WiHike proupaamibreonig siern 6ehs. Winek 63 per day

normal |y f i by : : : body

wei ght. | naésr(l%vrs\taﬁateihEllsotlﬂl a(%%c}grgﬁ%glggalgfpll}g%g%ﬁgmg%%l\g&vﬁ%ﬁ%gﬁga\/\lglrng%lﬁ?? 8§)rf t he

af oresai d r@hgehurean dyebrynpicestanhedils adeteanantaingd hedei verpsivera] emdidionst i | |
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intended to e ihvention I'h any way. This invention
al so provides a conpound of Formula I, or a pharmaceutically acceptable
sal tI00Hdr eoP Ao etidedeagibas thedf whasriantof cpvedird ¢wieds lof hurmdi esntiryarént i on
provi des USs?e Eelf’—‘de{iﬂr@@@éﬁﬁ iv%fem'fo%ﬂi‘g' lnath%T%rg%c@ofpahﬁ%}{%(ﬁgéﬁttﬂaﬁ&J 4y acceptabl e
salt thereof, I'n the manufacture of a i cament Tor treating cancer. In
parti cul ar, actinie agdoesering (Matire Bidechhelogy 2H€). girensplagtmstheteicalls wiletbr ai n -
cancer, basgl, Gel) o SaTCLNATR . SRARPAMIRAGANGlo pBRSLILE SRNGRT . pancreatic
cancer, biliary tract cancer, prostate cancer, breast cancer, snall cel
| ung cancerchanowrrigitabf sooeldnddderngal ©egacerEluman embryonic stem cell-derived

definitive endoderm cells can be further differentiated into Pdx1 positive cells after

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

[0018] D’Amour ef al. (Nature Biotechnology - 24, 1392 - 1401 (2006)) states: “We have
developed a differentiation process that converts human embryonic stem (hES) cells
to endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,
somatostatin, pancreatic polypeptide and ghrelin. This process mimics in vivo

pancreatic organogenesis by directing cells through stages resembling definitive



B-cell |ynphoma, multiple nyel oma, ovarian cancer, colorectal cancer, |iver
cancer, kidney cancer and nel anoma. Furthernore, this invention provides a
phar macewpecalo/sorposi ti on conpri sing a conpound of For RUTAISRG09061635
pharmaceutically acceptable salt thereof, as an active ingredient for
treating brain cancer, basal cell carcinom, esophagus cancer, gastric
cancer, pancreatic cancer, biliary tract cancer, prostate cancer, breast
cancer, snmBlljofshl gdt—ltmﬂ A@RCRA, paPBaR féﬁélddeﬁl%ﬂd dndBGing ?fb@@trs@r Brofb |

Iynphona mul ti pl e nyel oma, ovarian cancer, colorectal cancer, liver
cancer, ki deeglisihticspregrendastianberonshie conpounds of Formula |, or salts
thereof may be prepared by a variety of procedures known in the art, as

wel |[0@f9]t hog@nsesExhigd, itk drBE rPoheiBRtenPlof pRUAh OB credRds EXRNP! €S bel ow.
The specific synthetic steps for each of the routes described may

beconbi ned irem grpaesrahiyoniggiem colis (U2 A Adh Inthiscass &iss from di f f er ent
schemes, 1 O;REeRMiBn ﬁﬂﬂ@%gssdlgﬁed: Ao THe8 sthges OHuRh ERbly DRIt 88 cclli1®
substltuents unl ess ot herw se indicated, are as previously defined. The
reagents anwmefeﬁﬂﬁﬁgmﬁﬁ%@ﬁvaﬂ@man@mgemeﬁdmnvwneéaxmynemwwwwmﬂe to one of
ordinary s [ gggﬁ i ques of
organi c anﬁiLg?e$egﬁgfﬂ%&%ﬁg%???@H&?¥g§ﬁﬁl uet&\}/{\%l§tg a?%ggggﬁggous to the
synt heses GmanGMmmsvhE@ﬁuﬂbﬂhyﬂbhmkManﬂweﬁpmhmdsweaﬂd fThetepnwekedur es
cesor | bed | 05 FRAl ANRURARGSRIAP, o, 1 o Fol Tow Fncludi ng any novel
i ndicated: "Et2q " refers to diethyl ether; "DVF" refers to

di mel093Alf or lveir eemplOPBO st et &. Sﬁ@eSdi“N@tWyﬁSdﬁ thehiveleexpresti@pefPdréf ers to

o e 20t Afinced e L8h B SunbBud ShFBNGRLL B ion VB ShRLS,f 0 et hanol
tertbutoxyoambmthnﬂd$GMﬂsgeﬂeﬂstnoomvmumgu@aWWﬁdBamwhmmge%ﬂdhdn"IC50"
refers to t t of an agent that produces 50% of the maxi nal

i nhibitory ¢§§%§ﬂggﬂﬁg§£ﬂgﬁg for that agent. Schene 1 (3a) A = boc or (3b)
A=HStep 2 (5) (6a) A = boc or (6b) A= H Step 4 A conpound of Fornmul a
(6b)[082) beTlpredpartede sl eoposdanpdicantinaed tealctfdlmwnéiﬁonﬁeﬁgi ctabdsliirg Schene
LSS B s U SEORBANE) AELDB (R 60, Bpeppshed W D o,
(SNAr) to pwhia rdﬁlnmgph@maﬁiahty)ldiﬁﬁﬂnédmaiealztb Ipﬁ!ncméatu‘: ordvatize dellq pawreaidb) . The
reaction take otic or DMF with
o appr opr e B SERaiRHAE EPrBEwF ksl NS ESho oSt tRs Pl e, or

pot assi um cafehatiad gpprohbietorfingtove enciesfidimay efidigftreadomf huianldtbrinic The skilled
artisan wll poni z that .in sone i stances it will be advantageous to
use a prote%??ﬁé 3?35 PUGERtiGendgeinealls. o oup in a pi perazine of formla
(3a) allowing protection of the |less hindered nitrogen atom as in
(5)-tert-butyl -3-net hyl pi per azi ne-$cdMARYI at e.

[0022] In one embodiment, the present invention provides a method for differentiating

pluripotent stem cells, comprising the steps of:
a. Culturing the pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,

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

endoderm lineage, and



Conversely, when reaction takes place at the |l ess hindered nitrogen it may
be possible to use unprotected piperazines such as ¢

- 2, 6- di rewvbyebp/gsea1azi ne or pi perazin-2-yl-methanol. Nei Po@USe@9psBBECt i on
requi red when using 2,5- dinethyl piperazine. In Step 2, the phthal azi nyl
chloride of formula (4) is reacted wth a phenyl boronic acid under Suzuk
cross-coupling conditions. The skilled artisan will recognize that there
are a varief ypffer&Rifhd O BS1sWgsttnef ik drd@iatdctcRtddd tfUYsalicrediRs s - coupl i ng
reactions. The reaction conditions nmake use of a suitable solvent such as
di oxane or di exdgdenyacage intpelly expecsiiphmpikers changserisgpebthe panciatipr esence of a
base such as gegiupaRLonate or cesium fluoride. The reaction takes place
in the presence of a palladiumcatal yst such as bis(ditert-
butylﬁ4-dinethylaninophenyl)phosphine) di chloropal adium(11), (1,1 -

bi s (@0 enyinshs sphedinyTtethe Bieesbnyetion@rayiAes p metied derilpracasige thesp- 4- 1) -

bi [ bi s(1 .1 dprabiyd @hidn besdedTel DN HRRERILLLORRRIMNiculRhflpRBher o- pal | adi um
(prepared according to the synthesis of catalyst Din J. Og. em 2007,
72, 5104- 51trepfing eplld expressing mearlereghapsishgicef dhe panqreatisepdactipelissgabout 80-1 10

Al ternat | vel i Renu BPEGAZ! it BAL ALK AT A LB b B WL () 1

react ed w tincraaspiipepazsineoxharkas aasbaatéBa)th dre paddgatic endocrinclieaghi | i ¢
aromatic substitution (SNAr) simlar to that described in Step 1, above. In
Schene 1, Step 4, amn 'g@ﬁﬁﬁ? t esent in the phenyl
pi per azi nyl phthal azi ngRggﬁ oﬂ} nmul a %g)é,ﬁggﬁ‘a le{Angpl\g otected to (6b) and
further reacted to give conpounds of the invention. Methods for renoving
ni t rl@8 priogeetlishgvgnoupeaf thewdldrenkinbwrprptacal kmplyed ngeepreseny. |, Greene and
Wit s, ProtQ§%;gg G oups in OganicSynthesis , 3rd Ed., John WIley and Sons,
New Yor k, ( §¢)?' For exanpl e, boc deprotection of the phenyl piperazinyl
pht hal azi ne of fornula (6) can be acconplished under acidic conditions,
suchl08251wi t gy drsbeyerthe pipseshige of mpders assatipted gyithidic varpus stagps ¢féha r ansf or med
to the free;a.Re US| ol LNQr @A § such as sodi um
bicarbonatéﬁﬁg% &?MEbggmgggﬁgéﬁgteﬁgg§§%tgﬂgﬂ?ﬁ1e ar%?@ggt?hat conpounds
of fornmul a ¢xplesiion Schrerid s deteempeding FACEI gellawhibe Abmen embryamc Bemr eadi | y
prepared by meth L m t i I.n.or i ng
procedures‘Fﬂg#egﬁzmgggg%%ﬁgﬁggm?%%?H§£%§€Z% o#ggégﬁ%ﬁgﬁxﬁ¥§?%ﬁgnylcarbonyl
benzoi ¢ acidarkgsnspatted with stagal, @ dgerarnokdrbyaedlitiore REIR, én @ihle nf/the magnesi um
brom de with phthalic. anhydri.de,. .c be, cyclized wi,th hydrazine to give a
o Cphenyl - R tRa oG AR A EE vl anTes REE NI phosphor ous
oxychl ori de provides the 1-chloro-4-phenyl-phthal azine of formula (5).
Al t ell002Ai]i velfigyre 3 showdddithidooe gpihingak edis néthe Anmbecmiggatiestemictlhlige pheny|
boronic acid in a,Suzuki, cross-caoupli reaction t ive t.he corresponding
1 e o o 4- OelP DR C0 3266 3F B nIRaFRRY ke MiFel Eliere 5 "he
depr ot ect edprpiepeinesntioy kndohbseghanzly meated withacivimA (Bdyk 76.aPanbka)abybsat ed using a
substi tut ed, Phentld SPRHENEE Lt Hhibdie oS HEMe B451h 2o,dh € or omet hane
strainer. Panel b) shows a phase contrast of cells stained with dithizone that were able
to pass through a 40um cell strainer. Panel ¢ shows a phase contrast of cells stained

with dithizone that were not able to pass through a 40um cell strainer.

[0027] Figure 4 shows the expression of pdx-1 (panel a), nkx6-1 (panel b), Pax4 (panel ¢),
nkx2.2 (panel d), insulin (panel e) and glucagon (panel f) as determined by real-time
PCR, in cells of the human embryonic stem cell line H1 that were differentiated to
stage 6 of the differentiation protocol employed in the present invention and treated
with activin A following differentiation to stage 6, according to the methods described

in Example 2.



to give a urea of Fornula (1). The follow ng Preparations and Exanples are
provided to illustrate the invention in further detail and represent
typi cal syotheiss218f t he conmpounds of Fornula (1). The mamas2@b/061685
conpounds of the present invention are generally provided by ChenDraw
Utra(r) 10.0. Preparation 1(S)-tert-Butyl 4-(4-(4-fluorophenyl)phthal azin-
1-yl)-2-net hyl pi perazi ne- 1-carboxyl ate Heat a m xture of
| - chl or o- 4- (4-f1 uor ophenyl) piyfia 12D BESERPEIONS. 3 Ml ), (S)- tert-butyl
2 rret hyl pi perazi ne-|1 -carboxylate (5.03 g, 25.1 mml) and triethyl am ne

mL, 59.0 mmol)_ in DVSO (97 nlL) at_115 0C for 3 d. Pour reaction
m xtla%gl. ntlﬁpr\x&fléwof dﬁcwgvrﬁ»g'mehnwycwmf@ml@m Serdetpiledhdasrngon v@iﬁ t he
organi ¢ | ay@lentibh R MBIQIinoZheibllow A8 ButibdioRY Bkt N2 BOoAMMsFRNGeBtr at € under
reduced pressure. Purify the resulting residue by flash silica gel
chr omat ogr al§#yres.gitbaiahts of apliegionpok t E%m&enr RvetPE 2) to provide the title
conpound as a pale yellow foam (7.05 g, 84% . ES/M5S mlz 423.2 (MH).
Al ternate procedure: Add (S)-tert- IpgtiNitiogs met hyl pi perazi ne-1 -carboxyl ate
(276 g, 1.38 nmol) to a slurry of |-chloro-4-(4- quorophenyI)phthaIazine

(5 Sty o oel A g Rl Rl P ATBS o 8THES e it gl Bt T ettt on to

25 0C and spdtk sdifoendBard. difetenttabao E}dﬂhw[ﬁ‘ogdﬂy E&l@%cﬁlamé sélf rea&dm\gvat er (3.5
L). Extract the aqueous phase with ethyl acetate é Conbi ne t he

or gani ¢ |ay@P%emt%éslwnmwwr@gen(@s5dnﬂ)teralﬁatﬂzfsSﬁ@éﬁﬁlﬂﬁtﬁ@ %ellﬁo Ml f oam

Di ssol ve t hge hio@MakddteBic& IYNheiF hiBty (d difclehtiAO8 18P Intd AndiidAéd as 030 m n.
Filter the precipitate to obtain a tan solid. Concentrate the nother |iquor

and sl urry YaHeus@¥iligerees fomautligne eerm layersgndadeym. fegpodsom gpdhectqrerpler ¢ he
mxture to QRIAIQ t@gltf@ﬂsestg Itlks‘i!les &f‘?im{q%@ gérlﬂﬁlafé?é foﬂo@fn%%ai?épﬁeﬁﬁaﬁ%n apd dry in a

vacuum oven (14 torr, ailn thetitle conpound as a tan
sol id (435 fgcogabyte SWWIWQmsztslf@m(almlgsu%ﬁialéqyan@mﬂd@éon into

pi per azi nyl K&&?%?Z' nes in the table below by essentially follow ng the
procedure escr ed in Preparation 1, using 1.5 eq of the appropriately
substituted piperazine and 3-5 eq of triethylamne at a tenperature of 115
to 14030C f%pmgelﬂw@cleﬁég%d’bw@lrwl@mn@@ll p@tmtlalm trteiwpnpmseEtire for

Freparat i onf fo Wi 1 @S&yo‘hl&‘hd“e f&fnﬁ%é*b%ﬁy R’%%Q%b AfLARdg00 9. 773

mmol) to a so utlono tert uty razine- lcarboxylate
(232 g, 1. Iigeampig)abledd gy@plﬁ@pwﬂlmbwoamqqét)(p68743)n11ult112<86nt,1mm n)g ablartdd DVBO (2.0

L). Heat th 9111 égggﬁlﬁsg‘[&gg er%a%%rbugﬁrprtm?g@%] 1E1tﬁ§rtms t%g of 25 0C, pour

|nt0|cewagr e solli §sol ve in CH2QI 2
(2.0 L), anghyexlogaeltsyviemifonetagrld, BerBatbyoictiCoteoesls éEﬁSiC)tdaep@dgtaenl c phase and

dd I ield
the ticre consgumit Behide ot fedl-roskRbn Byl baflitenl 0 255°0" w3 ©

Pr epar at i onprégen$ors |« taH Beit WbesZ&néteh;ﬂent«ﬂ{e{ 4 Iﬁldtefe’[sblﬂnlamélﬂdimia) pht hal azi n-
1-yl) pi perazi ne-

b o b o mnd bt S pE o Pren b to gye isqip yore

restricted subset of cell lineages than multipotent stem cells; and (5) unipotent,

meaning able to give rise to a single cell lineage (e.g. , spermatogenic stem cells).

[0031] Differentiation is the process by which an unspecialized ("uncommitted") or less
specialized cell acquires the features of a specialized cell such as, for example, a
nerve cell or a muscle cell. A differentiated or differentiation-induced cell is one that
has taken on a more specialized ("committed") position within the lineage of a cell.
The term “committed”, when applied to the process of differentiation, refers to a cell
that has proceeded in the differentiation pathway to a point where, under normal
circumstances, it will continue to differentiate into a specific cell type or subset of cell

types, and cannot, under normal circumstances, differentiate into a different cell type
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(S)-tert-butyl 2-ethylpiperazine-I-carboxylate (5.00 g, 23.3 mmvol) and
K2CB (5.38 g, 38.9 mmol) in DVMSO (75 nL) at 120 OC for 1 d. Pour the
reacti on woxbpuves1i1dt o water, rinsing with Et OAc. ExtracPCRUSROBERES WAsh
the organic layer with water (2 x), then brine, dry over Na2SO, and
concentrate under reduced pressure. Purify the resulting residue by flash
silica gel chromatography (gradient of 20 to 80% Et QAc i n hexanes) to

provi de theortre\teh%g@égp&@f@fénﬁéed éeil tﬁ)e @mffer&ﬂam PaZs th3ide ll%oéém Prepare

t he pi perazinyl phthal azine in the table below by essentially follow ng the
procedure dekieh  pareyaitsmp e fsar wesipkized (ongempytted) pitengyithit thy lipsagerbizi ne.
Preparati Onac%ll( As sedh rein, th llneage of a cell defines the heredity of the cell, i.e., which
)-(4-(4-(4-F uorop ) pht hal aZi n- I-yI)plpera2|n§ I') met’hanol D|ssolve

| - chl or o- 4-¢clis fticaroe 6p¢1@n§élelpﬂw}h@aﬂtamg1@ rQS(@ ta. Hhe lme@® afmetl) plageryhe

pi perazin I r hyl am ne (0. 34
m., 1.93 mmIﬁ)“%{%%g% t%& %’% %t&‘ﬁo A %nggdﬁ?rglwagglpl%}% ¢ or 64 h.

Purify the speetit morkenickrutoa chyradtbragin sigiclficelly gsecbcmﬁtﬂmtﬂaﬁlogh@p’rype 00-10% 2 M
ammnla/I\/EO—I ield the tjtle ¢ rown solid (0.1 1
g, 84%. Nﬁo%%eé%ﬁggfdmfr tajld “Prs 5 used Oa Sgssgﬁaelﬁgrzenﬁ%lonﬁ? Hal azines in the
tabl e bel ovmﬂoymestsadmb]ilaulthg/luﬁaagé wmua@stt he procedure described in Preparation
9, using the appropriately substituted piperazine.Preparation 14

S "

AR o RSty o VA R B SIS PiRR o A SRHP Mear a i xt ure

of 1, 4- di chfactoopibXhadndat &t (>ﬂeOonhegfpll5@1ng triamgotipti on(frgtort ENGNIBY NKk2.3 -

met hyl pi perazi ne- 1- car box 15 75 4 I d triethyl amne (21.0

e, 150, 7 rBI0 " MBI 200 mithiat A Pad i P A e Y eact | on'

m xture intQaMek eKaradidridgé QﬁhMgikéllﬁéggﬁclu@(]@E@Et with Et20 Wash the

organic |layer with water X dry over Na2SO , and concentrate under

reduced pressure. Purify the resultjng residue by fl ash si ] ica gel

chr o3 gr aftels pereseing Arksrs Gaasierisgo %fheéte "IIHVW@G'Z‘P WS -i de the title
M) .

conpound aS“%galc@usV’e&ﬂ @ng@* ia6ludeB hBreth, red3¥o cel bR Z at(I@Rnk 0863. 0 (
Preparation 15 (S)-tert- But 4- chl or opht hal azi n-

1-yl ) - 2- ety fopasapirkes: ¥ %dﬂb‘é&?ﬁa& Abeta GRGe(CsFle Noflal, FGFS,
1, 4-dichl Or]@r@kﬁylﬁﬁj @/ﬁk ke ﬁc?m&%ogprogé%l %Gmﬁ% éo%)es&c%'fﬂnnSEbME

rrethyl pi perazirie-1 -carboxylate (4 triethyl amne (10.3
m., 73.9 mmiBKK4i FCIDVEOATAI.G XAl &itK w ﬁb@T_X% ﬁellsméymesamgemré@reu on

m xture int h the

or gani ¢ | ay QG ie ERRRg Y bR i A AR e P ™

concent r at ecellngemitneducadeps, essendederuellf andtdebnitiesendpdang cebsi due by fl ash
silica gel chromatography (gradient of 20%to 80% Et CAc in hexanes) to

pr oy, It he. ( ( M+I ).

pr ep['é’?'%‘t the éle'gg %}%r&giq?%%rs cﬂaraégng o%ﬁl gﬁ%ﬁﬁf@% ngﬁ%?cp

- met hyl pi pelreasinmeters 1o edls lsuixyismegat Ieleﬂapnfaofrthe(foUp@ngfma(rlS)f& tRIPX- -IbHNﬂ

4- (4-chl or oght.h | 3 et | | (4.0 g,
11.0 mol ), ﬁ%{ nggﬁgp prltI)%P oni ¢ at(.:tly%lg %q%g&g%i%}%chgﬁgﬁggé%cogghl%um car bonat e
(14.4 g, A44pahcmutsl e)ldoc&l‘rd llneage include pancreatic endoderm cells, primitive gut tube

(SP-4-1)-bi S bi s I t hyl ) (4- met hoxyphenyl ) phosphi ne-

kP] di chl or o %alaP‘gBd’Ste“O( 0& C‘%ﬁem 2007, 72, 5104-51 12) (75.4 ngy, 0.1 1

mol ) in 1, 4-di oxane (80 m_) and water (20 nL) at 90 OC overni ght.
[0035] “Cells expressing markers characteristic of the pancreatic endocrine lineage”, or

“Stage 5 cells”, or “Stage 57, as used herein, refers to cells expressing at least one of
the following markers: NGN-3, NeuroD, Islet-1, PDX-1, NKX6.1, Pax-4, Ngn-3, or
PTF-1 alpha. Cells expressing markers characteristic of the pancreatic endocrine

lineage include pancreatic endocrine cells, pancreatic hormone expressing cells, and

pancreatic hormone secreting cells, and cells of the B-cell lineage.



Partition the reaction m xture between water and CH2Cl 2. Extract the
aqueous |l ayer with CH2CI 2. Dry the conbi ned organic |ayer over Na2SO and
concent r awe 20rdsi218educed pressure. Purify the resulti ngCraseagmstsys f| ash
silica gel chromatography (gradient of 0 to 20% EtOQAc in CH2Cl ) to provide
the title conmpound as a light orange foam (4.46 g, 94% . ES/ M5 nmlz 430.2
(MH). Prepare the piperazinyl phthalazines in the table bel ow by

esseghia! | y“ﬁe%ltgf%m)dém R REERYESR, Iféﬁﬁ% tORdviich B2aeRaEREdcRRisd&.of usi ng the
appropriate 4-chl orophth hal azi ne and boronic acid. Degas Preparations 19-20

prior to addihgiwisiem theepblagiduying gastiylagien ﬁﬂ@ﬁ%@ﬁnwaﬁm@gwﬁﬂne)

di chi or Sfa%&ﬁé‘ﬂé‘?{ég‘ﬁ%f?%i bggﬁ?géaaéaermac@ﬂs Bphs B RolloFHY bR Xt ures at
4- ( 4- (4- met RURPdIstan GATTBNE. I581%a 2 T.1-erberup] QTHE2 gookpebidi petin£iD8-and- car boxyl at e
Treat a deggggped m xture of (S)-tert-butyl 4-(4-chlorophthal azin-I-yl)-2-
met hyl pi perazine-1 -car boxylate (0.81 g, 2.23 mmmol),

4- met hoxybenzeneboronic acid (1.07 g, 7.05 mmol) and cesium fluoride (1.05
g, 60031 mofBxtragmbryonigipnshedeia” (@@ sed erap, tr¢fers to a population of cells expressing

(1, r-bi s(di ghenyl,phe chloride (0.27 g, 0.33
mml ). Heat t gtérngslau t@?&gfg&%ﬁ@ﬁ%@%@}ﬁ)%g %@dg\g%%{%g Partition the
reaction mixture between water and Et OAc. Extract the aqueous | ayer with
Et 0A8038has h'Maskery’y g hiseiptdronucigie scidwitnotypapiilemrglesales dayargver Na2SO , and
conoent 2t BRI SHER FIESRUL RrrBU ity LR Sl pasge Y Tlash
provi de t hemedns peingtsaysd level {002 Q@Ifg’emwan%ﬂwaﬁddzle%@rz neSAHNY |

Er 5!0%?11{ Il‘lg.lntg%ﬁ%rg %Fe dg'tec(t%)'lg igl%l}t : On%ﬁ% g?cl 1§ a(%lﬁrg{émyg(&b@fer@ﬁfﬂcwntly

4- (4- ( 4-f | uoglepheloyke) phhdallasi 1ntetesm0)np21¢edmcemhngCp]lqg&twazhandwl:eH ofir boxyl at e
i) ada veeRrfRbs dutif ARG b ettt i bbb Mo sf 2R e %0
anbi ent t enpethadsknhewn Gotheemt rat e t he reactl on m xture under reduced
pressure. Dissolve residue in MeOH and pour onto a 50 g Vvarian(r) SCX
coI Rl n h, t h 1.1 CH2d 2:
2 n| a%?es%ge—f% 1rf2‘en§ gﬂ%%“fﬁef&h uecﬁetuueﬁ aQ 8‘%‘%@5 B%ésure to

pr OVI de t hefotlowing nmd{emoﬁmh&soraespﬁrmm@m\m@fSﬁK}lOADKKmHNEB%eta ES/M5 i z
323.2 (M) rocedure for Preparation 22: Cool nethanol (2.82 L)
to 0 OCvia G%éllﬁcﬁglgaéggﬁe ‘'water bath with dry ice, and add acetyl chloride
(142 m., 2.0 nol) dropw se over a period of 30 mn, naintaining the

t enpl@d4] ur “Plaectrcm\iﬂ:ﬁd@ﬁndwﬂf’ng “phercaddhdrimone exprdssing bl pasxsedlerdoor 15 mi n.
Add (S)- tertpers tﬁace]ll a a?l OF gxpressing a las&one of the following hormones: ingulin

4- (4- (4-fl uoropheny fr?h Ral &4 n-P S’ met hyl |per%\2| ne-‘f-carbOxyI ate (282
g, 667 mmol gludagorgRemgostitingand pﬁhérbatich)elylpfbpﬁdﬂre for 12 h at 25 0OC

Concentrat e, and di ssolve the residue in water (3 0 L). Add solid NaHCq
3unt' afihe « Lracht he. fo WML Q. L conbi ne
the'it)) Am c Iancrea‘uc en(?xarmcellcé “_SQ A tc?(;l g,lo\;ega Zg s(sgherembrﬁfedx)tgs a brown
crus habl e fa)@ﬂhcapabtgﬁmkpfemng\aeleystehdof(tﬁeﬁ)llgwmglﬁ(ﬂl%)fs. IESNMSNmﬁmDBZB. 0 (M),

Islet-1, PDX-1, PAX-4, NKX2.2.

[0042] “Pancreatic hormone producing cell”, as used herein, refers to a cell capable of
producing at least one of the following hormones: insulin, glucagon, somatostatin, and

pancreatic polypeptide.

[0043] “Pancreatic hormone secreting cell” or “Stage 6 cells”, or “Stage 67, as used herein,
refers to a cell capable of secreting at least one of the following hormones: insulin,

glucagon, somatostatin, and pancreatic polypeptide.



Prepare the piperazinyl phthal azines in the table bel ow by essentially
follow ng the procedure described in Preparation 22, using the appropriate
boc- pr ot evDediggispasazi nyl pht hal azi ne with reacti on ti ne®Crrusaod/obiesd

overni ght. For Preparations 30-34 use MeOH as sol vent. Preparati on 35

3- Fl uor o- 4-i socyanat obenzonitrile Cool a solution of triphosgene (1.09 g,
3.67 mml) in toluene (20 nL) in an icewater bath. Treat with a solution of

a 4- [@(mgo 3?%5@%&9@ Q@mt@rl“lsﬁ‘agéica@”gx 803 MHDhskd ﬁé}ﬁlmtlrefe?sttmélc@lm ne (2.8
in tofuene (30 ml) dropwi se. Heat the resulting m xture at

70 0C for @anablmfcﬁecrﬁmatéea&ttqn@ﬁ e sallorang rearkerti BIAK-k ERffeh &Thrl.and filter
of f the solydg @g@@k@g@ the filtrate under reduced pressure to give a
white solid (1.44 g, 84% which is used without further purification. GO M
mz 162 (M Prepare t he known i socyanate in the table below fromthe
apprl8Pdilat e Papprimpive stgpkselS et 1ad hgreingiefesvip agell pererne aderseorsedcr i bed in
Prepar at i onm3RiloFy R rferd Nodal or FGF8
(" S) N- (4- Fl uor ophenyl )-4-( - ('4- f'uor ophenyl ) pht hal azi n-

% 2- mstqjy pi.perazi ne- 1- carboxam de hydrochloride HCl Treat a solution
of (199461 ( 4-Friniyoph BiRg F9IL zpr (Stegred FRYF piopertas? n-ap WpdhskimEfesiae (1.0 g, 3.1
mol ) in CHRERp a%?elof@ée}et%tahleasﬂaw&ft& frbeRg Yanatohemeng e 42 i, 3.72
mol ). Stir for 3 d at anbient tenperature. Concentrate the reaction
m xture under. reduced pressure. Triturate the residue with E{20 and filter.
R nsl80He sdirimitivg sisakyells n asediareih ssieratqe e5h exprsvingiedsione atthas oc.
Di ssol ve th@umhﬂfw%amrsa Bhetly ye M- G2t o8O0 MR oAGr4. r eat with 3 eq of 1M
HO in Et20 Agifate the resulting m xture, concentrate under reduced
pressure, and dry |n a, vacuum oven % 45 0C tqQ yield the title
hydrochl ori de sal t Iselation, kExnaggiop gadCujtuee of PlumdpgtentiSderySells ; 460 0 (Ml ).
Al ternate procedure for Exanple 1: Add |-fluoro-4-isocyanat obenzene (105
nm., 930 nmol) dropw se oV@Biurdkidnizindf PhlripbiepnSioh Cells
(5)-1-(4-fluorophenyl)-4- (3 rret hyI p| pera2| n-1 -yl )pht hal a2| ne (300 g, 930

m.n, and

con el Pl b oo R R e ach ' he wet
cake wi th MhBEens3OCEANS and@onienirkat 6ett:d1ﬂalemmﬁﬂgearnnb<bdi|¢mremg1mtainTr®41L Slurry
the oil in hyl ) t.0 fllter Combi ne t he
filtered so %Trﬁigﬁz’hﬁpnﬁ%nﬁﬁa ﬂe‘fcl%égg ?‘fss%d@grp@& 48190 Sfansol i d (344 g,
80% . S urrmuﬁmﬁensgbmdems?zzzzt@ resfiltd n tAETLY oﬂerEAsmnrrma@mbndﬁraZHmL) at 42 0C

and treat with 4 in 1, 4-dioxane (177 nl., 7 nmol ). Heat the
resul ting R GepTeisnD et Brresed R iehor S%%‘\ésU@f&ff@F@mﬂ over 2 h.

Fi l ter and masihdndSeMRENCHCaIN Halle ansaqmé99@5@Ataséa&€wt\)vh@m@bn%pt ane (200

m.). Dry the cake in a vacuum oven torr, to obtain the

t| t1e conpoififgted$y dixpg)tee geds w&hﬂ&ﬂamiore@@@hzgde Wo)@en CES?IRIBH&Y"? 460.0 (M ).

Exanpl e 2 yector Red as a substrate as described by the manufacturer (Vector Laboratories,
("S)-N(4-Fl uorophenyl 4- (4- (4-t1 uor ophenyl ) pht hal azi n-1-yl)-3- met hyl pi per
azi ne- | car bdwhngane Gali§ M;f&rqr@@ted pluripotent stem cells also typically express Oct-

4 and TERT, as detected by RT-PCR.

[0049] Another desirable phenotype of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers: endoderm, mesoderm, and
ectoderm tissues. Pluripotency of pluripotent stem cells can be confirmed, for
example, by injecting cells into severe combined immunodeficient (SCID) mice,
fixing the teratomas that form using 4% paraformaldehyde, and then examining them
histologically for evidence of cell types from the three germ layers. Alternatively,

pluripotency may be determined by the creation of embryoid bodies and assessing the



Treat a solution of
(5)-1-(4-fluorophenyl)-4-(2-nethyl pi perazin-1-yl)phthal azine (0.5 g, 1.55
nmol ) i n VWBR2A5(3.5 nl) with 1-fluoro-4-isocyanat obenPenaSe@onew3si, 1.71
mmol ). Stir overnight at anbient tenperature. Purify the reaction m xture
by flash silica gel chromatography (gradient of 0 to 3% 2 M amoni a/ MeCH in
CHdA ) . Dissolve the purified free base in a mxture O CH2A 2 and MeCOH

and treat Wdityad egdleffoath%}é@ncé Bfrﬁar%Qs as%gélzu@a Gith AR thieshid@ m xture,

concentrate under reduced pressure, and dry in a vacuumoven at 45 0C to
yield the tleyd"e hydrochloride salt as a yellow foam (0.72 g, 94%. ES/ MS
mz 460.0 (Mtl). Alternate procedure for Exanple 2 : Add

1-f1100509- 4- pragxgxea?rue?et@m&%q &emm&myb%dwahhmﬂg PRWhEE] Q\RRdidg h to a

solution of (5) Iuorophenyl) 4-(2- net Iplpera2|n | -yl) phthal azi ne
(72 g, 223 ‘aeherqueppd eyprared to pedishad)kagtotypss efcthe erieppopfiag Riiet§re for 25 min

and concentgy @él@ﬂ t1Pis AediiABo A AR N hQ\rél aOfnblq@al ((Qi’?@l?pén-wh@l? mead§mol ) to
nmet hanol at 0 OC and stir for 5 mn. the foamto the nethanol sol ution

and stir fothatﬁhemelle:@rﬁ@émimdawbermn@11@@ﬂn@n ¢1t§¢fm@8@rr@s frgAraseityd #ef t he foamin
acetonitrilg, Jogand CH2A 2 (30 m.), filter and collect the title
conpound asﬁ)&&gg?gaegolld (9 1g, 869 . ES/M5S niz 460.0 (Mtl). Prepare the
ureas in the table bel ow by essentially follow ng the procedures descri bed
in Exanple 1 or Exanple 2, dsiie afk&rimsfsrolen &8s pi per azi nyl pht hal azi ne and
a sllght excess of the approprlate i socyanate. Reactions tinmes vary from

5 [0039 3 "Fhe t?}%rs lof %luﬁﬁdm YRS thhi thiyBcakbPRcIod EbElRPIiEs oF: 1 CH2C

hexanes) or silica gel chromatography. For Exanples 57-60 and

66- 69, pur |Hlyrlnﬁfﬁnﬁﬁ@@d@ﬁh‘feéé@mrfe?@‘éf‘r@@%@g%mlm@W%?eWWs XBri dge
A 8 OB MRl Gk UPexaRPleXa Kiasthiikt) %mmo%ﬁsg&l &r flaZfsudfaRdi A9t of 20 to

70% acetonitrile 1 n water, contalnlng M ammoni um bi car bonate, at 85
m./min fl ov@lmedlemgcgpstelqm ﬁyplcalbdvut E&tawmseeéﬂwkzﬁfe“z apRrgEMaisly BHPd@eqks ocyanat es

(Preparatio ) I and 38 omt
MeOH from t%gtaﬁ%‘ sa I;HH?JI? ?r’éat??pgér% ager%?@gih%ﬁf @Qﬁ%ﬁ%“ MAN EMBRYONI C
STEM CELLS CElx THEnRANOREATICQcENDISRiublE. fANEXEEDI¢ B0 dlhaTtrebypEsent i nventi on
clainms priaor]j | i i@l /1.1 filed Cctober 31,
2008, ELD G B R PP B8 PR SR EGafited & 5 Lt ovi des. et hods
to pronote ¢oposiibiserf érit distlosare dufingtherinipaltestablishtem o efabisization opsuchi cul ar,

t he present nven pr.ovi des to increa X res on of

rmr ker o assUTAt SRR RS s SRb ROy B b5 R RAEREOND [ 0003
Advances i nfr@ekHe-sb@pé ﬁss&dfﬁemﬂsotdilﬁﬂﬁ@yrefcéﬂs takepérokn dplabettas stomlckilt us and a
shortage of tr Ian able islets of r hapns ve .focused interest on
Govel oot ng. RBHREGEA BAOY Gt i Shtassiy Tear SIS b By Sl 8 Bttopr tat e f or
engr af t ment unfAendpRhRAEM ¢l 1InBE sgdner fof mﬂlpw‘ BGONEtBrevaakn, v tkak| s from
pluripotent _stemcells, such as, for exanple, enbryonic stemcells. [0004]

In vertebra@é)enbryonic devel opnment, a pluripotent cell gives rise to a
group of cells
[0052] In one embodiment, human embryonic stem cells are prepared as described by

Thomson et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev.
Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).

Culture of Pluripotent Stem Cells

[0053] In one embodiment, pluripotent stem cells are typically 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
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conprising three germlayers (ectoderm mesoderm and endoderm in a
process known as gastrul ation. Tissues such as, for exanple, thyroid,

t hymus, paioereasi2igut, and liver, will devel op from t hePemdsd@omyless a an
internedi ate stage. The internediate stage in this process is the formation
of definitive endoderm Definitive endodermcells express a nunber of
markers, such as, HNF-3beta, GATA4, MxIl, CXCR4 and Sox-17. [0005]

For mati on_ ofiiidaedinanargas 153§ub§&§:dﬁ1§19§h§1{%§1ug1 cfoil@ﬂh@ﬁgd't@'tchﬁﬁht%f definitive
endoderminto pancreatic endoderm Cells of the pancreatic endoderm express

t he pancr eamrpﬂwbd@wmmﬁ@ﬁ@%lﬁwe felfpanatipgly the giqwiihef phbpetsaiestap cilx| , t he
pancreas f %Iféedgpfr&ec\aﬁh@%a%u%réﬁﬁtl§@fs TRYJoRB! Rling/EHehali2diler Sal _buds.
Thus, Pdx| expression mar critical step in pancreatic organogenesis.
The mat ure Ppedieneas contains, anong other cell types, exocrine tissue and
endocrine tissue. Exocrine and endocrine tissues arise fromthe

di f o0&t | atdrQRarle, @&H&h@@%ﬂaﬁ(ﬁﬁ%‘iﬁét&}ﬁl%%h @@b' 504062@60)5‘91&[ he features of
islet cells have reportedly been derived fromenb éonl c cells of the nouse.

For exanpl eThOErmm gy (Sstened © Nowwibsh E¥ 8290k 292380, 53200p) 1 Hépdrlt7)

differenti I ting
structures(fjl&sl%cnglSl ga}frec?géd%%f@ Izgitia{gsﬁé %g?l&%t(lr@g&@%dﬁ%wck% %EI?%%S 49:. 157,
2000) repormOIIShamnynslalf“bmbm‘cﬁegterm;il lewdrl s derived from nouse enbryonic stem
cells normalize glycemi a in streptozotocini nduced diabetic mce. [0007] In

one QYD erickid oGl (ﬁlem deﬁé\%\ﬁsﬁg 5ﬁa%9§,wﬁ9gga 2 HIRCIras Qifkak treatment of

mouse enbryoni c stem cel rs of phosphoi nositide 3-kinase
(LY294002) pmwedudet fael alné n@chlatal feedsee adl] legerbfag eheirs‘bﬂlm@@a@poﬁrhuamt her

exarrpl €, O%ﬁ%&o%éﬁ%st@rhc@l ?ul{u'r:) %h’}lgigelg sTatt%O%ah%nglé; ﬁictsgﬁl &ﬁl’fﬁ%{lt ion of

i nsul i n-pr m nouse enbryoni ¢ stem S constitutively

expr essi ng @éwkd o[l@d)lﬂ&]kni\ﬂﬁbrali)lh@feeéﬂs adta.ln hepor dngbrydmad stereté¢lhoi ¢ aci d can
regul ate the c&g‘m rent am Fn othn' c stemcells to form Pdxl positive
pancreatic BAGOULF A RSP RBIEPEE G i s most effective at induci ng Pdxl|
expressi on when added to cultures at day 4 of enbryonic stem cell

di f @0zt i aVSA0200721 hidisclgpey ¢edldineothntgs e imadia that suppone the gofwtgaﬁt rulation in

the enbryo Sér%a%p {““ pcrtg % st%gljb'ell %qge)der £r9 cjl'lﬂiyg)'\(/}TXg %ﬁﬁhmesegm P07 s a nouse

enbryoni c VEr-expre efs Show t hat
exogenous Rdxslen@ypnabemsufﬂnmbddsehkd qellémb@aw&mbdtﬂm anhiryerse;tmueorf i nsulin,

somat ost at | | .u nase, neuro NF enes in the
osul ting. M PERETE PSP PR e 0 T eSS OB SKoudy et
al . report stht bal lire bd a/primay fdermptd&iyer0of the TGF- b superfam |y) upregul ates
t he expressi on of exocrine pancr eatic genes (p48 and anyl ase) and endocri ne

gen dx| uI in, a cl r i temc ||s. The
maxi #Def f%lc Ovv?arsex% 18’?‘873 egm %’?r% R}?aiczgg:lj\flzﬁn%’ if)ﬁgvﬁsc S8 '0b S%Clr *ved t hat
t he expr essiiooﬁneIlﬁrgebrnogrowﬂsaﬂhumamphinﬁdxﬂt steRNAlIwas febddr cef agat édivby reti noic

aci d; hovvev h3nM FC%; t.r eat maﬁ‘nt resulted in an increased | evel of the
transcri pt IP "B By GERERR €9 3709:

[0058] In another example, Stojkovic ef al (Stem Cells 2005 23: 306-314, 2005) disclose a
feeder cell system derived from the spontaneous differentiation of human embryonic

stem cells.

[0059] In a further example, Miyamoto et a/ (Stem Cells 22: 433-440, 2004) disclose a

source of feeder cells obtained from human placenta.

[0060] Amit er al (Biol. Reprod 68: 2150-2156, 2003) discloses a feeder cell layer derived

from human foreskin.
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749, 2004). [0012] Shiraki et al. studied the effects of growth factors
that specifically enhance differentiation of enbryonic stemcells into Pdxl
posi tive wol2br/05Thiey observed that TGF-b2 reproduci bl y yiperasdoo/obisgher
proportion of Pdxl positive cells (Genes Cells. 2005 Jun; 10(6): 503-16.).
[0013] Gordon et al. denonstrated the induction of brachyury +/ HNF-3beta +
endodermcells from nouse enbryonic stemcells in the absence of serum and
in t[|0§6 r eSENGRIHRE cxdfipley Idufl QN (wehrca@ 2B N biab Ox00 9 idMse alrg@l i ng (US
2006/ 0003446A1) rdon et a PNAS, Vol 103,” page 16806, 2006)
stat es "th“ﬁﬁ@mﬂng@@F@FP%@&ﬁﬂﬁ“ﬁ%@r reblasisgnal i ng si mul t aneously were
required for the generation of the anterior primtive streak". [0015]
Howepges2) t hesempes d1RuUREs rﬁédlembrsﬁ@[surahég@mt@@ﬂﬂrlneea@hmmgtewsaot exactly
m mc the devel opnental programin higher manmal s, such as, for exanple,
humans. [ OGRS} irikesiels GiRe @titurg ang csllineseicluhior ProdreiogE el @s. f r om human
b'aStOCyStSUé&QQ@ﬂ&ﬁn%SZThé%ﬂem%%9§hmm§9ﬁ&%&5ﬁﬁﬂhMiﬁ&ﬁﬁﬁﬁ@&Ecéﬂd cowor kers
derived human enbryonic germ (hEG cell lines fromfetal gonadal tissue
( Shanbl ot t lées gbtaineddfrere emidesionic tiagig@r disientigighfrom cabppgic stego@)ls. Unl i ke nouse
enbryonic s i g sinply by
cul turing “ﬁ?ﬁbﬁgéiéﬁygﬁﬁﬁﬂl%ﬁ?g?ﬁp %%ggh% P/IQQ%QML géﬁg%%%%ﬁ% stemcells
must be nanhcamﬁewnuhmehawemwumpetmahm@amadunbmﬁwébmge”Pat No. 6, 200, 806;
MO 99/20741; WD 01/51616). [0017] D Amour et al. describes the production
06 NenGibhf &t W@%&o@mgymroges%ﬁml&eh'meg% Npfhedef i nitive
endo ermin the presence of concentration activin and | ow serum
(Nat ure Bi ongiginaicogyolfgatin an?lfrdsf’rbs@mamrr ofgnanireddion edlsl SVOHWEP147AR ki dney
capsul @ of JhEE TRSUIARA LR TRLAT habIARS ARG AL Ui gel | s W th
characteristics o ryoni c stem
ceII-der|vemmdwmnmmhm&mxaﬂmdudemnmtebhﬁnuamebébfmm@heuhdﬂﬁﬁerent|ated into

Pdx| positi cells after on of FG-- 19 (Us 2 4A1) [ 0018]
D Anour et aéﬁere? 5P g ‘“rr‘nséemc heﬁﬁtocyl?gﬁamed%?tg@@%ggﬂr states: "Ve

have develOBQﬂnmyﬁ)Tferentlatlon process that converts human enbryonic stem
(hES) cells to endocrine cells capable of synthesizing the pancreatic

nor TAEA | R4 fer ILUGRIRN PATRL £3h e8] 0ra BRNSHGANGRSLYRRRLLHCS 2nd

ghre Thi's process ancrea anogenesi y directing
cells throughhmhagmmedﬁemﬂmhmmgmﬂebnmBkﬁueﬂmdmdﬁwamhgmewﬂmhe endoder m
pancreatic endodg}é & ndocr.i ne rec rsor _en rouHe t 0. gells t hat express
endocri ne hoPHbACS™ '[51‘66%9%1 ?%‘pé"ﬁ% WA IR B SRR PR reports a
system for producrng pancreatic islet cells fromhuman enbryonic stemcells
(USZDOGﬂ004@38mhm%mmhﬁeﬂﬁixmaﬁﬁéo1Hmﬂmﬂbﬁdéwemmﬂaﬂﬂhndpdnmmawﬁmms di vi ded

into three %%E@Inmnw AN pblg é% %nrcells were first differentiated to
endoder m usi'hg a o wat' PonPd glunrbutyrate and activin A The cells

were then cultured mnth TG b antagonlsts such as Noggin in conbination
wi t NOGEHT or Abeltcacagive cliune wgte@anml@ls ecrPabxdiecporglivn wppleeichtsd withgraveh mi nal
differenti attal 31 c\a{\f)aa%le Jat pr'lo(%neo ing ¥he prglql ra{1 ion otdembryomc stem cells. For example,

Cheon et al (BioReprod DOI:10.1095/biolreprod.105.046870, October 19, 2005)

disclose a feeder-free, serum-free culture system in which embryonic stem cells are

maintained in unconditioned serum replacement (SR) medium supplemented with

different growth factors capable of triggering embryonic stem cell self-renewal.

[0067] In another example, Levenstein et al (Stem Cells 24: 568-574, 2006) disclose methods
for the long-term culture of human embryonic stem cells in the absence of fibroblasts

or conditioned medium, using media supplemented with bFGF.
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[0020] In one exanple, Benvenistry et al. states: "W concl ude that
over - expressi on of Pdxl enhanced expression of pancreatic enriched genes,
i nduct i orwof2o0imsudiBn expressi on may require additional PCEHBR@ILESS ar e
only present in vivo" (Benvenistry et al, Stem Cells 2006; 24:1923-1930).
[0021] Therefore, there still remains a significant need to devel op
conditions for establishing pluripotent stemcell |ines that can be

expapeed] t omadth&SRahPIe, G$H00SUREI0 dicFRbs 1BEHSI ofMiithignd RALNI NG the
potentl al to differentiate into pancreatic endocrine cells, pancreatic

hor mone expiE¥seNgstera el in defingd medidatitheuttieruiringd @@@P@iﬁr%aﬁz&ed@ W have
taken an al L0 Yo FRARPRAD. dfyhdPHOUEN DR R hlchfiehRtuRlcolalder ent i ating

hunan errbryonl c stemcells tovvard pancreatl ¢ endocri ne cel
[0022] | n odleureinfrseingradds, vitdnaing maresdls, af legse and wansisrioverdessieriet hod f or

differenti avq’rw]leETtQ'a‘t' Ie'aﬂ%hgﬂl'sulﬁlto?'ﬂsﬁﬁﬁ glﬁ)ﬁt'itﬁ%in@% kﬁlu?@m%&lﬁm%%s%ﬁéalﬁgffree

Culturing t uri pot ent "stem cel erentiatin l'uri pot ent
stemcells @fnnamlmdiah§etd>sp1uewdngntammkar lsast haua t0erg/ st ofe fdirotﬂ:tse def| nitive

endoderm | | newglg?ct?r capag)ee% oefr a% atlng a ?grohﬁst r%r?wtlh%ac%(r%{%l?l?ﬂgn

characteristrc | ve I neage 1Mt o ce(feps expr essi ng
mar ker s chawkgtie tiegfroveth (f‘«fctdrhﬂupﬁlll’ﬂdrfﬂmﬁ 4 souaedhoiche rhﬁnhusneﬁ@eblaarfdﬂer

Differenti t|n the .cel |l s expressi aracteri.stic

pancreat | ¢ BHACBEPRIRR U T e Ll S SRS PR il st er st o
t he pancr ea\tzitlﬁbuefbdmwmﬁ)rbbrfd@t&gedmkﬁiﬁﬂl?a] In one enbodi ment, the present
invention provides a method for increasing the expression of markers

ass ththe ne |ine onpr.i.sing treating cells
oo D08 no HabRur SRR T R B RS ARS AR R TR RS b E T renge wi t 1
nedi um conpitérs benlg iacladihg uﬁdﬁ“ﬂéntamdqmﬁmam‘prmd’&}dnem edkepimyohaigothst to cause
an increase i I’eSSI n of .markers associ at ed th the creatic
endocr| e IPHES SRR RSB FRECErou REE: (0659 T gure 1 shovs
an outline giffentdﬁﬁuﬁél thé par@ailarahdd@iin pEmirReod baﬁérﬁﬂe@ﬁdﬁldmﬁ An biBurR be&eAt
invention. [0025] Figure 2 shows the expression of markers associated with

the vari ousOtOF SEesyin. piasearpie éﬁ‘l@ﬁ?‘ieé*@fyotﬁ SpSttoEstangaty WyldErstatehe present
invention. RaRelofde HMVMaldde &XRr essi on of CXCR4 as determ ned by FACS in
cells of the human enbryoni c stem cel | Ilne H that had been differentiated

to St 1. Pan b expressi on mar kers associ ated _wi th stage
1, Qsﬂﬁter%aﬁ%t e gm@aﬂ‘ﬁ@h@‘?@éﬁt% ﬁi%ﬂ&e 0 fne{l‘hécﬂhﬁ‘ztﬁreéﬂ‘{ﬂl%ifﬂrc stem
cell line HyroWhatrikae-kees srhdrépPdid 881RGn & ubstaA@8ly indifRRAGteitgtir e 3 shows
di t hi zone staini ng of cells of the human enbryonic stemcel]l line H that

wer e di f f eri@REqviged yhich ingludgea @%@S%Oﬁepwqfur%ﬂ%%dawwaw8%66&181t #npl oyed in
the presentisAVERNE tRPFRFLS BRIBINEHnhaYe-GdrRaYT BdmWdtDsBa by Mhlbhss age 7).

Panel a) shows a phase contrast of cells stained with dithizone prior to
passage t hriseditmas wobificd ayith a nutrient serum effective to support the growth of primate-

derived primordial stem cells and a substrate selected from the group consisting of
feeder cells and an extracellular matrix component derived from feeder cells. The
medium further includes non-essential amino acids, an anti-oxidant, and a first growth

factor selected from the group consisting of nucleosides and a pyruvate salt.”

[0071] In another example, US20050244962 states: “In one aspect the invention provides a
method of culturing primate embryonic stem cells. One cultures the stem cells in a
culture essentially free of mammalian fetal serum (preferably also essentially free of
any animal serum) and in the presence of fibroblast growth factor that is supplied
from a source other than just a fibroblast feeder layer. In a preferred form, the
fibroblast feeder layer, previously required to sustain a stem cell culture, is rendered

unnecessary by the addition of sufficient fibroblast growth factor.”
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strainer. Panel b) shows a phase contrast of cells stained with dithizone
that were able to pass through a 40mmcell strainer. Panel ¢ shows a phase
cont rast w0 208ld5$218t ai ned with dithizone that were not &brast@9pessst hrough
a 40mmcell strainer. [0027] Figure 4 shows the expression of pdx-1 (panel
a), nkx6-1 (panel b), Pax4 (panel c), nkx2.2 (panel d), insulin (panel e)
and glucagon (panel f ) as determned by real-tinme PCR, in cells of the
humegoBITor YR fGrifd eXanGd, Iwbmesodsﬂssh Hﬁ&loé’@%%efﬁ{eﬁfﬁét@rﬂé t@hedmt@ust age 6 of
the differentiation protocol in the present invention and treated
wi th acti vithatAs gseertig f?gdqumﬁé@m%ﬁewomeﬂ@@&gea Brsalgpedrgiagn t o t he

et hods desghdech iy EATRLei DR R PERLETL MiRRZEL For clar ity of
di scl osure, 'T'mtation, the de description of the
i nvention |1§ardm@1|weﬁe,sebm ¢13t116} & hlearﬁ@lnlt @f/ﬁlﬁ@lnwifﬁ@@ettp@uWOttrga@wth@écrl be or

llustrate t&rﬁ‘faﬂ?/ Bﬁﬁﬁﬁgﬁ%ﬁd%g%ﬂéﬁﬁ th &lls; %HcPlcii Ex%{o‘aﬂtsof%coi present

i nventi on. | nitions temcell's aré un ferentiated cells defined
by their abicid suffiagnt tdrepsirngibethodlsibstaptdly undiffeomhatsé hmmahawstand

differenti at@ to pr oduce progeny cells, including self-renew ng

progeni tors; Tion-renewi ng progenitors, and termnally differentiated cells.
Stemcells are al so characterized by thei r ability to differentiate in

vi t rl@073t o fencthéremanple eWOS0@T0 G5 dingbsesel hethddhongemtchammofad ti pl e germ

| ayers (en r t Y eto

ti ssues of n@ﬁe’i’&ﬁnﬁﬁ%ﬁg@% éasers e?%q%]%%wmmn?& éa%t%%ltclglcl)go aﬁg%% contribute
subst anti al cbfyhettmnﬂhshmg|gfombfaca>lr4b¢ta(T@E1B¢ﬁmﬁblotf pwtamgs & membéi adthel Nt o

bl ast ocyst Sp assi fi ed. evel o me t al

potent 3t a2 1ey Bosh BEERC i fig Bkt Bl Qe R or yoni ¢
and extr aenimfﬁtﬁ)mmrﬁﬁhﬂamtty@&e‘,l in @2 ndifferentjpail ente, foneaitficigntabboenttod gi ve ri se
to all enbr onj c igd;r (13 mul tipotent, neaning able to give rise to
a subset of pefoac IFYFeaa{fy Gl within a particular tissue, organ, or
physi ol ogi cal system (for exarrpl e hemat opoi etic stemcells (HSC) can

pr odwest] pr ohempluriposit stera Iceldenalyl% p@asceil dnto 4 eieblak)lturdiubehte elnlone estri ct ed

ol i gopotent pragenitors n es. and e enents (e.qg., .platelets)
Chat ar e nov IR e DhyorakeSE Sy ianbiisdt ST IS JERBrsRPossahihg abl e &b
give rise tq, froRnpld, @obd deivediomda@incof matband ireagas féragartrafl ti pot ent
stem cel | s; nd(5éJ uni otent ani %:)eto %lve rise to %single cell
li neage (e. Y SIOBRIFCH g@mrélgéle SHUBETES s J1 OnesERRiment £ ECSHiaMt i on is the

process by &Mﬂu@nu@s&atér1§pmMGELWBQCMmmstoﬁ)eﬂmTMGEL@%agcﬂ@&b alized cell
acquires the features of a specialized cell such as, for exanple, a nerve

cel| or a nRisRAraiog dom E%e@rﬁﬁh Bk Sy aineamer cells flhas ednttiragm smncdtited cel | i s

one that hag f@ﬁ{(@f&cﬁﬁtlﬁtmagbﬁﬁﬁﬁérﬁ]&ﬂag@d ("commtted") position within the
| i neage of a cell. The term"conmtted", when applied to the process of

differentiati on refers to a cell that has proceeded in the differentiation
pat BTt o Qthpioixtrrcaiplar Batrkfa@ponfats Faf CUPRUEHETEHES e SH{takl§ $920cont i nue t o

di fferenti afiRrdafitO BepeRBSd & Ge 681 dypd MG RO1iSHRIEHiIsHhayGBIhdd YRR, and
cannot, under normal circunmstances, differentiate into a di fferent cel |

typeor revehlroncstin Prejecglyepl. cateei heeea suliate, ang e likpelofieRf Brefeisat i on ref ers
to the procgswmif¥ions.

[0076] The pluripotent stem cells may be plated onto the substrate in a suitable distribution
and in the presence of a medium that promotes cell survival, propagation, and
retention of the desirable characteristics. All these characteristics benefit from careful
attention to the seeding distribution and can readily be determined by one of skill in

the art.

[0077] Suitable culture media may be made from the following components, such as, for

example, Dulbecco's modified Eagle's medium (DMEM), Gibco # 11965-092;
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which a cell reverts to a | ess specialized (or commtted) position within
the lineage of a cell. As used herein, the lineage of a cell defines the
heredity wb 20tve05¢aBl , i.e., which cells it came from an@CERBR0AEI635it can
give rise to. The lineage of a cell places the cell within a hereditary
schene of devel opnent and differentiation. A |lineagespecific marker refers
to a characteristic specifically associated with the phenotype of cells of

a |ineage Oltndc%lﬁrlﬁr%ec&ﬁ%&ﬁﬁemg%%dﬁﬁn aéémm Q}lgdofmg@mrsatl on of an
uncommtted cell to |nega2e of interest. [0032] "b-cell |ineage" refers

to cells wHWﬁBWﬁQ%@%@H@a prediyay 80P WML@WWIP%@W%H%%O%\M or PDX- |
and at | easfo,QRenfil ohfify JRl LRIORIGHEANT 4,088 1pMcrt ARSI o, HEM 3 Nex2. 2,

Nkx. |, Neur oD, beta, NAFA, and Pax6. Cel’l' s expressing
mar ker s chaMé&%thlHQfm r@cmblnatmébq‘slccféﬂwbhsi gr@a/@efaﬁtntdbﬁ@@) iikai# B25¢-0033] "Cel | s
expressing rkers characteristic of the definitive endoderm|ineage", or
"Stage 1 cells", or "Stage 1", as used herein, refers to cells expressing
at | east one of the follow ng markers: SOX-17, GATA-4, HNF-3 beta, GSC,
Cerl, Nodal Forgrin @gPaapreatic Hopnand Priedu¢ingréolofcom FdusbpetentSepm Cely g,
eonesoderm n (EQOVES), DKK4, FGF17, GATA-6, CXCR4, C-Kit, CD99, or OrXx2.

Cel |[@0’ﬁ?}prel%%'n@@mﬂ@cﬁﬂﬁ@l{tsthé:ﬁé&%@fn%ﬂﬁ)h;pFOVQf E%tlﬁﬁffér'ﬂrédub‘ﬁ eafadgem | i neage
include primtive streak precursor rimtive strea% cells,

mesendoder mMas@ppoapradigingeell SnﬁerIlPblﬂé@f%d@mﬁeﬁéIcpglprlflnm@ﬂ]step@I |'s expressing
mar kers characteristic of the pancreatic endoderm|ineage", as used herein,
refers to cel bs @fiesslAghiék sk@shis, one of the followi ng markers: PDX-1,
HNFl beta, PTF-1 al pha, HNF-6, or HB9. Cells expressing markers

characteri stlg of. the pancreatjc endoder Ilne ge include pancreatic
endoder m cel | 8, BHPHI¥4108 M ringlsa! L Pl ingh e E&%Prs%se%rmffrls gut cel l's.

[ 0035] "Cells e)@ﬁglﬁ(&&lsﬁgOf@é@gﬁrﬁtlmﬂ@(ﬁhﬁnlh%bc of the pancreatic endocrine
lineage", or "Stage 5 cells", or "Stage 5", as used herein, refers to cells
expressing at | one. of follow n ers uroD, Islet- 1,
PDX- I, NKX6.1¢ %iféef&nﬂmﬁt@ celliy exprepsie 1y r.bﬁrac %ﬁtqrgtlg\%ﬁﬁég‘? MY errar ker s
characteristic Qhdddefin RARGE BAS Eclls BXHOGIL AfirictyBaetifikloddR paRieHieat | C
endocrine cells, pancreatlc hor mone expressing cells, and pancreatic

hor none secreti r?@ dederm dncagpyande| | s of the b-cell |ineage.[0036] "Definitive
endodernt, as used herein, refers to cells which bear the characteristics

of cells ari SHng)1ffél@ﬂﬁaIt1h§t}%QiehH aptesilf nMiGeig ABdridkdrRtic onthapshewhiich formthe
gastrointestinal tract and its derivatjives. Definitive f&doderm cells

express the fol IB8#deEn Hasage pdo coliexricsig arkeeRancterstie of e Pegiealif us,  OTX2,
goosecoi d, C Ki tenddeb®O1in@agd M xI 1. [0037] "Extraenbryonic endodernt, as
used here| n, refers to a population of cells expreSS| ng at | east one of the

f ol I[ﬁ%r? rkers: SOX-7, AFP, and SPARC. aEOO?»C? 5kers as used herein,
are i cNQBF BPETt O Hﬂeﬁ’bf‘éf)‘%t inyenigs B ppuLeatin spdogrine Gellps wpadiepty | y expr essed

in a cell oforibhcirBdicinglcBllt 5 aGMhe%{pectdint hedcentit ahdoeX iy RESI H&elmeans an
increased level for a positive nmarker and a decreased |evel for a negative

mar ker . Theexgerdeg apkers ceajeqterisic phibe Rwelk Epcageicf eplbomgisting magsisypept i de i s
sufficientl haracteristic of the B-cell lineage expresses Pdx1 and at least one of the following

transcription factors: NGN-3, Nkx2.2, Nkx6.1, NeuroD, Isl-1, HNF-3 beta, MAFA,
Pax4, and Pax6. In one aspect of the present invention, a cell expressing markers

characteristic of the B-cell lineage is a B-cell.

[0080] 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
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hi gher or lower in the cells of interest conpared to other cells, such that
the cell of interest can be identified and distingui shed fromother cells
usi ng anywof2ow/osaaidet y of met hods known in the art. [0030/USMyo@AGEEEr m

cell", as used herein, refers to a cell expressing at |east one of the
foll ow ng markers: CD48, eonesoderm n (EQVES), SOX-17, DKK4, HNF-3 beta,
GSC, FGF 17, GATA-6. [0040] "Pancreatic endocrine cell", or "pancreatic
hor mone eXpﬂ’oﬁ@xﬁinQ%a%H charaa@ny%@l mﬁbﬁbﬁ,celﬁ@f@@Gﬁ QriptoC€DY, IKaPabI e of
expressing at |east one of P | owi ng horrnones: insulin, glucagon,
sonmat ost at i (ﬁonnaﬁﬂ43p§ﬁéli*eéal4§£0%ﬂ>l%%éﬁ‘iﬁnéé hTEB4YT F1pgR42% 88E4-3endoder m
cell", "S4B308 1haf8h | 18ap-gPr "Stage 4", as used herein, refers to a cell

capabl e of expre55| ng at | east one of the fol | ow ng mar kers: NGN- 3, Neur oD,
Islet- 1, PDX-1, PAX-4, NKX2.2. [0042] "Pancreatic hornone producing cell"
as u@@%ﬂherwﬁkerspbérr@q*@mfl@oatheé?ﬁmte@ﬁamdérr@im%g@a@éﬁlﬁﬁecafromél&s%m@ne of the

fol I ow ng h&‘hé‘i@t %f SOXSH, AT M, HGATQR, CGRRTREASKBE, 'FGF%nﬁraE eatic
pol ypeptide. [00 "Pancreati ¢ hornone secreting cell” or tage 6 cells",

or "Stage GMIX bl@h%@ébqw@ﬁmg F@4 P48, tegmgsodennyin ESEWK%E@% Jing at
| east one of, frﬁ@ éﬁbié&’,"t}-ggag?bggﬂ&mmn%H@Abme fo%s%%ﬁ%fbreg%ﬁﬁ%}e%&nat' n, and

pancreatic pol ypepti osterior foregut ce tage 3 cell s”
or "Stage 3% acebsthasedrehes ef legst orefodths rtlzakfas d@rdcte@aipahﬂﬂee Gfingieer et i ng at

| east one O%g%&%a 18%%8%1{1(?1 rgggeléf rfsth P mvéﬁwgﬁ,la’cegy:_résp’i’n nurke HB- 9,

PROX-1. [00 rea , as’use erein ers to a

cel l exprescshlaragteamcloéd&tdeﬁmﬁv@éndbdﬁmﬂmlehg@m mgrimiajwkeur@k pNtodtad)r cebr FGF8.

[ 0046] "Pri t/ gut u[ or eh ce ! pthQlef §t e2", as used
herein, ref8alnal BR" AR %Fpa%?rés%‘%gmaer A3t A g UHRTISREEE the fol | owi ng

mar kers: FTéidHedermMe&gjéleé%esehMéﬁl}l ce'lPI‘IhmlﬁlltanelteSéispﬁﬁ,lﬁ w@Blekpressimg used herein,
refers to a ¢ pressin st e of the. fol|l.aw n rkers:

B achyur y, R RERSREoHG SrBiBR e bt b adr R b haEBitine: on and
Cul ture of Rluripotent Stem Cells Characterization of Pluripotent Stem
Cells [0048] Pluripotent stemcells may express one or nore of the

t i .SS 3 d 4 det ect abl
or TR eS TRt B PR R b S Rl RS e T e OB oy ence
282: 1 145, &998)ng IDPHL e HEVR- i td, PTF 0f HNFLB’ HBYt 20 PROCEMSaR4HIS forr Bseviht I O

results in the | oss of SSEA-4, Tra- and 1 expression (if
present) an ePW&%%@HIO@M@Eébaaﬁxra?swé}sa@t Onﬁﬂ{fﬁ? F@ﬁ@ﬁﬁh %}aﬂsaﬁur. pot ent

stem cel |'s $fRd gedklestichai&leah KiatdopeTndhe a et FsR @eehthtcntioniceln can be
detected by fixing the cells wi.th 4% parafornmal dehyde, .and then devel opi ng

Wi th Vect orSxREgS BEmarkers gharpcsgristic a%tha@%ﬁ%@ldswmﬂ@e%&ﬁm BOCTHAES  (Vect or
Labor at ori egdoB¥hlctimgame Calif.) Undifferentiated pluripotent stemcells
also typically express Oct- 4 and TERT, as detected by RT-PCR [0049]

Anot her desi rabl e phenot of propagated pluripotent stemcells is a
pot P83 Markers chaPractergl)stl)c/ 8? the pan%rea 1C gndocrclinerimeage%re selected from the group

consisting of NGN-3, NeuroD, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-1
alpha. 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.

- 16 -



differentiate into cells of all three germnal |ayers: endoderm nesoderm
and ectodermtissues. Pluripotency of pluripotent stemcells can be

confi r medyoforo/sxaapl e, by injecting cells into severe ®orhiSe@d/061635

i mmunodeficient (SCID) mce, fixing the teratomas that form using 4%

par af or mal dehyde, and then exam ning them histologically for evidence of
cell types fromthe three germlayers. Alternatively, pluripotency nay be
det gpoa41ed Rt B§e&lof tleiprReRfinV@ ALY e PaRQiie SnRRAnERAESSEMY t heenbryoi d
bodies for the presence of markers associated with the three germ nal

| ayers. [ 00BOJesPROpaen shrrpteiisiipot bap celt biprge| A cill greresyipgmp&keRar yot yped
using a st adakdriGrRa ol N tReRDAHe A IPANEL 42 PHRILRAGH; kar yot ypes

of the corresponding prinate species. esirable to obtain cells that
have a " norteabscriotipy écippre NGNwi I8kk e Aix6.1 Régurathdslde HNG-Zabata, MipFAi d, wher ei n
all human c r [ : Sour ces of
Pl uri pot entMé’?%a%egﬁslﬂ[og%)%%?é%gw?&g%@%%ﬁ%#ﬁ?%gétx rr?'?gug %%%%rél | s that may
be used i ncthaveteagicathtlichet lingagess off cgdl uri potent cells derived fromtissue
formed after gestation, including pre-enbryonic tissue (such as, for
exanple, a bla LEnd & 14 ken any time
during gestati ghﬂﬁ%&%ﬁ) aga %E%ﬁ?gﬁ% B/%Z%Zgggéﬁcgérgg %ﬁ%gg%g%%é?nm ely 10-12
weeks gestation. Non-limting eXawplemm bhineagsst abl i shed | i nes of human
enbryonic stemcells or human enbryonic germcells, such as, for exanple
the N R YR el 68 be difrESaaintiEenaR igat!). Aso
cont[gyrrﬁat ed iI% qseeofc the%lqoerrﬁosi tilaoné,lnof “thi grectfl?nsg((‘:l osure duri ng the
initial estdbtacshstisrof thyrdeGnitid ¢ridpdarindimeede bygoh methofl & thi art whbycdnycase t he
source cel 'rﬁetﬂ@&‘ﬂﬁ{? Ry Tl ndlur i potent cells taken directly fromthe
source tissues. 0 suitable are cells taken froma pluripotent stemcell
popul ation already cultured in the absence of feeder cells. Al so suitable
ar e [#086nt Fuesrmudedptuyyivaicat ssaneeslis enay be idfEesentistgd taeclls xiressingnpl e, BGO v
(BresaCen, o . i ? ic stem
cells are p@%%%?g%rg?rﬁté&s%?[?%léﬁingvg %E%Oﬁlsg%gmée{;gg{cﬁco %@ggthgarﬁ?& %%g. 5, 843, 780,
Sci ence 282discldsdbin [1’'@@Byur @url rNatiie Biot&dwoloBi 23, 1588+ 1383 (2§05). 1998; Proc.
Nat|. Acad. ScL U S. A 92:7844, 1995). Culture of Pluripotent Stem Cells

[ 0053bsAN S IR IR Rbtentlith EARLEN b MR ESED St s byRb&akl y cul tured on
al g[yer ]of feggag}rﬁﬁdé)ﬁﬁlsb‘teﬁat supp_or? tehef?eg%‘nu?ﬂlepot ent Sstﬂe}m célls in various
ways. Al t ermarkery ehayactgsistie pfighe defmitseendaleinh Bneageacsoidingrtetheingetlodsul t ur e
system t hat ;] seft | . r f eeder |1 nonet hel ess supports
proliferati Ccl)lén&oosgégjlegglﬁog% l)étnézl’ @%\'eepo ce tllg?V\}lét%Eoﬁ&u(%gée@goi ng substanti al
differentiation. The growmh of pluripotent stemcells in feeder-free

cul tI9PRRAi t hetexaninfle, etusippicat stasmcdlls nany ho drffeaentiatsil mgo ecllyerirenvingondi ti oned by
cul turing i i . i growt h of
o1 ur i pot ent "2t SR it o AAEh AR Ehdodbp ol MR ARE W ficherBE, 3 Pon i <
support ed udiaggedind¥idmiag al 4/yStemfGeHeds. R8dByIMAOOFD054] For exanpl e, Reubi nof f
et al (Nature Biotechnology 18: 399 - 404 (2000)) and

[0089] 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).

[0090] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by culturing the pluripotent
stem cells in medium containing activin A in the absence of serum, then culturing the
cells with activin A and serum, and then culturing the cells with activin A and serum
of a different concentration. An example of this method is disclosed in Nature

Biotechnology 23, 1534 - 1541 (2005).

-17-



Thonpson et al (Science 6 Novenber 1998: Vol. 282. no. 5391, pp. 1145 -
1147) disclose the culture of pluripotent stemcell |ines from human

bl ast ocyswe 208Wo3ge1a nouse enbryoni c fibrobl ast feeder celCir/usagoen616pH055]
Richards et al, (StemCells 2 1. 546-556, 2003) evaluated a panel of 11
different human adult, fetal and neonatal feeder cell layers for their
ability to support human pluripotent stemcell culture. R chards et al,

st at@e91]’ humréxﬁﬁmé YARpbteht & 681 malylb@%&fe@éhklwaﬁf#oemséﬁwegsingki n fibrobl ast
feeders retain human enbryonic stem cel nor remai n

pl uri pot ent mark¢rg gEBICctaUSHOONhOFAmitve ea@embwg@:@r ¢u1qur1ﬁ@§wﬂohlahp0tsmoduce nedi a
that supporged E@S% Ql\éﬁlnm%mefnmg%@wgA%It&%ﬁéﬁke ﬁﬁs%mnp%eh%uh ifggfeder - free

culture. The c | i nes enpl oyed are nmesenc d fibrob ast-l i ke cell
| i nes obt ai ¢edeiwith aetivaind ithrsicrint @fsagqtéermonmnfra@nemm capmplle fof tin reethed/oni ¢ st em

cel I's. US200200721 ; ‘%éo%ﬁb%f g5 Gl Q%mtt&‘ﬁncﬁ?@ 9@/@ the cell lines as a primary

feeder cell layer. n ainot exanp ng et al (StemCells 23:
1221-1227, 2005) discloses nethods for the Iong termgrowth of human
pl ur OB ent Fasestmme Iplusipeisnt sseseleqlls oy be [diffesendiatgd ity ealls Fxrspssigran  embr yoni ¢

stemcel | s 218%%9§§i|laréc‘t‘er§995ﬂ eg‘fﬁﬂ%' d%llkér%géﬁyﬁhmgh% %}ﬁ?ﬂﬁg@h' s 2005 23

306-3 14, scl ose a systenrderive e spont aneous
di f f er ent i attéropellsfin mgdmm centbmmgramwsﬁeanﬂ@éwtshga{l@m?»@q absenca of grunher exanpl e,

M yanot o €lin h%e\kllltsl F%%gd an C%Ttg'rd' Q tg%? 91%3&/1 a%t?vn? %%(]a‘l sseﬁ.{‘ll‘& ¢ Of feeder

cel I's obtained #n human epr od 68:
2150- 2156, &30k orﬂﬂss:methednsahsf:kemdlenl\lamlrd Bilogyglerolahgridy B2l 0 (206@n
foreskin.[0061] In another exanple, Inzunza et al (Stem Cells 23: 544-549,

200 I Ki
1 brigfisr < R Bulr FiEba By B LSRR AR B B e G out h of
pri mat e pl unagos elrractdrsne Qh@@yefmalwesndcrdemmmge by eaatiogithepheipownd cel | 1ines
Usef U| for s%rr?(cjlifétalc %?dll’g%to%hl 1’1’16 SC}OS% {?ﬁoq)a%:i&a thca?tbotnns-le;rhll\ls I nventl on
ce s 0

i ncl udes nesenc arned from enbr yoni ¢
tissue or dllf/136r9e&tasag1&dtcﬁ Lifeﬁoamﬁmyonl c stemcells. Methods for deriving
such cell lines, processing nedia, and grow ng stemcells using the

con ne di ar ri i hi.s | osure.” [0063]
In aOB%‘ﬂer dl:eoggrr%) e, p@@gﬁjﬁ t%i%@%‘g)y é’gldgietéésn%%tggdl t?fetélne ggs%%um for the

mai nt enancanalperslchafrmtatsn@mf the\dbfnhntfvreen@dbrrmhnaagebﬁtrfﬂﬁﬁgﬁimp&ﬂ@@hﬂ s. WO20050
14799 state "The cul. u n_accor.d h the present

i nvention it en&fﬁ%@ RN %%I b@le g @eqoﬁ“’? lrnqﬁ %ailieng?:lfphv? W%SW%H ne cells, in
parti cul ar, 1171ose 1 disfifedent ifedcan Iand i nmortal i zed transgeni ¢ hepat ocytes,
naned MVH (Met Murine Hepatocyte)." [0064] I n anot her exarrpl e, Xu et al

(St 22 972 80, 20 S caon iLum obt ai ned from
eV Sor yaf e AR o b T oL S AR ROET SEREI Al hodi 11 ed

t o over expmagsrs bhmmnertseé offth¢ aﬁ”mnm\eealddernh lisageby péagiagthe pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.
60/990,529.

[0096] 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.
61/076,889.

[0097] 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.
61/076,900.
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[ 0065] In anot her exanple, US2007001001 1 discloses a chemically defined
culture nedium for the maintenance of pluripotent stemcells. [0066] An

al t er nat iwe 20u/as1218 syst em enpl oys serumfree medi um supprarseemadicds t h
grow h factors capable of pronoting the proliferation of enbryonic stem
cells. For exanple, Cheon et al (BioReprod DA : 10. 1095/ bi ol reprod.

105. 046870, COctober 19, 2005) disclose a feeder-free, serumfree culture
Systi@oad)n WG RaBD YR PO @nSE@M AR Inla§ vRUSFRBIREAIMEELIk Bx#BGRABI tioned serum
repl acement (SR) msgl um suppl enented with different growth ractors capabl e
of tri ggerilﬁ@k@ﬁﬁh%?%ﬁ*ﬁf@tl%@fgg? gafinjtivg endoderah Bygaee by oo6 TS thepluietchler exanpl e,
Levensi el n i 8l (LRI hSmeflod &AL RI0G: HsEbRASoTRIN0ds for the

| ong-term cul ture of hufran enbryonic stemcells in the absence of

fi brobl ast sOlR7699Rdi ti oned medi um using nedia suppl enented with

bFGF. [ 0068] I n anot her exanple, US20050 148070 di scl oses a net hod of

cul t19peg)g. W%mwgﬁb&nﬁtt&m&@ﬂ@ bl RiediRRE B AR c¥htRPYt serum and

wi t hout "fibroblast feeder cells, thé method conprising: culturing the stem
cel I's in a wukenckarspitistiqoichaddingivegndddommiingagalby wieptiag the plurippteaii ns,

m neral s, by ; [ : [ , at | east one
insulin or asltt%dég%ﬁtﬁc%gﬁg% fota[ E%Ifél%%serh I%LOIS%CLI?Q% n@é%nh?f\ppzlgggoﬁtsi%g?\ﬁy free of
manmal i an f@/@6,98&r um and contai ning at | east about 100 ng/m of a
fibroblast growmh factor capable of activating a fibroblast growh factor
signaling recep i 1SSk ' a source

ot her than j us'gbtZ Jgé’r?ningfr)%{bﬁl% tHE ?%e%%%@@é%?@ﬁgk%g%%yﬂse 8% Zo};nft%end t he
proliferation of stemcells in abndedelinf fiseagati ated state without feeder
cells or conditioned nedium [0069] In another exanple, US20050233446

di sclopsgs ar bt s BRAUxBreliS MhrkbiQ cRMASOG B &GSk cRdodeds! Uding
undifferentiated primate prinordial stemcells. In solution, the nediais
subst ant i al lingagesaaydh deteamingd b tepténg foothe peeseice ol e magendictue sdiafigi ed. I n a
gi ven cult ; r L I ' ' d an anount
o “each of rehlE BNk Lo PR AR e e BESEn TR ALK

subst ant i al yrkemdT hdsedifntchadtiod ofplonpdiend teltshedgedtetorignatllsdtegmteel | s. [ 0070]
| n anot her &?%@Ptlhgm US6800480 states "In one enbodi ment, a cell culture
medi um for grow ng prinmate-derived prinordial stemcells in a substantially
undi fferentiated state i s provided which includes a | ow osnotic pressure,

| ow [@hIdt oxThe dfagérey wediffarentidtan niag befftemingdbyt expesipgrotreatadivell gr owt h of

pri mat e- derj pri.mr di . e i i i ined with a
nut ri ent seéoérﬁnﬂtelﬁ{eogﬁ iagéen%k%%%Spr%gdrﬁ{&?iﬁ)et—ﬂgtrsg\?ﬁﬁéagyg%?%%sg é(?t?l\gte)d pri nordi al
st em cel | s matcrexpiekst batadlssepresingdndrkantitaietegrstauy ticodesingitve ng of f eeder
cells and arhdga(etrrrneyzgall Ieul ar matrix conponent derived fromfeeder cells. The
medi um f ur t REP T ACItts non- essential ami no acids, an anti-oxidant, and a
first gromh factor selected fromthe group consisting of nucl eosides and a
pyr u¥di2d saMethody 00RIgssihg cxmesibe of prempind nu¢lS2008 0244962 celtweds: "I n one
aspect the | uentd R0 RIANLY 5B ETNRE i Rfuge IS RELIRL E.AARE YOI € stem
cel I's. One Quftures “the'st'em cefl's Mt a cuf titif'e ‘essentia ?y 88 of

manmal | an f@ilahersserchaim (qaetafng RAHIGR )aNsohees Ble] izald yylridestiaf (sany.gani mal

serum and -b&]rretn‘p ﬁroPorcgg ?nnlg/[%leglﬁlarf ]-éigfog)t/) l(zggstubg reto c\zIY.t, gdsf. 9&} losqlplglgr%éntj-),sanau})pl ed
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)).

[0103] 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
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froma source other than just a fibroblast feeder layer. In a preferred
form the fibroblast feeder |layer, previously required to sustain a stem
cel | cul twoeproesiziender ed unnecessary by the additi on ofPCIafSkéovioersss
fibroblast growh factor."[0072] In a further exanple, WR005065354

di scl oses a defined, isotonic culture nediumthat is essentially
feeder-free and serumfree, conprising: a. a basal nmedium b. an am)unt of

bFGF suffi Cﬂh@muotvﬁlgsugmrzt i@ WolkD fCoabgiANEbHek Masistd, ket eMahay ed
mammal i an stem cel |'s . an anmount _of insulin sufficient to support growh

of substanth@ﬂ@@ﬁdl @Bf‘%ﬁﬁﬁét-’e@sﬁérﬁwﬁﬁlaﬁﬁ) $tedrilcel I's; and d. an anount of
ascorbic acid sufficient to support growh of substantl ally

undi fof @) ent A fdrefda i PIBMidornt S8 RIGRLiHSthe RS ol FERhNEVenBSRMR €,
WO2005086845 di scl oses a nethod for maintenance of an undifferentiated stem
cel |, said #EeReErtedshy may ppusifise 8y peposing ¢ dxstedall nopulatichepise reHt t he

transf or ni NQudQ%h Qntfb%g)t/)Qflatg&ﬁicﬁﬂ_ﬁéc@lzfeﬁ%lloﬁmpﬁlaﬂ}@pEt?c'hQ§ cx&raenber of the
fibroblast growmh factor proteins, of nicotinamde (NIC) in
an anmount s@pfeﬁ@dcbmpeliwxn@smganﬁk@rhéhaé@ltqusmqofahe dofaitive erdodeimat ed state for
a sufficien unt of tine to achieve a desired result. [0074] The

pl uri potent st mcells may be plated onto a suitable culture substrate. In
one enbodi ment, the suitable culture substrate is an extracellular matrix
conponent , suckormation of Celslppiressingd ket haraeteristimafiihe Barereatise mbr ane or
that may formpart of adhesion @Jdggwngﬂneeg%pt or-ligand couplings. In one
enbodi nent, a the suitable culture substrate is MATRIGEL(r) (Becton

D ckenson). MATRIGEL(r) is a soluble aration from Engel br et h- Hol m Swar m
t unol®108}| | sCellsarprgwing r%?trk%@mwwﬁ@r%tﬂm fipigive epdedeny lncagsspat kit ed basenent
menbrane. [ QRZShicdNRk EX erxaf‘egélﬁg%%emﬁJraaserf;ﬁ@pﬂﬁ@ag&remngea@ﬁnent

m xtures are suitable as an alternative. Depending on the cell type being
prol i f erat elécagetysnsanetiioddn thdertioahy miynmethodiproprsed indhis prventesgl ycan,

entactin, heparan sulfate, and the like, alone or in various conbinations.

[ 007[@106The 1Rr ekd AL @Bils é{bﬁ%@l Q&eﬁﬂar%rﬁ{l@@)ﬁge @éﬁn@clvtel‘éﬁdoﬁi'é%t rate in a
suitable distribution and in the presence of a mediumthat pronotes cell
survival , pinspeegani brdifferaefiatedtiatn cplisrexpressitgemerkerp ehamcterishaeided eri stics. Al
these char t I di ng

di stributi gﬁhgﬁ%&cégg&lregggﬁ%d Eaécro %@ﬁ%ﬁh%ﬁh@ﬁfgk&%ﬁéhﬁ%%@fhe art.

[0077] Sui tHihe Hmtbtthnpbgméﬁllét%mMObém@éﬁe from the follow ng conponents,
such as, for exanple, Dul becco's nodified Eagle's nmedium (DMEM, G bco #

119 M, G bco
#103?9@7818%%1%12%%?&% aélghﬁﬂn%%%%]&ﬁhg&&n%meg@d% ne, G bco #
15039- 027; lmsageeass Buthpradifferantiseedaieto delbaixprersirg mak¢ye pharaciaapti@efghe

D e oot 0okl 8P e s ATDC R SOTRL D RSl st o oncr
Produci ng Gb¢ H@inﬁtmmnmdmm pmagm’vlt&aéimotﬁ@lstl oW hJF@dr and therhedgabodi nent, t he
present | nvselé]r;[a ng p way 1ghel§1t I&E&B 00901%1921&1111%, %lr'{(%el:nrl]&/npgatﬂg k& i'h}nc

containing the fibroblast growth factor and KAAD-cyclopamine and subsequently

culturing the cells in medium containing retinoic acid, a fibroblast growth factor and

KAAD-cyclopamine. An example of this method is disclosed in Nature

Biotechnology 24, 1392 - 1401 (2006).

[0108] In one aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing

markers characteristic of the definitive endoderm lineage with retinoic acid and at
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hor mone producing cells frompluripotent stemcells, conprising the steps
of: a. Culturing pluripotent stemcells, b. Differentiating the pluripotent
st em cel I'wWOi2nto5¢BBl s expressi ng markers charact eri sti cPoft/ush@osefodhi ti ve
endoderm lineage, c. Differentiating the cells expressing nmarkers
characteristic of the definitive endodermlineage into cells expressing

mar kers characteristic of the pancreatic endoderm|ineage, and d.

Differenti arttsmgnetmorqet bR waik RESS & B emr&r%e £081R S e ShdiifodQf t he
pancreatic endodermlinéage into cells expressing markers characteristic of

t he pancr eadifdosehiddey paient ppiisatipa Ser.007 91/7 WB%@“Q@%E@ﬂJ@samh@Cpresent

i nvention, the pancreatic endocrine cell is a pancreatic hornone producing
cel 1101497 anmaht 8JpRa o tRPRAEHt inveRforP 8K %ﬁﬁ%dsﬁrgmi dHagicebic drshea cel |
expressing markers characteristic of the b-cell |ineage. A cell expressing

mar ker s chafediditivg padodernplinepgrearg fusdpy dlff?rﬁ@&&él I@tﬁp?@ﬁéssmmarkﬁa at | east

one of the &Qk&ﬁﬂhﬁgﬁhk%ﬂﬁﬁ&h@%h&ﬂhﬁ@ﬁ&ﬁgéby%&&h%th$&%@eﬁxm@% , Neur oD,
Isl-1, HNF-3 beta, MAFA, Pax4, and . I'n"one aspect of the present

i nventi on, markes ph@a@mr@%@ﬁrge Mmréefﬁsn@qﬁiambre@gt with eetigpicapid apd efel | | i neage
is a b- ceII I u n the present

i nvention |ﬁ?¥gﬁﬁgk?&g& ﬁ&%rﬁ%@%ﬁﬁﬁ%ﬁﬁgﬁ%%£§ﬂé%té?%n]Ce F line HO (NI H
code: WAQ9)disdldsed tmllﬁr&nateﬂbpglwﬂlqn St.é¥n. ¢&I79, HlmeSSigheC(tNllﬁfeS@def.nc.V\AC] ), the
human enbryonic stemcell line H7 (NIH code: WAO7), and the human enbryonic
stemoff)! | e 302 (OB ifini AEHR kprofld nibhth! akL1chiQle difR 1 0. he
present |nvent|o are c hat express at east one of thefollow ng

mar ker s chagedivitioe erdodernplinepganre potheindifferentiated iXBCER, cxprebymemarkR®, Fox D3,

SoEA 4. Tr a1 TRB ARt i s PR R RGeS ey SRS (P ¢ ve
endoder m | i ma&ge claarra:tfsetuecﬁtbejde‘fmpmten@dgmhlpﬁag@mmslmgngtlreflnﬂtb)ds 17, GATAA4,

Hnf - 3bet a, &?ﬁmm§F mﬂﬁ §%ﬁ%ﬁk5ﬁ9%@%ﬂg¥§)le-like homeobox proteim

FG-4 CD48, eoneso GATA6, CXCR4, C-Kit, CD99,
and OTX2. Suitable for use in the present invention is a cell that
expresses at Deteadn op hellsofxptdygngrblukiersCleharadctienf e Penaméatic kpdaetfini ti ve
endoderm | i neage. I n one aspect of the I esent i nvention, a cell expressing
mar kers characteristic of the deflnlf endoderntlineage is aprimtive
streak precursor cell. In an alternate aspect, a cell expressing markers
charlttldr i s¥adenicharhertieé phihe pwsreandededen lineeggee Well bnoveetidsder m cel | . I n
an alternatg. ' of the

ot i t1ve SRSGERE s Rl PPt RE L 3t S BLACKEE bAMERED: ' ar ker s
characteri sltrieegeoa‘ontime tphenrdremﬂedc Therd rndaekem dan he agpd traccmﬁsleltlat thedells om t he

group consi t?e%_alr!teQQn accord nce w1l_| NF %resen? mye -][-IOP ﬁén{e%ereﬂtml{| %%o acqu1r BhleOX| Sui tabl e

for use in resent inven sses east one of
t he narkersmem@mﬁmhaamahmcobmepMENpa@aﬂbamnﬂnemgpdpnm@mmpmﬁganrIn one
aspect of th resen |nvent|9p, a cell. -

li nea spe01 markers include’the expression of one or more transcription factors

such as, for example, HIxb9, PTF-1a, PDX-1, HNF-6, HNF-1beta.

[0112] The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a protein
marker expressed by cells expressing markers characteristic of the pancreatic

endoderm lineage.

[0113] Methods for assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, i situ hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausubel ef al., eds. 2001 supplement)), and
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expressing markers characteristic of the pancreatic endodermlineage is a
pancreatic endodermcell. [0083] Markers characteristic of the pancreatic
endocr i newbiznpage1ar e sel ected fromthe group consi sti ngCofushi@ogie3Neur oD,
Islet- 1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-1 al pha. In one enbodi nent,
a pancreatic endocrine cell is capable of expressing at |east one of the
fol l ow ng hornmones: insulin, glucagon, somatostatin, and pancreatic

pol ypepti delmn§lﬁb£s§gjs%uéhqfs nﬁﬁﬁnémst&dn@m%pﬁﬁ%s bNWefdre@ ﬁlate%lamre@deln t hat
expresses at | east ‘one of he markers characteristic of ancr eatic

endocri ne |blpfdageand fas n@ﬁ@fﬂdbﬁeﬁ& acggssibledn pytacs eqhle, ﬁlcm/@ﬁ@m@w ana yeig| |
expr essi ng @%éws%e %*garfﬁ@lwa!néta&e @fsmtgtz&us@d?%r gq;ab&aﬁ,gdpﬁﬁaamw neage is a

pancreatic endocri ne cel pancredtic endocrine cell nmay be a

pancr eat i ¢ hoknoelé Sewpglésrbpﬂgab@@tqry Pipst @PPALi vel y, the pancr eati c endocrine
cell may be a pancreatic hormone secreting cell.[0084] In one aspect of the
present inventpQatbler @@ﬂ'sclﬁﬁﬁ-%ésﬁlg%%&?d Ofara8lelistiSofanEPAdcr RN €SSi Ng
markers characteristic of the b cell lineage. A cell expressing narkers
characteristic of the b cell |irlewgeriexbineagees Pdx| and at | east one of the
follow ng transcription factors: NG\ 3, Nkx2.2, Nkx .|, NeuroD, Isl-I,

HNF- 31 Rt a, Cé‘ﬂ%\%ﬁprefﬁ?g‘}marl@éﬁéjcf%@nsticrbf(?ﬁbepaﬁ&%f‘cten@édehﬂﬁn&[g@ﬁﬁ?%e' nvent i on, a
cel | expressing markers characteristic of the b cell lineage is a b cell.
For mati on o¢1ff@éntla§edE§kt|9rCé1éSquﬁ@SW Rekers Chrarcaesee Pfstm pangreatiadpficn;i t i ve
Endoder m Li fiaqey,(00Satnoi b BRYLBY ard! AR GEilTost® B8 ifllchdet enti at ed i nt o
cel |l s expressi kers characteristic definitive endoderm i neage
by any net hod |n the art or by any nethod P oposed in _this invention.
[Oodéi/lﬁior ot ggannde. cgﬂ&ﬁxpﬁéﬂtlwarkﬁréﬁhaé@t% hgpangfepticesndpddradt ed into cel s
expressi ng I%B%e%%z M@ff@%ﬁt%éd%tb%el‘f%fexfnl’éé‘su%%érﬁér% E¥Rackid@der R | | neage
according to t net hods di scl osed Amour et al, Nature Bi ot echnol ogy
23, 1534 - peBgeaticxpdayine ﬂl@@ger]lccp@rmgetsa&mpn@hodplduﬁhomdtleﬂtA@p@frﬁt éel s may be
differenti S kers characteristic of the

definiti vealgﬁgr ésg&gc Sﬂo aéﬁg)ﬁg?:%ofd i 26%?) t he net hods di scl osed in Shinozaki
et al, Devel opnent 131 1651 - 1662 (2004) [ 0088] For exanple, pluripotent
st entOkl| s lfmyxwlﬁlcTﬁHWfWﬁl@ﬁ werkem elarecidristic efdhe pasTontc sndpdesms

characteri sti.c cb Btk & 4639 crding 4R, t he met hods
di sclosed in el\%eLé%tir:lulﬁgmdd?ﬁf %rgﬁt alee\rérl1 %gj@?m% %{&519&9 gs ?’%0%7 > (())OtBeg] For

exanpl e, plranepdicentossing imegk.|by Cnhh}rlﬂgéhqj@eﬂlﬁ emmmamersrﬁﬁl@ra@eﬂlﬂtls expressi ng
mar kers cha C ing to the
mot hods. di i iuatBlen ekt Rl ik SRERAEERIT PRGN, 201
(2006) . [ 008Gpvikg theenaimph eqntthmg DpéiTend emnémmmssbsmyenmecmuﬁﬁgﬁlent i at ed
e L PRl e RN RE SRR il hGr T B nHElE M Fondoder m

| i neage by cur 'Urs fre o{ stem ceﬁ um-cont ai i ng
activin A idisddied ml:lﬁame&@échsabgmm t1Ben- mon(mos)ng the cel s with activin A
and serum and then culturing the cells with activin A and serum of a

difTEAY CRRCEME ML kxR BIRES cRfradidllsie TRROScheidRGheRed 1 n Nature
lineage are further differentiated into cells expressing markers characteristic of the
pancreatic endocrine lineage, by culturing the cells expressing markers characteristic
of the pancreatic endoderm lineage in medium containing exendin 4, then removing
the medium containing exendin 4 and subsequently culturing the cells in medium
containing exendin 1, IGF-1 and HGF. An example of this method is disclosed in D’
Amour et al, Nature Biotechnology, 2006.

[0118] For example, cells expressing markers characteristic of the pancreatic endoderm
lineage are further differentiated into cells expressing markers characteristic of the

pancreatic endocrine lineage, by culturing the cells expressing markers characteristic
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Bi ot echnol ogy 23, 1534 - 1541 (2005).[0091] For exanple, pluripotent stem
cells may be differentiated into cells expressing markers characteristic of
t he defi mvoizom/smdeder m | i neage by culturing the pluripeCents2emwsmedel [ s in
medi um contai ning activin Ain the absence of serum then culturing the
cells with activin A with serumof another concentration. An exanple of
this nethod is disclosed in D Anour et al, Nature Biotechnol ogy, 2005.
[0092] For gteihErcatR didbReth BREags LeM G lcontiBg Al {fukentd at g6l into cells
expressing markers characteristic of the definitive endoderm|ineage by

cul turing t¥emplewf thhomethed isidisalogas in & ivmave df bV A Bagteshpgoas 0% n A and a
Wit ligand in the absence of serum then renoving the Wit |igand and

cul tqolmg tig c&BhPIS Wil dXpREdihVinkhkérs Bhdrfbt G RIMOT théPanSafiPdRo®mt hi s nmethod is
di scl osed in Nature Biotechnol ogy 24, 1392 - 1401 (2006). [0093] For

exanpl e, pllinepgsorefuther differensiored Thig pellsexgicrsingr mikera cagnctdnbee €fdhs s expr essi ng
mar kers chagagkald lib&Gin®lindBe vY&lititids tNEcANHQAGL Y kaR@RABaRY clidiRAt | NG the
pluripotent stemcells according to the nethods drsclosed in US patent

appl i cat i onofdeg panpggaticlendqzem Yosize asapdiwa gontaning eeddart. AhexanpBog4] For
exanpl e, pluyg.i : cedhl y, i 1 dyrdoat 0 cel | s expressing
mar ker s chatygél?eglﬁqﬁgé ?1%31@%&1}(?@2 ‘531 [ nelttgﬁ\l/\g{uféén%%%gfrlﬂn% %‘?Ih%adggé by treating the
pluripotent stemcells according to the nmethods disclosed in US patent

appl D&M i onSag asprgs of the/pyepent Inventions edls grarepsing mgrkeasdwrpcteripic of flp095] For
exanpl e, p'ﬁﬁ'hb@mc?e%o&hﬁ][ﬁh%%%h% f{ﬁ?ﬁ/er BererinfilEd H éeﬂ% i@;ﬁ;résﬁ‘ihg nfafilchS expressing

mar kers characteristic o efinitive endoderm eage by treating the

pl uri pot entcharagierigis| df shegenaeatic wgdacone hiecage bl trdasingitieedelds edrissingS pat ent
applicatio . . f: , i .ent stemcells
may be di { Tl Fgé‘?aecéqu%‘?gﬁg‘ggﬁq‘éreétgcg%glé%%ﬁél“%%Eglrhgd pAbHRLBALART St oM BB
definitive thatowbsignilingpatheapyactardiag iotge tmathogdd disdlgeod mrfS pitern cel | s
according to t.h t hods. .di sed | tent application Ser. No.

61/ 076, 889.”{’5@3‘??% oﬁ"e&@ﬁ%&@,’ il %e:‘lﬁ‘eg’?ﬁef‘%aca%?%“m cel s may be
differentiated into cells expressing markers characteristic of the

def i @i21l]ve larmdodwreenol innpagentyventi@atélisgxprasinglmarkqotherictesstemital | s

according to . h discl in. i i er. No.
ST ov6. 000, fiabbRi EMRER HLRE RN BriaRALE I ARRHS AR, BP0t at e
into cel |l s @xpressicnyg tivgukacsicchdrcaot Brdagd, by trodtinghlee ad8f exprdssiug endoder m

| i neage by treati he .pluripotent stemcells according. to the nmethods

di sctosed” i TER: St b B SR TR e S5 E S G Reor oxanl e,
pl uri pot entths Netwhgighdligpaywag, adtdriiieg entht aktddd didcose®inl 18S pagitessi ng mar ker s
characteristi

of the definjtiye endqde {%%i neage by treating the
pl uri pot entapgf“@llho‘&é?rr Téloa]cléﬁtgéil:(rgasil%negﬁ%i A ‘é‘gdi sclosed in US patent
application Ser. No. 61/076,915. Differentiation of Cells Expressing
Mar ki@t 2] Chamaat espectoif the piestiténvidedidnn tdlis e eprEss thgaearioard chaeageistic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage with a factor that inhibits

the Notch signaling pathway, according to the methods disclosed in US patent
application Ser. No. 60/953,178, assigned to LifeScan, Inc.

[0123] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage according to the methods

disclosed in US patent application Ser. No. 60/990,529.
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[0100] Formation of cells expressing markers characteristic of the
definitive endodermlineage nay be determ ned by testing for the presence
of the nawRkepwn/isefiore and after following a particul ar pcotuse@9/061635
Pluripotent stemcells typically do not express such markers. Thus,
differentiation of pluripotent cells is detected when cells begin to
express them [0101] The efficiency of differentiation may be determ ned by
expopiRg a flBah§dcieetle pPQRBM IRLh@M, fie p?éaelﬁg%ﬁuc(nsdﬂ&hde@% Afhqnthi body) that
specifically recogni zes a protein marker expresse cell s expressing

mar ker s chah@letség the exprassion plemerkers pjspgigied @ﬁgéwénamrwlﬁ Ehdpsting eBgq  Met hods
for assessi o BRL GERINIRRIxBRAGR] Raid G Esfc BGhAn BRI Siabdink Ul tured or
i sol ated ce Is are stan In the art. These Include quantitative reverse
transcrlptabea$HWMnmmaw@comanmng@aﬁﬁmamamﬁmn@CRTGFMUwuﬂﬁnmg@hﬂn@ in situ
hybri di zat | c%n (38 1ndreas 91 gx 10n orft I?lgecr)g a?ssoocuﬁecf 1th|vt‘i)wecn%reaa{1c ench (Ausubel

et ah, eds. EﬁﬁT’supp R??% I muno assa S SUBREEMT FMIRoNi st ocheni ca
anaIyS|s of limegt i oned naterlal VEstern bIottlng, and for narkers that are
accessible in intact cells, fIOM/cytonetry anal ysis (FACS) (see, e.g.

il e e ) R

pl uri pot entihs tr@mmbdpfﬁoraheomhibohmmnt}feqdﬁngs&qﬁkﬂ dgbmigk it geldcha famt , and
addi ti onal characterlstlcs of pluripotent stemcells continue to be

i denti fi ed. thpRigEp pOisHE eftasHyie &) Petivilt Rend apthd! ide, for exanple, the
expression of one or nore ofthe follow ng: ABCX, cripto, FoxD3,

Conr[@l(26143 In@ﬁ @R&&t@é@boc@ﬁ&ﬂ thOMS LGN AL toﬂgﬁﬁﬁym% al pepdcRARant SSEA- 3,
SSEA- 4, Tral -60, Tral - [0104] After treatlngﬁplur otent stemcells with

the met hodsof@ftivind. @’Ké@élﬁ% of folepanitidnvarians agh discéosedhin (&Y eadengel | s may be
purified by, gﬁ&%h@& Ro! W@%%%Cﬁé %neﬁ?&é!:rﬁ&do?wﬁjlﬁacn agent (such as an
Hht specifica

anti body) t fecognizes a protein marker, such as CXCR4,
expressed by cells expreSS|ng mar kers characteristic of the definitive
enddd&¥h | i @ag@anﬂbmﬁlﬁtﬁlwl exmaysing nEgleyederagigrinter i dreagtigstisct eri sti ¢ of

the Pancreat; dGcrE@qll‘ﬂ%%E g}eldegt%é%h[a%ﬂl@lmt%&%t% EXREASRANG ¢ e{ﬁgé Kkers

characteristic of definitive endodermlineage may Ifferenti ated
into cells iexpredsexmeesiar Kengkoharedeted wgh ihe poficredtie cpdnstinelitcege fohdoder m

l'i neage by %)g%t %]'%‘tt@&’o%u{ v 3 a,&ltterﬁ‘i’a{tlvpléktgé‘é(elﬁ%k i rn?a‘i’l?e?sed in this

i nventi on. exanpl e r essi kers characteristic of
the defi ni tdamceridodé nhmplammalg endmyinbknedgd dre tremtd witleah ameunt elEdctisinexpr essi ng

mar ker S Chaz&% f&-g tStE) Cﬁs an ncreafeé}rqg{p?%altog oFm%t%gr%tapolcllaré %’gtﬁél%ccor dl ng to t he

met hods di scfosed in SRR ogy 1392 - 1401
(2006) . [0h&ﬁbeﬁmnmémmmphmmgeﬁhhbmnﬂpﬁfmsbmgﬁnad&erAhmmamwmmﬁmlstic of the
initi renti at d into cel

definitive endoderm | e.ar
expr ossi ng S RUTE bR APRe ghrer el Fhatisilh ER A THeBRUPR T Heage, by
treating theitlcel do@xpra8sih mgsuﬂfﬁcﬁéiﬁfoscaﬁé’b&lhaﬁ‘dr&l’sd: Bitdxpre@dior dfenadiedid ni tive
endodern1|inea9e with a fibrobl %romﬂh factor %d t he hedgehog
assoctated with the pancreatic en ocrm lineage for about five days.
[0128] In an alternate embodiment, the TGF-[ receptor agonist is selected from the group
consisting of GDF-8, GDF 11, and GDF-15. In one embodiment, the cells expressing
markers characteristic of the pancreatic endocrine lineage are treated with the TGF-3
receptor agonist selected from the group consisting of GDF-8, GDF 11, and GDF-15
and at least one other factor. In one embodiment, the at least one other factor is a
cyclic aniline-pyridinotriazine compound. Examples of such cyclic aniline-
pyridinotriazine compounds are disclosed in US patent application Ser. No.

61/076,900, assigned to Centocor R&D, Inc. In an alternate embodiment, the at least

one other factor is an aniline-pyridinotriazine compound. Examples of such aniline-
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si gnal i ng pat hway i nhi bitor KAAD-cycl opam ne, then renoving the nedium
containing the fibroblast growh factor and KAAD- cycl opam ne and
subsequernwbyooust218i ng the cells in nedi um contai ni ng r @Cruse@9acicd; a
fibroblast growh factor and KAAD-cycl opanmi ne. An exanple of this nmethod is
di scl osed in Nature Bi otechnol ogy 24, 1392 - 1401 (2006). [0108] In one
aspect of the present invention, cells expressing markers characteristic of

the defini tﬂﬁi%m%ﬁﬂt@ﬁl@Eé&ﬁduﬂ@@&@dﬁél@seﬁ%Ub%ﬁtefﬂt‘aﬁaf)ﬁ‘daﬁ& tatRd into cells
expressing nmarkers characteristic of the pancreatic endoderm |ineage, by

treating thel/C&IN08, assipredde Cagosns REEN. dne HappaliesrateemiodinentHee défaphi ti ve
endoderm | i gR3gfer Hbloisfuthof AS) em%sagétﬁ@%pheﬁ?onfsepwl ast growth
factor for a period of tinme, accordin met hods di scl osed in US

pat ent appl ¢#1¢&0i19%9h. @@gnedmCeIﬂwa@@@@: assigned to LifeScan, Inc. [0109]
In one aspect of the present invention, cells expressing markers

char@eiggr i Sinighe Qlpedie tlfé"i’)ffés &itﬁﬁ%ﬁtl&ﬁ%@gﬁsmxbfe arRErS chddddiReic of
differentiated into cell's expressing markers characterlstlc of the

pancr eat i ¢ EadugEeis ¢ldaeragdinednp are s fteﬂwgltlv lgarichedl.| ‘Sheegnpelesait pgp may ker s
characteri f acid and at
| east one 1?'% bp% Bfg{néid{b?loggv&eﬁ{nﬁég{é?%ﬁg Jan %%%{%}%%%{eﬁ%%c%glrt ing to the
met hods di s@ihosgd elndoerSe pad:agmtVithpimlT@:Eimr@nptSeergoniSb Alfepdafiv€y3hd 1, assi gned
to LifeScan 0110 ect of the present n,.cells
express: ng SHEFREn R APLLr BrrE e LRt Skt Res DEeR SBUER P b age. o e
further difthepsiidad @dotricQinéfle/hdvEdph a6atdgitlie KEIFSp Ebetatkediitst i ¢ of the
pancreatic endoderm i neage by treating the cells expressing narkers

char ristic of t init ve endoderm | i neage accordin t he met hods
di sc@ﬁiﬂ 1:906%6‘33? ipent %%Ffirtc PERAS ShfeVeRy osyp %65‘5%“51%&?8%‘? Sion of Cells
Expr essi ng MprkeiiSmbiar akdr@itérstié 6f 0é pindRafasoadteilhedodad pishink tieeage [0111]
Mar kers characteristic of the Bancreatl c endoderm |lineage are well known to

t hose ski | | Bepention plecelly through @ 48uaicell gFfatermar ker s characteristic of the
pancreati c endoderm|ineage continue to be identified. These markers can be

used to conf pp@iddal CEMEESRIsting MufRhendrik (@EeP bLARR Do M HibserPlesent
i nvention have differentiated %o ac%;ere the properties characteristic of

t he pancreati c endoderm | i neage. &t i c endoderm |ineage specific
mar kers include the expression of one or nore transcription factors such

[i)l)jl] exaumpikers chlr¥d@istiPdFceliqof tﬁpgaﬂcrea%rd@erlﬂémﬁeiéé%@welf &bkdlio The

effl ciency of differentiation may be determ ned by exposing a treated cell
popul ati on theseakillggiribe %@e%a%ﬂoalﬁl EUINR P RE T Ofstb%la%nﬁliee%ﬂ |y recognizes a

protei n mark@perfhess eththve Rl 1§en%¥19d epRkNBlarlBk K& K GPRIAGhSM Stic of the
pancreatic endoderm I'i neage. k%ﬂg 13] Met hods for assessing expression of

prot ei n andh#fld @ill@:tra%¢ddlnﬁéﬁo %e‘i‘”rﬁh thalpragend énventigndgy adiffgrepiédtedstoar e st andard
in the art. gﬁaﬁéﬁe bfagRﬂd%ech%@ﬂahgtfc%tf'th\é%aﬁ&ya%'a%ﬁdotcha@ﬁr%%@t;%ﬁaeme' ynerase

chain reacti hern blots, In situ hybridization (see, e.g.,
Current Pr oetnd@@ins lmwg%p®6w| rpark B} mbbgyth@mmg@m of ey, magel gansgiiPibn

suppl enment) hi st ochem cal anal ysi s of
sectioned n%tglr%lrgg(}h %P@W%Ww?%’}%% g ?‘Ol mar kers that are accessible

inintact cells, flow cytonetry analysis
[0132] Markers characteristic of cells of the B cell lineage are well known to those skilled in

the art, and additional markers characteristic of the 3 cell lineage continue to be
identified. These markers can be used to confirm that the cells treated in accordance
with the present invention have differentiated to acquire the properties characteristic
of the B-cell lineage. P cell lineage specific characteristics include the expression of
one or more transcription factors such as, for example, Pdx1 (pancreatic and duodenal
homeobox gene-1), Nkx2.2, Nkx6.1, Isll, Pax6, Pax4, NeuroD, Hnflb, Hnf-6, Hnf-

3beta, and MafA, among others. These transcription factors are well established in
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(FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Mnual,
New York: Cold Spring Harbor Laboratory Press (1998)). Formation of Cells
Expr essi ‘goNbroksi=3Char acteri stic of the Pancreati c End@criuseooRionssage
[0114] Cells expressing markers characteristic of the pancreatic endoderm
| i neage may be differentiated into cells expressing markers characteristic
of the pancreatic endocrine |ineage by any nethod in the art or by any

met hod di schog@ehriidinfifdatioh DVERAbERR ccliO3deh. o FolIEX AMRLE ReGigvl S expressi ng
mar kers characteristic of the pancreatic endoderm|ineage may be

di ff erent i afewtient §24633 @0&pr essi ng markers characteristic of the
pancreatic endocrine |ineage according to the nethods disclosed in D Anour

et glp13)at ure BHiatRe RN iAbn ks DR detedildd €y2ABEing 4 Bkilcefror exanpl e,

cells expressing mar kers characteristic of the pancreatic endoderm | ineage
are furt herPaPRiet Eriniagené urhisonagtibady bthptseedficrly freprires adhdPict eri stic of

the pancr eahh g CRPREH BE cdilsREATKingM¥arkdi EHAFARGsE NG t5GlahSe@¥Pr €5Si ng marker s
characteristic of the pancreatic endoderm | ineage in medi um contai ni ng DAPT

and exendi nengdocring dineagemilteigtivehve thewéficiency ehdifpntigiomaRY badeeayeaddi n 4 and
subsequent | AVl - i [ Y, din 1, 1G~-1 and
HG-. An exgﬁﬁ%gg%#g%ﬁ?ﬁhgggﬁg%hﬁghg?%ﬁ Sgggﬁ?ﬁg%&?ﬁ?gbgﬁg?echnology 24,
1392 - 1401sp¢@008ly redog@iica]a prafein el kpressed hyscellx presssing quark@rsker s

characteri sti ..th cheall c endoderm |ineage are further
differentié%%%wgﬁg%(ggﬁﬁgmg$§%¥§5ing mar kers characteristic of the

pancreatic endocrine |ineage, by culturing the cells expressing markers
charl@ti4dr i s¥epibodsfior dvecspag exneession obprdisteanchnii¢lpie agid niapkemreidiculturedert ai ni ng
exendin 4, : i I.u i exendin. 4 - sequently
cul turi ng’ cherear TG e T TS R L0 By A PR
exanpl e of pdiymsermetchod rdastichi (REHRISVANDrthedh blatspinrsirehytaldjzatat @eee.g.,

Bi ot echnol o 06. 101 For,.exa e ells ex SSj ker.s
characteris fgmggbgﬁgk65%@#@%@?%0§ﬁgg%%?%ﬁFb#éggéggﬁguggg?%gb’mm
di f f er enti aiheeinonkg/scadh S immphaEssochgmitalrdoelysis ochataaice magkinlc Waktetrhe

pancreatic endocri | i neage,. by culturin he cells expressing markers
Char act er | SHPCBF. B R raRi e whtroblEb ek e SR A a BT af ni ng. DAPT
and exendi r(FAr(]:sé\l(see,kagm{aﬁalowfana Imaﬁej, m@h@@dﬂib@difﬂ AQlaBlaled)r}i Niahdal, ArgRUr et kaI :

Nat ure Bi otechn ,. 2006. 119] For ex e, cells expressing markers
characteris W33gﬂgg%ﬁn%ﬁﬂg?%%gP@ﬂﬁhBﬁﬂ%ﬁ%&9'neage are further
differentiated into cells expressing markers characteristic of the
panci0ex]i ¢ landoadpesiof thepeage inveytia the wfficigcy bediffekhtiation prieeshingd mar ker s
characteristic of.thﬁ ancreath&lﬁndodern1bjnea e inunepiu cont ai ni ng
exendi n 4. RMERYH BC BICPHEE OhBrHOPOME Y Gyl [ Een 951 SUITUA] “&¥ al, Nature
Bi ot echnol o@satme®06. onk 0hBA]imbikt, BReheBSPEG thOpredcheinpi@is e plodiddweniti on, cells

expressing markers. characteristi.c of the pancreatic endoderm|ineage are
further di fFEreRt ety hteds o6 sycnesipiies & sitplivarieadodingradiceri stic of the

pancreati c @RAQKI AR PrdsBRFVRntidprbd RBEBAFIIN Enst B p&itRY REIRSS b RE/cABI ker s
characteristic of the pancreatic endodermlineage with a factor that

i nhi bits t HUNGST dhasilighate arpogimenidlr, metkeds rfitha grosent iventisrgise di scl osed in
US patent  apout 80% insulin positive cells in a given culture. In an alternate embodiment, the

methods of the present invention produce about 70% insulin positive cells in a given

culture. In an alternate embodiment, the methods of the present invention produce

about 60% insulin positive cells in a given culture. In an alternate embodiment, the

methods of the present invention produce about 50% insulin positive cells in a given

culture. In an alternate embodiment, the methods of the present invention produce

about 40% insulin positive cells in a given culture. In an alternate embodiment, the

methods of the present invention produce about 30% insulin positive cells in a given

culture. In an alternate embodiment, the methods of the present invention produce
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application Ser. No. 11/736,908, assigned to LifeScan, Inc. [0121] In one
aspect of the present invention, cells expressing markers characteristic of
t he pancrwetow/esndeder m | i neage are further differentiaPet/usnto/0cwBs s
expressing markers characteristic of the pancreatic endocrine |ineage, by
treating the cells expressing markers characteristic of the pancreatic
endoderm lineage with a factor that inhibits the Notch signaling pathway,
accordi ng t&oathﬁ)%rﬁhhfa%sm@@éll@mgwéh édﬁuﬁat;@m alRAR GoiRRnSale No.
11/779,3 11, aSS|Og to LifeScan, Inc. [0 In one aspect of the present
i nventi on, weiheds obhemeesentiey cpegdpdice hlzﬂuaé(@%rmsgkm Rosgfvecplés ipasbreat i c
endoderm | | BRI 1Ak BRbo b CHE RlBUSS (b AfiPhl S BBl ng mar kers
characteristic of pancreati c endocrine |ineage, by treati ng the cells
expressi ng abantkids slsnlhmcamtvemlbtﬂil e gotn eerpancreati ¢ endodermlineage with a
factor that inhibits the Notch signaling pathway, according to the nethods
di sclopsggd 11 oH§as%@ét%@¥he%Pé%ﬂt%hﬁ’dh BRIefidNGcy 6048 3nth(i8n isaRHEMEH tO

Li feScan, |nc I'n one aspect of the present invention, cells
expressing W%ﬁr@&ﬁimoaw@ml@@ esygin seretigparicletsatell by ervdvdies thel i neage are
further differen gﬁtjﬁ Pr £S5 r HE giic of the
pancreatic enJ oc%%éaﬁdhg&a&é yt%traegg't ﬁln(gle'?ﬁ‘ ﬁﬁ%ﬁséeeg( foggés:eltdngtn%r kers
char act er i sm¢tbodsfof tﬂ@@rqsanw\@amdrmredmgd@um(DQOHQQQEPQMIMIENAg It en t he net hods
di scl osed I:ﬂte{’ﬁ%ee%b%?}&negp Q%lLé%duQ&i bf(e[fle ml\Bo soq l?e Qes%gtgnie%t]ig gur} One aSpeCt
of the present 1 nven |nven i‘on provid a d f

i ncr eaS| ng d4boet WP @sspmn@/;rngMr krea"rsaltamstecenﬁzbéimem tdilstphelupmlr‘rcfrth@t i c

endocrine |inea treat cel in ers

characteri SIP%E %Pfﬁﬁg)%ﬁ%é?‘%gl?ncpr% 8gc ut %qu ne%@igwgﬁﬁ%eg g conprising a
suffici ent dwmbittentodidnehCEelb preueqt Wrthagethbdt of ttlee ]gﬁaskiﬁten‘&lﬂtld)mprb&aﬁe in
expressi on of rke S as d wth the n.reatl crlne Ilneage
C0ro8; he herl BOPEEISPER TR i e sOGER: c PR P gt ng 1o,
and acti Vatm&ﬁodshﬁth-ngesbntﬁlﬁféﬁM@rodcham®6(ﬂ)ﬁ§®pdi‘5&ﬂé/pg bRa. IﬁEEnb receptor
agoni st is selected fromthe group, consi sting of activin A activin B, and

activin C {ligresembediment relis pRAUECIIBHMAEALS of thirerresqRt iTvgatipn Pragusst or

agoni st mMayapdg: BoREOIJe AL [106n ACtnaéichbbdinfeX@bRl §fodatedyaie pept i de
variants are di scila)%seﬁgl%y%s patent application Ser. %o 61/%3(7%6 889,

assi gned t oEBSGE B PREA! lwetlor{m@vf apqyt BB &nbipdsrRmPNA: Heatcel | s

expressing ;{Iﬁfdéﬁ:reﬁlb%ﬁﬁrfeﬁf?%&fs'p%dugea% th@ﬁeﬂ%dﬂsccff%ﬂré‘se@trlﬁl%ﬁbrﬂﬁrohdc@eage are
treated with an anount of activin A'sufficient to cause an I nhcrease in

expr essi on BPUEPREE Peptadede A Ingn ditetnpe cpbadimsat FAls ordiesdibyehd | neage for
about one tlﬂetﬁ&i%%tft}{] éoY(%erQ"i‘l}’\%nuéAfJ ﬂr&hﬁ@%a‘ﬁ?h()@ng@% ﬁ@é/é@Dﬁ’AprIﬁ%?' ng markers

characteristic of pancreat|c endocrine | i'neage are treated with an
anount of adteinaferembogdinfeni, c¢lbmproduocddausemathodsnd teagescitinenpoegsiun of

rarker s, assggl Al MG IORCHRR L ERRIRBLINRY LIRRARLLA BROUE three to

about five days. he' Celf's expressrin ers ‘aracteristic
of the panmmelhmdsmfmdwentmmfehumqag@caalﬁ)utEmgédpapndddp@nNMmam of activin A
suf fici ent o ca

LN R Y T e T
about 100ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 90ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 80ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 70ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 60ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 50ng C-peptide/pg DNA. In an

alternate embodiment, cells produced by the methods of the present invention produce

_27-



[0128] In an alternate enbodi ment, the TG--b receptor agonist is selected
fromthe group consisting of GDF-8, GDF 11, and GDF-15. In one enbodi nent,

t he cel | swoxproassiidag nmarkers characteristic of the pancPeatuseoo6mesi ne

| i neage are treated with the TGF-b receptor agonist selected fromthe group
consisting of GF-8, GDF 11, and GDF-15 and at | east one other factor. In
one enbodi nent, the at |east one other factor is a cyclic

ani | i ne- pyub@hmhg Ca%eh &/ SOPRAUMElan FEANR! e%*?oo@fme%’ej %Ellsg)\‘&‘du'c@d by the

ani | i nepyri dinotriazi ne conpounds are disclosed in ent” application
Ser. No. 61ngh@lsadtc paessitdnisatiqnorahiee syt 3Gers, -pentide/pg B E)\bﬁq glaper nat e

embodi ment . ufisicAbl A, PR pAIAEL AR AEmb& AMARLLhNFrRUE] fHbBgkr | a2l ne
conpound. Exa les o ani | 1 nepyridinotriazi ne conpounds are di scl osed
in US pat enftboatpi}@mg @amepbdﬁ/l&DNAl\lén arsallreﬂmef @dRdinpst icgltsadoduoeddanthocor R&D,

Inc. In an , - factor is a
conpound dfgé %&g hﬁﬁﬁﬁgﬁggggﬂ%”xgaﬁlg%?#?%% e?&ﬁﬁ%@?%@l 76, 915, assigned
to Centocor R&D, Inc. [0129] In one aspect of the present invention, the
cel I s expressing markers charact eriBierapigsf t he pancreatic endocrine |ineage
are subsequently enriched. The enrichnment step nay be perforned prior to

treaopeit Oof hBgpe&! the pl%%‘e% B9 8iktIY pRERAdeS b A TAGESH E&p&eﬁfsuff% gpancreatic
endocrine |lineage wth TGF-b receptor agoni st. ternatively, the

enri chment &emapr ghiskisd dp@ﬂ%@n@we&fdeaé?teﬁ h“éhlwpﬂhgd xplvesssitagngrar ker s
charact eri sfij, &, odnt B ¢ ?sn&l}‘ﬁﬁehh&ln%@ﬁ’eﬁlﬁﬁﬂ@?enk t&ﬁ%%‘s iRANL ﬁ%%g;r dfieated with

the TG--b receptor agoni st enbodi nent, the enrichnent is
achi eved bylinghgeapmi implantingdhp eellsiodn Pkl tia¢dgs idxppasi ng mar ker s
characteristic of the pancreatic endocrine |ineage and passing the

suspepsy on [yeCablsr {PEQUAR 1@6&%&\%45 a%&@d%trea%@ﬁéﬂe%uﬁ%n fell's

Expressing Nhrkers Characteristic of the Pancreatic Endocrine Li'neage
[0131] Mar kisems, ot bkt devedaping, bypecedipbetass Thisanewd dnvekich eulandscr i ne | i neage

are wel | E@M‘gbott@t EtExg%Qllssﬁl'ffeleﬁgatln t ltﬁ‘lrehc RN ,Addhd s ”c%h Rk gléer S

characteri pancreatic ocrine |neage con |nue
|dent|f|ed.mmhmsbnmamk@wéboémﬁbélugagfmnnb@nﬂwmn1that the cells treated in
accordance with the present invention have differentiated to acquire the

Pr ongiis| oS, G5 AGKEL IRtk lul RGRARSERALL f ARAREII A Lidieage. Pancr eati c

endocrl e li ic markers |nc ude t expression of one or nore
transcrlpt|bﬂmmaﬁﬂbﬁ§W§uahﬂa§uWﬁ@}MQﬁmwpbeoﬂNGNm®phn@dde Thedeet - 1. [0132]

Mar kers Chaﬁ[gg'&tg ﬁ{a I{clhﬁie Qffor &%&%gedglg%lﬁlhﬁleﬁb&gl tthl: IT@% ﬁm"ﬂp n ngh%known to

t hose skill e art’, I ona ers characteris of the b
cell i neag”éGEmltZ a3 tbonéamonpﬂegmlcfpr@dms BMBE, Park e, s6,eanl beluged to

confirmt hat f%'l}f ?gliogglst %owtlil%a?c ors-1 aﬁ% azgﬁf’{eije?”&rwé’& trgw%h ctgrtggent vention

have differe e Char acterist Bt he b-cel
| i neage b q@ﬂhwim@mﬂ@emsmaﬂmﬁymmhmamﬁ¢nzﬁI$mgnswhmﬁ%mﬂEMKMémmxpression of

one or nore | f ctor such Pdx ncreatic
and duodena(ﬁﬁgﬂegbz ggﬁéJ Na%?m§Mh%K§ ﬁ&ﬂWg$g%Wg5§§oréQ§§3’hburoD,
Hnfl b, Hnf- Iﬁeloirhsﬁhm aiixﬁit}&hnadﬁd)n%ﬂﬁrs @mghmnb&ruﬁcalmﬁﬁ@nm@mscri ption
factors are [l established inthe art f%@@ldentl of endocri ne

cel I's. See,ngluds, foreyample; nigeipapide. irperRd ﬁ@tdieés(GéP s Ld3-12002) ) .

and 2 mimetibody, Exendin-4, retinoic acid, parathyroid hormone, MAPK inhibitors,
such as, for example, compounds disclosed in U.S. Published Application

2004/0209901 and U.S. Published Application 2004/0132729.

[0140] The pluripotent stem cells may be differentiated into an insulin-producing cell prior to
transplantation into a recipient. In a specific embodiment, the pluripotent stem cells
are fully differentiated into B-cells, prior to transplantation into a recipient.

Alternatively, the pluripotent stem cells may be transplanted into a recipient in an
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[0133] The efficiency of differentiation nmay be determ ned by exposing a
treated cell population to an agent (such as an antibody) that specifically
recogni zewoaowvstaBNn mar ker expressed by cel |l s expressi RGTABRIL061635
characteristic of the pancreatic endocrine |lineage. Alternatively, the
efficiency of differentiation my be determ ned by exposing a treated cel
popul ation to an agent (such as an anti body) that specifically recognizes a
protei n markRIFreXINLRS SNy CRidrentRIRLRRS IFiEhdFRIKSERiaGlALAChRL | Stic of the
b cell lineage. [0134] t hods for assessing expression of protein and
nucl ei ¢ aci®lagear Rerecinigntcul tured or isolated cells are standard in the art.
These include quantitative reverse transcriptase polynerase chain reaction

(RT-10€R),  Nostdi@retnBddRtd celisior,SlthidathdeRy F@l{cz&ﬁ& Sol&BEoelI€ of- » Current
Protocols in Ml ecul ar Biol ogy (Ausubel et ah, eds. 2001 supplenent)), and

i munoassaydicgnttrhad el RF strlatehischiperpheays psfognediatrdusitedhtat er i al
Vestern bl ohid BinfiRQinicQhe PRLKES Rl N ARENAGERSRIIPIEY blplotidasin cells, flow
cytonetry analysis (FACS) (see, e.g., Harlow and Lane, Lgyng Anti bodies: A
Labor at ory hegemmatiblndegradgble:polgsictic Sppriy Peigpbe-degisdrle aewcePpess (1998)) .
[0135] In o 1 .0 f1€l :

Tt or enti att g ned quffaiebt orBh s Al RAFLer Coti e K e RoR

posi tive cedppwpriateaitgineapcigient! Toeimplamatioplsitevinglgdet foe axamie, thelliveone

enbodi nent, d fth resent invention 0 100% i nsul in
posi t1 ve cet DR S Rt RE SRER e MRE bR B S Go bR 1 7 Mhods
of the pr esierttinenstenidhoer apubdtrmeowdlpocitet.90% i nsul in positive cells in a
given culture. In an alternate enbodi nent, the nethods of the present

i nv ey 0 % I lin: | L i pven culture. In
an S@?%ﬁnafg°%ﬁ%%ﬁ?ﬁ@ﬁ%?ﬁgﬁ%hﬁgﬁh%@gagé}%ﬁ%ﬁ%§§%%§?“?H§H%P¥on produce about
70% i nsul i neddo®halifaorsehd¢hsasignoveth ddcteen actudxidan®.or hmi-mflamhb@rnagestsenbodi nent ,
the met hods gf. L g RIGSANT L ko R \AAUSEAPAUL 8RN LASUIA R, posi Ui ve
cells in a given cul'ture.” Trn"an alteinat'e’ enbodi ment, t he neﬂhods of the
present i nvetit.i breepdio dubedimbas tord@Vdfdcnsudre ntifkeditd differcawdtt hei N a gi ven

culture. In an alternate enbodi nent, the nethods of the present invention
o otce. about Rt ROBF ROt Btorsian be FRHASHR Bodsfie BB, L

al ternat e eqpodii®mt adingtoi®l e0ds saf,. Ihgaéesantan RRVRNICEDRD produce about
30% insulin_positive cells jn.a given culture. In an@glierna e enbodi nent,
t he met hodsdBFreRiee by Ay CAMDINANANATICRIP SR ARLEIDSEROUTH 8 TS T positi ve

cells in a gh¥etagskkhéen inlthe #0 al ternate enbodi ment, the methods of the
present invention produce about 10%insulin positive cells in a given

cult . In_an alternate epbadi pent., the t hods, K of the present invention
or oI abollte HIn R GRISEOE T Batetn $<0erdi 08 SGUOLT HLCIFTUR G one. aspeot
of the pres@audihfuRphii@fs cbliticafdhil edspasy toahe thefapgragitintel RRrimedet er m ned
by neasuring glugﬁgfﬁééinulated insulin secretion, as detected by neasuring

the amount BfoRes ¢kl eased by the cells. In one enbodiment, cells
produced by the nethods of the present invention produce about | OOOng

C- pepraqje/ pa odbldspedtnthRninahti@f pratigeserband@nireatiagh pstidpt adeee by, t he net hods
of the present .invention pr.oduce_about.  900ng C-pepti de/. DNA. I n an
al ternate SHFBbBTTRAEIIE GetsioabRedeppdpmatves elfidng plirbotentsicn

cells, differentiating the cultured cells in vitro into a B-cell lineage, and incorporating
the cells into a three-dimensional support. The cells can be maintained in vitro on this
support prior to implantation into the patient. Alternatively, the support containing
the cells can be directly implanted in the patient without additional in vitro culturing.
The support can optionally be incorporated with at least one pharmaceutical agent that

facilitates the survival and function of the transplanted cells.

[0145] Support materials suitable for use for purposes of the present invention include tissue

templates, conduits, barriers, and reservoirs useful for tissue repair. In particular,
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met hods of the present invention produce about 800ng C peptide/pg DNA. In
an alternate enbodi nent, cells produced by the nethods of the present

i nvent i orwpnrotusei1about 700ng C- peptide/ pg DNA. | n an alrCerusate/oersbddi ment ,
cells produced by the nmethods of the present invention produce about 600ng
C-peptide/pg DNA. In an alternate enbodi nent, cells produced by the nethods
of the present invention produce about 500ng C- peptide/pg DNA. In an

al ternate eghedidBAtnauts lrﬂaenlarswgre@&nbaf oI hgégdgerphyarbgerspr esent

i nvention produce about 400ng C-peptid g .In an al térnate enbodinent,
cells produ@e@mpymimempevhpa@upp\ﬂh@ﬂpwe etusedyy fitd M pyivelifce about 500ng
G pepti de/ pgc iWyct bfreBtheBtd 56/08EA {EHROLIWENE o &e@i‘vé&h%ﬁt@é{ﬁ%%&ﬁy forhe met hods
of the present invention produce about 400ng C In an

al ternate entesdigtsmic srewth| are prigbigdechspin Rrﬁélcmetth?dﬁ@hfaﬁs Otf H?@ pPpsedent

i nvention p t e enbodi nent,
cells produ%ggmggE%qu}méﬁg%gmg?ﬂﬁﬁgk re@%ﬁﬁgﬁﬁig%?ﬁgpﬁgf§232g about 200ng
C- pept i de/ pptddNA022, /3l . SilPrentfaitd, (@A Patent 5,76883G Ups. (chterEd by the methods
of the pres VERL |, r %ﬁ&g n an
alternate éﬁ@%ﬁkﬁéﬁﬁ 86 Béggﬁgﬁﬁgggu%“ g%ﬁodsate 8q%$é%§nt

i nvention pl?amedméé%aB)ZﬁJU.S)(B'a@n@qsﬁ@medeJSp@bDM&d Appheamoalzt)(er/MQ%knbodr ment ,

cells produ y. th ds, of e pr i nvention produce about 80ng
C—peptide/péEgﬁgﬁm%w?%ﬁ§é$§%?$§€%E%ﬂ%@ﬁﬁﬁ@ﬁ%, cell's produced by the methods
of the present invention produce about 70ng C- peptide/pg DNA. In an

al t 0] e eTrbﬁ)dhrmnpportdmdolqs)rqjecbﬁmlmedhdnmacteluecaﬂmgdnod& prhﬁrmahelt';oaleagent

i nvention pr.o enbodrnent

uce
Lo T o B B ARat P RSP R PR i b PP ARG eoos Son
C—peptlde/g@mﬁmkmnkahﬁﬁm&bMGmBabﬁmﬁﬂh@dﬁMBﬂﬁmi@@p&ﬁpﬂ%ﬂﬂﬂﬁ&dh®y t he met hods

of the present |nven i on uceab 40n

ol ternat e SRBuHRAE RS EhGRE othesy TR TBRREHE 5P S RGN Busn

i nvention prrcplduaeinalquldea(gamd Gr psithedl @prreprid¥phykibal ddinal A @il ey enbodi ment
cells produced. by the nethods of the present |nvent| gﬁoduce about 20ng
C- pept i de/ pEFCIDIGAT M4y berpddgdita theapRPostip Ut tarelcascdpt of %PB PagFuHsAlt he net hods

of the presgiht IN¥ENtcHRAR REBRELES, ARAUppdr Q0 thebmpBRRIIIWAE R&alNAe Ther api es
[0137] In one aspect, the present invention provides a nethod for treating

a patient sRiRFBICEHisakGogmwoushthafs 31 ay-igflerayelsoMmRguNdTsHsBRps.dabet es. Thi s

met hod i nvolyR81eCY P&&MBQm&b%HMPQE@P&m%%Q%D98@|S differentiating the
pl uri pot ent stenrce s invitrointo a b-cell 1ineage, and inplanting the

ceIIs of a b-cell lineage into patient. [0138] In yet another aspect,
t hi sl i‘rﬁ}entThfrruprr%W%rel%e lacmrﬁefawrtbﬁt lersée}mlrgrn%parcrléﬁepemt%%tr%g from or

at risk of gemalpehdih co @ndzs&'h%p%leé(a fai éonﬂ%hllftgfmcpy&rmss cul turing
pluripotent stemcells, differentiating the cultured cells in vitro into a

b-cel | |i neleat 63AH%4%pl anting the cells of a b-cell |ineage into the
patient. [0139] If appropriate the patient can be further treated with

phargpsgut | Bl suggRnhsy Ao B iRRESIrMESwlth atlcdstel fhbidtaBedidf coMpbY¥indahatand
function of the transplanted cells. These agents may include, for exanple,

i nsulin, mefBRmbibERr ¢iHibrosarsshpafen gramplsqogmopels disclosed m US. Patent
6,331,298.

[0149] The support may also be incorporated with at least one pharmaceutical compound that
is capable of enhancing angiogenesis, such as, for example, compounds disclosed in
U.S. Published Application 2004/0220393 and U.S. Published Application
2004/0209901.

[0150] The support may also be incorporated with at least one pharmaceutical compound that
is an immunosuppressive compound, such as, for example, compounds disclosed in

U.S. Published Application 2004/0171623.

-30 -



TG--bl , 2, and 3, bone norphogenic proteins (BMP-2, -3, -4, -5 -6, -7, -
11, -12, and -13), fibroblast growh factors- 1 and -2, platelet-tderived
growt h f awoantei21and - BB, platelet rich plasma, insuli rCrusaoe/obses or
(IG~-1, 11) gromh differentiation factor (GOF-5, -6, -7, -8, -10, -15),
vascul ar endot helial cell-derived growth factor (VEGF), pleiotrophin,
endot hel i n, anong others. O her pharmaceutical conpounds can include, for

exanjpi§y ni mtsluﬁ%n ﬂé&}n ald Béqaaﬁfsbrétbmmp@tn&dsﬂ@nelphs@aE’edn);al%eglpbdnd tk3P-1 and 2

m neti body, Exendi n- retinoic acid, parathyroid hornone, MAPK inhibitors,

such as, folﬁaés@ﬁbf@w’r,@@%@ufmxa@i@%n@g@érspﬁﬂteJT@F blasilyseldingpl i cat i on
2004/ 02099%9@@' Ma %%ﬁgéh%@ﬁggeﬁ‘ﬁ%lrét&ﬂ% {BMP%OQ%O%?’%?% 11[%%% The

pl uri pot ent st em cel ifferentiated info an insulin-producing cel
prior to trhnspireMasagiovith fapot-kandedi pteptderived gowheeitp-sAestdodiBrent , the

pl uri poten aql&tgl%mlccfl%lisﬁla%ql&hfnlélr(l)\%hqé&lftcfrgf(ﬁn I@gf‘o%lll &E@reg 1&[{%)![1|f§c’torpr bor to

transpl antation a reclpient urlpotent stemcells
may be tranﬁﬁﬁhhtédSrﬂﬁola Wemﬂpﬁmd@hﬂmlaﬂuﬁdw&fgbwﬂﬂhamdwféﬁﬁpart|aIIy

differenti at,ed. state. t her fer Iace in the
Toet o ot Mg SgodlihHEtonR lishr S PhRe R bERSBICER 1" Lhe i

endoder m ceintlade, 6or exajmile,rnmtmmkiy Jhypoxdeinkeciblenagtoo é- ailmipj ghintageh e di sper sed

cells or for t. may be inf i nto th he atic portal
Sein. At erisnns b Db PE Ty Rt Moty PhY B Gtk L eghagabl ¢

pol ymeri ¢ SN@POkfiic 20, «puathpﬂm mte@ba@adnb@udevmﬁaagm @Reapsdéateed to
protect from host i € respans Cell.s ma | ant.ed into, an
approprlatéx@Pg ’?ﬂﬂﬂyaﬁéﬁﬁfgﬁPs%WH@nﬂﬁﬁ?%ﬁ]é?PB%nE‘?%@ngﬁﬂr for
exanpl e, t hgphdinBihding abmlaé ofRRANGHR K irace Billad mz&ﬂbﬁ@mw sath &ﬁﬁﬁ@eotﬂfm nt um
peritoneum subserosal ace, .intestine, stomac or a subcutaneous pocket.

[0142] To eWHaHE®s iy rK@iliFth@ﬁSewlil%& fos xamaple. wppapunds diselosedin Y-Sof t he

inplanted cglhished2ggliitdiBnabod 3OO 1Snd SHS PuBEhOd APbiktafigitiodnHi3anbi oxi dant s
or anti-inflammatory agents, can be adm ni stered before, sinmultaneously

with, or after. the admnistration of the cells. ertain enbodj nents,
gr owPHH act Brednegrporafion|of hegeispdhrrescaiipysafien infpsa %‘eaﬁ? Hicat rachicked 1s in

vivo. These Jhﬁsgl%& &ephhithR o?@&[s%%ih@ycaﬁﬂldo%ﬂ@éhﬁ c6Rl Info BOGLag¥ROSEd to the
adm nistered cells in situ | s can be induced to differentiate

by any conﬂ%ﬁ%@P%Hﬁﬁﬁmﬁﬁﬁgﬁ@ﬁbﬁ%ﬂ%ﬁé(b§6@e%8&§W§Da§WWﬁﬂ§ﬂ@?ed growt h

factors Knowp:jabhek Revedebn ddvObA to ERgnd @Y @fﬁci@}lo}p@ﬂ eff sdbafd, B | NPl antation
depends on a nunber of various factors including the patient's condition

and respons&amplet tpennehBaskipliave e usethinsecdie Eichimeesyisy owa@OoRIVFYlEd in t he
art. [0144], E&c%&g?@?ﬁs&noﬂﬂo 14 263?@3' eveF’ jng&? &99#}“ treating a

pati ent suf ering m or at ris leve i s method
i nvol ves cuk@hngﬁ@spﬁh¢ww@ﬁeﬂnn®géwmcwh¢mywusﬁmememwna%n@gwﬁh@mtultured

cells in Vléeh? aﬂ etnﬂaﬁ%epse%(ﬁllérﬁ ﬁci@ Elf’or an 'len%ﬁg%ra?‘tdev opegg gl?l I's into a

t hr ee- di nensi ona e ce I's can be’maimtained in vitro on this
support pri xaedmg)mmﬁrpcﬂ eIrB1anned)|Matem Rest hie3pat9-8m1(200 A trefervet fowel y, the support

containing the.cells irectl nplanted in the patient wthout
aadi 11 onar HTEE T PRAgARS ¢l

[0153] The present invention is further illustrated, but not limited by, the following

examples.
EXAMPLES
Example 1

Differentiation of Human Embryonic Stem Cells of the Cell Line H1 to

Pancreatic Endocrine Cells in the Absence of Fetal Bovine Serum
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The support can optionally be incorporated with at |east one pharnaceuti cal
agent that facilitates the survival and function of the transplanted cells.
[ 0145] Swwpanto/osedieri al s suitable for use for purposes @®CTiUSROPOEBENT
invention include tissue tenplates, conduits, barriers, and reservoirs
useful for tissue repair. In particular,synthetic and natural materials in
the form of foans, sponges, gels, hydrogels, textiles, and nonwoven

st r ugisyjes. cHRiof hle haien BesHoe @t@mlc@llsVl'iﬂer}Pl aﬁ@@sshg!: 301 WQe bnuFRGANSt ruct or
regenerate biological tissue, as well as to deliver chenptactic agents for

i nduci ng t i MATBIGEBIM (;304klatian) coags dsten pnd axgosed toRBMY mefligg) t he et hods of

the presentgL,nveRiPRith SBRsA (ﬁat %@Jﬁ@bﬂn,meslﬁ%&w%ﬁo hgf{gpsed in U S
Patent 5,770,417, U.S. Patent , 743, ’U. S. Patent 5,567,612, U.S. Patent

5, 759, 830, ng/gl aCP&tneAnfR@D @266195MN1P1® 20PxgyehWNG - %@awg# 1825WNPat ent

6, 306, 424, 2 t ent

6, 656, 488, @233&?3%@ g‘hq@iﬁm%g‘ﬁu 8&5@%@%%%%7@9@ ﬁ‘f?r{gk%f-"ﬁ

4, 557, 264anfr Qnesiay Raltosetl b tfsamemzagth lfmlﬂf@]:dla'@uﬂptmrmad suthR0¢ BSA raud)r por at ed
vvlthaphar ce nte ceut ent. c m xed with the
pol ymer sol LBtBI N 1|oarC ?%P%tgpgusf Pﬁqﬁfeﬂgﬂan add lonﬂlq% Iaf%t ?@éﬁﬁ, a

phar maceut i @d&hireagertttreaed kx(ilthbi)MEmaE ledr malBSAawL fa(ati)g/mtbaGEdJrs;)lmQMt preferably

in the presence of a carrier. The agent may
be p_resent é@f%awlﬁuﬁg‘m @&?@I“ %é@?lﬁgﬁcééfﬂ?rdwoﬂ W ]erpr opri ate
physi cal Fns medlﬁaﬁbmlth@Mfmex o B itFoR¥n, l@x)adsbafg/ﬁlpFGM+ gupport to

al ter the rel ease rate of the pharmaceutical agent. In an alternate

enbodi nent , K Keclopppaet KAAD he sMoRetpisdcidi RA) ignaA4Q) bHD peimf placeut i cal

conmpound t hat. SR8 f n mrmat ory conmpound, such as, for exanple
conpounds g@%ll (s % Slfng Patent 6,509, 369. [0147] The support nay be

i ncorporated with at Ieast one pharmaceutical conpound that is an

ant i [D&POpt ot el wesndiBersariatesh jgt paacreatis endogenpieds by vphsting diedrichosed in U S.
Patent 6,7 T th at |east
aten %M%?/F}ig}éf%m tﬁd%@ﬁ’f&&) +”denﬁlﬁﬁ§%*’gldo£?ﬁlivgﬂﬁ§r?g with at |eas

one pharmaceuti cal conpoun is an | rosis, such as, for
exanpl e, coggponngsredissmhibied (d::nalbg#S%SP&at €htbidwhd31C2P81 YMALRF The support

may al so be. j.ncor | eas I ppound that is
capabl e of IEJPI]E F&%@?ﬁg‘%ﬁ%ﬂ gf‘]@locg f?02§ 18& /HEQEI#?PB%‘ EB&thounds

di scl osed i $ystdmS, MRy BdritisBegaydpRloweabi @dﬁu&ﬁﬁ%@&z&?@&cmwn}s Publ i shed
Appl i cation 2004/ 0209901. [0150] The supg/{ort nmﬁ%a S0 be incorporated with

at | east o n]éMﬁ%(F Wt én B nVé‘B?%@)lﬁﬁD t hut! ABKabibieuHeSHUPFss (G4 conpound,
such as, %%ﬁ%lvﬁ’s PO ALY Hﬁ'ﬁl@r ﬂétﬁl%ltﬁ)esé?lq%érﬂle Uulﬁlre Hfjﬂich 35‘1%%‘[6%%? Ia' cation

2004/0171623 The support nmay al so be incorporated wth at |east one
phar maceut i c&én ¢y iseiment WIH&DMEM/EI@F(}% B2F @etitsegenswsh Exsept farthelrsdinpl e,

e e TR O o DAL iy o TorBhocer o,
factors-1 actmicteﬁ in Bigateéll eﬂttied@réta&délgnmmbeﬁl wrdacélmﬂatmsir@md’ BB, platelet rich

pl asma, i nsllljl | cytglrjl_lgt\(\e% A fé?ﬁ& Was gol ect ed forEIC%Rh%r[aISI AHIS?m@ESe\QéIJe atﬁ ?Ql fact or

(GDF-5, -6, vascular en cel erived grovvth fact or
(VEGF) , in triplicate.

[0156] Figure 2 panels a and b displays CXCR4 expression in cells as measured by FACS
and real-time PCR data for at the three day time point, corresponding to stage 1. Fold

change in expression is shown relative to undifferentiated H1 ES cells.
Example 2

Addition of Activin A to Stage 6 Cultures Significantly Enhanced the Expression

of Pancreatic Endocrine Markers
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pl ei ot rophi n, endothelin, anong others. O her pharnmaceutical conpounds can
i nclude, for exanple, nicotinam de, hypoxia inducible factor 1-al pha,

gl ucagon wopkelppespidde-1 (G.P-1), GP-1 and G.P-2 m neti pouusS2eaaei6Bs

Exendi n-4, nodal, noggin, NG~ retinoic acid, parathyroid hornone,
tenascin-C, tropoelastin, thronbin-derived peptides, cathelicidins,
defensins, |am nin, biological peptides containing cell- and

hepaypi gy bi r@éll@%fﬁl@%ﬁl@§erﬁlf)ry@iqr:'@t@ﬂn‘é@llseﬁﬁer}@lcﬁlph%ﬁ@r%%é bofuidQhei ns such as
fibronectin and vitronectin, MAPK inhibitors, such as, for exanple,

corpounds dV4dRESER™ ¢:30. dgjutiqm) spgtechdighenpisi 41691’@11@@01299@900%209901 and U.S.

Publ i shed ApRLfiReLRLARAE A2 ARhoad &GHed HNEhBROL PRI &Ik GNucfe e cel I's
of the present invention into a scaffold can be achieved by the S|nple
deposi ti ng ¢ cdeirdssvemntrestadhethsBafefrol of actGan A R&EhSwtrner MNitfer seva scaf fol d by
sinple diffysio I ever al

ot her appr oa Rt{]é %lg'\x%}er (rae\?g g%‘edl%fhcsjgte% anc‘%aeT tée%@ﬁ%?%%\%%/asgf cel |

seedi ng. Fo(rSI&D@am)é‘pllcsmdrbmecmcb\laasﬂ@sccnaveeaﬂd@édutlms etDMEM &2 dil gB25E

chondr ocyt 81 ecr%mloge Csll d celt fs£a0|ecrj§1n ﬂt ?G%an% ded an(?g 14(2):

193- 202 (lg@?f) ,&n er approac or "Seé cBI S 'PEPPREC 86  of

centri f ugatpaeded tlwhmghmm ;ﬁhdéll maMeMeSﬂdixetﬁﬁaugh)aﬁd't&ll§fbeﬁﬁsd oﬁelhd s and

enhances seedj ng effi ci enc e ng et .al. _ devel ed a cell

seedi ng net%raale?wereirwa %%%ag}p GS%@B%??@%{*R%%%%%BE M eferred to as
Cent ri f ugat bemAIne @TY) ik AAHHinki szaaaulwgl ik t)) zmk OS] hab m@ermh@&ﬁmbd nvention is
further illustrated, but not [im e follow ng exanpl es. EXAMPLES

Exanpl e 1 mrﬁsreéfrwhm éﬁ%ﬁ"lgwe HuFags Eﬁﬂ?%ﬁPE Zstaged enltyres Refore pd cel | Line H
to Pancreat ikpey Ser unf 0154]
Cell s of thdef&ﬁ%%a (r?nygc%ﬁzlldclﬁlsl'tc él%&%%ef‘?&%{éﬁ%c&ﬁt (A;?kg‘a“%*g%g@@ were cul tured
on MATRI GELydrtign c(ftlu:%@rscgrebatﬁrltlmn)mcpmawgd sdinst pssitredoe fo.s Ellis pmviﬁl@sh\/l medi um

suppl emented wi t h 2% BSA 15240 VP. Bi 0 i cal and 100

o Cacti VPR RD R Btk DRDO R AT SRR SR AT e s Dyt 1304 WK

002, R&D Sygielss.f sM\i)s th)é e 8xfredsivh p‘ftfﬁl@EﬁEll{ﬁ:‘&&@ﬂa&)g#geJ&G/- 18By/miPepr oTech,

I\L]), for one day followed by treatnent with medi a suppl enent ed wnth 2%

BSA and 100"‘CH§’;‘1rﬁ aIHIéPP%?ﬂ‘t‘PnI&Y pRfdeEUSIRg 140 wfwﬁaﬂ%w% agtydft fitdnal  two

days Next stté’%% 6%41!;&’6&%% BESsR ek SralsRfh oafl Rey IMEMeEdZentio i Bafkets. 50 ng/m FGF7
.25 mM Cycl opam ne- D (#239804, Cal biochem CA) for two days,

foI I owed by four days |ncubat| on in DVEM F12 + 1% B27 E)I nwtrogen CA) + 50

ng/ niP1¥EF7" Bubhcasignyitedyhupeghans this dogamept are berglyf iverPoraied PRESIICIRA) (S g,

MO) + 100 n@éifbniRéty NABBUZh (IR V&nals%)éﬁetc%rﬂfthelvﬁoentl&rpﬂa@@]oe&eﬂlﬁ%a%r e

differentiated into pancreatic endocrine cells by incubating the cells in
DVEM F12 + aboy@prrefarengs iorganles @) praferrghemppdimeniio giith ba-approeptqabat ( a

ganma- secreﬁl@% é%h@ln%%t?onﬁs@&ﬁé@%b?%@é 1@1:1&18&{&%% t§Ahe * 1 MM ALKS
i nhi bi tor Cgtao 2, Cal bi othem éa 0 ng/m” of Netrin-4 (R&D
followmg clalms properly construed under principles of patent law.
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Systens, MN) for three days followed by additional seven days incubation in
DVEM F12 + 1% B27 (Invitrogen, CA) + 1 mM ALK5 inhibitor Il (Cal bi ochem
Ca). A | 80 20t0a5e219as added to further mature the endocPChaScuorads, which
consi st ed o{:]ﬁgsﬁgwéi];y treatment with DMEM F12 + 1% B27 (1 nvitrogen, CA).
Except for stage, all other stages included daily nedia changes.
An outline of the procedure is depicted in Figure 1. At each stage cell
nunber was wahGubiahed iusi ng a henocytoneter and RNA was col |l ected for PCR
analysis. Al sanples were colleted in triplicate. [0156] Figure 2 panels a
and b di spl ayi CXCR4 EX ression in cells fas measur ed C}t:y,{fACS and real -tine
PCR data for &t /t HEhpHhpeBcgaNnaPheppsting of BYKeealsryrhy it 8°st age 1. Fol d
change in expregsh@éhtic Sn&RANNIKBLAEIMBisthg nittholcb By &ptdatEdaddrs ES cel | s.
Exanple 2 Addition of Activin Ato Stage 6 Cultures Significantly Enhanced
the Expression &fsopaiee MadttherapageicranAectva iRees pork srfiveptanprisheghe hunan
enbryoni c stem | ) Lt ¢ MATRI GEL(tm
(1:30 dilution) %gggﬁggdngtﬁlgmfsaag%%gg?%?@rr %ﬁ?@%ﬁ%é‘%@%@?@gu c endocrine
cel | s accor di ng expresshm afetanodsassesitad voddthe panEscangéngdodrincAneageage 6, sone of
the cultures were treated with 10 ng/m of activin A (R& Systens, M\) for
seven days. A - Wer g f ) .at. erature

W th 1 X Acout Sse FErmREEr BT ek A0 RhecthuP i LR e "2 ai ¢ on
of DVEM 12 + 1%tR2gtoupldvasistintgadaetd/ical desivingd, ectvemOy@gitidisvangntaotel |  scar per
and gently resuspended t a 40 mmcell strainer. The flow
t hrough and cel Iagtwrlré al(}%gg&gﬁﬁ'?ﬁgangﬁlgﬁggr were renoved and sanpl es
collected for PCR and staining for Dithizone. Dithizone (DTZ) is a dye that
sel ectivel y b3nddetnetmdr claivhi obhehasthbeely cspiewmg roarbes prses@nd with t hi n
islets. Figure C;‘Ehea[%an%énsc 48, rlglg 1Lé:a,t§ar%ﬂé%r‘c§1te3i ned cul tures before and after
separati on using A0 “Hm CerT s P EPREYF. significant (approximtely 80%
portion of clusters greater than 40 nm were stained positive for DIZ. This
provi des for & rlapetiodfid dgfonpitietivggilingwbtenf stem celbhermmtrisof teedkps of:ne ri ch
clusters. Figure 4, panels a-f shows the gene expression profile of cells
treated at stage 6, +f . ivii. A and subsequently enriched
using a 40 mmfil ter ?ugﬁgﬁ%ﬂh%@t%@%@;éhﬁ% to stage 6, significantly
boost ed expression of all key pancreatic endocrine markers. [0158]

Publ i cations cit ed>-t RifgRigHistieg thaphirigefenfrrtsht cellp Bthesdlls Bypressiempdlicat ed by
reference in their et i&h¥tic MhdoUghivkREIMBM BSaspects of the invention
have been il lustrated above %y reference to exarrpFe’s and preferred

enbodi ments, it will be appreciated that the scope of the invention is
defined not by thetf SifEgentatngibs e¢llsprpisinguparksys ehgactesisticondithly cl ai ns
properly construed updgfitiRrdn0GicRh Gfc/f iRALERN ExlralUnEENAGRSVWOPCT What i's
clainmed is: 1. A nethod of increasing the expression of markers associ ated
with the pancreatic ebtséaristieof thhemmgeattomdedosindigeasgecadi ng cel | s expressing
mar kers associated with the pancreatic endocrine |ineage wth nedi um
conprising a d. Differentiating the cells expressing markers characteristic of the

pancreatic endoderm lineage into cells expressing markers

characteristic of the pancreatic endocrine lineage.

5. The method of claim 4, wherein the expression of markers characteristic of the
pancreatic endocrine lineage is increased by treating the cells expressing
markers characteristic of the pancreatic endocrine lineage with medium
comprising a sufficient amount of a TGF-J3 receptor agonist to cause an
increase in expression of markers associated with the pancreatic endocrine

lineage.
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sufficient anount of a TGF-b receptor agonist to cause an increase in
expression of markers associated with the pancreatic endocrine |ineage. 2.
The net howloahioadsaiin 1, wherein the TGF-b receptor agoni eCTivs2eioems®d from
the group consisting of activin A, activin B, activin C, peptide variants
of activin A, GDF-8, GDF-11 and GDF- 15. 3. The nethod of claim1, wherein
the cells expressing markers associated wth the pancreatic endocrine

| ineage are egr iﬁ'a%hoﬁ-oféafﬁ?a,mmfimhe%Fi@fe%sﬁt&aa%}ma_ipéewc{ee%ﬁm stem
cells, comprising the steps of: a. Culturing the uri potent stemcells, b.

Di f ferenti ati ng thehgoyr eompiplotgariactstiem aalving, japtivan Cepdpgdeyqpieris of ng mar ker s
characteristic %‘Eti&i@% gefr iéﬂP\ffl ahy rm lineage, c. Differentiating the
cell s expressing markers characteristic of the definitive endoderm i neage
into cells expressing nmarkers characteristic of the pancreatic endoderm

| i neage, and d. Tbemfethodmof tlain hgvichan thelcplts capyspseesarljerrrayskarted whlar act eri sti c
of the pancreati r i I : S expressing nmarkers
characteristic é@”ﬁﬁggggﬁ%?ég??@ggﬁ%%%%Pﬁgkbineage. 5. The method of claim
4, wherein the expression of markers characteristic of the pancreatic
endocrine lineage is increased by treating the cells expressing markers
characteristic of the pancreatic endocrine |ineage wth nedi um conprising a
sufficient anobunt of a TGF-b receptor agonist to cause an increase in
expression of markers associated with the pancreatic endocrine |ineage. 6.
The nethod of claim4, wherein the TGF-b receptor agonist is selected from
the group consisting of activin A activin B, activin C, peptide variants
of activin A, GDF-8, GDF-11 and GDF- 15. 7. The nethod of claim4, wherein
the cells expressing narkers associated with the pancreatic endocrine

| i neage are enriched.
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