DI FFERENTI ATI ON OF HUVAN EMBRYONI C STEM CELLS [0001] Thi s application clains
the benefit of U S. Provisional Application No. 61/289,671, filed on
Decenber W8,20000%17wWhi ch is incorporated by reference heceius2010/06a786
entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention provides

met hods to pronote the differentiation of pluripotent stemcells into
insulin producing cells. In particular, the present invention provides a
met hod to produce cells expressing narkers characteristic of the pancreatic

endocrine | i neageIRFERENTRAGHONOS HKMAN EMBRY OSUC STEANAEMLSI mal anount s of
gl ucagon. BACKGROUND [0003] Advances in cell-replacenent therapy for Type |

di ab l.itu and sh Iatabels et nger hans
naw 0D b iParEE <Gt bRSH g SoPeRe T ripliSurt NS Pelearig el re. o
cel l's, apprfpd b@bDecchder Z3)g0@f, tvitRAtis in€3tporatpd bp Atdterics héﬂaﬁa igeneitaétyon of
functional «cells frompluripotent stemcells, such as, for exanple,

enbryonic stemcells. [0004] e g'{ﬁ)f ni c devel opnent, a
pl uri potent cell gives rise ]%@:L!) 8?‘ iﬁvggﬁﬁéﬁcomrl sing three germ
| ayers (ectoderm nesoderm and endoderm) in a process known as

gast 000t i oTlhe pTd:sssttjwnEiorcproaides rhezthonXQnrpmete thd'l@dffeliedt,iatitohybﬁpisriquamcr eas, gut,
and |iver, vi.a _an st age. The

Mt er medi arto bR B GO BT R TR bt R R B A i "endoder m
Definitive maﬂﬁxﬂerpmdmeé tedls exqpessing newrlenndderactofistiveif Kerpancreaatic RnégrindINF3 - bet a,
GATA4, M XL1 CXF}:R4 %%ﬁ‘ 1\[?0 05] For tlon of the p fmcreas arises from
the differ eftP&] r‘foc?f‘prﬁ%gf bl gRd S Blcfé‘ AR RS LS4R8 doder m  Cel | s
of the pancreatic endoderm express the pancreatic-duodenal homeobox gene,

PDX1. In the absence of PDX1, th8AfdGREdNDails to devel op beyond the
formati on of ventral and dorsal buds. Thus, PDX1 expression marks a

cri t[gﬁﬁghztgé’v%‘e sREOSE &bl t%%@g%?%gbesl ddé%Q?eaocrlHﬁs an?%@ﬁ&%%ggﬁom ains,

anmon ypes,  exocrine ti1ssu Ine Tissue ocrine and
endocri ne ttrasplagalde iske df Lengettines bive fenuenltint@testom ctafzelpmngsoaaies of endoder m
WO 2011/ 07901 PCT/(JéJlICSZOIOl 06075 [0006 (tlegl s _be rlrtl Ot he f res of islet
cel I's have PEpSA ABEPESEnoder Y eaPPPAHT ﬁﬁ?% Fene appréath 1 e

generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

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

[0005] Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-
duodenal homeobox gene, PDX1. In the absence of PDX1, the pancreas fails to
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.



cells of the nouse. For exanple, Lunelsky et al. (Science 292:1389, 2001)
report differentiation of nouse enbryonic stemcells to insulin-secreting
st ruct ur eg020md79017t 0 pancreatic islets. Soria et al. (Pcahst@s/d@sds7,
2000) report that insulin-secreting cells derived from nouse enbryonic stem
cells normalize glycema in streptozotocininduced diabetic mce. [0007]1n
one exanple, Hori et al. (PNAS 99: 16105, 2002) disclose that treatment of

us[@ﬂ WQélls%ea%i rth&ﬁtthfes Rt éMBhBctr&foPte @ LEAARRDA] ﬂ?&ﬁ'etlb%m@ ki nase
LY294002) produc cells that resenbl e cells. [0008]In another exanple,

BI yszczuk etellapf the mas. fooeagple, Emt)é}kYreéﬁgﬁft%ef@%%”gW& L oep &t
i nsul i n-pr Odllﬂ‘éﬂeﬂtgau%ﬁbtﬁ Mfls"e%Hlb%ﬂé%teﬁ{@tly%ﬂhﬁlhﬁts&g&ﬁ%'strﬁct&%@éhﬁﬂéﬂ%' vely

expressi ng Pax4. [0009] M cal | ef . report retinoic acid can
regul ate t h@n@rom ltlnfénSor@fet@hbDybmw%ltSérﬁQ&)@) fegort thafipsudnPEXdtingosi ti ve

pancreati c %ﬂgg&g@g‘ggﬁ%&ﬁ%ﬁb&%lg stefh @H&ﬁon%}ﬁz%%#c%m% stk ‘?&8{09 PdxI|

expr essi on to cu es at ay 40 ryonic entce
di f f er ent i amnilend dabétiegniac.peri od corresponding to the end of gastrulation in
t he enbryo (Di abetes 54: 301, 2005). [0010] Myazaki et al. reports a nouse

erbr [h@ 1@;‘%[% 25 14 3R e‘?%ﬁ’{e 6@51 i&gzéjﬁ? hmcl&%‘%a& nfeé‘tﬁa‘éhttoﬁ nfRQW that

exogeno ression ¢l ance € expression i nsulin,
sonatostat|mmﬂng@ﬁknndbemﬂnembmgenﬁﬁ@ﬂﬁp&@&nmaksmaﬁﬂﬂYEhﬂ@2genes in the

resulting d 1?%E ggﬂ %h§g$%§*é§8g%%abetes 53: 1030, 2004). [0011] Skoudy et
a ne

al. report er of the TGF- superfam ly) upregul ates

t he expression of exocrlne pancreatic genes (p48 and anyl ase) and endocri ne
genel§0¢8pdx | In apetber dxmnpla;ﬁlyglcu&a@ ohJPNAS MUK, 80 seonitcthe gengratien b§. The

maxi mal effﬁ§h1

t he expressi onn\lli%?/%gggf%ll nsu ?{Rﬂ%néﬂ)g’&gﬁtslﬁ%}\%l%%&ﬁg%ﬁv%?’gjé?sgiggwe?et ihﬁz)i C

aci d; howevkax4. 3nM FGF7 treatnment resulted in an increased |evel of the
transcript for Pdxl (Biochem J. 379: 749, 2004). [0012] Shiraki et al.

t Ud['() gbt hey@hi 18% . %%019; tﬂxsftr@tnfo?ccaycﬂfcﬁrltr%%tatestﬂg%;é&lﬁﬁ!ﬂ{t%f QIHE\‘?EI;&? s. They

S
d|ffereAt|at|on o] ryonic stemc positive
observed t hagm céligko @@ PO mditict bttrycraﬂtlet:mﬂedlerm Weghae apd opaest i on of PDX1

positive ¢ 4 t’e{%tn\(e%t}lglum%ei’!ixsl % S 0 ﬁ'en a%i?édat% ]?quﬁa}gﬂ?\ligi%g%gl (i30r don et al.

denonst r at ed Ton of Pbrachyury [positive
stem cell differentiation during a perlod corresponding to the end of gastrulation in

the embryo (Diabetes 54:301, 2005).

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

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

[0011] Skoudy et al. reports that activin A (a member of the TGF-P superfamily) upregulates
the expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes
(Pdx1, insulin, and glucagon) in mouse embryonic stem cells. The maximal effect
was observed using 1nM activin A. They also observed that the expression level of
insulin and Pdx1 mRNA was not affected by retinoic acid; however, 3nM FGF7
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



[ positive] endodermcells from nouse enbryonic stemcells in the absence of
serumand in the presence of activin along with an inhibitor of Wt

si gnal i ngwQUB112008/0003446A1) . [ 0014] Gordon et al. (PNABCTWSR01008)7590age
16806, 2006) states "Wht and TGF-beta/ nodal/ activin signaling

Si rrultaneously were required for the generation of the anterior primtive
streak”. [0015] However, the nouse nodel of enbryonic stemcell devel opnent

may not exap@#m%p%&mﬁo @@é@mwpﬁo@bmeﬁ@gmm b6's1t|i\leg:]8ﬁsr gm&mal s, such as,

for exanpl e, hunans. 5 6] Thonmson et "al. isolated enbryonic stemcells
from human 6¢lks2098 Jerd0(E5 0866 282: 114, 1998). Concurrently, Gearhart and
cowor kers derived human enbryonic germ (hEG) cell lines fromfetal gonadal

t i ssjg@1y) Shaghlust t1 RtdeAbnstralRt At ind¥Rtibn o AFRByurSEhositVOPHNF3 13626, 1998) .
b

Unl i ke nouse enbryonic stemcells, which can be prevented from
di f f er ent i alPPHE dERgodgTHee] éffpﬂld??‘ﬁ‘@ewl’b’ﬁmﬁétﬁl@é?ﬁﬂsamIﬂf?rﬂbﬁfin%?ﬂﬁe%t or (LIF),

human enbrygllaln@ﬂé%%gb&@lok&tm% QyilBNERb RS St WIES: n\{ﬁgguwec' al conditions
(U S. Pat 806; WO 99/20741; WO 01/51616 171D Anrour et al.

descri bes tW@@[@pW&@Mbn of enriched cul tures of human enmbryoni c stem
cell-derived definitive endodermin the presence of a high concentration of

act i \gpiujandghvh 88/ L{PN(ABW/WI%% gé mﬁoi(mgﬁta?c&o&ﬁlnt ahll @BFRANhOAY t hese
cells under t he kidney capsule of mce resulted in differentiation into

nmor e mat ur eaciin|signglingina pequslyryesy feguiradffostherecrsrdion et thapnteiijans. Human
enbryoni ¢ stemiceldaderived definitive endodermcells can be further
differentiated into PDX1 positive cells after addition of FG--10 (US
2005/ 0266554A1). [0018] D Amour et al. (Nature Biotechnology - 24, 1392 -
14011005 06) Jowevat ds moupe meddlef gubapep s@mact devekopatent ey h Cpclkess t hat

converts hugpRc arRLYQRinfendh BekAEDhidhe! himbals SREPK! kex /1L SukaRabl e of

synt hesi zi ng the pancreatic hornones insulin, gl ucagon somat ost atin,
pancreatl c 'FO| ypeptide and ghrelin. This process mimcs in vivo pancreatic

or galf8Hdnesthonsgn & 4/ dealptpyerplaypric %tﬁ?lae}&rfr@@ hyean Hlastoonys (Ssigneref i niti ve

endoderm  gih- 1t1ub@9@ﬁd&9h@ﬁrmnﬂpa@éaﬁﬁﬂtah&c&mﬁg%m\@@quﬁmry&ﬁc precursor en
route to cells that express endocrine hornones". [0019]1n anot her exanple,

Fi sk et al.ga@pf@sccl liggssfiresmrfatad icopadabtiseiar§hasatlett ezt i RrorYask Ased- | s from

human enbr ygnigg s >0 8420 Qﬁ&g el Bick t he
differenti a%nolgls bg?\/\g% v\%gf gﬁ@?(g C?Ql ﬁ&éeséesgg Se{év 1CHthJLCﬁrrllsef)rtl3 enbryoni c stem
cells were lfrﬁ‘reyteddlmf @fferﬁnmaamgdmtp@’ @rmwdemgrwmlsLﬂgtemladohlbltthla@nr of sodium

butyrat e and ACkikufhey FSGELUS HENE AORHEHLIKE o Wikt I By ant agoni st s

such as Noggin'in co lon W et ace to generate PDX1l
positive celU. &.Paﬂ'lh@ 6é®01806aW(d99/ﬂ@7r4énWCh®ll/ﬁﬂr61®as i nduced by ni cotinam de.
[ 0020] I n one exarrpl e, Benvenistry et al. states: "W concl ude that

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

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

[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 iz vivo

pancreatic organogenesis by directing cells through stages resembling definitive



PDX1 enhanced expression of pancreatic enriched genes, induction of insulin
expression may require additional signals that are only present in vivo"
(Benveni swoyosato7ad17 Stem Cel | s 2006; 24:1923-1930). [ O02CTius2@006(766
exanple, Gapin-Botton et al. states: "Early activation of Ngn3 al nost
exclusively induced glucagon+ cells while depleting the pool of pancreas
progenitors. As fromEll1.5, PDX-1 progenitors becane conpetent to

differenti aén%o&é?ﬁlpgdtm@délehabdeﬁﬂgjaﬁéryﬁﬂc AN RalRATbdrin¥ BleciSbr & rodtd Ohansson
KA et al, Developnental Cell 12, 457- 465, March 2007). [0022] For exanpl e,

Di ez et al .toselittha.cxprags codegige hgmpeesks, nost of the gl ucagon positive cells
co-expressed insulin, although distinct insulin-only cells were clearly

det em@gl e ﬁ?an&th&%%a%l@ﬁa% et GBI dportS O3 AR B8 plodBeinhdSaubicicaneg: @liycagon were
observed during the whol e period studies 69 to 21 weeks) but they represent

nerely a sndm hpmgembynonss stem scisgURR0GHYEPI ST Adhdinghineagdhe expr essi ng
cells." (J ﬂ@&&%@gb%&%%ﬁivﬁ&ﬁ%m@%é ?t(Zée%) i {%n lgﬁlbrygﬁ}lg\%/tet[%?{e}}s]\-/f]- )

[0023] I n one exanpl e, Chen et al states "(-) -indolactam
activat es pwere &y didierragatedtoginderderi pgjngip gorabipaion of sddeuny bfriatenil ¢

speci ficat| %@VﬁfA RGN Dak tﬁ%ﬁﬁﬁlfnﬂlaé x‘%ﬁﬂ'i‘(}?ﬁf&htagﬁﬁ%‘% Eﬁc[‘ﬁ% ﬁé\@g‘%rigc endoder m

i neage. . .| and retinolc acl unction throu a rel at anism..ILV
shows a st rompertipmeib EGhor bftagRbMi toegeperats $DA] moelkivscolpefhentagd of cell's
expressi ng PRX- 1 retinoic.acid.” (Nature Chem cal Biology 5,

195- 196 (Apcﬁﬁl%(re%%%@?%gsoﬁ?ﬁ%gfgglgfﬁ%a}%le@%i 00409-195). WD

2011/ 079017PCT/ US2010/ 060756 [0024] Lyttle et al states: "NKX6-1

co- | 18620l sela conkxanyile, Beivesisiry ar dedtdtes; “Wrdioodtidathattovartexiex@geniofi s excl usi vel y

i nvol ved i 1 ] i @ Jul :
51(7): 1169?1381%#%Bﬁg%fég%g%?§%§?%ﬂg,&r?ﬁégngblt?ﬁdﬁ&?(%r?gflﬁgﬁg si gni ficant
need t o deve&popsiommyy tequraakliiods stanalg 8newrabelyprdsemct vieriaBenvesisiry n

expressi ng &%5%km§EQFﬂﬁﬁé%%qbQ§gb&Dresenble a 13 cell. The present
i nvention takés an alternative approach to inprove the efficiency of

differentiating human enbryonic stemcells toward insulin expressing cells,
by 0léf2at i Ingnethgropahplt GrpiofBatteh ksr/estasese Sarlygenatike pENgidaalmotter i sti ¢ of

the pancreat. usi%&g?ncc{u'cé‘de 1&&@8@%%%%@1 e FIRAPHEFS oM Bckea@ PRI T 0 and
m ni mal anounts of gl ucagon:

As from E11.5, PDX-1 progenitors became competent to differentiate into insulin

[positive] and PP [positive] cells” (Johansson KA et a/, Developmental Cell 12, 457—

465, March 2007).

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

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

[0023] In one example, Chen et al states “““(-) —indolactam V [(ILV)] activates protein kinase
C signaling and directs the pancreatic specification of hESCs that have already been
committed to the endoderm lineage...ILV and retinoic acid function through a related
mechanism...ILV shows a stronger induction of PDX-1 expressing cells (percentage
of cells expressing PDX-1) than does retinoic acid.” (Nature Chemical Biology 5,
195-196 (April 2009) doi:10.1038/nchembio0409-195).



[0026] I n one enbodi nent, the present invention provides a popul ati on of
cells expressing markers characteristic of the pancreatic endocrine |ineage
t hat co- ewpresg7MKX6. 1 and i nsulin and m ni nal anounts @CTFISA@AY0TS6
[0027] I n one enbodi nent, the present invention provides a nmethod to
differentiate a popul ation of pluripotent stemcells into a popul ati on of
cells expressing markers characteristic of the pancreatic endocrine |ineage
t hatjogesex pmﬁtﬁ@ezulﬁ@%@tesl e}n&lxes n%HJléc@hs'éH‘én gwhrméuhawﬁnfnam%nngc agon,
conprising the steps of: a. | turing | uri potent stem cel

Di fferenti atKit§- ltlhéxcﬂﬂsmelyldewmd lab@ﬁ%@twhdﬁ‘f@m@nt (B;@bﬁté@giang mar ker s
characterlsﬂmQJQTSHaﬁlggﬁmnﬂmg ye endoderm | ineage, c. Differentiating the
cells expressing markers characteristic of the definitive endoderm|ineage
into cells expressing nmarkers characteristic of the pancreatic endoderm

| i nel88%5] anbhegeforp) there pilhiemeins ggianHicartarektogdkyrleniaivity methedrie characteri stic
of the panC%ﬁé%k%i&&QBQﬁﬁﬂhhﬁQﬁﬁgﬁng&hpﬂﬁ?&bécﬁ%&&%%%hﬂﬁaﬁﬁkﬁeﬁﬁe
characteristic of the pancreatic endocrine |ineagé that co-express NKX6.1
and i nsul i rpressat inyanitipmiakesramaiematdfe agpigaciige mmproye the eflicicngy ¢the cel | s

expressi ng | i neage with
medi um suppl e ﬁéﬁtﬁ% H%ﬂ’cmr@%‘éeﬁ&E?%gg‘gﬁ@gg@%’lgﬁﬁﬂg g%?ﬁ%] DESCRI PTI ON OF
THE DRAMVNG8HP©@@8thgun@1Qﬂsﬂbwsﬂﬁhegeﬁﬂ&&mhmﬁdmﬂﬁcDf@apmwnmﬁon t he
expressi on gf e I r t invention.
Panel s a an%d%h%%%n&%ﬁgﬁg%9%§§§?§§3%?1&Blmﬁ?haajﬁjm%mggggﬁ§§gspect|ver, in
cells treatgdcagbi.h TPB. Control popul ations of cells are shown in panels c
and d. [0029] Figure 2 shows the effect of various concentrations of TPB on
t he expression of insulin and gluq%ﬁﬂﬂ?&ﬂYcells treated according to the
nmet hods of the present invention anel's a through d show the expression of
insulin and gl ucagon in popul ations of cells treated with TPB at the doses
i ndi l893@d. heosepFdne, tge BigeANs iny praioa favedes & porlasiop é¢alls Rkpress@eC i nhi bi t or
on the expr dgeprding to the
met hods of @%%&gpggéﬁ%ﬁﬁﬁégﬁepﬂgmﬂégﬁggaﬂw ee#%b%ﬁfiéﬁg§g§%55|gn of insulin
and gl ucagomdiimsube pidminred teduntk vheli®@Bon.and Panel c depicts the
correspondi ng DAPI staining). Panel b depicts the expression of insulin and
gl uc [ depi cts the

Cor T 02e g P LBk e By B e RO A BB R e T8t “Var 1 ous
protein k|namethQQMMWuxmm@M@nCﬂhemeﬂmpeégkmﬂﬁgﬂbwnyn%nmrnmk@elIs treated

according t &a%a@t%riﬁﬁtor%%%a%reétig n8BRE Hﬁeaé&\ﬁg&toi—e?([}res 43 1@1@%% 13nd insulin

and minimal amounts of glucagon, 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

d. Differentiating the cells expressing markers characteristic of the pancreatic
endoderm lineage into cells expressing markers characteristic of the pancreatic
endocrine lineage that co-express NKX6.1 and insulin and minimal amounts of
glucagon, by treating the cells expressing markers characteristic of the pancreatic

endoderm lineage with medium supplemented with a protein kinase C activator.
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shows the expression of insulinin cells treated with TPB. Panel b shows
the expression of insulinin cells treated wwth ILV. Panel ¢ shows the
expressi omoabivarsulzin in cells treated with PVA. [ 0032] PCgarseo16/0sd7ee\s t he
expression of markers characteristic of the pancreatic endocrine |lineage in
cells treated according to the nmethods of the present invention. The panels
depi ct the expression of insulin and NKX6.1 (panel a), insulin and PDX1l

(panel b), insulin andpNFREESRPTEONOF THISBRIAWENGS somat ostatin (panel
d) and insulin and ghrelin (panel e). [0033]Figure 6 shows the expression

|nsul in and gl ucag n cells treated according to the nethods of the

presl@m Ii nviggge dsho tﬁ%r«@ ech ok BPR treatgaitiop dhe XAreEk i S du bih aduzipferony) |

gl ucagon exprRs®i106r thPpR&ht B erdod PRI asahab@hMtlem@AM&oofhﬂauﬁel |'s treated
wi t h DVEM H| h glucose + 1% B27 + 50 ng/m FG-7 + 25 | AM Cycl opam ne-

KAAD + 2 1.angglyRagqnisipectiyelyelin(orhy treptelogthnkf)Fhi eromlaﬁons SR/ ACt i vin A
+ a p38 klgpl@@glﬂmbllglcta%d(dl scl osed in USE, 214,830, at 2.5[I.M for four
days (Stage 3, Treat ment 8, Exanple 2). Panels d to f show insulin

expreSS| on ]%pa el gl ucagon expression (panel e) and DAPI sta| ni ng
( pani@f24) gk&féPwBO‘Y%%?%t@\ﬁ YeROMMORFI PNy Of £B3 en shepapmpionofy 25 [i M

Q/CI opam nemg AR Eludadoh M &8 lr@ﬂéd:ac@&ﬂﬁllg(tcw& m"étlfbgé)oﬂﬁé ﬁijese%f Noggin for four

days (Stage 3, Treatnent 9, Exa 2). [0034] Figure 7 shows human
C- pepti de viagendien.elansli aithropgal ipr-th%@ip@Q@SIQIBg§ln$ﬁ11@@n¢ glyeagoright and twel ve

weeks after Jﬁféﬁbﬁé‘o@gelfs'h%at%ﬂvhtﬁ 033! att fie 4Bl ﬁ%ﬁi’@atédnve”“ on, followng a

gl ucose chaIernge [0 Figure 8 shows the percentage of cells
co- exBresm ng PDX1 and NKXG 1 obtained follow ng treatnent of various
pr ot BP3P1ki nEgwe & shewks the £itcs of aproteidkinasm Edrhibizar iob s expigssia ddnsulimo36] Fi gur e

9 shows t heanﬁ?m;] 8ol iR Rel RftreNENZecofdiitlto (NKEGh ks %?%e Biré: dnt ?rlv@ﬁ‘t?on' rl"aﬁ:eql I's

treated accor g to the nethods described in ;E
DESCRI PTI O\ {p@8hForpreshign pf pswin agd slurassn iecells freat ‘{Vlth]Pﬁ/a@}ﬁd(Bﬁnqlpm tation,

the detaile (ﬂ: %‘?sstﬁé éd?lte's Bté Iﬂ/ﬁhﬁ s{aﬂl\f t P%lﬂ)ﬁe %té’%bgggprés@%oﬂ oi‘ﬁlgul ol I owi ng
subsections T describe Or illustrate “certaﬁ n features di ments or
appl i cat i onsdgluctgim ipcedbdretted mitk APBand GDe6476i 4niddlasel d depicts the

corresponding DAPI staining).

[0031] Figure 4 shows the effect of various protein kinase C activators on the expression of
insulin in cells treated according to the methods of the present invention. Panel a
shows the expression of insulin in cells treated with TPB. Panel b shows the
expression of insulin in cells treated with ILV. Panel ¢ shows the expression of

insulin in cells treated with PMA.

[0032] Figure 5 shows the expression of markers characteristic of the pancreatic endocrine
lineage in cells treated according to the methods of the present invention. The panels
depict the expression of insulin and NKX6.1 (panel a), insulin and PDX1 (panel b),
insulin and NEURODI (panel c), insulin and somatostatin (panel d), and insulin and

ghrelin (panel e).

[0033] Figure 6 shows the expression of insulin and glucagon in cells treated according to the
methods of the present invention. Panels a to ¢ show insulin expression (panel a),
glucagon expression (panel b) and DAPI staining (panel ¢) in cells treated with
DMEM-High glucose + 1% B27 + 50 ng/ml FGF7 + 0.25 uM Cyclopamine- KAAD
+ 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin + 20ng/ml Activin A + a p38
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[0038] Stem cells are undifferentiated cells defined by their ability at the

single cell level to both self-renew and differentiate to produce progeny

cells, i mebudimgomel f -renewi ng progenitors, non-renew n@Cprusg@nioswss, and

termnally differentiated cells. Stemcells are also characterized by their

ability to differentiate in vitro into functional cells of various cell

| ineages frommnultiple germlayers (endoderm nesoderm and ectodern), as

\tNel | als t? @héé@ufhn%@{ (d@scfo'sf(ﬁﬁgﬁﬁ6@ﬁ4@h'(*)%&P%@N?%r@?t)dr@){ﬁr(?t&@k| OWIt ngI 5

ranspl antati on an o contribute substantia 0 nDs not a

ti ssugs f ol Tewtimest 9 Fixeerle 8h Hanelp d i Bdowdysatin eXI{r@@@g](@m@lrﬁ)o@mqagow e

classified Byrd el hafF¥PLARIENL B ROLE bih AR ) wtltﬁtljl\@ﬁﬂi/[e[@fgh meani ng

able to give rise nmbryoni ¢ and extraenbryonic cell ty (2)

pl uri pot ent glugpeahil gB bt 826 gMgCyﬁéoparrmw K@@Heﬁ%Rymmucaom(bGRA)_ﬁypes (3)

a1 w thin O RS Rk 3 T oS o BhEa “System (ror

exanpl e, hematopoietic stemcells (HSC) can produce progeny that include

HSC [@QM]f - FigweRah)ws lbinpoC-pepitie W%dmécwém(SﬂIDgepdgefﬂg)[Dfri@gf@mi,t ors, and all

e PS5, ADaE BN Sk ul rec P A SLELA o bR Bl R o fQURELENE S Of the

subset of c@hdoséc}mﬁms than mJI ti potent stemcells; and (5) unipotent,

nmeaning able to give rise to a single cell lineage (e.g., spermatogenic

ste | s nspeci al i zed
arieBh ¢ Vg Sapoit FrEilobt Oty kiR RERITKIYH E BBl 5P

speC| al i Zedfoﬁe\l&'ingm&ihlemtsa,f vhrdrus @raeip kidpsed” mbibiterscatlthe conceatrmicmel e cel | . A

dlfferentlatgd %[ differentiation-induced cell is one that has taken on a

nor e spe0|a rzed ("conmtted") position wthin the |lineage of a cell. The

term"commtted", when applied to the process of differentiation, refers to

a ce0D3d hatFipas 9phaz)methd@d>r¢sslion hENGNBf RIPE hiNEX 6.0 anpBT vayhatio calspoi nt  wher e,

e T BT ey Mk SP R oL Terentiate [nto

circunstances, differentiate into a dlfferent cell type or revert to a |l ess

differentiated cell type. DeDHEAIRFINPEICRONIIEY ers to the process by which

a cell reverts to a | ess specialized (or committed) position within the

ner aqrey o Y e gy (IRCHSEE AT i RIS 1 0% ¢ can

gi ve rise tipyeniheis|dividagatodhc allewing syisectiogs thitedesasibl onillubtrate eerthior edi t ary

schene of At " ge-specific marker refers

to a char agiﬁégrﬁ%eg% ?@Bémgggfo gcgaﬁh?{/t%ggség%%g@seegﬁvr\ﬁ%rﬁ%? he phenotype of cells of

a lineage of interest and can be used to assess the differentiation of an

uncommitted cell to the |ineage of Definsioast. [0041]"Cells expressi ng

mar kers characteristic of the definitive endodermlineage”, or "Stage 1

cel '[%?38t]ﬁr %téhlégl‘i‘s ake unc@ﬁegb&ﬁﬁ%dggl%‘deﬂned tﬁ‘&?a& §%‘?ﬁé1% gmgPélBElﬂ%%l@Q a}\lolje?St

one 0 e follow ng markers

FGF8, Br achak self- nwﬁ;gw mdl@bffmmf@wgprqdneﬁmpgﬁny F@Mmd@d@g sebresewider m n

(EQMVES), oG Lo GRRAR, hinaffDYRerMin T 831, Sk GuyexPr essi ng

mar ker s cﬁ@r%l%t eﬁzstolncrg%f pr%gﬁélrsuaﬁd\% énn%eregn I?neagé ?%H c]e primtive

streak pr ecar sloe clogdclosizedini theit abiktyde diéfalentat Ins)irasefidodenimeled s and

of the. panciaa ghERG: FumRRGAL gl R RLARR M SRERBRESQRRAE PG =1 ©

expr essi ng atwdlleasd gignvseab titdues cﬁfohdltmplﬁ ggnnlayd(efoﬂowiﬁ@mnspMQﬂand-lNFl bet a,

char act or  SeERngput R R rEE Ehaob i oRges Metitus ancreati

endoder m ceblhssocygs.i m ti ve gut tube cells, and posterior foregut cells.

[ 0043] "Definitive endoderni, as used herein, refers to cells which bear the

i RS e g et B sl Rl S8R GRE oFRARYER L B B IR v

endoder m cedbistogipiras & atlh&nkfrgadrhcoamdregtrmrrblmmm ceHWFBs; 2t durifefehdd, SOX17,

Cer ber us, ane):gzningga%f)sg (g:glc\)fe rise to alﬁ enibry%%)lgcgc’ell ?ypes I}/}))anilill’[ipotent, meaning able to
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[ 0044] "Mar kers", as used herein, are nucleic acid or pol ypeptide nol ecul es
that are differentially expressed in a cell of interest. In this context,

di f f er entwal20expp@sgsi on nmeans an i ncreased | evel for a pogiuseme/osesker and
a decreased | evel for a negative marker. The detectable | evel of the marker
nucleic acid or polypeptide is sufficiently higher or lower in the cells of
interest conpared to other cells, such that the cell of interest can be
identified @wnwt@alsmw&haﬂhﬁ bﬁ%ﬁ%mﬁﬁblﬁm@ﬁhﬂgs@bﬁg% of variety of

met hods known in the art. [0045]"Pancreatic endocrine cell”, or "Pancreatic
hor none exd?béf§1§loﬁtjalc§§$wm,(f06?xa . hemagpeitisstenycotta (e )cap Repdagst eri sti ¢ of
the pancr eair cngRHPRIICHSLEA fncs) UREA BRfEIicdbfllofnt 0 @ cel | capable
of expressing at |east one o he fo | ow ng hornmones” "i nsulin, glucagon,
somat ost at i progearerspad eHeell iypespol lsapnts deg. platoletsd thetare Bxpwhsi on and Cul ture
of Pluripot e Pl ur.i t emCel s

[ 0046] Pl uri p 8?%&?5’5%1&% l%léﬂ@@%@&g%@éﬂ(tk@%éﬁgl gdfbg’rtL kﬁ;ﬁ}regg%ﬁ% Iﬁ(gest age-specific
enbryoni c an¢$tr196¢181bé®SE¢ﬁ)ll 1Breaged thip naﬂltd)Otmt Mansellﬁea@dﬁ}mmilebtml ng anti bodies
desi gnat ed Traamn peq 1ver1s f% s15g% c(epfm c S emdto emcseCe 2: 1145, 1998)'
Differentiatro ga1b P§ em ceFa[gs % VATE T ESUTS T t he 1 oss of
SSEA-4, Tra 1-60, and Tra 1 81 expr essi on (|f present) and i ncreased
exprl@84llon BiffeRBEIOD. is @nmmm|bemhiicataedmwecﬂaii@dt(bmcorsmém el less typical ly
have al kal i : t fixing the
cells with ﬁ%g/clgléz?g? ‘g?&ﬁgﬁlgeg Xm}ey V\%e&fﬂ %@g g&fﬂ% ot ﬁﬂ(‘}g%t or Red as a
substrat e, mvedeﬂcor f bmsbldagellt Medm[‘amuﬂieaﬁterdet‘feréﬁﬁend)remdmtj@elhis&ne that

B L ngame ki b PO GLSLER | AL SR RLMTLRRL PR R W REI e typically
2011/ 07901 7S TibtaS 20 i (kG0 7\51(ﬁen[a@ﬁlﬁﬂeﬂ]té\mtplﬁm‘essdﬁ dliffedntietiqph ot ypecetf

pr opagat ed otent ste otentia odifferentiate into

et Pe ot o iy BRSGHR & Aipipubs fBReEhromt shlerin SHECr oder m
tissues. Plgaifcupothede )t Willl dhtiuk ROUEBtenGiHE M CLIPeSIfiE akll BBe Gbdct oR@ll f or
exanpl e, by inj ectl ng cells i nto severe conbi ned | mmunaqdeficient (SCl D)
mce, fixi ngPEnELBIRLORES TOHBR! CrErPAIsTng IAvPs Hf bt wgfr«‘%waéypeand t hen

exani ni ng tmgaehlt%quss)@meehhafed&m 66l dféttﬁffer@ﬁtlaﬁ@ﬁ befdry RARe plo8IR bpre three
germ |l ayers. Aternativel uri potency may be determ ned by the creation

of enbryoi dvhisk edll rﬁﬁwsa%&%ﬁpﬁ@alﬂ%(@ﬁﬁmm@ w&i%mﬂmthﬁ kiacage eSence of

mar kers as S:Pé‘éllat&éjus‘éﬁ Bé}mhhﬁ%e hﬂéa%@ oﬂe?ée'ﬁ' | RBhes IRVIRERlity LPRABLIET epagRhed
pluripotent stemcell lines ma karyotyped using a standard G bandi ng

t echni que a¥sdls tempafen apd)wlbamef/%lhe@ goear yastiy p Bl limpagernd a colt pleepdedi ng pri mat e
speci es. |t dS,ifgp ﬁ&@dlﬁﬁsghé?}?é&*d@ | éﬁe% I{a%ffé}é%ﬁ é&h"ﬂ% h karyotype,

whi ch means t hat t are eup‘ , _Wherein a unan ronpsones are
present andsprofic matkiccesédnd tp azhtreetenktic Spagriweldy ofodRited witothe phenStypaoLel | s

cells of a lineage of interest and can be used to assess the differentiation of an

uncommitted cell to the lineage of interest.

[0041] “Cells expressing markers characteristic of the definitive endoderm lineage”, or
“Stage 1 cells”, or “Stage 17, as used herein, refers to cells expressing at least one of
the following markers: SOX17, GATA4, HNF3 beta, GSC, CER1, Nodal, FGFg,
Brachyury, Mix-like homeobox protein, FGF4 CD48, eomesodermin (EOMES),
DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, or OTX2. Cells expressing markers
characteristic of the definitive endoderm lineage include primitive streak precursor

cells, primitive streak cells, mesendoderm cells and definitive endoderm cells.

[0042] “Cells expressing markers characteristic of the pancreatic endoderm lineage”, as used

herein, refers to cells expressing at least one of the following markers: PDX1,

8



[ 0049] The types of pluripotent stemcells that may be used incl ude
established lines of pluripotent cells derived fromtissue forned after
gest at i onwoi2ncl/argiing pre-enbryonic tissue (such as, for PEXAISRPIIO/06@T56

bl ast ocyst), enbryonic tissue, or fetal tissue taken any time during
gestation, typically but not necessarily before approximately 10 to 12
weeks gestation. Non-limting exanples are established |ines of human
embryoni c smmsqetﬂm@étammlﬁqup@lfmmlﬁﬁacebkﬁ Hewslkpmm f@éusexarml e
the human enbryonic stemcell lines Hl, H7, and \{3

cont enpl at etPressingmagsers chagwisiios] BF prsreghc @Wpéer@llgﬂémgw edur i ng t he
nitial estahblsummitanh i@kl Yl &b il ch case the
source cell's woul e prinmary pluripotent cel aken directly fromthe
source tissues. AI so suitable are cells taken froma pI uripotent stem cell
popuPdlon ‘ddefiaistrg cpdaden e yspd hoseingpiserie sellsrvirighdigar the gharacterigics 9 sui t abl e
are mut ant &Hﬁ%nﬁﬂ%ﬂ AR g1b§a"stedﬂrﬁglg£stﬂulaﬂ§§anc§sk'lﬁ&1%ﬁntﬁquast?diﬁt@é‘ﬁ'ngl BGA v
(BresaCen, Athens, [ 0] I'n one enbodi ment, hunman enbryonic stemcells
are prepar et@aca@ddeﬁerw%@@ls Byfimbshengadeam cglls e}@wsstheiﬁétommna erg43, 780;

P R U S e e i A S M

[00511)I n one errbodl ment, pluripotent stemcells are typically cultured on a
| ayel004H £ eddrskerg'eps uscd heseinsaippesicic adidorgolyrepfisicanalecsies thet @kl s i n vari ous
vays. AL eraatifEhy ociblibd RALETbr RiGT, cﬂdl@c@ﬁ&t YR bkefoful Lur e
systemthat Is ess y free of feeder but none he €SS supports
prol i f er at i meanfn pictepied devehfor 8 pesitiveandrker wid héweasﬁdde‘reg&rﬁglemst anti al
differentiat] f ree
cul tur o i {Tag JP BB bl B g e ie SO BB cPd L AROB { Poned by
cul turing driehdroubwr wtluehceanoﬁlhmeswlrﬂpategip;eothftquem macthithee the,cel e gr owt h of

pl uri pot ent c e, eult t hout differenti.ation is
suppor t ed ulgfcéﬁesman% édf%nﬁgdlanﬁgls g Bt gl f%%ﬁ%&?y% Rarpre °f Reubi nof f
et al (Nat wmahaisomewﬂnoﬂhegry 18: 399 - 404 (2000)) and Thorrpson et al

(Sci ence 6 Novenber 1998: Vol. 282. no. 5391, pp. 1145 -1147) disclose the
cul t ,cel I t 0G) usi ng a nouse
crbrfBRC. ¢ RspbR s FRab T o8l Een L BB S BFESRS ('S o el 1 5
21: 546- 5565xpRBOB met\kaﬂstahztrecnlera;tmaﬁthb pzm‘creﬁtlc cdidbérarcdimtagellneurcdblertin, fetal and
neonat al feeder for .thejir ort huma | uri pot ent
Ctemcal | curiips keuRF aloutuhe i Ufal il ot BT EEBFDSAR. TeVih cel |1 fnes
cul tured ongladgbi, ssikatostitinhaaljaastaticgetipesideet ai n human enbryoni c stem cel |
nor phol ogy and remain pluri pot ent". [0054] U520020072 117 di scl oses cell

| i nes that produce at .sup ri gt e pluripotent
stemcells in feeder qlrmele ’épualnfmn aR&%ﬂture ?fq’r‘?r‘%&e‘“ Stglfloc;rgld are mesenchynal

and fibroblast-like cell lines obtained fromenbryonic tissue or
di fferentiated from enbrydnircistzermncgdPligipoilds2DOR00/72 117 al so di scl oses the
use of the cell lines as a primary feeder cell layer. [0055]1n another

exan[?gﬁﬁé Y\g@grlﬁterﬁlgteﬁl%%ﬁﬁﬁgg&p Pes€Sne or Afore Jnd sta&ﬁsﬁ)?&ﬁéjerﬁ%&ags met hods for

t he m gr owm h T ur | potent stemtT S on er cell layers
derived fr omtibenyvaBSEbY 3ndri, @ncbm@m:r@ détbgable using antibodies designated Tra-1-

60 and Tra-1-81 (Thomson et al., Science 282:1145, 1998). Differentiation of
pluripotent stem cells in vitro results in the loss of SSEA-4, Tra 1-60, and Tra 1-81
expression (if present) and increased expression of SSEA-1. Undifferentiated
pluripotent stem cells typically have alkaline phosphatase activity, which can be
detected by fixing the cells with 4% paraformaldehyde, and then developing with
Vector Red as a substrate, as described by the manufacturer (Vector Laboratories,
Burlingame Calif.). Undifferentiated pluripotent stem cells also typically express

OCT4 and TERT, as detected by RT-PCR.



[ 0056] I n anot her exanple, Stojkovic et al (Stem Cells 2005 23: 306-314,
2005) disclose a feeder cell systemderived fromthe spontaneous

di f f er entwat2oar7edi7hunan enbryonic stemcells. WO PCT/US2010/060756

2011/ 079017PCT/ US2010/ 060756 [0057] I n a further exanple, Myanoto et al
(Stem Cel |l s 22: 433-440, 2004) disclose a source of feeder cells obtained
from human placenta. [0058] Amt et al (Biol. Reprod 68: 2150-2156, 2003)

di sclopsgs aAﬁ&ﬁ‘éﬂ%Emﬁ@l'e'ph&ﬁ%%’é o@lﬁﬁobavg%fédfp %m@m £k @SKbdRentih3959] | N anot her
exanpl e, Inzunza et al 49, 2005) disclose a feeder

cel | |ayer ¢iffeyantintariate g8 %@frﬁéltthllee E@H’é@luaﬁelﬁl%ﬁ@iﬂrasm@w?@@w U56642048
di scl oses. Mgl B3hesS WARMOIond\T (AR Qfm eélfsw%cmnﬂfm&m&nt stem (pPS)

cells in feeder-free culture, [ i nes usef Foducti on of such
medi a. US66%2048. kit afcekng ceilfmn@ aewen@m@ned mw@@cms@ﬁélﬁymme and

f1brobl ast - fLikeme@ldioh) *ﬁﬁfﬁ@%ﬁs‘%‘eﬂ/}p k&?gﬁgﬁiﬂ’@{ Q01 frlor? ;}’aﬁ f?h%ﬂfefnf erenti at ed

from enbryoni ¢ stem ce g ’suc processi ng
medi a, and lgstokmglngl}sﬁoemldmbet of qalslnypgs frive tlmihrstegeronle}zbrﬂe@ltanawelydescn bed and

illustrated cl.asur her W2005014799
di scl oses c%urép Oﬁffng) & y% gelgﬁrrrhn?ed byt lr%)e Cr?fglémlrllto e%an d boa(leﬁn})nficaal?séefsnbgrfg

differenti amnhrymobodmsnfmaﬂhe @msemeb b&naﬂfﬁQ@ﬁBﬂa.téd’%hﬂteames gerinfitne cul t ur e

medi um produced in accordance with the present invention is conditioned by
the cell se®f%@tion activity of nurine cells; in particular, those
differentiated and imortalized transgenic hepat ocytes, nanmed MVH ( Met

Mur | [@@48He paltropagheil plhrib@t@ﬁz}dlmcedalrlinbhmay bae<]amyﬂtmed ijnga stahdafBCdam@rg | s 22:

972- 980, 200@ di sc(!eoses q bg @@q( ngl "f]tg dfrom human enbryoni c
stem cel | dSFIVAEPUCORRET BRI BEdRTGEREt ¢ ‘f‘f%?reﬁ%o&u PERU™S over express
human tel o n@easﬂe It e ievigBle ttd ansia celpttRs dave D063 dl Rargox@pdyewhiek aeplse,

U5200700100 | oses a. chem.ca defined culture rTEdI&Jm for the
mai nt enance’ %trt 3? Frﬁgp]élﬂltd wherpin a %@an chromosomes are present and not

not1ceably altered.
Sources of Pluripotent Stem Cells

[0049] The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any
time during gestation, typically but not necessarily before approximately 10 to 12
weeks gestation. Non-limiting examples are established lines of human embryonic
stem cells or human embryonic germ cells, such as, for example the human
embryonic stem cell lines H1, H7, and H9 (WiCell). Also contemplated is use of the
compositions of this disclosure during the initial establishment or stabilization of such
cells, in which case the source cells would be primary pluripotent cells taken directly
from the source tissues. Also suitable are cells taken from a pluripotent stem cell
population already cultured in the absence of feeder cells. Also suitable are mutant
human embryonic stem cell lines, such as, for example, BGO1v (BresaGen, Athens,
GA).

[0050] 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).
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[ 0064] An alternative culture system enpl oys serumfree nedi um suppl enent ed
with growmth factors capable of pronoting the proliferation of enbryonic

st em cel I w0 2pvo7eanpl e, Cheon et al (Bi oReprod PCT/US2010/060756

DA : 10. 1095/ bi ol reprod. 105. 046870, Cctober 19, 2005) disclose a
feeder-free, serumfree culture systemin which enbryonic stemcells are
mai nt ai ned i n uncondi tioned serum repl acenent (SR) nedi um suppl enented with
different growmh factors capaplge it fhB9esiRggryoni c stem cel
self-renewal . WO 2011/079017PCT/ US2010/ 060756 [0065] 1 n anot her exanpl e,

Levenstei n et al £Stem Cell s 24: 568-574, 2006) di scl ose nmet hods for the
| ong 0¥ m cltione PEOSHMARI Rl RSB §emicellssAre Pt Wtut? RS laysEefesdeny

fi brobl ast sceft taORPhdrt ﬂae 9@@&%@% &8k NOvaRBE Ways UIAIREI%HWM}B gluwFtanb FGF.
[ 0066] I n another exa 20050 148070 di scl oses a net hod cul turing

human  enbr ydein ecllstaesf étefiénwtyerﬁymﬂﬁ%meésemltHoftﬁe%éﬁedthca% Wi t hout

fibrobl ast{edleisGehdoms phdhferfIRhP HuARUBIsRhT\Gls GHhiWhhaGedifle stem cel ls in
a cul ture nedi um cont ai ning umn am Nno acl dS, vitam ns, mnerals at

| east one tyubstaftial ¢lffﬁre@trlatton aﬁh@f gpwihpfolisippient itam calls i Sader-fspeuliwisul i n or
insulin su f mamral i an f et al
serum and ﬁ%@%?%ﬁrehmloﬁeasp 5%%‘19 hgg}gﬁ E%ﬁ#&éﬁ# B%edft%s’%ﬁh anst grow h factor
capabl e of Iactlouﬁatwmlgar@ﬂfer bellopasiltegramelh, thagoeth oiphmabtengstene calst or

wher ei n the r S t ust a
fibrobl ast 1];1 3 ?e C%%I% lltltl%ut d%@&ﬁﬁrﬁ%gtoﬁ {Soﬁp%ﬁ?ﬁsrl&gpaat p]?crallgp ‘?fglﬁh of stem
cells in anmemuinfferentl ated state without feeder cells or conditioned

medi um [0067] 1 n anot her exanpl e, U520050233446 di scl oses a defined nedia

s i, U IR SR e s

pri stem ais su y isotonic as
conpar ed t ol'lidngseit @my CSelelnee @Ebvagn‘twullﬁ%r é/hbl 288, . @39\1e10p dlll45tﬂtb47)t he

partl cul ar &Tec(ijols me reo ur1 oten%stem cC 1nes faomh man nt tof 11?a'§h of bFGF,

i nsulin, ascorpic ac cessary to sup st a?ﬁ %/

undi f f er entmatsedmgfyomlﬁbm%latshteeq@r cemlaﬁhral st em ceI | s. [0068] 1 n anot her
exanpl e, U56800480 states "In one enbodinent, a cell culture medium for

gro p%r]g“ﬁ‘%@a‘?%s Yﬁgm@ehé@f %é%‘ ésétzﬁ&ﬁ%%lu ed Q%a%eﬁf‘iq%td?f?eré glly

undi ntia fare s pr OVi ow osToti ¢ pressure,
| ow endot oxiimapagulc ferelcind m:ctnlaat feeder eflf pgdrs fuetlten abumpmrsuppolmehugraovxt h of

prinate-derived. primor asi c di um |ned wth a
Pt £ et s AR uERPL S BESER it iR MG TPl kTS Toet

prinordi al ailteradoe kit &idfilgolsie sdetat ectdeheaiedhtfiry@ip dtée cgt oup consi sting of
feeder cells apﬁ an extrace|lul ar, matrix conponent derived from feeder
cells. The h&¥ THRN PREPAIAYS non- essential ani no acids, an
anti-oxidant, and a first growmh factor selected fromthe group consisting
of nB34osi dEXN0A0AT2al PYisdisat elldimkd thit [fro068 nkdia st Upport exanplte of
U520050244962 state n aspect .the inventign. provi des, a nmet hod of
culturi ng oI Buany et St s T paMult SHelERuls ol 1s i n a
culture esslasstehallyhml fnnamrofastareililiacs dbediadd fioei by priefiguabl y al so
essentiall yd1}f£r%nt1atgd from embryonic stem cells. US20020072117 also discloses the use of

the cell lines as a primary feeder cell layer.

[0055] In another example, Wang ef a/ (Stem Cells 23: 1221-1227, 2005) discloses methods
for the long-term growth of human pluripotent stem cells on feeder cell layers derived

from human embryonic stem cells.

[0056] In another example, Stojkovic et @l (Stem Cells 2005 23: 306-314, 2005) disclose a
feeder cell system derived from the spontancous differentiation of human embryonic

stem cells.
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any animal serum) and in the presence of fibroblast growh factor that is
supplied froma source other than just a fibroblast feeder layer. In a
pref erredwbanmyo7pdie fi brobl ast feeder |ayer, previouslyPCEqs2e106864766 Sust ai n
a stemcell culture, is rendered unnecessary by the addition of sufficient
fibroblast growh factor.™ [0070]1n a further exanple, W2005065354
di scl oses a defined, isotonic culture nediumthat is essentially
fe(e;mosireemar}dnﬁe%%ﬂlé REiyarhQORS 1508 Cells 28 485@b, 2B did¥losba an anmount  of
f| cient to support growth of substantially undifferentiated
mammal i an swoufee @&fepder cells ohpmeddigat hupfaniplpsenta-n suf ficient to support growth
of substantially undifferentiated mammalian stemcells; and d. an anount of
ascopbss} acAhiteu (B aMprdd®ssLBR1EG, @rooyytdwscm‘sessauﬂa@deawn 18dr Merived
undi fferentiated mammalian stemcells. [0071] I n anot her exanpl e,
WD200508684%0m he@pb®eskis- net hod for mai ntenance of an undifferentiated stem
cell, said nethod conprising exposing a stemcell to a nenber of the
tran[@bsy]m nmagmwasxaﬁaactmfmec&@z@@ﬁdals P arul g 40 D) Aiselolsa fedddrenber of the
fibroblast gromh factor (FGF) fam|y_of protel ns, or nicotinamde (NIC) in
an anount s‘iﬁ’i‘f?yéfgﬁ‘iﬂhll@a‘i*rﬁ‘?sﬁt%lﬁr?sll?é‘@%ﬂ)h % an undifferentiated state for
a sufficient anount of tinme to achieve a desired result. [0072] The

pl ur fjoped) ent Usd@nvasadidciosBBcdiethpd apgst m@%@w'ﬁh Styirinadld FuGpbtdnyEtemSpidt rate. I'n

one enbodi nent, the suitable culture substrate is an extracellular matri x
conponent , %tlz i faeder-frag cultpreappdecell dingssuselelfor produgtionef Bieb di¥t nenbr ane or

that may fopsedaandg @ftesa GRS iRBnt0A iRGMcE nfcRGERI 2hd GROSagIUPLIINGS. | n one
enbodi ment, a the suitable culture substrate is MATRI GELO (Bect on

Di ckenson) . lingavidpingd fomsmbriggiciisius op Adfseantirtediomcabneagetat @llh- Hol m Swar m

tunor cel I syitfads fgﬁaawmg UGB AP SR nfeQial HaBrGwing SRS did basenent
menbrane. [007/3] O her extracel | ular matrrx conmponents and conmponent

m xt ures art@e sqiditipremadia ars dajcribedvndiilustraeed pethitidinglosef he cel | type bei ng
proliferated, this may include Iam nin, fibronectin, proteoglycan,

ent aghér. hﬁ%ﬁétﬁé} e%h&hﬁl@t\@ozé(‘%i‘nh% chécl‘o%es c%h&lﬂ&leﬁrmédﬂmilﬁﬁ? feus conbi nati ons.
[0074] The pluripotent” stemcells nay pl ated onto the substrate in a

suit abl e di ®eipiehuce, dﬁOIéﬁdtlQnrﬁnfif@éff%?Dé@@%b@ negmrgaligs @fllimW AA05BHGHDt es cel |
survival, prARagahl Ofi @Iﬂgqgﬁrﬁtp L e Ic{aﬁce%ﬁf th@PJe&n?m&ﬁlgh%f istics. All

t hese char acteristics om care attention tot seedi ng
di stri but i osenditidnagdy theeeedliskgretivm agavitrafinnaide bgllsomeadiculskitlidse i n the art.

[ 0075] Sui t ] f onents,
L S L S A T
11965- 092 I}Kepamlcyﬁﬂ)” DuI becco's nodified Eagle's nedium (KO DMEM, G bco
#10829-018; Ham s F12/50% DVEM basal nedi um 200 mM L-gl utam ne, G bco #

150 I :
o o B R X BB SR I 08 2 R sl ed ) st growe
fact or ( bFGRydiutGiobemed fro@2E6ran @@BryoRiostrrt dell WematiGes| the hEvqdreessi ng Mar ker s

Character | Séelngtlc%fly m%glf FRRR é[:xp(r:ess human telomerase reverse transcriptase.

[0063] In another example, US20070010011 discloses a chemically defined culture medium

for the maintenance of pluripotent stem cells.

[0064] An alternative culture system employs serum-free medium supplemented with growth
factors capable of promoting the proliferation of embryonic 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.
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Endocrine Lineage fromPluripotent Stem Cells [0076] 1 n one enbodi nent, the
present invention provides a nethod for producing cells expressing nmarkers
char act erwetbti/wopoiwwhe pancreati c endoderm | i neage from pCuniSpab®ni’set em
cells, conmprising the steps of: a. Culturing pluripotent stemcells, b.
Differentiating the pluripotent stemcells into cells expressing nmarkers
characteristic of the definitive endodermlineage, c. Differentiating the

cel | Po6¥fPr epShbEcrBREKSE SL&B@SE@%% (Sbth el 24 h@s gef bod)idkelo&Ndad&ssm | i neage
into cells expressing nmarkers characteristic of the pancreatic endoderm

| i neage, anf@r the Iqigrtear @hureafihngan prabryenie stemycphiseiy dherrlsepge Rifibsoldstéy act eri sti
of the pancicahdifoRI9RURHINALDARAE o BidhGRhGnBERFeSS Ng_mar ker s

characteristic of the pancreatic endocrine |ineage. [0077]1n one aspect of
t he ﬁresent invention, the cells expressing markers characteristic of the

pancli08efli ¢ lermaemher srampledRgeSQlySeilstsciosengarethad effgltpirg MHand ni ni mal

amount s of &ﬁwﬁ&lﬁl@ﬁem BLifsfif b &l @lclRRvi@buRk M BRLEHou MR el NtO Cel | s
Expressing Markers Characteristic of the Definitive Endoderm Li neage WO

2011/ 07901 7ty /thyspetho) oewTsE] QOWE)Fbe pamicolts iR culéyrp @eéwm@%inﬁ@ mar ker s
characteri S’cIlf)Lﬁmﬁfanjilngag(?sfb?ﬁn&lhvﬁllﬁé?ﬁgq?fe?tkh@ﬁﬁgﬁ d;ﬂﬁ%ét %ﬁ ermned by
arter

testing for the presence o e markers before an ol lowing a
particul ar gbgitgedit leaplone inpdinenmtinsstie mbstaiesthe y@ivcambdiumicsientedllydreount s of

such marker . LS an Fedifs %@%%%ngﬂ}%?]ﬁg%} 1}8%53% fi egr%%%f‘a]%bréolg‘?t ected when

cells begin'to express t
di f ferenti agredthi facmr aapéﬂlesof@xmaeiaghtﬁigrqusﬂgomhd‘Mracgnelnnmwptoo,f t he

g?glpglsteldvle ne{;'%%g ?hre%%\{rtg% oef 1sb é{lp&r% tIrBem a (S)Oqlrclenotﬁerr] ‘tahagﬁl}st 2(1) ﬁbroglas%r}gedmt hod

layer, the medium supported the proliferation of stem cells in an undifferentiated state

without feeder cells or conditioned medium.

[0067] In another example, US20050233446 discloses a defined media useful in culturing
stem cells, including undifferentiated primate primordial stem cells. In solution, the
media is substantially isotonic as compared to the stem cells being cultured. In a
given culture, the particular medium comprises a base medium and an amount of cach
of bFGF, insulin, and ascorbic acid necessary to support substantially undifferentiated

growth of the primordial stem cells.

[0068] In another example, US6800480 states “In one embodiment, a cell culture medium for
growing primate-derived primordial stem cells in a substantially undifferentiated state
is provided which includes a low osmotic pressure, low endotoxin basic medium that
is effective to support the growth of primate-derived primordial stem cells. The basic
medium is combined with 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.”

[0069] 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
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[ 0080] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage
accor di ngwvoaotingeet hods di scl osed in D Anour et al, NararasBiowewhaol ogy
23, 1534 - 1541 (2005). [0081] For example, pluripotent stemcells nmay be
differentiated into cells expressing markers characteristic of the
definitive endoderm|ineage according to the nmethods disclosed in Shinozaki

et al, DevelQnarni s&%) anhtiéaheprek@&%o(‘ﬁ%f}mst gmaﬁ%lcF&&hae;s% 184 Pl uri potent

stem ceIIs may be differentiated into cells expressi ng ers
char act er i sf¢re agpureatherdhandist p fibroblssicgiedenday ¢rn dag arefeeie lfQ!Inntjleto t he net hods

di scl osed i#, MiLg %d@rtlayﬁ ’préﬁcﬁ%%ulléd %%’H?tgl% a steﬁ?ceﬁl%g%)e is £eq)19§§(1 For

exanpl e, pluripotent stemcells may be ferentiated into cells expressing
mar ker s chalrrmecteeﬁar}sb}{ﬂ:ie@ﬁdlmqwfd@ﬁ’mwntﬁhréolﬁshﬂ@@@hmmr neage according to the
met hods di sclosed in D Amour et al, Nature Biotechnol ogy 24, 1392 - 1401

(200@d701[ 00R 4] drtier %%%EB?& Qvoﬂidéf)ésﬂ%@ﬁ QRLIo&L §MARl! RotBRY cﬁlﬁlréjfn&h%e ntiated
into cells expressin kers characteristic of the definitive endoderm

lineage by uilit @ﬁsﬁ?nﬁl@liff?édqﬁf[?ﬁla@%%e@m fige. cpmpBsing aj hbaveldnedimnednemi ni ng

activin Aip, %fa:}%%%‘%%t?ﬁlj%fnh %%E‘;:;{Bncéé{)\?@ o\%ﬁ%tﬁ%ﬁﬁ@r {38 Pe‘ﬁl c}@d Wth activin A

and serum an en cul actrvin serum of a
di f ferent cmmmnlnanastqnowllsmalemamt ef 1@$ulmhu§icrmtth®ubnost gmvsthbﬁsed in Nature

B ot echnol ogy &k H5as A o300, L BOBRLERS 4 SHARR) BrorBlglp0t ent stem

cells may be s exp ressi aracteristic of
the defi ni tacuesuéfigiodersuppirngage dj‘yubstahltmlm um@ffehmnmbdlmammahm stahem cells in
medi um cont a@nl ng activin Ain the absence of serum then culturing the
cells with @Ctivin A with serum of another concentration. An exanpi e of
this nmethod is disclosed in D Amour et al, Nature Biotechnol ogy, 2005.

[ 00880 HIr ekanpther,cxphple] WORBIRO86 4 mischis¢sss methodofer haimfepnrentofat ed i nto cell s
EXPressSi NG ndifferentiated stem cell, said method comprising exposing a stem cell to a member
of the transforming growth factor-beta (TGF-[3) family of proteins, a member of the
fibroblast growth factor (FGF) family of proteins, or nicotinamide (NIC) in an amount
sufficient to maintain the cell in an undifferentiated state for a sufficient amount of

time to achieve a desired result.

[0072] The pluripotent stem cells may be plated onto a suitable culture substrate. In one
embodiment, the suitable culture substrate is an extracellular matrix component, such
as, for example, those derived from basement membrane or that may form part of
adhesion molecule receptor-ligand couplings. In one embodiment, a the suitable
culture substrate is MATRIGEL® (Becton Dickenson). MATRIGEL® is a soluble
preparation from Engelbreth-Holm Swarm tumor cells that gels at room temperature

to form a reconstituted basement membrane.

[0073] Other extracellular matrix components and component mixtures are suitable as an
alternative. Depending on the cell type being proliferated, this may include laminin,
fibronectin, proteoglycan, entactin, heparan sulfate, and the like, alone or in various

combinations.

[0074] 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
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mar kers characteristic of the definitive endodermlineage by culturing the
pluripotent stemcells in nmediumcontaining activin A and a Wit ligand in

t he abserweo 20f1/ggriam then renoving the Wit |igand and edirtuseémged’se cel | s
with activin Awith serum An exanple of this nethod is disclosed in Nature
Bi ot echnol ogy 24, 1392 - 1401 (2006). [0087] For exanple, pluripotent stem
cells may be differentiated into cells expressing markers characteristic of
the defini tingignd %%éalﬂg mﬁgﬁloména ERatidng vk DecRhibed RAIGRF sigh &M cel |'s
according to the nethods disclosed in US patent application Ser. No.

11/ 736, 908, thaasi gned to LifeScan, Inc. [0088] For exanple, pluripotent stem
cells may be differentiated into cells expressing markers characteristic of

t he @efd)ni tSdlﬁbl@@dl@ﬂ@ﬁﬁmh%?%G%a@é’frbﬁﬁﬁéfoH&vﬁlg@orﬂb&feht@%ﬁl@mﬁs grem cel I's
according to the nethods disclosed in atent application Ser. No.

11/ 779, 311, eX&@@legH@Heqcésmofi@SéﬁﬁgleﬁH’@dmfﬂd Mo Giksednd)085-0%:ur i pot ent st em

cell's may b@n&k&ﬁt@u‘?&%&c@s"rﬁ@dﬁé&]@ag@e@rheﬁiuﬁffﬁt@mﬂqe mRpkef19sshersact eri stic of
the definitive endodermlinea treati g he pluripotent stéemcells

accordi ng tdam'hE12Q% SBEEMibasd wé@mh A0 tebaming §1ibeoet 1 9A9-887.  No.
60/990, 529. , [,0094] 15%111?8%&?40%10 'Gﬁ%&cpﬂtlﬁ@bsétﬁer?&%%t&} EB‘IV {é‘r’n i fierentiated
0 efin

into cells expressin ers characteristic I've endoderm

| i neage by M7&xX hmgartﬂaeommﬁmt poicditroldase growdi fastoat 6 diGipeattol 22h€ net hods

di scl osed ig, US patent application Ser. No. 61/076,889. [0091] For exanpl e,
pluripotent stemcells my be differentiated into cells expressing markers
characteristic of the definitive endoderml|ineage by treating the

pl uri pot ent stEtmn@éiomf seldokxiirpgsingdVatkernEhdrackeristicsef| thes BandreatidS pat ent

application Ser. Eﬁ?gc@n%(iﬁne égg%&]flg; B%ﬁ@g‘?‘sc@ﬁu” potent stemcells

may be dlfferentlatedlnoce Xpressin aracteristic of the
definitive endodermlineage by treating the pluripotent stemcells
accolf87ag tlo onpembedimenisthelprsedndBaention pysidsan asthod pyyinreducingselser . No.

61/ 076, 908. g&%?%@iﬁ%eﬁ%ﬁ%t%“gﬁh% Pﬂltc{f‘e%c eﬂd‘é{i@ {ﬁaléle%gée;f?%? @:ﬁ{}lgdtérfter enti at ed

into cells I ng mar aracteristic o endoderm
| i neage by stereatlisngpniphisinp therstgpobent stem cel |l s according to the nethods
di sclosed in US patent application Ser. No. 61/076,915. Differentiation of

Cel I's Expressing Mafike5ir et dehetiisti ¢ of the Definitive

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lincage,

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

endoderm lineage, and

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

endocrine lineage.

[0077] In one aspect of the present invention, the cells expressing markers characteristic of
the pancreatic endocrine lincage co-express NKX6.1 and insulin and minimal

amounts of glucagon.

Differentiation of Pluripotent Stem Cells into Cells Expressing Markers

Characteristic of the Definitive Endoderm Lineage
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Endoder m Li neage into Cells Expressing Markers Characteristic of the
Pancreati ¢ Endoderm Li neage [0094] Cel | s expressi ng markers characteristic
of the deWvortworeoiendoderm | i neage may be di fferenti at edCirntseo10860756
expressing markers characteristic of the pancreatic endoderm |ineage by any
method in the art or by any nmethod proposed in this invention. [0095]For
exanpl e, cells expressing markers characteristic of the definitive endoderm

i ne@m ] TRYF Rha e Jf%él@sr'gxbf‘égﬁlqg itk eﬁ‘drécsen%ﬁ@sﬁ%amltmreK@dd%rn@ haracteristic
of the pancreatic endoderm|ineage according to the nmethods disclosed in

D Anpur et I&leage gt berdetepmiied by iesting fouthg ggsentg ofithe pgdkers befoosidatcbne
embodi ment , ¢.fiAeing &, hﬁlc%ﬂ;rst%@an91@&5%@5%@119%@15 Rty ﬁﬁﬂlﬁlaloimotunﬁ opancreatic

endodern1llneage CO- express PDX m nimal anounts of CDX2 and
NGN\3. [0097S]ur:1mrn@ﬂferserﬂjwdtf@mntlat@@|qult@mptp@ﬁllwg deteetdehencdely baginetoi sti ¢ of
the definitji §§3§ﬁ> dgdermlineage are differentiated into cells expressing
mar kers characteristic of the pancreatic endoderm|ineage that co-express
PDX1, NKX6.1, but mininmal anmounts of CDX2 and NGN3, by culturing the cells
expri@8¥ing Hurinesens stémaﬁlé%m@»rbes,ctlff@renﬂatqdh@twélﬂﬁ pxehsyRe Bp¥eder m | i neage in a

first nedi uéﬂaﬁ%ﬂét{%@%e%gmvbgf?ﬁﬁgégllngéérea (e Hﬁéth%l:f%rft‘ﬂE mgrfﬁhﬁgce' Isin a

second nedi um suppl enente capabl e of iting BWP, a
TGF13 r ecepinethodgropessd in thigiiventian. aci d, and a hedgehog si gnal i ng pat hway
i nhibitor. [0098]1n one enbodi nent, FG-7 may be used at a concentration

fro ut 7 is used at a
conggg?gat|%ﬁQg?ﬁ%%kgyﬁﬁeﬁ$%$%éﬁ%%%'58f#%g%?%ggg%%?%ggg%e$Fg599]In one

enmbodi ment , mardhers thaaaristaplaht defwitivieghddgietny hepaBhvcprdingdg gicnmetidggi n may be
used at a Ccﬂé‘c%’s@cﬁ [ A%t dpdm@ﬂ%% éQc%HQl/ogyzat 95?@98%%3?%}9/ m. In one

enbodi nent, noggin 1S use concentration o [0100] I n one
enbodi nent, the TGF13 receptor agonist is selected fromthe group
consﬁ0Q$1|]ng Iofr exappléiphiriroteacstany falls Bray pedifrgntiatp&t@edlls exi@gpFing, and GDF- 11.

markers characteristic of the definitive endoderm lineage according to the methods

disclosed in Shinozaki et al, Development 131, 1651 - 1662 (2004).

[0082] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in McLean et al, Stem Cells 25, 29 - 38 (2007).

[0083] 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).

[0084] 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).

[0085] 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
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[0101] Activin A may be used at a concentration from about 2ng/nml to
100ng/ M. In one enbodi nent, activin Ais used at a concentration of

20ng/ M . wo 2anv@Ebdier nat e enbodi nent, activin A is used RCTAISC@OOEITSS at i on
of 50ng/ M. [0102] Activin B may be used at a concentration from about
2ng/nl to 100ng/ M. In one enbodi ment, activin B is used at a concentration
of 20ng/mM . In an alternate enbodi nent, activin Bis used at a

concent r at i Qs @fth 5@%4 mwnh[s@l:ldgsafz%iié donE¥atRf u&eeqaﬁf)le%f HEansd ation from
about 2ng/nl to 100n . I'n one enbodi nent, TGF13-1 1s used at a

concent r at i BAise}psed@h /ﬁ#‘nouIﬁaéﬁ\Iaé‘lrt?BM%ﬁléOléQﬁﬁmnt TGF13-1 is used at a
concentration of 50ng/m . [0104] TGF13-11 may be used at a concentration

f r onpagyut Ii’d?%zﬁﬂpl& %1&%1@9{%11 cdIR n@Y e ATREGIBRM Into J@E@%ﬁrbésm‘gs used at a
concentration of éng . In an alternate enbodi ment GF13-11 is used at a

concent r at i BHkep ¢ iic of th definetive cpdadgin Becageyculuriag hepRERPERY i on from
about 2ng/ nfle Qeu%%%mn cohBinH& cER A IR nt l%d B thSatdSRE ofdenn,

concentration of 20n . In an alternate enbodi nent, GDF-8 is used at a
concent r at | Ben MoBOA @Ierﬁv nt ljggnd&]denituring th%lf«elll@é\’lfd}glé‘d\’laﬁ vaithespmentprat i on from

about 2ng/ g, Ing e]ogg?l%gt}lod ’Ehs‘é?f&?e RO B e n%rﬁgf%]zﬁt 13'3%;_1@@'1 @hod.

concentration n an ter nate e 11" 1s'used at a

concentration of 50ng/m . [0107] Retl noi c acid may be used at a
concl@B¥™ at i Ion ckerants. abuipptenign eclltsyitbe diffarentipted ko ea SWITEREME, reti noi c aci d

I's used at ﬁa&&@%ﬁﬂ&c"t&fsh@&‘t‘tﬁé déﬂn?tMe ch MO 1i K%A%’ f?é@ﬁﬁ?m&?ﬂhyﬁo&ﬁﬁ hedgehog

signaling pathway 1 nhib I's cycl opam ne- e- KAAD may be
used at a c&m@eﬂlsraa@qrdmg fortbermlatbgclstdl@lo@@cslpm&pﬁt@b@mhc@tlo@[&er Mo. I n one

enbodi nment , 119’)’3%',9%@,%@1@1%%1@6%&%,%@‘1 at a concentration of 0.25[1,M

[0088] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

11/779,311, assigned to LifeScan, Inc.

[0089] 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.

60/990,529.

[0090] 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.

[0091] 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.

[0092] For example, pluripotent stem cells may be differentiated into cells expressing

markers characteristic of the definitive endoderm lineage by treating the pluripotent
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[0109] The efficiency of differentiation my be determ ned by exposing a
treated cell population to an agent (such as an antibody) that specifically
recogni zewoaoprwob@Eirn mar ker expressed by cell s expressi RGTABRKOO60756
characteristic of the definitive endoderml|ineage. [0110] Met hods for
assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse
transcri pt ag&n BAlsYBRI@RE 10 R@mBthb @Ak REY lﬁlstfsl?aQ%} apﬂﬁeaﬁoweflw ots, in situ
hybri di zati on (see, e.g., Current Protocols in Mlecular Biology (Ausubel
et al., edsCl/®9PP2suppl enent)), and i munoassays such as

i mmunohi st ochem cal anal ysis of sectioned material, Wstern blotting, and
for (gmjgersmfmm@é %lﬁfb@%ﬁﬁd‘c&ﬂl @ensrﬂnaly%@ﬁfer&ﬁladeg inté &&meﬁmmm@t ry anal ysis

( FA see , Harlow and Lane, Using Antibodies: A Laboratory Mnual,
New Yor k: omraersshqrwger% pighe fleé‘%wﬁteaﬁkgdem lincao BoGEyg the pluripotent

[ 0111] Char agdiREdIRab&RdiRE toRhUEROAEINCIRELM AL dicht FfickBhlsckr@wn to those
skilled in the art, and additional characteristics of pluripotent stem

cel I's conti®i®69d5he identifi ed. Pluripotent stemcell markers include, for
exanpl e, the expre55|on of one or nore of the follow ng: ABC&X, cripto,
FOXD3, CONNEXI D xSt 90N N0Gris RUERL. DR, ZFPA2,
SSEA- 3, SSEA-4, a 1 60, Tra -81. [O0112]After treating pluripotent stem
cells with t&eloderhinegeinte Rellfpsesting Vavent Conactertssc of l%e Errstiedtist ed cel | s
may be purified by exposing a trgﬂ%@gwggkgggopulatlon to an agent (such as
an antibody) that specifically recognizes protein marker, such as CXCR4,
expressed by cells expressing markers characteristic of the definitive
endd@8%4h | | Gl gapressoe Iy ehapsteaniic ofthadedpitive endodergplineagegpayie i n t he
present i ”Wﬁﬁ%ﬂeﬁ’t‘iﬁtédﬂﬁﬂol&gﬁs exbfég511¢g<ﬁm@ch&r£@erﬂﬁ@mh@ LA Gasiem cel | Tine
H9 (NI H code: 09), human enbryonic stem cel ine HL (NI H code:

WAO1), the mmbymm}edwﬁen giearhoc by pnyl mﬁéocmomqﬂﬁd-mdb@@vemn and t he
human enbryonic stemcell [ine 5A002 (Cellartis, Sweden). Al so suitable for

use johodiNe RreRERNe, IcBNEN %fe@ﬂn%h@rk@r@'cha?actté?ﬁﬁc 6XRE 85 Ril ch&¥gfm One of the
follomﬁng mar kers characteri s luripotent cells: ABC&X, cripto, CD9,

FOXD3, CONNEXN®), batifipiEiargggnto @ciiwxp@m maykere ghardeTERC ofiiiF1,  ZFP42,
SSEA- 3, Ss%nére -Ere%di]'c'[ ﬁg’hn%g ag;ro?dn?g Bthe Jkgﬂécé]d%fog&lrlﬁ FRAG E‘hcéz%f istic Of the

definitive ‘endoderm neage are selected fromthe group consisting of
SOX17, GATNN%WHNF@@@@DQ24GSQ,V@Eﬁmp6Nodal, FGF8, Brachyury, M x-like

honeobox protein, FG4, CD48, eonesoderm n (EOVES), DKK4, FGF17, GATAG,
CXCRA096t Ki it onEBDRB0diABH tﬁg@}s e%stsﬁllgln?aﬂt&g cﬁéﬁa%tehﬂlct&%&faﬁér@ﬂfc invention is

a ce I that expresses at |east one mar kers characteristic of the

definitive @ﬁd@ﬁ@ﬂw¢%¥NQQQEE%ﬁﬁ”@n@Kégbbbvﬂﬁmﬂﬂﬁ@mpwﬁseﬁ@DKQVth|on a cel
expressing gagkers characteristic of the definitive endodermlineage is a
primtive streak precursor cell. In an alternate aspect, a cell expressing

mar kers characteristic of the definitive endodermlineage is a nmesendoderm
cel 11009 aninging embediacnisisde expressiae markessphargalPrigic whhk denidvraandedeshi sti ¢ of

the definit
R T e

[ 0115] Mar ker s aracteristic o €l
sel ect ed fraododdia ligeagg phat omsipstss RPXAf NREX, biKiGintk] ataiiFds ddildX2 PTF1 al pha,

HNF6, HNF4 Igﬁ%ﬂ > i resent

i nvention |sda ce géﬁ1?“2%“%%@%55&%%n¥§§g%% 5§a%$ﬂ¥%§?%§§%@$§w9
character|sﬁﬁommmlmhgmpmmﬁmeat&Umenmﬂdnmmndwukﬁﬂﬁw ﬁﬂbw&dbya@pmmg of the
pr esent |nv nt| Qn, . a ce Xpressin h cter t he
pancreatic 5%83 %?%ﬁne%afmggm%ﬁr%%gz‘mFlc en%%ﬁé?ﬁ% @(ﬁnﬁﬁwygrentiation
of Cells Expme%mgﬁ Magter §ohibiaftiadie big land a dbddeher Ranthepithway

inhibitor.

[0098] In one embodiment, FGF7 may be used at a concentration from about 50pg/ml to

about 50ug/ml. In one embodiment, FGF7 is used at a concentration of 50ng/ml.
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Endoder m Li neage into Cells Expressing Markers of the Pancreatic Endocrine
Li neage [0116] I n one enbodi nent, cells expressing markers characteristic of
t he pancrwetzot/gmdeder m | i neage are further differentiaPet/usptio/0cwsé s
expressing markers characteristic of the pancreatic endocrine |ineage.
[0117] 1 n one enbodi nent, the cells expressing nmarkers characteristic of the
pancreati c endoderm | i neage co-express PDX1, NKX6.1, but m nimal anmounts of

COXZjopat] NEN3ne Eﬁﬁ&ﬁﬁl&n tﬁ@@acf’o?@%bl@%mnmbﬁtﬁ% NP hsShoB¥iRT %gglﬁ%a%éker S
characteristic of pancreatic endocrine |ineage co-express NKX6.1 and

i nsul i n andusad hﬁwnceaﬁﬁmfso%ﬂbogt M0agon to mutzﬁ)ﬂmg/eﬂgmom@mbpfsz@m@/ 060756
[0119] In oqg)ggﬁggkggpgmxﬁgﬁ&ﬁmp&ﬂb?aﬁﬁpg mar kers characteristic of the

pancreatic endoderm |1 neage are dif entiated into cells expressing
mar kers characteristic of the pancreatic endocrine |ineage that co-express
NKX6l010Mnd fnpae pinpodimentrthe T HP resapyanageoniotis gilerseslform thggraugicousisting t he cel | s

expr essi ng rke r act f Qgﬁ, endoderm lineage in a
medi um suppl e nw%%ﬂgﬁn qﬁgﬁﬁg§%ﬁﬁ$ ar eggQSCﬁﬁlhltlng BWP, a TGF13

receptor signaling inhibitor, and a proteln ki nase C activator. [0120]1In
one @hﬁﬂdimﬁﬁbmlAhm@ﬂac$@wm@apabMBﬂmﬁﬂbnhmbmﬂhg@ﬂBwﬁxmshﬂoggmw Noggi n may

be used al anADRSRLLAL ) [LOM 20N ARG/ b0, AORYSARRPGI T T one

enbodi ment, noggl n concentr [0121] I n one
enbodi nent mﬁhﬂnﬁﬁFhamneAepmmdaSagnm@ﬁmgm1mhmbghmr is an inhibitor of ALKS.
I n one enbodinent the i nhibitor of ALKS5 is ALKS inhibitor Il1. The ALKS

' nhi [%?(Sﬁ r lActW ]a %%Qe&%g@on%%ﬂﬁa erl 3 a%glut 25%@&%3@68‘5;&1 1% M to about 10

ne enbo tor concentration of 1
p M embodlment, activin B is used at a concentratlon of 20ng/ml. In an alternate

embodiment, activin B is used at a concentration of 50ng/ml.

[0103] TGFB-I may be used at a concentration from about 2ng/ml to 100ng/ml. In one
embodiment, TGF -1 is used at a concentration of 20ng/ml. In an alternate

embodiment, TGF-I is used at a concentration of 50ng/ml.

[0104] TGFB-II may be used at a concentration from about 2ng/ml to 100ng/ml. In one
embodiment, TGFB-1I is used at a concentration of 20ng/ml. In an alternate

embodiment, TGF-1I is used at a concentration of 50ng/ml.

[0105] GDF-8 may be used at a concentration from about 2ng/ml to 100ng/ml. In one
embodiment, GDF-8 is used at a concentration of 20ng/ml. In an alternate

embodiment, GDF-8 is used at a concentration of 50ng/ml.

[0106] GDF-11 may be used at a concentration from about 2ng/ml to 100ng/ml. In one
embodiment, GDF-11 is used at a concentration of 20ng/ml. In an alternate

embodiment, GDF-11 is used at a concentration of 50ng/ml.

[0107] Retinoic acid may be used at a concentration from about 1nM to about ImM. In one

embodiment, retinoic acid is used at a concentration of 1uM.

[0108] In one embodiment, the hedgehog signaling pathway inhibitor is cyclopamine-
KAAD. Cyclopamine-KAAD may be used at a concentration from about 0.025uM to
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[0122] I n one enbodi nent, the protein kinase C activator is selected from
the group consisting of (2S, 5S)-(E,

E) - 8- ( 5- (Woard7baaor oret hyl ) phenyl) - 2, 4- pent adi enoyl amPo@)Uusb@nn6d7a€t am

| ndol actam V, and phorbol -12-nyri state-13- acetate. In one enbodi nent, the
protein kinase C activator is (2S, 5S)-(E E)-8-(5-(4-
(Trifluoronethyl)phenyl) -2, 4- pent adi enoyl am no) benzol actam (2S, 5S)-(E,
E) - 8- (5- (4stolid. m@or&aﬂ%teh%balmaﬁtnyﬂelop%mﬂlemmds SIDYH AT ra RGOl act am may
be used at a concentration from about 20nM to about 500nM (2S, 5S)-(E,

E) - 8- (5- (4-0-451M£ | uor omet hyl ) pheny1) - 2, 4- pent adi enoyl ani no) benzol act am
IndoI actam V, and phorbol -12-nyristate-13-acetate is referred to herein as
" TPBo109] 01 28]\ k&ic$ of it Ratfioh $id Iy%e%teltnmﬁedo@r&g@saﬂg LuQRdeeni ne lineage are
selected fromthe group consisting of NEURCD L1, PDX1, NKX6.1, NKX2.2,
PAX4, and FRRBlatPHOGREZENGYE erantibde) tat Pecifisaly edcoptiges pa¥ Keip s

charact er | Sﬂl!l&erchpltegk%d Bﬁ@&fs% ]%ﬂeé‘sn%'h%i’ﬁéré AfirdcleRERAT 1GQucEXRESS NKX6. 1 and
insulin and m ni nal amounts of gl ucagon. Therapies [0124]1n one aspect, the
present i nvededesn ieasgi des a method for treating a patient suffering from
or at risk of devel oping, Typel diabetes. In one enbodi nent, the nethod

i NnVoloYRR Culitibdser i%héé&h@@i&é?s%mﬁ%?ﬁ?oféﬁl dnd nuéllnfcfa&ﬂ%Hte?st1h'&91t1§r&?orp| uripotent
stemcells in vitro into cells expressing markers characteristic of the
pancr eat i ¢ igelafededllard standardan thape. Thgsk aneluda guantigatizerovesekpreddisag nar ker s
charact er | SiJifimdhscohfin RABGLSRL lﬁ”ﬁ‘é)ﬁﬁém‘ﬂﬁlo{s' RSP Ry AuSh RELbent . [0125] 1
yet another aspect, this invention provides a nethod for treating a patient
suffering f@omnt Blrotcmals i Klieleglafdip gy phwrgbel Pygle ods. a‘i)(bltﬁelplelsmenth avde

enbodi ment ,; t he r l,

differenti at| ng %%%Q%ﬁﬁfr%gY%%l\gn 1&{5@&1&{[&1 agglgogggé&;ﬁ?@%??él séegﬂxpr essi ng
mar ker s chablat@ngranéfqrmladferitha apeavceseibteiin 1reewdo&1mﬂrevd:ytmagea,nalazsnd i mpl anti ng
the cells r in racteri of at i endocrlne

| i neage i nt@sgc‘%zgste? %rﬁnfﬁa[r@ ?E]a % %tsm% Arn:;“lé?dles t%ﬂgoo &n ang?algN e further
treated w tYorh@sid®pend Hadbr Iadbeﬂtcﬁy Bfesi)(l@%))l ves that facilitate the
survival and function of the transpl anted cells. These agents may incl ude,

f I R f T 131, 2,
ana FATC conRt i or FROBSER Rin {Alfpt T Tub Oy o R Bl Fha 123, 2,
-13), fibr odmilda&halghmmwnsfuax:(bquhmpbtearmlem Ecllspbmtrmbeibeddentl\ﬁedi grow h
or ow n di §{GPBRETE eI CH Raliop paed b SR JR G Rgg e bR er Ty
endot hel i al the &llowtler ABEG2geripas, PFO‘)HEI QONNEGRM3, @@ENED(IIN{DS)lO@T@ndot hel i n,

th f I
P cot nam dROXgINieas G ERIKE b L 4 R EaGPSEA Bl |10 Tang 2 T

m neti body, Exendin-4, retinoic acid, parathyroid hornone, MAPK inhibitors,
such[0ar)] foAftﬁx&aqnigqqlurqmmnomrdsdm\&di ths edthods df.tie prEuebl insdneidn, Agpl i cat i on

2004/ 020990 S. PubI she | ication 2004/0132729. [0127] The
pl uri pot ent a&]@lqegsm %@lrg"ie@ggF@ﬁ’fﬁngﬁgﬁatF £ pé’ﬁzliatﬁ(g’tff’i A28 0duci ng cel |
prior to tr(aﬁtslmkamamuo@ﬂ thalfeciich BLicPb@ites a pidtedn SP&et, kich a€ Txa®4neENt , t he

pluripotent stemcells are fully differentiate cells, prior to
transpl ant A PE B 6ol qxgr@ﬁsmgefﬁ%r kernPhaECHA TS tge dg ﬁ&lvmetaffqur&% ent stemcells

may be trangRh@nted into a recipient in an undifferentiated or partially
differentiated state. Further differentiation may take place in the

reci [Blﬁri't " Pluripotent stem cells suitable for use in the present invention include, for example,
the human embryonic stem cell line H9 (NIH code: WA09), the human embryonic
stem cell line H1 (NIH code: WAOQ1), the human embryonic stem cell line H7 (NIH
code: WAOQ7), and the human embryonic stem cell line SA002 (Cellartis, Sweden).
Also suitable for use in the present invention are cells that express at least one of the

following markers characteristic of pluripotent cells: ABCG2, cripto, CD9, FOXD3,

20



[0128] Definitive endodermcells or, alternatively, pancreatic endoderm
cells, or, alternatively, 13 cells, may be inplanted as dispersed cells or
formed i rwo 20iwsb@Ers that may be infused into the hepat iPCTSRG18l060766 N.
Alternatively, cells nmay be provided in bioconpatible degradabl e polyneric
supports, porous non-degradabl e devices or encapsulated to protect from
host i nmune response. Cells may be inplanted into an appropriate site in a

reci pi ent. dORNEXINENI@NOEXBI4seSCTDHIE NaHQS, hEKRTPUEF 1, IZre4d i ver, natural
pancreas, renal subcapsul ar space, onmentum peritoneum subserosal space,

i ntestine, SYhAcTSEAt Badulctiddneddd pocket. [0129] To enhance furt her
differentiation, survival or activity of the inplanted cells, additional

fact[gm] SLW[Qrk@ﬁ; cHE ML iE @pﬂl@a%nlmtdn@@ﬁeﬁﬁmh@g@are@@lkéted ﬁ'&ﬂa@ﬁ@@@@f y agents,
can be adm ni stered before, si rrultaneouslg &lnﬂ or after

adni ni st r atGo8HSEE o ROXdE FATARHIE} botg. e F%@o@\)ﬁ*@ﬁ”ﬁ)@t ors are

utilized tOM@! f1ﬁeq{o%Bb&5&otEfﬁeF@ﬁ4“dD4%t @Jn%@o&%ﬂn%EbME@)Vﬂ(KIWQﬂ actors can
be secreted endogenous ceils and exposed to the adninistered cells in

situ. Inpl aﬁt\ 46X B4.(akitheDPhand OdX2o Suitsbichorpiciiathe prperimyveeidntbi nat i on of
endogenous @pd.exQ ?&Efé’ﬁ%&é& I%%&'ﬁkﬁrxﬁﬂk&g WL ol dlegcte(ﬁgﬁe KBAWReI N the art.

[0130] The anount o used 1n i antation on a nunber of
various facindederindiokagdi hrgortehepaobefi ﬂemmrbwntmmmon,@rce&n@m@mpmsl@ri o the

t her apy, an&la&@t@rl&% 0?% e{eﬁhﬂ@?e&%d&@ﬁw@bel ggrlﬂlpr% rs]t?eaﬁggecm[sgr]c% ] In one

aspect, thisi fvention atrent suffering

from or at Inranakerodte d@e@t] aaq:nllmgpﬂssa@hakers Zﬂhurzs:tmtldwddhe dnfmitwes cul turing

pl uri pot ent em ﬁ S dlfferedntlatfr}g hl? E ? lls in vitrointo a

3-cel | Ii nee‘fé% A %‘eagﬁéso%%%sre%?‘? 54 tHe B8P F ema‘i%sl’%c ahCe /P HERsi onal

support. Theakek ckaragtistieofhe metfmntnedndldalem tieag®OR atdefisitistig@@oddrmpr i or to

i npl ant ati onul nto the patient. Alternatively, the support containing the

cells can b€'directly inplanted in the patient without additional in vitro
culturing. The support can optionally be incorporated with at | east one
phar &t ut | atkedgbarbctérivat of the bhﬂct@h@&adbhiﬁrrﬂlﬂewg'e\aaé sehnedfivncthe groupf t he

t ranspl ant ed cel | s p mat I us pur poses
of the preseht® R éﬁb?%nﬁk%pl g@tptl bgtgﬁlgefﬂeai% ;ffr‘ggg Fg%l%gad?]f S§O%§,r riers, and
reservoirs MBehud PROKI ! S@gUR foapaid the pResq@inve@ichas a ceblytidt BgirkBesaddd nat ur al
materials in the formof foans, Eo?n]tqﬁs, gels ngg% ogels, textiles, and
nonwoven st ¥ PRE Adhe Mpkerh ChRRAer B IS RAICAIG PR Agedes 15 to

reconst r uctaspéct 6%@?@5@{% BivBitRh 0defakpreisipUfark@s chillcteridte dfandel i ver
chenotactic agents tor inducing tissue growmh, are suitable for use in

practici ng Raﬁ@eﬁ@t%éﬂk?“&ﬂm%%é15&%%%“%%9@&{416?4- See, for exanple, the
materials disclosed in US. Patent 5,770,417, U S. Patent 6,022,743, U S.

Patent 5, 567, G@ﬁeré«dzz@zon%ﬁwtﬁl&tb@i’%@ﬁg BBDkerd o ablatseDbf thb PoRGe R0, U. S.
Patent 6,534,084, U S, Patent 6,306,424, U S. Patent 6, 365,149, U S. Patent

6, 599, 323, U. &ndqdgiafneqgedng CABREI PSS Bliskars Wele RBTSAeaEréne 2004/ 0062753
A, U S Patent 4,557,264and U. S. Pafgpte 6, 333, 029.

[0116] In one embodiment, cells expressing markers characteristic of the pancreatic
endoderm lineage are further differentiated into cells expressing markers

characteristic of the pancreatic endocrine lineage.

[0117] In one embodiment, the cells expressing markers characteristic of the pancreatic
endoderm lineage co-express PDX1, NKX6.1, but minimal amounts of CDX2 and
NGN3.

[0118] In one embodiment, the cells expressing markers characteristic of the pancreatic

endocrine lineage co-express NKX6.1 and insulin and minimal amounts of glucagon.
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[0133] To form a support incorporated with a pharmaceutical agent, the
phar maceuti cal agent can be m xed with the polyner solution prior to
form ng twesuppery. Alternatively, a pharmaceutical ageont/useubaedyss coat ed
onto a fabricated support, preferably in the presence of a pharnmaceuti cal
carrier. The pharmaceutical agent nmay be present as a liquid, a finely
divided solid, or any other appropriate physical form Alternatively,
excipig)t s mRyie BebaAded, dfs &J}ﬁes%gHﬁﬂaersthaa@&t&%cfohﬁle@@A&@aﬁe rate of the
pharmaceutical agent. I'n an al ternate enbodi nent, the support is
i ncor por at edodah lippage apesdiffeyapsiafidan sl pxprestingomtrsert ﬁléﬁr%qtﬁalsth af thp
ant i -1 nfl anpgtery e‘ﬁ%ﬂ?ﬁllf'ﬂﬂe Tuﬁhc@éqprésgnﬁmth%sﬁﬁmﬁﬁnﬂl sclosed in
U.S. Patent 6,509, 369 § The support may I ncorporated with at | east
one phar Rt A ghiergoohyceuithang the calln capressingpapliest ¢heragonpsumidhe such as,
for exanpl ?1%% lﬂagferrg'hﬁ&l ﬁleéjmhﬂur# ?@pl?ﬁéﬂ?&&t\m% 78%019%@%1& 91135] The
support na S0 be |ncorpo ated wt east one pha ceutical conpound
that i s an inhbitingBMP,afTGHpoeapios sigsalmb idshitof,and e pangh kinaedipoisads di scl osed
in U S. Patent 6,331,298. [0136] The support may also be incorporated with
o] h nd.t hat pable o ncing
angl @g%(} eSIn@ Ogsg%lﬁ&f: mg&t tﬁg %ac{‘:o?%gﬁlle of 1nﬂ%1t1nﬁ§3l\ﬁ SI08 1§1e5610§%1n a§be Publ i shed
Appl i cati omsﬁd)ﬁl@/dbﬁ&ﬁiﬂ@tﬁana‘rmln ihoBt SGHuMnlsmﬂﬁbuAm@hg/ﬁat Inoome 2604410200901
[0137] The s C%gort may. a lge |n%@0 ora ed with at | east one pharnaceuti cal
conpound t h&EY"s® B Wfﬁ?ﬁl SYBRredd Y/ npound, such as, for exanpl e,
conpounds disclosed in U S. Published Application 2004/0171623. [0138] The
Suppio121] maylnains emb&limaaohP DGAP ectepibi digrating mabitooinen plh#itBeALK S aln conmpound

that is a growth factor, cha f.t Pfamly,
ol udi ng T cbed 5t s T e 3P AL kST BER Shindar Bt Shndt ReipiSio 5 g, s,
-6, -7, -llmayBuse@itth condeBiratidnl ﬂ’cU’n@ﬁHo@ﬁ(O 1 gnoitaBodtaotudr smlonand - 2,

pl at el et - deri ved grow h factor-AA and -BB, pl ateI et rich plasma, insulin

growt h fact@rbodiregnt ALK I}lhIBF%V\MH“a‘?draftéF%?ﬂeP‘é%tﬁoaﬁ {4 or (GDF-5, -6, -8,
-10, -15), vascular endothelial cell-derived growmh factor (VEGF),

pl ei [Q(Ijznppilﬁloneeﬂ&}sdiﬁbﬂt{lhe @mﬁgl;iﬁﬁslaQ{]&tivﬂﬂlegelakbarfft?c&?@f@pl (iorr})oEnds can
i nclude, for exa ni.cot i nam oXi e factor al pha

gl ucagon | |‘¥9§Slﬁt8%}[)qu%g ?é)(“égg]%)ﬁ ?‘E@fl o aﬁd)l@g %tl body, and IOI

Exendi n- 4, M&aiemo?egﬂio@bedﬂ@aetaﬁqeﬁlua@ét@mac el pli@)%cﬁllb)fﬁ}@isﬁtehgr none,

t enasci n- C tropoel astin t hr ombi n- deri ved pepti des, catheli cidins,

def ensi ns, 3c&enilhonaRgiodieak thegupieindéngs o AstarRin i 2SeIN-(E.dn-(5-(4-

hepari n- bi n@h@lﬁlo@%ﬁi&ﬂﬁheﬁ{zl) Q‘iﬂwﬁeﬁ{aﬂf%m%gﬂltaﬁl%?béﬂibl@étaﬁ{a@“ﬂ XSPEoEgRNS such as
fibronectin and vitronectin bitors, such for exanple,

conpounds iS4 é1(B5Bepromethy iphenib?. - phetadizpenlsnsiae) kenzaorum oppbossEdahd U. S.
Publ i shed Azpwnh&%h&r'fr&%ééu@é&%f@abohpcaﬁﬂ{'ﬁ@s '5??—@%%@5@@'(@” of the cells of

the present 1nvention into a sca e ac the sinple
deposi ti ng @Fiflveiomsthghplgny e dspeafefliongdyla@eio) bengalactemt ladolagiarg Vi ied scaf f ol d by

Si i 0 F1yahon R ALl U R Pl o9 (1988)). Several ot her

approaches ave bee eve to enhance I ciency of cell seeding.
For exanpl e, spinner flasks have been used in seeding of chondrocytes onto
pol yi§i2dol i Malés@ﬁs@h@ecmrfs@c gsthe B&r@te@@m&pcn@rlmgagew )ected GIMADRLOUYI8) ) .

Anot her ap SR N?Q% N‘i!é? ti.0 whi ch
yields m nlgrrolg}%gtgltgrogg\ls to tEnggJe%éd ce 41? an gﬁgé@ li’&gggl 1r?gdillef ficiency.
For exanpl esmbddmgengttheadel]ls dweblogedrlﬁrsmeal’actswmof@le pmtcmadc ¢ddociBiconred. Mat er.

Res. 55( 3): lln?éZgge 88 QSOI%?(&B 1 a% s ff d t A ma%m%&r{tf ufgg uca onnaI Cel |
| mobi | i zati o
Therapies
[0124] In one aspect, the present invention provides a method for treating a patient suffering
from, or at risk of developing, Typel diabetes. In one embodiment, the method

involves culturing pluripotent stem cells, differentiating the pluripotent stem cells ir
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[ 0140] The present invention is further illustrated, but not limted by, the
foll ow ng exanpl es. EXAMPLES Exanple 1 Formation of a Population of Cells
Expr essi ‘goNbrikgs@7Char acteri stic of the Pancreati c Endecriuseoikiongage t hat
Co- Express Insulin and NKX6.1 and m ni mal anmounts of G ucagon [0141]Cells
of the human enbryonic stemcells line HL were cul tured on MATRI GEL(r)
(1:30 dilution) (BD Biosciences; Cat # 356231)- coated dishes with RPM

nmedi um (1 nvi£5 Q8881 @@ﬁres’fmg%?aﬁ@@s)ch'ﬁra@te?xs(‘i’c%@%eéaﬂ&@an@Qllc!lgcnﬁ@ﬁﬁe\é%@
(PeproTech; Cat #120- 14) + 20 n WNT- 3a (R&D Systens; Cat 1324- W CF)

for one dayenlamplening thgcdlls é’éﬁr?ﬁéﬁg nygrlecks GRPIgFtCRiEioA the PengotiEBBloering0 ng/ m
activin A fgr., n@,ddcb diggnal two days (Stage 1), then, a.

DVEM F12( | nV|trogen Cat # 11330-032) + 2% FBS + 50 ng/m FGF7( Pepr oTech;
Cat # 100-19) for three days (Stage 2), then b. DVMEM Hi gh gl ucose

(1 nvit13 B genin vernothen pew)this imvgtmpprovidRy aappthad frgrepting ppasnUAVfieyg opani ne-

KAAD ( Cal bi peheat ﬁ%@«tofﬁe\%%%@fyp’felﬁ&la%% My &Q%ﬂib@d&l%ﬁ@th%m , CGat #
3344-NQfor four days (Stage s H gh gl ucose + 1% B27

(Invitr ogenmwdms C#ltmmjp)lunpon@@wmﬁ?ﬂs qlﬁgrgnmﬁtmg the pluvipaterBstep pellsiin or |1 |
(Axxor a; r@?‘é‘llg g&é%&% maﬁlégsocﬂg %&E 1c(0(f?1§, é)&?ééatl(c Iéndocrm

E)-8-(5- (4 uor o I enoyl am no h%ea%iol act anm

( Cal bi oc hemnddlaplamlr@eﬁe?@)@ fxpressing nohaliess C(l@aafgesm)of ﬂ{e@mmws eadacong r ol ,
Separate p S cells were treated with DVEM Hi gh gl ucose + 1% B27
+ 100 ng/ rr1oll?r%o%”h%n“1 a%ml M ALKS inhibitor Il for six days (Stage 4, control
group). [0143] As shown in Figure 1, TBP treatnent at stage 4 resulted in an
i ncrl@b2d of feppsopriate, theyptie siryy forlhdr treqted itk phatmpreeniedal adentsior was not ed t hat
about 60% d i.ne hornone
expressi ng. CelES S BRIy XRE RRPAIE AR SLAL o B8 B0 T8N0 "expr oo
gl ucagon soagettestagtinchndantdr gample, msyli, glamberiob&né“GFaB family bipclfdiggire 5 panel d

and e). X S|n |l s. were a oted, | ul tures that
recei ved T“ﬁé‘ﬂ% 2te IQC{ b rpﬁ?getnﬁémtfms Bﬁ\glﬁr}expg‘essgléig?c@l Ifszua &
CO- expr essed3), lfibmlblast grdﬁmgtfmoril}aama phtemndeﬂn)ed gﬁﬁﬁhtt‘d@e)rmommnd)LBBr oup, t he

gﬁjdogl) t y Ofplathlet ric plasm%olng)ifr)lrg?gwsrtﬁ(%a or?llavl:i—ﬂ IS grov&gh Hl?fa %OP atl(olrzllfgc'#r e 1 panel c
(GDF-5, -6, -7, -8, -10, -15), vascular endothelial cell-derived growth factor (VEGF),
pleiotrophin, endothelin, among others. Other pharmaceutical compounds can
include, for example, nicotinamide, glucagon like peptide-1 (GLP-1) and II, GLP-1
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.

[0127] 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
undifferentiated or partially differentiated state. Further differentiation may take

place in the recipient.

[0128] Definitive endoderm cells or, alternatively, pancreatic endoderm cells, or,
alternatively, B cells, may be implanted as dispersed cells or formed into clusters that
may be infused into the hepatic portal vein. Alternatively, cells may be provided in

biocompatible degradable polymeric supports, porous non-degradable devices or
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[0144] 1 n a separate experinent, cells of the human enbryonic stemcells
line HL were cultured on MATRI GEL(r) (1:30 dilution) coated dishes with
RPM nediwm261100720 FBS + 100 ng/ m activin A + 20 ng/ m PONIS3@ofoer7sene day
followed by treatnent with RPM nedia + 0.5% FBS + 100 ng/m activin A for
an additional two days (Stage 1), then a. DVEM F12 + 2% FBS + 50 ng/ml FGF7
for three days (Stage 2), then b. DVEM Hi gh glucose + 1% B27 + 0.25 p. M

Cycl opam nesnckiAied %o ProldbRirh R ﬁnﬁ&ﬁe%l\;KEpBRQe teﬁQﬁaaygé Mplteaieg@hn for four
days (Stage 3), then c. Treatnent 1: | ucose + 1% B27 + 100 ng/m

Noggi n + 1 4PPMPARKSIt ¥tirBgipignt. {The m@@@atwsmpnqluﬁe for gxampyes thedivage 4,

Treat ment ]ﬁaturﬁ)l agcreégrl%ﬂélmﬁpgdar ohllegttﬂ F}Hﬁ&ﬁ:ﬁm s&&@rgs%?sp"&celoo ng/ m
Noggin + 1 p. K LK5 1 hhi bitor + 100 nM TBP for six days (Stage 4,

Tr eat ment Z)ltestme %Omﬂqhefatarﬁ@hqut@ﬁommelt-h gh glucose + 1% B27 + 100 ng/ni
Noggin + 1 p. M ALKS5 inhibitor Il + 20 nM TBP for six days (Stage 4,

Tr eajpymjt 3o erf-?iﬁncfe fuJHe?@iffg?e'ﬂ’Elatfjon %Mfl ok %VEJ/ HE@e ﬁnp"lar{]te@ &4 + 100 ng/ m

Noggin + 1 p. 5 i nhibitor six days (Stage 4, Treatment 4).
[0145] | mmn@éyloé@rfwrstsngh ammwthuf@tmgnfa@wnts@r aysmilsmppwrefgenst s of the

different C&H%@Q&Iﬁﬁg?egﬂft%e%re LER R dul 2 {%Tr SEBatffﬁP{ﬁe Qh ﬁﬂﬁaﬁ df?h Of the

present invention icant 1ncrea e nunb sl ng
i nsul i n- expcreésslnmgrtzielembomgntmtgmwthé@tqrmarbotlhzeamdﬂﬁﬂe@nuhtqmenM TPB t r eat nent

groups (Fi au; %nlgtm%a@glls i%‘}(zg% T]?e)se F efb‘%scaﬁ%@ éé?étéd b Oerﬁdé) egglg c%:psatndb oth

treatments gave rise Ineurtn exp In vitro and
15% of thate;qpoam:dlt@ﬂmadmmismecboeﬁs madlmﬂ{a(ﬁedlceﬂa'ed:nﬂt&1ﬂduced\ﬂéX6 1/ I NS
expressi ng cﬁﬁjrleﬁt'a rean2 4% 1of 1tnh0 80 g (g atlnoon%1 : TPB, simlar
to the contfof grl‘\ge?}' hsmbaygng 38 egfi GOPRSUTY A %ﬁl&f ‘T cagon (Figure
2 panel c agrdwth)factd@lth@wilin thexqat.essi on of mar kers characteristic of the
pancreatic endocrine |ineage, shown as a percentage of the total cell

pOpU[IO%d] on. TheS nagt SHREW, Sdst fnl\llr%pi\lKégOnldell\)lng(cfs o:rlilaln'l\llr%ber of various factors
including the patient’s condition and response to the therapy, and can be determined

by one skilled in the art.

[0131] In one aspect, this invention provides a method for treating a patient suffering from,
or at risk of developing diabetes. This method involves culturing pluripotent stem
cells, differentiating the cultured cells i vitro into a B-cell lineage, and incorporating
the cells into a three-dimensional support. The cells can be maintained ix 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.

[0132] Support materials suitable for use for purposes of the present invention include tissue
templates, conduits, barriers, and reservoirs useful for tissue repair. In particular,
synthetic and natural materials in the form of foams, sponges, gels, hydrogels,
textiles, and nonwoven structures, which have been used iz vitro and in vivo to
reconstruct or regenerate biological tissue, as well as to deliver chemotactic agents for
inducing tissue growth, are suitable for use in practicing the methods of the present
invention. See, for example, the materials disclosed in U.S. Patent 5,770,417, U.S.
Patent 6,022,743, U.S. Patent 5,567,612, U.S. Patent 5,759,830, U.S. Patent
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TPB (500nM 38.3%9.4%45. 7% 2. 4% WD 2011/ 079017PCT/ US2010/ 060756 TPB
47.6% 14. 4% 34. 8%

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

WO 2011/079017 PCT/US2010/060756

6,626,950, U.S. Patent 6,534,084, U.S. Patent 6,306,424, U.S. Patent 6,365,149, U.S.
Patent 6,599,323, U.S. Patent 6,656,488, U.S. Published Application 2004/0062753
Al, U.S. Patent 4,557,264and U.S. Patent 6,333,029.

To form a support incorporated with a pharmaceutical agent, the pharmaceutical agent
can be mixed with the polymer solution prior to forming the support. Alternatively, a
pharmaceutical agent could be coated onto a fabricated support, preferably in the
presence of a pharmaceutical carrier. The pharmaceutical agent may be present as a
liquid, a finely divided solid, or any other appropriate physical form. Alternatively,
excipients may be added to the support to alter the release rate of the pharmaceutical
agent. In an alternate embodiment, the support is incorporated with at least one
pharmaceutical compound that is an anti-inflammatory compound, such as, for

example compounds disclosed in U.S. Patent 6,509,369.

The support may be incorporated with at least one pharmaceutical compound that is
an anti-apoptotic compound, such as, for example, compounds disclosed in U.S.

Patent 6,793,945.

The support may also be incorporated with at least one pharmaceutical compound that
is an inhibitor of fibrosis, such as, for example, compounds disclosed in U.S. Patent

6,331,298.

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.

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.

The support may also be incorporated with at least one pharmaceutical compound that
is a growth factor, such as, for example, members of the TGF-B family, including
TGF-B1, 2, and 3, bone morphogenic proteins (BMP-2, -3,-4, -5, -6, -7, -11, -12, and -
13), fibroblast growth factors-1 and -2, platelet-derived growth factor-AA, and —BB,
platelet rich plasma, insulin growth factor (IGF-I, IT) growth differentiation factor
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3.1% (100nM [0146] I n order to further confirmthat the effect on
endocri ne hornone expressing cell formation was nedi ated by the activation
of proteiwoknnageo1C, separate popul ati ons of cells of treThisa®E0/060756 yoni c
stemcells line HL were cultured on MATRI GEL(r) (1:30 dilution) coated
dishes with RPM nedium + 0.2% FBS + 100 ng/m activin A + 20 ng/m WNT- 3a
for one day followed by treatnent wth RPM nedia + 0.5% FBS + 100 ng/ m

activin A fe@mpras @ddl 115208y vd¥Ra by smdiat @@%&wed e ﬁetoRMMPElZ + 2% FBS +

50 ng/ M FGF7 for three days (Stage 2 t hen b. M Hi gh gl ucose + 1% B27
+ 0. 251AM Gyleipepdin. Ardothchppmong pthicry Rikqr ﬂ?b@féla%liléﬁl (:moundsme ng/ m  of

Noggi n for {f0ufic @3¥Rarhpit 3e& iR d&*h 0:Ga ind Hffc{bh%i i gl ucose + 1%
B27 + 100 ng ide 2 ?n1§+ gl R gt infhcretl, By iph TBP for six

days (St agepﬁ‘mldeﬂr @{Pﬁ@nGLB)l anleL@ 2 mrecitbadinrndtL, E)WEMHH gwag Ingg®ise + 1% B27
+ 100 ng/ m + 3 1t i M GO 6976
for six daylgé? {élg{gbécif}d #?%ay‘l g’)OH@Itéﬁ%Cﬂ{ tg%{)toerrlg%?l’ @M%Eﬁ/frfﬁéh gl ucose +

1% B27 + 10@&phdisndatibgding defensms, laahhial Glogiadipbptides contaififg egle add Tr eat nent

7), then f. ucos 1% B a 0147] GO
076 15 knda Too LU PR Sl Fr sl fhe ik a3 Bifbrgra o

i sof or ns. AarﬂlvgmnécttmaMARi@mhﬁ)aSle, dush dhéor remﬂqﬂds combblmdempcrlms img.Smar ker s

characteristic of th an i nd ine i I rece|V|ng
TPE arone (HgRd s iRREPoER i aa Tl el e 8 el LA E20er D) ' Fcs
anal ysis confirnmed that TPB treat nment

[0139] The incorporation of the cells of the present invention into a scaffold can be achieved

by the simple depositing of cells onto the scaffold. Cells can enter into the scaffold
by simple diffusion (J. Pediatr. Surg. 23 (1 Pt 2): 3-9 (198%)). Several other
approaches have been developed to enhance the efficiency of cell seeding. For
example, spinner flasks have been used in seeding of chondrocytes onto polyglycolic
acid scaffolds (Biotechnol. Prog. 14(2): 193-202 (1998)). Another approach for
seeding cells is the use of centrifugation, which yields minimum stress to the seeded
cells and enhances seeding efficiency. For example, Yang et al. developed a cell
seeding method (J. Biomed. Mater. Res. 55(3): 379-86 (2001)), referred to as
Centrifugational Cell Immobilization (CCI).

[0140] The present invention is further illustrated, but not limited by, the following

examples.
EXAMPLES
Example 1

Formation of a Population of Cells Expressing Markers Characteristic of the
Pancreatic Endocrine Lineage that Co-Express Insulin and NKX6.1 and minimal

amounts of Glucagon

[0141] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL®
(1:30 dilution) (BD Biosciences; Cat # 356231)- coated dishes with RPMI medium
(Invitrogen; Cat #: 22400) + 0.2% FBS + 100 ng/ml activin A (PeproTech; Cat #120-
14) + 20 ng/ml WNT-3a (R&D Systems; Cat # 1324-WN/CF) for one day followed
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(Treatnment 6) gave rise to 30.6% synaptophysin, 12% single insulin and 4.6%
gl ucagon expressing cells. On the other hand, TBP and GO 6976 treatnent
(Treat rerwO2)11gavE7ri se to 10. 6% synapt ophysi n and no detgaiSambaci’evel of
single insulin expressing cells (Table 2). There was no difference in the
total nunber of cells observed between Treatnent 6 and Treatnment 7. (See
Figure 3, panels ¢ and d, show ng DAPI staining, reflecting total cell

nunber i n Tyeal Rk whth KPSV AR TB8Y, FBS + TRESSmT /ShLS fM@@&hoM‘at protein
ki nase C signali be inmportant for the Tormation of | s expressing

mar kers chatfwé?cﬂtaéﬂ%é@tg?é) dfent he pancreatic endocrine |i neage [ 0148] Ot her
protein kinase C activators were al so tested. These were I ndolactamV (ILV)

(Axxora; Cat # ALXodf@1knGRAAMandsphontioh) 120n¥Bhstale3- acet ate (P
(Cal bi ochem Cat #524400). However, onlgf TPB denonstrated the formation of
O

single insulin expr@E&PeyoTeshs Gt ¢ROYUPEfonthresany (Staee 2BdeR | LV (Fi gure 4,
panel b) and PMA (Figure 4, panel c) at 500 nM gave rise to cells

CO- expr essi ng i nsUbMENBEeHISIGAGQRviRbdeal Cai 086Ys- 19FACH+a0akyei s confi rmed
that TPB treatnent gave rise to 12% si @%e i nsulin expresm&g} and 4.6%
gl ucagon expr essi n'@g@ef P25 b Cyclammmings HAANP Hrdbigthseager 208exprledsi ng

cells. On the othef /Ilﬂﬁ gl“r?cel ﬁ&ﬁ? %g}y@ N& gogr%ﬁ tagégbzni nsulin

expre55|ng, and 120 s an I nsulin an ucag
CO- expressing cell@m(TabIe 2) | mmunocyt ochem stry anaIyS|s showed that in
cultures treated with TPB, 20% of the insulin expressing cells co-expressed

NOG. 1 (Fi gure § pangl BlyAntk EDK (B aucs, Rkl o The gmpor Ly of the

insulin expressing cells co expressed an endocri ne maker (Figure 5
panel c¢). Very fewodgithe pﬂVhéi[LKSnnleb(lmréTs(ﬁxmgfan@dtl#sM@éQé&MﬁésLs‘é)@

somatostatin or ghrel é E TabI e 2:
Expression of mar kel\(r?lsﬁag)h %9 ggg gﬁla ﬁgoﬁoél}]ecryz)g e )endocrl ne | i neage,
shown as a per cent@ayad@fnophmntd)baizolaethin) pOyhibahemoQat # SEBBI0) oY sikPB +G06976
0 0 0
Synapt ophysi n 30. 6 gyg?Stggé)4%.o' 6% I NS 12%
[0142] As a control, separate populations of cells were treated with DMEM-High glucose +
1% B27 + 100 ng/ml Noggin + 1 uM ALKS inhibitor II for six days (Stage 4, control

group).

[0143] As shown in Figure 1, TBP treatment at stage 4 resulted in an increase of insulin-
expressing cells (Figure 1 panel a). It was noted that about 60% of these insulin
expressing cells are single endocrine hormone expressing cells, wherein the cells
expressed insulin and did not express glucagon somatostatin and ghrelin (Figure 1
panel a and b, Figure 5 panel d and e). Glucagon-expressing cells were also noted in
the cultures that received TBP treatment. Most of the glucagon-expressing cells also
co-expressed insulin (Figure 1 panel a and b). For the control group, the majority of

the cells co-expressed insulin and glucagon (Figure 1 panel ¢ and d).

[0144] In a separate experiment, cells of the human embryonic stem cells line H1 were
cultured on MATRIGEL® (1:30 dilution) coated dishes with RPMI medium + 0.2%
FBS + 100 ng/ml activin A + 20 ng/ml WNT-3a for one day followed by treatment
with RPMI media + 0.5% FBS + 100 ng/ml activin A for an additional two days
(Stage 1), then
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3% GCG 4.6% 12.6% 3. 1% WO 2011/ 079017PCT/ US2010/ 060756 I NS/ GCG 7. 1% 12. 9%
4% Exanple 2 An Alternative Method for the Formation of a Popul ation of

Cel I s Expwessimgoiar kers Characteristic of the Pancreat iPCTHSd@0/060786 Li neage
t hat Co- Express Insulin and NKX6.1 and m ni mal anounts of @ ucagon

[0145]

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

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

c. Treatment 1: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM
ALKS inhibitor IT + 500 nM TBP for six days (Stage 4, Treatment 1), or

d. Treatment 2: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM
ALKS inhibitor IT + 100 nM TBP for six days (Stage 4, Treatment 2), or

e. Treatment 3: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM
ALKS inhibitor IT + 20 nM TBP for six days (Stage 4, Treatment 3), or

f. Treatment 4: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM
ALKS inhibitor II for six days (Stage 4, Treatment 4).

Immunocytochemistry analysis was used to assess the effects of the different
concentrations of TPB on the formation of the cells of the present invention.
Significant increases in the number of single insulin-expressing cells was observed in
both 500nM and 100nM TPB treatment groups (Figure 2 panel a and b). FACS
analysis confirmed that both treatments gave rise to 12% single insulin expressing
cells in vitro and 15% of that population also expressed NKX6.1 (Table 1 —
NKX6.1/INS expressing cells were 2.4% of the total population). At 20nM TPB,
similar to the control group, most cells co-expressed insulin and glucagon (Figure 2

panel c and d).

Table 1: Expression of markers characteristic of the pancreatic endocrine lineage,

shown as a percentage of the total cell population.

Synaptophysin INS NKX6.1 NKX6.1/INS

TPB
38.3% 9.4% 45.7% 2.4%

(500nM)
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[0149] I n a separate experinent, cells of the human enbryonic stemcells
line HL were cultured on MATRI GEL(r) (1:30 dilution) coated dishes with
RPM nediwm261100720 FBS + 100 ng/ m actiyin A + 20 ng/ m PONIS3@ofoer7s€ne day
followed by treatnent with RPM nedia + 0.5%BS + 100 ng/m actiyin A for
an additional two days (Stage 1), then a. DVEM F12 + 2% FBS + 50 ng/ml FGF7
for three days (Stage 2), then b. Treatnent 8: DVEM Hi gh gl ucose + 1% B27 +
50 ng/mM FGFT ¥ §pB5 p.M Cycl opam ne- KAAD § 2 p. M Retfinoic acid ((RA) + 100
ng/ M of Noggin + 20ng/|mLAcuiryen A H a1pdq ki nagegd,nhi bi t on 164li scljosed in
Us6, 2 14,830) at 2.5p M for four days (Stage 3, Treatjnent 8), or |c.

Treat nent 9: | DVMERA™MTHh gl ucose + 1% B27 + 0.]25 [i M Cyc|l opam neKAAD + 2 p. M
Retinoic acid (RA) + 100 ng/m of ggin for| four days| (Stage 3, Treatnent
9), then d. M H gh glucose + 1% B27 + 100 ng/m Noggin + 1 p. M ALKS5
inhibitor Il + 500 nMTPB for six days (Stage 4). [0150]Stage 3, Treatnent

8 re e i ul ation of cells ressing markers
charRIdr T shitedgfo wRb e Gp B BRRHUE AR baGEre Rt SR e assed POX1
and NKX6. 1, fobrtitiodl ivehs RelliaRY BY @fSacthldn anstol¥aNGnasOT, {dperaRtpdpilaiands stage 3,
treatnent 9 resulted in the fornatlon of a popul ation of cells expre55|ng
mar ker s chafede Oths Byman bryée $5emes leé%lPéﬂewa%ﬂeWﬁdMn%%%Ki%d o8- expressed

PDX1, NKX6. dilabsh d&@é@deﬁé@ %@Jﬁmi Sed@imtHER, FBRL Moty mira0ti@h A Kbase
activator treatnment on these cell popul ations were exam ned (Stage 4

above). WO@olYWNI7H0 forpeTlysetany Gm@%wﬁhﬁ?h@sleér@aﬂ §8%d'BRas per f or med
to ascertai fbotdgﬁnl%ﬁﬁﬁm ?&%n%dm&ﬁmerha% i ugglwx?l%ent' ve cells, glucagon

single positive cells, insulin/ glucagon e p05|t|ve ceIIs cells
expressi ng NKX6. 1 BOSItlve cel | i nsul i n/_NKX6 positive ceIIs and
synapt ophysi n pdsi P@%4Eé$Tg/igmﬁéﬁoéﬁﬁ%gﬁfﬁéxﬁHPR@%§( PEIB shown in

Table 3, the cell population forned with Treatnent 8 gave rise to a | arger

percent age of endooMENEHE& diSeos@S 19EBDL-£0 2D YNVSTNARHARRY RIANEXPN @SS oNn:
49. 7% of the total cell popul ati on exp ressed synapt op h§5|n 27.8% of the

total popul ation m&@mpW§GNKRAé#dQOégb6§fNP&%nBEWNEd%PG 833 Ontheme ot her
hand, the cell population formed with treatnment 9 only gave rise to

c. Treatment 5: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1
uM ALKS inhibitor IT + 500 nM TBP for six days (Stage 4, Treatment 5),

or

d. Treatment 6: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1
uM ALKS inhibitor IT + 500 nM TPB + 5uM GO 6976 for six days (Stage

4, Treatment 6), or

e. Treatment 7: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1
uM ALKS inhibitor IT (Stage 4, Treatment 7), then

f. DMEM-High glucose + 1% B27 for four days (Stage 5).

[0147] GO 6976 is known to selectively inhibit Ca*"-dependent protein kinase C isoforms. A
significant decrease in the number cells expressing markers characteristic of the
pancreatic endocrine lineage, in cultures receiving TPB alone (Figure 3, panel a) and
TPB and GO 6976 (Figure 3, panel b). FACS analysis confirmed that TPB treatment
(Treatment 6) gave rise to 30.6% synaptophysin, 12% single insulin and 4.6%
glucagon expressing cells. On the other hand, TBP and GO 6976 treatment
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25. 7% synapt ophysi n expressing cells.7.6% of the total
single insulin-expressing cells.

popul ati on was

No significant difference of single

gl ucagon wepraasPNg cell s was observed in both treat nenPsTASdI10/060756
per cent age of gl ucagon expressing cells was significantly |ower than the

insulin expressing cells.
cells al so co-expressed NKX6. 1.
t r eat ment

popul ations of cells that received treatnent 2% of

[ 0154] A significant anount of
I n popul ati ons of cells that

8(7Tré|ai]ir’(911@f7) éakl’@ ritOfoal. 6@9@%@5151@@&&%@&&&%&&@@1 bfsi

the t

o

i nsul i n-expressing

recei ved
d NKX6.1. In
popul ati on

expr essed i Aglinjepprgysengnrike(Table 2p 15879 W&lﬂf%@%@ﬁﬂotém&mpgﬁ @ confirned

the above (ENOH5En8) bolEaRHTRRk aliasthi6l 1! IS@TLRCT 2808 Ofnd noul 11

panel
gl ucagon em@pwggﬂhﬁﬁé@mng;wékgﬂmﬁbylﬁﬁﬂﬁﬁﬁ@hnaéwnsﬂﬁ5@@@T@m@wnb@nel

o il

expressing cells conparing to Treatnent 9 (Figure

and e)

reatmont 6 CRerTee SR BT Rb iR CEpa: &)

a an

h9€

Most
a, b, d
ner at ed by

d).

e pancreat|c

endodern1IHhsmg@nwﬁaﬂbcuﬂe%p@e@sbms@ﬁ%&waﬂd(NNXﬁwnwe%mwndxﬂnmot express

CDX2 and N

can be nore efficiently induced to becone mature and

functi onal |ns%1|n expressing cells by the nethods of the present

i nventi on.

Tabl e 3: Expression of markers characteristic of the pancreatic

endolfit4die | OheagetcindhimanCastiatquewere pisagrtedf Théve wenst latlolartdrh Vdlpl at i on.

Synapt ophysis | pgubl; 431429901 N8YHd) U FMFRI 2N R tar MG it

JBREY N

(Calbiochem; Cat#524400). However, only TPB demonstrated the formation of

single insulin expressing cells (Figure 4, panel a). Both ILV (Figure 4, panel b) and

PMA (Figure 4, panel ¢) at 500 nM, gave rise to cells co-expressing insulin and

glucagon after six days. FACS analysis confirmed that TPB treatment gave rise to

12% single insulin expressing, and 4.6% glucagon expressing cells and 7.1% insulin
and glucagon co-expressing cells. On the other hand, ILV treatment gave rise to 3%
single insulin expressing, and 12% glucagon cells and 12% insulin and glucagon co-
expressing cells (Table 2). Immunocytochemistry analysis showed that in cultures
treated with TPB, 20% of the insulin expressing cells co-expressed NKX6.1 (Figure 5
panel a) and PDX1 (Figure 5 panel b). The majority of the insulin expressing cells
co-expressed NEUROD, an endocrine maker (Figure 5 panel ¢). Very few of the
insulin expressing cells co-expressed somatostatin or ghrelin (GHRL) (Figure 5 panel
d and e).

Table 2: Expression of markers characteristic of the pancreatic endocrine lineage,

shown as a percentage of the total cell population.

TPB ILV TPB
+G 06976

Synaptophysin 30.6% 56.8% 10.6%

INS 12% 3% -

GCG 4.6% 12.6% 3.1%
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nnnln W 2011/079017PCT/ US2010/ 060756 Hoc 49. 7% 27.8% 2. 0% 16. 4% 44. 2%
11.0% H(:: 25.7% 7. 6%
WO 2011/079017 PCT/US2010/060756

INS/GCG 7.1% 12.9% 4%

Example 2

An Alternative Method for the Formation of a Population of Cells Expressing
Markers Characteristic of the Pancreatic Endocrine Lineage that Co-Express

Insulin and NKX6.1 and minimal amounts of Glucagon

[0149] In a separate experiment, cells of the human embryonic stem cells line H1 were
cultured on MATRIGEL® (1:30 dilution) coated dishes with RPMI medium + 0.2%
FBS + 100 ng/ml activin A + 20 ng/ml WNT-3a for one day followed by treatment
with RPMI media + 0.5%FBS + 100 ng/ml activin A for an additional two days
(Stage 1), then

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

b. Treatment 8: DMEM-High glucose + 1% B27 + 50 ng/ml FGF7 + 0.25
uM Cyclopamine- KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of
Noggin + 20ng/ml Activin A + a p38 kinase inhibitor (disclosed in
US6,214,830, at 2.5uM) for four days (Stage 3, Treatment 8), or

c. Treatment 9: DMEM-High glucose + 1% B27 + 0.25 uM Cyclopamine-
KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin for four days
(Stage 3, Treatment 9), then

d. DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM ALKS
inhibitor IT + 500 nM TPB for six days (Stage 4).

[0150] Stage 3, Treatment 8 resulted in the formation of a population of cells expressing
markers characteristic of the pancreatic endoderm lineage that co-expressed PDX1
and NKX6.1, but did not express CDX2 and NGN3. On the other hand, stage 3,
treatment 9 resulted in the formation of a population of cells expressing markers
characteristic of the pancreatic endoderm lineage that co-expressed PDX1, NKX6.1
and NGN3. The effects of treatment with protein kinase C activator treatment on

these cell populations were examined (Stage 4 above).

31



2.5%4.9%61. 7% 2. 0% Exanple 3 An Alternative Method for the Formation of
a Popul ation of Cells Expressing Markers Characteristic of the Pancreatic
Endocri newbhizngzgeoivhat Co- Express I nsulin and NKX6.1 an@CriuszemlosEiount s of
G ucagon [0156] I n anot her experinent, cells of the human enbryonic stem
cells line HL were cultured on MATRI GEL(r) (1:30 dilution) coated dishes
wth RPM nmedium+ 0.2% FBS + 100 ng/m activin A+ 20 ng/m VWNT-3a for one

day fod1) OV\BldA@yaﬁaﬁ}%ﬁt\%%rfMeﬁ td?mrtamlb aerte&a %F%%um H palik activin A
for an addltlona two days hen a. F12 + 2% FBS + 50 ng/ m

FGF7 for thicde g&a?gon(sggé@@swecqhelﬁwn/ WW@WIG@O@@@%@M ced)s B27 +50 ng/ m

FG-7 + 0. 25 t | 0 ng/m of
Noggi n + 201 / mgﬁg\é}??ﬂ&@g&% lﬁﬁlﬁg@gk?(ﬁﬁlﬂglgﬁ J(V)ér:Céﬂ%I\ag%g S?y%glt 2.5p M

for four damltWS?d@éa@)nenﬂbﬁéme@larmr)eat ment 10: DI\/EM Hi gh gI ucose + 1% B27 +
100 ng/m Noggin + 1 p. MALKS inhibitor Il + 500 nMTPB for six days (Stage

nqi)?ﬁ] menks ddvn 1191Ta‘tﬂe 3 Iﬁ@&tﬂ%ﬁﬁlaéol‘l fo%%lm ﬁ@atglleh’t%oéﬁe fiscli%aB27 + 100
Noggin + 1 p. M ALK5 i nhibitor TPB for nine daXS(Stage4
Tr eat nent 1111)ger pprcentage of endocrine cells, as denoted by synaptophysm expression: 49.7%

of the total cell population expressed synaptophysin. 27.8% of the total population

was insulin single positive cells.

[0153] On the other hand, the cell population formed with treatment 9 only gave rise to
25.7% synaptophysin expressing cells.7.6% of the total population was single insulin-
expressing cells. No significant difference of single glucagon expressing cells was
observed in both treatments and the percentage of glucagon expressing cells was

significantly lower than the insulin expressing cells.

[0154] A significant amount of insulin-expressing cells also co-expressed NKX6.1. In
populations of cells that received treatment 8, 11% of the total population expressed
insulin and NKX6.1. In populations of cells that received treatment 9, 2% of the total
population expressed insulin and NKX6.1.

[0155] Immunofluorescent analysis confirmed the above (Figure 6). Treatment &, resulted in
an increase of insulin expressing cells comparing to Treatment 9 (Figure 6 panel a and
d). Most glucagon expressing cells were poly-hormonal cells (Figure 6, panel a, b, d
and ¢). These results suggest that the population of cells generated by treatment §
(cells expressing makers characteristic of the pancreatic endoderm lineage that co-
expressed PDX1 and NKX6.1, but did not express CDX2 and NGN3) can be more
efficiently induced to become mature and functional insulin expressing cells by the

methods of the present invention.

Table 3: Expression of markers characteristic of the pancreatic endocrine lineage,

shown as a percentage of the total cell population.

Synaptophysi | Insuli | Glucago | Insulin/Glucago | NKX6. | NKX6.1/Insuli

n n n n 1 n
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popul ati on
results su
and a prot

Treatment 12: DVEM Hi gh gl ucose + 1% B27 + 100 ng/m Noggin + 1 p. M ALKS5

+ 500 nM TPB for twelve days (Stage 4, Treatnent 12) WO
2011/ 0790x0RaTI/028R010/ 060756 [ 0157] As shown in Tabl e 4, panars2alo®eaiss at i on

of the protein kinase C activator treatnent was extended to either nine
days (Treatnment 11) or twelve days (Treatnent 12), no additional benefit
was observed. Single insulin-expressing cells were 27.8% of the total
af [er 45%, days7Ryat gl W thJreat meny by, [Conyepgely,| insulin-
ce|l s decreased to 10% affer nine days treatnent (Treatinent 11),
ed further to|4% after twe|ve days treatnent [(Treatnent |12). In
thel total perc¢entage of ingulin and NKX6.1 co-expressing cel
gl 50 dkopped|Signiflicaally al Lo, exXt enging, (he ag@atnernt. These
ggested that a six day treatnent w th Noggin, A k5 inhihitor |
ePn| ki nase C activator was|sufficient enough|to formtheg cells of
t invention. Table 4: Expression of markers characterist|iic of the

the presen

pancreatic endocrine Iir
Synapt ophysin Insulin G ucagon Insulin/d ucagon NKX6. 1
NKX6. 1/ I nsulin 6-day 49.7% 27. 8%

popul ati on

[0156]

1eage,

shown as a percentage of the total

Example 3

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

Markers Characteristic of the Pancreatic Endocrine Lineage that Co-Express

Insulin and NKX6.1 and minimal amounts of Glucagon

In another experiment, cells of the human embryonic stem cells line H1 were cultured
on MATRIGEL® (1:30 dilution) coated dishes with RPMI medium + 0.2% FBS + 100
ng/ml activin A + 20 ng/ml WNT-3a for one day followed by treatment with RPMI

media + 0.5%FBS + 100 ng/ml activin A for an additional two days (Stage 1), then

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

DMEM-High glucose + 1% B27 + 50 ng/ml FGF7 + 0.25 uM

Cyclopamine- KAAD + 2 uM Retinoic acid (RA) + 100 ng/ml of Noggin
+ 20ng/ml Activin A+ a p38 kinase inhibitor (JNJ3026582, at 2.5uM) for

four days (Stage 3), then

Treatment 10: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1

uM ALKS inhibitor IT + 500 nM TPB for six days (Stage 4, Treatment

10), or

Treatment 11: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1

uM ALKS inhibitor IT + 500 nM TPB for nine days (Stage 4, Treatment

11), or

Treatment 12: DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1

uM ALKS inhibitor IT + 500 nM TPB for twelve days (Stage 4, Treatment

12)
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2.0% 16. 4% 44. 2% 11. 0% 9- day 43.5% 10.0% 6.6% 7. 8% 33.5% 1. 0% 12-clay 37.6%
4.4% 4% 6. 3% 32. 5%
WO 2011/079017 PCT/US2010/060756

[0157] As shown in Table 4, when the duration of the protein kinase C activator treatment
was extended to either nine days (Treatment 11) or twelve days (Treatment 12), no
additional benefit was observed. Single insulin-expressing cells were 27.8% of the
total population after six days treatment with Treatment 10. Conversely, insulin-
expressing cells decreased to 10% after nine days treatment (Treatment 11), and
declined further to 4% after twelve days treatment (Treatment 12). In parallel, the
total percentage of insulin and NKX6.1 co-expressing cell population also dropped
significantly after extending the treatment. These results suggested that a six day
treatment with Noggin, AlkS inhibitor II and a protein kinase C activator was

sufficient enough to form the cells of the present invention.

Table 4: Expression of markers characteristic of the pancreatic endocrine lineage,

shown as a percentage of the total cell population.

Synaptophysin | Insulin Glucagon | Insulin/Glucagon | NKX6.1 | NKX6.1/Insulin
6-day 49.7% 27.8% 2.0% 16.4% 44.2% 11.0%
9-day 43.5% 10.0% 6.6% 7.8% 33.5% 1.0%
12-day 37.6% 4.4% 4% 6.3% 32.5% 1.0%
Example 4

Implantation of the Cells of the Present Invention into Severe Combined

Immunodeficient (SCID) — beige (Bg) Mice

[0158] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL®
(1:30 dilution)- coated dishes with RPMI medium + 0.2% FBS + 100 ng/ml activin A
+ 20 ng/ml WNT-3a for one day followed by treatment with RPMI media + 0.5%
FBS + 100 ng/ml activin A for an additional two days (Stage 1), then,

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

b. DMEM-High glucose+ 1% B27 + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD +100 ng/ml Noggin for four days (Stage 3), then
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1.0% Exanple 4 Inplantation of the Cells of the Present Invention into
Severe Conbi ned | mmunodeficient (SCID) - beige (Bg) Mce [0158]Cells of the
human entwoaeniiwrsiiem cells |ine HL were cul tured on MATRCEHEISEE1D/06MS580
dilution)- coated dishes with RPM nmedium + 0.2% FBS + 100 ng/m activin A
+ 20 ng/m VWNT-3a for one day followed by treatnent with RPM nedia + 0.5%
FBS + 100 ng/m activin A for an additional tw days (Stage 1), then, a.
DVEM F12+ 2% FBS, mﬁ@m@gﬂ glE%JJrfl%Biﬂﬁﬁ)&gMﬁN&%%@g@ 1R} aLkBen b.

DVEM Hi gh gl ucose+ 1% B27 + 50 ng/m FG-7 + 0.25 TaM Cycl opam ne- KAAD +100
ng/ M Noggin for fiobibiterdys S0GnMgeEBBIor sixeys (StagDWEM H gh gl ucose + 1% B27 +
100 ng/m Noggin + 11.i M ALK5 inhibitor Il + 500 nM TBP for six days (Stage

4) - 10990791 QelilsSit AL chd 6y &1 fRf wRtABE S ALKl WBS & IBENAN G Blaldpist@LRd USing a

1-m gl ass pipette and subsequently transSferred to non-adherent plates for
cul ture ovetuhieghantly Tiesferessiip nomerdherent platgyioe geltuesovgerightcbhd el and

aggr egat es i 1)L I : i t he ki dney
capsule of SRRl Ol B R B SR Oh B, "G 40, 50
and 51). SeteanFplgniekini. th§ Kid 6] captudr offap ummueekenprbmned moedSCI3/Baf t he

i nsul i n-produci I b nath rafts s tested by injecting animals
with gl ucosaéllillﬁa(l)ﬁ?oﬁ' 2'(:%8?ﬁ%gglaP(g%@é%Fe{:ﬁg%rﬁ%The animals were fasted for about
15-20 hrs, after which a blood sanple (pre-glucose) was w thdrawn

r et ri@1@M bi t Afténfourfercks, micheralityhd theriadinpedluaing celtsnafhesd graftrerds i nj ecti on
dose of app (et ely 39/ - %4: p I and bl ood
was w t hdr at\r?\ﬁ%(da]%mg@gu%g %HE m ﬁflﬁl gfélg%gﬁemg Cﬁglgsg(ggggr%%%lgﬁgrr@% raltl:sg\p%?i ng human
C pepti de wasedfor elxtue tlS-06 hngafienwhish s dlwd sample girergluasseuivas witlgleavsi t | ve hunan
specific C ti.de ELL SA pl ates (Cat .. 80- CPTHU- EO Al pco Di agnosti cs,
Ny The aetlBelafnsrEah aln i Rl PP Rs LI R on QRS Secrerion s

derived fr aapptdrengelaBpkg of ghitBe inf WYBIdxkHusanluGonent bded waswilkireet ed i n

ani mal serum as rl.y as 4 eks. after transplantation.and i ncreased over
tine. The t7ARSPAAMITESIR ARG RS SR BEAme St VandlhEdand of one
nmonth, we Vi idilo@sd serudelsat antula-fumare GmpaRpédie ClpestkleEnasA Plagsng/ M) in
response to _glucose adm nistration i n 60% of h% ani rrarlobgl in the study
group. G ucGIENetHONH HIEEderlngn PRersticy Nedndhe ¢€sies8pt PidemeAdreased 5 to 10

fol d in threpti@ihdiedted he ihQUA sd¥r&Rn &f deBilied PO tHHRRKRJ cMs. t wel ve weeks post
i npl antation, the average gl ucose-stimnmulated serum | evels of human

PR R RLSRAR S LTSS MR LA e A0 AT =) Brampl e 5
transplantation and increased over time. The transplantation data is summarized in
Figure 7. At the end of one month, we were able to detect the human C-peptide (less
than 0.2 ng/ml) in response to glucose administration in 60% of the animals in the
study group. Glucose stimulated serum level of human C-peptide increased 5 to 10
fold in three out of the four mice after four weeks. At twelve weeks post
implantation, the average glucose-stimulated serum levels of human c-peptide in

transplanted mice were greater than 1mg/ml (n=4).
Example 5

An Alternative Method for the Formation of a Population of Cells Expressing
Markers Characteristic of the Pancreatic Endoderm Lineage that Co-Express

PDX1 and NKXG6.1

[0162] Briefly, cells of the human embryonic stem cell line H1 were cultured on

MATRIGEL® (1:30 dilution) coated dishes and RPMI medium supplemented with
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An Alternative Method for the Formation of a Popul ation of Cells Expressing
Mar kers Characteristic of the Pancreati c Endoderm Li neage that Co- Express
PDX1 and WKX611207p@162] Bri efly, cells of the human enbry@enirwsstenswss | |ine
H1 were cultured on MATRI GELO (1:30 dilution) coated dishes and RPM nedi um
suppl emented with 0.2% FBS, 100 ng/m activin A and 20 ng/m WNT-3afor one
day, followed by treatnment with RPM nedi a suppl enented with 0.5% FBS and
100 ng/ m a@@%\#ﬂs Peo ﬁ(%hl @ﬂvﬁdﬂaﬂcﬂm@mmﬁw& &@H@g%u@m%&n a. DNEM F12
+ 2% FBS + 50 ng ree Sta

gl ucose + 1%332614%11 B@Mlmd@%lp@ip@mt%wn -IBLS waﬁz@g/mﬂeptemaé» d (RA) +
100 ng/m Q%rgpgﬁhgngq&ohggqsﬁgg§)ﬁéﬁage 3), then c. DMVEM Hi gh glucose + 1%
B27 + 100 ng/ Noggin + 1 'aM ALKS i nhibitor Il + 20nM PMA, or 100nM TPB,
or 20nM Phor bol - 12, 13- di butyrate [(J | bi ochem cat#524390) for six
days (Stage 4) [301@@@5@%2&8 Ry + @éﬁ&ﬂg &7 fypieadays hxegt2)ceen s” wer e
treated with DVEM Hi gh gl ucose, supplenented with 1% B27, 100 ng/m of

Noggi n and | i aMuALKHEMIM;f glwoséh%%mmzﬂﬁw gé%ﬁgﬁeélﬁmbowﬂwl tures

were sanpled in duplicate on stag : i magi ng was perforned using
o TN Gol 1 Analy 2 eRemoBOCIGRAMSAND nEz 6} Nofsingesou dorm(S00: £ B per wel |
were acquired to conpensate for any cell loss during the bioassay and

subsequent stai pi NG\ d&P@ﬁ&seM%}kﬁﬁﬁﬁﬁ@ﬁg/ﬁ@No&@hﬁ'l&I@'ALI&U”ber total
PDX1 expressing cells and total expressing € wer e obtained from

each wel | using | Nnbitpr IDeVeh PAMA Twd Dedw TPB7o(20EMRmihdhdandd) sof t war e.
Aver ages and stand(g{)‘%y&gevdiﬁh bvx&lhgmcc% %ghﬁbg%fﬁgrdmg gé%ol i cate data

set. Total PDX1 an n expressin rted as
percent age of the total ceII popul ation. As sho_vvn in Figure 8, there was a
dr ant@led i né¥ eedrobepRrGROPLRDXE of xpisewsd m@t@evlthleWHtgh@hlqow,t he protein

Ki C I
(apar oxi mat Py B BHeg YRR IR By SUEREH BASRER TR o

treatment. &ysdage8).of Stage 4, in popul ations of cells that received
either protein kinase C activator or control treat ment, 92% 4% of the

POPU BN CHREESEEHh ERin LS oRLBLEA Bkt 7P RS RS VRl ot ed oroup.

75% DX1-expressin S expresse 'n popul ations only
treated w tlmﬂ\g@ggNrCeamhaIE@Er 1960 &6GE Eledpicar). |Irdagdfs| framit lqmdsrmk wellonly 58% 5%

of the PDX1l-express cells pres n the sence of protein
i nase G actis o Do oS PRl Ratics ol SabNERGOR, Ve i o1
prol i f er at i @ainidgpkesdurdsd Meda&drértdatd fOok kbl womghen Gotidi RDX 1 éXpidstingedls

Cat #C10337) i.s exanmpl e denonstrates that rofein kinase C
activator aé‘rq[t?}é%ué%gleﬁpr%lﬁlcﬁ]éf"leﬁr?b%‘qe fwﬁwsﬁagﬁ%ﬁﬁaia r ecept or

i nhi bi tor apewalopel BIdIBORIY7 IOPHEfithesd)isywHeNeRMddeahd dfnllard 26AMont 0
facilitate the up-regul ation of Nkx6.1 ex reSS|on and i ncrease the

per cent age W$re calfylaedigs achaenligatppss seindo X} and3yK XGy leprefein

expressing cells was reported as percentage of the total cell population. As shown in
Figure 8, there was a dramatic increase of NKX6.1/PDX1 expressing cell population
in the protein kinase C activator treated groups at a lower effective concentration
(approximately 20nM), compared to samples obtained from the control treatment. By
day 6 of Stage 4, in populations of cells that received either protein kinase C activator
or control treatment, 92% + 4% of the population expressed PDX1. In the protein
kinase C activator treated group, 75%+ 5% PDX1-expressing cells expressed
NKX6.1. However, in populations only treated with Noggin and TGF beta receptor
inhibitor (control), only 58% * 5% of the PDX1-expressing cells expressed NKX6.1.

In the presence of protein kinase C activator, 20% NKX6.1-expressing cells were co-
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Treatment of Cells Expressing Markers Characteristic of the Pancreatic
Endoderm Linage with Protein Kinase C Activators [0166]Briefly, cells of

t he humarwerbriyomiic stemcell line HL were cul tured on WATRISGHOO(736 30

di lution) coated dishes and RPM nedi um suppl enmented with 0.2% FBS, 100
ng/ M activin A and 20 ng/m WNT-3afor one day, followed by treatnent with
RPM nedi a suppl enmented with 0.5% FBS and 100 ng/m activin A, for an

addi tional goRivEay® p(ocﬁrféﬂ?onjr)larkérhﬁd"l} cliclYEMHa 2 b %%I&Bﬁwﬁm%gn ng/m FG-7
for three ays (Stage 2), then b,  DMEM Hi gh gfgucose + 1% B27+ 0. 251AM

Cycl opani neCatkAAB33D. 2 1. . EM Ret| n0| c acid (RA) + 100 ng/m of Noggi n+FGF10
SOng/ L for four days (St age 3, Ti) or, T2: DMEM H gh glucose + 1% B27+

0.2 bfé\é Q/cmsp & debdARrated tﬂataEMtﬁefﬂhﬂs‘é'@acﬁ%th daRB) udeddP0 ng/ nl of
Nogg| n+ GFlO ml+ 100 nM TPB for four days (Stage 3, T2), then c.

DVEM Hi gh of omwh/ngnnﬂncm@l: beie fcemeigh for 4 419 WAM@W.@#WUBH or Il for
si x days ( - i n

down- r egul géto?lg%trg%m[(ﬁ %ﬁ@r%&? ?M(} delﬂ%d:%fggl%ﬁonlg?fl}\ﬂqérxg l%&%ésgﬁ&g 1 and PTF1

al pha was absr@atsedtb,perqentagé dfselly epteedngWP K1 TRBNKXR)l. conpared to the control
group (Ti). NKX6.1 was undetectabl e by i munohi stochem stry. These data
suggest that protein kinase activatgr tieatment at stage 3 did not
facilitate the generation of PDX1/ RRX8. 1 co- expressing cells. WO

2011/ 079017PCT/ US2010/ 060756 [0168] Publ i cations cited throughout this
docunent are hEreapyentof GelobwirestingyMardery ehracieristiqnfithe Baprgreaticy . Al t hough

the various aspects afndufern DYERELAR 119G RARR: ElHSEGAL od above by

reference to exanples and preferred enbodi nents, it wll be appreciated
that the scope of the invention is defined not by the foregoing description
but BY&he Boiflvosilng! the Arman gnbypets stemsplbtingfdl waisqaltupd Phici pl es of pat ent

law.  What M%T%@Eﬂ@fél'sé dlhilnonftda%lahsﬁéé 4 @Mﬁﬁédlén%[e%%ieagvlﬂﬁﬁr kers
characteristic of pancreatic endocrine |ineage that co- express NKX6.1

and insul i r0. éﬁ@ﬁﬁhé@oeﬁgﬁml wgginthand 200950 WiNAed ad@|ong diva falleeedbpul at i on
express gl Ur @8Rt with RPMI media supplemented with 0.5% FBS and 100 ng/ml activin A,

for an additional two days (Stage 1), then
a. DMEM/FI12 + 2% FBS + 50 ng/ml FGF7 for three days (Stage 2), then

b. T1: DMEM-High glucose + 1% B27+ 0.25 uM Cyclopamine- KAAD + 2
uM Retinoic acid (RA) + 100 ng/ml of Noggin+FGF10 50ng/ml for four
days (Stage 3, T1) or,

T2: DMEM-High glucose + 1% B27+ 0.25 uM Cyclopamine- KAAD + 2
uM Retinoic acid (RA) + 100 ng/ml of Noggin+FGF10 50ng/ml+ 100 nM
TPB for four days (Stage 3, T2), then

c. DMEM-High glucose + 1% B27 + 100 ng/ml Noggin + 1 uM ALKS
inhibitor IT for six days (Stage 4)

[0167] As shown in Figure 9, a significant down-regulation of the pancreatic endoderm
markers PDX1, NKX6.1 and PTF1 alpha was observed, in cells treated with TPB (T2)
compared to the control group (T1). NKX6.1 was undetectable by
immunohistochemistry. These data suggest that protein kinase activator treatment at

stage 3 did not facilitate the generation of PDX1/ NKX6.1 co-expressing cells.
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2. The popul ation of cells in claim1, wherein at |east 30%of the cells
express NKX6.1l. 3. The population of cells in claiml, wherein at |east 40%
of the caWb0exppr@E3s NKX. 6.1 4. The popul ation of cel | sPCh/usb@omsdse wher ei n
at least 50% of the cells express NKX6.1 5. The popul ation of cells in
claim1l1, wherein at |east 60% of the cells express NKX6.1 6. The popul ati on
of cells inclaim1, wherein at |east 5% of the cells express insulin. 7. A
et hrg@l(,s 10 UBMEEATRS atea%ulhg}bhaﬁls %cu@l%n{ src BUBBERSIPEa B b ?Jf@re&]@%_{ acteristic
of the pancreatic endocrine |ineage that co-express NKX6.1 and insulin and
wher ei n | est§eit ety 09dtbough pe veEpPyssaspestst i ghegpysitian haya besagHessigtegl ucagon, the
met od_COMYod Aeldithos R RImPles arft prAh LA R 11 RGH BERpRBRCRL! S, .
Differentiating pluripotent stemc s into cells expressing mar ker s
charact eri sthf 6,00015 OEthemdelftlomlft dofiacemd b drerfricgoiea descrirtionuf yethent i ati ng t he
cells expr tive endoderm | i neage
into cells %ﬁ%&%%gﬁhﬁﬁ&gg Q?éﬁﬁﬁgig%%% ?@%%%Qgpggﬁggkancreatlc endoder m

| ineage, and d. Differentiating the cells expressing markers characteristic
of the pancreatic endoderm|ineage into cells expressing narkers
characteristic of the pancreatic endocrine |ineage that co-express NKX6.1
and insulin and m nimal anounts of glucagon by culturing the cells
expressing markers characteristic of the pancreatic endodermlineage in a
medi um suppl enented with a factor capable of inhibiting BWMP, a TG- receptor
signaling inhibitor, and a protein kinase C activator.
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What is claimed is:

1. A population of cells expressing markers characteristic of the pancreatic
endocrine lineage that co-express NKX6.1 and insulin and wherein less than

10% of the cells in the population express glucagon.

2. The population of cells in claim 1, wherein at least 30% of the cells express

NKX6.1.

3. The population of cells in claim 1, wherein at least 40% of the cells express

NKX.6.1

4. The population of cells in claim 1, wherein at least 50% of the cells express

NKX6.1

5. The population of cells in claim 1, wherein at least 60% of the cells express

NKX6.1

6. The population of cells in claim 1, wherein at least 5% of the cells express

insulin.

7. A method to generate a population of cells expressing markers characteristic
of the pancreatic endocrine lineage that co-express NKX6.1 and insulin and
wherein less than 10% of the cells in the population express glucagon, the

method comprising the steps of:
a. Culturing 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

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

characteristic of the pancreatic endocrine lineage that co-express
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NKX6.1 and insulin and minimal amounts of glucagon by culturing the
cells expressing markers characteristic of the pancreatic endoderm
lineage in a medium supplemented with a factor capable of inhibiting
BMP, a TGFp receptor signaling inhibitor, and a protein kinase C

activator.
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