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[ 0001] The present invention provides nethods to pronote the differentiation
of pluripotent stemcells and the products related to or resulting from

such met hogg. otz ticul ar, the present invention proviE@gsaddokips oved
met hod for the formation of pancreatic hornone expressing cells and

pancreatic hornone secreting cells. In addition, the present invention also
provi des nethods to pronote the differentiation of pluripotent stemcells
wi thout the use of a feeder cell |ayer and the products related to or

resulting from h ent [ nventli |.sqo provjdes nethods to
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derived frompluripotent stemcells. BACKGROUND [ 0002] Advances in

cell -repl acenent therapy forFIEY®PeOF THRISVESNTION i tus and a shortage of
transplantabl e islets of Langerhans have focused interest on devel opi ng
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[0003] I n vertebrate enbryonic devel opnent, a pluripotent cell gives rise to

a group ofnvemiongrevdssepdinpyvehmedod&rihq fayagtion of penserstiphormossder m  and
endoderm _| ; : t i i , for exanple,
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[ 0004] Pl uniethod£ ITheShr&Bnidevdnsioalyo propidessicthtds 0 prasie ghitodehtintiladgie- speci fic

enbryonic, antigens . . . : : .
y 1n51mn s%creﬁon in insulin-producing cells derived from pluripotent stem cells.

BACKGROUND

[0002] Advances in cell-replacement therapy for Type I diabetes mellitus and a shortage of
transplantable islets of Langerhans have focused interest on developing sources of
insulin-producing cells, or B cells, appropriate for engrafiment. One approach is the
generation of functional p cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

[0003] 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, HNF-3beta, GATA4, Mixl1l, CXCR4 and Sox-17.

[0004] Pluripotent stem cells may express one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using antibodics 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



(SSEA) 3 and 4, and markers detectabl e using anti bodi es designated Tra-1-60
and Tra-1- 81 (Thonson et al., Science 282:1145, 1998). Differentiation of
pluripotent stemcells in vitro results in the |oss of SSEA-4, Tra- 1-60,

and Tra- 1-%é 800np&ssi on (i f present) and increased expregaisais@biGEA-1
Undifferentiated pluripotent stemcells typically have alkaline

phosphat ase activity, which can be detected by fixing the cells with 4%
par af or mal dchyde, and then devel oping with Vector Red as a substrate, as

dcscribcd by th nuf act urer (Vect Labor at ries, Burlj n rre Calif.).
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cultured on a | ayer of feeder cells that sucp port the ri potcnt "stemcells
in vari ou&lewwsfacwetréwmrB@epsﬁtorwsauﬁurbmﬁamt aif. an@tbffersnw pludipaienéd in a

culture SYSHAmANA!,bSRRAGALL BLLYuld PPl ERIST ORI TR DUL nonet hel ess

supports proll ri pot ent ste€m c under goi ng
substantial differentiation. The growh of pluripotent stemcells in
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exanpl e, Re inoff e Nat ur Bi, 8: 399 .- 404 2000 ) and
o son BOHPaR PERLEP el M08 ggEo g sobsianial i aiagns TA%b- 1147)
di scl ose ghetcst gtk st@ﬂnu:eumtf@éater-ﬁé@mmé Withduh 8Ffefdn QUSRI pBH@st ocyst s
usi ng a nouse errbryonl c fibroblast feeder cell layer. [0007]Ri chards etal,

(Stem OeI ysinga mediyp 9BG ionay 3 cubiytna prewausly WHhatothsr call akf f er ent human
adul t, Aﬁém?tﬂ%lf%%?n(g\ﬁtjh offﬁgﬁ%&eﬁ@tém Lél gaefi&rfreter&ﬁltﬁre%fhhh{y to SUPPO”

human pl uri pot ent” st ture etal, stat
enbr yoni cdisferntigminlis $uppe$edaw[ﬂgwr®dmmall}adeﬁrted$ﬂﬁdmrﬂl br obl ast feeder s retain
human enbryonic stemcell nor phol ogy and remain pluripotent”

m rlomﬁoq%?%@% 1%‘[2‘1’9{0 eItB? ﬁaochHS’BF;f ﬁ‘sat399r26’4‘€2%p§55gh£ that support

ur| stem ce in feed ee culture. The
cel | I i ne"shmmbmyneﬂ (Mmcmmmymaﬂ%&n%lf 285 otnl5881,pipi kEt5cell47) i nes obt ai ned
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cel | | ayegmbryonic fibroblast feeder cell layer.
[0007] Richards et al, (Stem Cells 21: 546-556, 2003) evaluated a panel of 11 different human
adult, fetal and neonatal feeder cell layers for their ability to support human pluripotent
stem cell culture. Richards et a/, states: “human embryonic stem cell lines cultured on
adult skin fibroblast feeders retain human embryonic stem cell morphology and remain

pluripotent”.

[0008] US20020072117 discloses cell lines that produce media that support the growth of
primate pluripotent stem cells in feeder-free culture. The cell lines employed are
mesenchymal and fibroblast-like cell lines obtained from embryonic tissue or
differentiated from embryonic stem cells. US20020072117 also discloses the use of the

cell lines as a primary feeder cell layer.



WO 2009/ 070592PCT/ US2008/ 084705 [ 0009] I n anot her exanple, Wang eta! (Stem
Cells 23: 1221-1227, 2005) discloses nethods for the |long-term growh of
human pl uri potent stemcells on feeder cell |ayers derived from human

enbryoni ¢ heReesssvs. [0010] I n anot her exanpl e, Stoj koWeg RbakosShem Cel l's
2005 23: 306-314, 2005) disclose a feeder cell systemderived fromthe

spont aneous differentiation of human enbryonic stemcells. [0011]In a
further exanple, Myanoto eta! (Stem Cells 22: 433-440, 2004) disclose a
source of feeder cells obtained fromhuman placenta. [0012]Amt eta!l (Biol.

Rel8POY 68In another cxpgple, Wrmgy! ¢fi(Stemosells 24: 12dde@r7.c0P) disjeses methpde@rf rom
human forgskin. .. lﬂ;#]ﬁ L oX : NZa. elal en. 23:

544- 549, glggﬁ%tglﬁlg%bglstﬁegfa egg)grlpggﬁpa{fﬁ;g#s lrjfggn%%ﬁgérlrgﬁyéﬁgas%[r?gtggo or eskin
fi br obl asignar @@ix#dmid §6842i0:48 di scl oses nmedi a that support the growth of
primate pluripotent stem (pPS) cells in feeder-free culture, and cell I|ines

us fo r ' . h ' . t &Syey wLALS, J nvention
[ n@ptudes %e@gﬁgﬁ%ﬁm%%aﬁ%ﬂ?#&% g‘%ﬁn F%@%ﬁ%ﬁ%éﬁ%& %@559#&5&# om enbryonic
ti ssue or fedddricelt eystenadeded fromtheripoyaneans sifémentietidrsof ivetah @dbryonic

stem cells.

[0011] In a further example, Miyamoto ef af (Stem Cells 22: 433-440, 2004) disclose a source of

feeder celis obtained from human placenta.

[0012] Amit et al (Biol. Reprod 68: 2150-2156, 2003) discloses a feeder cell layer derived from

human foreskin.

[0013] In another example, Inzunza ez al (Stem Cells 23: 544-549, 2005) disclose a feeder cell

layer from human postnatal foreskin fibroblasts.

[0014] US6642048 discloses media that support the growth of primate pluripotent stem (pPS)
cells in feeder-free culture, and cell lines useful for production of such media.
US6642048 states: “This invention includes mesenchymal and fibroblast-like cell lines
obtained from embryonic tissue or differentiated from embryonic stem cells. Methods
for deriving such cell lines, processing media, and growing stem cells using the

conditioned media are described and illustrated in this disclosure.”

[0015] In another example, W02005014799 discloses conditioned medium for the maintenance,
proliferation and differentiation of mammalian cells. W02005014799 states: “The
culture medium produced in accordance with the present invention is conditioned by the
cell secretion activity of murine cells, in particular, those differentiated and immortalized

transgenic hepatocytes, named MMH (Met Murine Hepatocyte).”

[0016] In another example, Xu et af (Stem Cells 22; 972-980, 2004) discloses conditioned
medium obtained from human embryonic stem cell derivatives that have been genetically

modified to over express human telomerase reverse transcriptase.



for deriving such cell lines, processing nedia, and growing stemcells
using the conditioned nedia are described and illustrated in this

di scl osure.” [0015]In anot her exanple, W2005014799 di scl oses conditioned
medi um f orwhhegBises enance, proliferation and differenthcgiisefsadszonmal i an
cells. W2005014799 states: "The culture nmedi um produced in accordance wth
the present invention is conditioned by the cell secretion activity of
murine cells, in particular, those differentiated and immortalized
transgeni ¢ hepatocytes, named MvH (Met Murine Hepatocyte)."” [0016]In
ar{SPhﬁr eloangthsr exeimpls, HS2P&0810b4 dissloses.2 chomiag By defingd gyltue meiyarior

condi ti ongd gL OPL AR GoMcBWTaN enbryonic stem cel | derivatives that
have been genetically nodified to over express human tel onerase reverse
transcriptase. WO 2009/ 070592PCT/ US2008/ 084705 [ 0017] I n anot her exanpl e,
ud80151001.60 plicraptie| cyliers systerm amploys sopuradicr medivaysuppleacpisd ith e oy tht he

mai nt enan f ¥ 3Te) . : akl V. ture system
enpl oys sfeér%tl??rs}%aP clieﬂefé %@@%@%ﬁ%ﬁpﬁé’ﬁgﬁ@é‘ ﬁgﬁ%ﬁg&@rﬁ feglg't Eér)rséiga iaﬂbl e of

pr onot i ngChdva gpub(BidRapatd BAL: bF. 1 6 ¥nglopral. KO EH), Dstobéiold, 20NPisepseCheon et

al (Bi oReprQ :10. 1095/ bi ol reprod. 103. 046870, Oct ober 19, 2005) discl ose
2t Geder b ISt St T egcalit HRERO PO TR KRR e R R bl | < are
mai nt ai neghcofditioedeiutd @placknsar (SR) meRiae app incn BRwieLiffetonupphement ed with
different _growth factors _capg_gl e of tri qﬁe[fj n]gq enbryoni c stem cel |

sel f - r eneff&iers EploPh tHegmwerabrRgste cCll SSlfartaein et al (Stem CelI's 24:
568- 574, 2006) disclose nethods for the long-termculture of human

enboyni Cinsn6fie&ahpld, DethstcialksenrndEelfsiZar o¢d-s54, 3000) dRx6RSH ht@s@d medi um

usi ng nedi a supplenented with bFG-. )
for the long-term culture of human embryonic stem cells in the absence of fibroblasts or

conditioned medium, using media supplemented with bFGF.

[0020] In another example, US20050148070 discloses a method of culturing human embryonic
stem cells in defined media without serum and without fibroblast feeder cells, the method
comprising: culturing the stem cells in a culture medium containing albumin, amino
acids, vitamins, minerals, at least one transferrin or transferrin substitute, at lcast one
insulin or insulin substitute, the culture medium essentially free of mammalian fetal
serum and containing at least about 100 ng/ml of a fibroblast growth factor capable of
activating a fibroblast growth factor signaling receptor, wherein the growth factor is
supplied from a source other than just a fibroblast feeder layer, the medium supported the
proliferation of stem cells in an undifferentiated state without feeder cells or conditioned

medium.

[0021] 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 each of bFGF, insulin,
and ascorbic acid necessary to support substantially undifferentiated growth of the

primordial stem cells.



[ 0020] I n anot her exanpl e, U520050 148070 di scl oses a nethod of culturing
human enbryonic stemcells in defined nmedia w thout serumand w t hout
fibroblast feeder cells, the method conprising: culturing the stemcells in
a cul ture wedhaigent ai ni ng al bum n, am no acids, vitaradigs260sielad s, at

| east one transferrin or transferrin substitute, at |east one insulin or
insulin substitute, the culture nmediumessentially free of manmalian fetal
serum and containing at |east about 100 ng/m of a fibroblast growth factor
caﬁ'abl e of activatin | ast g}irljowt h factor si ﬂnal i ng receptor,
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cells in an undifferentiated state w thout feeder "cells or conditioned

medi um [ p@2HEd whichdndhedes e tewpirecticsae05008 3ad@oxin dadiomedium thafis ned nedi a
useful in . i I I I: i §: Iiat L mat e
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2009/ 070592PCT/ US2008/ 084705 [0022] I n anot her exanpl e, US6800480 states "In
one enbodfuiber inclydsaop-casgntidl aanineesi dintrr ai-QRdsRE AR p ArshaoRthigeioved _

pri mor di ale| AP $rdd Bnsiiins LR RbAIdEs MRl HiALENLa ed state is provi ded
whi ch includes a |ow osnotic pressure, |ow endotoxin basic nmediumthat is
effective to support the growth of primate-derived prinordial stemcells.
TH80BHs| clnvasaihgnsagiplco WP HEGZ44I0R statasutiniespespset thednventioamiamdasé support the
growt h of m@(hbﬁﬁf&ﬂﬁﬁ% Ffr%qatglfeln?sgfo lcaslteﬁhql@ Bk LHnAdn@sEiREf{ gl Sel ected
fromthe group consisting o eder cells and an extracellular matrix
conponent culierd aseahtifliyofred efenkenmalein| fetal sSEhen (peeferablyfalrotesgentialhycfrasdd any

non- essentj.al, am_no_aci gds, an antk 0xi dant n flrst _gr h factor
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[0023]In @Iﬁﬁ:l‘elw’gr ehan sk eﬁbig&ﬁ&?%&%ﬂ&?&Z Iﬁh@te&"ﬁfed"fbﬂn,omeﬁlﬁsbleﬂtfeddhlel I
invention provides. a nmethod of culturing prinmate emhryonic stemcells. One
cul tures PHE REURPETaUirgd o sugyp  §iea @QSC@EWMP rVdFrgE@m&cemmﬂiWan f et al

serum ( prefgefcalf ¥uffikR e MSSARN: bAlWiN ficiee of any animal serum) and in the
presence of fibroblast growmh factor that is supplied froma source other

than just a fibroblast feeder layer. In a preferred form the fibrobl ast
f 48 | alpes furthgr ey amapiey WY OZAPRM0p & digslasgst dsfined: isqtems sdiure mgdippytaat is g

render ed LAneeHsRANY-RY% ahd Serdticdel QtngsingUi. falvabd MedfunR oM AsdungbOWM h
factor.” [0024]1n a further exgrrgi e, W2005065354 di scl oses a defi ned,
0

i sot oni ¢ WK snibcipgide suppetigtowth obgbetantiadly lupdiflseitisted memmatien sfemum f r ee,

conpri si nQi..a. | i [.Ci: 3 upport
grow h of&yffgcé? a%‘?‘?%ﬁf@ggﬂg‘. éér?eenrtl?oln Saltl? ggdjtj %‘r?’?’rﬁa?f%r&%%grﬁ}eéw g%qlﬁgr;temté&ed;n anmount
of i nsul i mamufdrcit@nteltspargiup popmogrt@ikdrodiic substfAcentad buppondidufteoent i at ed
mamal i an t of ascorbic acid sufficient to

suppor t gﬁuﬁéﬁﬂ}aﬁl“é%ﬁ@%ﬁﬁ??%@?g’“ﬁﬁ%ﬂ?@?@ﬁ i ated nmanmal i an stem cel | s.
[0025] In another example, W0O2005086845 discloses a method for maintenance of an
undifferentiated stem cell, said method comprising exposing a stem cell to a member of
the transforming growth factor-beta (TGFp) 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.



[ 0025] I n anot her exanpl e, W2005086845 di scl oses a nethod for mai ntenance
of an undifferentiated stemcell, said nethod conprising exposing a stem
cell to a nenber of the transform ng growmh factor-beta (TG-I3) famly of

proteins, wo¥easssepf the fibroblast growth factor (FGperh@Bdsisbs
proteins, or nicotinamde (NIC) in an anount sufficient to maintain the

cell in an undifferentiated state for a sufficient anmbunt of tinme to
achieve a desired result. W) 20091070592PCT/ US2008/ 084705

[OOZ%API uripotent stemcells may be cultured and differentiated on a tissue
0020l sbivspeispteteansallsaaibeiuiiedsad Giern At o mksss CultmRresubstidncel | ul ar

mat ri X mey,.Rey il M&@%amm% na@i:C OB icRGack Bt tnSFid SnayWeldihRd HHBSH! at e.

Exanpl es of suitable nmethods for diluting the extracellular matrix and for
coati ng t ¢meting deiiesusisutture sulssiraist Exemplangt sluédlflgmndwdmfon(ﬂémtmgam U K, et at,

B ochem S%ﬁ%ﬁ%ﬁlla%l%[trgxlgn 1‘(f‘c%gg%m%(?ilsseu%’cqug‘Sﬁbsﬁ%te%ayﬂ%‘h}u k Biol. 101:1511

(1985). or na ancreds arrses erentiation of
def i ni t i vEletmmtadBIK émil 9Bjpahanietat 23 EndO68©r and IGelldys MDA, ehe., pdieti/Baait i C
endodermﬁlg{jﬁﬁsa%gi pancreati c- duodenal homeobox gene, Pdxl. In the
absence o pancreas fails to devel op beyond the formation of
ventral and dorsal buds. Thus, Pdxl expression marks a critical step in

P00z RAL | Eor@lafaoNed paricteas s BinUhedipRratigam of defidtinsendad@idniot her cel |
types, exocrine ti s ue aqnﬁgl % crine tissue. Exocrine and endocgrine tissues
ari se froPﬁ“PWé“‘d‘?‘TdP st PhiRe Brnopete pedodeian BrITadmanteYEs] st beari ng

the feat UkfSeoBbx b&eEPd-QClh ?nehl%é/e%cé @ﬂthl etﬁé izfaﬂ%?e%&‘faﬁ'l@ id ¥&d10b ﬁ;@genarim yoni ¢
cells of the nouse. For example, Lumelsk Z . (Science 292:1389, 2001)

report diformatianafaentenh ags doveah badse fing idi emr@ﬁmoe@w@ g @iticakstaApiin- secr et i ng
structur S@anﬁfa??hé (?r arfoBe U'FG%C TR e ré gin%fe co%? 1ﬁsaar‘ﬁgn§¢ther(cgl ?}goelé es 49:157,

2000) re I'n-secre errve om no ’enbr yoni ¢ stem
cells normbnmatlsglhwzﬁﬂmndodrineﬁsmpEmmeandlendndulmettksuﬁsaﬁeﬁ fremithece. [ 0029] I n

(r)rgﬁsgxarrp(lh?ferenm{honch?pancreangenl\gA%@ 16105, 2002) disclose that treatnent of

[0028] Cells bearing the features of islet cells have reportedly been derived from embryonic cells
of the mouse. For example, Lumelsky et a/. (Science 292:1389, 2001) report
differentiation of mouse embryonic stem cells to insulin-secreting structures similar to
pancreatic islets. Soria et al. (Diabetes 49:157, 2000) report that insulin-secreting cells
derived from mouse embryonic stem cells normalize glycemia in streptozotocin-induced

diabetic mice.

[0029] In one example, Hori ef al. (PNAS 99: 16105, 2002) disclose that treatment of mouse
embryonic stem cells with inhibitors of phosphoinositide 3-kinase (L'Y294002) produced

cells that resembled [ cells.

[0030] In another example, Blyszczuk et al. (PNAS 100:998, 2003) reports the generation of

insulin-producing cells from mouse embryonic stem cells constitutively expressing Pax4,

[0031] Micallef et al. reports that retinoic acid can regulate the commitment of embryonic stem
cells to form Pdx1 positive pancreatic endoderm. Retinoic acid is most effective at

inducing Pdx1 expression when added to cultures at day 4 of embryonic stem cell



enbryonic stemcells with inhibitors of phosphoinositide 3-kinase
(LY294002) produced cells that resenbled 13 cells. [0030] I n anot her
exanpl e, Blyszczulc et al. (PNAS 100: 998, 2003) reports the generation of

i nsul i n- praduwesdigesnel | s from nouse enbryoni c stem cel | papfRShisfihyel y
expressing Pax4. [0031]Mcallef et al. reports that retinoic acid can

regul ate the commtnment of enbryonic stemcells to form Pdxl positive
pancreatic endoderm Retinoic acid is nost effective at inducing Pdxl
expressi on, when added to cultures at. day 4 of enbryonic, stem cell

di  f er ent AfleraHaldRIJuRg2 4 Psléwf %Teéﬁﬂ“@%‘gﬁ%ﬂ’&ieﬂﬁof gstrilatinig ts egbe r ul ation in
t he enbryg)iggt@sbﬂg@q %55501, 2005). [0032] M yazaki etal, reports a nouse
enbryonic stemcell [ine over-expressing Pdxl. Their results show that
exogenous Pdx| expression clearly enhanced the expression of insulin,
solfB3Yst aMiypzakjl e gl kapAES & MopE FYEEMI hisem palblingeyesexpipyinglids | gEREE i n t he

ral, T onar e R R R R e S g at e
the éxpr esgnatostadin, ghuoakinase npemgenesd, P48, Fangsnd PN 6gedesamiticasaitirend endocri ne
genes (Pdxl.. insulin, | ug kR nouse enbryonic stemcells. The

maxi mal e lifféf:ctnﬂz\}\t/ﬁ(iceg]&@{r}\gggs%ﬁﬁg&?gkﬁacti vin A They al so observed that
the expression | evel of insulin and Pdxl nRNA was not affected by retinoic
aci0d33]|howskexly eBaMepasEsthitragtitineinta marsher bEidic ThFahsupadaedgagrdoalads tlef t he

transcript for. Pdx1 (Biochem .J. 379:. 74 004) . 034] Shiraki, et al.
studied tRETSFPRE] @w%%megma&ﬁkeﬁﬂ% PO mi%mgzlﬁs&a%?q et

di f f er ent ingdlinQ BndEluIFbR)i0 MdusSEmbry et kigmi ol Pdrhaxpasl dficvieyHibk&vedThey
observed that TGF- 2 reproduci bly yi el ded a hi gher proportjon of Pdxl
posi tive détg N eghids Acdibryalsoplsivg H}at%(eesyr:essmé-eueépf 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).

[0034] Shiraki et a/. studied the effects of growth factors that specifically enhance differentiation
of embryonic stem cells into Pdx1 positive cells. They observed that TGF-[32
reproducibly yielded a higher proportion of Pdx1 positive cells (Genes Cells. 2005 Jun;
10(6): 503-16.).

[0035] Gordon et al. demonstrated the induction of brachyury/HNF-3beta* endoderm cells from
mouse embryonic stem cells in the absence of serum and in the presence of activin along
with an inhibitor of Wnt signaling (US 2006/0003446A1).

[0036] Gordon et al. (PNAS, Vol 103, page 16806, 2006) states “Wnt and TGF-beta/ nodal/
activin signaling simultaneously were required for the generation of the anterior primitive

streak™.

[0037] However, the mouse model of embryonic stem cell development may not exactly mimic

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

[0038] Thomson et al. isolated cmbryonic stem cells from human blastocysts (Scicnee 282:114,
1998). Concurrently, Gearhart and coworkers derived human embryonic germ (hEG) cell
lines from fetal gonadal tissue (Shamblott ez af., Proc. Natl. Acad. Sci. USA 95:13726,



[ 0035] Gordon et al. denonstrated the induction of brachyury+/ HNF- 3bet a+
endodermcells from nouse enbryonic stemcells in the absence of serum and
in the presence of activin along with an inhibitor of Wit signaling (US
2006/ 00034¢:6A8)9/0749936] Gordon et al . (PNAS, Vol 103, paga kbfiRfss74906)
states "Wht and TGF-beta/ nodal/ activin signaling simultaneously were
required for the generation of the anterior primtive streak".

[0037] However, the nouse nmodel of enbryonic stemcell devel opnent may not

exactly mmc¢c the devel opnent al programin higher mamml s,. _such as, for
exanpl e, hifenSnEODE FREHOBI &M & %s, Vaigh sands Pé‘?r"i‘y’ﬁ&‘?élf’ioel Gifferent®ings fr om
human bl aghREYS Sitndks GNE ¢.cd@&id kthibibBPBctor u rmﬁkhﬁwogﬁzasﬁdﬂ@ééilsand

cowor kers derived human enmbryonic germ (11EQ lines fromfetal gonadal
ti ssue (Shastthegnaintemedinder pyrpgpecid tonditmma (U. SSB4t NQJ&W@E&O@BWQB 1998) .

Unli ke no m cells, which can be prevented from

di fferent ?%?lﬁgbwpgmgly?cul turing wwth Leukem a Inhibitory Factor (LIP),
human enbryonic stcmcells nmust be nmintai ned under very special conditions
(U039 Pat D’ Amourgs 20 de80bgs th@l@éﬂ@bﬁﬁ?ﬂﬂb@ﬁbmﬂﬁmbG)lum{iIOﬁB@yﬁniAmer et al.
descri besc tll CI‘fD é)gé%Cttllv%ncngO %_ll’_}l’l ﬁ)r(%s I%.'Iclctolflr % %]chrcl:upgt neor}gct}lom & stem

cell -derive ef Ve €n ermi pr es ce 0 i gh concent ration of
activin ampe deﬁmn aexmtmmwaéhnbbgﬁawsacﬁmlﬂwmgwﬁhﬁé celﬂ;ruaﬂé‘rﬂh@lﬂﬂndjag t hese
cells under the kldnsﬁ E‘ﬂ'&rdél%e of mce resulted in differentjation into
more nat ufa@sile Pl BiGgrEshlt Frentjatipn mie, MOk RUE falTEIR It gEHS of Hunan

enbryoni Cso?ﬁeeéﬁuéﬁrﬂnaﬂﬁ‘gén\é edugfhleMbljorR seRdQdieddmveidimithatndsichHicbner
differentiated into Pdxl positive cells after addition of FG-10 (US

2005/ 0266%¢Afyﬂherdrffvoqnbamﬁue Pex1 pgsitive kelsafer gldgiaacd KGFo(US4, 1392 -
1401 (200@0)5/03{53155%31)_ W have

[0040] D’Amour et 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 ir vive pancreatic
organogenesis by directing cells through stages resembling definitive endoderm, gut-tube
endoderm, pancreatic endoderm and endocrine precursor en route to cells that express

endocrine hormones”.

[0041] In another example, Fisk ef al. reports a system for producing pancreatic islet cells from
human embryonic stem cells (US2006/0040387A1). In this case, the differentiation
pathway was divided into three stages. Human embryonic stem cells were first
differentiated to endoderm using a combination of sodium butyrate and activin A. The
cells were then cultured with TGF- antagonists such as Noggin in combination with
EGF or betacellulin to generate Pdx1 positive cells. The terminal differentiation was

induced by nicotinamide.

[0042] In one example, Benvenistry et al. states: “We conclude that over-expression of Pdx1
enhanced expression of pancreatic enriched genes, induction of insulin expression may
require additional signals that are only present in vivo” (Benvenistry ef al, Stem Cells

2006; 24:1923-1930).



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

hor mones insulin, glucagon, somatostatin, pancreatic pol ypeptide and
ghrelin. TRbSo@@§8SS MM CS in vivo pancreati c or ganoggRAikhsy76§ recting
cells through stages resenbling definitive endoderm gut-tube endoderm
pancreati c endoderm and endocrine precursor en route to cells that express
endocrine hormones”. [0041]In another exanple, Fisk et al. reports a system

for &jodum ng pancr eatic islet cells from hunan embryonic stemcells
(U896, obreystirngyampls, Odarieo ¢ gEreporhmegpds ier et alﬂi%dlé%fqa s di vi ded
into threg,shd&sp luﬁ!ﬂ&&ﬂ SRHPINOR &118 bEM: peldr&iWRh &k ] TRE mEinbdEnesIld ated to
endoderm usi ng a conbi nation of sodium butyrate and activin A The cells
were t henc1dmhng|ﬂ®c$tm ¢dhls TQhe pB:sense a@mm:@cgvsmwnagf Nogrgimorphpgenstlsi nat i on
w th EGF el a W ener a It I m nal

di fferent a{el?%tr? lﬁgs 1ﬁéaren§1§t1c%1 lﬂ‘r?]]%iec% cﬁ%t‘ﬁ%@ﬁ%ﬁ. fﬁ[{e(%%meséeggoc}e

Benveni st ¢gfls ate faﬂher&tlhmeds to fokfﬂ embryoldishelics {BBs)@urched Xprdesinition emfodE’Idx I

enhanced e ched g n t|on of nsulin
expr essi O?P ﬁéa[}r WE‘CEBE‘%{%% CQI“&I\%JIS SRR a?g’aflrl rﬁ‘ﬂ afe g callsgfit ei n vivo"
( Benveni Shan¥re8iic éSngo 25842906, 24: 1923-1930). V\D

2009/ 070592PCT/ U820% 084705 [0043] I n anot her exanple, Odorico et al

re orts nethods for direct in vitro differentiati na l i an

Mot errangtherserpies Tulgchanief & (Develppments] Sielagy: é&:ﬂﬁ%&’@ms%é? et hods
i nvol Ve CihibUrinRitlon®f TCROB Gghlfgl il tﬂe%@&ﬁﬁﬁb@l%d oayds@l1b® GPahdgatrMOUNT  Of
a bone norphogenetic proteinto induce differentiation in the direction of
mes endod eepithelTh eells taprerss eiapdsdhe ¢nslogrine lingageher cul tured to form enbryoi d
bodi es (EBs) enriched for definitive endodermcommtted cells, which under
dgpodd ComdiiiOomSrd &liMhahd é’m?ﬁ&‘&ﬁﬁ REMdi 8 byl c%ﬁhlhéns%r LieBRARGT eat i C
I|neage (US20070259423) . [ 004471 n anot her exanpl e, Tulachan et al
( Devel opneintipdterBisisinogil ling0that 2007 cxifgdeds08dGess)theeuarest clinigshidsds,i on of TGF-B
signalin €, I hel i al
cells togvﬁirugc llr(:{tgignsu(?gqill \/\é&gh&atlﬁe&lg% 8@?? hntéy | ﬁgca 19¥¥1d8[§’%\-8c4c§f}%, gn& glrce there
still renmirmmsnaexpregping cdbndr meadaticthotieved wpretinnebills, and possos the abidibyt toshi ng

secrete insulin in response to changes in glucose concentration. We have taken an
alternative approach to improve the efficiency of differentiating human embryonic stem
cells toward pancreatic endocrine cells that are able to secrete insulin in response to

changes in glucose levels.
SUMMARY

[0046] In one embodiment, the present invention provides a method for producing cells capable
of glucose-stimulated insulin secretion from pluripotent stem cells, comprising the steps
of:

a. Culturing the pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,



pluripotent stemcell Lines that can be expanded to address the current
clinical needs, while retaining the potential to differentiate into
pancreatic endocrine cells, pancreatic hornone expressing cells, or

pancreat i cyhRahjFRAGeseCr eting cells, and posses the abi lpdpyshsteGsEt €
insulin in response to changes in glucose concentration. W have taken an

alternative approach to inprove the efficiency of differentiating human
enbryonic stemcells toward pancreatic endocrine cells that are able to
secrete insulin in response to changes in glucose | evels. SUMVARY [ 0046]In
one enbodi nents Dilerprtaasiag theicalleemrprasting matkiesehaactapsticod theglefipitiseluci ng cel | s
capable of gl ucosgrabififAbeld ARYLAR SR AN ERB R/ ot ent stem
cells, conprising the steps of: a. Feu ing the pluripotent stemcells, b.
Differentiati ng pherglicecndoderenbnesggmndel s into cells expressing markers
characteristic of the definitive endodermlineage, <c. D fferentiating the

pel I's expr ess'cﬂgDﬁ@é’rl&qfaﬁngﬁ&%%%te?%f‘e%%ih Cmg{ke}sn:ﬁ rgiftf G YR %Fg&gl%r m | | neage
into cells expressing nmarkers Character st e of “tRe pancréh i ¢ endoderm

| i neage, and d. Eadotiemelndagt infgcellhexpredsing nexiprredsiacgriste dfehes characteri stic
of the pancreatic endaderml.i neage into cells expressing markers
characteristic OPMFH@UBQ%Q$%%EPE’%%docrine | i neage. [0047]1n one

enbodi ment, the present invention provides a nethod for pronoting glucose-

st[ooar])at emh dnd etbbdinB e iR tpréBntiifveatibr froexips £msihog forptdstheabast eri stic of
t he pancreatic endacrine |ineage derived fron1p|urL§ot nt stemcells,
conpri si nfimuiledingym sgpretion inegis GrPrGIgng METksrsAMrREEEHIC of therRaperitic

endocrine lincage derived from pluripotent stem cells, comprising the steps of:
a. Culturing the pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,

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

pancreatic endoderm lineage, and

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

pancreatic endocrine lineage.

[0048] In one embodiment, cells expressing markers characteristic of the pancreatic endoderm
lineage are differentiated from cells expressing markers characteristic of the definitive
endoderm lineage by treating cells expressing markers characteristic of the definitive

endoderm lineage by any one of the following methods:

a. Treating the cells expressing markers characteristic of the definitive endoderm
lineage with a fibroblast growth factor and a hedgehog signaling pathway
inhibitor, then removing the medium containing the fibroblast growth factor

and the hedgehog signaling pathway inhibitor and subsequently culturing the
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b. Differentiating the pluripotent stemcells into cells expressing markers
characteristic of the definitive endodermlineage, c. Differentiating the
cells expressing markers characteristic of the definitive endoderm i neage
into cell syg%pfsRsebnd markers characteristic of the panghfagbigegnsoder m

| ineage, and d. Ditferentiating the cells expressing markers characteristic
of the pancreatic endodermlineage into cells expressing markers
characteristic of the pancreatic endocrine |ineage. [0048]1n one

enbodi nent, cells expressing markers characteristic of the pancreatic
endoder m | i neage c@lisen @ledfust eytdiningEetingls Arided filyoblay geasth degtorant dhes
characteristic of.th bt g,njgﬂ i neage by treating cells

expr essi ng mar ke%(s:&g}gﬁoaéjg%%aqe\i%g%/tﬁvg 0 i?gﬁéﬂg}efi nitive endoderm | ineage by any
one of the follow ng nethods: a. Treating the cells expressing markers
charact eri sti cb.oflraabag thefcklts axpressinpmadersehia¢iensiie ofihetdeanitivhersloderst  gr owt h
factor and a hed J L Ng.: pat i nhi-hi , ing the nmedi um
cont ai ni ng the f?ﬁ‘%’%gFé{g?&grlrogﬁh&%g%wﬂgﬁ%hp]!r?ieﬁ}glte%%e or%&(glgg%al i ng pat hway
i nhi bitor and subsequently culturing the cells in medi um containi ng
retinoic acid,c.aTfdabngpthkeasls gprating farkewchamdertdte ofi ddglefinigve englodémg
pathway inhibitor., or b, Treating.the cells ex SSi r ker
characteristic o;m?aﬁgwétgfr FHRor %?lecg%ﬁ%flé%lg?dl%elfcigﬁgfglggorwatg %’Sr I}ell%ﬁ%@’(%aséci d and at
| east one fi brobpasith Gicontdadhaleisdbne fattoEcapibleaf InhibifidpeBoR] drs expr essi ng

mar kers characteristic of the definitive endodermlineage with retinoic
acid, a sonic hedgehog.inhibitor, at |east one.fibrqgblast..gro factor,
and at | east ocﬂeq?eﬁerﬂégﬁhe(? PSS 'f‘lflfﬁierﬁicb‘?rﬁ(ge%?fg]re dgﬁm??fé%ﬂv‘%toﬁﬂn} he cells
expressi ng mar kelifeagh asitdcétiioicsdcid; a 6énié helgaiesg inhibitoreatdadosiRripréblaeage with
retinoic acid, a soni¢c hedgehog inhibitor, at |east one fibroblast growth
factor, and a negiopfl faglornd #mglein; ¢fy t he cel |'s expressi ng markers
characteristic of the definitive endodermlineage with retinoic acid, a
soni ¢ hedgehog: i Thiakhd ME celflcxpRBsie BRRelkichirahbisit of iR W nitidcoderat | east
one factor capable of inhibiting IﬁVP and a netrin, or f. Treating the

cel I s expressi nglirgagk ith retingicacide p pa hedgehagrshibigan; sfileqsiencdudddist m | i neage

with at |east ongbibroRl a%leadbRiR: B MR SPBMP gﬁp%ggg%g -nhibitor,
t hen renovi ng thgmat faeas’t oeﬁeog%r%?@gt egrowtlﬁfihl ctof and he sonic
hedgehog i nhi bitor and subsequently treating the cells with a sonic
hedgehog i nhi b t &reating the eglistexprgesing marbers gharagierisiic lof thadebritiveendodemi noi ¢
acid, or

lineage with at least one fibroblast growth factor and a sonic hedgehog
inhibitor, then removing the at least one fibroblast growth factor and the sonic
hedgehog inhibitor and subsequently treating the cells with a sonic hedgehog

inhibitor, at least one fibroblast growth factor, and retinoic acid, or

g. Treating the cells expressing markers characteristic of the definitive endoderm
lineage with at least one fibroblast growth factor and a sonic hedgehog
inhibitor, then removing the at least one fibroblast growth factor and the sonic
hedgehog inhibitor and subsequently treating the cells with a sonic hedgehog
inhibitor, at least one fibroblast growth factor, retinoic acid, and at least one

factor capable of inhibiting BMP, or

h. Treating thc cells expressing markers charactcristic of the definitive endoderm
lincage with at least one fibroblast growth factor and a sonic hedgehog

inhibitor, then removing the at least one fibroblast growth factor and the sonic
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g. Treating the cells expressing nmarkers characteristic of the definitive
endoderm | ineage with at | east one fibroblast growh factor and a sonic
hedgehog i nhibitor, then renoving the at | east one fibroblast growh factor
and the sowpGoladeenog i nhibitor and subsequently treatdcigusbéi@oeebd s With a
soni ¢ hedgehog inhibitor, at |east one fibroblast growh factor, retinoic
acid, and at |east one factor capable of inhibiting BMP, or h. Treating thc
cells expressing markers characteristic of the definitive endoder m | i neage

with at |east one fibroplast growh factor and a sonltgl hedg g i nhi bi tor,
then renoving t héedgeh %’el&gkblferr@dfsrlbﬁe@mﬂ&gFeam&mweﬂla@ﬂ @ SaRig f= hagni ¢

hedgehog i nhi bi tﬂ[hllﬂf&g 2 HRS QAL &Bidblast Jr&@hl fAdod N&inGRlakR, MdtdheaiSepi C
hedgehog i nhi bitor, | east one fibroblast gfowh factor, retinoic acid,

and a nctrin, or Treatl ng the cells expressing narkers charact eristic of
the definitivel edmsieg Fhelcpl%ﬁe?esgeeswmaaqerswé@rg@t%ﬁ@ of thsrdsBpidize caflodoith f act or

and a soni e hedaghage LAIPIchabne HHEBLLSRMINGE R AohEasIe AP 11 br obl ast

grow h factor an soni c tor subseque y treating
the cells wth airddniog, th@dgmhugg ﬂwhilt khitonsg ﬁhltoblaetagowtblrfectén zmdcblbil ssic gr owmt h

factor, retinoic l.east nefa r ca i nhi.bit BMP, and a
netrin. [0049]1In (fgégdegnlﬂ}“glt?rew st Séﬂlfcél tm gﬁi élrsgmghg#ggg?%“ stic of

t he pancreatic eibilifor,aelchit R Brodlast @o&ﬂ‘tﬁn@m rea"held aélﬂpmléaeﬂ dng fexXgr essi ng
mar kers characteristjc _of the pancreatic endodermlineage by treating cells
expressi ng mar keF@aE%]I‘Té’if‘a‘@fbé‘i“? Mg #id a H¥&¥ihancreati ¢ endoderm | i neage by any

one of the follow ng nethods: a. Culturing the cells expressing nmarkers

chao4gt er inSdnke @nbbditest, E@lﬁ%ﬁ(ﬁ@&dm@g ranuted @hadtéiiEa 9ethle Haftpehiid BhdRAhai ning a y
secretase inhibitor and a P- 1 agoni st, then rermw ng the nedium

cont ai ni nPeassars diffeaenigied if’i?ﬁl a6 GFOrERE ek o hagagtemisig Oféh%lpaélﬁ{fé%uent ly
cul turi ngerfdt}@erﬁﬁ ﬂe HS}I t%‘EIh%EQIEQ I@ésf}igr}ﬂarﬁerﬁeﬁréct(ﬁ'ﬂﬁ@b%e 82111%6}?{110 and HGF, or

b. Culturing the ce expressin Kers characteristic e pancreatic
endoderm¢ndnéqgehneﬂgermnumﬂeoﬁtha qllomgngmehedsl agoni st, then renoving the
medi um contai ning a G.P-1 agoni st and subsequently cuI turing the cells in

medi um contai nj ngy Egphéc@lgggérégsmgf s 8 JiFtic thhggangrlala{ly” ng the cells

expr essi Nng markKers cC acteri e pancreatl C en [ neage in
medi um cont ai ni ngndadgrslincagt mseedmmpmtmomgarvde@:e@d?nmbagmmdstﬁmai d.

Qulturi ng the cel R Rofe TR P SHRLATL 5 shbrbfaco bl digcr e i

endoderm | i neage alni feat i ng the
cel I s expressi ngGmrlk@roﬁlstMrsaBsf.eQﬁdnﬂylcﬁlnﬁfngttﬁ@ceﬂlammecaﬁmmoﬁtﬁﬁhﬁ@ef m | i neage

with a factor thaiPl-lnan'ogfstt ?Glg-qeanlc}l%tGCEtjorSi gnal i ng pat hway, or

b. Culturing the cells expressing markers characteristic of the pancreatic
endoderm lineage in medium containing a GLP-1 agonist, then removing the
mcdium containing a GLP-1 agonist and subsequently culturing the cells in

medium containing a GLP-1 agonist, IGF-1 and HGF, or

c. Culturing the cells expressing markers characteristic of the pancreatic
endoderm lineage in medium containing a y secretase inhibitor and a GLP-1

agonist, or

d. Culturing the cells expressing markers characteristic of the pancreatic

endoderm lineage in medium containing a GLP-1 agonist, or

12



f. Treating the cells expressing markers characteristic of the pancreatic
endodermlineage with a factor that inhibits the TG--R-1 pat hway, or g.
Treating the cells expressing nmarkers characteristic of the pancreatic

endoder m | y,368@%s h @ factor that inhibits the Notch pgignahdshigsBat hway,
and a factor t atw'lgnhi bits the TGF-R-1 pat hway, or h. &jlturlllng tﬁsg cells

expressing markers characteristic of the pancreatic endodermlineage in
medi um cont ai ning from about 10 MM to about 20nmM gl ucose and a GLP-1

agoni st. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0050] Fi gure 1 shows an outline
of the differentilzationthsrcellvroressisgmarksrsdhacapteasiont thenaeereiton. Panel a)

refers to the ”egﬁ%qc{g?gﬁ{agg@ﬁh%f orgg%tqtg}ﬁiéi?sgﬂé ﬁ8f3{1 E@Halﬁ%{pa{}ﬁzay 736, 908,

and panel s b) an nmet hods resen nverti on. "1 0051] Fi gure
2 shows real -tinme PCR analysis of cells of the human enbryonic stem cell
line HL, diffefefdrdatingthcacurgiasgng matkiess ohemattorsticdif $wiresadation Exanpl e 2.
Expression of pan | 6..endoder PDX-1.. .. nd, endocr i mar kers
(NeuroD, Insuli n,e g@ﬁ%ﬁ'ﬁ%ﬁ%éﬂﬁ air%c(t%fel?%%té%hé%gg}tie%ggg@s?g&ﬁ‘ga%%?83- S5). There
was a significant increase in expression of insulin and glucagon at stages
4 to 5. [0052]&i JreenBths kelwexpeasing makeRCRaractalisyisiof thefpagakdts of t he human
enbryonic stemcell ling Hl fferentiated rding to the nethqds

di scl osed in Exaﬁ’f)cl':’ge'ﬁ[.1 nﬁﬁﬁ%‘fvghtaif thér%%él}}ﬁﬂgq%:ﬁ?tﬁfé ﬁ‘%? ﬂf“g@f%ﬁwnac)

gl ucagon, d) Neur@Rtoraid imebigeal GE-pRA0pdRyay, 6Br ker d) PDX-1 at stages 3 to
5. The effect of various kinase inhibitors were evaluated at either stage

3, stage 4, or_at, stages 3.and 4. .(+/+ refers tp.th resence of a

particul ar contboﬁﬁfﬁ“ré‘?g tgf)fﬂ%ﬁ(gﬁ@?%ﬂ%{hﬁsﬁi}a”—’ﬁfe-nsp‘éf’gtthg PAYTRHE presence of a
particul ar conpouiddaim Bicag indndiish cbfaialgFrRecadtt Fi M¥Ltothbodr20niers to the
presence of a particular conpound at stage 4 and its absence at stage 3).

WD 20091070592 PCEinessgandr 6847bsemsd53] Fi gure 4 shows real -tine PCR anal ysis
of cells of the human enbryonic stemcell line

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] Figure 1 shows an outline of the differentiation protocol used in the present invention.
Panel a) refers to the method reported in US patent application Ser No. 11/736,908, and

panels b) and ¢) are the methods of the present invention.

[0051] Figure 2 shows real-time PCR analysis of cells of the human embryonic stem cell line
H1, differentiated according to the methods disclosed in Example 2. Expression of
pancreatic endoderm (PDX-1, ISL-1) and endocrine markers (NeuroD, Insulin, and
glucagon) is depicted at stages 3 to 5 (S3-S5). There was a significant increase in

expression of insulin and glucagon at stages 4 to 5.

[0052] Figure 3 shows real-time PCR analysis of cells of the human embryonic stem cell line
H1, differentiated according to the methods disclosed in Example 3. Pancreatic
endocrine a) insulin, b) NKX2, ¢) glucagon, d) NeuroD, and pancreatic endoderm marker
d) PDX-1 at stages 3 to 5. The effect of various kinase inhibitors were evaluated at either
stage 3, stage 4, or at stages 3 and 4. (+/+ refers to the presence of a particular compound
at both stages 3 and 4, +/- refers to the presence of a particular compound at stage 3 and
its absence at stage 4, -/+ refers to the presence of a particular compound at stage 4 and

its absence at stage 3).
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H, differentiated according to the nethods disclosed in Exanple 4.
Pancreatic markers a) glucagon and insulin, b) HANDI and NeuroD, c) HNF4a
and PDX-1, d) NKX2.2 and Sox17, is depicted at stages 3 to 5. The effect of

ALKS5 i nhi biyhQheolghoz9ms val uated at either stage 4, staggcgusfosdbsrsd ages 4
and 5. (+1+ refers to the presence of the inhibitor at both stages 4 + 5,

+/- refers to the presence of the inhibitor at stage 4 and its absence at
stage 5, -1+ refers to the presence of the inhibitor at stage Sand its
absence at sta e 4). [0054 gure. 5 shows real-time PCR anaﬁ%m s of cells

of [0P3H huﬁﬁhr PYS HiEtige ﬁRc@alysqsuoriéealfmefm@aéﬁmbatow sgEresldingg to the
met hods dH?CdlfféI%fﬂudtéa ﬁﬁ?ﬂmﬂgqo fhre ridtfh tdlsgfosfd'1ﬁ%xbl§lpfo‘l4K":Pah&thE'rﬁa9E(§ and I,

on the expression of ucagon, I nsu d) Neuro is
depi ct ed a)tgllsctdggeeldAnﬁtthnS)) HNHDII ahd NeeaDre)NBdaind GD - dncd)lMéX&ﬁymd\LKS
i nhi bi torgoduting.t.h ffer 5

real -ti mes 13% f/tgfig S(Sq‘ge% a.i(; T}F]EE{ %Cjﬁ?a%s g’%%rltéoir%l lé‘ﬁ%g%éﬁ 1t¥¥$rl ne Hi,

di f f er ent $tagest) stage:@,rod Iaﬂgage@MathS nethetss Bitbeprosack <E>¢Bmmhent6r at@othbi ned
hi bitor and Q-500 ng/ m of reconbinant human Noggi n

effects of K

on expr es¥f&A 4df>> a'? rgieRURithe Presenesskshe ioh I%ﬂ?lrsﬂﬂaﬁe“a‘} it abecy6At SRS PDX-1, 0
Neur oD, andA0pefN¥2hZpredchcdeRheintbitdt atsiaggsadatsta%se‘icawsé ge@hi bitor was
added at stages 4 and 5 and Noggi n was ded at stage 3. [0056] Figure 7

shows real -time PCR apal ysis of cells of the human enbryonic stemcell |ine
HIL00341 f £ eFigpicidahays a@bama Ph& analysinaf slls Rbths hymar pybygnic ﬁtem?#dm@ 7.

Corbi ned g tchshrigled bldoRifl45d BIHBA QcigRd lrﬂ-ﬁgarrﬂﬂé 5 Eﬁéct beFaUBinant hunan

Noggi n on expressl on of a) insulin, b) glucagon, E'()o Neur oD, e)
CDX-2, 0 PDKSlmhﬂpl@rﬁb@iddL@dtb@texgteagetsoﬁlahgidcasonAxlnﬁu}unh‘b BD¥ol dvas added at

stages 4 qogdcA @@ggflg{gg% g8 oaﬁjdéﬁrtu%tl tr%&t%%ﬁ%éd ffot u‘i’Jhba% Q&L‘ks [ 0057] Fi gure

8 shows the not erentil a accor met hods
di scl osedmhlblt&«amjngehe?differ)ent&b)ﬁopIpamasscont rast inmage of stage 5 cells at day
6, b) 10X phase cont r ast irrage of stage 5 cells at day 6, c) 4X phase

SIpTs" HERE® oSl 8me pER 438} ob Bl Dpin Mo FuBh R B8N CATRE T ROe ©F
Hl, dlfferentlated according to the methods disclosed Example 6. Combined effects of
Ipum ALKS5 inhibitor and 0-500 ng/ml of recombinant human Noggin on expression of a)
albumin, b) CDX2, c) insulin, d) glucagon, ¢) PDX-1, f) NeuroD, and g) NKX2.2, is
depicted at stages 3 to 5. ALKS inhibitor was added at stages 4 and 5 and Noggin was
added at stage 3.

[0056] Figure 7 shows real-time PCR analysis of cells of the human embryonic stem celi line
H1, differentiated according to the methods disclosed in Example 7. Combined effects of
Ipm ALKS inhibitor and 100 ng/ml of recombinant human Noggin on expression of a)
insulin, b) glucagon, ¢) ngn3, d) NeuroD, ¢) CDX-2, f) PDX-1, is depicted at stages 4 and
5. ALKS inhibitor was added at stages 4 and 5 and Noggin was added at stage3, 4, or 3
and 4.

[0057] Figure 8 shows the morphology of cells differentiated according the methods disclosed in
Example 7. a) 4X phase contrast image of stage 5 cells at day 6, b) 10X phase contrast
image of stage 5 cells at day 6, ¢) 4X phase contrast image of stage 5 cells at day 12, d)
10X phase contrast image of stage 5 cells at day 12.
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[ 0058] Fi gure 9 shows the inmunofl uorescent inages of cells, differentiated
according to the nethods disclosed in Exanple 7. Cells are at stage 5 at
day 12. a) Insulin staining of a single cluster along with b) DAFT nucl ear

stain. [00&8vayss0ez 10 shows real -ti ne PCR anal ysi s celplcgn@kookg7iiman

enbryonic stemcell line Hl, differentiated according to the nethods

di sclosed in Exanple 7. [0060] Figure 11 shows real-tinme PCR analysis cells

of the human errbryoni c stem cell Iine Hl, differentiated according to the

met h&ﬂs dj.scl os Exanp 8. The data d s the conbined effects of
acifi@ireat she gmgwaﬂ pogesopry Japges Pt i @hl eptigiedacgerdinade the k 5

|nh| bi t or magdedd; §él s%&ﬁﬂ@xa‘ﬂn LhaIse¥PLQeTE 9Rt B) AFin skinififal, C)
Neur oD, dI)n Pax4, 1 e()) i nsul i r%ﬂ)cnz;md 0S gl ucg%on (‘){061il)r|}|ggu;peS 121 és)?tq:)ws

real - t i mesimgRchistar Ylengwite b) RABF nucker sairan errbr yonic stemcell line Hi,
d| fferentiated according to the nethods disclosed in Exanple 8. Panel a)

959 pl?m@l l‘é‘%ﬂﬁv@é\)vrseaf%né@ ?%‘ﬁ \?In?%rmNg% of theuhaH 'éﬁl@ryoﬂfe@tem e 11,

62] Fi gu 13 s cose Stinulated I'nsulin Secretion
(GSI S) of diffteptiztediacsomiing t6 theuhethedsliscBisedyio Exameplels prepared according to
the met hods di scl osed in Exanple 9 were glucose chall enged at days a) 6,

[;’ andF reel'l %Q%Qé'aﬁéﬁ]]\}'gﬂe 9511%1&‘!51251?&611%%?%% h%ma#u leﬁgl)ﬁfcq{éﬁ?ce}ﬂw% '}PIWS the

trin- trin- expression o ocri ne nmar
Real - t| rredlﬁaanaated ysoslinggb ke mefthddscehslulmmd’nné&xbmpbr& cE['hstdetandcpilcts tlha ne Hi1,

Foos4) i gt Shgnet et aldidelBhetae 2R doBeTie K S 0uf ) Ak
alternatiy Blhl‘ﬂi‘ti)h@tﬂieﬂ @t stage 4 on the expression of a) ngn3, b) PDX-1, ¢) NeuroD, d) Pax4

e) insulin, and f) glucagon.

[0061] Figure 12 shows real-time PCR analysis cells of the human embryonic stem cell line H1,
differentiated according to the methods disclosed in Example 8. Panel a) insulin, b)

glucagon, ¢) ngn3, d) NKX2.2, ¢) NeuroD, and f) PDX-1.

[0062] Figure 13 shows the ir vitre Glucose Stimulated Insulin Secretion (GSIS) of extended
stage 5 cultures. Stage 5 cells prepared according to the methods disclosed in Example 9

were glucose challenged at days a) 6, b)12, and ¢) 8-20 days in culture at stage 5.

[0063] Figure 14 shows the effect of Netrin-1 or Netrin-2 on expression of endocrine markers.
Real-time PCR analysis cells of the human embryonic stem cell line H1, differentiated

according to the methods disclosed in Example 10.

[0064] Figure 15 shows the induction of endocrine markers using an alternative method to
induce definitive endoderm. Real-time PCR analysis cells of the human embryonic stem
cell ling H1, differentiated according to the methods disclosed in Example 11. Panel a)
insulin, b) glucagon, ¢) NKX2.2, d) Pax4, f) PDX-1, and g) NeuroD.

[0065] Figure 16 shows the expression of various markers at the various stages of the
differentiation protocol outlined in Figurc 1c. Pancl a): shows the expression of CXCR4,
as determined by FACS in H1 cells at day three of stage 1. Panel b) Shows the

expression of markers characteristic of the definitive endoderm lincage and the extra-
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I nduce definitive endoderm Real-tine PCR analysis cells of the human
enbryonic stemcell line Hl, differentiated according to the nethods

di sclosed in Exanple 11. Panel a) insulin, b) glucagon, c)NKX2.2, d) Pax4,
f) PDX-1, wodo@)MewsoD. [ 0065] Figure 16 shows the expr agsy@aoc@isised | OUS
mar kers at the various stages of the differentiation protocol outlined in
Figure I c. Panel a): shows the expression of CXCR4, as determ ned by FACS
in HL cells at day three of stage 1. Panel b) Shows the expression of

mar kers chajyacteristic of the definitive endoderm|jneage apnd_the extra-
enbr yoni c® Lﬁe%él}wagﬁs ingPiisatdpy g’éf‘;f" A g L.gp g&c&g@et&ﬂ,’y e %mt OB ned by

real - ti nepifeR ) Panghowsthe cXﬁaassiahey\@arIom%&%mrp@eﬂk Rtv&icdwRHeQHE ogenes in
cells harvested at the end of stages 2-6, as determned by real-tinme PCR

[ 0066] Fi gétpges 270, sk determirgd byurtldimofCRel | s at the various stages of the
differentiation protocol outlined in Figure Ic. [0067] Figure 18 shows

C o) dengﬁ%e?lai%ﬁoM ﬁllar!nfa%&sﬁf%&l;stJme%ﬂoﬁlsfstasgteéeﬁhé d¥ferdnitich frb@rgnt i ati on

protocol odtlined in Figure Ic in response to various stinuli. [0068]Figure
19 shows @tpegstinfeguamibe-pro-insulin content in cells at the end of stage 6
of the differentiation protocol outlined in Figure |Ic conpared to adult

UGBy PangheRlUIRGhbwS Blpti | ion:of insulin
(pan eI] a) Elggg%;nlaggpg% 9 Sq%ﬁtléeggﬁgieﬁtc?xygcﬁlé %gt(}f ROYSE &5@% o ERFERR Rbn
protocol outlined in Figure 1c in response to various stimuli.

[0068] Figure 19 shows C-peptide and pro-insulin content in cells at the end of stage 6 of the

differentiation protocol outlined in Figure 1¢ compared to adult human pancreatic islets.

[0069] Figure 20 shows the expression of insulin (panel a), synaptophysin (panel b) and co-
expression of synaptophysin (X-axis) and insulin (Y-axis) (panel c) in cells at the end of

stage 6 of the differentiation protocol outlined in Figure 1c.

[0070] Figure 21 shows the expression of synaptophysin (pancls a and ¢) and insulin (panels b
and d) in cells at the end of stage 6 of the differentiation protocol outlined in Figure 1c,

that were treated with 100 ng/ml of Chordin instead of Noggin at stages 3-4.

[0071] Figure 22 shows the expression of various markers in cells of the human embryonic stem
cell line HY treated according to the differentiation protocol outlined in Figure 1c. Data
shown is the expression of a) HNF4a, b) HNF6, ¢) CDX2, d)PDX-1, ¢)NKX6.1, f) Pax4,
g)NKX2.2, h)NeuroD, 1))NGN3, j))PECAM k)glucagon, and l)insulin, as determined by

real-time PCR in cells harvested at the end of stages 3-6.

[0072] Figure 23 shows the expression of various markers in cells of the human embryonic stem
cell line H1 treated according to the differentiation protocol outlined in Figure 1c, where
the cells were treated with either B27 or N2. Data shown is the expression of a) CDX2,
b) glucagon, ¢) insulin, and d)PDX-1, as determined by real-time PCR in cells harvested
at the end of stages 3-6.

DETAILED DESCRIPTION
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expressi on of synaptophysin (X-axis) and insulin (Y-axis) (panel c) in
cells at the end of stage 6 of the differentiation protocol outlined in
Figure lc. [0070] Figure 21 shows the expression of synaptophysin (panels a

and c) andyphgilgitset Panels b and d) in cells at the endgiysi@eg-fs of the
differentiation protocol outlined in Figure Ic, that were treated with 100

ng/ rnl of Chordin instead of Noggin at stages 3-4. [0071] Figure 22 shows
t he expression of various markers in cells of the human enbryonic stem cell

line HO treated according to the differentiation protocol outlined in

Fi 9078 | cFomrsdardy shdisfiosuse, ambnat by may of bpnitatiorg theideadlad desyripgiomef they CDX2,

d) PDX- 1, | ) 1, ol S N h-EECAM
k)glucagoﬁ%ugﬁﬁqi rﬁ%%ffﬁﬁéégﬂ%@%%§%¥%%ﬁﬂ%y rgg ¢?Pﬁe GP%BEEIIS

har vest edfeaturd¢shenlemitmeafts ot apgbs:tiBatof thOfE@hFngemen23 shows t he expressi on of
various markers in cells of the human enbryonic stemcell line Hl treated
according to the differentiation pb@ﬁgﬁ@Lsoutlined in Figure lc, where the
cells were treated with either B27 Or . Data shown is the expression of
a) CDX2, b) glucagon, c) insulin, and d)PDX-1, as determ ned by real-tine
PAR074 cebiem dells sresmdiffementiathd cati defideddydlymsat@lits at DEFiElcEE] RESGRDBTI ON WO

2009/ 070592PCT/ US2 08470 00731 For_cl ari.t f disclosure, and not by
way of |imtatron, p 1 ron is divide
LT RCEOTONT SHeraL A B ge o rrpt T e N RGafTiten 1 o di vi ded

into the poktmiets)forsEnseRikipeot@nitdiaand €3@inalle differdntihtdd tEIRT StegeEdiidiare
features, enmbodi ments or appl.icatigons of the present invention. Definitions

also characterized by their ability to differentiate in vitro into functional cells of various

cell lineages from multiple germ layers (endoderm, mesoderm and ectoderm), as well as

to give rise to tissues of multiple germ layers following transplantation and to contribute

substantially to most, if not all, tissues following injection into blastoeysts.

[0075] Stem cells are classified by their developmental potential as: (1) totipotent, meaning able
to give rise to all embryonic and extraembryonic cell types; (2) pluripotent, meaning able
to give rise to all embryonic cell types; (3) multipotent, meaning able to give rise to a
subset of cell lineages but all within a particular tissue, organ, or physiological system
(for example, hematopoietic stem cells (HSC) can produce progeny that include HSC
(self- renewal), blood cell restricted oligopotent progenitors, and all cell types and
elements (e.g., platelets) that are normal components of the blood); (4) oligopotent,
meaning able to give rise to a more restricted subset of cell lineages than multipotent
stem cells; and (5) unipotent, meaning able to give rise to a single cell lineage (e.g. ,

spermatogenic stem cells).

[0076] Differentiation is the process by which an unspecialized ("uncommitted") or less
specialized cell acquires the features of a specialized cell such as, for example, a nerve
cell or a muscle cell. A differentiated or differentiation-induced cell is one that has taken
on a more specialized ("committed") position within the lineage of a cell. The term
“committed”, when applied to the process of differentiation, refers to a cell that has
proceeded in the differentiation pathway to a point where, under normal circumstances, it
will continue to differentiate into a specific cell type or subset of cell types, and cannot,

under normal circumstances, differentiate into a different cell type or revert to a less
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[0074] Stem cells are undifferentiated cells defined by their ability at the
single cell level to both self-renew and differentiate to produce progeny
cells, including self-renewi ng progenitors, non-renewi ng progenitors, and
term nal | yweifdoreos i ated cells. Stemcells are al so chanagbfkigess by their
ability to differentiate in vitro into functional cells of various cell

| ineages frommnultiple germlayers (endoderm nesoderm and ectodern), as
well as to give rise to tissues of nultiple germlayers foll ow ng
transplantation and to contrijbute substantially to nost, if not all,
tissues foilcrsniaed eolj e i Bardiffercrtiplionsetses e the prpesesis) whishn cell feyeriyte

cl assi f i edidyseligticadenehBRIEdBliiBR kA A liftSge dhcdi OtADRkERErinTeani ng
able to give [ i se tcgqgrl I engﬁl)gﬂihcl an§ 1ext réen%cr yonciec' ce ?yprglgf (2)

pl uri pot ethe lineagaiof agelhddfmes the heredity disthe tal, at.| which cglbnt einedkdm tydes; (3)

mul ti poten aning .abl.e to.give rise t subset. of cell| |ineages but all
wthina osePO s hifOuR0 2t icebe s o bRt AR EG Ly Rk d S e,
hemat opoi &heme 6f dovelopikst apti3Efer@miatigr. odl lit@gpspgeiymikatrefeabude HSC (sel f -
renewal ), blood cell restricted oligopotent pr nitors, angd.all cell types
and el emeffREcteEsys S,peﬁ_ﬁaﬁ | dspasyated gt %F@Lﬁwwwﬁp?g@ﬁﬁ%ﬁéﬂwea St bl 0od) ;
(4) oligoppt@ante usaas hidessatd @fftRnEHH6R of hi$ Endofndtt&PESM th Rllnesde’st subset of
cell lineages than multipotent stemcells; and (5) unipotent, neaning able
to give ringst.o a single cell lineage (e.g. , spernmatogenic stemcells).
[0076] Differentiation is the process by which an unspecialized

(" mTi|t__" A0 L OS i i ( I‘l § J: : a
e e e e L L W L ST

di f f er ent PRXddandrat Bastfoee efthi &tllosing inahsogdlioo dadtors:SNGNES, Nhkal.2Ndlsx6 laken on a
nore specj.ali Lttt ed! osjtion within the |ineage of a cell. The
term" cof?ﬁ?‘{f?ég‘%{'fm‘ﬁbiﬁﬁr wj}’?af}h@nf)%)’&es éllﬁFfoFSPFlgl’%ﬁ]ﬁr%ti on, refers to
a cell th@{arah@ﬁsw&q@@egegl ]iﬁbag@ﬁpﬂﬂébeélgntl ation pat hway to a point wher e,
under normal circunstances, it will continue to differentiate into a
specific cell type or subset of cell_types, and cannot, upder nor nal
cilP&iist a_rﬁf‘é‘éFXRJF%SWS%]W%@TWRFW%O%E‘? é@?%%ﬁe REpderpingassr. ¥ t to a | ess
di ff er entjligdeoflth cER&prdSn iRl SRl fQﬂ'ox_friﬁ%, Blafkel© de- 1P/ GREAS by which
a cell reverts to a | ess specialized (or conmtted) position within the

| i neage of, HNIE@bpta, GEC e dl, MedabiFGF 8t Beachyunp ddis-like hameebax pietkinnBSF4 he
heredity I . }ﬁﬁggi i 1 g s it can
give ri seéj{)%??’%ﬂg&ld%%gégoo ’ﬁclgﬁ(%’q}pclﬁ@gégAﬁ%‘g&c@F?ﬂW@%u\fll\egb%’gb(r?edi tary

schene of OTE2eCelimemntessingimdilfcfsathentticasticard theAlefinitiva gedodpmclifidage mar ker refers

to a characteristic specifically assocj.ated w t he phenot ype of cells of
20 Freagngpd ik e SRGRa el Ror o SRS SEabtal neRalbl efRiad on of “an
uncommi t t@ginfiRklendodetnecllsi Nneage of interest. [0077]"13-cell |ineage" rcfcrs
to cells with positive gcnc expression for the transcription factor PDX-1

a |l e one of the follow ng.transcripti.on factors: NG\ 3, Nkx2.2,
R, R B Smemegqens i AR pencRainendafmoinas’ B 5 expr essi ng
nar kers CleadiRGbRfsits bl Rbrebdify dIcasede off tHRFBMSVihE elatides: 1 X8| HNF-

[0078]"Cel |l s expressing nmarkers characteristic of the definitive endoderm

| i neage" , Ibsts, BEEd alpbaciiNF-6; ex HBS. Cellvepressiegpadkssichgragieristispdthcone of the
fol | ow naaaﬁafemlr QI%E Ri1thlag IO paﬁéﬁéﬁgéggs@ é:gﬁggrilgﬁwgggrum%l%eél&sg;)&

Br achyur M Xx- % honeobox protel n, neso mn
DI CK4, FG@adpostorfeBgutCrIbR4, C-Kit, CD99, or OIX2. Cells expressing nmarkers
characteristic of the definitive endodermlineage include primtive streak

L1 ﬁ% Ey_?pres@ﬁlk%a&lle‘f?cl&%c?e?i%ﬁ&@ﬂthépan%%ﬁ@&%@ﬁﬁ@ Ifiehde®, Adoglefinitive

rmce
herein, refers to cells expressing at lcast one of the following markers: NGN-3, NeuroD,

Islet-1, PDX-1, NKX6.1, Pax-4, Ngn-3, or PTF-1 alpha. Cells expressing markers

characteristic of the pancreatic endocrine lineage include pancreatic endocrine cells,

18



[0079] "Cel | s expressing markers characteristic of the pancreatic endoderm
| i neage", as used herein, refers to cells expressing at | east one of the
foll owi ng markers: PDX-1, HNFl beta, PTF-1 al pha, HNF-6, or HB9. Cells

expr essi ngwaBhkRkseshar acteri stic of the pancreatic engegffsioshsOfoe
i ncl ude pancreatic endodermcells, primtive gut tube cells, and posterior

foregut cells. [0080]"Cells expressing markers characterlstlc of the
pancreatic endocrine |lineage", as used herein, refers to cells expressing
at | east one of the follow ng markers: NG\ 3, NeuroD, Islet-1, PDX-1,

NI CX6. 1, mgreatic hgyAone cxpessme.callsapshppnciesiq kormens seistingcollsy dod calls of
charactermﬁg(%uq£e&%e pancreatic endocrine |ineage include pancreatic
endocrine cel ncreati c hornone expressing cells, and pancreatic

hor none secreting cells, and cells of the 13-cell Iineage.

[ 00881 " Deflefinitiveendodtodgrantiseddsrairs ecfels do edlls whidflersthe chagsitdrstinbf ch bear t he

characterjstic .of fro e epi rin ation and
whi ch for?’ﬁ?1 %sngl;%\fr méh%?pa@#%ﬁn‘cﬁag&ﬂa and t“té}mgéﬁofr{}gtf gtgg% 'nitive
endoder m gt hisd @i ®stdves TRefintdle@ntstgrmaelksaixgicsdhE fol aiigs midl: ANISOX- 17,

Cer berus, . OTX2 0 oid, CKit 9, and. M x11. [0082]" raenbryonic
endoder nt 3 b&ig, %g‘ﬁ S[Sé’, K. CF@FE{*SSOF egoﬁé‘i?ﬂidapr%'ﬁ QJ$99(5§1F IgIllz’éicpressi ng at
Ieast one of the follow ng markers: SOX-7, AFP, and SPARC. [0083]" Markers",

008%d heT:@iaBmbbeic BHEIdee”, aChsdd %reﬁpféf@@m 4 Spuliibe 6 edls ckftadsinglae
dlfferentlally ressed in a cell of interest. in this context,

di fferentlieé‘%tO&ﬁtg%gquéwlf}ﬁéaﬁgeférsq)ﬁﬂréﬁgd’& dSBORC-for a positive marker and
a decreased | evel for a negative marker. The detectable | evel of the marker

NYOOEI| C aQirstk@k", B@h%ﬁ%@ﬁelnd@re'n%cl%iéfaf:idcdr%ﬂiybéﬁ)tﬂbQﬂﬁ‘éculéé tHao¥yer in the cells of
i nt erest conpared to other cells, such the cell of interest can be

i denti fi ediffensatialiysepresisd dheeclkofdntewsthdn ﬂé&eq:qnsexaginfiﬁnjeréﬁye}@resaon/mea@t y of
met hods kd?ﬁmcés'ed gL faf 'y Pos[xt%%riéé\‘%?@ RACAESH &Sl for a APatinSflaEr Gitd. refers

to a cell expressi ng east one o
detectable level of the marker nucleic acid or polypeptlde is sufficiently higher or lower

in the cells of interest compared to other cells, such that the cell of interest can be
identified and distinguished from other cells using any of a variety of methods known in

the art.

10084] “Mesendoderm cell”, as used herein, refers to a cell expressing at least one of the
following markers: CD48, eomesodermi (EOMES), SOX-17, DKK4, HNF-3 beta,
GSC, FGF17, GATA-6.

[0085] “Pancreatic endocrine cell”, or “pancreatic hormone expressing cell”, as used herein,
refers to a cell capable of expressing at least one of the following hormones: insulin,

glucagon, somatostatin, and pancreatic polypeptide.

[0086] “Pancreatic endoderm cell”, as used herein, refers to a cell capable of expressing at least

one of the following markers: NGN-3, NeuroD, Islet-1, PDX-1, PAX-4, NKX2.2.

10087] “Pancreatic hormone producing cell”, as used herein, refers to a cell capable of producing
at least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic

polypeptide.
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foll ow ng markers: CD48, eonesoderm n (EQVES), SOX-17, DKK4, HNF-3 beta,
GSC, FGF17, GATA-6. [0085] "Pancreatic endocrine cell", or "pancreatic

hor mone expressing cell"”, as used herein, refers to a cell capable of
expressin t one of the foll ow ng hornones: ins

somat ost a?‘l"%m!a)?\hg(%%éncreat I ¢ pol ypeptide. [0086]" Pancrggr{hgzgj?\'ggﬁer mcel "
as used herein, refers to a cell capable of expressing at |east one of the
foll owi ng nmar kers: NGN- 3, NeuroD, Islet-1, PDX-1, PAX-4, N OC2.2.

[008@4 "Pancreati c hornone produm ng cell”, as used herein, refers to a cell
cai¥dBtle ofPasewaichargone secresing callias ssediisrein, aelersp ngelheapatinebsecieHBgRt n,

3000/ 07055380 DR B R e PRGL B g AR Rt M pmnereaicy cor v as

used herepalypapefiers to a cell capable of secreting at |east one of the
fol |l ow ng hornones: i nsul i n, glucagon, sonmat ost atin, and pancreatic

pti t.eri f or.equ el 1" bIdS fe to a
Odﬂpggapadﬁeoste[‘lgp%% ?l as A { here1 q'ofﬁéscto Cflh ]]elo?gecre? gmplﬁast 8ne {.:f%
HNF- 1, PTihe fd)llh,mhﬁ\lﬁﬂﬁcﬁrsHBmi I,HIR@GII, PTF-1A, HNF-6, HB-9, PROX-1.

[0090] “Pre-primitive streak cell”, as used herein, refers to a cell expressing at least one of the

following markers: Nodal, or FGFS.

[0091] “Primitive gut tube cell”, as used herein, refers to a cell capable of secreting at least one
of the following markers: HNF-1, HNF-4A.

[0092] “Primitive streak cell”, as used herein, refers to a cell expressing at least one of the

following markers: Brachyury, Mix-like homeobox protein, or FGF4.
Isolation, Expansion and Culture of Pluripotent Stem Cells
Characterization of Pluripotent Stem Cells

[0093]  Pluripotent stem cells may express one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-60 and Tra-1-
81 (Thomson et al., Scicnce 282:1145, 1998). Diffcrentiation 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 Oct-4 and TERT, as detected by RT-PCR.

[0094] Another desirable phenotype of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers: endoderm, mesoderm, and ectoderm
tissues. Pluripotency of pluripotent stem cells can be confirmed, for example, by
injecting cells into severe combined immunodeficient (SCID) mice, fixing the teratomas

that form using 4% paraformaldehyde, and then examining them histologically for
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[0090] "Pre-primtive streak cell"”, as used herein, refers to a cell
expressing at |east one of the follow ng markers: Nodal, or FGF8.

[0091]"Primtive gut tube cell", as used herein, refers to a cell capable
of secretiwgalhedst one of the follow ng markers: HNped/ushiNEugHos
[0092]"Primtive streak cell", as used herein, refers to a cell expressing

at | east one of the follow ng markers: Brachyury, M x-1ike honeobox
protein, or FGF4. Isolation, Expansion and Culture of Pluripotent Stem
Cells Characterization of Pluripotent Stern Cells [0Q093] Pluripotent stem
cel | s may®udsiceskcelirpesironbthe thsge gorm lasiersy eblicpradively columsispen M@y Rat i gens
(SSEA) 3 : 497 ] . USH NG iodi desh: 1 Tra-1-60
nd e B B i b e 3 e o PP ar S ot o of
pl uri pot cpresenteoh wakers assacnietd mothriksthtaegeiminalHeyernss of SSEA-4, Tra- 1-60,
and Tra-1-81 expression if present) and increased expression of SSEA-1.

Undhédier ept i [ t . i . al.ipe _phosphat ase
20O AIEy - Plok Rl A RCLER co TR beal R R g AT (5lhAte

par af or matedetigcteand aomiparbeto phblighed anygtypest df thécmiespoRdinlg psimatespbsts dt e, as
descri bed. 1 manuf act,ur e Vegtor laboratariges, Burljnganme,.Calif.)

Und 11 or eltciatedls GPRPIIGIBREr e temebPRr g s st PR ERE . 4 Ang
TERT, as eglad vaidrdly alRiusaRhréR@dhtANRARENtGas nbrldticcphanetepe of
propagated pluripotent stemcells is a potential to differentiate into
cells of all three germnal _l ayers;  endoderm soderm and ectoderm

ti ssues. Pluripotency of pl‘gﬁ‘i’%ﬂ zﬁ{”"‘é’?@ﬁ’l‘%@‘ tan be confirnmed, for
exanple, by injecting cells into severe conbi ned i mmunodeficient (SCl D)

m [0696]f | XTiotypBefHRirpbRABgerh bélls thed hitly s ub@ i dodsadbishralidesyfde, and then
exam ni ngpl%lqgorpenrt] icglﬁsocle?igtiadc rcl)r|n¥is§u%rfonned 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 10-12 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

HI1, H7, and H3 (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).

[0097]  Inone embodiment, human embryonic stem cells are prepared as described by Thomson
et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133 ff,,
1998; Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).

Culture of Pluripotent Stem Cells

[0098] In one embodiment, pluripotent stem cells are typically cultured on a layer of feeder cells
that support the pluripotent stem cells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture system that is essentially free of feeder cells, but

nonetheless supports proliferation of pluripotent stem cells without undergoing
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evi dence of cell types fromthe three germlayers. Alternatively,
pl uri potency nmay be determ ned by the creation of cnbryoid bodies and
assessing the cnbryoid bodies for the presence of markers associated with

the three @ey#dipbsohayers. [0095] Propagat ed pl uri pot entpEli@RdeRkizod | Nes may
be karyotyped using a standard G bandi ng techni que and conpared to

publ i shed karyotypes of the corresponding primate species. It is desirable
to obtain cells that have a "nornal karyotype,” which neans that the cells
are euploid, wherein all hunman chronpsones are present and not noticeably

al tered. S#uieabal dfferetighion ofhegrowthef plunppiest sten od}sTa feedgriiee qwhuts| ur i pot ent
stemcel | g; - 40 i : ' NN ; nt cells
derived fﬁéﬁ%%fdéfgﬁgntgg?ﬁégﬁi}%éo?@? Hgg ?grﬁclﬁ%hﬂ %ﬁggﬁoh(mcﬁg?ée Ciflleg%llfc ti ssue
(such as, witbranethenrpell &ypea Ablermstivaly,she groettbofipduripotant seme¢llon féedemafred | ssue
taken any tine [ estation, typically but not. necessarily before

appr oxi maflél 373 Ygl-%(llﬁIa\gvfeeg?(nzltatg%ensltszﬂquﬁgd Vs -%lfhrﬁnfl ?ar%nlb{ dgﬁréercgpr?eeagu%r e established
| i nes of human enbryonic stemcells or human enbryonic germcells, such as,
f of002%anpTee ploapdtentatenecdbls yagibe phtemneed duitabloesltund sublsiatealcbried (W Cel 1) .

Al so contenpl ated s use. of .the asitigns .of this disclosure during the
Mo o e ERERtigR b st bR e p Rl o KPR BN f e
sour ce cefdrexampledhdre derivddeFdm PisdinbRaheBraedritifat bk €t ndhdrestadiesionom t he
source tissues. Al so ﬁui table are_cells taken froma pluripot %nt stem cel |

a P
popul at i ofiokcrls aesgrietiigandequplings nb aps sehedimsat, ¢ dhsuptablepylare WbsEtE i t abl e

are mut anfg MH%EL%&B%&D&&%@?'MA@M@%&%Ime plfeﬁ’;{ratﬁiﬁ% e, BGv
(BresaCen, Athens, . [0097] I'n ‘one enbodi nent, human enbryonic stemcells

are pr epaFpgrlbrsthddelor$wam tygnoTerblvshah gels all roorpiterapersune to fgm a5, 843, 780
Sci ence 282: 11 X op. Dev. Biol. 38:133 ff., 1998; Proc. Natl.
Acad. Sci %%?ﬁ%ﬁ%d “é’gg%‘i%ﬁ%@g) . Culture of Pluripotent StemCells

[0098] I n one enbodi nent, pluripotent stemcells are typically cultured on a
| alpa®0]of Odwdertracellula midtat caupponts antheorponent pukyrs ast suteldehs & i n vari ous

ways. Alternatively. nluripotent stem cell re.cultured.in a.culture
systemt hglgcr?aéwgsis)é%nﬁh Iof/lg ercé:Q RS brcéngdjé?hf%%‘ cldst,h?sb%%y 1H§1Hc<1ﬁ lﬁlé]?nélg’s supports
prol i f er afiblencwih, pbisvglpaineaitasihelivpaeh lsslfart, tahd the liknOd@air igvarious

combinations.

[0101] 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 characteristic. All these characteristic benefit from careful attention to the

seeding distribution and can readily be determined by one of skill in the art.

[0102] Suitable culture media may be made from the following components, such as, for
example, Dulbecco's modified Eagle's medium (DMEM), Gibco # 11965-092; Knockout
Dulbecco's modified Eagle's medium (KO DMEM), Gibco #10829-018; Ham's F12/50%
DMEM basal medium; 200 mM L-glutamine, Gibco # 15039-027; non-essential amino
acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma # M7522; human
recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-029.

Formation of Cells Capable of Glucose-Stimulated Insulin Secretion from

Pluripotent Stem Cells
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substantial differentiation. The growth of pluripotent stemcells in
feeder-free culture without differentiation is supported using a nedium
conditioned by culturing previously with another cell type. Alternatively,
t he growt hwefo@lgdésopot ent stemcells in feeder-free culgdqis:oshf@ss
differentiation is supported using a chemically defined medium [0099] The
pluripotent stemcells may be plated onto a suitable culture substrate. In
one enbodi ment, the suitable culture substrate is an extracellular matrix
co&gonent such as, for exanpl e, those derived from basenent nmenbrane or
03ay inpns cgibpdimsnt, M%G@Hﬂﬁ@ﬁl@%m@dﬁ%aﬁ@@ﬂ fori Rjedigngsalt §aRee 1 n one
embodi Menbs oifecfcrmtialcd s Wekdiof ARG LtmMATRLGRL QA SAE LB
Di ckenson). O1s a soluble preparation from Engel breth-Hol m Swarm
tunor cel b& that gel s at roomtenperature to forma reconstituted basenent
menbrane. [0100] O her extracellular matrix conponents and conponent
m xtures are Ssyi r Dependi ng on the cell type being
proliferated, %h@%n%lfatﬁ g{ﬁﬂg&gﬁasﬁ%é{nﬁ fibronectin, proteoglycan,
entactin, heparan sulfate, and the like, alone or in various conbinations.
[0101] The pl urb. p&l@ﬁ@m@tﬂemlweﬂu@omystbe cpllsantecebnexprashing subisty ate in a
suitable distrib medi um t hat pronotes cell
survival, propagg]{la{lr%ﬁlnm—?sng ttrﬂgidgﬁ}l?%n of &‘t%ﬁ‘%éég%r rable characteristic. All
t hese characteristic benefit fromcareful attention to the seeding
di stribution andDiffeventiatiog thy colés d@tessing med:etsychmaetetjﬁicsalfithel defipitivhe art.
[ 0102] Sui t abl e cuyl made from t conponents,
such as, for exarrpc]t éemﬂjeeg%%g(t)o %ellfsrﬁ)éﬁrﬁsmg eir%c Sarar?geaxlstﬁ%)% M, Gbco #
11965- 092; Knock paticrdaxit betodernslimsagt, fahéd Eagl e's nmedium (KO DMEM, G bco
#10829-018; Ham s F12/ 50% DVEM basal medi um 200 inM L-glutamne, Gbco #
15039-027; non;e sential. a o.acid solution 11140-050; .
p- ner capt oet haq‘lof) ‘a\v?h g%ﬁeXpWﬁﬂ%mflé(gﬁﬁﬂ?rﬁgﬁ?mﬁé’iiﬁF FIEPEIS ast growt h
factor (bFGF), Gerhibﬁeﬁﬂ‘h B3 pOme&blLs EFre@Bing Oikriedrs SRl cterGapaithe of

A ucose-Stinulated Insulipn Secretion from
pancreatic endocrine lineage.

[0104] In one embodiment, the present invention provides a method for promoting glucose-
stimulated insulin secretion in cells expressing markers characteristic of the pancreatic

endocrine lineage derived from pluripotent stem cells, comprising the steps of:
a. Culturing the pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm 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.
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Pluripotent Stem Cells WD 2009/ 070592PCT/ US2008/ 084705 [0103] I n one
enbodi nent, the present invention provides a nethod for producing cells
capabl e of glucose-stimulated insulin sccrction frompluripotent stem

cells, conppigisigedbhie steps of: a. Culturing the pluri getaRbeghemsel I's, b.
Di fferentlatl ng the pluripotent stemcells into cells expressing markers

characteristic of the definitive endodermlineage, c. Differentiating the
cells expressing markers characteristic of the definitive endoderm i neage
into cells expressing markers characteristic of the pancreatic endoderm

i 9d8Je, Bhl&petent@m @fillé Aritablq faguserie thegrressntdnysnEes ingly derdpiaaBipehifact er i st ¢
of the papgh frﬁ@'g}éﬁrcml hihOf3 emée&&e, 9@{(19‘?* tﬁ@mﬁﬁlsémy@e K&h el

char acteri| st I c of ancreati c ocri ne neage 0104| I n one
enbodi nentine HheNB# gsanAQWéhﬂlnmanmndwj'cduésbtanndt et G¥IFpeadro®iA®d). gl ucose-

stinul ate cretion in r\K terlstlc of
the pancr o PE M SFFREN MBS pROBIRITaT P TRRo i SLPUR R O
conpri si nin thérpresdne psettfon age celly Hatiéxpigs bhleaspbuyr dfpkd Bitbwiiganarkes | s,

characteristic of pluripotent cells: ABCG2, cripto, CD9, FoxD3, Connexin43,

Connexin435, Octd, Sox2, Nanog, hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60,

Tral-81.

[0106] Markers characteristic of the definitive endoderm lineage are selected from the group
consisting of SOX-17, GATA4, Hnf-3beta, GSC, Cerl, Nodal, FGF8, Brachyury, Mix-
like homeobox protein, FGF4 CD48, eomesodermin (EOMES), DKK4, FGF17, GATAS®,
CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention is a cell that
expresses at least one of the markers characteristic of the definitive endoderm lineage. In
one aspect of the present invention, a cell expressing markers characteristic of the
definitive endoderm lineage is a primitive streak precursor cell. In an alternate aspect, a
cell expressing markers characteristic of the definitive endoderm lincage is a
mesendoderm cell. In an alternate aspect, a cell expressing markers characteristic of the

definitive endoderm lineage is a definitive endoderm cell,

[0107]  Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of Pdx1, HNF-1beta, PTF1a, HNF-6, HB9 and PROX]1. Suitable for use in the
present invention is a cell that expresses at least one of the markers characteristic of the
pancreatic endoderm lineage. In one aspect of the present invention, a cell expressing

markers characteristic of the pancreatic endoderm lineage is a pancreatic endoderm cell.

[0108] Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN-3, NeuroD, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-! alpha.
In one embodiment, a pancreatic endocrine cell is capable of expressing at least one of
the following hormones: insulin, glucagon, somatostatin, and pancreatic polypeptide.
Suitable for use in the present invention is a cell that expresses at least one of the markers

characteristic of the pancreatic endocrine lineage. In onc aspect of the present invention,
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b. Differentiating the pluripotent stemcells into cells expressing markers
characteristic of the definitive endodermlineage, c. Differentiating the
cells expressing markers characteristic of the definitive endoderm i neage
into cell sw¥pioRsshnNg markers characteristic of the pangragbhgegRgpder m

| i neage, and d. Differentiating the cells expressing markers characteristic
of the pancreatic endodermlineage into cells expressing markers
characteristic of the pancreatic endocrine |ineage. WO

2009/ 070592PCT/ U82008/ 084705 [ 0105] Pl uri potent stemcells suitable for use
in the pr&sdhe*prestienMessTS Heregtgesticral theapaasrsntic ende@ing lineage shbPaPSHREC st em
cell line. NIl Hijc : 4 é&f‘ﬁHEBJEbJ- oY £ ki H (NH
code: V\Ao(il%d,%célk@edéﬁuqngﬁpaén\réb%g%)%&gt}g?emlce |1 i%gah%l?{ﬁ%ﬁblc&gdgg:ﬁ%\ﬁ%ﬂ , and

t he humancahbilieomitivelss thepaowtdatit emiocS0GH ri@diel sgpanirsaticdweniens) secratis® sui t abl e
for use igethe present invention are cells that express at |east one of the
foll ow ng irarkers characteristic of pluripotent cells: ABC&X, cripto, CD9,
FoxD3, Connexi n43, Connexind45, Cct4, Sox2, Nanog, hTERT, UTF-1, ZFP42,
SqEMNY, SBEAedspett dl th&resent mbverBibn, the p@G}dubic kisdosrivhatlact eqll sdprassiog t he

definitive endoderm l.ineage are sel ected fromthe group, consisting of

Sox 17, CRYKA™ RPSHBEST HedEel e, dotplioxiebaing @k KRS oF 1| e
homeobox e Gtcgil lincdgeApreddandxe ane sOdat Bhdof(tRMESY ingBlabddiptiGRatibrs: GATAG,
CXCR4, C-Kit nd OTX2. Suit r use in_the present invention is

cD99, a abl e f
a cell t hEENJpYaddedhx- 14 Newsal dlel, SINE-A beital s Prda ki 41 9% of the
defi ni tivg,endedRpRaskhREEon, h kel BEréSRe tharldrs (B CRIESEM hé pyantion, a cell
expressing nmarkers characteristic of the definitive endodermlineage is a
prim tivelinpageigla fsellcur sor cell. In an alternate aspect, a cell expressing
mar kers characteristic of the definitive endodermlineage is a nmesendoderm

cel . I'n gfyralatigh RREENCERREing I@kégs gggf&f&isﬁg oFBIcHSThi Cg{@h@fﬂﬁti ¢ of

the definitive en I nea initive en

[ 0107] Markers characteristic of theLpmageeatic endoderm|ineage are
selected fromthe group consisting of Pcbd, HNF-|beta, PTFla, HNF-6, HB9

a X1 i I i : i - t:-hat
P b e o 5 B ek ohhal GRF Db U rk e BERAAETL
endoder m ¢fithedgmitivierendorerm $ipexge bpfny inethpd eésthaartionbe mty roethodpropbdded @xpr essi ng
mar ker s cthar.act ristic of the pancreatic endodermlineage is a pancreatic
endoderm gégll?“.’en l‘8)‘108] Mar kers characteristic of the pancreatic endocrine
| i neage are selected fromthe group

[0111] 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 et a/, Nature Biotechnology 23, 1534 — 1541 (2005).

[0112] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage according to the methods disclosed in
Shinozaki et al, Development 131, 1651 - 1662 (2004).

[0113]  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 a/, Stem Cells 25, 29 - 38 (2007).

[0114] For example, pluripotent stem cclls may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage according to the methods disclosed in
D’ Amour et al, Nature Biotechnology 24, 1392 — 1401 (2006).
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consisting of NG\N-3, NeuroD, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and
PTF-1 al pha. In one enbodi nent, a pancreatic endocrine cell is capable of
expressing at | east one of the follow ng hornones: insulin, glucagon,

somat ost atyg@.zo@deeancr eati c pol ypepti de. Suitable for pigrishénshi€or esent
invention is a cell that expresses at |east one of the markers

characteristic of the pancreatic endocrine |ineage. In onc aspect of the
present invention, a cell expressing markers characteristic of the
pancreatic endocrine . lineage is a pancreatic endocrjne cell. The pancreatic
enddt3li neFerepmpleyPlaEpoion siver ot MY he dibtsrratiated e silk gxpretsing k&P nat i vel y,
the pancr galdcerRRAGCHE BGER)c cniB A Finfa gl BY ChRGdGhNPILARIE SRET &Us Y cel | .

[0109] I n one aspect of the present invention, the pancreatic endocrine cel
is a cel | megipmesosiamgngwntiiers incthe alzsenasraf s¢rivm, tien cilaripg ded dells witkage. A cel |

expressin rker har acteri st ¢ cel.l. Ij Pdx!l and
ot 1 cast UL b osHRy SRR Sl b bolR B Bt REARETARY RIEER, N6 1
Neur oD, | edircdntratidl- An bednaple MMRA, mdtlaoddis dReldsddan BlaturaBiofehad@ec3, of34 he

pr esent inyﬁﬂtg&@ a cell expressing markers characteristic of the p cel

| i neage is ﬁ &l |. Formation of Cells Expressi ng Markers Characteristic
of the Definitive Endoderm Li neage [0110] Pl uri potent stemcells nay be

di [of Bg]ent Fategample] slutgdiéif semcRSHube ditfelcaristed dd autlls ek predsing madrkdrhe
definitive endodermline

ge by any method in the art qr by any t hod
proposed PHTACHTENS Hiames .lve[eeiqdfﬂt&fleaéﬁézwléu,ﬂn,sﬂﬁwlb%m%mt S@E@r‘?ﬂg%‘l I's may
be di ffer gpdihAlBAtaldCachifin £ ir@KPERSHNE scFRMK BES cAhdh3 fletkilshitg of the
definitive endoderm |l neage according to the nethods disclosed in D Anour

etal, Natatizingh gtibchmgl ggpother conggatians 4An £xa0wE) of thig Mmetodds disslesed e,
pl uri pot ent cel g?y ' tiated into cells expressing markers
characte??sﬁ?%ﬁg%wgﬁgﬁue |%E$P€%E%%@ggern1lineage according to the nethods

di scl osed in Shinozaki et al, Devel opment 131, 1651 - 1662 (2004).
[0117] For example, pluripotent stem cells may be differentiated into cells expressing markers

characteristic of the definitive endoderm lincage by culturing the pluripotent stem cells in
medium containing activin A and a Wnt ligand in the absence of serum, then removing
the Wnt ligand and culturing the cells with activin A with serum. An example of this
method is disclosed in Nature Biotechnology 24, 1392 - 1401 (2006).

[0118] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by treating the pluripotent stem cells
according to the methods disclosed in US patent application Ser. No. 11/736,908,

assigned to LifeScan, Inc.

[0119] For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lincage by treating the pluripotent stem cells
according to the methods disclosed in US patent application Ser. No. 11/779,311,

assigned to LifeScan, Inc.

[0120] 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.
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[0113] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage
according to the nethods disclosed in McLean et al, Stem Cells 25, 29 -38

(2007) . [ Odsbdaressxanpl e, pluripotcnt stcmcells may herfishfogoands ated
into cells expressing nmarkers characteristic of the definitive endoderm

| i neage according to the nethods disclosed in D Arnour et al, Nature
Bi ot echnol ogy 24, 1392 - 1401 (2006). WD 2009/070592PCT/ US2008/ 084705

[0115] For _exanpl e, pluripotent stemcells may be differentiated into cells
exif Y si norpsrmBlesplunpatent siem cstls paype difisregliatedinte ¢alls expressiemarksieage by

cul turi ngcfabR st SARE BHniPcRMUGR HH Fintdge W@e&’t‘fﬁg‘%ﬁ@%lﬁhﬁ&t&ﬁ sRffdsn A in the
absence of serum then culturing the cells wth activin A and serum and

t hen cul t aacprigng théhecmétheds\discloseciniUs patgnt appliceéonusnrdfio.£14176,089.ent
concentration. An exanple of this nethod is disclosed in Nature

B1 9426 11Ok e 53 18 2R0The SERAIOLES I SRRl Sessp RS ot St e

el l's ‘may into cells expressing markers Characteristic of
t he def i néttaraceerieticlofitbe definitneagdodsym dinédga by tgatintpshepluripgeatter etlem cel I's in

di i i ivin A j N b f. h [ h
col | 5 wi et afinogfodt deltiod B SRETR PP Baigli S 3R xampr e of

this method is disclosed in D Anopur eta!, Nature Bi otechnol ogy, 2005.

[ qe123] For Fecaample, plpdipoténp steentellstmeybe diffesentinyd eo chllk tepressingataekiers nt o cel | s
expressi ng markers aracteristic of. the definitjve endoderm|ineage by

Ul tur | ng BTG 110% (R SRR Sno8e A deHREc b TP SEE S UF o A andl
Wit | i gangtchididghe tRs@ReR dakloS&T MIUS $dia apRivandn &er e e bigand and _
culturing the cells with activin Awth serum An exanple of this nmethod is
disclosed | rbeﬁlg}:tz‘igrrz Sf CBélgtE?cgihe?ngo %rﬂ%ﬂf Cl:zl'a?ﬂgééris]ii%% th(e%)e%gl)ﬁve Endoderm

Lineage

[0124] Formation of cells expressing markers characteristic of the definitive endoderm lineage
may be determined by testing for the presence of the markers before and after following a
particular protocol. Pluripotent stem cells typically do not express such markers. Thus,

differentiation of pluripotent cells is detected when cells begin to express them.

[0125] The efficiency of differentiation may be determined by exposing a treated cell population
to an agent (such as an antibody) that specifically recognizes a protein marker expressed

by cells expressing markers characteristic of the definitive endoderm lineage.

[0126] Methods for assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, ir situ hybridization (see, ¢.g.,
Current Protocols in Molecular Biology (Ausubel et a/., eds. 2001 supplement)), and
immunoassays such as immunohistochemical analysis of sectioned material, Western
blotting, and for markers that are accessible in intact cells, flow cytometry analysis
(FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).
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[0118] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage by
treating the pluripotent stemcells according to the nmethods disclosed in

US pat ent @rilobsdhisen Ser. No. 11/736, 908, assigned to pide26dMs1705C-
[0119] For exanple, pluripotent stemcells may be differentiated into cells

expressing markers characteristic of the definitive endoderm|ineage by
treati ng the pluripotcnt stemcells according to the methods disclosed in

(Eatent application Ser. No. 11/779,311, assigned to LifeScan, Inc.
[o.fL 81 For CoRRisrigic b pirripsishiewem sellsrowell En%wowsaﬁklﬂ%dr wribsaterdinto cells

expr essi NQ4dBEAE ERursRlac B%lhﬁﬁdt&t SHemidefs dftinid tb'b\é%&xﬂﬂ@dj ef‘lﬂ?l]!udt&ﬁage by
treating the pluripotent stemcells according to the nethods disclosed in

US pat ent stepipiell gearkasninSde, finoexagiplepthe e889ssion\yHore 0o ez grHGTYWiIs2Z008/ 084705
[ 0121] For e BoroPFAURPLEM S5 Y ek 25 B BE A8 SERAL prit 0 cell s

expressi ng nar aracteri st Vé e I'nedge by
treati ng UFR4DISSEAPHISSHA-$tTral-6@|Trsl-&c.cording to the met hods disclosed in
US pat ent application Ser. No. 61/076, 900. [0122] For exarrpl e, pluripotent

|1 diff '
o AR e BT O  B o B SRR B BREDS e
pI ur| pot ediffesdngigied etllssmaciqidifiod by exﬁobmgueﬁemedaempmla@aecb dnnagel pat ent

application Scr 1076,908. [0123] For exanpl e, ripotent stemcells
may be di ek e %’EIQB‘%%HI%SRP&fF%”BéS?B?@%F R TORGAR RiapkeT, su ek 2R ERS,

expressed by cells expressing markers characteristic of the definitive endoderm lineage.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

[0129]  Cells expressing markers characteristic of the definitive endoderm lineage may be
differentiated into cells expressing markers characteristic of the pancreatic endoderm

lineage by any method in the art or by any method proposed in this invention.

[0130] For example, cells expressing markers characteristic of the definitive endoderm lineage
may be differentiated into cells expressing markers characteristic of the pancreatic
endoderm lineage according to the methods disclosed in D’ Amour et al, Nature
Biotechnology 24, 1392 - 1401 (2006).

[0131] For example, cells expressing markers characteristic of the definitive endoderm lineage
are further differentiated into cells expressing markers characteristic of the pancreatic
endoderm lineage, by treating the cells expressing markers characteristic of the definitive
endoderm lineage with a fibroblast growth factor and the hedgehog signaling pathway
inhibitor KAAD-cyclopamine, then removing the medium containing the fibroblast
growth factor and KAAD-cyclopamine and subsequently culturing the cells in medium
containing retinoic acid, a fibroblast growth factor and KAAD-cyclopamine. An
example of this method is disclosed in Nature Biotechnology 24, 1392 - 1401 (2006).

[0132] In one aspect of the present invention, cells expressing markers characteristic of the

definitive endoderm lineage are further differentiated into cells expressing markers
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characteristic of the definitive endodermlineage by treating the
pluripotent stemcells according to the nethods disclosed in US patent
application Ser. No. 61/076,915. Detection of Cells Expressing Mrkers

Char act er i whi2gosafodhe Definitive Endoderm Li neage [ 0124charsamisfo@oPf cells
expressing markers characteristic of the definitive endoderm|ineage may be
determ ned by testing for the presence of the markers before and after
following a particular protocol. Pluripotent stemcells typically do not
express such marker Thus, differengiati %n of . pluri |?ot ent cells is

det ect ed GMEIFIBHE gfs Be gr1erelC eadoferanlinaaamby (satng therlls cxpressmgayarksrs

di ffer ent biatd @RisHBYF tE dORLRYBnASE R YinBagR it fboid E&@hRht &kl onOPUl ation to
an agent (such as an antibody) that specifically rec&%nl zes a protein

mar ker expbebkeidroythdettprsfors perensiaif igenencrising te thermethedsidisclosedin Uhe
definitiv ¢ . ssi ng expression of
protein aﬁﬁaﬁggﬁg{ag&%ﬁ}g@%&lﬁégg ?%ﬁ%gﬁ%gﬁégg%%aﬁﬁégl at eg celol s are standard

in the art. These include quantitative reverse transcriptase pol ynerase
chi@il33]r eabt dngrisgaToRBRpresdbinyvirgion, dille txpredsmgsnarkerhehisracebrizae oiohe (see, e.g.,

ot AR R ad RN EGH A B SRR A AR coli o Blensin SR RO0T
suppl enen 3 , and 1T mrunoassays such asi nonhi'stochem ¢ anal ysi s of
sect i onedchugdcedristd of (W pireteatibbralotiérglineagy by akatingrtkecsdls ehgbssipenakaessi bl e

in intact cells, fl onetr nal ysis ((FACS) .(see, e.g., Harlow and
Lane, Usi ﬁ&rﬁﬁﬁﬂsﬁ‘bﬁ"ﬁ&gé’ft V) %‘%6‘?‘&‘){1%0%11‘,1’3 (%‘f%?d a(t:gflaﬁf %Hri ng Har bor
Labor at or §ibi3bR§tSrd AT dr for ¥R tiBEORISH MY th BRI B HTLRsed in US

[0127] Characteristic of plur |7pot ent stemcells are well known to those
skil | ed i pat¢rH @prifegtiony$eg. No. 11/779,311, assigned to LifeScan, Inc.
[0134] In one embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the definitive endoderm lineage into cells expressing

markers characteristic of the pancreatic endoderm lincage, comprising the steps of:

a. Culturing cells expressing markers characteristic of the definitive endoderm

lineage, and

b. Treating the cells expressing markers characteristic of the definitive endoderm
lineage with at least one factor selected from the group consisting of retinoic
acid, FGF-2, FGF-4, FGF-7, FGF-10, a sonic hedgehog inhibitor, a factor
capable of inhibiting BMP, and a netrin.

[0135] In one embodiment, the cells expressing markers characteristic of the definitive
endoderm are treated with at least one factor selected from the group consisting of
retinoic acid, FGF-2, FGF-4, FGF-7, FGF-10, a sonic hedgehog inhibitor, a factor
capable of inhibiting BMP, and a netrin for about one to about six days. In one
embodiment, the cells expressing markers characteristic of the definitive endoderm are
treated with at least one factor selected from the group consisting of retinoic acid, FGF-2,
FGF-4, FGF-7, FGF-10, a sonic hedgehog inhibitor, a factor capable of inhibiting BMP,

and a netrin for about six days.
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addi tional characteristic of pluripotcnt stemcells continue to be
identified. Pluripotcnt stemcell markers include, for exanple, the
expression of one or nore of the follow ng: ABC&X, eripto, FoxD3,

Connexi n43yoGaRRgsbn45, Cct4, Sox2, Nanog, hTERT, UTF- berAkBRigessREEA- 3
SSEA- 4, Tral-60, Tral-81. [0128] After treating pluripotcnt stemcells with

the nmethods of the present invention, the differentiated cells may be
purified by exposing a treated cell population to an agent (such as an
ant i body) that specifically recognizes aéﬁrot ein marker, such as CXCR4,

exlﬂi%ﬁésedAByC%ﬁrstesw%méé@r%arﬁﬁ@u%mof dieatefnitiyg prdodermplineagels duitablg ¢ i ve
endoder m f H&ﬁ%ﬂaﬁglmtd Q10 cszﬁrc&%{g Rark® Eﬁmt&gné/af#ﬁg 5§an&§5 acteristic of

t he Pancreati c Endoderm Li neage 129] Cel | s expressi ng markers
char act ermit)d@‘ndfnetlmwefthlﬁmethpé endoder m | i neage may be differentiated
[ nto ceI | s expressing markers characteristic of the pancreatic endoderm

|0n a?x%g@?t&%%oﬂlﬁlehrﬁle rése rm@%tl@l?éro%%pgﬁe LR erbiatifh S

exanmpl' e S expressing nmarkers characterrstic of
the defl necls %pramdlgdmrkmrd; chawgaelsmatyf the ddinitercadddean dideagatmo cells s expr essi ng
mar kers characteri o) of ttrhe;. pg cr%atl C. eng cgepg'f | i neage accoy di ng to the
met hods d‘f’%‘is%‘%%ﬁ‘af SRRSO 5fe PREETH S SRR o Be e - 1401
(2006) . [&dpbfFor exanple, cells expressing markers characteri stl c of the
definitive endoderml|ineage are further differentiated into cells

expressi ng markers, charagteristic of th ancreat..c der neage,
reating the. chl PG ELsFRFHEF RBP APAETER LR BT 1 ve

endoder m | i neagelindaké) a fibroblast growh factor and the hedgehog si gnal i ng
pat hway i nhi bitor D-cycl opam ne, then renoving the nedium containing the

fibroblast gr Wt? fact d KAAD-cycl o ne and bseguent | ul turing
the cells in ‘E‘F 8‘?8] iHBrerns eﬁkE‘p &E‘)?rﬁi"telhst‘P Pgb{‘ﬁ HF%@FV%‘?MW act or
and KAAD-cycl opamldzge trmngmh@wﬁfl at 1Bhs? o BeHsdicetdirimh M8 Qebdpn Nature
Bi ot echnol ogy 24, 1 01 (20

consisting of retmmc acid, and a fibroblast growth factor, and

c. Removing the at least one factor selected from the group consisting of retinoic

acid, and a fibroblast growth factor and subsequently treating the cells with at

least one factor selected from the group consisting of a sonic hedgehog

inhibitor, retinoic acid, a fibroblast growth factor, a factor capable of

inhibiting BMP, and a netrin.

[0138] In one embodiment, the cells expressing markers characteristic of the definitive
endoderm are treated with at least one factor selected from the group consisting of
retinoic acid, and a fibroblast growth factor for about one to about three days. In one
embodiment, the cells expressing markers characteristic of the definitive endoderm are
treated with at least one factor selected from the group consisting of retinoic acid, and a
fibroblast growth factor for about three days. In one embodiment, the cells expressing
markers characteristic of the definitive endoderm are treated with at least one factor
selected from the group consisting of a sonic hedgehog inhibitor, retinoic acid, a
fibroblast growth factor, a factor capable of inhibiting BMP, and a netrin for about one to
about four days. In one embodiment, the cells expressing markers characteristic of the

definitive endoderm are treated with at least one factor selected from the group consisting
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[0132] 1 n one aspect of the present invention, cells expressing markers
characteristic of the definitive endodermlineage are further
differentiated into cells expressing markers characteristic of the

pancr eat i GygngpPRSIsH | | neage, by treating the cells exprpeghsh@siRHier S
characteristic of the definitive endodermlineage with rctinoic acid and at
| east one fibroblast growh factor for a period of time, according to the
nmet hods di sclosed in US patent application Ser. No. 11/736,908, assigned to
Li feScan, Inc. [0133]1n gne aspect of the present invention, cells

expr essi n@f aapiedcdeching ridhiter.iretinoic 5id. pRbroplast gpwth Rolendderdenrapabieelge are
further djngfbgfr%rﬁﬂ,[p}ﬁq alfdir oehlodt RXPALISI Ng markers characteristic of the
pancreati c endoderm | i neage, by treating the cells expressing narkers
characteristic of the definitive endoderm|ineage with retinoic acid and at
| d853%] oneAry palbtxpepstingimaikers chaiastgristicw the dslpitiyelcsfodemiincageisshidably to t he
nmet hods dj N - I i . 311, assigned to
Li feScan,dfO?ﬁig&%?g_gL%I}@ ag%g%g%%%mﬁ?%? %éég%rgggﬁ{th%%é%ﬁ |’t lgn provi des a
met hod f oenddidrindimenge whingribis cetiod. expr essi ng markers characteristic of the
definitive endodermlineage into cells expressing markers characteristic of
t ncr i i i8] " uring
B B L e B S
and b. Trlashgagrotined betHeanahkpisef dienpgesemtrikento fienecderdasddi levedbf t he
definitive endode n1|ine%%e.mﬁth qt | east one[tactor selected fromthe
group conSPESTIAROakeSasRFiated ¥ith liviepgndintepial tissugsgln one grpbodygent,, s onj ¢

hedgehog denbekirésting n@arEs%@&Iﬁfacfb@i@ﬁ@bﬁh@Baﬂcfﬂ@ii@éﬂdbﬂéhﬁhﬂ%a%@;ﬁddlﬁ:eﬂ'_nyr! n.
[0135] 1 n one enbodi nent, the cells expressi n? mar kers characteristic of the
c

def i ni ti viée Bistodepiinapiesant Buersipnahew aglecreesad fevelpd erprstsinn feftginand rom t he
group con@bﬁg'_ng of retinoic acid, FG--2, FG--4, FG--7, FG--10, a sonic
hedgehog I nhibitor, a factor capable of inhibiting BMP, and a netrin for

about one to about six days. |In one enbodinent, the cells eétﬁ:r essi ng
mdP kil s cHeraddeagtrang fibeobist grawtigigetoniseelodediomdea sroen eonsisies fdFWH-Bh at | east

one fact 1:] &d firef fghe group consisting of retinoic acid, FG--2,
FGF-4, F g’%%%{j a soni c hedgehog inhibitor, a factor capable of

inhibiting BMP, and a netrin for about six days.
[0142] In one embodiment, the BMP is BMP4. In one embodiment, the at least one factor
capable of inhibiting BMP4 is noggin.

[0143] The netrin is selected from the group consisting of netrin 1, netrin 2, and netrin 4.

[0144] 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 1pM.

[0145] FGF-2 may be used at a concentration from about 50pg/ml to about 50pug/ml. In one

embodiment, FGF-2 is used at a concentration of 50ng/ml.

[0146] FGF-4 may be used at a concentration from about 50pg/ml to about 50ug/ml. In one

embodiment, FGF-4 is used at a concentration of 50ng/ml.

[0147] FGF-7 may be used at a concentration from about 50pg/ml to about 50pg/ml. In one

embodiment, FGF-7 is used at a concentration of 50ng/ml.
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WO 2009/ 070592PCT/ US2008/ 084705 [ 0136] Any cel | expressing markers
characteristic of the definitive endodermlineage is suitable for
differentiating into a cell expressing markers characteristic of the

pancr eat i cygngRdes | i neage using this nethod. [0137] 1 peatystokBEAad €
enbodi ment, the present invention provides a nethod for differentiating

cells expressing markers characteristic of the definitive endoderm|ineage
into cells cxpressing nmarkers characteristic of the pancreatic endoderm

i ne%ge, conprising the steps of: a, Culturing cells expressing markers
chi@1 48t er FGF118 r@%yhenée%faiqqn@wétl%h’@webwﬁﬂwglabf@,abw 5Pug/mli Hyonehe cel | s

eXP eSSi NGy BRIEHSFOPADAELEA bl oo SBhimL | ve endoder m [ neage
treating the cells wth at Teast one factor Selected fromthe group
consisting of retinoic acid, and a fibroblast growh factor, and c.

Rel@d49Ing Nhegiamay dgysedona consentortiogdiosrabwyt §i0oem! ieapubdPretmsilspheng of
retinoic L O, i I hf r,.and subsequently treating the
BBl S BB B S

cells wit ne ractor se the group consisting of a
soni ¢ hedgehog inhibitor, retinoic acid, a fibroblast growth factor, a

f 015 caPatvind rody hausedatta qpgedietiomniiomabest50¢ng/m] © 1Bt 500gim].cmvodi nment ,

the cells .essing.markers .characteri sti.c.of the definitive endoderm are
treated V\fr{elﬁoodéllpeS[eréegrtmnghseus?d;%[tat(}r%n%eélfreté et lﬁp%mi‘he group consi sting of
retinoic acid, and a fibroblast gromh factor for about one to about three
da@$s51]l n Neein@rbogdienesed at 2 doecandgriatien fromprbeg iSAngial tkabsutShapgot.eniomti ¢ of t he

definitive lgrhidode%rmtrar? tre tted W tE{ t:.-1t Iﬁg@t ope factor selected fromthe
group conSTRGMgtetiLe jssFLatssopcenplpnotd 0inelll ot growth factor for about
three days. In one enbodiment, the cells expressing nmarkers characteristic
of [0152 deNetainti gy Ended sranoacentrhti@afred abdut S0Gig/hbasbowa3é0igat. o wmel ect ed

fromthe gro consisting of .a sonic hed i phibitor, retinoic acid, a
fi brobl as‘gﬂb‘%@‘ﬂffﬁ’ I?eﬁré‘l%}S%S%IJ?téfpa(fengétﬂfﬁ‘bq%gag‘?g/‘?lﬂhi biting BMP, and a netrin
for about one to about four days. In one enbodinent, the cells expressing

mg0ks3]s chamaehn®bdisicht tHefccllhepesting hiathéss chafoddstn dtie: defigaived Wi th at | east
one factor selected fromthde qroqp consistirnﬂ ) L
endoderm lineage are treated with at least one of the following factors: retinoic acid,

FGF-2, FGF-4, FGF-7, FGF-10, cyclopamine, noggin, netrin 1, netrin 2, or netrin 4.

[0154] In one embodiment, the cells expressing markers characteristic of the definitive
endoderm lineage are treated with retinoic acid, FGF-2, cyclopamine, and noggin. In an
alternate embodiment, the cells expressing markers characteristic of the definitive
endoderm lineage are treated with retinoic acid, FGF-4, cyclopamine, and noggin. In an
alternate embodiment, the cells expressing markers characteristic of the definitive
endoderm lineage are treated with retinoic acid, FGF-7, cyclopamine, and noggin. In an
alternate embodiment, the cells expressing markers characteristic of the definitive

endoderm lineage are treated with retinoic acid, FGF-10, cyclopamine, and noggin.

[0155] In one embodiment, the cells expressing markers characteristic of the definitive
endoderm lineage are treated with retinoic acid, FGF-2, cyclopamine, and a netrin. In an
alternate embodiment, the cells expressing markers characteristic of the definitive
endoderm lineage are treated with retinoic acid, FGF-4, cyclopaming, and a netrin. In an
alternate embodiment, the cells expressing markers characteristic of the definitive

endoderm lineage are treated with retinoic acid, FGF-7, cyclopamine, and a netrin. In an
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of a sonic hedgehog inhibitor, retinoic acid, a fibroblast growh factor, a
factor capable of inhibiting BMP, and a netrin for about four days.
[0139] Any cel |l expressing markers characteristic of the definitive endoderm

li neage i sygUbdopbiss, for differentiating into a cell exXpiqamhiigosBsders
characteristic of the pancreatic endoderm|ineage using this nethod.

[0140] I n one enbodi nent, cells expressing nmarkers characteristic of the
pancreatic endoderm|ineage produced by the nethods of the present

i nvention show a decreased | evel of expression of markers associated with
li ver andaltemassembpgdimentsthe ealls ckpressing rasrserd chasanterisie pf the defrdesi ng mar ker s

char act er L giliGmfindiACrDROGEERN et ROUATR sk 10980RpREAAUEAT it he et hods

of the present I nventi on s ow a ecrease eve expression of al bum n
and CDX-2. [0141] The at |east one fibroblast growh factor is selected from
t H@lﬁloupTh@mllstSwnlgCtod frpmpthogromarongistimapt ngtrgnd nFEe-21 end ferim®] | n one
enbodi nent, the BMP is BMP4. In one enbodi nent, the at |east one factor

Cageph e Ofn dridtidBbd] ?Qﬂté ﬁ{r\épéllé écpPe%Q% HragJe gla&'%ﬁst{?:e&fiﬁéli ﬁ ﬁ;%' ected fromthe

group ‘consi sti ng n , , netrin Retinoic acid
may be usedioéamdlmmﬂtrcacd wrth fatmmcabnquGﬂﬂM)tctopamom ndpg andra one
enbodi nent

may be us 88 %t eltn { a ﬁ%la ﬁl n&ﬂgrﬁeg%%{:ﬂg egglggé‘;a%frstc&araﬁtgﬂ%ﬂ\éﬁ i ti 371 rSTELFGrnzone
defimtwe endoderm llneage are treated with retinoic acid, FGF-4, cyclopamine, noggin
and a netrin. In an alternate embodirnent, the cells expressing markers characteristic of
the definitive endoderm lineage are treated with retinoic acid, FGF-7, cyclopamine,
noggin and a netrin. In an alternate embodiment, the cells expressing markers

characteristic of the definitive endoderm lineage are treated with retinoic acid, FGF-10,

cyclopamine, noggin and a netrin.
[0158] The netrin is selected from the group consisting of netrin 1, netrin 2, and netrin 4.

[0159] Cells expressing markers characteristic of the definitive endoderm lineage may be treated
with at least one other additional factor that rnay enhance the formation of cells
expressing markers characteristic of the pancreatic endoderm lincage. Alternatively, the
at least one other additional factor may enhance the proliferation of the cells expressing
markers characteristic of the pancreatic endoderm lineage formed by the methods of the
present invention. Further, the at least one other additional factor may enhance the ability
of the cells cxpressing markers characteristic of the pancreatic endoderm lineage formed
by the methods of the present invention to form other cell types, or improve the

cfficicncy of any other additional differentiation steps.

[0160] The at least one additional factor may be, for example, nicotinamide, members of TGF-f3
family, including TGF-B1, 2, and 3, serum albumin, members of the fibroblast growth
factor family, platelet-derived growth factor-AA, and —BB, platelet rich plasma, insulin
growth factor (IGF-I, IT), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon
like peptide-I and II (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic

acid, parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone,
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enbodi nent, FGF-2 is used at a concentration of 50ng/m. [0146] FGF-4 may be
used at a concentration from about 50pg/nl to about 50ttg/m . In one
enbodi ment, FGF-4 is used at a concentration of 50ng/m. [0147] FGF-7 nmay be

used at a ﬁ;@%@lﬂﬁ‘g@il on from about 50pg/nl to about 50%?%200%}08@6\@
enbodi nent, FGF-7 is used at a concentration of 50ng/ m

2009/ 070592PCT/ US2008/ 084705 [ 0148] FG-- 10 nay be used at a concentration
from about 50pg/mlL to about 501.1g/m. In one enbodi ment, FGF-10 is used at
a conccntration of 50ng/m. [{0149 ] Nog be used at a concentration
fr om aboutt S‘B@T@‘P%&be{adn%f%’tﬁe @O%Wﬁiﬁfma\ ETO‘O’ agiphGdihettstinddgdiln i s used at

2 concent EaipkOmonlort AENALT: chAROL AN ID pdvifcBrkaRE A B A GRNCENt Tat | on

from abou OOng/ mL to about 50 I n" one errb0|ment netrin 1 is used
at a conceq’uvnabct@wllghn 108 wigin, neurlte growth factor, nodal, valporic acid, trichostatin

A, sodium butyrate, hepatocyte growth factor (HGF), sphingosine-1, VEGF, MG132
(EMD, CA), N2 and B27 supplements (Gibco, CA), steroid alkaloids such as, for
example, cyclopamine (EMD, CA), keratinocyte growth factor (KGF), Dickkopf protein
family, bovine pituitary extract, islet neogenesis-associated protein (INGAP), Indian
hedgehog, sonic hedgehog, proteasome inhibitors, notch pathway inhibitors, sonic

hedgehog inhibitors, or combinations thereof.

[0161] The at least one other additional factor may be supplied by conditioned media obtained
from pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469),
CAPAN-I (ATCC No: HTB-79), BXxPC-3 (ATCC No: CRL-1687), HPAF-11 (ATCC No:
CRL-1997), hepatic cell lines such as, for example, HepG2 (ATCC No: HTB-8065), and
intestinal cell lines such as, for example, FHs 74 (ATCC No: CCL-241).

Detection of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

[0162] Markers characteristic of the pancreatic endoderm lineage are well known to those skilled
in the art, and additional markers characteristic of the pancreatic endoderm lineage
continue to be identified. These markers can be used to confirm that the cells treated in
accordance with the present invention have differentiated to acquire the properties
characteristic of the pancreatic endoderm lineage. Pancreatic endoderm lineage specific
markers include the expression of one or more transcription factors such as, for example,

HIxb9, PTF-1a, PDX-1, HNF-6, HNF-1beta.

[0163] The efficiency of differentiation may be determined by exposing a treated cell population
to an agent (such as an antibody) that specifically recognizes a protein marker expressed

by cells expressing markers characteristic of the pancreatic endoderm lineage.

[0164] Methods for assessing expression of protein and nucleic acid markers in cultured or

isolated cells are standard in the art. These include quantitative reverse transcriptase
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[0151] Netrin 2 may be used at a concentration from about 500ng/m to about
5004mL. In one enbodinent, netrin 2 is used at a concentration of 100ng/ m .
[0152] Netrin 4 nmay be used at a concentration from about 500ng/ m. to about

500i dg/ M .ywhbno@meosesbodi ment, netrin 4 is used at a conpggilsh@bifno0f
100ng/ m . [0153]In one enbodi ment, the cells expressing markers
characteristic of the definitive endodermlineage are treated with at | east
one of the follomjng factors: retinoic acid FGF-2, FGF-4, FG--7, FG--10,

cycl opam ne, nog netrin net.r or netrin 4. [0154]1n one
enbodi nenpolymﬁrésec@ﬁlnsrewﬁn é%&?ﬁ&)*ﬂqr!é@%ble%dﬂm Bybridizationyfsee, §@-def i ni ti ve

endoderm thﬁ‘&ﬁ@?ot@r!o?s 1BWE&%r‘H16IB%f @hisRi ‘ét a'fZC kb, 26&Fs,u3p1cﬁ&95)0£ﬂm ne, and

noggin. In an alternate enbodi nen the cel IS expressing rkers
char act er ingnimpagshys sueh deﬁnmwmhm@cmgd@naﬂwlb mg@r@d eldtern@hf\’é@tm th retinoic

aci d, I:G':blottm yzﬁldqg rﬁarﬂgﬁs t}%?gre%g&gm elrhfﬁtaa e:‘i‘lst jtome mént the cells
expressi ng ma ke aracteristrc o I I'ﬁ I neage are

treated V\(H&CS)QSdemg.pHam‘mdandIﬂﬂe?Usmg(Ahﬂ)lpmlﬂEsnﬁ,Laamdtompggnmul, Nerw an alternate
enbodi meny, .the cells ressin haracteristic of the definitive
endodern1%Pﬁé§B@E§W@ggﬁg§Fgﬂ§ W% %hgmb aci d, FGF-10, cycl opanine, and
noggi n. [0155] 1 n one enbodi nent, the cells expressing narkers

char act er iFpkination of Oelsddpressing\MafieeodRiriclerBEQGRtha Pantregad Efdovrine retinoic
acid, FG=-2, cyclopanmine, and a netrin. In an alternate enbodinent, the
cell's expressi ng markers charact er | 51€88%f the definitive endodern1llneage
arc treated with rctinoic acid, FG-4, cyclopam nc, and a nctrin. In an

al pegq)at ecanhapgichdiy markbe Bth tSristix BE ﬂ}%?hﬁlﬁedm%h&f&nﬁ na¢ae hRyibsti c of the
definitive endodermlineage are treated with retinoic acid, FG-7,

cycl opami #igereafiiechintotells prPresingAnarkars earpstesisimefobe paRRteatic frdogidng s
expr essi ng, Rl M@O@Q%m&ﬁé ArBs l% Ak rﬁeﬁﬁ)d%%fcwge& In\this GRARGGL M | | neage are

treated wth rcti c acid cyclopamnc, and a netrin. [0156] The

netrin is selected fromthe group conS|st|ng of netrin 1, netrin 2, and
nd0}46h 4 For example, cells expressing markers characteristic of the pancreatic endoderm lineage

may be differentiated into cells expressing markers characteristic of the pancreatic
endocrine lineage according to the methods disclosed in D’ Amour et a/, Nature

Biotechnology 24, 1392 - 1401 (2006).

[0167] For example, cells expressing markers characteristic of the pancreatic endoderm lineage
are further differentiated into cells expressing markers characteristic of the pancreatic
endocrine lineage, by culturing the cells expressing markers characteristic of the
pancreatic endoderm lineage in mediurn containing DAPT and exendin 4, then removing
the medium containing DAPT and ¢xendin 4 and subscquently culturing the cells in
medium containing exendin 1, IGF-1 and HGF. An example of this method is disclosed

in Nature Biotcchnology 24, 1392 - 1401 (2006).

[0168] For example, cells expressing markers characteristic of the pancreatic endoderm lineage
are further differentiated into cells expressing markers characteristic of the pancreatic
endocrine lineage, by culturing the cells expressing markers characteristic of the
pancreatic endoderm lineage in medium containing exendin 4, then removing the medium

containing exendin 4 and subsequently culturing the cells in medium containing exendin
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[0157) I n one enbodi nent, the cells expressing nmarkers characteristic of the
definitive endodermlineage are treated with retinoic acid, FG-2,

cycl opam ne, noggin and a netrin. In an alternate enbodi nent, the cells
expr essi NowEBhkRkseeharacteri stic of the definitive engpqalshikiosoqaoe are
treated with retinoic acid, FG-4, cyclopam ne, noggin and a netrin. In an
al ternate enbodi nent, the cells expressing nmarkers characteristic of the
definitive endodermlineage are treated with retinoic acid, FG-7,
cycloparnine, noggin_ and a netrin. In an alternate enbodiment, the cells
expr essi n 16Er kadHeRahncranple of tisgnetharsis diselopidin | Adpeisgee/nNpiffeage ar e
treated WsldhchilbaPbgo@ci d, FG--10, cycl opam ne, noggin and a netrin.
[0158] The netrin 1S selected fromthe group consisting of netrin 1, netrin
2, and netrin 4. [0159] Cel|s expressing markers characteristic of the
ddOieflt i vEorenampler eplls priwesyag maykdsecharastprisic off thhpancrerbaendodera lochge

addi tion fﬁ%[ . . i . .2SSsi ng

mar ker s ?ﬁgr ac eggﬁ%@%a%?ﬂ%{%géﬁggg@r&ésg@?%&gﬁg? g%%rﬁl%g%éﬁar%ﬁg{é?nat ively,

t he at | easibcromedingbgeeby adbiring drealell§ egrasingmarlenndncetetibtie qfitlod | f er at i on of
the cells_expressin tkers. characteri.sti t he icreati c endoderm

| neage. TRIHEATGy PR REe AN ETdbe e S PET FRb st She ot

| east onethath@hodiddistioanih I aahar r@yNenhasicrchlvto@p2dost y of the cells
cxprcssing markers characteristic of the pancreatic endoderm |ineage forned
by mefhods of the present invention to formother cell types, or
T R RS R T e S R R e SR

[ 0160] TheyraturtiRAgkTeRABatad Hitd EDB @kprta@ﬁ%gﬁar&&ycmactefr@ﬁc £/BEPARreafié COt i nam de,
menbers of TG--13 famly, including TG--pl, 2, and 3, serum al bum n,

nmember s ofndegrincrlingraspbungiitugipg fherpelaeissing Merkprs ghpiseterigic.afdid ved growt h
factor- i s L&ets n G¢iBine | iNn or (1G--1,11),
growt h Qﬁ?ﬁ@%ﬁ%@?{’?@ﬁq@“ﬁcﬁﬁl e%%lgp% -GPgI?%@H{nfO,&gl : é%ﬁfggon li ke

pept i de- | mgthad Is|disc@séd in ndimour)es alNRtute BioteclBidogy, 30Gfet obody, Exendi n- 4,
retinoic acid, parathyroid hornone, insulin, progesterone, aprotinin,

h ortq ] het t L: grow h
{1 B5° Sufe Sapeofi M RAN Alon B BBl Ak F AR e BB T Y .

tri ct hyl crocreett endbdem linsagslend fumtheNEffBentyatet ieto calls expressinpetadeed | ul in, | TS,
noggin, neurite gr h factor, .nodal, valporic. agid, trichostati,n A sodium
bubyr af e, SHEGGESE T H BRI aePai inedst. BEsinG e ohld SrfReeaiisy (evp,
CA), :\12 adlﬂralBQﬁstﬁimﬂleemeﬁeStic(iﬁdbﬁ@m 1@ ge Sitted Dictr &Iﬁk?hih:iitﬁlale?wal as, f?)(r]I f
exanpl e, c¢ycl.opanj ne (EVD, CA eratinocyte, growm actor. (KG), Dicldcop
protein faEReyE P%E\V%écmlw tothg metbopsdrciosed ik S AuseRBlson ST that ed
protein (]iN38R08. ds8ighanonerdeehomc. soni ¢ hedgehog, proteasone inhibitors,
notch pathway i nhi bitors, sonic hedgehog inhibitors, or comnbinations

t her eof . n][@0161] The at |east, one other additional factor nay be supplied by
cdRH i onlB@npratnest S ReRTREAt IRVOHPPEREY eRGssing aarkery shawstegsfigqplake £ or

exanpl e, PANGi Nve s D difrGARANA Lo NDes bl Bradle BXPC- 3
(ATCC No:IPCRL-tl_G%H%%PAEéE[ :(%&r%cdﬁp: Cctgﬁdfgg%z,ﬁscﬁ@%?tsl?%ﬁlgg ®lines such
as, for esharaplegsticdpiGPaATOR MdocTHIEBNBTBEYY, treptidg ihretoeHs expagssiogarieines such

as, for e@ﬁ%ﬂ?iegsﬁcﬂﬁhgﬁgngé}é&m&dengcﬂhbgg%:l\)ith a factor that inhibits the Notch
signaling pathway, according to the methods disclosed in US patent application Ser. No.
11/779,311, assigned to LifeScan, Inc.

[0173] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing markers

characteristic of the pancreatic endoderm lineage with a factor that inhibits the Notch
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Detection of Cells Expressing Markers Characteristic of the Pancreatic
Endoder m Li neage [ 0162] Markers characteristic of the pancreatic endoderm

| i neage are well known to those skilled in the art, and additional markers
char act er i\ghigoRfoshhe pancreatic endoderm | ineage cont ip@tﬁjstz‘fbs}a@nos
identified. These markers can be used to confirmthat the cells treated in
accordance with the present invention have differentiated to acquire the
properties characteristic of the pancreatic endodermlineage. Pancreatic
endoderm | i neage specific markers include the expression of one or nore
transcri pHERhing aethyay asepsding o the gicthods fiselesed ip U§ pateptrppligatiopSse No. HNF- 6,
HNF- | bet agy, i f differentiation may be determ ned by
exposing a %gég@%gﬁ%mﬁ¥%333§ %?P%n to an agent (such as an antibody) that
specifically recogni zes a protein marker expressed by cells expressing
melfkEs chamaespect efithepresent ngerdionceella expressing ouhekens ¢harpstegistic ¢f0h64] Met hods

f | t d
00 a5 s BlPRaR PSRNl BERRR AR AL R BT, Ul U1 ed o
transcri ptlaseteripind ¢fithe paercatiaemiocmadincage, bRTediaR)he ddtls thyecssinhneilsrs i n situ

otal | caesbiicorf Sy S MrbeoutyafetRRt b Rl chon cal

anal ysi s pa‘th\s@ctm@rfaﬁorrmatemmmb,thwgpmn1 PAtRIvEY MGy beutflartQoni¥efokaies that are
accessible inintact cells, flowcytonetry analysis_ (FACS) (see, e.g.,

Har | ow anHGE%traQ%@HQreA?Rtbebdﬁﬁ%mat}ﬁ(eb’a%rfé‘tt@ﬂ?ammﬁFhe Nelggivdr k:  col d
Spring Hafhofy !TIalJHQ'T@tFQEIYl?&%Eh%r (ARQBAvelyr B TRkd:ARayChnibR b} B SXPT €sSi ng

Mar ker s Char act eristic of the Pancreati ¢ Endocriné Lineage
antagonist of an element in the TGF-BR-1 signal transduction pathway within a cell.

[0175] The cells expressing markers characteristic of the pancreatic endoderm lineage are treated
with the factor inhibits the TGF-BR-1 pathway for about one to about twelve days.
Altcrnatively, the cells expressing markers characteristic of the pancreatic endoderm
lineage are treated with the factor that inhibits the TGF-BR-1 pathway for about five to
about twelve days. Alternatively, the cells expressing markers characteristic of the
pancreatic endoderm lineage are treated with the factor that inhibits the TGF-fR-1
pathway for about twelve days.

[0176] Any cell expressing markers characteristic of the pancreatic endoderm lineage is suitable
for differentiating into a cell expressing markers characteristic of the pancreatic

endocrine lineage using this method.

[0177] In one embodiment, the present invention provides a method for differentiating cells
cxpressing markers characteristic of the pancreatic cndoderm lincage into cclls
expressing markers characteristic of the pancreatic endocrine lineage, comprising the

steps of:

a. Culturing cells expressing markers characteristic of the pancreatic endoderm

lineage, and

b. Treating the cells with a factor that inhibits the Notch signaling pathway, and
a factor that inhibits the TGF-R-1 signaling pathway.
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[0165] Cel | s expressing nmarkers characteristic of the pancreatic endoderm
| ineage may be differentiated into cells expressing markers characteristic
of the pancreatic endocrine |ineage by any nethod in the art or by any

met hod di sghos@fzéses: this invention. [0166] For exanple, P%q}dsguﬁmpﬁ@jsa ng
markers characteristic of the pancreatic endodermlineage may be

differentiated into cells expressing nmarkers characteristic of the
pancreatic endocrine |lineage according to the nmethods disclosed in D Anrour
etal, Nature Biotechnol ogy 24, 1392- 1401 (2006). 0[@0167] For exanple, cells
exiBsi nghareallk exnscshgrmakeas sharactenstic pfibe p@e@a@@@n deRinsasniE fraeade ar e

further difd el %&tbﬁh&qnﬁlﬂﬁﬁhg% cﬁs Qlﬁlf‘gsﬁa'tl{%hﬁre 4 rﬁct&ﬂlﬂét‘%ﬁthﬁi‘ié fifi ¢ of the

pancreatic endocrine |Ineage, turin |'s expressing markers
char act er T6FifR-bpathway ﬁmnbméam to a@nddﬁelrvnﬂa)rsn éa\tgmatlmlymhh eathscont ai ni ng DAPT

and exendin 4 medi um cont.a xendin 4 and
2 Ubsequent Ry ik P eFE TRReR Bl S oS PR B P ey s B SV A e O "
HOF. An efefpliat dhibithihe NoetHwighalifg ﬂatﬁwh}oaeldhet ﬁcﬂ&ﬁtlﬁfﬁhﬁit@ﬂﬁmBmy 24,
1392- 1401 (200 0 r ex | I s .expressing nmarkers

char act er PEAY®S %3?051'&% hepau BB i e Pt markers

di fferent jatRekkid mﬁ@bein%reaﬁcp&ﬁ@aérﬂgldéag&ﬁé B REPH AR HRITAST tRat Bfihibifke
pancreati c endocrine |1neage, b culturlgg the cells expressing narkers

char act er fhs Notchesignelieg priiweayesmdithe fastendat ibithtia g&Fr fR-hwgihiey &urbaitni ng
exendi n 4, fhen Trermw ng the nedi um contai ni ng exendin 4 and subsequently
cul turing the cg | s in medi um contai ni ng exendin

[0179] Any cell expressing markers characteristic of the pancreatic endoderm lineage is suitable
for differentiating into a cell expressing markers characteristic of the pancreatic

endocrine lineage using this method.

[0180] In onc cmbodiment, the factor that inhibits the Notch signaling pathway is a y-secrctase
inhibitor. In one embodirnent, the y-secretase inhibitor is 1S-Benzyl-4R-[1-(18S-
carbamoyl-2-phenethylcarbamoyl)-1S-3-methylbutylcarbamoyl]-2R-hydrozy-5-
phenylpentyl] carbamic Acid tert-butyl Ester, also known as L-685,458.

[0181] L-685,458 may be used at a concentration from about 0.1uM to about 100puM. In one
embodiment, L-685,458 is used at a concentration of about 90pM. In one embodiment,
L-685,458 is used at a concentration of about 80pM. In one embodiment, L-685,458 is
used at a concentration of about 70uM. In one embodiment, L-685,458 is used at a
concentration of about 60jM. In one embodiment, L-685,458 is used at a concentration
of about 50uM. In one embodiment, L-685,458 is used at a concentration of about
40pM. In one embodiment, L-685,458 is used at a concentration of about 30pM. In one
embodiment, L-685,458 is used at a concentration of about 20uM. In one embodiment,

1-685,458 is used at a concentration of about 10puM.

[0182] In one embodiment the factor that inhibits the TGF-BR-1 signaling pathway is an
inhibitor of TGF-BR-1 kinase. In one embodiment, the TGF-BR-1 kinase inhibitor is (2-
(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine). In another embodiment,
the TGF-BR-1 kinase inhibitor is [3-(Pyridin-2-yl)-4-(4-quinonyl)]-1H-pyrazole.
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1, 1GF1 and HG-. An exanple of this nethod is disclosed in D Amour et al,
Nat ure Bi ot echnol ogy, 2006. [0169] For exanple, cells expressing markers
characteristic of the pancreatic endodermlineage are further

di fferentigbheghléercel | s expressing markers charact er ipggiih@kotHes
pancreatic endocrine |lineage, by culturing the cells expressing markers

characteristic of the pancrcatic cndodcrmlineage in nedium containi ng DAPT
and cxendin 4. An exanple of this nethod is disclosed in D Anour et al,

Nat ur e Bi ot echnol ogy, 2006. [017Q] For exanple, cells expressing markers
ch@&Bt er The T@FtﬁR'? K’@%ﬁdﬁ@b’éﬁt@f’d BenestitrronseREaie e abqyt PeM o

di 1 er ent bighPeod, Ol LMbBARIAS FORBRIRKIBESERALAS LKIaPh béncPlirdidf
pancreatic endocrine |lineage, by culturing the cells expressing markers
char act er ofdboat WM. hle opanmbeditient, EqldRe t mnksenehidoriinuseddi am cont ai ni ng
exendin 4, An exa 0 kS, et h .S di in. D Anppur et, al, Nature
51 ot echnoPBEorSRTR! St IRk 8 Epdiett TEFABET alaripn IR cel s
expr essi ngcdmemestion o Netroac T0RiM.SIn dhe @bbliencpa TOFepR -1 Girasdiabi®iton ik ussdage ar e

further differentiated {nto ceJl s expressin rs, characteristic of the
pancr eat i ?:t aéfrﬁ’BEF@Fr?‘iﬁ@ %iah‘é“atﬁg%Mlp)Jn PP%‘%P‘?%’S‘“?'_%E%%&E@RW&I?‘% Yrarkers

char act er @l Ca &nctRtiBRBLARAL $0pME NHQAL EAbLAIRRAY TGHLARY1 Rink@GhBibitéhat .
inhibits the Notch signaling pathway, according to the methods disclosed in

US pat ent isapgd 4t egpncsatrgion of peput 44uM3 én orpgembedinegwelOR-BR1li Mivasean, | nc.
[0172]1In : ' i C : He§S} mar ker s
character ?]ggjiltgﬂg ? g%dhagtdggﬁr}%?tg%ﬁﬁgp Eé]?]d&l (rt; g@% I %Igaeg%ﬂoglrnggﬁg ﬁ%}?ﬁ

di f f er ent kintsednliibitcr iwskd st copeawsiiomofimhoikied0sM: Haoae tmbodment, BEFiPRe

pancreati ¢, endacy.ine .l i neage, by tr.eat]j | s expressin rkers

har act er [ SPRE BHOHTE bt aF SebshialBbENR! [Hafol' e EHRAERERT 36

i nhi bits pha KNoke mhibitgniahis¢iht pabivsayatioa®d abalit 1ML dn bheerddiraels, THBCl osed in
US patent_applicatign Ser. No. 11/779, 31], assi d to LifeScan, Inc.
[0173]In %%—éq%%aﬁ%wﬁlﬁwFWéedpaﬁégg?ﬁenﬁrﬁwgr?%ﬁwﬁéﬁpfs expressi ng markers
characteristic of the pancreatic endoderm|ineage are further

difpign ent Catsetplesdify merkes cRaRétestic D9 thephkeedic hdddeah Bhdagt iy O t he
pancreatic endocrine lineage, hy treating the cells expressing nmarkers

; g

char act er Freqdovi atileet eparptiice addieonshireige that Mpnerigecaihe fPraationcalsells hat
i bi'ts &ieostiak fhricll ARALEAGiRARAKercARCARHiIE | hBachNAERRROMS  scl 0sed
in US patent application Ser. No. 60/953,178, assigned to LifeScan, Inc.

at least one other additional factor may enhance the proliferation of the cells expressing

markers characteristic of the pancreatic endocrine lineage formed by the methods of the

present invention. Further, the at least one other additional factor may enhance the ability

of the cells expressing markers characteristic of the pancreatic endocrine lineage formed

by the methods of the present invention to form other cell types, or improve the

efficiency of any other additional differentiation steps.

[0185] The at least one additional factor may be, for example, nicotinamide, members of TGF-§
family, including TGF-f1, 2, and 3, serum albumin, members of the fibroblast growth
factor family, platelet-derived growth factor-AA, and —BB, platelet rich plasma, insulin
growth factor (IGF-1, 1I), growth differentiation factor (GDF-3, -6, -8, <10, 11), glucagon
like peptide-I and II (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic
acid, parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone,
cthanolamine, beta mercaptoethanol, epidermal growth factor (EGF), gastrin I and 11,

copper chelators such as, for example, triethylene pentamine, forskolin, Na-Butyrate,
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[0174] 1 n one aspect of the present invention, cells expressing markers
characteristic of the pancreatic endoderm|ineage are further
differentiated into cells expressing markers characteristic of the

pancr eat i cy@nd@rrésae | i neage, by treating the cells exgpgaghfigofiBsKers
characteristic of the pancreatic endodermlineage with a factor that

inhibits the TG-PR-1 pathway. The factor that inhibits the TG PR-1
pat hway may be an antagoni st for the TG 13 extracel lular receptor-1.
Alternatively, the factor may inhibit the biological activity of the
TGF- PR- 1 pévapbeipcelinlin, T daiopgia) geuritqgrov tidager. nadali valiopr acidrtriphostahn

ant agoni s : Lol = PR- i R0 AHEd hway w t hi n
a cell. [%1%@]“%2g%ﬁ’agépgiﬁyggg?‘ﬁg%ungﬁég@%ﬁg#g(%:sg%r%S’st| cﬁ’g}fibt e pancreatic
endoder m (EMBPaga), & eandrRBAtsepiplewnerits ((ibed, &) osterpidhillizidids subleasT@E- 13R4 pat hway
for about _one,to about. t s. Al ternativel el ls.expressing

v ker s cRAPRIs Srfamm R AR Enuiiey B SRl ok RSO SERs o i ¢
t he fact ofantilyabovimdpituiths cxtract, st fBednepigtabiopiyicl proteih MNGAP)YIdiagd about

twel ve days, Alternatively, the cells expressing markers characteristic of
the pancr Fltogem@&dﬂ?h%n@aﬁésoaﬂéﬂw@ggé’at%wﬁmﬁﬁérﬁlfla@fwor%at i nhi bits
the TGF- PRdboRAiINBNorb W cahOMhtdnvRir@rdays. [0176] Any cel | expressing

mar kers characteristic of the pancreatic endodermlineage is suitable for

differentiating into a cell expressing markers characteristic of the
pdft¥tlat i Ehetdaeransother ﬁ@h@@ahgﬁﬁgmlﬁg% suppliftbby cquditipreq medpeblaRsédi ment ,
the presefipy ?fé&é’&tfc%@llsol'hfé!'s&ﬁ%s?fof’@iaﬁf(ﬁ%éﬁ%cdl fﬁ?@@'ﬁo‘: R Dol | s

expressi ng ers characteristic of pancrcatic cndodcrm1incagc into

cel I's exptaBalNal (MK dlos HIBaracBeiG-38 (ATCONG: RRIphoRd).dHAIIIAT 66T Nore

| i neage, lobS\ 0 . € f. @ urdn X ﬁg' rkers
char act er?ggﬁgbﬁf H&r?éc g%ﬁlﬁ:r%egglfcﬁ%cas’efﬁﬁ%}% ?ﬁ’ He g%g‘g%bgrﬁ) %f r%@?’iaﬁg t he

cel | s wi t inteatidahcélblines hadh asnfor txaie!d, FEls N ARCEINmM A0k Pat hway, and a factor
that inhibits the TG 13R-1 signaling pathway. WO

2009/ 070592RCT/ US2008/, 705. 78] The cell s .expressin rs
characteri s{)letf?c% ”?fr?ge”gg%%’ esé'%icmz‘]ﬁ’ r()lglé”rarf"fﬁ'f”vﬁ% grge a?’éc"?art%g"gﬁc”"e

Lineage

[0187] Markers characteristic of cells of the pancreatic endocrine lineage are well known to
those skilled in the art, and additional markers characteristic of the pancreatic endocrine
lineage continue to be identified. These markers can be used to confirm that the cells
treated in accordance with the present invention have differentiated to acquire the
properties characteristic of the pancreatic endocrine lineage. Pancreatic endocrine
lineage specific markers include the expression of one or more transcription factors such

as, for example, NGN-3, NeuroD, Islet-1.

[0188] Markers characteristic of cells of the B cell lincage are well known to thosc skilled in the
art, and additional markers characteristic of the B cell lineage continue to be identified.
These markers can be used to confirm that the cells treated in accordance with the present
mvention have differentiated to acquire the properties characteristic of the -cell lineage.
B cell lineage specific characteristic include the expression of one or more transcription
factors such as, for example, Pdx1 (pancreatic and duodenal homeobox gene-1), Nkx2.2,

Nkx6.1, Isl1, Pax6, Pax4, NeuroD, Hnf1b, Hnf-6, Hnf-3beta, and MafA, among others.
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with the factor that inhibits the Notch signaling pathway and the factor
that inhibits the TG 13R-1 pathway for about one to about twelve days.
Al ternatively, the cells expressing nmarkers characteristic of the
pancreati M| ineage are treated with the factor Lnhi-hits the
Not ch sigﬁgﬁpﬂgﬂgg' way and the factor that inhibits tﬁgﬁﬁgém%ﬁgqé%athmay
for about five to about twelve days. Alternatively, the cells expressing
mar kers characteristic of the pancreatic endoderm|ineage are treated with
the factor that inhibits the Notch signaling pathway and the factor that

i nhi bi ts These ramcrigienfagarstayc extablibleadtin theertfer idenitficafiguai@ndenyingel |
expressi ng ke LG reatd doderm | ineage is
sui tabl e g%gpglf§gTg%@#§ﬁ$%%£?%%%“§t%%ﬁﬁsgg%%@@?#%gxﬁgrkers characteristic
of the pancreatic endocrine |lineage using this nethod. [0180]In one

enfdd8?] menThe ¢fheichgoifanffdrbdiatiommiap bt deterendidtyohpsdighatreatgl qeétphpdytidns a

y-secretase inhibitor. In on odi men the.y-secretase inhibitor is
!5 Bongy 1 e aohreeh bk s DA TR REHITRAY whiiats 3 B FiSe Bt

- met hyl bubyteia elme®ihk] matkers BlyslicoatistiSof the paieydapeaidoktineieage. ni ¢ Aci d
tert-butyl Ester | sq_.known L- 685, 458. [0181] L-685, 458 may be used at a
concent raﬁtﬁ)‘ﬁati‘fcghfah&t?g@?“’%‘)’ﬁ3%‘3&5“@%'&?33’1 : 'i"lﬂnlﬁcﬂgéiﬁépc@%&&ﬁﬂﬁﬁp ,

L- 685, 458:d|1Spopafafofo «a a6ORG&IA haki AMLOEy) AR WecIRKIMecdhiRRE pRitlpdi ment,
L- 685,458 is used at a concentration of "about 801tM In one enbodi nent,
L- 685, 458maskeyagirssad by cebhexdrispiag merkest chareigristirortihe [ eelldinsagarbodi ment ,
L-685,458 is used at a concentration of about 60RM In one enbodi nent,
L- 4584 Wola} 4 odi nent ,
B R e e R L G
L- 685, 458isoleted selts e standavshivdht arht These iofludbouantiROKkMevense banscaptissdi ment

L- 685, 458 | s _used.at 1 i . .n_gne _enbodi ment,
L- 685, 458 et phal r%“%@ﬁ@ﬁﬂ%@% Iﬁ‘ﬁ'ﬂ%" '%gtg’ﬂi%' S’%‘gﬁﬁ%ﬁabi‘h@i‘?’ﬁ'%ne

enbodi menCurtdie Pfeaadoty in M cul an i diogys(Ausebel &Fe/ ] 8d3: 20(Hi sppplkinag))paidhway 1s an
inhibitor. of TG--13R-1 kinase,. ] n one enfodi nf'ent . the TG QJR-I ki nase
i nhi bi t or MTAUR3ssaYs such as immunohistochcmical analysis ot sectioned material, Western

(13- (6- Met bihiny rdndifer markdrs thhrbree@gsble 4r dndakt dellf-fRapibEtdinag)is | n anot her
enbodi ment, the TG 13R-1 kinase inhibitor is

[ 3- (Pyr i KFRCE)(sep-ag-(Harpyy pshienyy Using ppiibesiss oA Dppyratory Manual, New

2009/ 07ow&@qélg%%gggm%gng&gg%rggg?9 -13R-1 kinase inhibitor may be
used at a concentratron from about 0.1IKM t'o about 1 00nM In one

enbodi nent, TG~-f3R-1 kinasc inhibitor is used at a concentration of about
odBRM1]| n Iareace esnseicifkanreseraryentino.thi eifigisacy ofisdifierensiatips isdstegmiped by
concentrat.j . %)@QM : i - 5 inase i nhibitor
is used Zr%b%ﬂg%t@%ﬂ?ﬂ#%r%tl n g}Shg%g%?m%&gﬁﬁn%egnéeE@eé%@é?Or%ﬁéqTG:- DR-1

ki nase i nindabn¢ndr Ini enegsdddiatens thrometborsroditlieqgmesofit iatemtion f®dMe aboutdifé®s

enbodi nent, TGF-DR-1 .ki.nase inhibitor i used at ,.a concentrati of about
Sow 1 e e e T e B | Rl RE S B e TR bEfhe

concent r agresAt tention ptoddOeldivut 30%s GnRaliepdsabic el in a EifenkRERard. ki avase i nhi bi tor
is used at a concentration o bout 3011M In, one enbaodi nent, TG--13R-1

ki nase i rificBiiegmbodingibdhesmethodsf dheresent igKendion Rpadyee 0% s

embodi mengositlECARRY algivaa kB Nirkint derna® HBdinktht, hCRRRENRIIT @l REeRf about
1004. |In one enbodi nent, TGF13R-1 kinase inhibitor is used at a

concent r afveonprogenabout Hvh inspliropusiteeiseld ime given FarirgRImanidltamsts i nhi bi t or
I's used Amidafiike SR F@fb 80 f%he ﬁ%&ﬂ% infertiot %)Mduce about 60% insulin positive

cells in a given culture. In an alternate embodiment, the methods of the present invention

produce about 50% insulin positive cells in a given culture. In an alternate embodiment,
the methods of the present invention produce about 40% insulin positive cells in a given

culture. In an alternate embodiment, the methods of the present invention produce about
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[0184] Cel | s expressing markers characteristic of the pancreatic endoderm

| ineage may be treated with at | east one other additional factor that my
enhance the formation of cells cxprcssing nmarkers characteristic of the
pancreathwﬁgggﬁahgg | i neage. Alternatively, the at 'e%Q&lﬁ9ﬁm8§H@¥
additional tactor may enhance the proliferation of the ce S expressing

mar kers characteristic of the pancreatic endocrine |ineage fornmed by the
nmet hods of the present invention. Further, the at |east one other

addi tional factor may enhance the ability of the cells expressing markers
char act er 3&biinsubf pesiterepghitingagivean e in arealicrateryebddonentdhbmethhds ofet hods of

the present \ 'y A [.O h ficiency
of any ot RePIAFERor Aot Bpal 20t il B e B BRLEUTUIT Tao o
addi t i onadltcttd @nbotyerdghe mothodxalithd ﬂ',ebdilt metitioapraiace aubei's ihlid G- f 3
famly, includi JG-f3 1. 2, and 3 %g%jal bug}' menbers of the

fi br obl asPOSYMGREYS P A& R CPQ'I‘Fﬂ]?a“BtQF%tFé’E“ Pielte Hie IERAdA OF REPESERA, and

- BB, pl at gh&ttioh ipfdtubd ﬂﬁ)ﬁ%%hﬁbﬁuh Eﬁglw&mbmfaagw&lrcuﬁh& I, 11), growth
differentiation fact or (CDF-5 , -10, 11) gI ucagon | i ke peptide-|

and 11 (GP-1 and I] GP-] a P- Exendj n-4, tinoic
adP¥P2] par arang pencat afdbapyment Hnﬁ%flﬂoflr% ﬁfi%wéaf%fr cnta&%ﬁ fegmined by

hydr ocor t j,s808n ghé@,@s@ 1amdre@,m§9ﬁaaecearoﬁaatdaﬁeueawheaa@fng%e%houa{@fwt h factor
(EGF), gastrln% , per chel ators such as, for exanple, triethylene

pent ani neC-PﬁDtF@(@lle@Sﬁd bNﬁleBEF I5;rlatoae embediment; eells peadaecsi Unthe methpdf noggi n,
neurite %ﬁ?} nt ﬂ'ﬁ)%l%on &V\gﬁk?act ll@&f(nﬁg:?@thefﬁé !I’)'I\fmoﬁlta% Ht sodi um

but yrat e, oc te ngosi nc- M5132 ( EMD,
CA, N2 a&mbdﬂﬁﬁers,qum mlelMed by GidbroethodSAY thegiresent 1dvea)lt1kmbm>|dd® abuath as, for

cxarm e NP SORATAL BN k) SRS, OBy te b o S

protein (thN@%Eém investicprbade ebag S0GR-pefiRidpe mavs. B Htsesare i nhibitors,
not ch pat hway i nhi bjtors %nl C hed‘gfstz)g%&l nhi bitors, or conbl nati ons
t her eof . q@@éer%éea%mog%é % ithe meth HSSMaRvansien prodpea b suppl i ed by

condi ti onggn n&)é)cggabmd Thl2R A&a4E @a%alﬁleﬁtebéla B}Cdd'ﬂ&:?i w&ﬁ@naﬁwdiaff
exanpl e, PANGC-1 (ATCC No: CRL- 1469 HTB- 79), BxPC- 3
( ATCC No: theRiesens 8wpntioHmpagduct aljont ngd?—pqmge/pg A epattematsel | 1ines such

as, for SR _ | i nes such
as, for exarrp}n(r?cnt ?@%ﬂéékg&%m&%%gg%m © ﬁ %‘E:C{ﬁllgﬁb %)? E?(l(‘féﬁl(l:)‘fglét Expr essi ng
Mar ker s Gﬂ@ngﬂt—wph@et/pg:DbﬁA tThan Rheroate ambedifatpcallis peoducaidggbe mth8dd dfar ker s

character stic of cells of the reati c. end ine lineage are well known
Lo t hose bk PrpafinvEiondrdie 6o AT i PRENA S sk AlFREE or' ot 1o of t he
pancr eat i gnt@dihadgit,i cols protherd 8y G@thét et of theliese@t@ntdntibeprodddeadeutmar ker s can
be used to confirmthat_the cel|ls treated in accordance with the present

i nvent i o RBg & RPTYEPERTatlBdn abcrarg aMPRATEY. ¢ 8 pErdurYdhamstpdi ofsti ¢ of

the panCrtﬁ@?fe&n?M%fdnﬂﬁoddc@@@(ﬁ@%(ﬁ%@b@ﬁfdb@ g BMIOCTH MGlkinBgage specific
mar kers include the expression of one or nore transcription factors such

as, for emhedinesnt, clls Boduged by the meshexds.of the present invention produce about
300ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the methods of

the present invention produce about 200ng C-peptide/pg DNA. In an alternate
embodiment, cells produced by the methods of the present invention produce about
100ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the methods of
the present invention produce about 90ng C-peptide/pg DNA. In an alternate
embodiment, cells produced by the methods of the present invention produce about 80ng
C-peptide/pg DNA. In an alternate embodiment, cells produced by the methods of the
present invention produce about 70ng C-peptide/pg DNA. In an alternate embodiment,

cells produced by the methods of the present invention produce about 60ng C-peptide/pg
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[0188] Mar kers characteristic of cells of the 13 cell l|ineage are well | nmown
to those skilled in the art, and additional markers characteristic of the
13 cell lineage continue to be identified. These markers can be used to
confirmthghhia68:1 s treated in accordance with the RgaRRbog/iMENt 1 ON
have differentiated to acquire the properties characteristic of the 13-cel
| ineage. 13 cell lineage specific characteristic include the expression of
one or nore transcription factors such as, for exanple, Pdxl (pancreatic
and duodenal honmeobox gene-1), Nkx2.2, Nkx6.1, Isll, Pax6, Pax4, NeuroD,
Hnfl b, HnPN&. lmenalteranty cobediment ells predugedonibe methoghelshe piesgécri pt i on
factors a I I i i Ofr, 4 i f I f docri ne
col | 5. - sl p R ® IR G FRIINA ol el b er 8002y )

[ 0189] Thepreflfided ibg tivsymethodsi of tlerpeesenttinyantionpypdbes abettetOng Regkpbige/pxposi ng a

treated c pul ation t n e such,.as,an antib t hat specifically
recogni z e@ﬁlﬁ“ B‘ﬁé‘{‘ é‘ﬁ?{“%ﬁ Fﬁ?g?‘ﬁg%%? (éésﬁé;é’ go dé)?edcbé’l tP% mg@ggse%@ﬂ%ér eF‘Fﬁ'fk ers

CP?_r act erinSr'éI}tE)n_(p]:fofdubeamﬂw@&I-bq;tﬁg@@g]Nmelﬂ_ dnmga@etb ¢ cAlbbdinat,icvi®d v, tge .
ef ficienc ifferentiation may be determ ned by expgsin treated ce
popul at i oﬁrog‘bcegﬁ’yéllﬁa‘ﬂ?th?cg&é Frepeesgpt lﬁYFt“FIB’b_HW“‘EOrf"QPu@@@g%I’I?e@glj‘?}% recogni zes a
protei n NBNACT™ &% RiGRHE EmBYdifRht, SclRpRIRSRS BYAhIRLBASoGhapRedher i stic of the
p cell lineage. [0190] Met hods for assessing expression of protein and

nucl ei ¢ a@ventivampkaduse dhout ngr-peptide/PEEBAt ed cells are standard in the art.
These include quantitative reverse transcriptase pol ynerase chain reaction
(RT-PCR), Northern blots, in situ hyffifization (see, e.g., Current
Protocols in Ml ecul ar Biology (Ausubel” a al., eds. 2001 supplenent)), and

i munoassays such as i munohi stocheni cal anal ysis _of sectioned materi al,
WIS ¥ n bingmeiasnget, fisdrasent imgpntien providst @ medod &rdwealing epatignt syffadag cel I's, fl ow

cytonetry L @g@ : | : i Anti bodies: A
Labor at ort;; a‘%ﬁflﬁ‘ (F\iw é?lég’e%gfzgd%%?t?@%gwwgﬁg%a%uﬁ i}‘[‘%r ess (1998)).
[0191] | n pnepasperm wils, diffcrprtesaptheiphripotentsigm vl i fitiodheraddcal
differentiation is determned b ring.the percentage of insulin
positive f(%clagcs aP#}lm qEgigr}tl\r/1 Eﬁeccé:ﬂf O%I%E‘t%alfgnﬁag‘%n&)% P]ég%lcfltr eatnment. | n one

enbodi ment, the nethods of the present invention produce about 100% i nsulin
pd8194|ve Inelet moittrer aspgetythrs iovdntion provides amethot! domeheneapodhneffering he met hods

of the prgsent inventjo roduce ,about 90% i nsul.in positive cells in a

gi ven culﬁﬂpeqrafﬁgl%#tdﬁ‘%]gﬁﬂ%r?@pg%@ F%nﬁusfnl‘? Oflréqvﬁgvﬁc'bl "P8e present

i nvent i onplpfigere steaRUs, d&@é}@ﬂtﬁ&hl%ihﬁ cPIdEtd ballg /£ atbSntb A PacellilMedpeCatidt ure. In

an alternate enbaqdi nent theI' met hods of the present invention produce about
70% i nsul implasgag thevellcedia feqlingags plothe patiepte. 1 n an alternate enbodi nent,

the nmet hods of the present invention produce about 60% i nsulin positive

cqbigs)i N Bafpryfihes Whd pakient chi b@furfbd @daRatAitEFHARHAREIal adeh® orBloagdes of the
present invention g‘;oduce abaut 50% i nsulin @oa tive cells in a given

cul ture. et fagilitaiertes sayimalend Senctiemet the Hanspiapied aellsoThesrereppta @it i nventi on
produce %Hag%e,‘%&"/&hﬂﬁ]%'ih&lﬁ%bﬁrbé’r@ of&%'mv-ﬁ‘fa%iﬁ& URRdfl B, gndai‘,
e t e t uce about

alternate odi ment; t net hods of the prcsc i nvemrmtion pro

30% i nsul iane pesphogerdc pwitdiss (BMR2g3yven-5 o, t Ur-€l, -1% amch-13),tfdrelddse enbodi nent ,
the methods of.the present .inventian pr e about, 20% | nsulin positive
cells in %g‘é’ﬁiv%%toghll ‘hfnﬁir Z’.pl?tﬁlc%tﬁcrém%e%? ﬁvzvatt%g%lcg%o i%léjnf%%{lp Laécs[?l{rentc ods of the
present ipixsdit ingulipgrodticfactabQGF-110Ygionstudifferepiiaion ifveord GIDFSS,i-6, -@, ] ven

SIS N TN T
SZ Itog ﬂn ﬁfe eéﬁigtf}elﬁl{, 8RBRE othBNE D P BharkiBeuitdlicomBiaMs fn HbhLEE & UxhAPlcON 1S
nicotinamide, glucagon like peptide-I (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.
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measuring glucose-stinulated insulin secretion, as detected by neasuring

t he anobunt of C-peptide released by the cells. In one enbodi nent, cells
produced by the nethods of the present invention produce about 1000ng

C- pepti de/ 7 an alternate enbodi nent, cells prqi4yaad ‘ met hods
of the pré?gﬁt |n$%%tion produce about 900ng C-pepti de/ pg DN%?M?ﬁmgn

al ternate enbodi nent, cells produced by the nethods of the present

i nvention produce about 800ng C-peptide/pg DNA. In an alternate enbodi nent,
cells produced by the nmethods of the present invention produce about 700ng

C- 194Peli deMpgplpripotentyteancedls may hadefeasnbiaiti e an ingelin-gropree eddrigyta he net hods
of the pr | 1 0N L (e INA. LA an

2l ter nat - SapoaeRsE e SRAAEES B oApIHet RERLHERARA sl

i nvent i onfiplyclifficrentabmluttoPodehis) pGopeptansgipgiddNito alrecipiantalAlermavdy.ghdodi ment ,
cells produced by the nmethods of the.present. inventi r.oduce about 400ng
& pept | doPHEPRRR Ry B Frap i B Ebih L AT L BB, “The. ot hods
of the prpggaly difféRAfidtestse OFueRr aiffatenti AofayGakefhdedathegediNbat. | N an

al ternate enbodi nent, cells produced by the methods of the present

i i t _400ng, C- i de/ pg..DNA. I | t £ di nent,
R8N, onBEhVEs Pt aeliRgud ARl psBair Hongum &l S5 UhEEELE R 3000
C- pept i deldig, ENAbe fntplaiedals URHEBS EccBIBPRAB o A8dtdrS thaf e BERNRYd tfie met hods

of the present 1nvention produce abgut 200ng C—peptlde/pg DNA. In an

al t er nat ethe hepadicperiel vee Alemstiseliicests mpy bparoyided dtaiogmpafible degradable

i nvention : ?ﬁgj Sq(;j&_ - 1k de¥itg oPMan it t LEngpbodi nent,
cells proﬁﬂ@ggugﬁm e’h%%ﬁo S %?HﬁﬁikggéseﬁE |ﬁ3en§?gﬁ%%%§g§%e about 90ng
C pept i defmpgumigéspohse. Liellamag baanpared ot sreappropeieicisge prowoipedt. BBhet he net hods
of the present._.invent.iagn.produce about. 80n - tide/ ..ln an

al t er nat e ﬁ%n(%%ﬂorr%éﬁ?s, g g?ﬁggorﬁ r %rgjalg,gge B‘)}ert?’ne r?rgrie‘faﬁgr & B?Q%Hgégﬁ?uéaére nt

i nvent i onspatqdueetual peritordony sibsprepd] isptet atcEidA, stbmadchnorad dubtutadeeuenbodi nment ,
cells produced by the methods of the present invention produce about Ong
C—peptideWﬁ%d'DNA. In an alternate enbodi nent, cells produced by the

nmet hods of the present invention produce about 50ng C-peptide/pg DNA. In an
al[oggg)at eTe eihgdéermﬁger cﬁﬁérbﬁiaﬁb@dﬂ@&dé bfyac'tihiey ﬂﬁh@ﬁﬁgsarﬁéc} deliie, aﬂﬁi@i&@nn{) g

i nvention_produce about 40ng C-peptide/ pg. DNA. In an alternate enbodi nent,
cell's pr o@afe@d%g 2p GOV fastols 2BHOXGRBIS SF @B HtlaPmARTY P&t PRfce about 30ng

C-pept i deJRonfddfed Yefor@ ik HaBERRly SvielTBPA TR adnfi@bkRioR bOMe sk, iy the met hods
of the present inventi'on producé about 2Ch% C-peptide/pg DNA. In an

al t er nat ecesiricaibedinents glopsh freomrsentilispd theifisentiga sheaimimgersd eglsriv
I nvention,pr Oﬂ%ﬁ@fa@%?&éanlbgg&r&éd)ﬁ)péddggénggs ENgvand . Es&;roé‘&f t§¥he administered

cells in situ. Implanted cells can be induced to differentiate by any combination of

endogenous and exogenously administered growth factors known in the art.

[0199] The amount of cells used in implantation depends on a number of various factors
including the patient’s condition and response to the therapy, and can be determined by

one skilled in the art.

[0200] 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 in vitro into a B-cell lineage, and incorporating the cells
into a three-dimensional support. The cells can be maintained in vitro on this support
prior to implantation into the patient. Altematively, the support containing the cells can

be directly implanted in the patient without additional ir vitro culturing. The support can
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[0193] I n one aspect, the present invention provides a nethod for treating a
patient suffering from or at risk of devel oping, Typel diabetes. This
nmet hod i nvol ves culturing pluripotent stemcells, differentiating the

pl uri pot enﬁ,()%@m.,gs?il s invitrointo a O-cell lineage, Q4 E&ﬁg}@ﬁ&é ng the

cells of a p-ce I neage into a patient. [0194]In yet another aspect, this
i nvention provides a nethod for treating a patient suffering from or at

ri sk of devel oping, Type 2 diabetes. This nethod involves culturing
pluripotent stemcells, differentiating the cultured cells in vitro into a
3-cel | 1i oeiiegally bsiacorppriated tiithgt tdaet one phaymeeeugicd agent thef fagidigaies theit o t he
patient. 95] ¥ ) ient can be further treated with

phar naceu%u?g’:lg?ﬁ ag‘geﬁ%@&gﬁw%%g%sﬁa\%gQ?i#at facilitate the survival and
function of the transplanted cells. These agents may include, for exanple,

i n9a01n, Hepriogmsaterialg ugablGlor L3e foa pinipyses o the pisery iMEALABiNcluds tissnel 3, bone
nor phogenjc proteins. (BM2-2, -3 -4. -5..-6 .-7 -11.-1 nd -13),

(7 bF obi asiegraste et BYEe: apiqesch Ssisrul B uderpUb b8l Rt actof - an, and
- BB, pl at ginéfictic b ngphraism@eridlfiithe forgrod fdamsf spohgds, £dlGhydrogdls, Yexgitea)t h

differ ent%@&il on factor §GDF5 -6, -7, -8, - 10, - lg), vascul ar endot hel i al
cel | -deri OB SIS rwklﬁw,bcﬁf’éﬁegf’?ﬁﬂﬁiaﬂq MNP REPPSEUCfong ot her s.
Qt her phafpBfedd bioRlgica PR AGF L 8ol REVHERemdtAticRpIPIR indlbiagtikfam de,

gl ucagon | 1'ke pepti ge-l (GP-1) and I'l, GP-1 and 2 m neti body, Exendin-4,
retinoi c e apasuietly fasiuse naraebpiag thomprhedsiof Biemsessnt isgaHomSee.flor exanpl e,

conpounds,. di i : irsh | i nd U. S
publ | Shed ABTT Ear ol B3 P TBeT L A0B SRt P00 6 b8 o5

[ 019|6] ThePgeéni 5 15|66516é21,|tU.§t Batent &J76%,8 3\ .SllePachnt 6.62@H10, AL L Patent @5 3084,

i nsul i n- cl i0f. .t Q tr tati I ipient. In a
speci fi cp{éﬁgg%‘?%n@%‘{zﬁgéﬁr B?tf’fﬁéﬁéﬁﬁﬁ@t@% %%?q?g ’%&’é%’ﬁf'%? a&‘?DIIF ferentiated
into f3-cebbe48gpUiPubkshed Applation 2004c00627630A B U.8Rapinens57,264aad 8.1 vel y,

t he pl uripotent gteé“n cells may be transplanted into a recipient in an

undi ffer t?fﬁ?é& ¢ partially differentiated state. Further differentiation

may take place in the recipient. [0197]Definitive endodermcells or,

aljogo21at i veform dpapsdreiatrpoaed adaraphaghdcsutidal ageat, HRrphadmacltical dedntcel |'s, may
be inplanted as djspersed cells or forned into clusters that rmay be infused

into the f@pamuEedHith de pobymer soptiqu nrior fafor)ing ¢hg uBPerhy Al vels led i n

bi OCOWDat]HBhﬁa&%a{ng%m EuRPhYTBlcH Sn@UPRR dafed sBRIPY preftirabs ganadabl e devices
or encapsul ated to protect from host i|Inmune response. Cells nay be

i npl ant edpresenes ofrd phppnasputicat eardért &he phagmeesylipil egant nmpide pregdrdas at i on sites
i ncl ude, {Qr | g - CE Ly ] en bcapsul ar space,
oment um 54 ESRER, FighDBLl by ol HoRle AN 0% frhE DN GrRIEOD
subcut anesuipiquesckist 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.

[0203] 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,

[0204] 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.
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[0198] To enhance further differentiation, survival or activity of the
inplanted cells, additional factors, such as growmh factors, antioxidants
or anti-inflammuatory agents, can be adninistered before, simultaneously
with, or afhsholPsseadn nistration of the cells. In cert@hg /agihfgent S,
gromﬁh factors are utilized to differentiate the adnlnlstere cells in
vivo. These factors can be secreted by endogenous cells and exposed to the
adm nistered cells in situ. Inplanted cells can be induced to differentiate
by any conbi nati on of endogenous and exogenously adni nistered growth

Qﬁ%/]s k AbaFHPPert friae algp be lr{cgmggﬂ]temetfa#éwt omfphérérmcgutwslewmpnum ptaht at i on

depends o] f ondi tion
and respoﬁa 2 Ila%Fprﬁ{am?&%y%)éﬁ%%hsda%g%g%%} an neﬁdlnl gds()o%]del&gg Iﬁ@d in the
art. [02OBI]lulmhamn@pIﬂmptamt2004/1012%0396\43&1&Som‘ubinshvd Appluatmxeﬁ(lﬂ@tﬂzf)%mlt reating a
patient suffering from or at risk of developing diabetes. This nethod

i es Iturln ate t I i t cultured
caSPRSIT Th ubhhhal atth 4P BspPor ST ety PLR s PRRb R T
t hr ee- di mnmrmnmlsu@msmé tompdiad.cath s, ﬁﬁmxhﬁplerajoﬂtpaumhdllscmsed ihflbS.on this
support priQr.to i Iant o the patient. Alternatively, the support
cont ai ni n ”'ﬁlﬁ]ec‘jc‘%]? igation 7 bé/%&l?]:ﬁgét ly inplanted in the patient without
additional in vitro culturing. The support can optionally be incorporated
Wi[oRoAt | eRsduppiiempiakoBe aidbipeatedagieidt 1dabedne fpAginlactaic@lscotdpeuriihatiival and
function of the transp Ian%{)?%l cells. 0201] Sup ort mat er.i al f suitahle for use

for purpos89¥d faciee sptedse r%mmeeﬂberwﬁ% GFBdamuly tiasipding LSF-ondui t s,

barriers, 2aaﬂéarﬁo?le&ﬁb@pﬂo@eﬁiéemlnsf@mmzssu@ kegalr .11l nopafdgpyl ar, synthetic
and natural materials in the form of foans, sponges., gels, hydrogel S,

textil es, ﬁlzmbllammvdbéwt@s-rl@eti u%@batelmeehedﬁo‘e’fhbfe@ﬂr-ﬁésemd BRiplatdetand i n
Vivo to rego | |ﬁak s.te deliver
chenot actllef(g1 %gsgéé?f %%?lﬂ{gﬂb u@?t:‘ig&te}:?s é)rg Bfgllegﬁée{ﬁg ufi?ctslf %V@HFf%r{suge in
practi ci ng0sis), mChkadsnckothehhie:ehndesmdtglmmhe“mmt(NECEE@,qqle1ﬁtmiphexarrpl e, the
materi al s osed in, U S. nt 577 417 nt. 6,022, 743, U.S.
Pat ont 5 e hElS Sidng Smas it shiteCebbet pbouds Bin kS0 T RBPeL o pat ent
6, 534, 084mcdﬂm§m1d%@hﬁjb&m6n&&ﬁalélﬁétor ua@ha Raicpén BkeiptidetBGIR-B, GRatent

6, 599, 323, U . S. Patent 6,656,488, U S. Published Application 2004/ 0062753
A, U S P8@d2mimstbosysanddl bxendipg; radal, sogeim N3 retingi@eidro f or m a support

| ncor por adnylbldhofmpRAAREEUE! dtlocREN o iR RRMIMERUL caloiigaRgl can be

m xed with the polymer sol ution prior forming the support.

Al ternati d@erryms,alalphm M@@aleeﬂtlda@mam@emﬂ- pad m*aeﬂpn@mgoiomamé@f i cated
support, 0 The

phar naceu#ﬂlggl agenlfupdr%ﬁgmp r?%?@% ha%f%rﬁg@ﬁd%%%#nﬁﬁde M IVI ded solid, or

any ot herlnhlﬂ)pommuclaasafqmy&nplal compioumds,@hstcmsedamMEJ Bubhehedlﬁmpdam:tmnnay be added

ol t or nat cbHON RS B s VB PRt B Ralaaah W (h at | cast one

phar maceuti cal conpound that is an anti-inflammuatory conpound, such as, for
eXoms] e chigiatorpiaratbnsaltisetls bfithblpfesedPatve ntionGnmQO%ca®&d 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 (1988)). 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 ef al. developed a cell seeding method (J.Biomed. Mater.
Res. 55(3): 379-86 (2001)), rcferred to as Centrifugational Cell Immobilization (CCI).
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[ 0203] The support may be incorporated with at | east one pharmaceuti cal
conpound that is an anti-apoptotic conmpound, such as, for exanple,
conpounds disclosed in U S. Patent 6,793,945. [0204] The support may al so be
i ncor por at\gg JMeiy34 | east one pharmaceutical conpound 2hoR@fed Nhi bi tor
of fibrosis, such as, for exanple, conpounds disclosed in U 'S Patent

6, 331, 298. WD 2009/ 070592PCT/ US2008/ 084705 [ 0205] The support may al so be
incorporated with at | east one pharmaceutical compound that is capabl e of
enhanci ng _angi ogcncsi s, such as, for exanple, conpounds disclosed in US.
Pul29%h e d Thppresaahiny eniopgo@rtheridsuated nbit wodimimgdiy, tiedelloxgpg preanplasn

2004/ 0209901. [0206] The support may al so be incorporated wth at |east one
phar maceutical conpound that is anfy g&uppr essi ve conmpound, such as, for
exanpl e, conpounds disclosed in U S. Published Application 2004/ 0171623.

[ 0207] The support may al so be incorporated with at | east one pharnmaceuti cal
conpound that is a growh factor, amplesl for exanple, nenbers of the
TG--13 famly, including TG- 131, 2, and 3, bone norphogeni c proteins

(BMP-2, -3,4, -5, -6, -7 Hiirhdn E'nfl% onﬁﬂ@te‘nla:llg Ifarebl ast growth factors-1
and -2, platelet-derived growh agtor-AA, and -BB, platelet rich plasng,
insulin growh factor (TOP-I, II)&ﬂromﬁh differentiation factor (CGDF-5, -6,

- g0210j0, Thehumapseuyeic serdsethindsafl, Ed|and §0rvareobtainedram¥iiclr (VEGH) ,
P PR A 0 T U6 LR TRl oo
gl ucagon by the spept ingtdute. BGeRy,krlls @kriechlturcd on mousc embryonic fibroblast

(MEF) feeder cells in ES cell medium consisting of DMEM/F12 (Invitrogen/GIBCO)

supplemented with 20% knockout serum replacement, 100 nM MEM nonessential amino

acids, 0.5 mM betamercaptoethanol, 2mM L-glutamine with 4ng/ml human basic

fibroblast growth factor (bFGF) (all from Invitrogen/GIBCQO). MEF cells, derived from

E13 to 13.5 mouse embryos, were purchased from Charles River. MEF cells were

expanded in DMEM medium supplemented with 10% FBS (Hyclone), 2mM glutamine,

and 100 mM MEM nonessential amino acids. Sub-confluent MEF cell cultures were

treated with 10pg/ml mitomycin C (Sigma, St. Louis, MO) for 3h to arrest cell division,

then trypsinized and plated at 2x10%cm?® on 0.1% bovine gelatin-coated dishes. MEF

cells from passage two through four were used as feeder layers. Human embryonic stem

cells plated on MEF cell feeder layers were cultured at 37°C in an atmosphere of 5% CO;

within a humidified tissue culture incubator. When confluent (approximately 5-7 days

after plating), human cmbryonic stem cells were treated with 1mg/ml collagenase type TV

(Invitrogen/GIBCO) for 5-10 min and then gently scraped off the surface using a 5-ml

pipette. Cells were spun at 900 rpm for 5 min, and the pellct was resuspended and re-

plated at a 1:3 to 1:4 ratio of cells in fresh culture medium.
Example 2

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture

Substrate Coated with MATRIGEL™ to Pancreatic Endocrine Cells.
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and G.P-2 m neti body, and II, Exendin-4, nodal, noggin, NGF, retinoic acid,
par at hyroi d hornone, tenascin-C, tropoelastin, thronbin-derived peptides,
cathelicidins, defensins, |lamnin, biological peptides containing cell- and
hepari n- bi pdin ins of adhesive extracel lular matri pSuch as
fibr onectlﬂgan% V?th?onectl n, MAPK inhibitors, such as, ﬁ&gwsgilghg

conpounds disclosed in U S. Published Application 2004/ 0209901 and uU. S

Publ i shed Application 2004/0132729. [0208] The incorporation of the cells of
the present invention into a scaffold can be achi eved by the sinple
del@s1lt i nfelds ofdld humapranebrydnac semictlblick HGalt pessagaritSovaresulivmdont he scaf fol d by
sinple di (n\][ 8 Several ot her
appr oaches have eeﬁoggt\g%?ﬁesél %éﬁuetlnﬁgﬁlgdécxﬁsca sﬁ%é[&?(]:lg oe%j el seedi ng.
For exanphgplesphtedevithf(. ﬁ%mshaubl(lﬂegnnm(&dfm A (Ré&mdEystenad, Mgl 2cyt es ont o

Aol het - aprb SONT 2B Cariget Ty CbR-B67 Bim svaid M0c ki feigarhaned W th

yields m ﬂbdﬂﬂ@ﬂt%lﬂﬂSMMﬂ@&eﬁi@% e @htddSwiaingh, FHIAMAa 90 seadingviRiAi ci ency.
For exarrp Yang et ~al. devel oped a cell seeding nethod (J.Bioned. Mter.

Res. 55(3({AARPoameditigehtiee days: dYerXé&letcslﬂergs werktreated yahiIEM G 1 2%

| rmmobi | : : t
e 8 T AR R
exanpl es. HEAL BSomxdhpfat ﬂaﬁmﬂmlmwwg i1 (gicousmeCAl 6210] The

Resoar ch PHAPY EEET M hm CyRfiParilee S Pna M AP R,

i nstructi®igy. provi ded by the source insti tute. Briefly, cells were cultured
on nousc enbryonic fibrobl ast (MEF) feeder cells in ES cell medium

o jSstin F12 tr suppl eme | 20% knockout
SR, epRadErine obe A R e AR R Jen) b Sy <O
bet amer CaEithInhfa(BDéma 2ndy) L-1g1!nupar1nrr{e:amidchen4r(g4mbr kis ey foRSH€d By br obl ast
grow h factor (bFGH), (all fromlnvitro en/GI &EH’NEF cells, derived from
E13 to 132 ltwa%tére@#ww@bam@ WF% ! Yok (EpvilFoess, RAVEPO DR cel | s

ver e expapgedin N dRvEM L@%@%ﬂﬂbﬁ@@r&@chwmﬂ é@z{gfﬁﬁﬁdm\f&]@ne) 2mvi

glutam ne, and 1 0 ni’M MEM nonessential am no aci ds. Sub-confluent MEF cel |
cul tures Sustams; M3t e awithitte of tleaupypeetlueiis dfmycmdwm@w dreRNA&samplssivere MO) f or
3h to arr _ /cnm2 on
0.1% bowﬁozltegg‘i?hjfﬂlngdu}é{é% gt’(}ra b s,gangcE ?é/%ﬁfceﬁﬁgm? [ %:Zis@gpgl Stt\%%ljctQ rough four
wer e usedtuasPCReideirobhm}edrfmm btllsﬁ]amstb:t ytohiges $toeﬁn’ﬁetd \saqad agreficanh I\/EF ceI I

f eeder |

e ¢ 1 hCE Rt S e SRR inS e Rl AL ERARK élﬂtgluea%w&ﬁ%l“ 81y 5.7 days

af ter pl adellpg)stagasiand &idngonittCarSineaaeeh bpravsios of NeabPd with 1ng/ il
col I agenase type IV (Invitrogen/d BCO) for 5-10 rnMand then gently scraped
off the surface using a 5-m pi pet Ciells wer e spun at 900 rpmfor 5 mn,
and the pellet was resuspended and ?‘%‘“B%’ted at a 1:3 to 1:4 ratio of cells
in fresh culture nmedium Exanple 2 Differentiation of Human Enbryonic Stem
Cel | s Cul tihedifeets ofiVagisas Cohipsiifids on the Expression of Markers Characteristic of

the Pancreatic Endocrine Lineage in Pluripotent Stem Cells Treated According to

the Differentiation Protocol Outlined in Figure 1a.

[0213] Cells of the human embryonic stem cell line H1, at passage 51 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and exposed to DMEM/F12 medium
supplemented with 0.5% FBS, and 100 ng/ml Activin-A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN), for two days followed by
treatment with DMEM/F12 media supplemented with 2% FBS and 100 ng/ml Activin-A
(AA) for an additional two days. Next the cultures were treated with DMEM/F12 + 2%
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Substrate Coated with MATRI GELTNI to Pancreatic Endocrine Cells. WO
2009/ 070592PCT/ US2008/ 084705 [0211] Cel I s of the human enbryonic stem cell
line H, at passage 45 were cultured on MATRI GELTm coat ed di shes (1:30

diluti on) WodefrPResd to DVEM FI 2 nedi um suppl ement ed "i‘c‘ﬂhs? 056% gs.s and
100 ng/ m Actlov)?iﬁ A (R&D Systens, MN) plus 20 ng/m WNT-3a Cat

| 324- WN- 002, R&D Systens, M\), for two days, followed by treatrrent vmth
DVEM F12 nedi a suppl emented with 2% FBS and 100 ng/m Activin-A (AA) for an
additional three days. Next the cultures were treated with DVEM F12 + 2%
FBS + 20 HBBrm0 %@IgFGFbﬂ‘QQng Cydonspuns-ker ARGRINBIL SoBiorhemalh) Bchem  CA)

for three, y | E@yﬁ% o%\/( + |

(I'nvit rogeﬁ& %ﬁ)llo gﬁlgﬁﬁ{#ﬁﬁé‘—]?‘%ﬁ%ﬁ %g J(Sgém ne- hﬁl%ﬁﬁ 8%5;

Reti noi ¢ 2€ngim] REF7(+3. @ﬁm(]yﬂpparﬁﬁiﬁmfz vihRetineid asid@®iAg (Bigtrtapr ed in
DMVEM FI 2 # 1% B27 (I nvitrogen, CA) + 50 ng/m Exendin-4 (Sigma, M) + 1 gm
DAPT (CaIM them CA) for six days followed by additional three days

i ncubation in DVEM F12 + 1% B27 (Invitrogen, CA) + 50 ng/m Exendin-4

( Siognr, |\/®):)|(t-l-th5@elmg/¢e‘fk cmlafedlgépﬂﬁmgﬁ, + ﬂ\%)B2g (Bbritrggen CAIGE5¢ REMIL Sy st lems,

. An outline e te n FI re . sa es were
(I\:/gll) | ect ed 1‘9“8}13 %gﬁr@ﬂ? 2@8&?% ubg‘@é‘ Qf@g%‘gm&r H&ﬁ‘?%wyﬁ gUIrJ e 2
di spl ays idugidngBhrdeidaRs iRGRaAt & INER/PED: fl%%nﬁ(?ﬂdn%é%ﬁr(‘lﬁﬁ 80l ngtnist ages 3

to 5. There was a significant increase in expression of endocrine markers,

such as i Fsudiod Ghemg MG Sh ey del ébenroiede N b+ 80 ng/mA KT R&IAd 5, al ong
with an '%ﬁ&ﬁm& S%ﬁﬁro?ﬁé'cﬂpu:‘él\évrvglg‘rﬁeggﬁar A TR & tife fBﬂS\fv tgc% Sufdy Various

COWpOUﬂdS on pression o eristic o ancreatic
Endocri neatl_euth@as@ge Brstégeut, opssiegen B St MEICMABK Tatebitos 2 Aoviopdi-ng to t he

Different] Pro t |n F| he human
enbryoni c %IL“ 5?&2680% (l“‘a”flo é%ﬁma%e lgﬁﬁ#ﬁf](gﬁ cllo"3 Rl GELTm
coat ed di dsxbﬁ:sno(zﬂ.hjﬁd}oﬂyﬂhaﬁylm&hyaﬂﬁ]-exmﬁﬁlﬁdnd)q#w Eil%ldmdn,um\;uppl enent ed
with 0.5%F [ m . Acgt ste I 20, ng/ m
VT 30 ( VAR oSS s sy ahE i by B TP T Daed. by
t 1 eat ment 3.i_biap DME B2 2,rzgamea=ar§,uamoqmmé; dhoS RS haRACAR A/
Activin-A (AA) for an addi ti onal two da Next the cultures were treated
wi t h DVEMREbton(1h64Hydroxymethyl-chiroinositol-2- %IR) 2-O-methyl-3-O-octadecyl-sn-

glycerocarbonate) (#124005, Calbiochem, CA), MEK inhibitor (#444937 Calbiochem,

CA), and TGF-B receptor I inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-

naphthyridine) (inhibits activin receptor-like kinase 5, #616452, Calbiochem, CA).

[0215] Figure 3 a-e displays the real-time PCR data obtained from cell harvested at the end of
stages 3 to 5, treated with the conditions indicated. Note that addition of the TGF-B
receptor I kinase inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-
naphthyridine) to cells at stage 4 or to cells stages 3 and 4 significantly enhanced
expression of insulin, glucagon, NeuroD, and NKX2.2 while marginally affecting the
expression of PDX-1 at the end of stage 5. Addition of the TGF-B receptor I kinase
inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine) only at cells
at stage 3 marginally upregulated expression of endocrine markers in cells at the end of

stage 5.

Example 4
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FBS + 20 ng/m FGF7 + 0.25 um Cycl opam ne- KAAD (#239804, Cal bi ochem CA)
for three days foll owed by four day incubation in DVEM F12 + 1% B27
(I'nvitrogen, CA) + 20 ng/mM FG-7 + 0.25 [Lin Cycl opam ne- KAAD + 2 j.

Ret i noi ¢ agip%yfoidAlset Si gma, MO). [0214] Next, the cells ‘R‘rﬁjs‘ibbhhw’fﬁ‘sd [ n
DMEM F12 + 1% B27 (I nvitrogen, CA) + 50 nWi Excndin-4 (SIigma, MO 1 pm
DAPT (Cal biochcm CA) for six days followed by additional three days

i ncubation in DVEM F12 + 1% B27 (Invitrogen, CA) + 50 ng/m Exendin-4
(Sigma, MO + 50 ng/m |G- (Peprotech, NJ) + 50 ng/nlHG- (R&D Systens, M.
Sone of tHﬁlecﬁﬂchupfétéleveekléﬁm@éﬁ@ﬂﬁ\mehptprpﬁimsetlhbibitot poiliedixpeessipounds  at

ith t 3, st PK i nh f, A 3 -
et hoxy! | 2o erdiEaderille gTREEotratic Bnddein PiCab ON Ml effsiet™ O
(5- 1 odo- 3- [ CRNSTredithr Acserdinp Yo theXlyiplosmyiaxieh Rydtocnd 10wlineiddalFiguedh, (#553008,
Cal bi ochem CA), SMAD3 i nhi bi tor

> RIS CRp S e S WO AL PR 405 Al BRB e A AKT

[ nhl bi t or MATRIGEL™ coated dishes (1:30 d11ut1on) and exposed to DMEM/F12 medium
(1L6- Hydr oxypet hyl - ¢chi roi nositol-2- -2-0-me (BéJl) 3- 0- oct adecyl sngl yccroca

rbonat c) {uWpEmsDiEd Witk O EReninddAy ng’ﬂ?ﬁlé‘i“ﬁﬁ’i Bi SusiemsoMN) ehisplochem  CA),

and TG~ Bnl\%ﬁﬂ:@.m"p@a (CdtRBEPI $2ALWN-002, R&D Systems MNg for two days followed by
(2-(3-(6- pyri di n- 2-y1)-1H—pyrazoI-4-y) g}/rldlne) (|nh|b|ts

activinr @@ﬂélpclﬁmth RMEM/Rbsmedia sufplaamed vah M@Bﬁémi 1@93\91 mi 6206 gure 3
d | | t t th d
o *st agestioy B difionb 08 i L et e Shre'loBlh S8 DMBIHPR! et L4aF Fon

of the TGFBB+20agmIAGR7 kD ﬁaam (iZ)rdtD;ianmmr- KAAD (#239804 Calbiochem, CA) for

(2-(3-(6- et hyl i di razo r|d| to cells
at stage Wreﬁrdl‘/‘l’%%@@fv?‘gb%@ébé@ 15¢ Ta"fﬂmi?“gﬁf@hé* ? (‘Xﬁ%&ﬂrﬁ’h iesm on of
i nsulin, A0POF7 Nowrsqba CaaldpdNixe. 1RA whi + 2 e @inbilabi (RRA) eygmag t he

expr essi on o PDX-1 at the end of stages Addition of the TG~ B receptor |

ki nase i nMi%i t or
(2-(3-(6-Methyl pyridin-2-y1)-1H pyrazol -4-yl)-1, 5-naphthyridine) only at

cqbrrjat REAGRISWIR' @ithl hlvnummmt atiegBex Oh s L) CAl) +80 i ne markers in
cells at the end of stages. KE64 The Effect of the Addition of TG-13
Recept or ExeriiicASigmmiMP) bl LonDARE (Ealbiosham.Eri)der smdwsiellaedrict eri stic of

Accor di e o B O e Py B oy & g
Exendin-4 (Sigma, MO) + 50 ng/ml IGF (Peprotech, NJ) + 50 ng/ml HGF (R&D
Systems, MN). Some of the cultures were treated with 1pum of TGF-B receptor I kinase
inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine) (an inhibitor
of activin receptor-like kinase 5, #616452, Calbiochem, CA) at stage 4, stage 5, or stages

4 and 5.

[0218]  Figure 4 a-e displays the real-time PCR data from cells harvested at the end of stages 3 to
5 +/- kinase inhibitor at stages 4 to 5. Note that addition of the TGF-B receptor I kinase
inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine) to cells at
stage 4 or stages 4 and 5 significantly enhanced expression of insulin, glucagon, NeuroD,
and NKX2.2 while marginally affecting expression of PDX-1 at the end of stage 5.
Addition of the TGF-B receptor 1 kinase inhibitor (2-(3-(6-Methylpyridin-2-yl)-1H-
pyrazol-4-yl)-1,5-naphthyridine) only at stages 5 marginally upregulated expression of

endocrine markers at the end of stage 5.
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[0216] Cel | s of the human enbryonic stemcell line Hl, at passage 44 were
cultured on MATRI GELTm coated di shes (1:30 dilution) and exposed to
DVEM F12 rredi um suppl enented with 0.5% FBS, and 100 ng/m Activin-A (R&

Syst ens, ¢9 ng/ m VVNT-3a (Catal og# 1324- WN- 0Qwr/Réfdsmysé£ms, M),
for two days w)rﬁ[g\/\ed by treatment with DVEM F12 nedi a sgpp?@?rent ed with 2%

FBS and 100 ng/m Activin-A (AA) for an additional tw days. Next the
cultures were treated with DVEM F12 + 2% FBS + 20 ng/ml FGF7 + 0.25 pm

Cycl opam ne- KAAD (#239804, Cal bi ochem CA) for three days foll owed by four
day incubation in DVEM F12 + 1% B2Exgmpleik rogen, CA) + 20 ng/ml FGF7 + 0.25
pm Cycl opam ne- KAAD + 2 pm Retinoic acid (RA) (Sigma, M. [0217] Next,

B endi ﬁe(’%"’” Eﬂé&%ﬁvgr‘wﬁéggﬁf %@I b) “Q%%W&?E%th@x rdsgys o owed by
addi ti onal Madrkess @wacteﬂﬂﬂhﬂtthehanmemmﬂdatﬂneLi:%n&ih Rluripotento§em CA) + 50
(ReD syst omCeIRfen &R iroring ko e JHflsFinga ion Ereipiad chibosan e de Topr e

receptor | kinase inhibitor

_(2[2@13,}](6 Na}smfltmdncﬁnm&rgoh)csléxh pslrlak&ﬂk Mlth&ag% fgzvmﬁw ilﬂnwdiodi Re) (acz\)
Inhibltor. o I N rec nase , l.oche at
st age 4, @t‘ﬁ@ﬁ%&i 0Foalg {%@?‘% onh?ﬁfé]"?ﬁf: {prBMP\Q{Fg? meglb‘fnayrsn t he
real - ti megBei nféﬁtte@wﬁﬂh@re%eialssmfaqrow hAVint Aer &IOS Rfeni! RBBPIE 200 5 +/ -

ki nase inhibitor at stages 4 to 5. te that addition of the TOP-B
recept or mg{mh&Q\éT-ﬁﬁ Hranlegt 1324-WN-002, R&D Systems, MN), for two days followed by

(2- (3- (O Mo RSB Yo SRSkl b A0 By i © cel 1o

at stage or stages si g |cantly enhance exp sSsi on o i nsulin,
gl ucagon (Adedfood), acﬁrtubnNIt@miaQs vbﬂnxlt thewaltyenatreyreated Wthi‘gEM)ﬂiﬂr%b%%on of

:Drtl)ﬁl bi torlr:]j?g ?ng}énl &lﬁg]g%é? |LL81d(§P' I o Ofﬁ&ﬁjﬁggmy%ﬁ%tg a(g‘r%): yridi ne)

ORI y afj sthesgelaySiottewed Moh?d@phﬁ%ﬂh@??d)?ﬂﬁ]ﬂfﬂ@wmm7 @ndeggieh,@AYAr ker s at
the en st a a e The Effect of Varjous T Receptor |
Ki nase | E?@% ﬂ%?lewlaﬁ %éweeqawae@gﬁﬁifﬁleneyf t he

Pancr eat i M(ﬁndocr ine Lineage in Pluri pot ent Stem Cells Treated According to
the Differentiation Protocol Qutli ned in Figure la. [0219]Cells of the
human enbryoni¢c stemcell |ine H )oas age 41 were cuI tured on
[0220] Next, cells were cultured in DMEM/F12 + 1% B27 (Inv1trogen CA) + 50 ng/ml
Exendin-4 (Sigma, MO) + 1 um DAPT (Calbiochem, CA) for six days followed by
additional three days incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml
Exendin-4 (Sigma, MO)+ 50 ng/ml IGF (Peprotech, NJ) + 50 ng/ml HGF (R&D
Systems, MN). Some of the cultures were treated with 1-10 pm of TGF-B receptor |
kinase inhibitor (ALKS inhibitor II) (2-(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-
naphthyridine) (an inhibitor of activin receptor-like kinase 5, #616452, Calbiochem, CA)
or TGF-B receptor 1 inhibitor I (ALKS5 inhibitor I) ([3-(Pyridin-2-yl)-4-(4-quinonyl)]-
1H-pyrazole) (#616451, Calbiochein, CA) at stages 4 and 5.

[0221] Figure 5 a-¢ displays the real-time PCR data from cells harvested at the end of stages 4-5
+/- ALKS5 inhibitor I or II. Note that addition of the ALKS5 inhibitor I or IT at 1-10 um to
stages 4 and 5 significantly enhanced expression of insulin, glucagon, PDX-1 and
NeuroD, at the end of stages 4 to 5 as compared to controls (standard treatment). All the

samples were in triplicate.
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MATRI GELTm coat ed di shes (1:30 dilution) and exposed to DVEM F12 nedi um
suppl enented with 0.5% FBS, and 100 ng/m Activin-A (R& Systens, M\) plus
20 ng/ M VWNT-3a (Catal og# 1324-WN- 002, R&D Systens, MN), for two days

fol l oned byq tz["%ﬂ, gt with DVEM F12 msdl a suppl ement ed ppirh i and 100
ng/m Activin % ? for an additional two days. Next the cultures were

treated with DVEM F12 + 2% FBS + 20 ng/m FG7 + 0.25 m Cycl opam ne- KAAD
(#239804, Cal bi ochem CA) for three days fol l oned by four day incubation in
DMEM F12 + 1% B27 (I nvitrogen, CA) + 20 |rr1 FGF7 + 0.25 inn Cycl opam ne-
KAAD + 2 i _trn Retinoic acid (RA) @Sﬂgmﬁ [ 0220] Next, cells were
cultured in DVEM F12 + 1% B27 (I nvitrogen, CA) + 50 ngim Exendi n-4 (Signa,

MO + 1 pm DAR, ﬁlﬁ@étmf%gﬁi?an(&@Lf{gﬁnl’?b%or@%ﬁhéEkb%gn e §' onal three

days i ncubation in DVEM 1% B I'nvitrogen T Exendin- 4
(Sigma, MO Gha'B@ctﬂlgs!trclofltliFPQIREpa’tu:tEuh,crmlsLmeagomrﬂllnpowtﬁFSl(emlByst ens,
Ki nésesolnﬁhlotjl il‘g(%ate((? A,%’_LE:{;EJI;' ﬁlﬁ}%ﬁ?lfe I?lﬂle rejn Jatlon i’rotocole)utllnerH in Flgl% 1B receptor |
(2-(3-(6-Methyl pyridin-2-yl1)-1H pyrazol -4-y1)-1,5- naphthyridine) (an
i 622t or Ceﬂs cfetid huimunreedbeyatngr stérh kell knartdk et passage 16 4k2; cuGatddionchem CA) or

(5 Covr EAarLrR Boded lnes b s RutoR i ebdssitbo DMEMEIZ Pediony 1i ochem oy

at st agessp améntéd w25} EBgUArR 1@0@@1@@@1@»{%&%)@% Mm@hia@la dat a from
cells harvested at the end of stages 4-5 +/- ALK5 inhibitor Not e

that addi B9/eh VAN T-OR(CakglRg? | 3247 WN-GH2. R&S} Sysfemyy Mi\l)l’@rqujﬁayﬁéolwg@g 4 and 5

si gni fi capideRRARNSIOENY DS ﬁ%&h@u mén&'ﬁ%&ﬂ%@hﬂ(‘aﬁgqm ngRXaktiandy Neur oD,
at the end of stages 4 to 5 as co ared to controls (standard treatnent).

Al the s@n‘p)l fesanwddgional ttMOlde& déaxéthe colempvercdreTiod Wit fIB‘dEMﬁlFl?I\'bé"él n and
pancr eati LR A0 EIR BT R RS RR Ol el KR AR PEbRebenAMBE o, i ng 10
the Diff etheetdapt foﬁnwarb,t mﬂua}@ummmdlmwmgnm 1%, BI 0222 daeh) GADF t he
VTR cet Tl it B A7 o Bate ChdieemehaRB EA BouotBat S e ER 2 et um
Sgpﬁlf %e”“v‘ﬁ'r?**é“as@clg‘i’?fy%ﬂﬁ%fﬁﬁmﬁ%oﬁgﬁws%&”@A W) or tuo days S

d at ment . Wi th d % FBS and 100
39#43 Actll’q%}‘it S PR Cu} tBerghB%}tﬁéﬁg}lg/d b&%aa ggefﬁ\@ﬁ\s tS\ﬁlélgé'ﬁf tures were
treated wWetdndfaMA¥idd2 MORY E&%Ap?@cag{oeﬁe&@% +1 AmZ0L K5 mMhfBiel ppam ne-  KAAD
(#239804, Cal biochem CA) for_ three days fol | owed by four day incubation in

DVEM F12 Calbigoom, Caxfor ik dtjeriollasd by a;_iéltlﬁ@'eﬂ hreqdgys incubatpg i yn.
o n DEEMERAD 1% Bad R Bk o T S0 b i@ d oy Ao o
1% B27 (| 16H @epgteah, NN 50 igmINdGR(R&D Systems, MN) + 1um ALKS inhibitor II.

[0224]  Figure 6 a-g displays the real-time PCR data from cells harvested at the end of stages 3-5
+/- 0-100 ng/ml Noggin. Addition of 100 ng/ml of Noggin at stage 3 marginally
cnhanced expression of insulin and glucagon at the end of stage 4, while significantly
suppressing the expression of albumin and CDX2 as compared to untreated samples.
Addition of 500 ng/ml of Noggin did no affect expression of PDX-1 but did significantly

diminish expression of endocrine markers, along with albumin and CDX2. Albumin is a

marker for liver precursor cells, while CDX2 is marker for gut cells.

Example 7
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Exendin-4 (Sigma, MO + 1 um DAFT (Cal bi ochem CA) + 1 Jim ALKS5 i nhi bitor
Il (Cal biochem Ca) for six days followed by additional three days
i ncubation in DVEM F12 + 1% B27 (Invitrogen, CA) + 50 ng/m Exendin-4

(Si gmma, 4y 1 G- (Peprotech, NJ) + 50 ng/m Byt ems, MWN)
+ 1 i.tm%ggo‘igﬂ)ﬁfsgitor 1. [0224] Figure 6 a-g displ ayﬁﬁg regﬁ?ti me PCR

data fromcells harvested at the end of stages 3-5 +/- 0-100 ng/m Noggi n.
Addi tion of 100 ng/m of Noggin at stage 3 nmargi nally enhanced expression
of insulin and glucagon at the end of stage 4, while significantly

suppr essi Ae EFectafphed ddision of Naggin st Stagad .ol 16S Inibiters @ Stagesherdat ed
sanpl es. Aqdi¢ bﬁﬁﬂﬁssi:i—h?gf Nﬁlrmhrs UhabRodidtic B ﬁ.erif’a %PJa%%tEn%PrEﬁéEin%Eonf PDX-1
y dimnis en r

but did signitica expressi on o ocrine narkers, afong with
al bum n and BAAripAebtitem Cellsal reateldekccbating iovtbe Diffacutistion Baitéc®] whi | e CDX2

is marker for gut cells. Exanpl . Jhe Effect of the Addition of Noggin at
Stage 3 and ALK5 Inhibitors at @égg@'@lgnaeﬁ on the Expression of Markers

Characteristic of the Pancreatic Endocrine Lineage in Pluripotent Stem
CHI0R25] Tr e@tlinchf Aectantehinregh binidwereélf Biicckit, iapaseage B etecalltufadtdni ned in Fi gure

1. [0225 I he h n onjc stemcel |l ] |, at. passage 44 were
cul 'E ur ed] @‘ﬁ?&i&ﬁ%#‘g&eé EFE(# é’ﬁﬂé’é’nl andgesposed i #Wﬁ% “@Q‘ﬂ)‘g'é ed '? 0

DVEM F12 leHHh 1S4 Rith DNRH FRM, Mdt D06 E&$in-ﬁmﬂ&msf&{sm4}2 ugvion- A (R&D
Syst ens, |l us 20 ng/ M WNT- 3a (ZV\Bt al og# 1324- WN- 002, R&D Systens, M),
for two degfml T-a@\é(%ﬁtfgyg# P24t WRH020R &P SxvemisYR )nioa o dayspolloweddsd with 2%
FBS and : EYA j 4o} I . ty the

cul tures la%rt'ﬁea&{t ?el%mﬁvx\}/ ?L%Eﬁ}@fggq&%’%%%ggé@% aﬁl&gﬁﬁ? g@@%C&%}é%S jim

Cycl opani @et) firaDndditvgelgee, dagal Nixo teenlturen e dreatet math RMMEM/F1R + 8%ed by four

day incu | in 19%.B27 (l.nvitr +.20. ng/ GF7 + 0.25
o Oyl opnt ped RS CE T Faf i YRR AR S A B GALEG vt o
Noggi n ( Rhfecapyilewsd byMiur ddyOaafbhiNaxin, DMEM/B12nvel & B2 (rieskeh CAMEM F12 +

0 .
1% B27 (1 Vrllé/rrn?g&g‘? +%.AQS Jn 9'clggémni1ne- KAAD + 2 pm Retinoic acid (RA) (Sigma,

MQ) + 100 ng/ml of Noggin (R & D Systems, MN).

[0226]  Next, cells were cultured in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml
Exendin-4 (Sigma, MQO) + 1 um DAPT (Calbiochem, CA) + 1 um ALKS inhibitor IT
{Calbiochem, Ca) +/- 100 ng/ml of Noggin for six days followed by additional three days
incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml Exendin-4 (Sigma,
MO) + 50 ng/ml IGF (Peprotech, NJ) + 50 ng/ml HGF (R&D Systems, MN) + Ipm
ALKS inhibitor II.

[0227] Figure 7 a-f displays the real-time PCR data from cells harvested at the end of stages 4 to
5 +/- 100 ng/ml Noggin. Addition of 100 ng/ml of Noggin at stage 3 + 4 plus addition of
ALKS inhibitor II dramatically enhanced expression of insulin and glucagons at stages 4-
5. In particular, addition of Noggin at both stages 3and 4 significantly enhanced
expression of NGN3, an endocrine precursor marker, while significantly suppressing the

expression of albumin and CDX2 as compared to untreated samples.

[0228] Figure 8 a-d depicts a phase contrast image of the cultures according to the above
protocol. In some of the cultures, stage 5 was extended from 3 days to 21 days. By day

10-12 of culture in stage 5 media, there were distinct clusters of cells resembling human
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Exendin-4 (Sigma, MO + 1 pm DAPT (Cal bi ochem CA) + 1 pm ALKS5 inhibitor 11
(Cal bi ochem Ca) +/- 100 ng/m of Noggin for six days followed by
addi tional three days incubation in DVEM F12 + 1% B27 (lnvitrogen, CA) + 50

ng/ M Exe ma, MO + 50 ng/m |G- (Peprotech, g M HGE
(R&D Syst ;ﬁg%%@ig rtmALKS inhibitor I1. [0227]Fi gurﬂg%?ljsgou?ﬂ?ﬁespl ays the

real -time PCR data fromcells harvested at the end of stages 4 to 5 +/- 100
ng/ mM Noggin. Addition of 100 ng/nl of Noggin at stage 3 + 4 plus addition

of ALKS5 inhibitor Il dramatically enhanced expression of insulin and

gl ucagonsiskts pesgaebronghaut therpulire diaday Pamrels aei & shows gnagee ghday Geultyesh st ages

3and 4 S;ﬁ%@eg%ﬂe@wm?%ﬁ&%@e%?a3 20 NN B0 GRLOGH thdlludieeb ™ -1 527

mar ker , Si gni f1 cant t he "expression of um n and CDX2
as conpar weretrmnually reatboeetl, pabgdl oasl: 3([IGM8I]IGngoete8pmed udﬁﬁgecﬁ mecaa.phase

contr ast e culture ccordi ng to.the .above, proto . I'n some of
Chat tart uPEEE s ol MEun i AndEs Nefeiind iy Sy B Rt W oy " 10015 of
cul ture imaptigos the togiBthe ChieeR aveliRvitinFidvi€ 0 atl wigt positivaf fofRlrhsn resenbl i ng
human is)]ets present throughout the culture plate. Panels a and b shows

i mages of Ngulip. dn etder @rféghqrﬂpgwﬁéh%d%ﬁ the Biffeinkibitor NoggR; SHMERS St day 12

stagc 5 ¢ r fo t ed on
T 30 VTR G S TR G D o et Y 1 B R Ton,

t he cl ust@frl‘éGbibératest@eai ﬁoedllfums tren@dmmh x@nmggdqawgf@ivggmmsm@&ﬂ tly of the

cells in v human
i nsulin. ‘/% @arg ‘A?S @q@ﬁ%ﬂﬁ%@q se ﬁg?sﬁﬁ @Hﬂ% Eﬁhl ‘:;#or
Noggi n; cul tures were treated at stage 2- 4 with 0, 10, 50, or 100 ng/ml of

Noggi n. Figure 10 depicts expressi BmampleMGN3 at stage 4 for cultures
treated with varying doses of Noggin at stages 2-4. It appears that 50-100

/' m of ' j . Ex le 8
g/ of NOBR B gL d o Bl PR ERR hh ok eSha0a gy Examl e
ALKS5 | nhi Bnhibitersaat Sﬁt@g@nétheﬂxphﬁsﬁupf Meskean (iarMieristic of GreePactaticst | ¢ of
the P ti dacr | Li t S | s, Tr eat ed
Accor di mg- o ORECENRY Erienes B greal SER Cels HenEl Ahinginthg™ ©

Differentlatlon Protocol Outlined in Figure 1.

[0229] Cells of the human embryonic stem cell line H1, at passage 48 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and exposed to DMEM/F12 medium
supplemented with 2% fatty-acid BSA, and 100 ng/ml Activin-A (R&D Systems, MN)
plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN), for two days
followed by treatment with DMEM/F12 media supplemented with 2% BSA and 100
ng/ml Activin-A (AA) for an additional two days. Next the cultures were treated with
DMEM/F12 + 2% FBS + 20 ng/ml FGF7 + 0.25 pm Cyclopamine- KAAD (#239804,
Calbiochem, CA) for three days followed by four day incubation in DMEM/F12 + 1%
B27 (Invitrogen, CA) + 20 ng/ml FGF7 + 0.25 um Cyclopamine- KAAD + 2 um
Retinoic acid (RA) (Sigma, MO) + 100 ng/ml of Noggin (R & D Systems, MN).

[0230] Next, cells were cultured incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50
ng/ml Exendin-4 (Sigma, MO) + | um DAPT (Calbiochem, CA) + 1 um ALKS inhibitor
11 (Calbiochem, Ca) +/- 100 ng/ml of Noggin + 100 ng/ml Netrin-4 for three days.
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[0229] Cel | s of the human enbryonic stemcell line Hl, at passage 48 were
cultured on MATRI GELTm coated di shes (1:30 dilution) and exposed to
DVEM F12 nedi um suppl enented with 2% fatty-acid BSA, and 100 ng/ m

Activi n- A WBSRe¥shens, M) plus 20 ng/ml WNT-3a (Cat a'&ﬁﬁjs}@é@m\ﬁg\* 002,
R&D Syst ens, , f)or two days followed by treatnent with DVEM F12 nedi a

suppl enented with 2% BSA and 100 ng/m Activin-A (AA) for an additional two
days. Next the cultures were treated with DVEM F12 + 2% FBS + 20 ng/ Ml FGF7
+ 0.25 pm Cycl opam ne- | CAAD (#239804, Cal bi ochem CA) for three days

f d0RdUed Bigurcddra-tdigplavsdherselitane PER gngiom cells hawpsspnat therppidof slges?t CA) + 20

ng/ MLFGF7 Lye 1. pe- i nai J Si gma,
VD) 100 ha PSR NeHE) ARGEL BediloRd Toon il SRR fialBt S anfifhu ) 2

cul tured adudtidmatfiAdKS inhibDNE&EMI EAdP100 ¥t BXNdttimdiat stagpethdraiGal) calty SGhangddnd

Exendi n-4_( Si gnma, +.1 DAPT (Cal bi oche +.1.gm ALKS inhibitor 11
(ol bi ocnerestay o NP A AR R0 TR A for ¢ hr co
days. WD 2009/ 070592PCT/ US2008/ 084705 [0231] Figure 11 a-f displays the

r gf8k31]i melnRCRedétie stapomcakires Nogpiviesds @thiidd whik Madn-dplstHdieirkibitor 100 ng/ n

Nctrin-4 at stage 4. Addition aof 100 ng/ of. Nogqgi st.agc .3 and 4 plus
ddi 1 on SRARE. D14 bt i SeCEORg) HpLs SN TGS R P e A

dramat i cafehiyce@RPREGAH NGNS ISK RN 204ndNRN2oD NaiiE fldderdRE JfR¥dng N cell's
harvested at the end of stage 5. [0232]1n sone of thé stage 4 cul tures,

Noggi n wa@PEishioR efingin aad icegon-ia celistharvasted st thepndnfisisec der e added. Fi gure
12 a-d show that om ssion of Noggin at stage 4 did significantly reduce
expression of NGN3, NKX2.2, and Negiabpity | e noderately affecting
expression of insulin and glucagon in cells harvested at the end of stage

5. Example 9 .
In Vitro Glucose Stimulated Insulin Secretion (GSIS) by Pluripotent Stem Cells

Treated According to the Differentiation Protocol Outlined in Figure 1b.

[0233] Cells of the human embryonic stem cell ling H1, at passage 48 were cultured on
MATRIGEL™ coated dishes {1:30 dilution) and exposed to DMEM/F12 medivm
supplemented with 2% fatty-acid BSA, and 100 ng/ml Activin-A (R&D Systems, MN)
plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN), for two days
followed by treatment with DMEM/F12 media supplemented with 2% BSA and 100
ng/ml Activin-A (AA) for an additional two days. Next the cultures were treated with
DMEM/F12 + 2% FBS + 20 ng/ml FGF7 + 0.25 pm Cyclopamine- KAAD (#239804,
Calbiochem, CA) for three days followed by four day incubation in DMEM/F12 + 1%
B27 (Invitrogen, CA) + 20 ng/ml FGF7 + 0.25 um Cyclopamine- KAAD + 2 pm
Retinoic acid {(RA) (Sigma, MO) + 100 ng/ml of Noggin (R & D Systems, MN).

[0234] Next, cells were cultured in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml
Exendin-4 (Sigma, MO) + 1 um DAPT (Calbiochem, CA) + 1 um ALKS inhibitor 1T
(Calbiochem, Ca) +/- 100 ng/ml of Noggin + 100 ng/ml Netrin-4 for six days, followed
by additional 3-21 days of incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50
ng/ml Exendin-4 (Sigma, MO) + 50 ng/ml IGF (Peprotech, NJ) + 50 ng/ml HGF (R&D
Systems, MN) + 1pm ALKS inhibitor II.
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In Vitro Qucose Stimulated Insulin Secretion (GSIS) by Pluripotent Stem
Cells Treated According to the Differentiation Protocol Qutlined in Figure

| b. [0233]Cells of the human enbryonic stemcell line Hl, at passage 48
were cul t uygdyRpddI R GELTm coat ed di shes (1:30 dil uti @@rmabdsgxpesed to
DMVEM F12 nedi um suppl emented with 2% fatty-acid BSA, and 100 ng/m
Activin-A (R& Systens, MN) plus 20 ng/m WNT-3a (Catal og# 1324-WN- 002, R&D
Systens, MN), for two days followed by treatnent vvith DVEM F12 nedi a

ali)‘) | emented with 2% BSA and 100 ng/m Activ AA) for . an_additional two
d

35INex Ptaghe cHtires it d8ysfefel% Plada%oe‘aermswdméﬁﬁlﬁﬁz Lhrpuasie pKREBY ng/ni FGF7
. 25 JARR: 3980 I hyge d
foI I ovveg Eﬂy@g%%gﬁgdéﬁ%ubat I gﬁ%l n D@Enﬁ‘rﬁa’gﬁ@@f%m%ﬁigﬁ@f ltztrgogcn ?:X)S +20
ng/ M FGFRaGl, 4.828MUGEIC) S InaddPaChe 1. ZIQAMDiIJQPQ4ph1? Rad iMgHQs, &DWMQ( Si gns,

(I\:/uol) t :r égo| ng@éﬂﬁﬂwfl%} E%‘Jfg‘tfcf hvitrogen: %us[zo%g% gﬁn{m I&snwéelr ((ES| gna,

MO) + 1DAﬂﬂlt(oﬁalI Hyiinaibaton 1E;K)REBSLbuf&nplﬁhK6mMIm blutwe. Fbllqwiag laachchem Ca) +/-
100 rig/m in + 100 ri tr|n4fo i ays, followed, by
200 11 onminebesdn 458 SrfmipR eI er e B 120 SC R et Lo, ca) +
50 ng/ M Epeadich §UQW@ﬁea cdhus tﬁ@ﬁl@ﬂa-skﬁfm(e%élﬁide@m;[sA\léAlpto 50 ng/m
HGF (R&D Syst ens, + 1pm ALKS5 i bitor
2009/ 07050 2BHigESpEe)8 iEDE 1[3@29®qp5tt§§ée\@15cqﬂsw¢*@é hggpanygypepBicig. 12, and

ol ut on: 515 BER TS Mo Al RE ER N SRR M R PR o 2.5

mM Cadl 2, stage? dinétHpRdA4n significatvisitysBHon Btk (detidoCl pecatte8C@eptidsd dtbighd by 1 hr

i ncubatio BS . buf f.er d|t on 1 hr
e ubat i oRude [ e dhihofes SMh RPN P R 5 o805 B PG shBled.
i ncubat i ofbudi bmslafiar inatpohsewa gluceseD Tail mdichtésrtmtepmlatged 2posurk 06 sthge t her

anal ysis. Leyels of secreted.C tide e assa t he
ul t r a- sensTEfigEoEs. fﬁ%‘ztt‘i“&@ iti%&%(cﬁdsﬁﬁés B}ngﬁ%‘é‘i’ Fe eﬂcg\ﬂghgﬂ;} Figure 13 a-c

depict the levels of secreted human C-peptide in response to an in vitro
gl ucose challenge. Early and interpm@épmé eoi ncubation periods in stage 5 did
not result in signi fi cant stinmulation index (ration of secreted C- peptide

at high gl w, gl ucos whi |l e l.es j.ncubat ed i tage 5 nedia
For 20 day 1 e Raecpr B ASEttER T Newdiy aF MR BRE b T esign satir b,
i ndi cates t iiharfteHistiRAE theePNRPAHR BErdo&lifdEinRageEisl Faudpeent Sisml Cellsn
mat uration of clusters, which show evidence of GSIS. Exanple 10 The Effect

of the Additi Breatad AgcoFding to the INFerentiation Brotpeod OmtlineddniFignredbanr ker s

[0236] Cells of the human embryonic stem cell line H1, at passage 44 were cultured n
MATRIGEL™ coated dishes (1:30 dilution) and exposed to DMEM/F12 medium
supplemented with 0.5% FBS, and 100 ng/mi Activin-A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN), for two days followed by
treatment with DMEM/F12 media supplemented with 2% FBS and 100 ng/ml Activin-A
(AA) for an additional two days. Next the cultures were treated with DMEM/F12 + 2%
FBS + 20 ng/ml FGF7 + 0.25 pm Cyclopamine- KAAD (#239804, Calbiochem, CA) for
three days followed by four day incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) +
20 ng/ml FGF7 + 0.25 pm Cyclopamine- KAAD + 2 pm Retinoic acid (RA) (Sigma,
MO).

[0237]  Next, cells were cultured in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml
Exendin-4 (Sigma, MO) + 1 pm DAPT (Calbiochem, CA) for six days followed by
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Characteristic of the Pancreatic Endocrine Lineage in Pluripotent Stem
Cells Treated According to the Differentiation Protocol Qutlined in Figure
| b. [0236] Cells of the human enbryonic stemcell line Hl, at passage 44

were cul t uygGddoMAJRI GELTm coat ed di shes (1:30 dil uti onprraRehe8sfesed to
DMEM FI 2 nmedi um suppl emented with 0.5% FBS, and 100 ng/m Activin-A (R&

Systenms, MN) plus 20 ng/ml WNT-3a (Catal og# 1324-\WN- 002, R&D Systens, MN),
for two days foll owed by treatnent with DVEM F12 nmedi a suppl enented with 2%
FBS and 100 ng/m Activin-A (AA) for an additional two days. Next the

cul tures dstitongltheee daysineubaEn IMBEME By FR27 Guyitsegend CAGE70 120 25 pm

Cycl opam pes Wﬁg : 4, i ) ( frpL HHY, | I owed by four
day incubgﬁngn I 1%&?@?2Sgg%ﬁéggw%ﬁc\x}@ggén%%ﬁr 20@%]?m FGF7 + 0.25
pm Cycl opSysitanss, MOBAD sor@e githRetHunesisd ngaldbf (NRA)n-{ & Yeataip-2MBR%D SO28T, Next ,
cells wer ul tur i 12 + 1% B27 (lnvitro , + 50 ng/m

endi ne P AiRe Mol EY Fiee 4 i i o BCR 8o e 8op 8 "Pol | owed by
addi ti onahartdstedat stagess +MA 60 RgM1 o NeminEM\drda-2 vt &8pd8210 6) mdiitivageén, CA) + 50
ng/ mL Exendi n-4 (Sigma, .M)),.+.5Q0_ng/m |1 G- (Pcprotcch, NJ) + 50 ng/m HGF
(R&D Syst %EP&{ Nwéﬁ qrﬁ%ﬁ“@ ik signpcagty PEFFE‘é‘aéGXIEFQ?SHﬂ Oqé%UCf\émnﬁ -1 or

Netrin-2 (RAR iSxellsaiiBuesihht MesnAsidag. st Stage 2-5. Figure 14 displays the
real -tinme PCR data fromcells harvested at stage 5 +/- 50 ng/m of Netrin-1

or Netrin-2 at stages 2 to 5. Addition of either Netrin-1 or Netrin-2 did
significantly upregul ate expressi dxaPlgilicagon and insulin in cells
harvested at the end of stage 5. Exanple 11 An Alternative Method to I nduce

the Expresgh QitefladV@MI&nad tRIdREE Blei Exdprssidh off Wearkedsl (MdrhMeriGitdsrdgs m
Li neage. [0238]Cells of the human enbryonic stemcell line H, at passage

48 were cul tured on MATRI GEIDedinitiygifagoderambineage.30 dil ution) and
differentiated to cells expressing markers characteristic of the definitive

engesiyr M CLRAYR RikdaBMbBYnic stem cell line H1, at passage 48 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and differentiated to cells expressing

markers characteristic of the definitive endoderm lineage either by:

a. Culturing in RPMI medium supplemented with 1% B27 supplement
(Invitrogen, Ca), and 50 ng/ml Activin-A (R&D Systems, MN) plus ImM Na
Butyrate (Sigma, MO) for one day followed by treatment with RPMI media
supplemented with 1% B27 supplement (Invitrogen, Ca), and 50 ng/ml
Activin-A (R&D Systems, MN) plus 0.5mM Na Butyrate (Sigma, MO) for an
additional three days, or

b. DMEM/F12 medium supplemented with 0.5% FBS, and 100 ng/ml Activin-A
(R&D Systems, MN) plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D
Systems, MN), for two days followed by treatment with DMEM/F12 media
supplemented with 2% FBS and 100 ng/ml Activin-A (AA) for an additional
two days.

[0239] Next the cultures were treated with DMEM/F12 + 2% FBS + 20 ng/ml FGF7 + 0.25 pum
Cyclopamine- KAAD (#239804, Calbiochem, CA) for three days followed by four day
incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 20 ng/ml FGF7 + 0.25 ym
Cyclopamine- KAAD + 2 pm Retinoic acid (RA) (Sigma, MO). Next cells were
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a. Culturing in RPM nmedi um suppl enented with 1% B27 suppl enent
(I'nvitrogen, Ca), and 50 ng/m Activin-A (R& Systens, MN) plus | rnM Na
Butyrate (Signa, MO for one day followed by treatment with RPM nedi a

suppl ementgeh WhoiHushye B27 suppl enment (I nvitrogen, Ca), gpd,&Qods@bshs
Activin-A (R& Systens, MN) plus 0.5nmM Na Butyrate (Sigma, MO for an

additional three days, or b. DVEM F12 nedi um suppl enented with 0.5% PBS,
and 100 ng/ mLActivin-A (R& Systens, MN) plus 20 ng/m WNT-3a (Catal og#

1324- WN- 002, R&D Syst ens, I\/I\p for two dmfollowed by treatnment with
DVEM F12 medbatedsin SEIMEMEN et 1 B2 (g trmsn 1 Song(gd Frendin-#{($igma, (AA) for an

addi t i onalsdywo Eﬁ'?ﬁ{ e LAY IES: A MF12 +
2% FBS + %jod)ng} ﬂ%@f g@%%% m%?m%%%%@%ﬁbﬂ@%@%%’% bi ochem
CA) for ttireeslagays fol | owed by four day incubation in DVEM F12 + 1% B27
(I'nvitrogen, CA) + 20 ng/m FGF7 + 0.25 pm Cycl oparnine- | CAAD + 2 gm

Ret.h Qi C i.d. ) | cells r i t i F12 + 1%
o392y PibGin SO GRenbile B gyt R 504 o gtlE

( Cal bi ochef§%CApressich afrtCK CRAKEs medsintet b FAIAS, {Cainpamndhe 56%CYCRor t hree days.
[ 0240] I nduction of cultures to .definitj ndode usi ng al.t erpat.i ve net hod
L) “above. Pacr PRl it R D ebetn YRR e a8 A S sh AR o
conpar ed &Qo36% HECRA expression by alternative nmethod b) above. CXCR4 is
regarded as a marker for definitive endodermcells. [0241]Figure 15 a-f

O BB WS e B TS oy SeA et 5 B 81 517 °

net hod  a) yGafeitksAteRBtiVS RLHHA a)'[]adcg.c@t ag%s@d&seﬁg»ti MRrr@fivdPRRRs £ A daf aRBEEder m and
endocrine markers. Exanple 12 fferentiation of Human Enbryonic Stem Cells

Cul tur ed Vs§dthindpssxpressien ofqaperagticomdadess gad endoptinemsipst r at e Coated Wit h
MATRI GELTm t o Pancreati ¢ Endocri ne

Example 12

Differentiation of Human Embryonic Stem Cells Cultured in the Absence of Serum,
on Tissue Culture Substrate Coated with MATRIGEL™ to Pancreatic Endocrine
Cells.

[0242] Cells of the human embryonic stem cell line H1, at passage 52 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and exposed to exposed to RPMI medium
supplemented with 2% BSA (Catalog# 152401, MP Biomedical, Ohio), and 100 ng/ml
activin A (R&D Systems, MN) plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D
Systems, MN) plus 8 ng/ml of bFGF (Catalog# 100-18B, PeproTech, NIJ), for one day,
followed by treatment with RPMI media supplemented with 2% BSA and 100 ng/ml
activin A plus 8 ng/ml of bFGF for an additional two days. Next the cultures were
treated with DMEM/F12 + 2% BSA + 50 ng/ml FGF7 + 0.25 um Cyclopamine- KAAD
(#239804, Calbiochem, CA) for two days, followed by four days incubation in
DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 um Cyclopamine-
KAAD + 2 uM retinoic acid (RA) (Sigma, MO) + 100 ng/ml of Noggin (R & D Systems,
MN). Next, the cells were incubated in DMEM/F12 + 1% B27 (Invitrogen, CA) + 100
ng/ml Noggin + 1 pm DAPT (Catalog# 565784, Calbiochem, CA)+ 1 um ALKS
inhibitor IT (Catalog# 616452, Calbiochem, Ca) + 100 ng/ml of Netrin-4 (R&D Systems,
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Cells. [0242]Cells of the human enbryonic stemcell line Hl, at passage 52
were cultured on MATRI GELTm coated di shes (1:30 dilution) and exposed to
exposed to RPM nedi um suppl enmented with 2% BSA (Cat al og# 152401, MP

Bi onedi cal ywoGhe@)hsseand 100 ng/ M activin A (R&D Systerrq;cﬁﬂ\g)mﬂ}oyﬁogo ng/ m
VNT- 3a (Cat al og# 1324-WN- 002, R&D Systens, MN) plus 8 ng/m of

(Cat al og# 100-18B, PeproTech, NJ), for one day, followed by treat rrent wth
RPM nedi a suppl enmented with 2% BSA and 100 ng/m activin A plus 8 ng/rril
of bFGF for_an additional two days. Next the cultures were treated with

DVEM F12 M fpshree days, frjlomed b morwl sayeh ASyRIUBH R 1A EMEMAD 2149804,

Cal bi och f DVEM F12
10 Bo7 CPh{N g8, EALIRNE AYIC mBRE DYCRUEERYS). SEHb Rl A0 T D o
retinoi c added tq ﬁﬁt)lcr(rﬁmtgnmhc &vﬂ))cﬁne]cﬁ]&unaglwﬂlcl'odonkilstg@bfme@& &aylrcSypsineins, MN) .
Next, th | ' ba_td' M F12 + 1% B27 t CA) + 100
ng/ i NogBMEMIL R % BARHRTiheen Sn Enespbipr ielrbrben el o eAiaST pin ALKs

i nhi bi t or inkhudédCadi Bl regita @ﬁﬁg’e%ZAn%hme@@hﬁrﬂmc@aareis dePRtdagh Fguef 1dNe4tr i n-4 (R&D

Systens, MN) for thr ee days, followed by additional seven days i ncubati on
i n DVEM Faashitagesetbrmmbenwng salkied wome ahemogiiomeies andiRiNG; wasicollgctqddar bi ochem

Ca). Ala re the endocrine cultures, which
con3| st edp\%%l%ﬁg Fsaﬂ?%gg‘{e?fg%dgfél{eﬁ%ﬁW%Z + 1% B27 (I nvitrogen, CA)

t for the Iast stage, all other stages included daily nedia changes.

Ar{0 11 i nBigete Wteeb gisplavsdbe GX@fl@épteé&l@wsmﬁawrg@bbFA@S apd realime $Kge ceI |

nunber I i I f or
Enalysi o duf RSt S, B RAREC ARG AT e liaealady O

di spl ays HhéﬂS(ﬁXﬂPm@xqoffe@s|dap1ctaseadma$tBC§UddwfoFkéSSpwnntamceaid dndommE’CR dat a
for stage

undi ffer eWﬁkSVéIgg%ﬂf%ﬁg t%%‘??tﬁp‘ea?%d{frsggiséoéeﬁl%h%&?c‘%glcgzgnmﬁl 2 dat a for

key pancrsatht endoithte6/06r i ne markers in cells harvested at the end of
stages 2-6. Figure 17 depicts the nunber of cells at the end of stages 1-6.
Exampl e 13 C Peptide and Pro-| nsull‘:l Cﬁnai in Pluripotent Stem Cells
Treated According to the DifferentT A Protocol Qutlined in Figure |c.

[ 0244] Cel | s of the human enbryonic stemcell line Hl, at passage 42 were
cul tured @ Peptide and Pro-Insulin Content in Pluripotent Stem Cells Treated According to

the Differentiation Protocol Outlined in Figure le.

[0244] Celis of the human embryonic stem cell line H1, at passage 42 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and differentiated according to the protocol

outlined in Figure 1c, as described in Example 12 above.

[0245] The cells were washed in Krebs-Ringer buffer (129 mM NaCl, 4.8 mM KCl, 1.2 mM
NaH;PQy4, 1.2 mM MgSQ4, 2.5 MM CaCl,, 5SmM NaHCO;, 10 mM HEPES, 0.3%
(wt/vol) BSA) and incubated with the Krebs buffer for 15 mins followed by 45 mins
incubation in Krebs buffer spiked with 2 mM D-glucose at 37° C, 5% CQ,, 95% Air. 0.5
ml of supernatant was collected and the remaining media was aspirated and replaced with
Krebs buffer spiked with one of the following stimuli: 20 mM D-glucose (HG), 30 mM
KCl, 100 uM tolbutamide (tol), 100 mM IBMX, 2 uM BAY K8644, or 10mM
ketoisocaproic acid (KIC) for 45 mins at 37° C, 5% CO,, 95% Air. 0.5 ml of supernatant
was collected and the remaining media was discarded. The supernatants were analyzed
for human C-peptide content using C-peptide ELISA kit (Catalog# 80-CPTHU-EQ1,
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MATRI GELTm coat ed di shes (1:30 dilution) and differentiated according to
the protocol outlined in Figure 1 c, as described in Exanple 12 above.

[ 0245] The cells were washed in Krebs-Ringer buffer (129 rnM NaCl, 4.8 rnM
KC1, 1.2 rypi.hafaes. 1.2 rnM M504, 2.5 MM CaCl2, 5rnMNaRsEd8nsdls rnM
HEPES, 0.3% (wt/vol) BSA) and incubated with the krebs buffer for 15 mins
foll owed by 45 mns incubation in Krebs buffer spiked with 2 rnM D gl ucose
at 37 C, 5% C»2, 95% Air. 0.5 m of supernatant was coll ected and the
remai ni ng nmedi a was_aspirated and ra)l aced with Krebs buffer spiked with

one of t hélprce|D1%ﬁnpﬁg:SsNHhuThe sapglep had o-hgroetimsly diltsy 5-Bhfoldwp g withino | um
t ol but am glilgfh(]{:aq nge hPthe S&Q@%@c\@goggc%&l\(hg@g K8644, or | OrnM ket oi socaproi c

acid (KIC m ns at %A r. 0.5 m of supernatant was
col |l ected and the remai ni ng nmedi a was discarded. The supernatants were
ariff46led FigrrenlGrrhowOhp &ppdptide thmsefellowiignymalayepvitt yamsSimklit  ( Cat al og#

80- CPTHU- éﬁ%ﬂl}gtlﬁl RIS @aﬁﬁ%ﬁ%% n%gnt{a:t:ilgpl in st st AR, e?naP&?ﬂﬁ?de By &3““ nely

diluted 5 I'near ran rds provided
in the ki peptil®2etfsprirayon én Walalshparsatirh eorfaipmgtimihé gluebed e chdl dgomiing

stinmulati nvmthv |ou stimuli. Stinulation index (C peptide

concent r at F%WOWHO ‘i on supernatant divided by C peptide concentration
i n basal supenatant cont ai ning 2mM gl ucose) for each agent is also shown on

t He24f1]aphin dr@4d nkasuey e C- [ie@tmmawmulimen@p@p&dnwﬁts o?mgé @smﬁu'rés, gand DNA
contents of stage 6 cultures, 6- well plates contalnln? e 6 cultures
wer e trea‘r‘félapwep Fongiping stpge 6?“18%51351 wq=r9§16%te%mthé90 plaf cgid 3{513( SR Tr i s- HCL +

1 M EDWclpgwmﬁ)Tﬁsoﬂ{bE\mnpyEﬁg Sg8 gzﬁge_,lfo%d%g 30%@@}&% centent and

Pro-insulin content were neasure peptide ELI SA kit (Catal og#
80- CPTHU- Eptide gintend i Rrgriosdin cgntermmeramdasmed-usmgtﬁ]-peptIEtEEIfSPkkrﬁ

(Cat al og# 0 res| content of

t he | ysat @ta\%\%&%&éﬁ@ 3 HSD% A {CS a“Brﬁig En% ﬁ? }égtsxbf 1{IPI\IAP7589

| nvi t r ogefGataligl 1-ThEs- eamﬁpc&sDiagmbstlcs, D)) 1espickctinad]y ]dNAwbﬁtdnﬁﬂ‘@heﬂ@Qﬂesf old to
fall within the, inear an f . St.anda rovided in. t kits. Figure
19 shows YHeTEr 1}555 ?ﬁrﬁa Qﬁ]&i&({%atﬂqg# E?W%cﬁ?ﬂt@ﬁfm rrgi?‘? zed to DNA
for threesagdiplds Q&ﬁ@[&be%hﬁtﬁﬂ}oéll@e&()@eﬂobo B 1atEranQthad Mk Mbed tage oftheul tures. As
conparison, C-peptide and pro-insulin contents of three different adult

human caddngards provided dnihe dits. WBigaredPsBovieths Greaptidneanient pag protiesuliat a ref | ect s

t he i nsul f rs present
in the cuﬁﬂaerﬁgmrﬁl%ﬁ% tgﬁj&%\ Fgﬁ%&%g&%ﬁg&gf&g 63\?%11 mg)r(f'? ﬁ%tﬁue%%ﬁs Tr eat ed

Accor di ngeultureshds Db pasemtG-atritida and pro-insulin contents of three different adult
human cadaver islet samples were also measured. Note that the data reflects the insulin

content of the entire culture and not only the clusters present in the culture.
Example 14

FACS Analysis of Pluripotent Stem Cells Treated According to the Differentiation

Protocol Outlined in Figure 1c.

[0248] Cells of the human embryonic stem cell line H1, were cultured on MATRIGEL™ coated
dishes (1:30 dilution) and differentiated according to the protocol outlined in Figure lc,
as described in Example 12 above. Cells were dissociated into single cells from
monolayer cultures using TrypLLE Express (Invitrogen, Carlsbad, CA) and washed in cold
PBS. For fixation, cells were resuspended i 200-300 ul Cytofix/Cytoperm Buffer (BD
554722, BD, Ca) and incubated for 30 min at 4 °C. Cells were washed two times in 1 ml
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Protocol Qutlined in Figure Ic. [0248]Cells of the human enbryonic stem
cell line HL, were cultured on MATRI GELTm coated di shes (1:30 dilution) and
differentiated according to the protocol outlined in Figure |c, as

descri bed wa 2emppbe 12 above. Cells were dissociated ipgqassiocn@sgocel |'s
from nonol ayer cul tures using TrypLE Express (lnvitrogen, Carlsbad, CA) and

washed in cold PBS. For fixation, cells were resuspended in 200-300 R

Cyt of i x/ Cyt operm Buf fer (BD 554722, BD, Ca) and i ncubated for 30 mn at 4
C. Cells were washed two tines in 1 m Perm Wash Buffer Sol ution (BD
554723) abdny WesisBeifrsglutian {89 554723 andhicpusperided i K 1 steiningdblogldng ai ni ng 2%

nor mal go r i F r. I t i sis, cells
wer e st ot R PRicHbinhe P bt doct S in PR WML, EPHOL Fy@BRIES ot
mAb, Cel | ar8lygisadalls greMostai GAAGH) thi fdlQGving prithargahtiboditsi AGi-Irsabm(RabdMiuse Mab,
Si gma No. 6 1: 100),; [ .ophysi.n.. bbi t .Pol ycl gnal anti body,
Dagocyto 'oﬁé@‘gﬂéﬁf@“@gg?ﬁ@ﬁ@?@éﬂ1%‘%?&?%9“%%3%’8” Sigfin 4 C

fol | oned Ky. ¢234\\B$0®SA -SR] h (rubtierol i adtibbey, [oCitemafigibat i on in
appropri ate secondaﬁrj[? ant i Eogzwep?égs (f ol Ilom(;s?dmcggat tanl?ji;- Ragg}rt? Al exa 647

(1 nvi t r ogn AQ810, A504 s srercanabatedtipr Nowmineat A€ follawad ydgenvasees in21235) ;
Goat ti 1 - } - . : t 1. bodi
were used SRR AR Sn eub Bt Akop e s SERAREAMOAR L P B,

buf f er anfbllawsl Gagdntidtabyit BRxEACSAInvityogeiNoe A2 1248Do1006:t emeMaiseved’e acqui red
for analysis, Contral,s,ifcluded.undi. iat ed Hl ang b-TC (ATCC,
VA corl o, Ao Tt oM BR AR R iR BE NG AT B P and
synapt hopysidary s€bbdicd Wers Ladet 6:200 iluticds .Colx aoR! wash&d Adshist dreairof Chor din

at Stages_3 and 4 of the Differentiation Protocol Qutlined in Figure |lc
Up- r egul k@™ Washeubtepand 9alyssd winadldlp SACAY 5yt éy leat 16084 cYeRts Wsihcr eat i ¢

Endocr i ne,ch | iR&PBLanalyR%4 Uobls $nc@ideh NEJiFYRRM &M ¥ARI 64 SIRMALREE, VAPE H1, at
passage 52 were cult'ured on MATRI GELTm coat ed di shes (1:30 dilution) and

di f f er ent¢eHtling. Biswo2Biarrphew theperganinge inshlinpasitiveead pynapthgpliysint-¢ellsynt h t he
excepti onsﬁﬁg%tcuqtn%g' 50-100 ng/m of Chordin (R&D Systens, M\) was added to
st ages 3- nst ead of Noggin. Simlar to Noggin, Chordin is also a known

i nhi bitor of BMP signaling. Analysis of stage 6 cultures by FACS (Figure 21
a-b) revealed very simlar expresdixampé 15 nsulin and synapt ophysin as
observed with addition of Noggin at stages 3-4. Exanple 16

Addition of Chordin at Stages 3 and 4 of the Differentiation Protocol Outlined in
Figure 1c Up-regulate the Expression of Markers Characteristic of the Pancreatic

Endocrine Lineage.

[0249] Cells of the human embryonic stem cell line H1, at passage 52 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and differentiated according to the protocol
outlined in Figure 1c, with the exception that that 50-100 ng/ml of Chordin (R&D
Systems, MN) was added to stages 3-4 instead of Noggin. Similar to Noggin, Chordin is
also a known inhibitor of BMP signaling. Analysis of stage 6 cultures by FACS (Figure
21 a-b) revealed very similar expression of insulin and synaptophysin as observed with

addition of Noggin at stages 3-4.

Example 16
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Differentiation of Human Enbryonic Stem Cells Cultured in the Absence of
Serum on Tissue Culture Substrate Coated with MATRIGELTm to Pancreatic
Endocrine Cells. [0250]Cells of the human enbryonic stemcell |ine H9, at

passage 39%woeb@/esdi ured on MATRI GELTm coat ed di shes ( kcgfysdbdsidizen) and
differentiated according to the protocol outlined in Figure Ic, as

described in Exanple 12 above. RNA was collected at the end of stages 1-6.
Figure 22 a-1 depicts real-time PCR data for key pancreatic and endocri ne
mar kers harvested at the end of stages 3-6. Simlar to results obtained

with HL | Ditferepfation efdlyman Emhryonis Stem CoUsCrltuned in thayAbsspeccofiServm, of t he
pancr eat i CopHeed CiMure SUPIGEte c@wﬂvﬁh MATREGEL e ¢f pa{crMRft BnflepRb enent s on

the Ability of pluripotent StemCells to Differentiate 1nto Pancreatic
Endocrine Cells. [0251] Cells of the feMsan enbryonic stemcell line H, at
passage 39 were cul tured on MATRI GELTm coat ed di shes (1:30 dilution) and

difphsfient caf tﬁ&lﬁﬂﬁéﬂ'eﬁ’rﬂa Fid §ién Qm%f?géskéﬁé%@ “'839 e Eli@Hden! C, W th the

exceptl on t I'n sone cultures, Ia was suppl enented with
0.25-1% BEHX'RIGE%TNZOE(N:CI’NB}IGBébé(hdilliﬂa))l) and2ii6fGSatiatet] dcc@ﬂhgrto th@rmw;@m s of the

d|fferent| roto r e as .0 ned | es were
Qo1 1 ot actTlibeinBigtkd fehs JSERbed SR ExBRmE S shABSRNA T Gedmmstl, o, v
real -ti momages |F46glliﬁ§1r832 & depil@pteal Sme e@R—datamBr E@%ada’emcf@ﬂ ekdby:nﬁancr eatic

and endocri ne rker omcells harvested at the end of 5, and
6. Use of MREFFES W&%tefiatrté ?%ﬁ@ﬁ@s%éfg ?ﬂﬁ%@ﬁplﬁ@@avﬁdo‘@ L Iﬂﬁ’Fé

expr essi Oébllgfwek@%lé)@'l‘ifn%%mé‘rk@r@@%Edté’rﬁsn%f 8 pencréadit LRICHRE Brcag@ncent rati on
of B27 could be lowered to 25% wi t hout significantly affecting expression

of key pancreatic endocrine mar kers. [0252] Publ i cations cited throughout
this docunent are hereby incorpor XM Yeference in their
The Effect of Media Supplements on the Ability of pluripotent Stem Cells to

Differentiate into Pancreatic Endocrine Cells.

[0251] Cells of the human embryonic stem cell line H1, at passage 39 were cultured on
MATRIGEL™ coated dishes (1:30 dilution) and differentiated according to the protocol
outlined in Figure 1c, with the exception that in some cultures, DMEM/F12 basal media
was supplemented with 0.25-1% B27 or 1% N2 (Invitrogen, Ca) -+ 2% BSA. All other
components of the differentiation protocol were kept as outlined in Example 12. Samples
were collected in triplicate at the end of stages 3, 5 and 6 and analyzed by real-time PCR.
Figure 23 a-d depicts real-time PCR data for key pancreatic and endocrine markers from
cells harvested at the end of stages 3, 5, and 6. Use of N2/BSA as a replacement for B27
resulted in very similar expression of key pancreatic endocrine markers. Furthermore,
concentration of B27 could be lowered to 0.25% without significantly affecting

expression of key pancreatic endocrine markers.

[0252] Publications cited throughout this document are hereby incorporated by reference in their
entirety. Although the various aspects of the invention have been illustrated above by
reference to examples and preferred embodiments, it will be appreciated that the scope of
the invention is defined not by the foregoing description but by the following claims

properly construed under principles of patent law.
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entirety. Al though the various aspects of the invention have been
illustrated above by reference to exanples and preferred enbodi nents, it

wi |l be appreciated that the scope of the invention is defined not by the

f or egoi ng }eS6ddgRsdeen but by the follow ng clainms propgidpyssaRpisised under
principles of patent law. WD 2009/ 070592PCT/ US2008/ 084705 CLAIMS 1. A

nmet hod for producing cells capable of glucose-stinmulated insulin secretion
frompluripotent stemcells, conprising the steps of: a. Culturing the
pluripotent stemcells, b. Differentiating the pluripotent stemcells into
cells expressing markers characteristic of the definitive endodermlineage,
c. Differentiating the cells expressing nmarkers characteristic of the
definitive endodermlineage into cells expressing markers characteristic of
t he pancreatic endodermlineage by treating the cells with a netrin, and d.
Differentiating the cells expressing markers characteristic of the
pancreatic endodermlineage into cells expressing markers characteristic of
t he pancreatic endocrine lineage. 2. The nethod of claim11, wherein the
step of differentiating the cells expressing markers characteristic of the
definitive endodermlineage into cells expressing markers characteristic of
the pancreatic endodermlineage is achieved by treating the cells
expressing markers characteristic of the definitive endodermlineage with
at | east one further factor selected fromthe group consisting of retinoic
acid, FG--2, FG--4, FG~7, FGF-10, a sonic hedgehog inhibitor, and a factor
capabl e of inhibiting BMP. 3. The nethod of claiml1 or claim2, wherein the
cells expressing markers characteristic of the definitive endoderm i neage
are treated with a netrin and at | east one factor selected fromthe group
consisting of retinoic acid, FG--2, FGF4, FG~7, FG~- 10, a sonic hedgehog
inhibitor, and a factor capable of inhibiting BWP, for about one to about
si x days or for about six days.
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4. The method of claim2, wherein the cells expressing nmarkers
characteristic of the definitive endodermlineage amtreated with a sonic
hedgehog inhibitor, and at | east one factor selected fromthe group
consisting of FGF-2, FGF-4, FG--7, and FG--10 for about one to about three
days, followed by treating the cells with a sonic hedgehog i nhi bitor,
retinoic aci Iﬁ??d at |l east one factor selected fromthe group consisting
of FG-- 2, -4 FG--7, and FG--10 for about one to about four days. 5. The
met hod of claim4, wherein the cells expressing markers characteristic of
the definitive endodermlineage are treated with a soni c hedgehog

i nhibitor, ant dtmedadforpralutiecedis cspatdeofgludosoatimiteted insuln seoretipst i ng of
FGF-2, FGF-4, F@-7 - r t ays. 6. The nethod of
claim4, wherei nﬁéﬂ%u%q?ggg@gégﬁlgg%é f(hee:g{sesgﬂgr acteristic of the
definitive endodermlineage are treated with a soni c hedgehog i nhibitor,
retinoic acid, and at |east one factor selected fromthe group consisting
of FGF-2, FGF-4, PorCpltuggdhepuripgreqtsiennesblst four days. 7. The met hod of
claim2, wherein the cells expressing nmarkers characteristic of the
definitive endodermlineage are treated with a soni c hedgehog i nhi bitor,
and at | east one frRcDiffer&fia6iff 8@ pliirPoichh@erd clidn@BBE Siptdigin@ialkels 2, FG-- 4,
FGF-7, and FGF- 10 for, about .one tqQ about three days, followed by treating
the cells with a sonF*@I%&d’@%BfgthFﬁ?ﬁ%'i“feoeﬁ’@%ﬁfmé@?%ﬁ% capabl e of inhibiting
BMP, retinoic acid, and at |east one factor selected fromthe group
consisting of FGF-2, FGF-4, FG--7, and FG--10 for about one to about four
days. 8. The net had Diffart¢rgiatimg thewhlés sxprestiiyemasketsscheapedsiciofi herdefikiéive
characteristic of theddﬁfi n]ir.Htive. nd dermlineaagf ar.e t[eattedfﬁ%th (a) a
soni ¢ hedgehog i nhi bFASSFerLFags mfocells CYREss g MpFers HREAEIS YIRS t he group
consi sting of FGF- 2, pdiceatic eddolert lireagk Qreatiflg tHerceAH @k a hériecandays, or (b)
a soni c hedgehog inhibitor, a factor capable of inhibiting BMP, retinoic
acid, and at |east one factor selected fromthe group consisting of FG--2,
FGF-4, FG-7, and - . f . : of claim 2,
wherein the cells dg%?%eg%r{tﬁgn@rgE%l%ss&g{%g %grkfgtcpégg?@hg?glgﬂ nitive
endoder m | i neage ar epanceatieehdnil¢rm lineggming dedel epairesging mivickers dwaractenistiat | east
one factor selected gt{t%nttgreagr O#d%cﬁ:?ﬁ%%e%“ ng of FG-2, FGF-4, FG--7, and
FGF-10 for about one’to 8bout t Al es aeays,g‘?ol | owed by treating the cells
with a sonic hedgehog inhibitor, a factor capable of inhibiting BMP, a
netrin, retinoic acid, and at |east one factor selected fromthe group
consi sting of2-F&he methpdpf dainprwherein the stepef differantiatinghe clllsexpgssifout f our
days. 10. The MRl dlaCbAL chin B chitfieli ihchoE 1Y &3S effedtiigker s
characteristic of the definitive endodermli neage gre treated wth (a) a
soni ¢ hedgehog matkets chanacterstis aftthd pracreatimendpdarindineags| ivadhiayed btreating gr oup
consi sting of F{E-2, - -1, =CF- f s; or (b)
a sonic hedgehoéﬂé icﬁlﬂﬁ %ﬁegsﬁ?g g‘%iggst%%%gtgg%%%b d)eﬁiﬁﬁ?g?%c}otg%ﬁﬁq@% netrin,
retinoic acid, waittlatleadt essfuribeefaétacietacteddtoac the grdupemdittieg gf mtipoicanidj st i ng

of FG--2, FGF-4 = FCE- or_about four s, J11. The t hod of
claim2, wherei EGF %Fég'c‘?gg}?fs Fé%? Hef sy Bf(‘)&r%e]?%’"ﬁ&gépmbdéan%?@ F‘H’gg'Sf FGF- 2,
FGF- 4, FGF-7, aofinhGifing®MBR2. The net hod of claim 10(b), wherein the cells

expressing markers characteristic of the definitive endodermare treated
with FG--7 at a concentration of about 50pg/nl to about 50n/ml or at a

concent at i on, o8, 2008 gttt | TIPS WS o Lo DR e el e cel IS

expressing nmarkers characteristic I'n e ermare treated

with reti npi c achadacteristic aftthe defimitite amdodetrmrﬁngigewte tle:ansddt\;itledmnmtin arnﬁ\Ator at a

I(:(r)lﬂlcgln : [)rat : gn CSLCF% égﬂﬁfa%tg)i' SJQCE(\CCITE&Q ?}gc g%upccl,o%lsirsrt]inzg of fetimiore a%idt, ?‘EF% ‘HGF- hedgehog
4, FGF-7, FGF-10, a sonic hedgehog inhibitor, and a factor capable of inhibiting

BMP, for about one to about six days or for about six days.
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15. The method of claim 14, wherein cyclopamne is used at a concentration
fromabout 0.1uMto about 101.1Mor at a concentration of 0.25uM 16. The
nmet hod of claim 2, wherein the factor capable of inhibiting BMP is a BW4
inhibitor. 17. The nethod of claim 16, wherein the BMP4 inhibitor is

noggi n. 18. The nethod of claim 16, wherein the cells expressing markers
characteri stlg (ﬁi t he efl nitive endoderH1 are treated with nogﬁiég at a
concentration to Sléﬁﬁéimef?'ﬂt% § EXPIRYEPE Mmarkses charagtep % at i on

of 100ng/m . 19deﬁmﬁva&{db@é}nmne§¢@drmrémed/m £idhid RRIERe! idhiBNY SRSk NY
markers characteristic of the definitive endodermare treated with the

netrin at a condBpitongtacier seleelnd fpmuhe SOBMeINsiBting IR, BOOGgT Fi-70tndat a
concent rat i on oFcOR ARk oAl AR el BBS, Mo LA BAIIELE g net rin

is selected fromthe group consisting of "netrin and netrin 4.
21. The nethod efnichedgahdg inhibiereetingih ecids amd ableasiohé éicwmtsealamd@omlﬂw cells

expressing mar kg{oﬁlﬁ%gﬁsﬁ&ﬁg%fkéﬁ'fpew?%FPP”CJ Fé% 10 £81 %o%ec{n@ L Lfigpge into
cells expressin rker's ctharacterrstr ancreatre andogri'he | i neage
is achi eved by fouedaysng the cells expressing nmar kers characteristic of the
pancreatic endoderm|ineage wwth a factor that inhibits the TGF-pl2.-1

pat hway. 22. The nethod of claim 21, wherein the cells expressing markers

characteristis ohe HAmoBRPEEAAL I ShEINRIENECIIBADR AR dihBakALiUH, 2

factor that inhibits the T S pat hway out one to about twelve
days, for about dﬂimévet@da@mrtlmte&@lavetrcmdsmtlm so‘rmhdbdmg inhieitorcandays. 23.

The et nod of _clal g hoiRGkGEDLIGE R bl oL RS KUk TR KE SpERAT gt er f st c

of the pancreatic en erm |nea e ar I'east one
factor sel ect edFGFolr@lfbhdaogtmmdagmm sti ng of a factor capabl e of inhibiting
BMP and a netrin. 24. The nethod of claim1, wherein the step of
differentiating the cells expressing nmarkers characteristic of the

pancreatic engloggs ReltbBSRAGIN Bl Wher&h R ENPE &%énﬁ?m%{el‘sedh%a%ﬁﬁﬁ(&f%{é stic of
the pancreatic endocrine I'i nedge 1's achi eve reating the cel

expressi ng mar kéefinidyrandedasmilineage anf treatad vg&n@mmhedg@waa@lvbltﬁu eHedge with a
f act t hat hj t
factor that in ﬁd%@féazﬁ'%é’ﬂc Egé?%e thrh ﬂ-&%\‘@% cofnﬂgln% PEIFOS Fdrd4,

inhibits the T R—l pat a|m2 Whér el n''t he
cell's expressi n§Gﬁ°e7r h@dEGEHQrfalC&beuhfgmdﬁyaf t he pancreati ¢ endocrine Ii neage
are treated wth a factor that inhibits the Notch signaling pathway, and a
factor that inhibits the TG--R- 1 pathway for about one to about twelve

days, for aboutThd ¥ethb@ 0BGt 2 tWIREAS tHI R¥ T Kprebfihg MRAEEs chWRLBstRDY She
definitive endoderm lineage are treated with a sonic hedgehog inhibitor, and at
least one factor selected from the group consisting of FGF-2, FGF-4, FGF-7, and
FGF-10 for about one to about three days, followed by treating the cells with a
sonic hedgehog inhibitor, a factor capable of inhibiting BMP, retinoic acid, and
at least one factor selected from the group consisting of FGF-2, FGF-4, FGF-7,
and FGF-10 for about one to about four days.

8. The method of claim 7, wherein the cells expressing markers characteristic of the
definitive endoderm lineage are treated with (a) a sonic hedgehog inhibitor, and
at least one factor selected from the group consisting of FGF-2, FGF-4, FGF-7,
and FGF-10 for about three days, or (b) a sonic hedgehog inhibitor, a factor
capable of inhibiting BMP, retinoic acid, and at least one factor selected from the
group consisting of FGF-2, FGF-4, FGF-7, and FGF-10 for about four days.
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26. The nethod of claim 24, wherein the factor that inhibits the Notch
signaling pathway is a y-secretase inhibitor. 27. The nethod of claim 26,
wherein the y-secretase inhibitor is L-685,458. 28. The nmethod of claim 26,
wherein L-685,458 is used at a concentration fromabout 0.11tMto about
10011M 29. The nethod of claim 19 or claim?22, wherein the factor that

I nhibits the TGF-RL pathway or the TG--OR-1 signaling pathway is an

i nhi bitor ;CF PR_lthq'} e. 30, The nethod of claim 29, wherein J—;

i nhi bi tor ofheriethad; of glaim 25 wherety the cells evmessingrarkeshcharasianatioatthe. 104 to
about 10011M 3BefiditiOe BRIEOEH Rlcagt Ak Mesdd w8640 hédrehd BhilBltBIOEncpét TOF-PR-1
ki nase is 2-(3- 36 Met hyl p r|d|n 2- t}/ll) 111- pyrazol -4-y1)-1, 5- napht hyri di ne

or [3-(Pyridin- eaytlc)nezfact@rzﬁe&meﬁ Sroynihg grop pyrrseszxag PEFGF-2, FGF-4, FGF-7, an
FGF-10 for about one to about three days, followed by treating the cells with a

sonic hedgehog inhibitor, a factor capable of inhibiting BMP, a netrin, retinoic
acid, and at least one factor selected from the group consisting of FGF-2, FGF-4,
FGF-7, and FGF-10 for about one to about four days.

10. The method of claim 9, wherein the cells expressing markers characteristic of the
definitive endoderm lineage are treated with (a) a sonic hedgehog inhibitor, and
at least one factor selected from the group consisting of FGF-2, FGF-4, FGF-7,
and FGF-10 for about three days; or (b) a sonic hedgehog inhibitor, a factor
capable of inhibiting BMP, a netrin, retinoic acid, and at least one factor selected
from the group consisting of FGF-2, FGF-4, FGF-7, and FGF-10 for about four
days.

11. The method of claim 2, wherein the factor is selected from the group consisting

of FGF-2, FGF-4, FGF-7, and FGF-10.

12. The method of claim 10(b), wherein the cells expressing markers characteristic of
the definitive endoderm are treated with FGF-7 at a concentration of about

50pg/ml to about 50pg/ml or at a concentration of 20ng/ml.

13. The method of claim 2, wherein the cells expressing markers characteristic of the
definitive endoderm are treated with retinoic acid at a concentration from about

1nM to about 1mM or at a concentration of 1pM.
14. The method of claim 2, wherein the sonic hedgehog inhibitor is cyclopamine.

15. The method of claim 14, wherein cyclopamine is used at a concentration from

about 0.1uM to about 10uM or at a concentration of 0.25uM.
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16.

17.

18.

19.

20.

21.

22.

23.

The method of claim 2, wherein the factor capable of inhibiting BMP is a BMP4
inhibitor.

The method of claim 16, wherein the BMP4 inhibitor is noggin.

The method of claim 16, wherein the cells expressing markers characteristic of
the definitive endoderm are treated with noggin at a concentration from about

500ng/ml to about 100ng/ml or at a concentration of 100ng/ml.

The method of claim 1, wherein the cells expressing markers characteristic of the
definitive endoderm are treated with the netrin at a concentration from about

500ng/ml to about 100ug/ml or at a concentration of 100 ng/ml.

The method of claim 1, wherein the netrin is selected from the group consisting

of netrinl, netrin 2, and netrin 4.

The method of claim 1, wherein the step of differentiating the cells expressing
markers characteristic of the pancreatic endoderm lineage into cells expressing
markers characteristic of the pancreatic endocrine lineage is achieved by treating
the cells expressing markers characteristic of the pancreatic endoderm lineage

with a factor that inhibits the TGF-BR-~1 pathway.

The method of claim 21, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a factor that inhibits the TGF-
BR-1 pathway for about one to about twelve days, for about five to about twelve

days, or for about twelve days.

The method of claim 21, wherein the cells expressing markers characteristic of
the pancreatic endoderm lineage are further treated with at least one factor
selected from the group consisting of a factor capable of inhibiting BMP and a

netrin.
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24.

25.

26.

27.

28.

29.

30.

31.

The method of claim 1, wherein the step of differentiating the cells expressing
markers characteristic of the pancreatic endoderm lineage into cells expressing
markers characteristic of the pancreatic endocrine lineage is achieved by treating
the cells expressing markers characteristic of the pancrea';ic endoderm lineage
with a factor that inhibits the Notch signaling pathway, and a factor that inhibits
the TGF-BR-1 pathway.

The method of claim 24, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a factor that inhibits the Notch
signaling pathway, and a factor that inhibits the TGF-BR-1 pathway for about one
to about twelve days, for about five to about twel]ve days or for about twelve

days.

The method of claim 24, wherein the factor that inhibits the Notch signaling

pathway is a y-secretase inhibitor.
The method of claim 26, wherein the y-secretase inhibitor is 1.-685,458.

The method of claim 26, wherein L-685,458 is used at a concentration from

about 0.1pM to about 100pM.

The method of claim 19 or claim 22, wherein the factor that inhibits the TGF-BR-
1 pathway or the TGF-BR-1 signaling pathway is an inhibitor of TGF-BR-1

kinase.

The method of claim 29, wherein the inhibitor of TGF-BR-1 kinase is used at a
concentration from about 0.1pM to about 100uM.

The method of claim 29, wherein the inhibitor of TGF-BR-1 kinase is 2-(3-(6-

Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine or [3-(Pyridin-2-y1)-4-
(4-quinonyl)]-1H-pyrazole.
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