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[0004]

DI FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS FI ELD OF

THE | NVENTI ON [ 0001] The present invention provides
woreaobods9: o pronote the differentiati on of pl upCPUSENL/084705

stemcells and the products related to or resulting

fromsuch nmethods. In particular, the present

i nvention provides an inproved nethod for the

formati on of pancreatic hornone expressing cells and

b osbrer ERESHHION B fHAPRNGEUB Y OB AL Y

differentiation of pluripotent stemcells wthout the
use of a feeder cEHELD @FETHIINVRERTROOMUCtS related to
or resulting fromsuch nethods. The present invention
al so ‘pr ovi des nethods to pronote gl ucose-stinmul ated

Theiniasgnt iV eBion T GACS RethpdUPinFRIpeis R diNgreaEntion efgrinraient stem
ol SR04 S5 TSR oA S0RRL i, e rescn

invahtiab etevsdasah limproyed ncttiao dsthothic dgren avion tof parspéaicthalhenc

i sl.ets of Langerhans have focused. interest on
CXPFaYBE sﬂﬁn@h@a FERE BPRSHHTHANECEY g de PECY
invén§ibh Siso PRANARTh&h&ds O HrdRELE Al ATBBenti A FRNAREt 58m cells

~the generation of functional b cells frompluripotent
withmuetheast bta fesdetreidayel end deaqmpdusts relabadyto o eessltimmirom such

metfify ThsmRnE gy LS e T g By SRR simBted

insubiarBEreGoME ihiill@eproiding R IdSri(art O lifipoies 9der ddllsand
endodern) in a process known as gastrulation. Tissues

such as, for exanpl e, théroid t hymus, pancreas, gut,
and liver, will devel BACKEGRONNEndoderm via an
internedi ate stage. The internediate stage in this
AdROO&SE Sell8 R Bk Oy pd§ T dbletel BR 1 S f
OBESSSoh S By ST LA K RO o
transpleiitalals jisl¢NBf BixregeehanGATVEAfochMer lintere@XDRE valogdingorurciyof

. [[0004] Pluripotent stemcells. my express one or nor

insuffr-Rrpdclr sl Qs atsel IR PBIRRT is TP Clart Dt (respRras ki

genbratiGDOf AREHSRTS P Aol L6sA ?’hﬁipé%énﬂ GeANlIDQdERSs, dasixamplced
Tra-1-60 and Tra-1- 8 (Thonson et al., Science 282:1

embty@iic $098xlls.Di f f erenti ati on of pluripotent stemcells
in vitroresults in the | oss of SSEA-4, Tra- 1-60, and

In Vl{tg\o'rgfese%hb%cﬁlric? ag'vief)o%n{ein{, apﬂll? peort]érPt A 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, Mixl1, CXCR4 and Sox-17.

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., 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



I ncreased expression of SSEA-1 . Undifferentiated

pluripotent stemcells typically haveal kal i ne
Webwsphadase activity, which can be detected bRCT/IUS1008/084705

the cells with 4% par af or mal dehyde, and then

devel oping with Vector Red as a substrate, as

descri bed by the manufacturer (Vector Laboratories,

PRl e L S B BB e
pardd8nead & d@hnmhﬁ%velb%@@nﬁwtbm&?&ta SIHSIALE, eb.'s ld8sc@bed by

typically cultured on a |ayer of feeder cells that
the gapweeturar f¥cgpiukdhonitents, Budimgewk I(lif.h Vadiflotentinig pluripotent

ser PR LBl el R R BT ASe FRE b R G

cells, but nonetheless supports proliferation of

[0005]  Pluidpodért rsmxemlls&teeﬂypfcelly sulwirtdhont ldyetef @odorgeindst aupportthe
differentiation. The growt h of pluripotent stemcells
DIurpOI¢ SHBY Cohls VI 174 \/\Ntﬁ@aﬂV‘*dY’théfrlléﬁ?l}tét%??”iss“re cultured

in aTHRAQS 2&%%}3&% es@eﬁgtﬁﬁggf@ggﬁfé%dsélﬂp%ﬂ@%l@}ﬁoﬁé{hél% sOfb or’ﬁ

previous ternatively,
prolgficomibh o6 plupipatechpate mbl&*tvﬂhmﬂmhti&gomgfselmﬂz&r&af diéferentiation. The

\@ﬁllé}ﬁt %ilgm\l\onsyetng g‘ﬁ%%rhcgeglfsf efﬂ%nt If?ff%%gl 2 glilljcplgﬁ e?Igl%%IOIQ 95 s%pported
usin édlﬁlfnfcoﬁﬂlt@hec{ W&Mf&m@'p%ﬁ&ﬁ%ﬁﬂ ¥ndifler BA%ype, 404
and Thonpson et al (Sci€nce 6 Novenber 1998:

Altematlvelafa the growthe@qlyripsent steabeells il Apjlerdirerdudives witkout

f pluripotent, st I f h
airgitiod S ouPolb s RouSu b er e ool ast T eeder
cell layer. [0007] Richards et al, (StemCells 2 1:

[0006]  For 246mPlo R cuddI) eraN aNuateBiotechaslely 0f: 30D -Gliof f( 20 0@yt anduman
adult, fetal and neonatal feeder cell layers for their

Thoamsmil el SeignfsSONDvVaRaEA OB U e! pestZe AP- 553t9érm: difts —1147)
s Y S i B ot S, PUTAI RORHL ) 0

emhmﬁmwfmhmnnnﬁﬁmhkybmnensten1ceII nmor phol ogy and remain
pl uripotent™. [0008] US200200721 17 di scl oses cel

00071 Ryt Glogt Fpli 26 7Ert, 10 % RRELL el o LE et pamon

adultN@taf 8hd nddnBRS FRIR! @Y EE Ry Rr FRHEMHANY ARbupPBH human pluripotent
fibroblast-1ike cell li'nes obtained from enbryonic

stent pglberdtuge. Pdclfafr@r@m ,|smt@d“l1itrrm @nltrwmn isenseadininee cilgured on
al so. U
ool KRR oo S bl BB O 8P s Dot o Rk et prapei
pl fﬁﬁﬁﬁ*e Vﬁng et al (Stem Cells 23: 1221-1227, 2005)
I scl oses net hods for
[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.



[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

the long-termgrowth of human pluripotent stemcells
on feeder cell layers derived from human enbryonic
W @ansh: s. [ 0010] I n anot her exanpl e, Stoj kKORCTUSL008084705
(Stem Cel |l s 2005 23: 306-314, 2005) disclose a feeder
cell systemderived fromthe spontaneous
differentiation of human enbryonic stemcells. [0011]

tn Gl W G 5 A8 o 2 Jp2 IEh SEEPS tihods for
the Rﬁ%ﬂétﬂ?grofw&ﬁ’ B 1RFp&e Rt Berm EARIA febdbr e laydts deBVEd from
Reprod 68: 2150-2156, 2003) discloses a feedér cel

hunjeayeerbryen¢ stegh deHom human foreskin. [0013] In anot her
exanpl e, Inzunza et al (Stem Cells 23: 544-549, 2005)

i I [ o) f U t
tn OREL Rt SRIRRLS PR Bl BT AT A PE PO B el
feedchadll sysppodérivicerogn thatspothndoiub dEfceclatioh pOh@hin &heffonic
(pPS) cells in feeder-free culture, and cell lines
steg@iSul for production of such media. US6642048 st ates:
"This invention includes nesenchynmal and

In afﬂlﬁﬁ&kélx%%%!, WMEGarf@b ler b (§‘€e§n ebfiebnedsugm Eibéé’llBFeCa source of

tissue or fferentiated fromenbryonic stemcells.
feedvetéibddtdined lemihvimag ptagcitacel | | i nes, processing
medi a, and growi ng stemcells using the conditioned

Am R RO £ 0T R ol BBl Bedhes bursirivgd from

hunfinSetcoisies condi ti oned nmedi um for the mai nt enance,
proliferation and differentiation of manmalian cells.
WO2005014799 states: "The culture nmedi um produced in

In apetbel GRARPE. WiauRze e HrteRidmllsiZdy ett-Poh 2085 kdpdesciadieder cell

1aye?¥‘ro'iﬁ‘ﬁurfeﬁl ﬁost%«ﬁa?aﬁ%ﬂgg{l? &pldpydsty Of murine cells, in

parti cul ar, ose erentiated and immortalized
transgeni ¢ hepatocytes, naned MVH (Met Muiri ne
USaadpad odiyelees mddixOthed supporadwt drewtheofgmmhas pMiuipetenadtem (pPS)

St | s 22: 972-980, 2004). di sgl oses condi ti.oned
S T O R s NS S e
US6R0b¥RLtheS T InvBAY ReRBcI8BRhERMd] ¥ndBeidblRd1ikOcell lines

over express human tel onerase reveérse

obtainegnsem icptbagmiq G8LTpr diffceandiaied froax empiyenicly820 03 B0 Mehods
;mr% di.scl o esﬂ? chem cal | d fingd culture nqpiunwfgr
S R SR AR BrocETNg et Sy aiing ]y CETIS ubini hd

conditioned media are described and illustrated in this disclosure.”

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).”

In another example, Xu ef a/ (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.



[0017]

[0018]

[0019]

[0020]

[0021]

[0018] An alternative culture system enpl oys

serumfree nedi um suppl enmented with growh factors
w@aparesInf pronoting the proliferation of enbPgDOR2908/084705

stemcells. For exanple, Cheon et al (BioReprod DO :

10. 1095/ bi ol reprod. 105.046870, October 19, 2005)

di scl ose a feeder-free, serumfree culture systemin

tn e 0L 0D £t T aRy T cultre medium for

the SURMRRENGEuMpdibhidich @IRNT growth factors capabl e of
triggering enbryonic stemcell self-renewal. [0019] In

anot her exanpl e, Levenstein et al (Stem Cells 24:

An glggngirg culpgeystdingaies ssamhdigs nfedrun fepplapgiedewith growth
I |C. st |ls in.t D

e B R, ISR G B R R, 7808
Chestl pph/ABESR @ao DO 10 RGES/b{odRBE)d. 1030681 () & ctebeand) 205) disclose

US20050148070 di scl oses a nethod of culturing human .
a feetpriifsniceutiesh cuBICS YHIAMAR MMAPRRYPRIC wichesllp atemginfained in
e e e 3 SR S il el O PR o
factomsctiapable oftrigp eviinpgerabrigomic stenacdl el fachalgal. vi t am ns,

mnerals, at |east one transferrin or transferrin

tn G013 el Leken B v il ln s Shtis 7S 0p P dislosgymethods
for IRBNGYRY-1cAR chiRbrRlof HEMEAABE 0R R Hiéh BEINGnAhe ARSI ATBYSblasts or
100 Qr}gé]m of a fibroblast growth factor capabl e of

condigiphedamptigma using mediagapplgmenied WithdisF.si gnal i ng
receptor, wherein the growth factor is supplied froma
e . | I . .
o B AT 4510 8B SRS PR 4
stent B¢l 1sfif deBindd raé dia wsthatitesewirh Aoditvithe@deroldedt fscdor cells, the method
condi ti gned nedi um 6‘&0'021] In ag(git her exanple, . i
compESHg PP BEAZ NGB (CELBIE AL UHBFG HedUMe@n R R pIjpM] amino

acid%%i{alﬂ{ihﬂ gniﬁ&%m gtq%:a{ﬁ oné t'?gtlsﬁuiﬂ Or H%if(%rﬁﬁ _rsﬁlggﬁiﬂ?tﬁ,eé&i least one

prinmate prinordial stemcells. In solution, the nedia
insulia of ilpstiantbsahlty, thesatlome medsncenpearadd fteo of hmnshadmm fetal

cells bei.ng cultured. In a gjven.culture, th
senin e Reablethobgiid eae oGO hb San i iictgrcapable of
acti RN b bIBRGRoWih REEFsighd1BYlrbdptRNWh&SRARP Lo WAR Ftor is
necessary to support .su%st ant i aPI y undifferentiated
suppjregivitdm efsowrige ofhet thon disak fidraiast &deller Ippo2tE madivamsurperted the

prof@FRP ST wem i ot GBI R HAE LTRT VR sl Pgrigjfoned
medir@m cells in a substantially undifferentiated state

1S
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.



[0022]

[0023]

[0024]

[0025]

provi ded which includes a | ow osnotic pressure, |ow
endot oxi n basic nediumthat is effective to support

w0 b@greset h of prinate-derived prinordial stenPCEUB208/084705
The basic nediumis conbined with a nutrient serum
effective to support the growmh of prinatederived
prinordial stemcells and a substrate sel ected from

th roup,c i.sti of feeder cells and an )
in apQife ol SRoRaeAS s B taeiath & Sk gsapdivm for
gro&ﬁl!ggﬁimamaemi pHdrdfal B8k deng i%@ﬁﬁ)sﬁﬁﬁalgsﬁﬁiﬁ‘ﬁfér@ﬁtia%ﬂ e is
S

acids, an anti-oxidant, and a first growh factor '
progdtkwhist ifdedes tHewgsmapc pengirstlowgnddtorndiasio shadesn drad is

a.pyruvate salt. " [Q023] |n anqgther ex | e :
ortef BB RS ek lod PPt BB o By B R T pasc
meddir@Vé gsbiaed®with athubicne srhimrdfREtiR torsapsoreo oy ®ithG f pligiite-
cells. One cultures the stemcells in a culture
derigeds primpidial ptont eddlsgnd geanbrirateaselactaddrons gragrppeasisting pffeeder

e [ . ' r ng. i
conSh3RurSIREN bl SEpPLp AT SRR B Bl
furthérantlades mon asscatihleaminb acidp, wstand-dxidanglhaa tiirfteecketh factor

layer. In a preferred for the fjbroblast feeder
Selepfgé grrO,m B‘F&WW“?SP%%’I SLPOPYCR Hk P UE bl el |
culture, is rendered unnecessary by the addition of

In afdthEi Slagiplie, UR00KA2 6 DL Thamt Alpect 1@PRERtidRNpRVides a
further exanple, WX005065354 di scloses a defi ned,

methgbolonilwriogptiats eneletiyomrc steat calls. Ons enltirgs the stem cells in a

e L BTt e TR BB B By B orny
anirBAl @kuin )Qind St Bitpaéeh @ dHFib#oBlndtfoedveihtih@be@al e JuEdlica from a
stemcells; ¢ . an amount of insulin sufficient to

soursq OfF thagiwiheHibseblat feedamleyen 1y aprefpredeioamt thatibgoblast feeder
i _‘ . .
ay ARG Y rERER RSP el AT MRl by the

addisiadioff beffieitht Abodlasegrontl Aotost’em cel [ s. [0025] In

anot her exanpl e, WX005086845 di scl oses a nethod for
i nt enance ndifferentiated stemcell, said. :
In 2 RS A B Rr W;@@M&%ééi%?%e%% aimsd polpgiceulturpgasdign that is
esscnglly FROSE RN AMRNED oAk RInEDS oI GR I uh 28 dnVan®unt of
protei ns, a nmenber of the fibroblast growth factor
bFHr@Hicitmtrtd syproft growthedfisabstantiably cotliffeagritdted(ir@palian siem

anmount suffi.cient ta majntain the L in a . .
celI Gt prapibor isalih st SR BrSiPer B ahetedlinty woiGrgatioted
marh@aR&NIEM R cBs; 8 I Aflarh &k bE adcBZOhciPkubficRat t%rktu%)ﬁér@ Blowth of

cells may be cultured and differentiated on a tissue

subgtantially andiffssentigted mammalian stem cells.

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 (TGFf) 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.



[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

coated with an extracellular matrix. The extracellul ar
matrix may be diluted prior to coating the tissue
weiworesIsubst rat e. Exanpl es of suitabl e nmet hoRIGT/I82008/084705
diluting the extracellular matrix and for coating the
tissue culture substrate may be found in Kleinman,
H K, et al, Biochemstry 25:312 (1986), and Hadl ey,
MA , et al, J.Cell.Bigl. 101:151 1 (1985). 027
Plurﬁ&,t%ts‘fegh.ceél's.ne%lgep%#g egiggdéﬁt%gggtlaﬁdo ?E,'.H%gle cgl(gure sllbstr.ate
coafdt i@ #Nixt@bd1RiMarGhat@Lf THE EAtKR BNFOASKER rhalt & RANET Siddrit6
endoderm Cells of the pancreatic endoderm express the

coagihie dasuccutiursdehsitatd opreotrdss efendablPdxthods fortdikating the

b f Pd fajl d beyond
exofRITRE s SR o DA AR Sl bR R ThER BT

KleBXRneHSL 08¢ dTRBiSchamidtiytd5cHI2 (30&H), addl Radey, 8atA. Cer al., J.Cell.Biol.
or ganogenesi s. The mature pancreas contai ns, anong

1016@&&0%@04 types, exocrine tissue and endocrine

ti ssue. Exocrine and endocrine tissues arise fromthe

For B FAERL Rk e AR R SRR AR Shad v

pantreatic celodared Celbrofeinbpanorvatc eedddsrmotxiirbe th®psercalorduodenal
ex | e, | sk t al ci ence 292: 1389, 00

hon}@@E&P geng; Jf’ﬁfg elﬁttf{f‘a% SSIFFG&(F%HB ﬁst © BHSFSAS ﬁ‘ﬁu@ tg @smjl%lélﬂwnd the

forthRidnbFWbARa 986 UEEhINGLdS! THES, PULP o rBlsi A mbiRs RRAGEA R chGn
islets. Soria et al (Diabetes 49:" 157, 2000) report

pan¢rqatic ongendgenesse cletmatgreqrinkrsagienmitaies afmoogothsusdl types,
enbryoni c stemcells notnmalize glycema.in .

exogiia e ETRTRARR trospt fa Fdosting Gude) ais figrythe

differsaiaHon of Pafidreic AboddMNAS 99: 16105, 2002) discl ose
that treatnment of nouse enbryonic stemcells with

i nhi bitors of pho‘sghoi nosi ti de 3-kinase (LY294002 )
Cells bgeringsthe Eeatures ohiglet ¢dlsdan egoreds bpen dqriygddom ¢gmbryonic cells

r am) - 100 2003)
Ofﬂ?é;%%?st%s P?)ﬁe gelﬂg’rlé I%{eg%&%“&{ggﬁﬁcﬁ %9?% §8| %)(g?)l?gﬁ%iog from
differentsaioardd myoase embtyenicostdrh scltsan stisutiniscareling @xprigssdimar to

Pax4.. ] 0031]. Mcallef et al, r rts that.retinoic.
pangrepiyr igkah- %gmeéft@ Gbﬁ%d&%ﬂiﬂ%%ﬁﬁ&orﬁp_ B en-sgeEsting cells
deri¢&d fromirRods@MbRbic K05 dki1Y RoRRANSE g@&érﬁiaeiﬂ deg4RbMtocin-induced

Retinoic acid is nost effective at “i nduci ng Pdxl

diabefipressi on when added to cultures at day 4 of
enbryonic stemcelldifferentiation during a period

In ofQ %}Efn‘?ﬁgﬂ—dlérri] 9 c‘z:lp(PtI\PES S&dl 6%)5,%%55 (Lfilsatoéeotﬂatl thea nqgnt %?J%{O%ge
embryonic stem cells with inhibitors of phosphoinositide 3-kinase (LY294002) produced
cells that resembled f cells.

In another example, Blyszczuk ef al. (PNAS 100:998, 2003) reports the generation of

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

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



[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

(Di abetes 54:301, 2005). [0032] Myazaki et al.
reports a nouse enbryonic stemcell |ine
W@@pAOmspr essi ng Pdxl . Their results show t haRCT/US2008/084705
exogenous Pdxl expression clearly enhanced the
expression of insulin, somatostatin, glucokinase,
neurogenin3 PA8, Pax6, and HNF6 genes in the
resul differentiated cel bet e 1030,
iR ton 85 F PEROD Ay SOoMNE A oL Mt BEeR U1 e ATPRO
(DidBRIRSY:30f , 2018).TG-- b superfami |y) upregul ates the
expreSS|on of “exocrine pancreatic genes (p48 and
Ias@? and endocrine genes (Pdxl, insulin, and
Mlygm% 6@nICPPHS ADIPIIEC eRbIYPBIG Sty t:@hhw\res-exmﬁ&slmm&dﬁal Their

resu?tg sﬁoC tﬁé@?%oa%%ﬁ?lﬁ] Vlg(gilt&gl%g?léﬁ M:egr V%F cé% th-erh)%%re%m ?:f C}niuhn

serve e expr nsu

sonﬁﬂkl‘étlwﬂgumktma’sé fr%@fc%dmlﬁy P4, PaLY, @n@HNP 6 gwmeeinahe ra3oMng
atnent resulted in an |ncreased | evel of the

dlff?%%%ﬁi?eéks (PirbetogRp: (BlotMh 3 . 379: 749, 2004).
[0034] Shiraki et al. studied the effects of growth

Sko&%@zod'lsreggﬁst thﬁtp??c%'vfﬂ A hﬁém%@ﬁ € TAH- Q@ﬁ&%ﬁéﬁzb _%);‘reeglfllates the

ryonic stemcells into de positive cel
GXpmlss.iem veckacha¢ paiCreali2 geegsr(pdRiandodnyylgses hoid dnctvchng pares (Pdx1,
1@ tion of. Pdx|l po %|t|ve cells (Genes Ce &' 2005
ins g}tl%%go i540q e)ern Pt%lg;sﬁ er&(gplzso mgﬁlma cfféct was observed
usm%el'ﬁ‘M' adthad ad TH ? al OGBSI @Nthaf the eRgRYEYIcHél i MsuBR@hd@Pdx 1
endoderm cells from nouse enbryonic stemcells in the

mRy¥Bserceot offeeted byreingid asid; hewgy as &dd™ (7 aeatineitcsailltod in an

eSSl ) ipbbs e L BR b1 T vor 103,

page 16806, 2006) states "Wit and TG beta/ nodal /
Shirakt érvil.staligitht effgets bhgtotvaln £0tess thanepeeificellyientadcd diffetdndation

generation of the nterlor [ nltlv str 0037]
of em@mp& Stemr?é{ Iyt B ?hld&éF“Vche@%le%ﬁ‘d rbscrye Pﬁ%@ﬁ%
repr‘é?ﬁéﬁ%lﬁﬁf’éﬁﬂé%{'ﬂ%h&%o%?ﬁ by 1;36901 o"éltm%eﬂse(gf‘éngpﬁgm 3bos Jun;
10(®ub@dr$6.)[ 0038] Thonson et al. isol ated enbryonlc stem
cells from human blastocysts (Science 282: 114, 1998).

Gor g O ST TR eFRy BT St SRR ot om

motsk %ﬁﬂ!)syc(nﬁhﬁé?ﬁ'c@ﬂi inhe @bsencd¥aerunNaid in the pdsendt lof adéSmh along
95: 13726, 1998 Unl i ke nouse enqg¥on|c stemcel | s,

withyl @hibiteh OB‘é’np pigneled @S 206 0844 et i at i ng
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”.

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

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

Thomson et al. isolated embryonic stem cells from human blastocysts (Science 282:114,
1998). Concurrently, Gearhart and coworkers derived human embryonic germ (hEG) cell

lines from fetal gonadal tissue (Shamblott ez al., Proc. Natl. Acad. Sci. USA 95:13726,



[0039]

[0040]

[0041]

[0042]

sinmply by culturing with Leukem a Inhibitory Factor

(LI'F), human enbryonic stem cells nust be naintained
wap@en70582 y speci al conditions (U S. Pat. No. PCT/US2008/084705

6, 200, 806; WD 99/ 20741; WD 01/51616). [0039] D Anour

et al. describes the production of enriched cultures

of human enbryonic stemcell-derived definitive

1990 FO e - Bis o i) SREHOY Dl Togyferentating
mmﬂl&%&ﬁltﬁﬁﬁ% Qeth i ReREmG@ahhiBiteHy R tok METHS, 1HMeM SRRSO s cells

mcé resulted in differentiation into nore nmature
mus¢ &F heipingd ginder aetyespeeal anditiogs (ke SeRdoter gvad 0,306y aNe.

_qﬁgyﬁ i,c stemcell-derived definitive endoderm
99é§zgﬁs cajnggﬂ#ﬁrther differentiated into Pdxl positive
cells after addition of FG--10 (US 2005/ 0266554A1).

D’ P{rﬁ&ﬂf@}‘ aDdéveibes @t paddutivat of @riBhed attufs| odGyinran 2Abrylod@Pstem
01 (2006)) states: "We have devel oped a
Cellzﬁeﬂ@ @?ﬁqﬂm %&406?%@%6 PisagnCe eﬁ% él@thscoﬁﬁﬁ%rﬁ“%‘?rﬁf 3eiyincand

lowb& g‘mﬁ&)e lﬁ@deh %@a r'h% np th&BR lseutﬁier the kidney

synt stzing t S I nsu
cap gjleucﬁtgme remliﬂﬁimdiffatelnnathjmmm mata rnatpﬂ:| oefle p/hﬂhdnhalamérlstlc of

Thi s cess mcs in viv ancr
SOW% Eﬂ%&aﬁle%rg%nSE laﬂi%%?%ame é}%cq“ﬁﬁ?%& ﬂdgf?%&@% endoderm cells

can 'b8 SRR UTLrélffatddl ihioVRIxE HRAGHSE B311sUier hathBoLHHRGR1BY US
pancreati ¢ endoder m and endocri ne precursor en route

20060266134 19.hat express endocri ne hornones". [0041] In
anot her exanple, Fisk et al. reports a systen1for

A PSR B SubBbebsbe PO ST
devéibf)écﬁ‘z[ &ﬂﬂtet@ham PRt énsalyat beisyciis huthaal cnbby@nidytas (BESI)g@ﬂs to
Human enbryonic stemcells were first differentjated

end@%n@r?aaﬂ@fm%b@sqf Aynthesizing the pepeRatysy haspanemingling ghiceeodnd
somdftfstatih eécre-gﬁ@g(gﬁgépﬁﬁo%ﬁ& ﬁfnt%ﬁﬂ G4 tp%ceegs Wik Pg@a@pancreanc

ant ag o sts su I'n conbinatton w
orgmgameislhyl directig g3 elmaugl Rdxds rpeaibiing defigitive endolderm, gut-tube
rmnal differe tlatlon was i nduced by nicot n de.
end ? o PancErah én@égﬁﬁlaé CRANCBR PECHPOREN foute t§t°5;t at OXpECss
end6@Mie Haggotd3at over - expression of Pdxl enhanced
expression of pancreatic enriched genes, induction of

insulin expression may
In another example, Fisk et 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-f antagonists such as Noggin in combination with
EGF or betacellulin to generate Pdx1 positive cells. The terminal differentiation was

induced by nicotinamide.

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 a/, Stem Cells

2006; 24:1923-1930).



[0043]

[0044]

[0045]

[0046]

require additional signals that are only present in
vivo" (Benvenistry et al, Stem Cells 2006;

WQ@20090923921930) . [ 0043] I n anot her exanpl e, OdorPCHULL008084705
reports methods for direct in vitro differentiation of
mammal i an pluripotent stemcells to cells of the
pancreatic |ineage. The nethods involve culturing the

o S0 S e OSSRRE D Sl ALV R
marhfalifiepldiip&eht s@iin 0€11sT8 TEMAGTRE ?’&nc}gﬁﬁé ¢in BRI NP GRAIBds involve

cells are further cultured to formenbryol d bodies '
cultpE@sthesten edlsdn flerpresshendf anedfestidoerepunt of apne mgrphogenetic

cells,  whi under defined conditiaons termnnal
profifyp i s T T e JFCp it Yamep ety figg glesendoder
cell§ MOZDRNN 200423 ko fdr4drydid badRk (EBs)exaRddefor defirdéhashdoderm

et al (Devel opnental_ Bi ol ogy, 305, 2007, Pgs 508-52 1)
comgiged eclisy whichiunfecfined emdgiagsderainally diFfcrchiate smeghsmif ghe

b t ancreatic epithelial cells to

Imn%%%gﬁ%5%3¥g%g#§¥6%%%&%'docrine i neage". [0045]

Therefore, there still remains a significant need to
In adethet o@pmpdn diutacharserfad (Desd @ivhdns iBiglopy, 05 p20enPgs 5 Gd2 1)

cell. lines can he expanded to address the current
state ilﬁbib&}on_rpef ,-B\A%ﬁgr}agng & ﬁFE’QY%nﬁ%PWéﬂ%X s ppw biterearic
cpitBéifdl 8EIRND IpAdBeds M WaB@ N Rabdtcadess ne cells,

pancreati ¢ hornone expressing cells, or pancreatic

hornone secreting cells, and posses the ability to
Thegdereetherd stidlurinaing g stgnsiransecaddo daeahereepnidriogs ferastablishing

concent rat i.qn. have, taken an glternatjve approach
Pl el s i P S AP B P bty BRI e

whiRItofayaig thePoesitiged |dsféronvait linfapaiceatic endotdiae Celkg pairdasic
that are able to secrete insulin in response to .
horpnmPsessng gl 95 BancEcasic SormppgvsRPtpg 9@11%} andhpeses the ability to
sec%gqgahiqgﬂ tresRBItfk% t{? rcﬁeﬁlggg in M@dg%: L8 eH{er‘i’dnd Q% ﬁﬁ@@ﬁgﬁgan
or produci ng cell's Capable of glucose-stinulate
altetnagud appreatirte irnprove tlenffitiondypaftdfitresti@imgdaldas ,embryonic stem

conpri sing the steps of: a . | turing the pluripotent
cell o Bpnedeatig .en%?crmsﬁéﬁﬁﬁha&%rﬁ@b £ S9F mﬁalelgmre gy to
cha@®k liS gluBbQ 16RNd. S expressing markers characteristic of

the definitive endodermlineage,c . Differentiating

the cells expressing markers characteristic of the
definitive SUMMARY

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,



[0047]

[0048]

endoderm | i neage into cells expressing markers

characteristic of the pancreatic endoderm|i neage, and
wa@l200D0f(ser ent i ati ng the cells expressi ng mar KePGI/US2008/084705

characteristic of the pancreatic endodermlineage into

cells expressing markers characteristic of the

pancreati c endocrine |ineage. [0047] In one

enbodjment, .the present invention provides.a nmethod ..
Fort pPURSuiig B ST SN W RS DS kP Acitive
cel | seioaees ih&ige TRb 66N SexpRAsAE k&t tRartedidiR of the
pancreati c endocrine |ineage derived from pluripotent
st em paickeafic codqsleimilingagehendst eps of: a . Culturing the
pluripotent stemcells, b. Differentiating the
pluyi ent.. s celil. s i cel e e .
enal o PREPT T Ele SR RSB R o DR Gearic
Di f f ecetvidedt linghgt igto @elld Scposping $sdrkegs bRdrk@ersstic of the
characteristic of the definitive endodermlineage into
cel | sPEWHAEE SNIRFTRAIIRGIS- charact eristic of the
pancreatic endodermlineage, and d. Differentiating
In ohB€mbEHikhRnE %Md&%%nﬂﬂwgﬁﬁdﬁ Syviabes ﬁl%ﬁﬁ)ﬁ'féli%%nﬁtin% gﬁlcose-
pancreati c endoderm|ineadge into cells expressi
stimmiatécemsulohsecetibe m stlisexpfestimgmpeiecy @ratdctersnd oL thie pencreatic
| i neage. 048] .In ane enbodi nent, cells expressipg
endprfRaiGat ST B ERErarn it paher S SR ses Al
| ineage are differentiated fromcells expressing
Mark eCalteias @ palripdtdn€stom dehig definitive endoderm
lineage by treating cells expressing markers

characteristic of the definitive endoderm|ineage by
anyp- oR&ffentigtiag thy plavipeigntiianm el intg cellypayesshyg mharkers

cel | Scl?a?f&’cft&%s%iia%gtﬂ@c{eﬁﬁ{t%%ﬁé‘&& Efgniegé' ¢ of the

definrtive endodermlineage wt robl ast grow h
factor and a hedgehog si gnaling pathway i nhibitor,

t hen Defifentrging hiee codld iexpressoms markiersgchbraetefistir ofthadefinitive
growt h ctor. and.t he hedgehog sigphali at hwa

o bPdsen oSG el e g RS e

nedi U aRtidicRdd@rh ekl gnfci d, a fibroblast growth
factor and the hedgehog signaling pathway inhibitor,

or
d. Differentiating the cells expressing markers characteristic of the pancreatic

endoderm lineage into cells expressing markers characteristic of the

pancreatic endocrine lineage.

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
lincage 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

10



b. Treating the cells expressing markers

characteristic of the definitive endodermlineage with
WO 2a0p/Dise2 acid and at | east one fibrobl ast gr oR€TUS2008/084705

factor, or ¢ . Treating the cells expressing markers

characteristic of the definitive endodermlineage wth

retinoic acid, a sonic hedgehog inhibitor, at |east

one fibraoblast growth. factor, and e.facto
capabFalgR THegHnB P g g agil b RgEeRE BEPF u the
expr ef&dRBodAEKAMS paflfaGhEbitst be of the definitive
endoderm |l ineage with rétinoic acid, a sonic hedgehog

inhibitor, at |east one fibroblast gnomﬁh factor, and

a rhet Traating theesells PrRsetsinggnarkers @bimagte@sém@éh@ #efimtiyacadgderm
chara I h | th
et ng£ hed G%Jl%l re&ﬁm& Sd%ﬁa 8{]1 %,]ét Bite ?E%@)ﬂ}% 1?%]%6 a’s%l}d

one fi brobl ast gromﬁh factor at | east one factor
capabllecadhg thetdebs éipﬁrgssﬁigl?nar&ﬁd chamettristit, ofakic definitive endoderm

Treat|.ng the_ cells expressin rkers.characteristic

of £ hUn Gt AT VR0l ACBRTHY odesons inhiflonat (cedons Shblast
fibro gio%ﬁ FALERVAAY Jt@&%pane%&oﬁcép%ie%fmﬁ IRBMP. or

i nhi brtor, thenh renoving the at | east one br obl ast

growt h factor and the sonic hedgehog'inhibitor and
subk edteating yhetqeéa@XmgSSuigem@rétﬂs shavaethristicsgihe d¢fedigehamgoderm

i nhi bj.t or ast one fibrobl ast . h factor n

ot min e ity refRE a8 b BRefR0n ABEOE ol Rk Sy 5B btast
narkegﬁmﬁﬁﬁkﬁﬁtﬁﬁj§ﬁaﬁnqﬁ the definitive endoderm

lineage with at |east one fibroblast growth factor and

a sonic hed i nhi bitor, then renDV|n%.the at | east
oné- f THREBE tcegi BV psSPdn ke shateearisis T chhdefgutivsgendoderm
inhib [

soni clipSfs St RURCAUEN Sohid ARBEAIAohBGE Bl gy ok ibfobias
gr owt grof\xabifamltqr atdtdsnoncfaaior dapablecbfanhibiiag tB MPeanklaateain, or
capabl e of inhibiting BMP, or h. Treating the cells

rs characte st c of .t he
o oD MRS SRR kR e ES syt ypdoderm
fact ofin@ipd wathSRMNaSt JHRAULHOGst RO MBI thQ@br arldEddni RV ERG
the at | east one fibroblast growmh factor and the

soni chéddyehaben rehicyinedhe ahlgass ohs Ebrobdlast girowtle Eatcton gnd He sonic
cells ast

fibr OB&%FO%IH% 11ig?r I C%L%qu%%ettl Seamg ?8&{5 a\ml ) sonl(i ﬁ?dﬁehog

or 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 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

11



[0049]

i . Treating the cells expressing markers
characteristic of the definitive endodermlineage with

W@roovesP2 one fi broblast growth factor and a SPEI/TS2008/084705

hedgehog i nhibitor, then renoving the at |east one
fibroblast growh factor and the soni c hedgehog

i nhi bitor and subsequently treating the cells with a
soni ¢, hedgehog..i.nhi bitor, at |east ape fjbr.gbl ast

or owt PCERERPSY prehibsuithly HEetng B cqllveviftt tape hedgehog
capablitifor, 0 abi ddetbrENEst cBhFa 6L Fdtihoid 42iP AR a netrin, or
enbodi ment,” cell's expressing markers characteristic of

t he pancreatic endocrine lineage are differentiated

f r am &wating thepcls eimepsingrirakers chapeferigid ofithe dgnititpeendoderm
pancr [ d r [ ' cell

Excpr e L0ieRE WAL EER G Mol A TR R Sank sdstoe
endod@hibitortBagentdyimniic anleabné fbroblst @omwiilg fatrir had e sonic
a . CQulturing the cells expressing nmarkers . .

char aBedeeheg ingibaior epesybasricaidy reatiigdbeies ih itthasrgee hoflgehog
med UpLGARE 3k Madi® (i SR6S GHARE AAbL RidiBlc AT a1t factor
agoni st, then renoving the“nmedi um céntaining’'a g

secr etgableiaftmtibitiog BaiP, aad Glfetrin. agoni st and

subsequently culturing the cells in medi um containing

AQpP- 1. i St | G- | , .b. | t i .th )
1n o Frbodip RO Cel i ors e rarkws et of it Ppiadi¢ Sftocrine
linegél}ﬁlé Qetdrént RIRAESH Belld AXPAGSink PatRGs HiAr£&QEH sic Rif M2 Fancreatic

agoni st, then renoving the nedi um contai ning a

endggopm| lingggmbys treading csUbewuesemgingarkers charpeigristiveof ¢led pancieatic
di yum cont ai ni n GLP+l. _agonist, 1G-1 and HG-, or c
endS B ARG RetR o Bl B e

S’ ex I 'Ag
characteristic of the pancreatic endodermlineage in
medi. uQuiteriigaihoicelds e peessiag hedrkge charhdtdidtiorof achaacichire |
agonist, or d. Culturing the cells expressing markers
char ag9dodran {ipeage ip Mediyimeqnéaiping agngeigiassinhilosgad p GLP-1

medi u taknj = I SE.o-Qr AN cres
e LRI A LR Rt 21 oL
pancr 6P cagmidded sabisequeate culittrimgahé edtsan ntddatm containing a

i nhi bj he %g;gﬁk [ i pat hway, or f . Treating
t he cgﬁi%f%§ﬁ? ﬁgaﬁggﬁgggrcharacteristic of the
pancreatic

b. Culturing the cells expressing markers characteristic of the pancreatic

endoderm lineage in medium containing a GLP-1 agonist, then removing the
medium 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



[0050]

[0051]

[0052]

endoderm | ineage wth a factor that inhibits the

TGF-bR-1 pathway, or g. Treating the cells expressing
WOoremreTEsIThar act eri sti c of the pancreati c endoREr/I$2008/084705

lineage with a factor that inhibits the Notch

signaling pathway, and a factor that inhibits the

TGF-bR-1 pathway, or h. Culturing the cells expressing

mar ker s haract rlstlc of t ncreatic doder

1| eagE AL e PHUR MBS CBRPSERMIC IR B Hbout

20mM g déeies:e liadkte i FabtoR 8RN indibitsBR Kbtk %T bRV, or

THE DRAW NGS [ 0050] Figure 1 shows an outline t he

differentiation protocol used in the present

i nfentrasHng thegrrslls eypressingrmsarkers charagtetistsdd fteppanceadtic n

US pa n I

b) an(%lﬁe(ﬂ))de%‘{?g11 %tWI %ég lﬂ? p?gesi%? | n\}gJ ﬁl%vrbﬁ &

[0051] Figure 2 shoms real-tlne PCR anal ysis of cells

of g h&rdating@theasetis y}qnéssi@trﬂm(aelchaﬂaétﬂﬁstfdl of the pancreatic

di fferentiated accardi to t ods di sclgsed jn
ExarrpF%‘P mEﬁB?a@tha ggt%&}% wsc,tﬁ%wawgér%a Hmtkway, and

| SL- | | nsulin, and
o] ucaé(g%?qltgﬁg%g?%{@gqgﬁ(gﬁg eagﬁ% }?g 5 (S3- 85) There

was a significant increase in expression of insulin
and. gLubaguanthacelét axgesssiag nmrkers p@rwmmichﬁ the [@ngicatng

|-t f h nb
<1 om elfRer HoSlE i Bield) ssifitadront i RETY G RiRR 206
met hogmc@gesa@uqscelglmmggmgtnpl e 3. Pancreatic endocrine
a) insulin, b) NKX2, c) dl ucagon d) Neur oD, and

pancreati ¢ endoderm nmar ker PDX-1 at stages 3 to 5.
The ef f ect %RWEH%W%@QE]W@ PRAWIRES eval uat ed

at either stage 3, stage 4, or at stages 3 and 4. (+/+

FiglE)I‘g Il &hdwt 9n biginP BF&% Qﬁﬁer@ﬂna"ﬁoﬁ %Fétb&ﬂ' ﬁéed %ﬁg&s’g#é%t ﬂ%ventlon

h stages 3 and 4, - refers tot nce o
Panplar) trefersita rthecmnqhodl mpoetbd 8t HQ @a®naapgplicatsonars dNve é1/486,908, and

refer the presence of a particular
pandlsRSot it helSigiod: oy MEPLERENED ot ot hge 3) [ 0053]
Figure 4 shows real -time PCR anal ysis of cells of the

Figitd TR0 5 Efay aficcP (It emal¢ed bf dllgef fﬂe,huﬂiahfeﬁfb@yﬂﬂl@ﬁt@ﬁ cell line
according to the nmethods disclosed in Exa

HI, dififereetsatecaceaidide to thy mgthodadiselosaddni |EPF§II|1IPI@?3) ]E?)PTPWQD of
pan@t%gtlcj\&lﬂi 8Qtn @D)ﬂl}",:ﬁ-?P?ﬂldpg)éoéﬂne%arjﬁg%N%m%ﬂj 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.

Figure 3 shows real-time PCR analysis of cells of the human embryonic stem cell line

HI, 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).

13



[0053]

[0054]

[0055]

[0056]

[0057]

Sox17, is depicted at stages 3 to 5. The effect of

ALK5 inhibitor Il was valuated at either stage 4,
WGe@ge7B92 or at stages 4 and 5. (+/+ refers toP@NES2008/084705

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 -/+ refers to the presence of

. the | i bi It L 4 .
Pie{ra dahp e i Yioa S b hEBORTHA S S g bl dine
H1, A férBeRRRBo RIY AR Mefo8iHBEbed! ih MRakdpii 4. rlge[n@fbta’ué‘hﬁﬁ(ers

‘according to the nethods disclosed i n Exanpl e
a) ghefchgant angf Insul inOb NANDKSandMNeusd P o¢ ) IINFdenend RD X oln di MK X2.2 and

Sox‘liz,pl% g%icilct%@ a set%)geéz,’» gl f[%g € gc'agtbc?f flfq%éj hﬂ%té)ﬁzl r\gilljsxvaluatec? at cither

stagere b p@slordt Sagit4 dndd. pee raifé}/s tAbe reSdhcObf Dk 1ﬁlﬁblltdlrglt both
the differentiation process. 55] Figure 6 shows
stageed - % it efocRodha pipsnge of tf@énln@lt@tf attswée HRe s ebisgo#i stage
t I I [ 0
5, A rgﬁl'sct% tg élle eglscgl f F:lg Jlﬁlﬁﬁcﬁ%tt %gﬁgarﬁicl? a{b ec taré 9%%@%
ALK5 i nhi bitor and O- 500 ng/ m of reconb|nant human
Figido gghowe reabxipred%(ﬁ{ emlydis af) cedlk bfitherhuntan eGbXgynictem cell line

H1 {Risnsine abeding fa g thodgiiciaset dn BSSeIRS. HlfeEdt 1510 m

ALK®$nHsERd1 d Bt A0@s eﬂp@&%éofaaﬁglh@@% NpMAsIIRdSEEH R, d)

stage 3. [0056] Figure 7 shows feal-tine PCR anaIyS|s
NelmcliDme Idewictefl at stegdsdntard. €rintrpbiitagmeniedrd el includaenyHALKS

oy rent cordln to the nmethods disclosed in
inhify n‘& fhe%g%{ﬁ HUOTLPPERYs of | mm ALKS i nhi bitor and
100 ng/ M of reconbi nant human Noggi n on expressi on of

Fig@} 61 shewh tda)-tile FITRIaRIMis ofCgellpgnthe Iﬁhlahl%m%nleéteﬁ@ﬁﬂ 2ine
f) PDX-1, is depicted at stages 4 and 5. ALK
H1,idpffierentiaged agserdinpedhemetiody é@claswa@pé%@ ﬁ@@l@mdwﬁ%ﬁs of

B R T
albunih NodSDHR o)l inasid, gl Exgop] @ PDX-) HAeupisadgy INK XD, is
depiehaige sBrest fop BLESNEb Rt Hapdded Rsiap BRACS EdNRERELves

addbdRUE QM3 stage 5 cells at day 12, d) 10X phase

contrast inage of stage 5 cells at day 12.[0058]

Figure 9 shows the inmmunofluorescent images of cells,
Figee ﬂfSépwmaaérﬂe@ Rt enadysigoti eslls hétheduhuds i@sient ccH line

HI Eé(fg?rrﬁ]ilthaéed %ccgrdlng B"tfe rneth%‘éiéa ﬁclgse% n %a%m%ge 7. a&or!n&%lélcli ieH’ec‘cs of
Ium 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.

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]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

single cluster along with b) DAPI nucl ear stain.
[0059] Figure 10 shows real-tinme PCR anal ysis cells of
w0 b@jmnsen enbryonic stemcell [ine H, differkel/iis10e8084705
according to the nmethods disclosed in Exanple 7.
[0060] Figure 11 shows real-time PCR analysis cells of
t he human enbryonic stemcell line H, differentiated
. accordi ng t.o the_met hods. di scl d i.n. Ex e 8. .Th
Figgl5 D anawp e P TBaRrbIRE MRt BEra ofil KEgGHRC Aeepidingfo the
metBRARS Ik cANHELamplegeichas aw att Btal Plets fat Bay?1 28§{ns@lin Ahﬂﬁnfg of a
i nhi bitor added at stage 4 he expression of
singhgyel8steylompiith b) DA MNewele®, Stfdyl Pax4, e) insulin, and f)
gl ucagon. [0061] Figure 12 shows real-tinme PCR

n
e EE e
differentzxedipdcording Bahe hleﬁh)odls ﬂ&blﬂolsd‘ai intBxagipleeAgon, c¢) ngn3,
d) NKX2.2, e) hburoD and f) PDX-1. [0062] Figure 13
shows. the i cose Stinulated Insu
Flglgsé#é%l?%ﬁre@g% xw&a Oétméél@ngn@ %%%Ste@tcaaéms HI,
dlff&%hﬂla?tfcpﬁc%e?diﬁéjto%@ ﬁfe%ordg dfs@log&ﬁn@ga%‘?esé% dT §J‘129§ 8%31&‘[@ the
Exanple 9 were glucose chall enged at
combmtdcffests 20 Nobggm ddded el sfagee 3and gt t:ﬂ)gah& w{th)N@ﬁin Fagdiroe ALK

. 14.sho t he ef of Net.rin r trin-2 o

s ing by PERURAAT St terraitipk B &) Mo RS PfleuroD. d) Paxs,
e) 1@%{1)/&5@9[) gRkdgonof the human enbryonic stemcell line

H, differentiated according to the methods discl osed

in Exanpl e 10. 5}064] Figure 15 shows the induction of
Figg dé@h@\ﬁ%rq&hﬂmé CRugnahpiseellaof thedamapenpsydiveister cell line HI,

f I

dlff&g [\jﬁlllé"tgd ?cec tdqﬁ%fo &g% ﬁ{éﬁ]g)(rag gﬁ}clg&%ﬁg;ﬁfge & ﬁ?ﬁ{éﬂa)\ﬁ%klﬁm b)
gludigt)rﬁ,er) apih], afh NK)G&E,O:Y)MamgoD,mntih)aPDmhods di scl osed in

Exanpl e 11. Panel a) insulin, b) glucagon, c) NKX2.2,

. d) Pax4, f) PDX-I d 065 6
Flg‘é‘)ﬁd%gﬁ?‘ﬁ%t i’b?’lé@s‘ﬁlbﬁg%‘fs%%‘f @iﬂ%{l %e?rg o k?ﬁé%i?%%d
stag%?Sachﬁﬁre@.f Std g@ 5‘%‘6% eﬁ%ﬂ %Edo‘?@ing rf@{h%%théﬂétdlécﬁ%gd M‘Exarnple 9

igure lc. Panel : " shows the expression of CXCR4, as
werd gtuspse dheterped IEMEISMDI 6Hb) 12 gdnids) 820ckkny's ithewdeirodt ssiga @e
1. Panel b) Shovvs t he expr ession of markers
Figfrﬁqﬁaﬁ(%\§% hlsg,t(ei‘lrf)%g of I\rkitrn}] g aor II\Petmn E(eg’)lell%ggr%g%el&{n Q er}%ﬁ cIe 1 flr%ers
Reabtia@PCR a@ﬁyﬁﬁ&&l@@fﬂ%dmlﬂyanr&@d driiErBteM@RI1 lﬁl@l}ﬁﬂ gifdrentiated

n) shows the e reSS|on of various genes in cell's
acccrrémé@ ﬁlsdn@rhomg ogd g Example 10.

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 line 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.

Figure 16 shows the expression of various markers at the various stages of the
differentiation protocol outlined in Figure 1c. Panel 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 lineage and the extra-
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

stages 2-6, as determned by real-tinme PCR [0066]

Figure 17 shows the nunber of cells at the various
weemgemsef the differentiation protocol outli NRCI/U#2008/084705

Figure Ic. [0067] Figure 18 shows C-peptide rel ease

fromcells at the end of stage 6 of the

differentiation protocol outlined in Figure Ic in

response to. vajiou tinmuli. 06 Fi gu 19.sho
emigyBo et el - direr i taent Daas cksinded By 2 TAE Boy
Pan®lk cFL aPhdvsahe bR efidnf EaAbLAEdneNin Pt AEQbst&YA thO8sH b

Figure |Ic conpared to adult human pancreatic islets.

stage®@ER s ditepmieedly rwhbme PR . expr essi on of insulin
(panel a), synaptophysin (panel b) and coexpression of

' . X axi . i . '
ris{T3RNRECYS e ) 2P Sh TR Y B P PTG oo
outlpfedti®€pur©Wd.| i ned in Figure Ic. [0070] Figure 2 1

shows the expression of synaptophysin (panels a and c)

FisgPqgehen of ToRBOGIIRer BATI Sl 8hil Fol BLHEsdLel P gdripeniaton

protobdWullifed in FRAke Wefnere%{oﬁéé 8 apbhisikfi ng/ M of Chordin
I nstead of Noggin at stages 3-4. TOO?l] Fi gure 22

~ shows the expression of various markers in cells of
Figurhd 9 sberen Cereptigomidpretiamlivaiontehi ingcHoat the andeeff stage 6 of the
cirREf R Bt iy I €S BLGIR bl bt e
b) HNF6, c) CDX2, d)PDX-1, e)NKX6.1, f) Pax4,
Fig@} NEXRows thi)chBresibh of ihNBEM3(paddl RECHMptdlysiadgarel bpad co-

[)insulin, as determ ned by real-time PCRin cells
CXPFesYIQR 8t BerapioPhse EXrgxist angk iagdin Q-exis) (QaRPE) I gilp at thg end of

stag}%%od’ffthé @iﬁeﬁ@?@?.ﬁ{bcgo&ﬁﬁ%qﬁﬂﬁiﬁggg rs in cells of

he human c stemce treated
according to the differentiation protocol outlined in
Figie guisbowg thewhpressiohef syahptephysime(pandat end wi drid igsudingpanels b

and 3 st the Por RS TAED oy B eseton pictid apfHnsEen bpur? Lc.
that" @3t trbatB® wRER0D mléﬁﬁﬂ ICHYRAIM 5@ o@ngP,ﬁl £RAeed 39t ages
3-6. DETAILED DESCRI PTI ON 0073] For clarity of

~disclosure, and not by way of limtation, the detailed
Figere g shows s capreprien phvasious syarkoss @i ogllgetithe human gabryonic stem

fol i f . ' [1:] UST K
cell 1R AR EUER AR G iRl MERE MR ol TR TRy g Dave
showh ésthBxpreysisit dfa) HNF4a, b) HNF6, ¢) CDX2, d)PDX-1, €)NKX6.1, f) Pax4,
g)NKX2.2, h)NeuroD, i)NGN3, j))PECAM k)glucagon, and l)insulin, as determined by
real-time PCR in cells harvested at the end of stages 3-6.

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, c) 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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[0073]

[0074]

[0075]

[0076]

Definitions [0074] Stemcells are undifferentiated
cells defined by their ability at the single cel

wOo ewel7ese2 bot h sel f-renew and differentiate t oPEFUM0$084705
progeny cells, including self-renew ng progenitors,
non-renew ng progenitors, and termnally
differentiated cells. Sten1ce||s are al so

aracterized b i r abi rentlate
For a0 Greidtimats b war peiar M sRiE et Ruggage
1nv5n'f1@ﬁls”&ibfd'e@ ko GRY B116WHR sBbcRNERARAMes (FRRQA NI @Rt ertain
ectodern), as well as to give rise to tissues of
featpmels t qnphO@ilrg@rtmlt appdicaficing ol gwipigpent iamepioant at i on and to
contribute substantially to nost, if not all, tissues
foll ow ng injection intq? 1355 ysts [0075] Stem
cells are classified by elr velopnental potenti a
as: (1) totipotent, neaning able to give rise to al
Stera bl yanivadififeccneixted aeliddofmed dy cledit altilyyes the(sﬂ)gle cell level to both

pl ur neanln able to giye rls |1 )
Selféﬁ@fm%ﬁf @'f]%@nrlatﬁﬂa UPeTOREfY q%‘éatl@ﬂfl THSYAM e to
pro@n‘ﬁgrsr h&?retngwfhgéﬂgé&tlto%f al‘r‘ds!el*m naﬂ€ ﬁg?e?et{?fékd%lells Wo B dR 115 are

particular ti or gan, si ol ogi cal system
also(q‘harace)(laﬂbbﬁthehelbattp deléﬁeremtlstteemmeJI ih® fuki8E©natemls of various

cel ingS Gobl PHENG el O [SaS et B e Ahfar ot sy gl as

to g%'risett(y 8RBT BRI S lﬁy%rgfolloWnﬁé t@iuféFﬁhtahbﬁlhn@foecontrlbute
nor mal conponents of t he bl ood) qopotent

submmlmgo gleble ifinet gil\viessudsdellowing lmﬁ@nrle@th asgteaydtssubset
of cell lineages than multipotent stemcells; and (5)

Sterﬁ %Iel’?so 1€ Q%’smﬁ&?&l ﬁ%lr%kf?o &e%lalvé%téﬂtﬁ? 15))%&%‘8%&}5?18%@ able

ermat ogeni ¢
to gBIefrfse it ol bﬁbt}@lﬁld &dtelxea@ﬁlm@eﬁls cbl typek; (IIZ) plaripotent, meaning able
unspeC|aI|z d ("uncomm t or | ess speC|aI|zed cel

to ghyeqtieteall ¢ r}fO@é& légpeéf E S%fémt%nh Peippihle tqgixe Hse to a
sub%)?% @&laﬁ%!agt e at rvﬁlﬁ?lfg Fértlgﬁlaptlgmé ‘Hr%augggﬁlgrer%lo%lcal s?l]stern

erenti entiation-in
(fortekampleaberhaprctomstam el e Ej{Sciaa lpratade progomyritiat mdl'u)ie HSC

(selP 0L ia@? gtganotdtyﬁﬁ é%prg:ﬁelid (ﬂe &gg{ ng%ﬁ‘{glgseggg 61f1 cgl types and
clerfértd ﬁrge. gﬂhtéfe’ts‘? fhat bR R Bal &nﬁm‘ﬁ@ﬁtk of{h%tblcfb'ﬁ vﬁﬁ Qﬁﬁﬁ)@%t

int ferentiation pat vvaytoa oi nt ere, under
meangieredle o gleaunst taroeere regrigied pubsetmf] cnﬁ dineages than multipotent

ate 0 a specific.ce pe

serf g+ b Bl S Ra PR Bl o b VBl R e
spehdid@neiddateldynto a different cell type or revert to

a lessdifferentiated cell type. De- dlfferentlatlon

refers to the process by which a cel| reverts
Difterentiation is the process by which an unspecialized (' uncornrnltted”) 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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[0077]

[0078]

[0079]

[0080]

a less specialized (or conmmtted) position within the

lineage of a cell. As used herein, the |ineage of a
w@eib/odspi nes the heredity of the cell, i.e., RI/UR2008/084705

cells it cane fromand what cells it can give rise to.

The lineage of a cell places the cell within a

hereditary schene of devel opnent and differentiation.

: | i.ne - spec mar k ers to acteristic
TSR C3) D 2D ST PUIT P e Aoy B P Tk Sy to
a le dpbois@aa (6f cdrﬁ}hﬁtre@);ﬁosﬂﬁﬁl W Aln e M&% c bPa 835 €AS uk&ifherein,

differentiation of an uncommtted | to the |ineage

the bcagnoén eglt deffreg iy herddlityaifithd ¢able agewhméfceﬂsmcamc &tomsand

i t.h .posi t.ive gene.e reSS|
i L POR Rl S EHRRER YRRl Pkt e R FhirSary
schérh@dSdavieRbhent dndCdifESintidda: 3 hﬁ%)g&sgemﬁlk?harﬁer rd\f@s rOD,
Isl-1, HNF-3 beta, MAFA, Pax4, and Pax6. Cel

cha@ﬁﬁﬂétg%smglfwy@%sgm@m maditae paanogypsfof eells o aclaeage of interest
andchil! E@&?ed' tﬁ GLadenR 4 ér&ﬁt PLI[Q ﬁ? 8y "c r}[u‘?teg ol %Stgé ﬂgeage of
mar ed rm

ers c aracterls e I've éndode
intetdsneage”, as used hereln, refers to cell s expressing
at | east one of the follow ng markers: SOX-17, GATA-
. HNF- 3 bet a, Cerl, Nodal, FGE8, Brachyury,
p- qeilulmeﬁ > IS B% Witbpesitive gaaesxpisadon e thesisanserition factor

R ST S Rl R S S S S
Neud@le Ini-1 iHNFénlo:hw:j AT AL Realgend Raotcudec]Breixpietdingmatkeesak
ecursor_ cell primtive streak cells, nmesendoderm
Char@éqerlfgtl%?fdh@@fcnek%ﬂlpﬁ% efludsReshseel 1s. [0079] "Cel |I's
expressing markers characteristic of the pancreatic

“Ccfil gﬂgggsfﬁ ﬂl&%@l@%h&l‘aa‘%ﬂw& tﬁﬁ H&ifiﬂngJ Bl S{ ﬁ’n&gé’%, 3s used

expressi g |'east one of t ow ng marke
herdDXeflers tblNEllbetmessiﬁ'@[-ﬁt leastl tha),f tthBHﬁwlrxgrméﬂB&s SOIX-$7, GATA-

. S G E At e NP [ pach ekt Ao reE LS. FG4

CD#Y, 'eHinEédd%rrﬁiﬂt (EOMPES ©; B 184, FGFMPG%H@[ l6°CXUR4e@LK1tC@1bb§ or
[ 008 CBIIS expressi ng markers characteristic of

OT&mEc expecsemgaearkere charaetergsic, of e i@“@dm@eqnéodﬁmlrlefeeges

inclhiei, ]P%gr}ngu:ve @Sr%hg at ll,ﬁ)gl"?ltg{ngen %rea%@% ﬁe nfeg%q%wimgcells and
defifAXe4ndd@Bm 3cllOr PTF | al pha. Cells expressing narkers

“Cells expressing markers characteristic of the pancreatic endoderm lineage”, as used
herein, refers to cells expressing at least one of the following markers: PDX-1, HNF-
Ibeta, PTF-1 alpha, HNF-6, or HB9. Cells expressing markers characteristic of the
pancreatic endoderm lineage include pancreatic endoderm cells, primitive gut tube cells,

and posterior foregut cells.

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

characteristic of the pancreatic endocrine lineage include pancreatic endocrine cells,
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

characteristic of the pancreatic endocrine |ineage

i ncl ude pancreatic endocrine cells, pancreatic hornone
wepeedsing cel ls, and pancreatic hornone secrBCT/O§2008/084705

cells, and cells of the b-cell l|ineage. [0081]

"Definitive endodernt, as used herein, refers to cells

whi ch bear the characteristic of cells arising from

t he. epi bl ast during gastrul ati on and whi ch formthe
Pangaalic RATAas EYHYSISE Selt: Aaf dapqreatifdiqrpgps vretetin nilsn ipg gells of
thegggg%gg ccells express the follow ng markers: HNF- 3

et a A-4, SOX-17, Cerberus, OIX2, goosecoid,

CKit, CD99, and MxIIl. [0082] "Extraenbryonic
“Deéindodenddderas, assecd hacwi refers ef ealls whochabqao phel chbiaoteristic of

e G0 GORES S DR 350 AR ] Rkl B
tracUSROit @ RhfivesaDEAMUCE Bhdodih el exPRIY BREbIEIRinEPhLRH EBINF-
that are differentially exgressed inacell o

3 baty (@A B4t4, SOX-L hi (erberms, XX 2 diopsesorh Criit, €RPP candiNixl1.
nmeans an increased |level for a positive marker and a

“ f0 1 .

EEGHRSSRE hE Ry b e RAE M TR K BN fIELAC BN Sing o

lcass viid dftthe fdlloyvihg glaeker SOPGREAFP and8PAJRC] s of i nt er est
conpared to other cells, such that the cell of

modpterest can he identified and distjnguished from

MasEHER S oA BHibRCS o APPEF ST oL eown | n

diffélagt ARt explQQ8KH 2 Maoendadar m ag! fonte:@diteRHA i N1%Bicsion means
refers to a cell expressing at |east one of the

an ifgtisodilavg! foarlpesisive OBUET and mdsadascdiavel feOVBSative@rkd, The

. HNF-.3 bet GSC,. FGE 17.. GATA- 6. Q85 .
cetcBShfi LT ShedfirBir TRee A o Aoy PR & WP PE bl lover
in tIRXRIIS &8 infGtedt @binparc@$o HHEHC NS Rich thak BfeQ¥el of ttéreG®ah be
idm%%ﬁable of expressing at |east one of the follow n

Aené distingigehicdrtrong Plheaedls usigmay 6§ ¢ awiiety ofmgthods Rnown in
the R@ncreatic pol ypeptide. [0086] "Pancreatic endoderm
cell", as used herein, refers to a cell capable of
expressing at | east one of the follow ng markers:
“MdNEMdiaslerriNecil’ ) B udedlheteird, refleiXe la, ccRPAXprtssiigkXAcadt o8RG

"Pancreati c_hornone producin ", . as her ei
followeing raarkeys:a COAR) e%ﬁ%@&ﬂ%@@%é%- b ﬁ?@g‘éﬁ}}ﬁ-é%&fa,

Ggsd Gt el oW Qg hornones: insulin, glucagon,
somat ostati n, and pancreatic pol ypeptide.[0088]

"Pancreatic hornone secreting cell" as used herein,
“Pan@taticsendocranecasi|l’, ag dpansirentigthogmenaexpragsiag cell”, as used herein,

refers to a cell capable of expressing at least one of the following hormones: insulin,

glucagon, somatostatin, and pancreatic polypeptide.

“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.

“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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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

| east one of the follow ng hornones: insulin,
gl ucagon, somatostatin, and pancreatic pol ypepti de.
WO 0®807059Post eri or foregut cell™, as used her ePEil/US2008/084705
refers to a cell capable of secreting at |east one of
the follow ng markers: PDX-1, HNF-1, PTF-I1A, HNF-6,
HB-9, PROX-1. [0090] "Pre-primtive streak cell”, as

R A R LN e SR

least Eﬁé &t th YR109KA Bé&ﬂ%n@@hﬁsu’hna@ué’a%%ﬁ J&)%{a%s'fbtmr el Epanchatia
cell capable o % secreting at | east one of the

polfpeblidmni ng markers: HNF-1, HNF-4A. [0092] "Prlnltive
streak cell™", as used her ei n, refers to a cell

“Po%iéﬁérﬁf}%{)ﬁé@gcﬁ ’kl_lﬁel?Séé h%% {)fetts 1§ a c?lll L%%Q%fgg{ﬁt%g at least one of
the fodiohaiig @Brkctsx (RS 10 AINING, T um HNot6,RiIBHO, PROSRT. St em
Cells Characterization of Pluripotent StemCells
. 0093 Pl ur.i ent st m cells may press.one or nore
Pr%?ﬂmﬂ es“fr%l"e&gée%% 5ed @ﬁﬂb%ﬁﬁseo 3ﬁ?ﬁ<ﬁ’éﬁ’f§55 ngdEAgastone i the
1bﬂ§wm§%gngggkgkamdggp@p§ble usi ng anti bodi es desi gnat ed
60 and Tra-1- 8 1 (Thomson et al., Science 282:1

'145‘ 1998) Differentiation of pluripotent stemcells
“Primmtivé gutdulpeesslil’tas used hérein, rsders of a 8SEmp4ble Df secratingOit leasidone

Tra-.1- 81 express| (i sent) and increased
Ofﬂ%&% HRuLE R EF s -'Ilihﬁrﬁg{/gf erentiated pluri potent
stemcells typically have al kal i ne phosphat ase

“Pria@itive/dtiepk celliit, abugrhebsan defeecioactelexpicxdingatt bt 668d diSthe
Wi th 4% par af or mal dehyde, and then devel opi ng with
follosipeanarkis. ReachysibbHike homgokpxgupichear ByFthe
manuf acturer (\Vector Laboratories, Burlinganme Calif.

Undi ff%&thﬁtﬁﬁ)&ﬁkfdwa(ﬁﬁt@ﬁ“:lll%t(ﬁrpl El)t%nﬁséﬂl dfié cal ' y
express Cct-4 TERT, as detecte y RT-PCR. [ 0094]

Anot her desirabl e phenotype of propagated pluripotent

stem cel | s i s Ghapoteimuiion of Budpbfeer Homi(dle into cells

of all three germ nal | ayers: endoderm mssoderm and
Plurglgqttig)nq%%an llé maglﬁefxprpersrgSng g?rt 0% gcyxoafﬁhpei gebs);félclnjc en%br%omc antigens
(SSE&) Bandl A} snds@m&kes d‘é&@mbmlﬂgrmm@@iei d&hg&ﬁted(ﬁ@ll@o and Tra-1-

m ce, fixi ng the teratomas that form using 4%

81 (E ap@ﬁ@]r ¢t o ﬁl?@@ 288ﬂ]d4-§hbq98éxgtﬁq‘lwm@tlpﬁ @ﬁplurlpotent stem cells in
vztr%‘ he%hﬁﬂ Q9hEsL ¥r $QE RV ‘%‘Fal“cl ‘i‘!rel 1t831%§ére{s§18mlfﬁ§se t) and

germlayers. Alterna |ve pluri enc
increased expression of SSEA-1. Undifferentiated plurlpotent 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.

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

20



[0095]

[0096]

[0097]

[0098]

determ ned by the creation of enbryoid bodi es and
assessing the enbryoid bodies for the presence of
worenokeresInssoci ated with the three germ nal | ap&r/HS2008/084705
[ 0095] Propagated pluripotent stemcell |ines nmay be
karyotyped using a standard G bandi ng techni que and
conpared to published kar yot ypes of the corresponding
eC|es IS des rabl e bt in cells that
evi QR ROy B G pc i e Bl P e b be
dete@ﬁﬁw@%?' tRé Eheatiiies Rinfbradild HoHRBBnE QJS@SKB%QH@ SmBFRIPbRE&br the
and nof noticeably altered. Sources of Pluripotent
presghemefTedkers 2609 GfcdThith theglrse gernphalrlaymss.ent stem cel |'s
that may be used include established |ines of

Pro]ga{gsé ed%%rﬁ)'&en?g eh%ce:i:lg{ng%/ glcéjl nb?(gb; It)ga%? %glélg "EFS u%{(]it(? I;bandlng

techin@fucexaapmparca t(bbt&ﬂisbélylsdrifotyﬁéstvﬂmuﬁrdsp@ﬁiu% prithatt Sp@hes It
tissue taken any tinme during gestation, typically but
is dewyieblgde ablaly §ally ﬂt?é%Yeea d}%‘iﬂé&lfal%téﬂ’ey blcmn%e@ﬂ@ the cells are

eup &8 LHet QR 11 m&anlﬁfg) os&ﬂesegﬁ@:é?cetﬁl aﬁﬁ%o?ﬁ(&ﬁcg%mznggred. .

ifies of  human e ryonic ste s or ryonic
gern1ce||s, such as, for exanple the human enbryonic
stemcell |ines BbunkWQﬁ%MUpb@nK&VMﬁﬂﬂb. Al so
contenplated is use of the conpositions of this

{
ThedySGPPU ol SR otlim B o APLHE ST Rl ings of ce
plurgtér ¥ cdlivoe filph tIRLY fddhidd hRet @Rtatice] thdudiak gfb -embryonic
irectly fromthe source tissues. Al so suitable are

tissgcspeh asafos §x4nplg ablgbtaeyspoeahtyosicdipsice or fosd pigsuetthlogm any time

cur B LSRR WUl Roie: ARAERSE 0L, SRl NS w0

tan human e ryoni nes

gestatioh 1sen-libitingxanyl &, ar8&Shdlish &t kisaGe humah beibsyonetem cells or
[0097] In one enbodl nt, human yoni c_stemcells
humgnemiyrgme semeellgeich apdpr mpho '%ﬁngﬁmé{l egpbryqngg; sempsghl lines

Hl’@\? _aﬁ%?%f(wlggﬂ) %ciécf?@?@ r%[ggte& istdRiof ll\ila?etg%)mp%ﬁ gns éf)tmls disclosure

133 Proc.
durigg $1cAnitBL cHEBABhmENAG )stabTidation ef ich BEll, ipwhehtcast thmsource

Cel | 0098 e di.nmen tent stemce
cell gy sTEAT Ty PO EEE B ericipely BpiFBe SopeCEne chse
suitSB BRI dell§ BReR Fehd LRLEPSteB &t 68l pSpul oA icQMScMRYSH in the
Al ternativel y,éﬁ$ur|potent stemcells are cultured in

absence of fagder as{lst Arpotshinable gregsufenittivalanyentirgeniostemesgtdines, such
as, foF exan’lple,LEGOlV (BresaGen, Athens, GA).

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

Culture of Pluripotent Stem Cells

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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[0099]

[0100]

[0101]

[0102]

nonet hel ess supports proliferation of pluripotent stem
cells w thout undergoi ngsubstantial differentiation.
wab@greset h of pluripotent stemcells in feedePCT/DEW08/084705
culture without differentiation is supported using a
medi um condi tioned by culturing previously wth
another cell type. Alternatively, the growh of
| yri ent. stemcells in.feeder-free l.tur i.t ho
subffptrel ARiFefioh TS BapgbPt BT ORrHg D Cribi oy res culture
witfhet BiFReemBEbM Y supfiRAlusitRS BEULMRILEMbnSd Bt @RKIng pi@Yously
~be plated onto a suitable culture substrate. |In one
withegredithir welhtypet Wdtesitivelyl ée guiwthrod phuipotanastemi csllam feeder-free
extr.acel |yl ar trix co nent, such_as,, f.or, examl e,
culdiRRL PR PRb s SOTRANS s oo e R
part of adhesion nol ecul e receptor-Iligand couplings.
Thelpturdsigere Rlzatiotie May & plited Satotaadniteble ghiltutt Suistast MAabac i S
MATRI GEL(r). (Becton Di ckenson). MATRI GEL(r) is a
embodygt hp peipRicatulyre FubstiateRye Piaedlulp mMatshapRPeiFRb such as,
f r r :
for SRR (R (20 R B AP IRENAE 18 ' G fluf part of adhesion
moleatle sceptbriligandnmiupligsc dmpon embadiardt, @ dinpxuieblt coitxde snegrate

: ' e as_an alterpat] pendi on the cell
is M Pl bR ickeaud VKRS thaulde Pimpift fom
Engbith R nl Swarl! QhRP LS o BMt36h RemNERAFAD foih hat e,
and the like, alone or in various conbinations. [0101]
recofisetupidibesgroeng mendiram. cel | s may be plated onto the
substrate in a suitable distribution and in the
OBl 835058 A TEO PP S PTBAGS 4581 poSEYtBleas
alteBREVACDEFdIndinglbon tAt bell 196 Beidp praft@tddsthicmbeirfidt 14miaim,
careful attention to the seeding distribution and can
fibrpregting Rrotsaglyede chieaEY heparamaul e, spd the liks, alpec g ip various
Sui table culture nedia my be made fromthe
Con{bgﬂal(aél\}\f'ng conponents, such as, for exanple, Dul becco's
nodi fi ed Eagle's nmedium (DMEM, G bco # 11965-092;
Thekrhagpooertt sOul drdls colysermadied detd thagibstrate meal switab{ckidstBvEin and
. G bco #10829-018; Ham s F12/50% M basal nmedi um 200
in (i TSR0 LR TAh AL RO G 80 ST AL RGP e GRS the

desidildcinPddddris@, AHtHER chddhRriSRObenbfilRén2REPRARRN N to the
Sigma # M/522; human reconbi nant basic fibrobl ast

sceding distiibution and ¢aremily @ dataminetiIps@eod okillfa thedrt.on of

Cell s Capabl e of ducose-Stinmulated Insulin Secretion

Suitfaf)l% "Wilture 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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Pl uri potent Stem Cell s[0103] In one enbodi nent, the

present invention provides a nmethod for producing
w@2000e7659pabl e of gl ucose-stinulated insulin SBPCF/E$10081084705

frompluripotent stemcells, conprising the steps of:

a . Culturing the pluripotent stemcells, b.

Differentiating the pluripotent stemcells into cells

[0103] In ogé g@ggil ﬂ‘[ ! kgsre?lafngg%?ﬁ@{)% §I %{I}%H@t ﬁregrgf@ilqr%gg cdfs capable
of gR¥BEESEhMNGtcHBE BN Sc &R PR B Plitgofer®tetN@ 119 &hhiprising@he steps
endoderm | i neage into cells expressing markers

of: characteristic of the pancreatic endoderm|ineage, and
d. Differentiating the cells expressing narkers

22%{ ae{lﬁm]l thgll?ﬁfr}:?;&%t sF:lalets ﬁg\tl c endoderm |lineage into

S expr ers characteristic of the
pancreatic endocrlne I i neage. [0104] In one
enﬁpdDmﬁmntiattihg tlm Eagpdtehtritem td:lh;rinipraeus cgsedingahiters

for OnDtI cosest j mul insulin secretion in
cel | sC %%32‘1“ Li}?sdi BHYC R ‘P@E‘Pé‘rnie%%q c of the
pancr eatl c endocrl ne |ineage derived from pluri potent

st em pefrdrenti#RTRE @e‘llQ Qxﬁrlaﬁmg ﬁ@&eﬁfohaﬁcten% 6Hﬁé RS
pl uri potent stem cel fferentiating t

pl ur i patodatm §neage dath Icslls expocssiai Inzarkstp pl@qscrtcrgstwmf ke s

charact er i g L{ r11e defi n(Lt ive endoderm | ineage, c .
Di f f ePEHL FH‘&O “H8 "0&18°s " Ekpr essing markers
characteristic of the definitive endodermlineage into

celd. sDeffqtessing ghd@llk exsresia datkers chtactedbtid Gfthe pancreatic
pancreati c endoderm |ineage, and d. Differentiating
the cerdogdery neaesiingg caly REFessian arakers hapgterissic of e

ﬁgpﬁr?ﬁck%ﬁ@%ﬁ&’&?&@lﬁé&%e‘ge into cells expressing

aracteristic-of the pancreatic endocrine
| i neage. [ 0105] Pluripotent stemcells suitable for use
[0104] In one enbedipreas ¢t presene mivewtion providdes nfethodefmaptphmﬁng ghlcose-

St AR B B CoTBCORICSuT Tl re SHareR e GhDS Pahcreati
endmge)hnea%eedéam RroB&IRLNARESt B BRIGEEdmprii gy HE sl b

code:

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.
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[0105]

[0106]

[0107]

[0108]

and the human enbryonic stemcell |ine SA002

(Cellartis, Sweden). Also suitable for use in the
wWEe@9eTIs92 nventi on are cells that express at |REBHUSH0$084705

of the follow ng markers characteristic of pluripotent

cells: ABC&X, cripto, CD9, FoxD3, Connexi n43,

Connexi n45, Cct4, Sox2, Nanog, hTERT, UTF-1, ZFP42,

SSEA-3, SSEA-4, Tral-60, Tral-81. [0106 kers
Plugppgigfoar P peteele Rragir i prosoi 1%%&%8%%%@5@%@& the
hun®@lc@r@shié 510 dehQing WMEWHI@),‘}EG FEMarl b0t dtem cell

Hnf - 3beta, GSC, Cerl, dal, FGF8, Brachyury, xlike

linetbn@dlibbsoder BtA 1, thegmaacpaBryoswmtandelt haH7 ESNESpde: WAO07),

ana Sy o SR ooy aoa B T SR St or e

in tHdyAtseBK e tRSardtellsehstexpRees &fledshend@rtkeftlowing markers
characteristic of the definitive endoderml|ineage. In

chaigaisrigtipeiotluipoteniecthy: e8BRUZ airiat ¢ B, Fexe Conasintssi ng
cOnlliIHih% %)&Jﬂ,as‘o%tﬁﬁﬁos%‘, heERT. I -p%fP'PQQ,t$S@A-%nS§E$[@Tral-60,
I'neage 1S a primtive stireak precursor céll. 1n’an
TrabRtier nate aspect, a cell expressing markers
characteristic of the definitive endodermlineage is a
sendoderm.cel|. In.an alternate aspect, a cell
Mar@?ﬁﬁ@%@ﬁﬁ?&?m“lﬁh? gefgﬁmeaad@_ﬁm ligesG SirsicqBrffan [hgeeroup
conGSEIRAFTIO X 11ne83a A4S HArdelhNGECVEcQNNBEA! FGEE! Bractlydk? Altix-
Mar Kers characteristic of the pancreatic endoderm
likelhonmeabex proteis dl(dcdt €048 reomesdrdsrigmotiOMBRE IBKKAG @I 17, GATAS,

xR AT BELRFTE b o 0 BN B0 P P

expRX§U SRS oAb of BRSharRA cRiraétblstiRITHIRY Geffi@feaaidetdrit lifeage. In
of the pancreatic endoderm|ineage. In one aspect of

oneppecheldye prespveymiion, a ¢elleapresung raskernehapmetdestie of the
e o of ' . 3 .
deﬁgnl%'re Ak ed’eh’?itlfng%%)e s %Eglgﬁﬁ?ec{t%%% @fecﬁ}ggﬁ ‘gerq{é, Mh'ah A9t a%péact, a

ancreati Cc en
cell eRpieasit emiaketscchafacteigtipanthe dafinicve asidein éintdgoeage are
sel ected fromthe group consisting of NG\ 3, NeuroD,
mespgqlqéjpl_’m f,ell.pawqqltemg@?ct%gclhgxmﬁmg ,rnaélﬁgs pqu:raqterlstlc of the
n [ 4 - i c endocrine cell
defifltRB %nd(L gﬁ é?eiéfggg d0ERtive @ncﬁi‘l@ﬁﬁ eal.

IS capa ressing at least one of the follow ng
hornones: insulin, glucagon, somatostatin, and
Markancheaticostpodfythe parcdetic Sndadebhdintage ars ecl¢ated frem the group

rese i nv iQn, i cell..th expr, t. ast .
confERGH vl FRFie. BB SEPUr oo po SHR PRRECE Stk use in he
preRACACEAA it h DERBAL clplesiiat 3&REGHe I Tthd MBrkRfseH@Rteristic of the

i nvention,a cell expressing markers characteristic of

panergatipendederst iircagadbgnierepdat pbHigdrssntanprtionehedlcexpressing

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

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-1 alpha.
In one embodiment, a pancreatic endocrine cell is capable of expressing at least one of
the following hormones: insulin, glucagon, somatostatin, and pancreatic polypeptide.
Suitable for use in the present invention is a cell that expresses at least one of the markers

characteristic of the pancreatic endocrine lineage. In one aspect of the present invention,
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[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

endocrine cell. The pancreatic endocrine cell may be a
pancreati c hornone expressing cell. Alternatively, the
wWpavenaEP: ¢ endocrine cell may be a pancreati cPEDURINE084705
secreting cell. [0109] In one aspect of the present

i nvention, the pancreatic endocrine cell is a cel
expressing markers characteristic of the b cel

i neage. A cell expressing. markers.characteri stic of )

a cefle b Mofiin BT O e s e epb e Tgpereatic
endbdithclRlll Ak PondrEARTRAS RIneQBII RS RN Spanbiehti Shorbtord e%pressing

Nkx .1, NeuroD, Isl-1, HNF-3 béta, MAFA, Pax4, an
cell pastigrnatimelgntde pepeedticehdo¢rmemeB seayt bei apamatcabn hormane|sgereting
Cellexpressing mar kers characteristic of the b cel

lineage is a b cell. Formation of Cells Expressing
Mar kers Characteristic of the Definitive Endoderm

In oht BgRgeo{[tBd pRberPlintiche, @i pSicamic ehdosrin@yclb® a cell expressing
differentiated into cells expressing markers .
markers chareelpiisic of thy B eelbliprage nitGelle i marher nehagpstasiptic of

the ?Eéﬁl Hﬁéa%g gx#)t'g%s%p Fg%f]&l}cf){zcl)?a)éte %Eyof{{ﬁé fbgllgw% t@ﬁ%@ﬁlptﬁd?l frahctors:

I'sS I nvent rrple, uripotent ste
NGNed, Nkxaey Nie6 di NeeoBnlsl-dt BNH-RibetacMARA, Pepd esdiPago. In one

mar kers char.acteristic of the definitive endoderm
aspqqf HETZ@ OrSERG UGN e HEPHRSE HE FUTEATS EHASELETYR OB bR
Hne%%ﬂghﬁcwﬁture Bi ot echnol ogy 23, 1534 - 1541 (2005).
[0112] For exanple, pluripotent stemcells may be
differentiated into cells expressing markers
Formatian obfels Exprghsing Mvécfermcﬁawt@mi@dré ithe Defieitiye Endoderm
according to the nethodsg%%g%osed i n Shinozaki et al,
Devel opnent 131, 1651 - 1 ©004). [0113] For
exanpl e, pluripotent stemcells may be differentiated
Plutiipitent6&inl sclxipyelsesdifforenistke imgo cdlBroapicssing irackeds cHabeteristic
ini.tive endoderm | jneage according to the nethods

def i )
of the dfmgseendovey lngaseby agy m neibie|agt oy By apy methggl proposed in

thmgg&%ﬁ%‘ [0114] For exanple, pluripotent stemcells my
be di ?erentiated into cells expressing markers

characteristic of the definitive endodermlineage
For gsaropldi plgrip@cnthveenmetlyonky kb dffemssated mt@cdouprassing imarkers

Nat i ot | 4, 1392 - 1401 (2006).[0115] . For .
chafgleHife 6 b BB o8 dcale acchig e S R RAhah b lasge in
D’ Arfié i €8l NatB¥ Bi®s&inb BBk eIz — 1541 (2005).

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).

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

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

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 al, Nature Biotechnology 24, 1392 — 1401 (2006).
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

characteristic of the definitive endoderm | ineage by
culturing the pluripotent stemcells in nedium
W@ waresdng activin A in the absence of serumPEHES2008/084705
culturing the cells with activin A and serum and then
culturing the cells with activin A and serum of a
di fferent concentration An exanple of this nmethod is
dlsclos ure Biotech 1534 - 1541
For e 508 DRae]t o Sl & ran ot i Coliewiarite maskprs
chaRBtefibiid ST BOHERBC: EitfoRe@elihGg8 ¥ %ﬁﬁ&i?h%fdﬁ@B&m stem cells in
characteristic of the definitive endodermlineage b
medcumtcgnhamgng Fretvpl i ﬁ@ta@mncs éneruml then icnltyringi thercells with

actlg a0 ng?a(:td t}écq Qu \k}:n?lﬁt ¢S \?IS & h&ctlgfnhg @J g%ﬁu%lpo%% different

con@d’iﬂﬁfi&{ AARKAAPIEI uﬁ@meﬂd@demwb@d% Nairs Bigtdedldey 23, 1534
disclosed in D Amour et al, Nature Biotechnol ogy,

- 154962005).0117] For exanple, pluripotent stemcells may
be differentiated into cells expressing markers
t
For L s B S B RPE AT L AR Bk
chaotetistitofithe delﬁnltlvmed&odﬁm BAndAft bl Icgkmmhg the phmipatﬂmenem cells in

f serum. then.renoving the a nd c
me‘f ¥8 Ceaﬁa}néngmﬂwma&m the %AGIWFP f‘é’lé%ﬁ\e lalg P ée L‘le%h

acutqhusé wittsBREh bSardtiRe b@&%ﬁuhﬁbnmw 5@@1@5@%@9&@9&152&%10%(1 in
- 1401 (2006). [0118] For exanple, pluripotent

D’ Amem el | NatmmyBibeschiidlégr, 8083.at ed i nto cel | s expressing
mar ker s characteristic of the definitive endoderm

For lggce{]rg 81g1 b1¥]t) tetfta n? ngeil thl) u('{l ﬁren 1gted %&t(%gel sge!tx!gsetssmg markers

ose
chaﬁmhstﬁ@éﬂ 8o d&ﬁﬁtlvé\&doaél/nY Bﬁca%@ 8y caswirgpnhd pI@pbteﬁﬁ@E@&clls in
Inc. [0119] For exanple, pluripotent stemcells may be

mediynfgrigiinscEyn Arad gV P"sh%‘i%[é e eigiaRpengs Pkegrem, then rémoving
the Wh%'i g&ﬁf&ﬂdﬁéultﬁflﬁé tﬂetc%llg%th% ﬁ{n}{a ﬁgﬂg%@%{rn dl%dll] gfetﬁmg@t ?gthls

trea potent stemc
methed immlaﬂ;ec il Nstﬁd: Bmtddﬁncpiagyem, 18ppkildat (2M06Ber . No.
11/779,31 1, assigned to LifeScan, Inc. [0120] For

exampl e,, pluri ent. ste be different.iate
ForSughigal PEP Ry PELL il T ek b2 o Aol et B ke
cha®gfclifid bf4Be BOGIAHES éﬁdoﬁ&%@gﬁe gé‘ bl Fu%@ﬁﬂ tpﬂﬁlpotent stem cells
pl uripotent stemcells according to t met hods

accetiling|to sedmethodsSlipdessdin BiSmatana eprdivatBer Serl\ibTo 11/736,908,

.61 Ié 121] For exanple, pluripotent stemcells
assl ?P%g‘ggf? Thtiated into cells expressi ng markers
For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by treating the pluripotent stem cells

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

assigned to LifeScan, Inc.

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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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

characteristic of the definitive endoderm|ineage by
treating the pluripotent stemcells according to the
woreionodsIzli scl osed in US patent application SePCT/NB2008/084705
61/ 076, 900. [0122] For exanple, pluripotent stemcells
may be differentiated into cells expressing markers
characteristic of the definitive endoderm|i neage by

For %%e?rﬁ%lla N Hﬁ-ti hq?'erﬁlggegli Feﬂ s%%}ypbjei cgﬂgpreg li)tfe?i gﬁg (p)%lﬂsi %g}fetsglﬂt% IPI%.I‘kGI‘S
cha@cf{®o O8e dEMHiRA cfdRbc@X BARLE by Rlckiid POt @Niripdt@mieal defs

may be differentiated into cellsS expressing markers
accgmgde thermethpds dscloded irlBISi pakanit ¢eplsadedsermiNei MEEHBIMY
treating the pluripotent stemcells according to the

ror SE DO ARS8 B PRL PL RFBPLRD O By B vk
cha@bahate:& 6ff ths e fnittc émtodBef limdalgt e ticaiiooiBe Flldpoeagsem cells
124] Formation of cells expressin

k
accqzﬁlaygée thernethpgs pclosed 1y E; nﬂtw Q@I@ﬁ%%gérnﬁrpis’@]é%(é9%y

be determ ned by testing for the presence of the
For @zﬁhﬁl@ ﬁflgﬁ]é(ﬁéﬁ sd cafstRly l;eoéhkf@f’@nﬂgteé uﬂé‘"c llscé%?é'ssmg markers
pr ot oco uri pot ent stem cel | s typlca
chalez‘pnemOféthc Hefefi keesloddinubneade by ereatmg tht lphnnpofent stem cells
ent . c s .is . de d when cel s beg
wceyfina B ifesape wh LSl Py it 58 KBS AL on
may be determ ned by exposing a treated cel
PRk ik bPOeNOFE e RORMW akke MCh @& ceistafithODYinitiPkndoderm
specifically recognizes a protein marker expressed by
cel | s expressing nmarkers &He¢gect eri stic of the
definitive endoderm|ineage. [0126] Methods for
|
ForfiSAESH 1 ERERRRLAME BUALEL N ANNUZEE, Gkllerm lincase
rnayc Hsnede&esﬂmne‘ﬂtgsmmrgcﬂoudre pyesandd dfahd mrkreewlmfsre and after followmg a
nscrlgtagf ynmerase chain reaction "
par REFRCYY HI poreﬁt grmeelly bpiatly 4p .nsh@tpg@é Sufél lgar ers. Thus,
diffGeRti&1dh oI rgJ%%ln§ iR 1!;\@&@&9& %er?bélls%ﬁm&é‘&b&%% th&h.
al ., eds. 1 suppl enent)), I mmunoassays such as
i mrunohi st ochem cal anal ysi s of sectloned mat eri al ,
The\ﬁéﬁ@lemqy Qfl d@ﬁfftrﬁmgatloa mapyf ey dotmmikend Dyt dxaosmg e tra@tcé sell pormilation

ce | s anm
to aga e.n,tt( S n antgootigg‘éﬁ/a{: %g: prgal%riec%%nd a pr&cel[_ ak %ri %xlps’l;essed
by dvHR ressh&g\/méﬂiéﬂs ch&at@riSipy dfMbe teiheve élﬁlb@érﬁi igagr ess
(1998)).[0127] Characteristic of pluripotent stem
cells are well known to those skilled in the art, and

Methads for A5&ISIEAPESHIOR 0§ PodeiB enghnYklsip geigrparkers i ewfured or
isol ZBALLINUEe knPEd HPRBGHS Rbse iRLiMad &ﬁnﬁ%lve reverse transcriptase

polymerase chain reaction (RT-PCR), Northern blots, in sifu hybridization (see, ¢.g.,
Current Protocols in Molecular Biology (Ausubel et al., eds. 2001 supplement)), and
immunoassays such as immunohistochemical analysis of sectioned material, Western
blotting, and for markers that are accessible in intact cells, flow cytometry analysis
(FACS) (see, ¢.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

stemcell markers include, for exanple, the expression

of one or nore of the follow ng: ABC&X, cripto, FoxD3,
w@nexismt3, Connexi n45, Cct4, Sox2, Nanog, hTERIVUS2008/084705

UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60, Tral-81. [0128]

After treating pluripotent stemcells with the nethods

of the present invention, the differentiated cells may

f d b tregt d cell | af i t
Chagip §ibhoF pletcSSRGR B e K ats b R edin §F aftCand
add It RN @ RriftiP6 OF18H Pot BRI kR celﬁs%ﬁtlﬁ& teXShdbnti€XPr PRFIBLtent

by cells expressing markers characteristic of the
stengl e€1] miatkicvseinelnde der enamiphe alg?eGXpFEtssmtOf onc of m@ks|dfshe following:

ABERL RN ML LSRR A CARNLE, BBl SIS NPRORRE UTe-1
ZFrehag SEA €Y, SSEIAC4 Ofrat-Be, Thafigni ti ve endoder m | i neage may

be differentiated into cells expressing narkers
characteristic of the pancreatic endoderm | ineage
Aftegriteatieg REPPtant them gells Vch Baﬁ maethodred HkiPtsrah ay@aﬂ% e
i U b by SRbo FHP AR R FL Ry BT 5h B
(sudhl aseaagetﬂnmgy) bet spefcffmaﬁyu tecagmdes mprotemefﬂaﬂ(ee,mpcle ssCRERA4,
har act er i st t he endode
eXPTeWgZE{eCG ¢ O EHE TP%T ?rﬁé ?Fé?tﬁ‘ﬁ ‘bfr tﬁ%ﬁ?f%‘ﬁ %Bd%%%?eage
et al, Nature Biotechnol ogy 24, 1392 - 1401 (2006).

Fo:ﬁ@ﬂt%‘ﬂ oﬂ:@élls%ﬁméés%%mrk@rsmlﬁﬁﬁkﬁﬂc OR{He ahcreatic Endoderm
characteristic of the definitive endoderml|ineage are

further differentiated inkimeagd | s expressi ng mar kers
characteristic of the pancreatic endoderm |ineage,

Celf f?@%kﬂgge{lﬁﬁce Sl BXRY @ 3 ﬂh? I fRLKE 512?(%0%1@1% ?ﬁ% %r HF éfls‘tf

| V& ‘endoder m I'neage W
diffgrentidtéd fnactddls e&pﬂésinli@mhﬂ&gﬁﬂﬂgacﬂdrgﬂabf thg ppadrémiyendoderm
i nhi bitor ycl op m ne, then renoyi t.he nedi um
?%F%P 'g

lineggenyagthy e 9%1 t%r: BFt(% ¥apy 5}6er ffinvention.
KAAD- cycl opam ne and subsequently culturing the cells

For ieQa di Lomy %9151%%'1? Iﬂgrk%%tdh%b&rl%d &b th& déﬂhgﬁ@@&ﬁﬁ)ﬂerm lincage
h’ factor and KAAD-cycl opam ne. An exanpl e this

rnaynlm thifdrengatdd sgd od@dempnesNag orackdBs oaatieroitiogy th&zpanm@tic

end e Aocetdi @ Beliohs BRRPRu S e ERf Roreee o

BiotcBendl&fyl 1, U1BYE- exgiadeosy | i neage are further
differentiated into cells expressing

mar kerscharacterl stic of the pancreatic_endoderm

For exgraplgecellpyxpriewats markemehameiesstispfths §‘Pfﬁf§“ﬁ6‘aﬁ5fl@@ﬂ§m lincage
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).

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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[0133]

[0134]

[0135]

characteristic of the definitive endodermlineage wth
retinoic acid and at | east one fibroblast growth
wo 2000705pDr a period of time, accordi ng to thePeEURNI%084705
di scl osed in US patent application Ser. No.
11/ 736, 908, assigned to LifeScan, Inc. [0133] In one
aspect of the present invention, cells expressing
mar ker s aracteristic of the definitive endoderm.
Chaﬁamgat&eofipgpﬁmaﬂ@ EhifePi itscabi e e G e Xpreving markers
cha®¥RFSHSHMNHc BBIKETScifddaERE fifdalzs With Bfindi8ciRANE hERhdt Gne
endoderm | i neage, by treating the cells expressing
fibrofelag @rwtblrfacrt@cﬁgoe pipstipEoime scaidingrip thomctbadiotiedlosed in US

| i neage.w ¢t h retjno id.and. at.d gast, ane fi brobl ast
patcg BRTRE L 08, NPok Bl iR e S@R R ng o c he
met hods di scl osed in US patent application Ser. No.
In ohd Aspedt lthd preaas irgradon, @clld &x@bsaing nhdtkers fRukaddristio of e
enbodi nent, the present invention provijdes a nethod
defipgive gndqdsra hinpags 453 further diffeggntiatediinty cally Rewessing markers
chaf R S i i o LS By SOABER Sl 3PRRhEhfarkers
chapateasteadf the deftioter endoderealiesage onhrresnaigatiiend elpsst ofie

. Culturin ells.e essin rkers charact.eri sti.c
fbrytagt e i PRk 6 & PEROMEL R HRAGE, © A ogy Uspyrg in US
pat&h@p;ﬁr_%hﬂ_i&l SerPNESEI/D), T K%‘ig%e_ﬁ'?@LﬁES@ah! Rici ¢ of the

definitive endodermlineage with at | east one factor

sel ected fromthe group consisting of retinoic acid,
In opgEmbodipEpt, he EFeRnyinvEgn @evidesomethoddaigdfergntiating cells
exo BDY P i 2ol 6P BR s B Bl AR A& iy P IS ey

marRed kRiractehaicastited paictcatiotnddierml ehedpiet toneprngotie srpase
treated with at | east one factor selected fromthe

group consisting of retinoic acid, FG- FCE- 4,

FGr- 7Cultegig aalls Cxprsgsingema bsé%‘éﬁ‘cfeﬁlﬁ‘i“b?% the ,d%:tmflﬁ% gigfoderm
capabl;g.0f Jqhi biting BMP, and a netrin for about one

to about ~six days. In one enbodinment, the cells
expressing markers characteristic of the definitive
endodéraating thetaclatauessingmarkers shsactongic ddhodefgeiiectnddderm

fromit.he group . consisti of retinoic acid, FGE-2, .
- a5 SRR 3 Black B UGSy ofgptinoie
f act oxcigar@bergf-4, FGFT tHEYW 1 B ona b d@eittihhiBitdiOk factor
about six d%ysn.0136 Any cell expressing markers

char aetrablesfighibiting BMBemidinetiie endoder m | i neage i s

sui table

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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[0136]

[0137]

[0138]

for differentiating into a cell expressing markers

characteristic of the pancreatic endoderm | i neage
wa@igi0g7¢shi s net hod. [0137] In an alternate enbPCi/bH82008/084705

the present invention provides a nethod for

differentiating cells expressing markers

characteristic of the definitive endodermlineage into

cells expressin rkers .characteristic,of the .
AnsS iR bS R aer TGO St R sandRepes ippuiteble
for @ifferdadbfiny inftPa 681 &:xPr&YPE ST cRBAKEH Sic T M AGISFchSE | C

of the detinitive endodermlineage, b. Treating the
endeddrindingry erg thep methkér s characteristic of the

definitive endodermlineage treating the cells with at

factor, fr . ar onsi. §id .
O e R R e R
cellReppydsing hdiRedichhraastisting thaddfitivedndoti@th fincape tnecells
group consisting of retinoic acid, and a fi brobl ast
CXPIFPHIN MaFkeet Praragiidistie BEhgpanerstia sdadsraylinaaec. campesipg the
Swpgkﬁleast one factor selected fromthe group consisting

of a sonic hedgehog inhibitor, retinoic acid, a

fibroblast growmh factor, a factor capabl e of

i nhi. bCultmgndBiils caprdssanguatrkiers. chpit B8iptid of thadefinitive endoderm

enbodj.nent, the cells expressing nmarkers

char adté8fstic of the definitive endodermare treated

with at | east one factor selected fromthe group

consi $tdatifg e del$ bXjREBinAGha ke RHarctbH QAT RS HefiHi OV dhdoderm
factor for about one to about three days. In one

enbodlinesge frepting Berelds widhpiclsait age faioksplscted from the group
char a&ﬁn%[s'ﬁﬁ b?re?i‘ilo#c*h%'adgﬁd N Fg%%? R St reat ed
a a % C? rom ahe

Wi th east one ctor selecte group
consisting of retinoic acid, and a fibroblast growth
f aat oRefmovingblouidt 1¢dst e fdeatys seltateditemehdgdupeotsistingef retinoic

cell s expressing markers characteristic, of the .
def i nfGviSOerdbRRA ez e At an %}a@museﬂx i gyeeells with at
fact o[- §QIne F @St delcRMuten He PP FQRSisahE B Qni@h&RRA
hedgehog inhibitor, retinoic acid, a fTbroblast gro

f act omhitatof,aetimric eapabfibrobfast grhowHi factog, aBkEtor eapdble of

netrin, for ag one to. about four days. In one
enbodﬁﬁg%ﬁ?g ﬁ§£@8$F§€%§bressing mar ker s
characteristic of the

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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[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

definitive endodermare treated with at | east one

factor selected fromthe group consistingof a sonic
whewgense i nhi bitor, retinoic acid, a fibrobl aRCT/Gs2908/684705

factor, a factor capable of inhibiting BMP, and a

netrin for about four days. [0139] Any cell expressing

mar kers characteristic of the definitive endoderm

i ne IS sui.table for differentiating i.nto a_.cel
Of o SR CORFHGE AR REY s A 4Cil R FEIARADETOPRE et BEiar capable of
inhiBRRGEEVIM dddneRdn WiiaBButlBinSdy8t hod. [0140] In one

enbodi nent, cells expressing markers characteristic of

t he pancreatic endoderm | ineage produced by the
Anynestrygiseseing niekasy enesnteristi ehthicolefisiiowcadaiisem diasent is suitable
for Jil?fv Felnti tfin SRR ? &%ﬁi &gr@sging%aﬁﬁé@ Cﬁ‘&ﬁ%&%l&ltceo? Y c[gelﬁ 1le|a‘¥é§ r

and 1 ntestinal tissued s one “enbodi ment, cel s

endedpmaithfoudimys ey detbbdr act eri stic of the pancreatic
endoderm | i neage produced by the methods of the
present. i nvention show a decreased.| ev EeXpr.ess
PoiiARcAL. SRl

|. of ({ aQn
In og¢ cppdimcRt, SRl Bpsessing [Hylilgr@f? cheyacteristic of ghe pagereatic endoderm
nneséé;gﬂa@ﬁ&atbygﬁ@%ﬁoa@sf @BE ptReRhRGEEH s IEO 8Bl PUR] of
consisting’of FG--2, FG--4, FG--7 and FG-10. [0142]
exptessiomef matkodh avsotigted Wweh BVEY drsl iBleRnal tissuos elnamisedibodmognt,
the at.|least one factor able of. inhibiting BVMP4 is
cellp SRS O AR Chtad et Al hEPuETats BeRaP R drelisSa by
the fRMDUS b 1A pRiseMahvdnfiod shd\@ b defredsed A BEIKPE&sion of Albdflin and
Retinoic acid may be used at a concentration from

CD¥pbut InMto about ImM |In one enbodi nent, retinoic
acid is used at a concentration of I mM [0145] FG--2

e BRIl RS ORIR B0 O APy 0B -2
FGEAEGRI T adiRGEFE-06. 50ng/ M . [0146] FGF-4 may be used at

a concentration fromabout 50pg/m to about 50ng/m .
I n one enbodi . -4 | s use t a concentration of
In oggp ﬁ@gmhmepb W%@ﬁﬁﬁ%yfweﬁ digpcig, 1B AclEm g fa1o?
{01007 RRMMin B8RPt ndgi/bout 50nmg/m . In one
Caperrbodi rrentIT FG--7 ?s&&sed at a concentration of
50ng/ m .[0148] FGF-10 may be used at a concentration

Thefnetym ialsolacted gy thic gravpaioosistirgOrfgyctin 1,Ingtrgn and netrin 4.
enbodi nent, FG--10is used at a concentrati on of

L L e

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

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

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

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

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

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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[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

enbodi nent, noggin is used at a concentration of
100ng/ M. [0150] Netrin 1 may be used at a

W@ oweemseat i on from about 500ng/ M to about 50PETURL008/084705
In one enbodi nent, netrin 1 is used at a concentration
of 100ng/ m . [0151] Netrin 2 may be used at a
concentration from about 500ng/m to about 500ny/ni.

one .enbodi nent , d at a,co ntrati
FIH0 TG A6 ricrmiberiaon it SG L istrognt Sl T e
emboARERI F@Ei100s hdcam A bOnHen®AMBMHongeniabout 500ng/ m .
I n one enbodi nent, netrin 4 is used at a concentration
of 100ng/ m . [0153] In one enbodi nent, the cells
Noggupmes §p n@edmi ficenesnightemomrabent Y0se/mlte abetiSAPkg/ v In one
r | east one of the
embgﬂﬁﬁ%‘? ﬁ]a&g nalgt%ged? a Cot‘uge%gttaﬁg%g%d,b E} 12, FGF-4, FGF-7,
FGF- 10, cycl opami ne, noggin, netrin 1, netrin 2, or
Netrietl mhay Bk used 264 orlcantenwnerdno dbore 500nd/é tacabous 500ug/ml. In one
lgﬁggeSSIn mar ker s characterlstlﬁ of the definitive
embodHBeEr MR héiged aF eoencenitaipngflA0R%EMinoi ¢ aci d,
FG--2, cyclopamine, and noggin. In an alternate
NetBD sy BN sed bhecGRbhPatNRF 28 8bAE SOBEHEI & about 500ug/ml. In one
characteristic of the definitive endodermlineage are
embodgagngchepiin B iy wseil abé cormentatioR@E-140ng/ynt| opani ne, and
noggin. In an alternate enbodi nent, the cells
XRAressin k [ f
Netgnrl] 4 f’brﬁ ar:gg gg né:PIgtr 10%% %aa outtﬁogne%/l!hﬂgo %)%g% gldé)tugYIgl In one
embodmoht, rceyﬁxh opAdRcdat a asteneg®niof 100ng@ml.al t er nat e
enbodi ment, the cells expressing markers
characteristic of the definitive endoderm|ineage are
In opg é@?@@%ﬂt e el gupressing gar kp@pe%wﬁeél?feq ﬁfg‘“tl‘é%d
|k eat?ésgtodﬂ 1! X
end ers a%ﬂar g[]g? ﬂg? |“§{th| c of t St et ﬁon Pﬁ@gﬁagﬁ ogégr rgﬁ&sdcm
FGH‘-QJ’IE@@F} 86E-T, Fedt-8@ oxtlobamee] mgigm, actra, 1, B&FnZ, or netrin 4.
cycl opam ne, and a netrin. In an alternate enbodi nent,

t h [ ' Kk
In o APy aT SRS e T gersa g et o B St ie o
endSddrah, linetEe dhe teXel QRRTefifbic a8, BGRe! Eydlopahiin@dAnd noggin. In an
al ternate enbodi nent, the cells expressi ng markers

alteqaterexehasinenti e oelly erpressing markere chareserastinof thecdegiaitiviee
end{)}&eet?%t lﬁl%a&néran a?t{eéi Eﬁfa ref’ﬁ% acaﬁ Ci;Gf , ?%cé&pgigrﬁf%g A ngggqn.aln an

alte@wpy @slsidivgcritpthk @ Elds @Jpaafsamg @fidrisdrk Chaphctérdineic e thendefinitsre
endoderm | i neage are treated wth ret|n0|c aci d,

endedgrm lpeags e &6%1 math ratinpig agids FGR7. pxplogmingendapggip In an
altefﬁté&k&%‘iﬁgntf {h@ %ﬂ?&p%s%’ﬁig nfRRGS ShdrAderNtic ¥t Rfihitive

netrin 2, and net
endoderm lineage are treated w1th ret1n01c acid, FGF-10, cyclopamine, and noggin.

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, cyclopamine, 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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[0156]

[0157]

[0158]

[0159]

[0160]

[0157] In one enbodinment, the cells expressing markers
characteristic of the definitive endoderm|ineage are

W@ e@anadowi th retinoic acid, FG--2, cycl opam neCT/OBZPGS/084705
and a netrin. In an alternate enbodi nent, the cells
expressing markers characteristic of the definitive
endoderm | i neage are treated with retinoic acid,

| opami n and a netri
el hemep B R B ok bt adinsgt alidegniive
end6d¥mAGIceEd &b 't&at‘é& withe-c@&dit Béitll NEGF-a0dQR&SpIlihd) 8ADE natkig.
treated With retinoic acid, FG-7, cycl opam ne, noggin
and a netrin. In an alternate enbodi nent, the cells
Theawpireis silaefedrfioreths gedvarcasistingsafinstrat L ietingbfand ingiripet.
endoderm | i neage are treated with retinoic acid,

In oREmb&AinfHE 'tt?@@e?ﬁ'é g%? ¢ o%%?xh@rk@ﬁ%h@ra@%h%@ £thd ﬁg@lm {‘rei .

netrinis s e group conai st i ng
endddermdtnchge de treawd méthrrictindlc a¢if LIEOF-2Ceydiepaenine, @sggingnd a
markers characterjstic of the definitive endoderm
netrfi). a8 4g &t aFERAdEBEUSPGOEIS FPrISEag Mapkas grafaqieristic of the

deﬁﬁg%%h&’élf%hnflﬁ&%ééraré ﬁeétemythe@ﬁm&sma hes i qrégeidggﬂuﬁ noggin

I's expressing markers characteristic of
and pamtme dniap affnuhettemmddimesgbe céllst expraasing elaykers bleradteristic of

e YR EefoH bR (B i Bal R RORSr & tofumine

noggﬁ%aet&fmﬁtnncancaﬂtefnfae Rt e @AHOEPFIT ik MRS s
or med bfyht he net hods of the present i nvention.
1]

chaipgictipfés of thidefanitiyveeiodemelintage predtigiad voitlarctihaistagtd, frgy-10,

cvelBh ar%ﬂl%e 0the abd I 'ett%’ of the cells expressing markers
YCCRATACt &85t 'E 't Tve pancreati c endoderm | i neage
formed by the nmet hods of the present invention to form

Theaichaf isgeletted Yipasthe @rouprgongvténg dfencaid 1,aieaiicy, antl natin 4.
ot her additional differentiation st eps [0160] The at

CelG eeggr:e§%oneﬁnaa %{rqtncéll oﬁ%n a{;egls‘gc? to%r&'aﬁy Iplgm: F'ﬂr‘? et 1nggﬁénay be treated
w1tﬁragiea%@-on62@th@1nﬂldﬁlon§pﬂfa9tm b @nhdﬁ%@ﬁl‘%rt%rrﬂzftlotn% cells

broblast growth factor fam | at el et -derived
eXpmssmg mafleers chrergtgrisiads thB@,ancpbatcedndbderrm:lmqgg@sﬁhg:rnatwely, the

at le&th‘}n&O@}%‘? gﬁ%ﬁal?%&(?rgtp eﬂgh%e tlhle %irolg‘r%r%%lggf thi fells expressing
marférd @ﬁﬂ@aehst{e%fnﬁ@f)an@eahc adbdetm (ifbdge!fomned By the nffdk of the

and GLP-2 m nmet obody, Exendin-4, retinoic acid,
pressaf iavenfiosi drurbetativelt Iqapisiother g djenal deciorenaygrhensanihg ability

of tllpey (%?jlg%o rleéssf an%t {L ?}a%gtlg%:?fbtﬁg g r?%a%% %%806(%%qgleage formed

by tﬁ@ pRefods beihatp@ersentsmeénnaﬁ to form @kargell eypes) drdtipydvenke
pent am ne, forskaolin, Na-Butyrate,

efficiency of any other additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of TGF-f3
family, including TGF-fB1, 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, II), 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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[0161]

[0162]

[0163]

[0164]

activin, betacellulin, ITS noggin, neurite growh

factor, nodal, valporic acid, trichostatin A sodium
wheaogoase hepatocyte growth factor (HGH), PCT/US2008/084705

sphi ngosi ne-1, VEGF, MGl132 (EMD, CA), N2 and B27

suppl enents (G bco, CA), steroid al kal oi ds such as,

for exanple, cyclopam ne (ENVMD, CA), Kkeratinocyte

rowt.h factor (KGF), Di ckkopf, protein fam , bovine
cthp it b ReRu A Mol s aB e ot BTN kerty LOG! 1
coppdrNERors §uelia@YoP&AAaNO Iricth PIRhE pLRAARR OB skBIiR 1ABANRate,
I nhi bitors, notch pathway inhibitors, sonic hedgeho

activinhbdsaaednkn, 136, eaggbi, nawiitoggowthdaetof, nodd.redporiFrsidatrichostatin

A, ol e ARk N By PR D MR helin & YRLFLE Mt a2
(EVIDIGOA AN2 drrBEX Pl cthenBANG do, CAY Geerbidl allcRbids 3¢k, for

CAPAN-1 (ATCC No: HTB-79), BxPC-3 (ATCC No: CRL- ,
cxamp7§yclopamng (ENIRTEA ) Nepratoreyte & faptand¢GR), Daghkopf protein

famgk’gj% Slﬁrfeggﬁltn Iexfggﬁ’ %?(e?%$ sﬁ%%géés%,c&égfp%etx aép%gpiagaéﬂ
hed§ehbEG N hedgkhad poteaerh e drihiltitorQfnofshl Jathvizyinkidomgsonic
rkers Characteristic of the Pancreatic Endoderm
hedgshog Apfubitert ey comiinalpes WRisPhct eri stic of the
pancreati c endoderm | ineage are well known to those

TheSH Idab@fheiothdr RBdiBbAal NG BEHE Lppakd BREKRiSoned media obtained
characteristic of the pancreatic endoderm | i neage

frone pmdrentie celds beesisdened, foregdampPleeBANGa T kATECdor GRLUS69),

CAL RN BPALGENG R P R AR Sk i B8 APAE A foe o

CRLENO9DY, PERiEIE cel$ lisdrasuak b FbisdxatpRf, HePE2WAMCTICERbI HTB-8065), and
endoderm | i neage. Pancreatic endodern1||neagz)spe0|f|c

intepiiak eelklingsspehes. forexanpleeEHp dth (T CoMEo:drC

transcription factors such as, for exanple, H xb9,

-] | -G, - | . 0 T iGi
B 1ol PSP Ry N WO 0B oo
treated cell popul ation thnaggeagent (such as an

anti body) that specifically recognizes a protein

rker express by cells expressi ng markers )
MR e iR & By PESy RO MG e Pl M Awa s those skilled
in tHOB4hd Medinedks nfa@craSIRRRId G c X RcgRatRiti OéndBi&hEliftagad
nucleic acid markers in cultured or isolated cells are

congnegrid e dddntifiche These markers ean b hsgddo qerfnmi thatt the eclls treated in
reverse.transcriptasepol yner.ase chain reacti.on .

cco o R BT BE o ST Ry B 1 GRTR RGwopeies

chafc@ristic 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.

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.

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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[0165]

[0166]

[0167]

[0168]

Current Protocols in Ml ecular Biology (Ausubel et ah,
eds. 2001 supplenent)), and i mmunoassays such as

WO pavaloisst ochem cal anal ysis of secti oned natBCT/EHBE2008/084705
Western blotting, and for nmarkers that are accessible
inintact cells, flow cytonetry analysis (FACS) (see,
e.g., Harlow and Lane, Using Antibodies: A Laboratory

POl g )RR BA B T LB Bt WA Rarion (e S
CurfdAaPRAS@H] iBOVIcAlai BRIZANALGRS & FNAAEDDOPSIINGRHE). and

~ [0165] Cells expressing nmarkers characteristic o
imnpaeessert juch en todenchistbelsayeal pagly e oticcfienadmatatialdWestem

blofi P o R R R RS T B Er S Solmi ety
(FAQIS) pytcany., Melo0 AndiLand, etk Antitdilies: AMV®BEdGH MihE New

For exanple, cells expressing nmarkers characteristic
Yorl ColdeSniag daabari Leabersiry dreps |(?99§é)ge my be

differentiated into cells expressing markers

Fol@GAEbEELIR Ef%&gsiﬁé‘ﬁgdgg@l&irgﬁljaﬁte?ﬂﬂg Sg%@iﬂ&@ﬁ&?ndocrine

according to e e osed I n Amour et
Nat ur e Bi ot echnol ogy 24, Liag2ge 1401 (2006). [0167]
For exanple, cells expressing markers characteristic

f the.pancreati.c endoderm | i neage. ar ur t.her
Celfexprasiis PARER drERERfs olbg srEdefisthiadathn §Rhee may be
diffelRafiAcd Bitd &dllsexplesdiREmBARES @atdcterRAEOLhE E@ndrédlﬁ%@@qrﬁﬁé

culturing the cells expressing markers characteristic

lincage yhanypastbp@ it the aumd byl enymicthodatisslgsad mrediisuinyention.
cont ai ni ng DAPT and exendin 4, then renoving the

: Al ; ‘ |
o GO0 L0 BTt O S e
mayl §ddiffemndatclBinto Aellseosprpbiag afarkdrs shammitdrotic o tiai ma trestd

i n.Nature Biotechno] ogy 24, 1392 - 1401 (2006). [0168]
endwa}nlggwaw geeordug te té‘iﬁ?%@éﬁ* Aigclpsadida X AQRF 864/e NP ¢

: t erm|ineage are further
BiofpidisinPAN 53688 1 £ 150g0¢der m | | neag u

ntirated into cells expressing markers
characteristic of the pancreatic endocrine |ineage, by
For cxdrhplei ovffs thpessald markeprobgsicieysneaekbe parsheatiachdedesmilmeage

f .the pancreatic doderm | i neage in di um :
are BRI e AP £ SNPReHne SREETR RIS gl oG e pancreatic
end6@MeainRhgtd b X MY the 881k SPRSSAY BkteYs Slblrdcidrishe of iR
cells in nmedium containing exendinl, 1G~-I1 and HG-. An
panesgafiguinslogernt kneggerit mediumscopfaiting HAP T sndexepdipdr thep regnoving
the M%Eil{tllhlecontaining DAPT and exendin 4 and subsequently culturing the cells in
medium containing exendin 1, IGF-1 and HGF. An example of this method is disclosed

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

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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[0169]

[0170]

[0171]

[0172]

[0173]

Bi ot echnol ogy, 2006. [0169] For exanple, cells

expressi ng markers characteristic of the pancreatic
wepwotasm | i neage are further differentiated i PEDUSMNSE/E34705

expressing markers characteristic of the pancreatic

endocrine lineage, by culturing the cells expressing

mar kers characteristic of the pancreati c endoderm

Lnea j di um cont ai ni DAPT and, exendi n 4.
L gEdiaRa P, Gl et ealr oS Singus eral Ngrure
Biofdehidl&yBoodechnol ogy, 2006. [0170] For exanple, cells
expressing markers characteristic of the pancreatic
endoderm | i neage are further differentiated into cells
For gxampls s¢ellg cripresodismatkgrsabaacicsisticoighe parergrais sneedora lincage
i | : ri essing. ..
e RSB S AT s P B PR SR Darc
endbériiRdRagd) byredituringtba télisnixpessing Adidterdehafavtaivaopr theof
this nmethod js disclosed in D, Anour et al, Nature
pangieafi iKiRds Yy cage ppnedignepptaining R\ Blspsdgxepdingn gAn example of
. k 3 pa .
s A b B R BB BRI 2005 e ar e
further differentiated into cells expressing markers
For ehanplet @ils sxpressofg mhkepahere@tistee efittio pananeaticiendadpen limpage

are e Mol on S e N TR O E A £ i PP G
endbdHclinkagd, B cDNAElY t5E S8Rl dxBEsHIAL weers AfeQidsae of thet he
nmet hods di scl osed 1n US patent application Ser. No

panqreAtia@1dodem kg inentediom| dontaSng exandén 4.[ Anzample of s

spect of the.prnesent inyention ells essi ng
e Red Rl MR AFRET bl B nochfeiady o der m
i neage are further differentiated into cells
In oaX pspesisofibe prREdae is catiad, acll eeipsdsstig Gfiarkdre ciaageesiciof the
endocri ne | i neage, Qy tregéing-th .cells expressin
pangrgaticesslodergy linqags prstfithgrdibferentiptertingneslls cxpigeieg mprkers

. . ' - nhi i '

bt o Bt P, Y OB oo

charantetiSieit the parapgaitic cadodenm SmeageNoith 4 fictofIh@ Intibits the Notch

. assigned to LifeScan, Inc. 173] ,l.n_aone aspect of the

mgn&ﬁ]é% gﬁ.ﬁwlamﬁqudg}g’to rpgt%gg(%ﬁéci%%eﬂén h}%rggéqni gpp(ilcatlon éer. No.

11/B8008CE8Ihsd tCLiBSschhanpancreati ¢ endoderm | i neage are
further differentiated into cells expressing markers

characteristic of the pancreatic endocrine |ineage, by
In opg agnerirf thhprestt inyeatipn. esky ¢xgropaimp enagkers 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
signaling pathway, according to the methods disclosed in US patent application Ser. No.

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

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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[0174]

[0175]

[0176]

[0177]

characteristic of the pancreatic endodermlineage wth
a factor that inhibits the Notchsignaling pathway,
w@ewondissy to the nethods disclosed in US pat eP€T/US2008/084705
application Ser. No. 60/953,178, assigned to LifeScan,
Inc. [0174] In one aspect of the present invention,
cells expressing markers characteristic of the
. _pancreati c endqderm.| i ne re fyrt |fferent|a
sierBAPEPERI I SapRucdp s Meris S dpaat it DS et apRelpESE No.
60/PANCIRERichc & RAOGIIAEL, Thtneage, by treating the cells
expressi ng markers characteristic of the pancreatic

endoderm | ineage with a factor that inhibits the
In oxcasngRt of thapteveny InvPREOH, £ellvexpresaing irmﬁiikfms t:l@,armﬁ@rlstlc of the

pancr%r ac éil% fig%tam%% C Q@fugﬁer?ff%gﬁt%ggcg nI ve %%gsugéﬁta o

cham@éribtidfiahé pirdvecddic @h@@jrmalhnawgd by tryfatiig th&l eelfﬁ(aipﬁ%lﬂg rnarkers
receptor, Alternatlvehé the factor may jnhibit or
i3

Charélﬁteaﬁtﬂ%@fahﬁ pancafatig nepdspBncags Wﬁléaf@mrﬁh@tin@blghfap T8F-pr-1
patlfev%(a%nslql%%étmh?tghﬂlmy NS rgRal équva hlg%%é]an-gﬁﬁ Gkt fBr the

ressing na ers cC aract rrstic o € pancr a |1 C
TGEfdattecatiular neager-dr &\lteredively, thictfhototaay mbitor thi bhildyiite

.the - bR- at hway faqr about to about ._twel ve
actla%eyng E&“ﬁg (]%%5- %WJ ﬁi@%ﬁvw @sfeg‘?%gfsm% T&I&Pw@ an
anta@BAGAGH A d§hdif 1P fhe G- eﬁnpglg mfanmee&@gﬁhm mﬁl BES.

freated with the factor that inhibits t

pat hway for about five to about twelve days.
Themetlg¢xmc&sm| ryark@tﬁ @h@r@ptpgst@qfﬁ@@g&mgaaﬁg ekdadgrm lineage are treated

PPN I Bt BR PRIRGSP G SN0 Brgae i

AltdpadtiheBy tlfeCUellél b@tbsstﬂ@ﬁhmﬁeﬁ @MSraci{eﬁ&Ycﬁc]f tl‘l‘@yan’éedahc endoderm
exp ressi ng mar kers characteri stic of ancreat| C

hne@gf‘o%u grwted Prddbe factor Shit iuphits the EFGJrﬁPmé rP@HtWaé{t fongpquifige to
abof GRle a%??rgﬁ%lnc : Ie::l'%rt Eletls %Qﬁlregs% 1rnI ks chgﬁaﬁ{egﬁtli 8 t?s]

pancreatric en | Nneage usl I's met
panématinendedtradiimapnt arcttivatadrveigetht faaw[ethatl iohibjps thei TH&SBR-1

net hod for differentiating cells expressing narkers
pmhﬂ@iﬁﬁ%@%?ﬁngﬁeg%“the pancreatic endoderm I i neage into
cells expressing markers characteristic of the

AnypéBFlCerx%?etsblﬁg BRHREE ERadtdrNERBE theGRABEASR dol&eh BARPRS isQhitable
Culturing cells expressing markers characterrstic

for @ffetdnéammtoe@calbew mparkgrs ebayacterashig of the pancreatic

endocrine lineage using this method.

In one embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the pancreatic endoderm lineage into cells
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-BR-1 signaling pathway.
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[0178]

[0179]

[0180]

[0181]

[0182]

b. Treating the cells wwth a factor that inhibits the
Not ch signaling pathway, and a factor that inhibits
W@ b@INEEIDR- 1 signal i ng pat hway. [ 0178] The cel PGI/US2008/084705
expressing markers characteristic of the pancreatic
endoderm | i neage are treated with the factor that
inhibits the Notch signaling pathway and the factor
that inhibits the TG--bR-1 hway foar about one to
Theggg B eapspanthgs care e gL DItige ateeime Bhrursgested
witHTihe K&diSr taiahRieiteeNdteh Abndifhg fRaRGyeaH itk RBGPHRE Mhibits the
lineage are treated with the factor that inhibits the

TGIRGRe hpathyaa fargowami e gba tvele diysc tAdrerndtiaelyi thisicells s

the TGE-bR- ath r _about.five.to about twelve .
explysyjas TayiRey saPRYIDY of s rBBRHUecPoted) RPOHEpelatd wi e
fact6hheighditk Sicl Notoh sichalinganeteat dnd tBd e thst inhigagte IGF-PR-1

treated with the factor that inhibits the Notch
pathyyayfar ahayt Hae MbpubiveelYhdayd addtsmatively, thagelhi axgrossipg markers
chafgaéfipt% &tﬁé‘gﬁi’@é/aﬁ% %&d@c{%ﬁ&{ﬁin‘eé@e‘ a6 trgi%& Wi%Q%%&]:to@ﬂYat inhibits

cél'l "expressing narkers characteristic o e
the Patvhrsgablicg patwaye amd thic faagehatanisivits tiol ’GH-BR-1 pathway for about

differentiating into a cell expressing markers
twelysde¥et eri stic of the pancreatic endocrine |ineage

using this nmethod. [0180] In one enbodi nent, the

Any &t Xprdsfal nlaAirPifSadidiRibOt 4 pah&RALd SRloRG MR cE & Ritable
g-secretase inhibitor. I'n one enbodi nent, the
for diffsemtietinsietd nbdlbéxpogssing markers characteristic of the pancreatic

| S: Benzyl -4R-[ | - (I Scar banmoyl -
end%%ﬁgflﬁ%ec%ﬂélwéﬁé‘s- met hyl but yl car banoyl *R- hydr ozy
- Sphenyl pentyl] carbam c Acid tert-butyl Ester, also

In ok8 eiBodisncht, Gibradp8 thal (hhiblds the K8&h 4hBanmy phkw s BA Atecetase
concentration from about Ol nmMto about

QO™ |
inhiglgyo dp 9B EMbedigEat Algy-peerajasednhipite i éﬁcPéw_tzylaQRth(ﬂ?-o "
B S L

phehylp8Hyl4 & bamicusad tat-batyt Bstee atsop&noen apl-G50AHE. 70mMM | n
one enbodi nent, L-685,458 is used at a concentrati on

out .60mMM | n one enpbodi nent, L|-685, 458 i at
L6 480 RHH oF rott e e anongm ok GhEUEBaDAEPE dnShe
emﬂedﬁﬁ&t@-%SS,ﬁS@%ﬁ@e@ﬁt AcdRBG Mo JF hBsut9b ulﬂp QHfond Qﬂi%dih{bnt,
one en%odlnent, L- 685,458 is used at a concentration

L-685.43bismseB@ravontentestion e frivesdit 8l 1o osgemhedmiest, Lseh, 8 is
o SORTSBAF LA SR 0B A OBE kb BRF PBRELAF P b
concentration of about 60uM. In one embodiment, L.-685,458 is used at a concentration
of about 50uM. In one embodiment, [.-685,458 is used at a concentration of about
40uM. In one embodiment, L-685,458 is used at a concentration of about 30uM. In one
embodiment, L.-685,458 is used at a concentration of about 20uM. In one embodiment,

L-685,458 is used at a concentration of about 10uM.

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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[0183]

[0184]

[0185]

[0182] In one enbodinment the factor that inhibits the

TGF-bR-1 signaling pathway is an inhibitor of TG--bR-1
Wh2was®s93 n one enbodi nent, the TG bR-1 ki naseCT/US2008/084705

inhibitor is (2-

(3-(6-Methyl pyridin-2-yl)-IH pyrazol -4-yl)-1,5-naphthy

ridine). In another enbodi nent, the TG--bR-1 ki nase

et Bl PhiniSesnbjionmes byt greppesmietign Somkopd by o

aboﬂ_thﬁ)OTﬁ: BRmd ckibdasfent nfG@—'gROf kinade Ribused vdéd & a concentration
concentratl on from about mM to about 1OOTM I n one

of abwttc?@uManlm ong Gmblofinienk,i IHals-8R- hhmb$etiohibit9r yoeet afta a

conc ntr f about 90 di ment ... .
conGR GPRoRCEvnnPls SRS FOE ST AREE Rt dpsca a
a codter@ivh oBREEVE 70 mo ne oﬁ&&ﬁﬂ@d{ﬁﬁhﬁ TOBBIRR-Kindsk M@fBitor is used

inhibitor is used at a concentrati on of about 70mM I n

at a gpRCCaHRRN Hevout 60ad bR anaqnphesdEmemnT GF i1 kglaa%@albaﬁor B
o ARG LSl M LOLGARAL IR IR g v
is uald aabouoiicchfiatdn dfirubonetGpiddoth erendmbolhe RE GFlﬁmakmase

inhibitor is used at a_concentrati on of out 4 In
inhigjier ig t geppceniregiom el abogt Hidd. ﬂrhﬂm%?r{ﬂeﬁm%nt @mvéa%
klnefsr%:ﬂfhggﬁ& us‘%ﬁ aPh c@%ﬁﬁatﬁﬁrﬂ\fqabbﬁ %ﬂlﬁ/l efM@'eMHlment TGF-BR-

Inase inhibitor 1s used at a concentration
1 kipdscablobitord® nddd dt m conenertdadoiaott 10PGE- bRenclenkhatasent, TGF-

i bit s.used at a concentr.ati bout 10 |

R T i e e et g o S (G
BR-@ kGRS BRtYiRE IsARe@ht ARMEnthatidYof bhoR0e &rbodi ment , TG

bR-1 kinase inhibitor is used at a concentrati on of

about 0.1 mM [0184] Cells expressing markers

Cellsiaprgstieg mthers dpracireispantihe apngcativdadedam linsagg@ayrhy
treaf’eﬁ v%l'iheﬁtlga%t t&h@rt aﬁidﬁ@%tal fggg ﬁltapgﬁ% a n%é ﬁlréaflonﬁeﬂlotno If cells
nce t ormati on o el'l's "éexpress

expmlhgmﬂcelwla@to&msat bfthefpahdreatipasndoeadd lineeg'a oA;mrnstwely, the
lineage. Alternatively, the at | east one

at le&étonnﬁ%h%@d@hae% fagiemeneninees the @r%lrf%qarl%ﬁ%@? eﬁllsoffxpmémg

markEk lcRarS¥RH R Mk cl‘e%flé efidiRfi ?Q tifkd é%tfbl‘fnéafbftﬁg C}mds ]pf the
pancreati c endocr 't neage torned by the rret S 0

preseheinpergmantt utthme titel a(b teastreune totthesr ,addhhenedtfadt(sanay arhenct thembility
addi ti onal enhance T%he ab of t he cel

S
of ﬂé%(‘iﬁ”é§§ﬁ’rﬁ§‘“}8al?lﬂ et ORECIeEr e ol ?BaIH’Feat“ﬁ 15%&%”&1%1&??%? fofned
by BOARMISSF Ihe @%@gﬁ iheded t@yorhnﬁhmien oflses A 1&55?0&&&@ ent

invention to formother cell types, or inprove the
cffigefdygif@ng pthef additiorsd Ideffer%td@tlom spd. differentiation
steps [0185] The at |east one additional factor nay

The a? 1ea]; Jne%)&amha fap[mc 1%21y Bg rf‘ord gXan{ﬁm?croﬁng&nqu:ntebers of TGF-f

family, including TGF-fB1, 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, II), 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,
ethanolamine, 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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[0186]

[0187]

[0188]

famly, including TG--bl, 2, and 3, serum al bum n,

menbers of the fibroblast gromh factor famly,
w@k@peresy2 deri ved growt h factor-AA, and -BB, pPEr/Es®D8/084705

rich plasma, insulin growmth factor (1G=1, I1), growth

differentiation factor (GDF5, -6, -8, -10, 11),

gI ucagon | i ke peptide-I and Il (G.P-1 and Il), GLP-I

act i ARG TEHTE Ty FAL. nFYRLGIer o e P dR oYAPorigieigfighesatn
A, senﬂhps&wates ﬁ@@toc%téﬁgte@k@mcﬂﬁ (HG@‘) pARL6ARLOCYHaROLIG 132

dernal growt h f actor rin

epi
(EMJaph). Wdaﬂllﬂr Slpslﬁ;mﬁ:n‘@s(GIWC@r Cégaﬂmbei alkadq)lés hl}dheiﬁefor

tam ne, .fo Na- But yr at e :
xSRI CA ARG FufGhoth e pigkeont proten
farn[l9 Asdvineviatuperyl &xtred, thlet hemg‘dﬂeﬁﬁ alsobialdd ps@inUMGUPY, Talidn
hepat ocyt e gr owt h factor sphin i ne-1, VEGF,
hedgghpgpsonpnsdg ;pmaamae 1§3l1i§)p§llo 8§Na(yc§1 50rscw}nc
or exanpl e, cycl opam ne
hedg%?h@k@%%gr a Hi(s)dgg ﬁér}eg%vt h factor (KG), Dickkopf
protein famly, bOVI ne pituitary extract, islet
Therae dngeﬂ”c&sioeshasiédidbml dakbtaroaebasuppNGABY poﬂdﬁtdbmd media obtained

hed hed : t i nhi ki t h
From SETAGE AT DRPOP: T g HBgBRDG | KA bIC b & Rt 400
CABRRNDI R ENo: HEE-99f, Bxﬁ)@lﬁ@AT@OW@@RLQ@%M)OH@A@H‘P%ATCC No:

addi tional factor may be supplied by condi'ti oned nedi a

CRbBB%?)nb@patlp ool pagscuelnts, doadangld, Hep&2{adK (aNp: FIEB-8065), and

TR TSGR R (T2,

No: CRL- 1997), hepatic cell lines such as, for
PR LS G BEplkATie Mok ersTURuL ) stic dfithel Minecdatif &ndocrine
cell lines such as, for exanple, FHs 74 (ATCC No:

CCL-241). Detection of OeLlIn§a$xpr essi ng Markers
Characteristic of the Pancreatic Endocri ne Lineage

Matk@rs8 hhraMREKE c%h?&afﬁ]% %ﬁhc?&itf"c e‘ﬁtio&ﬂ |1§1<GQ% ¢ &b %/ell nown to

pancreati c endocrine |Ineage are we ose
thosskskilled dn the arthendadditientimadatis ¢harmterisac kkths pancreatlc endocrine

characterjsti. t.h ancreati ¢ endocrine Linea
line§B PG fobaermtiist TP ETer A an Rafvd e Sonfy b ian g el
treatcd 1§ Ao ddRct Bath thdereS@lt i chfiGiphRd differeEREAR@NEGuiYS th
the present invention have differentiated to acquire

promdﬁ@esmh@mmm@&thapm@tm@d@crmﬁ linhegopdtaoereatid endocrine
endocr.i.ne |

d
lineGRERFR ek S PR Fjs TRE SRR oF SEBE R oy, fagygrs such
as, fof aERlE NGNS, Mgk Ssistich

Markers characteristic of cells of the 3 cell lincage are well known to those skilled in the
art, and additional markers characteristic of the  cell lineage continue to be identified.
These markers can be used to confirm that the cells treated in accordance with the present
invention have differentiated to acquire the properties characteristic of the B-cell lincage.
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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[0189]

[0190]

[0191]

as, for exanple, NG\3, NeuroD, Islet-1. [0188]

Mar kers characteristic of cells of the b cell 1ineage
wae@Imelsh2 known to those skilled in the art, aPT/US2008/084705

addi ti onal markers characteristic of the b cel

| i neage continue to be identified. These markers can

be used to confirmthat the ceIIs treated in

Theg%%g@ﬂtgq%afgé{gpst %Q S{/@ ! esEP#&ﬁ'@ rltr\g $f @gntlﬁcatlon of endocrine
cell¢ RRE act. erdighi @\I&ﬁretlt@fl@ﬁsCGEﬂetﬂcﬁ B‘e@r%ﬂ (Q@bi)) | i neage

specific characteristic include the expression of one
or nore transcription factors such as, for exanple,

Themfifi¢icnqyzaf e fberentiation anatihscistaminedrhysiogsipe ageatpd cell population

to aﬁ:légég %SUHL\IF g%%?tlboﬁgi]%taﬁ;ﬁégﬁcﬁ?%ébo%lﬁ% s%?prqiﬁm I&leker expressed

by deflapsedspig raarkbschaasteaiste ofehd pa&ﬁ:t@hb eadwgint mméatge art
for identifjcation of endocrine ceIIs See, e.

Altqreptiysly. theeaflisiengeefi détt%re?éaﬁ@plw by detesminggldy @(@9@93 §t freated
kORI G RO

markgrenxprassaddiy @dls axprassingyadnkprstdhatactepetod ¢fi tbaPleyll lineage.
recogni zes a protein marker expressed by cells

XPressi ng. mar kers. char act.er i of the pancre
MG 67 P T ke ioRof BRTGE ro& e heladerR S o Eiftusga or
isol&ted t&Isant kiahdHd il MY aRe THeIEhBhAE fuddyitRNE OSIcRE tAinscriptase

treated cell population to an agent (such as an

polyanerhdsodigin rlemtton:(B@cl?@R)s étomemé:d@tgﬁnzés hgbmdigatwinsee, €.g.,

er &k sed b expres
curfl B0 P DR e Y B R T AR RF Rl S BB B riamngireend
imnf@baRapessh BYiwxpAcEsbainial phaly s 6f @RrdorddahttgalaBicttern
markers in cultured or isolated cells are standard in

blottlﬁe afdor mpxes thaterqerecyiiinin intct ¢edls, depg cxlometry analysis
(FAIR\;@?'@%Q& gt $8oRahY ﬁﬁ?%ﬁh@; ofd?e%ck' oﬁa%l}yﬁi%al New

ern ots I'n sl zatlon see,
Yo&MCommmntGﬁmmﬂusmbnmwpWessKHDS& ol ogy (Ausubel et
al ., eds. 2001 supplenent)) and i nmunoassays such as

h h d t |
In ofpg SRR P POt Ao SN SR S are ot e g e Bimhingd by
meds{ﬂnﬁgtﬂla%rceﬁﬂag@@f fbaw wéttmtnymad@b&%eﬂ dueSb116RaRy

e.g., Harlow and Lane, Using Antibodies: A Laboratory
treafypgngaln onee@mbadnmentahle dnesmdsm)é thaamb@nt napwroatyegucprabeg 100%
ect . of the r.esent

insufif Pt s R & et M TR alBnp s BHER g mothods of the

presdet @x AR GreYcHRBSMHD0NTink it ]]&%[tﬁ%%ﬂgﬁl Dfivensyhir® In an
positive cells |nta glven ce culture follown

altenateggrpRadimentnthg mectleads of theamesent Wéerrt@mtwa@wéfab@w%()% insulin
posr’%fg 8N in a@f@éﬁt éu(l)tﬂrep rIﬁ%H%ﬁer%Qf%L&nb%gﬂl{@nt, the methods of the present

invention produce about 70% insulin positive cells in a given culture. In an alternate
embodiment, the methods of the present invention produce about 60% insulin positive
cells in a given culture. In an alternate embodiment, the methods of the present invention
produce about 50% insulin positive cells in a given culture. In an alternate embodiment,
the methods of the present invention produce about 40% insulin positive cells in a given

culture. In an alternate embodiment, the methods of the present invention produce about
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insulin positive cells in a given culture. In an
al ternate enbodi nent, the nethods of the present

WO pooeqtisen produce about 90% i nsul in positive RBEI/US20081084705
a given culture. In an alternate enbodi nent, the
nmet hods of the present invention produce about 80%
insulin positive ceIIs in a given culture. In an

Al ternate. enbadi nent hod of the prese
3077 R PO B bt EBRERET, IS I agoSn PRt eqngthods of
the PreSdn{ &V ehtib poBucd dboB B iRUNADEsiBNPadIs TR Htgweht&ﬁlture In an
nmet hods of the present invention produce about 60%

altem@xﬁmbodmsntt fihg enatledds of ihe me&}m/@nemwlntmo@ce lahowtrl 0% insulin
MeeMmd sent
posfi SHIVIDR SV DB0R HEefeah B RUBSER e prpsen
invehtigh pesdueshbdilt 6% nBulanpaitivercers & aﬁg”lb&dmﬂﬁﬂé t he
nmet hods of the present invention produce about 40@6

|nsuI|n1POS|t|ve cells in a_given culture. In

In oge pyreREATdhe psERITt MdiFhtion. e ?‘Fﬁﬁﬁa%o%(#lffﬁﬁéﬂﬁfoé‘slé H@termmed by
' sul t

medsYEPEALRARIAS FRO ROLRAN defhchaTh B IR ohibyf of

C-poptidehrelcpyed dgrihe cailseht onerpbatimest, ed:‘ilsqirocﬂﬁ% by shel methods of

ositive cells |n | ternate
the BreRen iMeRton prgdu abﬁﬁtjﬁ&@flgﬁq paﬁe@g TR Jepie plsanate
emHYIRHLUE eceﬁ@ 9%5@3&%3» S Whdthb R @F kid ﬁf@seﬁ?ﬂn‘véntidﬂ p’i‘o&lc% %Bout
culture. In an alternate enbodi ment, the nmethods of

9000 & €-papeideng DNWeht arogltqpnasel swbodibsat, c8lippradugei fpy the methods of

the BRReS insEufifh pRourh bt ¥fe Cep it ng NG G 87 BiGhae"

embbdfrh&it gtk ptddased %r e n@stie A tHYpreRaBMKEMtbn produce about
glucose sti1 nul at insulin secretion, as detected by

700p% spartide Pe RN Ambust aliprmate papedigsnt éqslésag@@cv@gi by tlee methods of
the G i By O FroBIRO R Pone by B RIRAARS 10 b0

embodiiegit] @ds pepdodA by the &m:ﬂaids of ﬂ&tlﬁeﬁﬁbmdémtpromﬁielasout
produced by the nethaods of the present invention

500pg SaRFPEIE S LRN@O Hhip Sisseale Plaéwbglegmeﬂ& nyogyred by dhyaethods of
d

e BRSNS PO OBt BB, & Bt R,

emboNnertcedln pajdluecrdwbu e emdlowis we tite, preeht mvpntaduyoediicoynbolte

003 bamrdePp DA Fr iy Eopodiehh b RGHE] by dh Bethods of

the Pl &RAnBYn {;ﬁ@uéeeiﬂaefd@o F 02 - p@pﬂ% %NA' Y 8RbitQRate

produce about 600ng C i de/ . In an alternate
em@ﬁbn@ltmﬂs per@bctdsb}ptrh@ mﬁcﬂ@wswﬂtmemt ngegionfproduse about

00k Bk AL A T PLABEE, PRB et PR PR B Bmerpgas of
the pPREG® S eAfion 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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the present invention produce about 400ng C-pepti de/ pg

DNA. In an alternate enbodi nent, cells produced by the
woreaohodsInf the present invention produce aboukPCBOS208/084705

C-peptide/pg DNA. In an alternate enbodi nent, cells

produced by the nethods of the present invention

produce about 400ng C-peptide/pg DNA. In an alternate

oSS TR e bt s ettt
invdén pkdtuBaiRk SORBL eBITROFE DRI, 1A dl@nﬁm@@iﬂs&ﬂm@m LR

met hods of the present invention produce about 200n

producpé py ﬁlwehg@ow the¢ presgnt mvteenmapr@dmﬁtﬁi@uhﬁmg Cpeptids/pg

d hod f h
DNRY 36148 Bl P el BB brotiifa Py R Meptgdl P tedossa
invediiion @torrRBE abcﬁ1@|301$g OrRtieeps bWA . hg ellais &hbddigent, cells

(E)r esent invention produce about 90ng Cp bggl de/ pg DNA.
proquge y e eethadeofehbpigpns itvenden prodpgiothe PRRtide/pg

t t
DN%E IH Q?ﬁl(ﬁ&%atte %%81 e%@ > & lg rél{rl%egit g&hgg%g%dggfﬁlte é)z%ggt
qu@ntlodpﬁc&hicbybdulneol@ckpegsd@f)g DA .present invention
produce about 70ng C-peptide/pg DNA. In an alternate
enbodi nent, cells produci,ﬂ b%,the nmet hods of the
present invention produc 5 60ng C- pepti de/ pgDNA.
In an alternate enbodi nent, cells produced by the

In ofBh{}RES tRfprédedt RLEFRMALD rbﬂb{@ﬁi inefhol E‘&C{k&ﬁngb?uﬁetﬁ QiFering
C-peptide (Bseg DNA. In an al ternate enbodi nen cell

fronp»rqmuaélﬁo velepinge T pdsdigfctashd hp?@sténd mmb@ﬁ pularrlng

plutgprggeng C{ee ?lUt ffgregtle%n%ﬁtgt ulglyB%H Rl dgl Vol %I}‘Igg tceell
hne@gega@@tmplmmﬁfgtth@eelmrdfdtﬁzeenalhwage ﬁl&kn@p&@ept i de/ pg DNA.
In an alternate enbodi nent, cells produced by the
net hods of tr} present i nventl orL@pr oduce, about, 20n
In yet FolY qraweﬁtg VeliltFPnaiFHOYill pot stheddpnisenting drpatignspiering

fromR! MR TORIS abeNeTE SRARY ih e

o p’rcggucgggﬁout ?6‘% @%e%t iB%I%?pg %M%ﬁe%ﬁ%edsu FB%%S]

plutipoteon steasqdis dlffelteatiph@sthm tuliuredodlisam vjproomtode§-call hre¢dgodand

. r. treat |ent suffering from or at risk of

implyag 55 s O7g BRET dnaRsbe T RL et od | nvol ves
culturing pluripotent stemcells, differentiating the

If a@rgpmn@ ttRpathEOANOR futhértroiddreitt Pa@macdutiedllagehts BEBIBEstives

thatdagilitaf tl tlhgl rs11t1r|V{1val atu{]deﬁ,lflgtllolnsofotfle gar?spfa%![eld clelllg e%l?eese Iagénots r?lay
include, for example, insulin, members of the TGF-f family, including TGF-B1, 2, and 3,
bone morphogenic proteins (BMP-2, -3, -4, -5, -6, -7, -11, -12, and -13), fibroblast
growth factors-1 and -2, platelet-tderived growth factor-AA, and —-BB, platelet rich
plasma, insulin growth factor (IGF-I, II) growth differentiation factor (GDF-5, -6, -7, -8, -
10, -15), vascular endothelial cell-derived growth factor (VEGF), pleiotrophin,
endothelin, among others. Other pharmaceutical compounds can include, for example,
nicotinamide, glucagon like peptide-1 (GLP-1) and II, GLP-1 and 2 mimetibody,
Exendin-4, retinoic acid, parathyroid hormone, MAPK inhibitors, such as, for example,

compounds disclosed in U.S. Published Application 2004/0209901 and U.S. Published
Application 2004/0132729.
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[0194] In yet another aspect, this invention provides
a nethod for treating a patient suffering from or at

W0 e@r/oTsIZevel opi ng, Type 2 di abetes. This metPOHUS2008/084705
i nvol ves culturing pluripotent stemcells,
differentiating the cultured cells in vitro into a
b-cel | Iineage and inplanting the cells of a b-cel

| iineage e t 0195 ropr, at e,
The g AaRe s sl D i ercabitehig irSar RRdbGnE kel Por to
trané\lgsﬁtﬁﬁorpﬁu@a RAGTNM S & hmlﬁca&mddhﬁ&ﬁ thB @ luFipornY &bmaRdls arc
function of the transplanted cell These agents may

fully dtffemélateﬁontoe&@ﬂpl m‘lorlt@ gansp&antmnbeﬁog re¢ipiche Algrngiively, the

plur]éﬁéog%nlé&r? e@k%aéﬂ% tgansplﬁnted gl%d) a éec(iiplgﬁt nq 911_1?_ ilng?ff% 9%}?@ or
part1a11§)d1fféﬂeﬂﬂiﬂéﬁ aste. guanshiffaeh@dt®n ndayadkk pldce in the recipient.

pl atel et-tderived growmh factor-AA, and -BB, platelet
ri.ch plasma, insulin growth factor (1G~1, 11)

gro
Defmltp\feeqn@ﬁ@iqrgt Gebls of é@p@@tlr@magcrea‘@c endpdemgcelLs, qip altcrgg-;)vely,
o SRy 0 hhe b g UL 85 v e
the dyatiopogaitvconal Alcl:cmlqotmfbi}d seld:samay hebmd&ledﬁmbioemmﬁi‘tfbc degradable
nlcotlnan1de | ucagon tide -

l,i e (GLP-1I
PolYE510| SURRRFts PRSORE PP, a%fad@%ﬁ% S QY Chapr gL %foaﬂct fromhost
1mnﬁﬁtﬂ‘e%§1ma@ iR mgg% ini¥BRied R 4 atp%foﬁma%da 1§§recf11515nt The
exanpl e, conpounds disclosed in U'S. Published
1mpkq@pﬂtnouatte&)1nclzd@£fbt)®@m thanlav o). ®turPiyincshg denal subcapsular
QPB icatiaon 3004/01 2729 %9196%tﬂhe glu ot ent i
SPagee PNy PHAOATY PP RIF YS! &P RS HIr- PAYE r‘?%?‘é‘%ﬂl g
pock&! | prlor to transplantation into a recipient. In a
speci fic enbodi nent, the pluripotent sten1ce||s are
fully dlfferentlated into b-cells, %frlo

To ffl}h%%f‘rﬁuﬁh?ra‘ilff@ﬁ?nﬁlﬁtoéh siryivel g ashvity of the arﬁaltan\ﬁéwyﬂs, piditional
factglls%dcﬁodg gmwtﬁ ST ?n:‘t ?m *8? afitf:- ﬁﬁﬁﬁhﬁﬁ{)&gﬁglegtts Qeaft be

recl I'n an un eren |ated or par
adnrim@femd&mtbra,t S&[duhztn@besly frutht oveaftod itcf aeine@nisirationost thayellsa ke
ndoder m

Jac N t he rec i ent. 0 n|t|ve
Cert@@ qf@oélmenéﬁi £EPH, ?%WSW 1&%1 %&Dﬁa re@ﬂ&@d@? r@élmtf‘ged cells in

viveP The@d FRfoR@L s s%cre{%doo%l dnlogdiBYs B81sialR e 3Fs8d tfhe administered
di spersed cells or forned |nto clusters that may be

cell inf sitge dmiphintedtdels bemdmundumirt@ difforgitnate i amTqmatHiwﬂoy of

d [ t bl e bl
endfimg R TSR Y eI BIE SRTHeGPRdTe et Bbe. or
encapsul ated to protect from host immune response.

TheGehdunit 881D @sddiRli Ftaﬁdltlbﬁ ldepcnids 8P RmARIbERS Bvagiolis factbrd
reci pient. The i antation sites include, for

inclagiagniheanatienies ¢qr\¢é}on andrespansega ey wapy radarn be determined by
onc SKPGARTHL ALt

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. Alternatively, the support containing the cells can

be directly implanted in the patient without additional ir vitro culturing. The support can
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[0202]

[0203]

[0204]

space, onentum peritoneum subserosal space,

i ntestine, stomach, or a subcutaneous pocket. [0198]
waeoentmmpre further differentiation, survival BCT/US2008/084705

activity of the inplanted cells, additional factors,

such as grom h factors, antioxidants or

anti-inflanmatory agents, can be adm ni stered before,

Sinmultaneously with, or after the adm ni stration of
optipR S PO PReAdr it sk i e i GRER et he
surwi¥dl lahd @hction 8F thb eraggplaéecdiRe adm nistered cells in

vivo. These factors can be secreted by endogenous

cell's and exposed to the adm nistered cells in situ,
Suppers Imgtarads wiethblg ferapse ber pusplescedf the peiseitdpeantipainclusde tiaye

. . ' ' ™ e 2
S 80 Bl BRGNS SO OBBIRU ST
synihelid sndusagkal Maichipls dmthatfbom of &pandsoapesa gelsydfogfs, textiles,
various factors including the patient's condition and
and nEBNBFRIESIRUSIF e VRSB DCaintcd dhVise 2B ffeYiHe HuYCHPIeT
rege%l&alté ﬁgldﬁﬁbai R&uaTs 'Wt[lloa%?ﬁ ](c)i(ejlli\;%r gﬂﬁn@tﬁaﬁc%‘en{s Iﬂ)tsinducing tissue

I nvent1 oI provi des a ne for treating a pat 1 ent
growth dersuitgbl€ famse ar pratticing the ofictiels@lf tipi prgsedt mivettes. See, for

Thi s _nmet hod i nvol ves turin | uripatent st c
cxagiple; LERAPET 15CIOME 1881 S ert Sl PalT HOST Pt (OB, UsS.
Patddt §8kY 6l 2. NE&IPateR 749KV POS. AlatdRd616D6,96€I 1T S. PAER 534,084,
hree-di nensi onal supportf. The cells can be mai ntai néd

U.Si Patoitth, 36024t HiS Petephb865,p#9,dF.St Batentish 9% RBi . iPateot

06300 SR i Ty o b B ST RERL S B PRR S bt v s

Paten@ldizgonal in vitro culturing. The support
canoptionally be incorporated with at |east one

har maceutical agent that facilitates the survival and
To fogim@uppeTb fncpmeraiedhn i p dhp@epceiqab agqng sha phaspgesyiieal agent

can %@&rﬁ&%@%ﬁh %ﬁoﬂ;ﬁ‘l&& sfoﬂftioﬂspt?m; foprﬂ{n%Cfﬁg §ud)§:c01t’tg E}ﬁtep[{a?i%a% a

invention in tissue ‘tenpl ates,” con
phatmaceutiras agan doulé be cvaed sntoaehbiicatalrsupp@s pecfemphi in.thd n

articular, synthetic a atural materials in the
Presepee ot PgRRE U] GRS, ?E%P ,“nﬁiﬁ‘d‘t“géé’iggl}t KRS PrEsent agy

liquitP AVWRB i STIE Y GO 14, B8 anyth &M pRAYRiaRERI sidIEfrh N AYletdafvapd
in vivo to reconstruct or regeneraté biologica

excipietumay bsaddestllto e suppaetol aler thelrelentcasteiod tgantmadentical

' ' ti itable f i
seeyy 106 Ay E REORETTIh S RrDRE hresanihvEh el i 0%,
phafrﬂice@@f@h‘ﬂ'@d)rﬁ% drldeharas ex hﬁi-ﬁlfﬁhﬁﬁdt@@/%gip@uﬁ&,%ud?@é €dtexample

5,770, 417, 'S. Patent 6,022,743, "U.
compounds disclosed in U.S. Patent 6,509,369.

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

6,793,945.

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

6,331,298.
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Patent 5,567,612, U S. Patent 5,759,830, U S. Patent
6, 626, 950, U.S. Patent 6,534,084, U S. Patent

wW@2®0070522, U.S. Patent 6,365,149, U. S. Pat entPCT/US2008/084705
6, 599, 323, U. S. Patent 6, 656,488, U. S. Published
Application 2004/ 0062753 Al, U. S. Patent 4,557, 264and
U S. Patent 6,333,029. [0202] To forma support

ted with Lical
Thesgrybaate o4 TegeRrRE N et i pgmepna ha i

cap St bt étﬁ’lﬁncﬁﬁ% Qﬁglbébnéﬁﬁ B ad, & URBRY Eompbun@S BREIN& M/ U.S.
a pharmaceutical agent coul'd be coated onto a

Pubfistiedi ftlafth@dtusu%ﬁﬁ)él‘&220b93e¢@ﬂé§| Publhed dpphiestion 2804020901
pharmaceutical carrier. The pharmaceutical agent may

The%?ﬂ‘g(?r? fglgngtralggi)e ??éonglj]lﬁtgd (\:Af'ilﬁhfalft gegllrsﬁyon%:p agﬁa%eﬁt%a]’l QOml%un%qyat 18

an igxQinph@pkSsiva yompo@did ethtad, fol exaniflpadoimpoandd dlﬁﬂostehen US.
rel ease rate of the har maceutical agent. In an

Publjphedrpplis 2@t 923 he support is incorporated with

at | east one phar rraceuti cal conpound that is an

The%ﬂ hort R 2REPBE ‘?ﬁ(‘)bﬂ%f?ﬁrt@@ Wi at %%@%haﬁﬂce%@% O%ound that is
ounds disclosed in U'S. Patent 6,509, 369 03]

a grEb'Wdl Sufopeuth msafol‘me(amptaonmafoatsexf thd TOF & fahelys incbreng TGF-B1,

2, o A SRt B8 Sarouhall ol SEPBSE i n

fibrébl st P&btﬁ%ct@rsﬁg@ndgé la{em%lveﬁ?oﬁfﬂpﬁ@foﬁr -ARYanal-BB, Pitelet
i ncor porat ed with at |east one pharmaceutical conmpound

richtphasima;, gnsakin gremithifacerr (KEF4 I!b)rgTQWﬁl digfigeantiateon faghor (GDF-3, -6, -8,

e d clo |
1018 Gy BEBRRNGE A1 36008 Sl sl (VIR hicigrophin o
end¥¢htiin, ainong astery r@thehpﬁma&mhbﬂabn@@ﬁmwad 111id1\1&>de f& example,
cap abl e of enhanci n% ang |og)ene3| S, such
it

mcoébkléli’@tﬂee hyresipidneisledreier bakbha, glugagan hlg%mtgiﬁédGLP 1), GLP-1

h
and%%l_? C a'ﬂlegﬁoéggﬁé gZ%%%@%Q{\gof g%ﬁo%%) g qgg}%b%ﬁ? o aCldéll o)
pard])leyrbmldmrmonattﬁﬂhsmh-tﬂ’] tmpodalemiml; tlmmebmhtemfa@ pepndeal cathelicidins,
AT PR 0w o i Ginias i B b e PROeD g Pt of
adhé’s%é éﬁﬁ&élﬁﬂar?r{%&ﬂé 93&31@3 §uch[a9 %@?&neﬂ"ﬁ a@ﬁ%ﬁéaﬂm@pﬁ*@ 0

be 1 ncorporated with at | east one pharnmaceuti cal
inhibtbone.oumall 2, Hat exiagipée, gompounds alotclrsed s . Beblished Application

200??636@40‘?’anmgﬁlﬁolﬁflecfﬂgp&%&?z&?%f3&725”‘:' uding TG bl

The incorporation of the cells of the present invention into a scaffold can be achieved by
the simple depositing of cells onto the scaffold. Cells can enter into the scaffold by
simple diffusion (J. Pediatr. Surg. 23 (1 Pt 2): 3-9 (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 et al. developed a cell seeding method (J.Biomed. Mater.

Res. 55(3): 379-86 (2001)), referred to as Centrifugational Cell Immobilization (CCI).
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2, and 3, bone norphogenic proteins (BW-2, -3,-4, -5
-6, -7, - 11, -12, and -13), fibroblast growth

WO 20907692 1 and -2, platelet-derived growth faRrCDUSAAG/084705
and -BB, platelet rich plasma, insulin growh factor
(1G~1, 1Il) gromh differentiation factor (CDF-5, -6,
-8, -10, -15), vascul ar endothelial cell-derived

fact or. G- | ei ot rophi n, endat i n, anon
Thedi Rt gitiogns HE pilaB bt EOrsBirdas Biaro| hinggaamics.
for exanple, nicotinam de, hypoxia inducible factor
1-al pha, glucagon |ike pgatmpers (GP-1), G.P-1 and
G.P-2 mnetibody, and Il, Exendin-4, nodal, noggin,
NGF, retinoic acid, parathyr0|d hor none, tenascin-C,
tropoel astin, thronbin- dex4mple Ipept i des,
cathelicidins, defensins, |lamnin, biological peptides
contai ni ng Ce'huﬂ%ﬁ%ﬂﬁ HiOsRIN el el ns of
adhesi ve extrace | ar trix proteins such as
fbronectin and vitronectin, MAPK inhibitors, such as,
Thefhomagyearhpy @yic stompell dass Hil sB7 ese 9 wertloBtaired tdns N& 6 cll

I' [ 2004/ 0209 d.u. Publ i shed : :
RespBh DB S Soa e, 195 Gabs? ekt psrstipprayided
by th&1§o#& institafe. tHIR MR &IRRYert BYIARED 8 nodiLerAbg6Ak ibléb1gan

be achi eved by thé sinple dep 03|t|ng of cells onto the

(MEDp¢dst exllsde Sscetlamedeum@pn&mtn@ of RMEVHF t b (lavibpgel/GHBE€0)
Iff 0N, (she
Sup@ }gt%i A ez\{/)e/rlfg> OCk esre m%gp é%fg el(lt %ave %45%2’ §I\1,ees %tlghammo

acids00.6 Iﬂﬂ‘aﬂ%&nﬁdﬂ@p&f&ha@bﬁ ﬂﬁl)M (Df- glﬁﬁhhnésﬁﬁﬂ “Agml Pﬁ@fnan basic
i nner fl ask been used in seed

e o B GYTBROUREG Fh 1l Grpd by 1oe RO SOA M 1S, dérived from
E13(F! lgtﬁﬁﬁ&% em YOS dwef‘e%&%asé@éo&%ah%? RR)et - MMIOLNE were

appr oac ing cell's Is the use
expaetet fin DM)EM reediumtsupplcyiceted svithi ]lﬁ)l"/hEBSiHlyeISBe)t pmivhglutamine,

and gD vl E Voot Al &t o esh tacrdioen UERHY chbtmoprere
trea{egi vﬁ'ﬂpﬁﬁ%/ml\ﬁits cﬁ@ Sl%ﬁﬁ 39.‘[ Lofi9-¥16) @@Ioﬁl]tl))arreﬁt%feﬁ d588lon,
to as Centrif |ona i mobi I'i zat i on

thery @ps)nliﬁmg]plﬁbéamg dan’ omOém baonng geldtur-edweed dishes. MEF
i LI ust r at t linted,b
celly e ie® B e ot iieaRSd B fratct iRy ot Eermhmenie som

cenﬂaﬂatewo@ ME® %é@]feeﬁbﬁla%@fﬁ%r@émful/&fﬁtgm@ eMuCahlospiddest 5% CO,
and HO were obtained from WCell Research

withipgtumidisied fiprge cultwrdiebator\Whea senfFusnt (apeepximetelydi-fdays
aftef 81ahﬂg°)t hY r‘ﬁ}iﬂ grﬂgry%{n% ke%? gells were treated with 1mg/ml collagenase type IV

(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 pellet 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.

47



[0211]

[0212]

[0213]

by the source institute. Briefly, cells were cultured

on nouse enbryonic fibroblast (MEF) feeder cells in ES
W@ edtob/omset um consi sting of DVEM F12 (I nvi t r ogePCTASO0)/084705

suppl enented with 20% knockout serum repl acenent, 100

nM MEM nonessenti al am no acids, 0.5 nmM

bet aner capt oet hanol, 2nmM L-glutam ne with 4ng/m hunman

asi,c fibrobl ast rovvthfac all fr

celRR e g B ey Ireetdfiegt abiivies S e o1 3. 5
MATRYSE | @TREMES disNE'(€:3DWilahasRMd kPTG DIVSMAF Mehed iR

cells were expanded i n DMEM nedi um suppl enented wth

supplogreFBS WithyLH ‘oS, apdiPGhe/tmd diotigin-ArB.&dY 8y #imiEWN) plus 20

e fERROFEE G aRY ) 82 BRI R DR K G T, rotlowed by

trea{n®r@ Wath [BUENLOUD $nedMAuphRincBitdtvatiBI%aBS &kl IOOdigvm5A©ﬂilvm-A
then trypsi n| zed and ﬁl[pat ed at 2xI 04/ cnR2 on 0.1%

(AMd01 #readgetiona] tueeotiy e dNgxtsthe sultuyesewers tregted vy th la%(@\é@& +2%

r

B R e L 7 2R R RplaftS KRS iy PFL A, G for
threwaaﬁ folbtved &g f@ir d3y Gidubatium iatDMEMIEI 2+dP6 B2Y (Iﬁontgbm CA) +

a mdified tis cul.ture incu ator When nf | ent
20 %EF@E? ﬁé}% g&mﬁﬁ?%ﬁé%neaw o AHFH§HnoK dhich(RA) (Sigra,
Moshbryonic stemcells were treated with I ng/m

col | agenase type IV (Invitrogen/dBCO for 5-10 min

and then gently scraped off the surface using a 5-m
Nexpi thettlbs. wa@e blsurog meD¥diM/F £ 006 B%ﬂrﬂrhmrog’ﬁnnCA) tehfohg/mé

xR SRR PR R IEER T R P on Dl Sstipfioyyed oy

addfllohhlehBtdagd ineiba@ibn ik IHIE MTEDIRY-0 1B Bt @Avifee éns CAUl-t 37 @€hml
on Tissue Culture Substrate Coated with MATRI GELé&r]r))

ExepginphhigaatVe) EndorymhisIcdiapsotpahp M) + 68 nggnldiGEF K

t
sys e g A e B R s T B s B TG RAR sy wore
collacneid gupasiidres at Riyivk Ethgemfdjlffmeﬁmmmlne Fenired deldys ﬂlea%l-
BS, and 100 ng/m Activin-A (R&D S}/ st ens,
tlm%ﬁfﬁﬁqdawt%ed( %@&PE@@&W@M HhRLageD3 1RyD! %ngv@ﬁé Slgw@cant

1ncrfe%r rgﬂ G off eﬁh&&ﬁﬁ?ﬂﬁk ks rs% gltsul‘ﬁﬁ iy f l)gserved in

|a upp emented w A) FB 100 n Act1vin-A
cella{ AAYageort and Saddng waehah idrcase 1rda5{$essmﬁ>df Neomlzul t ur es
were treated with DVMEM F12 + 2% FBS + 20 ng/m FG-7 +
]96r25 nm Cycl opam ne- KAAEXQ%%%%SM, Cal bi ochem CA)

The Effects of Various Compounds 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.

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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[0214]

[0215]

three days foll owed by four day incubation in DVEM F12

+ 1% B27 (lInvitrogen, CA) + 20 ng/m FGF7 + 0.25 mm
w@y@bopesd ne- KAAD + 2 nm Retinoic acid (RA) (BIQHs008/084705

MO) . [0212] Next, the cells were cultured in DVEM F12

+ 1% B27 (I nvitrogen, CA) + 50 ng/m Exendin-4 (Sigm

MO + 1 mm DAPT (Cal bi ochem CA) for six days foll owed

FBSh 20 e bR 20y R BB O DA U (S BRherfy ) for

thre dads ﬂ&ﬁé{%d bgfmfr RepiRiuBsibn iINDMENMPP118/19 BRKSAnG Rden, CA) +

Systens, MN). outline of the procedure is depi ct ed
20 ng/tnFFQEV ¢ 0.2 umr@yosl;mapn@% KA B ¢ lumeR etepid aad(RAY) (Sigms,

gt various stages of differentiation. Figure 2

isplays the real tinme PCR data obtained fromcells

harvested at stages 3 to 5. There was a significant
Nexit,1B¢ eclBevdra celpte ESDMEMIF 18 rd D% IB 276 e &Ehs CAS HcI0) mgml

insulin and %Iucagon observed in cells at stagfs 4 and

Exegdingg Gagm M) anl fdIaBE £CalRioghsir-dsa) By sixrdape fpllomed by
s A e B el B b D M o B P A U 30 ngymi
Exchditlet(Jigrea, lMﬁ)e &g righmPIGiF (Rmtc&mh BUpm5Qealgtrsl HGE4R&D

Acco e Differenti at r ot oc I ned in
SYSﬁ@P&u@h R 1 UM RVt S RihenE g GHlqwiBE Sqpounds
at eﬁﬁér stal éEGest 04,3k sﬂagﬁ?@a RIEK WBAPK GhHib 169" Rfhino-3-

coate shes (1:30 dilution) and exposed
meth@xylﬂszd;IEDﬁ&Qﬁ%ﬁabwpbmn@m) JARkitasOinbdi EBS-1aloeB-(B 5 -

abrpierkp S "a@e@@w@@g&w&m%@’ i gy
SMADI3! i@ Hois, - Daaéthpnt - (@E?h 1%pﬂ§ﬁ"-@%§'ﬁ@lomlﬂ)q@qldln-

wth 2% FBS and 100 n Activin
3-ylaprap2raweal) wed drégehy ;@pqmnelnéqn(ﬁﬁ@QS M@O@he@m%l) AKT

gl AR Sl i Baliosli " Db - Sy,

glydﬂ:ﬁ)(ﬁr‘tfoﬁhﬂeb@bﬁd4@l}6 C@Hﬁodﬂlam, CAQ UM@K @hibiitor @b@%?ﬂ.@alblol‘%m
B27 %InV|trog + 20 @?/ni FG-7 .+
CAkyed SpANB ﬁ@epmmmb@r frer Mf‘élilsépféradlwcsﬁk)m(@r@%“ -yD-1.5-

napht %%11%%(1?ﬂ1b1'&e3&wmt @@ep@(ﬁj li 1§e Mﬁa{s@ SC% feu5se: Ctdlﬁ‘lo%w d’:ﬁl')z

I'nvi trogen,

Figure 3 a-¢ 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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[0218]

Exendin-4 (Sigm, M) + 1 nm DAPT (Cal bi ochem CA) for
si x days followed by additional three days incubation

WO 00DNVESPFL2 + 1% B27 (I nvitrogen, CA) + 50 ngP@i/US2008/084705
Exendin-4 (Sigma, MD) + 50 ng/m |G- (Peprotech, NJ) +
50 ng/mM HGF (R&D Systens, MN). Sone of the cultures
were treated with | mmof the foll ow ng conpounds at

] 2 8 AT iy peA A P
of ]gﬁtl?ér? ct tic gﬁgnyl et 'ﬁH(ﬂ ntl -ﬁea?g‘iijPﬁ&rh((ﬁelﬁ Stem

r ono- r oxXy nmet hyl ene I none
Céﬂ%’Bﬁ&&)d A?attdlr'dillgfterthe Dﬁfereﬁt\l’bﬁﬁh Pndmobmlt(alltllned in Figure 1a.
(6 7-Di met hyl - 2- ((2E) - 3- (I - met hyl - 2- phenyl -1 Hpyrrol o[ 2

Celty & R Mibryons stem csllding H Lot piytss AASUEIE CHHTASY

MA(HRIEEL05 cofead @ﬂsﬁ’é@"{@@ diion Yl ebcﬁ@sle@lté PMEM/F12 medium
(IL6- dro -chiroinositol -2-(R) -2-Onethyl -3-0C
)Id%ﬁ' 8

supld@ma@réé wlth Ao edd BOngmd ActiwipAFB&D &&t@n@d\ﬂﬁhplus 20
ng/rglAWN'f/gg (¢£][|91| % LY 95{4 W%ﬁg 3IZ&Baéyl%ke%?sh m) %)tvvo%ﬂgs EI' (ﬁ%w%d by

recepto
treafrden(t 3¢ (B MENVF R yiiddihi supBleytichteld Wity 2B FBS: #hrdyl 00-rlg/rat Act1V1n-A
napht hyridine) (inhibits activin receptor-. like kin

o lelifgona Ooqladéh Blgt t@fé\)cultlfrewsqe tmage@rvgtfeDMFéWF 125 2%
I
FLofhaNs fO Loals b pRERnRL R0 AILER, CA) for

thret kieym“ondwed by $ouirnid GratibationNa MENKF 1 21l d P4 BaT (Infvittdgen, CA) +

nasel
20 rtgg EGE’g hﬁﬁk}@@iﬁ B Wm pyBeinoic g4id (RAK(Sigma,
Ddogaphthyrldlne) to cells at stage 4 or to cells stages
and 4 significantly enhanced expression of insulin
gl ucagon, NeuroD, and NKX2.2 while marginal
Nexafcells wierrcultieeddn BIMEM/BR 6l %PBX7 (Ingitroghie Qe‘hh+ 60 ngtelge

Excpgin kMR o BAP BGRRRAR AP SR RIR

additioyiali tBice @by Dibybatibn ¢€ DINEMIIF 19t-2.0% B2 @A g0, CA) + 50 ng/rnl
upr egul at ed expressi on of endocrine markers in ce

Exeatimt Sighg MP) 318w/ n! 1 digpracdrid) £6P agtmlddGE KB&D
Sységng lgg\? S%hefo@:hg@&&?&%&g t eatKH ol étlnppf 'Pﬁkc% e%E'prtBPkaase

Ion O ers aracteri sti anc
1nh1Enﬁk((2F(BF(é Methekpgadin2-Bl)uH-potaesit4 ﬂ)dnﬁ -GgihitlsyriieA t @dinhibitor

oSSR bl L L e P GEply ] LES, e

4! line H, at passage 44 were cultured on

Figure 4 a-¢ 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 I 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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[0220]
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MATRI GEL(tm) coated dishes (1:30 dilution) and exposed
to DMEM F12 nedi um suppl enented with 0.5% FBS, and 100
woeuos705e2 i vi n- A (R&D Systens, MN) plus 20 ng/PET/VEEDOBEB4705
(Cat al og# 1324-WN- 002, R&D Systens, MN), for two days
foll owed by treatnent with DVEM F12 nedi a suppl enent ed
with 2% FBS and 100 ng/m Activin-A (AA) for an
addi ti onal two days. t he tures were treated
with DVEM F12 + 2%FBS + %“H‘ﬁ% FGF7 + 0.25 nm
Cycl opam ne- KAAD (#239804, Cal biochem CA) for three
TaRYEidR bl ViERudY G rRéé%tok n9gadd RibitorPVEVhEELpitesdith of
B27 (I nvitrogen, + ng/m FG-7 + 0.25 mm
Mayk¢rs @lmrae;erlmct\m the P amer datici Erolocriae iLdn¢aga)in PRinipatent Stem

17 £ | t d + 1%

Eh TG bespeineciythe Bisliegigton-PEdror Dutiar i Fises
+ 1 mm DAPT (Cal bi ochem CA) for six days followed by
CelR@dkHd Hun@n dnfibreenielsitm de[lCIiﬂéiHll , @NpdsPadoMEMdrd 2utturd JoB27

AS{I nvi trogen, %ﬁ + 50 ng Exendi n- (H&V’ MO + 50
RIGELEFogt b hisleasdd 0 dNylslonr) &g cRpPser t lgMdfj%y edinmg
sup egw?&’ TR 5% ri:%ﬂji Yhd %@ﬁ%/ﬁﬁ Dx‘-’cu'v{neﬂt(ﬁﬁﬂ"swe&s WNG bius 20

rece t or | nase
ng/fRWNBE es(asmlbg# py24- wm-onzym&u ﬁs@ﬁs&bﬁﬂ) forytivp-daySfatiapled by

eSS TR BB Bt S BAET g
(AA? folin é&dﬂ&ﬁél f%v sONekfiRd %fﬂuﬁbg%l% t#ea%d%@ﬂ BR){E?WF 1t2h+ez%

eal -tinme PCR “from cel harvested at the end
FBSt20eg/ml KGF5+ 9/25 te @asb)pammeb KtAokD ##2 98¢ ealdiotioend. CA) for

thre'igﬂmlsoé HBYVG 9 Ifotulr gy mncu h[leon-llrglz)l\%Eﬂ/F/lg £P I‘rq% 1325 (fr‘wﬁrogen CA) +
20 r{%rh( BGE9 N NN ROy el dPafrie- WA A DH PYRAR &t 4did (M}Scswg@m

yridine) to cells at stage 4 or stages 4 and
|gn|f|cantly enhanced expression of insulin,
glucagon Neur oD, and NKX2.2 while narginally

Nex e SRR TRENP T LT B2 iR Q) EoFap
Exeﬁ&m(@(&@mh{ﬁt/lﬁy H-plyyirin @ AP P { @4l ol iy, r(&&))for six days followed by
only at stages 5 mar

napht hyri di n%%# . t% nal l(i
addﬁwn@gtmestdéﬁs Bguhatien i RMEMAHGE | Yorfe? R KB Pgena L A e Gigiml
ExcRllin} @96mz- ]\@92 I RétLcrONTYR5h O ﬁnTI%F &D

XeRelclzlep ?n Ki hase Igﬁﬂ B?F ?ﬁé onC t E ) Expr SS]i on g?
Systems, MN). Some of the cultures were treated with 1-10 um of TGF-B receptor 1
kinase inhibitor (ALKS inhibitor IT) (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 I inhibitor I (ALKS inhibitor I) ([3-(Pyridin-2-yl)-4-(4-quinonyl)]-
1H-pyrazole) (#616451, Calbiochem, CA) at stages 4 and 5.

Figure 5 a-¢ displays the real-time PCR data from cells harvested at the end of stages 4-5
+/- ALKS inhibitor I or II. Note that addition of the ALKS inhibitor I or IT at 1-10 pm 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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Mar kers Characteristic of the Pancreatic Endocrine
Lineage in Pluripotent Stem Cells Treated According to
W@ @y dsper ent i ati on Protocol Qutlined in Fi guP&€r/Us2008/084705
[0219] Cells of the human enbryonic stemcell line H,

at passage 4 1 were cultured on MATRI GEL(tn) coated

di shes (1:30 dilution) and exposed to DMEM F12 nedi um
suppl enented with 0.5% ;gxs 100 ng/m Activin-A
(R&D Systens, MN) plus VWNT- 3a (Cat al og#
1324-WN- 002, R&D Systens, MN), for two days foll owed

byThe Eﬁté’f&ﬂ‘l\ldg?idﬁalﬁ\/ﬁmﬂlh'ﬂﬁ@dr@ oRURP ERPEARLRH oMM AYKEHS
FBS and 100 m Activin-A (AA) for an additional two

hpractegistic Qfﬁge Paneneatic Endperine bineage il PhurimoewtStom Cells

1560 R e o BUS R B, R o

four day i ncubation in DI\/EM F12 + 1% 827 (I nvitrogen,
CellSA thie RGnang/nibry b1t $ter &llﬂﬁlerﬁﬂl @ypals@mrﬂlnﬁere KdlADed o2 MM

MATEGER I e Rt tidEBow itcsbonct PP Ml ey,

suplglgm@ﬁgeﬁrtm@fﬁM'FrBSA' ah i WMctﬁmlA TRPPEYstems, MN|)1 glus 20

bi ochem CA) for si ays foll owed by addi
ng/mhv\@ﬁf-daﬁ@atalngﬁi b 324-5VIN1002 DREM FybRoras, MI BT two days followed by

OB ) bR BT 2 ol A B
(Aﬁ%\ﬂf@)r aniRidHal ﬁvﬁﬁdéif'd' Néf(@tﬁe WElEed WerttRd oM wikth EME-MVFT20¢ 2%
B receptor | kinase inhibitor (ALK5 inhibitor

FBY zzoag(n@l Ehy yrirdKielopgnynct Ko 42610541 y(9bipcig. ) for

oS0 0 AL, S o BESP G
20 ﬂthhl BGFDF (.25 AMaKSycllapaiiind- (KAAD + 2 um Retinoic acid (RA) (Sigma,

3- ridin I 4- qui non | H pyrazol e
Moééffﬁ %/H@fﬂpé@%é%éﬁgyﬁm%mges 4 and 5 [0)221]

Figure 5 a-e displays the real-tine PCR data from

Next edeh%w'%?er é{l@tﬁl"e%lqn %MENPF gnd 19f B%’? ?ﬁl@ﬁro@e{’ C'é)‘ + ﬁ? ﬁg/rnl

i 'nhi bitor . Note that addition
Exendilni-b{Sigma, IMOD +I ll uratDAPTl. (ﬁéri‘hllobh)ens,t@l@)as 14maA(1K§ inhibitor II

(i B ok Ran BRE T S a3 o P aPierd Mt nthagion iy ¢ o
DM@mm@nﬂ%B@d (IRitfspReh r@Af+ (s@tn%nﬂlapz&nafne@mgﬁh)Moﬁm 50 ng/ml

he sanples were in tri i cat €. I'Tp
IGF (Peprotech, NJ) + 50 ng/ml HGF (R&D Systerns MN) + 1 um ALKS inhibitor I1I.

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
enhanced 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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The Effect of Noggin and ALK5 Inhibitors on the

Expressi on of Markers Characteristic of the Pancreatic
WEWO0TISAE Li neage in Pluripotent Stem Cel | s TPEEUSH08/084705

According to the Differentiation Protocol Qutlined in

Figure la. [0222] Cells of the human enbryonic stem

cell line H, at passage 4 1 were cultured on

o TGS T aat Srsbe T A6 S5h R §102565 ana
5 oRShEExreséivh Bf MAREE CiHla@iistiMIT IR Phinctbh tRIE Ado INE 13 eage
(Cat al og# 1324-WN- 002, R&D Systens, MN), for two days

fin| Rlovipdteny Stene Sielte hreated A conEing-totheddifferentiapion Fantosdl
with 2% FBS and 100 %me(ﬁiltl;.vi n-ﬁ (AA) for an
X e

addi ti onal two days. TS tres were treated
with DVEM F12 + 2% FBS + 20 ng/m FGF7 + 0.25 mm

CellRye tapamanesmbtped (#2328Athe Hialabpasdpemd Wk clilired briee
days fol | owed -bﬁ’ four day incubation in DVEM F12 + 1%
MABRIGELAY poreentesAp0.diinhomgngiexpeses 1o DYTERkA mediuim

s ARG AR, 1y DRl AR R A B R8s 20

ng/fhDW28]-3héRdtalogi | B2A-WEX- @02 LR & Ur Bybtdnms, DNEMIdt 1R 0-dagbodWed by

treafpi VA sk SR TIEE S e S Htp 0GR ] Actvin-A

(AN Get f REIRal R ddyr Nekthd @Yfurb OlvbRWRH dMyviRFIBMENMNAL + 2%
three days incubation in M F12 + 1% B27

FBY + 20 ingmolge@l; 7 €8)2 5+.u8 Q yalpbaininex K I (42 308D 4 s biviens; (BY) for

ng/ m . |G- epr ot ech + ste
toreR ol St RE R iR Daloni DYBSE) 2 T P grgtedion) «
20 fispFays H0Es udatyddpimiRCR Aabar § [eTR &eldiSad@ (KA {SEEma,

at the end of stages 3-5 +/- 0-100 ng/m Noggi n.
MOMAddiO0ingfmsf Neupimgh & DolskeggMiNat stage 3 marginal ly

enhanced expression of insulin and glucagon at the end

; xpr essi on of i nsul .
e cfic 33f% churgfo  DATEADE 14 3P4 547 SHORICRER ) £ 36 ne/m
Exetdihre¢ i @da, S0P Helsum AP T (Calbiobh&HOC Ag# oA LKGgighiditdi H

(Cofiforfmehi i BERE i o6 oaiaer vindewmobamsd Pupdfor Thee devs
inc @B DRIV EPX3- %%:l%?grﬁﬂ%ﬂr&geﬁ, RN ke I¥g¢&11 EkMfiEn-4 (Ssigrna,

precursor cells, CDX2 1s marker for gut cells.
MOIEx e gém 7 e (Repfagedth, ) 136 naduli HGER&D Sipgggns MIN) Stlage

ALI%S?n%?bi’t%%@ Inhibitors at Stages 4 and

Figure 7 a-f displays the real-time PCR data from cells harvested at the end of stages 4 to
5 4/- 100 ng/ml Noggin. Addition of 100 ng/ml of Noggin at stage 3 + 4 plus addition of
ALKS inhibitor 1T 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.

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

53



[0229]

[0230]

5 on the Expression of Markers Characteristic of the
Pancreati c Endocrine Lineage in Pluripotent StemCells
wae@anadIAccording to the Differentiati on ProtPCDUS2008/084705

Qutlined in Figure 1. [0225] Cells of the human
enbryonic stemcell line H, at passage 44 were
cultured on MATRI GEL(tn) coated dishes (1:30 dilution)

AT T AL L
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majBHty@fehOEAR M ere AN (739804 Fidumé Dla®W%po§iﬁXIG @ human
t hree days foll owed by four day incubation in DVEM F12

insuling dp ppi {a ke RYEHZS thaylose oigha @A IBLRPTNQEE GHfrcs were

L D10
ek SRRSO, 3020 I BEARB] 0 R pBpesion
of N@&XB at @edd Sfonetleurcstrtatcdedith Wa@&@ﬂdﬁ&QoﬂNd@@uBﬁt?stages 2- 4 It
(I'nvitro CA) .+ 50. ng/ml Exendin-4 (Si.g

app?ﬁw EhapT0- ?&P&/ﬁ&@ﬁ é\{ﬂggws 15 11 PRI §XPfﬁFﬁ1‘Eﬂ ?%N GN)|3 at stige 4.

(Cal bi ochem Ca) +/- 100 ng/m of Noggin for six days

fol lowed by additional tiggapda@ys incubation in

DVEM F12 + 1% B27 (InV|trogen CA) + 50 ng/m

Exendin-4 (Sigma, MO + 50 ng/m |G- (Peprotech, NJ)

‘Be deatiof H@:Agmnsrf Noggin at\ipges 3-4,MNetainics Stagd Hrnd IALKS

Inhdélttm[s a%éa%eq 1%1 [lh ]Zx re%s@ljl gﬁk@%ﬁe}g@ Eae{'lg dggf éjl%angreatlc

+/ -Enﬂdwnﬁ@/mhedgegm’mr éht Steih OElIsIDELab@l AtcoRllindaghe
at stage 3 + 4 plus addition of ALKS inhibitor I

dr amat i cal | Pilferentiagign RrptosekQyHingd ip ¥égnred. and

gl ucagons at stages 4- 5. In particular, addition of

Cell¥Qg @{erhlﬂan%? i@ g c%ﬁrlgmzﬁ g 'agf}ésg A e GO I?La'@& 66

expression o an endocri ne pr ur sSor
MA@RIGELSY gowtéd diainds| (y 39ulilptiensindgxpired éx PMENIBIR médium

sun lyRSHiF A st st ASAY A1 0 BHELAEEEA AL RGN
plud &l wum%aqegfa@wngznmttﬂ)zahw 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 um 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).

Next, cells were cultured incubation in DMEM/F12 + 1% B27 (Invitrogen, CA) + 50
ng/ml Exendin-4 (Sigma, MO) + 1 um DAPT (Calbiochem, CA) + 1 pm ALKS inhibitor
IT (Calbiochem, Ca) +/- 100 ng/ml of Noggin + 100 ng/ml Netrin-4 for three days.

54



[0231]

[0232]

[0233]

[0234]

protocol. In sonme of the cultures, stage 5 was
extended from 3 days to 2 1 days. By day 10-12 of

W@ Tt n stage 5 nedi a, there were di stinctPCI/US1068/684705
of cells resenbling humani sl ets present throughout the
culture plate. Panels a and b shows i mages of day 6
cuItures in st age 5 while panels c-d show i nages of

Fiaa b RS0 PTG O Fod0e AT GHES St B of tage 4

+/- Rb(ﬁﬁg@ﬁﬂ N'étrﬁi—@gﬁstége@ dA &ditibh Bﬁto@ngiﬁw 8f Rbg dglﬁ GHQAEd Phnd 4 plus
the clusters were stained for insulin and gl ucagon.

addiTiee Oﬁa\}ld(rﬁ tnintmﬂor Ht@dd@p Ing/mlrpftN@rm:ng St@g@;4 é@nm@a\klw @nhanced
m
expfey i ST RGNS NI B SRS P IR R Y i o 4 e

Noggi n; cul tures vvere treated at stage 2-4 with 0, 10,
In s6fde 0Othels@ige mgﬁlltthre@,f Noaggiwvas oflitgdrehilONeleipiaplas AlkS inhibitor

expressi.on of at stage 4 for cultures treated
erw%edv ArgHTR g2 adﬂs%@Wot#lat\%@wﬁn at Neggigatstogy? didisigplieantly
ool DRt RO OB RO O MR R, o

expteeodinsilonamlf gliNeggn m atlls Bhagetsd 3t the ehibdf stagead. St age
4 and ALK5 Inhibitors at Stage 4 on the Expression of
Mar kers Characteristic g‘ff: t he, Pancreati c Endocrine
Lineage in Pluripotent SE¥HPB¥I% s Treated According to
the Differentiation Protocol Qutlined in Figure 1.

Iﬁ &zﬁa]clﬁebde$tﬁﬁulhtw ThdRA Seéretiye ﬁm %Emlﬁeipbtdﬂt SeerlGells

passage 48 were cul tured on L(tm coated

d| Errated Acawding totthe Ryiferentiation Beefoed) @utined ip Fignae
suppl enented with 2% fatty-acid BSA, and 100 ng/ m

Celr?%a %/te: @nﬁn(egﬁy% %%%ECGHEE% g)l ste oL %Qa%%gfﬂ,?r or lth\%gd Iz}tys
MATT @H(gﬁg@d chated dlgmlscr% 130 dl\h;l}lhﬁ)[ﬂtﬁ\l‘;ﬂlkgds%d IMEA%MI?MfE)]gI raadnmed
PR RAT 3 hyad Baxend Fl0 e et (8o S, M
plus®d ﬁ’g/%f%%& 68324 R (ﬂﬁ/ R I e, ARY, 07 wo days

Cyclopam ne- D (g#z 39804, Cal bi ochem CA) for three
foll@\ac;ttbsf wédtometdy ity Dﬂ\d)EnM/H]a?ymedt@ sl éroentéchwDivedd B32 and 199

GE7 + 0.25 .
nggl Apltima AP ERapaddigond b B S Do WG yraged with
DMMNI/F12 300, pgsm 2@hg/MOFGHT £ R2& 1By SydbsuiBine MNAD 8230304,

Next, cells were cultured incubation in DVEM F12 + 1%

Callggqhe(m Ak fopteee dagayoliovad 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).

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 11
(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) + 1um ALKS inhibitor II.
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[0236]

[0237]

ng/ M Exendin-4 (Sigma, MO + 1 nm DAPT (Cal bi ochem

CA) + 1 mm ALKS inhibitor Il (Cal biochem Ca) +/- 100
woguoat7692 Noggi n + 100 ng/ m Netrin-4 for threRCT/US2008/084705

days.[0231] Figure 11 a-f displays the real-tinme PCR

data fromcells harvested at the end of stage 4 +/ -

100 ng/mM Netrin-4 at stage 4. Addition of 100 ng/m

Stagh 5, Aot Ay 30 Ta i of werSiRador bl Phy §58 e KrEBS
buf@f @@Bé Rﬁ{%ey s@Goed, B Q§$1'1MrHE’IﬁE§\|%\/I Nguro ’129%1\/[

Pax4 in cells harvested at the end of stage 5. [0232]
NaGlp4 §®nﬁ‘é KoL, Bisemdt Gefel241.2 deﬂézsPOu\bégmM Mg§Oo it erHCO:)

ot 312 UG ool ik BBl R TPy

addBilo@ni Hrhﬁ@iﬂ)hﬁ(yn eIREBS &Xpreepish 00 niNl DNENBosdNH¥R oRingadadh
Neur oD whil e noderately affecting exBr essi on of

incybggen.ithe BiRagtant wabremayed and orgirafe3b e far further anglysiss Levels

o B oL M 1 USR0S A L

Dlagmsacs;l |Sn@dén) iﬂi@r@ﬂﬁ ﬁer@ptdt dici lovel Poiaicoeald Hautahi Grvecptide in
gure I.b. %of t he human enbryoni c stem
resp@e:r»q tojan g V]IJO %085 a%asl ge-4Barheind giprmgdialg anbatlon periods in

stagM%Tﬂ %tl-&ﬁlm in! %ﬁﬁ&m@ 5SS in ggx dhdiod b%lre?éact ?éﬁﬁféeaq high

um suppl enented wth 2% fatty
glucBS}Ato lawcgla@ﬁehgﬁlﬂb sa(mpllemn@ulﬁatéd?&l}t@esit ;T TS fcM\m ¢lyssh@ged

/ o Cat # 132
O R R N A A e e L NS
5 mSMPRb&RALIER MAthifatidYoBINseRIWARE sREW ElidBedd HHaRIA. (AA)

for an additional two days. Next the cultures were
treated with DVEM F12 + 2% FBS + 20 ng/m FG-7 + 0.25
mm Cycl opani ne- KAAD (#X¥398mle 1€al bi ochem CA) for
three days foll owed by four day incubation in DVEM F12

/ .

The EHCEt bl NAGGRPE et 1oy KR Zhn B s ol Markers
Kbaractdistiongf/the Pahcrdatg iEmd()Ehl‘ie Dirfepgé HrTB],urMH)tent[Sﬂ)&ﬁl(Iells
Next, cells were cultu DVEM F12 + 1% B
(1 Ixdated ecprdimgto fhe QIﬁgﬂmwm}?mtﬁcﬂ %hgﬁ% in F/@)ur@ 1h.
nm DAPT (Cal bi ochem CA) + 1 mm ALKS inhibitor 11

Cells SRR RERABMEERInid btemlQf 1H@/H, aP asﬁl%%gﬂnzve"ie %Ql@ur@@hm

Netrin-4 for six days, followed by additional 3-2

MAJRJESES™ cosedbdishasr( 1139 dDnvEMRNE e*pqs&%i B2 PMIEMYKF ltZrmgrénm
suplgfA Pnenteg 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%
FBS + 20 ng/ml FGF7 + 0.25 um 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).

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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[0238]

[0239]

ng/ M Exendin-4 (Sigma, MO + 50 ng/m |G- (Peprotech,
NJ) + 50 ng/m HG- (R& Systens, MN) + | mm ALKS

WO pdoooraser | 1.[0235] Stage 5 cultures at days BCT/BS2008084705
and 20 were tested for GSIS by 1 hr wash in KREBS
buf fer (Krebs-Ri nger solution: 0.1% BSA, 10 ni M HEPES,
5mM NaHCO3, 129 mM NaCdl, 4.8 nM KO, 2.5 nrMCad 2, 1.2

mV KHPPOA 1. 2 mMl MgS t 37C, foll oned
addfigni ooty igEe i PR ORERHE ook 1 Qi CR) O3 Sy
Exchdial41GRsga, MZ +m 1%131 IGRPchrdiech, RGYPaY in%ﬂxl}]li MGKREED

buffer plus | ucose. Fol ow ng each
SysiensubBY)i dn sompef dgpaltvas 40 ngiveof Netrov-é @r Aettin-2 (R&D Jtstems,

=20 0C for fur r..anal,ysj. s, Level s of rete
MNG S B b s i i ST Pl BERLFM frm cens
harvesee Rt stalge Fl-l-3A rlgAhPSONE}AINGNdtES-2 2B¥RIAGT to I Addigod 3f
_a-c depict the levels of secreted human C-peptide in
cithpreNefRsleortNetn-2 Hd vignificagilveryssulats grpiepden ofzlugagon aad
- hnt-er ' [ i kods in stage 5 did not
1na$@§§ gﬁﬂkﬁéﬁgﬁgfﬁ%gﬁgQEgggéFation i ndex (ration of
secreted C peptide at high glucose to | ow gl ucose),
whi | e sanpl es i ncubat ed Exangtlag® 5 nedia for 20 days
showed robust stinulation in response to glucose. This

AP ciipafh fufat s E3PrarlsB s MSGHT Chadithec of he
evi dence of GSI S. pExmitivt EndBadine Litdage! of the
Addition of Netrin-1 or Netrin -2 on the Expression of

Mar kers Characteristic of the Pancreatic Endocrine
Cellsiof edaman qutuyerpe stent celitlmmbbe ot BaswgsdBarcracelbrad Ay t o

. At i on. ' o o Fi '
ARG CAEERL UL AR ORIl
marRérs pASaagEstibb My defthitielsndddsrmMERE Bkl By : coat ed

di shes (1:30 dilution) and exposed to DVEM F12 nedi um

(b SyEvaRn NN BiedemsohigP a0 A et et
1324- . f
1324- Yl 0Q2en. RE R Slo6iimt Mlvind0(R&BsdRs, hOL)Metm N

' 2 medi a suppl énented with 2%
FBS aBdtyi@0 ($igial MADtTovdne-day(faldywédbby aentaduli witlo REM Itragylia

days. Next the cul tur were treated wt F12 +

200 EEAIPCsRGy it 877 N Betcht Mo Bl et Ry

(#239R80dvinGR(REOCHRBMCMNT flis O BHEE NdaYstyfed (SemBsl NaY) for an

four day incubation in DNEfl\ﬁlFlz + 1% BZ?y( I ndvi tr ogen,)

CA) -+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.

Next the cultures were treated with DMEM/F12 + 2% FBS + 20 ng/ml FGF7 + 0.25 um
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 pym
Cyclopamine- KAAD + 2 um Retinoic acid (RA) (Sigma, MO). Next cells were
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[0242]

20 ng/mM FGF7 + 0.25 mm Cycl opam ne- KAAD + 2 nmm

Retinoic acid (RA) (Sigma, M)). [0237] Next, cells
Wewere/0tsbz ured i n DVEM F12 + 1% B27 (| nvi t r ogePCT/T$9008/084705

50 ng/mM Exendin-4 (Sigma, M) + 1 mm DAPT

(Cal bi ochem CA) for six days foll owed byadditi onal

three days incubation in DVEM F12 + 1% B27

. (Invi.t + /M Ex +
ineuyafein PREEPH T b ZoRE7 {ByiToesy T 0 pesth ERgps el
Moml)l uﬂm@wgca&om@n CUA§ U qSn AQ K0 ATLiteF 11 Pc@ﬁllbid&hémota) for
trin-2 (R&D Systens, MN) was added at stage 2-5.
threpidgys- e 14 di spl ays the real -ti me PCR data from ceI l's
harvested at stage 5 +/- 50 ng/m of Netrin-1 or

Indl(l)l\ér%toklieo? ;C}%Hﬁés tglt(%%gﬁw% #180(?6 ﬁif& a'ltgrrﬁa f 'e{hlag ra%&@ tvrelrgsu#‘ted in

Si gni |can pr eégu expr
a 789 Hi)}ﬁ@@ibrﬂffCCX@Rﬂl las meameceby EAEB[ yminqﬁrat tot%% EXd Rof
stage 5. Exa An Alternative Method to | nduce

expfeﬁ%mElzb ﬁlé@‘gatbw %?th%lak%hoge Chadd e reaarded asr maker for definitive

iichii ve Endoder m Lineage. [0238] Cells of the human
ryonic stemcell line H, at passage 48 were
cuI tured on MATRI CEL(tm coated di shes (1: 30 dilution)
Figemd 5dHf dimia_srstthfateabltitm PEH lima éoopr @dls haycsted kieths end of stage 5

char act.eri tlc t he nltlvee oder.m | i
using; G haranatit cindal B RE' 1 Abisi RRTRSE psTERSH capyelso be
usedMot 1hdﬁc°é’e§§17es§bhﬁ’ B paRAatit bRYIdeFR 988 endeRtine Bfackedd ng/ m
Activin-A (R& Systens, MN) plus ImM Na Butyrate

(Sigma, MO for one day followed by treatnent with
RPM nedi a suppl enent ed Bgiampled3 B27 suppl enent
(I'nvi trogen, and 50 ng/m Activin-A (R& Systens,

leh%%nt | ona(? ﬁi}% ({g}@%hﬁl ﬁe&%ﬂ@edﬂg&héﬂbsence of Serum,

onsDigg eaCeliod recS ukistat OCbate#BGth NDOUTROGELY) td PAatieutio EAdocrine
(R&D Systens, MN) plus 20 m  VWNT- 3a (Cat al og#
1324-WN- 002, R&D Systens, 5. for two days followed
by treatnment with DVEM F12 nedi a suppl enented with 2%

CelRBS RN dHic Aehd deliNimd HAM pds@dgea ddichingBabn
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, NJ), for one day,
followed by treatment with RPMI media supplemented with 2% BSA and 100 ng/ml

end

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 um DAPT (Catalog# 565784, Calbiochem, CA) + 1 um ALKS
inhibitor II (Catalog# 616452, Calbiochem, Ca) + 100 ng/ml of Netrin-4 (R&D Systems,
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[0245]

two days. [0239] Next the cultures were treated with
DVEM F12 + 2% FBS + 20 ng/ml FG-7 + 0.25 mm

w@ywhopEn ne- KAAD (#239804, Cal bi ochem CA) fRET/UB208&084705
days followed by four day incubation in DVEM F12 + 1%
B27 (Invitrogen, CA) + 20 ng/m FG-7 + 0.25 nmm
Cycl opam ne- KAAD + 2 mm Retinoic acid (RA) (Signma,

MNE%NP‘FF Sien ol et S D MR 12 1 1%
\%ggené]@% Hbi p HleﬁlK%hlﬂitd'r ng@lﬁbﬁgbnﬁ 'UhP]bAtl%t s]talge was

( | brochemy Ca) for three duct1 on “of
addeditot furtbe hatuntghé pnddcviee emidmdse MﬂlllQ]ﬂSQOIIlngEﬂbﬁ svah idae treatrnent in

DMER BT 30y Friitne G oo P Baiescithor iz

1nc1ﬁéféﬂr@a$l§'n%lh@é’haﬁkése VA‘@BlhtYiﬁe BEHLE %goclealur%k?@éfﬁnctm Wi lc. At
regarded as a marker for definitive endoderm cel F

caclf azglelc}ellFﬂugmhee WhS Cdcmlauﬂypllngyaéleﬂmwoe@ter @hdRNZCRagl aelected for
har vest ed of stage 5 using

Pcé ceII Seain}%? V\v/%reﬁgﬁﬁg% thg?at It appears that

alter natlve nmet hod a) can al so be used to induce

Figes b assdioplaps thp NCTRAE e s Ghed @idis@bd be FAWS ardlercal-time PCR
mar ker s. a@:})le 12 Differentiation of Human Enbryonic
datasfpé pagel psdayid- tiple ghange imexpapssinde shevisekagive toundifferspaated

I t -
H1 B b 1RO R0 L dep Al LYoy blepd i and endoerine
markem ity celischastested aethe chd n€sthiies 226. Paasaljeddpctweicaumber of cells
ul tured on TRI GEL(tn) coated dishes (1:30 dilution)
at taggn 9(%6% exposed to RPM medi um suppl enent ed
with 2% BSA (Cat al og# 152401, MP Bionedical, OChio),
and 100 ng/m activin AgB&pISYstems, MN) plus 20
ng/m VWNT- 3a (Catal og# 1324-WN- 002, R&D Systens, M)
lus 8 ng/m_of bEGF (Catal og# 100-18B, PeproTech,
tiderand ngalin Goalt«rltsma’huymtﬁ@taMﬁhGelh reatgd\According to

Efﬂéassﬁsl"'}#?ﬁﬂ‘eﬁ%&?‘ R pdoea el AT s0C ' Ko

the cultures were treated with DVEM F12 + 2% BSA + 50
Celir@f e oGlan emity@be siem@etl| 1pdii, aepaskR@?2 were cultured on

MATRIGEL™ coated dishes (1:30 dilution) and differentiated according to the protocol

outlined in Figure Ic, as described in Example 12 above.

The cells were washed in Krebs-Ringer buffer (129 mM NacCl, 4.8 mM KCl, 1.2 mM
NaH,PO4, 1.2 mM MgSQOy, 2.5 MM CaCl,, 5mM NaHCOs;, 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% CO,, 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 K&8644, 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-EO1,
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(#239804, Cal biochem CA) for two days, followed by

four days incubation in DMEM F12 + 1% B27 (1 nvitrogen,
w@2009476M®2 ng/ M FGF7 + 0.25 mm Cycl opani ne- KARCI/ESR081084705

retinoic acid (RA) (Sigma, MO + 100 ng/m of Noggin

(R & D Systens, MN). Next, the cells were incubated in

DMVEM F12 + 1% B27 (I nvitrogen, CA) + 100 ng/m Noggin

mm DAPT. ( Cat al og# 5 578 4 Cal b
Alngg iR ch b T DIy S b it R e RE S o o [Allwithin
the ;hr RAHGEf e s't\ﬁltdﬁﬂd@ ‘pf’ovﬁ&%@n%yesﬁl@m M\) for three days,

foll owed by additional seven days incubation in
DVEM F12 + 1% B27 (I nvitrogen, CA) + 1 nm ALKS5
FigyraH 8 shews thie|C- pﬂmdﬁur@l@aﬁ@rfpllm}lg simjuipgipn wﬁlg@rwa%stan@led
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pep(ldleﬂcldnfcétﬁ%bn By sal @p@ﬁﬁtanf afntztlhmgua@t/[ gicadge), foatdchaptirrs
stages included daily nedia changes. An outline of the

alsopﬁhe‘é’éd’f!}rﬂée g@Pepi cted in Figure lc. At each stage cell
nunber was cal cul at ed usi ng a henocyt oneter and RNA

In o‘f@c? t&{fﬂeh ¢l fd é g ptREPRNALYEIL Snd PNA %Mt?éf ultures, 6-
ete in tri cate. [0243] Figure 16 a-b ays

well ﬂsiete@(@%nmgmt@ssﬂ auftuss wma&wtedjwhy 5BAGBo Al hyela buffermper
ata for stage 1 at
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sanfi BRIl ek S AR e CBIERebhusit Dl Bl

conteht forgaliged ©©,DNA foesede diﬁfelrehnwaxsacml @wbﬂ @y@talh&g%a]ge 6
The cells were washed in Krebs-Ri nger buffe 129

cultyggsy As go@pariaoRCE;peptige #d NaHpGN comteztsmwws Mferent edtrJ/M

humgﬂgalg%vgg [752% E%F@‘% ﬁﬁeltrel}]% @%@?ﬁgﬁﬁ ne l?l}é gh\éﬁ({gYaqlehe§§@e insulin

confeat dfathe dntiry cdBumiand 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.

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 Ic,
as described in Example 12 above. Cells were dissociated into single cells from
monolayer cultures using TrypLE Express (Invitrogen, Carlsbad, CA) and washed in cold
PBS. For fixation, cells were resuspended in 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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[0249]

i ncubation in Krebs buffer spiked with 2 mM D gl ucose

at 37 C, 5% C2, 95% Air. 0.5 m of supernatant was
w@oivemsezrl and the remai ni ng medi a was aspi r at BOI/EB2H08/084705

repl aced with Krebs buffer spiked with one of the

followng stimuli: 20 mM D-gl ucose (HG, 30 mM KO ,

100 nM tol butami de (tol), 100 nMIBMX, 2 nM BAY K8644,

Porig iy U BEoRl 1on (B 347251 andhrseishrtdan Roibh b eihlesing
solu®BH chbiGink orﬂoﬁgalﬁ% % 12'%@%% orr%‘ﬁWagﬁ‘ @%ff&h For gow c ornetrlc

supernatarnts were uman pepti nt ent
analysisnglICweepstaided kith Sife foﬂlbw(r@hr&hﬂg#nﬁbbcﬁﬁTHhiﬂE[@iulm (RPabbit

mafy Gl SN 617 o T uiay AnrQuriegedbop i b ofiems
No. tC'fE%Siﬂ fim@@f ﬂﬁtlgﬁgﬁﬁﬁ%shﬂ (Rﬂ%ltklbcﬂycﬂ)lpdz 4Biib ;yggﬁlgodﬁomatlon

shows’ t eC—pept| rel ease | owm ng stinmulfation with
No %801 ®usSB1 Cetlsl were Stquhutbdiford@ mmdaé)@ °CGofleptd betwo washes in

tr t|o mul at i nsu er nat ant di vi.ded }
Perfé%&ﬁ%m&@ 8k th%% 8P v etionh &0iyaPTat a?ﬁonewtaa}lﬁqw as
foll M Gbé{caﬁﬁq:)abfbﬁm@%@ﬁ@%%rd &n RbSR2 MW BRat MHi-Mousc 647
[0247] In order to nmeasure the C peptide,

p
(Invgftmgennm 142 23 & GopNmticBehbeinR € FoBigiauges 18o.cMlHdpés, A16

sccdffipry BBoffs §RRGBRT T HRRt #fice 8 %W@?&ZWW@ ot i e in
PerrhfWasht¥dffet addMEIEAusE BD HAdSHlrt Idayt 13D0BaSents were

soni cati on. OOé)eptl de content and -insulin content

acqyjeqdefoppradysise qhﬁglﬂdﬂé@cbum@&e@mugﬂd Kiil teell candab-d§ATCC, VA)

I L R A

staghlif)cultu@specti vel y. DNA content of the Iysat es was
guanti fied usi ng Quant-1T(tn) DNA kit (Catal og# P7589,

I nvitrogen, The sag)l es hig to be routinely
di | ut ed 500- 1000 fol d t&*AHMEdPt hin the Iinear range

of the standards provided in the kits. Figure 19 shows

Aahﬁmﬁ dffmtdrdﬁl &m&g&ts ANfl4 BY Bre mﬁf&emlﬁﬂyﬂtm&ocol Outlined in
nornmal i zed to or three different wel of

Figuxgeld Upiregwatedhe gjxprmlogt@@@ale(echhar@Qerlm of the Pancreatic

conparison, C-peptid rq-insulin contents of
three different adul SEIHﬁ’r?ﬁﬁ 358%%? i slet sanples were

al so neasured. Note that the data reflects the insulin
Cel@fitittunin dnit@y@iit sted cUllingrtel, anpaspalc SQI’L{/MG tchieured on

MATlRIGEirTl‘% cga{tee(? glgltlesl (rll 3t0hd?lu%:1l611|1) and%lffgr)e(r?t?ajl%d accordlng 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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[0250]

[0251]

[0252]

FACS Anal ysis of Pluripotent Stem Cells Treated

According to the Differentiation Protocol Qutlined in
WO-2@anashr. [ 0248] Cells of the human enbryoni BCHUSI008/084705

cell line H, were cultured on MATRIGEL(tm coated

di shes (1:30 dilution) and differentiated according to

the protocol outlined in Figure Ic, as described in

BT ol R o GGGl i SRRy o erum,

on(TiRlel € AHER SUIRIHasDEFate PV IRV TREGEL MR T“ﬁh@regﬁg'Enﬁ@Erme

fixation, cells were resuspended in 200-300 m Cytof
xlcytopern1Buffer (BD 55472¢ls. BD, Ca) and |ncubated
for 30 mn at 4 0OC. Cells were washed two tines in

Celth %‘f ?Ileerﬂﬂm tﬁl@yﬁr&g ste oée?tl n%q{d EEP e%%)wé} g%lltured on

resuspen al ni ng g sof G

MAQ@NIGaILm ﬂ@até’&leth’sr(&iBOg@latloﬁ)@l’ndrﬂlﬁfﬁellﬁﬁftm MbsRlifudoftRE protocol
For flom1c¥tonetr|c anal ysis, cells were stained with

outlined i 5jgusi @S PFICHBFY maEvﬂafrrwé@i?e%bOVﬁn HRiNA meg coltectada pha end
I
of S%\%tp ge 113% %@? l'd@@e Ivgaé %éeCpCR]dl\%a% Cg%\) Mcf%'a%}% (aﬁd endocrine

rnarl@fm lhaﬁystathﬂhbysd of {tRab Bi-4. $3ﬂh§ac tooresul [tsabiditoezichyith H1 line H9
11 é%&onatlon No ACO.O 1:5 é; &§||S wer e i.ncubat
celly B o RS O By OF (6 SRS STHOBE e
buffer and further 30 min incubation in appropriate
secondary anti bodi es asEﬁgAég@@7 Goat anti - Rabbit
Al exa 647 (I nvitrogen No 1246) or Coat anti-Mouse

647 (lnvitrogen No. A21235); Goat anti-Rabbit R-PE
(Eheoletent of Meslia Supplegrents o thecAkilithaok PIHHPP B8 Stam ells to

used at 1. 2%(@%#%’% tOF&JlJﬁ atit Efid lbeeéeﬁst | east

once in Pernl er an anal'yzed using BD
FACSArray. A least 10,000 events were acquired for
CelladithedivsmanGomtiryalis stemodelidand Hindi }Sefssa@rﬁ@i wadredultired eh| s

h
M@@ﬂ@@ﬁ? éﬁ? Faihad! a@éﬂppw SR t%ﬂ%ﬂ%éﬂ?&t%%% pitocol
outlh{éd%tl ?@r@l & l\kll{hl'{[l@ §xce§ﬁ§tﬁﬁia?1nls%m%%'lt{ﬂeg DOFENGEQD Bhfhi ledia

t ages Differentiation Protocol
was@uplblﬁmemted wnPf'n (Iﬂfr é%l IEZ’Upr e (ehl‘etrogml Eﬂbﬂ“ €8sB8A. ofll other

oL B RS RE G BB SE L RIERIAT s
werklcoll@tedia $SRAAEA tNESR JTtabd B &1d 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.

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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MATRI GEL(tn) coated di shes (1:30 dilution) and
differentiated according to the protocol outlined in
WO2@andshs, with the exception that that 50- 10BCTHH2008/084705
of Chordin (R& Systens, 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 2 1 a-b) reveal ed very
simlar expression of insulin and synaptophysin as
observed with addition of Noggin at stages 3-4.
Exanpl e 16Differentiati on of Human Enbryoni c Stem
Cells Cultured in the Absence of Serum on Tissue
Culture Substrate Coated with MATRIGEL(tn) to
Pancreatic Endocrine Cells. [0250] Cells of the human
enbryonic stemcell line HI, at passage 39 were
cul tured on MATRI CEL(tm) coated dishes (1:30 dilution)
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
endocrine markers harvested at the end of stages 3-6.
Simlar to results obtained with H line, HI cells
were able to express markers characteristic of the
pancreati c endocrine |lineage. Exanple 17 The Effect of
Medi a Suppl enments on the Ability of pluripotent Stem
Cells to Differentiate into Pancreatic Endocrine
Cells. [0251] Cells of the human enbryonic stem cel
line H, at passage 39 were cultured on MATRI GEL(tm)
coated dishes (1:30 dilution) and differenti ated
according to the protocol outlined in Figure Ic, with
the exception that in sone cultures, DMVEM F12 basa
medi a was suppl enented with 0.25-1% B27 or 1% N2
(I'nvitrogen, Ca) + 2% BSA. Al other conmponents of the
differentiation protocol were kept as outlined in
Exanpl e 12. Sanples were collected in triplicate at
the end of stages 3, 5 and 6 and anal yzed by real -tine
PCR Figure 23 a-d depicts real-tinme PCR data for key
pancreati c and endocrine markers fromcells harvested
at the end of stages 3, 5, and 6. Use of N2/BSA as a
repl acenent for B27
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resulted in very simlar expression of key pancreatic

endocrine markers. Furthernore, concentration of B27
wW@owbd7d5e2 | owered to 0.25% wi t hout si gni fi cant PGT/US2008/084705

af fecting expression of key pancreatic endocrine

mar kers. [0252] Publications cited throughout this

docunent are hereby incorporated by reference in their
Whetntiret%HAlthough the various aspects of the

Y ERNSHShave been illustrated above by reference to

exanpl es and preferred enbodi nents, it will be

AP artRIdedr ploatcihd BclBCAPSHIObT flNose il dt@NinkSlirfl@Lidhied from

not by the fore?oing description but by the foll ow ng

cl ailwrepasers pert sells.oresnrised thesleps 9f i nci pl es of patent

| aw. 63What is clainmed is: 1. A nethod for producing

cell's,capgh - St ated insulin secretion

fron1%|ur|p%@%g@ag%gﬁﬁggﬁﬁ%?ggghprising the steps of:

a . Culturing the pluripotent stemcells, b.

Di f f ebedifiatanngtinghthe pluripomat e stlemte edllssxpresong elatlsrs

expr essi mar.kers. characteristi.c of. the definitive
endoder P TAEHYE OtAhe AP TSy SHOPSRT HFshe cel | 's
expressing markers characteristic of the definitive

endoder milfeR@asEnd Mt QcltLdxlpesSitp MEFRAre hdFBtk@ti® of the definitive
characteristic of the pancreatic endoderm|ineage, and

d. Diff endpdaratlingasa ineo edls lespresspremeikaty aharakterigtic of the
characteria%gﬁsgﬁbag R&ggre%hic endoderm | i neage into

an a . .
cell s exXpréssing markers fidfdcteristic of the

pancreati c endocrine |ineage. 2. The nethod of claim

1, whér aififetdneasigethe otllgixdptariap naakdrn ghdringerisel lof the pancreatic
expressing markers characteristic of the definitiv

endoder rﬁng?q?é@g}él%ﬁ latq;@(fhs SXRRPNRE RS Srbptagtegistic of the

char act ahé%&ﬁzgﬂbggﬁaﬁgﬁgéeatic endoderm | i neage is

achi eve y treating t el | s expressing narkers

characteristic of the definitive endoderm!ineage with

at Theasttharhe! ¢laiot brvisetie thederf olatiffeteatiggingube cdbsixptassigg

of retinojc aci. FGF- FG-4, FG--7. FGE-1Q,,.a.soni.c

nedbihi ShmREr s or e Fuie SupdEriiseE g B

BVMRnarR&Wd cRard@bFidtld: of the pancreatic endoderm lineage is achieved by 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.

3. The method of claim 2, wherein the cells expressing markers characteristic of the
definitive endoderm lineage 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.

4. The method of claim 2, wherein the cells expressing markers characteristic of the
definitive endoderm lineage 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
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3. The method of claim2, wherein the cells expressing
mar kers characteristic of the definitive endoderm

wo pveaysIare treated with at | east one factor BEI/E810081084705
fromthe group consisting of retinoic acid, FG--2,
FGF-4, FGF-7, FG--10 a sonic hedgehog inhibitor, a
factor capabl e of inhibiting BNP and a netrin for

ne .t.a, abou hod, of claim2, .
andteoguadn e Fortal o HhinkdeSRRARHbT bt forioght six
t hgudefinitive endodermlineage are treated wth at
| east one factor selected fromthe group consisting of
retinoic acid, FG--2, FG--4, FG--7, FG--10, a
goniihsheetbehoiclainh?. byhesein the dedls cupressappaphrkegsfcharacteristic of the

ll'ﬂ geﬁin{thfe %ngw Hi[l%ﬁllga ar}g}]reéted w?t% aas%&%t aé&loga%{h?ibltor and at

sex

marlkat snchatpasslestediom b gitonp cdﬁs‘lstﬁngtdf\Fe}femmmﬂnFGF 7, and
i nea e are treated with a sonic hedasho i nhi bitor,

and @lt-1 éerstoniracriaabet thsp desetplionrby ficatipimihs cells with a
co %ﬁhﬁtﬂeagehgg a@gﬁ? e’t:%'cglmd':gﬁ% dt I?a%pgncff %Etolr g%lé&éd from the

about one hr'eé ays, y treating

t heerawl ¢cslsmmg'|oﬁF@Em € Gliret] €6 g, andHdd -1 0 for abetbt aneite about
acHd nd at | east one factor selected fromthe group
con8¥st¥hg of FGF-2, FGF-4, FGF-7, and FGF-10 for

about one to about four days. 6. The method of claim

5, MRen&héd bhQaieeh | vwh@XR MRS I8 gx prasHe) HakRArRata8lctiSlid 6f the
of the definitive endodern1llneage are treated with a

sorfieéintied gedmigrm himcgget m treaipdi wath al seaisthedgehogaehibitor, and at
'S:g&ge C% 8ne E@gs_él?c%e(?ﬁ & olino%i) %tprllsqgglwof '1:3%;7 g,.rF elg:nélflﬁFJ and

of[&ﬂ&ﬂﬂﬁ&hmﬂmmﬂnﬁemapne cel | s expressing markers
characteristic of the definitive endoderm|ineage are

treated with soni ¢ hedgehog i nhi biitor, retinoic
dcilpe meiho Aa@ (wERT. EHEN Xoq 1S SIS RERERSF REcigrigtigof the
Co%ﬁﬁ#tfv@%n&’&deﬁ@fm@agf;’: %fréatﬁ&: gﬁh 250 qwﬁ@ %h%ﬂlﬁﬁor ret1n01c

about four days erein
celalcsi exdatdssst nge fmatok selsctehfoache gro&pwonmmtghnef FGF-2, FGF 4,

ooy THRTTD o doghogPauil © (1ot ed wih @ some

8. The method of claim 2, wherein the cells expressing markers characteristic of the
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.

9. The method of claim 8, wherein the cells expressing markers characteristic of the
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 three days.
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| east one factor selected fromthe group consisting of
FGF-2, FGF-4, FG--7, and FG--10 for about one to about

wo koee7idays, followed by treating the cells w PEI/EHS2008/084705
soni ¢ hedgehog inhibitor, a factor capable of
inhibiting BMP, retinoic acid, and at |east one factor
sel ect ed fronrthe group consi sting of FGF-2, FG--4,

-7, d 10, f abou ne to about four days
Bt ok iR el Cxps e e haG e Ric of the
Mardedihfive RAd@tRNined deCar® fredtBE witfal sBhici N8 Q0P RIAH MY, a factor
lineage are treated with a sonic hedgehog i nhibitor,

andapable eﬁmhlbaim BMd: oatingsl asost, end atrleast phefagronsglected from the

Coazodt dchistihe SEFGE2. BEEL e sy i By bRl dovs.

the cells expressing mar kers characteristic of the

defTheirhétied endaide?, nvidreia aigecodls expresateflatdctsitharasfiktic of the
hed ehog inhibitor, a factor capable of inhibhitjng
ctingipve ﬁariqdea@ﬂ@eame patr e aonpictsdeehoedulibiittesnd at

r ¢ AERHBIER 9ok £ Ing PG 2’:Egr:FZ FARY and
(T oy Boeup

or about met hod 'of cl ai m
wthEFmOﬁhemoehhgtexpmﬂsmnagmnaﬁﬂbM$dmhaﬁznmgﬁmstﬂswﬂha

t he def i ve endoderm i ne re W t
sorrpewrr@%%wsgmrﬁlmrbr fastor Carri?f‘a?falrl@a gﬁéM f%\E?tB‘P “retinoic
Se'a%ﬁit 864 L1105 BRG0P YR GONELSLhE Gro cEﬁi:st%g JrEGH2, FGF-4,
FGF-7, and FGF-10 for about one t0 about three days,

f ol H(@ivé darishF Glr-d 8 tfomrapotihenede labsutvipeidays.soni ¢ hedgehog
inhibitor, a factor capable of inhibiting BMP, a

t e n east one f act o
G Tetuh ) B P R et PR UEe RS Yregryrisic of

FGithd defﬁﬁﬂvd:éﬂaoli@nf Bicagd andttrcattd wich akenid hédgldhogjﬁh}dﬂntor and at
12. The nethod of claim 11, wherein the cel

exd?aéégr%@cr%ﬁ%qt@d frpmrthe glomp sonsistg of ﬁ@Fd%,fEGﬁ i §gF-7, and
ﬁq%gqgmh%mg (%Qﬁggreated with a sonic hedgehog

tor st one factor selected fromthe
group consisting of FGF-2, FG--4, FG~7, and FG-- 10
i &rTieboethod bf daindbl svhetSn thkhellsretredingfmadkenis wharheteristic of

t.he cell.s expressin rkers chayact rls i.c_of
¢ hahGEG GEouSabRE Felbaba et FruapaEelig Rhipior o
SONth&oNaPHasIeRd idhM1tiRE BMP, adhetdf kQnofaRadla8d af least one factor
inhibiting BVP, a netrin, retinoic acid, and at |east
oneckeated dyom the group con51st1ng of FGF-2, FGF-4, FGF-7, and FGF-10 for

about four days.

14. The method of claim 2, wherein the factor selected from the group consisting of

FGF-2, FGF-4, FGF-7, and FGF-10 is FGF-7.

15. The method of claim 14, wherein the cells expressing markers characteristic of
the definitive endoderm are treated with FGF-7 at a concentration of about

50pg/ml to about 50ug/ml.

16. The method of claim 14, wherein the cells expressing markers characteristic of

the definitive endoderm are treated with FGF-7 at a concentration of 20ng/ml.
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selected fromthe group consisting of FG--2, FG--4,

FG-- 7, and FG--10 for about four days. 14. The net hod
w@Rooglzism 2, wherein the factor sel ected from PEEUSR008/84705

consi sting of FG-2, FGF-4, FG--7, and FG-- 10 is

FGF-7. 15. The nethod of claim 14, wherein the cells

expressi ng markers characteristic of the definitive

z@gﬁ}e %h@(i ﬁ]i ct:l{ngla vgi'tﬁrelg g le%'éss?nﬁ%gtg%g?s}citg}a&%ﬁstlc of the
Cl ajchhitie MIETcEh Ard REUSEWIE r@¥BIERS 2% dFRE&RFaBion from about
characteristic of the definitive endoderm are treated

wi tinMr@RabpuaimM.concentrati on of 20ng/ m .17. The
met hod of claim 2, wherein the cells expressing

?’g.réllg}% nﬁetﬁ&f‘ é@ é‘i& ﬁ{i 5&,111&618 tl(lje pc 1s %gljétjegglﬁegnli{tgrl&%&dc%g%rc@@tlc of the

nol ¢ aci

abalgtinitidechdodebaute fredidd d8h rebheideidad @hcaltatioh 8f 1uM.
wherein the cells expressing mar ker s characteristic of

L. nccustbhed G o JB1eTTn 9 Sonls VRIOP RO CEF AP e

wherei n the sonic hedgehog inhibitor is cycl opam ne.

20 ThERRetI®d bodaia] 1 haicRid Syclyhekin ﬁ ¥§ h@@dﬂc@rﬁrdt&n from
used at a concentration fromabout 0.1 nMto about I

Omivbotl). 1 igo peattd@udE. ¢l ai m 19, mherein cycl opami ne
is used at a concentration of 0.25mM 22. The nethod

%me%ghwglr ei he?emgl élgplzhn? gp % sgd gt cor}{clergratt

H60%0
whay Mt he BMP4 |nh|b|tor IS noggin. 24. The nethod
of claim 22, wherein the cells expressing markers
characteri tic of the definjtive endoderniare treated
we-t HeBey Wsiof btlaig Sorasit the feler eanshicaduftibibipg R Ris 3 GMP4
aqu&b1 /. 25. The method of claim 22, wherein
the ce expressing markers characteristic of the

definitive endoderm are treated with noggin at a
gdnldermethed ofnclaim 2 Grigterh the BMP4 inhibitor is noggin.

24. The method of claim 22, wherein the cells expressing markers characteristic of
the definitive endoderm are treated with noggin at a concentration from about

500ng/ml to about 100ug/ml.

25. The method of claim 22, wherein the cells expressing markers characteristic of

the definitive endoderm are treated with noggin at a concentration of 100ng/ml.

26. The method of claim 2, 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.

27. The method of claim 2, wherein the cells expressing markers characteristic of the

definitive endoderm are treated with the netrin at a concentration of 100 ng/ml.

28. The method of claim 2,wherein the netrin is selected from the group consisting of

netrinl, netrin 2, and netrin 4.
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26. The nethod of claim2, wherein the cells

expressing markers characteristic of the definitive
wepwohasm are treated with the netrin at a PCT/US2008/084705

concentration from about 500ng/m to about | OCOng/m .

27. The nethod of claim2, wherein the cells

expr essi ng mar kers characteristic of the definitive

e.trea W .t he netrin at.a )
S hed Sribrr L oohan e MGl ablidung rellycaprposing
2, Viﬁeﬁrk@ﬂs @h&tﬁ&eﬁﬁfcrdmhé BarRRlaf6 bRE IR ThEHR iSbQREMs expressing
consi sti n% of netrin 1, netrin 2, and netrin 4.29. The

metrhalers Chaketenstic, oflnepasicreatip en@tcelpe bheagefif aheaveil &y itiggting

th S, BXpress aracteristic qf .the.

g Sl B B AR TRl BT RE bRhRisoBbgdr tincoge

Mankie § faetrtiag ieibisd the TOF-BIRG panedyeat i c endocrine

Ilneage i s achi eved by treatlng the cells expressing
kers characteristic of the pancreatic endoderm

ﬁﬁ) @lgg@etm pf dainyeds gyherqimthe; CﬁH? BYRIESSRaMarsets (gharpcteristic of

pattﬁ cregalgc e ﬁ&nﬂ@ﬁﬂﬁ@%e%&e ﬁé?ﬁécmvﬁﬁ fﬂﬂ&r tﬁhﬂnﬁllBﬁs ﬁl%l”l*(?F-

expressi ng mar teristic o e pancreatic
endiik:i ipatawlay ieadeutse tbabaitedclvmetdhysa fact or t hat
inhibits the TG bR-1 pat hvvay for about one to about

AL T Rsdatsii T0RvETan Bisili PufpStitdngheR gerdolefiic of

Pangé paHctatie BARSinB %nbdgg%@@@ea@é@wttﬁ aFhAak thhtihhiditl ALUIGE-
that 1nhibits the TG pat hway for about five to

abdiR-1 padaviag f@ra%b;@ut@@toﬂbeu‘frmleh@diam claim 29, wherein

the cells expressing nmarkers characteristic of the

RAMLGRMNGI SRARRLAOSAERA%AL B A LSAREr LA Rl B or

daythe padidreafibendriine (ﬂln@dge@lrﬁatrmté’@wlthﬁaEﬂi(ﬂdnfthhﬂ”lﬁhﬂbas theITGF-
that inhibits the TG--bR- 1 pathway is an inhibitor of

G%Hﬁhpithwaﬁégreabogﬁtweﬁ?éiaﬁfét hod of claim 33, wherein
the factor that inhibits the TGF-bR-1 signaling

?t'ﬂi@@ﬂethéd 1AM iR Eheng%:topﬁatlmhib%%?e T@P-BRIDBathway is

hod of claim 34, wherein the TG--bR-1 kinase is
usem 1ah1baormfﬁw"rﬁRal kioasef r om about 0.1 mMto about
| CO"M

34. The method of claim 33, wherein the factor that inhibits the TGF-R-1 signaling
pathway is an inhibitor of TGF-R-1 kinase.

35. The method of claim 34, wherein the TGF-BR-1 kinase is used at a concentration

from about 0.1uM to about 100uM.

36. The method of claim 34, wherein the inhibitor of TGF-BR-1 kinase is 2-(3-(6-
Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine.

37. The method of claim 34, wherein the inhibitor of TGF-BR-1 kinase is [3-(Pyridin-
2-yl)-4-(4-quinonyl)]-1H-pyrazole.
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36. The nethod of claim 34, wherein the inhibitor of
TGF-bR-1 kinase is 2-(3-(6- Methylpyridin-2-yl)-

WA RhopPTEeDl - 4-yl ) - 1, 5-napht hyridine . 37. ThePe®UR208/084705
of claim 34, wherein the inhibitor of TGF-bR-1 ki nase
is [3-(Pyridin- 2-yl)-4-(4-quinonyl)]-IH pyrazole. 38.
The nmethod of claim29,wherein the cells expressing

rkers characteristic of the pancreatic endoderm . .
PR G e G Eo P P hira bt ooy TP GE S & 4G Gng o sdgrbic of the
selpaéesid m&a&hﬂn&ragy BreQBARdrEdaRd vith & 1EACHR fab@PE&ed
of inhibiting BMP and a netrin. 39. The nethod of

cl dram the gaper ednsisting o5¢ &stavfcaphibid efrighibiting By Prand agetrins
expressing markers characteristic of the pancreatic

§£dﬁ1% réﬁl&d {)11? gi%} i,ntﬁ"er&ﬁ It es’st%< &f fvgl ﬂ%ltﬂ%&h? Clls ex ressing
Chiaracteristic of the pancredtic endocti e T Ineags 1a
achhaked chyrattegald dTghd penrceatlit sndxipre $iatdpg inm@Idsls Sxpressing
characterjstic of the pancreatic endoderm.|ineage with,
a fokes chaasterisile afithapangecaip eadpceing HAFAZR S PRGRAPY treating
an ‘ halih ey ‘
R R
mankigr s fackartiaa tigrbist the Nofcht dignapag patbevhiy candradactor thet inhibits

i nea e treated with a factor that inhibits the
Noﬁ@ﬁggfaﬁ%ﬂﬂﬁgwﬁﬂthmay, and a factor that inhibits
the TGF-bR-1 pat hway for about one to about twelve

g@yshe rAdthod BEcIaBt SR 1REcif R A1 SxpritdifipahitkbRh&@teSstic of
expressing markers characteristic of the pancreatic

endbe pansecelic gadageing liacageast wehted with a facier that inkikits the Notch

i nhi bi t.s t Not.c i gnal i n t ; d, a_factor
el bt AP0 s AR BRI PREL Bk PR Bt one
abagtbéwehviecdays. 42. The net hod of claim 39, wherein
the cells expressing markers characteristic of the

pancreatjc. endocrine lineage are treated wwth a factor
thakhe; nﬁ‘ﬁL‘M 9§Cq%1me3 Nothereia ﬁw&ﬂﬁ R TpRtRMY ke shargeteristic of
fa . inhibits - . V. .
e LA R
f acigmalibdpsthivapidoi tafactuethhioinbibits ilgriBGF-H& - ppsthway farsibaut five

- i nhi bitor.
g S,[g %Boe&t?v%glve aysp to

42. The method of claim 39, 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

twelve days.

43. The method of claim 39, wherein the factor that inhibits the Notch signaling

pathway is a y-secretase inhibitor.
44. The method of claim 43, wherein the y-secretase inhibitor is L-685,458.

45. The method of claim 43, wherein L-685,458 is used at a concentration from about

0.1uM to about 100pM.
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44. The net hod of claim43, wherein the g-secretase

inhibitor is L-685,458. 45. The nethod of cl ai m 43,
waL@pe70391 - 685, 458 i s used at a concentrati on PCDIB2008/084705

about Ol nmMto about | GOTM 46. The nethod of claim

39, wherein the factor that inhibits the TG-bR-1

pathway is an inhibitor of TG--bR-1 kinase. 47. The

thod o | aiim 4 erei.n the factor .that..inhibits )
TR o UM YRGS 0t BACHR ik MBS TGP MR bitway is
TCanhRhibitdd JTasGrF-pR3: kikh®. met hod of claim 47, wherein
the TG--bR-1 kinase is used at a concentration from

about 0.1 mMto about | OO"M 49. The nethod of claim
47, Thetraetbodhot tlaim Hhivdicran thef faqtarthgRnhibits HesBGFPR-1 signaling
2-(3:(6- . l.oyri di Pzﬁ_%_l)-- H pyrazol -4-yl) -
1, é’-%@ﬁ%%% ilt;r?elor.O%iggj.- elkrlr% Rod of claim 47,
wherein the inhibitor of TG-bR-1 kinase is
B8-THeyné¢tbodef Aaiytl 47, 4vhcdein tenDGEHPR} kidagyis azal @ .a cbihcentration
The, met hod of cl aim 29, wherein the cells expressing
rrarfROéPégQ}HQr £ shoyf EOQﬂl\%t he pancreatic endoderm
lineage are further treated with at |east one factor
s¢laRtRdndd OMILibes B ARiS BRShBbItBD Of GRLPRAL kRhsCiRABL(B-
of inhibiting BVP and a netrin. 52. A nethod for
pr ddetby ngridiat2-31) clapajiaeolet-y i lucogmhtistriding. at ed i nsul i n
secretion frompluripotent stemcells, conprising the

s, of.; : | 54ring .t he .pl.uri t [ .l
3 RE bt g b SR DG BB fRE P RE PGS i3 o
ex -gi§ei(@guikonye -3 Hopyanragé.eri stic of the definitive
endodermlineage, ¢ . Differentiating the cells
expr.essi ng rkers characteristic of the definitive .
ehddyersned 3&{@1@1 thivgerem tﬁﬂ% cell RS Ping Mpgk gt pharacteristic of the

c h%’aﬁ%%é SidoGerA liﬁé'ége %%ﬁﬁ&tt}&teﬁ%ﬁgﬁ%ﬁs{ LNeaeGr sdled
d. ‘Dfferentiating the cells expressing markers

c hdrac thergretp consistingef péavereapabie efidbidemy BMReadea netrimo
cells expressing markers characteristic of the

t dacr.i i .53. The.. . of..cl aimn
85K Gk Bl T PRATG e by BERAF o e At oW gt efon from
ex plagsitdid 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.

70



mar kers characteristic of the definitive endoderm

lineage into cells expressing markers characteristic
wW@toowh®spancr eati ¢ endoderm | i neage i s achi eveRChyS2008/084705

treating the cells expressing nmarkers characteristic

of the definitive endoderml|ineage wth at | east one

factor selected fromthe group consisting of retinoic

id, FG--2,.FGF-4, EG--7, FG--1Q. i dgeh )
38 s mahodor i 52, Wheip s P Sh QT BT B Cep Sl Pigssing
nethirRers efaradib@stRIMRAd Fnitt Aindb &3 m W8EEInty ENR &Blcksing

expreSS|nE markers characteristic of the definitive '
endoetkennchimetansiicaafdéhe pangreatic wdaderm lineagstis achecvicd by dreating

SCLRELSE AT S PURERNSIGE PR A AREALARACRS feage win
I nhit Paktdne factbiolc@tcddanacasrohp tdiisbhg bNEtiBMR acRINBGE-2,
netrin for about one to about six days. 55. The nethod

of RGE#nkGB-7, fiREr K. a see hedgaheg és&bbié%sa fagtorganedtesof inhibiting

ch teristiG of the definitive endodermlineage are
trggggds&#fﬁaé?'least one factor selected fromthe

group consisting of retinoic acid, FG-2, FG-4,

BGFLe, métsbd b laian SHwherdie dgpetetig cxprbisbigiroarkea chamttoristic of
capable. of inhihiting BMP, and a netrin for_ about si

day8® IGHIUYHARETHLYTGES Elieé’f%@é;‘f’lﬂhifé?aéf fng f6toe éﬁl?ge(i( from
eXRh& 8P YoARItEG 0T raiRi Al € HGH-b CF @ -4t PEFAEFGH-1d, YSonic
endoderm | ineage are treated with a sonic hedgehog

i nHieBg¢hog inkabidoras fdckasepabheot inbtbamesBMEe pretla ficttmieteout one
group qgnsi ting of FG-2, FGF-4, FG--7, and FGF-10

for® 8Bt *He>t 0 about three days, foll owed by

treating the cells with a sonic hedgehog i nhibitor,

p£ITHRah&h&E oflaiasB, athck@@dic @e ct@edstig makesicagraticasic of
the group.consjisting of FG--2, FG--4, FG--7, and FG--
10 thefefindr endpdermplinggae preftsatedyuiisat st ommiacior sHerdedsfrom

cl gj, i f*n%cﬁl fi % i® FOR5 SRGF AIraR! -1 i

charg%ggpfggﬁg g& t eoag(+%it|veﬁgﬁdodegﬁ{#ﬁgggégangw

t r datigchogiitiibaors @ fdctorlvepiddhofinhibltiny BMP, amhaneétin feadbut six

one, factor selected fromthe group consisting of

FG8¥S- FGF-4, FGF-7, and

56. The method of claim 53, wherein the cells expressing markers characteristic of
the 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, 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.

57. The method of claim 56, wherein the cells expressing markers characteristic of
the 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 three days.
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FGF- 10 for about three days.58. The nmethod of claim
56, wherein the cells expressing nmarkers

w@b@pantser i stic of the definitive endoderm | i NREESANE084705
treated with a sonic hedgehog inhibitor, retinoic
acid, and at |east one factor selected fromthe group
consi sting of FGF-2, FG--4, FGF 7, and FG~-10 for

t fo d The d of claim , erei.n.
SR e an O E B Sy iy TRt aPire it B shAghgHiflc of
defthd aéﬂﬁiev&adeaamliéag@ aeetreafee wiktleat&ae Wddbhéy 2aMMiter,
hedgehog i nhi bitor | east one factor selected

f r ostindieagd.cand at asi osmifmorcﬂ%ldc@d -fpom AErRrdyp EESisting ahdGF-2,

FChs f ou t bo t ree days, followed by
r e%‘i%g%ﬁ?t’)%%‘i F@E%Otfﬁr gboggﬁoiu ¢ ‘A¥dgehog i nhibitor, a
factor capable of inhibiting BMP, retinoic acid, and

89. Treandthehef dlaiat 83, vaetsae tiedefls emréhmgghmprscchmbmlimgof
of FG=-2, FG--4 FGE- 7, and FG=-10 for _about one to
abd’&? defiitiveepgledergplinepge aiedtatsd vih %ioailﬁh@@eh%@h&ﬂﬁr and at

t h%é%?ln!lesfa%PEéiéééc{‘ﬂ?ﬁ%é‘gfoﬁg%ﬁﬁsﬁ& g ﬁf’ S IGF t4h1eGF 7, and

definitive endoderm i nea t’h a soni
hedgﬁhdgﬁmnmobmnmnoabmdthteHeﬁsﬁﬂbnedmaakmnngekeeﬂednha

fromt up .consi st.i ng of FGF-2, . FG-- a
Giﬁmi’@q‘ﬁgg hasg%hlgiqireﬁa aﬁygpabéelof ISR fmeE’iCa‘ic Cand at

59,106 Efabtot BReG8d FrdmaKP LR B8k MRckRTHF-2, FGF-4, FGF-7, and
characteristic of the defrnitive engodernilineage are

t r d4iled0 Wrtdbont @erid ebhedgetdays.i nhi bitor, a factor
capable of inhibiting BMP, retinoic acid and at | east

B 6030 SRR 89 R IR A BP0 3 Pl o
62.thd. ﬂﬁiﬂﬁ&d@ﬁo@émﬁh@a@% b2, traakednvgitina §ditc B&lgeBog inhibitor, and at
expressing markers characteristic of the definitive

enderrbpra fapioeagectad BomrtBagoyp GPRYStR e A -hdifgferiogur-7, and

in I t one factor selected fromthe
gr?u(%b ggﬁ%ﬁagtgﬁtntﬁ{ee LAy 2, FGF-4, FGF-7, and FGF-10

for about one to about three days follomed by
6 ekiteimghedef dain 59, wiltereim ttearils exyedgetpogarkofsichamoterista of

fac or_capabl e xhi biting B a netr et

it Seffal i encedum Bifact oprgalidct st polsebHeRGp o

Corfﬁét&t ¢pabielof ERfbifing BMP, 4etinoic 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.

62. The method of claim 53, wherein the cells expressing markers characteristic of
the 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, 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.
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FGF-7, and FGF-10 for about one to about four days. 63.

The nmethod of claim62, wherein the cells expressing
WorerreTEsIThar acteri stic of the definitive endoRE&r/n$2008/084705

| ineage are treated with a soni c hedgehog i nhi bitor,

and at | east one factor selected fromthe group

consisting of FG~-2, FG--4, FG~7, and FG--10 for

t t e S. 64.. The nethod of c
PReteanrbSEof B Lo R gmelett sie R S ok B s L of
defthd ey eadedanMihda g@a&etreafe@ Wwikteak&ec Medgbhd ﬁﬁiﬂlt‘ér and at
hedgehog i nhi bi tor, actor capabl e of inhibi

ng
BVRcasgomeefacion seleaed ﬁromdh@gmdp camystang of &#&81-2.drfer FlaEGBﬁ, and
sel fr oup consisting of FG--2, FG--4,
FG‘—P?%'?Q&T E%FtFESefg*% >:about four days. 65. The met hod
of claimb53, wherein the factor selected fromthe

§4t Olhe e@had of élagh 6, wiekei theFdelts dxprEdsingimarktd chédetefkticsof
G--7. 66. The mathod of claim®65, wherejn the cells

ex phedefimiivesidegsra linpaes aicdrsaied;vithng samighesigeheg nhipitor, a

BT S P ML Tl RO SEALL AL e

cl achred ,frommmegrmupt doasicehd of EAPLeB&FAY Fﬂifr keamd FGF-10 for

chaahaw@é t|c of the definitive endodermare treated
792 a concentration of 20ng/m . 68. The

nmet hod of claim53, wherein the cells expressing

BRITRRcthbRb LA LeT 535tv¢'1iér&ﬁ thhactdeddidvtdd ﬁ‘&n@ﬁbdg%@ﬁﬁ BoRlisting of
treated with retinoic acid at a concentration from

abdiF-2nbF ¢, Hobut, andWGFe) isTHed -Aet hod of cl ai m 53,

wherein the ceIIs expressing mar kers characteristic of

?efah%gﬁ%cgdé&n l on g\?{ Félmee ! 8? @%;ﬁgss m§tlﬂ %glts fcﬂgtlagteﬁgﬁc of

53, thavbiefirdiive éﬂaiedaﬁmre tizedd ehithgrGIHTiab b icoticen8ation of about
cycl opamni ne g’]? net hod of claim 70, wherein
cycﬁoﬁﬁfaél?'htﬂéf"i’lg S0uglat a concentration from about 0.1
mMto about | OM 72. The nethod of claim 70, wherein
6’7 CHRRAThOEoF c‘lalﬁﬁ'@ﬂ vitler@n GRNGAD Ei&%ésﬁ{g RfrkErs %ﬁﬁ&%tgﬁst%c of

The nmet hod of claimb53, wherein the factor capabl
i nhh@dtﬁm@ve&%dod@’naarsmated with FGF-7 at a concentration of 20ng/ml.

68. The method of claim 53, wherein the cells expressing markers characteristic of
the definitive endoderm are treated with retinoic acid at a concentration from

about 1nM to about 1mM.

69. The method of claim 53, wherein the cells expressing markers characteristic of

the definitive endoderm are treated with retinoic acid at a concentration of 1uM.
70. The method of claim 53, wherein the sonic hedgehog inhibitor is cyclopamine.

71. The method of claim 70, wherein cyclopamine is used at a concentration from

about 0.1uM to about 10uM.

72. The method of claim 70, wherein cyclopamine is used at a concentration of

0.25uM.
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inhibitor. 74. The nmethod of claim 73, wherein the

BMP4 i nhibitor is noggin. 75. The nethod of claim 73,
wob@pe705921 he cel | s expressi ng markers charact ePCBHUB2908/684705

the definitive endodermare treated with noggin at a

concentration from about 500ng/m to about | COng/m .

76. The nethod of claim 73, wherein the cells

rker rac stic o ef.initiye
T aRng SPOELE L iR R edagbhCeatils L GHRSHE B apmpe
10Qp@ibirdr. 77. The nethod of claim53, wherein the
cells expressing markers characteristic of the
definitive endodermare treated with the netrin at a
¢onldernethed ofrclaimpd, athstrin §e0YPAiinkibiteiipnegdiCOry/ m .
78. The nmethod of claimb53, wherein the cells

Zﬁgl‘h%srﬁétﬂgd 1513{ é&h‘%ﬁ’ﬁh}% deﬁg E)?prggsn{g‘ﬁa&%fs cﬂﬁlrabt\éﬁstlc of

odermare trea
C onhedéfirtiveoendoferiiDire mgated withthoggireat mebhemhtrafiore frammbout

erein the n inis selected fromthe group
ﬁﬁ%g@@ﬂ 6W“ﬁé§@ﬁwml netrin 2, and netrin 4. 80. The

nethod of cIa|n152 wherein the step of

6 FfRROhdREF ﬂﬁn{ )ﬂ? vﬂ{%kélﬁ' tHXdRI1§ §§ﬁr@@1r§91f15&51§ characteristic of
characteristic of pancr eati c end I neage into

celths d@kpm\ees@ldngemam drcsted mathamiggin a iconegdtatien of 100ng/ml.
pancreati c endocri ne Iineage is achieved by treating

I7171 efhe%ltﬁoc? 3P C}%%]Séf %Y | eln ceﬁ§ %{p%%f r%&rﬁqgﬁ%gcila}agt%ristic of

pancrea c en neage

I NRhddéfmitiVeenicerfard tﬂ@aﬁeh weth th@detrihea oBidReGatddn fedraiabout
80, wherein the cells expressing markers
chaXfeg/arlita pheut dP0ug@l-pancreat i ¢ endocri ne Ilneage are
treated with a factor that inhibits the TG-- bR 1

@@t'lﬂ}@gifetg&{ ?9&9891{ 5PRMhetdn aRaus E%iﬁ}ei‘éﬁlgd[ﬁy&eé ZharhBristic of

aim 80, ereln t S "expressing
marthedefimter axdbdenmsark dreated tith thanetrieat i comedoatianye 100
Ilne%ﬁg are treated with a factor that inhibits the
1 pathway for about five to about twelve days.
83. The nethod of claim80, wherein the cells

X PIRSHHNE] FBIIKET $3, GRadkacthenb®inii§ sd@écted from the group consisting

of netrinl, netrin 2, and netrin 4.

80. The method of claim 52, 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.

81. The method of claim 80, 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.
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t he pancreatic endocrine |lineage are treated with a
factor that inhibits the TG-- bR-1 pathway for about

W v esemys. 84. The met hod of clai m 80, wherBCTUS1968/084705
factor that inhibits the TG--bR-1 pathway is an
i nhi bitor of TG--bR-1 kinase. 85. The nethod of claim
84, wherein the factor that inhibits the TG~ bR—l

%% gﬂ%l ntﬁ%(f ﬂj{)(g H? 8(§:|S\)\g}aeﬂqulg §1hi gﬁ)ﬂ]t% E%?rgsfsmga\r@r_ B‘ﬁarilcterlstlc of

Ki NAS BarlcBeakid %ﬁid&hn@ 1GNP fradtéPRith h R tGRALT inRibks TV -
about | COMM . The met hod of claim85, wherein the

i nHiRsil pathwof fqicabobﬁ-i\zte toi ahastewickvealayg- ( 6-
I\/Iet hyl pyridi n-2-yl)- 1H pyrazol -4-yl)-

SFI{E:E}RQL%%}/ Sf é:iji}] HBS(% V&ﬁl%i‘ﬁ%n-lr %@E&h)gpqﬁs% n Crllgrﬁ(ni]s %Earacterlstlc of

ere n
[ 3-thPpdricekiaric c@dodrine dinCabeqind meanyd Wthla Ifbcpwtamhlelbltﬁﬂle TGF-
The met hod of cl aim 80, wherein the cells expressing
mariBef Hatbnay £ adopstvedvetaybhe pancreatic endoder m
lineage are further treated with at | east one factor

88 | ﬁ&trﬁ%héd 91!‘@15&1%@ LR RISt &bt B ﬁatnb@ts HRCTGE.- B‘I@Pﬁ@t’h@zay is

inhibiting and a netrin. . The et hod "of
cI amrmlsmtowdféﬁ(élf iRt hkingseep of di ffer entiating the
cell's expressing markers characteristic of the

r eat ode l.i nea . expr [ . .
e St FERET T LoreP G AR b Py BB AR signating
| i nRageyiis araihishoedf G pRatlinget he cel I's expressing
rmr kers charact erl stic of the pancreatic endoder m

lineage with a factor that inhibits the Notc

8¢-grisimethopak Halayss. aigran theck GF-PRhhkinpsmis Eslﬁctdsattawencentratlon
TG%&BH}O&@H WYo Sbut &ﬁk Nt hod of claim 90, wherein
mar

the ce ressing ers characteristic of the
pancreati c endocrine lineage are treated with a factor
8hakheimdthdud ofclaine Nothekeis ilgnahibrigr fak GRER-1 Bmdseas 2-(3-(6-

facto s the TGR-bR-1 _pat hway for about
o8t asBt Fbr b Puag - R BB of o1 o m 90,
wherein the cells expressing markers characteristic of
BHETHRANGHERST Aai@NER) GFHcREn ti8RIBRoBE T GF-BRL ERinwbd iB [ R (Pyridin-

factor that inhibits the Notch
2-yl)-4-(4-quinonyl)]-1H-pyrazole.
89. The method of claim 80,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.

90. The method of claim 52, 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 Notch signaling pathway, and a factor that inhibits
the TGF-BR-1 pathway.
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signaling pathway, and a factor that inhibits the

TGF-bR-1 pat hway for about five to about twel ve days.
wWQ@09s92ret hod of cl ai m 90, wherein the cel | SPCT/US2008/084705

expressing markers characteristic of the pancreatic

endocrine lineage are treated with a factor that

inhibits the Notch signaling pathway, and a factor

inhibits the TG--bR-1 p for ab wel ve .
b atne' g hodfEerhBT o St e D s e i shif ke Gitic of
t hafhe paRtdatit Sndt@inbIdhEdyc Sk ORIt itR a6y thhSinRibits the Notch
g-secretase inhibitor. 95. The nethod of claim 94,

Wn @t@ahng h@thga:s,emd atfaeter thatinhibite thei BGE-PBSE pathBay 68, about one
nﬁ qi 2 dcI aim94, wherein L-685,458 is used at a

con8él AP oR ““¥om about O 1 mMto about | COTM 97.

The net hod of claim90, wherein the factor that

DhTHei h&hédef & PiRwhepdh weells sx@bssingthikts rCh@IfaCterlstlc of
TGF-bR-1 kinase. 98. The net hod, of cl aim 97,
t heéh¢ BRCETatiE KBOGTiR lipPags arncareswiika faciorghal lrﬂw&lts the Notch

o S TP B SRSy Flon o

usedahfbutawelaadeyaratl on fromabout Ol mMMto about
| ©O™™ 100. The nmet hod of cl ai m98 wherein the

bi t K
b5 s hbad PEg T el Biael e Sprsing ke chemgigrivine!
r | dhdBankBhtic Theodimt Miaghgefardhrédtn &ﬁh a\W@6th B ihRiBits the Notch
inhibirtor of TG-DbR-1 kinase is [3-

( Pystgnaling pathwyy.4nd 4-faetpindatinhibits FepllecBB- bpathoay fortbout
rret hop\l}e%f cl ai m 90, wherein the cells expressing

&r's ‘@uracteristic of the pancreati c endoderm
Ilneage are further treated with at |east one factor
949 I Eretrﬁethéd ofelairedqy mdicpein aesthstbt thgt @hibats tlacotch sigpalidge

Mbltl ng BMP an g a netrin. 103. A nethod for
prd&‘ S 8 ATSCECRRD %%g markers characteristic of
the pancreatic endoderm i neage, conprising the steps
9% ‘The method of claim 94, wherein the y-secretase inhibitor is L-685,458.

96. The method of claim 94, wherein L-685,458 is used at a concentration from about

0.1uM to about 100pM.

97. The method of claim 90, wherein the factor that inhibits the TGF-BR-1 pathway is
an inhibitor of TGF-fR-1 kinase.

98. The method of claim 97, wherein the factor that inhibits the TGF-R-1 signaling
pathway is an inhibitor of TGF-R-1 kinase.

99. The method of claim 98, wherein the TGF-BR-1 kinase is used at a concentration

from about 0.1uM to about 100uM.

100. The method of claim 98, wherein the inhibitor of TGF-BR-1 kinase is 2-
(3-(6-Methylpyridin-2-yl)-1H-pyrazol-4-yl)-1,5-naphthyridine.
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a . Culturing the pluripotent stemcells, b.
Differentiating the pluripotent stemcells into cells

We2peedsINg markers characteristic of the defiPCT/US08/084705
endoderm | ineage, and ¢ . Differentiating the cells
expressing markers characteristic of the definitive
endoderm | ineage into cells expressing nmarkers

i A R N
di fibergata j4qg_(¥lﬂl%lg,§)l]hg_§9mi&§_si ng markers

char act eri_gl:)i c of thé definitive endodermlineage into

cel I s expressing markers characteristic of the
pehcr eaths recibiodtier ¢hein Ywhercinsthg epllsesxperspipe nraglears ng
t he | J ' ar ract.eri-st h
et RS RSB AR R TR BE BRMGE ol Wt los
s el e tfadorf detdicd Feong tHeuRoWOEBIsBin@ af Dfacte@ chpubdicofiahibliting
FGF-2, FGF-4, FG--7, FG- 10, a sonic hedgehog
i nt3MP@8A 2 ngtrimact or  capabl e of inhibiting BW, and a
netrin. 105. The nmethod of claim 104, wherein the

s o . S o
o i 1y e A A PR Sy e Rerisfig g he
ongrahercttor crsletl@ot kaktage,aontphsingrtibugesarsi sti ng of
retinoic acid, FG~2, FG~4, FGF-7, FGF- 10, a sonic
hedgehog-.i nhi bit or.. .a factor pabl e of inhibiting
avee ang dlRER e pgRor St 6B T o about six days. 106.
The met hod of claim 104, wherein the cells expressing
mar kebs Diffeaciheig it ipturipotdnh stcthedellnintd vellsengadsinmarkers
| ineage are treated with at | east one factor sel ected
f r om t hehgreispstioefsthe defiytivg cndedempliccageiand FGr- 2,
FGF-4, FGF-7, FG--10 a sonic hedgehog inhibitor, a
about si g e P e R Bl R R SRR o e definive
t he cel leadedgpmdswhgmintaedils esprekrangunteerssthaccefistihef the
definitive endod@rpgw I i]rd]iﬁa e are treated with a sonic
hedgeho R $6PICHh ®| east one factor selected
fromthe group consisting of FG--2, FG-4, FG-7, and
- 10 THRmaReUSS Qieth 163, adettin thRrse® dFayFerchtRling \WRcells

expressing markers characteristic of the definitive endoderm lineage into cells
expressing markers characteristic of the pancreatic endoderm lineage is achieved
by treating the cells expressing markers characteristic of the definitive endoderm
lincage 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.

105. The method of claim 104, wherein the cells expressing markers
characteristic of the definitive endoderm linecage 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.
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by treating the cells wwth a sonic hedgehog i nhibitor,
retinoic acid, and at |east one factor selected from

WO b@grIsep consi sting of FGF-2, FGF-4, FG--7, BCHUSI8PS/084705
10 for about one to about four days. 108. The nethod
of claim 107, wherein the cells expressing markers
characteristic of the definitive endoderm|ineage are

ted h hog..i nhi bj t d at | t
6"+ aceble et tutiey SR EeRds BiiseloRured gk
Eoggchgract': citidof thSheTnitiANEhdo@Em kfkalz@ hreaRQMd Witk S8 cLayse

. The method of claim 107, wherein the cells
ex tfa@tglssed@tqtlefrm the grhap etsiting of tetiopictaesl, §6F hiRGR4, FGF-7,

PRERId SREIG A hE RS i BaB OB i MFERTERR, and o

Sehﬁﬁhﬁﬂmﬁbﬁﬂhhhﬁ,group consi sting of FGF-2, FG--4,
FGF-7, and FG-- 10 for about four days. 110. The

met hod of claim 104, wherein the cells expressing
W&f-ker s Téi%til%té%?i agipn: 1 Qg% whﬁ@lla@iemili PXpECSSg SR KeRs

I &‘EQ&‘S oAbt 8 tﬁé‘ﬁ?fﬁ’m{%é Qld% eanQ Q&,e[ Bl Vi Qk&ﬁé
and at

east one tor se ecte romthe grou
c orietlg¢hogantobitdrCRndat |EdSFerk, faBiGFsclgctahitorhr@re gribﬁp tomsisting of

F haiprEah BORUL ok ECE PR sho R b fhsnY kS b pliowed

capghl&tifg tﬁe@%llpﬁﬂl%%o%edgﬁfog riﬁhsltacie@momeldahnd fasdst one
one factof selected fromthé group consisting

FGFfacZQr fotartot], frcﬁ@ﬂlﬂgroam dorsGEng 0OFEHr2, &6, Hﬁiéh @d FGF-10
he net hod of claim 110, wherein

;
gu%ﬂ$$§0%§$rzggﬁﬁﬁr Pkers characteristic of the

definitive endoderm | ineage are treated with a sonic

heglgehodriehiéthdd of claidhth 7t hefds the@BBs &aeéRihgsdrket ed
fromthe consisting of FGF-2, FG--4, FG-7, and
FthP@C‘ieEﬁUCafb'%b? defppitiee ﬁéiyéeﬂqh@eag?ﬁ@ trefadomitlor senigi m

e
o AR ST O a e PR GEDL TRl i ha proup sonsistine of
t r dGled, WoFH, BGFoniaad iﬁ@ngthmg abcisthitlimets days. a f act or
capabl e of inhibiting BNP retinoic acid, and at | east

factqgr se g the onsisting o
W 57 Hie mshgeluint A perc §eRefi Ridmiduitieray s
characterlstlc of the definitive endoderm lineage are treated with a sonic
hedgehog inhibitor, 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.

110. The method of claim 104, wherein the cells expressing markers
characteristic of the definitive endoderm lincage 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.
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113. The nethod of claim 104, wherein the cells

expressing markers characteristic of the definitive
wepwotasm | i neage are treated with a sonic hede@hos008/084705

inhibitor, and at |east one factor selected fromthe

group consisting of FG-2, FGF-4, FG--7, and FG-- 10

for about one to about three days, foll owed by

ating.the cells with a soni.c hedgehog i nhibifor, a
RN T e RO A T e e R S
aci HaradRAstd of tBEEINAEG &ﬁ%ﬁél;%:n Bfdage E&Qré‘aféarﬁlffilg sfsgi@u p

consi sting of FG--2, FG--4, FG--7, and FG-- o
abdgtigdhog ielbidtroand dtdeast oryRctol gedectath@omahhgup fomdigingrof

gﬁijr%ﬁé\?gﬁﬁgﬁ %E%f ’?hé%ggﬂlﬁt%%/n&é%% %Esfn | i neage are

treated wwth a soni c hedgehog inhibitor, and at | east

onk f actXife &hetbdRdaibd DI, therc thi¢RclOOSir&dsingGnakers
FGF-2, FGF-4, FG--7, .and FG- 10 for about three days.
115harprieriptig ofdhe definitivg erdedam lipraee pre tqstedowitl) & sonic

R e e e
i nhinbifacer, sckecfeddtomn thegpaly eonsistingibf BGE 20 §GBMR FGE-7, and FGF-
netricfn, retinoic acid, and at |east one factor

sel dPEPR BN ARY gr oup consi sting of FGF-2, FGF-4,

FGF-7, and FGF- 10 for about four days. 116. The

Me3.hod ofheGh@héd d0daimME®s, fikkrdiM@icfal! Spr&8ingGhaflesr om
the group consisting of FGF-2, FG--4, FGF-7, and FGF-

10 chgrap@Astrc afitre dafirmtiveetdoderot lindage prerti@tecdwigh @penie he
cel] XPr-essi n rkers characterisiic t he -
e e TR TRl IRL o FOREE ol ffan e g consisting of

COIMENL | BGF e FOiF-Ahad FGROmmforhbé i oab eliboadaéddays fbBowed
The method of claim 116, wherein the cells expressing. ..
narwdratipg tegetle mitha senigthed gehogdphihiter § @C&ﬁ@éﬁ@lw@pglbmng
tr aat,ed, Wil = ; n j .

Tha BT Mkl L o RN B Bl &G e arbdy
mardoasistirETRER-2y FGFi4c FOIF -7, laad & 1 forr weowe ndo dedbouafoar
treated with retinoic acid at a

ays.

114. The method of claim 113, wherein the cells expressing markers
characteristic of the 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 three days.

115. The method of claim 113, wherein the cells expressing markers
characteristic of the definitive endoderm lineage are treated 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 four days.

116. The method of claim 104, wherein the factor selected from the group
consisting of FGF-2, FGF-4, FGF-7, and FGF-10 is FGF-7.

79



concentration fromabout InMto about ImM 120. The

nmet hod of claim 104, wherein the cells expressing
woreroReTESIThar acteri stic of the definitive endoPEr/HsRA0K084705

treated with retinoic acid at a concentration of I mM

121. The nethod of claim 104, wherein the sonic

hedgehog i nhibitor is cyclopam ne. 122 The net hod of

A m 121, reipn.cyc n S u at a
Chhcant Hiined i oL AR S hertinte s EE Gt ek
ThenhrRERAGCHf 6t abMikddendblSLhR tleX U ABFGE-7 8 a¥df&ntration
at a concentration of0.25 mM 124. The nethod of claim
1041 abprerS@pg/mlitie abad Bng/odpabl e of inhibiting BWP is a
BMP4 inhibitor. 125. The method of claim 124, wherein
BMP. h t l ai m

ig%i 41;1{66'}%&?({;]& Sf cljil ?&1 P@ gvrhgfen} &1% cel-ﬂr1 %é)?gssﬂl%qnagﬂerg
c hashaeteristsd d>tbtheﬂeﬂirhﬁv¢j@fdoﬂeﬁm ye tl%ﬁfé:d GEthnF@FE dt beah&tltration
with nogg| n at a concentration from about 500ng/m to

ab20n@My/ m . 127. The method of clai m 124, wherein
the celI's expressing markers characteristic of the
fRS.1 ni Uit ROASHSE TART F04 WREAC G 8000k Redharfo
concentration %? 1001ng/n1 Y S&&g 5 gf ag arlsm
10¢hamheﬁeﬁimoﬁthe defalitise @xiodasts anegrea‘atd kathsretinoic acid at a
char act c of t finitive endodermare treated
wi tR°E PW aa]i’tougﬁﬂ@ AN AR from about 500ng/ m
to about IOOrg/m 129. The net hod of cl ai m 104,

WhEr ei n tHen&Rbd 6f @XBT BB wWhgrdiRik@els SpaéssiigehdrésC Of
the definitive endodermare treated with the netrin at

a copeetstiptag ofghe defimope englogerm argdreatpd avithetictaric e¢ider ai m
104&0%%%{15111{)pﬁﬂ\?¢_t rinis selected fromthe group

consi &t ing o etrinl, netrin 2, and netrin 4.

121. The method of claim 104, wherein the sonic hedgehog inhibitor is
cyclopamine.
122. The method of claim 121, wherein cyclopamine is used at a concentration

from about 0.1uM to about 10uM.

123. The method of claim 121, wherein cyclopamine is used at a concentration
of 0.25uM.

124. The method of claim 104, wherein the factor capable of inhibiting BMP is
a BMP4 inhibitor.

125. The method of claim 124, wherein the BMP4 inhibitor is noggin.

126. The method of claim 124, wherein the cells expressing markers

characteristic of the definitive endoderm are treated with noggin at a

concentration from about 500ng/ml to about 100ug/ml.
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127. The method of claim 124, wherein the cells expressing markers
characteristic of the definitive endoderm are treated with noggin at a

concentration of 100ng/ml.

128. The method of claim 104, 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.

129. The method of claim 104, wherein the cells expressing markers
characteristic of the definitive endoderm are treated with the netrin at a

concentration of 100 ng/ml.

130. The method of claim 104,wherein the netrin is selected from the group

consisting of netrinl, netrin 2, and netrin 4.

81



