Dl FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] The present application clains the benefit of U S
Provi si ormb 2Petosog39 Appl i cati on Serial No. 61/378,472, fipcedsfugossi2zBl,
2010, which is incorporated herein by reference inits entirety for al
pur pose. FIELD OF THE | NVENTI ON [ 0002] The present invention provides

nmet hods to pronote the differentiation of pluripotent stemcells into
insulin producing cells. In particular, the present invention provides a

nmet hod to produgsirrERENTRAITION OF HEVIAN EMBREONIOSTENVECELNRZN 85% of the
cells in the popul ati on express markers characteristic of the definitive

endoderm | i neage. B ND [ 0003] Advances.in cell-repl acenent therapy for
Type o di abet es el CRORS RRFERISdY 1 QJee bR TEPINEEGA BRI T oT ot s of

Langer hans have focused interest on devel opi ng sources of insulin-producing
cel I[90019r 1Bheqrésks:, appliatiopdlhiais ehd nefing Uss. PadidionalPeerdpppliadbn i S t he

generation of. functi cells fr plurjpatent stemcells, such as, for
exanpl e, eﬂ%??gﬁ?éﬁéﬁggb%éﬁfkgu ‘6H4¥ﬂh’Wﬁ?#gﬂ?ﬁy@”@ﬁ§W§gﬂ ¢ devel opnent, a
pl uri pot entreg@dnke i ikastirctysr 410p@p@eoup of cells conprising three germ

| ayers (ectoderm nesoderm and endoderm) in a process known as

gastrul ati on. Tissues such 0 §§@gﬁ#§ oid, thynus, pancreas, gut,
and liver, will develop fro éﬁ E@ﬁi%gh i nternedi ate stage. The
intermedi ate stage in this process is the formation of definitive endoderm
Def i [0D@2]ve Brdodentrimaeatibsprexigesasshals nupleoteahe diffeicetigion sfiplriggent HNF3 bet a,

GATA4, M XL CXCR4 and.50X17. [00Q05] Formetign of the pancreas arises from
Che i 1 1 or o 8o SR tietnd o aanr e Ha st el SRl o ool | o
of the pancmenitd © pesmlodepspulixiphn 658Gk, Wehepange&at thar Khipdehatellanmboebox gene,
PDX1. In the sence of ﬁg%l, t he gﬁncg&aaiialls éo de.eIoE beyond t he
formation of°PYRHPT SHPISSHERIEE ShragicrFac ol definyiyeen 9@6% 899K narks a
critical step in pancreatic organogenesis. The nature pancreas contains,

anong ot her cell types, exocri neBAGISGROAND endocrine tissue. Exocrine and
endocrine tissues arise fromthe differentiation of pancreatic endoderm

[ 000@]}@ 2 SActl)Veaﬁ%és rillgcétllhr%pl];ceeaﬁ;[elr'{{ t%esraf))}]: for ly&:[ 1 cﬁaeolelteg m%ﬁ%{l?s and Q%flér%%!l, 3t been
deri'ved ' from enbfyoni c
transplantable islets of Langerhans have focused interest on developing sources of
insulin-producing cells, or B cells, appropriate for engraftment. One approach is the
generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

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

[0005] Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-
duodenal homeobox gene, PDX1. In the absence of PDX1, the pancreas fails to
develop beyond the formation of ventral and dorsal buds. Thus, PDX1 expression

marks a critical step in pancreatic organogenesis. The mature pancreas contains,



cells of the nouse. For exanple, Lunelsky et al. (Science 292:1389, 2001)
report differentiation of nouse enbryonic stemcells to insulin-secreting
struct ur eso1d3es39t 0 pancreatic islets. Soria et al. (Pcahst@s/odf2457,
2000) report that insulin-secreting cells derived from nouse enbryonic stem
cells normalize glycema in streptozotocininduced diabetic mce. [0007]1n
one exanple, Hon i et al. (PNAS 99: 16105, 2002) disclose that treatnent of
mouse embr y it oRkERIAGhA et Ol bloEriRl i PROSRIAINORY Lhilkrid: ki nase
(LY294002) produced cells that resenbled p cells. [0008]1In another exanple,
Bl yszczuk etisseds arifeFinsthpgdfgogiatigqoePpngregiiscndodeme gener ati on of

i nsulin-producing cells from nouse enbryonic stemcells constitutively

expr Ii%@d] Ng EaKbeartIQRIMfeRbE Bfct &lis Bhve ré;%l%&l}r PedhftivEEtbR enbrydfid can

regul ate the conm tnent of enbryonic stemcells to form PDX1 positive

pancr eat i ¢ @Heletibe pouRe Fonaiamplee Lamelskyr gf (Yoignee 292/ 881200hgeithg Pdx|
expressi on wiedn@ddedr hou UrbHLAR st dAY inQlinSEREKR G shemiel b
differentiation during a peri d corresponding to t end of gastrulation in
the enbryo KaDbaiestigdsts 5301801 al. PDBBYtes 49000100 Mepery tki inptingkcretingports a nouse
enbryonic s | X i . LT w t hat
exogenous Pé(fg Fhééf)g() Slﬁl gjggllqg%u%%?%% PISE/)IE g%‘%é%gselgg?fshlge@g? %llsasliggtgép%(?szoﬁ)gﬁéihl in,

somat ost at i induogll debdticmaise, neur ogeni n3, p48, Pax6, and Hnf6 genes in the
resulting differentiated cells (Di abetes 53: 1030, 2004). [0010] Skoudy et

al . @Q@S rt SIntolﬂgg a%‘g)tlé Hoﬂ étb‘al(p Q’Wﬁ6ﬂf5 56@) ?@j’gﬁe a‘fgag G %H? df%[l%ouyeor egul at es

t he ession 0O XOCri ne ncreati c génes anyl ase) and endocri ne
genes ( Pdx|gmbrpgud stem cebdvigl inkibigon i phesphouseatidnbkinawi (EYE94M0R el | s. The

maxi mal effec serve i ng,.1nM activin A They al so observed t hat

t he expres rgflpc‘é@?/eéll?%gfref%rlgod%c?%cglﬁd Pdxl mRNA was not affected by retinoic
acid; however, 3nM FGF7 treatnment resulted in an increased | evel of the

t r an9808] pt enotRehexaiple.odlligmarukler aBTNAY 4@):998020B) repW® the generation of
2012/ 030539Pp 2011/ i i |, i t he. ef f ect f
1n§E1T{n— §%C?J%li’légé1?s]fgo%l h%gs]eéelﬁh%g)lrorn@%&nf #ell@‘ cor%srci{;ulﬂgziél?1 g)g%rgggm ects o

grom h factors 't ecifica nce erentratio ryoni c stem
cells into RPRX1 positive cells. They observed that TG 132 reproducibly
yi el ded a hi gher proportion of PDX1l positive cells (Genes Cells. 2005 Jun;

10( 6haaar03- 0, - . t i ' of

or achunsly [ ietetel 07 1R AR Ele Bl ol RS MELAHMAG PAHENLAC D e

enbryoni ¢ sttancdblté Hrin® Dhlepaibtive poerafic swlodermamkdtingic ahéispn@sence of activin

along with i-nhi bitor WAt si.gnal i n S 2006/ 0003446A1). [ 0013] Gordon

ot a " Pradte Bhhg Bl e S i tsala e BRI R Pt hoca
stem cell differentiation during a period corresponding to the end of gastrulation in

the embryo (Diabetes 54:301, 2005).

[00010] Miyazaki et al. reports a mouse embryonic stem cell line over-expressing Pdx1. Their
results show that exogenous Pdx1 expression clearly enhanced the expression of
insulin, somatostatin, glucokinase, neurogenin3, p48, Pax6, and Hnf6 genes in the

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

[0010] Skoudy et al. reports that activin A (a member of the TGF-P superfamily) upregulates
the expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes
(Pdx1, insulin, and glucagon) in mouse embryonic stem cells. The maximal effect
was observed using 1nM activin A. They also observed that the expression level of
insulin and Pdx1 mRNA was not affected by retinoic acid; however, 3nM FGF7
treatment resulted in an increased level of the transcript for Pdx1 (Biochem. J. 379:

749, 2004).



activin signaling simultaneously were required for the generation of the
anterior primtive streak". [0014] However, the nouse nodel of enbryonic
stem cel IwOevedopssent may not exactly mimc the devel opremtisbopoeggeam i n

hi gher manmmal s, such as, for exanple, humans. [0015] Thonson et al. isolated
enbryonic stemcells from human bl astocysts (Science 282: 114, 1998).
Concurrently, GCearhart and coworkers derived human enbryoni c germ (hEGQ

cel liobipes SR & 6k HudI@RRAFctL bASHEH(ERAGIR P deciBlalf enharfd OC. Natl. Acad.
Sci. USA 95:13726, 1998). Unli ke nhouse enbryonic stémcells, which can be

prevent ed fdfprediatipepbembraeiingen coksliptop3Xdutositive plswilhey abeerkedhthat | nhi bi t ory

Factor (LI Rapl ryv.an) . : Ent ai nder very
peci al - conti T ona AR Sy P BT A (e b1 51616,

[ 0016] D Amolellse20040un; de®ariOBd$.)t he producti on of enriched cul tures of human
enbryonic stemcell-derived definitive endodermin the presence of a high

conc ati t .\l : ?ﬁﬁgl y 2005).

Tr an@gpgmtiﬁgrdt ee%’g' dg}e{ﬁbfﬂssﬁ%nggﬁﬂqﬁggt{;@%@%ggﬁt%g m cbgglr esulted in

di f f er ent i airpotvd] aedyderor esllsrroarmeovse binkryoit kewivallsio ttleer dbstnice ef sgfuns one
endoder mal Qr i Dry.eni ¢ st || - IV f4.@i ti ve endoderm
cells can b%dg 13?%%%%?? ¥£C?;8%1ta?%§g’8ﬁll a%%ﬁ%&fg%églg?a\}ggéﬂégl s after addition
of FGF- 10 (2086200BH6R66554A1). [0017]D Amour et al. (Nature Bi otechnol ogy -
24, 1392 - 1401 (2006)) states: "We have devel oped a differentiation

Pr Oy NakoGANYSH (FNAYTDR BETLLON GG SRR (NEShy fGhi FokDRNAREYT ne cel I's
capabl e 'of synthesizing the pancfeatic hornmones insulin, glucagon,

somat ost at i svfiviparmelewtsirculpotoppleptardeqeind fghthe ké¢neratifinpSthpageess mmcs in

Vi VO pancre ;i.%vosrtl%glgogenesi s by directing cells through stages resenbling
definitive en odeerrn gut -tube endoderm pancreatic endoderm and endocri ne
precursor en route to cells that express endocrine hornones”. [0018]In

anot [8814] ex adpivever, Hiegkoust malicl of epbiybiic atewyost demefapmept oduesit pxpcpancr eat i ¢
islet cells fr. Fyoni.c ste U 6 4 1 In this
case, the di’ nggﬂ en Ya%hngen%paéélﬁﬁ%lylﬁ&%ﬂ elgllg%%g\g’ S’lﬁﬁl?%s’?qr%éae pﬁ%’%)é%r}s' Human
enbryonic stemcells were first differentiated to endoderm using a
conmbli0ftii onTlwmsewdi adnsdated erabrgomngiea celisiram pymapHdasgasly $ts (Seegnee t hen cul t ur ed

with TGP ant j [y ' ' ] ]E,gz-r

bet acel | ul i%&t%gg@rg\g)ﬁ ?Z‘”@%@%‘%%?%@Bh (E:loev(l;(})dsgé.}g ?‘%}e\}e?glrlﬁﬁnﬁ&n%? &K?er entiation
was i nducedgdoy (nEGoteil hiaes fden {{t0@oRAdThese (Shamblott el AiwcaNal donad.i cant need
to devel op dn Vv ) h t enerate .a functiaonal jnsulin expressing
col | that o APSLERY RERL o B BRSS! Sy S SR h PR Bt bn T akes an
al ternati vepraypteddom differentutioy sintphebyedul tudngewitly Latkentiaf heibaay iFattbng hunan

enbryonic s ells toward insuylin expressing cells, by. generating a

popul a1 on G LB SR el s CH RS B it o aPERRE poou at i on
express marKes.Pathar ac0®E06s W@ 992otdhewdedl/sici6ye endoder m | i neage. SUMMARY
[0020] I n one enbodi nent, the present invention provides a popul ati on of

o B e R R RSB REB L 5B, 0
stem cell-derived definitive endoderm in the presence of a high concentration of
activin and low serum (Nature Biotechnology 2005). Transplanting these cells under
the kidney capsule of mice resulted in differentiation into more mature cells with
characteristics of some endodermal organs. Human embryonic stem cell-derived
definitive endoderm cells can be further differentiated into PDX1 positive cells after

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

[0017] D’Amour ef al. (Nature Biotechnology - 24, 1392 - 1401 (20006)) states: “We have
developed a differentiation process that converts human embryonic stem (hES) cells

to endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,



[ 0021] I n enbodi nent, popul ations of pluripotent stemcells are
differentiated into popul ations of cells expressing nmarkers characteristic
of the deWonnizosessendoderm | i neage by cul turing the plupcpatseot/ostiem cel | s
i n medi um suppl enented with BSA and a factor selected fromthe group
consisting of insulin and G~ 1. In one enbodinent, differentiation of the
popul ation of pluripotent stemcells toward a popul ation of cells

expressi N9 [BfKRfafin gaﬁar@a%?myﬁéﬂtﬁe fd gmelnd%asryr&deys%ﬁrﬂ&qg%{vm | ineage is
achi eved by treating the uri potent stemcells wth activin A and a Wt

| i gand. [oamynewcmeanemm 'PéediteCU@ﬁ ¢oflle theprghatagenressmbling dgfygivieat i on of

pl uripotent, cell rkers
characteri st ?%&%1 ?Ltéoge? %{\&g{eﬁ? aﬁ)&pdélc%gérlo%@m??nr?geglh!e&}ng)é%%ﬁéeveg y treating
t he pl uri potoenls thaterpreelchdoonnt hor@oRes8. and at Ieast one other factor is
selected fromthe gr oup consisting of: an aniline-pyri di notriazine, a

cycl jpfrsni | #nGs tﬁéﬁfe'x gtﬁﬁékaé'a?“? poh’? gys&eﬁ fo'rDPl%ﬁh(J ﬁéﬁk‘ ?19136% ié-yl ] methyl |

-2-pyridin3 yaceta am no ethyl] am no
1-1,3 ,5- tﬁ@@bumarzemlgrmrpwtmd|C¢llszU§>l2?Wﬁl&7éd) In thler:aseshe( {3 - [4-(
{2-] Met hyI ( 0
"5-triazin- (QYf‘&'e?%ﬂon éath'x%) @%@1({}9 liec?ﬁlﬂ?yt%}%e gtr%e@ i—Iumljan ‘}INPIXOHIC [stfm cells
(3 Fl uor ophemyﬁ)s&aﬂif@eﬁdnﬂ&ﬂecﬂtoe[n@ode@usreg mydipbipaioa ol mdilmybl)tmmpnylti] pyrl do[ 2,3 -
?% PY; : lrJnO?IOPrg %% |lj d’ﬁg st \gere the_lr} cul‘aYred w1t£ ﬁ"éFWgntacéonlsts suc¥1 as %ogéln
-1, 3-thi az Odo-nﬁ)-lryah))mﬁthjiﬂ]ijr|beta¢ediumetoégeﬁﬁﬁtb®mmemvélceﬂs Dhaetonyidlet hyl {2-
[4-( {5- 3 hdrox Bél)%hen 11-4H 1 ,2,4-triazol-3 - yll
ani no)phen fifferpiAten EEV&? YIEORNIEG et hyl ethyl { [3 -( {5- [5 -(3
- hydroxypropyl) - 2-(nethyl oxy)phenyl]- 1,3 -oxazol-2 -yl1l
am n[d)))m]enyflieimitllﬂybmamm bgméitant nded+§ dvblop i Gzro melbddtoehbrytepi perazin- 1
-yI)squony am no n-2-yl ]t hi ophen- 2-
T et gty SRR RO 4 ke ch T BRARBIA sl dpspresent 1
yl )E ul fonél 1}11@émgyﬂakem aﬁ@ﬁlﬁW@&ppM?rMhﬂllpﬂ@bﬁmheffm%nw bidtrlryhtjapihger i di ne- 4-
car boxam de, an et hy eny
-N-(2-thi op‘?Pé?f‘nfﬂsz?FY@LWFe}n cells gow WHP&&@‘QFS&&C&JI%%Y gene}ratmg a
-d] pyri m di figulisthrend WtaRigttater Blth B5% BE&@BEIBTh@‘d [itidn RPAW NGS
[0023] Figure 1 shows the real-tjnme PCR analysis of e expression of the

genes i ndi cArKers Fhprecdarisic ofthe delinfiivsendadamg {osige st em cell line Hi,
differentiated according to the nethods disclosed in Exanple 1.

[ 0024] Fi gure 2 shows the FACS anal #isMMARYt he expression of the proteins
indicated in cells of the human enbryoni C stem cell line Hl, differentiated

according to the s di scl sedln % 4 ure 3 shows the
ear i pRed AP pRE RSPt AT PR P T cel | o of
t he human egfbartwhuncss% @H’fh@&lllls i thé popdlatiofl effres emkead@draateﬁmcdifﬂg to the
met hods di s%sed ]lef{} |e 2. [0026] Figure 4 shows the expression of
SOX17 via i Haf e fi‘erétb @& in cells of the
[0021] In embodiment, populations of pluripotent stem cells are differentiated into

populations of cells expressing markers characteristic of the definitive endoderm

lineage by culturing the pluripotent stem cells in medium supplemented with BSA and

a factor selected from the group consisting of insulin and IGF-1. In one embodiment,

differentiation of the population of pluripotent stem cells toward a population of cells

expressing markers characteristic of the definitive endoderm lineage is achieved by

treating the pluripotent stem cells with activin A and a Wnt ligand.

[0022] In one embodiment, differentiation of the population of pluripotent stem cells toward

a population of cells expressing markers characteristic of the definitive endoderm



human enbryonic stemcell line Hl, differentiated according to the nethods
di scl osed in Exanple 2. WD 2012/ 030539PCT/ US2011/ 048129 [0027] Figure 5
shows t hewbAGR/Boabysi s of the expression of the protei meTiusdoiamisdo i n
cells of the human enbryonic stemcell line Hl, differentiated according to
t he nethods disclosed in Exanple 2. [0028] Figure 6 shows the real-tinme PCR
anal ysis of the expression of the genes indicated in cells of the human

embr yoni ¢ Sﬁ&%&@ héhlévle@af {#éatmﬁltﬁefp%welnagt&g cag%{hdd;mstaﬁd bheasPEichods

di sclosed in ure 7 shows the expression of SOX17 via
i munof | uor@h@ém 1§ ¢loste Ifeompthe gigup mﬁﬁhn@@ﬁ)@y@wee—m@m%@Zmﬂ 4ne Hi,

differenti t )
[0030]Figu?%%g Qﬁﬁgg£¥ﬂgmggz@§ggl (@H%@%%&%@aQ&ﬁg4 ﬁ R ?ggcgnce in
cells of thbthWamdQMBfﬁéﬁH@(QVemn@aﬂmanhémemmd}ﬂﬂéi@nvné&ed according to
t he met hods 9,shows the real-tinme PCR
anal ysi s ofwﬁWéﬁggiggmgp% ?Bkﬁé %i@g%&%ﬁyg dlln cells of the human
enbryoni c sﬂl@mmm}éthyll}anmeo)Hl],,%,Sdnzizﬁle?_gﬂpyramed -ydleodrodiproppnt Bolt Ne4+r[§1 hods
di scl osed i aml e 5. D DESCRI.PTI ON. [ 2 r.
di scl osure, &éﬁﬁor%‘mgg’t@é* T PR R Y é’fOQH: dldateza%r i pt | on of the
i nventi on i@pﬂhﬂﬁmeézimbmhhhekﬁﬂhﬂmemgyﬁabsQ@QL@ﬁs t hat descrlbe or
illustrate tain f odi l.i cati ons of t present
nvent | on (OB B BB PR ot s e GG Bsrr et e s det i ned
by their abi,lmlmetayleﬂagale{zsw(gi £3-Cehyldrdxgp@byhhenyl]-4H-1,2,4-triazol-3-
yl}amino)phenyl]ethyl}carbamate, 1,1-Dimethylethyl {[3-({5-[5-(3-hydroxypropyl)-
2-(methyloxy)phenyl]-1,3-oxazol-2-yl}amino)phenylmethyl} carbamate, 1-({5-[6-
({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl} amino)pyrazin-2-yl]thiophen-2-
yl}methyl)piperidin-4-ol, 1-({4-[6-({4-[(4-Methylpiperazin-1-
yDsulfonyl]phenyl} amino)pyrazin-2-yljthiophen-2-yl} methyl)piperidine-4-
carboxamide, and 2-{[4-(1-Methylethyl)phenyl]amino}-N-(2-thiophen-2-ylethyl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure 1 shows the real-time PCR analysis of the expression of the genes indicated in
cells of the human embryonic stem cell line H1, differentiated according to the

methods disclosed in Example 1.

[0024] Figure 2 shows the FACS analysis of the expression of the proteins indicated in cells
of the human embryonic stem cell line H1, differentiated according to the methods

disclosed in Example 1.

[0025] Figure 3 shows the real-time PCR analysis of the expression of the genes indicated in
cells of the human embryonic stem cell line H1, differentiated according to the

methods disclosed in Example 2.

[0026] Figure 4 shows the expression of SOX17 via immunofluorescence in cells of the
human embryonic stem cell line HI1, differentiated according to the methods disclosed

in Example 2.



both self-renew and differentiate to produce progeny cells, including

sel f-renewi ng progenitors, non-renewi ng progenitors, and termnally

di ff er entwetetk/edsbs. Stem cells are al so characteri zedproy/usb@inm4abe ity to
differentiate in vitro into functional cells of various cell |ineages from
mul tiple germlayers (endoderm mesoderm and ectoderm, as well as to give
rise to tissues of nultiple germlayers follow ng transplantation and to
cont Pt & FERS kARG Ak ¥ALS B3t ofithe &%}egﬁbﬂ of thd SOHER if Blak@Wh BEIsi Nj ecti on
into blastocysts. WO 2012/ 030539PCT/ US2011/ 048129 [0034] Stem cells are
classified Qi);;hetlwélilavn ceibpenispaanecdl ling btle diffepentizied accarfing de themrethods  meani ng
abl e to gi vg Jila®inlti ﬂ%}:fnbryonlc and extraenbryonic cell types; (2)

pl uri pot ent, meani ng e togive rise to all enbryonic cell types; (3)

mul ti potent, neaning able to give rise to a subset of cell |ineages but al
wi t hidB284 palfigre élSh@Wiﬂfng%btlméggaﬂnalmls pitheseoregpe af the geeemdicried iexanpl e,
hemat opoi et 34%% ¢lude HSC (sel f-
renewal ) #%%gfﬁgrﬁﬁrestr ct &ggﬁg%%g?gﬁ#ﬂ%ﬁgggﬁ?%%?%%bﬂ 3 all cell types
and eIenenﬂsﬁb@hghﬁmpmbmék@msk3that are normal conponents of the bl ood);

(4) oligopotent, nmeaning able to give rise to a nore restricted subset of
cel | obigpeageigub haRo Ut LRALEDH, oﬁéﬁmﬁ%hﬁmumoﬁéaenwhregﬁse&tme meani ng abl e
to give rise'to a single ce l'i neage (e.g., spermatogenic stemcells).

[ 0035] Di f f elrveranicabryonicistent ¢rdl lie bl ed et@ptlam ghordinglingip ewsitlakds diegosed

("uncommi tt ﬁq3} 8f3less specialized cell acquires the features of a
specialized1 Wsieh as, for exanple, a nerve cell or a nuscle cell. A
differentiated or dlfferentlatlon i nduced cell is one that has taken on a
mor el08HHci alfipwed showohppinression ohyaXiT va immppdfhorepeentd insalffeofdic a cel | . The
term"conmm refers to
a cell thagkhﬁgegpggggéﬁgp%wq e d|?ggggﬁgfﬁﬁ?gﬁgg%&%%&%ﬂh%a%agggnt wher e,
under nor maih Expmpladst ances, it will continue to differentiate into a
specific cell type or subset of cell types, and cannot, under nornma

Ci T Clgipe anclqg re@sﬁ%v@sr tﬁ@%e'aﬁﬁfﬁe PARAnAYd! 5 RE %%}esﬁﬁlé%fsﬁlé( gé?leﬁfndfc%&{nt to a less

differentiated cel De-differentiatl e process by which
a cell revegellsofthe hurn%sesntsfymm wén gablifedi ], ddfemdntipted yecpuisigtode wi t hin t he

| i neage of in, the lineage of a cell defines the
heredity ofﬁ?ﬁgkégcﬁﬁmfﬁzg?ggksch cells it came fromand what cells it can
give rise to. The lineage of a cell places the cell within a hereditary
scheme of devel opnent and di PESAIRMEDRESGRIFIIQMNeage- specific marker refers
to a characteristic specifically associated with the phenotype of cells of
a |ipespge Oforichher GfiscRod: CAn aneoy%d%/dofthﬁnﬁﬁéfa% dteﬁﬁedjélefs&ﬁﬁi%ﬂBf @kion of an
uncomm tted cell to the Iineage of interest. [0 | s expressing

mar ker s c haifaeatien jsghiyidedgntott OH@Winﬁls’@bS@‘élOéh%TcF@ﬁ%bP phélagféate cegipin” St age 1

cel st of {aha0tnbodinfis YPAHIIAIEL Brnk fehinl Oyl | S expressing at | east
one of the fol | ow ng markers: 50X17, GATA4, HNF3 beta, GSC, CER1, Nodal,
FG-8, Brachyury, M x-Ilike honeobox proteln FGF4 CD48, eonesoderm n
(EOVES), DKK4, FGF17, GATAB, CXCR4 Definitiops CD99, or OTX2. Cells expressing
mar kers characteristic of the definitive endoderm | i neage include primtive
SUI eRi3a)r CHEMQENCHY hififfiEtiitclicVIe RFh&AYy Bal Atslity ABHE BidodREMecald s and
definitive endodermcells. [0037]"Cells expressing nmarkers characteristic
of the panchutdicreasraandetiterentisisd erodugesroecay collsr Fluding sqlbresewve el | s
expressing @t énﬁ@i%tnogr}@ne%fm dhe Jnﬁbﬂsoéﬂd@&m%ﬁl ff&renPQ&ceINK%(@m]oelleFl bet a,
PTF1 al pha, HNF4 ~ al h % X1. Cells expressing markers
characterls@?éh@ﬂmﬂﬁéﬂ%%ﬂ®ﬂbﬁfﬂémﬁwa®@éﬁﬁﬂﬁ¢ﬁ@@@@ﬂmmﬁm@U@ab@H%Wéat|c
endoder m cel 5y &ﬁl'lfﬁbég Y ﬁo&‘fﬁulﬁﬁipg gﬂh}e?s eﬁ‘dbﬁeﬁ?%e%de% aﬁﬁc@&ié mfells.

[0038] "Definitive endo erm, as u ere ers to ce I'th bear the
char act er i sasivedl agfio give rise to tissues of multiple germ layers following transplantation and

to contribute substantially to most, if not all, tissues following injection into

blastocysts.



cells arising fromthe epiblast during gastrulation and which formthe
gastrointestinal tract and its derivatives. Definitive endodermcells
express twe bmddsassong markers: HNF3 beta, GATA4, SOX17, pCeruseriu®4s8163 X2,
goosecoid, CKit, CD99, and M XL1. [0039]"Markers", as used herein, are
nucl eic acid or polypeptide nolecules that are differentially expressed in
a cell of interest. In this context, differential expression nmeans an

i ncrggsgd | @uleeiQhe aasgﬁf%litb}rYl{%irr@(f&&fmé’i\?ﬂp@te&ﬁt?ﬁs?%?%tiﬁ(ﬁé&ﬁl mdafiing@ Negative
mar ker. "The detectable | evel of the marker nucleic acid or polypeptide is
suf fi ci ent | dplntogveiise fo dlloamebry dnic andexgednibsy apfic dettencad®) Mwmpssanéd t o ot her
cell's, suchy, G0 GRk hisOo diMhBERRIc SRRRE (§ARNbdLE @R dhRtd noui shed
from ot her c%ﬁ% ahls.éi %gﬁvgnlffg&a ;&@)é)r%i ectcgé5 @fpgﬁé%)ﬂﬁgéb{g%o’vm&?n & h% éért .

[ 0040] " Pancgieatisedo e ndwetrdf el kmhages bubgll Witzn e petitiler theweporgen,@xpr essi ng cel | ",
or "Cells expressi r LSt t.l ¢. endocri ne

| i neage" a ge%%lﬁgl?s&ﬁ%{hlffog )éa?)lsb%[’ g&gﬁ%ﬁ%dcgge%{a%eﬁlgﬁ% g)%%ﬁlggg(%ng at | east
one of the frogdngwhangpchude RSO self- ranswrhli,iblooglcult agortied sbgatoast at i n, and

pancreatic pol ypeptide ol ati,o ansi.on Cul ture of Pluripotent
e ool | < ek apuerb FPer R lmes foh PePeR e hiBAL) pi ur pot ent
stem cel | s ¢ompoxiy &S5 KO@])Q¥) diyopoteit, hbuhiRiabiae gecisé o eeddr yoni ¢ anti gens
(SSEA) 3 and 4, and markers detectabl e using antibodies.designated Tra-1-
60 ant Tr actesiged HRoTOb Hineies Teedruolmbgdn S s SOBSS G T or ent i at; on
of pl uri pot @ednirsta®t6 glvk Sisé 1 awidglOcell@mbdge $e. & NspehitatdRER s@in RBHA-4, Tra 1-60,
and Tra 1-81 expression (if present) and increased expression of 5SEA-1.

Undi entiated.pluripotent ste ells typical|y hav | kal i ne phosphat ase
o 10D R B PR et B e s e R e SR A

8ar af orb rrgl g@hcyiﬁez,ed aﬂd%ctﬂﬂieas tiefsatiep 'bfbgsp&itgllike&'eat Qkh E&e@oralsarapls,wbst r Ftt ?’ ) as
escri be t he_manuf acturer (\Vector laboratories, Burlingame Calif.).
Undi f f er ent eﬁeéallﬁram%%%% Asélgfﬁ‘ie il Orﬂ@%erfﬂymwﬁwdé%Bgéggtheim and
TERT, as def£edkesloPy nidle PedtaliAdP4ahMrrtngositdeswvitmhlie 1pkenairyren.of

pr opagat ed _FI uripotent stemcells is a potential to differentiate into
cel I s of al ThatAnEeogtiitayhanapeiics: o Erdaerstsmf dHisudaton reiuogcclder m
tissues. PlyLiRObSBEMePh tR MFftRM20h psth®sl) ©&lJoft GABe DG dcORiImed, for
exampl e, by injecting cells into severe conbined i nmunodeficient (SCID)
mce, fixi rRircumetaness.at witesntitato didferentiaie g Aerpde sflbypapidebsgtiel cclind t hen
exam ni ng them Qld%%ﬁlof&gfnﬁé'do%?aﬁQ{rcﬁﬂskﬂl@&?&if@ife &t |ntd é’@iﬁ%reg{ %H‘qﬁ%e three
germlayers’ Alternatively, pluripotency may Be determ ned by the creation
of enbryoi dorisoditds a mediffsrasaederlittyne. dvbhiffordiatonicds foghe pieecspbesence of
mar ker s assQgi i ree. i . . . ed
pl uri pot ent%lkg%g%%ﬁ&?itiggesgrgﬁaglggggpfg@b%%%yﬁ(gs?thoél Vgl%zéli?%lgﬁ ggagggf bandi ng

t echni que anctlic ohpacetertio, thabhéaghelth dedirdghoopplesheafdity oéthe o¢lt, @spwhdhng pri nat e

species. It _j.s.desirable.to obtain cells th ave a."nornmal karyotype,"
i o means"URAEERHBOR R bRarEha Bnde Aohl tielPiRa Rl M SR Lomee are

present andcetiotithivod haatifatyyschdricesfeidyel Gouneagl differBitiariog oA dntagSt em Cel | s
[ 0044] The types of pluripotent stem cell hat may. b sed incl ude
st abl | shect Tt RS BR BIT (g GUEHR BaF Rk BP Y B b e atereBordh at ¢ er
gestation, den¢biudiintggdstanterdiray® BinChetusSBd@sdesUubBhdidBrenfifionefanpl e, a
bl ast ocyst), enbryoni (1: t Ls ue, or. fetal tissue taken any
uncommitted cell to the [ineage of interest.
[0036] “Cells expressing markers characteristic of the definitive endoderm lineage”, or
“Stage 1 cells”, or “Stage 17, as used herein, refers to cells expressing at least one of
the following markers: SOX17, GATA4, HNF3 beta, GSC, CER1, Nodal, FGFg,
Brachyury, Mix-like homeobox protein, FGF4 CD48, eomesodermin (EOMES),

DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, or OTX2. Cells expressing markers



time during gestation, typically but not necessarily before approxi mately
10 to 12 weeks gestation. Non-limting exanples are established |ines of
human entbwganianssizem cel | s or human enbryoni ¢ germ cel | #CTaISeH 1038129 Or
exanpl e the human enbryonic stemcell lines Hl, H7, and HO (WCell). Al so
contenplated is use of the conpositions of this disclosure during the
initial establishnment or stabilization of such cells, in which case the
source cel | g weulidicRe (R de ARiiYe Hld‘dﬂérﬁl%n%é%e 1&&1'1&6%)&&5@5‘[1@51{ §i€ddrdor from the
source tissues. Also suitable are cel froma pluripotent stem cel
popul ati on ells, @aaytlwrrﬁm@as,|rm¢smdedetm§ewc@dalfeﬂmew@d0éemlog. .Al'so suitable
are mutant human enbryonic stemcell lines, such as, for exanple, BGOvV
(Bregasgn. Atde HRAARLL SRR oB IR th?@a'ﬁE JM%{‘I &Qgé fNis€q stem cel |I's
aree%rﬁgared aseﬁg?gﬁ%ggd by Tﬁoﬁson(Et 2 . en 1 é 823 780;

Sci ence 282herciggefersdoerlls expressimgapleagheye ofgheyfol lowegp%kers PD>11398 Proc. Natl.
Acad. Sci. \kSeA nR21 BB TEI9E: GHS S AfhPLUXD R EALpERM GRly! S

[ 0046] I n one enbogﬂhent urﬁ%%tent sten1%%1ls are ch%ure on a | ayer of
f eeder cel | &ptehang @eqbp@uchar@dﬁ@lspt of thp panereatig erandasel lingagennahedei ous ways.

Al ternative r ure systemt hat
i's essentid%%me&ree 6%%?@&&é§%ﬂh&?g&§% (%H%ﬁﬂiﬁkeggtﬂm poh%s proliferation
of pIuripotent stemcells mnthout‘underg0|ng substantlal differentiation.
The [§0&t h ‘drefipitive plp;@@emn” atuspd bastipgrefers t edljerhihy beer the Fhamcterinfiasiodut
differenti r I ' F%P [ £ : ring

previ ousl yaévaﬁlg 15’{11 ot Hl% éﬁ)?dsy%lgg g%tﬁghﬁ;ﬁ ve 9{,%0%:&21% %agt\}/[\%ﬁgét%glpl uri pot ent
stemcells WMn@ebdeknﬁMEesEmﬁmuvemmbdﬁmumﬂd®®ﬁm$énﬁﬂkwﬁmankmsupported

atemcol | s nip bt HETARSAT CHMo 1) ksl RTRR PR g BLALL PO

| ayer according to the nethods disclosed in Reubinoff et al (hbture

Bi ot 88310l 0@farkas", 80ged hetoin, (B0 aciddrtpoitypaptideenafcculsh that ot ent stem cel |'s
may be cult r.obl f | | er according
to the met h&éggrg%@anlg% O}%Qé’j g&? n a_lxni}%ﬁ%?{ﬁlte?est 1% t]?g) %%éxt nc@tgggl{tﬁg&g smgﬁ/ 1998° Vol .
282. no. 538dans ppincicdtd levellfbﬁ))oanetlmrkmtand/echreapﬂdueveﬂJﬁirembgasnvem cells may

be cultured_o h eder, cel | |sc sed chards et
o7 st on cafite® Be 005 fte k06 BB RS Brdygt 384 S BlE 20
[0048]In orﬁﬁglwﬂboIdweﬁmtthe qllsof 1ﬂ@te@fﬁon@h&d\t@ﬁthé18:e]]myuch&hat tHetcall©fl on a human

f eeder cell er t.he ods di sc] osed i n Wang et .al (Stem
Col s 20: 1sibeian B e ol iR EL PR e R e A O GRFRGL ont -t em

cells may hﬁmﬁ&kﬂﬂbﬁﬂnﬂ@eh@e human feeder cell |ayer disclosed in Stojkovic
et al (Stem Cells 2005 23: 306 314 2005) Alternatively, pluripotent stem

cel l y be cultured an t er cell ISQ ed in Myanoto
et a O@t em% ?r?aélcfﬁgocﬁlgﬁceﬁl %ﬁe)a Cg\?rfné)%%ﬁplr??% %Ce gi ?II’I 6 tent stemcells
may be cul takpedsitnmbtiers hhmerfsﬁedﬁﬂhe pzﬁicfeaﬁc&MﬁlbcrdieSﬁlbig&éds usBd Aereih, et al

(Biol. Reprod 68: 2 15 003). Al ternat uri otent stemcel | s
may be cul tﬁﬁ?eéeoaﬁe ﬁ@aﬁﬁﬁgwpreea%w least ?newz;}er %‘%l@eg E BN Nz ot al
(Sten1celIsgaﬁgm54&n§éﬁungQgﬁknmkgggghbgﬁg@e enbodi ment, pluripotent stem
cells may be cultured in culture me rived accordlng to the net hods

di scl osed in U520020072 117. Alternatively, pluripotent stemcells nmay be
cultured in culture nedia derived according to the nethods disclosed in
U56642048. Alternatively, pluripotent stemcells my be cultured in culture
nmedi a derived according to the nethods disclosed in W2005014799.
Alternatively, pluripotent stemcells may be cultured in culture nmedia
derived according to the nethods disclosed in Xu et al (Stem Cells 22:
972-980, 2004). Alternatively, pluripotent stemcells my be cultured in
culture nedia derived according to the nmethods disclosed in U520070010011.
Alternatively, pluripotent stemcells may be cultured in culture nmedia
derived according to the nethods disclosed in U520050233446. Alternatively,
pluripotent stemcells may be cultured in culture nmedia derived according
to the nethods disclosed in U56800480. Alternatively, pluripotent stem
cells may be cultured in culture nedia derived according to the nethods

di scl osed in W2005065354. [0050] 1 n one enbodi nent, pluripotent stemcells
may be cultured according to the nethods disclosed in Cheon et al

(Bi oReprod DO :10. 1095/ bi ol reprod. 105. 046870, Cctober 19, 2005).
Alternatively, pluripotent stemcells may be cultured according to the

nmet hods di scl osed in Levenstein et al8(Stem Cells 24: 568-574, 2006).

Al ternatively, pluripotent stemcells may be cultured according to the

met hods di scl osed in U520050 148070. Alternatively, pluripotent stemcells
may be cultured accordlng to the nethods dlsclosed |n U520050244962

Al 1+ . g . M



WO 2012/ 030539PCT/ US2011/ 048129 [0051] The pluripotent stemcells may be

pl ated onto a suitable culture substrate. In one enbodi nent, the suitable
cul ture swbgbraizessvs an extracel lular nmatri x conponent, pPeuas2@3/048109
exanpl e, those derived from basenent nmenbrane or that may form part of
adhesi on nol ecul e receptor-ligand couplings. In one enbodi nent, the
suitable culture substrate is MATRI GELO (Becton Di ckenson). MATRIGELO is a
sol ubl e preparati ofefdifof) EXAsBh Ghi Ciftui @ﬁﬁmtawtelﬁ@eh@ that gels at
roomtenperature to forma reconstituted basement menbrane. [0052] Ot her
extracel lular matrix conmponents and conponent m xtures are suitable as an
al ternative. Dependi ng orfurstesigpiona FEiripategSgr 6k er ated, this may

i nclude lam nin, fibronectin, proteoglycan, entactin, heparan sulfate, and
the jodke, aPiefgutaf st cElﬁ’Jthﬁ’_sU@pﬁdémmtrﬂdﬂ@&thé QQg'i@eEI&iﬁc ahbivbpet ent stem
cells may be plated onto the substrate in a. suitable dlstrlbutlon and in

t he presencaéltlé?nsé et Lndrin aitd Btkers dlefectahle ysing antibedigs deypridoteilon, and
retention ofp doderrslesi r(ﬂmn%oﬁlaﬁdzas&@ﬁdem @1345 Abds)tbﬁ&@enrﬁm%@&t eristics
benefit fromcareful attention to the seeding distribution and can readily
be det er m n&drinsyenyriemgellsskivito ety meth%l}osss off +.ur 1481 @ddig {3t e nedia may
be made fromyldiGof G bt} gn&ﬁ%%@&@;pﬁe@%hsm if @afiARMAEs Dul becco’ s
nodi fi ed Ea e's ne G bco # 11965-092; Knockout Dul becco's
modi fi ed Ea@ur@%embr@tdm@ﬁhl%tm@ e allgling phgspYB20 20D dty. Whish €anfbE2/ 50% DVEM
basal nedi ujg 3 tlal am no
acid solutlon %%ggg%h%l%h%hgggﬂgéI%%?@%B#%é?%a%gQE%gwoggpggﬁﬁg human

r ecombi nant VixasiRedfi brdiviras as desovibdul Hyabe manl(firﬁ@)(Ve@bbabotatOII@zSG 029.
Formati on e r kers C t he finitive
Endoder m L?é\lgag%an%ercg)kf#é’l ‘3?‘?1%%? %ed@ur}%%&% ﬁqgﬁ?ﬂbg&f% (i’call &5en rQ’%‘ i nvention
provi des ned®tddsnd TERT,he détesterltyi RH-POR. popul at i ons of ceIIs expressing
narkers characteristic of the definitive endodern1|ineage from popul ati ons

j pot t I e L.hen vention
or ou PP e f R R oo PRSP SRR Pac Fp 6 BT PR &
characterisﬁﬂhmmﬂm&h&ndhioﬁﬂhhmeganﬂaﬁéwamdﬁﬂeﬁga1nﬂ®¢mnehmb expressing

mar kers of th ancr ea endocrd ne. | j neage. I n nt, this is
o eved ut s PR AR LSS PG e T s B B BB R &

popul at i onsexafplel wmpomegﬁellstnmeeeb ksmbineal 1iﬂnﬁ181bdd'iciefnt3(rSE]ED) afced i nto

popul ations.of cells ex Sin kers.ch cteri c of .the definitive
D tiar m 1 e 8 P L TRt BB G MRS b oS cRmib e R o
characteri Sliﬂ;t@lo@fball}hiBr ehaddnbd @ﬂcéﬂ tﬁi@@iﬁdﬁrﬂm thicdgagelapdre Ahenatdtiyf erenti at ed
into popul ations of cells expressing markers characteristic of

pancreati c @Wwwh@aﬁ%mp gy tﬂ%%a ‘ﬁBBE?%'?YP’%‘Hg 55 S qudjapsgs i‘%sm ng

mar ker s chagmasg @l bsdibscroPthe hREnRABCHBREN ﬁss@ﬂﬂ@@%tﬁ‘tﬂdtﬁ&%@-g&nﬁ{a@ then
differentiated into popul ations of cells expressing markers characteristic
of the panc@%ﬁﬁlc endocrine |ineage. [0056] The present invention provides a
popul ati on of cells wherein greater than 85%of the cells express markers

char%o«t?rl spmgag@fedﬁohﬂpd@ﬁﬂswn{ ¢NEineNEIOER Iary dtyiRadsing 4 hendaepalahdiey of cells

urther treated to forma popul ation of cells expressing markers
char act er i sEflRiye ae%@%ﬁért%a@hl@h%iﬁw&éwﬁs ofi theegpyesponfide pipateat i on of cell's

expressi ng ﬂ@&&@ﬁﬁm%&%ﬁ@@%@&&ﬁhb&mQﬁm%Bﬁnp%ﬁﬁﬁﬁﬁ&&gwﬁ@dwﬂ@ﬁHk&hneage may be
further treated to forma ulation of cells expreSsing markers

char act er i sthatdhagellp pis eh@lﬁ’élr @ greig 2B huwen slnempsomsage present and not

noticeably altered.
Sources of Pluripotent Stem Cells

[0044] The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic

tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any



[ 0057] The efficiency of differentiation my be determ ned by exposing a
treated cell population to an agent (such as an antibody) that specifically
recogni zewo2ombasbn mar ker expressed by cells expressi rgTIosRK@NIS129
characteristic of the desired cell type. [0058] Met hods for assessing
expression of protein and nucleic acid markers in cultured or isolated
cells are standard in the art. These include quantitative reverse
transcript aaﬁemhﬁgrg%ttafo% ap)%tltmﬁﬁatﬂeeas&tﬁ%é?&@)a DBLARS b Bhots. in Situ
hybri di zati on (se€, e. nt Protocols in I\}t))lt) ecul ar Bi ol ogy (Ausubel
et al., edsweeZéveqstaéle@pNemﬁmt)ng exginpley srprovidbdiskedyliwesefdiymas embryonic

i nmunohi st g Yéstenn blotting, and
for mar kerssq%]ﬁgétlgg)lrv lélﬂg%lcée{@rﬁ%ﬁ ?Iﬁ%%frltst?g%? g&f)ﬁe&aﬁk eéw cyt (E)lmet ry anal ysis
(FACS) (seesmlayapic stédarctlblmeahid, Harred HISWIGeIBnAlsb oditesplatad isabbortthor y Manual ,
New Yor k: a r. 8

[ 0059] Char acp‘gjlp?g I}SC%gtlg? i %sul’e(ﬁl Eh% %(mf gt%?l séﬂﬁgl?to)r)sta iliz t10n ofs%co t hose
skill ed in d¢ehig imwhich amd tlaachdmtce oefihzlwomtdaxealrm:ry plur1p<3ermt:eltsltaken|zi0ecﬂkyt stem
cells contlpue to be hdentl fied. bFl) urlg)lgSt nt stemlcell ma,[r kers include, for
exanpl e, t HEBEPRYST BRUSr A BiPngF &X5r kAL L PIBURHY" SRBER, cripto,
FOXD3, CONNmghihdd al@GltWEﬂﬁiuPddSH thO@Bwncead et d eNANIOG) [sb 2B e atéTIEdtantZFP42,
SSEA- 3, SSEA-4, T%a - 60, Tr 1-81. Wq 2012/&;8&8? @;/UE é§ﬁ048129

[ 0060] Af t er YB5M ngmsa?ﬂ ‘ﬁﬁ')'t Bt Sher, Igbpenp "rHOdS"Of t he present
invention, Ghg differentiated cells may be purified by exposing a treated
cel l popul ation to an agent (such as an anti body) that specifically

recogni.zes r ot gi rker ch as CX |1 s expressin
o RS Bt B B P PR R S P By Pl By © SXPressing
[00|61LPI u][inmaﬁ eSS @k, Nossti;ztﬁlgﬂogsdlafce lészatms ltda)el (DlﬁreSIQH)gII()d’:\I\:’I\lqent hon

i ncl ude or e _human, enbryoni c ce i ne code:
WA09), the %ﬁﬁégﬂg#§?§%§%g“§t@ﬁt€€?@¥$lﬁ@33 &?] t%ﬁé WAO1), the human
enbryonic stemcell line H/ (NIH code: WAQ7), and t he human enbryoni c stem

cell line SA002 (Cellartis, cweaefPluriosn: SehiCald e for use in the present
invention are cells that express at |east one of the follow ng markers

OB, b o BB bt BB e F R S M5
1- 60, and Tsuapdnﬁa.pluh@%ﬁ]sm’rdeﬁsm\cahalusam}er A&énnatn&ty, phtﬁpdelitismhh ve endoderm

| i neage are eI ected from rou conS|st TA4 HNF3 bet a,
oot ern SRR SR I e Bl S R R B BB N, Fas b

gO mes glder ][ﬂ ﬁbnétﬁ%@lpphoak(ﬁfbhfdl_'%hﬁf plafipAbnt stoxdatls wliﬂ'tdjﬁt hnde@&% and OTX2|-
uita e or use n.the._ prese | nve tlon is a ce a presses at east
one of the Sﬁ‘ﬁtt%é‘raLdléfﬁr&P%Pé‘Pér th grewat PHEIPGERG ST Falie Hteﬁafifagmftlt%age In

one aspect QfhduhgifiereBER1th id NPFIHe Aing & nfeBluln @XPKIESSI YLulBideer S
characteristic of the definitive endoderm]|i neage is a %I‘I mti ve streak

precur sor cpYiouspwidhangthep pelltyee. F8lfraratively, thegmo g PRt e kdls

charact eri sfisGqef frée‘l%ltgl%fv\'u{?ﬂoﬁt' dfﬁeraﬁﬁﬁa?fs@hﬂﬁo%@&%g a%lf%m'IE%ﬁfH&ﬁfé@r mcell. In
an alternate aspect, a cell expressing markers characteristic of the
definitive Beddlerm | ineage is a definitive endodermcell. [0063] Markers
characteristic of the pancreatic endodermlineage are selected fromthe

0 OUROPANST Bl BB IO dom IRl dTE b Ao cniffic HNF4 al pha,
50X9[IO f—l@Q and PROXl1 Swll?tla1 emuseS |§Bﬁ; él preslént |nveent| orltC is a cell

t hat expr esd@gblagt facdersell !ﬁﬁéf %Forﬂlﬁé trile P%@Fl@d%ﬁ%%@@ gYRapinefst ¢k he pancreatic
endoder m | | AGAGER ol ARG ARPSS- Rl (2000 PHIRAAKV AN SREHbRR «dh 684! expressi ng

mar kers characteristic of the pancreat|c endoderm | I neage 1S pancreat|c
endoder m celngy be cultured on a mouse embryonic fibroblast feeder cell layer according to the

methods disclosed in Thompson ez al (Science 6 November 1998: Vol. 282. no. 5391,
pp. 1145 — 1147). Alternatively, pluripotent stem cells may be cultured on any one of
the feeder cell layers disclosed in Richards et al, (Stem Cells 21: 546-556, 2003).

10



WO 2012/ 030539PCT/ US2011/ 048129 [ 0064] Mar kers characteristic of the
pancreatic endocrine |lineage are selected fromthe group consisting of
NGN3, NEURORp120SLsBY PDX1, NKX6.1, PAX4, NGN3, and PTFl1 acphm201in4sane
enbodi ment, a pancreatic endocrine cell is capable of expressing at |east
one of the foll ow ng hornones: insulin, glucagon, somatostatin, and
pancreatic pol ypeptide. Suitable for use in the present invention is a cell

t hat gr espiesc Bhnbdst. A% Rk LOR RIS/ GAkash ehidhi keff ctine pancr eati c

endocrlne | ineage. In one aspect of present invention, a
expressi ng lﬁmf@@qosdlwl@rthmmethi)@dl&@lo@ﬁfd mW%aqgafn@lr(ém @eléﬂéobﬁﬂﬁéﬁl neage is a

pancreatic %6@'?%59%&94% emﬂ&ﬁn&‘fﬁ{]ﬁﬁrﬁjﬁe‘n&t&ﬂg&ﬁrﬂld}eoe%ﬁitﬁremthge a

pancreati c hornone-expressin ternativel the pancreatic endocrine
cell may bdltwapécﬂﬂawllllwehdusméms%ojketlp agzlé%tblm Ceﬂle)@@E]Z3n3Qﬁaél4as pect of the

present | VAR Merb OGS S RIIRGHLNG iflgka b2 1R ESLY rEXRLARST NS

mar kers characteris expressi ng mar ker s
char act er i sthya detlotdden Bligahdto ki al €tere C@H$)223§§S}Q4@Dﬁa4)andtemau¢e¢5&st one of the

foll owi ng trans t|o factors | SL1, HNF3
bot . e, DGR B oS (R B THR prsti s FendBR dir SR on. o cel)
expressi ng mttkeequGJnate@mde?& 313502166, zlome) Nteﬁﬁ’u{felﬂr iphe@gent ssenaicdld cel | .

For mati on of pr rker ate t|c of nitive
o on O oLl B BPLaSSLn, VBner R Charagt ef Sihe O, Ahe Derpni i ve
present i nvensippgo pogwl ations of pluri pot ent stemcells may be
differentiated i nto popul ations of cells expressi ng markers characteristic

of t efinitive oermlln cultur t he, pluri ent, stemcells
LBl | Dkt Fo SRR ETP LIRS s B e SR e B S) oot o

f r om t he grupdagnsthshica®dofisdlastlii US200d0073iF1 71 . AltdinBiRely sgadiorent |

differentiation of tgyﬁpopuc!atl ur.i stemcells toward a

|
popul ati on B edismeydgshlbded gy F@F@déﬂ‘é f%@lflgfq%ealﬁthp definitive

endoder m | i ngA@6d 1@%hp(megklﬁébhawe@yatpwmo{eﬂestm dlis RRY BB tulalk-&nhcel s with
activin A and a Wt gand. 0067! I'n an al ternate enbodi nent,

di fferenti afultsrs regdia #@V%m@rétn@é% hgmeghods figelpssd in ‘é’@ﬁp&ﬁw toward a

popul ati on gfierb/IVES, SYRFASS kt@ﬂ c@@srﬂﬁ%f 53 c%'ﬂéireé% &ﬂthl%trh&h@éen%tﬁ definitive
endoderm | i neage i S achi eved treatin Cgé& [Cgaurl potent stemcells with
e

GDF- 8 and aiccorégto @ﬁ@le&oﬁéﬂlsqlai?ﬂmxﬂ 4 s 22 9R-ORQ 28Pbup consi sting

of: an anil azi ne,
R 1 5 Brery BN AGLRGRL O Y] sl Al 21 0

[4-(4- { | 2ac(:@§lmg(ﬂ@ ‘rlne me;hoémhmj@@ﬂ }rryU?a}ﬁ)ﬁGQi})Oll Alternatlvely, pluripotent
1,3,5-t t

3 ( {34 4]‘ I( ?‘ggt{l'ﬂ/é%lﬁ r%a?%{e/::’c? 1é1ycluitﬁg)é ?&Bﬁoa?ﬂ e]dhaghrdmg to the methods
anino) - 1, 3, <ﬁsc11¢se<amlﬂ8@0w?]3p%d d&lmr@tlyéljf pdtmm@)lmt@paerﬂslmaylbe chitufed
d] pyrim di ne- Hl’uffi: Bﬁ%ra{ld %%aaco}gémé’ lo e ngtﬁocﬁ)syc{lsc?osed in U§/6%O@480{ [3-

(trifl uor onet
- 1, 3-t hi azoAk&nativiiyeplhipdigit premi cdilinayibecaitned antudtare nedle darived hyl et hyl { 2-

am no) pheny T AP TEAHURTRYRTCR i BRI b1 (T3 (5 (53

- hydroxypropyl) - 2-(nethyl oxy)phenyl] -1, 3-oxazol-2-yll
am n[d)))$1]‘]enyIln]olr[e'eﬂnb(bdlmeI&rﬂdammiI@u stém(cel{s‘iﬂay[ I@®-cu{tured according to the methods

e, et o LGS i 1) RS bRRTP sSSPk oPen2
19, 2005). Alternatively, pluripotent stem cells may be cultured according to the
methods disclosed in Levenstein ef al (Stem Cells 24: 568-574, 2006). Alternatively,
pluripotent stem cells may be cultured according to the methods disclosed in
US20050148070. Alternatively, pluripotent stem cells may be cultured according to
the methods disclosed in US20050244962. Alternatively, pluripotent stem cells may
be cultured according to the methods disclosed in WO2005086845.
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y1) sul fonyl ] phenyl | am no) pyrazi n-2-yl]thiophen-2-yl| nmethyl)pi peridi ne-4-
car boxam de, and 2- { [4-(1-Methylethyl)phenyl]am no}

- N- ( 2- t hiwpher/@essbet hyl ) - 7, 8- PCT/US2011/048129

di hydr opyri do[ 4, 3-d] pyri m di ne- 6( 5H) - car boxam de. Exanples of the factors
suitable for use may be found in US Patent Application Serial Nunber

12/ 494,789. I n one enbodinent, the at |east one other factor is

14- P['i)@ 2- efhejp'hyrt]po%nﬁstgm %é&lslﬂayzc;é p?a?ed onto a suitable culture substrate, In_o

hept aazat etracyclof 1-2,76-.1-8, 12-] hept acosal(25), 2(27) 3 5,8(26),9,1
1,21, 23- nor\q@wdmbrﬂ@ su[tﬂﬂ@e]lmrﬁesubmﬂtﬂ igpi @ﬁramllutﬂrmrpmompn@t emtcel | s may
be culture i I@mg h,¢BSA and a
factor sel cejacst %&E%%lgr@ t Og%érr%g%h@%r%%%# ??n‘gm?rﬁ#’ﬁ‘gd I'n gﬁ%ml%éb{ for about
one day to abenn melvere gagpsor-18andeaualings e Inyonetehbogiopal, deiswiteblsf cupthngr i pot ent
stemcells i suppl ement ed

w th BSA ansng%lfra?e B 4{5%[;@2“%@3&&? If&t%t gb@%&?&%&%&gf i nsulin and

| G--1 for a;trepmratmnérodaﬁlngtetbra]h}bltotm §wxrndmyfs>r clsttlent pals atwedry tenipemtyyopul ati on of
pluri pot ent, §tem cel tﬁg% be cul tu%r in the medium | acki ng serum and
suppl ement €8 anreﬁfg}&léi‘ ALY Br M ¥8 % ct ed from the group consisting of
insulin and 1G--1 for about one day to about five days. Alternatively, the
popull0é32]on @ﬁlemxtm¢e|liol:aermatristcempo:®htssandragmltmemtmhitsmrescdrei smitatheasrapdi um | acki ng
serum and s nme SA fact cted .fro the roup
consisting O H%Pnaﬁvseulr]{l)er? encW ?I@IE lﬁgpe lofrﬁra§e i 0, IBCIu r(lf)ntﬂltlgdays

Al t er nat i vefityondctig pmenglwam @ntacxin, hd:paranmolfaatanéttemkeeﬂldrs ofryvakieuscul tured in
the nedium| a k| n serum and suppl enented with BSA and a factor sel ected
fromthe gr% 1%S’stlng of insulin and IGF-1 for about four days. WD
2012/ 030539PCT/ US2011/ 048129 [0069] I n one enbodi nent, the GDF-8 is used at
a cofeEnt raTlieqﬂurigocem ahouellsﬁnayg:’emlatetctbn&bmmutﬁﬁﬁe g smﬁtablé disaibuddt er nat e

enbodi nment use con atlo fr bout .5 ng/m to
about 50" ngHis teRrresof AP afabtierel ke RceRbEReT diea of A

concent r at i RRnfisrosntieddesirabie digfadlerittizs.aan lﬂliesQ&laﬂa@feﬂihtlcs lbBin o fraintc@feﬂflt e

enbodi nent, the GDE-8 i ed at a concentration af about

[ 0070] Act i ﬂtﬁnt&%@%éefﬁ%fg“&?m&n% eafegdly %SHetF‘inBﬂ‘? Egﬁ;‘? to about
100mg/ M . lwmeam al ternate enbodi nent, the concentrati on may be about | pg/m
to about lug/m . In another alternate enbodi nent, the concentration may be

abou about 100n I.n.anot h al ternate embodi t he
oncldi Y RitRisSBHS mE0etre Bt o Sl e RS ook Rer &l Cer nat o
errbogl rrenlt ,exhﬂ@leCDﬂBB@d&E'ﬁ atoumadmagfle'bﬁleaﬂa@umm@pf V\ﬁg?itriﬂo.# V\%@@%M\t}\ﬁ vgt | i gand
may be sel ecte rom-t r nsi s 0 t-1, Wt- t-5a an

Wit - 7a. I'n %‘i‘%ﬂ%‘t‘r%@?%%fﬁlgocfﬁ% te%lqwdjl“a‘ﬁ’g(lfg BMEM), Gipgp @ﬁg%ﬂ P8 nat e

enbodi nent Htht/mo%mmUa§a1WéamglazodIQWI_?,JgW@nM\mGlbdogsam:«smw be used at a
concentration of about | ng/ ML to about 1000ng/m . In an alternate

embodi ment , NaNHES KR! amng)a%&i PRYyiope e Hl 140-080: domersrntocshaneinSismadbout | Ong/

to about %&@a/gimumtﬂew}@olﬂm%wmtmast bewaPREBRloFaE) AbQfx 1hee Wt | i gand
029.

Formation of Cells Expressing Markers Characteristic of the Definitive

Endoderm Lineage from Pluripotent Stem Cells

[0055] The present invention provides methods for the formation of populations of cells
expressing markers characteristic of the definitive endoderm lineage from populations
of pluripotent stem cells. In one embodiment, the present invention provides methods
to further differentiate the cells expressing markers characteristic of the definitive
endoderm lineage into cells expressing markers of the pancreatic endocrine lineage.

In one embodiment, this is achieved utilizing a step-wise differentiation protocol,
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[0073] I n one enbodiment, insulin is used at a concentration from about 1
ng/m to about 100 ng/m . [0074] 1 n one enbodinent, IG-1 is used at a
concent r avoamasessvabout 1 ng/m to about 200 ng/ m . Forgatuseer1oisi®Gel | s
Expressing Markers Characteristic of the Pancreatic Endoderm Li neage
[0075] I n one enbodi ment, popul ati ons of cells expressing markers
characteristic of the definitive endodermlineage forned by the nethods of

the present,haugRbiMRio! or IR sidh CURMAIRLAliRGChOAQ iRORULALIADS of cell s

expressi ng nar kers characteristic of pancr eati c endoderm i neage by any
met hod in téfeckyaxpresyng m@ker/s@B@%@P@pmqumgm@le{rmbrmpﬁolﬂe)@,xarrpl e,

popuLat | 0Ny 0l BN ESHH A, MREKEKSFIALRRL SE WAl uGefig! 1 1l Ui ve

endoderm i ne talne cording to t e net hods o resent invention
may be furthﬁﬁgﬂﬂéﬂ@néﬁ&ﬁauedimnuampbpmwaﬁpdhgxmﬁ%u@hhgk@xpreSS|ng mar ker s

characteri Séhtapacfgfl?t crl)?t}{% gﬁé’rgﬁ eﬁdo%ﬁﬁil? Hﬁ:"ean% lNQ ?qge %ﬂla&&f aqf c&% the

popul ation © Raracter | he definitive
endodern1I|m@agﬂn@mmﬁmdmmgwﬂ@mnheﬂhephmdﬁudmsbﬂ@mﬂmmweﬂiﬁmmur et al

Nat ure Bi ot nol . 24, 1392 - 01 2006 7] For. ex | e, popul ations
of cells oxprasti i ngrkerinionar b Bt e ripPb AERTE IR endbaer m

| i neage obtginoesticaddaralt figedege t he nethods of the present invention nay be
further differentiated into popul ations of cells expressing mar ker s

char ristic o ancreati c _endpder he
oo Bl Taer Py ADEETRY SaePRERETUTR DL ABERR ol BERBIAREIET | (i v
endodern1||@£ﬁg@n@@ﬁﬂﬂﬂﬁﬂ@mﬁﬂeﬂhﬁoﬁ&kh@ﬂmndaaﬂbmﬁmdmm@eU$h@atent

application Se 1/ 7386, For on of ressi ng Markers

Chor hcter | Srpgeft dirsMoaf e ERGOEH R » PPrdiige f GUB SR Bie. enbod ment
popul at i onsmaxkers ehdrsct@X ¢ 65HE p@cm&@fdswmﬁa@g@errhépqﬁﬂambn bhellpancreati c
endodern1llne%ge are further dlfffrentlated i nto populatlons of cells

expr essi ng FRFREPSMRKER SETEHTSHE £ F PHgE2Pamtde e W etssdeer e i neage by
any nethod #diddhefddta population of cells expressing markers characteristic of the

pancreatic endocrine lineage.

[0057] 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 desired cell type.

[0058] Methods for assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, iz situ hybridization (see, e.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, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).

[0059] Characteristics of pluripotent stem cells are well known to those skilled in the art, and
additional characteristics of pluripotent stem cells continue to be identified.
Pluripotent stem cell markers include, for example, the expression of one or more of
the following: ABCG?2, cripto, FOXD3, CONNEXIN43, CONNEXIN45, OCT4,
SOX2, NANOG, hTERT, UTF1, ZFP42, SSEA-3, SSEA-4, Tra 1-60, Tra 1-81.
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[ 0079] For exanpl e, popul ations of cells expressing markers characteristic
of the pancreatic endoderm|ineage may be further differentiated into

popul at i ome 20f2/03e43bs expressi ng markers characteri stic eCTiuseopamieeati c
endocrine |ineage, by treating the popul ation of cells expressing markers
characteristic of the pancreatic endoderm|ineage according to the nethods
disclosed in D Amour et al, Nature Biotechnol ogy, 2006. [0080]For exanpl e,

POPUldéd)ONSARL: tfe%ﬂgsplmrfe%mrﬁgelwlmém%@asa&ftﬁerlsréstehﬁn%u&b%heoancr eatic

endoderm | i neage nay further differentiated into populations of cells
expressing drﬁ‘m@tﬁaéedcqqﬁs‘ mey bq pusificd bbﬁxnomg parn@tﬁ(é@qlhn@p@ln@@btmanegqnit neage, by

R L D ST P Ay

pancreatic oderm ccor osed in D Anour
et al, NaturereBiedbgctibakpyyin2008ers FIpOB1rFor ofghadgsingive pogndbat i ons of cell's
expressing 4 r%ers characteristic of the pancreatic endoderm|ineage may be
further di ffer ntiated into popul ations of cells expressing markers
characteristic of the pancreatic endocrine |ineage, by treating the
popull08éllon Eiﬂrimnlt steevcplenigilieg formpdde e erantasyeativsintlodo forteemplancr eat i ¢

endoderm | ip [ S U t
application {%%q%%l Qg%-ﬁg%}gﬂ%[%@@gf% dge\igb ﬁghhlﬂan t??%nﬁés] of cells
expressi ng smnkeé}rlmecﬂﬂa(ﬂ\HHtoede sWAQl)otﬂlehmaalpmrttry@m stemeeidhlwdﬂr(NIHneage may be
further diff n ati.ons of. ce [essi ers
characteri st 89\8% bﬂhe dﬁg%fél%néa éom%rﬁonaposé‘?nl1 ﬁen llmengA%OS){@%Brtfs é«;‘g‘?ﬁgﬁg t he
popul ati on Ako sglable fexipe asthe p@sdﬂiﬁfnhﬁﬁ@n@h:aj‘eﬂfcﬂletrdxﬁltesmtdIifasttdﬂeomacI’ eatic

endoderm | i e ac ordln to th t hods

opol | cnt 1 orfonayine GRS ade Sk O p BB RSP SR B P N of cel 1 s

]gzxprﬁssi ggf@@NN@mNm@(BWEXH\%; «lacmﬂ Sdre2, fpasrwml (leanrmnemmmezmm; Eeage may be
urther di r ent nt o _popul a ns of cells expressing nmarkers

characteris%ﬁ%qéf§$ ﬁgﬁéﬁsa?ﬁék%iégcrine Iineage,pby tregting t he

popul ati on of cells expressing markers characteristic of the pancreatic

endo@es2n | i Megkge cafeaciiio gf tho défetihbaidsn thagb acacledted fulsm plat @adp

application Ser . L9 7 0084] Fo anpl ations of cells

expressi ng “r?&?lﬁtg’tgsl\ol?éanglc‘?‘g#&é’tafﬁgé%l?et?’]ﬁg({ogﬁglgg?q%}: @%%@FW‘W ‘neage may be
further difimer m&moa{ewb;d pr6t0inPPEEY, @D@n@n@%o@aﬁim@msgmm FEHIKer s
characteristic of the pancreatic endocrine |ineage, treating t he

popul at i on SATEEI FXCRGPrEdstRYY raf KEr<: §H‘é"rbé‘%§0él”‘ﬁe§‘t‘ fh(? PR Y epiiicr eat i ¢

endoderm | i 1@@%9@thﬁ€&(9fe§ls!e§‘gt bRt dhe rMRIMARSs Sasitpis@dofthe ddBnat ent
application Ser. No. 990, 529. f{t0085 ] The present invention is further

il lustrat edendaféﬁrmd@?aglei Fﬁ@r@dlswto beprEsnt iBynHign. exalprEess InEXRIPIES Exanpl e 1

characteristic of the definitive endoderm lineage is a primitive streak precursor cell.
In an alternate aspect, a cell expressing markers characteristic of the definitive
endoderm lineage is a mesendoderm cell. In an alternate aspect, a cell expressing
markers characteristic of the definitive endoderm lineage is a definitive endoderm

cell.

[0063] Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of PDX1, NKX6.1, HNF1 beta, PTF1 alpha, HNF6, HNF4 alpha, SOX9,
HB9 and PROX1. Suitable for use in the present invention is a cell that expresses at
least one of the markers characteristic of the pancreatic endoderm lineage. In one
aspect of the present invention, a cell expressing markers characteristic of the

pancreatic endoderm lineage is a pancreatic endoderm cell.
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The Role of Insulin in the Differentiation of Human Pluripotent Stem Cells
to Cells Expressing Markers Characteristic of the Definitive Endoderm

Li neage: wWbusixoSeedi ng [ 0086] Previ ous studi es have sheem/ushat/oasike gh
concentration of FBS is detrinmental to the formation of definitive endoderm
(DE) fromenbryonic stemcells. See, for exanple, D Amour et al., Nature

Bi ot echnol ogy, 2005, where the induction of definitive endoderm from human
enbr \egu|C  SigMReG thirsctagc 5 MR p{dcRant batob Mk fRARA MR RE RS Gapcent rat i on
was reduced from 10% FBS to 0.5-2% FBS. Sim | ar observati ons were reported,
wher ei n addionpigtingef NEBN QIEMRQIP, IBIGF PEXX 1206 Xgl, RiAXdE NOhSu#id PR 29 FBS to ES

cells cult i - .G flhr Ll oned nmedi a)
decr eased ?ﬂ@g'eglg?lé@s:r?bg% %@g@%@%&%ﬁ@sggﬁe@ég%@%&f %Féls%f\}é)%g t r eat ment

wi t h acti vilnasponeSdehdvbllewing bornaings: Btseln, Chickg@n 26nR2OsBEn, 2@ Pacrda0O87] The
inhibitory effect. o e S L e to th Lnsulin or IGF
i the. ps, SRR SR E R B ettt alh S EoPRARSRES S bEE™ soe
McLean et abne oBthemadadrd chaRbteARic38 theA30dtcatidlcoddcaide lindage. Nl ok apedtiofiase

si gnal i ng pat hwa ti ncrteased per cent age, of Soxil?. tfoitjﬂ%i ve cetl | s in human ES
cel I's cul t uPeR T MEFIER 4 D SR S M Tk R stoB T el "B REned nedi a) .
See McLean @&ldo@ine libtmiCepdnsred®: cdBod3Be cADOlhe phR&BL TR Andadlanguggest t hat
it would be expected that addition f£s Ii.ttll as 25 ng/a%.of | G- or 200
ng/ m of i N HACEY RO Y TRICET B 9’?3 gt YeIva therpaneTsRUceBHReERE Fit i on of FBS
(0.5-2 % FBERy vodpsiclRhactorhbe-Jfeoretimd dein of definitive endoderm Typi cal
concentration of IGF and insulin in FBS is approximately 70 ng/m (J. din.

I nve 76:4, 1985 d appr.oxi mat e 60 ng/m  (L.n Vitro |1 Dev Biol.

55 gobes) S oiont e R B BBy SeRRS f gt Sha ROt s el y 14 ngi i of
| G- and appa@ickind @hkerd cRaril@érittic 6f the pSbll iiﬁba%@ R%IF8DresiRORBER! | s of the
human enbryonic stemcells |ine HL (p40-p52) were cultured on MATRI GEL(r)

(1: 30 di | ut$herspteipp obihsdrged dneage caaresses band) at leagiame ¢f @p SHlewingn MEFCM

(mouse enbr e fi . i '@ﬂ%m with 16 ng/m
of FGF2 (C&%@F%g?#gﬁ%?)%@g}ggpro éiéh, ’, aL?%O%iUI? g’re%iﬁ?%g%%d into cells
expr essi ng Mevtlke P4 Xdhand Xt ils bhcaspéct bhhe daféminvimenenddideprsdiigneage as
follows: a. RPM di, um.suppl ed with 2% fatty acid-free BSA (Catal og#
68700. pr of PaRES PRl OB F R et B A (Red Systems. MY bl te. 20
ng/ M WNT-3a (Catal og# 1324- WN- 002, R&D Systens, MN) for one day, then b.
RPM nedi um SuppliemefCed Bapreksin2ddl BB s &thdrd@oismgdfithe Refrinive Endodeon an

additional three days. WD,2012/ 302,?9PCT/ 20 048129 [0090] I n sone of
et

the cultures, the cells wel&@GFAVRE™MHUPPK" owing dilution of ITS X

(Cat al ogue# 51500- 056, Invitrogen, CA): 0, 1:106, 1:5 X 105, 1:105, 1:104.

| TS-MH06d a memnempedpl deenesprit iswpipdne pgndaidncadipuripstedt ssdm gellygdayibeof | nsul i n,
0.55 ng/m é)li‘fer-é!_rrlt%rt]esdfifelt%fplolr)]ulatiogls 89 é)eﬁz e)%ésmng %ark%(r)sdclhlélrg]c%ref‘s!tlecnolf %h%’ and 0.2 my/m
of Et hanol amn

definitive endoderm lineage by culturing the pluripotent stem cells in medium lacking
serum and supplemented with BSA and a factor selected from the group consisting of
insulin and IGF-1. In one embodiment, differentiation of the population of
pluripotent stem cells toward a population of cells expressing markers characteristic
of the definitive endoderm lineage is achieved by treating the pluripotent stem cells

with activin A and a Wnt ligand.

[0067] In an alternate embodiment, differentiation of the population of pluripotent stem cells
toward a population of cells expressing markers characteristic of the definitive
endoderm lineage is achieved by treating the pluripotent stem cells with GDF-8 and at
least one other factor is selected from the group consisting of: an aniline-

pyridinotriazine, a cyclic aniline-pyridinotriazine, N- {[1-(Phenylmethyl)azepan-4-
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The range of dilutions of ITS-X correspond to O, 1 ng/m, 2 ng/m, 10
ng/m, and 100 ng/m of insulin. As a control, 0.2% FBS (Catal ogue# 5H3
0070. 03, wipchms)s3wT) was used for day 1 of differentiarcons2015%1B8S at
day 2 and 2% FBS was used for days 3-4. The FBS treated cul tures were not
suppl emented with I TS-X. [0091] At day 4, sanples were collected for FACS
and gene expression analysis using real- time PCR Surprisingly, as shown

in Figure Jyl]laggil;t-b%pﬁ%-sg?;ﬁ&@mﬁ@é,m{[4).;4_-i{[@f{ﬁg(ﬁd?n&glmﬁo)@fﬁﬁﬁmy}sed to
differentiate the cells, did not significantly affect the éxpression of
mar ker s assb&ddtiazeh-wiybpyraef-2 vl lox b utemd odekr- (B (FORAM ctindxyidingnd CXCR4) ,

mar kers assQgi i - [ 26N N4.0F>_

ext r aenbr yiﬁ?‘?ﬁﬁ rﬂ‘%{k}\éﬁ&sﬁzl %@@9&%&?2@&@;@@?%}9@%&%@% %gl’ %Irééaped with
medi um suppBéitenv@dnyletty 29 BIR-(¢ ostedpipérgrinfl iydpniply ipshidgPer- expr essi on of
mar kers assgqi i fingtiNv . cultures treated with
medi um supp(ﬁé%%%%glgw\’/\%{ﬁﬁaﬁ%{l%ﬁiﬂﬁ%@%ﬁgg@éﬁﬁégg{T%)'bser vations were further
support ed byrifidveorectipl pheiyblamofo } TRORGzalrdy (BD&hy lgspatidine fndartedaide FACS, f or

t he vari ous eat hent s. e Figure 2. The | | f re tor CXCR4 has
been previ th]bﬁmgtﬁmy]t ijﬁ%e({gl[ Y r'lkyélFoxéfPrOB%% ?le%'lglgg%&' T CD9is a

mar ker for yj;uiigﬁcﬁ)pl;f@m]étay@chélﬁ&awI1,|1s?inﬁgiy&ﬁq’me[at(l{y-_ﬁ-@nh%dm@dymﬁ)i n the
expression an ecrease, in the expression o a

pogul ation 'fm?féfcfg@")?}?nﬁquﬁé%f‘?ﬁ%'ﬁffr‘m{“ﬁghqnéﬁﬁﬁﬁ'%’%ﬁrwaé%%'tqr]ve endoder m

As summar i zgal[i4vid@blppetazinhiOy1SsuGonyfl jpE@iyt } afangeadim2 thigkpi-essi on of CXCR4,
orCD9 was observed . in cells treated wth nedium supplenmented with BSA, at
any concentYapeByDriperidistipl h-(1BKred (i edslpipstazinsiggest that insulin is not

hese st uli oa e B R (o) e D1 56 CXCHA- CDB-
FBS 56 27 ocarboxamide, and 2-{[4-(1-Methylethyl)phenyl]lamino}-N-(2-thiophen-2-ylethyl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide. Examples of the factors
suitable for use may be found in US Patent Application Serial Number 12/494,789. In
one embodiment, the at least one other factor is 14-Prop-2-en-1-y1-3,5,7,14,17,23,27-
heptaazatetracyclo[19.3.1.1~2,6~.1~8,12~]heptacosa-

1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one.

[0068] The population of pluripotent stem cells may be cultured in the medium lacking
serum and supplemented with BSA and a factor selected from the group consisting of
insulin and IGF-1 for about one day to about seven days. Alternatively, the
population of pluripotent stem cells may be cultured in the medium lacking serum and
supplemented with BSA and a factor selected from the group consisting of insulin and
IGF-1 for about one day to about six days. Alternatively, the population of
pluripotent stem cells may be cultured in the medium lacking serum and
supplemented with BSA and a factor selected from the group consisting of insulin and
IGF-1 for about one day to about five days. Alternatively, the population of
pluripotent stem cells may be cultured in the medium lacking serum and
supplemented with BSA and a factor selected from the group consisting of insulin and
IGF-1 for about one day to about four days. Alternatively, the population of
pluripotent stem cells may be cultured in the medium lacking serum and
supplemented with BSA and a factor selected from the group consisting of insulin and

IGF-1 for about four days.

16



BSA 69 13 13 BSA + 1 ng/m insulin 70 13 10 BSA+ 5 ng/m insulin 67 15 12
BSA + 10 ng/m insulin 69 13
WO 2012/030539 PCT/US2011/048129

[0069] In one embodiment, the GDF-8 is used at a concentration from about 5 ng/ml to about
500 ng/ml. In an alternate embodiment, the GDF-8 is used at a concentration from
about 5 ng/ml to about 50 ng/ml. In an alternate embodiment, the GDF-8 is used at a
concentration from about 5 ng/ml to about 25 ng/ml. In an alternate embodiment, the

GDF-8 is used at a concentration of about 25 ng/ml.

[0070] Activin-A may be used at a concentration from about 1pg/ml to about 100pg/ml. In
an alternate embodiment, the concentration may be about 1pg/ml to about 1ug/ml. In
another alternate embodiment, the concentration may be about 1pg/ml to about
100ng/ml. In another alternate embodiment, the concentration may be about 50ng/ml
to about 100ng/ml. In another alternate embodiment, the concentration may be about

100ng/ml.

[0071] The Wnt ligand may be sclected from the group consisting of Wnt-1, Wnt-3a, Wnt-5a
and Wnt-7a. In one embodiment, the Wnt ligand is Wnt-1. In an alternate

embodiment, the Wnt ligand is Wnt-3a.

[0072] The Wnt ligand may be used at a concentration of about 1ng/ml to about 1000ng/ml.
In an alternate embodiment, the Wnt ligand may be used at a concentration of about
10ng/ml to about 100ng/ml. In one embodiment, the concentration of the Wnt ligand

is about 20ng/ml.

[0073] In one embodiment, insulin is used at a concentration from about 1 ng/ml to about 100
ng/ml.

[0074] In one embodiment, IGF-1 is used at a concentration from about 1 ng/ml to about 200
ng/ml.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

[0075] In one embodiment, populations of cells expressing markers characteristic of the
definitive endoderm lineage formed by the methods of the present invention are
further differentiated into populations of cells expressing markers characteristic of the

pancreatic endoderm lineage by any method in the art.
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13 BSA + 100 ng/m insulin 73 12 9 Exanple 2 The Role of Insulin in the
Differentiation of Human Pluripotent StemCells to Cells Expressing Markers
Char act erwet2orz/3b53bhe Definitive Endoderm Li neage: Si nglpeT@shké118es09 ng
[0093] Cel | s of the human enbryonic stemcells |ine HL (p40-p52) were seeded
as single cells at a density of 100000 cells/cn2 on MATRI GEL(r) (1:30
dilution) (BD Biosciences; Cat # 356231)- coated dishes in MEF-CM (nouse

enbrpeyC frRreebh ?oﬁﬁ&'ﬂin% bp&:@@e{ﬂ?&kﬁ% nPHRR GIBRERicWr i alfnifgd M of FGF2
(Cat al og# 100- 18 eproTech and I01AM of Y27632 (Rock i nhibitor,

Cat al ogue# ords@am lgp@mbtap@l accpplingrtg thygetherds of thagresens linvigntessn mgrhe

differenti L\/Eﬁﬁ 131
(Cat al ogue;jr1£I1 ﬁgg'?gﬁf 68 rgﬁfep r%%) ér{%ﬂazlﬁgso emn%‘?%m ﬁ%%'ﬂlg(rar%\%%cet 1ot 20 f at t y
aci d- fr ee BBAcit@atcallolptin 68FQO by Rraing it popiladion ¢ .cODEppAsmg waoderam

bi car bonat e %@t[ef"} tf%%‘t"ﬁlegaﬁfof 58S eniiggeq{m n%@ggoﬁf@ﬁp%coﬁh?%%@I@y@@s@& ogue #

35050- 079, rogen ns, MN) plus
20 ng/ m V\N'ﬁ-IBAn(oﬁaétazll mraBMecthb@@ 18D 1805¢(2008), MN) for one day, then
b. I\/CDB 131 nedi um suppl enented wi th 2% BSA, sodi um bi carbonate, G utamax,

and gng/ Q‘%ﬁ}tq}lé{ I ﬁat SRS oA %Sﬁﬁgﬁlarl# tﬁlﬁ%gragt@%%lc 0& 91%%%} 1111 ySOme of t he

cul t Wer e 1 eated OW ng concentrations of
i nsul | n (C&Mbd@méﬁea@blﬁﬁ;ne&aw@ng\@)he 10¢thdds oI(h,e pite@éht invOXion rmry‘tﬂeOOOO ng/ m .
At day 4, s I wer e ect NS an nd al ysis
Gsi g r eal <O Rl B gy R ob PR B e e SR EC AR 2 i
used to di fpaacentidecatiedeihénesgk bg trealing tiegiopulation of cells expressing markers

characteristic of the definitive endoderm lineage according to the methods disclosed

in US patent application Ser. No. 11/736,908.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage

[0078] In one embodiment, populations of cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into populations of cells
expressing markers characteristic of the pancreatic endocrine lineage by any method

in the art.

[0079] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed in D* Amour et al, Nature Biotechnology, 2006.

[0080] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

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

[0081] For example, populations of cells expressing markers characteristic of the pancreatic

endoderm lineage may be further differentiated into populations of cells expressing
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significantly affect the expression of markers associated with definitive
endoder m (FOXA2, SOX17, CER1, and CXCR4). Simlarly, the expression of
enbr yoni cwoaniear3ss3 NANOG) , or extraenbryoni ¢ markers (5@ET/UsAHR)48129 € not
affected. See Figure 3. Addition of 1-10 1.ig/ml of insulin, however, did
I ncrease expression of NANOG These data were further supported by inmuno
fluorescence (IF) staining for the definitive endoderm marker SOX17

(Catal ogue #ARL gl%araé%rfg‘tlpoistﬁéfaﬁl%atlé\@odoérﬁfegfﬂ[a%e@y trdaAPOBL b Ati®n > depicts

t he CXCR4 and CDO expression pro he vari ous treatnents as neasured
by FACS anabfyesilssexppmssing mprers 2 aqtfﬁlsurabﬂ tbe pancreaid gndaderaulipergephysi ol ogi cal

concentrat '&P&&Qg&é &%‘tﬂ%dg ﬁsé‘l@se@ JBQ%Ateﬁt ggl?ca%@@f?s& €841 835804 N the

percentage o0 S an nincrease I n expression of CXCR4- CD9+
fraction. These data suggest that in the conditions in this study, only
supel0pdfsi of wgkenatle.popeatmns af ¢ein sxpsessing swrkcrs dhataptptittictoh repargienticon of

definitive &ﬂg%rlﬁk%gg%wg%elfﬁrthelﬂl%ﬁe Qkd %fo%%ﬁ%ﬁ(gg%f coffs GRG0+ %

CXCR4- CD9- BSA 96 1. ng/ I nsul

markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

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

[0083] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed in US patent application Ser. No. 60/953,178.

[0084] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

according to the methods disclosed in US patent application Ser. No. 60/990,529.

[0085] The present invention is further illustrated, but not limited by, the following

examples.
EXAMPLES
Example 1

The Role of Insulin in the Differentiation of Human Pluripotent Stem Cells to
Cells Expressing Markers Characteristic of the Definitive Endoderm Lineage:

Cluster Seeding

[0086] Previous studies have shown that a high concentration of FBS is detrimental to the
formation of definitive endoderm (DE) from embryonic stem cells. See, for example,
D’ Amour et al., Nature Biotechnology, 2005, where the induction of definitive

endoderm from human embryonic stem cells was significantly increased when the
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0.7 BSA + 10 ng/m insulin 95 1.4 0.7 BSA + 100 ng/m insulin 90 4.1 2 BSA
+ 1 pg/nml insulin 90 3.6 2.2 BSA + 10 pg/nmlL insulin
WO 2012/030539 PCT/US2011/048129

FBS concentration was reduced from 10% FBS to 0.5-2% FBS. Similar observations
were reported, wherein addition of 25 ng/ml of IGF or 200 ng/ml of insulin to 2%
FBS to ES cells cultured in MEF-CM (mouse embryonic fibroblast conditioned
media) decreased the expression of SOX17 by approximately70% following treatment
with activin A. See McLean ef a/, Stem Cells 25:29-38, 2007.

[0087] The inhibitory effect observed was likely due to the presence of insulin or IGF in the
FBS, triggering the Phosphatidylinositol 3-Kinase pathway. See McLean et al, Stem
Cells 25:29-38, 2007. Blockade of the PI-3 kinase signaling pathway increased
percentage of Sox17 positive cells in human ES cells cultured in MEF-CM (mouse
embryonic fibroblast conditioned media). See McLean ef al, Stem Cells 25:29-38,
2007.

[0088] These data suggest that it would be expected that addition of as little as 25 ng/ml of
IGF or 200 ng/ml of insulin to media containing activin A and low concentration of
FBS (0.5-2 % FBS) would block the formation of definitive endoderm. Typical
concentration of IGF and insulin in FBS is approximately 70 ng/ml (J. Clin. Invest.
76:4, 1985) and approximately 60 ng/ml (In Vitro Cell Dev Biol. 32:8-12, 1996),
respectively. This translates to approximately 1.4 ng/ml of IGF and approximately
1.2 ng/ml of insulin in 2% FBS.

[0089] Cells of the human embryonic stem cells line H1 (p40-p52) were cultured on
MATRIGEL® (1:30 dilution) (BD Biosciences; Cat # 356231)- coated dishes in MEF-
CM (mouse embryonic fibroblast conditioned media) supplemented with 16 ng/ml of
FGF2 (Catalog# 100-18B, PeproTech, NJ), and differentiated into cells expressing

markers characteristic of the definitive endoderm lineage as follows:

a. RPMI medium supplemented with 2% fatty acid-free BSA (Catalog#
68700, Proliant, TA), 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 one
day, then

b. RPMI medium supplemented with 2% BSA and 100 ng/ml activin A for

an additional three days.
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84 6.6 4.7 Exanple 3 The Role of IGFin the Differentiation of Human
Pluripotent StemCells to Cells Expressing Markers Characteristic of the
Def i ni ti weoBntbodes3mn Li neage: Single Cell Seeding [0097] @efrhus2af/otg1eo human
enbryonic stemcells line HL (p40-p52) were seeded as single cells at a
density of 100000 cells/cn2 on MATRTGEL(r) (1:30 dilution) (BD Biosciences;
Cat # 356231)- coated dishes in MEF-CM (nouse enbryonic fibrobl ast

condighdnedinTEAL 81 ths UARK&TRR LA Wirl Beat g @b rbowFRIfiGRsAreg¢ 100- 18B,
PeproTech, NJ) and 101AM of Y27632 (Rock inhibitor,” Catal opgue# Y0503,

Si gma, M) . (Caldgre PS8P-05@duviitegen. it B dd0WBrSeX d0F {89 ehtlDatIE8-X it o
definitive A Q{%ﬂ%—g% -al 72- 019,

I nvi t rogen,"?%% %ﬁ%@ﬁ@%f%ﬁ%ﬁ?ﬁ@n%&teg o fat goﬁlggfng-oﬁgeqlgggég@( Cat al og#
68700, Pr ol Tramgf¢rrih AP.00@ 700281 of Sadivswtilemtchinddxbogatl of EGat@ddmigee # S3187,
Sigma, MO 8 5 -079.  1nvitr ) and 100
ng/m  GDFS %%%3&@9%5@@%%%@%@5&6 ‘ﬁﬁ%gmg?un? oyt ALAEER 166) 2Gan

i nhi bi tor e/l dpaRlienAb a gdmtid], 0% FRE (Qataldie2 BH3INEM (BaHatleder BEYCl 0
[19.3.1.1 -2,6-.1-8,12 tac. . o o

osal(25), 2(\5%1{53(}1@ 5@2%@@&??@@&&%%3%ﬁt-%-zoaﬁg 2O ONE WEY O ¢ hen b.

MCDB- 131 nedhys fi4s ahp FBReRitedlcuMutdd w2be BSAppsdttntethwhithaagsbonat e, G ut amax, and
100 ng/mM CDF-8 for an additional three days. [0098]1n sone of the

cul t , the cells re treated.w the fol |l ow ng concentrati.ons of |GF
(Car P e e o a0 L gy B SRS bR
control, i ngheRdROoBulBEAnglO, - ¥hdvBSn(Fiairal agdiesn bH3 0/ @B ildyth ane, UT) was
used for day 1 of differentiatjo nd.2% FBS was. used for days 2-4. Sone
of “the FBs B B5TUE e Eu eeaianasds 4 e Ra RN AT BUS BN Tbnt rat i ons
of IGF. [ 00Sahkerdaryocdate SWHIPLEItAVR lefd ietnh ETIdeAl, SOX IFAGT @ICRgHENe expr essi on
anal ysis using real -, tine PCR .

markers associated with mesenchyme (T, also known as Brach), or extraembryonic

markers (SOX7, AFP). Furthermore, cultures treated with medium supplemented

with 2% BSA showed significantly higher expression of markers associated with

definitive endoderm, than cultures treated with medium supplemented with 0.5-2%

FBS.

[0092] These observations were further supported by the expression of CXCR4 and CD?9, as
determined by FACS, for the various treatments. See Figure 2. The cell surface
receptor CXCR4 has been previously shown to be a marker of definitive endoderm.
CD9 is a marker for undifferentiated ES cells. Consequently, an increase in the
expression of CXCR4, and a decrease in the expression of CD9 in a population of
cells is indicative for the formation of definitive endoderm. As summarized in Table
I, no significant change in the expression of CXCR4, orCD9 was observed in cells
treated with medium supplemented with BSA, at any concentration of insulin tested.
These data suggest that insulin is not inhibitory at the concentrations tested in the

culture medium employed in these studies.

Table 1.
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FBS 93 2.7 5.9 BSA+ 1 ng/m 1G- 92 0.83 FBS + 1 ng/m I1G 89 3 3.6 BSA
+ 10 ng/mM |G-
WO 2012/030539 PCT/US2011/048129

Example 2

The Role of Insulin in the Differentiation of Human Pluripotent Stem Cells to
Cells Expressing Markers Characteristic of the Definitive Endoderm Lineage:

Single Cell Seeding

[0093] Cells of the human embryonic stem cells line H1 (p40-p52) were seeded as single
cells at a density of 100000 cells/cm” on MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231)- coated dishes in MEF-CM (mouse embryonic fibroblast
conditioned media) supplemented with 16 ng/ml of FGF2 (Catalog# 100-18B,
PeproTech, NJ) and 10 uM of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigma,
MO). 72 hrs post seeding, cultures were differentiated into definitive endoderm (DE)

as follows:

a. MCDB-131 (Catalogue# 10372-019, Invitrogen, CA) medium
supplemented with 2% fatty acid-free BSA (Catalog# 68700, Proliant, IA),
0.0025 g/ml sodium bicarbonate (Catalogue # S3187, Sigma, MO), 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ca) 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 one day, then

b. MCDB-131 medium supplemented with 2% BSA, sodium bicarbonate,

Glutamax, and 100 ng/ml activin A for an additional three days.

[0094] In some of the cultures, the cells were treated with the following concentrations of
insulin (Catalogue# 19278, Sigma, MO): 0, 1, 10, 100, 1000, or 10000 ng/ml. At day
4, samples were collected for FACS and gene expression analysis using real-time

PCR.

[0095] Addition of 1-100ng/ml insulin to the medium used to differentiate the cells, did not
significantly affect the expression of markers associated with definitive endoderm
(FOXA2, SOX17, CERI1, and CXCR4). Similarly, the expression of embryonic
markers (NANOG), or extraembryonic markers (SOX7, AFP) were not affected. See
Figure 3. Addition of 1-10 pug/ml of insulin, however, did increase expression of

NANOG. These data were further supported by immuno fluorescence (IF) staining
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90 1.3 5.3 FBS + 10 ng/m 1GF 87 6.4 3.3 BSA + 50 ng/m IG- 87 6 3.5 FBS +

50 ng/ m

[0096]

|G- 78 6.8 13.2
WO 2012/030539 PCT/US2011/048129

for the definitive endoderm marker SOX17 (Catalogue #AF1924, R & D systems,
MN) (Figure 4).

Figure 5 depicts the CXCR4 and CD9 expression profile of the various treatments as
measured by FACS analysis. As summarized in Table II, only at super physiological
concentrations of insulin (1-10 pg/ml) there was a decrease in the percentage of
CXCR4+CD9- cells and an increase in expression of CXCR4-CD9+ fraction. These
data suggest that in the conditions in this study, only superphysiological

concentrations of insulin inhibit the formation of definitive endoderm.

Table II.

Treatment % CXCR4+CD9- | % CXCR4-CD9+ | % CXCR4-CD9-

BSA 96 1.3 0.9

BSA+ 1 ng/ml 96 1.5 0.7
insulin

BSA +10 95 14 0.7

ng/ml insulin

BSA + 100 90 4.1 2

ng/ml insulin

BSA +1 90 3.6 2.2

pug/ml insulin

BSA + 10 84 6.6 4.7

pug/ml insulin
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BSA + 200 ng/m IG- 79 10 8 FBS + 200 ng/m IG- 70 13.4 12.9 Exanple 4 |G-
Concentrations in Various Lots of FBS [0103]An IGF-1 Kit was purchased from
Di agnost iwoSystmos9Laboratories (DSL) (Cat. DSL-10-2800pcarus2evam4s13ed for
the detection. Twenty mcro liters (20 lal) of serum (duplicates) were
pre-treated and then 20 pi of diluted sanple was used for assay. For nedium
sanples, 20 pi of sanples were directly used for assay. The assay was
performed follow ng the instructiortxgﬁl?yé’g,jed by the kit. This kit can
detect both human and bovine IG--1 as the 2 nonocl onal anti bodi es used for
the kit are _against to the honol og peptide sequences. [0104] Test sanpl es:

The fol | owi A§e€ RelofdGiin the Riffeeentiation olpman Piringtiat RisphEEWS teLfefls Ser um Lot
AKM12868 4B/E§§ié§@ih§ WBPK &k [ Rl dribeie b @re Sk fifdtive Endoderm Lineage: Single

Cell Seeding

[0097] Cells of the human embryonic stem cells line H1 (p40-p52) were seeded as single
cells at a density of 100000 cells/cm” on MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231)- coated dishes in MEF-CM (mouse embryonic fibroblast
conditioned media) supplemented with 16 ng/ml of FGF2 (Catalog# 100-18B,
PeproTech, NJ) and 10 uM of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigma,
MO). 72 hrs post seeding, cultures were differentiated into definitive endoderm (DE)

as follows:

a. MCDB-131 (Catalogue# 10372-019, Invitrogen, CA) medium
supplemented with 2% fatty acid-free BSA (Catalog# 68700, Proliant, IA),
0.0025 g/ml sodium bicarbonate (Catalogue # S3187, Sigma, MO) , 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ca) and 100 ng/ml
GDFS (Catalogue# 120-00, PeproTech, NJ) plus 2.5 uM of the GSK3B
inhibitor 14-Prop-2-en-1-y1-3,5,7,14,17,23,27-
heptaazatetracyclo[19.3.1.1~2,6~.1~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one for one day, then

b. MCDB-131 medium supplemented with 2% BSA, sodium bicarbonate,
Glutamax, and 100 ng/ml GDF-8 for an additional three days.

[0098] In some of the cultures, the cells were treated with the following concentrations of
IGF (Catalogue# AF100, PeproTech, NJ): 0, 1, 10, 50, or 200 ng/ml. As a control,
instead of BSA, 0.2% FBS (Catalogue# SH30070.03, Hyclone, UT) was used for day
1 of differentiation, and 2% FBS was used for days 2-4. Some of the FBS treated

cultures were also treated with various concentrations of IGF.

[0099] At day 4, samples were collected for FACS and gene expression analysis using real-

time PCR.
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4C/ 5C. Hycl one FBS, Lot:
4E/ 5E: Human serum Lot:
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cont%
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2012/03053
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[0102]

The sensitivi ty of the assay for serum was
fignifigpady affsois cgrresatoarof expagssion of megkets assogi@ed with definitive

9{%@%@%@6%&9%}% P7 EBRWLNR @I AY SoheFROGHIL §th Qb (nO/ 1)

samples not treated with IGF (Figure 6). Similar results were observed with
extraembryonic markers (SOX7, AFP). Addition of 50-200 ng/ml of IGF did increase
expression of the embryonic marker NANOG.

Cultures treated with medium supplemented with FBS were much more sensitive to
the inhibitory effect of IGF. In these cultures, the expression of SOX17, HNF3B and
CXCR4 decreased with increasing concentration of IGF. These observations was
further supported by immuno fluorescence (IF) staining for the DE marker SOX17
(Catalogue #AF1924, R & D systems, MN) (Figures 8-9).

As summarized in Table III, only at super physiological concentrations of IGF (50-
200 ng/ml) in BSA treated cultures there was a drop in expression of CXCR4+CD9Y-
cells and an increase in expression of CXCR4-CD9+ fraction. However, with
increasing doses of IGF, FBS treated cultures showed a more significant drop in
expression of CXCr4+CD9- fraction as compared to BSA treated cultures. The above
examples collectively show that in the absence of FBS, physiological concentrations

of IGF or insulin are not inhibitory to induction of DE markers.

Table III.
Treatment % CXCR4+CD9- | % CXCR4-CD9+ | % CXCR4-CD9Y-
BSA 92 0.9 2.6
FBS 93 2.7 5.9
BSA + 1 92 0.8 3
ng/ml IGF
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Assay (ng/m) 127 ng/m 126.8 8.2 241 ng/m 233.8 4.2 Duplicates Sanpl es
|G- 1 (ng/m) SE 4A15A Hycl one Newborn Calf Serum Lot AKML2868

WO 2012/030539 PCT/US2011/048129
FBS + 1 ng/ml 89 3 3.6
IGF

BSA +10 90 1.3 5.3
ng/ml IGF
FBS + 10 87 6.4 3.3
ng/ml IGF
BSA + 50 87 6 3.5
ng/ml IGF
FBS + 50 78 6.8 13.2
ng/ml IGF
BSA + 200 79 10 8
ng/ml IGF
FBS + 200 70 13.4 12.9
ng/ml IGF
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29.78 0.41 4B/5B NNH-FBS (fromaliquot @-20 C) 49.16 2.68 4C/ 5C Hycl one
FBS, Lot: ATK33398 80.29 5.39 4D/ 5D Hyclone FBS, Lot: AUK 54924 76.45 1.99
4E/ 5E Hurwo 28ev030339Lot : A70184, from Vall ey Bi onedi cal POT/US26116%8129 28

Example 4

IGF Concentrations in Various Lots of FBS

[0103] An IGF-1 Kit was purchased from Diagnostic Systems Laboratories (DSL) (Cat.
DSL-10-2800) and was used for the detection. Twenty micro liters (20 ul) of serum
(duplicates) were pre-treated and then 20 pl of diluted sample was used for assay. For
medium samples, 20 pl of samples were directly used for assay. The assay was
performed following the instruction provided by the kit. This kit can detect both
human and bovine IGF-1 as the 2 monoclonal antibodies used for the kit are against to

the homolog peptide sequences.

[0104] Test samples: The following test samples were used:

4A/5A: Hyclone Newborn Calf Serum; Lot AKM 12868

4B/5B: NIH-FBS (from aliquot@ -20 C)

4C/5C: Hyclone FBS, Lot: ATK33398

4D/5D: Hyclone FBS, Lot: AUK 54924

4E/5E: Human serum, Lot: A70184, from Valley Biomedical Inc.
4F/5F: Knockout Serum; Invitrogen, Lot: 557914

4F/5F: F12 DMEM, Invitrogen, Lot: 692281

4H/5H: MEF Condition Medium, Lot: 011410 (Day 5)

[0105] Control Samples: The following control samples were used:

Background: “0” IGF-1 (negative control, from kit); F12 sample listed above is also

serves as a negative control.
2 positive controls (127 ng/ml and 241 ng/ml; from the kit).

[0106] Results: The sensitivity of the assay for serum was greater than10 ng/ml; and for

medium was greater than 0.1 ng/ml.
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4F/ 5F Knockout Serum Invitrogen, Lot: 557914 12.07 0.15 4G 5G F12 DVEM

I nvi trogen,

Lot: 692281 ND* ND 4H15H MEF-Conditi on Medium Lot: 011410 (Day

5) 1.33**w0.2012/03656anpl e 5 Rol e of Insulin/ |G- and FBS iPaTIUS2011/048129
Differentiation of Human Pluripotent StemCells to Cells Expressing Markers
Characteristic of the Definitive Endoderm Li neage: Single Cell Seeding
[0107] Cell s of the human enbryonic stemcells line HL (p40-p52) were seeded

as single

[0107]

Known positives Concentration SE
(ng/ml) determined by the
Assay (ng/ml)

127 ng/ml 126.8 8.2

241 ng/ml 233.8 4.2
Duplicates Samples IGF-1 SE

(ng/ml)

4A/5A Hyclone Newborn Calf Serum; Lot AKM12868 29.78 041
4B/5B NIH-FBS (from aliquot@ -20 C) 49.16 2.68
4C/5C Hyclone FBS, Lot: ATK33398 80.29 5.39
4D/5D Hyclone FBS, Lot: AUK 54924 76.45 1.99

Human serum, Lot: A70184, from Valley 55.65 228
4F/5E Biomedical Inc.
4F/5F Knockout Serum; Invitrogen, Lot: 557914 12.07 0.15
4G/5G F12 DMEM, Invitrogen, Lot: 692281 ND* ND
4H/5H MEF-Condition Medium, Lot: 011410 (Day 5) 1.33** 0.07

Example 5

Role of Insulin/ IGF and FBS in the Differentiation of Human Pluripotent Stem
Cells to Cells Expressing Markers Characteristic of the Definitive Endoderm
Lineage: Single Cell Seeding

Cells of the human embryonic stem cells line H1 (p40-p52) were seeded as single
cells at a density of 100000 cells/cm” on MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231) - coated dishes in MEF-CM (mouse embryonic fibroblast
conditioned media) supplemented with 16 ng/ml of FGF2 (Catalog# 100-18B,
PeproTech, NJ) and 10 uM of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigma,
MO). 72 hrs post seeding, cultures were differentiated into definitive endoderm (DE)

as follows:

a. with MCDB-131 (Catalogue# 10372-019, Invitrogen, CA) medium
supplemented with 0.2% FBS (Catalogue# SH30070.03, Hyclone, UT),
0.0025 g/ml sodium bicarbonate (Catalogue # S3187, Sigma, MO) , 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ca) and 100 ng/ml
GDFS (Catalogue# 120-00, PeproTech, NJ) plus 2.5 uM of the GSK3B
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cells at a density of 100000 cells/cn2 on MATRTGEL(r) (1:30 dilution) (BD
Bi osci ences; Cat # 356231) - coated dishes in MEF-CM (nouse enbryonic

fi br obl aswocordizvszened medi a) suppl enented wi th 16 ng/ mpcofUskGiD4418at al og#
100-18B, PeproTech, NJ) and 101AM of Y27632 (Rock inhibitor, Catal ogue#
Y0503, Sigma, MO). 72 hrs post seeding, cultures were differentiated into
definitive endoderm (DE) as follows: a. with MCDB-131 (Catal ogue#
10372-019, Invit roiggllgltomlprgggleﬂm _AUPPY erpnbesh wi th 0. 2% FBS (Cat al ogue#
5H30070. 03, Hycl one ‘sodi um’bi car bonat e (Cat al ogue #

S3187, Sigma, M) hep@ﬂa@tﬁﬁmlﬁkﬂ%?(l@éﬁaﬂd@% Iker8808O- 079, | nvitrogen, Ca)

A o o e S U

hept aazat et racycl 1%4@@ 1-2,6-.1-8, 12- ]hept acosal(25), 2(27),3,5,8(26),9,1
1,21, 23- nonaen- 16 B-bt1 raediura aypplanieetedbyith\iliSpsodm hisarborates uppl enent ed
wth FBS, sodium bGﬁl?aran!”&H%o M TS foP kBN o FOF8 Tor an
additional three days 0108] 0. 5% FBS was use ?or day "2 and 2% FBS was
used for days 3-4. Besides regular FBS, heat treated FBS (Catal ogue# F4135,
Si gnt@108D) Giig F8Saresansd for dqyﬁp@é 2y BB ves reeiqrdayal-bgBevwlerezsdr Sigm, MO
vere al so 1183 Gy n%&’t@@FB (é’ﬂﬁo%\%@FhfﬁaS%ﬁIlacht)Hﬁ(fala%ﬁl%t@fé@trgit%t ed wth

vari ous concentrations o 10-100 Insulin 0-100 ng/m).
[ 0109] At dalB3(CatpdogyrieEOEr Tigmal N O¢ wert afsortestedabamd of thy FBNOStEnd real -ti me

PCR 1n con E%E wtg% cﬁ%ﬁ?&e&&&?ﬁtﬁ%&w %Hﬂc%ﬁtr@ﬁsg%fgg%gh@&'éo d@ﬁp&kes) in the

presence of Ition of 1nsulin or epende down regul at ed
mar ker s assosilat(&d19G ngimbef i niti ve endoderm such as 50X17 and CCXR4. See
Fi gure 9. The expression of the pluripotency marker NANOG was al so

upr 9@ t ed t%?%lga}aﬂ@v&e %dll@&ﬁd for 5&%&@9@3&&0@ bdilinedRGUNRNt are her eby

i nco ate rence in their entir though the 'vari ous aspects
of the i nveqwtr@mtdﬁ%trb@mulmtesé&eﬁ arceuabove by inrted pregneeoftiBSexanpl es and

preferred epgody TR Jin dr g}f“d?% ARG ARRLSHWALS eﬁjl&t&ﬁ%ﬂk&?g&?@%@d fmthe

i nvention i's derine oreglng Ion efollovmng
clains pr op@fmyweemrk)tlemesjlchmﬂj&é@xp? AamicCEXRE Sfe Pp)@.lre%t Tlhmvapresmadif is clained

is: 1. A popul ation o n gr rthan 85% of the cells in the
popul ati on Brl%g%tenr?éfrn%ag?er&S%%&a&@f%ﬁ?rﬁgug ¢ he definitive endoderm

| i neage. 2. A nethod for generating a population of cells wherein greater
t han088%o of Pubhieatoes ¢i®ditlnromgileutpbi|sldbmemnarehpmbsmccrmwrk@d by ciiaemetirer i sti c of

the definit Ihelr et 9 dgitﬂg)ughnl?a\%rlbus asp cgs 0% heqnven fon flave%een 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.

30



a. Culturing a popul ation of pluripotent stemcells, b. Dfferentiating the
popul ation of pluripotent stemcells to a popul ation of cells wherein
greater twenoRiBwb the cells in the popul ati on expr ess Poariseris/048129
characteristic of the definitive endodermlineage in nmediumlacking serum
and suppl emented with BSA and a factor selected fromthe group consisting
of insulin and 1G--1. 3. The nethod of claim2, wherein the popul ati on of

pl uri pot entyghemiceldis;-are differentiated to a popul ation of cells wherein
greater than 85%of the cells in the population express markers
characteristic of the definitive endodermlineage using activin A and a Wt
ligand. 4. Thé rebigption obgells.nylereingrastes than $ige plopeiredls e sPPWAGRI pot ent
stemcells are diflgRikdratiBehclcfis@ AIRUIAhIRR Rfodedl likaierein greater than
85% of the cells 1n the popul ati on express markers characteristic of the
definitive endoderm|ineage using GDF-8 and at | east one other factor is

sel ected fromt hAem@frha@.&réslﬁé%tglg'am@thlon&rﬁ celliwherrdl et Y aithe, a

cgcl ic agl i ge ang 19![‘[1{8)[;0%)111@&&&1{@; rééﬁmhrlqers%ﬁi}mlsﬂggmwmmn 4 -yl]methyll
- pyri di n- yl acet ani de, 4-

[ 2- (Pyridin- 2 yleaﬁ@%wéﬂmﬁﬁ]camﬂwgtilegteswfr| azin-2-yl)pyridin-2- yl] oxy 1
butan-1I-ol, -( {3- ( {2- [Methyl (pyridin-2-yl)amno] ethyl} amno)-1,3
, 5-triazin-2- y|]pY£|@|uHur [gyaﬂo @mlﬁpafq;hﬁ%f&nig&hceﬂéM-- [2-(3 -

Fi uor ophenyl ) et hyl] - N- 2- - H net hyl pi perazi n- 1-y1) pr opyI ] pyridof[ 2, 3-

?l it : Tofiaﬂgt ﬁyl4) S%2quamaﬂag he BO@I%tw[’lizfah%otvitQ‘ﬁ%%ﬁ% g pﬁé?‘lgt(]ﬁlhe 4-

car boxam de, 1, 1- Di mgf&yk @hbin ér@a‘tér%aﬁ 85% of the cells in the population express
{5-[3-(3-hydroxypropyl ) phenyl] - 4H1, -tri, azol - ﬁ) am no%phenyl] et hyl }
carbamate, 1, 1-D i n-g)(aﬂ? Sé?[hhl‘}@ftte]{lstf:@f th(e d{:gmtlve endoderm llneage in me

[ 5- (3- hydroxypropyl) ‘la%kﬁlg%rhﬁﬂlaﬁéf [&%Mt%li w:l-thm%chl facdor Ylebted from

am no) phenyl ] met hyl | car bamat e - 1 4(3 %4 [ (4- Met hyl pi p erazin-1-
I ety b e

met hyl ) pi peridin-4-o0 yl p i perazin-

- ylt LS;JI fonyl] ghwlmeihoabr@f eﬁﬁlpg,r\ﬁzewn e pMﬁl]litﬂ)'ﬂQ)PB@l l\gcftﬁlﬁljste%lhcellls are

ge NY ()2p|t E.e:):ohlenrdlefﬁerwﬁgtreﬁ%( ;gépugﬂen HWIU@) ?rﬁmcgrffa&erﬁlan $59% of the C)e i }amno
?ng:' (r)“ng' (r)]'?hg Qﬁa%@g{aﬁ{léﬁs(%cg?maﬁkers@ﬁ@ra&&ﬁsﬂ@gfﬁ&fe dCABVD fdodeigrei n the at
14- Pr op- 2- en- 1y 1ingags uying 4ctivin 23nd7 Wi beatdzat et racycl 0[19.3. 1.1 -2,6-.1
-8,12 -] heptacosal(25), 2(27), 3,5,8(26), 9, 11, 21, 23- nonaen- 16-one. 6. The

met hod of cl aiymhe YMIRIIDK Blafnl'® VARRYHA ﬁk'p%lﬂﬁfonl%k‘Hfuhﬁ&éﬁ@knﬁéeﬁm&e' I's is
differentiated in the medium l'acki ng serum and supplenmented with BSA and a
factor sel ect ed diffesentiaed teyr puplasion st eells wherem grepsqsithan 8atrpfitierells Mor a peri od
of at | east 6 dayspapfraridilGfBl BakeRlnGhabiie of YOREGIR IdGRARY! aLi on of

pl uri pot ent stemcells is differentiated in the mediumi ac I ng serum and
suppl ement ed wi tlinc@SAsiag LI -§ awt b feagteine otherdfa¢tpoimselertedgfrany hegonwi st i ng of

insulin and | G:_cil)nsris(?iqlg 3t pﬁrgnﬁge%grié’ihotkigﬁﬁ& aZyg%%Eiline—pyridinotriazine, N-
{[1-(Phenylmethyl)azepan-4-ylJmethyl}-2-pyridin-3-ylacetamide, 4- {[4-(4-

mum

{[2-(Pyridin-2-ylamino)ethyl]amino}-1,3,5-triazin-2-yl)pyridin-2-
yl]oxy}butan-1-ol, 3-({3-[4-({2-[Methyl(pyridin-2-yl)amino]ethyl } amino)-
1,3,5-triazin-2-yl]pyridin-2-yl}amino)propan-1-ol, N~4~-[2-(3-
Fluorophenyl)ethyl]-N~2~-[3-(4-methylpiperazin-1-yl)propyl]pyrido[2,3-
d]pyrimidine-2,4-diamine, 1-Methyl-N-[(4-pyridin-3-yl-2-{[3-
(trifluoromethyl)phenyl]amino}-1,3-thiazol-5-yl)methyl]piperidine-4-
carboxamide, 1,1-Dimethylethyl {2-[4-({5-[3-(3-hydroxypropyl)phenyl]-4H-
1,2,4-triazol-3-yl}amino)phenyl]ethyl}carbamate, 1,1-Dimethylethyl {[3-({5-
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[5-(3-hydroxypropyl)-2-(methyloxy)phenyl]-1,3-oxazol-2-
yl}amino)phenyl]methyl}carbamate, 1-({5-[6-({4-[(4-Methylpiperazin-1-
yDsulfonyl]phenyl}amino)pyrazin-2-yl]thiophen-2-yl} methyl)piperidin-4-ol,
1-({4-[6-({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl}amino)pyrazin-2-
yl]thiophen-2-yl} methyl)piperidine-4-carboxamide, and 2-{[4-(1-
Methylethyl)phenyl]amino}-N-(2-thiophen-2-ylethyl)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5H)-carboxamide.

5. The method of claim 4, wherein the at least one other factor is 14-Prop-2-en-1-
yl-3,5,7,14,17,23,27-heptaazatetracyclo[ 19.3.1.1~2,6~.1~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one.

6. The method of claim 2, wherein the population of pluripotent stem cells is
differentiated in the medium lacking serum and supplemented with BSA and a
factor selected from the group consisting of insulin and IGF-1 for a period of

at least 6 days.

7. The method of claim 2, wherein the population of pluripotent stem cells is
differentiated in the medium lacking serum and supplemented with BSA and a
factor selected from the group consisting of insulin and IGF-1 for a period of

at least 7 days.
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