Dl FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS FI ELD OF THE | NVENTI ON
[0001] This application clains the benefit of U S. Provisional Application
No. 61/2890890/07901Bed on Decenber 23, 2009, which is i neorasean@67y
reference herein inits entirety. FIELD OF THE | NVENTI ON [ 0002] The present
i nvention provides nmethods to pronote the differentiation of pluripotent
stemcells into insulin producing cells. In particular, the present
invention provides a nmethod to increase the expression of NGN3 and NKX6. 1

in popul ations OHIFFERENEPAINENSORGUMANEMBRYORIE STEM CELYSS the pancreatic
endocrine |ineage. BACKGROUND [ 0003] Advances in cell-replacenent therapy

for Type | diabetes nellitu ranspl antabl e islets of
Langer hans have focused int??i@i’@ﬁﬁgiélﬁggwﬁgo ources of insulin-producing
cells, or Bcells, appropriate for engraftment. One approach is the
geneieatjon Tmsmqmanbnmhhnﬁmebekﬁsdﬂn@nmpbmmh@@mpEMﬁsmBM]@Mﬂ@sﬁgsuch as, for

e, ' . [ 0004] Dur | t ebrate. emb
Geve ophrent 4o PEFHBEL Ehe 0 hhieg At BT A G S R & Gompr i si ng

three germlayers (ectoderm nesoderm and endodern) in a process known as
gastrul ati on. Tissues such aBELD0OFSHEIPNEENTRONOI d, t hynus, pancreas, gut,

and liver, will develop fromthe endoderm via an internedi ate stage. The
inte i at | -hi I QC ' i.on. of i.pitiye endoderm
pet (0P o Dish AR ihibafil 5o RURGRSRsTo bl 3T RRlon SEANA R 230G
GATA4, M Xlstgm GAISHRAo ansdlilS@X¥duing @00 Sh pertwelni, dre podscithievepaercpreadesar i ses from
the differ errr]lét-hac} go?rrllcrgfse %fe;( r}legsio\ﬂ%f d'ﬁl'&l'ﬂlb% i aonﬁl':ateg‘r}sio cqudOder m Cells
of the pancreéatic endodermexpress the pancrea A GUSaER AT “hdneobox gene,

PDX1. In thepabdenoerked cRDXleristibef thapaiceasc émlotrinetlmegevel op beyond t he
formati on of ventral and dorsal buds. Thus, PDX1 expression marks a
critical step in pancreatic Orgaﬁgﬁﬁﬂﬁﬁbﬁnq he mat ure pancreas contai ns,
anong ot her cell types, exocrine tissue and endocrine tissue. Exocrine and
endocrine tissues arise fromthe differentiation of pancreatic endoderm

[ 000[6P@H| | sAdeaeds ngcdllheplpesatcot herapy for Shet I diddictes nisHives and pohartagh 9t been
derived in yj I t. S , Lunel sky
et al - ( Soi by LB LSRRt BTt R TR e FSREEAE ot Yo &
stem cel | s maulingseducmgsets; et} eefjs.sippioptiate &8 esgrafttharn. Ooe ganexckatthe i sl et s.
Soria et al,_ . abetes .49: 157 000) .repaort that insulin-secreting cells
dor | ved f i RU QR y BT Rl P B Slom e S Y el PERRIER [ pl ant ed
i n strept ozatoginic sterdueed di abetic mce. [0007]1n one exanple, Hori et al.
(PNAS 99: 16105, 2002) disclose that treatnment of nouse enbryonic stem

cel | it h i nhi bitaor f.ph hoi nosi 1 i -Ki nase. (1¥294002) produced
col 1 D005, PRt & Hon B AR GhRERI, B e BN G AR SR Bk et a
(PNAS 100: 928s cafiidngriepopdrm lbyees (@endnrat mosvdafn, amdeddoderm) oduabergs cel |'s from

nouse enbryonic stem cells .constituti.vel XPI essi Pax4. [0009] M cal | ef
ot al . T epohPa et Pk oT S fa i ATe T e OB LIRS F enbr yoni o
stem cel | s 4nd liver, milPdX&lop Gt thy endoddtar, e@atah int@fddddersmge.Relid noi ¢ acid i s nost
effective at inducing PDX1l expressjion when d.to cultures_ at day four of
enbryoni c sTERTEHT Stggeflfl ﬁ%ﬁ’f?&éﬁ S8 TaUmatioq Ogg‘g@ﬂtiﬁﬁn&o&?%séﬁﬁfﬂ‘i“ﬁg to the
end of gastdndb@kin@Blld dxpihea ALY 6f hhikakahesasSANED beta 208PN4, N1DAIQ] M yazaki
et al. reports a npuse enbryonic stemcell |ine over-expressing Pdxl. Their
results sho@ﬁ?ﬁé?n%§%§éﬁous Pdxl expression clearly enhanced the expression
of insulin, somatostatin, glucokinase, neurogenin3, p48, Pax6, and HNF6 in
t he pessyl t i rgmdiidd @tlenjahatadrieal then Pidahedntistiaf dd88ve @0dkm ift0011] Skoudy
et al. reports that activin A (a nenber of the TGF- P superfamly)

upr egul at esPA at&@&ﬁ%@&floﬁel&rof@a&t@mrﬁﬁwﬁaﬂwgaeme%é‘ﬁé@nf(rs%@- and anyl ase)

and endocr i iRJGRNESdoBEX bone] X i 1, thAdber@l BERORN)thd phnblRkSAIILEDr yoni ¢ st em
cells. The maxi mal effect was observed u5|n% InM activin A They al so
i°H

observed t héfvelombeyerpthsdaimsion el entrgrand dargd PHdsa MdupdRX TnRisyils * not

af fect ed bymfRLk BRI &G it paROWBY §FeanBAMECT A IR PRBcad &RMiAEd 10 an
i ncreased | evel of the transcrlptg?or Pdxi (Bi ochem J. 379: 749, 2004).

WO 2011/ 079018PCT/ US2010/ 060770 [0012] Shiraki et al. studied the effects of
gromh factors that specifically enhance
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differentiation of enbryonic stemcells into PDX1 positive cells. They
observed that TGF- 132 reproduci bly yielded a higher proportion of PDX1
posi tive wel2bs/q7@a8es Cel | s. 2005 Jun; 10(6): 503-16.). PLOAB3)1Gosaion et al .
denonstrated the induction of brachyury [positive]/ HNF3 beta [positive]
endoderm cel |l s from nouse enbryonic stemcells in the absence of serum and
in the presence of activin along with an inhibitor of Wit signaling (US
2006/ 00034 otlePOIA AT @Bkt isale-anl BNBSyin MRyl GocMRdfd L68RAne 2006)
states "Wht and TGF-beta/ nodal/ activin signaling sinultaneously were
requi red fossearigpelien deidiferetiationeofngneedtis engndem-t i ve streak. "

[0015] However, the nmouse nodel of enbryonic stemcell devel opnent may not
exacjpbys] M ntQls bR ideNEt-ARFE OF Blet QIO HERToRedl BREY dcrea B Exo B4eh as, for
exanpl e, humans. [0016] Thonmson et al. isolated enbryonic stemcells from
human bl ast B3¥eEC golie pethe @ropgp Fpnaxampi Bymeldaid gf- ¥itney 29%k¥Phar t and
cowor ker s - dgjol Vi2For iR n 8RR Y0 HloGseGRIbE dnhEEh &8k ko tnbil@iSedik fetal gonadal
ti ssue (Shanblott et al., Proc. Natl. "Acad. Sci. USA 95:13726, 1998).

Unl i ke nousdrugiiss yiamlag tograaereatislisless. Seiiacthak Hpiabrsesgd dvéri08e) epahthat
differentiatiRg Sl i 1 1 L.t ar tor (LIF),
human enbrg%%}?% Sgér%gzcgﬁ%/%&ﬁhi?{)%g& r%\él %@%%ﬁﬁ%ﬁ%%gl&sﬂ@%@@z%g&g?@ﬁ condi tions
(U.S. Pat. Waen igpROGI806cpM@OON-PBIRdLl; diaNSiQmIE1616) . [0017] D Anour et al .
descri bes the production of enriched cultures of human enmbryonic stem

cel Iofigr! ved Hebkiid. irendodalas bat (b, BOESERGGQhadcllidft afent rati on of
activin and | ow serum ( Nat ur ‘Bjotechnofogy‘20053: Transpl anting these
cel | s underentthgonit Herayelsaptuhkibivdrs of phesphegebitidd3 kimaghi (E¥@Y40E2) ati on into
nore mature ] jgtics of sonme endodermal organs. Hunman
enbryoni c §?§§#&%f¥$ e}%%%gﬁgéggﬁgtive endoderm cel |l s can be further
differentiated into PDX1L positive cells after addition of FG--10 (US
20050008 65 5@ Ay ther caamgip BIrsronk cel. HINAS AN 823 dropetimibe eepprationdf 1392 -
1401 (2006) ) 518 ine YaINRYE ? %%% d. | {herentiatd gess that
converts hun%%13%§§§gﬁ¥gsgﬁénglﬁ% g§1F§K%%&£§ %@fﬁhgégelﬁégk pabl e of
synt hesi zi ngpxtthe pancreatic hornones insulin, glucagon, somatostatin,
pancreatic pol ypeptide and ghrelin. This process mmcs in vivo pancreatic

or gggmnesmmﬁé’f Mhr Feggllégtgatqgtkdo% & &H%uﬁ%ggtgg%nﬁrﬁﬁ Rl &gbggﬁlb nitive

end gut-tube endoderm pancreatic en erm and endocrine precursor en
route to ceiténs celliae fasPEsIspasticto prricreetihendadaras 'Retip@0 a9 isrmeshot her exanpl e,

Fisk et al. r - [ tie islet cells from
uman' emor yEn ot BBy PERT b Rp BB AL AR AR AR oy B °F)

di f f er ent i agmtoporpadttmasll dlfsrediiatiod daringw erivh cerecspéraigedo thdiemdinf enbr yoni ¢ st em
cells were first.di.ff.erenti ate o.endo using a conbi nati on of sodi um
butyrate aﬁ%w%%P%Wf%hﬁﬁn*ﬁgﬁ%%qfésaggghgﬁ%ﬂ?cultured with TG--P antagoni sts
such as Noggin in conmbination with EG- or betacellulin to generate PDX1
posi l0PUY  ceMiyzzak big:/ treparis pahousé érhlay erie btamicolh livaeyer-rdueseids Bgx nieiri nani de.
[0020] I'n NGtk 3 v&ll %ﬁs{%{% DS ﬁ&xg%xer%ss%n'clesah}@ % ehsa:nced\{ﬁe & Ope%sligrg §t t hat

over - expressi on o gnnance e&pre35|on of pancreatic enriched genes,

i nducti on offisulinswiniatbs@Kprehgskiamcnmyragenjus, pdd,aud6 tand HANFosh gratssltinpat ar e
only present..in vivo" veni_str |, Stem Cells 2006; 24:1923-1930).
[0021] I n ad%P%%?“%&HWB§@ﬁaﬁﬁﬁssnﬂé8§%@?)et al. states: "Early activation of
Ngn3 al nost excl usively induced gl ucagon [positive] cells while depleting

t he [060] of Skvadyeredseprts ganadtiomsA (Asehba ol Bt TG B RDPXdmiy) ogegulaes s becane

conpetent tgo differentiate into insuli ositive]l, and PP.[positive] cells”
(Johansson RSk s FOhiPba Hufel b it DR i ke REEn ot )

[ 0022] The ewdxEsisulm aod ¢iEN3n) in nexakd antex@riesan oglsmihk enasinaheafif@ct eri sti c of
t he pancreati c ,endoderm.| | heage reduce the ability of th ells to
further di TYEERTSUBIEd TALGA 1 Pek e anpg: Lar s oedor SIS &F udi es have
shgvxgd t hfip inGfinlagd ﬁaﬂrlﬁmmgasriagf Mﬁ{cﬁedcbpaéta@icla_eigﬂlﬁdv@v@i 3ﬁM§@anclr eatic
endoderm | i neage that express are nore |ikely to produce ucagon
expr essi ng @Mt Rt dR ST Re &rVéls%fiﬂ?Fg‘raé‘é‘F}p%for\]KH’é]né)%‘EPSF‘@c{- &'to furt her
di f f erenti at490pgo4kionever, NGN3 expression is required to form pancreatic
endocrine cells, or pancreatic endocrine precursor cells (cells that can
form for exanple glucagon, or insulin expressing cells). Therefore, the
temporal regulation of NGN3 is inportadnt in guiding the ultimate fate of
pancreati c endocrine precursor cells toward insulin expressing cells. WO
2011/ 079018PCT/ US2010/ 060770 [0023] Therefore, there still remains a
significant need to devel op conditions for establishing pluripotent stem
cell lines that can be expanded to address the current clinical needs,
while retaining the potential to differentiate into insulin expressing
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expression of NGN3 and NKX6.1 in a popul ation of cells expressing nmarkers
characteristic of the pancreatic endocrine |ineage, conprising the steps
of : a) cuwounimgo@Buri potent stemcells, b) differentiarcmgiSede/opd7ae i pot ent
stemcells into cells expressing markers characteristic of the definitive
endoderm | ineage, c) differentiating the cells expressing markers
characteristic of the definitive endodermlineage into cells expressing

mar Kgof) chasrﬁat(ﬁ&uﬁtiuale@thetetrectp %B%tm&o@mpgeaﬁbtnyr&ﬁaee suppl enenti ng
t he medi um used differentiate the cells expressi n%hrrar kers
t

characteri s‘tlffére@tfatlphéf@ebfi’@ﬂl‘t jtea cellvdeig s | R%’élageﬁlw eyzobegipsbtitid sel ect ed
from the grpgp. BQ?éf)%cﬁHb 1886d|_&1% helihp ﬁ)?omgl:oﬁ-ﬂg)%@ﬁagltnl%eﬂso(_?ﬂnesppz ) PP1, LY
294002, Wortmanni n, SB- % 8 , Tyrphostin 25 yrphosti n,
AGL478, TyreHbsi004 JWIB,IO(@)VQ%M) Kenpaul | one, HNMPA, AG490, Y27632, and
M.-7, and d) differentiating the cells expressing markers characteristic of
the pangr eatbRofNIP AR MOt RE AGEnd LGN S@Jréciy%%c%ﬁﬁz'e]? GINTRIYERS S
characteristic of the pancreatic endocrine |ineage. [0025]1n one

enmbodi nent , ppﬁever}e@noeimnueeéléifrp@ relpusé enlppiig stemiclds 18 dlhd abseagpplsssinhg mar ker s
characteris f t enmented with a
compound. sel o Ba TF e e O Ry Ry P ™ T 06208

HA- 1004, PP@,06/IOPQ3,44I§A(1)294002 W)rt manni n, SB— 203580, SB-202190, Tyrphostin
25, Tyrphostin, AGL478, Tyrphostin 46, GWN 5074, Kenpaul | one, HNWPA, AX90,
Y21 14|o0po PEFRASER BESCRLETHGN 0204 Eorvsl gy vy el flgp! osure. anc
di vi ded i nt@tltflhelgﬁlelirigcwmlrigmwblse@tﬁt wagiradHar thel generdtibe olothe pitprigst rat e certain
features, e %ﬂbé@%ﬁ”or applications of the present invention. Definitions
[0027] Stemce are undifferentiated cells defined by their ability at the
single cell level to both self-renew and differentiate to produce progeny
cel |18015]nc| etvevgr. sl mouse medél v epbiygeiasearcs!] denstephenewisnept prasgeni t or s, and
termnally t r ed bytheir
abi 11ty 15 A SR GhEAeE Bt ML Fune R RaPhS Br ERRBELEREES X1

| neages frommultiple germ|layers (endoderm nesoderm and ectoderm, as
wel | [08K6]t o Hiomson prgd. isadated @eltresm@rternﬁpltsi fme hgpagmhlastgeasts (Seisneow ng

transpl ant aibon4anldst CHAMLNIPLEAIRHIRE @atar@ért%r iatg%iﬁs’é&n cilifryifl al I

tissues followng injection i astoc sts tem ce s are
classified gﬁymt(hi“eﬁ)rcedémest f@(pn'émlgbnqd@kt@mq (&haralgott ¢y, Proti Nk dnad. nmeani ng
able to give.r | r i pes; (2)

ol ur i pot ant Cirtin g 61 L3FE Ul e AT UBR LI S ER L 0 Popes: (3)

mul ti pot entprevmaedifmgl @iﬁblenmamngsmlybysallmbngwﬁhibsécemeﬂnmbitd)ryIF|a¢te1ages but all
withinap cul ar tissue Si 0 ste r_exanpl e,
herat opoi ef?(IrLtﬂl‘)S Uman en (i_%eéslg& {bep %ntame(?gncﬁer Vetr}{la[EeCLa{ch(n glonﬁ-iSC (sel f-
renewal ), bdtszd)aceiol 612@5(5306 W(ea9/@(1)7l4gpwm(eml6p)6)ogem tors, and all cell types
and el ements (e g., platel ets) that are nor mal conponents of the bl ood);

(4) [gop en n ive restri ct ed subset of
cel I[BHﬁeacg)%s urré?c‘?l ﬁll 1be§ o%ugtlon of ]ilI'lC e(E cudf%teg)ofﬁth anet r¥ Seani ng abl e
to give risserh Oelhdalva@liﬁirmaielendlddﬁemgﬁhé pregenge sfpdrlgtactomg@imanorsctfem cells).

[0029]D|ffer ntra lon is oce b e ed

(" uncomi + csgy a8 ok OB RS ERtedty ARG ARt RE bty

speci al i zedtheeidhe}suptulaﬁmlt:efesﬂteamfphﬁsreatmen\ﬁeo a®kd mareachsgh e cel | . A
differentiated or. dif{ﬁeﬁr{11 -induced cell is.one tgé a taken on a
more speci af'PREQIYHICES eteaﬂiefieﬂts STEPONTHPATRPTY HES §'9R & Eer’df’ a cell. The
term " conm ddfi@five ehdd@ermbeik tathetfortidh @ifRi6eeS inef POXI bevi@nrtdnd ifep, refers to
a cell that has Eroceeded in the differentiation pathway to a point where,

under nor metddiiop CLREEAAEES 200Y020P 14 Addnt i nue to differentiate into a
specific cell type or subset of cell types, and cannot, under nor nal
gi ][]?[U(II:K] anCIBSAdm@HrHﬂr(mtﬂr@-%g)tdgﬁl}i?o@ -chiaf tmenuopf@bd)@t Mﬂ@s:ﬁTWéwert tg aWIh_eSf]
ifferentiated ce pe, ifferentiation refers to t rocess by iC
acell r evefietvelow aadlifegetlaeﬁeerOatSﬁ E@HCO(‘%?“SéB‘Hi?PFF’gH’Pn‘ﬁcS?Ft (FES) STt hi n t he
l'i neage of @ cG@ckine ASls 'é%@e%@ﬁﬁitﬁbmzh?@hel pan@a8dR t@fm&e@ﬁﬂsﬁlngﬁﬁlbd%%ﬁ t he
heredity of the cell, i.e., which cells it came from and at cells it can
give rise to. The Iineage of a cell places the cell within a hereditary
schenme of devel opnent and differentiatdion. A lineage-specific marker refers
to a characteristic specifically associated with the phenotype of cells of
a lineage of interest and can be used to assess the differentiation of an
uncommtted cell to the Iineage of interest. [0030]"Cells expressing
mar ker s characteristic of the definitive endoderm|ineage”, or "Stage 1
cells", or Stage 1 as used here|n refers to cell s expressing at Ieast
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hi gher or lower in the cells of interest conpared to other cells, such that
the cell of interest can be identified and distingui shed fromother cells
usi ng anywof20a/orariBet y of met hods known in the art. [003</USamoneEré C
endocrine cell", or "pancreatic hornone expressing cell"”, as used herein,
refers to a cell capable of expressing at |east one of the follow ng

hor nones: insulin, glucagon, somatostatin, and pancreatic pol ypepti de.

I'sol ati on, m&ﬁﬁ{1ﬁf})aﬁ’é?&t1@flb%/gé 1d9End3éHt'éllnpqth?erroc§§selﬁ%§€sl hsnpharacterization
of Pluripotent Stem Cel | uri potent stemcells may express one or
more of t hePageragfis- Spoepdicys @hﬂ)‘i’eﬁﬁﬁg @ellaﬁtr@@éﬁeg@sss@x)bhsgé fitye and mar kers
det ect abl e Y} g luﬁ%h@o%seﬂﬁgage}@&ﬁ%@naad@mlan&&d@?ﬁe};fe%u&o&% rhtonson et
al ., Science 282: 1145, 1998 fferentiation of uripotent stemcells in
vi tro resultoselisthatigspresesdestinSBEMmones”™Tra 1- 60, and Tra 1-81 expression (if
present) and increased expression of 5SEA-1. Undifferentiated pluripotent
st enfo A' S Itr%ﬁbtﬁéjéxé(mﬁ'l@\’qu@t‘&ﬁlréﬁaﬁs 955%?6%1%? ﬁl%ﬁu E%] pabiedic 1¥Y@ﬂ &lls can be
detecte fixing th el l ar af or mal and then devel opi ng
with Vect orfr@eaulaelen@wg@ $t9meellsa(§5é BETAD Y Iliﬁles %&qadfeactur er (Vector

Laborat ori e t temcells
al so typica f?/ljégtia!g)lp gg&ﬂ%&g Jlghﬁdégﬁ&thggs gtégétge??{ glggl%m)]l%%h g%%{ﬁ%%g%%] Anot her
desirabl e p\h@rnﬁwpéfemﬁltlpipd)me@gédz@dnpmgap@nlemtlostOémd@Em bgyiag aadpot enti al to
and oct oder i rekBEEEPy e sBn b E SR BT TR Dby e En SRRIRRAT, L0
confirnmed, Cfo&rfollamamTWﬁthEGl’ﬂ'}prbﬁmehm@ geeérhts PDIXI(pOSlGV@Ceéls COidbiermeidal

i munodef i gdeﬁfn X §CI D fIXI %a t.he teratomas that formusing 4%

par af or mal dehyqe,*"ghd“t Wgﬁcegyérlﬁcﬁ Y%em hi stol ogi cal |y for evidence of
cell types fromthe three germlayers. Alternatively, pluripotency nmay be
det elffi@tied Inyont benpie Benenisof emftﬁtqmi dVWoonhndsdatha casisepsissign othe enbryoi d
o s o R Rl Sy Ol T B SPENRL BN e e M PR Jer m e

| ayers. bro ag yated furl oten envcet o 1ones may Be! kar yot yped
using a Stae‘x@aassiorﬁnbﬁmdmmaddemhﬂlscgnelsﬂmdalﬁﬁﬂlp@lf@dltUIpr(ﬂ’[ﬂBleﬁxfbﬁdtrkar yot ypes

of the corres nd| t is desirable to obtain cells that
have a " nor?‘?ﬁ @% %Qg%“aﬁ?gﬁgh@ans that the cells are euploid, wherein
al I human chrormsorres are present and not noticeably altered. Sources of
Pl ur j0p2i] ent InShetherCehhple | GABIB] Bidwen eyqieﬂat@f. “Eﬂrlyraic@mtiembf Ngemleedtl s t hat may
be used inclu ur.i.p | s . derived fromtissue
Formed af t P peefeT B et el Juine Eeud phSEs . for

exanpl e, a M@bgsiteey 3k YromeEirsy ®DIXC] piogsiiters becanieedodlpetehtss diffckakien any tine

during gestati.on i C Ilygt not . necessari | ef ore_appro tely 10-12
weeks gest alfl}OdﬂsuhN@/@FﬁV?h“idﬁ Lf%‘?@é{ﬁ[ﬁi ‘éeil (ﬁ%hagﬁsf’ Eﬁ*@ﬂég)elvﬁ e‘ﬁ‘gahunan
enbryoni ¢ st@mxebt s469, Muwreavogybr yoni ¢ germcell's, such as, for exanple

t he human enbryonic stemcell lines H1, H7, and HO (WCell). Al so

cont IS use of ositians of this disclosure duri.ng the

o B SSBh Satnirery oS B SR ORE B etichTediRGe Of B I E ase '« he
source cel | &idv@imdinbaye Py Faduyge pﬂeubﬂlgoafemceue{dfartmeazlaﬁm@mmeeﬁtby fromthe
source tissues. Also_suiﬁable are ceIIs t ken froma pluripotent stem cel
popul at i on BPHELIRFeEEGled PR Sotfeaoutd hehey XPErTIRE MAKES suitabl e
are mutant dhdrBRriQ R RYakcrsdtiR hdRletm lihdA8SthaSdkpRsASGNB @Fe BX@MREG, BGA v
(BresaCGen, Athens, GA). [0039]1n one enbqdi nent, hupman enbryonlc stemcells
are prepar e PRIUSRSEGAZHR KRy T e Shpndisuln expregsiag cplsy whaggsubisctgd® 7g0:

Sci ence 282fu§tﬁél‘5hffél=&19§tlorpﬁdwevgpPIGI\@eékpre%lﬁl is r&ﬁlré@t% fhim pandRY& Proc. Natl.
Acad. Sci . 1995). Culture of uri potent Stem Cell s

[ 0040] I n on@deﬂﬁw@@ﬂ%ﬁempanﬁwwwpé@@ﬁ@p@ﬁemreehla @elbrtgatwpfoemfpy cultured on a
| ayer of fe e vari ous
ways. Alter§%§§b§$k£§) %?%%%?gn &H%Q%H B&Q?%3g%f?ﬁﬁﬁﬁgﬁ%bgo%gﬁture

syst em t hat NGA3 e@l@@ﬁmr&hﬂ gultﬂlrlgéie@itlnﬁaé@ﬁ@roftpeﬂldrwtlc budocnompedvedoesdlssupport s
proliferati f. xtem cel | s without undergoing substanti al
dlfferentlégggﬁln L ﬁﬂgﬁﬁﬁgdf pluripotent stemcells in feeder-free
culture without differentiation is supported using a medi um conditioned by
culturing previously with another cell type. Alternatively, the growth of
pluripotent stemcells in feeder-free culture without differentiation is
supported using a chenically defined redi um WD

2011/ 079018PCT/ US2010/ 060770 [ 0041] For exanpl e, Reubinoff et al (Nature

Bi ot echnol ogy 18: 399 - 404 (2000)) and Thonpson et al (Science 6 Novenber
1998: Vol . 282. no. 5391, pp. 1145 -1147) disclose the culture of
pluripotent stemcell lines fromhuman bl astocysts using a nouse enbryonic
fibrobl ast feeder ceII Iayer [0042]R|chards et aI (Sten1cells 21

P — . NN NN\ o, s N r r r . I |



feeder cell systemderived fromthe spontaneous differentiation of human
enbryonic stemcells. [0046]1n a further exanple, Myanoto et al (Stem

Cel l's 22:w038t144%,182004) di scl ose a source of feeder celPC3/uskaiaionEdo from
human pl acenta. [0047]Amit et al (Biol. Reprod 68: 2150-2156, 2003)

di scl oses a feeder cell layer derived from human foreskin. [0048]1n anot her
exanpl e, Inzunza et al (Stem Cells 23: 544-549, 2005) disclose a feeder

cel |[|0b gifer fHamHoUEe smﬁetmtselmgtﬁtc@&mesu folderaly @slidiond HP&LY: 2048

di scl oses nedia that s ort the growh of primate pluripotent stem (pPS)
celI's in fcdudatqnt &tém@elf ipgs ghat ambeceéptndpql eddigssetheipurfegt cligicsbingetls.on of such
nedi a. U566\€71%%4§ta§1§1%ttﬁ?poten-[m % dﬁf%‘f&&tate(?ﬁ'to 1&9!11&"9}%?@55@? Sétﬁ.hh‘ﬂ@f)reé%ﬂﬂ
fibroblast-I1ke cel I nes obtained fromenbryonic tTIssue or

differenti ame@tlfm @ﬂfﬁseﬁmﬁﬂt?@ﬁ‘il‘@ appropghcte limprovavhe hﬁ”@@ncmf dierpntiating such cel |

| i nes, pro t ' i oned nedi a
are descrl b ﬂlﬁgs%eﬁrg%gé%r“%ﬁ ?uslﬁlcf? ?S?S?%%gy% ?806’2%% é:ﬁ)lgtﬁ(b)(% her

exanpl e, w02®@5®$ﬂm99&ﬂﬁ§®h0§§§%80mdw&DﬁhemxnﬁﬁbmnnﬁugHmhemnalntenance,
proliferati Qm@ngm%H&ﬁ%r%ﬂ%&?&%n&mnne 6gqaallan cells. W2005014799 st at es:
"The cul t ure Rediu oddced I aCCoF dance with the present invention is
condi ti oned by the ceII secretion activity of murine cells; in particular,

t hose differentiated and i mort al i éMMARNsgeni c hepatocytes, named MVH
(Met Murine Hepatocyte)." [0051]In another exanple, Xu et al (StemCells
22 (3620 980m A00AboAHhSG! &S FRs PR BRAiAIPH i Y ALARM g om human

enbryoni c stentce derivatives that have been genetically nodified to over
express hunenresadropieY@N e arkNBXéd in panpdatioptodedls ckigoB R nterkanot her exanpl e,
U5200700100 i | ieum for the
nalntenancéﬁé?gkﬁﬁkﬁgggeﬁgggﬁgkg%% Y gﬁfggggﬂ%%ngﬁ% Stve cul ture system
enpl oys serumfree nmedi um suppl enented with growth factors capabl e of
pronoti ng tHecyruoing phirigetersrtest cellisbr yoni ¢ stem cel |'s. For exanpl e, Cheon et
al (Bi oReprod DA : 10. 1095/ bi ol r epr od. 105. 046870, Cct ober 19, 2005) disclose
a feeder- frlﬁed1f§§‘ernH£¥tngrtﬁ‘eeplﬁl%ottéﬂi ?te@é%lﬁs‘%ﬁio'c@llé"&?{%@sﬁgﬁ%&%' c stemcells are
mai nt ai ned 1I'n uncondi ti oned serum repl acenent (SR) nedi um suppl enented with
di f ferent gr oghaictectioeishedginlive e@<¥0dt>1‘|ﬂi bepegd.ng enbryoni c stem cel |
self-renewal . [0054] 1 n anot her exanple, Levenstein et al (Stem Cells 24:
568-574, 2006)irfliaahiRsand @O estial nlaf@rd @Rdctb @It E e lavfigigf human
enbryonic stemcells in the absence of fibroblasts or conditioned nedium
usi ng medi a seplrerelncas worrllprerEssipOOEBE shaprieriits obRaRpICEaticTs520050
148070 di scl OgkadnTTRALL BhIERHN O BUFRR. PRRE YRR GSheamyee! | s T
defined nedia w thout serum and hout f1 broblast feeder cells, the nethod
conpri sing: cexnressinggnatiees chprapteisic|os thegefinigyd endpéermadiicagmvairit ai ni ng

al bum n, amn | I rrin or
transferrin sg]ﬁ@%ggg%&ﬂéqﬂ%gggéﬂhﬂ§6@ﬁ§ﬂ ?%Héf%$%%§?ﬁ8§%%§§P%tute t he

cul ture nedi utd@sBRHPPAI 1Y 294082, \Whrtmammim [SBa2)368Q, SB-2021 UhiTarpdotiont ai ni ng at

| east about 1 [,d.. of ctor of activating a
fibroblast gr g\g/)tt hOS ntjrj'“}’él4 %é b[rlyrpt?loglrneé‘ge&%&%%enrp auuonte *P@Q ﬂgd‘r%th h factor is
supplied fronnaﬂsmumx63bmh@bﬂthamdjust a fibroblast feeder |ayer, the

medi um supported the proliferation of stemcells in an undifferentiated
state w thout not her exanpl e,
5000502330506 HEEALUEI YO bR ARl MaRIRANTRALIR. o+ il ?uclr“?“rtffgl stem cel I s,

i ncl udi ng undeﬂdkanhmw@mﬂumxﬂme@empngmmﬂdmahm&nemncefmspmknmﬁ@lutlon the
mediumis subsnﬁntl X isotonic as conpared to the stemcells being
cultured. In $GVENEWH T ure, the particul ar nmedi um conpri ses a base nedi um
and an anount of each of bFG-, insulin, and ascorbic acid necessary to
supp[@ﬂZS]sub@toanblmmdilylemnhi: fnfeeiumntsi:dattoel@ffgemmehh@dells breprpeingoradicedl st em cel | s.
[0057] I'n an%tarr;tgr ris 1c 0 ee ancrea@é%n?%er 11:?'etaegls Slll Iy leongle e%nb dal c%%lnt cfal cel |
cul ture nmedid or mow% primat e der'1<\ed W DT RM% in a
subst anti al sle}ecleticﬁtofnfthef gty adredﬂ@ﬁttﬁ%ﬁ 89;@E/|1M3MJ‘HIAHOD4}(PIPO;IH§ a |l ow

osnotic pr w_endot t hat i ve to support
Che or owrn bt Juftopml Br SRR S SRS s ART SrtBiind®. SHBRGHL et um s
conbined with a nutrient serumeffective to support the grow h of

pri mate-derived prinordial stemcells and a substrate selected fromthe
group consisting of feeder cells and an extracellular matrix conmponent
derived fromfeeder cells. The medium further includes non-essential am no
acids, an anti-oxidant, and a first gromh factor selected fromthe group
consi sting of nucleosides and a pyruvate salt."” [0058]In anot her exanpl e,
US20050244962 states: "In one aspect the invention provides a



met hod of culturing primte enbryonic stemcells. One cultures the stem
cells in a culture essentially free of manmalian fetal serum (preferably

al so essewbDi2alloyodiBee of any ani mal serum) and in the pPresarse@n60770
fibroblast growmh factor that is supplied froma source other than just a
fibroblast feeder layer. In a preferred form the fibroblast feeder |ayer,
previously required to sustain a stemcell culture, is rendered unnecessary
by the add'AG@ﬂS?TyxgH&siih%ﬁt@W 9‘0*7@1@&?@%@%%)‘@@&% y27600a%1 I n a further
exanpl e, W2005065354 di scl oses a defined, isotonic culture nediumthat is
essenti al | yMlekeder-free and serumfree, conprising: a. a basal mediun b.
an anount of bFGF sufficient to support growh of substantially

undi fferentiated mamal i an spIMAEHESCRATIRYRPUNt of insulin sufficient
to support growh of substantially undifferentiated manmal i an stem cells;
and n amounpt. of ascorbic_ acid sufficient to s rt.growh of

subsﬁﬁ%ﬁ i al 1Y <l 9t om0 40 TRy G i tiedie bl ff%%f R Bt her

exanpl e, WiZRw08 Garkaddi gl RSPEowinERENIEE oh OthatREdHDE BANGSTA ccdBin

undi fferentiated stemcell, said method conprising exposing a stemcell to
a menber of CRHEStMPRAMSRITORPRYFHINhOF thE PiSTenhBVeticFGF- P) fami |y of proteins,
a nenber of the fibroblast gromh factor (FG) famly of proteins, or
nicotinam de (NIC) in an anount suffefgitea to naintain the cell in an

undi fferentiated state for a sufficient amount of tinme to achieve a desired

cor L supSerat B AR Esod Rk RoPel e PLOt She BNl e s an

extracel | ul wth et dehotw SRINPROEERate 8 pediuéSprocdly cakaimphging bé1pfacwiapi ved from
basenment nenbrane or that .may form part of dGeﬁjon n&lgcule

r ecept or - | i JAFARSUINTRRAVING RIogRos AR dsTRERLlY diffeeendipied sBise Stem ¢etls e
substrate igc MO Blatdelelizdd KyBEET MitHs lieRRaiidte iMRFRING R ubEonhiSceBs &1 ubl e

preparation from Engel breth-Hol m rmtunor cells that gels at room

t enper at ur e"¥igu¥ st tingagee Eomdnylinle sgmjaenspiodghiieaeierm pabedeier

extracel | ul grydmkkd XveAMMORARESERT A0 TRANEN:s Ik Heandiftadibh hapl e as an
alternative. Depending on the cell type being proliferated, this may

i ncl ude | anforspairibyty prosaataliyrio meptotf aeigilly tissnes febavang ingectipieér an sul fat e, and
the liKke, qhg@% Q¢ in various conbinations. [0063] The pluripotent stem
cells may be p dted onto the substrate in a suitable distribution and in

the presence of a nediumthat pronotes cell survival, propagation, and

ret elf938n oftemiellsrestlpwiiicd by Histaley donnaqntad gotentjal ay HElEtiRIRN 48LBIEST i S
benefit fropcanglitlse 8 HEMUrOhid MdlRBaBRBHInR%LHitsfel; PHigRt@Rd can readily
be det er ni ned bf gngeof skifﬁﬂ?n tﬁE‘%rt. ['0064] ufégﬁ%éﬂghlfure nmedi a may
be made fr oneaning ablsl th gwe mige ohpoherens, ce txpes; 4%), milapotentangsinmg aplglthecco' s

nodi fied E 0 ' i -l = ;.- KNOo t Dul becco's

modi f i ed EZ%L%“% t%%ﬁ”&%"?%%m?bgéﬁhvf%ﬁmg‘?g@%fg@ﬂgﬁ?‘g °F12/ 50% DVEM
basal nedi urhysi2R@icalyiteryl({or exxanmds, h@nigorpi¢tickEOBSIOATICmenprds@nt i al ami no
acid solutign, G.bco 14Q-050; P- t.oet hano o] M7522; human
econd nant By M Mo RASPRCITE st Th SRS BRAR B AT 15556 02
For mat i on ofrogenRopHndtall oell gheCall lcknkexp (es splagleivhthkesrs n@hmat act eri stic of the
Pancreatic Endocrine. Lineage w.th |ncreased pression of NGN3 and NIO(6.1
[0065] 1 oro RGOt SHm ot b isSRHER] BRI I e Ae =Pt hod t o

i ncrease t hestdxpd assit @R calf 1lin¥EINS tian thuNip§Eend stem callspapub plidigrendf cel |l s
expressi ng narkené characteristi oh»lhe ?ancreatic endocrig% | i neage,
conpri si ng PHEMEARISL0 give Tis§ oy nell $HJ MEEGT BotPSHEAQEeBIH 81 §°45)- b)
differentiating the pluripotent stemcells into cells expressing markers
char@029r i sbiffercafiatidnds tiepiasess by evhéhdadiespetihiized dgacommitdil'ffoetfegnt i ati ng t he
cell s expressi. mar.kers. characteristic .of the defini.tive endoderm|ineage
Chto cel s i el PHRhRRdRREHE bt whridised (G Ehe” SirFudtit endoder m

l'i neage, Sllr&lii‘l’eitf&ﬂl@thﬁﬁsdlél@clln@dﬂiﬁei\em?@ai dr@éﬁréﬁti@ﬁ@ﬂﬁaﬂ@deg c%lhﬁ oﬁieihlas .
expressing markers characteristic of the definitjve endoderml|jneage with a
conpound selfaé&ké‘ao??B]i?fecsr%“@lfz&@lbc%ﬁ‘éqegt)ipﬁ@“%?W ig thalingage obe c4lhg203X,

HA- 1004, PPhe (BiRLscolnhnid 00iRon aYpidd B ediphoce B 43R 2GaticaBrof2db el Ty phosti n
25, Tyrphostin, AGL478, Tyrphostin 46, GW 5074, Kenpauflone, HNMPA, AX90,
Y27632, and M.-7, and d) differentiating the cells expressing narkers
characteristic of the pancreatic endodermlineage into cells expressing

mar kers characteristic of the pancreatic endocrine |lineage. Differentiation
of Pluripotent StemCells into Cells Expressing Markers Characteristic of
the Definitive Endoderm Li neage [ 0066] Formation of cells expressing markers
characteristic of the definitive endodermlineage may be determ ned by
testing for the presence of the markers before and after follow ng a

ey . o, o a o o I



characteristic of the definitive endodermlineage by any nethod in the art
or by any nethod proposed in this invention. WD

2011/ 0790x6RCT/1281810/ 060770 [ 0068] For exanpl e, pl uri poremtusstenswed | s may
be differentiated into cells expressing nmarkers characteristic of the
definitive endoderm | ineage according to the nethods disclosed in D Anour
et al, Nature Biotechnology 23, 1534 - 1541 (2005). [0069] For exanple,

pl uri pot ent th&t}ﬁy?l%géeh& inae Beredhdatieh pAhWVAL eq poltt Y heR! drdeSiRh@ssi ng narkers
characteristic o definitive endoderm|ineage accordlng to the met hods
di scl osed i HrcemparEaRE Willicopfinue twdisfierspiginnto Bspeciiig sall typa geabsiepois

[ 0070] For et)}(fﬁégpén% caﬁ)ﬂdt' rdn@é}tn%ﬁﬁal%ﬁ@lmls%kessdlﬁgﬁén@ﬁe fied § @reRhd c%h?ﬂ)e' nt o cells
expressing markers characteristic of the definitive endoderm i neage
accordi ng U@r@ﬁetﬂekheﬁﬁk@nE@ﬁb%@GWWnfwelﬁéﬁmemoekiﬂSKeh¢meﬁﬁstS 29 - 38
(2007). [O I A . . i tiated
into ceIIsOéﬁ%ggé%ﬁﬁggRtgﬁggiﬂ)%ggggp%f?%gﬁ%zzk&%ﬁgaﬁg@Fﬁgpgégggﬂdoderm

| i neage accaeadli ngys tsed h¢re1nntﬂae hogdge di scllalsbuaksithe Rty of thetcellall ¢., Waichr e

Bi ot echnol s 1%4 mél'gf I gat,ce@sle nl)%l r?s%?oz]”l‘:he lln%?)i.(ae Cell 81' It}POt ent stem
cells my be i f1eF en o ce1f's expressi ng srsPénaract eristic of
t he defln|tmMem&mdomﬁmhmhhmmageﬁh&vﬁmﬁmmnammnmﬁmanphunL@mme@e-sten1ce||s in

medi um cont ai nj ctivin Ain the a e of seru en cu turing the

ol | o i ¢ R PR S d et R SREHR R o R Vb BE B B R PR "2t 1 vi n
and ser um ofellaofh fifeagesttinte@ftaa tansic ol toAsscaxianpiffereafiatiofiosaret hod i s

di sclosed in Nature BIOtﬁ?EnO|O %%23 1534 - 1541 (2005). [0073] For

exanpl e, pl UEPBBEE e fodhy RSB 8e differentiated into cells expressing
mar kers characteristic of the definitive endodermlineage by culturing the
pl urop30] ent “Calle bxpeebing niaﬂcemﬂihmatbﬁ@mtoﬁ'thmda@macet én‘dbatbruﬁ lingageherabsence of
serum then, cul turjng ], h acti.vin serum of anaqt her
concent rat | SRECATRl SSBeb T i iAot CAC U B B e et al

Nat ure Bi Ottﬁﬁmm{vﬁ@&narﬁ&95soi(@ﬂtﬂélm Y3l GSE! UER potdRal FGFem cells may
be differenti ated |nt? cell s express mar ker s c(%racterlstlc of the

defi ni ti ve BREYHB MiKilikehepaeahyx E‘i?Fet“thp% GHE pnerpgsERBAEOMEh cel I's in

medi um contpKRuNEGRCH G)&'TE%ACﬁ@FMaCWht cmgad?emm tdels BRTaRGE nRfkeser um then
renovi ng the Wit [jgand and culturlgg the cells with act|V|n A with serum

An exanpl e @rreeirigicpbtheclglinigveiendedsgdergs ingedemainpiist SeHRIPBEPT 24, 1392 -
1401 (2006)ceuy\lan%ﬁt%ﬂe/s@fza‘i&ﬂeﬁ?%s&&%,8Q&EVCQﬁ@%ﬁ%ﬁﬁlﬁ@é&ﬁe&eﬁ&@wI e, pluripotent

stemcells may be differentiated into cells expressing narkers
characteristic of the definitive endodermlineage by treating the
pl ur OF ent “(SHle FEBHING MEECEr ARG CHGC OB RRIKEYS CRISETHIELT NS hat ent

appl i cati omergh -refR-to ds €3G e R at f%§§£ bﬁm@f%é R1bking Fe@iers: | 118X 1, [EB@6] For

exanpl e, pluripotent stemcells be differentiated into cells expressing
mar ker s chaie PEF] alpha HRFF6 NEX@elfa PIhHB? VGGIeﬁaer@emamarh%glerwﬂ@%at| ng the

pl uripot e”tofﬁﬁe%@n&%lnﬁcse ?&&%%Qa%e‘i&l&d@ﬁ rg?e{'ang)glﬁioqerﬁpéeﬁ§%ﬂnﬁtﬂ/e ¢ pat ent

application Ser. 311,” assi gnhe o LifeScan, fnc. | 77]For
exanpl e, pImb¢®®$emﬂp@ﬂewréeﬂ¥$0ﬁhy be differentiated into cells expressing
mar kers characteristic of the definitive endodermlineage by treating the

pl urjopsy) em“lﬁéf‘ﬁﬁ?v@ %hdo%lel%?%’sr Qb&‘ﬂer&ﬁ Jei%?s t%&lﬂ%ﬁc}%e%%@é}%@ac‘téﬁsﬁi% opat ent
appllcatlon Ser. 990, 529. L@or exanpl e, pluripotent stemcells

may be di ff@ﬂem&nwfe@nith@teolb&?@ chgmegwne pmgldfwlrlklefogmél‘rﬁaamlepﬁt@@h c of the

definitive eIIs
Secordi ny. tok RaE T ACaaO YL GRMIGHNC B 1B A ShERC!
61/ 076, 889. HNF3 beta, GATA4, SOX17, Cerberus, OTX2, goosecoid, C-Kit, CD99, and MIXLI

[0033] "Markers", as used herein, are nucleic acid or polypeptide molecules that are
differentially expressed in a cell of interest. In this context, differential expression
means an increased level for a positive marker and a decreased level for a negative

marker. The detectable level of the marker nucleic acid or polypeptide is sufficiently



[ 0079] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage by
treati ng wbeopluasiipot ent stemcells according to the nerhods2diosed7osed i n
US patent application Ser. No. 61/076,900. [0080] For exanple, pluripotent
stemcells may be differentiated into cells expressing nmarkers
characteristic of the definitive endoderml|ineage by treating the

pl uri pot _enthi%ﬁe@m Rk} B RC&AL 8f inQrds Qeohiparel®s Kb, $6hasf thel Rl WS pat ent
application Ser. No. 61/076,908. [0081] For exanple, pluripotent stemcells
may be di f figfeet Gaabe dlentifios and disgngmshed 9mn>gherra<rqﬁelﬁ1§g ehatigcreetyofi c of the
definitive ﬁ&gﬂg%%hgm@% by treating the pluripotent stemcells
according to the nmethods disclosed in US patent application Ser. No.

61/ 076,915. Differentiation of Cells Expressing Markers Characteristic of
t he IB834Ini t {Raacreasigsadaching selleeqye PRISTEUCRIMENESIPFASEE prll MsruRest bgrein,

Char act eri sfofs @ Gt @apFa)@lf@ %;E‘ %@Eésﬁngm%%ﬂ@ JekeBEGvihORG2LER! [suigxPr essi ng

mar kers characteristic of definitive endoderm|ineage may be

di f f er ent i aglechgpmsometestaty, andrasesitispoledles characteristic of the
pancreati c endoderm | ineage by any nmethod in the art or by any nethod
proposed in this i ReeRohOPxpandBR 3T eulEXEHH1Erip&Eht Ste@RUESSI Ng narkers
characteristic of the definitive endoderm|ineage may be differentiated
into cells expressing markers characteristic of the pancreatic endoderm

| i neage according to the (iétqEdagnotrbe@arerdiey Abur et al., Nature

Bi ot echnol . 24:1392- 1401, 2006. [0084] For exanple, cells expressing markers
char@e3gri skluipdént bt cdgf i Exdpss ededeidvt thogagepadific Etbry hias

differentiated i cells expressing markers charagteristic of the

pancreatic @ﬁaﬁagéﬁw %wéeﬁrpﬂ@fyarﬁ?réﬁwﬂ@}?% w,éngcaélrlhdlj@ HeRdidhyaar ker s

char act eri s¢g sndQfra-t 3¢ (diefnhsBh bi M€ seiBEtRAe? M 439, MewgeDwtddhtiatidn &r obl ast  growt h

factor and the hedgehog signaling pathway inhibitor KAAD- cycl ogam ne, then
1

dgeh
removing t I@u{mn&ﬁﬁ%glﬂw it ¥ the sy Ty Agh ot 6P efed dire bnd o
KAAD- cycl opaitddGofiithraidhs SrHBRTAYd EMrEdioh BOSEE. 1C @Inlitetdhifegi um cont ai ni ng
retinoic acid, a fibroblast qr owm h factor and KAAD-cycl opam ne An exanpl e
of this metHwdpatent gpcplisstmrically huge dkaingipbespbdirne lRefgyty 2wthich gabe. 1401 (2006) .
[ 0085] I n on 1L al i I i mar ker s
characteri s(ﬁt%%gﬁ) 9?%2{%%{%}11?%@520 r?(lrjagéé;gﬂr%ge I ﬁé%géh%r%)éggﬁtﬁ %lg? H
di f f er ent i a¥estoriRetles & edbiswateep dessybaiipyrthe keruactihvar (Yetter Laboiatorst, t he

pancreatic l:-ne . i I i mar ker s
characteri s?‘ﬂgg%?{ % a&%e@?ﬁf@?é@%ﬁ%@@%ﬁ %?‘?Iﬁggigsea%vo\ﬁiﬁ&?zt% J|q;r}1'gslsc acid and at
| east one fOOTH&BAEBER Hrapvittbctédlnt RF-PLB: a period of time, according to the
nmet hods di scl osed in US patent application Ser. No. 11/736,908, assigned to
Lif | I - ' ' ells
expr i g Aot AOb B O 3P bl b B RARRS cHRKEIN M (7 2ge are
further difdifferemidgtaintdellnofolighict gerewpt kysisrmpdoderkenssoddray act eri stic of the
pancreatic endoderm |lineage, b reatjng.the cells expressing markers

Phar acteri struodr e SERRGerR LRSI S B S S ARSI 0S: €t and a
| east one féxlamphkl @sinjegtimydelis inacteotre tambiacdiemnoddeicicnt (B€Dameoy di ng to t he
met hods di scl.osed in US patent app],cation r.. No. . 11/779,.311, assigned to
Ut eScan. | TS By B G huaR tesObrodeT e PObeRT PRPONEE epbor of t he
present i nviggbliogidallycel &8deaxpsfxsR itypgs fran kiey three badhalayes.i Skdraat@blyt he
definitive endoderm|ineage are further. differentiated into cells

expr essi ng METRESY Eﬁ&gﬁg‘gﬁrﬂl‘é‘-‘tﬂibél t ercr?*I’i‘QnBgﬂﬁl?r@ﬁfiibeélé%@é&éﬁﬁﬁ?ﬂ% theeage, by
treating thanigdill 5o@EPOEMHS bRGendBHKBLiEerS BROAEEE ith tHeGh0t gérhgnatlef i niti ve
endoderm | i neage according to the nethods disclosed in US patent

appl i cati on®S&¥. No. 60/990, 529. [0088] The efficiency of differentiation
may be determ ned by exposing a treated cell population to an agent (such
as a0t i brdydgate plurippesd stancadlll lined REPBNtaRAy R REi0E €ktandiBd EDan@xPr essed by

cells expressing markers characteristic of the definitive endoderm|ineage.
[ 0089] Met holS™BF ARGERRETH 0 BYPFRLISBIEFS pir'Bt ArivsRoRdnAREM&ICc aci d mar ker's
in cul turedspeficd. 90k ALLUbIC @Y bisiaiA bOIsThANR ' nbindl REvEte," WHEE SichiRCl ude
quantitative reverse transcriptase polynerase chain reaction (RT-PCR),
Northern blots, in situ hybridization (see, e.g., Current Protocols in

Mol ecul ar Biol ogy (Ausubel et al., eds. 2001 suppl enent)), and

I mmunoassays, such as i mmunohi stochem cal anal ysis of sectioned materi al,
Western blotting, and for narkers that are accessible in intact cells, such
as flow cytonetric



anal ysis (FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory
Manual , New York: Cold Spring Harbor Laboratory Press (1998)).

[ 0090] Chaweacoara7siiscs of pluripotent stem cells are wel PCrrusasoneo7vhose
skilled in the art, and additional characteristics of pluripotent stem
cells continue to be identified. Pluripotent stemcell markers include, for
exanpl e, the expression of one or nore of the follow ng: ABC&X, cripto,
FODS, - CONNBXIARls GO ore G Aum B0 Rom NofRDrc BIEE and iETL, ZFP42,
SSEA-3, SSEA-4, Tra 1-6 Tra 1-81. [0091] After treating pluripotent stem
cel I s with na5ecapbtiised- of the present invention, the differentiated cells
may be purified by exposing a treated cell population to an agent (such as
an antibody) that specificals )yt ipoR%: SeRiCRlei N marker, such as CXCR4,
expressed by cells expressing markers characteristic of the definitive

endo m | ineage. [[0092] Pl uripotent stemcel|ls suitahle for yse in the

pr es@ﬁ:{s]i nv etV O&H](':‘Pﬁ‘li‘é‘}t segrecls ANy, bet“ﬁ%A‘F? esERBshied fpes Ogt emcell line
HO (NI'H codgiripdhd9dolls by ursmiti @D AR £Ftes bRMi6R ihclddifEprtEmbohiccode:

WAO1), the human enbnyonic stemcell line H/ (NIH code: WAO7), and the
human enbr yiEnTcsWhem eprmplenabiyeryst) (codiryosiq tissue, gisibiiysue talgniysui t abl e
for use in &heqRi@SeRhtidnMYBRAIB: AbEnce&Ld Ty biIat afpiBLigRRL210-| PR&ksone of the
follow ng narkeréﬁéﬁa(apfgfisﬁ?@lof pluri%%tent @glls: &gCEQ, cripto, CD9,
FOXD3, CONNEXRNIR, Naahngirg mesploaruestabiipied lingsrid JumpTeEmryonrtam ZFp42,

SSEA-3, SSEANer Mn@anlﬂem%onm@r& Ehs Js-ugﬂasd E@Qgﬂ@g{ﬂs%ﬁm&aﬁm&h@r! stic of the

definitive endoderm|ineage are selecte romthe group consisting of
SOX17, GATAdem piNFBch &l atl7.GBEHICERA NS Ba kontE@pgied Bruachivthe y, M x-1 i ke
honmeobox pr I [ - 0 LD LERESR) - TAG,
CXCR4, C—Kf%%ﬁﬁgg8quﬂgg%$%¥P%§ﬁ5§§Eﬁéﬁpgfguse |nn% eaﬁygggﬁﬁzﬁﬁgsntion i's
a cel |l thatcedxpn ebsbsasathd east cdhevatd ticheinmey plerisotohacladtlenidgtdatly of the
defini tive endodermln6a0e.d e, 8RR YR okl oSSR Lkt i on. @ cel|
expressing narkgrs characteristic of "the detinitive endodermlineage is a
pri lr(n ti vehslﬁdpetakorpzﬂ?:_adbr @ﬂ)mf 1¥ede1h gqefabnp?bfdédder{jmgi.%a? paeble age raethit expr SSZ i ng
mar kers characteristic .definitive en eage i s, a nmesendoderm
o | o1 n” anarpaplaat s Tngs cuhiss JErEBORN oMY e Enatadeer s ot o of
the defini tgxe endodermlineage is a definitive endoderm cel l

[ 0094] Mar kers characteristic of the pancreatic endodermlineage are

sel e fromthe group .consisting. of PDX1, HNF1l het PTE1 al pha, HNF6,
vio I praRpnt SEpAiBHE. FEPR B e Dlral G wa P an 6 e2Ya bell ¢ hat
expr esses darhdneasbr GNE.DPat Ne. SistkEOsSaire ag1: er4551998; Ofirr.tTog. Pancreati c
endoder m | i peage. ~aspegct of e. ent _dnvention, a cell expressing
mar ker s chagﬁﬁgg#§éﬁ}38§¥%Fﬁéﬁﬁhﬁfﬁig¥fEiigdgéggaiﬁgﬁiage is a pancreatic
endodermcell. [0095]In one enbodi nent, the cells expressing markers
characteristic of the pancrealime grdoeerem Siemecalde are further
differentiated into cells expressing markers of the characteristic of the
panc i ¢ endocring |ineage. e _present inventio rqvi de thods to

e Ut S e e R S I o

expr essi ng ety ket sippdratha ptueipotsiitisenodells mevapamcwgat Adtcrmatiiety, phepbdtemeage.

[ 0096] I ncreasi ng, t he expr.essi ogn _of N and NKX6.1 i ul atjions of cells
expr essi ng ﬁ%?%gkéﬁ%wiP 8?&??@?FéWS?g?ﬁéwﬁﬁﬁ8E§§P%%‘ﬁﬁ%ﬁ Ffﬁ%b?ﬁneage may
be achi evedndaythtleg@atppots prilifsatiy I pRiSiHstgnt FRAKERIS wak@it @sddrgugngrar ker s
characteristic of the definitjve endaoderm|ineage wi.t onmpaund sel ect ed
fromthe gr ﬁalﬁﬁhi‘ngﬁeP%IOBT H‘-? go ‘gé’,?“”@te‘i eplls 1%&?@%%&?9@%? PP1, LY
294002, WO mundiftereitidd 308Ppor@Buiad 1 M diumlavhPiesddiby cdhurinkyr phost i n,
AGL478, Tyrphaostin 46, GWN 5074, Kenpaul | one, HNWPA, A(490, Y27632, and

M- 7. Al t erPiaripw Vith anodies ol tiee. e masivelu<Bs giowdt ORI OALSaaS@IS1 i n

popul at i onsjy@fedeefrdScubRNERD NGBt EHSis S BFHoAed &insd dfem@ally &iRa@ncr eati c
endocrine |ineage may be achieved by treating cells expressing markers

expr essi ng MedikBr s characteristic of the pancreatic endodermlineage with a
conmpound sel ected fromthe group consisting of H9, H 89, G- 109203X,

HA- 1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-202190, Tyrphostin
25, Tyrphostin, AGL478, Tyrphostin 46, GWN 5074, Kenpaullone, HNMPA AX90,
Y27632, and M.-7. [0097]1n the case where cells expressing markers
expressing markers characteristic of the definitive endoderm|ineage are
treated with a conpound selected fromthe group consisting of X Y, and Z,
the cells are treated by supplenenting the nmediumused to differentiate the
cells to cells expressing markers characteristic of the pancreati c endoderm
| i neage with a conmpound sel ected fromthe group consisting of H9, H 89, G-
109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB202190,

e ~ - o, AN A A~ o, AT /N a



WO 2011/ 079018PCT/ US2010/ 060770 [ 0100] For exampl e, cells expressing markers
characteristic of the pancreatic endoderm | i neage obtai ned according to the
nmet hods oWotzha/qe@Esent invention are further differenti atewscomwoced | s
expressing markers characteristic of the pancreatic endocrine |ineage, by
culturing the cells expressing markers characteristic of the pancreatic
endoderm | i neage in medi um containing exendin 4, then renoving the medi um

cont @pdyng ﬁaresagme %ea&qoﬁubﬁ%w@mﬂme&%rogr 1199399 haorebbes) hiy medi um
contarnrng exendin 1, 1G~-1 . An exa his method is disclosed

in D AnourThompspn egatSgreaceh H@@zlrh%rwy,\’ot n0[ @%mwé%hbwv e, cells
expr essi ng dl?cﬁcﬁé'i& Gk BEbiGFi ﬁeﬂtgteﬁfceﬁ MGe RIS TR tﬁas%‘d%?agﬁsﬁﬁga{' neage
obt ai ned accor to the nmethods of the present invention are further
di f f er ent i amewbeicmbryogiglfibrobiagplicedss Falglaymir ker s characteristic of the
pancreatic endocrine lineage, by culturing the cells expressing narkers

C har [@Gizilr i Sl’h'cﬁar&’sf ettah ‘%St@ﬁ'@fé[l?@f '5@6 2Rl Q@Gf)@vélhﬁ@@egﬁan'ef'omf!ﬁﬂt’éﬁrﬁom ai ning DAPT
|gna drich nd exendin n exa is nethod is disclosed

g bar eyt (tan g emot b o ra D S DL O FomB e ool | <
expressrng ar age

obt ai ned ac@@ﬁ%ﬁ%ﬁ“ﬁﬂ%ﬁﬁéhﬁ%%ﬁ%ﬁ%ﬂg “hhﬁn&r2@%%?%#%9%ﬂgsgﬁ{§%%ﬁlurther
drfferentran@dwdhnemdBRMBﬁ@u@ﬁﬂﬁsﬂmgrmmnkenel@mﬁqutewhsﬂlc of the
pancreatic n culturing the cells expressing markers
characteri§§§%R&?é’%ﬂr&gﬁggﬁﬂ?g%mendodernrI|neage i n medi um cont ai ni ng
exendin 4. An exanple of this nmethod is disclosed in D Anmour et al, Nature

Bi ot 8840l 0g§2002008] 17 G1dE}Fest! lmpsaipl nsoduce media ghapsuppsit thy enartk of s
characteri st | . r | geording to the
met hods of ]h%m%é%égﬁ?ﬂ?ﬁge%@%%ﬁagﬁgﬂ%hrEH% ﬁg@ggggggghgsgdﬁ1§to cells
expressinglnaWMQWSMhmdﬁéuﬁémtBkd@M¢mciMmumﬂdhmeanMgomndﬂueDme | i neage, by
treating th res narke IﬁQ@ i reatic
endoder m | .‘ﬁ%ﬁre%“a\?ﬁﬁ I%C f SRt ﬁs I'n 6?60 9? Llﬁai?gtdl § Oéﬁ’sgﬁ% | ng pat hway,
accordi ng tmetaﬂnmeﬁmmﬂsndyﬁﬁhaﬁeﬂkwm:US pat ent application Ser. No.

11/ 736,908, assigned to LifeScan, Inc. [0104] For exanple, cells expressing
mar k | o} 0 i ned
necoP g T HEL ShhBaovald FAERSTLERN £ AR LR R
differentra@emeMm@emme@bwﬂexnmemsphgpﬁaﬁh@n&mﬂhanﬁw&ﬁnﬂkhyﬂsmﬁhehe
pancreatic En crlne b |ne gg Ry treating the cells expressing markers
characteri st B?mlﬂa‘%gﬂ%? “endoderm | i neage with a factor that
inhibits the Notch signaling pathway, according to the methods disclosed in
US pla@d4sit a@phMbauk@mpﬁﬁﬁmkoceﬂﬂ(&ﬂ@(EMQ2m§§§igheﬂ4tﬁXE)d@ﬂnﬁm I nc.

[ 0105] For exanpl ex i ng nmarker istic
bancr sat | o SRIbSr e s SR e e g B et RmB ol ne

present i nvedahicdRl. are further differentiated into cells expressing nmarkers
characteristic of the pancreatic endocrine |lineage, by treating the cells
expr ng [S char eristi ded rnrllneage wth a
f act@?fd[]hatmﬁ TREL %%m(ht s?‘blgétlemt&uga? 43§%b ?((:)Q% 4 C? “to the nmethods
di scl osed |mmwsoﬁ&eﬁmtdapmhmeammmmuﬁmuﬂﬁhma60/953 178, assrgned to

Li feScan, Inc. [0106] For exanple, cells expressing markers characteristic
of t anc t) l cO t t hods of the
pr es@ﬁ?ﬁl nv’éﬁl i o%l (gébgqgﬁgotr@hégr Qﬁl%]% eé)te&tr(r)ﬁ é)r}ﬁscé%?%s fregdep%u IdeE IZ{gmysggl ng markers
char act er i sfiroro hohart foecspiancr eati ¢ endocri ne |ineage, by treatrng the cells
expressing markers characteristic of the pancreatic endodermlineage with a

fact hat i |+ t he net hods
o ol bl e b e O et 3 R s P T AL R
LifeScan, | et lay[cO O [hvin ik possnagh &resbingitirgtlises. of t he pancreatic endocrine

| i neage are selected fromthe group consisting of NGN3, NEUROD, |SL1, PDX1,

NKX I : ti
enadiHole oo HeDF G nEe g 1@ B LR SRAM T ipor G BRI g

hor nones: i eedsiin fagdeglrecagors, ambuwrttiost wtiuhfor anduganof eshinedpol ypept i de.

Sui tabl e f opsdi9solq\ e RLESRBLNERLL M Snnd Bhd Ak SEpLGPSES at | east
one of the narkers ¢ arac eris Tthe pan |c endocriné’lineage. In

one aspect of the present invention, a cell expressrng mar ker s
characteristic of the pancreatic endod?i ne | i neage is a pancreatic

endocrine cell. The pancreatic endocrine cell may be a pancreatic

hor none- expressing cell. Alternatively, the pancreatic endocrine cell my
be a pancreatic hornone-secreting cell. [0108]1n one aspect of the present
invention, the pancreatic endocrine cell is a cell expressing markers

characterrstrc of the 0 ceII Iineage. A ceII expressrng narkers

I Y - A~ . - S N 7 A g, o 4



of cells expressing markers characteristic of the pancreatic endocrine

| i neage may be achieved by treating cells expressing markers expressing

mar ker s cwaraciieeiisti ¢ of the pancreati c endoder m | i neageTaiSeéoA6arpound
selected fromthe group consisting of H9, H 89, G- 109203X, HA-1004, PP2,
PP1, LY 294002, Wortmanni n, SB-203580, SB-202190, Tyrphostin 25,

Tyrphostin, AG 1478, Tyrphostin 46, GN 5074, Kenpaull one, HNMPA, AG490,
Y27632, andid obftaintP@EdchkehBrylolR (AR WHRISiAEd [rSmUBLRARIseh FARE ker s
expressing markers characteristic of the pancreatic endoderm|ineage are
treated w tMehodsdapduivinesathecstidiges. proseseie mgdgupndsnsing sicmgeldsusiego, H 89, GF
109203X, HAy 1 00itioREPme R dbriB QAR uNOkl TARRI 1SR 203580, SB- 202190,
Tyrphostin 25, Tyrphostin, AGL478, Tyrphostin 46, GW 5074, Kenpaull one,
HNMPA, AG490, Y27632, and M-7, the cells are treated by supplenmenting the
medi A5 s ednpgolereranela: VRRAOINATPalisclosesgopdifipned edruss B g mar ker s

char act eri shigteRinct, HRoIRARGEEAN IFFEARAESH HendnififRAS.W Bioshsepoynd sel ected
fromthe group consisting of H9, H 89, G- 109203X, HA-1004, PP2, PP1, LY
294002, WordtatesaniThe cd@rongigo prodpccgon a@ordangerpHobe pigsepbinvanfoplfost i n,

AGL478, Tyr St ] | 1.0 . Y27632, and

M- 7. [0112‘]%%‘?’#5‘{%b dne (i ot oY lﬁ“?ﬁgfelywlrc@f%%%ut not 1inited
by, the f ol difwicnigptabeadphasttal EXN\VRISESiEepatobdesl n@egdddMh@gVdtdfurBeal | Mol ecul e
Anal ogues tﬁ%;[atoly%gi,at e NGN3 Expression WD 2011/079018PCT/ US2010/ 060770

[ 0113] Expression’ of the transcription factor NG\N3 is required during the
progression of progenitor cells towards an endocrine cell fate. Enhancing

t he @0%lilci elm@potbér aximmple pXwerad 65terg Calldak P7aB8® 2001 doneses fowdtitiaed of smal |

nol ecul e co r : L mati c

i nhibitors %@wggtﬁﬁ?g&?&ﬂlﬁ%ﬁg&b%%aﬁgﬁrﬁg%ﬁw %etgg%vrel%r%ydi fferentiation
and have digescticably modidicd eciveréxperst burom ttlhmegenevexprasgiptne.of criti cal
transcription factors such as NGN3. [0114] Preparation of cells for assay:
St oc | t gg&g h&1 1St ( [,c stem cell
Iine[;m%r eulrrl%aedlﬁ(r)lt%l gari e%e |’n@§a§r?bz6hq]ib§]f1e&r1§nmt5?§4t ée%mqégh?#%tagﬁ@ és%ﬁg@é&on reduced
growt h f actfor thviERItGELce(BPIBIposti semredls. Cat # 356231) - coat ed di shes in MEF
conditioned nediumw th passage on average every four days. Passage was

per f d by, sxhesi I e i g j.Spase

(1 nv[?? ﬁgen)j(n Cat #1'\/9%171%84543/6%%&1%(5@ gé@%q%é%ﬁégaﬁng%pg{en%%%@%Iggiv\wg]g by

ri nsi ng t hefaptonohpaplrofwrdniptivEhequeldeeiionedmbatonigrséenmeadls uhorgnamplent | e
scraping to r I tar i fi40 t | ow speed
to collect %ﬁegg?%/&rg%&%{)mgerg'r%%seﬁ% ggj}%gﬂs' ??p()gg)g{og%eliél 5@Iﬁst ers were
split at a disc3osor f&kddr-frat scourh-dice cdtré systemain mtheshanmbey onigl stanr eells Atel  human
embryoni ¢ stem. el by LSS MRH S RanALed &) BaRGAJe huhenshess than 50
and routi neIPy evaflua € or “hor mal I1<aryol% >§pe) and"apednce"s mycopl asma. For
screens i n diffedest guowtheatt@s s@yblt of rigberinglcutbiemi sofm &1l shifirarewahbr yoni ¢ st em

cells were harvested fromculture with dispase treatnent as descri bed and

pl at ith _even dispersal at.a ratd.o of 1,7 r aon, reduced

b ol i B e Bl el u Pt 2558 30 B8Pk AR Rel b1 ack
pl at es ( Pacfathd 10dganii atles; ofRemkin axibryeic stGatceG0 AElBRIncust fitgobladtsunes of 100
lA/well. Cells re al Idovved to attach. and the\%b{l:ﬁ%over | og phase growt h
over a 1 t o "SORHFoNSH medpia) iyae mPda SRRETeRicd IR R VEE condi ti oned medi um
suppl emented with 8ng/ m bFG- (R&D Systens; Cat # 233-FB). Plates were

mai n8sFed IatanBHE, exbHpIEA2SI0N5@ 4800 dsclasech tnethod bifcoltgir@ituntane dur ati on of
assay. [0115]Preparati .of _conpouynds: Screeni was, conduct.ed using two
commur of ai THEVERT U SR TR R o B R EEE BT BRI ISR 11 | "
# 2832A( V2. &)ls,aintm&EM Ringseingnadsring3at st#mT3%744 2 )cultuka blediuih @ndinTiapl e 2
describe th bcowrpounds .Ciln these Bi oIYbI gnd EMD k'%nase inhibitor libraries,
respect i vel YOUEBATHIN LY YEERhEEET B Gt 88° TR ETHRY 4BV abl e as 10 mM
sg 8% ksTih n ?@Bmﬁtk, aplcadi@né glﬁmmi ar i@?hm birt])lsﬂitzl?zdtlhb aulgﬁ@ﬁfemﬁ@s@ﬂ@lau@tf?e ed at

- : e lipbrary conpounds were further diluted t n nt er medi at e
concent r at i Yrinagrmalian dlisprunragc pRRng f lﬁﬁé?b%iooﬂl%ﬂg‘g@)fl}br%?%% stored at
-80C unti | %@@th f6dlot dABatkaYr ofivauss @Ylbro%ﬁﬁ’ﬁlﬁ?msfadf&rs%ngliiﬂgqé&gtol,: 12.5 into
DVEM hi gh gl ucose nediumto yield a 200uM wor ki ng stock in 8% DVSO and t hen
further diluted 1:80 into each assay test well for a final concentration of
2.51M conpound and 0.1% DVSO [0116] Ditferentiation and Screening Assay:
Step 1 of the differentiation protocol was conducted over three days,
feeding daily by aspirating the nediumfromeach well and replacing with a
fresh aliquot (100[1.1). On the first day of assay, wells were fed using
RPM - 1640 medi um (I nvitrogen; Cat #: 22400) containing 2% Al bum n Bovi ne
Fraction V, Fatty Acid Free (FAF BSA) (Proliant Inc.; Cat #: SKU 68700),

A N~ o - L —— 11T A MNP A A o YAL 1 I~ NAPMPN O~ 2



[0119] Step 4 of the differentiation protocol was conducted over three days.
Cells were fed on days 1 and 2, not day 3, by aspirating the nediumfrom
each wel Iwandiwepiiaci ng with a fresh aliquot (200ul) of PDESRéI0OHHNTG ucose
suppl emented with 0.1% Al bumax, 0.5x Insulin-Transferrin-Selenium 100
ng/ M Noggin, and liaM Ak 5 inhibitor (Axxora; Cat # ALX-270-445). During
step 4, test sanples of kinase inhibitors were added to single wells in two
i ndi vi dual ph&tig sheldrbvth §sctd? i@ﬁ? fiod: frétn & vk dheRtHfan YRS hisoblalttdgeat ed (Pl ate
A). In each plate, a total of % control wells were treated with an

equi val ent layssuhe medivm syppopvthewral Heygtionafytemesstls wampadidigrenfigadedtri gh

Cont ent A“a®M§h§£m&%c&ﬁQnggﬂﬁhHé&HB&BE.Step 4, mediumfromall assay plates
was aspirated followed by fixing at roomtenperature for 20 mnutes with 4%
par af or mal dehyde (Sigma-Al drich; Cat # 158127) diluted in PBS w thout

di valPBIfl calniaBetser(expnpler RFON5023a ¢4 dischoporn definpbpedin@nmefyl iBAelEriARt h PBS.
Sanpl e vel | g.MeLR, RehdRe BhdifzestiatdtRine ntdrlibMRene RO T MfRon GRL  #
VWB929-2) for 20 mnutes at roomtenperature, washed two tinmes wth PBS
and bl ockedmgdiem iISubeikRBY isg@pigris Coapaada thopmmette beiag erturgatin #

017-000-121). 1 1 t ' nti body
(sheep ant3%Kﬁﬂﬁﬁﬁéd%?@?ﬁgéﬁggy%ﬁiﬁﬁﬁ¥&§g£% ?Pﬁ?%g”#§§68£¥%ﬂgg%ﬁgnkey serum
and added td b&&dhinpdinl arfdascasbie atid necessaryr to smprogrplestatislbyeundAfratiatgdshi ng t wo
times in PB . 647 key anti-sheep secondary anti body
(Invitrogeﬁ%o%ﬁ§§§@§&g%ﬁﬁ@fhﬁ%%9%@1uted 1: 100 and added to each sanple well
for 30 minutes at roomtenperature, followed by two washes in PBS. To
count08¥HEt ai In anetbéreixample AgPeBL0HOsttest IBIRAMbOIment, p ogjberltuCancdiurkBs70) was

added for t i . . e with PBS
and lert i i Dy PR, & ORI EARRERLHLS o YR ERINERRNRROAN 0F7 T
usi ng an | Ns @aivideAmalich zeiudtO W Giote atctduea tey) endpiokinAiapg ntelmnbth@08bs
dichroi ¢ for gells stalned. Wi, Hosehst (333 aand Mexaql our 847 Exposure
times were o0p Fm zed 9?0n1p SItivecontrol welr's g alnealmjt secondary

ant i body al medum lisgesnetl matin almutridnededsn piisctivetol supgirehagquitt @grintateconpensat e
for any cell | oss.duri t he bi passay an ubseqyent stainin rocedur es.
Voasur sront B bl Set PR 8S TRI Pt Rt B eIy eeF e obt ai ned
fr ]gm each VS\EJ:der disagd hﬂ\l]?@abéllﬁlawﬁ{rlﬁp@mpzfmg hﬁiNedfer((jféfeﬂ'&ﬁb.t higar e) |
software. Se nt ati on r the nuclei . was, determ ned based. on gray-scale
levels ( basER ﬂfr&ﬁbgwlfg%f-@msea% PN AP agi%-.oxrﬁaeta%ndra%@ %‘%ﬁﬁ ein

expressi on fasr cRRRH 1iReh B8 glod sdnsisiit ENTEKoMes bid £pyratfdsaint ensity,
defined as total fluorescence of the cell multiplied by the area of the

cel | ckground was el im sed on acceptance.criteria.pf gray-scale
o oG s OGP ot e SEFEeHbt i Saa by

dihvi di ng t ohéthod M@Pﬁﬁ%@bﬁigrlza{[déém@m_l M@hkemly dnheulaﬂ@sﬁa@ﬁem@ﬂ%lig iunt gnfsi ty fﬁr
t he positive control. creening results are shown in Ta romthe
conbi nat | orFHresTATRAES OF FRBILEH (e bR (ueretb b g rraall fg‘i"*)??assay
plates in thiySindhdd Hr€mPaAGH tHIPRendPRE BLSHRWEr AR R 1Jr ARk RSGFPIRLI ve ratio of
the intensity of NGN3 staining for individual conpound treated wells

rel ative toffep aiseureryethes thas)ins 2 fbrohlapisedey hiere T2 aickwEed forpy B8sity rati os as
vel | as ran, oFidek8QTRRE, ppQNhs &R i@ W L ult@h ol sRel dduRire GOPRAYBES dosed
during stage 3 alone or stage 4 alone or conbined stages 3 and 4. Conpounds
Wi th ratio imeessssit bethe sddidoryafisufificigat fitsotdasy gieiwvgh factor.@at ed control were
tagged as hits for confirmati on and additional evaluation. O special

i Nt ejpesY] aﬁaQHHM§%£%ﬁﬂqKVOiﬁQbéB44dﬁ@@&@a%@ﬁﬁﬁ?@&§m69ﬁﬁ§@né&u&?rQEt

several cell signaling pathways that may be involved in the optinal
expressi on Haitis essentigy edes-fepq pndigraprdise comeritng: et baseli ragdigw b Bxanpl e 2
Screening f ST e £ n Mediiat.ga ideNd NGNS

Expr essi on ?%%ES‘éiéggggﬁgﬁ'%@ﬂﬁ$§%#§§téﬁgﬂg‘wg%ﬁhhﬁkg%ig ?gquired during
t he progr esmiomaln spmoepdisi o e arpentt sf mpwasudicent tenduortignevtbef | fate. A

screen of Kkj by ki ' if .coul d
up-regulatghpﬁéﬁgggpgﬁ%%%ﬁﬁgﬁq%ﬁégggﬂ%%ﬁﬁmﬁgFﬁ%?g&ghgﬁﬁﬁﬁ3§£¥@$entiation.
In this exanple, the HDAC inhibitor Trichostatin A was also included in the
differentiation protocol to nodul ate chromatin renodeling and possibly
enhance gene transcription. [0124]Pre5aration of cells for assay: Stock

cul tures of human enbryonic stemcell$2(HL human enbryonic stemcell line)
were maintained in an undifferentiated, pluripotent state on reduced growth
factor MATRI GEL (BD Bi osciences; Cat # 356231)-coated dishes in MEF
conditioned nediumw th passage on average every four days. Passage was
performed by exposing cell cultures to a solution of 1 ng/m dispase
(I'nvitrogen, Cat #: 17105-041) for 5 to 7 mnutes at 37C foll owed by




28 (1001,i1) of DVEM F12 medium (I nvitrogen; Cat # 11330-032) contai ning
2% FAF BSA, 50ng/ mlFGF7 (PeproTech; Cat # 100-19), and 250nM

KAAD- cyclwpanimg(i€al bi ochem Cat # 239804). Al wel|ls werast@d/oendot r eat ed
identically. [0128] Step 3 of the differentiation protocol was conducted
over five days. Cells were fed on alternating days by aspirating nedi um
fromeach well and replacing with a fresh aliquot (2001.11) of DMEM hi gh

gl ucose (I myid fuPRLSEht to%g Ft FORBVr sebiRRlATEMISErdMihld GrathWafth DUERX
(I'nvitrogen; Cat #: 110 %-0 1), 0.5x Insulin-Transferfin-Selenium (ITS X

| nvi trogen;cettat # 51500056), 50 ng/ml FGF7, 100 ng/m Noggin (R&D Systens;
Cat # 3344-NG, 250 nM KAAD-cycl opam ne, 21.iMall-trans retinoic acid (RA)
( Si gvasoN drinGheth&akarkipR2§220050368/ dIERGES ah&thdd foPREind@RRMofsd chostatin A
(TsA;, Sigma; Cat # T8%52). During step 3, test sanples of kinase inhibitors
wer e added Y¥if&rengipied wem csllgpiddegfrodromngsing expesipge hepycall & 2 membgral of 16
control We'éﬁh@ﬂn@fo&rﬁﬁgg%ﬂ&%r%@ta%?@F-‘ﬁ?ka%ﬁﬁzo@ RitHs, QtneBid %SO wi t hout
any test conpound. [0129] Step 4 of the differentiation protocol was

conduct ed oW@pbladhgecavtle faptor (REdD)|famifyeefepr teigs, @anicytingpnides(NI binjap gmewet medi um
from each : ' | : | ] f -DVEM hi gh

gl ucose su\é%#%crlrégﬂg)e ﬁ%atﬂ]ﬁh%%il% %?Blﬁdﬁ’%%&ﬁ%tegf{a%tT iglﬁﬁérqénr%%%?@loﬁ Sel eni um
100 ng/ M Noggiorchitde 4 ddsig¢cdkreSili nhi bi t or (Axxora; Cat # ALX270-445), and

| ug/ M DAPT (Sigma; Cat #D5942). During step 4, test sanples of kinase

| nhi lgoéQr s mk%r?p%‘ﬁﬂ%&ﬂ caisf}ﬂdty%giﬁt%cﬁon?@a §LEti§b1E Lhififre ﬂ%gt.ra%.%%nw th 100nM

Trichostatin then both tes npl es of nase 1 nhibitors and TsA were

omitted durdmhpdinesatithrpuisablelen/erasubyititeds an exteagd hilap matrés compotenalsudf 16

control wel]s i [V, f ° O wi t hout
any 1 est " conosheg QTR Rabaah A Rk AT hol FAECD O crep
4, medi um fadbesial tholesild scophs-lasmpd capbasf &l drewedotiynchi, sicngitable quitom

t enperature r.20.m aWLt h 4% par af.o de (S -Aldrich; Cat #
158127) di |S&1E’Sg8‘“'i lﬁl'ggéwwdﬁhmﬁf’“%léé’fgeenﬁ?n)cmg?% r%%ng?orl g‘gn; Cat # 14190),

t hen washi nge@mna®n\dtohhEfBBretiSach Swwel fumonediB tipe peteatrb b zaatpewtirth 0. 5%
Triton X-100 (VWR, Cat # 929-2) for 20 m nutes at room tenperature,
washed two tf)ifértérba (ﬁc?nﬁgtﬁ§§, asa?m‘fntbrfl%)rﬂl%&l&?'vm th 5% donkey serum (Jackson

| mmunoResearch; Cat # 017-000-121) in PBS for 30 m nutes at room

t enpl@0&] ur eOthBYr éxracejlulanmattiadbmpor(cat @ep canpdneMNENSturdRE sBirdtlemsn AF3444 or

nouse anti - 6,.1: University of. lowa. Cat.# F55Al 2) were. diluted (1:300
for ant - ORI ey ghe i e S Gng oubrlsd Qi iided t o each
wel | for onbrigdtin, dhote@dtnit, @efpetimhefaean stiifiterandvas ik gldnaor tn wEsud N PBS,
Al exa Fluor 647 donkey anti-sheep secondary antibody (Invitrogen; Cat #
A21448) and”BI%¥%E®r uor 488 donkey anti-nouse secondary anti body
(I'nvitrogen; Cat #A21202) were diluted 1:100 (both secondary anti bodi es)
and [@0ekdd t Dheghwiposanptre collrhayfterpladdl antatht esbsadte incodmithidepstridutsre, f ol | owed
by two washe%.i n PBS. To.count erﬁaéai n nuclﬁi, Aéiilg)/ml.Hoec st 33342
(1 nvi t r ogerPMdcéfheprosencs gf a adium 4hat grqmaies,cgll sypviyal BOPIZALOH 3R t enmer at ur e.
I[Dloag e]s wer erewﬁﬁchﬁﬁtmf irabld dhaRBSrigfel Aﬂfﬂ%eédi: dlfhaﬂe(aféiﬁw(ﬁtis lberEé%ggB?rcaiefmg: n%. )
131] I magi ng was perfornmed using an I N Anal yzer 1 . Heal t hcare
utilizing t%‘gn@fdeélﬁs%w{lf@@ﬁrl utof ahid g rgadly g H%tarrém#weeﬁéi%%mz and
Al exa Fl uorih488 and Al exa Flour 647. Exposure tines were optimzed from
positive control wells stained with each secondary anti body al one. | nages
fro fields per well were acqyired to. conpensate for an ell |oss
dur 100541 e B GREEMTE i TS o8 dirls Tem b olGV e SeBbEES. S Ret i erent 5 f or
total cell &ufbRI DaBechOhrlifNENIglor midfire (DMENE TEbdoy Webe0oht ai ned from
each well using IN Cell Devel oper Tool box 1.7 (CE Healthcare% sof t war e.

Segment at i ohteBPutidberery BedilipdsEagissapediir kg B IS N E: | evel s
(basel i ne rangeriNod BERNM N HRURA! 260 A% L-LRkShindGYRo 19EX021 protein

expression was reported as total intensity or integrated intensity, defined
as total flidresseiteainggacidyeligion) Giaga tilA00eQ) Popereapioctliapal. digmatfe cel | .

Backgr ound yas,2hiihnALaHhiRAT BRiAM-BAEERLMIERCEE (HFe) &ifl, OrAgescal e ranges
between 200 to 3500. Total intensity darfa were nornali zed by dividing total

intensities02Por each well by the average total intensity for the positive
control. [0132]Results fromthis screen are summari zed in Table 5, Table 6,
and Table 7. Data in Table 5 depict al?epresentative ratio of NG\3 and
NKX6. 1 staining for each well treated with an individual conpound relative
to average staining in wells with DVSO al one. In addition, the rank order
for each conpound's effect on protein expression for either NG\N3 or NKX6.1
is also shown. Table 6 |ists ordered rankings for the top 16 hits having a
positive effect on NG\N3 and/or NKX6.1 expression. Table 7 summarizes the

o, o o b1 Y S v o



daily by aspirating the nmediumfromeach well and replacing with a fresh
al i quot (100ul) of DVEM F12 nmedium (Il nvitrogen; Cat # 11330-032) containing
2% FAF BSKO 260ngpa8FG-7 (PeproTech; Cat # 100-19), and PCT/US2010/060770
250nMKAAD- cycl opami ne (Cal bi ochemy Cat # 239804). Al wells were fed and
treated identically. [0138]Step 3 of the differentiation protocol was
conducted over four days. Cells were fed on alternating days by aspirating
medi um from egekladé ér aalflﬂ)u[zﬁﬂh%@ t:@ms mﬂ:@ssﬁlgfmﬁmethm%nét?@&uﬂé of
DMEM hi gh gl ucose (Invitro # suppl emented w th 1% Al bumax
(1 nvi t r ogenPamgreatic Endogpige gmyge wtsinqrweql ﬁprpﬁsawsvféﬁ GNA angd Mﬁfﬁjh (1 TS X
InV|trogen Cat # 51500056), 50 ng/m FG-7, 100 ng/m Noggin (R&D Systems

t go6s344- NGhe elaﬁ&hlﬁbﬂt%ﬁé\é}egeﬁ@ineeﬁﬁh@ﬁmd%swMea]Ioh-t& MmaRssclt i noic acid (RA)
(Slgrra drich; Cat R262 nd 20ng/ mLActivin A During step 3,
triplicate SxPESHOBMFNS alaﬁ ésleaipﬁl?ﬂlﬁlop@f sellysrpresfgavprkess wel | s at the
time of feedlaNPicARticdANR phn@Bffic3nddcAnEREA eplc% Dr%shé)gt@ﬂs @f 16 control wells
were treated with an equival ent anount o% O wi thout any test
conpound. [0139 Step 4 of the differentiati on prot ocol was conducted over
four days. ®eff! r‘&éPB‘“P@ﬂmdF?nh‘feﬂér nating days by aspirating the medium from
each well and replacing with a fresh aliquot (2000 of DVEM hi gh gl ucose
suppl ement eg) ujfferbnaatﬂn%nm Ihulniwsent Oefxcllyigtel cells ckpaRGhembikars Sel eni um 100
ng/ m Noggi n, and M Al k i nhi bi tor (Axxora; Cat # ALX-270-445). During
step 4, tripl F@é%cﬁrﬁ%?ftg%@ﬁﬁnégeéqugF% ®32Hhi bitors were added to wells at
t he time of feeding on days 1 and 3. In each plate, a total of 16 control
wel |'s were d)r&ﬁfe%ﬂtmﬂﬂghh@d’éllﬁaxﬂr%&hgﬁiarl@fmﬂiﬁiﬁactelﬁstﬁ of e [AMBGLW t hout any t est
conpound. [0140] Hi gh . Cont ent nal i,s: At the conclusjon of step 4, nmedium
fromall well §"Ras g feiLP ’éﬁ‘ﬁ‘?/rkF‘iSf HEFtstic 8 ‘ﬁ??@ﬁ{f’é?‘ét ure for 20
mnutes with M@aeﬁmﬁ&ag@b%&mﬁm@hgﬁ@dlﬁindfswth diféént#tcibBdB¢) diluted in
PBS wi t hout divalent cations (lnvitrogen; Cat # 14190), then washi ng once
with PBS. Sanprisespes markgeydageterigisof rhezieﬁnwet spdpdesoximesgedtithe. 100 (WR Cat

# VWB929-2)  f @k @Qin M Istk&iStrddh th%%%ﬁ?fcgﬁg?s%g%f'ﬁﬂ) RS bed ob B xt | HEKES wi th PBS,
and bl ocked with 5% donkey serum (Jackson | mmunoResear ch; Cat

017- 000- 121) |19104PB%2 P81, 130 29008t Wertmennin S 1B AHE PEt 192620, ﬁwphawl ant i bodi es

(sheep anti-N ORT8H® iT ?4{41440 WIBHEEK Lhn 'é@Nﬂv{P Un| versity of

| owa; Cat # F55 \%er e%c} ?%t g%i 30606f or anti h d}l 500

anti - NKX6. 1) Aﬁ@%%ﬁ&%wn@bﬁuha‘aﬁd added to each weII f or one hour at room
tenperature. After washing two tinmes in PBS, Al exa Fluor 647 donkey

anti - sheep $eq@RAALYiRAd ctéﬂgéfxlfrés@\{% Maﬁ&?srbhalg@tgrls%c%?ﬁéﬁgﬂcr@aﬁg Al exa Fl uor

488 donkey anti-nouse secondary an y (I'nvitrogen; Cat #A21202) were

di | ut ed 1: 100cHd9derm lsle‘emf@royllaawr%ﬁm es%eraﬁhar@meedc pbthea@wregmrpl e well for
30 minutes at ﬁcBPHﬁet eﬁg&rature foll owed by two washes in PBS. To

count erstai n nucl ei I g/ ML Hoechst 33342 (lnvitrogen; Cat # H3570) was

added for ten mnutes at roomtenperature. Plates were washed once with PBS
and | eft in 100TAfwertfaripBS Floripaterd diemoCels Gna Celsiagiareynadkrfses f or med usi ng

an IN Cell Analyzer 3 51008bs di chroic for
cells stained with Hoeca %é%%ygggﬂiﬁ)g% H u%lrnp%gé&gnd Al exa Fl our 647.
Exposure tinmes were optimzed frompositive control wells stained wth
eachl08&d ondearpatien dfiseldyexareories markery eharaatasiviia of the defndtiveepdader® were acquired
to compensa il e Aiucifhinel 85 &y o bRE:RL 0ARS RindRtbeRKbSRAMENT Stai ning
procedures. Measurenents ot al nunber and total NGN3 or NKX6. 1
intensity v@ﬂewmeta@awé@lalfprem@aehlrmeuent strsi evgfs INicaRY flo DevepreperciTool box 1.7
(GE Heal t hc S {i‘& rm ned based
on gray- sca@grﬁ%rg'vgflﬁsv?ga?gﬁﬁﬁg%?1 %&%88[%% Q%]lﬁe'g ICéYgs?Deg?ltztg Total NGN3
or NKX6.1 pexpteed themxpr essi on was reported as total intensity or integrated
intensity, defined as total fluorescence of the cell multiplied by the area

of t eII e criteria of
gray[lag% | e 1?13‘5% &Q%tgfé&gle%ﬂ%ogé d1fﬁ1§§t§)8éél @g%glﬁs &Et @H&&%t a were nornmalized
by di vi di ngchamttatisticrf éresiefinigze ¢mlodemdincags|bly abyrrtethedav@b ager byoanal intensity
for the pos I | Results for these studies are shown in

Tabl e 8. Tm%&hg%%ﬁ&é&%%e%&éuﬁ on and BM.-259) did not confirmand have no
enhancing effects on either NGN3 or NKXG 1 expression relative to a control
treatnent. The remaining conpounds inlthis assay show a positive inpact on
one or both transcription factors, confirmng earlier results and

hi ghl i ghti ng the i nportance of these associ at ed signaling pat hways.
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[0070]
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[0073]

[0074]

WO 2011/079018

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

disclosed in D’ Amour ef al, Nature Biotechnology 23, 1534 — 1541 (2005).

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

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

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

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

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

disclosed in D’ Amour ef al, Nature Biotechnology 24, 1392 — 1401 (2006).

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

Biotechnology 23, 1534 - 1541 (2005).

For example, pluripotent stem cells may be differentiated into cells expressing

markers characteristic of the definitive endoderm lineage by culturing the pluripotent
stem cells in medium containing activin A in the absence of serum, then culturing the
cells with activin A with serum of another concentration. An example of this method

is disclosed in D” Amour et a/, Nature Biotechnology, 2005.

For example, pluripotent stem cells may be differentiated into cells expressing

markers characteristic of the definitive endoderm lineage by culturing the pluripotent
stem cells in medium containing activin A and a Wnt ligand in the absence of serum,
then removing the Wnt ligand and culturing the cells with activin A with serum. An

example of this method is disclosed in Nature Biotechnology 24, 1392 - 1401 (2006).

15

PCT/US2010/060770



WD 2011/ 079018PCT/ US2010/ 060770 Table 2: EMD Cal bi ochem KI NASE | NHI Bl TOR
LI BRARY (Cat # 539745) kr) 71- WO 2011/ 079018PCT/ US2010/ 060770 (:)
71- W00201110790A9018PCT/ US2010/ 060770 N 71- WOPCT/US2010/060770
2011/ 079018PCT/ US2010/ 060770

[0075] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

11/736,908, assigned to LifeScan, Inc.

[0076] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

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

[0077] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

60/990,529.

[0078] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,889.

[0079] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,900.

[0080] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,908.

[0081] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,915.
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[0082]

[0083]

[0084]

[0085]

[0086]

Differentiation of Cells Expressing Markers Characteristic of the Definitive
Endoderm Lineage into Cells Expressing Markers Characteristic of the Pancreatic

Endoderm Lineage

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

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

For example, cells expressing markers characteristic of the definitive endoderm
lineage may be differentiated into cells expressing markers characteristic of the
pancreatic endoderm lineage according to the methods disclosed in D’ Amour ef al.,

Nature Biotechnol. 24:1392-1401, 2006.

For example, cells expressing markers characteristic of the definitive endoderm
lineage are further differentiated into cells expressing markers characteristic of the
pancreatic endoderm lineage, by treating the cells expressing markers characteristic of
the definitive endoderm lineage with a fibroblast growth factor and the hedgehog
signaling pathway inhibitor KAAD-cyclopamine, then removing the medium
containing the fibroblast growth factor and KA AD-cyclopamine and subsequently
culturing the cells in medium containing retinoic acid, a fibroblast growth factor and
KAAD-cyclopamine. An example of this method is disclosed in Nature
Biotechnology 24, 1392 - 1401 (20006).

In one aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing
markers characteristic of the definitive endoderm lineage with retinoic acid and at
least one fibroblast growth factor for a period of time, according to the methods

disclosed in US patent application Ser. No. 11/736,908, assigned to LifeScan, Inc.

In one aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing
markers characteristic of the definitive endoderm lineage with retinoic acid and at
least one fibroblast growth factor for a period of time, according to the methods

disclosed in US patent application Ser. No. 11/779,311, assigned to LifeScan, Inc.
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[0087] In one aspect of the present invention, cells expressing markers characteristic of the

[0088]

[0089]

[0090]

[0091]

[0092]

NGN3 Intensity Dose Stages 3&4 A roftl 6177 9177 177 ZZ7

definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in US patent application Ser. No. 60/990,529.

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

endoderm lineage.

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, such as flow cytometric
analysis (FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory
Manual, New York: Cold Spring Harbor Laboratory Press (1998)).

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.

After treating pluripotent stem cells with the methods of the present invention, the
differentiated cells may be purified by exposing a treated cell population to an agent
(such as an antibody) that specifically recognizes a protein marker, such as CXCR4,
expressed by cells expressing markers characteristic of the definitive endoderm

lineage.

Pluripotent stem cells suitable for use in the present invention include, for example,
the human embryonic stem cell line H9 (NIH code: WA09), the human embryonic
stem cell line H1 (NIH code: WAOQ1), the human embryonic stem cell line H7 (NIH
code: WAOQ7), and the human embryonic stem cell line SA002 (Cellartis, Sweden).

18
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Also suitable for use in the present invention are cells that express at least one of the
following markers characteristic of pluripotent cells: ABCG2, cripto, CD9, FOXD3,
CONNEXIN43, CONNEXIN45, OCT4, SOX2, Nanog, hTERT, UTF1, ZFP42,
SSEA-3, SSEA-4, Tra 1-60, and Tra 1-81.

[0093] Markers characteristic of the definitive endoderm lineage are selected from the group
consisting of SOX17, GATA4, HNF3 beta, GSC, CER1, Nodal, FGFS§, Brachyury,
Mix-like homeobox protein, FGF4 CD48, comesodermin (EOMES), DKK4, FGF17,
GATAG6, CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention
is a cell that expresses at least one of the markers characteristic of the definitive
endoderm lineage. In one aspect of the present invention, a cell expressing markers
characteristic of the definitive endoderm lineage is a primitive streak precursor cell.
In an alternate aspect, a cell expressing markers characteristic of the definitive
endoderm lineage is a mesendoderm cell. In an alternate aspect, a cell expressing
markers characteristic of the definitive endoderm lineage is a definitive endoderm

cell.

[0094] Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of PDX1, HNF1 beta, PTF1 alpha, HNF6, 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.

[0095] In one embodiment, the cells expressing markers characteristic of the pancreatic
endoderm lineage are further differentiated into cells expressing markers of the
characteristic of the pancreatic endocrine lineage. The present invention provides
methods to increase the expression of NGN3 and NKX6.1 in populations of cells

expressing markers characteristic of the pancreatic endocrine lineage.

[0096] Increasing the expression of NGN3 and NKX6.1 in populations of cells expressing
markers characteristic of the pancreatic endocrine lineage may be achieved by treating
cells expressing markers expressing markers characteristic of the definitive endoderm
lineage with a compound selected from the group consisting of H-9, H-89, GF

109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-202190,
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Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin 46, GW 5074, Kenpaullone,
HNMPA, AG490, Y27632, and ML-7. Alternatively, increasing the expression of
NGN3 and NKX6.1 in populations of cells expressing markers characteristic of the
pancreatic endocrine linecage may be achieved by treating cells expressing markers
expressing markers characteristic of the pancreatic endoderm lineage with a
compound selected from the group consisting of H-9, H-89, GF 109203X, HA-1004,
PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-202190, Tyrphostin 25,
Tyrphostin, AG1478, Tyrphostin 46, GW 5074, Kenpaullone, HNMPA, AG490,
Y27632, and ML-7.

[0097] In the case where cells expressing markers expressing markers characteristic of the
definitive endoderm lineage are treated with a compound selected from the group
consisting of X, Y, and Z, the cells are treated by supplementing the medium used to
differentiate the cells to cells expressing markers characteristic of the pancreatic
endoderm lineage with a compound selected from the group consisting of H-9, H-89,
GF 109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-
202190, Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin 46, GW 5074, Kenpaullone,
HNMPA, AG490, Y27632, and ML-7.

[0098] In the case where cells expressing markers expressing markers characteristic of the
pancreatic endoderm lineage are treated with a compound selected from the group
consisting of X, Y, and Z, the cells are treated by supplementing the medium used to
differentiate the cells to cells expressing markers characteristic of the pancreatic
endocrine lineage with a compound selected from the group consisting of H-9, H-89,
GF 109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-
202190, Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin 46, GW 5074, Kenpaullone,
HNMPA, AG490, Y27632, and ML-7.

Differentiation of Cells Expressing Markers Characteristic of the Pancreatic
Endoderm Lineage into Cells Expressing Markers Characteristic of the Pancreatic

Endocrine Lineage with an Increased Expression of NGN3 and NKX6.1

[0099] Cells expressing markers characteristic of the pancreatic endoderm lineage may be
differentiated into cells expressing markers characteristic of the pancreatic endocrine

lineage by any method in the art or by any method proposed in this invention.
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For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic
endoderm lineage in medium containing exendin 4, then removing the medium
containing exendin 4 and subsequently culturing the cells in medium containing
exendin 1, IGF-1 and HGF. An example of this method is disclosed in D” Amour et
al, Nature Biotechnology, 2006.

For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic
endoderm lineage in medium containing DAPT (Sigma-Aldrich, MO) and exendin 4.
An example of this method is disclosed in D Amour et a/, Nature Biotechnology,

2006.

For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic
endoderm lineage in medium containing exendin 4. An example of this method is

disclosed in D’ Amour ef al, Nature Biotechnology, 2006.

For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by treating the cells expressing markers characteristic of the pancreatic
endoderm lineage with a factor that inhibits the Notch signaling pathway, according
to the methods disclosed in US patent application Ser. No. 11/736,908, assigned to

LifeScan, Inc.

For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further

differentiated into cells expressing markers characteristic of the pancreatic endocrine
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lineage, by treating the cells expressing markers characteristic of the pancreatic
endoderm lineage with a factor that inhibits the Notch signaling pathway, according
to the methods disclosed in US patent application Ser. No. 11/779,311, assigned to

LifeScan, Inc.

[0105] For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by treating the cells expressing markers characteristic of the pancreatic
endoderm lineage with a factor that inhibits the Notch signaling pathway, according
to the methods disclosed in US patent application Ser. No. 60/953,178, assigned to

LifeScan, Inc.

[0106] For example, cells expressing markers characteristic of the pancreatic endoderm
lineage obtained according to the methods of the present invention are further
differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by treating the cells expressing markers characteristic of the pancreatic
endoderm lineage with a factor that inhibits the Notch signaling pathway, according
to the methods disclosed in US patent application Ser. No. 60/990,529, assigned to

LifeScan, Inc.

[0107] Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN3, NEUROD, ISL1, PDX1, NKX6.1, PAX4, NGN3, and PTF-1
alpha. In one embodiment, a pancreatic endocrine cell is capable of expressing at
least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic
polypeptide. Suitable for use in the present invention is a cell that expresses at least
one of the markers characteristic of the pancreatic endocrine linecage. In one aspect of
the present invention, a cell expressing markers characteristic of the pancreatic
endocrine lineage is a pancreatic endocrine cell. The pancreatic endocrine cell may
be a pancreatic hormone-expressing cell. Alternatively, the pancreatic endocrine cell

may be a pancreatic hormone-secreting cell.

[0108] In one aspect of the present invention, the pancreatic endocrine cell is a cell
expressing markers characteristic of the [ cell lineage. A cell expressing markers

characteristic of the P cell lineage expresses PDX1 and at least one of the following
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transcription factors: NGN3, NKX2.2, NKX6.1, NEUROD, ISL1, HNF3 beta,
MAFA, PAX4, and PAX6. In one aspect of the present invention, a cell expressing

markers characteristic of the B cell lincage is a B cell.

The present invention provides methods to increase the expression of NGN3 and
NKX6.1 in populations of cells expressing markers characteristic of the pancreatic

endocrine lineage.

In one embodiment, increasing the expression of NGN3 and NKX6.1 in populations
of cells expressing markers characteristic of the pancreatic endocrine lineage may be
achieved by treating cells expressing markers expressing markers characteristic of the
pancreatic endoderm lineage with a compound selected from the group consisting of
H-9, H-89, GF 109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580,
SB-202190, Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin 46, GW 5074,
Kenpaullone, HNMPA, AG490, Y27632, and ML-7.

In the case where cells expressing markers expressing markers characteristic of the
pancreatic endoderm lineage are treated with a compound selected from the group
consisting of H-9, H-89, GF 109203X, HA-1004, PP2, PP1, LY 294002,
Wortmannin, SB-203580, SB-202190, Tyrphostin 25, Tyrphostin, AG1478,
Tyrphostin 46, GW 5074, Kenpaullone, HNMPA, AG490, Y27632, and ML-7, the
cells are treated by supplementing the medium used to differentiate the cells to cells
expressing markers characteristic of the pancreatic endocrine lineage with a
compound selected from the group consisting of H-9, H-89, GF 109203X, HA-1004,
PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-202190, Tyrphostin 25,
Tyrphostin, AG1478, Tyrphostin 46, GW 5074, Kenpaullone, HNMPA, AG490,
Y27632, and ML-7.

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

examples.
EXAMPLES
Example 1

Screening for Small Molecule Analogues that Mediate NGN3 Expression
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[0113] Expression of the transcription factor NGN3 is required during the progression of
progenitor cells towards an endocrine cell fate. Enhancing the efficiency of this
process is a desirable outcome. A screen of small molecule compounds was
performed on the assumption that enzymatic inhibitors may regulate cellular signals
transmitted during differentiation and have direct or indirect effects on the gene

expression of critical transcription factors such as NGN3.

[0114] Preparation of cells for assay: Stock cultures of human embryonic stem cells (H1
human embryonic stem cell line) were maintained in an undifferentiated, pluripotent
state on reduced growth factor MATRIGEL (BD Biosciences; Cat # 35623 1)-coated
dishes in MEF conditioned medium with passage on average every four days.

Passage was performed by exposing cell cultures to a solution of 1 mg/ml dispase
(Invitrogen, Cat #: 17105-041) for 5 to 7 minutes at 37°C followed by rinsing the
monolayer with MEF conditioned culture medium and gentle scraping to recover cell
clusters. Clusters were centrifuged at low speed to collect a cell pellet and remove
residual dispase. Cell clusters were split at a 1:3 or 1:4 ratio for routine maintenance
culture. All human embryonic stem cell lines were maintained at passage numbers
less than 50 and routinely evaluated for normal karyotype and absence of
mycoplasma. For screens in miniaturized assay format, clusters of H1 human
embryonic stem cells were harvested from culture with dispase treatment as described
and plated with even dispersal at a ratio of 1:2 (surface area) on reduced growth factor
MATRIGEL (BD Biosciences; Cat # 35623 1)-coated 96-well black plates (Packard
ViewPlates; PerkinElmer; Cat #6005182) using volumes of 100 ul/well. Cells were
allowed to attach and then recover log phase growth over a 1 to 3 day time period,
feeding daily with MEF conditioned medium supplemented with 8ng/ml bFGF (R&D
Systems; Cat # 233-FB). Plates were maintained at 37°C, 5% CO; in a humidified

box throughout the duration of assay.

[0115] Preparation of compounds: Screening was conducted using two commercial libraries
of small molecule kinase inhibitors (BioMol Intl; Cat # 2832A(V2.2) and EMD
Biosciences: Cat # 539745). Table 1 and Table 2 describe the compounds in these
BioMol and EMD kinase inhibitor libraries, respectively. Compounds from these
libraries were made available as 10 mM stocks in 96-well plate format, solubilized in

100% DMSO and stored at —80°C. The library compounds were further diluted to an
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intermediate concentration of 2.5mM in 100% DMSO (Sigma; Cat # D2650), also
stored at —80°C until use. On the day of assay, compounds were diluted 1:12.5 into
DMEM high glucose medium to yield a 200uM working stock in 8% DMSO and then
further diluted 1:80 into each assay test well for a final concentration of 2.5uM

compound and 0.1% DMSO.

[0116] Differentiation and Screening Assay: Step 1 of the differentiation protocol was
conducted over three days, feeding daily by aspirating the medium from each well and
replacing with a fresh aliquot (100ul). On the first day of assay, wells were fed using
RPMI-1640 medium (Invitrogen; Cat #: 22400) containing 2% Albumin Bovine
Fraction V, Fatty Acid Free (FAF BSA) (Proliant Inc.; Cat # SKU 68700), 100ng/ml
Activin A (PeproTech; Cat #120-14), 20ng/ml Wnt3a (R&D Systems; Cat # 1324-
WN/CF), and 8ng/ml bFGF (R&D Systems; Cat # 233-FB). On the second and third
day of assay, wells were fed with the same medium except that Wnt3a was removed.

All wells were fed and treated identically.

[0117] Step 2 of the differentiation protocol was conducted over two days. Cells were fed
daily by aspirating the medium from each well and replacing with a fresh aliquot
(100ul) of DMEM:F12 medium (Invitrogen; Cat # 11330-032) containing 2% FAF
BSA, 50ng/ml FGF7 (PeproTech; Cat # 100-19), and 250nM KAAD-cyclopamine
(Calbiochem; Cat # 239804). All wells were fed and treated identically.

[0118] Step 3 of the differentiation protocol was conducted over four days. Cells were fed on
alternating days by aspirating medium from each well and replacing with a fresh
aliquot (200ul) of DMEM-high glucose (Invitrogen; Cat # 10569) supplemented with
0.1% Albumax (Invitrogen; Cat #: 11020-021), 0.5x Insulin-Transferrin-Selenium
(ITS-X; Invitrogen; Cat # 51500056), 50 ng/ml FGF7, 100 ng/ml Noggin (R&D
Systems; Cat # 3344-NG), 250 nM KAAD-cyclopamine, 2 uM all-trans retinoic acid
(RA) (Sigma-Aldrich; Cat # R2625), and 30ng/ml Activin A. During step 3, test
samples of kinase inhibitors were added to single wells in two individual plates
(Plates A and B); a third plate (Plate C) was left untreated. In each plate, a total of 16
control wells were treated with an equivalent amount of 0.1% DMSO without any test

compound.
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[0119] Step 4 of the differentiation protocol was conducted over three days. Cells were fed
on days 1 and 2, not day 3, by aspirating the medium from each well and replacing
with a fresh aliquot (200ul) of DMEM-high glucose supplemented with 0.1%
Albumax, 0.5x Insulin-Transferrin-Selenium, 100 ng/ml Noggin, and 1uM Alk 5
inhibitor (Axxora; Cat # ALX-270-445). During step 4, test samples of kinase
inhibitors were added to single wells in two individual plates (Plates B and C); a third
plate was left untreated (Plate A). In each plate, a total of 16 control wells were

treated with an equivalent amount of 0.1% DMSO without any test compound.

[0120] High Content Analysis: At the conclusion of step 4, medium from all assay plates
was aspirated followed by fixing at room temperature for 20 minutes with 4%
paraformaldehyde (Sigma-Aldrich; Cat # 158127) diluted in PBS without divalent
cations (Invitrogen; Cat # 14190), then washing once with PBS. Sample wells were
permeabilized with 0.5% Triton X-100 (VWR; Cat # VW3929-2) for 20 minutes at
room temperature, washed two times with PBS, and blocked with 5% donkey serum
(Jackson ImmunoResearch; Cat # 017-000-121) in PBS for 30 minutes at room
temperature. Primary antibody (sheep anti-NGN3; R&D Systems; AF3444) was
diluted 1:300 in 5% donkey serum and added to each well for one hour at room
temperature. After washing two times in PBS, Alexa Fluor 647 donkey anti-sheep
secondary antibody (Invitrogen; Cat # A21448) was diluted 1:100 and added to each
sample well for 30 minutes at room temperature, followed by two washes in PBS. To
counterstain nuclei, 4ug/ml Hoechst 33342 (Invitrogen; Cat # H3570) was added for
ten minutes at room temperature. Plates were washed once with PBS and left in

100ul/well PBS for imaging.

[0121] Imaging was performed using an IN Cell Analyzer 1000 (GE Healthcare) utilizing the
51008bs dichroic for cells stained with Hoechst 33342 and Alexa Flour 647.
Exposure times were optimized from positive control wells stained with secondary
antibody alone. Images from 15 fields per well were acquired to compensate for any
cell loss during the bioassay and subsequent staining procedures. Measurements for
total cell number and total NGN3 intensity were obtained from each well using IN
Cell Developer Toolbox 1.7 (GE Healthcare) software. Segmentation for the nuclei
was determined based on gray-scale levels (baseline range 100-300) and nuclear size.

Total NGN3 protein expression was reported as total intensity or integrated intensity,
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defined as total fluorescence of the cell multiplied by the area of the cell. Background
was eliminated based on acceptance criteria of gray-scale ranges between 200 to
3500. Total intensity data were normalized by dividing total intensities for each well

by the average total intensity for the positive control.

[0122] Screening results are shown in Table 3 from the combination of two kinase inhibitor
libraries used to treat six assay plates in this single experiment. Data shown are a
representative ratio of the intensity of NGN3 staining for individual compound treated
wells relative to staining in wells with DM SO vehicle alone. Intensity ratios as well
as rank order comparisons are shown for individual compounds dosed during stage 3
alone or stage 4 alone or combined stages 3 and 4. Compounds with ratio intensities
>1.4 relative to a vehicle treated control were tagged as hits for confirmation and
additional evaluation. Of special interest, as summarized in Table 4, these
compounds appear to target several cell signaling pathways that may be involved in

the optimal expression pattern of NGN3 during endocrine differentiation.
Example 2

Screening for Small Molecule Analogues that Mediate NKX6.1 and NGN3

Expression

[0123] Expression of NKX6.1, along with NGN3 is required during the progression of
progenitor cells towards an endocrine cell fate. A screen of kinase inhibitors was
conducted to determine if any could up-regulate the expression of one or both markers
during differentiation. In this example, the HDAC inhibitor Trichostatin A was also
included in the differentiation protocol to modulate chromatin remodeling and

possibly enhance gene transcription.

[0124] Preparation of cells for assay: Stock cultures of human embryonic stem cells (H1
human embryonic stem cell line) were maintained in an undifferentiated, pluripotent
state on reduced growth factor MATRIGEL (BD Biosciences; Cat # 35623 1)-coated
dishes in MEF conditioned medium with passage on average every four days.
Passage was performed by exposing cell cultures to a solution of 1 mg/ml dispase
(Invitrogen, Cat #: 17105-041) for 5 to 7 minutes at 37°C followed by rinsing the
monolayer with MEF conditioned culture medium and gentle scraping to recover cell

clusters. Clusters were centrifuged at low speed to collect a cell pellet and remove
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residual dispase. Cell clusters were split at a 1:3 or 1:4 ratio for routine maintenance
culture. All human embryonic stem cell lines were maintained at passage numbers
less than 50 and routinely evaluated for normal karyotype and absence of
mycoplasma. For screens in miniaturized assay format, clusters of H1 human
embryonic stem cells were harvested from culture with dispase treatment as described
and plated with even dispersal at a ratio of 1:2 (surface area) on reduced growth factor
MATRIGEL (BD Biosciences; Cat # 356231)-coated 96-well black plates (Packard
ViewPlates; PerkinElmer; Cat #6005182) using volumes of 100 ul/well. Cells were
allowed to attach and then recover log phase growth over a 1 to 3 day time period,
feeding daily with MEF conditioned medium supplemented with 8ng/ml bFGF (R&D
Systems; Cat # 233-FB). Plates were maintained at 37°C, 5% CO; in a humidified

box throughout the duration of assay.

[0125] Preparation of compounds: Screening was conducted using a single commercial
library of small molecule kinase inhibitors (BioMol Intl; Cat # 2832A(V2.2) as
defined in Table 1. Compounds from this library were made available as 10 mM
stocks in 96-well plate format, solubilized in 100% DMSO and stored at —80°C. The
library compounds were further diluted to an intermediate concentration of 2.5mM in
100% DMSO (Sigma; Cat # D2650), also stored at —80°C until use. On the day of
assay, compounds were diluted 1:12.5 into DMEM high glucose medium to yield a
200uM working stock in 8% DMSO and then further diluted 1:80 into each assay test
well for a final concentration of 2.5uM compound and 0.1% DMSO.

[0126] Differentiation and Screening Assay: Step 1 of the differentiation protocol was
conducted over three days, feeding daily by aspirating the medium from each well and
replacing with a fresh aliquot (100ul). On the first day of assay, wells were fed using
RPMI-1640 medium (Invitrogen; Cat #: 22400) containing 2% Albumin Bovine
Fraction V, Fatty Acid Free (FAF BSA) (Proliant Inc.; Cat # SKU 68700), 100ng/ml
Activin A (PeproTech; Cat #120-14), 20ng/ml Wnt3a (R&D Systems; Cat # 1324-
WN/CF), and 8ng/ml bFGF (R&D Systems; Cat # 233-FB). On the second and third
day of assay, wells were fed with the same medium except that Wnt3a was removed.

All wells were fed and treated identical.

[0127] Step 2 of the differentiation protocol was conducted over two days. Cells were fed

daily by aspirating the medium from each well and replacing with a fresh aliquot
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[0128]

[0129]

[0130]

(100ul) of DMEM:F12 medium (Invitrogen; Cat # 11330-032) containing 2% FAF
BSA, 50ng/ml FGF7 (PeproTech; Cat # 100-19), and 250nM KAAD-cyclopamine
(Calbiochem; Cat # 239804). All wells were fed and treated identically.

Step 3 of the differentiation protocol was conducted over five days. Cells were fed on
alternating days by aspirating medium from each well and replacing with a fresh
aliquot (200ul) of DMEM-high glucose (Invitrogen; Cat # 10569) supplemented with
0.1% Albumax (Invitrogen; Cat #: 11020-021), 0.5x Insulin-Transferrin-Selenium
(ITS-X; Invitrogen; Cat # 51500056), 50 ng/ml FGF7, 100 ng/ml Noggin (R&D
Systems; Cat # 3344-NG), 250 nM KAAD-cyclopamine, 2 uM all-trans retinoic acid
(RA) (Sigma-Aldrich; Cat # R2625), 30ng/ml Activin A, and 100nM Trichostatin A
(TsA; Sigma; Cat# T8552). During step 3, test samples of kinase inhibitors were
added to single wells on days 2 and 4. In each plate, a total of 16 control wells were

treated with an equivalent amount of 0.1% DMSO without any test compound.

Step 4 of the differentiation protocol was conducted over three days. Cells were fed
daily by aspirating the medium from each well and replacing with a fresh aliquot
(200ul) of DMEM-high glucose supplemented with 0.1% Albumax, 0.5x Insulin-
Transferrin-Selenium, 100 ng/ml Noggin, 1uM Alk 5 inhibitor (Axxora; Cat # ALX-
270-445), and 1ug/ml DAPT (Sigma; Cat #D5942). During step 4, test samples of
kinase inhibitors were added to single wells on the first day along with 100nM
Trichostatin A, then both test samples of kinase inhibitors and TSA were omitted
during feeding on days 2 and 3. In each plate, a total of 16 control wells were treated

with an equivalent amount of 0.1% DMSO without any test compound.

High Content Analysis: At the conclusion of step 4, medium from all wells was
aspirated followed by fixing at room temperature for 20 minutes with 4%
paraformaldehyde (Sigma-Aldrich; Cat # 158127) diluted in PBS without divalent
cations (Invitrogen; Cat # 14190), then washing once with PBS. Sample wells were
permeabilized with 0.5% Triton X-100 (VWR; Cat # VW3929-2) for 20 minutes at
room temperature, washed two times with PBS, and blocked with 5% donkey serum
(Jackson ImmunoResearch; Cat # 017-000-121) in PBS for 30 minutes at room
temperature. Primary antibodies (sheep anti-NGN3; R&D Systems; AF3444 or
mouse anti-NKX6.1; University of lowa; Cat # FS5A12) were diluted (1:300 for anti-
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NGN3; 1:500 for anti-NKX6.1) in 5% donkey serum and added to each well for one
hour at room temperature. After washing two times in PBS, Alexa Fluor 647 donkey
anti-sheep secondary antibody (Invitrogen; Cat # A21448) and Alexa Fluor 488
donkey anti-mouse secondary antibody (Invitrogen; Cat #A21202) were diluted 1:100
(both secondary antibodies) and added to each sample well for 30 minutes at room
temperature, followed by two washes in PBS. To counterstain nuclei, 4pg/ml
Hoechst 33342 (Invitrogen; Cat # H3570) was added for ten minutes at room
temperature. Plates were washed once with PBS and left in 100ul/well PBS for

imaging.

[0131] Imaging was performed using an IN Cell Analyzer 1000 (GE Healthcare) utilizing the
51008bs dichroic for cells stained with Hoechst 33342 and Alexa Fluor 488 and
Alexa Flour 647. Exposure times were optimized from positive control wells stained
with each secondary antibody alone. Images from 15 fields per well were acquired to
compensate for any cell loss during the bioassay and subsequent staining procedures.
Measurements for total cell number and total NGN3 or NKX6.1 intensity were
obtained from each well using IN Cell Developer Toolbox 1.7 (GE Healthcare)
software. Segmentation for the nuclei was determined based on gray-scale levels
(baseline range 100-300) and nuclear size. Total NGN3 or NKX6.1 protein
expression was reported as total intensity or integrated intensity, defined as total
fluorescence of the cell multiplied by the area of the cell. Background was eliminated
based on acceptance criteria of gray-scale ranges between 200 to 3500. Total
intensity data were normalized by dividing total intensities for each well by the

average total intensity for the positive control.

[0132] Results from this screen are summarized in Table 5, Table 6, and Table 7. Data in
Table 5 depict a representative ratio of NGN3 and NKX6.1 staining for each well
treated with an individual compound relative to average staining in wells with DMSO
alone. In addition, the rank order for each compound’s effect on protein expression
for either NGN3 or NKX6.1 is also shown. Table 6 lists ordered rankings for the top
16 hits having a positive effect on NGN3 and/or NKX6.1 expression. Table 7
summarizes the targets and signal transduction pathways that correspond to these top

hits. Pathways with multiple hits from this screen would appear to have greatest
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validity for having an impact on expression on these two transcription factors critical

for endocrine fate determination.
Example 3

Confirmations for Small Molecule Analogues that Mediate NGN3 and NKX6.1

Expression

[0133] Expression of a NKX6.1, along with NGN3 is required during the progression of
progenitor cells towards an endocrine cell fate. A screen of kinase inhibitors was
repeated to determine if any small molecule compounds could up-regulate expression
of one or both markers during differentiation. In this example, the HDAC inhibitor
Trichostatin A was also included in the differentiation protocol to modulate chromatin

remodeling and possibly enhance gene transcription.

[0134] Preparation of cells for assay: Stock cultures of human embryonic stem cells (H1
human embryonic stem cell line) were maintained in an undifferentiated, pluripotent
state on reduced growth factor MATRIGEL (BD Biosciences; Cat # 35623 1)-coated
dishes in MEF conditioned medium with passage on average every four days.
Passage was performed by exposing cell cultures to a solution of 1 mg/ml dispase
(Invitrogen, Cat #: 17105-041) for 5 to 7 minutes at 37°C followed by rinsing the
monolayer with MEF conditioned culture medium and gentle scraping to recover cell
clusters. Clusters were centrifuged at low speed to collect a cell pellet and remove
residual dispase. Cell clusters were split at a 1:3 or 1:4 ratio for routine maintenance
culture. All human embryonic stem cell lines were maintained at passage numbers
less than 50 and routinely evaluated for normal karyotype and absence of
mycoplasma. For screens in miniaturized assay format, clusters of H1 human
embryonic stem cells were harvested from culture with dispase treatment as described
and plated with even dispersal at a ratio of 1:2 (surface area) on reduced growth factor
MATRIGEL (BD Biosciences; Cat # 356231)-coated 96-well black plates (Packard
ViewPlates; PerkinElmer; Cat #6005182) using volumes of 100 ul/well. Cells were
allowed to attach and then recover log phase growth over a 1 to 3 day time period,
feeding daily with MEF conditioned medium supplemented with 8ng/ml bFGF (R&D
Systems; Cat # 233-FB). Plates were maintained at 37°C, 5% CO; in a humidified

box throughout the duration of assay.
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[0135] Preparation of compounds: Confirmation screening was conducted using a single
commercial library of small molecule kinase inhibitors (BioMol Intl; Cat #
2832A(V2.2) as defined in Table 1. Compound hits of interest from this library were
made available as 10 mM stocks in 96-well plate format, solubilized in 100% DMSO
and stored at —80°C. Individual library compounds of interest were further diluted to
an intermediate concentration of 2.5mM in 100% DMSO (Sigma; Cat # D2650), also
stored at —80°C until use. On the day of assay, these individual compounds of interest
were diluted 1:12.5 into DMEM high glucose medium to yield a 200uM working
stock in 8% DMSO and then further diluted 1:80 into each assay test well for a final
concentration of 2.5uM compound and 0.1% DMSO.

[0136] Differentiation and Screening Assay: Step 1 of the differentiation protocol was
conducted over three days, feeding daily by aspirating the medium from each well and
replacing with a fresh aliquot (100ul). On the first day of assay, wells were fed using
RPMI-1640 medium (Invitrogen; Cat #: 22400) containing 2% Albumin Bovine
Fraction V, Fatty Acid Free (FAF BSA) (Proliant Inc.; Cat # SKU 68700), 100ng/ml
Activin A (PeproTech; Cat #120-14), 20ng/ml Wnt3a (R&D Systems; Cat # 1324-
WN/CF), and 8ng/ml bFGF (R&D Systems; Cat # 233-FB). On the second and third
day of assay, wells were fed with the same medium except that Wnt3a was removed.

All wells were fed and treated identically.

[0137] Step 2 of the differentiation protocol was conducted over two days. Cells were fed
daily by aspirating the medium from each well and replacing with a fresh aliquot
(100ul) of DMEM:F12 medium (Invitrogen; Cat # 11330-032) containing 2% FAF
BSA, 50ng/ml FGF7 (PeproTech; Cat # 100-19), and 250nMKAAD-cyclopamine
(Calbiochem; Cat # 239804). All wells were fed and treated identically.

[0138] Step 3 of the differentiation protocol was conducted over four days. Cells were fed on
alternating days by aspirating medium from each well and replacing with a fresh
aliquot (200ul) of DMEM-high glucose (Invitrogen; Cat # 10569) supplemented with
0.1% Albumax (Invitrogen; Cat #: 11020-021), 0.5x Insulin-Transferrin-Selenium
(ITS-X; Invitrogen; Cat # 51500056), 50 ng/ml FGF7, 100 ng/ml Noggin (R&D
Systems; Cat # 3344-NG), 250 nM KAAD-cyclopamine, 2 uM all-trans retinoic acid
(RA) (Sigma-Aldrich; Cat # R2625), and 20ng/ml Activin A. During step 3, triplicate
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test samples of kinase inhibitors were added to wells at the time of feeding on days 1
and 3. In each plate, a total of 16 control wells were treated with an equivalent

amount of 0.1% DMSO without any test compound.

[0139] Step 4 of the differentiation protocol was conducted over four days. Cells were fed on
alternating days by aspirating the medium from each well and replacing with a fresh
aliquot (200ul) of DMEM-high glucose supplemented with 0.1% Albumax, 0.5x
Insulin-Transferrin-Selenium, 100 ng/ml Noggin, and 1uM Alk 5 inhibitor (Axxora;
Cat # ALX-270-445). During step 4, triplicate test samples of kinase inhibitors were
added to wells at the time of feeding on days 1 and 3. In each plate, a total of 16
control wells were treated with an equivalent amount of 0.1% DMSO without any test

compound.

[0140] High Content Analysis: At the conclusion of step 4, medium from all wells was
aspirated followed by fixing at room temperature for 20 minutes with 4%
paraformaldehyde (Sigma-Aldrich; Cat # 158127) diluted in PBS without divalent
cations (Invitrogen; Cat # 14190), then washing once with PBS. Sample wells were
permeabilized with 0.5% Triton X-100 (VWR; Cat # VW3929-2) for 20 minutes at
room temperature, washed two times with PBS, and blocked with 5% donkey serum
(Jackson ImmunoResearch; Cat # 017-000-121) in PBS for 30 minutes at room
temperature. Primary antibodies (sheep anti-NGN3; R&D Systems; AF3444 or
mouse anti-NKX6.1 ; University of lowa; Cat # F55A12) were diluted (1:300 for anti-
NGN3; 1:500 for anti-NKX6.1) in 5% donkey serum and added to each well for one
hour at room temperature. After washing two times in PBS, Alexa Fluor 647 donkey
anti-sheep secondary antibody (Invitrogen; Cat # A21448) and Alexa Fluor 488
donkey anti-mouse secondary antibody (Invitrogen; Cat #A21202) were diluted 1:100
(both secondary antibodies) and added to each sample well for 30 minutes at room
temperature, followed by two washes in PBS. To counterstain nuclei, 4pg/ml
Hoechst 33342 (Invitrogen; Cat # H3570) was added for ten minutes at room
temperature. Plates were washed once with PBS and left in 100ul/well PBS for

imaging.

[0141] Imaging was performed using an IN Cell Analyzer 1000 (GE Healthcare) utilizing the
51008bs dichroic for cells stained with Hoechst 33342 and Alexa Fluor 488 and

Alexa Flour 647. Exposure times were optimized from positive control wells stained
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with each secondary antibody alone. Images from 15 fields per well were acquired to
compensate for any cell loss during the bioassay and subsequent staining procedures.
Measurements for total cell number and total NGN3 or NKX6.1 intensity were
obtained from each well using IN Cell Developer Toolbox 1.7 (GE Healthcare)
software. Segmentation for the nuclei was determined based on gray-scale levels
(baseline range 100-300) and nuclear size. Total NGN3 or NKX6.1 protein
expression was reported as total intensity or integrated intensity, defined as total
fluorescence of the cell multiplied by the area of the cell. Background was eliminated
based on acceptance criteria of gray-scale ranges between 200 to 3500. Total
intensity data were normalized by dividing total intensities for each well by the

average total intensity for the positive control.

[0142] Results for these studies are shown in Table 8. Two compounds (Kenpaullon and
BML-259) did not confirm and have no enhancing effects on either NGN3 or NKX6.1
expression relative to a control treatment. The remaining compounds in this assay
show a positive impact on one or both transcription factors, confirming earlier results

and highlighting the importance of these associated signaling pathways.
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8 p58 PI TSLRE betal 2-

2 BTK LFM A13 0.97 1.82 24 0.96 43 E -
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Tyrphostin 46 1.05 2.54 13 0.82 52 H-9 DWVSO 1.03 0.95 60 0.81 53 B -
5 WO 2011/079018

MEK PD-98059 0.92 2.02 20 0.81 54 H -

55 H -




Cdk5/ p25 BM.-259 1.04 0.83 67 0.80 56 C -2 EGFRK Tyrphostin 47 1.00 1.13 49
0.79 57 H-2 Akt signaling pathway Triciribine 0.73 2.06 19 0.78 58 WO
2011/ 0790x6RCTI/0289810/ 060770 D -3 PDGFRK AG 370 1.01 1. PET/US2010/060770
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0.99 0.88 65 0.67 67 G- 9 GSK-3beta, CDK5 Indirubin 1.01 0.59 77 0.66 68 E
- 6 MLCK M_-7 0.98 2.84 12 0.65 69 WO 2011/079018PCT/ US2010/ 060770 B - 2

MEK U- 01280Q08/H07001868 73 0. 65 70 PCT/US2010/060770
Y9} < A < (®] Yo} <
o o o o o o o

© (o] (@]
A o] P~ o o N AN
[o0] 0] 0] (@] ~ ~ ~
© o ~ ™ o)) < N~
0 < © [ 7o) ~ To)
-~ -~ o - o o o
(@]
e
o8] «© N
- - [e0] AN ~ N
- N (o)) o0 ~ ~ ~
< AN [{] N~ -~ < [+
< N 0 - 0 < ©
- ~ - ~ - - -
N~ [ o - O ™
N -~ N N -
© s >
ﬂ' (o] —
c = 2
= = 2 £ 2 3 ©
= 2
g S | 5 § | 88 | £ s
P = ™ ~ — =
o) s = Q = X 2
> w = 1 [} =
0] (= O X ] g © x [
()]
£
. X ©
e g N S 3z
m » X Lw ¥ 2 2
o c T} - e
> = O 0 o — X X ®©
- ¥ w o A = o X < Q




G- 3 FIkl SU1498 1.01 0.70 72 0.65 71 E - 3 EGFRK, CaMK || HDBA 0.99 0. 88
66 0.64 72 H- 4 |KK2 SC-514 0.95 0.71 71 0.62 73 E - 7 M.CK M.-9 1.06 1.60
29 0.59 WO 2011/079018 PCT/US2010/060770

0.32

130

0.73

83

117

1.46

24

Cdk2 Inhibitor IlI

CDK2




74 F -

10 PKC delta Rottlerin 0.24 0.96 58 0.56 75 E -
0.71 70 0.56 76 H -
0. 47 0. 65WwBR011/079018

4 CaMK Il KN-62 0.96
3 Akt BML-257 0.98 0.68 74 0.55 77 H -
PCT/US2010/060770

8 nTOR Rapanycin

Table 5:
NKX6.1 Intensity NGNa3 Intensity

Target Total
WELL Activity COMPOUND Nuclei RATIO RANK RATIO RANK

PKA, PKG,

MLCK, and
B-5 PKC. H-9 1.00 7.36 1 2.24 1
D-8 PKC Hypericin 1.07 215 18 2.22 2
D-5 Pl 3-K LY 294002 1.08 6.84 2 2.18 3
D-11 PKA H-89 1.09 5.39 3 2.13 4
F-4 Src family PP2 1.01 4.07 7 2.09 5
B-3 p38 MAPK | SB-203580 1.07 5.05 4 1.95 6

Tyrphostin

C-6 EGFRK AG 1478 1.10 2.41 14 1.89 7
F-8 cRAF GW 5074 1.06 3.48 10 1.78 8
D-6 Pl 3-K Wortmannin 1.10 3.87 9 1.67 9
E-1 PKA, PKG | HA-1004 1.08 3.88 8 1.55 10

&4



0.39 78 C - 10 PKC inhibitor PKC-412 0.17 0.45 79 0.39 79 G- 1 ECGFRK
Erbstatin analog 0.82 0.38 81 0.34 80 D- 9 PKC Ro 31-8220 0.09 0.48 78

0. 30 81 Bvo@oRarm9@peci fic Staurosporine 0.13 0.17 PCT/US2010/060770
D-7 PKC GF 109203X | 1.05 4.54 6 1.53 11
C-12 Src family PP1 0.99 1.90 22 1.43 12
F-3 p38 MAPK | SB-202190 1.08 1.90 23 1.40 13
G-11 ROCK Y-27632 1.08 1.31 40 1.40 14
G-12 GSK-3beta | Kenpaullone | 0.99 3.18 11 1.32 15
C-9 IRK HNMPA 1.01 2.31 15 1.32 16

PKA, PKG,
MLCK, and
B-4 PKC. H-7 1.02 1.99 21 1.26 17
EGFRK,
B-7 PDGFRK AG-494 1.10 1.57 30 1.26 18
Tyrosine Tyrphostin
C-7 kinases AG 1295 1.08 1.43 36 1.26 19
BML-265
(Erlotinib
H-7 EGFRK analog) 1.06 2.15 17 1.25 20
B-12 EGFRK Tyrphostin 25 | 1.02 4.68 5 1.24 21
E-2 PKA, PKG | HA-1077 1.02 1.46 34 1.20 22

&5



83 0.30 82 WO 2011/079018PCT/ US2010/ 060770 C - 8 PDGFRK Tyrphostin 9 0. 28
0.29 82 0.29 83 F - 1 ERK2, adenosine kinase, CK1l, CK2, 5- |odotubercidin
0. 08 0. 13wB400/@250184 WD 2011/ 079018PCT/ US2010/ 060770 Tabirasgéo10B6ddrk0 NKX6. 1

RANK NGN3 RANK 1 H9 H9

F-7 PDGFRK AG-1296 1.09 1.74 25 1.18 23
N9-Isopropyl-
E-9 CDK olomoucine 1.05 1.42 37 1.18 24
B-11 EGFRK Tyrphostin 23 | 1.03 1.43 35 1.17 25
D-12 PKA, PKG H-8 0.99 1.21 45 1.16 26
Tyrosine Tyrphostin
C-5 kinases AG 1288 1.04 1.63 27 1.15 27
Negative
control for iso-
E-11 olomoucine. | Olomoucine 1.04 1.51 31 1.14 28
F-6 Flk1 SU 4312 1.07 1.01 55 1.12 29
Cc-11 Syk Piceatannol 1.07 1.32 39 1.10 30
G-8 JNK SP 600125 1.04 1.67 26 1.09 31
H-11 DMSO 1.03 1.04 53 1.09 32
E-5 CaMK Il KN-93 1.04 1.10 51 1.03 33
E-12 CDK Roscovitine 1.03 0.67 75 1.03 34
F-11 Genistein 1.03 1.10 52 1.02 35
Tyrosine
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2 LY 294002 Hypericin 3 H 89 LY 294002 4 SB-203580 H 89 5 Tyrphostin 25 PP2
6 GF 109203X SB-203580 7 PP2 Tyrphostin AG 1478 8 HA-1004 GW 5074 9
Wor t manniwioorivatemgi n 10 GW 5074 HA- 1004 11 Kenpaul | one PGF/USQ@20@0K 71 2

Kinases
B-8 HER1-2 AG-825 1.05 1.12 50 1.00 36
B-10 EGFRK RG-14620 1.02 1.26 41 1.00 37
Palmitoyl-DL-
F-9 PKC carnitine Cl 1.05 1.19 47 0.99 38
E-10 CDK Olomoucine 1.04 1.22 44 0.99 39
D-10 PKC Sphingosine | 1.04 1.62 28 0.99 40
G-6 CKll DRB 1.01 1.50 32 0.98 41
C-3 EGFRK Tyrphostin 51 | 1.04 1.46 33 0.97 42
F-2 BTK LFM-A13 0.97 1.82 24 0.96 43
p58
PITSLRE 2-
E-8 beta1 Aminopurine | 1.07 0.93 61 0.93 44
Lavendustin
B-9 EGFRK A 1.02 0.98 57 0.92 45
PKC alpha,
PKC
G-7 gamma HBDDE 1.07 0.92 63 0.91 46

87



M.-7 PP1 13 Tyrphostin 46 SB-202190 WD 2011/079018PCT/ US2010/ 060770 14

Tyrphostin AG 1478 Y-27632 15 HNVPA Kenpaul | one 16 AG 490 HNMPA WO

2011/ 0790x6RCTI/1281810/ 060770 Tabl e 7: Pat hway Conpounds PPEKWSPKAORK® H- 9,
H-89, GF 109203X, HA-1004 SRC ki nase PP2, PPl PI3 Kinase LY

Hyperi cin,

294002, Wortmannin p38 MAP ki nase SB-203580, SB-202190 EGF receptor
Tyrphostin 25, Tyrphostin AG 1478, Tyrphostin 46

ki nase

D-2 IRAK AG-126 0.99 1.21 46 0.86 47
H-12 DMSO 1.02 0.75 69 0.86 48
H-6 CK-II Apigenin 1.05 0.77 68 0.84 49
F-5 cRAF ZM 336372 1.06 1.36 38 0.83 50
Negative
control for
F-12 Genistein. Daidzein 1.03 0.92 62 0.83 51
EGFRK,
C-1 PDGFRK Tyrphostin 46 | 1.05 2.54 13 0.82 52
H-9 DMSO 1.03 0.95 60 0.81 53
B-1 MEK PD-98059 0.92 2.02 20 0.81 54
H-1 BTK Terreic acid 1.02 1.24 42 0.81 55
H-5 Cdk5/p25 BML-259 1.04 0.83 67 0.80 56
C-2 EGFRK Tyrphostin 47 | 1.00 1.13 49 0.79 57
Akt
signaling
H-2 pathway Triciribine 0.73 2.06 19 0.78 58

&8



CRAF GW 5074 GSK3 beta Kenpaullone | RK HNVPA JAK2 AA90 ROCK Y27632 M.CK
M.-7 WD 2011/ 079018PCT/ US2010/ 060770 Table 8: Total Nuclei NKX6.1 NGN3
Pl ate Tr esormento7p@senc] Rati o Cell Count Rati o | ntensityPRaftS01@®6GI77€CouNt
Ratio Intensity Ratio Plate 1 PD 98059 [2.5uM 0.96 2.08 2.37

D-3 PDGFRK AG-370 1.01 1.15 48 0.77 59
Indirubin-3'-
G-10 GSK-3beta | monoxime 0.96 0.92 64 0.74 60
Negative
control for
tyrosine
kinase
C-4 inhibitors. Tyrphostin 1 1.00 0.95 59 0.73 61
G-4 JAK-3 ZM 449829 1.01 1.23 43 0.73 62
D-1 JAK-2 AG-490 1.04 2.26 16 0.72 63
D-4 NGFRK AG-879 1.03 0.39 80 0.72 64
Quercetin
G-2 Pl 3-K dihydrate 0.97 1.03 54 0.71 65
IKK
G-5 pathway BAY 11-7082 | 0.93 1.00 56 0.68 66
H-10 DMSO 0.99 0.88 65 0.67 67
GSK-3beta,
G-9 CDK5 Indirubin 1.01 0.59 77 0.66 68
E-6 MLCK ML-7 0.98 2.84 12 0.65 69

&9



2.21 2.41 Plate 1 SB-203580 [2.5uM 1.05 2.93 2.58 5.26 4.74 Plate 1 H7
[2.5uM 1.09 2.02 1.88 2.75 2.44 Plate 1 H9 [2.5uM 1.13 1.93 1.76 2.85
2.47 Pl atwo2on®79@8 [ 2. 5uM 0.99 3.78 4.20 2.48 2.35 PCT/US2010/060770

B-2 MEK U-0126 0.87 0.68 73 0.65 70

G-3 Flk1 SU1498 1.01 0.70 72 0.65 71
EGFRK,

E-3 CaMKIlI HDBA 0.99 0.88 66 0.64 72

H-4 IKK2 SC-514 0.95 0.71 71 0.62 73

E-7 MLCK ML-9 1.06 1.60 29 0.59 74

F-10 PKC delta Rottlerin 0.24 0.96 58 0.56 75

E-4 CaMKIlI KN-62 0.96 0.71 70 0.56 76

H-3 Akt BML-257 0.98 0.68 74 0.55 77

H-8 mTOR Rapamycin 0.47 0.65 76 0.39 78
PKC

C-10 inhibitor PKC-412 0.17 0.45 79 0.39 79

Erbstatin

G-1 EGFRK analog 0.82 0.38 81 0.34 80

D-9 PKC Ro 31-8220 0.09 0.48 78 0.30 81
Pan-

B-6 specific Staurosporine | 0.13 0.17 83 0.30 82

90



Plate 1 LY 294002 [2.5uM 1.03 6.54 6.60 4.93 4.43 Plate 1 GF109203X
[2.5uM 0.82 5.20 3.57 4.17 3.33 Plate 1 H89 [2.5uM 1.08 2.41 2.30 4.00
3. 74 Pl atwoRox76M81. 02 0.69 0.61 0.81 0.77 WO PCT/US2010/060770

2011/ 079018PCT/ US2010/ 060770

C-8 PDGFRK Tyrphostin 9 0.28 0.29 82 0.29 83
ERK2,
adenosine
kinase, 5-

F-1 CK1, CK2, lodotubercidin | 0.08 0.13 84 0.27 84
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[ TuN 1] Plate 1 KN-93 [1uN 1] 1.05 0.59 0.55 0.84 0.79 Plate 1 Control
Treatnment 1.00 1.00 1.00 1.00 1.00 Plate 2 HA-1004 [2.5uM 1.08 2.83 2.66
2. 77 2.49v0l2at18072018A- 1077[ 2. 5uM 1. 07 1. 48 PCT/US2010/060770

Table 6:
RANK NKX6.1 RANK NGN3 RANK
1 H-9 H-9
2 LY 294002 Hypericin
3 H-89 LY 294002
4 SB-203580 H-89
5 Tyrphostin 25 PP2
6 GF 109203X SB-203580
7 PP2 Tyrphostin AG 1478
8 HA-1004 GW 5074
9 Wortmannin Wortmannin
10 GW 5074 HA-1004
11 Kenpaullone GF 109203X
12 ML-7 PP1
13 Tyrphostin 46 SB-202190

92



1.31 2.57 2.27 Plate 2 SB-202190 [2.5uM 1.08 2.12 1.90 4.53 3.91 Plate 2
PP2 [2.5uM 1.04 2.06 1.71 6.21 6.12 Plate 2 GW5074 [2.5uM 1.11 2.77 2.32
3.15 2. 7o9wBIatiew7d18enpaul | one [2.5uM 1.02 0.53 0.45 1. BP2TAIS4€10/060770

14 Tyrphostin AG 1478 Y-27632
15 HNMPA Kenpaullone
16 AG-490 HNMPA

93



Plate 2 BM.-259 [2.5uM 0.99 1.08 1.02 1.21 1.23 Plate 2 BM--265 [2.5uM
0.97 6.12 6.34 4.50 4.65 Plate 2 KN-62 1.03 0.71 0.67 0.72 0.71 WO

2011/ 0790x6RCTI/0788810/ 060770 [ 1uM Plate 2 PCT/US2010/060770
Table 7:
Pathway Compounds
PKC/PKA/PKG H-9, Hypericin, H-89, GF 109203X, HA-1004
SRC kinase PP2, PP1
PI3 Kinase LY 294002, Wortmannin
p38 MAP kinase SB-203580, SB-202190

Tyrphostin 25, Tyrphostin AG1478, Tyrphostin

EGF receptor kinase 46

cRAF GW 5074
GSKa3 beta Kenpaullone
IRK HNMPA
JAK2 AG490
ROCK Y27632
MLCK ML-7
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KN-93 [1uM 1.04 0.75 0.76 0.93 0.93 Plate 2 Control

1. [ 0143] Publ i cations cited throughout this docunent are

00 1.00 1.00

Tr eat ment

1.00 1.00

her eby i rworpovep@Ed by reference in their entirety. Altirongis2elo®607ar i ous
aspects of the invention have been illustrated above by reference to

exanpl es and preferred enbodi nents,

it will

be appreciated that the scope

of the invention is defined not by the foregoing description but by the
followi ng clainms properly construed under principles of patent

is clained is:

| aw. \What

1. A nethod to increase tiggle®xpressi on of NGN3 and NKX6.1 in

a popul ation of cells expressing markers characteristic of the pancreatic

endocrine Ilnpanp "nm'\rici ng the st eps of: a\ mll'rllring plllrip tent stem
cells, b) di fferent|ati ng t hie pl uri potent stemcells into cells expressi ng
nar kers characteristi®bf the definitive endoderm]I i neage, C)
dlfferentiating the| Netlbis expNi€¥&i ng markers ¢iNaNscteri stic of | he
definitive endodermli neage into cells expressing nmarkers charagteristic of
t pepancreatit endogermtineage, supptenenting the mediunmused 1o
dfferentifate the cells expressing nmarkers characteristic of the definitive
ehdoder m |  Healgenti 1 h a conplotitCeunt ddatensityy omCGel &oyrouptensiyi sting of H 9,
H- BRte G- 10@363X, HARAMO4, PRRatioPPl, |LRAti394002 Ratért manRatic SB- 203580,
SB- 202190, | Tyr phost | n 25, Tyfrphostin, AGL478, |Tyrphostin 46, GW 5074,
Ke —HNWPA TAGA90,— Y2 7632, —and—M—-7—and—d)—ditferentiating the
celI's expriesshigkomar kers characteristic of the pancreatic endoderm lineage
i hto cel |l s| expressi hg markeri|s charactjeristic of the pancreatic pndocrine
| | Retegle. 2. [2PHMI met hB86of cl ¥ 1, wHek¥in the 2@ddium udéd to djfferentiate
the cells |expressing markers| characteristic off the pangcreati c epdoderm
| | neage 1 s| suppl emepted wthl a conpoynd selected fromthe group| consisting
of H9, H88-26358000203X, HA-1004, PR2, PP1, LY 294002, Wortnmanpin,
S 3580, 190 r phost 25, Ty ostin,: AGL478 rphostin 46, GW
589%% Kenpla I%%ﬁ@ﬁe, HP\I%_/% o V276950 and ifka a7
Plate 1 H-7 [2.5uM] | 1.09 2.02 1.88 2.75 2.44
Plate 1 H-9[2.5uM] | 1.13 1.93 1.76 2.85 2.47
AG-490
Plate 1 [2.5uM] 0.99 3.78 4.20 2.48 2.35
LY 294002
Plate 1 [2.5uM] 1.03 6.54 6.60 4.93 443
GF109203X
Plate 1 [2.5uM] 0.82 5.20 3.57 4.17 3.33
H-89
Plate 1 [2.5uM] 1.08 2.41 2.30 4.00 3.74
Plate 1 1.02 0.69 0.61 0.81 0.77
KN-62
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[1uM]
KN-93

Plate 1 [1uM] 1.05 0.59 0.55 0.84 0.79
Control

Plate 1 Treatment 1.00 1.00 1.00 1.00 1.00
HA-1004

Plate 2 [2.5uM] 1.08 2.83 2.66 2.77 249
HA-

Plate 2 1077[2.5uM] | 1.07 1.48 1.31 2.57 2.27
SB-202190

Plate 2 [2.5uM] 1.08 2.12 1.90 4.53 3.91

Plate 2 PP2 [2.5uM] | 1.04 2.06 1.71 6.21 6.12
GW 5074

Plate 2 [2.5uM] 1.1 277 2.32 3.15 2.79
Kenpaullone

Plate 2 [2.5uM] 1.02 0.53 0.45 1.52 1.40
BML-259

Plate 2 [2.5uM] 0.99 1.08 1.02 1.21 1.23
BML-265

Plate 2 [2.5uM] 0.97 6.12 6.34 4.50 4.65

Plate 2 1.03 0.71 0.67 0.72 0.71
KN-62
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[1uM]
KN-93
Plate 2 [TuM] 1.04 0.75 0.76 0.93 0.93
Control
Plate 2 Treatment 1.00 1.00 1.00 1.00 1.00
[0143] Publications cited throughout this document are hereby incorporated by reference in their

entirety. Although the various aspects of the invention have been illustrated above by

reference to examples and preferred embodiments, it will be appreciated that the scope of

the invention is defined not by the foregoing description but by the following claims

properly construed under principles of patent law.
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What 1s claimed is:

1. A method to increase the expression of NGN3 and NKX6.1 in a population of

cells expressing markers characteristic of the pancreatic endocrine lineage,

comprising the steps of:

a)

b)

d)

culturing pluripotent stem cells,

differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,

differentiating the cells expressing markers characteristic of the definitive
endoderm lineage into cells expressing markers characteristic of the
pancreatic endoderm lineage, supplementing the medium used to
differentiate the cells expressing markers characteristic of the definitive
endoderm lineage with a compound selected from the group consisting of
H-9, H-89, GF 109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin,
SB-203580, SB-202190, Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin
46, GW 5074, Kenpaullone, HNMPA, AG490, Y27632, and ML-7, and

differentiating the cells expressing markers characteristic of the pancreatic
endoderm lineage into cells expressing markers characteristic of the

pancreatic endocrine lineage.

2. The method of claim 1, wherein the medium used to differentiate the cells

expressing markers characteristic of the pancreatic endoderm lineage is

supplemented with a compound selected from the group consisting of H-9, H-89,
GF 109203X, HA-1004, PP2, PP1, LY 294002, Wortmannin, SB-203580, SB-
202190, Tyrphostin 25, Tyrphostin, AG1478, Tyrphostin 46, GW 5074,
Kenpaullone, HNMPA, AG490, Y27632, and ML-7.
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