WO 2010/ 051223PCT/ US2009/ 061774 DI FFERENTI ATI ON OF HUMAN EMBRYONI C STEM
CELLS TO THE PANCREATI C ENDOCRI NE LI NEAGE 100011The present invention

cl ai ms prwonrntyostizz3appl i cati on serial nunber 61/110, 287 pCfriuse@9@st’aber 31,
2008. FIELD OF THE | NVENTI ON [ 0002] The present invention provides nethods
to promyreriti@reidiofr 6ntHuRit GMpRIoRIUETRP e s SheMsC ehtdrenkfc RADbECHEAT ,

t he preseftadsvention provides a nethod to increase the expression of MAFA
in cells expressing narkers characteristic of the pancreatic endocrine

| i neage. BACKGROUND 100031Advances in cell-replacenent therapy for Type |
di abetes nellitus and a shortage of transplantable islets of Langerhans

13- a2 Py GRten Ay SEHG PP BERER P bR P& Y ot Fon o

functional QctoledBBs, donem pl uri potent stemcells, such as, for exanple,
enbryonic stemcells. 100041In vertebrate enbryonic devel opnent, a
pluripotent cell gives rise onprising three germ

| ayers (ectoderm nesoderm %I%&%eﬁgm %&Vlﬁﬁ&gég?ocess known as

gastrul ation. Tissues such as, for exanple, thyroid, thynus, pancreas, gut,
and 0082, el dresdeviaieoforf provde¢shrectbord dalpomptevthadiffprenttion wepliapacst age. The
| nt er medi at & Stc%gelril 0 ti r1]1ilasr B¢ Or%see%&nivésntloherofvgj grg‘;nie Bd ofingreejlsi '&ilet Ive endoderm
Definitive eRaSder m LIS exXpr eéss a AUMDEI 'Of > arker s, "Such as, HN F-3

bet a, GATAdgxphMbstoréf, MEKERY celn @dxBEXing. matkDOSbFaotenstid afheqfantb@icpancr eas
arises fromthe. differentiation of definitive endoderminto pancreatic
endoderm CEIPLMSANASE pancreati ¢ endoder m express t he pancreat i c- duodenal
honeobox gene, PDX1. In the absence of P DX1, the pancreas fails to devel op
beyond the formation of ventral BACKIGROAINIbuds. Thus, PDX1 expression
marks a critical step in pancreatic organogenesis. The mature pancreas
cont@h,s, a . i T I tissue.
R R N L G i N
endoderm (AWOsEOLSOBIER2E PaTcUBAONSL G&1FUn e R@O0B] dCrtlbmnbeardengl t he f eat ures
o Lot el cablmRufchgRai 50 w0 oRh et K Sl QTG TV AL R R Of the
nmouse. For eXa e, Parersk et1 4P Eré%l ence c 13 5, Lo loni report

di f f er ent i agenemti@f offfoncsions Bleejoinine peitipore etehscetl sichsas) fonexmepieet | ng
structures simlar to ncreatic islets. Soria et al. (D abetes 49: 157,
2000) repor " HFHAFC ?t?{gﬁ‘fgfsn-secr eting cells derived from nouse enbryonic stem
cells normalize glycema in streptozotocini nduced di abetic mce. [0007]In
one [6864ipl eln veloebrate embybnic (BNABNROE, a pBitiP&ent2010 2)vediisad agmup batells r eat ment  of
nouse enbryonic. st gim cel | $ Wi t(h idqhi bi tocrls of phgsdahrgi)igosi tide 3-kinase
(LY294002)  BrEHIRE et s TORE CH A EREP SIS B NEOCrBH &I R not her

exanpl e, Bl ywrazykaseuladbn. TiRNASutREK, 838xadflOIyroidpibyings, phergenar,at i on of

i nsul i n-produyci n | I's from nmouse enbryoni.c stemcells _constitutively
expressi ng BT paberFiop R By Subacm. v p e T aee: Thoi ¢ acid can

regul at e t higtegeomté sBRtin @fis HORKY RACIOEhLIIN ©eldfFittve ch@idamPdBéfifosi ti ve
pancreatic e dﬁlc%derm Ret i nol ¢ aci ils( nost effective at induci n? Pdxl

expr essi on SHEHFTAGHEFPES M tEhee st Bekersy ueh 1 HEfbY Rrdn P Tsv e MI K&y

di fferenti atkoR4dsd §O”1A period corresponding to the end of gastrulation in
the enbryo (D abetes 54:301, 2005).

[0005] Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-
duodenal homeobox gene, PDX1. In the absence of PDX1, the pancreas fails to
develop beyond the formation of ventral and dorsal buds. Thus, PDX1 expression
marks a critical step in pancreatic organogenesis. The mature pancreas contains,
among other cell types, exocrine tissue and endocrine tissue. Exocrine and endocrine

tissues arise from the differentiation of pancreatic endoderm.



100101M yazaki et al. reports a nouse enbryonic stemcell line
over-expressing Pdxl. Their results show that exogenous Pdxl expression
clearly anmbanwddiz2Be expression of insulin, somatostati RCTISe@okbiTase,

neur ogeni n3, P48, Pax6, and HN F6 genes in the resulting differentiated
cells (D abetes 53: 1030, 2004). 100111Skoudy et al. reports that activin A
(a menber of the TGF-13 superfam|ly) upregul ates the expression of exocrine

pancie®]i ¢ O8RSsar{R4Rk RAHABYERE&)1s BL rERHE IbB& BE&SHrdPdMbryohiBsul i n, and
gl ucagon) in nouse errbri;onl c stern cells. The maximal effect was observed

Usi ng 1nM &t of the MOUSPh YT enagipleo buaeltierr ¢haYCianRe2 X 3S8s0bepdyel of
insulin anddﬁﬁ%hndﬁ@f}'@fM[@a%e@&%r}%ﬁc%‘c‘eh%llp% 15&1‘11&1@9&&111%%&%@89%%{ to 3NM FGF7
treatment resulted in an increased | evel of the transcript for Pdxl

(Bi ochem Jpangedfic ifigy, Sorgos ). (@@b@@l‘@hﬁﬁa?&oobltepm thaipspdinsecretie ef f ect s of
grow h fact L1 wRL,yoni c stem
cells into (%giflérglg&s F?llg\?gé%ée%ﬁﬂélj.yxmﬁgteﬁg%gse@\%gl e%gsk!eﬁa lggtr%gozr eplrhodum bly

yi el ded a hindured digb&iganité.on of Pdx| positive cells (Genes Cells. 2005 Jun;
10(6): 503-16.). [0013] Gordon et al. denonstrated the induction of

br aC['i} (U 'ﬁ'ﬂ?eé&%ﬁ@hoﬁ%@ﬂ@%&@d L3104 %Uz?ﬁﬂé&se%}?'irmﬁfeﬁt Fhimeel s in

t he a sence of ser and 1 n the presencé of "activin along w th an inhibitor
of Wit si gnfalllbrwgllqWQ@B@YIGOO@MAQI}phOS@@m&lm ﬁbma@t(Lé.’B%%)PNAS Vol 103,
page 16806, r%%@éc&l%%a‘??esen\ﬁf @éﬁg TGF-beta/ nodal/ activin signaling

Si rrultaneou% y were reqwre or the generation of the anterior primtive

streak”. 100151However, the nouse nodel of enbryonic stemcell devel opnent
may IIQ@QSIexaI@taWh@ﬁmeler@ymvéqe@ hERTAS 15V 20030 reppiitgheecneeembs, such as,
for exanpl B The al %11 | stemcells
from human %J;ls{%{;:@lgltn[égg%?%oencgﬁ%% %ylo4csié§‘g %&C{gtﬁ@lﬁ%% rgs,s arhart and
cowor kers déxived hunman enbryonic germ (hEG cell lines from fetal gonadal
ti ssue (Shanblott et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998).

Unl i USgY;G fA Elhufs R

di ff[lggggqbl altqllcnga%ly%f go%;t rﬁt Srclsar?bwva\nht ! ?entﬁgrgno a ﬁﬂtt??fg%lfr)y Factor (LIF),
human enbr ymncelgtt@fnrmé’ldkhpwgte Poecrentiic nndgidpmd &mmenc agidrniymeyyefftcive condi t i ons
(U S. Pat. 8 4 ur etal.
descri bes thaisPngRdy PaRrostil MR Al i AR R e B S o

cel I -deri ve@ffcieﬁtlamm dwrengenetodeé corrdsporkding tq»tlesedloﬁgasﬁ’ulaldnllgﬂleMQ@nt ration of
activin and ﬂ1%ete (255% ure Bi ot echnol ogy 2005). Transplanting these
cells under IS<| dney Bsule of mce resulted in differentiation into
nore mature cel s with characteristics of some endodernal organs. Human
enbrigdHllc sWenraebd« depdryednaied ¢émbrypniestemdoltl Bnawveektsessiag Pel . ftheirher

differenti to S f it 10 (US
2005/ 02665?3%%” ‘I%%‘E’B‘i;‘ﬁgeﬁguéu%dx\e{%é s O%a?eah e‘ﬁ‘a“gedt nd‘lpgeésg}gciﬁ 1392 - 1401
(2006)) st ahesin, Soviétdaatie giimblhaq@mbuwgdmﬁj Pr8Maxatand hINHoQeessn thieat  convert s

human enbryonic s ) e ry cell s capabl e of synthesizing
t he pancreafit &mfgoq[’ﬁ%rﬁééagﬁﬁgﬁﬁ ﬁaﬁ’egf 652@8 20@@mat ostatin, pancreatic

pol ypeptide and ghrelin. This process mmcs in vivo pancreatic

or ga[lﬂt)l;e}nesms)ubyyetdﬂ rramrtis thgt aivinsA (dmaulgeln oﬁtha@@sF [ wenfhhiilmglpwgﬁlhm tive
endoder m gr]lﬂ t#be gn r1r§9 aB creat | ﬁ dad f”% Q\dorc_}rgl ne precursor en
route to cel't SHRICT EXPIesy & crlgﬁ S %rm) ersny By Cl@‘] OH St Rer exanpl e,
Fi sk et al.(Pdepaistibn, m&glstmn)‘mﬁnqnsmmmgc pancelBatlhe masinet effet | s from

human enbryoni ¢ stem cel | US200 0403 7A1 In,this case, the
differ entlg‘f’?s ARV l\ﬂ&s(cﬂv\l}l%gj&e ﬁf © é%thgtttaﬁg’g’resﬁﬁﬁgﬁeleoﬁ‘br yoni ¢ stem

celI's were ihtuliatand Pif 16nRNAI wdsedt 4feecRO P d@imbicusidNvaveioBiNIFgH70N of sodi um
butyrate and activin A. The cell t hen cu tured with TG

ant agoni st sTE{RH éf‘é‘ﬁf&‘}g‘bF‘hmF‘i‘?aS@SiedmfPitﬂ?eoth‘néﬁrtph QEEH B ?lﬁcjeﬁﬁlj lin to
generate Pdxdo pwaitive cells. The termnal differentiation was induced by
ni cotinam de. [0020]1n one exarrpl e, Benvenistry et al. states: "W concl ude

that [08¥2ﬁr ) eé(lgrral%sest Ia? stugled the effects of growth factors that specifically enhance

differentiation of embryonic stem cells into Pdx1 positive cells. They observed that



enhanced expression of pancreatic enriched genes, induction of insulin
expression may require additional signals that are only present in vivo"
(Benveni swopomosad23 Stem Cel | s 2006; 24:1923-1930). [ 00PRLr@petnofsimave been
inplicated in beta cell function. For exanple, Lilja et ctl report that
Cdk5 is present in the insulin-secreting pancreatic [3-cell (J. Biol.

Chem, Vol. 276, |ssue 36, 34199-34205, Septenber 7, 2001). Lilja

et a/ st at es TGk Repr&ubbESEAled MiPRE PRopaidn BEDLE 1§DsiBvPQRb E(Eéh@s cegul ator of
insulin exocytosis.” 100221l n anot her exanple, Mrzo etal/states "Cdk4
knocki n nid%%ﬁéWEIQ«@ﬁW§ﬂééntly increased beta cell mass and are
physi ol ogically functional, indicating that Cdk4 is a potential target for
pancioesd]i ¢ Gelian &4l dchBSstratc8 ARNBNRTIbIOSF Urithj¥ReHNFdivRRet B deriicabet al ogi a,
Vol . 47, Nupber 4, 686-694, April 1, 2004.) 100231l n_ anot her exanple, Ubeda
eta/report FHAMOPHHMAYINSIIR cdlpdp the abrepesrrissitmiand dsBe Bres@ics of ty protects
pancreati c Rald affbwithfah QRiGlH 6OWAX LishaliX gtas Bigglooo§emyy. Vol . 281, |ssue
39, 28858-28864, Septenber 29, 2006). [0% 4] I n anot her exanple, Wi et al
report Cdlc5-dependent regul ation of gl ucose-stijnulated insulin secretion

( Nat 3P B ve dPerdpeersd (PHAG4Y Q1168 nege BROBEUP0 e WIEaSEPFPcnBdtEr exanpl e,
Vander f or d gtivialsighi@ie@imiYRh&dus§ werbRghifed 16URE B&cAliBRSS thé hdfigsr | ption factor
expressed within the beta cells of the pancreas and is required to maintain
nor mal gl ucH¥BtiKYH#ast asis as it is involved in various aspects of beta
cell biology. Maf A protein levels are knowmn to increase in response to

hi ghjo@13)c osBow V0 UgmARE RRBEISTBmbRBhic BMe el atvelPnier hayl Ao ceRay acteri zed. e
i nvesti gat ed, whet her discrete intracellular signaling events control nafA
expr essi on. MEC theulserlenantal pRsHanehighekmnpaazals; e i {6 exait BepYY i ne

i nduces maf A expression without altering the stability of the protein.

| nhi fpdtd)on Dontsbe eNMARsdattBSEbrlMfc ftmicels fidieh@hdnasidstocdlts Soadsosporine on the
expression of nmaf A Cal nodulin kinase and cal cium signaling are al so

i nport ant i #2stl Frh P&k i rRECHRERNAY 3S3FEEAnd AOBRFRET SHIVGH hRBEeemiRiis er |

st aur ospor i figm (MM ccfMid e CRIRAM lgbmhdki tﬁ@lzee(sﬁﬁﬂ@ot%fafz.?m%e.tNa%ﬁ hegis on the

i nduction of insulin expression. These data reveal that Maf A | evel s are

tightly con®di-di$e85:b320hE98bdydikaatousr arlry e B¢m gellst vhickcaiitase pat hways. *
(Archives of..RhRARRM Gkl %@t Q@W&L@tﬁriﬁg\g%ieu@ﬂﬁé Inhibitory Fagctor

10. 1016/ . abb. 2008. 10. 001) . [%02 |'Therefore, there still rémains a

si gni fi cant(Li@elunan aebyeingstonp et awst kermadpthned eivier wary srpeigl ennidponent st em
cells into q&pg&ig2&pggpﬁh9§%§@ﬁhs“m$ﬁﬂg%q tic hornone expressing cells,
or pancreati c hornone sécréting cells. e present invention provides

met hods to increase the expression of MA FA in cells expressing nmarkers

charl@8t7r i sPiAM@K et Hedoperihes thgpraduetivad ptirbied ¢y of haumiadyy§g027] | n one
embodi ment ’st%ﬁ'gelp&e‘?ﬁv@&‘&e nFM%%Béléa@mP{nq}{é @E& éeé‘f%tlﬁ TG 2SI ng the
expression of MAFA I n cells expressing rﬁers characteristic of the

pancr eat i ¢ astidioend ev derune ¥psure Bagiedhgdlngy 2008). skrepplapfingthéseellupdethe cel | s
expr essi ng J el .stl.6 . of. . 0 tiC i lineage in
et um compy Sty PRy ATHELISE PR ARRGHF A ERRE W oge

i nhi bi tor tchacawssgicanf sonereedsiermal oezaps. ddwharendfry dviiiFstem BRI-&FVBIESCRI PTI ON OF
THE DRAW NGS .100281Fi.gure. .1 anel. a .sho t he ct .of ¢ unds fromthe
END Cat bi ochianik s Rk s e Fr? PG bR B FhITF oS GERR "o ol cagon
expr essi on ddditioelof BGEXPIES 200fg026asev13. characteri stic of the pancreatic
endocrine |ineage, as determned by real-tine PCR The al phanuneric | abel
corr nds~1,0 _t he co ungd. Ldentity 3s 0 i lLe 1...Panel. b shows the
o 1 BOR T Rt B R R P A B I et BT R br ar y om ¢ ne
rati o of MAeAclbpedAR)XAcrextpitios pioodys that cakérs hexpn esbryogicsenk@ES) ehar act eri stic
of the pancr ea i ¢ _endocri e quﬁ%ge s determ. ned bg.rqal-@ine PCR The

al phanumer i € PaBEN €% F@SBS&&%V g TEdBO ity NOHRONET 1V s SURHRA i n Tabl e
1. [0029] Fi @uiatstid)pasdientis palyfeptide eidgirainn Tofs pe@lebssmintiedih @ oaccordi ng to

t he met hods described in Exanple .1, at day 4 of the stage 6.treatment. B)
shows a 4x W@Fﬁ&roé%ﬁ?o%?ne%%%n@retcP‘é%‘Eezlélﬂ\}iﬁ"{gﬁ SEERYE ing fdind5itpound
PubCheml D# 5330812 at day 4 of treatnment. C) shows a 4x mcrograph of cells
treated with 1t.t. M of the conpound PubChem D# 5330812 at day 4 of
treatment. D) shows a 20x m crograph of cells treated according to the

nmet hods described in Exanple 1, at day 6 of the stage 6 treatnment. E) shows
a 20x mcrograph of cells treated witH 0.5pM of the conpound PubChenl D#
5330812 at day 6 of treatnment. F) shows a 20x m crograph of cells treated
with Ii _tMof the conpound PubChem D# 5330812 at day 6 of treatnent.

[ 0030] Figure 3 shows the expression of the 23 genes indicated, in cells
expressi ng markers



characteristic of the pancreatic endocrine |ineage followng a five-day
treatnent of 0.51) M (dark bars) or 1.0pM (light bars) of the conpound
PubChem 1W928808123 Expression | evels were determnm ned aPCaas2@9/06erj4 2 and
day 5. [0031]Figure 4 shows the effect of COK inhibitor Il treatnment on

t he expression of markers characteristic of the pancreatic endocrine
lineage in cells treated with Stage 7 of the differentiation protocol
descri bed ialdga@ﬁxp%@-t&e R @RBR, DBt fRic 2n &JAOMS at R d6drTn6 Plec @ orRfoit@hi bi t or
1l treatment on the dithazone staining of islet-like clusters.

100331Fi gur'e cBlssh¥RaPretiendoehine BYM9Acof i nsulin, synapt ophysin and gl ucagon
in insulin- producing cells produced according to the nmethods described in
Exanpb®)]5. muRb@sxefplef Filke apk@lofi m@sidﬁdfoe?ﬁoaﬁkiﬂgaﬁana@awim&mds by FACS.
[0034] Figure 7 shows the expression of insulin synaptophysin and gl ucagon
in insulin-TroRBENRY sEPrEee gom celli USA00A08PHAd)- th hiv@sintichods descri bed i n
Exanpl e 5. EXPERSSLR PatBlay W& cﬁ&i@écﬁihfb&hﬂe@ﬁ#%%@l edmwRemESLAE HeRtdPY FACS.

[ 0035] Fi gure 8 shows the ‘expression of MAFA (Panel a) and insulin (Panel
b), in insuverafirshdidigrratisted enfederp pgage sempyationef msitmpbeysic le present

i nvention. Baplesr fceﬁse\kl%r% R RlndAKE NN fr@ﬁﬁ-d:&ﬁgﬁﬁiﬁtlkg@h%s %F%ﬁ%? 1, 2, 3,

and 4. Followi ng 4 days of treatnent wth CDK™n Itor, e CDK inhibitor

was r enovedeoinbaration vith E&Fam detadedlulsetol ssnerete Edelpastive deladdibe eommbl 4 days in
DVEM F12 + 3} + . ivibn A. At the end of the four days,
sanpl es mr%@%ﬁ%&%éﬁs ﬁ%ﬁ{%ibg%fcgglﬁdﬁ%r PCR anal ysis. [0036] Figure 9 shows
the effect of conmpounds fromthe ENMD Cal bi ochcm ki nasc inhibitor |ibrary

| on O8] ex pihess pxsnpdd, BRmRAISiTy elod] dtadese X Braceos¢lndp thetrokerrexpehsemefifsiki st i ¢ of
the pancrealjyg, RRAOGLILDR of hdAERGR: crfShddGhRLMnBRGoR Yt &ty khilBidaCR.

[ 0037] Fi gure 10 s%%wss 1 ﬁg I(Baa[fl]‘?ect ec@ ge cstsg?lnn on t%le mglﬁAbexﬁ)rnessi on of

i nsulin, glwoeagaowre siditehdsicatls thabard oNBRsém iroebd Y Bexysniets b, Stemker s
characteri st | 5N Al atic endocrine |lineage, as determ ned by

real -time PCR 2%2?@%%9%I PTI ON [ 0038] For clarity of disclosure, and
not by way of limtation, the detailed description of the invention is

di vil[@8H]i nt Gydinehdve bbaniimplcatedos deteicdhBmnetihat Fdes@mplveLdje ef ¢/reprtrthate certain

features, ¢ ' - i i e pr t ~ nveption. Definitions
atur o5, cenad B0k e: O, ARMLCAL B0k KR ANESE! ChYoOhl ot Def it ons
si ngl e cel |1s4uedé) 34109-B4203, Septdmbree R0 Bind.ilh 4 estge TGatke it ppespntadice pr ogeny
cells, i nclcuﬂi ng s SIafg-ar(gsn iygrngﬂ,ﬂcr)ro IQSillfircl)rsdcytrgsolg;,renevw ng progenitors, and
termnally i1 Ferent™ 8P4 CErFs? em'cef1sY8Ye al so characteri zed by their
ability to differentiate in vitro into functional cells of various cell

| i N2y f rlormoethértexpihpledam ko staes (‘€diddaeckn medodesignifierdtlect odernm), as
well as to gj ki i f.ul-tipl-e germ. rs..fokl.ow ng
transpl ant anvsheae Flbis R Bl bR e Mg e U B, |
ti ssues f ol posaitinigarigny fecpancmaticitee doll astoeysicstioh O0BQE Stdateee! | s are

bie to g vorEERes Yl SRTGHA BB Ml By ohi c cell types: (2)

pl uri potent, meaning able to give rise to all enbryonic cell types; (3)
mul t[0A23] ent In anether engmplb) Ebdde eqi/ veportitise inthibittonsuflog@din-deperclehtikilakq®ages but al |

within a part.icular tissue. organ, .Or physiol.ogj ¢cal st (fgor exanpl e,
herat opoi et a}célwgg{ %rﬁ{egté P'flnscre(apf‘s%tg Seg‘lﬁ fr&m O%ﬁ%)zoxwlty% SHoL élYem.,eW)l. 558,
Issue 39, 28858-28864, September 29, 2006).

[0024] In another example, Wei et al report Cdk5-dependent regulation of glucose-stimulated
insulin secretion (Nature Medicine 11, 1104-1108 (1 October 2005.)

[0025] In another example, Vanderford ef a/ state “MafA is a basic leucine zipper
transcription factor expressed within the beta cells of the pancreas and is required to

maintain normal glucose homeostasis as it is involved in various aspects of beta cell



progeny that include HSC (self- renewal ), blood cell restricted oligopotent
progenitors, and all cell types and elenents (e.g., platelets) that are
normal cwoporasiz3of the blood); (4) oligopotent, neaniPAg/EsRIC/0GT74i ve

rise to a nore restricted subset of cell lineages than nmultipotent stern
cells; and (5) unipotent, neaning able to give rise to a single cell
| ineage (e.g. , spermatogenic stemcells). [0041]Differentiation is the

process by mbiogh MBrARSRACIERIY a&e%&wm@mém ))nsertomgﬁglueaem alized cell
acquires the features of a specialized cell suctlt3 for exanple, a nerve

cel | or a nfisepkmeghapismathyf lﬂfr'Véwetrtﬁ patudly chiragetizcdr &’mln@@tlgﬂmw&%d cell is
one that hacﬁscfrégﬁl&a&ﬂuﬁr Hgﬁa%néQ%ts%h@&%a@%%%stoﬁle@véfoQ&HhBt'tQ@ within the
| ineage of a cell. The term"commtted", when applied to the process of

di f f er ent i ageingpl kipasg ihaitopstauresppring lﬁétcemlgfﬁo@weaewthwt elingithes er ent i ati on
pat vy O Gl B mdhRic. Hitlflon ;Ptﬂé%Aﬁ'kfnﬁmI@%ﬁﬁ?s i opithd b cont i nue to
differentiate i a specific cel ype or subset types and
cannot, undégurespemel onghe cprstianciagafAdiGafeedutin kmps andtC@iCIamcﬁlgnfabm&nt cel |
type or rev § f I t i f entiation
refers to taﬁgealf)%lgn gtgl!ﬁb1§ St\gdﬁ.“li‘@ &a %é%%grgses\?/oglr hl%%geiuco?eggws'{)gél alized (or
comm tted) @mmmmomm:ﬁWKhmchhedwnﬂemgehmkchﬁnehbﬂkd&mu&edﬂhﬁnmuﬁ t he

| i neage of h cells it
cane From aise S 3 BatSiFObictda 10R SFiiicafiguedP GGl i hces
the cell wi ctolardmaaedtaeﬁ@d@ﬂrmﬂyplskhmamtwayke’veﬁlrdpmnﬁ‘Bamﬁerdisffri @fentiation. A
Iineage-sp |f|c r a erlstlc specifically associated
with the p Bga%h cgw B?Bﬁ6 ?%3238%@ )-interest and can be used to
assess the dlfferentlatlon of an uncommitted cell to the |ineage of

i nt el0exd] . [Tl&ﬁe%fé,]tBere etill rekﬂanﬂag%hlﬂcelﬁtmbﬁi toalccddy methodsHfopdfferentistingene

expressi on flor E ettra pt| on f%ﬂ?f Rﬁ%% 1 and ath | east one. of the

fol | owi ng tFANEET f)f’l% %18&1’8‘??@3 e S PGS "M REGRID ESL1,  HNF3
bet a, | :\/A::A ceHMpaereaﬁ%moE@%e:c&tlﬁg(&lleS$hd’11g|es|réﬁf1K%n$10ﬁ2b1®ﬁ7ﬁl@§ ®ethsdsi ¢ of the
13 ce i nea I ncl ude S S expressin

char act er i sPiETGFe PREIEFIOR° W‘Ae&‘ ‘il"‘nf?felstlﬁ"e‘a‘@réersc %ra‘iﬁ sHe Hﬁtﬁ‘él n, refers
to cells exphessict@daint @a&keone of the fol low ng markers: SOX17, GATA4,
HNF3 beta, GSC, CER1l, Nodal, FCES, Brachyury, M x-Ilike honeobox protein,
FGF4 CD48, eonesoderm n (BOVBS) D%mggzﬂ GATA6, CXCR4, C-Kit, CD99

or OTX2. Cells expressing markers ristic of the definitive endoderm
| i neage include primtive streak precursor cells, primtive streak cells,
nes giavger nineat bvbatidedethe pictdny mvenide gervides e hleghod f(\&\(ﬁlcreasmg the

2010/ 051223PCT/ USZ%%/ 88177 %0044 Oe 1I{s (gﬁ rest noqtmar ers{ characteristic
of the pancP@HTT'e" Endoberhty s FagE e Mk ey aRErGy BdPhrEatcs cel | s

expr essing @Hodrﬁl@&iﬁledgeeomf)rléiﬂgethé ﬁb}bsmﬂkﬁlglrﬂfgltﬂéﬁfeﬂs exlB%mg midkkrsbet a, PTF |

al pha, HNF-, or HBO. | s exp re mar kers characteristi¢ of the
pancreat i c CAHEEEIRALT é’&&%e"}“ﬁ@tl Fgﬁlﬁé%’&ﬁle&l%%’&@ﬂﬂgé@ figienty i i ti ve

gut tube cefhsunt dHtyPIREHGch@it lf&is@@llﬁbdéﬁtd &use[a@%&as@'éxﬁre@smrcﬁss' ng
markers characteristic of the pancreatic endocrine |ineage", as used
herein, ref¥A¥Ao cells expressing at |east one of the fol | owing markers:
NGN3, NEURCD, |SL1, PDXlI, NKX6.I, PAX4, NGN3, or PTF I alpha. Cells

expressi ng markers chaBRIEEDINCRIPATONTGF FIEDRAWINES®DOCri ne | i neage
i ncl ude pancreatic endocrine cells, pancreatic hornone expressing cells,

and re or none . secr.et el ls, cel l f.the P-cell |ineage.
008 B e JoPBrouar e e e oESrnd o P38 Cebehem B ch bear t he
char act eri sihiBordfbrai# bh theaitiosifgufin @alidagort@iphbkasi indulld B@regdsd rul ati on and
which formth astr0| nte%tttknal tract and its derivative ds Definitive

endoder m cePPECTR LRI LLISiGal POPINsiRTGeRsTE ligcacengE detsrpiged yapalimesox) 7,

Cer berus, QeR, T G@théhic l%e}ﬁbénesﬁmgto t0E cdpund ideh®P 4y dnofxtix acmbryoni ¢
endodernt as used herein, refers to a popul ation of cells expressing at

| east one ofabithle Ragelboiip g thewsfires 0§ congropnds fmpthe FMIgSalochem g%’ Mar ker s

as used herﬁhﬂnmamﬁnﬁHﬁhﬁh&mﬁﬁm@AﬁéuP@kXE%Q&%QRmHPEQE%&ﬁ%%h@at are
differentiall ressed in a cell of interest. In this context,

di f f erent i amar Rrpp agjtasistiorefthe paperepticendagiing lineage) asideternaingrblesi tephitémerar ker and
a decreased | evel for a negative marker. The detectable | evel of the marker
nucleic acid or polypcptide is sufficiently higher or lower in the cells of
interest conpared to other cells, suchthat the cell of interest can be
identified and distinguished fromother cells using any of a variety of

met hods known in the art. 100491" Mesendodem cell"”, as used herein, refers
to a cell expressing at |east one of the follow ng markers: CD48,
eonesoderntn (EOM ES) SCMl? DKK4 HNF3 beta GSC FGFl? or GATA6

A NN rNA N . e . - o 11 n




WO 2010/ 051223PCT/ US2009/ 061774 [ 0051] "Pancreati c endodermcel |", as used
herein, refers to a cell capable of expressing at |east one of the

fol | owi ngwoaenioass223NGN3, NEURCD, | SL1, PDXl, PAX4, or NPCTAIS2009/061774

[ 0052] "Pancreati c hornone producing cell”, as used herein, refers to a cell
capabl e of producing at |east one of the foll ow ng hornones: insulin,

gl ucagon, somatostatin, or pancreatic polypeptide. [0053]"Pancreatic

hor none secp@t.i Mgk Asahumas WSS RRp &I 0 thet@hpuh@iden®ighd soanapl e of
secreting at |east one of the follow ng hornmones: insulin, glucagon,

somat ost at i Fbleahd pancreatic pol ypeptide. 100541" Posterior foregut cell™",
as used herein, refers to a cell capable of secreting at |east one of the

fol | ow29)g rﬂﬁg&@QS&) sibRkla 4%%grﬁf5¥c@ls%@ted kb RlingHo BR, m&@hodeROX1.
[ 0055] "Pre-primtive streak as used herein refers to a cell

expr essi ng &ecribsa it Esawlcor at %f 4f<z§|ﬂveo%mgﬁ§ tigatmeat H) sRousd 4x Bicreergnd,

[0056] " Pri mgctyerdth v&%tIﬁSMBfthe c@fpHRE Fult&lBiID# S5RRES §tda9 4afcel | capabl e
of secreting at | east one of II) | owi ng markers: HNFI, or HNF4A

[ 0057] " Pri nfeafeat st dars e dx mlcroggpm@féellw@a@idmlthrmpfsth@ eompoyad | expressing
at | east Onﬁlb@heﬁlﬁ?# §3@bm\% 09y 4B dkBfrent. BORGIUV G Box M&o%ﬁﬂﬁ%f@&ﬁco{i’ox

A
protein, or FG-4. lIsolation, 'Expansion and Culture of Pluripotent Stem
Cel | s Char astaxiagesrdingitoghe mbfbﬁdSpbﬁ@rb?d Bt lxampleell, hfsda[s'(ﬁ(iﬁﬁ]el@ta:g? Ppotent stem

celIs may dé& Aﬁ‘ E ma\?ﬁe ;gncﬂ’cf rpﬁ&eolféélfé%at%ﬁ’%hfo'bsgly%ﬁﬁé/é)o%p% tigens

(SSEA) 3 an &ctabl & using anti I es de5|gn ed Tra-1-
60 and Tra- Mhemmﬁ&lm dal6pft&atrmm¢:eF)28QwﬂdZ(5g mit8@8)ph oDedlker enti ati on
of pIurlpoten Vi t resu | oss.of SSEA-4, Tra-

7 66, ana 1o Sl b bdet dhd PicReS s R S RSB LS on o
SSEA- 1. Und| ffer entiated pluripotent stem ceI s typi cal | y have al kal i ne
phosliftla. sEgaeBistowythe whpireshion afithb @3 detce auddtelbyin Felikienpressing reekérs wi t h 4%
parafornald h trate, as
P e o A
Undi ff er ent@ aiM ddqok biars ypotl &n (éﬂghztrbars@tefﬂhscahmnﬂ?pb(d&kﬂI@#é&iﬂ’z&é&s Cct-4 and

TERT, d t ed 0059 bl h t f
propaggtsed ’ﬁ)g‘?sfel%?%ﬁ]f nge%eéﬁnlei G %aé’t SG[I rglt oed:of Eg(rjexfsat?e into

cells of all three germnal |ayers: endoder m mesoderm and ectoderm
tissiesl] Pl Eigﬂlrpétsbwwhoéffqaltufr(illpﬁtildrilbitosﬂétrmimblhtsmctmxt)essj@ncbﬁmm’em for

exanpl e, by ecting.cells into severe conbined efl nt ( SCI D)
mce, fixi ncg ahterl%terogtth()ergﬁncr?%lc PTG fl’lj%ela%e 4G olsﬁéeraagm {ffﬁq%% Odc%h and t hen
exam ni ng tdiffenchtiasion pogicobdekgribedin ]an@emﬁbe of cell types from the three

gern1|ayers Al ternatively, pluripotency may be determ ned by the creation
oi . d bodi es.for the.presence of
i CRE S S aes R AR RS R

islet-like clusters.

[0033] Figure 6 shows the expression of insulin, synaptophysin and glucagon in insulin-
producing cells produced according to the methods described in Example 5.

Expression of the proteins indicated was determined by FACS.

[0034] Figure 7 shows the expression of insulin, synaptophysin and glucagon in insulin-
producing cells produced according to the methods described in Example 5.

Expression of the proteins indicated was determined by FACS.

[0035] Figure 8 shows the expression of MAFA (Panel a) and insulin (Panel b), in insulin-
producing cells, produced by the methods of the present invention. Samples of cells

were taken for PCR analysis at days 1, 2, 3, and 4. Following 4 days of treatment



[ 0060] Propagat ed pluripotcnt stemcell lines may be karyotyped using a
standard G bandi ng techni que and conpared to published karyotypcs of the
corresporMiDrglofsizzat e species. It is desirable to obtai RCEAISk@IOLET4 have a
"norrmal karyotype," which neans that the cells are euploid, wherein al
human chronosones are present and not noticeably altered. Sources

of Pluri potent Stern Cells 100611The types of pluripotent stern cells that

may be usedyitncbudgnisRdradt Cmefahllbn&e\ﬁas%mmewﬂoﬁpmme a@klezcmiekirved from
ti ssue formed after gestation, includ |n re enbryonic tissue such as, for

exampl e, a %ﬂ%%ﬁ@@@%@?l4éﬁﬁﬂ@gﬁﬂ@”ﬁﬂ§§de6 %ﬁ*?@? mlof adiyi 4 aReWeany tine
during gestafio@the fBMQl'aﬁaEdrﬁbl&%er@&hle&@@ﬁﬁﬁﬁl‘ida{eyfopﬁél@ﬁﬁhlfsﬁprOX' mately 10-12
weeks gestation. Non-| Imting exanpl es are established 1ines of human
enbryonic stemcells or human enbryonic germcells, such as, for exanple

the MOn g dnhevsthephfecer] Compﬁ@sds fjom they EMIN Galbigchapy kigpseynhibijos o

cont enpl at eghrh§ 1168 theQkplefifonCATPOBA il QNS eﬂ;resgllﬂ‘ﬁ%aﬁée?scdh%é'téﬁstfé%'ﬂlﬁg the
initial establishnent or stabilization suc whi ch case the

source cel | RangisEficEnBecring lingpes, a@ﬂ@fﬁﬁnpmdchﬁreéémesl’@akeh directly fromthe
source tissues. Also suitable are cells taken froma pluripotcnt stem cel

POPUpa37 0N @b adyhdwl thaiRe: MchdRiPHSGBE GRNK eﬁp@&ﬁ%ﬁ ofRbI®; gif¥a36n,Sui t abl e

are nmutant human enbryonic stern cell |ines, such for exanple, BOOv
(BresaGen, WER@tin g MAFKIN pglisromssspzapeiyr Ugm@p@mque P008#]9 n one
enbodlnent,mﬁgaﬁ@lﬁgggxgQHQHQBQQ%g@ghﬁn@p@Rprepared as described by Thonson
et al. (U S Pat 80; "Sci ence 282: 1145, 1998; Curr. Top. Dev.

Bi ol . 38:133 ff. 1998 Pr oc Natl. Acad. Sci. U S. A 92:7844, 1995).

Culture of Pluripotent SternPEIALEDIBESERIPHON enbodi ment, pl uri pot ent
stemcells are typically cultured on a | ayer of feeder ceIIs t hat support

the [0038]1 pot®Rtarit EMiseRUrS, dnd n¥EHy WwdSofai@tio \tHeelcatd &e@&ﬂptlopbﬂmpot ent stem
cells are cultured jn a culture systemthat is essentjally free of feeder

cell's, but lﬁzs%%&dé\géedgafﬁﬁ%erEOEO\ﬁm&|SwS%9i@Pﬁ Bat dsperibe gF ilygtentereinem cel | s
wi t hout undesgRk RehbesiRRhAE h@hcgiom 61 80pdeddnt BRentibie growth of pluri pot cnt
stemcells in feeder-free culture without differentiation is supported
usi ng a nmedium conditioned by culturing previously with another cell type.
Alternatively, the growth of pluri pEﬁ?“&ten1cells in feeder-free culture
wi thout differentiation is supported using a chem cally defined nedi um
EOOQ@%}})@}I’ estaiiRbles, arRendiffdroftiatedicelal deﬁh&thﬁe;;EﬁBﬂﬁt@@hﬂh@lslﬁglly cdiBlevdd9 - 404
2000 an onpson ci ence 6 Novenber 1998: Vo 282. no. 5391,
pp. 1145 qﬂ r&P%?’tﬁ's‘@*lf‘ir%‘élaﬁe&PPtﬂdéced?fro%ﬂnﬁF? I5onehing $fieBsYng| i nes from
human bl ast@6ymitsrs UintencifDHs nﬁﬂf@raﬁ@mérﬁnﬁampm&mﬁatea equeBteardells | ayer.
100651Ri chards et al, (Stem Cells 21: 546-556, 2003) evaluated a panel of
11 di f f er erdr® ptehrageized bytleinabilitido disfsreatial ?mfvéfé%l%lfo astionplegly &f for their
abi ity 0 GHBROSI HABERO O WhilBaE gaﬁn 18R h®IdbrnE Wk dtletm ol &RIHD), et al ,
states: "human enbryonic stemcell |ines cultured on adult skin flbroblast
feeders ret@ivellngimeiveriisty Grves efreriinie Bermiiayshisileyip nespiastmpmand
bl uri pot ent .o 1ANRELSAAAAN0T AL Tirdbsl ARES (6Rhink LA, gt produce medi a
that support the growth of "prinmate pluripotent sten1ce? s in feeder-free
cul ture. Thadastesty$ts.] i nes enployed are nmesenchymal and fibroblast-Iike cel
l'ines obtained fromenbryonic tissue or differentiated fromenbryonic stem

cel | 904052002000 krd AudliRe bgllRG R0 AR Pét@mai ad 1§ t@,@ﬁkdte iAGSindS a prinary

feeder cell |ayer. I n” anot her ‘exanp tem Cel | s 23:
1221- 1227, @dmts)gnmrss»@tcoaéb%nhmnhm@ﬁ emqtentbm@nlwcmgimﬁ @mlmmoﬁﬁ%f human
pIurlpotent rf nbryoni c
stemcells. égnﬁ@ g %gg%glié %%%ee %1 f}{?sjl (?)g%%ﬁf(ﬁ%ﬁan%%nﬁggﬁfgignp | e,

St oj kovi ¢ e@V®mxwﬁmeww@Eﬁb@1mﬁﬁngQtﬂB@ﬂM@&@mﬂgﬂaaﬁmﬁm@@moge a feeder cel
system deri r n enbryonlc stem
cells. [ooeﬁé‘ﬁgﬁf"éw&&ggﬁ%ﬁ%’% Hg’ﬂﬁy‘!‘“& %{&’1 &h &E%@ Ca@ 22: " 433- 440,

2004) di sclwegena that include HSC (self- renewal), blood cell restrlcted ol1gopotent

progenitors, and all cell types and elements (e.g., platelets) that are normal



source of feeder cells obtained fromhuman placenta. 100701Amt et al
(Biol. Reprod 68: 2150-2156, 2003) discloses a feeder cell layer derived

f r om hurmawiof2etodskiza. 1007111 n anot her exanpl e, inzunza @CTAIS2¢SwerLel | s
23. 544-549, 2005) disclose a feeder cell |ayer from human postnat al
foreskin fibroblasts. [0072] U56642048 di scl oses nedia that support the
gromh of primate pluripotent stem (pPS) cells in feeder-free culture, and

cell lines éb%ﬁ)%ﬂéntgé}fthepdl@&!ﬂc(ﬁ? &[go@&el&ulﬁ&nt@ddbee to UREGHRABnStat es: "This

i nvention includes mesenchyna i brobl ast-1iKe cell 1ines obtained from

enbryoni ¢ tie¥Eeed gosgiof ff‘élrlémgeaﬂ@a mewe@hﬁ@p@ﬁhea@t(émwt% Met hods f or
deriving SuGl&Rldblelth 8RS ris@lQG Q8 1#1BAHe o, o ARFLrBEQWE R Sh EMsg el | S usi ng

t he conditioned nedia are described and 1l lUstrated in this disclosure."
[0073 In anot her exanpl e, W2005014799 di scl oses condltloned medi um for the
mai nOBH, nceleﬁfeaP?ther%&hP BrPCE &Y dibfohep ansnesiplizsA (Sncemmitss’) ahlcsel | s.

WD200501479Q cSh18k88¢11 achififos G MiRs Hpﬂépk!&hl%@@élpﬁ@h h{) feeARslance with the
present invention is conditioned by the cell secretion activity of murine

cell's, in paneclioar musdioed. eﬁthfélieétrlﬁtfrdearé&f%wailwﬁwﬂF&lb@ op¢ BiAs geni ¢
hepat ocyt esy,; ety Q’Mdre(é}!@&al%& S'G&n}ﬁ'ﬁ{%ﬁ*) %thﬁ) withih AR Ak o%'agslher exanpl e,
Xu et al (Stem Cells 22: "972-98 2004 |sc oses conditioned nedi um

obt ai ned f r'Bmthumisemantied) omhan agpleemt@éielpr@emQfétffwgamdnatefdmm@ dglen

geneti cal | yy, ey,

transcri pt asgemlcd1 éll(gg%]d Cfr)lmg%’o fgl)réﬁcgaaﬁgnﬁ%l SEE%%S%%%’%T gtl%rnﬁoses a

chem cally Qieflmstem:es;utl WJdlroenmmldltmdnffkmntla:thmtcrmsmtlénaedbiepeocbr spbsgt ofpstient st em
cells. [0076 An adlctclr?r{o?at Idvrenocnlilaltcgguems Sésed ]ﬂe Ic 128%! nto ad1 re];ltrceeﬁtmadl um

suppl enment P I rovvtuﬁ1 fact'ors capa ot n e pr ol¥¥erati on of

enbryoni c sdreenecad h &ess Eﬁereﬁtxadsmdeﬁ tylﬁh mFdlﬂ‘érela[atl(blBretﬁdi@p)rtbﬂprocess by

DA : 10. 1095T. | d, 105, 04687 t obe
f eeder-free” ﬁlllglg?r%fro Jf%%u}els%Srpgmglﬁ&%%PW"W#i%%ﬂosétfﬂ?r‘vm@Ci‘ﬁ%%? g%l s are

mai nt ai ned 4 ¢elluAG el Her@m etk 15RO APl ackiFeit hérSlR)y orapk ¢om s pgtlieirent ed Wit h
different gr ?wth factors cgﬁab{e of tr| S%erl nbry(%nlc stem cel |

sel f - r enewafe!!s (L6877 {'PH BB Ik SHoi e TR & iepecal 2 gpll plagia ficcel 1 s 24:
568- 574, 20&ﬁ)w1d1hrs@h@&ﬁtamm9§oﬁd@veléﬂmnt SIAtiffQEMaGo. L AlliGea@f- human
enbryonic stem.cells in the absence of fibroblasts or conditioned medi um
usi ng nmedi a*P&siPpMarehictds Wiatchametesstic PRy Epihasaeritfeyithths ApgetyPe80 0050148070
di scl oses %eﬁ?gffﬁ)ﬂ]e@% e AYhibdEiaRg cAiBTBR. EERE¥ANLE digkeRMifRBh Bard N defined nedia
wi t hout serum and wi thout fibroblast feeder cells, the method conprising:
cul turing t¥neommétpdeell fosthe ineggeefiipgicet medi um cont ai ni ng al buni n, ani no
acids, vitamns, mnerals, at |east one transferrin or transferrin

SUbS[i)DalZ}t e, "Bactellhﬁéa‘g"e" RIS to%HH Mﬂh 1%s1tlv@%le'ﬁd dipﬁ:bﬂi’&iﬂo% tlhte@rané‘chﬁtuﬁﬁ' ture medi um
essentially free of mammalian fetal scrum and containin | east about 100

ng/ml of a @ft@f%wals%tnd@?léw Ang f dheoiollewing Hrescaptiondpgterat N aNWr bl ast
growt h faCtlQKX%'l%NEJUR% ﬁ@?leﬂmf&bewﬂﬁm%%” phRa, &ﬁ‘?\‘@%" é&ﬁ%%reés&gsuppl i ed
froma source other than just a fibroblast feeder |ayer, the mgdi um
suppor t ed therkeys ehdrdataristie @ﬁihe)lﬁ cedt lnepgaain¢lydd fheedls. undi fferentiated state

wi t hout feeder cells or conditioned medium [0079]1n another exanple,
US20@h4%q 33448116 1§49 8 tatk A hRAGE AR F the WS Hlitle énaomtlfﬂeagag She cel l's,
including undifferentrated primate prinordial stemcell I'n solution, the
media i s sustianeferite gells surreving aa@a%@ﬁmfrtb@fdlewma@%lfeéﬁn ¥¥¥1%s bei ng

cul tured. | Gaagl QRS 644 Idlce CHRACNDA (el BhcRA WRLGRIRERSRS @ base medi um

and an anount of eac , and ascorbic acid necessary to
support subgpigint FaF4 ¢DdBcofnezademmin éE@MEQ? O, FOFL heCAFAMSII R, Cst em cel | s.
[0080]In a XagPk 6 4 t, a cell
culture negig %ﬁggf ar ow?ncg?S e§8r%§5§1%cfﬁ &rﬁér? arirc:Ele ﬁ%?%?fgﬁy(g%g%ﬁgel ls in a
substanti al etnylodmnillméz@eerwﬂudamadntsteatrealq mequrwvcaiﬂed)thlmtueaicwlietes a |l ow
osnotic pressur c. mediumthat is effective to support
the grow h o?sen&dd nfcel grrlc%egxmaﬁe?r%rdar%f (illst emcells. The basic nmediumis
conbined with a nutrient scrumeffective to support the growth of
primate-derived prinordial stemcells and a substrate selected fromthe
group consisting of feeder cells and an extracellular matri x conponent
derived fromfeeder cells. The nmedium further includes non-essential am no
acids, an anti-oxidant, and a first growth factor selected fromthe group
consi sting of nucl eosides and a pyr uvate salt."



WD 2010/ 051223PCT/ US2009/ 061774 [0081] I n anot her exanpl e, US20050244962
states: "In one aspect the invention provides a nethod of culturing primte
enbr yoni cwenemvesel2Bs. One cultures the stemcells in a earuse@ssyential ly
free of manmalian fetal serum (preferably also essentially free of any
animal serum and in the presence of fibroblast growh factor that is
supplied froma source other than just a fibroblast feeder layer. In a
pref@odgd fardn ciph@sihl BlafRlahhrab®EAR Of IRYBRorcaBE 8¥d s Nnch &V REH t O sustain
a stemcell culture, s rendered unnecessary by the addition of sufficient
fibrobl ast RfFonreferdeedls ePpong2] lepst ang ‘Efrth%éﬂlo‘éwér‘?ﬁlﬂ@,“i 2605085354

di scl oses a,ebirREMphd, SOOI et Sx TR Y Mot chhAcegsR kARl | Y
feeder-free and serumfree, conprising: a. a basal nedium b. an anount of
bFGF suf f i chaggreaticendedspn lincage svetude pinceagbe engatléral qells, praiitheeubetbe at ed
mammal i an s - unt of insulin sufficient to support growth
of substant%egﬁagghér)%elr#o gorre %léégﬂtg'ed mammal i an stemcells; and d. an anount of
ascorbic acid sufficient to support growth of substantially

undi P84 ent iGelle exniesrine Niagisschanisteiastic o the pawagatip cagdostingelincagea ngsiuscd
W200508684p. g %gﬂelgg@&u% e?&%g*églgg{ Qést%ﬁé&ﬁtﬁ@f%ﬂ%iln mAngsgerentiated stem

cell, said netho npri si ng osing a stemce to a menber of the

t ransf or mi NYEGROW: SIflaBPE1 - I8 KA. | (AAS4, DY NPTy | alphprGalleiexiwessmemenber  of
the fi brobl r . ] ; i .ni coti nam de (MO)
in an armunrgéljis(ar? F?%%%eﬁ{saf%ﬂ%%‘g%%%tﬁg%hqgér%:{lgﬁ G%ﬁ?%ﬁldgﬁé?cgag?enti ated state
for a suffiaidesincanibupincehtid harmotoexpohiieyells, agéd pancedtic bgulone [ 0084] The

pl uri pot ent _stern | Selalng QE%fBl% Bpleﬂtli%Qa Qnto a suitable culture substrate. In
one embodi nent. & he Ui tabi’e S Ture Sibstrate is an extracel lular matrix

conponent, such as, for exanple, those derived from basenent nenbrane or
t hat[0646} f ofDafipaive eadodamitiesy wed htiecufes to edbptiugh-lchgthn chagaptapisiicags. 1 n one

bi ckenson) TR R AphE ARRLLELE | RIS B 101 ) s

tunor cel | strachatd igeksvaives. dafinitenpadatun ells oxpfress mheafoll@ciog starlietst ed basenent

menbr ane. | r | LLul ar ] X _CO ts C ent

m Xt ures ar@ﬂgﬂ’%{b éﬂ?&%&)ﬁﬁi& L%?W@a %%%E%E“ﬁ?g‘g%’ncm% ?B{]‘ype bei ng
proliferated, this may include lam nin, fibronectin, proteoglycan,

ent d0041, h8pananbrgoli¢ atdederanichstubal Herdug refals amepalation vheelle ewpresempi nat i ons.
WO 2010/ 051223PCT/ US20 061774,[00 h | ugi ent stemcells may be

pl at ed ont oa%?%%tosnﬁ g&'?gﬁfeowimr%rgarglﬁs't g@%{:e;"glirfgtof ?%‘ggl&bn and in the presence of
a nmediumthat pronotes cell survival, propagation, and retention of the
desi08dflle cMMarbat'erd wtd bacin Aré nudmseitdrogpeeidestdleslchénedct from car ef ul

attention t . seedln jStr I . C [ J .he rm ned by one
of skill i n(ﬁlgf%%l%g?l?' %Xlirﬁsggé%@uciep §ﬁ{nltee(?%ltj??glrlse(%ﬁgétﬁggfﬁ%%ngée Xﬁrggcfgonf romt he
fol | ow ng compeaeicsased okl fasg pdsitiveexakgplaed a Dckdaegidoves farpdegatied Eagl e’ s

medi um ( DVE G.bcq # 965-.092: Knockoyt. Dul. becco’' s.nodified Fagle's

Todi m ( KO TR IeRnrg s BRIeT Bt Ardtie 151 BoSr BB i S o 300
L- gl ut am nehigkar bewér ihIREBNOBMinteencoapartté atheranily)uchchad tikakbf on, G bco
11140- 050; p-nercaptoet hanol , Si.gna # 522: h n reconbi nant bhasic
fiorobl oot Bt o Ph SR e e MR S35 TG Bt SR0 aahr o ob

Pancreati c eho@n@oWh adehmg Cells from Pluripotent Stem Cells [0088]1n one
enbodi ment, the present invention provides a nethod for producing

panc ic hornmo roduyci n ell.s frompluripotent stemcells, conprising
Pho 008 o PEETRISER Gy Seh Tt et s BRHE g Fithr BBR: 1 o g & he
pl uri pot ent foRb iy @Rkiless: | ATH4R, 6@hdssdcenpr ESBER), HOX KE DK ICh) amastieeal stic of the
definitive &g oderm | icéleagg, c. Differentiating the cells expressing
markers chafactdthildt "€t %he definitive endodermlineage into cells
expressing markers characteristic of the pancreatic endoderm|ineage, and

d. Dodsmr entprandredtg chierigetdlls, @xpiraatiiforidhkepsesahaeart srksticeciaf t he
pancreatic epdoderm | i nea intao cells exprehsstj Tg{v.na{lkers characteristic of
the pancr eaefeEs tgﬁ&g]ipqmlélegf?f@éed%lpg at least one of the following hormones: insulin,

glucagon, somatostatin, or pancreatic polypeptide.




100891Pl uri potent stemcells suitable for use in the present invention

i nclude, for exanple, the human enbryonic stemcell line HO (N 1 H code:
WAQ09), t hwohlaresizabryonic stemcell line H (N H code: PORABR0OIET 7Hhunman
enbryonic stemcell line HZ (NIH code: WAO7), and the human enbryonic stem
cell Iine SA002 (Cellartis, Sweden). Also suitable for use in the present
invention are cells that express at | east one of the follow ng markers
char@esgr i StpafcrOticRhideROEEN! asGBdd ISereiBEIER to £ Ed1PdaPablCHxpfe t Connexi n43,
Connexi n45, OCT4, SOX2, NANOG, hTERT, UTF |, ZFP4 SSEAB S 4, Tral - 60,
or Tral - 81. le300w0) i iolowing markses YGNTINEFROPHSLADRL AN @hdoder m | | neage
are sel ecteqgkpom the group consisting of SOXI 7, GATA4, HNF3 beta, GSC,
CER1, NODAL, FG-8, Brachyury, M x-1like homeobox protein, FG-4 CD}8,
eonmesoderm n (EQVES), DKK4, FGFI 7, GATAG6, CXCR4, C-Kit, CD99, and OIX2.

sui tIABR £ orPapeeatichorppae produeing oglhyasieedersia, refepsde poelhcapablep esses at | east
one of the gBAlcRLSt RRALACEARE Blb&in@ hothéhcdehinlint su&cendogebidd, Beage. In
one aspect of the present invention, a cell expréssing markers

char act er i sRaneregfic roh@cptsei ni ti ve endoderm lineage is a prinitive streak
precursor cell. In an alternate aspect, a cell expressing markers
char@g4Rr i stpascredticthbandhelsbdidtin\eBleRdQEeNRih, i ¥8RGLa Q] @pilsendoderm cel | . In
an alternate aspect, a cell expressing markers characteristic of the

defini tive BHEBHEH AP e afBeileloyinpfqrmpresy @suliy slergoncenptospInaml Mar ker s
characteri stiereftc ﬂoﬂ%g@(ﬁﬁ?r eati c endoderm | ineage are selected fromthe
group consisting of I, HNFI beta, PTF | al pha, HNF6, HB9 and PROX I.
Suitable for use in the present invention is a cell that expresses at |east
one 8954 he HerRaprdoreaycaltt at yssd hereigs referetogalt papable of estrae 35t neage. In
one aspect @Qf ofhiR fPlRaeHMalkBNEePDXANHNG ] O8lH] HHRIERS6, MBITEF KEOHR 1.
characteristic of the pancreatic endodermlineage is a pancreati c endoderm
cell. %53092‘] Markers characteristic of the pancreatic endocrine |ineage are
sel @0 1 r $H3PHAEIYE stk Colhs RSYsFh Berai ISR aqBEURDISssipgplcasppg of NKx6. 1,
PAX4, NGN3, thaRflloR#fs tharRdrPNRedal br @OEgENMDOdI Ment, a pancreatic endocrine cell
is capabl e of expressing at |east one of the follow ng hornones: insulin,

gl ucagon, somatoQstatin, and pancreatic_pol ypeptide. Suitable for use in the
pr oddi0l} o dhpniars sug e el o hessiprrelssds 4 i gpalale Og“ﬁeretﬂg ¥A&Stmar ker s
characteri S@ﬂe(bquef@)lmviﬂ?ﬁﬁﬂkgﬁt HevnglagNFfe | ineage. In one aspect of the
present invention, a cell expressing markers characteristic of the

panc ic endaocrine lineage i a.pancreatic endocrine cell._ The pancreatic
enddliehe ¢ Pt ek el dsedopereid il dinec e s g one O%E?e_r nati vel y,
the pancr eafoil6wiap dReicks) BE@lyliryMRlx-DE: RnRAB6! BdleinC osImne secreting cell .
WO 2010/ 051223PCT/ US2009/ 061774 [ 0093] I n one aspect of the present

i nvention, the pancreatic_endocrine cell is a.cell expressing narkers
characteristic of &W@“ﬂ“c@’fﬂanfﬂi"ﬂé‘ﬁgg}‘ﬁ}ﬂ\r%‘éfl |1“%&?}F1&5§Ffﬁ§%ﬁ§r kers
characteristic of the p cell lineage expresses Pdx1l and at | east one of the
follow ng transcription f@Eetqrtesiza®daNg PLINGREZn2SteNICRB6. 1, NEURCD, | SL |, HNF3
beta, MAFA, PAX4, or PAX6. In one aspect of the present invention, a cell
expr iNg rker haracteristic of th cell lin is.a[3 cell.

For i in o e R AR Lh o b o Bt ERCR R Bt i ¢ v
Endoder m Liantigge ($SOY Rlduk aplohaRérs d¢terabdetdig; amibodie ddsipdaeedeintilat ed i nto

cell s expressi I s character.i sti.g,. ef.initive endoderm | i neage
by any met h@éﬂf‘lﬂﬁ“ﬁéﬁﬁown S&Qas?e%tzﬁ%giﬁ E%%ggelélf eﬁenpﬁtilog qr}nvenj[i on.
100951For exadifulteds stphdelispab aitresilte n elossoffBEALE Taa-fif- 6, end Tatlegh i nto cel ls
expressing markers . characteristic of the definjtive . endodermlineage
Sobor di gt PR HEHRER) AR CeRGLE SHeBoARE e UTRERAS Bi or echnol ogy
23, 1534- 1§ddpdich® o cell-GOSEaliytay €NRATE hosphdtise potvefyt whitiepanag! | s may be
differenti a(i?%g into cells ﬁxpresm ng markers characteristic of the

defini ti ve SHIESY dxmetegls ¥k drarerdommsldepylenmdibaideysleripg wdl i n shi nozaki
et al, DevelQpiratt ad3dubsts bs destbA ty2ROMnufl AR Me&br mm&dr@s, pl uri pot ent

stemcells may be differentiated into cells expressing markers
characteristic of the definitive endodermlineage according to the nethods
disclosed in McLean et al, StemCells 25, 29 - 38 (2007). [0098] For
exanple, pluripotent stemcells may be differentiated into cells expressing
mar kers characteristic of the definitive endodermlineage according to the
net hods disclosed in D Anour et al, Ndfure Biotechnol ogy 24, 1392- 1401
(2006) .



[ 0099] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage by
cul t uri ngwvonelogisie28pot ent stemcells i n nmedi um cont ai ni RGTASLINIORI7A4 i n t he
absence of scrum then culturing the cells with activin A and serum and
then culturing the cells with activin A and serum of a different
concentration. An exanple of this nethod is disclosed in Nature

Bi ot echnol ogi; melcfh%‘ﬂ) tﬁrﬁ?f?er&&@t@@b}um}é@e&@ﬂeg{ QB AEBRHHTANSIPRAL 861774

[ 0100] For exanple, pluripotent stemcells may be difterentiated into cells
expr essi ng THMKERT. ehdsteriaddmiREPERof the definitive endoderm | i neage by
culturing the plmpotent stemcells in nmediumcontaining activin Ain the

abs qﬁosy]of ARStENdedilABR pﬁ@ﬁowpé |oﬂﬁr0f)i'g@te@%ldri§oééhttslfbn@é‘éllls W dpofentkitth ser um of
anot her concentration. is method is disclosed in D Anpur

et al, Nat uf%l%fersmt?ﬁ%mllwf;ﬁﬂ tbrsesem{l@mxfrﬁ:cﬁnd%@w@o BMufidot ent st em
cell's may bgsdeff 8588 IPRIrDEch&Y & phlpbRnEtdh @éﬁ'e%bé@)‘hhﬁﬁ&i fparacteristic of
the definitive endoderm|ineage by culturing fp uri potent stemcells in
medi um cont &RRPlegbYaBicetig s @meaervxﬁ@mbln@dalﬁwnﬁdq seenp>§dRL®icsf serum then
removi ng t NiWihe bdr itk ANGoGH S 490 b in A8y o Whd e Eankhific Aoif L Ser um
An exanple of this nethod is disc in Nature Biotechnol ogy 24, 1392 -
1401 ( 2006)hlst{>1©g1©@1]ny@r cvadcanpdieell mp@w frpmtﬂeenthres gem lepdrs. sAkayatiyely,
differenti i t)
rerer I G t t Ol GF 4 % ¢

et i £1 ve EpsuAbPnfF bt SoEHREANS ek AR K BE i B RENEL ek Sl b'S
accordi ng tontirhad hedibﬁdsthdps:setmseﬁnarhel’sJSSSpaatedlwnhﬁmlthlcagerrmmaSer No.
11/ 736, 908, aesm gned to LifeScan, Inc. [0103] For exanple, pluripotent stem
cells may beyél fferentiated into cells expressing markers characteristic of
the definitive endodermlineage by treating the pluripotent stemcells
accoftetg tRropdgatedplunipatsntdicscéetidmds nay iSkapattenet! usipph terdarda-bBading No.
11/ 779, 311, t I uri potent stem

cells may btgalc?fﬂfufg 21?&;% n?pal'e ddg?&?ighege }égsl%%g?oﬁrﬁ @%éﬁgmg aracteristic of
t he defi ni tipedeseridiodevinable itmeage cdis thatha\tel algotnieed kioly oty pOWRioh medrem ceI S
according to the t hod | osed.in US patent ap plic n_ Ser.
501 990, 599, TaocTESE YeRaur Er SRRl ph Bt BB B BEPISSRABN Gl 11 erenti at e
into cel |l s expsdBsdltegdmar kers characteristic of the definitive endoderm
| ineage by treating the pluripotent stemcells according to the methods
di scl osed in US patent appli cat éso#h,%m en SteGJCle 76, 889. [0106] For exanpl e,
pl uri potent stemcells my bé eréieig ifito cells expressi ng markers
characteristic of the definitive endoderm I i neage by treating the
pl urli0p@t] ent Tisttepes o€pluspeed steni asls thet mebemsehindsddésgbliged dingspfUS pat ent
application;Se 0 0 A 00 / [ 0107] For
exanpl e, pllz}lrlri%Ot %HS%%AVGE%O t%sumnﬁ dl%{eggejesééﬁfggtle é’lﬁg expressi ng
mar k_er S chaaﬁsam(emahsam for oampleea Ulesftocrylstt)lenéarmmctbadeuer,mﬂ ﬁetaémgee tlyertangat i ng t he
pluri pot enttime during gestation, typically but not necessarily before approximately 10-12 weeks
gestation. Non-limiting examples are established lines of human embryonic stem
cells or human embryonic germ cells, such as, for example the human embryonic
stem cell lines H1, H7, and H9 (WiCell). Also contemplated is use of the
compositions of this disclosure during the initial establishment or stabilization of such
cells, in which case the source cells would be primary pluripotent cells taken directly
from the source tissues. Also suitable are cells taken from a pluripotent stem cell
population already cultured in the absence of feeder cells. Also suitable are mutant
human embryonic stem cell lines, such as, for example, BGO1v (BresaGen, Athens,

GA).
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stemcells according to the nmethods disclosed in US patent application Ser.
No. 61/076,908. [0108] For exanple, pluripotent stemcells may be

di f f er entweatet/ism2e cel | s expressi ng markers charact eri CIrasedovh74
definitive endodermlineage by treating the pluripotent stemcells
according to the nethods disclosed in US patent application Ser. No.
61/076,915. Differentiation of Cells Expressing Markers Characteristic of

t he [9g§2)ni tin\vae ERBQREREA Hin8 AP LALARK QTR ipRipall ab &dsbSoe@bRr €ssi ng nmar kers
characteristic of the definitive endoderm li ne%lge may be determ ned by
n

testing forThomsoneieddRce Paf NehaStaiRebdcnsedy: bl antP o8t C e Topl Powi ng a
particul ar BLoBRGH fr PHol: PRRIRAM. ARLE/LEIS A d¥Pi4@aldoy) do not express such
markers. Thus, differentiation of pluripotent celis is detected when cells
begin to express them 101101The efficiency of differentiation may be

det erni ned by exposing a tré&‘l”ér(foef@zﬂ”l’}%ﬁir%%icéﬁfto an agent (such as an
anti body) that specifically recognizes a protein nmarker expressed by cells

eXPreeed|Ng mehk emnbodmadt aslt@iotdit tem @bl hetygrhilyndliuied oaRdadesNeédeneage.
[0111] Met hods for assessing expressign of protein and nuclejc acid markers

in cul t ur ed™dt TesypatrbHe PRFIPQtel SETStelh Har o Ve AHFRAt VPR BRITPRENM U de

quant it ati V@erh BMRRLASUIIRDSES EuRSEsBAlITRI ASBHARAR Jf ERELrIRI, bRT- PCR) ,
Northern blots, in situ hybridization (see, e. ﬂ , Current Protocols in

Mol ecul ar  BIOPGeysscmepab efolifaration of pugpotetoym ellppiteent HRdergointnd i munoassay's
such as | Mmypaiial QebeMiAdL. *RAE¥RSorPlurPEeht GREEINRE REdR e YAREET N
blotting, and for markers that are accessible in intact cells, flow
cytonetry avihopsdisfercrinton iy syipported uging a pgdiugvgoadidonedripy cultiingg Anti bodi es: A

Laborat ory !;\z@,g : d I ]{_ﬁg (1998)).
101121Char act e%gvﬁﬂgﬁg E)Fe&lrt' édtélﬁ)?ﬂdgto %%Hgée%ag’t ar %\/{%}Dféhisﬁégﬁaft%o t hose
ski |l | ed i n inHesdarfree catfureaddiovt doifabntehar metmorted isang ofhepliaaly gefiredt st em
cells contiljﬁg b © be identified. Pluripotent stemcell markers include, for
exanpl e, the expression of one or nore of the follow ng: ABC&X, cripto,
FOXD3, Connexi n43, Connexi n45, OCT4, SOX2, NANOG hTERT, UTF1, ZFP42,
SSEA0645SEAZr cgraple, B ubioptt 7t @ (Ngute Biogdaplagy é8: 39P ed04 @§OY) erd pot ent st em
cells with { j an, dj ffer iated cells
may be puri?@%&ggégggisg%%%%é]goﬁngoﬁ g%) 8@:2?@%%35?3?%8' {léganlqg@ent (such as
an anti bodydisddsathespbai of platipgtent siemgnll Hiess feonphwohae Mastmykensingsaich as CXCR4,
expressed b%oﬁ:sglerln% ex rf%%%'aggﬁe%k%g (%har acteristic of the definitive
endoderm | i neage. BSMvati oo RS %x‘pressi ng Markers Characteristic of

t he Pancreatic Endoderm Li neage 101141Cel | s expressi ng narkers

char[8865r i sRickardf ertuh€StdmiGeHs 21:0d6- €0l @D revilistehgpenayf 1hdiffliréter ent i at ed
into cells r I r I StEc . of n tic endoderm

| neage by ARk gl fRuRaf RRIPELERLE) hh ot shity UGG NS

i nvention. dodffhFoemexlhogiue;. Roshhids e pitass ighanemkeosicelvar @titliaes sti ¢ of
the definitiye endo | L.n be.differentiated intp cells expressing
marker s chat MBI PD PTICoRg: HrRERAE e Lo et Ve accor di mg. o ¢ he
met hods di sebpsadgy andberdinyturipbtedl”, Nat ure Bi ot echnol ogy 24, 1392- 1401
(2006). [0116] For example, cells expressing markers characteristic of the

definitive j neage are. further differentiated into cells
expr Bt ng FRARERERL L PERRE AUt b s el 00 DGR Fl neage, by
treating theimad plarigocgn essi dells indedder-Seccdutnac Tae cdllimes emplohel def i ni ti ve
endoderm |l ineage with a. fibroblast growth factor and.the hedgehog signaling
oot by | nHDRTaR RS LB Rl et iur He Pt BSuf S contar ning. t h
fibrobl ast @fferehtintddefedn® Embe}EniKAMR-CCNE 10528020062 BITdsSURSREEERd iy o€ul t uri ng
the cells in di um cont ai ni_n reﬁi noic acid, a fibroblast gromh factor
and KAAD- cy‘é?g%bl&ﬁ%@%ammwéﬁg?r Bfaythi s met hod is disclosed in Nature
Bi ot echnol ogy 24, 1392 - 1401 (2006).

[0067] In another example, Wang et al (Stem Cells 23: 1221-1227, 2005) discloses methods

for the long-term growth of human pluripotent stem cells on feeder cell layers derived

from human embryonic stem cells.

-12 -



[0117] 1 n one aspect of the present invention, cells expressing markers
characteristic of the definitive endodermlineage are further

di f f er entweatet/ism2e cel | s expressi ng markers Charact eri ®CIrasedooh74
pancreatic endoderm | ineage, by treating the cells expressing narkers
characteristic of the definitive endodermlineage with retinoic acid and at
| east one fibroblast growh factor for a period of time, according to the
et heoes|di selaasmet e'xﬁln,})ig NGLENE caPPibE 10P0053: 309031413008 PEis 082 assi gned to
LlfeScan Inc. [0118]1In one aspect of the present invention, cells

expr essi ng fedek @Prlbsyeﬁlardatétf‘élrfr%t the spgmtangensdlefgrentrtigeotdvmsaenhybiiceage ar e
further diffgrenisi ated into cells expressing markers characteristic of the
pancreati c endoderm | i neage, by treating the cell s expressing markers
characteristic of the definitive endoderm| nea%e with retinoic acid and at

| easl00®Me finErivmhes sxangioMinemete et ($t6‘in Gelly 2149449 20Pdedisclosedr di ng to the

et hods di shRS efifcbdtr bSIsRBtERY RRPUNAplRMer - No. 11/779, 311, assigned to
Li feScan, Inc. [0119]In one aspect of the present invention, cells

expressing markers characteristic definitjve endoderntllneage are

f ur tIH801gi f‘?"é‘ttéhtl (Bod R Prade 1|5|0521é§z&P@%l%&smfﬁwgceﬂamé%wst. c of the
pancreati c gndageitokdskigage, by treating the cells expressing markers
characteristic of the definitive endoderm|ineage according to the nethods
di scl osed in US patent application Ser 60/ 990, 5 ction of Cells
EXpI’[ngl Ing NB#ICHIECHERRI aB’tZBIﬁaff gldSm Q%Ng’ 4élr5é1§t%()95)§ﬁ%?&§€F‘%eﬂ?rneage 101
201Nhrkers<%n¢5@pﬁ@@q@ﬁb§p@%mhmgnﬁﬁﬁgnﬁ@ng@ endoderm | i neage are wel |l known
to those skllled in the art, and additional nmarkers characteristic of the

oo ol b AL e Bl G BT U B A LGP IRATG RAFH TR B aent

i nvention haueindtédephentul@testhd R11digaistRl fdaproat@parit kiks ntdaar acteri stic of
the pancreatic endoderntllneage Pancreati c endoderm | i neage specific

mar ker s i ncPofE2¢estadsepr ELis iyRntm ipgldey mepraelynpal aukitbrpestdike ekt or s such

as, for exafmRl eptaiibdBSm cRbfyohical sﬁf@%r df%tlatgﬁ\u: 6m cRfbrydifckidhfdedts. 101211The
eff|C|ency of differentiatiion may be determ ned by exposing a treated cel
popul at i on Yetha¢s fapdaitvingguereetdingn peodess e ipjlias angheraipas Femeally Yingecogni zes a
protel n MBrKeLoRURAEPHEH: B ekbsy FURNRRSLAG MRUKEL S charact eri sti ¢ of the
pancreati c endoderm |1 neage. [ ]thhods for assessing expression of
protein and nucleic acid mar ers in cultured or isolated cells are standard

in tIA873r ¢  InpRefaer oxpaplgdW Od0d # ORtdissloseseprdiiencd mediist fopthsse pol ymer ase

chai n reactSfehdR L, Qﬁ)ferama{naﬂﬁfbrgﬁl%cﬁw ofintunthdiidn BUR! b ZRsH 9§ see, e. g.,
Current Protocols |n Mol ecul ar Bi ol ogy (Ausubel et al., eds. 2001

supp!enent)$MﬁhnaheWHWﬂﬂ@gh@aygﬂgﬁﬁhnayoﬂhWWn@Hﬂh?B@ﬁ@hﬂ@gﬁmaﬁalyS|s of
sectioned }n 1rtlbl?éd’b \t\ﬁ’éée(ﬂ chpt o(ﬂtat:h\;lﬁﬂ of%tﬂﬁ]le% Qé(l:lénﬁzp%ﬁwaalt tt'lft)rse are accessible

in intact ce onetry anal'ysi s see, e.g., Harlow and
Lane, Usi ngdlﬁmenttmﬂ aeé 1mm0nelb©¢ wtoegnidkepeataty tesNeameddylH GddtdM&pmei ng Har bor
Laborat ory %&&ﬁﬁ &3998)). Formation of Cells Expressing Markers

Char acteri sti'c of the Pancreatic Endocrine Li neage [0123] Cel I s expressing

markers characteristic of the pancreatic endoderm |ineage may be
di f 8084t | alnedothencaample] Xu e e iGalls 2 PREP 0, 20D destlepds spnditigned t he

pancreati ¢ ﬁglﬁﬁrﬁ obﬁﬁleh i‘r@ﬁlarﬂﬁlap Xm@l[%m@g{eﬁl %ll 'd@rn;alagesatﬁ&t e ‘t;%Xn any met hod

di scl osed in I's inventi
genetically modified to over express human telomerase reverse transcriptase.

[0075] In another example, US20070010011 discloses a chemically defined culture medium

for the maintenance of pluripotent stem cells.

[0076] An alternative culture system employs serum-free medium supplemented with growth
factors capable of promoting the proliferation of embryonic stem cells. For example,

Cheon et al (BioReprod DOI:10.1095/biolreprod.105.046870, October 19, 2005)
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101 241For exanple, cells expressing markers characteristic of the
pancreati c endoderm|lineage nmay be differentiated into cells expressing

mar ker s on@rawy®sti2dti ¢ of the pancreati c endocrine | i neRGa/ise@ofdi7ng to t he
met hods di sclosed in D Arour et al, Nature Biotechnol ogy 24, 1392 - 1401
(2006). 101 251For exanple, cells expressing markers characteristic of the
pancreati c endodermlineage are further differentiated into cells

expressi ng ke h FecdBafRCIcRirh-$lek 6ulRfre {yRRmMAANGIBRhibeyARAREK EdNE atel NEage, by
culturing the cells expressing markers characteristic of the pancreatic
endoder m | i Heagwed i yseditaned rrram Ay mp S Bhaedive seppienenteddth r enovi ng t he
medi um cont ARG ROR F.aid X8R dE i éerﬁ%@nﬁ)ﬁ%ﬁ%%méllyseﬁgéﬁe%l ng the cells

i n medi um contai ni ng exendin 1, IGE—l and HG-. An exanple of this nmethod is
di scl osed in Nature Biotechnol ogy 24, 1392- 1401 (2006)., 101 261For
exan@PT] celrjagotssraBple e vREGibe/ cHeR 4etletd: sb4-¢7b LM displatfcrehtdsc endoder m
l'ineage ar eff e idiRLieth fifEThuAReEnbiHbAc G8hlcSIIEH IEDSInBYo MY ERES
characteristic of the pancreatic endocrine |ineage, by culturing the cells
expressing<ﬁ§9wbﬂ@wéﬁﬁﬂ9@béﬁP%Hﬁéa@ﬂmkﬁ€n6éﬁwﬁéﬁgfc endoderm | i neage in
medi um cont ai ni ng exendin 4, then renoving the nedi um contai ni ng exendin 4

and aﬂmequﬁ%btﬂe&b&b& B S00B® 48610 sl R BALME SRAt@iTY Rghagxendin 1, 1G--1
and HG-. An exanple of this method is disclosed in D Anmour et al, Nature

Bi ot echnol of§bryeunsem ¢ols ipgafmed medianyitheut seim apdaydipopisfairoRfastraessr s
characteri sthic 1f mith&i @ﬂﬁ%ﬁgﬁ dutuERAREEEMCLHNR AYRIBE et &)ﬁ{ainir%gne

differentiated into cells expressing markers characteristic of

pancr eat i ¢ @poerdnteo pdidresigganing yigals, af fepd onhigansfelrinsordsepyfersisi ng mar ker s
charact eri st bG:ui@f.t 108 JRARSHEAL L& uE i ' IHGoRLai ni ng
DAPT and ef%h Fﬁgﬁﬁf%ﬁOegag%ﬁgﬁgﬁutﬂgggﬁgﬁko%aﬁggnggwgggﬁMgwgDﬁ%Annur et

al , Nat ur e @inngudinolfagyeru@0og cojtainRgpHonst ebaanplleng/medfladibecasessi ng mar ker s
characterisfi I: r ' re.fur r
i1 or ent 1 avegotie s EeffLSaE R i FRERREL AL ATAAR o Bietbecl®ly ¢ e
pancr eat i ¢ eindas thierpeowth fieages suppliciftdnug sougeetdiler deh st € Kpoblgifeagemar ker s
characteristic of the pancreatic doder i neage in i um.cont ai ni ng
exendi n 4. R OBR AT BITREL Mg IOUeT S e 0ed P BRI R Cal  Nat ur e
Bi ot echnol ogihou2fd0der cf1BL2 8pddicdeémasipect of the present invention, cells
expressing markers characteristic of the pancreatic endoderm|ineage are
fur t|gfg)di fcr SR Q1S (W ASERb o CHRISSS! A IPRKEL 3. SN AGhaRE Sti € of the
pancreati c endocrFine Plheage, y treating the SRR expressi ng” mar kers

char act er i sdtéro cafs, intledipgnodi #atntatee poiader prinhdrdielsgen vdllks hIssohaioh,ahe t hat

inhibits the Notc i | .i .pat hwa accordi ng.to.the nethods disclosed in
US pat ent - aBBIT Eatatas SoREE Sl 30 e Gl B SR o B b

[0130] I n ongvasq@git, B pirficulprmesiamt cdmBRtd 4 Re medilimSne XP LRSIt DfcadRl Ker S
characteri st f.the ncreati ¢ ,endoderm | ineage are further .

di fferenti a‘ftjé’%G%nFlé‘H@egq searyF add PRRGSRRT IR SPPORREbsipRfialh wydiffergiated
pancreati c goRacrierind@adem &Yist reating the cells expressing markers
characteristic of the pancreatic endodermlineage with a factor that

i nhi hi the Notch signali t hway, according to the methods disclosed in
PR PR S L A R ST T A T
101311In Ong&o@ﬁl@? inaRfdetinel RirRSGeR! sttMYaRtih ORubs@rtidly uadiPkRAGEDs AR Ker s
characteristic of the pancreatic endoderm|ineage are further

di fferent i af 8EPVidst Fhichipcdudex i FRE TG RESPRED éo%ﬁg]PE?étné%aFl% flediugy thith e
pancreatic gRHQSGKE REubpIIERE SrowdlY of JrRRHd-BFivi M Brim6ldlad s BN REIRS SIhR Badi® ! Ker s
characteristic of the pancreatic endoderml|ineage with a factor that

i nhibits thacduyhircosibyied Mithg atHiwgum sifcsveioryProst thgrowE fadisadf scl osed i n
US pat ent a([é?ilvéd;ﬁiﬂl&}ﬂiaﬁ%m c@l‘g'an@ Q/s&gg‘até Z@@ct&lsf?dng ﬁl%%r&u% cBhsfiﬁi_ng‘%?-m I nc.
1013211 n one aspect of the present invention, cells expressing nmarkers

char act er i sfepder eflls mhdapentieediater matixdodeemmnt dawad Gomrfecdpigellhethe

dirferent! ahefhuh Mithef fbhie RERH A InRILAL SnGRARRLE! il e Qo
pancreatic endocrine lineage, by treating the cells ekpressing markers

char act er i sfctor wlectel éropethe goap cassnpafenpieddidee agkba poootaiald t o t he net hods
disclosed in US patent application Ser. No. 60/990,529. WO

2010/ 051223PCT/ US2009/ 061774 [0133] I n one aspect of the present invention,

t he present invention provides a nethod for increasing the expression of
mar kers associ ated with the pancreatié*endocrine |ineage conprising
treating cells expressing nmarkers characteristic of the pancreatic
endocrine |ineage with nedium conprising a sufficient amount of a TG 13
receptor agonist to cause an increase in expression of markers associ ated
wi th the pancreatic endocrine |ineage according to the nethods disclosed in
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Li neage 101341Markers characteristic of cells of the pancreatic endocrine

| i neage are well known to those skilled in the art, and additional markers
char act erwet2ow/o5i228he pancreati ¢ endocrine | i neage cont PQUAISR@IIe1774
identified. These markers can be used to confirmthat the cells treated in
accordance with the present invention have differentiated to acquire the
properties characteristic of the pancreatic endocrine |ineage. Pancreatic
endogogie | REsEs RaFlf 100860480 dildcl HdfordcReeXRE BSSARA pRfviRkee Or nore
transcription factors such as, for exanple, N , NEUROD, or | SLI

101351 Mar kePethedefrcaliviag nsinage gmbryeniq gemfelish Ong gulgisey the jteragells iafe wel | known

to those Sk(i,ullt{n%césé.eﬁtiélf}efre%:ogmgglﬂﬂliﬂgfé{a}i !séé%lﬁ'(pg@i%fa%ﬁy@so%@éﬁ%iy%fée%&‘i c of the

[3 cell lineage continue i dentifi hese ‘'markers can be used to

conf i r m t heanyehignad gsris) anddathedrdspnca of Gbiahlngesranith factdighapisetpmied i nvent i on
have di I er ekl &ﬂermgﬁs&sfﬁmﬁla {ORRF Rl &S ISDBRACLERIA! i of the 13-cell
| ineage. 13 cell lineage specific characteristics inc uée t he expression of
one or nor efirpiag Geil@tlayen praetusly seqirehtozsystaih @rsteaxeethpbyre PDXn{l¢redl OC2. 2,
NKX6. I, | SL| PAX4, .. B U@g%,f F-.l ﬁ]\g; HNF3 beta, or MNAFA,
anong otheﬂg@m$§§ gmpﬁgﬁggyga%i%nngk@%gﬁgigg wea'b%stablished in the art
for identification of endocrine cells. See, e.g., Edlund (Nature Reviews
Gend00®d 3: IngAnrtlg exqnadd Ay 200500367 Thelossh pidefinedciyotofic dilfufemeditinat i on may be
det erm ned . q I | ! RNt uch as an
ant i body) tﬁéﬁgéggﬁ%gfgg?%}ﬁ$%§g%%§§?Eaggﬁkg%@?ﬁ'%%??2? exﬁ#@é@ed by cells
expr essi ng amukesidrcirautciat ostpmrighovthef pdnenedlyivodi¢iecosatehe | i neage.

Al ter nat i vely, 1A% SIF LGLeneyalu b LGTANLARLLOD YOS dsLer M ned by
exposi ng a treated celY popul ation to an agenP fs &san anti body) that
speci fi cal | snbstacainuzderantprcdinganmatan kem elpredd.ed anpunelfhsotipr essi ng

mar kers charagcteri.stic of the ell lineage...[0137] Met hods for assessing
expr essi on i pr If wfeeteteEy f Sreat R BEErH E FE S s of at od
cells are s¢cipdard in the art. These include quantitative reverse

transcri ptasc pol ynerase chain reaction (RT-PCR), Northern blots, in situ

ke 2 R 55 PR B S50 bl AP - B oo (Austiel

i munohi st ogldérerasibtcar@inysil Sadfmsiagtdompadngetpesingh steMést & imbinbdrt | ng, and

for markers that are accessihle in i cells, flow cytonetry anal ysis
(PACS (Secor i atorue G eati TRF Ry i B bl = RETRBGH Beory Manual
New Yor k: Gadrob] S siongh ool (GH) 3eilyad i pteils, @8 8ichthR@B)o) (NI€ P38 hiduine aspect
of the present .invention, the efficjency of differengiation is_determ ned
by measur i nghe&t PaPEBRIABRCHN pherdiifeH B slardobRIYECIFH agogiteén cel |

cul ture folgpMonghitteaddiB resdltn One enbodi nent, the nethods of the present
i nvention produce about 100% i nsulin positive cells in a given culture. In
an al nat.e enbodi nent, the t hods, of the present inventjon produce about
90%6110h§‘ﬂ| i nﬁ}‘fdg‘igmo%ﬁét ep F%lpsi“ilf‘y eé’?ﬂ@r@&‘f twipkle cylfrebsiaie AP enbodi ment
t he met hodsefodidi@, REERRMle b HubQRtdIt AEHGRcARAY na8B060kipSkdnt Ruosi ti ve
cells in a given culture. In an alternate enbodi nent, the nethods of the
present i nv@nfor MG Hreedapedifrombasemeatingbrresertthay ey dprpspartpfa gi ven

culture. | ngaRid heAA Rc§MBRALAENuplitde 1B RAMBdiRent REcRURBRNT | nvention
produce about 60@6|nsullnjp05|t|ve cells in a given culture. In an

al ternat e efiBisHestete iy MA TRERbEYBegton Rickpisenle MATRIGERRI ipasgidduce about
50% i nsul i o4 | ' ' nbodi nent ,
he. ot hoda gt e e R e e SR B S0t ve
cell's in a tgiferene wodnstiuted basemgnt mémlrpreat e enbodi nent, the net hods of the
present invention produce about 30%insulin positive cells in a given

cul tigsgs) | NoAe: Akh&IINAE Fa®RROMHRAK and RsnITREAMIRWAL FGiMiESSRL | nvention
produce about 20% 1 nsulin positive cells in a given culture. In an

al ternat e esftsodiiveedRcpendieg erethihedbtypd baitgeprpliferatadt thismmeyringlede lpnpeuce about
10% i nsul i Jf: | [ - O r - I e enbodi nent,
the. mot hode Belis FEEbicin BB by Uitk ie p i ) e e e
cells in a @mbantions t ure. 101391l n one aspect of the present invention, the
efficiency of differentiation is determ ned by neasuring gl ucose-stinul ated
insulin secretion, as detected by nmeasuring the anount of GC-peptide

rel eased by the cells. In one enbodi nent, cells produced by the nethods of
the present invention produce about 1é@Ong C-peptide/pg DNA. In an

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

i nvention produce about 900ng C-peptidel pg DNA. In an alternate enbodi nent,
cells produced by the nethods of the present invention produce about 800Ong
C-peptide/pg DNA. In an alternate enbodi nent, cells produced by the nethods
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al ternate enbodi nent, cells produced by the nmethods of the present

i nvention produce about 60ng C peptidel pg DNA. In an alternate enbodi nent,
cel | s prodocew/dsy228he et hods of the present invention pcadise@dabom 50ng
C-peptidel pg DNA. In an alternate enbodi nent, cells produced by the nethods
of the present invention produce about 40ng C- peptidel pg DNA. In an

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

i NVebsAn Pr oRROUEM 3N AndsRYPd Rk PBe BiWerat th Adidbit 8kndLEoeNDOdi nent ,
cells produce by the nethods of the present invention produce about 20Ong
C- pept i de/ pdmmnkic prasenen obt medingrthat ramigsirethturvival propiseteiuédd by the met hods
of the presgphibd e deQitab! QHERHAROUAIL kERIcHarRERLHIBLRG PO carchliCr €asi ng
Expression of MAFA in Cells Expressing Markers Characteristic of the
Pancreatic @iﬁdmtpﬁesﬁ¢d¢&d;erlPlﬁ@n@P¢ eang paslile hp defemungd byt die opskéldent i nventi on
provides a gethod for increasing the expression of MAFA in cells expressing
mar ker s char acteristic of the pancreatic endocrine |ineage conprising the
steps of culturing the cells expressing nmarkers characteristic of the
pancl08¥tli c Brable crliue media ags be madeEPUCiOHPYING comPepesisiFeise anount of a
cycl i n- depeﬁ){@ﬁ‘ﬁfe L6 ARl EREle S Mo RHSOMMI. TS @ﬁﬁ&)@qﬁﬁ% pr essi on of
MAFA. [0141] The cyclin de endant ~ ki nasc 1 nhi bi i't cyclin
dependant kak@utPultmmOéSrm@EhﬁQﬂeE%gle Stm@lwﬂi(p @M@M@rﬁﬂm#lﬁi?%@@ i nhi bitor

may i nhibit %Eﬂg ' p@t! I n dependant
ki nasc i nh| i&%{gfwswel nhi %tdsalghlgﬁﬁﬁl %Oepen ar |1}r{1§§:{b% #]%O?%rﬁ%gtl vely, the
cyclin depemniamenmlmamm acrﬂ”ﬂobitilom,rGlheLyllllnﬁrﬂEﬁ t3-ogredntortldeplefigamat? ki nasc 5.
Alternativ t asc hi bi i t cyclin
dependant W%%%%H‘é}m refom mat“pgasf"%r?tﬁ”?%m‘“h ﬂctae%’%%%ﬁ% #;{;szgé. nhi bi t or
may i nhi bito29ultiple isofornms of cyclin dependant ki nase, in any

conbi nat i on thereof. [0142] The cyclin dependant ki nasc i nhibitor may be a
pr ot ei n. I i vel h e i, b be a
bept i do. Al {rRgidn Enciclfc BYERbIL HIRENAEChI RN Hdh (Y 02 2
smal | nol ecule. I n one enbodi rrent _the smal | nol ecul e cyclin dependant

ki nal9688]nhi I!mome embglimentetbe pudsent wreittior pypvelepa owthoil Seripngfuping pancreatic

7-n- But yl 6

9-Nitro-7, 1 %%r ol ng%?ﬂ%%&gbﬂud‘% t%?@%%ﬁ%%se%%n}%%wgm%s of

3- (6-0xo0- 9- n|tro 6, 7, 12-t et rahydr oi ndol of 3, 2-

d] [ 1] benzazepin- Qﬂtytlﬂg)lﬁlelp@%mt stemjcells,

(2R) - 24( 6- 43- Ami no- 5- chl or ophenyfi am no) - 9-

(1-net hyl et hy},) Iﬁfﬂeﬁh’t‘iduﬂg aleﬂldrﬁ)meﬂps)tengcm%tﬂw berk eQb%?s'ﬂ%j marR¥reyriaflavin A

[ 6- Benzyl am no- 2-( 3- hydr oxypr opyl am no) - 9-i sopropyl puri ne, Butyrol actone
1, (2)-1- characteristic of the definifive endoderm lineage,

(3- Et hyl- 5- met hoxy- 2, 3-di hydr obenzot hi azol - 2-yl i dene) pr opan- 2- one, 2-(3-
Hydr oxypr opyl amme}reﬁm(na% mé%wpe@aﬂg RARIKRQ khaladtSRAE OPNKE BTHiRR,

Di chl or ophenyl) -1 di hydr o- 64( 4- ( 2- hydr oxyet hoxy) phenyfi nmet hyl ) - 3- (1-
net hyl et hyl ) - 4Hep9qda§ellec[age uudqqﬂy?mwsamamarlerﬁecha@tﬁmstwérherpam%Wa tory
Peptide III, (eﬁdcgéhﬂhf?e? ipglol yl met hyl ene) - 1, 3- di hydr oi ndol1- 2- one,

Et hyl - ( 6- hydr oxy-4- pheny %enzo[ 4,5]furo[ 2, 3-b]) pyridi ne-3-car boxyl at e,
RO 3306, N-(cis-2-

Ani nocycl ohex$H )Riffcientisting diesphesrprepsing ke chapgigiistin el the pangreahs ne, 6-

Cycl ohexyl met hox\agekd lin %E TI%T&YIE @ﬂirés'sﬁ@h&ﬂ&k%ara@te%c%@ﬂr% pakdzatic

D

(am nosul f onyephenyeam no i f 1 'uor opheny1) 2,4-tri1azol e-1-

car bot hi oani de, c8doxang BncpEp. pyr azoI o[ 3, 4-b] qui noxal i ne, Cdk2 Inhibitor I,
Cdic2 Inhibitor Il, 2(bis-(Hydroxyethyl)am no)-6-(4-nethoxybenzyl am no)-9-
| SoPpeEY | PUFILASotent stem cells suitable for use 1n the present 1nvent10n include, for exam le

4- (6- Cycl ohexyl met hoxy- 9H- puri n- 2-yl am no) - N, Ndi et hyl benzam

N4- ( 6- Ami notb?fi‘/‘ilfﬁfifdﬁmbm‘l%9tef§ 9¢1¥1m%9a IHecod% ﬂf\@)ﬁﬁlw i;eman embryomc

nmet hyl t hi a i (
2- Br ono- 1225%m 2?1%93%15 Cgaelz\?/&ég th?glg}?&rn i ’ g iqeg(?t)%nzeo 7e(NSIH7( 6H) - di one,
1, 4- Di et hg;oglaCWAQV)g]@rgUbe-hgmqnmndmeomc stem cell line SAOO2 (Cellartis, Sweden).

o5& et b AT Bt i T R e

chl oroani | i no) - 9- |sopropylpur|ne Fascapl ysin, Indlrubln 3' - nonoxi ne,

I ndi rubi n-3' - nonoxi me, 5-1odo-, Indirubin-3"-nonoxinme-5-sul phonic Acid,
| sogranul ati m de, 2- (2-Fwdroxyethylaﬁ?no)-6-benzy|anino-9-nethy|purine,
6- (2- Hydr oxybenzyl am no) - 2-((

| R) - (hydr oxymet hyl ) propyl ) am no) - 9-i sopr opyl puri ne, 5-Brono-3-(2-(4-

Fl uor opheny1) - 2- oxoet hyl i di ne) - 1, 3- di hydr oi ndo1- 2- one,

N6, N6- Di et hyl adeni ne, 2-
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Pancreatic Endocrine Cells in the Absence of Fetal Bovine Serum [0146] Cells
of the human enbryonic stemcells Iine HL at passage 52 were cultured on
MATRI GEL-woavwdstiizdhes (1: 30 dilution) and exposed to tRETUSRO0OK 1TG4
differentiation protocol, in order to differentiate the cells to cells
expressing markers characteristic of the pancreatic endocrine |ineage. a.
RPM nedi um suppl enented wi th 2% BSA (Cat al og# 152401, MP Bi onedi cal,

Chi o), and ZO0wRgnilkeACdhbMERridic(ORGRr teeﬁs, M&Gplcﬁﬁt&@w@’mnw 3a

(Cat al og# 1324- 002, R&D stems of bFGF (Catal og#
160 388 panmtreER, CRBne e OGS S &PF%EEBQQPFEMF@H@ 3SR oM mredii &

suppl ement eskpi 4 rd%0BAr@nd; 100 ng/ ml activin A plus 8 ng/m of bFG- for
an additional two days (Stage 1), then b. DVEM F12 + 2% BSA + 50 ng/ mlFGF7
+ 0. 25 M cl opam nc- . KAAD (#239804, Cal biochcm CA) for two days (Stage
2), e IRIGharagseristiq of thwefmlwuepw@eﬁ lingagy are seleCtphfrom theegraury 0. 25 T AM
Cycl opam neconéﬁéiﬁs@ of s&k1 AN REALNONES Bl @;gcRe)ERqaugmL MEEs. Brl@9uRal - of
Noggin (R & D Systemns, M\) for four days (Stage ; El2 + 1%
B27 (I nvi t ridgehke @A)eomxmqemglfﬁﬁma@ r‘?OmeSPd?fIW €§) @éﬂ%F SEttet ase

I nhi bi tor) é@k@l@ﬂéRi%siﬁllCD@lag& @Q‘B@mSu%le fbr %sem?ﬂle'%%ént LR or 1

(Cat al og# 616452, Cal bi ochem Ca) + Netrin4 (R&D Systens, M)
for three dagsel @g‘@@erequ)es attlprshongs, OfIDWEleremchar@%BE?Om@rﬂnf nitggen, CA) + 1 pM
ALK5 i nhi bi ) . 47] Medi um
was changedén e}njn l&ggtagj eacﬁﬁ%g%cgatﬁée&% ﬁf}{@éﬁﬁ%@%%\%ggi pcfi}gﬁ(gmgI)maatﬂleeQ using a
henmocyt onet @araamdstﬁmthmflmw erdbé&irrrﬂmleag@@Ra almlaitlyfs stseakérdcusmlles wer e
collected i f%c[we of Conpounds

fromthe E aRlalr%grgaete f‘sﬁ’ﬁl b ¢ E)ﬁe re%mégrmarhrsc ar%ersm have “been Treat ed
accordi ng t@ldbdttemuinéafgenmme@hd@larrﬁ’mt dooh alfudtd arspel:tlarceEEmprpdsmgl 101481Cel | s

of the human on| c. ste wer.e . seeded onto
WATR a1 m B Ta g s ists ShE TRt Mt e Ee S A FHEISRE ot e
accordi ng tellf he net hods descri bed in Exanple 1 up to stage 5. Foll ow ng
this, the cells were treated for four days in DVEM F12 + 1% B27 cont ai ni ng

Cal oI VR APy P DA TR P i SR Tl BRY <

cont ai ni ng avakistalgef REXa, HmEﬂ belePTaY aipha OMNF @ |HB Ik PREIOUtSuithige fyrot ocol

medi a was changed dai | s were treated ip duplicate. At the
Compiet | on BF TPRF Brec v IRAATUAS RO Rect Giviar PBRTBHATy s 5. Sanpl es
wer e anal yZ@drabgéngteantﬁelpmcraﬁR ch@fde@X PERASS | @RINOhspedioBtichresgitucagon, MAFA,
and Arx4. Results are expressed as a ratio insuliniglucagon (Figure 1,

panel a), ofVRRPA AfsH stECsAREANArEryiiRrCtristis ol Hlc PaYCreflic CRUER BREEC sanpl es
rel ative toshigncitic edlogéint@nt rol , as measured by real-tinme PCR The
correspondi ng PubChem Conpound ID# for each well # is listed in Table 1.
[014 reatment of cells e ressm rkers. characteri tlc f the

panc Lg'aztl c MAUEECIHRCEISHE Y eﬁfﬁcﬁag%%ﬂﬁfﬁlf inggge aEeis,eFeB figm teoegiP a 1 1 AM
concent r at i @sikt lelNQ}i\U NEYROMISL 1, PDxal, N&kagon Pﬁmrﬂéimoﬁhdmlo of

appr oxi rrately 3. hi gher (see Fi gure 1, panel a) 150]V‘é next exam ned
the of fect dpha Hege BRARES Pavereatie cRdoctipe eofl IMPAPADIARSEKPTeAHER He obser ved
that treat neak oRf 0GRl hBowMPhESINRY iRk JlscaSHAL ARSI 4! difl fAhcrtdi® pancreatic
endocrine lineage with sevéral of the conpounds resulted in a nuch greater
change in timéyneatideo Syftabigionusean ARxaesearyeatioels a celhiaiarassyeestlentt i n t he

l'i brar y. Oe(}ﬂe%f lihreql?a{ﬂ?éiis éﬂa}aleteﬁg’tm%%aﬁ%eaﬁﬁ%ﬂ@&nﬁe flﬁ’éaléf Bfon ﬂt%@m of
approxi mately 1000. Treatnent of |'s expressin ers ch cteristic of
t he pancr eathf presantiyentiva, 4¢6H@a@resswgtnmrb@ﬁﬁemt¢n@® ofékaganerdation a MAFA/ ARX4

gﬁl%g%%x s&nflfe??ﬁ 5 gelll TH Ql%reé??: ‘end %ﬁf%@e lgn%r The Effects

rati o of appr
of Cyclin D%Sgﬁgla reatrre Asul N an VI AFA

Expr essi on bemn Iﬁetlhalctﬂmanorteaweretsa@\:elrr Alitmatinabc dregamgedtio ehdverine cell

may be a pancreatic hormone secreting cell.
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Differentiation Protocol Qutlined in Exanple 1 101511Several of the
conpounds that increased the ratio of insulin to glucagon expression, or NMA
EA to A RX0201ms5ex8i on in Exanple 2 were cyclin dependalRCTRISRE9661774

i nhibitors. One such conpound was PubChem Conpound | D# 5330797

(5-Am no-3-(('4-

(am nosul f onyBphenyBam no) - N- (2, 6-di f| uorophenyl )-1H 1, 2, 4-tri azol e- 1-

car bighdn| 0aniday adpeatortiRPuedt 2vExddh, th%blmr%b@mocmem@g&u Ca). To confirm
t hese observations, cells of the human embryonic stemcell l[ine H at
passage 42 Shresipamptseis gharpcterntnp! i rslEmceEs 4 st ST shBakand t r eat ed

accordi ng tQalpRrifRIPALS éiﬁ%‘ﬁédg}[é)wgnrbs@esﬁ’%&ﬁrﬁh@atjledéponfe%f #ea0fwing After stage
5, the cells were treated M F12 contai ning 1% B27 cont al ning |iaM

PubChem ContraseithtipDic®B30YON3.MYrX 32 xN &0 d. NMEBOIMds HoWdhgled every ot her
day. Sanpl @k gglxhs tiake F& oot=N Pl L& o Jeatment with
t he conpoun and at 0cIays>€6t \/\D%aﬂ%f]b?ﬁrt\?e g reté%npggrggntr%églt nél%sstl £

[ 0152] Char am@réwnsslnar@témsm@@habh@l lofecagieafekll.s at day 4 or day 6 of conpound
treatment versus untreated controls are shown in Figure 2. Untreated cells
are highly paCFGHm(tEJnQHK‘%HFExm&%g rl?é?gcﬂhra%{b%shé of&e@eﬁﬁﬁ%'t to

di sti ngui sh i ndi vi dual ter treatnment with O. .t.Mor
1RM of PubChem Conpound | D#5330m0flmm Lineagkays, indivi dual nucI ei became
visible (Figures 2, panels c and f) as conpared to the untreated control

(Fi 9¢0)2, ﬂﬁinﬁdterﬁi)stem'c@ﬁié 54 bl BarddNBb RS p Ak did ehgRbL at i on occurring in
t he ceII population. This Was al so acconpani ed by sone cell death, which
can be seerchaipcigasgsis of thetdgnikigg endodgrmdiieigs bysng hetad imthEpig f by oy panel s b
and c. [01 wi t h PubChem Conpound | D# 5330797 resulted
in the i ncrsrg&atgé ﬁ?r%g%g%lrngglgﬁlg)ﬁh%fn i nsulin, glucagon, MAFA, MAFB and

somatostatin, albeit to differing de%ﬁees The relative induction of gene
exprl@8%ilon s xRy (DS 1P Lo Blss 1y YIS sl diferagntigted prteedllegxmesity cultures is

shown in Figui&s ch}rad?é?ﬁﬁé ?ﬁtﬁe YefinbtRleleRa i Rl Q&c%%édéﬁﬁﬁe%cﬁ teristic of

t he pancreatic endocri ne neage that were treéate pM PubChem
Conpound | BHsch880ONIY Anemin braddNdture Bnoteghpelogy Paatl&3d- 1548 (B®ISd i ncrease in

gl ucagon expression at 48 hrs of treatnent. This expression declined to
bel oppgy et r ERLRRRATE! ‘ﬁ}fﬁ)bt%ntasftén?&lé ?X)% dfferdi8Rl ﬁﬁ(‘ﬂ&ells %%Més@ﬁq%ease I n

gl ucagon expression was observed w treat nent of Chem Conpound
| D# 533079 7markgeehqrpciuistic of thpdgimitivgendddomslinaaes a@or@lmrteﬁ@mﬂghqﬁar kers

IR Pubchens Gangoina 1B 0067 PRRAT TRl B6PAR0MISS 1™ an hppr oxi mat el y

1.5 fold increase in insulin expression. (See Figure 3, panel b).
[ 0159994 | sF%ﬁmmglphglpﬁ@m@é%C@hmaa@@érffemﬁéted)fntq ¢rdls gxiesi@gt i ¢ endocri ne
| i neage t ha, MeK endri @B ofthd E'ef{nBMSIgH ll%gl g@&%&qld [ redoad for five

days resulted I n an approxi nate rease i°n MAFA expr essi on.
(See Figur edISIOSthmé‘VId@b)anefm;Stsl@@i; A 2@x§8é239§|7)ng mar kers characteristic of
t he pancreatic endocrine |ineage that were treated with 0. 5RM PubChem
o] | DiorRERRA0 bifrPbichd ey Bl Snch B3 WlihfhritB Ao BPRE ely 1.5 fold

i ncr eg?g in OI{/AF%H%X%r er%sﬁons alslgure " 3, 1pane @d)q)‘ %ﬁ@g dependent

i ncrease i nmaters elquawéegmlmf the @‘mﬁa@asd@pmhmge sigedmedel themiginde 3, panel
c). 101 571&}‘&1 baRgs nﬁb&?ﬁz%ﬁﬁr%%ﬂt% 6’1“0?’%"1?@9 Y‘zﬁﬁ(g&% rved in cells
expressi ng mar ers c arac eristic o he pancreatic endocti ne | i neage t hat
were treated with PubChem Conpound | D# 5330797 for five days. (See Figure
3, pafWl f)Forepameniemlurpetepiedeeeclis mayhe diftoyetiatgd Hlé@(?ﬁ“é%ﬁf@ﬁﬁm@f PAX4 (Figure
3, panel h) ]N!ﬁ%( =l &n I P g h 0 N ELROD
(Figure 3, IBa ane @h%a&grﬁgy%RN%de(f%?gﬁrerel ger pgﬁ%fgé %nggt 5 ggt& Exanpl e 4
Cyclin Depeﬁmmmllsmn ma@iemlcnhtiamirtgcﬂctlvﬁn éamrtﬂmﬂbsetnn@o@awd theh@u@fplgelsfsi on of

MAFA in Isle .t stem cel |
line H at egs gﬁg"tg 8l S talj?rge f“ﬁ/ﬂ%ﬁﬁ‘%ﬁﬁs Rt V?‘gk&?{ éé’gm( 1: 30

di lution) acvfd chiﬁférémrcemuentmmd Aocemmblagf ths rmdnla)drmmhrﬂokeddelﬁa:tnuebed i n Exanpl e
1. An additjopal sta a s added, in order to further mature the
cell's expr e%lgg%noi%y%grgﬁ%ﬁgg @8%8“ c of the pancreatic endocrine

| ineage. Stage 6 in this exanple consisted of a seven day treatnent in
DVEM F12 + 1% B27 (Il nvitrogen, CA). The nedium was changed daily. WO

2010/ 051223PCT/ US2009/ 061774 [ 0159] After stage 6, the cells were treated
for 5 mins at roomtenperature with rXaccutase




(Sigm, MO). The accutase was renoved, and DVEM |2 + 1% B27 was added to
the cells. The attached cells were renoved using a cell scarper and gently
resuspendwo 2aridspRdsed t hrough a 40 pmcell strainer. TRETABRIS/0sET4HI ned on
the strainer were renoved by rinsing in basal nedia and cultured in
suspension on Utra-Low culture plates (Catal ogue# 3471, Corning, Ma). The
cells were then treated as follows: The cells were cultured in DM EM F12 +
1 %8200 C%r@kﬁhﬂl%apaf?lpﬂﬁﬁmer@f:elﬁ%a&\b'e alffér&yﬁ&fkd into &Mk @32 &gl nhi bitor I11
(Catalog# 217714 | bi oehem Ca) for 10 days Staq Fls treated with
vehi cl e werBakefs Fhieriytc eighe ddingive sadsies hWégeebx:%ﬂ quéeg be p&ltrlpafagﬁs 7 through
10 for PCR @ngbyRiis n@&Qm%ﬁtgfné%rh%tlﬁﬁ%' il 'tﬁbgatbséﬁb@oﬁ%lﬂﬁ i chitdi g hdd
suspensi on according to the nethods outlined hi's ‘exanpl e assumed a

mor phol ogy Silirivith pctivan pavitdsean ¢f ail@ﬂh@tcomea@@@ms Anwasaplﬁ@ﬁthls\mthom

i nhi bi tor | ogy of the islet |ike
clusters. 15?@g?%ﬁgﬁPeg%Rﬁgéﬁzq?ﬁgg? %%Hﬁo hg@g?fect of COK inhibitor I

treat ment on gene ex?re33|on profile of the cell clusters. Treatnment with
of dBKOIInhi FAresrmnle. plyripetcatses celly anag b ditesenyipted ntoregl ik exess®goci ated with
the pancreab)gaeRARGhREC bftﬂ@@eqﬁu@@@nadaemnﬁéagy%ﬂuwuﬂg BpRelpblaf expr essi on
of the pro-insulin transcription factor g panel s a-b
shows t he eftéreetllsaf mEbKmicahtelingaetivin A and adVrtHazehia tlee[ﬁb,?_éncspésemrmg of
clusters. %QK t dyyi th DTZ,
showed a n§$%l$e g fiwgﬁ§?5£gxgﬁh£? s&%%%ﬁ%g%%m@ﬂQm]d%?gfs not treat ed
with the C[Examphlotﬁﬂtlx)methbd is dExl@sqnll 1eI\EtUFeﬁBEteAkmw19@n2§ B2 Adl (260@r oduci ng
Cells Produced by the Methods of the Present Invention. 101 621Cells of the
hu ryp I 1 | Al SRAGR r,ed on

coé?e lﬁﬁg?%ﬁﬁbendﬁﬁﬁ?%gre FPgt§%£1ﬁ¢§n¥§£&¥%ﬁh%¥g'u0|ng cells
u5| ng t he fmammhegaqmrmu@cﬁihe definRPFVehdasier limageipireteg thed uwippten29% BSA

(Cat al og# 1524 QF t n A (R&

Syst ens, &n?&ls g@ {Iﬁﬁ%&%‘hgds “)O)Se ﬁfi& %g%}la%@%b)g% gﬂ Systens, M)
plus 8 ng/n1Uﬁ%EbEGEmgﬁﬁuaLdgﬁmiO&:18B PeproTech NJ), for one day
followed by treatnent wwth RPM nedi a suppl enented with 2% BSA and 100

e Pb oot 950 B et M U BB Bl R Pnac ™ kans 1

(#239804, Gaillﬂiélﬂcll'ﬂlmter@() off the d¢findivitaydodeSt hgrg@dy trdzahieglth@ plllﬂ}ﬂOEM F12 + 1%

B27 (lnvitr 5 cIo amJnc- 2 pM
Ret i noi ¢ ac? %%@6%%tﬁ%ﬁ§h$f%@8kma£nﬁﬁ%gu?bd%mc Pﬁ%@1§08ystens IVN)
for four day1$77@Sﬂa,9851§1)edt®D€fSOdn M EM F12 + 1% B27 (Invitrogen, CA) + 100
n /n1 hbggln + 1 1.[Nd DAPT (a gamma-secretase inhibitor) (Catal og# 565784,

3‘8?&4‘3 ar{%qlé' pﬁ)u%‘p?h@tééﬁ] Qe%lfg Irﬁa?/ rbﬁ/'g];ffe e%%&tt%{il ?ng(zf cegljs g)épr% in |eb|4;) f: h? E]e n CZ‘)

DM EM F12 +mdr%18217ar4dta‘mtl¢ ofgedefinGA)R eﬁdoliepﬂ/llﬁagﬁbj' ndutibg therpldripo'(efﬁal bi ochem

(o age 6 Tt Rt e RURIRAR e D& itetopr DS Bferk anpl kOIS NS T oo by

scrapi ng taﬁﬂ%mnme.any remai ning attached cells. The cell suspension was
t hen passed through a 409n1ce|| strainer. The cells retained on the

d | d
o DL 1ok b 2ttt Oy B O L If Bt EE Mo Boa "

I nvi trogcn, mﬁ:&érs that8etdBidilc of tROdetitivi cadodasi lmeage&z(réhﬁ)lg thepioripbte@DK i nhi bi t or
Il (Catalo 7714, .Cal bj och Ca) for da t age 7/

[ 0163] 51 er S R arbear o hPEti el h 6T HiTERRESE Nosi ng TrypLe
Express (I ns/grogen, Carl sbad, CA) and washed in cold PBS. For fixation

the cells were resuspended in 200 300 pl Cytofixlcytopern1Buffer (BD

5547 ncu 0 at 4 wer e. washed two tines
o 08961 o e B PP RRTR £ i vk ¥eSinga T 100 o

st ai ni ng/ bl agkém ghz&ﬂitdﬂish@ﬂftﬁé)dﬁfﬁmtme REI¥onN DA bygwaiting thepharipdtelenn/ Wash

buffer. For flo tri | ysj.s, cells were s ai ne h the foll ow ng
i ity a5 GoRTES o e B Bt R P GGG NG N, Co7CO:
1:100 dI|UUHQWbQOAntI-G ucagon (Mouse Mab, Slgna No. 02654, 1:100);

Ant i - Synapt ophysi n (Rabbit Pol ycl onal anti body, DakoCytonati on No A0010,
1:50). Cells were incubated for 30 mn at 4C foll owed by two washes in
Penn/ Wash buffer and a further 30 mmincubation in appropriate secondary
anti bodi es as fol l ows: Goat anti-Rabbil? Al exa 647 (Invitrogen No. A21246)
or Goat anti-Muse 647 (I nvitrogen No. A21235); CGoat anti-Rabbit R-PE

(Bi oSource No. ALI4407). Al secondary antibodies were used at a 1:200
dilution. Cells were washed at | east once in Permi Wash buffer and anal yzed
u5|ng BD FACSArray At | east 10, 000 events were ach|red for analy5|s

~ i L Y L T Y 1 N e~ A AP/ r~sA



Exanpl e 6 Kinetics of CDK Inhibitor-Induced MAFA Expression. [0165]Cells of
the human enbryonic stemcell line H at passage 42 were cultured on
MATRI GELfwWocorest22pl at es, and differentiated i nto insul iPETASEIOHITG cel | s
using the follow ng protocol: a RPM I nedi um suppl enented with 2% BSA
(Cat al og# 152401, MP Bi onedical, Onhio), and 100 ng/m activin A (R&D
Systens, MN) plus 20 ng/m WNT-3a (Catal og# 1324-WN- 002, R&D Systens, M)
pl usjo8079/ Ntor@kartMtSpIrpetead RGH cclRGrad B3 difReBINTE Gito céﬂg):xprfasgfn one day
fol lowed by treatment with RPM_nedia suppl emented with 2% %SA and 100
ng/ ml act i viRsrkets ghagactggisigphthe defingivgendeserna ineggeiby trentiag thewbripalpst (St age 1),
then b. DVEMALdls iodRAiBSR e ARNONY IRSET in Dk WY U haRA e KAAD
(#239804, Cal bi ochem ) for two days (Stage 2), then c. DMEIVI/F12 + 1%
B27 (I nvit r@dg¥®,908A) + 50 ng/ mlFGF7 + 0.25 gM Cycl opami nc- KAAD + 2 pM
Retinoic acid (RA) (Sigma, MJ) + 100 ng/nil of Noggin (R & D Systens, M)
for n[Ii)PGU] days ef&a?ﬁ;ﬁél?hﬁ)potehﬂ@é?n Qells%%MdE@e?enﬁat@aa/‘hﬁ?Zell@ 'eﬂ%bstsfnggen CA) + 100
Noggin + 1 arma secretase inhibitor tal og# 565784,
Cal bi ochcm makyrs @%acg@msm@m give spdqderng thagage @g&emgﬂ@:@lvrwegﬁ ochcm Ca)
+ 100 ng/ m0f ¢ &E%Eéo?(ﬂnéﬁ% rﬁ&ﬁ&% scldy&.h)mflﬁ attéﬁ'f Q{ﬁ)hgﬁ%ﬁ S(eﬁﬁ\]%ge 4), then e.
DM EM F12 + 1% B27 (I nvitrogen, + I'nhi bit or (Cal bi ochem
Ca) for sevE@#Hl§ (Stage 5), then f. DI\/EM F12 + 1% B27 for seven days
(Stage 6), then Treatment with Accutase for 5 minutes, followed by scraping
to renbve any pgam) II gso?% s then passed
through a 40pm cCel Iﬂyg?%a%%?g %ggﬁgze A?cgk%ﬂ?é?zﬁ%gw%n he s gl;e%er wer e
renoved by rinsing in basal medi&rdedernchiveageed i n suspension on U tra-Low
cuI ture plates in DVEM H gh G ucose (Catal ogue# 11995-073, Invitrogen, Ca)
@7 T ERhafG dﬂ:el%fex? Eélﬂ’g Iﬂarﬁelé OfracterRife Of th%n'itnfla'eml&d@fm El (Catal og#
217 14, Cal bi ochem -8 days %St age 7). 66] Sanpl es were
col | ect ed flmeaWYabﬁad%msleéby tfaw for t 2pregencaﬁﬂhmmalk@mb@ﬁwwld&ﬂ@ays of
t r eat ment t g!%fl culture
and the cel ohgwﬁ}E% %lmtﬂgllrlggtrog d?ﬁn na ts%m d%lgg{ph%ﬁ%%&gsss é?hr|;127 + 20
ng/ mL of acminkem Bhuspdiffelatiatiod obplutipaerft oells itldgtestedsdiepledds bwgindo col | ect ed i n
triplicate ‘}I\’}&% ﬁﬁ}gganal ysis. [0167]Figure 8, panels a-b show expression
pattern of A insulin at various time points of stage 7. CDK
inhibitor treatnment resulted in significant increase in MAFA and insulin
exprl@sHllon Wi atficigney o digfergntasion nfay e wptermingd by exposigoesatad cel enpval of CDK
inhibitor r lin
expr ossi on. ParEghici a8t} A L AR Ral ety KPR EHEH L orpound.
Exanple 7 Smaréwp@ssoﬂ by bdls Ekpressing ndfrkeBoeipogtedstid ofdlm defieitiBe OMOLTm Ki nase

I nhi bi tor [ IIs t hat have been Treated According to the
Differenti %n?é%%lﬁ?%col Qutlined in Exanple 1. 101 681Cells of the hunman
enbryonic stemcell line H at passage 51 were seeded onto MATRI GEO coat ed

24- W8l 11]di sMet§0<481f.OB®S@isihg|tfim¢$}i,onaﬁmowirfﬁfnémedﬁiicaciémadmn@umged@r t he net hods

descr ! Do | QAT Sy 3599 i FRMPHIRAAN e P vere o oun
+ 1% B27 cqmlﬁnerilsregha'n cnnouRd - HCER))nNarthlr@ﬂsTnmsamhymwmdtldm eary., (Cat al og#

2832, Bl 0p ntr t|o of 4RM Wells
cont ai ni o WUFEVARRD e P DGRy Bhudnt o7 SRPGTOHBR N eat rent
pr ot ocol mmmnomi}alsmhmg 1Mﬁl|ﬁh@ﬂlﬂocﬂlémﬁzﬁmebm€| OMStlcﬁi&d!.ﬁg&adiaEV\&Slysert her day.

Al'l sanpl es re treated in duplicate .At the etion of hlstreatrrent
RNA s ool 1B 57 et E A Bl ipnutet itk TGy Sae sghPaan |t e POR
for expressiFamwspfset, resg,;IHdﬂlowgalnumg@msm%lﬁﬁbocaé’sdA/iBXAratoBewhm Nfe expressed
as a ratio jn & g g ucaggn (q‘gable 2%, (gé MAFA versus Arx4 (Table 2) of the
treated sanpPEsColESRERNBIPY habaratpry Piest @d°®bnt rol , as neasured by real -tine
PCR. The correspondi ng catal og#, CAS#, and corrpound nanme or | D nunber for
eachjoaipha (le,hmktltdr'ﬁtld&ﬁif b#ll‘lb@tethtisﬁ:hE@H% Ekeﬁ&ﬂlﬂ@o@n tdtﬁdﬁgkmé@ﬁf(tﬂem laﬁ(ﬂ cells )
expressi ng rkers characterjstic of the pancreatic. crine |lineage wt
conpounds c%‘%{ﬂon‘ﬁICh%fPCt%{ISEW#@i‘HI?QWPFSé"tl? 8‘?1101“'8%1“‘8&‘39 lﬁe ‘%‘eil nsul i n/ gl ucagon
expressi on pladipden@fte@RpN 4 HERLiRI Y] for OxDipld) IR pressid] dfont beabR@fW th D9 had
an insulin/ glucagon expression ratio of approximtely 1840.0 (Table 2).
[0170] W& next exam ned the effect of these conmpounds on the ratio of

MAFA/ ARX4, and we observed that treatnent of cells expressing markers
characteristic of the pancreatic endoé?ine |ineage with several of the
conpounds resulted in a nuch greater change in the ratio of MAFA to ARX4

t han ot her conpounds tested in the library: Cells treated with conpound B6
or FI showed a ratio of MAFA/ ARX4 of approximately greater



than 10. Treatment of cells expressing markers characteristic of the
pancreatic endocrine |ineage with conpound C8 resulted in a MAFAI ARX4

rati o of wappronsizzately 84, while cells treated w th D9PRAAS2000WEAT4 ARXS
ratio of approximately 212. (Table 2). Exanple 8 The Effect of Cyclin
Dependant Ki nase Inhibitors on Insulin and MAFA Expression in Cells Treated
according to the Differentiation Protocol Qutlined in Exanple 1.

101711Cel | sphofollolithch WBIGERRHBOFDXDS @IE8h43, CoRRxidhs Acpasexae 51 were
seeded onto MATRI GELi m coated 24-wel | dishes (]1: 30 dilution), and

di ff erent i SAANO5t BEERT gTH b ZFRE2. seERS P Efes Eral ¥elot aERhnpl e 1 up to stage
5. Following this, the cells were grown for eight days in DM EM F12 + 1%
B27 [enpkét heafidrieaiRb irdotdnPHEm daksyit thOMcBEMIFI 2hetpriféaBavenaontu@l ni ng a
cyclin dependent kinase inhibitor at a final concentration of 0.6125, 1.25,
or 5.0 RV WEceRiitcdeels manpbyipuridied by prnosine mitratescallmprlapon tegmagest # 217714)
PubChen I Dif 4566 ok ENBoaAlfia et by RUAFIEN Dl PRIRZOfuch BVDXEAF 219476)
PubChem | D# 73292 (EMD cat #341251),, PubChem | D# 4592 (EMD cat #495620), and
PubChem | DExPBOBE By CeilymxpigesingsBaBEe pharaggristic efdhe dafinitivg codadpa? e wer e
included asja,gontrol. Throughout the treatnment protocol nedia containing
vehi cl e or conpound was changed every other day. Al sanples were treated
in duplicate. At the conpletion of this treatnment RNA was col | ected for PCR
anal ysi s. Sanpfaaagiepef ey Exwessing Mackers Characteristicn! the Pancsedtisn of i nsul i n,
gl ucagon, MAFA, and ARX4. Resul tg§,@30&6neKRe8ssed as the fold change rel ative
to the vehicle treated control, as neasured by real-time PCR [0172] W
observed that the conmpounds PubChem | D# 5330812, PubChem | D# 4566, PubChem
| D# 1888479 7Cell sypTrrsBieHerkarpphareg ey sticfithesdefipdtiv e erdedymamcasednassi on at t he
concent r at | @fsrch®eddghto IR xBreding BHRED eMAd¥istto S2napthcRuhRbudR# 160355
did not stinulate MAFA at the concentrations tested (Table 4). The
conpounds Pisadm apmegdedagthe artpy ket prepsed Ribchestions 5330797,
PubChem | D# 4592 and PubChem | D# 160355 all appeared to stinmulate insulin
eXpriggss|on I(oT@?Alﬁplé&)cellsTéiﬁreQQ@ﬂMQrs Rrbshe it Hinod3NTRE chefdged both

gl ucagon and Arx4 expression (Table 4) while stinulating MAFA expression.
Exanpl e 9 Difepgsrmast bediffeyantisfediptmapllserpicydng markere ghagstqristioef thhe Cel | Li ne
111 to Pancrgati ARG 1iREeCatdoiin b MNEMsGRel.aldh RYARBEM, g} ucose _
(DNl EM HG), Lacking Fet al éow ne Serum 101 731Cells of the human enbryonic
st em cel | s Nitwie Biptechaplogy 24.t1892d1 494 (RIOAYRI GECR) - coat ed di shes (1: 30
dilution) and differentiated into cells expressing narkers characteristic

of t['@?ld@”%&%&irﬁpl@%@l%%ﬁcb%?/siﬂ&ﬂﬁ?% hFARGishider hobdmmRen@ieiocol : a RPML
0

medi um suppl enented w th BSA (Cat al og# 152401, MP Bionedical, Chio), and
100 ng/ M alétcksa e rthraliffeorttatadanto pplfs expigssiomarlgratrhappqiersic ¢fthe al og#
1324-VWN\- 00 : ' I : : 183,

Pepr oTech, Zpleﬁ)gi@%%% a%cﬁfeﬁ 1 gggg%’obﬁl%\%\% tﬁgée{ﬁrs ggér%%ﬁgm vaht%st aRJ%&%A%rlgr}%gjifa

suppl enent ettic d¢fitivzomnBgarma HacagO®ith g fioblast growih fitcter and ti® hedgatbg of bFGF f or

BSA 50 nolel ECESRY bR AP s R B chem )
for two dayen{aitiggbe Aproblakteynoveth fAokEENhHSAA LGB Im{eravd subsgpiantlyCA) + 50
ng/ M FG-7 + RM RA) (Si gna,

0..25 cl opam ne-. KAAD. +. 2 tinoic acid
v "+ 100 it RS nePRR DR inhicieR) PRI B Sl il 5 O e
d. DVEM HG KAA% B2[pgrhinvi Anegenle &his mcllRQ indiadhd ggiaure 1 gM ALKS
inhibitor 1]. talo 4 iochem Ca) for three days (Stage 4),
then c. m&éﬁfﬁgnp?%%gzﬁ?r%‘?%&@@n, CA) + 1 JAl ALK5 inhibitor Il
(Cal bi ochem Ca) for seven days (Stage 5).
[0117] 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
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10174] Medi um was changed daily. At each stage the cell nunber was

cal cul ated using a henocytoneter and RNA was col l ected for PCR anal ysis.
Al sanplwe 208v0512201 | ected in triplicate. Exanple 10 SeC&aisee09/06f774 he
Ef fects of Conpounds fromthe EMD Kinase Inhibitor Library I on Cells
Treated according to the Differentiation Protocol Qutlined in Exanple 9
10175] Cel Il s of the human enbryonic stemcell line H at passage 45 were

seeded ont o MAJIRI £BEGH 150 8foReh RdroWR)r b pei e Sin{elacdBradg! 4l tHe Bithodg N d

differentiated according to the nethods described in Exanple 9 up to stage
5. Fol | owi njsdaspdin Yhpatens pprdicgiégngSer- &Np- AHd3 ¢ Y BWapsigneshtoddfpSaan, Bc. and 5 of
stage 5 with nedia conprising DVEMHG 1% B27 (Invitrogen, CA), 1 i.t. M
ALK 0L )i bi faQe hépe&t@t@lpe&eﬁmveﬁaan 41 cRpreRMRQkHNELr{ cHamcRAstMP el bi ochcm
conpound library 1 solubilized in DMGQ (Catal og# 539744, Cal bi ochcm San

Di ego, Ca) hgitive eé&Oéernaleneag@farﬁQﬂhe%@eﬁletraéﬁdﬂeﬁ ogHls exprseAng WEKPE cont ai ni ng
vehicle Wer&laia@féhéiféeo@t}féﬁ)aﬁcr%@%ﬁdﬂdernl' QUGB Weatdaenddcat OgRdssiEdi @ was
changed daily except at sta when nedia was changed every other day. All
sanpl es merealﬂ<¢réahaé@tqrﬁtlmfﬁﬁ¢ é%ﬁnelve[eeciorieqm\bnqaaewefbrﬁ@me@ iagif] apd att hij s

treat ment RNA m&%ﬁ&g&% i RORpBRY oS, oS ezéth\ef%e%do@@a' yzed by

real -time PCR expressi on of Results are expressed as the fold

i ncrease i ndiggEad @)&Eﬁ paigit epplicatian fior. it A BAT7 B3 lmssmﬁdaﬁq Lefgbeapolicc stem cel | s
(Table 5), as neasured by real-tinme PCR 101771Treatnent of cells
eXprGFRINg ﬁ%gesrp%ctc‘otﬁa{e%%se{t'u%h&onozeﬂs RgpPa V%rne@l&érgde&@eﬁmcr@tﬁe neage with
conpounds A4 bi t or 527450

| nhi bitor), deéimﬂwegncto@mmﬂeegme f@ﬁlanﬁlﬁ‘grpmraﬁqdcntomelﬂﬁewwlng) majkery 2. 5pM
concentrati r ast 4 fold

hi gher thangl\[%re %”C O? glg te &élgﬁtﬁ(? ?@%Wﬁ)eﬁ@rtgiﬁﬂg%p%wh t he conpound
E6 (Cat# 52111@’B®s clnm%rmeq‘dh@def‘ﬁytrve@nd@em hiegge daghidbigitotheimthals a 2. 51j M
concentrati I r expression at least 2.5 fold
hi gher thané)g\}e%%ﬁéfgatéﬁe lé"(a)th%S% %&%W@) Exanpl e 11 Screeni ng of
the Effects of Conpounds fromthe EIVD Ki nase Inhibitor Library Il on Cells
Tr eat ed accoPdietiyntop CellsebaDidsfing dathenst ¢Clomadmritio othie GudréatiednilovieBranpl e 9 101
781Cel I's of the human enbryonic stem.,¢ %4 line H at passage 46 were seeded
ont o MATRI GELf c-coated 24-wel |l dishes ? 30 dilution), and differentiated
according to the nethods described in Exanple 9 up to stage 5. Follow ng

t hi sl013te cMpiksrswherectéretic ahidic prnserbidenyndamyintagedye wpbk®vwarto doage 5 with

medi a conpr nhi bitor |1
(Cal bi oc hcn%kﬁlég?n % gt agéefl@%?&l‘;%‘%?%‘aé%%g%ﬁ%? 881%)?1 pgﬂﬁa@%xﬁ%c cm conpound
library II lsmhgﬂnomimedo bﬂidBME@( Thctslee@ﬂf@rmd b6 pseddd bindichceimt th8anllDi ego, Ca)
and treate nail ont a ng vehi cl e
wer e incl ug%# " aécgle%n I}ﬁﬁ%é esen t]toﬁiemvpryr\é1 6 f%‘%%{a?ed? acélu%/rvg{sh changed daily
except at Sﬂiramtlﬁ chtreﬁemmdbﬁthm@mcodaamgekidﬁnﬂma@t Wﬁncrdﬁly endlddbrnsarrpl es V\er e
treatedlnldu Ilcatﬁ %179 At t he cong g B ﬁma
col | ected fUF*PCR AN Shiereagriie r?&F?E‘é‘&re E?“%C&B 1‘“{ rSPCR for
expressi on fth MARAexfRgat|HISKERIPTE Oapha) P 1t HAF6SdriHNK ldbeed t he expression of
MAFA are shown and expressed as the fold incr ease i n I\/AFA expr essi on versus
cont sampl e red b 1801Tr eat nent
of c@ﬁ e%ee‘*?%‘f %nég &ﬁtglzegn%ﬁgrm zfc\,’t%&d Fi&H Xede Y e[XR%SHb%a trefategt |12 endocri ne
lcldﬂi?gel V\Ilhtﬂl;bp&]atldi‘[etro ‘an Abait fuptaal dnangbodyy Gyespedfidayly recbgiAzd G; prdtwbéﬁa /er2 p?ulhl gnte
nhi bi nasc nhi bi t or
at a 2.51, RS b EAET Bl P B oA i RBESHI  VARA
expressi on adb&ud lmbdgeeat ed controls (Table 7).

[0122] 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, i situ hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausubel ef al., eds. 2001 supplement)), and
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Exanmple 12 Inhibiting Cell Cycle Progression in Cells Expressing Mrkers
Characteristic of the Pancreatic Endocrine Lineage wwth Small Ml ecul e

| nhi bi t orSORPW51228 MAFA Expression in Cells Expressi ngPRBUSRI08/061774
Characteristic of the Pancreatic Endocrine Lineage 101811Cell growth
resulting fromcell cycle progression can be activated and mai ntai ned by
stinmulating cells with extracellular growh factors. Gowth factors bind to
the extracehinindsssAQURINS i@uBsHMEdRehREL MhIyEIS6LREM R maRAUE WiGtefh
conformational switch in the receptor's infracel|ular donain. This shift
initiates redpsapd firmsrerahtore waersialetn ndact els oo grterastiyeRlyhiascs | ocat ed
on the intraaelg) Fb'e@re AoRiLR Af LhAe ULRE ARLiBsdidseAd1 DG 1o8, PRRERIRLY! ation and
activation of I"e serinel/threoni Ae ki nases downstream ultinmately
resul ting |ﬁm$e¢@dé@@m%Hﬁ®@@M@§@HéhP@ﬁdﬂ8%9] proliferation. [0182] Under
nor mal physiol ogi c conditions mature pancreatic beta cells, characterized
by expressi on pfrnidioHlof 0em ExJrBRinds MGG @Bd&&eiﬁ?@é&&hé\@ﬁﬁrea@fce qui escent
and tend to remain in GO of the cell cycle. Yet, in order to generate
enough cells to forma I|nctlondﬁubﬁﬁaﬁLﬁwaﬁheet the needs of a mature
animal, the cells expressing markers characteristic of the pancreatic
endomizﬂe | CORRGFeQingtrMBkdN EReRteril VI RcMRlenBSIchR lihcaY Glal BY.-
COnsequentg¥ at sone point in enbrionlc devel opment, the cells expressing
mar kers ch Ef%lie@tﬁt@vm@ celfs axpEsyPRhRrTEerr charadistie pifbe pqnﬁ@&@feenépcrtrﬁe present

i nvention djifh &8N RlethokiGn RELA 09%/ in?y AR didsbd inQHls ﬁﬂv@ﬂﬁcﬁ&” actively
cell-cycling proliferating cell, a qui escent cel [ 0183] Qur data

i ndi cate that by |nh|b|t|ng cel | c cIe progr essi on by bl ocki ng signaling
cascliRA vi kor ciraRs. CHN BT ENMHESE Chadash ippisthe pracEalic 9HadE® t he cel | s
expressi ng [Rh&EHS lS‘éTﬁffé}‘éﬁti%'Eéd%ﬁtb‘éel‘f&fexbll'é@s1rpg3rﬁé?rk@r%ﬁ£ac’%‘é?f§9&6ﬂtﬂ@ lineage to
express MAFA, a marker of mature pancreatic beta cells. Kinasc inhibitors
targeted toacigrismmHodriae lingage acsepstingto thepmxtodrdiselgsadrin PyAmenieeaki nasc

I nhi bitor | i pt ki nascs downstream of tyrosine
ki nasc recé%%g$gﬁ1R%EF$E§?£EF%btﬁmlqb R?Inhlbltor or Akt Inhibitor 1V)

di srupt proliferative growh factoriki nase based S|gnaI|ng resulting in
cel |l02§5d| e Boregaeplaqelly pratretinomarkers AgRisicpe efBe pancregiieendpdesmpr oad spect rum
| nNi bi tor | el HARSRRAIORiakHo LR bV Sk AN CR MR Biapever 1T 1 S

al so CytOtOXIC at effective concentrations. %w) directed conpounds Iike
cyclin depamelmtlc deieraive lingalsp. iy tcoltw ingAheseedlp pmnfrssl@a@aﬂ@m@ym@i@tlml SU9516;
Al st er paul | gng a%eé?i%‘&éﬁd t hh@ig}: mbdibh cbﬁ}&ﬁH ﬁt‘(’s}' % dr?ﬁh oxi city
than a broad spectrumin I'tor e staurospo ine. n’order to

det er mi ne imnmvmgdadmxmemtmmnmkgBA@&amdhmmdmdnmd@dﬁdmwnwucémNMEmeexpre55|on
and a more [pl tﬁrrﬁed%ﬂﬁ@c?&t%%g Dobife f6kh S c?i%%ﬁ:e%%'e&gmﬁ% ﬁaﬁ m&ﬂ&{ geteristic
of the pancreatic endocrine |nea e of the pr esent

di f f er ent i adigdbskil infNTan BrScaheblbsy m;a@@mh H1({20bhe net hods descrl bed in
exanple 9, and treated themon days 1, 3, and 5 of stage 5 with the

pr ot @i ft yrosi h I | shown to
a3 R RS AR s SRR o R B R Y "l
ki nases. Aﬂn@wgﬁseﬁﬂm@ﬂhﬁﬂduﬁﬂmlgbmdhekpeymnﬂnmkﬁnemmammmmedkhmsuI|n

somat ostat | n T ar&lc enﬁ cr1n néSCI‘I ci ﬁmrlnf %ﬁ:t 06151 Q@Eéas\ 1 ar er ar% tI rn 1r eased
expressi on RABFISTHE AP Bs {AF SR oRY FOTEE Whit et FEﬁH}H§ ERAGEr i ne

hor none gl u&falgmjmnhamd dﬂddic&&ﬁdadea%xmmsdahmmomﬁn@greeenﬂﬁM théﬁ rﬁb@eﬁg\/ed

si gni ficant tOXICIt /ML dos iste hat correlated with

| oss of |n§H?Pﬁdmﬁﬂ GXQ%GQ§BW¥i§§FB?vW%B@H §%V§ I These data

i ndi cat e t hatabyngd é):lahdiihlllm Cc&ld HGY.CAR cRinfl¢ 6Bk aivttoy iddiatdedth 31 gnal i ng
cascades with smal| _nol ecul e kinase inhibitors targeted to inhibit signa
transduct i ONTPY A NGB IRtPIRosY $%8ept or tyrosi ne kinase t hrough

intracel lular signaling kinases to the nucleus and cyclin dependent

Ki naj9exs/] V\BFcﬁgﬂaﬂlp‘ldueltﬁ dxpessitd I]I?Srkﬁrx phessdridgc Gﬂh&pdﬁreﬁftaérﬂﬁde&mi stic of the
pancreatic endocripe |ipgage. of .the present invention ex ss MAFA, a
mar ker of ,ﬂg{ee,geearf)ﬁﬁt@?rgﬁ FrEntpERddnte &p Fsse?‘l’r[eﬁﬂ%‘?‘ﬁgﬁﬁ Flt"é‘tcut%ﬁ%" ‘gﬁrtﬁ%d t hr oughout
this docungmicrRit® dneseny 11héh§@&)?@hﬁﬁrﬁ@ thycol1e .8 @BIaE nlafkelsNBblacteiticr et y.

Al t hough the various aspects of the invention have been illustrated above
by reference to exanples and preferred enbodi nents, it will be appreciated
that the scope of the invention is defined not by the foregoing description
but by the follow ng clains properly‘@%nstrued under principles of patent

| aw. Table 2. The Effect of conmpounds of the BI OMOL I nhi bitor conpound
library on the Ratio of Insulin/glucagon and MAFA/ Arx4 expression as
determ ned by real-tine PCRin Cells Expressing Markers Characteristic of
the Pancreatlc Endocrlne Llneage The AIphaNunerlc mell# corresponds to the

o N " ~ a1



Insulin to 3 ucagonVAFA to Arx4 Bl 1.60.9 B2 2.41.3 B3 2.92.9 B4 1.12.0 B5
1.31.3 B6 1.616.3 B7 1.30.5 B8 1.60.5 B9 1.11.5 310 1.21.5 311 1.12.1 312
1.02. 0 C WO 2010/051223 PCT/US2009/061774

of the pancreatic endoderm lineage in medium containing DAPT and exendin 4. An

example of this method is disclosed in D’ Amour ef al, Nature Biotechnology, 2006.

[0128] For example, cells expressing markers characteristic of the pancreatic endoderm
lineage are further differentiated into cells expressing markers characteristic of the
pancreatic endocrine lineage, by culturing the cells expressing markers characteristic
of the pancreatic endoderm lineage in medium containing exendin 4. An example of

this method is disclosed in D” Amour ef @/, Nature Biotechnology, 2006.

[0129] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage with a factor that inhibits
the Notch signaling pathway, according to the methods disclosed in US patent
application Ser. No. 11/736,908, assigned to LifeScan, Inc.

[0130] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage with a factor that inhibits
the Notch signaling pathway, according to the methods disclosed in US patent
application Ser. No. 11/779,311, assigned to LifeScan, Inc.

[0131] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage with a factor that inhibits
the Notch signaling pathway, according to the methods disclosed in US patent
application Ser. No. 60/953,178, assigned to LifeScan, Inc.

[0132] In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing
markers characteristic of the pancreatic endoderm lineage according to the methods

disclosed in US patent application Ser. No. 60/990,529.
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[0133] In one aspect of the present invention, the present invention provides a method for
increasing the expression of markers associated with the pancreatic endocrine lineage
comprising treating cells expressing markers characteristic of the pancreatic endocrine
lineage with medium comprising a sufficient amount of a TGF-3 receptor agonist to
cause an increase in expression of markers associated with the pancreatic endocrine
lineage according to the methods disclosed in US patent application Ser. No.

61/110,278.

Detection of Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage

[0134] Markers characteristic of cells of the pancreatic endocrine lineage are well known to
those skilled in the art, and additional markers characteristic of the pancreatic
endocrine lineage continue to be identified. These markers can be used to confirm
that the cells treated in accordance with the present invention have differentiated to
acquire the properties characteristic of the pancreatic endocrine lineage. Pancreatic
endocrine lineage specific markers include the expression of one or more transcription

factors such as, for example, NGN3, NEUROD, or ISL1.

[0135] Markers characteristic of cells of the B cell lineage are well known to those skilled in
the art, and additional markers characteristic of the 3 cell lineage continue to be
identified. These markers can be used to confirm that the cells treated in accordance
with the present invention have differentiated to acquire the properties characteristic
of the B-cell lineage. P cell lineage specific characteristics include the expression of
one or more transcription factors such as, for example, PDX1, NKX2.2, NKX6.1,
ISL1, PAX6, PAX4, NEUROD, HNF1 beta, HNF6, HNF3 beta, or MAFA, among
others. These transcription factors are well established in the art for identification of

endocrine cells. See, ¢.g., Edlund (Nature Reviews Genetics 3: 524-632 (2002)).

[0136] The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a protein
marker expressed by cells expressing markers characteristic of the pancreatic
endocrine lineage. Alternatively, the efficiency of differentiation may be determined

by exposing a treated cell population to an agent (such as an antibody) that
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specifically recognizes a protein marker expressed by cells expressing markers

characteristic of the B cell lincage.

[0137] 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, in situ hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausubel ez al., eds. 2001 supplement)), and
immunoassays such as immunohistochemical analysis of sectioned material, Western
blotting, and for markers that are accessible in intact cells, flow cytometry analysis
(FACS) (see, e.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).

[0138] In one aspect of the present invention, the efficiency of differentiation is determined
by measuring the percentage of insulin positive cells in a given cell culture following
treatment. In one embodiment, the methods of the present invention produce about
100% insulin positive cells in a given culture. In an alternate embodiment, the
methods of the present invention produce about 90% insulin positive cells in a given
culture. In an alternate embodiment, the methods of the present invention produce
about 80% insulin positive cells in a given culture. In an alternate embodiment, the
methods of the present invention produce about 70% insulin positive cells in a given
culture. In an alternate embodiment, the methods of the present invention produce
about 60% insulin positive cells in a given culture. In an alternate embodiment, the
methods of the present invention produce about 50% insulin positive cells in a given
culture. In an alternate embodiment, the methods of the present invention produce
about 40% insulin positive cells in a given culture. In an alternate embodiment, the
methods of the present invention produce about 30% insulin positive cells in a given
culture. In an alternate embodiment, the methods of the present invention produce
about 20% insulin positive cells in a given culture. In an alternate embodiment, the
methods of the present invention produce about 10% insulin positive cells in a given
culture. In an alternate embodiment, the methods of the present invention produce

about 5% insulin positive cells in a given culture.

[0139] In one aspect of the present invention, the efficiency of differentiation is determined
by measuring glucose-stimulated insulin secretion, as detected by measuring the

amount of C-peptide released by the cells. In one embodiment, cells produced by the
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methods of the present invention produce about 1000ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 900ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 800ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 700ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 600ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 500ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 400ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 500ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 400ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 300ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 200ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 100ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 90ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 80ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 70ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 60ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 50ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 40ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 30ng C-peptide/pg DNA. In an
alternate embodiment, cells produced by the methods of the present invention produce
about 20ng C-peptide/pg DNA. In an alternate embodiment, cells produced by the
methods of the present invention produce about 10ng C-peptide/pg DNA.
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1.1
0.8

Increasing Expression of MAFA in Cells Expressing Markers Characteristic of

the Pancreatic Endocrine Lineage

[0140] In one embodiment, the present invention provides a method for increasing the
expression of MAFA in cells expressing markers characteristic of the pancreatic
endocrine lincage comprising the steps of culturing the cells expressing markers
characteristic of the pancreatic endocrine lineage in medium comprising a sufficient
amount of a cyclin-dependant kinase inhibitor to cause an increase in expression of

MAFA.

[0141] The cyclin dependant kinase inhibitor may inhibit cyclin dependant kinase 1.
Alternatively, the cyclin dependant kinase inhibitor may inhibit cyclin dependant
kinase 2. Alternatively, the cyclin dependant kinase inhibitor may inhibit cyclin
dependant kinase 4. Alternatively, the cyclin dependant kinase inhibitor may inhibit
cyclin dependant kinase 5. Alternatively, the cyclin dependant kinase inhibitor may
inhibit cyclin dependant kinase 9. Alternatively, the cyclin dependant kinase inhibitor

may inhibit multiple isoforms of cyclin dependant kinase, in any combination thereof.

[0142] The cyclin dependant kinase inhibitor may be a protein. Alternatively, the cyclin
dependant kinase inhibitor may be a peptide. Alternatively, the cyclin dependant
kinase inhibitor may be a small molecule. In one embodiment, the small molecule
cyclin dependant kinase inhibitor is selected from the group consisting of 7-n-Butyl-
6-(4-hydroxyphenyl)[5SH]pyrrolo[2,3-b]pyrazine, 9-Nitro-7,12-dihydroindolo[3,2-
d][1]benzazepin-6(5SH)-one, 3-(6-Ox0-9-nitro-5,6,7,12-tetrahydroindolo[3,2-
d][1]benzazepin-2-yl)propionitrile, (2R)-2-((6-((3-Amino-5-chlorophenyl)amino)-9-
(1-methylethyl)-9H-purin-2-yl)amino)-3-methyl-1-butanol, Arcyriaflavin A, [6-
Benzylamino-2-(3-hydroxypropylamino)-9-isopropylpurine, Butyrolactone I, (Z)-1-
(3-Ethyl-5-methoxy-2,3-dihydrobenzothiazol-2-ylidene)propan-2-one, 2-(3-
Hydroxypropylamino)-6-(o-hydroxybenzylamino)-9-isopropylpurine, 1-(2,6-
Dichlorophenyl)-1,5-dihydro-6-((4-(2-hydroxyethoxy)phenyl)methyl)-3-(1-
methylethyl)-4H-pyrazolo[3,4-d]pyrimidin-4-one, Cdk/ Cyclin Inhibitory Peptide 111,
3-(2-Chloro-3-indolylmethylene)-1,3-dihydroindol-2-one, Ethyl-(6-hydroxy-4-
phenylbenzo[4,5]furo[2,3-b])pyridine-3-carboxylate, RO-3306, N-(cis-2-
Aminocyclohexyl)-N-(3-chlorophenyl)-9-ethyl-9H-purine-2,6-diamine, 6-
Cyclohexylmethoxy-2-(4'-sulfamoylanilino)purine, 5-Amino-3-((4-
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(aminosulfonyl)phenyl)amino)-N-(2,6-difluorophenyl)-1H-1,2,4-triazole-1-
carbothioamide, 3-Amino-1H-pyrazolo[3,4-b]quinoxaline, Cdk2 Inhibitor I, Cdk2
Inhibitor 11, 2(bis-(Hydroxyethyl)amino)-6-(4-methoxybenzylamino)-9-
isopropylpurine, 4-(6-Cyclohexylmethoxy-9H-purin-2-ylamino)-N,N-
diethylbenzamide, N4-(6-Aminopyrimidin-4-yl)-sulfanilamide, (4-(2-Amino-4-
methylthiazol-5-yl)pyrimidin-2-yl)-(3-nitrophenyl)amine, 2-Bromo-12,13-dihydro-
SH-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione, 1,4-Dimethoxyacridine-
9(10H)-thione, 5-(N-(4-Methylphenyl)amino)-2-methyl-4,7-dioxobenzothiazole, 4-
(3,5-Diamino-1Hpyrazol-4-ylazo)-phenol, 2-(2-Hydroxyethylamino)-6-(3-
chloroanilino)-9-isopropylpurine, Fascaplysin, Indirubin-3’-monoxime, Indirubin-3'-
monoxime, 5-Iodo-, Indirubin-3'-monoxime-5-sulphonic Acid, [sogranulatimide, 2-
(2-Hydroxyethylamino)-6-benzylamino-9-methylpurine, 6-(2-Hydroxybenzylamino)-
2-((1R)-(hydroxymethyl)propyl)amino)-9-isopropylpurine, 5-Bromo-3-(2-(4-
Fluorophenyl)-2-oxoethylidine)-1,3-dihydroindol-2-one, N6,N6-Dimethyladenine, 2-
(1R-Isopropyl-2-hydroxyethylamino)-6-(3-chloroanilino)-9-isopropyl-purine,
rapamycin, 2-(R)-(1-Ethyl-2-hydroxyethylamino)-6-benzylamino-9-isopropylpurine,
Scytonemin, 3-[1-(3H-Imidazol-4-yl)-meth-(Z)-ylidene]-5-methoxy-1,3-
dihydroindol-2-one, and 4-(3'-Hydroxyphenyl)amino-6,7-dimethoxyquinazoline.

[0143] In one embodiment, the cyclin dependant kinase is ethyl-(6-hydroxy-4-
phenylbenzo[4,5]furo[2,3-b])pyridine-3-carboxylate. In one embodiment, ethyl-(6-
hydroxy-4-phenylbenzo[4,5]furo[2,3-b])pyridine-3-carboxylate is added to cells
expressing markers characteristic of the endocrine lineage at a concentration from

about 0.1uM to about 10uM for about one to seven days.

[0144] In one embodiment, cells expressing markers characteristic of the endocrine lineage
are treated with ethyl-(6-hydroxy-4-phenylbenzo[4,5 |furo[2,3-b])pyridine-3-

carboxylate for about one to about seven days.

[0145] The present invention is further illustrated, but not limited by, the following

examples.
EXAMPLES

Example 1
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Differentiation of Human Embryonic Stem Cells of the Cell Line H1 to

Pancreatic Endocrine Cells in the Absence of Fetal Bovine Serum

[0146] Cells of the human embryonic stem cells line H1 at passage 52 were cultured on
MATRIGEL"-coated dishes (1:30 dilution) and exposed to the following
differentiation protocol, in order to differentiate the cells to cells expressing markers

characteristic of the pancreatic endocrine lineage.

a. RPMI medium supplemented with 2% BSA (Catalog# 152401, MP
Biomedical, Ohio), and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) plus 8 ng/ml of
bFGF (Catalog# 100-18B, PeproTech, NJ), for one day followed by treatment
with RPMI media supplemented with 2% BSA and 100 ng/ml activin A plus 8
ng/ml of bFGF for an additional two days (Stage 1), then

b. DMEM/F12 + 2% BSA + 50 ng/ml FGF7 + 0.25 uM Cyclopamine- KAAD
(#239804, Calbiochem, CA) for two days (Stage 2), then

c. DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) (Sigma, MO) + 100 ng/ml
of Noggin (R & D Systems, MN) for four days (Stage 3), then

d. DMEM/F12 + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin + 1 uM DAPT
(a gamma-secretase inhibitor) (Catalog# 565784, Calbiochem, CA) + 1 uM
ALKS inhibitor II (Catalog# 616452, Calbiochem, Ca) + 100 ng/ml of Netrin-
4 (R&D Systems, MN) for three days (Stage 4), then

e. DMEM/F12 + 1% B27 (Invitrogen, CA) + 1 uM ALKS inhibitor IT
(Calbiochem, Ca) for seven days (Stage 5).

[0147] Medium was changed daily. At each stage the cell number was calculated using a
hemocytometer and RNA was collected for PCR analysis. All samples were collected

in triplicate.
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Example 2

Screening of the Effects of Compounds from the EMD Kinase Inhibitor Library
II on Cells that have been Treated according to the Differentiation Protocol

QOutlined in Example 1

[0148] Cells of the human embryonic stem cell line H1 at passage 44 were seeded onto
MATRIGEL™ coated 24-well dishes (1:30 dilution), and differentiated according to
the methods described in Example 1 up to stage 5. Following this, the cells were
treated for four days in DMEM/F12 + 1% B27 containing a compound from an EMD
Calbiochem compound library (Catalog# 539745, Calbiochem, San Diego, Ca) at a
final concentration of 1|uM. Wells containing vehicle were included as a control.
Throughout the protocol media was changed daily. All samples were treated in
duplicate. At the completion of this treatment RNA was collected for PCR analysis.
Samples were analyzed by real-time PCR for expression of insulin, glucagon, MAFA,
and Arx4. Results are expressed as a ratio insulin/glucagon (Figure 1, panel a), or
MAFA versus ARX4 (Figure 1, panel b) of the treated samples relative to the
untreated control, as measured by real-time PCR. The corresponding PubChem

Compound ID# for each well # is listed in Table 1.

[0149] Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with compounds A6, B7, B8, or C2 at a 1uM concentration resulted in an

insulin/ glucagon expression ratio of approximately 3.0 or higher (see Figure 1, panel

a).

[0150] We next examined the effect of these compounds on the ratio of MAFA/ARX4, and
we observed that treatment of cells expressing markers characteristic of the pancreatic
endocrine lineage with several of the compounds resulted in a much greater change in
the ratio of MAFA to ARX4 than other compounds tested in the library: Cells treated
with compound C2 showed a ratio of MAFA/ARX4 of approximately 1000.
Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with compound C2 resulted in a MAFA/ARX4 ratio of approximately 100.
(See Figure 1, panel b).
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Example 3

The Effects of Cyclin Dependant Kinase Inhibitor Treatment on Insulin and
MAFA Expression in Cells that have been Treated according to the

Differentiation Protocol Outlined in Example 1

[0151] Several of the compounds that increased the ratio of insulin to glucagon expression, or
MAFA to ARX4 expression in Example 2 were cyclin dependant kinase inhibitors.
One such compound was PubChem Compound ID# 5330797 (5-Amino-3-((4-
(aminosulfonyl)phenyl)amino)-N-(2,6-difluorophenyl)-1H-1,2,4-triazole-1-
carbothioamide) (Catalogue # 217714; Calbiochem, San Diego, Ca). To confirm
these observations, cells of the human embryonic stem cell line H1 at passage 42 were
cultured in 10cm> MATRIGEL®-coated dishes and treated according to the methods
described in Example 1 up to stage 5. After stage 5, the cells were treated with
DMEM/F12 containing 1% B27 containing 1uM PubChem Compound ID# 5330797
for six days. Medium was changed every other day. Samples of cells were taken for
real-time PCR prior to treatment with the compound, and at days two and five of

compound treatment.

[0152] Characteristic micrographs of the cells at day 4 or day 6 of compound treatment
versus untreated controls are shown in Figure 2. Untreated cells are highly packed
(Figure 3, panels a and d) and it is difficult to distinguish individual cells. However,
after treatment with 0.5uM or 1uM of PubChem Compound ID#5330797 for six days,
individual nuclei became visible (Figures 2, panels e and f) as compared to the
untreated control (Figure 2, panel d), indicating that there was differentiation
occurring in the cell population. This was also accompanied by some cell death,

which can be seen by gaps in the layer of cells as shown in Figure 2, panels b and c.

[0153] Treatment of cells with PubChem Compound ID# 5330797 resulted in the increase in
expression of insulin, glucagon, MAFA, MAFB and somatostatin, albeit to differing
degrees. The relative induction of gene expression per treatment as compared to day
0 (pretreatment) cultures is shown in Figures 3, panels a-v. Cells expressing markers
characteristic of the pancreatic endocrine lineage that were treated with 1uM
PubChem Compound ID# 5330797 resulted in an approximately 1.5 fold increase in

glucagon expression at 48 hrs of treatment. This expression declined to below
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[0154] Cells expressing markers characteristic of the pancreatic endocrine lineage that were

treated with 1uM PubChem Compound ID# 5330797 for five days resulted in an

approximately 1.5 fold increase in insulin expression. (See Figure 3, panel b).

[0155] Cells expressing markers characteristic of the pancreatic endocrine lineage that were
treated with 1uM PubChem Compound ID# 5330797 for five days resulted in an
approximately 200 fold increase in MAFA expression. (See Figure 3, panel d).

[0156] Cells expressing markers characteristic of the pancreatic endocrine lineage that were
treated with 0.5uM PubChem Compound ID# 5330797 for five days resulted in an
approximately 1.5 fold increase in MAFB expression. (See Figure 3, panel ¢). A
dose-dependent increase in the expression of somatostatin was observed (Figure 3,

panel e).

[0157] No change in the expression of amylase was observed in cells expressing markers
characteristic of the pancreatic endocrine lineage that were treated with PubChem
Compound ID# 5330797 for five days. (See Figure 3, panel f). However, decreases
in the level of expression of PAX4 (Figure 3, panel h), NKX6.1 (Figure 3, panel k),
PDX1 (Figure 3, panel 1), NEUROD (Figure 3, panel 0), and BRN4 (Figure 3, panel

q) was observed.
Example 4

Cyclin Dependant Kinase Inhibitor Treatment Increased the Expression of

MAFA in Islet-Like Clusters.

[0158] Cells of the human embryonic stem cell line H1 at passage 52 were cultured on
MATRIGEL® coated dishes (1:30 dilution) and differentiated according to the
methods described in Example 1. An additional stage (Stage 6) was added, in order to
further mature the cells expressing markers characteristic of the pancreatic endocrine
lineage. Stage 6 in this example consisted of a seven day treatment in DMEM/F12 +
1% B27 (Invitrogen, CA). The medium was changed daily.
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resuspended and passed through a 40 um cell strainer. The cells retained on the

strainer were removed by rinsing in basal media and cultured in suspension on Ultra-
Low culture plates (Catalogue# 3471, Corning, Ma). The cells were then treated as
follows: The cells were cultured in DMEM/F12 + 1 % B27, containing 20 ng/ml of
activin A (AA), 1 pm of CDK inhibitor III (Catalog# 217714, Calbiochem, Ca) for 10
days (Stage 7). Cells treated with vehicle were included as controls. Samples were
collected at days 7 through 10 for PCR analysis and dithizone staining. The cells
cultured in suspension according to the methods outlined in this example assumed a
morphology similar to pancreatic islet clusters. Treatment with CDK inhibitor IIT did

not appear to affect the morphology of the islet like clusters.

[0160] Figure 4, panels a-i shows the effect of CDK inhibitor III treatment on gene
expression profile of the cell clusters. Treatment with of CDK inhibitor IIT increased
the expression of markers associated with the pancreatic endocrine lineage and in

particular increased the expression of the pro-insulin transcription factor, MAFA.

[0161] Figure 5, panels a-b shows the effect of CDK inhibitor I1I on dithazone (DTZ)
staining of clusters. Cell clusters treated with CDK inhibitor and stained with DTZ,
showed a more reddish staining pattern as compared to clusters not treated with the

CDK inhibitor III.
Example 5

FACS Analysis of Insulin Producing Cells Produced by the Methods of the

Present Invention.

[0162] Cells of the human embryonic stem cell line H1 at passage 42 were cultured on
MATRIGEL®-coated plates, and differentiated into insulin producing cells using the

following protocol:

a. RPMI medium supplemented with 2% BSA (Catalog# 152401, MP
Biomedical, Ohio), and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) plus 8 ng/ml of
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b. DMEM/F12 + 2% BSA + 50 ng/ml FGF7 + 0.25 uM Cyclopamine- KAAD
(#239804, Calbiochem, CA) for two days (Stage 2), then

c. DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) (Sigma, MO) + 100 ng/ml
of Noggin (R & D Systems, MN) for four days (Stage 3), then

d. DMEM/F12 + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin + 1 uM DAPT
(a gamma-secretase inhibitor) (Catalog# 565784, Calbiochem, CA) + 1 uM
ALKS inhibitor II (Catalog# 616452, Calbiochem, Ca) + 100 ng/ml of Netrin-
4 (R&D Systems, MN) for three days (Stage 4), then

e. DMEM/F12 + 1% B27 (Invitrogen, CA) + 1 uM ALKS inhibitor IT
(Calbiochem, Ca) for seven days (Stage 5), then

f. DMEM/F12 + 1% B27 for seven days (Stage 6), then

g. Treatment with Accutase for 5 minutes, followed by scraping to remove any
remaining attached cells. The cell suspension was then passed through a
40um cell strainer. The cells retained on the strainer were removed by rinsing
in basal media and cultured in suspension on Ultra-Low culture plates in
DMEM-High Glucose (Catalogue# 11995-073, Invitrogen, Ca) + 1 % B27 +
20 ng/ml of activin A (AA) 1 um of CDK inhibitor III (Catalog# 217714,
Calbiochem, Ca) for 5 days (Stage 7).

[0163] Islet-like clusters were dispersed into single cells using TrypLE Express (Invitrogen,
Carlsbad, CA) and washed in cold PBS. For fixation, the cells were resuspended in
200-300 ul Cytofix/Cytoperm Buffer (BD 554722, BD, Ca) and incubated for 30 min
at 4°C. Cells were washed two times in 1 ml Perm/Wash Buffer Solution (BD
554723) and resuspended in 100 pl staining/blocking solution containing 2% normal
goat serum in Perm/Wash buffer. For flow cytometric analysis, cells were stained

with the following primary antibodies: Anti-Insulin (Rabbit mAb, Cell Signaling No.
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[0165]

25pM 5330812 209
Anti-Synaptophysin (Rabbit Polyclonal antlbody, DakoCytomation No A0010, 1:50).

Cells were incubated for 30 min at 4°C followed by two washes in Perm/Wash buffer
and a further 30 min incubation in appropriate secondary antibodies as follows: Goat
anti-Rabbit Alexa 647 (Invitrogen No. A21246) or Goat anti-Mouse 647 (Invitrogen
No. A21235); Goat anti-Rabbit R-PE (BioSource No. ALI4407). All secondary
antibodies were used at a 1:200 dilution. Cells were washed at least once in
Perm/Wash buffer and analyzed using BD FACSArray. At least 10,000 events were
acquired for analysis. Controls included undifferentiated H1 cells and the B-TC
(CRL-11506™ ATCC, VA) cell line.

Figure 6, panels a-c show the percentage insulin positive, synapthophysin positive,
and glucagon positive cells in cells following treatment with Stage 7, in medium
containing vehicle. Figure 7, panels a-c shows the percentage insulin positive,
synapthophysin positive, and glucagon positive cells following treatment with Stage 7
in medium containing 1pM CDK inhibitor III for 5 days. The number of single
hormonal insulin positive cells increased from 3% to 8% following treatment with the
CDK inhibitor. Additionally, the percentage of poly hormonal (insulin and glucagon

positive) cells decreased following treatment with the CDK inhibitor.
Example 6
Kinetics of CDK Inhibitor-Induced MAFA Expression.

Cells of the human embryonic stem cell line H1 at passage 42 were cultured on
MATRIGEL®-coated plates, and differentiated into insulin producing cells using the

following protocol:

a. RPMI medium supplemented with 2% BSA (Catalog# 152401, MP
Biomedical, Ohio), and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) plus 8 ng/ml of
bFGF (Catalog# 100-18B, PeproTech, NJ), for one day followed by treatment
with RPMI media supplemented with 2% BSA and 100 ng/ml activin A plus 8
ng/ml of bFGF for an additional two days (Stage 1), then
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b. DMEM/F12 + 2% BSA + 50 ng/ml FGF7 + 0.25 uM Cyclopamine- KAAD
(#239804, Calbiochem, CA) for two days (Stage 2), then

c. DMEM/F12 + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) (Sigma, MO) + 100 ng/ml
of Noggin (R & D Systems, MN) for four days (Stage 3), then

d. DMEM/F12 + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin + 1 uM DAPT
(a gamma-secretase inhibitor) (Catalog# 565784, Calbiochem, CA) + 1 uM
ALKS inhibitor II (Catalog# 616452, Calbiochem, Ca) + 100 ng/ml of Netrin-
4 (R&D Systems, MN) for three days (Stage 4), then

e. DMEM/F12 + 1% B27 (Invitrogen, CA) + 1 uM ALKS inhibitor IT
(Calbiochem, Ca) for seven days (Stage 5), then

f. DMEM/F12 + 1% B27 for seven days (Stage 6), then

g. Treatment with Accutase for 5 minutes, followed by scraping to remove any
remaining attached cells. The cell suspension was then passed through a 40um
cell strainer. The cells retained on the strainer were removed by rinsing in
basal media and cultured in suspension on Ultra-Low culture plates in
DMEM-High Glucose (Catalogue# 11995-073, Invitrogen, Ca) + 1 % B27 +
20 ng/ml of activin A (AA) 2 um of CDK inhibitor III (Catalog# 217714,
Calbiochem, Ca) for 1-8 days (Stage 7).

[0166] Samples were collected for PCR analysis at days 1, 2, 3, and 4. Following 4 days of
treatment with CDK inhibitor, the CDK inhibitor was removed from culture and the
cells were cultured additional 4 days in DMEM-F12 + 1% B27 + 20 ng/ml of activin
A. At the end of the four days, samples were collected in triplicate for PCR analysis.

[0167] Figure 8, panels a-b show expression pattern of MAFA and insulin at various time
points of stage 7. CDK inhibitor treatment resulted in significant increase in MAFA
and insulin expression which increased as a function of time. However, removal of
CDK inhibitor resulted in a significant drop to both MAFA and insulin expression, in

samples obtained four days after removal of the compound.
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[0168]

[0169]

[0170]

Example 7

Screening of the Effects of Compounds from the BIOMOL™ Kinase Inhibitor
Library on Cells that have been Treated According to the Differentiation

Protocol Outlined in Example 1.

Cells of the human embryonic stem cell line H1 at passage 51 were seeded onto
MATRIGEL®-coated 24-well dishes (1:30 dilution), and differentiated according to
the methods described in Example 1 up to stage 5. Following this, the cells were
grown for one day in DMEM/F12 + 1% B27 and then treated for six days in
DMEM/F12 + 1% B27 containing a compound from a BIOMOL™ compound library
(Catalog# 2832, BIOMOL, Plymouth Meeting, Pa) at a final concentration of 4uM.
Wells containing vehicle were included as a control. Throughout the treatment
protocol media containing vehicle or compound was changed every other day. All
samples were treated in duplicate. At the completion of this treatment RNA was
collected for PCR analysis. Samples were analyzed by real-time PCR for expression
of insulin, glucagon, MAFA, and ARX4. Results are expressed as a ratio
insulin/glucagon (Table 2), or MAFA versus Arx4 (Table 2) of the treated samples
relative to the untreated control, as measured by real-time PCR. The corresponding
catalog#, CAS#, and compound name or ID number for each alpha numeric well# is

listed in Table 3.

Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with compounds C8 or F1 at a 4uM concentration resulted in an insulin/
glucagon expression ratio of approximately 10.0 or higher. Cells treated with D9 had

an insulin/ glucagon expression ratio of approximately 1840.0 (Table 2).

We next examined the effect of these compounds on the ratio of MAFA/ARX4, and
we observed that treatment of cells expressing markers characteristic of the pancreatic
endocrine lineage with several of the compounds resulted in a much greater change in
the ratio of MAFA to ARX4 than other compounds tested in the library: Cells treated
with compound B6 or F1 showed a ratio of MAFA/ARX4 of approximately greater
than 10. Treatment of cells expressing markers characteristic of the pancreatic

endocrine lineage with compound C8 resulted in a MAFA/ ARX4 ratio of
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[0171]

[0172]

approximately 84, while cells treated with D9 had a MAFA/ ARX4 ratio of
approximately 212. (Table 2).

Example 8

The Effect of Cyclin Dependant Kinase Inhibitors on Insulin and MAFA
Expression in Cells Treated according to the Differentiation Protocol Qutlined in

Example 1.

Cells of the human embryonic stem cell line H1 at passage 51 were seeded onto
MATRIGEL™ coated 24-well dishes (1:30 dilution), and differentiated according to
the methods described in Example 1 up to stage 5. Following this, the cells were
grown for eight days in DMEM/F12 + 1% B27 and then treated for four days in
DMEM/F12 + 1% B27 containing a cyclin dependent kinase inhibitor at a final
concentration of 0.6125, 1.25, or 5.0 uM. We tested 6 inhibitors: PubChem ID#
5330812 (EMD cat# 217714), PubChem ID# 4566 (EMD cat#217713), PubChem ID#
5330797 (EMD cat# 219476), PubChem ID# 73292 (EMD cat#341251), PubChem
ID# 4592 (EMD cat#495620), and PubChem ID# 160355 (EMD cat #557360). Wells
containing vehicle were included as a control. Throughout the treatment protocol
media containing vehicle or compound was changed every other day. All samples
were treated in duplicate. At the completion of this treatment RNA was collected for
PCR analysis. Samples were analyzed by real-time PCR for expression of insulin,
glucagon, MAFA, and ARX4. Results are expressed as the fold change relative to the

vehicle treated control, as measured by real-time PCR.

We observed that the compounds PubChem ID# 5330812, PubChem ID# 4566,
PubChem ID# 5330797, and PubChem ID# 73292 all stimulated MAF A expression at
the concentrations tested (Table 4). PubChem ID# 4592 and PubChem ID# 160355
did not stimulate MAFA at the concentrations tested (Table 4). The compounds
PubChem ID# 5330812, PubChem ID# 4566, PubChem ID# 5330797, PubChem ID#
4592 and PubChem ID# 160355 all appeared to stimulate insulin expression (Table
4). The compound PubChem ID# 5330797 reduced both glucagon and Arx4

expression (Table 4) while stimulating MAFA expression.
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Example 9

Differentiation of Human Embryonic Stem Cells of the Cell Line H1 to
Pancreatic Endocrine Cells with DMEM containing 25mM glucose (DMEM-
HG), Lacking Fetal Bovine Serum

[0173] Cells of the human embryonic stem cells line H1 were cultured on MATRIGEL®-
coated dishes (1:30 dilution) and differentiated into cells expressing markers

characteristic of the pancreatic endocrine lineage using the following protocol:

a. RPMI medium supplemented with 2% BSA (Catalog# 152401, MP
Biomedical, Ohio), and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) plus 8 ng/ml of
bFGF (Catalog# 100-18B, PeproTech, NJ), for one day followed by treatment
with RPMI media supplemented with 2% BSA and 100 ng/ml activin A plus 8
ng/ml of bFGF for an additional two days (Stage 1), then

b. RPMI medium supplemented with 2% BSA + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD (#239804, Calbiochem, CA) for two days (Stage 2),
then

c. DMEM-HG + 1% B27 (Invitrogen, CA) + 50 ng/ml FGF7 + 0.25 uM
Cyclopamine- KAAD + 2 uM Retinoic acid (RA) (Sigma, MO) + 100 ng/ml
of Noggin (R & D Systems, MN) for six days (Stage 3), then

d. DMEM-HG + 1% B27 (Invitrogen, CA) + 100 ng/ml Noggin + 1 uM ALKS
inhibitor 1T (Catalog# 616452, Calbiochem, Ca) for three days (Stage 4), then

¢. DMEM-HG + 1% B27 (Invitrogen, CA) + 1 pM ALKS inhibitor IT
(Calbiochem, Ca) for seven days (Stage 5).

[0174] Medium was changed daily. At each stage the cell number was calculated using a
hemocytometer and RNA was collected for PCR analysis. All samples were collected

in triplicate.
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Example 10

Screening of the Effects of Compounds from the EMD Kinase Inhibitor Library
I on Cells Treated according to the Differentiation Protocol Outlined in Example
9

[0175] Cells of the human embryonic stem cell line H1 at passage 45 were seeded onto
MATRIGEL®-coated 24-well dishes (1:30 dilution), and differentiated according to
the methods described in Example 9 up to stage 5. Following this, the cells were fed
and treated on day 1, 3, and 5 of stage 5 with media comprising DMEM-HG, 1% B27
(Invitrogen, CA), 1 uM ALKS inhibitor I (Calbiochem, Ca) and a compound from an
EMD Calbiochem compound library 1 solubilized in DMSO (Catalog# 539744,
Calbiochem, San Diego, Ca) and treated at a final concentration of 2.5uM. Wells
containing vehicle were included as a control. Throughout the protocol media was
changed daily except at stage 5 when media was changed every other day. All

samples were treated in duplicate.

[0176] At the completion of this treatment RNA was collected for PCR analysis. Samples
were analyzed by real-time PCR for expression of MAFA. Results are expressed as
the fold increase in MAFA expression versus untreated H1 human embryonic stem

cells (Table 5), as measured by real-time PCR.

[0177] Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with compounds A4 (Cat#, 124001, Akt Inhibitor IV), E8 (Cat# 527450, PKR
Inhibitor), and F9 (Cat#539648, Staurosporine, N-benzoyl-) at a 2.5uM concentration
resulted in an increase in MAFA expression at least 4 fold higher than vehicle treated
controls (Table 5). Treatment with the compound E6 (Cat# 521233, PDGF Receptor
Tyrosine Kinase Inhibitor IV) at a 2.5uM concentration resulted in an increase in

MAFA expression at least 2.5 fold higher than vehicle treated controls (Table 5).
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A8 521275 PDK1/ Akt/FIt Dual Pathway Inhibitor 2.1 A9 189404 Aurora Ki nase

| nhi bitor

1 1.3 B10 317200 DMVBI 1.9 Bll 324673 EGFR/ ErbB-2 Inhibitor 2.4

B12 DVSO worrogisi239 B2 203297 Bi si ndol yl mal ei mi de |V 1PETRB32R086G564

[0178]

[0179]

[0180]

Example 11

Screening of the Effects of Compounds from the EMD Kinase Inhibitor Library
II on Cells Treated according to the Differentiation Protocol Qutlined in

Example 9

Cells of the human embryonic stem cell line H1 at passage 46 were seeded onto
MATRIGEL®-coated 24-well dishes (1:30 dilution), and differentiated according to
the methods described in Example 9 up to stage 5. Following this, the cells were fed
and treated on day 1, 3, and 5 of stage 5 with media comprising DMEM-HG, 1% B27
(Invitrogen, CA), 1 uM ALKS inhibitor IT (Calbiochem, Ca) (Stage 5) and a
compound from an EMD Calbiochem compound library II solubilized in DMSO
(Tables 1 and 6, Calbiochem, San Diego, Ca) and treated at a final concentration of
2.5uM. Wells containing vehicle were included as a control. Throughout the
protocol media was changed daily except at stage 5 when media was changed every

other day. All samples were treated in duplicate.

At the completion of this treatment RNA was collected for PCR analysis. Samples
were analyzed by real-time PCR for expression of MAFA. Results for compounds
that stimulated the expression of MAFA are shown and expressed as the fold increase
in MAFA expression versus control samples (Figure 9), as measured by real-time
PCR.

Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with either: Alsterpaullone, 2-Cyanoethyl; SU9516; Alsterpaullone; Cdk1/2
Inhibitor I1I; Casein Kinase I Inhibitor, D4476; or MEK /2 Inhibitor at a 2.5uM
concentration resulted in a 4.5 fold increase in MAFA expression versus untreated

controls (Table 7).
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BPIQ I 1.6 B4 220285 Chelerythrine Chloride 2.3 55 234505 Conpound 56 1.8
B6 260961 DNA-PK Inhibitor Il 2.0 B7 260962 DNA-PK Inhibitor 11l 2.2 B8
528100 PIwoQ@810105®22B9 266788 Di acyl gl ycerol Ki nase | nhi biPC®USRO0ID6E 74

Example 12

Inhibiting Cell Cycle Progression in Cells Expressing Markers Characteristic of
the Pancreatic Endocrine Lineage with Small Molecule Inhibitors Promotes
MAFA Expression in Cells Expressing Markers Characteristic of the Pancreatic

Endocrine Lineage

[0181] Cell growth resulting from cell cycle progression can be activated and maintained by
stimulating cells with extracellular growth factors. Growth factors bind to the
extracellular domains of growth factor receptors, inducing a conformational switch in
the receptor’s intracellular domain. This shift initiates receptor dimerization and
activation of tyrosine kinases located on the intracellular domain of the receptor
leading to phosphorylation and activation of multiple serine/threonine kinases

downstream, ultimately resulting in cell cycle progression and cell proliferation.

[0182] Under normal physiologic conditions mature pancreatic beta cells, characterized by
expression of insulin and the transcription factor MAFA, are quiescent and tend to
remain in GO of the cell cycle. Yet, in order to generate enough cells to form a
functional organ and meet the needs of a mature animal, the cells expressing markers
characteristic of the pancreatic endocrine lineage of the present invention must be cell
cycling. Consequently, at some point in embryonic development, the cells expressing
markers characteristic of the pancreatic endocrine lineage of the present invention
differentiate to beta cells and transition from an actively cell-cycling proliferating cell,

to a quiescent cell.

[0183] Our data indicate that by inhibiting cell cycle progression by blocking signaling
cascades with small molecule kinase inhibitors, we can induce the cells expressing
markers characteristic of the pancreatic endocrine lineage to express MAFA, a marker
of mature pancreatic beta cells. Kinase inhibitors targeted to a growth factor receptor,
(PDGF Receptor Tyrosine Kinase Inhibitor IV), or inhibitors which disrupt kinases
downstream of tyrosine kinase receptors (MEK1/2 Inhibitor, PKR Inhibitor, or Akt
Inhibitor IV) disrupt proliferative growth factor/kinase based signaling resulting in
cell cycle arrest and induction of MAFA expression. Use of a broad spectrum
inhibitor like staurosporine, can effectively induce MAFA, however it is also

cytotoxic at effective concentrations. More directed compounds like cyclin dependent
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C10 375670 Herbinycin A Streptonyces sp. 1.3 Cl1 343022 Flt-3 | nhibitor
11 1.1 C12 DVMBO Control 1.1 C2 324674 EGFR Inhibitor 3.5 C3 324840
EG-R/ Er bBV@2Br0B1223| nhi bi tor 0.9 C4 343020 Flt-3 | nhi bi POT/UG2@90617343021

[0184]

[0185]

[0186]

kinase inhibitors (Alsterpaullone, 2-Cyanoethyl; SU9516; Alsterpaullone; or Cdk1/2
Inhibitor IIT) induce MAFA with less toxicity than a broad spectrum inhibitor like

staurosporine.

In order to determine if a broad spectrum kinase inhibitor could induce MAFA
expression and a more mature phenotype in the cells expressing markers characteristic
of the pancreatic endocrine lineage of the present invention we differentiated H1
human ES cells according to the methods described in example 9, and treated them on
days 1, 3, and 5 of stage 5 with the protein-tyrosine kinase inhibitor, Genistein, which
has been shown to induce G2 phase arrest in human and murine cell lines and inhibit
multiple kinases. At doses of 10 and 30ng/ml the endocrine hormones insulin,
somatostatin, and the transcription factor MAFA, all showed increased expression
versus untreated controls, while at 10ng/ml the endocrine hormone glucagon had
increased expression (Figure 10). We observed significant toxicity at a 100ng/ml
dose of genistein that correlated with loss of insulin, glucagon, and somatostatin

expression.

These data indicate that by inhibiting cell cycle progression by blocking signaling
cascades with small molecule kinase inhibitors targeted to inhibit signal transduction
from a growth factor receptor tyrosine kinase through intracellular signaling kinases
to the nucleus and cyclin dependent kinases, we can induce the cells expressing
markers characteristic of the pancreatic endocrine lineage of the present invention to

express MAFA, a marker of mature pancreatic beta cells.

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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D12 BLANK 1.7 WO 2010/051223 PCT/ US2009/ 061774 D2 407248 | G- 1R
Inhibitor Il 1.6 D3 407601 I RAK-1/4 Inhibitor 2.2 D4 420099 JAK I nhibitor |
1.4 D5 42090041005K23]1 nhi bitor |l 2.0 D6 420121 PCT/US2009/061774

Table 2. The Effect of compounds of the BIOMOL Inhibitor compound library on
the Ratio of Insulin/glucagon and MAFA/Arx4 expression as determined by real-
time PCR in Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage. The AlphaNumeric well# corresponds to the compound identity in Table
3.

Ratio vs. Control

Well#  Insulin to GlucagonMAFA to Arx4

B1 1.6 0.9
B2 2.4 1.3
B3 2.9 2.9
B4 1.1 2.0
BS 1.3 1.3
B6 1.6 16.3
B7 1.3 0.5
B8 1.6 0.5
B9 1.1 1.5
B10 1.2 1.5
BI1 1.1 2.1
BI2 1.0 2.0
Cl1 0.7 0.8
C2 0.9 1.0
C3 1.3 0.9
C4 1.2 1.7
C5 1.0 1.1
Co6 1.6 1.2
C7 43 0.2
C8 40.2 84.3
C9 0.8 0.5
C10 23 1.9
Cl1 1.1 0.4
Cl12 1.0 0.4
Dl 2.7 1.2
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JAK3 Inhibitor 1V 1.7 D7 420126 JAK3 Inhibitor VI 1.9 D8 428205 Lek
Inhibitor 1.9 D9 440202 LY 294002 2.3 E10 528106 P13-Kg Inhibitor 1.6 E 1

528108 PIwW@-2Bivosihd2Bi tor 11 1.4 E12 BLANK 1.6 PCT/US2009/061774
D2 3.4 1.3
D3 1.7 2.1
D4 5.8 6.4
D5 1.4 1.1
D6 1.8 3.9
D7 1.7 0.6
D3 2.8 5.1
D9 1842.5 212.6
D10 0.9 1.3
DI1 1.0 0.7
D12 1.1 2.5
El 1.1 0.9
E2 0.8 0.8
E3 1.2 1.0
E4 2.1 1.3
ES 1.3 1.1
E6 2.0 1.5
E7 4.8 0.2
E8 3.7 0.0
E9 1.0 0.8
E10 0.6 0.2
Ell 1.0 0.3
E12 0.8 0.2
Fl1 10.3 9.5
F2 2.9 1.9
F3 2.6 2.5
F4 1.5 2.7
FS 1.9 1.4
F6 1.6 1.2
F7 1.9 0.6
F¥ 1.5 0.6
F9 1.0 1.4
F10 5.4 3.4
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E2 513035 PD 158780 0.8 E3 513040 PD 174265 1.0 E4 521231 PDGF Recept or
Tyrosine Kinase Inhibitor Il 0.8 E5 521232 PDGF Receptor Tyrosine Kinase

| nhi bi t orw0I2p1010572266 521233 PDG- Recept or Tyrosi ne Ki na®€TIusRéoiossr4 |V 5.5
E7 521234 PDGF RTK Inhibitor 1.9 E8 527450

F11 0.8 1.9
F12 1.0 1.4
Gl 0.8 1.2
G2 0.6 1.1
G3 2.0 1.6
G4 1.3 1.6
GS 1.7 1.5
G6 1.5 1.3
G7 4.6 0.2
G8 3.9 0.4
G9 1.0 0.7
G10 1.3 0.7
Gl1 1.9 0.6
G12 1.4 0.8
H1 3.1 0.6
H2 1.8 3.5
H3 1.8 3.9
H4 1.2 4.0
HS5 1.8 2.0
H6 1.4 2.9
H7 1.5 0.6
H8 2.1 0.8
vehicle control 1.0 1.0

- 48 -



PKR I nhibitor 24.6 E9 527455 PKR Inhibitor, Negative Control 1.5 F10 567805
Src Kinase Inhibitor I 2.3 FIl 572660 SU11652 1.7 F12 DVMSO Control 2.1 F2
529574 PPR80OR0B/BER2329581 PPl Analog |1, 1INM PPl 2.3 PCT/US2009/061774

Table 3. AlphaNumeric Well Label and the Corresponding Catalog#, CAS#, and
Compound Name or ID Number for the BIOMOL Kinase Inhibitor compound

library
PLATE LOCATION CATALOG # CAS # COMPOUND NAME OR ID

NUMBER

Bl EI-360 167869-21-8 PD-98059

B2 EI-282 109511-58-2 U-0126

B3 EI-286 152121-47-6 SB-203580

B4 EI-148 84477-87-2 H-7

BS5 EI-195 84468-17-7 H-9

B6 EI-156 62996-74-1 Staurosporine

B7 EI-228 133550-35-5 AG-494

B8 EI-267 AG-825

B9 EI-185 125697-92-9 Lavendustin A

B10 EI-253 136831-49-7 RG-14620

B11 EI-191 118409-57-7 Tyrphostin 23

BI12 EI-187 118409-58-8 Tyrphostin 25

Cl EI-257 122520-85-8 Tyrphostin 46

C2 EI-188 122520-86-9 Tyrphostin 47

C3 EI-189 122520-90-5 Tyrphostin 51

C4 EI-190 2826-26-8 Tyrphostin 1

C5 EI-335 116313-73-6 Tyrphostin AG 1288

C6 EI-277 63177-57-1 Tyrphostin AG 1478

C7 AC-1133 71897-07-9 Tyrphostin AG 1295

C8 EI-215 10537-47-0 Tyrphostin 9

C9 El-247 HNMPA (Hydroxy-2-

naphthalenylmethylphosphonic acid)

C10 EI-370 120685-11-2 PKC-412

Cll1 EI-271 10083-24-6 Piceatannol

Cl12 EI-275 172889-26-8 PP1

Dl EI-272 133550-35-3 AG-490

D2 EI-263 AG-126
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F4 539652 PKCbl |/ EGFR I nhi bitor

Rapanycin 1.2 F7 555553 Rho Ki nase |nhibitor
Ki nase | hipkzntogns12y 2. 3 F9 539648 St aurospori ne,

D3 EI-229
D4 EI-258
D5 ST-420
D6 ST-415
D7 EI-246
D3 EI-226
D9 EI-283
D10 EI-155
D11 EI-196
D12 EI-158
El EI-184
E2 EI-233
E3 EI-232
E4 EI-230
ES EI-268
E6 EI-197
E7 EI-153
E8 CC-100
E9 CC-202
E10 CC-200
Ell CC-201
E12 CC-205
F1 EI-293
F2 EI-295
F3 EI-294
F4 EI-297
F5 EI-298
F6 EI-306
F7 EI-303
F8 EI-307
F9 AC-1121
F10 EI-270

1.8 F5 539654 PKCb I nhi bitor
L,

AG-370
AG-879
154447-36-6 LY 294002
19545-26-7 Wortmannin
133052-90-1 GF 109203X
548-04-9 Hypericin
138489-18-6 Ro 31-8220
123-78-4 Sphingosine
127243-85-0 H-89
84478-11-5 H-8
91742-10-8 HA-1004
103745-39-7 HA-1077
HDBA (2-Hydroxy-5-(2,5-
dihydroxybenzylamino)benzoic acid)
127191-97-3 KN-62
KN-93
109376-83-2 ML-7
105637-50-1 ML-9
452-06-2 2-Aminopurine
158982-15-1 NO-Isopropyl-olomoucine
101622-51-9 Olomoucine
101622-50-8 iso-Olomoucine
186692-46-6 Roscovitine
24386-93-4 5-lodotubercidin
62004-35-7 LFM-A13
152121-30-7 SB-202190
172889-27-9 PP2
208260-29-1 ZM 336372
5812-07-7 SU 4312
146535-11-7 AG-1296
220904-83-6 GW 5074
6865-14-1 Palmitoyl-DL-carnitine Cl
82-08-6 Rottlerin
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AG 1295 1.4 Gl1 658551 AG 1296 1.1 Gl2 DVMsSO Control 1.2 & 574711 Syk
Inhibitor 1.2 G3 574712 Syk Inhibitor Il 0.8 G4 574713 Syk Inhibitor 111

1.1 G5 61M02010IGR2D R

F11
F12
Gl
G2
G3
G4
G5
Go6

G7

G8
G9
G10
Gl1
GI2
H1
H2
H3
H4
HS
H6
H7
HS

Kinase Inhibitor 1.1 PCT/US2009/061774
EI-147 446-72-0 Genistein
ST-110 486-66-8 Daidzein
El-146 63177-57-1 Erbstatin analog
AC-1142 6151-25-3 Quercetin dihydrate
AC-1293 SU1498
EI-357 4452-06-6 ZM 449829
EI-278 195462-67-7 BAY 11-7082
EI-231 53-85-0 DRB (5,6-Dichloro-1--D-

EI-273

EI-305
CC-206
CC-207
EI-299
EI-310
EI-328
EI-332
EI-336
EI-343
El-344
EI-345
EI-346
A-275

ribofuranosylbenzimidazole)
HBDDE (2,2',3,3",4,4'-Hexahydroxy-
1,1-biphenyl-6,6'-dimethanol dimethyl

ether)
129-56-6 SP 600125
479-41-4 Indirubin
160807-49-8 Indirubin-3'-monoxime
146986-50-7 Y-27632
142273-20-9 Kenpaullone
121-40-4 Terreic acid
35943-35-2 Triciribine
BML-257
SC-514
BML-259
520-36-5 Apigenin
BML-265 (Erlotinib analog)
53123-88-9 Rapamycin
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G5 616453 TGF-b Rl Inhibitor 11l 1.6 G7 658390 AG 9 1.5 8 658401 AG 490
1.4 O 658440 AG 112 1.4 H10 189405 Aurora Kinase Inhibitor 111 2.0 H11
569397 Stwonrowgsiizae, Streptonyces sp. 0.0* H12 DMSO  PCT/US2009/061774

Table 4. The Effect of compounds of the BIOMOL Inhibitor compound library on
the Expression of Insulin, glucagon, MAFA and Arx4 in Cells Expressing Markers

Characteristic of the Pancreatic Endocrine Lineage

Concentration and

PubChem ID# MAFA Insulin Glucagon Arx4
0.61uM 5330812 46.3 0.9 0.26 0.68
1.25uM 5330812 209.2 1.3 0.31 0.66
5.0uM 5330812 2909.9 66.3 4.71 0.92

0.61uM 4566 1.0 1.0 0.77 0.78
1.25uM 4566 0.8 1.1 0.90 0.78
5.0uM 4566 1.0 1.1 0.96 0.69
0.61uM 5330797 0.7 0.6 0.34 0.36
1.25uM 5330797 1.5 0.8 0.25 0.37
5.0uM 5330797 6.3 1.3 0.04 0.16
0.61uM 73292 0.7 0.7 0.29 0.38
1.25uM 73292 1.3 1.0 0.25 0.42
5.0uM 73292 3.1 0.8 0.13 0.33
0.61uM 4592 0.9 0.9 0.81 0.61
1.25uM 4592 1.0 1.0 0.70 0.54
5.0uM 4592 0.6 1.3 1.08 0.77
0.61uM 160355 0.9 0.9 0.76 0.77
1.25uM 160355 0.7 1.0 0.61 0.65
5.0uM 160355 0.8 1.1 0.59 0.86
Vehicle Treated 1.0 1.0 1.00 1.00
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Control 1.5 H2 658552 AG 1478 2.7 H3 676480 VEGF Receptor 2 Kinase
Inhibitor I 1.7 H4 676481 VEGF Receptor Tyrosine Kinase Inhibitor Il 1.0 H5

676482 VBEP 2RIOSPI20r Tyrosi ne Kinase Inhibitor 111, RRNAB3002/0617H6 676485
VEGF Receptor 2 Kinase Inhibitor Il 1.0

Table 5. AlphaNumeric Well Label and the Corresponding Catalog#, and
Compound Name or ID Number for the EMD Calbiochem Kinase Inhibitor

compound library 1
Gene
Plate Induction

Location Catalog# Compound Name vs. H1:

MAFa
A10 197221  Bcr-abl Inhibitor 1.5
A1 203290 Bisindolylmaleimide | 0.8
A12 DMSO  Control 1.5
A2 121767 AG 1024 0.8
A3 121790 AGL 2043 0.8
A4 124011 Akt Inhibitor IV 457
A5 124012 Akt Inhibitor V, Triciribine 09
A6 124018 Akt Inhibitor VIII, Isozyme-Selective, Akti-1/2 1.6
A7 124020 Akt Inhibitor X 1.4
A8 521275 PDK1/Akt/FIt Dual Pathway Inhibitor 2.1
A9 189404  Aurora Kinase Inhibitor Il 1.3
B10 317200 DMBI 1.9
B11 324673 EGFR/ErbB-2 Inhibitor 2.4
B12 DMSO  Control 1.9
B2 203297 Bisindolylmaleimide IV 1.9
B3 203696 BPIQ-I 1.6
B4 220285 Chelerythrine Chloride 23
B5 234505 Compound 56 1.8
B6 260961 DNA-PK Inhibitor Il 20
B7 260962 DNA-PK Inhibitor I 2.2
B8 528100 PI-103 1.9
B9 266788 Diacylglycerol Kinase Inhibitor I 1.5
c10 375670 Herbimycin A, Streptomyces sp. 1.3
C11 343022 FIt-3 Inhibitor Il 1.1
Cc12 DMSO  Control 1.1
C2 324674 EGFR Inhibitor 35
C3 324840 EGFR/ErbB-2/ErbB-4 Inhibitor 09
C4 343020 FIt-3 Inhibitor 0.6
C5 343021  FIt-3 Inhibitor Il 0.5
Cc6 344036 cFMS Receptor Tyrosine Kinase Inhibitor 2.2
c7 365250 Go6 6976 1.9
C8 365251 Go6 6983 1.0
C9 371806 GTP-14564 0.7
D10 440203 LY 303511 1.7
D11 448101 Met Kinase Inhibitor 21
D12 BLANK 1.7
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H7 676487 VEG- Receptor

2 Ki nase | nhibitor

Al phaNumewpceolmlsi22Babel |

2 Ki nase

| nhi bitor

1.1 H8676489 VEGF Receptor

V2.1 H9260964 DNA-PK Inhibitor V1.5 Table 6.
Correspondi ng Cat al og#, and CoRpdsaood/061yr74 END
Cal bi ochem@Ki n use Inhibitor 11

compound |ibrary Well
# A DVSO A2422706 KN-62 A3118500ATM Ki nase

#Cat al og # Conmpound
I nhi bi tor A4118501ATM ATR

Ki nase | nhi bitor A5126870Al st er paul | one A6126871Al st er paul | one, 2- Cyanoet hyl
RP106 A916464Q4m nopur val anol
A10171260AVPKDS nhi bo7sor , Garpoumdbior Al | 189405Aur or a Ki nase 2lonhi bitor 111

A7128125Al oi sbne A4o7RFH 0TGABL ABBiIdDM 0i si ne,

Al 2BLANK B1DMBO B240899106Ak moibigor Ki nase/ Cdk | nhi bit or 14
B3402085I1 ndi r B®i n- 32016 N IXKNBhiBAO6870BAY 11- 7082 2.0
D6 420121  JAKS3 Inhibitor IV 1.7
D7 420126  JAKS3 Inhibitor VI 1.9
D8 428205 Lck Inhibitor 19
D9 440202 LY 294002 2.3
E10 528106 PI 3-Kg Inhibitor 16
E11 528108 PI 3-Kblnhibitor Il 14
E12 BLANK 16
E2 513035 PD 158780 08
E3 513040 PD 174265 10
E4 521231 PDGF Receptor Tyrosine Kinase Inhibitor Il 08
E5 521232 PDGF Receptor Tyrosine Kinase Inhibitor 111 17
E6 521233 PDGF Receptor Tyrosine Kinase Inhibitor IV 55
E7 521234 PDGF RTK Inhibitor 19
E8 527450 PKR Inhibitor 24.6
E9 527455 PKR Inhibitor, Negative Control 15
F10 567805 Src Kinase Inhibitor | 23
F11 572660 SU11652 17
F12 DMSO  Control 2.1
F2 529574 PP3 13
F3 529581 PP1 Analog Il, TNM-PP1 23
F4 539652 PKCDbII/EGFR Inhibitor 18
F5 539654 PKCb Inhibitor 16
F6 553210 Rapamycin 1.2
F7 555553 Rho Kinase Inhibitor Ill, Rockout 17
F8 555554 Rho Kinase Inhibitor IV 23
F9 539648 Staurosporine, N-benzoyl- 1.7
G10 658550 AG 1295 14
G11 658551 AG 1296 11
G12 DMSO  Control 1.2
G2 574711  Syk Inhibitor 12
G3 574712  Syk Inhibitor Il 08
G4 574713  Syk Inhibitor Il 11
G5 616451 TGF-b Rl Kinase Inhibitor 11
G6 616453 TGF-b RI Inhibitor IlI 16
G7 658390 AG9 15
G8 658401 AG 490 14
G9 658440 AG 112 14
H10 189405 Aurora Kinase Inhibitor Il 20
H11 569397  Staurosporine, Streptomyces sp. 0.0*
H12 DMSO  Control 1.5
H2 658552 AG 1478 27
H3 676480 VEGF Receptor 2 Kinase Inhibitor | 17
H4 676481 VEGF Receptor Tyrosine Kinase Inhibitor Il 1.0
H5 676482 VEGF Receptor Tyrosine Kinase Inhibitor I,
KRN633 1.6
H6 676485 VEGF Receptor 2 Kinase Inhibitor Il 1.0
H7 676487 VEGF Receptor 2 Kinase Inhibitor Il 11
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B5203600 Bohemn ne B6217695Cdkl | nhibitor B7217696Cdkl | nhi bitor, CGP74514A
B8217714Cdk1/2 Inhibitor 111 B9217720Cdkl /5 | nhibitor B10218696Casei n

Ki nase | woRkotwase23 D4476 B11218710Casei n Ki nase |1 | nhiPBirttseoowiob1774 BCA
B12BLANK Cl DMSO 02219476Cdk4 | nhi bitor C3219477Cdk4 I nhibitor 11, NSC
625987 C4219478Cdk4 Inhibitor Il C5219479Cdc2-Li ke Kinase |Inhibitor, TG03
C6220486Chk2 I nhibitor Il 07234503 Conpound 52 C8238803Cdk2 Inhibitor 111
C9238804Cdk2 Hahi bbteass | VENBRE DA RiddL4ktsthy Cr k 1 nhi bi t ery C11328009ERK

| nhi bitor |11 H Cl2Bi0abK DNENBOhhIIZBB8000ROCK | nhi bitor, Y-127632 D3328007ERK
Inhibitor 11, FR180204 D4328008ERK Inhibitor 11, Negative control
D5341251Fascapl ysin, Synthetic D6361540GSK-3b | nhibitor |
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D7361541GSK-3b I nhibitor 11 D8361549GSK-3b I nhibitor VII1 D9361550GSK- 3

I nhibitor | X D10361551GSK-3 I nhibitor X D1 1361553GSK-3b I nhi bitor Xl
D12BLANK WODRDMBOS1R2572635 SU6656 E3361555GSK- 3 | nhi bi t oPCXIUSR009/061774
E43719571 sogranul ati m de E54000901 261 E64014811KK-2 Inhibitor 1V
E74020811 ndi rubi n Derivative E804 E8420119JNK Inhibitor 1l E9420123JNK

I nhi bitor, Negative Control ElI0420129JNK | nhibitor V EIl420136JNK I nhi bitor
| X El 2BLANK FI DMSO F2475863M<K2a | nhi bitor F3420135JNK | nhibitor VIII
F4420298K- 252a, Nocardi opsis sp. F5422000Kenpaul | one F6422708 KN-93

F7444937NEKT)pihs. DitkhpRENdmeric Well Label, Corresponding Catalogh, and Compound #
for EMD Calbiochem ® Kinase Inhibitor II compound library

Well # Catalog# Compound #

A1 DMSO

A2 422706  KN-62

A3 118500 ATM Kinase Inhibitor

A4 118501 ATM/ATR Kinase Inhibitor

A5 126870  Alsterpaullone

A6 126871 Alsterpaullone, 2-Cyanoethyl
A7 128125  Aloisine A, RP107

A8 128135  Aloisine, RP106

A9 164640  Aminopurvalanol A

A10 171260 AMPK Inhibitor, Compound C
A11 189405  Aurora Kinase Inhibitor Ill

A12 BLANK

B1 DMSO

B2 189406  Aurora Kinase/Cdk Inhibitor

B3 402085 Indirubin-3"-monoxime

B4 196870 BAY 11-7082

B5 203600 Bohemine

B6 217695  Cdk1 Inhibitor

B7 217696  Cdk1 Inhibitor, CGP74514A
B8 217714  Cdk1/2 Inhibitor 1l

B9 217720  Cdk1/5 Inhibitor

B10 218696 Casein Kinase | Inhibitor, D4476

B11 218710 Casein Kinase Il Inhibitor 1ll, TBCA

B12 BLANK

C1 DMSO

C2 219476  Cdk4 Inhibitor

C3 219477  Cdk4 Inhibitor I, NSC 625987
C4 219478  Cdk4 Inhibitor Il

C5 219479  Cdc2-Like Kinase Inhibitor, TG003

Ccé 220486  Chk2 Inhibitor Il

C7 234503 Compound 52

C8 238803  Cdk2 Inhibitor Il

Cco 238804  Cdk2 Inhibitor IV, NU6140

C10 219491 Cdk/Crk Inhibitor
C11 328009  ERK Inhibitor Il
C12 BLANK

D1 DMSO

D2 688000 ROCK Inhibitor, Y-27632

D3 328007 ERK Inhibitor Il, FR180204

D4 328008 ERK Inhibitor II, Negative control
D5 341251 Fascaplysin, Synthetic

D6 361540  GSK-3b Inhibitor I

D7 361541 GSK-3b Inhibitor Il

D8 361549  GSK-3b Inhibitor VIII
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F8444938MEK | nhi bitor 11 F9444939MEK1/ 2 | nhi bitor F10454861MNK1 | nhi bitor
FI 1481406NF- KB Activation Inhibitor F12BLANK GIDMSO &506121p38 MAP
Kmase | niwbi2dwvosia2B G3506126p38 MAP Ki nase | nhi bitor GABCIABROPDETO59
G5513030PD 169316 G5559396 SB220025 Gr540500Pur val anol A G83361554GSK3b
I nhibitor X1, TW5119 (0371963H 89, D hydrochl oride GL0559387SB 202474,
Negative control for p38 MAPK inhibition studies G11559388 SB 202190
Gl2BLANK H1DMB® H26%3889cSB32BBRBMK H3371970HA 1077, Di hydrochl ori deFasudi |
H4559402 SB 2118078 3biEB65625k-8thnbB3 k6 HE6567305 SKF- 86002 H7567731Sphi ngosi ne
Ki nase | nhi bintor H3668397S6kak bsipier Kne, Strept onmyces sp.

D12 BLANK

E1 DMSO

E2 572635 SU6656

E3 361555  GSK-3 Inhibitor Xl

E4 371957 Isogranulatimide

E5 400090 1C261

E6 401481 IKK-2 Inhibitor IV

E7 402081 Indirubin Derivative E804

E8 420119  JNK Inhibitor I

E9S 420123 JNK Inhibitor, Negative Control

E10 420129  JNK Inhibitor V
E11 420136  JNK Inhibitor IX
E12 BLANK

F1 DMSO

F2 475863  MK2a Inhibitor

F3 420135  JNK Inhibitor VIII

F4 420298  K-252a, Nocardiopsis sp.
F5 422000  Kenpaullone

F6 422708  KN-93

F7 444937  MEK Inhibitor |

F8 444938  MEK Inhibitor II

F9 444939  MEK1/2 Inhibitor

F10 454861 MNK?1 Inhibitor

F11 481406  NF-«B Activation Inhibitor
F12 BLANK

G1 DMSO

G2 506121 p38 MAP Kinase Inhibitor 111
G3 506126  p38 MAP Kinase Inhibitor

G4 513000 PD 98059
G5 513030 PD 169316
G6 559396  SB220025

G7 540500  Purvalanol A

G8 361554  GSK3b Inhibitor XII, TWS119

G9 371963  H-89, Dihydrochloride

G10 559387  SB 202474, Negative control for p38 MAPK inhibition
studies

G111 559388 SB 202190
G12 BLANK

H1 DMSO

H2 559389  SB 203580

H3 371970 HA 1077, Dihydrochloride Fasudil
H4 559402  SB 218078

H5 565625  SC-68376

H6 567305  SKF-86002

H7 567731 Sphingosine Kinase Inhibitor

H8 569397  Staurosporine, Streptomyces sp.

H9 570250  STO-609

H10 572650 SU9516
H11 616373  Tpl2 Kinase Inhibitor
H12 BLANK
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H9570250 STO 609 H10572650 SU9516 H11616373Tpl2 Kinase | nhibitor H12BLANK
Table 7. Fold Induction of MAFA expression by several Conpounds fromthe
EMD Ki naswolntwdsiz2dr Li brary |1 on Cells Treated accor diPag/useoovinel774
Differentiation Protocol Qutlined in Exanple 9 fold vs.

wel | #control cat #drug nanme A6 24.8 126871 Al sterpaullone, 2- Cyanoethyl H10
18.0 572650 SW9516 AS 15.3 126870 Al sterpaullone B8 8.2

Table 7. Fold Induction of MAFA expression by several Compounds from the
EMD Kinase Inhibitor Library II on Cells Treated according to the

Differentiation Protocol Outlined in Example 9

fold vs.
well# control cat# drug name
Alsterpaullone, 2-
A6 248 126871 Cyanoethyl
H10 18.0 572650 SuU9516
A5 15.3 126870 Alsterpaullone
B8 8.2 217714 Cdk1/2 Inhibitor 1l
Casein Kinase | Inhibitor,
B10 5.7 218696 D4476
MEK1/2 Inhibitor
F9 4.92 444939
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217714 Cdk1/2 Inhibitor 111 B10 5.7 218696 Casein Kinase | Inhibitor, D4476
FO9 4.92 444939 MEK1/ 2 Inhibitor What is clainmed is: 1 A nethod for

i ncr easi yorhw/sxpsessi on of MAFA in cells expressi ng mRCKAIS2009/061774
characteristic of the pancreatic endocrine |ineage conprising the steps of
culturing the cells expressing markers characteristic of the pancreatic
endocrine lineage in nmediumconprising a sufficient anount of a

cycl i ndependant kinase inhibitor to cause an increase in expression of

MAFA. What is claimed is:

1. A method for increasing the expression of MAFA in cells expressing markers
characteristic of the pancreatic endocrine lineage comprising the steps of
culturing the cells expressing markers characteristic of the pancreatic
endocrine lineage in medium comprising a sufficient amount of a cyclin-

dependant kinase inhibitor to cause an increase in expression of MAFA.
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