Dl FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS TO THE PANCREATI C ENDOCRI NE
LI NEAGE [ 0001] The present invention clains priority to application serial
nunber 6IW0 200/@823 fil ed Cctober 31, 2008. FIELD OF THECIN$ENSI0&IN74 0002]
The present invention provides nethods to pronote the differentiation of
pl uri potapteahemM LRkl ¢ HuflaRdivisk Goi RN STém%Ef)ﬁﬁ%ang B %Baéﬂ%% a
met hod tawkies ease the expression of MAFA in cells expressing markers
characteristic of the pancreatic endocrine |ineage. BACKGROUND [ 0003]
Advances in cell-replacenment therapy for Type | diabetes nellitus and a
shortage of transplantable islets of Langer hans have focused interest on

deve i ng sources .of i.ns roduci n ropriate for
enor i Ehon: TR a Brealidnelii® pRe e et e b el Prmber P 0 257 8 S {1 om

pl uri potentoabmcﬂob&, such as, for exanple, enbryonic stemcells. [0004]
In vertebrate enbryonic devel opnent, a pluripotent cell gives rise to a
group of cells conprising t oderm nesoderm and
endodernm) in a process knoﬁ@i@@gﬁ}ﬁﬁ{lgﬁ(ﬁé ssues such as, for exanple,
thyroid, thymus, pancreas, gut, and liver, will devel op fromthe endoder m
vi a [@002]nt eT}m&nIe':sammnma'qeproﬂiha methais neghoabe tht differentmtivhiofplpriggess i s t he
formation of defjnitive endpderm Definitive endodermcells express a
nurber of mirRers kb B8 AR R o bt ReC TR EEH © E5ei e Sox 17

[ 0005] For napiceiondf NABAPR B @a@reingeskdry dnracteestit cff&l&r@n&rbatcl on of
definitive endoderminto pancreatic endoderm Cells of the pancreatic
endoder m exPPeEL{iig85ancr eat i cduodenal homeobox gene, PDXI. In the absence
of PDXlI, the pancreas fails to devel op beyond the formation of ventral and
dorsal buds. Thus, PDXl expressi BACKGROUNIEritical step in pancreatic
organogenesis. The mature pancreas contains, anong other cell types,

exoc ti n n u g sues arise
for o RReT PEREE MR oy TR AR AR SE B MEeb B hg The
f eat ures oftranslblmttatﬂ@isles didaegeriepohdve dbopsdigetarestemi deedopingsoueebolyoni ¢

insulin-producing cells, or B cells, appropriate for engraftment. One approach is the

generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

[0004] In vertebrate embryonic development, a pluripotent cell gives rise to a group of cells
comprising three germ layers (ectoderm, mesoderm, and endoderm) in a process
known as gastrulation. Tissues such as, for example, thyroid, thymus, pancreas, gut,
and liver, will develop from the endoderm, via an intermediate stage. The
intermediate stage in this process is the formation of definitive endoderm. Definitive
endoderm cells express a number of markers, such as, HNF-3 beta, GATA4, MIXL1,
CXCR4 and SOX17.

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

tissues arise from the differentiation of pancreatic endoderm.



cells of the nouse. For exanple, Lunelsky et al. (Science 292: 1389, 2001)
report differentiation of nouse enbryonic stemcells to insulin-secreting

st ruct ur e80O20MVdSa23t 0 pancreatic islets. Soria et al. (Pcahst@soddrs 157,
2000) report that insulin-secreting cells derived from nouse enbryonic stem
cells normalize glycem a in streptozotocini nduced diabetic mce. [0007] In
one exanple, Hori et al. (PNAS 99: 16105, 2002) disclose that treatment of

us[@o ry@ats%eat rthecetthlses Lt ééﬂbh@etrgt&teap bERORRDQ] RA@S thbe8nid- ki nase
LY294002) produc | s that resenb b cells. [0008] In another

exarrpl e, Bl %ﬁﬂ%@%thkmeﬂsealFor CPNAL. hooelgogr ab (fyance ?a?a?olr3t8§ & 1gedikr at i on of
i nsul i n-pr Oﬂﬁgﬂeﬁt@au%ﬁbfﬁo&s"e%mo%t{é%t [lyf?ﬂhéhhﬁts ﬁ%‘&rﬁot&%@ﬁhﬁl&ﬂ%' vely

expressi ng Pax4. [0009] M cal I'ef report retinoic acid can
regul at e t heaneio#ie ltlﬂfensor@fetehb@ybmsc@sléérﬁ(w@] ltesort thatlewlrmfsemthgosu tive

pancreati c %ﬂgg&%g‘ggﬁ%&ﬂ%&b&%g stefh @R&%orﬁ%ﬁz%%’c%m% stk %&8{09 PdxI|

expr essi on to cu es at ryonic em ce
di f f er ent i anilead dabétiggniec.per i od correspondl ng to the end of gastrul ation in
the enbryo (Di abet es 54:301, 2005). [0010] Myazaki et al. reports a nouse

embr 3696"7' @%ﬁk lé HR e‘?éﬁeg ggesi i(ﬁgzgﬁ?( h1scl§§%%a[t n%?tﬁl‘éhtto? QW t hat
exo eno exp ression cf ance e expression i nsulin,
somat ost at i mnbrgcbmmﬁun ndbe’ylthnethmgenf IleSMBlOSIﬁé@(I}kmaWdLMRF‘B)O@)sneS in the

resul ting abet es 53: 1030, 2004). [0011] Skoudy et
al. report r?({i]u%?fgel %a?%si%(lédsﬁ der of the TGF-b superfam |ly) upregul ates

the expression of exocrine pancreatic genes (p48 and anyl ase) and endocrine
genel§0Q8Ppdx| In apetber axpmplarfdlysreadeny ahPNAS WELZE, i) seoitcthe panratien bS5, The

e ] SRS PRSRO R UG MR S B R v (

aci d; howevax4. 3nM FGF7 treatnment resulted in an increased |evel of the
transcript for Pdxl (Biochem J . 379: 749, 2004). [0012] Shiraki et al.

stu theyghh o GRS G b ateSRE S hih &bt i
di f ﬁlgr entiati Sngge §Z %%?Igsgn%{%aéntogcmtcem ﬁafl s@")l%rﬁl ) %’ddr‘ltl po%! télf %Q@E@Fs. They
observed t hagnT @Ilsqurmmdadn@utbtetpagqrwld eddogletm. ghasmolgracid ay mps mifedtivedx |
positive Cea{t lir?dugi(n;g iivel &%Lelss%n when added to cultures at day 4 of embryonic stem cell
differentiation during a period corresponding to the end of gastrulation in the embryo

(Diabetes 54:301, 2005).

[0010] Miyazaki et al. reports a mouse embryonic stem cell line over-expressing Pdx1. Their
results show that exogenous Pdx1 expression clearly enhanced the expression of
insulin, somatostatin, glucokinase, neurogenin3, P48, Pax6, and HNF6 genes in the

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

[0011] Skoudy et al. reports that activin A (a member of the TGF- superfamily) upregulates
the expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes
(Pdx1, insulin, and glucagon) in mouse embryonic stem cells. The maximal effect
was observed using 1nM activin A. They also observed that the expression level of
insulin and Pdx1 mRNA was not affected by retinoic acid; however, 3nM FGF7
treatment resulted in an increased level of the transcript for Pdx1 (Biochem. J. 379:

749, 2004).

[0012] Shiraki et al. studied the effects of growth factors that specifically enhance

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



2005 Jun; 10(6): 503-16.). [0013] CGordon et al. denonstrated the induction
of brachyury +/ HNF-3beta + endodermcells from nouse enbryonic stemcells
in the abserrow/ii223er um and i n the presence of activin &CorIs2000t061734€

i nhi bitor of Wat signaling (US 2006/ 0003446A1). [0014] Gordon et al (PNAS,
Vol 103, page 16806, 2006) states "Wht and TGF-beta/ nodal/ activin
signaling sinultaneously were required for the generation of the anterior

primtive staegk repr&cﬂ&%@]ylmmwggher E%oﬁ@h‘%@m%&u@é cBFEeNEQsSt em cel |
devel opment nmay not exactly mmc t devel opnmental programin higher

marmmal s, su%ﬂ%é%na 19@p: %dfpl e, hunans. [0016] Thomson et al. isol ated
enbryoni c stemcells from human bl astocysts (Sci ence 282: 114, 1998).

Concigo1®nt | GordSeardnaictnomiecd MK &KRYiSn S@Jrhch ngﬂyhmmb%ﬁbéﬂ%ﬁér& @agm (hEQ
cell lines fromfetal gonadal ti ssue (Shanblott et al., Proc. Natl. Acad.

Sci . USA 9strammpgse epgggynic P Fells inrihg sbseaermfyeimend isthe peesgnse ofyhi ch can be

prevent ed f . didnb&A@nRhidibikg oﬁwgpél},[nam{gﬁ% batlel00@3 Mty Leukem a | nhi bitory
Factor (LIF), human errbryonl C stem ce I s"rmust be nai ntal ned under very

speci al conditions 00, 806; WO 99/20741; WO 01/51616)
[ooﬂ?? 4y Anﬁerﬁl%ffaéKPNéés\é?l IQédoag%ééS&Po?d%Qé} e oY ntend Tehdwtat pedelir es of

human enbr yoqi s shem fgcsﬁhllllfaquukM%réjl%ﬁﬁlwdtfbﬁ/tﬁe %é;fé%@ﬁ Bt thadtliorPr esence of a
hi gh concentration of activin and | ow serum (Nature Bi ot echnol ogy 2005).

Tr anspl antlmgmtlh‘éfﬁ@a]éel | s under the kidney capsule of mice resulted in
differentiation into nobore mature cells with characteristics of some

endodersral Q5OARS thetHARE RARLY 8RbG oSt Gl lewWphestnalefd Bidcliye endoder m
cells can be further differentiatéd into Pdx|] positive cells after addition

of FGF-10 (Wonigtusikodensmmhpiogranpinhgghermapmpals. saeh gy for exgamnle duBpit echnol ogy
- 24, 1392 - 1401 (2006)) states: "We have devel oped a differentiation

DFOC[gﬁﬁﬁ]t hathdﬁ%ﬁﬂ@zfdlslsd]éiéﬁié}nlﬁ?&ﬁé’ﬁ&h‘éelﬁstm D) bl&sedc 8 @saleﬁasdocrl ne cells
capa le of s nt hesi zi n ancreatl ¢ hornones i nsu % ucagon

somat ost at i 72 34nPP 8t %lcwng}be(ﬁﬁaﬂaét agth govgkes fi"r’PVeCl‘Hil@a Chinics in

vivo pancr e&mghm%n%m ?etﬂgogddﬁﬁﬁgﬁﬂghﬁﬁéll)@ettﬁr Pidg. hxla'ilt aggs resenbling
definitiveendoderm gut tub oderm pancreati c endoderm and endocri ne

precur sor ebrirldet 85:1H/26el998). t[ﬁldtke@wp}ﬁﬁe@%bmmm aellshehigh pansbe,

prevented from differentiating simply by culturing with Leukemia Inhibitory Factor
(LIF), human embryonic stem cells must be maintained under very special conditions

(U.S. Pat. No. 6,200,806; WO 99/20741; WO 01/51616).

[0017] D’Amour et al. describes the production of enriched cultures of human embryonic
stem cell-derived definitive endoderm in the presence of a high concentration of
activin and low serum (Nature Biotechnology 2005). Transplanting these cells under
the kidney capsule of mice resulted in differentiation into more mature cells with
characteristics of some endodermal organs. Human embryonic stem cell-derived
definitive endoderm cells can be further differentiated into Pdx1 positive cells after

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

[0018] D’Amour ef al. (Nature Biotechnology - 24, 1392 - 1401 (2006)) states: “We have
developed a differentiation process that converts human embryonic stem (hES) cells
to endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,
somatostatin, pancreatic polypeptide and ghrelin. This process mimics in vivo

pancreatic organogenesis by directing cells through stages resembling definitive



[0019] In another exanple, Fisk et al. reports a systemfor producing
pancreatic islet cells fromhuman enbryonic stemcells (US2006/ 0040387A1).
In this caseepodse22di fferentiati on pathway was di vi ded i RCoO/USheRA6ETAgES.
Human enbryonic stemcells were first differentiated to endodermusing a
conbi nati on of sodium butyrate and activin A. The cells were then cultured
with TG--b antagoni sts such as Noggin in conbination with EG- or

bet acel I ul i §dber it glﬁft@f;e%n&’&%}m %Q@r&dtwen&ekﬂﬁ andTéﬂeoctreé kot frh@ entiation
was induced by nicotinam de. I n one exanple, Benvenistry et al.
states: " V@O@dﬁdhﬁéépr?ﬁﬁpdwwh@m@ﬁ@sm on of Pdxl enhanced expression of
pancreatic enriched genes, induction of insulin expression may require
addifpppal migodbexhipk, raﬂ@etgnlr ol £§RMM foP pAl¥@ng fRERYRIkISEdes et al , Stem
Cel I's 2006; 24:1923-1930) 002 Qé clins have been inplicated in beta cel |
functi on. P%?méklamrébrmwt@néﬁﬂ%(p A0 FTALD- dRi s Gage, freesent i n t he

I nsul in- Sec&lﬁ‘&&ﬁlﬂlﬂ@@ﬁ&tﬁ\%@}t ‘JVES ct?vﬁ@d 1hto(tﬁree §h§gs Hi& M bmb 91110 s€ihQelld SSUE 36,
34199- 34205, Septenb 7, lja et al states "Cdk5 is present in b-
cells and aeers figg défeffegatﬁd t@eenﬂedguna@l@gammblw@npﬁsmwtwt@nd [0022] In
anot her ex , . l@g] nificantly

i ncreased ?ﬁgﬁ&w nglslsg&%lﬁ eg%gﬂlﬁ C{/\gl&‘%:fél: ca?%ébﬁlﬁtgﬁ%?l iagﬁl\gg‘?lﬁ?rgdl cating

t hat Cdk4 |®rrépnpublemth£GFtcabge¢ellﬁkmtormnm@@ﬂxbpcbéﬂacciel Therteswinplegener at i on
in Type 1 47, Nunber 4, 686-694, April 1,
2004. ) [oozfgi%gg‘t%‘?1 9%%93&9”@%91"%“%1 Z et al report that inhibition of
cyclin-dependant kinase 5 activity protects pancreatic beta cells from

gl ucl802Mii ci Inyon¢ gxanBile Ben\Ghistry ¢ dloitates2 §We dogdude t8Y, ovos8E8ssig8EA dxEept enber

29, 2006). I B . . -dependent

regul ation nggl?cl uc esgl@?%ﬂﬁnat e hglmdi\%h?’e%ggtnf)%ﬁpﬁklgltndgrgééi%% cine 11,
1104- 1 108 maﬂreqmtewl@lémoﬁﬂ@@nals Elﬁt)@5]anllymrmﬂmtrhevo”e(Bamh'mry Yamdgerhor d et al
state i ne zi pper transcription factor expressed within
t he beta cgﬁ:‘fnss g éa’?aelﬁ%gaﬁgfdeas and is required to maintain normal gl ucose
honeostasis as it is involved in various aspects of beta cellbiology. Maf A
pr ot[8021]1 eveyddinahaye baavimpticatédio betasell functies ffonsempl, hiligh glremoghatt hr ough
mechani sis t. S at ed whet her
di screte in{:ér](;:lse%;&i’?cl a%{ﬁ%? ﬁ@ul{ﬁ Se&gmi%p E é}% rcﬁcelil (Jz% 1A¥§§63<n[l1 ?Qe;gls%’oé?l W found
that the Issue 36, 34199-34205, September 7,2001). Lllja et al states “Cdk5 is present in [3-

cells and acts as a positive regulator of insulin exocytosis.”

[0022] In another example, Marzo ef al states “Cdk4 knockin mice have significantly
increased beta cell mass and are physiologically functional, indicating that Cdk4 is a
potential target for pancreatic beta cell mass regeneration in Type 1 diabetes”

(Diabetalogia, Vol. 47, Number 4, 686-694, April 1, 2004.)

[0023] In another example, Ubeda et al report that inhibition of cyclin-dependant kinase 5
activity protects pancreatic beta cells from glucotoxicity (J. Biol. Chem., Vol. 281,

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



general Kkinase inhibitor staurosporine induces maf A expression w thout
altering the stability of the protein. Inhibition of the MAP-kinase JNK

m m cs t hwoebfeasiz3of staurosporine on the expressi on ofPCEAS2009Qai7mpdul i n
ki nase and calciumsignaling are also inportant in stimulating mafA
expression by high glucose. However, staurosporine, JNK, and cal nodulin

ki nase have different effects on the induction of insulin expression. These

data revealpibipgs. w@fp@&éﬁﬂw@r@kﬂdx@mIlﬂeréa@@ﬁqrr%bl%‘é t(bbﬁﬁfa BRc&eor di nat ed

action of nultiple kinase pat hways. Archi ves of Biochem stry and
Bi ophysi cs throggmechygisms fipt hayg yeltp baBily zhgacteriagd oWE)invep om g WIEHEY ef or e,

there stil |d1§c%{@lnﬂ§ccﬁ‘luﬁk 44 11h§@%ts%%%l%ﬁg%¥ﬁrbﬁﬁ>n”wmgﬁd {1 the

differentiating pluripotent stemcells into pancreatic endocrine cells,
pancreatic gﬁ@mﬁblﬁ@asemﬂet@s$twgoscpetmesmdmes paffceeasiion Wohom akerggdiet i ng cells.

The present stéb’l%g BF 4@ ﬁrﬂo?{(il?vfnﬂﬁﬁlo%tf HRREAD RirlallC Jﬁxﬁﬁﬁﬁnic?%e%ﬁ?&seéﬁ' on of MAFA

in cells expressing ers characteristic of e pancreati c endocrine
| i neage. suwwmvomwﬁ]le ¢xprevsien elfibddi rmhnqduﬂlhklnpare@@énalcuumﬁ@m]l@l provi des a
met hod for in rOeaS| ells B XPL 85 essi ng markers

t.he. expr essi
characteri satr?%sd‘mqoﬁtgm lré?ltcl:nrlé%ﬁ%gcm%%{fo%reSSIOn Hy hn‘%a%‘écoé% TSI ng the steps of
cul turing thau@@bmm:ER@nmﬂsMngdﬂnﬂhmmshmhanﬁﬂmeeﬂsmsmr@énﬂhﬁumamcreat|c

endocrine |.ineage in.nmediumco i ci ent, amou

vl i - dopeRISRE RN (rRmdaerBert praddah 7N EeT T edfsPEssi on o

of fect of EE“"DE?u@n%ﬁe‘“f@f@immw??ﬁWﬁ‘?ﬁﬁ?ﬁB?‘ﬁﬁ?‘%ﬁs?’é‘?ﬁ'l brary on the
rati o of n@‘g&?yﬁlcf ézoaéhg]%igg%lﬁggﬁéﬁé&)&ﬁmﬁceI | s expressing markers

characterlstlc of the pancreatic endocrine |lineage, as determ ned by
r eal [00261e PﬂRrefEﬁhethab pﬂﬂammarsia@iglnﬁheﬂlt neal toelspdsdiacthadstfvediffanipatingl | dentity
as shown in Table gﬁ% shows of conpounds fromthe ENMD

Calblochen1@PW%§@tﬁﬁﬁl 18@£FW§W%¥§“%%HP%§%FéPP%e%P RIEACEHPTARNRE expr essi on

in cells explesspi@rdaBE kemdnEitafedst &k SThCprefent inGenfidn ploeRIbd Me@BAOCT i ne
| i neage, as determ ned by real-tinePCR The al phanuneric |abel corresponds
to the conp@ufeHUBREIRTGSR o5 NGYidt inifegpesssing markers characteristic of the

pancreatic endocrine lineage.
SUMMARY

[0027] In one embodiment, the present invention provides 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.
BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1, panel a shows the effect of compounds from the EMD Calbiochem kinase
inhibitor library on the ratio of insulin to glucagon expression in cells expressing
markers characteristic of the pancreatic endocrine lineage, as determined by real-time
PCR. The alphanumeric label corresponds to the compound identity as shown in
Table 1. Panel b shows the effect of compounds from the EMD Calbiochem kinase
inhibitor library on the ratio of MAFA to ARX4 expression in cells expressing

markers characteristic of the pancreatic endocrine lineage, as determined by real-time

-5-



[0029] Figure 2 A) shows a 4x mcrograph of cells treated according to the
nmet hods described in Exanple 1, at day 4 of the stage 6 treatnent. B) shows
a 4x m cregrapisof23cel | s treated with 0.5nmM of the conpecmdsPuChEm D#
5330812 at day 4 of treatnent. C) shows a 4x m crograph of cells treated
with 1nM of the conpound PubChem D# 5330812 at day 4 of treatnent. D) shows
a 20x m crograph of cells treated according to the nethods described in

Exanpl e 1, @R daie é%lehuﬁlae 1§E@Q&Te§p(§1{d§‘€bttﬁ@56 dehd RIBRANS a@shéf i1 Crogr aph of
cells treated with 5mM of the conpound Pub em D# 5330812 at day 6 of

treatment. Fblshows a 20x nicrograph of cells treated with | mMof the
conpound PubChem D# 5330812 at day 6 of treatnent. [0030] Figure 3 shows

t he @ymies smglﬁ}eQfA)tsh@WSZéSmgﬁr&e@grapmdifeerseféatea RecbRlidgSto eReRh@BS&I NG mar ker s
characteristic_of the pancreatic endocrine Ilnelg)e following a five-day

treat ment ofeseibsain aamle bat day 4ot the sGevOerEsat: BRSEYWDT 4% MCTeE5ound

PubChem | Dﬁto'?%@@s&i‘e%ted@iﬁr(ﬁﬁ&l{ 8Pthk BYRARINWBLISCIRGIIBE A IRE &tdafaXr0, day 2 and
day 5. [0031] Figure 4 shows the effect of COK inhibitor TIl treatnment on

t he expresstr@fmef. GhyhRes 8 4% Haeragrerdt ¢fselictregfedivit lplé/h@ﬁtbeﬁqr@poendiocru ne

| I neage in ﬁ%g(h&nftf#ﬁﬁﬁﬁﬁl[z‘éﬂég% @{Eﬂge%trﬂen fDL&%waE $gr§’1§h' o?’é%%KOt acol

described in ure shows t ect i nhi bi tor
I11 treat nemﬂatedncqm@ngltqthemomedsstemrlbﬁmgl yfamipk leﬁtdam@f dlessigeps. [0033]

Figure © Shousndes PXBLESShON el AU FYARRL BRNFL Mg lpagon Tn

|nsuI|nprodu0|n uce ed in
Exanpl e 5. Eb@l%ﬁ)#bﬁ%%lldﬂdayp@ oftteaatm;enlt nmsba\tzeﬂz(mtmcdgt@hmf odd by FACS.

- inbul  araitering it B FBRERERORBRrar ok b vl AR RBME loscr i baa i

Exanpl e 5. Expression of the protei ns |nd| cated was determ ned by FACS.

[ 003IBP30Fi gulFigule 3showsthe h>epr®xipn ebthe Oh gafes MdlcAte( Randls capresoingg markerd i n ( Panel
b), in insul u0| cel e he. net f th resent

i nventi on. 5“‘ e“g“‘ St éﬁa?crem%refgé%c aneP yfoh?fﬁi‘“%naw Ry tregein 2 o 1, 2, 3,
and 4. Fol I@wmgda@kblay)sorofouM(e@htrmm)Mﬂahc@ﬁ}lﬁummlﬁulhﬂZHemLD%hﬁ)SmK i nh| b| tor

was renoved_ fromculture a the. ce Yere red additional 4 days in
DVEM F12 +d1?l’i‘?r‘§§‘9n %Wﬁbeldr}&r%?leg?:ﬂw 2%@% - end of the four days,

sanpl es were collected in triplicate for PCR anal ysi s.
[0031] Figure 4 shows the effect of CDK inhibitor I1I treatment on the expression of markers

characteristic of the pancreatic endocrine lineage in cells treated with Stage 7 of the

differentiation protocol described in Example 4.

[0032] Figure 5 shows the effect of CDK inhibitor I1I treatment on the dithazone staining of

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



[ 0036] Figure 9 shows the effect of conpounds fromthe EMD Cal bi ochem

ki nase inhibitor library | on the expression of MAFA in cells expressing
mar ker s cwaraokwsiizdti ¢ of the pancreatic endocrine | i neage/usa@omdet7es m ned
by real-time PCR [0037] Figure 10 shows the effect of genestein on the
MRNA expression of insulin, glucagon, somatostatin and MAFA in cells
expressing markers characteristic of the pancreatic endocrine Iineage, as

det er mi ned \Piyn C@K' mﬁlbﬁ!@ B%D@ﬁﬁltmsmhl?BhQﬂuL@%&lhe%ens wiarity of

di scl osure, and not of limtation, the detailed description of the

i nvention |@ﬂ%ﬁﬂ@@@ﬂmmhﬂé%@W@DﬁﬁﬂﬂéﬂPﬁd9§§%%é@9péﬁ§OfﬁéW“U%sémee or
illustrate r of the present

i nvention. %@f&ﬁ%??%ﬁ%§ ﬁébS%§?§§¥%§F§§”§?%9§ﬂ§ff e?gﬂﬁlated cells defined
by their abL|Ité at the S|ngle cell level to both self-renew and

di f 803Nt i Figure g spewidthe effsst efgemporids fiom the EMRICgiogkant kipgss diiibitgr

progeni t or Sy, R90 ok %%%I@Qld?lr&%@FA N &l BRfestBE Maﬂéhl Madbthigicenii.at ed cells.
Stemcells are also characterized by their abrlity to differentiate in
vitro into raogeeticongdocrise lipepgefas deteingues! kyapal-ting es frommultiple germ

| ayers (endoderm nesoderm and ectoderm), as well as to give rise to
tissjggpr)of mphit 'lﬁk&x&%é@ff&b’&f g%nés%llﬂ SWhd QlRﬁd’A@&?p%s%ﬁ @P mgnmaglécatggn contribute
substantlally to nost, if all, tissues follow ng ection into

bl ast ocyst sSONeEOEOY amt MmFéelrl Icgllsa%re&snrgsl@@rmrédlawterﬂﬁm @f t Fispittent al

potenti al do&ﬁ%l&&%&Q&%@@ﬁmn lNdiAbpErt 0 give rise to all embryonic
C

and extrae ryoni c types ) pluripotent, meaning able to give rise
to all enbryonic cell types; nultlﬁotent meani ng able to give rise to
a subset of cell |ineages buP A@H#W%ﬂ PCRIBEYQAN cul ar tissue, organ, or

physi ol ogi cal system (for exanple, hematopoietic stemcells (HSC) can

Pr od@e3s| Pr 0@ RYarityNGHdiscREhY AR d h@@oy(v&a@/l Jf'lnrﬁt@ﬂ&i/\/@de)d,etahéd)&@crﬁﬁlbh of@stricted

ol i gopot ent, progenitaors, and all pes and el enents (e.g., platelets)

that are nolflﬁ%lﬁl@%ﬁ;ﬁ@%«?ﬁlgtoahe ﬁOH%WBgé%yctw(lw)hafcﬂeﬁcg@ﬁef éw@tragwatﬁmng able to

give rise tQy@riMEMoligRhf ogﬁﬁﬂiica?tl-ég§§ltth9f)re§e%{ hhvididgages than mul tipotent
stemcells; and (5) unipotent, nmeaning able to give rise to a single cel

| i neage (e.g. , spermatogenic stemcells). [0041] Differentiation is the
process by mhlch an unspeci al i zed E”ﬁﬂﬁ@ﬂﬁltted") or |ess
[0039] Stem cells are undifferentiated cells defined by their ability at the single cell level to
both self-renew and differentiate to produce progeny cells, including self-renewing
progenitors, non-renewing progenitors, and terminally differentiated cells. Stem cells
are also characterized by their ability to differentiate iz vitro into functional cells of
various cell lineages from multiple germ layers (endoderm, mesoderm and ectoderm),
as well as to give rise to tissues of multiple germ layers following transplantation and
to contribute substantially to most, if not all, tissues following injection into

blastocysts.

[0040] Stem cells are classified by their developmental potential as: (1) totipotent, meaning
able to give rise to all embryonic and extraembryonic cell types; (2) pluripotent,
meaning able to give rise to all embryonic cell types; (3) multipotent, meaning able to
give rise to a subset of cell lineages but all within a particular tissue, organ, or
physiological system (for example, hematopoietic stem cells (HSC) can produce
progeny that include HSC (self- renewal), blood cell restricted oligopotent

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



specialized cell acquires the features of a specialized cell such as, for

exanple, a nerve cell or a nuscle cell. Adifferentiated or
di ff er entwatzbovsiazduced cell is one that has taken on aPooS2e906i7a4 | zed
("commtted") position within the lineage of a cell. The term"commtted",

when applied to the process of differentiation, refers to a cell that has
proceeded in the differentiation pathway to a point where, under nornal

Ci rcumstanC&y%apohémMﬂlle@%H)J@y@llgogot@mfﬁl@an%@dbﬁetts iVtQe @ SR&ei fic cell type
or subset of cell types, and cannot, under nornaﬁ ci rcunst ances,

differenti alte@rwtﬁfﬂ anbsct of eqlldinepges ghan mulsnotenpyten eelisy ndk(8) wnipeiens, di f f er ent i at ed
cel | type. [Redof a%%rtgg%%gégrbsﬁlﬁflee{?ﬁlltngaget@@gp %ﬁ%@g&ﬂ%é’éﬁhgals cell reverts

to a |l ess speciallzed comm t osition wthin the I'ineage of a cel
As used herein, the Ilneage of a ceII defines the heredity of the cel
_e. 10040 crDefsrangation iy thabrocess iy arhanansnegplized i uneepmigiedd of lese to. The

| i neage of @ecG@lkd Qélpaf‘cﬁt?lrés'ﬁ?e fe&ilules ¥ 4 PeBa@cSlIEHich &L Yor%?iﬂﬁ;ﬂ@ L0f devel opnment
and differentiation. |1 neagespecific marker refers to a characteristic

speci fi cal | §eresesBer atr@léplwetllh A tiferspieaiesk o sleffesentieaon-mdeded gell is waaet of
nterest a comm tted
' glﬁials ¢&8n QI? a g?)&?srqtgaalﬁzéé ?%%l&ln‘% ‘3' o@@éﬁ&ﬂuﬁ%ﬂéﬁe&’ge OEI*? il

cell toth i neage er est I neage ers to cells
Wt h positVﬁ@tgenﬁmempﬂﬁﬁswhmn#mhﬂ@héwurgnscﬁﬂﬁﬁ1®mmwmcﬁﬁﬂs@BM%H and at

| east one of .t l, O . [ tor @Nﬁ 2, NKX6. 1,
NEUROD, | SL ?jﬁﬁﬁgg%ggg%%%KE%?%%%%ﬂgkhﬁ ﬁﬂﬁé %EE g'exdpggéﬁng mar ker s
Characterisﬁmumﬂﬁmmhmwmncmhmnkhméﬁbenum@hmﬁaquﬁebMBWpi@Gﬂ&kt&ﬂkﬂls
expre55|ng narkers char gterlst c _of eage", as

AR S P b e S R SR A s AT el

mar ker s: S@ﬂ&;ert@é\i’Ms dllﬂhEBtldlﬁi @]l tﬁﬁC,DeCE%rantNﬁdﬁfe,ferF@ﬁBe pBeachyury,

M x-1i ke homeobox .protein, eones DKK4, FGF 17,
CaTAs xR PR &0 s 5 torsi e S LBt g TV ACDE AneAa Pt or i ot 1

of the defiqddi ve vesudeees, Md iREaAT aicBit HerdRs ik ihBlelinV e tBd dcBldie. priger sor
cells, prlnlﬁlve streak iells mesendoderm cel I s and def|n|t|ve endoder m
cel I's. [ 004431 E&PPeTeRFPe¥a1G!IHAF R ¥ ERAr abtediieaeiod 26811 iR fncreat i

endoderm | Id@ﬂa@@unaE&eaﬁ%ci?@ﬁ@éﬂmevél@ﬂn%saﬂdmlﬁ&bﬁtﬁu@%pmﬁ gg at |east one
of the following markers: PDXl, HNFl beta, PTFI ha, FTNE or HB9. Cells

expr essi ng TaFife markehisfeaTio@chapFterisye S@%@Cﬁ&h@ﬁ%ﬁw widhte abseiyE ABage
i nclude pangieatd EneBRARIRERUGRY bah beRisédolab & BUdifktB ation of an

uncommitted cell to the lineage of interest.

[0042] "B-cell lineage" refers to cells with positive gene expression for the transcription
factor PDX-1 and at least one of the following transcription factors: NGN3, NKX2.2,
NKX6.1, NEUROD, ISL1, HNF3 beta, MAFA, PAX4, or PAX6. Cells expressing

markers characteristic of the B cell lineage include B cells.

[0043] “Cells expressing markers characteristic of the definitive endoderm lincage”, as used
herein, refers to cells expressing at least one of the following markers: SOX17,
GATA4, HNF3 beta, GSC, CER1, Nodal, FGF8, Brachyury, Mix-like homeobox
protein, FGF4 CD48, comesodermin (EOMES), DKK4, FGF17, GATA6, CXCR4, C-
Kit, CD99, or OTX2. Cells expressing markers characteristic of the definitive
endoderm lineage include primitive streak precursor cells, primitive streak cells,

mesendoderm cells and definitive endoderm cells.



cells, and posterior foregut cells. [0045] "Cells expressing markers
characteristic of the pancreatic endocrine |ineage", as used herein, refers
to cells wopoeasizzg at | east one of the foll ow ng mar kePsT/USBNI/06 NEURCOD,

| SLI, PDXl, NKX6.1, PAX4, NGN3, or PTFlI al pha. Cells expressing markers
characteristic of the pancreatic endocrine |ineage include pancreatic
endocrine cells, pancreatic hornone expressing cells, and pancreatic

hor ngo4y) s e cregdil ré%@llnlg %Iarm%%&tkﬁsﬂ@fofth%a&r@aﬁk Enddd&%@%age{”ogﬂtﬁ&d
"Deflnltlve endodern!'; as used herein, refers to cell ch bear the

char act er i sharais, referséeells capressinggt kepsh aing ‘Pféh‘?ef@lub‘f"’élgtma@lﬁﬂfﬁ rPg%bsHNHJl ation and

which form @ﬁﬁst t r finitive
endoderm ce tfell{f P2§§ %%gds e dr'i'ﬂi%vg eﬂg Exlﬁ&glg l‘rg %ﬁr%%ﬁ%&%%t%gﬁé 8£'¥IB%A4 SOX17,

Cer ber us, GwmgemgﬁmégEan@nﬂeﬁKwh@eﬁmggwﬂ©¢WKMﬂnth$wcﬁmrw@ﬁkmbaenbryonlc

endoder nt', us er e refers to a population of cells expressing at
| east one o thegﬁmﬁiéhﬁﬁaghgﬁgérs SOX7, AFP, or SPARC. [0048] "Markers",

as used herein, are nucleic acid or polypeptlde nol ecul es that are
di f 1894t i afGojis expeseiss evrkers chaigerkiistigfof thatparcseatic cpdecripg lincagmt asxsed

differenti gllelr&?f% 1?2&; QéTIS’Eg&atI ’&tfeﬁ%%f?@éﬁ%fo%@i fn?a"r H@éNF,' ve marker and

a decrease eve mar ker e det cta ' evel of the marker
nucl ei c acrNEBROﬁbﬂyﬁebDKddﬂK§6éuRﬁKéﬂﬁﬁN3yHﬁTQhebhbrCﬂbmeme$m%the cells of

i nterest C Ol g&g ra?cté?fsﬁg %f tggf?a{n%fea %ﬁoérﬂl%thlné %% 1nc dle g%créaﬁg erest can be

identified an gui's rom ot her- cel a variety of
nmet hods knomnomnmmdﬁ aﬁmmmﬁﬂmﬁ@¢n€®®SBMMQdﬂsnmdemmkmnahmumed herein, refers

to a cell ex SSi a ne..of the follow ng markers: CD48,

eonesoder ni 1Y fﬁ%ﬁﬁ@?anéeﬁﬁ %EC%KRH? "HE3 beta, GSC, FGF 17, or GATA .

[ 0050] "Pancreatic endocrine cell"”, or "pancreatic hornone expressing

cel I[0046ds uSmdinhiar endvdemet avsed bereincefefs tcaqdhsb’ﬂe‘clrﬁeaethpcmestemigticatof | east one
of the fol | O%E}%ihgoﬁ ngn%seglb! a0 cle %g grqu%g dwhl&npo%m Ci:ag%llstpdmtestmglancr eatic

pol ypepti de derm cel erein, refers to a
cel | capabl teacodindaéxpleasgiveyg [Mﬁnltﬁzashdodam crﬁls theek aid folwige markeatr s:  NGN3,

NEUROD, 1S W 4, L2, " Pa at or pr oduci ng
ol 1, as od¥ES REP G X g et s Bhmeteat Gt CiSodSF SFRRE.
[0047] “Extraembryonic endoderm”, as used herein, refers to a population of cells expressing

at least one of the following markers: SOX7, AFP, or SPARC.

[0048] "Markers", as used herein, are nucleic acid or polypeptide molecules that are
differentially expressed in a cell of interest. In this context, differential expression
means an increased level for a positive marker and a decreased level for a negative
marker. The detectable level of the marker nucleic acid or polypeptide is sufficiently
higher or lower in the cells of interest compared to other cells, such that the cell of
interest can be identified and distinguished from other cells using any of a variety of

methods known in the art.

[0049] “Mesendoderm cell”, as used herein, refers to a cell expressing at least one of the
following markers: CD48, eomesodermin (EOMES), SOX17, DKK4, HNF3 beta,
GSC, FGF17, or GATAG.

[0050] “Pancreatic endocrine cell”, or “pancreatic hormone expressing cell”, as used herein,
refers to a cell capable of expressing at least one of the following hormones: insulin,

glucagon, somatostatin, or pancreatic polypeptide.



produci ng at | east one of the foll ow ng hornones: insulin, glucagon,

somat ostatin, or pancreatic pol ypeptide. [0053] "Pancreatic hornone

secr et i ngvoebiviosaxz3used herein, refers to a cell capabl eCofuss@onet7ag at
| east one of the follow ng hornones: insulin, glucagon, somatostatin, and
pancreatic pol ypeptide. [0054] "Posterior foregut cell", as used herein,
refers to a cell capable of secreting at | east one of the follow ng

nar k@osi] PD)ﬁancrmElenddayﬂl c@PPRascd NGy, 182 10 9561&8%16 oﬂ&gl%@s]m% fre-prinmtive

streak cell", as used herein, refers to a cell expressin east one of
the fol | owi et prerodahestollpsiag marksps: PXGRS3, P{WIP ISPMPH?)H VéXgor t ube cel I, as
used herei nygkehers to a cell capable of secreting at |east one of the

foll owi ng markers: FTNFl, or HNF4A. [0057] "Primtive streak cell", as used
herein, refers to a cell expressing at |east one of the foIIowr ng markers:
Br aclR03My, Wencrpatigdorums pEsikcipg 621Bi 4, usest hamamactersdop ¢!} @hablEghansi on and

Cul ture of BIP b&lfcin%% RAL omt @F&@Fo'llb%m%%ﬁﬁ&fe?rfnéﬁﬁﬂ 80cA2bn, Pbﬂﬂﬁtbﬁ%?@% St em
Cells [0058] Pluripotent stemcells nmay express one or nore of

st age- speci faneregfiegiopoaptideant i gens (SSEA) 3 and 4, and markers det ect abl e
usi ng anti bodi es designated Tra-1- 60 and Tra- 1- 81 (Thonson et ah, Science

282: [Ib0§s‘}5 ‘@%@&%aﬂc@oﬁﬁ&k%&%tﬁﬁg'e@l‘i’ e@fus&i Hé'iénli)%f@l@tto §E§maﬁﬁllé§f invitro
results in the | oss of SSEA-4, Tra- 1-60 Tra-1-81 expression (if

present) anﬁcrem@a@éfd)né?f)ﬂlé§@10®ﬂn8ﬁ0r@% rnsulunﬁluﬁr@ﬂa@ma@@@an phdir i pot ent
stem cel I's fypi.cal Oyy have al kal ine phosphatase activity, which can be
detected by fixin e cells with 4% par af or mal dehyde, and t hen devel opi ng
with Vector Red as a substrate as descri bed by the manufacturer (Vector
Labol®834r i edoBgreniipigashscitaps ¥sey heyigi ofear temcehedablsofipicpbng st em cel | s

al so typi Caéﬂe%fﬁ?é@lﬂlmn& rkef®: D61 TERE1, A% 19858 Gkl i JRTr btk 1 [ 0059]

Anot her desirabl e phenotype of propagated pluripotent stemcells is a
potential to differentiate into cells of all three germ nal |ayers:
enddd@t¥h ndssEERiive sk et otretRi bersiBuskrs tpRGel paYEHEy A0FashPifrdfpot ent stem

cell's can bge eMdbideRbkert:ONo@X3PLEs. DY injecting cells into severe
conbi ned i mrunodefr cient (SCID) mce, fixing the teratomas that form using

4% par aforrral dehyde, and then exam nin m
[0056] “Primitive gut tube cell”, as used herein, refers to a cell capable of secreting at least

one of the following markers: HNF1, or HNF4A.

[0057] “Primitive streak cell”, as used herein, refers to a cell expressing at least one of the

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

[0058] Pluripotent stem cells may express one or more of the stage-specific embryonic
antigens (SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-
60 and Tra-1-81 (Thomson et al., Science 282:1145, 1998). Differentiation of
pluripotent stem cells iz vitro results in the loss of SSEA-4, Tra- 1-60, and Tra-1-81
expression (if present) and increased expression of SSEA-1. Undifferentiated
pluripotent stem cells typically have alkaline phosphatase activity, which can be
detected by fixing the cells with 4% paraformaldehyde, and then developing with

Vector Red as a substrate, as described by the manufacturer (Vector Laboratories,
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hi stol ogically for evidence of cell types fromthe three germ |l ayers.
Alternatively, pluripotency may be determ ned by the creation of enbryoid
bodi es amsioaswessi2ag t he enbryoi d bodi es for the preseneeTafS2nkers
associated with the three germnal |ayers. [0060] Propagated pluri potent
stemcell lines may be karyotyped using a standard G bandi ng techni que and
conmpared to published karyotypes of the corresponding primte species. It
is desirabl ]@urhf?ga%t@dh@? G8ldhRerditaded BRMFot@nt sRaf &l alK@fy}SQE]Yyp&presmthh means
that the cells are euploid, wherei | hurman chronbsones are present and
not noti ceabiyl TR pedetccssydBEPER. Pl ur i potent Stem Cells [0061] The types
of pluripotent stemcells that nmay be used include established |Iines of

pl Ur['OOSﬁ]entAﬁ&ﬁér%eﬂﬁBl'e‘bﬁ@hon@@f%ﬂoﬁ%d%dfpﬁﬁ@@tgntasft&l%ellg%Silﬁ)ttén(ﬁﬁ'bto' ncl udi ng

pre-enbryonic tissue (such or exa Iastoc&ﬁ enbryoni c
tissue, or ¢iEergntiafg @EOLF@H% eficdlr rﬁﬁgermlrﬁéla&rﬁﬁﬂ@)(&é@ﬂmsp i, pighi cal | y but not

necessari | YocRRIEQK BssBRPPAXPIRKE) pl\glp%%nmé?llﬁelg%% B doBRrmdoRs | 1 M ting
exanpl es are established I'ines of human enbryonic stemcells or human

enbr yoni ¢ g@lﬂmpl?ew igjectingctsllainto fewere esrabipteinnimotieictent &Py BItcc st em cel |
lines H 1n§1r1]1 J@O&Wtﬂftlf I)musﬁlglf% es?ﬁﬁp&é’ﬁg ah$thdS Qxa%l%ﬁl?ﬁleﬁlonp05| tions

of this dISC urin e I nil ment or I zati on of
such cells, h1$tnlogmalb’hfocas@nt¢1@“ csh ureefreslthesthico gbrh logerpr Altamativplyur i pot ent

cells t aken 91' C}{o?e%gy a%BQ Hét% Pﬁne%l%grltlge[ crl}atl%ﬁ ﬁfe}gﬁ&ﬁ%@ %'é gng%s%s %{%ethg ells taken

froma pl urIi)1 ent” stem ce ion a e absence of
f eeder cel Iembrﬁchd;bodaw foatht presenee nmhakers hasneimedwioh ylerthiee géremnatel | | i nes,
such as, folr exanple B&O v (BresaCGen, Athens, GA).[0062] In one

embodi nent , “Hltran enbryonic stemcells are prepared as descri bed by Thonmson
et al. (U S. Pat. No. 5,843, 780; Science 282: 1145, 1998; Curr. Top. Dev.

Bi ol [00&8: 131301f>afgat;ed j)@l@iaptelﬁrs@m coldinks mﬁx:laajkars&iped)uSng\a st@lma?@@zbandﬁ@@S) :

Cul ture of tlgéhlfllrl nt St Ce[)hS d[ka %}pes&t Qne enbo Jmarr}t tepI uri pot ent

1q(u an cqnilpar OITTEep

stemcells afe pica P 8d o 2 PaY &r S that support
the pluri pOstpecflés dt eﬂembllem olnamaelisahm hmy.s'noﬁdlaﬂ Earyatype;‘ewm;:h pleaitsi pot ent stem
cells are CH re |nac1dt re s ?ltemthat is essentially free of feeder
cells. but that the cells are euploid, wherein afl human chromosomes are present and not

noticeably altered.
Sources of Pluripotent Stem Cells

[0061] The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any
time during gestation, typically but not necessarily before approximately 10-12 weeks
gestation. Non-limiting examples are established lines of human embryonic stem
cells or human embryonic germ cells, such as, for example the human embryonic
stem cell lines 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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nonet hel ess supports proliferation of pluripotent stemcells wthout

under goi ng substantial differentiation. The growh of pluripotent stem
cells in Wweedsrosiz2ae culture without differentiation isPsSuseemwa6l7asi ng a
medi um condi tioned by culturing previously with another cell type.
Alternatively, the growth of pluripotent stemcells in feeder-free culture
wi thout differentiation is supported using a chemcally defined nmedi um

[ 006@beg2TOr ﬁ@@&h@@dlmmmhfen%oaic steNpd g @re%&éf)ﬁl%ﬁﬁ@@és&%éd% 399 - 404
(2000)) and Thonpson et al (Science 6 Novenb 1998: Vol . 2. no. 5391,

pp. 1145 - Thoampn g d.(Uoxs &2t Ne. %M&Wes%ffncblz&ﬂ%tbgr% @‘ﬂrérﬁo@eIPW lines from

human bl ast@gy§g§3y§1 n%SaPF&Uﬁﬁl %@Q&i YaNiCs ki &5 abliagdos geeder cel | 1ayer.
[ 0065] Ri chards et al’, (Ste s 2 1. 546-556, 2003) eval uated a panel of

11 different hunman adult fet aI and neonatal feeder cell layers for their
ability to support human pl Grd st furippent Yer Ceul ture. Richards et al,
states: "human enbryonic stemcell lines cultured on adult skin fibroblast

feedenes|r et miohc BHPBAMESTIINPG SEARLIRSIE tyBREDIQIQEY 0fRdaycf BBk cr
pl uﬁ?potent 0066] US200200721 17 di scloses cell lines that produce nedia

that suppor®lls Bat yypenit e BRIIBetERica G5ilbii BHPEnY2YSt AlfPRately. Pwrlp%t@&er free

cul ture. The.fgdils atd RGErc8 TPL QNRE SEEmTRS NSV ARy RRGr kb Rblagh | | ke cel
lines obtained fromenbryonic tissue or differentiated from enbryonic stem

cel | s. US20020h7iess sumosh seliiraion of ekrippfent jeem stls whkoug andergditges as a pri nary
feeder cell subﬁé(rﬁfal di f@l%ﬁt?’a]noh ani‘tﬂé}Bgﬁ{ 'Jeﬁt’ st Od1s § fe@der Q‘I%E @l%nugéal I's 23:

1221-1227, 2005) discl oses net the long-termgrowth human
pl uri pot ent wishauhdliffefehtation i weptated ssing a mggamscogditipyaddyfonbenitigunman enmbr yoni ¢

stemcells ] e s 2005 23:
306-3 14, Z%g\g?m %%g{egg%ltgéeg%ce altl%lgst?é;% %éhr(lgf\@lélp%r omﬁf{gt e4 fsspont aneous
differenti amlfmdeleifreemuhmm vatibutydifiérentmtiems ceprosted jsa@cOdheinmcally flefmether exanpl e,
M yanot o et acl Stem Cel | s 22: 433-440, 2004) disclose a source of feeder

cei I's obtained"Trom human pl acenta. [0070] Amit et al (Biol. Reprod 68:

2150- 2156, 2003) discloses a feeder cell layer derived from human foreskin.
[0064] For example, Reubinoff er a/ (Nature Biotechnology 18: 399 - 404 (2000)) and

Thompson et al (Science 6 November 1998: Vol. 282. no. 5391, pp. 1145 - 1147)
disclose the culture of pluripotent stem cell lines from human blastocysts using a

mouse embryonic fibroblast feeder cell layer.

[0065] Richards et al, (Stem Cells 21: 546-556, 2003) evaluated a panel of 11 different
human adult, fetal and neonatal feeder cell layers for their ability to support human
pluripotent stem cell culture. Richards ez a/, states: “human embryonic stem cell lines
cultured on adult skin fibroblast feeders retain human embryonic stem cell

morphology and remain pluripotent”.

[0066] US20020072117 discloses cell lines that produce media that support the growth of
primate pluripotent stem cells in feeder-free culture. The cell lines employed are
mesenchymal and fibroblast-like cell lines obtained from embryonic tissue or
differentiated from embryonic stem cells. US20020072117 also discloses the use of

the cell lines as a primary feeder cell layer.

[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.
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[0071] In another exanple, Inzunza et al (Stem Cells 23: 544-549, 2005)

di scl ose a feeder cell |ayer from human postnatal foreskin fibrobl asts.
[0072] UsSse2aMB12t3scl oses nedi a t hat support the growt RCBIUSPEO9aL7E4
pluripotent stem (pPS) cells in feeder-free culture, and cell |ines useful
for production of such nmedia. US6642048 states: "This invention includes
mesenchymal and fibroblast-like cell |lines obtained fromenbryonic tissue
or dighdsgr enfulanbmet &aﬁﬁm%km@wz%t@rﬂmﬁé bebs 2'§’E§660318. i(ws) g&dbskiang such cell
| i nes, processing nedia, and grow ng stemcells using the conditioned nedi a
are descri b’@@ldeaﬁ‘gl fybemgkrsddpn hespeniangpusdifentietion ¢idommp cmbryamist her

exanpl e, WRQQPe{14799 discl oses conditioned medium for the naintenance,
proliferation ang differentiation of mammalian cells. WX20050 14799 st ates:
"The cul ture nmedi um produced in accordance with the 8r esent invention is

cond¥0¢% ne dinmyfuithss cxaamnle, dEysnaetp grel detemielly 2543 Adf0.r80beisclose 2 n parti cul ar,

those diffesgntiaked-and db’é‘iﬂéﬁtff%hi}%%ntpﬁa%&ﬁﬁem c hepatocytes, named MVH
(Met Murine Hepatocyte). 0074] In another exanple, Xu et al (StemCells

22: 972-980 200@) di scl oses condi ti oned medi um obt ai ned from hunan
erbrY8ilc sh@ihecel (BidhdiepiodiaBy %1550'(2H§§ RV elisslaser afesriet fLLHRYY debEif i ed to over

express hungs hehABLARQ reverse transcriptase. [0075] |In another exanple,
U82007001001 1 discloses a chem call y defined culture nediumfor the
mai nt enance of FI uri potent stem cell [Q076] An alternative culture system

enpl 808 s er naoHsBex W HZERZ3 ST @ﬁéﬁ%&?lkﬁﬁ% Agrodit 190P aditckiss 2 &ed8ibl e of

pronoting the I%Pfrbﬁl%ﬁﬁhﬁ B&trﬁfal eFRarSo1skem cel | s. For exanpl e, Cheon et
al (Bi oReprod 10. 1095/ bi ol reprod. 105.046870, October 19,

2005) di scl os er-free erumfr e culture systemin which enbryonic
st enhﬂgah s %5%6% grﬁfj%f Giemedie ﬁfé&ﬁmr&tﬁﬁﬁ@aﬁ@nﬁm@ﬂw&@mﬁm medi um

suppl enent e&uwntfeedét fibesginte, adsiNintAGRERI for 9fuaaéaioﬁ o®fuchmic@@er i ng enbryonic
stemcell self-renewal. [0 ] I'n _another exanp Levenstein et al (Stem

Cel |'s 24: SEBAEHNS statss) ["BI‘%IB’F%%‘ lﬁ%@%éa)gswym%énq iafgblesddike el t ure of

human enbr ygpi 6bt§1§1€d‘fr§1’ﬁ|eh$rﬂoﬂlctti§ﬁle%p§§ﬁ%tlﬁgd frbRIeABhRAS (Rl cpendi ti oned
medi um using nmedia suppl erffented with [0078] I'n anot her exanpl e,

US20050 14897thodsi ferdasyes suchasilhiges, OlfOC@,SQllng wﬁmm@wné pemeel wsingt em cel | s
in defined e g&tﬁht%&hﬁlg&la §1%rd9§&1@&f’an\6ﬂ1ﬂ1%‘£}%d iﬂ tms(a%lcl%%re.f’ eeder

[0073] In another example, W02005014799 discloses conditioned medium for the
maintenance, proliferation and differentiation of mammalian cells. W02005014799
states: “The culture medium produced in accordance with the present invention is
conditioned by the cell secretion activity of murine cells, in particular, those
differentiated and immortalized transgenic hepatocytes, named MMH (Met Murine

Hepatocyte).”

[0074] In another example, Xu ef al (Stem Cells 22: 972-980, 2004) discloses conditioned
medium obtained from human embryonic stem cell derivatives that have been

genetically modified to over express human telomerase reverse transcriptase.

[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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cells, the method conprising: culturing the stemcells in a culture nmedium
containing al bumn, amno acids, vitamns, mnerals, at |east one

transf er rwp20oro/6si2asferrin substitute, at |east one i ns®eCirUsee0dionsTad i n
substitute, the culture nediumessentially free of mammalian fetal serum
and containing at | east about 100 ng/m of a fibroblast growth factor
capabl e of activating a fibroblast growh factor signaling receptor,

wher ei n t hegigh QWb ReciBiCh QY serdinF14P BhIHBDs yhicRITh &/ hRAWKBE A& &didBrd USt @
fibroblast feeder |ayer, the nedium supported the proliferation of stem

cel I's in anmgpdined ey weendiiegd seram eniicemerii SR baeiivm swinlamesied o6iidi t i oned
medi um [ OOF8rchibr QMRS @zf@laggbfmggﬁ%%%ﬁ%%%ﬁ%@en%a&!e% wd def i ned nedia

useful in culturing stemce , Includi'ng undifferentiated prinate
prinmordial stemcells. In solution, the media is substantially isotonic as

h
conp@PEA t olneRetherespnple) heyensisime @ (tem Fels 24 A0%S Tt ¢e0P) disFlots aethedse

particul ar Pk Wh.GOHPEIIBRSFAuRES EmBE kit MeARMIAR 1RMBWALe Of fgastiyof bFGH,
insulin, and ascorbic acid necessary to support substantially

undi f f er ent ¢rgpeditigied wickiugt, usingmpdin manpéinented atmbESKl s. [ 0080] I n anot her
exanpl e, US6800480 states "In one enbodiment, a cell culture nmediumfor

gr OWo(res| P | imBh&h HQkhMEIE, BSI0086 k0 BRI CLhbod & Qusibshanh! al |y
undifferentiated state 1s provided which includes a | ow osnotic pressure,
| ow endot oxinbriyends siemeellsuprdefnad mediagtithentsiepan and vethopioiroblsé fegddwt h of

pri mat e- der d.yedn Phi iRy éﬂnﬂalrisﬁ%eéﬁltﬁﬁﬁé tﬁ%styﬂ%el%ﬁ ag}lﬁﬁghféﬁi‘uhﬁcoﬁﬁﬁm ed with a

[
nutrient serumeffective to Support the growh primatederived prinordi al
stem cel | s dbuinia, aubstqids vitapaihe otiestalf, pblerst hee ganelepicangigeiing of feeder

|1 d I tri nent ' : Il's. Th
cells an & %I?Eeéit%héfnsﬁfﬁl Jr'1ﬁ%uﬁ19%I%gt?tnﬁ{r%bthg@?lgl‘gﬂ%%ﬁ%%sfeﬁt?afﬂfﬁr el 1 S €

medi um further 1 nc €s non-essenti a I -oxrdant, and a
first growdf aohdian $edlecmadcnfl cormining agleat pbavio ¥ ey mhgf adibrehliast eosi des and a

pyruvate salt.[0081] |n qf.her e e, US20050244962 states: "In one
lpect tho Favarerarogill IRl Ehe ERTRLGertp il BAET, L oni ot em
cells. One whdrtintlerévid fst@nm applicl fram asaudetdtiiee thas feni fibdobMstffecder of

manmmal i an fetal  serum (preferabl | so essentially free. of .an ni mal
serum  and R tREmSIEsHRRTEs T Bt O SEBell: praeeBiTieRat s il i ed
from a sourgghoat Reder cllanr coigliticded mbdiohl ast feeder layer. In a preferred
form the fibroblast feeder |ayer, previously required to sustain a stem

Cel | g gl SRS O ADREESERAN R £ R BP Bt Qe SRS €™
stem cells, including undifferentiated primate primordial stem cells. In solution, the
media is substantially isotonic as compared to the stem cells being cultured. In a
given culture, the particular medium comprises a base medium and an amount of each

of bFGF, insulin, and ascorbic acid necessary to support substantially undifferentiated

growth of the primordial stem cells.

[0080] In another example, US6800480 states “In one embodiment, a cell culture medium for
growing primate-derived primordial stem cells in a substantially undifferentiated state
is provided which includes a low osmotic pressure, low endotoxin basic medium that
is effective to support the growth of primate-derived primordial stem cells. The basic
medium is combined with a nutrient serum effective to support the growth of primate-
derived primordial stem cells and a substrate selected from the group consisting of
feeder cells and an extracellular matrix component derived from feeder cells. The
medium further includes non-essential amino acids, an anti-oxidant, and a first growth

factor selected from the group consisting of nucleosides and a pyruvate salt.”
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[0082] In a further exanple, WX005065354 discloses a defined, isotonic
culture nediumthat is essentially feeder-free and serumfree, conprising:
a. a basawvormedvesm23b. an anmount of bFGF sufficient to sepparstoogooenwh of
substantially undifferentiated mammualian stemcells; c. an anmount of
insulin sufficient to support growh of substantially undifferentiated
manmal i an stemcells; and d. an anount of ascorbic acid sufficient to

suppP@n$1]9r oMtaRo@ér e%‘(hﬁjﬁﬁl'% amzoékdmmaftése Y S tﬁ@m@{ltioﬁ%r@q(ﬁg‘acel I's.

[ 0083] In anot her exanpl e, W02005086845 di scl oses a nethod for naintenance
of an undi fethehef calteinegrimpicanryonigstem aelish Se sulfies tBe figmexlpd8Rng a stem

cell to a n&’l’@th%res&fluéﬂ}%re% 0P PR HalTh B9 ?prfgi%%&ra‘ls%ee"s&nﬁﬁ%e@)off am |y of

proteins, a menber t he flbrobl ast 9rovvt actor (FG-) famly of
proteins, omyshieed sqmmi@ém Nie@yesenee ahiibneblastiterayyth factdr et 1stsapphigil nt ai n t he

cell in an dﬂr’él{?iaf dﬁéee&ﬁ r%aﬁqbssgg]ﬁy%ﬂ]g’{fe ) ?Bﬁefeﬁ%@?&h gt time to

achi eve a desired resu e pluripotent stemcells may be plated
onto a sui t@ipbldast fdetlerleycs phwiqualy ecquind priesteinotinmetitcultarhgs smiltrabl e cul ture

substrate |usnngcréss%xtrat%e r(ffgnonofn%c%eﬁtf%?%gs?gr%wthfsauc?”as for exanple, those
derived from basSe orm part of adhesion nol ecul e

receptor-|ligand couplings. In one enbodlnent a the suitable culture
subsi0fdAle ilo aNINTIRIC %Ln(pie) WBEWS005 3Dk dikenso n)cieﬁMTIRbt@t ¢eljuré mediumol ubl e

preparati Onth%t i9 sgitlg E:e(?etrr}r ?91{1({% %3@ 1 tcld mél ! ?basg%e[dg»gjg;gnl % room

tenperature & recons as’e Tor ane her
extracel | ul eamoummfthftisoffmmnemtssp[mmtgrmﬁmxﬁﬂlémtanmllynmdléﬁereatiae@ui tabl e as an

alternative. Dependin n the cel e rolif erate this may

Mot ude | e sese AFahf obERFeak e galh oS Rt sl Tare, and
the |ike, adubsfintiatly windiffaentiaes rﬁambalmatslemu{ @%6]an‘ﬁh@uﬂldﬂmopﬂﬁcent stem
cells may be.plated onto the s trate itabl e distribution and in
Che. pr sencBi GG T P tee g B fodlionoss mopreagiT on, - and
retention ofelit.he desirable characteristics. Al these characteristics
benefit from careful attention to the seedi ng distribution and can readily

e mINENT r ofPREeTarrE W RS ARSAE bt by Gnl RencS oFt e el Y
undlfferentlated stem cell, said method comprising exposing a stem cell to a member
of the transforming growth factor-beta (TGF-B) family of proteins, a member of the
fibroblast growth factor (FGF) family of proteins, or nicotinamide (NIC) in an amount
sufficient to maintain the cell in an undifferentiated state for a sufficient amount of

time to achieve a desired result.

[0084] The pluripotent stem cells may be plated onto a suitable culture substrate. In one
embodiment, the suitable culture substrate is an extracellular matrix component, such
as, for example, those derived from basement membrane or that may form part of
adhesion molecule receptor-ligand couplings. In one embodiment, a the suitable
culture substrate is MATRIGEL® (Becton Dickenson). MATRIGEL® is a soluble
preparation from Engelbreth-Holm Swarm tumor cells that gels at room temperature

to form a reconstituted basement membrane.

[0085] Other extracellular matrix components and component mixtures are suitable as an
alternative. Depending on the cell type being proliferated, this may include laminin,
fibronectin, proteoglycan, entactin, heparan sulfate, and the like, alone or in various

combinations.
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exanpl e, Dul becco's nodified Eagle's nedium (DMEM, G bco # 11965-092;
Knockout Dul becco's nodified Eagle's nmedium (KO DVEM, G bco #10829-018;
Ham s F12veQusodvElBbasal medi um 200 nM L- gl ut am ne, G PCO/US20050857027;
non-essential amno acid solution, G bco 11140-050; b-nercaptoethanol,
Sigma # Mr522; human reconbi nant basic fibroblast growh factor (bFGF),
G bco # 13256- 029. Formation of Pancreatic Hornone Producing Cells from

Pl urjopg ent T}@]ﬁ A)@félnjt Serh Qélﬁ%]laylaa P& SPadk iRt id NQiBSIERMbufidvent i on

provi des a nmeth produci hg pancreatic hornone producing cells from
pl uri pot entan§t”éFhe@éqS¢T§G ot mpdivg thay prameotestcelh surgival, propegatiensgihg pl uri pot ent

stemcel | s, regntl(gﬂ Jfftfé’(fe@lrrdb@é éh@ﬁte{eh%cgl %Ugglﬁ:@é ?ﬂ acﬁ:h?t'f@s (BQ‘IL 11 § frbfﬂtcgreﬁﬁl I's

expressi ng kers characteristic o nitive endoderm |ineage, c.
Differenti aattiemgontth dhepedding dxpbwinyiang caraeddly de defamzinaddryi ane o€ skalf it he
definitive gngdodermlineage into cells expressing markers characteristic of
the pancreatic ‘endoderm | i neage, and d. Differentiating the cells

expressi ng markers characteristic of the ®Fancreat| c endoderm |ineage into

cel | 80%% pr eSifablg cwiik Bedia ohaibastade framitee foflowing cpaprncatatsueh entocr i ne
I'i neage. [O&Q{-ﬂhlgé, b&%%hnﬁh%g%lﬁ%{]&luﬁﬂb‘é\@g di%o #45965.09 he present

i nvention inc exa uman onic stemcel'l line HO (NIH
code: WA09)Kndckeut iwmiteacasmhodifini Eaghisenadieh [KO DAEM), QIMOI-#IG&Z?EOIW\AC] ), the

human enbry : n enbryonic
stem cel | Illgf%{égg%g(? ‘P@g%‘l}d ?ﬁme&g g@n’%%ﬁlglsu\c()ﬁgég GI%{%d# #5}959 Eggal n the
present i nvemtdsgntidneimedcidsotutat, @kgr E940-860;|feastapperthandl, Sigeted | ow ng

mar kers ch eristic o el r FOXD3,
Connex: na3. Veornpifisetoyin bRl o Gia B R F GREC BT s seas

SSEA4, Trale2®0, or Tral-81. [0090] Markers characteristic of the def| nitive
endoderm | i neage are selected fromthe group consisting of SOXl? GATA4,

Faa oDag, ESHBAHRRR e Baos a5 s RGN TP * Coo

and OIrX2. Suitable for use in the present invention
[0088] In one embodiment, the present invention provides a method for producing pancreatic

hormone producing cells from pluripotent stem cells, comprising the steps of:
a. Culturing pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage,

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

endoderm lineage, and

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

endocrine lineage.

[0089] Pluripotent stem cells suitable for use in the present invention include, for example,
the human embryonic stem cell line H9 (NIH code: WA09), the human embryonic
stem cell line H1 (NIH code: WAOQ1), the human embryonic stem cell line H7 (NIH
code: WAOQ7), and the human embryonic stem cell line SA002 (Cellartis, Sweden).

Also suitable for use in the present invention are cells that express at least one of the
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is a cell that expresses at |east one of the markers characteristic of the
definitive endodermlineage. In one aspect of the present invention, a cel
expressi nyormaroksiz3characteri stic of the definitive endedemseémonesige i s a
primtive streak precursor cell. In an alternate aspect, a cell expressing
mar kers characteristic of the definitive endodermlineage is a nmesendoderm
cell. In an alternate aspect, a cell expressing markers characteristic of

the defini tfoﬂ&vﬁg%ﬁéfsrﬂhbfa&%ﬁg% of pludpSteitichild 'A’J?C@@Qﬁ%r abosatdxp$,0091]
Mar kers characteristic of Eﬁncreatlc endoder m | Inﬁﬁ&F are selected from

t he group c@%@?@fl‘?%éjoéﬂlexm QCHNSO e NANQTATERTp AT LIIRE2. 583 3and PROXI .
Sui tabl e fqgﬁgnghn(%h&mﬂgpggnt invention is a cell that expresses at |east
one of the markérs characteristic of the pancreatic endodermlineage. In
one asgect of the present invention, a cell expressing markers

charl88Wr i sMP’é‘e‘@Fh%fPf‘éerﬁélﬁéf‘ééf‘i’fémé‘ﬁtféél%qel?ﬁl lipgrea g splscted e diea®ieinc endoder m

cel . [0092konifafieiraosar @stil U Pl ddee CRRICKEBICTEPAagiiNEn] | neage are
sel ected fromthe group consistin EURCD, | 1,

PAX4, NGNB?Mahmﬁﬂmeoﬁnﬁﬁ@BmlﬁGBﬁgDé&ﬁ@@wﬁﬁﬁmnnQﬂﬂﬂﬁﬁ}é&ﬂ@hFéﬁébcr|ne cel
I s capabl e @hTRY¥PFLERE MUkt ch§&Sha 6&%20%u{t4ﬂ>?e foPhd thg%réa% ﬁt% insulin,
ypept I de. Itable for

gl ucagon, sonmatostatin, and pancreatic poly de I use in the
present i nvienctlbthai peseht lea:Shate odxpreskas claractegagt ofdiedefihitivhe mar ker s

characteri Sénd?de?ﬁl lﬁlgaegepﬁ‘rcr{e%%ﬁecgofqﬂe rgsreh gvén‘tl ﬁaﬁ(%gﬂ F)gﬂes?f[ﬂg ﬁ? sf LeOf the

present invention ers charac
pancreatic @mﬂmmnmaeﬁﬂwnbﬁngeaumd@anum&an$mp@deCBWMkpﬁmhmorame pancreatic

endocri ne | | pang, reatic Al ternatively,
t he pancrea F&agﬁﬁa %ﬁg c%ime§?H§€nMEgse% r“@:ﬂﬂﬁ%%ﬁénwgcreting

cell. [0093]mmmmmmemagpeaimﬁ%n&hbnpeaseﬂhnaMm%m&mpanemhﬂegaasmgatic
endocrine cell is a rkers characteri.stic of the b cel

i neage. A Buke Edgifio o e AR AR B 2 bRhtecrtiodm | neage
expresses Rgxl and at | east one of the follomnng transcription factors:
NGN3, NKX2.2, NKX6.1, NEURCD, |SLI, HNF3 beta, MAFA, PAX4, or PAX6. In one

SR TN SRS TN S R Lt bk
Char act er i sdongistade df FRXDEHNRT betd PTF1 alpha, HNF6, HB9 and PROX]1. Suitable for

use in the present invention is a cell that expresses at least one of the markers

characteristic of the pancreatic endoderm lineage. In one aspect of the present

invention, a cell expressing markers characteristic of the pancreatic endoderm lineage

is a pancreatic endoderm cell.

[0092] Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN3, NEUROD, ISL1, PDX1, NKX6.1, PAX4, NGN3, and PTF1
alpha. In one embodiment, a pancreatic endocrine cell is capable of expressing at
least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic
polypeptide. Suitable for use in the present invention is a cell that expresses at least
one of the markers characteristic of the pancreatic endocrine lineage. In one aspect of
the present invention, a cell expressing markers characteristic of the pancreatic
endocrine lineage is a pancreatic endocrine cell. The pancreatic endocrine cell may
be a pancreatic hormone expressing cell. Alternatively, the pancreatic endocrine cell

may be a pancreatic hormone secreting cell.
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Endoder m Li neage [0094] Pluripotent stemcells may be differentiated into
cells expressing markers characteristic of the definitive endoderm|ineage
by any nmewbadiwesiz2Be art or by any nethod proposed in tRCI/USRM0006170€.

[ 0095] For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage
according to the nethods disclosed in D Anour et al, Nature Biotechnol ogy

23, 6% - 14 2pRQQP e pkQORGveFn, BXPIRYGtic BhIYCHROLANS o &Qem cel | s may be

differentiated into cells expressing markers characteristic of the
def i ni tive @nusdes mukpiebyectaitoprtihng celblinage. neeHbugrestisemaked i n Shi nozaki
et 21 DevelianepAtickdhe ot 8074200 and USK) o FOF uRAAIRI, P! uri pot en:

stemcells may be differentiated into cells expressing markers
char act er i strangcrption fastoghe {iY @INS.iNAeX2AOEE hh NEHBOe [Hdc UNEB bgtat 0 t he net hods

di scl osed VL PAR4SS: Ao, ThEM éég%étgg%gﬁeg&n invERihZ0C:fexpledPl For

exanpl e, pluripoétent’ stemce erentrated 1nto cells expressing
mar ker s chamadtre chasadtarisod ofthep daf invhgd ive Benldloder m | i neage according to the
met hods di sclosed in D Arour et al, Nature Biotechnol ogy 24, 1392 - 1401

(2006) . [0099] FEHﬁatﬁ))ﬁa(mae s E%rléﬁﬁn?@gltgpﬁeﬁbﬁma% i{sﬂceﬂﬁé? ;b%ﬁﬂfnfv@ erenti ated

into cells expressing markers c eristic o It1ve endoderm
| i neage by culturing the pluri pdingotlersn Eimeagd | s i n nedi um cont ai ni ng
activin A in the absence of serum then culturing the cells with activin A

and m ' : i LYl d serumof a
dif f[gggeéﬁnt C%E%%&rﬁh? gt'? Ilglg hﬁ%%%x%%ﬁ%ﬁg%dq?tmcéméﬁ ltﬁgs\éﬁg}gﬁg?gcl osed in Nature
Bi ot echnol odyrag@ristcgthe-defigitite ¢rROGEN, [jnga®d)y afp methwd tipthe art pf by 4nyot ent st em

cells may bﬁetﬂ&&éﬁ%ﬁ@& ianlig(iill\/jeﬂtgo cells expressing markers characteristic of

the definitive e erml1neage by culturing the pluripotent stemcells in
medi um containing activin Ain the absence of serum then culturing the
cel 1180961t h T ekamme. Rlugipptentsséany ealls inaz e diEarentiatad evie ecdls cxmessing exanpl e of

this method,lg.d :cﬁa%cgﬁﬁﬁc Bﬂh?detﬁm‘éren&}d]e@g linéélgé %&g%ﬁg% BeHQlQgy.  2005.

[0101] For exanple, uripotent stemce ma ferentiated into cells
expr essi ng drsldsed & 12’ Aamac tierli M4tire Badtedhheloghe2, A4 v&S4ridd¥der m | i neage by
culturing the pluripotent stemcells in nmediumcontaining activin A and a

Wit [l()bﬂﬁnd Fcﬁ] e&ﬂﬁpl@;%ﬁﬁ@gﬁn&fteﬁ SIS rﬂ{ay be differentiated into cells expressing

markers characteristic of the definitive endoderm lineage according to the methods

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

[0097] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

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

[0098] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

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

[0099] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by culturing the pluripotent
stem cells in medium containing activin A in the absence of serum, then culturing the
cells with activin A and serum, and then culturing the cells with activin A and serum
of a different concentration. An example of this method is disclosed in Nature

Biotechnology 23, 1534 - 1541 (2005).
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then renoving the Wit ligand and culturing the cells with activin Awth
serum An exanple of this nethod is disclosed in Nature Bi ot echnol ogy 24,
1392 - 1MW0 20006623 [0102] For exanple, pluripotent stemCTaiSk&may7dhe
differentiated into cells expressing markers characteristic of the
definitive endodermlineage by treating the pluripotent stemcells
according to the nethods disclosed in US patent application Ser. No.

11/ 786008, F@%%lm@%m@o!ehtfsee%&@amn{ Ge difflQBhtclr ffto £XRRRYrEsing! Uri potent stem

cells may differentiated into ceP | s expressing markers characteristic of
the defini tm%dseré AlpERFE 1i¢ Pﬁfh%@@”mwetenw@mbnqaa@bspw&ﬁurlp&)thé pturigptens cel | s

accor di ng tQ.d Bas rﬁ?&'@&’iﬁﬁ cghéﬁﬁr%sa%ﬁ'wh E& 19%1%%&1@& oias%HJrﬂ ‘%l?e‘h'cﬁf?urﬁ%rthe

11/779,3 11, assigned to LifeScan, 04] exanpl e, pluri pot ent
stemcells cmalwbb agtivif &rvathtseranmeef amtﬁl@ @@%W@pﬁ@@gﬂmgle@ﬁﬂw@eﬁ@hod

charact eri s, 'd8c18§edt1+‘ﬁsﬁiﬁfohf‘ét m&@%@)qh&mb%g&ge by treating the

pl uri potent stem ce accor iI'ng to the net s di sclosed in US patent
application Ser. No. 60/990,529. [0105] For exanple, pluripotent stemcells
may [9&01d; f fRarexarpie. @éurlpﬁteétmc@lsmrbééﬁf%@ltlﬁtﬁdm@eléhmrai@tnér| stic of the

def t I
ccor di ng. (SRS ChiBBReOnEerhl ARk A Endi ) ARMARE B pRFRGEA! T
61/ 076, 889 stfrO¢@BJin Fediumxantpingig aptivin Ammﬂ@—ﬁv nidigend wehd absermy obeerum,

di fferentiafed Og{&%’l ?he'dvﬁt 1%@5 grfdséuﬂ?t %&L{ﬁ IR wﬁtﬂ%ct?&ﬁ A tlﬁ} |G A he

definitive en uri semce
accordi ng texamhle otﬁﬁnmmdhodilssimbbs@ianatut&meMOgmél 13%at-11éml (89@6). No.
61/ 076, 900. [ 0107] For exanple, pluripotent stemcells my be differentiated

It oof@Y)! S ﬁ&%&sﬁﬁﬁ%%ﬂhgﬁ{ Fte'ie?n E{I@rn?a?tb%rcﬁf%énlﬁﬁt%ﬁ m%‘?ellg%%&ré‘ésﬁl' ve endoder m

| i neage 'by treatin ent “stemc S accor 0°t he met hods
di scl osed imardSs phdrantdrisappf thc:dﬂﬁn@rveSedeemmhnﬁgct Wﬁ@a@ﬁgthe[pmt@syenﬂ:or exanpl e,

pl uri potent_stem.cell f gntla o) eI S eSSI ng markers
charact eri st7e% af??rd%%%n%%m Ft\?}oeéseaﬁs edrm atent[ pblcatfresfgl3 |ng t he

pl uri pot ent118136M08 edstisnedac difeBoag Tho t he net hods d| scl osed in US patent
application Ser. No. 61/076, 915.

[0103] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

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

[0104] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

60/990,529.

[0105] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,889.

[0106] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage by treating the pluripotent
stem cells according to the methods disclosed in US patent application Ser. No.

61/076,900.
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Differentiation of Cells Expressing Markers Characteristic of the
Definitive Endoderm Li neage [0109] Formation of cells expressing markers
char act erwetbhw/i5i228he definitive endoderm | i neage nmay becCuatSesoyionsds by
testing for the presence of the markers before and after follow ng a
particul ar protocol. Pluripotent stemcells typically do not express such
mar kers. Thus, differentiation of pluripotent cells is detected when cells

begi 147 expcrr%%ngl@%mnpb@atls@am JR nfl fok Qi rRAGYIaRH ifld EfiREGHESARLI ON may be
determ ned by exposing a treated cell population to an agent (such as an

ant i body) timgrkers geasactaristie pithe defingivie zadodarmp Herage by Weatingthedkpsivessled by cel I's
expressi ng &k k&isScGRABRIEL hethbds &g‘clo%&ﬁnciﬁ belidn hﬁb%cﬁg)‘ﬂ%@ﬁ Ny | i neage.

[0111] Methods for assessing expression of protein nucl ei c acid narkers
in culturedld76i9%8] ated cells are standard in the art. These include
quantitative reverse transcriptase polymerase chain reaction (RT-PCR),

Nor tlgesg) D! Iﬁﬁr%xadlﬂ'le iﬁ&rfﬁoﬁﬂ@"tén@b&@%a?%e Ql?f?e@ent@te@ mto Sk re?;ﬁEssP (gOt ocols in

Nblecular Bi ol ogy usubel et ah pgﬁenent , i mrunoassays
such as i nm#&eR §h9c§wml@aﬂ th%wh%ﬁn}tmwndﬁde%bmaéﬁ trmp@rhea)ﬂurlpv@gtt ern

blotting, QTEé:ifs a (Eﬁ@é@ %és‘lgléthé%%é&?o%ﬁzﬂ%ﬁ mfatén?a;?_ﬂ‘itc&%t%?ﬁ\fo . Tlow

cytonetry anal ysis ane Anti bodies: A
Labor at ory ®NE®9H15. New York: Cold Spring Harbor Laboratory Press (1998)).
[0112] Characteristics of pluripotent stemcells are well known to those

skilled in theD?f,"er%m@I deﬁ?fbl&k n%h\%%e% ©hily 2 deFiStic Ifz}l%'b!!ﬁ';lzﬂ%e”t stem

cells continue P dripotent stemce ers include, for
exanpl e, the expression of one oﬁh¢mkmﬂbm@h£ foll owi ng: ABC&X, cripto,
FOXD3, Connexi n43, Connexi nd45, OCT4, SOX2, NANOG hTERT, UTFI, ZFP42,

SSEﬁ%lOﬁSE%rmIﬂi@H of@Ql’ls & reg-srn?é mikers Eﬂ)al-gcge]rlsfbtf, bihe UdtRaie @Qdc}%h'ﬁ I potent stem

cells with the nethods o present invention, the differentiated cells
may be puri hneé@ hgy @d@tﬁsﬁnm@dbyteﬁfe@feﬁth@éteﬁenpgpﬁhatna&mtb@foamard@é@t (such as
an anti body. as CXCR4,
expr essed by SuE PREENLL R, PREREEh R AP LE R e SHA T Ve
endoder m | i mehgre. TRor difiticomtion oCplutipotét pelbgs datestddbrlicecellstiegmact eri sti c of
t he Pancreatbﬁmsﬂmm

[0110] The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a protein
marker expressed by cells expressing markers characteristic of the definitive

endoderm lineage.

[0111] 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)).

[0112] Characteristics of pluripotent stem cells are well known to those skilled in the art, and
additional characteristics of pluripotent stem cells continue to be identified.

Pluripotent stem cell markers include, for example, the expression of one or more of
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Endoder m Li neage [0114] Cells expressing nmarkers characteristic of the
definitive endodermlineage nmay be differentiated into cells expressing
mar ker s cwaraowisiizsti ¢ of the pancreatic endoder m | i neageThs2empervet hod i n
the art or by any nmethod proposed in this invention. [0115] For exanple,
cells expressing markers characteristic of the definitive endodermlineage
may be differentiated into cells expressing markers characteristic of the
pancreatic @oAPLRIID |AB@§2}%n§c60mﬂDB‘QC& nAclif® 0BhleMas S, ge&d, i n D Anour
et al, Nature Biotechnol o - 1401 (2006). [0116] For exanpl e,

cel I s expr eSaNRY. hﬁER@ﬂéT]gﬁgf%% SSEABi $SFH4, Trd-8ei T t-Blse endoder m | i neage

are further differentiated into cells expressing nmarkers characteristic of

the pamreah & t@m@g@ﬁﬂaownﬂﬁ%@ellg%ﬁth@aluhesh St s&lechSn@RRGESRI ng mar kers
characteristic of the definitive endodermlineage with a fibroblast growh

fact or and {iffereisirgdenbymay bririfisd ba?mwagafrﬁﬁ%ﬁﬂmopwte%%ﬁﬁém ne, then
removi ng t hg,diediH Hﬁt%g@%a{vgmlﬂc% febnelal Q-ﬁltoteﬁﬂ Aubr fRELOTXRMD,

KAAD- cycl opam ne and sequent |y culturing the cells in medi um containing
retinoi c acixaresgdiy igelisisrpisssingravicers thecactrisanef thoibingye codsdainne.  An exanpl e
of this metfjad.J s disclosed in Nature Biotechnol ogy 24, 1392 - 1401 (2006).
[0117] In one %spect of the present invention, cells expressing narkers
characteristic of the definitive endodermlineage are further.

di f f er ent i at edFermagiop of Cellkomressigiarkgryeharagtersticcafdhe Bancgeasic t he
pancreatic endoderm |ineage, by gy, d%ﬂéﬂn?ﬂmteﬁge cell's expressing markers
characteristic of the definitive endodermITneage with retinoic acid and
atleast one fibroblast growh factor for a period of tine, according to the

met H9H di sCsllssarressHewmitkeat eisracteppiG of A dshnGee endedermilnermeng®,  assi gned t o
Li feScan, |ffferehilck8hto! c@llsoéiﬁregﬁlﬂgeﬁgrk% cﬁaﬁ‘fcté?fsﬁ@ §ithe b%ﬂ%l%@ttld Ql'aodecfﬁl I's

expressing markers characteristic of the definitive endoderml|ineage are
further diflinspeaiviaay athodtintheertios bespreehodigopasekiarntis atvantist eri stic of the
pancreati c endoderm | ineage, by treating the cells expressing narkers

charggisgri Slfdr‘éxﬁlflplé Q@llsda%fofe%ﬁg MEKEQIRARE AL DERIG NIt ch&IderRi € acid and at
Ieast one fibroblast growth factor for a period of tine, according to the

met hods di skflcageamay be dferpatiagadtinta splis cxatersong mmrskers pepracteristizef the 11, assi gned
to LifeScan,,, g e[nQ%d]e% 11héhrg9 Q&oﬁﬁx@%ﬁlhe%etﬂéﬂﬁ dRERS&NL D' R¥GBRL, 9N, cells
aracte c of the

expressing markers c I Sti
Nature Biotechnology 24, 1392 - 1401 (2006).

[0116] For example, cells expressing markers characteristic of the definitive endoderm
lineage are further differentiated into cells expressing markers characteristic of the
pancreatic endoderm lineage, by treating the cells expressing markers characteristic of
the definitive endoderm lineage with a fibroblast growth factor and the hedgehog
signaling pathway inhibitor KAAD-cyclopamine, then removing the medium
containing the fibroblast growth factor and KAAD-cyclopamine and subsequently
culturing the cells in medium containing retinoic acid, a fibroblast growth factor and
KAAD-cyclopamine. An example of this method is disclosed in Nature
Biotechnology 24, 1392 - 1401 (2006).

[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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definitive endoderml|ineage are further differentiated into cells
expressing markers characteristic of the pancreatic endoderm i neage, by
treati ng wheomdlsie3expressi ng narkers characteristic of PCmasd@bioni7ri ve
endoderm | i neage according to the nethods disclosed in US patent
application Ser. No. 60/990,529. Detection of Cells Expressing Mrkers
Characteristic of the Pancreatic Endoderm Li neage [0120] Markers

characteri 81%55@01@11&9@%@%%@&%%0@agmrmlhﬂen%&%n@tstm&hdagom to those
skilled in the art, and ditional markers characteristic of the pancreatic

endoder m | |¢1%éd@dﬁﬁpﬁﬂé aPRilef@nl enitd. f1/830. 90 assignpeol éfeSca@aliiche used to

confirmthat the cells treated in accordance with the present invention

haveodid|f ergnht apeé of e Peabritifchiish, BIRRLFEES reidrd@iaficiciildcCordfe t he

pancreatic endodermlineage. Pancreatic endoderm |ineage specific narkers
i ncl ude t hededipive sadodernplincagreare furthei dfferentipécdrintgcplbrexpiseting arkefeh as, for

exanpl e, HLXBActeRH of ﬁle%ﬁore;ﬁ) P%hdod'e'mlfﬁneagé b Eh iR el Q};ngéls];m he effici ency

of differentiation may determ ned Eom ng a treated | popul ation
to an agentmgrkers ﬁhaei%ct@ﬁtlmﬁth%@qul}twtewa@odgli@e g with wtm@é@gﬁhaz@@t a protein

mar ker expry g%%g%ef?%olﬁgsk %ﬁfﬂf@?%?gﬁ}g&h@% QJBQM ttgfﬂestﬁéﬂ?odg’f the

pancreatic endo for eSS|ng expressi on of
pr ot ei n anddisplskindUSipatent mpplicetna Sen I\hullt/ﬂﬁ’ﬁéiﬂlloasmgscﬂfatleﬁswl Ins. are standard
in the art. These include quantitative reverse transcriptase pol ynerase

chai @1{gact ;0 Q?I @ﬁ%pr&‘&hﬁﬁ\%ﬁﬁonbtafs%xprh{& gﬁa%é?ya{ata@{eaa}d cﬁ“i‘he( See, e.g.,

Current Protocol I'ecul ar Bi ol ogy (‘Ausu , eds
suppl enent )qeﬁnawdﬁmmw@als@agesars fietherd feramtiptrdhinte coltrapicesans lairréwlym s of

secti oned r accessi bl e
in intact cr@'% %C{eﬁ t1Cow cipt(?1 %ér}f%a?lrc %L&adr?g y!s"?%g? Egéggﬁ?lﬁﬁééellé ggjtres rl ow and
Lane, Usi ngmmitns bhladaowxstlmﬂ_thda(bafmutmeyndminuualmeaglewcmdmg to @elngttiB@s i Nng Har bor

Labor at ory 8 Q. mat i n f Expressi ng Markers
Characteris SC Ose ﬁljtfisqp%anrtlg KA o()(':r6(|9§éed %9neage [0123] Cells expressing

mar ker s characterlstlc of the pancreatic endoderm | i neage may be

di f f erenti at Baeitimnof Cels Bpexpreslikg Garkeriiichihalueregicifpdaterthe
pancreatic endocrine |ineage by anyL%%%QQd in the art or by any nethod
di sclosed in this invention. &

[0120] Markers characteristic of the pancreatic endoderm lineage are well known to those
skilled in the art, and additional markers characteristic of the pancreatic endoderm
lineage continue to be identified. These markers can be used to confirm that the cells
treated in accordance with the present invention have differentiated to acquire the
properties characteristic of the pancreatic endoderm lineage. Pancreatic endoderm
lineage specific markers include the expression of one or more transcription factors

such as, for example, HLXB9, PTF1 alpha, PDX1, HNF6, or HNF1 beta.

[0121] The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a protein
marker expressed by cells expressing markers characteristic of the pancreatic

endoderm lineage.

[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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[0124] For exanple, cells expressing markers characteristic of the
pancreati c endoderm|lineage nmay be differentiated into cells expressing

mar ker s cwaraok®siizdti ¢ of the pancreatic endocrine | i neage/ise@ondirng to the
met hods di sclosed in D Arour et al, Nature Biotechnol ogy 24, 1392 - 1401
(2006). [0125] For exanple, cells expressing nmarkers characteristic of the
pancreatic endodermlineage are further differentiated into cells

expr essi ng AR68h8ays RAAS L8 huBsHiGo @b micIRnBRGS bEREH S8 RARSHI Beslelneage, by
culturing the cells expressing nmarkers charfacteristic of the pancreatic
endoder m | i Hetda® andh forauiliem e mredcassniglemamack gills dflanentemetry anpyfis r enovi ng t he
medi um cont @eisha. DAY i X8 AR A A yBHRSCAUGBLLIGrE b NG, the cel | s
in nedlun1conta|n|n xen , . An exanple of this nmethod is
di scl osed |YiOINa@Qlﬂépmlmﬁﬁbmbolgyorﬂﬁr,em@g%)) 1401 (2006). [0126] For
exanpl e, cells expressing markers characteristic of the pancreatic endoderm
lineage are fupdfhiofdlof CEACHEPrBiRE NMMIQrLehdracRNPiETThOBaftREHRT S
characteristic of the pancreatic endocrine |ineage, by culturing the cells
expressi ng markers charact eri st ilEndofrinhbingagecr eati ¢ endoderm | i neage in
medi um cont ai ni ng exendin 4, then rempving the medi um containing exendin 4

and PiﬁeqL@QIslerlﬁéﬂrfg%drE@s &ﬂaﬁacf%ﬁhttcsofltﬁb ﬂEﬁQbe@e‘ﬁ@&Heﬁh nh@age gugpein 1, 1G-I
and HGF. An exanpl e this nethod is di'scl osed Amour et al, Nature

Bi ot echnol o§{fcrentoes! mt[omlmprewn%mam ghargegqrisgc @&tkw @@@reh@c srdpwines
characteri Sltiﬂeggeq%t &b %lelaﬁ)ﬁ% 8Lk Sr WQ%E&H&& di Cﬁg@m%@ ifvdhddaer

differentiate o cells expressing narkers aracteristic of the
pancreatic endocrine lineage, by culturing the cells expressing narkers
charl8&34r i skqresrmplpeckaprercanny markers SbratoRTISineHBRPIGreARITATE®Nt ai ni ng DAPT

and exendi N, Aﬁaﬁa@dmér@maiedtlﬁ%%a%ﬁ@@blﬂgsmgké@ kpﬁ&%rfs{b & mdmour et al,
Nat ur e Blotechnology 2006 ! For exanpl e, | s expressing narkers

char act er i saneregfc qnﬁ@crlpa h@fraéawcer dermathgds é&glesedrle Df ymppyear al,
d'ffere”t'a&ﬁgrkﬂ&ﬁjﬁﬁk 2£%RH s§m@Qﬂﬁ%?kers characteristic of the
e I i

pancreati c endocri ne age, y cul'turing the cells expressing nmarkers
characteristic of the pancreatic endoderm|ineage in nmedi um containing

exen@1?fl4. Yo csaapipicellsoixprensing menkprs gharacttisge plobepancigaly endadaim et al , Nature
Bi ot echnol ogy, e%QQQInﬁLPM&LmIa'EEd%‘S c@ﬁ%ﬁg}e M}EerQEﬁﬁ&‘cB@éﬁwé{ﬁ ion, cells

expressing markers c aracteristic o fcreat! ¢ endoder m ineage are
further dififaeresticcatleqing htl@g@,é)lylcgltmrtbtscsnllﬂ gxpressike meirkers characteristic

of the pancreatic endoderm lineage in medium containing DAPT and exendin 4, then
removing the medium containing DAPT and exendin 4 and subsequently culturing the
cells in medium containing exendin 1, IGF-1 and HGF. An example of this method is

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

[0126] For example, cells expressing markers characteristic of the pancreatic endoderm
lineage are further differentiated into cells expressing markers characteristic of the
pancreatic endocrine lineage, by culturing the cells expressing markers characteristic
of the pancreatic endoderm lineage in medium containing exendin 4, then removing
the medium containing exendin 4 and subsequently culturing the cells in medium
containing exendin 1, IGF-1 and HGF. An example of this method is disclosed in D’
Amour et al, Nature Biotechnology, 2006.

[0127] 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
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characteristic of the pancreatic endocrine |lineage, by treating the cells
expressing markers characteristic of the pancreatic endodermlineage with a
fact or t a0 20miSid28s t he Not ch signal i ng pat hway, accor @cmgst@ohe7sret hods
di sclosed in US patent application Ser. No. 11/736,908, assigned to

Li feScan, Inc. [0130] In one aspect of the present invention, cells
expressing markers characteristic of the pancreatic endoderm|ineage are

further diffefenhi@iREnbscrn Fiftdes iENRIiER bRGin MR DE SariRRERGT £r ARt i ¢ of the
pancreatic endocrine |ineage, treating the cells expreSS|n&Pnarkers

. y Lred :
char act er i s¥@plsfof thempthed s digelopeddn & daray b1 diddaiere Riqterhgolpgs £6896. t hat
inhibits the Notch signaling pathway, according to the nethods disclosed in

US paimt apRlckamiie, @BlsS&bresdis markérd éfhrabickibiic 8SHE BGRatiCendbd@mcan, | nc.

[0131] I'n one aspect of the present invention, cells expressing markers
char act er i shneagegre fubeishferptiptgddnte selbapieryinefaakers shasactqgistiqefithe

di fferenti at,aetchtiAdsSink ﬁn@aé&rbgf%ﬁitﬂ%gqﬁé R &ﬁ?&@iﬁlg%{aﬁ{e'ksséhbﬁgt&fistifc he
pancreatic endocrine lineage, by treating the cell's expressing markers

char act er i stfite pscresfic gpdertera dingage angedien grpthindggeendinh An exaaperoft hat
inhibits the: Sl I p i h t hods disclosed in
US pat ent g%gP?%%?f%ﬁggg%aﬂﬁB.g%%*%%&??%%gggggggkgﬁbfgxﬁffeScan, I nc.

[0132] In one aspect of the present invention, cells expressing markers
char l&ls@dr i sinjoge aipeetiof thsarrse anveatienm el sxiressingeuaglecragharapigritiveat the

differenti aﬂa‘ﬁgreﬁtﬁ_teﬂdgﬂ%ﬂl ?iné%@ bieSuiitd dﬁﬁ?éﬁ%tﬁd ﬁJEbZ{eiﬁg E;gd’rés%g fhaflerst N€

pancreatic endocrine |ineage, by treating the ce Xpressing markers
char act er i sthiaracigfisticod thsaaeereaicicadasntolieags, by trezte throests ehipiggsing t he net hods

di scl osed in, b3 Qf?atrgc@érisﬁp&tthgﬁgcggﬁcs ﬁod%'ling%%%g%’asfg(aoitga}tefﬁlilfiﬁn one aspect

of the present invention, resent 1nventi rovides a nethod for
i ncr easi ng thh®owk pigedsigpathehy macdiding taths methadsedisavsthinti®pgpemicr eat i ¢

endocrine | | BRASS, SATRL! RIAG bk AL (CRIdG, SARL e5si ng mar ker s .
characteristrc o é pancreat’i’c ehdocriné Ti’neage with nmedi um conprising a
sufficient anount of a TGF-b receptor agonist to cause an increase in

expri@s3ilon lofonpaspkes thapsoeitanvedtion, tlls chpepmgonelatrs chaswdostci ai¢hd | neage
according to . h .g% I in. %% i i §$ . No.
01/ 110, 276, PR B TONER HRf REERC DR R SPRRTEMEMTRR. of ¢ he
Pancr eat i ¢ dhadoeristivef Lienpeageatic 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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[0134] Markers characteristic of cells of the pancreatic endocrine |ineage
are well known to those skilled in the art, and additional markers

char act erwetbw/i5i228he pancreati c endocrine |ineage cont iPRUAISC@9I061774
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
endogiidle |inRBasHeaREtelpr&eMBiJestich, IRPIUEAR ihREHNERES aQRtRId fgNe or nore
transcription factors such as, for exanple, NGN3, NEUROD, or |SLI. [0135]
Mar ker s chaihgietsane the pxprassio ef markess agspatpd weth thejpppgsesiie cadastipglineaghown to
those ski ! | &ghdBink Rl con ARMroAA i RBILAFRIKRES oGHAPACERI Shb&iRT Lhe b
cell lineage contrnue fo be |éént|f|ed. These nmarkers can be used to

confi rm t halincegrevidemtduincempedng nswtoor danes ok ThFthecgrtesgatistimvent i on
have di fferentiatied  £0:ASQULES, (G, RILORELLL &R, GNAL AGLELISLIB QL. the b-cell
|l i neage b ceti i'neage specific charActeristies’ i nefudd™s e expr essi on of
one or nor eliteagnwcsriint it@the hediods disdoset iralSS pitoit applragpdeSer PIX , NKX2. 2, NKX6.
1, ISLI, PQQZIOP 4, NEURCD, HNFlI beta, HNF6, HNF3 beta, or MAFA, anong
others. The¥é'¥ scription factors are well established in the art for
identification of endocrine cells. See, e.g., Edlund (Nature Reviews

Geneti cs 3 : De2diosdZCeIBUDR)Yssing VhBels Aheardistic veme Yot edictFeveinti at i on may
be determ ned by exposing a treated cell population to an agent (such as an
antibody) that specifically recogni 78¥%¢ protein marker expressed by cells
expressing markers characteristic of the pancreatic endocrine |ineage.

Al t el0hd]i veMyrketslcharedtérisae ehayls of thel pdrfcemtntridatiimeiinozpg aevdEtremmitned by
exposing a treated.cell population to an ent. (.s as an.anti body)
Chatepeci {1 arr bR BT oAb s R RS REF b M BR60ET) e essi ng
mar ker s chagmdcdrigkiliatdge coftinub® e idalkificd. | Tieag@arkpi@ tavhe Wed tvadsfifndor assessi ng

expression of protein d nucleic acid markers in cultured.or. isolated

ool 1< ar o DB el oBiepe e BEE R S e o i o

transcri pt agguigothy pRpases dbabiriitRag tHe@andréitc Redcrind\pidafie rminbe@tcs, in situ
hybri di zati o (sei, e.g.,.Current, P\r Qtocols in I\/gl ecul ar Bi ol ogy (Ausubel
et ah, eds. deRNCSFASF ApRsHio)arkeghge “ﬂﬁiﬁ‘ﬁ&é@%ﬁ%o BT AR0Te HRIAYRIOSt ocheni cal

anal ysi s of p&ggtsh@ngdioralaipiaNGNesEeROM 0etdliing, and for markers that are
accessible in intact cells, flow cytonetry analysis (FACS) (see, e.g.,

Harl [8%5? nd hg'rrllcgr’s c ariclcr‘}grisﬁ‘g to- ctz:?l(s:I IOF tﬁé Béell’ﬁr?e%ég aErg I;)%,ll ll\!gonvlvjr? ‘lo’thol\slg\ﬁ(illed 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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York: Cold Spring Harbor Laboratory Press (1998)). [0138] In one aspect of
the present invention, the efficiency of differentiation is determ ned by
measur i ngwohelopsizzent age of insulin positive cells in aPgirusaoembi77eul ture
following treatnent. In one enbodi nent, the methods of the present

i nvention produce about 100% i nsulin positive cells in a given culture. In
an alternate enbodi nent, the nethods of the present invention produce about
90% i nsul i nspeaﬁ&amw@cogﬁkéssa dréteid iV Bx bt Edibyeelll Bxpplisiab bafRat e enbodi ment,
the net hods of thée present i nvention produce about 80% insulin positive

cel I's in a ¢iperrigiglof thed, cellfingageal t er nat e enbodi ment, the nethods of the
present invention produce about 70%insulin positive cells in a given

cul tjgrsy | nvisfod hedsBatife eXRagbReNrotethdiBEIBR dsid HartcReinRuREENS: | Nvention
produce about 60%insulin positive cells in a@%l ven culture. In an

al ternate entjeiad pRliere standardt thedy: Shese Hielude guanfitativpipaees G¥sginitce about

50% i nsul i npo@ﬁﬁér&s‘e\éﬁmﬁ?éabt?orﬂ (RTE @)Y ROrtifkh b1dlsCin sh&‘h?dhdi’éaﬁ&{ R&l e gembodi ment ,
the methods of the present invention produce’ about” 40% i nsulin p05| tive

cells in a @irneahPrticels ieMolequlanBigloge wbﬁléhﬁoéd%@ﬂl suplemerebfivds of the
present |nv iven
cul ture. ﬁglﬁ]dng%t @; %g%%%é%bggéhﬁsg%%%ﬁlﬁgnh@% 1&8%&&%’#&&5 ehrglég%rsi?m? nventi on
produce abdllottlzg)%lq’i fig marlerypbsatiarg aceessiblelis intart eellyi ﬂmncxt@lh@twr?@lalyﬁlﬂ an
alternatee to ent; i nt { I ce about
10% i nsulin pos Q Fﬁ?lowl a&llgggéﬁ \{/ﬁfélrrll%% tl?ﬁ%ﬁ% RLa%e;r\é{%Q{ e?%agt}ge%gmodl ment ,
t he net hodsY ok: Cdrlé Spn@Halbon Imbemarjz)ﬁrem(dfaﬁj)a about 5% insulin positive
cells in a given culture. [0139] In one aspect of the present invention,
t he ci g i ri -
gl uc@g%g]st |Iﬁ%¥l sté)agloﬁishgl |%Elg21§:\{egp?déﬁle%%&%g§f Qpﬁffgfxg%gnégsdﬁ{r%?ﬁge% he anount
of C- pepti dey medseampstle p)eycetnhage ofinfgin ﬂomtlmllentmgivmﬂ cultiert fcélom'rrrgduced by

t henmet hods tof th resen d t}hl aQn % e about g t.i de/ pg DNA
rea me e S11 1Men ¢ metht %reseP 1nven 1{)]}118 duce a ? t
In an al t er NAl & &nbodr rent, meal ' pro e present

i nvention pr(mrmaﬂmlmutivé&)@ﬂlmgl ngm@nnnltdle/ mgaanbérnaterbnﬂmdmieheltheat e enbodi nent,
cell's produce

y ? net hods, .of t i nvention aduce about 800ng

& pept | ol pECBIOR I PARE TGP S b Be e, Ut P B RGRA 5Bt he et hods
of the presamurel Myanilicttwnddidens BeuhetldI0RYthSpRe@it itiehtpg IiiM%ce In an
alternate e oﬁg@? cells rlloduce.d rg%l t he rret ods of bt reﬁsent
nvent on FAPOHOG BEBiHPOBEo CIHLY G Bt g mbodindi. i

methods of the present invention produce about 70% 1nsu11n 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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al ternate enbodi nent, cells produced by the nmethods of the present

i nvention produce about 500ng C- peptide/pg DNA. In an alternate enbodi nent,
cel | s prosocew/dsy228he et hods of the present invention pcodse@abrat 400ng
C-peptide/pg DNA. In an alternate enbodi nent, cells produced by the nethods
of the present invention produce about 500ng C- peptide/pg DNA. In an

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

i nvention %&ﬂw@%fai@%elﬂmgn& RERICE d8duP BodRBC-JePrid@pAbiar Mase embodi ment ,

cells produced by t met hods of the gresent I nvention produce about 300ng
C- pept i de/ patcRs. embﬁdlarwnhmlbrpmlee% Qimgidads of ghe nresepfripepitietipiefucehe net hods

of the presgpp ddo@ﬂ@@ﬂeﬁﬁl]\ ﬁj’g%‘i’&el Oterm QQ%o&n&ﬁPEélQ?&dﬁQc% thd N an

al ternat e enbodi nent roduced by the nmethods of the present
i nvention pm@hwb@féw@msemm‘?gtl@me@mﬁ dleup B0MDRIA-paptidelpe ENtAerInalne enbodi nent ,

cells prod A out 90ng
C- pepti de/ Bagt%%ﬁ% enfbﬁ&g{r;éﬁ %P@g ﬁé;{ugé %g%@%ﬁés dfgﬁél Esse%?%‘%mggﬁgy&?he nmet hods
of the presanout ]OﬁvgﬁtnemdemngﬁeIradamlmrna@r@glbﬁ}dlpepm cads ppgludNAy thea an

alternate enb di cells roduc e present

i nvention pr oguclzse gb@uﬁsen}(ﬁwe R ucglb'yout[&&ﬂg% erli)%e/p%ll)i\lg’r ng?e enbodi nent,
cel | s pr odudechateyentbodintet, hﬂﬂsprmucetdlw the msmlcﬂs dfmegitsenring@nacugedabout 60ng
C- peptidel/p t odi pent, .cells uc t he net hods
ot "the pr b ORuefiBiieT e LB B g e 8t FeBpBuERR N an

alternate efﬁ&ﬁ@hsrwme,pr@eﬂthlsvepﬁ@ﬂbm@ﬂe ht)but hEngEl-hpdse/pd DNIAehparnesent

i nvention produce ut 40 C- pept.i d In an alternate enbodi nent,
cell's prod@ téﬂlawnﬁﬁg 10j5at ﬁgg§r?§€‘ 4(0 E‘? @g@me%?$BHHWBW8 duWSout 30ng
C- pept i de/ pgolNdongd O-pRpti @I feeINAL & Srdretiaf¥RibodiaRhd, SclRHRAMERDy e t he met hods
of the present invention produce about ZOn&) C ept| de In an

DNA.
alternate enBBesEHe Presgitinveptihiedge pYouf f PoEde g B%ﬁe Ipprsent

i nvention pan@melféeenﬁﬁ@llrﬁen! N8 pfodeRE bydgé Bgth%fltﬁ'bcﬂr@s%{@t' iMbnESPHedREon of MAFA
in Cells Expressing Markers gharacterlstlc of the Pancreatic Endocrine

Li neage [01349@]1t fnphecptidsari Rint [ aridiepriesanedimepent!i orpdgeahivdes a net hod
for i anea%&Ho&s%?m%Wés%ﬁ%%Hn&F rM%F@aﬂ)dﬁt %ﬂng% FHRIESSDRG,. MTREKEr S

characteristic of pancreat | c endocrine | irneage conprising the steps of
cul turing tﬁ@rr@@qu@Oémnbg@lsmgodude@rtbe ehhedscil dlro pseset ipfentipreprpduser eat i ¢

endocrine | Ab%ﬁ%@né @—p@&%e"ﬂg 59RP fﬂ eﬁll ﬂ@rn@te%ﬂfb%ﬁiﬁieﬁ@&ells 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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anount of a cyclin-dependant kinase inhibitor to cause an increase in
expression of MAFA. [0141] The cyclin dependant ki nase inhibitor may

i nhi bit cyol2or/deppendant ki nase 1. Alternatively, the cycriuszaeperidant

ki nase inhibitor may inhibit cyclin dependant kinase 2. Alternatively, the
cyclin dependant kinase inhibitor may inhibit cyclin dependant ki nase 4.
Alternatively, the cyclin dependant kinase inhibitor may inhibit cyclin

dependant Kkijpasgsirg E%%%&%FM@FXunU}ﬁs EYfrlebsin SRRANGRChakicR2RAC bNNi bi t or
may inhibit cyclin dependant kinase 9. Alternatively, the cyclin dependant

ki nase i nhi bitor may inhi bithe M@P%l@ﬂ@éﬂwhﬂleéﬁe cyclin dependant ki nase,
in any conbination thereof. [0142] The cyclin dependant ki nase inhibitor

nmay [9e40 Pr|toat BmbdNitestN @ &Y invefiRn pyideda dRRRAESMNcridsA@sR 1 nhi bitor may
be a peptide. Alternatively, the cyclin dependant kinase inhibitor may be a

smal | ol ectPEssiPHofdAFArimerls supressingHekeinsharagisrigianf shedypeesicdependant

ki nase i nhi éh'dB&fne'h%ea%@'c&ﬁfél%%gf thO &k s"&ﬁcﬁi[d?hﬁ@ tRQRA! ShtRAn@harkeR- But yl -
6- (4- hydr oxyphenyl ) [ 5H pyrrolof 2 g@qam ne,
9-Nitro-7, 1@@9%5}%1}0& theoiaeqrentip endiicfing brasgeinapidinng¢@Hyristga sufficient

3- (6- Oxo- 9 c}uqlp%f%yﬁ@)clgr}-&%eﬁ(ﬁ&l{ IQH%'sg ERREPlHadsein increase in expression of

d][1] benzazepl n- fonitri
(2R) - 2- (( 6-MAZAAN no- 5-chl orophenyl ) am no) - 9-
(I-methylethyl)-9H purin-2-yl)am no)-3-nethyl-I|-butanol, Arcyriaflavin A

|[ 6- ([??{F]}" afl Qe depelibH AP IARY L AL Rhivh c&é&%ﬁ&hﬁhﬁ%ﬂa@@l Butyrol act one

( 3- Et hy!| - 5- viearhasieyly 2thg cydilinylepandent kivedsi inbrbitor 2nay | inldeihey)cpn dgrendadt one, 2- ( 3-
dr oxypro e, I-(2,6-

B.ychl O?gphgﬁéa[%?‘z] 5&331 % tﬁ}\% d’%g %ﬁ%’rp&?éﬁaﬁ%&% RS CRLPRNLR WA (

- hydr oxyet hdrpgn)cﬁamtdm}dsg ﬁreAhgrhatn@l-y( therey il cbpel;nylhl)t-kmase inhibitor may inhibit

4H pyr azol oc[ 41Qne

mdl cI hi.bitory.Peptide II1,
(5 it or 5 AU B AL e Y el AR oGP E e oxcy- -
phenyl benZOIﬁllﬂlbﬁ]:f’d]in[eﬁﬁnaalb]k)Iﬁwq dAht@ﬁﬁWEl&IthﬂK}}dllatdmenm Bﬁ% 1n1hb1(cm S- 2-
Am nocycl ohex 0 he |.- 9H puri ne- , 6-
Oycl oy nBENBRP A S EOPR STV e RFUIL e e/ Sibindich R0

5- Ami no- 3- ((4- (am nosul f onyl ) phenyl ) am no) - N- (2, 6-di fl uor ophenyl )- | H

1, 2,[0142]i azBlesyclin dependaot binapaimhibitor Bay’xd aprotelt pAtcamol df 3hedeysligui noxal i ne,
Cdk2 I nhi bi bi t

Sy s (ryar SRSy Tinh B Bhbbs A adRtids ARt i velin JeDgIHBby 1 pur i ne.

4- (6- Cycl ohienask imbitiox maPbt psmilhmaleyllaninnag edbddimett it hedracicclds
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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N4- (6- Am nopyri m di n-4-yl)-sul fanil am de, (4-(2-Am no-4-

nmet hyl t hi azol -5-yl ) pyrim di n-2-yl)-(3-nitrophenyl)am ne,

2- Br onp- MO 8rodisimedr o- PCT/US2009/061774
5H i ndol of 2, 3-a] pyrrol o] 3, 4-c] car bazol e- 5, 7( 6H) - di one,

1, 4- D met hoxyacri di ne- 9(10H) -t hi one,

5- (N- (4- Met hyl phenyl ) am no) - 2- net hyl - 4, 7- di oxobenzot hi azol e, A-
(3,5-Di am wgmkﬂdwfﬁgglhheﬂy?fdnﬁﬁ@)rqw@Jamuor%n&%nbbfﬂﬁ oxyighhyd-aum no) - 6- (3-

chl oroani | i no) i sopro urine, Fasca 5 si'n, |ndirubin-3'-nonoxine,

| ndi r ubi n- 3arbothienmds. m@btléhmazomﬁaﬂ ippxaline, qgigrhiod. Sdi2phoni ¢ Aci d,

| sogranul at g 1 2riil- ﬁ{}?ﬂ&ﬁ(y@?ﬁyﬁérﬂl}ﬁb)@@(ﬁHﬁeﬂa@x%@%ﬂnﬂﬁa)@ 9-met hyl puri ne,
6- ( 2- Hydr oxybenzyl’am

2-((IR) - (hyld@mwmlhym)(ﬁr(b@}qhymmmb@%%%m SPYANpLe)iMhe- 5- Br ono- 3- ( 2- (4-
Fl uor opheny, (Létp%g%glﬁfd@ﬁgﬁ—%—ﬂﬁ}molpygmgfnhx%)%hﬂﬂﬁfam%feo@e@ -Amino-4-

N6, N6- Di et

(I R-1sopr op}lbthszltﬁwzd}r xhetrhyilmrd-plo) 3-6ittpBhenk @nioa B Biono) 293t Eloprepy | - pur i ne,
rapanycin, o

Ryt o B Hoteur Ry BBl SHOH e o SEPBRSAGRATIES Seyt onert n,
3-[1- (3 H- | il @ietiond-(N- @nmhyfpﬂény%hmdﬁm&]meﬂﬁ'—l#ﬂt—dl@xqbenzbﬂiﬁazole 4

dlhydr0|ndo one

VY oxyprero Fan T8 7o b Mse ety HE R BI T - one embod ment
t Ee C|y(t:) | i n chipednelany- 9K$d@&§)§lpuﬁn@lgﬁb¢hplf(ﬁn l]tycgﬁlmh?’}’finonomme Indirubin- 3’d
pheny enzo 4, 5] fur 3 I ne- ar boxy In one e I ment,
et hyl - 8‘?06‘1296 2%[35% EMEJ lﬂonﬂxfrﬂﬁ PRI ‘?ﬁ@#ﬁ%ﬁfﬂl@pﬁéﬂﬁggoxw ate is
added to Ced2LP&y&%@éﬁ?ﬁmﬂ@%ﬂ&fekﬂzﬁmﬁ@@frﬁ&ﬁﬁﬁdrﬁk|@(ﬁﬁ[ydrb@rb@ﬂ@%ﬁhd}e l'i neage

at a concentratlon fro 1mM t o about O f or _about one to seven
days. [0144% (1R)-Swdrosyiperby DaseryDapao)-g-ippmps pyripg SrRiPRers 2dfar act eri sti ¢ of

t he endocri ﬂﬁo&bﬁbﬁﬁ&@ o%B@ch)‘}lfo‘?&? 8d_ d’ih)tdi‘omdol 2- -ane N6,N6-Dimethyladenine, 2-
et hyl - (6- hydr oxy- 4- phenyl benzo[ 4, 5] furﬁa b]) pyri di ne- 3- carboxylate for

about one t@RBiEDY; éx}@ﬁroawlsvlat{nmh@ @rowlé@éﬁtlsqnmhpwm is further
i | lustratedy, M01ﬂq9t(|_‘h%mrilﬁlgp2 Hydroiﬂﬁl faﬂlnllc%\é@l %Zﬁﬁ%bﬁ%pr l‘IgS Exanpl e

1Differentiation of mbryoni'c Stem Ce of the Cell""Line’H to
Pancr eat i ¢ $aythaemingé-[CeIH- @ldmdﬁgl)ﬁms@ﬁékylmenﬂei aethByvi.Ae Serum [ 0146]

on TRl ceL ) AR Sy BReC TSR e b P RS e o1 Towi g

[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 protocol, in order to differentiate the cells to cells
expressing markers characteristic of the pancreatic endocrine |ineage. a.
RPM nediwomsippsizaent ed with 2% BSA (Cat al og# 152401, MPCBiusemdiocet’4 Chi o) ,
and 100 ng/m activin A (R& Systens, MN) plus 20 ng/ M WNT-3a (Catal og#
1324-WN- 002, R&D Systens, MN) plus 8 ng/m of bFG- (Catal og# 100- 18B,
PeproTech, NJ), for one day followed by treatnent with RPM nedi a

suppl enent ed  wigifferdibidRM @Iﬁiﬂm;l»ﬁpmgwm@s‘tam\cens&mle@sen&lﬁtgﬁmo of bFGF for
an additional two days (Stage 1), F12 + 2% BSA + 50 ng/m FGF7

+ 0.25 nM Cycl opBﬁ?%@atlcmc'G#‘Z%l@Gn th@éb&weﬁ:ﬁ&ﬁal@qympéﬁnt% days (Stage
T), then c. DMEMF12 + 1% B27 (Invitrogen, CA) + 50 ng/m FG-7 + 0.25 mM

Cyclo n%elw{ﬁehu&aﬂ%ﬁ%ma%ﬁ B Bhe(tRAY pbsSh@ . wdVdulttirchQ@ ng/ m - of
Noggi n R&DS\45te twg or four das(StaeB) then d. DMVMEM F12 + 1%
qa

B27 (I nvi t rY§dRIGER)- shegy (140 maglﬂﬁncle&powtmﬂmfokw@&m secr et ase

i nhi bitor) d%ﬁkaﬁg# é@o@leﬂr orgaflt@l:li@féréﬁﬂate %)cel'fs tgy CQIM&{?I%%I g}hérpérgor Il
(Cat al og# 616452, CanI ochem Ca) + 100 ng/m of Netrin- (R&D Syst ens,

MN) for thr@@raéfaysﬂC(OStth&g?éth?athteh@@rl@ellm/! F12 + 1% B27 (Invitrogen, CA) +
1 mM ALKS5 inhibitor Il (Cal biochem Ca) for seven days (Stage 5). [0147]

Medi um was chanmlqﬁédlmn %ﬁd%ﬁ@%hbﬁ(@ﬁhﬂo Auspagr was cal cul at ed
usi ng a henocytoneter and was col | ected E’ anal ysis. Al sanples

were col | ected iBomedighliQaglearmdfpral actgan ééRl&ngSB@fentSh hedfs of

Conmpounds from the EVQT SElobRM AL iR l 0[&}19&1 t,shave been
Treated accordin %Etlo th e@aaéff Olfjﬁn%l am%dipr %ﬁ)%yge élg%ln Exoarrpl el

[0148] Cells of bEEﬁ@ (Retret é@ﬂai&ﬂ)ﬂ?ﬁprds“@@ni\l@efqr oh¢ ¢rey fpllovetd bydrsetatgat 44 wer e
seeded onto MATR| n nd
differentiated accor d\% (@Q%ﬁ%&ﬁtew ?e%%%?gé #&%/@ACH%% éluug to stage

5. Fol | owi ng thlnglmltdﬁbFGEtfcbranwédleonai oat dgls (Ssaegeflauhendays in DVEM F12 + 1%
B27 contai ning a conmpound from an ENMD

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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Cal bi ochem compound |ibrary (Catal og# 539745, Cal bi ochem San D ego, Ca) at
a final concentration of 1nM Wells containing vehicle were included as a
control . Whrowghsm?s t he protocol media was changed dai | YCTAISRosanpres were
treated in duplicate. At the conpletion of this treatnment RNA was col |l ected
for PCR anal ysis. Sanples were analyzed by real-tine PCR for expression of

i nsulin, glucagon, MAFA, and Arx4. Results are expressed as a ratio

i nsul in/glucagon (Figure 1, panel &kxam®ie MAFA versus ARX4 (Figure 1, panel
b) of the treated sanples relative to the untreated control, as neasured by

real -time PCR The correspondi ng PubChem CogEound, | D# for each well # is
listed in TSBIe&NiRg Of@fﬁfe“wégf’%’ﬁt‘“%‘ffr%lﬂi' Wﬁ'ﬁ“%‘? %‘W%‘?%‘ry

characteri stinoﬁfcalbala@awmhmeﬁwg&bmgg 10 thE DUereh diNionPFpREAIS A6, B7,
B8, or C2 at a | mMconcentration resulted in an insulin/ glucagon

expression ratio of approxi mat &uflimedgndixamplhler (see Figure 1, panel a).
[0150] W next exam ned the effect of these conpounds on the ratio of

MAFADAMRN4, @AM o PREEH MaBrybiiattehlcBRIINEAT a0fasagt ks wexREQSSbIRG Mar ker s
characteristic of the pancreatic¢c endocrjne |nea%e wth several of the

|
conpounds r¥&JRIGELT rogtefddtveddishesl - 30KaH  and dHEerengipted ageordiiga t o ARX4

than other GEmRAYAAR&ERH GOELMId YD 10RERE Y. FERIWiRe ieabediswWd-f compound C2
showed a ratio of MAFA/ ARX4 of approxi mately 1000. Treatnent of cells
expr essi ng testRdprsfondey antlYIEAVY 2 ot %otBié cpethiemaatcomperddeay sieEMDheage with

conpound I } X4 . (See Figure
1, panel bc)z?a{gg%lhg&%{ p@%‘gd 1%‘%%2@@?%# %dg%??alﬁ%%g%ga%{%k%%g %P%?ﬁ hi bi t or

Tr eat ment  oftnal pangeritvatiemell IMMEAWERpeaatasiiogvihielCapre sncludad aswsoatrbeen Tr eat ed
di t i i i P . i i l.l.e 1 [0151
accoraing "ﬁﬁé@%g#ﬁ%%@@él' e Oas %g 8%1}3(8%}12{@%%8 :cw%r(ﬁ)lge% i [ ]

Several of hat 1 ncrease insultn to glucagon
expr essi on, dupticdARX thocohiptetion o thestsdaoment R NExaimaioBe@edifier RCR yadlysms. dependant

i{%?i‘\?ne nloflgl_ %)ai(rlip?e:rsS\Ver%n%lyszg& tr)]y RAEY pgR orsexgrlél:sbs%nr'leo@incs:g in, %Pu%ggoln, %%:?07 97
(am nosul f cadl ArpheRgsul)aart axqyresbed &2 aGatili inbuliarehehgmyFiguteH; ban2] 4); o i azol e-| carb

othi oan de), (Gt &l QUG i BRI hurSPh Ao SRR S8R S TO CONfirm
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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t hese observations, cells of the human enbryonic stemcell line H at
passage 42 were cultured in 10cn2 MATRI GEL(r)-coated di shes and treated
accor di ngvoaotos1azet hods described in Exanple 1 up to sPragaiszoosbties st age
5, the cells were treated wth DVEM F12 containing 1% B27 containing | nmM
PubChem Conmpound | D# 5330797 for six days. Medium was changed every ot her
day. Sanples of cells were taken for real-tine PCR prior to treatnent with
the conpound, and at days two and fexigpff3 compound treatnent. [0152]
Characteristic mcrographs of the cell s at day 4 or day 6 of conpound
treatnment versus untreated controls are shown in Figure 2. Untreated cells

are highly padieddt eﬁ-sl"gﬁGjﬁ’él“BDelifé'ﬁéﬁltsK‘éa%FrJ&hﬁ’)‘méWﬂeqt?‘eiﬁs"“d]inf‘!lf‘biﬁdt to

di stinguish indinghguat Dge@sioﬁlndemefha@fb%mTﬁéa%tmﬂgtmheo SmMor | v
of PubChem Conpound | D#53 30797 for six days, individual nuclei becane

visible (Figures 2, paRéffereptiagion BrosocalOutlinesbindekample he untreated cont rol

(Figure 2, panel d) indicating that there was differentiation occurring in

t he [gﬁéﬂ] pogubal bfAke cobfpoiindi@Rat &lcFsAGRORNA BT @Yo SRBFE 8kdredRAldt, Whi ch
can be seen b% gaps .in the layer of cells as shown in Figure 2, panels b

and c. [01 t@ét%ﬁxpw%mﬁg(awpkeﬁ Wﬁ%ﬁd@ﬁﬁﬁ%h@aqewﬁ%@m?w resul t ed

in the incre@asQch PorpRLERE! PECREm! Ab3iHolifl 18! 5396@(7"{5 AYRRé3-(MAFB and
somatostatin, albeit to differin g degrees. The relative |nduct|on of gene

expr essi on (@@inosyl&ay heheny Ramiee @élﬂU@rQﬁhﬂle@ Itht ddr@azodeht ) cultures is
shown in Fi &%oﬁﬁoa?md@%@ﬁhl%g@e ¥31758h. 'C%lb‘?&%ﬂélﬁsﬁnﬁﬂe%ﬂabﬁfrﬁ GhAFRcteristic of

t he pancreatic endocrine eage that were treat wth 1nM PubChem
Conpound | Dhess 388 TG ionse stllsoétheihnmamerappews stamtcell Ying Hb afpabsdee b wetgse i n

gl ucagon expjy ﬁl%ﬁhl?[bé:\?}gl I?I;@L@f geﬁ% %dtlﬂééac@&&ﬁhg%é{h%%e%ﬁé' ned to

bel owpr et r eat nent er trea I ncrease in glucagon
expr essi on dvagiboth selfxaeghlon htotstagad nmfrer smetgeG &mlﬁu&@hem@omﬂound | D#

5330797. %ﬁ a ) 0 }u r essi {ﬁ'grs
characteris ?I(:E@([)/?% %Ongalmﬁ%ir%zgﬁﬁ Conet%fcrl’ | n ageonfpﬁg?%:%ré Fdated with |
M PubChem fGosip daysd Md@ﬁmﬁ@ﬁ@c}ﬁﬂgeﬂ@mr& iother Myﬁ*bamﬁl@ubitceds wareazrkea;ﬁcpr oxi mately
1.5 fold increas expr | on. @,S re 3, neI [0155]
Cel I 5" expr oSV elf REPSS ERAPSRCER Bt Famshig Rad sefies el Bhtbor i no | neage
that were td’oﬁi@)b&lﬁﬂ ﬁfdatﬂﬂenlt mV PubChem Conpound | D# 5330797 for five days
resulted in an
[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

-32-



approximately 200 fold increase in MAFA expression. (See Figure 3, panel

d). [0156] Cells expressing nmarkers characteristic of the pancreatic
endocr i newbizomage28hat were treated with 0. 5mM PubChem E@omfrsaevd/obD#4 5330797
for five days resulted in an approximately 1.5 fold increase in MAFB
expression. (See Figure 3, panel c). A dose-dependent increase in the
expression of somatostatin was observed (Figure 3, panel e). [0157] No

change in therQERMeRSLIORIGTs ATYHBREINAS I@@ﬁ@feys%dn bftcf8h |e§pr€s?§f%%§' ng
mar kers characteristic of the pancreatic endocrine |ineage that were

treated wi tebsPueONEhir@ones ehe> WP uGBeaT SPmpendfiDyd3 Ey3. ( eesl"ééurﬁﬁgure 3,
panel f). WIS decreases in the | evel of expression of PAX4 (Figure 3,
panel h), NKX6. 1 (Figure 3, panel k), PDX (Figure 3, panel 1), NEUROD
(Figure 3, panel o), and BRNM (Figure 3, panel q) was observed. Exanple 4
Cycl [i0h5‘ﬂ)epe WsEPRISHgdReTkeiheharactsFiste o dherpaneredtiscndecsiag lingsge thabvessi on of

MAFA T | S| bl (BWBhRIRm dHRAR) 891 Loal bhsvdwgRRsaRRYANT © stem cel

line H at passage 52 were cul tured on MATRI CEL(r) coated dishes (1:30
di | uti on) aarmrqximeft@vféﬁtfp@tlweaé@:mdnﬂlﬂlngxmrgiswhe(S@ét bevers3. et P)-bed in Exanpl e
1. An additional stage (Stage 6) was added, in order to further mature the

cel | [@1@1pr egdis gpﬁafﬂg%ﬁk&ba{a%kﬁgﬁos&f&& I%crm% RENGNE Ahdage BRORGET ne
| i neage. ta e hi s exa | e consi sted of a seven day treat ment in

DVEM F12 + t1e%er32vzth(uuM/Pub(8@ ;ongpnd S FEE URT Reesdagheenglied vl | y. [ 0159]
After stagey roxhﬁaﬁe&%g%&ldﬂﬁ&%aste iR t\%@'}es§oﬁn 3e ﬁfgufego%avEmer ature with

| X accutase (S gnma he accut ase S renoved 2 + 1% B27 was
added to the cells. The attached cells were renoved using a cell scarper
and 1§ty Clls gapresrEdnaskes Pusseastan! srgranereats cRaecEiar linagge Birhwere The cel | s

retained ony&nQ vath 4 M@ul\!@{eﬁl CSARRE HW 5330951 9l daR_saLidaBALR and
cultured in suspension on Utra- Low culture plates (Catal ogue# 3471,

Cor ni ng, lvaa)ppwm@at@ié|1|55f0kﬂen<éeat8¢1élri\4t\FBeemrassa® (el Fagwse 3. Theel el As wer e

of' DK 1 i Bt arer o Pebials SERHY AR AR By RS %y Vst age

7). Cells tpageltedd with vehicle were included as controls. Sanples were

[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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coll ected at days 7 through 10 for PCR anal ysis and dithizone staining. The
cells cultured in suspension according to the nethods outlined in this
exanpl e aseunwdsw280r phol ogy simlar to pancreatic islePCElUs3100/061774

Treatnment with COK inhibitor 11l did not appear to affect the norphol ogy of
the islet like clusters. [0160] Figure 4, panels a-i shows the effect of
COK inhibitor 11l treatnment on gene expression profile of the cell

cl usjoess- TAﬁé}tsm%@ts thé ms werquéteurf&u sbmﬁl%t tbbth téﬁme&@@%htﬁeac@mweesm on of

mar kers ‘associated W th the pancreati c endocrine lineage and in particular

i ncreased t(®Ene YQs dhepccytase ties iemevdnand PMEM b &t BA7 o afldasktor |  MAFA.
[0161] Fi gupng Q. p[%@%{téch@d ?ell% %Y@reﬁlg@edq}csfng(ﬁtcel@gca%ﬂd%h@} tor 1l | on

di t hazone (DTZ) stalning clusters clusters treated with CDK
i nhi bi tor amshspindphend mmed]thm%h agfoweerllztrapeie Thedelisgptamedipmihag pattern as

conpar ed t 0y G| s %?ﬁ% {rﬁf’glgn\ﬁaga&)mte Ece {u%llpls*/g%nﬁio lon UR@MPI € 5 FACS

Anal ysi s of Insu y the s of the Present
| nvent i on. mm&ﬂﬂur@htbs(C@falqgua# Mrde@oreimgr MeniThestlisrwaethen hkstgl 4 at passage

42 vere CU| Hr &d Al ¢ J\xsergé ur%%mwﬁgﬁﬂba’} Fo B coq%ﬁﬁa&ﬁ@%n?t Fd into

insulin pro uey ng Cel1sVus owing proto medi um
suppl enent edtivint( 285 Bok c(f((mKairﬂmgﬂi&oﬂﬁﬁ(ﬂatalqg#lvmﬂmﬁﬂmocl&lm Cahfop)) and 100

o v oA oo, 2 G iR Wi eR e RO ety bR 1ap,

PeproTech, d&Nlipcted adapiethebayh i @fdr G@Rdlnbl)ﬁsﬁ ﬁr&l&hﬁﬁmhe Mduhiﬂg RPM caredi a
suppl errent ed with 2% BSA and | us %%/ m of bFGF for

an additi on&tuieddn ﬂ‘é@/eém(o%f‘%i’ﬁédl tot e,.pé(ﬁh Rﬂ’lﬁlg‘s PPIEEINCE ng/ M FGF7

+ 0.25 v GysipRplagy ﬁﬁrlaﬂ%ﬁ&hcf&ﬁﬁ@&&@élust&@' bfe@@ﬁbﬂmvnlCébeﬂmthHdﬁyS (Stage
2), then c. DVEM F12 + 1% B27 (Il nvitrogen, CA) + 50 ng/m FGF7 + 0.25 nM

Cycl opani nelot RROSEs @ affeqiiormerphrlp®y of dhedSleHiky clisiefrm, MD) + 100 ng/ml of
Noggin (R & D Systens, MN\) for four days (Stage 3), then d. DMEM F12 + 1%

B27 [0160yi t rog@d 4, fafdls #-i $REvsnEd EFecNORIUDR ithibktorIVE 2A¥Thent on gene
expression profile of the cell clusters. Treatment with of CDK inhibitor II 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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(a gammma-secretase inhibitor) (Catal og# 565784, Cal bi ochem CA) + 1 nM ALK5
inhibitor Il (Catal og# 616452, Cal bi ochem Ca) + 100 ng/m of Netrin- 4
(R&D SystwoepioMN)228or t hree days (Stage 4), then e. DVERCFAR200908467BL7
(I'nvitrogen, CA) + 1 mM ALKS inhibitor Il (Cal biochem Ca) for seven days
(Stage 5), then f . DVEM F12 + 1% B27 for seven days (Stage 6), then g.
Treatnent with Accutase for 5 mnutes, followed by scraping to renove any

remai ni ng attach)@@}FC(@Iatlaﬁ)g# Tdstﬁlmlplep@%&emy %omytfbmegﬁseﬁkn{em ough a
40mm cel |l strainer. The cells retained on the strainer were renoved by

rinsing in basalWlﬂ%ﬁl‘éI mpdia gwpptegeagd Wr‘ﬁ@d@s%%‘hﬂl%ipocﬂﬁ/fm FotiEn Youe il t ur e

pl ates i n DVEM I nvitrogen, Ca) + 1% B27
+ 20 ng/m of acwtg%‘)n%ﬁ@p%aﬁ%lﬁ&ﬁg%@d&da}%ﬁsﬁ%qz :ihenl Il (Catal og# 217714,

Cal bi ochem Ca) for 5 days Islet-l1ike clusters were di spersed

nto single bl MM TFy Sé%g‘bla&(g%F@F?‘n‘hot?ﬁd@é@’dwl%é%%%) Bnd

washed in cold Q@ggg&p@afbﬁa&ﬁgﬂlqﬂ gopgvoc&(kéafsté/ggrze th&gsuspended in 200-300 m
Cyt of i x/ Cyt operm Buffer (BD 554 2 BD, and incubated for 30 min at 4C.

Cells were washed two tines in rm Wash Buffer Solution (BD 554723)
and r esuspendéd PMEYO0 2 lé’th¥|7ﬁ¥nﬁﬁV05?Ib%)ﬁgso§’@f1ﬁltFQfﬂ c%%% 8Vni ng 2% nor nal

goat serumin Pef e bk e+ 2 TOr REHNBIW a6 Jibifa, A00] ¥ $0Gug/me! | S Were
stained with the)ﬁ) ovmen pri marﬁy antnl g |Ee(§m53«1 > | nsul in 11(l%éabblt mADb,

Cel| Signaling Nél\@zgl(EQR &1D§aeela$ IMAY} fonfour 95@1’@(3@%?661@% (Mbuse Mab, Signa
No. (2654, 1:100); Anti-Synaptophysin (Rabbit Polyclonal antibody,

DakoCyt omat i op, NvAGKR G + flor, 3y (In%log&a mr)er 1looegmtwg§i&1qr1 R0 pApT at 4C

fol | oned by two washes in Perm Wash a further 30 mn incubation

in appropriate éeee%@rﬁfgﬁreé%ﬁeFr@eiaioes(cafglogeﬁmﬁé Catpjaghen i) RAUDIt Al exa 647
(I'nvitrogen No. AZd2d6)iQf 11 %10%1%4%@%@10@ﬂgm (cd Pw 106 8941 oMetrif21235) ;

Goat anti-Rabbit R-PE (Bi oSource secohdary anti bodi es
were used at a H@&P ﬂYSquSLW)f@éhﬂeed%r(%tagm@h@én at | east once in Pern Wash
buffer and anal yzed using BD FACSArray. At |east 10,000 events were

acquired for @”%MEWFUQDT%VBQWMV{%E;W%)W%N/[fﬁéﬂl@ﬂhh@h&% H cells and the
b-TC (CRL-1 1506(tm ATCC, VA)
(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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[0164] Figure 6, panels a-c show the percentage insulin positive,

synapt hophysi n positive, and glucagon positive cells in cells foll ow ng

t r eat mrentweai2oto/St2ge 7, in medi um contai ni ng vehicl e. FiPGUMS2009/0penel s a-c
shows the percentage insulin positive, synapthophysin positive, and

gl ucagon positive cells following treatnment wwth Stage 7 in nmedium
containing 1mM CDK inhibitor 1l for 5 days. The nunber of single hornonal

i nsul i n posgiicwe 460 hﬁnioﬁf%%ﬁiﬁ%agBQ@i&&%ng’ﬁgﬁﬁNoomm ine@t ment with the
CDK i nhibitor, Additiona per centage of poly hornonal (insulin and

gl ucagon polnt- SWPtO@bYSFTS(R@é@F %%1%@@13\‘ Btibedy ﬂﬂjk@(?ﬁ@lfl#&ﬁtN%QQiot he0)cDK
i nhi bitor. @éﬁﬁ%‘reﬁeﬁh eﬁ%lj3@§n19fat Ao 11 MM LR &a@l@é%ﬁer%&h@ﬁ%@ss' on.

[0165] Cells of t uman yonic stemceéll 1ine passage 42 were
cul tured oreoNRTRIIGERO (m1) m@uiattleldlnmpaltoelsate saranddi ¢né1b@¢wa aatf@lﬂbwsmC@ai nsulin

d I ted
B th 506 BoatidpRalGan 8 (b g B SO0 u g Bk BRAHPE] €0 o
A (R&D Systléma%ﬂR/N)) @balsnmabigv RHPE\(\NTDSEWCQ Nat ALHQW)lMMBeWGdM 2, R&D
SySt ens, M\%ntlgocﬁes wer% gser(pat a tZ&F ‘ST‘W% Ca{%aﬂs e wascl?le& atIETéasF r grech, for

one day fol reatnen ia sup dlvmth 2% BSA and
100 ng/m albetrmw:mhmuﬁbmdanmgiemsmg BDHGRJSMayarAta«:hdu 0,000 alertswerdays ( St age

Choston CRMBrnGH e Comroh neufd B fadelh S ST F1s 2o B27

(1 nvi t r ogeniCRTA) 1566B0ANQE WA R Ting. 0. 25 mM Cycl opami ne- KAAD + 2 nmM
Retinoic acid (RA) (Sigma, MO + 100 ng/m of Noggin (R & D Systens, M\
for d vitro CA) + 100
gy PP oo Bt B AR 0L s e EL IR ol Rife A P By« Shs7aa,
Cal bi ochem an@/g)ucztgoh pobikiAd &Bls imndwlb fdllowidg treb Gashal g §tagd BAD thediCal bi ochem Ca)
Stage 4), then

+ 100 ng/ mM of ﬂ:é”{?&zs tens, for three da
c. " DNENT F1 2Rl T gReh S hon IR ATOREIeE PRI YEI | O( Cal bi ochem
Ca) for sevgnafiayhydSp@gsedInd glldesbn 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.

[0165] 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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f . DMEM F12 + 1% B27 for seven days (Stage 6), then g. Treatnent with
Accutase for 5 mnutes, followed by scraping to renbve any renaini ng
att ached wel20n/05T428¢ cel |l suspensi on was then passed thr @aghusaod@otrcel |
strainer. The cells retained on the strainer were renoved by rinsing in
basal nmedia and cultured in suspension on Utra-Low culture plates in
DVEM H gh d ucose (Catal ogue# 11995-073, Invitrogen, Ca) + 1% B27 + 20

ng/m of acti yi mHVEMA)? 227BA + %hlmbt;bv MQS';JM c@@aﬁﬁﬁlﬁa#(@ﬂﬂ 14,
Cal bi ochem Ca) for 1-8 days (Stage 7). [0166] Sanples were collected for

PCR anal ysis at (ﬁ%f>;9§04ica@10096ma@fél) ﬁ”"ﬁﬂ%’%ﬁ%@ 24 thpalys of treatnment with CDK
inhibitor, the COK inhibitor was renoved fromculture and the cells were

cul tured addlElQIMEWFQW&%'BM@{EMOEMCA)L%meﬁF(ﬁO/@@QSTLMOf activin A At
the end of the four days, sanples were collected in triplicate for PCR

anal ysi s. [0167]CYFIOQEF?1@G8KA’65W@? MR @ingi§3@idd R dsndMBat 1} re/'BF MAFA and

insulin at vari Cb‘f'NothgH?R@Pleftelﬁi MR folly dégsthhbinkpr treatment resulted
in significant increase in FA and 1 nsul I n expression which increased as a

function of tine. However, renoval of CDK inhibitor resulted in a

si gni fi cant dF‘o|5)1‘t/[151\/fl6]:olt2hJr mlBﬁéﬁdlt‘ioﬁ%ﬁAﬁ+e1>QB|n§/§§N%gml !l SYRARS obt ai ned

four days after f esmyakechltash ﬂﬁn‘tﬁ%ﬂﬂ@%@gﬁ&@iﬂgh albisHRE0MNG 19Mt he Effects
of Conpounds fromthe BI nase | nhi bitor Li braé?/@&on Cell s that

have been Treat e@%@b#bﬁprﬂé(é%al@gﬁeﬁléﬂﬁ eelbrcheni on TPPBngEY of Beirini ned in

Exanple 1. [0168] ! f yoncqsiemcell line H at passage
51 were seeded on (t?ﬁMéA I%MCSE )&t{g%?gﬁﬂgﬁt ge) ! gi shes (1:30 dilution), and

differentiated according to the net hods described in Exanple 1 up to stage

5. Fol | owi ng €hilMEMHRI 2] PoB20éhsitigeesiak 4 o] W ldeyinhigitgNEM F12 + 1% B27

and then treat echlgfocﬁén{ @?y&sé\,@n%g 325ytmd g B27 contai ning a conpound
froma BI OMOL(t corrpound i brary ‘(Catal og# 2832, Bl OMOL, Plynouth

Meeti ng, Pa) at final concentration of 4mM el I's contai ni ng vehicle were
i ncl uded as afcd?MEM/Flz'l*hFé@&ﬁé@ftse‘fﬁ}ﬁ‘élat’sr@&gﬁéhttheﬁr ot ocol medi a contai ni ng

vehi cl e or conpound was changed every other day. Al sanples were treated
in duplicate. gAtTrédd@e R RlchRe Bf 5 hitiuses! foBak R scRMAgWaEemove 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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coll ected for PCR anal ysis. Sanples were anal yzed by real-tinme PCR for
expression of insulin, glucagon, MAFA and ARX4. Results are expressed as a
rati o i nswbi2nfoglsuxzagon (Table 2), or MAFA versus Arx4 (Pabrus2@p/o6f774 he
treated sanples relative to the untreated control, as neasured by real -tine
PCR. The correspondi ng catal og#, CAS#, and conpound nane or |D nunber for
each al pha nuneric well# is listed in Table 3. [0169] Treatnent of cells
expressing markers characteristic Qaplpge Pancreatic endocrine |ineage with
conmpounds C8 or FI at a 4mM concentration resulted in an insulin/ glucagon
expression ratio, of %Eproxi mately 10.0 or higher. Cells treated with D9 had

h
an insulin/ Yfrefitosf ta FHeds plfrompgyngs 6‘1"“}1?5';3 OM@Lel Kinasonbipitorap) o T)

[0170] Ve nextLipX@{oRedus N Bhveeln AhedtELAEos NP WM DifTErehhifignat | 0 Of
MAFA/ ARX4, and we observed that treatnment of cells expressing markers

characteristic of the pancr&&etpeol SdlinediimExpmpledge with several of the
conpounds resulted in a nuch greater change in the ratio of MAFA to ARX4

t hanoesdier CARROHRUSMLEEMBohiB stecll lilE BI Yt pabbt 51 Werat«dd whtbh conmpound B6
or FI showed a ratig of NMAFA/ ARX4 of a@iﬁéiom mat e_Igfy greater than 10.
PRk trh e

Treat ment oVACEIPEL expelskirvig! delick 620 _ sy acenadipater eat i ¢
endocrine | h0RRBEIMEite@ PLURHICBYS B3t SAFb I vAnMiAhe AEKAV:@LT 0

of appr oxi mately 84, ile cells treated with D9 had a MAFA/ ARX4 ratio of
appr oxi mat egrgwp for ong fayhin EMEM/HR Am5h 828 amth@erefreass fopix dpsiin n Dependant

Ki nase | nhi BQi{Rf/5 0P 14/ ' : Egp‘r [ id} 146 according
to the D fflgr ent/?}azt)i éé%ﬂodtogtgg{ﬁ%%ﬁ%ﬁe irﬁﬁ%ng%({aL f%%%%%f?lg%e | s of the
human enbr yénriatogg 285, BePMQL, Rymduthaylcgimg sleg et Sfinaheerserseatidedf Mo

MATRI GEL(t 24- i - 3 Ll utd i rentiated
accordi ng tr%v etﬁﬁ%tlﬁr?&"%ﬁ\iﬁye\g% ?\Eg@eé%s %%3?#}51[ gth %LO%E%)OHtt gﬁgrteg%%kg. Fol | owi ng
this, the cmbiosolwede aneume ehickiohompland wiancREM i@ othet %ayB2¥11 and t hen

treated for_ four days . in. F12,+,1% B27. cont.al nin clin dependent
i nase. i nn BrESs VS Gl i lliceat padhar R BhE 25098 YT S26° M e

tested 6 i ndilbétédfos PCRub&TeM Jabiples IROBdhAyeENEY redttiin 2AGY Iod exprBslochem | D#
4566 (EMD C0 1#5% 1rz,7g gc)agonl,:K/PACEke, ra]lﬁlncll %4. 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.

[0169] 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).

[0170] 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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5330797 (ENMD cat# 219476), PubChem | D# 73292 (ENMD cat #341251), PubChem | D#
4592 (EMD cat #495620), and PubChem | D# 160355 (EMD cat #557360). Wells
cont ai ni nyovetwoshz3wer e i ncl uded as a control. Througho®RCTiUsSROWMOEETTNENT
prot ocol nedia containing vehicle or conpound was changed every ot her day.
Al'l sanples were treated in duplicate. At the conpletion of this treatnent
RNA was collected for PCR anal ysis. Sanples were anal yzed by real-tinme PCR

for expressapgfbxﬁﬁatélga%wlwme cgﬂlm&%uh%d ANAFARXAx4Raft s are expressed
as the fold change relative to the vehicle treated control, as measured by

real -ti me POROXTRIGPPINETHMEDr ved that the conpounds PubChem I D# 5330812,
PubChem | D# 4566, PubChem | D# 5330797, and PubChem I D# 73292 all stimnulated
MAFA expression at the concentrati giamp&s§ ed (Table 4). PubChem | D# 4592
and PubChem | D# 160355 di d not stinulate MAFA at the concentrations tested

(Tabl e 4). The_co un Chem | D# 5330812, PubChem | D# PubChem | D#
5330767 PubCrBth FEsH AEOY i RFPRLE A PN B3 Ao BRI BB o St il Bt &

insulin expEgseistsh lﬁta:lnh @réa)ted Ad0Gr dGRARO DR eh@ioh [Pt 8ol S Bfedrigduced bot h
gl ucagon and Arx4 expression (Table 4) while stinmulating MAFA

expr essi on. Exanpl e 9 Differentiati &528Plethunan Enbryonic Stem Cells of the
Cell Line H to Pancreatic Endocrine Cells with DVEM contai ni ng 25mv

gl ucjos® | ( DNEMSGF the |haﬁll$i1 aﬁb&sﬁla lsteﬁwil Hﬁe ﬁe ﬁtﬁﬁbs{a@éi’ﬁ}ve@%ééd@d htot he human
enbryonic stemcells lin GEL(r)- coated dishes

(1:30 dil utMéE}U‘éﬁhTMowieé%meiﬂéﬂS@ep Glr%Pdhle%?msané)@HFeé%la% a%ﬁﬂklé%rtg

charact eri s mefbdd REcrRROGT Bahipte PYRGELRS. FHNRABENLUSINYelisRRré Ol | owi ng
protocol: a. RPM nedi um suppl enent ed vvlth 2% BSA éCat al og# 15240 1, MP

Bi omedi cal , TONP &) cighhdprys 0D 15t Va3 and tiearyespd fou feur dm)mm us 20 ng/ m
WNT- 3a ( Cat BVRSHE iL232‘1‘°V\/E‘Q7QQ>Bua1 %@; c?ﬁﬁﬁ @éfﬁndeM\QmQE lﬂﬁntﬁtopgtl IHnapf DFGF

(Cat al og# 100-18B, PeproTech , one day followed by treatnment with
RPM nedi a @@mltre%mfé)cﬁlaﬁ,tlr%zqa@s%ﬁﬁe tested ﬁglhrﬂ?ltoéﬁctﬂubﬂhemﬂb# us 8 ng/nm of

bFGF f or a”5%ﬁgi&tﬁwat%@ﬁwguﬁ@%%ﬁ#%% Ruo PRV, PRHHIUR Byppl enent ed

with 2% BSA +
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.

[0172] 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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Cycl opam ne- KAAD (#239804, Cal biochem CA) for two days (Stage 2), then c.
DVEM HG + 1% B27 (I nvitrogen, CA) + 50 ng/m FG7 + 0.25 nM Cycl opam ne-
KAAD + 2 wii2pevismz23c acid (RA) (Signma, MO + 100 ng/ m eCTNSg@w06(7Rt & D
Systens, MN) for six days (Stage 3), then d. DVMEM HG + 1% B27 (I nvitrogen,
CA) + 100 ng/m Noggin + 1 nM ALK5 inhibitor Il (Catal og# 616452,

Cal bi ochem Ca) for three days (Stage 4), then e. DVMEM HG + 1% B27
(Invitrogen, CA) + 1 nmM ALKS inhi bigy@mpldo (Cal bi ochem Ca) for seven days
(Stage 5). [0174] Medium was changed dally At each stage the cell nunber
was cal cul ated using . a henocytoneter an col | ected for PCR

anal ysis. All ?éﬁﬁle%atbﬂé‘r‘ng}"e@?‘@@"’inﬁ ﬁtF‘F‘ﬂ‘i“&a’E’é‘e@erH'l“‘eHl@ Scr eeni ng of

the Effects @hn&RAROERGrine @R Hah BYPEK asAninBRERM Slucdse ppRrmml on Cel |'s
Treated according to the Differentiation Protocol Qutlined in Exanple 9

[0175] Cells of the human dipb}afieg §e@hBedns S¢rupe H at passage 45 were
seeded onto MATRI GEL(r)-coated 24-well dishes (1:30 dilution), and

di fflerm)t i at@d o &ehkfhafBmbQoiib et MOER HiES&E chiated sh ¥AamPGELD up to stage
5. Following this, the cells were fed and treated on day 1, 3, and 5 of

stage 5 wi t9o2isedishesdbrpdiluiony mmateﬁwgﬁllﬂ(%ﬁwftl%la@hers CA), 1 mM ALK5

i nhi bi tor | dhafabRERIQE AR Mandrdic RRGhcAnS BIE ﬂlgftﬁ@mll@@lng%a)t%ll.b! ochem
conmpound library 1 solubilized in DVBO ( |"og# 5397 Cal bi ochem San

Diego, Ca) and treated at a final concentration of Vel |'s contai ni ng

vehi cl e were Pndifbdenedian sunplsmicatse Wlfbﬁr/bﬁéﬁéﬁi‘talpﬁ%l?%“& 8Bl medi a was

changed daily exgigRédiéd, Gih@?ﬁldﬁOmg/fﬂﬂri@tﬁil@AV@&Iﬁ@ﬁmdMW%hﬁé 2ot her day. All
sanples were treated in dug i cate 0176] At the conpietion of this

treat nent RNA wdg/TloVNEckdHatploe ib@4 WhaP4ZsR&D %éWmSeMNA@PJé Sagaypied by

real -time PCR f QfrgeXPh&Rek 260-%B, WehidTRERYW Fo? oftd @ay%l@dv@e’%l%?qreét%lehhe fold
i ncrease in MAFA expression versus untreated H haman enb Ffyonic stemcells

(Table 5), as meathUyrRglL mydlp aupplenjeptsd Py 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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[0177] Treatnent of cells expressing markers characteristic of the
pancreatic endocrine |ineage with conpounds A4 (Cat#, 124001, Akt Inhibitor
V), E8 (Wat#dB7250, PKR Inhibitor), and F9 (Cat#539648CTHiS20m0061704 i ne,
N-benzoyl -) at a 2.5nmM concentration resulted in an increase in MAFA
expression at least 4 fold higher than vehicle treated controls (Table 5).
Treatment with the conpound E6 (Cat# 521233, PDGF Receptor Tyrosine Kinase
I nhibitor 1V) at a 2.5nM concentragigfpleggul ted in an increase in MAFA
expression at least 2.5 fold higher than vehicle treated controls (Table
5). Exanpl e 11 Screening of the Effects of Conpounds fromthe EVD Ki nase

| nhi bi tor LOBeSRYS Pfthﬁﬂaf@éﬁslog Compaprds frem Shegh M Kinag,knhyitor ddbrary 5t i on

Prot ocol Quf b 0eltk Treafed 208r@ing tb Bk ikrefetihBorPPrdiél@] OUNmRd BRLMAPEC Stem

cell Iine H at passage 46 were seeded onto MATRI GEL(r)-coated 24-wel |
di shes (1:30 diluti on) and differenti®ated according to the nethods
described in Exanple 9 up to stage 5. Following this, the cells were fed

and [o1e3t edCAR of &y hﬁmaﬁem@@dmést@ﬁl csll ageHD awatséagmsiware%@dm bﬁb ng DVMEM HG 1%
B27 (Invitro ALKS5 i nhi bitor Cal bi ochem Stage 5) and

D omound AT RIGR sty Laeir CosbUDHan: Pk Arorer A SGrehE o DVEO

(Tables 1 atﬂ@n@tho@de@ér%@ﬁ{@xam% QQtactd) F@Mlﬁg aat gd c@ﬁs v@eré fegal
concentration of . S Conta| ni ng vehicl e V\Bre i ncl uded as a

control . Th’crnéﬁ@h‘@@l@n t141’e1 ér@tdédélsta%aw&hmﬁlwmﬁg@ag BAMEN-HG.dépB2At stage 5
when nedi a (E‘ﬁ\§t7 ﬁ‘rtg&)dl XEAYK rnth%ltogﬁ%Calﬁ‘iolche?ﬁ@% %%ﬁﬁ@ﬁ&rﬁ%' n

dupli cate. corrp etion of this treatnent was col |l ected for
PCR anal yS|EMD§eﬂi’¢JD<é1§HWer@0mddlbywdl sbiybitiecl in OMEO FGRIp@ 53Xt essi on of

MAFA. - Resul &gyl Qent }égg'%% @)F‘ﬁ}u&‘iéd@% ﬁhﬁgm}\ﬁﬁt FRRLES AN Oy MAFA ar e

shown and expressed as Increase I n expr essi on versus contr ol
sanples (Fi @mtaml@vehs;@ Wawhﬂddtsyaqoembl- tTihmg]R@Rthe[pm&@)} m¥dieatapent of cells
expressi ng rs char t he pancr atlc nd crine | i neage with
i thers A STRPSTAFIERERGt e S RIRREARG Lo BRI OND kit 3

I nhi bitor Idahlpleﬁia&mtfbaiédma&q)hbatd: nh| bitor, D4476; or MEK1l/2 Inhibitor at a
2.5mMM concentration resulted in a 4.5 foI d increase in MAFA expression

ver SM§7éf nt rgﬁhg gompletion 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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controls (Table 7). Exanple 12 Inhibiting Cell Cycle Progression in Cells
Expressing Markers Characteristic of the Pancreatic Endocrine Lineage with
Smal | Molwoubw/dsmdzdbi t ors Pronot es MAFA Expressi on i n CeCrasEvonesss ng

Mar kers Characteristic of the Pancreatic Endocrine Lineage [0181] Cell
growh resulting fromcell cycle progression can be activated and

mai ntai ned by stinmulating cells with extracellular growh factors. Gowh
factors bind to the extracellul ar dosmpiegiof growh factor receptors,

i nducing a conformational switch in the receptor’'s intracellular domain.
This shift initiates receptor dinerization and activation of tyrosine

ki nases | ocaf&gning of the Effeets of Sompoundspomithe VD KinaselndiRitor Likeagy ng t o

phosphoryl at i o eackugqtéatat ARbrddhg Htht DY erstBltiol Prb LAV hfedinNases
downstream ultimately resulting 1n cell cycle progression and cell

proliferation. [0182] Under normal E¥Ap®led ogi c conditions mature pancreatic
beta cells, characterized by expression of insulin and the transcription

faCt[@l7ﬁyAFp€eIEr0@t}ﬁlhh@1§ﬂ3@rﬂBrﬁ@lﬁlQst"bﬁfwllliﬁe HEaBiasab 43R fseddb@omel | cycle. Yet,
in order toM%teneratcg enough cells to forma functional organ and neet the

needs of a TM@E%HF‘??&?d,Zg“r‘ﬁ@I ¢ighes §1: 4 dihdisn) iyl diffprrettedRerdiBg & i stic of

the pancreahl meBBACRLEIRI i PEAGR Plp ReP5 e FEMwih SMRNNE @RSt fie cel |
cycling. Consequently, at some point in enbryonic devel opnent, the cells

expr essi ng #diicated og hayr bdt aMdiSsfistagof Withenodirreomptiting DMH G & Brheage of
the pr esentﬁmm hl@ ,g:}Mgiﬁ@fiﬁ}ﬁﬁi%rERFQBEO?%&Ig'da (S shbafsi tion froman

actively cell-cyclin oliferating cell, t qui escent cell. [0183] Qur
dat a i ndi catompomat frgsy an ENMIb{Celbieghare¢dmppyed Bbrprydfsadehlized ibPMSICocki ng

signaling cag6iadpsdy CiskTbh, JRISGH! Bflashed AN flf QiSenilfyf@n | nduce L he
cell s expressing marKers characteristic of the pancreatic endocr i ne | i neage
to express MNAPMA, Wellvaoikaningfeinelt wee ipdwnted @at contioét Bhrgedhbst. thKi nase

i nhi bi tors {argated. !0, aLo0 N fRELOL, L eeeRlON 1 SERAE Receplor, Tyr osi ne

Ki nase | nhilprtor Vo T gl of SPWhiC i'Sr UB} i'nases dowist r eam of
tyrosi ne Kidsaselay.eslpimplss wdvEKddt& innloplivateor, PKR | nhi bi tor, or Akt

Inhibitor 1V) disrupt proliferative growh factor/kinase based signaling

eS| R LIRS AL Fm RSN HELA O e PERANGKRY GFFRD: Use of 2

bro ectrum
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.

[0180] Treatment of cells expressing markers characteristic of the pancreatic endocrine
lineage with either: Alsterpaullone, 2-Cyanocthyl; 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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inhibitor |ike staurosporine, can effectively induce MAFA, however it is
al so cytotoxic at effective concentrations. Mre directed conpounds |ike
cyclin dempendmviskizaase i nhibitors (Al sterpaul |l one, 2-Cyaooatsheu6eSU9516;

Al sterpaul l one; or Cdkl/2 Inhibitor 111) induce MAFA with | ess toxicity
than a broad spectruminhibitor |ike staurosporine. [0184] In order to
determne if a broad spectrum ki nase inhibitor could i nduce MAFA expression
and a nore mature phenotype in theggghpig 18Xpressing nmarkers characteristic
of the pancreatic endocrine |lineage of the present invention we
differentiated H human ES cells according to the nmethods described in
exanpl e 9, éﬂ&bttwgé%e@@ytcﬁé)rﬁ“%s%‘&y’é' (ie,lls§,XP5"ﬁE}“%NB‘Fk‘érts§d‘é‘”5’tWSPﬁ f he
protein-tyroshPeakdrBARENIO0HRE L eag SRl Sl MoV CIAnAGrPPRMHOWN tO

i nduce & phase arrest in human and nurine cell lines and inhibit multiple

ki nases. At Myt Expression infdellsdrrgresping fearkergSdar aedenissic oh HeP angeegtic n
somatostatin, and the transcriptyQRcfiRci.Meadd®FA, all showed increased
expression versus untreated controls, while at 10ng/m the endocrine
hor mone gl ucagon had i ncreased expression (Figure 10). W observed

si gni181d ant Celbgtpwihyrgsubiineroppeshl s Aie PersEsssion cajdiiastiwied apharingdieddat ed wit h

l'oss of I nSyihjubting bHUGRAH bx AR uBPEBHASEAbISNGRN BSRHYd b#B5] These data
i ndi cate that g%ﬁlnhlbltlng cell cycle progression by bl ocking signaling

cascades wi ¥raeular derpgiescafizeovkh gt recApPIi ndwcang sgogér@atiangl sWikkh Bl t si gnal

transduct i ofl fcQM.A HERMNT RELAI FIRCSAL AliN FQShORuHNARS, LY ough

intracel lular signaling kinases to the nucleus and cyclin dependent

ki nases, weactwationefityeesiierkenases|lpcatedop tiesigiraegllvtar doaras ko rgedptari stic of the
pancreatic Qﬁ%? i I f. the pr i i ress MAFA, a
mar ker of n%turé£Sgﬁ?bggﬁﬁg?%gvghg%?ﬁ8E&F%&§§%%%ﬂh#?@3%?%%%Pcited

t hr oughout ddwnstrehot uliertcharcsulhiey ieleyll cyvdoprpgestmdnyell mbefeatioe i n their
entirety. Although the various aspects of the invention have been

LT ugidAt edU@cR:?H@rn@)/}?lhgifoﬁ){gﬁcr&%ﬁdﬁi&ls%%&?hg&r&ﬂgb@[{l AR & ggﬂ?e% jyrents, it

wi | | "be apprecrate at e scope o e inventiron is Ined'not by the
f or egoi ng degoriigt ofomsubnandihe trhwscliptidndewatorg 8FAj ars qpicsspetrahy teodmst r ued under
pri nci pl es

Vel 1 pubcnenrel S0 HBTRYG e AR5 SRus YR B9 6¥6 % a5 5278306 8o
5326739 C3 300#08%rEAB ahd 4@35B8needs 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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A4 6605258 B4 5353431 C4 481747 D4 16760417 A5 5005498 B5 2422 C5 1893668
D5 73292 A6 16760286 B6 5472558 C6 9969021 D6 4124851 A7 5326843 B7 2794188
Cr7 2856 Dyvo@bpass23A8 3641059 B8 5330812 C8 6918386 D8 #¢30b4000866604931 B9
438981 C9 10202471 DO 5287844 A10 11524144 B10 6419753 Cl10 9549301 D10
6538818 All 9549303 Bl1l 16760346 Cl1 5339183 D11 10020713 E2 5312137 F2
11382492 G 2 6419739 H2 176155 E3 6419766 F3 11624601 G 3 4665 H3 16219471

Table 1. Alphabimlidos (Mkkd ﬁﬂo%é%ééﬂoeﬁﬂvl@%@é ARkepddiBnb¥r 83R1354 Label
and the Correspondi ng E5 3674 F5 3820 G5 4712 'H5 5174 E6 9903786 F6

5312122 G oenbibgar IHg indpoegMATACHERCIsIefighEm Eroghspogtaun mhibgoslikego G 7 4987
H7 16760659 faldigehem Kinase | nhibitor E8 8515 F8 389898 G 8 9549289 H8
451705 1| conpound Iibrary E9 11665831 F9 9549284 G 9 5702541 H9 16760660
E10 11422035 F10 11674425 Gl0 5162 H10 5289419 E1l 16760525 F11 509554 Gl1
535394$H H1 1nesdey sodrteamine iba broprbspeptiusy kingse ighabion Gordd indpeetMAFAI OMOL | nhi bi t or

conmpound | i&'bf%rsMorpé‘hdtahﬁorgﬂfaiu%%ﬂ{enbt@éjinitﬂt{ QYRR RAMAFALAE XA 18X Pr €SST on
as determined by real tinme PCRin Cells Expressing Markers Characteristic
of the PancefékapascErifcadoarac lipgpge gbthe rseenAlnyprig Aerdilerogtiatest Flor r esponds to

(e SO 98 Lol ey Gy 8Bl i <
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.

[0185] 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.

[0186] 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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.2

1.1 0.9 E2 0.8 0.8 E3 1.2 1.0 E4
E8 3.7 0.0 E9 1.0 0.8 EIO0 0.6 0.2
2.9 1.9 F3 2.6 PC3/US4000/061724 7 F5

F
1

9 1.01.4 FlIOS5.4 3.4FI |
.6

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.

Well #
Bl
B2
B3
B4
B5
B6
B7
B3
B9
B10
B11
B12
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cll1
Ci12
D1

Ratio vs. Control

Insulin to Glucagon MAFA to Arx4

1.6
2.4
2.9
1.1
1.3
1.6
1.3
1.6
1.1
1.2
1.1
1.0
0.7
0.9
1.3
1.2
1.0
1.6
43

40.2

0.8
23
1.1
1.0
2.7

0.9
1.3
2.9
2.0
1.3
16.3
0.5
0.5
1.5
1.5
2.1
2.0
0.8
1.0
0.9
1.7
1.1
1.2
0.2
84.3
0.5
1.9
0.4
0.4
1.2
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4 1.31.6 GG 1.71.51.51.3G7/ 4.60.2383.904®1.00.7d013
0.7 dl 1.90.6Gl21.40.8H 3.10.6H 1.83.5H31.83.9H 1.2 4.0 H5
1.8 2.0 HSO2ot/@123H7 1.5 0.6 H3 2.1 0.8 vehicle controlPCTUB20090dE4 e 3.

Al phaNuneric Wel | Label and the Correspondi ng Catal og#, CAS#, and Conpound

Name or | D Nunberfor the BIOMOL Kinase Inhibitor conpound |ibrary PLATE
LOCATI ON CATALOG # CAS # COVPOUND NAME OR | D NUMBER Bl El-360 167869-21-8
PD- 98059 B2 El -;#82 10951 1358-2 U 01263B3 El-286 152121-47-6 SB-203580 B4
El - 148 84477-87-2 H7 B5 El- 195 84468-17-7 H9 B6 El- 156 62996-74-1

St aur ospori ne B El-228 13B550-35-5 AG1494

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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B8 El-267 AG 825 B9 El- 185 125697-92-9 Lavendustin A Bl O El - 253
136831-49-7 RG 14620 Bl | ElI-191 118409-57-7 Tyrphostin 23 B12 El- 187
118409- 58W0 20ywsiest i n 25 G El - 257 122520- 85- 8 Tyr phos®PCm/us008@c @4 188
122520-86-9 Tyrphostin 47 C3 El- 189 122520-90-5 Tyrphostin 51 C4 El- 190
2826- 26-8 Tyrphostin 1 C5 El-335 116313-73-6 Tyrphostin AG 1288 C6 El -277
63177-57-1 Tyrphostin AG 1478 C7 AC-1 133 71897-07-9 Tyrphostin AG 1295 C8
El - 215 10537-4749 Tyrphostjge 9 C9 El-247 HNVPA (Hydroxy- 2-

napht hal enyl net hyl phosphonic acid) C O ElI-370 120685-1 1-2 PKC-412 C |
El - 271 10083- 21% Pi ceat anh®l C12 EI-b%5 172889-26-8 PPl D El-272
133550- 35-3 AG@P0 D2 El- 2@ AG 126D3; kI - 229 AG 370 D4 El-258 AG 879 D5
ST-420 154447-36-6 LY 294002 D6 ST-415 19545-26-7 Wort mannin D7 El - 246
133052-90-1 GF GD9203X D8 &b - 226 548-b4-9 Hypericin D9 El-283 138489-18-6

Ro 31-8220 D O(%£-155 123-/8-4 Sphingpgine DIl EI- 196 127243-85-0 H- 89 D12
El - 158 84478-1 1-5 H 8
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
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El ElI- 184 91742-10-8 HA- 1004 E2 EI-233 103745-39-7 HA- 1077 E3 EI-232
HDBA ( 2- Hydr oxy-5-(2,5- di hydroxybenzyl am no) benzoic acid) E4 ElI-230
127191- 9W0 260622285 El - 268 KN-93 E6 El- 197 109376- 83- PCWIUSZ00@D6 4 153
105637-50-1 M.-9 E8 CC-100 452-06-2 2-Am nopurine E9 CC-202 158982-15-1

N9- | sopr opyl - ol onouci ne El O CC-200 101622-51-9 d onmouci ne El | CC- 201
101622-50-8 i so-d onmouci ne E12 CC- 205 186692-46-6 Roscovitine F | El-293
24386- 93 4_BulOS Rl e W TPL et ASENB 2O Baify T4 184S B il - 294
152121-30-7 SB-202190 F4 EI-297 172889-27- PP2 5 El-298 268260 29-1 ZM
336372 F6 @a@mndé\f@we’rﬂ?WlwsioztlszEPMQMﬂa%Mybqorlwmpmdlz% F8 El - 307
220904- 83- 6[9%65074 F9 AC-1 121 6865-14-1 Pal mitoyl-DL-carnitine C FlO

El -270 82-08-6"RottlerinFl| ElI- 147 446-72-0 Genistein F12 ST-1 10 486-66-8

Dai dzei npiQ TELOAAPIGN IATRYOE £ bSéﬁSl#ﬂ anal egMpOBD AT BRI 25- 3
Quercetin dihydrate G3 AC- 1293 SU1498 El - 357 4452-06-6 ZM 449829 Gb

El -278 195462-67-7 BAY 11-7082 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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& EI-23 1 53-85-0 DRB (5,6-Dichloro-I- b-Dribofuranosyl benzi m dazole) G/
El -273 HBDDE (2,2',3,3',4,4'-Hexahydroxy- 1,1'-biphenyl -6, 6'-di net hanol

di met hyl wOheroos@G3El - 305 129-56-6 SP 600125 (O CC- 206 2C3A%2609/0617a4 r ubi n
d O CC- 207 160807-49-8 Indirubin-3 '-nonoxinme A1 EI-299 146986-50-7
Y-27632 Gl2 EI-310 142273-20-9 Kenpaullone H EI-328 121-40-4 Terreic acid
H2 El-332 35943-35-2 Triciribine H3 ElI-336 BM.-257 H4 El -343 SC-514 H5

El - 344 BM.- 259pk6 El - 345.520- 36-5 Apigenin H7 El-346ABM79265 (Erlotinib
anal og) H3 A-275 53123-88-9 Rapanyci nTable 4. The Effect of conpounds of
the BI OMOL | nhPhitor cditpddnd library on the Expressfo8f |nsulin,

gl ucagon, NMAFAhandArx4 giudeel |'s Expiuesskiag Markers Ghapagperi stic of the
Pancreati ¢ Endocri ne Lineage Concentration and PubChem | D# MAFA I nsulin
d ucagon Arx4 9 | nv 5839812 46. 39945920726 0. 68 1.V¥ommuB380812 209.2 1.3
0.31 0.66 5.0m\}, 533081 9.9 66 ; 0.92 O | 1.0 1.0 0.77
0.78 1.25nM 4% 0.8 1%%22%890 0. 7§%8.§%)é§/|14566 1.0 gﬁﬁ%?@%( 0.69 O | mv
5330797 0.7 0.B80. 34 0.B3€24. 25nM 5380099 1.5 0.8 0. 25pei@y

D9 EI-283 138489-18-6 Ro 31-8220
D10 EI-155 123-78-4 Sphingosine
D11 EI-196 127243-85-0 H-89
D12 EI-158 84478-11-5 H-8

El EI-184 91742-10-8 HA-1004

E2 EI-233 103745-39-7 HA-1077

E3 EI-232 HDBA (2-Hydroxy-5-(2,5-

dihydroxybenzylamino)benzoic acid)

E4 EI-230 127191-97-3 KN-62

ES EI-268 KN-93

E6 EI-197 109376-83-2 ML-7

E7 EI-153 105637-50-1 ML-9

ES8 CC-100 452-06-2 2-Aminopurine

E9 CC-202 158982-15-1 NO-Isopropyl-olomoucine
E10 CC-200 101622-51-9 Olomoucine

El1l CC-201 101622-50-8 iso-Olomoucine

E12 CC-205 186692-46-6 Roscovitine

F1 EI-293 24386-93-4 5-lodotubercidin

F2 EI-295 62004-35-7 LFM-A13

F3 EI-294 152121-30-7 SB-202190

F4 EI-297 172889-27-9 PP2

F5 EI-298 208260-29-1 ZM 336372

F6 EI-306 5812-07-7 SU 4312

F7 EI-303 146535-11-7 AG-1296

F8 EI-307 220904-83-6 GW 5074

F9 AC-1121 6865-14-1 Palmitoyl-DL-carnitine Cl
F10 EI-270 82-08-6 Rottlerin
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5.0mM 5330797 6.3 1.3 0.04 0.16 O | nM 73292 0.7 0.7 0.29 0.38 1.25mM
73292 1.3 1.0 0.25 0.42 5.0mvM 73292 3.1 0.8 0.13 0.33 O | mv 4592 0.9 0.9
0.81 0. 6Iw0.28HmM225392 1.0 1.0 0.70 0.54 5.0nM 4592 0.6 PCIUB2@08/061774 O. |
mv 160355 0.9 0.9 0.76 0.77 1.25nM 160355 0.7 1.0 0.61 0.65 5.0mM 160355
0.8 1.1 0.59 0.86 Vehicle Treated 1.0 1.0 1.00 1.00Table 5. Al phaNuneric
Wel | Label and the Correspondi ng Catal og”, and Conpound Nanme or | D Nunber
for the EMD Cglihi ochemgfijnase | nhi Qig_ 5. gcompound | i rafyid CGene Plate

I nduction Location Catal og# Conpound Nane vs. H1 : MAFa A 10 197221
Bcr-abl | nhibiltlér 1.5 /ST1%0203290 Bf&Ptrdol yl mal ei nmi dédizem 8 A 12 DVSO
Control 1.5 A2512 1767 AG44024 0. §3f3 4211790 AG 243,08,/ 12401 1 Akt
Inhibitor IV 45,7 A5 12401 2 Akt Inhibitor V, Triciribine 0.9 A6 12401 8
Akt Inhibitor @11, |sd¥yiti2Sel ect®vé;25/kt -1 /2 Quewetardihp@o0 Akt
Inhibitor X 1.4,A8 521 3,430K1 /Akt/Flt Dual Path Pﬂ?ibitor 2.1 A9

189404 Aurora Kinase Inhibitor Il 1.3 B 10 3 17200 .9
G4 EI-357 4452-06-6 ZM 449829
G5 EI-278 195462-67-7 BAY 11-7082
G6 EI-231 53-85-0 DRB (5,6-Dichloro-1-B-D-

ribofuranosylbenzimidazole)
G7 EI-273 HBDDE (2,2',3,3",4,4'-Hexahydroxy-
1,1-biphenyl-6,6'-dimethanol dimethyl

ether)

G8 EI-305 129-56-6 SP 600125

G9 CC-206 479-41-4 Indirubin

G10 CC-207 160807-49-8 Indirubin-3'-monoxime
Gl1l1 EI-299 146986-50-7 Y-27632
G12 EI-310 142273-20-9 Kenpaullone

H1 EI-328 121-40-4 Terreic acid

H2 EI-332 35943-35-2 Triciribine

H3 EI-336 BML-257

H4 EI-343 SC-514

HS EI-344 BML-259

H6 EI-345 520-36-5 Apigenin

H7 EI-346 BML-265 (Erlotinib analog)
HS A-275 53123-88-9 Rapamycin
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B 11 324673 EGFR/ ErbB-2 Inhibitor 2.4 B 12 DVSO Control 1.9 B2 203297

Bi sindolylmaleimde IV 1.9 B3 203696 BPI Q| 1.6 B4 220285 Chel erythrine

Chl ori de WO20B8H5224505 Conpound 56 1.8 B6 260961 DNA- PKpPCmhishémwwosi7rd 2.0 B7
260962 DNA-PK Inhibitor 111 2.2 B8 5281 00 PM 03 1.9 B9 266788

Di acyl gl ycerol Kinase Inhibitor Il 1.5 C 10 375670 Herbi mycin A
Streptonyces sp. 1.3 C 11 343022 FIt-3 Inhibitor Il 1. 1 C 12 DVSO Contr ol
L 1 C2 3246 7fe EGHR MY ichfordedBofhe BIORASL BRI FLORp A1 FR fod i b1 tor
0.9 &4 343020 FIt-3 nhl itor O. 343021 FIt-3 Inhibitor | Co6
344036 cFNShRExpisesin ofyrgdinnglupggeasAldmnd Araf t@C@ls@wp%szgmawrrag?a 1.9 C8
365251 GO GOl PulEYy AL OB AT EydhcARBHiyfyd. D 10 440203 LY 30351 1 1.7 D
11 4481 0 Met Kinase Inhibitor 2. °ANK 1.7D2 407248 1 GF-1 R

I nhi bitor II 1.6 D3 407601 IRAK—l /4 Inh| bitor 2.2 D4 420099 JAK I nhi bitor
| 1.4 D5 4201 04 JAK3 Inhibitor Il 2.0 D6 4201 2 1 JAK3 Inhibitor IV 1.7 D7

4201 26 JAKGoBftkaRbA BFa VI 1. 9
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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D8 428205 Lck I nhibitor

| nhi bitor

1.6 E 11 5281 08 PI

1.9 D9 440202 LY 294002 2.3 E 10 5281 06 Pl

3-Kbl nhibitor 11

3- Kg

1.4 E 12 BLANK 1.6 E2 5

13035 PDwb&eBs228 E3 5 13040 PD 174265 1.0 E4 521 231 rPPDES2000061770r

Tyrosi ne Kinase | nhibitor
| 1.7 E6 521 233 PDGF Receptor Tyrosine Kinase Inhibitor
1.9 E8 527450 PKR I nhi bitor

| nhi bi tor

E7 521 234 PDGF RTK | nhi bitor

PKR | nhi bi t pjpye ﬂeﬂ?h&Nﬂn
F 11 572660 SU1 1652 1.7 .1 , P
PP1 Anal og §empomaiNepe op 1B Naunlgpfgshe BMO(vipiocme Kinaraolrnhéhiton . 8 F5 539654

PKCb I nhi bigop,[fogn@ﬁﬁggﬁﬁ%l 0 Rapanycin 1.2 F7 555553 Rho Kinase | nhi bitor

| nhi bitor

Rockout
St aur ospor i ne,
1.1 G 12 DVSO Contr ol

0.8

Plate
Location

A10

A1

A12
A2
A3
A4
A5
A6
A7
A8
A9

B10

B11

B12
B2
B3
B4
B5
B6
B7
B8
B9

C10

C11

C12
C2
C3
C4
C5
C6
C7
C8
C9

D10
D11
D12

7 F8 555554 Rho Kinase | nhibitor

N-benzoyl - 11.7 G 10 658550 AG 1295 1.4 G 11 658551 AG 1296

Catalog#

197221
203290
DMSO
121767
121790
124011
124012
124018
124020
521275
189404

317200
324673
DMSO
203297
203696
220285
234505
260961
260962
528100
266788

375670
343022
DMSO
324674
324840
343020
343021
344036
365250
365251
371806

440203
448101
BLANK

SR L abel andr it CorRd
F 12 DVSO Contr ol

1.2 & 57471 1 Syk Inhibitor

Compound Name

Bcr-abl Inhibitor
Bisindolylmaleimide |
Control

AG 1024

AGL 2043

Akt Inhibitor IV

Akt Inhibitor V, Triciribine

Akt Inhibitor VIII, Isozyme-Selective, Akti-1/2

Akt Inhibitor X
PDK1/Akt/FIt Dual Pathway Inhibitor
Aurora Kinase Inhibitor Il

DMBI

EGFR/ErbB-2 Inhibitor
Control
Bisindolylmaleimide IV
BPIQ-I

Chelerythrine Chloride
Compound 56
DNA-PK Inhibitor II
DNA-PK Inhibitor IlI
PI1-103

Diacylglycerol Kinase Inhibitor Il

Herbimycin A, Streptomyces sp.
Fit-3 Inhibitor IlI

Control

EGFR Inhibitor
EGFR/ErbB-2/ErbB-4 Inhibitor
Fit-3 Inhibitor

Fit-3 Inhibitor Il

cFMS Receptor Tyrosine Kinase Inhibitor
Go 6976

Go 6983

GTP-14564

LY 303511
Met Kinase Inhibitor
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Aird Cutdfh FE
ing! G

0.8 E5 521 232 PDGF Receptor Tyrosine Kinase

IV 5.5
24.6 E9 527455
gks! nhibitor I 2.3

4 PP3 1.3 F3 529581

IV 2.3 F9 539648

1.2 G3 57471 2 Syk

Gene
Induction
vs. H1:
MAFa

1.5
0.8
1.5
0.8
0.8
457
0.9
16
14
2.1
1.3

1.9
24
1.9
1.9
16
23
18
20
22
1.9
1.5

1.3
1.1
1.1
3.5
0.9
0.6
0.5
22
1.9
1.0
0.7

1.7
2.1
1.7



&4 57471 3 Syk Inhibitor
G5 6 16453 TG~-b R

| nhi bitor

11 1.1 G 6 16451 TG~-b

11 1.6 G/

Rl Kinase Inhibitor 1.1

658390 AG 9 1.5 (8 658401 AG 490

1.4 GO 65804010AG1232 1.4 H 10 189405 Aurora Kinase | nhi lpctrars20mioez79 H 11

569397 St aur ospori ne,
AG 1478 2.7 H3 676480 VEGF Receptor
Recept or Tyrosi ne Kinase |nhibitor
| hd724KRNERB R thhibitoHP 676485 VEGF Recept or
1.0 H7 676887 VESI60ReqM-04 InRibittk nase | nhi bit or
2 Ki base hrzdodbdi tJaK Inhivita2l 1 H9 260964 DNA- PK | nhi bi1tsor V 1. 5Tabl e 6.
, JAKT Insgpolhdi ng Cat al ogt t,
Cal bi ochem Ki héise #2(HiRDbi t&KK3 IhhibiwoliNpound | i brary Wl

Ki nase | nhi bi por
[
Recept or
Al phaNuneri c bel

kated

Streptonyces sp. 0.0* H 12 DVMSO Contro

2 Kinase Inhib
Il 1.0 H5 67648

1.5 H2 658552
itor I 1.7 H4 676481 VEG-
2 VEG- Receptor Tyrosine
2 gKi nase | nhibitor
11 1.1 676489 VEG-
EMD
npound #

and Conpaund # or
# Cattal og # Co

A 1 DMSO A2 4P2706420W%2 JASS mHig®00 ATM Ki nase | nhi bitor A4.9118501 ATM ATR
Ki nase | nhi bi P&r AS2820%8F 0k Iphigicer paul | one A6 126871 Al st er'@aul | one,

2- Cyanoet hyl B¥ 12840205 AY@pdPfhe A, RP1 07 A8 1281 35 Al 0i2$ ne, RP1 06 A9
164640 Aninopurvalanol A A 10 17 1260 AMPK I nhi bitor, Conpound C

E10 52810 PI 3-Kg Inhibitor 16
E11 528108 PI 3-KblInhibitor 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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A 11 189405 Aurora Kinase Inhibitor 11l A 12 BLANK B 1 DVMSO B2 189406
Aurora Ki nase/ Cdk | nhi bitor B3 402085 | ndi rubi n-3' -nmonoxi ne B4 196870 BAY
11- 7082 BS020B86BM22Bohem ne B6 2 17695 Cdkl1l | nhi bit or B7P2TARE@S/0XRL

| nhi bitor, CGP74514A B8 2 17714 Cdkl /2 Inhibitor Il B9 2 17720 Cdkl /5
Inhibitor B 10 2 18696 Casein Kinase | Inhibitor, D4476 B 11 2 1871 O
Casein Kinase Il Inhibitor 111, TBCA B 12 BLANK C 1 DVMSO C2 219476 Cdk4

I nhi bi tor C3 8494787648k 4 VEBhiRBEdHRF 2 KihaseMBGit&20987 C4 219438 Cdk4 | nhi bitor
[l C5 219479HEdc22409ke KiNaasandisibibi t or, TAD03 C6 220486 1Ghk2 | nhi bitor 11

C7 234503 Conpound 52 C8 238803 Cdk2 Inhibitor 1l C9 238804 Cdk2 I nhi bitor
'V, NU6140 C10 219491 Cdk/Crk Inhibitor C 11 328009 ERK Inhibitor 11l C 12
BLANK D 1 DMSO D2 688000 ROCK I nhibitor, Y-27632 D3 328007 ERK I nhi bitor
1, FR1 80204
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D4 328008 ERK Inhibitor 11, Negative control D5 341 251 Fascapl ysin,
Synthetic D6 361 540 GSK-3b Inhibitor | D7 361 541 GSK-3b Inhibitor Il D8
361 549 G8R-28ty/dsmd2Bbitor VIII1D9 361 550 GSK-3 I nhi bitor PCXUS200/08614 551
GSK-3 Inhibitor X D 11 361 553 GSK-3b Inhibitor XI D 12 BLANK E 1 DVBSO E2
572635 SU6656 E3 361 555 GSK-3 Inhibitor X1l E4 371 957 | sogranul ati m de
E5 400090 1 C261 E6 401 481 I KK-2 Inhibitor 1V E7 402081 | ndirubin
Derivative E804 E8 4201 19 JNK Inhibitor Il E9 4201 23 JNK I nhi bitor,
Negative Control E 10 4201 29 JNK Inhibitor V E 11 4201 36 JNK Inhibitor IX
E 12 BLANK Fuple VBN AdR80% MIZA dphishitidle Card @R TndBomPluldnhi bi tor VI I |
F4 420298 K-252a, cardi gpsis sp. F5 2200§ Kenpaul | one F6 422708 KN-93 F7
444937 NEK fonidMd? Colbiochag™ Kipaoa B hifiar [ntemppwmd likrpryFQ 444939 VEKL /2

| nhi bitor

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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F 10 454861 M\K1 Inhibitor F 1 1 481 406 NF-kB Activation Inhibitor F 12
BLANK G 1 DMSO & 5061 2 1 p38 MAP Kinase Inhibitor 11l G3 5061 26 p38 MAP
Ki nase | nwokotoms1224 5 13000 PD 98059 G5 5 13030 PD 1693PCH/US2005H8396
SB220025 G7 540500 Purval anol A G8 361 554 GSK3b Inhibitor XIlI, TWSl 19 &
371 963 H 89, D hydrochloride G 10 559387 SB 202474, Negative control for
p38 MAPK inhibition studies G 11 559388 SB 2021 90 G 12 BLANK H1 DMSO H2
559389 SB 203b80 H3s®8d 9@6kbUWNhLRFTX Di hydrochl oride Fasudil H4 559402 SB 2
18078 H5 565625 SC368376 EBKBMABED XSKF- 86002 H7 567731 Sphi ngosi ne Ki nase
I nhi bi t or H8 536939 B6&BBaur GSiPAL innigifor Bt r ept onyces sp. HI 570250 STO 609 H10
572650 SW951 m32H11 BhANK373 Tpl 2 Kinase Inhibitor H12 BLANKTable 7. Fold

| nduction of BAFA exXy@®ssion by several Conpounds fromthe EMD Ki nase

I nhi bitor Li bEary 15V263h C8l46§6 Tr eat ed according to the
361555  GSK-3 Inhibitor XIII

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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Differentiation Protocol Qutlined in Exanple 9 fold vs. well|l# control cat#
dru naneWhat is clained is: 1. A nethod for increasing the expression of
MAFA i n cwDl2s10e08p228ssi ng markers characteristic of the pamase@iosi7endocri ne
| i neage conprising the steps of culturing the cells expressing nmarkers
characteristic of the pancreatic endocrine |lineage in mediumconprising a
sufficient anmount of a cyclindependant kinase inhibitor to cause an

i ncrease in expression of MAFA

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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WO 2010/051223 PCT/US2009/061774

What is claimed is:

L.

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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