Dl FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] The present application clains the benefit of U S
Provi si oraib 2Pesm338 Appl i cation Serial No. 61/378, 448, fipCeds2ugosti231l,
2010, which is incorporated herein by reference inits entirety for al
pur pose. FIELD OF THE | NVENTI ON [ 0002] The present invention provides

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

met hod to producsIFFERENTRTION Of HIeVIAN EMBREONIOSEENECELNAN 80% of the
cells in the popul ati on express markers characteristic of the definitive

endoderm | i neage. B I \V i.n = r cenent therapy for
Type | di abet es nel WEEEL}%% ?&g@ﬁgépbﬁgﬁ%%@ i slets of
Langer hans have focused interest on devel opi ng sources of insulin-producing
cel 90019r Tlelgresentapplicapon dhimsftl@rbeeﬁgroaﬂtSr@mwsidaabPaa@pApalﬁﬂatibm t he

generati on nc l1s atent stem ce such as, for
exanpl e, d%?vgﬁ?éﬁéﬁgﬁﬁ%§%%§§W¥%6%4?ﬂh g?%@ﬁ?%?%”%ﬁi%?%ﬂk% devel opnent, a
pl uri pot entrete@dnke @i ivestiretysfer 4lopap@eoup of cells conprising three germ
| ayers (ectoderm nesoderm and endoderm) in a process known as
gastrul ati on. Tissues such 0 gﬁggﬁﬁ§ oid, thynus, pancreas, gut,
and liver, wll devel op fro?ﬁ@ﬁ&)éﬁ Eyﬁi% n internedi ate stage. The
intermedi ate stage in this process is the formation of definitive endoderm
Def i [@D@2]ve EMﬁ@deMdW@ﬁﬁ@Emeﬁpﬁﬁsﬁh@BmmnmemﬁﬂheMﬁbkaﬁamnsﬂﬁhﬁmsmuHNFB bet a,
GATA4, M XL C 50X 0N05] For n of the ncreas arises from
the differ e% m ¢ %ﬂ?ﬂio 11%su1 dle? | nlfcgr%ggleﬁeﬁ[ rélm € cPresent 1nvegf’i 101 provﬁes

method to produce a population of cells, wherein greater than 80% of the cells in the

population express markers characteristic of the definitive endoderm lineage.
BACKGROUND

[0003] Advances in cell-replacement therapy for Type I diabetes mellitus and a shortage of
transplantable islets of Langerhans have focused interest on developing sources of
insulin-producing cells, or B cells, appropriate for engraftment. One approach is the
generation of functional B cells from pluripotent stem cells, such as, for example,

embryonic stem cells.

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

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

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



pancreatic endoderm Cells of the pancreatic endoderm express the

pancreati c-duodenal honeobox gene, PDX1. In the absence of PDX1, the

pancr eas Wwai2br/i3es3devel op beyond the formati on of ventr acTarsdoidossat buds.
Thus, PDX1 expression marks a critical step in pancreatic organogenesis.
The mature pancreas contains, anong other cell types, exocrine tissue and
endocrine tissue. Exocrine and endocrine tissues arise fromthe

differenti aatrhd?l% o@fer@é 5&%%0&1&%%%‘%1%&0@99@%@@4 5 oBGRIdnBUndRfind €at ures of
islet cells have re been derived fromenbryonic cells of the nouse.
For exanpl etisspasmes sfiferentigiinegfpancrepic £8@Yenp001) report
differentiation of nDuse enbryonic stemcells to insulin-secreting

str ugobw €S GiRipkangliR: RANRS SBkIcEcdIS hﬁre%epoﬁemy%e&t defibed fdh @RBEBRIC49: 157,
2000) report that insulin-secreting cell's derived from nouse enbryonic stem

cel I s nor medelly ef the Pewvse Fof wagmkebwgléiwéﬂh(%@é@%%iﬁﬁe%%) ¥PYe. [0007]1n
one exanpl €di fﬁ%ﬁha‘tloﬁ%f ﬁbl]lseggl%%m%%tem’l&ilgﬁy 1n§1(i}19%)30rgin%%kr9§£§re§ é]i%ﬁlah%eat ment of
nouse enbryoni c stem cel I nhi bitors of phosphoi nositide 3-kinase
(LY294002) mnodutsdsictsebiri af ka(Dirbgesmd: &d. %m@bﬁp®1ﬂ@0@08mﬁﬂﬂdﬁ@ther exanpl e,
Bl yszczuk ef

i nsulin- pro gghﬁ“gENAﬁl&ggeggﬁggégggﬁﬁfﬁﬁgnﬁémkgﬁfggpﬁﬁg&é%%??%ﬁtlver

expr essi ng iRducdd djaBO@IpiM.cal | ef et al. reports that retinoic acid can

regul ate the commitment of enbryonic stemcells to form PDX1 positive
pancigifi ¢ SRALES BIe Rkl N1 &1\%& &b '1%5630%022{1&88 ol f t@&tn{eﬂtdo%%oﬂ% Pdx|
expreSS|on when added to cultures at ryonic stemce
dlfferentlaﬂmUWHMUﬂﬂngdb\péwnbbnwﬁpﬁdwmﬂndmﬂgd¢bka@(éﬁa9ﬁm2gastruIation in
t he e”bryoggghﬁg?%?ﬁtﬁ&ré%ﬁbb@&gg [00010] Myazaki et al. reports a nouse
enbryoni c ) over-expressing Pdxl. Their results show that

exogenous Pdxl expression clearly enhanced the expression of insulin,
sona@@@ﬂatHmanqhmﬁﬁmmnﬁgﬂyﬂnéwﬂmgéﬁﬂﬁ@s1®h%m PR prepartrdtheadgragiemes in t he

resul ting 'n% %rp(?g'c{'u %glls (ng ﬁlo&@ §c s?e:?n cleégg%stl%q)%}% eﬂ{r?sgi;ﬂg] Skoudy et

al. reports at™ act e rer o the super upr egul at es
t he expr essPan. of exocrlne pancreatic genes (p48 and anyl ase) and endocri ne

genes (Pdxl, insulin, and glucagon) in nmouse enbryonic stemcells. The
maxi ef f V, rved t hat
e oy 1 kNS PRASHYAE AU RGN e SRS PRy geT ved that

aci d; hpmevﬂmncehnmRﬁﬁ}ﬁi%meWEmpmmegu¢@Euénm &wnnwcaéésemwtevel of the
transcript Jf%rcti\%da)§ lmd(lg'hé) Egl)glnéxpf]eSsi(?’n7\%ﬁen7aﬁged t% Q%Jres at day 4 of embryonic

stem cell differentiation during a period corresponding to the end of gastrulation in

the embryo (Diabetes 54:301, 2005).

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

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

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

749, 2004).



WO 2012/ 030538PCT/ US2011/ 048127 [0011] Shiraki et al. studied the effects of
gromh factors that specifically enhance differentiation of enbryonic stem
cell s i ntwoORDMXIn3ps38i ti ve cells. They observed that TG~ P82/useq@nodatie? bl y

yi el ded a hi gher proportion of PDX1 positive cells (Genes Cells. 2005 Jun;
10(6): 503-16.). [0012] Gordon et al. denonstrated the induction of
brachyury [positive]/ HNF3 beta [positive] endodermcells from nouse

enbr ey C S§BRkca ) §tuhi@d¥ﬂ%%ﬂ€8§§ﬂ5§w@1ffa&&%%%J%Eﬁﬁkﬂg‘éﬁﬁarﬁéesence of activin
along with an inhibitor of Wit signali %?) US 2006/ 0003446A1). [0013] Gordon

et al. (PNaBffergpiationgf erplygenia ggoeellsagio tRpsidize calit Theydobreedygsta/ nodal /

activin si i SddiibE ¥ SAHLF et Qbsid pation of the
anterior p??%??\%j %Wgﬁagﬁoﬁqkﬁgﬁ) {)/e(ra, btﬁgxn‘gﬁssle&eﬁg e(lra%o?s enbryoni c
stem cel | deslls| H)9dwmit; 1Ay Wdtlexact |y mimic the devel opnental programin
hi gher mammal s, such as, for exanple, humans. [0015] Thonson et al. isolated

enbr Wer¥IC  SEGALEE! I SehbAR R TR AlASE 9OFRtFul PoiRRER HRAZ b4, 1998).

Concurrentl%, ‘Gearhart and coworkers derived human enbryonic germ (hEG
cel | |ines lppotvel endpdergoeedisl Somtmense emprgpriprbicmtoellsein tiyg absenpe eicserudat | . Acad.

Sci . USA 95ain:!i?f1¥ ﬁﬁg]p{e%g&g)d acll‘mlnlgalfcg}gn%gtﬂ;a% @H@E%%?%t %Sﬁbﬁ%ﬁzé s, which can be

prevented from erentratin b ulturing w t eukem a I nhibitory
Fact or (LI F)0060¢EH6abr yoni c stem cells nmust be maintai ned under very
special conditions (U. S. Pat. No. 6,200,806; WD 99/20741; WD 01/51616).

[0013] Gordon et al. (PNAS, Vol 103, page 16806, 20006) states “Wnt and TGF-beta/ nodal/
activin signaling simultaneously were required for the generation of the anterior

primitive streak”.

[0014] However, the mouse model of embryonic stem cell development may not exactly

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

[0015] Thomson et al. isolated embryonic stem cells from human blastocysts (Science
282:114, 1998). Concurrently, Gearhart and coworkers derived human embryonic
germ (hEG) cell lines from fetal gonadal tissue (Shamblott er al., Proc. Natl. Acad.
Sci. USA 95:13726, 1998). Unlike mouse embryonic stem cells, which can be
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).

[0016] 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).

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

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



[ 0016] D Anpur et al. describes the production of enriched cultures of human
enbryonic stemcell-derived definitive endodermin the presence of a high
concent r avpan120f3088t i vi n and | ow serum ( Nat ure Bi ot echnelCogs2@0059127

Transpl anting these cells under the kidney capsule of mce resulted in
differentiation into nore mature cells with characteristics of sone
endoder mal organs. Human enbryonic stemcell-derived definitive endoderm
cell s can benfaliktahi), a&h&ﬁ@%ﬁ@%ﬁﬁh@gmi QinPEXL RORidhivgeCsibhe after addition
of FG~-10 (US 2005/ 266554 [0017] D Amour et al. (Nature Biotechnol ogy -
24, 1392 - m&ng@at(czm%pgenﬁlabse@recﬂ%c thsougbyEeedmbling fefmitaist i at i on
process t NangGRRChE Suld A RRTANARIE ol dRhd Qfl%nse)ndggin%?ret:&s dogiii ne cell's
capabl e of synthesTzing the pancreatic hornones insul ucagon,

somat ost at i te celpah@capreisengesiippbeoges’and ghrelin. This process mmcs in
vivo pancreatic organogenesis by directing cells through stages resenbling
def | bid)ve RdGErmAlFillhe) OAA0SIMenPRAGARLAE ABMARENIN &NG endoct | ne

precursor en route to cells that express endocrine hornones”. [0018]In
anot her exa@@héﬂmﬂi@kmﬁwﬂaﬁﬂnﬁ@bdﬂ@%mEWKvgﬁﬁﬁﬂﬁd@tbﬁguadh%g pancreatlc

islet cell Sdlﬁlglﬁﬁ(&aaﬁpgg%l}ng%}b%ééso(ﬂblﬁecﬁﬁl%%gsLth%pe( Hﬁ&g}?%ﬁ&%%@%é@ells In this

case, the di way was di Vi into three stages. Hunman
enbryoni ¢ svemficeifsrangated foiandodedh fufieg e ndmizahatn tod scelndmtilaymelmd ng a

conbi nat i on c%vm%@di‘h%rge Xrﬁ?ﬁe% canqe(l?w tfl )fbﬂcﬁi%naﬁal[%st%guclhsatsﬁer & t hen cul tured

with TGP anta 6ni St'S SUC
betacelIuIumnmmmgmm@ﬂhﬁ@FRDX&wﬂﬂshﬁuMgnﬁe%EEDUIheUVEmﬂmnﬁheﬂnmmﬂrentiation
was i nduced ﬁg otlnanldedb&001ﬁ% T e still remains a significant need
to devel op THCGHY nﬁ%ﬁﬁgﬁ? "yeHEY e a functional insulin expressing
cell, that nore closely resenble a 13 cell. The present invention takes an
al te[ﬂﬂlﬂ]i veT@pqmidiaemainma sippficanendcdeo édvklopiienicy nethods fof @nenteiaat i ng hunan

enbryonic s toward. i nsulin _ex in b enerating a
popul at 1 on’ R Lt SRR Rk OIS RSB eet e PASRe Dopui at i on
express narMemﬁmﬁhmfﬁmﬂﬁmmﬁmW£mp&mﬂh®1ﬂ@®wambwﬂhuﬁqﬂaﬁﬁﬁMHangage SUMVARY

0020] I'n o I ment i nvention vi des a popul ation of
bol 1 s) o BT GTBRCR o s boes Tl ER R T R SRR EB, o axpr 6s

mar ker s chagopalagéd Stdells @ﬁerélh %reﬁ%f thah BON@f elRdeltkan M fopeiaga expRO21] I n one

enbodi ment, the present .invention A nethod for generating a popul ation of
" markers cﬁaracter}stlc of the definitive endoderm lineage. g g Pop

SUMMARY

[0020] In one embodiment, the present invention provides a population of cells, wherein
greater than 80% of the cells in the population express markers characteristic of the

definitive endoderm lincage.

[0021] In one embodiment, the present invention A method for generating a population of
cells wherein greater than 80% of the cells in the population express markers

characteristic of the definitive endoderm lineage, comprising the steps of:
a. Culturing a population of pluripotent stem cells,

b. Differentiating the population of pluripotent stem cells to a population
of cells wherein greater than 80% of the cells in the population express
markers characteristic of the definitive endoderm lineage in medium

wherein the concentration of glucose does not exceed 10.5 mM.



cells wherein greater than 80% of the cells in the popul ati on express

mar kers characteristic of the definitive endoderm|ineage, conprising the
st eps of :we@.20ui30a38i ng a popul ati on of pluripotent stempcEluss)i1lo4s127
Differentiating the population of pluripotent stemcells to a popul ati on of
cells wherein greater than 80% of the cells in the popul ati on express

mar kers characteristic of the definitive endodermlineage in nmediumwherein

the concentration of gBrGRPFDHERGIPIPONVE G8: PRAWINGS BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0022] Fi gure 1 shows the FACS anal ysis of the expression of

t he IBrotel ns indicated in cells of the human enbryonlc stem ceII i ne H1,
di f Pt i afigyedchorungAts apHesinfithrosrereiietpigherrofeins padispnddn gells

[ 0023] Fi gur & e phowendbhenffst@ric1fne MR bR HiHEPRB0 AR ES e il on CXCR4
expression |evels (ganel B) and cell nunber and viability (panel B) in

cel I's of thésdrspdhi onic stemcell line HL, differentiated according to
the met hods disclosed in Exanple 2. [0024]Figure 3 shows the effect of

medi jgo2y! ucmg @re CQNGRNhE aftrdc0Bf RS It S0 RXPARESARN oh @B&IRY apebsGdl ture
appear ance (Panel éb and SOX17 expression in cells of the human enbryonic
f

stem cel | |Fyds (anel Hdéiegmlmﬁ?fea&déit?%%ﬁpﬁ’& Boin ¢5ds pEtbnbyBangi scl osed in

Exanple 2. { i gHEal ﬂneﬁ@@@ﬁ‘fe&&%a&@%co?dﬂ?o%éﬂ@dsﬂ%bl%séﬂflnt he
expressi on of the genes indicated in cel t he human enbryonic stem cell

line H1, di¥famdaddiated according to the first nethod disclosed in Exanple
2.

[0024] Figure 3 shows the effect of medium glucose concentration on CXCR4 expression
levels and culture appearance (Panel A), and SOX17 expression in cells of the human
embryonic stem cell line H1, differentiated according to the methods disclosed in

Example 2.

[0025] Figure 4 shows the real-time PCR analysis of the expression of the genes indicated in
cells of the human embryonic stem cell line H1, differentiated according to the first

method disclosed in Example 2.

[0026] Figure 5 shows the real-time PCR analysis of the expression of the genes indicated in
cells of the human embryonic stem cell line H1, differentiated according to the second

method disclosed in Example 2.

[0027] Figure 6 shows the pH level of the various media following a 24 hour exposure to

cells on days 1 through 4 of the methods disclosed in Example 2.

[0028] Figure 7 shows the effect of medium pH levels on the expression of the genes
indicated in cells of the human embryonic stem cell line H1, differentiated according

to the second method disclosed in Example 3.

[0029] Figure 8 shows the real-time PCR analysis of the expression of the genes indicated in
cells of the human embryonic stem cell line H1, differentiated according to the

method disclosed in Example 4.



[ 0026] Figure 5 shows the real-tinme PCR anal ysis of the expression of the
genes indicated in cells of the human enbryonic stemcell |ine H1,

di f f er entwet2etk/mas38r di ng to the second net hod di scl osedpcm/uSzanphsa2?2.

[ 0027] Figure 6 shows the pH level of the various nedia followi ng a 24 hour
exposure to cells on days 1 through 4 of the nethods disclosed in Exanple
2. [0028] Figure 7 shows the effect of nmediumpH |l evels on the expression of
the genes indicated in cellsprAdiigpWESOREION NI C Stemcel |l line Hl
differentiated according to the second nethod di scl osed in Exanple 3.

[ 0029] Figure 8 shows the real -ti me PCR anal ysis of the expression of the
gene@03U i cErelripretdiclosurarand Rat byurarefdimiignihe dstedled deseriptiop qbthey |

di fferenti ahediios aAhididbniodnd RRoWRL R cdiogCIhdsRErbR o BRI Ecctain DETAI LED
DESCRI PTI ON [ 0030] For_clarity of disclosure, and not by way of limtation,
the det ai | ei§atesssmbpdimshts of aihisatjony efthe Bissansing¢nficded i nto the fol | owi ng

subsections that describe or illustrate certain features, enbodi nents or
applications of the present inventippnitiegfi nitions [0031] Stemcells are
undi fferentiated cells defined by their ability at the single cell level to

[0031] 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 in 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.

[0032] 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
components of the blood); (4) oligopotent, meaning able to give rise to a more
restricted subset of cell lineages than multipotent stem cells; and (5) unipotent,

meaning able to give rise to a single cell lincage (e.g., spermatogenic stem cells).

[0033] Differentiation is the process by which an unspecialized ("uncommitted") or less
specialized cell acquires the features of a specialized cell such as, for example, a
nerve cell or a muscle cell. A differentiated or differentiation-induced cell is one that
has taken on a more specialized ("committed") position within the lineage of a cell.
The term “committed”, when applied to the process of differentiation, refers to a cell
that has proceeded in the differentiation pathway to a point where, under normal
circumstances, it will continue to differentiate into a specific cell type or subset of cell

types, and cannot, under normal circumstances, differentiate into a different cell type

6



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

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

di f f er entwetzett/osedsdBs. Stemcells are al so characteri zedpoy/ush@iin4sabil ity to
differentiate in vitro into functional cells of various cell |ineages from
mul tiple germlayers (endoderm mesoderm and ectoderm, as well as to give
rise to tissues of multiple germlayers follow ng transplantation and to
contribute suybstaph i@l biyrefRifRBdcl tife. MTRUdiAbkntiatibS RUES 1o 1B hBWiPGy | N ection
into bl astocysts. {0032]Sten1ceLIs are classified by their devel opnental
potenti al axhiclt ayelkigyqrisde @bess spagialivied (orabmanittad) pesiteonryigen the liggage efrbr yoni ¢
and_ext r aenpryoniGsGfilreit YA 3%(:2()1‘ REMOLRRL fRbhercIRAN RO AP & Wieifi Ve Tise
to all enbryonicscé%fm%?ﬁes; fa ‘nﬁlpﬁpptent, ﬁgéhing égﬁé'fb gfve riseto
a subset ofcedeitican¢ fremged wheftceld it cani giva msedo. pBlretlingadeant aceléplaess ther gan, or
physi ol ogi c 2 ﬁPR I Rl . (HSC) can

pr oduce pr&%@ﬁ§%$ §%%%%§bﬁﬁé%ﬁg%§%gg -%?ﬁﬁﬁﬁg#§Tﬁ%§%B§%%%%F restricted

ol i gopot entsppeibgmaikeoretrs @mndthaldtergeic kpdcyfpelly anctiaddmtnths phanogpe ofl at el et s)
that are normal . conponents of the blood); (4).oligopotent,. nmeaning able to
give rise ﬂgﬂao%%@%ggﬁgﬂwpggéaa%%ﬁ%@?e{%)%?f the EICIULION LA 111 t i pot ent
stem cel | s;umosimitied culhiqxbé Bindage ofdaeicay able to give rise to a single cel

| i neage (e.g., spermatogenic stemcells). [0033]Differentiation is the

pr oc by whi.ch _an un cialized.(:u Lt.1.ed” r. l.ess specialized cel
acqu@?%g thgﬂ%%8¥%?%§g§Eﬁ§“§%%€§%?§§é@ﬁ%g¥$&éﬂ%%%8§?m#%§“%xéﬁple, a nerve
cell or a nitsaged cchd” or “Atagt fiT,@s esetlihateed raders ahi deflecxpndssiag atderst ondwcéed cel | i s

moage of e KPR mTRuR S SO DT PhL AR e Ol PR N BT KGR ocess of

di f f er ent i aBdaciyury, ®fieflike h@me&boLpiotdid) FGFATD43r aneLckeminfEOMES]) f f er ent i ati on

pat hway to i re, u normal., circ ances, it will continue to
differenti aﬁ%&%@g}gé&&@ @%%Bé '%EE’%“%{& CLPPINEIREET and
cannot, und@¥rab@RfifRlof @lcrdeElmt a8 dermdink Rrifdhdedlgniivtl @redk sleduir@F ent cel |
type or revert to. a less differentiated cel]| tépe. De-differentiation

refers to tHdsprigEdestak GRH apesepdedarm cells adidsipifveendademegiei al i zed (or
commtted) position within the Iineage of a cell. As used herein, the

i ne[afg:s]of ‘&éeﬂsﬁipr&ﬁfn:g F}@&etshﬁaﬂaaéﬁsiictoyt}@fpaﬁda@tieﬁhdoldeﬂm Eneagé’\?itsﬁf@e&le: I sI it
came fromand what cells it can gjve rise to. The |lineage of a ce pl aces
the cel | wi'tHih "§ehdr edisCaPG TR tBPe%fé%%HpW@_ﬁtmaalﬁaﬁ_.%brentiamon. A
| i neage- spekkicq, AWK Bkta [ TEfF@ra$pht CHRFE ANRCASHal SOKG, BRE6I FRERI | gelRSSOCH at ed
wi th the phenotype of cells of a |lineage of interest and can be used to
assess the WPFFERERUKEECHHGITISEROLRE Brvitieendedsm lingeacheelideneage of
interest. [0Q34hacRldRraxRIesshitge Fﬁrtift%roéllé} BAS ASleBh! Bldofit Qi the definitive
endoderm | ineage", or "Stage 1 cells", or "Stage 1", as used herein, refers
to cells expressing at |east one of the fol|ow.ng markers: 50X17, GATA4,
HNF30B o, dsdniterRadodRigy ats usparpeingrizedy Gelp Whighdeps the ClveirssByse 9br ot ei n,
FGF4 CD48, &AURS h the (EEMESRIurinPSEA1BGE dnt wIRR 6 ¢ intfst#thit ,  CD99, or
orx2. Cells eg%%g&s%ing ﬁargkers‘ ‘(rzlﬁgréact earli sti cwof t he I%%Qigi?lbil?i vle endoderm

| i neage i ncraghigndgisiderivatiyes Hefiaitike prdedumsshs exprassthe felloning werkesr eak cel l's,
mesendoder mygel ba, akrAeidait it ¥&u&ndeetme&blcsd, dRR3GDHISEN] Srgxpr essi ng.
mar kers characteristic of the pancreatic endoderm|lineage”, as used herein,
refers to cells expressing at |east one of the follow ng markers: PDX1,
NKX6L0937] HNFMaskers, apred hegPipre nuqigacidme arpiils, mBoxrls taBgcor PROX1. Cel |'s
expressi ng JBEKRESly CRALAEH Bld Sllofinthest. NG (RRPGHERLHiGerENAPARENILA Neage

i nclude pancreatic endodermcells, primtive gut tube cells, and posterior
f oregut celmeans pOEREhsetddvichior p Pesitagderdier aind a decregsesldevebfasiamegatis ers to cel | s

whi ch bear 1&13@619 hﬁﬂé ﬁ&%&!ﬁhé fei\f@l%f ﬁlfe 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.



cells arising fromthe epiblast during gastrulation and which formthe
gastrointestinal tract and its derivatives. Definitive endodermcells
express twehold3asssng markers: HNF3 beta, GATA4, 50X17, PCEMISeIum481CT X2,
goosecoid, CKit, CD99, and M XL1. [0037]"Markers", as used herein, are
nucl eic acid or polypeptide nolecules that are differentially expressed in
a cell of interest. In this context, differential expression neans an

i ncr@assd |Q%&hmﬂﬁ%n&mﬁﬁ§b&FWﬁ“ﬁﬁkkﬁﬁcﬁ&ﬂmﬁeQ&E&%ﬁé@gr|&VQ%uior a negative
mar ker. The detectable | evel of the marker nucleic acid or polypeptide is

suf fi ci ent | §KprepypEmarkers chagegterise phiBe paicregtigendogrinerlmgagec anypad befcino ot her
cells, suc hre%e b alcBc %%Llle o?éﬁﬂr&élﬁggﬁkaﬁéﬁ& el fﬁﬁ(ﬁ@lh}éh&ﬁloﬂ&dm 1% 1 ngui shed

from ot her S usin riety of net nown 1n the art. WO
2012/03053&P@mgwﬁzmm@bﬂﬂga@RHPOGB@FIPbmqﬁ@at|c endocrine cell", or
"Pancreatic hornone expressing cell", or "Cells expressing mar ker s

characteristic of YieMRANEGSALR RECARUIR PbAGAGR @R cied herein, refers

to a cell capable of expressing at |east one o | owi ng hor mones:
insulin, glucagon, somatostatin, and pancreatic ponpeptlde | sol ati on,
Expansi on and Cul ture of GHHIepEw o Slusinpeal yren €t act eri zat i on of
Pluripotent Stem Cells [0039] Pl uri potent stemcells my express one or nore

of tie3gt ag@usRR&i i BIPhNORIpEesaBitd @aRtge (IREM eI padiflc éhb@&dc mar kers
detect abl e using anti bodi es deS|gnated Tra-1- 60 and Tra-1-81 (Thonson et

al ., Sci encitiggb(335%) 3 angdiggnd mprkera fefpitibls peipe pflbwlwepé@aé«wrgt emcells in

Vitro resul dadmrd NS émsga oS vitce B LaHQuosandiReduidadhlorexpr essi on (i
present) and i ncreased expression of EA-1. Undifferenti ated plurlpotent

stem cel | s RIyiodent ﬁtymﬁakl,sen atnedriue nphw@mftsﬁe &g VioPyanddiig 8l can be
detected by, }e§é1&9(1fﬁ}€seﬁﬁ hlll(fanegs}éd 4 C}Qér%%ﬁfopgﬁﬁ&quQQfer&ﬂgte& hen devel opi ng

with Vector Red as a substrate, scrib he manufacturer (Vector
LaboratorieﬁwHB@mﬁng&@@tmapﬂbﬂyVe@hﬁmﬁpéwﬁh@%ﬁ@@ﬁmplWhm®@¥@wt stemcells

al so typi Caieltéétea)pg i tﬁ%CcT fis %94 afo&ﬁl&ﬁ%cfecén%h&ydeﬁ%ﬁoﬁﬁgw ith0040] Anot her

desi rabl e phenotype propagate uripote stem cel potential to
Vector Red as a substrate, as descrlbed by the manufacturer (Vector Laboratories,

Burlingame Calif.). Undifferentiated pluripotent stem cells also typically express

OCT4 and TERT, as detected by RT-PCR.

[0040] Another desirable phenotype of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers: endoderm, mesoderm, and
ectoderm tissues. Pluripotency of pluripotent stem cells can be confirmed, for
example, by injecting cells into severe combined immunodeficient (SCID) mice,
fixing the teratomas that form using 4% paraformaldehyde, and then examining them
histologically for evidence of cell types from the three germ layers. Alternatively,
pluripotency may be determined by the creation of embryoid bodies and assessing the
embryoid bodies for the presence of markers associated with the three germinal

layers.

[0041] Propagated pluripotent stem cell lines may be karyotyped using a standard G-banding
technique and compared to published karyotypes of the corresponding primate
species. It is desirable to obtain cells that have a "normal karyotype," which means
that the cells are euploid, wherein all human chromosomes are present and not

noticeably altered.



differentiate into cells of all three germnal |ayers: endoderm nesoderm
and ectodermtissues. Pluripotency of pluripotent stemcells can be

conf i r medyvoforz/msssapl e, by injecting cells into severe ®owhise@d/ 048127

i mmunodeficient (SCID) mce, fixing the teratomas that form using 4%

par af or mal dehyde, and then exam ning them histologically for evidence of
cell types fromthe three germlayers. Alternatively, pluripotency nay be

determ ned by the creation gf,enoi9hoRdtes Bnd assessing the embryoid
bodi es for the presence of markerS associated with the three germ nal

| ayers. [0041] Propagated pluripotent stemcell |ines may be karyotyped
usi n%41st ahrdviees ef BiareRte Seeish Gaemanks wethpshducsta8ligeBlinedd kar yot ypes

of the corrgsRadi Bdis REHVRRSREEd Bfmed dftck Scsth@iSh, iRt End feBRbARIAIcCE! | S t hat
have a "nor nal karyo,tstype," whi ch neans that the cells are euploid, wherein
O

al | hunman clrembudmesionpamplces Bidtioging. ambryanin iscesabl ptablivsus Blen Wyur ces of
Pl uri pot ent st &mngegeététj&g@g%hmthb{rﬁﬁéesglirupﬁéféﬂera&srsﬁhlaﬁe! f9&§bl s that may

be used include established |i'nes of pluripotent cells derived fromtissue
formed af t evedfesestationnNon-Haiitugi cigmpleseare piisbjisaddings efdwmag smbiyonis, f or
exanple, a %lqg}; LGt r I taken any tinme
during gest%tn?gér%f,g%%[)ﬁ/%l}l%na y %ng{]ée%%ltcle%%glgcggga)’rflo{egita%h]fetéll%ezﬁ%%ﬁlr oximately 10 to
12 weeks gesulayéomnsterhoelt linenittli Hg, sl AiypMe€clar dlsesombrhplstaed d use pethe of hunman

enbryoni c stem cel | s .qr. n_epbryoni.c..germ.cell s, : r..exanmpl e
the human croBy SR o R PR TR RE Oy o A5 SAR Eimeor StBlftin oy

cont enpl at ectlls,Sn wheh odsctivesoseapdbivdubins pimarhplariphtet cdbualendiredtiyg t he
initial establi shmentt.or st,abi | it tion lﬁsft sucfh cells ti n tvvhi ch case the
source cel I'SRAEEERIBPI AN BiEHT BEEER B IOD TRRGE FENFY from the
source ti ssppalatid d@adywddl@biden teabeeatd  fécdkarllf.r Ao avipbldfatqaitemt stem cel |
popul ation already cultured in the absence o er. cells. so suitable
P it ant. TR TR OTIECL B e IohgemD s, RO R B RaRe BBt e, *Badl v
(BresaGen, @hhens, GA). [0043]1n one enbodi ment, human enbryonic stemcells
are prepared as described by Thonson et al. (U S. Pat. No. 5,843, 780;

Sci e 282: 1145, 1998: Curr. Top.. Dev. iol. 38:133 ff., 998; Proc. Natl.
nond 00812y oad imb B e sebnia s B neraiT s Sribeabim ol |
[ 0044] | n onmehoai¥b@ed aTRNLS. PRI, Mol PRIETRD; Sdi@ide c&l:| si5ar®ecohd.uropdpen a | ayer of

feeder cells that
Bio}. 3?:133 ff., 1998; Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).

Culture of Pluripotent Stem Cells

[0044] In one embodiment, pluripotent stem cells are cultured on a layer of feeder cells that
support the pluripotent stem cells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture system that is essentially free of feeder cells, but
nonetheless supports proliferation of pluripotent stem cells without undergoing
substantial differentiation. The growth of pluripotent stem cells in feeder-free culture
without differentiation is supported using a medium conditioned by culturing
previously with another cell type. Alternatively, the growth of pluripotent stem cells
in feeder-free culture without differentiation is supported using a chemically defined

medium.

[0045] In one embodiment, pluripotent stem cells may be cultured on a mouse embryonic
fibroblast feeder cell layer according to the methods disclosed in Reubinoff ez a/
(Nature Biotechnology 18: 399 - 404 (2000)). Alternatively, pluripotent stem cells

may be cultured on a mouse embryonic fibroblast feeder cell layer according to the
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support the pluripotent stemcells in various ways. Alternatively,
pluripotent stemcells are cultured in a culture systemthat is essentially
free of fweder2zsei3Bs, but nonet hel ess supports proliferacrams2af/opdiari pot ent
stemcells w thout undergoing substantial differentiation. The growth of
pluripotent stemcells in feeder-free culture without differentiation is
supported using a nedi um conditioned by culturing previously w th another
cell type. Ah&IMRLINE M ThbRBscAlPMBcibiceBINUVERBEEYS:STEM LK) S53b N _
feeder-free culture without differentiation is supported using a chemcally
defi ned mediruil43-0D43) | Miesrrsivelsrrdwiniant step(cells pot kerpultyed an Bl 90 ofray  be

cul tured onyaRysen RIRK M0 &dfih RicAhast, fsRARF1c ok | sdsaseragpgpor ding to the
met hods di sc?ose%l ?n gge%b?no%fdlet Ca?Jd%iNaat’u(re S(Feot echnol'ogy 18: 399 - 404
(2000% Alternatively, pluripotent stemcells may be cultured on a nouse
enbrYHfilc finnepmbedimen celwipaiet pen ggliymackesuliiieg of 8 humen fredaisels di scl osed

i n Thonpson, & a@lordimClo@RCReBoNWLIRES in WA er ¥AtendBdls 28012293937 pp. 1145 -
1147). Alternatively, pluripotent stemcells may be cultured on any one of
t he feeder ¥¥pP). Ihayekanals eubassment purRiotonbitels celts redy becsttwad aelhes 21:

546- 556, 2003) 46],1 { . I t ok l,s may be
cultured on a aﬁ&%@ggr ‘?Jelé gir)&gcé ﬁw%gjg%gg%@%stﬁg%tegp%%oé %g%ﬁ%lé di sclosed in
Wang et al 708bemMi@ehdtisel plurd@Rht 4OR FellsadyFe.cultwredion thiehemamfeedeniibdi nent

pl uri potent, stem cel.l. e culdur on, .t f r.cell layer

di scl osed i B &L6F S8 MIfnS o éér%g‘ﬁe%l%}lss%é‘gg"‘%g%@‘86?‘%%3‘?“ 05) .

Al t er nat i veplysipagudntistep etinhaysheenmtaed bs thedymbe feeddricall Bgleratisctdied inuman f eeder
cell layer disclosed.in Myar St | ls 22: 433-440, 2004).

A ter nat i vergepiapio el @ kP Jonty Aeh o0 BE e Rl 1 eeder
cell |ayer gasied asedddion tifiuimapfecdtr ceBiagbr difbpRedth I68inz2dr20 A& 6¢112003) .

Al ternati ve%%y, ZPllggri 8(?5|t%ent stemcells may be cultured on the human feeder
cell layer - 36135ed" ™ 1 nzunza et al (Stem Cel |l s 23: 544-549, 2005).

[0047] I n one enbodi ment, pluripotent stemcells nmay be cultured in culture
medi @048 i vViednacebsdiinag, glorijdiat semlseltksmali kcubsed id sultue20200AiRedl 17.

Alternatively, pluripotent stem cel ultured in culture nedia
deri ved acc*lf%&fﬁﬁ‘é q glglnﬁ’ Oﬂ%@ﬁ‘g%‘gg&}@g%@@ﬁﬁf Lﬁgléeé%ﬁl@.plﬁllptoéeflﬁat ively,
pl uri pot entstsh edNs Gyl s cilyredd calthk tiedll defivaictdtdiag e methedd ved accor di ng

to the nmethods disclosed in W2005014799. Alternatively, pluripotent stem
cells may b sedupd B 6.“%04&&1@@&“ PRSP AR aeélémibﬁaulf)%efilﬁe met hods

di scl osed iduitfk BddiAderiv &t R0k tS th ZictRELdi9Bed 2002008 1uggNat i vel y,
pluripotent stemcells my be cultured in culture medja derived according

to the net hoWRINHively) RIudRpt§ stemzeltrrponroerituredin @Y tHietmedd 4erived uri pot ent stem

cells may bgcGHinbW & rehoavhikdib@d Wesh & Aesimednase orsliopg 2bes)t he net hods
di scl osed in U520050233446. Alternati ve@i/ pluri potent stemcells my be

ly,
cul tured i nAunatiyely. phadRcdend stemeelds mecls @ithigd inculthe mesiddsgigedli scl osed i n
U56800480. ' un i net | | - - d i | t
a%u;rﬁfng% gL:én eﬂlodphlﬁabm‘irﬁg%zs@zl@d;ﬂgﬁﬁ. %te:?%)ﬁ\v/ggd%@% ofiped 1n culture

nmedi a derived accor g to the net ' ' osed 65354. [0048]In
one enbodi neem cellsimayibootieured witcehure eickdp deryedpecading tr helmicthotshe cul ture nedi a

di scl osed i i | ur] may be
cultured i na%c}\g%g%&%?%@?%é@g %l[l{s%taggeg%@ur{%\%%%%%g%%f%&%%@%w

2012/ 03053&9@%@8%&@/@@&]12@'@@@%1@)]thﬂmeﬂledmwhdbd’r'mﬁﬂ%&%m%()i potent stem
cel s may bgltc%}i'a{tfvlélry?p uraf]gg:o(feontc (sjtlerrﬁ%eltlsomgy S cr{rl‘ﬁ%rrégcljnsculture media derived

according to the methods disclosed in WO2005065354.

[0048] In one embodiment, pluripotent stem cells may be cultured in the culture media
disclosed in W0O2005065354. Alternatively, pluripotent stem cells may be cultured in
the culture media disclosed in WO2005086845.
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di scl osed in Cheon et al (BioReprod DO :10.1095/ bi ol reprod. 105. 046870,

Cct ober 19, 2005). Alternatively, pluripotent stemcells may be cultured
accor di ngvoaot2dmsosset hods di scl osed in Levenstein et al @E6rarse@alohs224:
568-574, 2006). Alternatively, pluripotent stemcells nmay be cul tured
according to the nethods disclosed in U520050 148070. Alternatively,
pluripotent stemcells may be cultured according to the nethods disclosed
i N Upgd 5025436 mbddit St NAiRInY stelcbid 1 l%%lt%@g&c%ﬁiiﬂogstommaﬁocﬁu' tured
according to the nmethods disclosed i n W2005086845. [(0050] The pl uri potent
stem cel | s ¢tegjospéindthepe df @ ABioRepradi POAR D d0Xipligpeods P K p&E0eOctpberone

enbodi nent , ui t i I mat ri x
component . Suol Bs e e e e B e P rermor ane or
that may f onpthgdrdisclykedaidhesinsiainmheStaneCels@dpi@-SMi YWY Alkupdtivalys. | n one

enbodi ment, .t F ' S VA cton Di ckenson).
MATRI GELO i%ﬁﬁ%é%v%@gg%rlg@aée% ﬁ%%&lg ?tho){%%f‘:gﬁtagfebr ett @S%hn% \Er/gr m tunor cells
t hat gel s at/S2096pi 48eTh eklatrnatiecly plfingrotanastere caisgnayt hetosHurbdsemelntg toenbr ane.

[ 0051] Ot her  ext racel.l ul ar . i 0 ts.and ¢o nent m,xtures are
suitabl e as” me{hloﬁse(!}l?lcg SFV%%E%%%?%%' gﬁ%f agvég%,lqﬁ:ur{%;%gte Sp ﬁ%lfgf)?agl i ferated,
this may i nedautterell atdording tofthdaneheb tdisalosqalrio WeO2I0ge&I845.ent act i n, hepar an

sul fate, and the like, alone or in various conbinations. [0052] The

p! url:'OH%ﬂemTﬁset ?mp%?eln{ erﬁr%é(lls%a prle%tlaﬁgd 0?1%[ Y sutitg %ﬁll u%&—t: sru%'ét? td "n@ng U! tabl e

di stribution &andn e presence ‘of a ned um t hia pronotés cell survival,
pr opagat i ongmtadthane ttiersuitarie afltutdabdms is alpbaracdimitaa atagix @hiposent, Ah¢h t hese
characteristigcs benefit fromcareful attentjion to the seeding_.distribution
and can reati [0 B HopsAStRE" By ameSr TRIPFY 1 4oy 14043) Sui ¢ abl e
cul tur e nedidacdi@myméblecuiddtespisrdipaideuplindson 1@ cadopiairentis, suisdbtdcuitsre f or
exanpl e, Dul becco' i fied Fagle' s nedi ,% . G bco # 11965-092;
Knockout DulY %@6%“3‘%@4‘%L(B§8§P§@6W83-m %@‘E ,501@181&0 #10829- 018;
Ham s F12/ 548paivicVitlasedge medh-Bidim 8RerniiMhdor 81l tiabElSat r6dh e@npérak®39- 027;
non-essenti al am no aci f solution, G bco 11140-050; P-nercaptoet hanol,

Si gma # M75R3omheeensHuicd PRicHISAt MEBRPRE f i br obl ast growth factor (bFGF),
G bco # 13256- 029. Formation of Cells Expressing Markers Characteristic of
t he [Desi|ni t Oher &ndalighmmbirR@agBoich® MhPlempdaoitenik ik are seRidISas[8054] The

present inventiqgn provides thaods for the formation of popul ations of
cel l's expr eaé@rfﬁavqrd?%ewgngc%nﬁaeqlbtefp%l?qnag RfPllfrﬁw&ddéfSimﬁw}@&éwa@abr m | i neage

from popul afiireieti®fprdbddlyche teffbtins h§alrmahifse, ahid tRNRe QMR IBAkioud he present
i nvention provides nethods to further differentiate the cells expressing

mar ker s chafoaiw#ip&t i ¢ of the definitive endodermlineage into cells
expressing markers of the pancreatic endocrine |ineage. In one enbodi nent,

t hi sjobs2] ac hiigvgetipstdnt dt&h BgisanStRMMSRtEIhE fkent ipd LudiblPaRtBen Wherein
popul ati ons of %{guri potent stemcells are first differentiated into
popul at i onsengfin thgpresensg of asting thaf praspates il Py¥ival POpPIgRtion 2he definitive

endoder m | i RRAGS ofNeXdesirdkEcHRARU @l ORR 1Rk e SfaldcRri®HRbERTH RIMBRFKEAT S
characteristic of the definitive endoderm
attention to the seeding distribution and can readily be determined by one of skill in

the art.

[0053] Suitable culture media may be made from the following components, such as, for
example, Dulbecco's modified Eagle's medium (DMEM), Gibco # 11965-092;
Knockout Dulbecco's modified Eagle's medium (KO DMEM), Gibco #10829-018;
Ham's F12/50% DMEM basal medium; 200 mM L-glutamine, Gibco # 15039-027;
non-essential amino acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma #
M7522; human recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-
029.
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| i neage are then differentiated into popul ations of cells expressing

mar kers characteristic of the pancreatic endoderm | i neage. Next, the

popul ati one 20f2/03e438s expressi ng markers characteri stic eCTiuseoipansieeati c
endoderm | ineage are then differentiated into popul ations of cells
expressing markers characteristic of the pancreatic endocrine |ineage.

[ 0055] The present invention provides a population of cells wherein greater
than 80% of theogRAdich ﬁmn@ﬁpm@m QURGLRIrRTiL 6f @b DehRicdef i nitive
endoder m | i neage. The popul ation of cells may be further treated to forma
popul ation of cells exgmggbﬂﬁdJWﬁgkéwglBhé@&%?b$@§%¢@hof t he pancreatic
endoderm | i neage. The popul ation of cells expressing markers characteristic
of tpesqpancriatrien@RAEs! froliuOaadRo By tRefok Mt pbfdabedoftenf orma

popul ation of cells expressing markers characteristic of the pancreatic
endocri ne | $REayes mpdsers sharpcristie piihe Axfipithe cadedern EpgapafipBmoprwgtitne

deter mi ned H%nGHBRM M Bells! BALRENEBlincRO R AL ER IR @HprEdeAmdiiich as an
antibody) that specifically recognizes a protein marker expressed by cells
expr essi ng wdwiker differearaie theceldt dxpregfing merkere sharecierisb¢ pf thw@{?ntp@%?] Met hods

for assessi r E i J: ns.l,a cultured or
i sol ated cé%@g&%@éEE%%nﬁgggmggﬁ%ﬁgﬁgﬁﬁgﬂg eégbﬁﬁgﬁﬁggﬁgﬁgﬁgﬁfd ive reverse
transcri pt asenpembekmaschshaichicy ehailizog a(sRP-AGR)iffeisatiatior protdsbobt s, in situ
hybri di zati opn (. . 0. rrent Pr cols. i | l.ar Bi gl (Ausube
o7 "ol ! %o ot Bo o oo Rl SRR Al dbRu ol 6 pBhALR

i nmunohi st oeflvelid catesamanykers chdragactic ofteeldefaitercicallgdei Bhaapenn Nddtot ti ng, and

for markers_ that are cessible in intact cells I cyt omet anal ysi s
(PACS) " ( seaht By ARSH Gnishug, Bork s At iifidptshe St e BBy hmua
New Yor k: GidedgcSpé thag differdadited mbogopuatiynsif eds ckgi@88)g)markers

[ 0058] Characteristics of pluripotent stemcells are |1 kn to those
SkiTred | n gt At rabrre G cen BB aSpurnatuR AR ent st om

cel | s contiagesife Rerked eRdrhdtdrRte ofthtlpdRRaeNEndsd&m 1RRhde sf@thker s i ncl ude, for
exanpl e, the expression of one or nore of the foll ow ng: ABC&X, cripto,
FOXD3, CONNESpRatgtedamireyness otgstia expsessing magissehars cofffie1, zFP42,

SSEA- 3, SSﬁﬁméBmﬁaﬁd&ﬂ§an;%a 1-81. [O0059] After treating pluripotent stem

cells with the nmethods of the present invention, the differentiated cells
treated cell t (such as

may ﬁ urified by expgsing . opul.ation to apn agen
an’ A0 ody§heae TP ] Vil 4reeBHe: §e%sp$sf¢‘6flg EHFahiRR 00 ﬁ’ﬁ as CXCR4,
expressed bylgelpr&s axeRShhRaeiRic ke hs defafincdndbdshilbent. the definitive
endodern1llneage. . ,

population of cells may be further treated to form a population of cells expressing

markers characteristic of the pancreatic endoderm linecage. The population of cells

expressing markers characteristic of the pancreatic endoderm lineage may be further

treated to form a population of cells expressing markers characteristic of the

pancreatic endocrine lineage.

[0056] The efficiency of differentiation may be determined by exposing a treated cell
population to an agent (such as an antibody) that specifically recognizes a protein

marker expressed by cells expressing markers characteristic of the desired cell type.

[0057] Methods for assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, iz situ hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausubel ef al., eds. 2001 supplement)), and

immunoassays such as immunohistochemical analysis of sectioned material, Western
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[ 0060] Pl uri potent stemcells suitable for use in the present invention

i nclude, for exanple, the human enbryonic stemcell line HO (NI H code:
WAQ09), t hwohorensosabryonic stemcell line HL (NI H code: PORAKR)1102Dhunman
enbryonic stemcell line HZ (NIH code: WAO7), and the human enbryonic stem
cell Iine 5A002 (Cellartis, Sweden). Also suitable for use in the present
invention are cells that express at | east one of the follow ng markers
characteri salbtﬁngfan@ bk aPQE- Rt abedcb&sibRB Hact 61k PRy g@%etgﬁ%g%s CONNEXI N43,
CONNEXI N4 5, , 50X2, Nanog, hTERT, UTF1l, ZFP42, SSEA-3, SSEA-4, Tra

1- 60, and TEACPH) gee, cjndbaloweng dpare, Shine datibediest A Leforaters MpapplnNewve endoderm
| i neage ar | . behl ng of 50X17, GATA4, HNF3 bet a,
GSC, CER1, eYNo aﬁghﬁgiéﬁ,ﬁ%]?gc ygfawlﬁ/ﬁg{@?%ihoneobox protein, FGF4, CD48,
eonesodernmi n (EOVES), DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, and OTX2.

Sui t[ABTR  ohajageristicstiof elupipetsiiten galle peivesH kngwa tatpse skiflgd indhppieg8és at | east
one of the NRMHBLSHEIAEAGEES plripbteR stdBeId@bAdHE k& 8OFRGder m | i neage. In
one aspect of the present invention, a cell expressing markers

char act er i stlpgpasént stae cell friapkiersi ipeduden tho deanml¢, itheecapgeessien o ope prmeiewé st r eak
precursor c a e PEPE { kers
characteri st"tﬁ{e (k:dllgwtgthg?fzi éll]ibtqlclg’{%e endo Mﬁﬁﬁgaﬁﬂﬁ%ﬁ%@é@der mcell. In
an al t er nat 3083 pénbg, FAERE| UTEX@AT@42i SSFA-hediSkér4 TehbobCireliddt i ¢ of the
definitive endodermlineage is a definitive endodermcell. [0062] Markers

char ristj . i J . fromthe
R S o s g S S AR S AR
SOX9, HB9 aditferPR@xL. ceBuintabd purifiod by sxposing ¢ ieatpd eddlenvpulptwretnten egent s a cel |
that expr e.sﬁﬁc% Rbn %ﬁ%%h%ﬂﬂa‘? s;gefc'écgﬁy {Eﬁé ‘ﬁ?{&a@f&%ﬁ@&&&% $ichGs O dghe pancreatic
endoderm | ineage. ['n one asp ct o egpres nt 1 nventron, a cell expressing
mar ker s chamxachexdibgcelts capresdme pakos elaricterstidodbe dafinitiveagd®desn a pancreati c
endoder m Cellinlea e[0063] Mar kers characteristic of the pancreatic endocrine

| i neage are §&%cted fromthe group consi sting of NGN3, NEUROD, |SL1, PDX1,
NKX6. 1, PAX4, NGN3, and PTF-1 al pha. In one enbodi ment, a pancreatic
endolffetie clbtipdtent stapablissughble fopuesigithmgresent imastioromeludd, forvsarhple] owi ng

hor mones: insulin | ucagon mat in, . ancreat i ¢ pol ypepti de.

Sui t abl e fotill © E‘énéanf A %“1%53%%8‘% h%n@%@ﬁocr?d?gﬁgo@eﬁ%fe E"f‘“ﬁ%ﬁ X ?%és)ses at | east
one of the swan kel medhia@™NdHtcedd: SV AC])othe hinearpantoy@ad stem ecltierHhENIH neage. In

one aspect of, t resent. invention, a cell.. expr i kers
char act or 1 sttlg R0k ERERH n RS R Rl e TR E s
endocri ne ca&lsb suithble fpane ire@é pesadnhoeition @recelld thamytplRes A lqaanae efthe C
hor none-expressing cell. Alternatively, the p at.ic i cell may
be a pancr e%ﬁ?‘(‘fmﬁg‘}aﬁlﬁﬁe‘ih%‘é‘ﬁt?‘éiqcr‘?ép@gp%?ntfg]&ﬁaéjﬁégﬁé‘m&sﬁﬁg’&c @fﬂf’he pr esent
invention, CORNPXISIETONNEXDRGI O084,6X2 Nande, GEERTEXDF EFSPAY mar kers
characteristic of the 0 cell Iineagg1 A cell expressing markers

€'e

char act er i s¥¥iA-0f SYHEe*0Tre é190: $1dndz xpresses PDX1 and at |east one of the
follow ng transcription factors: NGN3, NKX2.2, NKX6.1l, NEUROD, |SL1, HNF3

bet aj00dFA, MEAXA ch@BerRAXGE tht Gefii@ canPtm Ghedeb BreRElRGEN roh AikaRbIpPON, a cel |
expressing markers characteristic of the 13 cell lineage is a 13 cell.

f
For mat i on ofonggneet BOS A<M hgH N REPLa & SERSr Nadel. £GP BRELBB:i niti ve
Endoder m Li npagie: HonREbdR pibicROEEN, (BBM a@kbdrmin (EOMES), DKK4, FGF17,

GATAG6, CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention
is a cell that expresses at least one of the markers characteristic of the definitive
endoderm lineage. In one aspect of the present invention, a cell expressing markers
characteristic of the definitive endoderm lineage is a primitive streak precursor cell.
In an alternate aspect, a cell expressing markers characteristic of the definitive

endoderm lineage is a mesendoderm cell. In an alternate aspect, a cell expressing
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[ 0065] I n one aspect of the present invention, popul ations of pluripotent
stemcells may be differentiated into popul ations of cells expressing

mar ker s cwaracsni3gti ¢ of the definitive endoderm | i neageThg2@ulossiei ng t he
pluripotent stemcells in a nedium wherein the concentration of glucose
does not exceed 10.5 mM In one enbodinent, differentiation of the

popul ation of pluripotent stemcells toward a popul ation of cells

expressi Ng YRKKS tRarsG s behé &éﬂnewefenadmemsiﬁﬁéa?é fsla\eeﬁend@aeea@rlnl neage is
achieved by treating the pluripotent stemcells with activin A and a Wt
ligand. [0088]1n an alternate enbodi ment, differentiation of the population
of pluripotent stemcells toward a popul ati on of cells expressi ng markers

char@esgri %ﬁ(e@fcharla@er@etz bth'hE ?M{%nﬁﬂ@&iﬁ%ﬂéﬂﬂ [RERA8: {ckecRE moeveg treating
t he pluripotent stem cell GDF-8 and at | east one ot her 'rg ?or is

sel ect ed frowittig PEXJ. NBP@HSHN% befr; PEH aApliel HNERYHNEH #lohas P@XPne, a cyclic
ani | i ne- pyrp{ﬂg DRI PREZ. n§u1taNe{f[nJusé %Q%Je%? Hﬂ(/ea‘[%%‘lﬂhat)&ﬂr&%&mfl |
-2-pyridin-3-ylacetam de, 4- [ 2- (Pyridin-2-yl am no) et hyl ] am no}
- 1,3,5-trilasst ﬂnezafyhe)rpgrkibr@lphﬂr@mﬁsqlmtyh%mnawaqc@Idodezm(hn@m4m one

2- [ Met hyl
(20 b DB, Ml g o (o
( 3- Fl uor oph@myﬂeatmdngid_qelfml-liz%g[?&%mnﬂeattwlnmcteenazll n I - y1) pr opyI ] pyrido[ 2, 3-
d] pyri m di ne-2, 4-di am ne, 1-Methyl-N-[(4-pyridin-3 -y1-2- { [3-
( t ri [ﬁ)b?}ﬁazo &Xﬁs)cg?é}%%: ki gﬂﬂg anéreatlc endocrnBe 11near1ﬁe élre selected from the

pi peri di ne-4-car boxa 1,1-D i net %rmflet hyl {2-
[ 4 ( {5 [ Scon'él@lngmfmblﬁéml) ghEhPDX Y NKX @RI, 2AX4 blﬁ@B @d PR 1
am no) phen , . t.hyl -( {5- [5 -(3
2y oypr by ot SRR SpaberP ph e gl pphestinal ©
am no) phenylleisnemd‘gflt]he bﬁm\blaghbmon&s (ns{il5e, g[uagofi, somatostatin, and pancreatic
§/|4|44rrewﬂ13|yl)lg|l eei)t?‘ u&a rEse in r}ylp]re{)%ﬁnyv{eﬂiimﬁ/g?%ﬁ gtaeélgre%‘szels %t lgt PI ophen- 2-
y1) sul fonyl (}Iﬁh)éﬂi)elnhar]&m m)ameham dT-tIﬂe—gﬂhc}rtedftlc@ﬂht&:lﬂmQl-nydalgeTEIﬁll‘a)ylb rpegerfi di ne- 4-

?ﬁl_’ ?SX? m ggthgﬁrre%ni {9 e}ell%lt)rg llnegtmy Lgrg c %te]rlstlc otnhe} pancreatic

di hydr opyr i ehabetindfigdapy fid d@a&ﬂbﬂéﬂte&(tﬁdf@rm@ aslh oxRPafiecatiXadieligscaifmdyhe factors
sui tabl e for use may be found in US Patent A%hl i cation. Seri al Nunber
12/ 494, 789. qarpaaffsater#&{ia?werese%ce&t Altgmatively, theqraperpatic spdoging gell

14- Pr op- 2- efay ﬂed’ﬁan@r,eéucﬁlolqﬂmileﬁ,e&%nﬁgcellheIOt aazatetracyclo
[19.3.1.1-2,6-.1-8

] he (25),2 21, 23- n aen- 16-one. [0067] The
popu@géﬁ %TOHE)F‘WF&F?Q ﬂ?tresglft %itécfnl gher?ﬁ’i‘fr‘i?élcl? oCipedling te medi um wher ei n
t he concent&@tdans Ahrkels UER8RrHAE ST MOB cem;ﬁeege 10 o8l oM QR ABRYE one day to
about seven days. Alternatively, the popul ati on of pluripotent stemcells

may be cul t¢hergtefistictad @emldmwﬁ@ﬁmﬁﬁﬁei lﬁéX t @Iﬁbﬁé &ﬂaﬁtaltnﬁ ohthefollgmigose does not

exceed 10. 5. ively, the
popul ati on o nglf)rll %2 stém ce %t%)s nay c ure ?ﬁeg%l um wherein the

concentr at |M|AFcAf Pgmczmslé?ﬁdffesinme aspxat eetdie pBsdnt mveflitmn a@dﬂ@cpmssengiay t o about
five days. tivel ation of pluripotent stemcells may
cultured i rlm'[lr %rs a&?qﬁﬂs%%tlt’ E?ﬁc‘%iﬁfé“eé%%léérﬁtcreg tion of glucose does not exceed
10.5 mM for about one day to about four days. Alternatively, the population
of pl u:i p;)t eﬁbrnfﬁﬁzefmﬁ@élkS?acp?@ysz@e\/lmtkbﬁsmhgﬁhfgeﬂzgﬁdw tl]fmmﬂtgwe{zae?@iem;he
concentration of glucose dges no ee or about four days.

[ 0068] I n one enbodi nent, gﬂ:}r%m rﬁggﬂt%fm?/)é%ncent ration from about 5

ng/ M to about
[0065] In one aspect of the present invention, populations of pluripotent stem cells may be

differentiated into populations of cells expressing markers characteristic of the
definitive endoderm lineage by culturing the pluripotent stem cells in a medium

wherein the concentration of glucose does not exceed 10.5 mM. In one embodiment,
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500 ng/mM . In an alternate enbodi nent, the GDF-8 is used at a concentration
fromabout 5 ng/m to about 50 ng/m. In an alternate enbodi nent, the CDF-8
is used avoaorasesatrati on from about 5 ng/m to about PETAgLOM1/048127 an
alternate enbodi nent, the GDF-8 is used at a concentration of about 25
ng/ m . [0069] Activin-A may be used at a concentration fromabout |Ipg/m to
about 100n/m . In an alternate enbodi nent, the concentration nay be about

lpg/n to a@ﬁ%mhdmﬁ of ik poﬂlﬂhtﬁﬂ ot pﬁﬁp@&& %ﬂlaaeﬁs @W@ﬁdd B Bhtiod Heells

concentration may be about | pg/m to about . I'n another alternate
enbodi ment , expreesiepmakans charpashagt the defbwie es@dgrmiunqa@e gsehievelidong/ m . In

anot her aIt r e about 100ng/ m .
[ 0070] The Vﬁaﬁ ﬁleﬁgm %ng&&ns%&lgg\?tggaﬁ%g%a? gqgl}tg%%ndgonm sting of Wt-1,

Wit - 3a, Wt - 5a and Wit - 7a. I n _one enbodinment, the Wit ligand is Wit-1. In
an aPPe natls a8 shgasterembodimprs, differcntiajam af the pegwlation of plovot§TtHEMEALS | | gand may

be used at t%w%%%ﬁﬁl&t%ﬂ cﬁ*’&el%fex Qstl'ﬁg &Mé&khér&té@ﬁ&%ftﬂ@@&ﬁ%@ In an

al ternat e enbodi nent, I gand be used at a concentrati on of
about | Ong/ englodasmdivenge 181@m¢g¢chby trqahngﬂhepblﬁlb@tdmmm cells iyeth £dMcemdait i on of

the Wit 1igand,hSo %& or Rt froEO[([}(g%Ieo ;?C;]E‘ci_gfsur%&‘ Fgg@ gfss' ng Markers

Characteristic of t ancreatl c I ne n one enbodi nent,
popul at i onspymlfdlrroeialzme eqycksaiiling- rmaldkletrszmh@f é[dt(éh¢rlsftmetth>d)‘a2¢da&4def initive

endoderm | I Enge%?yli gln%y lace?amrrgt Qo{géf r1 i Eﬁ?a%mo)ﬁt\ﬂel amlﬁ;')r are f urt .her

differentiat o Ur'atl i ons o e55| acteristic
of the panct, S:a{tmznemdbﬂﬁrdm Riytlemgbutay- lamB (rfé{ [ho®- [Meth}h@yadm 2- V\D

2012/ 030538PCT/. U [/ 0481 0073 ul at ells
PSR 111 T R L B i R AR

obt ai ned ac@dad hrd ety -Net-hBdg-mdthytl pries dppMgtdo@B-may be further
differenti ;( ed Irqgw o H&?atl ) LNC ﬂager 1 @%Igr pg %gr kers characteristic
of the panc IRy m&%ﬂ‘g B f%&g @4PYréC§‘E‘Br¥$ {Jigg popul ation of cells
expressing @iﬁﬂld@%rﬁetl%hﬁ;h@@ll aﬁm@t}uq mfazélteeylgiﬁéthﬁ dipevidined@eRikimideneage

according to the net ed D Anp et al, Nature Biotechnol ogy
24, 1392 - hhﬂm@éﬁe@yl {2 4 ({5 3 (3 hydroxypropyl)phenyl] 4H-12,4-triazol-3-

yl}amino)phenyl]ethyl}carbamate, 1,1-Dimethylethyl {[3-({5-[5-(3-hydroxypropyl)-
2-(methyloxy)phenyl]-1,3-oxazol-2-yl}amino)phenyl|methyl} carbamate, 1-({5-[6-
({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl} amino)pyrazin-2-yl]thiophen-2-
yl}methyl)piperidin-4-ol, 1-({4-[6-({4-[(4-Methylpiperazin-1-

yDsulfonyl]phenyl} amino)pyrazin-2-yl]thiophen-2-yl} methyl)piperidine-4-
carboxamide, and 2-{[4-(1-Methylethyl)phenyl]amino}-N-(2-thiophen-2-ylethyl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide. Examples of the factors
suitable for use may be found in US Patent Application Serial Number 12/494,789. In
one embodiment, the at least one other factor is 14-Prop-2-en-1-y1-3,5,7,14,17,23,27-
heptaazatetracyclo[19.3.1.1~2,6~.1~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one.

[0067] The population of pluripotent stem cells may be cultured in the medium wherein the
concentration of glucose does not exceed 10.5 mM for about one day to about seven
days. Alternatively, the population of pluripotent stem cells may be cultured in the
medium wherein the concentration of glucose does not exceed 10.5 mM for about one
day to about six days. Alternatively, the population of pluripotent stem cells may

cultured in the medium wherein the concentration of glucose does not exceed 10.5
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[ 0074] For exanpl e, popul ations of cells expressing markers characteristic
of the definitive endoderm i neage obtai ned according to the nethods of the
present iwoentzmos3say be further differentiated into poparascans4sib7 cell s
expressing markers characteristic of the pancreatic endoderm | i neage by
treating the popul ation of cells expressing markers characteristic of the
definitive endoderm|ineage according to the nethods disclosed in US patent

appl i cat i ony,Sefor a0 onkHay %&%VG@&MHG@I&UQ@W @Bl pSHulvih sslMhedMar ker s

Characteristic of the Pancreatic Endocrine Lineage [0075]1'n one enbodi nent,
popul at i onsstep cdls|npay C@klgrﬁéglsth%gle@lfamw@wgentﬁaﬁ%?@rqﬁ@@ pﬁglmow Aeespaincr eat i ¢

endoder m | 13680903/ ! HF MG oL &1 BB BRAEL NLRRARU hi AR By oL |

expressi ng markers characteristitc of the héreatic e doc I'ne I|neage by
any met hod éfrpluripeteat stem F@Emmb@mulélxachmltbe mpcbmnlwiltere@ﬁbe ofncewtakign efk pr essi ng

mar kers Chg%lﬁ’%%?%%&%gtcexg%edtlb% mg@rg S exgénder m | i neage nmay be further

differenti 0 populations ressing markers characteristic
of the pancreatic endocrine |ineage, by treati ngpt he popul ati on of cells
exprl0a6t] ng Iepink embodimerrtatbe ©0Fst iselswrat@h@lcwmlp@ nabeyidoganite kberéage

according t tn%ﬁnln%tl L\fﬂ?enﬁ'tes%b%ﬁﬁlgen't B DARBY e § bt AlonchHSS efﬁﬁh ot echnol ogy,

2006. [007 exanpl e ations of cells expressing ers
char act er i stbogt ofg/mhe® apalnéﬂ@g/tmlc Iremhitdmamelmbnélaqet ﬂE}G%8ﬁﬂMSBdh€tra

differentiatad 0 fPOIHuboutLB 190 abouLiSSI%%? PIiig 'a]{t‘%nart@én‘%ec{ Ghapacteristic

of the pancreatic endocrine ‘eat | ng i'on of cells
expr essi ng GaFikas ssedtaaamwnasdm @t‘atbbuttzljelgpﬂncreatl C endoder m | i neage
according to the nmethods disclosed d in D Anour et al, Nature

Bl Ot@ ¢91°! O8%ivi2R98 de%?%?alt WnEKHTRh ?fonpa%gt' %g}n‘ﬂq 2t SR LS EXPT €SSI Ng
mar ker s ‘characteri stic pancreatic en |neae y be further
di f f er ent i atnadteimateembpogiaicat, thLe msn@ﬁtramh Ins1y dx pb@s $pgigl to about lug/ml. In

another alternate embodiment, the concentration may be about 1pg/ml to about

100ng/ml. In another alternate embodiment, the concentration may be about 50ng/ml

to about 100ng/ml. In another alternate embodiment, the concentration may be about

100ng/ml.

[0070] The Wnt ligand may be sclected from the group consisting of Wnt-1, Wnt-3a, Wnt-5a
and Wnt-7a. In one embodiment, the Wnt ligand is Wnt-1. In an alternate

embodiment, the Wnt ligand is Wnt-3a.

[0071] The Wnt ligand may be used at a concentration of about 1ng/ml to about 1000ng/ml.
In an alternate embodiment, the Wnt ligand may be used at a concentration of about
10ng/ml to about 100ng/ml. In one embodiment, the concentration of the Wnt ligand

is about 20ng/ml.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

[0072] In one embodiment, populations of cells expressing markers characteristic of the
definitive endoderm lineage formed by the methods of the present invention are
further differentiated into populations of cells expressing markers characteristic of the

pancreatic endoderm lineage by any method in the art.
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mar kers characteristic of the pancreatic endocrine |lineage, by treating the
popul ati on of cells expressing markers characteristic of the pancreatic
endoder mwonergsosscordi ng to the net hods di scl osed i n BETaBR@N48127
application Ser. No. 11/736,908. [0079] For exanple, populations of cells
expressing markers characteristic of the pancreatic endoderm|ineage may be
further differentiated into popul ations of cells expressing markers

Char[i%mr i slfdr%xﬁﬁplé hepRARS §AddIE e?ﬁ?é&@ﬁg 'nrﬂ%elrs‘ dﬂ@@g@mt#axbfﬂ{e%ﬁmﬁee t he
popul ation of cells expressing narkers characteristic of the pancreatic

endoderm | i %@Q@émé@é@e@bﬁgleﬂ accorfingrte theorethells 9€ the Peagent v igyanaie
appl i cati ong, 20t 4ifNQen ikt (S gbju:lano{l o(?%gﬂ#l: &Bre@@ﬁﬁfﬂb&ers Enegwééﬂshg) Pﬁh@ fcells

expr essi ng mar ers cnar ac't e I'stic ancreatic e ermili1l neage nay be
further dififaaeterfic catleddrin hinengpbp titaing drespophilael dfsckqxpesssigmaneis ker s

characteri séhtalcact%{ thcfb?ﬂ{%ad%ﬁﬁlﬁ% én%o&{(}&%%!é%eacéér{ﬁﬁg%ethe e i gy t he

popul ati on 0 S expressing narkers arac Istic o € pancreatic
endoder m | i iné¥gecacaor,Nange Botdcheologt Ho d392di190] @0846). i n US pat ent
application Ser. No. 60/953,178. [0081] For exanple, populations of cells

exlor@ﬁﬂ]”g #‘%reiéaﬁ{iﬁe %B@Elé‘t?o%%f&ﬁlk %go%ssﬁlgﬁlap{% {hﬁﬁ&ﬂeﬁstf%%@'%@%ﬁﬁl &e{:eage may be

furt di fferent I nto I on S expressing mar
char act er i stndodepfn lmh@ephnmﬁéactqorﬂl@td(ﬂ@rmﬁbocls|0ﬁélag>@serbynwentemtm¢)do6t he

popul ation t(l)lrtheredlflfeéen%a%d?rﬁ ?}%tlahlons of.C lls g:%sntle“ %r %h i%ér%gl.% gﬁtﬁg reatic

endoder m | i neage accor ose
applicati orpaﬁemncl\éndo@ﬂh919&,5;529tre:{tﬁ@iﬁlﬂe]p‘ﬁbelamreoi‘ealﬂs expmemmg oarkers furt her

illustrated, but ot efolovvln ex | es.  EX LES Exanple 1
The Rol o of “REIER 4 Medlehfye Bab a8l ss iea e KB BRBr TSN rnan

Pl uri pot entin$tSepardnelpBicitonGet. N, EXp3ee®sl ng Markers Characteristic of the
Definitive Endoder m Li neage

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage

[0075] In one embodiment, populations of cells expressing markers characteristic of the
pancreatic endoderm lineage are further differentiated into populations of cells
expressing markers characteristic of the pancreatic endocrine lineage by any method

in the art.

[0076] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

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

[0077] For example, populations of cells expressing markers characteristic of the pancreatic
endoderm lineage may be further differentiated into populations of cells expressing
markers characteristic of the pancreatic endocrine lineage, by treating the population
of cells expressing markers characteristic of the pancreatic endoderm lineage

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

[0078] For example, populations of cells expressing markers characteristic of the pancreatic

endoderm lineage may be further differentiated into populations of cells expressing
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[0083] Cells of the human enbryonic stemcell line HL at passage 41 (p4l)
were lifted by TrypLE (Catal og# 12604-013, Invitrogen, CA) and seeded as
si ngl e cewb=omto3essdensity of 100, 000 cells/cn2 on MATRI GEL@Scaatesi2ti shes
(1:30 dilution) in MEF-CM (nouse enbryonic fibroblast conditioned nmedia)
suppl emented with 20 ng/m FG2 (Catal og# 100-18B, PeproTech, NJ) and 10
[ Mof Y-27632 (a Rho Kinase Inhibitor, Catal og# Y0503, Sigma, M.

[0084] I n p%@tﬁ(ér@kharﬁ&érisﬁc of thd c%%d@émfeyi(ﬁ@ig% b%ftt?é%@ftlhla ic)l;id?ﬁlohll at

passage 41 were seeded as cell colonies MATRIGELO coa shes (1:30
di lution) aef callﬂem@s%nga@@@argéharrmtfrr@tl%yf th paricregticendpderpiliniaddi spase ( Cat al og#

17105- 041, AC@%’dfﬂ%Q@ @meﬁ(éh os%hgw@ga&m Rladich $3. W& Ak vbd h 20 ng/ m

FGF2. For both single ce ony f cultures the nedia was changed
24 and 48 hours post seeding vvlth fresh MEF-CMw th 20 ng/ml FG-2. [0085] At
72 hiP879ost F @ esamnmey popetions Pt ¢elle sxnirspiag Markees Bptertativlg of cpaeEtatis expr essi ng

mar kers chagagcidhlimtd CS% n@afy b%%}fé?&ﬂfféfehhé’t@d ﬁ%ﬁ%‘ﬂ%ﬁ&ds oPBARexASssIH! | ows: a.
MCDB- 131 (Catal og# 1 9, Invitrogen, cont ai ning an additi onal

0. 0025 g/ m matsers ghqrmtqmtnb@ﬁih@ ean(:@attlcaerndgﬁlrlsém%e i tepatng opopulgion

suppl enent e B\ roliant, 1A, |X
A ut aMaxTm %&gls;%}gégﬁﬂ‘%@%é&ggt}%agt{rﬁgft ro é&}}e&f aﬁdqu %8%% 5/ m activin A
(R&D Syst enscorig tepthg sneB@dndisectbscMTYS attiGapplicogsh I3 24e. WN/0D2]1.R&D Syst ens,
MN) for one day, then MCDB-131 with an additional 0.0025 g/m sodium

bi Calgbmat r%y@rﬁﬁ@goﬁhpkﬁg?f( e(l)l??%yaésg’@g 'ﬂrﬂ{'l@rs &Qﬁ%\éﬁﬂlc%f 1R aﬁé?éa‘ﬁ@ days

rtron 1 g #22400- I nvi rogen, CA), was
suppl enent exdhdpderi liRoagk anay\pe doihgr differsnBEAl @@aloallbgwm@@?@rs expreslngant , 1 A),

igg 4}\0/\%_ 88/ rﬁ%%tcféa\ﬁc@erib‘tlé 5%% é;{?%:g{%%ndo ne%n?a% 2&/&% ﬁgltgg\ggpu"f’a og Cat al og#

suppl enent edf cvllt dfxp&%mﬁarkam dhdr@@erivg¢ of th-apztncwam Adedarin lnhaggef or an
addi ti onal thr ch%ﬁn](?%lad%ltsqgsrég r)U?&;ate 1/)? 1cafjaIYSer’No EB ? SQver e col l ected

for FACS anaf yS| OW C resu CXCR4 and
CD9 expression are shown in scatter plot for mat W|th CXCR4 expression

pl ot 0881 on EdIexaInIde(,ipspu,la'rcms:sf DY cxprpring siaderyplhetattedstonf theganCraatics. The

per centage Q el s expre SI addi ti onal marker
oF a1t o enttiaf BB NI e L e e PR o B AR 5s heasur ed
by the increaged chaa»rqmteﬁsm @ﬁth@faanbimtm:@idbcrirﬂmnsageﬂ@cteaamgﬂhepSplﬂ‘aXﬁR4 and CD99,
was i nprov % iL tﬁ 8res lon of CXCR4 and
Cooo v fuTCRBre eyl o hrraina it B Eare Ay SAToE RSt ure to a

si ngl e cel | aceotding€the metHoledis@osRd ntUsqaaeﬁabphcﬁam@draﬁ@@omo,hmecr eased
expression of CD9, a cellular marker for undifferentiated cells, as

meas[%ﬁc]i byT}];e p?gger(l:t 1}1\%nFon 1¥ further illustrated, but not limited by, the following

examples.
EXAMPLES
Example 1

The Role of Media and Seeding Protocol in the Differentiation of Human
Pluripotent Stem Cells to Cells Expressing Markers Characteristic of the

Definitive Endoderm Lineage

[0083] Cells of the human embryonic stem cell line H1 at passage 41 (p41) were lifted by
TrypLE (Catalog# 12604-013, Invitrogen, CA) and seeded as single cells at a density
of 100,000 cells/cm® on MATRIGEL® coated dishes (1:30 dilution) in MEF-CM
(mouse embryonic fibroblast conditioned media) supplemented with 20 ng/ml FGF2
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[0087] Interestingly, with the use of MCDB-131 in either cluster or colony
style format, there are fewer co-negative (CXCR47CD9-) cells in Figure 1,
i ndi cat i rgol2ep#30338- specific differentiation, or fewer eelrlus2aihaisido not
express markers characteristic of the definitive endodermlineage in
cultures treated MCDB-131 nedium As a whole, these data indicate that Hl
human enbryonic stemcells differentiate nore efficiently in the presence

of MCDB- 13 | h di and N gk on in
VOB 15 1 cals e o R R o e ol o TP 2
si ngl e cel | GatslegEYig5SWBobigmy, MOyl e seeding and culture. Table 1. CXCR4 CD9

CD99 MCDB (cluster) 88.6 10.1 21.7 RPM (cluster) 81.8
[0084] In parallel, cells of the human embryonic stem cell line HI at passage 41 were seeded

as cell colonies MATRIGEL® coated dishes (1:30 dilution) at a 1 to 3 passage ratio
by lifting cells with Dispase (Catalog# 17105-041, Invitrogen, CA) and plating the
cells in MEF-CM with 20 ng/ml FGF2. For both single cell and colony format
cultures the media was changed 24 and 48 hours post seeding with fresh MEF-CM
with 20 ng/ml FGF2.

[0085] At 72 hrs post seeding, the cultures were differentiated into cells expressing markers

characteristic of the definitive endoderm lineage as follows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) containing an
additional 0.0025 g/ml sodium bicarbonate (Catalog# S3187, Sigma,
MO), was supplemented with 2% fatty acid-free BSA (Catalog#
68700, Proliant, TA), 1X GlutaMax™ (Catalog # 35050-079,
Invitrogen, Ca) and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) for one
day, then MCDB-131 with an additional 0.0025 g/ml sodium
bicarbonate, 2% BSA , Glutamax, and 100 ng/ml activin A for three

days (Condition 1); or,

b. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), was supplemented
with 2% fatty acid-free BSA (Catalog# 68700, Proliant, IA), and 100
ng/ml activin A (R&D Systems, MN) plus 20 ng/ml WNT-3a
(Catalog# 1324-WN-002, R&D Systems, MN), for one day, then
RPMI-1640 medium supplemented with 2% BSA, and 100 ng/ml
activin A each day for an additional three days (Condition 2).

[0086] At day 4, samples were collected for FACS analysis. In Figure 1, the flow cytometry
results for CXCR4 and CD9 expression are shown in scatter plot format with CXCR4
expression plotted on the Y axis versus CD9 expression plotted on the X axis. The
percentage of cells expressing CXCR4, CD9, and CD99 (an additional marker of
differentiation) are summarized in Table 1. Differentiation, as measured by the

increased expression of the cellular surface markers CXCR4 and CD99, was
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8.8 30.5 MCDB (single cell) 92.3 6.7 62.2 RPM (single cell) 72.4 12.7 43.1
Exanple 2 The Role of GQucose in the Differentiation of Human Pl uri pot ent

St em Cel Iwot201208b338 Expressi ng Markers Characteristic ofcrhms2tafisieti ve
Endoder m Li neage

improved by the use of MCDB-131 media, and expression of CXCR4 and CD99 was
further increased by changing from colony style culture to a single cell culture.
Furthermore, these data correlated with decreased expression of CD?9, a cellular

marker for undifferentiated cells, as measured by flow cytometry.

[0087] Interestingly, with the use of MCDB-131 in either cluster or colony style format, there
are fewer co-negative (CXCR4/CD9") cells in Figure 1, indicating less non-specific
differentiation, or fewer cells that do not express markers characteristic of the
definitive endoderm lineage in cultures treated MCDB-131 medium. As a whole,
these data indicate that H1 human embryonic stem cells differentiate more efficiently
in the presence of MCDB-131 medium than RPMI-1640 medium, and that
differentiation in MCDB-131can be further improved by seeding and culturing the

cells as single cells versus colony style seeding and culture.

Table 1.
CXCR4 CD9 CD9%9
MCDB (cluster) 88.6 10.1 21.7
RPMI (cluster) 81.8 8.8 30.5
MCDB (single cell) 92.3 6.7 62.2
RPMI (single cell) 72.4 12.7 43.1
Example 2

The Role of Glucose in the Differentiation of Human Pluripotent Stem Cells to

Cells Expressing Markers Characteristic of the Definitive Endoderm Lineage

[0088] Glucose is a soluble hexose sugar added to almost all cell culture media including
Ames' Medium; Basal Medium Eagle (BME); BGJb Medium Fitton-Jackson
Modification; Click's Medium; CMRL-1066 Medium; Dulbecco's Modified Eagle's
Medium (DMEM); DMEM/Ham's Nutrient Mixture F-12 (50:50); F-12 Coon's
Modification; Fischer's Medium; H-Y Medium (Hybri—MaX®); Iscove's Modified
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[ 0088] G ucose is a soluble hexose sugar added to alnost all cell culture
medi a i ncl udi ng Anres' Medium Basal Medium Eagle (BME); BGIb Medi um

Fi tt on- Jawb=ory/dsbsssf i cati on; Cick's Mediuny CVRL- 1066 kediusce11Bedibecco’ s
Modi fied Eagle's Medium (DVEM); DVEM Hamis Nutrient M xture F-12 (50:50);
F-12 Coon's Modification; Fischer's Medium HY Medium (Hybri-Mx );

| scove's Modified Dulbecco's Medium (IMDM; MCoy's 5A Modified Medi um
MCDB Medi a; piMeictiMEdRim @@WMc@%??@A'Wd&@QM%ﬁ%@dﬁ%M ; NCTC Medi um
Nutrient Mxture, Hanls Nutrient Mxture, Ham's F-12; Nutrient

M xt ure HarMsdipm1199;dingghvm &ssoptial M ek Bpelg FEMBMY;: NGEEMMeggup Nutrient

Ser um Fr ee/ @ﬁ;@ﬁr@'l@anﬁ?qO]_NQEEﬂmu%ﬁaHmF VAR VMR W NEE WV 1 1T ans

Medi um E and various proprietary nedia
http:// waw. gﬁlwddlﬁcﬁﬁlooWﬂﬁ)ﬁ@l‘ébﬂ@%&m@mrwﬂﬁﬂotwﬁw Habudomgcent er / medi a-

expert/glu ﬁg(@g}:ﬂ} {géyn%ﬁgﬁif%d‘gﬁ?l\%mamng&ﬂﬁﬁ B3Hd lfﬂio%ﬂnlopg%&{gr&ur e

formul ati ons ia series contafn ucose in the
range from Beda.t Seebftp Awwrogmaaldaihaomdift-a¢ienckicadhrultugd/kearhig mV) to as hi gh
as 10 g/L (Center dlgl ucortzéuc e}tltthPM 1640 set at 11 nM gl ucose.
Concentrations P6Ve 10 nM are anal ogous to a diabetic condition
within the cell cuI ture system This is inportant because the sane

pr oclé88¥s tHatanpant cfgduwose it etll @iltaredompllemnt vaick. nWlﬁlvdlecM@DBanﬂsita in vitro.

The consequenee. AlufNRUNS Gekha: wILST S0AM | ONPLLhRt BIg snent 1ol LY

di abetic is S an ucts are YCesses of
gl ycation a(rSdS oMy oxaschaghi asnO@rId(SGamegudaerazgetRMI g640cse1saellrﬁﬂhlat ed oxidative

d b t
o o P R T P s B P S “ElfEP & AR ng- cent er / medi a

expert/ gl ucaseitibi mlthm[tﬁ)é)&dl]cﬁlm&e @mhnu m"lilsi‘lﬂtlmp@“[aﬁuﬂid’cafsé khe shlﬁied for generating

definitive endodermis |scov ed Dul becco's Medium (1 MDM which
Cont ai ns. SSNIGI LB RHGA DR sgsle 7 0 B O B G opent 131,

1651-1662) ,coREa&[heﬂ@bbhgr&&mglcgimﬁﬁ&ecownéﬁmﬁm afd @ldNaklRligdeae Rnpdt. 2005 Dec;
23(12):1534-41), or DVEM F12 with 17, | ucose. Each of these nedia is

above t he 19rdgellpeslcts Blﬁd’é(?ﬁﬁeétqyd]i*f’* %{ﬁ‘é’ﬁﬁﬁé aliglyeagion ang glpeigation ondi t i on.

Consequent | 3hd chObd @HMGEI B él@&%eﬁf@dﬁaﬁ@oféﬁﬁtiv% ahﬁlaatrb ggmesdoeselenduced by hi gh
glucose in the culture nedium we atte a gl ucose concentration

| ower than Imrﬁ&wwimgmavlﬂmwaﬁersgﬁn@f nﬁﬁﬁlﬁlﬁe/éﬁ%ﬁl%&ﬁﬁﬂt?r /gedim cel s to cells
expressing g@g}gﬁfugosgmﬁﬁlact eristic of the definitive endoderm|ineage. One
such mediumwth a glucose concentration below 10nmMis MCDB- 131 which
cont al ns a baseefgl ucose concentration of 5.5mM [0091]Cells of the human
enbr¥98Mic sPrsinedrm that jeuppntlyruserhlos gejerating defimtvesadodern fstlgggvey TrypLE
(Catal 0g# 160 dbdbed D% NIEREUR TIMISHY) wARH cSRSHE s A dgﬂc'a@ ®ubEbi S, at a ,
density of 100,000 cells/cnm2 on MA TRI GELO coated dishes (1:30 dilution) in
VEF- CM April 1, 2004, Development 131, 1651-1662), RPMI with 11mM glucose (D’ Amour

et al Nat Biotechnol. 2005 Dec; 23(12):1534-41), or DMEM-F12 with 17.5mM

glucose. Each of these media is above the 10 mM glucose concentration analogous to

a diabetic condition. Consequently, to reduce stress on the cells that might be induced

by high glucose in the culture medium, we attempted to find a glucose concentration

lower than 10mM for differentiation of human embryonic stem cells to cells

expressing markers characteristic of the definitive endoderm lineage. One such

medium with a glucose concentration below 10mM is MCDB-131 which contains a

base glucose concentration of 5.5mM.

[0091] Cells of the human embryonic stem cell line H1 at passage 41 (p41) were lifted by
TrypLE (Catalog# 12604-013, Invitrogen, CA) and seeded as single cells at a density
of 100,000 cells/cm® on MATRIGEL® coated dishes (1:30 dilution) in MEF-CM
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(mouse enbryonic fibroblast conditioned nedia) supplenented with 20 ng/ m

of FGF2 (Catal og# 100-18B, PeproTech, NJ) and 10 p. M of Y-27632 (a Rho

Ki nase | moknt2o3ps3€at al og# Y0503, Signa, MO). The nedi apreadisedasngad? 24 and
48 hours post seeding with fresh MEF-CMwith 20 ng/m of FGF2. The cultures
were differentiated into cells expressing markers characteristic of the
definitive endodermlineage 72 hrs post as follows: a. MCDB-131 (Catal og#
10372-019, \ikd SR Eshic FRDLITR dbiTiHED Rl-EARRNhEEmMENw A2 ALY ofiCi d-free BSA
(Cat al og# 68700, Proliant, IA), 0.,0025 g/ mM “sodi um bi carbonat e (Cat al og#
S3187, Si gnEGFMOptalopx 109-18BNEepTrhe¢ Chif lednd d 0 #MB8I0B6 763292 RhpKiinasogen, Ca) 100
ng/ m activjin., A . 0 { 1. - t.al 24-VWN- 02,
R&D Syst ensf,nﬂwlg 8%@8%??@@ S@M%M@Oﬂ%@@%%%@%% a%fl ggll#ia%gse (Cat al og#
@B769, Si gneost wEYing with fragh MEF-CN lnéth 20 ngMTOBF GB2. Tedkéulmes wopl enented with 2%
BSA, sodi um.hi car bonat e, .. 3 _ut amax 00 na/m . activin .and el t her 0, 5,
10, 15, 20%@1‘?”%%%\ 0 CSﬁlsueé‘BrseéS“%%?”%%rS 8@%???%%?%%‘?19%@“85;?8‘?‘0 0b92]1 At day
4, sanpl es hweag At pot adoflers: FACS and gene expression anal ysis using real -
time PCR, and counted by ViaCountO (Guava(r), MIlipore, Billerica, M).

Consi stent with reﬁl&)t r ifferentiation of pluripotent stem
cells to cells eaXpressBF}]%l %afogr%g%?é@lgc nglrtriog?r%’cA(%fmedeén SdlBPllgrr?F tF’(\E/)e endoderm
| i neage resulted iwith % fitobaest-frexps £ 6Gdtdoghodd 706 Mkdiaat, &85 00028 gehlwi t h t he

definitive endoderm |l i nea i gur en t I concentration in
the media was suppi’SH&h lﬁagg?ﬂ(a{ét{gﬁt?%%%é%@,ﬁ% fnaégjé)’glt*ég’%%xgl ucose (final
concentration: 5. 5Cakdbg® 350506579, 20viboged 5CH,100hg/a0 aGividVh gR&OOS €
respectively), a npdest jncrease i ell nu r ohserved i n sanpl es
treated with addit L Dﬂﬁ dﬁg&‘g}lo\gg%(%é%tﬁ%g’?ﬂ%wr&i@?o%%%oncent ration)
as shown in Fi gur esgBmsAVIKDOARE kithd?@l §a9e1 9, 20 KCRAVEXUIRSS @atal 2 cell's
suppl enented with additional 5mM gl ucose (10.5nM final gl ucose

concentration) wasO&i®eSignadyiPeépr oagdayhthgh in Fi gure 2A. However, these
increases in cell nunber and CXCR4 were offset by a reduction in total cell

viability (Figune RBDB-[008&]idh sigpeenasdlwilheveBsaf salwmcose (5.5mV), al nost
every cell in the culture was 50X17 positive, and the cells were dispersed

in the culture di shicapengteytiutanan Hreaplpctipngyped gthep®) 10,43, 3008t gl ucose

concentration increasedsof,P&e¢&! hSamBhi ahedy@ hi gh expression of SOX17,
however the cells were o%served to cluster. T%ese clustered cells were

subsequently | ess evenly dispersed on the culture surface than popul ati ons
of cl@P¥ cubtdwydasamplereropepdissted By EACSRY penesERIessTa; 282lxfif wine €8 r el at ed

with a sligfhe PORI RAEudtdl %X@i%@%@@Gina@%ilﬁB&e%E@ﬁca?@w).m ar markers for
undi fferentiated cells, and SOX7- a cellular marker for extraenbryonic

ect oderm apensitegbeitiomsdtsifrom Reanpdnb deffgsensigonoef phirippencyieaeslls tpancr eas
homeobox 1 : ’ i tered cells
&%ﬁ%}u%ﬁam% aﬁaeml%?glg )eélgﬁ'fg?\fé éﬂld&ﬁ%l 11'3?5@%: I?&uffécﬂﬁ

(Figure 4). ar glucose re ects on erentiation were
al so obser vihdrabnsterpressroasf markers associated with the definitive endoderm lincage

(Figure 2A). When the glucose concentration in the media was supplemented with O,
5, 10, 15, 20, or 25 mM glucose (final concentration: 5.5, 10.5, 15.5, 20.5, 25.5, or
30.5 mM glucose respectively), a modest increase in cell number was observed in
samples treated with additional 10mM glucose (15.5mM final glucose concentration)
as shown in Figure 2B. A modest increase in CXCR4 expression for cells
supplemented with additional SmM glucose (10.5mM final glucose concentration)
was also observed, as shown in Figure 2A. However, these increases in cell number

and CXCR4 were offset by a reduction in total cell viability (Figure 2B).

[0093] At the basal level of glucose (5.5mM), almost every cell in the culture was SOX17

positive, and the cells were dispersed in the culture dish in a uniform pattern (Figure 3
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differentiated with DMEM containing either 5. .5mM (low) or 25nmM (high)

gl ucose concentration (Cat#s 10567-014 and 21063-029, Invitrogen, CA). As
descri bedwelwow2é3ofser controls, cells were seeded as si ngce/useéiimgsienl t ur ed
3 days in MEF conditioned nedia and differentiated in MCDB-131 with 5.5nmM
or 25mM gl ucose suppl enented nedia, or in DVEM high or | ow glucose nedia
suppl emented with 2% fatty acid free BSA, 100 ng/nl activin A and 20 ng/ni
WNT-3a on t RgRfi ASthe SN osc@BRcAMT @AY R, thelcbREmBRAIRME nbARxMBs M activin A
for the next three days with daily nedia change. [0095]Similar to results
wi t h MCDB- 18 Qeld; bowanpethecadls avgsg dyergpdiesheter- nhiens ¢lustered ¢alis ietee endoder m
formation ag,GNRAYLGLs bonlyo e G5 e WBHIrs i fub2t8d Rl Sps SR cRDSEr ved that
a high gl ucoseacongen'gratnll)gn p|gnS Dl\/EMe‘re lﬂcsé‘g “hES c%ﬁjl% adli ?S‘fergnt‘i ation. By
f1 ow cyt onmeguttpred fipthk besiahlgvaliof gloeasat This cidest coradpsdd with & ghemdseierim  88. 6% of
cells were ARY i ' | 0 : I versus 80%
CXCRa pos 14t T o - TR OBl Bk T B T ROR

mar ker s of «dédifier matkeafor eriratobiyehic nétbdorm, addotercascas thegasuaxeastign qRT- PCR
(50X17) were. decreased whil e [ f undifferentiated l1s (OCT4) or

S ter nat | veldurreraagrnt o oed R g e e b B qur e §) i el 1
fed nedi a contaNimde blughregkelbaBgurensus those fed | ow gl ucose nedia. This
effect was due at least in part to the pH of the nmedia as we noted that
over f our. . di fferentdation. i.a pH dr ter 48 hours of

ai 108§ oM bR RS bR e R CIREREE R b T ng o of
cul t ure neddiffercBiatedptHtVDBIEM Eorgrinieg Githed 6.5 vy (lohef orrPiStmiM éhigm gbdesem f or mat i on,

the nore conplete.th on s{.Qn fipitive en e VO

2012/ 0305 30RE PR A 4157 30eh FI ATt oe g F AT Ao M ai cat e ¢ hat
basal | evel&ood, feHuade célbs. vostdectidll asdinefeacB) CulairédoNdayedi BMEAr e sufficient to
generate a popul atjion.of cells wherej ter an 80% qf cells express
mar ker s cha‘?oﬁ 1gpqdapqdia apd eéelﬁ‘é?eﬁm Mgﬁd‘ﬁﬁég%ﬁ ?Fe?éogﬁ\”g“ﬁ%sﬁeasi ng

gl ucose conggpitmaitb@msdib, bridOMEM high @Pfowadlidte MEdlh Wipplethedd Sniviops

sufficient to generate a simlar population, however increasing glucose

concent r at i BB 2AHHEEBI0. Witmecalreids dy #ng 3P nerpk WS enghp st &Yotdof nar ker s

of pluri potenexirLiureBSA ffia0eatmabédh AUsMth@gexthPeclay il daiRr | NCreased
expression of markers associated with alternative fate

di ff er ent i dPBHFEREE aenbr yoni ¢ ect oder m such as SOX7 or CDX2. Exanple 3 The
Rol e of pH Control in the Differentiation of Human Pluripotent Stem Cells
to Gabdsy ExgibiastoneuMaw ke Ve ISias Rab@k i vetfeCel Sfatc RBucBRIihNbikd de@nfaRedoder m

Li neage [0097] Cel I s of the human enbryonic stem (hES) cell line Hl at
passage 46 {fadmiemetiongeyatard (tlom Sheorompds redcdRRNGESTIcddbatdi | ut i on)
coated di shegoRbiysosd chiRertrdtds SAGREM EdIRcNERICET Iif@reaBdod, ity flo ) Spase

(Cat al og# 17165- 041, Invitrogen, CA) and plating the cells’in MEF-CMwi th
20 ng/ M ofcyrgmry, pHewingdiffereidistiorhta g tivrgndgdaime $8.6% o€ eelivPreCM wi t h 20
ng/ m of FG2..: iU it Qfnif ]ﬁ(%' L Q0 ki ~eet 4 figliiywe endoderm
(DE) as fol ogr\}\}svélﬁgd I%Dlﬁ-‘fge?a( ntar%gsfﬁtg 103 qogélge,ﬁlfﬁg%'g ogenI?ASCX;é medi um
suppl enent egllnin thed9sdntainiye 2and-ducese. BgWitioGaltyaegwrseg 0@ renBainitant , 1 A), 1X
d ut aMaxTm - i m activin A
(R&D Syst enie,%ﬁk)% 9%?‘)@?‘?‘?%%%5?‘%?‘1 Wdétgb%g%l @er§§%5%ag§%1\8% , R&D Syst ens,
MN) for onemd&ys of widiffaediatey ctlisg ACTEnor alietnhatiWCDBeréBibtisufiypds€@PX2ed wWith 2%
BSA, d ut amax,. .and . nag/dq acti-vin A each.d for an additional three
s Cor b URERRIS DR, Tim S8 A RS g BT A E AR car bona o
(Cat al og# S3%&Tyco gexs. Whik effedd sl sy pdastrie pired thé pH P heetliayis aei d- fr ee BSA
(Cat al og# 68700, Proljanpt, | | x. 3 ut alVax %)Cata 0 35050- 079,

et ¢ ogen. it hagiect b g g AR SyRRAL SN BIGs 20 o

WAT- 3a ( Cat @tfergitialidR dap\udB&moR& e DY sHe LB statvi); ah®éndaiepHiasculthel | owed by
treatment with MCDB-131 wi.th an addi tti onal O.dOOZ? )

media (8. 1>pH>7.6) (Figure 6) during definitive endoderm formation, the more

complete the conversion to definitive endoderm.
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g/ mM sodi um bi car bonat e suppl enented with 2% BSA, d utanmax, and 100 ng/m
activin A each day for an additional three days. [0098] At day 4, sanples
wer e col Iwoterk/B3e338 FACS and gene expression anal ysi s usipag/usealiA4gize PCR,
and counted by ViaCount (Guava(r), MIlipore, BilJerica, MA). As shown in
Exanpl e2, we noted that a relatively nore acidic pH of differentiation
medi a (<7.6pH) can reduce CXCR4 expression due to less directed

di ff@osgyt | %‘s@ﬁnﬁﬂﬂoﬁﬂ@iuﬁ@ﬁﬁﬁa@'tﬁa%[)mtl'e%@sQf' 1Jc%§ee([@t5hﬁkﬁ jign. [0099] I'n order
to test if this effect was due to pH we differentiated cells in basal

MCDB- 131 t#Eercetintivaimediapresuffishing Hiastcrale gdepulrtionod sellstwhegpimecdtet er of
sodi um bi caphpgal 6r ande esg?Iaiﬁfs%amlkgﬂm%?{He%leﬁﬁlu&@? liBdSHRkgEnt ed to the

bi car bonat e concent ratl ranms/liter. observed
that di ffer@ﬂlteasanggiuposea@nnmmrédnﬁrydtﬁﬁeentlﬁmwagbmnwmli@n of the

cellular s

pr oved by et UEUeSER st p AR AL ERERAEVRIAN SledPiionteD, o
Sodi um Bi caabb@mm #mMoran aesbiti fif iecredsang espigsnidni Cd“amutrlteys ¢fi pghexote@i:@ﬁducedpr eSSI on
and | ower reSS| n rsus di f.fer 13

Chat | cont ai TGS vied A S2Y S DA SifResred Beftne ba Bl ™Ta and o).
This is duewltlnalﬁsmahvé fatetdlﬁ‘effeﬁ(ﬁhoﬁ/bp&taeMEEBﬂﬂ:I&dlodmdﬂ sactha&sSGX pét Cexl of 7.5,
and addition of 2.7g/1 of Sodium Bi carbonate raises the pHto 7.6.

[ 0100] Furthernore, at the end of d|F1f grenjiation, the nedia (containing the
pH col or sensor phenol red) fromc UPes grown in undifferentiated nedia
were significantly nore yellow and acidic than cultures wth suppl enent al
sodi um bi carlheiRueofinH Central inthid Biffenéntiatie phHnmdn ﬂ’éldfiliqﬁellt@ltm Cellhese

results i ”d;'gfékﬁs éy{})ekssin ‘i\g?&%&%@?ﬁ?ﬂeﬁg |_(ttftt19e {Fnifile ﬂcﬂx'&%nf %es ror €

efficient definiti en erm ren i on romp urlpo emcells,
and raising and stabilizing nedia EE H coul d be achi eved by alternatlves to
bi calf8Bhat eCalsfof theihmgai probuydiip giemy hES rvetl ling Hil eerhstage 46 (dpkvigieng i ncubat or

CX2 levels r.. ghosphat e.
Exampl e 4. TRETHEr SLs it GLEHURE, GHBUA b TR a0 B RR S
super fam | ypanmgbeirtie badiftingicallswiinDisGE{ Batalng#t HE ODIORf.dnambgeat CHnandf Hunman

[P)le]t‘llr Imp,?;[ Sgt% dl§ ee%cr%lll 1nn1\é[§Fe(aq\/[w1thF2>6 gﬁn f@%FB/Bﬁ“ eerri’lgdl%%g %Eerd'd%t' ¢ of the

with fresh MEF-CM w1th 20 ng/ml of FGF2, until initiation of differentiation into

definitive endoderm (DE) as follows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) medium supplemented
with 2% fatty acid-free BSA (Catalog# 68700, Proliant, [A), 1X
GlutaMax™ (Catalog # 35050-079, Invitrogen, Ca) and 100 ng/ml activin
A (R&D Systems, MN) plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002,
R&D Systems, MN) for one day, followed by treatment with MCDB-131
supplemented with 2% BSA, Glutamax, and 100 ng/ml activin A each day

for an additional three days; or

b. MCDBI131 containing an additional 0.0025 g/ml sodium bicarbonate
(Catalog# S3187, Sigma, MO) medium supplemented with 2% fatty acid-
free BSA (Catalog# 68700, Proliant, TA), 1X GlutaMax™ (Catalog #
35050-079, Invitrogen, Ca) and 100 ng/ml activin A (R&D Systems, MN)
plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) for
one day, followed by treatment with MCDB-131 with an additional 0.0025
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WO 2012/ 030538PCT/ US2011/ 048127 [0101] Cells of the human enbryonic stem
cell line HL at passage 47 (p47) were lifted by TrypLE (Catal og# 12604-013,
I nvi t r ogewp 2@®)03e33d seeded as single cells at a densityPofi/uke@,100€27
cells/cn2 on MATRI GELO coated dishes (1:30 dilution) in MEF-CM (nouse
enbryoni c fibroblast conditioned nmedia) supplenented with 20 ng/m FGF2
(Cat al og# 100-18B, PeproTech, NJ) and 3 [iMof H 1152, glycyl (a Rho Kinase

| nhi bi tor, Catal oggnémbm%a@m@eﬁmdmwtm@lwm dO% At 72 hrs

post seedlng, the Cultures were erentiated into cells expressing
mar kers char act er i &/mbachyingheach@py fir en gddieandodiee deysi neage as fol | ows: a.
MCDB- 131 (Cat al og# 10372-019, Invitrogen, CA) cont ai ni ng an addl tional

0. 00309 /mA§®9'4U G A ROAAML&ed féambggﬁd ﬁ)res%icmmaal ¥Ohsing¥R
supp errented with 20 fatty acid-free 68760 Prollant IA), 1X

A ut aMax Tm {EaPaR gid gog W?@OHIF®\QGWVG@eMIIIIEB{? @H@FWO@%Q/\M activin A
(R&D Syst engq,u iy Ejpinﬂﬁeﬁgle 'ﬂS!thaVMh%@el& Rkl Q# Pﬁ%?é‘ff\é\m'ngg%n R&D Syst ens,

M\) for one day, w th an additiona /m  sodi um
bi car bonat emecn%ﬂmH) GwémﬁX%Xpm@smgWﬂto oot dlmct?dﬂlffeclﬁntlﬁmne?élddays , or,

b. MCDB-13 nvitrogen, CA) containing an additional
0. 0025 /m%“é%%ﬁh%%ﬁaélg‘?g%%?gég‘o at al og# S3187, Sigma, MD), was

suppl errented wth 2% fatty acid-free BSA (Catal og# 68700, Proliant, 1A), IX
G ut A8 Tm JnEadea kaigst# BB Hectovas duq tawith negeferentated selly lllb@alrMﬁPIB GDF-8 (R&D

Systems, M\); 1%&{?0&@% ?ﬁbl%ﬁ&l c%'%%ﬁ s l} taHiter of sodl}lm bﬂc]a}rgbo%atﬁ_ L

14- Prop- 2-en-| - epta zatetracyclo '
-2,6-.1-8, 1@deebff%t@mgeeﬂ(czl§i) in2qe@in)supplen@aiBy He, tickriphatg Jonoeuirmienofi6- one for

one_day, hl?QIE'MP%l 3&1‘3‘8&%@% "’\g%gﬁég%é'tha{)g%%ﬁgﬂ {of! as%&e%ﬂéﬂ %@r bonat e,

2% BSA, d ut amax and 131
(Cat al og# b@&?&em&@resbmnpf uhegéhl,lar@Afacemﬂ@rsrﬁngamncbxﬂadreasedma;breialo(ﬁOZS g/ m

sodi um bi car Cat al S318 ) u d,wth 2%

Fatty aci d-¥rad bETEL R R S Goo iR B ral vl PRI it il 0o

# 35050- 0790f80t1mm Blbmgamefﬁaz)bﬂl‘edhd&ﬁgrﬁﬁéamﬂy G@Eer&)((ﬁ&[)a@y@mmnd IVN) for

four days, RPM -1640 (Catal o 400-

Suppl et v CRY STSED sk T el AER TR MG R T el " )

igg418\% 88/2 shly %%ﬂa%s\élmepof(m&ﬁ&t(egm (Fllg’gi)e 70l 448 B30 TﬁgflsrﬂueVMaerg ﬂﬁeCat al og#
one day, nedi um

suppl enent e%Ct\%"’tt Maz{la@égime%asl@@{ S R ?‘?C{ﬁdﬁltﬁ&n @glg R/ g g&qdﬁ}m an

addi tional BlhsiBenatarBes te piidh. 61640 (Catal og #22400- 105, |nvitrogen, CA),

was suppl errent ed with 2%?atty acid-free BSA (Catal og# 68700, Proliant,

il ﬁ%l [B?‘ﬂﬂ %r% %a]?le %ni Rigagffggnsf}a%gri ih]el\gg}diegéfgr?tai%in%uhl\g p(ﬂ cotlglr(:"ser%%i< 3B
hept aazat etmﬁmé@[ﬁb&l Athred gdwl-in ilmcﬁfférgnt]alf&lﬂﬁéﬂ@@&&@gﬁl)ﬁcﬁftl%ﬁoré 5,8(26),9,1
1, 21, 23-nonaen- 16-one for one day, then RPM -164Q medi um su 5" errent ed with

2% BSA, and'ellon aagacific dpe caltuacntimpriepentalsodiyen hisaghpapte Phifered ms

which remained red in color. These results indicate that increasing media pH to 7.6 or
higher promotes more efficient definitive endoderm differentiation from pluripotent
stem cells, and raising and stabilizing media pH could be achieved by alternatives to
bicarbonate buffering including, but not limited to, increasing incubator CO, levels

and other soluble buffer systems like HEPES, or phosphate.
Example 4

The Role of RPMI-1640 or MCDB-131 Media and the TGF-Beta superfamily
members Activin A and GDF-8 in the Differentiation of Human Pluripotent
Stem Cells to Cells Expressing Markers Characteristic of the Definitive

Endoderm Lineage
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[0103] At day 4, sanples were collected for FACS analysis and gRT-PCR In
Tabl e 2, the percentage of cells expressing CXCR4, CDO, and CDO9 (an

addi ti onavormrksos3sf differentiation) are summari zed i npTahise012/048127
Differentiation, as neasured by the increased expression of the cellular
surface marker CXCR4 was i nproved by the use of MCDB-131 nedia conpared to
RPM - 1640, and expression of CXCR4 was further increased by using GDF-8 in

anmﬂ@l ' OrCG\MStOlPth%K%%l larﬂﬁ'y@ﬁ& Qfem &@HH@H?G& ﬂa@sa%@lﬂ’ St et Gdedhy N activin A

a. Simlar results, show ng grove ferentiation wth the use

of NCDB- 131TTyekE Catelngiak 2684063, Wogﬁa )aeilﬁldeqéyd sitede @hFatg: densitionrbi nat i on
with a GSK3G dl'oghbd)&etl@/cm%glg?mﬁ@%%@%'a!ea disﬁé‘sa(ﬁgé M) AAUErIdMA and Wit 3a

wer e observe ene MNX-1 (Figure 8 Furthernore, these
data correl (emoelab @mhrlvpmlreﬁbreblgmowtpn@é gicdin) DPPIODONtchwisk PO g/arl FGER ker  f or

undifferent S S fl onet Tapble 2) or OCT4 and
CD9, as nea u%ralg(%#q86 1%’}6&3@% lI{II’DrE‘and HM‘ngé@%%’a%q%y:j %%d%h Cat'€ that HL human
enbryoni c s]tnﬁmsltalebhtﬁlog#BiﬁlserﬂMBtcﬁerﬁmle, @bbst@ire™MI).y in the presence of

MCDB- 131 nedi um than RPM -1640 nedium and that differentiation in

canApﬁ fréjééspge%fhpgg ‘?%res\\/rv@recht]fzm e§138PC%'1{ U82011/ 048127 by

di ff tiating e ce e presen%rgmb R TESREB™ nhi bi t or

versus d| ff(ﬂ]lammtetlﬂiclCfﬁlﬂlevdeﬁimtla@énd‘ﬂ)dﬂrrﬂmaﬁg‘é aid1Bavs: TabI e 2. Medi a Treat nment
CD 184 CD9 CD99 RPM +AA+WAt 77.8 20.9 77.8

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) containing an
additional 0.0025 g/ml sodium bicarbonate (Catalog# S3187, Sigma,
MO), was supplemented with 2% fatty acid-free BSA (Catalog#
68700, Proliant, [A), 1X GlutaMax™ (Catalog # 35050-079,
Invitrogen, Ca) and 100 ng/ml activin A (R&D Systems, MN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, MN) for one
day, then MCDB-131 with an additional 0.0025 g/ml sodium
bicarbonate, 2% BSA , Glutamax, and 100 ng/ml activin A for three

days , or,

b. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) containing an
additional 0.0025 g/ml sodium bicarbonate (Catalog# S3187, Sigma,
MO), was supplemented with 2% fatty acid-free BSA (Catalog#
68700, Proliant, [A), 1X GlutaMax™ (Catalog # 35050-079,
Invitrogen, Ca) and 100 ng/ml GDF-8 (R&D Systems, MN) plus
2.5uM of the GSK3B inhibitor 14-Prop-2-en-1-yl-3,5,7,14,17,23,27-
heptaazatetracyclo[19.3.1.1~2,6~.1~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one for one day, then
MCDB-131 with an additional 0.0025 g/ml sodium bicarbonate, 2%
BSA , Glutamax, and 100 ng/ml GDF-8 for three days, or,

c. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) containing an
additional 0.0025 g/ml sodium bicarbonate (Catalog# S3187, Sigma,
MO), was supplemented with 2% fatty acid-free BSA (Catalog#
68700, Proliant, [A), 1X GlutaMax™ (Catalog # 35050-079,
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RPM +GDF8+GSK3B i nhi bitor 81.6 13.8 83.4 MCDB131+AA+WAt 81.2 21.1 60.0
MCDB131+GDF8+ GSK3B inhibitor 87.1 14.3 50.9 MCDB131+CGDF8 43. 2
WO 2012/030538 PCT/US2011/048127

Invitrogen, Ca) and 100 ng/ml GDF-8 (R&D Systems, MN) for four

days, or,

d. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), was supplemented
with 2% fatty acid-free BSA (Catalog# 68700, Proliant, IA), and 100
ng/ml activin A (R&D Systems, MN) plus 20 ng/ml WNT-3a
(Catalog# 1324-WN-002, R&D Systems, MN), for one day, then
RPMI-1640 medium supplemented with 2% BSA, and 100 ng/ml

activin A each day for an additional three days.

¢. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), was supplemented
with 2% fatty acid-free BSA (Catalog# 68700, Proliant, [A), and 100
ng/ml GDF-8 (R&D Systems, MN) plus 2.5uM of the GSK3B
inhibitor 14-Prop-2-en-1-y1-3,5,7,14,17,23,27-
heptaazatetracyclo[19.3.1.1~2,6~.1~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one for one day, then
RPMI-1640 medium supplemented with 2% BSA, and 100 ng/ml
GDF-8 each day for an additional three days.

[0103] At day 4, samples were collected for FACS analysis and qRT-PCR. In Table 2, the
percentage of cells expressing CXCR4, CD9, and CD99 (an additional marker of
differentiation) are summarized in Table 2. Differentiation, as measured by the
increased expression of the cellular surface marker CXCR4 was improved by the use
of MCDB-131 media compared to RPMI-1640, and expression of CXCR4 was further
increased by using GDF-8 in combination with GSK3B inhibitor, compared to cells
treated with activin A and Wnt3a. Similar results, showing improved differentiation
with the use of MCDB-131 media compared to RPMI-1640, and by using GDF-8 in
combination with a GSK3B inhibitor compared to cells treated with activin A and
Wnt3a were observed by qRT-PCR for the gene MNX-1 (Figure 8). Furthermore,
these data correlated with decreased expression of CD9, a cellular marker for
undifferentiated cells, as measured by flow cytometry (Table 2) or OCT4 and CD?9, as
measured by qRT-PCR (Figure 8). These data indicate that H1 human embryonic
stem cells differentiate more efficiently in the presence of MCDB-131 medium than

RPMI-1640 medium, and that differentiation in MCDB-131can be further improved
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31.2 23.7 [0104] Publications cited throughout this docunment are hereby

i ncorporated by reference in their entirety. Al though the various aspects
of the inwenbianoisave been illustrated above by refereneeTtus2eangkes and
preferred enbodi nents, it will be appreciated that the scope of the
invention is defined not by the foregoing description but by the foll ow ng
clains properly construed under principles of patent law. Wat is clained
is: 1. A populifitieRihil (e @biisSin thhRehdd o3 GEALEInd HQOK 8O Wnftfitof Ngscel I's in the
popul ati on express markers characteristic of the definitive endoderm

| i neage. 2.dlﬁgrﬁﬂ%©@“ﬁtbﬁ0‘g’élhéraaﬁm39a popul ati on of cells wherein greater
than 80% of the cells in the popul ation express markers characteristic of
the definitive endoderm|ineage, Tgmmrising the steps of: a. Culturing a
popul ati on of pluripotent stemcells, b. Differentiating the popul ati on of
pluri potent—stemcells to a population of cells wherein greater than 80% of
the cells qummafinn riQ'rirCD\(%g'rhe_
definitivel RRMESATV neagelin nedifum wherein?0fe co : gl ucose
does not exRRMEARISGHW3B3. | The rdtthod of cl aildd2, wher ei n8tthe pogul ation
of pluripotighibitet em cells ate differentiated to a population of cglls
wher ei n gr gdCOBIBhaMA 8O of [t he ddIds in|the gdgul atijon exPl.@ss ndHrkers
char act er i sSMCOBIB1tGRF&tef i niti ve &nidoderm | i nédge usijng acf0.9in Ajand a Wit
| i gand. GSK3B inhibitor
MCDB131+GDF8 43.2 31.2 23.7

[0104] 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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4. The nmethod of claim 2, wherein the population of pluripotent stemcells
are differentiated to a population of cells wherein greater than 80% of the
cell s i n wbeoppasossati on express markers characteristic eCTiuseodeisiniti ve
endoderm | i neage using GDF-8 and at | east one other factor is selected from
the group consisting of: an aniline-pyridinotriazine, a cyclic

ani line-pyridinotriazine, N{ [1-(Phenyl nethyl)azepan-4-yl]nethyll

- 2-pyri di n-@natil g de, 4- { [4-(4- {
[2-(Pyridin-2- ylanlno)ethyl]anlno} 1,3,5-triazin-2-yl)pyridin-2- yl] oxy 1

butan-1-ol, 3 - {2- [thhyl(pyrld n-2-yl)yam no] ethyl} am no)-
1,3,5-triazinl2 f\qupﬁ lplapfnceﬁs yYheremergyphapiie et %? Cel]ﬁplklthe pprulitign

Fl uor ophenyl ) et RyddesMnadkerk afaéaf&re@’eﬁcrwtm RELAZE Bndod¥d meegyl ] pyrido[2, 3-
d] pyri m di ne- 2, 4-di am ne, 1-Methyl-N-[(4- pyrldln 3-yl-2- { [3-

((:;:: Ib];l(;cn){ gremt hy fz %ﬁ%@% ﬂ%ﬂagr@nqqq% ng‘-{a]i)ogﬁgtholnab% cells w}%é: e)lnrrgrtegl[erl tL %?O% tlhg e-4-

{5-[3-(3- hydrox%@ﬂﬁﬁ!ﬁ&ﬂb@@l@ﬁ&ia@l’é@s I%a&eltsrchar@&&lsné%ofmé befivao) phenyl ] et hyl }
carbamate, 1,1-D |neth¥leth yl [3 -( { 5-
1

[ 5- ( 3- hydr oxypr Gpgeds e%@wmasewgaﬁ@ﬁtmofl 3-oxazol - 2- vyl |
am no) phenyl ] met hyl | carbamate, 1-( {5- [6-( {4- [(4-Methylpip erazin-1-

yl) sul fonyl ] phenyla} camm@am%amdsm& Ydr]pb’féhﬂ@ﬁbﬁﬂelﬁ yl'l
met hyl ) pi peridin-4-ol, 1 -( {4- [6-( { [ (4- N%thylp i perazin-1

-yl ) sul fonyl ] pheny] |
/114 hi ophen- 2 y1 | Wtéﬁfﬁ; i ﬁ%euiat@a%@%mt% stegylipto appopulpjon
Met hyl et hyl ) phenyl ] aBf sk wikrerdr drédit@ pRa 0% ofl et deyid in-tife Sopiliabiyslegpyss i dof 4, 3-

d] pyri m di ne- 6(5H) - car boxam de. 5. The nethod of claim4, wherein the at
| ]eg.)slt one oth el(‘ ]Ic_l) act grrkes characteristic of the definitive endoderm lineage 'in me(?l

14- Prop- 2-en- 1y1- 3, Syherbth the codderdrbtile it ol et AGY¥&ERl 195%M. 1-2,6-.1 -8, 12
-] hept acosal(25), 2(27), 3,5, 8(26), 9, 11, 21, 23- nonaen- 16- one. 6. The met hod of

claim 2, wherein_ the caoncentration.of Gose does not exceed 5.5 nM
g The method of claim 9 wherein the% atlson of pluripotent stem cells are
differentiated to a population of cells wherein greater than 80% of the cells in
the population express markers characteristic of the definitive endoderm

lineage using activin A and a Wnt ligand.

4. The method of claim 2, wherein the population of pluripotent stem cells are
differentiated to a population of cells wherein greater than 80% of the cells in
the population express markers characteristic of the definitive endoderm
lineage using GDF-8 and at least one other factor is selected from the group
consisting of: an aniline-pyridinotriazine, a cyclic aniline-pyridinotriazine, N-
{[1-(Phenylmethyl)azepan-4-ylJmethyl}-2-pyridin-3-ylacetamide, 4- {[4-(4-
{[2-(Pyridin-2-ylamino)ethyl]amino}-1,3,5-triazin-2-yl)pyridin-2-
yl]oxy}butan-1-ol, 3-({3-[4-({2-[Methyl(pyridin-2-yl)amino]ethyl } amino)-
1,3,5-triazin-2-yl]pyridin-2-yl}amino)propan-1-ol, N~4~-[2-(3-
Fluorophenyl)ethyl]-N~2~-[3-(4-methylpiperazin-1-yl)propyl]pyrido[2,3-
d]pyrimidine-2,4-diamine, 1-Methyl-N-[(4-pyridin-3-yl-2-{[3-
(trifluoromethyl)phenyl]amino}-1,3-thiazol-5-yl)methyl]piperidine-4-
carboxamide, 1,1-Dimethylethyl {2-[4-({5-[3-(3-hydroxypropyl)phenyl]-4H-
1,2,4-triazol-3-yl}amino)phenyl]ethyl}carbamate, 1,1-Dimethylethyl {[3-({5-
[5-(3-hydroxypropyl)-2-(methyloxy)phenyl]-1,3-oxazol-2-
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yl}amino)phenyl]methyl}carbamate, 1-({5-[6-({4-[(4-Methylpiperazin-1-
yDsulfonyl]phenyl}amino)pyrazin-2-yl]thiophen-2-yl} methyl)piperidin-4-ol,
1-({4-[6-({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl}amino)pyrazin-2-
yl]thiophen-2-yl} methyl)piperidine-4-carboxamide, and 2-{[4-(1-
Methylethyl)phenyl]amino}-N-(2-thiophen-2-ylethyl)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5H)-carboxamide.

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

6. The method of claim 2, wherein the concentration of glucose does not exceed
5.5 mM.
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