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DIFFERENTIATION OF HUMAN EMBRYONIC STEM CELLS
CROSSREFERENCE TO RELATED APPLICATION

The present application claims the benefit of BP.Rvisional Patent Application
Serial No. 61/378,472, filed August 31, 2010, whincorporated herein by

reference in its entirety for all purpose.
FIELD OF THE INVENTION

The present invention provides methods to prontwedtfferentiation of pluripotent
stem cells into insulin producing cells. In pautar, the present invention provides a
method to produce a population of cells, whereeatgr than 85% of the cells in the

population express markers characteristic of thimitige endoderm lineage.
BACKGROUND

Advances in cell-replacement therapy for Type bdias mellitus and a shortage of
transplantable islets of Langerhans have focusedest on developing sources of
insulin-producing cells, db cells, appropriate for engraftment. One apprasithe
generation of functiond cells from pluripotent stem cells, such as, fcaraple,

embryonic stem cells.

In vertebrate embryonic development, a pluripotatitgives rise to a group of cells
comprising three germ layers (ectoderm, mesodemcheadoderm) in a process
known as gastrulation. Tissues such as, for exantipyroid, thymus, pancreas, gut,
and liver, will develop from the endoderm, via atermediate stage. The
intermediate stage in this process is the formatfatefinitive endoderm. Definitive
endoderm cells express a number of markers, syt¢tiNgs3 beta, GATA4, MIXL1,
CXCR4 and SOX17.

Formation of the pancreas arises from the difféaéioh of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic emtho@xpress the pancreatic-
duodenal homeobox gene, PDX1. In the absence KflPtbe pancreas fails to
develop beyond the formation of ventral and dobs@ls. Thus, PDX1 expression
marks a critical step in pancreatic organogen€bige mature pancreas contains,



among other cell types, exocrine tissue and ended¢issue. Exocrine and endocrine

tissues arise from the differentiation of pancieatidoderm.

[0006] Cells bearing the features of islet cells have ey been derived from embryonic
cells of the mouse. For example, Lumelskgl. (Science 292:1389, 2001) report
differentiation of mouse embryonic stem cells teuiln-secreting structures similar to
pancreatic islets. Sora al. (Diabetes 49:157, 2000) report that insulin-sioge
cells derived from mouse embryonic stem cells ndimaaglycemia in streptozotocin-

induced diabetic mice.

[0007] In one example, Hoert al. (PNAS 99: 16105, 2002) disclose that treatmemhofise
embryonic stem cells with inhibitors of phosphoitide 3-kinase (LY294002)
produced cells that resemblpaells.

[0008] In another example, Blyszczeakal. (PNAS 100:998, 2003) reports the generation of
insulin-producing cells from mouse embryonic stetiscconstitutively expressing
Pax4.

[0009] Micallef et al. reports that retinoic acid can regulate the comment of embryonic
stem cells to form PDX1 positive pancreatic endodeRetinoic acid is most
effective at inducing Pdx1 expression when addeditinres at day 4 of embryonic
stem cell differentiation during a period corresgiog to the end of gastrulation in
the embryo (Diabetes 54:301, 2005).

[00010] Miyazakiet al. reports a mouse embryonic stem cell line overesging Pdx1. Their
results show that exogenous Pdx1 expression cleaHgnced the expression of
insulin, somatostatin, glucokinase, neurogenin8, px6, and Hnfé genes in the
resulting differentiated cells (Diabetes 53: 103004).

[0010] Skoudyet al. reports that activin A (a member of the T@GBuperfamily) upregulates
the expression of exocrine pancreatic genes (pd&arylase) and endocrine genes
(Pdx1, insulin, and glucagon) in mouse embryoramstells. The maximal effect
was observed using 1nM activin A. They also obsthat the expression level of
insulin and Pdx1 mRNA was not affected by retiregad; however, 3nM FGF7
treatment resulted in an increased level of thestapt for Pdx1 (Biochem. J. 379:
749, 2004).
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Shirakiet al. studied the effects of growth factors that spealfy enhance
differentiation of embryonic stem cells into PDXdsjtive cells. They observed that
TGF{2 reproducibly yielded a higher proportion of PDpdsitive cells (Genes
Cells. 2005 Jun; 10(6): 503-16.).

Gordonet al. demonstrated the induction of brachyury [pos]fivtNF3 beta
[positive] endoderm cells from mouse embryonic stetis in the absence of serum
and in the presence of activin along with an irtbibof Wnt signaling (US
2006/0003446A1).

Gordonet al. (PNAS, Vol 103, page 16806, 2006) states “Wnt &864F-beta/ nodal/
activin signaling simultaneously were requiredtfoe generation of the anterior

primitive streak”.

However, the mouse model of embryonic stem celetiggment may not exactly

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

Thomsoret al. isolated embryonic stem cells from human blasttscgScience
282:114, 1998). Concurrently, Gearhart and cowsrllerived human embryonic
germ (hEG) cell lines from fetal gonadal tissuegi@blottet al., Proc. Natl. Acad.
Sci. USA 95:13726, 1998). Unlike mouse embryoteerscells, which can be
prevented from differentiating simply by culturimgth Leukemia Inhibitory Factor
(LIF), human embryonic stem cells must be mainthimeder very special conditions
(U.S. Pat. No. 6,200,806; WO 99/20741; WO 01/51616)

D’Amour et al. describes the production of enriched culturdsushan embryonic
stem cell-derived definitive endoderm in the preseof a high concentration of
activin and low serum (Nature Biotechnology 200%)ansplanting these cells under
the kidney capsule of mice resulted in differeniatinto more mature cells with
characteristics of some endodermal organs. Hummdmmy®nic stem cell-derived
definitive endoderm cells can be further differated into PDX1 positive cells after
addition of FGF-10 (US 2005/0266554A1).

D’Amour et al. (Nature Biotechnology - 24, 1392 - 1401 (2006)es: “We have
developed a differentiation process that convartedn embryonic stem (hES) cells

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



somatostatin, pancreatic polypeptide and ghrelinis process mimics vivo
pancreatic organogenesis by directing cells thraigbes resembling definitive
endoderm, gut-tube endoderm, pancreatic endodedreratocrine precursor en route
to cells that express endocrine hormones”.

[0018] In another example, Figk al. reports a system for producing pancreatic isésc
from human embryonic stem cells (US2006/0040387Ad this case, the
differentiation pathway was divided into three stagHuman embryonic stem cells
were first differentiated to endoderm using a camabon of sodium butyrate and
activin A. The cells were then cultured with T@Rntagonists such as Noggin in
combination with EGF or betacellulin to generatex@ositive cells. The terminal

differentiation was induced by nicotinamide.

[0019] There still remains a significant need to developtro methods to generate a
functional insulin expressing cell, that more clgsesemble @ cell. The present
invention takes an alternative approach to imptbeeefficiency of differentiating
human embryonic stem cells toward insulin expregsells, by generating a
population of cells wherein greater than 85% ofdéks in the population express

markers characteristic of the definitive endodeimadge.
SUMMARY

[0020] In one embodiment, the present invention providgspaulation of cells, wherein
greater than 85% of the cells in the populatiorresp markers characteristic of the

definitive endoderm lineage.

[0021] In embodiment, populations of pluripotent stemscalle differentiated into
populations of cells expressing markers charatiens the definitive endoderm
lineage by culturing the pluripotent stem cellsriadium supplemented with BSA and
a factor selected from the group consisting oflinsand IGF-1. In one embodiment,
differentiation of the population of pluripotenest cells toward a population of cells
expressing markers characteristic of the definémdoderm lineage is achieved by
treating the pluripotent stem cells with activirmAd a Wnt ligand.

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

a population of cells expressing markers charatterof the definitive endoderm
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lineage is achieved by treating the pluripotentnstells with GDF-8 and at least one
other factor is selected from the group consistihgan aniline-pyridinotriazine, a
cyclic aniline-pyridinotriazine, N-{[1-(Phenylmethgzepan-4-yllmethyl}-2-pyridin-
3-ylacetamide, 4-{[4-(4-{[2-(Pyridin-2-ylamino)etiigmino}-1,3,5-triazin-2-
yhpyridin-2-ylJoxy}butan-1-ol, 3-({3-[4-({2-[Methy(pyridin-2-
yl)amino]ethyl}amino)-1,3,5-triazin-2-yl]pyridin-34}amino)propan-1-ol, N~4~-[2-
(3-Fluorophenyl)ethyl]-N~2~-[3-(4-methylpiperaziny) propyl]pyrido[2,3-
d]pyrimidine-2,4-diamine, 1-Methyl-N-[(4-pyridin-8-2-{[3-
(trifluoromethyl)phenyllamino}-1,3-thiazol-5-yl)meyl]piperidine-4-carboxamide,
1,1-Dimethylethyl {2-[4-({5-[3-(3-hydroxypropyl)ph&yl]-4H-1,2,4-triazol-3-
yl}amino)phenyl]ethyl}carbamate, 1,1-DimethyletHyB-({5-[5-(3-hydroxypropyl)-
2-(methyloxy)phenyl]-1,3-oxazol-2-yl}amino)phenylgthyl}carbamate, 1-({5-[6-
({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl}amingyrazin-2-yl]thiophen-2-
yl}methyl)piperidin-4-ol, 1-({4-[6-({4-[(4-Methylpperazin-1-
yl)sulfonyl]phenyl}amino)pyrazin-2-yl]thiophen-2-yhethyl)piperidine-4-
carboxamide, and 2-{[4-(1-Methylethyl)phenyl]aminbl} (2-thiophen-2-ylethyl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the real-time PCR analysis of thpression of the genes indicated in
cells of the human embryonic stem cell line H1lfed#ntiated according to the

methods disclosed in Example 1.

Figure 2 shows the FACS analysis of the expressidine proteins indicated in cells
of the human embryonic stem cell line H1, differat®d according to the methods
disclosed in Example 1.

Figure 3 shows the real-time PCR analysis of th@ession of the genes indicated in
cells of the human embryonic stem cell line H1lfeddéntiated according to the

methods disclosed in Example 2.

Figure 4 shows the expression of SOX17 via immuwuo#scence in cells of the
human embryonic stem cell line H1, differentiatedading to the methods disclosed

in Example 2.
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Figure 5 shows the FACS analysis of the expressidine proteins indicated in cells
of the human embryonic stem cell line H1, differat®d according to the methods

disclosed in Example 2.

Figure 6 shows the real-time PCR analysis of th@ession of the genes indicated in
cells of the human embryonic stem cell line H1lfedéntiated according to the

methods disclosed in Example 3.

Figure 7 shows the expression of SOX17 via immuwaoé#scence in cells of the
human embryonic stem cell line H1, differentiatedading to the methods disclosed

in Example 3.

Figure 8 shows the expression of SOX17 via immuwuo#scence in cells of the
human embryonic stem cell line H1, differentiatedading to the methods disclosed

in Example 3.

Figure 9 shows the real-time PCR analysis of th@ession of the genes indicated in
cells of the human embryonic stem cell line H1lfedéntiated according to the

methods disclosed in Example 5.
DETAILED DESCRIPTION

For clarity of disclosure, and not by way of lintita, the detailed description of the
invention is divided into the following subsectiahsit describe or illustrate certain

features, embodiments or applications of the ptasgantion.
Definitions

Stem cells are undifferentiated cells defined kerthbility at the single cell level to
both self-renew and differentiate to produce prggeails, including self-renewing
progenitors, non-renewing progenitors, and ternyrdifferentiated cells. Stem cells
are also characterized by their ability to diffdrat@in vitro into functional cells of
various cell lineages from multiple germ layersde@serm, mesoderm and ectoderm),
as well as to give rise to tissues of multiple géaygrers following transplantation and
to contribute substantially to most, if not alssies following injection into
blastocysts.
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Stem cells are classified by their development#tmial as: (1) totipotent, meaning
able to give rise to all embryonic and extraembryaell types; (2) pluripotent,
meaning able to give rise to all embryonic cellegp(3) multipotent, meaning able to
give rise to a subset of cell lineages but all imith particular tissue, organ, or
physiological system (for example, hematopoieterstells (HSC) can produce
progeny that include HSC (self- renewal), blood rtricted oligopotent
progenitors, and all cell types and elements (plgtelets) that are normal
components of the blood); (4) oligopotent, mearahbp to give rise to a more
restricted subset of cell lineages than multipostern cells; and (5) unipotent,

meaning able to give rise to a single cell line@gg., spermatogenic stem cells).

Differentiation is the process by which an unspemd ("uncommitted”) or less
specialized cell acquires the features of a speetakell such as, for example, a
nerve cell or a muscle cell. A differentiated dfedentiation-induced cell is one that
has taken on a more specialized ("committed”) mosivithin the lineage of a cell.
The term “committed”, when applied to the procefsgifferentiation, refers to a cell
that has proceeded in the differentiation pathveag point where, under normal
circumstances, it will continue to differentiatéara specific cell type or subset of cell
types, and cannot, under normal circumstancegrdiitiate into a different cell type
or revert to a less differentiated cell type. Di¢éedentiation refers to the process by
which a cell reverts to a less specialized (or cattenh) position within the lineage of
a cell. As used herein, the lineage of a celingsfthe heredity of the cell, i.e., which
cells it came from and what cells it can give tse The lineage of a cell places the
cell within a hereditary scheme of development différentiation. A lineage-
specific marker refers to a characteristic spedgliffcassociated with the phenotype of
cells of a lineage of interest and can be useddess the differentiation of an

uncommitted cell to the lineage of interest.

“Cells expressing markers characteristic of thentefe endoderm lineage”, or
“Stage 1 cells”, or “Stage 1", as used herein,reefe cells expressing at least one of
the following markers: SOX17, GATA4, HNF3 beta, GEER1, Nodal, FGFS8,
Brachyury, Mix-like homeobox protein, FGF4 CD48eesodermin (EOMES),
DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, or OTX2. ells expressing markers
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characteristic of the definitive endoderm lineagdude primitive streak precursor

cells, primitive streak cells, mesendoderm cells$ definitive endoderm cells.

“Cells expressing markers characteristic of thecpzatic endoderm lineage”, as used
herein, refers to cells expressing at least ontkeofollowing markers: PDX1,
NKX6.1, HNF1 beta, PTF1 alpha, HNF6, HNF4 alphaXS0OHB9 or PROX1. Cells
expressing markers characteristic of the pancreatioderm lineage include

pancreatic endoderm cells, primitive gut tube c¢eligl posterior foregut cells.

“Definitive endoderm”, as used herein, refers thisoghich bear the characteristics of
cells arising from the epiblast during gastrulateom which form the gastrointestinal
tract and its derivatives. Definitive endoderm eikpress the following markers:
HNF3 beta, GATA4, SOX17, Cerberus, OTX2, goosecGiit, CD99, and MIXLL1.

"Markers", as used herein, are nucleic acid orpebyide molecules that are
differentially expressed in a cell of interest. this context, differential expression
means an increased level for a positive markeraatecreased level for a negative
marker. The detectable level of the marker nudeid or polypeptide is sufficiently
higher or lower in the cells of interest compareather cells, such that the cell of
interest can be identified and distinguished fraheocells using any of a variety of

methods known in the art.

“Pancreatic endocrine cell”, or “Pancreatic hormerpressing cell”, or “Cells
expressing markers characteristic of the pancreatiocrine lineage” as used herein,
refers to a cell capable of expressing at leastobiee following hormones: insulin,

glucagon, somatostatin, and pancreatic polypeptide.



I solation, Expansion and Culture of Pluripotent Stem Cells
Characterization of Pluripotent Stem Cells

[0041] Pluripotent stem cells may express one or mora@ttage-specific embryonic
antigens (SSEA) 3 and 4, and markers detectalhg asitibodies designated Tra-1-
60 and Tra-1-81 (Thomsa al., Science 282:1145, 1998). Differentiation of
pluripotent stem cellg vitro results in the loss of SSEA-4, Tra 1-60, and F&d 1
expression (if present) and increased expressi@5&fA-1. Undifferentiated
pluripotent stem cells typically have alkaline pbloatase activity, which can be
detected by fixing the cells with 4% paraformalddéyand then developing with
Vector Red as a substrate, as described by thefawarer (Vector Laboratories,
Burlingame Calif.). Undifferentiated pluripoteriem cells also typically express
OCT4 and TERT, as detected by RT-PCR.

[0042] Another desirable phenotype of propagated pluritateem cells is a potential to
differentiate into cells of all three germinal lageendoderm, mesoderm, and
ectoderm tissues. Pluripotency of pluripotent stefts can be confirmed, for
example, by injecting cells into severe combinethimodeficient (SCID) mice,
fixing the teratomas that form using 4% paraformeblgie, and then examining them
histologically for evidence of cell types from ttheee germ layers. Alternatively,
pluripotency may be determined by the creationnatbiyoid bodies and assessing the
embryoid bodies for the presence of markers assakcwith the three germinal

layers.

[0043] Propagated pluripotent stem cell lines may be Kgpexd using a standard G-banding
technique and compared to published karyotypeleo€orresponding primate
species. Itis desirable to obtain cells that reteormal karyotype," which means
that the cells are euploid, wherein all human closomes are present and not

noticeably altered.
Sources of Pluripotent Sem Cells

[0044] The types of pluripotent stem cells that may beluselude established lines of
pluripotent cells derived from tissue formed afiestation, including pre-embryonic

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



time during gestation, typically but not necesgdiéfore approximately 10 to 12
weeks gestation. Non-limiting examples are esthbli lines of human embryonic
stem cells or human embryonic germ cells, sucloagxample the human
embryonic stem cell lines H1, H7, and H9 (WiCeM)so contemplated is use of the
compositions of this disclosure during the inigatablishment or stabilization of such
cells, in which case the source cells would be annpluripotent cells taken directly
from the source tissues. Also suitable are cakert from a pluripotent stem cell
population already cultured in the absence of feedis. Also suitable are mutant
human embryonic stem cell lines, such as, for exeng:01v (BresaGen, Athens,
GA).

[0045] In one embodiment, human embryonic stem cells @pgred as described by
Thomsoret al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1@98;. Top. Dev.
Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. UAS92:7844, 1995).

Culture of Pluripotent Stem Cells

[0046] In one embodiment, pluripotent stem cells are cettwon a layer of feeder cells that
support the pluripotent stem cells in various waksiernatively, pluripotent stem
cells are cultured in a culture system that isresaléy free of feeder cells, but
nonetheless supports proliferation of pluripoteatrscells without undergoing
substantial differentiation. The growth of pluripot stem cells in feeder-free culture
without differentiation is supported using a medicomditioned by culturing
previously with another cell type. Alternativetize growth of pluripotent stem cells
in feeder-free culture without differentiation igpported using a chemically defined

medium.

[0047] In one embodiment, pluripotent stem cells may beiced on a mouse embryonic
fibroblast feeder cell layer according to the methdisclosed in Reubinoét al
(Nature Biotechnology 18: 399 - 404 (2000)). Atiatively, pluripotent stem cells
may be cultured on a mouse embryonic fibroblasideeell layer according to the
methods disclosed in Thompsetral (Science 6 November 1998: Vol. 282. no. 5391,
pp. 1145 — 1147). Alternatively, pluripotent steeils may be cultured on any one of
the feeder cell layers disclosed in Richaadal, (Stem Cells 21: 546-556, 2003).
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In one embodiment, pluripotent stem cells may beuced on a human feeder cell
layer according to the methods disclosed in Weirad) (Stem Cells 23: 1221-1227,
2005). In an alternate embodiment, pluripoteninstells may be cultured on the
human feeder cell layer disclosed in Stojkastial (Stem Cells 2005 23: 306-314,
2005). Alternatively, pluripotent stem cells mag/ dultured on the human feeder cell
layer disclosed in Miyamotet al (Stem Cells 22: 433-440, 2004). Alternatively,
pluripotent stem cells may be cultured on the hufeader cell layer disclosed in
Amit et al (Biol. Reprod 68: 2150-2156, 2003). Alternativghuripotent stem cells
may be cultured on the human feeder cell layeldabsd in Inzunzat al (Stem Cells
23: 544-549, 2005).

In one embodiment, pluripotent stem cells may bdeiced in culture media derived
according to the methods disclosed in US2002007.2Riférnatively, pluripotent
stem cells may be cultured in culture media deraecbrding to the methods
disclosed in US6642048. Alternatively, pluripotstem cells may be cultured in
culture media derived according to the methoddalsd in WO2005014799.
Alternatively, pluripotent stem cells may be cu#tdrin culture media derived
according to the methods disclosed inetal (Stem Cells 22: 972-980, 2004).
Alternatively, pluripotent stem cells may be cu#tdrin culture media derived
according to the methods disclosed in US20070010@&lternatively, pluripotent
stem cells may be cultured in culture media deraecbrding to the methods
disclosed in US20050233446. Alternatively, plutgrd stem cells may be cultured
in culture media derived according to the methddslosed in US6800480.
Alternatively, pluripotent stem cells may be cu#tdrin culture media derived
according to the methods disclosed in WO2005065354.

In one embodiment, pluripotent stem cells may beuced according to the methods
disclosed in Cheod al (BioReprod DOI:10.1095/biolreprod.105.046870, Meto

19, 2005). Alternatively, pluripotent stem cellayrbe cultured according to the
methods disclosed in Levensteiral (Stem Cells 24: 568-574, 2006). Alternatively,
pluripotent stem cells may be cultured accordintheomethods disclosed in
US20050148070. Alternatively, pluripotent stem<eiay be cultured according to
the methods disclosed in US20050244962. Alterabtj\pluripotent stem cells may
be cultured according to the methods disclosed @2005086845.

11
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The pluripotent stem cells may be plated onto tablé culture substrate. In one
embodiment, the suitable culture substrate is @&raeadlular matrix component, such
as, for example, those derived from basement marmalwathat may form part of
adhesion molecule receptor-ligand couplings. le embodiment, the suitable culture
substrate is MATRIGEL® (Becton Dickenson). MATRIGE&Ls a soluble

preparation from Engelbreth-Holm Swarm tumor ceilst gels at room temperature

to form a reconstituted basement membrane.

Other extracellular matrix components and componertures are suitable as an
alternative. Depending on the cell type beingiferted, this may include laminin,
fibronectin, proteoglycan, entactin, heparan salfahd the like, alone or in various

combinations.

The pluripotent stem cells may be plated onto thessate in a suitable distribution
and in the presence of a medium that promotesaelival, propagation, and
retention of the desirable characteristics. Adish characteristics benefit from careful
attention to the seeding distribution and can tgdm determined by one of skill in
the art.

Suitable culture media may be made from the foll@réomponents, such as, for
example, Dulbecco's modified Eagle's medium (DMEGijco # 11965-092;
Knockout Dulbecco's modified Eagle's medium (KO DM)EGibco #10829-018;
Ham's F12/50% DMEM basal medium; 200 mM L-glutami@éco # 15039-027;
non-essential amino acid solution, Gibco 11140-@B5®ercaptoethanol, Sigma #
M7522; human recombinant basic fibroblast growtiida(bFGF), Gibco # 13256-
029.

Formation of Cells Expressing Markers Characteristic of the Definitive

Endoderm Lineage from Pluripotent Stem Cells

The present invention provides methods for the &iom of populations of cells
expressing markers characteristic of the definiimdoderm lineage from populations
of pluripotent stem cells. In one embodiment,ghesent invention provides methods
to further differentiate the cells expressing masksharacteristic of the definitive
endoderm lineage into cells expressing markereepancreatic endocrine lineage.

In one embodiment, this is achieved utilizing gstese differentiation protocol,

12
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wherein populations of pluripotent stem cells argt tifferentiated into populations
of cells expressing markers characteristic of thiendive endoderm lineage. Next,
the populations of cells expressing markers charstic of the definitive endoderm
lineage are then differentiated into populationseaifs expressing markers
characteristic of the pancreatic endoderm linedgext, the populations of cells
expressing markers characteristic of the pancreatioderm lineage are then
differentiated into populations of cells expressingrkers characteristic of the

pancreatic endocrine lineage.

The present invention provides a population ofscetherein greater than 85% of the
cells express markers characteristic of the defamgndoderm lineage. The
population of cells may be further treated to famopulation of cells expressing
markers characteristic of the pancreatic endodereadje. The population of cells
expressing markers characteristic of the pancreatioderm lineage may be further
treated to form a population of cells expressingkeis characteristic of the

pancreatic endocrine lineage.

The efficiency of differentiation may be determingdexposing a treated cell
population to an agent (such as an antibody) tretically recognizes a protein

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

Methods for assessing expression of protein anttiwugcid markers in cultured or
isolated cells are standard in the art. Thesed®chuantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern bilotsitu hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausulgthl., eds. 2001 supplement)), and
immunoassays such as immunohistochemical analiysectioned material, Western
blotting, and for markers that are accessible tadicells, flow cytometry analysis
(FACS) (see, e.g., Harlow and Lane, Using Antibsdi@ Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).

Characteristics of pluripotent stem cells are wethwn to those skilled in the art, and
additional characteristics of pluripotent stemgselbntinue to be identified.
Pluripotent stem cell markers include, for examtile,expression of one or more of
the following: ABCGZ2, cripto, FOXD3, CONNEXIN43, QOINEXIN45, OCT4,
SOX2, NANOG, hTERT, UTF1, ZFP42, SSEA-3, SSEA-A Tr60, Tra 1-81.

13
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After treating pluripotent stem cells with the madl of the present invention, the
differentiated cells may be purified by exposingeated cell population to an agent
(such as an antibody) that specifically recognaesotein marker, such as CXCR4,
expressed by cells expressing markers characteoistihe definitive endoderm

lineage.

Pluripotent stem cells suitable for use in the @nésnvention include, for example,
the human embryonic stem cell line H9 (NIH code: 984 the human embryonic
stem cell line H1 (NIH code: WAOQ1), the human endmig stem cell line H7 (NIH
code: WAQ7), and the human embryonic stem cell8A802 (Cellartis, Sweden).
Also suitable for use in the present inventioncaks that express at least one of the
following markers characteristic of pluripotentlsel ABCGZ2, cripto, CD9, FOXD3,
CONNEXIN43, CONNEXIN45, OCT4, SOX2, NANOG, hTERTB1, ZFP42,
SSEA-3, SSEA-4, Tra 1-60, and Tra 1-81.

Markers characteristic of the definitive endodeime&ge are selected from the group
consisting of SOX17, GATA4, HNF3 beta, GSC, CERadAl, FGF8, Brachyury,
Mix-like homeobox protein, FGF4, CD48, eomesoder(BOMES), DKK4, FGF17,
GATAG, CXCR4, C-Kit, CD99, and OTX2. Suitable fase in the present invention
is a cell that expresses at least one of the madteracteristic of the definitive
endoderm lineage. In one aspect of the preseahtion, a cell expressing markers
characteristic of the definitive endoderm lineaga primitive streak precursor cell.
In an alternate aspect, a cell expressing markemsacteristic of the definitive
endoderm lineage is a mesendoderm cell. In amali aspect, a cell expressing
markers characteristic of the definitive endodemadge is a definitive endoderm
cell.

Markers characteristic of the pancreatic endodargabe are selected from the group
consisting of PDX1, NKX6.1, HNF1 beta, PTF1 alpHAIF6, HNF4 alpha, SOX9,
HB9 and PROX1. Suitable for use in the presergmtion is a cell that expresses at
least one of the markers characteristic of the mgatic endoderm lineage. In one
aspect of the present invention, a cell expressiackers characteristic of the

pancreatic endoderm lineage is a pancreatic enaodelt.
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Markers characteristic of the pancreatic endodiimeage are selected from the group
consisting of NGN3, NEUROD, ISL1, PDX1, NKX6.1, PAXNGN3, and PTF1
alpha. In one embodiment, a pancreatic endocehésccapable of expressing at
least one of the following hormones: insulin, glgea, somatostatin, and pancreatic
polypeptide. Suitable for use in the present itieenis a cell that expresses at least
one of the markers characteristic of the pancrestaocrine lineage. In one aspect of
the present invention, a cell expressing markeasatteristic of the pancreatic
endocrine lineage is a pancreatic endocrine @é¢le pancreatic endocrine cell may
be a pancreatic hormone-expressing cell. Altevebtj the pancreatic endocrine cell

may be a pancreatic hormone-secreting cell.

In one aspect of the present invention, the paticreadocrine cell is a cell
expressing markers characteristic of fheell lineage. A cell expressing markers
characteristic of th@ cell lineage expresses PDX1 and at least oneedilfowing
transcription factors: NGN3, NKX2.2, NKX6.1, NEURQI5L1, HNF3 beta,
MAFA, PAX4, and PAX6. In one aspect of the presamention, a cell expressing

markers characteristic of tlfeecell lineage is § cell.

Formation of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage from Pluripotent Sem Cells

In one aspect of the present invention, populatadnduripotent stem cells may be
differentiated into populations of cells expressingrkers characteristic of the
definitive endoderm lineage by culturing the plotignt stem cells in medium lacking
serum and supplemented with BSA and a factor saldobm the group consisting of
insulin and IGF-1. In one embodiment, differentiatof the population of
pluripotent stem cells toward a population of cekpressing markers characteristic
of the definitive endoderm lineage is achievedrkegting the pluripotent stem cells

with activin A and a Wnt ligand.

In an alternate embodiment, differentiation of plogulation of pluripotent stem cells
toward a population of cells expressing markersasttaristic of the definitive
endoderm lineage is achieved by treating the pbteipt stem cells with GDF-8 and at
least one other factor is selected from the grausisting of: an aniline-

pyridinotriazine, a cyclic aniline-pyridinotriazindl-{[1-(Phenylmethyl)azepan-4-
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ylmethyl}-2-pyridin-3-ylacetamide, 4-{[4-(4-{[2-(Fridin-2-ylamino)ethyl]amino}-
1,3,5-triazin-2-yl)pyridin-2-ylJoxy}butan-1-ol, 3{8-[4-({2-[Methyl(pyridin-2-
yl)amino]ethyl}amino)-1,3,5-triazin-2-yl]pyridin-34}amino)propan-1-ol, N~4~-[2-
(3-Fluorophenyl)ethyl]-N~2~-[3-(4-methylpiperazinyl) propyl]pyrido[2,3-
d]pyrimidine-2,4-diamine, 1-Methyl-N-[(4-pyridin-8-2-{[3-
(trifluoromethyl)phenyllamino}-1,3-thiazol-5-yl)meyl]piperidine-4-carboxamide,
1,1-Dimethylethyl {2-[4-({5-[3-(3-hydroxypropyl)pheyl]-4H-1,2,4-triazol-3-
yl}amino)phenyl]ethyl}carbamate, 1,1-DimethyletHyB-({5-[5-(3-hydroxypropyl)-
2-(methyloxy)phenyl]-1,3-oxazol-2-yl}amino)phenylgthyl}carbamate, 1-({5-[6-
({4-[(4-Methylpiperazin-1-yl)sulfonyl]phenyl}amingyrazin-2-yl]thiophen-2-
yl}methyl)piperidin-4-ol, 1-({4-[6-({4-[(4-Methylpperazin-1-
yh)sulfonyl]phenyl}amino)pyrazin-2-yl]thiophen-2-yhethyl)piperidine-4-
carboxamide, and 2-{[4-(1-Methylethyl)phenyl]aminbl} (2-thiophen-2-ylethyl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamid&xamples of the factors
suitable for use may be found in US Patent AppbcaSerial Number 12/494,789. In
one embodiment, the at least one other factor-iBrbp-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.

The population of pluripotent stem cells may bdauwreld in the medium lacking
serum and supplemented with BSA and a factor ssldobm the group consisting of
insulin and IGF-1 for about one day to about sedays. Alternatively, the
population of pluripotent stem cells may be cultuirethe medium lacking serum and
supplemented with BSA and a factor selected frogrgtioup consisting of insulin and
IGF-1 for about one day to about six days. Altéusdy, the population of
pluripotent stem cells may be cultured in the mediacking serum and
supplemented with BSA and a factor selected frogrgtioup consisting of insulin and
IGF-1 for about one day to about five days. Al&ively, the population of
pluripotent stem cells may be cultured in the mediacking serum and
supplemented with BSA and a factor selected frogrgtioup consisting of insulin and
IGF-1 for about one day to about four days. Alatiely, the population of
pluripotent stem cells may be cultured in the mediacking serum and
supplemented with BSA and a factor selected frogrgtioup consisting of insulin and
IGF-1 for about four days.
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In one embodiment, the GDF-8 is used at a condamritom about 5 ng/ml to about
500 ng/ml. In an alternate embodiment, the GDE-8sked at a concentration from

about 5 ng/ml to about 50 ng/ml. In an alternadediment, the GDF-8 is used at a
concentration from about 5 ng/ml to about 25 ng/inlan alternate embodiment, the

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

Activin-A may be used at a concentration from aldqud/ml to about 1Q@/ml. In

an alternate embodiment, the concentration maybata pg/ml to aboutlg/ml. In
another alternate embodiment, the concentrationbmeagbout 1pg/ml to about
100ng/ml. In another alternate embodiment, theentration may be about 50ng/ml
to about 100ng/ml. In another alternate embodimtéetconcentration may be about
100ng/ml.

The Wnt ligand may be selected from the group atimgj of Wnt-1, Wnt-3a, Wnt-5a
and Wnt-7a. In one embodiment, the Wnt ligand ig\/ In an alternate

embodiment, the Wnt ligand is Wnt-3a.

The Wnt ligand may be used at a concentration ofiabng/ml to about 1000ng/ml.
In an alternate embodiment, the Wnt ligand maydeslat a concentration of about
10ng/ml to about 100ng/ml. In one embodiment,civecentration of the Wnt ligand
is about 20ng/ml.

In one embodiment, insulin is used at a concepmmdtiom about 1 ng/ml to about 100

ng/ml.

In one embodiment, IGF-1 is used at a concentrditamn about 1 ng/ml to about 200

ng/ml.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm
Lineage

In one embodiment, populations of cells expressiagkers characteristic of the
definitive endoderm lineage formed by the methdds® present invention are
further differentiated into populations of cellpeassing markers characteristic of the
pancreatic endoderm lineage by any method in the ar
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For example, populations of cells expressing markbaracteristic of the definitive
endoderm lineage obtained according to the metbbtee present invention may be
further differentiated into populations of cellpeassing markers characteristic of the
pancreatic endoderm lineage by treating the pojpulaif cells expressing markers
characteristic of the definitive endoderm lineageoading to the methods disclosed
in D’Amour et al, Nature Biotechnology 24, 1392 - 1401 (2006).

For example, populations of cells expressing markbaracteristic of the definitive
endoderm lineage obtained according to the metbbtie present invention may be
further differentiated into populations of cellpeessing markers characteristic of the
pancreatic endoderm lineage by treating the pojpulaif cells expressing markers
characteristic of the definitive endoderm lineageaading to the methods disclosed
in US patehapplication Ser. No. 11/736,908.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endocrine

Lineage

In one embodiment, populations of cells expressiagkers characteristic of the
pancreatic endoderm lineage are further differégdianto populations of cells
expressing markers characteristic of the pancreatiocrine lineage by any method

in the art.

For example, populations of cells expressing markbaracteristic of the pancreatic
endoderm lineage may be further differentiated pdpulations of cells expressing
markers characteristic of the pancreatic endodiieage, by treating the population
of cells expressing markers characteristic of thecpeatic endoderm lineage

according to the methods disclosed in D’ Ametal, Nature Biotechnology, 2006.

For example, populations of cells expressing markbaracteristic of the pancreatic
endoderm lineage may be further differentiated pudpulations of cells expressing
markers characteristic of the pancreatic endodiieage, by treating the population
of cells expressing markers characteristic of tecpeatic endoderm lineage
according to the methods disclosed in D’ Ametual, Nature Biotechnology, 2006.

For example, populations of cells expressing markbaracteristic of the pancreatic

endoderm lineage may be further differentiated pdpulations of cells expressing
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markers characteristic of the pancreatic endodieage, by treating the population
of cells expressing markers characteristic of thecpeatic endoderm lineage
according to the methods disclosed in US paterniicgion Ser. No. 11/736,908.

For example, populations of cells expressing markbaracteristic of the pancreatic
endoderm lineage may be further differentiated pdpulations of cells expressing
markers characteristic of the pancreatic endodmeage, by treating the population
of cells expressing markers characteristic of tecpeatic endoderm lineage
according to the methods disclosed in US patenitcgion Ser. No. 11/779,311.

For example, populations of cells expressing markbaracteristic of the pancreatic
endoderm lineage may be further differentiated pudpulations of cells expressing
markers characteristic of the pancreatic endodimeage, by treating the population
of cells expressing markers characteristic of tecpeatic endoderm lineage
according to the methods disclosed in US pateriicgtion Ser. No. 60/953,178.

For example, populations of cells expressing markbaracteristic of the pancreatic
endoderm lineage may be further differentiated pdpulations of cells expressing
markers characteristic of the pancreatic endodieage, by treating the population
of cells expressing markers characteristic of tecpeatic endoderm lineage
according to the methods disclosed in US pateriicgtion Ser. No. 60/990,529.

The present invention is further illustrated, bat imited by, the following

examples.
EXAMPLES
Example 1

The Roleof Insulin in the Differentiation of Human Pluripotent Stem Cellsto
Cells Expressing Markers Characteristic of the Definitive Endoder m Lineage:
Cluster Seeding

Previous studies have shown that a high concemntrafi FBS is detrimental to the
formation of definitive endoderm (DE) from embryoistem cells. See, for example,
D’Amour et al., Nature Biotechnology, 2005, where the inducbbdefinitive

endoderm from human embryonic stem cells was sogmifly increased when the
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FBS concentration was reduced from 10% FBS to 85-BS. Similar observations
were reported, wherein addition of 25 ng/ml of I&FR200 ng/ml of insulin to 2%
FBS to ES cells cultured in MEF-CM (mouse embrydimblast conditioned
media) decreased the expression of SOX17 by appedgly70% following treatment
with activin A. See McLeast al, Stem Cells 25:29-38, 2007.

The inhibitory effect observed was likely due te firesence of insulin or IGF in the
FBS, triggering the Phosphatidylinositol 3-Kinasghway. See McLea#t al, Stem
Cells 25:29-38, 2007. Blockade of the PI-3 kingig@aling pathway increased
percentage of Sox17 positive cells in human ES eeiltured in MEF-CM (mouse
embryonic fibroblast conditioned media). See MalLetzal, Stem Cells 25:29-38,
2007.

These data suggest that it would be expected dtiti@n of as little as 25 ng/ml of
IGF or 200 ng/ml of insulin to media containingigict A and low concentration of
FBS (0.5-2 % FBS) would block the formation of défve endoderm. Typical
concentration of IGF and insulin in FBS is approaiety 70 ng/mlJ. Clin. Invest.
76:4, 1985) and approximately 60 ng/ml (In Vitrolldzev Biol. 32:8-12, 1996),
respectively. This translates to approximatelyrighnl of IGF and approximately
1.2 ng/ml of insulin in 2% FBS.

Cells of the human embryonic stem cells line H10(p5%2) were cultured on
MATRIGEL® (1:30 dilution) (BD Biosciences; Cat # 356231)atal dishes in MEF-
CM (mouse embryonic fibroblast conditioned medig)emented with 16 ng/ml of
FGF2 (Catalog# 100-18B, PeproTech, NJ), and difteeeed into cells expressing

markers characteristic of the definitive endodemadge as follows:

a. RPMI medium supplemented with 2% fatty acid-freeABEatalog#
68700, Proliant, IA), and 100 ng/ml activin A (R&ystems, MN) plus
20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systei$|) for one
day, then

b. RPMI medium supplemented with 2% BSA and 100 nglctivin A for

an additional three days.
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In some of the cultures, the cells were treateti wie following dilution of ITS-X
(Catalogue# 51500-05Bitrogen, CA): 0, 1:19 1:5 X 16, 1:1¢, 1:1¢. ITS-X is

a serum replacement supplemented comprised of mihagAnsulin, 0.55 mg/ml of
Transferrin , 0.00067 mg/ml of Sodium Selenite, Brimg/ml of Ethanolamine.
The range of dilutions of ITS-X correspond to Gygiml, 2 ng/ml, 10 ng/ml, and 100
ng/ml of insulin. As a control, 0.2% FBS (CataleguSH30070.03, Hyclone, UT)
was used for day 1 of differentiation, 0.5% FBSa&y 2 and 2% FBS was used for
days 3-4. The FBS treated cultures were not supgiéed with ITS-X.

At day 4, samples were collected for FACS and gemeession analysis using real-
time PCR. Surprisingly, as shown in Figure 1, &ddiof 1-100 ng/ml of insulin to
the medium used to differentiate the cells, didsighificantly affect the expression
of markers associated with definitive endoderm (PQXSOX17, and CXCR4),
markers associated with mesenchyme (T, also knevBrach), or extraembryonic
markers (SOX7, AFP). Furthermore, cultures treatitd medium supplemented
with 2% BSA showed significantly higher expressadmnmarkers associated with
definitive endoderm, than cultures treated with medsupplemented with 0.5-2%
FBS.

These observations were further supported by theesgion of CXCR4 and CD9, as
determined by FACS, for the various treatmentse Hgure 2. The cell surface
receptor CXCR4 has been previously shown to ber&enaf definitive endoderm.
CD?9 is a marker for undifferentiated ES cells. €squently, an increase in the
expression of CXCR4, and a decrease in the expres$iCD9 in a population of
cells is indicative for the formation of definitiedoderm. As summarized in Table
I, no significant change in the expression of CXC&€D9 was observed in cells
treated with medium supplemented with BSA, at amycentration of insulin tested.
These data suggest that insulin is not inhibitarha concentrations tested in the

culture medium employed in these studies.

Table I.
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Treatment % CXCR4+CD9{ % CXCR4-CD9+% CXCR4-CD9-
FBS 56 27 9
BSA 69 13 13

BSA + 1 70 13 10
ng/ml insulin

BSA +5 67 15 12
ng/ml insulin

BSA + 10 69 13 13

ng/ml insulin

BSA + 100 73 12 9

ng/ml insulin
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Example 2

The Roleof Insulin in the Differentiation of Human Pluripotent Stem Cellsto
Cells Expressing Markers Characteristic of the Definitive Endoderm Lineage:
Single Cell Seeding

Cells of the human embryonic stem cells line H10{p52) were seeded as single
cells at a density of 100000 cellsfcon MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231)- coated dishes in MEF{@Muse embryonic fibroblast
conditioned media) supplemented with 16 ng/ml oFE@Catalog# 100-18B,
PeproTech, NJ) and 1M of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigm
MO). 72 hrs post seeding, cultures were diffesgatl into definitive endoderm (DE)

as follows:

a. MCDB-131 (Catalogue# 10372-019, Invitrogen, CA) ied
supplemented with 2% fatty acid-free BSA (Catal6§#00, Proliant, 1A),
0.0025 g/ml sodium bicarbonate (Catalogue # S3%&ima, MO), 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ga) 400 ng/ml
activin A (R&D Systems, MN) plus 20 ng/ml WNT-3adtalog# 1324-
WN-002, R&D Systems, MN) for one day, then

b. MCDB-131 medium supplemented with 2% BSA, sodiunakbionate,
Glutamax, and 100 ng/ml activin A for an additiotiakee days.

In some of the cultures, the cells were treatedl the following concentrations of
insulin (Catalogue# 19278igma, MO): 0, 1, 10, 100, 1000, or 10000 ng/mt.day
4, samples were collected for FACS and gene exipreasalysis using real-time
PCR.

Addition of 1-100ng/ml insulin to the medium useddifferentiate the cells, did not
significantly affect the expression of markers assted with definitive endoderm
(FOXA2, SOX17, CER1, and CXCR4). Similarly, thgpeassion of embryonic
markers (NANOG), or extraembryonic markers (SOXFPAwere not affected. See
Figure 3. Addition of 1-1@ug/ml of insulin, however, did increase expressibn o

NANOG. These data were further supported by imnmfluarescence (IF) staining
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for the definitive endoderm marker SOX17 (Catalogd&1924, R & D systems,
MN) (Figure 4).

Figure 5 depicts the CXCR4 and CD9 expression lerofithe various treatments as
measured by FACS analysis. As summarized in Tiabbaly at super physiological
concentrations of insulin (1-30y/ml) there was a decrease in the percentage of
CXCR4+CDB9- cells and an increase in expressiontR4-CD9+ fraction. These
data suggest that in the conditions in this stodyy superphysiological
concentrations of insulin inhibit the formationd#finitive endoderm.

Table II.

Treatment % CXCR4+CD94 % CXCR4-CD9+4%6 CXCR4-CD9-
BSA 96 1.3 0.9
BSA+ 1 ng/ml 96 15 0.7
insulin
BSA + 10 95 1.4 0.7
ng/ml insulin
BSA + 100 90 4.1 2
ng/ml insulin
BSA +1 90 3.6 2.2
pug/ml insulin
BSA + 10 84 6.6 4.7
pug/ml insulin
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Example 3

The Role of IGF in the Differentiation of Human Pluripotent Stem Cellsto Cells
Expressing Markers Characteristic of the Definitive Endoderm Lineage: Single
Cell Seeding

Cells of the human embryonic stem cells line H10{p52) were seeded as single
cells at a density of 100000 cellsfcom MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231)- coated dishes in MEF{@use embryonic fibroblast
conditioned media) supplemented with 16 ng/ml oFEG@Catalog# 100-18B,
PeproTech, NJ) and 1M of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigm
MO). 72 hrs post seeding, cultures were diffeegatl into definitive endoderm (DE)

as follows:

a. MCDB-131 (Catalogue# 10372-019, Invitrogen, CA) ied
supplemented with 2% fatty acid-free BSA (Catal6§#00, Proliant, 1A),
0.0025 g/ml sodium bicarbonate (Catalogue # S3%&jma, MO) , 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ga) 400 ng/ml
GDF8 (Catalogue# 120-00, PeproTech, NJ) plusuf the GSK3B
inhibitor 14-Prop-2-en-1-yI-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-on®f@ day, then

b. MCDB-131 medium supplemented with 2% BSA, sodiunakbionate,
Glutamax, and 100 ng/ml GDF-8 for an additionaééhdays.

In some of the cultures, the cells were treatedl the following concentrations of
IGF (Catalogue# AF10®eproTech, NJ): 0, 1, 10, 50, or 200 ng/ml. Asmtrol,
instead of BSA, 0.2% FBS (Catalogue# SH30070.08]dte, UT) was used for day
1 of differentiation, and 2% FBS was used for d2ys Some of the FBS treated
cultures were also treated with various concemnatof IGF.

At day 4, samples were collected for FACS and gepeession analysis using real-
time PCR.
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Surprisingly, addition of 1-200 ng/ml of IGF to BS#Aeated cultures did not
significantly affect the expression of expressibmarkers associated with definitive
endoderm (FOXA2, SOX17,CER1, and CXCR4), when coegavith control
samples not treated with IGF (Figure 6). Simiksuits were observed with
extraembryonic markers (SOX7, AFP). Addition ofZBI0 ng/ml of IGF did increase

expression of the embryonic marker NANOG.

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

As summarized in Table Ill, only at super physiatad concentrations of IGF (50-
200 ng/ml) in BSA treated cultures there was a dinggxpression of CXCR4+CD9-
cells and an increase in expression of CXCR4-CD&etibn. However, with
increasing doses of IGF, FBS treated cultures st@vmore significant drop in
expression of CXCr4+CD9- fraction as compared té\B®ated cultures. The above
examples collectively show that in the absenceBS Fphysiological concentrations

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

Table 111

Treatment % CXCR4+CD9{ % CXCR4-CD9+#%6 CXCR4-CD9-
BSA 92 0.9 2.6
FBS 93 2.7 5.9
BSA+1 92 0.8 3
ng/ml IGF
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FBS + 1 ng/ml 89 3 3.6
IGF

BSA + 10 90 1.3 5.3
ng/ml IGF
FBS + 10 87 6.4 3.3
ng/ml IGF
BSA + 50 87 6 3.5
ng/ml IGF
FBS + 50 78 6.8 13.2
ng/ml IGF
BSA + 200 79 10 8
ng/ml IGF
FBS + 200 70 134 12.9
ng/ml IGF
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Example 4

| GF Concentrationsin VariousLotsof FBS

An IGF-1 Kit was purchased from Diagnostic Systérabkoratories (DSL) (Cat.
DSL-10-2800) and was used for the detection. Twamtro liters (2Qul) of serum
(duplicates) were pre-treated and thenuR6f diluted sample was used for assay. For
medium samples, 20l of samples were directly used for assay. Thayasss
performed following the instruction provided by tkie This kit can detect both
human and bovine IGF-1 as the 2 monoclonal antésodsed for the kit are against to

the homolog peptide sequences.

Test samples: The following test samples were used:

4A/5A: Hyclone Newborn Calf Serum; Lot AKM12868
4B/5B: NIH-FBS (from aliquot@ -20 C)

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

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

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

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

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

Control Samples. The following control samples were used:

Background: “0” IGF-1 (negative control, from kif12 sample listed above is also

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

Results: The sensitivity of the assay for serura gr@ater than10 ng/ml; and for

medium was greater than 0.1 ng/ml.
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Known positives Concentration SE
(ng/ml) determined by the
Assay (ng/ml)

127 ng/ml 126.8 8.2

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

(ng/ml)

4A/5A Hyclone Newborn Calf Serum; Lot AKM12868 28.7 0.41
4B/5B NIH-FBS (from aliquot@ -20 C) 49.16 2.68
4C/5C Hyclone FBS, Lot: ATK33398 80.29 5.39
4D/5D Hyclone FBS, Lot: AUK 54924 76.45 1.99

Human serum, Lot: A70184, from Valley 55.65 2.28
4E/5E Biomedical Inc.
AF/5F Knockout Serum; Invitrogen, Lot: 557914 12.07 0.15
4G/5G F12 DMEM, Invitrogen, Lot: 692281 ND* ND
4H/5H MEF-Condition Medium, Lot: 011410 (Day 5) 33 0.07

Example5

Roleof Insulin/ IGF and FBSin the Differentiation of Human Pluripotent Stem
Cellsto Cells Expressing Markers Characteristic of the Definitive Endoderm
Lineage: Single Cell Seeding

Cells of the human embryonic stem cells line H10{p52) were seeded as single
cells at a density of 100000 cellsfcom MATRIGEL® (1:30 dilution) (BD
Biosciences; Cat # 356231) - coated dishes in MEF(@ouse embryonic fibroblast
conditioned media) supplemented with 16 ng/ml oFE@Catalog# 100-18B,
PeproTech, NJ) and 1M of Y27632 (Rock inhibitor, Catalogue# Y0503, Sigm
MO). 72 hrs post seeding, cultures were diffeegatl into definitive endoderm (DE)

as follows:

a. with MCDB-131 (Catalogue# 10372-019, Invitroge®)@nedium
supplemented with 0.2% FBS (Catalogue# SH3007®198one, UT),
0.0025 g/ml sodium bicarbonate (Catalogue # S3%&jma, MO) , 1X
GlutaMax™ (Catalogue # 35050-079, Invitrogen, Ga 400 ng/ml
GDF8 (Catalogue# 120-00, PeproTech, NJ) plusi®f the GSK3B
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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

b. MCDB-131 medium supplemented with FBS, sodium bicarbonate,
Glutamax, and 100 ng/ml GDF8 for an additional three days.

0.5% FBS was used for day 2 and 2% FBS was used for days 3-4. Besides regular
FBS, heat treated FBS (Catal ogue# F4135, Sigma, MO) and charcoal stripped treated
FBS (Catalogue# F6765, Sigma, MO) were a so tested. Some of the FBS treated
cultures were al so treated with various concentrations of 1GF (10-100 ng/ml) or
insulin (10-100 ng/ml).

At day 4, samples were collected for analysis by FACS and real-time PCR. In
contrast to BSA treated cultures (see previous Examples) in the presence of FBS,
addition of insulin or IGF dose dependently down regulated markers associated with
definitive endoderm such as SOX17 and CXCR4. See Figure 9. The expression of
the pluripotency marker NANOG was a so upregul ated.

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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Claims

1. Anisolated population of cells, wherein greater than 85% of the cellsin the population
express markers characteristic of the definitive endoderm lineage, wherein the population of cells
is obtained by differentiating pluripotent stem cellsin medium lacking serum and supplemented
with BSA and afactor selected from the group consisting of insulin and IGF-1.

2. Theisolated population of claim 1, wherein the medium is supplemented with insulin.

3. Theisolated population of claim 1 or claim 2, wherein the medium is supplemented with
about 1 ng/ml to about 100 ng/ml of insulin.

4. Theisolated population of claim 1, wherein the medium is supplemented with is IGF-1.

5. Theisolated population of claim 1 or claim 4, wherein the medium is supplemented with
from about 1 ng/ml to about 50 ng/ml of IGF-1.

6. The isolated population of any one of claims 1 to 5, wherein the cells expressing markers

characteristic of the definitive endoderm lineage are definitive endoderm cells.

7. Theisolated population of any of claims 1 to 6, wherein the medium is further

supplemented with activin A and a Wnt ligand.

8. The isolated population of any of claims 1 to 6, wherein the medium is further
supplemented with GDF-8 and at |east one other factor is selected from the group consisting of:
an aniline-pyridinotriazine, a cyclic aniline-pyridinotriazine, N-{ [ 1-(Phenylmethyl)azepan-4-
yllmethyl} -2-pyridin-3-ylacetamide, 4-{[4-(4-{[2-(Pyridin-2-ylamino)ethylJamino} -1,3,5-
triazin-2-yl)pyridin-2-yl]Joxy} butan-1-ol, 3-({ 3-[4-({ 2-[ M ethyl(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-methyl pi perazin- 1-yl)propyl] pyrido[ 2,3-d] pyri midine-2,4-
diamine, 1-Methyl-N-[ (4-pyridin-3-yI-2-{ [ 3-(trifluoromethyl)phenyl]amino} -1,3-thiazol -5-
yl)methyl] pi peridine-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-yl} amino) phenyl] methyl} carbamate, 1-({ 5-
[6-({ 4-[(4-Methyl piperazin-1-yl)sulfonyl] phenyl} amino)pyrazin-2-yl]thiophen-2-
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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.

9. The isolated population of any of claims 1 to 6, wherein the medium is further
supplemented with GDF-8 and 14-Prop-2-en-1-y1-3,5,7,14,17,23,27-
heptaazatetracycl0[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.

10. A method for generating a population of cells wherein greater than 85% of the cellsin 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 85% of the cells in the population express markers characteristic of
the definitive endoderm lineage in medium lacking serum and supplemented with BSA
and afactor selected from the group consisting of insulin and IGF-1.

11.  Themethod of claim 10, wherein the population of pluripotent stem cellsis differentiated
in the medium lacking serum and supplemented with BSA and afactor selected from the group
consisting of insulin and IGF-1 for a period of at least 6 days.

12.  Themethod of claim 10, wherein the population of pluripotent stem cellsis differentiated
in the medium lacking serum and supplemented with BSA and afactor selected from the group
consisting of insulin and IGF-1 for aperiod of at least 7 days.

13.  Themethod of any one of claims 10 to 12, wherein the population of pluripotent stem

cellsisdifferentiated in the medium lacking serum and supplemented with BSA and insulin.

14, The method of any one of claims 10 to 13, wherein the medium is supplemented with
about 1 ng/ml to about 100 ng/ml of insulin.
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15.  Themethod of any one of claims 10 to 12, wherein the population of pluripotent stem

cellsisdifferentiated in the medium lacking serum and supplemented with BSA and IGF-1.

16. The method of any one of claims 10 to 12 or claim 15, wherein the medium is
supplemented with from about 1 ng/ml to about 50 ng/ml of IGF-1.

17.  Themethod of any one of claims 10 to 16, wherein the cells expressing markers

characteristic of the definitive endoderm lineage are definitive endoderm cells.

18.  Themethod of any of claims 10 to 17, wherein the population of pluripotent stem cells
are differentiated to a population of cells wherein greater than 85% of the cellsin the population
express markers characteristic of the definitive endoderm lineage using activin A and aWnt

ligand.

19.  Themethod of claims 10 to 17, wherein the population of pluripotent stem cellsare
differentiated to a population of cells wherein greater than 85% 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-yl|methyl} -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-methyl pi perazin-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} ami no)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-
M ethyl pi perazin-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-yl ethyl)-7,8-
dihydropyrido[4,3-d] pyrimidine-6(5H)-carboxamide.
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20.  Themethod of any of claims 10 to 17, wherein the population of pluripotent stem cells
are differentiated to a population of cells wherein greater than 85% of the cellsin the population
express markers characteristic of the definitive endoderm lineage using GDF-8 and 14-Prop-2-
en-1-yl-3,5,7,14,17,23,27-heptaazatetracycl0[ 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.
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