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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. 61/378,448, filed August 31, 2010, wheincorporated 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 80% 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,
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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”.

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.

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 80% ofdéks in the population express

markers characteristic of the definitive endodeimadge.
SUMMARY

In one embodiment, the present invention providgspaulation of cells, wherein
greater than 80% of the cells in the populatiorresp markers characteristic of the

definitive endoderm lineage.

In one embodiment, the present invention A metloodyénerating a population of
cells wherein greater than 80% of the cells ingbpulation express markers
characteristic of the definitive endoderm lineag@mprising the steps of:

a. Culturing a population of pluripotent stem cells,

b. Differentiating the population of pluripotent stemlls to a population
of cells wherein greater than 80% of the celldhmpopulation express
markers characteristic of the definitive endodemadge in medium

wherein the concentration of glucose does not ekt8es mM.



[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 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 2 shows the effect of medium glucose comagoh on CXCR4 expression
levels (panel B) and cell number and viability (plB) in cells of the human
embryonic stem cell line H1, differentiated accaglio the methods disclosed in

Example 2.

Figure 3 shows the effect of medium glucose comagoh on CXCR4 expression
levels and culture appearance (Panel A), and S@Xfpiession in cells of the human
embryonic stem cell line H1, differentiated accaglio the methods disclosed in

Example 2.

Figure 4 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 first

method disclosed in Example 2.

Figure 5 shows the real-time PCR analysis of th@ession of the genes indicated in
cells of the human embryonic stem cell line Hlfedéntiated according to the second

method disclosed in Example 2.

Figure 6 shows the pH level of the various medi@¥ang a 24 hour exposure to
cells on days 1 through 4 of the methods disclasé&tkample 2.

Figure 7 shows the effect of medium pH levels andhkpression of the genes
indicated in cells of the human embryonic stem loedl H1, differentiated according

to the second method disclosed in Example 3.

Figure 8 shows the real-time PCR analysis of th@ession of the genes indicated in
cells of the human embryonic stem cell line Hlfedéntiated according to the

method disclosed in Example 4.
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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 kgrthbility at the single cell level to
both self-renew and differentiate to produce prggesils, including self-renewing
progenitors, non-renewing progenitors, and ternyrdifferentiated cells. Stem cells
are also characterized by their ability to diffdr@t@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 géayrers following transplantation and
to contribute substantially to most, if not alssies following injection into

blastocysts.

Stem cells are classified by their development&tmital as: (1) totipotent, meaning
able to give rise to all embryonic and extraembiyaell 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 dtricted oligopotent
progenitors, and all cell types and elements (plgtelets) that are normal
components of the blood); (4) oligopotent, mearahbe 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 speethkell 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 pathveagy point where, under normal
circumstances, it will continue to differentiatéara specific cell type or subset of cell

types, and cannot, under normal circumstance®rdiftiate into a different cell type
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or revert to a less differentiated cell type. Diéedentiation refers to the process by
which a cell reverts to a less specialized (or catbeat) position within the lineage of
a cell. As used herein, the lineage of a cellrskfithe heredity of the cell, i.e., which
cells it came from and what cells it can give t@e The lineage of a cell places the
cell within a hereditary scheme of development differentiation. A lineage-
specific marker refers to a characteristic spedgiiffcassociated with the phenotype of
cells of a lineage of interest and can be usedsess the differentiation of an
uncommitted cell to the lineage of interest.

“Cells expressing markers characteristic of thenitefe endoderm lineage”, or
“Stage 1 cells”, or “Stage 17, 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 CD48pexsodermin (EOMES),
DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, or OTX2. ells expressing markers
characteristic of the definitive endoderm lineagdude primitive streak precursor

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

“Cells expressing markers characteristic of thecpzatic endoderm lineage”, as used
herein, refers to cells expressing at least ortkeofollowing 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 ¢eligl posterior foregut cells.

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

"Markers", as used herein, are nucleic acid orpetyide molecules that are
differentially expressed in a cell of interest. this context, differential expression
means an increased level for a positive markeraathecreased 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.
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“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 leastodtige following hormones: insulin,
glucagon, somatostatin, and pancreatic polypeptide.

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

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 cells vitro results in the loss of SSEA-4, Tra 1-60, and F&d1
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.

Another desirable phenotype of propagated pluritatgem 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 combinethumodeficient (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 creationnatbyoid bodies and assessing the
embryoid bodies for the presence of markers assakcwgith the three germinal

layers.

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

noticeably altered.



[0042]

[0043]

[0044]

[0045]

Sources of Pluripotent Sem Cells

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), enmiicytessue, or fetal tissue taken any
time during gestation, typically but not necesydiéfore approximately 10 to 12
weeks gestation. Non-limiting examples are esthbli lines of human embryonic
stem cells or human embryonic germ cells, suclobagxample 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 exenB01v (BresaGen, Athens,
GA).

In one embodiment, human embryonic stem cells @pgred as described by
Thomsoret al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1@9@;. Top. Dev.
Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. UAS92:7844, 1995).

Culture of Pluripotent Stem Cells

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.

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)). Atiaively, pluripotent stem cells

may be cultured on a mouse embryonic fibroblasideeell layer according to the
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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 Richasial, (Stem Cells 21: 546-556, 2003).

In one embodiment, pluripotent stem cells may beiced 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 layeldalsd in Inzunzat al (Stem Cells
23: 544-549, 2005).

In one embodiment, pluripotent stem cells may bduced in culture media derived
according to the methods disclosed in US2002007.2Rlférnatively, 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 methoddaked in W0O2005014799.
Alternatively, pluripotent stem cells may be cu#tdrin culture media derived
according to the methods disclosed ineXal (Stem Cells 22: 972-980, 2004).
Alternatively, pluripotent stem cells may be cuétdrin 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 methddslolsed in US6800480.
Alternatively, pluripotent stem cells may be cuétdrin culture media derived
according to the methods disclosed in WO2005065354.

In one embodiment, pluripotent stem cells may beuced in the culture media
disclosed in WO2005065354. Alternatively, plurigait stem cells may be cultured in
the culture media disclosed in WO2005086845.

10
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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. Alterebtjpluripotent stem cells may
be cultured according to the methods disclosed @2005086845.

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 marmelwathat 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 ceils 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 tgdml determined by one of skill in
the art.

Suitable culture media may be made from the foll@régomponents, such as, for
example, Dulbecco's modified Eagle's medium (DMEGipco # 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.

11
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Formation of Cells Expressing Markers Characteristic of the Definitive

Endoderm Lineage from Pluripotent Stem Cells

The present invention provides methods for the &rom 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 markere@pancreatic endocrine lineage.
In one embodiment, this is achieved utilizing gs#tese differentiation protocol,
wherein populations of pluripotent stem cells arst 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 populationsaifs 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 80% 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 endodereadie. 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. Thesedechuantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern bilotsitu hybridization (see, e.g.,
Current Protocols in Molecular Biology (Ausulgehl., eds. 2001 supplement)), and

immunoassays such as immunohistochemical analiysectioned material, Western

12
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blotting, and for markers that are accessible tadincells, 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 stemgsebntinue to be identified.
Pluripotent stem cell markers include, for examtile,expression of one or more of
the following: ABCG2, cripto, FOXD3, CONNEXIN43, QOINEXIN45, OCT4,
SOX2, Nanog, hTERT, UTF1, ZFP42, SSEA-3, SSEA-4, T-60, Tra 1-81.

After treating pluripotent stem cells with the madls 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 inventionceaks that express at least one of the
following markers characteristic of pluripotentlsel ABCGZ2, cripto, CD9, FOXD3,
CONNEXIN43, CONNEXIN45, OCT4, SOX2, Nanog, hTERTTEL, ZFP42,
SSEA-3, SSEA-4, Tra 1-60, and Tra 1-81.

Markers characteristic of the definitive endodeimedge 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 preseantion, 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

13
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markers characteristic of the definitive endodemadge is a definitive endoderm

cell.

Markers characteristic of the pancreatic endodareafe are selected from the group
consisting of PDX1, NKX6.1, HNF1 beta, PTF1 alpH&AIF6, HNF4 alpha, SOX9,
HB9 and PROX1. Suitable for use in the presergniion is a cell that expresses at
least one of the markers characteristic of the y@tic endoderm lineage. In one
aspect of the present invention, a cell expressiackers characteristic of the
pancreatic endoderm lineage is a pancreatic enaockel.

Markers characteristic of the pancreatic endodiimeage are selected from the group
consisting of NGN3, NEUROD, ISL1, PDX1, NKX6.1, PAXNGN3, and PTF-1
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 @éle 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, populatanduripotent stem cells may be
differentiated into populations of cells expressmngrkers characteristic of the
definitive endoderm lineage by culturing the plotgnt stem cells in a medium

wherein the concentration of glucose does not ek@®e5 mM. In one embodiment,
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differentiation of the population of pluripotenest cells toward a population of cells
expressing markers characteristic of the defindmdoderm lineage is achieved by

treating the pluripotent stem cells with activirmAd a Wnt ligand.

In an alternate embodiment, differentiation of plogulation of pluripotent stem cells
toward a population of cells expressing markersattaristic of the definitive
endoderm lineage is achieved by treating the piteipt stem cells with GDF-8 and at
least one other factor is selected from the grausisting of: an aniline-
pyridinotriazine, a cyclic aniline-pyridinotriazinBl-{[1-(Phenylmethyl)azepan-4-
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-
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)-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 bduwred in the medium wherein the
concentration of glucose does not exceed 10.5 mMHBdout one day to about seven
days. Alternatively, the population of pluripotestém cells may be cultured in the
medium wherein the concentration of glucose do¢exceed 10.5 mM for about one
day to about six days. Alternatively, the popwatof pluripotent stem cells may
cultured in the medium wherein the concentratioglo€ose does not exceed 10.5
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mM for about one day to about five days. Altermalty, the population of pluripotent
stem cells may cultured in the medium wherein threcentration of glucose does not
exceed 10.5 mM for about one day to about four d&fernatively, the population

of pluripotent stem cells may be cultured in thediam wherein the concentration of

glucose does not exceed 10.5 mM for about four.days

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 GDBE8sed 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 aboutylg/ml. In
another alternate embodiment, the concentrationbeaabout 1pg/ml to about
100ng/ml. In another alternate embodiment, theentration may be about 50ng/ml
to about 100ng/ml. In another alternate embodintaéetconcentration 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.

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

Definitive Endoderm Lineage

Cells of the human embryonic stem cell line Hlaggage 41 (p41) were lifted by
TrypLE (Catalog# 12604-013, Invitrogen, CA) anddasgkas single cells at a density
of 100,000 cells/cion MATRIGEL® coated dishes (1:30 dilution) in MEEM
(mouse embryonic fibroblast conditioned media) seimented with 20 ng/ml FGF2
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(Catalog# 100-18B, PeproTech, NJ) andubMof Y-27632 (a Rho Kinase Inhibitor,
Catalog# Y0503, Sigma, MO).

In parallel, cells of the human embryonic stem led H1 at passage 41 were seeded
as cell colonies MATRIGEL® coated dishes (1:30 tililn) at a 1 to 3 passage ratio
by lifting cells with Dispase (Catalog# 17105-O41yitrogen, CA) and plating the
cells in MEF-CM with 20 ng/ml FGF2. For both siaglell and colony format
cultures the media was changed 24 and 48 hourspeding with fresh MEF-CM

with 20 ng/ml FGF2.

At 72 hrs post seeding, the cultures were diffeaded into cells expressing markers

characteristic of the definitive endoderm lineagdalows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) conitag an
additional 0.0025 g/ml sodium bicarbonate (Catal8g§&87, Sigma,
MO), was supplemented with 2% fatty acid-free B&Atalog#
68700, Proliant, IA), 1X GlutaMax™ (Catalog # 350879,
Invitrogen, Ca) and 100 ng/ml activin A (R&D SystenvIN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, Mol one
day, then MCDB-131 with an additional 0.0025 g/mdlisim
bicarbonate, 2% BSA , Glutamax, and 100 ng/ml ac#v for three
days (Condition 1); or,

b. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), wsapplemented
with 2% fatty acid-free BSA (Catalog# 68700, Paali IA), and 100
ng/ml activin A (R&D Systems, MN) plus 20 ng/ml WksRa
(Catalog# 1324-WN-002, R&D Systems, MN), for ong,daen
RPMI-1640 medium supplemented with 2% BSA, and dgfn|
activin A each day for an additional three daysrn@iton 2).

At day 4, samples were collected for FACS analysisFigure 1, the flow cytometry
results for CXCR4 and CD9 expression are showattar plot format with CXCR4
expression plotted on the Y axis versus CD9 exmegdotted on the X axis. The
percentage of cells expressing CXCR4, CD9, and QBA%dditional marker of
differentiation) are summarized in Table 1. Diéfetiation, as measured by the

increased expression of the cellular surface mark&{CR4 and CD99, was
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improved by the use of MCDB-131 media, and expogssi CXCR4 and CD99 was
further increased by changing from colony styldurel to a single cell culture.
Furthermore, these data correlated with decreaga@ssion of CD9, a cellular

marker for undifferentiated cells, as measureddy tytometry.

Interestingly, with the use of MCDB-131 in eithéuster or colony style format, there
are fewer co-negative (CXCRED?9) cells in Figure 1, indicating less non-specific
differentiation, or fewer cells that do not expresarkers characteristic of the
definitive endoderm lineage in cultures treated MBEIB1 medium. As a whole,
these data indicate that H1 human embryonic stéisdiéferentiate more efficiently
in the presence of MCDB-131 medium than RPMI-164@linim, and that
differentiation in MCDB-131can be further improvieg seeding and culturing the
cells as single cells versus colony style seedimthcalture.

Table 1.
CXCR4 CD9 CD99
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 Cellsto
Cells Expressing Markers Characteristic of the Definitive Endoderm Lineage

Glucose is a soluble hexose sugar added to abasll culture media including
Ames' Medium; Basal Medium Eagle (BME); BGJb Medikition-Jackson
Modification; Click's Medium; CMRL-1066 Medium; Docco's Modified Eagle's
Medium (DMEM); DMEM/Ham's Nutrient Mixture F-12 (580); F-12 Coon's
Modification; Fischer's Medium; H-Y Medium (Hybri-84%); Iscove's Modified
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Dulbecco's Medium (IMDM); McCoy's 5A Modified Mediy MCDB Media;
Medium 199; Minimum Essential Medium Eagle (EMEMICTC Medium; Nutrient
Mixture, Ham's F-10; Nutrient Mixture, Ham's F-Njtrient Mixture Ham's F-12
Kaighn's Modification (F12K); RPMI-1640; Serum-Ffeeotein Free Hybridoma
Medium; Waymouth Medium MB; Williams Medium E andnous proprietary
media. See http://www.sigmaaldrich.com/life-scefeell-culture/learning-

center/media-expert/glucose.html.

The amount of glucose in cell culture formulatimasies. While the MCDB media
series contain glucose in the range from 3.9 tmlM) most media contain from 1 g/L
(5.5 mM) to as high as 10 g/L (55 mM) glucose, viRiAMI-1640 set at 11 mM
glucose. Concentrations of glucose above 10 mMuaadogous to a diabetic
condition within the cell culture system. Thigngportant because the same
processes that can affect cells and moleduales/o can occuin vitro. The
consequence of growing cells under conditionsadhaiessentially diabetic is that
cells and cell products are modified by the proesss glycation and glyoxidation
and can be damaged by glucose mediated oxidattdveabonyl stress. See
http://www.sigmaaldrich.com/life-science/cell-cuiearning-center/media-

expert/glucose.html.

One medium that is currently used for generatifqdiz’e endoderm is Iscove’s
Modified Dulbecco’s Medium (IMDM) which contains 28V glucose (Kubet al;

April 1, 2004, Developmerit31, 1651-1662), RPMI with 11mM glucose (D’Amour
et al Nat Biotechnol. 2005 Dec; 23(12):1534-41), or DME#2 with 17.5mM
glucose. Each of these media is above the 10 nikbgk concentration analogous to
a diabetic condition. Consequently, to reducesston the cells that might be induced
by high glucose in the culture medium, we attempdefthd a glucose concentration
lower than 10mM for differentiation of human embmyostem cells to cells
expressing markers characteristic of the definémdoderm lineage. One such
medium with a glucose concentration below 10mM SIMB-131 which contains a

base glucose concentration of 5.5mM.

Cells of the human embryonic stem cell line Hlaggage 41 (p41) were lifted by
TrypLE (Catalog# 12604438, Invitrogen, CA) and seeded as single cells at aityens
of 100,000 cells/chon MATRIGEL® coated dishes (30 dilution) in MEF-CM
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(mouse embryonic fibroblast conditioned media) seimented with 20 ng/ml of
FGF2 (Catalog# 100-18B, PeproT;eNJ) and 1M of Y-27632 (a Rho Kinase
Inhibitor, Catalog# Y0503, Sigma, MO). The mediasvwchanged 24 and 48 hours
post seeding with fresh MEF-CM with 20 ng/ml of F&FThe cultures were
differentiated into cells expressing markers chiaréstic of the definitive endoderm

lineage 72 hrs post as follows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) medisupplemented
with 2% fatty acid-free BSA (Catalog# 68700, ProtidA), 0.0025 g/ml
sodium bicarbonate (Catalog# S3187, Sigma, MO)GIaMax™
(Catalog # 35050-079, Invitrogen, Ca) 100 ng/mivattA (R&D
Systems, MN), 20 ng/ml WNT-3a (Catalog# 1324-\R0&, R&D
Systems, MN), and eith®, 5, 10, 15, 20, or 25mM of glucose (Catalog#
G8769, Sigma, MO) for one day, then

b. MCDB-131 medium supplemented with 2% BSA, sodium
bicarbonateGlutamax, 100 ng/ml activin A, and either 0, 5, 18, 20, or

25mM of glucose for an additional three days.

At day 4, samples were collected for FACS and gemeession analysis using real-
time PCR, and counted by ViaCount® (Guava®, Miltpdillerica, MA).
Consistent with results from Example 1, differettia of pluripotent stem cells to
cells expressing markers characteristic of thenitefe endoderm lineage resulted in
the robust expression of markers associated wiliéiinitive endoderm lineage
(Figure 2A). When the glucose concentration inrtfeglia was supplemented with O,
5, 10, 15, 20, or 25 mM glucose (final concentrat®.5, 10.5, 15.5, 20.5, 25.5, or
30.5 mM glucose respectively), a modest increaselimumber was observed in
samples treated with additional 10mM glucose (1B/5imal glucose concentration)
as shown in Figure 2B. A modest increase in CX@Ra#ression for cells
supplemented with additional 5mM glucose (10.5mMffiglucose concentration)
was also observed, as shown in Figure 2A. Howekiese increases in cell number
and CXCR4 were offset by a reduction in total g&bility (Figure 2B).

At the basal level of glucose (5.5mM), almost ewegl in the culture was SOX17

positive, and the cells were dispersed in the oailtlish in a uniform pattern (Figure 3

22



[0094]

[0095]

A&B). As the glucose concentration increased,dbiés maintained a high expression
of SOX17, however the cells were observed to ciusi&ese clustered cells were
subsequently less evenly dispersed on the cultuface than populations of cells
cultured in the basal level of glucose. This dffewrrelated with a slight increase in
expression of CD9 and OCT4- cellular markers fafifierentiated cells, and SOX7-
a cellular marker for extraembryonic ectoderm, amtbcrease in the gene expression
of pancreatic pancreas homeobox 1 (MNX1) also knasvhrlomeobox HB9

(HLXB9) in the clustered cells (Figure 4).

Similar glucose related effects on differentiatwoere also observed in cultures
differentiated with DMEM containing either 5.5mM{¥) or 25mM (high) glucose
concentration (Cat#s 10567-014 and 21063-029,rbgéin, CA). As described
above, for controls, cells were seeded as sindile caltured 3 days in MEF
conditioned media and differentiated in MCDB-131hab.5mM or 25mM glucose
supplemented media, or in DMEM high or low glucasedia supplemented with 2%
fatty acid free BSA, 100 ng/ml activin A, and 20m§ WNT-3a on the first day, and
2% fatty acid free BSA and 100 ng/ml activin A tbe next three days with daily

media change.

Similar to results with MCDB-131 media, where el@daglucose inhibits definitive
endoderm formation as compared to low glucose nteeigied cells, we observed that
a high glucose concentration in DMEM reduced hBEBdiiéerentiation. By flow
cytometry, following differentiation to definitivendoderm, 88.6% of cells were
positive for CXCR4 in media containing 5.5mM glueogersus 80% CXCR4 positive
cells in media containing 25mM glucose. Additidpamarkers of differentiation to
definitive endoderm as measured by gRT-PCR (SOMEre decreased while
markers of undifferentiated cells (OCT4) or alteivendifferentiation fates (CDX2)
were increased (Figure 5) in cells fed media caoimgihigh glucose versus those fed
low glucose media. This effect was due at leagiirt to the pH of the media as we
noted that over the four day differentiation, megalthdropped after 48 hours of
differentiation day. Furthermore, the higher ttating and ending pH of culture
media (8.1>pH>7.6) (Figure 6) during definitive eddrm formation, the more

complete the conversion to definitive endoderm.
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In summary, our results indicate that basal legétfucose (5.5mM) in

differentiation media are sufficient to generaggoaulation of cells wherein greater
than 80% of cells express markers characteristinetiefinitive endoderm lineage.
Increasing glucose concentrations in the diffeegimn medium to 10.5mM is
sufficient to generate a similar population, howewnereasing glucose concentrations
above 10.5mM can result in increasing expressianakers of pluripotency/reduced
differentiation such as CD9 or OCT4, or increasquression of markers associated

with alternative fate differentiation/extraembryomictoderm such as SOX7 or CDX2.
Example 3

The Role of pH Control in the Differentiation of Human Pluripotent Stem Cells

to CellsExpressing Markers Characteristic of the Definitive Endoderm Lineage

Cells of the human embryonic stem (hES) cell liledtipassage 46 (p46) were
seeded as cell colonies to MATRIGEL (1:30 dilutioopted dishes ata 1 to 3
passage ratio by lifting cells with Dispase (Cag&#d 7105-041, Invitrogen, CA) and
plating the cells in MEF-CM with 20 ng/ml of FGFZhe media was changed daily
with fresh MEF-CM with 20 ng/ml of FGF2, until ination of differentiation into

definitive endoderm (DE) as follows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) medisupplemented
with 2% fatty acid-free BSA (Catalog# 68700, Paali IA), 1X
GlutaMax™ (Catalog # 35050-079, Invitrogen, Ca) 408 ng/ml activin
A (R&D Systems, MN) plus 20 ng/ml WNT-3a (Catalopz24-WN-002,
R&D Systems, MN) for one day, followed by treatmesth MCDB-131
supplemented with 2% BSA, Glutamax, and 100 ngbtwvim A each day

for an additional three days; or

b. MCDB131 containing an additional 0.0025 g/ml sodibicarbonate
(Catalog# S3187, Sigma, MO) medium supplementekl 2%t fatty acid-
free BSA (Catalog# 68700, Proliant, 1A), 1X GlutaM™ (Catalog #
35050-079, Invitrogen, Ca) and 100 ng/ml activifR&D Systems, MN)
plus 20 ng/ml WNT-3a (Catalog# 1324-WN-002, R&D ®yss, MN) for
one day, followed by treatment with MCDB-131 with additional 0.0025
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g/ml sodium bicarbonate supplemented with 2% BSWtdBnax, and 100

ng/ml activin A each day for an additional thregsla

At day 4, samples were collected for FACS and gepeession analysis using real-
time PCR, and counted by ViaCount® (Guava®, Miltpdillerica, MA). As

shown in Example2, we noted that a relatively namielic pH of differentiation

media (<7.6pH) can reduce CXCR4 expression duestodirected differentiation and

increased alternative differentiation.

In order to test if this effect was due to pH, vifedentiated cells in basal MCDB-

131 that contains the published concentration cdrhditer of sodium bicarbonate

and we differentiated cells in media supplementeithé bicarbonate concentration of
DMEM, which is 3.7grams/liter. We observed thateléntiation, as measured by the
increased expression of the cellular surface mark&fCR4 and decreased expression
of CD9, was improved by the use of a buffering agénCDB-131 media with 3.7¢/

of Sodium Bicarbonate for a buffer had significgritigher CXCR4 expression and
lower CD9 expression levels versus cells diffegeti in MCDB-131 that contained
only the base level of Bicarbonate (1g/l) (Figufeahd B). This is due in part to the
fact that MCDB-131 media has a pH level of 7.5, addition of 2.7g/l of Sodium

Bicarbonate raises the pH to 7.6.

Furthermore, at the end of differentiation, the ra€dontaining the pH color sensor
phenol red) from cultures grown in undifferentiateddia were significantly more
yellow and acidic than cultures with supplementalism bicarbonate buffered media
which remained red in color. These results in@i¢chat increasing media pH to 7.6 or
higher promotes more efficient definitive endodetifferentiation from pluripotent
stem cells, and raising and stabilizing media pHldde achieved by alternatives to
bicarbonate buffering including, but not limited tocreasing incubator CQevels

and other soluble buffer systems like HEPES, oisphate.
Example 4

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

25



[0101]

[0102]

Cells of the human embryonic stem cell line Hlaggage 47 (p47) were lifted by
TrypLE (Catalog# 12604-013, Invitrogen, CA) anddskas single cells at a density
of 100,000 cells/cifnon MATRIGEL® coated dishes (1:30 dilution) in MEFM
(mouse embryonic fibroblast conditioned media) seimented with 20 ng/ml FGF2
(Catalog# 100-18B, PeproTech, NJ) anaM8 of H-1152, glycyl (a Rho Kinase
Inhibitor, Catalog# 555554, EMD chemicals, GibbstoMJ).

At 72 hrs post seeding, the cultures were diffeaded into cells expressing markers

characteristic of the definitive endoderm lineagéalows:

a. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) conitag an
additional 0.0025 g/ml sodium bicarbonate (Catal8§&87, Sigma,
MO), was supplemented with 2% fatty acid-free B&Atalog#
68700, Proliant, 1A), 1X GlutaMax™ (Catalog # 356619,
Invitrogen, Ca) and 100 ng/ml activin A (R&D SystgnvIN) plus 20
ng/ml WNT-3a (Catalog# 1324-WN-002, R&D Systems, Mdl one
day, then MCDB-131 with an additional 0.0025 g/mdlisim
bicarbonate, 2% BSA , Glutamax, and 100 ng/ml act#v for three

days, or,

b. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) conitag an
additional 0.0025 g/ml sodium bicarbonate (Catal8§&87, Sigma,
MO), was supplemented with 2% fatty acid-free B&Atalog#
68700, Proliant, 1A), 1X GlutaMax™ (Catalog # 356619,
Invitrogen, Ca) and 100 ng/ml GDF-8 (R&D Systemd$y)\plus
2.5uM of the GSK3B inhibitor 14-Prop-2-en-1-yl-3,5,7,1%,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
MCDB-131 with an additional 0.0025 g/ml sodium blmanate, 2%
BSA , Glutamax, and 100 ng/ml GDF-8 for three days

c. MCDB-131 (Catalog# 10372-019, Invitrogen, CA) conitag an
additional 0.0025 g/ml sodium bicarbonate (Catal8g§&87, Sigma,
MO), was supplemented with 2% fatty acid-free B&Atalog#
68700, Proliant, IA), 1X GlutaMax™ (Catalog # 356319,
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Invitrogen, Ca) and 100 ng/ml GDF-8 (R&D System$\)Mor four

days, or,

d. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), wsapplemented
with 2% fatty acid-free BSA (Catalog# 68700, ProtidA), and 100
ng/ml activin A (R&D Systems, MN) plus 20 ng/ml WRsRa
(Catalog# 1324-WN-002, R&D Systems, MN), for ong,daen
RPMI-1640 medium supplemented with 2% BSA, and dgfni
activin A each day for an additional three days.

e. RPMI-1640 (Catalog #22400-105, Invitrogen, CA), wsapplemented
with 2% fatty acid-free BSA (Catalog# 68700, Paalti IA), and 100
ng/ml GDF-8 (R&D Systems, MN) plus 2181 of the GSK3B
inhibitor 14-Prop-2-en-1-ylI-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
RPMI-1640 medium supplemented with 2% BSA, and dgfni
GDF-8 each day for an additional three days.

At day 4, samples were collected for FACS analges gRT-PCR. In Table 2, the
percentage of cells expressing CXCR4, CD9, and GaA%dditional marker of
differentiation) are summarized in Table 2. Diéfetiation, as measured by the
increased expression of the cellular surface ma&tk&CR4 was improved by the use
of MCDB-131 media compared to RPMI-1640, and exgpoesof CXCR4 was further
increased by using GDF-8 in combination with GSKB8Bibitor, compared to cells
treated with activin A and Wnt3a. Similar resuispwing improved differentiation
with the use of MCDB-131 media compared to RPMIA,&Ghd by using GDF-8 in
combination with a GSK3B inhibitor compared to sdfeated with activin A and
Wnt3a were observed by gqRT-PCR for the gene MNXigUre 8). Furthermore,
these data correlated with decreased expressiGD8f a cellular marker for
undifferentiated cells, as measured by flow cytagn€fable 2) or OCT4 and CD9, as
measured by gRT-PCR (Figure 8). These data irelibat H1 human embryonic
stem cells differentiate more efficiently in theepence of MCDB-131 medium than
RPMI-1640 medium, and that differentiation in MC[2B4.can be further improved

27



[0104]

by differentiating the cells in the presence of GB&nd a GSK3B inhibitor versus

differentiation with activin A and Wnt3a.

Table 2.
Media Treatment CD184 CD9 CD99
RPMI+AA+Wnt 77.8 20.9 77.8
RPMI+GDF8+GSK3B 81.6 13.8 83.4
inhibitor
MCDB131+AA+Wnt 81.2 21.1 60.0
MCDB131+GDF8+ 87.1 14.3 50.9
GSK3B inhibitor
MCDB131+GDF8 43.2 31.2 23.7

Publications citedhroughout this document are herebgorporated by reference in
their entirety. Although the various aspects @f ithvention have been illustrated
above by reference to examples and preferred emmigods, it will be appreciated that
the scope of the invention is defined not by thredoing description but by the

following claims properly construed under princgphld patent law.
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What is claimed is:

1. A method for generating a population of cells whreggeater than 80% of the
cells in the population express markers charatieo$the definitive
endoderm lineage, comprising the steps of:

a. Culturing a population of pluripotent stem cells,

b. Differentiating the population of pluripotent stemlls to a population
of cells wherein greater than 80% of the celldhmpopulation express
markers characteristic of the definitive endodemadge in medium

wherein the concentration of glucose does not ekt8es mM.

2. The method of claim 1, wherein the population airjplotent stem cells are
differentiated to a population of cells whereinagex than 80% of the cells in
the population express markers characteristicetiégfinitive endoderm

lineage using activin A and a Wnt ligand.

3. The method of claim 1, wherein the population airjplotent stem cells are
differentiated to a population of cells whereinageg than 80% of the cells in
the population express markers characteristicetiégfinitive endoderm
lineage using GDF-8 and at least one other fastselected from the group
consisting of: an aniline-pyridinotriazine, a agchniline-pyridinotriazine, N-
{[1-(Phenylmethyl)azepan-4-yllmethyl}-2-pyridin-3gcetamide, 4-{[4-(4-
{[2-(Pyridin-2-ylamino)ethyl]amino}-1,3,5-triazin-1)pyridin-2-
ylJoxy}butan-1-ol, 3-({3-[4-({2-[Methyl(pyridin-2-y)amino]ethyl}amino)-
1,3,5-triazin-2-yl]pyridin-2-yl}amino)propan-1-oN~4~-[2-(3-
Fluorophenyl)ethyl]-N~2~-[3-(4-methylpiperazin-Lytopyl]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-hyoixypropyl)phenyl]-4H-
1,2,4-triazol-3-yl}amino)phenyl]ethyl}carbamate 11Dimethylethyl {[3-({5-
[5-(3-hydroxypropyl)-2-(methyloxy)phenyl]-1,3-oxaz®-
yl}amino)phenyllmethyl}carbamate, 1-({5-[6-({4-[(Methylpiperazin-1-
yh)sulfonyl]phenyl}amino)pyrazin-2-ylthiophen-2-yrhethyl)piperidin-4-ol,
1-({4-[6-({4-[(4-Methylpiperazin-1-yl)sulfonyl]pheyl}amino)pyrazin-2-
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yl]thiophen-2-yl}methyl)piperidine-4-carboxamidenc 2-{[4-(1-
Methylethyl)phenyl]amino}-N-(2-thiophen-2-ylethyl);8-dihydropyrido[4,3-
d]pyrimidine-6(5H)-carboxamide.

. The method of claim 3, wherein the at least onerofdctor is 14-Prop-2-en-1-
yl-3,5,7,14,17,23,27-heptaazatetracyclo[19.3.18~2~8,12~]heptacosa-
1(25),2(27),3,5,8(26),9,11,21,23-nonaen-16-one.

. The method of claim 1, wherein the concentratioglo€ose does not exceed
5.5 mM.
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