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ABSTRACT

The present invention provides methods to promote the differentiation of pluripotent stem
cells. In particular, the present invention provides an improved method for the formation of
pancreatic endoderm, pancreatic hormone expressing cells and pancreatic hormone secreting
cells. The present invention also provides methods to promote the differentiation of

pluripotent stem cells without the use of a feeder cell layer.
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DIFFERENTIATION OF HUMAN EMBRYONIC STEM CELLS TO
PANCREATIC ENDOCRINE

This application is a divisional of Canadian Patent Application No. 2,695,225, filed July 31,
2008.

FIELD OF THE INVENTION

The present invention provides methods to promote the differentiation of pluripotent stem
cells. In particular, the present invention provides an improved method for the formation of
pancreatic endoderm, pancreatic hormone expressing cells and pancreatic hormone secreting
cells. The present invention also provides methods to promote the differentiation of

pluripotent stem cells without the use of a feeder cell layer.
BACKGROUND

Advances in cell-replacement therapy for Type I diabetes mellitus and a shortage of
transplantable islets of Langerhans have focused interest on developing sources of insulin-
producing cells, or B cells, appropriate for engraftment. One approach is the generation of

functional B cells from pluripotent stem cells, such as, for example, embryonic stem cells.

In vertebrate embryonic development, a pluripotent cell gives rise to a group of cells
comprising three germ layers (ectoderm, mesoderm, and endoderm) in a process known as
gastrulation. Tissues such as, for example, thyroid, thymus, pancreas, gut, and liver, will
develop from the endoderm, via an intermediate stage. The intermediate stage in this process
is the formation of definitive endoderm. Definitive endoderm cells express a number of
markers, such as, HNF-3beta, GATA4, Mixl1, CXCR4 and Sox-17.

Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-duodenal
homeobox gene, Pdx1. In the absence of Pdx1, the pancreas fails to develop beyond the
formation of ventral and dorsal buds. Thus, Pdx1 expression marks a critical step in
pancreatic organogenesis. The mature pancreas contains, among other cell types, exocrine
tissue and endocrine tissue. Exocrine and endocrine tissues arise from the differentiation of

pancreatic endoderm.
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Cells bearing the features of islet cells have reportedly been derived from embryonic cells of
the mouse. For example, Lumelsky ef al. (Science 292:1389, 2001) report differentiation of
mouse embryonic stem cells to insulin-secreting structures similar to pancreatic islets. Soria
et al. (Diabetes 49:157, 2000) report that insulin-secreting cells derived from mouse

embryonic stem cells normalize glycemia in streptozotocin-induced diabetic mice.

In one example, Hori et al. (PNAS 99: 16105, 2002) disclose that treatment of mouse
embryonic stem cells with inhibitors of phosphoinositide 3-kinase (LY294002) produced

cells that resembled P cells.

In another example, Blyszczuk et al. (PNAS 100:998, 2003) reports the generation of insulin-

producing cells from mouse embryonic stem cells constitutively expressing Pax4.

Micallef et al. reports that retinoic acid can regulate the commitment of embryonic stem cells
to form Pdx1 positive pancreatic endoderm. Retinoic acid is most effective at inducing Pdx1
expression when added to cultures at day 4 of embryonic stem cell differentiation during a

period corresponding to the end of gastrulation in the embryo (Diabetes 54:301, 2005).

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

differentiated cells (Diabetes 53: 1030, 2004).

Skoudy et al. reports that activin A (a member of the TGFJ superfamily) upregulates the
expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes (Pdx1,
insulin, and glucagon) in mouse embryonic stem cells. The maximal effect was observed
using InM activin A. They also observed that the expression level of insulin and Pdx1
mRNA was not affected by retinoic acid; however, 3nM FGF7 treatment resulted in an

increased level of the transcript for Pdx1 (Biochem. J. 379: 749, 2004).
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Shiraki ef al. studied the effects of growth factors that specifically enhance differentiation of
embryonic stem cells into Pdx!1 positive cells. They observed that TGFB2 reproducibly

yielded a higher proportion of Pdx! positive cells (Genes Cells. 2005 Jun; 10(6): 503-16.).

Gordon et al. demonstrated the induction of brachyury /HNF-3beta” endoderm cells from

mouse embryonic stemcells in the absence of serum and in the presence of activin along

with an inhibitor of Wnt signaling (US 2006/0003446A1).

Gordon et al. (PNAS, Vol 103, page 16806, 2006) states “Wn? and TGF-beta/ nodal/ activin

signaling simultaneously were required for the generation of the anterior primitive streak”™.

However, the mouse model of embryonic stem cell development may not exactly mimic the

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

Thomson et al. isolated embryonic stem cells from human blastocysts (Science 282:114,
1998). Concurrently, Gearhart and coworkers derived human embryonic germ (hEG) cell
lines from fetal gonadal tissue (Shamblott ef al., Proc. Natl. Acad. Sci. USA 95:13726,
1998). Unlike mouse embryonic stem cells, which can be prevented from differentiating
simply by culturing with Leukemia Inhibitory Factor (LIF), humaﬁ embryonic stem cells
must be maintained under very special conditions (U.S. Pat. No. 6,200,806; WO 99/20741;
WO 01/51616).

D’Amour et ul. describes the production of enriched cultures of human embryonic stem cell-
derived definitive endoderm in the presence of a high concentration of activin and low serum
(Nature Biotechnology 2005). Transplanting these cells under the kidney capsule of mice
resulted in differentiation into more mature cells with characteristics of some endodermal
organs. Human embryonic stem cell-derived definitive endoderm cells can be further
differentiated into Pdx1 positive cells after addition of FGF-10 (US 2005/0266554A1).

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

endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,
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somatostatin, pancreatic polypeptide and ghrelin. This process mimics in vivo pancreatic
organogenesis by directing cells through stages resembling definitive endoderm, gut-tube
endoderm, pancreatic endoderm and endocrine precursor en route to cells that express

endocrine hormones”.

In another example, Fisk et al. reports a system for producing pancreatic islet cells from
human embryonic stem cells (US2006/0040387A1). In this case, the differentiation pathway
was divided into three stages. Human embryonic stem cells were first differentiated to
endoderm using a combination of sodium butyrate and activin A. The cells were then
cultured with TGFf antagonists such as Noggin in combination with EGF or betacellulin to

generate Pdx1 positive cells. The terminal differentiation was induced by nicotinamide.

In one example, Benvenistry et al. states: “We conclude that over-expression of Pdx 1
enhanced expression of pancreatic enriched genes, induction of insulin expression may
require additional signals that are only present in vivo” (Benvenistry ef al, Stem Cells 2006;

24:1923-1930).

Therefore, there still remains a significant need to develop conditions for establishing
pluripotent stem cell lines that can be expanded to address the current clinical needs, while
retaining the potential to differentiate into pancreatic endocrine cells, pancreatic hormone
expressing cells, or pancreatic hormone secreting cells. We have taken an altemative
approach to improve the efficiency of differentiating human embryonic stem cells toward

pancreatic endocrine cells.
SUMMARY

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with glucose at a concentration from about 10 mM to about 20 mM and
treating with a factor selected from the group consisting of: a gamma secretase inhibitor,

Exendin-4, and a combination of Exendin-4 and hepatocyte growth factor.
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In one embodiment, the method further comprises generating the pancreatic endoderm cells
by

a) differentiating the human pluripotent stem cells into human definitive endoderm cells, by

treating the human pluripotent cells with activin A, and

b) differentiating the human definitive endoderm cells into human pancreatic endoderm cells,
by treating the human definitive endoderm cells with at least one fibroblast growth factor, or

with retinoic acid and at least one fibroblast growth factor.

In one embodiment, the method further comprises the step of culturing the human pluipotent

stem cells prior to differentiation into human definitive endoderm cells.

Also provided are human pancreatic endocrine cells obtained according to methods disclosed

herein.

In one embodiment, the method further comprises a method for differentiating pluripotent
stem cells into cclls cxpressing markers characteristic of the pancreatic endocrine lineage,

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

b. Differentiating the pluripotcent stem cells into cells expressing markers characteristic of

the definitive endoderm lineage, by treating the pluripotent cells with activin A,

¢. Differentiating the cells expressing markers characteristic of the definitive endoderm
lineage into cells expressing markers characteristic of the pancreatic endoderm lineage,
by treating the cells expressing markers characteristic of the definitive endoderm lineage
with at least one fibroblast growth factor, or with retinoic acid and at least one fibroblast

growth factor, and

d. Differentiating the cells expressing markers characteristic of the pancreatic endoderm
lineage into cells expressing markers characteristic of the pancreatic endocrine lineage,
by treating the cells expressing markers characteristic of the pancreatic endoderm lineage
with a gamma secretase inhibitor, or Exendin-4, or Exendin 4 and HGF, in medium

supplemented with glucose at a concentration from about 10 mM to about 20 mM.
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In one embodiment, the present invention provides a method for differentiating pluripotent

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

. Differentiating the pluripotent stem cclls into cells expressing markers characteristic of

the definitive endoderm lineage,

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

and

Differentiating the cells expressing markers characteristic of the pancreatic endoderm

lineage into cells expressing markers characteristic of the pancreatic endocrine lineage.

In one embodiment, cells expressing markers characteristic of the definitive endoderm
lineage are differentiated from pluripotent stem cells by treating pluripotent stem cells by any

one of the following methods:

a. Culturing the pluripotent stem cells in medium containing activin A in the absence of

serum, then culturing the cells with activin A and serum, and then culturing the cells with

activin A and serum of a different concentration, or

Culturing the pluripotent stem cells in medium containing activin A in the absence of

serum, then culturing the cells with activin A with serum of another concentration, or

Culturing the pluripotent stem cells in medium containing activin A and a Wnt ligand in
the absence of serum, then removing the Wnt ligand and culturing the cells with activin A

with serum, or

Culturing the pluripotent stem cells on a tissue culture substrate coated with an

extracellular matrix, and culturing the pluripotent stem cells with activin A and a Wnt

ligand, or
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e. Culturing the pluripotent stem cells on a tissue culture substrate coated with an
extracellular matrix, then culturing the pluripotent stem cells with activin A and a Wnt
ligand in a first culture medium containing serum, then culturing the pluripotent stem

cells with activin A in a second culture medium containing serum, or

f. Culturing the pluripotent stem cells on a tissue culture substrate coated with an
extracellular matrix, then culturing the pluripotent stem cells with activin A and a Wnt
ligand in a first culture medium containing serum, then culturing the pluripotent stem
cells with activin A and a Wnt ligand in a second culture medium containing serum of a

different concentration.

[0026]  In one embodiment, cells expressing markers characteristic of the pancreatic endoderm
lineage are differentiated from cells expressing markers characteristic of the definitive
endoderm lineage by treating cells expressing markers characteristic of the definitive

endoderm lineage by any one of the following methods:

a. Treating the cells expressing markers characteristic of the definitive endoderm lineage
with a fibroblast growth factor and a hedgehog signaling pathway inhibitor, then
removing the medium containing the fibroblast growth factor and the hedgehog signaling
pathway inhibitor and subsequently culturing the cells in medium containing retinoic

acid, a fibroblast growth factor and the hedgehog signaling pathway inhibitor, or

b. Treating the cells expressing markers characteristic of the definitive endoderm lineage

with retinoic acid and at least one fibroblast growth factor, or

¢. Treating the cells expressing markers characteristic of the definitive endoderm lineage
with retinoic acid, then removing the retinoic acid and subsequently treating the cells

with at least one fibroblast growth factor.

[0027] In one embodiment, cells expressing markers characteristic of the pancreatic endocrine

lineage are differentiated from cells expressing markers characteristic of the pancreatic
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endoderm lineage by treating cells expressing markers characteristic of the pancreatic

endoderm lineage by any one of the following methods:

Culturing the cells expressing markers characteristic of the pancreatic endoderm lineage
in medium containing DAPT and exendin 4, then removing the medium containing
DAPT and exendin 4 and subsequently culturing the cells in medium containing exendin

1, IGF-1 and HGF, or

Culturing the cells expressing markers characteristic of the pancreatic endoderm lineage
in medium containing exendin 4, then removing the medium containing exendin 4 and

subsequently culturing the cells in medium containing exendin 1, IGF-1 and HGF, or

Culturing the cells expressing markers characteristic of the pancreatic endoderm lineage

in medium containing DAPT and exendin 4, or

Culturing the cells expressing markers characteristic of the pancreatic endoderm lineage

in medium containing exendin 4, or

Treating the cells expressing markers characteristic of the pancreatic endoderm lineage

with a factor that inhibits the Notch signaling pathway, or

Culturing the cells expressing markers characteristic of the pancreatic endoderm lineage

in medium containing from about 10 mM to about 20mM glucose and exendin 4.

In one embodiment, there is disclosed a method for treating a patient suffering from diabetes,

comprising the steps of:

Culturing pluripotent stem cells,

Differentiating the pluripotent stem cells into cells expressing markers characteristic of

the definitive endoderm lineage,

Differentiating the cells expressing markers characteristic of the definitive endoderm

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

lineage into cells of a f-cell lineage, and
e. Implanting the cells of a B-cell lineage into the patient.

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with glucose at a concentration from about 10 mM to about 20 mM and
treating with a factor selected from the group consisting of: a gamma secretase inhibitor,
Exendin-4, and a combination of Exendin-4 and hepatocyte growth factor, wherein the
human pancreatic endoderm cells are obtained hy step-wise differentiation which comprises
differentiating human pluripotent stem cells into definitive endoderm cells and differentiating

the definitive endoderm cells in the pancreatic endoderm cells.

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with glucose at a concentration from about 10 mM to about 20 mM and

treating with a combination of Exendin-4 and hepatocyte growth factor.

In one embodiment, the present invention provides a method for differentiating human

pluripotent stem cells into human pancreatic endocrine cells, comprising the steps of’
a) culturing the human pluripotent stem cells;

b) differentiating the human pluripotent stem cells into human definitive endoderm cells, by

treating the human pluripotent cells with activin A;

c) differentiating the human definitive endoderm cells into human pancreatic endoderm
cells, by treating the human definitive endoderm cells with at least one fibroblast growth

factor, or with retinoic acid and at least one fibroblast growth factor; and
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d) differentiating the human pancreatic endoderm cells into human pancreatic endocrine
cells, by culturing the human pancreatic endoderm cells in medium supplemented with
glucose at a concentration from about 10 mM to about 20 mM and treating with a factor
selected from the group consisting of: a gamma secretase inhibitor, Exendin-4, and a

combination of Exendin-4 and hepatocyte growth factor.

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with glucose at a concentration from about 10 mM to about 20 mM and
treating with Exendin-4, or a combination of Exendin-4 and hepatocyte growth factor,
wherein the human pancreatic endoderm cells are obtained by step-wise differentiation which
comprises differentiating human pluripotent stem cells into definitive endoderm cells and

differentiating the definitive endoderm cells in the pancreatic endoderm cells.

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with glucose at a concentration from about 10 mM to about 20 mM and

treating with Exendin-4 or a combination of Exendin-4 and hepatocyte growth factor.

In one embodiment, the present invention provides a method for generating human
pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into the
pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with Exendin-4, or a combination of Exendin-4 and hepatocyte growth factor,
wherein the human pancreatic endoderm cells are obtained by step-wise differentiation which
comprises differentiating human pluripotent stem cells into definitive endoderm cells and

differentiating the definitive endoderm cells in the pancreatic endoderm cells.

In one embodiment, the present invention provides a method for generating human

pancreatic endocrine cells, comprising differentiating pancreatic endoderm cells into
the pancreatic endocrine cells by culturing the pancreatic endoderm cells in medium
supplemented with Exendin-4 or a combination of Exendin-4 and hepatocyte growth

factor.

9a
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 panel a shows the expression of the definitive endoderm markers CXCR4, GATA4,
HNF-3beta, Mixll, Sox-17 in the human embryonic stern cell line H9 following treatment
with 100ng/ml activin A for two, five and eight days. Expression of definitive endoderm
markers was assayed at the mRNA level and normalized to expression levels in untreated
human embryonic stem cells. Panel b shows the expression of the anterior endoderm
markers Cerberus, Otx-1 and Hex genes in the human embryonic stem cell line H9 {ollowing

treatment with with 100ng/ml activin A for three and five days.

Figure 2 shows the expression of definitive endoderm markers in the human embryonic stem
cell line HY following treatment with 100ng/ml activin A for five days. Expression of the
definitive endoderm markers was detected by immunohistochemistry. Panel (a) shows Sox-

17 expression. Panel (b) shows HNF-3beta expression. Panel (c) shows Oct3/4 expression.

Figure 3 shows the expression of definitive endoderm markers in the human embryonic stem
cell line HY following a step-wise differentiation protocol. Expression of the definitive
endoderm markers was assayed at the mRNA level and normalized to expression levels in
untreated human embryonic stem cells. Panel (a) shows GATA4 expression. Panel (b)
shows Sox-17 expression. Pancl (¢) shows HNF-3beta expression. Panel (d) shows Mix!|
expression. Data points marked ‘AA’ denote activin A treatment for one (1d), three (3d),
five (5d), or seven days (7d). Data points marked ‘UT’ denote untreated controls cultured for

one (1d), three (3d), five (5d), or seven days (7d).

Figure 4 shows the expression of extra-embryonic endoderm markers in the human
embryonic stem cell line H9 following a step-wise differentiation protocol. Expression of the

extraembryonic endoderm markers was assayed at the mRNA level and normalized to

9
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expression levels in untreated human embryonic stem cells. Panel (a) shows the effect of 100
ng/ml activin A on AFP expression. Panel (b) shows the effect of 100 ng/ml activin A on
Sox7 expression. Data points marked ‘AA” denote activin A treatment for one (1d), three
(34d), five (5d), or seven days (7d). Data points marked ‘UT’ denote untreated controls
cultured for one (1d), three (3d), five (5d), or seven days (7d).

Figure 5 shows the expression of mesoderm and ectoderm markers in the human embryonic
stem cell line H9 following a step-wise differentiation protocol. Expression of the mesoderm
and ectoderm markers was assayed at the mRNA level and normalized to expression levels in
untreated human embryonic stem cells. Panel (a) shows the effect of 100 ng/ml activin A on
Brachyury expression. Panel (b) shows the effect of 100 ng/ml activin A on Zicl expression.
Data points marked ‘AA’ denote activin A treatment for one (1d), three (3d), five (5d), or
seven days (7d). Data points marked ‘UT” denote untreated controls cultured for one (1d),
three (3d), five (5d), or seven days (7d).

Figure 6 shows the expression of the definitive endoderm markers Brachyury (panel a)
CXCR4 (panel b), Mixl1 (panel c), Sox17 (panel d), HNF-3beta (panel ¢), Oct4 (panel f) in
the human embryonic stem cell line H7 following treatment with 100ng/ml activin A for one,
three, five and seven days. Expression of definitive endoderm markers was assayed at the

mRNA level and normalized to expression levels in untreated human embryonic stem cells.

Figure 7 shows the expression of definitive endoderm markers in the human embryonic stem
cell line HY following application of a differentiation protocol. Expression of the definitive
endoderm markers was detected by immunohistochemistry. Panels (a) and (b) show Sox-17
expression. Panels (¢) and (d) show HNF-3beta expression. Panels (e) and (f) show GATA4
expression. Panels (b), (d) and (f) show counter staining of the nuclei with DAPI. The
columns marked ‘treated’ denote activin A trcatment (100ng/m!) for five days. The columns

marked ‘untreated’ denote untreated controls.

Figure 8 shows the expression of pancreatic endoderm markers in the human embryonic stem

cell line HI following application of a second differentiation protocol. Expression of the

10
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pancreatic endoderm markers was assayed by PCR and normalized to expression levels in
activin A treated human embryonic stem cells. Panel (a) shows Pdx] expression. Panel (b)

shows GLUT-2 expression. Panel (c) shows PTFla expression.

Figure 9 shows the expression of pancreatic endoderm markers in the human embryonic stem
cell line H9 following application of a second differentiation protocol. Expression of the
pancreatic endoderm markers was detected by immunohistochemistry. Panel (a) shows Pdxl
expression in the untreated control, and panel (b) shows Pdx] expression in the culture

treated by the stepwise differentiation protocol.

Figure 10 shows the expression of pancreatic endocrine markers in the human embryonic
stem cell line H9 following application of a third differentiation protocol. Expression of the
pancreatic endocrine markers was assayed by PCR and normalized to expression levels in
activin A treated human embryonic stem cells. Panel (a) shows NeuroD1 expression. Panel
(b) shows Ngn3 expression. Panel (c) shows insulin expression. Panel (d) shows Hes-1

expression, the expression level is normalized to pancreatic endoderm cells.

Figure 11 shows the expression of pancreatic endoderm markers in the human embryonic
stem cell line H9 following application of a differentiation protocol. Expression of the
pancreatic endoderm markers was assayed by PCR and normalized to expression levels in
activin A treated human embryonic stem cells. Panel (a) shows Nkx2.2 expression. Panel

(b) shows Pdx1 expression.

Figure 12 shows the expression of PDX-1 in cells with each passage (PO, P1 and P2) in
culture. Expression of the PDX-1 was assayed by PCR and normalized to expression levels

in activin A treated human embryonic stem cells H9.

Figure 13 shows the expression of hepatocyte markers in the human embryonic stem cell line
H9 following application of a third differentiation protocol. Expression of the hepatocyte
markers was assayed by PCR and normalized to expression levels in activin A treated human
embryonic stem cells. Panel (a) shows AFP expression. Panel (b) shows albumin

expression.

11
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Figure 14 shows the expression of markers of pluripotency in the human embryonic stem cell
line H9. Expression of the markers of pluripotency was assayed by immunohistochemistry.

Panel (a) shows Oct-4 expression. Panel (b) shows alkaline phosphatase expression.

Figure 15 shows the karyotype of the human embryonic cell line H9. The Karyotype was
determined on cells at passage number P36 that were cultured on mouse embryonic fibroblast

feeder cells.

Figure 16 depicts the outline of a differentiation protocol in this invention, where human

embryonic stem cells are differentiated into definitive endoderm in a feeder free system.

Figure 17 depicts the FACS profile of human embryonic stem cell line H9 at passage number
44, cultured on varying concentrations of MATRIGEL™ and exposed to (0.5-2%) low serum
and high activin A (100 ng/ml) for 5 days. The expression of definite endoderm marker
CXCR4 (CD184) is shown on the Y-axis and the expression of ES marker CD9 is shown on
the X-axis.

Figure 18 shows the real-time PCR results for markers of definitive endoderm, from cultures
of the human embryonic stem cell line H9 at passage 44 cultured on a 1:10 dilution of
MATRIGEL™ (®), a 1:20 dilution of MATRIGEL™ (#), or a 1:30 dilution of
MATRIGEL™ () and exposed to the differentiation protocol disclosed in Example 14. The
fold induction is relative to undifferentiated cells of the human embryonic stem cell line H9,

at passage number 44, cultured in medium conditioned using mouse embryonic fibroblasts.

Figure 19 shows the scatter plots for global gene expression in undifferentiated pluripotent
stem cells and definitive endoderm cells obtained from differentiating pluripotent stem cells.
Data shown is from cultures of the human embryonic stem cell line H9 cell line at passage 44
cultured on mouse embryonic fibroblasts (right panel) and passage 83 cultured on

MATRIGEL™ (left panel).

Figure 20 depicts the expression of CXCR4 by FACS at day 5 for the human embryonic stem

cell line H1 (panel a), the human embryonic stem cell line H7 (panel b), and the human

12
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embryonic stem cell line H9 (panel ¢) cultured on mouse embryonic fibroblast feeder cells

exposed to the definitive endoderm differentiation protocol disclosed in Example 4.

Figure 21 shows the real-time PCR results of expression of the indicated definitive endoderm
markers in cultures of the human embryonic stem cell line H7 (panel a) and the human
embryonic stem cell line H9 (panel b) cultured on mouse embryonic fibroblast feeder cells.

Results are expressed as fold increase over undifferentiated cells.

Figure 22 depicts the expression of CXCR4 by FACS at day 5 for the human embryonic stem
cell line H1 (panel a), the human embryonic stem cell line H7 (panel b), and the human
embryonic stem cell line H9 (panel ¢) cultured on MATRIGEL (1:30 dilution) and exposed

to the definitive endoderm differentiation protocol disclosed in Example 4,

Figure 23 shows the rcal-time PCR results of the expression of the indicated definitive
endoderm markers in cultures of the human embryonic stem cell line H7 (panel a) and the
human embryonic stem cell line H9 (panel b) and the human embryonic stem cell line H1
(panel ¢). Results are expressed as fold increase over undifferentiated cells. Cells were

treated according to the methods disclosed in Example 4.

Figure 24 depicts phase contrast images of cultures of the human embryonic stem cell line
H9 at passage 46 in the presence of 100 ng/m! of activin A (panel a) or 100 ng/ml of activin
A + 20 ng/ml Wnt-3a (panel b). Cells were treated for five days.

Figure 25 depicts the expression of CXCR4 by FACS in cultures of the human embryonic
stem cell line H7 at passage 44 (panels a & b) and H9 at passage 46 (panels ¢ & d), following
treatment according to the methods disclosed in Example 4. Panels b and d show the effect
0f 20 ng/ml of Wnt-3a on CXCR4 expression. Panels a and ¢ show CXCR4expression in the

absence of Wnt-3a. Results were obtained S days post treatment.

Figure 26 displays the real-time PCR data for expression of the genes indicated in cultures of
the human embryonic stem cell line H7 (panel a) and H9 (panel b). Cultures were treated

with the differentiation protocol disclosed in Example 4. The effccts of Wnt agonists Wnt-3a
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(20 ng/ml), Wnt-5a (20 ng/ml) and Wnt-7a (20 ng/ml) were also tested, as indicated in the
panels. Cells were treated for S days. Results are expressed as fold increase over

undifferentiated cells.

Figure 27 depicts the expression of CXCR4 in cultures of the human embryonic stem cell
line H9 at passage 46, by FACS at five days post treatment. Panel (a) depicts CXCR4
expression in the absence of Wnt-3a. Panel (b) depicts CXCR4 expression following
treatment with 10 ng/ml Wnt-3a. Panel (c) depicts CXCR4 expression following treatment
with 20 ng/ml Wnt-3a, and panel (d) depicts CXCR4 expression following treatment with 50
ng/ml Wnt-3a.

Figure 28 depicts the expression of definitive markers indicated in cultures of the human
embryonic stem cell line H9 after 5 days of treatment. Results are shown as fold increase in
expression over untreated cells, as determined by real-time PCR. Panel (a) shows the effect
of 10, 20 and 50 ng/ml Wnt-3a on the expression of definitive endoderm marker genes
indicated. Panel (b) shows the effect of 1, 5 or 10 ng/ml Wnt-3a (x-axis labels: 10, 5, 1) on

the expression on goosecoid (M) and CXCR4 () expression, at 2 (2d) and 5 (5d) days post

treatment. Panel (c) shows the effect of 1, 5 or 10 ng/ml Wnt-3a on cell number, at 2 days
(W) or 5 days (OJ).

Figure 29 depicts the expression of CXCR4 in cultures of the human embryonic stem cell
linc H9 by FACS, following a 5 day treatment with the differentiation protocol disclosed in
Example 4. Cells were cultured in the absence of Wnt-3a or GSK-3B inhibitor (panel a), 20
ng/ml Wnt-3a for the entire 5 day period (panel b), 1000 nM GSK-3B inhibitor IX for the
entire 5 day period (panel ¢), 500 nM GSK-3B inhibitor IX for the entire 5 day period (panel
d), 100 nM GSK-3B inhibitor IX for the entire S day period (panel e), 10 nM GSK-3B
inhibitor IX for the entire 5 day period (panel f), 100 nM GSK-3B inhibitor IX for days 1-2
(panel g), 10 nM GSK-3B inhibitor IX for days 1-2 (panel h).

Figure 30 depicts the gene expression of definitive endoderm markers by real-time PCR.

Results are expressed as fold increase over untreated cells. Panel (a) shows data obtained
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from the human embryonic cell line H9 at passage number 48, treated to the definitive
endoderm protocol disclosed in Example 4, containing the Wnt-3a or GSK-3B inhibitor at
the concentrations and the times indicated. Panel (b) shows data obtained from the human
embryonic cell line H9 at passage number 46, treated to the definitive endoderm protocol
disclosed in Example 4, containing the Wnt-3a or GSK-3B inhibitor at the concentrations and

the times indicated.

Figure 31 depicts the expression of CXCR4 by FACS for embryonic stem cell lines used in
the present invention. Panels (a-d) show data obtained from the human embryonic stem cell
line H9 at passage number 49. Panels (e-f) show data obtained from the human embryonic
stem cell line H1 at passage number 46. Data was obtained 5 days post treatment. Cells were
treated with the following conditions: Panel (a): 10 ng/ml activin A for all five days plus 20
ng/ml of Wnt-3a for the first two days; panel (b): 100 ng/ml activin A for all five days plus
20 ng/ml of Wnt-3a for the first two days; panel (¢): 100 ng/mlactivin A for all five days
plus 100 nM of GSK-3B inhibitor IX for the first two days; panel (d): 10 ng/ml activin A for
all five days plus 100 nM GSK-3B IX inhibitor for the first two days, panel (e): 100 ng/ml
activin A for all five days plus 20 ng/ml of Wnt-3a for the first two days, and panel (f):10
ng/ml activin A for all five days plus 20 ng/ml of Wnt-3a for the first two days.

Figure 32 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H9 at passage 49, treated with
10, 50, or 100 ng/m! of activin A plus 20 ng/ml of Wnt-3a: panel (a): expression of AFP,
Bry, CXCR4, GSC, HNF-3B, and POU5F (Oct-4) and panel (b): SOX-17 and GATA4.

Results are expressed as fold increase over untreated cells.

Figure 33 depicts the expression of CXCR4 by FACS for the embryonic stem cell line H9 at
passage 53. Data was obtained 5 days post treatment. Cells were treated with the following
conditions: Panel (a): 100 ng/ml activin A for all five days plus 20 ng/ml of Wnt-3a for the
first two days and 25 ng/ml BMP-4 for days 3-5; panel (b): 100 ng/ml activin A for all five
days plus 20 ng/ml of Wnt-3a for the first two days; panel (¢): 100 ng/ml activin A for all
five days plus 100 nM of GSK-3B inhibitor IX for the first two days; panel (d): 20 ng/ml
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Wnt-3a + 25 ng/ml BMP-4 for all five days; panel (¢): 100 ng/ml activin A for all five days
plus 20 ng/ml of Wnt-3a + 100 nm GSK-3B inhibitor IX for the first two days, and panel (f):
100 ng/ml activin A +25 ng/ml BMP-4 for all five days. For all the panels, the X-axis
represents expression of CD9 and the Y-axis represents expression o{ CXCR4 (CD184).

Figure 34 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H1 at passage 46, treated with
10 or 100 ng/ml of activin A plus 20 ng/ml of Wnt-3a or 100 NM GSK-3B inhibitor: panel
(a): expression of AFP, Bry, CXCR4, GSC, and POUSF (bct—4) and panel (b): SOX-17,

HNF-3B, and GATAA4. Results are expressed as fold increase over untreated cells.

Figure 35 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H9 at passage 49, treated with
50 or 100 ng/ml of activin A plus 10 or 100 nM GSK-3B inhibitor: panel (a): expression of
AFP, Bry, CXCR4, GSC, HNF-3B, and POUSF (Oct-4) and panel (b): SOX-17 and

GATAA4. Results are expressed as fold increase over untreated cells.

Figure 36 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H9 at passage 53, treated with
combinations of activin A, Wnt-3a, GSK-3 inhibitor, and BMP-4, for five days: panel (a):
expression of AFP, Bry, CXCR4, GSC, HNF-3B, and SOX7 and panel (b): SOX-17, HNF-
3B and GATAA4.

Figure 37 depicts the percentage of CXCR4 expression, determined by FACS, in cultures of

the human embryonic stem cell line H9, treated with the conditions listed in Example 22.

Figure 38 depicts the expression of definitive endoderm markers as determined by FACS in

cultures of the human embryonic stem cell line H9, cultured on fibronectin (panel a) or

MATRIGEL™ (panel b).
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Figure 39 depicts the expression of definitive endoderm markers as determined by real-time
PCR in cultures of the human embryonic stem cell line H9, cultured on fibronectin (33) or a

1:10 dilution of growth factor reduced MATRIGEL™ (H),

Figure 40 depicts the effect of various concentrations of MATRIGEL™ in the presence of
low serum, 100 ng/ml of activin A and 20 ng/ml of Wnt-3a on differentiating human
embryonic stem cells into definitive endoderm. Cells were treated according to the methods
disclosed in Example 4. Results shown are the expression levels of the genes indicated, as

determined by real-time PCR.

Figure 41 depicts the role of Wnt-3a in definitive endoderm formation by human embryonic
stem cells maintained on MATRIGEL™, but differentiated on mouse embryonic fibroblasts.
Panels (a-d) show real-time PCR data for the genes indicated. Panels (e-g) show FACS data

for the conditions indicated.

Figure 42 shows the differentiation of human embryonic stem cells cultured on tissue culture
substrate coated with MATRIGEL™ to definitive endoderm following treatment with the
Whnt Inhibitor DKK-1. Results shown are the expression of the genes indicated, as
determined by real-time PCR in H9 cells treated according to the methods disclosed in
Example 4 in the presence of 20 ng/ml of Wnt-3A plus 100 ng/ml of DKK1 (DE + DKK1),
or in the absence of DKK1 (DE).

Figure 43 shows immunofluoresence staining of definitive endoderm markers in cultures of
the human embryonic stem cell line H9 cultured on tissue culture substrate coated with
MATRIGEL™ and differentiated in low serum plus 100 ng/ml of activin-A without (panel
a), or with (panel b) 20 ng/ml of Wnt-3a. Ecad = E-cadherin, NCAM=N-cadherin,

Figure 44 shows the differentiation of the human embryonic stem cell line SA002 at passage
38 into definitive endoderm. Cells were treated for five days with the conditions indicated

and gene expression was determined by real-time PCR, for the genes indicated in the panels.
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Figure 45 shows the cxpression of CXCR4 by FACS in the human ecmbryonic stem cell line
SA002 at passage 38, following treatment with 100 ng/ml activin A treatment (pane! a), 100
ng/ml activin A + 20 ng/m] Wnt-3a (panel b}, or 100 ng/ml activin A + 100 nM GSK-3B
inhibitor IX (panel ¢). Cells were treated for five days.

Figure 46 shows the differentiation of the human embryonic stem cell line H1 at passage 55
into definitive endoderm on tissue culture substrate coated with human serum. Cells were
treated with the conditions indicated and gene expression was determined by real-time PCR,

for the genes indicated in the panels.

Figure 47 shows the differentiation of cultures of the human embryonic stem cell line HI1 at
P54, on tissue culture substrate coated with MATRIGEL™ to definitive endoderm. The
effects of v-arious GSK-B inhibitors were tested following a five-day DE protocol. The
following GSK-3B inhibitors were evaluated at 100 nM for the first two days of treatment:
GSK-3B VIII, IX, XI, and XII.

Figure 48 shows the expression of AFP (panel a), Pdx-1 (panel b), Cdx-2 and Glut-2 (panel
¢) and HNF-3beta, HNF-6 and somatostatin (panel d) in cultures of the human embryonic
stem cell line H at passage 49, cultured and treated according to the methods disclosed in
Example 4 in the presence of 20 ng/ml of Wnt-3a for the first two days of treatment.
Following the treatment, the cells were treated for three additional days with 2% FBS plus

1 uM retinoic acid, 0.1 to 1pM TTNPB (4-[(E)-2-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-
naphthalenyl)-1-propenyl]benzoic acid Arotinoid acid), or 0.1-10uM AM-580 (4-[(5,6,7,8-
Tetrahydro-5 ,5,8,8-tetramethyl-2-naphthalenyl)carboxamido]benzoic acid). The cells were
next treated for three additional days in 2% FBS plus 20 ng/ml of bFGF.

Figure 49 shows the real-time PCR results of the expression of the definitive endoderm
markers indicated in panels a and b. in cultures of the human embryonic stem cell line H1

treated with activin A and Wnt-1 for the times and concentrations indicated.

Figure 50 depicts insulin (panel a) and glucagon (panel b) mRNA expression in cultures of

pancreatic endocrine cells, formed from the treatment of pancreatic endoderm cells in
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DMEM/F12 or DMEM-low glucose. Data shown are results observed from two separate

experiments.

Figure 51 depicts insulin expression as determined by immunocytochemistry in cells treated
in DMDM-low glucose (panel a), DMEM/F12 (panel b). Panel ¢ shows the co-staining of
PDX-1 and insulin.

Figure 52 shows the effect of glucose concentration on gene expression in pancreatic
endocrine cells derived from the human embryonic stem cell line H9. Genes are identified in

the panels.

Figure 53 shows c-peptide release from pancreatic endocrine cells formed in 2, 10 and 20mM

glucose. Cells were stimulated with IBMX or 20mM glucose.

DETAILED DESCRIPTION

For clarity of disclosure, and not by way of limitation, the detailed description of the
invention is divided into the following subsections that describe or illustrate certain features,

embodiments or applications of the present invention.
Definitions

Stem cells are undifferentiated cells defined by their ability at the single cell level to both
self-renew and differentiate to produce progeny cells, including self-renewing progenitors,
non-renewing progenitors, and terminally differentiated cells. Stem cells are also
characterized by their ability to differentiate in vitro into functional cells of various cell
lineages from multiple germ layers (endoderm, mesoderm and ectodermy), as well as to give
rise to tissues of multiple germ layers following transplantation and to contribute

substantially to most, if not all, tissues following injection into blastocysts.
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Stem cells are classified by their developmental potential as: (1) totipotent, meaning able to
give rise to all embryonic and extraembryonic cell types; (2) pluripotent, meaning able to
give rise to all embryonic cell types; (3) multipotent, meaning able to give rise to a subset of
cell lineages, but all within a particular tissue, organ, or physiological system (for example,
hematopoietic stem cells (HSC) can produce progeny that include HSC (selfrenewal), blood
cell restricted oligopotent progenitors and all cell types and elements (e.g., platelets) that are
normal components of the blood); (4) oligopotent, meaning able to give rise to a more
restricted subset of cell lineages than multipotent stem cells; and (5) unipotent, meaning able

to give rise to a single cell lineage (e.g. , spermatogenic stem cells).

Differentiation is the process by which an unspecialized ("uncommitted") or less specialized
cell acquires the features of a specialized cell such as, for example, a nerve cell or a muscle
cell. A differentiated or differentiation-induced cell is one that has taken on a more
specialized ("committed") position within the lineage of a cell. The term “committed”, when
applied to the process of differentiation, refers to a cell that has proceeded in the
differentiation pathway to a point where, under normal circumstances, it will continue to
differentiate into a specific cell type or subset of cell types, and cannot, under normal
circumstances, differentiate into a different cell type or revert to a less differentiated cell
type. De-differentiation refers to the process by which a cell reverts to a less specialized (or
committed) position within the lineage of a cell. As used herein, the lineage of a cell defines
the heredity of the cell, i.e., which cells it came from and what cells it can give rise to. The
lineage of a cell places the cell within a hereditary scheme of development and
differentiation. A lineage-specific marker refers to a characteristic specifically associated
with the phenotype of cells of a lineage of interest and can be used to assess the

differentiation of an uncommitted cell to the lineage of interest.

Various terms are used to describe cells in culture. “Maintenance” refers generally to cells
placed in a growth medium under conditions that facilitate cell growth and/or division, which

may or may not result in a larger population of the cells. “Passaging” refers to the process of

20

Date Recue/Date Received 2021-04-12



[0087]

[0088]

[0089]

[0090]

removing the cells from one culture vessel and placing them in a second culture vessel under

conditions that facilitate cell growth and/or division.

A specific population of cells, or a cell line, is sometimes referred to or characterized by the
number of times it has been passaged. For example, a cultured cell population that has been
passaged ten times may be referred to as a P10 culture. The primary culture, i.e., the first
culture following the isolation of cells from tissue, is designated PO. Following the first
subculture, the cells are described as a secondary culture (Pl or passage 1). After the second
subculture, the cells become a tertiary culture (P2 or passage 2), and so on. It will be
understood by those of skill in the art that there may be many population doublings during
the period of passaging; therefore the number of population doublings of a culture is greater
than the passage number. The expansion of cells (i.e., the number of population doublings)
during the period between passages depends on many factors, including but not limited to the

seeding density, substrate, medium, growth conditions, and time between passaging.

"B-cell lineage" refer to cells with positive gene expression for the transcription factor PDX-1
and at least one of the following transcription factors: NGN-3, Nkx2.2, Nkx6.1, NeuroD, Isl-
1, HNF-3 beta, MAFA, Pax4, and Pax6. Cells expressing markers characteristic of the  cell

lineage include P cells.

“Cells expressing markers characteristic of the definitive endoderm lineage™ as used herein
refer to cells expressing at lcast onc of the following markers: SOX-17, GATA-4, HNF-3
beta, GSC, Cerl, Nodal, FGF8, Brachyury, Mixlike homeobox protein, FGF4 CD48,
eomesodermin (EOMES), DKK4, FGF17, GATA-6, CXCR4, C-Kit, CD99, or OTX2. Cells
expressing markers characteristic of the definitive endoderm lineage include primitive streak

precursor cells, primitive streak cells, mesendoderm cells and definitive endoderm cells.

“Cells expressing markers characteristic of the pancreatic endoderm lineage” as used herein
refer to cells expressing at least one of the following markers: PDX-1, HNF-1beta, HNF-
3beta, PTF-1 alpha, HNF-6, or HB9. Cells expressing markers characteristic of the

pancreatic endoderm lineage include pancreatic endoderm cells.
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“Cells expressing markers characteristic of the pancreatic endocrine lineage” as used herein
refer to cells expressing at least one of the following markers: NGN-3, NeuroD, Islet-1,
PDX-1, NKX6.1, Pax-4, or PTF-1 alpha. Cells expressing markers characteristic of the
pancreatic endocrine lineage include pancreatic endocrine cells, pancreatic hormone

expressing cells, and pancreatic hormone secreting cells, and cells of the J-cell lineage.

“Definitive endoderm” as used herein refers to cells which bear the characteristics of cells
arising from the epiblast during gastrulation and which form the gastrointestinal tract and its
derivatives. Definitive endoderm cells express the following markers; CXCR4, HNF-3 beta,

GATA-4, SOX-17, Cerberus, OTX2, goosecoid, c-Kit, CD99, and Mixl!.

“Extraembryonic endoderm” as used herein refers to a population of cells expressing at least
onc of the following markers: SOX-7, AFP, and SPARC.

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

other cells using any of a variety of methods known in the art.

“Mesendoderm cell” as used herein refers to a cell expressing at least one of the following
markers: CD48, eomesodermin (EOMES), SOX-17, DKK4, HNF-3 beta, GSC, FGF17,
GATA-6.

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

somatostatin, pancreatic polypeptide and ghrelin.

“Pancreatic hormone secreting cell” as used herein refers to a cell capable of secreting at
least one of the following hormones: insulin, glucagon. somatostatin, and pancreatic

polypeptide.
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“Pre-primitive streak cell” as used herein refers to a cell expressing at least one of the

following markers: Nodal, or FGFS8.

“Primitive streak cell” as used herein refers to a cell expressing at least one of the following

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

Pluripotent stem cells may express one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-60 and Tra-1-81
(Thomson et al., Scicnce 282:1145, 1998). Differentiation of pluripotent stem cells in vitro
results in the loss of SSEA-4, Tra- 1-60, and Tra-1-81 expression (if present) and increased
expression of SSEA-1. Undifferentiated pluripotent stem cells typically have alkaline
phosphatase activity, which can be detected by fixing the cells with 4% paraformaldehyde,
and then developing with Vector Red as a substrate, as described by the manufacturer
(Vector Laboratories, Burlingame Calif.) Undifferentiated pluripotent stem cells also
typically express Oct-4 and TERT, as detected by RT-PCR.

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

associated with the three germinal layers.

Propagated pluripotent stem cell lines may be karyotyped using a standard G-banding

technique and compared to published karyotypes of the corresponding primate species. It is
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desirable to obtain cells that have a "normal karyotype," which means that the cells are

euploid, wherein all human chromosomes are present and not noticeably altered.
Sources of Pluripotent Stem Cells

The types of pluripotent stem cells that may be used include established lines of pluripotent
cells derived from tissue formed after gestation, including pre-embryonic tissue (such as, for
example, a blastocyst), embryonic tissue, or fetal tissue taken any time during gestatidh,
typically but not necessarily before approximately 10-12 weeks gestation. Non-limiting
examples are established lines of human embryonic stem cells or human embryonic germ
cells, such as, for example the human embryonic stem cell lines HI, H7, and H9 (WiCell).
Also contemplated is use of the compositions of this disclosure during the initial
establishment or stabilization of such cells, in which case the source cclls would be primary
pluripotent cells taken directly from the source tissues. Also suitable are cells taken from a
pluripotent stem cell population already cultured in the absence of feeder cells. Also suitable
are mutant human embryonic stem cell lines, such as, for example, BGO1lv (BresaGen,
Athens, GA).

In one embodiment, human embryonic stem cells are prepared as described by Thomson et
al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133 ff., 1998;
Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).

Culture of Pluripotent Stem Cells

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

using a chemically defined medium.
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For example, Reubinoff et al (Nature Biotechnology 18: 399 - 404 (2000)) and Thompson et
al (Science 6 November 1998: Vol. 282. no. 5391, pp. 1145 .-1147) disclose the culture of
pluripotent stem cell lines from hurnan blastocysts using a mouse embryonic fibroblast feeder

cell layer.

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

fibroblast feeders retain human embryonic stem cell morphology and remain pluripotent”.

1US20020072117 discloses cell lines that produce medi:cx that support the growth of primate
pluripotent stem cells in feeder-free culture. The cell lines employed are mesenchymal and
fibroblast-like cell lines obtained from embryonic tissue or differentiated from embryonic

stem cells, 1JS20020072117 also discloses the use of .the cell lines as a primary feeder cell

layer.

In another example, Wang ef al(Stem Cells 23: 1221-1227, 2005) discloses methods for the
long-term growth of human pluripotent stem cells on feeder cell layers derived from human

embryonic stem cells.

In another example, Stojkovie et al (Stem Cells 2005 23: 306-314, 2005) disclose a feeder

cell system derived from the spontaneous differentiation of human embryonic stem cells.

In a further example, Miyamoto ef a/ (Stem Cells 22: 433-440, 2004) disclose a source of

feeder cells obtained from human placenta.

Amit ef al (Biol. Reprod 68: 2150-2156, 2003) discloses a feeder cell layer derived from

human foreskin.

In another example, Inzunza et al (Stem Cells 23: 544-549, 2005) disclose a feeder cell layer

from human postnatal foreskin fibroblasts.

25

Date Recue/Date Received 2021-04-12



[0114]

[0115]

[0116]

[0117)

[0118]

[0119]

US6642048 discloses media that support the growth of primate pluripotent stem (pPS) cells
in feeder-free culture, and cell lines useful for production of such media. US6642048 states:
“This invention includes mesenchymal and fibroblast-like cell lines obtained from embryonic
tissue or differentiated from embryonic stem cells. Methods for deriving such cell lines,
processing media, and growing stem cells using the conditioned media are described and

illustrated in this disclosure.”

In another example, W02005014799 discloses conditioned medium for the maintenance,
proliferation and differentiation of mammalian cells. W02005014799 states: “The culture
medium produced in accordance with the present invention is conditioned by the cell
secretion activity of murine cells, in particular, those differentiated and immortalized

transgenic hepatocytes, named MMH (Met Murine Hepatocyte).”

In another example, Xu et al (Stem Cells 22: 972-980, 2004) discloses conditioned medium
obtained from human embryonic stem cell derivatives that have been genetically modified to

over express human telomerase reverse transcriptase.

In another example, US20070010011 discloses a chemically defined culture medium for the

maintenance of pluripotent stem cells.

An alternative culture system employs serum-free medium supplemented with growth factors
capable of promoting the proliferation of embryonic stem cells. For example, Cheon et a!
(BioReprod DOI:10.1095/biolreprod.105.046870, October 19, 2005) disclose a fecder-free,
serum-free culture system in which embryonic stem cells are maintained in unconditioned
serum replacement (SR) medium supplemented with different growth factors capable of

triggering embryonic stem cell self-renewal.

In another example, Levenstein ef al (Stem Cells 24: 568-574, 2006) disclose methods for the
long-term culture of human embryonic stem cells in the absence of fibroblasts or conditioned

medium, using media supplemented with bFGF.
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In another example, US20050148070 discloses a method of culturing human embryonic stem
cells in defined media without serum and without fibroblast feeder cells, the method
comprising: culturing the stem cells in a culture medium containing albumin, amino acids,
vitamins, minerals, at least one transferrin or transferrin substitute, at least one insulin or
insulin substitute, the culture medium essentially free of mammalian fetal serum and
containing at least about 100 ng/ml of a fibroblast growth factor capable of activating a
fibroblast growth factor signaling receptor, wherein the growth factor is supplied from a
source other than just a fibroblast feeder layer, the medium supported the proliferation of

stem cells in an undifferentiated state without feeder cells or conditioned medium.

In another example, US20050233446 discloses a defined media useful in culturing stem
cells, including undifferentiated primate primordial stem cells. In solution, the media is
substantially isotonic as compared to the stem cells being cultured. In a given culture, the
particular medium comprises a base medium and an amount of each of bFGF, insulin, and
ascorbic acid necessary to support substantially undifferentiated growth of the primordial

stem cells.

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

consisting of nucleosides and a pyruvate salt.”

In another example, US20050244962 states: “In one aspect the invention provides a method
of culturing primate embryonic stem cells. One cultures the stem cells in a culture essentially
free of mammalian fetal serum (preferably also essentially free of any animal serum) and in

the presence of fibroblast growth factor that is supplied from a source other than just a
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fibroblast feeder layer. In a preferred form, the fibroblast feeder layer, previously required to
sustain a stem cell culture, is rendered unnecessary by the addition of sufficient fibroblast

growth factor.”
In a further example, W02005065354 discloses a defined, isotonic culture medium that is

essentially feeder-free and serum-free, comprising: a. a basal medium; b. an amount of bFGF
sufficient to support growth of substantially undifferentiated mammalian stem cells;l c.an
amount of insulin sufficient to support growth of substantially undifferentiated mammalian
stem cells; and d. an amount of ascorbic acid sufficient to support growth of substantially

undifferentiated mammalian stem cells.

In another example, W02005086845 discloses a method for maintenance of an
undifferentiated stem cell, said method comprising exposing a stem cell to a member of the
transforming growth factor-beta (TGFp) family of proteins, a member of the fibroblast
growth factor (FGF) family of proteins, or nicotinamide (NIC) in an amount sufficient to
maintain the cell in an undifferentiated state for a sufficient amount of time to achieve a

desired result.

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

membrane,

Other extracellular matrix components and component mixtures are suitable as an alternative.
Depending on the cell type being proliferated, this may include laminin, fibronectin,

proteoglycan, entactin, heparan sulfate, and the like, alone or in various combinations.

The pluripotent stem cells may be plated onto the substrate in a suitable distribution and in

the presence of a medium that promotes cell survival, propagation, and retention of the
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desirable characteristics. All these characteristics benefit from careful attention to the

seeding distribution and can readily be determined by one of skill in the art.

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

Differentiation of Pluripotent Stem Cells in to Cells Expressing Markers

Characteristic of the Pancreatic Endocrine Lineage -

Pluripotent stem cells suitable for use in the present invention include, for example, the
human embryonic stem cell line H9 (NIH code: WAO09), the human embryonic stem cell line
H1 (NIH code: WAQ1), the human embryonic stem cell line H7 (NIH code: WA07), and the
human embryonic stem cell line SA002 (Cellartis, Sweden). Also suitable for use in the
present invention are cells that express at least one of the following markers characteristic of
pluripotent cells: ABCG2, cripto, CD9, FoxD3, Connexin43, Connexin45, Oct4, Sox2,
Nanog, hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60, Tral-81.

Markers characteristic of the definitive endoderm lineage are selected from the group
consisting of SOX-17, GATA4, Hnf-3beta, GSC, Cerl, Nodal, FGF8, Brachyury, Mix-like
homeobox protein, FGF4 CDA48, eomesodermin (EOMES), DKK4, FGF17, GATAS,
CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention is a cell that
expresses at least one of the markers characteristic of the definitive endoderm lineage. In one
aspect of the present invention, a cell expressing markers characteristic of the definitive
endoderm lineage is a primitive streak precursor cell. In an alternate aspect, a cell expressing
markers characteristic of the definitive endoderm lineage is a mesendoderm cell. Inan
altemate aspect, a cell expressing markers characteristic of the definitive endoderm lineage is

a definitive endoderm cell.
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Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of Pdx1, HNF-1beta, PTT'1a, HNF-6, I{B9 and PROX]1. Suitable for usc in the
present invention is a cell that expresses at least one of the markers characteristic of the
pancreatic endoderm lineage. In one aspect of the present invention, a cell expressing

markers characteristic of the pancreatic endoderm lineage is a pancreatic endoderm cell.

Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN-3, NeuroD, Islet-1, Pdx-1,NKX6.1, Pax-4, and PTF-1 alpha. In one
embodiment, a pancreatic endocrine cell is capable of expressing at least one of the following
hormones: insulin, glucagon, somatostatin, and pancreatic polypeptide. Suitable for use in
the present invention is a cell that expresses at least one of the markers characteristic of the
pancreatic endocrine lincage. In onc aspect of the present invention, a cell expressing
markers characteristic of the pancreatic endocrine lineage is a pancreatic endocrine cell. The
pancreatic endocrine cell may be a pancreatic hormone expressing cell. Alternatively, the

pancreatic endocrine cell may be a pancreatic hormone secreting ccll.

In one aspect of the present invention, the pancreatic endocrine cell is a cell expressing
markers characteristic of the B cell lineage. A cell expressing markers characteristic of the
cell lineage expresses Pdx1 and at least one of the following transcription factors: NGN-3,
Nkx2.2, Nkx6.1, NeuroD, [sl-1, HNF-3 beta, MAFA, Pax4, and Pax6. In one aspect of the

present invention, a cell expressing markers characteristic of the B cell lineage is a § cell.

Formation of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

Pluripotent stem cells may be differentiated into cells expressing markers characteristic of the
definitive endoderm lineage by any method in the art or by any method proposed in this

invention.

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage according to the methodsdisclosed in

D’Amour ef al, Nature Biotechnology 23, 1534 — 1541 (2005).
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For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage according to the methods disclosed in

Shinozaki et al, Development 131, 1651 - 1662 (2004).

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

McLean et al, Stem Cells 25, 29 - 38 (2007).

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

D’Amour et al, Nature Biotechnology 24, 1392 — 1401 (2006).

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A in the absence of serum, then culturing the cells with activin A
and serum, and then culturing the cells with activin A and serum of a different concentration.

An example of this method is disclosed in Nature Biotechnology 23, 1534 - 1541 (2005).

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A in the absence of serum, then culturing the cells with activin A
with serum of another concentration. An example of this method is disclosed in D’ Amour et

al, Nature Biotechnology, 2005.

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in
medium containing activin A and a Wnt ligand in the absence of serum, then removing the
What ligand and culturing the cells with activin A with serum. An example of this method is

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

In one aspect of the present invention, pluripotent stem cells may be differentiated into cells

expressing markers characteristic of the definitive endoderm lineage by plating the

31

Date Recue/Date Received 2021-04-12



[0144]

[0145]

[0146]

(0147

pluripotent stem cells on a tissue culture substrate coated with an extracellular matrix, then
culturing the pluripotent stem cells with activin A and a Wnt ligand in a first culture medium
containing serum for a period of time, and then culturing the pluripotent stem cells with
activin A in a second culture medium containing a greater concentration of serum for about

another period of time.

The concentration of serum in the first culture medium disclosed above may be from about
zero to about 0.5 percent, and the culture time may be from about one to aboutthree days.
The concentration of serum in the second culture medium disclosed above may be from
about 0.5 percent to about two percent, and the culture time may be from about one to about

four days.

In an alternate embodiment of the present invention, pluripotent stem cells may be
differentiated into cells expressing markers characteristic of the definitive endoderm lineage
by plating the pluripotent stem cells on a tissue culture substrate coated with an extracellular
matrix, then culturing the pluripotent stem cells with activin A and a Wnt ligand in a first
culture medium containing serum for about a period of time, and then culturing the
pluripotent stem cells with activin A and a Wnt ligand in a second culture medium containing

a greater concentration of serum for another period of time.

The concentration of serum in the first culture medium disclosed above may be from about
zero to about 0.5 percent, and the culture time may be from about one to about three days.
The concentration of serum in the second culture medium disclosed above may be from
about 0.5 percent to about two percent, and the culture time may be from about one to about

four days.

In one embodiment, the present invention provides a method for differentiating pluripotent
stem cells expressing markers characteristic of the definitive endoderm lineage, comprising

the steps of:

a. Plating the pluripotent stem cells on a tissue culture substrate coated with an extracellular

matrix, and
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b. Culturing the pluripotent stem cells with activin A and a Wnt ligand.

Culturing the pluripotent stem cells with activin A and a Wnt ligand may be performed in a
single culture medium. Alternatively, culturing the pluripotent stem cells with activin A and
a Wnt ligand may be performed separately or together in more than one culture media. In
one embodiment, culturing the pluripotent stem cells with activin A and a Wntligandis

performed in two culture media.
Extracellular Matrix

In one aspect of the present invention, the pluripotent stem cells are cultured and
differentiated on a tissue culture substrate coated with an extracellular matrix. The
extracellular matrix may be a solubilized basement membrane preparation extracted from
mouse sarcoma cells (which is sold by BD Biosciences under the trade name
MATRIGEL™). Alternatively, the extracellular matrix may be growth factor-reduced
MATRIGEL™, Alternatively, the extracellular matrix may fibronectin. In an alternate
embodiment, the pluripotent stem cells are cultured and differentiated on tissue culture

substrate coated with human serum.

The extracellular matrix may be diluted prior to coating the tissue culture substrate.
Examples of suitable methods for diluting the extracellular matrix and for coating the tissue
culture substrate may be found in Kleinman, H.K., et al., Biochemistry 25:312 (1986), and
Hadley, M.A., et al., ].Cell.Biol. 101:1511 (1985).

In one embodiment, the extracellular matrix is MATRIGEL™. In one embodiment, the
tissue culture substrate is coated with MATRIGEL™ at a 1:10 dilution. In an alternate
embodiment, the tissue culture substrate is coated with MATRIGEL™ at a 1:15 dilution. In
an alternate embodiment, the tissue culture substrate is coated with MATRIGEL™ at a 1:30
dilution. In an alternate embodiment, the tissue culture substrate is coated with
MATRIGEL™ at a 1:60 dilution.
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[n one embodiment, the extracellular matrix is growth factor-reduced MATRIGEL™., In one
embodiment, the tissue culture substrate is coated with growth factor-reduced MATRIGEL™
at a 1:10 dilution. In an alternate embodiment, the tissue culture substrate is coated with
growth factor-reduced MATRIGEL™ at a 1:15 dilution. In an alternate embodiment, the
tissue culture substrate is coated with growth factor-reduced MATRIGEL™ at a 1:30
dilution. In an alternate embodiment, the tissue culture substrate is coated with growth

factor-reduced MATRIGEL at a 1:60 dilution.

Differentiation of Pluripotent Stem Cells into Cells Expressing Markers Characteristic of the

Definitive Endoderm Lineage on an Extracellular Matrix, Using a Single Culture Medium

When a single culture medium is used, it should contain sufficiently low concentrations of
certain factors to allow the differentiation of pluripotent stem cells to definitive endoderm,
such as, for example insulin and IGF (as disclosed in W02006020919). This may be
achieved by lowing the serum concentration, or alternatively, by using chemically defined
media that lacks insulin and IGF. Examples of chemically defined media are disclosed in

Wiles ef al (Exp Cell Res. 1999 Feb 25; 247(1): 241-8.).

The culture medium may have a serum concentration in the range of about 0% to about 10%.
In an alternate embodiment, the concentration may be in the range of about 0% to about 5%.
In an alternate embodiment, the concentration may be in the range of about 0% to about 2%.

In an alternate embodiment, the concentration may be about 2%.

The time of culturing with activin A and a Wnt ligand may range from about 1 day to about 7
days. In an alternate embodiment, the time of culturing may range from about 1 day to about

3 days. In an alternate embodiment, the time of culturing may be about 3 days.

Activin A may be used at any concentration suitable to cause differentiation of the
pluripotent stem cells. The concentration maybe from about 1pg/ml to about 100pg/ml. In
an alternate embodiment, the concentration may be about 1pg/ml to about 1ptg/ml. In another

alternate embodiment, the concentration may be about 1pg/ml to about 100ng/ml. In another
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altemate embodiment, the concentration may be about 50ng/ml to about 100ng/ml. In

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

The choice of the Wnt ligand may be optimized to improve the efficiency of the
differentiation process. The Wnt ligand may be selected from the group consisting of Wnt-1,
Wnt-3a, Wnt-5a and Wnt-7a. In one embodiment, the Wnt ligand is Wnt-1. In an alternate
embodiment, the Wnt ligand is Wnt-3a.

The Wnt ligand may be at a concentration of about 1ng/ml to about 1000ng/ml. In an

altemate embodiment, the concentration may be about 10ng/ml to about 100ng/ml.

The single culture medium may also contain a GSK-3B inhibitor. The GSK-3B inhibitor
may be selected from the group consisting of GSK-3B inhibitor IX and GSK-3B inhibitor XI.
In one embodiment, the GSK-3B inhibitor is GSK-3B inhibitor IX.

When culturing pluripotent stem cells with a GSK-3B inhibitor, the concentration of the
GSK-3B inhibitor may be from about InM to about 1000nM. In an alternate embodiment,
the pluripotent stem cells are cultured with the GSK-3B inhibitor at a concentration of about
10nM to about 100nM.

The single culture medium may also contain at least one other additional factor that may
enhance the formation of cells expressing markers characteristic of the definitive endoderm
lineage from pluripotent stem cells. Alternatively, the at least one other additional factor
may enhance the proliferation of the ells expressing markers characteristic of the definitive
endoderm lineage formed by the methods of the present invention. Further, the at least one
other additional factor may enhance the ability of the cells expressing markers characteristic
of the definitive endoderm lineage formed by the methods of the present invention to form

other cell types, or improve the efficiency of any other additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of the TGF-J
family, including TGF-B1, 2, and 3, serum albumin, members of the fibroblast growth factor

family, platelet-derived growth factor-AA, and BB, platelet rich plasma, insulin growth
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factor (IGF-I, II), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon like.
peptide-I and II (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone, ethanolamine, beta
mercaptoethanol, epidermal growth factor (EGF), gastrin I and II, copper chelators such as,
for example, triethylene pentaniine, forskolin, Na-Butyrate, activin, betacellulin, ITS, noggin,
neurite growth factor, nodal, valporic acid, trichostatin A, sodium butyrate, hepatocyte
growth factor (HGF), sphingosine 1, VEGF, MG132 (EMD, CA), N2 and B27 supplements
(Gibco, CA), steroid alkaloid such as, for example, cyclopamine (EMD, CA), keratinocyte
growth factor (KGF), Dickkopf protein family, bovine pituitary extract, islet neogenesis-
associated protein (INGAP), Indian hedgehog, sonic hedgehog, proteasome inhibitors, notch

pathway inhibitors, sonic hedgehog inhibitors, or combinations thereof.

The at lcast one other additional factor may be supplied by conditioned media obtained from
pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469), CAPAN-1
(ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-1I (ATCC No: CRL-1997),
hepatic cell lines such as, for example, HepG2 (ATCC No: HTB-8065), intestinal cell lines
such as, for example, FHs 74 (ATCC No: CCL-241), and primary or transformed endothelial

cells.

Differentiation of Pluripotent Stem Cells into Cells Expressing Markers Characteristic of the
Definitive Endoderm Lineage on an Extracellular Matrix, Using Two Culture Media

Differentiation of pluripotent stem cells into cells of a definitive endoderm lineage may be
accomplished by culturing the pluripotent stem cells with activin A and a Wnt ligand using
two culture media. Thus, the differentiation of the pluripotent stem cells may be

accomplished as follows:

a. Plating the pluripotent stem cells on a tissue culture substrate coated with an extracellular

matrix,

b. Culturing the pluripotent stem cells with activin A and a Wnt ligand in a first culture

medium, and
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c¢. Culturing the pluripotent stem cells with activin A in a second culture medium.

The first culture medium may contain serum at a low concentration, and the second culture

medium may contain serum at a higher concentration than the first culture medium.
The second culture medium may contain a Wnt ligand.

First Culture Medium: The first culture medium should contain sufficiently low
concentrations of certain factors to allow the differentiation of pluripotent stem cells into
cells expressing markers characteristic of the definitive endoderm lineage, such as, for
example insulin and IGF (as disclosed in W02006020919). This may be achieved by lowing
the serum concentration, or alternatively, by using chemically defined media that lacks
insulin and IGF. Examples of chemically defined media are disclosed in Wiles et al (Exp

Cell Res. 1999 Feb 25; 247(1):241-8.).

In the first culture medium there may be a lower concentration of serum, relative to the
second culture medium. Increasing the serum concentration in the second culture medium
increases the survival of the cells, or, alternatively, may enhance the proliferation of the cells.
The serum concentration of the first medium may be in the range of about 0% to about 10%.
Alternatively, the serum concentration of the first medium may be in the range of about 0%
to about 2%. Alternatively, the serum concentration of the first medium may be in the range
of about 0% to about 1%. Alternatively, the serum concentration of the first medium may be

about 0.5%.

When culturing the pluripotent stem cells with activin A and a Wnt ligand using at least two
culture media, the time of culturing in the first culture medium may range from about 1 day

to about 3 days.

Activin A may be used at any concentration suitable to cause differentiation of the
pluripotent stem cells. The concentration maybe from about 1pg/ml to about 100ug/ml. In
an alternate embodiment, the concentration may be about 1pg/ml to about 1ug/ml. In another

alternate embodiment, the concentration may be about 1pg/ml to about 100ng/ml. In another
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alternate embodiment, the concentration may be about 50ng/ml to about 100ng/ml. In

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

The choice of the Wnt ligand may be optimized to improve the efficiency of the
differentiation process. The Wnt ligand may be selected from the group consisting of Wnt-1,
Wnt-3a, Wnt-5a and Wnt-7a. In one embodiment, the Wnt ligand is Wnt-1. In an alternate
embodiment, the Wnt ligand is Wnt-3a.

The Wnt ligand may be at a concentration of about 1ng/ml to about 1000ng/ml. In an

alternate embodiment, the concentration may be about 10ng/ml to about 100ng/ml.

The first culture medium may also contain a GSK-3B inhibitor. The GSK-3B inhibitor may
be added to the first culture medium, to the second culture medium, or to both the first and

second culture media.

The GSK-3B inhibitor may be selected from the group consisting of GSK-3B inhibitor IX
and GSK-3B inhibitor XI. In one embodiment, the GSK-3B inhibitor is GSK-3B inhibitor
IX.

When culturing pluripotent stem cells with a GSK-3B inhibitor, the concentration of the
GSK-3B inhibitor may be from about 1nM to about 1000nM. In an alternate embodiment,
the pluripotent stem cells are cultured with the GSK-3B inhibitor at a concentration of about

10nM to about 100nM.

The first culture medium may also contain at least one other additional factor that may
enhance the formation of cells expressing markers characteristic of the definitive endoderm
lineage from pluripotent stem cells. Alternatively, the at least one other additional factor
may enhance the proliferation of the cells expressing markers characteristic of the definitive
endoderm lineage formed by the methods of the present invention. Further, the at least one
other additional factor may enhance the ability of the cells expressing markers characteristic
of the definitive endoderm lineage formed by the methods of the present invention to form

other cell types, or improve the efficiency of any other additional differentiation steps.
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The at least one additional factor may be, for example, nicotinamide, members of TGF-$
family, including TGF-B1, 2, and 3, serum albumin, members of the fibroblast growth factor
family, platelet-derived growth factor-AA, and —BB, platelet rich plasma, insulin growth |
factor (IGF-1, IT), growth differentiation factor (GDF-S5, -6, -8, -10, 11), glucagon like
peptide-I and II (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone, ethanolamine, beta
mercaptoethanol, epidermal growth factor (EGF), gastrin I and II, copper chelators such as,
for example, triethylene pentamine, forskolin, Na-Butyrate, activin, betacellulin, ITS, noggin,
neurite growth factor, nodal, valporic acid, trichostatin A, sodium butyrate, hepatocyte -
growth factor (HGF), sphingosine-1, VEGF, MG132 (EMD, CA), N2 and B27 supplements
(Gibco, CA), steroid alkaloid such as, for example, cyclopamine (EMD, CA), keratinocyte
growth factor (KGF), Dickkopf protein family, bovine pituitary extract, islet neogenesis-
associated protein (INGAP), Indian hedgehog, sonic hedgehog, proteasome inhibitors, notch

pathway inhibitors, sonic hedgehog inhibitors, or combinations thereof.

The at least one other additional factor may be supplied by conditioned media obtained from
pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469), CAPAN-1
(ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-1I (ATCC No: CR1L-1997),
hepatic cell lines such as, forexample, HepG2 (ATCC No: HTB-8065), and intestinal cell
lines such as, for example, FHs 74 (ATCC No: CCL-241).

Second Culture Medium: The second culture medium should contain certain factors, such as,
for example, insulin and IGF (as disclosed in W02006020919), at a sufficient concentration
to promote the survival of the cultured cells. This may be achieved by increasing the serum
concentration, or, alternatively, by using chemically defined media where the concentrations
of insulin and IGF are increased relative to the first culture medium. Examples of chemically

defined media are disclosed in Wiles et al (Exp Cell Res. 1999 Feb 25; 247(1):241-8.).

In a second culture medium having higher concentrations of serum, the serum concentration
of the second culture medium may be in the range about 0.5% to about 10%. Alternatively,

the serum concentration of the second culture medium may be in the range of about 0.5% to
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about 5%. Alternatively, the serum concentration of the second culture medium may be in
the range of about 0.5% to about2%. Alternatively, the serum concentration of the second
culture medium may be about 2%. When culturing pluripotent stem cells with the second

culture medium, the time of culturing may range from about 1 day to about 4 days.

Similar to the first culture medium, Activin A may be used at any concentration suitable to
cause differentiation of the pluripotent stem cells. The concentration maybe from about
Ipg/ml to about 100pug/ml. In an alternate embodiment, the concentration may be about
Ipg/ml to about lpg/ml. In another alternate embodiment, the concentration may be about
1pg/ml to about 100ng/ml. In another alternate embodiment, the concentration may be about
50ng/ml to about 100ng/ml. In another alternate embodiment, the concentration may be

about 100ng/ml.

The Wnt ligand may be at a concentration of about 1ng/ml to about 1000ng/ml. In an

alternate embodiment, the concentration may be about 10ng/ml to about 100ng/ml.

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

ligand is Wnt-3a.

The second culture medium may also contain a GSK-3B inhibitor. The GSK-3B inhibitor
may be added to the first culture medium, to the second culture medium, or to both the first °

and second culture media.

The GSK-3B inhibitor may be selected from the group consisting of GSK-3B inhibitor IX
and GSK-3B inhibitor XI. In one embodiment, the GSK-3B inhibitor is GSK-3B inhibitor
IX.

When culturing pluripotent stem cells with a GSK-3B inhibitor, the concentration of the
GSK-3B inhibitor may be from about 1nM to about 1000nM. In an alternate embodiment,
the pluripotent stem cells are cultured with the GSK-3B inhibitor at a concentration of about

10nM to about 100nM.
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Similar to the first culture medium, the second culture medium may also contain at least one
other additional factor that may enhance the formation of cells expressing markers
characteristic of the definitive endoderm lineage from pluripotent stem cells. Alternatively,
the at least one other additional factor may enhance the proliferation of the cells expressing
markers characteristic of the definitive endoderm lineage formed by the methods of the
present invention. Further, the at least one other additional factor may enhance the ability of
the cells expressing markers characteristic of the definitive endoderm lineage formed by the
methods of the present invention to form other cell types, or improve the efficiency of any

other additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of TGF-f
family, including TGF-B1, 2, and 3, serum albumin, members of the fibroblast growth factor
family, platelet-derived growth factor-AA, and ~BB, platelet rich plasma, insulin growth
factor (IGF-1, 11), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon like
peptide-I and II (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone, ethanolamine, beta
mercaptoethanol, epidermal growth factor (EGF), gastrin I and 11, copper chelators such as,
for example, triethylene pentamine, forskolin, Na-Butyrate, activin, betacellulin, ITS, noggin,
neurite growth factor, nodal, valporic acid, trichostatin A, sodium butyrate, hepatocyte
growth factor (HGF), sphingosine-1, VEGF, MG132 (EMD, CA), N2 and B27 supplements
(Gibeo, CA), steroid alkaloid such as, for example, cyclopamine (EMD, CA), keratinocyte
growth factor (KGF), Dickkopf protein family, bovine pituitary extract, islet neogenesis-
associated protein (INGAP), Indian hedgehog, sonic hedgehog, proteasome inhibitors, notch

pathway inhibitors, sonic hedgehog inhibitors, or combinations thereof.

The at least one other additional factor may be supplied by conditioned media obtained from
pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469), CAPAN-]
(ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-II (ATCC No: CRL-1997),
hepatic cell lines such as, for example, HepG2 (ATCC No: HTB-8065), and intestinal cell
lines such as, for example, FHs 74 (ATCC No: CCL-241).
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Differentiation of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

Formation of cells expressing markers characteristic of the definitive endoderm lineage may
be determined by testing for the presence of the markers before and after following a
particular protocol. Pluripotent stem cells typically do not express such markers. Thus,

differentiation of pluripotent cells is detected when cells begin to express them.

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

cells expressing markers characteristic of the definitive endoderm lineage.

Methods for assessing expression of protein and nucleic acid markers in cultured or isolated
cells are standard in the art. These include quantitative reverse transcriptase polymerase
chain reaction (RT-PCR), Northern blots, in situ hybridization (see, e.g., Current Protocols in
Molecular Biology (Ausubel et al., eds. 2001 supplement)), and immunoassays such as
immunohistochemical analysis of sectioned material, Western blotting, and for markers that
are accessible in intact cells, flow cytometry analysis (FACS) (see, e.g., Harlow and Lane,
Using Antibodies: A Laboratory Manual, New York: Cold Spring Harbor Laboratory Press
(1998)).

Examples of antibodies useful for detecting certain protein markers are listed in Table IA. It
should be noted that alternate antibodies directed to the same markers that are recognized by
the antibodies listed in Table IA are available, or can be readily developed. Such alternate
antibodies can also be employed for assessing expression of markers in the cells isolated in

accordance with the present invention.

For example, characteristics of pluripotent stem cells are well known to those skilled in the
art, and additional characteristics of pluripotent stem cells continue to be identified.
Pluripotent stem cell markers include, for example, the expression of one or more of the
following: ABCG?2, cripto, FoxD3, Connexind3, Connexind5, Octd, Sox2, Nanog, hTERT,
UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60, Tral-81.
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After treating pluripotent stem cells with the methods of the present invention, the
differentiated cells may be purified by exposing a treated cell population to an agent (such as
an antibody) that specifically recognizes a protein marker, such as CXCR4, expressed by

cells expressing markers characteristic of the definitive endoderm lineage.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

Cells expressing markers characteristic of the definitive endoderm lineage may be
differentiated into cells expressing markers characteristic of the pancreatic endoderm lineage

by any method in the art or by any method proposed in this invention.

For example, cells expressing markers characteristic of the definitive endéderm lineage may
be differentiated into cells expressing markers characteristic of the pancreatic endoderm
lineage according to the methods disclosed in D’ Amour et a/, Nature Biotechnology 24, 1392
- 1401 (2006).

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

In one aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells expressing markers
characteristic of the definitive endoderm lineage with retinoic acid and at least one fibroblast
growth factor for a period of time. That period of time may be from about one to about six

days.
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In an alternate aspect of the present invention, cells expressing markers characteristic of the
definitive endoderm lineage are further differentiated into cells expressing markers
characteristic of the pancreatic endoderm lineage, by treating the cells with retinoic acid for a
period of time. That period of time maybe from about one to about three days. The retinoic
acid is subsequently removed and the cells are treated with at least one fibroblast growth
factor for another period of time. That period of time may be from about one to about three

days.

In one embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the definitive endoderm lineage into cells expressing

markers characteristic of the pancreatic endoderm lineage, comprising the steps of:
a. Culturing cells expressing markers characteristic of the definitive endoderm lineage, and

b. Treating the cells expressing markers characteristic of the definitive endoderm lineage

with retinoic acid and at least one fibroblast growth factor.

Any cell expressing markers characteristic of the definitive endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endoderm

lineage using this method.

In one embodiment, the cells expressing markers characteristic of the definitive endoderm
are treated with retinoic acid and at least one fibroblast growth factor for about one to about
six days. In one embodiment, the cells expressing markers characteristic of the definitive
endoderm are treated with retinoic acid and at least one fibroblast growth factor for about six

days.

The at least one fibroblast growth factor is selected from the group consisting of FGF-2,
FGF-4 and FGF-10.
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Any cell expressing markers characteristic of the definitive endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endoderm

lineage using this mcthod.

In an alternate embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the definitive endoderm lineage into cells expressing

markers characteristic of the pancreatic endoderm lineage, comprising the steps of:
a. Culturing cells expressing markers characteristic of the definitive endoderm lineage,

b. Treating the cells expressing markers characteristic of the definitive endoderm lineage

treating the cells with retinoic acid, and

¢. Removing the retinoic acid and subsequently treating the cells with at least one fibroblast

growth factor.

Any cell expressing markers characteristic of the definitive endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endoderm

lineage using this method.

In one embodiment, the cells expressing markers characteristic of the definitive endoderm
are treated with retinoic acid for about one to about three days. In one embodiment, the cells
expressing markers characteristic of the definitive endoderm are treated with retinoic acid for
about three days. In one embodiment, the cells expressing markers characteristic of the
definitive endoderm are treated with at least one fibroblast growth factor for about one to
aboutthree days. In one embodiment, the cells expressing markers characteristic of the
definitive endoderm are treated with at least one fibroblast growth factor for about three

days.

The at least one fibroblast growth factor is selected from the group consisting of FGF-2,

FGF-4 and FGF-10.
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Any cell expressing markers characteristic of the definitive endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endoderm
lineage using this method. In one embodiment, the cells expressing markers characteristic of
the definitive endoderm lineage are treated with retinoic acid. Alternatively, the cells
expressing markers characteristic of the definitive endoderm lineage are treated with FGF-2,
or alternatively FGF-4, or alternatively FGF-10. In an alternate embodiment, the cells
expressing markers characteristic of the definitive endoderm lineage are treated with at Jeast
one of the following factors: retinoic acid, FGF-2, FGF-4 or FGF-10. In an alternate
embodiment, the cells expressing markers characteristic of the definitive endoderm lineage
are treated with retinoic acid and at least one of the following fibroblast growth factors:
FGF-2, FGF-4 or FGF-10. In one embodiment, the cells expressing markers characteristic of
the definitive endoderm lineage are treated with retinoic acid and FGF-2. In another
embodiment, the cells expressing markers characteristic of the definitive endoderm lineage
are treated with retinoic acid and FGF-4. In a further embodiment, the cells expressing
markers characteristic of the definitive endoderm lineage are treated withretinoic acid and

FGF-10.

Retinoic acid may be used at a concentration from about 1nM to about ImM. In one

embodiment, retinoic acid is used at a concentration of 1pM.

FGF-2 may be used at a concentration from about 50pg/m! to about SOpug/ml. Inone

embodiment, FGF-2 is used at a concentration of 50ng/ml.

FGF-4 may be used at a concentration from about 50pg/ml to about S0ug/ml. In one

embodiment, FGF-4 is used at a concentration of 50ng/ml.

FGF-10 may be used at a concentration from about 50pg/ml to about 50pg/ml. In one

embodiment, FGF-10 is used at a concentration of SOng/ml.

Cells expressing markers characteristic of the definitive endoderm lineage may be treated
with at least one other additional factor that may enhance the formation of cells expressing

markers characteristic of the pancreatic endoderm lineage. Alternatively, the at least one
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other additional factor may enhance the proliferation of the cells expressing markers
characteristic of the pancreatic endoderm lineage formed by the methods of the present
invention. Further, the at least one other additional factor may enhance the ability of the cells
expressing markers characteristic of the pancreatic endoderm lineage formed by the methods
of the present invention to form other cell types, or improve the efficiency of any other

additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of TGF-f§
family, including TGF-f1, 2, and 3, serum albumin, members of the fibroblast growth factor
family, platelet-derived growth factor-AA, and -BB, platelet rich plasma, insulin growth
factor (IGF-1, II), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon like
peptide-I and 11 (GLP-Iand IT), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone, ethanolamine, beta
mercaptoethanol, epidermal growth factor (EGF), gastrin I and II, copper chelators such as,
for example, triethylene pentamine, forskolin, Na-Butyrate, activin, betacellulin, ITS, noggin,
neurite growth factor, nodal, valporic acid, trichostatin A, sodium butyrate, hepatocyte
growth factor (HGF), sphingosine-1, VEGF, MG132 (EMD, CA), N2 and B27 supplements
(Gibco, CA), steroid alkaloid such as, for example, cyclopamine (EMD, CA), keratinocyte
growth factor (KGF), Dickkopf protein family, bovine pituitary extract, islet neogenesis-
associated protein (INGAP), Indian hedgehog, sonic hedgehog, proteasome inhibitors, notch

pathway inhibitors, sonic hedgehog inhibitors, or combinations thereof.

The at least one other additional factor may be supplied by conditioned media obtained from
pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469), CAPAN-1
(ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-1I (ATCC No: CRL-1997),
hepatic cell lines such as, for example, HepG2 (ATCC No: HTB-8065), and intestinal cell
lines such as, for example, FHs 74 (ATCC No: CCL-241).

Detection of Cells Expressing Markers Characteristic of the Pancreatic Endoderm Lineage
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Markers characteristic of the pancreatic endoderm lineage are well known to those skilled in
the art, and additional markers characteristic of the pancreatic endoderm lineage continue to
be identified. These markers can be used to confirm that the cells treated in accordance with
the present invention have differentiated to acquire the properties characteristic of the
pancreatic endoderm lineage. Pancreatic endoderm lineage specific markers include the
expression of one or more transcription factors such as, for example, Hixb9, PTF-1a, PDX-1,
HNF-6, HNF-1beta.

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

cells expressing markers characteristic of the pancreatic endoderm lineage.

Methods for assessing expression of protein and nucleic acid markers in cultured or isolated
cells are standard in the art. Theseinclude quantitative reverse transcriptase polymerase
chain reaction (RT-PCR), Northern blots, in situ hybridization (see, e.g., Current Protocols in
Molecular Biology (Ausubel et al., eds. 2001 supplement)), and immunoassays such as
immunohistochemical analysis of sectioned material, Western blotting, and for markers that
are accessible in intact cells, flow cytometry analysis (FACS) (see, e.g., Harlow and Lane,
Using Antibodies: A Laboratory Manual, New York: Cold Spring Harbor Laboratory Press
(1998)).

Examples of antibodies useful for detecting certain protein markers are listed in Table IA. It
should be noted that alternate antibodies directed to the same markers that are recognized by
the antibodies listed in Table IA are available, or can be readily developed. Such alternate
antibodies can also be ecmployed for assessing expression of markers in the cells isolated in

accordance with the present invention.
Formation of Cells Expressing Markers Characteristic of the Pancreatic Endocrine Lineage

Cells expressing markers characteristic of the pancreatic endoderm lineage may be
differentiated into cells expressing markers characteristic of the pancreatic endocrine lineage

by any method in the art or by any method disclosed in this invention.
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For example, cells expressing markers characteristic of the pancreatic endoderm lineage may
be differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage according to the methods disclosed in D’ Amour ef al, Nature Biotechnology 24, 1392
- 1401 (2006).

For example, cells expressing markers characteristic of the pancreatic endoderm lineage are
further differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic endoderm
lineage in medium containing DAPT and exendin 4, then removing the medium containing
DAPT and exendin 4 and subsequently culturing the cells in medium containing exendin 1,
IGF-1 and HGF. An example of this method is disclosed in Nature Biotechnology 24, 1392 -
1401 (2006).

For example, cells expressing markers characteristic of the pancreatic endoderm lineage are
further differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic endoderm
lineage in medium containing exendin 4, then removing the medium containing exendin 4
and subsequently culturing the cells in medium containing exendin 1, IGF-1 and HGF. An

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

For example, cells expressing markers characteristic of the pancreatic endoderm lineage are
further differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic endoderm
lineage in medium containing DAPT and exendin 4. An example of this method is disclosed

in D> Amour et al, Nature Biotechnology, 2006.

For example, cells expressing markers characteristic of the pancreatic endoderm lineage are
further differentiated into cells expressing markers characteristic of the pancreatic endocrine
lineage, by culturing the cells expressing markers characteristic of the pancreatic endoderm

lineage in medium containing exendin 4. An example of this method is disclosed in

D’Amour ef al, Nature Biotechnology, 2006.
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In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic cndoderm lineage arc further differentiated into cells expressing markers
characteristic of the pancreatic endocrine lineage, by treating the cells expressing markers
characteristic of the pancreatic endoderm lineage with a factor that inhibits the Notch
signaling pathway. The factor that inhibits the Notch signaling pathway may be an
antagonist for the Notch extracellular receptor. Alternatively, the factor may inhibit the
biological activity of the Notch receptor. Alternatively, the factor may inhibit or be an

antagonist of an element in the Notch signal transduction pathway within a cell.

In one embodiment the factor that inhibits the Notch signaling pathway is a y-secretase
inhibitor. In one embodiment, the y-secretase inhibitor is 1S-Benzyl-4R-[1-(1S-carbamoyl-
2-phenethylcarbamoyl)-1S-3-methylbutylcarbamoyl]-2R-hydrozy-5-phenylpentyl] carbamic
Acid tert-butyl Ester, also known as L-685,458.

L-685,458 may be used at a concentration from about 0.1uM to about 100uM. In one
embodiment, L-685,458 is used at a concentration of about 90uM. In one embodiment, L-
685,458 is used at a concentration of about 80puM. In one embodiment, L-685,458 is used at
a concentration of about 70uM. In one embodiment, L-685,458 is used at a concentration of
about 60uM. In one embodiment, 1.-685,458 is used at a concentration of about S0uM. In
one embodiment, L.-685,458 is used at a concentration of about 40uM. In one embodiment,
1-685,458 is used at a concentration of about 30uM. In one embodiment, L.-685,458 is used
at a concentration of about 20pM. In one embodiment, 1.-685,458 is used at a concentration

of about 10uM.

In one embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the pancreatic endoderm lineage into cells expressing

markers characteristic of the pancreatic endocrine lineage, comprising the steps of:
a. Culturing cells expressing markers characteristic of the pancreatic endoderm lineage, and

b. Treating the cells with a factor that inhibits the Notch signaling pathway.
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Any cell expressing markers characteristic of the pancreatic endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endocrine

lineage using this method.

In one embodiment, factor that inhibits the Notch signaling pathway is a y-secretase
inhibitor. In one embodiment, the y-secretase inhibitor is 1S-Benzyl-4R-[1-(1S-carbamoyl-2-
phenethylcarbamoyl)-1S-3-methylbutylcarbamoyl}-2R-hydrozy-5-phenylpentyl] carbamic
Acid tert-butyl Ester, also known as L-685,458.

The cells expressing markers characteristic of the pancreatic endoderm lineage are treated
with the factor that inhibits the Notch signaling pathway for about one to about five days.
Alternatively, the cells expressing markers characteristic of the pancreatic endoderm lineage
are treated with the factor that inhibits the Notch signaling pathway for about three to about
five days. Alternatively, the cells expressing markers characteristic of the pancreatic
endoderm lineage are treated with the factor that inhibits the Notch signaling pathway for

about five days.

In one embodiment, factor that inhibits the Notch signaling pathway is a y-secretase
inhibitor. In one embodiment, the y-secretase inhibitor is 1S-Benzyl-4R-[1-(1S-carbamoyl-
2-phenethylcarbamoyl)-1S-3-methylbutylcarbamoyl]-2R-hydrozy-5-phenylpentyl] carbamic
Acid tert-butyl Ester, also known as [.-685,458.

L-685,458 may be used at a concentration from about 0.1pM to about 100uM. In one
embodiment, 1.-685,458 is used at a concentration of about 90pM. In one embodiment, L-
685,458 is used at a concentration of about 80uM. In one embodiment, L-685,458 is used at
a concentration of about 70uM. In one embodiment, L-685,458 is used at a concentration of
about 60uM. In one embodiment, L-685,458 is used at a concentration of about S0pM. In
one embodiment, L-685,458 is used at a concentration of about 40uM. In one embodiment,
1-685,458 is used at a concentration of about 30pM. In one embodiment, L.-685,458 is used
at a concentration of about 20uM. In one embodiment, L-685,458 is used at a concentration

of about 10pM.
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Cells expressing markers characteristic of the pancreatic endoderm lineage may be treated
with at least one other additional factor that may enhance the formation of cells expressing
markers characteristic of the pancreatic endocrine lineage. Alternatively, the at least one
other additional factor may enhance the proliferation of the cells expressing markers
characteristic of the pancreatic endocrine lineage formed by the methods of the present
invention. Further, the at least one other additional factor may enhance the ability of the cells
expressing markers characteristic of the pancreatic endocrine lineage formed by the methods
of the present invention to form other cell types, or improve the efficiency of any other

additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of TGF-
family, including TGF-B1, 2, and 3, serum albumin, members of the fibroblast growth factor
family, platelet-derived growth factor-AA, and —BB, platelet rich plasma, insulin growth
factor (IGF-1, II), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon like
peptide-I and Il (GLP-I and II), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic acid,
parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone, ethanolamine, beta
mercaptoethanol, epidermal growth factor (EGF), gastrinI and II, copper chelators such as,
for example, triethylene pentamine, forskolin, Na-Butyrate, activin, betacellulin, ITS, noggin,
neurite growth factor, nodal, valporic acid, trichostatin A, sodium butyrate, hepatocyte
growth factor (HGF), sphingosine-1, VEGF, MG132 (EMD, CA), N2 and B27 supplements
(Gibco, CA), steroid alkaloid such as, for example, cyclopamine (EMD, CA), keratinocyte
growth factor (KGF), Dickkopf protein family, bovine pituitary extract, islet neogenesis-
associated protein (INGAP), Indian hedgehog, sonic hedgehog, proteasome inhibitors, notch

pathway inhibitors, sonic hedgehog inhibitors, or combinations thereof.

The at least one other additional factor may be supplied by conditioned media obtained from
pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469), CAPAN-1
(ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-II (ATCC No: CRL-1997),
hepatic cell lines such as, for example, HepG2 (ATCC No: HTB-8065), and intestinal cell
lines such as, for example, FHs 74 (ATCC No: CCL-241).
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In one embodiment, the present invention provides an improved method for differentiating
cells expressing markers characteristic of the pancreatic endoderm lineage into cells
expressing markers characteristic of the pancreatic endocrine lineage, comprising the steps

of:
a. Culturing cells expressing markers characteristic of the pancreatic endoderm lineage, and

b. Treating the cells with a factor capable of differentiating cells expressing markers
characteristic of the pancreatic endoderm lineage into cells expressing markers
characteristic of the pancreatic endocrine lineage, in medium containing glucose at a

concentration from about 10mM to about 20mM.

Any cell expressing markers characteristic of the pancreatic endoderm lineage is suitable for
differentiating into a cell expressing markers characteristic of the pancreatic endocrine

lineage using this method.

Any method capable of differentiating cells expressing markers characteristic of the
pancreatic endoderm lineage into cells expressing markers characteristic of the pancreatic

endocrine lineage is suitable for the improvement of the present invention.

In one embodiment, the cells expressing markers characteristic of the pancreatic endoderm
lineage are treated in a medium containing glucose at a concentration of about 10mM. In an

alternate embodiment, the cells are treated in a medium containing glucose at a concentration
of about 20mM.

Cells expressing markers characteristic of the pancreatic endoderm lineage are treated for
about 2 to about 30 days. In one embodiment cells expressing markers characteristic of the
pancreatic endoderm lineage are treated for about 2 to about 20 days. In one embodiment,
cells expressing markers characteristic of the pancreatic endoderm lineage are treated for
about 2 to about 10 days. In one embodiment, cells expressing markers characteristic of the
pancreatic endoderm lineage are treated for about 10 days. In one embodiment, cells

expressing markers characteristic of the pancreatic endoderm lineage are treated for about 4
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days. Inone embodiment, cells expressing markers characteristic of the pancreatic endoderm

lineage are treated for about 2 days.
Detection of Cells Expressing Markers Characteristic of the Pancreatic Endocrine Lineage

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

NGN-3, NeuroD, Islet-1.

Markers characteristic of cells of the B cell lineage are well known to those skilled in the art,
and additional markers characteristic of the B cell lineage continue to be identified. These
markers can be used to confirm that the cells treated in accordance with the present invention
have differentiated to acquire the properties characteristic of the B-cell lineage. B cell lineage
specific characteristics include the expression of one or more transcription factors such as,
for example, Pdx1 (pancreatic and duodenal homeobox gene-1), Nkx2.2, Nkx6.1, Isl1, Pax®,
Pax4, NeuroD, Hnf1b, Hnf-6, Hnf-3beta, and MafA, among others. These transcription
factors are well established in the art for identification of endocrine cells. See, e.g., Edlund

(Nature Reviews Genetics 3: 524-632 (2002)).

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

expressing markers characteristic of the p cell lineage.

Methods for assessing expression of protein and nucleic acid markers in cultured or isolated

cells are standard in the art. These include quantitative reverse transcriptase polymerase
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chainreaction (RT-PCR), Northern blots, in situ hybridization (see, e.g., Current Protocols in
Molecular Biology (Ausubel ef al., eds. 2001 supplement)), and immunoassays such as
immunohistochemical analysis of sectioned material, Western blotting, and for markers that
are accessible in intact cells, flow cytometry analysis (FACS) (see, ¢.g., Harlow and Lane,
Using Antibodies: A Laboratory Manual, New York: Cold Spring Harbor Laboratory Press
(1998)).

Examples of antibodies useful for detecting certain protein markers are listed in Table JA. It
should be noted that alternate antibodies directed to the same markers that are recognized by
the antibodies listed in Table IA are available, or can be readily developed. Such alternate
antibodies can also be employed for assessing expression of markers in the cells isolated in

accordance with the present invention.
Therapies

In one aspect, the present invention provides a method for treating a patient suffering from,
or at risk of developing, Typel diabetes. This method involves culturing pluripotent stem
cells, differentiating the pluripotent stem cells in vitro into a f-cell lineage, and implanting

the cells of a f-cell lineage into a patient.

In yet another aspect, this invention provides a method for treating a patient suffering from,
or at risk of developing, Type 2 diabetes. This method involves culturing pluripotent stem
cells, differentiating the cultured cells in vitro into a f-cell lineage, and implanting the cells

of a B-cell lineage into the patient.

If appropriate, the patient can be further treated with pharmaceutical agents or bioactives that
facilitate the survival and function of the transplanted cells. These agents may include, for
example, insulin, members of the TGF-B family, including TGF-$1, 2, and 3, bone
morphogenic proteins (BMP-2, -3, -4, -5, -6, -7, -11, -12, and -13), fibroblast growth factors-
1 and -2, platelet-tderived growth factor-AA, and —BB, platelet rich plasma, insulin growth
factor (IGF-1, 11) growth differentiation factor (GDF-5, -6, -7, -8, -10, -15), vascular
endothelial cell-derived growth factor (VEGF), pleiotrophin, endothelin, among others.
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Other pharmaceutical compounds can include, for example, nicotinamide, glucagon like
peptide-I (GLP-1) and II, GLP-1 and 2 mimetibody, Exendin-4, retinoic acid, parathyroid
hormone, MAPK inhibitors, such as, for example, compounds disclosed in U.S. Published
Application 2004/0209901 and U.S. Published Application 2004/0132729.

The pluripotent stem cells may be differentiated into an insulin-producing cell prior to
transplantation into a recipient. In a specific embodiment, the pluripotent stem cells are fully
differentiated into B-cells, prior to transplantation into a recipient. Alternatively, the
pluripotent stem cells may be transplanted into a recipient in an undifferentiated or partially

differentiated state. Further differentiation may take place in the recipient.

Definitive endoderm cells or, alternatively, pancreatic endoderm cells, or, alternatively,
cells, may be implanted as dispersed cells or forted into clusters that may be infused into the
hepatic portal vein. Alternatively, cells may be provided in biocompatible degradable
polymeric supports, porous non-degradable devices or encapsulated to protect from host
immune response. Cells may be implanted into an appropriate site in a recipient. The
implantation sites include, for example, the liver, natural pancreas, renal subcapsular space,

omentum, peritoneum, subserosal space, intestine, stomach, or a subcutaneous pocket.

To enhance further differentiation, survival or activity of the implanted cells, additional
factors, such as growth factors, antioxidants or anti-inflammatory agents, can be administered
before, simultaneously with, or after the administration of the cells. In certain embodiments,
growth factors are utilized to differentiate the administered cells in vivo. These factors can
be secreted by endogenous cells and exposed to the administered cells in situ. Implanted
cells can be induced to differentiate by any combination of endogenous and exogenously

administered growth factors known in the art.

The amount of cells used in implantation depends on a number of various factors including
the patient’s condition and response to the therapy, and can be determined by one skilled in

the art.
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In one aspect, this invention provides a method for treating a patient suffering from, or at risk
of developing diabetes. This method involves culturing pluripotent stem cells, differentiating
the cultured cells in vitro into a P-cell lineage, and incorporating the cells into a three-
dimensional support. The cells can be maintained in vitro on this support prior to
implantation into the patient. Alternatively, the support containing the cells can be directly
implanted in the patient without additional in vifro culturing. The support can optionally be
incorporated with at least one pharmaceutical agent that facilitates the survival and function

of the transplanted cells.

Support materials suitable for use for purposes of the present invention include tissue
templates, conduits, barriers, and reservoirs useful for tissue repair, In particular, synthetic
and natural materials in the form of foams, sponges, gels, hydrogels, textiles, and nonwoven
structures, which have been used in vitro and in vivo to reconstruct or regenerate biological
tissue, as well as to deliver chemotactic agents for inducing tissue growth, are suitable for use
in practicing the methods of the present invention. See, for example, the materials disclosed
in U.S. Patent 5,770,417, U.S. Patent 6,022,743, U.S. Patent 5,567,612, U.S. Patent
5,759,830, U.S, Patent 6,626,950, U.S. Patent 6,534,084, U.S. Patent 6,306,424, U.S. Patent
6,365,149, U.S. Patent 6,599,323, U.S. Patent 6,656,488, U.S. Published Application
2004/0062753 A1, U.S. Patent 4,557,264and U.S. Patent 6,333,029.

[0288] To form a support incorporated with a pharmaceutical agent, the pharmaceutical agent
can be mixed with the polymer solution prior to forming the support. Alternatively, a
pharmaceutical agent could be coated onto a fabricated support, preferably in the presence of
a pharmaceutical carrier. The pharmaceutical agent may be present as a liquid, a finely
divided solid, or any other appropriate physical form. Alternatively, excipients may be added
to the support to alter the release rate of the pharmaceutical agent. In an alternate
embodiment, the support is incorporated with at least one pharmaceutical compound that is
an anti-inflammatory compound, such as, for example compounds disclosed in U.S. Patent

6,509,369.
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The support may be incorporated with at least one pharmaceutical compound that is an anti-

apoptotic compound, such as, for example, compounds disclosed in U.S. Patent 6,793,945.

The support may also be incorporated with at least one pharmaceutical compound that is an

inhibitor of fibrosis, such as, for example, compounds disclosed in U.S. Patent 6,331,298.

The support may also be incorporated with at least one pharmaceutical compound that is
capable of enhancing angiogenesis, such as, for example, compounds disclosed in U.S.

Published Application 2004/0220393 and U.S. Published Application 2004/0209901.

The support may also be incorporated with at least one pharmaceutical compound that is an

immunosuppressive compound, such as, for example, compounds disclosed in U.S.
Published Application 2004/0171623.

The support may also be incorporated with at least one pharmaceutical compound that is a
growth factor, such as, for example, members of the TGF-f3 family, including TGF-B1, 2, and
3, bone morphogenic proteins (BMP-2, -3,-4, -5, -6, -7, -11, -12, and -13), fibroblast growth
factors-1 and -2, platelet-derived growth factor-AA, and —BB, platelet rich plasma, insulin
growth factor (IGF-I, II) growth differentiation factor (GDF-5, -6, -8, -10, -15), vascular
endothelial cell-derived growth factor (VEGF), pleiotrophin, endothelin, among others.
Other pharmaceutical compounds can include, for example, nicotinamide, hypoxia inducible
factor 1-alpha, glucagon like peptide-1 (GLP-1), GLP-1 and GLP-2 mimetibody, and II,
Exendin-4, nodal, noggin, NGF, retinoic acid, parathyroid hormone, tenascin-C, tropoelastin,
thrombin-derived peptides, cathelicidins, defensins, laminin, biological peptides containing
cell- and heparin-binding domains of adhesive extracellular matrix proteins such as
fibronectin and vitronectin, MAPK inhibitors, such as, for example, compounds disclosed in
U.S. Published Application 2004/0209901 and U.S. Published Application 2004/0132729.

The incorporation of the cells of the present invention into a scaffold can be achieved by the
simple depositing of cells onto the scaffold. Cells can enter into the scaffold by simple

diffusion (J. Pediatr. Surg. 23 (1 Pt 2): 3-9 (1988)). Several other approaches have been

developed to enhance the efficiency of cell seeding. For example, spinner flasks have been
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used in seeding of chondrocytes onto polyglycolic acid scaffolds (Biotechnol. Prog. 14(2):
193-202 (1998)). Another approach for seeding cells is the use of centrifugation, which
yields minimum stress to the seeded cells and enhances seeding efficiency. For example,
Yang et al. developed a cell seeding method (J.Biomed. Mater. Res. 55(3): 379-86 (2001)),

referred to as Centrifugational Cell Immobilization (CCI).
The present invention is further illustrated, but not limited by, the following examples.
EXAMPLES
Example 1
Human Embryoenic Stem Cell Culture

The human embryonic stem cell lines H1, H7 and H9 were obtained from WiCell Research
Institute, Inc., (Madison, WI) and cultured according to instructions provided by the source
institute, Briefly, cells were cultured on mouse embryonic fibroblast (MEF) feeder cells in
ES cell medium consisting of DMEM/F12 (Invitrogen/GIBCO) supplemented with 20%
knockout serum replacement, 100 nM MEM nonessential amino acids, 0.5 mM
betamercaptoethanol, 2mM L-glutamine with 4ng/ml human basic fibroblast growth factor
(bFGF) (all from Invitrogen/GIBCO). MEF cells, derived from E13 to 13.5 mouse embryos,
were purchased from Charles River. MEF cells were expanded in DMIEM medium
supplemented with 10% FBS (Hyclone), 2mM glutamine, and 100 mM MEM nonessential
amino acids. Sub-confluent MEF cell cultures were treated with 10pg/ml mitomycin C
(Sigma, St. Louis, MO) for 3h to arrest cell division, then trypsinized and plated at 2x10%cm?
on 0.1% bovine gelatin-coated dishes. MEF cells from passage two through four were used
as feeder layers. Human embryonic stem cells plated on MEF cell feeder layers were
cultured at 37°C in an atmosphere of 5% CO, within a humidified tissue culture incubator.
When confluent (approximately 5-7 days after plating), human embryonic stem cells were
treated with I mg/ml collagenase type IV (Invitrogen/GIBCO) for 5-10 min and then gently
scraped off the surface using a 5-ml pipette. Cells were spun at 900 rpm for 5 min, and the

pellet was resuspended and re-plated at a 1:3 to 1:4 ratio of cells in fresh culture medium.
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Example 2
Formation of Definitive Endoderm Cells

The effects of activin A on the expression of markers of definitive endoderm were examined.
Activin A (100ng/ml) was added to populations of human embryonic stem cells cultured on
mouse embryonic fibroblasts. Cells were cultured continuously in the presence of activin A
and harvested at the times indicated. The level of expression of definitive endoderm markers
was examined by PCR (Figure 1), FACS (results summarized in Table IT), and

immunohistochemistry (Figure 2).

Activin A evoked a time-dependent increase in the expression of CXCR4, GATA4, HNF-
3beta, Mixl1 and Sox-17 mRNA in the H9 line (Figure 1, panel a). A significant up
regulation of anterior endoderm markers, Cerberus, Otx-1 and Hex genes was also observed
(Figure 1, panel b) . An increase in CXCR4 protein was observed by FACS analysis
following activin A treatment. The expression of E-cadherin and N-cadherin did not change
following activin A treatment (Table IIA). CXCR4 positive cells were also highly positive
for C-kit, EPCAM, CD99, and negative for CD9. The expression pattern for these markers
was consistent among all three hES cell lines examined (Table IIB for H7 and Table IIC for
H1). Immunocytochemistry conducted on cells treated with activin A for five days revealed
that 30-40% cells in the treated culture were positive for Sox17 and HNF-3beta. In parallel,
almost 100% of the differentiated cells were still Oct4 positive (Figure 2). With the decrease
in expression of surface markers of pluripotency, combined with an increase in the
expression of definitive endoderm markers, these data suggest that activin A promotes the

differentiation of human embryonic stem cells to definitive endoderm.
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Example 3
Formation of Pancreatic Endoderm Cells

Growth factors known to induce the differentiation of human embryonic stem cells to
pancreatic endoderm were added to cell cultures. In particular, activin A, bFGF, and retinoic

acid, known to induce the formation of pancreatic endoderm, were added to cell cultures.

In a first series of experiments, activin A, was added to populations of human embryonic
stem cells cultured on mouse embryonic fibroblasts for up to seven days in DMEM/F12
supplemented with 0% to 2% serum and Activin A (100 ng/ml). Cells were harvested at the
time points indicated in Figure 3 and assayed by PCR for the expression of genes shown
(Figures 3,4 and 5). In Figure 3, PCR analysis indicated that activin treated cells expressed a
broad spectrum of genes associated with endoderm development, including GATA4 (Figure
3, panel a), Sox-17 (Figure 3, panel b), HNF-3beta (Figure 3, panel c), and MixI-1 (Figure 3,
panel d). However, no Pdx1 gene expression was observed. The same expression pattern of
endoderm lineage markers was observed in Activin A treated H7 cells (Figure 6, panels a to

f). Atthis stage, there was no significant decrease of Oct4 expression.

Activin A evoked a time-dependent decrease in the expression of the extraembryonic
endoderm markers Sox7 (Figure 4, panel a) and AFP (Figure 4, panel b). Activin A
decreased the expression of Brachyury (Figure 5, panel a) but had no effect on expression of

the neuronal marker Zic1 (Figure 3, panel b).

Taken together, these data suggest that the increased expression of Sox-17, Mixl1, Gata4,
and HNF-3beta together with the up regulation of anterior endoderm markers Otxl, Cerl and
Hex genes, corresponds to the formation of definitive endoderm in response to activin A
treatment. Analysis of definitive endoderm markers by immunocytochemistry revealed that
protein expression for these genes also reflected the trends observed in mRNA expression.
Levels of expression for HNF-3beta, Sox-17, and GATA4 were low in untreated cells,

approximately 10 to 20% of all cells. Activin A (100ng/ml) treatment for five days increased
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the expression of HNF-3beta, Sox-17, and GATA4 to approximately 50% to 90%of all cells
(Figure 7).

In a second series of experiments, cultures of human embryonic stem cells were maintained
in undifferentiated culture conditions for 2-3 days according to the methods described in
Example 1. Afterthe cells were 70-80% confluent, the medium was changed to DMEM/F 12
with 0 to 2% FBS with addition of activin A at 100 ng/m! and cultured in the presence of
activin A for either three, five, or seven days. After this time interval, the cells were then
further treated for five to six days with combinations of retinoic acid and bFGF as shown in
Figure 8. Cultures were harvested and samples of mRNA were collected for analysis.
Control cultures consisting of cells treated with activin A alone for five days were also

included.

Gene expression analysis revealed that activin A or retinoic acid alone did not induce the
expression of Pdx1. Similarresults were observed in cultures of cells treated with retinoic
acid in combination with FGF and in the presence of activin A (Figure 8, panel a). However,
treatment of cells with retinoic acid and FGF in the absence of activin A increased the
expression of Pdx1 still further (Figure 8, panel a). Cells treated for three days with activin
A, then treated for 5 days with 1pM retinoic acid and 50ng/m] bFGF (also known as FGF-2)
in the absence of activin A showed a level of Pdx1 expression that was approximately 3500-
fold higher than that observed in samples with activin A treatment alone for 5 days (Figure 8,

panel a). Immunocytochemistry showed that S to 20% of all cells expressed Pdx1 (Figure 9).

Treatment with 1uM retinoic acid and bFGF in the absence of activin A also caused an
increase in the expression of GLUT-2 and PTF1a (Figure 8, panel c) that was not observed in
cells treated in the presence of activin A alone. The largest increase in expression of GLUT-
2 and PTF1a was observed in cells treated with 1pM retinoic acid and 50ng/ml bFGF. Taken
together, these data suggest that the formation of pancreatic endoderm is further enhanced by

removal of activin A from cell cultures after definitive endoderm has been formed.
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Example 4
Formation of Pancreatic Endocrine Cells

Cultures of human embryonic stem cells were maintained in undifferentiated culture
conditions for 3-4 days according to the methods described in Example 1. After the cells
were 50-60% confluent, the medium was changed to DMEM/F12 without FBS, containing
activin A at 100 ng/ml, and the cells were cultured in this medium for one day. Following the
one day culture, the medium was removed and replaced with medium containing 0.5% FBS
with 100 ng/m1] activin A, and the cells were cultured for one day. Following the second one-
day culture, the medium was removed and replaced with medium containing 2% FBS with
100 ng/ml activin A, and the cells were cultured for one day. After this time interval, the
cells were then treated for six days with combinations of retinoic acid and FGF as outlined in
Example 2, then the culture medium was removed and replaced with medium comprising
DMEM/F12 with 2% FBS, containing the y-secretase inhibitors L-685,458 at 10uM for three
days. Cultures were harvested and samples of mRNA were collected for analysis. Control

cultures consisting of cells treated with activin A alone for five days were also included.

Gene expression analysis revealed that activin A alone or in combination with retinoic acid
and FGF's did not induce the expression of Ngn3 or insulin (Figure 10, panel a, ¢). A
decrease in the expression of Hes-1 was also observed following treatment with L- 685,458.
The maximal inhibition was observed on day thrce post treatment (Figure 10, panel d).
However, treatment of cells with L-685,458 induced the expression of Ngn3 to a level
approximately 50-fold higher than that observed in samples treated with activin A alone or
retinoic acid with FGFs in combination. A 70-fold increase of insulin expression was
observed in samples treated with the y-secretase inhibitor. NeuroD1 expression was also
increased further by the L-685,458 treatment (Figure 10, panel a). Taken together, these data
suggest that the formation of endocrine cells is further enhanced by removal of retinoic acid
and FGFs from cell culture and the addition of y-secretase inhibitors after pancreatic

endoderm has been formed.
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Example 5
Formation of Pancreatic Endocrine Cells Expressing Nkx2.2

[0279] Definitive endoderm cells obtained according to the methods outlined in Example 2 were
treated as follows: Cells were cultured in basal medium, comprising DMEM/F12 with 2%
FBS plus 50 ng/ml activin A, 50 ng/ml basic FGF and 1uM of Retinoic Acid for 3 to 5 days.
Cells were continuously cultured for another 3 to 5 days in basal medium with retinoic acid
at 1 uM, alone or with bFGF. RNA samples were harvested from cells at various time points
along this process to help evaluate the directed differentiation of the cells. Furthermore,
culture medium and factors were regularly removed and replenished throughout the
differentiation protocol. Addition of activin A showed an increase of Nkx2.2 expression
about 35-fold compared to samples without activin A. Samples treated with activin A for the
first three days of culture maintained Pdx1 expression at a level similar to samples containing
no activin A (Figure 11). Taken together, these data suggest that the expression of the
pancreatic endocrine marker Nkx2.2 is further enhanced by adding Activin A to the first

three days of retinoic acid and bFGF treatment.
Example 6
Passage and Expansion of Pancreatic Endoderm Cells in Culture

[0280]  This example demonstrates that pancreatic endoderm cells derived from human embryonic
stem cells herein can be maintained in cell culture and passaged without further
differentiation. Pancreatic endoderm cells were differentiated in the presence of 100 ng/ml
activin A in low serum DMEM/F12. The low serum DMEM/F12 contained 0% (v/v) fetal
bovine serum (FBS) onday 1, 0.5 % (v/v) FBS on day two and 2% (v/v) FBS on each day
thereafter. After four days of differentiation, the cells were cultured in low serum
DMEM/F12 contained 2% (v/v) FBS, 1 uM retinoic acid and 50 ng/ml bFGF for a total of
six more days. After the six days of differentiation, the cells were maintained in culture in
low serum DMEM/F12 contained 2% (v/v) FBS in the presence of 50 ng/ml FGF10 for a

total of 6 days. During the six-day culture period, the pancreatic endoderm cells were
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passaged twice and cell population-doubling time is about 36 to 48 hours during this 6-day
culture. On days 0, 3, and 6 of culture, Q-PCR was used to measure the expression of marker
genes indicative of pancreatic endoderm. Figure 12 shows that cells grown in the presence of
50ng/ml FGF10 maintained expression of the pancreatic endoderm marker Pdxl during the 6

day culture period subsequent to their derivation.
Example 7
Derivation of Hepatocytes from Human Embryonic Stem Cells

Cultures of human embryonic stem cells were maintained in undiffcrentiated culture
conditions for 2-3 days according to the methods described in Example 1. After cells were
70-80% confluent, the medium was changed to DMEM/F12 with 2% FBS containing activin
A at 100 ng/ml, and cells were cultured in the presence of activin A for seven days. After 7
days treatment with activin A, the cells were then treated for five days with the conditions
shown in Figure 13. After this time, the cells were harvested, and samples of mRNA were

collected for analysis.

An increase in the expression of a-fetoprotein (AFP) and albumin was observed (Figure 13,
panel a) for cells cultured in the absence of activin A. This was further increased by retinoic
acid and FGF-4 (Figure 13, panel b). Taken together, these data suggest that cultures of
human embryonic stem cells are capable of expressing hepatocyte markers following the
treatment described above. Furthermore, human embryonic stem cells are capable of being

differentiated into cells expressing markers that are characteristic of hepatocytes.
Example 8
Characterization of the H9 Human Embryonic Stem Cell Line

The quality of HY cells was monitored over time by evaluating expression of several markers
expressed by undifferentiated ES cells (Carpenter ef al., 2001; Reubinoff et al., 2000;

Thomson et al., 1998a). HI cells exhibited reciprocal expression of stage-specific embryonic
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antigens (Table III). H9 cells play strong immunoreactivity for SSEA-3, SSEA-4, Tra-1-60,
Tra-1-81, AP and CD9 antigens, all of which are characteristic of undifferentiated human

embryonic stem cells.

Real-Time PCR was performed to assess the expression of genes characteristic of embryonic
stem cells, such as, for example, OCT3/4, SOX-2, UTF-1, REX-1, Cx43, Cx45, ABCG-2 and
TERT, confirming that the cells grown in this example appeared similar to previously
described undifferentiated embryonic stem cells (Table III). OCT3/4 protein expression and
Alkaline Phosphatase activity (Chemicon) were confirmed by immunostaining. A majority of
H9 cells were positive for OCT3/4 and AP (Figure 14). Overall, these results demonstrate
that the H9 cells used in this example were not significantly different in morphology, antigen
immunostaining, or pluripotency marker expression when compared to reports from other

laboratories.
Example 9
Fluorescence-Activated Cell Sorting (FACS) Analysis

Adhered cells were removed from culture plates by five-minute incubation with TrypLE™
Express solution (Invitrogen, CA). Released cells were resuspended in human embryonic
stem cell culture medium and recovered by centrifugation, followed by washing and
resuspending the cells in a staining buffer consisting of 2% BSA, 0.05% sodium azide in
PBS (Sigma, MO). As appropriate, the cells were Fc-receptor blocked for 15 minutes using a
0.1% y—globulin (Sigma) solution. Aliquots (approximately 10° cells) were incubated with
either phycoerythirin (PE) or allophycocyanin (APC) conjugated monoclonal antibodies (5 pl
antibody per 10° cells), as indicated in Table I, or with an unconjugated primary antibody.
Controls included appropriate isotype matched antibodies, unstained cells, and cells stained
only with secondary conjugated antibody. All incubations with antibodies were performed
for 30 mins at 4°C after which the cells were washed with the staining buffer. Samples that
werc stained with unconjugated primary antibodies were incubated for an additional 30 mins

at 4°C with secondary conjugated PI: or —~APC labeled antibodies. See Table I for a list of
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secondary antibodies used. Washed cells were pelleted and resuspended in the staining
buffer, and the cell surface molecules were identified using a FACS Array (BD Biosciences)

instrument, collecting at least 10,000 events.

Example 10
Immunocytochemistry

Cells seeded on 0.1% Matrigel™ (BD) coated dishes were fixed with 4% paraformaldheyde
for 20 min at room temperature. Fixed cells were blocked for 1 h at room temperature with
PBS/0.1%BSA/10% normal chick serum /0.5% Triton™ X-100 and then incubated overnight
with primary antibodies in PBS/0.1%BSA/10% normal chick serum at 4°C. The list of
primary antibodies and their working dilutions are shown in Table IB. After three washes in
PBS/0.1% BSA, fluorescent secondary antibodies at a 1:100 dilution in PBS were incubated
with cells for 1 h at room temperature to allow binding. Control samples included reactions
where the primary antibody was omitted or where the primary antibody was replaced with
corresponding matched negative control immunoglobulins at the same concentration as the
primary antibodies. Stained samples were rinsed; a drop of PROLONG® (Invitrogen, CA)
containing diamidino-2-phenylindole, dihydrochloride (DAPI) was added to each sample to
counter-stain the nucleus and to function as an anti-fade reagent. Images were acquired
using a Nikon Confocal Eclipse C-1 inverted microscope (Nikon, Japan) and a 10-60X

objective.
Example 11
PCR Analysis of Undifferentiated Cells

RNA extraction, purification, and cDNA synthesis: RNA samples were purified by binding
to a silica-gel membrane (Rneasy Mini Kit, Qiagen, CA) in the presence of an ethanol-
containing, high-salt buffer followed by washing to remove contaminants. The RNA was
further purified using a TURBO DNA-free kit (Ambion, INC), and high-quality RNA was
then eluted in water. Yield and purity were assessed by A260 and A280 readings on a
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spectrophotometer. cDNA copies were made from purified RNA using an ABI (ABI, CA)
high capacity cDNA archive kit.

Real-time PCR amplification and quantitative analysis: Unless otherwise stated, all reagents
were purchased from Applied Biosystems. Real-time PCR reactions were performed using
the ABI PRISM® 7900 Sequence Detection System. TAQMAN® UNIVERSAL PCR
MASTER MIX® (ABI, CA) was used with 20 ng of reverse transcribed RNA in a total
reaction volume of 20 ul. Each ¢cDNA sample was run in duplicate to correct for pipetting
errors. Primers and FAM-labeled TAQMAN® probes were used at concentrations of 200
nM. The level of expression for each target gene was normalized using a hufnan
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) endogenous control previously
developed by Applied Biosystem. Primer and probe sets are listed as follows: Oct3/4
(Hs00742896), SOX-2 (Hs00602736), UTF-1 (Hs00747497), Rex-1 (Hs00399279),
Connexin 43 (Hs00748445), Connexin 45 (Hs00271416), ABCG2 (Hs00184979), Tert
(Hs00162669), HNF 38 (Hs00232764), GATA-4 (Hs00171403), MixI1 (Hs00430824), Sox7
(Hs00846731), AFP (Hs00173490), Brachyury (Hs00610080), GSC (Hs00418279_m1),
Pdx-1 (Hs00426216), PTF1a (Hs00603586), Ngn3 (Hs00360700), NeuroD1 (Hs00159598),
Insulin (Hs00355773) and Glu2 (Hs00165775). Sox17 primers were designed using the
PRIMERS program (ABI, CA) and were the following sequences: Sox17:
TGGCGCAGCAGATACCA (SEQ ID NO:1), AGCGCCTTCCACGACTTG (SEQ ID
NO:2) and CCAGCATCTTGCTCAACTCGGCG (SEQ ID NO:3). After an initial
incubation at 50°C for 2 min followed by 95°C for 10 min, samples were cycled 40 times in
two stages - a denaturation step at 95°C for 15 sec followed by an annealing/extension step at
60°C for 1 min. Data analysis was carried out using GENEAMP®7000 Sequence Detection
System software. For each primer/probe set, a Ct value was determined as the cycle number
at which the fluorescence intensity reached a specific value in the middle of the exponential
region of amplification. Relative gene expression levels were calculated using the
comparative Ct method. Briefly, for each cDNA sample, the endogenous control Ct value

was subtracted from the gene of interest Ct to give the delta Ct value (ACt). The normalized
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amount of target was calculated as 2-ACt, assuming amplification to be 100% efficiency.

Final data were expressed relative to a calibrator sample.
Example 12
Karyotype Analysis

[0289] The karyotype of H9 cells was determined by standard G-banding karyotype analysis. A
total of 100 metaphase spreads were evaluated (Applied Genetics Laboratories, Inc.). No
chromosome aberrations were found in 100 cells analyzed. Cytogenetic analysis showed that
the cells had a normal number of autosomes and a modal chromosome number of 46. Figure

15 depicts a typical karyotype obtained from the human embryonic stem cell line HS.
Example 13

Human Embryonic Stem Cell Culture on Tissue Culture Substrate Coated with

Extracellular Matrix

[0290] The human embryonic stem cell lines H1, H7, and H9 were obtained from WiCell Research
Institute, Inc., (Madison, WI) and cultured according to instructions provided by the source
institute, Briefly, cells were cultured on mouse embryonic fibroblast (MEF) feeder cells in
ES cell medium consisting of DMEM/F12 (Invitrogen/GIBCO) supplemented with 20%
knockout serum replacement, 100 nM MEM nonessential amino acids, 0.5 mM
betamercaptoethanol, 2mM L-glutamine with 4ng/ml human basic fibroblast growth factor
(bFGF). MEEF cells, derived from E13 to 13.5 mouse embryos, were purchased from Charles
River. MEF cells were expanded in DMEM medium supplemented with 10% FBS
(Hyclone), 2mM glutamine, and 100 mM MEM nonessential amino acids. Sub-confluent
MEEF cell cultures were treated with 10pg/ml mitomycin C (Sigma, St. Louis, MO) for 3h to
arrest cell division, then trypsinized and plated at 2x104/cm2 on 0.1% bovine gelatin coated
dishes. MEF cells from passage two through four were used as feeder layers. Human
embryonic stem cells plated on MEF cell feeder layers were cultured at 37°C in an

atmosphere of 5% CO; within a humidified tissue culture incubator. When confluent
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(approximately 5 to 7 days after plating), human embryonic stem cells were treated with
1mg/ml collagenase type IV (Invitrogen/GIBCO) for 5 to 10 min and then gently scraped off
the surface using a 5Sml glass pipette. Cells were centrifuged at 900 rpm for 5 min, and the
pellet was resuspended and re-plated at a 1:3 to 1:4 ratio of cells on plates coated with a 1:30
dilution of growth factor reduced MATRIGEL™ (BD Biosciences). Cells were subsequently
cultured in MEF-conditioned media supplemented with 8 ng/ml bFGF and collagenase
passaged on MATRIGEL™ coated plates for at least five passages. The cells cultured on
MATRIGEL™ were routinely passaged with collagenase IV (Invitrogen/GIBCO), Dispase™
(BD Biosciences) or Liberase™ enzyme (Roche, IN).

Example 14

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate

Coated with Extracellular Matrix to Definitive Endoderm

Differentiation of embryonic stem cells to definitive endoderm was carried out as previously
described in Nature Biotechnology 23, 1534-1541 (Dec 2005). Briefly, H9 cultures at
approximately 60 to 70% confluency were exposed to DMEM:/F12 medium supplemented
with 0.5% FBS and 100 ng/ml activin A for two days, followed by treatment with
DMEM/F12 medium supplemented with 2% FBS and 100 ng/ml activin A (AA) for an
additional three days. H9 cells were cultured on plates coated with growth factor reduced
MATRIGEL™ at a 1:30 to 1:10 dilution or on regular MATRIGEL™ at a1:30 to 1:10
dilution The plates were coated with MATRIGEL™ for 1 hr at room temperature.

At day 5, the cultures were analyzed by FACS for CXCR4, E-cadherin, CD9, and N-cadherin
expression and by real time PCR for SOX-17, SOX-7, Alphafetal protein (AFP), CXCR4,
Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, and GATA4. AFP and SOX-7 are
regarded as visceral endoderm markers, while GATA4, HNF-3 beta and SOX-17 represent
definite endoderm markers, and GSC, Bry, and CXCR4 represent markers of primitive
streak. Figure 17 depicts the expression of CXCR4 by FACS. There was a significant
increase in expression of CXCR4 by cells cultured on plates coated with MATRIGEL™ at a

70

Date Regue/Date Received 2022-06-09



[0293]

[0294]

[0295]

1:10 dilution as compared to lower concentrations of MATRIGEL™., Furthermore, growth
factor reduced MATRIGEL™ was not as effective in formation of definitive endoderm cells

as compared to regular MATRIGEL™,

Figure 18 shows the real-time PCR results verifying that cells cultured on plates coated with
a 1:10 dilution of MATRIGEL™ showed a significant up regulation of definitive endoderm
markers as compared to cells cultured on a 1:30 dilution of MATRIGEL™,

Example 15

Microarray Analysis of Changes in Gene Expression in Human Embryonic Stem Cells

Following Formation of Definitive Endoderm

Total RNA was isolated from the following human embryonic stem cell cultures using an
RNeasy mini kit (Qiagen): H9P83 cells cultured on MATRIGEL™-coated plates and
exposed to DMEM/F12 medium supplemented with 0.5% FBS and 100 ng/ml activin A for
two days followed by treatment with DMEM/F12 medium supplemented with 2% FBS and
100 ng/ml Activin A (AA) for an additional three days; HOP44 cells cultured on MEFs and
exposed to DMEM/F12 medium supplemented with 0.5% FBS and 100 ng/ml activin A for
two days followed by treatment with DMEM/F12 medium supplemented with 2% FBS and
100 ng/ml activin A for an additional three days. Controls for each group included cells
plated on MATRIGEL™-coated dishes and cultured in MEF-conditioned medium or cells
plated on MEFs and cultured in ES medium.

Sample preparation, hybridization, and image analysis were performed according to the
Affymetrix™ Human Genome U133 Plus 2.0 Array. Following normalization and a log
transformation, data analysis was performed using OmniViz® software (MA) and
GENESIFTER (VizXLabs, WA). The variability within each treatment and among the
different treatments was compared using the Pearson correlation coefficient. Variance in
gene expression profiles between the different treatments along with the correlation
coefficient between the lines are depicted in Figure 19. Significant differences in gene

expression between the samples were evaluated using analysis of variance and an F-test with
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adjusted P-value (Benjamini and Hochberg correction) of less-than or equal to 0.05. Only
genes with a present call were included in the analysis. Table [V lists the genes that are
differentially expressed with a difference at least 5-fold between the various samples. The
normalized intensity value of the genes that are significantly expressed along with the

standard error of the mean (SEM) for each gene are listed.
Example 16

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm

Differentiation of embryonic stem cells to definitive endoderm was carried out as previously
described in Nature Biotechnology 23, 1534-1541 (Dec 2005). Briefly, H9, H7, or H1 cells
seeded on growth factor reduced MATRIGEL™ (1:30 dilution) cultures at approximately 60
to 70% confluency were exposed to DMEM/F12 medium supplemented with 0.5% FBS and
100 ng/ml activin A (R&D Systems, MN)) for two days followed by treatment with
DMEM/F12 media supplemented with 2% FBS and 100 ng/ml activin A (AA) for an
additional three days. In all subsequent examples unless otherwise noted, this treatment

regimen will be referred to as the definite endoderm (DE) protocol.

In parallel, H9, H7, or H1 cells cultured on MEF feeders were also exposed to the same DE

protocol outlined above.

At day 5, the cultures were analyzed by FACS for CXCR4, E-cadherin, CD9, CD99, and N-
cadherin (CD56) expression and by real time PCR for SOX-17, SOX-7, Alpha-fetal protein
(AFP), CXCR4, Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, and GATA4. AFP and
SOX-7 are regarded as visceral endoderm markers while GATA4, HNF-3beta and SOX-17
represent definite endoderm markers and GSC, Bry, and CXCR4 represent markers of

primitive streak.

H-lines cultured on mouse feeders and exposed to the DE protocol resulted in a robust

expression of DE markers and expression of CXCR4 by FACS (Figure 20). There wasalsoa
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significant decrease in expression of E-cadherin following treatment with the DE protocol.
Lastly, the CXCR4" population also stained positive for CD117. Figure 21 shows a
significant up regulation of definitive endoderm markers as compared to untreated H7

(Figure 21, panel a) and HO cells (Figure 21, panel b).

[0328] Unlike H-lines cultured on MEF feeders, H-lines cultured on MATRIGEL™ (1:30
dilution) and treated with the definitive endoderm protocol failed to show robust expression
of definitive endoderm markers. In particular, the expression of CXCR4 by FACS and by
real-time PCR was significantly lower for cells cultured on MATRIGEL™ as compared to
cells cultured on mouse embryonic fibroblasts. Expression of definitive endoderm markers
follows a general response pattern with H1 being greater than H9, which is greater than H7
(Figures 22 and 23). From Figure 22, H1 cells showed a siéniﬁcant increase in CXCR4
expression as compared to H7 and H9 lines. Note that in all cases, the expression of CXCR4
was lower for cells cultured on MATRIGEL™ (1:30 dilution) as compared to cells cultured
on mouse embryonic fibroblasts. Figure 23 (panels a-c) shows the real-time PCR results
showing that there was modest increase in up regulation of definitive endoderm markers in
H7 (Figure 23, panel a) and H9 (Figure 23, panel b) lines. However, H1 (Figure 23, panel c)
line showed a more robust up regulation of definitive endoderm markers as compared to H7

and H9 lines.
Example 17

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Role of Wnt Ligands

H7P44 and H9P46 embryonic stem cells were cultured on MATRIGEL™ (1:10 dilution)
coated dishes and exposed to DMEM/F12 medium supplemented with 0.5% FBS, and 100
ng/ml activin A (R&D Systems, MN) for two days followed by treatment with DMEM/F12
media supplemented with 2% FBS and 100 ng/ml activin A (AA) for an additional three
days. In some of the cultures 20 ng/ml Wnt-3a (Catalog# 1324-WN-002, R&D Systems,
MN), 20 ng/ml Wnt-5a (Catalog# 654-WN-010, R&D Systems, MN), 25 ng/ml Wnt-7a
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(Catalog# 3008-WN-025, R&D Systems, MN), or 25 ng/ml Wnt-5b (Catalog# 3006-WN-
025, R&D Systems, MN) was added throughout the five day treatment. Figure 24 depicts
phase contrast images of HOP46 definitive endoderm culture in the presence of high
concentration of (a) AA or (b) AA+ 20 ng/ml Wnt-3a. Figure 25 depicts the expression of
CXCR4 by FACS at day 5 for H7P44, and H9P46 lines cultured on MATRIGEL™ (1:30
dilution) and exposed to the DE protocol + Wnt-3a (Figure 25, panels b and d) and -Wnt-3a
(Figure 25, panels a and c). Presence of Wnt-3a in DE cultures resulted in robust expression
of CXCR4 (CD184) as compared to DE cultures treated with low serum plus high
concentration of AA. Figure 26 displays the real-time PCR data for a) H7 and b) H9 cultures
treated with low serum + AA +/- Wnt ligands. For both H lines, addition of WNT-3a resulted
in significant up regulation of definitive endoderm markers. In contrast, Wnt 5a, Wnt-5b and

Whnit-7a had minimal impact on expression of definitive endoderm markers.
Example 18

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Effective Dose of Wnt-3a

H9P46 embryonic stem cells were cultured on MATRIGEL™ coated dishes (1:10 dilution)
and exposed to DMEM/F12 medium supplemented with 0.5% FBS, 100 ng/ml Activin A
(AA), and 10-50 ng/m] WNt-3a (R&D Systems, MN) for two days followed by treatment
with DMEM/F12 media supplemented with 2% FBS, 100 ng/ml activin A (AA), and 10-50
ng/ml Wnt-3a for an additional three days. Control cultures were not treated with Wnt-3a.
Figure 27, panel a depicts the expression of CXCR4 by FACS at day 5 in the absence of
Wnt-3a, b) 10 ng/ml Wnt-3a, ¢) 20 ng/ml Wnt-3a and d) 50 ng/ml Wnt-3a. In the absence of
Wnt-3a the expression of CXCR4 was very low. In contrast, addition of 10-50 ng/ml of
Wnt-3a significantly increased the number of CXCR4 positive cells. Furthermore, addition
of 10 ng/ml of Wnt-3a was as effective as addition of 50 ng/m! of Wnt-3a. Real-time PCR

results (Figure 28, panel a) also confirm this finding.
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In a separate study, H9p52 cells were plated on 1:30 low growth factor MATRIGEL™. For
the first 2 days of the DE protocol a range of Wnt-3a doses was used: 10ng/ml, 5ng/ml and 1
ng/ml. Figure 28, panel b shows PCR analysis of the DE markers after 5 days of treatment.
The number of célls at the end of the experiment is noted in Figure 28, panel c. This
indicates that cells are proliferating when higher doses of Wnt-3a are used. Extension to 5
days of Wnt-3a treatment (5D) had little effect on DE markers by PCR and did not
significantly increase cell numbers (Figure 28, panel ¢). These data indicate that 10ng/ml
Wnt3a for 2 days is sufficient to reach optimal cell expansion and definitive endoderm

differentiation.
Example 19

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Effect of GSK-3B Inhibitors

In order to confirm that the effect of Wnt-3a was through the Wnt pathway, a GSK-3
inhibitor was used to activate the downstream targets of Wnt, such as beta catenin. H9P46-
P48 embryonic stem cells were cultured on MATRIGEL™ coated dishes (1:10 dilution) and
exposed to DMEM/F 12 medium supplemented with 0.5% FBS, 100 ng/ml activin-A (AA),
and 10-1000 nM GSK-3B inhibitor IX (Catalog# 361550, Calbiochem, CA) for two days
followed by treatment with DMEM/F12 media supplemented with 2% FBS, 100 ng/ml
activin A (AA), and 0-1000 nM GSK-3B inhibitor IX (Catalog# 361550, Calbiochem, CA)
for an additional three days. Control cultures were treated with low serum plus high dose of
activin A +/- Wnt-3a. Figure 29, panel a depicts the expression of CXCR4 by FACS at day 5
in the absence of Wnt-3a or GSK-3B inhibitor, b) +20 ng/ml Wnt-3a, ¢) +1000 nM GSK-3B
inhibitor IX, d) +500 nM GSK-3B inhibitor IX, e) +100 nM GSK-3B inhibitor IX, f) +10 nM
GSK-3B inhibitor IX, g) +100 nM GSK-3B inhibitor IX for days 1-2, and h) +10 nM GSK-
3B inhibitor IX for days 1-2.

In the absence of Wnt-3a or at 10 nm GSK-3B inhibitor the expression of CXCR4 was very
low. In contrast, addition of 20 ng/ml of Wnt-3a or 100-1000 nM GSK-3B inhibitor
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significantly increased the number of CXCR4 positive cells. Furthermore, addition of 100
nM GSK-3B inhibitor for days 1-2 was as effective as addition of 100 nM GSK-3B inhibitor
for the entire five day period. Figure 30 depicts the gene expression of definitive endoderm

markers for (panel a) H9P48 cells and (panel b) HIP46 cells.

Figure 16 depicts the outline of a differentiation protocol in this invention, where embryonic

stem cells are differentiated into definitive endoderm in a feeder free system.
Example 20

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Effective Dose of Activin A in the
Presence of a GSK-3B Inhibitor or Wnt-3a.

H9P49 and H1P46 embryonic stem cells were cultured on MATRIGEL™ coated dishes
(1:10 dilution) and exposed to DMEM/F12 medium supplemented with 0.5% FBS, 10-100
ng/ml activin A (AA), and 100 nM GSK-3B inhibitor IX (Catalog# 361550, Calbiochem,
CA) or 20 ng/ml Wnt-3a for two days followed by treatment with DMEM/F12 media
supplemented with 2% FBS, 10-100 ng/ml activin A (AA) for an additional three days.
Control cultures were treated with low serum plus 100 ng/ml of activin A. Figure 31 depicts
the expression of CXCR4 by FACS for H9P49 and H1P46 at day 5 with a) 10 ng/ml activin
A for all five days plus 20 ng/ml of Wnt-3A for the first two days, b) 100 ng/ml activin A for
all five days plus 20 ng/ml of Wnt-3A for the first two days ¢) 100 ng/ml activin A for all
five days plus 100 nM of GSK-3B inhibitor IX for the first two days d) 10 ng/ml activin A
for all five days plus 100 nM of GSK-3B inhibitor IX for the first two days, €) 100 ng/ml
activin A for all five days plus 20 ng/ml of Wnt-3A for the first two days, and f) 10 ng/ml
activin A for all five days plus 20 ng/ml of Wnt-3A for the first two days. Figure 31 panels
a-d is for H9P49 cells and panels e-f is for H1P46 cells. Figure 32 depicts the gene
expression of definitive endoderm markers for H9P49 cultures treated with 10, 50, or 100
ng/ml of activin A plus 20 ng/ml of Wnt-3a: panel a: expression of AFP, Bry, CXCR4, GSC,
HNF-3B, and POUSF (Oct-4) and panel b: SOX-17 and GATA4. It appears that robust
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expression of definitive endoderm markers can be obtained by using 50 ng/ml of AA + 20
ng/ml of Wnt-3A or 100 nM GSK-3B inhibitor IX. Lower doses of activin A lead to

formation of extraembryonic endoderm.
Example 16

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Combination of Wnt-3a and
GSK-3B Inhibitors

HSP53 embryonic stem cells were cultured on MATRIGEL™ coated dishes (1:30 dilution)
and exposed to DMEM/F12 medium supplemented with 0.5% FBS, 100 ng/ml activin A
(AA), and 100 nM GSK-3B inhibitor IX (Catalog# 361550, Calbiochem, CA) +/- 20 ng/ml
Wnt-3a for two days followed by treatment with DMEM/F12 media supplemented with 2%
FBS, 10-100 ng/ml activin-A (AA) for an additional three days. In parallel, FH19P53 cultures
were treated with 25 ng/ml BMP-4 (Catalog# 314-BP-010, R&D Systems, MN) +/- 20 ng/ml
Wnt-3A +/- 100 ng/ml activin A, Control cultures were treated with low serum plus 100
ng/ml of activin A. Figure 33 depicts the expression of CXCR4 by FACS at day 5 with a)
100 ng/ml activin A for all five days plus 20 ng/ml of Wnt-3A for the first two days and 25
ng/ml BMP-4 for days 3-5, b) 100 ng/ml activin A for all five days plus 20 ng/ml of Wnt-3A
for the first two days ¢) 100 ng/ml activin A for all five days plus 100 nM of GSK-3B
inhibitor IX for the first two days d) 20 ng/ml Wnt-3a + 25 ng/ml BMP-4 for all five days, €)
100 ng/ml activin A for all five days plus 20 ng/ml of Wnt-3A + 100 nm GSK-3B inhibitor
IX for the first two days, and f) 100 ng/ml activin A + 25 ng/ml BMP-4 for all five days.
Figure 34 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H1 at passage 46, treated with
10 or 100 ng/ml of activin A plus 20 ng/ml of Wnt-3a or 100 NM GSK-3B inhibitor: panel
(a): expression of AFP, Bry, CXCR4, GSC, and POUSF (Oct-4) and panel (b): SOX-17,
HNF-3B, and GATA4. Results are expressed as fold increase over untreated cells. Figure 35
depicts the gene expression of definitive endoderm markers, as determined by real-time PCR

for cultures of the human embryonic stem cell line H9 at passage 49, treated with 50 or 100
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ng/ml of activin A plus 10 or 100 nM GSK-3B inhibitor: panel (a): expression of AFP, Bry,
CXCR4, GSC, HNF-3B, and POUSF (Oct-4) and panel (b): SOX-17 and GATA4. Results
are expressed as fold increase over untreated cells. Figure 36 depicts the gene expression of
definitive endoderm markers for HOP53 culture treated with combinations of activin A, Wnt-
3a, GSK-3 inhibitor, and BMP-4: a) expression of AFP, Bry, CXCR4, GSC, HNF-3B, and
SOX7 and b) SOX-17, HNF-3B and GATA4. Addition of BMP-4 to the DE protocol
appears to induce formation of mesoderm marker BRY and combination of Wnt-3A and
GSK-4B inhibitor did not lead to significant up regulation of definitive endoderm markers as

compared to addition of each agent by itself in the presence of activin A.
Example 22

Differentiation of Human Embryonic Stem Cells Cultured on MEFs to Definitive
Endoderm — Combination of Wnt-3a, Activin A, Wnt-5a, BMP-2, BMP-4, BMP-6,
BMP-7, 11.-4, and SDF-1 in Low Serum

H9P44 cells were plated onto 6 well plates previously coated with mitomycin treated mouse
embryonic fibroblasts (MEF). Cells were grown until 70 to 80% confluency in ES cell
medium consisting of DMEM/F12 (Invitrogen/GIBCO) supplemented with 20% knockout
serum replacement, 100 nM MEM nonessential amino acids, 0.5 mM beta-mercaptoethanol,
2 mM L-glutamine (all from Invitrogen/GIBCQO) and 8 ng/ml human basic fibroblast growth
factor (bFGF) (R&D Systcms).

For DE formation, cells were treated in the presence or absence of Activin A (100ng/ml) in
addition to other growth factors detailed below. Growth factors were added to increasing

concentration of FBS in a stepwise manner as indicated in the following regimen:
Day 0: 0% FBS in DMEM/F12
Day 1: 0.5% FBS in DMEM/F12

Day 2: 2% FBS in DMEM/F12.
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Day 3: Cells were harvested for FACS analysis and RT-PCR.

All growth factors were purchased from R&D Systems, MN. A detailed description and

concentration of growth factors for each treatment group is shown below.
1. Control- No growth factor added

2. Activin A (100 ng/ml)

3. Activin A (100ng/ml) + Wnt-3a (10ng/ml) + Wnt5a (10ng/ml)

4. Activin A (100ng/ml) + Wat-3a (10ng/ml) + Wnt5a (10ng/ml) +

BMP2 (100ng/ml)

(921

. Activin A (100 ng/ml) + BMP-4 (100 ng/ml)

6. Activin A (100 ng/ml) + BMP-6 (100 ng/ml)

~3

. Activin A (100 ng/ml) + BMP-7 (100 ng/ml)

(o]

. Activin A (100 ng/ml) + BMP-4 (100 ng/ml) +BMP-6 (100 ng/ml) + BMP-7 (100 ng/ml)

K

. IL-4 (10 ng/ml)

10. SDFla (20ng/ml)

11. Activin A (100 ng/ml) + IL-4 (10 ng/ml) + SDFla (20ng/ml)

12. BMP2 (100ng/ml) + BMP-4 (100ng.ml) + BMP-6 (100ng/ml) + BMP-7 (100ng/ml)

13. Activin A (100 ng/ml) BMP-2 (100ng/ml) + BMP-4 (100ng.ml) + BMP-6 (100ng/ml) +
BMP-7 (100ng/ml)

14. Activin A (100 ng/ml) + IL-4 (10 ng/ml)

15. Activin A (100 ng/ml) + (SDF1a (20 ng/ml)
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16. Activin A (100 ng/ml) + Wnt-3a (10 ng/ml) + Wnt-5a (10 ng/ml) + Wnt-7a (10 ng/ml)
17. Activin A (100 ng/ml) + IL-4 (10 ng/ml) + SDF1a (20ng/ml) + BMP-4 (100 ng/ml)
Results:

Cells were harvested on Day 3 of DE protocol treatment. For analysis, an aliquot of treated
cells was used for RNA preparation for RT-PCR and the rest of cells used for FACS analysis.
The frequency (%) of CXCR4 is shown in Figure 37. Addition of the above growth factor(s)
did not enhance expression of CXCR4 above treatment with 100 ng/ml AA in low serum.

For RT-PCR analysis, cells were analyzed for expression of selected panel of definitive
endoderm markers. Results shown were calibrated against cells grown in the base medium-
but not treated with Activin A or any of the other growth factors. In agreement with the
FACS data, Table V shows that there was no significant up regulation of definitive endoderm
markers by addition of growth factors, such as Wnt-3a to cultures treated with a high dose of
activin A in low serum. This is in contrast to the previous examples showing a significant
increase in DE markers for ES cells cultured on feeder-free conditions in the presence of

activin A, WNT3A, and low serum.
Example 23

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate

Coated with MATRIGEL™ or Human Fibronectin to Definitive Endoderm

HIPS5S cells were grown and differentiated on human fibronectin or regular growth factor
MATRIGEL™ (BD Biosciences). 1ml of DMEM/F12 (Invitrogen/GIBCO) containing
lug/ml of human fibronectin (R&D systems, MN) was added to each well of 6 well tissue
culture treated dish. Alternatively, regular growth factor MATRIGEL™ was diluted 1:10 in -
DMEM/F12 and 1ml of diluted MATRIGEL™ was added to each well of 6 well tissue
culture treated dish. Cells were passed with collagenase. After cells reached 80%

confluency, there were treated as follows: 2 days 0.5%FBS containing 10ng/ml mouse
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recombinant Wnt3a (R&D) and 100ng/ml Activin A (R&D). This was followed by 3 days
2%FBS plus 100ng/ml Activin A. Figure 38, panels a-b depict the expression of CXCR4 by
embryonic stem cells cultured on fibronectin and MATRIGEL™, respectively. Real-time
PCR results (Figure 39) confirm that formation of definitive endoderm was equivalent on

fibronectin and MATRIGEL™ coated plates.
Example 24

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate

Coated with Varying Concentrations of MATRIGEL™ to Definitive Endoderm

HO9 cultures at approximately 60 to 70% confluency were exposed to DMEM/F12 medium
supplemented with 0.5% FBS, 20ng/ml Wnt-3a and 100 ng/ml activin A for two days
followed by treatment with DMEM/F12 media supplemented with 2% FBS, 20ng/ml Wnt-3a
and 100 ng/ml activin A (AA) for an additional three days. H9 cells were cultured on plates
coated with regular MATRIGEL™ at a 1:60 to 1:10 dilution. The plates were coated with
MATRIGEL™ for 1 hr at room temperature.

Real time PCR results are shown in Figure 40. Treatment of human embryonic stem cells
with low serum, Activin A and Wnt-3a led to the expression of CXCR4, GATA4, Goosecoid,
HNF-3beta, and SOX-17 genes, suggesting that the cells were differentiating to the definitive
endoderm stage. However, it does not appear that the in the presence of Wnt-3a

concentration of the MATRIGEL™ coating plays an important role in differentiation.
Example 25

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with Extracellular Matrix and Subsequently Cultured on MEFs to Definitive
Endoderm — Role of Wnt-3a

Cells from the human embryonic stem cell line H9 cultured on MATRIGEL™ for at least
five passages were seeded onto MEF feeders in ES media. When the cells reached 60 to 70%

i
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confluency they were exposed to DMEM/F12 medium supplemented with 0.5% FBS and
100 ng/ml activin A for two days followed by treatment with DMEM/F12 media
supplemented with 2% FBS and 100 ng/ml activin A (AA) for an additional three days.
Additional treatment groups include Wnt-3a at 20ng/ml for all five days + 10-100 ng/ml of

activin A.

At day 3 and 5, the cultures were analyzed by real time PCR for SOX-17, SOX-7, Alpha-
fetal protein (AFP), CXCR4, Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, GATA4,
hTERT and Oct4. AFP and SOX-7 are regarded as visceral endoderm markers while
GATA4, HNF-3beta and SOX-17 represent definite endoderm markers and GSC, Bry, and
CXCR4 represent markers of primitive streak. hTERT and Oct-4 are markers for self
renewal and pluripotency respectively. Real time-PCR results are shown in Figure 41, panels
a-d. FACS analysis was also performed at day 3 and 5. Expressionlevels of CXCR-4, and

CD9 were analyzed and reported in Figure 41, panel e.

In the absence of Wnt-3a, AFP expression levels of cells cultured in 100ng/ml Activin A are
similar to those seen in untreated controls. However, with the addition of Wnt-3a to cells
cultured in 100ng/ml activin A, there is an increase in the expression of AFP that increases
over time. When a lower concentration of Activin A is used, AFP expression is very high,
regardless of the presence of Wnt3a (Figure 41, panel a). This suggests that a high
concentration of Activin A is necessary to keep the cells from differentiating to extra-

embryonic tissues.

By FACS analysis, CXCR4 positive cells ranged from 32-42% of the population in samples
treated with a high concentration of Activin A but not treated with Wnt-3a as compared to
23-33% of the population in samples treated with a high concentration of Activin A and
Wnt3a at day 3 (Figure 41, panel ). By day 5 of treatment, 28-32% of cells treated with a
high concentration of activin A but not treated with Wnt-3a expressed CXCR4 as compared
to 43-51% of cells treated with a high concentration of Activin A and Wnt-3a (Figure 41,
panel f). In cells treated with a low concentration of Activin A, there were more CXCR4

positive cells in the treatment group without Wnt-3a (11 to 20%) as compared to the Wnt-3a
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treated group (3 to 4%) (Figure 41, panel g). Overall, Wnt-3a does not appear to play a
significant role in differentiation of human embryonic stem cells, cultured on MEFs, to
definitive endoderm. This suggests that the feeder layer is probably secreting sufficient Wnt-

3a or analogous ligand to enhance activin A induced definitive -endoderm formation.
Example 26

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with Extracellular Matrix to Definitive Endoderm Following Treatment with

the Wnt Inhibitor DKK-1

To determine if the addition of Wnt-3a was causing the increase in differentiation, an
inhibitor of Wnt-3 signaling was added to the cultures. H9 cultures at approximately 60 to
70% confluency were exposed to DMEM/F12 medium supplemented with 0.5% FBS,
20ng/ml Wnt3a, 100ng/ml Dikkopf-1 (DKK-1) and 100 ng/ml activin A for two days
followed by treatment with DMEM/F12 media supplemented with 2% FBS and 100 ng/ml
activin A (AA) for an additional three days. H9 cells were cultured on plates coated with
Growth Factor Reduced MATRIGEL™ at a 1:30 dilution. The plates were coated with
MATRIGEL™ for ! hr at room temperature.

At day 5, the cultures were analyzed by real time PCR for SOX-17, SOX-7, Alpha-fetal
protein (AFP), CXCR4, Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, GATA4, hTERT
and Oct4. AFP and SOX-7 are regarded as visceral endoderm markers while GATA4, HNF-
3beta and SOX-17 represent definite endoderm markers and GSC, Bry, and CXCR4
represent markers of primitive streak. hTERT and Oct-4 are markers for self renewal and

pluripotency respectively. Results are shown in Figure 42.

In the presence of Wnt-3a, cells express CXCR4, GATA4, HNF-3beta and SOX17, all
markers of definitive endoderm. Markers of primitive streak formation such as goosecoid
were also detected at levels higher than that detected in untreated controls. With the addition
of DKKI, the expression level of the aforementioned differentiation markers dramatically

decrease to levels similar to that of untreated cells.
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Example 27

Immunofluoresence Staining of DE Markers for H9 Embryonic Stem Cells Cultured on
Tissue Culture Substrate Coated with MATRIGEL™ and Differentiated in Low Serum
Plus Activin A and = Wnt-3a

Day 5 DE cultures of H9 cells were stained according to Example 10 for SOX-17, HNF-3B,
GATA-4, N-cadherin, and E-cadherin. All nuclei were counter stained with DAPL 20 ng/ml
Wnt-3aresulted in significantly larger number of nuclei stained positive for SOX-17, HNF-
3beta. and GATA-4 as compared to cultures differentiated in the absence of Wnt-3a.
Furthermore, addition of Wnt-3a resulted in significant loss of expression of e-cadherin and

enhanced expression of N-cadherin (Figure 43, panel a and Figure 43, panel b),
Example 28

Microarray Analysis of Changes in Gene Expression in Embryonic Stem Cells

Following Formation of Definitive Endoderm on MEFS or MATRIGEL™

Total RNA was isolated from the following embryonic stem cell cultures using an RNeasy
mini kit (Qiagen): A) HOP33 cells cultured on MATRIGEL™-coated plates (1:30 dilution)
and exposed to DMEM/F12 medium supplemented with 0.5% FBS and 100 ng/ml activin A
for two days followed by freatment with DMEM/F12 medium supplemented with 2% FBS
and 100 ng/ml activin A (AA) for an additional three days; B) H9P44 cells cultured on MEFs
and exposed to DMEM/F12 medium supplemented with 0.5% FBS and 100 ng/ml Activin A
for two days followed by treatment with DMEM/F 12 medium supplemented with 2% FBS
and 100 ng/m! Activin A for an additional three days, and C) H9P48 cells cultured on
MATRIGEL™-coated plates (1:30 dilution) and exposed to DMEM/F12 medium
supplemented with 0.5% FBS and 100 ng/ml activin A plus 20 ng/ml Wnt-3a for two days
followed by treatment with DMEM/F12 medium supplemented with 2% FBS and 100 ng/ml
Activin A (AA) for an additional three days. Controls for each group included cells plated
on MATRIGEL™-coated dishes and cultured in MEF-conditioned medium or cells plated on
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MEFs and cultured in ES medium. All groups contained three biological replicates and each

biological replicate was repeated on two separate gene chips.

Sample preparation, hybridization, and image analysis were performed according to the
Affymetrix Human Genome U133 Plus 2.0 Array. Following normalization and a log
transformation, data analysis was performed using OmniViz® software (MA) and
GENESIFTER (VizXLabs, WA). Significant differences in gene expression between the
samples were evaluated using analysis of variance and an F-test with adjusted P-value
(Benjamini and Hochberg correction) of less-than or equal to 0.05. Only genes with a
present call in at least one group were included in the analysis. Table VI lists the mean
normalized log transformed signal intensity of genes showing at least 5-fold difference

between group A, group B, and group C along with the adjusted P-value for each gene.
Example 29

Differentiation of the SA002 ES Line Cultured on Tissue Culture Substrate Coated
with MATRIGEL™ to Definitive Endoderm

SA002 P38 cells (Cellartis, Sweden) previously cultured for at least three passages on
MATRIGEL™-coated plates (1:30 dilution) in MEF-CM supplemented with 8 ng/ml of
bFGF were exposed to DMEM/F12 medium supplemented with 0.5% FIS;S, and 100 ng/ml
activin A (R&D Systems, MN) +/- 20 ng/ml of Wnt-3a or 100 nm GSK-3B IX inhibitor for
two days followed by treatment with DMEM/F12 media supplemented with 2% FBS and 100
ng/ml activin A (AA) for an additional three days. Real time PCR results are shown in
Figure 44, panels a & b. Similar to H1, H7, and H9 lines, SA002 line also required addition
of Wnt-3A for robust expression of DE markers. Expression of CXCR4 is depicted in Figure
45: a) AA treatment b) AA + Wnt-3ac) AA + GSK-3B inhibitor.
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Example 25

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate

Coated with Human Serum to Definitive Endoderm

Cultures of the human embryonic stem cell line H1 at passage 55 were grown and
differentiated on human serum (Sigma, #H1388, MO) coated plates. 0.5 ml of human serum
was added to each well of 6 well tissue culture treated dish, incubated for 1 hr at room
temperature, and aspirated before adding human embryonic stem cells. After cells reached
80% confluency, they were treated as follows: 2 days 0.5%FBS containing 10ng/ml mouse
recombinant Wnt3a (R&D) or 100 nM GSK-3B inhibitor IX (Catalog# 361550, Calbiochem,
CA) and 100ng/ml Activin A (R&D). This was followed by 3 days 2%FBS plus 100ng/ml
Activin A. Cultures were then analyzed by real-time PCR (Figure 46, panels a & b). Robust
expression of definitive endoderm markers were noted for cells treated with activin A +
GSK-3B inhibitor or Wnt-3A as compared to cells treated with activin A only. These
findings parallel our findings for human embryonic stem cells cultured on MATRIGEL™ or

human fibronectin coated plates.
Example 31

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm — Evaluation of Various GSK-3B
Inhibitors

The effectiveness of a number of commercially available GSK-3B inhibitors was evaluated
in formation of DE from human embryonic stem cells. The following GSK-3B inhibitors
were evaluated at 100 nM: GSK-3B inhibitor VIII (Catalog# 361549, Calbiochem, CA),
GSK-3B inhibitor IX (Catalog# 361550, Calbiochem, CA), GSK-3B inhibitor XI (Catalog#
361553, Calbiochem, CA), GSK-3B inhibitor XII (Catalog# 361554, Calbiochem, CA).
H1P54 ES cells were cultured on MATRIGEL™ coated dishes (1:30 dilution) and exposed
to DMEM/F12 medium supplemented with 0.5% FBS, 100 ng/ml activin A (AA) +/- various
GSK-3B inhibitors for two days followed by treatment with DMEM/F 12 media
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supplemented with 2% FBS, 100 ng/m! activin A (AA) for an additional three days. Control
cultures were treated with low serum plus high dose of AA. Figure 47, panels a and b depicts
the gene expression of definitive endoderm markers at day 5. GSK-3B inhibitor IX and XI
were both effective in inducing DE formation as compared to GSK-3B inhibitor VIII and
XII.

Example 32

Formationﬂ of Pancreatic Endoderm by Human Embryonic Stem Cells Cultured Under

Feeder-Free Conditions — Evaluation of Retinoic Acid Analogues

HOP49 embryonic stem cells were cultured on MATRIGEL™ (1:30 dilution) coated dishes
and exposed to DMEM/F12 medium supplemented with 0.5% FBS, 20 ng/ml Wnt-3a
(Catalog# 1324-WN-002, R&D Systems, MN), and 100 ng/ml activin A (R&D Systems,
MN) for two days followed by treatment with DMEM/F12 media supplemented with 2%
FBS and 100 ng/ml activin A (AA) for an additional three days. At day 5, cells were
collected for evaluation by FACS and real-time PCR. As indicated in previous examples,
this protocol resulted in robust up regulation of definitive endoderm markers, such as
CXCR4 and SOX-17. The resulting definitive endoderm cells at day 5 were exposed to the
following media conditions to induce pancreatic cndoderm formation: culturing in
DMEM/F12 media supplemented with 2% FBS and 1 pM all-trans retinoic acid (RA)
(Catalog#R2625, Sigma, MO), or 0.1-10 uM AM-580 (4-[(5,6,7,8-Tetrahydro-5,5,8,8-
tetramethyl-2-naphthalenyl)carboxamido]benzoic acid, Catalog#A 8843, Sigma, MO), or 0.1-
1 uM TTNPB (4-[(E)-2-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-1-
propenyl]benzoic acid Arotinoid acid, Catalog#T3757, Sigma, MO) for 3 days. AM-580 and
TTNPB are retinoic acid analogs with affinity for retinoic acid receptors. RA treatment was
followed by additional three day treatment in DMEM/F12 media supplemented with 2% FBS
and 20-50 ng/ml bFGF (Catalog#F0291, Sigma, MO). Cultures were harvested and samples

of mRNA were collected for analysis.

87

Date Recue/Date Received 2021-04-12



[0331]

[0332]

[0333]

Gene expression analysis revealed that (Figure 48, panels a-d) addition of 1 uM RA followed
by exposure to bFGF significantly upregulates pancreatic endoderm markers, such as PDX-1.
Furthermore, this protocol resulted in robust expression of foregut endoderm markers, such
as CDX-2 and AFP. At 1puM concentration, addition of RA analogs resulted in equivalent
pancreatic endoderm and foregut markers. However, addition of 1uM RA analogs resulted in
more robust expression of AFP as compared to all-trans retinoic acid. However, addition of
10pM AM-580 suppressed AFP and CDX-2 expression while maintaining a high expression
of PDX-1.

Example 34

The Effect of Wnt-3a Treatment on Cytokine Expression in Human Embryonic Stem
Cells

The effect that Wnt-3a treatment has on cytokine expression was analyzed using a protein
array. Cells of the human embryonic stem cell line H9 were cultured according to the
methods described in Example 15. Atpassage 54, cells were differentiated in the presence of
100ng/mlActivinA +/- 10ng/mlWnt3a for 2 days in 0.5% FBS DMEM/F12. Cells were
subsequently cultured for an additional three days in 100ng/ml Activin A and 2%FBS
DMEM/F12. At the end of the 5th day, CXCR4 expression was determined by FACS for
each treatment group. Cells treated with Activin A only had 1% of cells expressing CXCR4.
Cells treated with Activin A and Wnt3a had 73% of cells positive for CXCR4 expression.

Cell lysates were prepared from cells of each treatment group, with a mammalian cell lysis
kit (Sigma-Aldrich,MO). Conditioned media from each treatment group was collected and
concentrated. Cytokine array analysis was completed using Cytokine Array panels provided
by RayBiotech, GA (http://www.raybiotech.com/). Table VII lists cytokine, growth factor,
and receptor expression following normalization of the data and background subtraction. For
each panel, positive and negative controls are also included. The data shown are two

independent samples per cell treatment group (1,2).
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Noticeable upregulation of Angiogenin, IGFBP-1 and EGF are seen in the Wnt-3a treated
cell conditioned media. Numerous proteins are upregulated in the Wnt-3a treated cell lysates
including IGFBP-1, TGFbeta-1 and TGFbeta-3. These upregulated proteins can be added
back into the differentiation media to replace or enhance Wnt-3a effects on definitive

endoderm formation.
Example 35

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture Substrate
Coated with MATRIGEL™ to Definitive Endoderm: Role of Wntl

H1P55 ES cells were cultured on MATRIGEL™ (1:30 dilution) coated dishes and exposed
to DMEM/F12 medium supplemented with 0.5% FBS, and 100 ng/ml activin A +/- 10-20
ng/ml of WNT-1 (PeproTech, NJ, Catalogue#120-17) for two days followed by treatment
with DMEM/F12 media supplemented with 2% FBS, 100 ng/ml activin A (AA) and +/- 10 or
20 ng/ml of WNT-1 for an additional three days. The following combinations of WNT1 +
AA were tested:

a) 20 ng/ml of WNT1 + 100 ng/ml AA in 0.5% FBS + DM-F12 for days 1-2 followed by 2%
FBS +DM-F12 + 100 ng/ml AA for day three, b) 20 ng/ml of WNT1 + 100 ng/ml AA in
0.5%FBS + DM-F12 for days 1-2 followed by 2% FBS +DM-F1I2 + 100 ng/ml AA for days
3-5, ¢) 10 ng/ml of WNT1 + 100 ng/ml AA in 0.5% FBS + DM-F12 for days 1-2 followed by
2% FBS +DMF12 + 100 ng/ml AA for day three, d) 10 ng/ml of WNT1 + 100 ng/ml AA in
0.5% FBS + DM-F12 for days 1-2 followed by 2% FBS +DM-F12 + 100 ng/ml AA for days
3-5,¢) 20 ng/ml of WNTTI + 100 ng/m] AA in 0.5% FBS + DM-F12 for days 1-2 followed by
2% FBS +DM-F12 + 100 ng/ml AA + 20 ng/ml of WNT1 for day three, f) 20 ng/ml of
WNTI + 100 ng/ml AA in 0.5% FBS + DM-F12 for days 1-2 followed by 2% FBS +DM-
F12 + 100 ng/ml AA + 20 ng/ml of WNT1 for days 3-5. Figure 49, panels a and b displays
the real-time PCR data for definitive endoderm markers following treatment of the H1 cells

with low serum, AA and Wnt-1. Addition of 20 ng/ml of Wnt1 in the presence of 100 ng/ml
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of AA resulted in significant up regulation of definitive endoderm markers (Bry, CXCR4,
GSC, SOX17, HNF-3B, and GATA-4).

Example 36
The Effect of Glucose on Pancreatic Endocrine Differentiation

The efficiency of differentiating pancreatic endoderm cells into pancreatic endocrine cells
depends on many factors, including, for example, the choice of basal media, or the
concentration of glucose. The effect of glucose concentration on the differentiation of
pancreatic endoderm cells, derived from embryonic stem cells, into pancreatic endocrine

cells was examined,

Alteration of glucose concentration by changing the basal media: Cultures of
undifferentiated human embryonic stem cells (H1 and H9) were cultured according to the
methods described in Example 1., prior to differentiation into pancreatic endoderm cells.
Embryonic stem cells were differentiated into pancreatic endoderm cells by culturing the
embryonic stem cells in RPMI containing activin A at 100 ng/ml in the absence of serum for
one day. After this time, the cells were cultured in RPMI containing activin A at 100 ng/ml
and 0.2% FBS for an additional two days. Following this treatment, the medium was
replaced with RPMI containing 2% FBS , FGF10 (50 ng/ml) and KAAD-cyclopamine (250
nM). Cells were cultured in this medium for four days. After this time, the medium was
replaced with medium supplemented with 1x B27, containing all-trans retinoic acid (2 uM),
FGF10 (50ng/ml) and KAAD-cyclopamine (0.25 uM) for four days to induce the formation
of pancreatic endoderm cells. The yield of pancreatic endoderm cells was not significantly

different in cultures treated with low-glucose DMEM or DMEM/F12,

Pancreatic endoderm cells were differentiated into pancreatic endocrine cells by treating the
cells with Exendin 4 and HGF. Excendin 4 (50 ng/ml) and HGF (50 ng/ml) were added for
ten days in either low-glucose DMEM or DMEM/F12 for 10 days. Both media were

supplemented with 1 x B27. Cultures were harvested and samples of mRNA were collected
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for analysis. Samples were normalized to pancreatic endoderm obtained according to the

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

Insulin expression was analyzed by real-time PCR. As shown in Figure 50, panels a and b,
both insulin and glucagon gene expression were strongly increased in cells treated
DMEM/F12, compared to cells treated in DMEM-low glucose. Insulin expression was also
analyzed by immunohistochemistry (Figure 51). Treatment in DMEM/F12 resulted in a
larger percentage of insulin positive cells, compared to DMEM-low glucose (Figure 51,

panels a and b). Insulin positive cells were also positive for PDX-1 (panel c).

Alteration of glucose concentration: Cultures of undifferentiated human embryonic stem
cells (H1 and H9) were cultured according to the methods described in Example 1, prior to
differentiation into pancreatic endoderm cells. Embryonic stem cells were differentiated into
pancreatic endoderm cells by culturing the embryonic stem cells in RPMI containing activin
A at 100 ng/m! in the absence of serum for one day. After this time, the cells were cultured
in RPMI containing activin A at 100 ng/ml and 0.2% FBS for an additional two days.
Following this treatment, the medium was replaced with RPMI containing 2% FBS , FGF10
(50 ng/ml) and KAAD-cyclopamine (250 nM). Cells were cultured in this medium for four
days. After this time, the medium was replaced with CMRL supplemented with 1x B27,
containing all trans retinoic acid (2 uM), FGF10 (50ng/ml) and KAAD-cyclopamine (0.25
M) for four days to induce the formation of pancreatic endoderm cells. The media was
supplemented with 5, 10 or 20mM glucose. The yield of pancreatic endoderm cells was not
significantly different in cultures derived from H9 embryonic stem cells treated with 5, 10 or

20mM glucose (Figure 52, panel a).

Pancreatic endoderm cells were differentiated into pancreatic endocrine cells by treating the
cells with CMRL supplemented with 1x B27, Exendin 4 (50 ng/ml) and HGF (50 ng/m}) for
two, four or 10 days in 5, 10 or 20mM glucose. Cultures were harvested and samples of
mRNA were collected for analysis. Samples were normalized to pancreatic endoderm
obtained according to the methods disclosed in Nature Biotechnology 24, 1392 — 1401
(2006).
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[0343]  Figure 52, panels b-g show the effect of glucose on the expression of Ngn-3, NeuroD-1,
Nkx2.2, Pax-4, insulin and glucagon, in cells derived from the human embryonic stem cell
line H9. Ngn3 is the first transeription factor involved in determining the pancreatic
endocrine fate and NeuroD1 is a direct target of Ngn3. Glucose stimulates a does-dependent
increase in both Ngn3 and NeuroD1 mRNA levels. Another two critical pancreatic markers,
Nkx2.2 and Pax4, also showed the similar expression pattern (Figure 52, panels d and e).
Optimal insulin and glucagon expression was observed in cells treated with 10mM glucose

for 10 days (Figure 52, panels fand g).

[0344] Similar results for Ngn-3, NeuroD-1, Nkx2.2, Pax-4 were observed in cultures derived from
the human embryonic stem cell line H1 (Table VIII). However, optimal insulin and
synaptophysin expression was observed in cells treated with 20mM glucose for 10 days

(Table VIII).

[0345] C-peptide release from insulin expressing cells formed by the methods of the present
invention. Glucose-mediated c-peptide release was monitored in insulin positive cells
derived from H1 cells, that were treated in 2, 10 or 20mM glucose. To evoke c-peptide
release, cells were first incubated with Krebs-Ringer solution with bicarbonate and HEPES
(KRBH; 129 mM NaCl, 4.8 mM KCl, 2.5 mM CaCl;, 1.2 mM KH,PO4, 1.2 mM MgS0y, 5
mM NaHCOs, 10 mM HEPES, 0.1% BSA), for 1 hr. The medium was discarded and
replaced with Krebs-Ringer solution containing 2 mM D-glucose. Cells were stimulated
with either 20mM glucose or 0.5mM IBMX for 1 hr (all purchased from Sigma). The fold
stimulation was calculated for each culture by dividing the C-peptide concentration in the

simulation supernatant by the C-peptide concentration in the basal supernatant.

[0346] BMX stimulated C-peptide release 1.2 to 3 fold (Figure 53). 20mM glucose did not
stimulate C-peptide release. There was no significant difference in C-peptide secretion

observed between insulin positive cells formed in 2, 10 and 20mM glucose.

[0347]  Taken together, our data suggest that glucose induces the dose-dependant up regulation of the

endoerine markers, Ngn3 and NeuroD1, suggesting that glucose induces the dose-dependent
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differentiation of human embryonic cells into pancreatic endocrine cells. The expression of

insulin is also regulated by glucose in a dose-dependant manner.

[0348]  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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What is claimed is:

1. A method for generating human pancreatic endocrine cells, comprising
differentiating human pancreatic endoderm cells into the human pancreatic endocrine cells
by culturing the human pancreatic endoderm cells in medium supplemented with glucose at
a concentration from about 10 mM to about 20 mM and treating with a gamma secretase
inhibitor, wherein the human pancreatic endoderm cells are obtained by step-wise
differentiation which comprises differentiating human pluripotent stem cells into definitive
endoderm cells and differentiating the definitive endoderm cells into the human pancreatic

endoderm cells.

2. The method of claim 1, wherein the glucose is used at a concentration of about
10mM.

3. The method of claim 1, wherein the glucose is used at a concentration of about
20mM.

4. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 2 days to about 30 days.

5. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 2 days to about 20 days.

6. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 2 days to about 10 days.

7. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 10 days.

8. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 4 days.

9. The method of any one of claims 1-3, wherein the human pancreatic endoderm cells

are treated for about 2 days.
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10.  The method of any one of claims 1-9, wherein the human pancreatic endoderm cells

are cultured with glucose for about 2 days to about 30 days.

11.  The method of any one of claims 1-10, further comprising obtaining the human

pancreatic endoderm cells by:

a) differentiating the human pluripotent stem cells into human definitive endoderm

cells, by treating the human pluripotent cells with activin A; and

b) differentiating the human definitive endoderm cells into human pancreatic
endoderm cells, by treating the human definitive endoderm cells with at least one fibroblast

growth factor, or with retinoic acid and at least one fibroblast growth factor.

12. The method of claim 11, further comprising the step of culturing the human

pluripotent stem cells prior to differentiation into human definitive endoderm cells.

13.  The method of claim 11 or claim 12, wherein the step of differentiating the human
pluripotent stem cells into human definitive endoderm cells comprises treating the human

pluripotent cells with activin A and a GSK-3B inhibitor.

14. The method of claim 13, wherein the GSK-3B inhibitor is GSK-3B inhibitor IX,
GSK-3B inhibitor XI or a combination thereof.

15.  The method of any one of claims 1-14, wherein the step of differentiating the human
pancreatic endoderm cells into human pancreatic endocrine cells increases expression of one

or more of NGN-3, NeuroD-1, Nkx2.2, Pax-4, insulin, or glucagon.

16.  The method of any one of claims 1-15, wherein the human pluripotent stem cells are

human embryonic stem cells.

17.  The method of claim 16, wherein the embryonic stem cells are derived from a cell

line of the group consisting of H1 and H9.
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18.  The method of claim 1, wherein differentiating human pluripotent stem cells into
human definitive endoderm cells and differentiating the definitive endoderm cells in the

human pancreatic endoderm cells comprises:
a) culturing the human pluripotent stem cells;

b) differentiating the human pluripotent stem cells into human definitive

endoderm cells,
by treating the human pluripotent stem cells with activin A;

c) differentiating the human definitive endoderm cells into human pancreatic
endoderm cells, by treating the human definitive endoderm cells with at least one fibroblast

growth factor, or with retinoic acid and at least one fibroblast growth factor; and

d) differentiating the human pancreatic endoderm cells into human pancreatic
endocrine cells, by culturing the human pancreatic endoderm cells in medium supplemented
with glucose at a concentration from about 10 mM to about 20 mM and treating with a

gamma secretase inhibitor.

19.  The method of claim 18, wherein the human pancreatic endoderm cells are treated

with the gamma secretase inhibitor for 2 days to 30 days.

20.  The method of claim 18 or claim 19, wherein the human pluripotent stem cells are

human embryonic stem cells.
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Figure 2. LFS5165USNP: Jean Xu
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Figure 4. LFS5165USNP: Jean Xu
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Figure 7. LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells
Untreatea’ Yreated

SOX17/DAPI

HNF33/DAPI

GATA 4/DAPI

Date Regue/Date Received 2022-06-09



8/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 8.
a Pdx-1
4000
| 3d treatment
3500 A 5d treatment
3000
2500
2000
3 1500
1000
500
o
b. Glut2
1800
1600
° 1400 -
§ 1200 -
5 1000 -
£ 800
-]
-4 600_
2 400 -
200
0 S | P—Y P
: 2 0 i g g L i =
= <« < P + “r e
m 3d-5d x E E ot é © I
m 5d-5 : % 2
E7d-5d
C. PTF1a
70
o 60
® 50
g 40
£ 30
T 20
£ 10
0 H T ¥ ¥ 1
© (=] < {1
3 # T 5 6
n o L £
&- + +
> & &

Date Regue/Date Received 2022-06-09



9/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 9.

PDX1

Untreated

RA+bFGF

Date Regue/Date Received 2022-06-09



10/58

Jean Xu

LFS5165USNP
Differentiation OF Human Embryonic Stem Cells

Figure 10.

NeuroDl

A

esY's
897/4949+vY

4949+

8cY's8
91/01494+vd

QLAO4+VY

v

pe-3ad

[ N o
REBBER®
1.1

as5B010U] Plo}

L

< [
8888RKRe"

asealou plo}

85y’
68971/4049+vd

4949+vy

8sy's
8971/01 404+vd

01404+vd

pe-3d

85198971/(1w/Buog) 0L4D4
+vy

(1wyBbugg) oL494
+Vy

89%9897/(1w/buz) 4949
+vy

(lw/buz)494q

3 +<m

Pe-3d

DO OO
0 M~

DS ~—
asealoul pjo}

120

o0 0 o oo o ©
o © O = N

-

uoissaldxg |-sdH J0 %

day 1 day 3 day 5 day 7

day O

Date Regue/Date Received 2022-06-09



11/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 11.

A Nkx2.2

[<}]
[77]
<2}
o
[+
£
o
(=]
("t
% am— e
S 5 2 & 2 5
6 5 o6 5 6 5
- s & 0z 2
ActivinA
B. Pdx1
1800
1600
@ 1400
S 1200
5 1000
£ 800
T 600
S 400
200 “
0 = e
e 5 2 &5 2 4
[T rd [TH il R &
Activn A

Date Regue/Date Received 2022-06-09



12/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 12.

Pdx1

fold increase

PE (P0) PE (P1) PE (P2)

Date Regue/Date Received 2022-06-09



13/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 13.
A
AFP
1400000
1200000
1000000
2 800000
© 600000
400000
200000
OlllJIII\III
$ 3§82 %8 9% 2% 8 9
t 0 2 9 8 o £ 2 g
*ii i i %oz
5 o2 3 s
- S o
§<<
B.
Albumin
1600 -
1400
& 1200
@ 1000
S 800
5 600
S 400
200
o"<”°"*“<\'"o'<9§$0
égaééé“‘tﬂaes&é
w £+ e S
I & 3 % i & 3
9’_:++
gié

Date Regue/Date Received 2022-06-09



14/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 14.

Oct3/4

Date Regue/Date Received 2022-06-09



15/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 15.

Date Regue/Date Received 2022-06-09



16/58

YV UIAIDY + V UIAIOY+
puebi| JuM+ S84 %2 puebi| Jum + S84 %S0

sAep g shep g 0

:POU}SIN SAljeUIR) Y

V UIAROY+
V UAROY+ S84 %2 puebi| JUM + S84 %S0
9 i
sAep g sAep g 0
:POYisiN
wispopusg s||9D wvls
9AIIUL}Bg Ve UM juajoduinid
v UIAOY
I

s|j2) wa)s suoAiquig uewing Jo uonenuaIdIQg ]
nyY uear :dNSNS9LSSHT 91 ainbiy

Date Regue/Date Received 2022-06-09



17/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 17.
A Matrigel 1:60 dilution B. Matrigel 1:30 dilution
5 [0-59% 21.57% 2.35% 21.31%
107 10°3
O ] ) :
% 10‘*‘; é): 4:
3 3 "
- [e 0] “
la) © i
O 8 10%3
3 2 g
1012...
32% 9 10 10t 10”
#3 CD9 PE
C. Matrigel 1:15 dilution D. Matrigel 1:10 dilution
. [25.99% 17.48% 5.[04-89% 14.02%
10°4 10°3 o T
O ] S_) i :
< 10“; <
S >
o 103 - E
O 3
0 - o
:": ’ -
10%] H:
¥ 55.279
102 10° 10° 10° 8.37%
#8 CD9 PE #1 CD9 PE
E. Growth Factor reduced F. Growth Factor reduced
Matrigel 1:30 dilution Matrigel 1:10 dilution
o 0530-23% 23.78% 10%38-61% 16.64%
a E
. [$)
< o
< 10“; e 10
® . S
O 10%y = ]
o 3 8 1%
To] 1 b
#1077 £
O 101
4.17% [ <. 3879
° 10” 10° 10" 10° 597% T g
#5 CD9 PE 10° 10° 100 10
#6 CD9 PE

Date Regue/Date Received 2022-06-09



18/58

LFS5165USNP: Jean Xu

. Differentiation OF Human Embryonic Stem Cells
Figure 18.

1200 -

1000 -

800

600 -

400 -

200 -

Fold induction over undifferentiated ES cells

Bry

o
GSC !"

HNF-3 beta
Sox7 |

AFP
CXCR4
GATA4
POUSF

Sox2

Date Regue/Date Received 2022-06-09

Sox17



19/58

LFS5165USNP: Jean Xu

. Differentiation OF Human Embryonic Stem Cells
Figure 19.

0.001 0.1 10 1000 0.1 10 1000

Untreated

Date Regue/Date Received 2022-06-09



20/58

LFS5165USNP: Jean Xu

. Differentiation OF Human Embryonic Stem Cells
Figure 20.

6.49% 92 .90%

(R

(IREIIIL

CNT7ARC

pibii

L

102 0
0432 0. 19%
102 10* 10* 10°
CoLIN 84 AP
B.
176.09% 9.08%
10°%

SRR

-
o

W

Pt

CDIs4ARC

-
(@]

N

102""'~‘ e Nl 3 : "
11.09% - 3.74%
R S ——
10% 10° 10* 10°
E-Cadherin PE
" [56.30% 0.62%
5.}

10°3

CD184 APC

0.40%

10° 10* 10
E-Cadherin P

Date Regue/Date Received 2022-06-09



Figure 21.

fold increase over
undifferentiated cells

LFS5165USNP: Jean Xu

21/58

Differentiation OF Human Embryonic Stem Cells

o

200 -
180 -
160 -
140
120 -
100 -
80 -
60 -
40 -
20 -

GATA4

HNF3b

Sox17

fold increase over undifferentiated cells

Date Regue/Date Received 2022-06-09

CXCR4

GATA4

HNF3b

Sox17



22/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 22.
A.
.| 60.56%] 3.12%
10 ..
O I
% 'y
<t ]
w -'-
o 10°F
o {
0™
Ix b
10.42 T
102 100 10* 10°
CD9 PE
B.
, [0.49% 0.65%
10°3
O ]
< 10
<t ]
® ]
E 10§
O ;
10> L : 0
5.2|4°|/o!0:“l| l'l-l-iﬂlll: lgﬂf;ﬂﬁl)z*
10 10° 10" 10°
CD9 PE
C.
0,
105_§ 0.48% _ 3.34%
O ;
% 10"
< ]
X
o 10
O ]
102_
T nn.u'qy:l‘:ct;;-. TTTT
10° 10 10* 10°
CD9 PE

Date Regue/Date Received 2022-06-09



23/58

Jean Xu

LFS5165USNP
Differentiation OF Human Embryonic Stem Cells

Sox17 SOX7

ma
HNF-3
beta

GSC

i L1x0g
a3l
/X0
4sn0d
®18q g-4NH
I 089
PYLIVO

i y¥OX0
fig

ddy

CXCR4  GATA4

Bry

AFP

§ 8§ B 8 8 88 § 8 ° g 8 8 8§ 8 °

$[[69 PoJeRUSISHIPUN JBAO UORONPU| P|Od S99 §3 J}IpUN JBAO UOIONPU| PO

600

Figure 23.

1X0Ss

I, s

45N0d

ejoq £-4NH

0S89

pYivO

Aig

ddy

0,

8

8 8
) 2 )
) N -

s{je0 §3 YIPUN J2AC UCKOINPU) PO

30000 -
20000 -
10000 ~
5000

T
2
o
[=]
k=4
<

45000 -

Date Regue/Date Received 2022-06-09



24/58

LFS5165USNP: Jean Xu

. Differentiation OF Human Embryonic Stem Cells
Figure 24.

A ————

W

Date Regue/Date Received 2022-06-09



25/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 25.
A. B
o 1% 2.48% 10+ 6%% 10.73%
(&) 3 E =
o 1 O ]
< 4o z ]
E < %3
g ; < 10 E
-~ 1 (s 0] q.-
O 10% _ P &
(& 10 ] T 8 10 ?
i 10™] .- g 1- o
. 2d , -
3.81% 1.7 - * 92.00% Ll RS, * ALY Y17
10> 10° 10* 10° 10.73% Ty
#1 CD9 PE 10° 10° 10 10°
#2 CD9Y PE
C. D
,[0-05% 1.72%
1077 : 0.43%
Q. 2
< 0% <
S 3
®
8 103"§ ()
i o
104 - .- *
0.88% [+~ ¥ ¢ i 5.49%
[RAAAL B LA ] ) LR L ALALLLL B R LA
10> 10° 10* 10° 10> 10° 10" 10°
#4 CD9 PE #1 CD9 PE

Date Regue/Date Received 2022-06-09



26/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 26.
A.
30000 -
u
>
© 25000 |
(2]
(11}
T 20000 4 & DE + 20 ng/ml Wnt3A
=3
® 15000 - [DE
5 DE + 20 ng/ml Wht5A
.—3 10000 - # DE + 25 ng/mi Wnt 7A
=3
j=
5 5000
[+4
([
0. -
o < [T ~
L n%f P 2 % =
T 5 ° 53 3
(O] Ng I
P
T
B.
45000
40000 -

35000 -

30000 - @ DE + 20 ng/ml Wnt 3A

mDE

@ DE + 20 ng/ml Wnt 5A
m DE + 25 ng/ml Wnt 7A
0 DE + 20 ng/ml WNT5b

25000 -

20000 -

15000 -

10000 -

Fold induction over undiff ES cells

5000

PQUSF
Sox17

S
®
o
NS
T
=z
T

Date Regue/Date Received 2022-06-09



27/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

Figure 27.
A. B
5]0.13% 1.44% 2 [57.12% 0.67%
o 107 o 104
& ] a ]
4. < ..
v 107 < 95
S 3
8 1()*5” 8 103‘:
MRt 10§ ) 6.04%
33.14% B 0 w0t 10
#1 CDO PE #2 CD9O PE
C. D.
5,/90-09% 0.43% 41.17% 0.14%
o ] S 3
L 0% Q]
3 < 10*3
© < ;
a) = ]
o 0O | af
™ O 10 3
+ § ]
= m 10 - .
40.11% 10> 10° 10 10° e - 8.28%
o u [ € llIIKW‘ € fl"lml
#3 CD9 PE 90.41%2 3 10t 10°
#4 CD9 PE

Date Regue/Date Received 2022-06-09



28/58

LFS5165USNP: Jean Xu

Niffoarentiation OF Hizman Fmhrvonie Stom Cells

A. 140000 -

Figure 28.

120000 -

100000 -

m DE

@ DE + 10 ng/m Wnt3A
DE + 20 ng/m Wht3A
& DE + 50 ng/m Wnt3A

80000 -

60000 -

40000

20000 -

Fodl induction over undiff ES cells

0 -

Bry

O
[72]
O

AFP
HNF-3 beta
POUSF
Sox17

B. 200 -
180 -
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

fold change

2d 2d 2d 5d 5d 5d
wnt3a wnit3a wnt3a wni3a wnt3a wnt3a
10 5 1 10 5 1
C. 0.7 -

06 -

05 -

03 -
02 -
0.1 -

0 ; —- ; — B

Whnt3a 10ng/ml Wnt3a 5ng/ml  Wnt3a 1ng/ml

cell numbers (1076)

Date Regue/Date Received 2022-06-09



Figure 29.

29/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

A 4.62%

10.50%

#6 CD184 APC

231% |

0 10
#6 CD9 PE

o

52979 2.83%

#7 CD184 APC

2.59%

T T T TR T T Eniig

34-79%10'2‘ ‘ 16° 10* 10

#7 CD9 PE

m

5

,[41.53% 0.09%

#5CD184 APC

. 4.19%

[ LR LLL

54.19% 12 10°
#5 CD9 PE

T Ty

10" 10

5

@

+[63.18%

1.15%

#7 CD184 APC

7 12.81%

22.86

=)

2

10 2

4

10 10

10°

#7 CD9 PE

Date Regue/Date Received 2022-06-09

W

#5CD184APC ©

# CD184 APC M

10°

SbERRE,

72.18% 0.89%

#4 CD9 PE
10 79.65% 0.75%
10°
10
19°)-15.88% 3.72%
SRR L
10° 10° 10* 10°
#5 CD9 PE
510.44% 0.94%
10°3
103
10°3
10%]

SREEERT 51.73%

Pk . Sl
T T

36.89%0> 10° 10* 10°

#8 CD184 APC T

#76 CD9 PE

0.00%
0.20%

3.96%: 12

10° 10
#8 CD9 PE




30/58

LFS5165USNP: Jean Xu

Fi 30.
'gure Differentiation OF Human Embryonic Stem Cells

A

&8 DE + 20 ng/ml Wnt 3A
| DE

il De+ 0.5 um GSK-3 inh IX
for first 2 days

0O DE +1 um GSK-3 inh IX
for first 2 days

Fold induction over undiff ES cells

AFP
Bry
GATA4 &
POUSF
Sox17

HNF-3 beta

m DE

& DE + 100 nm GSK inh IX
& DE + 10 nm GSK inh IX
0 DE + 100 nm GSK inh IX

for days 1-2

@#DE + 10 nm GSK inh IX
for days 1-2

Fodl induction over undiff ES cells

AFP
Bry

GSC
HNF-3 beta
POU5SF

Date Regue/Date Received 2022-06-09



31/58

LFS5165USNP: Jean Xu

Figure 31. . L .
9 Differentiation OF Human Embryonic Stem Cells
A. B.
10°% 14.00% 0.20% 10 0.40%
b O
€ a
< i 10*
> ®
o a
)
o o "
* > 10
11.19% N . 3.66%
TR YT T LA AL L |
7462% 10° 10° 10° 10° 23.61%402 10° 10* 10°
#1 CD9 PE #2 CD9 PE
C. D.
1o 34.81% 0.20% 105_219.13% 1.12%
O E
a A
< < o'
3 3
(@) 5 1033
O O E
3
2 1
| Rtk s306%
47.03%0> 10° 10* 10° 26.70%, 2 .3 ot 10°
#3 CD9 PE #4 CD9 PE
E F. :
10°4 87.10% 0.98% 10 0-29
O
O a
< < 10
< <t
© o
— 0O 1o
8 )
© 2 ;
H AT .
7 3.00%
§ B EEEEE TECHIEEF EEERER]
56.53%10° 10° 10* 10°
#6 CD9 PE

#5 CD9 PE

Date Regue/Date Received 2022-06-09



32/58

Figure 32. o _LFSG165USNP: JeanXu
A. 4500 -
£ 4000 -
[ ]
Q
o 3500 -
i
£ 3000 - | mE
= @ DE 10 AA +20 wnt3A
» 2500 - DE 50AA +20 w nt3A
> +
g 2000 - 0 DE 100 AA +20 w nt3A
2
©
=
T
£
=
o
|18
D- 2‘ v O T E H Ll— 1
Y @ 5 & 8 3
x ) O
o o o
pd
T
B. 50000
45000 -
£
3 40000 - o DE
@ 35000 - DE 10 AA +20 wnt3A
& @ DE50AA +20 wnt3A
2 30000 - 01 DE 100 AA + 20 wnt3A
=
o 25000 -
>
)
c 20000 -
9
S 15000 -
g
= 10000 -
o
2 5000 -
0 |

Sox17 GATA4

Date Regue/Date Received 2022-06-09



Figure 33.

CD184 APC

CD184 APC

CD184 APC

33/58

LFS5165USNP: Jean Xu
Differentiation OF Human Embryonic Stem Cells

52.46%

3
L ||nm%n

[N

P L nnm?’ i I|HI?I'

-
(=]

-
Q

5.49%

N
-
(6]
<

L T

10°

10

3 4 5

10 10

CD9 PE

83.79%

5.9§¢

T T Ere

10°

10° 10" 10

O/ )

5

CD9 PE

76.13%

2.47%

16.53% "

F . a8T%

i

10°

10

TR CTHe T ETree]

3 4

10 5

10

CD9 PE

Date Regue/Date Received 2022-06-09

2.13°
O
a
<
v
@
0o
O
9.189
EEEEAL)
10°
CD9 PE
10 0.75% - 1.35%
< 107%
5
o 10%
10>
68.63%
105 22.00% 6.32¢
g 105
Bl
X 10t
107 . . -
10:19%: 61.4

T vrTm

2

LUALLL

3 4

102 10° 10" 10°
Yellow-A



Figure 34.

A. 2000 -
1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -
200 -

Fold induction over undiff ES cells

B. 80000

70000 -
60000 -
50000 -
40000 -
30000 -
20000 -

10000 -

Fold induction over undiff ES cells

Bry

o
™
<

Sox17

Date Regue/Date Received 2022-06-09

CXCR4

GATA4

34/58

GSC

m DE

& DE 10 AA + 20 ng/ml WNT 3A

& DE 100 AA + 20 ng/m WNT 3A

0O DE 100 AA + 100 nm GSK-3 inh
IX

POUSF }

m DE

@ DE10 AA + 20 ng/m WNT 3A

@ DE 100 AA + 20 ng/m WNT 3A

1 DE100 AA + 100 nm GSK-3 inh X

HNF-3 beta



35/58

Figure 35. LFS5165USNP: Jean Xu

A 2500 -

2000 -

1500 m DE
DE 100 AA + 10 nm GSK-3 inh IX
8 DE 100 AA + 100 nmGSK-3 inh IX

1000 - 1 DE50 AA + 100 nm GSK-3 inh IX

Fodl induction over undiff ES cells

500 -
0 T =1 -
o > < O 3 LL.
o & % 2 3
> ™ O
(@] 0 0o
=
I
B. 30000 -
25000 -

20000 -

a DE

@ DE100 AA + 10 nmGSK-3 inh X
DE 100 AA + 100 nmGSK-3 inh X
0 DE 50 AA + 100 nm GSK-3 inh X

15000 -

10000 -

5000 -

Fodl induction over undiff ES cells

Sox17 GATA4

Date Regue/Date Received 2022-06-09



B.

Figure 36.
2500 -

2000

1500 -

1000 -

500 -

Fold induction over undiff ES cells

70000 -

60000 -

50000 -

40000 -

30000 -

20000 -

Fold induction over undiff ES cells

10000

Sox17

Date Regue/Date Received 2022-06-09

GATA4

36/58

Sox7

HNF3B

| DE + 20 ng/ml WNT3a for D1-D2
to 25 ng/mi BMP-4 + AA for D3-
D5

0 DE + 20 ng/ml WNT3a for D1-D2

& DE + 100 nM GSK-inh IX for D1-
D2

8 DE+ WNT-3A + BMP-4 for D1-D5,
No AA

@ DE + 20 ng/ml WNT3a + 100 nM
GSK-3 inh for D1-D2

& DE + AA + BMP-4 for D1-D5,

| DE + 20 ng/mi WNT3a for D1-
D2 to 25 ng/ml BMP-4 + AAfor
D3-D5

1 DE + 20 ng/ml WNT3a for D1-
D2

& DE + 100 nM GSK-inh IXfor D1-
D2

DE + WNT-3A + BMP-4 for D1-
D5, No AA

@ DE + 20 ng/mi WNT3a + 100
nM G8K-3 inh for D1-D2

& DE + AA + BMP-4 for D1-D5,



37/58

LFS5165USNP: Jean Xu

Fi 37.
'gure Differentiation OF Human Embryonic Stem Cells

Frequency of CXCR4+ Cells

% CXCR4+ Cells

o [

Control
SDF1a ==

AA+ BMP7

AA+ Wnt3a+ Wnt5a B
AA+ Wht3a+ Wnt5a+ BMP2 B2
BMP2+ BMP4+ BMP6+ BMP
AA+ BMP2+ BMP4+ BMP6+ BMPTE

Date Regue/Date Received 2022-06-09

AA+IL-4 [

AA+ SDF1a

©
~
-—
c
=
+
(53
i
=
=
+
©
[a2]
E
=
g

AA+ IL-4+ SDF 1a+ BMP4 [



38/58

LFS5165USNP: Jean Xu

Figure 38.
9 Differentiation OF Human Embryonic Stem Cells
A. 81.51% 1.75%
105... .
(&)
[
<X,
>
a
(]
0.50%
' 1 10 Ilu [] ﬁﬁllwﬂu [] mnnn|||
10> 10° 10" 10°
CD9 PE
B. o o
61 ..42_ % 1.24%
10°3 :
S
o
<
=t
®
[m]
)
_ 11.09%
l. 1 |;lllllil| -n- [] lﬂﬂﬂlﬁl‘ [] ﬁill“lll
10°  10° 10 10°

CD9 PE

Date Regue/Date Received 2022-06-09



39/58

LFS5165USNP: Jean Xu

Fi 39.
'gure Differentiation OF Human Embryonic Stem Cells

700
600

500
400 O fibronectin
m 1:10rGFMG

300 1
200
100

fold change

AFP
Brychyury
CXCR4
gatad
goosecoid
HNF 3b
Pdx1

Date Regue/Date Received 2022-06-09



40/58

: LFS5165USNP: Jean Xu
F 40.
'gure Differentiation OF Human Embryonic Stem Cells

¥ Y W
W N
i g

o
L




I

\"HHH

|
1

Al
..I A
|

l
i
!

Ifllll
I

|
(1
o
i

L
Hlllll

IH

~ HNBKG




42/58

: LFS5165USNP: Jean Xu
F 41.
'gure Differentiation OF Human Embryonic Stem Cells

Gene expression following DE protocol

3k |
1

I HUHIUMWIIH?

i 8 iﬂiﬂﬁwlm =
* o 1
L HHMFJ i o
i Lk B




43/58

: LFS5165USNP: Jean Xu
F 41.
'gure Differentiation OF Human Embryonic Stem Cells

E Day 3- 100 AA —Wnt3a Day 3- 100 AA +Wnt3a

5 [41.20%

10 1.13% 5| 32.61%

0.24%

CD184 APC

CD184 APC

F.  Day 5100 AA-Wnt3a Day 5-100 AA +Wnt3a
40.72% 4.31%

i nngﬁm

5J25.38% 2.89% 10
10

’ -i'ut.":
44" sodgre ]
10 10 . {ﬁ .

l'I.I!E.E[l.f

10

CD184 APC
CD184 APC

i Ili E[lll?p'

; s "_{_'.',; '.':;_.,'-"-‘3*:-.--; 2
" -.-. . 51 ‘47% 10 ..- - :‘: H -::1'.:.-;"'%-.'13#‘?(.::'. o
St — SR - 29.98%

104 105 'u S mE Wli-'liﬁ LI R R L

10° 10° 10 10°
D9 PE 24.99%
D9 CD9 PE

Date Regue/Date Received 2022-06-09



44/58

LFS5165USNP: Jean Xu

Figure 41. Differentiation OF Human Embryonic Stem Cells
G.  Day 5-Wnt3a, 10ng/ml AA Day 5 +Wnt3a, 10ng/mi AA
- 3.28% 0
e 0.94% 10° 0.6%%
» 3
4] 103
<t i <t N
w --- -‘- w 3
h wa - by E|
O 103 o "¢ —
O 1 o ] Lok
- o 2 i
10%F: 0 10 £t e
£ ':;"?:e:’: 31.49% g ': 1{{3_.*: ‘40. 26%
n L B B R R L
56.60% 10> 10° 10* 10° SB5.TT% 102 100 10 10°
CD9 PE CD9 PE

Date Regue/Date Received 2022-06-09



45/58

: LFS5165USNP: Jean Xu
F 42,
'gure Differentiation OF Human Embryonic Stem Cells

Gene Expression of cells treated with DE protocol

i
A

lllllllllll\llIHIIIHT‘I’E”\“l
e

IIINNNIII"tEEEEﬂl

.JUiJJiJJi‘J'JW»}}'PH HNIIIII&EHE&M
il




46/58

. LFS5165USNP: Jean Xu
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