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DESCRIPTION
Related Applications

Field of the Invention

[0001] The present invention relates to the fields of medicine and cell biology. In particular, they are disclosed compositions 
comprising mammalian endocrine precursor cells and compositions comprising pancreatic hormone-expressing cells as well as 
methods of making and using such cells.

Background

[0002] Human embryonic stem cells (hESCs) have the potential to produce differentiated cell types comprising all human 
somatic tissues and organs. Of paramount importance for cell therapy treatment of insulin dependent diabetes is the production 
of unlimited numbers of pancreatic endocrine cells that function similarly to islets with respect to glucose stimulated insulin 
release. Accordingly, there is need for glucose responsive-insulin producing cells derived from human embryonic stem cells in 
vitro as well as reliable methods for producing such cells..

[0003] Previously, a system for producing pancreatic islet cells from embryonic stem cells wherein differentiation is initiated 
towards endoderm cells and focused using reagents that promote emergence of islet precursors and mature insulin-secreting 
cells has been described (WO 03/050249 A2).

Summary of the Invention

[0004] The present invention relates to the embodiments as characterized in the claims. Thus, it relates to the following items.

1. 1. A method of producing human pancreatic islet hormone-expressing cells, said method comprising the steps of:
1. (a) providing a population of pluripotent human stem cells;
2. (b) providing said population of pluripotent human stem cells with a growth factor of the TGF-ß superfamily 

selected from the group consisting of activin A and activin B and combinations thereof, thereby producing a 
population of human definitive endoderm cells;

3. (c) providing said population of human definitive endoderm cells with a retinoid, thereby producing a population of 
human PDX1-positive pancreatic endoderm cells; and

4. (d) incubating said population of human PDX-1 positive pancreatic endoderm cells in the presence of said retinoid 
for a sufficient time to permit human pancreatic islet hormone-expressing cells to form,
further comprising the step of providing said population of human PDX-1 positive pancreatic endoderm cells with 
DAPT.

2. 2. The method according to item 1 further comprising the step of providing said population of human definitive endoderm 
cells with a growth factor of the fibroblast growth factor family.

3. 3. The method according to item 1 or 2 further comprising providing said population of pluripotent human stem cells with 
B27.

4. 4. The method according to any one of items 1 to 3 further comprising providing said population of pluripotent human 
stem cells with a Wnt family member.

5. 5. The method according to any one of items 1 to 4 further comprising removing TGF-ß superfamily growth factor from 
the cell population.

[0005] Moreover, there are disclosed to compositions, such as cell cultures, comprising human pancreatic islet hormone- 
expressing cells. In such compositions, the amount of human pancreatic islet hormone-expressing cells can range from about 
2% to about 80% of the human cells present in the cell culture.

[0006] As disclosed herein , the pancreatic islet hormone-expressing cells can be either mature pancreatic islet hormone- 
expressing cells, immature pancreatic islet hormone-expressing cells or combinations of mature and immature pancreatic islet 
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hormone-expressing cells. As disclosed herein, the human pancreatic islet hormone-expressing cells may express one or more 
hormones selected from the group consisting of ghrelin, insulin, somatostatin and glucagon. As disclosed herein, the islet 
hormone-expressing cells may expresss insulin in response to glucose stimulation.

[0007] There are disclosed cell cultures comprising both human pancreatic islet hormone-expressing cells and human 
endocrine precursor cells. In such cell cultures, the amount of human endocrine precursor cells can range from about 5% to 
about 80% of the cells present in the cell culture. As disclosed herein , the cell cultures may comprise predominately immature 
pancreatic islet hormone-expressing cells and endocrine precursor cells. As disclosed herein , the cell cultures may comprise 
both mature and immature pancreatic islet hormone-expressing cells as well as endocrine precursor cells.

[0008] There are also disclosed compositions, such as cell cultures, comprising human endocrine precursor cells but which do 
not include a substantial amount of human pancreatic islet hormone-expressing cells. In such compositions, the amount of 
human endocrine precursor cells can range from about 5% to about 80% of the human cells present in the cell culture. As 
disclosed herein, the human endocrine precursor cells express a marker selected from the group consisting of neurogenin 3 
(NEUROG3 or NGN3) paired box 4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2).

[0009] There are also disclosed cell cultures comprising both human endocrine precursor cells and human PDX1-positive 
pancreatic endoderm cells (PDX1-positive foregut endoderm cells), wherein the PDX1-positive pancreatic endoderm cells are 
PDX1-expressing, multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion of the gut 
tube. As disclosed herein, the human endocrine precursor cells can range from about 5% to about 95% of the cells present in 
said cell culture. As disclosed herein, the amount of human PDX1-positive pancreatic endoderm cells can range from about 5% 
to about 95% of the cells present in said cell culture.

[0010] Still further embodiments of the present invention relate to methods of producing human mature pancreatic islet 
hormone-expressing cells, human immature pancreatic islet hormone-expressing cells, and human endocrine precursor cells. 
In some embodiments, human mature pancreatic islet hormone-expressing cells are produced from human immature 
pancreatic islet hormone-expressing cells. In some embodiments, human immature pancreatic islet hormone-expressing cells 
are produced from human endocrine precursor cells. In some embodiments, human endocrine precursor cells are produced 
from human PDX1-positive pancreatic endoderm cells.

[0011] Other embodiments of the present invention relate to methods for producing human pancreatic islet hormone- 
expressing cells from human embryonic stem cells (hESCs) or other human pluripotent cells. In such embodiments, the hESCs 
or other human pluripotent cells are first differentiated to human definitive endoderm cells. Definitive endoderm cells are 
multipotent cells that can differentiate into cells of the gut tube or organs derived therefrom. Human definitive endoderm cells 
and their production have been described in U.S. Patent Application Number 11/021618, filed December 23, 2004, The 
definitive endoderm cells are then differentiated to foregut endoderm. Human foregut endoderm cells are multipotent cells that 
can differentiate into cells, tissues or organs derived from the anterior portion of the gut tube. Foregut endoderm cells and their 
production have been described in U.S. Provisional Patent Application Number 60/730917, filed October 27, 2005. The foregut 
endoderm cells are then differentiated to PDX1-positive pancreatic endoderm cells (PDX1-positive foregut endoderm). Human 
PDX1-positive pancreatic endoderm cells are multipotent cells that can differentiate into cells, tissues or organs derived from 
the anterior portion of the gut tube. PDX1-positive pancreatic endoderm cells and their production have been described in U.S. 
Patent Application Number 11/115868, filed April 26, 2005 and U.S. Provisional Patent Application Number 60/730917, filed 
October 27, 2005.

[0012] The PDX1-positive pancreatic endoderm cells are differentiated into endocrine precursor cells, which are differentiated 
into immature, and then finally mature, pancreatic Islet hormone-expressing cells as described in U.S. Provisional Patent 
Application Number 60/833,633, filed July 26, 2006, the disclosure of which is incorporated herein by reference in its entirety, as 
well as the methods described herein.

[0013] There are also disclosed methods of producing cell populations enriched in human endocrine precursor cells and 
methods of producing cell populations enriched in human immature pancreatic islet hormone-expressing cells. As disclosed 
herein, methods of producing cell populations enriched in endocrine precursor cells may involve providing a cell population that 
comprises human endocrine precursor cells with a reagent that binds to neural cell adhesion molecule (NCAM), and separating 
human endocrine precursor cells bound to the reagent from cells that are not bound to the reagent. Similarly, methods of 
producing cell populations enriched in human immature pancreatic islet hormone-expressing cells may involve providing a cell 
population that comprises human immature pancreatic islet hormone-expressing cells with a reagent that binds to NCAM, and 
separating human immature pancreatic islet hormone-expressing cells bound to the reagent from cells that are not bound to the 
reagent As disclosed herein , additional enrichment of immature pancreatic islet hormone-expressing cells can be achieved by 
contacting the NCAM-positive cell population with a second reagent that binds to CD133, and then removing from the cell
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population cells that are bound to the second, reagent.

[0014] As disclosed herein the cell populations comprising human pancreatic islet hormone-expressing cells produced by the 
methods described herein can be derived from human endocrine precursor cells. In certain
methods of producing cell populations enriched for human endocrine precursor cells, the endocrine precursor cells can be 
derived from human PDX1-positive pancreatic endoderm cells. As disclosed herein, the human PDX1-positive pancreatic 
endoderm cells maybe derived from human foregut endoderm cells. As disclosed herein, the human foregut endoderm cells are 
derived from human definitive endoderm cells. As disclosed herein , the human definitive endoderm cells are derived from 
human embryonic stem cells.

[0015] There are also disclosed cell populations that are enriched for human endocrine precursor cells. The cell populations 
enriched for human endocrine precursor cells may comprise from about 5% human endocrine precursor cells that express 
Neurogenin 3 (NGN3), but that do not substantially express a marker selected from the group consisting of AFP, SOX7, SOX1, 
ZIC1, NFM, INS, GCG, SST and GHRL. As disclosed herein, the cell populations that are enriched for human endocrine 
precursor cells are obtained using the methods described herein for the production of cell populations enriched for human 
endocrine precursor cells.

[0016] There are also disclosed cell populations that are enriched for human immature pancreatic islet hormone-expressing 
cells. The enriched cell populations can be obtained by the methods described herein, comprising providing cell populations 
comprising immature pancreatic islet hormone-expressing cells with a reagent that binds NCAM, and separating the cells bound 
to said reagent from cells that are not bound to the reagent. As disclosed herein, the cell populations may comprise at least 
about 25% to at least about 90% immature pancreatic hormone-expressing cells that express MAFB but do not substantially 
express MAFA and/or NGN3. As disclosed herein, the enriched cell population may comprise at least about 50% immature 
pancreatic islet hormone-expressing cells that express MAFB but do not substantially express MAFA and/or NGN3.

[0017] There are also disclosed cell populations that are enriched in human mature pancreatic islet hormone-expressing cells 
that are derived in vitro from human pluripotent cells. The enriched cell populations can be obtained by the methods described 
herein, such as by providing cell populations comprising pancreatic islet hormone-expressing cells, which are produced in vitro 
from human pluripotent cells, with a reagent that binds NCAM and separating the cells bound to said reagent from cells that are 
not bound to the reagent. As disclosed herein, the cell populations comprise at least about 25% to at least about 90% 
pancreatic hormone-expressing cells that express at least one marker selected from the group consisting of GHRL, LAPP, INS, 
GCG, NKX6.1, SST and PP but which do not substantially express at least one marker selected from the group consisting of 
AFP, SOX7, SOX1, ZIC and NFM.

[0018] As disclosed herein , the enriched cell population comprises at least about 50% immature pancreatic islet hormone- 
expressing cells that express GHRL, IAPP, INS, GCG, NKX6.1, SST and PP but not substantially express at least one marker 
selected from the group consisting of AFP, SOX7, SOX1, ZIC and NFM.

[0019] There are also disclosed ex-vivo reagent-cell complexes comprising an NCAM binding reagent and a human endocrine 
precursor cell that expresses NCAM, a human immature pancreatic islet hormone-expressing cell that expresses NCAM or a 
human mature pancreatic islet hormone-expressing cell that expresses NCAM. As disclosed herein, the endocrine precursor 
cells, the immature pancreatic islet hormone-expressing cells and/or the mature pancreatic islet hormone-expressing cells are 
derived in vitro from human pluripotent cells. The reagent of the reagent-cell complexes can comprise a molecule such as an 
anti-NCAM antibody, and anti-NCAM antibody fragment, or an NCAM ligand.

[0020] There are also disclosed in vitro cell cultures and in vitro cell populations as set forth herein that have not been 
differentiated in the presence of sodium butyrate or other histone deacetylase inhibitor during any stage of their development. 
Other aspects disclosed herein relate to methods of producing endocrine precursor cell cultures or cell populations and/or 
pancreatic hormone-expressing cell cultures or cell populations in the absence of sodium butyrate or other histone deacetylase 
inhibitor. In such aspects, hESCs are differentiated to definitive endoderm cells as well as cell types derived from definitive 
endoderm, such as endocrine precursor cells and pancreatic hormone-expressing cells, in the absence of sodium butyrate or 
other histone deacetylase inhibitor.

[0021] There are also disclosed cell cultures and cell populations comprising non-recombinant or non-engineered human 
endocrine precursor cells and/or human pancreatic hormone-expressing cells. As disclosed herein , the non-recombinant 
human endocrine precursor cells and/or human pancreatic hormone-expressing cells of the cell cultures and/or cell populations 
maybe differentiated from non-recombinant hESCs. In some embodiments, non-recombinant hESCs are differentiated to 
definitive endoderm cells as well as cell types derived from definitive endoderm, such as endocrine precursor cells and 
pancreatic hormone-expressing cells.
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[0022] In certain jurisdictions, there may not be any generally accepted definition of the term "comprising." As used herein, the 
term "comprising" is intended to represent "open" language which permits the inclusion of any additional elements. With this in 
mind, there are also disdosed the following with reference to the numbered paragraphs below:

1. An in vitro cell culture comprising human cells wherein at least about 2% of said human cells are pancreatic islet hormone- 
expressing cells that express at least one pancreatic hormone selected from the group consisting of ghrelin, insulin, 
somatostatin and glucagon, said pancreatic islet hormone-expressing cells being derived in vitro from human pluripotent cells.

2. The in vitro cell culture of paragraph 1, wherein at least about 5% of said human cells are pancreatic islet hormone- 
expressing cells.

3. The in vitro cell culture of paragraph 1, wherein at least about 10% of said human cells are pancreatic islet hormone- 
expressing cells.

4. The in vitro cell culture of any of paragraphs 1 to 3, wherein at least about 10% of said human cells are human endocrine 
precursor cells that express neurogenin 3 (NEUROG3).

5. The in vitro cell culture of paragraph 4, wherein said human endocrine precursor cells express a marker selected from the 
group consisting of paired box 4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2).

6. The in vitro cell culture of any of paragraphs 1 to 3, wherein at least about 50% of said human cells are human endocrine 
precursor cells that express neurogenin 3 (NEUROG3).

7. The in vitro cell culture of paragraph 6, wherein said human endocrine precursor cells express a marker selected from the 
group consisting of paired box 4 (ΡΑΧ4) and NKX2 transcription factor related locus 2 (NKX2.2).

8. The in vitro cell culture of paragraph 1, wherein said pancreatic islet hormone-expressing cells express at least two 
hormones selected from the group consisting of ghrelin, insulin, somatostatin and glucagon.

9. The in vitro cell culture of paragraph 1, wherein said pancreatic islet hormone-expressing cells express ghrelin, insulin, 
somatostatin and glucagon.

10. The in vitro cell culture of paragraph 1, wherein at least about 5% of the pancreatic islet hormone-expressing cells express 
insulin but do not significantly express ghrelin, somatostatin and glucagon.

11. The in vitro cell culture of paragraph 1, wherein at least about 10% of the pancreatic islet hormone-expressing cells express 
insulin but do not significantly express ghrelin, somatostatin and glucagon.

12. The in vitro cell culture of paragraph 1, wherein at least about 20% of the pancreatic islet hormone-expressing cells express 
insulin but do not significantly express ghrelin, somatostatin and glucagon.

13. The in vitro cell culture of paragraph 1, wherein at least about 30% of the pancreatic islet hormone-expressing cells express 
insulin but do not significantly express ghrelin, somatostatin and glucagon.

14. The in vitro cell culture of any one of paragraphs 10 to 13, wherein insulin is secreted in response to glucose stimulation.

15. The in vitro cell culture of any one of paragraphs 10 to 13, wherein C-peptide is secreted in response to glucose stimulation.

16. The in vitro cell culture of paragraph 1, wherein at said least 10% of said pancreatic islet cells are present in islet cell 
clusters.

17. The in vitro cell culture of paragraph 1, wherein said pancreatic islet hormone-expressing cells further express a marker 
selected from the group consisting of pancreatic duodenal homeobox 1 (PDX1), islet amyloid polypeptide (IAPP), pancreatic 
polypeptide (PP), ISL1 transcription factor (ISL1), NKX6 transcription factor related locus 1 (NKX6.1) and paired box 6 (ΡΑΧ6).

18. The in vitro cell culture of paragraph 17, wherein said pancreatic islet hormone-expressing cells do not substantially express 
a marker selected from the group consisting of neurogenin 3 (NEUROG3) and paired box gene 4 (ΡΑΧ4).

19. The in vitro cell culture of paragraph 1, wherein at least about 1 pancreatic islet hormone-expressing cell is present for 
about every 10 endocrine precursor cells in said cell culture.

20. The in vitro cell culture of paragraph 1, wherein at least about 1 pancreatic islet hormone-expressing cell is present for 
about every 5 endocrine precursor cells in said cell culture.

21. The in vitro cell culture of paragraph 1, wherein at least about 1 pancreatic islet hormone-expressing cell is present for 
about every 2 endocrine precursor cells In said cell culture.
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22. The in vitro cell culture of paragraph 1, wherein said pancreatic islet hormone-expressing cells are non-recombinant cells.

23. The in vitro cell culture of paragraph 1 further comprising a medium which comprises a factor selected from the group 
consisting of nicotinamide (NIC), exendin 4 (Ex4), hepatocyte growth factor (HGF), insulin-like growth factor (IGF) and 
combinations thereof.

24. The in vitro cell culture of paragraph 1, further comprising a medium which comprises a factor selected from the group 
consisting of exendin 4 (Ex4), hepatocyte growth factor (HGF), insulin-like growth factor 1 (IGF 1) and combinations thereof.

25. The in vitro cell culture of paragraph 1, further comprising a medium which comprises nicotinamide (NIC) at a concentration 
f about 10 mM.

26. The in vitro cell culture of paragraph 1, further comprising a medium which comprises exendin 4 (Ex4) at a concentration of 
about 40 ng/ml.

27. The in vitro cell culture of paragraph 1, further comprising a medium which comprises hepatocyte growth factor (HGF) at a 
concentration of about 25 ng/ml.

28. The in vitro cell culture of paragraph 1, further comprising a medium which comprises insulin-like growth factor 1 (IGF 1) at a 
concentration of about 50 ng/ml.

29. An in vitro cell culture comprising human cells wherein at least about 5% of said human cells are endocrine precursor cells 
that express neurogenin 3 (NEUROG3), said endocrine precursor cells being multipotent cells that can differentiate into 
pancreatic islet hormone-expressing cells that express at least one pancreatic hormone selected from the group consisting of 
insulin, somatostatin and glucagon.

30. The in vitro cell culture of paragraph 29, wherein at least about 10% of said human cells are endocrine precursor cells.

31. The in vitro cell culture of paragraph 29, wherein at least about 25% of said human cells are endocrine precursor cells.

32. The in vitro cell culture of paragraph 29, wherein at least about 50% of said human cells are endocrine precursor cells.

33. The in vitro cell culture of any of paragraphs 29 to 32, wherein at least about 10% of said human cells are human pancreatic 
duodenal homeobox 1 (PDXI)-positive pancreatic endoderm cells.

34. The in vitro cell culture of any of paragraphs 29 to 32, wherein at least about 25% of said human cells are human pancreatic 
duodenal homeobox 1 (PDXI)-positive pancreatic endoderm cells.

35. The in vitro cell culture of any of paragraphs 29 to 32, wherein at least about 50% of said human cells are human pancreatic 
duodenal homeobox 1 (PDXI)-positive pancreatic endoderm cells.

36. The in vitro cell culture of any of paragraphs 29 to 32, wherein said cell culture is substantially devoid of human pancreatic 
islet hormone-expressing cells.

37. The in vitro cell culture of paragraph 36, wherein at least about 10% of said 
homeobox 1 (PDX1 )-positive pancreatic endoderm cells.

human cells are human pancreatic duodenal

38. The in vitro cell culture of paragraph 36, wherein at least about 25% of said 
homeobox 1 (PDX1 )-positive pancreatic endoderm cells.

human cells are human pancreatic duodenal

39. The in vitro cell culture of paragraph 36, wherein at least about 50% of said 
homeobox 1 (PDX1 )-positive pancreatic endoderm cells.

human cells are human pancreatic duodenal

40. The in vitro cell culture of paragraph 29, wherein said endocrine precursor cells express a marker selected from the group 
consisting of paired box 4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2).

41. The in vitro cell culture of paragraph 29, wherein at least about 1 endocrine precursor cell is present for about every 10 
PDX1-positive pancreatic endoderm cells in said cell culture.

42. The in vitro cell culture of paragraph 29, wherein at least about 1 endocrine precursor cell is present for about every 5 
PDX1-positive pancreatic endoderm cells in said cell culture.

43. The in vitro cell culture of paragraph 29, wherein at least about 1 endocrine precursor cell is present for about every 2 
PDX1-positive pancreatic endoderm cells in said cell culture.

44. The in vitro cell culture of paragraph 29, wherein said endocrine precursor cells are non-recombinant cells.
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45. The in vitro cell culture of paragraph 29 further comprising a medium which comprises N-[N-(3,5-difluorophenacetyl)-L- 
alanyl]-S-phenylglycine t-butyl

46. The in vitro cell culture of paragraph 45, wherein said DAPT concentration is at least about 1 μΜ.

47. The in vitro cell culture of paragraph 45, wherein said DAPT concentration is about 3 μΜ.

48. The in vitro cell culture of paragraph 45 further comprising a factor selected from retinoic acid (RA) and exendin 4 (Ex4).

49. The in vitro cell culture of paragraph 45, wherein said medium is CMRL.

50. A method of producing human pancreatic islet hormone-expressing cells, said method comprising the steps of obtaining a 
cell population comprising human endocrine precursor cells, said human endocrine precursor cells being multipotent cells that 
can differentiate into human pancreatic islet hormone-expressing cells; and incubating said human endocrine precursor cells in 
a culture medium for a sufficient time to permit human pancreatic islet hormone-expressing cells to form, wherein said sufficient 
time for human pancreatic islet hormone-expressing cells to form has been determined by detecting the presence of human 
pancreatic islet hormone-expressing cells in said cell population.

51. The method of paragraph 50, wherein at least about 2% of said human cells in said cell population differentiate into human 
pancreatic islet hormone-expressing cells.

52. The method of paragraph 50, wherein at least about 5% of said human cells in said cell population differentiate into human 
pancreatic islet hormone-expressing cells.

53. The method of paragraph 50, wherein at least about 10% of said human cells in said cell population differentiate into human 
pancreatic islet hormone-expressing cells.

54. The method of paragraph 50 further comprising providing said human pancreatic endocrine cells with a factor selected from 
the group consisting of nicotinamide (NIC), exendin 4 (Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 (IGF1) 
and combinations thereof in an amount sufficient to further promote differentiation of said human endocrine precursor cells to 
human pancreatic islet hormone-expressing cells, wherein said human pancreatic islet hormone-expressing cells express at 
least one pancreatic hormone selected from the group consisting of insulin, somatostatin and glucagon.

55. The method of paragraph 54, wherein said factor is selected from the group consisting of Ex4, HGF and IGF 1.

56. The method of paragraph 54, wherein Ex4 is provided to said cell population of endocrine precursor cells at a concentration 
ranging from about 10 ng/ml to about 100 ng/ml.

57. The method of paragraph 54, wherein Ex4 is provided to said cell population of endocrine precursor cells at a concentration 
of about 40 ng/ml.

58. The method of paragraph 54, wherein said factor is IGF1.

59. The method of paragraph 58, wherein IGF1 is provided 
concentration ranging from about 10 ng/ml to about 1000 ng/ml.

to said cell population of endocrine precursor cells at

60. The method of paragraph 58, wherein IGF1 is provided 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

to said cell population of endocrine precursor cells at

61. The method of paragraph 58, wherein IGF1 is provided 
concentration ranging from about 25 ng/ml to about 75 ng/ml.

to said cell population of endocrine precursor cells at

62. The method of paragraph 58, wherein IGF1 is provided 
concentration of about 50 ng/ml.

to said cell population of endocrine precursor cells at

a

a

a

a

63. The method of paragraph 50, wherein detecting the presence of human pancreatic islet hormone-expressing cells in said 
cell population comprises detecting the expression of at least one marker selected from the group consisting of pancreatic 
duodenal homeobox 1 (PDX1), ghrelin (GHRL), islet amyloid polypeptide (IAPP), pancreatic polypeptide (PP), ISL1 transcription 
factor (ISL1), NKX6 transcription factor related locus 1 (NKX6.1) and paired box 6 (PAX6) in cells of said cell population.

64. The method of paragraph 63, wherein the expression of at least one of said markers is determined by Q-PCR.

65. The method of paragraph 63, wherein the expression of at least one of said markers is determined by 
immunocytochemistry.

66. The method of paragraph 50, wherein the step of obtaining a cell population comprising human endocrine precursor cells
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comprises the steps of obtaining a population of human PDX1-positive pancreatic endoderm cells, said human PDX1-positive 
pancreatic endoderm cells being multipotent cells that can differentiate into cells, tissues or organs derived from the anterior 
portion of the gut tube; and providing said population of human PDX1-positive pancreatic endoderm cells with a gamma 
secretase inhibitor, thereby producing a population of human endocrine precursor cells.

67. The method of paragraph 66, wherein said gamma secretase inhibitor comprises N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S- 
phenylglycine t-butyl ester (DAPT).

68. The method of paragraph 67, wherein DAPT is provided to said population of human PDX1-positive pancreatic endoderm 
cells at a concentration ranging from about 1 μΜ to about 10 pM.

69. The method of paragraph 67, wherein DAPT is provided to said population human PDX1-positive pancreatic endoderm cells 
at a concentration of about 3 pM.

70. The method of paragraph 66 further comprising providing said population 
cells with exendin 4 (Ex4).

of human PDX1-positive pancreatic endoderm

71. The method of paragraph 70, wherein Ex4 is provided to said population 
cells at a concentration ranging from about 10 ng/ml to about 100 ng/ml.

of human PDX1-positive pancreatic endoderm

72. The method of paragraph 70, wherein Ex4 is provided to said population 
cells at a concentration of about 40 ng/ml.

of human PDX1-positive pancreatic endoderm

73. The method of paragraph 70, wherein the step of obtaining a population of human PDX1-positive pancreatic endoderm cells 
comprises the steps of obtaining a population of human foregut endoderm cells, said human foregut endoderm cells being 
PDX1-negative multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion of the gut 
tube; and providing said population of human foregut endoderm cells with a retinoid, thereby producing a population of human 
PDX1-positive pancreatic endoderm cells.

74. The method of paragraph 73, wherein said retinoid is retinoic acid (RA)

75. The method of paragraph 74, wherein RA is provided to said population of human foregut endoderm cells at a 
concentration ranging from about 1 nM to about 10 μΜ

76. The method of paragraph 73, wherein the step of obtaining a population of human foregut endoderm cells comprises the 
steps of obtaining a population of human definitive endoderm cells, said human definitive endoderm cells being multipotent cells 
that can differentiate into cells of the gut tube or organs derived therefrom; and providing said population of human definitive 
endoderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog pathway inhibitor, thereby producing a population of 
human foregut endoderm cells.

77. The method of paragraph 76 further comprising withdrawing any growth factor of the TGF-ß superfamily that may be 
present in said population of definitive endoderm cells.

78. The method of paragraph 77, wherein said growth factor of the TGF-ß superfamily is selected from the group consisting of 
Nodal, activin A, activin B and combinations thereof.

79. The method of paragraph 77, wherein said growth factor of the TGF-ß superfamily is activin A.

80. The method of paragraph 76, wherein said hedgehog inhibitor comprises KAAD-cyclopamine.

81. The method of paragraph 80, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm cells 
at a concentration ranging from about 0.01 μΜ to about 1 pM.

82. The method of paragraph 80, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm cells 
at a concentration of about 0.2 pM.

83. The method of paragraph 76, wherein FGF-10 is provided 
concentration ranging from about 1 ng/ml to about 1000 ng/ml.

to said population of human definitive endoderm cells at

84. The method of paragraph 76, wherein FGF-10 is provided 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

to said population of human definitive endoderm cells at

85. The method of paragraph 76, wherein FGF-10 is provided to said population of human definitive endoderm cells at

a

a

a
concentration of about 50 ng/ml.

86. The method of paragraph 76, wherein the step of obtaining a population of human definitive endoderm cells comprises the
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steps of obtaining a population of pluripotent human embryonic stem cells; and providing said population of pluripotent human 
embryonic stem cells with at least one growth factor of the TGF-ß superfamily.

87. The method of paragraph 86, wherein said at least one growth factor is Nodal.

88. The method of paragraph 86, wherein said at least one growth factor is activin A.

89. The method of paragraph 86, wherein said at least one growth factor is activin B.

90. The method of paragraph 86 further comprising providing said population of pluripotent human embryonic stem cells with
wingless-type MMTV integration site family member 3A (Wnt3A).

91. The method of paragraph 86, wherein a plurality of growth factors of the TGFß superfamily is provided.

92. The method of paragraph 91, wherein Wnt3A is also provided.

93. The method of paragraph 86, wherein said at least one growth factor is provided in a concentration of at least about 10 
ng/ml.

94. The method of paragraph 86, wherein said at least one growth factor is provided in a concentration of at least about 100 
ng/ml.

95. The method of paragraph 86, wherein said at least one growth factor is provided in a concentration of at least about 500 
ng/ml.

96. The method of paragraph 86, wherein said at least one growth factor is provided in a concentration of at least about 1000 
ng/ml.

97. The method of paragraph 86, wherein said at least one growth factor is provided in a concentration of at least about 5000 
ng/ml.

98. The method of paragraph 86, wherein said pluripotent human embryonic stem cells are differentiated to human definitive 
endoderm cells in a medium comprising less than about 2% serum.

100. A human pancreatic islet hormone-expressing cell produced by the method of paragraph 86.

101. A method of producing human pancreatic islet hormone-expressing cells, said method comprising the steps of: (a) 
obtaining a population of pluripotent human embryonic stem cells; (b) providing said population of pluripotent human embryonic 
stem cells with at least one growth factor of the TGF-ß superfamily, thereby producing a population of human definitive 
endoderm cells; (c) providing said population of human definitive endoderm cells with at least one fibroblast growth factor, 
thereby producing a population of human foregut endoderm cells; (d) providing said population of human foregut endoderm 
cells with a retinoid, thereby producing a population of human PDX1-positive pancreatic endoderm cells; (e) providing said 
population of human PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor, thereby producing a 
population comprising human endocrine precursor cells; and (f) incubating said population of human endocrine precursor cells 
in a culture medium for a sufficient time to permit human pancreatic islet hormone-expressing cells to form.

102. The method of paragraph 101, wherein step (b) further comprises providing a hedgehog pathway inhibitor.

103. The method of paragraph 101, wherein said fibroblast growth factor is selected from the group consisting of FGF1, FGF2, 
FGF3, FGF4, FGF5, FGF6, FGF7, FGF8, FGF9, FGF10, FGF11, FGF12, FGF13, FGF14, FGF15, FGF16, FGF17, FGF18, 
FGF19, FGF20, FGF21, FGF22 and FGF23.

104. The method of paragraph 101, wherein said fibroblast growth factor comprises FGF10.

105. The method of paragraph 101, wherein step (d) further comprises providing insulin or an insulin-like growth factor.

106. The method of paragraph 101 further comprising substantially withdrawing said at least one growth factor of the TGF-ß 
superfamily.

107. The method of paragraph 101, wherein said retinoid and said gamma secretase are provided at about the same time.

108. The method of paragraph 101, wherein said foregut endoderm cells are competent to further differentiate into pancreatic 
cells.

109. A method of producing human pancreatic islet hormone-expressing cells, said method comprising the steps of: (a) 
obtaining a population of pluripotent human embryonic stem cells; (b) providing said population of pluripotent human embryonic 
stem cells with at least one growth factor of the TGF-ß superfamily, thereby producing a population of human definitive 
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endoderm cells; (c) providing said population of human definitive endoderm cells with a retinoid, thereby producing a population 
of human PDX1-positive pancreatic endoderm cells; and (d) incubating said population of human PDX1-positive pancreatic 
endoderm cells in the presence of a retinoid for a sufficient time to permit human pancreatic islet hormone-expressing cells to 
form.

110. The method of paragraph 109 further comprising the step of providing said population of human definitive endoderm cells 
with a fibroblast family growth factor.

111. The method of paragraph 110, wherein said fibroblast family growth factor comprises FGF10 or FGF7.

112. The method of paragraph 109. further comprising the step of providing said population of human definitive endoderm cells 
with a hedgehog pathway inhibitor.

113. The method of paragraph 112, wherein said hedgehog pathway inhibitor is KAAD-cyclopamine.

114. The method of paragraph 109, wherein said retinoid is retinoic acid.

115. The method of paragraph 109, further comprising the step of providing said population of human PDX1-positive pancreatic 
endoderm cells with a gamma secretase inhibitor.

116. The method of paragraph 115, wherein the gamma secretase inhibitor comprises N-[N-(3,5-difluorophenacetyl)-L-alanyl]- 
S-phenylglycine t-butyl ester (DAPT).

117. A method for producing a cell population enriched in human endocrine precursor cells, said method comprising the steps 
of providing a cell population comprising human endocrine precursor cells with a reagent that binds to neural cell adhesion 
molecule (NCAM), and separating human endocrine precursor cells bound to said reagent from cells that are not bound to said 
reagent, thereby producing a cell population enriched in human endocrine precursor cells.

118. The method of paragraph 117, wherein said human endocrine precursor cells are derived in vitro from human pluripotent 
cells.

119. The method of paragraph 117, wherein said human endocrine precursor cells express Neurogenin 3 (NGN3) and do not 
substantially express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1, NFM, insulin (INS), 
glucagon (GCG), somatostatin (SST) and ghrelin (GHRL).

120. The method of paragraph 119, wherein said human endocrine precursor cells express paired box gene 4 (PAX4).

121. The method of paragraph 119, wherein said human endocrine precursor cells do not substantially express Paired Box 6 
transcription factor (PAX6).

122. The method of paragraph 117, wherein said reagent comprises a molecule selected from the group consisting of an anti- 
NCAM antibody, an anti-NCAM antibody fragment and an NCAM ligand.

123. The method of paragraph 122, wherein said NCAM ligand is NCAM Binding Protein 10 (NBP10).

124. The method of paragraph 122, wherein said anti-NCAM antibody is labeled.

125. The method of paragraph 124, wherein said anti-NCAM antibody is fluorescently labeled.

126. The method of paragraph 117 further comprising providing said cell population and said reagent with a secondary reagent
that binds to said reagent.

127. The method of paragraph 126, wherein said reagent comprises and anti-NCAM antibody and wherein said secondary 
reagent is fluorescently labeled.

128. The method of paragraph 125 or paragraph 127, wherein said separating step comprises using fluorescence activated cell 
sorting (FACS) to separate said endocrine precursor cells bound to said anti-NCAM antibodies from said cells that are not 
bound to said anti-NCAM antibodies.

129. The method of paragraph 117 further comprising the step of disaggregating said cells in said cell population comprising 
human endocrine precursor cells prior to providing said cell population with said reagent that binds to NCAM.

130. The method of paragraph 117 further comprising the steps of obtaining a cell population comprising a population of human 
PDX1-positive pancreatic endoderm cells, said human PDX1-positive pancreatic endoderm cells being multipotent cells that can 
differentiate into cells, tissues or organs derived from the anterior portion of the gut tube and providing said population of 
human PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor, thereby producing a population of human 
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endocrine precursor cells.

131. The method of paragraph 130, wherein said gamma secretase inhibitor comprises N-[N-(3,5,-difluorophenacetyl)-L- 
alanyl]-S-phenylglycine t-butyl ester (DAPT).

132. The method of paragraph 131, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 1 μΜ to about 10 μΜ.

133. The method of paragraph 131, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 3 pM.

134. The method of paragraph 130, further comprising providing said population of human PDX1-positive pancreatic endoderm 
cells with exendin 4 (Ex4).

135. The method of paragraph 134, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 10 ng/ml to about 100 ng/ml.

136. The method of paragraph 134, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 40 ng/ml.

137. The method of paragraph 130, wherein the step of obtaining a population of human PDX1-positive pancreatic endoderm 
cells comprises the steps of obtaining a population of human foregut endoderm cells, said human foregut endoderm cells being 
PDX1-nogative multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion of the gut 
tube and providing said population of human foregut endoderm cells with a retinoid, thereby producing a population of human 
PDX1-positive pancreatic endoderm cells.

138. The method of paragraph 137, wherein said retinoid is retinoic acid (RA).

139. The method of paragraph 138, wherein RA is provided to said population of human foregut endoderm cells at a 
concentration ranging from about 1 nM to about 10 μΜ.

140. The method of paragraph 137, wherein the step of obtaining a population of human foregut endoderm cells comprises the 
steps of obtaining a population of human definitive endoderm cells, said human definitive endoderm cells being multipotent cells 
that can differentiate into cells of the gut tube or organs derived therefrom and providing said population of human definitive 
endoderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog pathway inhibitor, thereby producing a population of 
human foregut endoderm cells.

141. The method of paragraph 140, further comprising withdrawing an exogenously added factor of the TGF-ß superfamily that 
may be present in said population of definitive endoderm cells.

142. The method of paragraph 141, wherein said growth factor of the TGF-ß superfamily is selected from the group consisting 
of Nodal, activin A, activin B and combinations thereof.

143. The method of paragraph 142, wherein said growth factor of the TGF-ß superfamily is activin A.

144. The method of paragraph 140, wherein said hedgehog inhibitor comprises KAAD-cyclopamine.

145. The method of paragraph 144, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm 
cells at a concentration ranging from about 0.01 μΜ to about 1 μΜ.

146. The method of paragraph 145, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm 
cells at a concentration of about 0.2 pM.

147. The method of paragraph 140, wherein FGF-10 is provided to said population of human definitive endoderm cells at a 
concentration ranging from about 10 ng/ml to about 1000 ng/ml.

148. The method of paragraph 140, wherein FGF-10 is provided to said population of human definitive endoderm cells at a 
concentration ranging from about 1 ng/ml to about 100 ng/ml.

149. The method of paragraph 140, wherein FGF-10 is provided to said population of human definitive endoderm cells at a 
concentration of about 50 ng/ml.

150. The method of paragraph 140, wherein the step of obtaining a population of human definitive endoderm cells comprises 
the steps of obtaining a population of human pluripotent cells and providing said population of human pluripotent cells with at 
least one growth factor of the TGF-ß superfamily.
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151. The method of paragraph 150, wherein said at least one growth factor is Nodal.

152. The method of paragraph 150, wherein said at least one growth factor is activin A.

153. The method of paragraph 150, wherein said at least one growth factor is activin B.

154. The method of paragraph 150 further comprising providing said population of human pluripotent cells with wingless-type 
MMTV integration site family member 3A (Wnt3A).

155. The method of paragraph 150, wherein a plurality of growth factors of the TGFß superfamily is provided.

156. The method of paragraph 155, wherein Wnt3A is also provided.

157. The method of paragraph 150, wherein said at least one growth factor is provided in a concentration of at least about 10 
ng/ml.

158. The method of paragraph 150, wherein said at least one growth factor is provided in a c ncentration of at least about 100 
ng/ml.

159. The method of paragraph 150, wherein said at least one growth factor is provided in a concentration of at least about 500 
ng/ml.

160. The method of paragraph 150, wherein said at least one growth factor is provided in a concentration of at least about 1000 
ng/ml.

161. The method of paragraph 150, wherein said at least one growth factor is provided in a concentration of at least about 5000 
ng/ml.

162. The method of paragraph 150, wherein said human pluripotent cells are differentiated to human definitive endoderm cells 
in a medium comprising less than about 2% serum.

164. An enriched, in vitro human endocrine precursor cell population, wherein said human endocrine precursor cells express 
NGN3 and do not substantially express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1, 
NFM, INS, GCG, SST and GHRL.

165. The enriched, in vitro human endocrine precursor cell population of paragraph 164, wherein said cell population is derived 
in vitro from human pluripotent cells.

166. The enriched, in vitro human endocrine precursor cell population of paragraph 164, wherein said enriched human 
endocrine precursor cell population is produced by the method of paragraph 117.

167. The enriched, in vitro human endocrine precursor cell population of paragraph 164, wherein said enriched human 
endocrine precursor cell population is produced by the method of paragraph 150.

168. The enriched, in vitro human endocrine precursor cell population of paragraph 164, wherein at least about 5% of said 
enriched human cell population comprises human endocrine precursor cells that express neurogenin 3 (NGN3) and do not 
substantially express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1 NFM, INS. GCG. SST 
and GHRL.

169. The enriched, in vitro human endocrine precursor cell population of paragraph 168, wherein said human endocrine 
precursor cells express PAX4.

170. The enriched, in vitro human endocrine precursor cell population of paragraph 164, wherein said endocrine precursor cells 
are derived in vitro from human PDX1-positive pancreatic endoderm.

171. The enriched, in vitro human endocrine precursor cell population of paragraph 170, wherein said human PDX1-positive 
pancreatic endoderm cells are derived in vitro from human foregut endoderm cells.

172. The enriched, in vitro human endocrine precursor cell population of paragraph 171, wherein said human foregut 
endoderm cells are derived in vitro from definitive endoderm cells.

'173. The enriched, in vitro human endocrine precursor cell population of paragraph 172, wherein said definitive endoderm cells 
are derived in vitro from human embryonic stem cells (hESCs).

174. A method for producing a cell population enriched in human immature pancreatic islet hormone-expressing cells, said 
method comprising the steps f providing a cell population comprising human immature pancreatic islet hormone-expressing 
cells with a reagent that binds to neural cell adhesion molecule (NCAM) and separating human immature pancreatic islet 
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hormone-expressing cells bound to said reagent from cells that are not bound to said reagent, thereby producing a cell 
population enriched in human immature pancreatic islet hormone-expressing cells.

175. The method of paragraph 174, wherein said human immature pancreatic islet hormone-expressing cells are derived in 
vitro from human pluripotent cells.

176. The method of paragraph 174, wherein said human immature pancreatic islet hormone-expressing cells express MAFB 
and do not substantially express a marker selected from the group consisting of NGN3 and MAFA.

177. The method of paragraph 176, wherein said human immature pancreatic islet hormone-expressing cells do not 
substantially express at least one marker selected from the group consisting of M0X1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 
and NFM.

178. The method of paragraph 176, wherein said human immature pancreatic islet hormone-expressing cells express at least 
one marker selected from the group consisting of Synaptophysin (SYP), Chromogranin A (CHGA), NKX2.2, Islet 1 (ISL1), 
Paired Box Gene 6 (PAX6), and Neurogenic Differentiation 1 (NEUROD), PDX1 and HB9.

179. The method of paragraph 174, wherein said human immature pancreatic islet hormone-expressing cells process less than 
about 98% of the insulin produced by said immature pancreatic islet hormone-expressing cells.

180. The method of paragraph 174, wherein said human immature pancreatic islet hormone-expressing cells process less than 
about 70% of the insulin produced by said immature pancreatic islet hormone-expressing cells.

181. The method of paragraph 179 or paragraph 180. wherein said insulin processing is measured by C-peptide release.

182. The method of paragraph 174, wherein said reagent comprises a molecule selected from the group consisting of an anti- 
NCAM antibody, an anti-NCAM antibody fragment and an NCAM ligand.

183. The method of paragraph 182, wherein said NCAM ligand is NCAM Binding Protein 10 (NBP10).

184. The method of paragraph 182, wherein said anti-NCAM antibody is labeled.

185. The method of paragraph 184, wherein said anti-NCAM antibody is fluorescently labeled.

186. The method of paragraph 174, further comprising providing said cell population with a secondary reagent that binds to
said reagent.

187. The method of paragraph 186 wherein said reagent comprises and anti-NCAM antibody and wherein said secondary 
reagent that binds to said anti-NCAM antibody is fluorescently labeled.

188. The method of paragraph 185 or paragraph 187, wherein said separating step comprises using fluorescence activated cell 
sorting (FACS) to separate said human immature pancreatic islet hormone-expressing cells bound to said anti-NCAM antibody 
from said cells that are not bound to said anti-NCAM antibody.

189. The method of paragraph 174 further comprising the step of providing said human immature pancreatic islet hormone- 
expressing cells with a second reagent that binds to CD133, and separating said human immature pancreatic islet hormone- 
expressing cells from cells that are bound to said second reagent.

190. The method of paragraph 174 further comprising the step of dissociating said cell population prior to providing said cell 
population with said reagent that binds NCAM.

191. The method of paragraph 174 further comprising obtaining a cell population comprising human endocrine precursor cells 
being multipotent cells that can differentiate into human immature pancreatic islet hormone-expressing cells and incubating said 
human endocrine precursor cells in a culture medium for a sufficient time to permit human immature pancreatic islet hormone- 
expressing cells to form.

192. The method of paragraph 191 further comprising providing said human endocrine precursor cells with a factor selected 
from the group consisting of nicotinamide (NIC), exendin 4 (Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 
(IGF1), glucose dependent insulinotropic polypeptide (GIP), nerve growth factor (NGF), vascular endothelial growth factor 
(VEGF) and combinations thereof in an amount sufficient to further promote differentiation of said human endocrine precursor 
cells to human immature pancreatic islet hormone-expressing cells.

193. The method of paragraph 192, wherein said factor is selected from the group consisting of Ex4, HGF and IGF1.

194. The method of paragraph 193, wherein said factor is Ex4.
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195. The method of paragraph 194, wherein Ex4 is provided to said ceil population of endocrine precursor cells at a 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

196. The method of paragraph 194, wherein Ex4 is provided to said cell population of endocrine precursor cells at a 
concentration of about 40 ng/ml.

197. The method of paragraph 193, wherein said factor is IGF1.

198. The method of paragraph 197, wherein IGF1 is provided 
concentration ranging from about 10 ng/ml to about 1000 ng/ml.

to said cell population of endocrine precursor cells at

199. The method of paragraph 197, wherein IGF1 is provided 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

to said cell population of endocrine precursor cells at

200. The method of paragraph 197, wherein IGF1 is provided 
concentration ranging from about 25 ng/ml to about 75 ng/ml.

to said cell population of endocrine precursor cells at

201. The method of paragraph 197, wherein IGF1 is provided to said cell population of endocrine precursor cells at

a

a

a

a
concentration of about 50 ng/ml.

202. The method of paragraph 191 further comprising the steps of obtaining a cell population comprising a population of human 
PDX1-positive pancreatic endoderm cells, said human PDX1-positive pancreatic endoderm cells being multipotent cells that can 
differentiate into cells, tissues or organs derived from the anterior portion of the gut tube and providing said population of 
human PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor, thereby producing a population of human 
endocrine precursor cells.

203. The method of paragraph 202, wherein said gamma secretase inhibitor comprises N-(N-(3,5,-difluorophenacetyl)-L- 
alanyl]-S-phenylglycine t-butyl ester (DAPT).

204. The method of paragraph 203, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 1 μΜ to about 10 μΜ.

205. The method of paragraph 203, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 3 pM.

206. The method of paragraph 202, further comprising providing said population of human PDX1-positive pancreatic endoderm 
cells with exendin 4 (Ex4).

207. The method of paragraph 206, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 10 ng/ml to about 100 ng/ml.

208. The method of paragraph 206, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 40 ng/ml.

209. The method of paragraph 202, wherein the step of obtaining a population of human PDX1-positive pancreatic endoderm 
cells comprises the steps of obtaining a population of human foregut endoderm cells, said human foregut endoderm cells being 
PDX1-negative multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion of the gut 
tube and providing said population of human foregut endoderm cells with a retinoid, thereby producing a population of human 
PDX1-positive pancreatic endoderm cells.

210. The method of paragraph 209, wherein said retinoid is retinoic acid (RA).

211. The method of paragraph 210, wherein RA is provided to said population of human foregut endoderm cells at a 
concentration ranging from about 1 nM to about 10 μΜ.

212. The method of paragraph 209, wherein the step of obtaining a population of human foregut endoderm cells comprises the 
steps of obtaining a population of human definitive endoderm cells, said human definitive endoderm cells being multipotent cells 
that can differentiate into cells of the gut tube or organs derived therefrom and providing said population of human definitive 
endoderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog pathway inhibitor, thereby producing a population of 
human foregut endoderm cells.

213. The method of paragraph 212 farther comprising withdrawing an exogenously added factor of the TGF-ßsuperfamily that 
may be present in said population of definitive endoderm cells.

214. The method of paragraph 213, wherein said growth factor of the TGF-ß superfamily is selected from the group consisting 
of Nodal, activin A, activin B and combinations thereof.
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215. The method of paragraph 214, wherein said growth factor of the TGF-ß superfamily is activin A.

216. The method of paragraph 212, wherein said hedgehog inhibitor comprises KAAD-cyclopamine.

217. The method of paragraph 216, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm 
cells at a concentration ranging from about 0.01 μΜ to about 1 μΜ.

218. The method of paragraph 216, wherein KAAD-cyclopamine Is provided to said population of human definitive endoderm 
cells at a concentration of about 0.2 pM.

219. The method of paragraph 212, wherein FGF-10 is provided to said population of human definitive endoderm cells at a
concentration ranging from about 1 ng/ml to about 1000 ng/ml.

220. The method of paragraph 212, wherein FGF-10 is provided to said population of human definitive endoderm cells at a
concentration ranging from about 10 ng/ml to about 100 ng/ml.

221. The method of paragraph 212, wherein FGF-10 is provided to said population of human definitive endoderm cells at a
concentration of about 50 ng/ml.

222. The method of paragraph 212, wherein the step of obtaining a population of human definitive endoderm cells comprises 
the steps of obtaining a population of human pluripotent cells and providing said population of human pluripotent cells with at 
least one growth factor of the TGF-ß superfamily.

223. The method of paragraph 222, wherein said at least one growth factor is Nodal.

224. The method of paragraph 222, wherein said at least one growth factor is activin A.

225. The method of paragraph 222, wherein said at least one growth factor is activin B.

226. The method of paragraph 222 further comprising providing said population of human pluripotent cells with wingless-type 
MMTV integration site family member 3A (Wnt3A).

227. The method of paragraph 222, wherein a plurality of growth factors of the TGFß superfamily is provided.

228. The method of paragraph 227, wherein Wnt3A is also provided.

229. The method of paragraph 222, wherein said at least one growth factor is provided in a concentration of at least about 10 
ng/ml.

230. The method of paragraph 222, wherein said at least one growth factor is provided in a concentration of at least about 100 
ng/ml.

231. The method of paragraph 222, wherein said at least one growth factor is provided in a concentration of at least about 500 
ng/ml.

232. The method of paragraph 222, wherein said at least one growth factor is provided in a concentration of at least about 1000 
ng/ml.

233. The method of paragraph 222, wherein said at least one growth factor is provided in a concentration of at least about 5000 
ng/ml.

234. The method of paragraph 222, wherein said human pluripotent cells are differentiated to human definitive endoderm cells 
in a medium comprising less than about 2% serum.

236. An enriched, in vitro human immature pancreatic islet hormone-expressing cell population, wherein said human immature 
pancreatic islet hormone-expressing cells express MAFB and do not substantially express NGN3 and MAFA

237. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein the 
enriched cell population is derived in vitro from human pluripotent cells.

238. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said enriched cell population is produced by the method of paragraph 174.

239. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said enriched cell population is produced by the method of paragraph 222.
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240. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 238 or paragraph 
239, wherein at least about 25% of said enriched human cell population comprises human immature pancreatic islet hormone- 
expressing cells that express MAFB and do not substantially express NGN3 and MAFA.

241. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 238 or paragraph 
239, wherein at least about 50% of said enriched human cell population comprises human immature pancreatic islet hormone- 
expressing cells that express MAFB and do not substantially express NGN3 and MAFA.

242. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 238 or paragraph 
239, wherein at least about 70% of said enriched human cell population comprises human immature pancreatic islet hormone- 
expressing cells that express MAFB and do not substantially express NGN3 and MAFA.

243. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 238 or paragraph 
239, wherein at least about 90% of said enriched human cell population comprises human immature pancreatic islet hormone- 
expressing cells that express MAFB and do not substantially express NGN3 and MAFA.

244. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein at 
least about 25% of said enriched human cell population comprises human immature pancreatic Islet hormone-expressing cells 
that express MAFB and do not substantially express NGN3 and MAFA.

245. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein at 
least about 50% of said enriched human cell population comprises human immature pancreatic islet hormone-expressing cells 
that express MAFB and do not substantially express NGN3 and MAFA.

246. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein at 
least about 70% of said enriched human cell population comprises human immature pancreatic islet hormone-expressing cells 
that express MAFB and do not substantially express NGN3 and MAFA.

247. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein at 
least about 90% of said enriched human cell population comprises human immature pancreatic islet hormone-expressing cells 
that express MAFB and do not substantially express NGN3 and MAFA.

248. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said human immature pancreatic islet hormone-expressing cells do not substantially express at least one marker selected from 
the group consisting of elected from the group consisting of M0X1, CER, POUSF1, AFP, SOX7, SOX1, and NFM..

249. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said human immature pancreatic islet hormone-expressing cells express at least one marker selected from the group consisting 
of Synaptophysin (SYP), Chromogranin A (CHGA), NKX2.2, Islet 1 (ISL1), Paired Box Gene 6 (PAX6), Neurogenic 
Differentiation 1 (NEUROD), PDX1 and HB9.

250. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said human immature pancreatic islet hormone-expressing cells process less than about 98% of the insulin produced by said 
immature pancreatic islet hormone-expressing cells.

251. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 236, wherein 
said human immature pancreatic islet hormone-expressing cells process less than about 70% of the insulin produced by said 
immature pancreatic islet hormone-expressing cells.

252. The enriched, in vitro human immature pancreatic islet hormone-expressing cell population of paragraph 250 or paragraph 
251, wherein said insulin processing is measured by C-peptide release.

253. A method for producing a cell population enriched in human pancreatic islet hormone-expressing cells, said pancreatic 
hormone-expressing cells being derived in vitro from human pluripotent cells, said method comprising the steps of providing a 
cell population comprising human pancreatic islet hormone-expressing cells with a reagent that binds to neural cell adhesion 
molecule (NCAM) and separating human endocrine precursor cells bound to said reagent from cells that are not bound to said 
reagent, thereby producing a cell population enriched in human pancreatic islet hormone-expressing cells.

254. The method of paragraph 253, wherein said reagent comprises a molecule selected from the group consisting of an anti- 
NCAM antibody, an anti-NCAM antibody fragment and an NCAM ligand.

255. The method of paragraph 254, wherein said NCAM ligand is NCAM Binding Protein 10 (NBP10).

256. The method of paragraph 254, wherein said anti-NCAM antibody is labeled.
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257. The method of paragraph 256, wherein said anti-NCAM antibody is fluorescently labeled.

258. The method of paragraph 254 further comprising providing said cell population with a secondary reagent that binds to said 
reagent.

259. The method of paragraph 258, wherein said reagent comprises and anti-NCAM antibody and wherein said secondary 
reagent that binds to said anti-NCAM antibody is fluorescently labeled.

260. The method of paragraph 257 or paragraph 259, wherein said separating step comprises using fluorescence activated cell 
sorting (FACS) to separate said pancreatic islet hormone-expressing cells bound to said anti-NCAM antibody from said cells 
that are not bound to said anti-NCAM antibody.

261. The method of paragraph 253 further comprising the step of providing said human immature pancreatic islet hormone- 
expressing cells with a second reagent that binds to CD133, and separating said human immature pancreatic islet hormone- 
expressing cells from cells that are bound to said second reagent.

262. The method of paragraph 253 further comprising the step of dissociating said cell population prior to providing said cell 
population with said reagent that binds NCAM.

263. The method of paragraph 253 further comprising obtaining a cell population comprising human endocrine precursor cells 
being multipotent cells that can differentiate into human pancreatic islet hormone-expressing cells and incubating said human 
endocrine precursor cells in a culture medium for a sufficient time to permit human pancreatic islet hormone-expressing cells to 
form.

264. The method of paragraph 263 further comprising providing said human pancreatic endocrine cells with a factor selected 
from the group consisting of nicotinamide (NIC), exendin 4 (Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 
(IGF1), glucose dependent inslulinotropic polypeptide (GIP), nerve growth factor (NGF), vascular endothelial growth factor 
(VEGF) and combinations thereof in an amount sufficient to further promote differentiation of said human endocrine precursor 
cells to human pancreatic islet hormone-expressing cells, wherein said human pancreatic islet hormone-expressing cells 
express at least one pancreatic hormone selected from the group consisting of insulin, somatostatin and glucagon.

265. The method of paragraph 264, wherein said factor is selected from the group consisting of Ex4, HGF and IGF1.

266. The method of paragraph 265, wherein said factor is Ex4.

267. The method of paragraph 266, wherein Ex4 is provided to said cell population of endocrine precursor cells at a 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

268. The method of paragraph 266, wherein Ex4 is provided to said cell population of endocrine precursor cells at a 
concentration of about 40 ng/ml.

269. The method of paragraph 265, wherein said factor is IGF1.

270. The method of paragraph 269 wherein IGF1 is provided to said cell population of endocrine precursor cells at a 
concentration ranging from about 10 ng/ml to about 1000 ng/ml.

271. The method of paragraph 269, wherein IGF1 is provided to said cell population of endocrine precursor cells at a 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

272. The method of paragraph 269, wherein IGF1 is provided to said cell population of endocrine precursor cells at a 
concentration ranging from about 25 ng/ml to about 75 ng/ml.

273. The method of paragraph 269, wherein IGF1 is provided to said cell population f endocrine precursor cells at a 
concentration of about 50 ng/ml.

274. The method of paragraph 263 further comprising the steps of obtaining a cell population comprising a population of human 
FDX1-positive pancreatic endoderm cells, said human PDX1-positive pancreatic endoderm cells being multipotent cells that can 
differentiate into cells, tissues or organs derived from the anterior portion of the gut tube and providing said population of 
human PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor, thereby producing a population of human 
endocrine precursor cells.

275. The method of paragraph 274, wherein said gamma secretase inhibitor comprises N-[N-(3, 5,-difluorophenacetyl)-L- 
alanyl]-S-phenylglycine t-butyl ester (DAPT).

276. The method of paragraph 275, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 1 μΜ to about 10 pM.
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277. The method of paragraph 275, wherein said DAPT is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 3 μΜ.

278. The method of paragraph 274 further comprising providing said population of human PDX1-positive pancreatic endoderm 
cells with exendin 4 (Ex4).

279. The method of paragraph 278, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration ranging from about 10 ng/ml to about 100 ng/ml.

280. The method of paragraph 278, wherein said Ex4 is provided to said population of human PDX1-positive pancreatic 
endoderm cells at a concentration of about 40 ng/ml.

281. The method of paragraph 274, wherein the step of obtaining a population of human PDX1-positive pancreatic endoderm 
cells comprises the steps of obtaining a population of human foregut endoderm cells, said human foregut endoderm cells being 
PDX1-negative multipotent cells that can differentiate into cells, tissues or organs derived from the anterior portion of the gut 
tube and providing said population of human foregut endoderm cells with a retinoid, thereby producing a population of human 
PDX1-positive pancreatic endoderm cells.

282. The method of paragraph 281, wherein said retinoid is retinoic acid (RA).

283. The method of paragraph 282, wherein RA is provided to said population of human foregut endoderm cells at a 
concentration ranging from about 1 nM to about 10 μΜ.

284. The method of paragraph 281, wherein the step of obtaining a population of human foregut endoderm cells comprises the 
steps of obtaining a population of human definitive endoderm cells, said human definitive endoderm cells being multipotent cells 
that can differentiate into cells of the gut tube or organs derived therefrom and providing said population of human definitive 
endoderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog pathway inhibitor, thereby producing a population of 
human foregut endoderm cells.

285 The method of paragraph 284 further comprising withdrawing an exogenously added factor of the TGF-ß superfamily that 
may be present in said population of definitive endoderm cells.

286. The method of paragraph 285, wherein said growth factor of the TGF-ß superfamily is selected from the group consisting 
of Nodal, activin A, activin B and combinations thereof.

287. The method of paragraph 286, wherein said growth factor of the TGF-ß superfamily is activin A.

288. The method of paragraph 284, wherein said hedgehog inhibitor comprises KAAD-cyclopamine.

289. The method of paragraph 288, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm 
cells at a concentration ranging from about 0.01 μΜ to about 1 μΜ.

290. The method of paragraph 288, wherein KAAD-cyclopamine is provided to said population of human definitive endoderm 
cells at a concentration of about 0.2 pM.

291. The method of paragraph 284, wherein FGF-10 is provided to said population of human definitive endoderm cells at a
concentration ranging from about 1 ng/ml to about 1000 ng/ml.

292. The method of paragraph 284, wherein FGF-10 is provided to said 
concentration ranging from about 10 ng/ml to about 100 ng/ml.

293. The method of paragraph 284, wherein FGF-10 is provided to said 

population of human definitive endoderm cells at a

population of human definitive endoderm cells at a
concentration of about 50 ng/ml.

294. The method of paragraph 284, wherein the step of obtaining a population of human definitive endoderm cells comprises 
the steps of obtaining a population of human pluripotent cells and providing said population of human pluripotent cells with at 
least one growth factor of the TGF-ß superfamily.

295. The method of paragraph 294, wherein said at least one growth factor is Nodal.

296. The method of paragraph 294, wherein said at least one growth factor is activin A.

297. The method of paragraph 294, wherein said at least one growth factor is activin B.

298. The method of paragraph 294 further comprising providing said population of human pluripotent cells with wingless-type
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MMTV integration site family member 3A (Wnt3A).

299. The method of paragraph 294, wherein a plurality of growth factors of the TGFß superfamily is provided.

300. The method of paragraph 299, wherein Wnt3A is also provided.

301. The method of paragraph 294, wherein said at least one growth factor is provided in a concentration of at least about 10 
ng/ml.

302. The method of paragraph 294, wherein said at least one growth factor is provided in a concentration of at least about 100 
ng/ml.

303. The method of paragraph 294, wherein said at least one growth factor is provided in a concentration of at least about 500 
ng/ml.

304. The method of paragraph 294, wherein said at least one growth factor is provided in a concentration of at least about 1000 
ng/ml.

305. The method of paragraph 294, wherein said at least one growth factor is provided in a concentration of at least about 5000 
ng/ml.

306. The method of paragraph 294, wherein said human pluripotent cells are differentiated to human definitive endoderm cells 
in a medium comprising less than about 2% serum.

308. An enriched, in vitro human pancreatic islet hormone-expressing cell population derived in vitro from human pluripotent 
cells.

309. The enriched, in vitro human pancreatic islet hormone-expressing cell population of paragraph 308, wherein said enriched 
cell population is produced by the method of paragraph 253.

310. The enriched, in vitro human pancreatic islet hormone-expressing cell population of paragraph 308, wherein said enriched 
cell population is produced by the method of paragraph 294.

311. The enriched, in vitro human pancreatic islet hormone-expressing cell population of paragraph 309 or 310, wherein at 
least about 25% of said enriched human cell population comprises human pancreatic islet hormone-expressing cells that 
express at least one marker selected from the group consisting of ghrelin, islet amyloid polypeptide (IAPP), insulin (INS), 
glucagon (GCG), NKX6 transcription factor related, locus 1 (NKX6.1), somatostatin (SOM), and pancreatic polypeptide (PP) and 
do not substantially express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1 and NFM.

312. The enriched, in vitro human pancreatic islet hormone-expressing cell population of paragraph 311, wherein at least about 
50% of said enriched human cell population comprises human pancreatic islet hormone-expressing cells that express at least 
one marker selected from the group consisting of ghrelin, islet amyloid polypeptide (IAPP), insulin (INS), glucagon (GCG), NKX6 
transcription factor related, locus 1 (NKX6.1), somatostatin (SOM), and pancreatic polypeptide (PP) and do not substantially 
express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1 and NFM.

313. The enriched, in vitro human pancreatic islet hormone-expressing cell population of paragraph 311, wherein at least about 
90% of said enriched human cell population comprises human pancreatic islet hormone-expressing cells that express at least 
one marker selected from the group consisting of ghrelin, islet amyloid polypeptide (IAPP), insulin (INS), glucagon (GCG), NKX6 
transcription factor related, locus 1 (NKX6.1), somatostatin (SOM) and pancreatic polypeptide (PP) and do not substantially 
express at least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1 and NFM..

314. An ex vivo reagent-cell complex comprising a human endocrine precursor cell expressing NCAM, said endocrine precursor 
cell being a multipotent cell that can differentiate into human pancreatic islet hormone-expressing cells, and a reagent bound to 
said NCAM.

315. The ex vivo reagent-cell complex of paragraph 314, wherein said reagent comprises a molecule selected from the group 
consisting of an anti-NCAM antibody, an anti-NCAM antibody fragment and an NCAM ligand.

316. The ex vivo reagent-cell complex of paragraph 315, wherein said NCAM ligand is NCAM Binding Protein 10 (NBP10).

317. The ex-vivo reagent-cell complex of paragraph 315, wherein said reagent is an anti-NCAM antibody.

318. The ex vivo reagent-cell complex of paragraph 317, wherein said anti-NCAM antibody is labeled.

319. The ex vivo reagent-cell complex of paragraph 318, wherein said anti-NCAM antibody is fluorescently labeled.
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320. The ex vivo reagent-cell complex of paragraph 314 further comprising a secondary reagent that binds to said reagent.

321. The ex vivo reagent-cell complex of paragraph 320, wherein said reagent comprises and anti-NCAM antibody and wherein 
said secondary reagent that binds to said anti-NCAM antibody is fluorescently labeled.

322. An ex vivo reagent-cell complex comprising a human immature islet hormone-expressing cell expressing NCAM, said 
human immature islet hormone-expressing cell being a multipotent cell that can differentiate into human pancreatic islet 
hormone-expressing cell, and a reagent bound to said NCAM.

323. The ex vivo reagent-cell complex of paragraph 322, wherein said reagent comprises a molecule selected from the group 
consisting of an anti-NCAM antibody, an anti-NCAM antibody fragment and an NCAM ligand.

324. The ex vivo reagent-cell complex of paragraph 323, wherein said NCAM ligand is NCAM Binding Protein 10 (NBP10).

325. The ex-vivo reagent-cell complex of paragraph 323, wherein said reagent is an anti-NCAM antibody.

326. The ex vivo reagent-cell complex of paragraph 325, wherein said anti-NCAM antibody is labeled.

327. The ex vivo reagent-cell complex of paragraph 326, wherein said anti-NCAM antibody is fluorescently labeled.

328. The ex vivo reagent-cell complex of paragraph 322 further comprising a secondary reagent that binds to said reagent.

329. The ex vivo reagent-cell complex of paragraph 328, wherein said reagent comprises and anti-NCAM antibody and wherein 
said secondary reagent that binds to said anti-NCAM antibody is fluorescently labeled.

331. A method of producing human pancreatic hormone-expressing cells, said method comprising the steps of: (a) providing a 
population of pluripotent human embryonic stem cells (hESCs) with at least one growth factor of the TGF-ß superfamily, thereby 
producing a population of human definitive endoderm cells; (b) providing said population of human definitive endoderm cells 
with at least one fibroblast growth factor, thereby producing a population of human foregut endoderm cells; (c) providing said 
population of human foregut endoderm cells with noggin, thereby producing.a population comprising human endocrine 
precursor cells; and (d) incubating said population of human endocrine precursor cells in a culture medium for a sufficient time 
to permit human pancreatic islet hormone-expressing cells to form, wherein said sufficient time for human pancreatic hormone- 
expressing cells to form has been determined by detecting the presence of human pancreatic hormone-expressing cells in said 
cell population.

332. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 2% of said human cells in said cell population differentiate into

333. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 5% of said human cells in said cell population differentiate into

334. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 10% of said human cells in said cell population differentiate into

335. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 20% of said human cells in said cell population differentiate into

336. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 40% of said human cells in said cell population differentiate into

337. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 50% of said human cells in said cell population differentiate into

338. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 70% of said human cells in said cell population differentiate into

339. The method of paragraph 331, wherein 
human pancreatic hormone-expressing cells.

at least about 90% of said human cells in said cell population differentiate into

340. The method of paragraph 331, wherein detecting the presence of human pancreatic islet hormone-expressing cells in said 
cell population comprises detecting the expression of at least one marker selected from the group consisting f pancreatic 
duodenal homeobox 1 (PDX1), ghrelin (GHRL), insulin (INS), islet amyloid polypeptide (IAPP), pancreatic polypeptide (PP), 
ISL1 transcription factor (ISL1), NKX6 transcription factor related locus 1 (NKX6.1) and paired box 6 (PAX6) in cells of said cell 
population.

341. The method of paragraph 340, wherein the expression of at least one of said markers is determined by Q-PCR.
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342. The method of paragraph 340, wherein the expression of at least one of said markers is determined by 
immunocytochemistry.

343. The method of paragraph 331 further comprising providing the cell population with a gamma secretase inhibitor.

344. The method of paragraph 343, wherein said gamma secretase inhibitor comprises N-[N-(3,5-difluorophenacetyl)-L-alanyl]- 
S-phenylglycine t-butyl ester (DAPT).

345. The method of paragraph 343, wherein said gamma secretase inhibitor is provided to the cell population at about the 
same time as providing noggin r after providing noggin.

346. The method of paragraph 344, wherein said gamma secretase inhibitor is provided to the cell population at a 
concentration ranging from about 0.1 μΜ to about 10 pM.

347. The method of paragraph 331, wherein said at least one fibroblast growth factor is fibroblast growth factor Ί (FGF-7).

348. The method of paragraph 347, wherein said FGF-7 is provided to the cell culture at a concentration ranging from about 1 
ng/ml to about 1000 ng/mL

349. The method of paragraph 331 further comprising providing the cell population with a hedgehog inhibitor at about the same 
time as adding the at least one fibroblast growth factor.

350. The method of paragraph 349, wherein said hedgehog inhibitor comprises KAAD-cyclopamine.

351. The method of paragraph 350, wherein said KAAD-cyclopamine is provided to the cell population at a concentration 
ranging from about 0.01 pM to about 10 pM.

352. The method of paragraph 331 further comprising withdrawing any growth factor of the TGF-ß superfamily that may be 
present in said population of definitive endoderm cells.

353. The method of paragraph 331, wherein said growth factor of the TGF-ß superfamily is selected from the group consisting 
of Nodal, activin A, activin B and combinations thereof

354. The method of paragraph 353, wherein said growth factor of the TGF-ß superfamily comprises activin A.

355. The method of paragraph 354, wherein said activin A is provided to said hESCs at a concentration ranging from about 10 
ng/ml to about 1000 ng/ml.

356. The method of paragraph 331 further comprising providing the hESCs with wingless-type MMTV integration site family 
member 3A (Wnt3A).

357. The method of paragraph 356, wherein said Wnt3A is provided at a concentration ranging from about 1 ng/ml to about 
1000 ng/ml.

358. The method of paragraph 331, wherein said hESCs are differentiated to human definitive endoderm cells in a medium 
comprising less than about 2% serum.

360. The method of paragraph 331 further comprising providing a retinoid to the cell population at about the same time as 
providing noggin.

361. The method of paragraph 331 further comprising providing a retinoid to the cell population at about the same time or after 
adding at least one fibroblast growth factor.

362. The method of paragraph 360 or 361, wherein the retinoid is retinol.

363. The method of paragraph 360 or 361, wherein the retinoid is retinoic acid.

364. The method of paragraph 363, wherein the retinoic acid is provided at a concentration ranging from about 0.01 μΜ to 
about 10 pM.

365. The cell culture or cell population of any one of paragraphs 1-49, 164-173,236-252 or 308-313, wherein at least some of 
the cells are non-recombinant cells.

366. The cell culture or cell population of any one of paragraphs 1-49, 164-173, 236-252 or 308-313, wherein the cells are non­
recombinant cells.

367. The cell culture or cell population of any one of paragraphs 1-49, 164-173,236-252 or 308-313, wherein the cells have not 
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been cultured in the presence of a histone deacetylase inhibitor.

368. The cell culture or cell population of paragraph 367, wherein said histone deacetylase inhibitor comprises sodium butyrate.

369. The method of any one of paragraphs 50-163, 174-235, 253-307 or 331-364, wherein at least some of the cells are non­
recombinant cells.

370. The method of any one of paragraphs 50-163, 174-235, 253-307 or 331-364, wherein the cells are non-recombinant cells.

371. The method of any one of paragraphs 50-163,174-235, 253-307 or 331-364, wherein the cells have not been cultured in 
the presence of a histone deacetylase inhibitor.

372. The method of paragraph 371, wherein said histone deacetylase inhibitor comprises sodium butyrate.

It will be appreciated that the methods and compositions described above relate to cells cultured in vitro. However, the above­
described in vitro differentiated cell compositions may be used for in vivo applications, such as cell replacement therapies.

Brief Description of the Drawings

[0023]

Figure 1 is a schematic showing the steps in the in vitro differentiation of hESCs to islet cells through the intermediate stages 
that correspond to those observed during development of the pancreas in vivo. Sequential treatments with various growth 
factors/media combinations, which are used to elicit this step-wise differentiation of hESCs through each intermediate, are 
shown. Conditions and cell characteristics are depicted in the boxes. Below the boxes is an exemplary time line showing a 
typical differentiation from human embryonic stem cells (hESCs) to pancreatic islet hormone-expressing cells with time units 
indicated in hours (h) or days (d). Below each intermediate is a list of genes for which expression is characteristic of, although 
not necessarily exclusive for, that intermediate. Monitoring the expression of one or multipl genes for each intermediate along 
this progression allows for robust demonstration of the occurrence of each transition in vitro. Abbreviations are as follows: ESC- 
embryonic stem cell; ME-mesendoderm; Ant. DE-anterior definitive endoderm.

Figures 2A-N are bar charts showing the relative expression of various markers during a 21 day differentiation protocol. 
Markers that display substantial differences in differentiation generated as a result of the three conditions used in step 1 of 
differentiation are (A) SOX17, (B) CXCR4, (C) SOX7, (D) ISL1, (E) SOX1 and (F) PAX6. Panels (G) PDX1, (H) NGN3, (I) 
NKX2.2 and (J) NKX6.1 show the relative expression of markers associated with the differentiation of hESCs to pancreatic 
endoderm and endocrine precursor cells. Panels (K) insulin, (L) glucagon, (M) ghrelin and (N) SOM show the relative 
expression of the islet hormones insulin, glucagon, ghrelin, and somatostatin near the end of the differentiation process.

Figures 3A-L are bar charts showing the relative expression of (A) FOXA1, (B) HNF1b, (C) HNF6, (D) PDX1, (E) NGN3, (F) 
PAX4, (G) NKX2.2, (Η) NKX6.1, (I) ghrelin, (J) glucagon, (K) insulin and (L) IAPP from day 0 to day 16 of a differentiation 
protocol.

Figure 4A depicts a Western blot analysis of PDX1 protein expression in cells subjected to different media conditions. 
Abbreviations: MS1-PDX1 -Protein lysate from MS1 cells transfected with PDX1 (positive control), A100 - 100 ng/ml activin A; 
A25R2-25 ng/ml activin A and 2 μΜ RA; RP - RPMI medium; CM - CMRL medium; Ex-40 ng/ml exendin 4.

Figure 4B is a bar chart showing the relative expression of PDX1 mRNA in the Ί day, 8 day and 9 day cultures set forth in 
Figure 4(A).

Figures SA-H are bar charts showing the relative expression of (A) HB9, (B) PDX1, (C) NGN3, and (D) NKX2.2 after 13 days of 
differentiation and (E) PDX1, (F) NKX2.2, (G) insulin and (H) glucagon after 17 days of differentiation in the presence or 
absence of retinoic acid.

Figures 6A-F are bar charts showing the relative expression of (A) NGN3, (B) NKX2.2, (C) insulin, (D) glucagon, (E) ghrelin, and 
(F) somatostatin (SOM) after 19 days of differentiation and exposure to three different concentrations of the gamma secretase 
inhibitor DAPT or no DAPT at all.

Figures 7A-D are photomicrographs of (A) insulin, (B) glucagon and (C) somatostatin (SOM) immunoreactive cells. The merge 
of these three images is shown (D) and triple labeled cells are identified by the arrowheads.

Figures 8A-D are photomicrographs showing immunoreactivity for (A) insulin and (B) PAX6. These micrographs indicate that 
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insulin positive cells are also PAX6 positive. Photomicrographs showing immunoreactivity for (C) insulin and (D) ISL1 indicate 
that insulin positive cells are also ISL1 positive. There are also many ISL1 cells that are negative for insulin immunoreactivity 
(compare C and D).

Figures 9A-B are bar charts showing that insulin mRNA detection, panel A, correlates with the ability to measure C-peptide 
released into the culture media, panel B. Abbreviations are as follows: A100 - 100 ng/ml activin A; 2NF - 2% fetal bovine serum 
(FBS) and no factors; Fsmog - 50 ng/ml follistatin and 100 ng/ml noggin; "B" - cultures receiving A100 on days 1-5, "C" - 
cultures receiving 2% FBS and no factors on days 1-5; and "D" - cultures receiving 50 ng/ml follistatin and 100 ng/ml noggin on 
days 1-5.

Figures 10A-B are bar charts showing that conditions which display robust insulin mRNAdetection, panel Aalso display glucose 
stimulated C-peptide secretion, panel B. Abbreviations are as follows: g50 - 1.6 mM glucose; g400 - 16 mM glucose.

Figures 11A-F are bar charts showing that hESC lines BG01 and BG02 are capable of differentiation to pancreatic islet 
hormone-expressing cells. Panels A and B show the upregulation of PDX1 mRNA for BG01 (A) and BG02 (B); panels C and D 
show upregulation of NGN3 mRNAfor BG01 (C) and BG02 (D); and panels E and F show the upregulation of insulin expression 
for BG01 (E) and BG02(F).

Figures 12A-D are photomicrographs showing immunoreactivity of hESC-derived cells treated to differentiate to early pancreatic 
islet hormone-expressing cells for NCAM (12C) and NKX2.2 (12B). Total cell population is stained with DAPI (12A). These 
micrographs indicate that NKX2.2-positive cells are also NCAM positive (12D).

Figures 13A-D are photomicrographs showing immunoreactivity of hESC-derived cells treated to differentiate to immature 
pancreatic islet hormone-expressing cells for NCAM (13C) and insulin (13B). Total cell population is stained with DAPI (13A). 
These micrographs indicate that insulin-positive cells are also NCAM positive (13D).

Figures 14A-F are photomicrographs showing immunoreactivity of hESC-derived cells treated to differentiate to immature 
pancreatic islet hormone-expressing cells for NCAM (14E), INS (14F) and PAX6 (14D). Total cell population is stained with DAPI 
(14A). These micrographs indicate that PAX6-positive cells are also NCAM positive (14B) and that INS-positive cells are also 
NCAM positive (14C).

Figures 15Aand 15B is a photomicrograph showing immunoreactivity of hESC-derived cells treated to differentiate to immature 
pancreatic islet hormone-expressing cells for NKX2.2 and synaptophysin. These micrographs indicate that synaptophysin- 
positive cells are also NKX2.2 positive (15A and 15B).

Figures 16A-D are photomicrographs showing immunoreactivity of hESC-derived cells treated to differentiate to endocrine 
precursor cells for MAFB and INS. Figures 16Aand 16B show that MAFB and INS are co-expressed in hESC-derived endocrine 
precursor cells. Figures 16C and 16D show the immunoreactivity of 13.5 week old human fetal pancreas for MAFB and INS. 
MAFB and INS are co-expressed in fetal pancreas.

Figures 17A-B are flow cytometry dot plots showing the co-segregation of immature pancreatic islet hormone-expressing cells 
expressing synaptophysin and NCAM (17A) as well as the co-segregation of immature pancreatic islet hormone-expressing 
cells expressing INS and NCAM (17B).

Figures 18A-D are flow cytometry dot plots of hESC-derived cells treated to differentiate to immature pancreatic islet hormone- 
expressing cells. Figure 18A is a flow cytometry dot plot showing labeling of hESC-derived cells that have been treated to 
differentiate into immature pancreatic islet hormone-expressing cells with and-NCAM antibody. Figure 18B is a flow cytometry 
dot plot showing the distribution of hESC-derived cells that are positive or negative for both NCAM and SYR Figure 18C is a 
flow cytometry dot plot showing the distribution of hESC-derived NCAM positive cells of Figure 18Athat have been re-analyzed 
by FACS for NCAM and SYP. The dot plot shows the distribution of these cells that are positive or negative for both NCAM and 
SYR Figure 18D is a flow cytometry dot plot showing the distribution of hESC-derived NCAM negative cells of Figure 18Athat 
have been re-analyzed by FACS for NCAM and SYR The dot plot shows the distribution of these cells that are positive or 
negative for both NCAM and SYR

Figures 19A-D are flow cytometry dot plots of hESC-derived cells that have been treated to differentiate to immature pancreatic 
islet hormone-expressing cells. The treated cells that have (19B, 19D) or have not (19A, 19C) been sorted for NCAM positive 
cells. Figures 19Aand 19B show the distribution of cells that are positive and negative for both NCAM and SYR Figures 19C 
and 19D show the distribution of cells that are positive and negative for both NCAM and INS.

Figures 20A-C are flow cytometry dot plots of hESC-derived cells that have been treated to differentiate to immature pancreatic 
islet hormone-expressing cells. Figure 20A shows a small population of the cells stain brightly for NCAM. Figure 20B shows a 
small population of the cells stain brightly for SYR Figure 20C shows that a much higher percentage of the hESC-derived cells 
are SYP positive if the NCAM bright cells of Figure 20A are collected and analyzed for SYP.
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Figures 21A-C are flow cytometry dot plots of hESC-derived cells that have been treated to differentiate to immature pancreatic 
islet hormone-expressing cells. Figure 21A shows the distribution of hESC-derived cells stained for NCAM. Figure 21B shows a 
small population of hESC cells treated to differentiate to immature panoreatic islet hormone-expressing cells are both NCAM 
positive and CD133 negative. Figure 21C shows the distribution of NCAM positive/CD133 negative cells that are SYP positive 
and SYP negative.

Figures 22A-K are bar charts showing the mRNA levels of certain markers as detected by QPCR in hESC-derived cells that 
have been treated to differentiate to endocrine precursor cells ("early") or that have been treated to differentiate to immature 
pancreatic islet hormone-expressing cells ("middle" and "late"). The data labeled "Presort" represent marker mRNA levels in 
cells that have not been processed and sorted through a FACS machine. The data labeled "NCAM bright" represent marker 
mRNA levels in cells that are NCAM positive. The data labeled "NCAM dim" represent marker mRNA levels in cells that are 
NCAM negative. Specifically shown are the mRNA levels of NGN3 (22A), PAX4 (22B). INS (22C), Pancreatic polypeptide (22D), 
PAX6 (22E), GCG (22F), GHRL (220), GCK (22H), SST (221), NXK2.2 (22J) and SYP (22K).

Figures 23A-E are bar charts showing the mRNA levels of certain markers as detected by QPCR in hESC derived cells that 
have been treated to differentiate to immature pancreatic islet hormone-expressing cells (day 19). The data labeled "Presort" 
represent marker mRNA levels in cells that have not been processed and sorted through a FACS machine. The data labeled 
"NCAM bright" represent marker mRNA levels in cells that are NCAM positive. The data labeled "NCAM dim" represent marker 
mRNA levels in cells that are NCAM negative. Specifically shown are the mRNA levels of NEUROD (23A), ISL1 (23B), GAS 
(23C), KIR6.2 (23D), and SUR1 (23E).

Figures 24A-K are bar charts showing the mRNA levels of certain markers as detected by QPCR in hESC derived cells that 
have been treated to differentiate to immature pancreatic islet hormone-expressing cells (day 19). The data labeled "Presort" 
represent marker mRNA levels in cells that have not been passed through but not sorted in a FACS machine (live, gated cells). 
The data labeled "NCAM bright" represent marker mRNA levels in cells that are NCAM positive. Specifically shown are the 
mRNA levels of NCAM1 (24A), NKX2.2 (24B), SYP (24C), PAX6 (24D). NEUROD (24E), ISL1 (24F), INS (240), GCG (24H), 
GHRL (241), SST (24J) and PP (24K).

Figures 25A- F are flow cytometry dot plots of hESC-derived cells that have been treated to differentiate to immature pancreatic 
islet hormone-expressing cells. Figures 25A, 25C and 25E show the proportion of NCAM positive cells that are SYP, CHGA, and 
INS positive, respectively, in the cell population prior to sorting the population for NCAM positive cells. Figures 25B, 25D, and 
25F show the percentage of cells that are SYP, CHGA and INS positive, respectively, following sorting the cells for those that 
are positive for NCAM expression.

Figures 26A-C are flow cytometry dot plots of hESC-derived cells that have been treated to differentiate to immature pancreatic 
islet hormone-expressing cells. Figure 26A shows the proportion of NCAM positive celts that are SYP positive. Figure 26B 
shows the proportion of NCAM positive cells that are CD133 negative. Figure 26C shows the proportion of cells that have been 
sorted for NCAM positive/CD133 negative cells, which are SYP positive.

Figures 27A-D are photomicrographs showing immunoreactivity of immature pancreatic islet hormone-expressing cells for INS 
(27D), PAX6 (27C). Total cell population is stained with DAPI (27B). The cells are hBSC-derived stem cells treated to 
differentiate to immature pancreatic islet hormone-expressing cells and sorted using Fluorescence Activated Cell Sorting 
technology. The cells represented in the micrographs also stained brightly for NCAM. A proportion of the NCAM positive hESC- 
derived cells co-express PAX6 and INS (27A).

Figures 28A-D are photomicrographs showing immunoreactivity of immature pancreatic islet hormone-expressing cells 
expressing INS (28C) or GCG (28D). The cells are hESC-derived stem cells treated to differentiate to immature pancreatic islet 
hormone-expressing cells and sorted using Fluorescence Activated Cell Sorting technology. The cells represented in the 
micrographs also stained brightly for NCAM. Figure 28A shows the overlap of cells that express both INS and GCG.

Figures 29A-F are bar charts showing the mRNA levels of certain markers as detected by QPCR in hESC derived cells that 
have been treated to differentiate to pancreatic insulin-expressing cells (day 19). Specifically shown are the mRNA levels of 
PDX1 (29A), NGN3 (29B), INS (29C), SST (29D), OCO (29E) and GHRL (29F). The abbreviations are indicated as follows: 
A100 -100 ng/ml activin A; KC - 50 ng/ml KGF and 0.25 μΜ KAAD cyclopamine; and nog - noggin.

Figures 30A-F are bar charts showing the mRNA levels of certain markers as detected by QPCR in hESC derived cells that 
have been treated to differentiate to hormone-expressing cells (day 11). Specifically shown are the mRNA levels of PDX1 (30A), 
NGN3 (30B), PTF1A(30C), NKX6.1 (30D), INS (30E) and OCG (30F). The abbreviations are indicated as follows: A100 - 100 
ng/ml activin A; KC - 50 ng/ml KGF and 0.25 pM KAAD cyclopamine; N- noggin; CR0.1 - 0.25 pM KAAD cyclopamine and 0.1 
pM retinoic acid; CR 2 - 0.25 pM KAAD cyclopamine and 2 pM retinoic acid; "A" - 0 ng/ml noggin and 0.1 pM retinoic acid; "B" - 
30 ng/ml noggin and 0.1 pM retinoic acid; "C" - 100 ng/ml noggin and 0.1 pM retinoic acid; "D" - 0 ng/ml noggin and 2 pM 
retinoic acid; "E" - 30 ng/ml noggin and 2 pM retinoic acid and "F" 100 ng/ml noggin and 2 pM retinoic acid.
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Detailed Description

[0024] Described herein is a progression of steps for converting undifferentiated hESCs to endocrine precursor cells and 
immature pancreatic islet hormone-expressing cells, and ultimately to mature pancreatic endocrine cells (mature pancreatic 
islet hormone-expressing cells) capable of synthesizing insulin, glucagon, somatostatin, pancreatic polypeptide, PPY and 
ghrelin in vitro. This progression of steps directs the sequential differentiation of hESCs through intermediates that are currently 
recognized to occur during pancreatic development in vivo. The general method for production of hESC-derived pancreatic 
endocrine cells begins with the production of definitive endoderm (DE), followed by a DE patterning step in which TGF-beta 
signaling is modified and a fibroblast growth factor or a ligand that stimulates or otherwise interacts with the fibroblast growth 
factor 2 receptor lllb (FGFR2(lllb) is supplied. The PDX1-positive pre-patterned endoderm is further recruited into the 
pancreatic endocrine lineage by transient exposure to retinoic acid and gamma secretase inhibition after which pancreatic 
endocrine hormone producing cells are generated.

[0025] As previously demonstrated in U.S. Patent Application No. 11/021,618, entitled DEFINITIVE ENDODERM, filed 
December 23, 2004 and D'Amour et al. Nat. Biotech. 23, 1534-1541, (2005),
we have developed robust methods for the production of the somatic germ layer definitive endoderm (DE). In vivo, the DE 
lineage is generated during the gastrulation stage of embryonic development arising in an area termed the primitive streak. 
Generation of DE is a prerequisite for latter specification of tissues and organs such as intestine, stomach, lungs, thymus, 
pancreatic endocrine, parathyroid, thyroid and pancreas.

[0026] In humans as well as most other vertebrates, the pancreas is derived from the foregut endoderm at the foregut-midgut 
junction as both a ventral and dorsal pancreatic bud. In humans, the dorsal and ventral buds fuse at approximately 41-45 days 
post conception (p.c.) with the smaller ventral bud forming the posterior portion of the head of the pancreas and a region 
termed the uncinate process (Bocian-Sobkowska, J., et al. Histochem.Cell Biol. 112, 147-153, (1999)). This region in humans is 
composed primarily of pancreatic polypeptide producing islet cells (Rahier J., et al., Cell Tissue Res. 200 (3), 359-366, (1979); 
Malaisse-Langae F., et al., Diabetologia 17(6), 361-365, (1979); Fiocca R., et al., Histochemistry 77(4), 511-523, (1983); Stefan 
Y, et al., Diabetologica 23(2), 141-142, (1982)). The dorsal pancreatic bud forms the anterior portion of the head, the body and 
the tail of the pancreas in humans. It makes all pancreatic hormone producing cells. In frog (Xenopus) and fish (zebrafish) only 
the dorsal bud cells go on to make insulin producing islet cells (Kelly. 0.0. and Melton, D. A., Dev. Dyn. 218, 615-627, (2000); 
Chen, Y, etal., Dev. Biol. 271(1), 144-160, (2004); Field, H.A., et al., Dev. Biol. 263, 197-208 (2003)). Similarly, the ventral bud 
in human appears to make predominantly pancreatic polypeptide expressing islet cells to the exclusion of insulin (Rahier J., et 
al., Cell Tissue Res. 200 (3), 359-366, (1979); Malaisse-Langae F., et al., Diabetologia 17(6). 361-365, (1979); Fiocca R, et al., 
Histochemistry 77(4), 511-523, (1983); Stefan Y, etal., Diabetologica 23(2), 141-142, (1982)). In contrast, in the rat and mouse 
both ventral and dorsal buds make insulin producing islets (Spooner, B.S., et al., J. Cell Biology, 47, 235-246, (1970); Li, H., et 
al., Nature 23,67-70, (1999)).

[0027] As depicted in Figure 1, pancreatic endocrine cells can be efficiently produced from hESCs in a series of developmental 
steps. The first step is the formation of mesendoderm (ME) characterized by the transitional expression of the T-box gene 
brachyury. As hESCs differentiate to DE they down regulate B-cadherin and transition from an epithelial epiblast state to a 
mesenchymal DE cell (D'Amour et al. Nat. Biotech. 23, 1534-1541, (2005)). The principal markers defining the early DE cell are 
FOXA2, GSC, N-cadherin, CXCR4 and SOX17. As explained in our previous U.S. Patent Application No. 11/021,618, DE is 
further characterized by the absence of significant expression of certain other markers, such as SOX1, SOX7, thrombomodulin 
(TM), SPARC and alpha fetoprotein (AFP). The nascent DE is further patterned from its strong anterior character to a more 
posterior but still foregut endoderm by removal of activin signaling. Such foregut endoderm is characterized by expression of 
the HNF1 b, and FOXA1 gene markers. This endoderm expands and assumes a more dorsal phenotype by exposure to FGF10, 
retinoic acid and cyclopamine (Sonic Hedgehog (SHH) inhibitor). The posterior foregut (posterior region of the foregut) 
patterned cells express PDX1, PTF1a, HNF1b, Onecut1/2 and HB9. These pancreatic endoderm cells are recruited 
preferentially to the endocrine lineage by modulation of gamma secretase signaling (potentially due to the inhibition of Notch 
pathway signaling) as indicated by the transient expression of NGN3, indicative of endocrine precursor cells. The hESC-derived 
endocrine precursor cells also express paired box gene 4 (PAX4), and NKX2.2. Further incubation of endocrine precursor cells 
gives rise to immature pancreatic islet hormone-expressing cells. Immature pancreatic islet hormone-expressing cells express 
V-maf musculoaponeurotic fibrosarcoma oncogene homolog B (MAFB), as well as NKX2.2 and pancreatic islet hormone- 
expressing cells express NKX2.2. Finally, further incubation of immature pancreatic islet hormone-expressing cells results in the 
transition from the immature cells to mature pancreatic islet hormone-expressing cells that can express V-maf 
musculoaponeurotic fibrosarcoma oncogene homolog A (MAFA) in addition to the endocrine hormones insulin, glucagon, 
somatostatin, -PPY, ghrelin and the pancreatic transcription factors NKX2.2/6.1, PAX6, NEUROD1, PDX1, ISL1.
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Definitions

[0028] It will be appreciated that the numerical ranges expressed herein include the endpoints set forth and describe all 
integers between the endpoints of the stated numerical range.

[0029] As used herein, "pancreatic islet hormone-expressing cell" refers to a cell, which has been derived from a human 
pluripotent cell in vitro, which expresses one or more pancreatic hormones and which has at least some of the functions of a 
human pancreatic islet cell. Pancreatic islet hormone-expressing cells can be mature or immature. Immature pancreatic islet 
hormone-expressing cells can be distinguished from mature pancreatic islet hormone-expressing cells based on the differential 
expression of certain markers. As used herein, "pancreatic hormone-expressing cell" is used interchangeably with "pancreatic 
islet hormone-expressing cell."

[0030] As used herein, "endocrine precursor cell" refers to a multipotent cell of the definitive endoderm lineage that expresses 
neurogenin 3 (NEUROG3) and which can further differentiate into cells of the endocrine system including, but not limited to, 
pancreatic islet hormone-expressing cells. Endocrine precursor cells cannot differentiate into as many different cell, tissue 
and/or organ types as compared to less specifically differentiated definitive endoderm lineage cells, such as PDX1-positive 
pancreatic endoderm cell.

[0031] As used herein, "PDX1-positive pancreatic endoderm cell" and "PDX1-positive foregut endoderm cell" refer to a 
multipotent cell of the definitive endoderm lineage that expresses pancreatic and duodenal homeobox gene 1 (PDX1) and 
which can further differentiate into cells derived from the foregut including, but not limited to, endocrine precursor and 
pancreatic islet hormone-expressing cells. PDX1-positive pancreatic endoderm cells cannot differentiate into as many different 
cells, tissue and/or organ types as compared to definitive endoderm cells.

[0032] As used herein, "multipotent" or "multipotent cell" refers to a cell type that can give rise to a limited number of other 
particular cell types. Multipotent cells are committed to one or more embryonic cell fates, and thus, in contrast to pluripotent 
cells, cannot give rise to each of the three embryonic cell lineages as well as extraembryonic cells.

[0033] In some embodiments, "pluripotent cells" are used as the starting material for pancreatic islet hormone-expressing cell 
differentiation. By "pluripotent" is meant that the cell can give rise to each of the three embryonic cell lineages as well as 
extraembryonic cells. Pluripotent cells, however, may not be capable of producing an entire organism.

[0034] As described in the context of the present disclosure, the pluripotent cells used as starting material may be stem cells, 
including human embryonic stem cells. As used in the context of the present disclosure, "embryonic" refers to a range of 
developmental stages of an organism beginning with a single zygote and ending with a multicellular structure that no longer 
comprises pluripotent or totipotent cells other than developed gametic cells.

[0035] By "conditioned medium" is meant, a medium that is altered as compared to a base medium. For example, the 
conditioning of a medium may cause molecules, such as nutrients and/or growth factors, to be added to or depleted from the 
original levels found in the base medium. As disclosed herein , a medium is conditioned by allowing cells of certain types to be 
grown or maintained in the medium under certain conditions for a certain period of time. For example, a medium can be 
conditioned by allowing hESCs to be expanded, differentiated or maintained in a medium of defined composition at a defined 
temperature for a defined number of hours. As will be appreciated by those of skill in the art, numerous combinations of cells, 
media types, durations and environmental conditions can be used to produce nearly an infinite array of conditioned media.

[0036] When used in connection with cell cultures and/or cell populations, the term "portion" means any non-zero amount of the 
cell culture or cell population, which ranges from a single cell to the entirety of the cell culture or cells population. In preferred 
embodiments, the term "portion" means at least 5%, at least 6%, at least 7%, at least 8%, at least 9%, at least 10%, at least 
110/0, at least 12%, at least 13%, at least 14%, at least 15%, at least 16%, at least 17%, at least 18%, at least 19%, at least 
20%, at least 21%, at least 22%, at least 23%, at least 24%, at least 25%, at least 26%, at least 27%, at least 28%, at least 29%, 
at least 30%, at least 31%, at least 32%, at least 33%, at least 34%, at least 35%, at least 36%, at least 37%, at least 38%, at 
least 39%, at least 40%, at least 41%, at least 42%, at least 43%, at least 44%, at least 45%, at least 46%, at least 47%, at least 
48%, at least 49%, at least 50%, at least 51%, at least 52%, at least 53%, at least 54%, at least 55%, at least 56%, at least 57%, 
at least 58%, at least 59%, at least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at 
least 67%, at least 68%, at least 69%, at least 70%, at least 71 %, at least 72%, at least 73%, at least 74%, at least 75%, at least 
76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 81 %, at least 82%, at least 83%, at least 84%, at least 85%, 
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94% or at 
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least 95% of the cell culture or cell population.

[0037] With respect to cells in cell cultures or in cell populations, the term "substantially free of" means that the specified cell 
type of which the cell culture or cell population is free, is present in an amount of less than about 10%, less than about 9%, less 
than about 8%, less than about 7%, less than about 6%, less than about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1% of the total number of cells present in the cell culture or cell population.

[0038] As used herein, "exogenously added," compounds such as growth factors, differentiation factors, and the like, in the 
context of cultures or conditioned media, refers to growth factors that are added to the cultures or media to supplement any 
compounds or growth factors that may already be present in the culture or media. For example, cell cultures and or cell 
populations do not include an exogenously-added retinoid.

[0039] As used herein, "produced from hESCs," "derived from hESCs," "differentiated from hESCs" and equivalent expressions 
refer to the production of a differentiated cell type from hESCs in vitro rather than in vivo.

[0040] As described in the context of the present disclosure, but not part of the invention, hESCs can be derived from a 
"preimplantation embryo." As used herein, "preimplantation embryo" refers to an embryo between the stages of fertilization and 
implantation. Thus, a preimplantation embryo typically has not progressed beyond the blastocyst stage. Implantation usually 
takes place 7-8 days after fertilization. However, implantation may take place about 2, about 3, about 4, about 5, about 6, about 
7, about 8, about 9, about 10, about 11, about 12, about 13, about 14 or greater than about 14 days after fertilization.

[0041] As used herein, "hedgehog inhibitor" or "hedgehog pathway inhibitor" refers to any molecule that inhibits any member of 
the hedgehog signaling pathway. Exemplary hedgehog pathway inhibitors include, but are not limited to, KAAD-cyclopamine, 
cyclopamine analogs, jervine, jervine analogs, hedgehog pathway blocking antibodies and any other inhibitors of hedgehog 
pathway function known to those of ordinary skill in the art.

[0042] As disclosed herein, "gamma secretase inhibitor" refers to any molecule that inhibits gamma secretase or signaling 
events caused by the activity of gamma secretase. Exemplary gamma secretase inhibitors include, but are not limited to, N-[N- 
(3,5-Diflurophenacetyl-L-alanyl)]-S-phenylglycine t-Butyl Ester (DAPT), the F-box protein SEL-10, gamma secretase blocking 
antibodies and any other inhibitors of gamma secretase function known to those of ordinary skill in the art. As disclosed herein , 
the gamma secretase inhibitor may inhibit the Notch signaling pathway. As disclosed herein , a Notch pathway inhibitor or a 
Notch-specific inhibitor may be used in place of a gamma secretase inhibitor.

[0043] As used herein, "retinoid" refers to retinol, retinal or retinoic acid as well as derivatives of any of these compounds. As 
disclosed herein the retinoid is retinoic acid.

[0044] By "FOP family growth factor," "a fibroblast growth factor" or "member of the fibroblast growth factor family" is meant an 
FGF selected from the group consisting of FGF1, FOF2, FGF3. FGF4, FGF5. FGF6, FGF7, FGF8, FGF9, FGF10, FGF11, 
FOF12, FGF13. FOF14. FGF15, FGF16, FGF17, FGF18, FGF19, FGF20, FGF21. FGF22 and FGF23. As disclosed herein , 
"FGF family growth factor," "a fibroblast growth factor" or "member of the fibroblast growth factor family" means any growth 
factor having homology and/or function similar to a known member of the fibroblast growth factor family.

[0045] As used herein, "expression" refers to the production of a material or substance as well as the level or amount of 
production of a material or substance. Thus, determining the expression of a specific marker refers to detecting either the 
relative or absolute amount of the marker that is expressed or simply detecting the presence or absence of the marker.

[0046] As used herein, "marker" refers to any molecule that can be observed or detected. For example, a marker can include, 
but is not limited to, a nucleic acid, such as a transcript of a specific gene, a polypeptide product of a gene, a non-gene product 
polypeptide, a glycoprotein, a carbohydrate, a glycolipid, a lipid, a lipoprotein or a small molecule (for example, molecules 
having a molecular weight of less than 10,000 amu).

[0047] For most markers described herein, the official Human Genome Organisation (HUGO) gene symbol is provided. Such 
symbols, which are developed by the HUGO Gene Nomenclature Committee, provide unique abbreviations for each of the 
named human genes and gene products. These gene symbols are readily recognized and can easily be associated with a 
corresponding unique human gene and/or protein sequence by those of ordinary skill in the art.

[0048] In accordance with the HUGO designations, the following gene symbols are defined as follows: GHRL - ghrelin; IAPP - 
islet amyloid polypeptide; INS - insulin; GCG - glucagon; ISL1 - ISL1 transcription factor; PAX6 - paired box gene 6; PAX4 - 
paired box gene 4; NEUROG3 - neurogenin 3 (NGN3); NKX2-2 - NKX2 transcription factor related, locus 2 (NKX2.2); NKX6-1 -
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NKX6 transcription factor related, locus 1 (NKX6.1); IPF1 -insulin promoter factor 1 (PDX1); ONECUT1 - one cut domain, family 
member 1 (HNF6); HLXB9 - homeobox B9 (HB9); TCF2 - transcription factor 2, hepatic (HNF1b); FOXA1- forkhead box A1; 
HGF - hepatocyte growth factor; IGF1 - insulin-like growth factor 1; POU5F1 - POU domain, class 5, transcription factor 1 
(OCT4); NANOG - Nanog homeobox; SOX2 - SRY (sex determining region Y)-box 2; CDH1 - cadherin 1, type 1, E-cadherin 
(ECAD); T - brachyury homolog (BRACH); FGF4 - fibroblast growth factor 4; WNT3 - wingless-type MMTV integration site 
family, member 3; SOX17 - SRY (sex determining region Y)-box 17; GSC - goosecoid; CERI - (cerberus 1, cysteine knot 
superfamily, homolog (CER); CXCR4 - chemokine (C-X-C motif) receptor 4; FGF17 - fibroblast growth factor 17; FOXA2 - 
forkhead box A2; SOX7 - SRY (sex determining region Y)-box 7; SOX1 - SRY (sex determining region Y)-box 1; AFP - alpha­
fetoprotein; SPARC - secreted protein, acidic, cysteine-rich (osteonectin); and THBD - thrombomodulin (TM), NCAM - neural 
cell adhesion molecule; SYP - synaptophysin; ZIC1 - Zic family member 1; NEF3 - neurofilament 3 (NFM); SST - somatostatin; 
MAFA - v-maf musculoaponeurotic fibrosarcoma oncogene homolog A; MAFB - v-maf musculoaponeurotic fibrosarcoma 
oncogene homolog B; SYP - synaptophysin; CHGA - chromogranin A (parathyroid secretory protein 1).

[0049] The following provides the full gene names corresponding to non-HUGO gene symbols as well as other abbreviations 
that may be used herein: SS - somatostatin (SOM); PP - pancreatic polypeptide; C-peptide - connecting peptide; Ex4 - exendin 
4; NIC - nicotinamide and DAPT - N-(N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester, RA- retinoic acid; RPMI 
- Roswell Park Memorial Institute medium; CMRL - Connaught Medical Research Labs medium; FBS - fetal bovine serum; 
NBP10 - NCAM binding protein 10; PTF1a-pancreas specific transcription factor 1a.

[0050] The terms fibroblast growth factor Ί (FGF7) and keritinocyte growth factor (KGF) are synonymous.

[0051] As used herein, the term "label" refers to, for example, radioactive, fluorescent, biological or enzymatic tags or labels of 
standard use in the art. A label can be conjugated, or otherwise bound, to nucleic acids, polypeptides, such as antibodies, or 
small molecules. For example, oligonucleotides of the present invention can be labeled subsequent to synthesis, by 
incorporating biotinylated dNTPs or rNTP, or some similar means (e.g., photo-cross-linking a psoralen derivative of biotin to 
RNAs), followed by addition of labeled streptavidin (e.g., phycoerythrin-conjugated streptavidin) or the equivalent. Alternatively, 
when fluorescently-labeled oligonucleotide probes are used, fluorescein, lissamine, phycoerythirin, rhodamine (Perkin Elmer 
Cetus), Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, FluorX (Amersham) and others, can be attached to nucleic acids. Non-limiting 
examples of detectable labels that may be conjugated to polypeptides such as antibodies include but are not limited to 

radioactive labels, such as 3H, 11C, 14C, 18F, 32P, 35S, ^Cu, 76Br, 96Y, 99Tc, 111ln, 123l, 125l, or 177Lu, enzymes, such as 
horseradish peroxidase, fluorophores, chromophores, chemiluminescent agents, chelating complexes, dyes, colloidal gold or 
latex particles.

Human Embryonic Stem Cells

[0052] A preferred method for deriving definitive endoderm cells and ultimately endocrine precursor cells and/or pancreatic islet 
hormone-expressing cells utilizes human embryonic stem cells as the starting material. As described in the context of the 
present disclosure, but not part of the invention, pluripotent cells can be cells that originate from the morula, embryonic inner 
cell mass or those obtained from embryonic gonadal ridges. Human embryonic stem cells can be maintained in culture in a 
pluripotent state without substantial differentiation using methods that are known in the art. Such methods are described, for 
example, in US Patent Nos. 5,453357, 5,670,372, 5,690,926 5,843,780, 6,200,806 and 6,251,671.

[0053] In some processes, hESCs are maintained on a feeder layer. In such processes, any feeder layer which allows hESCs to 
be maintained in a pluripotent state can be used. One commonly used feeder layer for the cultivation of human embryonic stem 
cells is a layer of mouse fibroblasts. More recently, human fibroblast feeder layers have been developed for use in the 
cultivation of hESCs (see US Patent Application No. 2002/0072117.
Alternative processes permit the maintenance of pluripotent hESC without the use of a feeder layer. Methods of maintaining 
pluripotent hESCs under feeder-free conditions have been described in US Patent Application No. 2003/0175956.

[0054] The human embryonic stem cells used herein can be maintained in culture either with or without serum. In some 
embryonic stem cell maintenance procedures, serum replacement is used. In others, serum free culture techniques, such as 
those described in US Patent Application No. 2003/0190748
, are used.

[0055] Stem cells are maintained in culture in a pluripotent state by routine passage until it is desired that they be differentiated 
into definitive endoderm then ultimately to endocrine precursor cells and/or pancreatic islet hormone-expressing cells.

Production of Definitive Endoderm
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[0056] In some processes, itis disclosed that differentiation to definitive endoderm is achieved by providing to the stem cell 
culture a growth factor of the TGFß superfamily in an amount sufficient to promote differentiation to definitive endoderm. 
Growth factors of the TGFß superfamily which are useful for the production of definitive endoderm are disclosed to be selected 
from the Nodal/Activin or BMP subgroups. In some preferred differentiation processes, the growth factor is disclosed to be 
selected from the group consisting of Nodal, activin A, activin B and BMP4. Additionally, the growth factor Wnt3a and other Wnt 
family members are useful for the production of definitive endoderm cells. In certain differentiation processes, combinations of 
any of the above-mentioned growth factors can be used.

[0057] With respect to some of the processes for the differentiation of pluripotent stem cells to definitive endoderm cells, the 
above-mentioned growth factore are provided to the cells so that the growth factors are present in the cultures at 
concentrations sufficient to promote differentiation of at least a portion of the stem cells to definitive endoderm cells. In some 
processes as disclosed herein, above-mentioned growth factors are present in the cell culture at a concentration of at least 
about 5 ng/ml, at least about 10 ng/ml, at least about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 
100 ng/ml, at least about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least about 500. ng/ml, at least about 
1000 ng/ml, at least about 2000 ng/ml, at least about 3000 ng/ml, at least about 4000 ng/ml, at least about 5000 ng/ml or more 
than about 5000 ng/ml.

[0058] - In certain processes for the differentiation of pluripotent stem cells to definitive endoderm cells as disclosed herein, the 
above-mentioned growth fectors are removed from the cell culture subsequent to their addition. For example, the growth 
factors can be removed within about one day, about two days, about three days, about four days, about five days, about six 
days, about seven days, about eight days, about nine days or about ten days after their addition In a preferred process as 
disclosed herein, the growth factors are removed about four days after their addition.

[0059] Cultures of definitive endoderm cells can be produced from embryonic stem cells in medium containing reduced serum 
or no serum. Under certain culture conditions, serum concentrations can range from about 0.05% v/v to about 20% v/v. For 
example, in some differentiation processes as disclosed herein, the serum concentration of the medium can be less than about 
0.05% (vlv), less than about 0.1% (v/v), less than about 0.2% (v/v), less than about 03% (v/v), less than about 0.4% (v/v), less 
than about 0.5% (v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v), less than about 0.9% 
(v/v), less than about 1% (v/v), less than about 2% (v/v), less than about 3% (v/v), less than about 4% (v/v), less than about 5% 
(v/v), less than about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than about 9% (v/v), less than about 
10% (v/v), less than about 15% (v/v) or less than about 20% (v/v). In some processes, definitive endoderm cells are grown 
without serum or without serum replacement. In still other processes, definitive endoderm cells are grown in the presence of 
B27. In such processes, the concentration of B27 supplement can range from about 0.1% v/v to about 20% v/v. In other 
embodiments, the definitive endoderm cells are grown in the absence of B27.

[0060] In some processes for differentiating human definitive endoderm cells from hBSCs, differentiation is initiated in the 
absence of serum and in the absence of insulin and/or insulin-like growth factor. During the course of differentiation, the serum 
concentration may be gradually increased in order to promote adequate cell survival.

[0061] As disclosed herein, differentiation of hESCs to definitive endoderm cells maybe initiated in the absence of serum and in 
the absence of any supplement comprising insulin or insulin-like growth factors. The absence of serum and absence of 
supplement comprising insulin or insulin-like growth factors is maintained for about 1 to about 2 days, after which, serum is 
gradually added to the differentiating cell culture over the course of differentiation. The concentration of serum does not exceed 
about 2% during the course of differentiation.

[0062] Definitive endoderm cell cultures and cell populations as well as detailed processes for the production of definitive 
endoderm cells from embryonic stem cells are further described in U.S. Patent Application Number 11/021,618, entitled 
DEFINITIVE ENDODERM, filed December 23, 2004.

Enrichment. Isolation and/or Purification of Definitive Endoderm

[0063] In the processes described herein, definitive endoderm cells may be enriched, isolated and/or purified prior to further 
differentiation. In such processes , definitive endoderm cells can be enriched, isolated and/or purified using any known method. 
As disclosed herein, the definitive endoderm cells are enriched, isolated and/or purified using one or more of the methods 
described in U.S. Patent Application Number 11/021,618, entitled DEFINITIVE ENDODERM, filed December 23, 2004, and U.S. 
Provisional Patent Application Number 60/736,598, entitled MARKERS OF DEFINITIVE ENDODERM, filed November 14, 2005;
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Compositions Comprising Definitive Endoderm Cells

[0064] Cell compositions as disclosed herein produced by the above-described methods include cell cultures comprising 
definitive endoderm cells and cell populations enriched in definitive endoderm cells. For example, cell cultures and/or cell 
populations that comprise definitive endoderm cells can be produced, wherein at least about 50-99% of the cells in the cell 
culture and/or cell population are definitive endoderm cells. Because the efficiency of the differentiation process can be adjusted 
by modifying certain parameters, which include but are not limited to, cell growth conditions, growth factor concentrations and 
the timing of culture steps, the differentiation procedures described herein can result in about 5%, about 10%, about 15%, about 
20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, 
about 75%, about 80%, about 85%, about 90%, about 95%, about 98%, about 99% or greater than about 99% conversion of 
pluripotent cells to definitive endoderm. In processes In which isolation of definitive endoderm cells is employed, for example, by 
using an affinity reagent that binds to the CXCR4 receptor, a substantially pure definitive endoderm cell population can be 
recovered. Where the cell cultures or cell populations comprise human feeder cells, the above percentages are calculated 
without respect to the human feeder cells in the cell cultures or cell populations.

Production of PDX1-Positive Forequt Endoderm

[0065] Definitive endoderm cells can be specified toward pancreatic differentiation by further differentiation of these cells to 
produce PDX1-positive foregut endoderm cells. In some of the differentiation processes described herein, cell cultures as well 
as enriched or purified cell populations comprising definitive endoderm cells can be used for further differentiation to cell 
cultures and/or enriched cell populations comprising PDX1-positive foregut endoderm cells.

[0066] Typically, definitive endoderm cells are differentiated to PDX1-positive foregut endoderm cells by providing to a cell 
culture comprising SOX17-positive definitive endoderm cells a retinoid, such as retinoic acid (RA). In some of the differentiation 
processes, definitive endoderm cells in culture are also provided with a member of the fibroblast growth factor family either prior 
to or about the same time as the addition of RA. As disclosed herein, a preferred fibroblast growth factor is FGF-10. In another 
preferred process, the fibroblast growth factor comprises any fibroblast growth factor or a ligand that stimulates or otherwise 
interacts with the fibroblast growth factor 2 receptor I lib (FGFR2(lllb). In even more preferred processes, the FGF family growth 
factor is used in conjunction with a hedgehog pathway inhibitor. A preferred hedgehog pathway inhibitor is KAAD-cyclopamine. 
In especially preferred differentiation processes, FGF-10 and/or KAAD-cyclopamine is provided to a cell culture comprising 
PDX1-negative definitive endoderm cells in the presence of RA. In certain processes, BMP4 may be included with FGF-10 
and/or KAAD-cyclopamine in the presence of RA. In some processes, the retinoid is used in cojunction with a member of the 
TGFß superfamily of growth factors and/or Connaught Medical Research Labs medium (CRML medium) (Invitrogen, Carlsbad, 
CA).

[0067] With respect to some of the differentiation processes described herein, the retinoid and/or a combination of the above- 
mentioned differentiation factors are provided to the cells so that these factors are present in the cell culture or cell population 
at concentrations sufficient to promote differentiation of at least a portion of the definitive endoderm cell culture or cell 
population to PDX1-positive foregut endoderm cells.

[0068] In some processes, the retinoid is provided to the cells of a cell culture such that it is present at a concentration of at 
least about 1 nM, at least about 0.01 μΜ, at least about 0.02 pM, at least about 0.04 pM; at least about 0.08 pM, at least about 
0.1 pM, at least about 0.2 pM, at least about 0.3 pM, at least about 0.4 pM, at least about 0.5 pM, at least about 0.6 pM, at least 
about 0.7 pM, at least about 0.8 pM, at least about 0.9 pM, at least about 1 pM, at least about 1.1 pM, at least about 1.2 pM, at 
least about 1.3 pM, at least about 1.4 pM, at least about 1.5 pM, at least about 1.6 pM, at least about 1.7 pM, at least about 1.8 
pM, at least about 1.9 pM, at least about 2 pM, at least about 2.1 pM, at least about 2.2 pM, at least about 2.3 pM, at least 
about 2.4 pM, at least about 2.5 pM, at least about 2.6 pM, at least about 2.7 pM, at least about 2.8 pM, at least about 2.9 pM, 
at least about 3 pM, at least about 3.5 pM, at least about 4 pM, at least about 4.5 pM. at least about 5 pM, at least about 10 pM, 
at least about 20 pM, at least about 30 pM, at least about 40 pM or at least about 50 pM.

[0069] In other processes as disclosed herein, FGF-10 is provided to the cells of a cell culture such that it is present at a 
concentration of at least about 1 ng/ml, at least about 2 ng/ml, at least about 5 ng/ml, at least about 10 ng/ml, at least about 25 
ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 ng/ml, at least about 300 
ng/ml, at least about 400 ng/ml, at least about 500 ng/ml, or at least about 1000 ng/ml.
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[0070] When used alone or in conjunction with FGF-10, KAAD-cyclopamine can be provided at a concentration of at least about 
0.01 μΜ, at least about 0.02 pM, at least about 0.04 pM, at least about 0.08 pM, at least about 0.1 pM, at least about 0.2 pM, at 
least about 0.3 pM, at least about 0.4 pM, at least about 0.5 pM, at least about 0.6 pM, at least about 0.7 pM, at least about 0.8 
pM, at least about 0.9 pM, at least about 1 pM, at least about 1.1 pM, at least about 1.2 pM, at least about 1.3 pM, at least 
about 1.4 pM, at least about 1.5 pM, at least about 1.6 pM, at least about 1.7 pM, at least about 1.8 pM, at least about 1.9 pM, 
at least about 2 pM, at least about 2.1 pM, at least about 2.2 pM, at least about 2.3 pM, at least about 2.4 pM, at least about 2.5 
pM, at least about 2.6 pM, at least about 2.7 pM, at least about 2.8 pM, at least about 2.9 pM, at least about 3 pM, at least 
about 3.5 pM, at least about 4 pM, at least about 4.5 pM, at least about 5 pM, at least about 10 pM, at least about 20 pM, at 
least about 30pM, at least about 40 pM or at least about 50 pM. It is also disclosed that a fibroblast growth factor or a ligand 
that stimulates or otherwise interacts with the fibroblast growth factor 2 receptor I lib (FGFR2(lllb) is provided either alone or in 
combination with the hedgehog pathway inhibitor.

[0071] In a preferred process for the production of a population of PDX1-positive foregut endoderm cells from definitive 
endoderm cells as disclosed herein, a cell culture or an enriched cell population of definitive endoderm cells is provided with 50 
ng/ml of FGF-10 and 0.2 pM KAAD-cyclopamine in CMRL medium in the presence of 2 pM RA.

[0072] In some processes described herein, activin A and/or activin B is provided to the cell culture along with the retinoid 
and/or the fibroblast growth factor and the hedgehog inhibitor. For example, in such processes, activin A and/or activin B is 
provided to the cell culture at a concentration of at least about 5 ng/ml, at least about 10 ng/ml, at least about 25 ng/ml, at least 
about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 ng/ml, at least about 300 ng/ml, at least 
about 400 ng/ml, at least about 500 ng/ml, or at least about 1000 ng/ml.

[0073] In some processes as disclosed herein, the differentiation factors and/or CRML medium is provided to the definitive 
endoderm cells at about three days, at about four days, at about five days, at about six days, at about seven days, at about 
eight days, at about nine days, at about ten days or at about greater than ten days subsequent to the initiation of differentiation 
from hBSCs. In preferred processes as disclosed herein, differentiation factors and/or CRML medium is provided to the 
definitive endoderm cells at about five days subsequent to the initiation of differentiation from hESCs.

[0074] In certain processes described herein, the above-mentioned differentiation factors are removed from the cell culture 
subsequent to their addition. For example, the above-mentioned differentiation factors can be removed within about one day, 
about two days, about three days, about four days, about five days, about six days, about seven days, about eight days, about 
nine days or about ten days after their addition.

[0075] Cultures of PDX1-positive foregut endoderm cells can be differentiated and further grown in a medium containing 
reduced or no serum. Serum concentrations can range from about 0.05% (v/v) to about 20% (v/v). In some processes, dorsal 
PDX1-positive foregut endoderm cells are grown with serum replacement. For example, in certain processes, the serum 
concentration of the medium can be less than about 0.05% (v/v), less than about 0.1% (v/v), less than about 0.2% (v/v), less 
than about 0.3% (v/v), less than about 0.4% (v/v), less than about 0.5% (v/v), less than about 0.6% (v/v), less than about 0.7% 
(v/v), less than about 0.8% (v/v), less than about 0.9% (v/v), less than about 1% (v/v), less than about 2% (v/v), less than about 
3% (v/v), less than about 4% (v/v), less than about 5% (v/v), less than about 6% (v/v), less than about 7% (v/v), less than about 
8% (v/v), leas than about 9% (v/v), less than about 10% (v/v), less than about 15% (v/v) or less than about 20% (v/v). In certain 
processes described herein, the differentiation medium does not include serum, serum replacement or any supplement 
comprising insulin or insulin-like growth factors.

[0076] In certain processes, PDX1 -positive foregut endoderm cells are grown in the presence of B27. In such differentiation 
processes, B27 can be provided to the culture medium in concentrations ranging from about 0.1% (v/v) to about 20% (v/v) or in 
concentrations greater than about 20% (v/v). In certain processes, the concentration of B27 in the medium is about 0.1% (v/v), 
about 0.2% (v/v), about 0.3% (v/v), about 0.4% (v/v), about 0.5% (v/v), about 0.6% (v/v), about 0.7% (v/v), about 0.8% (v/v), 
about 0.9% (v/v), about 1 % (v/v), about 2% (v/v), about 3% (v/v), about 4% (v/v), about 5% (v/v), about 6% (v/v), about 7% (v/v), 
about 8% (v/v), about 9% (v/v), about 10% (v/v), about 15% (v/v) or about 20% (v/v). Alternatively, the concentration of the 
added B27 supplement can be measured in terms of multiples of the strength of a commercially available B27 stock solution. 
For example, B27 is available from Invitrogen (Carlsbad, CA) as a 50X stock solution. Addition of a sufficient amount of this 
stock solution to a sufficient volume of growth medium produces a medium supplemented with the desired amount of B27. For 
example, the addition of 10 ml of 50X B27 stock solution to 90 ml of growth medium would produce a growth medium 
supplemented with 5X B27. The concentration of B27 supplement in the medium can be about 0.1X, about 0.2X, about 0.3X, 
about 0.4X, about 0.5X, about 0.6X, about 0.7X, about 0.8X, about 0.9X, about 1X, about 1.1X, about 1.2X, about 1.3X, about 
1,4X, about 1,5X, about 1,6X, about 1,7X, about 1,8X, about 1,9X, about 2X, about 2.5X, about 3X, about 3.5X, about 4X, about 
4.5X, about 5X, about 6X, about 7X, about 8X, about 9X, about 10X, about 11X, about 12X, about 13X, about 14X, about 15X, 
about 16X, about 17X, about 18X, about 19X, about 20X and greater than about 20X.
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[0077] In some processes for the differentiation of PDX1-positive foregut endoderm cells from definitive endoderm cells as 
disclosed herein, the definitive endoderm cells are differentiated so as to be biased towards further differentiation to either 
dorsal pancreatic bud or ventral pancreatic bud as described in U.S. Provisional Patent Application N . 60/730,917, entitled 
PDX1- EXPRESSING DORSAL AND VENTRAL FOREGUT ENDODERM, filed October 27, 2005.

[0078] Additional detailed methods of producing PDX1-positive foregut endoderm cells can be found in U.S. Patent Application 
No. 11/115,869, entitled PDX1 EXPRESSING ENDODERM, filed April 26.2005.

Enrichment. Isolation and/or Purification of PDX1-Positive Forequt Endoderm

[0079] As disclosed in the context of the processes described herein, PDX1-positive foregut endoderm cells are enriched, 
isolated and/or purified prior to further differentiation. In such processes , PDX1-positive foregut endoderm cells can be 
enriched, isolated and/or purified using any known method. As disclosed herein , the PDX1-positive foregut endoderm cells are 
enriched, isolated and/or purified using one or more of the methods described in U.S. Patent Application Number 11/115,868, 
entitled PDX1 EXPRESSING ENDODERM, filed April 26, 2005 and U.S. Provisional Patent Application No. 60/730,917, entitled 
PDX1- EXPRESSING DORSAL AND VENTRAL FOREGUT ENDODERM, filed October 27, 2005,

Compositions Comprising PDX1-Positive Foreaut Endoderm Cells

[0080] Cell compositions produced by the above-described methods include cell cultures comprising PDX1-positive foregut 
endoderm cells and cell populations enriched in PDX1-positive foregut endoderm cells. For example, cell cultures and/or cell 
populations that comprise PDX1-positive foregut endoderm cells can be produced, wherein at least about 50-99% of the cells in 
the cell culture and/or cell population are PDX1-positive foregut endoderm cells. Because the efficiency of the differentiation 
process can be adjusted by modifying certain parameters, which include but are not limited to, cell growth conditions, growth 
factor concentrations and the timing of culture steps, the differentiation procedures described herein can result in about 5%, 
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 
60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 98%, about 99% or greater 
than about 99% conversion of pluripotent cells to PDX1-positive foregut endoderm. In processes in which isolation of PDX1- 
positive foregut endoderm cells is employed, a substantially pure PDX1-positive foregut endoderm cell population can be 
recovered. Where the cell cultures or cell populations comprise human feeder cells, the above percentages are calculated 
without respect to the human feeder cells in the cell cultures or cell populations.

Production of Endocrine Precursor Cells

[0081] There are also disclosed methods of producing endocrine precursor cells starting from hESCs. As described above, 
endocrine precursor cells can be produced by first differentiating hESCs to produce definitive endoderm cells then further 
differentiating the definitive endoderm cells to produce PDX1-positive foregut endoderm cells. In such methods, PDX1-positive 
foregut endoderm cells are further differentiated to multipotent endocrine precursor cells, which are capable of differentiating 
into human pancreatic islet hormone-expressing cells.

[0082] As disclosed herein, PDX1-positive foregut endoderm cells are differentiated to endocrine precursor cells by continuing 
the incubation of PDX1-positive foregut endoderm cells in the presence of a retinoid, such as retinoic acid, for an amount of 
time sufficient to produce endocrine precursor cells. As disclosed herein, the amount of time sufficient for the production of 
endocrine precursor cells ranges from about 1 hour to about 10 days subsequent to the expression of the PDX1 marker in a 
portion of the cells in the cell culture. As disclosed herein, the retinoid is maintained in the cell culture for about 1 hour, about 2 
hours, about 4 hours, about 6 hours, about 8 hours, about 10 hours, about 12 hours, about 16 hours, about 1 day, about 2 
days, about 3 days, about 4 days, about 5 days, about 6 days, about Ί days, about 8 days, about 9 days, about 10 days or 
greater than about 10 days subsequent to the expression of the PDX1 marker in a portion of the cells in the cell culture.

[0083] In some processes described herein, the concentration of retinoid used to differentiate PDX1-positive foregut endoderm 
cells in the cell culture or cell population to endocrine precursor cells ranges from about 1 nM to about 100 μΜ. In some 
processes, the retinoid is provided to the cells of a cell culture such that it is present at a concentration of at least about 1 nM, at 
least about 0.01 pM, at least about 0.02 pM, at least about 0.04 pM, at least about 0.08 pM, at least about 0.1 pM, at least 
about 0.2 pM, at least about 0.3 pM. at least about 0.4 pM, at least about 0.5 pM, at least about 0.6 pM, at least about 0.7 pM, 
at least about 0.8 pM, at least about 0.9 pM, at least about 1 pM, at least about 1.1 pM. at least about 1.2 pM, at least about 1.3 
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μΜ, at least about 1.4 μΜ, at least about 1.5 μΜ, at least about 1.6 μΜ, at least about 1.7 μΜ, at least about 1.8 μΜ, at least 
about 1.9 μΜ, at least about 2 μΜ, at least about 2.1 μΜ, at least about 2.2 μΜ, at least about 2.3 μΜ, at least about 2.4 μΜ, at 
least about 2.5 μΜ, at least about 2.6 μΜ, at least about 2.7 μΜ, at least about 2.8 μΜ, at least about 2.9 μΜ, at least about 3 
μΜ, at least about 3.5 μΜ, at least about 4 μΜ, at least about 4.5 μΜ, at least about 5 μΜ, at least about 10 μΜ, at least about 
20 μΜ, at least about 30 μΜ, at least about 40 μΜ, at least about 50 μΜ, at least about 75 μΜ or at least about 100 μΜ.

[0084] As disdosed herein, differentiation from PDX1-positive foregut endoderm cells to pancreatic endocrine precursor cells is 
mediated by providing a cell culture or cell population comprising human PDX1-positive foregut endoderm cells with a gamma 
secretase inhibitor. It is also disclosed that the gamma secretase inhibitor is N-[N-(3,5-Diflurophenacetyl-L-alanyl)]-S- 
phenylglycine t-Butyl Ester (DAPT).

[0085] It is also disclosed that the gamma secretase inhibitor may be provided at the start of the differentiation process, for 
example, at the hESC stage, and remains in the cell culture throughout the differentiation to pancreatic islet hormone- 
expressing cells. It is also disclosed that the gamma secretase inhibitor may be added to subsequent to the initiation of 
differentiation but prior to differentiation to the PDX1-positive foregut endoderm stage. The gamma secretase inhibitor may be 
provided to the cell culture or cell population at about the same time as providing the differentiation factors which promote the 
conversion of definitive endoderm to PDX1-positive endoderm. The gamma secretase inhibitor may be provided to the cell 
culture or cell population after a substantial portion of the cells in the cell culture or cell population have differentiated to PDX1- 
positive foregut endoderm cells.

[0086] With respect the differentiation of PDX1-positive foregut endoderm cells to endocrine precursor cells, the gamma 
secretase inhibitor may be provided to the cells so that it is present in the cell culture or cell population at concentrations 
sufficient to promote differentiation of at least a portion of the PDX1-positive cells to endocrine precursor cells. It is disclosed 
that the gamma secretase inhibitor is present in the cell culture or cell population at a concentration ranging from about 0.01 μΜ 
to about 1000 μΜ. The gamma secretase inhibitor may be present in the cell culture or cell population at a concentration 
ranging from about 0.1 μΜ to about 100 μΜ. The gamma secretase inhibitor may be present in the cell culture or cell population 
at a concentration ranging from about 1 μΜ to about 10 μΜ. The gamma secretase inhibitor maybe present in the cell culture or 
cell population at a concentration of at least about 0.01 μΜ, at least about 0.02 μΜ, at least about 0.04 μΜ, at least about 0.08 
μΜ, at least about 0.1 μΜ, at least about 0.2 μΜ, at least about 03 μΜ, at least about 0.4 μΜ, at least about 0.5 μΜ, at least 
about 0.6 μΜ, at least about 0.7 μΜ, at least about 0.8 μΜ, at least about 0.9 μΜ, at least about 1 μΜ, at least about 1.1 μΜ, at 
least about 1.2 μΜ, at least about 1.3 μΜ, at least about 1.4 μΜ, at least about 1.5 μΜ, at least about 1.6 μΜ, at least about 1.7 
μΜ, at least about 1.8 μΜ, at least about 1.9 μΜ, at least about 2 μΜ, at least about 2.1 μΜ, at least about 2.2 μΜ, at least 
about 2.3 μΜ, at least about 2.4 μΜ, at least about 2.5 μΜ, at least about 2.6 μΜ, at least about 2.7 μΜ, at least about 2.8 μΜ, 
at least about 2.9 μΜ, at least about 3 μΜ, at least about 3.5 μΜ, at least about 4 μΜ, at least about 4.5 μΜ, at least about 5 
μΜ, at least about 10 μΜ, at least about 20 μΜ, at least about 30 μΜ, at least about 40 μΜ, at least about 50 μΜ, at least about 
60 μΜ, at least about 70 μΜ, at least about 80 μΜ, at least about 90 μΜ, at least about 100 μΜ, at least about 250 μΜ, at least 
about 500 μΜ, at least about 750 μΜ or at least about 1000 μΜ.

[0087] In the processes for producing endocrine precursor cells as described herein, the gamma secretase inhibitor maybe 
provided after ne or more previously provided differentiation factors have been removed from the cell cultures. For example, 
the one or more previously provided differentiation factors can be removed about 1 day, about 2 days, about 3 days, about 4 
days, about 5 days, about 6 days, about Ί days, about 8 days, about 9 days, about 10 days or more than about 10 days prior to 
the addition of the gamma secretase inhibitor. The gamma secretase inhibitor may be provided to cell cultures or cell 
populations comprising one or more differentiation factors that were previously provided or provided at about the same time as 
the gamma secretase inhibitor. It is also disclosed that differentiation factors that were previously provided or provided at about 
the same time as the gamma secretase inhibitor include, but are not limited to, FGF-10, KAAD-cyclopamine, activin A, activin B, 
BMP4 and/or RA.

[0088] As disclosed herein, exendin 4 maybe provided to the differentiating cell culture or cell population at about the same time 
as the gamma secretase inhibitor. Exendin 4 may be provided so as to be in present in the cell culture or cell population at a 
concentration of at least about 0.1 ng/ml, at least about 0.2 ng/ml, at least about 0.3 ng/ml, at least about 0.4 ng/ml, at least 
about 0.5 ng/ml, at least about 0.6 ng/ml, at least about 0.7 ng/ml, at least about 0.8 ng/ml, at least about 0.9 ng/ml, at least 
about 1 ng/ml, at least about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about 20 ng/ml, at least about 25 
ng/ml, at least about 30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, 
at least about 55'ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at 
least about 80 ng/ml, at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least
about 150 ng/ml, at least about 200 ng/ml, at least about 250 ng/ml, at least about 300 ng/ml, at least about 350 ng/ml, at least
about 400 ng/ml, at least about 450 ng/ml, at least about 500 ng/ml, at least about 550 ng/ml, at least about 600 ng/ml, at least
about 650 ng/ml, at least about 700 ng/ml, at least about 750 ng/ml, at least about 800 ng/ml, at least about 850 ng/ml, at least 
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about 900 ng/ml, at least about 950 ng/ml or at least about 1000 ng/ml.

[0089] In a preferred process for the production of endocrine precursor cells from PDX1-positive foregut endoderm cells 
disclosed herein, a cell culture or cell population of PDX1-positive foregut endoderm cells is provided with 3 μΜ DAPT and 40 
ng/ml exendin 4.

[0090] It is also disclosed that the cells are differentiated in CMRL. In another especially preferred process, for the production of 
a endocrine precursor cells from PDX1-positive foregut endoderm cells, a ceil culture or cell population of PDX1-positive foregut 
endoderm cells is provided with 3 μΜ DAPT end 40 ng/ml exendin 4 in the presence of 2 pM RA.

[0091] In certain processes for producing endocrine precursor cells as described herein, the above-mentioned differentiation 
factors are removed from the cell culture or cell population subsequent to their addition. For example, the gamma secretase 
inhibitor and/or exendin 4 can be removed within about one day, about two days, about three days, about four days, about five 
days, about six days, about seven days, about eight days, about nine days or about ten days after their addition. As disclosed 
herein, the differentiation factors may also not be removed from the cell culture.

[0092] Cultures of endocrine precursor cells can be produced in medium containing reduced serum or no serum. Under certain 
culture conditions, serum, concentrations can range from about 0.05% v/v to about 20% v/v. For example, in some 
differentiation processes as disclosed herein, the serum concentration of the medium can be less than about 0.05% (v/v), less 
than about 0.1% (v/v), lass than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than about 0.5% 
(v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v), less than about 0.9% (v/v), less than 
about 1 % (v/v), less than about 2% (v/v), less than about 3% (v/v), less than about 4% (v/v), less than about 5% (v/v), less than 
about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than about 9% (v/v), less than about 10% (v/v), less 
than about 15% (v/v) or loss than about 20% (v/v). In same processes, endocrine precursor cells are grown without serum, 
without serum replacement and/or without any supplement containing insulin or insulin-like growth factor. In still other 
processes, andocrine precursor cells are grown in the presence of B27. In such processes, the concentration of B27 
supplement can range from about 0.1% v/v to about 20% v/v. As disclosed herein the endocrine precursor cells may be grown 
in the absence of B27.

Monitorine the Differentiation of PDX1-Positive Cells to Endocrine Precursor Cells

[0093] The progression of PDX1-positive andoderm calls to endocrine precursor cells can be monitored by determining the 
expression of markers characteristic of endocrine precursor cells. In some processes as disclosed herein, the expression of 
certain markers is determined by detecting the presence or absence of the marker. Alternatively, the expression of certain 
markers can be determined by measuring the level at which the marker is present in the cells of the cell culture or cell 
population. In such processes, the measurement of marker expression can be qualitative or quantitative. One method of 
quantitating the expression of markers that are produced by marker genes is through the use of quantitative PCR (Q-PCR). 
Methods of performing Q-PCR are well known in the art. Other methods which are known in the art can also be used to 
quantitate marker gene expression. For example, the expression of a marker gene product can be detected by using antibodies 
specific for the marker gene product of interest. In certain processes, the expression of marker genes characteristic of 
endocrine precursor cells as well as the lack of significant expression of marker genes characteristic of hESCs, definitive 
endoderm, PDX1-positive foregut endoderm, extraembryonic endoderm, mesoderm, ectoderm, immature pancreatic islet 
hormone-expressing cells or mature pancreatic islet hormone-expressing cells and/or other cell types is determined.

[0094] As described further in the Reference Examples below, a reliable marker of endocrine precursor cells is the NGN3 gene. 
As such, the endocrine precursor cells produced by the processes described herein express the NGN3 marker gene, thereby 
producing the NGN3 gene product. Other markers of endocrine precursor cells are NKX2.2 and PAX4.

[0095] In some processes as disclosed herein, the expression of genes indicative of hESCs, definitive endoderm cells and/or 
PDX1-positive foregut endoderm cells is also monitored. For example, in some processes, the expression of AFP, SOX7, SOX1, 
ZIC1, and NFM are monitored. In some processes, the expression of genes indicative of immature pancreatic islet hormone- 
expressing cells and/or mature pancreatic islet hormone-expressing cells is also monitored. For example, the expression of 
MAFB, SYP, CHGA, INS, GCG, SST, GHRL and PAX6 is monitored.

[0096] It will be appreciated that NGN3, NKX2.2 and/or PAX4 marker expression is induced over a range of different levels in 
endocrine precursor cells depending on the differentiation conditions. As such, as described herein, the expression of the 
NGN3, NKX2.2 and/or PAX4 marker in endocrine precursor cells or cell populations may be at least about 2-fold higher to at 
least about 10,000-fold higher than the expression of the NGN3, NKX2.2 and/or PAX4 marker in non-endocrine precursor cells 
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or cell populations, for example pluripotent stem cells, definitive endoderm cells, PDX1-positive foregut endoderm cells, 
immature pancreatic islet hormone-expressing cells, mature pancreatic islet hormone-expressing cells, extraembryonic 
endoderm cells, mesoderm cells and/or ectoderm cells. As disclosed herein, the expression of the NGN3, NKX2.2 and/or ΡΑΧ4 
marker in endocrine precursor cells or cell populations may be at least about 4-fold higher, at least about 6-fold higher, at least 
about 8-fold higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-fold higher, at least about 40- 
fold higher, at least about 80-fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about 200-fold 
higher, at least about 500-fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least about 2500-fold 
higher, at least about 5000-fold higher, at least about 7500-fold higher or at least about 10,000-fold higher than the expression 
of the NGN3, NKX2.2 and/or ΡΑΧ4 marker in non-endocrine precursor cells or cell populations, for example pluripotent stem 
cells, definitive endoderm cells, PDX1-positive foregut endoderm cells, immature pancreatic islet hormone-expressing cells, 
mature pancreatic islet hormone-expressing cells, extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells. As 
disclosed herein , the expression of the NGN3, NKX2.2 and/or ΡΑΧ4 marker in endocrine precursor cells or cell populations is 
infinitely higher than the expression of the NGN3, NKX2.2 and/or ΡΑΧ4 marker in non-endocrine precursor cells or cell 
populations, for example pluripotent stem cells, definitive endoderm cells, PDX1-positive foregut endoderm cells, immature 
pancreatic islet hormone-expressing cells, mature pancreatic islet hormone-expressing cells, extraembryonic endoderm cells, 
mesoderm cells and/or ectoderm cells.

Enrichment. Isolation and/or Purification of Endocrine Precursor Calls

[0097] With respect to additional aspects of the present disclosure, endocrine precursor cells can be enriched, isolated and/or 
purified.
As disclosed herein, cell populations enriched, isolated and/or purified for endocrine precursor cells are produced by isolating 
such cells from cell cultures.

[0098] Endocrine precursor cells produced by any of the processes described herein can be enriched, isolated and/or purified 
by using an affinity tag that is specific for such cells. Examples of affinity tags specific for endocrine precursor cells are 
antibodies, antibody fragments, ligands or other binding agents that are specific to a marker molecule, such as a polypeptide, 
that is present on the cell surface of endocrine precursor cells but which is not substantially present on other cell types that 
would be found in a cell culture produced by the methods described herein. In some processes, an antibody which binds to 
NCAM is used as an affinity tag for the enrichment, isolation or purification of endocrine precursor cells. In other processes, the 
NCAM ligand NBP10, or any other NCAM ligand now known or discovered in the future can also be used as affinity tags, for 
example, see Ronn, L. (2002) Eur J Neurosci, 16:1720-30.

[0099] Such molecules include, but are not limited to, NBP10 fusions and NBP10 mimetics.

[0100] Methods for making antibodies and using them for cell isolation are known in the art and such methods can be 
implemented for use with the antibodies and endocrine precursor cells described herein. In one process, an antibody which 
binds to NCAM is attached to a magnetic bead and then allowed to bind to endocrine precursor cells in a cell culture which has 
been enzymatically treated to reduce intercellular and substrate adhesion. The cell/antibody/bead complexes are then exposed 
to a movable magnetic field which is used to separate bead-bound endocrine precursor cells from unbound cells. Once the 
endocrine precursor cells are physically separated from other cells in culture, the antibody binding is disrupted and the cells are 
replated in appropriate tissue culture medium. If desired, the isolated cell compositions can be further purified by using an 
alternate affinity-based method or by additional rounds of enrichment using the same or different markers that are specific for 
endocrine precursor cells.

[0101] Additional methods for obtaining enriched, isolated or purified endocrine precursor cell cultures or populations can also 
be used. For example, in some embodiments, the NCAM antibody is incubated with an endocrine precursor-containing cell 
culture that has been treated to reduce intercellular and substrate adhesion. (WE DON'T USE SECONDARY ANTIBODIES. THE 
NCAM ANTIBODY IS DIRECTLY CONJUGATED TO EITHER PE, APC, OR FITC) The cells are then washed, centrifuged and 
resuspended. The cell suspension is then incubated with a secondary antibody, such as an FITC-conjugated antibody that is 
capable of binding to the primary antibody. The cells are then washed, centrifuged and resuspended in buffer. The cell 
suspension is then analyzed and sorted using a fluorescence activated cell sorter (FACS). NCAM-positive cells are collected 
separately from NCAM-negative cells, thereby resulting in the isolation of such cell types. If desired, the isolated cell 
compositions can be further purified by using an alternate affinity-based method or by additional rounds of sorting using the 
same or different markers that are specific for endocrine precursor cells. Alternatively, isolated cell compositions can be further 
purified by negatively sorting for a marker that is present on most cells in the cell population other than endocrine precursor 
cells.
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[0102] In still other processes as disclosed herein, endocrine precursor cells are enriched, isolated and/or purified using a 
ligand or other molecule that binds to NCAM. In some processes, the molecule is NBP10 or a fragment, fusion or mimetic 
thereof.

[0103] In the processes described herein, a nucleic acid encoding green fluorescent protein (GFP) or another nucleic acid 
encoding an expressible fluorescent marker gene (e.g., yellow fluorescent protein (YFP), luciferase or the like) may be used to 
label NCAM-positive cells. For example, in some embodiments, at least one copy of a nucleic acid encoding GFP or a 
biologically active fragment thereof is introduced into a pluripotent cell, preferably a human embryonic stem cell, downstream of 
the NCAM promoter, the NGN3 promoter, the PAX4 promoter, or the promoter of any endocrine precursor cell-specific gene 
such that the expression of the GFP gene product or biologically active fragment thereof is under control of the NCAM, NGN3, 
or PAX4 promoter. As disclosed herein, the entire coding region of the nucleic acid, which encodes NCAM, NGN3, or PAX4, is 
replaced by a nucleic acid encoding GFP or a biologically active fragment thereof. As disclosed herein, the nucleic acid 
encoding GFP or a biologically active fragment thereof may be fused in frame with at least a portion of the nucleic acid 
encoding NCAM, NON3, or PAX4, thereby generating a fusion protein. As disclosed herein, the fusion protein retains a 
fluorescent activity similar to GFP.

[0104] Fluorescently marked cells, such as the above-described pluripotent cells, are differentiated to endocrine precursor cells 
as described herein. Because endocrine precursor cells express the fluorescent marker gene, whereas other cell types do not, 
endocrine precursor cells can be separated from the other cell types. As disclosed
herein, cell suspensions comprising a mixture of fluorescently-labeled endocrine precursor cells and unlabeled non- endocrine 
precursor cells are sorted using a FACS. Endocrine precursor cells are collected separately from non-fluorescing cells, thereby 
resulting in the isolation of endocrine precursors. If desired, the isolated cell compositions can be further purified by additional 
rounds of sorting using the same or different markers that are specific for endocrine precursor cells.

[0105] In preferred processes as disclosed herein, endocrine precursor cells are enriched, isolated and/or purified from other 
non-endocrine precursor cells after endodermal cell cultures are induced to differentiate towards the endocrine precursor 
lineage. It will be appreciated that the above-described enrichment, isolation and purification procedures can be used with such 
cultures at any stage of differentiation.

[0106] In addition to the procedures just described, endocrine precursor cells may also be isolated by other techniques for cell 
isolation. Additionally, endocrine precursor cells may also be enriched or isolated by methods of serial subculture in growth 
conditions which promote the selective survival or selective expansion of the endocrine precursor cells.

[0107] Using the methods described herein, enriched, isolated and/or purified populations of endocrine precursor cells and or 
tissues can be produced in vitro from pluripotent cell cultures or cell populations, such as stem cell cultures or populations, 
which have undergone at least some differentiation. In some methods as disclosed herein, the cells undergo random 
differentiation. In a preferred method, however, the cells are directed to differentiate primarily Into endocrine precursor cells. 
Some preferred enrichment as disclosed herein, isolation and/or purification methods relate to the in vitro production of 
endocrine precursor cells from human embryonic stem cells.

[0108] Using the methods described herein, cell populations or cell cultures can be enriched in endocrine precursor cell content 
by at least about 2- to about 1000-fold as compared to untreated cell populations or cell cultures. As disclosed herein, 
endocrine precursor cells can be enriched by at least about 5- to about 500-fold as compared to untreated cell populations or 
cell cultures. As disclosed herein, endocrine precursor cells can be enriched from at least about 10- to about 200-fold as 
compared to untreated cell populations or cell cultures. As disclosed herein, endocrine precursor cells can be enriched from at 
least about 20- to about 100-fold as compared to untreated cell populations or cell cultures. As disclosed herein, endocrine 
precursor cells can be enriched from at least about 40- to about 80-fold as compared to untreated cell populations or cell 
cultures. In certain embodiments, endocrine precursor cells can be enriched from at least about 2- to about 20-fold as 
compared to untreated cell populations or cell cultures.

Compositions Comprising Endocrine -Precursor Cells

[0109] There are also disclosed cell compositions, such as cell cultures or cell populations, comprising endocrine precursor 
cells, wherein the endocrine precursor cells are multipotent cells that can differentiate into cells of the endocrine system, such 
as pancreatic islet hormone-expressing cells. In accordance with the present disclosure, the endocrine precursor cells may be 
mammalian cells, and
such cells may be human cells.
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[0110] There are also disclosed compositions, such as cell cultures or cell populations, comprising endocrine precursor cells 
and cells that are less specifically differentiated than endocrine precursor cells. As disclosed herein, cells that are less 
specifically differentiated than endocrine precursor cells comprise less than about 90%, less than about 85%, less than about 
80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than 
about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less 
than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less 
than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the 
culture.

[0111] There are also disclosed compositions, such as cell cultures or cell populations, comprising endocrine precursor cells 
and cells that are more specifically differentiated than endocrine precursor cells, such as immature pancreatic islet hormone- 
expressing cells and/or mature pancreatic islet hormone-expressing cells. As disclosed herein, cells that are more specifically 
differentiated than endocrine precursor cells may comprise less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than 
about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total cells in the culture.

[0112] There are also disclosed compositions, such as cell cultures or cell populations, comprising endocrine precursor cells 
and cells of one or more cell types selected from the group consisting of hESCs, pre-primitive streak cells, mesendoderm cells, 
definitive endoderm cells, PDX1-negative foregut endoderm cells, PDX1-positive foregut endoderm cells (PDX1-positive 
pancreatic endoderm cells) and mesoderm cells. As disclosed herein, hESCs may comprise less than about 25%, less than 
about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1 % of the total cells in the culture. As disclosed herein, pre-primitive streak cells may comprise less 
than about 25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less 
than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As disclosed herein, mesendoderm 
cells comprise less than about 25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%, less 
than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As disclosed 
herein, definitive endoderm cells comprise less than about 90%, less than about 85%, less than about 80%, less than about 
75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 50%, less than 
about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than about 20%, less 
than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than about 5%, less 
than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As disclosed 
herein, PDX1-negative foregut endoderm cells may comprise less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than 
about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As 
disclosed herein, PDX1-positive foregut endoderm cells may comprise less than about 90%, less than about 85%, less than 
about 80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less 
than about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, 
less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, 
less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the 
culture. As disclosed herein, mesoderm cells may comprise less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than 
about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total cells in the culture.

[0113] There are also disclosed compositions, such as cell cultures or cell populations, comprising endocrine precursor cells 
and cells of one or more cell types selected from the group consisting of immature pancreatic islet hormone-expressing cells 
and/or mature pancreatic hormone-expressing cells. As disclosed herein, immature pancreatic islet hormone-expressing cells 
may comprise less than about 25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%, less 
than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As disclosed 
herein, mature pancreatic islet hormone-expressing cells may comprise less than about 25%, less than about 20%, less than 
about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than 
about 1% of the total cells in the culture.

[0114] There are also disclosed compositions, such as cell cultures or cell populations, produced by the processes described
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herein and which comprise endocrine precursor cells as the majority cell type. As disclosed herein, the process described 
herein may produce cell cultures and/or cell populations comprising at least about 99%, at least about 98%, at least about 97%, 
at least about 96%, at least about 95%, at least about 94%, at least about 93%, at least about 92%, at least about 91%, at least 
about 90%, at least about 89%, at least about 88%, at least about 87%, at least about 86%, at least about 85%, at least about 
84%, at least about 83%, at least about 82%, at least about 81 %, at least about 80%, at least about 79%, at least about 78%, at 
least about 77%, at least about 76%, at least about 75%, at least about 74%, at least about 73%, at least about 72%, at least 
about 71%, at least about 70%, at least about 69%, at least about 68%, at least about 67%, at least about 66%, at least about 
65%, at least about 64%, at least about 63%, at least about 62%, at least about 61%, at least about 60%, at least about 59%, at 
least about 58%, at least about 57%, at least about 56%, at least about 55%, at least about 54%, at least about 53%, at least 
about 52%, at least about 51% or at least about 50% endocrine precursor cells. As disclosed herein, the cells of the cell cultures 
or cell populations comprise human cells. As disclosed herein, the processes described herein may produce cell cultures or cell 
populations comprising at least about 50%, at least about 45%, at least about 40%, at least about 35%, at least about 30%, at 
least about 25%, at least about 24%, at least about 23%, at least about 22%, at least about 21%, at least about 20%, at least 
about 19%, at least about 18%, at least about 17%, at least about 16%, at least about 15%, at least about 14%, at least about 
13%, at least about 12%, at least about 11%, at least about 10%, at least about 9%, at least about 8%, at least about 7%, at 
least about 6%, at least about 5%, at least about 4%, at least about 3%, at least about 2% or at least about 1% endocrine 
precursor cells.
As disclosed herein, the cells of the cell cultures or cell populations comprise human cells. As disclosed herein, the percentage 
of endocrine precursor cells in the cell cultures or populations is calculated without regard to the feeder cells remaining in the 
culture.

[0115] There are also disclosed compositions, such as cell cultures or cell populations, comprising mixtures of endocrine 
precursor cells and PDX1-positive foregut endoderm cells. For example, cell cultures or cell populations comprising at least 
about 5 endocrine precursor cells for about every 95 PDX1-positive foregut endoderm cells can be produced. As disclosed 
herein, cell cultures or cell populations comprising at least about 95 endocrine precursor cells for about every 5 PDX1-positive 
foregut endoderm cells can be produced. Additionally, cell cultures or cell populations comprising other ratios of endocrine 
precursor cells to PDX1-positive foregut endoderm cells are disclosed . For example, compositions comprising at least about 1 
endocrine precursor cell for about every 1,000,000 PDX1-positive foregut endoderm cells, at least about 1 endocrine precursor 
cell for about every 100,000 PDX1-positive foregut endoderm cells, at least about 1 endocrine precursor cell for about every 
10,000 PDX1-positive foregut endoderm cells, at least about 1 endocrine precursor cell for about every 1000 PDX1-positive 
foregut endoderm cells, at least about 1 endocrine precursor cell for about every 500 PDX1-positive foregut endoderm cells, at 
least about 1 endocrine precursor cell for about every 100 PDX1-positive foregut endoderm cells, at least about 1 endocrine 
precursor cell for about every 10 PDX1-positive foregut endoderm cells, at least about 1 endocrine precursor cell for about 
every 5 PDX1-positive foregut endoderm cells, at least about 1 endocrine precursor cell for about every 4 PDX1-positive foregut 
endoderm cells, at least about 1 endocrine precursor cell for about every 2 PDX1-positive foregut endoderm cells, at least 
about 1 endocrine precursor cell for about every 1 PDX1-positive foregut endoderm cell, at least about 2 endocrine precursor 
cells for about every 1 PDX1-positive foregut endoderm cell, at least about 4 endocrine precursor cells for about every 1 PDX1- 
positive foregut endoderm cell, at least about 5 endocrine precursor cells for about every 1 PDX1-positive foregut endoderm 
cell, at least about 10 endocrine precursor cells for about every 1 PDX1-positive foregut endoderm cell, at least about 20 
endocrine precursor cells for about every 1 PDX1-positive foregut endoderm cell, at least about 50 endocrine precursor cells for 
about every 1 PDX1-positive foregut endoderm cell, at least about 100 endocrine precursor cells for about every 1 PDX1- 
positive foregut endoderm cell, at least about 1000 endocrine precursor cells for about every 1 PDX1-positive foregut endoderm 
cell, at least about 10,000 endocrine precursor cells for about every 1 PDX1-positive foregut endoderm cell, at least about 
100,000 endocrine precursor cells for about every 1 PDX1-positive foregut endoderm cell and at least about 1,000,000 
endocrine precursor cells for about every 1 PDX1-positive foregut endoderm cell are disclosed

[0116] There are also disclosed compositions, such as cell cultures or cell populations, comprising mixtures of endocrine 
precursor cells and immature pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells. 
For example, cell cultures or cell populations comprising at least about 5 endocrine precursor cells for about every 95 immature 
pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells can be produced. As disclosed 
herein, cell cultures or cell populations comprising at least about 95 endocrine precursor cells for about every 5 immature 
pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells can be produced. Additionally, 
cell cultures or cell populations comprising other ratios of endocrine precursor cells to immature pancreatic islet hormone- 
expressing and/or mature pancreatic islet hormone-expressing cells are disclosed . For example, compositions comprising at 
least about 1 endocrine precursor cell for about every 1,000,000 immature pancreatic islet hormone-expressing and/or mature 
pancreatic islet hormone-expressing cells, at least about 1 endocrine precursor cell for about every 100,000 immature 
pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine 
precursor cell for about every 10,000 immature pancreatic islet hormone-expressing and/or mature pancreatic islet hormone- 
expressing cells, at least about 1 endocrine precursor cell for about every 1000 immature pancreatic islet hormone-expressing 



DK/EP 1999253 T3

and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine precursor cell for about every immature 
pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine 
precursor cell for about every 100 immature pancreatic islet hormone-expressing and/or mature pancreatic islet hormone- 
expressing cells, at least about 1 endocrine precursor cell for about every 10 immature pancreatic islet hormone-expressing 
and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine precursor cell for about every 5 immature 
pancreatic islet hormone-expressing and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine 
precursor cell for about every 4 immature pancreatic islet hormone-expressing and/or mature pancreatic islet hormone- 
expressing cells, at least about 1 endocrine precursor cell for about every 2 immature pancreatic islet hormone-expressing 
and/or mature pancreatic islet hormone-expressing cells, at least about 1 endocrine precursor cell for about every 1 immature 
pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone-expressing cell, at least about 2 endocrine 
precursor cells for about every 1 immature pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone- 
expressing cell, at least about 4 endocrine precursor cells for about every 1 immature pancreatic islet hormone-expressing cell 
and/or mature pancreatic islet hormone-expressing cell, at least about 5 endocrine precursor cells for about every 1 immature 
pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone-expressing cell, at least about 10 endocrine 
precursor cells for about every immature pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone- 
expressing cell, at least about 20 endocrine precursor cells for about every 1 immature pancreatic islet hormone-expressing cell 
and/or mature pancreatic islet hormone-expressing cell, at least about 50 endocrine precursor cells for about every 1 immature 
pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone-expressing cell, at least about 100 endocrine 
precursor cells for about every 1 immature pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone- 
expressing cell, at least about 1000 endocrine precursor cells for about every 1 immature pancreatic islet hormone-expressing 
cell and/or mature pancreatic islet hormone-expressing cell, at least about 10,000 endocrine precursor cells for about every 1 
immature pancreatic islet hormone-expressing cell and/or mature pancreatic islet hormone-expressing cell, at least about 
100,000 endocrine precursor cells for about every 1 immature pancreatic islet hormone-expressing cell and/or mature 
pancreatic islet hormone-expressing cell and at least about 1,000,000 endocrine precursor cells for about every 1 immature 
pancreatic islet hormone-expressing cell and/or mature pancreatic islet pancreatic hormone-expressing cell are disclosed

[0117] As disclosed herein, the PDX1-positive foregut endoderm cells from which endocrine precursor cells are produced are 
derived from human pluripotent cells, such as human pluripotent stem cells. It is described in the context of the present 
disclosure that the human pluripotent cells may be derived from a morula, the inner cell mass of an embryo or the gonadal 
ridges of an embryo. It is described in the context of the present disclosure that the human pluripotent cells may be derived 
from the gonadal or germ tissues of a multicellular structure that has developed past the embryonic stage.

[0118] There are also disclosed compositions, such as cell cultures or cell populations, comprising human cells, including 
human endocrine precursor cells, wherein the expression of the NGN3 marker is greater than the expression of the AFP, SOX7, 
SOX1, ZIC1, NFM, MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or PAX6 marker in at least about 2% of the human cells. As 
disclosed
herein, the expression of the NGN3 marker may be greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, 
SYP, CHGA, INS, GCG, SST, GHRL, and/or PAX6 marker in at least about 5% of the human cells, in at least about 10% of the 
human cells, in at least about 15% of the human cells, in at least about 20% of the human cells, in at least about 25% of the
human cells, in at least about 30% of the human cells, in at least about 35% of the human cells, in at least about 40% of the
human cells, in at least about 45% of the human cells, in at least about 50% of the human cells, in at least about 55% of the
human cells, in at least about 60% of the human cells, in at least about 65% of the human cells, in at least about 70% of the
human cells, in at least about 75% of the human cells, in at least about 80% of the human cells, in at least about 85% of the
human cells, in at least about 90% of the human cells, in at least about 95% of the human cells or in at least about 98% of the 
human cells. As disclosed herein , the percentage of human cells in the cell cultures or populations, wherein the expression of 
NGN3 is greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or 
PAX6 marker, is calculated without regard to feeder cells.

[0119] It will be appreciated that there are disclosed
compositions, such as cell cultures or cell populations, comprising human endocrine precursor cells, wherein the expression of 
NKX2.2 and/or PAX4 is greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA. INS, GCG, SST, 
GHRL, and/or PAX6 marker in from at least about 2% to greater than at least about 98% of the human cells. As disclosed , the 
expression of NKX2.2 and/or PAX4 is greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA, 
INS, GCG, SST, GHRL, and/or PAX6 marker in at least about 5% of the human cells, in at least about 10% of the human cells, 
in at least about 15% of the human cells, in at least about 20% of the human cells, in at least about 25% of the human cells, in 
at least about 30% of the human cells, in at least about 35% of the human cells, in at least about 40% of the human cells, in at
least about 45% of the human cells, in at least about 50% of the human cells, in at least about 55% of the human cells, in at
least about 60% of the human cells, in at least about 65% of the human cells, in at least about 70% of the human cells, in at
least about 75% of the human cells, in at least about 80% of the human cells, in at least about 85% of the human cells, in at 
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least about 90% of the human cells, in at least about 95% of the human cells or in at least about 98% of the human cells. In 
some embodiments, the percentage of human cells in the cell cultures or populations, wherein the expression of NKX2.2 and/or 
PAX4 is greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or 
PAX6 marker, is calculated without regard to feeder cells.

[0120] There are also disclosed compositions, such as cell cultures or cell populations, comprising mammalian cells 
differentiated from definitive endoderm in vitro, such as human cells differentiated from definitive endoderm in vitro, wherein the 
expression of the NGN3, NKX2.2 and/or PAX4 marker is greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, 
MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or PAX6 marker in at least about 2% of the cells differentiated from definitive 
endoderm in vitro. As disclosed herein, the expression of the NGN3, NKX2.2 and/or PAX4 marker is greater than the expression 
of the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or PAX6 marker in at least about 5% of 
the cells differentiated from definitive endoderm in vitro, in at least about 10% of the cells differentiated from definitive 
endoderm in vitro, in at least about 15% of the cells differentiated from definitive endoderm in vitro, in at least about 20% of the 
calls differentiated from definitive endoderm in vitro, in at least about 25% of the cells differentiated from definitive endoderm in 
vitro, in at least about 30% of the cells differentiated from definitive endoderm in vitro, in at least about 35% of the cells 
differentiated from definitive endoderm in vitro, in at least about 40% of the cells differentiated from definitive endoderm in vitro, 
in at least about 45% of the cells differentiated from definitive endoderm in vitro, in at least about 50% of the cells differentiated 
from definitive endoderm in vitro, in at least about 55% of the cells differentiated from definitive endoderm in vitro, in at least 
about 60% of the cells differentiated from definitive endoderm in vitro, in at least about 65% of the cells differentiated from 
definitive endoderm in vitro, in at least about 70% of the cells differentiated from definitive endoderm in vitro, in at least about 
75% of the cells differentiated from definitive endoderm in vitro, in at least about 80% of the cells differentiated from definitive 
endoderm in vitro, in at least about 85% of the cells differentiated from definitive endoderm in vitro, in at least about 90% of the 
cells differentiated from definitive endoderm in vitro, in at least about 95% of the cells differentiated from definitive endoderm in 
vitro or in at least about 98% of the cells differentiated from definitive endoderm in vitro.

[0121] As disclosed herein, cell cultures and/or cell populations of endocrine precursor cells may comprise human endocrine 
precursor cells that are non-recombinant cells. In such cell cultures , the cell cultures and/or cell populations are devoid of or 
substantially free of recombinant human endocrine precursor cells.

[0122] As disclosed herein, cell cultures and/or cell populations comprising endocrine precursor cells also include a medium 
which comprises a gamma secretase inhibitor. As disclosed herein, the gamma secretase inhibitor is N-[N-(3,5- 
difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT).

[0123] As disclosed herein, the DAPT concentration may be at least about 1 μΜ. As disclosed herein, the DAPT concentration 
may be at least about 3 μΜ. As disclosed herein, the medium also comprises a factor selected from retinoic acid (RA) and 
exendin 4 (Ex4). As disclosed herein, the medium is CMRL.

[0124] Using the processes described herein, compositions comprising endocrine precursor cells substantially free of other cell 
types can be produced.

[0125] As disclosed herein, the endocrine precursor cell populations or cell cultures produced by the methods described herein 
may be substantially free of cells that significantly express the AFP, SOX7, SOX1, ZIC1 and/or NFM markers. As disclosed 
herein, the endocrine precursor cell populations of cell cultures produced by the methods described herein may be substantially 
free of cells that significantly express the AFP, SOX7, SOX1, ZIC1, NFM, MAFA, SYP, CHGA, INS, GCG, SST, GHRL, and/or 
PAX6 markers.

[0126] As disclosed herein, a description of a endocrine precursor cell based on the expression of markers is, NGN3 high, 
NKX2.2 high, PAX4 high, AFP low, SOX7 low, SOX1 low, ZIC1 low NFM low, MAFA low; SYP low; CHGA low; INS low, GCG low; 
SST low, GHRL low and/or PAX6 low.

Screening Pancreatic Endocrine Precursor Cells

[0127] Certain screening methods described herein relate to methods for identifying at least one differentiation factor that is 
capable of promoting the differentiation of endocrine precursor cells.

[0128] In these differentiation screening methods, cell populations comprising endocrine precursor cells, such as human 
endocrine precursor cells, are obtained. The cell population is then provided with a candidate differentiation factor. At a first time 
point, which is prior to or at approximately the same time as providing the candidate differentiation factor, expression of a 
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marker is determined. Alternatively, expression of the marker can be determined after providing the candidate differentiation 
factor. At a second time point, which is subsequent to the first time point and subsequent to the step of providing the candidate 
differentiation factor to the cell population, expression of the same marker is again determined. Whether the candidate 
differentiation factor is capable of promoting th differentiation of the endocrine precursor cells is determined by comparing 
expression f the marker at the first time point with the expression of the marker at the second time point. If expression of the 
marker at the second time point is increased or decreased as compared to expression of the marker at the first time point, then 
the candidate differentiation factor is capable of promoting the differentiation of endocrine precursor cells.

[0129] Some screening methods described herein utilize cell populations or cell cultures which comprise human endocrine 
precursor cells. For example, the cell population can be a substantially purified population of endocrine precursor cells. 
Alternatively, the cell population can be an enriched population of human endocrine precursor cells, wherein at least about 90%, 
at least about 91 %, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least 
about 97% or greater than at least about 97% of the human cells in the cell population are human endocrine precursor cells. As 
disclosed herein, the cell population may comprise human cells wherein at least about 10%, at least about 15%, at least about 
20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at 
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least 
about 85% or greater than at least about 85% of the human cells are human endocrine precursor cells.

[0130] As disclosed herein, the cell population may include non-human cells such as non-human feeder cells. As disclosed 
herein, the cell population may include human feeder cells. As disclosed herein, at least about 10%, at least about 15%, at least 
about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at 
least about 85%, at least about 90%, at least about 95% or greater than at least about 95% of the human cells, other than said 
feeder cells, are human endocrine precursor cells.

[0131] In the screening methods described herein, the cell population may be contacted or otherwise provided with a candidate 
(test) differentiation factor. The candidate differentiation factor can comprise any molecule that may have the potential to 
promote the differentiation of human endocrine precursor cells. As disclosed herein
, the candidate differentiation factor comprises a molecule that is known to be a differentiation factor for one or more types of 
cells. In alternate disclosures, the candidate differentiation factor comprises a molecule that in not known to promote cell 
differentiation. As disclosed herein, the candidate differentiation factor comprises a molecule that is not known to promote the 
differentiation of human endocrine precursor cells.

[0132] In the screening methods described herein, the candidate differentiation factor may comprise a small molecule. As 
disclosed herein, a small molecule is a molecule having a molecular mass of about 10,000 amu or less.

[0133] In other embodiments described herein, the candidate differentiation factor comprises a polypeptide. The polypeptide 
can be any polypeptide including, but not limited to, a glycoprotein, a lipoprotein, an extracellular matrix protein, a cytokine, a 
chemokine, a peptide hormone, an interleukin or a growth factor. Preferred polypeptides include growth factors.

[0134] In the screening methods described herein, the candidate differentiation factors comprise one or more growth factors 
selected from the group consisting of Amphiregulin, B-lymphocyte stimulator, IL-16, Thymopoietin, TRAIL/Apo-2, Pre B cell 
colony enhancing factor, Endothelial differentiation-related factor 1 (EDF1), Endothelial monocyte activating polypeptide II, 
Macrophage migration inhibitory factor (MIF), Natural killer cell enhancing factor (NKEFA), Bone morphogenetic protein 2, Bone 
morphogenetic protein 8 (osteogeneic protein 2), Bone morphogenic protein 6, Bone morphogenic protein 7, Connective tissue 
growth factor (CTGF), CGI-149 protein (neuroendocrine differentiation factor), Cytokine A3 (macrophage inflammatory protein 
1-alpha), Gliablastoma cell differentiation-related protein (GBDR1), Hepatoma-derived growth factor, Neuromedin U-25 
precursor, Vascular endothelial growth factor (VEGF), Vascular endothelial growth factor B (VEGF-B), T-cell specific RANTES 
precursor, thymic dendritic cell-derived factor 1, Transferrin, lnterleukin-1 (IL 1), lnterleukin-2 (IL 2), lnterleukin-3 (IL 3), 
lnterleukin-4 (IL 4), lnterleukin-5 (IL 5), lnterleukin-6 (IL 6), lnterleukin-7 (IL 7), lnterleukin-8 (IL 8), lnterleukin-9 (IL 9), 
lnterleukin-10 (IL 10), lnterleukin-11 (IL 11), lnterleukin-12 (IL 12), lnterleukin-13 (IL 13), Granulocyte-colony stimulating factor 
(G-CSF), Granulocyte macrophage colony stimulating factor (GM-CSF), Macrophage colony stimulating factor (M-CSF), 
Erythropoietin, Thrombopoietin, Vitamin D3, Epidermal growth factor (EGF), Brain-derived neurotrophic factor, Leukemia 
inhibitory factor, Thyroid hormone, Basic fibroblast growth factor (bFGF), aFGF, FGF-4, FGF-6, FGF-7/Keratinocyte growth 
factor (KGF), Platelet-derived growth factor (PDGF), Platelet-derived growth factor-BB, beta nerve growth factor, activin A, 
Transforming growth factor beta 1 (TGF-ß1), Interferon-, lnterferon-ß, lnterferon-γ, Tumor necrosis factor- a, Tumor necrosis 
factor- ß, Burst promoting activity (BPA), Erythroid promoting activity (EPA), PGE2. insulin growth factor-1 (IGF-1), IGF-II, 
Neutrophin growth factor (NGF), Neutrophin-3, Neutrophin 4/5, Ciliary neurotrophic factor, Glial-derived nexin, Dexamethasone, 
ß-mercaptoethanol, Retinoic acid, Butylated hydroxyanisole, 5-azacytidine, Amphotericin B, Ascorbio acid, Ascrorbate, 
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isobutylxanthine, indomethacin, ß-glycerolphosphate, nicotinamide, DMSO, Thiazolidinediones, TWS119, oxytocin, vasopressin, 
melanocyte-stimulating hormone, corticortropin, lipotropin, thyrotropin, growth hormone, prolactin, luteinizing hormone, human 
chorionic gonadotropin, follicle stimulating hormone, corticotropin-releasing factor, gonadotropin-releasing factor, prolactin­
releasing factor, prolactin-inhibiting factor, growth-hormone releasing factor, somatostatin, thyrotropin-releasing factor, calcitonin 
gene-related peptide, parathyroid hormone, glucagon-like peptide 1, glucose-dependent insulinotropic polypeptide, gastrin, 
secretin, cholecystokinin, motilin, vasoactive intestinal peptide, substance P, pancreatic polypeptide, peptide tyrosine tyrosine, 
neuropeptide tyrosine, insulin, glucagon, placental lactogen, relaxin, angiotensin II, calctriol, atrial natriuretic peptide, and 
melatonin, thyroxine, triiodothyronine, calcitonin, estradiol, estrone, progesterone, testosterone, cortisol, corticosterone, 
aldosterone, epinephrine, norepinepherine, androstiene, calcitriol, collagen, Dexamethasone, ß-mercaptoethanol, Retinoic acid, 
Butylated hydroxyanisole, 5-azacytidine, Amphotericin B, Ascorbic acid, Ascrorbate, isobutylxanthine, indomethacin, ß- 
glycerolphosphate, nicotinamide, DMSO, Thiazolidinediones, and TWS119.

[0135] In the screening methods described herein, the candidate differentiation factor may be provided to the cell population in 
one or more concentrations. As disclosed herein, the candidate differentiation factor may be provided to the cell population so 
that the concentration of the candidate differentiation factor in the medium surrounding the cells ranges from about 0.1 ng/ml to 
about 10 mg/ml. As disclosed herein, the concentration of the candidate differentiation factor in the medium surrounding the 
cells may range from about 1 ng/ml to about 1 mg/ml. It is also disclosed that the concentration of the candidate differentiation 
factor in the medium surrounding the cells ranges from about 10 ng/ml to about 100 pg/ml. It is also disclosed that the 
concentration of the candidate differentiation factor in the medium surrounding the cells ranges from about 100 ng/ml to about 
10 pg/ml. It is also disclosed that the concentration of the candidate differentiation factor in the medium surrounding the cells is 
about 5 ng/ml, about 25 ng/ml, about 50 ng/ml, about 75 ng/ml, about 100 ng/ml, about 125 ng/ml, about 150 ng/ml, about 175 
ng/ml, about 200 ng/ml, about 225 ng/ml, about 250 ng/ml, about 275 ng/ml, about 300 ng/ml, about 325 ng/ml, about 350
ng/ml, about 375 ng/ml, about 400 ng/ml, about 425 ng/ml, about 450 ng/ml, about 475 ng/ml, about 500 ng/ml, about 525
ng/ml, about 550 ng/ml, about 575 ng/ml, about 600 ng/ml, about 625 ng/ml, about 650 ng/ml, about 675 ng/ml, about 700
ng/ml, about 725 ng/ml, about 750 ng/ml, about 775 ng/ml, about 800 ng/ml, about 825 ng/ml, about 850 ng/ml, about 875
ng/ml, about 900 ng/ml, about 925 ng/ml, about 950 ng/ml, about 975 ng/ml, about 1 pg/ml, about 2 pg/ml, about 3 pg/ml, about 
4 pg/ml, about 5 pg/ml, about 6 pg/ml, about Ί pg/ml, about 8 pg/ml, about 9 pg/ml, about 10 pg/ml, about 11 pg/ml, about 12 
pg/ml, about 13 pg/ml, about 14 pg/ml, about 15 pg/ml, about 16 pg/ml, about 17 pg/ml, about 18 pg/ml, about 19 pg/ml, about
20 pg/ml, about 25 pg/ml, about 50 pg/ml, about 75 pg/ml, about 100 pg/ml, about 125 pg/ml, about 150 pg/ml, about 175
pg/ml, about 200 pg/ml, about 250 pg/ml, about 300 pg/ml, about 350 pg/ml, about 400 pg/ml, about 450 pg/ml, about 500
pg/ml, about 550 pg/ml, about 600 pg/ml, about 650 pg/ml, about 700 pg/ml, about 750 pg/ml, about 800 pg/ml, about 850
pg/ml, about 900 pg/ml, about 950 pg/ml, about 1000 pg/ml or greater than about 1000 pg/ml.

[0136] Steps of the screening methods described herein may comprise determining expression of at least one marker at a first 
time point and a second time point. As disclosed herein , the first time point can be prior to or at approximately the same time 
as providing the cell population with the candidate differentiation factor. Alternatively, the first time point is subsequent to 
providing the cell population with the candidate differentiation factor.

[0137] Expression of a plurality of markers is determined at a first time point.

[0138] Some preferred markers for use in the above embodiments include one or more markers selected from the group 
consisting of NGN3, NKX2.2 and PAX4.

[0139] In addition to determining expression of at least one marker at a first time point, the screening methods described herein 
disclose the determining expression of at least one marker at a second time point, which is subsequent to the first time point 
and which is subsequent to providing the cell population with the candidate differentiation factor. It is also disclosed that 
expression of the same marker may be determined at both the first and second time points. It is also disclosed that expression 
of a plurality of markers may be determined at both the first and second time points. In such a disclosure, expression of the 
same plurality of markers is determined at both the first and second time points. As disclosed herein , marker expression is 
determined at a plurality of time points, each of which is subsequent to the first time point, and each of which is subsequent to 
providing the cell population with the candidate differentiation factor. As disclosed herein, marker expression may be 
determined by Q-PCR. As disclosed herein marker expression is determined by immunocytochemistry.

[0140] In the screening methods described herein, the marker having its expression determined at the first and second time 
points is a marker that is associated with the differentiation of endocrine precursor cells to cells which are the precursors of 
terminally differentiated cells which make up pancreatic islet tissues. Such cells can include immature pancreatic islet hormone- 
expressing cells. As disclosed herein, the marker may be indicative of endocrine precursor cells. As disclosed herein, the 
marker may be NGN3, NKX2.2, NKX6.1, PAX4, PDX1, insulin, ghrelin and/or glucagon.
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[0141] In the screening methods described herein, sufficient time may be allowed to pass between providing the cell population 
with the candidate differentiation factor and determining marker expression at the second time point. Sufficient time between 
providing the cell population with the candidate differentiation factor and determining expression of the marker at the second 
time point can be as little as from about 1 hour to as much as about 10 days. As disclosed herein, the expression of at least one 
marker may be determined multiple times subsequent to providing the cell population with the candidate differentiation factor. 
As disclosed herein, sufficient time is at least about 1 hour, at least about 6 hours, at least about 12 hours, at least about 18 
hours, at least about 24 hours, at least about 30 hours, at least about 36 hours, at least about 42 hours, at least about 48 
hours, at least about 54 hours, at least about 60 hours, at least about 66 hours, at least about 72 hours, at least about 78 
hours, at least about 84 hours, at least about 90 hours, at least about 96 hours, at least about 102 hours, at least about 108 
hours, at least about 114 hours, at least about 120 hours, at least about 126 hours, at least about 132 hours, at least about 138
hours, at least about 144 hours, at least about 150 hours, at least about 156 hours, at least about 162 hours, at least about 168
hours, at least about 174 hours, at least about 180 hours, at least about 186 hours, at least about 192 hours, at least about 198
hours, at least about 204 hours, at least about 210 hours, at least about 216 hours, at least about 222 hours, at least about 228
hours, at least about 234 hours, at least about 240 hours, at least about 246 hours, at least about 252 hours, at least about 258
hours, at least about 264 hours, or at least about 270 hours.

[0142] In the methods described herein, it is further determined whether the expression of the marker at the second tim point 
has increased or decreased as compared to the expression of this marker at the first time point. An increase or decrease in the 
expression of the at least one marker indicates that the candidate differentiation factor is capable of promoting the 
differentiation of the endocrine precursor cells. Similarly, if expression of a plurality of markers is determined, it is further 
determined whether the expression of the plurality of markers at the second time point has increased or decreased as 
compared to the expression of this plurality of markers at the first time point. An increase or decrease in marker expression can 
be determined by measuring or otherwise evaluating the amount, level or activity of the marker in the cell population at the first 
and second time points. Such determination can be relative to other markers, for example housekeeping gene expression, or 
absolute. As disclosed herein, wherein marker expression is increased at the second time point as compared with the first time 
point, the amount of increase is at least about 2-fold, at least about 5-fold, at least about 10-fold, at least about 20-fold, at least 
about 30-fold, at least about 40-fold, at least about 50-fold, at least about 60-fold, at least about 70-ibld, at least about 80-fold, 
at least about 90-fold, at least about 100-fold or more than at least about 100-fold. As disclosed herein, the amount of increase 
may be less than 2-fold. Where marker expression is decreased at the second time point as compared with the first time point, 
the amount of decrease is at least about 2-fold, at least about 5-fold, at least about 10-fold, at least about 20-fold, at least about 
30-fold, at least about 40-fold, at least about 50-fold, at least about 60-fold, at least about 70-fold, at least about 80-fold, at least 
about 90-fold, at least about 100-fold or more than at least about 100-fold. It is also disclosed herein that, the amount of 
decrease may be less than 2-fold.

Production of Immature Pancreatic Islet Hormone-Expressinq Cells

[0143] There are also disclosed methods of producing immature pancreatic islet hormone-expressing cells starting from 
hESCs. As described above, immature pancreatic islet hormone-expressing cells can be produced by first differentiating hESCs 
to produce definitive endoderm cells, differentiating the definitive endoderm cells to produce foregut endoderm cells, 
differentiating foregut endoderm to produce FDXI-positive foregut endoderm cells and then further differentiating the PDX1- 
positive foregut endoderm cells to produce endocrine precursor cells. As disclosed herein, the process may be continued by 
allowing the endocrine precursor cells to further differentiate to immature pancreatic islet hormone-expressing cells.

[0144] As disclosed herein, differentiation from endocrine precursor cells to immature pancreatic islet hormone-expressing cells 
proceeds by continuing the incubation of a culture of endocrine precursor cells with a gamma secretase inhibitor for a sufficient 
time that the cells stop substantially expressing NGN3, and start expressing PAX6, and to permit the cells to become competent 
to express at least one pancreatic islet cell hormone. It is also disclosed that the gamma secretase inhibitor may be removed 
about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about Ί days, about 8 days, about 9 days, 
about 10 days or more than about 10 days after the induction of endocrine precursor cells. In a preferred embodiment, the 
gamma secretase inhibitor is N-[N-(3,5-Diflurophonacetyl-L-alanyl)]-S-phenylglycine t-Butyl Ester (DAPT).

[0145] Certain processes for the production of immature pancreatic islet hormone-expressing cells disclosed herein are 
mediated by providing a cell culture or cell population comprising human endocrine precursor cells with one or more factors 
selected from the group consisting of nicotinamide, exendin 4, hepatocyte growth factor (HGF), insulin-like growth factor-1 
(IGF1). As disclosed herein, all four of the above-described factors may be provided together. As disclosed herein, one or more 
of the above-described factors may be provided to the cell culture prior to the differentiation of endocrine precursor cells and 
remain present in the cell culture during the differentiation of at least a portion of the cells in the cell culture to endocrine 
precursor cells. As disclosed herein , one or more of the above-described factors may be provided to the cell culture at or about
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the time of differentiation of a substantial portion of the cells to endocrine precursor cells and remain present in the cell culture 
until at least a substantial portion of the cells have differentiated into immature pancreatic islet hormone-expressing cells. As 
disclosed herein , one or more of the above-described factors may be provided at the start of the differentiation process, for 
example, at the hESC stage, and remain in the cell culture throughout the differentiation to immature pancreatic islet hormone- 
expressing cells.

[0146] In some processes for the production of immature pancreatic islet hormone-expressing cells disclosed herein, 
nicotinamide, nicotinamide-adenine dinucleotide (NAD), or nicotinic acid is provided to the cells so that it is present in the cell 
culture or cell population at concentrations sufficient to promote differentiation of at least a portion of the endocrine precursor 
cells to immature pancreatic islet hormone-expressing cells. As disclosed herein, nicotinamide is present in the cell culture or 
cell population at a concentration of at least about 0.1 mM, at least about 0.5 mM, at least about 1 mM, at least about 2 mM, at 
least about 3 mM, at least about 4 mM, at least about 5 mM, at least about 6 mM, at least about Ί mM, at least about 8 mM, at 
least about 9 mM, at least about 10 mM, at least about 11 mM, at least about 12 mM, at least about 13 mM, at least about 14 
mM, at least about 15 mM, at least about 16 mM, at least about 17 mM, at least about 18 mM, at least about 19 mM, at least 
about 20 mM, at least about 25 mM, at least about 30 mM, at least about 35 mM, at least about 40 mM, at least about 45 mM, 
at least about 50 mM, at least about 55 mM, at least about 60 mM, at least about 65 mM, at least about 70 mM, at least about 
75 mM, at least about 80 mM, at least about 85 mM, at least about 90 mM, at least about 95 mM, at least about 100 mM, at 
least about 250 mM, at least about 500 mM or at least about 1000 mM.

[0147] In other processes for the production of immature pancreatic islet hormone-expressing cells disclosed herein, exendin 4 
is provided to the cells so that it is present in the cell culture or cell population at concentrations sufficient to promote 
differentiation of at least a portion of the endocrine precursor cells to immature pancreatic islet hormone-expressing cells. As 
disclosed herein, exendin 4 may be present in the cell culture or cell population at a concentration of at least about I ng/ml at 
least about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about 20 ng/ml, at least about 25 ng/ml, at least 
about 30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, at least about 
55 ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at least about 80 
ng/ml, at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least about 110
ng/ml, at least about 120 ng/ml, at least about 130 ng/ml, at least about 140 ng/ml, at least about 150 ng/ml, at least about 160
ng/ml, at least about 170 ng/ml, at least about 180 ng/ml, at least about 190 ng/ml, at least about 200 ng/ml, at least about 250
ng/ml, at least about 300 ng/ml, at least about 350 ng/ml, at least about 400 ng/ml, at least about 450 ng/ml, at least about 500
ng/ml, at least about 750 ng/ml, or at least about 1000 ng/ml.

[0148] In still other processes for the production of immature pancreatic islet hormone-expressing cells disclosed herein, HGF 
is provided to the cells so that it is present in the cell culture or cell population at concentrations sufficient to promote 
differentiation of at least a portion of the endocrine precursor cells to immature pancreatic islet hormone-expressing cells. HGF 
may be present in the cell culture or cell population at a concentration of at least about 1 ng/ml at least about 5 ng/ml, at least 
about 10 ng/ml, at least about 15 ng/ml, at least about 20 ng/ml, at least about 25 ng/ml, at least about 30 ng/ml, at least about 
35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, at least about 55 ng/ml, at least about 60 
ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at least about 80 ng/ml, at least about 85 ng/ml, 
at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least about 110 ng/ml, at least about 120 ng/ml, at
least about 130 ng/ml, at least about 140 ng/ml, at least about 150 ng/ml, at least about 160 ng/ml, at least about 170 ng/ml, at
least about 180 ng/ml, at least about 190 ng/ml, at least about 200 ng/ml, at least about 250 ng/ml, at least about 300 ng/ml, at
least about 350 ng/ml, at least about 400 ng/ml, at least about 450 ng/ml, at least about 500 ng/ml, at least about 750 ng/ml, or
at least about 1000 ng/ml.

[0149] In yet other processes for the production of immature pancreatic islet hormone-expressing cells disclosed herein, IGF1 
is provided to the cells so that it is present in the cell culture or cell population at concentrations sufficient to promote 
differentiation of at least a portion of the endocrine precursor cells to immature pancreatic islet hormone-expressing cells. As 
disclosed herein, IGF1 may be present in the cell culture or cell population at a concentration of at least about 1 ng/ml at least 
about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about 20 ng/ml, at least about 25 ng/ml, at least about 
30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, at least about 55 
ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at least about 80 ng/ml, 
at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least about 110 ng/ml, at
least about 120 ng/ml, at least about 130 ng/ml, at least about 140 ng/ml, at least about 150 ng/ml, at least about 160 ng/ml, at
least about 170 ng/ml, at least about 180 ng/ml, at least about 190 ng/ml, at least about 200 ng/ml, at least about 250 ng/ml, at
least about 300 ng/ml, at least about 350 ng/ml, at least about 400 ng/ml, at least about 450 ng/ml, at least about 500 ng/ml, at
least about 750 ng/ml, or at least about 1000 ng/ml.

[0150] In the processes for producing immature pancreatic islet hormone-expressing cells as described herein, one or more of
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nicotinamide, exendin 4, HGF and IGF1 may be provided after one or more previously provided differentiation factors have 
been removed from the cell cultures. As disclosed herein, one or more of nicotinamide, exendin 4, HGF and IGF1 may be 
provided to cell culture or cell population comprising one or more differentiation factors that were previously provided or 
provided at about the same time as one or more of nicotinamide, exendin 4, HGF and IOF 1- As disclosed herein, differentiation 
factors that were previously provided or provided at about the same time as one or more of nicotinamide, exendin 4, HGF and 
IGF1 include, but are not limited to, DAPT, FGF-10, KAAD-cyclopamine, activin A, activin B, BMP4 and/or RA.

[0151] In one process for the production of immature pancreatic islet hormone-expressing cells from endocrine precursor cells, 
a cell culture or a cell population of endocrine precursor cells is provided with 10 mM nicotinamide, 40 ng/ml exendin 4, 25 
ng/ml HGF and 50 ng/ml IGF1. In a preferred process, the cells are differentiated in Dulbecco's Modified Eagle's Medium 
(DMEM).

[0152] In certain processes for producing immature pancreatic islet hormone-expressing cells as described herein, one or more 
of the above-mentioned differentiation factors are removed from the cell culture or cell population subsequent to their addition. 
For example, nicotinamide can be removed within about one day, about two days, about three days, about four days, about five 
days, about six days, about seven days, about eight days, about nine days or about ten days after the addition. It is also 
disclosed that, the differentiation factors may not be removed from the cell culture.

[0153] Cultures of immature pancreatic islet hormone-expressing cells can be produced in medium containing reduced serum 
or no serum. Under certain culture conditions, serum concentrations can range from about 0.05% v/v to about 20% v/v. For 
example, in some differentiation processes, the serum concentration of the medium can be less than about 0.05% (v/v), less 
than about 0.1% (v/v), less than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than about 0.5% 
(v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v), less than about 0.9% (v/v), less than 
about 1 % (v/v), less than about 2% (v/v), less than about 3% (v/v), less than about 4% (v/v), less than about 5% (v/v), less than 
about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than about 9% (v/v), less than about 10% (v/v), less 
than about 15% (v/v) or less than about 20% (v/v). In some processes, immature pancreatic islet hormone-expressing cells are 
grown without serum, without serum replacement and/or without any supplement containing insulin or insulin-like growth factor.

[0154] In still other processes, immature pancreatic islet hormone-expressing cells are grown in the presence of B27. In such 
processes, the concentration of B27 supplement can range from about 0.1% (v/v) to about 20% (v/v) or in concentrations 
greater than about 20% (v/v). In certain processes, the concentration of B27 in the medium is about 0.1% (v/v), about 0.2% 
(v/v), about 0.3% (v/v), about 0.4% (v/v), about 0.5% (v/v), about 0.6% (v/v), about 0.7% (v/v), about 0.8% (v/v), about 0.9% 
(v/v), about 1% (v/v), about 2% (v/v), about 3% (v/v), about 4% (v/v), about 5% (v/v), about 6% (v/v), about 7% (v/v), about 8% 
(v/v), about 9% (v/v), about 10% (v/v), about 15% (v/v) or about 20% (v/v). Alternatively, the concentration of the added B27 
supplement can be measured in terms of multiples of the strength of a commercially available B27 stock solution. For example, 
B27 is available from Invitrogen (Carlsbad, CA) as a 50X stock solution. Addition of a sufficient amount of this stock solution to a 
sufficient volume of growth medium produces a medium supplemented with the desired amount of B27. For example, the 
addition of 10 ml of 50X B27 stock solution to 90 ml of growth medium would produce a growth medium supplemented with 5X 
B27. The concentration of B27 supplement in the medium can be about 0.1X, about 02X, about 0.3X, about 0.4X, about 0.5X, 
about 0.6X, about 0.7X. about 0.8X, about 0.9X, about 1X, about 1.1X, about 1.2X, about 1.3X, about 1.4X, about 1.5X, about 
1,6X, about 1,7X, about 1,8X, about 1,9X, about 2X. about 2.5X, about 3X, about 3.5X, about 4X, about 4.5X. about 5X, about 
6X, about 7X, about 8X, about 9X, about 10X, about 11X, about 12X, about 13X, about 14X, about 15X, about 16X, about 17X, 
about 18X, about 19X, about 20X and greater than about 20X.

Monitoring the Production of Immature Pancreatic Islet Hormone-Expressinq Cells

[0155] The progression of endocrine precursor cells to immature pancreatic islet hormone-expressing cells can be monitored 
by determining the expression of markers characteristic of immature islet hormone-expressing cells, including genetic markers 
and phenotypic markers such as, the expression of islet hormones and the processing of proinsulin into insulin and C peptide. 
In some processes, the expression of certain markers is determined by detecting the presence or absence of the marker. 
Alternatively, the expression of certain markers can be determined by measuring the level at which the marker is present in the 
cells of the cell culture or cell population. In certain processes, the expression of markers characteristic of immature pancreatic 
islet hormone-expressing cells as well as the lack of significant expression of markers characteristic of hESCs, definitive 
endoderm, foregut endoderm, PDX1-positive foregut endoderm, endocrine precursor, extraembryonic endoderm, mesoderm, 
ectoderm, mature pancreatic islet hormone-expressing cells and/or other cell types is determined.

[0156] As described in connection with monitoring the production of other less differentiated cell types of the definitive 
endoderm lineage, qualitative or semi-quantitative techniques, such as blot transfer methods and immunocytochemistry, can be 
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used to measure marker expression. Alternatively, marker expression can be accurately quantitated through the use of 
technique such as Q-PCR. Additionally, it will be appreciated that at the polypeptide level, many of the markers of pancreatic 
islet hormone-expressing cells are secreted proteins. As such, techniques for measuring extracellular marker content, such as 
ELISA, may be utilized.

[0157] As set forth in the Reference Examples below, markers of immature pancreatic islet hormone-expressing cells include, 
but are not limited to, MAFB, SYP, CHGA, NKX2.2, ISL1, PAX6, NEUROD, PDX1, HB9, GHRL, IAPP, INS, GCG, SST, PP, and/or 
connecting peptide (C-peptide). The immature pancreatic islet hormone-expressing cells produced by the processes described 
herein express one or more of the above-listed markers, thereby producing the corresponding gene products. However, it will 
be appreciated that immature pancreatic islet hormone-expressing cells need not express all of the above-described markers. 
For example, pancreatic islet hormone-expressing cells differentiated from hESCs do not co-express INS and GHRL.

[0158] Because pancreatic islet hormone-expressing cells do not substantially express the endocrine precursor cell markers 
NGN3 and PAX4, transition of endocrine precursor cells to immature pancreatic islet hormone-expressing cells can be validated 
by monitoring the decrease in expression of NGN3 and PAX4 while monitoring the increase in expression of one or more of 
MAFB, PAX6, GHRL, IAPP, INS, OCG, NKX6.1, SST, PP, CHGA, SYP and/or C-peptide. In addition to monitoring the increase 
and/or decrease in expression of one or more the above-described markers, in some processes, the expression of genes 
indicative hESCs, definitive endoderm cells, foregut endoderm cells, PDX1-positive foregut endoderm cells and/or endocrine 
precursor cells is also monitored.

[0159] It will be appreciated that MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, CHGA, SYP and/or C-peptide marker 
expression is induced over a range of different levels in immature pancreatic islet hormone-expressing cells depending on the 
differentiation conditions. As such, the expression of MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, CHGA, SYP, 
and/or C-peptide markers in pancreatic islet hormone-expressing cells or cell populations is at least about 2-fold higher to at 
least about 10,000-fold higher than the expression of MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, CHGA, SYP 
and/or C-peptide markers in non-immature pancreatic islet hormone-expressing cells or cell populations, for example 
pluripotent stem cells, definitive endoderm cells, foregut endoderm, PDX1-positive foregut endoderm cells, endocrine precursor 
cells, extraembryonic endoderm cells, mesoderm cells, and/or ectoderm cells. As disclosed herein, the expression of the MAFB, 
PAX6, GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, CHGA, SYP and/or C-peptide markers in immature pancreatic islet hormone- 
expressing cells or cell populations may be at least about 4-fold higher, at least about 6-fold higher, at least about 8-fold higher, 
at least about 10-fold higher, at least about 15-fold higher, at least about 20-fold higher, at least about 40-fold higher, at least 
about 80-fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about 200-fold higher, at least about 
500-fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least about 2500-fold higher, at least about 
5000-fold higher, at least about 7500-fold higher or at least about 10,000-fold, higher than the expression of the MAFB, PAX6, 
GHRL, IAPP, INS, GCG, NKX2.2, SST, PP, CHGA, SYP and/or C-peptide markers in non-immature pancreatic islet hormone- 
expressing cells or cell populations, for example pluripotent stem cells, definitive endoderm cells, foregut endoderm cells, 
PDX1-positive foregut endoderm cells, endocrine precursor cells, extraembryonic endoderm cells, mesoderm cells and/or 
ectoderm cells. As disclosed herein, the expression of the MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX2.2, SST, PP, CHGA, SYP 
and/or C-peptide markers in immature pancreatic islet hormone-expressing cells or cell populations may be infinitely higher 
than the expression of the MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX2.2, SST, PP, CHGA, SYP and/or C-peptide markers in 
non-immature pancreatic islet hormone-expressing cells or cell populations, for example pluripotent stem cells, definitive 
endoderm cells, foregut endoderm cells PDX1-positive foregut endoderm cells, endocrine precursor cells, extraembryonic 
endoderm cells, mesoderm cells and/or ectoderm cells.

[0160] It will also be appreciated that NGN3 and/or PAX4 marker expression decreases over a range of different levels in 
immature pancreatic islet hormone-expressing cells depending on the differentiation conditions. As such,
the expression of NGN3 and/or PAX4 markers in immature pancreatic islet hormone-expressing cells or cell populations is at 
least about 2-fold lower to at least about 10,000-fold lower than the expression of NGN3 and/or PAX4 markers in endocrine 
precursor cells. As disclosed herein , the expression of the NGN3 and/or PAX4 markers in immature pancreatic islet hormone- 
expressing cells or cell populations is at least about 4-fold lower, at least about 6-fold lower, at least about 8-fold lower, at least 
about 10-fold lower, at least about 15-fold lower, at least about 20-fold lower, at least about 40-fold lower, at least about 80-fold 
lower, at least about 100-fold lower, at least about 150-fold lower, at least about 2 lower, at least about 500-fold lower, at least 
about 750-fold lower, at least about 1000-fold lower, at least about 2500-fold lower, at least about 5000-fold lower, at least 
about 7500-fold lower or at least about 10,000-fold lower than the expression of the NGN3 and/or PAX4 markers in endocrine 
precursor cells. As disclosed herein , the NGN3 and/or PAX4 markers are not substantially expressed in immature pancreatic 
islet hormone-expressing cells or cell populations.

[0161] In the processes described herein, the amount of hormone release from cells and/or cell populations can be determined. 
For example, the amount of insulin release, glucagon release, somatostatin release and/or ghrelin release can be monitored.
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As disclosed herein, the amount of insulin secreted in response to glucose (GSIS) may be measured. As disclosed herein, 
secreted breakdown or byproducts produced by the immature pancreatic islet hormone-expressing cells, such as c-peptide and 
islet amyloid protein, can be monitored.

[0162] It will be appreciated that methods of measuring the expression of secreted proteins are well known in the art. For 
example, an antibody against one or more hormones produced by islet cells can be used in ELISA assays.

[0163] As disclosed herein , insulin release by immature pancreatic islet hormone-expressing cells is measured by measuring 
C-peptide release. C-peptide is a cleavage product that is produced in equal molar amounts to insulin during the maturation of 
pro-insulin. Measuring C-peptide is advantageous because its half life is longer than that of insulin. Methods of measuring C- 
peptide release are well known in the art, for example, ELISA using anti-C-peptide monoclonal antibody (Linco Research, St. 
Louis, Missouri). As disclosed herein, immature pancreatic islet hormone-expressing cells produced from hESCs secrete at 
least about 50 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 100 pmol of C-peptide (insulin)/pg of cellular DNA, 
at least about 150 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 200 pmol of C-peptide (insulin)/pg of cellular 
DNA, at least about 250 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 300 pmol of C-peptide (insulin)/pg of 
cellular DNA, at least about 350 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 400 pmol of C-peptide (insulin)/pg 
of cellular DNA, at least about 450 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 500 pmol of C-peptide (insulin)/ 
pg of cellular DNA, at least about 550 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 600 pmol of C-peptide 
(insulin)/pg of cellular DNA, at least about 650 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 700 pmol of C- 
peptide (insulin)/pg of cellular DNA, at least about 750 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 800 pmol of 
C-peptide (insulin)/pg of cellular DNA, at least about 850 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 900 pmol 
of C-peptide (insulin)/pg of cellular DNA, at least about 950 pmol of C-peptide (insulin)/pg of cellular DNA or at least about 1000 
pmol of C-peptide (insulin)/pg of cellular DNA. As disclosed herein, the immature pancreatic islet hormone-expressing cells may 
be cells that secrete a single type of islet cell hormone (for example, the cells secrete only insulin). As disclosed herein
, the insulin may be secreted in response to glucose. As disclosed herein, the immature pancreatic islet hormone-expressing 
cells may be cells that secrete insulin in addition to one or more islet cell hormones, for example, somatostatin, glucagon and/or 
ghrelin.

[0164] As disclosed herein, immature pancreatic islet hormone-expressing cells process less than about 98% of the insulin 
produced by said immature pancreatic islet hormone-expressing cells. As disclosed herein, the immature pancreatic islet 
hormone-expressing cells process less than about 97%, less than about 96%, less than about 95%, less than about 94%, less 
than about 93%, less than about 92%, less than about 91%, less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, or less than about 30% of the insulin produced by said 
immature pancreatic islet hormone-expressing cells.

[0165] As disclosed herein, immature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of glucagon/pg of cellular DNA, at least about 100 pmol of glucagon/pg of cellular DNA, at least about 150 pmol 
of glucagon/pg of cellular DNA, at least about 200 pmol of glucagon/pg of cellular DNA, at least about 250 pmol of glucagon/pg 
of cellular DNA, at least about 300 pmol of glucagon/pg of cellular DNA, at least about 350 pmol of glucagon/pg of cellular DNA, 
at least about 400 pmol of glucagon/pg of cellular DNA, at least about 450 pmol of glucagon/pg of cellular DNA, at least about 
500 pmol of glucagon/pg of cellular DNA, at least about 550 pmol of glucagon/pg of cellular DNA, at least about 600 pmol of 
glucagon/pg of cellular DNA, at least about 650 pmol of glucagon/pg of cellular DNA, at least about 700 pmol of glucagon/pg of 
cellular DNA, at least about 750 pmol of glucagon/pg of cellular DNA, at least about 800 pmol of glucagon/pg of cellular DNA, at 
least about 850 pmol of glucagon/pg of cellular DNA, at least about 900 pmol of glucagon/pg of cellular DNA, at least about 950 
pmol of glucagon/pg of cellular DNA or at least about 1000 pmol of glucagon/pg of cellular DNA.

[0166] As disclosed herein , the immature pancreatic islet hormone-expressing cells may be cells that secrete a single type of 
islet cell hormone (for example, the cells secrete only glucagon). As disclosed herein , the immature pancreatic islet hormone- 
expressing cells may be cells that secrete glucagon in addition to one or more islet cell hormones, for example, ghrelin, 
somatostatin and insulin.

[0167] As disclosed herein, immature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of somatostatin/pg of cellular DNA, at least about 100 pmol of somatostatin/pg of cellular DNA, at least about 150
pmol of somatostatin/pg of cellular DNA, at least about 200 pmol of somatostatin/pg of cellular DNA, at least about 250 pmol of
somatostatin/pg of cellular DNA, at least about 300 pmol of somatostatin/pg of cellular DNA, at least about 350 pmol of
somatostatin/pg of cellular DNA, at least about 400 pmol of somatostatin/pg of cellular DNA, at least about 450 pmol of
somatostatin/pg of cellular DNA, at least about 500 pmol of somatostatin/pg of cellular DNA, at least about 550 pmol of
somatostatin/pg of cellular DNA, at least about 600 pmol of somatostatin/pg of cellular DNA, at least about 650 pmol of
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immature pancreatic islet hormone-expressing cells may be cells that secrete a single type of islet cell hormone (for example, 
the cells secrete only somatostatin). As disclosed herein , the immature pancreatic islet hormone-expressing cells may be cells 
that secrete somatostatin in addition to one or more islet cell hormones, for example, ghrelin, glucagon and insulin.

[0168] As disclosed herein, immature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of ghrelin/pg of cellular DNA, at least about 100 pmol of ghrolin/pg of cellular DNA, at least about 150 pmol of 
ghrelin/pg of cellular DNA, at least about 200 pmol of ghrelin/pg of cellular DNA, at least about 250 pmol of ghrelin/pg of cellular 
DNA, at least about 300 pmol of ghrelin/pg of cellular DNA, at least about 350 pmol of ghrelin/pg of cellular DNA, at least about 
400 pmol of ghrelin/pg of cellular DNA, at least about 450 pmol of ghrelin/pg of cellular DNA, at least about 500 pmol of ghrelin/ 
pg of cellular DNA, at least about 550 pmol of ghrelin/pg of cellular DNA, at least about 600 pmol of ghrelin/pg of cellular DNA, 
at least about 650 pmol of ghrelin/pg of cellular DNA, at least about 700 pmol of ghrelin/pg of cellular DNA, at least about 750 
pmol of ghrelin/pg of cellular DNA, at least about 800 pmol of ghrelin/pg of cellular DNA, at least about 850 pmol of ghrelin/pg of 
cellular DNA, at least about 900 pmol of ghrelin/pg of cellular DNA, at least about 950 pmol of ghrelin/pg of cellular DNA or at 
least about 1000 pmol of ghrelin/pg of cellular DNA. As disclosed herein, the immature pancreatic islet hormone-expressing 
cells may be cells that secrete a single type of islet cell hormone (for example, the cells secrete only ghrelin). As disclosed 
herein , the immature pancreatic islet hormone-expressing cells may be cells that secrete ghrelin in addition to one or more islet 
cell hormones.

Enrichment. Isolation and/or Purification of Immature Pancreatic Islet Hormone-Expressinq Cells

[0169] Immature pancreatic islet hormone-expressing cells produced by any of the above-described processes can be 
enriched, isolated and/or purified by using an affinity tag that is specific for such cells using the methods described in 
connection with the enrichment, isolation and/or purification of endocrine precursor cells. Examples of affinity tags specific for 
immature pancreatic islet hormone-expressing cells are antibodies, ligands or other binding agents that are specific to a marker 
molecule, such as a polypeptide, that is present on the cell surface of immature pancreatic islet hormone-expressing cells but 
which is not substantially present on other cell types that would be found in a cell culture produced by the methods described 
herein. A preferred example of an affinity tag for the enrichment, isolation and/or purification of immature pancreatic islet 
hormone-expressing cells is an antibody against NCAM. Anti-NCAM antibodies are commercially available, for example from 
Abeam (Cambridge, MA). Another example of an affinity tag for the enrichment, isolation and/or purification of immature 
pancreatic islet hormone-expressing is an antibody against synaptophysin (SYP). Anti-synaptophysin antibodies are 
commercially available from Dako (Glostrup, Denmark), In other processes, the NCAM ligand NBP10, or any other NCAM ligand 
now known or discovered in the future can also be used to bind affinity tags. (Ronn, L., 2002). Such molecules include, but are 
not limited to, NBP10 fusions and NBP10 mimetics.

[0170] Additional methods for obtaining enriched, isolated or purified immature pancreatic islet hormone-expressing cell 
cultures or populations can also be used. For example, the reagent, such as an NCAM antibody, is incubated with a cell culture 
containing immature pancreatic islet hormone-expressing cells, wherein the cell culture has been treated to reduce intercellular 
and substrate adhesion. The cells are then washed, centrifuged and resuspended. The cell suspension is then incubated with a 
secondary antibody, such as an FITC-conjugated antibody that is capable of binding to the primary antibody. The cells are then 
washed, centrifuged and resuspended in buffer. The cell suspension is then analyzed and sorted using a fluorescence activated 
cell sorter (FACS). Antibody-bound, fluorescent cells are collected separately from non-bound, non-fluorescent, thereby 
resulting in the isolation of such cell types.

[0171] In the processes described herein, the isolated cell compositions can be further purified by using an alternate affinity­
based method or by additional rounds of sorting using the same or different markers that are specific for immature pancreatic 
islet hormone-expressing cells. For example,
FACS sorting is used to first isolate NCAM-positive immature pancreatic hormone-expressing cells from NCAM negative cells 
from cell populations comprising immature pancreatic hormone-expressing cells. Those skilled in the art will appreciate that 
other conventional marker-based cell sorting methods can be used in the methods described herein, including but not limited to 
differential magnetic bead sorting, or panning. Sorting the NCAM positive cells again using FACS to isolate cells that are NCAM 
positive enriches the cell population for immature pancreatic hormone expressing cells that express markers characteristic of 
this cell type, including SYP, CHGA, NKX2.2, ISL1, PAX6, NEUROD; PDX1, or HB9. FACS sorting may be used to separate cells 
by negatively sorting for a marker that is present on most cells in the cell population other than the immature pancreatic islet 
hormone-expressing cells. An example of such a negative sort is the use of CD133, which is a marker that is not substantially 
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expressed on the surface of immature pancreatic islet hormone-expressing cells in the NCAM positive cell population after the 
first round of enrichment but which is expressed on many other NCAM positive cells in this cell population.

[0172] In some of the processes described herein, immature pancreatic islet hormone-expressing cells are fluorescently 
labeled without the use of an antibody then isolated from non-labeled cells by using a fluorescence activated cell sorter (FACS) 
methods similar to those described for the enrichment, isolation and/or purification of endocrine precursor cells. For example, 
nucleic acids encoding GFP, YFP, luciferase biologically active fragments thereof can be introduced into a pluripotent cell 
downstream of the promoter of a marker useful in the identification of immature pancreatic islet hormone-expressing cells such 
as those described above, for example, SYP, CHGA, NKX2.2, ISL1, PAX6, NEUROD, PDX1, or HB9. Thereby, the expression 
GFP gene product or biologically active fragment thereof is under control of the immature pancreatic islet hormone-expressing 
cell marker. As described in connection with the enrichment, isolation and/or purification of endocrine precursor cells, 
fluorescently marked cells can be differentiated to immature pancreatic islet hormone-expressing cells and separated from 
other cell types, thereby producing an enriched or purified population of immature pancreatic islet hormone-expressing cells.

[0173] It will be appreciated that in addition to the procedures just described, immature pancreatic islet hormone-expressing 
cells may also be isolated by other techniques for cell isolation. Additionally, immature pancreatic islet hormone-expressing cells 
may also be enriched or isolated by methods of serial subculture in growth conditions which promote the selective survival or 
selective expansion of the immature pancreatic islet hormone-expressing cells.

[0174] Using the methods described herein, enriched, isolated and/or purified populations of immature pancreatic islet 
hormone-expressing cells and or tissues can be produced in vitro from pluripotent cell cultures or cell populations, such as stem 
cell cultures or populations, which have undergone sufficient differentiation to produce at least some immature pancreatic islet 
hormone-expressing cells. In a preferred method, the cells are directed to differentiate primarily into immature pancreatic islet 
hormone-expressing cells. Some preferred enrichment, isolation and/or purification methods relate to the in vitro production of 
immature pancreatic islet hormone-expressing cells from human embryonic stem cells.

[0175] Using the methods described herein, cell populations or cell cultures can be enriched in immature pancreatic islet 
hormone-expressing cell content by at least about 2- to about 1000-fold as compared to untreated or less specifically 
differentiated cell populations or cell cultures. Immature pancreatic islet hormone-expressing cells can be enriched by at least 
about 5- to about 500-fold as compared to untreated or less specifically differentiated cell populations or cell cultures. As also 
disclosed herein, immature pancreatic islet hormone-expressing cells can be enriched from at least about 10- to about 200-fold 
as compared to untreated or less specifically differentiated cell populations or cell cultures. As also disclosed herein, immature 
pancreatic islet hormone-expressing cells can be enriched from at least about 20- to about 100-fold as compared to untreated 
or less specifically differentiated cell populations or cell cultures. As also disclosed herein, immature pancreatic islet hormone- 
expressing cells can be enriched from at least about 40- to about 80-fold as compared to untreated or less specifically 
differentiated cell populations or cell cultures. As also disclosed herein, immature pancreatic islet hormone-expressing cells can 
be enriched from at least about 2-to about 20-fold as compared to untreated or less specifically differentiated cell populations or 
cell cultures.

Compositions Comprising Immature Pancreatic Islet Hormone-Expressinq Cells

[0176] There are also disclosed cell compositions, such as cell cultures or cell populations, comprising immature pancreatic 
islet hormone-expressing cells, wherein the immature pancreatic islet hormone-expressing cells are cells, which have been 
derived from human pluripotent cells in vitro, which express one or more pancreatic hormones and which have at least some of 
the functions of human pancreatic islet cells. The immature pancreatic islet hormone-expressing cells may be mammalian cells, 
and such cells may be human cells..

[0177] There are also disclosed compositions, such as cell cultures or cell populations, comprising immature pancreatic islet 
hormone-expressing cells and cells that are less specifically differentiated than immature pancreatic islet hormone-expressing 
cells. Cells that are less specifically differentiated than immature pancreatic islet hormone-expressing cells may comprise less 
than about 90%, less than about 85%, less than about 80%, less than about 75%, less than about 70%, less than about 65%, 
less than about 60%, less than about 55%, less than about 50%, less than about 45%, less than about 40%, less than about 
35%, less than about 30%, less than about 25%, less than about 20%, less than about 1 5%, less than about 12%, less than 
about 10%, less than about 8%, less than about 6%, less than about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1% of the total cells in the culture.

[0178] There are also disclosed compositions, such as cell cultures or cell populations, comprising immature pancreatic islet 
hormone-expressing cells and cells of one or more cell types selected from the group consisting of hESCs, pre-primitive streak 
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cells, mesendoderm cells, definitive endoderm cells, PDXI-negative foregut endoderm cells, PDX1-positive foregut endoderm 
cells (PDX1-positive pancreatic endoderm cells), endocrine precursor cells and mesoderm cells.

[0179] As disclosed herein, hESCs may comprise less than about 25%, less than about 20%, less than about 15%, less than 
about 10%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total 
cells in the culture. It is also disclosed that pre-primitive streak cells may comprise less than about 25%, less than about 20%, 
less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or 
less than about 1 % of the total cells in the culture. As disclosed herein, mesendoderm cells may comprise less than about 25%, 
less than about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, 
less than about 2% or less than about 1% of the total cells in the culture. As disclosed herein, definitive endoderm cells may 
comprise less than about 90%, less than about 85%, less than about 80%, less than about 75%, less than about 70%, less than 
about 65%, less than about 60%, less than about 55%, less than about 50%, less than about 45%, less than about 40%, less 
than about 35%, less than about 30%, less than about 25%, less than about 20%, less than about 15%, less than about 12%, 
less than about 10%, less than about 8%, less than about 6%, less than about 5%, less than about 4%, less than about 3%, less 
than about 2% or less than about 1 % of the total cells in the culture.

[0180] As disclosed herein , PDX1-negative foregut endoderm cells may comprise less than about 90%, less than about 85%, 
less than about 80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 
55%, less than about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than 
about 25%, less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less 
than about 6%, less than about 5%, less than about 4%, less than about 3%; less than about 2% or less than about 1% of the 
total cells in the culture.

[0181] As disclosed herein, PDX1-positive foregut endoderm cells may comprise less than about 90%, less than about 85%, 
less than about 80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 
55%, less than about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than 
about 25%, less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less 
than about 6%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the 
total cells in the culture.

[0182] As disclosed herein, endocrine precursor cells may comprise less than about 90%, less than about 85%, less than about 
80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than 
about 50%, less than about 45%, less than about 40%, less than about 35%, less then about 30%, less than about 25%, less 
than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less 
than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the 
culture. In still other embodiments, mesoderm cells comprise less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than 
about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total cells in the culture.

[0183] There are also disclosed compositions, such as cell cultures or cell populations, produced by the processes described 
herein and which comprise immature pancreatic islet hormone-expressing cells as the majority cell type. It is disclosed that the 
processes described herein may produce cell cultures and/or cell populations comprising at least about 99%, at least about 
98%, at least about 97%, at least about 96%, at least about 95%, at least about 94%, at least about 93%, at least about 92%, at 
least about 91%, at least about 90%, at least about 89%, at least about 88%, at least about 87%, at least about 86%, at least 
about 85%, at least about 84%, at least about 83%, at least about 82%, at least about 81%, at least about 80%, at least about 
79%, at least about 78%, at least about 77%, at least about 76%, at least about 75%, at least about 74%, at least about 73%, at 
least about 72%, at least about 71%, at least about 70%, at least about 69%, at least about 68%, at least about 67%, at least 
about 66%, at least about 65%, at least about 64%, at least about 63%, at least about 62%, at least about 61%, at least about 
60%, at least about 59%, at least about 58%, at least about 57%, at least about 56%, at least about 55%, at least about 54%, at 
least about 53%, at least about 52%, at least about 51% or at least about 50% immature pancreatic islet hormone-expressing 
cells. It is also disclosed that the cells of the cell cultures or cell populations comprise human cells. It is also disclosed that the 
processes described herein may produce cell cultures or cell populations comprising at least about 50%, at least about 45%, at 
least about 40%, at least about 35%, at least about 30%, at least about 25%, at least about 24%, at least about 23%, at least 
about 22%, at least about 21%, at least about 20%, at least about 19%, at least about 18%, at least about 17%, at least about 
16%, at least about 15%, at least about 14%, at least about 13%, at least about 12%, at least about 11%, at least about 10%, at 
least about 9%, at least about 8%, at least about 7%, at least about 6%, at least about 5%, at least about 4%, at least about 3%, 
at least about 2% or at least about 1% immature pancreatic islet hormone-expressing cells. It is also disclosed that the cells of 
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the cell cultures or cell populations may comprise human cells. It is also disclosed that the percentage of immature pancreatic 
islet hormone-expressing cells in the cell cultures or populations is calculated without regard to the feeder cells remaining in the 
culture.

[0184] There are also disclosed compositions, such as cell cultures or cell populations, comprising mixtures of immature 
pancreatic islet hormone-expressing cells and endocrine precursor cells. For example, cell cultures or cell populations 
comprising at least about 5 immature pancreatic islet hormone-expressing cells for about every 95 endocrine precursor cells 
can be produced. As disclosed herein , cell cultures or cell populations comprising at least about 95 immature pancreatic islet 
hormone-expressing cells for about every 5 endocrine precursor cells can be produced. Additionally, cell cultures or cell 
populations comprising other ratios of immature pancreatic islet hormone-expressing cells to endocrine precursor cells are 
contemplated. For example, compositions comprising at least about 1 immature pancreatic islet hormone-expressing cell for 
about every 1,000,000 endocrine precursor cells, at least about 1 immature pancreatic islet hormone-expressing cell for about 
every 100,000 endocrine precursor cells, at least about 1 immature pancreatic islet hormone-expressing cell for about every 
10,000 endocrine precursor cells, at least about 1 immature pancreatic islet hormone-expressing cell for about every 1000 
endocrine precursor cells, at least about 1 immature pancreatic islet hormone-expressing cell for about every 500 endocrine 
precursor cells, at least about 1 immature pancreatic islet hormone-expressing cell for about every 100 endocrine precursor 
cells, at least about 1 immature pancreatic islet hormone-expressing cell for about every 10 endocrine precursor cells, at least 
about 1 immature pancreatic islet hormone-expressing cell for about every 5 endocrine precursor cells, at least about 1 
immature pancreatic islet hormone-expressing cell for about every 4 endocrine precursor cells, at least about 1 immature 
pancreatic islet hormone-expressing cell for about every 2 endocrine precursor cells, at least about 1 immature pancreatic islet 
hormone-expressing cell for about every 1 endocrine precursor cell, at least about 2 immature pancreatic islet hormone- 
expressing cells for about every 1 endocrine precursor cell, at least about 4 immature pancreatic islet hormone-expressing cells 
for about every 1 endocrine precursor cell, at least about 5 immature pancreatic islet hormone-expressing cells for about every 
1 endocrine precursor cell, at least about 10 immature pancreatic islet hormone-expressing cells for about every 1 endocrine 
precursor cell, at least about 20 immature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell, 
at least about 50 immature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell, at least about 
100 immature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell, at least about 1000 
immature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor ceil, at least about 10,000 immature 
pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell, at least about 100,000 immature 
pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell and at least about 1,000,000 immature 
pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell are contemplated.

[0185] It is also disclosed that immature pancreatic islet hormone-expressing cells that are produced may be derived from 
human pluripotent cells, such as human pluripotent stem cells. It is also disclosed in the context of the present disclosure, but 
not part of the invention, that the human pluripotent cells are derived from a morula, the inner cell mass of an embryo or the 
gonadal ridges of an embryo. As described herein, but not part of the invention, the human pluripotent cells are derived from 
the gonadal or germ tissues of a multicellular structure that has developed past the embryonic stage.

[0186] There are also disclosed compositions, such as cell cultures or cell populations, comprising human cells, including 
human immature pancreatic islet hormone-expressing cells, wherein the expression of the MAFB, SYP, CHGA, NKX2.2, ISL1, 
PAX6, NEUROD, PDX1, HB9, GHRL, IAPP, INS GCG, SST, PP, and/or C-peptide marker is greater than the expression of the 
NON3, MAFA, M0X1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 and/or NFM marker in at least about 2% of the human cells. It is 
also disclosed that, the expression of the MAFB, SYP, CHGA, NKX2.2, ISL1, PAX6, NEUROD, PDX1, HB9, GHRL, IAPP INS 
GCG, SST, PP, and/or C-peptide marker may be greater than the expression of the NGN3, MAFA, M0X1, CER, POU5F1, AFP, 
SOX7, SOX1, ZIC1 and/or NFM marker in at least about 5% of the human cells, in at least about 10% of the human cells, in at 
least about 15% of the human cells, in at least about 20% of the human cells, in at least about 25% of the human cells, in at
least about 30% of the human cells, in at least about 35% of the human cells, in at least about 40% of the human cells, in at
least about 45% of the human cells, in at least about 50% of the human cells, in at least about 55% of the human cells, in at
least about 60% of the human cells, in at least about 65% of the human cells, in at least about 70% of the human cells, in at
least about 75% of the human cells, in at least about 80% of the human cells, in at least about 85% of the human cells, in at
least about 90% of the human cells, in at least about 95% of the human cells or in at least about 98% of the human cells. As 
disclosed herein , the percentage of human cells in the cell cultures or populations, wherein the expression of MAFB, SYP, 
CHGA, NKX2.2, ISL1, PAX6, NEUROD, PDX1, HB9, GHRL, IAPP, INS GCG, SST, PP, and/or C-peptide is greater than the 
expression of the NGN3, MAFA, M0X1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 and/or NFM marker, is calculated without 
regard to feeder cells.

[0187] There are also disclosed compositions, such as cell cultures or cell populations, comprising mammalian cells 
differentiated from definitive endoderm in vitro, such as human cells differentiated from definitive endoderm in vitro, wherein the 
expression of the MAFB, SYP, CHGA, NKX2.2, ISL1, PAX6, NEUROD, PDX1, HB9.GHRL, IAPP, INS GCG, SST, PP, and/or C- 
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peptide is greater than the expression of the NGN3, MAFA, M0X1, CER, POU5F1, AFP, S0X7, S0X1, ZIC1 and/or NFM 
marker in at least about 2% of the cells differentiated from definitive endoderm in vitro. It is also disclosed that the expression of 
the MAFB, PAX6, GHRL, IAPP, INS, GCG, NKX2.2, SST, PP, CHGA, and/or C-peptide may be greater than the expression of the 
NGN3, MAFA, M0X1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 and/or NFM marker in at least about 5% of the cells 
differentiated from definitive endoderm in vitro, in at least about 10% of the cells differentiated from definitive endoderm in vitro, 
in at least about 15% of the cells differentiated from definitive endoderm in vitro, in at least about 20% of the cells differentiated 
from definitive endoderm in vitro, in at least about 25% of the cells differentiated from definitive endoderm in vitro, in at least 
about 30% of the cells differentiated from definitive endoderm in vitro, in at least about 35% of the cells differentiated from 
definitive endoderm in vitro, in at least about 40% of the cells differentiated from definitive endoderm in vitro, in at least about 
45% of the cells differentiated from definitive endoderm in vitro, in at least about 50% of the cells differentiated from definitive 
endoderm in vitro, in at least about 55% of the cells differentiated from definitive endoderm in vitro, in at least about 60% of the 
cells differentiated from definitive endoderm in vitro, in at least about 65% of the cells differentiated from definitive endoderm in 
vitro, in at least about 70% of the cells differentiated from definitive endoderm in vitro, in at least about 75% of the cells 
differentiated from definitive endoderm in vitro, in at least about 80% of the cells differentiated from definitive endoderm in vitro, 
in at least about 85% of the cells differentiated from definitive endoderm in vitro, in at least about 90% of the cells differentiated 
from definitive endoderm in vitro, in at least about 95% of the cells differentiated from definitive endoderm in vitro or in at least 
about 98% of the cells differentiated from definitive endoderm in vitro.

[0188] It is also disclosed that cell cultures and/or cell populations of immature pancreatic islet hormone-expressing cells may 
comprise human immature pancreatic islet hormone-expressing cells, that are non-recombinant cells. As disclosed herein , the 
cell cultures and/or cell populations are devoid of or substantially free of recombinant human immature pancreatic islet 
hormone-expressing cells.

[0189] It is also disclosed that cell cultures and/or cell populations comprising immature pancreatic islet hormone-expressing 
cells also include a medium which comprises one or more factors selected from nicotinamide, exendin 4, HGF and/or IGF 1. It is 
also disclosed that the nicotinamide concentration is at least about 10 mM, the exendin 4 concentration may be at least about 
40 ng/ml, the HGF concentration is at least about 25 ng/ml and the IGF1 concentration is at least about 50 ng/ml. It is also 
disclosed that the medium may be DMEM.

[0190] There are also disclosed cell cultures and/or cell populations comprising immature pancreatic islet hormone-expressing 
cells which also include a medium which comprises one or more secreted hormones selected from ghrelin, insulin, somatostatin 
and/or glucagon. It is disclosed that the medium may comprise C-peptide.

[0191] The concentration of one or mote secreted hormones or C-peptide in the medium may range from at least about 1 pmol 
of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA to at least about 1000 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA. It is also disclosed that the concentration of one or more secreted 
hormones or C-peptide in the medium may be at least about 1 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg 
of cellular DNA, at least about 10 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 
25 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 50 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 75 pmol of ghrelin, insulin, somatostatin, glucagon or C- 
peptide/pg of cellular DNA, at least about 100 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 
at least about 150 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 200 pmol of 
ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 250 pmol of ghrelin, insulin, somatostatin, glucagon or 
C-peptide/pg of cellular DNA, at least about 300 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 
at least about 350 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 400 pmol of 
ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 450 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA, at least about 500 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of 
cellular DNA, at least about 550 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 
600 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 650 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA, at least about 700 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of 
cellular DNA, at least about 750 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA. at least about 
800 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 850 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 900 pmol of ghrelin, insulin, somatostatin, glucagon or C- 
peptide/pg of cellular DNA, at least about 950 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA or 
at least about 1000 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA.

[0192] In the cell cultures and/or cell populations described herein, the immature pancreatic islet hormone-expressing cells may 
secrete more than one pancreatic hormone. In the cell cultures and/or cell populations described herein, the immature 
pancreatic islet hormone-expressing cells may secrete a single pancreatic hormone. In preferred embodiments, the hormone is
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insulin.
As disclosed herein , the pancreatic islet insulin-expressing cells may be responsive to glucose. Human pancreatic islet insulin­
expressing cells differentiated in vitro may secrete insulin in an amount similar to or greater than the amount of insulin secreted 
by pancreatic beta cells of the human pancreas in vivo.

[0193] Using the processes described herein, compositions comprising immature pancreatic islet hormone-expressing cells 
substantially free of other cell types can be produced. As disclosed herein, the immature pancreatic islet hormone-expressing 
cell populations or cell cultures produced by the methods described herein may be substantially free of cells that significantly 
express the NGN3, MAFA, M0X1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 and/or NFM markers.

[0194] In the immature pancreatic islet hormone-expressing cell populations or cell cultures produced by the methods 
described herein, the expression of one or more markers selected from the group consisting of MAFB, SYP, CHGA, NKX2.2, 
ISL1. PAX6. NEUROD, PDX1, HB9, GHRL, IAPP, INS GCG, SST, PP, and/or C-peptide may be greater than the expression of 
one or more markers selected from the group consisting ofNGN3, MAFA. MOX1, CER, POU5F1, AFP, SOX7, SOX1, ZIC1 
and/or NFM marker

[0195] A description of an immature pancreatic islet hormone-expressing cell based on the expression of markers may be 
MAFB high; PAX6 high; NKX2.2 high; SYP high; PP high; CHGA high; NON3 low, PAX4 low and MAFA low.

Production of Mature Pancreatic Islet Hormone-Expressinq Cells

[0196] Embodiments of the present invention relate to methods of producing mature pancreatic islet hormone-expressing cells 
starting from hESCs. As described above, pancreatic islet hormone-expressing cells can be produced by first differentiating 
hESCs to produce definitive endoderm cells, differentiating the definitive endoderm cells to produce PDX1-positive foregut 
endoderm cells, differentiating the PDX1-positive foregut endoderm cells to produce endocrine precursor cells and then further 
differentiating the endocrine precursor cells to produce immature pancreatic islet hormone-expressing cells. In some 
embodiments, the process is finished by allowing the immature pancreatic islet hormone-expressing cells to further differentiate 
to mature pancreatic islet hormone-expcessing cells.

[0197] In some embodiments of the present invention, differentiation from immature pancreatic islet hormone-expressing cells 
to mature pancreatic islet hormone-expressing cells proceeds by continuing the incubation of a culture of immature pancreatic 
islet hormone-expressing cells with a gamma secretase inhibitor for a sufficient time to permit the cells to become competent to 
express at least one mature pancreatic islet cell hormone. As disclosed herein, the gamma secretase inhibitor may be removed 
about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about Ί days, about 8 days, about 9 days, 
about 10 days or more than about 10 days after the induction of endocrine precursor cells. The gamma secretase inhibitor is N- 
[N-(3,5-Diflurophenacetyl-L-alanyl]-S-phenylglycine t-Butyl Ester (DAPT).

[0198] Certain processes for the production of mature pancreatic islet hormone-expressing cells disclosed herein are mediated 
by providing a cell culture or cell population comprising human endocrine precursor cells and/or immature pancreatic islet 
hormone-expressing cells with one or more factors selected from the group consisting of nicotinamide, exendin 4, hepatocyte 
growth factor (HGF), insulin-like growth fector-1 (IGF1). As diclosed herein, all four of the above-desaribed factors may be 
provided together. One or more of the above-described factors may be provided to the cell culture prior to the differentiation of 
endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells and remain present in the cell culture 
during the differentiation of at least a portion of the cells in the cell culture to mature pancreatic islet hormone-expressing cells. 
One or more of the above-described factors may be provided to the cell culture at or about the time of differentiation of a 
substantial portion of the cells to endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells and 
remain present in the cell culture until at least a substantial portion of the cells have differentiated into mature pancreatic islet 
hormone-expressing cells.

[0199] It is disclosed that one or more of the above-described factors may be provided at the start of the differentiation process, 
for example, at the hESC stage, and remain in the cell culture throughout the differentiation to mature pancreatic islet hormone- 
expressing cells.

[0200] In some processes for the production of mature pancreatic islet hormone-expressing cells disclosed herein, it is 
described that nicotinamide is provided to the cells so that it is present in the cell culture or cell population at concentrations 
sufficient to promote differentiation of at least a portion of the endocrine precursor cells and/or Immature pancreatic islet 
hormone-expressing cells to mature pancreatic islet hormone-expressing cells. It is disclosed that nicotinamide may be present 
in the cell culture or cell population at a concentration of at least about 0.1 mM, at least about 0.5 mM, at least about 1 mM, at
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least about 2 mM, at least about 3 mM, at least about 4 mM, at least about 5 mM, at least about 6 mM, at least about 7 mM, at 
least about 8 mM, at least about 9 mM, at least about 10 mM, at least about 11 mM, at least about 12 mM, at least about 13 
mM, at least about 14 mM, at least about 15 mM, at least about 16 mM, at least about 17 mM, at least about 18 mM, at least 
about 19 mM, at least about 20 mM, at least about 25 mM, at least about 30 mM, at least about 35 mM, at least about 40 mM, 
at least about 45 mM, at least about 50 mM, at least about 55 mM, at least about 60 mM, at least about 65 mM, at least about 
70 mM, at least about 75 mM, at least about 80 mM, at least about 85 mM, at least about 90 mM, at least about 95 mM, at least 
about 100 mM, at least about 250 mM, at least about 500 mM or at least about 1000 mM.

[0201] In other processes for the production of mature pancreatic islet hormone-expressing cells disclosed herein, it is 
described that exendin 4 is provided to the cells so that it is present in the cell culture or cell population at concentrations 
sufficient to promote differentiation of at least a portion of the endocrine precursor cells and/or immature pancreatic islet 
hormone-expressing cells to pancreatic islet hormone-expressing cells.

[0202] Exendin 4 may be present in the cell culture or cell population at a concentration of at least about 1 ng/ml at least about 
5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about'20 ng/ml, at least about 25 ng/ml, at least about 30 
ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, at least about 55 ng/ml, 
at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at least about 80 ng/ml, at 
least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least about 110 ng/ml, at
least about 120 ng/ml, at least about 130 ng/ml, at least about 140 ng/ml, at least about 150 ng/ml, at least about 160 ng/ml, at
least about 170 ng/ml, at least about 180 ng/ml, at least about 190 ng/ml, at least about 200 ng/ml, at least about 250 ng/ml, at
least about 300 ng/ml, at least about 350 ng/ml, at least about 400 ng/ml, at least about 450 ng/ml, at least about 500 ng/ml, at
least about 750 ng/ml, or at least about 1000 ng/ml.

[0203] In still other processes for the production of mature pancreatic islet hormone-expressing cells disclosed herein, it is 
described that HGF is provided to the cells so that it is present in the cell culture or cell population at concentrations sufficient to 
promote differentiation of at least a portion of the endocrine precursor cells and/or immature pancreatic islet hormone- 
expressing cells to pancreatic islet hormone-expressing cells. It is disclosed that HGF may be present in the cell culture or cell 
population at a concentration of at least about 1 ng/ml at least about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at 
least about 20 ng/ml, at least about 25 ng/ml, at least about 30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least 
about 45 ng/ml, at least about 50 ng/ml, at least about 55 ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 
70 ng/ml, at least about 75 ng/ml, at least about 80 ng/ml, at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 
ng/ml, at least about 100 ng/ml, at least about 110 ng/ml, at least about 120 ng/ml, at least about 130 ng/ml, at least about 140
ng/ml, at least about 150 ng/ml, at least about 160 ng/ml, at least about 170 ng/ml, at least about 180 ng/ml, at least about 190
ng/ml, at least about 200 ng/ml, at least about 250 ng/ml, at least about 300 ng/ml, at least about 350 ng/ml, at least about 400
ng/ml, at least about 450 ng/ml, at least about 500 ng/ml, at least about 750 ng/ml, or at least about 1000 ng/ml.

[0204] In yet other processes for the production of mature pancreatic islet hormone-expressing cells disclosed herein, IGF 1 is 
provided to the cells so that it is present in the cell culture or cell population at concentrations sufficient to promote 
differentiation of at least a portion of the endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells to 
pancreatic islet hormone-expressing cells. As disclosed herein, IGF1 may be present in the cell culture or cell population at a 
concentration of at least about 1 ng/ml at least about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about 20 
ng/ml, at least about 25 ng/ml, at least about 30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, 
at least about 50 ng/ml, at least about 55 ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at 
least about 75 ng/ml, at least about 80 ng/ml, at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least 
about 100 ng/ml, at least about 110 ng/ml, at least about 120 ng/ml, at least about 130 ng/ml, at least about 140 ng/ml, at least
about 150 ng/ml, at least about 160 ng/ml, at least about 170 ng/ml, at least about 180 ng/ml, at least about 190 ng/ml, at least
about 200 ng/ml, at least about 250 ng/ml, at least about 300 ng/ml, at least about 350 ng/ml, at least about 400 ng/ml, at least
about 450 ng/ml, at least about 500 ng/ml, at least about 750 ng/ml, or at least about 1000 ng/ml.

[0205] In the processes for producing mature pancreatic islet hormone-expressing cells as described herein, one or more of 
nicotinamide, exendin 4, HGF and IGF1 may be provided after one or more previously provided differentiation factors have 
been removed from the cell cultures. As disclosed herein, one or more of nicotinamide, exendin 4, HGF and IGF1 are provided 
to cell culture or cell population comprising one or more differentiation factors that were previously provided or provided at 
about the same time as one or more of nicotinamide, exendin 4, HGF and IGF1.
As disclosed herein differentiation factors that were previously provided or provided at about the same time as one or more of 
nicotinamide, exendin 4, HGF and IGF1 include, but are not limited to, DAPT, FGF-10, KAAD-cyclopamine activin A, activin B, 
BMP4 and/or RA.

[0206] In one process for the production of mature pancreatic islet hormone-expressing cells from endocrine precursor cells
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and/or immature pancreatic islet hormone-expressing cells, a cell culture or a cell population of endocrine precursor cells and/or 
immature pancreatic islet hormone-expressing cells may be provided with 10mM nicotinamide, 40 ng/ml exendin 4,25 ng/ml 
HGF and 50 ng/ml IGF1. In a preferred process, the cells are differentiated in Dulbecco's Modified Eagle's Medium (DMEM).

[0207] In certain processes for producing mature pancreatic islet hormone-expressing cells as described herein, one or more of 
the above-mentioned differentiation factors are removed from the cell culture or cell population subsequent to their addition. For 
example, nicotinamide can be removed within about one day, about two days, about three days, about four days, about five 
days, about six days, about seven days, about eight days, about nine days or about ten days after the addition. It is also 
disclosed that the differentiation factors are not removed from the cell culture.

[0208] . Cultures of mature pancreatic islet hormone-expressing cells can be produced in medium containing reduced serum or 
no serum. Under certain culture conditions, serum concentrations can range from about 0.05% v/v to about 20% v/v. For 
example, in some differentiation processes, the serum concentration of the medium can be less than about 0.05% (v/v), less 
than about 0.1% (v/v), less than about 0.2% (v/v), less than about 0.3% (v/v), less than about 0.4% (v/v), less than about 0.5% 
(v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v), less than about 0.9% (v/v), less than 
about 1 % (v/v), less than about 2% (v/v), less than about 3% (v/v), less than about 4% (v/v), less than about 5% (v/v), less than 
about 6% (v/v), less than about 7% (v/v), less than about 8% (v/v), less than about 9% (v/v), less than about 10% (v/v), less 
than about 15% (v/v) or less than about 20% (v/v). In some processes, mature pancreatic islet hormone-expressing cells are 
grown without serum, without serum replacement and/or without any supplement containing insulin or insulin-like growth factor.

[0209] In still other processes, mature pancreatic islet hormone-expressing cells are grown in the presence of B27. In such 
processes, the concentration of B27 supplement can range from about 0.1% (v/v) to about 20% (v/v) or in concentrations 
greater than about 20% (v/v). In certain processes, the concentration of B27 in the medium is about 0.1% (v/v), about 0.2% 
(v/v), about 0.3% (v/v), about 0.4% (v/v), about 0.5% (v/v), about 0.6% (v/v), about 0.7% (v/v), about 0.8% (v/v), about 0.9% 
(v/v), about 1% (v/v), about 2% (v/v), about 3% (v/v), about 4% (v/v), about 5% (v/v), about 6% (v/v), about 7% (v/v), about 8% 
(v/v), about 9% (v/v), about 10% (v/v), about 15% (v/v) or about 20% (v/v). Alternatively, the concentration of the added B27 
supplement can be measured in terms of multiples of the strength of a commercially available B27 stock solution. For example, 
B27 is available from Invitrogen (Carlsbad, CA) as a 50X stock solution. Addition of a sufficient amount of this stock solution to a 
sufficient volume of growth medium produces a medium supplemented with the desired amount of B27. For example, the 
addition of 10 ml of 50X B27 stock solution to 90 ml of growth medium would produce a growth medium supplemented with 5X 
B27. The concentration of B27 supplement in the medium can be about 0.1X, about 0.2X, about 0.3X, about 0.4X, about 0.5X, 
about 0.6X, about 0.7X, about 0.8X, about 0.9X, about 1X, about 1.1X, about 1.2X, about 1.3X, about 1.4X, about 1.5X, about 
1,6X, about 1,7X, about 1,8X, about 1 ;9X, about 2X, about 2.5X, about 3X, about 3.5X, about 4X, about 4.5X, about 5X, about 
6X, about 7X, about 8X, about 9X, about 10X, about 11X, about 12X, about 13X, about 14X, about 15X, about 16X, about 17X, 
about 18X, about 19X, about 20X and greater than about 20X.

Monitoring the Production of Mature Pancreatic Islet Hormone-Expressinq Cells

[0210] The progression of endocrine precursor cells and immature pancreatic islet hormone-expressing cells to mature 
pancreatic islet hormone-expressing cells can be monitored by determining the expression of markers characteristic of islet 
hormone-expressing cells. In some processes, the expression of certain markers is determined by detecting the presence or 
absence of the marker. Alternatively, the expression of certain markers can be determined by measuring the level at which the 
marker is present in the cells of the cell culture or cell population. In certain processes, the expression of markers characteristic 
of mature pancreatic islet hormone-expressing cells as well as the lack of significant expression of markers characteristic of 
hESCs, definitive endoderm, PDX1-positive foregut endoderm, endocrine precursor, immature pancreatic islet hormone- 
expressing, extraembryonic endoderm, mesoderm, ectoderm and/or other cell types is determined.

[0211] As described in connection with monitoring the production of other less differentiated cell types of the definitive 
endoderm lineage, qualitative or semi-quantitative techniques, such as blot transfer methods and immunocytochemistry, can be 
used to measure marker expression. Alternatively, marker expression can be accurately quantitated through the use of 
technique such as Q-PCR. Additionally, it will be appreciated that at the polypeptide level, many of the markers of pancreatic 
islet hormone-expressing cells are secreted proteins. As such, techniques for measuring extracellular marker content, such as 
ELISA, may be utilized.

[0212] As set forth in the Reference Examples below, markers of immature pancreatic islet hormone-expressing cells include, 
but are not limited to, ghrelin (GHRL), islet amyloid polypeptide (IAPP), insulin (INS), glucagon (GCG), NKX6 transcription factor 
related, locus 1 (NKX6.1), somatostatin (SOM; SST), pancreatic polypeptide (PP); synaptophysin (SYP), glucokinase, (GCK), 
Chromogranin A (CHGA) and/or connecting peptide (C-peptide). The mature pancreatic islet hormone-expressing cells
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produced by the processes described herein express one or more of the above-listed markers, thereby producing the 
corresponding gene products. However, it will be appreciated that mature pancreatic islet hormone-expressing cells need not 
express all of the above-described markers. For example, pancreatic islet hormone-expressing cells differentiated from hESCs 
do not co-express INS and GHRL. This pattern of gene expression is consistent with the expression of these genes in human 
fetal pancreas.

[0213] Because mature pancreatic islet hormone-expressing cells do not substantially express the endocrine precursor cell 
markers NGN3 and PAX4, transition of endocrine precursor cells to mature pancreatic islet hormone-expressing cells can be 
validated by monitoring the decrease in expression of NGN3 and PAX4 while monitoring the increase in expression of one or 
more of GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and/or C-peptide. In addition to monitoring the increase 
and/or decrease in expression of one or more the above-described markers, in some processes, the expression of genes 
indicative hESCs, definitive endoderm cells, PDX1-positive foregut endoderm cells endocrine precursor cells and/or immature 
pancreatic islet hormone-expressing cells is also monitored.

[0214] It will be appreciated that GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and C-peptide marker expression 
is induced over a range of different levels in mature pancreatic islet hormone-expressing cells depending on the differentiation 
conditions. As such, as described herein, the expression of GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGAand/or 
C-peptide markers in mature pancreatic islet hormone-expressing cells or cell populations may be at least about 2-fold higher to 
at least about 10,000-fold higher than the expression of GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGAand/or C- 
peptide markers in non-pancreatic islet hormone-expressing cells or cell populations, for example pluripotent stem cells, 
definitive endoderm cells, PDX1-positive foregut endoderm cells, endocrine precursor cells, extraembryonic endoderm cells, 
mesoderm cells and/or ectoderm cells. It is described
that the expression of the GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and/or C-peptide markers in mature 
pancreatic islet hormone-expressing cells or cell populations may be at least about 4-fold higher, at least about 6-fold higher, at 
least about 8-fold higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-fold higher, at least about 
40-fold higher, at least about 80-fold higher, at least about 100-fold higher, at least about 150-fold higher, at least about 200- 
fold higher, at least about 500-fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least about 2500- 
fold higher, at least about 5000-fold higher, at least about 7500-fold higher or at least about 10,000-fold higher than the 
expression of the GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and/or C-peptide markers in non-pancreatic islet 
hormone-expressing cells or cell populations, for example pluripotent stem cells, definitive endoderm cells, PDX1-positive 
foregut endoderm cells, endocrine precursor cells, extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells. In 
some embodiments, the expression of the GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and/or C-peptide 
markers in mature pancreatic islet hormone-expressing cells or cell populations is infinitely higher than the expression of the 
GHRL, IAPP, INS, GCG, NKX6.1, SST, PP, SYP, GCK, CHGA and/or C-peptide markers in non-pancreatic islet hormone- 
expressing cells or cell populations, for example pluripotent stem cells, definitive endoderm cells, PDX1-positive foregut 
endoderm cells, endocrine precursor cells, extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells.

[0215] It will also be appreciated that the MAFA marker expression increases, for example, in cells that co-express INS, over a 
range of different levels in mature pancreatic islet hormone-expressing cells. Depending on the differentiation conditions, MAFA 
marker expression is induced over a range of different levels in mature pancreatic islet hormone-expressing cells. As such, as 
described herein, the expression of the MAFA marker in mature pancreatic islet hormone-expressing cells or cell populations 
may be at least about 2-fold higher to at least about 10,000-fold higher than the expression of MAFA marker expression in 
immature pancreatic islet hormone-expressing cells or in non-pancreatic islet hormone-expressing cell populations, for example 
pluripotent stem cells, definitive endoderm cells, PDX1-positive foregut endoderm cells, endocrine precursor cells, 
extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells. As disclosed herein, the expression of the MAFA 
marker in mature pancreatic islet hormone-expressing cells or cell populations is at least about 4-fold higher, at least about 6- 
fold higher, at least about 8-fold higher, at least about 10-fold higher, at least about 15-fold higher, at least about 20-fold higher, 
at least about 40-fold higher, at least about 80-fold higher, at least about 100-fold higher, at least about 150-fold higher, at least 
about 200-fold higher, at least about 500-fold higher, at least about 750-fold higher, at least about 1000-fold higher, at least 
about 2500-fold higher, at least about 5000-fold higher, at least about 7500-fold higher or at least about 10,000-fold higher than 
the xpression of th MAFA markers in immature pancreatic islet hormone-expressing cells or non-pancreatic islet hormone- 
expressing cells, for example pluripotent stem cells, definitiv endoderm cells, PDX1-positive foregut endoderm cells, endocrine 
precursor cells, extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells. As disclosed herein, the expression of 
the MAFA marker in mature pancreatic islet hormone-expressing cells or cell populations may be infinitely higher than the 
expression of the MAFA marker in immature pancreatic islet hormone-expressing cells or in other non-pancreatic islet 
hormone-expressing cells, for example pluripotent stem cells, definitive endoderm cells, PDX1-positive foregut endoderm cells, 
endocrine precursor cells, extraembryonic endoderm cells, mesoderm cells and/or ectoderm cells.

[0216] It will also be appreciated that NGN3 and/or PAX4 marker expression decreases over a range of different levels in
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mature pancreatic islet hormone-expressing cells depending on the differentiation conditions. As such, as described herein, the 
expression of NGN3 and/or PAX4 markers in mature pancreatic islet hormone-expressing cells or cell populations may be at 
least about 2-fold lower to at least about 10,000-fold lower than the expression of NGN3 and/or PAX4 markers in endocrine 
precursor cells. In other embodiments, the expression of the NGN3 and/or PAX4 markers in mature pancreatic islet hormone- 
expressing cells or cell populations is at least about 4-fold lower, at least about 6-fold lower, at least about 8-fold lower, at least 
about 10-fold lower, at least about 15-fold lower, at least about 20-fold lower, at least about 40-fold lower, at least about 80-fold 
lower, at least about 10O-fold lower, at least about 150-fold lower, at least about 200-fold lower, at least about 500-fold lower, at 
least about 750-fold lower, at least about 1000-fold lower, at least about 2500-fold lower, at least about 5000-fold lower, at least 
about 7500-fold lower or at least about 10,000-fold lower than the expression of the NGN3 and/or PAX4 markers in endocrine 
precursor cells. As disclosed herein, the NGN3 and/or PAX4 markers are not substantially expressed in mature pancreatic islet 
expressing cells or cell populations.

[0217] In some processes described herein, the amount of hormone release from cells and/or cell populations can be 
determined. For example, the amount of insulin release, glucagon release, somatostatin release and/or ghrelin release can be 
monitored. As disclosed herein, the amount of insulin secreted in response to glucose (GSIS) may be measured. It is also 
disclosed that secreted breakdown or byproducts produced by the mature pancreatic islet hormone-expressing cells, such as c- 
peptide and islet amyloid protein, can be monitored.

[0218] It will be appreciated that methods of measuring the expression of secreted proteins are well known in the art. For 
example, an antibody against one or more hormones produced by islet cells can be used in ELISA assays.

[0219] It is also disclosed that insulin release by mature pancreatic islet honnone-expressing cells may be measured by 
measuring C-peptide release. C-peptide is a cleavage product that is produced in equal molar amounts to insulin during the 
maturation of pro-insulin. Measuring C-peptide is advantageous because its half life is longer than that of insulin. Methods of 
measuring C-peptide release are well known in the art, for example, ELISA using anti-C-peptide monoclonal antibody (Linco 
Research, St. Louis, Missouri). It is also disclosed that mature pancreatic islet hormone-expressing cells produced from hESCs 
may secrete at least about 50 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 100 pmol of C-peptide (insulin)/pg of 
cellular DNA, at least about 150 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 200 pmol of C-peptide (insulin)pg 
of cellular DNA, at least about 250 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 300 pmol of C-peptide (insulin)/ 
pg of cellular DNA, at least about 350 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 400 pmol of C-peptide 
(insulin)/pg of cellular DNA, at least about 450 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 500 pmol of C- 
peptide (insulin)/pg of cellular DNA, at least about 550 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 600 pmol of 
C-peptide (insulin)/pg of cellular DNA, at least about 650 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 700 pmol 
of C-peptide (insulin)/pg of cellular DNA, at least about 750 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 800 
pmol of C-peptide (insulin)pg of cellular DNA, at least about 850 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 
900 pmol of C-peptide (insulin)/pg of cellular DNA, at least about 950 pmol of C-peptide (insulin)/pg of cellular DNA or at least 
about 1000 pmol of C-peptide (insulin)/pg of cellular DNA. It is also disclosed that the mature pancreatic islet hormone- 
expressing cells are cells that may secrete a single type of islet cell hormone (for example, the cells secrete only insulin). As 
also disclosed herein, the insulin is secreted in response to glucose. It is disclosed that the mature pancreatic islet hormone- 
expressing cells may be cells that secrete insuling in addition to one or more islet cell hormones, for example, somatostatin, 
glucagon and/or ghrelin.

[0220] As disclosed herein, mature pancreatic islet hormone-expressing cells process greater than about 80% of the insulin 
produced by said mature pancreatic islet hormone-expressing cells. As disclosed herein, mature pancreatic islet hormone- 
expressing cells may process greater than about 85%, greater than about 90%, greater than about 91%, greater than about 
92%, greater than about 93%, greater than about 94%, greater than about 95%, greater than about 96%, greater than about 
97%, greater than about 98% or greater than about 99% of the insulin produced by said mature pancreatic islet hormone- 
expressing cells.

[0221] It is also disclosed that mature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of glucagon/pg of cellular DNA, at least about 100 pmol of glucagon/pg of cellular DNA, at least about 150 pmol 
of glucagon/pg of cellular DNA, at least about 200 pmol of glucagon/pg of cellular DNA, at least about 250 pmol of glucagon/pg 
of cellular DNA, at least about 300 pmol of glucagon/pg of cellular DNA, at least about 350 pmol of glucagon/pg of cellular DNA, 
at least about 400 pmol of glucagon/pg of cellular DNA, at least about 450 pmol of glucagon/pg of cellular DNA, at least about 
500 pmol of glucagon/pg of cellular DNA, at least about 550 pmol of glucagon/pg of cellular DNA, at least about 600 pmol of 
glucagon/pg of cellular DNA, at least about 650 pmol of glucagon/pg of cellular DNA, at least about 700 pmol of glucagon/pg of 
cellular DNA, at least about 750 pmol of glucagon/pg of cellular DNA, at least about 800 pmol of glucagon/pg of cellular DNA, at 
least about 850 pmol of glucagon/pg of cellular DNA, at least about 900 pmol of glucagon/pg of cellular DNA, at least about 950 
pmol of glucagon/pg of cellular DNA or at least about 1000 pmol of glucagon/pg of cellular DNA.
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It is also disclosed that the mature pancreatic islet hormone-expressing cells may be cells that secrete a single type of islet cell 
hormone (for example, the cells secrete only glucagon). As disclosed herein, the mature pancreatic islet hormone-expressing 
cells may be cells that secrete glucagon in addition to one or more islet cell hormones, for example, ghrelin, somatostatin and 
insulin.

[0222] It is also disclosed that the mature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of somatostatin/pg of cellular DNA, at least about 100 pmol of somatostatin/pg of cellular DNA, at least about 150 
pmol of somatostatin/pg of cellular DNA, at least about 200 pmol of somatostatin/pg of cellular DNA, at least about 250 pmol of
somatostatin/pg of cellular DNA, at least about 300 pmol of somatostatin/pg of cellular DNA, at least about 350 pmol of
somatostatin/pg of cellular DNA, at least about 400 pmol of somatostatin/pg of cellular DNA, at least about 450 pmol of
somatostatin/pg of cellular DNA, at least about 500 pmol of somatostatin/pg of cellular DNA, at least about 550 pmol of
somatostatin/pg of cellular DNA, at least about 600 pmol of somatoatatin/pg of cellular DNA, at least about 650 pmol of
somatostatin/pg of cellular DNA, at least about 700 pmol of somatostatin/pg of cellular DNA, at least about 750 pmol of
somatostatin/pg of cellular DNA, at least about 800 pmol of somatostatin/pg of cellular DNA, at least about 850 pmol of
somatostatin/pg of cellular DNA, at least about 900 pmol of somatostatin/pg of cellular DNA, at least about 950 pmol of
somatostatin/pg of cellular DNA or at least about 1000 pmol of somatostatin/pg of cellular DNA. As also disclosed herein, the 
mature pancreatic islet hormone-expressing cells may be cells that secrete a single type of islet cell hormone (for example, the 
cells secrete only somatostatin). The mature pancreatic islet hormone-expressing cells may also be cells that secrete 
somatostatin in addition to one or more islet cell hormones, for example, ghrelin, glucagon and insulin.

[0223] It is also disclosed that mature pancreatic islet hormone-expressing cells produced from hESCs may secrete at least 
about 50 pmol of ghrelin/pg of cellular DNA, at least about 100 pmol of ghrelin/pg of cellular DNA, at least about 150 pmol of 
ghrelin/pg of cellular DNA, at least about 200 pmol of ghrelin/pg of cellular DNA, at least about 250 pmol of ghrelin/pg of cellular 
DNA, at least about 300 pmol of ghrelin/pg of cellular DNA, at least about 350 pmol of ghrelin/pg of cellular DNA, at least about 
400 pmol of ghrelin/pg of cellular DNA, at least about 450 pmol of ghrelin/pg of cellular DNA, at least about 500 pmol of ghrelin/ 
pg of cellular DNA, at least about 550 pmol of ghrelin/pg of cellular DNA, at least about 600 pmol of ghrelin/pg of cellular DNA, 
at least about 650 pmol of ghrelin/pg of cellular DNA, at least about 700 pmol of ghrelin/pg of cellular DNA, at least about 750 
pmol of ghrelin/pg of cellular DNA, at least about 800 pmol of ghrelin/pg of cellular DNA, at least about 850 pmol of ghrelin/pg of 
cellular DNA, at least about 900 pmol of ghrelin/pg of cellular DNA, at least about 950 pmol of ghrelin/pg of cellular DNA or at 
least about 1000 pmol of ghrelin/pg of cellular DNA. The mature pancreatic islet hormone-expressing cells may also be cells 
that secrete a single type of islet cell hormone (for example, the cells secrete only ghrelin). The mature pancreatic islet 
hormone-expressing cells may also be cells that secrete ghrelin in addition to one or more islet cell hormones.

Enrichment. Isolation and/or Purification of Mature Pancreatic Islet Hormone-Expressinq Cells

[0224] Mature pancreatic islet hormone-expressing cells produced by any of the above-described processes can be enriched, 
isolated and/or purified by using an affinity tag that is specific for such cells. Examples of affinity tags specific for mature 
pancreatic islet hormone-expressing cells are antibodies, ligands or other binding agents that are specific to a marker molecule, 
such as a polypeptide, that is present on the cell surface of mature pancreatic islet hormone-expressing cells but which is not 
substantially present on other cell types that would be found in a cell culture produced by the methods described herein. In 
some processes, an antibody which binds to a cell surface antigen on human pancreatic islet cells is used as an affinity tag for 
the enrichment, isolation or purification of mature pancreatic islet hormone-expressing cells produced by in vitro methods, such 
as the methods described herein. Such antibodies are known and commercially available. For example, a monoclonal antibody 
that is highly specific for a cell surface marker on human islet cells is available from USBiological, Swampscott, MA (Catalog 
Number P2999-40). Other examples include the highly specific monoclonal antibodies to glycoproteins located on the 
pancreatic islet cell surface, which have been described by Srikanta, et al., (1987) Endocrinology, 120:2240-2244.

[0225] A preferred example of an affinity tag for mature pancreatic islet hormone-expressing cells, such as those derived in 
vitro from human pluripotent cells, is NCAM. Antibodies against NCAM are commercially available, for example from Abeam 
(Cambridge, MA).

[0226] The skilled artisan will readily appreciate that the processes for making and using antibodies for the enrichment, isolation 
and/or purification of immature pancreatic islet hormone-expressing are also readily adaptable for the enrichment, isolation 
and/or purification of pancreatic islet hormone-expressing cells. For example,
the reagent, such as an NCAM antibody, is incubated with a cell culture containing mature pancreatic islet hormone-expressing 
cells, wherein the cell culture has been treated to reduce intercellular and substrate adhesion. The cells are then washed, 
centrifuged and resuspended. (WE DO NOT USE A SECONDARY ANTIBODY. WE SE ADIRECT FLUORESCENT COJUGATED 
NCAM ANTIBODY. The cell suspension is then incubated with a secondary antibody, such as an FITC-conjugated antibody that 
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is capable of binding to the primary antibody. The cells are then washed, centrifuged and resuspended in buffer. The cell 
suspension is then analyzed and sorted using a fluorescence activated cell sorter (FACS). Antibody-bound, fluorescent cells are 
collected separately from non-bound, non-fluorescent, thereby resulting in the isolation of such cell types.

[0227] In the processes described herein, the isolated cell compositions can be further purified by using an alternate affinity­
based method or by additional rounds of sorting using the same or different markers that are specific for mature pancreatic islet 
hormone-expressing cells. For example, FACS sorting is used to first isolate NCAM-positive mature pancreatic hormone- 
expressing cells from NCAM negative cells from cell populations comprising mature pancreatic hormone-expressing cells. 
Sorting the NCAM positive cells again using FACS to isolate cells that are NCAM positive enriches the cell population for mature 
pancreatic hormone expressing cells that express markers characteristic of this cell type, including NKX6.1, MAFA, ISL1 or 
PAX6. As disclosed herein, FACS sorting is used to separate cells by negatively sorting for a marker that is present on most 
cells in the cell population other than the mature pancreatic islet hormone-expressing cells. An example of such a negative sort 
is the use of CD 133, which is a marker that is not substantially expressed on the surface of mature pancreatic islet hormone- 
expressing cells in the NCAM positive cell population after the first round of enrichment but which is expressed on many other 
NCAM positive cells in this cell population.

[0228] In the processes described herein, mature pancreatic islet hormone-expressing cells are fluorescently labeled without 
the use of an antibody then isolated from non-labeled cells by using a fluorescence activated cell sorter (FACS). As disclosed 
herein, a nucleic acid encoding GFP, YFP or another nucleic acid encoding an expressible fluorescent marker gene, such as 
the gene encoding luciferase, is used to label mature pancreatic islet hormone-expressing cells using the methods described 
above. For example, in some embodiments, at least one copy of a nucleic acid encoding GFP or a biologically active fragment 
thereof is introduced into a pluripotent cell, preferably a human embryonic stem cell, downstream of the NKX6.1 promoter such 
that the expression of the GFP gene product or biologically active fragment thereof is under control of the NKX6.1 promoter. As 
also disclosed herein, the entire coding region of the nucleic acid, which encodes NKX6.1, may be replaced by a nucleic acid 
encoding GFP or a biologically active fragment thereof. As disclosed herein, the nucleic acid encoding GFP or a biologically 
active fragment thereof may be fused in frame with at least a portion of the nucleic acid encoding NKX6.1, thereby generating a 
fusion protein. In such embodiments, the fusion protein retains a fluorescent activity similar to GFP.

[0229] It will be appreciated that promoters other than the NKX6.1 promoter can be used provided that the promoter 
corresponds to a marker that is expressed in pancreatic islet hormone-expressing cells. One exemplary marker is NKX2.2.

[0230] Fluorescently marked cells, such as the above-described pluripotent cells, are differentiated to mature pancreatic islet 
hormone-expressing cells as described previously above. Because mature pancreatic islet hormone-expressing cells express 
the fluorescent marker gene, whereas other cell types do not, pancreatic islet hormone-expressing cells can be separated from 
the other cell types. As disclosed herein, cell suspensions comprising a mixture of fluorescently-labeled mature pancreatic islet 
hormone-expressing cells and unlabeled non-pancreatic islet hormone-expressing cells may be sorted using a FACS. Mature 
pancreatic islet hormone-expressing cells are collected separately from non-fluorescing cells, thereby resulting in the isolation 
of mature pancreatic islet hormone-expressing cells. If desired, the isolated cell compositions can be further purified by 
additional rounds of sorting using the same or different markers that are specific for mature pancreatic islet hormone- 
expressing cells.

[0231] In preferred processes, mature pancreatic islet hormone-expressing cells are enriched, isolated and/or purified from 
other non-pancreatic islet hormone-expressing cells after the cultures are induced to differentiate towards mature pancreatic 
islet hormone-expressing cells.

[0232] In addition to the procedures just described, mature pancreatic islet hormone-expressing cells may also be isolated by 
other techniques for cell isolation. Additionally, mature pancreatic islet hormone-expressing cells may also be enriched or 
isolated by methods of serial subculture in growth conditions which promote the selective survival or selective expansion of the 
pancreatic islet hormone-expressing cells.

[0233] Using the methods described herein, enriched, isolated and/or purified populations of mature pancreatic islet hormone- 
expressing cells and or tissues can be produced in vitro from pluripotent cell cultures or cell populations, such as stem cell 
cultures or populations, which have undergone sufficient differentiation to produce at least some mature pancreatic islet 
hormone-expressing cells. In a preferred method, the cells are directed to differentiate primarily into mature pancreatic islet 
hormone-expressing cells. Some preferred enrichment, isolation and/or purification methods relate to the in vitro production of 
mature pancreatic islet hormone-expressing cells from human embryonic stem cells.

[0234] Using the methods described herein, cell populations or cell cultures can be enriched in mature pancreatic islet 
hormone-expressing cell content by at least about 2-to about 1000-fold as compared to untreated or less specifically 
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differentiated cell populations or cell cultures. As disclosed herein, mature pancreatic islet hormone-expressing cells can be 
enriched by at least about 5- to about 500-fold as compared to untreated or less specifically differentiated cell populations or 
cell cultures.

[0235] Mature pancreatic islet hormone-expressing cells can also be enriched from at least about 10- to about 200-fold as 
compared to untreated or less specifically differentiated cell populations or cell cultures. As also disclosed herein, mature 
pancreatic islet hormone-expressing cells can be enriched from at least about 20- to about 100-fold as compared to untreated 
or less specifically differentiated cell populations or cell cultures. It is also disclosed that mature pancreatic islet hormone- 
expressing cells can be enriched from at least about 40- to about 80-fold as compared to untreated or less specifically 
differentiated cell populations or cell cultures. As disclosed herein, mature pancreatic islet hormone-expressing cells can be 
enriched from at least about 2- to about 20-fold as compared to untreated or less specifically differentiated cell populations or 
cell cultures.

Compositions Comprising Pancreatic Islet Hormone-Expressinq Cells

[0236] There are also disclosed cell compositions, such as cell cultures or cell populations, comprising mature pancreatic islet 
hormone-expressing cells, wherein the mature pancreatic islet hormone-expressing cells are cells, which have been derived 
from human pluripotent cells in vitro, which express one or more pancreatic hormones and which have at least some of the 
functions of human pancreatic islet cells. As disclosed herein, the pancreatic islet hormone-expressing cells are mammalian 
cells, and such cells may be human cells.

[0237] There are also disclosed compositions, such as cell cultures or cell populations, comprising mature pancreatic islet 
hormone-expressing cells and cells that are less specifically differentiated than mature pancreatic islet hormone-expressing 
cells. As disclosed herein, cells that are less specifically differentiated than mature pancreatic islet hormone-expressing cells 
may comprise less than about 90%, less than about 85%, less than about 80%, less than about 75%, less than about 70%, less 
than about 65%, less than about 60%, less than about 55%, less than about 50%, less than about 45%, less than about 40%, 
less than about 35%, less than about 30%, less than about 25%, less than about 20%, less than about 15%, less than about 
12%, less than about 10%, less than about 8%, less than about 6%, less than about 5%, less than about 4%, less than about 
3%, less than about 2% or less than about 1% of the total cells-in the culture.

[0238] There are also disclosed
compositions, such as cell cultures or cell populations, comprising mature pancreatic islet hormone-expressing cells and cells of 
one or more cell types selected from the group consisting of hESCs, pre-primitive streak cells, mesendoderm cells, definitive 
endoderm cells, PDX1-negative foregut endoderm cells, PDX1-positive foregut endoderm cells (PDX1-positive pancreatic 
endoderm cells), endocrine precursor cells and mesoderm cells. hESCs as disclosed herein may comprise less than about 
25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 
3%, less than about 2% or less than about 1 % of the total cells in the culture. As disclosed herein, pre-primitive streak cells may 
comprise less than about 25%, less than
about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1 % of the total cells in the culture As disclosed herein, mesendoderm cells may comprise less than 
about 25%, less than
about 20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less than 
about 2% or less than about 1% of the total cells in the culture. As disclosed herein, definitive endoderm cells may comprise 
less than about 90%, less than about 85%, less than about 80%, less than about 75%, less than about 70%, less than about 
65%, less than about 60%, less than about 55%, less than about 50%, less than about 45%, less than about 40%, less than 
about 35%, less than about 30%, less than about 25%, less than about 20%, less than about 15%, less than about 12%, less 
than about 10%, less than about 8%, less than about 6%, less than about 5%, less than about 4%, less than about 3%, less 
than about 2% or less than about 1 % of the total cells in the culture.

[0239] As disclosed herein, PDX1-negative foregut endoderm cells may comprise less than about 90%, less than about 85%, 
less than about 80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 
55%, less than about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than 
about 25%, less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less 
than about 6%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the 
total cells in the culture.

[0240] As disclosed herein, PDX1-positive foregut endoderm cells may comprise less than about 90%, less than about 85%, 
less than about 80%, less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 
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55%, less than about 50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than 
about 25%, less than about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less 
than about 6%, less than about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the 
total cells in the culture.
As disclosed herein, endocrine precursor cells may comprise less than about 90%, less than about 85%, less than about 80%, 
less than about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 
50%, less than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than 
about 20%, less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than 
about 5%, less than about 4%, less than about 3%, less than about 2% or less than about 1% of the total cells in the culture. As 
disclosed herein, mesoderm cells may comprise less than about 90%, less than about 85%, less than about 80%, less than 
about 75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 50%, less 
than about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than about 20%, 
less than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than about 5%, 
less than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total cells in the culture.

[0241] There are also disclosed compositions, such as cell cultures or cell populations, comprising mature pancreatic islet 
hormone-expressing cells and immature pancreatic islet hormone-expressing cells. As disclosed herein, immature -pancreatic 
islet hormone-expressing cells may comprise less than about 90%, less than about 85%, less than about 80%, less than about 
75%, less than about 70%, less than about 65%, less than about 60%, less than about 55%, less than about 50%, less than 
about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%, less than about 20%, less 
than about 15%, less than about 12%, less than about 10%, less than about 8%, less than about 6%, less than about 5%, less 
than about 4%, less than about 3%, less than about 2% or less than about 1 % of the total cells in the culture.

[0242] There are also disclosed compositions, such as cell cultures or cell populations, produced by the processes described 
herein and which comprise mature pancreatic islet hormone-expressing cells as the majority cell type.
As disclosed herein, the processes described herein produce cell cultures and/or cell populations comprising at least about 
99%, at least about 98%, at least about 97%, at least about 96%, at least about 95%, at least about 94%, at least about 93%, at 
least about 92%, at least about 91%, at least about 90%, at least about 89%, at least about 88%, at least about 87%, at least 
about 86%, at least about 85%, at least about 84%, at least about 83%, at least about 82%, at least about 81%, at least about 
80%, at least about 79%, at least about 78%, at least about 77%, at least about 76%, at least about 75%, at least about 74%, at 
least about 73%, at least about 72%, at least about 71%, at least about 70%, at least about 69%, at least about 68%, at least 
about 67%, at least about 66%, at least about 65%, at least about 64%, at least about 63%, at least about 62%, at least about 
61 %, at least about 60%, at least about 59%, at least about 58%, at least about 57%, at least about 56%, at least about 55%, at 
least about 54%, at least about 53%, at least about 52%, at least about 51% or at least about 50% mature pancreatic islet 
hormone-expressing cells. As disclosed herein, the cells of the cell cultures or cell populations may comprise human cells. As 
also disclosed herein, the processes described herein may produce cell cultures or cell populations comprising at least about 
50%, at least about 45%, at least about 40%, at least about 35%, at least about 30%, at least about 25%, at least about 24%, at 
least about 23%, at least about 22%, at least about 21%, at least about 20%, at least about 19%, at least about 18%, at least 
about 17%, at least about 16%, at least about 15%, at least about 14%, at least about 13%, at least about 12%, at least about 
11 %, at least about 10%, at least about 9%, at least about 8%, at least about 7%, at least about 6%, at least about 5%, at least 
about 4%, at least about 3%, at least about 2% or at least about 1% mature pancreatic islet hormone-expressing cells. As 
disclosed herein, the cells of the cell cultures or cell populations may comprise human cells, As disclosed herein, the 
percentage of mature pancreatic islet hormone-expressing cells in the cell cultures or populations may be calculated without 
regard to the feeder cells remaining in the culture.

[0243] There are also disclosed compositions, such as cell cultures or cell populations, comprising mixtures of mature 
pancreatic islet hormone-expressing cells and endocrine precursor cells and/or immature pancreatic islet hormone-expressing 
cells. For example, cell cultures or cell populations comprising at least about 5 mature pancreatic islet hormone-expressing cells 
for about every 95 endocrine precursor and/or immature pancreatic islet hormone-expressing cells can be produced. In other 
embodiments, cell cultures or cell populations comprising at least about 95 mature pancreatic islet hormone-expressing cells for 
about every 5 endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells can be produced. 
Additionally, cell cultures or cell populations comprising other ratios of mature pancreatic islet hormone-expressing cells to 
endocrine precursor and/or immature pancreatic islet hormone-expressing cells are disclosed. For example, compositions 
comprising at least about 1 mature pancreatic islet hormone-expressing cell for about every 1,000,000 endocrine precursor 
cells and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature pancreatic islet hormone-expressing 
cell for about every 100,000 endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells, at least 
about 1 mature pancreatic islet hormone-expressing cell for about every 10,000 endocrine precursor cells and/or immature 
pancreatic islet hormone-expressing cells, at least about 1 mature pancreatic islet hormone-expressing cell for about every 
1000 endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature pancreatic 
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islet hormone-expressing cell for about every 500 endocrine precursor cells and/or immature pancreatic islet hormone- 
expressing cells, at least about 1 mature pancreatic islet hormone-expressing cell for about every 100 endocrine precursor cells 
and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature pancreatic islet hormone-expressing cell for 
about every 10 endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature 
pancreatic islet hormone-expressing cell for about every 5 endocrine precursor cells and/or immature pancreatic islet hormone- 
expressing cells, at least about 1 mature pancreatic islet hormone-expressing cell for about every 4 endocrine precursor cells 
and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature pancreatic islet hormone-expressing cell for 
about every 2 endocrine precursor cells and/or immature pancreatic islet hormone-expressing cells, at least about 1 mature 
pancreatic islet hormone-expressing cell for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone- 
expressing cell, at least about 2 mature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell 
and/or immature pancreatic islet hormone-expressing cell, at least about 4 mature pancreatic islet hormone-expressing cells for 
about every 1 endocrine precursor cell and/or immature pancreatic islet hormone-expressing cell, at least about 5 mature 
pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone- 
expressing cell, at least about 10 mature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell 
and/or immature pancreatic islet hormone-expressing cell, at least about 20 mature pancreatic islet hormone-expressing cells 
for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone-expressing cell, at least about 50 mature 
pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone- 
expressing cell, at least about 100 mature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell 
and/or immature pancreatic islet hormone-expressing cell, at least about 1000 mature pancreatic islet hormone-expressing 
cells for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone-expressing cell, at least about 10,000 
mature pancreatic islet hormone-expressing cells for about every 1 endocrine precursor cell and/or immature pancreatic islet 
hormone-expressing cell, at least about 100,000 mature pancreatic islet hormone-expressing cells for about every 1 endocrine 
precursor cell and/or immature pancreatic islet hormone-expressing cell and at least about 1,000,000 mature pancreatic islet 
hormone-expressing cells for about every 1 endocrine precursor cell and/or immature pancreatic islet hormone-expressing cell 
are disclosed.

[0244] As also disclosed herein, the mature pancreatic islet hormone-expressing cells produced may be derived from human 
pluripotent cells, such as human pluripotent stem cells. It is also described in the context of the present disclosure, but not pat 
of the invention, that the humanpluripotent cells are derived from a morula, the inner cell mass of an embryo or the gonadal 
ridges of an embryo. It is also described in the context of the present disclosure, but not part of the invention, that the human 
pluripotent cells are derived from the gonadal or germ tissues of a multicellular structure that has developed past the embryonic 
stage.

[0245] There are also disclosed compositions, such as cell cultures or cell populations, comprising human cells, including 
human mature pancreatic islet hormone-expressing cells, wherein the expression of the GHRL, IAPP, INS, GCG, NKX6.1, SS, 
PP, SYP, GCK, CHGA and/or C-peptide marker is greater than the expression of the AFP, SOX7, SOX1, ZIC1 and/or NFM 
marker in at least about 2% of the human cells. As disclosed herein, the expression of the GHRL, IAPP, INS, GCG, NKX6.1, SS, 
PP, SYP, GCK, CHGA and/or C-peptide marker may be greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, 
NGN3 and/or PAX4 marker in at least about 5% of the human cells, in at least about 10% of the human cells, in at least about 
15% of the human cells, in at least about 20% of the human cells, in at least about 25% of the human cells, in at least about
30% of the human cells, in at least about 35% of the human cells, in at least about 40% of the human cells, in at least about
45% of the human cells, in at least about 50% of the human cells, in at least about 55% of the human cells, in at least about
60% of the human cells, in at least about 65% of the human cells, in at least about 70% of the human cells, in at least about
75% of the human cells, in at least about 80% of the human cells, in at least about 85% of the human cells, in at least about
90% of the human cells, in at least about 95% of the human cells or in at least about 98% of the human cells. As disclosed 
herein, the percentage of human cells in the cell cultures or populations, wherein the expression of GHRL, IAPP, INS, GCG, 
NKX6.1, SS, PP, SYP, GCK, CHGA and/or C-peptide may be greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, 
NGN3 and/or PAX4 marker, is calculated without regard to feeder cells.

[0246] There are also disclosed compositions, such as cell cultures or cell populations, comprising mammalian cells 
differentiated from definitive endoderm in vitro, such as human cells differentiated from definitive endoderm in vitro, wherein the 
expression of the GHRL, IAPP, INS, GCG, NKX6.1, SS, PP, SYP, GCK,CHGA and/or C-peptide marker is greater than the 
expression of the AFP, SOX7, SOX1, ZIC1, NFM, NGN3 and/or PAX4 marker in at least about 2% of the cells differentiated from 
definitive endoderm in vitro. As also disclosed herein, the expression of the GHRL, IAPP, INS, GCG, NKX6.1, SS, PP, SYP, 
GCK,CHGA and/or C-peptide marker may be greater than the expression of the AFP, SOX7, SOX1, ZIC1, NFM, NGN3 and/or 
PAX4 marker in at least about 5% of the cells differentiated from definitive endoderm in vitro, in at least about 10% of the cells 
differentiated from definitive endoderm in vitro, in at least about 15% of the cells differentiated from definitive endoderm in vitro, 
in at least about 20% of the cells differentiated from definitive endoderm in vitro, in at least about 25% of the cells differentiated 
from definitive endoderm in vitro, in at least about 30% of the cells differentiated from definitive endoderm in vitro, in at least
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about 35% of the cells differentiated from definitive endoderm in vitro, in at least about 40% of the cells differentiated from 
definitive endoderm in vitro, in at least about 45% of the cells differentiated from definitive endoderm in vitro, in at least about 
50% of the cells differentiated from definitive endoderm in vitro, in at least about 55% of the cells differentiated from definitive 
endoderm in vitro, in at least about 60% of the cells differentiated from definitive endoderm in vitro, in at least about 65% of the 
cells differentiated from definitive endoderm in vitro, in at least about 70% of the cells differentiated from definitive endoderm in 
vitro, in at least about 75% of the cells differentiated from definitive endoderm in vitro, in at least about 80% of the cells 
differentiated from definitive endoderm in vitro, in at least about 85% of the cells differentiated from definitive endoderm in vitro, 
in at least about 90% of the cells differentiated from definitive endoderm in vitro, in at least about 95% of the cells differentiated 
from definitive endoderm in vitro or in at least about 98% of the cells differentiated from definitive endoderm in vitro.

[0247] It is also disclosed herein that cell cultures and/or cell populations of mature pancreatic islet hormone-expressing cells 
may comprise human mature pancreatic islet hormone-expressing cells, that are non-recombinant cells.
The cell cultures and/or cell populations may be devoid of or substantially free of recombinant human mature pancreatic islet 
hormone-expressing cells.

[0248] As disclosed herein, cell cultures and/or cell populations comprising mature pancreatic islet hormone-expressing cells 
may also include a medium which comprises one or more factors selected from nicotinamide, exendin 4, HGF and/or IGF1. As 
also disclosed herein, the nicotinamide concentration may be at least about 10 mM, the exendin 4 concentration is at least 
about 40 ng/ml, the HGF concentration is at least about 25 ng/ml and the IGF1 concentration is at least about 50 ng/ml. The 
medium may be DMEM.

[0249] As disclosed herein, cell cultures and/or cell populations comprising mature pancreatic islet hormone-expressing cells 
may also include a medium which comprises one or more secreted hormones selected from ghrelin, insulin, somatostatin 
and/or glucagon. As disclosed herein, the medium may comprise C-peptide. As also disclosed herein, the concentration of one 
or more secreted hormones or C-peptide in the media may range from at least about 1 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA to at least about 1000 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/ug 
of cellular DNA.

[0250] The concentration of one or more secreted hormones or C-peptide in the medium may also be at least about 1 pmol of 
ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 10 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA, at least about 25 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of 
cellular DNA, at least about 50 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 75 
pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 100 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 150 pmol of ghrelin, insulin, somatostatin, glucagon or C- 
peptide/pg of cellular DNA, at least about 200 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 
250 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 300 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 350 pmol of ghrelin, insulin, somatostatin, glucagon or C- 
peptide/pg of cellular DNA, at least about 400 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, 
at least about 450 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 500 pmol of 
ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 550 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA, at least about 600 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of 
cellular DNA, 650 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 700 pmol of 
ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 750 pmol of ghrelin, insulin, somatostatin, 
glucagon or C-peptide/pg of cellular DNA, at least about 800 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of 
cellular DNA, at least about 850 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 
900 pmol of ghrelin, insulin, somatostatin, glucagon or C-peptide/pg of cellular DNA, at least about 950 pmol of ghrelin, insulin, 
somatostatin, glucagon or C-peptide/pg of cellular DNA or at least about 1000 pmol of ghrelin, insulin, somatostatin, glucagon 
or C-peptide/pg of cellular DNA.

[0251] In some of the cell cultures and/or cell populations described herein, the mature pancreatic islet hormone-expressing 
cells may secrete more than one pancreatic hormone. In other cell cultures and/or cell populations described herein, the mature 
pancreatic islet hormone-expressing cells may secrete a single pancreatic hormone. As disclosed herein, the hormone may be 
insulin.

[0252] The mature pancreatic islet insulin-expressing cells may also be responsive to glucose. As also disclosed herein, human 
mature pancreatic islet insulin-expressing cells differentiated in vitro may secrete insulin in an amount similar to or greater than 
the amount of insulin secreted by pancreatic beta cells of the human pancreas in vivo.

[0253] Using the processes described herein, compositions comprising mature pancreatic islet hormone-expressing cells
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substantially free of other cell types can be produced. As disclosed herein, the mature pancreatic islet hormone-expressing cell 
populations or cell cultures produced by the methods described herein may be substantially free of cells that significantly 
express the AFP, SOX7, SOX1, ZIC1 and/or NFM markers.

[0254] As disclosed herein, a description of a mature pancreatic islet insulin-expressing cell based on the expression of 
markers is NKX6.1 high; NKX2.2 high; INS high; IAPP high; SYP high; GCK high; CHGAhigh; NGN3 low; ΡΑΧ4 low and MAFB 
low. For a mature pancreatic islet glucogon-expressing cell, the description based on marker expression is NKX6.1 high; 
NKX2.2 high; GLC high; SYP high; GCK high; CHGA high; NGN3 low; ΡΑΧ4 low and MAFB high.

Screening Pancreatic Islet Hormone-Expressinq Cells

[0255] Certain screening methods described herein relate to methods for identifying at least one compound that is capable of 
affecting at least one pancreatic function of immature and/or mature pancreatic islet hormone-expressing cells (together 
referred to as pancreatic islet hormone-expressing cells).

[0256] In some of these screening methods, cell populations comprising pancreatic islet hormone-expressing cells that have 
been differentiated from pluripotent cells in vitro, such as human pancreatic islet hormone-expressing cells, are obtained. The 
cell population is then provided with a candidate compound. At a first time point, which is prior to or at approximately the same 
time as providing the candidate compound, the activity of a desired pancreatic function is determined. Alternatively, activity of 
the desired pancreatic function can be determined after providing the candidate compound. At a second time point, which is 
subsequent to the first time point and subsequent to the step of providing the candidate compound to the cell population, 
activity of the desired pancreatic function is again determined. Whether the candidate compound is capable of affecting at least 
one pancreatic function of the pancreatic islet hormone-expressing cells is determined by comparing the activity of the desired 
pancreatic function at the first time point with the activity of the desired pancreatic function at the second time point. If activity of 
the desired pancreatic function at the second time point is increased or decreased as compared to activity of the desired 
pancreatic function at the first time point, then the candidate compound is capable of affecting the activity of a pancreatic 
function of pancreatic islet hormone-expressing cells.

[0257] Some of the screening methods described herein utilize cell populations or cell cultures which comprise human 
pancreatic islet hormone-expressing cells. For example, the cell population can be a substantially purified population of 
pancreatic islet hormone-expressing cells. Alternatively, the cell population can be an enriched population of human pancreatic 
islet hormone-expressing cells, wherein at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least 
about 94%, at least about 95%, at least about 96%, at least about 97% or greater than at least about 97% of the human cells in 
the cell population are human pancreatic islet hormone-expressing cells. As also described herein, the cell population may 
comprise human cells wherein at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 
30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at 
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85% or greater than at least about 
85% of the human cells are human pancreatic islet hormone-expressing cells.
As disclosed herein, teh cell population may include non-human cells such as non-human feeder cells. The cell population may 
also include human feeder cells. It is also disclosed that at least about 10%, at least about 15%, at least about 20%, at least 
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at 
least about 90%, at least about 95% or greater than at least about 95% of the human cells, other than said feeder cells, are 
human pancreatic islet hormone-expressing cells.

[0258] In the screening methods described herein, the cell population may be contacted or otherwise provided with a candidate 
(test) compound. The candidate compound can comprise any molecule that may have the potential to affect the activity of one 
or more pancreatic functions of human pancreatic islet hormone-expressing cells. As also described herein, the candidate 
compound comprises a molecule that is known to be a compound that affects a one or more cellular functions. In alternates, the 
candidate compound comprises a molecule that is not known to effect any cellular function. As also disclosed herein, the 
candidate compound may comprise a molecule that is not known to affect the activity of a pancreatic function of human 
pancreatic islet hormone-expressing cells.

[0259] In some of the screening methods described herein, the candiate compund may comprise a small molecule. As 
disclosed herein, a small molecule may be a molecule having a molecular mass of about 10,000 amu or less.

[0260] As also described herein, the candidate compound may comprise a polypeptide. The polypeptide can be any 
polypeptide including, but not limited to, a glycoprotein, a lipoprotein, an extracellular matrix protein, a cytokine, a chemokine, a
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peptide hormone, an interleukin or a growth factor.

[0261] In some of the screening methods described herein, the candidate compound may be provided to the cell population in 
one or more concentrations. As disclosed herein, the candidate compound is provided to the cell population so that the
concentration of the candidate compound in the medium surrounding the cells ranges from about 0.1 ng/ml to about 10 mg/ml. 
As disclosed herein, the concentration of the candidate compound in the medium surrounding the cells may range from about 1 
ng/ml to about 1 mg/ml. The concentration of the candidate compound in the medium surrounding teh cells may also range 
from about 10 ng/ml to about 100 pg/ml. It is also disclosed that the concentration of the candidate compound in the medium 
surrounding the cells may range from about 100 ng/ml to about 10 pg/ml. It is also disclosed that the concentration of the 
candidate compound in the medium surrounding the cells may be about 5 ng/ml, about 25 ng/ml, about 50 ng/ml, about 75
ng/ml, about 100
ng/ml, about 275
ng/ml, about 450
ng/ml, about 625
ng/ml, about 800

ng/ml, about 125
ng/ml, about 300
ng/ml, about 475
ng/ml, about 650
ng/ml, about 825

ng/ml, about 150
ng/ml, about 325
ng/ml, about 500
ng/ml, about 675
ng/ml, about 850

ng/ml, about 175
ng/ml, about 350
ng/ml, about 525
ng/ml, about 700
ng/ml, about 875

ng/ml, about 200
ng/ml, about 375
ng/ml, about 550
ng/ml, about 725
ng/ml, about 900

ng/ml, about 225
ng/ml, about 400
ng/ml, about 575
ng/ml, about 750
ng/ml, about 925

ng/ml, about 250
ng/ml, about 425
ng/ml, about 600
ng/ml, about 775
ng/ml, about 950

ng/ml, about 975 ng/ml, about 1 pg/ml, about 2 pg/ml, about 3 pg/ml, about 4 pg/ml, about 5 pg/ml, about 6 pg/ml, about 7 
pg/ml, about 8 pg/ml, about 9 pg/ml, about 10 pg/ml, about 11 pg/ml, about 12 pg/ml, about 13 pg/ml, about 14 pg/ml, about 15 
pg/ml, about 16 pg/ml, about 17 pg/ml, about 18 pg/ml, about 19 pg/ml, about 20 pg/ml, about 25 pg/ml, about 50 pg/ml, about
75 pg/ml, about 100 pg/ml, about 125 pg/ml, about 150 pg/ml, about 175 pg/ml, about 200 pg/ml, about 250 pg/ml, about 300 
pg/ml, about 350 pg/ml, about 400 pg/ml, about 450 pg/ml, about 500 pg/ml, about 550 pg/ml, about 600 pg/ml, about 650 
pg/ml, about 700 pg/ml, about 750 pg/ml, about 800 pg/ml, about 850 pg/ml, about 900 pg/ml, about 950 pg/ml, about 1000 
pg/ml or greater than about 1000 pg/ml.

[0262] As also disclosed, steps of the screening methods described herein may comprise determining the activity of a desired 
pancreatic function at a first time point and a second time point. It is also disclosed that the first time point can be prior to or at 
approximately the same time as providing the cell population with the candidate compound. Alternatively, the first time point is 
subsequent to providing the cell population with the candidate compound. As disclosed herein, the activities of several 
pancreatic functions may be determined at a first time point.

[0263] Some preferred pancreatic functions determined in the above described methods include one or more pancreatic 
functions selected from the group consisting of ghrelin secretion, insulin secretion, glucagon secretion and somatostatin 
secretion.

[0264] In addition to determining the activity of a desired pancreatic function at a first time point, some of the screening 
methods described herein contemplate determining the activity of the desired pancreatic function at least one marker at a 
second time point, which is subsequent to the first time point and which is subsequent to providing the cell population with the 
candidate compound. As disclosed herein, the activity of the same desired pancreatic function may be determined at both the 
first and second time points. As also disclosed herein, the activities of a plurality of desired pancreatic functions may be 
determined at both the first and second time points. As also disclosed herein, activities of the same plurality of pancreatic 
functions may be determined at both the first and second time points. As disclosed herein, activities of a plurality of desired 
pancreatic functions may be determined at a plurality of time points, each of which is subsequent to the first time point, and 
each of which is subsequent to providing the cell population with the candidate compound. As disclosed herein, the activity of 
the desired pancreatic function may be determined by Q-PCR. As disclosed herein, the activity of the desired pancreatic 
function may be determined by immunocytochemistry.

[0265] In certain screening methods described herein, the activity of the desired pancreatic function determined at the first and 
second time points is an activity of a pancreatic function, such as hormone secretion. As disclosed herein, the hormone is 
insulin, ghrelin, somatostatin or glucagon.

[0266] In some of the screening methods described herein, sufficient time is allowed to pass between providing the cell 
population with the candidate compound and determining the activity of the desired pancreatic function at the second time 
point. Sufficient time between providing the cell population with the candidate compound and determining the activity of the 
desired pancreatic function at the second time point can be as little as from about 1 hour to as much as about 10 days. As also 
disclosed herein, the activity of the desired pancreatic function may be determined multiple times subsequent to providing the 
cell population with the candidate compound. As disclosed herein, sufficient time may be at least about 1 hour, at least about 6
hours, at least about 12
hours, at least about 42
hours, at least about 72

hours, at least about 18
hours, at least about 48
hours, at least about 78

hours, at least about 24
hours, at least about 54
hours, at least about 84

hours, at least about 30
hours, at least about 60
hours, at least about 90

hours, at least about 36
hours, at least about 66
hours, at least about 96

hours, at least about 102 hours, at least about 108 hours, at least about 114 hours, at least about 120 hours, at least about 126
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hours, at least about 132 hours, at least about 138 hours, at least about 144 hours, at least about 150 hours, at least about 156
hours, at least about 162 hours, at least about 168 hours, at least about 174 hours, at least about 180 hours, at least about 186
hours, at least about 192 hours, at least about 198 hours, at least about 204 hours, at least about 210 hours, at least about 216
hours, at least about 222 hours, at least about 228 hours, at least about 234 hours, at least about 240 hours, at least about 246
hours, at least about 252 hours, at least about 258 hours, at least about 264 hours, or at least about 270 hours.

[0267] In some of the methods described herein, it is further determined whether the activity of the desired pancreatic function 
at the second time point has increased or decreased as compared to the activity of the desired pancreatic function at the first 
time point. An increase or decrease in the activity of the desired pancreatic function indicates that the candidate compound is 
capable of affecting the activity of the desired pancreatic function in the pancreatic islet hormone-expressing cells. Similarly, if 
the activities of a plurality of pancreatic functions are determined, it is further determined whether the activities of the plurality of 
pancreatic functions at the second time point have increased or decreased as compared to the activities of the plurality of 
pancreatic functions at the first time point. As disclosed herein, wherein the activity of the desired pancreatic function is 
increased at the second time point as compared with the first time point, the amount of increase may be at least about 2-fold, at 
least about 5-fold, at least about 10-fold, at least about 20-fold, at least about 30-fold, at least about 40-fold, at least about 50- 
fold, at least about 60-fold, at least about 70-fold, at least about 80-fold, at least about 90-fold, at least about 100-fold or more 
than at least about 100-fold. In some embodiments, the amount of increase is less than 2-fold. Where the activity of the desired 
pancreatic function is decreased at the second time point as compared with the first time point, the amount of decrease may be 
at least about 2-fold, at least about 5-fold, at least about 10-fold, at least about 20-fold, at least about 30-fold, at least about 40- 
fold, at least about 50-fold, at least about 60-fold, at least about 70-fold, at least about 80-fold, at least about 90-fold, at least 
about 100-fold or more than at least about 100-fold. As also disclosed herein, the amount of decrease may also be less than 2- 
fold.

Exemplary Factors for Differentiation of hESCs to Pancreatic Islet Hormone-Expressinq Cells

[0268] Table 1 sets out 8 exemplary combinations of factors that can be used to produce at least some pancreatic islet 
hormone-expressing cells from hESC cultures. It will be appreciated that, among other things, the concentration of each factor 
used in the differentiation process, the timing of addition and/or removal of each factor during the differentiation process, the 
concentration of components in the differentiation medium, such as serum, during the differentiation process will significantly 
affect the proportion of hESCs that will differentiate through the definitive cell lineage and ultimately to pancreatic islet hormone- 
expressing cells.

[0269] The leftmost column of Table 1 provides the example number. The next six columns list the factor that may be used to 
produce or potentially enhance the production of the cell type described in the column heading. For example, Table 1 shows, 
that incubating hESCs (stage 0) with a growth factor of the TGFß superfamily results in the differentiation of the hESCs to 
definitive endoderm to definitive endoderm (stage 1). From Table 1 it can be seen that application of a TGFß superfamily 
growth factor and retinoid at the appropriate times is sufficient to permit the production of at least a detectable amount of 
pancreatic islet hormone producing cells from hESCs.
TABLE 1

Number hESCs Definitive 
Endoderm

Foregut 
Endoderm

Pancreatic 
Endoderm

Endocrine 
Precursor

Hormone 
Expression

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
1 NF TGFß NF Ret NF NF
2 NF TGFß FGF Ret NF NF
3 NF TGFß NF Ret+Hl NF NF
4 NF TGFß+Wnt3a NF Ret NF NF
5 NF TGFß+Wnt3a FGF+HI Ret+HI+FGF NF NF
6 NF TGFß+Wnt3a FGF+HI Ret+HI+FGF GSI NF
7 NF TGFß+Wnt3a FGF+HI Ret+HI+FGF GSI+Ex4 Ex4
8 NF TGFß+Wnt3a FGF+HI Ret+HI+FGF GSI+Ex4 Ex4+HGF+IGF

NF -' No factor
TGFß - Growth factor of the TGFß family, preferably activin A 
FGF - FGF family member, preferably FGF10 and/or FGF7 
HI - Hedgehog pathway inhibitor, preferably KAAD-cyclopamine 
Ret - Retinoid, preferably retinoic acid (RA)
GSI - Gamma secretase inhibitor, preferably DAPT
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Ex4 - Exendin 4
HGF - Hepatocyte growth factor
IGF - Insulin-like growth factor, preferably IGF1

Reagent-cell Complexes

[0270] Aspects of the present disclosure relate to compositions, such as cell cultures and/or cell populations, that comprise 
complexes of one or more endocrine precursor cells or immature pancreatic islet hormone-expressing cells bound to one or 
more reagents (reagent-cell complexes), For example, cell cultures and/or cell populations comprising reagent-cell complexes, 
wherein at least about 5% to at least about 100% of the endocrine precursor cells in culture are in the form of reagent-cell 
complexes, can be produced. As disclosed herein, cell cultures and/or cell populations can be produced which comprise at least 
about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 
35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at 
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 
about 96%, at least about 97%, at least about 98%, at least about 99% or at least about 100% reagent-cell complexes.
As disclosed herein, the reagent cell complexes may comprise one or more endocrine precursor cells bound to one or more 
antibodies that bind to NCAM. It is also disclosed that the reagent cell complexes may comprise one or more endocrine 
precursor cells bound to one or more ligands that bind to NCAM, such as NBP10.

[0271] There are also disclosed cell cultures and/or cell populations comprising reagent-cell complexes, wherein at least about 
5% to at least about 100% of the immature pancreatic islet hormone-expressing cells in culture are in the form of reagent-cell 
complexes. As disclosed herein, cell cultures and/or cell populations can be produced which comprise at least about 5%, at 
least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least 
about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at 
least about 97%, at least about 98%, at least about 99% or at least about 100% reagent-cell complexes. As disclosed herein, 
the reagent cell complexes may comprise one or more immature pancreatic islet hormone-expressing cells bound to one or 
more antibodies that bind to NCAM. As disclosed herein, the reagent cell complexes may comprise one or more immature 
pancreatic islet hormone-expressing cells bound to one or more ligands that bind to NCAM, such as NBP10.

[0272] There are also disclosed cell cultures and/or cell populations comprising from at least about 5% reagent cell complexes 
to at least about 95% reagent-cell complexes. As disclosed herein, the cell cultures or cell populations may comprise 
mammalian cells. As also disclosed herein, the cell cultures or cell populations may comprise human cells. For example, certain 
specific embodiments relate to cell cultures comprising human cells, wherein from at least about 5% to at least about 95% of the 
human cells are endocrine precursor cells in the form of reagent cell complexes. There are also disclosed cell cultures 
comprising human cells, wherein from at least about 5% to at least about 95% of the human cells are immature pancreatic islet 
hormone-expressing cells in the form of reagent cell complexes. There are also disclosed cell cultures comprising human cells, 
wherein at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, 
at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least 
about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90% or greater than 
90% of the human cells are reagent cell complexes. Where the cell cultures or cell populations comprise human feeder cells, 
the above percentages are calculated without respect to the human feeder cells in the cell cultures or cell populations. As 
disclosed herein, the reagent cell complexes may comprise one or more endocrine precursor cells or immature pancreatic islet 
hormone-expressing cells bound to NCAM or SYP.

[0273] As disclosed herein, the expression of NGN3, PAX4, and/or NKX2.2 may be enhanced in the endocrine precursor cells 
present in the reagent-cell complexes that have been described above compared to the expression of AFP, SOX7, SOX1, ZIC1, 
NFM, SYP, SST, GHRL, PAX6, MAFA, INS, CCG, and/or CHGA. As disclosed herein, the endocrine precursor cells expressing 
NGN3, NKX2.2 and/or PAX4 do not express significant levels or amounts of AFP, SOX7, SOX1, ZIC1, NFM, SYP, SST, GHRL, 
PAX6, MAFA, INS, GCG and/or CHGA.

[0274] As disclosed herein, the expression of MAFB may be enhanced in the immature pancreatic islet hormone-expressing 
cells present in the reagent-cell complexes that have been described above compared to the expression of AFP, SOX7, SOX1, 
ZIC1, NFM, NGN3 and/or MAFA. As disclosed herein, the immature pancreatic islet hormone-expressing cells expressing 
MAFB do not express significant levels or amounts of AFP, SOX7, SOX1, ZIC1, NFM, NGN3 and/or MAFA.

[0275] There are also disclosed compositions, such as cell cultures and/or cell populations that comprise both pluripotent cells,
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such as stern cells, and reagent-cell complexes. As disclosed herein, the compositions may also comprise multipotent cells, 
such as definitive endoderm cells, foregut endoderm cells, PDX1-positive pancreatic endoderm cells. For example, using the 
methods described herein, compositions comprising mixtures of hESCs and/or definitive endoderm cells and reagent-cell 
complexes of endocrine precursor cells can be produced. Further, using the methods described herein, compositions 
comprising mixtures of hESCs, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm 
cells, and reagent-cell complexes of endocrine precursor cells and/or reagent-cell complexes of immature pancreatic islet 
hormone-expressing cells can be produced. As disclosed herein, compositions comprising at least about 5 reagent-cell 
complexes for about every 95 pluripotent, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic 
endoderm cells, are provided. It is also disclosed that compositions comprising at least about 95 reagent-cell complexes for 
about every 5 pluripotent cells, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm 
cells are provided. Additionally, compositions comprising other ratios of reagent-cell complexes cells to pluripotent, definitive 
endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells are disclosed. For example, 
compositions comprising at least about 1 reagent-cell complex for about every 1,000,000 pluripotent, definitive endoderm cells, 
foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at least about 1 reagent-cell complex for about every 
100,000 pluripotent, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at 
least about 1 reagent-cell complex cell for about every 10,000 pluripotent, definitive endoderm cells, foregut endoderm cells, 
and/or PDX1-positive pancreatic endoderm cells, at least about 1 reagent-cell complex for about every 1000 pluripotent, 
definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at least about I reagent-cell 
complex for about every 500 pluripotent, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic 
endoderm cells, at least about 1 reagent-cell complex for about every 100 pluripotent, definitive endoderm cells, foregut 
endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at least about 1 reagent-cell complex for about every 10 
pluripotent, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at least about 1 
reagent-cell complex for about every 5 pluripotent, definitive endoderm cells, foregut endoderm cells, and/or PDX1-positive 
pancreatic endoderm cells, at least about 1 reagent-cell complex for about every 2 pluripotent, definitive endoderm cells, 
foregut endoderm cells, and/or PDX1-positive pancreatic endoderm cells, at least about reagent-cell complexes for about every 
1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell, at least about 5 
reagent-cell complexes for about every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1-positive 
pancreatic endoderm cell, at least about 10 definitive endoderm cells for about every 1 pluripotent, definitive endoderm cell, 
foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell, at least about 20 reagent-cell complexes for about 
every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell, at least 
about 50 reagent-cell complexes for about every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1- 
positive pancreatic endoderm cell, at least about reagent-cell complexes for about every 1 pluripotent, definitive endoderm cell, 
foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell, at least about 1000 reagent-cell complexes for about 
every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell, at least 
about 10,000 reagent-cell complexes for about every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or 
PDX1-positive pancreatic endoderm cell, at least about 100,000 reagent-cell complexes for about every 1 pluripotent, definitive 
endoderm cell, foregut endoderm cell, and/or PDX1-positive pancreatic endoderm cell; and at least about 1,000,000 reagent­
cell complexes for about every 1 pluripotent, definitive endoderm cell, foregut endoderm cell, and/or PDX1-positive pancreatic 
endoderm cell are contemplated. It is also disclosed that the pluripotent cells are human pluripotent stem cells. It is also 
described in the context of the present disclosure, but not part of the invention, that stem cells are derived from a morula, the 
inner cell mass of an embryo or the gonadal ridges of an embryo. It is also described in the context of the present disclosure, 
but not part of the invention, that the pluripotent cells are derived from the gonadal or germ tissues of a multicellular structure 
that has developed past the embryonic stage.

Method of Producing Pancreatic Hormone-Expressinq Cells Using Noggin

[0276] Methods for differentiating pancreatic hormone-expressing cells from less differentiated cell types have been described 
above. These methods can be enhanced by the addition of noggin to the differentiation medium at the appropriate stage of 
differentiation. As disclosed herein, noggin can facilitate differentiation of foregut endoderm cells without the addition of 
supplemental retinoid. However, when noggin is used in combination with a retinoid, the production of pancreatic hormone- 
expressing cells is generally increased. Specific protocols which describe the use of noggin in the differentiation of hESC cells to 
pancreatic hormone-expressing cells are described in Reference Examples 18 and 19 below. The following paragraphs provide 
a general description of how noggin can be used in the differentiation process.

[0277] There is also disclosed a method of producing human pancreatic hormone-expressing cells comprising the steps of 
providing a population of pluripotent human embryonic stem cells (hESCs) with at least one growth factor of the TGF-ß 
superfamily to obtain human definitive endoderm cells, providing the population of human definitive endoderm cells with at least 
one fibroblast growth factor to obtain human foregut endoderm cells and then providing the population of human foregut 
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endoderm cells with noggin to obtain human endocrine precursor cells, which are then incubated for a sufficient time to permit 
human pancreatic islet hormone-expressing cells to form. As disclosed herein, a sufficient time for human pancreatic hormone- 
expressing cells to form has been determined by detecting the presence of human pancreatic hormone-expressing cells in the 
cell population. As described above, human pancreatic hormone-expressing cells can be characterized by certain marker 
expression. Accordingly, methods of detecting such marker expression, such as Q-PCR or immunocytochemistry can be used 
to determine the about of time that is sufficient to permit pancreatic hormone-expressing cell formation. As disclosed herein, 
one or more markers selected from the group consisting of pancreatic duodenal homeobox 1 (PDX1), ghrelin (GHRL), islet 
amyloid polypeptide (IAPP), insulin (INS), pancreatic polypeptide (PP), ISL1 transcription factor (ISL1), NKX6 transcription factor 
related locus 1 (NKX6.1), paired box 6 (PAX6), and pancreas specific transcription factor 1a (PTF1a) are detected.

[0278] In some of the above-described method, from at least about 2% to at least about 95% of the human cells in the cell 
population differentiate into human pancreatic hormone-expressing cells. In some methods as disclosed herein, at least about 
2%, at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at 
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least 
about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 
95% or greater than about 95% of the human cells in the cell population differentiate into human pancreatic hormone- 
expressing cells.

[0279] In some of the above-described methods, the differentiating cell population with a gamma secretase inhibitor, such as 
DAPT. As disclosed herein, the gamma secretase inhibitor may be provided to the cell population at about the same time as 
providing noggin or after providing noggin. As disclosed herein, the gamma secretase inhibitor may be provided just prior to 
providing noggin. For example, the gamma secretase inhibitor can be provided from about 3 days prior to about Ί days 
subsequent to the addition of noggin.

[0280] The gamma secretase inhibitor may also be provided about 1 day to about 4 days subsequent to providing noggin to the 
cell culture or cell population.
The gamma secretase inhibitor may also be provided about 3 days subsequent to providing noggin to the cell culture or cell 
population. As disclosed herein, the gamma secretase inhibitor may be provided to the cell population at a concentration 
ranging from about 0.1 μΜ to about 10 pM. As disclosed herein, the gamma secretase inhibitor may be provided to the cell 
population at a concentration of about 1 pM.

[0281] In other of the above-described method, the at least one fibroblast growth factor may be selected from FGF-10, FGF-22 
or FGF-7 (KGF). As disclosed herein, the fibroblast growth factor that is provided may be KGF. KGF may be provided to the cell 
culture at a concentration ranging from about 1 ng/ml to about 1000 ng/ml.

[0282] KGF can be provided to the differentiating cell culture at a concentration of at least about 1 ng/ml, at least about 2 ng/ml, 
at least about 5 ng/ml, at least about 10 ng/ml, at least about 15 ng/ml, at least about 20 ng/ml, at least about 25 ng/ml, at least 
about 30 ng/ml, at least about 35 ng/ml, at least about 40 ng/ml, at least about 45 ng/ml, at least about 50 ng/ml, at least about 
55 ng/ml, at least about 60 ng/ml, at least about 65 ng/ml, at least about 70 ng/ml, at least about 75 ng/ml, at least about 80 
ng/ml, at least about 85 ng/ml, at least about 90 ng/ml, at least about 95 ng/ml, at least about 100 ng/ml, at least about 110
ng/ml, at least about 120 ng/ml, at least about 130 ng/ml, at least about 140 ng/ml, at least about 150 ng/ml, at least about 160
ng/ml, at least about 170 ng/ml, at least about 180 ng/ml, at least about 190 ng/ml, at least about 200 ng/ml, at least about 250
ng/ml, at least about 300 ng/ml, at least about 350 ng/ml, at least about 400 ng/ml, at least about 450 ng/ml, at least about 500
ng/ml, at least about 750 ng/ml, or at least about 1000 ng/ml. In some of the above-described method, the at least one 
fibroblast growth factor may comprise any fibroblast growth factor or a ligand that stimulates or otherwise interacts with the 
fibroblast growth factor 2 receptor I lib (FGFR2(lllb).

[0283] In still other of the above-described method, a hedgehog inhibitor may be provided to the differentiating cell population 
at about the same time as adding the at least one fibroblast growth factor. As disclosed herein, the hedgehog inhibitor may be 
provided just prior to providing the fibroblast growth factor. For example, the hedgehog inhibitor can be provided from about 2 
days prior to about 3 days subsequent to the addition of the fibroblast growth factor. As disclosed herein, the hedgehog inhibitor 
may be provided at about the same time as providing the fibroblast growth factor to the cell culture or cell population.

[0284] The hedgehog inhibitor may be KAAD-cyclopamine.

[0285] As disclosed herein, the hedgehog inhibitor may be provided to the cell culture at a concentration ranging from about 
0.01 pM to about 10 pM. As disclosed herein, the hedgehog inhibitor can be provided at a concentration of at least about 0.01 
pM, at least about 0.02 pM, at least about 0.04 pM, at least about 0.08 pM, at least about 0.1 pM, at least about 0.2 pM, at least 
about 0.3 pM. at least about 0.4 pM, at least about 0.5 pM, at least about 0.6 pM, at least about 0.7 pM, at least about 0.8 pM, 
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at least about 0.9 μΜ, at least about 1 μΜ, at least about 1.1 μΜ, at least about 1.2 μΜ, at least about 1.3 μΜ, at least about 1.4 
μΜ, at least about 1.5 μΜ, at least about 1.6 μΜ, at least about 1.7 μΜ, at least about 1.8 μΜ, at least about 1.9 μΜ, at least 
about 2 μΜ, at least about 2.1 μΜ, at least about 2.2 μΜ, at least about 2.3 μΜ, at least about 2.4 μΜ, at least about 2.5 μΜ, at 
least about 2.6 μΜ, at least about 2.7 μΜ, at least about 2.8 μΜ, at least about 2.9 μΜ, at least about 3 μΜ, at least about 3.5 
μΜ, at least about 4 μΜ, at least about 4.5 μΜ, at least about 5 μΜ, at least about 10 μΜ, at least about 20 μΜ, at least about 
30 μΜ, at least about 40 μΜ or at least about 50 μΜ.

[0286] In the step of differentiating hESCs to definitive endoderm cells, a growth factor of the TGF-ß superfamily is provided to 
the cell population. As disclosed herein, the TGF-ß superfamily may be selected from the group consisting of Nodal, activin A, 
activin B and combinations thereof. As disclosed herein, the TGF-ß superfamily may comprise activin A.

[0287] The activin A may be provided to said hESCs at a concentration ranging from about 10 ng/ml to about 1000 ng/ml. 
Activin A may be provided to the cell population at a concentration of at least about 1 ng/ml, at least about 5 ng/ml, at least 
about 10 ng/ml, at least about 25 ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least 
about 200 ng/ml, at least about 300 ng/ml, at least about 400 ng/ml, at least about 500 ng/ml, or at least about 1000 ng/ml.

[0288] In some of the above-described methods the hESCs are also provided with wingless-type MMTV integration site family 
member 3A (Wnt3A).

[0289] Wnt3Amay be provided at a concentration ranging from about 1 ng/ml to about 1000 ng/ml. Wnt3Amay be provided to 
the cell population at a concentration of at least about 1 ng/ml, at least about 5 ng/ml, at least about 10 ng/ml, at least about 25 
ng/ml, at least about 50 ng/ml, at least about 75 ng/ml, at least about 100 ng/ml, at least about 200 ng/ml, at least about 300 
ng/ml, at least about 400 ng/ml, at least about 500 ng/ml, or at least about 1000 ng/ml.

[0290] Some of the above-described methods comprise withdrawing any growth factor of the TGF-ß superfamily that may be 
present in said population of definitive endoderm cells. The TGF-ß superfamily growth factor may be TGF-ß superfamily growth 
factor that has been exogenously provided to the cell culture. That is, the TGF-ß superfamily growth factor that is withdrawn is 
not TGF-ß superfamily growth factor that is present as a basal component of the medium as formulated by those of ordinary 
skill in the art.

[0291] The above-described methods may further comprise providing a retinoid to the cell population at about the same time or 
after providing at least one fibroblast growth factor. As disclosed herein, the retinoid may be provided to the cell population at 
about the same time as providing at least one fibroblast growth factor or after providing at least one fibroblast growth factor. As 
disclosed herein, the retinoid may be provided just prior to providing at least one fibroblast growth factor. As disclosed herein, 
the retinoid may be provided to the cell population at about the same time as providing noggin. For example, the retinoid can be 
provided from about 3 days prior to about Ί days subsequent to the addition of at least one fibroblast growth factor. As 
disclosed herein, the retinoid may be provided about 1 day t about 4 days subsequent to providing at least one fibroblast growth 
factor to the cell culture or cell population. The retinoid may be provided about 3 days subsequent to providing at least one 
fibroblast growth factor to the cell culture or cell population.

[0292] In some of the above-described methods the retinoid is provided to the differentiating cell population at a concentration 
ranging from about 0.01 μΜ to about 100 μΜ.. In some methods the retinoid is provided at a concentration at a concentration of 
at least about 1 nM, at least about 0.01 μΜ, at least about 0.02 μΜ, at least about 0.04 μΜ, at least about 0.08 μΜ, at least 
about 0.1 μΜ, at least about 0.2 μΜ, at least about 0.3 μΜ, at least about 0.4 μΜ, at least about 0.5 μΜ, at least about 0.6 μΜ, 
at least about 0.7 μΜ, at least about 0.8 μΜ, at least about 0.9 μΜ, at least about 1 μΜ, at least about 1.1 μΜ, at least about 1.2 
μΜ, at least about 1.3 μΜ, at least about 1.4 μΜ, at least about 1.5 μΜ, at least about 1.6 μΜ, at least about 1.7 μΜ, at least 
about 1.8 μΜ, at least about 1.9 μΜ, at least about 2 μΜ, at least about 2.1 μΜ, at least about 2.2 μΜ, at least about 2.3 μΜ, at 
least about 2.4 μΜ, at least about 2.5 μΜ, at least about 2.6 μΜ, at least about 2.7 μΜ, at least about 2.8 μΜ, at least about 2.9 
μΜ, at least about 3 μΜ, at least about 3.5 μΜ, at least about 4 μΜ, at least about 4.5 μΜ, at least about 5 μΜ, at least about 10 
μΜ, at least about 20 μΜ, at least about 30 μΜ, at least about 40 μΜ, at least about 50 μΜ, at least about 75 μΜ or at least 
about 100 μΜ. I a preferred embodiment, the retinoid is retinol. In such method the retinol can be that included in B27 
supplement. The retinoid may be retinoic acid.

[0293] In some of the methods described above, the hESCs are differentiated to human definitive endoderm cells in a medium 
comprising less than about 2% serum. For example, in some differentiation processes, the serum concentration of the medium 
can be less than about 0.05% (v/v), less than about 0.1% (v/v), less than about 0.2% (v/v), less than about 0.3% (v/v), less than 
about 0.4% (v/v), less than about 0.5% (v/v), less than about 0.6% (v/v), less than about 0.7% (v/v), less than about 0.8% (v/v), 
less than about 0.9% (v/v), less than about 1% (v/v) or less than about 2% (v/v). As disclosed herein , differentiation may be 
initiated in the absence of serum and in the absence of insulin and/or insulin-like growth factor. During the course of 
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differentiation, the serum concentration may be gradually increased in order to promote adequate cell survival. As disclosed 
herein, differentiation of hESCs to definitive endoderm cells may be initiated in the absence of serum and in the absence of any 
supplement comprising insulin or insulin-like growth factors. The absence of serum and absence of supplement comprising 
insulin or insulin-like growth factors is maintained for about 1 to about 2 days, after which, serum is gradually added to the 
differentiating cell culture over the course of differentiation. The concentration of serum does not exceed about 2% during the 
course of differentiation.

[0294] With respect to the above-described method, it is described in the context of the present disclosure, but not part of the 
invention, that the hESCs can be derived from a tissue selected from the group consisting of the morula, the ICM of an embryo 
and the gonadal ridges of an embryo. It is also described in the context of the present disclosure, but not part of the invention, 
that hESCs may be derived from a preimplantation embryo.

Differentiation of hESCs to Endocrine Precursor Cells and Pancreatic Hormone-Expressinq Cells without the Use of 

Histone Deacetylase Inhibitors

[0295] There are also disclosed in vitro cell cultures and in vitro cell populations as set forth herein that have not been cultured 
and/or differentiated in the presence of a substantial amount of sodium butyrate or other histone deacetylase inhibitor for a 
substantial length of time during any stage of their development. With respect to culturing and/or differentiating cells in the 
presence of sodium butyrate or other histone deacetylase inhibitor, "substantial amount" means any amount sufficient to allow 
the sodium butyrate or other histone deacetylase inhibitor to mediate inhibitory effects on histone deacetylase in approximately 
half of the human cells in the cell culture or cell population. With respect to culturing and/or differentiating cells in the presence 
of sodium butyrate or other histone deacetylase inhibitor, "substantial length of time" means any length of time sufficient to allow 
the sodium butyrate or other histone deacetylase inhibitor to mediate inhibitory effects on histone deacetylase in approximately 
half of the human cells in the cell culture or cell population. Accordingly, both the concentration of sodium butyrate or other 
histone deacetylase inhibitor and the time that it is present in the cell culture will influence the extent of the inhibitory effect. For 
example, a substantial amount can range from about 1 nM to about 100 mM.

[0296] A substantial amount may be about 1 nM, about 2 nM, about 5 nM, about 10 nM, about 20 nM, about 30 nM, about 40 
nM, about 50 nM, about 75 nM, about 100 nM, about 250 nM, about 500 nM, about 750 nM, about 1 μΜ, about 10 μΜ, about 
25 pM, about 50 pM, about 75 pM, about 100 pM, about 250 pM, about 500 pM, about 750 pM, about 1 mM, about 10 mM, 
about 25 mM, about 50 mM, about 75 mM, about 100 mM or greater than about 100 mM.

[0297] As disclosed herein , a substantial length of time can be about 10 minutes, about 30 minutes, about 1 hour, about 2 
hours, about 4 hours, about 8 hours, about 12 hours, about 16 hours, about 1 day, about 2 days, about 3 days, about 4 day, 
about 5 days or greater than about 5 days. For example, cell types that have not been cultured and/or differentiated in the 
presence of sodium butyrate or another histone deacetylase inhibitor include hESCs, human definitive endoderm cells, human 
foregut endoderm cells, human PDX1-positive foregut endoderm cells, human endocrine precursor cells, human immature 
pancreatic hormone-expressing cells and mature pancreatic hormone-expressing cells. As disclosed herein , in vitro cell 
cultures and in vitro cell populations as set forth herein may be cultured and/or differentiated in the complete absence of sodium 
butyrate or other histone deacetylase inhibitor at one or more times during the stages of their development.

[0298] There are also disclosed methods of producing one or more of the above-described cell cultures or cell populations in 
the absence of a substantial amount of sodium butyrate or other histone deacetylase inhibitor. As disclosed herein , no 
substantial amount of exogenous sodium butyrate or other histone deacetylase inhibitor is supplied to the cells of the cell 
culture or cell population for any substantial length of time during any stage of the differentiation process. As indicated above, 
"substantial amount" means any amount of sodium butyrate or other histone deacetylase inhibitor sufficient to mediate inhibitory 
effects on histone deacetylase in approximately half of the human cells in the cell culture or cell population. Also as indicated 
above, "substantial length of time" means any length of time sufficient to allow the sodium butyrate or other histone deacetylase 
inhibitor to mediate inhibitory effects on histone deacetylase in approximately half of the human cells in the cell culture or cell 
population. Differentiation methods described herein include differentiating hESCs, human definitive endoderm cells, human 
foregut endoderm cells, human PDX1 -positive foregut endoderm cells, human endocrine precursor cells, human immature 
pancreatic hormone-expressing cells and mature pancreatic hormone-expressing cells in the absence of a substantial amount 
of sodium butyrate or other histone deacetylase inhibitor.

[0299] As disclosed herein , hESCs, human definitive endoderm cells, human foregut endoderm cells, human PDX1-positive 
foregut endoderm cells, human endocrine precursor cells, human immature pancreatic hormone-expressing cells and mature 
pancreatic hormone-expressing cells are cultured and/or differentiated in the complete absence of sodium butyrate or other 
histone deacetylase inhibitor.
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Differentiation of non-recombinant hESCs to Endocrine Precursor Cells and Pancreatic Hormone-Expressins Cells

[0300] There are also disclosed non-recombinant cell cultures and non-recombinant cell populations comprising one or more 
cell types selected from hESCs, human definitive endoderm cells, human foregut endoderm cells, human PDX1-positive foregut 
endoderm cells, human endocrine precursor cells, human immature pancreatic hormone-expressing cells and mature 
pancreatic hormone-expressing cells.

[0301] In some of the non-recombinant cell cultures and non-recombinant cell populations at least one of the cell types is a 
non-recombinant cell type. As disclosed herein , all the cell types in the cell culture or cell population are non-recombinant cell 
types. By "non-recombinant" is meant that the cell are not engineered to express the product of one or more exogenous genes 
or the product of a functional portion of one or more exogenous genes, especially an exogenous marker gene, which includes, 
but is not limited to, exogenous marker genes that can be used for selection and/or screening. Specific examples of exogenous 
marker genes include, but are not limited to, genes encoding green fluorescent protein (GFP), enhanced green fluorescent 
protein (EGFP), luciferase and any other marker useful for cell sorting. Other exemplary exogenous marker genes include 
antibiotic resistance genes. As disclosed herein , non-recombinant cells may include cells that have not been engineered to 
contain an exogenous or foreign gene. As disclosed herein , the cells cultures and cell populations described herein may be 
karyotypically normal.

[0302] There are also disclosed methods of producing non-recombinant cell cultures and non-recombinant cell populations 
comprising one or more cell types selected from hESCs, human definitive endoderm cells, human foregut endoderm cells, 
human PDX1-positive foregut endoderm cells, human endocrine precursor cells, human immature pancreatic hormone- 
expressing cells and mature pancreatic hormone-expressing cells. As disclosed herein , one or more cell types in the cell 
culture or cell population may be non-recombinant cell types. As also disclosed herein , all of the cell types in the cell culture or 
cell population may be non-recombinant cell types. In the methods described herein, non-recombinant hESCs may also be 
differentiated to definitive endoderm cells and further into hormone-expressing cells, thereby producing non-recombinant 
hormone-expressing cells. The methods described herein are also described that they do not include a step of sorting cells 
based on the expression or nonexpression of an exogenous or foreign marker gene product. Examples of products of marker 
genes are green fluorescent protein (GFP), enhanced green fluorescent protein (EGFP), luciferase and any other marker useful 
for cell sorting. As disclosed herein , non-recombinant cells in the cell cultures or cell populations, which have not been 
engineered to contain a gene encoding an exogenous or foreign marker protein, are differentiated to definitive endoderm cells 
and further into hormone-expressing cells. As disclosed herein , non-recombinant cells may include cells that have not been 
engineered to contain an exogenous or foreign gene. As disclosed herein, karyotypically normal cells may be differentiated to 
definitive endoderm cells and further into hormone-expressing cells, thereby producing non-recombinant hormone-expressing 
cells.

[0303] Having generally described this invention, a further understanding can be obtained by reference to certain specific 
examples which are provided herein for purposes of illustration only, and are not intended to be limiting.

EXAMPLES

[0304] Many of the reference examples below describe the use of pluripotent human cells. Methods of producing pluripotent 
human cells are well known, in the art and have been described numerous scientific publications, including U.S. Patent Nos. 
5,453,357, 5,670,372, 5,690,926, 6,090,622, 6,200,806 and 6,251,671 as well as U.S. Patent Application Publication No. 
2004/0229350.

REFERENCE EXAMPLE 1

Human ES cells

[0305] For our studies of pancreatic islet hormone-expressing cell development, we employed human embryonic stem cells, 
which are pluripotent and can divide seemingly indefinitely in culture while maintaining a normal karyotype. ES cells were 
derived from the 5-day-old embryo inner cell mass using either immunological or mechanical methods for isolation. In particular, 
the human embryonic stem cell line hESCyt-25 was derived from a supernumerary frozen embryo from an in vitro fertilization 
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cycle following informed consent by the patient. Upon thawing the hatched blastocyst was plated on mouse embryonic 
fibroblasts (MEF), in ES medium ((DMEM, 20% FBS, non essential amino acids, beta-mercaptoethanol, and FGF2). The 
embryo adhered to the culture dish and after approximately two weeks, regions of undifferentiated hESCs were transferred to 
new dishes with MEFs. Transfer was accomplished with mechanical cutting and a brief digestion with dispase, followed by 
mechanical removal of the cell clusters, washing and re-plating. Since derivation, hESCyt-25 has been serially passaged over 
100 times. We employed the hESCyt-25 human embryonic stem cell line as our starting material for the production of endocrine 
precursor cells, and subsequently, pancreatic islet hormone-expressing cells. Additionally, we have used other hESC lines 
developed both by us and by others including, but not limited to, Cyt-49, Cyt-203, BG01, BG02 and BG03.

[0306] It will be appreciated by those of skill in the art that stem cells or other pluripotent cells can also be used as starting 
material for the differentiation procedures described herein.

REFERENCE EXAMPLE 2

hESCvt-25 Characterization

[0307] The human embryonic stem cell line, hESCyt-25 has maintained a normal morphology, karyotype, growth and self­
renewal properties over 18 months in culture. This cell line displays strong immunoreactivity for the OCT4, SSEA-4 and TRA-1- 
60 antigens, all of which are characteristic of undifferentiated hESCs and displays alkaline phosphatase activity as well as a 
morphology identical to other established hESC lines. Furthermore, the human stem cell line, hESCyt-25, also readily forms 
embryoid bodies (EBs) when cultured in suspension. As a demonstration of its pluripotent nature, hESCyT-25 differentiates into 
various cell types that represent the three principal germ layers. Ectoderm production was demonstrated by Q-PCR for ZIC1 as 
well as immunocytochemistry (ICC) for nestin and more mature neuronal markers. Immunocytochemical staining for ß-lll tubulin 
was observed in clusters of elongated cells, characteristic of early neurons. Previously, we treated EBs in suspension with 
retinoic acid, to induce differentiation of pluripotent stem cells to visceral endoderm (VE), an extra-embryonic lineage. Treated 
cells expressed high levels of α-fetoprotein (AFP) and SOX7, two markers of VE, by 54 hours of treatment. Cells differentiated 
in monolayer expressed AFP in sporadic patches as demonstrated by immunocytochemical staining. As will be described below, 
the hESCyT-25 cell line was also capable of forming definitive endoderm, as validated by real-time quantitative polymerase 
chain reaction (Q-PCR) and immunocytochemistry for SOX17, in the absence of AFP expression. To demonstrate differentiation 
to mesoderm, differentiating EBs. were analyzed for Brachyury gene expression at several time points. Brachyury expression 
increased progressively over the course of the experiment. In view of the foregoing, the hESCyT-25 line is pluripotent as shown 
by the ability to form cells representing the three germ layers.

REFERENCE EXAMPLE 3

Definitive endoderm cells as intermediates in the production of cells expressing pancreatic hormones

[0308] Human embryonic stem cells were differentiated for 21 days via a 4-step protocol to achieve islet hormone-expressing 
cells. Three different conditions were used for the first step after which all plates received the identical treatment. The first step 
comprised 5. days differentiation under one of the following conditions: i) activin A (100 ng/ml) to robustly produce DE (D'Amour, 
K., et al., Nature Biotechnology 23, 1534-1541, (2005)), ii) 2% FBS with no exogenous growth factors, thereby producing 
mesoderm and extraembryonic endoderm, or Hi) follistatin (50 ng/ml) and noggin (100 ng/ml), thereby producing neural 
ectoderm. Step 2 comprised 3 days differentiation in RPMI with 2% FBS containing FGF10 (50 ng/mL) and KAAD-cyclopamine 
(1 μΜ). Step 3 comprised 5 days differentiation in CMRL with B27 supplement (1:100) containing FGF10 (50 ng/mL), KAAD- 
cyclopamine (1 pM), retinoic acid (2 pM), and DAPT (1 pM). The fourth step consisted of 8 days differentiation in DMEM with 
B27 supplement (1:100) containing nicotinamide (10 mM), exendin 4 (40 ng/mL), hepatocyte growth factor (HGF- 25 ng/mL), 
and insulin-like growth factor (IGF) -1 (50 ng/mL). Duplicate samples were taken from each plate at multiple time points and 
gene expression was analyzed by real-time quantitative PCR.

[0309] As shown in Figures 2A-F, at 5 days of differentiation, the activin A treatment yielded robust production of definitive 
endoderm (DE) as indicated by elevated expression of SOX17 and CXCR4. The relative absence of expression for SOX17 and 
CXCR4 in the no factor (2NF) and the follistatin/noggin treatments indicated that little or no DE was produced under these 
conditions. Conversely, the no factor treatment induced robust expression of SOX7, a marker of extraembryonic endoderm, and 
ISL1, which is expressed in various mesoderm populations. Treatment with follistatin and noggin induced robust expression of
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S0X1 and PAX6, which indicated robust differentiation to neural ectoderm. As shown in Figures 2G-N, we found that the 
expression of the pancreatic endoderm marker PDX1 as well as the pancreatic endocrine transcription factors (NGN3, NKX2.2, 
NKX6.1) and endocrine hormones occur subsequent to the production of DE. Efficient production of these cells correlates with 
the efficient production of DE. When extraembryonic endoderm/mesoderm or early neural ectoderm lineages are induced 
instead of DE, the pancreatic endoderm or pancreatic endocrine markers are not appreciably expressed in those cells after 
treatment with the identical culture conditions that produce islet hormone gene expression when applied to cultures enriched in 
DE. However, pre-specification of hESCs to DE is sufficient to achieve the mature pancreatic phenotypes characterized by the 
expression of PDX1, NGN3, insulin, and glucagon.

REFERENCE EXAMPLE 4

Insulin/IGF signaling promotes translation of PDX1 protein

[0310] Human embryonic stem cells were differentiated in RPMI medium containing activin A (100 ng/ml) for 5 days. The FBS 
concentrations changed from 0% for the first 24 hours followed by 0.2% for the next 24 hrs and then to 2% for the remaining 3 
days. During the next 4 days, the plates were subjected to different media conditions. They were either incubated in i) RPMI 
with 2% FBS and activin A(100ng/ml), ii) RPMI with 2% FBS, activin A(25ng/ml) and retinoic acid, Hi) CMRL with 0.2% FBS and 
B27 supplement (1:100), activin A (25ng/ml) and retinoic acid, and iv) CMRL with 0.2% FBS and B27 supplement (1:100), 
activin A (25ng/ml), retinoic acid and exendin (40ng/ml). The concentration of retinoic acid changed from 2 μΜ for 48 hours 
followed by 1 pM for 24 hours to 0.2 pM for the last 24 hours. The cells were harvested for protein and mRNAanalyses on days 
7, 8 and 9.

[0311] Another factor that promotes the expression of PDX1 protein is insulin (e.g., concentrations from about 0.2-20 pg/ml) or 
insulin-like growth factor (e.g., concentrations from about 10-500 ng/ml). Without sufficient insulin signaling, PDX1 mRNA was 
expressed without significant translation into PDX1 protein (Figures 4A-B). The base medium can be RPMI, CMRL, OptiMEM or 
DMEM with or without 2% FBS. If the base medium is supplemented with sufficient insulin/IGF and FGF10, PDX1 protein will be 
expressed.

REFERENCE EXAMPLE 5

Retinoic acid promotes the differentiation of hESCs to the pancreatic insulin expressing phenotype

[0312] Human embryonic stem cells were differentiated for 17 days via a 4-step protocol to achieve islet hormone-expressing 
cells. The first step comprised 5 days differentiation in activin A(100 ng/mL) to robustly produce DE (D'Amour, K., et al., Nature 
Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 2 days differentiation in RPMI with 2% FBS containing FGF10 (50 
ng/mL) and KAAD-cyclopamine (1 μΜ) followed by 2 more days that also contained DAPT (1 pM). Step 3 comprised 5 days 
differentiation in CMRL with B27 supplement (1:100) containing FGF10 (50 ng/mL), KAAD-cyclopamine (1 pM), DAPT (1 pM) 
and either with or without the addition of retinoic acid (1 pM). The fourth step comprised 4 days differentiation in CMRL with B27 
supplement (1:100) containing nicotinamide (10 mM), exendin 4 (50 ng/mL), hepatocyte growth factor (HGF 25 ng/mL), and 
insulin-like growth factor (IGF) -1 (50 ng/mL). Duplicate samples were taken from each plate at multiple time points and gene 
expression was analyzed by real-time quantitative PCR.

[0313] This early foregut endoderm became further specified by application of retinoic acid which promoted the production of 
the pancreatic hormone producing cells. Importantly, the pancreatic endocrine hormone insulin was not expressed unless 
retinoic acid was applied (at a concentration of about 0.1-5 pM) for at least about 1 day (see Figures 5A-H). This strongly 
suggests that the dorsal pancreatic bud is dominant with respect to production of insulin producing beta cells. This result is in 
direct contrast to the rat and mouse in which insulin and glucagon are expressed in both the ventral and dorsal buds. This 
pancreatic endoderm stage is marked by expression of PDX1, HB9 and HNF6/onecut 2 markers.

REFERENCE EXAMPLE 6

Gamma secretase inhibition promotes efficient induction of endocrine progenitors and hormone-expressing cells



DK/EP 1999253 T3

[0314] Human embryonic stem cells were differentiated for 19 days via a 5-step protocol to achieve islet hormone-expressing 
cells. The first step comprised 5 days differentiation in activin A(100 ng/mL) to robustly produce DE (D'Amour, K., et al., Nature 
Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 2 days differentiation in RPMI with 2% FBS containing FGF10 (50 
ng/mL) and KAAD-cyclopamine (0.5 μΜ). Step 3 comprised 4 days differentiation in CMRL with B27 supplement (1:100) 
containing FGF10 (50 ng/mL), KAAD-cyclopamine (0.2 pM), and retinoic acid (1 pM). The fourth step comprised 2 days 
treatment with CMRL with B27 supplement (1:100) containing exendin 4. (40 ng/mL) and with varying concentrations of the 
gamma secretase inhibitor DAPT (0 pM, 1 pM, 3 pM, or 10 pM). The last step comprised 6 days differentiation in DMEM with 
B27 supplement (1:100) containing nicotinamide (10 mM), exendin 4 (40 ng/mL), and insulin-like growth factor (IGF) -1 (50 
ng/mL). Duplicate samples were taken from each plate and gene expression was analyzed by real-time quantitative PCR.

[0315] Following production of high levels of PDX1 protein in accordance with the temporal application of factors and medium 
conditions described above, a final step to endocrine hormone production was addition of a gamma secretase inhibitor. The 
gamma secretase inhibitor promoted the transient induction of the transcription factor NGN3. It is known that the gamma 
secretase inhibitor efficiently blocks enzymatic release of the Notch intracellular domain, and thus, also functions as an inhibitor 
of Notch pathway activity (Notch inbitior). Application of any of the standard gamma secretase inhibitors in the range of their 
KD's results in Notch inhibition as measured by inhibition of expression of the Notch target genes such as HES1. As shown in 
Figures 6A-F, very little to no insulin, glucagon, somatostatin or principal pancreatic transcription factors were produced in the 
absence of DAPT. It is beneficial to provide gamma secretase inhibition or Notch inhibition for a short interval after or during the 
retinoic acid differentiation step.

REFERENCE EXAMPLE 7

Definitive endoderm can be differentiated through a sequential series of steps in order to achieve endocrine hormone 

expression

[0316] Human embryonic stem cells were differentiated for 16 days via either a 4-step or 5-st p protocol to achieve islet 
hormone-expressing cells. The first step comprised 3 days differentiation in activin A (100 ng/mL) to robustly produce DE 
(D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in RPMI with 2% FBS 
containing FGF10 (50 ng/mL) and KAAD-cycl pamine (0.2 μΜ). In the 4-step protocol, step 3 comprised 4 days differentiation in 
CMRL with B27 supplement (1:100) containing FGF10 (50 ng/mL), KAAD-cyclopamine (0.2 μΜ), retinoic acid (2 pM), and DAPT 
(1 pM). In the 5-step protocol, this 4 day period was broken into two separate treatments in the same base media. For 2 days 
the media contained FGF10 (50 ng/mL), KAAD-cyclopamine (0.2 pM), and retinoic acid (2 pM). During the subsequent 2 days, 
the FGF10 was removed and the gamma-secretase inhibitor DAPT (1 pM) was added. The last step of both protocols 
comprised 6 days differentiation in DMEM with B27 supplement (1:100) containing nicotinamide (10 mM), exendin 4 (40 
ng/mL), hepatocyte growth factor (HGF 25 ng/mL), and insulin-like growth factor (IGF) -1 (50 ng/mL). Duplicate samples were 
taken from each plate at multiple time points and gene expression was analyzed by real-time quantitative PCR.

[0317] As depicted in Figure 1, there was a temporal continuum of gene expression resulting in an invariant pattern of 
sequential transcription factor appearance leading to the production of pancreatic hormone producing cells. As shown in 
Figures 3A-L, the temporal dynamic of gene expression indicated that the hESCs were transitioning through the same 
intermediates that occur during development of the pancreas in vivo. The first step of applying activin A in low FBS has been 
previously characterized to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Following 
the formation of DE, the expression of FOXA1 and HNF1b was significantly increased as a result of the treatment during step 2 
(Figures 3A-B). This step (2-4 days in length) likely represent a posteriorization of the endoderm and was further promoted by 
the removal of activin signaling. Furthermore, the addition of FGF10 (5-500 ng/ml) was beneficial together with the addition of 
KAAD-cyclopamine (0.1-2 μΜ, sonic hedgehog inhibitor) which further specified foregut cells into the pancreatic domain. The 
next step of differentiation involved the application of retinoic acid (RA) and resulted in robustly increased expression of HNF6 
and PDX1 (Figures 3C-D). To elicit further differentiation of PDX1-expressing pancreatic progenitors down the endocrine 
lineage it was beneficial to inhibit Notch signaling. This was achieved by the application of an inhibitor of gamma secretase. This 
class of drugs blocks the intramembrane cleavage of the Notch molecule, thereby precluding the release of the activated Notch 
intracellular domain. A 2-4 day application of the gamma secretase inhibitor DAPT, either in the terminal days of RA addition or 
immediately following RA withdrawal, resulted in a transient induction of NGN3 and PAX4 expression (Figures 3E-F). These two 
genes were expressed in endocrine progenitor cells but not mature endocrine hormone producing cells. The expression of the 
transcription factors NKX2.2 and NKX6.1 as well as pancreatic hormones occurred subsequent to the induction of the endocrine 
precursor stage (Figures 3G-L).
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REFERENCE EXAMPLE 8

Pancreatic endocrine hormone expression

[0318] Human embryonic stem cells were differentiated in this experiment as described in Reference Example 3 and Reference 
Example 4 and then processed for immunocytochemistry to detect islet antigens. Cultures were fixed for 15 minutes at room 
temperature in 4% w/v paraformaldehyde in PBS, washed several times in TBS and blocked for 30 minutes in TBS++ (TBS 
containing 3% normal donkey serum (Jackson ImmunoResearch Laboratories) and 0.25% w/v Triton X-100 (Sigma)). Primary 
and secondary antibodies (Jackson, ImmunoResearch Laboratories) were diluted in TBS++ and incubated for 24 hours at 4°C 
or 2 hours at room temperature, respectively.

[0319] As shown in Figures 7A-D, insulin, glucagon and somatostatin were expressed in individual cells within patches or 
isolated groups and also in cells expressing more than one hormone. As shown in Figures 8A-D, following the sequential 
differentiation from hESC to pancreatic islet hormone-expressing cells, (ES/ME/DE/FE/PancE/PancEndocrine/lslet hormone), 
individual insulin, glucagon and somatostatin cells were produced. In addition, as shown in panel 8D, double and triple labeled 
hormone containing cells were also produced. During early fetal development of the human pancreas, there is initially an 
abundance of multiple, hormone producing cells, which segregate with time to single hormone producing cells. In a typical 
cluster produced by the methods described herein, we observed both single, double and triple positive cells in a ratio of about 
32% insulin, about 20% somatostatin, about 10% glucagon and about 38% double positive cells.

REFERENCE EXAMPLE 9

C-peptide/insulin release and glucose stimulated C-peptide /insulin secretion (GSIS)

[0320] Human embryonic stem cells were differentiated as described in Reference Example 3 first for the production of DE and 
ultimately on to islet hormone expression. Cells were fed fresh media each day and a sample of the media was collected from 
the plate after each successive day during step 4 of the differentiation. The levels of C-peptide in these media samples were 
measured by ELISA (see Figures 9A-B).

[0321] Human embryonic stem cells were differentiated as described in Reference Example 4. On day 22 the media was 
changed to CMRL with 10% FBS containing exendin 4 (50 ng/mL) and exchanged every other day. On day 26, a glucose 
stimulation assay was performed as follows. The cells were placed into media containing 1.6 mM glucose (g50) for 2 hours after 
which a media sample was collected. The media was replaced with fresh media containing 16 mM glucose (g400) and allowed 
to incubate 2 hours more after which media samples were collected. Duplicate samples were also taken from each plate and 
gene expression was analyzed by real-time quantitative PCR (see Figures 10A-B).

[0322] As proof of function pancreatic beta cells must synthesize, store and release mature insulin. Insulin is initially 
synthesized as proinsulin after which it is folded via disulfide bonding. Within the golgi bodies the folded proinsulin molecule is 
specifically cleaved by prohormone convertase releasing the C "connecting"- peptide from the disulfide linked A and B chains. 
The mature insulin is stored in crystalline form (complexed with Zn) together with the C-peptide and released in a 1:1 molar 

ratio. Exposure to elevated glucose levels results in Ca2+-mediated insulin and C-peptide release via granule fusion to the 
plasma membrane.

[0323] As shown in Figures 9A-B, 1 day after insulin message was robustly expressed by QPCR, C-peptide/insulin could be 
measured by ELISA. The levels of C-peptide increased with time in culture and plateaued just after insulin mRNA plateaued. In 
Figures 10A-B, 14 different conditions were evaluated for insulin production. Conditions 2-4 and 13 which had measurable 
insulin gene expression by QPCR also had (glucose stimulated insulin secretion) GSIS. These data strongly support the 
contention that bona fide GSIS is occurring in these cells and that these hESC-derived pancreatic insulin cells are functional.

REFERENCE EXAMPLE 10

Differentiation of Additional Human Embryonic Stem Cell Lines to Pancreatic Islet Hormone-Expressinq Cells
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[0324] Two additional human embryonic stem cell lines were differentiated for 15 or 16 days via a 5-step protocol to achieve 
pancreatic islet hormone-expressing cells. The first step comprised 3 days differentiation with activin A (100 ng/ml) to robustly 
produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in RPMI 
with 2% FBS containing FGF10 (50 ng/mL) and KAAD-cyclopamine (0.5 μΜ). Step 3 comprised 3 days differentiation in CMRL 
with B27 supplement (1:100) containing FGF10 (50 ng/mL), KAAD-cyclopamine (0.5 pM), and retinoic acid (2 pM). Step 4 
comprised 3 days differentiation in DMEM (BG02) or CMRL (Bool) with B27 supplement (1:100) containing DAPT (1 uM) and 
exendin 4 (40 ng/mL). The fifth step comprised 4 days (BG02) or 5 days (BG01) differentiation in CMRL (BG02) or DMEM 
(BG01) with B27 supplement (1:100) containing exendin 4 (40 ng/mL). Duplicate samples were taken from each plate at 
multiple time points and gene expression was analyzed by real-time quantitative PCR.

[0325] As shown in Figure 11 the differentiation protocol produced very similar transitions through cellular intermediates en 
route to production of insulin-expressing islet cells. PDX1-positive pancreatic endoderm was first induced by application of 
retinoic acid during stage 3 (day 9). Endocrine precursors expressing NGN3 were produced during step 4 as a result of 
inhibiting Notch signaling peaking at day 12. Subsequently, the NGN3 levels dropped as these endocrine precursors further 
differentiated to hormone-expressing phenotypes as indicated by the increases in insulin expression at days 12-16. This and 
similar differentiation protocols have also been applied to hESC lines BG03, Cyt-25, and Cyt-49 ESC lines. While there were 
quantitative differences between cell lines for the effectiveness of a given differentiation protocol, all cell lines qualitatively 
exhibited the same cellular transitions and ultimately yielded hormone-expressing cells.

REFERENCE EXAMPLE 11

Comparison of Differentiation Conditions

[0326] We have identified a core set of differentiation conditions that may be minimally sufficient to produce pancreatic islet 
hormone-expressing cells from hESCs. In the simplest format, the differentiation method comprised applying a TGFß growth 
factor to hESCs to induce the differentiation of definitive endoderm (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, 
(2005) followed by the activation of retinoid signaling in the endoderm cells. In building on this core set of conditions, various 
other growth factors were added exogenously that increased the effectiveness of the differentiation at one or more steps 
between the hESC and the insulin-expressing cells. Table 2 describes a core set of conditions (treatment #1) as well as various 
modifications that resulted in enhanced production of hormone-expressing islet cells.

[0327] Human embryonic stem cell lines were differentiated for 17 days via a 5-step protocol to produce pancreatic islet 
hormone-expressing cells. The first step comprised 3 days differentiation with activin A (100 ng/ml) to robustly produce DE 
(D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in RPMI with 2% FBS 
containing one of the following; (a) 100 ng/mL activin A (treatment i), (b) no exogenous growth factors (treatment ii), or (c) 50 
ng/mL FGF10 and 0.5 μΜ KAAD-cyclopamine (treatments Hi and iv). Step 3 comprised 3 days differentiation in CMRL with B27 
supplement (1:100) containing either (a) 2 pM retinoic acid (treatments i-iii) or (b) 2 pM retinoic acid and 0.5 pM KAAD- 
cyclopamine (treatment iv). Steps 4 and 5 were the same for all conditions (treatments i-iv). Step 4 comprised 2 days 
differentiation in CMRL with B27 supplement (1:100) containing 1 pM DAPT and 40 ng/mL exendin 4. Step 5 comprised 5 days 
differentiation in CMRL with B27 supplement (1:100) containing 40 ng/mL exendin 4. Duplicate samples were taken from each 
plate at multiple time points and gene expression was analyzed by real-time quantitative PCR.

[0328] The following table shows the relative expression levels of NGN3 at day 12 as well as insulin and glucagon at day 17
when normalized to the most minimal condition in this experiment (treatment i). 
TABLE 2

Day 12 Day 17 j Dayl7

.......... Ä.........
NGN3 INSULIN I GLUCAGON

Treatment i 1.00 1.00 J 1.00
Treatment ii

..........1........
1.45 2.03 j 0.56

Treatment ii 256 166 J 59
Treatment iv 1 397 342 j 121
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[0329] The removal of TGFB signaling during step 2 (treatment ii) resulted in modest improvements in NGN3 and insulin 
expression and a slight decrease in glucagon expression. The addition of FGF10 and KAAD-cyclopamine in the absence of 
activin Aduring step 2 resulted in significant increases in the performance of endocrine differentiation. The further modification 
of maintaining KAAD-cyclopamine in the presence of retinoic acid during step 3 further increased the performance 2-fold 
relative to treatment iii where retinoic acid was used alone.

[0330] Human embryonic stem cell lines were also differentiated for 15 days via a 6-step protocol to achieve islet hormone- 
expressing cells. The first step comprised 3 days differentiation with either; i) activin A (100 ng/ml) or ii) activin A (100 ng/ml) 
and Wnt3a (25 ng/mL) to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 
comprised 3 days differentiation in-RPMI with 2% FBS containing FGF10 (50 ng/mL) and KAAD-cyclopamine (0.5 μΜ). Step 3 
comprised 2 days differentiation in CMRL with B27 supplement (1:100) containing FGF10 (50 ng/mL), KAAD-cyclopamine (0.5 
pM) and retinoic acid (2 pM). Step 4 comprised 2 days differentiation in CMRL with B27 supplement (1:100) containing retinoic 
acid (2 pM) and DAPT (1 pM). Step 5 comprised 2 days differentiation in CMRL with B27 supplement (1:100) containing DAPT 
(1 pM) and exendin 4 (40 ng/mL). Step 6 comprised 3 days differentiation in CMRL with B27 supplement (1:100) containing 
exendin 4 (40 ng/mL). Duplicate samples were taken from each plate at multiple time points and gene expression was analyzed 
by real-time quantitative PCR.

[0331] Table 3 shows the relative expression levels of PDX1 at days 8 and 12, NGN3 at day 12 as well as insulin and glucagon
at day 15 when normalized to the condition without added Wnt3a.
TABLE 3

I Day 8 Day 15 Day 15
I PDX1 PDX1 NGN3 INSULIN GLUCAGON

Treatment i I loo 1.00 1.00 1.00 1.00
Treatment ii I 5.56 8.91 11.09 15.02 32.66

[0332] These data demonstrate that addition of Wnt3a during the first step resulted in marked enhancement of endocrine cell 
differentiation.

REFERENCE EXAMPLE 12

Production and Characterization of Immature Pancreatic Hormone-Expressinq Cells Derived from Human Embryonic 
Stem Cells

[0333] Human embryonic stem cells (hESCs) were differentiated for 25 days via a 5-step protocol to achieve immature 
pancreatic islet hormone-expressing cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) Activin A (100 
ng/ml) in serum-free media, followed by 2 days in activin A (100ng/ml) in media supplemented with 0.2% FBS to robustly 
produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in 
DMEM with 2% FBS containing FGF10 (50 ng/ml) and KAAD-cyclopamine (0.25 μΜ). Step 3 comprised 2 days differentiation in 
DMEM with B27 supplement (1:100), with exogenously added KAAD-cyclopamine (0.2 μΜ), FGF10 (50 ng/ml), and retinoic acid 
(2 pM). The fourth step comprised 6 days treatment with DMEM with B27 supplement (1:100) with exogenously added KAAD- 
cyclopamine (0.2 pM) and FGF10 (50 ng/ml). Step 5 comprised 11 days treatment with DMEM with B27 supplement (1:100) 
containing exendin 4 (50 ng/ml) and glucagon-like peptide 1, amino acids 1-37 (50 ng/ml).

[0334] For the experimental data shown in Figures 16Aand 16B, the hESC cells were differentiated as described in Reference 
Example 16.

[0335] To confirm the presence of human immature pancreatic islet hormone-expressing cells in the 23-day-old cultures, the 
cells were analyzed by immunocytochemistry for the expression of NCAM, NKX2.2, INS, and PAX6. Briefly, cultures were fixed 
for 15 minutes at 24°C in 4% w/v paraformaldehyde in PBS, washed several times in PBS and blocked for 30 minutes in PBST 
(TBS/0.1 % w/v Triton X-100 (Sigma)) containing 5% normal donkey serum (NDS, Jackson ImmunoResearch Laboratories). The 
cells were then incubated with primary antibodies to NCAM, NKX2.2, INS and/or PAX6. The primary antibodies were diluted in 
PBST/5% NDS. The cells were incubated with the primary antibodies were for 24 hours at 4°C or 2 hours at 24°C. The cells 
were then washed and incubated with secondary antibodies for 1 hour at 24°C. Cy3 and Cy5 conjugated donkey antibodies 
against mouse rabbit, and guinea pig, as appropriate, were used at 1:500 (Jackson ImmunoResearch Laboratories). Alexa-488 
and Alexa-555 conjugated donkey antibodies against mouse, rat, rabbit, guinea pig, and goat (Molecular Probes) were used at
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1:500.

[0336] As shown in Figures 12A-D, NCAM and NKX2.2 were co-expressed in hESC-derived immature pancreatic islet hormone- 
expressing cells. These data suggest that the timing of NCAM correlates with the "delamination" of nascent endocrine cells from 
the epithelium.

[0337] Figures 13A-D and 14A-F show that NCAM, PAX6 and INS were co-expressed in hESC-derived cells treated to 
differentiate to immature pancreatic islet hormone-expressing cells, These data demonstrate that NCAM is a good marker for 
hESC-derived immature pancreatic islet hormone-expressing cells.

[0338] Figures 16A-B demonstrate that MAFB was co-expressed with insulin expressing cells in hESC-derived immature 
pancreatic islet hormone-expressing cells. The cells shown in Figures 16A-B were differentiated using the differentiation 
protocol described in Example 15, below, and processed for immunocytochemistry as above. Figures 16C-D show the same 
pattern of MAFB and INS expression in cells derived from 13.5 week old human fetal pancreas.

REFERENCE EXAMPLE 13.

Expression of Synaptophysin bv Pancreatic Hormone-Expressina Cells Derived from Human Embryonic Stem Cells

[0339] Synaptophysin (SYP) is a known marker for endocrine cells from in vivo sources. (Protela-Gomez et al, 2004). To 
confirm the production of endocrine cells from hESCs, hESCs were differentiated using the following protocol and analyzed by 
immunocytochemistry for expression of SYP and NKX2.2.

[0340] Human embryonic stem cells were differentiated for 18 days via a 6-step protocol to achieve pancreatic islet hormone- 
expressing cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) Activin A (100 ng/ml) in serum-free media, 
followed by 1 day in activin A (100 ng/ml) alone, in media supplemented with 0.2% FBS and 3 days in Activin A (100 ng/ml) in 
media supplemented with 2.0% FBS to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). 
Step 2 comprised 3 days differentiation in DMEM with 2% FBS containing FGF10 (50 ng/ml) and KAAD-cyclopamine (0.25 μΜ). 
Step 3 comprised 1 day differentiation in DMEM with B27 supplement (1:100) and retinoic acid (1 μΜ). The fourth step 
comprised 6 days treatment with DMEM with B27 supplement (1:100) with exogenously added KAAD-cyclopamine (0.2 μΜ) and 
FGF10 (50 ng/ml) and retinoic acid (1 μΜ). Step 5 comprised 1 day treatment with DMEM with B27 supplement (1:100) 
containing FGF10 (50ng/ml) and KAAD-cyclopamine (0.25 μΜ). Step 6 comprised 4 days treatment with DMEM with B27 
supplement (1:100) and exendin 4 (50 ng/ml).

[0341] The cells were fixed and processed as described above, using anti-SYP, anti-NKX2.2 primary antibodies. Figures 15A-B 
show the co-expression of SYP and NKX2.2, confirming the production of immature pancreatic islet hormone-expressing cells.

REFERENCE EXAMPLE 14

Analysis of NCAM-labeled hESC-derived Immature Pancreatic Hormone-Expressina Cells Using Flow Cytometry

[0342] Human embryonic stem cells (hESCs) were differentiated for 18 days via a 5-step protocol to achieve immature 
pancreatic islet hormone-expressing cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) activin A (100 
ng/ml) in serum-free media, followed by 1 day in activin A (100ng/ml) in media supplemented with 0.2% FBS and 1 day in 
activin A (100ng/ml) in media supplemented with 2.0% FBS to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 
23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in DMEM with 2% FBS containing FGF10 (50 ng/ml) and 
KAAD-cyclopamine (0.25 μΜ). Step 3 comprised 4 days differentiation in DMEM with B27 supplement (1:100), with exogenously 
added KAAD-cyclopamine (0.2 μΜ), and retinoic acid (2 μΜ). The fourth step comprised 3 days treatment with DMEM with B27 
supplement (1:100) with exogenously added KAAD-cyclopamine (0.2 μΜ) and exendin 4 (50 ng/ml). Step 5 comprised 5 days 
treatment with DMEM with B27 supplement (1:100) containing exendin 4 (50 ng/ml).

[0343] Single cell suspensions of hESC-derived cells treated as described above were obtained as follows: Cell cultures were 
dissociated with either TRYPLET™ (Invitrogen, Catalog. No. 12563-011) or ACCUTASE™ enzymes (Innovative Cell 
Technologies, Catalog No. AT104) at 37°C according to the manufacturer's instructions. The cells were then washed with 
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PBS/10%FBS collected by centrifugation and resuspended in PBS/3%FBS. Cells were incubated with anti-NCAM antibody 
directly conjugated to PE for 20 minutes on ice and then washed. Intracellular antibody staining was performed by treating the 
NCAM-ΡΕ stained cells from above with CYTOFIX/CYTOPERM™ fixation and permeability buffer and PERM/WASH™ wash 
buffer (Beckton Dickinson) according to the manufacturer's instructions. Cells were incubated anti-insulin (DakoCytomation, 
Catalog No. A0564), and anti-synaptophysin (DakoCytomation, Catalog No. A0010) primary antibodies for 20 minutes on ice. 
Cells were washed and incubated with either donkey anti-guinea pig Cy5 1:1000 (Jackson Immunoresearch 706-176-148), 
donkey anti-rabbit Alexa 488 1:2000 (Invitrogen A21206) secondary antibodies according to the manufacturer's instructions.

[0344] Flow cytometry was performed on a FACSARIA™ Fluorescence activated cell sorter (Becton Dickinson), according to 
the manufacturer's instructions and analyzed using FACSDIVA™ FACS analysis software (Becton Dickinson).

[0345] As shown in Figure 17A, approximately 10% of the hESC-derived cells differentiated as described were SYP positive. 
Moreover, almost all of the SYP positive hESC-derived cells were also positive for NCAM. Figure 17B shows that almost all of 
the NCAM positive hESC-derived cells were also positive for INS. These data confirm the immunocytochemistry data in Figures 
12-16, and demonstrate that NCAM is a useful marker for hESC-derived immature pancreatic islet hormone-expressing cells.

REFERENCE EXAMPLE 15

Sorting NCAM positive hESC-derived Immature Pancreatic Islet Hormone-expressing Cell Populations Enriches the 
Populations for Immature Pancreatic Islet Hormone-expressing Cells

[0346] In a second set of experiments, hESCs were differentiated for 19 days via a 6-step protocol to achieve immature 
pancreatic islet hormone-expressing cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) activin A (100 
ng/ml) in serum-free media, followed by 1 day in activin A (100 ng/ml) alone in media supplemented with 0.2% FBS, and 1 day 
in activin A (100 ng/ml) in media supplemented with 2.0% FBS to robustly produce DE (D'Amour, K., et al., Nature 
Biotechnology 23, 1534-1541, (2005)). Step 2 comprised 3 days differentiation in DMEM with 2% FBS containing FGF10 (50 
ng/mL) and KAAD-cyclopamine (0.25 μΜ). Step 3 comprised 4 days differentiation in DMEM with B27 supplement (1:100), with 
exogenously added KAAD-cyclopamine (0.2 μΜ), and retinoic acid (2 pM). The fourth step comprised 1 day treatment with 
DMEM with B27 supplement (1:100) with exogenously added KAAD-cyclopamine (0.2 pM) and glucagon-like peptide 1, amino 
acid 1-37 (50 ng/ml). Step 5 comprised 3 days treatment with DMEM with B27 supplement (1:100) with exogenously added 
exendin 4 (50 ng/mL) and glucagon-like peptide 1, amino acids 1-37 (50 ng/ml). Step 6 comprised 5 days treatment with DMEM 
with B27 supplement (1:100) containing exendin 4 (50 ng/ml).

[0347] Differentiation protocols were modified as follows for particular experiments. For the experimental data shown in Figure 
19, Step 3 of the protocol above included treatment with noggin (100ng/ml). In Step 4, instead of treatment with glucagon-like 
peptide 1, cells were treated with exendin 4 (50 ng/ml) Step 5 comprised a 5 day treatment that did not include glucagon-like 
peptide 1. Finally, Step 6 was replaced by a 4-day treatment in CMRL media with B27 supplement (1:100) containing exendin 4 
(50 ng/ml).

[0348] For the experimental data shown in Figure 20, Step 3 was modified to a 3 day treatment that included noggin (100 
ng/ml). Step 4 was modified to include nicotinamide (10 mM). Step 5 was modified to a 4 day treatment that included 
nicotinamed (10 mM), and that did not include exendin 4. Step 6 was modified to comprise a 1 day treatment that included 
glucagon-like peptide 1, 1-37 (50 ng/ml) and nicotinamide 10 mM. The cell differentiation protocol also included a seventh step, 
comprising 4 days treatment in CMRL media with B27 supplement (1:100), glucagon-like peptide 1,1-37 (50 ng/ml) and 
nicotinamide (10 mM).

[0349] For the experimental data shown in Figure 25, Step 3 of the differentiation protocol was modified to include treatment 
with retinoic acid at 1 μΜ, and included treatment with noggin (50 ng/ml) and nicotinamide (10 mM). Step 4 was modified to 
include nicotinamide (10 mM) and to exclude treatment with glucagon-like peptide 1, 1-37. Step was modified to include 
nicotinamide (10 mM) and to exclude treatment with glucagon-like peptide 1, 1-37, and exclude exendin 4. Step 6 was modified 
to only be a 1 day treatment and excluded exendin 4. The cell differentiation also included a seventh step, comprising Ί days 
treatment in CMRL supplemented with B27 (1:100).

[0350] Single cell suspensions of the cells were obtained as described above. The cells were then washed with PBS/10%FBS 
collected by centrifugation and resuspended in PBS/3%FBS. Cells were incubated with anti-NCAM directly conjugated to PE 
(NCAM16.2, Becton Dickinson, Catalog No. 340363) for 20 minutes on ice. Cells were subsequently washed with PBS/3% FBS 
collected by centrifugation and resuspended in Hanks balanced salt solution, 2% FBS, 20 mM HEPES. Cells were sorted with a 
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FACS Aria machine (Becton Dickinson), and collected in Hanks balanced salt solution with 10% FBS. Intracellular antibody 
staining was performed by treating either the pre-sorted population of cells or the NCAM-positive sorted population of cells with 
CYTOF1X/CYTOPERM™ fixation and permeability buffer and PERM/WASH™ wash buffer (Beckton Dickinson) according to the 
manufacturer's instructions. Cells were washed and incubated with either donkey anti-guinea pig Cy5 1:1000 (Jackson 
Immunoresearch 706-176-148), donkey anti-rabbit Alexa 488 1:2000 (Invitrogen A21206) secondary antibodies according to 
the manufacturer's instructions.

[0351] Flow cytometry was performed on a FACSARIA™ Fluorescence activated cell sorter (Becton Dickinson), according to 
the manufacturer's instructions and analyzed using FACSDIVA™ FACS analysis software (Becton Dickinson).

[0352] NCAM positive and NCAM negative cells were collected and then reanalyzed by flow cytometry using the protocol above 
for NCAM, SYP, PAX6 and CHGA. In one experiment, following sorting (shown in Fig. 18A), NCAM positive cells were 
aggregated in inverted hanging drops. These cells were collected and analyzed in cryosections using immunocytochemistry for 
PAX6, INS, and GCG. Approximately 7,000 NCAM positive sorted cells were seeded per drop, cultured in RPMI media 
containing 10% FBS, Fibronectin, Laminin, Collagen, HGF and EGF and incubated for 72 hours. The cell aggregates were 
collected and processed for immunocytochemical analysis as described above.

[0353] As shown in Figure 18B, when cells were analyzed by flow cytometry prior to sorting for NCAM, approximately 7% of the 
cell population was both NCAM positive and SYP positive. Sorting NCAM positive cells (Figure 18A, "left sort") resulted in an 
approximately 4-fold enrichment for NCAM positive/SYP positive cells compared to cells that were not sorted (Figure 18B). As 
shown in Figure 18D, the population of NCAM negative cells was depleted for SYP positive cells. Figures 19Aand 19D show 
that an hESC-derived cell population differentiated as described above and analyzed by flow cytometry for NCAM comprised 
approximately 4% and 2% NCAM positive/SYP positive and NCAM positive/INS positive cells. Figure 19B shows that sorting the 
same population of NCAM positive hESC-derived cells resulted in a greater than 10-fold enrichment of NCAM positive/SYP 
positive cells, producing a cell population comprising 47% NCAM positive/SYP positive cells. Figure 19D shows that sorting the 
same population of hESC-derived cells resulted in a greater than 8-fold enrichment of NCAM positive/INS positive cells. As 
shown in Figures 20A-C, sorting NCAM positive hESC-derived cells differentiated as described above produced an enriched cell 
population that comprised 72% NCAM positive/SYP positive cells.

[0354] Figures 25A-F show the results of an independent experiment. As shown in Figure 25, NCAM positive/SYP positive cells 
represented about 7.4% of the cell population prior to sorting. Sorting of NCAM positive cells resulted in a population that is 
about 42% SYP positive, a greater than 5-fold enrichment (25A-B). Similarly, sorting of NCAM positive cells enriched the cell 
population for CHGA-expressing cells from about 8.7% of the cell population to about 42% of the cell population (25C-D). 
Likewise, the NCAM sorting enriched the cell population for INS-expressing cells from about 6% of the total cell population to 
about 24% of the cell population (25E-F).

[0355] Figures 27A-D and 28A-D show that hanging drop aggregates of NCAM positive sorted cells contained a significant 
proportion of cells that co-expressed PAX6 and INS. Figures 28A-D show that NCAM positive sorted cells contained a significant 
proportion of cells that co-expressed GCG and INS.

[0356] The data demonstrate that NCAM is useful for sorting cells using FACS. As such, NCAM can be used to enrich, isolate 
and/or purify hESC-derived immature pancreatic hormone-expressing cells.

REFERENCE EXAMPLE 16

Enrichment of NCAM positive/SYP positive hESC-derived Immature Pancreatic Islet Hormone-expressing Cell 
Populations Using a Negative Selection forCD133

[0357] In a third set of experiments, hESCs were differentiated for 19 days via a 6-step protocol to achieve immature pancreatic 
islet hormone-expressing cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) activin A (100 ng/ml) in 
serum-free media, followed by 1 day in activin A (100 ng/ml) alone in media supplemented with 0.2% FBS, and 1 day in activin 
A (100 ng/ml) in media supplemented with 2.0% FBS to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 23, 
1534-1541, (2005)). Step 2 comprised 3 days differentiation in DMEM with 2% FBS containing FGF10 (50 ng/mL) and KAAD- 
cyclopamine (0.25 μΜ). Step 3 comprised 3 days differentiation in DMEM with B27 supplement (1:100), with exogenously 
added KAAD-cyclopamine (0.2 pM), retinoic acid (2 pM), and exendin 4 (50 ng/ml). The fourth step comprised 1 day treatment 
with DMEM with B27 supplement (1:100) with exogenously added KAAD-cyclopamine (0.2 pM) and exendin 4 (50 ng/ml). Step
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5 comprised 9 days treatment with DMEM with B27 supplement (1:100) containing exendin 4 (50 ng/ml).

[0358] Cell cultures were processed for flow cytometry analysis as described above, using NCAM, SYP and CD133 primary 
antibodies as described in Reference Example 14, or sorted using NCAM and CD133 antibodies as described in Reference 
Example 15.

[0359] As shown in Figure 21B. approximately 7.5% of the cells in the hESC-derived cell population differentiated as described 
in Reference Example 14 were NCAM positive/CD 1333 negative. Counterstaining of these cells for SYP, showed that 93% of 
the NCAM positive/CD 133 negative cells were positive for SYP.

[0360] As shown in Figures 26A and 26B, approximately 4.6% of the cell population differentiated as described above stained 
positively for SYP, and approximately 5.3% of the cell population stained positively for NCAM and negative for CD133. By 
contrast, approximately 66.5% of the subpopulation of NCAM positive/CD133 negative cells stained positively for SYP (26C). 
These data demonstrate that sorting for NCAM positive and CD133 negative cells can be used to enrich, isolate and/or purify 
hESC-derived immature pancreatic hormone-expressing cells.

REFERENCE EXAMPLE 17

Differentiation of hESCs to Endocrine Precursor Cells and Immature Pancreatic Islet Hormone-expressing Cells

[0361] hESCs were differentiated for 19 days via a 6-step protocol to achieve immature pancreatic islet hormone-expressing 
cells. The first step comprised 1 day differentiation in Wnt3a (25 ng/ml) activin A (100 ng/ml) in serum-free media, followed by 1 
day in activin A (100 ng/ml) alone in media supplemented with 0.2% FBS, and 1 day in activin A (100 ng/ml) in media 
supplemented with 2.0% FBS to robustly produce DE (D'Amour, K., et al., Nature Biotechnology 23, 1534-1541, (2005)). Step 2 
comprised 3 days differentiation in DMEM with 2% FBS containing FGF10 (50 ng/mL) and KAAD-cyclopamine (0.25 μΜ). Step 3 
comprised 4 days differentiation in DMEM with B27 supplement (1:100), with exogenously added KAAD-cyclopamine (0.2 μΜ), 
retinoic acid (2 μΜ), glucagon-like peptide 1, amino acid 1-37 (50 ng/ml), and NOGGIN (50ng/ml). The fourth step comprised a 
3 day treatment with DMEM with B27 supplement (1 :100) and glucagon-like peptide 1, amino acid 1-37 (50 ng/ml). Step 5 
comprised 6 days treatment with DMEM with B27 supplement (1:100) containing exendin 4 (50 ng/ml). On days 12, 15 and 
1919, cells were sorted using FACS as described in Reference Example 14 to separate NCAM positive cells from NCAM 
negative cells. Duplicate samples of pre-sorted cells, NCAM positive cells and NCAM negative cells were taken from each 
culture and gene expression was analyzed by real-time quantitative PCR.

[0362] As shown in Figure 22, there was a temporal continuum of gene expression as cells progressed from endocrine 
precursor cells ("early") to immature pancreatic islet hormone-expressing cells ("middle" and "late"). Figures 22Aand 22B show 
that NCAM positive cells were enriched for NGN3 and PAX4. The expression of NGN3 and PAX4 decreased as the hESCs 
differentiated into immature pancreatic islet hormone-expressing cells. As shown in Figures 22C-K, NCAM-positive cells were 
also highly enriched for cells expressing markers indicative of immature pancreatic islet hormone-expressing cells, including 
INS, PP, PAX6, GCG, GHRL, GCK, SST, NKX2.2,and SYP, compared to NCAM negative cells. Endocrine precursor cells did not 
substantially express INS, PP, PAX6, GCG, GHRL, GCK, and SYP, whereas cells that were further differentiated towards 
pancreatic islet hormone-expressing cells exhibited increased expression of the same markers, which are characteristic of 
pancreatic endocrine cells.

[0363] Figures 23A-E show additional QPCR data hESC cells that were differentiated and sorted on day 19 as described above. 
Sorting the hESC-derived cell population for NCAM positive cells produced a population of cells that was highly enriched for 
endocrine markers such as NEUROD (23A), ISL1 (23B), GAS (23C), KIR6.2 (23D), and SUR1 (23E).

[0364] Figures 24A-K represent an independent experiment performed on hESC-derived cells that were differentiated and 
sorted on day 19 as described above. In this experiment, data labeled "Pre-sort" was obtained from hESC differentiated as 
described above that had been gated, but not sorted using FACS. The figures show that sorting the cell population for NCAM 
produces a population of cells that was highly enriched for NCAM (24A), as expected, as well as the following markers that are 
characteristic of endocrine cells: NKX2.2 (24B), SYP (24C), PAX6 (24D), NEUROD (24E), ISL1 (24F), INS (24G), GCG (24H), 
GHRL (241), SST (24J), and PP (24K). These data confirm that NCAM is useful for the enrichment, isolation and purification of 
immature endocrine cells.

REFERENCE EXAMPLE 18
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Method of Obtaining Insulin-expressing Cells Using Νοααίη without Exogenous Retinoids

[0365] This Reference example demonstrates an alternative method for differentiating hESCs to insulin-expressing cells using 
noggin treatment without the addition of an exogenous retinoid source, for example retinol (vitamin A) which may be present in 
media supplements such as B27.

[0366] Human ESCs were differentiated to definitive endoderm cells via treatment with activin A (100 ng/ml) and Wnt3a (25 
ng/ml) in RPMI + 0% FBS for the first day and then for 2 more days with activin A (100 ng/ml) alone in RPMI + 0.2% v/v FBS. 
Definitive endoderm was differentiated to foregut endoderm by treatment with KGF (50 ng/ml) and KAAD-cyclopamine (0.25 
μΜ) for 3 days in RPMI + 2% v/v FBS. Differentiation then proceeded in DMEM + 1% v/v B27 supplement containing KGF (50 
ng/ml) and KAAD-cyclopamine (0.25 pM) for one day followed by 5 additional days of the same with or without the addition of 
noggin (100 ng/ml). The B27 supplement used was either with (B27+) or without (B27-) vitamin A. On days 13, 14 and 15 of 
differentiation, the KGF was removed but the KAAD-cyclopamine (0.25 pM) and noggin (when used) remained in the culture 
medium. The differentiation medium for days 16-19 consisted of CMRL + 1% v/v B27 (with or without vitamin Aas in previous 
conditions) with no additional factors. Cultures were sampled in duplicate on days 3, 6, 9, 12, 15 and 19 of differentiation and 
analyzed for expression of pancreatic markers using real-time PCR.

[0367] Induction of PDX1 gene expression was not dependent on either noggin treatment or the presence or absence of 
vitamin A in the B27 supplement (Figure 29A). In contrast, the induction of pancreatic endocrine differentiation, as evidenced by 
NGN3 expression induced at day 12, was highly dependent on the presence of noggin (Figure 29B). Subsequent to the 
induction of NGN3 expression, the expression of pancreatic hormones INS, GCG, SST, and GHRL was also dependent on the 
presence of noggin (Figures 29C-F). The ability for noggin to maintain NGN3 expression beyond day 12 was enhanced by the 
presence of vitamin A in the B27 supplement. In addition, the magnitude of pancreatic hormone expression was also enhanced 
by the presence of vitamin A in the B27 supplement, however, in the complete absence of exogenous retinoid application 
noggin treatment was still sufficient to induce differentiation to insulin-expressing cells.

REFERENCE EXAMPLE 19

Method of Obtaining Insulin-expressing Cells Using Combination of Noggin and Retinoic Acid

[0368] This example demonstrates that noggin and retinoic acid can be used in conjunction for differentiating hESCs to insulin­
expressing cells and that the addition of noggin to retinoic acid potentiates the action of the retinoic acid, particularly when 
retinoic acid is used at lower concentrations.

[0369] Human ESCs were differentiated to definitive endoderm via treatment with activin A (100 ng/ml) and Wnt3a (25 ng/ml) in 
RPMI + 0% FBS for the first day and then for 2 more days with activin A (100 ng/ml) alone in RPMI + 0.2% v/v FBS. Definitive 
endoderm was differentiated to foregut endoderm by treatment with KGF (50 ng/ml) and KAAD-cyclopamine (0.25 μΜ) for 3 
days in RPMI + 2% v/v FBS. Differentiation then proceeded for 3 days in DMEM + 1% v/v B27 supplement containing KAAD- 
cyclopamine (0.25 pM) and all-trans retinoic acid (0.1 pM or 2 pM) with or without the addition of noggin (0, 30 or 100 ng/ml). 
This was followed by a 2 day treatment period with the gamma-secretase inhibitor DAPT (1 pM) provided in DMEM +1% v/v B27 
and subsequently the cells were cultured in CMRL + 1% v/v B27 with no additional growth factors.

[0370] The concentration of retinoic acid and the addition of noggin had very little effect on the expression levels of PDX1 at 
days 9 or 11 (Figure 30A). However, the addition of noggin to low dose RA (0.1 pM) dramatically enhanced the expression of 
the endocrine progenitor marker NGN3 at day 9 (Figure 30B) as well as the initial appearance of INS and GCG gene 
expression at day 11 (Figure 30E and 30F). This result may be due to an enhancement of differentiation to pancreatic 
epithelium as indicated by the enhanced expression of PTF1A (Figure 30C) and NKX6-1 (Figure 30D), particularly in condition 
"C" using lower RA concentration (0.1 pM) and high noggin concentration (100 ng/ml). These results demonstrated that the 
combination of noggin and retinoid signaling acts synergistically to specify pancreatic epithelium and ultimately pancreatic 
endocrine differentiation from foregut endoderm derived from hESCs.

REFERENCE EXAMPLE 20
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In Vivo Maturation of Pancreatic Epithelium

[0371] In order to further study the potential of hESC-derived material to further differentiate into functional insulin-producing 
cells, we transplanted in vitro differentiated cells into immunocompromised mice (SCID/Bg). To achieve this, confluent cells at 
various stages of the differentiation process were mechanically scored using a modified McIlwain tissue chopper (see 
Joannides et al., (2006). Stem Cells 24:230-235, the disclosure of which is incorporated herein by reference in its entirety) and 
subsequently transferred to nonadherent plates for culture. The resultant aggregates were pipetted onto gelatin sponge 
scaffolds (Gelfoam; Pharmacia) and overlaid with Matrigel (BD). Each 8mm diameter x 2mm scaffold was loaded with 25-40 pl 
of aggregates. Two of these tissue constructs were subsequently transplanted into the epididymal fat pad of each mouse.

[0372] Grafted material was allowed to differentiate and mature in vivo. Every two weeks, functionality of the insulin-producing 
cells in these grafts was tested by injecting animals with arginine to induce insulin secretion. Blood was collected 4 minutes after 
arginine injection and tested for human C-peptide. Human C-peptide was detected in animal serum as early as 5 weeks after 
transplantation and increased over time. Ten to sixteen weeks post-transplant, two animals contained grafts that were 
responsive to glucose. These data suggest that the number of functional insulin-producing cells in the grafts is increasing over 
time probably through a combination of progenitor proliferation and maturation.

[0373] Histological examination of grafts harvested at different time points revealed the presence of expanding and maturing 
pancreatic epithelium. Grafts harvested at later time points had larger amounts of this epithelium. Pancreatic epithelium was 
identified by morphology and expression of typical developmental markers such as Pdxl and Nkx6.1. Examination of hormone 
markers revealed that islet-like cell clusters budded off of the pancreatic epithelium in a manner analagous to normal pancreatic 
development. These clusters contained singly-positive hormonal cells including insulin-cells that are also Nkx6.1-positive and 
Pdx1-positive. The cell cluster architecture resembled that of normal fetal islets.

[0374] As used in the claims below and throughout this disclosure, by the phrase "consisting essentially of" is meant including 
any elements listed after the phrase, and limited to other elements that do not interfere with or contribute to the activity or action 
specified in the disclosure for the listed elements. Thus, the phrase "consisting essentially of" indicates that the listed elements 
are required or mandatory, but that other elements are optional and may or may not be present depending upon whether or not 
they affect the activity or action of the listed elements.
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Patentkrav

1. Fremgangsmåde til fremstilling af humane hormon-udtrykkende langerhanske 

øer celler, hvilken fremgangsmåde omfatter trinnene:

(a) at tilvejebringe en population af pluripotente humane stamceller;

(b) at tilvejebringe populationen af pluripotente humane stamceller med en 

vækstfaktor af TGF-ß-superfamilien valgt fra gruppen bestående af activin 

A og activin B og kombinationer deraf, derved fremstilles en population af 

humane definitive endoderme celler;

(c) at tilvejebringe populationen af humane definitive endoderme celler 

med et retinoid, derved fremstilles en population af humane PDXl-positive 

pankreatiske endoderme celler; og

(d) at inkubere populationen af humane PDX-1 positive pankreatiske 

endoderme celler i tilstedeværelsen af retinoidet i tilstrækkelig tid for at 

tillade humane hormon-udtrykkende langerhanske øer celler at dannes, 

yderligere omfattende trinnet at tilvejebringe populationen af humane PDX- 

1 positive pankreatiske endoderme celler med DAPT.

2. Fremgangsmåden ifølge krav 1 yderligere omfattende trinnet at tilvejebringe 

populationen af humane definitive endoderme celler med en vækstfaktor af 
fibroblastvækstfaktorfamilien.

3. Fremgangsmåden ifølge krav 1 eller 2 yderligere omfattende at tilvejebringe 

populationen af pluripotente humane stamceller med B27.

4. Fremgangsmåden ifølge et hvilket som helst af kravene 1 til 3 yderligere 

omfattende at tilvejebringe populationen af pluripotente humane stamceller med 

et Wnt-familiemedlem.

5. Fremgangsmåden ifølge et hvilket som helst af kravene 1 til 4 yderligere 

omfattende at fjerne TGF-ß-superfamilievaekstfaktor fra cellepopulationen.



DK/EP 1999253 T3

DRAWINGS

Figure 1

Steo-wise differentiation of hESC to islets
Sten 1 Sten 2 Sten 3 Sten 4 Sten 5

t=0 J6h 3d 6d 9d lzd 18d
1 " 111 -- ■·■!-- <|IL--- L.. piL----—

Foregut
u----- --—
Pancreatic

—1----- f---- >------J...t

ESC ME Ant. DE endoderm endoderm Endocrine Islet cells
-· — ® -*  © —· -*  ·

OCT4 BRACH SOX17 HNF1b PDX1 NGN3 GHRELIN
NANOG FGF4 GSC FOXA1 HNF6 PAX4 GLUCAGON
SOX2 WNT3 CER NKX2.2 INSULIN
ECAD CXCR4 IAPP

FGF17 SS
FOXA2 PP



DK/EP 1999253 T3

2 es v*  
S V>

i.

ι-g
^_q

•o

O 
a

»fi

i

<ά 
o 
j.
jQL
.2.
J3
o.
O. 
_a_______
(OXtoNEM 
(O)dN£ S 
(Β)θΟίΥ

ί

■
I

0 § 
Θw ftDBONlsj

e ö)dhz S
(a)ootv

in όι »n ▼- m o 
CM —T" j—J GJ

CO ’ej- CM O CO 40 CM O

s CÉ

(a)øoN>sd

(O)JNZ gΦ'
S
T- 
.4 
ω

(a)oow

FI
G

U
R

E.
 2

O CO <O M* CM C3

Ö

< CO



DK/EP 1999253 T3

(con’t)



DK/EP 1999253 T3

FI
G

U
R

E.
 3



DK/EP 1999253 T3

® i
w s
=Sl <

E?t>

*a-wo
wo
da

öüiv
*a-wo

wo
da

OÖlrV

xa-wo
wo
da

o©rv

tXCkl-lSN

£

FI
G

U
R

E.
 4



DK/EP 1999253 T3

co o o

O Ο

CD LL



DK/EP 1999253 T3

LU LL

FI
G

U
R

E.
 6



DK/EP 1999253 T3

IN
SU

LI
N

 D 
G

LU
CA

G
O

N

g



DK/EP 1999253 T3

FI
G

U
R

E.
 8

IN
SU

LI
N

 
IN

SU
LI

N



DK/EP 1999253 T3

C-peptide - 24hr conditioned media

FIGURE. 9



DK/EP 1999253 T3

FI
G

U
R

E.
 10



DK/EP 1999253 T3

c

PDX1 PDX1

~J±1
ESC | 43 | «I 45 I 4U I 415

BG02

NGN3 NGN3

INSULIN INSULIN

D

Figure 11



DK/EP 1999253 T3

Fi
gu

re
 12 ω ö



DK/EP 1999253 T3



DK/EP 1999253 T3

Fi
gu

re
 14

< Q



DK/EP 1999253 T3

Fi
gu

re
 15 CD



DK/EP 1999253 T3

Fi
gu

re
 16



DK/EP 1999253 T3

Fi
gu

re
 17



DK/EP 1999253 T3

Fi
gu

re
 18

CQ Q

O



DK/EP 1999253 T3

Fi
gu

re
 19

V-3d E-91- IWQN

< INVON

IMVONo

WVON
In

su
lin

---
---

---
---

---
---

-►



DK/EP 1999253 T3

Fi
gu

re
 2

0

< «_____ _ WVON QQ x------------- WVON



DK/EP 1999253 T3



DK/EP 1999253 T3

Fi
gu

re
 2

2 
(1

 of
 2

)

Q

<

P
If i

s p
o 4 IM
£L I 1 E

:ii

Bs b,
P
OfB1

η κι 
¢4

CM U2 " W < 
d

9

ill

CD

LU

O



DK/EP 1999253 T3

Fi
gu

re
 2

2 
(2

 o
f 2

)

-3

0 X

!·■—

h
- ft 5

r I 
I«

o
§ 1—w £

i
{

T
Ιί 
§1 i 
Ϊ

ry in nr 
nJ

«*  T“ Ö 3



DK/EP 1999253 T3

Fi
gu

re
 2

3

Q LU

< CD O



DK/EP 1999253 T3

Fi
gu

re
 2

4 
(1

 of
 2

)

Q LU LU

< O



DK/EP 1999253 T3

Fi
gu

re
 2

4 
(2

 o
f 2

)

o x



DK/EP 1999253 T3

Fi
gu

re
 2

5



DK/EP 1999253 T3



DK/EP 1999253 T3

Fi
gu

re
 2

7



DK/EP 1999253 T3

ά. -

Q

Fi
gu

re
 2

8

CQ



DK/EP 1999253 T3

c

E

FDX1 N0N3

B

FIGURE 29



DK/EP 1999253 T3

A

PDX1

% @ II

in rWf
■Ί

g 8 5

d3 00

e 
s

dS*CR0.1 iIO-cr:
! Ί”i

a 1 ο·

dll

i “·

C

2Æ
2

1Λ·
1

ÖJ5
O

PTF1A

.......... ... 1» Μ
1 Fl·

cSnctiB
Aiool rø I NO I N3o | nT0o) MJ ] N30 ] N1001 A | B | <3 | 0 [ G } F 

d3 d6 J d^CRO.1 I 49.CR2 I d11

NSN3

E

0.02
0.018 
0-018 
0.014 
0.012

0.01
0.008
Ο.Οϋβ 
0.004 
0.002

0

INS

T

Aiooj KC 1 NO 1 N30 |κΐθθ1 NO | fCO |lW»| A | 3 | C | □ | E 
<13 J dO I lJ9-CRQ1 I dB-CfS | dll

F

GCG

F

FIGURE 30


