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CLAIMS 

What is claimed is: 

1. A method of culturing pluripotent stem cells comprising seeding the pluripotent siem cells 
on a surface at a seeding density of from about 0.8 x 105 cells/cm2 to about 3.0j( 105 

cells/cm2. 

2. The method of claim 1, wherein the pluripotent stem cells are embryonic stem cells. 

3. The method of claim 2, wherein the embryonic stem cells are hurndn embryonic stem cells. 

4. The method of claim 1, wherein the pluripotent stem cells ar^eeded on a surface 
comprising Matrigel™. 

5. A method of differentiating pluripotent stem cells con^prising seeding the pluripotent stem 
cells on a surface at a density of from about 0.8 x Ur cells/cm2 to about 3.0 x 105 cells/cm2; 
and differentiating the pluripotent stem cells to/ells expressing markers indicative of 
definitive endoderm. 

6. The method of claim 5, wherein the pliyfpotent stem cells are embryonic stem cells. 

7. The method of claim 6, wherein tly embryonic stem cells are human embryonic stem cells. 

8. The method of claim 5, wherqjn the surface where the pluripotent stem cells are seeded 
comprises Matrigel™. 

9. The method of claim Sfwherein the cells expressing markers indicative of definitive 
endoderm are human. 

10. A method of chaining cells expressing markers indicative of definitive endoderm 
comprisin^flifferentiating pluripotent stem cells into cells expressing markers indicative of 
definitive endoderm, wherein the pluripotent stem cells have been seeded on a surface at a 
densiw of from about 0.8 x 105 cells/cm2 to about 3.0 x 105 cells/cm2. 

11. 7"e method of claim 10, wherein the pluripotent stem cells are embryonic stem cells. 
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12. The method of claim 11, wherein the embryonic stem cells are human embryonic stem cellar 

13. The method of claim 10, wherein the surface where the pluripotent stem cells are seeded 
comprises Matrigel™. / 

14. The method of claim 10, wherein the cells expressing markers indicative of de^mitive 

endoderm are human. / 

15. A method of differentiating cells expressing markers indicative of definitive endoderm 
comprising seeding pluripotent stem cells on a first surface at a seedmg density sufficient to 
maximize differentiation efficiency of the pluripotent stem cells^ifferentiating the 
pluripotent stem cells into cells expressing markers indicativ^f definitive endoderm; 
seeding the cells expressing markers indicative of definitive endoderm at a seeding density 
sufficient to maximize differentiation efficiency of the yells expressing markers indicative of 
definitive endoderm; and differentiating the cells expressing markers indicative of definitive 
endoderm into cells expressing markers indicatiwof pancreatic endoderm. 

16. The method of claim 15, wherein the pluripotent stem cells are seeded on the first surface at 

a seeding density of from about 0.8 x 10y4ells/cm2 to about 3.0 x 10s cells/cm2. 

17. The method of claim 15, wherein throells expressing markers indicative of definitive 
endoderm are seeded on the secona surface at a seeding density of from about 1.5 x 105 

cells/cm2 to about 5.0 x 105 cells/cm2. 

18. The method of claim 15, wierein the pluripotent stem cells are embryonic stem cells. 

19. The method of clainyf8, wherein the embryonic stem cells are human embryonic stem cells. 

20. The method of claim 15, wherein the first surface comprises Matrigel™. 

21. The methodrof claim 15, wherein the second surface comprises Matrigel™. 

22. The mrthod of claim 15, wherein the first surface and the second surface are the same 

surface. 

25 



WO 2013/169769 PCT/US2013/039940 

23. The method of claim 15, wherein the cells expressing markers indicative of definitive / 

endoderm are human. / 

24. The method of claim 15, wherein the cells expressing markers indicative of pancreapc 

endoderm are human. / 

25. A method of differentiating cells expressing markers indicative of definitivarendoderm 

comprising differentiating pluripotent stem cells into cells expressing maflcers indicative of 

definitive endoderm; and differentiating the cells expressing markers indicative of definitive 

endoderm into cells expressing markers indicative of pancreatic eoBoderm; wherein the 

pluripotent stem cells have been seeded on a surface at a seedingdensity of from about 0.8 x 

105 cells/cm3 to about 3.0 x 10s cells/cm2. / 

26. The method of claim 25, wherein the pluripotent stem c«ls are embryonic stem cells. 

27. The method of claim 26, wherein the embryonic stam cells are human embryonic stem cells. 

28. The method of claim 25, wherein the surface oomprises Matrigel™. 

29. The method of claim 25, wherein the celh^xpressing markers indicative of definitive 

endoderm are human. / 

30. The method of claim 25, whereinine cells expressing markers indicative of pancreatic 

endoderm are human. / 

31. A method of obtaining ceUs expressing markers indicative of pancreatic endoderm 

comprising: / 

a) seeding pluripotent stem cells on a surface; 

b) differentiating the pluripotent stem cells into cells expressing markers indicative of 

definitive endoderm; and 

c) differentiating the cells expressing markers indicative of definitive endoderm into 

^ells expressing markers indicative of pancreatic endoderm. 

32. Thjr method of claim 31, wherein the pluripotent stem cells are seeded on a surface at a 

^ceding density of from about 0.8 x 105 cells/cm2 to about 3.0 x 105 cells/cm2. 
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33. The method of claim 31, further comprising the step of seeding the cells expressing markers' 

indicative of definitive endoderm at a seeding density of from about 1.5 x 10 cells/cm"Jp 
about 5.0 x 105 cclls/cm2. / 

34. The method of claim 31, wherein the pluripotent stem cells are embryonic stem^lls. 

35. The method of claim 34, wherein the embryonic stem cells are human embiyonic stem cells. 

36. The method of claim 31, wherein the surface comprises Matrigel™. / 

37. The method of claim 31, wherein the cells expressing markers indicative of definitive 
endoderm are human. / 

38. The method of claim 31, wherein the cells expressing maimers indicative of pancreatic 
endoderm are human. / 

39. A method of obtaining cells expressing markers iflaicative of pancreatic endocrine 
comprising: / 

a) seeding pluripotent stem cells orjA surface; 

b) differentiating the pluripotenratem cells into cells expressing markers indicative 
of definitive endoderm; ancr 

c) differentiating the cellsy^xpressing markers indicative of definitive endoderm into 
cells expressing markers indicative of pancreatic endocrine. 

40. The method of claim 39, ynerein the pluripotent stem cells are seeded at a seeding density 
of from about 0.8 x lO^ells/cm2 to about 3.0 x 105 cells/cm2. 

41. The method of clajm 39, further comprising the step of seeding the cells expressing markers 
indicative of definitive endoderm at a seeding density of from about 1.5 x 10 cells/cm" to 
about 5.0 x cells/cm2. 

42. The mamod of claim 39, wherein the pluripotent stem cells are embryonic stem cells. 

43. The method of claim 40, wherein the embryonic stem cells are human embryonic stem cells. 

44* The method of claim 39, wherein the surface comprises Matrigel™. 
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45. The method of claim 39, wherein the cells expressing markers indicative of definitive A 

endoderm are human. / 

46. The method of claim 39, wherein the cells expressing markers indicative of pancrealfc 

endoderm are human. / 

47. A method of differentiating cells expressing markers indicative of definitivorendoderm 

comprising seeding cells expressing markers indicative of definitive en<Mlerm on a surface 

at a seeding density of from about 1.5 x 105 cells/cm2 to about 5.0 x lir cells/cm2; and 

differentiating the cells expressing markers indicative of definitivtyendoderm into cells 

expressing markers indicative of pancreatic endoderm. / 

48. The method of claim 47, wherein the cells expressing markers indicative of definitive 

endoderm are human. / 

49. The method of claim 47, wherein the cells expressing markers indicative of pancreatic 

endoderm are human. / 

50. A method of differentiating cells expressiiVmarkers indicative of definitive endoderm into 

cells expressing markers indicative of pancreatic endocrine comprising seeding cells 

expressing markers indicative of definitive endoderm on a surface at a seeding density of 

from about 1.5 x 105 cells/cm2 to^oout 5.0 x 10s cells/cm2; and differentiating the cells 

expressing markers indicative OK definitive endoderm into cells expressing markers 

indicative of pancreatic end^urine. 

51. The method of claim 5flfwherein the cells expressing markers indicative of definitive 

endoderm are humai* 

52. The method o^aim 50, wherein the cells expressing markers indicative of pancreatic 

endoderm aoe human. 

53. A population of cells differentiated in vitro from human embryonic stem cells, showing a 

dronfln expression of at least one marker selected from PDX-1, NKX6.1, NGN3, NKX2.2, 

NeuroD, and insulin, and upregulation of ZIC1 and CDX2 when compared to human 
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Claims 

1. A method of culturing pluripotent stem cells comprising seeding the pluripotent stem 

cells on a surface at a seeding density of from 0.8 x 105 cells/cm2 to 3.0 x 105 cells/cm2. 

2. The method of claim 1, wherein the pluripotent stem cells are embryonic stem cells. 

3. The method of claim 2, wherein the embryonic stem cells are human embryonic stem 

cells. 

4. The method of claim 1, wherein the pluripotent stem cells are seeded on a surface 

comprising Matrigel™. 

5. A method of differentiating pluripotent stem cells comprising seeding the pluripotent 

stem cells on a surface at a density of from 0.8 x 105 cells/cm2 to 3.0 x 105 cells/cm2; and 

differentiating the pluripotent stem cells to cells expressing markers indicative of 

definitive endoderm. 

6. The method of claim 5, wherein the pluripotent stem cells are embryonic stem cells. 

7. The method of claim 6, wherein the embryonic stem cells are human embiyonic stem 

cells. 

8. The method of claim 5, wherein the surface where the pluripotent stem cells are seeded 
comprises Matrigel™. 

9. The method of claim 5, wherein the cells expressing markers indicative of definitive 

endoderm are human. 

10. A method of obtaining cells expressing markers indicative of definitive endoderm 

comprising differentiating pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm, wherein the pluripotent stem cells have been seeded on a surface 

at a density of from 0.8 x 105 cells/cm2 to 3.0 x 105 cells/cm2. 

11. The method of claim 10, wherein the pluripotent stem cells are embryonic stem cells. 
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12. The method of claim 11, wherein the embryonic stem cells are human embryonic stem 

cells. 

13. The method of claim 10, wherein the surface where the pluripotent stem cells are seeded 

comprises Matrigel™. 

14. The method of claim 10, wherein the cells expressing markers indicative of definitive 

endoderm are human. 

15. A method of differentiating cells expressing markers indicative of definitive endoderm 

comprising seeding pluripotent stem cells on a first surface at a seeding density of from 

0.8 x 105 cells/cm2 to 3.0 x 105 cells/cm2; differentiating the pluripotent stem cells into 

cells expressing markers indicative of definitive endoderm; seeding the cells expressing 

markers indicative of definitive endoderm on a second surface; and differentiating the 

cells expressing markers indicative of definitive endoderm into cells expressing markers 

indicative of pancreatic endoderm. 

16. A method of differentiating cells expressing markers indicative of definitive endoderm 

comprising seeding pluripotent stem cells on a first surface; differentiating the pluripotent 

stem cells into cells expressing markers indicative of definitive endoderm; seeding the 

cells expressing markers indicative of definitive endoderm on a second surface at a 

seeding density of from 1.5 x 105 cells/cm2 to 5.0 x 105 cells/cm2; and differentiating the 

cells expressing markers indicative of definitive endoderm into cells expressing markers 

indicative of pancreatic endoderm. 

17. A method of differentiating cells expressing markers indicative of definitive endoderm 

comprising differentiating pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm; and differentiating the cells expressing markers indicative of 

definitive endoderm into cells expressing markers indicative of pancreatic endoderm; 

wherein the pluripotent stem cells have been seeded on a surface at a seeding density of 

from 0.8 x 105 cells/cm2 to 3.0 x 105 cells/cm2. 

18. The method of claim 17, wherein the pluripotent stem cells are embryonic stem cells. 
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19. The method of claim 18, wherein the embryonic stem cells are human embryonic stem 

cells. 

20. The method of claim 17, wherein the surface comprises Matrigel™. 

21. The method of claim 17, wherein the cells expressing markers indicative of definitive 

endoderm are human. 

22. The method of claim 17, wherein the cells expressing markers indicative of pancreatic 

endoderm are human. 

23. A method of obtaining cells expressing markers indicative of pancreatic endoderm 

comprising: 

a. seeding pluripotent stem cells on a surface at a seeding density of from 0.8 x 105 

cells/cm2 to 3.0 x 105 cells/cm2; 

b. differentiating the pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm; and 

c. differentiating the cells expressing markers indicative of definitive endoderm into 

cells expressing markers indicative of pancreatic endoderm. 

24. A method of obtaining cells expressing markers indicative of pancreatic endoderm 

comprising: 

a. seeding pluripotent stem cells on a surface; 

b. differentiating the pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm; 

c. seeding the cells expressing markers indicative of definitive endoderm at a 

seeding density of from 1.5 x 105 cells/cm2 to 5.0 x 105 cells/cm2; and 

d. differentiating the cells expressing markers indicative of definitive endoderm into 

cells expressing markers indicative of pancreatic endoderm. 

25. A method of obtaining cells expressing markers indicative of pancreatic endocrine 

comprising: 
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a. seeding pluripotent stem cells on a surface at a seeding density of from 0.8 x 105 

cells/cm2 to 3.0 x 105 cells/cm2; 

b. differentiating the pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm; and 

c. differentiating the cells expressing markers indicative of definitive endoderm into 

cells expressing markers indicative of pancreatic endocrine. 

26. A method of obtaining cells expressing markers indicative of pancreatic endocrine 

comprising: 

a. seeding pluripotent stem cells on a surface; 

b. differentiating the pluripotent stem cells into cells expressing markers indicative 

of definitive endoderm 

c. seeding the cells expressing markers indicative of definitive endoderm at a 
5 2 5 2 seeding density of from 1.5 x 10 cells/cm to 5.0x10 cells/cm ; and 

d. differentiating the cells expressing markers indicative of definitive endoderm into 

cells expressing markers indicative of pancreatic endocrine. 

27. A method of differentiating cells expressing markers indicative of definitive endoderm 

comprising seeding cells expressing markers indicative of definitive endoderm on a 

surface at a seeding density of from 1.5 x 10 cells/cm to 5.0x10 cells/cm ; and 

differentiating the cells expressing markers indicative of definitive endoderm into cells 

expressing markers indicative of pancreatic endoderm. 

28 The method of claim 27, wherein the cells expressing markers indicative of definitive 

endoderm are human. 

29. The method of claim 27, wherein the cells expressing markers indicative of pancreatic 

endoderm are human. 

30. A method of differentiating cells expressing markers indicative of definitive endoderm 

into cells expressing markers indicative of pancreatic endocrine comprising seeding cells 

expressing markers indicative of definitive endoderm on a surface at a seeding density of 
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5 2 5 2 from 1.5x10 cells/cm to 5.0x10 cells/cm ; and differentiating the cells expressing 

markers indicative of definitive endoderm into cells expressing markers indicative of 

pancreatic endocrine. 

31. The method of claim 30, wherein the cells expressing markers indicative of definitive 

endoderm are human. 

32. The method of claim 30, wherein the cells expressing markers indicative of pancreatic 

endocrine are human. 

33. A population of cells differentiated in vitro from human embiyonic stem cells, showing a 

drop in expression of at least one marker selected from PDX-1, NKX6.1, NGN3, 

NKX2.2, NeuroD, and insulin, and upregulation of ZIC1 and CDX2 when compared to 

human embryonic stem cells; and wherein the human embryonic stem cells are seeded on 

a surface at a seeding density of less than 5 x 105 cells/cm2. 
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