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CLAIMS 

What is claimed is: 

1. An in vitro differentiated population of pancreatic endoderm cells obtained from t 	stepwise 

differentiation of pluripotent cells, wherein cells at each step of differentiation are 	ltured in 

medium comprising 5 mM to 20 mM glucose. 

2. The differentiated population of pancreatic endoderm cells of claim 1, 	erein greater than 

30% of the differentiated pancreatic endoderm cells arc PDX-1+ NKX 	+, SOX2-, and CDX2-. 

3. The differentiated population of pancreatic endoderm cells of c 	ims 1 or 2, wherein greater 

than 10% of the cells in the differentiated population are single 	ormonal insulin positive cells. 

4. The differentiated population of pancreatic endoderm c• s of claims 1 to 3, wherein the 

stepwise differentiation comprises culturing undifferen =ted human embryonic stem cells in 

medium further supplemented with a TGF-B ligand.  

5. The differentiated population of pancreatic - doderm cells of claims 1 to 4, wherein the 

stepwise differentiation comprises culturing . ndifferentiated human embryonic stem cells in 

medium further supplemented with a 	activator. 

6. The differentiated population of i • ncreatic endoderm cells of claim 1, wherein the stepwise 

differentiation comprises cultuf _ definitive endoderm cells in medium further supplemented 

with a FGF ligand. 

7. The differentiated pop 	ation of pancreatic endoderm cells of claims 1 to 4, wherein the 

stepwise differentiatio 	comprises culturing gut tube cells in medium further supplemented with 

a shh inhibitor, a F'. 	ligand, a PKC activator, a TGF-B ligand, a retinoid, and a gradient of a 

BMP inhibitor. 

8. The dif 	entiated population of pancreatic endoderm cells of claim 5, wherein the stepwise 

differe 	ation comprises culturing posterior foregut cells in medium further supplemented with a 

PKC • ctivator, a shh inhibitor, a retinoid, and a BMP inhibitor. 
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9. The differentiated population of pancreatic endoderm cells of claims 1 to 6, wherein the 

stepwise differentiation comprises culturing cells in medium further supplemented with asc. . ic 

acid, 

10. An in vitro method for the stepwise differentiation of pluripotent cells into a po 	lation of 

cells of the pancreatic endoderm lineage, which comprises culturing the cells at ;.— ch stage of 

differentiation in medium comprising 5 mM to 20 mM glucose. 

11. The in vitro method of claim 10, further comprising differentiating t• - pluripotent cells into 

definitive endoderm (DE) cells by culturing the pluripotent cells in in ,  i ium supplemented with a 

TGF-B ligand and a WNT activator. 

12. The in vitro method of claim 11, further comprising diffe 	ntiating the DE cells into gut tube 

cells by culturing the DE cells in medium supplemented w 	a FGF ligand. 

13. The in vitro method of claim 12, further cornpris 	g differentiating the gut tube cells into 

posterior foregut endoderm cells by culturing the : 4 t tube cells in medium supplemented with a 

shh inhibitor, a FGF ligand, a PKC activator, a 	F-B ligand, a retinoid, and a BMP inhibitor. 

14. The in vitro method of claim 13, furth, 	comprising differentiating the posterior foregut 

endoderm cells into pancreatic foregut . -11s by culturing the posterior foregut endoderm cells in 

medium supplemented with a PKC 	ivator, a shh inhibitor, a retinoid, and a BMP inhibitor. 

15. The in vitro method of clai• 	14, further comprising differentiating the pancreatic foregut 

cells into pancreatic endoder 	cells by culturing the pancreatic foregut cells in medium 

supplemented with a shh ' hibitor, a TGF-B inhibitor, and a retinoid. 

16. The in vitro me 	od of claim 15, further comprising differentiating the pancreatic endoderm 

cells into a pane , ; tic beta cell population. 

17. The in If ro method of claims 10 to 16, wherein in at least one step the medium is further 

supplem- ted with ascorbic acid. 

18. e in vitro method of claims 10 to 17, wherein greater than 10% of the cells in the 

a 	erentiated population arc single hormonal insulin positive cells. 
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19. The in vitro method of claim 18, wherein greater than 30% of pancreatic endoderm cells i 

culture are PDX-1+, NKX6.1+, SOX2-, and CDX2-. 

20. An in vitro method for differentiating human embryonic stem cells into pancreatic 	ta cells 

comprising: 

a) culturing undifferentiated human embryonic stem cells in medium sup P emented with 

glucose, a TGF-B ligand, and a WNT activator, to generate a popul 	ion of definite 

endoderm (DE) cells; 

b) culturing the DE cells in medium supplemented with glucose 4nd a FGF ligand to 

generate a population of gut tube cells; 

c) culturing the gut tube cells in medium supplemented w 	glucose, a shh inhibitor, a 

FGF ligand, a PKC activator, a TGF-B ligand, a reti• s id, and a gradient of a BMP 

inhibitor to generate a population of posterior for• iut endoderm cells expressing PDX-1 

and SOX2; 

d) culturing the posterior foregut cells in med -m supplemented with glucose, a PKC 

activator, a shh inhibitor, a retinoid, an.: BMP inhibitor to generate a population of 

pancreatic foregut cells expressing P o 	-1 and NKX6.1, and expressing lower level of 

SOX2 as compared to the posted. foregut cells; 

e) culturing the pancreatic foregu 	ells in medium supplemented with glucose, a shh 

inhibitor, a TGF-B inhibito 	and a retinoid to obtain a population of pancreatic 

endoderm cells expressi 4. PDX-1, a higher level of NKX6.1, and a lower level of 

SOX2 as compared ts 1 ancreatic foregut cells; and 

f) differentiating the si ncreatic endoderm cells into a pancreatic beta cell population. 

21. The method of cl . i 20, wherein the pancreatic beta cell population is PDX-1 +, NKX6.1+, 

SOX2-, and CDX2 

22. The methe4 of claim 20 or 21, wherein in at least one step the medium is further 

supplemen • i with ascorbic acid. 

23. T 	method of claim 22, wherein the pancreatic bcta cells arc single hormonal 

ins 	n-producing cells which are also NKX6.1+ and PDX-1+. 
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CLAIMS 

1. An in vitro method for producing a population of pancreatic cells comprising the steps of: 

a) culturing undifferentiated human pluripotent stem cells in a medium supplemented 

with 5 mM to 20 mM glucose, a TGF-P ligand. and a WNT activator. to generate a population of 

definite endoderm (DE) cells; 

b) culturing the DE cells in a medium supplemented with 5 mM to 20 mM glucose. and a FGF 

ligand to generate a population of gut tube cells; 

c) culturing die gut tube cells in medium supplemented with 5 mM to 20 mM glucose, a shh 

inhibitor, a FGF ligand, a PKC activator, a TGF-(3 ligand, a retinoid, and a gradient of a BMP 

inhibitor to generate a population of posterior foregut endoderm cells expressing PDX-1 and 

SOX2; 

d) culturing the posterior foregut cells in medium supplemented with 5 mM to 20 mM glucose, a 

PKC, activator, a shh inhibitor, a retinoid, and a BMP inhibitor to generate a population of 

pancreatic foregut cells expressing PDX-1 and N10(6.1, and expressing lower level of SOX2 as 

compared to the posterior foregut cells; 

e) culturing the pancreatic foregut cells in medium supplemented with 5 mM to 20 mM glucose. 

a shh inhibitor, a TGF-13 inhibitor, ascorbic acid and a retinoid to obtain a population of cells, 

wherein said population comprises: 

(i) greater than 30% of pancreatic endoderm cells that are PDX-1+, NKX6. I+, SOX2- and 

CDX2-, and 

(ii) greater than 10% of single hormonal insulin positive cells. 
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2. An in vitro method for differentiating human pluripotent stem cells comprising the steps of: 

a) culturing human pluripotent stem cells in a medium supplemented with 5 mM to 20 mM 

glucose, a TGF-(3 ligand, and a WNT activator, to generate a population of definite endoderm 

(DE) cells; 

b) culturing the DE cells in a medium supplemented with 5 mM to 20 mM glucose, and a FGF 

ligand to generate a population of gut tube cells; 

c) culturing the gut tube cells in medium supplemented with 5 mM to 20 mM glucose, a shh 

inhibitor, a FGF ligand, a PKC activator, a TGF-(3 ligand, a retinoid, and a gradient of a BMP 

inhibitor to generate a population of posterior foregut endoderm cells expressing PDX-1 and 

SOX2; 

d) culturing the posterior foregut cells in medium supplemented with 5 mM to 20 mM glucose, a 

PKC activator, a shh inhibitor, a retinoid, and a BMP inhibitor to generate a population of 

pancreatic foregut cells expressing PDX-1 and NKX6.1, and expressing lower level of SOX2 as 

compared to the posterior foregut cells; 
e) culturing the pancreatic foregut cells in medium supplemented with 5 mM to 20 mM glucose, 

a shh inhibitor, a TGF43 inhibitor, and a retinoid to obtain a population of pancreatic endoderm 

cells expressing PDX-1, a higher level of NKX6.I, and a lower level of SOX2 as compared to 

pancreatic foregut cells; and 

f) differentiating the pancreatic endoderm cells into a pancreatic f3-cell population. 

3.  The method of claim 2, wherein in at least one step the medium is further supplemented 

with ascorbic acid. 

4.  The method of claim 3, wherein the pancreatic 0 cells are single hormonal insulin-

producing cells which are also NICX6.1+ and PDX-1+. 

5.  The method of claim 2, wherein the pancreatic 0-cell population is PDX-1+, NKX6.1+, 

SOX2-, and CDX2-. 
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