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CLAIMS

What is claimed is:

1. An in vitro differentiated population of pancreatic endoderm cells obtained from th¥ stepwise
differentiation of pluripotent cells, wherein cells at each step of differentiation are ghitured in

medium comprising 5 mM to 20 mM glucose.

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

30% of the differentiated pancreatic endoderm cells arc PDX-1+ NKX6fl+, SOX2-, and CDX2-.

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

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

4. The differentiated population of pancreatic endoderm cgfls of claims 1 to 3, wherein the
stepwise differentiation comprises culturing undifferengfited human embryonic stem cells in

medium further supplemented with a TGF-B ligand,

5. The differentiated population of pancreatic gfdoderm cells of claims 1 to 4, wherein the
stepwise differentiation comprises culturing #Andifferentiated human embryonic stem cells in

medium further supplemented with a activator,

6. The differentiated population of pAncreatic endoderm cells of claim 1, wherein the stepwise
differentiation compriscs culturing definitive endoderm cclls in medium further supplemented

with a FGF ligand,

7. The differentiated popyflation of pancreatic endoderm cells of claims 1 to 4, wherein the
stepwise differentiatiglf comprises culturing gut tube cells in medium further supplemented with
a shh inhibitor, a F@F ligand, a PKC activator, a TGF-B ligand, a retinoid, and a gradient of a
BMP inhibitor.

8. The dilfgfrentiated population of pancreatic endoderm ceils of claim 5, wherein the stepwise
differenjfation comprises culturing posterior foregut cells in medium further supplemented with a

PK.CActivator, a shh inhibitor, a retinoid, and a BMP inhibitor.
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9. The differentiated population of pancreatic endoderm cells of claims | to 6, wherein the
stepwise differentiation comprises culturing cells in medium further supplemented with asc

acid,

differentiation in medium comprising 5 mM to 20 mM glucose.

11. The in vitro method of claim 10, further comprising differentiating tj#€ pluripotent cells into

definitive endoderm (DE) cells by culturing the pluripotent cells in mgllium supplemented with a

TGF-B ligand and a WNT activator.

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

cells by culturing the DE cells in medium supplemented wi¢h a FGF ligand.

13. The 1in vitro method of claim 12, further comprisifg differentiating the gut tube cells into
1 tube cells in medium supplemented with a

F-B ligand, a retinoid, and a BMP inhibitor,

posterior foregut endoderm cells by culturing the

shh inhibitor, a FGF ligand, a PKC activator, a

14. The in vitro method of claim 13, furthgf comprising diflferentiating the posterior foregut

endoderm cells into pancreatic foregut g€lls by culturing the posterior foregut endoderm cells in

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

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

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

supplemented with a shh pihibitor, a TGF-B inhibitor, and a retinoid,

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

cells into a pancrgftic beta ccll population.

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

ficrentiated 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 1n vitro method for differentiating hunan embryonic stem cells into pancreatic peta cells

comprising:

a) culturing undifferentiated human embryonic stem cells in medium suppfemented with
glucose, 2 TGF-B ligand, and a WNT aclivalor, 10 generate a populgfion of definite
endoderm (DE) cells;

b) culturing the DE cells in medium supplemented with glucose And a FGF ligand to
generale a population of gut tube cells;

c) culturing the gut tube cells in medium supplemented wigh glucose, a shh inhibitor, a
FGF ligand, a PKC activator, a TGF-B ligand, a retigbid, and a gradient of a BMP
inhibilor to generate a population of posterior forghut endoderm cells expressing PDX-1
and SOX2;

d) culturing the posterior foregut cells in medjpfm supplemented with glucose, a PKC
activator, a shh inhibitor, a retinoid, and& BMP inhibitor to generate a population of
pancreatic foregut cells expressing P#X-1 and NKX6.1, and expressing lower level of
SOX2 as compared to the posterigf foregut cells;

e) culturing the pancreatic foreguyfells in medium supplemented with glucose, a shh
inhibitor, a TGF-B inhibitogfand a retinoid to obtain a population of pancreatic
endoderm cells expressig PDX-1, a higher level of NKX6.1, and a lower level of
SOX2 as compared tgfancreatic foregut cells; and

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

21. The method of clayfn 20, wherein the pancreatic beta cell population is PDX-1 +, NKX6.1+,
SOX2-, and CDX2

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

supplementgli with ascorbic acid.

23. Thf method of claim 22, wherein the pancreatic beta ceils are single hormonal

insylin-producing cells which are also NKX6.1+ and PDX-1+
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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 te 20 mM glucose, a TGF-B 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 ot gut tube cells;

cj culturing the gut tube cells in medium supplemented with 3 mM to 20 mM glucose, a shh
inhibitor, a FGF ligand, a PKC activator, a TGF-$ 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;

¢) culturing the pancreatic foregut cells in medium supplemented with 5 mM to 20 mM glucose,
a shh inhibitor, a TGF-f 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. 1+, SOX2- and

CDX2-, and

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

a) cultaring human pluripotent stem cells in a mediam supplemented with 5 mM to 20 mM
glucose, a TGF- 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;

¢) culturing the gut tube cells in medium supplemented with 3 mM to 20 mM glucose, a shh
inhibitor, a FGF ligand, a PKC activator, a TGF-f ligand, a retinoid, and a gradient of a BMP
inhibitor to generate a population of posterior foregut endoderm cells expressing PDX-I 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 leve] 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-f inhibitor, and a retinoid to obtain a population of pancreatic endoderm
cells expressing PDX-1, a higher level of NKX6.1, and a lower level of SOX2 as compared to
pancreatic foregut cells; and

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

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

with ascorbic acid.

The method of claim 3, wherein the pancreatic 8 cells are single hormonal insulin-

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

The method of claim 2, wherein the pancreatic $-cell population is PDX- 1+, NKX6.1+,
S0OX2-, and CDX2-
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