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CLAIMS: 

1. 	A method of differentiating anterior primitive streak cells 

into 	definitive 	endoderm 	(DE) 	lineage, 	comprising 	contacting 

said anterior primitive streak cells with: 

a. one or more activators of TGFP/Nodal signaling; and 

b. one 	or 	more 	inhibitors 	of 	EMP 	signaling 	or 	one 	or 	more 

inhibitors of Wnt signaling, 

	

to produce cells of the definitive endoderm (DE) 	lineage, 

wherein said cells of the anterior primitive streak are obtained 

from pluripotent stem cells by contacting said pluripotent stem 

cells with: 

a. one or more activators of TGFP/Nodal signaling, and 

b. one or more activators of Wnt signaling; and 

c. one or more inhibitors of PI3K/mTOR signaling 

to produce cells of the anterior primitive streak lineage. 

2. 	The 	method 	as 	claimed 	in 	1, 	wherein 	the 	one 	or 	more 

activators 	of 	TGFP/Nodal 	signaling 	is 	selected 	from 	the 	group 

consisting of Activin A, TGFP1, TGFP2 and Nodal. 

3. 	The method as claimed in 1 or 2, 	wherein the one or more 

inhibitors 	of 	EMP 	signaling 	is 	selected 	from 	the 	group 

consisting 	of 	DM3189/LDN-193189, 	noggin, 	chordin, 	dorsomorphin 

and DMH1. 

4. 	The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 

wherein the cells of the APS lineage are contacted with 100ng/m1 

of Activin A and 250nM of LDN-193189. 
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5. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 

wherein the cells of the APS lineage are contacted with ing/m1 

to 10µg/ml of Activin A and 1nM to 100mM of LDN-193189. 

6. The method as claimed in claim 1 or 2, wherein the one or 

more 	inhibitors 	of 	Wnt 	signaling 	is 	selected 	from 	the 	group 

consisting of Iwp2, Dkkl, 	C-59, 	Iwr-1 and XAV-939. 

7. The 	method 	of 	claim 	6, 	wherein 	the 	cells 	of 	the 	APS 

lineage are contacted with ing/m1 to 10µg/m1 of Activin A and 

1nM to 100mM of Iwp2 or 1nM to 100mM C-59. 

8. The 	method 	of 	claim 	6, 	wherein 	the 	cells 	of 	the 	APS 

lineage are contacted with 10Ong/m1 of Activin A and zipM of Iwp2 

or 1 pM of C-59 or 300ng/m1 Dkk1. 

9. The method of any one of claims 1 to 8, 	wherein the cells 

of the defined endoderm lineage comprise elevated endoderm gene 

expression and decreased pluripotency gene 	expression relative 

to undifferentiated cells. 

10. The method of any one of claims 1 to 9, wherein the cells 

of 	the 	defined endoderm lineage comprise 	significantly reduced 

mesoderm gene expression. 

11. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 	10, 

wherein 	the 	differentiation 	of 	cells 	from 	anterior 	primitive 

streak lineage into cells of definitive endoderm 	(DE) 	lineage is 

completed within 24 to 96 hours. 
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12. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 	11, 

wherein 	the 	one 	or 	more 	activators 	of 	Wnt 	signaling 	are 

CHIR99201 or Wnt3a or other family members of the Wnt signaling 

pathway. 

13. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 	12, 

wherein the one or more 	inhibitors of 	PI3K/mTOR signaling are 

PI-103, 	PIK-90, 	GDC0941, 	or 1=94002. 

14. The 	method as 	claimed 	in 	claim 	13, 	wherein the 	one 	or 

more inhibitors of PI3K/mTOR signaling is PI-103. 

15. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 	14, 

wherein the pluripotent stem cells are contacted with Activin A, 

PI-103 and CHIR99201. 

16. The 	method 	of 	claim 	15, 	wherein 	the 	pluripotent 	stem 

cells are contacted with lng/ml to 100µg/ml of Activin A, 	1nM to 

100mM of PI-103 and 1nM to 100mM of CHIR99201. 

17. The 	method 	of 	claim 	16, 	wherein 	the 	pluripotent 	stem 

cells are 	contacted with 	10Ong/m1 of Activin A, 	50nM of 	PI-103 

and 2µM of CHIR99201. 

18. The 	method of 	any 	one 	of 	claims 	1 	to 	17, 	wherein the 

cells of the anterior primitive streak lineage comprise elevated 

gene 	expression 	of 	anterior 	streak 	or 	pan-streak 	markers 	and 

decreased 	expression 	of 	posterior 	streak 	markers 	relative 	to 

undifferentiated cells. 
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19. The 	method 	as 	claimed 	in 	any 	one 	of 	claims 	1 	to 	18, 

wherein the 	differentiation of pluripotent 	stem cells 	to cells 

of the APS lineage is completed within 24 to 60 hours. 

20. A cell 	culture medium 	for differentiating a pluripotent 

stem 	cell 	into 	definitive 	endoderm 	comprising 	the 	following 

factors: 	one or more activators of TGFP/Nodal signaling, 	one or 

more 	activators 	of 	Wnt 	signaling; 	one 	or 	more 	inhibitors 	of 

PI3K/mTOR 	signaling; 	one 	or 	more 	activators 	of 	TGFP/Nodal 

signaling; 	one 	or more 	inhibitors 	of 	BMP 	signaling 	or 	one 	or 

more inhibitors of Wnt signaling. 

21. A kit when used in the method of any one of claims 1 to 19, 

comprising 	one 	or 	more 	containers 	of 	cell 	culture 	medium 	as 

claimed in claim 20, together with instructions for use. 
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CLAIMS: 

1.. 	A method of differentiating anterior primitive streak cells 

into 	definitive 	endoderm 	(DE) 	lineage, 	comprising 	ggntacting 

said anterior primitive streak cells with: 	 / 
/ 

a. one or more activators of TGFf3/Nodal signaling; and 

b. one or more 	inhibitors of 	BMP signaling/  or one or more 

inhibitors of Wnt signaling, 	 / / 

/ / 
to produce cells of the definitive endoderm (DE) lineage. 

/ 
/ / 

2. The method as claimed in 1/ wherein the one or more 

activators of TGFP/Nodal signaling/'s the one or more activators 

of TGFP/Nodal signaling is selec ed from the group consisting of 

Activin A, TGFP1, TGFP2 and No"al. 

3. The method as clai ed in 1 or 2, wherein the one or more 

inhibitors 	of 	BMP 	si naling 	is 	selected 	from 	the 	group 

consisting of 	DM31890N-193189, 	noggin, 	chordin, 	dorsomorphin 

and DMH1.  

/ 
4. The methk as 	claimed in any one of 	claims 	1 	to 3, 

wherein the 'ells of the APS lineage are contacted with about 

I0Ong/m1 of
/ 
 Activin A and about 250th of 1EN-193189. 

/ 
5. )The method 	as 	claimed in any 	one 	of 	claims 	1 	to 	3, 

where4i the cells of the APS lineage are contacted with 
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CLEAN CI 

about lng/ml to l0gg/m1 of Activin A and about 1nM to 10nM, of 

LDN-193189. 

/ 

'6. 	The method as claimed in claim 1 or 2, wherei 	the one or 

more inhibitors 	of 	Wnt 	signaling 	is 	selected 	from the 	group 

consisting of Iwp2, Dkkl, C-59, imr-1 and XAV-939/ 

7. The method of 	Claim 	6, 	wherein 	the/cells 	of 	the APS 

lineage 	are 	contacted with 	about 	ing/mi /Eo 	about 	10µg/ml 	of 
/ 

Activin A and about 1nM to about 100mM 91 Iwp2 or about 1nM to 

about 100mM C-59. 	 /
/ 

 
/
,/ 

8. The 	method of 	claim 	6,- w 	rein 	the 	cells 	of 	the APS 

lineage are contacted with about 	0Ong/m1 of Activin A and about 

4AM of Iwp2 or about 1 gM of C1,5 / or about 300ng/m1 Dkkl. 

9. The method of any on 	of claims 1 to 8, wherein the cells 

of the defined endoderm 	neage comprise elevated endoderm gene 

expression and decreas 	pluripotency gene expression relative 

to undifferentiated ca' ls. 
/ 

10. The metho 	f any one of claims 1 to 9, wherein the cells 

of the defined /endoderm lineage comprise significantly reduced 
/ 

mesoderm gene expression. 

/ 
11. T13* method 	as 	claimed in any one 	of 	claims 	2. 	to 10, 

wherein
/ 

 /the 	differentiation 	of 	cells 	from anterior 	primitive 

strealilineage into cells of definitive endoderm (DE) 	lineage is 

completed within 24 to 96 hours. 
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12. 	The method of any one of claims 1 to 11, 	wherein/said 

cells of the anterior primitive 	streak are obtained frOm stem 

cells by contacting said stem cells with: 	 / 
/ 

a. one or more activators of TGFP/Nodal signaling, aid 

b. one or more activators of Wnt signaling; or 

c. one or more inhibitors of P23K/mTOR signalinpv, 

to produce cells of the anterior primitive streak lineage. 
/ 
/ 

13. 	The 	method 	of 	claim 	12, 	whereas 	said 	cells 	of 	the 

anterior 	primitive 	streak 	are 	obtai4‘d 	from 	stem 	cells 	by 
/ 

contacting said stem cells with: 	
/1  

a. one or more activators of TGFP 	odal signaling, and 

b. one or more activators of Wn 	signaling; and 

c. one or more inhibitors of 	3K/mTOR signaling. 

14. 	The method as clai 	d in claim 12, 	wherein the one or 

more 	activators 	of 	TGFP 	odal 	signaling 	is Activin A, 	TGFP1, 

TGFP2 or Nodal. 
rI 

 
/ 

15. 	The method as claimed in any one of claims 	12 	to 14, 

wherein 	the 	on 	or 	more 	activators 	of 	Wnt 	signaling 	are 

CHIR99201 or W 	3a or other family members of the Wnt signaling 

pathway. 	// 
/ 
/ 

16. 	T1;1‘ method as 	claimed in any one of 	claims 	12 	to 15, 

wherein the one or more inhibitors of PI3K/mTOR signaling are 

PI-10 , 	PIK-90, GDC0941, or LY294002. 
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17. The method as 	claimed in claim 16, 	wherein the axle or 
/ 

more inhibitors of PI3K/mTOR signaling is PI-103. 	/ 

/ / 
18. The method as 	claimed in any one of 	claims/12 	to 17, 

/ 
wherein the stem cells are contacted with Activin X, 	PI-103 and 

, CHIR99201. 	 ,/  

/ 
19. The 	method 	of 	claim 	18, 	wherein 	the 	stem 	cells 	are 

contacted with about lng/ml to 100µg/m1 of/Activin A, about 1nM 

to 100mM of PI-103 and about 1nM to 100mM/Of CHIR99201. 

/
/ 

/ 
20. The 	method 	of 	claim 	19, 	wY rein 	the 	stem 	cells 	are 

contacted with about 10Ong/ma of Ac)Eivin A, about 50nM of PI-103 

and about 2AM of CHIR99201. 	
// 

21. The method of any onvi of claims 12 to 20, 	wherein the 

cells of the anterior primi ive streak lineage comprise elevated 

gene expression of 	ante 	or streak or pan-streak markers and 

decreased expression 	o 	posterior 	streak markers 	relative 	to 

undifferentiated cell,./  

/
/ 

22. The metho
d/ 

 as 	claimed in any one of claims 	12 to 21, 

wherein the •difieerentiation of stem cells to cells of the APS 
/ 

lineage is copaleted within 24 to 60 hours. 

/ 
23. A/ethod of differentiating cells of the DE lineage into 

cells of/the posterior foregut(PFG), by contacting said cells of 

the D 	with retinoic acid, a BMP inhibitor, a Wnt inhibitor and 

a F 	/MAPK inhibitor. 
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24. The method of claim 23, wherein the cells of the D 	are 

contacted with about 	1nM to 100mM retinoic acid, 	about 	u..n.M to 
/ 

100mM of LDN193189, 	about 1nM to 100mM of IWP2 and aboyet 1nM to 

100mM of PD0325901. 	 // 

/ / 

25. The method of claim 24, wherein the cells/of the DE are 

contacted 	with 	about 	2AM 	retinoic 	acid, 	*bout 	250nM 	of 

LDN193189, about 4AM of IWP2 and about 0.5AM 07PD0325901. 

// 
	

. 

26. The method of any one of claims/63 to 25, 	wherein the 

cells 	of 	the 	posterior 	foregut 	comprise 	elevated 	levels 	of 

posterior foregut gene expression witb8ut either MHG or AFG gene 

expression relative to undifferentia ed cells. 
/ 

27. The method of any one of/Laims 23 to 26, wherein the DE 
/ 

cells are obtained using the Aiethod of any one of claims 1 to 

21.  

28. A method of diffe entiating cells of the DE lineage into 

cells of the midgut/hi dgut 	(MHG), by contacting said DE cells 

with a BMP activator,/a Wnt activator and FGF activator. 

/ 	• 
/ 

29. The method/of- claim 28, wherein the cells of the DE are 

contacted with About Ing/m1 to 100µg/ml of BMP4, about ing/m1 to 

100µg/m1 of F F2, and about 1nM to 100AM of CHIR99201. 

30. Te method of claim 29, wherein the cells of the DE are 

contacted with about 	1Ong/m1 of BMP4, 	about 	100ng/m1 of FGF2, 

and 	out 3µM of CHIR99201. 
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31. 	The method of any one of 	claims 28 to 30, 	wherei 	the 

cells 	of 	the 	MHG 	comprise 	elevated 	expression 	levels 	of MHG 
/ 

genes relative to undifferentiated cells. 	 / 

/ 
32. 	The method as 	claimed in any one of 	claiMs 28 to 31, 

wherein the differentiation is completed within 2p'to 240 hours. 
/ 
/ 

33. 	The method of any one of claims 28 tcy32, wherein the DE 
/ 

cells are obtained using the method of any
/ 	

one of claims 1 to 

21. 	 / 

// 
34. 	A method of inducing pancreatic progenitors of the PFG 

are induced from the DE within thir days by contacting said PFG 

with: 	 / 

a) one or more FGF/MAPK inhibit 

b) one or more BMP inhibitors- and 

c) retinoic acid (RA). 

35. 	The method 	of 	laim 	34, 	further 	comprising 	contacting 

said PFG with one or 	ore Hedgehog inhibitors. 

/ 
. 

36. 	The metho 	of 	claim 	34, 	further 	comprising 	contacting 

said PFG with o e or more Wnt inhibitors. 

/ / 
37. 	The /method 	of 	claim 34, 	further 	comprising 	contacting 

said PFG ylth Activin A. 

/ 
38. 	The method 	of 	claim 	34, 	further 	comprising 	contacting 

sal 	PFG with one or more Hedgehog inhibitors; one or more WNT 

i 

	

	bitors and Activin A. 2i 
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39. The method of 	claim 38, 	wherein 	said PFG 	is 	concted 
/ 

	

with about 1nM to 100mM of PD0325901 or PD173074, 	about/1nM to 

100mM of SANT 1, 	about 1nM to 100mM of LDN193189, 	abo t 1nM to 

100mM of IWP2 or C59, 	about 1nM to 100mM of retinopc acid and 
/ about lng/ml to 100µg/ml of Activin A. 	. 

/ 

40. The method of claim 39, 	wherein sai“FG is contacted 

with about 0.5µM of PD0325901 or 100nM of PDX73074, 	about 150nM 

of 	SANT 1, 	about 250nM of LDN193189, 	abo 	4aM of 	IWP2, 	about 

2gM of retinoic acid and about lOng/m1 of/Activin A. 
. 

41. The method of any one of clflims 34 to 40, 	wherein the 

cells of the pancreatic progenitor,/comprise elevated expression 

levels of pancreatic genes 	rela4ve 	to undifferentiated cells 

and exclude hepatic progenitor 	ne expression. 

// 
 

42. The 	method 	of 	any 	one 	of 	claims 	34 	to 	41, 	further 

comprising contacting sa 	PFG with about lng/ml to 100µg/ma of 

FGF2. 
/ / 

43. The method fclaim 41, wherein the PFG is contacted with 

about 10 to 20 ngiml of FGF2. 

/ 
44. The m'ethod of any one of claims 34-43, 	wherein the DE 

/ 
cells are obtained using the method of any one of claims 1 to 

21. 	/ 

/ 
45. A method of inducing liver progenitors of the PFG from 

the 	E within four days by contacting said PFG with: 

a 	one or more TGFP inhibitors; 
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b) retinoic acid (RA); 

c) one or more BMP activators, and 	 , 
/ 

d) one*or more Wnt inhibitors. 	 / 
/ 
/ . / 

46. The method of 	claim 45, 	wherein said PFG/ /. is 	contacted 

with about 1nM to 100mM of A83-01, 	about 1nM /p/0 100mM of RA, 

about lng/ml to 10µg/ml of BMP4, 	and about 1nM/to 100mM of IWP2 

or C59. 	 / / 

/1  
47. The method of 	claim 46, 	wherein/ said PFG 	is 	contacted 

/ 
with 	about 	lAM of A83-01, 	about 212M/of 	RA, 	about 	lOng/m1 of, 

BMP4, and about 4AM of IWP2. 	
/ / 

48. The method of any one or claims 45 to 47, 	wherein the 

cells 	of 	the 	liver 	progenitofs 	comprise 	elevated 	expression 

levels of hepatic genes rel 
/
lye to undifferentiated cells and 

exclude pancreatic progenit r gene expression. 

49. The method of a y one of claims 45 to 48, wherein the DE 

cells are obtained wing  the method of any one of claims 1 to 

21. 	 - 
// 

50. A cell 4.1ture medium for differentiating 	a 	stem cell 
/ 

into definitiy‘ endoderm comprising one or more of the following 

factors: or/ or more activators of TGFP/Nodal signaling, one or 

more 	act4Arators 	of 	Wnt 	signaling; 	one 	or 	more 	inhibitors 	of 

PI3K/mTa 	signaling; 	one 	or 	more 	activators 	of 	TGFI3/Nodal 

sign 	ing; 	one or more 	inhibitors of BMP signaling or one or 

morn inhibitors of Wnt signaling. 
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51. A cell culture medium for differentiating cells of th 	DE 

lineage into cells of the posterior foregut 	(PFG) 	comprisi g one.  

or 	more 	of 	the 	following 	factors: 	retinoic 	acid„/a 	BMP 
/ 

inhibitor, a Writ inhibitor or a FGF/MAPK inhibitor. 	/ 
/ 

52. A cell culture medium for differentiating cells of the DE 

lineage into cells of the midgut/hindgut 	(MHG),/comprising one 

or more of the following factors: BMP activator,; a Wnt activator 
/ 

or FGF activator. 	 / 

• . 

53. A cell culture medium for inducing/pancreatic progenitors 

of the PFG are induced from the DE comp ising one or more of the 

following factors: a) one or more FGF
/
// APK inhibitors; b) one or 

more BMP inhibitors; or c) retinoic 	cid (RA). 

/ 
54. A . cell culture medium fo 	inducing liver progenitors of 

the PFG from the DE 	comprisi g 	one or more 	of 	the 	following 

factors: 	a) 	one 	or more T 4 inhibitors; 	b) 	one or more BMP 
activators; c) retinoic ac'd and d)one or more Wnt inhibitors. 

55. A cell 	produced 	ccording 	to the 	method 	of 	any 	one 	of 

claims 1 to 49.  
/ 

56. A kit when 	ed in the method of any one of claims 1 to 49, 

comprising one,/ or 	more 	containers 	of 	cell 	culture medium as 

claimed 	in 	any 	one 	of 	claims 	50 	to 	54, 	together 	with 
/ 

instruction‘ for use. 
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Claims 

1. A method of differentiating stem cells into one /Or more 

5 cell lineages comprising contacting said cells with: 

a. one or more activators of TGFP/Nodal signaling; and 

b. one or more activators of Wnt signaling. 

2.  The method as 	claimed in claim 1,/Wherein the 	cell 

10 lineage is the anterior primitive streak lineage. 

3.  The method as claimed in cia* 1, 	further comprising 

contacting said cells with ,fie or more inhibitors of 

PI3K/mTOR signaling. 	• 

15 
/ / 

4.  The 	method 	as 	claimed/fin 	any 	one 	of 	the 	preceding 

claims, 	wherein 	th 	one 	or 	more 	activators 	of 

TGFp/Nodal 	signali 	is 	Activin 	A, 	TGFpl, 	TGFP2 	or 

Nodal. 

20 

5.  The method aS 	claimed 	in any one 	of 	the 	preceding 

claims, 	wherein 	the 	one 	or 	more 	activators 	of 	Wnt 

signaling,/are 	CHIR99201 	or 	Wnt3a 	or 	other 	family 

members/6f the wnt sianaling pathway. 

25 
- 	/ 

/ 
6.  The method as claimed in claim 3, wherein the one or 

/ 	- 
Artore inhibitors of PI3K/mTOR signaling are PI-103, PIK- 

! 	90, 	or LY294002. 

30 

. 	7. The method as claimed in claim 6, 	wherein the one or 

more inhibitors of PI3K/mTOR signaling is P1-103. 
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8.  The method as 	claimed in any one of 	claims 	2 /6.o 7, 
/ 

wherein the cells are contacted with Activin A/ PI-103 

and CHIR99201. 

5 

9.  The method of claim 8, wherein the cells are contacted 

with about lng/ml to 10µg/ml of ActivinA, about 1nM to 

100mM of PI-103 and about 1nM to 100mM/of CHIR99201. 
. . 

10 10.  The method of claim 9, wherein the cells are contacted 

with about 100ng/m1 of Activin A:, about 5OnM of PI-103 

and about 2AM of CHIR99201. 

/ 
11.  The method of any one of 	2 to 10, wherein the 

15 cells of the anterior przfnitive streak lineage comprise 

elevated gene expres4pn of anterior streak or pan-

streak markers and )decreased expression of posterior 

streak markers relive to undifferentiated cells. 

/ / 
20 

• 

12.  The method as /Claimed in any, one of claims 2 to 11, 

wherein the differentiation is completed within 24 to 

60 hours. 

/ . 	. / 
13.  The method as claimed in' any one of claims 2. to 12, 

25 whereXn 'said cells of 	the anterior primitive 	streak 

linfiage 	are 	further 	differentiated.  'into 	cells 	of 

definitive endoderm 	(DE) 	lineage, 	by.contacting said 
i 

/ 

	

"cells of the anterior primitiVe streak lineage with one 	., 

or more activators of TGPP/Nodal signaling; and one 	or 

30 / more inhibitors of BMP signaling or 	one 	or 	more 
/ 
/ inhibitors of Wnt signaling. 
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14.  The method as claimed in claim 13, wherein the on 	or 

more activators of TGFp/Nodal signaling is Activ n A, 

TGFpl, 	TGFP2 or Nodal. 	 . . 	/ 

/ 
/ 

5 15.  The method as claimed in claim 13 or claim /14, wherein 

the 	one 	or 	more 	inhibitors 	of 	BMP 	Signaling 	is 

DM3189/LDN-193189, 	noggin, 	chordin, 	or .diorsomornhin or 

DMH1. 

10 16.  The method of any one of claims 0 to 15, wherein the 

cells 	are 	contacted with about/ ing/m1 	to 	10µg/m1 of 

Activin A and about 1nM to 100MM of LDE-193189. 

/ 
/ 

17.  The method of claim 16, whfirein the cells are contacted 

15 with about 10Ong/m1 of Activin A and about 250nM of 

LDN-193189.  
/ / 

20 

18.  The method as clai ed in claim 13 or claim 14, wherein 

the one or more inhibitors of Wnt signaling is Iwp2, 

Dkkl, C-59, orAwr-1 or XAV-939. 

/ 
19.. The method 4f claim 18, wherein the cells are contacted 

with .about. 1ng/m1 to about 10µg/ml of Activin A and 

about 111M to about 100mM of Iwp2 or about 1nM to about 

25 / 100mM,C-59. 

/ 	 . 
20.  The method of claim 19, wherein the cells are contacted 

/ *tri about 10Ong/m1 of Activin A and about 4AM of Iwp2 
' or about 1 AM of C-59. 

30 

21.  The method of any one of claims 13 to 20, 	wherein the 

// cells of the defined endoderm lineage comprise elevated 
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endoderm 	gene 	expression.  and 	decreased 	pluripote cy 

/' 

 

gene expression relative to undifferentiated cells/  

22.  The method of any one of claims 13 to 21, wherein the 

5 cells 	of 	the 	defined 	endoderm 	lineage/ comprise 

significantly reduced mesoderm gene expression. 

23.  The method as claimed in any one of claims 13. to 22, 

wherein the differentiation is completed within 24 to 

10 96 hours. 

. / 
/ 

24.  .The method as claimed in any idne of claims 13 to 23, 

wherein 	the 	cells 	of 	the/DE 	lineage 	are 	further 
/ differentiated 	into 	cells/ of 	the 	anterior 	foregut / 

15 (AFG), 	by 	contacting 	raid 	DE 	cells 	with 	a 	TGFP 

inhibitor and a BMP inhZbitor. 

20 ' 

25.  The method as clai
/
T d in claim 24, wherein one or more 

inhibitors 	of /TGF13/Nodal 	signaling 	is 	A-83-01, 

5B431542, Left d. or Lefty 2. 

26.  The method/gas claimed in claim 24 or claim 25, wherein 

one 	or 	inhibitors 	of 	BMP 	signaling 	is 

DM3189/.LDN193189, noggin, chordin or dorsomorphin. 

25 / 
/ 

27.  The/ method of any one of claims 24 to 26, wherein the 

cells of the DE are contacted with about 1nM 'to 100mM 

/of A-83-01 and about 1nM to 100mM of LDN193189. 
/ / / 

30 

/. 

7. The method of claim 27, wherein the cells of the DE are 

contacted with about 1µM of A-83-01 and about 250nM of 

// LDN193189. 
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29.  The method of any one of claims 24 to 28, wherein 	e 

cells 	of 	the 	anterior 	foregut 	comprise 	elev ted 

anterior foregut markers (including but not limit  ed to 

. . 
OTX2, 	IRX3,. TBX1, PAX9, SOX2 without either posterior 

5 foregut 	(PFG)• 	or 	midgut/hindgut 	(MHG) 	traihscription 

factors relative to undifferentiated cells, 

30.  The method as claimed in any one of claims 13 to 23, 

wherein 	the 	cells 	of 	the 	DE 	lineage 	are 	further 

10 differentiated into 	cells 	of 	the
/
/PFG, 	by contacting 

said 	cells 	of 	the 	DE 	with 	rkinoic 	acid, 	a 	BMP 

inhibitor, a Wnt inhibitor andX FGF/MAPK inhibitor. 

31.  The method of claim 30, whe em 	the cells of the DE are 

15 contacted with abOut ltM 	o 100mM retinoic acid, about 

114 to 100mM of LDN193 	9, about 1nM to 100mM of IWP2 

and about 1nM to 100mM( of PD0325901. 

32.  The method of clam 31, wherein the cells of the DE are 

20 ,contacted with
/ 
 bout 2µM retinoic acid, about 250nM of 

LDN193189, 	aout 	4µM 	of 	IWP2 	and 	about 	0.5µM 	of 

PD0325901./  

. 	/ 	. 

33.  The me5riod of any one of claims 30 to 32, wherein the 

25 -cells/Of the posterior foregut comprise elevated levels 
/ 

of /posterior foregut gene expression without either MHG 

of AFG .gene 	expression relative 	to undifferentiated 

c  
. 	. 

i

ells.  

30 4. The method as claimed in any one of Claims 13 to 23, 

wherein 	the 	cells 	of. the 	DE 	lineage 	are 	further 

// differentiated into 	cells 	of 	the' MHG, 	by contacting 
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said DE cells with a BMP activator, a Wnt activator and 

FGF activator. 
/ 

35.  The method of claim 34, wherein the cells of the DE are 

contacted with about lng/ml to 10µg/m1 of/BMP4, 	about 

lng/ml 	to 	1011g/m1 	of 	FGF2, 	and 	about 	lriM, 	to 	lOpM of 

CH1R99201. 

36.  The method of claim 35, wherein the/tells of the DE are 

contacted .with about lOng/m1 of BI04, about. 10Ong/m1 of 

FGF2, and about 3uM of CHIR992011 

37.  The method of any one of c aims 34 to 36, 	wherein the 

cells of the MHG comprise 	levated expression levels of 

MHG genes relative to undifferentiated cells. 
/ . 
/ 

38.  The method as clailwd in any one of claims 24 to 37, 

wherein the differ ntiation is completed within 24 to 

240 hours. 

/ 	 . 

39.. The .method of claimed in any one of claims 30 to 33, 

wherein pantreatic progenitors of the PFG, are induced 

from .the,/DE. within three days by contacting said PFG 

with: 	 . 

a)  one 	more FGF/MAPK inhibitors; 

b)  on
,
,/or more BMP inhibitors; and 

c)  
/
r4tinoic acid 	(RA). 

. 
400 The method of claim 39, 	further comprising contacting 

// said PFG with one or more Hedgehog inhibitors. 

41. The method of claiM 39, .further comprising contacting 

said PFG with one or more Wnt inhibitors. 
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42.  The method 'of claim 39, 	further comprising conta Ling 

said PFG with Activin A.  
/ 
/ 

5 43.  The method of claim 39, 	further comprising/co
//  ntacting 

said PFG with, one or more Hedgehog inhibiors; one or 

more WNT inhibitors and Activin A. 	/' 

44.  The method of claim 43, wherein said PFG, is contacted 

10 with about 1nM to 100MM of n03259
,
9,1 or PD173074, about 

1nM 	to 	100mM 	of 	SANT 	1, 	about 	1nM 	to 	100mM 	of 

4DN193189, about 1nM to 100mM 91 IWP2 or C59, about 1nM 

to 100mM of retinoic acid ar4 about lng/ml to 10µg/ml 

of Activin A. 	 / 
15 / 	 • 

/ 
45.  The method of claim 44/ wherein said PFG is contacted 

with about 	0.511M 	of, PD0325901 	or 	100nM 	of 	PD173074, 

about 150nM of SAW" 1, about 250/1M of LDN193189, about 

4gM of 	IWP2, 	ab ut 	2gM 	of 	retinoic 	acid and about 

20 10ng/m1 of Acti in A. 

i 
46.  The method ,c5f any one of claims 39 to 45, wherein the 

cells. of ,he pancreatic progenitors comprise elevated 
/ 

express'bn 	levels 	of 	pancreatic 	genes 	relative 	to 

25 undi4 rentiated cells and exclude hepatic progenitor 

gene' expression. 
/ 

/ 
47.  /Fhe method of 	any one 	of 	claims 	39 	to 	46, 	further 

• comprising contacting said PFG with about 	lng/ml 	to' 

30 10µg/M1 of FGF2. 

48.  The method of  claim 47, 	wherein the PFG is contacted 

with about 10 to 20 ng/ml. of FGF2. 
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49. The method as claimed in any one of claims 30 t,p/ 33, 

wherein liver progenitors of the PFG are induc961 from 

the DE within four days by contacting said PFG/i/dith: 
/ 

5 a)  one or more TGFP inhibitors;.  

b)  retinoic acid (RA); 

c)  one or more BMP activators, and 

d)  one or more Wnt inhibitors. 

10 50. The method of claim 49, 	wherein said PFG is contacted 

with about 1n14 to 100mM of A83-/0/1, 	about 1nM to 100mM 

of RA, 	about lng/ml to 10/2g/ml/ of BMP4, 	and about 1nM 

• to 100mM of IWP2 or C59. 	/ 
/ 
/ 

15 51.. The method of claim 50, ,‘Therein said PFG is contacted 

with 	about 	IAM 	of 	A0-01, 	about 	2AM 	of 	RA, 	about 

IOng/m1 of BMP4, and 	out 4AM of IWP2. 

52. The method of any one of claims 49 to 51, wherein the 

20 cells 	of 	the/ liver 	progenitors 	comprise. elevated 
/ 

expression 	revels 	of 	hepatic 	genes 	relative 	to 

undifferentiated 	*cells 	and 	exclude 	pancreatic 

progenitor gene expression. 

25 53.  A method of differentiating anterior .primitive streak 

cellsinto cells of definitive endoderm 	(DE) 	lineage, 

by 	contacting 	said 	cells 	of 	the 	anterior primitive 
/ 

/streak 	lineage 	with 	one 	or 	more 	activators 	of 
/ / / 	TGFP/Nodal signaling,.and one or more inhibitors of.. BMP 

30 // signaling, or one or more inhibitors of Wnt signaling. 
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54.  A method of differentiating cells, of the DE into c 	1 

of the AFG, 	by contacting said DE cells with 	TGFP 

inhibitor and'a BMP inhibitor. 	• 
. . 

5 55.  A method of differentiating cells of 	the, DE lineage 

into cells of the. PFG, by contacting said:cells of the 

DE with retinoic acid, a BMP inhibitor, a Wnt inhibitOr 

and a FGF/MAPK inhibitor. 	 . 1 
 • ' 

10 56.  A method of differentiating celli of the DE lineage 

into cells of the MHG, by contaqing said DE cells with 
/ 

a BMP activator., a Wnt activatOr and an FGF activator. 

57.  A method of inducing pancr‘atic progenitors of the PFG 
/ 

15 from the DE within thre 	days- by contacting said PFG 

with one 	or more 	FG /MAPK. inhibitors; 	one 	or more 

Hedgehog inhibitors; 	ne or more BMP inhibitors; one or 

more Wnt inhibitor , retinoic acid (RA),- and Activin A. 

• 

20 58.  A method of inducing liver progenitors of the PFG from 

:he DE withiryfour days by contacting said PFG with one 

or more TqFP inhibitors; 	one or more BMP activators, 

retinoic 4/cid and one or more Wnt inhibitors. 

25 	• 59.  A cel 	culture medium for differentiating a stem cell 

in0 one or more cell lineages comprising one or more 

91 	the 	following 	factors: 	one 	or 	more 	FGF/MAPK 

30 

• /inhibitors; 	one or more Hedgehog inhibitors; 	one or 

more 	BMP 	inhibitors, 	one 	or 	more 	Wnt 	inhibitors, 

retinoic acid, Activin A and one or more inhibitors of 

PI3K/mTOR signaling. 
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60.  A cell culture medium for differentiating a stem 	ell 

into one or more cell lineages comprising one o 	more 

of the following factors: 	a matrix component,///one or 

more activators of TGFf3/Nodal 	signaling, 	one/ or more 

5 activators of Wnt/P-catenin signaling, and/One or more 
/ 

inhibitors of PI3K/mTOR signaling.  

61.  A cell culture medium for differentiating a stem cell 

into one or.more cell lineages comOrising one or more 

10 of the following factors: 	one 0(  more activators of 

TGFP/Nodal signaling, and one ovmore inhibitors of BMP. 
./ signaling. 	 / 

62.  A cell culture medium for; differentiating a stem cell 
/' 

15 into 	one 	or 	more 	cel
/
X 	lineages 	comprising 	a 	TGFP 

inhibitor and a BMP ixfiiibitor. 

63.  A cell culture me rum for differentiating a stem cell 

into one or mor 	cell lineages comprising one or more 
/ 

20 of 	the 	follaAring 	factors: 	retinoic 	acid, 	a 	BMP 
/ 

inhibitor, a/Wnt inhibitor and a FGF/MAPK inhibitor. 
/ 
/ / 

64.  A cell - 911ture medium for differentiating a stem cell 
/ 

into ore or more cell lineages comprising one or more 

25 of the following fActors: BMP4, a Wnt, activator and an 

FWactivator. 

/ 

65.  A cell culture medium for differentiating a stem cell 

into one or more cell lineages comprising one or more 

30 of 	the 	following 	factors: 	one 	or 	more 	FGF/MAPK 

inhibitors; 	one 	or more Hedgehog inhibitors; 	one or 

more 	BMP 	inhibitors; 	one 	or 	more 	Wnt 	inhibitors; 

retinoic acid (RA), and Activin A. 	 -: 
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66.  A cell culture medium for differentiating a - stem' cell 

into one or more cell lineages comprising one,-or more 

• of the following factors: one or more TGFP ihbibitors; 
/ 

5 one .or more BMP activators, retineDic acid, 	and. one or 

more Wnt inhibitors.  

• 

67.  A cell produced according to the method of any one of 

10 claims 1 to 58. 	 / 

/ 
/ 

68.  A kit when used in the method of any one of claims 1 to 

15 

58, 	comprising one or more 	/ontainers of cell culture 
i 

medium 'as 	claimed 	in 	any/ one 	of 	claims 	59 	to 	66, 

together with insti-uctiong for use. 

-/ 

- 	/ 

/ 

/ 
/ 
/ 
/ 
/ 


