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EFFICIENT INDUCTION OF DEFINITIVE ENDODERM FROM PLURIPOTENT STEM

CELLS

FIELD OF THE INVENTION

The present invention relates to a method to differentiate pluripotent stem cells to a primitive

streak cell population, in a stepwise manner for further maturation todefinitive endoderm.

BACKGROUND OF THE INVENTION

Transplantation of islets of Langerhans holds great promise to improve treatment of Type 1

diabetes mellitus, but the scarcity of available donor islets is one obstacle that need to be

addressed. Pluripotent stem cells can in principle generate unlimited numbers of beta cells

for transplantation but reliable protocols for generating fully functional beta cells are not yet

developed. The foregut derivatives; pancreas, lung, thyroid, liver, esophagus, and stomach

originate from definitive endoderm (DE), one of the three germ layers that forms during gas-

trulation. Induction of DE is the first critical step towards formation of differentiated cell types

from endodermally derived tissues such as insulin producing beta cells of the pancreas.

Formation of DE cells from pluripotent embryonic stem (ES) cells has been reported for both

mouse and human in, e.g., WO2005/1 16073, WO2005/063971 , and US 2006/0148081 . The

generation of pancreatic endoderm (PE) cells from DE cells is necessary for the generation

of insulin-producing beta cells for the treatment of diabetes.

It is known that DE formation in the embryo passes through the intermediate step of

primitive streak (PS) formation (a mesendodermal intermediate) which has the potential to

form either mesoderm or DE. At the cellular level, all developmental processes are ultimately

controlled by the cooperative actions of different signal transduction pathways. Among them,

Wnt signaling is indispensable for orchestrating the complex cell behaviors that occur

throughout development. Wnt signaling controls cell proliferation, stem cell maintenance and

cell fate decisions, as well as organized cell movements and the establishment of tissue po

larity. It is also frequently deregulated in human cancers and has been implicated in degen

erative diseases. As a potential target for therapeutic intervention, it thus holds new promises

in the fields of stem cell biology and regenerative medicine.

Induction of DE has been described by the use of Activin A/Nodal with or without the

combination of Wnt. In particular, the Wnt receptor ligand Wnt3a has previously been re

ported to contribute to efficient DE formation when incubated along with activin A (AA) during

day 1 (24 h) of a 5 day AA-mediated induction of DE, ie., using the conventional D'Amour

protocol (Kroon et al 2008, Nat Biotech, 2006).



Attempts to group individual Wnt proteins into classes to which specific activities

could be assigned have resulted in the subdivision of Wnts into 'canonical' or 'non-canonical',

based on the ability of the former, but not the later, to induce beta-catenin/TCF signaling.

CHIR is a glycogen synthase kinase 3 beta (Gsk3b) inhibitor anda known compo-

nent of a defined tissue culture medium to maintain mouse embryonic stem cells in the pluri-

potent state (Ying et al Nature 453, 519-523) . Gsk3b has multiple targets but is mainly

known to regulate degradation and/or nuclear transfer of beta-catenin. The role of stabilized

beta-catenin in PS formation from human embryonic stem cells (hESC) has been described

using other glycogen synthase kinase 3 beta (Gsk3b) inhibitors such as BIO and

Wnt3a. However CHIR is the most selective Gsk3b-inhibitor reported to date.

Co-incubation of AA and CHIR reducesDE formation stability, leading to a less eff i

cient and less robust protocol. The present invention relates to the utilization of CHIR withou-

tAA, at adefined concentration range to treat pluripotent stem cells prior to AA-mediated de

finitive endoderm induction compared to the conventional induction protocol for obtaining DE

(D'Amour protocol, as described in Kroon et al. 2008). This sequential exposure, first to

CHIR and then to AA, is essentialand reflects successive PS formation (induced by CHIR)

followed by more efficient and rapid DE formation by AA.The present invention relates to the

discrete and successive control of induction of first PS then followed by DE leading to an

overall more efficient, with earlier peak of SOX17 expression and robust DE protocol. These

effects of CHIR cannot be reproduced with Wnt3a treatment.

DESCRIPTION OF THE DRAWINGS

DO: Undifferentiated cells before any treatment

Ctrl: No Chir treatment D 1. Cells are left in RPMI during priming period, followed by AA D2

and AA + serum replacement (B27) from D3 onwards.

D'Am: No Chir treatment, protocol according to Kroon et al., Nat. Biotech., 2008 ( 1 day Ac-

tivinA 100ng/ml + Wnt 25ng/ml, 2 days ActivinAIOO ng/ml + 0.2% FBS)

D 1: 1 day after Chir addition

D2-4: 1-3d after AA addition

All gene expression graphs show Log 10 values.

Fig. 1 shows the CHIR DEprotocol nomenclature and overview. The protocol has been con

firmed in 7 different pluripotent stem cell lines: SA121 , SA181 , SA461 , SA167 (human ESCs)

and chlPS2, chlPS3, chlPS4 (human iPSCs).



Fig. 2 shows transcriptionalexpression of PS markers Brachyury (T), MIXL1 , EOMES and

Goosecoid (GSC) after 24h of CHIR treatment (D1 ) in hES SA121 (Fig. 2A) and chlPS4 (Fig.

2B), compared to non-treated cells.T protein levels were also confirmed with ICC (Fig. 2C). T

fold inductions after 24h CHIR treatment have spanned between 500-100000 compared to

undifferentiated cells (n > 60). Bars show Log10 values relative to undifferentiated cells DO.

Fig. 3 shows geneexpression of DE markers (SOX17, CXCR4, FOXA2.CER) one day after

replacing CHIR with ActivinA (AA) compared to with cells that were not pretreated with CHIR.

Expression is shown both in hESC SA121 (Fig. 3A) and iPSC chlPS4 (Fig. 3B). Bars show

Log10 values relative to undifferentiated cells DO.

Fig. 4showshESC SA121 (4A-B) and iPSC chlPS4 (4C) cells treated with either CHIR (3 µΜ) ,

BIO (0,5uM), Wnt3a (200ng/ml) or AA alone ( 1OOng/ml) for 24h (D1 ) prior to 2d AA treatment

(D3). Additionally, D'Amour (protocol as described in Kroon et al 2008) was analyzed.. Ex

pression of Brachyury and SOX17 was analyzed. hES cells treated with AA or BIO for the

first 24h did not survive until day 3 .

Fig. 5shows gene expression levels of DE markers SOX17, FOXA2 and CXCR4 (Fig. 5A-C)

and OCT4 (Fig. 5E) after CHIR induction compared to D'Amour and quantified ICC protein

levels of SOX17/OCT4 in chlPS4 cells(Fig. 5D, F). Corresponding % of cells positively

stained for OCT4 and SOX17 (D1-3) are also indicated in Table 2.chlPS/SA121 DE cells,

using either of the two protocols, were further differentiated towards pancreatic endoderm

(PE) using a previously published PE differentiation protocol (Ameri et al 2010). Cells were

analyzed after seven days of PE induction using ICC for PDX1 protein levels. In parallel,

mRNA was collected from the cells and the PDX1 expression was analyzed by real-time

PCR for both chlPS4 cells (Fig. 5G) and SA121 cells (Fig. 5H). The experiment was re

peated twice in both cell lines (Fig.5G,H).

Fig. 6shows geneexpression of SOX17 D3 in hES SA121(Fig. 6A) or chlPS4 (Fig. 6C)

treated with either only RPMI, AA and Wnt3a or CHIR D 1 followed by treatment with either

AA or a combination of AA and Wnt3a D2 and AA D3 (Fig 6A). Cells were also treated with

either CHIR D 1 and AA D2 ("CHIR"), D'Amour, or CHIR on top of D'Amour and were ana

lyzed for SOX17 expression (Fig. 6B) and morphology (Fig. 6C).



Fig. 7shows thatCHIR was titrated at concentrations between 1-7uM and analysed after 24h

(D1 ) and after 2d of following AA treatment (D3). CHIR 0,5-1 uM and CHIR 7uM did not sur

vive D3. Brachyury expression was analysed after 24h treatment in SA121 (Fig. 7A) and

chlPS cells (Fig. 7C). SOX17 expression was analysed D3 in SA121 (Fig. 7B) and chlPS

cells (Fig. 7D)).

Fig. 8shows gene expression of SOX17 D3 after CHIR pre-treatment or after the D'Amour

protocol in the mTeSR system (Fig. 8).

Fig. 9shows gene expression levels of markers Brachyury and SOX17 at DO, D2 and D3

when cultured on MEFfeeders.

SUMMARY OF THE INVENTION

The present invention also relates to a method for differentiation of stem cells into definitive

endoderm comprising the steps of:

a . first priming step of incubating stem cells in a medium comprising at least 2 µΜ

CHIR, wherein activin A is not present during said priming step; and

b. second subsequent step of incubating stem cells in a medium comprising activin

A .

The present invention relates to a faster and more pronounced peak of SOX17 expression

and a more robust method of differentiating human pluripotent stem cells to obtain definitive

endoderm.

DESCRIPTION OF THE INVENTION

The present invention relates to a method for differentiation of stem cells into definitive endo

derm comprising the steps of incubating pluripotent stem cells in a medium comprising at

least 2 µΜ CHIR and subsequently incubating these cells in a medium comprising Activin A

(AA).

The present inventors have found that using CHIR alone for 24 h prior to further ad

dition of AA, induced a significant and dose dependent upregulation of PS markers such as

Brachyury, MixH , Eomes and Goosecoid (GSC) during these 24h.

The present inventors have surprisingly found that in the subsequent incubation with

AA to induce DE, DE induction as measured by SOX17 expression, peaked at an earlier time



pointand with higher fold change when compared to cultures without CHIR pre-incubation or

when compared to the conventional D'Amour protocol (Novocell, Nature Biotec 2006, 2008).

The present inventors surprisingly found that the method of the present invention was more

efficient and showed a faster induction of Sox17 mRNA expression than other known proto-

cols for DE Induction.

The CHIR-mediated effect has been reproduced both in other culture systems

(mTeSR media and conventional ES media on mouse embryonic feeder (MEF) cells) and

across different cell lines (SA121 , SA181 , SA461 , SA167, chlPS2, chlPS3, chlPS4), showing

that the effect is not dependent on the cell line or the DEF media culture system. Human em-

bryonic stem cells may be derived from single blastomeres without the destruction of the

embryo (Klimanskaya et al. 2006; Chung et al. 2008; Geens et al. 2009). Cell lines chlPS2,

chlPS3, chlPS4 are iPS cell lines.

The present inventors found that CHIR promotes high cell densities after AA is

added. Dose dependency of CHIR in PS induction will allow future optimization of possible

pre-patterning influences when initiating AA treatment. The subsequent order of added fac

tors decreases the amount of signaling pathways that areactivated in parallel. Minimizing the

amount of factors that may influence the efficiency should promote robustness and repro

ducibility.

The present inventors have surprisingly found that the CHIR-priming step is unique

for DE induction and was superior when compared to BIO or Wnt3a when it comes to eff i

ciency peak of SOX17 expression and robustness.

Human embryonic stem cells (hESCs) and human induced pluripotent stem cells

(iPSCs)from expandable pluripotent cultures were subjected to 24h treatment of CHIR (2-7

µΜ) in plain RPMI-1640 medium. Following medium change to an AA containing RPMI-1640

medium, the DE induction commenced where SOX17 mRNA expression peaked after 2 days

and SOX17 protein expression peaked after 3-4 days. Concentrations below 2 µΜ of CHIR

caused a delayed induction of Brachyury to significantly lower levels and following subse

quent AA stimulation the DE was not induced after 72hrs. PS formation was delayed at CHIR

concentrations under 1,5 µΜ thus disabling further progression toward DE when AA was

added. The present inventors have surprisingly found that a concentration range greater or

equal to 2 µΜ of CHIR for 24 hrs is importa ntfor the subsequent DE induction by AA.

The present inventors have surprisingly found the CHIR-priming step resulted in a

remarkably fast induction of SOX17 by AA peaking already after 1 day which is in contrast to

AA alone where the peak is seen only after 3-4 days. The sequential incubation with CHIR

followed by AA is essential for DE formation to favourable levels.



Embodiments of the invention:

1. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

c . first priming step of incubating stem cells in a medium comprising at least 2 µΜ

CHIR, wherein activin A is not present during said priming step; and

d . second subsequent step of incubating stem cells in a medium comprising activin

A .

2 . The method according to embodiment 1, wherein said medium is RPMI-1640.

3 . The method according to any one of the preceding embodiments, wherein said stem cells

are embryonic stem cellsor induced pluripotent stem cells.

4 . The method according to any one of the preceding embodiments, wherein said stem cells

are embryonic stem cells.

5 . The method according to embodiments, wherein said stem cells are human embryonic

stem cells.

6 . The method according to embodiment 3 , wherein said stem cells are induced pluripotent

stem cells.

7 . The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is at least about 2,5µΜ, or at least 3 µΜ, such as in arange of about 2-20uM,

such as in a range of about 3,1-15 µΜ , or such as in a range of about 3,5-7 µΜ or such

as in arange ofabout 3,5-6 µΜ, or such as in arange ofabout 3,5-5 µΜ .

8 . The method according to embodiment 7 , wherein the concentration of CHIR is at least

about 2 µΜ .

9 . The method according to embodiment 7 , wherein the concentration of CHIR is at least

about 2,5 µΜ .

10. The method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3 µΜ .

11. The method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3,1 µΜ.

12. A method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3,2 µΜ.

13 . A method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3,3 µΜ.

14. A method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3,4 µΜ.

15 . A method according to embodiment 7 , wherein the concentration of CHIR is at least

about 3,5 µΜ.



The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 2-7 µΜ .

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3-7 µΜ .

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3,1-7 µΜ.

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3,2-7 µΜ .

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3,3-7 µΜ .

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3,4-7 µΜ .

The method according to embodiment 7 , wherein the concentration of CHIR is in the

range of about 3,5-7 µΜ .

A method according to embodiment 7 , wherein the concentration of CHIR s 2,5 µΜ .

A method according to embodiment 7 , wherein the concentration of CHIR s 3 µΜ .

A method according to embodiment 7 , wherein the concentration of CHIR s 3,1 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,2 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,3 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,4 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,5 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,6 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,7 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,8 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s 3,9 µΜ.

A method according to embodiment 7 , wherein the concentration of CHIR s about 4 µΜ

A method according to embodiment 7 , wherein the concentra tion of CHIR s about 4,5

µΜ .

A method according to embodiment 7 , wherein the concentration of CHIR is about 5 µΜ

A method according to any one of the preceding embodiments, wherein said incubation

with CHIR is at least 12 hours.

A method according to any one of the preceding embodiments, wherein said incubation

with CHIR is at least 24 hours.

A method according to any one of the preceding embodiments, wherein said incubation

with CHIR is at least 48 hours.



40. A method according to embodiment 37, wherein said incubation with CHIR is between 24

and 48 hours.

4 1. A method according to embodiment 37, wherein said incubation with CHIR is 24 hours.

42. A method according to embodiment 37, wherein said incubation with CHIR is 48 hours.

43. The method according to any one of the preceding embodiments, wherein the concentra

tion of activin A is at least about 100ng/ml, such as in the range of about 1-5000 ng/ml,

such as in the range of about 1-1000 ng/ml, such as in the range of about 10-500 ng/ml

or such as in the range of about 1-200 ng/ml.

44. The method according to embodiment 43, wherein the concentration of activin A is in a

range of about 1-200ng/ml.

45. The method according to embodiment 43, wherein the concentration of activin A is in a

range of about 20-200ng/ml.

46. The method according to embodiment 43, wherein the concentration of activin A is in a

range of about 30-200ng/ml.

47. The method according to embodiment 43, wherein the concentration of activin A is at

least 25ng/ml.

48. The method according to embodiment 43, wherein the concentration of activin A is about

140ng/ml.

49. The method according to embodiment 43, wherein the concentration of activin A is about

120ng/ml.

50. The method according to embodiment 43, wherein the concentration of activin A is about

100ng/ml.

5 1 . The method according to embodiment 43, wherein the concentration of activin A is about

80ng/ml.

52. The method according to embodiment 43, wherein the concentration of activin A is about

60ng/ml.

53. The method according to embodiment 43, wherein the concentration of activin A is about

40ng/ml.

54. A method according to any one of the preceding embodiments, wherein said incubation

with activin A is in the range of 12 hours to 5 days, such as at least 12 hours, such as at

least 24 hours or at least 48 hours, or such as 3-4 days.

55. A method according to embodiment 54, wherein said incubation with activin A is at least

12 hours.

56. A method according to embodiment 54, wherein said incubation with activin A is 24

hours.



57. A method according to embodiment 54, wherein said incubation with activin A is 48

hours.

58. A method according to embodiment 54, wherein said incubation with activin A is 72

hours.

59. A method according to embodiment 54, wherein said incubation with activin A is 48 to 72

hours.

60. A method according to embodiment 54, wherein said incubation with activin A is 3-4

days.

6 1 . A method according to any one of the preceding embodiments, wherein endodermal cells

are obtained from said definitive endoderm cells.

62. A method according to embodiment 6 1 , wherein said endoderm cells are hepatic endo

derm cells, pancreatic endoderm cells, intestinal endoderm cells and/or lung endoderm

cells.

63. A method according to embodiment.62, wherein said endoderm cells are hepatic endo-

derm cells.

64. A method according to embodiment 62, wherein said endoderm cells are pancreatic en

doderm cells.

65. Definitive endodermal cells obtainable by the methods of embodiments 1-64.

66. Endodermal cells obtainable by the methods of embodiments 1-64.

67. Hepatic endoderm cells, pancreatic endoderm cells, intestinal endoderm cells and/ lung

endoderm cells according to embodiment 66.

68. Endodermal cells according to embodiment 66, wherein said cells are hepatic endoderm

cells.

69. Endodermal cells according to embodiment 66, wherein said cells are pancreatic endo-

derm cells.

70. The method according to embodiments 1-64, wherein beta-catenin is activated by CHIR-

induced Gsk3b inhibition.

7 1 . Use of CHIR in a concentration of CHIR in the culture medium is at least 2µΜ CHIR, such

as in the range of 3,1-15 µΜ , or such as 3,1-7 µΜ, or such as 3,5-15 uM, or such as

72. Use of CHIR in a concentration of at least 3,1 uM in the culture medium, to induce primi

tive streak cells from embryonic stem cells.

73. Use of CHIR in a concentrationin the range of 3,1-7uM to induce definitive endoderm

cells from embryonic stem cells.

74. Use of CHIR in a concentration in the range of 3,5-7uM to induce definitive endoderm

cells from embryonic stem cells.



75. Use of CHIR in a concentration of 3,5 uM to induce definitive endoderm cells from em

bryonic stem cells.

76. Use of CHIR in a concentration of 4 uM to induce definitive endoderm cells from embry

onic stem cells.

77. Use of CHIR in a concentration of 4,5 uM to induce definitive endoderm cells from em

bryonic stem cells.

78. Use of CHIR in a concentration of 5 uM to induce definitive endoderm cells from embry

onic stem cells.

79. Use according to embodiments 71-78, wherein said primitive streak expresses one or

more of the following markers: Brachyury or Mixl1 .

80. Use according to embodiments 71-78, wherein said definitive endoderm expresses one

or more of the following markers Sox17.

Further embodiments of the present invention:

8 1 . A method for differentiation of stem cells into definitive endoderm comprising the steps of:

a . first priming step of incubating stem cells in a medium comprising at least 2µΜ

CHIR, wherein activin A is not present during said priming step; and

b. second subsequent step of incubating stem cells in a medium comprising at least

25ng/ml activin A .

82. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

a . first priming step of at least 12 hours, of incubating stem cells in a medium com

prising at least 2 µΜ CHIR, wherein activin A is not present during said priming

step; and

c . second subsequent step of at least 12 hours, of incubating stem cells in a me

dium comprising at least 25ng/ml activin A .

83. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

b. first priming step of at least 24 hours, of incubating stem cells in a medium com

prising at least 2 µΜ CHIR, wherein activin A is not present during said priming

step; and

d . second subsequent step of at least 24 hours, of incubating stem cells in a me

dium comprising at least 25ng/ml activin A .

84. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

a . first priming step of incubating stem cells in a medium comprising at least 3,1 µΜ

CHIR, wherein activin A is not present during said priming step; and



b. second subsequent step of incubating stem cells in a medium comprising at least

25ng/ml activin A .

85. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

a . first priming step of incubating stem cells in a medium comprising at least 3,5µΜ

CHIR, wherein activin A is not present during said priming step; and

b. second subsequent step of incubating stem cells in a medium comprising at least

25ng/ml activin A .

86. The methods according to any one of the preceding embodiments, wherein said stem

cells are embryonic stem cells or induced pluripotent stem cells.

87. The method according to embodiment 86, wherein said stem cells are human embryonic

stem cells.

88. The method according to embodiment 86, wherein said stem cells are induced pluripotent

stem cells.

89. The method according to any one of the preceding embodiments, wherein the concentra-

tion of CHIR is at least about 2 , at least about 2,5uM, at least about 3uM, at least about

3,1 µΜ, such as in the range of about 3,1-15 µΜ , or such as about 3,5-7 µΜ or such as

about 3,5-6 µΜ, or such as about 3,5-5 µΜ .

90. The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is at least about 3,1 µΜ.

9 1 . A method according to any one of the preceding embodiments, wherein the concentration

of CHIR is at least about 3,2 µΜ.

92. A method according to any one of the preceding embodiments, wherein the concentration

of CHIR is at least about 3,3 µΜ.

93. A method according to any one of the preceding embodiments, wherein the concentration

of CHIR is at least about 3,4 µΜ.

94. A method according to any one of the preceding embodiments, wherein the concentration

of CHIR is at least about 3,5 µΜ.

95. The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is in the range of about 3,1-7 µΜ .

96. The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is in the range of about 3,2-7 µΜ .

97. The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is in the range of about 3,3-7 µΜ .

98. The method according to any one of the preceding embodiments, wherein the concentra-

tion of CHIR is in the range of about 3,4-7 µΜ .



99. The method according to any one of the preceding embodiments, wherein the concentra

tion of CHIR is in the range of about 3,5-7 µΜ .

100. A method according to any one of the preceding embodiments, wherein said incuba

tion with CHIR is at least 24 hours.

101 . A method according to any one of the preceding embodiments, wherein said incuba

tion with CHIR is at least 48 hours.

102. A method according to any one of the preceding embodiments, wherein said incuba

tion with CHIR is between 24 and 48 hours.

103. A method according to any one of the preceding embodiments, wherein said incuba-

tion with CHIR is 24 hours.

104. A method according to any one of the preceding embodiments, wherein said incuba

tion with CHIR is 48 hours.

105. The method according to any one of the preceding embodiments, wherein the con

centration of activin A is in a range of about 25-200ng/ml.

106. The method according to any one of the preceding embodiments, wherein the con

centration of activin A is in a range of about 30-200ng/ml.

107. The method according to any one of the preceding embodiments, wherein the con

centration of activin A is about 100ng/ml.

108. The method according to any one of the preceding embodiments, wherein the con-

centration of activin A is about 80ng/ml.

109. The method according to any one of the preceding embodiments, wherein the con

centration of activin A is about 60ng/ml.

110. The method according to any one of the preceding embodiments, wherein the con

centration of activin A is about 40ng/ml.

111. The method according to any one of embodiments, wherein the concentration of ac

tivin A is at least about 110ng/ml.

112. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is in the range of 12 hours to 5 days, such as at least 12 hours, such as

at least 24 hours or at least 48 hours, or such as 3-4 days.

113. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is at least about 24 hours.

114. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is about 24 hours.

115. A method according to any one of the preceding embodiments, wherein said incuba-

tion with activin A is about 48 hours.



116. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is about 72 hours.

117. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is about 48 to about 72 hours.

118. A method according to any one of the preceding embodiments, wherein said incuba

tion with activin A is about 3-4 days.

119. A method according to any one of the preceding embodiments, wherein endodermal

cells are obtained from said definitive endoderm cells.

120. A method according to embodiment 119, wherein said endoderm cells are hepatic

endoderm cells, pancreatic endoderm cells, intestinal endoderm cells and/or lung endo

derm cells.

121 . A method according to embodiment 120, wherein said endoderm cells are hepatic

endoderm cells.

122. A method according to embodiment 120, wherein said endoderm cells are pancre-

atic endoderm cells.

123. Definitive endodermal cells obtainable by the methods of embodiments 81-122.

124. Endodermal cells obtainable by the methods of embodiments 81-122.

125. Hepatic endoderm cells, pancreatic endoderm cells, intestinal endoderm cells and/

lung endoderm cells according to embodiment 124.

126. Endodermal cells according to embodiment 124, wherein said cells are hepatic e n

doderm cells.

127. Endodermal cells according to embodiment 124, wherein said cells are pancreatic

endoderm cells.

128. The method according to embodiments 81-122, wherein beta-catenin is activated by

CHIR-induced Gsk3b inhibition.

129. Use of CHIR in a specific concentration to induce primitive streak cells from stem

cells.

130. Use of CHIR in a specific concentration to induce definitive endoderm cells from

stem cells.

131 . Use according to embodiments 129-130, wherein the concentration of CHIR in the

culture medium is at least 2 µΜ CHIR.

132. Use according to embodiments 129-131 , wherein the concentration of CHIR in the

culture medium is at least 2µΜ CHIR, such as in the range of 2-7 µΜ, such as 3 µΜ or

such as 4 µΜ.



133. Use of CHIR in a concentration in the range of 2-7 uM to induce definitive endoderm

cells from embryonic stem cells.

134. Use of CHIR in a concentration in the range of 3-7 uM to induce definitive endoderm

cells from embryonic stem cells.

135. Use of CHIR in a concentration in the range of 3,5-7 uM to induce definitive endo

derm cells from embryonic stem cells.

In one embodiment, the pancreatic endocrine cells obtainable by the method according

to the invention are insulin producing cells, optionally together with cells differentiated to-

wards glucagon, somatostatin, pancreatic polypeptide, and/or ghrelin producing cells. As

used herein, "insulin producing cells" refers to cells that produce and store or secrete detect

able amounts of insulin. "Insulin producing cells" can be individual cells or collections of cells.

In another embodiment, the cell population comprising pancreatic cells is obtained

from a somatic cell population. In some aspects the somatic cell population has been in-

duced to de-differentiate in to an embryonic-like stem (ES, e.g., a pluripotent) cell. Such de

differentiated cells are also termed induced pluripotent stem cells (IPS).

In another embodiment, the cell population comprising pancreatic cells is obtained

from embryonic stem (ES, e.g., pluripotent) cells. In some aspects the cell population com

prising pancreatic cells is pluripotent cells such as ES like-cells.

In another embodiment, the cell population comprising pancreatic cells is embryonic

differentiated stem (ES or pluripotent) cells. Differentiation takes place in embryoid bodies

and/or in monolayer cell cultures or a combination thereof.

In another embodiment, the cell population is a population of stem cells. In some

aspects the cell population is a population of stem cells differentiated to the pancreatic endo-

crine lineage.

Stem cells are undifferentiated cells defined by their ability at the single cell level to

both self-renew and differentiate to produce progeny cells, including self-renewing progeni

tors, non-renewing progenitors, and terminally differentiated cells. Stem cells are also char

acterized by their ability to differentiate in vitro into functional cells of various cell lineages

from multiple germ layers (endoderm, mesoderm and ectoderm), as well as to give rise to

tissues of multiple germ layers following transplantation and to contribute substantially to

most, if not all, tissues following injection into blastocysts.

Stem cells are classified by their developmental potential as: ( 1 ) totipotent, meaning

able to give rise to all embryonic and extraembryonic cell types; (2) pluripotent, meaning able

to give rise to all embryonic cell types; (3) multi-potent, meaning able to give rise to a subset



of cell lineages, but all within a particular tissue, organ, or physiological system (for example,

hematopoietic stem cells (HSC) can produce progeny that include HSC (self-renewal), blood

cell restricted oligopotent progenitors and all cell types and elements (e.g., platelets) that are

normal components of the blood); (4) oligopotent, meaning able to give rise to a more re-

stricted subset of cell lineages than multi-potent stem cells; and (5) unipotent, meaning able

to give rise to a single cell lineage (e.g., spermatogenic stem cells).

A protocol for obtaining pancreatic cells from stem cells is exemplified by, but not

limited to, the protocols described in D'Amour, K. A. et al. (2006), Nat Biotechnol 24, 1392-

401 ; Jiang, J . et al. (2007), Stem Cells 25, 1940-53; and Kroon, E. et al. (2008), Nat Biotech-

nol 26, 443 - 452.

A protocol for obtaining pancreatic cells from somatic cells or somatic cells induced

to de-differentiate into pluripotent cells such as ES like-cells is exemplified by, but not limited

to, the protocols described in Aoi, T . et al. (2008), Science 321 (no. 5889), 699 - 702;

D'Amour, K. A. et al. (2006), Nat Biotechnol 24, 1392-401 ; Jiang, J . et al. (2007), Stem Cells

25, 1940-53; Kroon, E. et al. (2008), Nat Biotechnol 26, 443 - 452; Takahashi, K. et al.

(2007), Cell 131 , 861-72; Takahashi, K., and Yamanaka, S. (2006), Cell 126, 663-76; and

Wernig, M. et al. (2007), Nature 448, 318-24.

As used herein "differentiate" or "differentiation" refers to a process where cells pro

gress from an undifferentiated state to a differentiated state, from an immature state to a less

immature state or from an immature state to a mature state. For example, early undifferenti

ated embryonic pancreatic cells are able to proliferate and express characteristics markers,

like Pdx1 , Nkx6.1 , and Ptfla. Mature or differentiated pancreatic cells do not proliferate and

do secrete high levels of pancreatic endocrine hormones or digestive enzymes. E.g., fully

differentiated beta cells secrete insulin at high levels in response to glucose. Changes in cell

interaction and maturation occur as cells lose markers of undifferentiated cells or gain mark

ers of differentiated cells. Loss or gain of a single marker can indicate that a cell has "ma

tured or fully differentiated." The term "differentiation factor" refers to a compound added to

pancreatic cells to enhance their differentiation to mature endocrine cells also containing in

sulin producing beta cells. Exemplary differentiation factors include hepatocyte growth factor,

keratinocyte growth factor, exendin-4, basic fibroblast growth factor, insulin-like growth fac-

tor-1 , nerve growth factor, epidermal growth factor platelet-derived growth factor, and gluca-

gon-like peptide 1. In some aspects differentiation of the cells comprises culturing the cells in

a medium comprising one or more differentiation factors.



As used herein, "human pluripotent stem cells" (hPS) refers to cells that may be de

rived from any source and that are capable, under appropriate conditions, of producing hu

man progeny of different cell types that are derivatives of all of the 3 germinal layers

(endoderm, mesoderm, and ectoderm). hPS cells may have the ability to form a teratoma

in 8-12 week old SCID mice and/or the ability to form identifiable cells of all three germ

layers in tissue culture. Included in the definition of human pluripotent stem cells are

embryonic cells of various types including human blastocyst derived stem (hBS) cells in

30 literature often denoted as human embryonic stem (hES) cells, (see, e.g., Thomson et al.

(1998), Heins et.al. (2004), as well as induced pluripotent stem cells (see, e.g. Yu et al.,

(2007) Science 318:5858); Takahashi et al., (2007) Cell 131(5):861 ) . The various

methods and other embodiments described herein may require or utilise hPS cells from a

variety of sources. For example, hPS cells suitable for use may be obtained from

developing embryos. Additionally or alternatively, suitable hPS cells may be obtained from

established cell lines and/or human induced pluripotent stem (hiPS) cells.

As used herein "hiPS cells" refers to human induced pluripotent stem cells.

As used herein, the term "blastocyst-derived stem cell" is denoted BS cell, and the

human form is termed "hBS cells". In literature the cells are often referred to as embryonic

stem cells, and more specifically human embryonic stem cells (hESC). The pluripotent stem

cells used in the present invention can thus be embryonic stem cells prepared from

blastocysts, as described in e.g. WO 03/055992 and WO 2007/042225, or be

commercially available hBS cells or cell lines. However, it is further envisaged that any

human pluripotent stem cell can be used in the present invention, including differentiated

adult cells which are reprogrammed to pluripotent cells by e.g. the treating adult cells with

certain transcription factors, such as OCT4, SOX2, NANOG, and LIN28 as disclosed in

Yu, et al., 2007, Takahashi et al. 2007 and Yu et al 2009.

As used herein "feeder cells" are intended to mean supporting cell types used alone

or in combination. The cell type may further be of human or other species origin. The tissue

from which the feeder cells may be derived include embryonic, fetal, neonatal, juvenile or

adult tissue, and it further includes tissue derived from skin, including foreskin, umbilical

chord, muscle, lung, epithelium, placenta, fallopian tube, glandula, stroma or breast. The

feeder cells may be derived from cell types pertaining to the group consisting of human

fibroblasts, fibrocytes, myocytes, keratinocytes, endothelial cells and epithelial cells.

Examples of specific cell types that may be used for deriving feeder cells include

embryonic fibroblasts, extraembryonic endodermal cells, extraembryonic mesoderm cells,

fetal fibroblasts and/or fibrocytes, fetal muscle cells, fetal skin cells, fetal lung cells, fetal



endothelial cells, fetal epithelial cells, umbilical chord mesenchymal cells, placental

fibroblasts and/or fibrocytes, placental endothelial cells,

As used herein, the term "MEF cells" is intended to mean mouse embryonic f ibro

blasts.

As used herein, "CHIR", "Chir" or "Chir99021", is a patented commercially available

glycogen synthase kinase 3 beta (Gsk3b) inhibitor covered in patent US6417185 and de

scribed by Goff, D. A., et al. (2002) Inhibitors of glycogen synthase kinase 3 .

Embodiments of the present invention:

136. A method for differentiation of stem cells into definitive endoderm comprising the

steps of:

a . incubating stem cells in a medium comprising at least 2 µΜ CHIR; and

b. subsequently incubating stem cells in a medium comprising activin A.

137. A method according to embodiment 136, wherein activin A is not present during said

incubation with CHIR.

138. A method according to embodiments136-137, wherein said medium is RPMI-1640.

139. A method according to any of embodiments 136-138, wherein said stem cells are

embryonic stem cells.

140. A method according to any of embodiments 136-139, wherein the concentration of

CHIR is at least 2 µΜ, such as in the range of 2-7 µΜ, or such as 3 µΜ or such as 4 µΜ.

141 . A method according to any of embodiments 136-140, wherein said incubation with

CHIR is at least 12 hours, such as 24 hours.

142. A method according to any of embodiments 136-141 , wherein said incubation with

activin A is in the range of 12 hours to 5 days, such as at least 12 hours, such as at least

24 hours or at least 48 hours, or such as 3-4 days.

143. A method according to any of embodiments 136-142, wherein specific endodermal

cells are obtained from said definitive endoderm cells.

144. A method according to embodiment143, wherein said specific endoderm cells are

pancreatic endoderm cells.

145. Definitive endodermal cells obtainable by the methods of embodimentl 36-144.

146. Specific endodermal cells obtainable by the methods of embodimentl 36-145.

147. Use of CHIR in a specific concentration to induce primitive streak cells from stem

cells.

148. Use of CHIR in a specific concentration to induce definitive endoderm cells from

stem cells.



149. Use according to embodiments 147-148, wherein the concentration of CHIR in the

culture medium is at least 2 µΜ CHIR.

150. Use according to embodiments 147-148, wherein the concentration of CHIR in the

culture medium is at least 2µΜ CHIR, such as in the range of 2-7 µΜ, such as 3 µΜ or

such as 4 µΜ.

15 1 . Use of CHIR in a concentration in the range of 2-7 uM to induce definitive endoderm

cells from embryonic stem cells.

152. Use of CHIR in a concentration in the range of 3-7 uM to induce definitive endoderm

cells from embryonic stem cells.

153. Use of CHIR in a concentration in the range of 3,5-7 uM to induce definitive endo

derm cells from embryonic stem cells.

All references, including publications, patent applications, and patents, cited herein

are hereby incorporated by reference in their entirety and to the same extent as if each refer-

ence were individually and specifically indicated to be incorporated by reference and were

set forth in its entirety herein (to the maximum extent permitted by law).

All headings and sub-headings are used herein for convenience only and should not

be construed as limiting the invention in any way.

The use of any and all examples, or exemplary language (e.g., "such as") provided

herein, is intended merely to better illuminate the invention and does not pose a limitation on

the scope of the invention unless otherwise claimed. No language in the specification should

be construed as indicating any non-claimed element as essential to the practice of the inven

tion.

While certain features of the invention have been illustrated and described herein,

many modifications, substitutions, changes, and equivalents will now occur to those of ord i

nary skill in the art. It is, therefore, to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the true spirit of the invention.

Abbreviations

AA: Activin A

D'Am: D'Amour protocol (Kroon et al., 2008)

DE: definitive endoderm

bFGF: basic fibroblast growth factor (FGF2)

Gsk3b: glycogen synthase kinase 3 beta

hBSC; human blastocyst-derived stem cells



hESC: human embryonic stem cells

hIPSC: human induced pluripotent cells

hPSC: human pluripotent stem cells

KO-SR: knockout serum replacement

RNA: ribonucleic acid

PCR: polymerase chain reaction

PS: primitive streak

SOX17: SRY (sex determining region Y)-box 17

T: Brachyury



EXAMPLES

Example 1 - In vitro culture of human ES/iPS cells

The DE protocol was confirmed in two different feeder free (DEF, mTeSR) culture systems

and one feeder dependent (MEF-ES) culture system.

DEF hESC/iPS culture system

Human embryonic stem (hES) cells SA121 and chlPS4 (Cellartis) were grown on human fi-

bronectin (Sigma) in DEF culture media (Cellartis) with 30 ng/ml bFGF (Invitrogen) and 10

ng/ml Noggin (Peprotech) in 6-96 well plates. Cells were single cell passaged with Rock in

hibitor Y-27632 (Calbiochem) and seeded at a density of 40000 cells/cm2 for experiments.

Experiments were initiated 4d after passage.

mTeSR culture system

hES cells (SA121 ) were cluster passaged from feeders (MEFs) to Matrigel (BD Biosciences)

in mTeSRI media (Cell Signaling Techologies) and passaged further with Dispase (BD B io

sciences) according to the culture system protocol. DE was initiated once clusters started to

touch eachother

MEF-ES

hES cells (SA121 ) were passaged on gelatine-coated plates pre-seeded with MEFs in hES

media (KO-DMEM, PEST, Glutamax, NEAA, 2-mercaptoethanol, KO serum replacement,

10ng/ml bFGF). DE was initiated at 80% confluency.

Example 2 - CHIR DE protocol

Confluent cultures were washed once in RPMI1640 (Invitrogen) before 24 hour pre-treatment

with 0,5-7 µΜ CHIR99021 (Stemgent) in RPMI. Control cells were left untreated in RPMI and

D'Amour cells were either left in RPMI or treated with AA (Peprotech) + Wnt3a (R&D Sys

tems) without pre-treatment depending on experimental setup.

After 24 hours, pretreated and control cells were washed once with RPMI before

adding 100 ng/ml AA in RPMI. D'Amour cells were also treated with 100ng/ml AA but with

0,2% FBS instead of B27. 24h later, 2% B27 (Invitrogen) was added to the AA media for 2-

3d. Control cells were treated with B27 to prevent cell death and D'Amour cells with 2% FBS

according to published protocol. Media was changed every day.



When cells were further differentiated to PE, the DE protocol was applied in T75 cell culture

flasks and reseeded after 4d of DE culture at a density of 200K in DE media. 1d later, cells

were washed once before addition of PE media (RPMI1640+12% KOSR+64ng/ml bFGF) ac

cording to published protocol (Ameri et al 2010).

Overview of the CHIR Definitive Endoderm protocol can be found in Fig. 1. The protocol has

been confirmed in 7 different cell lines: SA121 , SA181 , SA461 , SA167 (hESC) and chlPS2,

chlPS3, chlPS4 (hiPSC).

Table 1. CHIR DE cell culture protocol

Day 1 : Cells were washed carefully in prewarmed (37°C) RPMI before starting the differen

tiation. Day1 medium was premixed (CHIR 3µΜ in prewarmed RPMI + PEST) and gently

added to cell culture. Volumes were adjusted according to plate formats.

Day 2 : Cells were washed carefully in prewarmed (37°C) RPMI before media change. Day2

medium was premixed (100ng/ml Activin A in prewarmed RPMI + 0,1 %PEST) and gently

added to cell culture.



Day 3 : Day3&4 mediums were premixed (100ng/ml Activin A and 2% B27 in prewarmed

RPMI + 0,1 %PEST) and gently added to cell culture.

Day 4 : DE was harvested or reseeded for further differentiation. Cells were checked under

the microscope every day.

Example 3
RNA extraction and quantitative real-time PCR

RNA samples were collected after 24h pre-treatment (D1), after 1 day of AA treatment (D2)

and after 1-2d of AA+B27 treatment (D3-4). Total RNA was extracted with the Rneasy Plus

Mini kit (Qiagen) and quantitative real-time PCR was performed using the StepOnePLus sys

tem (Applied Biosystems).

ICC staining procedure

Cells were washed in PBS+/+ and fixed in 4% formaldehyde for 30 min (10% formaline,

VWR). The cells were then washed again three times in PBS and left in PBS (4°C) until

staining. Fixed cells were washed with PBS once, then permeabilized with 0,5% Triton X-100

in PBS for 6min, washed in PBS and blocked with TNB buffer (0.1 M Tris-HCL pH 7.5, 0.15M

NaCI, 0.5% Blocking Reagent (Perkin Elmer)) for 30min. Primary antibodies (goat-anti-

SOX17 (AF1924, RnD Systems); goat-anti-Brachyury (AF2085, RnD Systems); mouse-anti-

OCT4 (sc5279, SantaCruz Biotechnology); goat-anti-PDX1 (AB47383, Abeam)) were added

in 0,1% TritonX-100 + PBS for 1h in RT or 4°C O/N. After a thorough washing step in PBS,

secondary antibodies were added together with DAPI in 0,1% Triton X-100 + PBS for 45min

at RT, washed thoroughly in PBS and left in PBS until photodocumentation.

Example 4

Speed and efficiency

Undifferentiated SA121 hES and chlPS4 iPS cells in DEF media (DO) were cultured either in

RPMI without CHIR (Ctrl D 1) or treated for 24h with CHIR in RPMI (CHIR D 1) . The cells were

then washed to ensure absence of CHIR and then both conditions were treated with 1d AA

(Ctrl and CHIR d2). After 1d CHIR treatment, PS markers such as Brachyury (T),

MIXL1 .EOMES and GSC were highly upregulated compared to non pre-treated cells (Fig.

2A-C). T fold inductions after 24h CHIR treatment spanned between 500-100000 compared

to undifferentiated cells (dO). T protein levels were also confirmed with ICC (Fig. 2C).



1d after AA addition (D2), markers that together are indicative of DE formation such

as SOX17, CXCR4, FOXA2 and CER were also highly upregulated compared to non-pre-

treated cells despite addition of AA to both conditions (Fig. 3A,B), Sox1 7-fold inductions after

CHIR pretreatment spanned between 10000-3500000 compared to undifferentiated cells

(DO, n>60). The efficiency levels for both T and SOX17 were highly robust (n > 60) and con

firmed with IHC and SOX17 quantifications (Fig. 2C and Table 2.).The CHIR pre-treatment

step resulted in a remarkably rapid induction of SOX17 after AA treatment. SOX17 expres

sion peaked already after one day of AA treatment when cells were subjected to CHIR for

24h before AA induction. Cells in AA-containing media that were not pre-treated with CHIR

(ctrl) did not show same speed or efficiency in Sox17 induction.

CHIR has a direct capacity to induce PS markers after 24h treatment (D1) and re

sulted in a remarkably higher ability for AA to induce DE when added (D2). Brachyury was

greatly repressedonce AA was added indicating that the cells were differentiating in a highly

stepwise order.

Table 2.0CT4 and SOX17 protein ICC quantifications in undifferentiated hES SA121/chlPS4

cells

Table 2 shows D1-3 of DE induction according to D'Amour (protocol as described in Kroon et

al 2008) and cells treated with 3uM CHIR (CHIR D 1) prior to addition of ActivinA (CHIR D2-

3).

Example 5

CHIR specificity

hES SA121 and ChlPS4 cells were treated with either CHIR (3µΜ) , BIO (0,5uM), Wnt3a

(200ng/ml) or AA alone (100ng/ml) for 24h prior to AA addition to show CHIR specificity (d1 ) .

Additionally, D'Amour (protocol as described in Kroon et al 2008) was tested in parallel.



CHIR treatment significantly upregulated Brachyury expression after 24h (Fig. 4A,C). After

AA addition (D2), Brachyury was reduced and SOX17 was upregulated (Fig.4B).hES cells

treated with AA or BIO did not survive until day 3 .

The data clearly illustrated that PS transition (upregulation of Brachyury) and DE

induction (upregulation of SOX1 7) were both accelerated and much higher after CHIR treat

ment compared to pretreatment with growth factors such as AA and Wnt3a. Pretreatment of

the cells with another small molecule Gsk3b inhibitor (BIO) did not elicit the same effect and

the cells did not survive until d3. Treatment with either Wnt3a and BIO instead of CHIR de

layed the Brachyury (PS) response (upregulated D2) compared to CHIR treatment (data not

shown). Furthermore, these substances induced both Brachyury and SOX17 gene expres

sion with significantly lower efficiency and cells treated with AA or BIO did not survive until

d3. This protocol was also highly superior to the previously published D'Amour protocol.

Example 6

CHIR vs. D'Amour protocol (DE and PE induction)

Undifferentiated ChlPS4 cells (dO) were eitherpre-treated for 24h with CHIR (3uM) or directly

exposed to AA (100ng/ml) and Wnta3a (25ng/ml) according to Kroon et al 2008. The cells

were then washed and AA was added for 1-4d. See Tablel for detailed setup.

CHIR treatment was superior in upregulating both T (mRNA D1) and SOX17 after

CHIR pre-treatment (mRNA, ICC D3) compared to D'Amour (Fig. 5 and Table 2). In addition,

the most striking difference between the protocols could be seen in terms of morphology with

a much higher degree of cell death during D'Amour treatment. To further strengthen the re

sults, a quantification of SOX17 protein expression was thus performed. chlPS4 cells treated

with either the CHIR- or D'Amour-protocol were fixed and stained using a SOX17-specific ab

and the images were quantified in respect of total amounts and the percentage of SOX1 7-

positive cells. As shown in Fig. 6D, 9 1.5% of the CHIR-treated cells were found to be posi

tive for SOX17 whereas only 77,6% of the D'Amour-treated cells showed SOX17 positive

staining d3. In addition, the total amount of CHIR pre-treated cells was 25% higher than the

number seen after D'Amour treatment.

The decrease of OCT4 expression was also analyzed in chlPS4 cells using both

qPCR and qlCC. The data clearly shows that the CHIR-protocol is more sufficient in reducing

OCT4 expression at both mRNA and protein levels (Fig. 5E, F).

To further compare the efficiency between the CHIR- and D'Amour protocols,

chlPS4 cells differentiated to DE, using either of the two protocols, were further differentiated

towards pancreatic endoderm (PE) by using a previously published PE differentiation proto-



col (Ameri et al 2010). Seven days after the induction of PE differentiation the cells were

fixed and analyzed by ICC using a PDX1 specific antibody. The results showed very modest

PDX1 -staining in the D'Amour-treated cells whereas the staining was evident in the CHIR

pre-treated cells (data not shown). In parallel, mRNA was collected from the cells and the

PDX1 expression was analyzed by real-time PCR. Concordantly with the ICC results, almost

no PDX1 mRNA expression was found in D'Amour-treated cells while a clear expression was

seen in the CHIR-differentiated cells (Fig. 5G). The experiment was repeated twice in both

cell lines (Fig.5G,H).

Example 7

Timing

Cells were pre-treated 1d with either RPMI (ctrl), CHIR 3uM, CHIR 3uM+AA 100ng/ml or

100ng/ml AA + 25ng/ml Wnt3a (D'Amour)prior to addition of AA +/- Wnt3a (25ng/ml) d2 and

AA d3 (Table 3). B27 was added in Ctrl and CHIR d3 and FBS to D'Amour d2-3.

Table 3 : Protocols used for DE induction

The data shows that absence of Wnt3a after CHIR treatment does not affect SOX17

induction negatively (Fig 6A, C). However, AA exclusion after CHIR treatment maintained

Brachyury expression (data not shown) and limited further progression toward DE.

Adding AA on top of CHIR during pre-treatment did not show additive effects, the

protocol stability was however negatively affected with high inter-experimental variation in

terms of DE induction. A negative effect on cell survival D 1 was also often seen when com

bining CHIR and AA during pretreatment (see cell morphology D 1, Fig.6D), Adding CHIR on

top of D'Amour D 1 also showed reduced SOX17 expression D2 compared to cells pre-

treated with CHIR (Fig. 6B) .



CHIR pretreatment replaces the requirement of both Wnt3a and AA during the first

day of differentiation toward DE and also has a stabilizing effect leading to a more robust

protocol.

CHIR and exogenous AA may have counteracting effects that reduce overall effi-

ciency and/or target different cell populations differently, resulting in higher levels of hetero

geneity within the cell culture and increased inter-experimental variability. This suggests that

PS induction/transition before adding AA to the media is an important and novel step to en

hance protocol efficiency and robustness.

Example 8

Dose dependency

Chir was titrated at concentrations between 1-7uM and analyzed after 24h Chir treatment

(D1 ) and after 2d of following AA treatment (D3). CHIR 0,5-1 uM and CHIR 7uM did not sur-

vive d3.

1. After 24h treatment, Brachyury induction was significantly seen in CHIR 3uM but not

1uM (Fig 7A,C).

2 . 2d after AA treatment, downregulation of Brachyury expression was delayed in CHIR

1uM (Fig 7A) whereas Sox1 7 expression was significantly lower (7B,D)

The data indicates that PS formation is delayed at Chir concentrations under 1uM, unabling

further progression toward DE whenAA is added.

Example 9

DE induction after CHIR pre-treatment in other cell culture systems

The effect on OCT4 downregulationand T/SOX17 upregulation D3 after CHIR pre-treatment

was also superior to the D'Amour protocol in other hESC feeder free culture systems such as

mTeSR (Fig 8A Table 4) and in hESCs grown on MEF feeders (Fig 9).



Table 4 . Oct4 and Sox1 7 expression in the mTeSR system

1 inn sta i gsa CT4/ S 7+ ce quantification

ΕΞ x - Control D'Amour Chir 7µ
Oct4 Sox17 Oct4 Sox17 Oct4 Sox1 7

ME1 6b 24 ,8 9,86 64 ,77 6,97
ME1 8b 79,86 0,43 14,3 1 57,46 82,87
ME2 1a 64 ,63 13,9 31,13 56 ,82 0 9 1 ,36

Mean 60 ,0 18,4 5»,7 · . . · 79.0
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CLAIMS

1. A method for differentiation of stem cells into definitive endoderm comprising the steps of:

c . first priming step of incubating stem cells in a medium comprising at least 2 µΜ

CHIR, wherein activin A is not present during said priming step; and

d . second subsequent step of incubating stem cells in a medium comprising activin

A .

2 . The method according to claim 1, wherein said medium is RPMI-1640.

3 . The method according to claims 1 or 2 , wherein said stem cells are embryonic stem cells

or induced pluripotent stem cells.

4 . The method according to any one of the preceding claims, wherein the concentration of

CHIR is at least about 2,5 µΜ, or at least about 3,1 µΜ, such as in a range of about 2,5-

15µΜ , such as in a range of about 3,1-15 µΜ , or such as in a range of about 3,1-7 µΜ, or

such as in a range of about 3,5-7 µΜ, or such as in a range of about 3,5-6 µΜ, or such as

about 3,5-5 µΜ .

5 . The method according to any one of the preceding claims, wherein the concentration of

CHIR is at least about 3,1 µΜ .

6 . The method according to any one of the preceding claims, wherein the concentration of

CHIR is at least about 3,5 µΜ .

7 . The method according to any one of the preceding claims, wherein said incubation with

CHIR is at least 24 hours.

8 . The method according to any one of the preceding claims, wherein said incubation with

activin A is at least 24hours.

9 . The method according to any one of the preceding claims, wherein said incubation with

activin A is 48 to 72 hours.

10. The method according to any one of the preceding claims, wherein endodermal cells are

obtained from said definitive endoderm cells.

11. Themethod according to claim 10, wherein said endoderm cells are pancreatic endoderm

cells.

12. Pancreatic endoderm cells obtainable by the methods of claims 1-1 1.

13 . Use of CHIR in a concentration of CHIR in the culture medium is at least 2 µΜ, at

least^M, such as in a range of about 2-15 µΜ, such as about 3-15 µΜ, such as

about3,1-15 µΜ , or such as about 3,1-7 µΜ, or such as about 3,5-15 uM, or such as

about 3,5-7 µΜ.



14. Use of CHIR in a concentration of at least 2 µΜ in the culture medium, to induce primitive

streak cells from embryonic stem cells.

15 . Use of CHIR in a concentration in the range of 3,5-7 µΜ to induce definitive endoderm

cells from embryonic stem cells.
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