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GENERATION OF PANCREATC ENDODERM 
FROM PLURPOTENT STEM CELLS USING 

SMALL MOLECULES 

TECHNICAL FIELD 

0001. The present invention relates to methods of gener 
ating pancreatic endoderm from pluripotent stem (PS) cells, 
Such as human definitive endoderm. 

BACKGROUND 

0002 Beta cell transplantation potentially provides the 
ultimate cure for type I diabetes. However, the limited avail 
ability of donor beta cells constrains the use of this treatment 
as a clinical therapy. Pluripotent stem cells can proliferate 
infinitely and differentiate into many cell types; thus, PS cells 
are a promising source for beta cells. However, before PS 
cells can be used to treat diabetes, they need to be efficiently 
and reproducibly differentiated to pancreatic cells. 
0003. During vertebrate embryonic development, a pluri 
potent cell gives rise to the three germ layers; ectoderm, 
mesoderm and endoderm. Induction of definitive endoderm 
(DE) is the first step towards formation of endoderm derived 
tissues. Generation of pancreatic endoderm (PE) from DE 
cells is necessary for the generation of insulin-producing beta 
cells. PE cells with the potential to become endocrine pro 
genitors (EP) are characterized by co-expression of two 
important transcription factors, PDX1 and NKX6.1. 
0004 Stepwise in vitro differentiation protocols have 
been established for generating pancreatic cells from PS cells. 
These protocols generally mimic the major events of pancre 
atic development, which includes several stages such as for 
mation of the DE which co-expresses SOX17 and FOXA2. 
primitive gut, posterior foregut, PE, EP and ultimately the 
mature beta cells. To date, efficient DE differentiation of hES 
cells has been achieved by activin A treatment. The next 
major step in generating pancreatic beta cells is to generate 
PE that co-expresses PDX1 and NKX6.1. Several groups 
have developed in vitro protocols that can differentiate PS 
cells into DE and PE, however they are only able to generate 
a modest fraction of NKX6.1/PDX1 double positive (db+ve) 
cells, and importantly none of them are able to generate fully 
mature beta cells in vitro (Cai et al. (2010); D'Amour et al. 
(2006); Kunisada et al. (2012); Schulz et al. (2012); Zhanget 
al. (2009); Amen et al. (2010)). 

SUMMARY 

0005. The present invention relates to a method of produc 
ing pancreatic cells or pancreatic cell precursors where at 
least 5% of the cells co-express PDX1 and NKX6.1, compris 
ing exposing definitive endoderm (DE) cells to an effective 
amount of at least one compound of the group consisting of 

0006 a. BMP inhibitor LDN-193189 (listed in table 1) 
0007 b. Kinase inhibitors (listed in tables 1 and 2) 
0008 c. Retinoic acid receptor agonists (listed in table 
2) 

to differentiate the human DE cells into the pancreatic cells or 
pancreatic cell precursors. 
0009. The present invention further relates to a method for 
producing pancreatic cells or pancreatic cell precursors 
where at least 5% of the cells co-express PDX1 and NKX6.1, 
comprising exposing DE cells to an effective amount of at 
least one compound of the group consisting of: 

(0010 a. BMP inhibitor LDN-193189 (listed in table 1) 
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0.011 b. isomers of 1.9-pyrazoloanthrone with or with 
out N-alkylation (listed in table 1 and 2) 

0012 c. Retinoic acid receptor agonists (listed in table 
2) 

to differentiate the human DE cells into the pancreatic or 
pancreatic cell precursors. 
0013 The present invention further relates to a method for 
producing pancreatic cells or pancreatic cell precursors 
where at least 5% of the cells co-express PDX1 and NKX6.1, 
comprising exposing definitive endoderm cells to an effective 
amount of at least one compound of the group consisting of 

0014) a. BMP inhibitor LDN-193189 
0.015 b. JNK inhibitor II 
0016 c. AM580 

to differentiate the human DE cells into the pancreatic or 
pancreatic cell precursors. 
0017. The present invention further relates to a method for 
generating pancreatic cells or pancreatic cell precursors 
where at least 5% of the cells co-express PDX1 and NKX6.1, 
comprising exposing definitive endoderm cells to an effective 
amount of the BMP inhibitor LDN-193189, to differentiate 
human DE cells into pancreatic or pancreatic cell precursors. 
The present invention further relates to a method for gener 
ating pancreatic cells or pancreatic cell precursors where at 
least 5% of the cells co-express PDX1 and NKX6.1, compris 
ing exposing DE cells to an effective amount of the BMP 
inhibitor LDN-193189, and subsequent exposure to one of 
the following molecules: 

0.018 a. Wnt inhibitor IWP2 
0.019 b. Hedgehog inhibitor Cyclopamine (Cyc) 

to differentiate human DE cells into pancreatic or pancreatic 
cell precursors. 
0020. The present invention further relates to a method for 
generating pancreatic cells or pancreatic cell precursors 
where at least 5% of the cells co-express PDX1 and NKX6.1, 
comprising exposing DE cells to an effective amount of the 
BMP inhibitor LDN-193189, and subsequent exposure to a 
combination of JNK inhibitor II, retinoic acid or a retinoic 
acid derivative, bFGF and one of the following molecules: 

0021 a. Wnt inhibitor IWP2 
0022 b. Hedgehog inhibitor Cyclopamine 

to differentiate human DE cells into pancreatic or pancreatic 
cell precursors. 
0023 The present invention further relates to a method for 
generating pancreatic cells or pancreatic cell precursors 
where at least 5% of the cells co-express PDX1 and NKX6.1, 
comprising exposing DE cells to an effective amount of the 
BMP inhibitor LDN-193189, and subsequent exposure to a 
combination of JNK inhibitor II in combination with retinoic 
acid or a retinoic acid derivative, bFGF and LDN-193189 to 
differentiate DE stem cells into pancreatic or pancreatic cell 
precursors. 

0024. In one embodiment of the present invention, any one 
of the retinoic acid receptoragonists or kinase inhibitors may 
be in combination with bFGF. 

0025. The present invention further relates to pancreatic 
cells or pancreatic cell precursors obtainable by the methods 
of the present invention. 
0026. The present invention relates to a pancreatic cell or 
pancreatic cell precursor produced by exposing a human 
pluripotent stem cell to at least one compound listed in tables 
1 and 2. 
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0027. The present invention relates to use of any one of the 
compounds of tables 1 and 2, to induce pancreatic cells or 
pancreatic cell precursors from stem cells. 
0028. The present invention relates to use of LDN-193189 
to induce pancreatic cells or pancreatic cell precursors from 
stem cells. 
0029. The present invention relates to use of LDN-193189 
followed by Cyclopamine or IWP2, to inducepancreatic cells 
or pancreatic cell precursors from stem cells. 
0030 The present invention takes an alternative approach 

to improve the efficiency of differentiating human PS cells 
toward mature beta cells, by providing a method to increase 
the fraction of NKX6.1/PDX1 double positive cells, a hall 
mark for PE cells committed to an endocrine cell fate. 
0031. In one aspect, the invention provides an improved 
pancreatic cell population, i.e. PE with increased fraction of 
NKX6.1/PDX1 double positive cells. 
0032. Furthermore, the present invention provides a more 
homogenous pancreatic cell population, which is important 
for the further development of these cells towards the endo 
crine lineage. 
0033. The present invention also provides a more synchro 
nised pancreatic population to get to the next stage. 
0034. The present invention may also solve further prob 
lems that will be apparent from the disclosure of the exem 
plary embodiments. 

BRIEF DESCRIPTION OF DRAWINGS 

0035 FIG. 1 shows the PE screening approach also 
referred to as the library screening approach—using Small 
molecule libraries. Pluripotent stem (PS) cells were differen 
tiated into definitive endoderm (DE) according to the DE 
protocol (see general methods) and seeded in 96 well plates 
for Screening. The pancreatic endoderm (PE) screen was 
divided into an early and a late phase. In the early phase 
compounds were added on top of a published bFGF based 
protocol (Amen et al., 2010, cf. also WO/2010/136583) for 
the first seven days of PE differentiation and then continued 
for another six days without the compounds. In the late phase 
compounds were only added on top of the bFGF based pro 
tocol for the last six days. 
0036 FIG. 2 shows early phase hits for the library screen 
ing approach. Definitive endoderm cells from human induced 
pluripotent stem cells (hiPSC) (black) or hESC (white) were 
seeded in 96 well optical plates and differentiated into pan 
creatic endoderm using a 14 day protocol based on bFGF. 
Compounds were added on top of the bFGF based protocol 
for the first seven out of 14 days and analysed for NKX6.1/ 
PDX1 double positive cells using the InCell analyzer 2000 
(GE Healthcare). The graph shows the '% effect of the fraction 
of NKX6.1/PDX1 double positive cells compared to the 
Benchmark protocol. 
0037 FIG.3 shows late phase hits for the library screening 
approach. Definitive endoderm cells from hiPSC (black) or 
hESC (white) were seeded in 96 well optical plates and dif 
ferentiated into pancreatic endoderm using a 14 day protocol 
based on bFGF. Compounds were added on top of the bFGF 
based protocol for the last six days and analysed for NKX6. 
1/PDX1 double positive cells using the InCell analyzer 2000 
(GE Healthcare). The graph shows the '% effect of the fraction 
of NKX6.1/PDX1 double positive cells compared to the 
Benchmark protocol. 
0038 FIG. 4 shows a second, candidate based PE screen 
ing approach. Pluripotent stem (PS) cells were differentiated 
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into definitive endoderm according to DE protocol (See gen 
eral methods) and seeded in 96 well plates for screening. The 
pancreatic endoderm screen was divided into two parts. In 
screen 1, compounds were added to a basal medium 
(RPMI1640+0.1% PEST+12% KOSR) the first eight days of 
PE differentiation. Compounds were tested in 4 different time 
windows having 2 day increments and then cells were left to 
continue differentiation for another six days in the bFGF 
based published protocol (Amen et al., 2010). In screen 2, 
cells were first differentiated for 4 days with the hit com 
pounds from Screen 1, then screening compounds were added 
the last 10 days to basal medium. 
0039 FIG. 5 shows hits from the candidate screen 1 and 2 
compared to cells differentiated according to Amen et al. 
2010 which was used as a benchmark protocol running in 
parallel with every screen. In screen 1, one hit compound was 
identified (LDN-193189) and was found to be most effective 
when added for the first 4 days followed by 4 days basal 
medium. For screen 2, two hit compounds were identified 
(Cyclopamine and IWP-2) when cells were first exposed to 
the hit compound from Screen 1 for 4 days and hit compounds 
from screen 2 were added for the last 10 days of differentia 
tion. The graph shows the % effect of the fraction of NKX6. 
1/PDX1 double positive cells compared to the Benchmark 
protocol (Bars for hiPSC in black and hESC in white). 
0040 FIG. 6 shows the advantageous effect on the amount 
of PDX1/NKX6.1 doublepositive cells by the combination of 
hit compounds found in the two individual screens (Small 
molecule libraries and candidate approach) compared to the 
benchmark protocol (Ameri et al. (2010)). Bars for hiPSC in 
black and hESC in white. 

LIST OF ABBREVIATIONS 

0041 +ve: positive 
bFGF: basic Fibroblast Growth Factor (FGF) (also known as 
FGF2) 

Cyc: Cyclopamine 
0042 db: double positive 

DE: Definitive Endoderm 

0043 hBS: human Blastocyst derived Stem 
hBSC; human Blastocyst-derived Stem Cells 
hES: human Embryonic Stem 
hESC: human Embryonic Stem Cells 
hiPSC: human induced Pluripotent StemCells 
hPSC: human Pluripotent StemCells 

KOSR: Knock-out Serum Replacement 
0044 NKX6.1: NK6 homeobox 1 
PDX1: Pancreatic and duodenal homeobox 1 

PEST: Penicillin Streptomycin 

PS: Pluripotent Stem 

Rockout: Rho Kinase Inhibitor III 

RT: Room Temperature 

DESCRIPTION 

0045. The present invention related to methods of gener 
ating pancreatic endoderm from stem cells, such as human 
definitive endoderm cells and induced pluripotent stem cells. 
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0046. The present invention takes an alternative approach 
to improve the efficiency of differentiating human PS cells 
toward mature beta cells, by providing a method to improve 
the percentage of NKX6.1/PDX1 double positive cells, which 
are markers for a PE cell population, one of the cell stages 
necessary to reach endocrine cell populations. Furthermore, 
the present invention provides a more homogenous and Syn 
chronised pancreatic cell population, which is important for 
the further development of these cells towards the endocrine 
lineage. 
0047. The present invention may also solve further prob 
lems that will be apparent from the disclosure of the exem 
plary embodiments. 
0048. In one embodiment, the pancreatic endocrine cells 
obtainable by the method according to the invention are insu 
lin producing cells, optionally together with cells differenti 
ated towards glucagon, Somatostatin, pancreatic polypeptide, 
and/or ghrelin producing cells. As used herein, “insulin pro 
ducing cells' refers to cells that produce and store or secrete 
detectable amounts of insulin. “Insulin producing cells' can 
be individual cells or collections of cells. 
0049. In another embodiment, the cell population com 
prising pancreatic cells is obtained from a Somatic cell popu 
lation. In some aspects the Somatic cell population has been 
induced to de-differentiate into an embryonic-like stem (ES, 
e.g., a pluripotent) cell. Such de-differentiated cells are also 
termed induced pluripotent stem cells (iPSC). 
0050. In another embodiment, the cell population com 
prising pancreatic cells is obtained from embryonic stem (ES, 
e.g., pluripotent) cells. In some aspects the cell population 
comprising pancreatic cells is pluripotent cells such as ES 
like-cells. 
0051. In another embodiment, the cell population com 
prising 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. 
0052. 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 
endocrine lineage. 
0053 Stem cells are undifferentiated cells defined by their 
ability at the single cell level to both self-renew and differen 
tiate to produce progeny cells, including self-renewing pro 
genitors, non-renewing progenitors, and terminally differen 
tiated cells. Stem cells are also characterized 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 Sub 
stantially to most, if not all, tissues following injection into 
blastocysts. 
0054 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 physi 
ological 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 restricted Subset of cell lineages than multi-potent stem 
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cells; and (5) unipotent, meaning able to give rise to a single 
cell lineage (e.g., spermatogenic stem cells). 
0055. 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); Jiang, J. et al. 
(2007); Kroon, E. et al. (2008). 
0056. 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); 
D'Amour, K. A. et al. (2006); Jiang, J. etal. (2007); Kroon, E. 
et al. (2008); Takahashi, K. et al. (2007); Takahashi, K., and 
Yamanaka, S. (2006) and Wernig, M. et al. (2007). 
0057. As used herein “differentiate' or “differentiation 
refers to a process where cells progress from an undifferen 
tiated 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 undifferentiated embryonic pancre 
atic cells are able to proliferate and express characteristics 
markers, like PDX1, NKX6.1, and PTF1a. Mature or differ 
entiated 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 occuras cells lose markers of undifferentiated 
cells or gain markers of differentiated cells. Loss or gain of a 
single marker can indicate that a cell has “matured or fully 
differentiated. The term “differentiation factor refers to a 
compound added to pancreatic cells to enhance their differ 
entiation to mature endocrine cells also containing insulin 
producing beta cells. Exemplary differentiation factors 
include hepatocyte growth factor, keratinocyte growth factor, 
exendin-4, basic fibroblast growth factor, insulin-like growth 
factor-1, nerve growth factor, epidermal growth factor plate 
let-derived growth factor, and glucagon-like peptide 1. In 
Some aspects differentiation of the cells comprises culturing 
the cells in a medium comprising one or more differentiation 
factors. 
0.058 As used herein, “human pluripotent stem cells' 
(hPSC) refers to cells that may be derived from any source 
and that are capable, under appropriate conditions, of produc 
ing human progeny of different cell types that are derivatives 
of all of the 3 germinal layers (endoderm, mesoderm, and 
ectoderm). hPSC may have the ability to form a teratoma in 
8-12 week old SCID mice and/or the ability to form identifi 
able 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 etal. (1998), 
Heins et al. (2004), as well as induced pluripotent stem cells 
(see, e.g. Yu et al. (2007); Takahashi et al. (2007)). The vari 
ous methods and other embodiments described herein may 
require or utilise hPSC from a variety of sources. For 
example, hPSC suitable for use may be obtained from devel 
oping embryos. Additionally or alternatively, suitable hPSC 
may be obtained from established cell lines and/or human 
induced pluripotent stem (hiPS) cells. 
0059. As used herein “hiPSC refers to human induced 
pluripotent stem cells. 
0060 ES cell lines can also be derived from single blas 
tomeres without the destruction of ex utero embryos and 
without affecting the clinical outcome (Chung et al. (2006) 
and Klimanskaya et al. (2006)). 
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0061. 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 inven 
tion can thus be embryonic stem cells prepared from blasto 
cysts, as described in e.g. WO 03/055992 and WO 2007/ 
042225, or be commercially available hEBS 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 pluri 
potent cells by e.g. the treating adult cells with certain tran 
scription factors, such as OCT4, SOX2, NANOG, and LIN28 
as disclosed in Yu, et al. (2007); Takahashi et al. (2007) and Yu 
et al. (2009). 
0062. As used herein JNK inhibitor II includes isomers or 
tautomers of 1.9-pyrazoloanthrone with or without N-alkyla 
tion. Where 1.9-pyrazoloanthrone can be defined as 
“SMILES: c1 ccc2c(c1)-c3c4c(cccc4|nHn3)C2=O or “1,6- 
dihydrodibenzoccl.gindazol-6-one'. 
0063) DEF medium or DEF-CS medium/system is a 
defined balanced culture medium for the establishment and 
propagation of human pluripotent stem cells, DEF-CS 
medium/system. 

EMBODIMENTS OF THE INVENTION 

0064 1. A method of producing pancreatic cells or pan 
creatic cell precursors where at least 5% of the cells co 
express PDX1 and NKX6.1, comprising exposing embry 
onic stem cells to an effective amount of at least one 
compound of the group consisting of 
0065 a. BMP inhibitors 
0.066 b. kinase inhibitors 
0067 c. retinoic acid receptor agonists 
0068 to differentiate the human embryonic stem cells 
into the pancreatic cells or pancreatic cell precursors. 

0069 2. The method of embodiment 1, wherein said com 
pounds are listed in tables 1 or 2. 

0070 3. The method of embodiments 1 or 2, wherein the 
kinase inhibitor is an isomer of 1.9-pyrazoloanthrone with 
or without N-alkylation. 

0071. 4. The method of embodiments 1-3, wherein said 
kinase inhibitor is JNK inhibitor II. 

0072 5. The method of embodiments 1-2, wherein said 
retinoic acid receptor agonist is AM580. 

0073 6. The method of embodiments 1-5, wherein said 
JNK inhibitor II is in combination with AM580. 

0074 7. The method of embodiments 3-6, wherein bFGF 
is present. 

0075 8. The method of embodiments 7, wherein said 

0076 9. The method of embodiment 8, wherein said bFGF 
is FGF7. 

0077 10. The method of embodiment 1, wherein said 
BMP inhibitor is LDN-1931.89. 

0078 11. The method of embodiment 10, wherein said 
LDN-193189 is followed by exposure to a Wnt inhibitor or 
a hedgehog inhibitor. 

0079 12. The method of embodiment 11, wherein said 
Wnt inhibitor is IWP2. 

0080 13. The method of embodiment 12, wherein said 
hedgehog inhibitor is cyclopamine. 

0081. 14. The method of embodiments 1-13, wherein said 
pancreatic cells or pancreatic cell precursors are 10-20%, 
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10-30%, 10-40%, 5-20%, 5-30%, 5-40%, 5-50%, 5-60% 
or 5-70%, 5-80%, 40-80% or 5-90% PDX1/NKX6.1 
double positive. 

I0082 15. The method of any one of embodiments 14, 
wherein said pancreatic cells or pancreatic cell precursors 
are 5-50% PDX1/NKX6.1 double positive. 

I0083) 16. The method of any one of embodiments 1-9, 
wherein said pancreatic cells or pancreatic cell precursors 
are 40-80% PDX1/NKX6.1 double positive. 

I0084 17. A pancreatic cell or pancreatic cell precursors 
obtainable by the methods of embodiments 1-16. 

I0085 18. A pancreatic cell or pancreatic cell precursor 
produced by exposing a human pluripotent stem cell to at 
least one compound listed in Tables 1 or 2. 

I0086) 19. The pancreatic cell or pancreatic cell precursor 
of embodiment 18, in which said compound is LDN 
1931.89. 

I0087. 20. The pancreatic cell or pancreatic cell precursor 
of embodiment 18, in which said compound is JNK inhibi 
tor II. 

I0088. 21. The pancreatic cell or pancreatic cell precursor 
of embodiment 18, in which said compound is AM580. 

I0089. 22. The pancreatic cell or pancreatic cell precursor 
of embodiment 18, in which the pancreatic cell or pancre 
atic cell precursor is produced by exposing the stem cell to 
at least one compound in combination with at least one 
additional agent. 

0090. 23. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, in which said LDN-193189 is in com 
bination with JNK inhibitor II and AM580. 

0091 24. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, in which said LDN-193189 is followed 
by exposure to cyclopamine. 

0092) 25. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, in which said LDN-193189 is followed 
by exposure to IWP2. 

0093. 26. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, in which said compound is JNK inhibi 
tor II in combination with a retinoic acid receptor agonist 
listed in Table 2. 

0094. 27. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, wherein JNK inhibitor II is in combi 
nation with AM580. 

0.095 28. The pancreatic cell or pancreatic cell precursor 
of embodiment 22, wherein JNK inhibitor II is in combi 
nation with AM580 and bRGF. 

0096. 29. The pancreatic cell or pancreatic cell precursor 
of embodiment 28, wherein bFGF is FGF2, FGF7 or 
FGF10. 

0097. 30. The pancreatic cell or pancreatic cell precursor 
of embodiment 29, wherein bFGF is FGF7. 

(0098. 31. Use of a compound of Tables 1 or 2 to induce 
pancreatic cells or pancreatic cell precursors from stem 
cells. 

(0099 32. Use of JNKinhibitor II to inducepancreatic cells 
or pancreatic cell precursors from stem cells. 

0100 33. Use of JNK inhibitor II in combination with a 
retinoic acid receptor agonist to induce pancreatic cells or 
pancreatic cell precursors from stem cells. 

0101 34. Use of JNK inhibitor II in combination with 
AM580 to induce pancreatic cells or pancreatic cell pre 
cursors from stem cells. 

0102 35. Use of LDN-193189 to induce pancreatic cells 
or pancreatic cell precursors from stem cells. 
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(0103 36. Use of LDN-193189 followed by Cyclopamine 
or IWP2 to induce pancreatic cells or pancreatic cell pre 
cursors from stem cells. 

0104 37. Use of LDN-193189 followed by Cyclopamine 
to induce pancreatic cells or pancreatic cell precursors 
from stem cells. 

01.05) 38. Use of LDN-193189 followed by IWP2 to 
induce pancreatic cells or pancreatic cell precursors from 
stem cells. 

0106 39. Use of LDN-193189 followed by combination 
with JNK inhibitor II, AM580 and bFGF to induce pancre 
atic cells or pancreatic cell precursors from stem cells. 

0107 40. Use of LDN-193189 followed by a combination 
of JNK inhibitor II, AM580, LDN-193189 and bFGF to 
induce pancreatic cells or pancreatic cell precursors from 
stem cells. 

0108 41. Use of LDN-193189 followed by a combination 
of JNK inhibitor II, AM580, LDN-193189, bFGF and 
Cyclopamine or IWP2 to induce pancreatic cells or pan 
creatic cell precursors from stem cells. 

0109 42. Use of LDN-193189 followed by a combination 
of JNK inhibitor II, AM580, LDN-193189, bFGF and 
Cyclopamine to induce pancreatic cells or pancreatic cell 
precursors from stem cells. 

0110 43. Use of LDN-193189 followed by a combination 
of JNK inhibitor II, AM580, LDN-193189, bFGF and 
IWP2 to induce pancreatic cells or pancreatic cell precur 
sors from stem cells. 

0111 44. A method of producing pancreatic cells or pan 
creatic cell precursors expressing at least 5% PDX1/ 
NKX6.1 double positive, comprising exposing definitive 
endoderm cells to an effective amount of at least one of the 
compounds from each of the following groups: 
0112 a. BMP inhibitor, and 
0113 b. Kinase inhibitors, and 
0114 c. Retinoic acid receptor agonists 
0115 to differentiate the definitive endoderm cells into 
the pancreatic cell or pancreatic cell precursors. 

0116 45. The method of embodiment 44 wherein the 
BMP inhibitor is LDN-1931.89. 

0117. 46. The method of embodiment 44 wherein the ret 
inoic acid receptor agonist is AM580. 

0118 47. The method of embodiment 44 wherein the ret 
inoic acid receptor agonist is a retinoic acid derivative. 

0119) 48. The method of embodiment 44 wherein the 
kinase inhibitor is an isomer of 1.9-pyrazoloanthrone with 
or without N-alkylation. 

0120 49. The method of embodiment 44 wherein the 
kinase inhibitor is JNK inhibitor II and is in combination 
with AM580. 

0121 50. The method of embodiment 44 wherein said 
kinase inhibitors and retinoic acid receptor agonists are in 
combination with bFGF. 

0122 51. The method of embodiment 44 wherein said 
kinase inhibitors and retinoic acid receptor agonists are in 
combination with FGF7 or FGF10. 

0123 52. The method of embodiments 44-46, comprising 
a first step of exposing definitive endoderm cells to an 
effective amount of LDN-193189, without bFGF, and a 
second step of exposure to JNK inhibitor II in combination 
with AM580, in the presence of bFGF. 

0.124. 53. The method of embodiments 44-46, comprising 
exposing definitive endoderm cells to an effective amount 
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of LDN-193189, following exposure to at least one com 
pound of the group consisting of: 
0.125 a wint inhibitor, such as IWP2, and/or 
0.126 a hedgehog inhibitor, Such as cyclopamine 

I0127. 54. The method of any one of embodiments 44-53, 
wherein said pancreatic cells or pancreatic cell precursors 
are at least 5%, at least 10%, 10-30%, 10-40%, 5-70%, 
10-80% or 5-100% PDX1/NKX6.1 double positive. 

I0128 55. A pancreatic cell or pancreatic cell precursor 
obtainable by in vitro use of the methods of embodiments 
44-54. 

I0129. 56. A pancreatic cell or pancreatic cell precursor 
produced by in vitro exposing definitive endoderm cells to 
a kinase inhibitor targeting JNK1, 2 or 3, or Syc or Src or 
GSK-3 or P38 MAPK or P38 kinase or Rhokinase or MEK 
or Chk2 or VEGFR1, 2 or 3 or PDGFRb or KDR/Flk-1. 

0.130) 57. A pancreatic cell or pancreatic cell precursor 
produced by the method of embodiment 56 wherein the 
kinase inhibitor is JNK inhibitor II and wherein the defini 
tive endoderm cells are also exposed to at least one of the 
following compounds: 
0131 LDN-193189, 
(0132 a Wnt inhibitor, 
0.133 a hedgehog inhibitor, 
0.134 a retinoic acid receptor agonist. 

0.135 58. The pancreatic cell or pancreatic cell precursor 
of embodiment 56 wherein the definitive endoderm cells 
are exposed to JNK inhibitor II in combination with a 
retinoic acid receptor agonist listed in Table 2. 

0.136 59. Use of a kinase inhibitor compound of Table 1 or 
2 to induce pancreatic cells or pancreatic cell precursors 
from a pancreatic endoderm precursor. 

0.137 60. Use of JNK inhibitor II and LDN-193189 in 
combination to induce pancreatic cells or pancreatic cell 
precursors from a pancreatic endoderm precursor. 

0.138. 61. Use of JNK inhibitor II in combination with a 
retinoic acid receptor agonist to induce pancreatic cells or 
pancreatic cell precursors from a pancreatic endoderm pre 
CUSO. 

GENERAL METHODS 

In Vitro Culture of Pluripotent Stem Cells 
0.139 Human embryonic stem (hES) cells line SA121 and 
human induced pluripotent stem cells (hiPSC) chlPS4 (Cel 
lectis) were grown in DEF-CS culture media (Cellectis) in 
T75 culture flasks. Cells were single cell passaged with 5uM 
Rock inhibitor Y-27632 (Sigma #Y0503) and seeded at a 
density of 40000 cells/cm2 for experiments. Cells were cul 
tured at 37° C. and 5% CO in a humidified incubator (Ther 
moScientific Model 371). 
In Vitro Differentiation of Pluripotent StemCells into Defini 
tive Endoderm 

(O140 Confluent cultures of hES cells (line SA121) and 
hiPSC (chIPS4) were washed once in RPMI1640 (Gibco 
#61870) and treated with 3 uM CHIR99021 (Axon#1386) in 
RPMI1640. After 24 hours the cells were washed with 
RPMI1640 and treated with 100 ng/ml Activin A (Peprotech 
#120-14E) in RPMI1640. 24 hours later, 2% B27 (Invitrogen 
# 17504-044) was added to the Activin A media for 2 days 
with daily media change. Cells were maintained at 37°C. and 
5% CO in a humidified incubator during the differentiation. 
Seeding of hES and hiPS CellDerived Definitive Endoderm. 
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0141 Human ES cell derived DE and Human iPS cell 
derived DE cells were washed in PBS-/- and trypsinized for 
5 min. using Tryple Select (Invitrogen, 12563-029). DE cells 
were carefully suspended in RPMI1640 and washed once 
before they were resuspended in DE seeding medium (Ac 
tivin A 100 ng/ml, 2% B27, RPMI1640, 0.1% PEST (Gibco 
#15140)). The DE cells were seeded at 200 000/cm in 96 
well optical plates (BD Bioscience), and PE differentiation 
using screening compounds was initiated the following day. 

Analysis 

0142. At day 8 or 14 of PE differentiation, media were 
aspirated followed by fixation of the cells at room tempera 
ture for 30 min with 4% paraformaldehyde (VWR, 97.131. 
000). Cells were washed with PBS and permeabilized with 
0.5% Triton X-100 (Sigma, 9002-93-1) for 10 min, washed 
and blocked in 0.5% TNB-buffer (PerkinElmer) for 30 minat 
room temperature. Primary antibodies mouse anti-NKX6.1 
(AbcoreiA55F12) and goat anti-PDX1 (Abcamiia 7383) 
were diluted 1:500 and 1:8000, respectively, in 0.1% Triton 
X-100 in PBS and added to each well for overnight incubation 
at 4° C. Cells were washed three times with PBS. DAPI 
(4,6-diamidino-2-phenylindole, Applichem, A4099.0010) 
and secondary antibodies, Alexa Fluor 488 donkey anti-goat 
and Alexa Fluor 594 donkey anti-mouse (both Invitrogen) 
were diluted 1:1000 in 0.1% Triton X-100 in PBS and added 
to each well for 45 min. Cells were washed five times and left 
in 200 uL PBS for imaging. 
0143 Imaging was performed using the InCell Analyzer 
2000 (GE Healthcare). 4 fields per well with 10x objective 
were captured. The total cell number based in the DAPI 
counterstaining and the number of NKX6.1/PDX1 double 
positive cells was determined using InCell Developer Tool 
box 1.8 (GE Healthcare). The fraction of NKX6.1/PDX1 
double positive cells was normalized to the benchmark on 
each plate and the % effect was calculated. Values above 
200% effect were categorized as hits. 

Examples 

0144 Pancreatic endoderm is characterized by co-expres 
sion of two transcription factors, NKX6.1 and PDX1. Many 
of the published protocols for making PE are ineffective with 
low outcome of NKX6.1/PDX1 double positive cells. 
Enhancing the efficacy of the PE protocols is a desirable 
outcome. We therefore screened libraries of small molecules 
to identify novel compounds that would improve the existing 
PE protocols. This was done on the assumption that inhibi 
tors, agonists or antagonists may regulate signaling path 
ways, or chromosomal accessibility, which would improve 
the fraction of NKX6.1/PDX1 double positive cells. 

Example 1 

Screening Small Molecules that Induce 
NKX6.1/PDX1 Co-Expression 

Small Molecules 

0145 Four different libraries were included in the screen; 
a kinase inhibitor library (Calbiochem #539743), a bioactive 
lipid library (Enzo Life Sciences iBML-2800), a nuclear 
receptor ligand library (Enzo Life Sciences if BML-2802) and 
a phosphatase inhibitor library (Enzo Life Sciences iBML 
2834). The compounds within the bioactive library were 
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tested at 1 uM and 0.1 uM. Compounds from the other librar 
ies were tested at 10 uM and 1 uM. In a second candidate 
based screening approach, Small molecules that target the 
main signalling pathways involved in pancreas development 
were included. 
NKX6.1/PDX1 Screen The library compounds were 
screened on top of a bFGF based media formulation for 
making PE (Ameri et al. 2010) (RPMI1640, Gibcoi61870; 
12% KOSR, Gibcoil 10828; 0.1% PEST, Gibcoil 15140; 64 
ng/mL bFGF, Peprotech #100-18B). 
0146 The library PE screening approach was divided into 
an early and a late phase (FIG. 1). 
0.147. In the early phase, compounds were tested on top of 
the PE media for the first seven days of PE differentiation, and 
then the differentiation was continued for additional six days 
using PE media without compounds. 
0.148. In the late phase, DE cells were differentiated in the 
PE media for the first seven days. In the following six days 
compounds were tested on top of the PE media. 12 positive 
control wells (PE media) and 12 negative control wells (PE 
media without bFGF) were included in each 96 well plate. 
Media change was performed daily. Hits identified in the 
early phase screen are illustrated in FIG. 2 and listed in table 
1. Hits identified in the late phase screen are illustrated in FIG. 
3 and listed in table 2. 
014.9 The compounds from the candidate approach were 
screened in basal medium (RPMI1640, Gibcoi61870; 12% 
KOSR, Gibco#10828; 0.1% PEST, Gibcoil 15140) without 
the addition of bFGF. This candidate approach screen was 
divided into two parts (FIG. 4). In the first part, compounds 
were tested in time intervals with 2 day increments for the first 
eight days of PE differentiation (2 days exposure to com 
pounds followed by 6 days basal medium or 4 days exposure 
to compounds followed by 4 days basal medium or 6 days 
exposure to compounds followed by 2 days basal medium or 
8 days exposure to compounds). 
0150. One plate was fixed after these 8 days and analysed 
for PDX1 and NKX6.1 expression. A second plate was fur 
ther differentiated for additional six days using the published 
PE protocol (Amen et al. (2010)). 
0151. In the second part, DE cells were differentiated 
according to the hit compounds from the first part, the fol 
lowing 6-10 days compounds were tested in basal media. 
0152 The benchmark protocol (Amen et al. (2010)) 
served as a control. 
0153 Media change was performed daily in both first and 
second part experiments. 
0154 Hits identified in the candidate screening approach 
are illustrated in FIG. 5 and also contained in Tables 1 and 2. 

Example 2 

Combining Small Molecule Hits that Induce 
NKX6.1/PDX1 Co-Expression 

0155 Combining Hits from the Candidate Screening 
Approach with Hits from the Library Approach 
0156 DE cells were exposed to 4 days 50 nM LDN 
193189, followed by 8 days AM580 (AH Diagnostics, BML 
GF104.0025),JNK Inhibitor II (Calbiochem, 420119), 50 nM 
LDN-193189 and 64 ng/ml FGF2, or AM580, JNK Inhibitor 
II, 50 nM LDN-193189, 64 ng/ml FGF2 and IWP2, or 
AM580, JNK Inhibitor II, 50 nM LDN-193189, 64 ng/ml 
FGF2 and Cyclopamine (FIG. 6). Media change was per 
formed daily. 



US 2015/02471 23 A1 

Example 3 

Confirmation of Small Molecules that Induce 
NKX6.1/PDX1 Co-Expression in Human Induced 

Pluripotent Stem Cells 

0157 Hit compounds (Tables 1 and 2) were screened on 
top of abFGF based media formulation for making PE(Amen 
et al. 2010) (RPMI1640, Gibco#61870; 12% KOSR, 
Gibco#10828; 0.1% PEST, Gibcoil 15140; 64 ng/mL bFGF, 
Peprotech #100-18B). 
0158. The screen was divided into an early and a late phase 
(FIG. 1). In the early phase, compounds were tested on top of 
the PE media for the first seven days of PE differentiation, and 
then continued for additional six days using PE media with 

Plate 

Library location Target Inhibitor 

Kinase B3 ATM kinase ATM Kinase 
inhibitor Inhibitor 

Kinase D18 Chk2 Chk2 
inhibitor Inhibitor II 

Kinase N15 P38 MAPK SKF-86002 
inhibitor 

Kinase P20 KDR/FIk-1, VEGF 
inhibitor VEGGFR-2, Receptor 2 

PDGFRb, Kinase 
VEGFR-1, Inhibitor IV 
VEGFR-3 
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out compounds. In the late phase, DE cells were differentiated 
in the PE media for the first seven days. In the following six 
days compounds were tested on top of the PE media. Twelve 
positive control wells (PE media) and 12 negative control 
wells (PE media withoutbFGF) were included in each96 well 
plate. Media change was performed daily. 
0159 Values above 200% effect were categorized as a hit 
(FIG. 2 and FIG. 3). 
Table 1 Shows Early Hit Compounds. 
0160 Compounds that enhance the fraction of NKX6.1/ 
PDX1 double positive cells more than 200% compared the PE 
media. Library, location of compound within the library, tar 
get, chemical structure, hit concentration and percentage of 
PDX1/NKX6.1 double positive cells are listed. 
TABLE 1 

Early phase hits. 

Concentration Structure 

10 M 

10 M 

10 M 

10 M 
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TABLE 1-continued 

Early phase hits. 

Plate 
Library location Target Inhibitor Structure Concentration 

Kinase H22 JNK1, JNK Inhibitor N NH 10 M 
inhibitor JNK2, II 

JNK3, 

O 

Kinase H22 JNK1, JNK Inhibitor N NH 1 M 
inhibitor JNK2, II 

O 

Candidate Candidate ALK2, LDN-1931.89 50 nM 100 nM 
SCCEl approach ALK3, HN 
BMP ALK6 
inhibitor N 

21 N-1 N 
Sn 1N 

sN 

Table 2 Shows Late Hit Compounds. 
0161 Compounds that enhance the fraction of NKX6.1/ 
PDX1 doublepositive cells more than 200% compared the PE 
media. Library, location of compound within the library, tar 
get, chemical structure, hit concentration and percentage of 
PDX1/NKX6.1 double positive cells are listed. 

TABLE 2 

Late phase hits. 

Plate 

Library location Target Inhibitor Structure Concentration 

Kinase H22 JNK1, JNK Inhibitor N NH 10 M 
inhibitor JNK2, II 



Plate 

Library location Target 

Kinase J4 
inhibitor 

Kinase P5 Syc, Src 
inhibitor 

Kinase F2O GSK-3 
inhibitor 

Kinase N15 P38 MAPK 
inhibitor 

Kinase J14 PI3-kinase 
inhibitor 

Kinase N14 P38 MAPK 
inhibitor 

Inhibitor 

JNK Inhibitor, 
Negative 
Control 

SYK Inhibitor 
III 

GSK-3b 
Inhibitor II 

SKF-86002 

LY 2940O2 

SC-68376 

TABLE 2-continued 

Late phase hits. 

Structure 

CH3 
/ 

N-N 

CO 
O 

(r. 

O 

t-k 

S 

X 

O 

O 

N 

N 
N O 

- 

NO 

frn Kso 
C 

CH 

N 
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Concentration 

10 M 

10 M 

10 M 

10 M 

10 M 

10 M 
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TABLE 2-continued 

Late phase hits. 

Plate 

Library location Target Inhibitor Structure Concentration 

Kinase N6 Rho Rho Kinase N 10 M 
inhibitor kinase Inhibitor III, | N 

Rockout 

le 

N 
H 

Kinase LS MEK PD 98.059 1. 10 M 
inhibitor O 

HN 

O 

O 

Kinase N11 P38 MAPK SB2O358O Ne- 10 uM 
inhibitor f 

N H 

{ ) / M V N \, 

F 

Bioactive 2-E09 RAR AM-58O CO2H 1 M 

lipids H3C CH3 O O 
N 
H 

H3C CH3 

Bioactive 2-EOS RAR RETINOIC H3C CH3 CH3 CH3 1 M 
lipids ACID, ALL 

TRANS COI 

CH3 

Bioactive 2-E07 RARRXR 13-CIS H3C CH3 CH CH 1 M 
lipids RETINOIC 

ACID 

CH 
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Library 

Bioactive 
lipids 

Bioactive 
lipids 

Kinase 
inhibitor 

Kinase 
inhibitor 

Bioactive 
lipids 

Bioactive 
liids 

Bioactive 
lipids 

Plate 

location Target 

2-E06 RARRXR 

2-E10 RAR 

H22 JNK1, 
JNK2, 
JNK3 

2-E09 RAR 

2-E07 RARRXR 

2-E06 RARRXR 

Inhibitor 

9-CIS 
RETINOIC 
ACID 

TTNPB 

JNK Inhibitor 
II 

JNK Inhibitor, 
Negative 
Control 

AM-58O 

13-CIS 
RETINOIC 
ACID 

9-CIS 
RETINOIC 
ACID 

11 

TABLE 2-continued 

Late phase hits. 

Structure 

H3C CH3 HC 

CO2H 

CH3 
CH3 

CO2H 
H3C CH3 CH3 

H3C CH3 

NH 

O 

CH3 
/ 

N-N 

O 

CO2H 
H3C CH3 O 

N 
H 

HC CH 

HC CH CH CH 3 

CH3 

CH3 
CH 

Prs CO2H 
CO2H 
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Concentration 

1 M 

1 M 

1 M 

1 M 

O.1 uM 

O.1 uM 

O.1 uM 
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TABLE 2-continued 

Late phase hits. 

Plate 
Library location Target Inhibitor 

Candidate Smoothened Cydopamine 
SCCEl (SMO) 
Hedgehog 
pathway 
inhibitor 

Candidate O-acyltransferase IWP2 
SCCEl Porcupine 
Wnt 
pathway 
inhibitor 

0162. While certain features of the invention have been 
illustrated and described herein, many modifications, Substi 
tutions, changes, and equivalents will now occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifica 
tions and changes as fall within the true spirit of the invention. 
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1. A method of producing pancreatic cells or pancreatic cell 
precursors, comprising exposing definitive endoderm cells to 
an effective amount of at least one BMP inhibitor, at least one 
kinase inhibitor, and at least one retinoic acid receptor ago 
nist, wherein at least 5% of the resulting pancreatic cells or 
pancreatic cell precursors are PDX1/NKX6.1 double posi 
tive. 

2. The method of claim 1, wherein the BMP inhibitor is 
LDN-1931.89. 

Structure Concentration 

1 M/5 M 

1 M/5 M 
O 

S 
N N 

X-IN ls ^^ S 

O 

3. The method of claim 1, wherein the retinoic acid recep 
toragonist is AM580. 

4. The method of claim 1, wherein the retinoic acid recep 
toragonist is a retinoic acid derivative. 

5. The method of claim 1, wherein the kinase inhibitoris an 
isomer of 1.9-pyrazoloanthrone with or without N-alkylation. 

6. The method of claim 1, wherein kinase inhibitor is JNK 
inhibitor II and the retinoic acid receptor agonist is AM580. 

7. The method of claim 1, further comprising exposing the 
definitive endoderm cells to bFGF. 

8. The method of claim 1, further comprising exposing the 
definitive endoderm cells to FGF7 or FGF10. 

9. The method of claim 1, wherein the exposing comprises 
a first exposure to an effective amount of LDN-193189 with 
outbFGF and a second exposure to JNK inhibitor II, AM580, 
and bRGF. 

10. The method of claim 2, further comprising exposing the 
definitive endoderm cells to at least one compound selected 
from the group consisting of a Wnt inhibitor and a hedgehog 
inhibitor prior to exposing the definitive endoderm cells to the 
LDN-1931.89. 

11. The method of claim 1, wherein said pancreatic cells or 
pancreatic cell precursors are at least 10% PDX1/NKX6.1 
double positive. 

12. An isolated population of pancreatic cells or pancreatic 
cell precursors produced by the method of claim 1. 

13. An isolated population of pancreatic cells or pancreatic 
cell precursors produced by exposing definitive endoderm 
cells to a kinase inhibitor capable of inhibiting a target 
selected from the group consisting of JNK1, JNK2, JNK3, 
Syc, Src, GSK-3, P38, MAPK, P38 kinase, Rho kinase, 
MEK, Chk2, VEGFR1, VEGFR2, VEGFR3, PDGFRb, and 
KDRAFlk-1. 

14. The isolated population of pancreatic cells or pancre 
atic cell precursors produced by the method of claim 13, 
wherein the kinase inhibitor is JNK inhibitor II, and wherein 
the definitive endoderm cells are also exposed to a compound 
selected from the group consisting of LDN-193189, a Wnt 
inhibitor, a hedgehog inhibitor, and a retinoic acid receptor 
agonist. 
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15. The isolated population of pancreatic cells or pancre 
atic cell precursors of claim 13, wherein the definitive endo 
derm cells are exposed to a retinoic acid receptor agonist. 

16.-18. (canceled) 


