Summary of the Invention

[6003a] In a first aspect, the present invention refers to an in vitro cell culture

comprising human cells wherein at least 5% of said

human cells are endocrine precursor cells that express neurogenin 3 (NEUROG3), paired box

4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2), said endocrine precurser

cells being muitipotent cells that can differentiate into pancreatic islet hormone-expressing

cells that express at least one pancreatic hormone selected from the group consisting of

insulin, somatostatin, ghrelin, pancreatic polypeptide and glucagon.

[0003b] In a second aspect, the present invention refers to a method of

- producing endocrine precursor cells, said method comprising the steps of:

{a) obtaining 2 cell population comprising pluripotent human cells;

(b) providing said cell population with 2 TGF-B superfamily growth factor,

thereby producing definitive endoderm celis;

(c) withdrawing TGF-B superfamily growth factor from said cell popuiation;

| (d)  providing said definitive endoderm celis with a retinoid, thereby producing

human PDX 1-poesitive pancreatic endoderm cells; and

(e} incubating said cell population in a culture medium for a sufficient time to

permit formation of human endocrine precursor cells expressing neurogenin 3 (NEUROG3),




g [0004] Some embodiments-ofthe presentinventionexamples relate to compositions, such
as cell cultures, comprising human pancreatic islet hormone-expressing cells. In such
l embodimentsexamples, the amount of human pancreatic islet hormone-expressing cells can range

from about 2% to about 80% of the human cells present in the cell culture, In some

rencxamples, the pancreatic islet hormone-expressing cells can be
either matore pancreatic islet hormone-expressing cells, immarure pancreatic islet
hormone-expressing cells or combinations of mature and immature pancreatic islet
hormone-expressing cells. In certain embedimentsexamples, the human pancreatic islet hormone-
expressing cells express one or more hormones selected from the group consisting of
ghrelin, insulin, somatostatin and glucagon. In some embeodimentsexamples, the islet hormone-
expressing cells eﬁcpré:ss insulin in response to glucose stimulation.

[0665]  Other embedimentsexamples relate to cell cultures comprising both human

pancreatic islet bormone-expressing cells and human endocrine precursor cells. In such
embodimentsexamples, the amount of human endocrine precursor cells can range from about 5% to
about 80% of the cells present in the .cell culture. In some embodimentsexamples, the cell cultures
comprise predominately immature pancreatic islet hormone-expressing cells and endocrine
precursor cells. In other emsbodimentsexamples, the cell cultures comprise both mature and

immature pancreatic islet hormone-expressing cells as well as endocrine precursor cells.

[0006]  Some embedimentsexamples described herein include compositions, such as cell

cultures, comprising human endocrine precursor cells but which do not include a
- substantial amount of human pancreatic islet hormone-expressing celis. In such
eiﬁbéﬁéﬁ&eﬁmﬁmggg, the amount of human endocrine precursor cells can range from about 5% to

about 80% of the human cells present in the cell culture, In certain eny

sexamples, the
human endocrine precursor cells express a marker selected from the group consisting of

neurogenin 3 (NEUROG3 or NGN3) paired box 4 (PAX4) and NKX2 transcription factor
related locus 2 (NKX2.2).
[0007]  Other embodimentsexamples relate to cell cultures comprising both human
endocrine precursor cells and human PDX-positive pancreatic endoderm cells (PDX1-
positive foregut endoderm celis), wherein the PDX1-positive pancreatic endoderm cells are
PDX1-expressing, multipotent cells that can differentiate inio cells, tissues or organs
| derived from the anterior portion of the gut tube. In such embodimentsenamples, the human
endocrine precursor cells can range from about 5% to about 95% of the cells present in said

‘ cell culture. In some embodimentsexamples, the amount of human PDX1-positive pancreatic
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endoderm cells can range from about 5% tfo shout 95% of the cells present in said cell
culture. |

{0008]  Still further e

cxamples relate to methods of
producing human mature pancreatic islet hormone-expressing cells, human immature
pancrzatic islet hormone-expressing cells, and human endocrine precursor cells. In some
embedimentsexamples, human mature pancreatic iglet hormone-expressing cells are produced from
human immature pancreatic islet hormone-expressing cells. In some embeodimentsexarnples, human
immature pancreatic islet hormone-expressing cells ars produced from human endocrine
precursor cells. In some embedimentsexamples, human endocrine precursor cells are produced from
human PDX1-positive pancreatic endoderm cells.

[0009] Other examples relate to metjaods for

producing human pancreatic islet hormone-expressing cells from human embryonic stem
cells (hESCs) or other human pluripotent cells. In such embedimentsexamples, the hESCs or other
human pluripotent cells are first differentiated to human definitive endoderm cells.
Definitive endoderm cells are multipotent cells that can differentiate into cells of the gut
tube or organs derived thersfrom. Human definitive endoderm celis and their production
have been described in U.S. Patent Application Number 11/021618, filed December 23,
2004, the disclosure of which is incorporated by reference in its entirety, The definitive
endoderm cells are then differentiated to foregut endoderm. Human forsgut endoderm
cells are muliipotent cells that can differentiate into cells, tissues or organs derived from
the anterior portion of the gut tube. Foregut endoderm cells and their production have been
described in U.S. Provisional Patent Application Number 60/730917, filed October 27,
2005, the disclosure of which is incorporated b.y reference in ifs entirety. The foregut
endoderm cells are then differentiated to PDX1-positive pancreatic endoderm cells (PDX1-
positive foregut endoderm). Human PDXI-positive pancreatic endoderm cells are
multipotent cells that can differentiate into cells, tissues or organs derived from the anterior
portion of the gut tube, PDX1-positive pancreatic endoderm cells and their production
have been described in U.S. Patent Application Number 11/115868, filed April 26, 2005
and U.S. Provisional Patent Application Number 60/730917, filed October 27, 2005, the
disclosures of which are incorporated herein by reference in their entireties. The PDX1-
positive pancreatic endoderm cells are differentiated into endocrine precursor cells, which
are differentiated into immature, and then finally mature, pancreatic islet hormone-

expressing cells as described in U.S. Provisional Patent Applicarion Number 60/833,633,



filed July 26, 2006, the disclosure of which is incorporated herein by reference in its
entirety, as well as the methods described herein.

[0010]  Other embodimentsexamples described herein relate to methods of producing cell
poputlations enriched in human endocrine precursor cells and methods of producing cell
populations enriched in human immature pancreatic islet hormone-expressing cells. In
some embedimentsexamples, methods of producing cell populations enriched in endocrine Precursor
cells involves providing a cell population that comprises human endocrine precursor cells
with a reagent that binds to neural cell adhesion molecule (NCAM), and separating human
endocrine precursor cells bound to the reagent from cells that are not bound to the reagent.
Similarly, in some embedimentsexamples, methods of producing cell populations enriched in human
immature pancreatic islet hormone-expressing cells involves providing a cell population
that comprises human immature pancreatic islet hormone-expressing cells with a reagent
that binds to NCAM, and separating human immature pancreafic islet hormone-expressing
cells "bound to the reagent from cells that are not bound to the reagent. In some
embodimentsexamples, additional enrichment of immature pancreatic islet hormone-expressing cells
can be achieved by contacting the NCAM-positive cell population with a second reagent
that binds to CD133, and then removing from the cell population celis that are bound to the
second reagent.

[6011] In some embod

sent-ventioncxamples, the cell populations
comprising human pancreatic iglet hormone-expressing cells produced by the methods
described herein can be derived from human endocrine precursor cells. In certain
embodimentsexamples of the methods of producing cell populations enriched for human endocrine
pi'e:cursor cells, the endocrine precursor cells can be derived from human PDX1-positive
pancreatic endoderm cells. In still further embodimentsexamples, the human PDX1 -positive
pancreatic endoderm cells are derived from human foregut endoderm cells. In yet further
smbedimentsexamples, the homan foregut endoderm cells are derived from human definitive
endoderm cells. In still further embadimentsexampies

, the human definitive endoderm cells are
derived from human embryonic stem cells. |

0012] Other
that are enriched for human endocrine precursor cells. In certain embodimentsexamples, the cell

Henexamples relate to cell populations

populations enriched for human endocrine precursor celis comprise from about 5% human
endocrine precursor cells that express Neurogenin 3 (NGN3), but that do not substantially
express a marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1, NEFM,
INS, GCG, SS8T and GHRL. In some exsbadimentsexamples, the cell populations that are enriched
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for buman endocrine precursor cells are obtained using the methods described herein for

the production of cell populations enriched for human endocrine precursor cells.
[0013]  Still other i

examples relate to cell
populations that are enriched for hﬁman immatwre pancreatic islet hormone-expressing
cells. The enriched cell populations can be obtained by the methods described herein,
comprising providing cell populations comprising immature pancreatic isiet hormone-
expressing cells with a reagent that binds NCAM, and separating the cells bound to said
reagent from cells that are not bound to the reagent. In certain embedimentsexamples, the cell
populations comprise at least about 25% to at least about 90% immature pancreatic
hormone-expressing cells that express MAFB but do not substantially express MAFA
and/or NGN3. In some embedimentsexamples, the enriched cell population comprises at least about
50% immature pancreatic isiet hormone-expressing cells that express MAFB but do not
substantially express MAFA and/or NGN3.

{0014]  Yet other embediments-of the-present-iaventioncxamples relate to cell populations
that are enriched in human mature pancreatic islet hormone-expressing cells that are
derived in vitro from human pluripotent cells. The enriched cell populations can be
obtained by the methods described herein, such as by providing cell populations
comprising pancreafic islet hormone-expressing cells, which are produced in vifra from
human pluripotent cells, with a reagent that binds NCAM and separating the cells bound to
said reagent from cells that are not bound to the reagent. In certain embedimentsexamples, the cell
populations comprise at least about 25% to at least about 90% pancreatic hormone-
expressing cells that express at least one marker selected from the group consisting of
GHRL, IAPP, INS, GCG, NKX6.1, §ST and PP but which do not substantially eXpress at
least one marker selected from the group consisting of AFP, SOX7, SOX1, ZIC and NFM.
In some embodiments, the enriched cell population comprises ar least about 50% immature
pancreatic islet hormone-expressing cells that express GHRL, IAPP, INS, GCG, NKX6.1,
SST and PP but not substantially express at least one marker selected from the group
consisting of AFP, SOX7, SOX1I, ZIC and NFM.

{ [0015] Additional i :

esent-inventionexamples relate to ex-vivo
reagent-cell complexes comprising an NCAM binding reagent and a human endocrine
precursor cell that expresses NCAM, a2 human immaturs pancreatic islet hormone-

expressing cell that expresses NCAM or a human mature pancreatic islet hormone-

expressing cell that expresses NCAM. In certain atsgxamples, the endocrine precursor

cells, the immature pancreatic islet hormone-expressing cells and/or the mature pancreatic
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islet hommone-expressing cells are derived im vitro from human pluripotent cells. The
reagent of the reagent-cell complexes can comprise 2 molecule such as an anti-NCAM
antibody, and anti-NCAM antibody fragment, or an NCAM ligand.
[ [0016]  Other aspects-ofthe-present-inventionexamples relate to in viro cell cultures and
irn virro cell populations as set forth herein that have not been differentiated in the presence
of sodium butyrate or other histone deacetylase inhibitor during any stage of their
| development. Other sspestsexamples included herein relate to methods of producing endocrine
precursor cell cultures or cell populations and/or pancreatic hormone-expressing cell
cultures or cell populations in the absence of sodium butyrate or other histone deacetylase
l inhibitor. In such aspestsexamples, hESCs are differentiated to definitive efldoderm cells as well as
cell types derived from definitive endoderm, such as endocrine precursor celis and
pancreatic hormone-expressing cells, in the absence of sodium butyrate or other histone
deacetylase inhibitor.
| [0017]  Still other &

ionexamples relate to cell cultures and cell
populations comprising non-recombinant or non-engineered human endocrine precursor
] cells and/or human pancreatic hormone-expressing cells. In some embedimentsexamples, the non-
recombinant hnmpan endocrine precursor cells and/or human pancreatic  hormone-
expressing cells of the cell cultures and/or cell populations are differentiated from non-
l recombinant hESCs. In some embodimentscxamples, non-recombinant hESCs are differentiated to
definitive endoderm celis as well as cell types derived from definitive endoderm, such as
endocrine precursor cells and pancreatic hormone-expressing cells.
[0018] In certain jurisdictions, there may not be any generally accepted
definition of the term “comprising.” As used herein, the term “comprising” is intended to
represent “open” language which permits the inclusion of any additional elements, With

this in mind, additional embedinents-ofthes sirventtensexamples are described with reference

to the numbered paragraphs below:

10619} 1. An im vitro cell culture comprising buman cells wherein at least
about 2% of said human cells are pancreatic islet hormone-expressing cells that express at
lcast one pancreatic hormone ssiected from the proup comsisting of ghrelin, insulin,
somatostatin and giucagon, said pancreatic isiet hormone»—expressiné cells being derived in
vitre from human pluripotent cells.

{00201 2. The in vitro cell culture of paragraph 1, wherein at least about 5% of

said buman cells are pancreatic islet hormone-expressing cells.



WHAT IS CLAIMED IS:

1. An in vitro cell culture comprising human cells wherein at least abow 2% of said
human cells are pancreatic islet hormone-expressing cells that express at least éne pancreatic
hormone selected from the group consisting of ghrelin, insulin, somatostatin ad glucagon, said
pancreatic islet hormone-expressing cells being derived i vitro from human ¥ luripotent cells.

2. The in vitro cell culture of claim 1, wherein at least about 5% of said human cells
are pancreatic islet hormone-expressing cells.

3. The in vitro cell culture of claim 1, wherein at least/about 10% of said human
cells are pancreatic islet hormone-expressing cells.

4, The in vitro cell culture of any of claims 1 to 3, wherein ;:u least about 10% of said
human cells are human endocrine precursor cells that express # eurogenin 3 (NEUROG3).

5. The in vitro cell culture of claim 4, wherein/aid human endocrine precursor cells
express a marker selected from the group consisting/of paired box 4 (PAX4) and NKX2
transcription factor related locus 2 INKX2.2). | '

6. The in vitro cell culture of any of claifns 1 to 3, wherein at least about 50% of said
14t EXpress neurogenin 3 (NEUROGE‘:)

{ 6, wherein said human endocrine precursor cells

consisting of paired box 4 (PAX4) and NKX2

human cells are human endocrine precursor cells ¢

7. The in vitro cell culture of clai
express a marker selected from the group
X2.2).

e of claim 1, wherein said pancreatic islet hormone-

transcription factor related locus 2 (NI
8. -‘The in vitro cell cult
expressing celis express at least twg hormones selected from the group consisting of ghrelin,
insulin, somatostatin and glucagon |
9. The in vitro cgll culture of claim 1, wherein said pancreatic islet hormone-
expressing cells express ghrefin, insulin, somatostatin and glucagon.
10.  The in vitrg

islet hormone-expressifg cells express insulin but do not significantly express ghrelin,

cell culture of claim 1, wherein at least about 5% of the pancreatic
somatostatin and glucdgon.

11, The/in vitro cell culture of claim 1, wherein at least about 10% of the pancreatic
islet hormone-ghpressing cells express insulin but do not significantly express ghrelin,
somatostatin gad glucagon.
12. / The in vitro cell culture of claim 1, wherein at least about 20% of the pancreatic
islet hopmone-expressing cells express insulin but do not significantly express ghrelin,

somatgstatin and glucagon.
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13.  The in vitro cell culture of claim 1, wherein at least about 30% of the payéreatic
islet hormone-expressing cells express insulin but do .not significantly expresy/ ghrelin,
somatostatin and glucagon.

14,  The in vitro cell culture of any one of claims 10 to 13, wherein insplin is secreted
in response to glucose stimulation.

15.  The in vitro cell culture of any one of claims 10 to 13, wherein C-peptide is
secreted in response to glucose stimulation,

16.  The in vitro cell culture of claim 1, wherein at said leagt 10% of said pancreatic
islet cells are present in islet cell clusters.

17.  The in vitro cell culture of claim 1, wherein sgid pancreatic islet hormone-
expressing cells further express a muarker se!ecit;ed from . the/group consisting of pancreatic
duodenal homeobox 1 (PDX1), islet amyloid polypeptide (JAPP), pancreatic polypeptide (PP).
ISL1 transcription factor (ISL1), NKX6 transcription factof related locus 1 (NKX6.1) and paired
box 6 (PAX6).

i8. The in vitro cell culture of claim 17, wherein said pancreatic islet hormone-
expressing cells do not substantially express a pfarker selected from the group consisting of
neurogenin 3 (NEUROG3) and paired box gene 4 (PAX4).

19.  The in vitro cell culture of ¢faim !, wherein at least about 1 pancreatic islet
hormone-expressing cell is present for apout every 10 endocrine precursor cells in said cell
culture. ‘

20. The in vitro cell cultére of claim 1, wherein at least about 1 pancreatic islet
hormone-expressing cell is presept for abowr every 5 endocrine precursor cells In said cell
culture. ' |

21.  The in vitro ¢éll culiure of claim 1, wherein at least about 1 pancreatic islet
hormone-expressing cell ig present for about every 2 endocrine precursor cells in said cell

culture.

22, in/vitro cell culture of claim 1, wherein said pancreatic islet hormone-

growth facidr (HGF), insulin-like growth factor (IGF) and combinations thereof.

94 The in vitro cell culture of claim 1, further comprising a medium which comprises
a factof selected from the group consisting of exendin 4 (Ex4), hepatocyte growth factor (HGF),
insfin-like growth factor 1 (JGF1) and combinations thereof.
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25.  The invitro cell culture of claim 1, further comprising a medium which gomprises
nicotinamide (NIC) at a concentration of about 10 mM
26. The in vzrro cell culture of claim 1, ﬁzrﬂler comprising a med:mn ch comprises
exendin 4 (Ex4) at a concentration of about 40 ng/ml.
27.  The invitro cell culture of claim 1, further comprising a mediyh

hepatocyte growth factor (HGF) at a concentration of about 25 ng/mi.

which comprises
28.  Ths invitro cell culture of claim 1, further comprising a pdedium which comprises
insulin-like growth factor 1 (JGF1) at a concentration of about 50 ng/mdl,

ein at least about 5% of said
3 (NEURQOG?3), said endocrine

precursor cells being multipotent cells that can differentiate into pancreatic islet hormone-

29.  Aninvirro cell culture comprising human cells whe

human cells are endocrine precursor cells that express neurogenip

expressing cells that express at least one pancreatic hormorte selected from the group consisting
of insulin, somatostatin and glucagon.

3Q. The in vitro cell culture of claim 29, wherein at least about 10% of said human
cells are endocrine precursor cells, '

31. The in vitro cell culture of claim 29, wherein at least about 25% of said human
cells are endocrine precursor cells,

30, The in vitro cell culture of cjaim 29, wherein at least about 50% of said human
cells are endocrine precursor celis.

33. The i vitro cell culture #f any of claims 29 to 32, wherein at least about 10% of
said human cells are human pancpéatic duodenal homeobox 1 (PDX1)-positive pancreatic
endodert cells.

34, The in vitro cell gulture of any of claims 29 to 32, whcreén at least about 25% of
said human cells are humay pancreatic duodenal homeobox 1 (PDXi)-positive pancreatic
endoderm cells.

35. The in vityo cell culture of any of claims 29 1o 32, wherein at least about 50% of
said human cells are/human pancreatic duodenal homeobox ] (PDX1)-positive pancreatic
endoderm cells.

36. The
substantially deA

37.

cells are |

in vitro cell culture of any of claims 29 to 32, wherein said cell culture is

oid of human pancreatic islet hormone-expressing celis.

The in vitro cell culture of claim 36, wherein at least about 10% of said human

man pancreatic duodenal homeobox 1 (PDX1)-positive pancreatic endoderm cells.
The in vitro cell culture of claim 36, wherein at lgast about 25% of said human

cells gre human pancreatic duodenal homeobox 1 (PDX1)-positive pancreatic endoderm cells.
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40.  The in vitro cell culture of claim 29, wherein said endocrine precyftsor cells
express a marker selected from the group consisting of paired box 4 (PAXA) and NKX2
transcription factor related locus 2 (NKX2.2).

41.  The in vitro cell culture of claim 29, wherein at least about 1 egdocrine precursor
cell is present for about every 10 PDX1-positive pancreatic endoderm cells i said cell culture.
42.  The in vitro cell culture of claim 29, wherein at least aboyt 1 endocrine precursor
cell is present for about every 5 PDX1-positive pancreatic endoderm cglls in said cell culture.

43.  The in vitro cell culture of claim 29, wherein at leasy about 1 endocrine precursor
cell is present for about every 2 PDX1-positive pancreatic endodgfm cells in said cell culture.

44.  The in vitro cell culture of claim 29, wherein éaid endocrine precursor cells are
non-recombinant cells.

45, The in vitro cell culture of claim 29 Aurther comprising a medium which
comprises N-[N~(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT).

46. The in vitro cell culture of claim 45 /wherein said DAPT concentration is at least
about 1 nM.

47. The in vitro cell culture of claipt 45, wherein said DAPT concentration is about 3
nM, ‘

48, The in vitro cell cultare
retinoic acid (RA) and exendin 4 (Ex4).

49, The in vitro cell cultdre of claim 45, wherein said medium is CMRL.

50. A method of pr

method comprising the steps

4F claim 45 further comprising a factor selected from

oducing human pancreatic islet hormone-expressing cells, said
of obtaining a cell population comprising human endocrine
precursor eells, said hupfan endocrine precursor cells being multipotent cells that can
differentiate into human/pancreatic islet hormone-expressing cells; and incubating said human
endocrine precursor célls in a culture medjum for a sufficient time to permit hurnan pancreatic
islet hormone-exprgssing cells to form, wherein said sufficient time for human pancreatic islet
hormone-expresging cells to form has been determined by detecting the presence of buman
pancreatic islet hormone-expressing cells in said cell population. '

The method of claim 50, wherein at least about 2% of said human cells in said

cell/population differentiate into human pancreatic islet hormone-expressing cells.
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53.  The method of claim 50, wherein at least about 10% of said human cells i said
cell population differentiate into human pancreatic islet hormone-expressing cells, |
54, The method of claim 50 further comprising providing said human/pancreatic
endocrine cells with a factor selected from the group consisting of nicotinamide (NJC), exendin 4
(Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 (IGF1)

thereof in an amount sufficient to further promote differentiation of sai

ad combinations
/ human endocrine
precursor cells to human pancrsatic islet hormone-expressing cells, sherein said human
pancreatic islet hormone-expressing cells express at least one pancreaticchormone selected from
the group consisting of insulin, somatostatin and glucagon.

55. The method of claim 54, wherein said factor is selegted from the group consisting
of Ex4, HGF and IGF1.

56.  The method of claim 54, wherein Ex4 is prévided to said cell population of
endocrine precursor cells at a concentration ranging from ab6ut 10 ng/m! to about 100 ng/ml.

57. The method of claim 54, wherein Ex4 As provided to said cell population of
endocrine precursor cells at a concentration of about 49 ng/ml. - o
factor is IGF1.

IGF1 is provided to said cell population of

58. The method of claim 34, wherein said
59. The method of claim 58, wherel
endocrine precursor cells at a concentration
60. The method of claim 38,

endocrine precursor cells at a conceniratign ranging from about 10 ng/ml to about 100 ng/ml.

rapging from about 10 ng/ml to about 1000 ng/mi.

herein IGF1 is provided to said cell population of

61. The method of claim 38, wherein 1GF1 is provided to said cell population of
endocrine precursor cells at a concegtration ranging from -about 25 ng/mi to about 75 ng/ml.

62. The method of cldim 58, wherein IGF1 is provided to said cell population of
endocrine precursor cells at a goncentration of about 50 ng/ml.

63.  The method ¢f claim 50, wherein detecting the presence of human pancreatic islet
hormone-expressing celly’in said cell population comprises detecting the expression of at least
one marker selected |
ghrelin  (GHRL),
transcription factor
(PAXS6) in cells

64.

determined

pom the group consisting of pancreatic duodenal homeobox 1 (PDX1),
iglet amyloid polypeptide (IAPP), pancreatic polypeptide (PP), ISL1
(ISL.1), NKX6 transcription factor related locus 1 (NKX6.1) and paired box 6
of said cell population.
The method of claim 63, wherein the expression of at least one of said markers is
by Q-PCR. |

The method of claim 63, wherein the expression of at least one of said markers is

fined by immunocytochemisiry.
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66.  The method of claim 50, wherein the step of obtaining a cell pgpulation
comprising human endocrine precursor cells comprises the steps of obtaining a population of
human PDXIl-positive pancreatic endoderm cells, said human PDXI-positive pancreatic
endoderm cells being multipotent cells that can differentiate into cells, tissues o organs derived
from the anterior portion of the gut tube; and providing said population of hupfan PDX1-positive
pancreatic endoderm cells with a gamma secretase inhibitor, thereby proddcing a population of
human endocrine precursor cells.

67. . The method of claim 66, wherein said gamma secretase/Anhibitor comprises N-[N-
T).

d to said population of human

(3,S-diﬂuorophenacetyl)-L~aIanyi]—S«phenyiglycine t-butyl ester (D 4]
68.  The method of claim 67, wherein DAPT is provigé

PDX1-positive pancreatic endoderm cells at a concentration 1

10 M.

ging from about 1 uM to about

69.  The method of claim 67, wherein DAPT is provided to said population of human
PDX1-positive pancreatic endoderm cells at a concentpdtion of about 3 pM.

70.  The method of claim 66 further comfrising providing said population of human
PDX1-positive pancreatic endoderm cells with exéndin 4 (Ex4).

. 71. The method of claim’ 70, whergin Ex4 is provided o said population of human
PDX1-positive pancreatic endoderm cells
about 100 ng/ml.

72, The method of claim 70
PDX1-positive pancreatic endodenm £ells at a concentration of about 40 ng/ml.
73. The method of clat

PDX1-positive pancreatic endg

AL & concentration ranging from about 10 ng/m! to

> wherein Ex4 is provided to said population of human

70, wherein the step of obtaining a popuiation of human
derm cells comprises the steps of obtaining a population of
human foregut endoderm célls, said human foregut endoderm cells being PDX1-negative
multipotent cells that can/differentiate into cells, tissues or organs derived from the anterior
portion of the gut tube; And providing said population of human foregut endoderm cells with 2
retinoid, thereby proddcing a population of human PDX1 -positive pancreatic endoderm cells.

74, The/

75.  The method of claim 74, whersin RA is provided to said population of human

iethed of claim 73, wherein said retinoid is reﬁnoic acid (RA}

foregut endodérm cells at a concentration ranging from about I nM to about 10 uM

76. The method of claim 73, wherein the step of obtaining a population of human
foregut ¢ndoderm cells comprises the steps of obtaining a population of human definitive
endodgrm cells, said human definifive endoderm cells being multipotent cells that can

diffgrentiate into cells of the gut tube or organs derived therefrom; and providing said population
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of human definitive endoderm cells with fibroblast growth factor 10 (FGF-10) and a ¥dgehog
pathway inhibitor, thereby producing a population of human foregut endodermm cells.

77.  The method of claim 76 further comprising withdrawing any growtlf factor of the
TGF-B superfamily that inay be present in said population of definitive endodernycells.

78, The method of claim 77, wherein said growth factor of the TGE -B superfamily is
selected from the group consisting of Nodal, activin A, activin B and combigations thereof.

' 79.  The method of claim 77, wherein said growth factor of thé TGF-B superfamily is
activin A. X

80.  The method of claim 76, wherein said hedgshog ihibitor comprises KAAD-
cyclopaniine.

81.  The method of claim 80, wherein KAAD-cy clopamine is provided to said
population of human definitive endoderm cells at a concentrafion ranging from about 0.01 uM to
about 1 pM.

82.  The method of claim 80, wherein KAA —cyclopainine is provided to said
population of human definitive endoderm cells at a cghcentration of about 0.2 uM.

83.  The method of claim 76, wherein FGF-10 is provided to said population of human
definitive endoderm cells at a concentration ranging from about 1 ng/m! to about 1000 ng/ml.

84.  The method of claim 76, whegéin FGF-10 is provided to said population of human
definitive endoderm cells at a concentratiog ranging from about 10 ng/ml to about 100 ng/ml.

85, The method of claim 76, fvherein FGF-10 is provided to said population of human
definitive endoderm cells at a concenjfation of about 50 ng/ml.

86.  The method of claish 76, wherein the siep of obtaining a population of human
definitive endoderm cells compyises the steps of obtaining a population of pluripotent human
embryonic stem cells; and pro¥iding said population of pluripotent human embryonic stem cells
with at least one growth fagfor of the TGF-B superfamily.

87. The methgd of claim 86, wherein said at least one growth factor is Nodal.

88.  The method of claim 86, wherein said at least one growth factor is activin A,

89.  The prethod of claim 86, wherein said at least oné growth factor is activin B,

90. Thé method of claim 86 further compri'sing providing said population of
pluripotent hughan embryonic stem cells with wingless-type MMTV integration site family
member 34 (Wnt3A).

9 The method of claim 86, wherein a plurality of growth factors of the TGFpB
superfasnily is provided. | '

GZ. The method of claim 91, wherein Wnt3A is also provided.
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g3, The method of claim 86, wherein said at Jeast one growth factor is provided/in a .
concentration of at least about 10 ng/ml.

94, The method of claim 86, wherein said at least one growth factor is proz ided in &
concentration of at least about 100 ng/ml.

05,  The method of claim 86, wherein said at least one growth factor j4 provided in a
concentration of at least about 500 ng/ml.

96.  The method of claim 86, wherein said at least one growth factor is provided in a
concentration of at least about 1000 ng/ml.

a7. The method of claim 86, wherein said at least one growth factor is provided in a
concentration of at least about 5000 ng/ml.

98.  The method of claim 86, wherein said pluripotepf human embryonic stem cells
are differentiated to human definitive endoderm ocells in a mgdium comprising less than about
2% serum.

99.  The method of claim 86, wherein said p)

_ ipotent human embryonic stem cells
are derived from a tissue selected from the group consj

ting of the morula, the ICM of an embryo
and the gonadal ridges of an embryo.
100. A human pancreatic islet hormoge-expressing celil produced by the method of

claim B6.
101. A method of producing huyfan pancreatic islet hormone-expressing cells, said
method comprising the steps of:
() obtaining a poputatign of pluripotent human embryonic stem cells;
(b) providing said p
least one growth factor

#pulation of pluripotent human embryonic stem cells with at
#f the TGF-P superfamily, thereby producing a population of
human definitive endoderm cells; _

¢) providing Aaid population of human definitive endoderm cells with at least one

fibroblast growtly/ factor, thereby producing a population of human foregut endoderm

' oviding said population of human foregut endoderm cells with a retinoid,
pbducing a population of human PDX1-positive pancreatic endoderm cells;

&) providing said population of human PDX1-positive pancreatic endoderm cells
a gamma secretase inhibitor, thereby producing a population comprising human
eptocrine precursor cells; and | |
(f) incubating said population of human endocrine precursor cells in a culture
medium for a sufficient time to permit human pancreatic islet hormone-expressing cells

to form.
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102, The method of claim 101, wherein step (b) further comprises providipg a
hedgehog pathway inhibitor.

103. The method of claim 101, wherein said fibroblast growth factor is.sele ted from
the group consisting of FGF1, FGF2, FGF3, FGF4, FGF5, FGF6, FGF7, FGFR, FGF9, FGF10,
FGF11, FGP12, FGF13, FGF14, FGF15, FGF16, FGF17, FGF18, FGF19, FL 20; FGF21,
FGF22 and FGF23.

104. The method of claim 101, wherein said fibroblast growth factor comprises
FGF10. _

105. The method of claim 101, wherein step (d) further compfises providing insulin or
an insulin-like growth factor.

106. The method of claim 101 further comprising subtantially withdrawing said at
least one growth factor of the TGF-B superfamily.

107. The method of claim 101, wherein said pétinoid and said gamma secretase
inhibitor are provided at about the same time. |

108. The method of claim 101, wherein said/Aoregut endoderm cells are competent to
further differentiate into pancreatic cells, '

109. A method of producing human péncreatic islet hormone-expressing cells, said
method comprising the steps oft

(a) obtaining a population of pluripotent human embryonic stem cells; _

(b) providing said populatjon of pluripotent human embryonic stem cells with at

least one growth factor of the

¢lis:

GF-8 superfamily, thereby producing a population of
human definitive endoderm
() providing said population of human definitive endoderm cells with a retinoid,
thereby producing a pop hﬁozﬁ of human PDX]1 -positive pancreatic endoderm cells; and
(d) incubating said population of human PDXI-positive pancreatic endoderm
cells in the presepée of a retinoid for a sufficient time to permit human pancreatic islet
hormone-expressing cells to form.
110. The method of claim 109 further comprising the step of providing said population
of human definitivé endoderm cells with a fibroblast family growth factor.
111.

FGF10 or F(A

he method of claim 110, whersin said fibroblast family growth factor comprises
7.

The method of claim 109, further comprising the step of providing said
populatibn of human definitive endoderm cells with a hedgehog pathway inhibitor.

113. The method of claim 112, wherein said hedgshog pathway inhibitor is KAAD-
cytlopamine.
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114, The method of claim 109, wherein said retinoid is retinoic acid.

115, The method of claim 109, further comprising the step of providifhg said
population of human PDX1-positive pancreatic endoderm cells with 2 gamma secretagé inhibitor.

116. The method of claim 115, gamma secretase inhibitor comprisps N-[N-(3,5-
difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT).

117. A method for producing a cell population enriched in human ghdocrine precursor
cells, said method comprising the steps of providing a cell populatios comprising human
endocrine precursor cells with a reagent that binds to neural cell adhegion molecule (NCAM),
and separating human endocrine precursor cells bound to said reaggnt from cells that are not
bound to said reagent, thereby producing a cell population emriched in human endocrine
precursor cells.

118, The method of claim 117, wherein said humfan endocrine precursor cells are
derived in vitro from human pluripotent cells.

119. The method of claim 117, wherein said hman endocrine precursor cells express
Neurogenin 3 (NGN3) and do not substantially exppéss at least one marker selected from the
group consisting of AFP, SOX7, 80Xl, ZIC), NIM, insulin  (INS), glucagon (GCG),
somatostatin (S8T) and ghrelin (GHRL).

120. The method of claim 119, wherein said human endocrine precussor cells express
paired box gene 4 (PAX4).

121. The method of claim 119¢ wherein said human endocrine precursor cells do not
substantially express Paired Box 6 trapscription factor (PAXE).

122. The method of claind 117, wherein said reagent comprises a molecule selected

NCAM ligand.

123. The method &7 claim 122, wherein said NCAM ligand is NCAM Binding Protein
10 (NBP10).

124. The method of claim 122, wherein said anti-NCAM antibody is labeled.

125. The gethod of claim 124, wherein said anti-NCAM antibody is fluorescently
labeled.

fhe method of claim 117 further comprising providing said cell population and
vith a secondary reagent that binds to said reagent.

The method of claim 126, wherein said reagent comprises and anti-NCAM
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128. The method of claim 125 or claim 127, wherein said separating step comprises
using fluorescence activated cell sorting (FACS) to separaté said endocrine precursor celfs bound
to said anti-NCAM antibodies from said cells that are not bound to said anti-NCAM .a tibodies.

129.  The method of claim 117 further comprising the step of disaggregating said cells
in said cell population comprising human endocrine precursor cells prior to provi
population with said reagent that binds to NCAM,

130. The method of claim 117 further comprising the steps/of obtaining a cell
population comprising a population of human PDX1-positive pancreajic endoderm cells, said
human PDX1-positive pancreatic endoderm cells being multipotent dells that can differentiate
into cells, tissues or organs derived from the anterjor portion of thg’gut tube and providing said
population of human PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor,
thereby producing a population of human endocrine precursor gells,
131.  The method of claim 130, wherein said gamma secretase inhibitor comprises N-
[N-(3, 5,-difluorophenacetyl)-L-alanyl]-S-phenylglycine #butyl ester (DAPT).

132.  'The method of claim 131, wherein sai/ DAPT is provided to said population of
human PDX1-positive pancreatic endoderm cells at 4
about 10 pM.

133.  The method of claim 131, whepéin said IﬁAPT is provided to said population of

concentration ranging from about 1 pM to

human PDX1-positive pancreatic endoderm £ells at a concentration of about 3 pM.
134.  The method of claim 130, £
PDX1-positive pancreatic endoderm eels with exendin 4 (Ex4).
135. The method of claim

human PDX1-positive pancreatic gndoderm cells at a concentration ranging from about 10 ng/ml

er comprising providing said population of human
134, wherein said Ex4 is provided to said population of
to about 100 ng/ml.

136,  The method ¢f
human PDX1-positive pz

claim 134, wherein said Ex4 is provided to said population of
reatic endoderm cells at a concentration of about 40 ng/ml.

137.  The metfod of claim 130, wherein the step of obtaining a f.ropulation of human
PDX1-positive pancyeatic endoderrn cells comprises the steps of obtaining 2 population of

human foregut eptoderm cells, said human foregut endoderm cells being PDX1-negative

retinoid, théreby producing a population of human PDX1-positive pancreatic endoderm cells.
8. The method of claim 137, wherein said retinoid is retinoic acid (RA).
139.  The method of claim 138, wherein RA is provided to said population of human

forggut endoderm cells at a concentration ranging from about 1 nM to about 10 M. |
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140,  The method of claim 137, wherein the step of obtaining a population of human
foregut endoderm cells comprises the steps of obtaining a population of humary definitive
endoderm cells, said human definitive endoderm cells being multipotent cglls that can
differentiate into cells of the gut tube or organs derived therefrom and providing/said population
of human definitive endoderm celis with fibroblast growth factor 10 (FGF-1f) and a hedgehog
pathway inhibitor, thereby producing 2 population of human foregut endoderm cells.

141, The method of claim 140, further comprising withdrawing

facior of the TGF-B superfamily that may be present in said populati

an exogenously added
an of definitive endoderm
cells.

142.  The method of claim 141, wherein said growth facfor of the TGF-B superfamily is
selected from the group consisting of Nodal, activin A, activin B and combinations thereof,
143.  The method of claim 142, wherein said growsh factor of the TGF-B superfamily is
activin A.

144.  The method of claim 140, wherein said hedgehog inhibitor comprises KAAD-
cyclopamine. ' ‘

145, The method of claim 144, whergin KAAD—cyclopémine is provided to said
population of human definitive endoderm cells at a concentration ranging from about 0.01 uM to
about 1 uM. | 7 .

146. The method of claim 145 wherein KAAD-cyclopamine is provided to said
population of human definitive endoderyh cells at a concentration of about 0.2 uM.

147.  The method of claim/140, wherein FGF-10 is provided to said population of
human definitive endoderm cells 2
ng/ml.

148. The method of
human definitive endodery
ng/ml,

149, The m

human definitive eploderm cells at a concentration of about 50 hg/mi.

a cencentration ranging from about 1 ng/m! to about 1000

claim 140, wherein FGF-10 is provided to said population of

cells at a concentration ranging from about 10 ng/ml to about 100
gthod of claim 140, wherein FGF-10 is provided to said population of

150. THe method of claim 140, wherein the step of obtaining a population of human

the TGF-§ superfamily.

151.  The method of claim 150, wherein said at least one growth factor is Nodal.
152, The method of claim 150, wherein said at least one growth factor is activin A.
153. The method of claim ISC, wherein said at least one growth factor is activin B,
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154.  The method of claim 150 further comprising providing said population of hfiman
pluripotent cells with wingless-type MMTYV integration site family member 3A (Wnt3A)

155.  The method of claim 150, wherein a plurality of growth factors of Ahe TGFB
superfamily 1s provided.

156. The method of claim 155, wherein Wnt3 A is also provided.

157. The method of claim 150, wherein said at Ieast one growth facyér is provided in a
concentration of at least about 10 ng/ml,

158.  The method of claim 150, wherein said at least one growtl( factor is provided in a
concentration of at least about 100 ng/ml.

159. The method of claim 150, wherein said at least one gfowth factor is provided in a
concentration of at least about 500 ng/ml.

160. The method of claim 150, wherein said at least 6ne growth factor is provided in a
concentration of at least about 1000 ng/ml.

161. The method of claim 150, wherein said at feast one growth factor is provided in a
concentration of at least about 5000 ng/ml. |

162. The method of claim 150, wherein sgfd human pluripotent cells are differentiated
to human definitive endoderm celis in a medium gémprising less than about 2% serum. '

163. The method of claim 150, wierein said human pluripotent cells are human
embryonic stem cells derived from a tissue sélected from the group consisting of the morula, the
ICM of an embryo and the goﬁada] ridges Of an embryo.
164, An enriched, in vifro hfman endocrine precursor cell population, wherein said
.human endocrine precursor cells express NGN3 and do not substantialiy express at least one
marker selected from the group censisting of AFP, SOX7, SOX1, ZICI, NFM, INS, GCG, 88T
and GHRL.

165. The enriched/in vitro human endocrine precursor cell population of claim 164,
wherein said cell populatig

166. The enrig

wherein said enriched

is derived in vitro from human pluripotent cells.
ed, in .vz'tm human endocrine precursor cell population of claim 164,
human endocrine precursor cell population is produced by the method of
claim 117.
167. The enriched, in vitro human endocrine precursor cell population of claim 164,
wherein said gnriched human endocrine precursor cell population is produced by the method of
claim 150.
The enriched, in vitro human endocrine precursor cell population of claim 164,
i at least about 5% of said enriched human cell population comprises human endocrine

arsor cells that express neurogenin 3 (NGN3) and do not substantially express at least one
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marker selected from the group consisting of AFP, SOX7, SOX1, ZIC1 NFM, INS, GCG, 88T
and GHRL.

169.  The enriched, in vitro human endocrine precursor cell population 6f claim 168,
wherein said human endocrine precursor cells express PAXA4,

170.  The enriched, in vitro human endocrine precursor cell populgfion of claim 164,
wherein said endocrine precursor cells are derived in vitro from bfman PDXI-positive
pancreatic endoderm.,

171, The enriched, in vitro human endocrine precursor cell population of claim 170,
wherein said human PDX1-positive pancreatic endoderm cells are Merived i vitro from human .
foregut endoderm cells. T

172.  The enriched, in vifro human endocrine precugsor cell population of claim 171,
wherein said human foregut endoderm cells are derived in-v 3 ro from definitive endoderm cells.

173.  The enriched, in vitro human endocrine precursor cell population of claim 172,
wherein said deﬁniﬁve endoderm cells are derived in/virro from human embryonic stem cells
(hESCs).

174. . A method for producing a cell popdiation enriched in human immature pancreatic
islet hormone-expressing cells, said method co prising the steps of providing a cell population
comprising human immature pancreatic isle ormone-expressing cells with a reagent that binds
to neural cell adhesion molecule NCAND) and separating human immature pancreatic islet
- hormone-expressing cells bound to said reagent from célls that are not bound to said reagent,
thereby producing a cell populatiory enriched in human immature pancreatic islet hormone-
expressing ceils,

175.  The method of /flaim 174, wherein said human immatue pancreatic islet
hormone-expressing cells are derived in vitro from human pluripotent cells.

176. The method of claim 174, wherein said human immature pancreatic islet
hormone-expressing celld express MAFB and do not substantially express a marker selected
from the group consistiig of NGN3 and MAFA.

177.  The fnethod of claim 176, wherein said human immature pancreatic islet
hormone-expressifig cells do not substantially express at least one marker selected from the
group consisting of MOX1, CER, POUSF1, AFP, SOX7, SOX1, ZIC! and NFM.

pxpressing cells express at least one marker selected from the group consisting of
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179.  The method of claim 174, wherein said human immature pancreatic/ islet
hormone-expressing cells process less than about 98% of the insulin produced by said iimature
pancreatic islet hormone-expressing cells.

180. The method of claim 174, wherein said human immature pghereatic islet
hormone-expressing cells process less than about 70% of the insulin produced ¥ said immature
pancreatic islet hormone-expressing cells.

181. The method of claim 179 or claim 180, wherein said insulin processing is
measured by C~pépﬁde release, .

182. The method of claim 174, wherein said reagent comprises a molecule selected

from the group consisting of an anti-NCAM antibody, an anti-NCA
NCAM ligand. |
183. The method of claim 182, wherein said NCA
10 (NBP10).
' 184, The method of claim 182, wherein said a

185. The method of claim 184, wherein

antibody fragment and an
¥ ligand is NCAM Binding Protein

i-NCAM antibody is labeled.
Aid anti-NCAM antibody is fluorescently
labeled.
186. The method of claim 174, further/comprising providing said cell population with
a secondary reagent that binds to said reagent,
187. The method of claim 186/ wherein said reagent comprises and anti-NCAM
antibody and wherein said secondary/reagent that binds to said anti-NCAM antibody is
fluorescently labeled.
188. The method of claip

using fluorescence activated cel)

185 or claim 187, wherein said separating step comprises
sorting (FACS) to separate sgid human immature pancreatic
islet hormone-expressing celly bound fo said anti-NCAM antibody from said cells that are not

4n immature pancreatic islet hormone-expressing cells and incubating said human endocrine
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precursor cells in a culture medium for a sufficient time to permit human immature papfreatic
islet hormone-expressing cells to form.

192.  The method of claim 191 further comprising providing said humay{ endocrine
precursor cells with a factor selected from the group consisting of nicotinamide (NIC), exendin 4
(Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 (IGF1), glicose dependent
insulinotropic polypeptide (GIP), nerve growth factor (NGF), vascular endotelial growth factor
(VEGF) and combinations thereof in an amount sufficient to further proptote differentiation of
said human endocrine precursor cells to human immature pancreatic jélet hormone-expressing
cells. '

193. The method of claxm 192, wherein said factor /is selected from the group
consisting of Ex4, HGF and IGFI

194. The method of claim 193, wherein said factor is

195.  The method of claim 194, wherein Ex4 i
endocrine precursor cells a.t a concentration ranging fromy/about 10 ng/ml to about 100 ng/ml.

186, The methcad of claim 194, wherein
endocrine precursor cells at a concentration of abouy/40 ng/ml.

‘ 197.  The method of claim 193, wherein/aid factor is IGF1.

198.  The method of claim 197, whefein IGF] is provided to said cell population of

provided to said cell population of

%4 is provided to said cell population of

endocrine precursor cells at a concentration fanging from about 10 ng/m] to about 1000 ng/ml.
199.  The method of claim 197 wherein IGF1 is provided to said cell population of
endocrine precursor cells at a concentrpfion ranging from about 10 ng/mi to about 100 ng/ml.

200, The method of clair

endocrine precursor cells at a conyg

Y 197, wherein IGF1 is provided to said cell population of
entration ranging from about 25 ng/ml to about 75 ng/ml,

201. The method of Alaim 197, wherein IGF!1 is provided to said cell population of
endocrine precursor cells at ¥ concentration of about 50 ng/ml.

202. The methof of claim 191 further comprising the steps of obtaining a cell
population comprising 4 population of human PDX1 -positive pancreatic endoderm cells, said
human PDXI-positiye pancreatic endoderm cells being multipotent cells that can differentiate
intc cells, tissues of organs derived from the anterior portion of the gut tube and providing said
population of hyfnan PDX1-positive pancreatic endoderm cells with a gamma secretase inhibitor,
thereby produy ng a population of human endocrine precursor celis.

‘The method of claim 202, wherein said gamma secretase inhibitor comprises N-

IN-(3,5 diﬂuorophenacewi)-baianyl]»Smphenylgiycinc t-butyl ester (DAPT),
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204. The method of claim 203, wherein said DAPT is provided to said populgiion of
human PDX1-positive pancreatic endoderm cells at a concentration ranging from abowt 1 pM to
about 10 pM.

205. The method of claim 203, wherein said DAPT is provided to saig population of
human PDX 1-positive pancreatic endoderm cells at a concentration of about 3 §

206. The method of claim 202, further comprising providing said gopulation of human
PDX1-positive pancreatic endoderm cells with exendin 4 (Ex4).

207. The method of claim 206, wherein said Ex4 is provigéd to said population of
human PDX 1-positive pancreatic endoderm cells af a concentration pénging from about 10 ng/ml
to about 100 ng/ml. _

208. The method of claim 206, wherein said Ex4 i¢ provided to said population of
human PDX 1 -positive pancreatic endoderm cells af a concenpfation of about 40 ng/ml.

209. The method of claim 202, wherein the stgp of obtaining a population of human
PDX1-positive pancreatic endoderm cells comprises fhe steps of obtaining a population of
human foregut endoderm cells, said human foregut endoderm cells being PDXl-negative
multipotent cells that can differentiate into cells/tissues or organs derived from the anterior
portion of the gut tube and providing said population of human foregut endoderm cells with a
retinoid, thereby producing a population of hyfnan PDX1-positive pancreatic endoderm cells.

210. The method of claim 209, w erein said retinoid is retinoic acid (RA).

211. The method of claim 21f, wherein RA is provided to said population of human
foregut endoderm cells at a concentrafion ranging from about 1 nM to about 10 uM.

712. The method of claifi 209, wherein the step of obtaining a population of human
foregut endoderm cells comprifes the steps of obtaining a population. of human definitive
endoderm cells, said humaf definitive endoderm cells being multipotent cells that can
differentiate into cells of thé gut tube or organs derived therefrom and providing said pepulation
of human definitive enddderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog

-pathway inhibitor, thereby producing a population of human foregut endoderm cells.
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216. The method of claim 212, wherein said hedgehog inhibitor comprises K/AAD-
cyclopamine. '

217.  The method of claim 216, wherein KAAD-cyclopamine is provided to said
population of human definitive endoderm cells at a concentration ranging from abgfut 0.01 uM to
about 1 pM. | .

218. The method of claim 216, wherein KAAD-cyclopamine € provided to said
population of human definitive endoderm cells at a concentration of abouy0.2 uM,

219. The method of claim 212, wherein FGF-10 is providgd fo said population of
human definitive endoderm cells at a concentration ranging from afout 1 ng/ml to about 1000
ng/ml.

220. The method of claim 212, wherein FGF-10 is/provided to said population of

human definitive endoderm cells at a concentration ranging/from about 10 ng/ml to about 100

ng/mi.
221. The method of claim 212, wherein FG#
buman definitive endoderm cells at a concentration of/about 50 ng/ml.

222. The method of claim 212, whereiz

-10 is provided to said population of

he step of obtaining a population of human
definitive endoderm cells comprises the steps #f obtaining a population of human pluripotent
cells and providing said population of humarypluripotent cells with at least one growth factor of
the TGF-P superfamily.

223.  The method of claim 222 /wherein said at least one growth factor is Nodal.

224. The method of claim 272, wherein said at least one growth factor is activin A.

225. The method of claimy222, wherein said at least one growth factor is activin B.

226. The method of clfim 222 further comprising providing said population of human
pluripotent cells with winglesgtype MMTYV integrafion site family member 3A (Wnt3A).

227. 'The method/of claim 222, wherein a plurality of growth factors of the TGFpB
superfamily is provided.
hod of claim 227, wherein Wnit3A is also provided.

229. The method of claim 222, wherein said at least one growth factor is provided in a
concentration of

230.

least about 10 ng/ml.

e method of claim 222, wherein said at least one growth factor is provided in a
concentration of at least about 100 ng/mil. _

The method of claim 222, wherein said at least one growth factor is provided in a
concentration of at least about 500 ng/ml.

232.  The method of claim 222, wherein said at least one growth factor is provided in a

coficentration of at least about 1000 ng/ml.
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233.  The method of claim 222, wherein said at least one growth factor is provided in a
concentration of at least about 5000 ng/ml.

234, The method of claim 222, wherein said human pluripotent cells are differentiated
to human definitive endoderm cells in 2 medium comprising less than about 2% seryfn.

235, The method of claim 222, wherein said human pluripotent ¢élls are human
embryonic stem cells derived from a tissue selected from the group consisting/of the morula, the
ICM of an embryo and the gonadal ridges of an embryo.

236. An enriched, in vitro human immature pancreatic islet hormone-expressing cell
population, wherein said human immature pancreatic islet hormongtexpressing cells express
MAFB and do not substantially express NGN3 and MAFA

237. The enriched, in vitro human immature pancreatié islet hormone-expressing cell
population of claim 236, wherein the enriched cell populatigh-is derived in vifro from human
pluripotent cells.

238. The enriched, in viiro human imrnaturé pdncreatic islet hormone-expressing cell
population of claim 236, wherein said enriched cell gopulation is produced by the method of
claim 174,

239, The enriched, ir vitro human immture pancreatic islet hormone-expressing cell
population of claim 236, wherein said enrichgd cell population is produced by the method of
claim 222,

240. The enriched, in vitro hurdan immature pancreatic islet hormnone-expressing cell
population of claim 238 or claim 239,/wherein at least about 25% of szid enriched human cell
population comprises human immatire pancreatic islet hormone-expressing cells that express
MAFB and do not substantially express NGN3 and MAFA.

241. The enriched, i vitre human immature pancreatic islet hormone-expressing cell
population of claim 238 or glaim 239, wherein at least about 50%’ of said enriched human cell
population comprises huptan immature pancreatic islet hormone-expressing cells that express
MAFB and do not substantially express NGN3 and MAFA.

242. ‘The eghiriched, in vitro human immature pancreatic islet hormone-expressing cell
population of claix 238 or claim 239, wherein at least about 70% of said enriched human cell
population comfprises human immature pancreatic islet hormone-expressing cells that express
MAFB and ¢6 not substantially express NGN3 and MAFA.

24%. The enriched, in vitro buman immature pancreatic islet hormone-expressing cell
population of claim 238 or cléim 239, wherein at least about 90% of said enriched human cell
population comprises human immature pancreatic islet hormone-expressing cells that express
B and do not substantially express NGN3 and MAFA.
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244.  The enriched, in vifre human immature pancreatic islet hormone-expressifig cell
population of claim 236, wherein at least about 25% of said enriched human cell population
comprises human immature pancreatic islet hormone-expressing cells that express MAFB and do

not substantially express NGN3 and MAFA. )
245. The enriched, in vifro human immature paﬁcreatic islet hormopt-expressing cell

- population of claim 236, wherein at least about 50% of said enriched hupian cell population
comprises human immature pancreatic islet hormone-expressing cells that €xpress MAFB and do
not substantially express NGN3 and MAFA.,

246, The enriched, in vitro human immature pancreatic is}t hormone-expressing cell
population of claim 236, wherein at least about 70% of said epfiched human cell population
compﬁses hurman immature pancreatic islet hormone-expressing/cells that express MAFR and do
not substantially express NGN3 and MAFA.

247. The enriched, in visro human immature paglcreatic islet hormone-expressing cell
population of claim 236, wherein at least about 90% #f said enriched human cell population
comprises human immature pancreatic islet hormone-
not.substantially express NGN3 and MAFA,

248. The enriched, in vitro human imphature pancreatic islet hormone-expressing cell

xpressing cells that express MAFB and do

population of claim 236, wherein said human inmature pancreatic islet hormone-expressing cells
do not substantially express at least one méarker selected from the group consisting of elected
, POUSF1, AFP, S0X7, SOX1, ZIC1 and NFM..

249. The enriched, in vitrc Juman immature pancreatic islet hormone-expressing cell

from the group consisting of MOX1, CEJ
population of claim 236, wherein sail human immature pancreatic islet hormone~expressing cells
express at least one marker sefected from the group consisting of Synaptophysin (SYP),
Chromogranin A (CHGA), NKX2.2, Islet 1 (ISL1), Paired Box Gene 6 (FPAX6), Neurogenic
Differentiation 1 (NEUROD), PDX1 and HB9.

250. The enriched, in vitro human immature pancreatic islet hormone-expressing cell
population of claim 23§, wherein said human immature pancreatic islet hormone-expressing cells
process less than abofit 98% of the insulin produced by said immature pancreatic islet hormone-
expressing cells.

251.

population of£laim 236, wherein said human immature pancreatic islet hormone-expressing cells

Phe enriched, in vitro human immature pancreatic islet hormone-expressing cell

process lesg than about 70% of the insulin produced by said immature pancreatic isiet hormone-

expressifg celis.
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252.  The enriched, in vitro human immature pancreatic islet hormone-expressifig cell
population of claim 250 or claim 251, wherein said insulin processing is measured by £-peptide

release.

253, A method for producing a cell population enriched in human phncreatic islet
hormone-expressing cells, said pancreatic hormone-expressing cells being derifed in vitro from
human pluripotent cells, said method cémprising the steps of providing a cell population
comprising human pancreatic islet hormone-expressing cells with a reagefit that binds to neural
cell adhesion molecule (NCAM) and separating human endocrine pregtrsor cells bound to said
reagent from cells that are not bound to said reagent, thereby pfoducing a cell population
enriched in human pancreatic islet hormone-expressing cells.

254. The method of claim 253, wherein said reagenf comprises a molecule selected
from the group consisting of an apti-NCAM antibody, an anfl-NCAM antibody fragment and an
NCAM ligand. '

255. The method of claim 254, wherein said XCAM ligand is NCAM Binding Protein
10 (NBP10), ' - |
| 256. The method of claim 254, wherein sdid anti-NCAM :mti'codjr is labeled.

257. The method of claim 256, whein said anti-NCAM antibody is fluorescently
labeled.

258,  The method of claim 254

secondary reagent that binds 1o said reagént.

her comprising providing said cell population with a

259. The method of claimy/ 258, wherein said reagent cémpﬂges and anti-NCAM -
anfibody and wherein said secopdary reagent that binds to said anti-NCAM antibody is
fluorescently labeled.

260. The method of/ claim 257 or claim 259, wherein said separating step comprises
using fluorescence activatgd cell sorting (FACS) to separate said pancreatic islet hormone-
expressing cells bound ¢ said anti-NCAM antibody from said cells that are not bound to said
anti-NCAM antibody.

261. The

immature pancredtic islet hormone-expressing cells with a second reagent that binds to CD133,

rethod of claim 253 further comprising the step of providing said human
and separating/said human immature pancreatic islet hormone-expressing cells from cells that are
bound to sajfi second reagent.

2#2. The method of claim 253 further comprising the step of dissociating said cell
populgfion prior to providing said cell population with said reagent that binds NCAM.
' 263. The method of claim 253 further comprising obtaining a cell population

c@mprising human endocrine precursor cells being multipotent cells that can differentiate into
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hwman pancreatic islet hormone-expressing cells and incubating said human endocrine pregursor
cells in a culture medium for a sufficient time to permit human pancreatic islet hérmone-
expressing cells to form. '

264, The method of claim 263 further comprising providing said humén pancreatic
endocrine cells with a factor selected from the group consisting of nicotinamide NIC), exendin 4
(Ex4), hepatocyte growth factor (HGF), insulin-like growth factor-1 (IGF1)

inslulinotropic polypeptide (GIP), nerve growth factor (NGF), vascular enddthelial growth factor

tlucose dependent
(VEGF) and combinations thereof in an amount sufficient to further prémote differentiation of
said human endocrine precursor cells to human pancreatic islet hormone-expressing cells,
wherein said human pancreatic islet hormone-expressing cells express at least one pancreatic
hormone selected from the group consisting of insulin, somatostgfin and glucagon.

265. The énethod of claim 264, wherein said faftor is selected from the group
consisting of Ex4, HGF and IGF1.

266, The method of claim 265, wherein said fagior is Ex4.

267. The method of claim 266, wherein Ez

endocrine precursor cells at a concentration ranging

4 is provided to said cell population of
om about 10 ng/m) to about 100 ng/ml.
268. The method of claim 266, whergin Ex4 is ;ﬁrovidad to said cell population of
endocrine precursor cells at a concentration ofabout 40 ng/ml.
269,  The method of claim 265, wherein said factor is I1GF1.
270. The method of claim 269
endocrine precursor cells at a concentrdtion ranging from about 10 ng/ml to about 1000 ng/ml.
271. The method of claimp

wherein IGF) is provided to said cell population of

269, wherein IGF1 is provided to said cell population of
endocrine precursor cells at a conéentration ranging from about 10 ng/m! to about 100 ng/mi.
272. The method of £laim 269, wherein IGF1 is provided to said cell population of
endocrine precursor cells at £ concentration ranging from about 25 ng/ml to about 75 ng/ml.
273. The method of claim 269, wherein IGF1 is provided to said cell population of

endocrine precursor celis at a concentration of about 50 ng/ml.

into cells, tigsues or organs derived from the anterior portion of the gut tube and providing said
populatiog of human PDX1-positive pancreatic endoderm cells with 2 gamma secretase inhibitor,
thereby/producing a population of human endocrine precursor cells,

275. The method of claim 274, wherein said gamma secretase inhibitor comprises N-

NG(3, 5,-difluorophenacetyl}-L-alanyl]-S-phenylglycine t-butyl ester (DAPT).
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276. The method of claim 275, wherein said DAPT is provided to said populatfon of
human PDX]-positive pancreatic endoderm cells at a concentration ranging from abouy
about 10 uM.

277. The method of claim 275, wherein said DAPT is provided to said

human PDX1-positive pancreatic endoderm cells at a concentration of about 3

uM 1o
bopulation of

278. The method of ¢laim 274 further comprising providing said population of human
PDX1-positive pancreatic endoderm cells with exendin 4 (Ex4).
279. The method of claim 278, wherein said Ex4 is providg

human PDX!-positive pancreatic endoderm cells at a concentration rgitging from about 10 ng/ml

d to said population of

to about 100 ng/ml. _ _

280, The method of claim 278, wherein said Ex4 is provided 1o said population of
human PDX1-positive pancreatic endoderm cells at a concentrdtion of about 40 ng/ml.

281, The method of claim 274, wherein the step/of obtaining 2 population of human
PDX1-positive pancreatic endoderm cells comprises tHe steps of obtaining a population of
human foregut endoderm cells, said human foregyf endoderm cells being PDX1-negative
multipotent cells that can differentiate into cells, fissues or organs derived from the anterior
portion of the gut tube and providing said popufation of hurﬁan foregut endoderm cells with a
retinoid, thereby producing a population of hupian PDX1-positive pancreatic endoderm cells.

282.  The method of claim 281, wherein said retinoid is retinoic acid (RA).

283. The method of claim 282/wherein RA is provided to said population of human
foregut endoderm .ceiis at a concentratjéon ranging from about 1 nM to about 10 pM.

284, - The method of claim

. 281, wherein the step of obtaining a population of human
foregut endoderm cells comprigt

s the steps of obtaining a population of human definitive
endoderm cells, said humary definitive endoderm cells being multipotent cells that can
differentiate into celis of the/gut tube or organs derived therefrom and providing said population
of human definitive endoderm cells with fibroblast growth factor 10 (FGF-10) and a hedgehog
pathway inhibitor, thergby producing a population of human foregut endoderm cells.

285. The method of claim 284 further comprising withdrawing an exogenously added
factor of the TGE4B superfamily that may be present in said population of definitive endoderm
cells. '

286,

selected £

The method of claim 285, wherein said growth factor of the TGF-§ superfamily is
6m the group consisting of Nodal, activin A, activin B and combinations thereof.

Z87. The method of claim 286, wherein said growth factor of the TGF-§ superfamily is
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288.  The method of claim 284, wherein said hedgehog inhibitor comprises KAAD-
cyclopamine.

289. The mesthod of claim 288, wherein KAAD-—cyclépamine is provided to said
population of human definitive endoderm cells at a concentration ranging from abdut 0.01 uM to
about 1 pM.

290. The method of claim 288, wherein KAAD-cyclopamine ¥ provided to said
population of human definitive endoderm cells at a concentration of abouwy0.2 pML ‘

291.  The method of claim 284, wherein FGF-10 is providéd to said population of
human definitive endoderm cells at a concentration ranging from aBout 1 ng/ml to about 1000
ng/mi.

292.  The method of claim 284, wherein FGF-10 iy/provided to said population of ‘
human definitive endoderm cells at a concentration ranging/from about 10 ng/ml to about 100
ng/ml.

263. The method of claim 284, wherein F
humai) definitive endoderm cells at 2 conéentration of/about 50 ng/ml.

294,  The method of claim 284, wherein Al

definitive endoderm cells comprises the steps ¢f obtaining a population of human pluripotent

¥-10 is provided to said population of
& step of obtaining a pbpulation of human

cells and providing said population of human
the TGF-§ superfamily.
295, The method of claim 294 Avherein said at least one growth factor is Nodal.
296, The method of claim 2
297, The method of clai
298.  The method of clgim 294 further comprising providing said population of human

pluripotent cells with at least one growth factor of

¥4, wherein said at least one growth factor is activin A.

294, wherein said at least one growth factor is activin B.

pluripotent cells with wingless/type MMTYV integration site family member 3A (Wnt3A),
299. The method/0f claiml 294, wherein a plurality of growth factors of the TGFp
superfamily is provided. .
300.  The mefhod of claim 299, wherein Wnt3A is also provided.
301, The '
concentration of
302.
concentratior of at least about 100 ng/ml.
303.

concenfration of at least about 500 ng/ml.

ethod of claim 294, wherein said at least one growth factor is provided in a
least about 10 ng/ml.

he method of claim 294, wherein said at least one growth factor is provided in a
The method of claim 294, wherein said at least one growth factor is provided in a

304. The method of claim 294, wherein said at Jeast one growth factor is provided in a

copcentration of at least about 1000 ng/ml.
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305. The method of claim 294, wherein said at least one growth facior is provided in a
conceniration of at least about 5000 ng/ml:
306. The method of claim 294, wherein said human pluripotent cells are differentiated
to human definitive endoderm cells in a medium comprising less than about 2% s
307, The method of claim 2%4, wherein said human pluripoteny/cells are human
embryonic stem cells derived from a fissue selected from the group consistifig of the morula, the
ICM of an embryo and the gonadal ridges of an embryo.
308. An enriched, in vitro human pancreatic islet hormone~prcssing cell population
derived in vitre from human pluripotent cells.

309. The enriched, in vitro human pancreatic islet honpone-expressing cell population

of claim 308, wherein said enriched cell population is produced’by the method of claim 233,
310. The enriched, in vitro human pancreatic islet/hormone-expressing cell population

of claim 308, wherein said enriched cell population is proguced by the method of claim 294.
‘ 311.. ‘The enriched, in vitro human pancreati

of. claim 309 or 310, wherein at least about 25%

1slet hormone-expressing cell population
of said enriched human cell population
comprises human pancreatic islet hormone-exprgssing cells that express at least one marker
selected from the group consisting of ghrelin, fslet amyloid polypeptide (IAPP), insulin (INS),
glucagon (GCG), NKX6 transcription factor related, Jocus 1 (NKX6.1), somatostatin (SOM), and
pancreatic polypeptide (PP) and do not spbstantially express at least one marker selected from
the group consisting of AFP, SOX7, 8OX1, ZIC1 and NFM.

312. ‘The enriched, in vitro/uman pancreatic islet hormone-expressing cell population
of claim 311, wherein at least abbut 50% of said enriched human cell population comprises
human pancreatic islet hormong-expressing cells that express at least one marker selected from
the group consisting of gh
(GCG), NKX6 transcription factor related, locus 1 (NKX6.1), somatostatin (SOM), and

élin, islet amyloid polypeptide (IAPP), insulin (INS), glucagon
pancreatic polypeptide (PP) and do not substantially express at least one marker selected from
the group consisting of AFP, SOX7, S0X1, ZIC] and NFM.

313. The Anriched, in vifro human pancreatic islet hormone-expressing cell population
of claim 311, wherein at least about 90% of said enriched human cell pbpulation comprises
human pancredtic islet hormone-expressing cells that express at least one marker selected from
nsisting of ghrelin, islet amyloid 'polypeptide (IAPP), insulin (INS), glucagon
(GCG), NKX6 transcription factor related, locus 1 (NKX6.1), somatostatin (SOM) and
tic polypeptide (PP) and do not substantially express at least one marker selected from
oup consisting of AFP, SOX7, SOX1, ZIC1 and NFM..

the group

pancres
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314, An ex vive reagent-cell complex comprising & human endocrine precurfor cell
expressing NCAM, said endocrine precursor celj being a multipotent cell that can differentiate
into human pancreatic islet hormone-expressing cells, and a reagent bound to said NZAM.

315, The ex vivo reagent-cell complex of claim 314, wherein said reagght comprises a
molecule selected from the group consisting of an anti-NCAM antibody/ an anti-NCAM
antibody fragment and an NCAM ligand.

316. The ex vivo reagent-cell complex of claim 315, wherein/said NCAM ligand is
NCAM Binding Protein 10 (NBP10).

317, The ex-vivo reagent-cell complex bf claim 315, wherkin said reagent is an anti-
NCAM antibody.

318. The ex vivo reagent-cell complex of claim 31 7,
is labeled. '

319.  The ex vivo reagent-cell complex of claim 378, wherein said anti-NCAM antibody

vherein said anti-NCAM antibody

is flnorescently labeled. |

320.  The ex vivo reagent-cell complex of daim 314 further comprising a secondary
reagent that binds to said reagent. | '

321. The ex vivo reagent-cell compley’ of claim 320, wherein said reagent comprises
and anti-NCAM antibody and wherein said secondary reagent that binds to said anti-NCAM
antibody is fluorescently labeled. ' ‘

322.  An ex vivo reagent-cell gdmplex comprising a human immature islet hormone-
expressing cell expressing NCAM, said human immature islet hormone-expressing cell being a
multipotent cell that can differentiagé into human pancreatic islet hormone-expressing cell, and a
reagent bound to said NCAM.

323.  The ex vivo reagent-cell complex of claim 322, wherein said reagent comprises a

molecule selected from thé group consisting of an anti-NCAM antibody, an anti-NCAM
antibody fragment and an NCAM ligand.

324 fvo reagent-cell complex of claim 323, wherein said NCAM ligand is
NCAM Binding Proéin 10 (NBP10),

325. ¥ ex-vivo reagent-cell complex of claim 323, wherein said reagent is an anti-
NCAM antibody.

326.

is labeled.

The ex vivo reagent-cell complex of claim 325, wherein said anti-NCAM antibody

727.  The ex vivo reagent-cell complex of claim 326, wherein said anti-NCAM antibody
is flugfescently labeled.
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328. The ex vivo reagent-cell complex of claim 322 further comprising a secpfdary
reagent that binds fo said reagent. |

329. The ex vivo reagent-cell complex of claim 328, wherein said reageny/comprises
and anti-NCAM antibody and wherein said secondary reagent that binds to saig anti-NCAM
antibody is fluorescently labeled.

330. The method of any one of claims 86, 150, 222 or 294, wHerein said human
pluripotent cells are human embryonic stem cells derived from a preimplangtion embryo.

331. A method of producing human pancreatic hormone-expregsing cells, said method
comprising the steps oft

(a) providing a population of pluripotent human epibryonic stem celis (hESCs)

with at least one growth factor of the TGF-P superfamily/thereby producing a population

of human definitive endoderm cells;

‘ (b) providing said population of human defigitive endoderm cells with at least one
fibroblast growth factor, thereby producing a pOpulation of human foregut endoderm
cells;

{c) providing said population of hdman foregut endoderm cells with noggin,
thereby producing a population comprising buman endocrine precursor cells; and
(d) incubating said population/of human endocrine precursor cells in a culture
medium for a sufficient time to perrhit human pancreatic islet hormone-expressing cells
to form, wherein said sufficient fime for human pancreatic hormone-expressing cells to
form has been determined by detecting the presence of human pancreatic hormone-
expressing cells in said cell pbpulation,
332. The method of cladm 331, wherein at least about 2% of said human cells in said
cell population differentiate inj6 human pancreatic hormone-expressing cells.
333.  The method gf claim 331, wherein at least about 5% of said human cells in said
cell population differentigfe into human pancreatic hormone-expressing cells.
334, The mephod of claim 331, wherein at least about 10% of said human cells in said
cell population differentiate into human pancreatic hormone-expressing cells.
h€ method of claim 331, wherein at least about 20% of said hurnan cells in said
differentiate into human pancreatic hormone-expressing cells.

The method of claim 331, wherein at least about 40% of said human cells in said
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338. The method of claim 331, wherein at least about 70% of said human cellsAn said
cell population differentiate into human pancreatic hormone-expressing cells.

339.  The method of claim 331, wherein at least about 90% of said human £ells in said
cell population differentiate into human pancreatic hormone-gxpressing cells, '

340. The method of claim 331, wherein detecting the presence of himan pancreatic
islet hormone-expressing cells in said cell population comprises de‘iecting e expression of at
ieast one marker selected from the group consisting of pancreatic duodenal/homeobox 1 (PDX1),
ghrelin (GHRL), islet amyloid polypeptide (IAPP), pancreatic lypeptide (PP), ISLI1
transcription factor (ISL1), NKX§6 transcription factor related locus 1 fNKX6.1) and paired box 6

(PAX6) in célls of said cell population.

| 341. The method of claim 340, wherein the expression/f at least one of said markers is
determined by Q-PCR.

342. The method of claim 340, wherein the expregsion of at least one of said markers is
determined by immunocytochemistry.

343, The method of claim 331 further com
gamma secretase inhibitor.

344, The method of claim 343, whereid said gamma secretase inhibitor comprises N-

~ [N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT).

ising providing the cell population with a

345, The method of claim 343, wherein said gamma secretase inhibitor is provided to

the cell population at about the same time/as providing noggin or after providing noggin.
346. The method of claim 344, wherein said gamma secretase inhibitor is provided to
the cell population at a concentratiop’ranging from about 0.1 pM to about 10 pM.
347. The method of clgt
fibroblast growth factor 7 (FG
348, The method ¢f claim 347, wherein said FGF-7 is provided to the cell culture at a

concentration ranging frop about 1 ng/ml to about 1000 ng/ml.

n 331, wherein said at least one fibroblast growth factor is

349. The method of claim 331 further comprising providing the cell population with a
hedgehog inhibitor ayabout the same time as adding the at least one fibroblast growth factor.

350. The
cyclopamine.

351,
cell population at a concentration ranging from about 0.01 pM to about 10 pM.

method of claim 349, wherein said hedgehog inhibitor comprises KAAD-
The method of claim 350, wherein said K AAD-cyclopamine is provided to the

362, The method of claim 331 further comprising withdrawing any growth factor of

iF-B superfamily that may be present in said population of definitive endoderm cells.
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354. The method of claim 353, wherein said growth factor of the TGF-f ghperfamily
comprises activin A,

355. The method of claim 354, wherein said activin A is provided toSaid hESCs at a
concentration ranging from about 10 ng/ml to about 1000 ng/ml.

356. The method of claim 331 further comprising providing the KESCs with wingless-
type MMTYV integration site family member 3A (Wnt3A). '

357. The method of claim 356, wherein said Wnt3A is provided at a concentration
ranging from about 1 ng/mi to about 1000 ng/mi.

358. The method of claim 331, wherein said hES{s are differentia.téd to human
definitive endoderm cells in a medium comprising less than about 2% serum.

359, The method of claim 331, wherein said hESCs are derived from a tissue selected
from the group consisting of the morula, the ICM of a#t embryo and the gonadal ridges of an
embryo. |

360. The method of claim 331 further fdomprising providing a retinoid to the cell
population at about the same time as providing ngfggin. |

361. The method of claim 331 fupther comprising providing a retinoid to the cell
population at about the same time or after agdding at least one fibroblast growth factor.

362. The method of claim 360 ¢r 361, wherein the retinoid is retinol.

363. The method of claim 360 or 361, wherein the retinoid is retinoic acid.

364. The method of claim/363, wherein the retinoic acid is provided at a concentration

366. fiture or cell population of any one of claims 1-49, 164-173, 236-252 or
308-313, wherein the ¢&lls are non-recombinant cells.

367. The o€l culture or cell population of any one of claims 1-49, 164-173, 236-252 or
308-313, whereiy the cells have not been cultured in the presence of a histone deacetylase
inhibitor.

368./ The cell culture or cell population of claim 367, wherein said hisione deacetylase
inhibitor pomprises sodium butyrate.

269. The method of any one of claims 50-163, 174-235, 253-307 or 331-364, wherein

at leadt some of the cells are non-recombinant cells.
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370.  The method of any one of claims 50-163, 174-235, 253-307 or 331-364, Avherein
the cells are non-recombinant cells.

371. The method of any one of claims 50-163, 174-235, 253-307 or 331,864, wherein

372. The method of claim 371, wherein said histone deacetylase ighibitor comprises
sodiurn butyrate,
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WHAT IS CLAIMED [5:

L An in vitro cell culture comprising human cells wherein at least 5% of said
human cells are endocrine precursor celis that express neurogenin 3 (NEUROG?3), paired box
4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2), said endocrine precursor
cells being multipotent cells that can differentiate into pancreatic islet hormone-expressing
cells that express at least one pancreatic hormone selected from the group consisting of

insulin, somatostatin, ghrelin, pancreatic polypeptide and glucagon.

2. The in vitro cell culture of claim 1, wherein at least 10% of s2id humean cells

are endocrine precursor cells.

K} The in vitro cell culture of claim 1, wherein at least 50% of said human cells

are endocrine precursor cells.

4. The in vitro celi culture of any one of claims 1 to 3, wherein af least 10% of
said human cells are human pancreatic duodenal homeobox 1 (PDX1)-positive pancreatic

endoderm cells.

5. The in vitro cell culture of any one of claims 1 to 3, wherein at least 50% of
said buman cells are human pancreatic duodenal homeobox 1 (PDX1)-positive pancreatic

endoderm cells.

é. The in viiro cell culture of any one of claims 1 to 5, wherein said endocrine
precursor cells are multipotent cells that can differentiate into pancreatic islet hormone-
expressing cells that express at least one pancreatic hormone selected from the group

copsisting of somatostatin, ghrelin, pancreatic potypeptide and gincagon.

7. The in vitro cell culture of any one of claims I to 6, wherein said endocrine
precursor cells do not substantially express a pancreatic hormone selected from the group

consisting of ghrelin, insulin, somatostatin and glucagon.
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8. The in vitro cell culture of any one of claims 1 to 7, wherein said endocrine

precursor cells are non-recombinant cells.

9. The in vitro cell culture of any one of claims 1 to 8, further comprising a

retinoid.

10. The in vitro cell culture of any one of claims 1 to 9, wherein said endocrine

precursor cells express NCAM,

11. The in vitro cell culture 6f any one of claims 1 to 10, wherein said endocrine
precursor cells are multipotent cells that can differentiate into at least two types of pancreatic
islet hormone-expressing cells selected from the group consisting of pancreatic hormone-
expressing cells expressing somatostatin, pancreatic hormone-expressing cells expressing
ghrelin, pancreatic hormone-expressing cells expressing pancreatic polypeptide and

pancreatic hormone-expressing cells expressing glucagon.

I12. A method of producing endocrine precursor celis, said method comprising the
steps of:

(a) obtaining a cell population comprising phiripotent human cells:

{b) providing said cell population with a TGF-§ superfamily growth factor,
thereby producing definitive endoderm cells;

() withdrawing TGF-8 superfamily growth factor from said cell population;

(d) providing said definitive endoderm cells with a retinoid, thereby producing
human PDX1I-positive pancreatic endoderm cells; and

(e) incubating said cell population in 2 culture medium for a sufficient time ¢o

permit formation of human endocrine precursor cells expressing neurogenin 3 (NEUROG3).

13. The method of claim 12, wherein said endocrine precursor cells further

express paired box 4 (PAX4) and NKX2 transcription factor related locus 2 (NKX2.2).

14, The method of claim 12 or 13, wherein step (c} further comprises providing

said cell population with a FGF-family growth factor.
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15. The method of any one of claims 12 to 14, wherein said retinoid comprises

retinoic acid.

16. The method of any one of claims 12 to 15, wherein said pluripotent human

cells are non-recombinant cells.

I7. The method of any one of claims 12 to 16, wherein step (e) further comprises

providing said cell population with a gamma secretase inhibitor.
18.  The method of any one of claims 12 to 17, wherein step (b) further comprises
providing said cell population with wingless-type MMTYV integration site family member 3A

(Wnt3A).

19.  An endocrine cell population produced by the method of any one of claims 12
to 18.
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