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CLAIMS:

1. A method of differentiating anterior primitive streak cells
into definitive endoderm (DE) lineage, comprising contacting

said anterior primitive streak cells with:

a. one or more activators of TGFB/Nodal signaling; and
b. one or more inhibitors of BMP signaling or one or more

inhibitors of Wnt signaling,

to produce cells of the definitive endoderm (DE) lineage,
wherein said cells of the anterior primitive streak are obtained
from pluripotent stem cells by contacting said pluripotent stem

cells with:

a. one or more activators of TGFf/Nodal signaling, and
b. one or more activators of Wnt signaling; and
c. one or more inhibitors of PI3K/mTOR signaling

to produce cells of the anterior primitive streak lineage.

2. The method as claimed in 1, wherein the one or more
activators of TGFB/Nodal signaling is selected from the group

consisting of Activin A, TGFBl, TGFB2 and Nodal.

3. The method as claimed in 1 or 2, wherein the one or more
inhibitors of BMP sgignaling 1s selected from the group
consisting of DM3189/LDN-193189, noggin, chordin, dorsomorphin
and DMHI1.

4. The method as claimed 1in any one of claims 1 to 3,
wherein the cells of the APS lineage are contacted with 100ng/ml
of Activin A and 250nM of LDN-193189.
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5. The method as c¢laimed in any one of claims 1 to 3,
wherein the cells of the APS lineage are contacted with 1ng/ml

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

6. The method as claimed in claim 1 or 2, wherein the one or
more inhibitors of Wnt signaling is selected from the group

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

7. The method of claim 6, wherein the cells of the APS
lineage are contacted with 1ng/ml to 10upug/ml of Activin A and

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

8. The method of claim 6, wherein the cells of the APS
lineage are contacted with 100ng/ml of Activin A and 4uM of Iwp2
or 1 uM of C-59 or 300ng/ml Dkkl.

9. The method of any one of claims 1 to 8, wherein the cells
of the defined endoderm lineage comprise elevated endoderm gene
expression and decreased pluripotency gene expressgion relative

to undifferentiated cells.

10. The method of any one of claims 1 to 9, wherein the cells
of the defined endoderm lineage comprise significantly reduced

mesoderm gene expres sion.

11.. The method as claimed in any one of c¢laims 1 to 10,
wherein the differentiation of cells from anterior primitive
streak lineage into cells of definitive endoderm (DE) lineage is

completed within 24 to 96 hours.
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12. The method as claimed in any one of claims 1 to 11,
wherein the one or more activators of Wnt signaling are
CHIR99201 or Wnt3a or other family members of the Wnt signaling

pathway.

13. The method as claimed in any one of claims 1 to 12,
wherein the one or more inhibitors of PI3K/mTOR signaling are

PI-103, PIK-90, GDC0941, or LY294002.

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

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

15. The method as claimed in any one of claims 1 to 14,
wherein the pluripotent stem cells are contacted with Activin A,

PI-103 and CHIR99201.

16. The method of c¢laim 15, wherein the pluripotent stem
cells are contacted with 1Ing/ml to 100pug/ml of Activin A, 1nM to
100mM of PI-103 and 1nM to 100mM of CHIR99201.

17. The method of c¢laim 16, wherein the pluripotent stem
cells are contacted with 100ng/ml of Activin A, 50nM of PI-103
and 2uM of CHIR99201.

18. The method of any one of claims 1 to 17, wherein the
cells of the anterior primitive streak lineage comprise elevated
gene expression of anterior streak or pan-streak markers and
decreased expression of posterior streak markers relative to

undifferentiated cells.
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19. The method as c¢laimed in any one of claims 1 to 18,
wherein the differentiation of pluripotent stem cells to cells

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

20. A cell culture medium for differentiating a pluripotent
stem cell into definitive endoderm comprising the following
factors: one or more activators of TGFB/Nodal signaling, one or

more activators of Wnt signaling; one or more inhibitors of

PI3K/mTOR signaling; one or more activators of TGFB/Nodal
signaling; one or more inhibitors of BMP signaling or one or

more inhibitors of Wnt signaling.

21. A kit when used in the method of any one of claims 1 to 19,
comprising one or more containers of cell culture medium as

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

1. A method of differentiating anterior primitive streak cells
into definitive endoderm (DE) lineage, comprising }v/n acting

said anterior primitive streak cells with:

/
Y,

v
/

a. one or more activators of TGFP/Nodal signaling; and
b. one or more inhibitors of BMP signaling or one or more
inhibitors of Wnt signaling, /

P
Ve
e 4

> * v ) "/ b 2
to produce cells of the definitive endoderm (DE) lineage.

,//
///
2. The method as claimed in 1,/ wherein the one or more
activators of TGFf/Nodal signaling/is the one or more activators
o , / o
of TGFB/Nodal signaling is selecged from the group consisting of

Activin A, TGFBLl, TGFB2 and Nogal.
/

/
3. The method asg claiyf(ed in 1 or 2, wherein the one or more
inhibitors ~of BMP s:’,énaling is selected from the group

//

consisting of DM3189/LDN-193189, noggin, chordin, dorsomorphin
and DMH1. /

/
/
/

4. The methé)d as claimed in any one of claims 1 to 3,
wherein the c/ells of the APS lineage are contacted with a,bout

100ng/ml of Acth1n A and about 250nM of LDN-193189.

//'/
5. /The method ag claimed in any one of claims 1 to 3,
where}'/r/l the cells of the APS lineage are contacted with

/
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about 1ng/ml to 10pg/ml of Activin A and about 1nM te 100M of
LDN-193189.

/
/

6. The method as claimed in claim 1 or 2, wh.erei/;/i/the one or
more inhibitors of Wnt signaling is selected f;?ém the group
consisting of Iwp2, Dkkl, C-59, Iwr-1 and XAV—939/."/

7. The method of claim 6, wherein the cells of the APS
lineage are contacted with about I1ng/ml /,,/“é/o about 210upug/ml of
Activin A and about InM to about 100mM gf-f/ Iwp2 or about 1nM to
about 100mM C-59. /

f’/
//
8. The method of claim 6, - wh rein the cells of the APS
. X /. .
lineage are contacted with about /;kOOng/ml of Activin A and about
/
4uM of Iwp2 or about 1 uM of C-58 or about 300ng/ml Dkkl.

/
/
9. The method of any on;':‘ of claims 1 to 8, wherein the cells
of the defined endoderm lfneage comprise elevated endoderm gene
3 ,’// L} 3 3
expression and decreased pluripotency gene expression relative
/

4
to undifferentiated cells.

/
/
/

»/’
/

7/ - . . B
10. The method/of any one of claims 1 to 9, wherein the cells
/ , ‘
of the defined /endoderm lineage comprise significantly reduced
s
mesoderm gene /&xpression.
/

/
/

11. The wmethod as claimed in any one of claims 1 to 10,
where in/.«"'the differentiation of cells from anterior primitive
strea};/lineage into cells of definitive endoderm (DE) lineage is

7/
coxry’ieted within 24 to 96 hours.
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12. The method of any one of claims 1 to 11, wherein/said
cells of the anterior primitive streak are obtained frgﬁr/n stem
cells by contacting said stem cells with: ///
a. one or more activators of TGFB/Nodal signaling, §f1d

one or more activators of Wnt signaling; or //
c. one or more inhibitors of PI3K/mTOR signaling”f

s

to produce cells of the anterior primitive st:;/éak lineage.
/

/
7
7
/

13. The method of claim 12, where‘i‘h said cells of the
/

. ' : . - . /
anterior primitive streak are obtaiped from stem cells by

/

contacting said stem cells with: /

a. one or more activators of TGFB//ﬁcdal signaling, and
one or more activators of Wn¥ signaling; and

y :
c. one or more inhibitors of PI3K/mTOR signaling.

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

more activators of TGFB//Nodal signaling is Activin A, TGFB1,

/
TGFP2 or Nodal. /

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

s

wherein the on§/ or more activators of Wnt signaling are

CHIRS9201 or Wn{:«;a or other family members of the Wnt signaling

/

pathway. //

«’/'

/ . .’ .
16. The method as claimed in any one of claims 12 to 15,
whereiry/the one or more inhibitors of PI3K/mTOR signaling are

pPI-10%, PIK-90, GDC0941, or LY294002.

AMENDED SHEET
IPEA/AU




PCT/SG2013/000453
Received 19/08/201

17. The method as claimed in c¢laim 16, wherein the

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

18. The mwethod as claimed in any one of c¢laims” 12 to 17,
/
wherein the stem cells are contacted with Activin)é, PI-103 and

CHIR99201. /!

/

/
/

19. The method of claim 18, wherein pﬁé stem cells are
4/ ’
contacted with about 1ng/ml to 100pg/ml of/ﬁctivin A, about 1nM
, /
to 100mM of PI-103 and about 1nM to 100mM of CHIR99201L.

/
/
e

20. The wmethod of c¢laim 19, w {rein the stem cells are
contacted with about 100ng/ml of Aeﬁivin 2, about 50nM of BI-103
and about 2uM of CHIR99201. //

/
/

7

21. The method of any ong of claims 12 to 20, wherein the
/.
. VA . .
cells of the anterior prlj?ﬁlVE streak lineage comprise elevated
gene expression of anterdior streak or pan-streak markers and

decreased expression oﬁ/ posterior streak markers relative to
/
. . . o/
undifferentiated cells.
p
Y

22. The meth??/ag claimed in any one of claims 12 to 21,
wherein the'diﬁférentiation of stem cells to cells of the APS

lineage is coy@leted within 24 to 60 hours.

/

7
ra
7

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

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

r

he ?;/with retinoic acid, a BMP inhibitor, a Wnt inhibitor and

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

contacted with about 1InM to 100mM retinoic acid, about/ZﬁM to

100mM of LDN1923182, about 1nM to 100mM of IWP2 and abog{ inM to

100mM of PD0325901. /'/
y

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

contacted with about 2uM  retinoic acid, ‘aﬁout 250mM  of

ILDN193189, about 4uM of IWP2 and about 0.5uM quPD0325901t

/
/
/

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

cells of the posterior Zforegut comp;dse elevated levels of
. 0 [ / / y q

posterior foregut gene expressilon without either MHG or AFG gene

expregsion relative to undifferenti%%éd cells.

/
7/
27. " The method of any one of £laims 23 to 26, wherein the DE
7
cells are obtained using the plethod of any one of claims 1 to
21. Y,
/
28. A method of diffeyémtiating cells of the DE lineage into

cells of the midgut/h;gégut (MHG), by contacting sald DE cells
with a BMP activator,/é Wnt activator and FGF activator.

5

y

_/
4

29. The method’ of claim 28, wherein the cells of the DE are
J

L
contacted with about 1ng/ml to 100pg/ml of BMP4, about 1ng/ml to

o

//
100png/ml of EEF2, and about 1nM to 100uM of CHIR99201.

«‘/

30. Iﬁg method of claim 29, wherein the cells of the DE are
comtac};éd with about 10ng/ml of BMP4, about 100ng/ml of FGF2,

and about 3uM of CHIR99201.

/
/
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31. The method of any one of claims 28 to 30, whereid the

~ - . K3 ///p-'
cells of the MHG comprise elevated expression levels /of MHG

s

genes relative to undifferentiated cells. /,/
//

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

wherein the differentiation is completad within 24’ to 240 hours.

33. The method of any one of claims 28 tc;/?;z, wherein the DE

/

cells are obtained using the method of az;,y’; one of claims 1 to
P

21.

/

/,
/
/
Vs
/

34, A method of inducing pancreat/ic progenitors of the PFG
are induced from the DE within thresé days by contacting said PFG
/

with: /

/
a) one or more FGF/MAPK inhibitofrs;

b) one or more BMP inhibitors; and
/

¢} retinoic acid (RA). //

Ve
The method of (laim 34, further comprising contacting
//
sald PFG with one or pmore Hedgehog inhibitors.
/
/
/'/
36. The method of claim 34, further comprising contacting

3

u

4
said PFG with ome or more Wnt inhibitors.
/’J

/
/

37. The /-/x/nethod of claim 34, further comprising contacting
said PFG y/ith Activin A.
/
38. // The method of claim 34, further comprising contacting
// v L . 3
said PFG with one or more Hedgehog inhibitors; one or more WNT

irhibitors and Activin A.
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39. The method of claim 38, wherein said PFG is contacted
with zbout 1InM to 100mM of PD0325%01 or PD173074, about/&nM to
100mM of SANT 1, about 1nM to 100mM of IDN19318%9, abqﬂé InM to
100mM of IWP2 or (€59, about 1InM to 100mM of retino/ié acid and

about 1ng/ml to 100upg/ml of Activin A. /

N

40. The method of claim 39, wherein said ;,,P’FG is contacted

with about 0.5uM of PD0325901 or 100nM of PD/ZL"73074, about 150nM
J/

of SANT 1, about 250nM of LDN193189, abowf 4uM of IWP2, about

2uM of retinoic acid and about 10ng/ml of//isctivin A

7/
/
/

«/’
/
41. The method of any one of clg’ims 34 to 40, wherein the
7
cells of the pancreatic progenitors/comprise elevated expression
levels of pancreatic genes relayive to undifferentiated cells

+ 3 ‘/, g
and exclude hepatic progenitor gene expression.

/

/

42 . The method of any /one of claims 34 to 41, further
comprising contacting saj/!PFG with about 1ng/ml to 100pg/ml of
/
FGF2 /
S
//
. //
A . . . o
43 . The method ¢f claim 41, wherein the PFG is contacted with

/
about 10 to 20 ng/ml of FGF2.
44, The mqt’;hod of any one of claims 34-43, wherein the DE

/ . .
cells are obtained using the method of any one of claims 1 to
S
21. /
,/‘
/

/

/

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

the DE within four days by contacting saild PFG with:

a) one or more TGFA inhibitors;

AMENDED SHEET
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b) retinoic acid (R2);
/

c) one or more BMP activators, and ‘/
d) one or more Wnt inhibitors. //

/

////
o~ . . ' / 3

46 . The wmethod of claim 45, wherein said PFG/ 1s contacted

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

about 1Ing/ml to 10pg/ml of BMP4, and about 1nM//to 100mM of IWP2
or C59. :

/
/
/

/

///
/
47. The method of claim 46, whereir;/ sald PFG 1s contacted

/
with about 1pM of AB3-01, about 2uM of RA, about 10ng/ml of

/

BMP4, and about 4uM of IWPZ2. //
/
,’/

48. The method of any one o/ﬁ/ claims 45 to 47, wherein the

cells of the Iliver progenitgyfs comprise elevated expression

levels of hepatic genes rel;ﬁ:ive to undifferentiated cells and

exclude pancreatic progeni?z{r gene expression.

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

“ x 1 s 3
cells are obtained uging the method of any one of claims 1 to
y,

e
21. S/
/

/
/
f/

50. A cell ';c/ulture medium for differentiating a stem cell

into definitiy’é endoderm comprising one or more of the following
/

factors: or}é or more activators of TGFf/Nodal signaling, one or

more activators of Wnt signaling; one or more inhibitors of
/

PI3K/m’I;®/R signaling; one or more activators of TGFf/Nodal

signa/l/ing; one or more inhibitors of BMP signaling or one or

mor# inhibitors of Wnt signaling.
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IPEA/AU




PCT/SG2013/000453
Received 19/08/201
110 /

/
/

CLEAN CLAIMZ
51. A cell culture medium for differentiating cells of the/ DE

lineage into cells of the posterior foregut (PFG) comprising one
/

or more of the following factors: retinoic acid,/"a BMP
/
inhibitor, a Wnt inhibitor or a FGF/MAPK inhibitor. /
/7
///
52. A cell culture medium for differentiating cells of the DE

lineage into cells of the wmidgut/hindgut (MHG)L/bomprising one
or more of the following factors: BMP activato:f a Wnt activator

or FGF activator. /

S

r/
/

7

. . . 7 . .
53. A cell culture medium for inducing pancreatic progenitors
. { .
of the PFC are induced from the DE comprising one or more of the
P
following factors: a) one or more FGF/MAPK inhibitors; b) one or

e e o . /o
more BMP inhibitors; or ¢) retinoic @01d {(RA) .
/
/

/

54. 2 cell culture medium fgﬁrinducing liver progenitors of
/.r'

the PFG from the DE com rising one or more of the following

factors: a) one oOr nmore Tgéﬁ inhibitors; b) one or more BMP

: S . .
activators; c) retinoilc aq;d and d)one or more Wnt inhibitors.

/
//
55. A cell produced according to the method of any one of

I

claims 1 to 49. 7

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

comprising one/ or more containers of cell culture medium as

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

4
instructions for use.
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Claims

7
/

/

/

1. A method of differentiating stem cells into one/ér‘more
. ~ - /

cell lineages comprising contacting said cells with: /
. '/’;‘ ,
a. one or more activators of TGFB/Nodal signéaling; and

b. one or more activators of Wnt signaling.

2. The method as claimed in claim 1,//@herein. the cell
lineage is the anterior primitive gp}eak lineage.
/ /
3. The method as claimed in claim/l further comprising
contacting said r*ells w1th Qnﬂ or more inhibitors of

PI3K/mTOR signaling. - /

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

. ' / . -
claims, wherein the one or more activators of
' ‘ 4

TGFB/Nodal signal%;é' is Activin A, TGFBl, TGFB2 or
Nodal. / | |

5. The method @5 claimed in any one of the preceding
claims, whefeln the one . or more activators of Wnt
vlgnallng//are CHIR99201 or Wnt3a or other family

members/of,the wnt signaling pathway.
) ‘ ‘

4
7

/ ‘ ‘
6. Thé method as claimed in claim 3, wherein the one or
/S )
/more inhibitors of PI3K/mTOR signaling are PI-103, PIK-

// 90, or LY254002.

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

more inhibitors of PI3K/mTOR signaling is PI-103.
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12.

13.
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The method as claimed in any one of claims 2 fo 7,

wherein the cells are contacted with Activin A/’PI4103

and CHIR99201. /

The method of claim 8, wherein the cells.are contacted
with about 1ng/ml to lopg/ml of Act1v1n A about 1nM to
100mM of PI-103 and about 1nM to 100mM of CHIRS99201.

/,,
7

The method of claim 9, wherein thé/cells‘are contacted

w1th about 100ng/ml of Activin A’ about 50nM of PI-103

/

and about 2uM of CHIR99201 /
/
/

/ /

. /
The method of any one of (laims 2. to 10, wherein the
//v
cells of the anterior primitive streak lineage comprise
\ i
elevated gene expression of anterior streak or pan-

streak markers and décreased. expression of posterior

/

‘streak markers re%;éive to undifferentiated cells.
/

/

The method as/élaiméd in any one of claims 2 to 11,

wherein the ﬁifferentiation is completed within 24 to -
s ~

60 hours. //

/
7/

The metﬁod as claimed in'any one of claims 2 to 12,

wherezh said cells of the anterlor' prlmltlve streak

llggage are 'further differentiated’ 1nto:'cells of
dﬁfinitive endoderm (DE) .lineage, by  contacting said

Ve . . s .
- /cells of the anterior primitive streak lineage with one
/o . I ‘
'/ ‘or more activators of TGFB/Nodal signaling; and one or

30 : more inhibitors of BMP signaling or ome or more

/

~inhibitors of Wnt signaling.
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14.

15.

16.

17.

18.

19.°

20.

. TGFBLl, TGFP2 or Nodal. R a

104 } : //
The method as claimed in claim 13, wherein the one/ or

more ~activators of TGFf/Nodal signaling is ActiviAn A,

The method as claimed in claim 13 or claim, 14, wherein
the one or more inhibitors of BMP ,éggnaling is
DM3189/LDN-193189, noggin, chordin, or/dﬁrsomorphin or
DMH1 . ’ g

. / //
The method of any one of claims ;é to 15, wherein the
cells are contacted with abouy/lng/ml to 1l0pg/ml . of
Activin A and about 1nM to 100mMM of LDN-193189.

‘ ,, // '

, /

The method of claim 16, whérawn the cells are contacted

with about 100ng/ml ofﬁﬁct1v1n A . and about 250nM of

LDN-193189. , //

/
The method as cla%wéd in claim 13 or claim 14, wherein
the one or more/énhibitars of Wnt signaling is Iwp2,

Dkkl, C-59, or fwr-1 or XAV-939.
e

/ :
The method , f claim 18, wherein the cells are contacted
with a.bou4< ing/ml to about 10ug/ml of Activin A and
about lnM to about 100mM of Iwp2 or about 1nM to about
lOOmM/é—SQ. |

/-

/

Thé method of claim 19, wherein the cells are contacted

/@lth about 100ng/ml of Act1v1n A and about 4uM of Iwp2

‘/// or about 1 uM of C-59.

/.

/

/

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

cells of the defined endoderm lineage éomprise elevated
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endoderm gene expression and decreased pluripotepcy
. gene expression relative to undifferentiated cells
,//(

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

: : o/
5 cells of the defined endoderm lineage’ comprise

. //’J

significantly reduced mesoderm gene expression.
23. The method as claimed in any one of giaims 13 to 22,
wherein the differentiatibn'is'comp}éted within 24 to

10 ’ 96 hours.

/
J

/

V4

-/
24. The method as claimed in any ¢na of claims - 13 to 23,
wherein the cells of the//bE lineage are further

differentiated into cell%/ of the anterior foregut

‘ : L .
15 (AFG), by contacting gaid DE cells with a TGFB
inhibitor and a BMP in@ibitor.
/
J B
25. The method asvcla%yéé in claim 24, wherein one or more
o .
inhibitors = of /TGFP/Nodal signaling is A-83-01,
/ : Co
20 ° SB431542, Leftyl or Lefty 2. ‘
//
/

26. The method/as claimed in clalm 24 or clalm 25, wherein
one or///more inhibitors of BMP signaling is
‘DM3189/LDN193189 noggin, chordin or dorsomorphin.

/
25 -/

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

/ : ‘ : ' \ ‘
célls of the DE are contacted with about InM to 100mM
/ - o

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

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

'contacted with about 1M of A-83-01 and about 250nM of
LDN193188.
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/

/.

29. The method of any one of claims 24 to 28, wherein e
cells of the anterior foregut comprise elevated
anterior foregut markers (including but not limLﬁ ed to
oTX2, IRX3, TBX1, PAXS9, 80X2 without either pbsterlor

7/

factors relative to undifferentiated cells,/

5 | foregut (PFG)" or mldgut/hlndgut (MHG) tlanscrlptlon

/

30. The method as claimed in any one of giaims 13 to 23,
wherein the cells of the DE 1inéage' are further

10 differentiated into cells of the , PFG by contacting
/
said cells of the DE with ret;nomﬂ acid, a BMP

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

//
: / ' '
31. The method of claim 30, héféin the cells of the DE are
15 contacted with about lnN/to 100mM retinoic acid, about
1nM to 100mM of J_JDN1931/89 about 1InM to 100mM OI IWP2

and about 1nM to 100mM/Df bPD0325901.

/

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

20 , contacted with abcut 2uM retinecic acid, ébout 250nM of
LDN193189, @bout 4pM  of IWP2 &and about 0.5uM of
/
PD0325901. / |
33. The me;ﬁod of any one of claims 30 to 32, wherein the
/
25 “ﬁells/cf the posterior for@gut comprise elevated levels

of/posterlor foregut gene expression without either MHG
or AFG 'gene expression relative to undifferentiated

'/cells.
/

30 /Zéi The method as claimed in any one of claims 13 to 23,
/ wherein the <cells of the DE lineage are further

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

FGF activator.. (
. ) //
/

The method of claim 24, wherein the cells of/ﬁﬁe DE are
Vcbntacted with about 1ng/ml to 1l0pg/ml Of/ﬁMP4, about

lng/ml to 10pg/ml of FGF2, and about 1ﬁM to 10uM of
CHIR99201. | '

The method of claim 35, wherein thg/éells of the DE are
contacted with about 10ng/ml of BMﬁé, about 100ng/ml of
FGF2, and about 3uM of CHIR9920}5

/// . .
The method of any one of c;éims 34 to 36, wherein the
celis‘cf the MHG-comprisé,éievated expression levels of

MHG genes relative to unﬁéfferentiated cells.

L/
7

The method as claimgé/in'any one of claims 24 to 37,
wherein the diffe;éﬁtiation is completed within 24 to
240 hours. //
. | // i . .
Theuméﬁhoduq%ﬂclaimed iﬁ"ény.Cne ﬁf'élaims'SQ to 33,
whérein‘papéreatic progenitors of the PFG, are induced
from the/éE,within three days by contacting said PFG
with: // B .
a) one gé/more FGF/MAPK inhibitors;
b) on§/5r more BMP inhibitors; and
c) rétinoic acid (RA).

/

/

40,/ The method of claim 39, further coﬁprising bontacting

said PFG with one or more Hedgehog inhibitors.

. The method of claim 39, further comprising contacting

// 41‘

salid PFG with one or more Wnt inhibitors.
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The method of claim 39, further comprising contagting
/
said PFG with Activin A. _ /

/

//
- ’
The method of claim. 39, further comprising//cont:acting

_ ’ )
said PFG with one or more Hedgehog inhibitors; one or
. ’/,’

s
/s

more WNT inhibitors and Activin A.

The method of claim 43, wherein sai;gﬁi/ PFG, is contacted
with about 1nM to 100mM of'PD03259gi or PD173074, about
1nM to 100mM of SANT 1, abc/)ﬁ/i: 1nM to 100mM oOf
ILDN193189, about 1nM to 100mM g,f/ IWP2 or CS9, about 1nM
to 100mM of retinoic acid ar/S,dK about 1ng/ml to 10ug/ml

of Activin A. /

/

/

/7
The method of claim 44, wherein said PFG i1s contacted

with about 0.5uM of /PD0325901 or 100nM of PDL73074,

about 150nM of SANT/ 1, about 250nM of LDN1e318%9, about
7/

4uM of IWPZ, ab;a/ut 2uM of retinoic acid and about
/

10ng/ml of Acti/y‘%.n A.

/
The method /[.{5/:“ any one of claims 39 to 45, wherein the
cells,'of /é/he pancreatic progenitors comprise elevated
express;u’é;n levels of pancreatic genes relative to
undiffﬁérentiatéd cells and exclude hepatic progenitor

geng’ expression.
/

/‘,

/,/f‘he method of any one of claims 39 to 46, further

comprising contacting said PFG with about 1ng/ml to

10pug/ml of FGF2.

The method of c¢laim 47, wherein the PPFG is contacted

with about 10 to 20 ng/ml of FGF2.
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49, The method as claimed in any one of claims 30 t¢ 33,
. wherein liver progenitorS'of the PFG are iﬁduceé from
‘the DE within four days by contacting said PFG/Wlth
a) one or more TGFP inhibitors;
b) retinoic acid (RA);

c) one or more BMP activators, and

d) one or more Wnt inhibitors.

y
/
50. The method of claim 49, wherein gdid PFG is contacted
with about 1nM to 100mM of ABBjQi, about 1nM to 100mM
/

of RA, about 1ng/ml to 10ug/ml’ of BMP4, and about LnM

to 100mM of IWP2 or C59. //

s

,/
51. The method of claim 50, ,mhereln sald PFG is contacted
with about 1uM of ABé 01, about 2uM of RA, about
10ng/ml of BMP4, and gbout 4uM of IWP2.

52, The method of any one of claims 49 to 51, wherein the
| ceils of the / liver progenitors éomprise, eleﬁated

. expfession. /;é%els éf hepatic ‘genes relative to
undifferengiéted. cells  and  exclude pancreatic

progenitqf/gene expression.

y,

53. A me;ﬁ&d of differentiating anterior primitive streak
ce%ls into cells of definitive endoderm (DE) lineage,
by contacting said cells of the anterior prlmltlve

/étreak lineage with one or more activators of
TGFB/NQdal‘sigﬁaling,.and one or more inhibitors of. BMP

signaling, or one or more inhibitors of Wnt signaling.

/
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54. A method of differentiating cells-of the DE into cells

of the AFG, by contacting said DE cells with 3 TGFB

inhibitor and a BMP inhibitor. : /

v/.r
/

/

55. A method of differentiating cells of the /DE lineage -
into cells of the PFG, by contactlng sald cmlls of the
DE with retinoic acid, a BMP lnhlbltor,/a Wnt inhibitor
and a FGF/MAPX inhibitor. | '/

/

/
7

56. A method of differentiating cel%s/ of the DE lineage
into cells of the MHG, by contagﬂgng said DE cells with
a BMP activator, a Wnt activé;gé and an FGF activator.

/

57. A method of 1nduc1ng pancréatlc progenitors of the PFG
from the DE w1thln threé/days by contacting said PFG
with one or more FG /MAPR inhibitors; one or more
Hedgehog inhibitors; /6ne or more BMP inhibitors; one or
more Wnt inhibitor§{/retinoic acidv(RA),’and Activin A.

.

/

/ .
: , : _
58. A method of ingﬁcing liver progenitors of the PFG from

the DE within/four days by contacting said PFG with one
/

or more TGFB 1nhlb1tors one or mors BMP activators,
ret1n01c a01d and one or more Wnt 1nh¢b1tors

59. A cal{/culture medium for differentiating a stem cell
1nto/one or more cell lineages COmpllSlng one or more
gf the following factors: one or more FGF/MAPK

//1nhibitors; one or more 'Hedgéhog‘ inhibitors; one or

" more BMP inhibitcrs, one or more Wnt inhibitors,

retinoic acid, Activin A and one or more inhibitors of

PIBK/mTOR signaling.
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A cell culture medium for differentiating a stem ¢ell

into one or more cell lineages comprising one o;/ﬁore

of the follqwihg factors: a matrix component“/ane or

more activators of TGFB/Nodal signaling, oné/or more
. ) y

7

activators of Wnt/B-catenin signaling, and ,one or more
/

inhibitors of PI3K/mTOR signaling.
A cell culture medium for‘differentia£ing a stem cell
into one or more cell lineages cemp}ising one or more

of the following factors: one o more activators of
y

TGFB/Nodal signaling, and one oy more inhibitors of BMP .

7

signaling. o

/

/

A cell culture medium fog/differentiating a stem cell

. /S
into one or more cell’ lineages comprising a TGFp
inhibitor and a BMP igﬁibitor,

/
/

A cell culture m%déum for differentiating a stem cell
into one or morg/cell lineages comprising one or more
of‘ the follgéing factors: «retinoic acid, a BMP
inhibitor, %/ﬁnt inhibitor and a FGF/MAPK inhibitor.

/

y

A.cell‘gﬁiture medium for differentiating a stem cell
into opé or more cell lineages comprising one or more
of tpé following factors: BMP4, a Wnt activator and an
FGE/activator.

/
/

//A cell culture medium for differentiating a stem cell

into one or more cell lineages comprising one or more
of the following factors: one or more FGF/MAPK
inhibitors; one or more Hedgehog inhibitors; one or
more BMP inhibitors; one or more Wnt inhibitors;

retinoic acid (RA), and Activin A.
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66. A cell culture medium for differentiating a'sté/ cell
into one or more cell lineages comprising one/ér more
.of the fgllowing factors: one or more‘TGFB inéibitotsf
one .or more BMP activators, retinoic acidy/énd.one or

more Wnt inhibitors.

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

claims 1 to 58. o /
: /
//) ‘
: - , ,
68. A kit when used in the method of.any one of claims 1 to

. e .
58, comprising one or more gbntainers of cell culture

/

. ) . 4 13 / + '
medium ‘as cla;med. in anx/ one of claims 59 to 66,

together with instructiong for use.

/




