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~ culture, and wherein at least about 5
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1. A cell culture comprising human ceils wherein at least about 5% of said human
cells are preprimitive streak cells, said preprimitive streak cells being multipotent cells that can
differentiate into mesendoderm cells. .

2. The cell culture of claim 1, wherein at least about 10% of said human cells arg/

preprimitive streak cells,

~

3. - The cell culture of claim 1; wherein at least about 20% of said human cells are
preprimitive streak celis. /

4 The cell culture of claim 1, wherein at least about 30% of said han cells are

preprimitive streak cells.
5. The cell culture of claim 1, wherein at least about 40% of human cells are
preprimiive streak cells.
&, The cell culture of claim 1. wherein at least about said human cells are
preprimitive sireak cells. |
7. The cell culture of claim 1, wherein at least abotit 60% of said human cells are
preprimitive streak cells. _ |
8. The cell culture of claim 1, wherein at legt about 70% of said human cells are
preprimitive streak celis, '
g, The cell culture of claim 1, Where"c least about 80% of said human cells are
preprimitive sireak cells,
' 16, The cell cultare of claim 1, at least about 90% of said buman cells are
preprimitive streak celis. _
11, The cell culture of clgim 1, wherein human feeder cells are present in said
‘i} of human cells other than said human feeder cells are
preprimitive streak cells.
12, The celi cul

culture, and wherein at legst

it

pee of claim 1, wherein human feeder cells are present in said
about 25% of human celis other than said human feeder cells are
preprimitive sireak cslis,/

13. The deli culture of ciaim !, wherein human feeder cells are present in said

culture, and wherg {0 at least about 50% of human cells other than said buman feeder celis are

© preprimitive strgak celis.

The cell culture of claim 1. wherein human feeder celis are present in said
d wherein at least about 75% of human celis other than said human feeder cells are
itive streak cells.

15,  The cell culture of claim 1, wherem said primitive streak cells express a marker

‘selected from the group consisting of FGFE and nuciear-localized (-catenin.




1 The-colh-oulure-of-elaim-1-5-wherein-the-expression-of-a-rarker-selected-from-4h
sronp consisting of FGFS and nuclear-localized B-catenin is greater than tbe expression of ?7
marker selected from the group consisting of bracbyury,_FGFég SNAII, SOX17, FOXAZ, SOX7
and SOX1 in said preprimitive streak cells. /

17. The cell cuiture of claim 15, wherein said preprimitive streak cells dé not
substantially express a marker selected from the group consisting of brachyury, FG‘E@%NAEL
SOX17, FOXAZ2, SOX7 and SOX1. -/

18. The cell culture of claim 1, wherein said preprimitive soreak cells/express FGFE
and nuclear-localized P-catenin. y |

19. - The cell culture of claim 18, wherem the expression oﬁ/{:GFS and nuclear-
localized B-catenin is greater than the expression of brachyury, FGF4, SNAIL, SOX17, FOXAZ,

SOX7 and SOX1 in said preprimitive streak cells.

20, The cell culture of claim 18, wherein said preprimitive streak cells do not
substantially express brachyury, FGF4, SNAIL, SOX17, FOXA ,SOX’I and SOX 1.
ool The cell culture of claim 1, wherein said ceulture is substantialiy free of celis

selected from the group consisting of visceral endodept

o

al cells, parietal endodermal cells,

primitive endodermal cells, defmitive endodermal ce}ltoderma} cells and mescdermal cells.

22. The cell culture of claim 1 furthe! comprising human embryonic stem cells
(HESCs3. /
23. The cell cutture of claim 22, wherein at least about 2 preprimitive streak cells are

present for about every | hESC in said cell ¢ ture.

24, The cell culture of , wherein at least about 10 preprimitive streak cells
are present for about every 1 hESC in, id cell cutture.

25. The cell culture 22, wherein said hESC is derived from a tissue selected
from the group consisting of the omia, the inner cell mass (ICM} of an embryo and the gonadal
ridges of an embryo. _ !

26. The cell < of claim 1 further comprising 2 medium that comprises less than
about 2% {v/v} serum. / |

27, TheA ell culture of claim 1 further comprising a medium that comprises less than

28, / The cell culture of claim 1 further comprising e medium that comprises less than
about O.S‘va} serum,

The cell culture of claim 1 further comprismg a medium that comprises less than
.abo A).2% (viv)y serum.

30. The cell culture of ciaim | further comprising a medium that lacks serum or lacks

o
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31 The-—eell—cuiture—of--claim i farthercOMpPHSNE—a—orowth—fastoro
'NodaIfActivin subgroup of the TGFB superfamily.

32 The cell culture of claim 31, wherein said growth factor of the Nodal/Activin /
subgroup of the TGFP superfamily comprises activin A, /

33. A cell culture comprising human cells wherein at least about 5% of said | ﬁx/ﬁam

cells are mesendoderm celis, said mesendoderm cells being multipotent cells that can différentiate

mnto mesoderm cells or definitive endoderm cells,

34, The cell culture of claim 33, wherein at least about 10% of said h /uman cells are

mesendoderm celis. {/
35. The cell culture of claim 33, wherein at jeast about 20% of s&id human celis are

mesendoderm calls.

36.  The cell culture of claim 33, wherein at least about ' of said human celis are

mesendoderm ceils.

~

37.  The cell culture of claim 33, wherein at least abg it 40% of said human cells are
preprimitive streak celis. | /
38, The cell culure of claim 33, wherein at lea$t about 50% of said human cells are

mesendoderm cells.

39, The celt culture of claim 33, threit least about 60% of said buman celis are

mesendoderm celis,

-

40, The cell culture of claim 33, wrein at least abowt 70% of said human cells are

mesendoderm cells,

41, The cell culture of claim here'm at least about 80% of said human cells are

mesendoderm celis,

43, The cell culture of ¢ faim 33, wheremn at least about 90% of said human cells are
mesendoderm cells. ‘

43, The cell culture of claim 33, wherein human feeder cells are present in said

culture, and wherein at le about 5% of human celis other than said human feeder cells are
mesendoderm cells.
44, The

¢uliure, and wher

culture of claim 33, wherein human feeder cells are present in said
at least about 25% of human celis otber than said human feeder cells are
mesendoderm
45,

. " The cell culture of claim 33, wherein human feeder cells are present i said
culture, apd wherein at teast about 50% of human celis other than said human feeder cells are

mesenddderm cells,
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cuiture, and wherein at least about 75% of human cells other than said human feeder cells are /

mesendoderm cells. ‘ /

47. The cell culture of claim 33, wherein said mesendoderm cells express 2 ma?/ll;e‘f;
selected from the group consisting of brachvury, FGF4 and SNAIL /

48. The cell culture of clai 47, wherein the expression of a marker se}ecte{j gff'i)m the
group consisting of brachvury, FGF4 and SNAIl is greasier than the expression fo a marker
selected from the group consisting of OCT4, SOX17, CXCR4, FOXAZ2, 50X7 ar?/SOXE i said
mesendoderm cells,

46, The cell culture of claim 47, wherein said mesendo m cells do Aot
substantially expregs a marker selected from the group consisting of OZT4, SOX17, CXCR4, -
FOXAZ2, SOX7 and SOX1.

50. The cell cutture of claim 33, wherein said mesendodérm cells express brachyury,
FGF4 and SNAIL

5l The cell culfure of claim 51, wherein the egbression of brachyury, FGF4 and
SNAILI is greater than the expression of OCT4, SOX17, @ﬁ/ﬁ;&, FOXAZ SOX7 and SOX1 in

said mesend.odenn cells.

52, The cell culture of claim 51, wherein4aid mesendoderm ce.lls de not substam'ially
express OCT4, BOX17, CXCR4, FOXAZ2, SOX7 agnd SOX 1.

53, The cell enlture of elaim 33, wiferein said cell culture is substantially free of celis
selected from the group consisting of vigteral endodermal cells, parietal endodermal celis,
primitive endodermai zells, definttive eﬁ‘ dermal cells, ectodermal cells and mesodermal cells.

54, The cell culture of c 33 further comprising human embryonic .stem cells
(hESCs}. _

33, The cell culture/of clatm 54, wherein at least about 2 mesendoderm cells are
present for about every ] hESZ 'in said cell culture.

56. The cell ghlture of claim 54, wherein at Jeast about 10 mesendoderm cells are

present for about every, hESC in said cell culture.

about 2% (v/v) serum.

/58 The celi culture of claim 33 further comprising & medium that comprises less than
apsut 1% (v/v) serum. |
' 60. The cell culture of claim 33 further comprising 2 medium that comprises less than

about {.5% (v/v) serum.
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The-ceb-cultureof.claige-33-further-comprising 2-medium-that-comprises

about (.2% (v/v) serum. |
62. The cell culhure of claim 33 further comprising 4 medium that lacks serum or
tacks serum replacement. 4

ff”
63. The cell culture of claim 33 further comprising a growth factor gsf the

45

NodalfAchvm subgroup of the TGF[ superfamily.

64, The cell culture of claim 63, wherein said growth factor of the _t ai/Activm
subgroup of the TGFB superfamily comprises activin A. /

5. A cell population comprising cells wherein at least about 90% " said celis are
human preprimitive streak cells, said preprimitive streak cells being multj ten.t cells that can
differentiate intoc mesendoderm cells.

66, The cell population of claim €5, whersin at least g-u 95% of said cells are
human preprimitive streak cells. ) ; |

67. The cell popuiation of claim 63, wherein at ‘:. about 98% of said cells are
human preprimitive streak celis, '

68. The cell population of claim 65, whereiy aid human preprimitive streak celis
express 2 marker selected from the group consistmg of and nuclear-iocalized B-catenin.

69. The cell population of claim 68, n the expression of a marker selected from
B-catenin is greater than the expression of a
chyury, FGF4, SNALL SOX17, FOXAZ, SOX7

and SOX! in said human preprimitive streai/Celis.

the group consisting of FGF8 and nuclear-locali

marker selected from the group consisting of

7¢. The cell population of 68, wherein said human preprimitive streak cells do
not substantially express a marker from the group consisting of brachyury, FGF4,

SNAIL, SOX17, FOXA2, SOX7 soxz.

71 The cell popula n of claim €5, wherein said human preprimitive strealc celis
express FGFR and mcieard lized B-catenin,
7Z. The celi uiaiion of claim 71, wherein the expression of FGFS and B-catenin is
«$ion of brachyury, FGF4, SNAIL, SOX17, FOXAZ, SOX7 and SOXI in

irve streak cells.

greater than the expre

said human prepri

human p esendoderm cells, said mesendoderm cells being multipotent cells that can differendate

into nfesoderm cells or defininve endoderm cells.

75. The cell population of claim 74, wherein at least about 95% of said celis are

hiuman mesendoderm cells.
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human mesendoderm cells.
£
77. The cell population of claim 74, wherein: said human mesendoderm cells express

a marker selected from the group consisting of brachyury, FGF4 and SNAIL

78. The celi population of claim 77, wherein the expression of a marker selected fr
the group consisting of brachyury, FGF4 and SNAII is greater than the expression of a marker

selected from the groap consisting of OCT4, SOX17, CXCR4 FOXAZ, SOX7 and SOX/K in said

human mesendoderm ceils.

79. The celi population of claim 77, wherein said human mesendodeyfn cells do not
substantially express a marker selected from the group comsisting of OCT4, S0X17, CXCR4,
FOXA2, SOX7 and SOX1.

80. The cell population of claim 74, wherein said human mgsendoderm cells express
. brachyury, FGF4 and SNAIL
81. The cell population of claim 77, wherein the exprgésion of brachyury, FGF4 and

SNAH. is greater than the expression of OCT4, SOX17, CXCR 4, FOXAE, SOX7 an¢ SOXI1 m

said human mesendoderm cels.

82. The cell population of claim 77, wheren ‘said human mesendoderm cells do not
substantially express OCT4, SOX17, TXCR4, FOXA" SOX7 and SOX1.

82 A method of producing preprimitife streak cells, said method comprising the
steps of obtaining a cell population comprising pluripotent human cells and diffarentiatmg said
pluripetent human cells in a medium comppising less than about 2% serum and &t least one
growth factor of the TGFE superfamily, wh brein said growth factor is present in the medium in an
amount sufficient to promote diffe:re watior of at least a portion of said pluripotent cells t©
preprimitive steak cells, said préprimitive streak cells being multipotent celis that can
differentiate into mesendoderm ol

84, The method ¢f claim 83 further comprising the step of aliowing sufficient iime
for preprimitive streak cell to form, wherein said sufficient time for preprimitive streak celis to

form has been determiried by detecting the presence of preprimitive smeak cells n said cell

population.
gs. e method of claim 84, wherein sufficient time is at least about 6 hours.
86. The method of claim 84, wherein detecting the presence of preprimitive streak

_cells in saig’cell population comprises detecting the expression of at lsast one marker selected

from the/group consisting of FGF8 and nuclear-localized f-catenin and at least one marker from
up consisting of brachyury, FGF4, SNAIL, SOX17, FOXAZ,, SOX7 and SOX1 in cells of
cell popuiation, wherein the expression of a marker selected from the group consisting of

GFR and nuclear-localized P-catenin is greater than the expression of a marker selected from the

i .
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preprimitive streak celis, ;

87. The method of claim 86, wherein the expression of at least one of said markers 15 /‘
determined by quantitative polymerase chain reaction (Q-PCR). a

88.  The method of claim 86, wherein the expression of at least one of said markeps is
determined by Immunocytochemistry.

| 89. The method of claim 83, wherein at least about 5% of said piuripctﬂrﬁ/human

cells differentiate intolpreprimit'ive streak cells. /

50, The method of claim &3, wherein at least about 10% of said }?ﬂ'ﬁ)otent hurnan

cells differentiate into preprimitive streak celis,

91, The method of claim 83, wherein at least about 20% of said pluripotent human
cells differentiate into preprimitive streak cells. /
92 The method of claim 83, wherein at least about 30“//«(01” said pluripotent human

cells differentiate into preprimitive streak celis.
93, The method of clatm 83, wherein at Jeast aboMt 40% of said plaripotent human

cells differentiats into preprimitive streak cells.

a4, The method of claim 83, wherein at leagt about 50% of said pluripotent human
cells differentiate mto preprimitive streak celis. | |

95, The method of claim 83, wherein &t least about 60% of said pluripotent human
cells differentiate into preprimitive streak cels.

96. The method of claim 83, whérein at least about 70% of said pluripotent human
cells differentiate into preprimitive streak gelis. |

a7. The method of ciaix;}’faﬁ wherein at least about 80% of said pluripotent human
cells differentiate into preprimitive sfreak cells.

ag. The method of glaim 83, wherein at least about 90% of said pluripotent human

cells differentiate into preprimdtive streak cells.
9. The methet! of claim 83, wherein said at least ome growth factor is of the

Nodal/Activin subgroup/of the TGF[3 superfamily.

concentratidn of at least about 10 ng/ml.

(2. The method of claim &3, wherein said at least one growth factor 1s provided in &
concgntration of at least about 100 ng/ml.

103.  The method of claim 83, wherein said at least one growth factbr is provided in a

concentration of at least about 300 ng/mi.

i
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184 TFhe-method-of-claim-§3wherein-said-at-least-one-growth-factor-is-provided-n-g—
concentration of at least about 1000 ng/ml. ,:

105.  The method of claim 83, wherem said at least one growth factor is withdrawn /f

after about 6 hours.

106.  The method of claim 83, ‘wherein said at least one growth factor is withdrawn
after gbout 12 hours. . - /

107.  The method of claim 83, wherein said at least one growth factor is Jwithdrawn

4
after about 18 hours. /

108. The method of ciaim 83, whef"ein said cell population is difé:rentiated moa
rﬂedium comprising less than about 1% (v/v) serum.

109, The method of claim 83, wherein said cell population/is differentiated i a
medium comprising less than about 0.5% (v/v) serum.

110. The method of claim 83, wherein said cell populétion is differentiated in a
medium comprising less than about 0.2% (v/v) serum.

111,  The method of claim &3, wherem said cell fé)puiation is differentiated it a
medium comprising less than about 0.1% (v/v) seram.

112.  The method of claim 83, wherein said c{eil population is differentiatec in the
absence of seram or the absence of serum replacement | |

113. The method of claim 83, wherei

medium comprising about 0% (v/v) serum on

said cell population is differentiated in 2
out the first day-after adding said at least one
growth factor, about 0.2% (v/v) serwm or lesy’ on about the second day after adding said at least
one growth factor and about 2% (v/v) serym or less on about the third day after adding said at
least one growth facror.

_ 114.  The method of clamrd 83, whersin said cell pOpulatibﬁ is differentiated in low
serum RPME medium.

115.  The method of/laim 83, wherein said pluripotent human cells comprise human
embryonic stem cells (hESC

116.  The methdd of claim 115, wherein said human embryonic stem cells are derived
from a tissue selected Fom the group consisting of the morula, the inner cell mass ICM) of an
embryo and the gongdal ridges of an embrye.

117 preprimitive sreak celt produced by the method of clamm 83.

118. / A method of producing mesendoderm cells, said method comprising the sieps of
obtaining a,fell population comprising pluripotent human cells and differentiating said pluripetent
human ¢élls in 2 medium comprising less than about 2% serum and at least one growth factor of
the TGFP superfamily, wherein said growth facfor is present in the medium in an amount

sufficient to promote differentiation of at least a portion of said piuripotent celis o mesendoderm
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119, The method of claim 118 further comprising the step of aiiowf.ng sufficient tim}f"f
for mesendoderm cells to form, wherein said sufficient time for mesendoderm cells to form Has
been determined by detecting the presence of mesendoderm cells in said cell popuiation.

120.  The method of claim 119, wherein sufficient time is at teast about 24 h?z

121,  The method of claim 118, wherein detnctmg the presence of mesendoderm celis
in said cell population comprises detecting the expression of atf least one marker «;ﬂiéted from the
group consisting of brachyury, FGF4 and SNAIL and at least one markey/ from the group
consisting of OCT4, SOX17, CXCR4, FOXAZ, SOX7 and SOXI in cells of/5aid cell population,
wherein the expression of a marker selected from the group consisting of brachyury, FGF4 and
SNAI] is greater than the expression of a marker selected from the gfoup consisting of OCTA4,
SOX17, CXCR4, FOXA2, SOX7 and SOXI in said mesendoder;n caﬁs.

122.  The method of claim 121, wherein the expression of at least one of said markers
is determined by quantitative polvmerase chain reaction (Q-PCRI.

123, The method of claim 121, wherein the expression of at least one of said markers

is determined by fmmunoeytochemistry,
124, The method of claim 118, wherein af least about 5% of said pluripotent human
celis differentiate into mesendoderm cells.
125.  The method of claim 118, wherein at least about 10% of said pluripotent human
cells differentiate into mesendoderm celis.
126.  The method of claim 11
cells differentiate into mesendoderm celis.

127, The method of clat

{wherein at least about 20% of said pluripotent human

118, wherein at least about 30% of said pluripotent human
cells differentiate into mesendodefm celis. '

128,  The method of claim 118, wherein at least about 40% of said pluripotent human

cells differentiate mio mesefidoderm celis.

120, The method of claim 118, wherein at Jeast about 50% of said pluripotent human
cells differentiate intcymesendoderm cai]s

130, Thé method of claim 118, wherem at least about 60% of sad pluripotent human

cells differentiard into mesendoderm cells,

The method of claim 118, wherein at least about 70% of said pluripotent human:

cells differentiate into mesendoderm cells,
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Nodal/Activin subgroup of the TGF superfamily. /

}f .

135, The method of claim 134, wherein said at least one growth fastor of ?é
Nodal/Activin subgroup of the TGFB superfamily comprises activin A /
136.  The method of claim 118, wherein said at least one growth factor is prm{;éed ina
&

concentration of at least about 16 ng/ml. | : /

A

137.  The method of claim 118, wherein said at Jeast one growth factor i;lg/}{rovided ina
concentration of at least about 100 ng/ml.

13%.  The method of claim 118, wherein said af least one growth fa@é{ is provided in &
concentration of at least about 500 ng/ml.

139.  The method of claim 118, wherein said at least one growth factor is provided in a
concentration of at least about 1000 ng/ml.

740.  The method of claim 118, wherein said at Jeast f;’elgmwth factor is withdrawn
after about 24 hours. | /O
141, The method of claim 118, wherein said atg}élast one growth factor is withdrawn
affer about 36 hours.
142.  The method of claim 118, wherein szgiét least one growth factor is withdrawr:
after about 48 hours. |
143, The method of claim 118, whefein said cell population is differentiated 1o a
- medium comprising less than about 1% (v/v}) s€rum.

144.  The method of claim 118/ wherein said cell population is differentiated in

o

medium comprising less than about 0.5%/{v/v) serum.

145, The method of clairy 118, wherein said cell population is differentiated in

2

mediwm comprising less than abouyl.2% (v/v) serum.

146,  The method of/Claim 118, wherein said cell population is differentiated in

o

medium comprising less thanAbout 0.1% (v/v} serum.

147, The methdd of claim 118, wherein said cell population is differentiatec in the
absence of serum or thefabsence of serum replacement.

148.  The/method of claim 118, wherein said cell popﬁ}.ation is differentiated m a
medivm comprisifig about 0% (v/v) serum on about the first day after adding said at least one
growth factor,/about 0.2% (v/v) serum or less on about the second day after adding said at ieast
one growth/factor and about 2% {v/v) serum or less on about the third day after adding said at
least one/growth factor,

149, The method of claim 118, wherein said cell population is differentiated in low

sergm RPMI medium.




s e A B e The-rrathod-of-clatp-1H- 8- wherein-seid-plaripotent-human-eelis-comprise-human
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embryonic stem cells (hESCs). /

151,  The method of clatm 130, wherein said human embryonic stem cells are derived j’.
from a tissue selected from the group comsisting of the morula, the inner cell mass (ICM) of axf;ff

embryo and the gonadal ridges of an embryo. f/f
152. A mesendoderm cell produced by the method of claim 118. 4

153. A method of producing a cell population enriched in preprimitive streak celis,
said method comprising the steps of obtaining a population of pluripotent cells, whe%/;in at least
one cell of said pluripotent cell }iopulation comprises at least one copy of a nucl ei{e:’acid under the
control of the FGFS promoter, said nucleic acid comprising a sequence encoding green
fluorescent protein (GFP) or & biologicalty active fragment thereof; differentifting said pluripotent
cells so as 1o produce preprimitive streak celis, said pwprirﬁitive strealy’cells being multipotent
cells that can differentiate into mesendoderm cells, and separating ?,a'fd preprinmtive streak celis
from cells which do not express GFP. /

154.  The method of claim 153, wherein said enriched cell population comprises at
least about 93% preprimitive streak cells.

155, The method of claim 133, wherein said/enriched cell population comprises at
least about 98% preprimitive streak cells. /

156.  The method of claim 153, whem/i{ the differentiating step comprises providing
said phripotent cell population with at least ong/growth factor from the TGFB superfamily in an
amount sufficient to promote differentiation of said pluripotent cells to preprimitive streak celis.

157.  The method of ciaim 15
superfamily is activin A,

158.  The method of clai

at least about 50 ng/ml.

wherein said at least one growth factor of the TGFR

157, wherein said activin A is provided in a concentration of

159.  The method of claim 157, wherein said activin A is provided in 2 concentraiion of

at least about 100 ng/ml.

160.  The method of claim 157, wherein said activin A is provided in a concentration of

at least about 500 ng
161.  The method of claim 153, wherein said cell population is differentiated m a

medium comppsing less than about 1% (v/v) serum.,

The method of claim 153, wherein said cell population is differentiated in a

medivm Lomprising less than about 0.3% (v/v) serum.

163. The method of claim 153, wherein said cell population s differentiated m a

ium coraprising less than about 0.2% (v/v) serum.

b
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medim comprising less than about 0.1% (v/v) serum. /
165.  The method of claim 153, wherein said cell population is differentiated in the /
absence of serum or the absence of serum replacerent, ' 4
166. The method of claim 153, wherein said cell population is differentiated in /
medium comprising about 0% {v/v) serum on about the first dav after adding said at leasi/one
growth factor, about 0.2% (v/v} serum or less on about the second day after adding said At least

one growth facior and about 2% {v/v} serum or less on about the third day after add'h/g said at
least one growth factor. /

Y

167. The method of claim 153, wherein said cell population is diflie{entiaxed in low
serum RPMI mednam. /

168.  An enriched popuiation of preprimitive streak cells prodjc/ed by the method of
claim 153, )_/J

169, A method of producing a cell population enricheg//in mesendoderm cells, said
" method comprising the steps of obtaining a population of plur?cf‘tfem cells, wherein at least one

cell of said pluripotent cell population comprises at least 096’ copy of a nucleic acid under the

comtrol of a promoter selected from the group consistingfoﬂf the brachyury promoter, the FGF4

promoter and the SNAIl promoter, said nucleic acid /comprising & sequence encoding green

fluorescent protein {GFP) or a biologically active frajgént thereof; differentiating said pluripotent
cells 50 as to produce mesendoderm ceils, said m?;’éndodem celis being muttipotent cells that can.
differentiate into mesoderm celis or definitive éndoderm cells, and separating said mesendoderm
celis from celis which do not express GFP.

176.  The method of claim 169, wherein said enriched cell population comprises at
least about 95% mesendoderm celiz/

171. The method of cjdim 169, wherein said enriched cell popuiation comprises at
Jeast about 98% mesendoderm gelis.

172.  The method/of claim 169, wherein the differentiating step comprises providing
said pluripotent cell popdiation with at least one growth factor of the TGF superfamily in an
amount sufficient te prémote differentiation of said pluripotent cells to mesendoderm cells.

173. The method of claim 172, wherein said at least one growth factor of the TGFR
superfamily is aénvin A,

174./ The method of claim 173, wherein said activin A is provided in a concentration of
at least abdut 50 ng/ml.

175.  The method of claim 173, wherein said activin A is provided In: & concentration of

ast about 100 ng/ml.
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at least about 500 ng/mi. | ; |
' 177.  The method of claim 169, wherein said cell population is differentiated i a /’fl

7
medium comprising less than about 1% (v/v} serum. 4

/

178.  The method of claim 169, wherein said cell population is differentated ,iiija
médium comprising less than about 0.5% (v/v) serum. /

179, The ai:hod.of claim 169, wherein said cell population is differentja/md in a
medium comprising less than about 0.2% (v/v} serum. _ / "

180.  The method of ciaim 169, wherein said cell population is difiérentiated m a
medium comprising less than about 0.1% (v/v) serum. " _

181.  The method of claim 169, wherein said cell population igy/differentiated in the
absence of serum or the absence of serum replacement. __ |

182.  The method of claim 169, wherein said cell popultion is differentiated in a
medium comprising about 0% (v/v) serum on about the first day/after adding said at ieast one
growth factor, about 0.2% (v/v) serum or less on about the secgnd day after adding said at least
one growth factor and about 2% (v/v) serum or less on abouit the third day afier adding said at
least one growth factor. |

183.  The method of claim: 169, wherem cell faopulation is differentiated in low
serum RPMI medium. _ ‘

184,  An enriched population of megéndoderm celis ‘produced by the method of
claim 169. __ / i

185. A method of identifving 4 differentiation. factor capable of promoting the
differentiation of preprimitive streak o Is in 2 cell popuiation comprising human celis, said
method comprising the steps of obtaipfng a celi population comprising human preprimitive streak
cells, ?roviding a candidate differefitiation factor to said cell population, determining eﬁcpressioﬁ
of a marker in said cell popu‘zazi at a first time point, determining expression of the same marker
in said cell population at a segond time point, wherein said second time point is subsequent to said
first time point and whergm said second time point is subseguent to providing said population
with said cendidate différentiation factor, and defermining if expression of the marker it said cell

popuiation at said sgtond time point is increased or decreased as compared to the expression of

factor is capable of promoting the differentiation of said preprimitive streak cells,

The method of claim 183, wherein said human preprimitive streak cells comprise

n
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e 187 TFhe-method-of-claim-185-wherein-human-feeder-eells-gre-present-in-said-sel |

population and wherein at least about 10% of the buman cells other than said feeder cells are
preprimitive streak celis. | | -_ .

188.  The method of claim 185, wherein said human preprimitive streak cells co
at least about 50% of the human cells in said cell population. : s

189,  The meﬁ.}bd of clairn 185, wherein said human feeder celils are. present i said cell
population and wherein at least about 50% of the human cells other than said fqe/d/; cells are
preprimitive streak cells.

196.  The method of claim 185, wherein said human prepripiitive streak cels
differentiate mto cells selected from the group comsisting of mesendoﬁérm, mesoderm and
definttive endoderm in response to said candidate differentiation factor.

181, The method of claim 185, wherein said human/ preprimitive steak cells
differentiate into mesendoderm cells in response to said candidate differentiation factor.

192.  The method of claim 191, wherein said maﬂér is selected from the group
consisting of brachvury, FGF4 and SNAITL,

193.  The method of clam 185, wherein séid/ human preprimitive streak cells
differentiate into mesoderm cells il response to said canédate differentiation factor.

194, The method of claim 193, wherg
consisting of FOXF1, FLK1, BMP4, MOX] and

195 . The methiod of " claim 185

said marker is selecied from the group

wherein  said *ligman: ggsprimiﬁmrf sf:makcaﬂg S
differentiate injo definitive endoderm cells ifresponse to said candidate differentiation factor.
196, The method of clamm
consisting of CXCR4 and SOX17.
187.  The method of clai
candidate differentiation factor to/aid cell population.
198, The metuod of
same time as providing said/
196, The me

said candidate differepf

5, wherein sald marker -is selected from the group
183, wherein said first tme pomt is prior to providing said

claim 185, wherem said first time point is at approximately the
andidate differentiation factor to said cell population.

wod of claim 1 £5, wherein said first time point is subseguent 1o providing
fation factor to said celi population.

200.  Th¢ method of claim 185, wherein expression of said marker is increased.

201,

202,

ke method of claim 183, wherein expression of said marker 1s decrsased,

The method of claim 183, wherein expression of said marker 15 determned by
quantitati polymerase chain reaction {Q-PCR).

2(03.  The method of claim 183, wheremn expressien of said marker is determined by
immphocytochemistry.

204.  The method of claim 185, wherein said candidate differentiation factor comprises

/at least one growth factor of the TGFp superfamily.

1dd




e 25~ The-method-of-claim-204;-wherein-said-at-least-ope-growth-facter-of-the-TGk
. superfamily is activin A. '
206, _ The method of claim 185, wherein said candidate differentiation factor compl;i,sés

" 2 small molecue. : e

207.  The method of claim 185, wherein said candidate differentiation factor gﬂ’gnprises

s

a polypeptide. : /

- {f/jf
208,  The method of claim 185, wherein said candidate differentiation factor is not &
growth factor of the TGFB superfamily. _ ,f‘if

209.  The method of claim 183, wherein said candidate di%@gentiation factor is
provided to said cell population at a concentration of between about (.1 ng;h‘ﬁl to about 16 mg/ml.
210,  The method of claim 185, whersin said candidate ‘?iifferantiation factor 1s

provided to said cell popuiation at a concentration of between about Ln/g/‘ml 1o about 1 mg/ml
211, The method of claim 183, wherein said cang’i’}date differentiadon factor is
provided to said cell population at a concentration of between a?ﬁéué 10 ng/ml to about 100 pg/ml
212.  The method of claim 185, wherein sai.c},/ candidate differentiation facior is
provided to said cell population at a concentration of bs#\/vs/z;n about 180 ng/ml to about 10 wg/ml,
213, The method of claim 185, whereil},r said c&ndidate differentiation factor is

provided to said cell population at a concentration ofsbout 1 pg/ml

214, A method of identifving a differentiation factor capable of promoting the

stiation of m-ésendé&éﬂﬁ celts it & éeél"?'po]:‘}ulét‘ib&‘homprising-hn_man cells, said method

comprising the steps of obtaining a celi/population comprising human mesendoderm cells,

providing a candidate differentiation j? or 1o said cell population, determining expression of a
t

marker in said cell population at a firs{ time point, defermining expression of the same marker in
said cell population at & second time point, wherein saic second {ime point issubsequent 1o said

first time point and wherein sai

second time point is subseguent to providing said population
with said candidate differentiation-factor, and determining if expression of the marker in said cell

population at said second jime point is increased or decreased as compared 1o the expression of

the marker in said cell population at said first time point, wherein an increase or decrease in

exprasston of said mérker in said cell population indicates that said candidate differentiation

o

factor is capable o

215.

promoting the differentiation of said mesendoderm cells.
he method of claim 214, whereir said human mesendoderm celis comprise at
ieast about 1§#% of the hwman cells in said cell population,

The method of claim 214, wherein human feeder cells are present in said cell
populagfon and wherein at least about 10% of the human cells other than said feeder cells are

mesghdoderm cells,




e 3} o The-mretiod- of-olaim-2 14 wherein-said-human-mesendoderm-cells-comprise-it

least about 50% of the human cells in said celi population. 7

218.  The method of claim 214, wherein said human feeder cells are present in said o
population and wherein at least about 50% of the human cells-other than said feeder cﬁi}l{s”are
mesendoderm cells. ‘ ‘ /’/

219.  The method of claim 214, wherein said human mesendoderm cells c;}f{ferenuate
into cells selected from the group consisting of mesoderm and definitive en,dodermfi;{ response to
said candidate differentiation factor. J

220, The method of claim 214, wheren said human mesendodemn/ cells differeniate
into mesoderm cells in response to sald candidate differentiation factor.  /

221.  The method of claim 220, wherein said marker is s'/ lected from the group
consisting of FOXF1, FLK1, BMP4, MOX1 and SDFL,

322, The nﬁsth{}d of claim 214, wherein said human nfesendoderm cells differentiate
into definitive endoderm cells in response 1o said candidate diffgrentiation factor,

273, The method of claim 222, wherein said Anarker is selected from the gfoup
consisting of CXCR4 and SOX17, / '

224,  The method of claim 214, wherein said first time point is prior to providing said
candidate differentiarion factor to said cell populati -

225 The method of claim 214, whepkin said first time point is at approximately the
same time as providing said candidate differepfiation factor to said celi population.

726.  The method of claim 214, herein said first time point is subsequent to providing
said candidate differentiation factor to gdid cell popuiation.

927, The method of clainy2 14, wherein expression of said marker is increased.

228.  The method of cjdm 214, wherein expression of said marker is decreased.

226, The method of claim 214, wherein expression of said marker is determined by
Quanmatwe: polymerase chain reaction (Q-PCRI.

230.  The method of claim 214, wherem eXpression of said marker is determined by
Immunocyiochemi

731, Tié method of claim 214, wherein said candidate differentiation factor comprises
2t least one groyith factor of the TGFB superfamily.

232 The method of claim 231, wherein said at least one growth factor of the TGFp
superfamily is activin A, _

233.  The method of claim 214, wherein said candidate differentiation factor comprises
a splall molecale, _

234, The method of claim 214, wherein said candidate differentiation factor comprises

a polypeptids.
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growth factor of the TGFp superfamily. /

236.  The method of claim 214, wherein said candidate differentiation factor iy’

provided to said cell population ata concentra‘cmn of between about (.1 ng/ml 1o-about 10 mg/mf/
237.  ‘The mefhod of claim 214, wherem said candidate differentiation zag1er is
provided to said cell population at 2 concentration of between about 1 ng/m! to about 1 mg/ ml

238.  The method of cld,lm 214, wherein said candidate dszﬂrenuan?ﬁ factor is
provided to said celi population at a concentration of between about 10 ng/mi to a,baﬁt 106 pg/ml

239 The method of claim 214, wherein said candidate differep’ﬂaﬁon factor 8
provided to said cell population at a concentration of between about 100 ngr’r{}']’ {o about 10 pg/ml

240, The method of claim 214, wherein said candidate differentiation factor is
provided to saic cell population at a concentration of about 1 ug/ml.

241. A method of increasing the expression of the F@Eé gene product in a human
embryonic stem cell (hESC) in vitre, said method comprising o fz/ajning said hESC in a medium
comprising less than about 2% (v/v) serumn and contacting sai /ﬁiSC with a differentiation factor
in an amount sufficient to increase expression of the FGF8 uZe product.

242,  The method of claim 241, wherein sazd/differenuatmn factor comprises at least
one growtl factor of the TGFP superfamily.

243, - The method of claim 242, wherein $aid differentiation factor comprises activin A.

244, The method of claim 241, whérein said medium lacks serum or lacks serum
replacement. |

245: A method of increasing th€ expression of & gene product selected from the group

consisting of brachyury, FGF4 and SNAIl in an-human embrvonic stem cell (hESC) or a

preprimitive streak cell in vitro, sajd method comprising obtainimg said hESC or preprimitive
streak cell in & medium comprisip@ less than about 2% (v/v) serum and contacting said hESC or
said preprimitive streak cell With a differentiation factor in an amount sufficient o increase
expression of a gene product selected from the group consisting of brachyury, FGF4 and SNAIL

246.  The metiod of claim 245, wherein said differentiation factor comprises at least
one growth factor of te TGFP superfamily.

247, Thé method of claim 246, wherein said differentiation factor comprises activin A.

248, he method of claim 245, wherein said medium lacks serum or lacks serum
replacement.
| A cell culture comprising human embrycnic stem cells (hESCs) and 2 medinm

compriging less than about 2% (v/v) serum, wherein said hESCs begin differentiating at a

P
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- reference time point.
250. The cell cultare of claim 249, wherein expression of FGFS mRNA i5

downregulated after about 24 hours from said reference tirne point. f! _

751 The cell culture of claim 250, wherein peak expression of FGF8 mRNA is
reached at 2 time between about 6 hours and about 24 hours from said reference time pc}igt

252, The cell culture of claim 249, wherein B-catenin polypeptide begiﬁs to become
localized to the cell nucieus by about 17 hours from said reference time point. /

753 The cell culture of claim 249, wherein expression of }f)}p&h}fﬁf},f mRNA is

substantially upregulated by about 24 hours from said reference ime point,/

254 The cell culture of ciaim 233, wherein expression/of brachyury mRNA is
substantially downregulated by about 48 hours from said reference tighe point,

755 The cell culture of claim 2534, wherein peak expfession of brachyury mRNA is

reached at a time between about 12 hours and about 48 hours /fjpé/m said reference time point.

956, The cell culture of claim 253, wherein brfachyury mRNA in not substantially
expressed by about 72 hours from said reference time po'f\/?/
| 257.  The cell culture of claim 249, whs}‘e};{ expression of FGP4 mRNA is substantially
upreguizted by about 24 hours from said reference fime point. '

758, The cell culture of claim 257, wierein expression of FGF4 mRNA is substantially
downregulatéd by about 48 hoﬁrs from said teference time pomt. .

259,  The cell culture of c‘sain/ 258, wherein peak expression of FGF4 mRNA Is
reached at 2 time between about 12 ho and  about 48 hours from said reference time point.

260,  Thne cell culturs claim 259, wherein FGF4 mRNA is not substantiallv
expressed by about 72 hours frony/said reference time point. .

261 The cell culturé of claim 249, wherein expression of brachyury and FGF4 mRNA
is substantially upreguiated/by about 24 hours from said reference time point.

262, The cel culture of claim 261, wherein expression of bfaahyury and FGF4 mRNA

s substantially downybgulated by about 48 hours from said reference time point.

263,  Tie cell culture of claim 262, wherein peak expression of brachyury and FGF4
mRNA is reachéd at a time betwsen about 12 hours and about 48 hours from said reference time
point.

né4  The cell culture of claim 263, wherein brachyury and FGF4 mRNA in not
substaniiially éxpressed. by about 72 hours from said reference time point.

765, The cell culture of claim 249, wherein expression of SNAIl mRNA is

bsintially upregulated by about 24 hours from said reference time point.

266, The cel! culture of claim 265, wherein expression of SNAIl mRNA is

downregulated by about 48 hours from said reference time point.
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267-——The-eell-culture-of-claim-266—wherein-peak—expression-0-SNA-mRNA-is————
reached at a time between about 12 hours and about 48 hours from said reference tims point. /

268,  The cell culture of claim 249, wherein expression of E-cadherin mRNA begins tcz/
be downregulared by abouti 12 hours from said reference time point. /

269. The cell culture of claim 249, wherein 'expression of E-cadherin mRJ)Jﬂ( is
substamiaﬂy downregulated by about 48 hours from said reference time point. /

270, The cell cﬁiture of claim 249, wherein expression‘ of SOXI?{; BNA is

substantially upregulated by about 48 hours from said reference fime point. f/ '

271, Tne cell cultwre of claim 249, wherein expression of Fg)fAZ mBENA is
substantiaily upregulated by about 96 hours from said reference time pomt. / W

272, The celi culture of clatm 249, wherein said medium comprises less than about 1%
{v/v) serum.

273.  The cell culture of claim 249, wherein said medium comprises less than about

0.2% (v/v) serum.

274, The cell culnure of clatm 249, wherein said miedium comprises about 0% (v/v)
Sernm.

275, The call culture of claim 24%, wheremn gdid medium lacks serum or lacks serum
replacement. |

276.  The cell culture of claim 249, fu

TGF8 superfamily.”

er comprising a differentiation factor of the

277, The cell culture of claim Y76, wherein said differentiation factor comprises

aciivin A.
278 The cell cultare of claj
“of about 100 ng/ml.

277, wherein said activin A is present at a concentration

279. A cell culture coyiprising human embrvonic stem celis (hESCs), & differentiation
factor of the TGF[ superfamil
280.  The cell culture of claim 279, wherein in celis of said cell culture, expression of 2

marker gene selected from the group consisting of FGFE, Nodal, HEG, HEY1, GATAZ2, BIK and

and a medivm comprising less than about 2% {(v/v) serum.

IDT 1§ upreguiated ppfor to upregﬁiaﬁon of expression of a marker gene selected from the group
consisting of trachiury, FGF4, SNALL Wat3, MIXL1, DKK4, NETOL, T, DACT1, FLI22662,
SLIT2. GADI afid GRM4.

281,
marker gefie selected from the group consisting of FGF8, Nodal, HEG, HEY1, GATA2, BIX and

The cell culture of claim 280, wherein in cells of said cell culture, expression of a.

ID1 is fipreguiated pricr to peak expression of a marker gene selected from the group consisting
achyury, FGPF4, SNAIL, Wnt3, MIXLI, DKX4, NETO!L, T, DACT], FLJ22662, SLITZ,
AD1 and GRM4.
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e B85 The-celi-ctritare-of elaim 281 wherein-in-eelis-of said-celi-culture- expression-ofe—r
marker gene selected from the group comsisting of HEY!, GATAZ, BIK and IDI /

- downregulated prior to or at about the same time as peak expression of a marker gene selected
from the group consisting of brachyury, FGF4, SNAIL, Wntd, MIXL], DKK4, NET
DACT!, FLI22662, SLIT2, GAD1 and GRM4. |

283.  The cell culture of ciaim 276, wherein in celis of said cell culture, expression ofa
marker gene selected from the group consisting of FGF8, Nodal, HEG, HEY1, GAAA2, BIK and
D1 is upregulated prior to upregulation of expression of a marker gene select
consisting of SOX17, FOXA?2, CXCR4 and MIXL1.

from the group

284, The cell culture of claim 283, wherein in cells of said cell gulture, expression of a
marker gene selected from the group consisting of brachyury, FG?A;NAIL WntB? MEXLA,
DKX4, NETOL, T, DACTI, FLI22662, SLIT2, GADI and GRM4 fs upregulated prior to or at
about the same time as upregulation of expression of a marker/gene selected from the group

consisting of SOX17, FOXA2, CXCR4 and MIXLL.

785 The cell culture of claim 284, wherein An cells of said cell culture, peak
expression of a marker gene selected from the group nsisting of brachyury, FGF4, SNAIL,
Wnt3, MIXL1, DKK4, NETOL, T, DACT!, FLIZ2682, SLIT2. GADI and GRM4 is reached
prior to or at about the same time as upreguiation gf expression of 2 marker gene selected from
the group consisting of SOX17, FOXA2, CXCR4/and MIXL1.

285, The cell culture of claim 283,

hersin in cells of said cell culture, expression of a
marker gene selected from the group consigting of FGF8, Nodal, HEG, HEY 1, GATA2, BIK and
ID1 is upregulated prior to upregulation/of expression of a marker'gene selected from the group
consisting of brachvury, FGF4, SNAYL, Wnt3, MIXL1, DKKA4, NETO!L, T, DACTL, FLI22662,

SLIT2, GADI and GRMA4,

287.  The cel culture Of claim 279, wherein said mediom comprises less than about 1%
(viv) serum.

288,  The cell
{1.2% (v/v) serum.

289, The

Wure of claim 279, whersin said medium comprises less than about

el culture of claim 279, wherein said medium comprises about 0% (v/v)
SETuI,

294,

replacemen

he cell culture of claim 279, wherein said medimm lacks serum or lacks serum

The celi culture of clatm 279, wherein said differentiation factor of the TGFp
i}y comprises activin A.

293, The cell culture of claim 291, wherein said activin A is present in the medium at 2




2050

marker gene selected from the group consisting of FGF8, Nodal, HEG, BEY I, GATAZ,

203 A-method-ef-differentiaing-—cellsin-a-celi-culture,-said-method-comprising (a
contacting a cell culture comprising human embryonic stem cells (hESCs) with a medium
compﬁsing less that about 2% serum, (b) providing said hESCs with 2 differentiation factor of the
TGFp superfamily, and {¢) permitting differentiation of said hESCs to ocenr.

294, The method of claim 283, Whersin in cells of said cell cukiure, expression/of a
ID1 is upreguiated prior to upregulation of expression of a marker gene selected from the group
consisting of brachyury, FGF4, SNAIIL, Wni3, MIXL1, DKK4, NETOL, T, DACYK1, FLJ22662,
SLIT2, GAD! and GRM4..

295, The method of claim 29:41 wherein in cells of said cel! culgfire, expression of &
1, GATAZ, BIK and
1D is upregulated prior to peak expression of 2 marker gene selected from the group consisting
of brachyurv, FGF4, SNAIL, Wnt3, MIXL1, DKK4, NETOI, T,/DACT1, FLJ22662, SLIT2,
GADI and GRM4. '

296.  The method of claim 295, wherein in cells

marker gene selected from the group consisting of FGF§, Nodal, HEG,

said cell cuniture, expression of a
Y1, GATA2, BIK and ID1 15
downregulated prior to or at about the same time as pgak expression of a marker gene selected

NAIL Waf3, MIXL1, DEX4, NETOL T,

marker gene selected from the group consisting of

from the group consisting of brachyury, FGF4,
DACTL, FLI22662, SLITZ, GAD! and GRM4,

297, The method of claim 293, whtrein in cells of said cell culture, expression of 2

marker gene selected from the group consisting of FGF8, Nodal, HEG, HEY 1, GATA2, BiK and

- ID1 is upregulated prior to upregulation/of expression of a marker gene seleciad from the grou
CE P Preg g group

consisting of SOX 17, FOXAZ, CXCR4 and MIXL1.

268.  The method of clg .
marker gene selected from the/group consisting of brachyury, FGF4, SNAIL, Wnt3, ML,
DKR4, NETOIL, T, DACTL, J226625 SLIT2, GAD! and GRM4 1s upregulated prior to or at

m 297, wherein 1 celis of said cell culture, expression of a

about the same time as dpregulation of expression of 2 marker gene selecied from the group
consisting of SOX17, FOXA2, CXCR4 and MIXLI.

296, The¢'method of claim 298, wherein in cells of said cell culture, peak expression of
2 marker gene sélected from the group consisting of brachyury, FGF4, SNAII, Wni3, MIXL1,
DKE4, NET@AL, T, BACTL FLI22662, SLIT2, GAD] and GRM4-is reached prior o or at about
the same Wme as upregulation of expression of 2 marker gene selected from the group consisting
of SOX/ 7, FOXAZ, CXCRA and MIXL1I.
/ 300. The method of claim 297, wherein in cells of said cell culture, expression of a
warker gene selected from the group consisting of FGFE, Nodat, HEG, HEYL, GATA2, BIK and

ID1 is upregulated prior to upreguiation of expression of a marker gene selected from the group

132

el




PRSPV ol U, SYRURNOPO g SO 0 A W S . ) V=0 S W 208 (G SO WNETOLT DACT R I2I266
COLSHERE- O Thdorry ras Rl Vs e ara e ==y LEw 2 i e oy =

TRy i PR e e e iy e g T A R Aoy APy

SLIT2, GAD1 and GRM4.

301,  The method of claim 293, wherein said medium comprises less than about/A%

{(v/v) serum.

302.  The method of claim 293, wherein said medium comprises less than apout 0.2%

{v/v) serum.

303.  The msthod of claim 293, wherein said medium comprises about (% (v/v} serum.

304 The method of claim 293, wherein said medium lacks serug) or lacks serum

replacement.
305. The method of claim 293, wherein said differentiatigf factor of the TGFp
superfamily comprises actvin A,

306, The method of claim 305, wherein said activin A # present in the medium at 2

concentration of about 100 ng/ml.
307. A cell culture comprising human embryonic/éters cells (hHESCs) and a medium
comprising less than about 2% (v/v) serum, wherein sgid hESCs begin differentiating at 2

selected from the group consisting of

reference time point such that expression of an mRNA
EZD16, FGF35 and OCT4 is substantially upregulatgt!
corresponding mRNA selected from the group cgnsisting of FZD10, FGFS and OCT4 ip said

as compared to baseline expression of & -
HESCs by about 2 hours from said reference timé pomt.
308, The cell culture of claim 307/ wherein said medium comprises less than about 1%
(v/v) serum. '
309,  The cell culture of clafin 307, wherein said medium comprises less than abowt
0.2% (v/v) serum. _
310,  The cell culure .ra' claim 307, wherein said medium comprises about 0% (v/v)

SeTUHL

311, The cell culfure of claim 307, wherein said medium lacks serum or lacks serum

replacement.

312, The <l culture of ciaim 307 further comprising & differentiation factor of the
TGES -superfamiis /

313, Ahe cell culture of claim 312, wherein said differentiation factor comprises

activin A.

The cel] culture of claim 313, wherein said activin A is present at a conceniration

315, A celi culure comprising human embryonic stem cells (hESCs) and a medium




— GBS FPPAZ-and-SOXE-is-substantally-downregulated-as-compared-te-baseline-expression-ot-a—-
corresponding mRNA selected from the group consisting of GBX2, ZFP42 and SOX2 m said

hESCs by about 2 hours from said reference time point.

316.  The cell culture of claim 313, wherein said medium comprises less than abo

{v/V) serum.
317, The cell culture of claim 315, wherein said medium comprises less than about
2% {v/v) serum. 7

318,  The cell cuiture of claim 315, wherein said medium comprisey’about 0% (v/iv)

serun.
| 319.  The cell culture of claim 315, wheremn said medium lacks/serum or lacks serum
replacement,
320.  The cell culture of claim 315 further comprising 3 differeﬁtiation factor of the
TGFD superfamily.
' 321.  The cell culture of claim 320, wherein said differentiation factor comprises
activin A.

322.  The cell culture of claim 321, wherein spdd activin A is present at a concentration

of about 100 ng/ml.

323, Acell cﬁiture comprising human efbryonic stem cells (hESCs), a differentiation
factor of the TGER superfamily and & mediyh comprising less thar about 2% (v/v) serum,
wherein 1 cells of said cell culture, exprgssion of 2 marker 'gene selected from the group
consisting of FZD1¢, FGFS, Nanog and OCT4 is upreguiated or expression of a marker gene
GBX2, ZFP42 and SOX2 is downregulated prior o
upregulation of expression of a magier gene selected from the group consisting of FGF8, Nodal,

HEG, HEY'1, GATAZ, BIK and

selected from the group consisting

s (W/V) serum.

327.  The cell culture of claim 323, wherein said medium comprises about 0% (v/v)

SErIIL.
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328 —The-cell-culiure-of claim-323 ~whersin-said-medium-iacks serum-or-lacks—serum—
replacerment.

329.  The cell culture of claim 323 further comprising a differentiation factor of the
TGFp superfamiiy.

'330.  The cell cuiture of claim 329, wherein. said differentiation factor copdprises
activin A,
331, The cell culture of claim 330, wherein said activin A is present at a goncentration

of about 100 ng/ml.
332, A method of differentiating cells in a celi culture, said method comprising (a)
contacting a cell culture comprising human embryonic stem cells (hESCs) with 2 medium
comprising less that about 2% serum, (b) providing said hESCs with a differentiation factor of the

| TGFD superfamily, and (¢) permitting differentiation of said hESCs # occur, wherein in cells of

said cell culture, expression of a marker gene selected from group comsisting of FZDIQ,

FGF3S, Nanog and OCT4 is upregulated or expression of a er gene seiecied from the group
consisting of GBX2, ZFP42 and SOX2 is downregulated ?é to upregulation of expression of 2
marker gene selected from the group consisting of FGF8/Nodal, HEG, HEY1, GATAZ, BIK and

D1

333, The method of claim 332, wherein &xpression of al matker gene selected from the
group consisting of FZD10, FGFS, Naneg and OCT4 s upregulated or expression of a marker
X2, ZFP42 and SOX2 is downreguiated prior {0
upreguiation of expression of a marker géne selected from the group consisting of brachyury,
FGF4, SNAILL, Wnt3, MIXLI1, D , NETOL, T, DACTI, FLi22662, SLIT2, GAD! and
GRM4.

gene selected Trom the group consisting of

334.  The method of ¢laim 332, whersin said medium comprises less than about 1%

{v/v) serum.
335, The method of clamm 332, wherein said medium comprises less than about £.2%
(v/v) serum.

336, The

N

sthod of claim 332, wherein said medinm comprises about 0% {v/v) seram.

7

(W3}

3 Tie method of claim 332, wherein said medium lacks serum or lacks serum

replacement.

The method of claim 332 further comprising 2 differentiation factor of the TGFS

The method of claim 338, wherein said differentiation factor comprises activin A.

The method of claim 339, wherein said activin A 15 present at a concentration of

L
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WHAT IS CLAIMED IS:

1. A method of producing mesendoderm cells, the method comprising the steps of:

obtaining a cell population comprising human pluripotent stem cells;

providing the human pluripotent stem cells with at least one TGFp superfamily growth factor in
an amount sufficient to promote differentiation of the human pluripotent stem cells to
mesendoderm cells, said mesendoderm cells being multipotent cells that can differentiate into
mesoderm or definitive endoderm

cells; and

allowing sufficient time for the mesendoderm cells to form, wherein the sufficient time for the
mesendoderm cells to form has been determined by detecting the presence of mesendoderm cells

in the cell population.

2. The method of claim 1, wherein, the TGFp superfamily growth factor is selected from the

group consisting of Nodal, activin A and activin B.

3. The method of claim 2, wherein the TGFp superfamily growth factor is activin A.

4. The method of claim 3, wherein at least 10 ng/ml activin A is provided.

5. The method of claim 3, wherein at least 100 ng/ml activin A is provided.

6. The method of claim 1, wherein the human pluripotent stem cells comprise human embryonic

stem cells,

7. The method of claim 1, wherein the human embryonic stem cells are derived from a tissue
selected from the group consisting of the morula, the ICM of an embryo and the gonadal ridges

of an embryo.

8. The method of claim | further comprising the step of providing serum to the human

pluripotent stem cells.

=R -



9. The method of claim 1 further comprising a medium that comprises less than about 2% (v/v})

serum.

10. The method of claim 1, wherein the expression of the marker selected from the group
consisting of brachyury, FGF4 and/or SNAIl is greater than the expression of the marker
selected from the group consisting of OCT4, SOX17, CXCR4, FOXA2, SOX7 and/or SOXI in

the population of mesendoderm cells,

11. The method of claim 1, wherein at least about 15% of the pluripotent human stem cells

differentiate into mesendoderm cells.

12. The method of claim 1, wherein at least about 50% of the pluripotent human stem cells

differentiate into mesendoderm cells.

13. The method of claim 1, wherein at least about 90% of the pluripotent human stem cells

differentiate into mesendoderm cells.

14. The method of claim 1, wherein the said pluripotent human stem cells are further provided
with one or more growth factors selected from the group consisting of FGF10, FGF4, FGF2 or
Wnt3B.

15. An in vitro method of producing human mesendoderm cells, the method comprising:

obtaining a cell population comprising human pluripotent stem cells; and differentiating said cell
population in a medium comprising less than about 2% serum and at least one growth factor of
the TGFP superfamily, wherein the growth factor is present in the medium in an amount
sufficient to promote differentiation of at least a portion of said pluripotent cells to

mesendoderm.

16. The method of claim 15, further comprising allowing sufficient time for the population of

mesendoderm cells to form.
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