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mesodermal subpopulations. Recent studies have provided evidence which suggests

that mesoderm is induced in successive waves which represent subpopulations with
distinct developmental potential. The mesodeym that is formed first migrates to the
extraembryonic region and gives rise to hematopoietic and endothelial cells, whereas
30 the next population migrates anteriorly in the developing embryo and contributes to
the heart and cranial mesenchyme. These lineage relationships were defined initially

through histological analysis and have been largely confirmed by cell tracing studies.



devel opnent al biology, to date, there are no avail able
nmet hods of isolating nesoderm and endoderm prior to
commtrment to these |ineages. The present invention
provides a nethod for isolating nmesodermand 5
d¥P PWIT09238 endoder m cel | popul ati ons. These cefGT/US2006/024462
popul ations are useful to identify agents that affect
cell growth and differentiation, to identify genes
involved in tissue devel opnent, and to generate
differentiated cells and tissues for cell replacenent
t her Wpiletis s¢gegBtivMideveppriddia] fadyENTlCNCcepled ipthe dieht of
|nve (o] r |

or b BEaLRES, 8 BAEHE R iR HBhodl (S 3 HEE URfbgorm
ar e ahgfehdvdernh pncmtm ctasrnmabﬂt;*.o thbdeainlegxqor ess brachyury
fj Ib; fag P )e ntaP g t Y\gll}] prés lt m\}elqgorfgpgcﬁﬁ gl(é(ex)l}?%od for 1s01at1n§ g]lesode%'m and
genedefibiting endaéanﬂeelhp@uthunms ddime m:lﬁpnpiulaabnsm%usefmt toideidy

15 cardi ac el et.al snoat h

onacerth i s BeRiding i ferRengty oty SRR e
capalvélomhenganetogkhdige éifféfbdﬁd’téﬂ aidardndadefofcePrepMedniene s
including liver cells and pancreatic cells. Mesoderm

cel I'8"8P% defined herein as cells that are brach' and
which, in the presence of differentiation inducing

condi tions re capable of generating cardiac and .
%el%&—m OFhpot h nuscl e, 20 endot hel i um

and henmat opoi Eei pies@xﬁhﬂn&nncﬂﬂﬂoﬁdeﬁ cﬂ?opﬁl&ﬁlﬂi@ ket exk enrlched for

gener at i end dern1and erivati

pr o SBFSERIOHRFRR BSHRERR $rUf- ’Sli% g ¢ells pre %'Eﬂ atﬂeahass cells

t hatth@lefpress BfacAB A bi0h") @RCMEICH, i € bleSoncd Tl Mt -InSucing
are def.ined herein as cells that do. not . express
br aci9yitgns( 37 cAppble efrgensiatingmespgrrp gad %?S@éﬁ‘éﬁlé@n&%ﬁves including

o f fafaRth@ieRn mﬁgwec lvmm&%nﬁemdhdsel@ rbadot@dlﬁm%%%@mp&em
generatl g cel iver cells an ancreati c

n un
cel |cglls, a rnc\g?ésomee%aaﬁle ‘Pfr&?‘@’ﬁ%tinér?n%@@ ﬁdﬁi}‘f@é@l fEPRBES of
' S olj ﬁ&ﬂuﬁ% 15el (I:ells W&Eé&%@llse 'Més&nz?rﬁ‘ cdIRrd RERAFIQLIGH E@ cells

ermcells, cel I popul ations  enriched

endd@% probeash| and WWFhaWdhfh@PSCWtﬁﬁ differsntiation éndypiag é«mdmons are
i nvey db%f@é&yahﬁgéar&ﬁé ind&ﬁabkhl%ﬁsa@ Svasc%f&r & Afuscle,

enric f or epatocytes and net O s of naklng such
Pop wmdnthe(hn@ and herpgienotetie cellstandiareenet capaltieof geperainigomdoderm and

pro%hggﬁggQgghggg of hepatocyte replacenent therapy. 2
WO 20077002385 PCT/ US20061024462 | n anot her.

enbodi ment, tThe ppesen énventiomfarthet pravigeseell pemlaenhibairof

i de %H‘lé}%a Y e%ﬁéﬁnscehp aﬁnd@ﬁ{r&%%ll% %egdegiél?c* heréih 8 deRE that do not

differentiation or surviva
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25  conditions, are capable of generating lung cells, liver cells and pancreatic cells.

The present invention also provides methods of isolating cell
populations enriched for mesendoderm and mesoderm cells, and cell populations
enriched for endoderm cells.

In another embodiment the present invention provides cell populations

30 that are enriched for hepatocytes, and methods of making such populations.
In another embodiment, the invention provides a method of hepatocyte

replacement therapy.



popul ati ons of the invention. A nethod of identifying
genes involved in cell differentiation and devel opnent
of specific lineages and tissues is also provided. 5
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25 Figs. 3A-C depict the developmental potential of wild type and GFP-

Bry ES cells. Fig. 3A is a histogram showing developmental potential of day 6 EBs.
(Mac/Ery: colonies of macrophages and definitive erythroid cells; Mac: pure
macrophage colonies; Ery®: colonies of definitive erythroid cells; Mix: multilineage
colonies; Ery®; primitive erythroid colonies. Fig. 3B is a histogram depicting blast

30 colony-forming cell (BL-CFC) potential of EBs. Fig. 3C shows gene expression
patterns during EB development for wild-type and GFP-Bry cells. Numbers at the top
of the lanes represent day of EB differentiation.



EBs. 1 and 2 represent the gates used to isolate the
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30 Figs. 8A and 8B demonstrate the effects of BMP-4 and fetal calf serum
(FCS) on the development of brachyury and Fik-1* in/on day 3.0 EB derived cells
under the conditions indicated at the top of each histogram. Fig. 8B depicts



Fig. 9 is a schematic nodel of nesoderm formation and
specification in EBs.Fig. 10 shows the expression of
genes in EBs in the presence and absence of 5 serum
Fig. 11 is a graph depicting brachyury expression in
VEBgoogenassat ed under different conditions. Fi PCTARB20065/024462
schemati ¢ di agram showi ng neuronal differentiation is
the presence and absence of serum Fig. 14 shows the
expression of genes in EBs initiated for two days in

10 serum and then switched to serumfree conditions.
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Fig. 20 provides the RT-PCR expression analysis of the indicated
genes in the four GFP* EB-derived cells populations. Numbers indicate day of EB
differentiation.

30 Fig. 21 shows HNF3 B expression in GFP* populations isolated from
day 3.0 and 4.0 EBs. Pre represents cells prior to sorting, -/- are cells that express no
GFP or Flk-1 and +/- represents the GFP* Flk-1population.



differentiated in the presence of 100 ng/m of activin.
B) Kinetics of GFP induction in cultures containing
100 ng/mM of activin. Open circles are EB
differentiated in the 5 presence of activin, closed
o 2res0882 EBs differentiated in absence of afdH/V$2006/024462
C) RT-PCR expression analysis of indicated genes in

day 6 EBs grown in the presence (+ activin) or absence
(-activin) of activin. Nunbers indicate day of EB
differentiation. Figs. 23A and B show the effects of
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Day 15 represents cell populations cultured for 15 days in hepatocyte conditions.
Fig. 28 depicts expression analysis of cell populations derived from
30  EBsinduced with different concentrations of activin. Numbers at the top of the figure
indicate activin concentration. Numbers at the bottom of the figure represent an

estimate of the proportion of EBs with skeletal muscle outgrowths.



activin-induced popul ati ons. Nunbers at the top of the
figure indicate activin concentration. Figs. 30A and
30B depict the nmethod used to target human CD4 5 (hCD4)
into the HNF3, 3l ocus. Fig. 30A depicts the schene of
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30B shows the southern blot of ES cell clones

el ectroporated with the targeting vector. Figs. 31A-C
depi ct the expression of G-P, hCD4, Brachyury, and
HNF3(3 in devel oping EBs induced with serum Fig. 31A

shows dot pl pfs %Qéepﬁfs ex ss%ﬁ%ﬁﬁﬁslgb@%cwﬁg ﬁa?c%bmsolated from

determned b ow cytohetric analﬁ\/@ B shows
t heactipimanpduce b@@nsc Bluinherepidher top ofvim figuse mld@m a@wm and

hCD4, sion of the plots in part A The M is
di sp ggéle t%}s a percent of maxi mum detected during the

time cour seFiger304zoh 30mddpist the Riethod 8%Q teltapget hwmarh@D4

Xp o) f ury. a EINE in th
EANLEDR BB HRE 35T i 36 PR et (g i ad Mgy
Fi gssed B2 Argstide0Dat Fige30B dups the souterd BlombeSeblecibnda:P

res opuyl at i on as wel |l as tissue dissected

frCD?i?“‘?'ﬂ ??Pﬁ%ﬁ?&rgﬁl{’%ﬁ% ®f nouse enmbryos. EBs were
di fferenti at Bigs.i3nAs@depiot the kxpdession GRYEP, &Eﬂ)éisBlfat}gdrybyndt he
expression of GFP__an

hCD4., Fig. 32A dot s
of EPRBOEYRONRETBIR féﬂswbﬁﬁ%%a& éléﬁﬁo V@éﬂﬂ%@ﬁ%’
l@or\!?drdﬁghéDﬂ ei &858 e&&mn@% !ﬂ&w c§ometrib ShysisOFiE 31B shows the

hCD4' ' GFP+ %Fgul ations were sorted to
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33A shows cardiac potential of the sorted populations after plating on matrigel
30  another 24-48 hours. The percentage of EBs containing beating cells was calculated.

Fig. 33B shows hematopoietic potential of the sorted populations determined by



an additional 5 days in serumfree nedia. Figs. 34A-C
depict ES cells differentiated in serumfree conditions
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DETAILED DESCRIPTION OF THE INVENTION
During embryogenesis, the formation of mesoderm is a critical step in
30 the establishment of a body plan and in the development of multiple organ systems
such as blood, endothelium, heart and skeletal muscle. The molecular mechanisms

that control mesoderm formation, however, are poorly defined. A model system



i nduction and specification of mesoderm but these
differentiation events take place in 5 conpl ex col oni es
known as enbryoi d bodies (EBs) generated from ES cells.
It would be advantageous to isolate nesoderm cel
wopwabazgss from EBs as they are forned, in pOmwEs20lsm24462
better understand nesoderm formation and tissue
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suggesting that its role in mesoderm development is preserved throughout phylogeny.
Papaioannou et al. (1998).
In accordance with the present invention, a selectable marker gene has
30  been recombinantly targeted to the brachyury locus. It has been discovered that,
following the initiation of ES cell differentiation, the selectable marker is expressed in

a pattern that reflects brachyury expression. The selectable marker has allowed the



The sel ectable marker exenplified in accordance with

the present 5 invention is the enhanced green
fluorescence protein (EGFP or GFP). Ot her selectable
markers that will facilitate cell sorting are known to
Wios®708238y di nary skill in the art and may b

the present invention. The cDNA encodi ng GFP |ePs 066%24462
inthe art (and is commercially available, for exarrpl e

as plasmd peGFP.CI from dontech, Palo Alto, CA), and
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GFP, resulting in the disruption of the targeted brachyury allele. The resulting cells
are designated GFP-Bry ES cells. GFP-Bry ES cells are defined herein as ES cells in
which one brachyury allele is inactivated and GFP is expressed under the control of
30  the brachyury regulatory elements.
It has been discovered in accordance with the present invention that

GFP-Bry ES cells, in which one brachyury allele is inactivated, are viable and
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conveniently be isolated by flow cytonetry, for exanple
by fluorescence-activated 5 cell sorting (FACS).

Met hods for sorting cells based on fluorescent
properties are well-known to those of ordinary skill
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P

by adjusting the length of the culture in serum, with shorter culture times favoring the
30  presence of mesendoderm and mesoderm patterned to the hematopoietic and
endothelial lineages, and longer culture times favoring the presence of mesoderm

patterned to the cardiac and skeletal muscle lineages. For example, a cell population
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exanple fetal calf serum (FCS). In a preferred
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As depicted in Fig. 17, it has been discovered in accordance with the
present invention that mesendoderm is a previously unidentified cell population that
gives rise to both endoderm and mesoderm and their corresponding lineages. It has
been further discovered that presence or absence of serum in the in vitro culture may

30  be used to dictate which lineage is generated from mesendoderm. In particular, a cell
population that is enriched for endoderm cells may be obtained by culturing GFP-Bry

ES cells generated from mouse ES cells in the presence of serum for about two to four
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75% and nore preferably at |east about 90% and nost
preferably at |east about 95%5 or at |east about 99%
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concentration of DKK-l is at least about 30ng/ml, or about 100 ng/ml.

Cell populations enriched for mesoderm may be obtained by culturing

GFP—Bry embryonic stem cells in the absence of serum and the presence of activin or

30  nodal for about two to about ten days, and isolating cells that express brachyury. The
amount of activin or nodal is sufficient to induce differentiation of embryonic stem

cells to mesoderm, but insufficient to induce differentiation to endoderm.
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preferred enbodi nent, the concentration of activinis
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In each of the foregoing two methods, the amounts of activin or nodal
30  and Wnt inhibitor are sufficient to induce differentiation of ES cells to endoderm.
Differentiation may be measured by assaying for the expression of genes associated

with endoderm development. In a preferred embodiment the concentration of activin

14



enbodi nent the concentration of DKK-1 is about 100
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described above. The method comprises culturing cells from one of the cell
populations described hereinabove in the absence and presence of an agent to be
30 tested, and determining whether the agent has an effect on proliferation,
differentiation or survival of the cell population. The agent to be tested may be

natural or synthetic, one compound or a mixture, a small molecule or polymer
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cell popul ation may be assessed using assays known in

the art, for exanple standard 5 proliferation and
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brach+ cells
from a cell population enriched in mesendoderm and mesoderm cells under conditions

effective for the differentiation of mesoderm into cardiac muscle, vascular smooth

muscle, endothelium or hematopoietic cells. Conditions effective for differentiation
30  into the various cell types in vitro are known in the art. In another embodiment, the

method comprises culturing cells from a cell population enriched in endoderm cells

under conditions effective for the differentiation of endoderm into liver cells or
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isolated fromdifferent aged EBs have different
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5 be used to assess other cell populations of the
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br aﬁhvh"féh DNA %ﬁico?%F Hgéls&&m@ﬁla&&% yrgéeﬁi in %%?aéhwm&%@ kfth

ani mal s are use or o talnlng early ryos rom

Ivhi tat ane brashiuz ellslels dutetivatad@gnd the ageq!@éedmrheras:@m@sada@ cells
Wi t fﬁ }Pﬁl tH@B;J&%ﬁrngcu% Té%ah&‘ﬁ%&f 'Iﬂﬁ gre%@d feﬁlﬁo&tﬁ@nt the mammal

identitication i solat1on and racteri zation of any
aduiste ngwbd and dieusklacthdematkbeis GERpngmgicnlas thertranbgenicymouse has a

gen I?g gans&gkﬁg% t{lg%eﬂe%ﬂ Wciqtl%l\lﬂg Xﬁluen%g gﬁgoﬁﬁk lGEP is operably

popeino I on €r ences ¢
i nclnked tealiredhytrg regulatdryelemeits, axdithé fratsgene 1sdepreB8§=ﬂ lipwsills ghat

2R S5l T bbb B Sl R g
1 I\IGFEBIQGES cedls deshBbed hehsinabove dhtb bigstomysts, verich are then lmplanted
| r r aélrpg%]l}dlagt !%%mt fetnled ellrlngég@cc%qp?%e 1&efaltﬂﬁﬁ%%g%e shoﬂ-tall

ryoni ¢ fee
Mo dp}fenaylpeEﬂa@bratewmm brach BNEM)i by ﬁloiasapipd anAlgsis. eﬁlmmahsgtﬂi%

]E igf'&%l(l;rg%lgila{e u%e lgor o(){: mu) eaaﬁ grlnﬁl d ﬁg]n‘:]_ gﬁ}ﬁfl Eﬂoitsgig% %ilerslodml’r}l ?o be
2510 netd incgtordamecowith NB' @;eﬂlﬁdtgwfﬂba invlentiorg] anydsfor the identification,
isolation and characterization of any adult cell populations that express the brachyury
gene. Such cells may represent novel stem cell populations.
All references cited herein are incorporated herein in their entirety.
The following examples serve to further illustrate the present

30  invention.
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prior to the onset of differentiation, cells were
transferred on gelatinized plates in the sane nedia.
For the generation of EBs, ES cells were trypsinized
and plated at various densities in differentiation
woblbaresss Di fferenti ati on of EBs was carri ed mut/uswoclid4462
60 mm petri grade dishes in | MDM suppl enented with 15%
FCS, 2nM L-glutamine (G bco/BRL), transferrin (200
ug/m), 0.5nM ascorbic acid (Sigma), and 4.5 x 104 M
MIG Cultures were maintained in a humdified chanber
in a 5%C02/air mxture at gxsdmple1Serum Free Medi um Two
different serumfree nmedia were used in 15 different
aspects of the follow Fpt@iaksandddethedsvd suppl enent ed

wi th KnockoutgsSRu ghé#thaRd %ﬂe}eﬁaﬂonsss B Gwe3é mbfataAie on
BRL). Methyl cel | ul'ose Col ?xg:{b Assay. A) Bl ast col onies:
Ce®

For nrq#@te&&ﬁ@nmcéﬁpdercﬁeﬂw (s M%‘Bﬁ‘?ﬁrﬁ@? Ngsliure@PMEM)
3SS @¥pplenfeBred $ith Y, 68l dhfs sedith EF() AR, s@ep%n’fycm, LIo(1%

105 célls/m in 1% met {ﬂcellulose suppl ement’ed_wi t

109 mdgioned mpdipm) and\ Sse 10 M mppothingiyeare (MEIC; §ieswa-rTwo days
fac gﬁ& th \ﬂégﬁset of (ﬂﬂ”ér%t?atloxp céﬁ(s twel'e,' t&%igmfd}gn fgﬁ%{?uzed plates in the

condi ti one dium, and

endeairahnedia. Forthe g@@wﬁm ¢f<ﬁBeoESm&1$ wme (pvivieadhand platedat
( 1 9 %Zrlou s ﬁgﬂ@ff 4&1%a§o%)culh%E%E§E§én%§}?Jn of ﬂbg Wa?éaﬂ{@iro%t

nerate Int sence onies were score
lf)ol o wimmpetf grade dishes indMIJV supplements] witk il &1661 2nMcL-glutamine

C 0 ! 1|b§oS/BR§o Eraﬁs?emrg {22@'&81&1@{ (?grmg[?s&o'rﬁ’i a&?&t %13;); E[Hdt4| ;V £10* M

o ol e
nret M/’JTG: €lultuden were oaunttEnadiimg ingidifipd etmmbelde a|5?/ce@Os’ar ninture at
Antech), 5% protein-free hybridoma nedi um

(PF q—| G bco-BRL) plus the follow ng cytokines:
c-kit |igand Sekim F&%MeﬂldhtTvaBﬂermdémm)ﬁee media were used in

g tal} egl Isgéclrt?sg g(thz nfflw‘@g éég?_llﬁle%}%h? rri %%g&t%}%ﬁék]ég{g SR
T il D o
i ot oy Pou aiMeshicotulS8HB ARy A B FIRHIS FF e pareiien
wer ef a0 g@‘ﬂ:bolcﬁﬁes (Bly-C5€ Gssaf), EBHdtrivee cellshvetepistediati it t 1.5
0
! o SUSal RO bty BRRARR SR Eme gtk Frs EFSGe) vpscuter
201 ganibthena gebavth e (EEGHDS 2GR, 007 BEmARET/ %2&%&&8&462

excp BRI AtEsED RT3t T pp el el R esgioh (Kannccy

| NSt al. i ®)) Nhthreas 86:288-99)! TtanGGoral IEnive Weﬂ?eﬁ&ﬁl@d in th'@ence
by X63 AG3-653 eloma cells transfected with a vector
TC

expPlebEfhgCelpniss weppegered dqljoping fourdeysegft culpyre. d3) Hematopoietic
act golbmesSei3he B ofE ive BB tini@RchdnfbpbRiecstishaned
e

5 from R&D systens. aggregation Cultures. Cells were
28 ul Vee@lptegin %umh}ﬁcéz}lulﬁ:fe CPONpiAng 10% plasma-derived serum (PDS;

Antech), 5% protein-free hybridoma medium (PFHM-II; Gibco-BRL) plus the
following cytokines: c-kit ligand (KL; 1% conditioned medium), erythropoietin (2
U/ml), IL-11 (25 ng/ml), IL-3 (1% conditioned medium), GM-CSF (3 ng/ml), G-CSF
(30 ng/ml), M-CSF (5 ng/ml), IL-6 (5 ng/ml) and thrombopoietin (TPO; 5ng/ml).

30  Cultures were maintained at 37°C, 5% CO0,. Primitive erythroid colonies were scored
at day 5-6 of culture, whereas definitive erythroid (BFU-E), macrophage, and

multilineage colonies were counted at 7-10 days of culture. C-kit ligand was derived
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suppl enented with 15% FCS (or Knockout SR), 2nM

L-glutanrine (G bco/BRL), 0.5nM ascorbic acid (Sigm),

and 4.5 x 10-4 MMIGin 24-well petri-grade pl ates.

These vvere used to prevent adhesion of the cells to the
fest he wel | . 10 Cardiac nuscl e assays. +

qu S vvere reaggregated in | MDM suppl enent ed %{Iﬁz&(}g(%uﬁz

serum repl acement. Twenty hours | ater the aggregates

were cultured in wells of either a 24- or 96-wel |

plate in IMDMw th 10% serum repl acerrent (serumfree).

oo ey SR D fils s e i etk gty

of hedidedBy Gehdtiss InEiaat). MY 3 &k bistaiddd AvET ﬁediﬁmitbhddtloned by X63

det ec bet ween and, 6 of culture. face
ot L3 e o i it Wit eioe xnoug g VEGT, GRECSE,

c ONAI-CSP/TS-6/EI-€1, 46tBen BMPS| BMP4, bREeF CRENSS and 1Bh Wefeqﬁrchased
sus enS| ons were anal yzed on a FACScan (Becton

J SYSEMS. Gene Expressi on Anal ysis For the poly
A+ RT- PCR an He¥gore aam cﬁﬁrma@%&f cuﬁa@ai)s{t ﬁctloseﬂerml IMDM
((19901? Meth. in and Cell Bio. 2:17-25) was used
Rev &¥eplsmentsd with il 5% F&$ (oiemagkqut 1), P%L-ghlaamm(beco/BRL)
pr ogegdiik %%orﬂﬁ:ra%ldR%Q Hﬁ‘dj4§‘§ 10809 TE BE 4wl bhril Hfde lates

excegtl on that th o’IT ol 1 gonucl eoti de was shorte

to & ese@vmﬁw@t@mﬁtﬂ@@mm thgeells ke bofiom ‘fftb%lwp‘ioduct s
forom the PCRd,e&q! | in%cle 0hys. é%ﬂ%l?stv@é#%geagﬁgg%&% 1aBhe

and transferred to a Zeta-pro he 25 (Bi orad)
or suralegketed ‘é’dh i &Potserumyreplavenend. Twenty houtsilejer the ageregates were

S U S e e o

:‘NE ;gqm@zwn( (Rerathyfraed - TBo VWQH!’[)‘;;E pregreatpth withngelati). Cultured were
g)‘zg gn%ﬁl?o%lﬂa)w fck%ﬂ%‘éelgf%mén?gﬂ tﬁé“aggé%léiaﬁgg t%g 1£ gegﬂg cells
lannwateiusgplly detecter hegposen dhys@tand 6 of cultbre.

' - TGGAGTCAAA cee
CAGTACACT %ﬁ%ﬁ?@%‘%ﬁ% (FACS dnaljihs. Standard
ho nmmgmnmerb hesdrto st&h tlteexellﬂ Bitaineq lsuspensionlb wspem:alfyze[d ona

otl tid ed wth 32P using a Kl enow
?‘Qeg‘:an cttononIC a(glgne specific PCR, total RNA was

ext racted fr mneﬂxp’reMmAmlys%(Fom 261@?[‘(]02138& analysis the

2 ReBRR S r g o) Mgl Busuic AT R Ul o

RNARuwse treweristion] payaailihethdi PORpredoiAesivirt pér&ﬁdﬁ&hs
Omi scr

hex Si. a I
o A Etpef e ms S o R afepstroifEges dhotened $e
PCRGH‘EAACII‘CG&%{'ETCg(Q‘hﬁ-QT el aml?liﬁbdgrcﬁu&is Gbm EBEPCR reaction
mer ase ., P 5 buffer, 0. 2uM
R BTl AR BT S a R el LIRS oy o
2as (Bibrhd)ws trarBferied toothe Mmetitbiand with ©sietdblde ypRivatey/(Stidsicled &'
anpgclhfulelﬁafﬂeorgsuihng b%ts were hybridized with **P randomly primed cDNA

fragments (Ready-to-Go Labelling, Pharmacia) corresponding to the 3’ region of the

genes (for all except p-H1). A B-Hl-speciﬁc probe was prepared by annealing two

oligonucleotides, (5’-TGGAGTCAAAGAGGGCATCATAGACACATGGG-3’, 5°-
30 CAGTACACTGGCAATCCCATGTG-3’) which share an 8 base homology at their

3’ termini. This B-H1 specific otigonucleotide was labeled with **P using a Klenow

fill-in reaction. For gene specific PCR, total RNA was extracted from each sample
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denaturation for 1 mn, 60 C annealing for 1 mn, 72 C
el ongation for 1 mn) with a final incubation at 72 C
for 7 mn. Exanple 2 10 Generation of Targeted ES Cells
Under appropriate conditions in culture, enbryonic stem
Wwb2boeiks W Il differentiate and form threeper/us2006/024462
di mensi onal col oni es known as enbryoi d bodies (EBs)
that contain devel oping cell populations froma broad
spectrum of lineages. Smth (2001) Annu. Rev. Cell
Dev. Biol. 17:435-62. Anong these EB-derived 15

Dop . ' t act . .

e ARG 1R oy KRS BHED (i) Py Bferogrem
car of tate] 4 otae rexerde- s tried Intme] A with randery dexamen ugingie r

to . f [ ' .
col PRSI N 10Ret) RCTE RGN o B s JiRaBh i Srides
f | uSheRCRerrodiops were perfq@rPyithd§ U ofiTge pelpmeraset (Rromega), PCR

ra (Y . 0 k
Bl SREMECt At B gt bt GNP Pl Bl S
sequwenmeebllaws 94 °C docP niih dellogdd beds caks eff anwlifivationd94 G st
exo ] iched _In Fi 1..T el e
(ol B B, B 86 gty Going € (BB, £ BB
conftal ustubation #&R ECHford/gainnst random i ntegration. The
targeting vector was cons%r ucgee% as follows. A BAC
clone carrying the entire rachyury (Bry) gene
Ivas 25 isol ated byG&EhtvaroéFargetpd @S Cell29/ A a strain

% e r] ZEG&A&:?-LQHH %&@%@f@ﬁ%‘%ﬁ%ﬁl&%} e%bD&gn%engm (ES) cells

TACEITdAEARC G diméltmel dolonitek®waras embryold bodies

anofFEey Tt A PO s Hord b0t i Fgoad gheettin Ot Hneages.
apps®ith (m?ﬁlmilﬁi R¢b. dIlelf’IgstBiolB. 17:283-62. %g@{gl thesa Gmedei : h'ved
arryi e exon o e [ gene .al on nor e
1 pappPslafppsime gen 4%&35%?%?@&%‘@%%9\)(&%@%?& ol tiend
S ubgdnfpeiefi¢, @fdotichia, BALad mdsele Bhdskled] RIS linSigeat egene) ,
resulting in_constr uc%l pBSI CBy, 3/-5". _ Appr.ox| ngt el H 2
kb of the reliBHTinR ﬂﬁtoefe;w{ra%*?ﬁiegam s qnddo isplapercells
C0dRPrev¥Rfify Rik pY1AI0, AhdEEeEolReebhdd PR (GRAARS targeted to the

sequenced to identify appropriate priner annealing. .
si t@echuy lpqre Thsriwerting corsiud ronfapad hea G s sand artificial
20 - Mrﬁ@l@%@?@g@%ﬁs asrld aoxP flahldd heE¥hl{eté\in the first exon and
- o an L2

TTAGCTAGCT

GATE fpigiacin AescbC Reshidiveksinags e wagingluded at the 3’ end of
5> ;HQ%%E ' S RRGIAEE A e WRERinkReabl Al
| Nt O

constructed as follows.
A BAC clone carrying the entire mouse Brachyury (Bry) gene was
25  isolated by PCR screening of a 129/0la strain genomic library (Genome Systems)
with primers 5’-~AAGGAGCTAACT AACGAGATGAT-3’ and 5’ -
TACCTTCAGCACCGGGAACAT3’. These primers anneal within the first and
second Bry exon, respectively, and amplify a diagnostic band of ~ 600 bp. An
approximately 3 kb long Pstl restriction fragment carrying the 1 exon of the Bry gene
30  along with more than 2 kb of 5” flanking region was identified and subcloned from
the BAC into plasmid pBSK (Strategene), resulting in construct pPBSK.Bry-5’.
Approximately 2 kb of the region immediately upstream of the start codon were
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the Pstl/Sall sites of plasmd pBSK to create a new,
nore suitable polylinker with two successive

transl ational stop codons and an artificial 3" splice
site (construct pBry- AA). Plasm d pEG-P.Cl (C ontech)
Was2000800363- di gested with Nhel /Bglll and the 1

resulting - 760bp DNA fragnent encodi ng EGFP Q)CTEUSZOOG/OZMQ
stop codon was cloned into the Nhel/BglH sites of

pBRY- AA, resulting in construct pBry-AB. An XhoUSal |
fragnent of plasm d pL2-Neo2 carrying a onP fl anked

neo ' S n e gert, al I

Si tqug‘fg&ﬁér%y@ %)%r(f%\z}gtg }ﬁ@gr aph& 1%9f r cons%act‘?
(traegdasi ption of EGFP and Neo in sama d| rectlon) 15

conor oo, AL SFTAERMSEEICER 2, PUERGEBRRck

Si t FaTAGCTAGETGECA-8%mA 5i-ncl udi ng t he SV40

g 8 L%@T%%@é&gﬁ‘%gﬁwé%{}g (anE agene) .

;rh: ?W@@MGMQGO%H*G@H&%M@GXFM%M wibfs msagémmo
(0] (0] . the . n was | te Into.t S
01 iR S o S A TR ey, Tty isedle B iiier

end swasssive §adslatidnA kiop odohd 4ad @h biGi€icial®’ sphce site (construct pBry-

o AT AT e 9 o ATt

1of Haﬁuh X?smmmmgxﬁ@saﬁbdlﬁg EGRe§/ithdut Bi@p 6681baWad 6loned into
ﬁ’le e -1.9 kb _Xhol/ Sal | fragment engodl ng. t he HSV
thy

M&B&lﬂrﬁgg%o PERY -dAgeing in estyet BBIYHEB }HbKhal{Sell

of  pBNerf\Br f185nak hoYWNES) & B104P-rRARANSEmY AN L8R
i nt eé?'i%tl onﬁ(conks)truct g%mg AH) . A I\btl/né%oﬂllfncegenewas

f r agheted igp disdial gite oAB~ ARy Evaiisato BRsHEARIGdy- (Rarscription

excheeery 4RANdBh Yandidftbng| Oned into the Notl/Eco4711l
S|tes of pBry AH to give rise to plasmd pBry-Al. The

15 ong arnf ofA SHdworred{Minkissmeet csB¥ing p 6PRSPIHY AR damonsite,
Sal by é’rﬁﬁmhlriﬁt%nt §§’p1109 adcBRorGRE SRIGIshOH ELRLA @ the VA0t he

Sail site of pBry- to yield final targeting vector B.
30 Eﬁtﬁdmﬁat@nﬁm@ewwxwﬂﬁomﬂw qorgnegial GipEepBen ctoy pBK-

( 19?@\/ {?@%r Ft%e 31‘%@ ﬁ%gglént\oﬁg Bisdtle %JB@Q&EI%B% AR 316 f%llowmg .

Not zed targéting vector our
Wi t way: ten$maelcand avas bgated ivte the BssnlEﬁ sete fadlgwing teatag EGFP codon,

2Bl G5Bt PLURSFes [ BMfea HoRfoin blgos32 VO 20071002385

d o ubGeCIBAETABIAAGACHESTBhat’ -‘E@GGAﬁfe€§Eﬁ@TACTAGTAA -3’ as

RS B L B e RO R ™™

a n n&wultmg comstrye ey A\ g ud A db XbpWSalhaghient gneefdingitho HSVhe

B | )

o e st Rk RERE ot AL XHGHRE e A0 U Bbkion
2por edatnat mdoECﬁtég(aupm@m@smt ©Btyadd)- A EWE@MHhﬁ@n;cnw@oding
K b) Cﬁ{o{:t%ﬁﬁ’l & ﬂoﬁfoﬁ)g’ %gs & Qgheﬁorﬂ\ﬁﬁ&-&lg Q:Id Jl&fﬁﬁ irﬁy the

Sout u
Notl/Eco4711I sites of pBry-AH to give rise to plasmid pBry-Al The “long arm” of

homology was excised from pBry-AK with Sall and inserted in the correct orientation
into the Sail site of pBry-Al to yield final targeting vector B.

30 Embryonic stem cells (E14. 1, 129/0la Hooper et al. (1987) Nature
326:292) were electroporated with Notl-linearized targeting vector pBry-AM. Four

dishes with transfected cells were subjected to G418 single-and another four dishes to
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anal ysi s: genom c DNA of candi date cl ones was di gested
with H nd and hybridized to a probe |ocated outside of
the targeting construct. The probe was derived fromthe
Bry 5" flanking region (-2018 to -1249 with respect to
Wwoeodry38d G start codon) by 10 PCR usi ng thepct/us2006/024462
oi i gonucl eoti de pair 5'

ACAGGATCCCTAAGCCTCAAAAGAGTCGECT- 3' / 5' - TCTTGGATCCTCCTAT
CCTATCCCGAACGCTCCT-3"'. 384 (418 single- and 80 (418 +
Ganc doubl e- sel ected clones were screened, of which 4

r es s i\ ®RhyychvR(G¥RY dsudldelefdal CloNe that BaY Lfnﬂsxl@@ﬁwd ng to
a targeting efficiency of 1.04% and 3. 750{]% Two, posjtive

cl oH’@%iOlj?Sm\ﬁé?cémP}né‘i*@’i e@?ﬂtwgﬁreﬂsie@ﬂé?d&ytl’&a‘ FREPTHRAIH T ed

Cr e ¢ASOMGAABECAXINAESTEOBAYSLY Dhealifly toldRABNE séW8ndIE M the 5
gene. These targeted clones are referred to hereinafter

as apgrorpgfyhe By gens, just upgreguypf they shogt agm pf amaalegy™, the other (57
ts" ansdRIAENCGOTARUSITARITGGA=PF toWhd 5 pbiten ONBEEP ( cﬁggﬁeafélb&gi

the expression of genes that definé the_ establishnment

of teRROKBAEYOOK Parectiotargatyd elerps ot qonfirmed by Sgudernblot
det %ﬁgq,sﬁse %&#MA@?Ean‘aﬁQ{e%ﬁﬁés%? h{gh&ff ﬂmmﬁﬁ & hitRidized

accur | ects exXpressi on rachyury gene

dur |trmgplEB=> leeaes] aypidsrof theGgeting qpsiencs i 1o PIoRS Was destyséfiom Are
typ t.er
fE&?ent %ﬁg%%er@%bﬁ) QTQ%%S t§ ang Mtﬁ]gasl% g %@Bg%’l‘(} st?]rt %(i']diog) by

di f own | gur e’ 2A.
]@xpé’iQRrFEthheIO@ﬁPnuekemCEP@ﬁ5nfessage wer e det ected within

25 %ACAP%‘ X BoOETAABLR R AW Bld ATedeRh %%@Prc‘:‘%hgcmc AT

upr egul at'ed over the next 48 hours, persiste rou
day CCTAICGUHBPAGETCCTHEH 3K &M single and 8@ G4 b Alblanc d@bb+ S

b 2 , s
o, Bl s S S AR R EGRIPLSISD<i
pat tcellrﬂpoﬂdmg/w eta@esng)éfﬁﬁﬁiéy of £D4% afd 4% \Irepaiive cload

rl |ffe tiatio re 1 hal f
Bt o R B Bl Bl R ] 08
and rehave $ite nad pereh @hese Itdrgetadefoﬁesy:nnsnefemé tocterediemftelascFFP-Bry
diff gﬁ]tl ation. As observed by PCR, expression
drop])sg sharply after this point and by day 6 few, if

any, GFP+ celBrachysetyds expresssé trinsieniihi it deeipthg(ERN wittethe bnset

G-P expr.ession indi cated . that [

S VRO Do B St0 ie a g oiRheR 6 B Romgtoboliel
ZBXlt laﬁlﬁ(&ﬁotgﬁfai Ejga‘ig@g Tb S&B?nlgélﬁeﬂieﬂGFmé@mﬁlbm I GRI-BGHE cells
cells at .days 3 an of differenti.at.i ests t

o TR S TG oi i Ay Ee dane e Oy s GHE

CON@kiresoion wasSasestednsi ve. Taken toget her, these f| nd| ngs

i ndi cate that, GFP . expressi on teI Ci s
expr essi on of* ‘P’H’@alﬁ?‘%ljaﬁipﬁlpﬁlﬁe&b‘ﬁ@“ %E@%"remamn period is

dev elhmrm Rigure DA€ I3 &k;karﬁnewlot;vhatelslomﬁ@&shg&wre detodtecwithin
| n% ﬁ cdhi;[(urny al | I e coul d have
4 ouls o ereritiation. xpressxon was upregulated over the next 48 hours,

persisted through day 4 and then declined sharply to undetectable levels by day 6 of
differentiation. GFP expression, as defined by FACS analysis, followed a similar
temporal pattern. Low levels of GFP" cells (~5%) were detected as early as day 2 of
differentiation. More than half (65%) of the EB-derived cells expressed GFP at day 3
30  and almost all the cells were positive at day 4 of differentiation. As observed by PCR,
expression dropped sharply after this point and by day 6 few, if any, GFP" cells were

present. This rapid decline in GFP expression indicated that it did not persist within
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detrinmental effects on the in vitro devel opnental
potential of the ES cells was assessed. As indicated,
het er ozygous mi ce denonstrate a mld phenotype. To
determine if the GFP-Bry ES cells display any

defects in hematopoietic 10 devel o
g@ﬁ@?&?gggfron1then1mere anal yzed for henatopggzﬁﬁgmgﬁa“n
precursor and bl ast colony-form ng cell (BL-CFC)
content and for gene expression patterns. The data in
Figures 3A and 3B indicate that G-P-Bry ES cells

gener at rrber imtiv
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xpfl%‘@%ﬂpﬁﬁnover the first 3 days of differentiation.
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(1999) Development 126:5073-84. The precursor numbers and the gene expression

30  patterns observed in this example are consistent with those found in previous studies
and indicate that the molecular programs leading to the establishment of the
hematopoietic system are intact in the targeted GFP-Bry ES cells.
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brachyury expression was restricted to the GFP+
fraction indicating that cell sorting based on G-P
expression can be used to isolate brachyury+ cells.
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Example 4

Separation of Brachyury Positive Cells
into Subpopulations Based Upon Flk-1 Expression
30 Flk-1 has been shown to be essential for the establishment of the
hematopoietic and endothelial lineages in the early embryo and is expressed on the

earliest precursors of these lineages, including the BL-CFC [Faloon et al. (2000)
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system (W ang et al. (1996) Proc. Natl. Acad. Sci. 93:3444-9), was most readily
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expression of |ineage restricted markers. BMP2 was
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tages of development in this system
Qb%%ig@ﬁ%gs:eml al and gene expression pattern oqﬁ{]‘%g&%zusz
GFP+/ Fl k-1+ cells indicates that they are
representative of the extraenbryonic nmesodermfound in
the nouse enbryo. This exan‘pl e denonstrates that the

cepdratai BEPTon Rk et o8 ot Rl e 508 B

expl ésstionrisolated fornaddys.0 I;"le Rlodal is—eécﬁi%ed inl alll-31fyactiouth at day 3 of

Funbr Rt Al debe Sl iry o BEORE? gacton sppea

( BLtoCBE@ignﬁbirﬂyu@veg e inetheothatfactidae NihitdpaideVhiBa alivtved a

dot h | ted,t GFP+/ Fl. k-1
TP resiol o e o e iap AR g OB T8 o CFF, k1
i n dﬁa‘oabn wiebotf tinGeOpBiNitd, armistehm“tum&eﬂ}t inésagasfundtion Pibeto the

Gene expression ies_d nstrate i nct
o) rarenon DA Sot SRR MED RaS SoRrAHpath e frastions
POpPwheiéds mzx(»ﬁtsqwna pﬁz@mmaﬁlyE% B /Blk- 1DV, BitRfitgathat
Rel ati onshi GFP/ FLK, Fracti ops The
ex pHESLRdY avlmé?f?ée %S@%aw\*; Saecs At deivgjpRraens mhis }5%%.@? Bkt

10M t OF¢ P&entiaNirRrgaficdxplebsivn daltéth of tAEGEFPVER- 1T bR tdddses that they
represent a _devel opnmental conti nuumw th the 25

GFPFEFaRresergadive of the vstqagnbrr/%c pesofqr feyng i the guopse ety

whi ch in turfhigbiepld RBohdratebBaldd badnylry actal Aﬁay Iend
determne if these fractions do represent specif

st atj& S-SR fieR be gepeaigdbie Heferdmabaseden lﬁlatlrmr;@m@ach was
| soatnoehyt FAM dayr ik an&:méh rg%ﬁ(!i* é’@*/riﬂ@&rf)m 254

then ré-analyzed for 1 ex ressi on. -
Landhmetgsalohdies demenstrated th@&i%ec%?fé@ﬁ ﬁE ) g tog&wat@bothhe

POPEh At SREC Bﬁ'eﬁ&oﬂ{eﬂaﬁ:@ﬁ’ 8 g@g&t@d‘{ogﬂe (@%Wﬂcﬁ‘q §£Lu1§£‘e
isolated cells were culture nsities

cel ﬂugge@fimggth@ap@gulatwnpéf ki L ig indigative Af coprhitmerit 4 @gseu lmquﬁ%
S a'@xgtﬁl?e B‘g "G %gprgsg{op Eﬁdlgé éegﬁ%ﬁﬁmeh Alshin dxfifé%@ ds‘ l{e%?nﬁthe

condi reaggregate an

EB-GFK &list rauéG@PéElktlhaopuéq@pmaFlgum 501 1 ow a 27 WO
5007/ 002385 PCT/ US2006/ OZ%&ME{BM mal devel opnent al
programwith little expansion“or loss in cell nunber.
Fol l owi ng the 20- hddevelopmeutalRedtionshipul t ure, the
GFP7Fl k-1- cells ga Jlcant popul ation
of GFP+/ Fl k-1- cel Igs/lgmggtigﬁﬁ/ﬁ'@k&g{’snal | nunber of
GFP+/ Fl k- | +. Thﬁﬁe#sﬁnlpaﬂémmbdmdgmmmﬁade consistosttvatit thal
PoR ?ptrétﬁl%n%{at t%F ﬁﬁée@&i@g}i}sﬁ esi qgvei xg)tntgle cogtmu%r (t]h tthe

cul eriod. Ion
25! osiﬁls@lkel GHB gamt 1k o thd GERiFled Saeﬁmwﬁloh hmmrgvetﬂme to the

h +ﬁ~'%?i*‘ eﬁs. &e%rrgine ﬁ‘%ﬁels'c!: ﬁ?chgﬁsedosfgp(%g\s@antl sgec'ffic%fag%s Qllthln
a common developmental pathway, each was isolated from day 3 EBs, cultured for 20
hours and then re-analyzed for GFP and Flk-1 expression. BL-CFC and Ery?-CFC

potential was determined for each of the populations prior to and following culture.

T

30  The isolated cells were cultured at densities of 1x10° cells or greater in petri-grade 24-
well plates in the same medium used for EB differentiation. Under these conditions,

the cells rapidly reaggregate and form EB-like structures that appear to follow a
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changes in precursor potential were consistent with the
changes in surface markers. The GFP-/Fl k-1" fraction,
the nost inmmature of the three, contained an
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30  the GFP*/FIk-1" fraction from day 3 EBs does contain the potential to give rise to Flk-

1* cells with hematopoietic and endothelial potential.
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Figure 7A, the capacity to generate BL-CFC was nost
robust in the day 3 G-P+/ Fl k- 1- cells. This
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3.5 of 10 differentiation and was al nbst non-exi stent
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this period of time, indicating that differentiation
was progressing in a normal fashion. The Fl k-1
expression patterns in the reaggregated cultures from
the different staged EB ceI e consistent with
BL- CFC data. The cultures fronprﬁg reaggregated day 3.0
15 GFP+/ Fl k-1- cel | s Patertial ofdGFRFUt+1SCelisct Fl K- |

et oD e RSPl A AR R n e o P

an d fﬁmﬂdayLBI (0t EBsefficivaly genegated Gﬁiﬁﬂﬂd Y detheaend BindFCd‘oikmsxtged

& st et ok s P PR e L VB et g B

GFP GERY/FH- K frhctfumdgdqed nzgth@f@e OﬁeVﬂﬂPIﬁEElﬁ GRIFA Ceeld from
eve int use e 0.l t he n
i St et B s pa oy Tt e v risead B SRS T Mo n
t hedFlg{@a/m LR Epicifo gaah:exdte;m GF@wEsfrﬁtfblt flbustirs the aam Gth*anc-
cardio t otential o ol at e 0
6o e 1St Rotaiay dePReset Sl BYBEY 25 50t e
ol taifeentiafionnd Wae aldjoﬁtfr@ﬁemteﬂi @mabr 3100 DSBWEIFE content of the
transferred to mcrotiiter or 24-well plates i

ser Jrretly salated GEF (Fikah drantnm; togy these fagpe ﬁs«'&f@ﬂ? s peged

beatdr Rhe GEdibatiiR BRESiffedehihiticRihs\Rogssing A PR IR RS The Flk-1
These conditions are known to_sup lgcmrlt the efficient

dev SKBBTHORPAENS ip fedpagmparish wliures M the ditfessy gresgdifogslls

cel lyfere ABsidtbnt WiHENCORE Qhta CI2H fzﬁlﬁﬂ@%ﬂﬂh@xfea% &pated day 3.0
car di o% i/t e nature of the cells wthi ese nasses

Bt sellsventained g disinst Bl finetiontthes reptpsededmere den 4pe

S' i Q'ﬁ%ne tcftél’b%ﬂﬂﬁ[bﬁ (Fﬁgé’x’e '79‘5’ kaof ey&yﬂ:@slcﬁf 1%%? 3%fanE1 A8 cultures
cardi ac- specific isoform of uE)onl n T. beati ng

cel [Wasigaifieann iawes anfl opayiged Qf@ﬁ’ép dsr ofct%&om Ppmlaélﬁ@ Fﬁt}ﬁ’f than
POSi tdidiRctoedil S i ndicating that they were
cardi onyocytes. Using this 29 WO 2007/ 002385
PCT/ US2006/ 024462 assay, txempl’di onyocyte potenti al
the reaggy R
ractions fr rﬁggﬁ? é%ﬁtﬁ At?tl gfdé%? %E@Flg:l §1{(§J§)t E?%ﬁ%%sd For
conpari son, tGigerghe @H@ncmfteémﬂ in thegfioupthembiry @ ihwiich the

|sold?%ﬁg,rﬁ%tp hihifootefsShd fha fad 88 iaP bRkl by e

Age development of cardiac and cranial mesoderm, the cardiomyocyte potential of the

(D

isolated populations was determined. For this analysis, aggregates from the cultures of

25  the different populations were transferred to microtiter or 24-well plates in serum-free
medium and monitored for the development of beating cell masses, indicative of
cardiomyocytes. These conditions are known to support the efficient development of
cardiomyocytes from the reaggregated cells. As an independent confirmation of the
cardiomyocyte nature of the cells within these masses, a representative group was

30 transferred to microscope slides, fixed and stained for the presence of the cardiac-
specific isoform of Troponin T. All beating cell masses analyzed were found to

contain Troponin T positive cells indicating that they were cardiomyocytes. Using this

29



BL- CFC beating follow ng BL-CFC beating foll ow ng
followng culture culture direct plating culture 2.75
+++ - + - 3.5 + ++ +tf- 4.0 +/- ++ +++ - Table I:

BL- CFC, pre-BL-CFC and cardi onyocyte potential of the
HoTdokssk- and GFP+/ Fl k- 1+ fractions isol at
g:ofp% oo 38% %@Eﬁf_s%glgoumz

erent staged EBs. As shown in Table 1, the
potential of the different fractions was simlar to
that observed in previous experinments. The GFP+/ Fl k- 1+
cells isolated 10 fromthe three different EB

Fout Ry RREe A §oy! Serefiatcbapd Epe AT mnd WP it

t he figbtims Ebin-differene bthged BB wag daeriniiiet. Fok calaparidon] theaBIGCFC

decrease Lgpi £icantl +ae Dy and 4. 0. Th )
card P@Wg 8€¢“gﬁe%b’tl %{t?‘g@ﬁ%) fﬁfﬁ ecelﬂf‘ Q%ﬂ?g}%u@fﬁ@\gg PYFIk-1
r eveelsevgeahdlgied. A significant proportion (>80% of

he transferred aggregates fromday 3.5 and 4.0

PriEk——cells—generated beating 15(%&&@-@,@94;%_@5.—
No :Feeati ng CQIFPSF%re observed in the é’gngfgat es
gen ted frHomthe earliest (day 2 75) CEP+/FElKk-1- i
cel | s. Beati|B&@ s werbeating dillewingBL-GFGggr egbreting following
generat ed f r|SWOWHE cedysq ) gylture) + cel | 5 jdiestRlalAg f | RIRERS
at 2ap of thétthree stages of devel ognent. Thel-
findings framthis anal ysts are consigtent w th|the
not |40 _t hat |+&FP+/ Fl k-1'l+tel | s i sol atjgd+at di ff éerent
st agelsle kaBle-CHCS HredBEACFQ aitd errdiamgocytt poatidl b8 the AGFIEENIRI 10 And
ear IGFPafpiebr frictiomsdstdatad fasndiffgtenbdiaped EBat e, wher eas
those that develop |ater generate the cardiac |ineage
and possi bl y Astshevn ipdjpbik 41 the BE-CFlhete@i®-of Heldifferent fractions

popul at.i gn ar to have | ost .th @ cyt e, .
pot S vafin ARRESEy Aty BBV e bbb TRLCHETRGY bl g
1IDi néageake thfse differehBR poffulatidhsgpaerated BL-EC, with éhedlighebtmymber

(day 2.75-3.Q) P+/ Fl k= 1- |ls.are.r L .tq. as

b oo AT ag1ead £\ Mo e plicHiaeieaf iRt SEPHERS btk 3R

t hagreatest et dap 2. Bahdbereastd sigdiffoamiydt 315 Bndd.@ The tadioagotyde
as pre-cardj .mespderm The d .0-3.5 G-P+/ Fl k- 1+

o o R e TR B ep e e AL R frgui pRtsian G407 of
f r otheclt@hedired b ggezateBsromdRy 34,200 4 OGRPAFIK-DédNighhersted beating
1 SR S SR e IO Ao RA g s generted from the
hen@dr@e}%ﬁﬂid@i Q.ﬁS)ccwn’mmP' km|3 Eéns. Btatag Tetub iw@red@ﬂﬂﬁt&]fﬁaﬁﬂ tagagregates
potentla, t he . -1+ D ation 1s referred to a
Do BB e S8kt TR Some o A1 QIR HES Fags of
t halievieloPhe ETHe Finbifmpd 81 thid Araihid hib bosRitht witiv@d nbldsm diave

di f frerent devel op

( ntal potential. As indicated in the
pr eFbudks eellaieppied at it ﬁiaﬁ@sfﬁvecdéﬁf?rgntwsma&%fﬂ%%égé
2ef f iskRP Al GP5etotafe HRdnihnbiRBRE GRS nBbiess those that develop later
generate the cardiac lineage and possibly other populations. The GFP*/Flk-1"

populations appear to have lost the cardiomyocyte potential and may be restricted to
the hemangioblast lineages. Given these findings, the early déveloping (day 2.75-3.0)
GFP'/Flk-1" cells are referred to as pre-hemangioblast mesoderm whereas the

25  population that develops between day 3.5 and 4.0 are referred to as pre-cardiac
Iﬁesodenn. The day 3.0-3.5 GFP*/F 1k-1" populations generate BL-CFC, whereas
those isolated from later stage EBs (day 4.0) contain primitive erythroid progenitors,
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and endot helial |ineages. These cells did not give rise
to cardiotiyocytes (heart tissue) as denonstrated by
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fraction isolated fromdifferent aged EBs have becone
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development of the GFP*/Flk-1* population in this period of time. To determine if

BMP4 could induce GFP'/Flk-1* from GFP*/FIk-1" cells that were induced in the
30  presence of serum, GFP"/Flk-1" cells were isolated from EBs differentiated for three

days in the presence of serum. These cells were reaggregated in medium alone, in

medium with serum or in medium with BMP4. As shown in the lower row of Figure
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Fig. 9 summari zes the stages in nmesoderm devel opnent

based upon the foregoing exanples. Step #1 represents
mesoder m i nducti on and patterning to a

pre- hemat opoi eti ¢ and endot hel i al (pre-hemangi obl ast)

fvad 8007582885 #2 represents specification to thecrus2006024462
hemat opoi eti ¢ and endot helial |ineages. Steps #3 and #4
represent 10 patterning to the pre-cardiac fate.
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30 by expression of brachyury and GATA-1. In addition to gene expression patterns,
neuronal development was assayed by monitoring neurite outgrowth from EBs. The

neuronal nature of these neurites was demonstrated by BIII-Tubulin expression.
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expressed at early stages of differentiation (day 2-3)
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differentiation. GATA-] expression levels were reduced compared to those found in

serum-stimulated EBs. Next, day 6 EBs generated under the serum+/- conditions
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30 To further evaluate the liver potential of the brachyury expressing

cells, cell populations derived from both the bry™ and bry- fractions were analyzed for
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30  change in developmental potential of these populations from hematopoietic/vascular

to cardiac muscle. A second pattern of interest is that of the gene Mix1-1. This gene,
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To further investigate the kinetics of endoderm
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25  whereas other cells, in the vicinity of the Hepl" cells were found to express AFP. No

Hepl* or AFP" cells were found in the graft of the GFP™ negative cells. These
findings support PCR data and demonstrate that there culture conditions support the
development of cells with characteristics of immature hepatocytes, as defined by
express of Hepl.

30 While these transplantation experiments demonstrate the presence of
hepatocyte-like cells in the grafts immediately following transplantation, it was

difficult to monitor the maturation of these populations over time, as the transplanted
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tested. Studies in Xenopus have shown that activin wl|
i nduce both nmesoderm and endoderm from ectodermin
culture. O particular interest was the observation
that 10 activin behaved as a norphogen in this nodel in
wB3bo7iobasknduced different cell types at diff 006/024462
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simlar potential in the ES/EB system it was added to
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30  population) by 7 days of culture (Figure 23A). The frequency of GFP* cells increased
to 40% in cultures stimulated with 3ng/ml and reached plateau levels of greater than

50% at 30ng/ml. Gene expression analysis of these populations indicated that
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of the endoderm genes and was downregul ated with

i ncreasi ng concentrations of activin. 10

Activin-induced EBs did not express genes associ ated
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25  expressed both HNF3p and Hex1. None of the cells in the un-induced EBs expressed

these proteins. These findings clearly demonstrate that a substantial number of cells

within these EBs are of the endoderm lineage.
To further investigate the potential of these ac{itivin-induced
populations, GFP" cells were isolated from EBs stimulated with 3ng or 100ng and
30 cultured further (14 day total) in hepatocyte conductions. As shown in Figure 25,
only cells from the 100ng cultures differentiated into cells that expressed albumin

consistent with liver differentiation. Taken together, the findings from these studies
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activin and cultured for 14 days to pronote the
differentiation of hepatocyte-like cells. Follow ng
this culture period, the cells were harvested and
transplanted to the kidney 10 capsul e of recipient
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from those cells that expressed Flk-1. To determine if c-kit expression could be a

useful marker for the segregation of cell with endodermal potential, bry™/c-kit™ (+/-)

and bry/c-kitt (+/+) cells from day 3 serum-stimulated EBs were assayed for
hepatocyte potential. As shown in Figure 27B, HNF3p , AFP and ALB expressing

30 cells were all derived from bry™/c-kit* population. To estimate the endodermal

potential of this fraction, sorted cells were plated onto glass coverslips and stained
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The PCR anal ysis presented in Figure 23 indicates that
di fferent 10 concentrations of activin induce different
devel opnental prograns and that cells with endoder nal
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Wock@io023ke quantify the differential responsec®fusieso24ds2
activin, cells stinulated wth different concentrations
of activin were adhered to coverslips and stained with
the anti-HNF3 (3 anti body. More than 50% of the entire
EB popul ati on sti mul ated with IOOng/m of activin
expre sed HNF, reas, o %.0 l1s

o} PR 2Ry 1 BRI o e ot e v illeiprenind
| ev f t

popar B rdih W‘ﬁ kit A R
con @@\mat@hat@n@dgﬁnahmgmtws exmess boﬁrbtaahselrsaandd-iusand that this

end re i i.anl f.i,c
F BSFA 10kigy B LR SRS Bl M ROl BRE -
y50t bmed ah bothyact indicrkittergradsiod powvides a nolay sthategf Gor ERsisolation of
c[o%ntl ?t ed n|,tnrst he presence of different
concentr 4 BRE Pt his factor were transferred to
serum r epl acemant nmedi a f oExaplays and t hen repl ated in

hepat ocyt e i ons for anp.addition s. At day
14 or onl tur o DevRoraRr BpieBfn SR At Bdccd e

harvest ed an ]grhs lH’FJR&ﬁﬂ’gﬁs ;treseﬁi%l ne;il Rir€sSindidatedibhtydiffGent
pression o 5 a el etal. actin were nonitor

T ey Gl S A AR R R g e

25 aflibidérnfnadeniRieciatted ®ith ﬁﬁcﬂuglhesﬁ 83¢e of thisfhcistt d0lquantify

pr ot ei

SP- C | | uded
B et e R BT SHBHE P b itk TncRaar pieghone o
AFPa@Rth wéb BiheR3 t6 mﬁ‘[@hﬂs'ln«'f 5tBinedRith MY bri-ANE3 S K&lb%&yﬁ' More

actin were expressed in cultures stinulated with

| i t thas 58% of Hg/entie EBfropdatiopisimulaigd with 4 0@ngnled getiin wmsessed
. Of
19et %*f«%ﬁ v%%?s %éyt ﬁ%@ﬂhef @eﬂ%nﬂnatémwng@gﬂg&%&ﬁweo Iy,

pression o genes was, however regul at
at bikghighlewds dohodmgwen oerved indlot ionistimplated pgpuidtion. These

Qul 55, BHTHL RS el AT O QL BEULY b obus

al n gr oups 0 e norp
sk ebmwtodérmalfio giﬁnzx@ﬁﬁdeﬁﬁl@%ﬁgnﬂtéﬂtlﬁﬁmﬁ 6161214@413]3 popn]a;mlne

| mmunost ai ni I}‘%r?’yq% @%ﬁasgeﬁat e % t?? ho t?{llglers & .G ? ﬁ%a%excfcr?ﬁ

bot h skel et al -3¢
20h eEBadéfemhnztthhn ﬂbqilceémb ofdifferest cbndeetaagmns offfivia Ifastwr were of

th f af d hat
T e R e
ex pécﬁﬁlﬁioﬁsﬂfoa meddditioss] 4alsyst Hadey Bi dfitulnat,akk asilé Froth e3chagicup

dov B BOHRA 0 SRl SR cergon g ErasepPR AL and

pat tketets aafn wdiembiitossd te avdbderskelbtalgrusels delvel dpateattrepresenting an

R T T R s N T

re agedeywa:beﬁmdce ds 4 marker off amcbdermtdlﬂa.téxﬁia&& natiditidhe AFP and

XA R P BOT T B 4% BB bl 6 ety e B Al

stimulated with as little as 1Ing/ml of activin and this expression was detected over a

broad range of factor concentrations. Expression of both genes was, however,
30 downregulated at the highest concentration of activin (100ng/ml). Cultures stimulated

with Iow amounts of activin contained groups of cells with the morphology of skeletal
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10 and those stinulated with | ow concentrations of
factor. The findings fromthis analysis confirm and
extend those from Exanpl e 12 herei nabove in
denonstrating that different concentrations of activin

' i.fferent devel opnental prograns, with_ | ow
@ggg@@f]%g%l on favoring g mssode?malg fate and WHHSZOOM’Z"“Z
concentrations an endoderm fate. In addition, these
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25 Generation of HNF-CD4 Targeted ES cells

In order to track and isolate endodermal as well as mesodermal
populations during EB differentiation, ES cells which already have GFP targeted to
the brachyury locus were targeted with human CD4 (hCD4) protein into the HNF3 8
locus. HNF'3 3 is known to be expressed in most endodermal cell types, starting very
30 early during embryonic development. Kaestner et al. (1994) Genomics 20:177-85.
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same long armwas used while a 1.8 kb fragnment of the
short armwas used to create the hCD4 knock in vector.
The short arm contains part of the HNF3B pronoter, exon

1, intron 1, and part of exon 2, ending just before the
avologeness ATG initiation site. 15 The | ong arpoT/Us2006/024462
consists of a 7kb sequence starting 3 kb downstream of
the end of the Ilast exon. Using standard nol ecul ar

bi ol ogy techni ques, hCD4 with a kozak sequence

foll owed by the bovine growth hornone poly(A) sequence

al orithewirgdling cqHstradtyGritdins HEARBRIMCDAMINL [tahcded £ abaioweidn
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end SRRFHEYT M%% therhgving godrth hiormeng polyb) seqpracqiapdia loype
al | @aﬁk&?\ﬁgﬁg R cassaudd? dBRaed &W AL MBe 4B RHindd ggfl% fene

C
gives a b sized band. cl ones 25 screen
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transiently transfected wwth a nodified Cre

Weconbi nase ebhssbarsimarnang dong grn elhomelngy avercbtainpddicgene.
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cell's accurately r ects expression -3T .
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31 E I re 0 I e h . .
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I s shaetielwas alonebinlbetiveeh the fyacarms ciolnplagy as stewthiPFigSeAl s
at day 3. Expressi fall apidly b ay 3.5 .and i
o oot undet Atg cEpay R sl ERRbE ¥ stipEY v RRbpdcied
20X p et sheCHINFReS trgeting veatotaihe delRndre tHarseleasé svith pudaycib and
The pean fluorescence intensity for CGEP and h .
e HEE e PSR 3RS R apdar S mi AT s eclaBort Flt ooy g
peakstrtio@yryde Smd, aal d Sontheblot khajysistwas perfdrRied path ls prabe
days 3.5 to.4. Sem -q titative. RT P or .HNF31 nd
By ey o radasHe A1 s b Eine A DR kL beglages
( Fi guBre&kbIhndoyhilelhetabietedfali¢le sibes aR lenwiled dmall ©f ¢8 nleses

ol | ows t is.seen using flow cytonetry fqr, .OFF.and
DI el Frae 5,15 e SR RO i 8.4 a5t
3, \afficlescyl BhiNRBetek¢16:@S Sieteitransiently transfected with a modified Cre

_ recombinase expression vector to remove the puro gene. The targeted clones are
referred to hereinafter as CD4-HNF/GFP-T ES cells.
HNF38 is expressed transiently in EBs during serum induced
30 differentiation. To determine whether hCD4 expression in CD4-HNF/GFP-T ES cells
accurately reflects expreésion of the HNF33 gene during EB development, CD4

versus GFP expression was assessed.
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decreases by day 3.5 and is undetectable by day 5.
Brachyury expression continues at high levels up to

day 4. These data confirmthat hCD4 is mrroring the
expression of endogenous HNF313. In addition, hCD4

v%%o%@isﬁ‘ is seen to decline along with 15 HdraR 60824462
I evel's, suggesting that the half live of the hCD4

protein is not excessively long and can be used to
accurately select cells expressing HNF3B. It is also

seen that all GFP' cells are initially hCD4+, but then
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anterior primtive streak (Fig. 32B). The posterior

primtive streak speC|f|cE@§H€§1¢ng Evxl, 10 HoxBl,

and Thx6 were_al ressed at hi.gher Ievels in hCD4 0
and h@t%&ﬂfﬁsmtﬂg Adh Oés'rfﬂa}"a%“tvs Step) fopaptian In

60125t L o B R T Tl e
h CB4hiveddmin & structowe dabled the primitive streak. Beddington and Robertson (1999)
Cell 96: 195-209. The primitive streak is characterized by expression of specific
genes such as Brachyury, which is expressed along the whole streak. HNF38 is also
expressed in the streak, though it has only been detected in the anterior section.
30 HNF38 expression as demonstrated by hCD4 was seen to be heterogeneous in the

Bry-GFP* population. It is possible that serum induction allows development of a
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negative in hCD4dned cells, and not at all in hCD4
cells. HNF313 expression was also examned to verify
that the hCD4 sorting isolated cells expressing
different |levels of 15 the HNF3B gene. The hi ghest

lveoy 2dos/oexBssHNF3B were seen in the hCD4h™ popul agd@6s2006/024462
W th decreasing anounts in the hCDdned and hCD4' 0

popul ati ons as expected. To confirmthat the
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hemat opoi etic growh factors. The presences of
hemat opoi eti c col onies were counted 5-7 days |ater.
The majority of all hematopoietic col onies were found
in the hCD410 population. Fig. 33C shows RT PCR for
fiegedmsspeci fic genes of the sorted 20 popupédess/o24462
which were plated onto nmatrigel in serumfree
conditions after reaggregation. Only the hCD4h' cells
expressed the endodermal genes HNF4, Pdxl, AAT, ALB,
and HNF3lI 3 after 5 days on matrigel. These data
denonstrate that the exprggsigdef hCD4 and G-FP can be
used to segregate popul ations wth different
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Activin Signaling and Wnt Signaling are both reqmred for ES derived primitive
streak like cells
Studies in mice have demonstrated the importance of Wnt signaling as
30  well as nodal/activin signaling in gastrulation and endoderm/mesoderm induction.

Liu et. al. (1999) Nat. Genet. 22: 361-4. Example 12 hereinabove demonstrates that
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HNF4, and Pdxl, confirmng findings in exanple 12.
However, the Wht3a induced cultures did not express
any of these markers suggesting that activin signaling
is 20 required for endoderm devel opnent. Consi dering
WwuadooWhsgst | mul ati on i nduces nodal and acti vi

treatment induces Wit3 (Figure 34B), it is u%lgT/USZOOG/OZMQ
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( Wkrnt signaling while the small molecule inhibitor SB-431542 (SB) was used to block

Nodal/TGFp signaling. DKK1 functions by binding the Wnt co-receptors, LRPS and

et

LRP6, which are essential for activation of the Bcatenin signaling pathway. SBisa
specific inhibitor of the receptors ALK4, 5, and 7 and thus is able to block TGFp,

30  activin, and Nodal signaling. It does not, however, block BMP signaling. Inman et.
al. (2002) Mol. Pharmacol. 62: 65-74. Both inhibitors completely blocked the
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inhibitor), activin, or activin and DKK1. The effect of
these culture conditions on 20 hCD4- HNF3(3 and GFP-Bry

| evel s were anal yzed by flow cytonetry (Fig. 35A).
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but that the cultures expressing more hCD4 were differentiating into endodermal

lineages. To further test this idea, sorted cells reaggregated for two days in the culture
conditions above were washed with serum free media without factors and plated onto
30  martrigel in serum free media. After 5 days, the cultures were harvested and gene

expression determined by RT PCR. Figure 35B shows the expression of several
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20 B27 with retinoic acid, 10% BSA, MIG (1.5 xlI 0-4M,
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cell population GFP-Bry™, hCD4-Foxa2high and cKithigh (named +++) emerged at

day4, and was assayed for its endoderm potential and hence hepatic fate versus their

30  counterpart population GFP-Bry™, HCD410W and c-Kit- (named +L-). To address

these issues, both populations were reaggregated for 2 days in presence of the two
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hepatic col onies that were soneti mes surrounded by
other cells. At this early time point, many cells

wi thin the col oni es expressed al bumi n and AFP assayed
by i mmunohi st ochem stry. The surrounded cells were all

Wodbopnsissi ve cel l's suggesting that they arepcr/us2006/024462
endot helial cells. 25 Later on at day 12, hepatic
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the cells surrounding the colonies are the presumptive endothelial CD31 positive
cells. Immunohistochemistry for hCD4 showed that all the cells contained in hepatic
colonies expressed foxa2, and that this expression was restricted to the colonies.

30  These results confirmed the endoderm origin of the hepatic colonies.

Similarly, day 12 floating +++ aggregates grew much larger and were

processed for immunohistochemistry for AFP and albumin. Most of the aggregates
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performed on day 12 +++ floating aggregates. Most of
the cells that lined up the floating aggregates

di spl ayed hepatocyte characteristics including a | arge
nucl eus/ cytoplasm c ration, |arge anmount of gI ycogen

?Egégg@at fR0d presence of bi I e canaliculi, ngf‘do?/ﬁ‘r{wsz

a indicate that hepatocytes are gener at
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20  typical red cytoplasmic staining for glycogen. Moreover, electro microscopy was
performed on day12 +++ floating aggregates. Most of the cells that lined up the
floating aggregates displayed hepatocyfe characteristics including a large
nucleus/cytoplasmic ration, large amount of glycogen storage and presence of bile
canaliculi.

25 Altogether these data indicate that hepatocytes are generated efficiently
from mouse ES cells by mimicking in vitro the developmental progression of the ES
cells to an endoderm stage by activin-A induction, a liver specification step with the
combination of BMP-4, activinA and bFGF, and finally a proliferation/maturation of
the hepatoblast/hepatocyte population.
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absence of serum 11. The nethod of C aim8 wherein the
concentration of activin is at |east about 25 30
ng/m. 51 12. The nethod of Cl aim8 wherein the
concentration of activin is about 100 ng/m . 13. The

t Claim8 wherein the inhibitor of Wit
‘gf’gzﬁg’ﬁo?’fﬁ% is DKK-1. 14. The method of O ai m¥CTHSAPYYR4462
the concentration of DKK-1 is at |east about 30
rig/m. 15. An enbryonic stemcell in which a nucleic
acid encoding a selectable marker is present in the
HNF3/ 3 | ocus and a second nucleic acid encoding a
seclibe damstt abl e marker is present in the brachury
| ocus. 16. The stemcel | of Caim15 in which the
sel ect alpl eth@l dfatiaking alteidpopulaidh entidhed Fhreendddeinn céeldlcbmpfising

Claim15 in which the second sel ectabl e ker..J reen
F1 S ES B Co LS B hopTRgheR G A AR 236 WA for sbows
polpcuie&_t At s@ngdaiys:, h@@hﬁﬁ@bra&é@a\tml | gyaeﬁs,ﬁﬁ@ Bttukisig Bgd is?lated cells
cul turing enbryonjc stemce in . the presence
ActiPHePISPIcH aa%aﬁvwné prophiGr o ﬁgr;aﬁmsfﬁfsﬂt Jeaitjabout one day.
cells, isolating the brach'/HFN3p3'/cKit  cells and
culZ uri mie mstabdloDEhins] wheréih éhe pmbs/eic etemfceB\re dulard i theH
under conditions sufficient for the production of
hePREBHT U™ and cul turing the hepatobl asts under
conditions sufficient for the maturation of

hepat oblTasmsthbdof@piat bwikres the i®latedlvellsmrd ¢udidre@limthaalisgnce
vvheorf%én the enbryonic stemcells are human enbryonic
stem cells. 20. The method of C aim 18 wherein the

enmbryonic stemcells are cultured in the presence of
1&ct4 vi n The metbodief Glaim bivbanin the pmbrybwe steth@eldfeyshupah,  The

met o ?I 18 wherein the enbryonic stemcells are
cule{ﬁ%?}ggrcisn egé. absence of serum 22. The nethod of

Claim 18 wherein the brach'/ HF_I\ISdﬁs' /cKit' cells are
cul¥ ur edhe mpthedef Gaimehwkeradn Wasis Wt 3d2 WO 2007/ 002385
PCT/ US2006/ 024462 SEQUENCE LI STI NG <110> Kel Il er,

Gorglon  Ivhe meM6ISE Clidaid wherein the inhibitor of Wnt signalling is DKK-1.

7. The method of Claim 1 wherein activin is present at a concentration of at least
15  about 30 ng/ml.

8. ‘A method of making a cell population enriched for endoderm cells comprising
culturing human embryonic stem cells for about two to about ten days, isolating
brach”/HNF3B" cells, and culturing said brach*/HNF3pB" cells in the presence of

activin or nodal and an inhibitor of Wnt signalling for at least about one day.

20 9. The method of Claim 8 wherein the embryonic stem cells are cultured in the

absence of serum.

10.  The method of Claim 8 wherein the brach”HFN3p™ cells are cultured in the

absence of serum.

11. The method of Claim 8 wherein the concentration of activin is at least about
25 30 ng/ml
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<120> Mesoderm and Definitive Endoderm Cel |l Popul ati ons
<130> 11768/ PCT/ 2 (461089-000) <140> PCT/ US06/ <141>
2006- 06- 23 <150> US 11/165,930 <151> 2005-06-24

<160> 15 <170> Patent In version 3.3 <210> 1 <211> 4D
<212> DNA <213> Artificial <220> <223> Synthetic
<400> 1 gttaactcga gaattctttt tttttttttt tttttttttt 40
d210> The attod @F2Clainp B2wheDNIA the<guhBentratien f adtivin is2gbout 100
??%§> Synthetic <400> 2 tggagtcaaa gagggcatca
t§gatacatg gg 32 <210> 3 <212> 24 <212> DNA <213>
Artificial <220> <223> Synthetic <400> 3 cagtacactg

gacaatthe GRtHod e Chfn 8 wherlirthé infidbltdPof38nt signalling is DKK-1.

14. The method of Claim 8 wherein the concentration of DKK-I is at least about

30 ng/ml.

15.  Anembryonic stem cell in which a nucleic acid encoding a selectable marker is
present in the HNF3f locus and a second nucleic acid encoding a second selectable

marker is present in the brachury locus.
16. The stem cell of Claim 15 in which the selectable marker is human CD4.

17. The stem cell of Claim 15 in which the second selectable marker is green

fluorescent protein.

18. A method of making a cell population enriched for hepatocytes comprising
culturing embryonic stem cells in the presence of activin or nodal to provide
brach”/HFN3B3"/cKit" cells, isolating the brach’/HFN3B3"/cKit" cells and culturing
said cells in the presence of BMP-4 and bFGF under conditions sufficient for the
production of hepatoblasts, and culturing the hepatoblasts under conditions sufficient

for the maturation of hepatoblasts to hepatocytes.

19. The method Claim 18 wherein the embryonic stem cells are human

embryonic stem cells.

20. The method of Claim 18 wherein the embryonic stem cells are cultured in the

presence of activin or nodal for about 2 to about 10 days.

21. The method of Claim 18 wherein the embryonic stem cells are cultured in the

absence of serum.

22.  The method of Claim 18 wherein the brach’/HFN3B3/cKit" cells are cultured

in the absence of serum.
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<212>
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<220>
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<400>
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