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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.



definitive endodermcell popul ations. These cel
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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
that are enriched for hepatocytes, and methods of making such populations.

In another embodiment, the invention provides a method of hepatocyte

replacement therapy.



I n anot her enbodi nent, the present invention provides
a nethod for generating cells in vitro. Such cells are
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macrophage colonies; Ery®: colonies of definitive erythroid cells; Mix: multilineage

colonies; Ery®: primitive erythroid colonies. Fig. 3B is a histogram depicting blast
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.
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1solated from day 3, 3. 5 and 4 0 Bs. In Fig. 7B, the top row represents GFP'/Flk-1"
cells isolated from day 3.0, 3. 5 and 4.0 EBs prior to culture (pre). The bottom row
shows the Flk-1 expression pattern of the same fraction, following culture (post).
Numbers above the bars represent the percentage of Flk-1" cells.
30 Figs. 8A and &B demonstrate the effects of BMP-4 and fetal calf serum
(FCS) on the development of brachyury and Flk-1" in/on day 3.0 EB derived cells

under the conditions indicated at the top of each histogram. Fig. 8B depicts



Fig. 16 shows gene expression patterns in Bry+ and
Bry" cells cultured in the presence of bFG-. Fig. 17
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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.



definitive hematopoietic progenitors. B) Progenitor
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wa@l2opg/0af3sexposure to serum Fig. 25 shows the PCT/US2006/024462

devel opnent of al bumi n expressing cells from GFP+

cells induced with ether 3 or 100ng/m of activin.
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Fig. 28 depicts expression analysis of cell populations derived from
30  EBs induced 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.



EBs were differentiated in serumfor 3.25 days and

sorted by the expression of GFP and hCD4. Fig. 32A
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and after cell sorting for these popul ations. GFP+
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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



35A shows histograns for hCD4 and GFP expression of

the sorted cells after 1 day reaggregation. Fig. 35B
waleproossendoder mal gene expressi on by RT PCR PAT©€S2006/024462
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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



steak, is confined to the tailbud and notochord. G ven

this pattern, brachyury is considered to be one of the
whewy/omsskers of early nesoderm and i s used toPCT/EHS006/024462

t he devel opnent of this |ineage. Brachyury has been

identified in all species ahal yzed, suggesting that

its role in nesoderm devel opnent is preserved

t hroughout phyl ogeny. Papai oannou et al. (1998). In

aceRkdapmehoditftrehtt@io bE&aRyoniOMeRti(EStellfinstlt@e thabben used

mar ker  gene has(geen reconblna @% targeted to

br RcHAmespdsEpRl-deriyedpopulauess S8 urisiprotes, nabibhdia,

f obdr@mé REl BIBtal Ahdcletnll QBipSyteIheagds! THE ffved-eRbldtsh Iﬁi'(brts the
the selectable marker is expressed jn a pattern t

r efoduction apd arepification ok pesndermprbut thege diféirentiplin evepirikeplace in
5h a@o@l&@é’éﬁ(ﬁués haswh Eé é?ﬂor?&d @5@@4"@3}%@9@@%& 'f\6h E@Eé’lﬁh twould

fromEBs, and thereby the isolation and

c hbfr m@tﬁge@as fod¥plass messidprnpesbloavlpnns fiomuEByasdheyrare fmmed, in
f oBﬁ((igiEl% %@ﬁjé? qﬁ&%@tﬂ@%&@&e@ﬁ%x&ﬁa@l@h Iarf‘d n%ﬁbe%e%%ﬁ%ﬁb h—l%wever it
| e I N accor t he P

er exe ance wt esent
| nkasmok bgen mQSStbﬂfeto aévvbrnthess ypeletions by oelbsrs@rmsingrantieddies,

| f S?:cFusg ap%od} 'S ecﬂi% for nascee%{ ﬁggo%erﬂ?{elﬁ%r ﬁul&@o%‘é i@ Aolt well-

PSort| 0Se of ordi I nary
10 skddfined.n t he art and nay be used in the present

i nventi on.

(and is o S, Wa%le tP%f"“%&%%’F‘énﬂer SR By of

p EdnRcitioh fammorCkowines T-bdRadefesAintd ayas GA) jdeatifibdmay nbrrally

targeted to the brachyury |ocus 0 struct'_

t aPGEFgREn R gﬂf(@e%@%?‘c\ﬁ%ﬁ} hzfﬁ?g ORHBRTO ALY he

ar Hetedd2§g 46 6licd % Akile Phiteta@s @Hoytei@s kAR ealdttppereaﬁhag e
15bpﬁ_eoxmately two-thirds of the first exon of th

r

HyBrspuyehenty WHchdierraasieddy 4w R elptled notochord and

Br aghy i dEneSe ée%lﬁinﬁéﬂf%f P4sEeridPRGE0ASmal aszshegd mugwﬂaen
and nouse, are known in the art and revi ewed

exanpisis, of Khimers enimalsglagy/yerias Reenchewn toraifent t@ﬁ)ésrategf &
g@kg@g{&&m més%éerfh§9ce11;rhwﬂ%&t§1<@f@%ﬁb@@l@ﬂfeﬁﬁmw -86.

y contal ns G-P cDNA one or nore
t r Ergbssionanaysistevgrlasicdomngnetand priesesting patiean®r ardchrirp lt is

d g\r’]m %srsee@trrgngeﬁ Wah ¥%}ﬁ)ﬁgﬁ?ﬁm£g%gg§}x;t§$ éltuglelﬁ?/% éalﬁrag Ov%ﬁ as in

an exon enco at’ion
si gfea:lascsmmé paty mrgrqmng wenddetm af&ikinspt etah (0N Dwnst F48057-9;

re ons_of ur vect.ors
gty e BS e o r Gab BRI R ridly goppautated

t 0111 kB Akteral &1 eﬁ&rﬂfryorﬁ@msioﬂemi arid)folhﬁfmg mgm@sion of the
reconbi nat S c S ol ated fro .
bl étﬁ%rlg é GB;F FEPS ¢ @B@ &{‘%@P Bt s v frechsgisg

25 f okorR el |t@beb(}he BY 8RDe@tmaikers 6ﬂe@ﬁ} }neﬁ&llﬁeﬂﬁ end’i9 Asctiad trddbihe
Thonson et al f1995 Pr oc. d.. Sci USA 92:
78derelopmant g5 is lipggge. Br- fscizzwfréﬂes begﬂ ademéﬁ% iR 3l Fhestes apalyZed,
( 2 Estil}ll@ttﬂé'i ﬁs ﬁl&h%@edaﬁﬁ dgﬁ%pnle‘ﬁt 2 {%rs@‘r(f&f thRfkghout iphylogeny

i ment the | s are nouse or human ES cel
Papaloannou 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
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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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odi rre canc n | VLD.1.S: 0
B L W
st KDRE @hd ﬁkaf eells uhaly e exténhﬁed wyeﬂ@bs;emeryofsng@mmmao KDR

t he nce ct|v inhi bitor of

wnte Bl arrt HEPSR bt nok s ahtn T Byt fhe

C ebt?ﬁdaﬁkﬁétﬁs&sl ofgntiboag blsr?dﬁguoﬁr g’he &l pealetionsiendched for

preferre nt the_ i itar | DKK- I.

P ErTe B AP ORI hetret b mrnr mgdebR PEAE

Ie@eqisb?ke@lqjgo&(@g/ m, or about 100 ng/m . Cell

popul ations enri ched for mesoderm may be .obtai ped by
dipe it the

cul turing Gfﬁ-@f’ﬂ?teéﬁ’bﬂgom ¢t ha hepndiscpeerqdin ppror

of LREdY iHv@x%nttlba@ nEEe%ﬁ@d%ﬁﬁ i04 p@ﬁbhél}l' ﬁhl&Hntlﬂ@&i@éll PoBtilation that
about two to about ten days, and i'solating cells that

ex pivessetp hethpndpdernTans raprodem avdl thesrcoupspoding epages; 4t has
SUBLdGLAI: alsQoveRd e pﬁi.befnfcg bEMsdRE bR chHp ENSR) CullhERby

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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cells to nmesoderm but insufficient to induce
differentiation to endodermDi fferentiation to

wore®omeasss nay be measured by assaying for the PCT/US2006/024462
expressi on of genes associated with nesoderm
devel opnent, including for exanple GATA-I, and the
absence of expression of genes associated with
endoder m devel opnent. In a preferred enbodi nent, the
coagRNoitaty 20 ifatiag GFPT ells Sfot @@mplel 31 Tlo¥cyigthdétty, folldwed by
anot her preferred enbodi nent the concentration of
acFilipring the %]B%Hltth%alﬁg;cwf sefym fpg dro uk oieiie ghout ten days. The

di sQONPuBHh thafil GRIHRNGAME hiNledsh 00D 018 PRiferhBlY 8IMEAsObout
that céll popul ations enriched for endoderm ma

be
obt &g msre prafereily aldeashahoyoltie agd gqﬁtdgq:f!a@p]y@t ﬁ;ﬁg about 95%
5abseng sgboﬁﬁmlﬁﬁge&ngbﬁgg g@éveﬁit%@hclé}feinﬁ%by' n or the

rel ated protein nodal nol ecul e for about one

to about si xCalbyepulatiens|that piegnibehed for cpRe@@bB cells| may, behtpined

cu I LSl ' . I
iR s LR e o Bl B3 oA ARG mS BFH By s
at c¢lsas thegipeatcemf ecraa for abgw 240 il @ daysf ardrtbartseftHENBS Belating
celd-s+ facilitat b si.pg. the - HN P--Br,
£ GED] ¥ Qi A PR et Felleig Qi S g

10 andbdafPo dteiut EXdaypl e by cell sorting. Wit refers to a

a1y o polyncgl s MeLLA KO L LIE O (S i
f agy Eclénﬁifyﬁidgtaﬁ&S(l)rlﬁﬁ@blﬁim+aj’11(FﬂdE“deellyaﬁiesd;rﬁﬁﬂbbd\en genes

in mce an east _seven genes in hunan,. l.n a ) .
preferred en]giﬂ%ﬁ %ﬁﬁr bggn *W@g%?%léléﬁ‘ior%’?e%mm B¥q Presprd pgption

0 (RE sH1Bp dpBlafiSnRtHRa fdr Middedtlmal BE bBhined by &fltuMhiE GFP-Bry
signalling are_also well-known in the art and include

15f oPmBRaRf5ISiEm Sl in theiplsencs oberrymn and i theppreasge pghe growth factor
6, Satbiftarnoand fo@‘aﬁ&x‘f%t‘o%b&%‘d%s, dhSBbRARLCMY it &Rs
et al. (1998) Nature 391:357-362. The present o
i nYedstiion Ehesuneunbed agtien ar pasehis quifipienteR indyoe dfferentiation of
ﬁg@féb@%{ﬁ%@%ﬁ&ﬁlk & dode g&gpcgﬁi@l (ﬁgﬂﬂag 'bg?legéﬁketd%' ng

use ennryoni c stemcelsmtreasenc serum for
abesstyinguor e exprstiorf dfigenataywciated whthreadodsnh dywiipment!| | s

in.the.a ne f f.0r bout
20 o e RO E RGPS Wik SRl ik 1O b i kBl
t hembsdimattethe cahdestrdtion ofiimtivin ipatdedstatmbioift ng/eh Idayshérn

t he_abhsenc f serum and t.he presence o ctivin or

oG e b EyPe iR PERRR I fhofl Bt dr Slots

br aﬁlbddiiﬂEﬁﬁﬂﬁ 'GRPSIBﬂyS‘eml m;ol nf@%te(ﬁjr&ﬁéllb hﬁgaﬁlﬁﬂgﬂ)ﬁl s hlﬂ;gndehﬁ serum

CD4- HNF/ GFP-Bry ES. ce as, descri be ove._..ln_ eac

of 2Rhike PEsEgE iOﬁ@ct&Vwoorﬂ%&?% gfan iphbton o5 YVt SIEAling foF gbopt two
2501 tdsbat 108 s,\Ahl ciRRikPredstiz k@S iatd 631884, InQ prefEker

differentiation of ES cells to endoderm .

Di FRepEmentdhe Bhibiayis PEKnba i gty PRRfeRdcapofneptsthe ne

eX R6 RS Rtk Afon OF DRRNL S ARAAGHE: 80ngNnl, Br S5O HRY HP/m1.
devel opnment. In a preferred enbodi nent the

concent r at i dRelbpopalatipnscariched forrassedermpn beadytaingd By (culturing
| N B CE LR i Bl HPAD LB AL JrRiGuh NG AR FALARI tivi
actC?;\li/},i nllgli élbg%oouct fgge ngﬁ?n‘? I'n ea preferre Iirzn‘oo%i msn%vm ot
130t haodah foriahtitlhve b abiost tOK#yE, 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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and the concentration of DKK-1 is at |east about 30
ng/m. In another preferred enbodi nent the

w@ocemssat i on of DKK-1 is about 100 ng/ m . TheECPUS®E6024462
i nvention further provides a nmethod for making cell
popul ati ons enriched for hepatocytes conprising
cul turing nouse enbryonic stemcells in the absence of
serum and t he presence of activin or nodal for about
t WDiff@erdtiation Kdafyﬁodeﬁ’ih rﬁ@%ﬁn@ﬁd&éd’&fﬁsﬁayﬁk@ fbSthe BxprBSion of genes
? gi‘:’sesg%%gf \];vttg\g{elffl SfR e%?{?pgl%%ﬁe %gﬂlg{ng%%r e?(g&i)l\eleleA”FA 1ngn%che
br agBride I Bi3Rekdion i benes 8lsbsiate® Wth bidoBgnd Jb@elbﬁﬁlsﬁt @@Ia

cells in the absence of serum and the presence

ENPRSH i3\ @B EIRCRin (e ORSSEIOR GRCUE RS Joey Wit 34 B h@ another
5 Pr kel eRbimBRRAL Alcatiafon ANELHAH idAWbhtBnd/RE

hepat obl ast under conditions sufficient for the
mat uration Jfhastheethiighershicarered ipgodeejsaecowifl & preppd mvention

Péellﬁ;oFl"ﬁ%dng le g?c%rg% i Fl{iod'eﬁn ﬁH{r] bé Ghi&REd lg}pcdltﬂgﬂg &mnbryonic

ere at1 on s to endoderm
p r sttmrceldsin direlrbgénce nf senan aid/theypiesenpy e@emln@t tl@ related protein
conc r n X
RSBTSRBTSy
10 an delb @R cuhurmgehcersbla‘aﬂ cellsan the@hienedt efeeruof andtthd m@hce of an

2 o8itss Gk M syt PR EIES Bou S B SR DG phifeer apsps’

ex aemalneayb)y fediléetd oy usihg the S APYE/GoP-Bri@Saelleddsstiteds of
hepat ocyt es hasa r cl eus/cytoplasm.c ratio,
RS pu teiegring fop CLB e ST Bt B DT PEen e of
bl I e canal i oFthi refeld18 af fRHBEOI J3G PRI Fe LAYkl RSHE 8| See, e.g.
se at | east about 10%

ul ati ons that conpr
15 he§ at BRiRidye- 6115946% %%WPE@OW%W@H% ly mefydeg proteins encoded
popyhatisPrs fgeema{ IR 284 af mﬁgevab%g&s létmlae pﬁlt Dr¥fe8sd

In nore preferred enbodi nents popul ati ons
c ombedimentiof fhepseseniianentian the Vut rmlequ@azg reca@bwnﬁ{v}% 3dgr

at |east ab QHltubi%}{ ‘bf Wnt Eeigxﬁtllnﬁra% AEAPLIYL il 1%21?4 ar?Qﬂqﬁclude,

90% hepat ocyt es. I nventi on ]

pr &viesasple Wettl}mwlqsﬁd udéﬁtli’afmt Ng. @828 and RickkpplelDKK-1)

th I| t r survival of the
0 Sag%pu&%{liﬁ%%g{h e(g%ggr) gg@'ﬂa%ﬁ 3)59'}_?%6 nmet hod conpri ses

cuI turing céeregarésemnn@nnorodlsdmewdeslalmqjhxmnfamaﬂm@cell

descri n the abse e._and gre ence

an D e RO PR ob R SR TRG Mop Bl S i o cets
agénte Basne@nf efri@dbr aboutvolté dnefoundyys,dir hindieahbgbniotells in

or survival. of the cell populatio Th B

0 e a5t st by D Roh sy, BB BERRGGER b, cels,
25M YhdduBnrif HE®olatdieBE for 8bdat oAb bRt tef GhiidinAgE absence of serum

pol y eptl des, B&Wysaccharl des,. pol ynucl eoti des and the

| i @ the presgree vigror ppdad ac-An iplybias of Wni sigaaling naolris At

a bfaemmzﬁs NRt1sHaY b@facﬁw@éd@tdsﬁlgmmm@/eﬁp-my ES cells
conpound obtained fromrational drug design, or any

agandesefhsd @bgvsct of which on the cell popul ati on may

gteaﬁzs ess ed HShAh RRSRYR oS W mbBods e @hountt 8F a@¥ AR hEdal
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
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proliferation and differentiation assays as descri bed
in US Patent No. 6,1 10,739. Such agents are useful

wo ooo7pbe3sTont rol of cell growth and differentiBCT/082006024462

10

15

25

30

vivo and in vitro. The present invention further
provides a nethod of identifying genes involved in
cell differentiation and devel opnment of specific
Ilneages and tlssues The net hod conprises isolating

$ ?tl 184t 35t o Iﬁ Qlllcltﬁer %leférl"h% ehl%‘é@iﬂlehﬂﬁe 8ddcBiration of

rent anou tinein cuture n‘{)arlng gene
emphﬂsss abnuqdroemgms In aprefrared pbedimpnt ﬂﬁf‘o\éf ighibyRisis DR

| dentd c%h%tr%?oﬁl%?D}l%l?l it cas gﬁ’t%lolﬁgﬁﬂ(lp'l@m bﬂaf&red

popul ati on erre di'ment, mcroarray
areaibpdmsanaﬂnd cwbmtraaon pflléKKybmab@lEéW veimhr e used to

conpare geng. IQSre%ts‘%ve Lol 'l-‘lﬁ’lhe% frgwdégh ﬁ&g&llﬁ)l mahmé cell

enbodi nent , present 1 nven n provi des net
nvdapnlgtlmtehﬁcﬂxéd ﬁﬁ htpradcytes ccmgpmm dutardig/meyse pmmeWétem
ells but not

t
C eqe gm l%%{ll ° ﬁ Ter% ?ﬁl(btgla 'pgeg Xf 36;%91% or, %&B&l P(lraﬁgllt)cwo to
anfot a8 lor Whrhdh énlitﬁy(ﬁﬁcl detls @f the h‘&ende\beﬁ Betrumrand theapnesence of

i mmunogeni ¢c_form Al so, t hodi 4. d

i oeéﬁl’linf%}} pofg! fog phout Eﬂmff’é% iﬂ%‘g qu‘gﬁ e‘fﬁ‘?“’ll?ﬁ” ’e@l-‘%y °Hit

Nody 1y ©6 idoRted 2Bich ik dbgenad bf feash a8l thgpiestite dfBMP-4 and
mar kers or fragments thereof. The agttlbo may kfm h
nosE wilsr cogiimﬁ%q W@ﬁ%fcr t%ocm%;o% lf‘l%ﬁ‘%st’ gnd cultiring the
9 ellle%%ﬂoﬁl@lt |u¥dé?f Qgﬁcllt%ﬁl% Q&kridfehi BPAL BRturion OF the QlBﬁdtdSblasts to

ant i bodi es, so on. Anti bodies may be ma

mehdpaideytese |1Ihe remevm of petivieorgiogal SIS BoHe é’éll%l?%lauon of
usgd Ul PLndo@SR ith ¥ bRG %nlb%@ilﬁ%lﬂ' AGivh i@ pRséit bl Sconbifiration
as nesendodepn an rm The present i nvention

al sftnt huasiwbctééo ag/né,tBMB-#le pregunt s satonery rAgeRRLlat leastakeytd0
Inyl AL GATPhd/RES
cullg/ml . bllé'JI: %&??Sr%%?ghé%ﬁmuwgl ati %ﬁd gnrl chée/:d in
rreHeﬁmg’&s maqbelidentiftd dy msog fos glymwn stotagd Pt Pyoplsservation, for
ef fecti the differentia

caf{iiR W@%ﬁl@n TR ar € srzrltr)agl nﬁgl?:l“le{)gﬁ)gﬂgg Cié I‘nllg élllr%rgc?r
hepmilQpe)1Bblagnic eltlsa latiendiduhicifglyebdeactdrage ahdthe presence of bile
differentiation into the various cell types in vitro

20 ar 2R3N in the art. In another enbodiment, the

met hod conpriips @sregoind Méthodproeldbsceflpopalaicne kHat comprise at least
popul ati on enriched I n endoderm cell s under .condition

o fest 1 Y6 heRSFock e BHOIREFBTA TTRROCBRERD 0ol GORY AR pmprise at

LT ygt aB&lt '56% Hepanstaatd &ofé%lrét@rredl?a‘rﬁb@aﬁnem ﬂa@ laeu pépafsions
for such dif erentlatlon are known

pr oxturise ohlewst alhas G Yon ot daeiciey 78%6%%‘?@ P‘é"i 8&)"? R
i sB géill}l Atqggsl Oﬁmb/@ﬂgyaﬁ,gf@ As denonstrated in

ance Wt he present invention, brach+ cells
i sol at ed f r SFhegidsentimsientiopyferthermeovides 8 metho of idgptifying agents

d e¥he g oiﬁonﬂllt %ﬁ]s}ge?cjg?)?t 31%1%1{1 14%{03 SPEiar© E e el pOSIARAYT

i Ci ent gener ate henot opoi eti c and
endes‘chbédl ahbvd. | The agptisd omphsstchl@rme lcblts framp pnedfdin celfay 3

t opopulal%%ns gescr‘f:be%therema évse i? lhe a%sell ozlm%?éégrﬁe of an agent to be

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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| i neages. Accordingly, by adjusting the tinme of
culture of the ES cells used for obtaining the cell

w@opabaexssdn enri ched for nesendoderm and mesodRCTHUSIINE 024462

10

15

20

of ordinary skill in the art can select for efficient
producti on of henotopoetic and endothelial |ineages or
cardi onyocyte |ineages. Such cells are useful, for
exanpl e, for cell replacenent therapy for the

t rlﬁéiﬁcﬁﬁ%]bol%epQH&O?ﬂﬁa&hEH@s poBaMbbotided BATBS hkéJ @h b@ibody or
dysfuncti on imted nunber of cel Is%% Such

d i gt thetepl; P gerepatng Semeslitasy of pajeral orsyiheticgopppwnds, a
gjg)ofu‘?d éﬂ‘ﬂe{lﬁed s ga!t@ﬂeﬁ%ﬁlléld@&é? Rel 2Bt atg%ﬁt MASEet 8 which on the

henne's nuscul ar st rophy, osteogenesis

| rqglé rpf)Eld@@n Iambq:hswdéﬁlgg psestkapye mo%e pibrfar grgmplsgtandard
OIAP LA, ang Ao EERA B AU AELACIY, STRTRENo RO,

pdhueh agénterse ofefitlifer thy emntof |an/ growitloandadidereriation infrdyo and in

gener ating differentiated cells and tissues for cell

reﬁtf%cemsnt t herapi es. The suitability of the cell

popul at i ons Thé ptebtﬁlt pvesentfurtiry providena method ef identifying genes

R A B PP e OB ALY, e
a&ﬁ@tﬁbcﬂ&&ﬁbri&bst Bolhiey pdesihticne bf GAPO¢elld yhthe ot afer different

[imted nunber of cel | For e

R4 SR St SRR ot BPERTO nYRLES i B it

f Oﬁogﬁ?éﬁm EndMefdrARPLerRE thaf are (HIQRD) expoResl ika @Bp/ulatlon Ina
i ncorporated herein by refer enc%yE%C{IOVJ

AR A A L R A A iiop e ised to

f r QRAAFOLLE 85ir¥Bioh pMlesf @i | ure and renal tubul ar
darradog unl egygﬂrtrga ed ?/fnth NTBC

( 2- ( 2- ni t r olaanqthey pmb@@m@@t;@p PISEIRS gypgtlon provides methods of
%aﬁﬂ% Llrﬁl%%éﬁgt 12180 fze Bfa@l{ﬁw AR (MhidY) Ok Bﬁl not brachyury

hepat otyt es t hus rOV|de an 1 deal
f omega@@t (hng:hﬂ mellsp d%oéntomdl anblﬁodef@lmay bgimade by anectmg an ammal

char S. f. t
£ QI oS imich TR M R B RBo BB Sty be
i nﬁmdd:w-idek&i‘fymg eeils smnfatce nmdmmdseﬁtrm ﬁPlHTB@ at 6FR sl ahdh

the art ddsclo re b rsturf. e
( 11@1@]8)155 N%l thls e%ﬁrgf t% 0 %’ﬁ &nt rerﬁg el'iln{lbodties%a'y be
f tnGhdcdhal & godichal adi Ibazy Eblffa&gméﬁﬂs @hetidaly er(gumeredanlnbodles

R G S e

detn8hérhfi SighRahitRles SfrudetiloLidehtifing aﬁ&ﬁ&lﬁﬁﬁg’iﬁr@@ﬂcbﬂﬁ&ﬁch as
Ani mal nodels for other disorders that result fromthe

dedesendedenn apd MgsAdPThcti on of particular cells types

psare known i nrhehgeseilinvestidnhldoRae)ides ABYetRddfol @nbmtiRe

used to assess other cell populations of the present

i nmemiabisn calls invipsp efreqne sebedipiseh the methO@wemBF% pjfuring cells
' nﬁ&'ﬁt c%ﬁ lip n%lﬁé[ﬁo‘?leeﬁn ShellBt DOdn@fdehe PR ACHHEN &RY %ﬁﬁf'@d’ﬂdmons

rising adm ni st er | ng to a subject in need
of eﬁmhe forrelmdxﬁmntatlgmaﬁm@pdcfrmnnf@@m@mcsmﬁgleh@p@ﬂaé@ylp@fh
B:%?lycq 85’(%1 r%ﬂgl 1?9‘[9 c%’uctI ﬁs I%gﬁo'ng Eﬂ‘ec'ﬁ@e ﬂ){_dlfferentlatlon

erre

30 coinpothk tvaxdsusel 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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be adm nistered by a route that results in delivery to
hepatic tissue, including, for exanple, injection,
WO pge7@en3ss i on or i nfusion. The present nethod PEI/USED&024462

for the treatnent of liver failure, liver-based

met abol i ¢ di sease, and chronic |liver disease. The

present invention also provides a transgeni c non-hunman

nannal i n which DNA encodi ng a sel ectable marker is
P&QfHahd: fells NBLTbEtHG Rittilors BsleGctSd Frehitintibn are&knoivaGiithy bit.

ele i.s jna Ilvated and the sel ectable nmarker is
exa e BiogEFioR of BFY G- PIROYATEAMET RIS et F;%pchtkca@y pautemplated.

transcri bed.ad dbnﬁm@&aeécﬁms&r@ﬁmdhme resdi iVRANGH, biaSh'aells
nouse and the selectable marker is GFP. In partlcular

t h@oiaﬁedﬁ@géﬁfféremé ERsdavg %@{WGW@} H@te]@pals Brach'/FIk"
str @aﬁgﬁ)ﬂﬁaﬁoﬁt (Y?%‘I 3011301%6 @Meﬁﬁﬁﬂﬁ? g&eﬁ%&q{d&%o@ﬁg ah@endothelial

opera ['1 nk brach yuly regu atory el'enents, an

t h émttag@ﬁn yhdathe |09119eﬁ<<pn ebwié dayi htod€|HBs gpmwe adisraflopgiomyocyte

b
oD LrERS, ARG by A HORRE BRSPS B v oy
h e p‘einmaigdhﬁecallmOpulbﬂlmmich@tfsn mesndoderar andithesndérmp baendfed
S it f .
AT RNl LR eSS AR |
10brgmhﬂmhdluam@sbymmhbmymh&ﬂumnaby3|s Such transgenic

aninmal s are for t |n|n

o o tort cotiaR bllnaktnaRin BB SR Rt R R for e
W tBatinbt ofisbids tedt rdsbile flomviethicton oralyefuhetontdf@ limited number
|dent|f|cat|o isolatio d characteriz n
adaf gelldares- EB%LHI ?%%@C@ﬁ%@lg@ea msllus, gerbfa ‘;lgﬁg}t??? falte,

ge BﬁdloS&bGﬁla&ﬁH oﬂleﬂaé/scﬁlﬁpdl%‘é@’l DuflRMed’s Sliglae aldtrophy,

popul ati ons. references cited herein are

15§ eﬁ?%ve&t%@pﬁ&c& And qisqregas freagabls hydope mprawtBRFRIFE{E

eX R RSl MRIMES 4 ahéthiallSeel UdHﬁéJé%B? (Qditﬁ) @fe%§@5‘ﬁs 19:193-204.
i nvention. Exanple 1 Materials and Methods

growth and ditrefcel eprulationdef themessat ingenfien éferﬁﬁi?ﬁ‘ﬂ &r Aengrating
on . '
oA S SIRAN Bl AOLA Bl DBy o e
f etell papalafionserf il [(res€S) invansion foir bél] neplaginreaptherapy iy be pysessed
1% condi tj.0 di . ) . . .
205 R R PG TR gl gl M e g it e
onﬂ&mudkmdnﬁ&ﬁhmmmnafahmnmtmhMErmbmﬁhnwanEmﬁﬁmmﬂbghe
el.at i he, sane di a.. For t
oo mvnt o B Se L 8GE ETP1) e Rrmblt y gpomee e ot
pI a190d) @éney I DOWS: ZGQ&Smdotlﬁﬁafted’heﬁHni befetintrical pgeﬂdes a model for
ture rentiat.ion EBs was out
i T O B R Bishrees e ol Pyl
25 FC&buﬁH&Amag@ |uﬁk§dﬁd&ﬁ:d(v@lh¢%@ ermfré-af’rﬁﬂ%rbinﬁth@/ﬂ%zoyl) -
ug/ nm) nM ascorbic acid igm), and 4.5 x 10 4 M

MI &3 @aiobwé@nw @faﬂ@ﬂ%feéﬂ*ﬁ@dwnﬁaléwmﬁwa IE?fe EHesBeY
| N Ry R HA Bl delkat tta iR b pdtéfitial of cells with characteristics of.

immature hepatocytes generated from EBs. Methods for transplantation of

hepatocytes into FAH deficient mice removed from NTBC are known in the art and
30  disclosed for example by Oversturf et al. (1996) Nature Genet. 12:266-273. Normal

liver function is indicated by survival of the mice, and may also be assessed by
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Serum Free Medium Two different serumfree nedia were
used in different aspects of the foll ow ng exanpl es:
woR@m7sm3es emented Wit h Knockout SR (G bco BRL)PEITS2006/024462
StenPro 34 (G bco BRL). Methyl cellul ose Col ony Assay.
A) Bl ast colonies: For the generation of blast cell
col onies (BL-CFC assay), EB-derived cells were plated
at 0.5 x - 1.5 x 105 cells/m in 1% net hyl cel | ul ose
SURRIs @R NeRch Wpirttel @Psdrhadet il O piBsma HiBibitl 18¥els, and by
endot hel1al growth factor (VEGF 5 ng/m), c-Kkit
| | dtemprining normsksERFidef SivdeEsherated iy | L-6 (5ng/m ) and
25% DAT endabfigl inidlders ?Ar ot&?ﬁfébx‘dé@ R IR RBREHW N or
et al. (1997) Nature 386:488-93). Transitional
c alyeftﬂmet@mﬁ pertig@areacls ‘é’ﬁeﬂ e W@“@Bé@%‘é Syeh ppdgts may similarly
: f cul ture.
e e T R I
and defi ni t Ivepafemad gtpbwchmm, @gpmmnémvem@mmsow@se method of

l‘g%g“tgc ) en relfézze etnltjﬁllen? %g&%s Ca%ﬂ'tl?htg%&gt u/Bgect 11% need of such

seru
hyﬂﬁ‘atrd@ﬁra cﬁmpbslmm (cEiﬁb‘lMuhg hepﬁobyieﬂBRLu):ecpbyj@e tdeghod of the

e A BT B r3 g et gt FBE Ry
10 | lheRdmitfeteR0 81 b raunetiarresilts iy deliddy GSkepatic tnsgﬁemn)c,lucﬁiagCﬁE

(30 ng/m), MCSE (5.ng/m), IL-6 (5 ng/ .and

{ Samglsp o Rt mson. el Haliod SRR fpr s
at ireafifent 3PEOR Uy, 1iVeribadd mRdtatolE Bischs€ @hd thirSsic R Rlisease.
scored at day 5-6.of culture, whereas def.init

erythroid (BRepEsont ReRtisgig@roviira  Farsepre H%‘hb an mammal

C %%Hl&?’Dmre'ﬁc&ﬂ{g@ Rbc@ble Makebr A Ssefif in @el Hr&Uh@uw@o&ﬂs kuch
1iand was derivedfrom nedi a conditi oned CHO cel ] s

pitscne drasdy ap talelR s isaghvatsd prshthg éf‘é@caﬂble(rmtrhw iy exgpesssdfagells
C O n IéHo ﬂrl}g gmlcm fol:llflsq}; traﬁst:rﬂ?bd\’\@ﬁ a Bﬁ?e%'eﬂ %ﬁb&&lﬁl@hﬁﬁgmﬂﬂnal

3 nyelona cells transfected
Wi isha navuveaxtddhe @iqgtaébsnaxgerllf’q_GEP Wgericulamtiggransggnggpouse has a

IL-6 . IL-1 C
ok idhin s YR D6 S5 Ay
Cu]iﬁkstﬂ ecsbmﬂ@hbsreg\ﬁateryoalﬂmamltse gndthe IZMg@E prmssqu@mlls that

nted th 15%F or Knocko SR)..: o
20 g‘e )HOéesE a %%F@) (%rsaﬁ G mouse P:e (2%?18&{% 16 ec31r,1g the
andFFaBiy £S 20l ebdriBChérsin2bvesitd b]pﬁbdystsgwladlealp tienamplanted
These we used._to vent adhesi on, of el.l s t
| hER R R RiegReT F! oo e g Qiemia s B5HEH!
CephehotyPé Ss6RAGDF BYBact--ANnl MpMosadpipt ﬁﬁ@lﬁiseSuclh ﬁdmsgeﬁ%
serum repl acenent. Twenty hours at er a%gev%? 3 b
weitEmals et eyl for obiainig catly enbipiet %m.z@w a? isg yoderm to be
25 Pl 848 inh SochMEMeWithihd B¥ns &Y hd iBRINAEE R for (ifatemARR) -
The wells were pre-treated with gelatin. Cultured were

moispletiereendthppgienizgiion pkang adult esbraonwlaigs thaé cxpsess Sediaelyury
of %Ql%a‘shﬂ‘gcy ﬁ§1n|a§ reé)lr:é%a{t hhBGk1 ch‘lnl cell Popffationd! ally detected

ween cul ture.
All references cited herein are incorporated herein in their entirety.

15 ¢

The following examples serve to further illustrate the present

30  invention.
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Cell surface markers staining and FACS anal ysi s.

Standard conditions were used to stain the cells..
wEe@rnesssuspensi ons were anal yzed on a FACScaPCT/BeapeoR4462

Di cki nson, CA). Cene Expression Analysis For the poly

A+ RT-PCR anal ysis the nmethod of Brady et al. ((1990)

Meth. in Mol. and Cell Bio. 2:17-25) was used. Reverse

transcription, poly-A tailing and PCR procedures were

performed as descri bed, mAEQHEMelexception that the

X-dT ol i gonucl eotide was shortened to 5'-

GTTAACTCGAGAATTC(T) 2Materialppad Metheds eq products from

the PCR reacgts en vvﬁ] mff&teﬁdatwh @g%nwerg ﬂ{aﬁltﬁﬁ% on
transferred to a rane (Biora

t r Hrrefadreaepryonic ﬁéd rllaPlélbWOPH l\éocgf ot E@I%Me@zwa(})mw
5 ( S&tﬂprélnfehﬁﬁ v&th%%x%{ah dalf SE% (TRSY, 'ﬂehiaﬂlnblsﬁép‘iowlﬁ LIF (1%

hybri di zed with ran primed cDNA fragments

(oo msoum ot 1.0 10 R eadhicg oo BEiSD ddBmg. T days
Eﬁl& to ﬁ%%n?@c o? Elfkgéet@\g)ge&llg tivgfe t%h%) fefrd 6P a@mﬁlsa %t%s in the

- specl prepared by anne |ng
o| sagmrm@dlgd’(or d@g,eneratlon of EBs, ES cells were trypsinized and plated at

R R P R e B s o

10 h o 6 hagyetd tgradh dishes3h IMBM‘rsupplem'ﬁde; witth Hib YoSifies; ianM: L glutamme

£ I PBRERES ol B ot ip i Mgal R Y g v
eXMHEtC&ﬂimfds evereeasihtamadii aﬁanh&ﬁRlNa&mbeﬂinm 5% C()z,aﬁdmxture at

g?ﬁfd with RNase free DNase (Q agen). Two m crogram
RNA was reverse-transcribed into cDNA with

r andom hex angdubhSreg VR dfai) I TS différeft Keltld-fréddnag e Whre uSERN
carried out using appropriate oll?onucleotldes

15Th élfiemt pwsets phife faleving seamp s pplemented v th kuggkout SR

PO{(¥iBBS BRE) 5&"9&%@@)34?@&@% her, 2.5 mM MyCl 2, 0.2uM
of "each prinmer and nM dNTP. Cyclin % condi tions were
¥

as follows; Mathykelypsealony Awy dtlags polemicg:yFor e ggperation
f ' ]
arrgf ﬁl%ét cal &Qmésgéll,qg% %@%@H&%a oBifis \%«g?bf%te%gg())@\% tth X

annea ongati on
a ﬂ@ﬁwedllsmriclm b%tm@ihylwﬂlum?e f@t@plﬁmpnwd with 10 F&iRdFeclene), vascular

20 Ge@l? ﬁ{elhgl %th??({t?ﬁb%%bﬂgﬁggﬁuﬁ —kyrl‘%gl%l r19<1Dcro ?lttlgnedl |

con t|on rn-cu
di fn‘eélum),t ILa6 ©ngind) dndr2ivd M’Eenddthehaisekb ntaidltmmbd)mﬁésm (Kennedy

known [ VOI i.es Bs t .caontai n dev.

coP B SRR o P BBl A G e R R e

Sbf VEGFO@'b)onA@ g\htre oered fd%bvhng%ttr daé of cultiré: Bgﬁeﬁﬂtopmetlc
se EB- de I.ONS, , one ca el ect

IR e ek PR HeHE e BRSO g golomes, clls

25 hewicanaten 194 n@ﬂﬁi%ﬂnﬁbse@bmalﬁalgdoacplmcdeavam@mm (PDS
skel etal nuscle |ineages. In or?er tqQ track t

of Ameshl &vorptringlrse hybrddoms medima (RFFMI; Gibco-BRL ) pls 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 defnitive erythroid (BFU-E), macrophage, and

multilineage colonies were counted at 7-10 days of culture. C-kit ligand was derived
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representing this popul ation, the green fluorescence

protein (GFP) was targeted to the brachyury |ocus. The
WO 200000238F construct contai ned the GFP cDNA, aPdI/US2006/024462

artificial intron, SV40 roly(A) sequences and a | oxP

fl anked neo cassette in the first exon and is depicted

in Fig. 1. The thym di ne ki nase (TK) gene was incl uded

at the 3 end of the targeting construct to select

ag&dH ﬁkd{a%ﬂlﬁj&%ﬂeﬂﬁoﬁm LR traddh@tddaritet L B@r&é@ﬁii%cwﬁ&mdly

constructed as ows. A BAC c] one carrying

errpyidediyuGencipsdasiuiel -Bwpy obfained fiem m@&nﬁ?%@lwewﬁ
S CA?@-%B%‘H%&BEQ cdifsArd Roi8d Gv?ch B v&%&%ﬁ%%fsékgliﬁ WEEE r@MECSF,

primers 5
any-GSF, IL-$ACETT @ ”-‘- TF'GF, fﬁE&@nérlhhfﬁiﬁg pawh@aqi

W £ hi ISt and secon Bry exon, respectively,
> %om'?{&?ﬂ]gyy 25 agnosti c band of ~ 600 . An
appr oxi mat e Reageregationrgulfwes. Celdswerg emlhwr{ gt 2atfireet ml IMDM

carrying the. he ., Br ' DR

¢ syt i1 SIS kRGeSt ARt Btk (iR

suf Srlhlmla‘sdorf)fc&ﬁidt(lg@rﬁﬁﬁnd Aso 101 as MG pmwmpe«tatglmgie m@%‘.(e;

resulting in constru BSK.. Br oxl.nmat e 2

of 1R WPEGsHHO PHYEHi aét‘%gﬁ&? q?ﬂ?tctélésatﬂwﬂbeﬁ%%ﬂ@ o r‘{"elg odon
10 Wer esequenc ¢riiac nfietle afsiya FPOplis axeﬁe ﬂaﬁggﬂ@ateﬂl’im Bdbivhg

gl éme&%%%&l@ekﬁp@%h é&}?t 2 g(esﬁ{gtﬁe aggregates were

TTAHAAGER 21889 Bi- or 96-well plate in IMDM Wlth 10% serum
GATCT TAATGAACGGCA GGGT CCGGA G3 /
et -qr@j\qdmﬂg gela% ICélltured were

' nﬁl@ﬁﬁo(?gd da'ﬂ?/ ?oﬂtﬂ@d@%fobﬁg&ldf tl%' Pﬁe%ra%f;e tRa e nBHeatif) cells

create a new, nore suitab l'i nker with two
15 suwele&sual/ledﬂeetn@b@wm@l}’s%ﬁ elcgbwe. and an artificial

3' splice S'éeﬁ sg E?anrdggtrspc z{%)FA(Eé ?ﬁ‘a{Bﬂfﬁs REGEEq C

(d ontech) was geste gl 'l and the
r esoﬂdmonsgweieilﬁﬂhp s@hﬁhé ralynBiined mpefisivgs RERRnalyzdsomta

%gc%&d?g was c Son gt o the Nhel/Bglll sites of
PR urfPl ng nstruct pBry- AB An Xhol / Sal |

f r agmsnt of q})dnaﬂnpdespnhﬁ AbdalyRis @aruhy poly Al RT}RQRfahl@lwlkéld
neo | St | ns I

0g; Pty e B Gl o Vet

( t %@{)b‘é@ﬁtaﬁ%d/n&ﬁo? fp?g‘zr;f RilainlNe ORI procedures dene @etfomn:)i as A

55 Xma u r.ag I N nsensus s
dofisPHsA Bt s careplipy Bpdbe fot S eepiy Bes ecemace S~

Si e TARE TEGAGAATIEP), - 370 ITuel higlifida@reAdvé from the PCR reaction
pol yadenyl ati on sequenc was excised fromth

COMRIErSERAIeLNpIEBLESP BFIS SRckrs fepesliemetasppbg Qaé’i*Fé‘}bm“Phl s

fr t 16k m&r Ak (Bchlt@her &
25 F@%H} or%ﬁs{bﬂéﬁ% ﬂs(éjm%ﬂﬁgélﬁréé)&%ml gat eagpl nt o(stche Bgr El

SI Sechupl). rrbweﬁ@nnmblotsame mhrpizedwih,
fragments (Ready-to-Go Labelling, Pharmacia) corresponding to the 3’ region of the

P randomly primed cDN.

genes (for all except B-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 2P using a Klenow

fill-in reaction. For gene specific PCR, total RNA was extracted from each sample
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whereas the Mu end was inserted along with oligos 5

' - CGCGITACTAGTAAGACGICT-S' [/ 5' - CCGGAGA
WEBDTIAETAGTAA-S' as linkers into the BspEl SPECBEUS2006/024462

| ocated just upstream of the | oxP-neo-|oxP cassette.

Resul ting construct: pBry-AE. An ~1.9 kb Xhol/ Sal |

fragnment encodi ng the HSV thym di ne ki nase gene was

inserted into the Xhol site of pBry-AE to allow

S eskzﬁl@ RiNe#ky 36 136dnd H3NEO With RNRGS Béd DNase qgﬁg&ﬁ) UBko microgram
?ﬁy }—gIHAl\IotI/EcoMIII f ragnent encaq the "short
totgk RINA S eygrsrirensskbediate G%%‘MVHEW doyp hﬁF?dneéluélﬁ%a
' %ﬁnfslah@pth@m{ ('ég%éﬁ)l i’tRSvl'a{s 8l oRBisih agbrbﬁqa@é Megohhasondes

to plasmd nol o

ng arnt o
exElesReR fqa@tmnp Bexe- pAKowqth@a?g b Ui d'aq pelemeraer ﬁomfrg@), PCR
5C y eL{f%‘E b. 5)1&1}\/?1(}1‘5@32', @ Bunrrde Qacrhg)%qu@hllld G QETH BL ¥ coh@mons

fina rdeting vect ryoni c stém cel

( Bere ag followsy/ %81 °& fhioopér folowed by 151981y ofemplifisatzmgd2 9@)

we I lineays [

vhaffrfh EARTEL G Clehuli e R P € A BE Rl ) wih
vveﬁmlmbbeeioheww@fﬁﬂflﬂﬁml ngl e-and anot her four dishes
to418 + Gancyclovir (Gan douybl e- sel ecti on. C ones
that had undergone a honol'6§8s® ¥ econbi nati on event

10 were identified byGRuEativh bf TmetpdiBsECells5 ' -

oo T ooy Gorgtitogs ™ oty S SrdS M) ast

f @{H diffeﬁaﬂt@lte ﬁi?lcﬂ’)ﬂm ﬁferdﬂ dﬁﬁeﬂ%ﬁiﬁﬁiﬂ RWMies kﬁ(h)@n ﬂ;teﬁiﬂﬁyc(ﬂ bodies
').to the 5 ortion

( d(Fé?@h%@E qoet%meb%}w%&wa{aew fiona R%?jl SREFVREl {lgﬂages

t ag Rk ?2@50@ RRRSRYE CR1 RV Bib18 4956 SONIBRY thedd) KB-derived
anal ysis: ‘'genom ¢ DNA of candi date cl ones was digested

15 wi pepulgtines. orgrrgn Hy%%ﬁ@sgfk@n@ldieavwg?o@w@éaﬂ@ae olibsi de

of dnfl&o ?e':u &llifge16? Q%fa‘d%usclyaﬁd Q{eﬁg‘?m\ﬁ@cﬁe ﬂl%ra%é/sed from
the Br 1anki ng region (-2 to-1249 wth respect

to t he Bry AT Gdst tariracle thd onget b@m@@ﬁ@m@nﬁfgsmﬁo isolate cells

%WM&%PMS?%%WO@W&?% tar eted to the

CCH' ATRC0AECTEC B ting 88%tr@4 tentsinerythe GFEBNGQ aGl _a_lglﬁe-lal
20 ) eg%gla,t%ié) Fyé&)gt elgencesoarr]l 1% & n?(cc{ o gé%ette n t Jgpex%{x and

t0 be posi correspon
a isaegieted igFigf 1. I"ﬂlee]ﬁmlyldmé kﬂJaMTEKa gehe&vai 51%1ud'6d/at the 3 end of
glletlve clon i\rans é(g{tra sfeg.b?\ ! oF Was
F"}f%ﬁmé”%ns ‘?? E?ea“h? gt ‘88t & Pﬂﬁr%%

t h@r@@&t@mgqouomese t ar get ed clones are referred to

herei nafter as GFP- Br ells. Brac

expressed t raR&leiey ’irﬂn%ig\fiép‘btﬁlni‘?éls W%Weaﬁ%f
25 Pr R6REL rag Ptﬁ%a%ﬁﬁ%&ﬁi /O safn ggno&ﬁiahbld@f(aeﬁom@gystems)

establi shment of the hematopoietic and endot heli al

| | Weth geEmersPrAdG @A RCRAAMANEPAGT @ bBedyd Bn i n
GFE’A%rﬁcf@AééG@@%@m meeé ﬁrﬁﬁé@ aﬁ?é@lﬂﬁﬁ% aR b ahde

brachyury gene during EB devel o
second Bry exon, respectively, and amplify a 1agnostlc 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 pBSK.Bry-5’.

Approximately 2'kb of the region immediately upstream of the start codon were
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expressi on was assessed. A typical expression pattern
during a 6-day EB differentiation period is shown in
woe@ane232A. I n this experiment, |ow | evels of PEFESNE6/024462
were detected within 24 hours of differentiation.
Expressi on was upregul ated over the next 48 hours,
persi sted through day 4 and then declined sharply to
undet ectabl e | evels by day 6 of differentiation. G-P
eXRpERedOB idRBnIRh peske PYmEARR ARG s 65 tht 0bdsEURBnAL
simlar tenporal pattern. Low | evels O GFP+ cells
(~B%orsnere detected as early as day 2 of
di fferential Bs 5%&%&&@%&”@@1&@@2@3’ ofs 1 BRTCTGGATCCA

EB-derived cells expressed G-P at day 3 and al nost all
t NETAGCT4GAEIGC A d%intdiSire at day 4 of differentiation.

5 R O A RO AR PR ) v ¢

pr ETEMACTIHEGGARGIE e CAECTECGRR TEXYI Iy byvere inserted into

xR RGBS pheba PR o RS et b bt b oo

c edukSessite i@yhitidnAsidp 4odvhs ahdf dnertifintidl 4t spdice sitegestrsctipBat-

de nen r i thi,n.the EBs, und e
comar ehre pEOEEELICROE i ariian i RhaliR foa e

10 T i RAIIBGS~ 7T6UHp TN A fapabnt G A HGTPSdtbuasop talos s cloned into
reflects expression o_f _the hrachyury ed{jéjring]?%u
d e NGERBHI Sitshal BRSPS FFEYing ReensSERIy A i SpoLse
sif Db AAINME Y1 2INe8D Barfil Lok nenide hEdifnt Rbishdegehewas

on the in'vitro devel opnental potential of the ES . |
ceinpastodario dheswllsde of pRyyiIARIogcaise Nl Er PPEGAL (Hprsgription
degmnsis Al iMishde BRRAGHYPE. To determine if the
GFP-Bry ES cells display any detectable defects in )
15 hemat opoi et i45¥eleXe | fragpent gamdngit eepseRsBnsplipe fenor site,
wer. e A -
CehEYELYERS, LB PBARR b s gt LD a0
expolgsisndaiqeaeqenes wad treisddframithe @Einguereigl @preanen gBtor pBK-

i ndj hat P-Bry ES cel e :
o SRR e e e T At GRAPRC IR fplowing.
Mawhyrye Xamalerd was ligeted intpihe BspEL sjge fdlowsprtbe hsdEBIP: ©EG,
conpared. to the wl.d t cell.s...Gene expression

20 pa%‘étf:??sth? gqhbfﬁdew%scﬁ‘seg%(ﬁ%f“?%@ Plpgos r’ecuPsor anal ysi s
andGsaIWAGTA GeAAGAGT RIS /bEtQeEGAIeCEBS TFANAAG A3’ as

fromthe P-Bry and wi|d type ES cell Bot h_set s, of

st BERRL ot R eatnt SEdpShmish ore Fieche

f i RedultthedRB¥siruef: pBIy-ABr £AL1 akb Xhol/$EKfrdenieht éncoding the HSV

transcription factor that is expressed in ES ce l's and
gﬁ alkew ]%tlon

dotirredjns kinesg egee vHayseUrbRiyBe dhekdp shePrribip AlFget
256t aQalinsit éaﬁg(gfr l)ntgﬁé(t%g;(wﬁﬁ@&ct ﬂrﬂl%/-&}l'k) & Réw/ELOLTE @84 aR ehddding

Rex- owed the typical transient wave of

br thelshariarmi of beraology with cxpissdiise PRE,Y apd dersddstoithie

on rBR). XA, | %‘P@ Jael OPBEIAT. @he » of
he?r@%ﬂggg?’gg:gg&gﬁgﬁgnégﬁﬁg}fza Eoi neages. “Fl k-1 ? gﬁg aITn ° )

r ebepelogy wyy osisedfikinpBse ABswignalbandfipgertedyian the correct orientation

ﬁ;%nuc? {ehle %gl sirt]et of] prr§/-%% ?oeyilelld %ﬁqgﬁeﬁﬂﬁkﬂpﬁ et al. (1995)
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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376: 62-6) is expressed between day 3 and 6 of
differentiation. GATA-I, a hematopoietic transcription
wo 20v002388and t he enbryoni ¢ and adult gl obi n gePesUS19bh/024462

bmaj or, were detected at |low | evels at day 4 of
differentiation. Expression of all 3 genes was

upregul ated over the next 24 hours, reflecting the
expansi on and maturation of the primtive erythroid

i Ggg@e Cﬁhqfchiv& (den® gigwg@élsaigoﬁ e tIBaheicBulﬁErgahe nab

(1 vel o nt, 1 507 4. The [sor nu rs

an Oltlﬁegfzyé FREOBRPPESTTGR Pete fdé%%edg)efé’g& g PRF B © -

eX QU T A% £ACOTACA £ TTOUGAT-B ) afalifihid Gehdnid s€icAdsS in the 5°
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| e B RPLths Brp @ouss {ushinse e At the fsher %@?M%ﬁy ¢ the other (5™
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de eI primate nE‘fl bachgueofly tatestedselense W@retf@nﬁlglaﬂdéﬁe/é‘@u@a@édot
on algl_'}%lse LESSHRA fth a%g c16RR waghfgé’s@et{ HRhERY aﬁdi brRfzed

was sort and an or expressi on approprlate
ge tpezspmﬁ lgeated Ml@dﬁﬁ/@e tatgetlwoesmqs dtie Pmbe tiae derived from the

s % Iﬂm? f reé{%g Ig CI%B Si tl M@e\mg}%)eg%gtgt Ql%g%# A‘leé t)art codon) by

pop yS|s reve
10exﬁCBssmgﬂkmngomekmud@padSto t he GFP+ fractlon

gl oL SO e s 9 P g

of CIHE\TE&]OG&&GCWE@EFS 084 Ger@ducg]mlaﬁd 8@: G4b&l+ Ganc double-

end thellal devel o nt S resen r | evel s
H clfhan e SrRErane! vt iy Shef bt poSiiEe

wasO@spcslﬂ&fg&d a nﬁg@ﬁlgleﬁ@ﬁncﬁoﬁyw@ @mﬂ AY359%.NTvd positive clones
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15 payiets, traa&@a}yér%nﬁ%w wihip ﬁnoé el rerEeGoTRbiRRSe GERFEFSIRSRICT to

[ 7%n@RE theWRS oS Bl gBled dloh@NRY refe@¥@ thdrdind e ad&FP-Bry
fraction consistent with precursors of this |ineage

beﬁﬁg3®%achyury negative. These cell-sorting studies

- indicate thay,enpnes %Jqﬁ‘@ssoq tra%gntmq QEveld}fnOBd {vﬁh tlféfonset

the hrachyng | oCus provides a novel marKer for
i spleaedingrihe expuesaion @f genas thetdednel thagsirPishmentof ﬂ@fhematOpOletlc

br t
207 S50 b B8 el Y Emif MR B OPP L SR B BB AT BS ool
c e Ia¢cusaba1y reflgets Sgmessior pf ths $iraehy e géngsiuengEB tdhec] GiEkent, {1
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enaot hel | .a evel O a 0 X sed .a | er
| epepisted fire dﬁ}ﬁﬁ.&?ﬁ@ dreline 4% RO G AHE VelE by Gy 6 of
| N aFRpdntiAson. GREXspre AN, Rakfifod UTATACY SaBkiseBb¥ed a s1m11ar

ect oder m and neuroectoder are expressed in the G-

f r dEmosh patteie d oW lpYelg 9fdaFRd éﬂ%ﬁ(sf%b%retdﬁfﬁfte@ spvasly op 6W 2 of
of gfffeRentiftidnlBIotOMEEH1f @5%) 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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brachyury can be used to separate nmesoderm from

ectoderm Exanple 4 Separation of Brachyury Positive
w@2007902388 0 Subpopul ati ons Based Upon Fl k-1 EXpCEES10061024462

FI k-1 has been shown to be essential for the

establ i shment of the hematopoietic and endot heli al

lineages in the early enbryo and is expressed on the

earliest precursors of these |ineages, including the

BLﬂlQEle[fElaéx%ﬁe@ﬂen@Hs of(‘m%QQ Q’)l%? bepo’ioh o GFP1R8s d-dadd 3 and

G ven this pivotal role in blood and vascul ar
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ergol ng specification to these |ineages.
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15 t hexpBtssior oatipstsd Fieaierid) icnfirmed demrgkispr analypig @pd ghovalittle

b ohili}fefje%Xe Bt Qe ﬁé%eﬂgraghfffoﬁ{ ﬁ@ Grdld 9 8nd Fig Wp@ EBL1ls. Both

Thi'S I's not surprising given that previous studies
h amS st itRasho et a @dmeBnJ@F@ eapesseansovFy the first TaysofER
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hi gher 1n the han t he Mk- |+ fraction

i sahdfragior, WS c@@yteg aglogggvelssqy &@é@ pf @g‘erp%popt Hxpression of all
ex @ Bt u ?%glhgte@ o QeSO lﬁ)h?sdreﬁz%ctﬁlg %ﬁaeexﬁﬁlsio% and

re t owa the emat opoi eti ¢  and endot hel i al
| i magamn of\theaxipaidtecdythioilineaggas thix dvelopmgntal stage. Palis et al.

pr %fbgg} Bgvreﬁc!p%lehpl%%ﬁ%f-"%é ﬂrec%rs%‘f‘ Huﬁbe% 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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both tinme points. Scl, a helix-Ioop-helix

transcription factor that is essential for both
w@eooni00238® and definitive hematopoi eti c devel opeENS$2006/024462

(Shivdasani et al. (1995) Nature 373 :432-4), appears

to be restricted to the GFP+Mk-1 + fraction.

Simlarly, the transcription factor Runxl, required

for establishnent of the definitive hematopoietic

system (Wang et al. (1996)Eﬂﬁgge3Natl Acad. Sci

93: 3444-9), was nost read detected in GFP+ZFI k-1 +

fraction. There was ?&ﬁ#ﬂ by eSellon in the
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i solated fromday 3 EBs, 1€4 for 20 hours and
then re-anal yzed for GFP and | k-1 expression. BL-CFC
and Eryp- CFC pot &eprafiomaksBrachamiyitiosiive belleach of the

popul ati ons  [pdoWubpGpitathnls BabQNIH¢h Rt Efgtession

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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The isolated cells were cultured at densities of 1x105
cells or greater in petri-grade 24- well plates in the
w@ a0ve/00m385 um used for EB differentiation. UndePCT/L8266/024462
conditions, the cells rapidly reaggregate and form
EB-1i ke structures that appear to follow anornal
devel opnental programwth little expansion or loss in
cell nunmber. Follow ng the 20-hour reaggregation
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Potential of GFP/Fl k-1 Cells The foregoi ng exanples
denonstrated that GFP+/Fl k-1 cells isolated from day

w2@7aBssef ficiently generated GFP+/ Fl k- 1+ cel PGT/EHSIH06/024462

10
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20 .
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30

BL- CFC fol |l owi ng overnight culture. To deternmine if
this pre-BL-CFC potential was specific to the

GFPATFI k-1 fraction isolated at this stage of

devel opnent, GFP+/Fl k-1 cells fromdifferent aged EBs
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ar@FRHEﬂml tuol GER Pk porailaiph Figardt S@evel opment  of

cardi onmyocytes fromthe r ted cells. As an

i ndependent confirmation gﬁ}g‘?’fl@ggar di onyocyte nature

of the cells w thin DdvelspmentatRslatienshijsr esent ati ve
group was transferred to slides, fixed and
stained for the pre¥d® ﬁ?ﬁéﬁlgﬁﬁﬁg’&‘gpecr fic

i sof orm of Tiepemtioh. pat%rhs Stsaitvedip Kigirt 5 eRssesstent with the

anal yzed were fo nd to contain Tr positive

c eiEPetatip thet the, thegr fractions FerfeseRt & %Pwﬁvg%ff’%"gmuﬂsmﬂ’gthe
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i sol'at e k-1+ cells and of the cul
GFRauzEprpd 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.
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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cells was anal yzed. Table | : BL-CFC, pre-BL-CFC and
cardi onyocyte potential of the G-P+ZFl k-1- and

W@ FAI3Ks | + fractions isolated from differentPGL/E™®A6/024462
EBs. As shown in Table 1, the BL-CFC potential of the
different fractions was simlar to that observed in
previ ous experinments. The GFP+ZFl k-1+ cells isol ated
fromthe three different EB popul ati ons generat ed
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condi tions used and potentials observed in the

foregoi ng exanpl es, other potentials may be observed
wh00al002383 ng condi ti ons and additives. Exanpl ePGI/B81086/024462

of Serum Derived Factors To assess the role of serum

in the devel opnent of brachyury 1 cells, EBs were
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Potential of Cell Eulatlons
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
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St udi es using nodel systens such as Xenopus and Zebr af
sh have suggested that nesoderm and endoder m devel op

WO p@moee38oONMDON precur sor popul ati on known as PCT/US2006/024462
mesendoderm To determ ne whether or not a nesendoderm
stage of devel opnment does exist in EBs, conditions for
the devel opment of the endodermlineage were
established. As a first step in establishing culture
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serum (Figure 11,-H |ine). Hematopoietic precursor
assays confirnmed these findings. EBs generated in

W@ egoanvseint ai ned precursors (Figure 12, speckl| BdI/bs2aope/024462

whereas those grown wi thout serumdid not (Figure 12,
solid bar, not visible). Finally, evaluation of
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question, G-P (Bry)+ an I's were 1sol

fr m@agm%esmsg‘ﬁb&ﬂl@é |cellsswgere iSﬁ@tedﬁvésEBwﬁmeaw@h@r three
Weﬁegfs % {hg\g?egence 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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to reaggregate and cultured as clusters until day 6.

On day 6, they were noved to the tissue culture grade
wale@hes3sn mediumwith bFGF for 4 days (total BET/LS2006/024462

days). Gene expression analysis indicated that cells,
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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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potential, but were efficient at differentiating into
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30 HNF3p between days 3 and 5 of differentiation. AFP was upregulated at day 5 of

differentiation. GATA-1 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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the hepatocyte |ineage. Sone of the cells within the
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the ES/EB system it was added to the EB cul tures

usi ng the f & Wandiupr S@t@m@w if thess endpdegmalecplds developed from
di l;r& 'ofa&%ghyfuﬂf cé'ilsd &Y 9ddrlss i€ Eﬁlep fich, @%Pr@{%l)“éﬁd GFP (Bry)

out “serum “At” this stage, the devel oping EBs were
hagelle me@dscamd fremlsﬂlal’ %6 EBs bhi c¢1mml@1 phese memlwnww allowed

SELYM !tl : olﬁf@?{uieg%g (:M;H:n\;{s by )da9 Bd o Q%S/W ’Jﬂef'l&rel% moved to the
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di tisker @mnre(ygck Bghds msmi}kdeﬁb bFGE for 4edeps sisl ofri Oalayp). Gene
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genes associated with endoderm devel opnen cl %g
HNEBERcCtorsam, Ferefgundzpredqaynaptly iheglls generafed %ﬂ?gl ction.
| nhycL | ﬁﬁ{l ?J in@dXe that Be @Iﬁdoﬁéﬁ’r?lﬁrﬁ‘eﬁée is @ﬁaﬁlﬁh&i SR8 blaShyury”
essenti a pancreas devel opnent. Genes associ at ed

wi pdpuldinetvdpdi zésq gvesaise tooprmatodemisd Hinegge,@nd fiat thagedineages

thesRe from a common precursor, the mesendoderm.

To further evaluate the liver potential of the brachyury expressing

cells, cell populations derived from both the bry™ and bry- fractions were analyzed for

34



i ndi cative of neuroectodermdifferentiation such as
PAX6 were not induced by activin. To determne if
w@ea7002383li spl ayed nor phogeni c properties in tPer/ER006/024462
differentiation nodel, different concentrations of the
factor were added to the EB cultures. As little as 1
ng/mM of activin induced GFP+ expression (10% of the
total population) by 7 days of culture (Figure 23A).
Th&xptdsgen! Eﬂg?éﬁeé)lfep&e%ﬁng @rﬂg%epéﬁ@dyﬁbﬁﬁeﬁoﬁlﬁexﬁ @6hi A3 a-fetoprotein
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15 anﬁdpylisdhen b&tkiea?dfyga 5Gaak @Iomaﬁfef&umr(efgluaabls? R B6Rted
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aC{lh&iézﬂe qﬁéﬁﬁ :I{gxgcﬁ%t ﬁlaf I 5 19thdTwdRLBRk éa@he%@sﬁ:égél of

hovveve they did génerate sone
h ehma@m@maud prdogfshiltcommitmiendFigard 19). Thispopuletipndgs GFP*

gggellggﬁgﬂgéfﬁtﬁg gﬁh&o&ggzggg (tcﬁjdlagf G gﬁ @3 5 B the early GFP*

enonstra |n Fhduced” expr essi on
20 HNB<3ls, thesevislldtedforotdnes.5 §Br dgmtcdomlﬁcentberedwd) [B&e@FGi n

daoderm,dj f f
Sp%%%rﬁamb {xger%r ﬁg:ée gatrltlma eren atln { ard%jc’l% c{gﬁ{eg E}f*‘? cells

I’on prog
acisohied-fronddeyedE BB nat@l\femsé tcomrdlumycw’c@sand had‘rluﬂtlaqumty to

with | / activin._were d with_ antib
it BRCH. SftsetioR 0eEaGy B R Pk Bk pRp D ineage.
V\EGEnd'@@EEfsﬁ&llq @@Eﬁsfs@hﬁpoﬁé@fdhb%l fﬁnc)tlona&laSSaQS’larfdl déﬁidhstratedd
ortjon of, the activin_indu . POopu te
25 gt mglseylaodifferencss Sptveibe &%éﬁgb%%ﬁ Luse é‘ﬁ R’{@ jsome
No @&eeﬁvefef&p&ﬁdeh% ANpdphRLR; bREH SRk B BSriSNPE ESERMtal

these proteins. These flndlngs clearly denonstrate
t hBgttegnss (Yhadadteend thenghberbednpertanf for {phspppigticeisrel papaent and

ar gnffitohy) o ERGAY 8B ehiiHBRIFas expressed in the day 2.5 and 3.0 populations
and down regulated in the day 3.5 and 4.0 cells. This pattern is consistent with the
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 potential of these
aetivin-induced popul ations, G-P+ cells were isol ated

wo c@moEBss stinul ated with 3ng or | OOng and cul PCr/E82006/024462
further (14 day total) in hepatocyte conductions. As
shown in Figure 25, only cells fromthe 1OOng cul tures
differentiated into cells that expressed al bum n
consistent with liver differentiation. Taken together,
t h@hich PRVl HAKS ddrelspméit vmesidagi arltendbdbah, wad dxpietsed in

function phogen in the ES/ EB nd t hat

hi B CEbe 87 7 GGG PORPIBHoNS ik Hob oo i actons. Taken
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transplanted with GFP+ cells. These cells give rise to
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epi thel ium bone and skel etal musc SO

i nstances, dJieifhrthea svalpaiethe sadoderappatentichef thy GFF paplation,
t h@Fﬁ:ﬁﬁe(fﬁ’ h?yr 2.8 @@%ﬁ& e cﬁllaﬁ'&d b £ 4dy DO@GRITLEMMitions

al so dev om a + cel These f'i ndi ngs i ndicate

t hlovintto m@np@@lsepbioeytp dlf@eqméamn@n@ﬁmm traniplantedi voder thesidney
20 gi Xa%tsﬁlé §f“re§ ﬁ‘i §élﬂ & él‘ﬁfcg dSJV'etsclffﬁ?ce\%e%z&ldhfflée%&ghﬂglately

ter ow ng ttansplantation
Detbéllowmg&m Mnsw@mteﬂlb kalnesowitlothy geafy WaSI«secttloaﬂtjartdrtye gections were

/c- k| The f Qrggqi n a a ate
t h%fun%%\glt ‘élbtlé’ %18@ %géul}s %) gaélg dAg)'\ée Fi% a sggmﬁc I\gmrkeg 0
poheﬂa’&bytegmhdiais ATRFsis blqﬁéssm@dﬂrﬂmefﬂmdo@nﬂmdé fmmature cells of

f the t d.t hat
P B Breto SR et e Sl o Bf s Ba iET peRiitB ent,
25t yxﬁvﬁi&bz{ﬁ)ﬂi& B@ﬁﬁlgcthd(hbm{tf?ﬂhé Heﬁﬁ:%llﬁﬂ]dle fdm?ﬁ ui &ipsess AFP. No
u tion | st o S a
o E%@ §ééFP¥\€F?]F Oa%i iBthg %ftt P’?"% tﬂeé%Vreéglé% ophese

C o 1&in§%esu RSy hatmd@,ﬁmﬁﬁfaté ﬂn@t tﬁ&@ Eﬁa@é maufahs Q@bbr‘c the
wi th endodermal potential, + -

/ cdwelop{nr—vltgf celis| With eharssicrigtips s%/ W%ﬁlﬁf‘? é@l? m,@@ deﬁa@ed%y
wer, &ggpﬁgﬁ for hepatocyte potential. As shown in

Figure 27B,” HNF3b , AFP and ALB expr essi ng
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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cells were all derived frombry+ /c-kit population. To
estimate the endodermal potential of this fraction,

waenvmea3sel | s were plated onto gl ass cover sl i pRCHIO006/024462
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stainedwi th an anti body to HNF3b. G eater than 80% of
the bry /c-kit+ cells expressed HNF3b protein, whereas
| ess than 10% bry+ /c-kit were positive. These
findings indicate that endodernal progenitors express
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hi ghly enriched fqr cell.s w ndoder ntial ...
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30 | nplipekationgbst hdays ofeure(Bigate 234 Shefremencyrnf §d1Pe cells increased

i R9R9€1n 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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Eval uati on of the proportion of replated EBs that

gener at ed skel etal nuscl e outgrowths was consi st ent
WORE0N/001385 gene expressi on anal ysis, as those spCTHUSRDER4462

with 3 and 10 ng/m displayed the nost robust skeletal

nmuscl e devel opnent as depicted in Fig. 28. The

expression patterns of the three endodernal genes

differed fromthat observed for the skeletal nuscle
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in the presence of 100ng/ m of factor, These findi ngs
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o sequence, and
30 P cu}itured furt}?er (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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fl anked puromycin cassette as depicted in Fig 30A. The

di ptheria toxin A (DTA) gene was included in the 5
wenw700238he targeti ng vector to sel ect agai nstPCHOMING/024462

integration. The targeting vector was constructed as

foll ows. The short arm and | ong arm of honol ogy were

obt ai ned from a published HNF3B targeting vector.

Weinstein et al. (1994) Cell 78: 575-588. The sane
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typi cal expression pattern o versus hCD4 during a
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Fig. 31A ES cells are |low to negative
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25 Thgle ARCAPOT YIRSTE Sinaprcekit (ﬁleﬁg 214 g ithatthys popylaFeryas distinot
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peaks at day 3 and 1s lost quickly wh P peaks at

daysfid nhrlted fof theSeghegatioant tdllawityendbiermalpotential 3 B-ldnd+/-)
Brachyury
and bryt/c-kit™ (+/) cells from day 3 serum-stimulated EBs were assayed for

hepatocyte potential. As shown in Figure 27B, HNF3p3 , AFP and ALB expressing

30  cells were all derived from bryt/c-kitt population. To estimate the endodermal

potential of this fraction, sorted cells were plated onto glass coverslips and stained
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expression was al so performed on the sanples (Figure
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30 downregulated at the highest concentration of activin (100ng/ml). Cultures stimulated

with low amounts of activin contained groups of cells with the morphology of skeletal
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Chordin, Cerl, and Gsc are all expressed at high
l evels in hCD4hl cells, |ow to negative in hCD4ned

w@edor®0238hd not at all in hCD4l 0 cells. HNF3B PCT/US2006/024462
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expression was al so exanm ned to verify that the hCh
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popul at i onsin @Eig? © t%@]:‘ @qlf%}%gp?f{g’%‘&laéﬁ‘g?l £ ie¥bdeiihal
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01
h eﬂaﬁlbffﬁ?&}/léy ileeug wetsiaradted it hympan s o (hCD4) protein into the HNF3 /3
locus. HNF3 f3 is known to be expressed in most endodermal cell types, starting very

early during embryonic development. Kaestner et al. (1994) Genomics 20:177-85.
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5-7 days later. The majority of all hematopoietic
colonies were found in the hCD4l O popul ation. Fig. 33C
W@ o035 PCR f or endoder m specifi c genes of tPET/BE00€0R4462
popul ati ons which were plated onto matrigel in serum

free conditions after reaggregation. Only the hCD4hl
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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 expression of the HNF3 gene during EB development, CD4

versus GFP expression was assessed.
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Consi dering that Wit stinul ation induces nodal and

activin treatnent induces Wit3 (Figure 34B), it is
wandonooessswhet her activi n/ nodal signaling or WPCT/US2006/024462

Signaling alone can induce primtive streak formation

or whether both factors are required together.
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30 HNF3B 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

43



newly sorted cells. Lastly, activin and DKKlI worked

synergistically to increase hCh4 | evels al nost one | og
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hCD4- Foxa2 and the receptor for stemcell ligand c-Kit

have been defined. A |arge cell population G-P-Bry+ ,
whagndoessa2 n and cKit ig (named +++) energed BECT/US2046/024462

and was assayed for its endoderm potential and hence
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These results confirnmed the endodermorigin of the

hepatic colonies. Simlarly, day 12 floating +++
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activin or nodal and Wit for about
specific inhibitor of the receptors ALK4, 5, and 7 and thus is able to block TGFf3,

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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one to about six days, isolating brach+/ HNF3b+ cell s,
and culturing said isolated cells in the presence of
w@ea7®23sand an i nhi bitor of Wit signalling foPCHUS2006/024462

| east about one day. 2. The nmethod of Caim1l wherein

the enbryonic stemcells are cultured in the absence

of serum 3. The nethod of Caim1 wherein the

isolated cells are cultured in the absence of serum
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With serum free media alone, hCD4 expression was lost after 1 day reaggregation.

Inhibition of Wnt signaling by the addition of DKK1 allowed some cells to retain low
levels of hCD4. Addition of activin allowed the retention of HNF3 levels similar to
newly sorted cells. Lastly, activin and DKK1 worked synergistically to increase

25  hCD4 levels almost one log over the levels after sorting. GFP levels were lost for all
of the conditions tested, suggesting that differentiation was proceeding in all cultures
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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19. A nethod of making a cell population enriched for
hepat ocytes conprising culturing enbryonic stemcells

WO poovke23gs esence of activin or nodal to provi dBCT/US2006/024462
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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
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and BMP-4 (10ng/ml). In these conditions, cells form tight colonies that remain
undifferentiated. In order to induce the endoderm program, ES cells were harvested
and cultured in presence of activin-A (50ng/ml) in a serum-free media (IMDM, F12
media, B27 with retinoic acid, N2 supplement, BSA, MTG, glutamin, ascorbic acid)
at low density (35,000 cells/5ml) in a ultra low attachment dishes to allow embryoid
bodies (EB) formation. As the ES cells differentiate, expression patterns for GFP-Bry,
hCD4-Foxa2 and the receptor for stem cell ligand c-Kit have been defined. A large

cell population GFP-Bry™, hCD4-Foxa2high and cKithigh (named +++) emergéd at

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

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

these issues, both populations were reaggregated for 2 days in presence of the two
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tttttttttt tttttttttt 40 <210> 2 <211> 32 <212> DNA
<213> Artificial <220> <223> Synthetic <400> 2

t ggagt caaa gagggcat ca tagacacatg gg 32 <210> 3 <211>
24 <212> DNA <213> Artificial <220> <22 3> Synthetic

<400%inds £RILAG %EWMH@i&&E@r 2hE ehBFo B MR >
23<212> DNA <213> S nmuscul us_ <400> 4 aaqgagctaa
c (3 negely and Hf4it @8nghpi) i thy serum free media indicated above. Zaret (2001)

Curr Opin Genet Dev 11:568-574. In addition to the two cytokines, activin-A

(50ng/ml) has been added to maintain an endoderm potential of the cells as opposed
to a mesoderm fate. To allow maturation of the hepatocyte progenitors (hepatoblasts),
aggregates were then plated on gelatin-coated dishes in a media that is appropriate for
hepatoblast/hepatocyte maturation and growth. This media consists of the basic
differentiation media indicated above supplemented with VEGF (10ng/ml),
dexamethasone and other cytokines present in the Block media known to promote
hepatoblast/hepatocyte growth Those include human recombinant HGF (20ng/ml),
EGF (10ng/ml), bFGF (10ng/ml) and TGFalpha (20ng/ml). Block et al., (1996) I Cell
Biol 132:1133-1149. Six days later, +++ aggregates gave rise to numerous “ hepatic
colonies” attached to the dish as well as a large number of floating aggregates that did
not attach. All +L- aggregates attached to the dish and formed very few “hepatic
colonies”, but no floating aggregates were seen in the culture. These results suggest

that the day4 ++ population is highly enriched in endoderm cells and demonstrate

" that the combination of BMP-4, bFGF and activin-A promote strongly the

specification of the day4 +++ cells into hepatocytic lineage.

One day following plating on gelatin-coated dishes, 2/3 of the +++
aggregates remained floating in culture, while the other 1/3 attached and formed
hepatic colonies that were sometimes surrounded by other cells. At this early time
point, many cells within the colonies expressed albumin and AFP assayed by
immunohistochemistry. The surrounded cells were all CD31 positive cells suggesting
that they are endothelial cells.

Later on at day 12, hepatic colonies grew largér. At this later time
point, most of the cells within the colonies are AFP and albumin positive, and most of
the cells surrounding the colonies are the presumptive endothelial CD31 posiﬁve
cells. Immunohistochemistry for hCD4 showed that all the cells contained in hepatic
colonies expressed foxa2, and that this expression was restricted to the colonies.
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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gctagctaat ggatcca 17 <210> 7 <211> 25 <212> DNA <213>
Artificial <220> <223> Synthetic <400> 7 gatctggatc
cattagctag ctgca 25 <210> 8 <211> 36 <212> DNA <213>
Artificial <220> <223> Synthetic <400> 8 gatcttaatg
aaegg taligl, apd gélgdiptglup CR0gaaeabs cxplddzed ARl 1bdehirs 2l the
Pt S
,gG<c%%1t3;c?l séétgolnfvsllacs: Ingglati\%ez. ?n addition, AFP and albumin were also stained
inside the aggregates, suggesting secretion of both these proteins.
In order to further characterize the day 12 +++ cultures, flow

cytometry analysis was performed on both attached cultures and floating aggregates
to quantify the endoderm-derived population (hCD4-Foxa2 1), endothelial cell
population (CD31% or PECAM-1), hepatoblast/hepatocyte population (hCD4t/albt,
or hCD41/AFP™) (Fig. 36A, 36B). 30% to 40% of the cells contained in the attached

cultures were positive for the endoderm marker hCD4-Foxa2, while 50% were
CD317 endothelial cells. Floating aggregates consisted of a larger (50% to 60%) of
hCD4-Foxa2™ cells and a smaller cell population of CD317 endothelial cells (30%)

(Fig. 36A). Most of the hCD4-Foxa2 *+ cells were also albumin™ and AFPY assayed
by intra-cytoplasmic staining (Fig. 36B). Gene expression analysis by RT-PCR
confirmed that the attached cultures (a) as well as the floating aggregates (f) from
day12 +3+ cultures expressed foxa2, AFP and albumin (Fig. 36C).

Functional assays were performed to attest the hepatocyte identity.
Acid period Schiff Assay indicates in the cytoplasm the presence of glycogen storage
that is characteristic of mature hepatocytes. Day12 +++ attached cultures were stained
directly in the dish and showed numerous cells within the colonies containing the
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 hepatocyte characteristics including a large
nucleus/cytoplasmic ration, large amount of glycogen storage and presence of bile
canaliculi.

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

3
h

the hepatoblast/hepatocyte population.
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<223> Synthetic <400> 9 tcgactccgg acgcgcaccc

acctgccgtt cattaa 36 <210> 10 <211> 21 <212> DNA <213>
waa7OIBBRl <220> <223> Synt hetic <400> 10 cgCRPET/HB1086/024462

gtaagacgtc t 21 <210> 11 <211> 21 <212> DNA <213>

Artificial <220> <223> Synthetic <400> 11 ccggagacgt

cttactagta a 21 <210> 12 <211> 23 <212> DNA <213>

Artificial' <220> <223> Synthetic <400> 12 caggt agaac

c ce.gac 23 <210> 13 <211> 22 <212> DNA <213>

Arqtﬁiq??%%ugﬁ' 2220> <223> Synthetic

L. A method of making a cell population enriched for endoderm cells comprising
culturing embryonic stem cells in the ﬁresence of activin or nodal and Wnt for about
one to about six days, isolating brach’/HNF 3p* cells, and culturing said isolated cells

5 in the presence of activin and an inhibitor of Wnt signalling for at least about one day.

2. The method of Claim 1 wherein the embryonic stem cells are cultured in the

absence of serum.

3. The method of Claim 1 wherein the isolated cells are cultured in the absence
of serum.
10 4. The method of Claim 1 wherein the embryonic stem cells are human

embryonic stem cells.
5. The method of Claim 1 wherein Wnt is Wnt 3d.
6. The method of Claim 1 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*/HNF3pB* cells, and culturing said brach /HNF3 B* 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”HFN38" 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

51



<400> 13 ccggacacgc tgaacttgtg gc 22 <210> 14 <211>
30<212> DNA <213> Artificial <220> <223> Synthetic

W 40/802B45 acaggat ccc taagcct caa aagagtcgct 30 RRU/0S2005024462
<211> 33 <212> DNA <213> Artificial <220> <223>
Synt hetic <400> 15 tcttggatcc tcctatccta tcccgaagct
cct 3 3

12. The method of Claim 8 wherein the concentration of activin is about 100

ng/ml.
13. The method of Claim 8 wherein the inhibitor of Wnt signalling is DKK-1.

14. The method of Claim 8 wherein the concentration of DKK-1 fs at least about
5 30 ng/ml.

15.  Anembryonic stem cell in which a nucleic acid encoding a selectable marker

is present in the HANF3§ 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 a second nucleic acid encbding a second

10 selectable marker is present in the brachury locus.

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

fluorescent protein.

19. A method of making a cell population enriched for hepatocytes comprising
culturing embryonic stem cells in the presence of activin or nodal to provide

15  brach /HFN3B3*/cKit" cells, isolating the brach®/HFN3p3*/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.

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

20  stem cells.

21.  The method of Claim 19 wherein the embryonic stem cells are cultured in the

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

22.  The method of Claim 19 wherein the embryonic stem cells are cultured in the

absence of serum.
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23.  The method of Claim 19 wherein the brach®/HFN3B3*/cKit" cells are cultured

in the absence of serum.

24. A cell population comprising at least about 10% hepatocytes produced by the
method of Claim 19.

25.  The cell population of Claim 24 comprising at least about 50% hepatocytes.
26.  The cell population of Claim 24 comprising at least about 70% hepatocytes.

27. A method of screening for an agent that has an effect on hepatocytes
comprising culturing hepatocytes produced by the method of Claim 19 in the presence
and absence of an agent to be tested and determining whether the agent has an effect

on the hepatocytes.

28. A method of hepatocyte replacement therapy comprising administering to a
subject in need of such treatment a composition comprising hepatocytes produced by

the method of Claim 19.

29.  The method of Claim 28 wherein the composition is administered by injection,

implantation or infusion.
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