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BACKGROUND OF THE | NVENTI ON During enbryoni c devel opment, the tissues of the
body are formed fromthree major cell popul ations: ectoderm nesoderm and
definitive endoderm These _cell popul ations, also known as primary germ
cell layers, are forned tﬁ%@ﬁ@@@%@@ W%Agoal%trul ation.

Fol l owi ng gastrul ation, each primary germcell |ayer generates a specific
set of cell populations and tissues. Mesodermgives rise to blood cells,
endothelial cells, cardiac and skeletal muscle and adipocytes. Definitive
endoder m gene&dt Q@3S REVERENCI TORULALLD ):ELIMrmgi ves rise to the
nervous system skin and adrenal tissues. 25 The process of tissue

devel opnen® from t hese Heif aprdisation|clajray priorityeff Y-8 sAppHsrtignteziabiNe f er ent i at i on
steps, refl ect e ] V: STo I oderm and
its derivati VEE{%@%%@%&I{E{%&@OE%@@E& a?eOftﬁ;%%lhh%{erglﬁﬁgﬁed'll e tirst is the

i nduction of mefesoexm fromcells within a structure known as the epibl ast.
The newy fornmed nmesoderm also known as nascent nesoderm mgrates to
different 30 positions that will be sites of future tissue devel opnent in
the early enbiSHTATEMENT REGARDINCKFEDARALINFUNDEDRESEARGH s some nol ecul ar
changes that are likely reflective of the initial stages of differentiation

towards specific tissueshis iventfonRak nalie@th ghraent dupPblt 206F AR 8BS
PCTI US2006/ 024418 as specification, involves the generation of distinct

ti ssues from B9 FHA{ 0mardeddy diratinal dusipiss ot deplgh sThepduied Stalssudi es have
provi ded evi degeGnWbtGihySHAOEIEA rights in this invention.

15 BACKGROUND OF THE INVENTION

During embryonic development, the tissues of the body are formed
from three major cell populations: ectoderm, mesoderm and definitive endoderm.
These cell populations, also known as primary germ cell layers, are formed through a

20  process known as gastrulation. Following gastrulation, each primary germ cell layer
generates a Specific set of cell populations and tissues. Mesoderm gives rise to blood
cells, endothelial cells, cardiac and skeletal muscle, and adipocytes. Definitive
endoderm generates liver, pancreas and lung. Ectoderm gives rise to the nervous
system, skin and adrenal tissues.

25 The process of tissue development from these germ cell layers involves
multiple differentiation steps, reflecting complex molecular changes. With respect to
mesoderm and its derivatives, three distinct stages have been defined. The first is the
induction of mesoderm from cells within a structure known as the epiblast. The
newly formed mesoderm, also known as nascent mesoderm, migrates to different

30 positions that will be sites of future tissue development in the early embryo. This
process, known as patterning, entails some molecular changes that are likely reflective

of the initial stages of differentiation towards specific tissues. The final stage, known



that nmesodermis induced in successive waves which represent subpopul ati ons
with distinct devel opnental potential. The nmesodermthat is fornmed first
mgrates t raenbryoni c region and gives rise to gietic and
endot hel i al(w E{fb%()ﬁé\%]er eas the next popul ation mgrates gﬁﬁg P%i“}sn t he
devel opi ng enbryo and contributes to the heart and cranial nesenchyne.
These lineage relationships were defined initially through histol ogical

anal ysis and have been largely confirmed by cell tracing studies. Wth
respect to hematopoietic commtnent, there is now conpelling 10 evidence
from studi es w’st;lifeciﬂ&etldi&melvbs tte gémraanﬁbﬁdmtbmtﬁmmhslﬁoanﬂiepmdrm rmuse enbryo

that the earli est ntjfiapl.e oenlt a ce at als Ias
vascul ar pot é’l’ﬁsP%ﬂme]as t]éqpflgflﬂ%f‘fﬁ)? genmta l?fge PWélJﬁ%ﬁ‘&Ha}CBB‘i et al.
(1998); Devel gpaietkoded? % ifdied BrsucdddRS whles *hich re(p?&@xﬁ)sulbﬁbﬂl‘hﬁorﬂﬂfh625 30) .

Anal ysis of this progenitor revealed that it co-expresses the mesoderm gene

brachyury and dgqﬁnéctr@@@mrmntqlyp@gtpa,l,eTllgnwpﬁggaéhqipq(foyneq gt migratergo theat it
represents sa e

hemat opoi et5| csegn vascu‘Jl IQ'EI ﬁ cF%ges % Felge%%é)g %h@gl?d &H?mﬁﬂ%msbggeer%%pnent
130: 4217- 4227)the hexhpepgéation tmgrnfgs giterttirlydn the devedipingresbrze e cohtibuiehts  heart
devel ops from 0 at i S estin co

mul ti pot enti aItfglle lgéhlan {)91115 stenqwet h:'ge% ?lp%ﬁgg &%g)ll}f}fi s vg{/rg? 51%%9%11&3111& al .,
(2006) Bl ood ZXhréughlHistdlbgical sdtlydnaldtmes beh ldrfely edrfirsied becahtdchigisaidies.ul t ur es

have provi ded evi dence {KP t he exhstence of a, Flk- I+ progenitor. . wth
cardi ac and endot hel i al WitEspestdp hemaiopolstic commytmant, 1 6{3268%7

19: 1534- 1516) -evitiefceMRUnt Sudiad Witthe S ceM¥ek@tlation n@&iel aﬁdain%aﬁb@s@m nation and
differentiation. The Notch pat hvva% and Notch si gnal ing are reviewed in

Artavani s- 25 eydayedtheidhy cagisst identifiable propegtop 5. 2l that plge displayc1es@ast ei ns
(Notchl, Notchg.. ot £o m%&%&ékemﬁnﬁ&ﬂ%&@&'aﬁ' @98)“9_%%&@%&% The

Not ch proteins are transnenbrane recept on activati’d gand,
t he i ntracel | UR&728G824iHuberf etlbb,t(ém4|)$\l_tllg4ﬁ%ﬁ253ﬁ10) camdlysiscdfabiv prbgamithr

d h |
of foctors. T AMCARARH FxpPeRE b iRt PRRT R ded e R REDSRE 1 30

bi ndi ng doysai rénase BIkCH ifidating thieit pRedntseasubsbpuladen ofmesodertd dndedgaingnt No.
5,780,300. Notch signaljng is of interest in the context of early |ineage

conmi t nent  as WF“‘P@?“EW&W/WW‘?PO@QF png weailaydinpagesfehing o; |a1/’e(?%3§d evel opnent al
processes 2 WLER5hERA3632 F)CZHZW. S@Q%E%&ﬂé— Studies have demonstrated that the

heart develops from a Flk-1" population, suggesting that a comparable multipotential
cell may exist for the cardiovascular system (Ema et al., (2006) Blood 107:111-117).

20  Analyses of ES cell differentiation cultures have provided evidence for the existence
of a Flk-1" progenitor with cardiac and endothelial potential (Yamashita et al., (2005)
FASEB 19:1534-1536).

The Notch pathway is involved in cell fate determination and
differentiation. The Notch pathway and Notch signaling are reviewed in Artavanis-

25  Tsakanas (1995) Science 268:225-232. Four Notch proteins (Notch1, Notch2, Notch3

and Notch4) have been identified in humans. The Notch proteins are transmembrane

receptors. Upon activation by a ligand, the intracellular domain of Notch is
proteolytically cleaved and transported to the nucleus to activate transcription of
downstream effectors. Truncated forms of Notch that lack the extracellular ligand-
30 binding domains are constitutively activated. See, e.g., U.S. Patent No. 5,780,300.
Notch signaling is of interest in the context of early lineage

commitment as it is involved in cell fate decisions in diverse developmental processes



and it has been shown to play a role in hematopoietic, vascul ogenic and
cardi ac devel oprrent. The four different Notch receptors, Notchl -4, can
associ at ev&%@ i gands, delta-like 1-3 and jagged pcpg92096/0%3%1% €Ssi on
anal yses o e ea y gastrul ati ng nouse enbryo reveal ed overl appi ng
patterns for Notch 1, 2, and 3 in the 5 newly forned nesoderm As

gastrul ation proceeds, distinct patterns energe with Notch] expression
extending to devel oping blood islands in addition to other nesoderm
subpopul ations, while Notch2 expression over|aps with that of Notch] in the
paraxi al and kad ihad begh shownrte sl @ el imsmatmpoietc, qasculogeric prd eardiac ar di ogeni ¢
plate in addi t t th the
est abl i shnent d%‘%e?({bﬁ&egiﬁﬁef&n%t&eﬁ%%netﬂ oé?chg%%ﬂtg %’%@gg? i a%gﬂ%ﬁéﬁ}sﬁ\)@: urt her
segregati on ohgﬁrdp;dbks-hhmlﬁandgﬂggmwaﬂz ﬂxbreﬁmrargbmssofhhamﬂbeen reported to

be expressed at S | evel i.n var| opoi et | j VI ew,
Radt ke et al. g’@%%ﬁem’f 8?a §v§r ??8 mﬁ\%f](gﬂﬁ Hﬁ??@%éip B8%d in
| mmat ur e hgmh@@@f@ﬁﬂeﬁ nisO@emnl 1A §§st1(th1bﬁ|9focﬁds ,istinct(phB&43 emEBLORh
83:2057-2062) as well as in the develo ln‘gl T cell lineage (Ellisen et al.

(1991) 15 Cel WNog$! cumesspnyextepding fofeyelepiygleed iglepdsdn aF‘IBfl‘éIh‘]O qtherr eadi |y
detected in e | I AR I NoREBinet al .
(2002) Am J. %Q%d%ﬁh S@dempaﬁ%n\éi‘g}%%%c&? vvhgeglr easeﬂlN%tsgﬁ%tﬁaatgie:ars 1}[31(1)1 be
restricted tothdrerascmb@mdﬂam plate m¢8n@@@eN0t€k_3e1$ deteetedsin the cagdiogenicaddoin Mech.

(lyi t ondacl o aroiet S G o BH RERRTIINY, Wobo RSl de | (2707

early and l0el aémmbmeﬁuanddaﬂmmam sylstema,tﬂmhdnsegm@ngtebf exgresmmﬂl es have
denonstrat ed tEat th tch r agg{)ors ar.e n essen str.ul ati on,

germ | ayer i nQO¥FYS Sn ‘étp@e?sf ?eﬂﬁepoﬁﬁCI@ CRRIewWE %trfPInﬁ?gVPgl?‘ VEEQUSh)| i shnent

of the defi nhtm¥epdieairRRgs ¢lebewsRedIe Bt als, (2MAPNEL, Ihesbly24Es3h.ai | ure of
Not chl nut ant Esmelc):ells to.contribute to definitjve hemat opoi et?s in

chi meric mi ce Mot mmesseﬁj%meweiﬁematﬁme%nr%epwé<1I4Ila%rteéely§%9§4k Hadl and et
al ., (2004) Bgqsd 8%%5?9882)%&%?1 28R O¥evEBSing Ir%eIfhﬁéa I@?Iﬁééﬁl%’%lgm)

devel opnent in Notch AGM'expl ants (Kumano et al

18: 699- 711§, ISI’@L661649~§613)I Fithin theivessulafuae, Afot@b@rreﬁchlycﬂmeaﬂcd mxdhﬂ;g@hem s as
honmozygous nul 0 I fro | scul ar
renodel i ng (Kah%gf{;g@xr ?ﬂotgh’(rﬂ%k)%eyfe%%o E%emafjetgﬁt’%é LG gp(h:gzn 8?}ast to

Not chl 30 nutl&9) sherdintNdihrapbdarstoibeaedsticeed go thleahbethlrmﬂble alheam that this
receptor 1 oL esan el ol SR I, PR MBS AR A, Mo
nul | enbryos, ygemacatiiadlihdge thatendaele et al., (1996) Development 122:2251-2259).
20 Despite these early and relatively broad expression patterns, targeting
studies have demonstrated that the Notch receptors are not essential for gastrulation,
germ layer induction or specification. Notchl is essential for establishment of the
definitive hematopoietic system as demonstrated by the failure of Notch1 mutant ES
cells to contribute to definitive hematopoiesis in chimeric mice following injection
25  into wild-type blastocysts (Hadland et al., (2004) Blood 104:2097-3105) and by the
lack of hematopoietic development in Notchl”™ AGM explants (Kumano et al., (2003)
Immunity 18:699-711). Notchl is also required for proper vascular morphogenesis as

homozygous null embryos die at E11.5 from defects in angiogenic vascular
remodeling (Krebs et al., (2000) Genes Dev. 14:1343-1352). In contrast to Notchl
30  mutants, Notch4 null animals are viable indicating that this receptor is not essential
for embryonic development. Double mutant mice lacking both Notchl and Notch4
display a more severe phenotype than Notchl null embryos, demonstrating that



3 WD 2007/ 002358 PCT/ US2006/ 024418 Notch4 does play a role in devel opnent
of a functional vascular system 1d. Notch2 is required for feta

devel opnent t he nutant enbryos die between day 9.5 and 11.5 of gestation
di spl ayi ng ‘XQ?’%‘F@%Péscell death in many tissues (MCright PET/GSR006/024309)1)
Devel opnent 128:491-502) whereas Notch3 null mce are viable but do show
sone 5 arterial defects (Donenga et al., (2004) Cenes Dev. 18:2730-2735).
The relatively late and variable defects observed in the Notch deficient
animal s despite the early expression patterns of their correspondi ng genes

suggest s that RétEiuedoet Plag a Btb BV@Yelbfmer 6f a RSEEINaT kol sk e IBS INJ#Rt | on or
conpensat ory mechani sns coul d be masking the true function of sone of the
L’

receptors. 10 iFtaarised for feidl ghrelopmentastihemptantembryos diedistvegeg day P-Agnd hi.S

hemat opoi eti c, I | | 4 Fﬁqu . C rom
forced express?%%&%tfb&éff%éa%%ﬁ %:hg %fcegrglf&ﬁrm?rg@ systetg@@gﬁ ?éﬁalé eciliic cel |

| i nes. The fi ndévelppnkentad?R T30} wittireas NotvhY sultimivenst vidilebuttdosbowledmoh| pl ays a
critical role ip.the.establish t e 5 C / cell lLineages in the
nouse (V\as%our ogpl Fe.(’t,ss (??@@%a%’l(?@éi g@ﬁ@%ﬁﬁgﬂa&%é) %e Eeiar?é’?lyt utive

si gnaling thr duglnd beisbRaRMcBobidiveddn the Nvtshrdefipientehintalpdespiesnthé ealy appear s

to favor their proliferation over differentiation, resulting in the
emergence of SARIFSHETLPALiER ophs Eprrespenling gepessiggess ﬂraffﬁtﬁmsﬂwgwhwéﬁ oi d

charact eri sti Cgyt bdaktAYBrins gARRNatRh o@bompeﬁ?ag&?heﬁ?ahisﬂy%guld@é iAdéngdd8 1). In

Zebrafish, Notch activation led to the expansion of hematopoietic cells in
t he AGM regi orfrefangtign eftemeofdheseeptaand 20 enhanced hemat opoi etic recovery

fol |l owi ng di ation inj ' . t -1 T . enes Dev.
19: 2331- 23@). Wi le Not g F"g?@ﬁ1ﬁ§“§%f°%§3rﬁ?¥8‘??1§@ém§%%‘éﬁ% @eohe%’nces
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nsistent w | rrnain IS e Qpservall on a C S ericlien In
RBP-Jk, a domr@?&é&ﬁrﬂ‘é?algéﬂl e‘BPuSFIﬁWaF@F@FFtabéf%@ﬁ%gﬁgﬁac@g%rate nmor e
car di omyocys eSohnkiivestdhatingNroa O i dce o ih%aﬂ‘f“hén@atoﬁolib@i? Bropii s ol 2

constitutively active Notchl receptor generated fewer chroeder ™ et al.,
(2003) Prac. Natfavor fegproleratiomayer diffe®ntidipg)resutting in Higiepicrgsnee off f ect of Not ch

2 g signaling of, ¢affll dSrSNRbe MR Ut S PR Sye R E ot ddteidfes (P ¥GQP! N9 moUSE
Finney et al., (2000) Nat. Med. 6:1278-1281). In Zebrafish, Notch activation led to
the expansion of hematopoietic cells in the AGM region during embryogenesis and

20  enhanced hematopoietic recovery following radiation injury in the adult (Burns et al,,
(2005) Genes Dev. 19:2331-2342). While Notch signaling at appropriate stages
enhances hematopoietic development, it appears to have an opposite effect on
establishment of the cardiomyocyte lineage, as activation of Notchl in the heart field
of the Xenopus embryo was found to decrease the expression of cardiac markers '

25  (Rones et al., (2000) Development 127:3865-3876). Consistent with this finding is
the observation that ES cells deficient in RBP-Ji, a downstream effector of the Notch
pathway, appear to generate more cardiomyocytes than wild type counter parts while
those expressing a constitutively active Notchl receptor generated fewer (Schroeder
et al., (2003) Prac. Natl. Acad. Sci. 100:4018-4023). The inhibitory effect of Notch

30 signaling on cardiac development was demonstrated in the developing mouse as

expression of the intracellular domain of the receptor repressed atrioventricular

myocardial differentiation and ventricular maturation (Watanabe et al., (2006)



expression of the intracellular domain of the receptor repressed
atrioventricular nyocardial differentiation and ventricular maturation

(Wat anabe %JI/O 5g82006) 4 WD 2007/ 002358 PCT/ US2006/ 026 B8s20bs0kspnent
133: 1625- %‘) RE effects of altered notch expression on the endothelial
| ineage are difficult to interpret as constitutive expression of Notch4 in
endothelial cells in culture (Leong et al., (2002) Mdl. Cell Biol.
22:2830-2841) or in the endothelial |ineage of enbryos (Uttendaele et al.,
(2001) Proc. Natl. Acad. Sci. 5 98:5643-5648) inhibited endothelial
sprouting andgﬁlémm@%tﬁzéﬁéé@né@%ffemra@%dn@%ﬁ@%@ﬁ’@h Onﬁwa brain

endot helial c LOVESSE structures
(Wyttendael e e%dml ehgﬁ%%%fﬁ(fﬁ%géigﬁ Hagla%%ag@’g K &Iofectl vé‘l y, these
findings indi enﬁoﬂ\ehhia:blls!\intouhum(@mag ere., @QQZ)IMﬂa@tUMZ@BBOQBMO orinascul ar
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15 The presenfXREFORLR 6hra5}q5\9lp§@gal el aneﬁ’é}J;B‘t‘i?daﬁgg?@ ’%‘P’é"’%sﬁ?l ed for
cardi ac proge s (S {erdVRld. REs. 8091L108), IcaMRRIERL ieRs- The
pr esent mven?ﬂlr%cﬁ{r?iﬂyhti?@glrggw gzsb%a)'mﬁﬁctt'ﬁ’a_f'()“r mduc%lng t he 8
di fferenti at i &ndiggs ipdicalt that Notsh sighaline C@temnpgctfhe@moemﬁﬂy sajcelasangreardizs) cel | s
compri sing_ 200t bibd 09 P afk ke 0BG GARI 4080 Ui ddE bRBigeL 0 Form EBs,

| of er ent

cul turing EBs un con ons s CI en Ion to
hemangi obllést / pr e- er yt Hit basheembursrisingiyddisdoserbdini acgprdanch with Ithespresent

For onnbi 1 niero R P BB Falngh e o sp<BRRH € paBelid e O

conpri si ng culdemnatinglidedgesel | s under conditions 25 sufficient to form EBs,
culturing the EBs under conditions sufficient for differentiation to a
Bry+/ F1k-1- popul ation, and isolating such a population and reaggregating
in the pr esengmmmqﬁﬁmwn al so provides a nmethod of screening
for an agc—igt that has an effect on cardi onyocytes.

The present invention provides cell populations that are enriched for
cardiac progenitor cells and methods of making such cell populations.
The present invention further provides a method for inducing the
differentiation of cardiac progenitor cells from embryonic stem (ES) cells comprising
20  culturing ES cells under conditions sufficient to form EBs, culturing EBs under
conditions sufficient for differentiation to hemangioblast/pre-erythroid cells, and
isolating such cells and reaggregating in the presence of Notch.
The invention also provides a method for inhibiting the differentiation
of cardiac cells from ES cells comprising culturing ES cells under conditions
25  sufficient to form EBs, culturing the EBs under conditions sufficient for
differentiation to a Bry'/Flk-1" population, and isolating such a population and
reaggregating in the presence of Notch.
The invention also provides a method of screening for an agent that has
an effect on cardiomyocytes.
30 | In another embodiment, the present invention provides a method of

cardiomyocyte replacement therapy.



30 In anot her enbodi nent, the present invention provides a nethod of
cardi onyocyte repl acenent therapy. 5 WO 2007/ 002358 PCT/ US2006/ 024418 The

nmet hods o nt invention are useful for the expapst/ogoeéoRRERCUr Sor
cells and"‘f(S gb%g/ﬁ%ﬁé&gner ation of differentiated cells and tissues for cell

repl acenent therapies, and for screening and identification of agents that
affect <cardiac progenitor cells and endothelial cells. 5 BRI EF DESCRI PTI ON
OF THE DRAW NGS Figs. | A-D depict gene expression patterns of Notch4. Fig.
| A shows flow cytonetric analysis of a day 3.25 popul ati ons denonstrating
the GFP-Bry /Fl k- 10 1+Th¢én@h@s¥@6ﬂlamesqﬁawwt@n@qms for theexpansionofi ogeni ¢

popul ati ons. Ej L - . J : ry4 Fl k-1+ and
GFP-Bry/ Fl | c- Eieg%ré%ﬁeg{@gﬁfg%%gﬁ%giﬁgg °€ér‘g§n}g%t§| E’E\?%e"jf{eisn%‘mgt%s%gg‘ﬁéé@. Fig. 1C
shows expr ess irepiacemert yierapiasf andl farsiereeniog amlideteificatmn of egentsthat affacter cel |

popul ations. Foyr-day aq]d ast col.oni.es.were picked fromthe

net hyl cel | ul Oggﬁgap{%?rg rﬁ%k apﬁgm%g{eg?lcg%ﬁ.l s and cores were separated 15
using a fige nmouth pipette. Each popul ation fromindividual col onies was
anal yzed for expression of the indicated genes. L32 was used was used as an
i nt ernal cont BRIEF DESCRIPIIOMORT T PRAWINGES of Not ch4 in ES cel | -derived
hemat opoi eti ¢, endothelial and vascular snooth nuscle cell lines. The HOXI

1-imortalized henmat opoi.eti | 1., Line EBHX11 and e t i,al_cell line
D4T (endo) were used { hiEg i g?Pé?th?es‘?XP%“ﬂ‘h%aW%gﬁ“ﬁ% n‘é‘hlev‘\%%mé"ét abl i shed
by force passdigiwngtonBtitemalysid of dayl3t25cmiplilationsRsporsaiiogthe GFPHRy!/Altti cat ed

genes was .Used,to veri the | ineage fidelity of the 3 cell i.nes. Figs.
2A- D depi (,15 tﬂehﬁ?‘i‘n@ {%tfanaé}fec‘:&ﬁp@%gﬁiﬁ'ﬁiﬁﬁmﬁéeﬁﬁRﬁ?"gﬁl?f“%t & l%g\?g’lsopnent
from the EB- dekprd@bnfol Kotchs RORE GEFPLIW/FIki1Y am?gé\nsimmlﬁw@mﬁ@ﬁh of 25

HA- Notch4 in ES cells 24 hours foll ow n?QDox i nduction. For studies on the

rol e of Not chasokitedrfeam digfersnt sieged EBsoFia 1€ shessererpsmiamanalyeiy ofblost Fl k- 1+ cell's
b
Fol | owi ng t he pdéed frovd tiet ihethylcdlhbse aggragad ths ower eelld asd oresaved sepacitednal yzed
for hemat qgoi %gfng a %1% ?nrc]){lgh%ipettgi gécth%plﬁgt?ovﬁsfrom individual colonies was analyzed
for expression of the indicated genes. L32 was used was used as an internal control.
Fig. 1D shows expression of Notch4 in ES cell-derived hematopoietic, endothelial
and vascular smooth muscle cell lines. The HOX1 1-immortalized hematopoietic cell
line EBHX11 and the endothelial cell line DAT (endo) were used for this analysis.
20  The VSM cell line was established by force passaging EB-derived Flk-1" cells.
Expression of the indicated genes was used to verify the lineage fidelity of the 3 cell
lines.
Figs. 2A-D depict the effect of Notch4 sigﬁaling on hematopoietic
development from the EB-derived Fik-1" population. Fig. 2A shows expression of
25  HA-Notch4 in ES cells 24 hours following Dox induction, For studies on the role of
Notch4 signaling on hematopoietic development, day 3.25 Flk-1+ cells were isolated
by cell sorting and reaggregated in serum-containing medium in the presence (+Dox)
or absence (-Dox) of Dox (1 pg/ml) for 2 days. Following the Dox induction, the
aggregates were dissociated and analyzed for hematopoietic potential. Fig. 2B shows
30 flow cytometric analyses showing the proportion of VE-cad and CD41 positive cells
in the aggregates. Fig. 2C shows the hematopoietic colony forming potential of the

aggregate cells. Bars represent the standard error of the mean of the number of



30 flow cytonetric anal yses showi ng the proportion of VE-cad and CD41
positive cells in the aggregates. Fig. 2C shows the hematopoietic col ony
formng p i the aggregate cells. Bars represen d error
of the rreg’kggéd@hzeﬂgnunber of 6 WD 2007/002358 PCT/ USZOOG%SE}}%B i;lgli’s:)m es
from3 cultures. Ep, primtive erythroid; Ed, definitive erythroid; Mac,
macr ophage; E/ Mac, bipotential erythroid/ macrophage. Fig. 2D shows gene
expressi on anal yses of aggregates. Figs. 3D-E depict the cardi ac potenti al
of the Notch4 induced Flk-1+ 5 population. Fig. 3A shows the proportion of
aggr egat es coreokonies frgmcﬁ'owtlmrcs|EpgpnmdeﬁUﬂy@dyEédeﬁmtlvemwﬂlgndzM&%urs of Dox
i nduction of the d tes were plated
into mcrotiter ﬁ%{%e’l n epgtﬁlrltéﬁl g&%ﬁ%&r&re&gha%a B %@g%grv% Sefice of
contracting cebcbxsssi@&mel\y@ds@ahgdegatew days follow ng repl at| ng. - Dox/ - Dox

uni nduced cells, +Dox/-Dox: ition of Dox tq ul.t ure,

+Dox/ +Dox: addition of H&% ﬁgﬁlﬂ@?"aﬂ@ P&&@P@g’gﬁ? gﬁ"q @&P@F cul tur es

+Dox+i nhi bist ordopiation, aﬁlgdlawsgswpﬁleg@poﬁﬁnéfgggmghtegmqwma e6ficEng | nhi bitor (5
g

NM to the aggregation culture shows i nununost ai ni ng denonstrating
the presence cardicmyogytatiolipwingashours oEPerrindpetion ef the dpy 349 Fkel'i nduced

(+Dox/ - Dox) b‘btopﬁl%on Ffﬁgie ag%ggdé& vbé?Q 684 irfeo B?%Atlt%élls%gﬁl%%% G luEésg 3C s

a flow cytonmetrfc ana enons ratl ng e proportion c + cel |
present in cuIalndlﬂmqar@emnemﬁbmﬂiraémugruebmthaluwg@ate’s‘g@bfeﬁallowm rsplatingagqgr egat es
were replated in the cells

wer e harveste °é%'§i’%gu‘§]%£é‘{’%€"eﬁ% +ﬁjlr<’ff @8’&@?@%% a@% i }hegag&felg%hoélncu R | body to
cTnT. The War kidoxreDoxe pdditia@insf Dok T Both o£ht sggwgeﬁ@:aaldtdaﬁh&rm&ads ar ea

represents control  stai with s con ti hody al one shows
gene 20 expr eSHWH! {/)'é%‘g‘ BdItioRe z‘? ﬁg/a qndyy crstaaea’yélb Pé‘gﬁﬁ

replating of tfie, g?éégﬁcﬁﬁﬁltﬁx% Fig. gﬁtsﬂ@\ﬁhtlmnﬁlhgstélﬂﬂ @@fh&ﬁt@ﬁhﬁtth@ feﬁhﬂcé)f t he
figure. Fig. 3E shows the oportl on of c¢TnT posSitive cel ?hat devel op

fol | owi ng renfaidise Tmmnmr nhein cdbrfmna@eer@m@r(@o %sb/butmtﬁomdh‘; Fi gs.
4A and B de s 25 popul ation
suscepti bl ep![ 0 5‘% }%)qg%rg%a%%n%g Eglso@i‘p%f gﬁn%tn re i sgl g?ed | from

day 3, 4 ard EdeEsBastmnnlg ﬁ:ggr@gatoachﬁ"b r ceBelprasent m w}turbhganpnamdérwepamﬂedabs ence of
r?g)r(li t Q(F:]g(rjegat easggrfeéa es. li’%oﬂ of erlé)gl%ggsate\é\%reree erlgtteg the? ;[:a(%dlgclz gurlt(t)l}éstfgrrB %s, at and

which time the cells were harvested and subjected to intracellular staining with an

antibody to cTnT. The dark line represents cTnT™ cells whereas the shaded area
represents control staining with secondary antibody alone. Fig. 3D shows gene

20  expression analyses of the cardiac cultures 3 days following replating of the
aggregates. Treatments are indicated on thé top of the figure. Fig. 3E shows the
proportion of cTnT positive cells that develop following removal of Dox from the
cardiac cultures (+Dox/+Dox/-Dox).

Figs. 4A and B depict the temporal developmental of the Flk-1" EB

25  population susceptible to cardiac induction by Notch4. Flk-1+ cells were isolated
from day 3, 4 and 5 EBs and aggregated for 24 hours in the presence or absence of
Dox. Aggregates from both groups were plated into microtiter wells and monitored
for the development of contracting cells or subjected to gene expression analysis.
Aggregates were monitored daily between 3 and 5 days of culture for the presence of

30  contracting cells. Fig. 4A shows the proportion of aggregates that contained
contracting cells. Fig. 4B shows the expression of nkx2.5 in the induced (+) and un-
induced (-) aggregates from the different populations.



for the devel opnent of contracting cells or subjected to gene expression
anal ysis. Aggregates were nonitored daily between 3 and 5 days of culture

for the pr&?ﬁﬁﬁ“@%ﬁéso contracting cells. Fig. 4A shows thgmhoRaki4ien of

aggr egat es ained contracting cells. Fig. 4B shows e expression
of nkx2.5 in the induced (+) and un- induced (-) aggregates fromthe

di fferent popul ations. 7 WD 2007/ 002358 PCTI US2006/ 024418 Fi gs. 5A-F depi ct
the effect of Notch4 expression on BL-CFC-derived bl ast col ony devel opnent.
Day 3.25 Fllc-1+ cells were cultured in the nethylcellulose blast colony
assay in the presence oFigalf¥eRdepicithd¥ffect dfiNptchBAxpressionpinBl-gFaaieriodd bl ast

(upper, -Dox) ,and co ct, (lower, =+ gol oni es fol |l ow ng 4. days. of
culture. 5 Orita?sﬁ‘écw ‘%ﬁ?lmgr&?ﬂti @ﬁyiggﬁk'llzicﬁﬁs ‘g‘gegwg\ﬂgdolpﬁléegrﬁ?fhg#ﬁ‘_ ®bl ast or
conmpact col onisst calemdseyas tHebrésBibe P SRBER 0ODoR BEESIE & OphotddiapBbf blastt he
presence of Dox and_y-secretase inhibitor. Colonies were scored follow ng 4

days of cul t ur@peri-Boxzadspenact fevie. tBxprcelosicp follarimesdays of culthesi vi dual
compact ands bl @islinA HepieRion 6K Fig¥B (RS AR Aborbr b\ Bmpadi Bofikdl Ol ONY.

Fig. 5D shows I nos ning denonStrating the presence cInT 1n the
adher ent out grgswerhtedin the ghsangdeer presqrae of Rox¥ @iy the Pesenelof Dowendy-gactlase on a

gl ass coversli.p for ays froma %a 0 C cl Y. ig. . SEis a
phot ogr aph of lghliﬂg%‘eg:oﬁn%egfﬁée srggrﬁg (8 (‘)‘%egtéi &gaygﬁg%itgrrediﬁa%ggos}i%‘%&(l By i gi nal
magni fi cati on expfixgion ddalysid o? mdividual dompaetlahé blastrceloaish.tHatke thné eepretertssy i n t he
bl ast col ony ass i.n the presenc f Dox. Follow t hi s. i nduction step,
the ent i 1o coriit G5 o RBmst o Retth s i st o sE AR Ed. ¢ he
devel opi ngj(col ERTES in'@s h&reney et dRhgle RRPadt@Bloay.clnd ddllk Werep@sWn Vol ume
in the blast colony assay in the absence of Dox. The secondary cultures

wer e suppl enerfieglads caveip farrtidays from a hdayrelheamnaptoolomy 7 Hig 6 isof

eryt hropoi esi % - cahoni L EhietRF, -essi on anal ysi s
of indivi dualsph\m e Hlo?ﬂglé%glggiggzﬁeggtb&é%tghanﬁg%gﬁ?g%?& nt sﬁz single 7
day-ol d col onymagnificatirs2008 A RaycB. B Bl cellsiweteiaiinmed forf 1 dayrin thrdlasesaddnypent i n
FI'lc-1+ popul ation.by the ch Li.gand l.-1..Day 3.25 FlKk-1+ cells from
Che Bry- Grp Edoiadh mebrisaen T DO, Folate Bis igbpucon peduim ondus Bl o | 1

se [1 u lr)n fr eel( xo nfl\l/&;thjrlwllsﬂd‘se tulfhire ﬁ&yf&rveistlﬁd,ttli@deaélsﬁﬁg e%lomiesloulvmé:chszateex@{1 tirgessecr St ase
inhibitor (5 pM,. Fal]|ow ng thi culture step, the cel]s wer arvested,
stained with t%él‘%t?ileﬁﬁsaa’ﬁtvp n fedlasts _|a_§%eflf§9a¢qeawoé§ioa fy. Fig.
6A shows cel | sseedtdhiy cBRurbd\whid SuspReRRfa wifh Bpdfhd-9%o0 enable visualization of

erythropoiesis within the colonies. Fig. 5F shows gene expression analysis of

individual mixed lineage colonies. Each lane represents a single 7 day-old colony.
20 Figs. 6A and B depict induction of cardiac development in FIk-1*
population by the Notch ligand DlI-1. Day 3.25 Flk-1" cells from the Bry-GFP ES
cell line were cultured on DIl-1 expressing OP9 cells in serum-free conditions for 3
days, in the absence or presence of y-secretase inhibitor (5 pM). Following this
culture step, the cells were harvested, stained with the anti-cTnT antibody and
25  analyzed by flow cytometry. Fig. 6A shows cells cultured in the absence of inhibitor.
Fig. 6B shows cells cultured in the presence of inhibitor. The dark line represents
 cells stained with cTnT antibody whereas the shaded area represents control staining
with secondary antibody alone.
Figs. 7A-D show the role of Notch signaling on cardiac development
30  from EB-derived GFP-Bry'/FIk-1"mesoderm. Day 3.25 GFP-Bry'/Flk-1" cells
generated from the GFP-Bry/Ainv-Notch4 ES cell line isolated by FACS were

reaggregated for 24 hours in the presence or absence of Dox or y-secretase inhibitor.



Fig. 6B shows cells cultured in the presence of inhibitor. The dark |ine
represents cells stained wth cTnT anti body whereas the shaded area
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GFP-Bry /Fl k-1- nesoderm Day 3.25 GFP-Bry+/Fl k-1' cells generated fromthe
GFP-Bry/ Ainv-Notch4 ES cell line isolated by FACS were reaggregated for 24
hours in the presence or absence of Dox or y-secretase inhibitor. 8 WD

2007/ 002358 PCT/ US2006/ 024418, Fol l ow ng the reaggregati on step, pools of
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cytonetry. Fi §opitdtionhonigirednmdenthpearivhoeonditionsTmdre anadyded forithe pre®nckevel oped in

t he absence y- e el nhibitor «-V-1), or. fromcell.s ose oy
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cul tlﬁll’ es (3 _ 1/ddde)op|ecﬂ:irghe E@eﬁéﬁ%cﬁﬁﬁdihlﬁbit@QﬂBD@aﬂﬁ‘oﬁssill@lexlm‘sedﬂoe(-ceI | s grown
in the cardiac cultyres in. t presenge or nce y-.secret ase

i nhi bitor. Fi ﬁffcref@eg%é%rflwg F GpeTes BN BFp Aot ol SHRLEIGESE op in the
absence or pregeneR; 9B shis daRfkCicnO®Biprdssid oA belld@¥dwn RAQRe dardlstced cel l's;

(+Dox/ - Dox), Dox added during the reaggregation ster; é};Dox/ +Dox) Dox added
to the car di asultuestintherespiqg or gpsentefg-secptaedehigitnie FigxXprbews B8 of the cells

cultured in t f‘opru%ﬁ%FEﬁI“rchsf/’t(ﬁch’H%%l in bséﬁiggérspr%h& &%&%d&ﬁgktp' e of

Not ch signaling i n cardiac nmertt rom primtive stre expl ants.
Fig. SA i d0a pletDogx)apdn-influcd célls; G- DenbPyx), Dbx hditdd datingithe tdaggregatiornct i on

schene used tqQ, gener di,stal .primtive strea S and t he
posterior pri ﬁjﬁeﬁ,ﬁ({—)ﬁo@%ﬁ@&%@c%@sﬂf) gg’ %@a@ﬁu H Fﬁ%ﬁ#ysggg% oardiaC . shows
expr essi on angkptekivonof thelkellFfafura th BB Presdncgor dbcerzb6fBox.ne per cent age of PPS
explants that had contracti r ays of culture in the presence

ng_cells after_5
(+inhibitor) or absend8&% Bi‘\gﬁ%Flﬁ?lftéhe)f%rofﬁ%gér%@wiC?HGhaBidPY?FQPH}ﬁPb. SD

shows gene expgSsi 9priflive dRdakerplamt. Fips RS phYiebAPh of SUELSIERByHOr 5 days in
the presence or absence of y- secretase I nhibitor. DETAI LED DESCRI PTI ON OF

THE | NVENTS ONilicating the dissastior eshome hsed fiegquentedhe disialpimitispstrdak (RS, been
di scovered thgfg e posterior primitive streak (PPS) for Notch gene analyses. Fig. 8B shows

expression analyses of the PPS and DPS. Fig. 8C shows the percentage of PPS
explants that had contracting cells after 5 days of culture in the presence (+inhibitor)
or absence (-inhibitor) of y-secretase inhibitor. Fig. 8D shows gene expression

20  analyses of the PPS explants cultured for 5 days in the presence or absence of y-

secretase inhibitor.

DETAILED DESCRIPTION OF THE INVENTION

25 In accordance with the present invention, it has been discovered that
the differentiation of ES cells can be directed by activating or inhibiting Notch in ES-
derived cells or their progeny. Notch is defined herein to include Notch1, Notch2,
Notch3, Notch4 and active variants and fragments thereof, including active truncated
forms that lack the extracellular ligand-binding domain. The tern;s activation and

30 inhibition of Notch as used herein refer to activation and inhibition of the Notch
signaling pathway. Accordingly, activation of Notch may be accomplished by

contacting a cell with a Notch agonist including for example a Notch ligand, or



the differentiation of ES cells can be directed by activating or inhibiting
Notch in ES- derived cells or their progeny. Notch is defined herein to

i ncl ude N%&FH 0 8ch2 Not ch3, Notch4 and active vari ap¢pudiebiaagnent s

t hereof, i'nc o(rng active truncated fornms that |ack the extracellul ar

| i gand- bi ndi ng domain. The terns activation and 30 inhibition of Notch as
used herein refer to activation and inhibition of the Notch signaling

pat hway. Accordingly, activation of Notch nay be acconplished by contacting
a cell with a Notch agonist including for exanple a Notch ligand, or 9 WO
2007/ 002358 Pdtradscion sito2 aeilisgrecanghinantinusiaigyacichthat exprestes acfivaied Pant nucl eic
acid that expry V, ?mg§ ates the
Not ch pat hway. ﬁﬁ%@ﬁ%ﬁg&%entﬁétfa gu%?ées%%nlg%h n %ZIN ar aig%ﬁgﬁl nQ?1 B‘gg% 11111¥

exanmpl e, the Nrttanﬂruich@a,rfdse@mbieaﬁbNo&ihl@aﬁsd)e&aﬁ@e]dB amhﬁg@edl ah@Bi bi ti on of

Not ch may be conpl i shed b ont act J. nt.agoni st 5 or
i ntroduci ng i 3@881$%8ﬁgotgh F‘é%g%‘icﬂ’ﬁﬂffsrﬁ%%@f ‘éqnf?cg?ﬁ ‘itlcet“ﬁ‘ﬁlttw? ﬁﬂﬁcﬁﬁ‘% ch or
inhibits thhe oNat@tudRd My cellAttaadiragt micRiceckiBmintibitstN@clastintebic té scl osed
for exanple b Dontu et al. (,2004) Breast Cancer. Res. 6:R605-R615. A

nucl ei ¢ acid ¥ith RepYaYs é@gagﬂrerﬁféﬁre&rw‘amth%rﬂm%&ﬂsedforrsral@mw%g the
Not ch pat hvvay,etgr 2@6@)@&&%%&?}1&408R@oﬁkﬁshe Not ch pat hway may be introduced
10 into an ES ceI? an ES-derived cell by methods known to those of
ordinary skill int he aAmucleigabiddhat gxryesses Nateharfanetherymelpqulg thetactivstes,

honol ogous re preferred
enbod ment 1 BeEp bi ey, BEfe BB S e RpEh AR AR B bRy P T

that contrigl s mmduﬁStmbléoeaquS}dm\@d cahh,yhneth@ds knewptoethedead onfinaay skilt inei ¢ aci d

t hat actrvate ibits 'sj i bl.e a nost referred

embodi nent , Edr%g% WFGB?D 58 org, oo, M&S@%P‘EE nangyst emis
used. Such SY&E@ﬁﬁmﬁE@bdéB@&}Spréalahésh% preferad elbsdimegetle hedleiexadpl e by Ting et
al. (2005) Methods _in Ml ecular Medicine 105:23-46. In a preferred

embodi ment , a PerablFinkede anemladory clemient thatsenteolpinducible expiessiop stddhatot ch i s

| nt roduced i ntepsdifl e hite Aotk althaE b iERLATROE MEAlucitid)Gn dhdsECOMDI nant
nucl eic acid encodes Not ch4 or an active fragnent thereof. The nucleic acid
sequences 16f rmnfamedanmdaorimam ardozcmalmnmiumbtwﬁdow”b mmresse:m sa$tem 481996)
Devel opnent 1

preferred enb%%?fgﬁéﬁl%%?% ogngnglgr %ﬁ@gﬁ&%ﬁ e co ? u‘%%e\t/é y actr ve
intracel | ul ar (MMEﬂmﬁsmMolecularMedicine 105:23-46.

In a preferred embodiment, a recombinant nucleic acid that expresses

activated Notch is introduced into a cell. In another preferred embodiment, the

20  recombinant nucleic acid encodes Notch4 or an active fragment thereof. The nucleic
acid sequences of human and mouse Notch4 are known. Uyttendaele et al. (1996)
Development 122:2251-2259; Li et al. (1998) Genomics 51:45-58. In a preferred
embodiment, the nucleic acid encodes the constitutively active intracellular domain of
Notch4. Thus truncated form of Notch4 (Notch4-IC) is disclosed in the art, for

25  example by Soriano et al. (2000) International Journal of Cancer 86:652-659 and
Vercauteren et al. (2004) Blood 104:2315-2322. In a preferred embodiment, the

nucleic acid has a sequence that encodes amino acids 1476-2003 of human Notch4 (as

numbered by Li et al., supra). In another embodiment, the nucleic acid has a
sequence that is at least 80%, or preferably at least 90%, or more preferably at least

30 95% homologous to the sequence that encodes amino acids 1476-2003 of human
Notch4.

10



Not ch4. Thus truncated formof Notch4 (Notch4-1C) is disclosed in the art,
for 25 exanple by Soriano et al. (2000) International Journal of Cancer

86: 652- 65%@2@ miérg]{auteren et al. (2004) Bl ood 104: 2315p@B@22006/004318
preferred g , the nucleic acid has a sequence that encodes am no
aci ds 1476-2003 of human Notch4 (as nunbered by Li et al., supra). In

anot her enbodi nent, the nucleic acid has a sequence that is at |east 80%
or preferably at |least 90% or nore preferably at |east 30 95% honol ogous to
t he sequence that encodes am no_acjds 1476-2003 of human Notch4. 10 WO
2007/ 002358 PCT/ US2006/BPeells gnay bg oblained comprperpially, pi by methodsdmewr& 81y or by
met hods known _j.n ) =N I ' :rom

bl ast ocyst s b?hhg%{%%gﬂfh%gm%l}sﬁmﬁggtgﬂE@gﬁ lJé"?%tsc os'slgﬁm o%&ye@g%ﬁﬁe by Evans
et al. (1981) thderiand d2eRselSidr &Gbiple biEvasoet ab(1981) N4tn@P92:1p4-066; Nat' | . Acad.

Sci. USA 92:7844; U.S..P D D, ;o I Lnof f,.-et al. (2000)
Nat ure Bi ot ecﬁ‘.ﬁlmT@“B%@lf (ﬁkﬁﬁmmw4m§b exggol's are nouse or
primate ES5cels|ga3, 780 sad Reftihofpéted. €2000VNatereBicic e 18:399.nk dyfefeséd s are human
ES cells. In one ‘Eir eferred enbodi nent, ES cells_ may be engi neered to

i nduci bly  exgrbedmenidheEp rells arsinpuse o primate Bd sells A0 aroth@Pisiordy t he net hods
descri bed abo%ﬁlbgm%em’lglefggrceﬁgﬁgﬁﬁmﬁ{@@c@fsp referred to herein as "Notch4-ES
cells.” Such ES cells and their pro%eny express activated Notch4 upon
exposure to the appr opriname prefated embodiment, ED eedlsanaydy engbwarieatmindycidy
expressi on sy | GOx - . in one
erbod ment 1t Rl S P R RKE b BENGLN 6 B mol BB Bhont e

di ff erentilfti dor cohveniandé are referoglgn herein as ENbish4-ES welES Sudhl ES cablspnd theing
culturing ES cells for at{:i n&P@??‘ under condi tj ons suftf Lcient . for formation
of enbryoi d bEHESLY expEGSS fotivatg NQrohd Jpqn apesyre tp fhe approppale AT BF condi ti ons
suf ficient fomprefértddentbolindit B expressiot B Rkl daglohRyRer indubibRibg cel |'s, and

i sol ating and reagqgregating the hemangi obl ast/pre-erythroid cells in the
presence of adPxXXFIeEs- Not ch t o provide 20 cardiac progenitor cells. The
cardiac progenitor cellsnay REerttiintnt thetheleht infefioh fotiass Suibhbgoent for
differentiation to cardiomyocytes. In another enbodi nent, the nethod
further cddpr iledusing diffesensiptiast ofcandiag praggniton eelisefroh BE celisoguprising cwiuring

ES cells for a time and under conditions sufficient for formation of embryoid bodies

(EBs), culturing the EBs for a time and under conditions sufficient for differentiation
to hemangioblast/pre-erythroid cells, and isolating and reaggregating the
hemangioblast/pre-erythroid cells in the presence of activated Notch to provide

20  cardiac progenitor cells. The cardiac progenitor cells may be cultured under
conditions sufficient for differentiation to cardiomyocytes. In another embodiment,
the method further comprises the step of culturing the cardiac progenitor or
cardiomyocytes cells under cardiac culture conditions in the absence of activated
Notch.

25 EBs are three dimensional colonies that contain developing
populations from a broad spectrum of lineages. Conditions for formation of EBs are
known in the art and disclosed for example by Smith (2001) Annu. Rev. Cell Dev.
Biol. 17:435-462 and WO 2004/098490 to Keller et al. As a nonlimiting example, ES
may be cultured in Iscove Modified Dulbecco Medium (IMDM) supplemented with

30 2mM r-glutamine, 200 pg/mL transferrin, 0.5mM ascorbic acid, 4x10"'M
monothioglycerol plus 15% fetal calf serum to generate EBs. EBs may be cultured in

the presence of serum for a time sufficient for differentiation to a hemangioblast/pre-

11



cardi onyocytes cells under cardiac culture conditions in the absence of
activated Notch. 25 EBs are three dinensional colonies that contain

devel opi ngw@apsheiions froma broad spectrum of |ineages,. ggl n]% for
formation of EBs are known in the art and disclosed for eX4 mth

(2001) Annu. Rev. Cell Dev. Biol. 17:435-462 and WO 2004/098490 to Keller
et al. As a nonlimting exanple, ES may be cultured in Iscove Mdified
Dul becco Medium (1 MDM) suppl enented with 30 2mM 1, - gl utam ne, 200 gg/ nL
transferrin, 0.5mM ascorbic acid, 4x104M nonot hi ogl ycerol plus 15%fetal
cal f serum toeg@neild@DBUIE'Bm BEByrefrangd bmbedimentrtkeEByare pilargt o ehout2.6f0 ser um

for a time subid guent £ or diblehenbbablaned 0 SARAGL O B3l G 11 VO

2007/ 002358 P erythrora popula preéefe Yed
enbodi nent t h@leBsgioblestipro-drithandd Eels arllefiedheteid o BrzﬂrVBlkd]aT)aﬁd atercokectady e
preferred enbqdi nent, ES cells, .are, cul tured for a

Henmangi obl ast AeEaEpl by s5fiee @@Ichgatﬁ\gée Wé‘?i“gr?eﬁn 18&”%!‘%7{-9}” Begegells and are

col I ected, 5 f Qiche &¥RYRsiBY kntdelrbdBtoANEGRFR bRb i@yt KDR ¥ PIKEE SUBdlod mar ker
indicative of these cells 5 such as the tyragsine kinase receptor VEGRF2 al so

known as KDR & sptig of K pedElk-1 G?HWINOWQ lbfhemdéﬁelom@qem@lw s are

known in the a(&vaRbodbsRab® PLi s£xanmpl e by WO 2004/098490 to Kel ler et
al. To induce gard?or@o%ggt eﬁ)ggefllfeergntl ation, the hemangi obl ast/pre-

erythroid cells are r ea@gmégatcexdmm@eﬁe dﬁmnuﬁﬁmSthﬂmgnertgjOMt/mh- is

activated. In rred e er re used. In
anot her prefergﬁgogngﬁsdarn%eaggre ?rscc’%é%ln&a cfflayi‘f)t ctt&’_%’[t%El ours. In a
nor e pref dor egreferddedibodintent, khhlﬁfﬁebsomixtdnyabededf (InaﬁthlwtpreZékrddours. Not ch may
be activated as escr her.ei nabove, addi ng a_Notch agoni st or
by i nduci ng efb‘?’%‘g BVﬂéFaCH‘(P&? Ea@&fﬁwéﬁamgw@ﬁa has been

i ntroduced i n%&bb&lﬁxeﬁ,SNﬁ@h lis achiPlteERPRIREL4 Hours, INARDMEY S dcleatbdubuci bl e

Not ch4-ES cells are used, doxycycline is added for about 12- 48 hours, and

preferably fodeserbesthepeinabove; §.2. by addies algich gzaniss orieyyindyedng eyprepsionele and
cul tured unde bhu ﬂé’i'& g&:ﬂ%ncq}dfn q\fo%ht ﬂng’cthbg%ﬁ ﬂ{ﬁ%ﬁﬁéeﬂ rﬁﬁtg 'tlg: ﬁ?&llalﬁ‘ﬁ gﬁf

activated Notc uch con |t| ons ar nown and rnclu for
exanpl e, ddl t if domgeyicline-mduaibie Nowbd-BSdellmare mdcﬂoaywohmmaddeﬂfferaémuu 1ati on may

e et I e X B G0 b B ShORTERLs 2 RTRAIR S5LL o555
and cultured under cardiac differentiation conditions in the absence of activated
Notch. Such conditions are known in the art and include, for example, culturing in
serum-free medium. Cardiomyocyte differentiation may be determined by monitoring

20  for the development of beating cell masses, by assaying for the presence of a cardiac
marker such as Troponin-T, or by detecting gene expression of cardiovascular
markers such as Nkx 2.5.

The hemangioblast/pre-erythroid cells, in the absence of Notch

activation, differentiate to the hematopoietic and vascular lineages. Accordingly, by
25  the discovery that Notch activation redirects this population to cardiac cells, the
present invention provides a novel source of such cells.

The foregoing method provides cell populations that contain at least
about 10% cardiomyocytes. In a preferred embodiment the cell populations comprise
at least about 50% cardiomyocytes. In more preferred embodiments, the cell

30  populations comprise about 60%, or about 70%, or about 80%, or most preferably
about 90% cardiomyocytes.

12



mar ker such as Troponin-T, or by detecting gene expression of cardiovascul ar
mar kers such as Nkx 2.5. The henmangi obl ast/pre-erythroid cells, in the
absence ofwﬁlgél ;}’023% tivation, differentiate to the henat ppeiugbidos/otsaes

vascul ar 03 ccor di ngly, by 25 the discovery that Notch activation
redirects this populatlon to cardiac cells, the present invention provides a
novel source of such cells. The foregoing nethod provides cell popul ations
that contain at | east about 10% cardi onyocytes. In a preferred enbodi nent
the cell populations conprise at |east about 50% cardi onyocytes. In nore
preferred embodi nents, ﬁec@h}omub@orp@pmhadquﬁgrdwwppﬁg%arabwﬁﬂns@% or about

70% or about e 12 WO
2007/ 002358 pﬁ%@%&%%ﬂ%ﬁ %ﬁ?éce}{ tf"‘ﬁt?‘g%% &%ﬁo%?agdﬁ&gg?%%&f The

car di onyocyt esmethed msgebansed,focexampleptd identifit dgents thatater hnpapodevalopmgent t hat
has an effect .on cardi ocytes... et hod.may be ed, f exanple, to
i dentify agent‘glpfqyﬁtcdl!\ﬁg%?m{?ﬁeég I‘H‘E%ﬁn&ﬁﬁg’ﬁf‘ a}ée ﬁf}“ %\%ﬁt&aé? af’%i‘ﬂ i on,

al ter diff ey endripadrhé® plolifepativhiai@ d@REenaritt beedlls GO1LE ﬁ:ﬁhlchmuaCﬂé/métﬁod 5 or
pronote proliferation_and maintenance of cells in_| ong)ét erm%ul ture. The

method nay bengskssedfor serpadng ¢ pharmasogicah eaneryndyior hiEagy. toxicity
and efficacy. ThU}ﬁeﬂmméreaﬂfm@E Qf&eﬁ&hﬁtggﬁs mfﬁe@&{c&aah Q5ks em@isbect on

car di omyocytes conprises contacting cardionyocytes of the present | nvention
with a candi daﬁoetaa@ngﬂarthmyocabsaﬁ/ﬂmgr%mt lnaﬁnﬁ@flﬂethta condidate ageat atidomyocyt es in

the presence of n b £

i ndi cative of the e%ff % é% %§15£§oc§%s%{£§ﬁ%§§hgéf§ga% ,gﬁ{eregithe

car di onyocyt eSpresEanflaﬁsffecft mamdatdrabemaghﬁﬁﬁcanmbiuﬁageﬂﬁuhataaanmﬁfectl anni t ed
to, nucleic aCIcfi car bohydrates, |ipids, proteins, peptides,

pept i dom net i c&€F IQR¥I%Y %ol ecul es and  anti bodi es. Candi dat e agents may be

natural ly occurring or sxghpied bfcandiiie ARt RRIuES, KR hRINOCHmItS] BdmeRIPI nat ori al
l'i brary methods. The effect on cardionyocytes nmay be determ ned by any

standard ass a%Flfho?arRﬂh@@fé@sﬂ’é’l%rpra‘@mﬁ,\nep eS,MEﬂldelwgﬁ(fSoﬁfm%k@?}B‘F%es&ﬁd assay
for marker ex pa[n‘ﬁﬁédl&“ 81‘3&@ B%é'ﬁ'is Hiyl ﬂaﬂlralw&{rﬂﬁ%# ﬁ@ﬁd \Ah&

el ectrophysi ol ogy, surviva ogy, or syntheS|s
or repair.15 obtamed usmg combmatonal hbrary methods.

The effect on cardiqmyocytes may be determined by any standard
assay for phenotype or activity, including for example an assay for marker expression,
receptor binding, contractile activity, electrophysiology, cell viability, survival,
morphology, or DNA synthesis or repair.

20 The cell populations enriched for cardiomyocytes are also useful for
cell replacement therapies, and may be used for example for treatment of a disorder
characterized by insufficient cardiac function including, for example, congenital heart
disease, coronary heart disease, cardiomyopathy, endocarditis or total heart block.
Accordingly, in one embodiment the present invention provides a method of

25  cardiomyocyte replacement therapy comprising administering to a subject in need of

~ such treatment a composition comprising cardiomyocytes isolated from a cell
population enriched for cardiomyocytes obtained in accordance with the present
invention. In a preferred embodiment, the subject is a human. The composition may
be administered by a route that results in delivery to cardiac tissue including, for

30  example, injection or implantation.

The present invention also provides a method of inhibiting the
differentiation of cardiac cells from ES cells and ES-derived cells. The method
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20 The cell popul ations enriched for cardi onyocytes are al so useful for
cell repl acerrent therapi es, and may be used for exanple for treatnent of a
di sor der @Pgied by insufficient cardiac function jncludin for
exanpl e, congenlta eart disease, coronary heart di seask® /95%08?/ pat hy,
endocarditis or total heart block. Accordingly, in one enbodi nent the
present invention provides a nethod of 25 cardi omyocyte repl acenent therapy
conprising admnistering to a subject in need of such treatnment a
conposition conprising cardi omyocytes isolated froma cell population

enri ched for campfieapdtyingESabliafone time andadier ebaditionssufficiédtdorpr esent

composi 41 on e TRBEe R CRR o T VB PE B LER SRl very (o

cardiac ti SSU%ohdiﬁd)ﬂddhﬂﬁlemf ﬁf di#reatiaidRkea By FEEC1 icel poultiva] adtisldtag. The
present invention al so provides a_nethod of inhi b|t| ng the d|fferent| ation

of cardiac ce|ap%reag@ﬁqtﬁswwﬁﬁsnbce@sm@ahm ﬂgfé}rp@nce]qf@n Aegof 13 wo
20071 002358 PGSR, ARy e MTRIFAGRatd drvirid oFR ieshitoior a Lime and
under conditions sufficient for erentiation and formati on of EBs,

cul turing t he IBitibmmanbe inqesuzedds desdubedabeit; for exmueby deeating celbsurface

i fferentl at | ks afiatlichblads oche blorROBH! hitiier A3 Ul i A0

reaggreating t {Cron 1N sence an i nhi bi tor
of 5 Notch undetrandbmﬂidélfommipbr y;tbe;credasé fnhibatot KatIn mprefa‘nedamﬁochmcameEBs is

i nhi bi ted. Inh|b e esc exanpl e by
detecting cel | es 82“%‘?"%9? d%ﬁ‘ qd‘?fnatﬁ’g'%é“é% %i on.
| nhi bi t or g00f cMﬁir@chﬁ;r abdut B AN Th Ehdtﬁh@pret’e’rﬁed aﬂdodlﬁ@hwd@ celisqire €xanpl e,
y-secretase inhibitor X In a preferred enbodinent, EBs are cultured for

about 2.5 to 4cagsieasted mythe prasaneref the Noteh nbibiteidonahowe 24 howrncThemeethed cul t ur ed

Ig;ggfg;;t gddl ﬁonl?iel?pre&%%gleo eﬁgtéﬂagjf(ﬁ"l I%L@E?ﬁ%ﬁeéﬁ%&gﬁ%ﬁ%ﬁc hours. The
met hod opt i owaltllrycwmtmnsse@epmnbmﬁdmenhlbltoepfﬂbwbul turing single aggrégat es
under cardiac culture ganditlonsddl e, phesense. Aol lidar of Notch.

Al references cited heréin are rneor pora erernin err rTety. 15
The fol | olisng exanpl es mfﬁﬁowmgfehmﬁﬂ‘l&rsewbItmtthertmush’ate the@msent i nvention.

Exanple 1

invention.
Example 1
Materials and Methods

20  ES cell culture and differentiation
ES cells were maintained on irradiated feeders in Dulbecco’s Modified

Eagle Medium (DMEM) supplemented with 15% fetal calf serum (FCS), 10% ES cell
conditioned medium, penicillin, streptomycin, 1.5 x 10 M monothioglycerol (MTG;
Sigma) and LIF (1% conditioned medium). Prior to induction of differentiation, cells

25  were passaged 2 times on gelatin-coated plates in Iscove Modified Dulbecco Medium
(IMDM) containing the same supplements mentioned above to deplete the population
of feeder cells. For the generation of EBs, the cells were harvested and cultured in 60
mm low attachment Petri grade dishes (VWR) with IMDM supplemented with 2 mM
L-glutamine (Gibco/BRL), 200 pg/mL transferrin (Boehringer Mannheimy), 0.5 mM

30  ascorbic acid (Sigma), 4 x 10 M MTG plus 15% FCS. For reaggregation cultures to
support the differentiation of the hematopoietic and vascular lineages, 3 x 10° Flk-1*

cells/ml were cultured for 2 days in ultra-low attachment 24-well plates (Corning

14



Materials and Methods 20 ES cell culture and differentiation ES cells were
mai ntai ned on irradi ated feeders in Dul becco's Mddified Eagle Medium ( DVEM

suppl eman&ﬁ? \%}P%g% fetal calf serum (FCS), 10% ES cel por/g95déblaeized
medi um p & streptomycin, 1.5 x 104 M nonot hi ogl ycerol (MIG Sigm)

and LIF (1 %conditioned nedium. Prior to induction of differentiation,
cells 25 were passaged 2 tinmes on gelatin-coated plates in Iscove Mdified
Dul becco Medium (I MDM containing the same suppl enents nentioned above to
deplete the population of feeder cells. For the generation of EBs, the
cel I s were hafesen sithdressamg BB differentiptigomedinmpluscite BroteiafraedlybRdemd gr ade

di shes (VV\R) with 2 mM L-glutam ne (G bco/BRL), 200
gg/ nmL transferrlﬁlﬁmrl nger%ﬁrg%% 0.5 mM 30 ascorbic acid (Sigm), 4 X

10-4 M MIG pl DIstchB%dﬁ%leESrceﬂ;eaggr egati on cultures to support t he

differentiation of the C i he 05 Fl k-1+
cells/m were cul tured ’ﬂﬁ agaﬁfglm ﬂflﬁ‘?q‘g}‘lafﬁml tt@é%ﬂﬁ?&%’ftiilﬁ hf]h 8 at es
(Corning 14 WHRPL é Qﬁ@%%sﬁ@ldbﬁ@?@&ﬁ&b%(‘l@%) rfaoab@ﬁéntmz D231bEseamee EB
differentiation nmedi um plus_5% Protein-Fre Ib_f% oma Medium Il (PFHMII,

| nvi t rogen). Feépemﬂuwh&ﬁﬁ q?ilémEs”ﬂe\élle éesthﬁdé? mgeﬁtéHG 9p hilgthodgMek 4 ¢ DNA
(int-3) taggegy §d3 NEIRGL Birfhd xHod1§ed(t!?%r§ GFP SDN@Siffo! &g yz%?
2 i ble ES cell

Uyt t endael e ( vel opnent 122:225 e tet-on I nduc
line, Ainvls, lqstess@srdemdbecﬂ)yyFehilggetala(ZOO%)MELDmeéZWZN Wbe. 105: 23- 46,

Hoscr i ben by R2lshh SRR ARLO0E S Tt e bl SRHSEN o uh B2
o the s il?éébﬂﬂ??ﬂ‘émﬁ?fdgﬂbed\m(yﬂ&tahmmCmo%tew ?‘83@%%??@“%’;! 'J o> 10
e PN PT o G GF g aaated emy of ot Hashd ROE A gt iy e b Y

inserted to Lgﬁs@idmy coltVenfont fstAticHNRY L] o8ibraté kJNcﬁctMlH]ASAfhﬁm glﬂﬂgbenerate
pl ox- Not ch41 Ainv 18 and the nodified cell line were targeted with

pl ox- Not ch4/ HEogified sall beg wetp &rsatfiddwﬂmlomm@h‘l@écw @elepreperationoh4) 1A and t he
Ser cened i 1 EE e I A e o o Pk B ORE Jomer at e
i nduci bl e 16el IPO$lilvﬁaéqneAwnwsmenﬂd4n ES chediup: Wity 304 /NG ¢ thGIBTHY and
isolated to generate inducible cell lines, Ainv-Notch4 and GFP-Bry/Ainv-Notch4. The
positive clones were confirmed by immunohistochemistry detecting HA expression
after induction.
Flow Cytomery ‘
20 Dissociated cells were incubated with biotinylated mAbs (against Fik-
1, VE-cad, or CD41) in PBS containing 10% FCS on ice for 30 min. The cells were
then washed once and incubated with streptavidin-PE-Cy5 (BD Pharmingen) for
another 30 minutes on ice. Following an additional two washes, the cells were
analyzed on a FACSCalibur flow cytometer (Becton Dickinson) or sorted on a Moflo
25  cell sorter (Cytomation). For Troponin T or HA staining, cells were fixed in 4%
paraformaldehyde (PFA) for 30 minutes and then incubated in a permeabilizing buffer
consisting of PBS with 10% FCS and 0.1% saponin (Sigma) for 10 minutes.
Following fixing and permeabilization, the cells were washed twice and incubated
with an anti-Troponin T (unconjugated mouse antibody, Lab Vision) or anti-HA
30 (conjugated with biotin, Covance) antibody for 30 minutes. After two washes, the
cells were incubated with a secondary APC-conjugated goat anti-mouse antibody (for
Troponin T antibody) or streptavidin-PE-Cy5 (for biotinylated HA antibody) for 30
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positive clones were confirmed by inmunohi stochem stry detecting HA
expression after induction. Flow Cytonery 20 Di ssociated cells were

i ncubat ed yl ated mAbs (against Flk- 1, VF-cad, PBS
cont ai ni ngwﬁ)&(@(}%&%ﬁ ice for 30 mn. The cells were then&fm%%a%inl e and

i ncubated with streptavidin-PE-Cy5 (BD Pharm ngen) for another 30 m nutes
on ice. Followi ng an additional two washes, the cells were analyzed on a
FACSCal i bur flow cytonmeter (Becton Dickinson) or sorted on a Mdflo 25 cell
sorter (Cytomation). For Troponin T or HA staining, cells were fixed in 4%
par af or mal dehypimitgsPEally,che Glls mereuvashedawipe ttidypermesbBiaingduffor andgksnneabi | i zi ng
buffer consi c@gltg @e@%ﬂoﬁt& %% FCS and 0. 1% saponin (Sigm) for 10
mnutes. FollowWng TIxin errreabilization, the cells were washed tw ce
and i ncubat edColwny fssagps ant i - Troponin T (unconjugated nouse anti body, Lab

Vi sion) or anti-HA 30 (gon n, Covance) cantibody for 30 '
mnutes. After two vvasﬁlg‘fbllatsﬁ d%E‘é‘V\ﬂOBOIS\%rc(?qnﬁéfmﬁst‘@?feRhf 9med 8% condar y

APC- conj ugat edesgaidd 1edhhbdyaR UE §2603) Meadis Eﬁﬁﬁlol B6ORYBIDNDbx ¥k hddedys) or
streptavidin- PE—C}/ (for biotinylated HA ant |bo‘w}2‘ for.30 15 WD 2007/002358
PCTI US2006/ 0244 1¢/mkip mdﬂl%Noth‘h@ipreySlmi #d YospretaseahibitorX Ke@BSidrBce with
permeabi | i zi n@aﬂﬂcﬁ%ﬁ "gd\& %%ock:[mt@‘leﬁ %‘laﬁﬁh fuhd Bhst %lbﬁ@%lm@?@gédérat@l ony

assays The bl ast an topol etic ny assays were ‘perforne
descr| bed Ke nmaéxbd hemalagloblas(r/md@ cmlbsobllastlénlpymowtmﬁﬁe @Qlawgmw)datdas added

at g/ m eXpress
( L685 458 Cé@f)tc(ggoﬁgﬁ’)ﬂ%g?s cgntd VR ﬁ%‘l tl%% Cﬁhéfseve oﬁaﬁ‘% 010% ﬁ}e eq{l ast col ony
culture. T0 gemstcdfiom wit]xmdmbl&ﬂmmga with H\ﬁDNbcmndmﬁng D%k B@Se«sren{mlva’s‘ibxcol ony

growm h was injitiated in standar coI | tures cont i ng Dox for

24 hour s, The%%efé?%fﬁmae&ee}%wﬁ@% Do dre e e TSR b

met hycel | ul osgry WWM@H%BQI%Q%ﬁﬁﬁ&eﬂ&eﬂﬁmmlﬁaéolonf&le col oni es

were recultured in blast col ony met hycel | ul ose suppl enented with

Er yt hropoi et i AoRtzinig A jongrrgrdiac. core sprioyndsd by ovteeanatrpaictipFellsmerericksd] oni es

cont ai ni ng an drraﬂﬁgmf&rdggqc core surrounded by outer henmatopoietic cells
ysi

wer e pi cked at day 7.
15  Cardiac Assay

Sorted cells were reaggregated for 24 hours in StemPro-34 serum-free
medium (Invitrogen) containing 2 mM L-glutamine (GIBCO/BRL), transferrin (200
pg/ml), 0.5 mM ascorbic acid and 4.5 x 10*M MTG at 3 x 10° cells per ml in ulra-
low-attachment 24-well plates (Costar). Single aggregates or pools of aggregates were
20  replatedin gelatin-coated 96- or 24-well plates containing StemPro with 2 mM L-
glutamine for cardiac culture. Following 2 to 4 days of culture the proportion of
aggregates containing contracting cells was scored and the number of Troponin T-
positive cells was evaluated by flow cytometric analyses. For the aggregated and
cardiac cultures, doxycycline (Dox) was used at 0.5 pug/ml and y-secretase inhibitor X
25  at5 pM (dissolved in DMSO). The same concentration of DMSO was added to the
control cultures. Medium was changed everyday to provide fresh Dox and inhibitor.
Gene expression analysis ‘
Gene expression analyses of colonies or small amount of mRNA was
performed by polyA* global amplification polymerase chain reaction (PCR) as
30  described by Robertson et al., (2000) Development 127:2447-2459. Amplified PCR
products were resolved on agarose gels and transferred to a Zeta-probe GT membrane

(Bio-Rad). Genes of interest were then probed by **P randomly primed ¢cDNA
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15 Cardi ac Assay Sorted-cells were reaggregated for 24 hours in StenPro-34
serumfree nedium (Invitrogen) containing 2 mM L-glutam ne (G BCOBRL),

transferrj g/m), 0.5 mMascorbic acid and 4.5 t 3 x
105 cel | swﬁeé&%%z?sﬁ ultra- low attachnment 24-well plat e?%@%ﬂglgi ngl e
aggregates or pools of aggregates were 20 replated in gelatin-coated 96- or
24-wel | plates containing StenmPro with 2 mM L- glutam ne for cardiac
culture. Following 2 to 4 days of culture the proportion of aggregates
containing contracting cells was scored and the nunber of Troponin T-

positive cel | fagmentseRabdyatoedo babefihg) Rhaytacinpdoriespoadiag yosthe 3’ fegions dfgheaggr egat ed

and cardiac cultures, doxy. i,n was. used. at 5 al d

y- secret ase iﬁ?ﬁeﬁiuff:o(f rge%%&%%?bbﬁﬂwé M‘Sﬁ%‘&a %?Qdmf)%ls “fﬁlgrﬁi§ea sy

concent r at i onmifi-kiIBAgems Oasithidodran tofe RNIOWAY wikd tdeherarSDNYRyusters@s changed
everyday to provide, fresh Dox and,inhibitor. %gg Xpressi on gpqall(Sﬁ/Si s Gene
expressi on andpeaRtiogpusing the{ppaisaivt Rkt (Qiagen) fithgan Xgier and %red by
pol yA+ gl obal [ i rase chain reaction (PCR) as 30 descri bed
by Robertsgn g]?ﬂglggefe%gyggt)gd%e%%@gpnent 127: 2447-2459. Anplified PCR
product s wer elImoyabhistechamistyyir ose gel s and transferred to a Zeta-probe GI

ot mod| cONA 16 W0 2007 a2 saseE sBBhist oS A bol R o i 0T

Label i ng; Phaambamitaled darddagpimrfiemPyo twathtZhaMI -glutagiinn €eldsf cultheed ogenes. For

gene-specific PCR,. total S extr e [ cells usi t.he RNeasy
mni-kit (Q a@%vﬁ??lpﬁf%ferﬁxé?@’g‘%ﬁﬁf?%%%%ﬁ(& {%@“ﬁw&wt%ﬂ%@ﬂ@awsm by
reverse t0angBsjmihebilizsd (). 2% T riQHK-300/PBS fIRT0 Kiifuté W ashedint 109 andom
hexamer and then the 5 cDNAs were subjected tg PCR I nrunohi st ochem stry

Cel | aggr egat E&S@7e Tueea08BSaerlls glaghedip b ogershipy WQ’@G%“E%FG‘%@&&#‘QW ps and
cultured for %/itﬁ%ﬁﬁnﬁﬂ%d?&%dﬁﬁﬁe%rﬁﬁc%r ih TO A AIAshes, BR] defls 6! tured on
coverslips were fixed in 4% parafornal dehyde for 30 mnutes, washed two
times in 10 PBSershphiwesstidubstediwith FILGeoniugated poat 20HmoBS dnbbody(Javksont es, and
washed in 10%..,F 9 : LSl PSS were

i ncubat ed for %{J%Q%&ﬁg&&?%gﬁﬁ%%@t.Iggmgfiﬁf;t?ec{lﬁgrs%%r%}ggﬁ %égayﬁ}eg T. After
3 washes, 16 heamkthesineerted onto a drop of DAPI (Vector Laboratories). Fluorescence was

visualized using a Leica DMRA2 fluorescence microscope (Wetzlar).
Cell culture on DII-1 expressing stromal cells
OP9-DL1 cells described by Schmitt et al. (2004) Nat. Immunol.
5:410-417 were cultured in a 24-well plate and irradiated before use. Day 3.25 EB-
20  derived Flk-1" cells (3x104 per well) were seeded onto OP9 cells in the same medium
used for the cardiac cultures. y-Secretase inhibitor X (dissolved in DMSO) at 5 uM or
‘a corresponding volume of DMSO was included in the cultures. Medium was changed
everyday to supply fresh inhibitor. After 3 days of culture, the cells were harvested
and subjected to flow cytometric analysis to determine the number of Troponin T-
25  positive cells.

Embryo dissections and explant cultures

Female swiss webster mice (Taconic) were mated with male GFP-
Bry*" mice described by Huber et al., (2004) Nature 432:625-630. Pregnant mice

30  were sacrificed 7.5 days after mating and the embryos were isolated. Dissections

were performed under a Leica MZFLIII fluorescence dissecting stereomicrosope to

visualize the GFP expression in the primitive streak (PS). Using tungsten needles
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coverslips were incubated with FITC conjugated goat anti-nouse anti body
(Jackson humunoResearch) for 1 hour in the dark. Finally, the coverslips
were washed 3 tinmes 15 and then inverted onto a drop of DAPI (Vector

Labor at orwespo7/063ssr escence was vi sual i zed using a Lei &&T I02443%r escence
m croscope (Wetzlar). Cell culture on DIl-1 expressing stromal cells OP9-DL1
cells described by Schmtt et al. (2004) Nat. Immunol. 5:410-417 were
cultured in a 24-well plate and irradi ated before use. Day 3.25 EB- 20
derived Fl k-1+ cel | s (3x104 per well) were seeded onto OP9 cells in the sane
medi um used f - solved in
DVBO at 5 M %%ggﬁogfg e g‘gn%f{q/%s% W@m&?ﬁg%%%@aﬁ?ﬁ ?ﬁi cul tures,
Medi um was chpus@adr ard\aeteyldmycgmcs Sugipidyalfantesior and pogseriayPS pidceewers pliteds of
culture, the cel wer e rviested dsub o flowscytonetric anal ysis
to determ ne FH&? ﬁﬁﬁ%aé?d Wellﬁlﬁlbeﬁl %gc IV%C@TG SSY'SE%E}?Syeo di ssecti ons
and expl ant ciahibitores 15aVBdre dWesHs sctlﬁrne of PRISOheasdneladed i the cﬂﬂatre;d wth
mal e GFP- Bry+' - mce descri bed b Hub, 4 ture 432:625-630.

Pr egnant n? ceMediy ég%‘%ﬁﬁ F‘fqu‘,dééi “3%19%53161&‘@0%&8?‘)@9;\@%& qe“h ryos were
i sol ated. Di syg6kéRabfoYaikrdisich @fmaaﬁ@%m and RiréetelV#oridehd edphdesib@scence

di ssecting stereom crosope to visualize the GFP expression'in the primtive
streak (PS). amslysig tungsten needles 17 V\D 2007/ 002358 PCT/ US2006/ 024418
(Fine Science tools), the PS of GFP- By inje £nbryos were isol ated and
separated into posterior and anteri or ré’gl ons. Individual anterior and

posterior PS Rh&fepitkidh e &t de&.ﬂ,e(ggjggm oated 96-wel|l dishes with

medi um for cardiac cultures. y-Secret ibitor at 10 Mor a

correspongp ng vol ume ofrpPMaRLURR of NBlcHAGEs év'alufaiéﬁ oty HhR8derm Medi um was
changed everyday to provide fresh inhibitor. After 3-5 days, the exfgl ants

were scored fpapuisHenythetgasrduring cabmoidhody @B)fdsﬁ‘ﬁ:re@maomfpwmg@u $¢m¢ Olgene
expr essi on a@@% fibst cellP AR ﬁw %?m%]@%“%ﬂ Afg éﬂﬁﬁt’? Sﬁe %Qtok)&atlfcsan%‘%}agﬁuﬁ? Ehed

popul ations 1 e expressi mesoder m
popul ati ons t Ralowdng 3@-3(5Ldaymgf serunt gtmudation,dils ogeﬂil)mtﬁlt}ﬁé gemﬂuoa&sc@lm “f ocusi ng
on some of protein (GFP) cDNA targeted to the brachyury locus (GFP-Bry) generate three
15  distinct populations based on FIk-1 and GFP expression; GFP-Bry/Flk-1", GFP-
Bry'/Flk-1" and GFP-Bry'/Flk-1" (Figure 1A). Functional studies have shown that

the GFP-Bry /Flk-1* population at early stages of differentiation contains

hemangioblasts whereas the GFP-Bry ' /Flk-1" population displays cardiac potential
(Kouskoff et al., (2005) Proc. Natl. Acad. Sci. 102:13170-13157). Expression

20  analysis revealed that Notch4 was expressed in both the GFP-Bry'/FIk-1" and GFP-
Bry'/Flk-1* populations, isolated at days 3.0, 3.25 and 3.5 of differentiation. The

relative expression levels appear to shift between these populations over this time
frame, with higher Notch4 levels being detected in the GFP-Bry'/Flk-1" cells at day
3.0 and in the GFP-Bry'/FIk-1* cells at day 3.5 (Figure 1B). Expression of jagged-1,
25  aNotch ligand, was detected in both populations, although the levels appeared to be
higher in the GFP-Bry'/Flk-1" population at the two later time points. Notchl, 2 and 3
were also expressed in both populations at these times.
When the GFP-Bry'/Flk-1" population is plated in methylcellulose
cultures in the presence of VEGF and IL-6, these cells generate blast colonies that
30  display both hematopoietic and vascular potential (Fehling et al., (2003) Development
130:4217-4227). The progenitor that gives rise to these colonies, the blast colony-
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the earliest cells during the conmtnment to cardi ac, hematopoietic and
vascul ar fates. Followng 3.0-3.5 days of serumstinmulation, ES cells with

the green_fluore t protein (GFP) cDNA targeted to t So0y/baY1gl OCuS
(GFP-Bry) V&ﬁ@?’ﬁ?%g'{]hr ee 15 distinct popul ati ons based gﬁcﬁpg-l and GFP

expression; GFP-Bry /Flk-1-, GFP- Bry/Flk-1' and GFP-Bry+/Fl k-1i"' (Figure
1A). Functional studies have shown that the G-P-Bry/Fl k-1 + popul ation at
early stages of differentiation contains hemangi obl asts whereas the
GFP-Bry/ Fl k-1" popul ati on di splays cardi ac potential (Kouskoff et al.,
(2005) Proc. Nanling AtBL-GKT), is tOBide8H 1QrepBE&GT the iExjvoegsivelant2d thenal ysi s

reveal ed t hat Notch xpressed in.both . the GFP-Bry+/ Fl k-1- _and GFP-
o vor Fr k- e SobE WRETEERRE e 12 Bt bysforient R omhelogiand
di fferenti ati @istindipepulitdndtin/ise dxdeted Histhese coRYiRE,SmdRE edre brduRdddbyat ween

t hese popul ations over, this ti frame, w th higher tch4 | evel s being
detected in tr?éte@w"&hgnflﬁwigﬁ Ehesepopplations wege Wpsﬁ%@yﬁﬁpmgmaa@d Bry+/ Fl k- 1+

cell's at day Judedi&d ﬁ%ﬁ}f‘rpgs@n-anﬁ?m BPBCRNTRY oult@ 3R bexpressed gBradNQbithonk gand, was
detected in both pogula ions, although the |evels appeared to be higher in

t he GFP- Bry/ Flokthe'en iabganet indicating:thet theyl rgpresent davelopigp Aewatopgietisteells. 2 and 3
were al so expr I i . i ; e GFP-Dry

| F1k-1 + popul 611?’?gﬁgiséﬂgpﬁ%’%ﬁ%ﬁ%@%ﬂﬁ%@gﬁ?ﬂgg%Z‘sel%%slr‘?arlee%\ﬁfogg{”ﬁg’ presence of
VEGF and | L- 6 sugdestie thatlthey comsiet 0fd mirtira of hanmdtapoietis andatdoBlialicelfsl ay bot h
hemat opoi eti c ,and vascul ar _potential .(Febling et a4l 20 vel opnent
150: 4917~ 4007 POl SRR SRR e giosa® noplatins it RBHPEY ¢ he bl ast
colony 18 MO 20418 A3ExProsid ISPAEE Wad 4k Bnaly2H A thebe GBS dell{dBtivédrell, s
considered to represent_ the in vitro equivalent of the hemanqi obl ast. When

anal yzed ear | yip§ TePEespiting dhesangdpthelind hematoneietinmd gafcular spoothymusdle, oy

popul ations cameds deiec i8] NalANPRInE ARl the BndoRRGE £RMiGe,SUr r ounded by
an outer population {Figure 1C). These popul ati ons were separated by

pi pet ting and cenfmiigits endotheliakxgstristedipatierantlien itagethpr, HEre obshatianser cel | s
expr essed gat g doadhlhs MANG o Qlon bl SRUPNDEh biles BENEFresckdPlogy N0 Lhat they
repr esent deve?oplng enmat'opol eti ¢ cell’s. € core sanples eXpressed the
endot hel i dl5 geimssdeamalwabhlatichs lapesrly @lagésof BS cglh tidfedentiationg Bxpicksien dthat t hey

consist of a m xture of hematopoieti d endothelial cells. . Notch4
expressi on wa 0cé‘gtbfe?"@i‘eécﬁe%%‘i%ﬁ%ﬂ@ﬁgoﬁeglﬁwnéﬁeoﬁﬁ?wﬁnﬁhﬁ’ﬂﬁ?ﬁ“?bé%tto the bl ast
10 col oni es, tp&ifspsLssi on of Notch4 was al so analyzed in three ES

cell -derived cell
Example 3

Forced expression of constitutively activated Notch4 in the hemangioblast-
20  containing FIk-1" population inhibits hematopoietic differentiation
To determine if Notch4 plays a role during hematopoietic and vascular
commitment, an inducible ES cell line that expresses an active form of Notch4 was
generated. A cDNA encoding the intracellular domain of Notch4 (Notch4-IC), was
engineered into the Ainv18 ES cells. This form of the receptor contains the anchored
25  domain that requires cleavage by the ubiquitous enzyme y-secretase for activation.
With the Ainv ES cell system, expression of the gene of interest is induced by
tetracycline or its analog, doxycycline (Dox). A hemagglutinin epitope (HA) sequence
was inserted at the carboxyl terminus of the Notch4 cDNA to enable detection of the
expressed protein. The Ainv-Notch4 ES cell line displayed identical differentiation
30  kinetics to the parental Ainv18 line with respect to expression patterns of markers
indicative of endothelial (Flk-1, VE-cad) and hematopoietic (CD41) development.
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i nes, representing the endothelial, henatopoietic and vascul ar snooth

muscle lineages (Figure ID). Notch4 was only detected in the endotheli al

cell line its endothelial-restricted pattern ento et her,
. W6 263549 p

t hese observations f?ndl cate that Notch4 as well as the o{’ﬂ@ﬁgmf/% ]d‘enes

are expressed broadly in 15 nesodernmal popul ations at early stages of ES
cell differentiation. Expression of Notch4 becones restricted to the

endot helial |ineage follow ng hemangi obl ast specification. Exanple 3 Forced
expression of constitutively activated Notch4 in the hemangi obl ast- 20

cont ai ni ng Fl Iomdapﬁqﬂuwalginnx (0Ahighnl i.ndh@imi meé&iﬂ&-l‘ﬁitﬂﬂdiseoﬂls ation To

determne if Not ch4 al e p0| d Vi | ar

comni t nent, af ¥ Rau ﬁgfgfﬁéle eé'infnegg}{leo ﬁgtto Fesd Selgé&’én @ ?\%}e ¥ or m of

Not ch4 was geFigia@d. A cDNA encoding the i ntracel | ul ar dorral n of Not ch4
(Notch4-1C), was engineered int gte ?F[‘|I¥§EASC||S Thi s, f the
receptor contains the a mestigato Breghines of Nojeh4 siengling ensthe sreg 't he

ubi qui t ous 5en%aemnﬁtofosﬁﬁ@&ﬁﬁﬁd&ﬁéha@ﬁﬁéagat mrbaﬂwoé{l/ms {dagce i Y pgp%léﬁf%h' system
expressi on of theﬁgene of interest is rnduced tetracycline or its

anal og, doxycyEEBreriyadsells uplerpoingdgmangiohlast éwelowém( Fiky hemepgiobast was
inserted at t BYAC tection of
t he expressegﬁgé:g{dgﬁér%gﬁnfhgﬁ%H%%gh%%ééggﬁ glt%?tq%l ne E?S%?cg.@h?@gentl cal
differentiati Gﬂc-B@dpulamnMWeen dapee2. Praandrit df BB deve®pinentcfornosi ESesibect to
expressi on patter I N e.of, endot hel.i | k--1. VE-cad
ang hemat opgl télflfs E?‘Cgéffﬁm & ?88%‘1%{/9%% \I)\bﬂﬂﬁr@%’ﬁt{fﬁg?@ dﬁ%ﬁ 8@5606/ 0244)18
One day LdaIOO\(Kf]An@SW%te (:ﬂttﬁe@dtgig}; cis]][hfieiﬁitj' rseru@086ntiinidg diffeldntidivh niediveel | s
expresse t ) erm ne ow cytQ ric.a S expressi on
(F ure 2a) . T 3 e ibameesieastes et wippat e SRS e PR ForfotHte "
speci fication h%atopm@hééihﬁ v%ﬁﬁif BRALA! ILEth AbkeRUUTTINR! h8IFIK-1MRP6IBEen t Ni S
pat hway was i nduced in a(PDéﬁil*l ation of EB-derived cells under 0| n

t

hemangi obl ast sersyaedpleess héemerpaigiicanpdstion (Bigsitse Bfandijerg ion, as
bet veen days SoHRORTRRGrilorHE (R R alre 4 Rl BedePasl i hRARH agen |
cel | s i sollat edf Do dradmticadly 2&duE®Ethb yizd bﬁihaf €B4 Entopalation/zdeht eplatopsistic i ng
progenitor content of the aggregates, indicating that Notch4 inhibited hematopoietic
development from this Flk-1 population. Induction of Notch4 resulted in a small
increase in the proportion of VE-cad™ endothelial cells in the aggregates (Figure 2B).
Gene expression profiles confirmed the inhibitory effects of Notch4 overexpression
20  on hematopoietic development. Aggregates from the induced cultures expressed
considerably lower levels of the hematopoietic specific gene gata-1 compared to the
aggregates from non-induced cultures (Figures 2D). In contrast, expression of genes
indicative of endothelial and vascular smooth muscle development including, fIk-1,
ve-cad, SM22 and pdgfPr, were up-regulated in the Notch4-induced aggregates
25  (Figure 2D). Induction of Notch4 also led to the expression of Nkx2.5, a gene
normally expressed during the early stages of cardiac specification . This example
demonstrates that Notch4 over-expression in Flk1+ cells from day 3 EBs inhibits

hematopoietic differentiation.
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10 (FACS) were cultured at high cell density in serum containing
differentiation nedium for 2 days to form aggregates that support the

di fferenti gf¢ e BL-CFC to the henmatopoietic and v i heages.
In the absg%g&ggﬁzggg, t he Fl k- 1+ popul ati on generated aﬁﬁi&'@%ﬂos)mm
CD41+hemat opoi eti c popul ation (Figure 2B) and | arge nunbers of

hemat opoi eti ¢ progenitors (Figure 2C) during the 2-day reaggregation step.
Addi tion 15 of Dox dramatically reduced the size of the CD41+ popul ati on and
t he hemat opoi etic progenitor content of the aggregates, indicating that

Not ch4 i nhi bited hematopoietic devel xampledromthis Fl k-1 popul ation.

| nduction of Notch4 resulted in a small increase in the proportion of

VE- cadd endot Hédtcled over-éxpression heedivges dhatfete ¢fFngurcardiddenic FHrE eelisrtessi on
profiles confi rrr@d the inhibitory effects of Notch4 overexpression 20 on
hermat opoi et i ¢ GEVEMIPNES: . Aggregates from the induced cul tures expressed
consi derably | ower | evelrs iflstigar BT Notdhd SPRiftiatd Leagtiogenitairéerdm conpar ed
to the aggregates flrom non-i nduced cul tures FLg%Li{es Za Ig coEtrast,

expr essi on of BdHEearlysigr ehhemangighlay paprietion; Bk-15 fellsjsalated Spmdapdth nuscl e

devel opment i ngdhugididd Flskvete reezt%g?é%f%q’foramm@@lgﬂ@‘ﬂgsé{ce oVEsEnciRf DEPUl ated in
t he Not ch4-i nduced aggregates (Frgure 2D). Induction of Notch4 also |ed

to the expresgisdascabedigpede. The zesylbing agemepeivavere thonnuiiurcd in erlatinngateie early
stages of cardjag.s %ﬁ%’lé&%n%h{]igg?emﬁ-@(?g {/n%él‘%&%t@dﬁeﬂxl%gé?{%g% %stecﬁgﬂi&ch at Not ch4

over-expression In \ rom S I n opoi etic
di fferentiati amltuif). Whes2Q0dd:06R33HR A€y Slfpa 0akdddbdie dévchoppieat flonNot ch4

over - expression rediyects the fate. of - rdizﬁaggic FEI K- 1+ s to
car di onyocfﬂ es? Ogeﬂvégqs?f&g{lZKPw O%SQ%R%%&S% Ng{-dead. ‘ilm'll?l?lo’e a
car di ogeni ¢ prgrsimBoth difiplé igfeo@RE hnd HoRGE afiredAIBRE] iR or2oP AL | ON,
3 Al Not ch4 EBs were re&g%e ated for

Fl k-1+ cells isolated fromaday 3.25 nv- Not ¢
24 hours in t HOlgMEedhE masrationsience silturss of siagle aearesai B atrrasare lort
resul ting aggr&&%ﬁ&%f\é@ﬁt%cﬁﬁh?&u&Hu!dk'éﬁx%%f'c%}d&ﬁ{gg&ﬁ@aﬂﬁ%ﬁ&honmh%f&@r vel |'s

containing serumfree nedia (hereafter referr to as cardiac cultures).
These condi t i ciggregdtts genetated yn the phssnee of Hod i( Aoy )ecodtains sputating eeliin 10

car 29001 5 TSGR B KRUBESLL Gl ARV A oY o,
cul tured for Zndicated/By the development of hemoglobinized erythroid cells, an observation
consistent with the hemangioblast potential of this population. In contrast, all
aggregates from the population induced for 24 hours contained contracting cells
(+Dox/-Dox, Figure 3A). Immunostaining of the contracting cells from individual
20  aggregates demonstrated the presence of the cardiac form of Trdponin‘T (cTnT)
further confirming the cardiomyocyte nature of these cells. (Figure 3B, right panel).
Few cTnT cells were detected among the adhesive cells generated from non-induced
aggregates (Figure 3B, left panel). Cultures of the pooled induced aggregates
generated extensive areas of contracting cells. Contracting cells were not detected in
25  the cultures of the non-induced aggregates. Flow cytometric analysis of the
differentiated progeny from pooled induced aggregates confirmed the dramatic
cardiogenic effect of Notch4 as greater than 60% of the entire cell population
expressed cTnT after 2 days in the cardiac cultures (+Dox/-Dox, Figure 3C). Less
than 1% of the cells generated from the non-induced population expressed cTnT (-
30 Dox/-Dox, Figure 3C). Consistent with the cTnT expression and the presence of

contracting cells, the induced populations expressed cardiac specific genes including
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Following this maturation step, the cultures of single aggregates were
scored for the presence of contracting cells indicative of cardi onmyocyte
differenti 58ﬁ/ oepe of the aggregates generated in thpcalpgaiees4is Dox
(- Dox/ - Dox contalned contracting cells 15 (Figure 3A). Rather, these
aggregat es underwent hematopoietic differentiation as indicated by the
devel opnent of henogl obi ni zed erythroid cells, an observation consistent
wi th the hemangi obl ast potential of this population. In contrast, al
aggregates fromthe popul ation i nduced for 24 hours contai ned contractlng

cells (+Dox/ 76K Cmdg!mdwsm—)achn,mﬂnétné(ﬂnﬁlgu@ﬁm Hae generatigaef ng cel |s from

Troponi n T (c ot sn AR el ol ARy O R pBb AR L 0L

cells. (Fi gur eo@Bpe irhiffited ppblokling NEtehA mgma‘llmgaht}sy veeretasel ethéitoedurmgiieg t he

dhesi | t F 3B, ol eft
gangfl)veoift u%@aggﬁggq%ﬁg%%%ﬁ%ﬁﬁﬁlat%&go g{ﬁ”ﬁeggﬁ gga“gé??é gr&eeg’ﬁ é’rqs?ve ar eas
of contractsi ngate 8y ii- n&@&mrﬁsaeﬁéled@geﬁ&{shﬁudiﬁhﬁ tidbsétedEigtetion of 6 cdrllige cul t ur es

of the non- |nduced a ates. Flqw cytonetric analysis of the
differentiate mﬁ%@@"e B’i‘ﬁn&@?}éﬁgﬁaﬂmﬁced aggregates confirmed the dramatic

car di ogeni ¢ ef fect of I\H *T‘nag{t nhga;gﬁgﬁé{aghhwggrs%}ttésrumeel |

popul ation expressed cInT after ays 1nt rdi ac tures (+Dox/ - Dox,
Figure 30). Leswliacichiiureslap mnhtah@gcﬂggﬂesatme abseu'ed,rtbm"iﬂ‘epqsmveu nduced

opul ati on ex 586 Fa Tl RN co P Siro SN Sl SR BHRRI L e

cTnT expressi n an con rac diced
popul ati ori® eﬂpwasmﬂht&da(&fbma/&Dspﬁhgtfre 8 AgaQasd Blh):leldataymm%lfWﬂOO?lOOZSSS

1 CT1U320061024418 | actin c2a |C2
(Figure 3D). HPP% i %5’6‘?1? : Z’I %@Irfléo‘?ﬁéq&ﬂﬁ?%g of \éar di ac

genes in the ag saﬂahﬂre@afdhaé%dltﬂ%hmﬁd &nw&ggﬂ% foean Mthinhleljdé?ynﬂ ocki ng
Not ch4 si gnal I i n% -secretase inhibitor ri ng t he reaggregatl on step

( +Dox+i nhi bi t éR grr &8 shiewndcFigng 38y largeropulpiensefcd nTwrOISSSINgt e by t he
inhibitor is t iBELEH t he
cardiac i negﬁlg4 ‘%gélgge?gﬁ%%{a%{#&ﬁb“{lm%zaa ?oﬂP&F{e}ﬁ%‘J?l(Bg Wagmr?a{( nt ai ned
during t helSpl aﬁigung35)t Pohelationg Démeamgmelﬂsmsere madrlisr dateotadl ih theesguliniss.

contracting a tes were .ob t cTnlk- posi.tive .. | at i gn was

S oni 11 cant 1 y P RREAHRE Pl S iolonsf pREET e SR B sl 03

down regul at etﬂ)f(hb@@id&abﬂ!ﬂ&agel:mﬁﬁtldﬁd@dpﬁ@e&lﬁﬂ&lﬁhg theqerdedabofidewg i f cardi ac
indicating that cardiac potential did persist in the population. This example

demonstrates that activation of Notch4 signalling is able to redirect the fate of the
20  early non-cardiogenic Flk-1" cells to cardiomyocytes at the expense of hematopoietic
progenitor cells and that the duration of the Notch4 induction affects the cardiac fate
determination,
Example 5
The cardiogenic effect of Notch4 is restricted to the Flk-1* cells from early stage
25 EBs
BL-CFCs are found in the Flk-1* population between days 2.75 and 4
of EB differentiation. Beyond this stage, this population consists of restricted
bematopoietic and vascular progenitors. To determine if the cardiogenic effect of
Notch4 was restricted to the hemangioblast stage or if it could be observed in later
30  stage Flk-1 populations, Flk-17 cells were isolated from day 3, 4 and 5 EBs,
reaggregated in the presence or absence of Dox and then evaluated for cardiac

potential. All aggregates from the day 3 Flk-1" cells contained contracting cells
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potential was maintained in these cultures, Dox was renoved follow ng 2 days
of exposure in the cardiac cultures and the cells were grown for an

addi ti onal wo say¥sodsss the absence of Dox. As shown in Fi | ar ge
popul ati on of eTnT-expressing cells developed in these gt'#ffggégﬁ%ﬁ in 2

days of Dox renoval (Dox+/ Dox+/ Dox-, 15 Figure 3E). Popul ations of
contracting cells were readily detected in these cultures. These
observations indicate that prolonged expression of Notch4 inhibited
maturation of the cardiac |ineage. Mturation did progress follow ng the
renoval of DoxFigureftie di poirasthenly 23 6f agerqgateefomahe &y&g&)&ls Falls apdngnge

popul ation. Thd : . Mt | f 4. signalling
is able to re |orsnégfté%tqgg%?%gémgﬁ#ﬁgé%lsggﬁtya%@gPg?]gg’gne?@}e%- 1+ cells to
car di onmyocyt esimatediatedy follpwingehedggtegatitnetepidembustrated dpgmesence afdliel s and t hat

the duration of the, Not.ch4 inductio ffect +C i ac f.at.e

determ nati on.uﬁc%% gﬁggggﬁiﬁ%gﬁ%%?ﬁf%%ﬁ“o %‘@Hﬂt lflihols%fg?rpi cted to
t he Fl k- 1+ ccelthsddyr PRikaactlys (BigagetB)2n obRgvaBon Chfsisteat with ciertistiibutivher Fl k- | +
popul ati on bet ween day

2.75 and 4. of EB differentiation. ,Beyond this
stage, this pCF{?BF%FPPBﬁ?IEOI:F;F g?@“%?fﬁ%g‘ﬂsﬁ?"é‘flé&nﬁ fratg that tg"nﬁ‘%’\‘/ﬁscul ar
progeni tors. TerNbedH2abd fshelshecifteand MdidaRAB G RbiRGén @ht cahlghddigh MRS

restricted to the hemangioblast stage or if it could be observed in later 30
stage Fl k-1 porangsts Bensientyndrpsiricied tp shahsmengictlash stage Flkdnrellly 3, 4 and 5 EBs,
reaggregated in the presence or absence of Dox and then eval uated for
cardiac potential. Al aggregates fromthe day 3 Fl k-1+ cells contained
contractint cells 22 WO 2007/002358 WEIampkaxD06/ 024418 (Figure 4A). In
contrast, only,25% of re es.fro e .day 4 | + cells and.none from
the day 5 popﬁéﬂ‘%‘ﬁldﬂag‘gﬂ sﬁﬁ&hesttﬁf' Eogﬁ{hin\?lf Mkﬁ‘g(tgf’? %ﬁenﬁéstg@l%we Br essi on
i mredi at el y f odalr@idt R@e.t he aggregati on step denonstrated the presence of the

transcripts in the aggregates fromthe day 3 and 4 Fl k-1+ Q&L\llps ut not in
those from 5 the day 5!pdgtenminggtheBl-EF s e keragf of the Notrbdq tconsi st ent

wi th the di striphle @4y £i5 FIRANCERG kIR S the BISCHE RebhPaSthé preBBnEddS Ki netic
anal ysis dermpnstrate that the effects of Notch4 are stage specific and

i ndi cate tHat absencpoplatindhe absence oo Hdepapylation penergteditppical dlast ansi ent and
restricted to éo%%i&%%e%h%éraﬁetﬁi&ech@te% Jeft€ l\’Vﬁen cultured in the presence

of Dox, these cells formed compact colonies of tightly packed cells that were easy to
distinguish from the blast colonies (Figure 5A). The number of these compact
colonies was similar to the number of blast cell ‘colonies that developed in the non-

20  induced cultures (Figure 5B). Addition of y-secretase inhibitor together with Dox
resulted in a reversal back to blast colonies, indicating that the development of the
compact colonies was mediated by Notch signalling. Molecular analysis revealed that
most of the compact colonies expressed the cardiac genes nkx2.5, cardiac a-actin and
mlc-2a, the endothelial genes fIk-/ and ve-cad and the vascular smooth muscle gene

25  sm22 (Figure 5C, left panel). None of these colonies expressed gata-I. As shown
previously, blast colonies expressed the endothelial genes as well as gata-/. They did
not express appreciable levels of the cardiac genes (Figure 5C, right panel). With
extended time in the methylcellulose cultures, some of the compact colonies
generated contracting cells. To quantify the proportion of colonies that generated

30  contracting cells, individual colonies were picked at day 7 of culture and replated in
microtiter wells in the cardiac cultures. Approximately 70% of the compact colonies

generated contracting cells between 2 and 7 days of culture. The contracting cells
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10 Exanpl e 6 Notch4 induction switches the potential of the BL-CFC froma
hemat opoietic to a cardiac fate. To determne if the BL-CFC is the target
of the NotgleyrobflglizeRd fate change, day 3.25 Fl k-1+ cell SPC”ﬁgﬁoﬁ JAHged in
the BL-CFC assay in the presence or 15 absence of Dox. e absence of
Dox, this popul ation generated typical blast colonies that appeared as
grape-like clusters of cells. Wien cultured in the presence of Dox, these
cells formed conpact colonies of tightly packed cells that were easy to

di stinguish fromthe bl ast colonies (Figure 5A). The nunber of these conpact
col oni es was Skppssedchnd, ﬁm@rmmﬁwﬂwwmea@tdlwchewﬁl@m éB).tBlast devel oped in
the non 20 in El Aoplint f hi bi t or

t oget her wit hg%gﬁgs @g?h%ge}l& i gwrug%tﬁ% bac %@ﬁ%{%@%{@ﬂ?@é T}{andl cating
t hat the devekxpesion poffile ifrei de&dngunmtal q:oﬂentm‘l eftheveempaeticcoraes sbggebtsitlmh

signal | i ng. | ecul ar tan reyeal § Ehhat 15 TOSt of the conpact col onies
expressed the 3?%%?8“@’8 oyar apd pfiaECellS oot i n and  nal c- 2a, the

endot h(el i ak genes }‘IF mm@})mrﬁadftaﬂﬁbrﬁﬂgetdéﬁﬁﬁeishraﬂa@dﬂmmd”blmﬂsm e gene 25
sna22 (Fi gure SC, t pane Ngne of_ these colonles expres ta-1. As
shown  previ oGalpyies §|llamngé2ﬂx(3ﬁ%§% Idé%esdé‘ﬂ 'é fachhat Freressien %fgﬁlfﬁ‘gﬁas wel | as
gat a- 1. They %dqcedrtﬁé g‘t%w m&a&:&@g&h@@vﬁmk %}fﬁ’dlﬁn%)ﬁle Hé\%l el GFEheBINES

(Fi gure 5C, %ht panél). Wth éxtended tinme in 1he rret yl cel | ul ose

cul tures, som§3 6F AlisenativshpapressitnoniiNeteh dethe Bht €L wquéré@’fll’iﬁéat@ &pms. To
f h I'ls,
quantify the p.GueLl 33@ 1:1(9{0 e[i’ agcﬂ a%k‘?‘?‘h%?ﬂs%%%&?‘thﬁpc W&a‘éﬁe%hh%gﬁs %F S

i ndi vi dual colonles ure an
m crot it erlOweblast and cbmpaod: eoldueeode&elbpadriemnsiéqamm tiva tagtery/in@retationt f® conpact

cont ract i ng. odre st TirRtS TsSmite castie amin it RLEg iy T
confirm ng th@loxtwae¥imited & Qah&lr@rmnﬁwsﬁge &tla@uéleplﬁ@oloﬁbméremh@ad es did not
give rise to contracting cell cardi ac _cul tures. The

s rown.in.t
expressi on pr éom the QHH'C%%‘EWSﬁ?ﬁ@ﬂ?cgul%ﬁﬁﬁtaé‘ﬁﬁpéqwddﬁthﬁ@a%%aa“ £t col oni es
suggests that mdilifusinesy s%ﬁﬁl@ﬁlelﬁéﬁ Ritk Bo Qfd IV.35t6 lﬂ'd%'iot@-ﬂlg ekfndibAR6r &8 | S. 5 The

appearance of the conpact col onies in place of “the blast cell colonies
f ol | owi ng 1Pox hemetopai¢tsreelo U Wotsh4 waeadtiog phheBlc CFChaestantiod &xluetion of Not ch4

'tﬂg“‘éﬁd the oro\ddnibhe iRl Cataid APt withhut SorhANeR hilib@ing Ne devel opment of

hematopoiesis, resulting in the development of mixed hematopoietic/cardiac colonies.
Following 5 days of culture, colonies containing an inner core of cells surrounded by
hematopoietic cells could be observed (Figure 5E). Some of the cores began

20  contracting after 7 days of the methylcellulose cultures. When picked and replated
into the cardiac cultures in microtiter wells, 45% of these mixed colonies generated
contracting cells. Molecular analysis of these colonies confirmed the presence of the
hematopoietic (gata-1), endothelial (flk-1, ve-cad) and cardiac (cardiac a-actin, mic-
2a) lineages (Figure 5F). Together, these findings indicate that expression of Notch 4

25 redirects the fate of the BL-CFC from a progenitor with hematopoietic and vascular

potential to one with cardiac and vascular potential.

Example 7
Notch ligand induces cardiac development from Flk-17 cells.
30 The foregoing examples demonstrate that expression of an activated
form of Notch4 can induce cardiac development from hemangioblast mesoderm. To

determine if the effect could also be demonstrated by signalling through endogenous
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CFC. Alternatively, expression of Notch4 in the BL-CFC may redirect its fate
from the hematopoietic to the cardiac |ineage. The observation that

conpar abl e nunbers of 10 bl ast and conpact col oni es devel oped i s consi stent
wi th the | aybaporiggiRgpretation. To further investigate tPETﬂkE B%a%;the
conpact col onies, the exposure of the BL-CFC to Dox was Irmted t0 24
hours. At this stage, the devel opi ng col onies were renoved fromthe

Dox- cont ai ni ng net hyl cel | ul ose and repl ated i n hemangi obl ast net hyl cel | ul ose
suppl emented with Epo and IL-3 to pronote the expansion of any 15

hemat opoi etic cells. If Notch4 was acting on the BL-CFC, a restricted

i nduction perNogh riogitersi Flktli” aells froay Biy=G ES@IEWQGGW&W@P%@?%M ely
hemat opor ot | o/ Sz 3 Nelgh N bbhdlke £ BMEwiR S IPIRMNG sl RE | o
cont ai ning an comtma:tmgaem wére detediad authe OB eltm:lndiyellshmthapmuxmtatdy 28 o5 coul d

be observed (F th ores ClLi fter 7 days
of the methyl cﬁ‘?lcﬂfsc% eﬁﬁﬂgc‘{ﬁggﬁl g’ﬁ‘ pfE P C(‘jm? ?Va?i]yeacfﬁv?tﬁ °the cardiac
cul tures in5m geetdr QrdivR },rb@te dtoéfoprhertt bﬂﬂﬁ OFoXBL]1 cdls ovak @xthitged & tht ed
contracting cells. Ml ecu ' [

ar analysis, of these colonies ¢onfi d the
presence of th@esq‘i@%‘hﬁ\’oﬁﬁéﬁe@?? mhibgas md E:)ahngethﬁélgqufephwas(spwgqtol\sfgﬁbad) and
cardi ac (cardi gg, g%c- 2a) lineages (Figure 5F). Together, these
findings indicare t t expréssion of Notch 4 25 redirects the fate of the
BL- CFC from a progenitor w th hemat opdixamipde &ind vascul ar potentlal to one
w th cardiac a C a ] ga cardlac
devel opnent frgﬁ)1 IM—'I‘?% %lp cell %aﬂgg%b%o?%ggﬁcngh%%% Jgg ﬁgﬁibrrlig lé t hat
expressi onl®f Bry &dkilvpamdatiduor m of Not ch4 can i nduce cardi ac devel opnent
from hemangi obl ast neso mne if fe t .cou | so be
denonstrated by signall f&re?&pf"}'ﬁog dﬁ@ﬁéﬁ‘?&é‘?@ﬁ%‘im%% %Waﬁgg@% i
PCTI US2006/ 024&éb8ess1b@hﬁbbdeﬁﬁ€@EmB@+/Fﬁi |y htbaﬂﬁhth@esfofﬂmdBveloﬁdﬂt Eﬁm@l&iff S were
seeded onto OP9 cells that express the Notc I gand Delta-like-1. Follow ng

3 days of cul t &b, Sugrda o We%ﬁ"@ rtlé?cfpﬁeﬁéN@@M Qu’%%rcér%dé@?réﬁl*‘&ﬁn ?‘H@‘SCPQ

stromal cells, I { | Fi gure
6A). As with t \gwggrrrllgtltut g@é%@#%&%ﬂetgtﬂma ?ﬁﬂy?g@é%{%ﬁc@%tﬁ}%}}l’%cyte

devel opnent5 onthe logereoRgessioh of Nbich4 incthe GRPrBoy (fik+1i population. pFes@FR: BryofF k-
y-secretase i NI Ll v ad Ok ERELD%aY 5§35 EBE Gerflel 3ok HESFRRSS/AihenbRpdot ¢h

ES cells, reaggregated for 1 day and the resultant aggregates plated in cardiac

cultures. y-Secretase inhibitor or Dox was added to the cells either during the
reaggregation step or to the cardiac cultures to further define the stage specific effects
20  of Notch4. Three days following differentiation of the aggregates in the cardiac
cultures, the proportion of cTnT-positive cells and the expression of cardiac genes
were analyzed (Figure 7). Blocking Notch signaling by adding y-secretase inhibitor
during the aggregation stage (+1/-I) suppressed the development of cTnT-positive
contracting cells and reduced the expression levels of the cardiac genes (Figure 7A
25  and 7B), indicating that Notch signaling is critical for cardiomyocyte development
from this population. If the inhibitor was added to the cardiac cultures rather than to
the aggregates (-I/+1), the proportion of cTnT-expressing population was modestly
increased compared to the control (--) (Figure 7A and 7B). As expected, this
population expressed the spectrum of cardiac genes. Induction of Notch4 during the
30  reaggregation stage (+Dox/-Dox) enhanced cardiomyocyte development over that
observed in the control cultures (Figure 7C). In contrast, induction in the cardiac

cultures (-Dox/+Dox) inhibited cardiomycyte development as demonstrated by the
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signalling (Figure 6B). Exanple 8 Bl ocking Notch signalling inhibits cardiac
differentiation fromthe G-P- 10 Bry+/ Fl k-1- popul ati on Cardi ac potenti al

has been nmapped to the Fl k-1- fraction of brachyary- expressing nesoderm

( GFP- Br y+Wll 3607100238 ear |y st ages of EB devel opnent ( KoudB{H¥S20§/024418
supra). To investigate the role of Notch4 during cardiac differentiation of
this nmesoderm the GFP cDNA was targeted to the brachyury | ocus of Ainv
cells to enable 15 the overexpression of Notch4 in the GFP-Bry+/ Fl k-F

popul ation. The GFP-Bry+/Fl k- Y fraction was isolated fromday 3.25 EBs

derived from ghgatdiReBhY %@Jiﬁ%‘&ﬁé £R4he lgﬁe%bfésioﬁ SHRROEREAS fited Or 1 day and
the resultant aggregates plated in cardiac cul tures._gg);aSecret ase inhibitor

or Dox was ademsepared withethe eritto] euliuredrDevDon)(Figvee 7¢ ardy Pl gduis @¥ampleep or to

the cardiac c I t.0, f fd . Lf] : 20 of

ot cha.  Thr ee s fa i hpfiE) 1 BB eAIPT AR TRBRL babd R

cardi ac cul t speeificationeront thp @Steelb-deried GRBIBy UBIt I pepulations Hamevdrfes expr essi on
of cardi ac_genes Le .a zed (Figure 7 | ocki ng Not ch_signal i ng by

Sdd no . <bor Braed Bt Sohutefi Hidhed J0), NoBl Ffe-bPh dLng siHife
suppressed t heylfievstdap iibitosf toGHe atd@tidd df\le cabd@id likgdd. ng cel I's and reduced
the expression |levels of the cardiac genes (Figure 7A 25 and 7B), indicating
that Notch signaling is critical for cardi onyocyte devel opnent fromthis
popul ation. If the inhibitor was addegh e cardiac cultures rather than
to the aggregates (-1/+l), the proportion of cTnT-expressing popul ati on was
nodest |y i ncBlugking Notchasigniling inhibits cardia¢ diffgreptigtiongfnom the pninitte) . As
expect ed, £ hi 0 at i expressed the spectrum of cardi ac genes.

| nduct i onlé)f %5%03%&%&?6; %he 30 reaggregati on stage (+Dox/-Dox) enhanced
cardi onyocyt e devel opniiiteagy eiciigsidiesolf swuseathbryostilndicatothtitrthd progdritarses

(Figure 7C). ]n.coptrast,. induction.jn th diac .cult - Dox/ +Dox)

i nhi bi t ed cariﬁ’P@ﬂ?g/ %036@6%1“_8?9@6‘?& %@er]@éﬁgiﬁ&aieﬁee&w%@ﬂﬁ{y%% 2007/ 002358
PCT/ US2006/ 024413 adfdesik 8BS boraerGFtE ik ahd YtepiBl primAing stedaRs AtQ¥dFyoXPr €Ssi on

of the cardiac genes ¢ th the control culture (-Dox(-Dox) (Figure
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7C and 7D) . TR G SiBT B-7 DdKinet ¢t at < L9%) Devalgnmant LGAGIIIATL AUREent | a f or

LI, S s et ) b S 5 ool e v

revealed overlapping but distinct expression patterns of the four Notch receptors and

the ligand jagged-1 (Figure 8B). Jagged-1 and Notchl were expressed in the both

regions of the PS. Expression of Notch2 and Notch3 appeared to be higher in the

PPS, while Notch4 levels were higher in the DPS. Nkx2.5 was not detected in the PS
20  at this stage of development.

When isolated PPS are plated in the cardiac cultures contracting
cardiomyocytes can be detected within 3 to 5 days. To investigate whether Notch
signalling is required for the development of the cardiomyocyte lineage from embryo-
derived tissues, PPSs were cultured in the presence or absence of y-secretase inhibitor

25  and then analyzed for the development of contracting cells and for the expression of
cardiac genes. In the absence of y-secretase inhibitor greater than 80% of the PS
explants generated contracting cells. Less than 10% of those cultured with the
inhibitor gave rise to these cells (Figure 8C). Molecular analysis revealed that the
contracting cells generated from each PS in the absence of y-secretase inhibitor

30 expressed cardiac markers, including cardiac a-actin, mle-2a and mlc-2v (Figure 8D).
In the presence of inhibitor, expression of cardiac genes was inhibited in some but not

all of the explants. The lack of reduction of expression in all cultures may be due to
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5 observed with the Fl k-1+ popul ation (Figure 3C), Notch4 expression in the
cardiac culture step is inhibitory to the maturation of the cardi ac

| i neage. Exaopdod/ofhsB ocki ng Notch signaling inhibits cardj | f tiation
fromthe primtive ﬁ%o streak of the enbryo Lineage traci%gﬁ?ghﬂggésﬁk nouse
enbryos indicate that the progenitors |eading to the cardiac mesoder m of
the heart field derive predomnantly fromthe region adjacent to the border
of the distal and posterior primtive streaks at enbryonic day 7.0-7.5
(E7.0-7.5) (Kinder et al., (1999) Devel opnent 126:4691-4701. Anal ysis 15 of
t he distal PStieda®)thagimlacghpiseesiof tissuRSattl@R%p singlenelly wereasdaygbwaling fur e 8A)

reveal ed overl I t . Gi.Sti [8S8Sk ns..qf L tch
recept ors. and AR R B iR b Ghe HREAR" TREGRAMHAT o el leal”\ /e
expressed in fchesisoemt tvith tiege Hrom thed ES bl differertBapioreadtuees and MdicateZhat Ndtchiot ch3
appeared to be, hi,gher in t PPS, whil.e Notch4 | evels were higher in the
DPS. Nkx2.5 wiSnHEE 1heeanisddr deyelopmens gt 8’26”31” {iiFa8°st age of devel opment.
When i sol atted PPS are plated in the cardiac cultures contracting

cardi onyocytes can be detected within 3 to 5 days. To investigate whet her
Notch signalling is required for the devel opnment of the cardi onyocyte

| i neage from enbryo- derived tissues, PPSs were cultured in the presence or
absence of y-secretase inhibitor 25 and then analyzed for the devel opnent of
contracting cells and for the expression of cardiac genes. In the absence
of y-secretase inhibitor greater than 80% of the PS explants generated
contracting cells. Less than 10% of those cultured with the 1inhibitor gave
rise to these cells (Figure 8C). Ml ecular analysis reveal ed that the
contracting cells generated fromeach PS in the absence of y-secretase

i nhi bitor 30 expressed cardi ac markers, including cardiac a-actin, mc-2a
and mc-2v (Figure 8D). In the presence of inhibitor, expression of cardiac
genes was inhibited in sone but not all of the explants. The | ack of
reduction of expression in all cultures nay be due to 26 WD 2007/002358
PCT/ US2006/ 024418 the fact that intact pieces of tissue, rather than single
cells were assayed naking it difficult for the inhibitor to access al
cells. The findings fromthe enbryo studies are consistent with those from
the ES cell differentiation cultures and indicate that Notch
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signaling is required for devel opnment of the cardiac |ineage. 5 27 WO

2007/ 002358 PCT/ US2006/ 024418 dCains: 1. A nethod of inducing
differentigtion of cardiac cells fromenbryonic stem (E ells conprising
cul turing ‘gé 28@(q0§355nder conditions sufficient for for F@ﬁz%‘\‘/"é% yoi d
bodi es (EBs), culturing the EBs under conditions 5 sufficient for
differentiation to hemangi obl ast/pre-erythroid cells, and isolating and
reaggregati ng the henmangi obl ast/pre-erythroid cells in the presence of
activated Notch to provide cardiac progenitor cells. 2. The nmethod of Caim
1 further conprj,ghddg culturing said cardiac progenitor cells in the absence
of Notch and under conditions sufficient for differentiation 10 to

car di omyocyt esl. 3. Amsthedofimducifig differentiationneaedisr eells fromtembrygaicottent s pr ovi ded

by adding a Notch Ali cordsricaie. HEt ' . e Not ch |i gand
is selected fromt #gsg%@g&m%%s%%%ﬁ n}o%%é)e&%%% F@@é%?gﬁﬁp?%?ﬁ ke-2,
Del ta-1ike-3, Jaggeddimationl of agigeeid bodidsEBs), Tuiaring tHedBsamdé enditidnswher ei n t he

ES cells contain a nycl ei d encodi Not erably..linked tq a

regul atory 2l enent sﬂlﬁ-c entg’ﬁg’rcfi%ﬂ?%f"?‘ﬂﬂ&% B%P”é‘glogl}ﬁt?lgg"§f3%ﬁ&déf’ﬁlsfﬁréd lﬁcg?tﬂ’@d of
Claimb5 wherein theanamggﬂe?at%iﬂ%mﬁﬂ’\%@aa&/bﬁ-é odTC &k ¥l @é pref@o@bn of Notch.
20 7. The nethod of Claim erein tch is Notchl, Notchg, Not ch3 or

Not ch4. 8. The netasbrriesk Netplnforaravidrardiacprogsniéer cels- Not ch4. 9. The met hod of
Claim1 whereif Not ] bt r %%r@, . +rhe nmet hod
of daim1l whe?'ei n %tﬁ%%de dl{ldg{nclﬁﬁﬁislérglr)%é? ed E&%ﬁ%%ﬁg%%gé&g?pr essi on
of a nucleic acid exlonithgatsetce bf Notch kel wndemgogditibhsesuffiopant foz Siféergntipian d
cells. 11. 1(Sl'he met htggarg{‘n SO‘?Piém 1 wherein the ES cells are nouse ES cells or
primate ES ~cells. TP thod of Claim 1 wherein the ES cells are hunan
ES cells. 3. The method of Claim 1 wherein activated Notch is provided by adding a

Notch ligand.

4, The method of Claim 3 wherein the Notch ligand is selected from the group
consisting of Delta-like-1, Delta-like-2, Delta-like-3, Jaggedl and Jagged2.

15 5. The method of Claim 1 wherein the ES cells contain a nucleic acid encoding
Notch operably linked to a regulatory element that controls inducible
expression.

6. The method of Claim 5 wherein the nucleic acid encodes the intracellular
domain of Notch.

20 7. The method of Claim 1 wherein Notch is Notchl, Notch2, Notch3 or Notch4.

8. The method of Claim 1 wherein Notch is Notch4.

9. The method of Claim 1 wherein Notch is the intracellular domain of Notch4.

10.  The method of Claim 1 wherein activated Notch is provided by inducing the
expression of a nucleic acid encoding Notch in the hemangioblast/pre-

25 erythroid cells.

11, The method of Claim 1 wherein the ES cells are mouse ES cells or primate ES
cells.
12. The method of Claim 1 wherein the ES cells are human ES cells.
13.  The method of Claim 1 wherein the ES cells are Notch4-ES cells.
30 14.  The method of Claim 2 further comprising culturing the cardiomyocytes in the

absence of Notch.,
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13. The nmethod of Caim1l wherein the ES cells are Notch4-ES cells. 30 14.
The nmethod of Claim2 further conprising culturing the cardi omyocytes in the
absence of Notch. 28 WD 2007/002358 PCTUUS20 06/0 24 4 18 15. The nethod of
Claim1 wherein the EBs are cultured in serumfor about 2.5 to 4.5 days.

16. The was toodowbssCl ai m 1 wherein the EBs are cul t ur edpopnsesodiedses about 3
days. 5 17. The nethod of Caim1l wherein the reaggregated

hemangi obl ast/pre-erythroid cells are cultured in the presence of activated
Not ch for about 12-48 hours. 18. The nethod of Claim 1 wherein the °

r eaggr egat ed henangi obl ast/pre er yt hroid cells are cultured in the presence
of Notch for about 24 hours he net hod of aim1 wherein the

reaggr egat ed lhenmahif eﬁh%@f/%@ ]eWbﬁf?Ha HedBs ae “é‘EPlleg ipgegung {rhowd d-5ith
serumfree conditjg@nRgys 20. A nethod of inducing differentiation of cardiac
cells from enbryonic stem (ES) cells conprising culturing ES cells under
condi ti ons subfi cTeymethed ¢fFlam kewherginit ERsdireemltpEBs) serwh &raboutBhe ES cel | s
contain a nucleic %(s‘l d encoding the active intracellular domain of Notch4
operably |inked to a regulatory 15 elenent that controls inducible

expressi od by7an Themetaod ofCibitilil whegeih it red3gregated hamangiobhst/mbetythr@dddays;
isolating Fllc-1+ t he presence of

t he i nducer for B%IEHG%&IWFSE%L% e B‘th(?&tlv &flg\fc’é@ fge%?lg‘,fghh%grhouf?el |s: and

cul turing saild, carad asthid OUESRint lel@t&'rl'tlﬁa rbarggielg@ce@ ebﬁfst/ﬂréleryt}ia@tucer in
serum free nediumto provide cardi omyocyt 20 21, cell” popul ation

produced by the netlli@Er hued i the presenpg,of] ‘i}ﬂgfora"c opigddioursahout  10%

cardi omyocyt 9. 23y ﬁet‘ﬁ@& l)f (’91919191 hérOR 10 reddpRlaMbd er gl%laéﬂ/ geAtnrbigast about
50% car di onyocyt es. . cell population oig Clarm conpri sing at | east

about 60%0car di ony@b;atee@ltureQm Semnn’&@mmd@bn%cr eeni ng f or an agent t hat has
R e e e
on the cardi onyocyESsells nhetisihgotltuenpEs sﬂlsmedanﬁ:oxaimm %eﬁﬁblenﬂo [fO‘l'dl cative of
the identificati o2 gryof%qoog'%s &tBs) wherein the ES cells contain a nucleic acid encoding
the active intracellular domain of Notch4 operably linked to a regulatory
15 element that controls inducible expression by an inducer; culturing the EBs in
serum for about 3 days; isolating Flk-1" cells; reaggregating the Flk-1" cells in
the presence of the inducer for about 24 hours to provide cardiac progenitor
cells; and culturing said cardiac progenitor cells in the absence of the inducer
in serum free medium to provide cardiomyocytes.
20 21. A cell population produeed by the method of Claim 2 comprising at least
about 10% cardiomyocytes.
22. A cell population of Claim 21 comprising at least about 50% cardiomyocytes.
23. A cell population of Claim 21 comprising at least about 60% cardiomyocytes.
24. A method of screening for an agent that has an effect on cardiomyocytes
25 comprising contacting cardiomyocytes produced by the method of Claim 2
with a candidate agent and assaying for an effect on the cardiomyocytes,
wherein the presence of an effect is indicative of the identification of an agent
that has an effect on cardiomyocytes.
25.  Use of a composition comprising cardiomyocytes produced by the method of

30 Claim 2 in the manufacture of a medicament for cardiomyocyte replacement

therapy.
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that has an effect on cardi onyocytes. 25. Use of a conposition conprising
cardi onyocytes produced by the method of 30 CQaim2 in the manufacture of a
medi canment for cardi omyocyte replacenent therapy. 29 WO 2007/ 002358

PCTI US2006/ 024418 26, A nethod of inhibiting the differentiation of cardiac
cell s frowomoboozess c stem (ES) cells conprising culturiPog/ABs300smk4ass under
conditions sufficient for formation of erythroid bodies (EBs), culturing
the EBs under conditions sufficient for differentiation to Bry /Flk-1-
cells, isolating Bry+/ Fl k-1- cells and reaggregating the Bry+/ Fllc-1" cells
in the presence of an inhibitor of Notch. 27. The nethod of C aim26 wherein

the inhibitor of Notch is y-secretase inhibitor X 30
26. A method of inhibiting the differentiation of cardiac cells from embryonic

stem (ES) cells comprising culturing ES cells under conditions sufficient for
formation of erythroid bodies (EBs), culturing the EBs under conditions
sufficient for differentiation to Bry"/Flk-1" cells, isolating Bry"/Flk-1" cells and
reaggregating the Bry'/Flk-1" cells in the presence of an inhibitor of Notch.

27.  The method of Claim 26 wherein the inhibitor of Notch is y-secretase inhibitor
X.
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