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Met hod for identifying and sel ecting cardi omvocvtes
Field of the invention The present invention relates
wo eovloe74s@ent i fi cati on and isol ati on of cardi oPGDEGL0Z000226
from human enbryonic stem (hES) cells. Background of
the invention Cardi ovascul ar di seases remain the
| eadi ng cause of nortality and norbidity world w de.
Since adult cardionyocytes do not regenerate, the
death of these cells conprom ses the nyocardia
contractile function. For instance when the coronary
vessel is occluded by a thronbus and the surroundi ng
cardi onmyocyt es. cannot be supplled W th necessary
ener gy MGENQC fo G5 ’.u IRE aNE HEHPENG G LOCYI8S | 0ss
of functional cardionyocytes may Iead to chroni c heart
Fiellidflihveg frveftigt ential route of restoring normal heart
anction 1 s replacenent of injured and dead ‘

cardi onyocytes by new functional cardionyocytes. The
Thesupessest ofinvengionerrelatee dar dihec ideoliticationdepediddseation  of

carditfyB¥Rep 3o pPLa B RaF R B! Refiar ai ac 1 ssue.

Car di onyocytes have the potential to restore heart
function after myocardial infarction or heart failure
a h c stem (hES) cells are potenti al
source of transplantabl e cardi onmyocytes (Siu et al,
| i i .y

Carég)g/%)sc ér Id'rllégba{sgg r%ﬁ%élﬂ hgﬁltelé%ﬂyﬁ%éseé?? ﬁHé’r‘@(lW At nfBidity

wortnir mdmcSmceI@dultT(tmrdmmnymytesadotrmmegedesatg,nﬂrdz teath of these
ect the differenti onj ¢, stem

celIS SOFEPTPITges ths TPl EPnEacHe THactor diat Biydics: when the
coréhé%?%%s@lﬁ@%%@d%dﬂgl§'E%W§nd’&@§@%%|ﬁé caRlibmyBbytes

various identit devel opnental stage. For th
canpat be sappliepwih utacngsawl eénarpy rsaprcw fmmmthgmmnerycws.sels

TheDLOducf Sf% o eéocrarcrh%mafo'c\{/?esynﬁj [ feddtS! QAR hEart failure. A

potential route of restoring normal heart function is replacement of injured and

dead cardiomyocytes by new functional cardiomyocytes.

The success of regenerative cardiac medicine depends on the availability of
cardiomyocytes in sufficient numbers for the transplantation of the cardiac
tissue. Cardiomyocytes have the potential to restore heart function after
myocardial infarction or heart failure and human embryonic stem (hES) cells are

potential source of transplantable cardiomyocytes (Siu et al, 2007).

A limitation in the study of cardiomyocytes has been the inability to identify
these cells prospectively. The current protocols designed to direct the
differentiation of human embryonic stem cells in vitro towards cells of the
cardiomyocyte lineage produce a heterogeneous population of cells of various
identity and developmental stage. For the purpose of producing cell therapies or
diagnostic cell products, pure or relatively pure cardiomyocyte populations are

desired. Nearly pure populations of cardiomyocytes have been generated from
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desired. Nearly pure popul ati ons of cardi omyocytes

have been generated frommouse enbryonic stemcells
waigionglaeciet hod requiring prior genetic transfPCTaG2007000226

of the stemcells. Genetic transformati on of stem

cells is time consum ng and may preclude the enriched

cell population fromuse in the clinic. It would

therefore be an advantage tp have a nmethod capabl e of

isolating a population of differentiated cells

enriched for cardionyocytes fromw |l d-type stemcells.

Furthernore, it would be an advantage if a |large

proportion of the en |ched cardi o ytes were vjabl e
MOUSS] SEPMANIC oM olGeI®r AEiNgN, 2 a|m€%°§g r?ﬂ‘é’”@ﬁrﬂf’@éd genetic

tranRRRPH|RbhO&F {HR gfé‘ﬁﬁ'?:‘éllén@éﬂleﬁé‘rt%}rfs??] rrRatiTBe Sidth _Ighe(lels is time

popul ation dou Sunmary e i nvention
conpummg]ancii maa,npne@iucbdtﬂleesmmedmellmaﬂwm tibovesaaimdthierclinic.

| d d hod of . .
1t WPl et Rire i A adySiRes 6 MR Buamatiin Bagede of isniating a
popﬁleft'()ﬁr 8NJiffidreAtiBAr Y8 enftisen (fgls)caﬁﬂbhﬁ/ocﬁ%@‘)frghﬂ JilbiGype
first aspect, the present invention provides a

stemectaﬂgd Forthetreats, fit eyl he ag"eaéuantﬁgeaf edetie prepgytien of the

enriRd SPbBhYPEEE e, BRPE AT P RER o bishferBlion allaning the

enrigBée hoparioHIo @Xband P BlLiireddr Birfumisdr dfgRpulation dadiihgs.
that specifically binds to at | east one cardi onyocyte

mar ker and sel ecting the bound cells as
S”!ﬁﬁ%gié 8{_%%%93%0 The nmet hod further conprises isolating
onyocyte popul ation. There is al so
provi ded a net hod of propagating the sel ected
Thecpredenhiywentien pddrassesdhe ipmoluiahtwahaovd angar padicutar,provides

the at |least o i 0 te is . selected fro
nev, g8 GBI UGRsMEHORGS R COBKBROD ARy BUoR St crudapygRyies rom
dlﬁé;rbmlatedl\é}ﬁg%hid"stem @d. COL 17 (Ckit). Mre in

particul ar the at |east’ one cardi onyocyte marker is

CD166 (ALCAM. The at |east one cardi onyocyte marker
Acqmngetcaaeftrat gaperbr theTHwesentininvandionc erovidemya method of

|derﬁﬁ{mb 5fd aéelé&ﬁﬁsgt 5ga/f‘dlomyocyte population from a heterogeneous
population of differentiated stem cells, comprising contacting the heterogeneous
cell population with at least one agent that specifically binds to at least one

cardiomyocyte marker and selecting the bound cells as cardiomyocytes.

The method further comprises isolating the selected cardiomyocyte population.
There is also provided a method of propagating the selected cardiomyocyte
population in culture. In particular, the at least one cardiomyocyte marker is
selected from a group consisting of CD166 (ALCAM), VEGF receptor Flk1, N-
cadherin, CD133 and CD117 (C-kit). More in particular the at least one
cardiomyocyte marker is CD166 (ALCAM). The at least one cardiomyocyte
marker may be a fetal marker. The identified cells may comprise at least 50%
cardiomyocytes. In particular the identified cardiomyocytes may have a fetal
phenotype. For example cardiomyocytes may be capable of proliferating in

culture. In particular at least 25% of the identified cardiomyocytes may be in S
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cardi onyocytes. In particular the identified

cardi onyocytes may have a fetal phenotype. For exanple
we aodiooriyocyt es may be capabl e of proliferati nBCT/8G2007/000226

culture. In particular at |east 25%of the identified

cardi onyocytes may be in Sphase of the cell cycle.

More in particular the identified cardi onyocytes are

capabl e of rhythmc contrac{gi ons and/or form ng

el ectrically coupled cell clusters. As a

non-limtative exanple, the stemcells may be sel ected

froma group consisting of enbryonic stem (ES) cell,

| urj potent stemcells, hematopojetic stemcells,

phfRsy ph 8% el Bt 0T ih R BRap by deRMcbrRSoRyapes are
capabfd! & rhythffle é&%?éct%%maﬁﬁyc}rs-foﬂnﬁnga%ﬁ cﬁr‘i’éa‘?}%/ tc,la)%{) ed cell

stemcells may be human ES cells. AcCording to another
clusierse AAs at hendlimitative example; thes stene anetlls angap e eelected from a

oroP R B R TESTL s SRR tom ool

herﬁé‘tb?bi@iﬂt%élmecé?lgptﬂti@b'té?ﬂ St&tPidIGi ffbsaRehyMBI sief BERY neural
by the net hod accordi n? to the present invention.
5]

stemheglis ard adul sterovealedm padictiasihestem pellsumayi e human ES
issol ated according to the nethod of the present
Fnvention. According to yet another aspect, the
i nvention provides a nodel for study of hunman
car di omyocytes in culture, conprising the ]
Accz%ilagéﬁﬁ@ifh%r aspsel. dhe dpventioa pravidesiapamigmyesyte population
, C . 0t el G ot @St g .
el Yhe e aftatetl a< AR e 5 T fatihbd Woldifted o
cardiowsyuicy tenpopulbticte Kentified laod /of igulatedtyi the, methudl a¢dgding to
and/ or . treating ﬁt | east one cardi ac disgrder in a i
the sptsiset |, invertia dhaer 1R RIBe npiavidesy & CaRIBMYREYigy PoRelation
isolbRR ARAdm@IteitR AR ardi ac
ISOdi sor der rrgy be se g%?é’gﬂﬁj%%sgﬂg'rngégﬁ%@nsi sting of
nyocardi al infarction, cardi omyopathy, congestive
heart fajlure  ventricular .septal defect, atria, septal
Accalding o YghgRanEL Ashes ha dRETIion, BroyiRS pomog! Tor study of
hurd&e Watdidmyocytes in culture, comprising the cardiomyocyte population.

cell

The invention further provides a kit for cardiotoxic testing comprising the

cardiomyocyte population.

Another aspect of the invention includes a method of preventing, repairing
and/or freating at least one cardiac disorder in a subject, the said method
comprising transplanting the isolated cardiomyocyte population. The cardiac
disorder may be selected from a group consisting of myocardial infarction,
cardiomyopathy, congestive heart failure, ventricular septal defect, atria septal

defect, congenital heart defect and ventricular aneurysm.

According to a further aspect, the invention provides a model for testing

suitability of cardiomyocytes for cardiac transplantation, said model comprising:
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According to a further aspect, the invention provides
a nodel for testing suitability of cardi onyocytes for
w@ anodiogmaed r anspl ant ati on, sai d nodel conpri si NBCHSG2007/000226
non- human ani mal havi ng a nmeasur abl e paraneter of
cardi ac function wherein the said animal is capable of
recei ving an isol ated cardi onyocyte popul ation; and a
means to determne cardiac function of the aninal
before and after transplantation of the isolated
cardi onyocyte population. In particular the nodel my
be an i nmunodeficient animl created as a nodel of
caggiac nuscl e degfﬂenation follgwing infarct that is
us

neg-RUmAR ARE| haWeg st Breagkrahie PREYNgtesPf cardiac function

whéRirflItREYE5Y t SniRRAUsaELble MY BeddiviRg' i GYbRted tb%rdiomryocyte
ani mal nodel nay be nurine, ovine, Dbovine, porcine o
population; ilamgan primate. More in particul ar the paraneter

f ,ac £ unct | b ractile functi
SeERE i asmie BoRE fRRHORTY 8, Bial Slbes, magsatter
trarfsplithich of i DRtk Gaf@ENyBEHYESAMIGH. I8 PHROUIASthe! Rodel

particul ar the method may conprise subjecti g? the sai
may el Bivenedelisienitarimal cregtedegst aonedekeof cardiac muscle

, L ob ' .cardi ac._specific response. of
decHRPSIH, oS0 Aty (Maf 1F AUee isc B Bl eTedin BBRRST b the
isolptad tandiamyddite pRpdiations Marelin parésian i BRndlaiBdéISAay be

alteratiopn of QT wave. Brief description of the
MUFINg,PWEEFPRYIRE: ROFCRR £ éhPentwenar prigwie oMose i tparticular the

par:éﬁn{{egénrgr?fl 65r8%§%h@ﬁdr?§\alfy&lﬁ &5ntg%§f?euﬁjr%ﬁ8hys ed by

uor escence OW Ng ring of human

enbryonic stemcells for 14 days, under conditions

whi,.ch pronote cardi onyocyte differentiation. The )
ACGRIRING; oYel RIRPE FepSttIBR T eMIODAPIOVdHR.8)ethog! f sereening
for SEAWLVRScAl OWBmPdudidse A SSREGSF NI t '

co-localization (_)df: Nkx2. 5 (%reen) Wlﬁﬁ”l '?'%éhocdarrgﬁgc comprise
subjegtiogr theverid( eardjomoeyte | papiulation whiat deasteoneftesti gumpound,
andléaéeere{ngse? rc]:grsdiécp gpé:&l’ig ?gsl,dozn%tel onr{he cardiomyocytes to at least one
test compound. In particular the cardiac specific response may comprise

alteration of Q-T wave.

Brief description of the figures

Figure 1 represents the expression of the cardiac transcription factor Nkx2.5
analysed by immunofluorescence following culturing of human embryonic stem
cells for 14 days, under conditions which promote cardiomyocyte differentiation.
The nuclei are counterstained with DAPI (blue), the area shown by arrows.
Figure 1A represents the co-localization of Nkx2.5 (green) with the cardiac
marker aMHC (red). The black and white view of Figure 1A represents the co-
localization of Nkx2.5 (dark white) with the cardiac marker aMHC (light grey)
Figure 1B represents the co-localization of Nkx2.5 (red) with the cardiac marker
MLC2a (green). The black and white view'of Figure 1B represents the co-
localization of Nkx2.5 (light grey) with the cardiac marker MLC2a (dark white).
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of Nkx2.5 (dark white) with the cardi ac marker aMHC
(light grey) Figure 1B represents the co-localization

wo@RooBlox26® (red) with the cardi ac marker M.C2arP¢Ts€HN)/000226

The bl ack and white view of Figure 1B represents the
col ocalization of Nkx2.5 (light grey) with the cardiac
mar ker M_.C2a (dark white).Figure 1C represents the
co-localization of Nkx2.55(red) with the cardiac

mar ker al pha-actinin (green). The black and white view
of Figure 1C represents the colocalization of Nkx2.5
(light grey) with the cardi ac marker al pha-actinin

Fourd e[l foU T nf e e S0 LA Sl P e
alphatantiean{greg@he Theslolnck mtdwihitee viemewof Bigufe d @ eptésents the co-

looalZgTRR Shl@ N IhtraloRLi  BiAgisian Tarkek aWiti-aint (dark

Wh‘tefl gure 1E represents the co-localization of ka2 5
ed) with the cardiac marker M_.C2v (green). The bl ack
Flguraﬁﬂ) neipiregents dve ob-16cgiration Bf NixPds get} withdhe cardiac marker

tropofipRB ok | hadiRthand ayrite-Mgt &f S¥beb i blisresdiie e So-
localiftRIne 6 Imazqf (it SRVt thenrdinbt markdragdsBmM¥ig - @ark
(green) anal ysed by i nmunof| uorescence foll ow ng

whiteul t uri ng of human enbryonic stemcells for 14 days

Figurg Ertep e A SoYRbeiRaRb 8 NS (eI HAR A sarglpp prarker

MLCZDAE@re(ehb Uthe Klhek eurﬁiavﬂht@\/\nnew oarmgma 18 wﬁr@saﬁts the co-
epresents the co-loaocalization of Nkx gre n)

localizafioncar N5 Mgt @re 0N e sapiacrmeankamMkCay doatwhite)

view of Figure 2A represents the col ocalization of
Nkx2.5 (dark white) with the cardiac marker CDl1 66
Figuré 14 génregent;s) theFegpessidB of thee sardiac titemsetptiot #hdctonNkx2.5

(areeithe BANERS sl ARTR ot EnEP g oG dibsERL o filrian
embrﬁ%@c@térﬁat éé]% for 14 days under conditions which promote
cardiomyocyte differentiation. The nuclei are counterstained with DAPI (blue),
the area shown by arrows.

Figure 2A represents the co-localization of Nkx2.5 (green) with the cardiac
marker CD166 (red). The black and white view of Figure 2A represents the co-
localization of Nkx2.5 (dark white) with the cardiac marker CD166 (light grey).
Figure 2B represents the co-localization of Nkx2.5 (green) with the cardiac
marker Flk-1 (red). The black and white view of Figure 2B represents the co-
localization of Nkx2.5 (dark white) with the cardiac marker Flk-1 (light grey).
Figure 2C represents the co-localization of Nkx2.5 (green) with the cardiac
marker N-cadherin (red). The black and white view of Figure 2C represents the

co-localization of Nkx2.5 (dark white) with the cardiac marker N-cadherin (light

grey).

Figure 3 represents percentage of surviving adherent cells at 48 hours,
following digestion of the embryoid bodies and undifferentiated hES with trypsin
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of Nkx2.5 (dark white) with the cardiac marker Flk-1
(light grey). Figure 2C represents the co-localization
wo@booblx26® (green) with the cardi ac marker N- cBdie62007/000226
(red). The black and white view of Figure 2C
represents the co-localization of Nkx2.5 (dark white)
with the cardiac marker N-cadherin (light grey).
Figure 3 represents percentgge of surviving adherent
cells at 48 hours, follow ng digestion of the enbryoid
bodi es and undifferentiated hES with trypsinor accumax
reagent, and plating of the single cell suspensions on
col | agen | treatgd tlssu% cul ture dishes. Figure 4

Or FAEHMt FRAPI AR (Ripin Obdhe Single Gall gfsnatsiang pagadagen |

trecdts P MRCSLIRREIRShee! | s based on expression of CD166.
Fi gure represents the expression of the cardiac

mar kers Nkx2.5 and aMHC, neural marker NeuroDl ,

Fiolf; §aBBlgS, SualiERlE P oREh RS SORNE sEecfieh hgm Macs
sorteBldls daiska redPessish ¢f T P80/ tFRgurcMcprésorits HIRPERSRBERDN of

proliferation of cells in collagen | coated culture
the diasdies miaghstrat Nixha szt oM messalo markerCieseoD 1 Fphuipetent

A repr ts  the sub-confl|uent, | of rvivin
ceilg Sy 8L EREE pg PoBiEn & SellsRbrer e gl oy albidif based on
exphessidreoPBD16BIAHRALE f60GAMUIAYodyRygr of surviving

cells attached to the dish after six days in culture.

Figure 5C represents the analysis of cells in S phase

Fiods, 5 PR S roliBFaIdCaR 58 b "o | B¥8lasd cytyre pishes
Jisoladéd baeed bn dxpasdsiemof G166..vi ew of Figure 5C
represents the analysis of cells in S phase by Br

Figyrgaph rgpespents:the peb-gentinentieyet e spagdng @ellgylﬁﬂaodhgﬁ do the
disfF&ftérsoﬁéHQWi}?gulhﬁe.t he dish after two days in culture
Figure 5B represents confluent layer of surviving cells attached to the dish after
six days in culture.

Figure 5C represents the analysis of cells in S phase by BrdU (green)
incorporation into the layer of surviving cells attached to the dish after two days
in culture. In black and white view of Figure 5C represents the analysis of cells
in S phase by BrdU (dark grey) incorporation into the layer of surviving cells

attached to the dish after two days in culture

Figure 6 represents immunofiuorescence analysis of the expression of Nkx2.5
(dark pink) and MLC2a (green) following the sorting of the 14 day old EBs
based on expression of CD166, and plated on collagen | coated dishes in
medium containing bovine serum and allowed to grow to confluence over a
period of five days. Nuclei are counterstained with DAPI (blue). In the black and
white view the Nk2.5 stained cells appear to be dark white while the DAPI

counterstain appear as light grey.
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Figure 6 represents immunofl uorescence analysis of the

expression of Nkx2.5 (dark pink) and M.C2a (green)
wo odobowi4ng the sorting of the 14 day ol d EBs beCEEGZNN7/000226

expression of CD166, and plated on collagen | coated

di shes in nedi um cont ai ni ng bovi ne serum and al | owed

to grow to confluence over a period of five days.

Nucl ei are counterstained wth DAPI (blue). In the

bl ack and white view the Nk2.5 stained cells appear to

be dark white while the DAPI counterstain appear as

light grey. Figure 6A represents CD166+ cells
._expressing the c omyocyte marker x2.5 (dark
FIOgeER. TRETR (AAASTAFT. HBWSSIGE e, ATghomyocyte marker

i I ' : ' t

o R g o iy Bpe e 09 Ficlre 1 0aeahls gp1eo+
cellepxpssiy the chrdicmyasype owskenr Niexhb ddarkwehije)l i tt1 e of

. th ' t .5 (dark pink). The bl
FiolgoRAPPIE R e S A6 ELod e Boh pPtash, S BimsBSs van fithe of
the @@rdiomyBsPleeFaridr IRREY. 8I8ankepivik). itHd Blagk dridewhite view Figure

cardi omyocyte marker Nkx2.5 (dark white) Figure 6C

6B repiessain hat(2B466c eells doxpek sxpiagst ore expriassovgryditie of the

: r | hk) .and M_.C2a (green). The
car@ﬁéﬁ@ci@%ﬁ%ﬁ@%@%r&ﬁ@%@c represents CD166+ cells
Figenep 6€s sep@sthis G themoaty t éxpgrasdiag sthidk xardiohgacke markers

ok Bl oMY loremeh St Bt i ovbi i Figire 6C

PR R Rt o 5o her T RO i @ (gark

whitd) aNO. MBC2ef(grey)t o Nkx2.5 forward priner 5'-
AGAAGACAGAGGCGGACAAC - 3!

Brief description of the sequences

SEQ ID NO. 1 refers to Actin forward primer
5'- CAATGTGGCCGAGGACTTTG -3’
SEQ ID NO. 2 refers to Actin reverse primer
5- CATTCTCCTTAGAGAGAAGTG -3’
SEQ ID NO. 3 refers to Nkx2.5 forwafd primer
5- AGAAGACAGAGGCGGACAAC -3
SEQ ID NO. 4 refers to Nkx2.5 reverse primer
5'- CGCCGCTCCAGTTCACAG -3
SEQ ID NO. 5 refers to aMHC forward primer
8- ATTGCTGAAACCGAGAATGG -3’
SEQ ID NO. 6 refers to aMHC reverse primer
5'- CGCTCCTTGAGGTTGAAAAG -3’
SEQ ID NO. 7 refers to NeuroD forward primer
5- GCCCCAGGGTTATGAGACTA -3
SEQ ID NO. 8 refers to NeuroD reverse primer
5'- GTCCAGCTTGGAGGACCTT -3’
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SEQID NO. 4 refers to Nkx2.5 reverse priner 5' -
CGCCGCTCCAGITCACAG -3'" SEQ ID NO. 5 refers to aMHC

wo oropardepri ner 5' - ATTGCTGAAACCGAGAATGG - 3" SECY/BGRUNDN00226
6 refers to aMHC reverse prinmer 5' -
CCCTCCTTGAGGTTGAAAAG -3' SEQ ID NO. 7 refers to NeuroD
forward primer 5 - GCCCCAGGGITATGAGACTA -3' SEQ I D NO
8 refers to NeuroD reverse griner 5'-
GTCCAGCTTGGAGGACCTT -3"SEQ 1D NO 9 refers to Cct4
forward prinmer 5 - GGCAACCTGGAGAATTTGIT -3' SEQ I D NO
10 refers to Cct4 reverse prinmer 5' -

TACAGAACCACACT -3' SEQ ID NO 11 refers to AFP

SE%&%@%@P ©cl4 torersPeAAACAATGAA -3' SEQ | D NO.

12 g rner 5' -

T%@é@@%ﬁ%ﬁgﬁﬁ?g% ed description of the
SEQARMDI 60 refens toQcipreversepamences nentioned in the

prese Lfi i conveni ence listed in

th T@hﬁ%&ﬁﬁd@é%%@éb&'@es and added at the end
SEQfIDING. ¢x2eRket AFPFoMISIEGABE €Nt of such

bi bl i o&_ggohl c references I's herein incorporated by

r efoer @end&CEHRd GILASARAATEAAL-BoNn provi des new and/ or
KNITRIQMe h jdentification and isolation of
SE@!@J?QWE%E%%%????‘EH r&V?éS&%rHPF'ét ed enbryonic stem (ES)

celg’STCCAACAGGCCTGAGAAATC -3’

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
convenience listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein

incorporated by reference.

The present invention provides new and/or improved method of identification

and isolation of cardiomyocytes from differentiated embryonic stem (ES) cells.

According to one aspect, the invention provides a method of identifying and
selecting a cardiomyocyte population from a heterogeneous population of
differentiated stem cells, comprising contacting the heterogeneous cell
population with at least one agent that specifically binds to at least one
cardiomyocyte marker and selecting cells bound to the said agent as
cardiomyocytes. The heterogeneous population of differentiated stem cells may
be prepared according to the method described in WO 2007/030870 (the

content of which is herein incorporated by reference).

The method further comprises isolating the selected cardiomyocyte population.
There is also provided a method of propagating the selected cardiomyocyte

population in culture. In particular, the at least one cardiomyocyte marker is
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According to one aspect, the invention provides a

nmet hod of identifying and sel ecting a cardi onyocyte
w@omaloa4b@on from a het erogeneous popul ati on of PCT/SG2007/000226

differentiated stemcells, conprising contacting the

het er ogeneous cell population wth at | east one agent

that specifically binds to at | east one cardi onyocyte

mar ker and sel ecting cells dound to the said agent as

cardi onyocytes. The het erogeneous popul ati on of

differentiated stemcells may be prepared according to

the nmet hod descri bed in WD 2007/030870 (the content of

Wwhi i s, herein incorpor r r The net
selgtied o B Beso ool g Rt (AEFAVE YR eape i N
cadReRH! BDHPB3 Jﬁ@rGD'ﬁ?ak@-Q(itW fydrdesh apdrBEmar Bk at least one

propagati ng the sel ected cardi onyocyte population in
cardiomyocgle markearr is €D 6 (AhSAM). | dhet abirast ong caydieyyecyte

rker isselgcted fromthe group consisting of CD166
mat R[@ﬁ%?e9§€§f%%§ﬁ'f'or FI kIl , Ncadherin, CD133 and CD1
17 (G kit). Mre in particular the at |east one

car di %r;ﬁocyte marker is CD166 (ALCAM. The at | east
Sorting of HEells d1AsEEyeR SHEPRE IMaAKEr BXPEETSIAMMaYab& @ccomplished by

. ' | | S ker i
usiigf e} detolbsy KaRRAE NS g SR Bl SPoF R S8l Based on
surfdee raatker FeXpressiopieay der dccugnpifsheel by usireHloan Assisted Cell

surface marker expression my be acconplished by usin

. ! . g

Sorfing ALt )sele AutInpteg, Magngtic FelsPoplinoa(Mérrr Jetpcnnology. The
| . n .

pre repgba‘?fi @? g?lﬁﬁﬁéﬁ Egl : S ! % or |’_ﬁi&5 Prtséi%?ferzﬁufﬁ‘ar%ftcglls for MACS
excppephatitthensetorury s ahtibodyACS eorgjegatedhdd &hEBACS-compatible

secondary antibody is.conjugated to a FACS-conpati bl e
fluoPRlTG e ad o & BRENGHC MIGRHRRS: ¢ mi orobead. At I east

50% of the identified, selected and/or isolated cells

according to the invention may conpri se
At leasti b0y of e ddentifigsh rasieni¢dgndddrisotied calis;a®ovdiog to the

o . . .
inv g final RSN LS SR b SR OIRELISE. £ TBOR o8k 0% or
90% of the isolated cells may comprise cardiomyocytes. In particular the

identified, selected and/or isolated cardiomyocytes may have a fetal phenotype.

The cardiomyocytes may be capable of proliferating in culture. In particular at
least 25% of the identified cardiomyocytes may be in S phase of the cell cycle.
More in particular, the identified cardiomyocytes are capable of rhythmic

contractions and/or forming electrically coupled cell clusters.

As a non-limiting example, the stem cells may be selecied from a group
consisting of embryonic stem (ES) cell, pluripotent stem cells, hematopoitic
stem cells, totipotent stem cells, mesenchymal stem cells, neural stem cells and
adult stem cells. In particular the stem cells may be human ES cells. In
particular the stem cells may be isolated ES cells. For example, the ES cell may
be obtained from at least one ES cell line recognised the NIH human stem cell

registry (http://stemcells.nih.gov/research/registry/defaultpage.asp) according to
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identified, selected and/or isol ated cardi onyocytes

may have a fetal phenotype. The cardi onyocytes may be
weapablaeof proliferating in culture. In partiPCl/a620a1/000226

| east 25% of the identified cardi onyocytes may be in S

phase of the cell cycle. More in particular, the

identified cardi onyocytes are capable of rhythmc

contractions and/or formnggelectrically coupled cell

clusters. As a non-limting exanple, the stemcells

may be sel ected froma group consisting of enbryonic

stem (ES) cell, pluripotent stemcells, hematopoitic

| ste ells, totipotent stemcells, nesenchymal stem
the mtﬁgscism gihicalcsippdands mtianed thafedim Mere 4n paticular, the

hESPEI} lirtd! E’SStiﬂgmsé§@eWHe?né‘[‘?c}h @qélvsjtg?gtse cells. In

particul ar t stemcells nay " ES cells.
For exanple, the ES cell may be obtained from at | east

. : h |
"Stq%ggqegla; %\%l éeéér%%drﬁgr%%n Iresz’ egs g % S el_r|n c%%%a?t‘ls? rEn%lﬁlterentiated

priok & tavituriRg eaelid SaphBiedsr (h§eRRIT aiRBbatidtdrdefirukidf %ells
e.asp) accordi ng tothe nethods and ethical standards
mayreer | eplectethéionsl e goup iconpisting caf aambmnesich Eteel(ES) cell,
Line hES3 from ES, Cell |nternational, may be used.
plurigBn i, - Edfls” bRt etleRG r Slei BpLe toliSafdEf cateca, pels
meddithyirial Wistnf élise feupdlestenr talls BAd catuivsicnd cens inSParticular
capabl e of undergoing differentiation. The stemcells

the gtam isell seay be dymanANRrRHE SteB (BES) icalls. dforeenamidlaitbe stem
_ . R IRt
oo 38T SR m BN RS SR RS Bt PRI G e be

deriget! Ifeom reruealbrgdmion el lirke an@nalshybhicstis®iiec dihesembiyonic stem
Ceugarti cul ar the s%em cell may be human enbryonic stem

hegy clee | gellsowhichahave threrst ewliwred| angy maintippdedn an

undfffe‘?gﬂgﬁatg@ls}tat%m ture, such as hES cells. The stem cal l
may be derived froman enbryonic cell |ine or

enbryonic tissue. The enbryonic stemcells may be
| I i ch, have been .cyl tured and i ntained in.an
The g pel AHtahiBdoC P AN thedreveih BEIMSSSTRY & deg from a
patigfs iovri B8si. ePRBtwoHBHNGIsarBRY cORpaabiiesf bifftftRtiated tissue

grafts derived from stem cells with the patient.

Differentiated stem cells may express markers on their cell surface that may be
indicative of a specific cell type, for example indicative of cardiomyocytes. The
markers may be used to identify and isolate the differentiated cardiomyocytes
from other differentiated cells and undifferentiated stem cells. "Markers", as
used herein, are polypeptide molecules that are expressed on a cell of interest.
The specific marker may be present only in the cells of interest, or encompass
the cells of interest, or detectable level of the marker is sufficiently higher in the
cells of interest, compared to other cells, such that the cells of interest can be
identified, using any of a variety of methods as known in the art. It will be
understood by those of skill in the art that expression is a relative term, and the
expression will vary from other cell types. For example, a progenitor cell may

express a polypeptide that is not found in the fully differentiated progeny cell. A
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patient's own tissue. This would enhance conpatibility

of differentiated tissue grafts derived from stem
weelb®1msd h the patient. Differentiated stem ceCT/SGINMY000226

express markers on their cell surface that may be

indicative of a specific cell type, for exanple

i ndi cative of cardionyocytes. The markers nmay be used

to identify and isolate thj1di fferentiated

cardi onmyocytes fromother differentiated cells and

undi fferentiated stemcells.. "Markers", as used

herein, are pol ypeptide nol ecul es that are expressed

interest. The sp

0 aceII of ecific marker may. be i
ce"a?é%f@ms JARY SRreRed RAlYRERSHE that SeRet ewe@%e%.lﬁaag@oundmg
| t
tissh8€ é? ltfe l%ﬁfo?ﬁe c%fls dg f@faﬂ EH?LG C@Iéleb]ag/; ckBfess CD166

marker i s suf |C|e I .gher
polypapeldestnotcfonpdrlacrnaturet ¢mfd|om?ydcslte$ oclont htitertdediscefl & snon-

nt er est can dent ed,. u of a vari et
car@piygeled IneoR o sy SPERECE s RuMyAT 58 Ruteseedr cel
lderﬁ?c)flcbﬁé’ﬁ %\n@lf isSkkibh. TFHeFéfSrea"fetélhﬁbrl@?gr 88%isRB hereth refer to a
relative term and the expression will vary from other

marker lort gpesll, Fbpaémlﬁﬂ ear rpv@@éassttbat s lindipaljves oprtbe sfetal

phefloRRe @b cBlls Pl biion et Rilfer i kBl that ang gapable of

prolﬁélfﬂtﬁi@slnacmﬁirép@ﬁmdﬂ‘etdﬁﬁtﬁaﬂké@@f irfR&iRSe §5 gtk pfésent mventlon
surroundi E&_t I Ssues he cardi onyocyte cel |

inclpde 41D e 963/')@()'5(&5(;56%0(:5&(166\1 padWébt¢|aé§3nGD1 17 (C-

klt)fﬁﬁ&;?m J cﬁ% rdlg%%g& Y8 z)tlgtle%ﬂ?q 9'59%?)@")‘0%%”' InY ar’F1 cular,

feta UhhikerSdf inBsreBUNPOHES Pﬁa‘seﬁ@hhverﬁw ifdIGcd IO 18@AALCAM),
i sol ati on. Therefore, etal nmarkers" as used herein

VE@Efregepter £lihrNsadbgria, 68133, iGP bt {Cdi)-aMore in particular the

car&ﬁﬁﬂ/o?{/}@é l?efrhﬁéggbre: Eph @é’ t(é?bé}\@n g}'ﬁ%g eflr?%%eare W Ié known

in th@ acteldnsj édj‘@’its e(reagmm@)bnoe tioé detedtiohethateafaarenwiclelyt available.
f et al l]é rs of interest in the present

In g tw&ﬂ' BSRaY Al delectien ead( %Uésalﬁilonw@ewr@@@ﬁ?evs poRKIation of
d'ﬁﬁ@%@ﬁ%@ EE B3eorfttietw grgé'tiéast NeZa %qrﬁe%&acmc "agent",

a-actinin and troponyosin. T

ancbdetectlug adlredtlgtm lnmek:ﬂysthefpreaemeasxf the ¢dmplpxkeeemed. The
term | ngsgrtltt' %g &sf‘e‘%J Hereln refers go %%Me’culé capable of binding to another
molecule, for example the marker on the cell surface, through chemical or
physical means, wherein the agent and the marker form a binding pair. For
example antibodies specific for these cell surface markers are commercially
available, or may be produced using conventional methods as known in the art,
therefore the antibodies and markers form a binding pair.

Of particular interest is the use of antibodies as affinity reagents. Conveniently,
these antibodies are conjugated with a label for use in separation. Labels
include magnetic beads, which allow for direct separation on magnetic assisted
cell sorter (MACS), biotin, which can be removed with avidin or streptavidin
bound to a support, fluorochromes, which can be used with a fluorescence
activated cell sorter (FACS), or the like, to allow for ease of separation of the

particular cell type. Fluorochromes that find use include phycobiliproteins, e.g.
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VEGF receptor Fl k1l , N-cadherin, CD133, CD1 17
(G kit). Mre in particular the cardi onyocyte marker
woreopoloe74@D166 ( ALCAM) . These narkers are wel | RCD8G20071000226
the art, and agents (reagents) for the detection
thereof are widely available. In a typical assay for
detection and/or isolation, a heterogeneous popul ati on
of differentiated stemcellj»is contacted with at |east
one a marker-specific "agent", and detecting directly
or indirectly t he presence of the conplex forned. The
term agent as used herein refers to a nol ecul e
| e of bindi to anot nol ecul e or exa e
Py ViRt dinco R OB COBY RN DGr ?&@éesqem 1I 5t Elfequently
h r
each Wity lgggpgedv@;&ﬁ%( g:r.% @ngggpﬁgggftg@ésgoeg%phﬁ infig5&hdent
anaiyws ©r cedrting ufiof eeachmandres Moelochmrwiarmtlbbdyesaslaed:lﬁdnlfer the

maffrs Ribvaia Brothishan AeopisTim ido aoB contiradve: ErpgRfAton
of a’irﬁérﬂﬁ‘\eﬂﬁnpﬁbét e% H%Jdecq‘aﬂr?wﬂbﬁrﬁiﬁt dab 866, lalfce ffsion of

anti bodi es as afflni ty reagents Conveni ently, these
resiting I§blﬁr@§yt@:semﬂoaJfug@nerwrmetrrfoalmmbdlahwton@m sereening for

ot RS Tl e HEL SIS BRADAE W R HibSlielee

parfidi&Sspedictyi Whewlaﬁhbéd@skt%rf sEwged fof affinay lcﬁrdmafography,
streptavidin bound to a support, fluorochrones, which

ELI®An 8. @nddthgi tike.alhe @@Ilb@@@ﬁc@ama \aheligd cwith radicissitopes,
enzgﬁég's)ﬂuo?é dhg Ehéﬁ'ﬁl %%@éde?%",’ {) othidS \ﬁﬁlﬁﬁr\ﬁ"’ ggow for
Y5 & FPuS Ochrome
detedtioni rmfl LﬂdJmFﬂbx(Cmeatphottmtweenetlge plabetied yahtibodyndnd its
al | ophycocyani ns, fluorescein and Texas red.
corrmlglaggilﬁryyepggeﬁ antibody is labeled with a different
fluorochrone, to permt independent anal ysis or
sorting for each marker. Monocl onal anti bodies
In mculﬁtr dhéomveh’mmmrawdesmmystrhnjqooﬁcmrewhtlng aeparrm@naed/or

el af SER ot SerdiG, SrsgIHTIol ¢ gUBRSE, tho FrelBo. Comprising

traﬁsﬁ%rﬁiﬁgofhé %‘ékﬂlbhﬁ%ﬁé' PBpaIStIBA M bhs@bjﬁb'ﬁ' PRe p&ﬂi}é@r is,
for imortalization and screening f
particular, a subject in need of the treatment thereof The disorder as, used

herein, include but are not limited to myocardial infarction, cardiomyopathy,
congestive heart failure, ventricular septal defect, atria septal defect, congenital
heart defect and venfricular aneurysm. In this aspect of the invention, the
method includes introducing a cardiomyocyte population of the invention into
cardiac tissue of a subject. In particular the isolated cardiomyocyte population is
transplanted into damaged cardiac tissue of the subject. More in particular the
method results in the restoration of cardiac function in a subject. The
cardiomyocyte population may resemble a human fetal atrial cell in culture. In
particular the cardiomyocyte population may resemble a human fetal
pacemaker cell in culture. More in particular the cardiomyocyte population may
comprise plurality of isolated cardiomyocytes wherein the cardiomyocytes may

be coupled. The coupling may be, for example, through gap junctions and/or
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anti bodi es having the desired affinity to provide

nmonocl onal anti bodi es having a particular specificity.
wah@se1an i bodi es can be used for affinity PCT/SG2007/000226

chromat ography, ELISA, RIA and the |ike. The

anti bodi es may be | abelled w th radi oi sot opes,

enzynes, fluorescers, chem | um nescers, or other | abel

which will allow for detectjgon of conplex formation

between the | abell ed anti body and its conpl enentary

epitope. In particular the invention provides nethods

of preventing, repairing and/or treating at |east one

w554 S e o AT e B the e’ ve o

hurBa®beAabn-hURearsHRINgAL is, in particular, a subject in
need of the treatnent thereof. The di sorder as, used

herein, include but are not limted to myocardi al

[ nf. [ r di,omyopat hy, congestive heart fajlure, .
The, Bidods Pllentd] A HEPERY of fHER e Gerdlmbaedte Bopiation
identiflegc radledted eamid/of asSlate R RECYRING 116 UM nfstRYA YSfMhd Bresent

this aspect of the invention, the nmethod includes

inver{ionofRic HEg 18 eadicinay de yrastipepul it inseverttingherepairing and/or

; . . . . Cact. In .

rod o8 2Bt -3 AaHh K, B oBoP PG s ARy prpucea the

uset ofaatd phstrdredcandiom yeuytg edpalkatidh aderttifiesiy eeltdd@nd/or jsolated
n particular the nmethod results in the

subject. Mre | : _ _
aCCPBﬂ‘%ert then ragthed e dke rrigsento invientignsiasj thet prepasation of a
edRaEpAr YRR SopaR P ki i, 3l S carai
disardedinoangobjgtt popul ati on may resenbl e a human fetal

pacenmaker cell in culture. Mdre in particular the

cardi omyocyte popul ati on nmay conprise plurality of

Thébgl@séh?%vgﬁﬁ&ﬁ arBosIEY RSV 8&@3& H?)‘Ele?ﬁfr%é‘l{iwgﬁ'ﬁggiﬂtgﬁé‘f the

_ coupl ed. The coupling may be, for exanp _
isolgted gardionmyneyteapdpdlatidhde eestojaucandiamyocyid ureitiont lreorder to

G e L O O N
impattahefshaane reprotiueinle @nialP@BdbPivitR™ measurable parameter of
cardiac function. The parameters used should clearly distinguish control and
experimental animals so that the effects of the transplantation can be
adequately determined. A host animal, such as, but not limited to, an
immunodeficient mouse may be used as a ‘universal acceptor of

cardiomyocytes produced by the methods of the present invention.

The myocardial model of the present invention is designed to assess the extent
of cardiac repair following transplant of cardiomyocytes into the host animal. In
particular, the host animal may be an immunodeficient animal created as a
model of cardiac muscle degeneration following infarct that is used as a
universal acceptor of isolated cardiomyocytes. The non-human animal may be
any species including but not limited to murine, ovine, canine, bovine, porcine
and any non-human primates. Parameters used to measure cardiac repair in

these animals may inciude, but are not limited to, electrophysiological
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identified, selected and/or isolated according to the
nmet hod of the present invention for use in nedicine.

WO poopat4secul ar, in preventing, repairing and/ oPCT/SG2007/000226
treating at | east one cardiac disorder in a subject.
"There is also provided the use of at |east one
cardi onmyocyte popul ation identified, selected and/or
i sol ated according to the ngthod of the present
i nvention for the preparation of a nedicanment in
preventing, repairing and/or treating at |east one
cardi ac disorder in a subject. The present invention

al so .provj des a cardi ac nodel r testi abilit ]
chagacteriglic afheart fissus of Wh%a'ﬁg%ﬁtmsoﬁgf g %’%‘ieorC@n¥raCt"e

fun& RURE $ESedsBAGh O bf‘le ick: geg@%urb%angﬁ in a heart.

ectiveness of transplant e nmyocyte popul ation
Mehhndmof @ssessing heayidunatitn and hamhaatlsam odamsicteristiaainmay) also

Wit h neasyr abl e pat of, cardi ac function.
'”cho% Sz}f g’d"%rﬁBUIsg("%d %?aﬁﬁ stingui sh control
and experl mental animals so that the effects of the

transpl antati on can be adequately deterni ned. A host
Theaimveation gfurdlrneragroviglﬂs ecrydiamyaayéels pogduged using the methods of

the (TIAP fiRlenb i dhat s e B¥ed for B 5TadinGyolnbd P istany o5 gene

theltdp§. PInegRiMiculay ekl iiventiod Predaesi te nstel ofofeardiemyocytes
present invention is designed to assess the extent of

proeweeﬁ asincethe metbpdo il ihet urpI iaMentian, diar ai asigigeymedel for
tesﬁr{g;g/%é I&%llﬁf% r@&g??lcar(jjlg %BHM' ﬁfore IH (“f’l'.ilaf3l dé“i"rjmv%ntlon

anr nal

providedithae usessfl cardiegeneytds mna fcakdhawqi\@delrd@igﬁed trabssess the
used_ as uni versal acce i sol at ed
extenty of %Wg%cyf%%ae'r lewi HRASRIAN 41 ngArdieapyQsyteminto a suitable
hostBRFh&S | ncluding but not limted to nurine, ovine,
canine, bovine, porcine and any non-human primates.
Paraneters used to neasure cardiac repair in these
but are n

i mal s. y | i, m, t to, :
The PISBERLISNGLION BlpbaPeRige 4 roreLiar Uiy Febiap cesdigmypoytes
in UL WOMARIng tHeeaidsayodiAes idbiARaasy tHePRtRS bf fhe current
invention. This model may be used in the development of cardiomyocyte

transplantation therapies.

According to yet another aspect the invention provides a method of screening
for cardiovascular compounds. In particular the method may comprise
subjecting the said cardiomyocyte population to at least one test compound,
and observing a cardiac specific response of the cardiomyocytes to at ieast one
test compound. In particular, the specific cardiac response may be monitored by
the changes of beat frequency, amplitude and/or duration of the
cardiomyocyte(s) to at least one test compound. More in particular the cardiac

specific response may comprise alteration of Q-T wave.

There is also provided a kit for cardiotoxic testing or for screening of

cardiovascular compound(s) comprising at least one cardiomyocyte population
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function may be assessed in ternms of vol une and
pressure changes in a heart. Methods of assessing
wheaobifsemct i on and cardi ac tissue characteri SPCT/SGIMY/000226
al so involve techni ques known to person skilled in the
art. The invention further provides cardi omyocytes
produced using the nethods of the current invention
that may be used for transpkantation, cell therapy or
gene therapy. In particular the invention provides the
use of cardi onyocytes produced using the nethods of
the current invention, in a cardiac nodel for testing
the abiljity to.restpore cardiac fynctio More in .
acohtifind Boiths TieBtp R Sheteofs 450 frauded rekbter Weventig, repairing
andiGy W R aY st iohelc&raidl disord¥ah éjgﬁbj@B?C{hé%laéérﬁgﬁsing at
the extent of cardiac repair follow ng transpl ant
leagi sk Rydiomyesyienpopulationt atgasdingsto dime riaventitine The kit may
rovides a nodel for study of
furt %ﬁ%ﬁﬂ %ﬁ%“ﬁﬂ@S@@?iﬁﬁ cul ture, conprising the
cardi onmyocytes isolated by the nethod of the current
i nvention. This nodel may be used in the devel opnent
Having oemyosngesdlyt eesariprsipthgningention.t ther apmeswillabe anatengeadily
undsfei$5) (ERIATIARAGE o 15 SolARb ARpBHIR vty BrSBhMiGed by
waypal itlisteatian, Bhd aretrivd thienyed tonbe ilisstinsg bf et pregehhigiventich.
cardi onyocyte population to at | east one test
conmpound, and observing a cardi ac specific response of
ExAeLeay di omyocytes to at | east one test conpound. In
particul ar, the specific cardiac response nay be
maIStzmchel_ﬂp de changes of beat frequency, anplitude
duratlon of the cardionmyocyte(s) to at |east
hE% F‘é@( compound. More in particular the cardiac
TheSPEdES C I 8EPONSEnIRY ﬁESB” S@rofh L €7 BE ON O] Q-rln‘f@’}ﬁgtlonal
There is also provided a kit for cardiotoxic test
(htteyy/stepncellsiribigiovgesearch/registry/esci.asp) were maintained on human

fibroblasts in KO-DMEM with 20% KOSR in 0.1mM beta-mercaptoethosthanal,
1% MEM non-essential amino acids, 2mM L-glutamine, bFGF (10ng/ml) with or
without antibiotics (Penicillin/Streptomycin; all reagents from Invitrogen). The
hES cells were passaged by treatment with collagenase | (however,
collagenase IV may also be used) (Gibco) for 3 minutes followed by mechanical

dissociation. Harvested cells were transferred to newly prepared feeder cells.

hES differentiation

The pluripotent hES grown on human feeders in 10cm dishes were rinsed with
phosphate buffered saline (PBS). PBS was then replaced by fresh stem cell
maintenance medium. The dish was scored using a pipette tip such that each
colony was divided approximately in two cell clusters. Cell clusters were
scraped from the substrate and transferred to a conical tube. The cell clusters

were allowed to settle to the bottom of the conical tube and the media was

. aspirated. The media was replaced by fresh stem cell maintenance medium.

The cell clusters were transferred to plastic dishes to discourage cell
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cardi ovascul ar conmpound(s) conprising at |east one

cardi onyocyte popul ati onaccording to the invention.
wab@p®1i4s0 al so provided a kit for preventing, PEP8GLIONE00226

and/or treating at |east one cardiac disorder in a

subject, the kit conprising at |east one cardi omyocyte

popul ation according to the invention. The kit may

further conprise instructiqggs for use. Having now

general ly described the invention, the sane will be

nore readily understood through reference to the

follomﬁng exanpl es which are provi ded by way of

d | f, .
attaphinept kOlirplo, et BnaxeblaEs ik SR enGERGHn the
tlssﬁ@%w’tﬁfé lﬁéUHa‘thr% fohea ferioreb 2ki msurB Eafet tRE H5 hellk lculture,

I nt ernati onal
emigryoidp :bodirse (EBS) swaren.fgoned efrear dher plyiripotentesell . cypiprs in

d h fi b ts i
susBEASiRRRIIP s o olad muieBBab B sathunid) B4R WehR to the
bottBA aPeSeRt Wdl@%@aéﬁﬂrﬂ%d AR hredlivthawh8aepliced by defined
(10ng/mn) with or without antibiotics

bas{creaiwn| free/ (BEFSHt megiin; camprisiag geMEMf supplemented with 1x

.cells. J
EAF VphaReRl T0nd SRiEE I P 2L S fboen),
0.0085 nsg/ehl Tl@nbfmbmf(ﬂoc&em Btﬁgimlfsddlmleﬁelbhltﬁe(@i@mwad) 1mM
di ssoci ation. Harvested cells were transferre
betaragroapiosaana f\fé@uepr c\é/!theut HE%’“@!“F’!’%V@HW%XQ'%n("T‘M'érOQen)

: ' fee [
e T L ey R SRE8RI a0 i DS 57l 08 0.
was then replaced by fresh stem cel | mai ntenance
um The di was, scored ng a ette tip such
To r@&'&ﬁ“@ﬂ%é&%'%@w@%@% ?M raygeyts lingggeeppg/mi
t
of b SirfbSung Eia0udl; 4 EEEbAPITNTD, pORTIORDRZ), wes, pdded
Theckodirgoisl bodies were cultured in these conditions for an addltlonal 12

days. During this period, the culture medium was changed every 3-4 days.

Digestion of embryoid bodies to a single cell suspension.

The EBs were transferred to a conical tube and allowed to settie. The medium
was aspirated and the EBs rinsed with PBS not containing either magnesium or
calcium. EBs were incubated at 37°C in either undiluted Accumax reagent
(Innovative Cell Technologies), or a 0.25 or 0.005% solution of trypsin (Roche)
in phosphate buffered saline. The enzymatic reactions were arrested by the
addition of differentiation medium containing 20% fetal calf serum. Residual
clusters of cells were removed by passing the cell suspension through a filter

with maximum pore size of 40um.

Magnet assisted cells sorting (MACS)
The single cell suspensions were pelleted in a centrifuge refrigerated to 4°C at
approximately 300 gravities for 15 minutes. The cell pellet was resuspended in

an immunoglobulin blocking buffer (FcR blocking buffer, Miltenyi Biotec) at a
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were allowed to settle to the bottom of the conica
tube and the nedia was aspirated. The nedi a was

wo ebacad by fresh stem cell maintenance nedi uPCT/3GE07/000226
cell clusters were transferred to plastic dishes to
di scourage cellattachment (U tra-1ow attach dishes,
Costar). The dishes were incubated in the tissue
culture incubators for a pgriod of 24 hours. After the
24 hour culture, enbryoid bodies (EBs) were forned
fromthe pluripotent cell clusters in suspension. The
di shes were tilted such that the enbryoi d bodi es sank

conqeRurafifn o 48 THY ol a0 &€ SoPRRTAA o5 B8, bl of
antiboP{rh&L s r%@&léﬁﬂpémgedxxmé@ PhidEMing 18s <Nt siaface

am no acids (Invitrogen) ut am ne

antigam (0 Yasywes, addevse the/ eell Suapesieni hheRetheyspansion was

mculB%l{e?fRé?@ rén&:i%éﬂéf@ v\&l\lﬂeﬂrq%%iq% Fi]q‘gu lls were pelleted again in

a refRjurgidd contBfugP @ approxitrzglyt B@@?thvutnwlfc;h 1w mmum The
cardi amyocyte differentiation as described in

blockipg ulfsn spotaimiagr thetand-C Mésﬁrﬁ@@dmwa%aéawtgmw replaced

by SQURER PR Tl S AIYEnted SG4P 2GIVEF mAlnoRE microbead

conjaglakgdtanIMd?rmmeirdccb)g):it% trvwaatl-@[bmﬁ gﬁl’[lbdsd)l gra_Santl mouse
ndi ti ons for i ) rin [

'gG%’gﬂ HEro ?@%Lﬁﬁl?@%@ﬁ '%géﬂgmin@vb?‘%d@%ﬁ%@@mes

o € AR L1 08830l 8 ot o ki

buffem Cedis| lmwed! toomexginetie miTtobeaaddi wanev\sspararﬁdr froadtrendnbound
s rinsed wth P not cont

th
coll RRGHEEP0ING Pots! BPSRd BHBCHRY S SOMTBAR 18, Sieng magneti
fleld$Mllﬂ=§’€yl Biskel WoRfmAS UMKyl BRASH mdgnene waldar T8R! Sorted cells

echnol ogies), or a 0. 25 or 0.005% solution of trypsin
werd Relidiedl, rasuppeemdnrebSESfree«éla cditaining Sikd SB2030680 and 20%
tions r arrested by the addition of
fetal &t s5TUAT PG NRICHR Tissiie St Hishes dvs epiad wifhy100ug/m! of

u d t V,
coll e’ I R@h%g Vg{alrﬁéﬂ‘iép\gég Fg%ﬁﬁ e%erﬁﬁé% 8?}?@ /e cultures
had grown to confluence, the medium was replaced by bSFS medium

containing 5uM SB203580 but without fetal calf serum.

Quantitative PCR

Total RNA was isolated using the RNeasy kit (Qiagen), treated with on-filter
DNase and quantified by UV absorption. One ug of RNA was converted to
cDNA using M-MuLV reverse transcriptase (New England Biolabs) using
random hexamer primers and following manufacturer’s instructions. Quantitative
PCR was performed with 50 ng of each reverse transcriptase reaction, 250 nM
of forward and reverse primer, 1xSYBR green PCR master mix (Bio-RAD) and
analyzed by iCycler thermocycler (Bio-RAD). Primers comprising the sequence
of SEQ ID NO:1 and SEQ ID NO:2 were used to detect binding amplification of
the actin sequence, primers comprising the sequence of SEQ ID NO: 3 and
SEQ ID NO:4 were used to detect Nkx2.5, primers comprising the sequence of
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wi t h maxi num pore size of 40mm Magnet assisted cells
sorting (MACS) The single cell suspensions were
w@edobetaed i n a centrifuge refrigerated to 40C BET/SG2007/000226
approxi mately 300 gravities for 15 m nutes. The cell
pel | et was resuspended in an i mmunogl obulin bl ocki ng
buffer (FcR blocking buffer, MItenyi Biotec) at
aconcentration of 1X1 06 cgkls per 100m . A
concentration of 0.5 to 5ng/m of antibody (nouse
nonocl onal ab23829, Abean) which binds the cell
surface antigen CD166 was added to the cell
suspensi on. The cell suspension was incubated for 30

SEGilRNESS and SR NO:6 veake vged tadiates! aMigér segegnas, eimers
corfifily i BoGELALESE B 1EPRI 41488, SEGRDIRS BRUBHY used 1

NeuroDt apiinegs toiepaisinig- 6B uanice i dSEQED BEhi 9 ahddSEQAD NO:
relpl aceanl b S%I per 1X1 06 cells supplenmented with
10 weng ugh %éwe{" OGY SPEYRRP 8BAPHAKArE FoRMNsHiasr@ience of
h Z i 6 j rat ik -
SEQTROID T 1 T 01 2pREBECN TS, RN AR Sequence.
Expressibatveas talcuiedibasegsonata 4Gntard ecuree kam nofithalized to R-
.cells were pelleted and resuspended in fresh bl ocking
actifuffer. Cells bound to magnetic m crobeads were
separated fromthe unbound cell popul ati on by being

passed t hrough a columm held in a strong magnetic
Immurefworesdensayi  Bi ot ec col uims, M Itenyi Biotec

tic hold Th [ [l
Thel BER T fBGTR e pEMiolRa EONES dony eraieri0 250s suppse at
4°C26V6rhriha| st fros6r {HTOTTH niddid €ideit), tangiSsisttionel b & pm using
di shes pre-coated with 100ng/m of collagen | (Roche). -
a cryplomedi(beiras CMRIS). Seglipns- werryrinseds terPBRe fixed in 4%

d . | HeRLG,.. t he ' S .
por i AR R e O HIOE S8, (RS BB et
blooM birert (FBS,20.12aTfitopeX D0, QIaBSA)adridv icbBbitetodwdrnighfat 4°C
. was isq]ated using the RNeasy kit (Q agen), treated
in Ripely yiter jgandaining” primary antibodies against Nkx2.5 (1:200 dilution,
Santa Cruz), oMHC (1:100 dilution Santa Cruz), MLC2a (1:500 dilution,
Chemicon), MLC2v (1:500 dilution, Chemicon), Tropomyosin (1:50 dilution,
lowa Developmental Studies Hybridoma Bank), or alpha-actinin (1:50 dilution,
Chemicon). After three rinses in PBS, slides were incubated for one hour at
room temperature in blocking buffer containing secondary antibodies (1:1000
dilution, Chemicon, Zymed), incubated for one hour at room temperature, rinsed
three times in PBS, incubated in DAPI (1:2000 dilution) for 10 minutes, rinsed,

and mounted with Fluorosave (Calbiochem).

BrdU incorporation

Determination of cell proliferation was performed using in situ Cell Proliferation
Kit, FLUOS (Roche) and following manufacturer’s instructions. Briefly, 10 uM
BrdU was added to the cell medium for a period of one or three hours. Cells
were then fixed for immunohistochemistry and DNA was denatured by 20 min
incubation in 4M HCI.
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DNase and quantified by UV absorption. One ng of RNA
was converted to cDNA using M MILV reverse

wo ca@ndcHspt ase (New Engl and Bi ol abs) usi ng ranBdrsG2007/000226
hexamer prinmers and follow ng manufacturer's
instructions. Quantitative PCR was perfornmed with 50
ng of each reverse transcriptase reaction, 250 nM of
forward and reverse priner, gl XSYBR green PCR naster
m x (Bi o-RAD) and anal yzed gy i Cycl er thernocycler
(Bio-RAD). Priners conprising the sequence of SEQ ID
NGO 1 and SEQ ID NO 2 were used to detect binding

anplification of the actin sequence, priners
Rﬂ&&g‘pri sing the sequence of SEQ 1D NO 3 and SEQ ID
Difi¥eriali6h fo BRAMIoEREGRbadk*2- 5, primers conprising

€ sequen I's and SEQ I D NO 6 were used
to detect aMHC sequence, priners conprising the

f .SEQ | D NO,...7 d.S | ;8 dt
SteRe g BLeEs BB eg b H PR At TQuaisnitle GRrERyPE) tRdineage
follognr/]igﬁ Sh@%%th@dé@eséﬂbé@ir?%%dmmd. At tﬁéte‘[i;dSN%ﬂﬂhgé‘léﬁlture

_ rinmers conprising the sequence of SEQ I _
perigdd IBHD Bvinaveals, welusiers o callsaimpbusgension,s tegonedc embryoid

[ cal gu b . 0on stghdard_curve
bod RS e e A TBR PORRIGe 3 e BroaR ARtRiageous
rhytheii€ dantetibAs 4ahdadonitsineal esiizy diict expressesie vattefs) of the
25% sucrose at 4C overnight, snap frozen in OCT nedia
cardipgyesyte lnie#geect i oned to 6 nmusing a cryotone (Leica
CMB050S). Sections were rinsed in PBS, fixed in 4%
par af or mal dehyde, perneabilized with 0.1 %triton
Diffe¢rebifitech EBEScoritaimubelisewhich dxpreks i icardiOyScyi@. fr&hscription
Tr | 05 -100, 1% BSA). and i ncubated overnight at 4C in
fact a rugtheal ant i bodi es agai nst
Nkx2.5 ( 1 :200 dilution, Santa Cruz), aMHC ( 1 :100
dilution Santa Cruz), M.C2a ( 1 :500 dilution,
A higidyrispesific abdCaarly markd0oid cadiamcell Glentityos)the transcription

factglIE RESZY 3the f\lk>1<255 rcr)la(rjliér%le(g(%‘ressed ubiquitously in all mouse heart

cell progenitors around the time the heart crescent is formed and is an

important regulator of cardiac gene expression in the developing and adult

animals in both mice and humans (McFadden et al, 2002).

The marker Nkx2.5 was detected- by immunofluorescence in cells of EBs
differentiated according to the above protocol. Structural markers of the cardiac
contractile machinery expressed in fetal cardiomyocytes were co-expressed in
cells expressing Nkx2.5, confirming their cardiac identity (Figure 1). It is known
that oMHC and MLC2a are expressed throughout the myocardium in the
developing mouse heart (Somi et al, 2006; Cai et al, 2005). Figure 1A and
Figure 1B show that aMHC and MLC2a were co-expressed by clusters of cells
which expressed Nkx2.5. Further since alpha actinin and tropomyosin are
expressed in all cardiac contractile tissue, the co-expression of these markers
by cells which expressed Nkx2.5 was seen as shown in Figure 1C and Figure

1D. It is further known that MLC2v expression is restricted to ventricle and
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| owa Devel opnmental Studies Hybridoma Bank), or
al pha-actinin ( 1 :50 dilution, Chemcon). After three
WO 2wges746m PBS, slides were incubated for one POIBG2M07/000226
room tenperature in bl ocking buffer containing
secondary antibodies ( 1 :1000 dilution, Chem con,
Zynmed), incubated for one hour at room tenperature,
rinsed three times in PBS, jgncubated in DAPI ( 1:2000
dilution) for 10 mi nutes, rinsed, and nounted wth
FI uor osave (Cal bi ochem. BrdU incorporation
Determ nation of cell proliferation was perforned

h
o ol i ST 4Bt b AR Sboi ot a
2008y Becbidwrgy pidegy tviad et G@iécté@‘ﬁ*l 'éi"ﬁér@htléfeeeEBQdsﬁégesting

one or three hours. Cells were then fixed _
thaf ﬁh%ﬁﬁ)rﬁeéﬁoéfﬁsrﬁ@'ﬂﬂk@gﬁhé e vietal déﬁ\é&lupmentiy g@gei wherein

i Res ul Dyfferen tion to
ven't %@ﬁa@oﬁmﬁg%cg 3@@%&@&?‘1’ Qf-'%Feetl E?I mul ated to

d| fferentl ate towards the cardi omyocyte |ineage

foll ovm ng the rret hods descrl bed | n V\D 2007/ 030870. At
Cardiomyoey yte SPIESS { SHIED f padysbased cell
Se|é"dt,5§ters of cells in suspen3| on, terrred enbry0| d

bodies (EBs) were produced. A large proportion of the

EBs began spontaneous rhythm c contractions and

The St paEis D1 RBLBLCAMY S onghative maiscuoraressed in the
cardiﬁb lchedtiaine gnGWL@élsgle% ‘?ﬁl"rl?'n Y Q&Y bfn F g@%&& tdg%f“.s lost in

factor Nkx2.5 and cardi ac st uctura
heap; fesue dyethief ttimeride eaatwerﬂmea(erhasf fm"a’reﬂi aldlraw let al, 2006).

; f
ThelghdlF. o el OIS S BV e colirefiloRc oo I 56 n 2iel Nisbiseto be
devbl@@hterﬂ@ll;l inmRgeal 4t Hadé Qh'é“i':abBSnN kdPepiR@td fRELIture. In this

scent is forned and is
study D166 was co-expressed with ka2 5 by cells in the differentiated EBs,

suggesting a fetal developmental stage of these cells (Figure 2A). The VEGF
receptor Flk-1 is expressed by mouse cardiac progenitors and is shown to be
expressed in mouse embryonic stem cells with potential to differentiate to
beating cardiomyocytes (Moretti et al, 2006; Kattman et al, 2006). Accordingly
Nkx2.5 expressing cells in the EBs of the present invention was shown to co-
express Flk-1 (Figure 2B). Further N-cadherin is expressed continuously during
heart development, and is associated with cardiac progenitor cells isolated from
differentiating mouse embryonic stem cells (Honda et al, 2006). Accordingly
Nkx2.5 expressing cells in the EBs also co-expressed the cell-cell adhesion
molecule N-cadherin, (Figure 2C).

Isolation of cell population enriched for cardiomyocytes

A single cell suspension prepared from differentiated EBs by gentle digestion
with Accumax reagent was shown to survive better than that when digested with

trypsin, and better than undifferentiated human embryonic stem cells digested
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I mportant regul ator of cardi ac gene expression in the
devel opi ng and adult animals in both m ce and humans

w@ hwpadtden et al, 2002). The marker Nkx2.5 wasPUES€m2000226
by i mmunof | uorescence in cells of EBs differentiated
according to the above protocol. Structural markers of
the cardiac contractile machinery expressed in fetal
cardi onyocytes were co-exphgssed in ceils expressing
Nkx2.5, confirmng their cardiac identity (Figure 1)
It is known that aMHC and M_.C2a are expressed
t hroughout the nyocardiumin the devel opi ng nouse

by GirHGIhal £8 SRR RdrOHRe: BRpTRkiTSiLte of diferentiated
cellﬁ%@&%’é@égﬁgy Ré’c&hé’ﬁh@r? pcﬁgasﬁ J)isadw&rﬁ'g; ®P1iess&Lulture dish

her since a actinin and troponyosin
andaremaxpngs siadle nfoal bt cleadt 48 cbownsadFiduee t B s dribpolpelations

expfssibdBa RepeSEn dniselR LD Gitoksien ades o aigole cel
suspessiohs BPMALS &s Hé‘éérﬂﬁdl iR ABARISM{etdisessi on

is restricted to ventricle andatrioventricul ar canal
when specification of these structures occurs (Cai et

RN) e EIRR 0 Cell WlelRERY R BB rECHESAER, hibgeg relatve
quah@fi®d 8f A2 Paid LAIIRL HEVripRTRNHR! CBHBE X ¥ESsthd population

ventricul ar specification had not yet occurred (Figure
than the CRGH negaivet snavsestpd populaiionsdEigwe Ker kb addition, cells

far, anti body- based cell tion.. The surface rker
sorief} p8ed, ABISSarT 8 GOTOE bR tone Eebbeadicel B Rural
markar dﬂ@@rdﬂ‘ﬁ%ﬁh@@luﬁ?éféﬁcygfﬂ%ﬁk@r Qe NTTHEERRe the sorted
enbryogenesis, and is lost in heart tissue by the tine
cardipmyegyier romdatian abther @rrant inygntionds sieplgted hoen-cardiac cell
Jhe [ ] [ -
ol BRI £S04 P3RS 0k BB EO0 e AR o o
terat@pas ivppnttrarispidntatidreto a livingtanimal.l n this study CD166
was co-expressed with Nkx2.5 by cells in the
differentiated EBsl

Although only a small proportion of the starting differentiated cell population

may express CD166, one of the key features of the cells isolated based on
expression of CD166 is that the cells are capable of replication in culture. The
sorted cells selected by this method have the ability to grow rapidly in culture
when plated at sub-confluent density. CD166-selected cells plated at
approximately 30% confluence (Figure 5A) in tissue culture dishes coated with
collagen | in medium containing 5-20% fetal calf serum were able to grow to
100% confluence in culture within 6 days (Figure 5B). Further during this growth
phase it was seen 48 hours after plating that, approximately 25% of all adherent
cells were in S-phase of the cell cycle as measured by BrdU incorporation
(figure 5C). Alternatively, other adhesive substrates such as fibronectin can be
used to stimulate cardiomyocyte attachment to the tissue culture dish. In
addition, the use of bovine serum can be circumvented by the addition of
growth-stimulating factors in the medium such as fibroblast growth factor or

vascular endothelial growth factor.
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suggesting a fetal devel opnental stage of these cells

(Figure 2A). The VEGF receptor Fl k-1 is expressed by
worwe®1er di ac progenitors and is shown to be PXPseH®OZ0H00226

in mouse enbryonic stemcells with potential to

differentiate to beating cardi omyocytes (Mretti et

al, 2006; Kattman et al, 2006). Accordingly Nkx2.5

expressing cells in the EBgo0f the present invention

was shown to coexpress Fl k-1 (Figure 2B). Further

N-cadherin is expressed continuously during heart

devel opnent, and is associated with cardi ac progenitor

1t i< FRRORR SRt ABRGSIR Soltod F008)e TBBRS IS CHfgp! dnvention
reta‘?ﬁ(mé?lscs,ér‘&%cc lehfity é‘ncﬁ h%vg'?ﬁe %_'oﬁé;hé @T@ﬁﬁﬁ?ﬁﬁ%ﬂoﬁgl SSectrlcally

cel | -cel esi mol ecul e erin
coupsol ga:ardmnwbcy’relsl Iborgaﬁ aeawtkahrpcomﬂaitldrm of cells selected by

it B CIER D ReTHEn S o BeoRPaR EREALS ik actions
imphBRY &Y presensBMelbetricdlly bM@pl@@t ﬂﬁfctlbhépcérﬁﬂimy&%ﬁ’es When
|gested with trypsin, and

thesg diells ewerst ifixed damd nmu%asdyimm @<m’B§$tDU edfl thaliogedine divprker

NG BFimBRIRR o RR8E el RIS of cefif BxeiEsma Nk Visual

coun@pablreppdsenidtid Miplde af tNBSUE ebidssth l@éllsamdvealed that
remai ning viable for at |east 48 hours (Fig

car@emy@sme@t |r%FPf§S@R§ﬁdee§J§$N§f tﬂaanaaﬂ‘@suqfnthemt@f@m céel peeslation
(F@Sﬁé %A) fJeﬂQ“t ém)efe ﬁsﬁgt.&ﬁﬁegmgmg '}”%‘ﬁ%m?egj only

escri’b he ITH eria racte

basht :Hvet ekb&ssmn‘edﬁ kaﬁ!fﬁ (&L nge (63218 g)dﬂs/l_%m@ﬂn@ll\mxeﬁ also co-
relative quantltl Nkx2.5 and a transcrlpt3|
expieRseepibe eRiNas tﬁgcct)w@ﬁumarlﬁn YRS tightcohgls 2a (MLC2a)

corARHG KB rAR GaN ke dRABM AR g (b gure 4). 1

s sorted based on xpreSS| on of CD166
have fewer transcripts of the neural marker NeuroD

A B ol B e i, SR b, P ks
frorl 2Ré ekperidlenfPBugFEitR4t i88hification and isolation of cardiomyocytes
based on the expression of CD166 marker is an efficient way of obtaining a
population of cells enriched in cardiomyocytes. Further, in addition to the
surface marker CD166, selection of cells can be based on expression of other
markers including Flk1, N-cadherin, CD133, and CD117. Further in addition to
MACS, sorting of cells based on surface marker expression can be
accomplished equally as well using other methods known to those skilled in the
art, for example, FACS.

Finally, the invention as described herein is susceptible to variations,
modifications and/or additions other than those specifically described and it is
understood that the invention includes all such variations, modifications and/or

additions which fall within the scope of the description as described herein.
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the potential to formteratomas upon transpl antation
W@ 2008/017490 ng ani mal . Al though only a small pr opoOr/$GmN7/000226
of the starting differentiated cell popul ati on may
express CD1 66, one of the key features of the cells
i sol ated based on expression of CD1 66 is that the
cells are capable of replication in culture. The
sorted cells selected by this nethod have the ability
to grow rapidly in culture when plated at
sub-confl uent density. CD166-sel ected cells plated at
R'ﬁ roxi mately 30% confluence (Figure 5A) in tissue
—Jiéﬁgﬂﬁfb di shes coated with collagen | in medium
containing 5-20%fetal calf serumwere able to grow to

Caﬂ@@"/zmnw Uﬁéi'fbeL' Bu ¢U t{yéh% WZHHHE; R, E’i@lfsl?&gérﬁéfd%@?’bhen

Further during this growt A phase 1t was seen 48 holurs
J, BvanerS.pRaes.nkr haeneammomhna’m reigjorzt vates ofiiprolifeitatioarand

reoifial SRS BR o ftaer s Dexelbmen GOt fse !

adhesi ve substrates such as fibronectin can be used to

Hiratai Hiuiatkaedindi Mivsamtd &, aidsaRa e NMhotie K, mgar@%heA Jakt LM,
culture dish. In addition, the use of bovine serum can

Asahieraly duripert SaweyY davamata sorquﬁ BEGAK(GP1G6) i pgtace
mafiF 61 Sarly AR TERB M B GRsaE NG Rl ordh 8 felh(f 25110-50.

or vascu ar en
that the cells isolated by the nmethod of the current
Homda/h/htKLmlsakeAaOhnuhm K, Oaochidd, HalmatzakiyT $nAlsdsiiaatMe 2006.
onal , elec

tial to,f ct |
N-Bhe s B eiBed kel e e B daniior sbrIdRTHASBE Cifarpgtiated
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begi n spont aneous contractions, inplying the presence
3516#):87280r i cal |y coupl ed, functional cardi omyocytes.
When these cells were fixed and visualized for

[ t ha r . NKx 2, .
Al S5P oD 1 RRASPER) 205 B Y corippocuin
probkm?or&ell’sfgb\uﬁhs@ tItHe @érdl‘cﬁﬁy(ﬁfywtéﬁdo‘ﬂ%lfdl edritbvascular
Nkx2. 5 eixpr essing cells reveal ed that
smooth muscle lineages.Dev Cell.11(5):723-32.
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Moretti A, Caron L, Nakano A, Lam JT, Bernshausen A, Chen Y, Qyang Y, Bu
L, Sasaki M, Martin-Puig S, Sun Y, Evans SM, Laugwitz KL, Chien KR.,2006.
Multipotent embryonic isl1+ progenitor cells lead to cardiac, smooth muscle,
and endothelial cell diversification. Cell.127(6):1151-65

Siu CW, Moore JC, Li RA., 2007. Human embryonic stem cell-derived
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Hoff MJ., 2006. Atrial and ventricular myosin heavy-chain expression in the



cardi onyocytes represented greater than 50% of the
total cell population (Figure 6A). However cells that
wowese/oraeat i ve for CD166 marker showed only baBel/SGEw@h00226
expression of Nkx2.5 (Figure 6B). Cells expressing
Nkx2.5 al so coexpressed the cardiac structural narker
myosin |ight chain 2a (M.C2a) confirmng their cardiac
identity as shown in Figuregs6C. Al the above
experinments were perfornmed with stringent controls.
The results fromthe experinments suggest that
identification and isolation of cardionmyocytes based
on the expre S|on of 166 rker is . an effjcient way
devgloriRs SRAG Peaoptipasthe angt e Ionsiashslicaptie in St
hybﬁarz@meﬁwqqast&ﬁrenmywwemlﬁn éféuémn to the surface
nar er CD166, selection of cells can be based on
essi on of other markers including FIKI
&%Hﬂ@@ﬁ?ﬂ CD133, and CD1 17. Further in addition to
N%CS sorting of cells based on surface marker
expressi on can be acconplished equally as well using
ot her net hods known to those skilled in the art, for
exanpl e, FACS. Finally, the invention as described
herein is susceptible to variations, nodifications
and/ or additions other than those specifically
described and it is understood that the invention
includes all such variations, nodifications and/or
additions which fall within the scope of the
description as described herein. References: Cai CL,
Zhou W Yang L, Bu L, Qang Y, Zhang X, Li X
Rosenfeld M5 Chen J, Evans S., 2005. T-box genes
coordi nate regional rates of proliferation and
regi onal specification during cardi ogenesis.
Devel opnent . 132(10) : 2475-87. Hirata H, Mirakam Y,
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(CD166) is a surface marker for early nurine
cardi omyocytes. Cells Tissues Organs. 184(3-4):
172- 80.



10

15

20

25

30

Honda M Kurisaki A, OChnuma K, Ckochi H, Hamazaki TS,

Asashima M, 2006. N-cadherin is a useful marker for
wo b@oprageni t or of cardi onyocytes differenti at BAT/BGTOT/000226

nouse ES cells in serumfree condition. Bi ochem

Bi ophys Res Commun. 351(4):877-82. Kattman SJ, Huber

TL, Keller GV, 2006. Multipotent flk-1 +

cardi ovascul ar progenitor cgls give rise to the

cardi onyocyte, endothelial, and vascul ar snooth nuscle

i neages. Dev Cell.1 1(5):723-32. McFadden DG d son
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s
1 Rehbin gl PESRAREEhS, L8 a B Ao U Fom o
hetemeneﬁuslpmpﬁl%oldhﬂrcbffdr@ntnhied%em e¢li3( cohpmising contac’ung the
onic s der di onyocytes for

netg GRS sre P Age Ugatﬁﬂegép@?y binds to
6t i Sl ST By 48

as gardiamyegwies:ent ri cul ar myosi n heavy-chai n expressi on
i n thedevel opi ng chi cken heart: strengths and

|mt ns of ,.no di ogctiye in situ hybridization,
tndimitbo BrcBiis fa iah d¢ funkey. @it & step of isofating the
Se|g&galcgmgﬁg,og,@ ulatigh. et hod of identifying and
sel ecting a cardi onyocyte popul ation froma
het er ogeneous popul ation of differentiated stemcells,
er ogeneaqus

3. BRI BhePpE R RRRG o a2 A e R REDOcs ton of arpRagating

the Belstged @aﬂinoﬂn?@éﬁte%u%fdﬂﬂ iAraRayd.e nmarker and
selecting cells bound to the said agent

4. The method according to claim 1, wherein the cardiomyocyte marker is
selected from a group consisting of CD166 (ALCAM), VEGF receptor Flk1, N-

~ cadherin, CD133 and CD117 (C-kit).

5. The method according to claim 1, wherein the cardiomyocyte marker is
CD166 (ALCAM). |

6. The method according to claim 1, wherein the cardiomyocyte marker is a

fetal marker.

7. The method according to claim 2, wherein at least 50% of the isolated cells

comprise cardiomyocytes.

8. The method according to claim 1, wherein the identified cardiomyocytes have

a fetal phenotype.



10

15

20

25

30

as cardi omyocytes. 2. The nmethod according to claim1,
further conprising a step of isolating the selected
we andiooriyocyt e popul ati on. 3. The met hod accorBPECTI§G2007/000226

claim2 , further conprising a step of propagating the
sel ected cardi onyocyte population in culture. 4. The

nmet hod according to claim1, wherein the cardionyocyte
marker is selected froma gjgoup consisting of CD166
(ALCAM, VEGF receptor FIkl , Ncadherin, CDl1 33 and

CD1 17 (G kit). 5. The nethod according to claiml1,
wherein the cardi onyocyte nmarker is CDL 66 (ALCAM. 6.

he hod according to clajm 1, wherein the
9. ThE BIRgOrCadNg ko paid § Waptsh 4 kantied crrdiomasyies are
Capeé@,f@g,ﬂb,r&;férgﬁﬁé & &},,ﬁ,rey\her ein at | east 50% of the
[ I

i sol ated cell s  conprise cardi onyocytes. 8. The net hod
according to claim1, wherein the identified

rdi omyocytes .have a fetal ,phen pe.9,. The t hod
10. omﬁ@%gcgpg‘g[ﬁoﬁamér gl,hﬁ:rglng}‘lgd(i@ﬂt[flppqurg%myocytes are
capediali IMUAGHNAE B68rSARAR! GrRfoPfekhing" Alddecal
p?ﬁl ture. 10. The mret hod accor%li ng tg%cl adlgm ci Wmceorugllend cel
clugtres.i denti fi ed cardi onyocytes are capable of rhythmc

contractions and/or formng electrically coupled cell
clusters. 11. The nethod according to claim1, wherein

11.1Tee Fietihod aktordiigetos lagrit € dvidreln fHestahPeells ans ksl from
of enbryonic stem (ES) cell, pluri got ent stemcells,

theh@%tpopfé’inéﬁtiegsﬂferﬁrﬂ@%ypﬁic seMporehtcell grtudeotest stem cells,
herﬁ?@ﬁ}@ﬁé@?ﬁ{%{amséeqm ftlootent B eIt RBERLhImANSteddUbls, neural

stem celis and adult stem celis.

12. The method according to claim 11, wherein the stem cells are human ES

cells.
13. A cardiomyocyte population, identified by the method according to claim 1.
14. A cardiomyocyte population, isolated by the method according to claim 2.

15. A model for study of human cardiomyocytes in culture, comprising the

cardiomyocytes according to claim 14.

16. A kit for cardiotoxic testing comprising the cardiomyocyte(s) according to

claim 14.

17. A method of preventing, repairing and/or treating at least one cardiac
disorder in a subject, the said method comprising transplanting the

cardiomyocyte population isolated and/or enriched according to claim 14.



10

15

12. The method according to claim1l, wherein the stem

cells are human ES cells. 13. A cardionyocyte
w@omaloat4bon, identified by the nethod accordi nBCT/8G2007/000226

claim1. 14. A cardionyocyte popul ation, isolated by

the nmethod according to claim?2. 15. A nodel for study

of human cardi onyocytes in culture, conprising the

cardi onyocytes according topxclaiml4. 16. A kit for

cardi otoxic testing conprising the cardi onmyocyte(s)

according to claim14. 17. A nethod of preventing,

repairing and/or treating at |east one cardi ac

di e | ubj.ect.. the said method conprising’ )
18 BT ot ForfnBiRdieeBiiy GhiaEfhraveoes der Girblasoratamiantation,
saidneddsl ceniprishied according to claim 14.18. A nodel for

testing suitability of cardionyocytes for cardiac

t r andONamiraan c?rﬁ‘,'m§éh@wﬁ@@emeaebrmﬁ|%ipagamétem@ﬁdar,diao function

b hayiing,.: S ranet.er of .cardiac

e e neih e HRCLARRE G0 S PRt Sardiomyocyte
poputatinvaceprdingi s alaiirety patdineplpatich: Reeul at i on

accordin o claim 14 by transplantation; and a means

t o HELER defermine qaidiaci binctien afethgnanimal dusfforee and dafter

: ' i.sol ._cardi omyocyte

a0 P SRl Bariorh 155 BoBl Rifofis:

cardi ovascul ar conpounds, the said nmethod conpri sing

bi ti di te | ati di t
19. SR nsifior 5 Scicening 1o LerdigheSeita sampouars, dhs @eid method
LU _ oY . T " of
COMRINEING SuDICRIAG @ ¢aMdicinytif BEpaRRth AdordAl 90 Haifl 176 test
at lepst Apeheampeuend, dimd) absecviag rantlor Wterpreting ke carlist apecific

reséﬁssgé (fn" tﬁerc%wfgrrhsy%c%eg%ltﬁg Sat ?elgs ro%teltggt (%cm;g&?nd(.} T

20. The method according to claim 19, wherein the cardiac specific response
comprises alteration of the Q-T wave.



