1 Method for identifying and selecting cardiomvocvtes Field of the invention The present
invention relates to the identification and isolation of cardiomyocytes from human embryonic stem
(hES) cells. 5 Background of the invention Cardiovascular diseases remain the leading cause of
mortality and morbidity world wide. Since adult cardiomyocytes do not regenerate, the death of these
cells compromises the myocardial contractile function. For instance when the 10 coronary vessel is
occluded by a thrombus and the surrounding cardiomyocytes cannot be supplied with necessary
energy sources from other coronary vessels. The {oss of functional cardiomyocytes may lead to
chronic heart failure. A potential route of restoring normal heart function is replacement of injured and
dead cardiomyocytes by new functional cardiomyocytes. 15 The success of regenerative cardiac
medicine depends on the availability of cardiomyocytes in sufficient numbers for the transplantation of
the cardiac tissue. Cardionypoyés: dseithie elienbaldotiesteeliveaybbytration after myocardial
infarction or heart failure and human embryonic stem (h ES) cells are 20potential source of
transplantabig, 5(;1' YoRUes Ski et al, 2007). A limitation in the study of cardiomyocytes has been
the inability To Tdent €se cells prospectively. The current protocols designed to direct the

The present invention relates to the identification and isolation of

cardiomyocytes from human embryonic stem (hES) cells.

Background of the invention

Cardiovascular diseases remain the leading cause of mortality .and morbidity
world wide. Since adult cardiomyocytes do not regenerate, the death of these
cells compromises the myocardial contractile function. For instance when the

10  coronary vessel is occluded by a thrombus and the surrounding cardiomyocytes
cannot be supplied with necessary energy sources from other coronary vessels.
The loss of functional cardiomyocytes may lead to chronic heart failure. A
potential route of restoring normal heart function is replacement of injured and
dead cardiomyocytes by new functional cardiomyocytes.

15
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

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

A limitation in the study of cardiomyocyies has been the inability to identify
these celis prospectively. The current protocols designed to direct the
differentiation of human embryonic stem cells in vitro towards cells of the
25 ' 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 cardiomyocyie populations are

desired. Nearly pure populations of cardiomyocytes have been generated from




differentiation of human embryonic stem cells in vitro towards cells of the 25 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 2
mouse embryonic stem cells using a method requiring prior genetic transformation of the stem cells.
Genetic transformation of stem cells is time consuming and may preclude the enriched cell population
from use in the clinic. It would therefore be an advantage to have a method capable of isolating a 5
population of differentiated cells enriched for cardiomyocytes from wild-type stem cells. Furthermore, it
would be an advantage if a large proportion of the enriched cardiomyocytes were viable and capable
of proliferation, allowing the enriched population to expand in culture for a number of population

doublings. 1gpusymamishiiadnvesioncEle pleseNt Mvension addesmasthedfipblespe@bove and in

particular provides new and roved method_of identification and isolation of cardiomyocytes from
differentiated 8R% ﬂﬁ@%@ﬁn%s?‘%@|§’.eﬂ1%c&8ﬂ$§%o“5?ﬁﬁ rgg&(gg’ ﬂisfﬁ’&gﬁﬁ?n@eﬂﬁlﬁm provides a
method of 1Godentifyigguadehagleetitigdedard mmyosy tesfi qrudatadiofr rona deetdiagendioits population of
differentiateq, ste Is, compyising contacting the heterogenepus cell ulation,with at least one
agent that sgtegﬁ@glé%%%%%r§o {33? Iéa%s?g\r/\aenéaa ié?n;%‘éye/tgg Mar %Oraaﬁapéﬁie%cﬁ?\glstﬁé\{ BGUAd cells as
cardiomyocyesulidthehndiffeydritietiedr celispesrshigdldtingdhdisrivatytbsaimimmybdyieeopulation.

There is alsa uvided +DABAASEPIPRAARITA e SElRRIEseardlomartR gRUiptiendg cuture I

particular, the at least one cardiomyocyte marker Is sel Isting of CD166
(ALCAM), VEUTEhedegatstignyocKes were viable and capable of proliferation, aliowing the

enriched population to expand in culture for a number of population doublings.

10 Summary of the invention

The present invention addresses the problems above and in particular provides
new and improved method of identification and isolation of cardiomyocytes from

differentiated embryonic stem (ES) cells.

According to a first aspect, the present invention provides a method of
15  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 the bound cells as cardiomyocytes.

20  The method further comprises isolating the selected cardiomyocyte population.
There is also provided a method of propagating the selected cardiomyocyte
population in culiure. In particular, the at ieast 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

25  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 ideniified 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




cadherin: CD133 and CD117 (C-kit). More in particular the at least one 25 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 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-limitative example, the stem cells may be selected from a group consisting of
embryonic stem (ES) cell, pluripotent stem cells, 6hematopoietic stem cells, totipotent stem cells,
mesenchymal stem dells, neural stem cells and adult stem cells, in particular the stem cells may be
human ES According to another aspect, the invention provides a cardiomyocyte population 10 having

the charactesisdigs a5 hryeiaideljord. WpRraHCHiRtdnaret PruAdre Gatlinnieeyie pepulation
identified and /or isolated by the method according 50 thﬁaf)resent fnve_nt?iﬁn. Therg%js als? provided a
cardiomyocyieE8uI o ANEHIRYS %@EYS?{%W@?O ARt BIn & SR nFaMREH 1% ccording to

yet another akpeets thesinyaphdimitividescampigettfer sttudycefib ungniearshioyocsties ia culture,

comprising the cardiomyogyte papulation. The inventignfurther provides a kit for cardigtoxic testing
comprising ’tﬂ?%ﬁrdﬁ’&%}gﬁx% ﬁgplﬁg\%&qmc stem f) ce pﬂunpostenk stem - celt,

5 hematopoietic stem cells, totipotent stem cells, mesenchymal stem cells, neural
stem cells and adult stem cells. In particular the stem cells may be human ES

celis.

According to another aspect, the invention provides a cardiomyocyte population
10 having the characteristics as herein defined. in particular, there is provided a
cardiomyocyie population identified and /or isolated by the method according fo
the present invention. There is also provided a cardiomyocyie population

isolated according to the method of the present invention.

15 According to yet another aspect, the invention provides a model for study of
human cardiomyocytes in culture, comprising the cardiomyocyte population.
The invention further provides a kit for cardiotoxic testing comprising the

cardiomyocyte population.

20  Another aspect of the invention includes a method of preventing, repairing
and/or treating 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

25  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:




20Another aspect of the invention includes a method of preventing, repairing and/or treating 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 25defect, congenital
heart defect and ventricular aneurysm. 4 A non-human animal having a measurable parameter of
cardiac function wherein the said animal is capable of receiving an isolated cardiomyocyte population;
and a means to determine cardiac function of the animal before and after 5 transplantation of the
isolated candiomyocyte population. In particular the model may be an immunodeficient animal created
as a model of cardiac muscle degeneration following infarct that is used as a universal acceptor of the
isolated cardiomyocyte population. More in particular the animal model may be murine, ovine, bovine,

Porcine or a non-hNmgh-RimateaMAES iR kAkis W dbe-d0RasaraRief fataiar iunsiiaamay be
contractile function. According to yet another aspect the invention prowdes a method of screening for

cardlovascu}"c’\f?%rﬁfﬂpmﬁ'@?’q‘n ARl ﬂ?@?ﬁﬁh% PSS 8RS aRe irRy iReaYE & rdiomyocyte
population tp&bdeagiror@dest compound, 15 and observing a cardiac specific response of the
cardiomyocytes to at least on Qe%%f om oung art icular g(ﬂ]“l gag%'%% ls e ific response may

comprise alteratiorf of G2 Wi Eipich Hf’ R eiore and aner

& ftransplantation of the isolated cardiomyocyie population. In particular the model
may be an immunodeficient animal created as a model of cardiac muscle
degeneration following infarct that is used as a universal acceptor of the
isolated cardiomyocyte population. More in particular the animal model may be
murine, ovine, bovine, porcine or a non-human primate. More in particular the

10  parameter of cardiac function may be coniractile function.

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 o at least one test compound,

15  and observing a cardiac specific response of the 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

20  Figure 1 represents the expression of the cardiac transcription factor Nkx2.5
analysed by immunofiuorescence 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

25  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).




20Figure 1 represents the expression of the cardiac transcription factor Nkx2.5 analysed by
immunofiuorescence following culturing of human embryonic stem cells for 14 days, under conditions
which promote cardiomyocyte differentiation. The nuclei are counterstained with DAR (blue), the area
shown by arrows. Figure 1A represents the co-localization of Nkx2.5 (green) with the cardiac 25marker
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 Nicx2.5 (light grey) with the cardiac marker MLC2a (dark white). 5 Figure 10
represents the co-localization of Nkx2.5 (red) with the cardiac marker alpha-actinin (green). The black
and white view of Figure 10 represents the co-localization of Nic<2.5 (light grey) with the cardiac

marker althmré@%kaMmte)e Soigbeel iiﬁx'fﬁpcewmz theee)-loidalinatiendd dinsier (red) with the

cardiac ma k r tro sm Th d white view of F ure 1D r sents the
co-IocaIizaeﬁ W%ﬁ?;lﬁ?l)b\ﬁﬂﬁg aé/ har %elz%r'e Bﬁeomyégﬁﬁa%%v%ﬁéﬁ. Figure IE
representsictha:zeﬂmmaﬁzaﬁnxﬁ of MNgi2 @r@sédwmhthhee:am‘mamdtkemm{e@mmg(émk). The black and

white vie "‘;ﬁ ure 1E represents the co- localization of Nkx2.5 (light grey) with the cardiac marker
ar

MLC2v (d |te). Figure 2 represents the expression of the cardiac transcription factor Nkx2.5
(greerd) ankigees By iantasenth tresselaaalishboning N ged hwitiaihe cardiac marker

tropomyosin (green). The black and white view of Figure 1D represents the co-

localization of Nkx2.5 (light grey) with the cardiac marker fropomyesin (dark

white).

Figure 1E represents the co-localization of Nkx2.5 (red) with the cardiac marker
10  MLC2v (green). The black and white view of Figure 1E represents the co-

localization of Nkx2.5 (light grey) with the cardiac marker MLC2v (dark white).

Figure 2 represents the expression of the cardiac transcription factor Nkx2.5
(green) analysed by immunofiuorescence following culturing of human
15  embryonic stem cells for 14 days under conditions which promote
cardiomyocyte differentiation. The nuclei are counterstained with DAP! (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-
20  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 represenis the co-localization of Nkx2,5 (green) with the cardiac
25  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 celis at 48 hours,
30 following digestion of the embryoid bodies and undifferentiated hES with trypsin




15 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 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- 20localization 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 28 represents the co- localization of Nkx2.5 (dark white) with
the cardiac marker Flk-1 (light grey). Figure 20 represents the co-localization of Nkx2.5 (green) with
the cardiac 25 marker N-cadherin (red). The black and white view of Figure 20 represents the
co-localization of Nloc2.5 (dark white) with the cardiac marker N-cadherin (light grey). 6 or accumax
reagent, and plating of the single cell suspensions on collagen | treated tissue culture dishes. Figure 4
represents quantitative PCR analysis of RNA extracted from MACS 5 sorted cells based on expression
of 0D166. FRIFETEPRISERREPRE Skiskddaily gritecaiflir: FRlrREEPRISINS SRAcaNAYEN deural marker

NeuroD1, pigipetentsedzimarkefispeldt and endodermal cells marker AFP on cells isolated based on
expression of CD166 enriched for cardiomyocytes. 10Figure 5 represents proliferation of cells in
collagen | coated culture dishes ,isolated based on expression of CD166..

Figure 4 represents quantitative PCR analysis of RNA extracted from MACS
5 sorted cells based on expression of CD166. Figure represents the expression of
the cardiac markers Nkx2.5 and oMHC, neural marker NeuroD1, pluripotent
cells marker Oct4 and endodermal cells marker AFP on cells isolated based on

expression of CD166 enriched for cardiomyocytes.

10  Figure 5 represents proliferation of cells in coliagen | coatéd culture dishes
.isolated based on expression of CD166.,
Figure 5A represents the sub-confluent layer of surviving celis attached to the
dish after one day in culture.
Figure 5B represents confluent layer of surviving cells attached fo the dish after
15 six days in culture.
Figure 5C represenis the analysis of cells in S phase by BrdU (green)
incorporation into the layer of surviving celis attached to the dish after two days
in culiure. 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 celis
20  attached to the dish after two days in culture

Figure 6 represents immunofluorescence 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

25 medium containing bovine serum and allowed to grow fo confluence over a
period of five days. Nucleil are counterstained with DAPI (blue). in the black and
white view the Nk2.5 stained celis appear to be dark white while the DAP!I
counterstain appear as light grey.




Figure 5A represents the sub-confluent layer of surviving cells attached to the dish after one day in
culture.  Figure 5B represents confluent layer of surviving cells attached to the dish after 15six 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
50 represents the analysis of cells in S phase by BrdU (dark grey) incorporation into the layer of
surviving cells 20attached to the dish after two days in culture Figure 6 represents
immunofluorescence analysis of the expression of Nkx2.5 (dark pink) and MLC2a (green) following the
sorting of the 14 day old EBs based on expressioh of 0D166, and plated on collagen | coated dishes in
25 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 co rstain appear as light grey. 7 Eigure 6A represents 00166+
cells expre\é\%}%tdr%zggagg%ﬁ@%%tfte%; ée% 85553 f(gg?ﬁ%ﬂ%()l.[’%ec ig!%(m r?g%%it@%?é% of Figure 6A
represents G156+ dalksrinioreSbimd ek @ndivhijpriay whaieuRIGR . Bidesenthitd). 1BRjure 66
represents t ~Gell ; Ry di B¢thie cardiomyocyte marker
Nkx2.5 (darl?%‘i?%%&l%\%sbl fﬂg%%%ﬁﬁg@v&éﬂ%ﬁ%@g( %\lgpﬁ?’élggﬁt(ﬁﬁg%jmm& cells do not express or
express very e GRHerRsaRbRba) e AidtkerN b, BYHaNRRRRS FRYOrRSSOVREpIEEeE 00166+ cells

expressing hg cardigmyeHHe Maiks \ikx2.5 (dark pink). The black and white view Figure
6B represents that CD166- cells do not express or express very littie of the
cardiomyocyte marker Nkx2.5 (dark white)
Figure 6C represents CD166+ cells expressing the cardiomyocyte markers
Nkx2.5 (dark pink) and MLC2a (green). The black and white view Figure 6C
10 represents CD166+ cells expressing the cardiomyocyie markers Nkx2.5 (dark
white) and MLC2a (grey).

Brief description of the seguences

SEQ ID NO. 1 refers to Actin forward primer
15 5- CAATGTGGCCGAGGACTTTG -3
SEQ ID NO. 2 refers to Actin reverse primer
5- CATTCTCCTTAGAGAGAAGTG -3
SEQ ID NO. 3 refers to Nkx2.5 forwérd primer
5- AGAAGACAGAGGCGGACAAC -3
20  SEQID NO. 4 refers to Nkx2.5 reverse primér
5- CGCCGCTCCAGTTCACAG -3’
SEQ ID NO. b refers to aMHC forward primer
5- ATTGCTGAAACCGAGAATGG -3’
SEQ ID NO. 6 refers to aMHC reverse primer
25 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’




Nkx2.5 (dark pink) and MLC2a (green). The black and white view Figure 60 10represents 0D166+
cells expressing the cardiomyocyte markers Nkx2.5 (dark white) and MLC2a (grey). Brief description
of the sequences SEQ ID NO. 1 refers to Actin forward primer 155'- CAATGTGGCCGAGGACTITG -3'
SEQ ID NO. 2 refers to Actin reverse primer 5- CATTOTCC2,TTAGAGAGAAGTG -3' SEQ ID NO.
3 refers to Nkx2.5 forward primer 5- AGAAGACAGAGGCGGACAAC -3' 20 SEQ ID NO. 4 refers to
Nkx2.5 reverse primer 5'- CGCCGCTCCAGTTCACAG -3' SEQ ID NO. 5 refers to aMHC forward
primer 5'- ATTGCTGAAACCGAGAATGG -3'$SEQ ID NO. 6 refers to aMHO reverse primer
25CGCTCCTTGAGGTTGAAAAG -3' SEQ ID NO. 7 refers to NeuroD forward primer

SEQ ID NO. 9 refers to Oct4 forward primer
5- GGCAACCTGGAGAATTTGTT -3
SEQ ID NO. 10 refers to Octd reverse primer
5- GCCGGTTACAGAACCACACT -3’
5 SEQID NO. 11 refers to AFP forward primer
5- GTAGCGCTGCAAACAATGAA -3
SEQ ID NO. 12 refers to AFP reverse primer
5'- TCCAACAGGCCTGAGAAATC -3

10  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.

15
The present invention provides new and/or improved method of identification

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

According to one aspect, the invention provides a method of idéntifying and

20 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

25 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

30 poputation in culture. In particuiar, the at least one cardiomyocyie marker is




5'- GCCCCAGGGTTATGAGACTA -3' SEQ ID NO. 8 refers to NeuroD reverse primer 5'-
GICCAGCTTGGAGGACCTT -3' 8 SEQ ID NO. 9 refers to Oct4 forward primer 5'-
GGCAACCTGGAGAATTTGTT -3' SEQ ID NO. 10 refers to Oct4 reverse primer 5'-
GCCGGTTACAGAACCACACT -3' SEQ ID NO. 11 refers to AFP forward primer 5'-
GTAGCGCTGCAAACAATGAA -3' SEQ ID NO. 12 refers to AFP reverse primer 5'-
TCCAACAGGCCTGAGAAATC -3' 10Detailed description of the invention Bibliographic references
mentioned in the present specification are for conyenience 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. 15 The present invention provides new and/or improved method of
identification and isolation of cardiomyocytes from differentiated embryonic stem (ES) cells. According

to one aspeekidutethHentidnengavidesoadigip dra IdifNDG AN, 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.

Sorting of celis based on surface marker expression may be accomplished by
using any technology known in the art. For example, sorting of cells based on
surface marker expression may be accomplished by using Flow Assisted Cell
Sorting (FACS) or Automated Magnetic Cell Sorting (MACS) technology. The

10 preparation of the cells for FACS is similar to preparation of cells for MACS
except that the secondary antibody is conjugated fo a FACS-compatibie
fluorophore instead of a magnetic microbead.

At least 50% of the identified, selected and/or isolated cells according to the
‘15 invention may comprise cardiomyocytes. in particutar, 55%, 60%, 70%, 80% or
90% of the isolated celis 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 culiure. in particular at
20 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

confractions and/or forming electrically coupled cell clusters.

As a non-limiting example, the stem cells may be selected from a group
25 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 ieast one ES cell line recognised the NiH human stem cell

30 registry (htip://stemcells.nih.gov/research/registry/defaulipage.asp) according fo




20 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 25be prepared according to the method
described in WO 20071030870 (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 cardiomyocyig 30population in culture. In particular, the at least
one cardiomyocyte marker is 9 selected from the group consisting of CD166 (ALCAM), VEGF
receptor Flk1, Ncadherin, C0133 and 00117 (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. 5 Sorting of

cells based i suEihce snafkeeBHEsRIBaaNRY B ataesdplisiieth biviesin¢hapyrirohiolp@y known in the
art. For exa sorting of gells b 0 rface. marker expression may be accomplished by using
Flow Assistgg’ggﬁ@gr %‘&Eﬁ&@%ﬂ%ﬁ%rﬁ?ﬁé@é&%éﬁ%@%l‘*§8§ing (MACS) technology. The 10
preparation of the cells for FAGS is similar to preparation of cells for MACS except that the secondary

antibody is e¢gpj f0.a FAC ihle finorophore, inste agnetic micr d. At least
50% of the id%é?éﬁﬁé%g %el%%tgasgn g%c%:?g%a}l%?éd gc% I% {a)%c%o%jfgr% to Th%ﬁ%q%\vgenrﬁ%%r?ﬁég %%?nprise
cardionfyocyée. In galtitingrab8ois 60pabrw, 800¢an D Hiftsrandiatisiatetheeitemageiomprise
cardiomyocy,g%@ iBé)agggg@@thﬁdglergifigguﬁpl%@ﬁﬂgl%fiseﬁ@g&%di%oqg@ oAy have a fetal
phenotype. The cardiomyocytes may be capable of proliferating in'culture. in particular at 20 ieast 25%

of the identif BRI M§EE)tesHray BEMRIOPPIStE ofierR capliscidotingtanh Sgticuled!ithe identified
cardiomyocyfrsareriarabiesed rMIEMerentsastionsianshar Jaimisteriessiisally earpigcell clusters.

the stem cell may be human embryonic stem (hES) cells. For example the stem
10 cell may be derived from a cell culture, such as hES cells. The stem call may be
derived from an embryonic cell line or embryonic tissue. The embryonic stem
cells may be cells which have been culiured and maintained in an

undifferentiated state.

15 The stem cells suitable for use in the present methods may be derived from a
patient's own fissue. This would enhance compatibility of differentiated tissue

grafts derived from stem celis with the patient.

Differentiated stem cells may express markers on their cell surface that may be
20 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
25  the cells of interest, or detectable level of the marker is sufficiently higher in the
cells of interest, compared fo other cells, such that the celis 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

30 express a polypeptide that is not found in the fully differentiated progeny cell. A




As a non-limiting example, the stem cells may be selected from a group 25 consisting of embryonic
stem (ES) cell, piuripotent 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 30registry
(httollstemcells.nlitgoviresearch/reaistry/defaultpage.asp) according to 10 the methods and ethical
standards mentioned therein. More in particular, §3e hES cell line hES3 from ES Cell International may
be used. "Stem cells" as described herein refers to a stem cell that is undifferentiated 5 prior to
culturing and is capable of undergoing differentiation. The stern cells may be selected from a group
consisting of embryonic stern (ES) cell, pluripotent stem cells, hematopoietic stem cells, totipotent
stem cells, maisenchyreal siemselissseurligiepticelthantd adilegieasselisnispastiadiag the stem cell

may be human embryonjc stem (hES) cells. Fpr e e the stem 10 cell may be deriyed from a cell
culture, sucﬂsﬁg%%gge@%ﬁ%@(}%w 8“%&? %Se %ﬁ%’dq g%oypgmn%?%ﬁ(@%écﬁli %eégembryonic
tissue. The poarypiidestant ¢ellsdniayrbetesdsalicmpavgdreen onltateer arellsnalirdamad in an
undifferenti : 15T em cells_suj far use i RIeS m erived from a
patient's ow%nt%l%s'sghﬁm% vgﬁiu%gghhjrl%é C mé@é%gﬁitisofgc‘ﬁ g}gmaﬁ(&l rﬁsﬁégé}egg?af@ d%%]ged from stem
cells with thislgriifati @iffee nseiriip stethaelermajetprarkenariesr s et thelcteieserfiace that may be

20 indicative of g.sRacitic call typeJeraramplRibdiFatie CrardomnsHics: She.magkers may be

used to identify and isolate the differentiated cardiomF%/ocytes from other differentiated cells and

undifferentidBensioreiibe prlladista R gsiyRefirharsaieryse salls thaeraleandlieste expressed
on a cell of intgreshiihdersRegie Makeinmais be aieseniansiadhe eedsopbdatRrpvemicencompass 25

the cells of interest, or deteCtibleWQ}%?e marker% sufficiently higher in the cells of interest,
e

compared t&"GHHEF &hd B8 P FRRIUSE tdn BRIt - ity &' d Variety of
methodls asiknoWR:D. hexautHIt Will iezandeistoed by dhaisen{c kit po e ar. thabaxprgssion is a
N R A R e B A TR L i
VEGF receptor Flk1, N-cadherin, CD133, CD117 (C-kit). More in particular the
cardiomyocyte marker may be CD166 (ALCAM). These markers are well known
in the art, and agents (reagents) for the detection thereof are widely available.
15 In a typical assay for detection and/or isolation, a heterogeneous population of
differentiated stem cell is contacted with at least one a marker-specific "agent",
and detecting directly or indirectly the presence of the complex formed. The
term "agent" as used herein refers to a moleculé capable of binding to another
molecule, for example the marker on the cell surface, through chemical or
20  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,
25 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 fo a support, fluorochromes, which can be used with a fiuorescence
activated cell sorter (FACS), or the like, fo aliow for ease of separation of the

30  particular cell fype. Fluorochromes that find use include phycobiliproteins, e.g.




30express a polypeptide that is not found in the fully differentiated progeny cell. A 11 cell of interest
may express a polypeptide that is not expressed in surrounding tissues, e.g. the cardiomyocyte cells of
fetal phenotype may express CD166 polypeptides not found in mature cardiomyocytes or on other
cells of a noncardiomyocyte lineage. This specificity is sufficient for purposes of cell identification arid
isolation. Therefore, "fetal markers" as used herein refer to a marker on a cell, in particular
cardiomyocytes that is indicative of the fetal phenotype of the cells. Fetal phenotype further refers to
cells that are capable of proliferating in culture. Spme fetal markers of interest in the present invention
include CD166 (ALCAM), VEGF receptor Flkl, N-cadherin, 00133, CD117 (C- 10 kit), Nloc2.5, a-MHO,
fvlLC2a, MLC2v, a-actinin and tropomyosin. In particular, fetal markers of interest in the present
invention include CD166 (ALCAM), VEGF receptor Flkl , N-cadherin, CD133, CD117 (C-kit). More in
particular thehgatdientyRcidadnankenpaay RmiaE) LAtoMEsefManthgesamarkersreg uegitiknown in the

t, and ts ( for the detection th f idel ilable. 15 In a typical f
Gotoction AR ORI &11BKE/SUOHLb HOBLRSCI O BEILR At BB AR oRSractot with at

least one a asmakeisspecibcitagdot” cact detektingMorctiy o irmitisotijethespeetender ofhe complex

formed. The teFf{”e r"éaﬁ_\ent" as l#cs),g g%rgina&%f%satnoc m%ecule Cf%gggl%of binding to apother molecule,

d
for examplenf'f?e mar earyo?letﬁe Celrgur ace, throug hentical ar phy%?’cs'almrﬁ aﬁ'g,'a Rerein the agent

and th&ma@&eﬂfmpmmﬂﬁdm@crzﬁirﬂ?@r mcam@lgraintmdd@ sige i, fdpme@@.céw;ﬁ'qn‘a@b markers are
commercia b aRRNeI AHINRS DR s SoRYRHRIRaMEIRATY SR e art therefore

the antibodies and markers form a binding pair. Of particular interest is the use of antibodies as affinity
reagents. Céﬁvéﬁwlﬁ%m%%%ﬁi@&ﬁég Hhete sipiideca e anabenibpdiss inyéishfation. Labels

include magngtiehanrdpeutiiay. aligusionsitRatiseRamiien.eedmagathtReaitiedeliaaer (MACS),

biotin, which_can be removed with avidin or streptavidin bound to a support, fluorochromes, which can

be used witlr ' fdorBlcertd dBfvitEd LR SOHBPHERARSY dranalRlied oo lrHn S8R separation of
the 30particularyeeddypiecrduospehises hahéiscorse dnchiee phyepilipsbteins, sigw Ia-phycoerythrin
and aliophyc 1ins, fluorescein and Texas red. Frequently each antibody is labeled with a different
fluorochromg%%gggpmi?ﬁld;g&tﬁaén %Wﬁ}gg oeP%g\fﬁﬁ% fé %a %ﬁisg(eﬁ"g%@é’cl a&%ibodies
specific for thermpéarkerstanagbieopeoduced in accordance with conventional ways, immunization 5 of a
mammalian host, e.g. mouse, rat, guinea pig, cat, dog, etc., fusion of resulting spienocytes with a

fusion partner for immortalization and screening for antibodies having the desired affinity to provide
monoclonal Bntisstfetah i gray paligou RiogjskasfiotsthpHe sef apistyetisg caansdrinseameicaffinity

chromatpgraphiidgl AR o A LG ke qibBRiRtiRCdies Bige Phlahrlabwits mRgiRisgiopes,
fransplanting the cardiomyocyie population in a subject. The subject is, in
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 faiture, ventricular septal defect, atria septal defect, congenital
20 heart defect and ventricular aneurysm. In this aspect of the invention, the
method includes introducing a cardiomyocyte population of the invention into
cardiac fissue of a subject. in particuiar the isolated cardiomyocyte popuiation is
transplanted into damaged cardiac fissue of the subject. More in particular the
method results in the restorafion of cardiac function in a subject. The
25  cardiomyocyte population may resemble a human fetal atrial cell in culture. In
parficular the cardiomyocyte population may resembie a human fetal
pacemaker cell in culture. More in particular the cardiomyocyte population may
comprise plurality of isolated cardiomyocyies wherein the cardiomyocytes may

be coupled. The coupling may be, for example, through gap junctions and/or




10 enzymes, fluorescers, chemiluminescers, or other label which will allow for detection of complex
formation between the labelled antibody and its complementary epitooe. In particular the invention
provides methods of preventing, repairing and/or 15 treating at least one cardiac disorder in a subject,
the method comprising transplanting the cardiomyocyte population in a subject. The subject is, in
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 20 heart defect and,ventricular 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 trartspianted into damaged cardiac
tissue of the subject. More in particular the method results in the restoration of cardiac function in a

subject. ThexdReFaFdIqIAYABYEE . RABKIAIGEMAY BRSSP Kct Meaar frta)diéat Galngaulture. In
particular the cardiom oci_ﬁ/population may resembie a human fetal pacemaker cell in culture. More

in particular THEYR:2f MeRERIMRion may comprise plurality of isolated cardiomyocytes wherein
the cardiomyocytes may be coupled. The coupling may be, for example, through gap junctions and/or

13 adheren jrlgjmctionsh%/vherein the ?ooupli,rcl)%ii ele triicaIS.tThe sgg@ct ma k{e a huma%n or non-human
animal. TheSE) &sBhtS verl\%erpg@o %ISOViES Ko 5 cgl%elomy é%/@%%bﬁla{?%%u? lc?é;htified,
selected andienifaldfestistodd imgifortHsotaétt odasbthianpréseifieinwetitionh for tiee prewedicine. In

particular, i 2Nting,. repairj 9 "f}Qﬂ tregti ; t i is n.a ject. There is
also provid2%11Rt’%é{ﬁl‘a%genfg]r a??éga's@ one p@rﬁﬁbrﬁy cy@éc l§§§u &Q&@cﬁ%ﬁﬁ éd%%%&@daﬁ]z%r isolated
according toltgelintetiogast thepreseiaciiepiish foratrypiepartiiione ¢¢ alsorpeeNitateiiein preventing,

repairing andlor eating atieashans acdiae HisARbAcHIRISE! STReIPSARIJMENSIRA also provides

a cardiac model for testing the ability of the isolated cardiom_yoc¥te population to restore
cardiomyocﬁ@%fﬁ@%ﬁ?lrg?rt?rd'é'tefBOd of the present invention Yor the preparation of a

10 medicament in preveniing, repairing and/or freating at least one cardiac

disorder in a subject.

The present invention also provides a cardiac model for testing the ability of the
isolated cardiomyocyte population to restore cardiomyocyte function. In order to
15 test the effectiveness of transplanted cardiomyocyte population in vivo, it is
important to have a reproducible animal model with a 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
20 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 transptant of cardiomyocytes into the host animal. in
25  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 fo murine, ovine, canine, bovine, porcine
and any non-human primates. Paramelfers used to measure cardiac repair in

30 these animals may include, but are not limited to, electrophysiological




15 test the effectiveness of transplanted cardiomyocyte population in vivo, it is important to have a
reproducible animal model with a 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 20immunodeficient
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 c,ardiornyocyges into the host animal. in 25 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 prERaRS SAIeNMRISISIYSES &0 RRBEYRERdirklieRaIHBIRMISsEARBNRISaY include, but
are not limited to, eiectrophysioiogical 14 characteristic of heart tissue or various heart functions. For

instance, coftRSEARE MMCREARRSFIRs A8 JeE8s PinRIiME SNEoRIARS W PROSRR 4AAISEES in a heart.
Methods of assessinghesaéduneinesaidsetcingritssuriRiniiastieristismiansales mpkedechniques

known to person skjlled in the art. 5 The inventign further provides cardiomyocytes produced using the
methods of fﬂ&"@ﬂ?r@ﬁfﬁ\%ﬁﬁﬁ?% Wlé’?r&? rﬁ?%r@?ér“?rghgsﬁéntation, cell therapy or gene therapy. in

particuld the invention provides the use of cardiomyocytes produced using the methods of the current

invention, in rd or testi il] r rdiac function, More in particular the
invention prc;@/? %ae{srg{%gt@ﬁquﬁécﬁgéﬁ)%%; é%saﬁr]é)%}té%ég%% P?@@é?g%es%%ésd?@éa@seiﬁﬁg f(texte nt of
cardiac repaihfofiongng iraeritant et caadibmysestésy ittrnasantitienh osll dhgrepy 15 Deapresent

invention alsg grayjdes a mEGelpr Y QERHBIAHAVHEEMRLYIESIN 6HIECHEATBEFAY the

cardiomyocytes isolated by the method of the current invention. This model may be used in the

developmenPHERROHRBS e rReEnest & dRSher SRS e nibrding @AYERanHeRS! depect the

inventiqn prawiies xnaetmmofsraeninGipaieardiPaseul RicFeMP YarEsyEY RBLIGWaRte method may
comprise subjecting the said cardiomyocyte populationggJ at least one test compound, and observing a

cardiac spedi@ Y985 NS 5P tRE CRIFIETNYGHRE NS fABHEE SRR HESIgNRSL R 2RPRSR R ar, the
specific cardedtarispbraedmayrdsaindniitaverd;yansplant of cardiomyocytes into a suitable

host animal.

15 The present invention also provides a mode! for study of human cardiomyocytes
in culture, comprising the cardiomyocytes isolated by the method of the current
invention. This model may be used in the development of cardiomyocyte

transplantation therapies.

20  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 {o at least one
test compound. In particular, the specific cardiac response may be monitored by

25 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

30 cardiovascular compound(s) comprising at least one cardiomyocyte population




25 the changes of beat frequency, amplitude and/or duration of the cardiomyocyte(s) to at least one
test compound. More in particular Inc cardiac specific response may comprise alteration of Q-T wave.
15 according to the invention. There is also provided a kit for preventing, repairing and/or treating at
least one cardiac disorder in a subject, the kit comprising at least one cardiomyocyte population
according to the invention. The kit may further comprise instructions for use. 5 Having now generally
described the invention, the same will be more readily understood through reference to the following
examples which are provided by way of illustratiogy and are not intended to be limiting of the present
invention. 10 EXAMPLES Materials and Methods hES cell culture

ThehEScelllinehES3fromESCellinternational (http://stemcells.n1h.gov/research/registry/escLasp) were
maintained on human 15 fibroblasts in KO-DMEM with 20% KOSR in 0.1mM

beta-mercapiesshnrgaNhd th MERIOTheRS RIHRAPIBVae s kR T drehsihaRtN eo fUGHG (Iong/m 1)
bassaged by HLASAL TRF o R Gt o TR AET 6E Ao RUBISTY i, i B BN Aiboo) for 3
minutes folloesd byieneaitionepd AAdissnmitdton Hecvedited e lthavaresiosieTies kit mewly prepared
feeder Ce”S'fUEhSég gg%%ﬂggtm&rucﬁons for use.
5
Having now generally described the invention, the same will be more readily
understood through reference to the foliowing examples which are provided by

way of illustration, and are not infended to be limiting of the present invention.

10 EXAMPLES
Materials and Methods
hES cell culture
The hES cell line hES3 from ES Cell international
(http://stemcells.nih.gov/research/registry/esci.asp) were maintained on human
15 fibroblasts in KO-DMEM with 20% KOSR in 0.1mM beta-mercaptoethoethanal,
1% MEM non-essential amino acids, 2mM L-glutamine, bFGF (10ng/ml) with or

without antibiofics (Penicillin/Streptomycin; all reagents from Invitrogen). The
hES cells were passaged by freatment with collagenase | (however,
coliagenase IV may also be used) (Gibco) for 3 minuies followed by mechanical

20 dissociation. Harvested cells were transferred fo newly prepared feeder celis.

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
25  maintenance medium. The dish was scored using a pipette fip 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 fo setile to the bottom of the conical tube and the media was
. aspirated. The media was replaced by fresh stem cell maintenance medium.

30 The cell clusters were transferred fo plastic dishes to discourage cell




The piuripotent hES grown on human feeders in 10cm dishes were rinsed with phosphate buffered
saline (PBS). PBS was then replaced by fresh stem cell 25 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. 30The cell clusters were transferred TO plastic
dishes to discourage cell 16 attachment (Ultra-loyg attach dishes, Costar). The dishes were incubated
in the tissue culture incubators for a period of 24 hours. After the 24 hour culture, embryoid bodies
(EBs) were formed from the piuripotent cell clusters in suspension. The dishes were tilted such that the
embryoid bodies sank to the 5 bottom and the media was aspirated. The medium was replaced by

defined basattsenmiefite@)iroics) atediumidemapisisgDMad disppitewentedubtidd MEM: non-essential
amino acids,(lnvitrogen), 2mM_ L-Glutamine (Invitr ),.0.0055 T ferrin (Roche), 5 rig/ml
ot SelSRS s b e e oy kot e e et R oy o
(Invitrogen) etthwhidth frodieste SEatliovaso cipariitfefantiation aduwiipsteibie el \WIOsEO87/030870. To

further encouyage dfiereniztianiangeds Wi gadiarmacyle Weagsie dain it gompound

SB203580, as described in WO 200//030870, was added. The embryoid bodies were cultured in these
conditidhs fePHAMGRNLRE TRetiRayas Beritgiass perdaetercunareRianash Rasiefiag@ed every 3-4

days. Digestiggiof @Mlyaiddqdissds maindle cRhSHERRYSINNEM supplemented with 1x
MEM non-essential amino acids (invitrogen), 2mM L-Glutamine (invitrogen),

0.0055 mg/mi Transferrin (Roche), 5 ng/ml sodium Selenite (Sigma), 0.1mM
beta-mercaptoethanol, with or without Penicillin/Streptomycin (invitrogen).

10 which promotes cardiomyocyte differentiation as described in WO 2007/030870.

To further encourage differentiation towards the cardiomyocyie lineage, 5ug/mi
of the compound 8B203580, as described in WO 2007/030870, was added.
The embryoid bodies were culiured in these conditions for an additional 12

15 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 fube and aliowed to settie. The medium
was aspirated and the EBs rinsed with PBS not containing either magnesium or
20  calcium. EBs were incubated at 37°C in either undiluted Accumax reagent
(innovative Cell Technbiogies), or a 0.25 or 0.005% solution of trypsin (Roche)
in phosphate buffered saline. The enzymatic reactions were arresied by the
addition of differentiation medium containing 20% fetal 'cahc serum. Residual
clusters of cells were removed by passing the cell suspension through & filter

25 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 peliet was resuspended in

30  an immunogiobulin blocking buffer (FcR blocking buffer, Miltenyi Biotec) at a




The EBs were transferred to a conical tube and allowed to settle. The medium was aspirated and the
EBs rinsed with PBS not containing either magnesium or 20 calcium. EBs were incubated at 37C 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 25 with maximum pore size of 40p.m. Magnet assisted
cells sorting (MACS) The single cell suspensiorys were pelieted in a centrifuge refrigerated to 4C at
approximately 300 gravities for 15 minutes. The cell pellet was resuspended in 30an immunoglobulin
blocking buffer (FCcR blocking buffer, Miltenyi Biotec) at a 17 concentration of 1X106 cells per 1001i1,
A concentration of 0.5 to 5ug/m1 of antibody (mouse monoclonal ab23829, Abeam) which binds the
cell surfacecantigere@br 66 Wxd 6t detstoptire 1| suspemsientBliercelf SUSpensicymiasfincubated for

30 minutes a while rocking. The cells lleted In jn5,a refrigerated centrifuge at
' approximataeq\;@%w;g\%ﬁgg 1%%) T8C§%Hl}tea§§ﬁ$£k§ﬁ?ﬁé% %3&?%'? Eo?llpa%ir%eth%egn% 166 antibody
was aspiragsdiger @@I@fedvby m@@1tKQq&&e$ISSQ@|B§}Qmeﬂ@dqﬁltr_ﬁgemn@magﬁ%tic microbead
conjugated;anibqdy whiah (B6aaRLZEs 1he %ﬁ\é%&@ﬁ@”ﬂ?é’@kélﬁé%&%tg& 8§ W ArpyEP microbeads,

472-01 Miltenyi Biotec) and was incubated for 30 minutes 10 at 4C while rocking."The cells were
pelletedl and refigprater CrfridachRciaper oXimatete i b aiaviemiy ntlidwitiebeans were

separated fﬁ%&x&hﬁ WoBer aerialhRRPHBLGH RYPRIDG: RASSSH WO WehiR &R WRA helthiaa strong

magnetic field (Miltenyi Bigtec columns, Miltenyi Biotec magnetic holder). The sorted cells were

pelleted, reS¥isBEHHEEIN HSHS nielifa SBRRERRGBEMUER 269886 BEH%41 s R RERC serum and
plated in tisspigjRsdtete Ahsbespiehrpatedogih dDtegimtiat DobagemibBeche)adthenpigdia was

DSFS mectin ZeHRAITG SENT C205E B0 Bt HIRGEH R LA DLACR 20 UM AE BCR Tota
RNA was isaildfstl wisitegrtiviiRN dasy datl §Qiage pgliteateddvtsospltded in fresh blocking
buffer. Celis bound to magnetic microbeads were separated from the unbound
cell population by being passed through a column held in a strong magnetic
field (Miltenyi Biotec columns, Miltenyi Biotec magnetic holder). The sorted cells
were pelieted, resuspended in bSFS media containing 5uM SB203580 and 20%
15 fetal calf serum and plated in tissue culture dishes pre-coated with 100pg/mi of
collagen | {Roche). The media was changed every 2-3 days. After the cultures
had grown to confluence, the medium was replaced by bSFS medium

containing 5uM SB203580 but without fetal calf serum.

20  Quantitative PCR
Total RNA was isolated using the RNeasy kit (Qiagen), treated with on-filter
DNase and quantified by UV absorpiion. One ug of RNA was converted to
cDNA using M-MulV reverse franscriptase (New England Biolabs) using
random hexamer primers and following manufacturer's instructions. Quantitative

25 PCR was performed with 50 ng of each reverse franscriptase 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 {fo detect binding amplification of
the actin sequence, primers comprising the sequence of SEQ 1D NO: 3 and

30 SEQ ID NO:4 were used to detect Nkx2.5, primers comprising the sequence of




DNase and quantified by UV absorption. One pg of RNA was converted to cDNA using M-MuLV
reverse transcriptase (New England Bioiabs) using random hexamer primers and following
manufacturer's instructions. Quantitative 25 FOR 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 ND: 3 and 3Qs5EQ ID NO:4 were used to detect Nkx2.5, primers
comprising the sequence of 18 SEQ ID NO:5 and SEQ ID NO:6 were used to detect alVIHC
sequence, primers comprising the sequence of SEQ ID NO: 7 and SEQ ID NO: 8 were used to
NeuroD, primers comprising the sequence of SEQ ID NO. 9 and SEQ ID NO: 10 were used to amplify

oct4 sequenge-angh N8 SPSIRASIPANBS SRERSEL SRS NG dehaBRcSERIRNO: 12 were
used to amplify AFP sequence. Expression was calculated based on a standard curve and normalized
to (I-actin. inwma@qiu@%&gﬁ@@ence of SEQ ID NO: 7 and SEQ ID NO: 8 were used to

NeuroD, primers comprising the sequence of SEQ ID NO. 8 and SEQ ID NO:
10 were used to amplify oct4 sequence and primers comprising the sequence of
5 SEQ ID NO. 11 and SEQ ID NO: 12 were used to amplify AFP sequence.
Expression was calculated based on a standard curve and normalized fo -

actin.

Immunofiuorescence

10  The EBs were fixed in 4% paraformaldehyde, cryo-preserved in 25% sucrose at
4°C overnight, snap frozen in OCT media (Leica), and sectioned to 6 um using
a cryotome (Leica CM3050S). Sections were rinsed in PBS, fixed in 4%
paraformaldehyde, permeabilized with 0.1% triton X-100 in PBS, incubated in
block buffer (PBS, 0.1% Triton X~100, 1% BSA) and incubated overnight at 4°C

15 in block buffer containing 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

20 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}.

25  BrdU incorporation
Determination of cell proliferation was performed using in situ Cell Proliferation
Kit, FLUOS (Roche) and following manufaciurer's instructions. Briefly, 10 M
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
30 incubation in 4M HCL.




10 The EBs were fixed in 4% paraformaldehyde, cryo-preserved in 25% sucrose at 4C overnight, snap
frozen in OCT media (Leica), and sectioned to 6 pm using a cryotome (Leica CM30508). Sections
were rinsed in PBS, fixed in 4% paraformaldehyde, permeabilized with 0.1% triton X-100 in PBS,
incubated in block buffer (PBS, 0.1% Triton X-100, 1% BSA) and incubated overnight at 4C 15 in block
buffer containing primary antibodies against Nkx2.5 (1:200 dilution, Santa Cruz), aMHC (1:100 dilution
Santa Cruz), MLC2a (1:500 dilution, Chemicon), MLC2v (1:500 dilution, Chemicon), Tropornyosin
(1:50 dilution, lowa Developmental Studies Hybrlq ma Bank), or alpha-actinin (1:50 dilution,
Chemicon). After three rinses in PBS, slides were mcubated for one hour at 20 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, ringegkgRd mounted with Fluorosave (Calblochem). 25Brecili incorporation Determination of
cell proliferatign wa IQ was, performed using in SItP Cell Proliferation Kit, FLUOS (Roche) and following
manufacturePEIHSHIEHBRLC SRHOMVEYIGIBRAYS as 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
30|ncubat|ong,{n 4AM el er% R SU”SteQ g)e ﬁgath n {o Oa&gl m cvte g ﬁ% rg cells were
stimulated to°differg {lateetowsar e om{%c eellneagr o%r thaB8&Wscribed in wo
2007/036)87@0!1&1\&@ dnel okthixisutteseriberiad, %@tlﬁ@&%&@&é&sﬁmmﬁ@s&bﬁéﬂs icutiuspension,
termed embrygifl pofleti=Ra) Bl gﬁic%%%a&gﬁspmpa@gk@n% dhe fhRAdedaRgRaneous

rhythmic co ractlons an contaln expressed markers of'the car omyo te lineage. 10

Differentiate@%d&ﬁﬁ}nl\@éﬁ@m@ﬁeé‘xﬁfé@@%@@ﬁﬂﬂim@é@ﬁe&%béﬂpmﬁpﬁﬁﬁmuﬁz 5 and
cardiac struciialRIotetfractions and contained celis which expressed markers of the

cardiomyocyte lineage.

10

Differentiated EBs contain cells which express the cardiomvocyvie franscription

factor Nkx2.5 and cardiac structural proteins.

A highly specific and early marker of cardiac cell identity is the transcription

15 factor Nkx2.5. The Nkx2.5 marker is expressed ubiquitously in all mouse heart
cell progenitors around the fime 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).

20 The marker Nkx2.5 was detected- by immunofiuorescence in cells of EBs
differentiated according to the above protocel. 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

25 developing mouse heart (Somi ef 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

30 1D. It is further known that MLC2v expression is restricted fo veniricle and




A highly specific and early marker of cardiac cell identity is the transcription factor Nkx2.5. The Nkx2.5
marker is expressed 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 eta!, 2002). 20 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 identjy (Figure 1), It is known that aMHC and MLC2a are
expressed throughout the myocardium in the 25 developing mouse heart (Somi et a!, 2006 Cal et ai,
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 tesioeetiidcoiaexpressidrenf shesicatiokes hyeselIstrvhitinesxpressed GHX2: Tivas seen as
shown in Fi (o[N] 4 LIt is furthe wh that. ression is restricted to
ventricle an%Hgg}a%%g%ﬁﬁF%&g\ﬁéoég\él Wv%seﬁ%tpé%%é{a%%# (35 'ﬁ%rge&g%%gﬁéé’o%%?ﬁg%ﬁ et ai, 2005).
AccordinglytivitCiheseaseltst dutedietpiatifforenitiatedetals davglrmirgithasthgsewbtisine
homologoug,éql@iégﬁl %&W@&@%&%&M’é@%%@ﬁ ecification had not yet occurred
(Figure 1E). 5 Cardiomvocvtes co-express surface markers useful for antibody-based cell selection,
The suface marker CD166 (ALCAM) is an adhesive molecule expressed in the 10 cardiac crescent
and neural graRYBrAVEIGAQUSSBIRINY 09 eRas!s nadtdslost diuneryt sRiR QY- thedimedhe mature
heart has formed (Hirata et al, 2006). Therefore, cells isolated by expression of 0D166 are likely to be
developmerﬁﬁl%ﬁ%ature and have the capacity to replicate in culture. In this study CD166 was
co-expressed with Nkx2.5 by cells in the differentiated EBs, 15 suggesting a fetal developmental stage
of these cells (Figure 2A). The k-1 is expressed hy mouse cardiac.progenitors and is
shown to be%gifpg&{é&? ﬁn"%%ﬁ;é%eﬁgér%;%% ¥ @@IIgﬁﬁ]%tgﬁé?%eﬁﬁ@%ﬁﬁ%@&& %eating
cardioryocyiasiidManettcetialrRDOéyishtirmanset atirR006): skeeorlinohe M@, ek psessing cells in the
EBs of the HR%%?PE}Q&Q%”&S&%W@%%O t‘fn%%?eo ﬁé‘&’%?ﬁé?%ﬂn@%@rﬁ@-%‘_Jét/?eidﬂeﬁjﬁdhe”” 'S
expressed continuously during heart development, and is associated with cardiac progenitor cells
isolated fron dEfefeistiathaljsndssi@@sbiypniexneeasiens @ortdl Hity, 806)kalrcoi@ingty Nkx2.5

expressing ealielB e il AierurRiesseAl e sekesbgderianaaelas aiireatneio. (Figure 20)
study CD166 was co-expressed with Nkx2.5 by cells in the differentiated EBs,
15 suggesting a fetal developmental stage of these cells (Figure 2A). The VEGF

receptor Flk-1 is expressed by mouse cardiac progenitors and is shown o be
expressed in mouse embryonic stem cells with potential to differentiate fo
beating cardiomyocytes (Moretti et al, 2006; Kattman ef a/, 2008). Accordingly
Nkx2.5 expressing cells in the EBs of the present invention was shown fo co-

20  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, 2008). Accordingly
Nkx2.5 expressing cells in the EBs also co-expressed the celi-cell adhesion
molecule N-cadherin, (Figure 2C),

25

Isolation of cell population enriched for cardiomvyocyvies

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

30  ftrypsin, and better than undifferentiated human embryonic stem cells digesied




Isolation of cell nopulation 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 30trypsin, and better than undifferentiated human embryonic stem cells digested
21 by either method as shown in Figure 3. Approximately 40% of differentiated cells digested using
Accumax were capable of adhering to a tissue culture dish and remaining viable for at least 48 hours
~ (Figure 3). Subpopulations expressing the adhesion molecule CD166 were isolated from single cell
suspensions by MACS as described in the materigls and methods. RNA extracted from cells
immediately after sorting showed higher relative quantities of Nkx2.5 and aMHC transcripts in the
C0166 expressing population than the CD166 negative or non-sorted populations (Figure 4). In
addition, cells 10 sorted based on expression of CD166 have fewer transcripts of the neural marker
NeuroD1 ang tbizrgitfipstientiamaranOnidr-igheseforagbsgnieeicatdrinyodifierpatutiedion of the
current invention js depleted of non-cardiac cell t including residual cells which presumably have
the potental T T PR STIES ARG e & Mne Tt T SIS smau
proportion cdrttie spingdifféendiatiod call pegrilafion mayseXpigsse0®)665uhpapidhtidiey features of
the cells iso d.p e jan of 6 | t lIs & p 0 icatign in culture.
The sorted (!:%fﬁs% sele tetg%ygtmgrgn%&o %%%Eé%h(? gg%%y%%%%oﬁv%é%ﬁ%?y ?r@&ltftﬁ{@%goicvﬂen plated at
sub-corfflueBteReTsHNE DY B SSicraaipeetibgsidieitamaprignaa ;89 eonfluence (Figure 5A) in
tissue culture dishes coated with collagen | in medium containing 5-20% fetal calf serum were able to
grow to 1000/u confluence in culture within 6 days (Figure 5B). Further during this growth phase it was

seen 48 hodrd'Aftexpasing ham apploximaeiiesely, drel aemBeriimvesDRBRE irF5idRase of the cell
cycle as megsHratyYBidikinsunealitndfiesiechpts Nienaivebs eipeadhesivsitsirates such as

fibronectin can be used tg stimulate cardiomyocyte attachment to the tissue culture dish. In addition,

the use of bERARRR ok BABERHEL AP BF AR BHGHRIS d MR sthradifin) rd&lss in the
mediunpsucsvagditbabirstayr eyt daston a5 3CTRBRI BB eadatheliatsHewvthiéastothe neural

marker NeuroD1 and the piuripotenoy marker Oct4. Therefore the sorted
cardiomyocyte population of the current invention is depleted of non-cardiac cell
types, including residual celis Which presumably have the potential to form
teratomas upon transplantation to a living animal.
15
Although only a small proportion of the starting differentiated cell population
may express CD166, one of the key features of the cells isolaied 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
20 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 o grow 1o
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
25 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 cardiomyocyie atfachment to the tissue culture dish. In
addition, the use of bovine serum can be circumvenied by the addition of
growth-stimulating factors in the medium such as fibroblast growth factor or
30 vascular endothelial growth factor.




22 It is important that the cells isolated by the method of the current invention retain their cardiac
identity and have the potential to form functional, electrically coupled cardiomyocytes. It was seen that
populations of cells selected by expression of CD166 grown to confluence, begin spontaneous
contractions, implying the presence of electrically coupled, functional cardiomyocytes. When these
cells were fixed and visualized for expression of the cardiac marker Nkx2.5 by immunofluorescence,
large clusters of cells expressed Nkx2.5. Visual count of representative fields of Nkx2.5 expressing
cells revealed that cardiomyocytes represented gyeater than 50% of the total cell population 10 (Figure
6A). However cells that were negative for CD166 marker showed only basal level expression of
Nkx2.5 (Figure 63). Cells expressing Nkx2.5 also co-expressed the cardiac structural marker myosin
light chain 2a (ML.C2a) confirming their cardiac identity as shown in Figure 6C. 15All the above

edxperfimentamgrmﬁ@ﬁmeﬁawimesw@ema%@. free resttlis feorththeexesrimestssuggest that
identification and isolation of cardi ocytes based on the ession of CD166 marker is an efficient
way of obtai?ﬂ%?g’zf bﬁﬂﬁo@? d%%é%@&“ﬁcﬁ@??ﬁ‘@a?&%&?fﬁé@%ﬁm%Pﬂﬁ& ﬁaﬁgﬁﬁﬁ)‘/me surface
marker CD 166y sete citvdiohgelstean tewasesbon épressmiatibother 2@inadetsstattibging Flki ,
NI-cadherin Gh33, and Citke Errthern addiliande MAGS: sorting ol gelle Basegn surface
marker expr%X on can be accomp%s%ed equa Py as well usig other methods known 1o those skilled in
the art, for eiaphyiie, mmmmfwmimaen@wé@nmheam&mmmnwm@ variations,
modifications, 808 AAqlie0srather dhanase saerdficall desiroer apddbincarsiead that the

invention includes all such variations, modifications and/or additions which fall within the scope of the

description A4S ERRERSAUOPSSRRNER: RIS Audiers, A rallvexvasgad WHE. 2YisHpl, Zhang X, Li
X. Rosenfelq,&(_gﬁ, Ghefegrdadiande 2¥as THIONERNSS eRprdipig regirnatinisef matiferation and
regional specification during cardiogenesis. Development.132(10?1:2475-87. )
cardiomyocyies” represented greater than 50% of the fotal cell population
10 (Figure 6A). However celis that were negative for CD166 marker showed only
basal level expression of Nkx2.5 (Figure 6B). Cells expressing Nkx2.5 aisQ co-
expressed the cardiac structural marker myesin light chain 2a (MLC2a)

confirming their cardiac identity as shown in Figure 6C.

18 All the above experiments were performed with stringent controls. The results
from the experiments suggest that identification and isolation of cardiomyocyies
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 CD1686, selection of cells can be based on expression of other

20  markers including Flk1, N-cadherin, CD133, and CD117. Further in addition fo
MACS, sorting of cells based on surface marker expression can be
accomplished equally as well using other methods known to those skilied in the

art, for example, FACS.

25 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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25 Claims 1. A method of identifying and selecting a cardiomyocyte population from a heterogeneous
population of differentiated stem cells, comprising contacting the 5 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 cardionwocyles. 2. The method according to claim 1, further comprising
a step of isolating the 10selected cardiomyocyte population. 3. The method according to claim 2,
further comprising a step of propagating the selected cardiomyocyte population in culture. 4. The
method according to claim 1, wherein the cardiorgyocyte marker is selected from a group consisting of
CD166 (ALCAM), VEGF receptor FIkl , Ncadherin, CD133 and CD117 (C-kit). 5. The method
according to claim 1, wherein the cardiomyocyte marker is 90 CD166 (ALCAM). 6. The method
according to claim 1, wherein the cardiomyocyte marker is a fetal marker. 257. The method according
to claim 2, whsisibpaidensii@p asdrthetisalpiri-erliBremimpnsetasdioncsytes. i8.siihe method

according t, i L whergh e entied carciomypgyigg fiave & et phenotype.

WO 2007/030870.




26 9. The method according to claim 1, wherein the identified cardiomyocytes are capable of
proliferating in culture. 10. The method according to claim 1, wherein the identified cardiomyocytes
are capable of rhythmic contractions and/or forming electrically coupled cell clusters. 11. The method
according to claim 1, wherein the stem cells are selected from the group consisting of embryonic stem
(ES) cell, pluripotent stem cells, 10hematopoietic stem cells, totipotent stem cells, mesenchymal stem
cells, neural stem cells and adult stem cells. 12. The method according to claim 11 wherein the stem
cells are human EScells. 15 13. A cardiomyocy?é)opulation, identified by the method according to
claim 1. 14. A cardiomyocyte population, isolated by the method according to claim 2. 2C15. 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. 25

Claims

1. A method of identifying and selecting a cardiomyocyte population from a
heterogeneous population of differentiated stem cells, comprising contacting the

5 heterogeneous cell population with at least one agent that specifically binds o
at least one cardiomyocyie marker and selecting cells bound 1o the said agent
as cardiomyocytes.

2. The method according fo claim 1, further comprising a step of isolating the
10  selected cardiomyocyte popuiation,

3. The method according to claim 2, further comprising a step of propagating

the selected cardiomyocyte population in culture.

15 4. The method according to claim 1, wherein the cardiomyocyie 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
20 CD166 (ALCAM).

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

fetal marker,

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

comprise cardiomyocytes.

8. The method according to claim 1, wherein the identified cardiomyocytes have
a fetal phenotype.
30




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. 27 18. A model for testing suitability of cardiomyocytes for cardiac transplantation, said
model comprising: A non-human animal having a measurable parameter of cardiac function
wherein the said animal is capable of receiving an isolated cardiomyocyte 5population according to
claim 14 by transplantation; and a means to determine cardiac function of the animal before and
after transplantation of the isolated cardiomyocytggopulation. 19. A method of screening for
cardiovascular compounds, the said method 10 comprising subjecting a cardiomyocyte population
according to claim 14 to test at least one compound, and observing and/or interpreting a cardiac
specific response of the cardiomyocyte.s to the at least one test compound.  20. The method

according taychaia AR tMiterindimeaisiasispecifihepsponseidbranearisasRligabigeokige Q-T wave.

capable of proliferating in culture.

10. The method according to claim 1, wherein the identified cardiomyocytes are
5 capable of rhythmic contractions and/or forming electrically coupled cell

clusters.

11. The method according to claim 1, wherein the stem cells are selected from
the group consisting of embryonic stem (ES) cell, pluripotent stem cells,
10 hematopoietic stem cells, {otipotent stem celis, mesenchymal stem celis, neural

stem celis and adult stem cells.

12. The method according to claim 11, wherein the stem cells are human ES
cells.
15

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

20  15. A model for study of human cardiomyocyies 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 ftransplanting the

cardiomyocyie population isolated and/or enriched according fo claim 14.

30
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27

18. A model for testing suitability of cardiomyocytes for cardiac transplantation,
said model comprising:

A non-human animal having a measurable parameter of cardiac function
wherein the said animal is capable of receiving an isolated cardiomyocyte
population according to claim 14 by transplantation; and

a means to determine cardiac function of the animal before and after

transplantation of the isolated cardiomyocyte population.

19. A method of screening for cardiovascular compounds, the said method
comprising subjecting a cardiomyocyte population according to claim 14 to test
at least one compound, and observing and/or interpreting a cardiac specific

response of the cardiomyocytes to the at least one test compound.

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




