- 1 - SPECI FI CATION A METHOD FOR PURI FYI NG CARDI OMYOCYTES OR PROGRAMVED
CARDI OMYCCYTES DERI VED FROM STEM CELLS OR FETUSES TECHNI CAL FI ELD [ 0001]
The present invention relates to a nethod for purifying cardi onyocytes from
a cell population derived from stemcells and fetuses and also to a nethod
for using thereof. BACKGROUND ART [0002] Since a cardi onyocyte |oses a
proliferative ability 1in an adult body,lit is necessary to conduct heart
transplantation in treating a serious heart disease such as cardiac
infarction or cardi onyopat hy. HoweSPECIELCA®DONY, since insufficient donor
hearts are available, there is now a pressing need to devel op a nmethod of
treat ment ot herAtMBTHODEEROR PURIEYINGt @GARDDOMYOOVBES GCORt PROGRAMMEDand, the
recruitnent of the ex vivo produced cardi onmyocytes is expected to be a nost
prom sing met hoCARDIQMYOCYTES DERIVEDf BROMaSTEMt GELhSne@RAFBTUREBSS t

transpl antation. Various nethods of preparing cardi onyocytes have been

I nvesti gated, such as a nethod of differentiating stemcells (enbryonic
stemcells or various adult stemcells) into cardionyocytes or a nethod for
i sol at i ngTEEGHNIGALOEYERD from fetuses. [0004] The differentiation of the
cardi onyocytes fromthe enbryonic stemcells are positively induced through
formati on[08P13 cel ThempEegent eimysnt donotglabgsetd ntnmethgdf fom cul ture

medi um di fferentiati on suppression factors (such as feeder 2
purifying cardiomyocytes from a cell population derived from

stem cells and fetuses and also to a method for using thereof.
BACKGROUND ART

[0002] Since a cardiomyocyte loses a proliferative ability
in an adult body, it is necessary to conduct heart
transplantation in treating a serious heart disease such as
cardiac infarction or cardiomyopathy. However, currently,
since insufficient donor hearts are available, there is now a
pressing need to develop a method of treatment other than
heart transplantation.

[0003] On the other hand, the recruitment of the ex vivo
produced cardiomyocytes is expected to be a most promising
method of providing relief for patients in need of heart
transplantation. Various methods of preparing cardiomyocytes
have been investigated, such as a method of differentiating
stem cells (embryonic stem cells or various adult stem cells)
into cardiomyocytes or a method for isolating cardiomyocytes
from fetuses.

[0004] The differentiation of the cardiomyocytes from the
embryonic stem cells are positively induced through formation
of a cell mass (an embryoid body) by eliminating from culture

medium differentiation suppression factors (such as feeder



cells, leukema inhibitory factor: LIF) in the case of nouse enbryonic stem
cells or differentiation suppression factors (such as feeder cells, basic
fibroblast gromh factor: bFG-, transformng gromh factor: TGF) in the
case of human enbryonic stemcells. [0005] A node of in vitro
differentiation partially follows a node of physiol ogical devel opnent.
Especially, relating to the events of-earty devel opnent, there are a nunber
of commnalities between the node of physiol ogi cal devel opment in

fertilizedetns, cebhrennd LhRiBREErof rhotyitrordif fiar @Rkl ehiseNof mBukBe in
vitro cardionyocyte differentiation course, as is also in physiological

devel opnesnbryiofitf stenmt talled oesabf@srentehltsonr subpirsissgencracedrsa part
of which is changed to programred cardi onyocytes (pre-cardi ac nmesobl ast

cel I s) an(@sutheasdfééa@eentealied bakact fiebeabdaenyaetvies. fHewever bFsFnce the
enbryonic stemcells can differentiate into any types of cells which
construct taansfanmivhghgproathofigctor :i IGFchni thkl yasdi biEi humant 0
differentiate the enbryonic stemcells into only a single type of cell.

[ 0006] Fuembeyenscnstemt cedlal.so difficult under non-physiol ogical
condition (in vitro) to induce diffentiation of the enbryonic stemcells
into all {9peSlof ckimedetbErin pattroafiifferemthstibn padifiadtignfodleds
cells. Moreover, the nmesenchymal stemcells present in bone marrow or

unbi | i cal a modd efdphirsdadogtiemlcdevelppweniit. | Bspacialidyki neddabingi tgues
(such as neural stemcell, adipose derived stemcells, and skeletal nuscle
st em cel | theaevenbaspieradlyodeweilhpmedtl.t therenazel las numberhofr e consi dered

to have an ability to 3
commonalities between the mode of physiological development in

fertilized egg cells and the mode of in vitro differentiation.
In the in vitro cardiomyocyte differentiation course, as is
also in physiological development, undifferentiated mesoblast
cells are first generated, a part of which is changed to
programmed cardiomyocytes (pre-cardiac mesoblast cells) and
then differentiated into the cardiomyocytes. However, since
the embryonic stem cells can differentiate into any types of
cells which construct a organ within a body, it is technically
difficult to differentiate the embryonic stem cells into only
a single type of cell.

[0006] Further, since it is also difficult under
non-physiological condition (in vitro) to induce diffentiation
of the embryonic stem cells into all types of cells, there
partially remains the undifferentiated cells. Moreover, the
mesenchymal stem cells present in bone marrow or umbilical
cord and tissue stem cells present in various kinds of tissues
(such as neural stem cell, adipose derived stem cells, and
skeletal muscle stem cells) are considered to be the adult

stem cells, which are considered to have an ability to



differentiate into the cardi omyocytes. These cells are believed to
differentiate not only into the cardi onyocytes but also into various kinds
of cells. Though the details of differentiation nechanisns fromany of the
adult stemcells to the cardi omyocytes have not been fully elucidated, it

is knowmn that these cells formthe cardionyocytes, other differentiated
cells, and a cell population containing Bndifferentiated cells after
undergoing a certein period of transition phase. [0007] In summary, all stem

cell's caugergaPBne9HWRNind6l eher cavaiehgbRyite: . St tResf Oke EhkNhgal
application that there are cells other than the cardi onyocytes which are

gener at edpbl@ayvERetst afreerkbataata RYtPoadyClinter thendardaloaRldcyited et s.
Since the undifferentiated cells have a proliferative activity and have an

ability taldobf iatenvaztieusi RiAJEBBY cepas .of TRELLR, tReC@btapdpubat i on
containing the cardiomyocytes generated by differentiation induction can
not be tAafsprantedtibhomaechavismsbddym aniyheft deapdult0GA@m Heanef afoe, to
safely inplenent the treatnment using stemcells and achi eve an i deal

t r eat nent thef eardioimyobgyteschasar yotto beeve lfayl 1y rauleddafted ,purt fiys ke owne
cardi onyocytes fromthe cell population. [0009] To date, the cardi onyocytes

have beenthati thedebgedlsmEblrod ther camdiiomyogyttes ,c attieamdidfleaentiated
specifically expressing a fluorescent marker such as GFP in the

cardi onyocefllés,anddsal eeflinpopudaltlioax goataiing nyg funddifeerentt i atedk erellds ng

cell sorter (Non-patent docunent 1) or a nethod for purifying the

cardi onyoeftes bpdepgoiihigcal cerdednepemnigdawt dmiansidtion mpbsisst.ant protein

in the cardi onyocytes and 4
[0007] In summary, all stem cells cause some common
deleterious characteristics for clinical application that
there are cells other than the cardiomyocytes which are
generated from the stem cells as a by-products or
undifferentiated cells. Since the undifferentiated cells have
a proliferative activity and have an ability to differentiate
into many types of cells, a cell population containing the
cardiomyocytes generated by differentiation induction can not
be transplanted into a living body in the therapy.
[0008] Therefore, to safely implement the treatment using
stem cells and achieve an ideal treatment effect, it is
necessary to develop a method for purifying the cardiomyocytes
from the cell population.
[0009] To date, the cardiomyocytes have been purified by a
method for purifying the cardiomyocytes by specifically
expressing a fluorescent marker such as GFP in the
cardiomyocytes and selecting a cell expressing a fluorescent
marker using cell sorter (Non-patent document 1) or a method
for purifying the cardiomyocytes by specifically expressing an

antibiotic resistant protein in the cardiomyocytes and



selecting the cells using the antibiotic (Non-patent docunent 2). However,
since these nethods have to involove in a genetic alteration, which cause
an issue relating to the safety, these nethods can not be used to prepare
the cardi omyocytes for transplanatation in the clinical field. Further,
since these nethods involve in a genetic alteration, an ethical issue and
sonme unpredictable serious risk such as 4the change in the rate of
transformation are associated with a genomc alteration (Non-patent

docunent 3a1e£0948] the te1kBowsihg the antibhatikhendeaphteat use a lactic
acid generated by a tissue other than the heart (such as skeletal nuscle)

as an eneggyumetece)( Nomoperen] sDgcdetheds méENBISIhavlets BhgoDeverinr art
to attenpt to purify cardionyocytes using this feature. [0011] Also, in the

heart, tha gemeticaadttbhatkbdnewhiah caspar tinCc iasiud aedaziglgutanmitheaci d are
used for transporting NADH into mtochondria, the nmechanismof which is
di ff erent sateom, t hatsef mehbodsheant nesude( Nsedpabeprepacremthie 5). The
transportation of NADH into mitochondria is indispensable for an energy
producti ovardiomyochtedr far Hraaeplantttatdoar énndhepcildnigatl tfdedid.enpt to
purify cardi omyocytes using this difference in this nechani sm hbn pat ent
docunent Furkbklker sfilhcet these RASBBA3. ip00Ave 4 a2'géhe2548 alld
docurment 2: Klug M5 et al., J. din. Invest. 1996; 98: 216-224 Non- patent
docunent &n SChiodériARpeeandlsmeEMhprgdﬂzxableose529u52&15k such as
the change in the rate of transformation are associated with a
genomic alteration (Non-patent document 3).
[0010] It is known in the art that the heart can use a
lactic acid generated by a tissue other than the heart (such
as skeletal muscle) as an energy source (Non-patent
document 4). However, there are no prior art to attempt to
purify cardiomyocytes using this feature.
[0011] Also, in the heart, the liver, and the kidney, an
aspartic acid and a glutamic acid are used for transporting
NADH into mitochondria, the mechanism of which is different
from that of the other tissue (Non-patent document 5). The
transportation of NADH into mitochondria is indispensable for
an energy production in mitochondria. However, there are no
prior art to attempt to purify cardiomyocytes using this
difference in this mechanism.
Non-patent document 1: Muller M, et al., FASEB J. 2000;
14: 2540-2548
Non-patent document 2: Klug MG, et al., J. Clin. Invest.
1996; 98: 216-224
Non-patent document 3: Schroder AR, et al., Cell. 2002;

110: 521-529



Non- pat ent docunment 4: Khairallah M et al., AmJ Physiol Heart Crc
PhyS|oI 2004; 286, H1461-1470 Non-patent docunent 5: Chatham JC, et al., J
Bi ol "Chem 1995; 270: 7999-8008 DI SCLOSURE OF THE | NVENTI ON A PROBLEM TO BE
SOLVED BY THE | NVENTI ON [ 0012] An object of the present invention is to
develop a nethod for purify cardi onyocytes at a hi gh degree of
purification and at a high yield froma sell mxture conprising

cardi onyocytes derived fromfetuses and stemcells using various features

whi ch have notnbHeopaPERY i QYShMe#KPECt REai+Q] PEhURSdef0R1PUr Akl §abhpBish
cardi onmyocytes or which are newy found, wherein said method is carried out

wi thout NesefIeing B 596m92004§|ESB@IHmﬂsmtlwﬂbhOUt addi ng any speci al
proteins or b|olog|ca y active agents. MEANS FOR SOLVI NG THE PROBLEM [ 0013]

The inventors Wénipetdnes@btumanNenst ophaenRddcied ae agxhagspiye ehesly for
t he conpositions of various kinds of culture medium in order to construct
a system foosefbygt embby-gpoeduci ng cardi omyocytes derived from enbryonic
stemcells. Based on the results regarding a study for a concentration of
each conpDDSOLOSUREV@Fi DHE INVENTEONedi umor a study for the timng of
changes in a concentration of each conponents of various culture nmedi um
obt ai ned AyPROBDEMNTOCBEPSOLVEDNBYOTHEC OINYEN®DION of various cul ture nedi um
the inventors of the present invention found the follow ng events: (1) An
event in WbthAlan ixhidbjech of thkélpreséherimvention/ ijsotd hdevelap a
I nducti on of non-cardi omyocyte 6
method for purify cardiomyocytes at a high degree of
purification and at a high yield from a cell mixture
comprising cardiomyocytes derived from fetuses and stem cells
using various features which have not been previously expected
to be used for purification of cardiomyocytes or which are
newly found, wherein said method is carried out without
undergoing any genetic alteration or without adding any
special proteins or biologically active agents.
MEANS FOR SOLVING THE PROBLEM
[0013] The inventors of the present invention conducted an
exhaustive study for the compositions of various kinds of
culture medium, in order to construct a system for efficiently
producing cardiomyocytes derived from embryonic stem cells.
Based on the results regarding a study for a concentration of
each components of various culture medium or a study for the
timing of changes in a concentration of each components of
various culture medium obtained by changing compositions of
components of various culture medium, the inventors of the
present invention found the following events:

(1) An event in which an inhibition of cell

differentiation/growth and an induction of non-cardiomyocyte-



directed cell death occur, when a cell mxture containing the

cardi ognyocytes and the non-cardi onyocytes are cultured in a

| ow- serum suppl emented condition or a serumfree condition; (2) An event in
whj ch an induction of non-cardi omyocyte- directed cell death occurs, when a
cell mixture containing the cardionmyocytes and the non-cardi omyocytes are
cultured ina mldly-acidic culture nmedeunr (3) An event in which an
inhibition of cell differentiation/gromh and an induction of

non- car di aiyeeyea- cdiileaeadncekbudeavheacaucel IWhektareelconfaXhihg the
containing the cardiomyocytes and the non-cardi onyocytes are cultured in a

| ow cal ci gareilbaybeytedi il the Adnevamrtiomyédbiytlesnaiecauditairdcines
selectively wundergo cell death, when the cardionyocytes are cultured in a
| ow- nut ri LowRakramlsupplementisrl cbhdArievieblr an sehuamh ferer ¢gyndandoipt i on i s
i nhi bited by weakening autononous pul sati ng of cardi onyocytes, when the
cardi onyocyt es(2) eAnuetvanedinnwhithwanaliadustdondoifi ann-cayrdAbmgventern
whi ch a spontaneous cell mass formation of cardionyocytes is enhanced under
a | ow ser diregppliereiiedeatbndictuas , owhear amcerlde micidirel contadtifag) the
event in which a viability of a cardionyocyte is significantly reduced when
t he cardi caydigimgecytescahiutbe nehteardispyosiytigsa acel lcuidssedf inha
cardi onyocytes. [0014] The inventors of the present invention found that
cardi onyomyjidiydecidéd fndtureemeddtyoni c stemcells can be selected or
purified efficiently and at a high degree by optimzed method using one or
more processes(8orABspvAbitngnt which an inhibition of cell
differentiation/growth and an induction of non-cardiomyocyte-
directed cell death occurs, when a cell mixture containing the
cardiomyocytes and the non-cardiomyocytes are cultured in a
low calcium culture medium;

(4) An event in which non-cardiomyocytes selectively
undergo cell death, when the cardiomyocytes are cultured in a
low-nutritional culture medium;

(5) An event in which energy consumption is inhibited by
weakening autonomous pulsating of cardiomyocytes, when the
cardiomyocytes are cultured in a low calcium condition;

(6) An event in which a spontaneous cell mass formation
of cardiomyocytes is enhanced under a low-serum-supplemented
condition or serum-free condition; and

(7) An event in which a viability of a cardiomyocyte is
significantly reduced when the cardiomyocytes are cultured
after dispersing a cell mass of the cardiomyocytes.

[0014] The inventors of the present invention found that
cardiomyocytes derived from the embryonic stem cells can be

selected or purified efficiently and at a high degree by

optimized method using one or more processes corresponding to



t hese events. Further, the inventors also found that the methods devel oped
fromthe properties of the enbryonic stem cells are also applicable to

sel ect or purify cardionyocytes derived fromfetuses or to select or purify
cardi onyocytes derived fromthe adult stemcells. Based on these findings,
the inventors have conpleted the present invention. [0015] More
specifically, in one enbodi nent, the pre®ent invention provides a nethod
for selecting cardionmyocytes from a cell mxture containing cardi omyocytes

and non- geRéSé 08VERYEES MeFtngd, e By EsHs §1660 £6ih&, tRgt| thestem cel |'s
or fetuses, wherein said cell mxture is cultured in the culture nmedi um

under theméthbewi agvebofedi on6m the propewtigbscofethepphbIPohed edefi tion;
and (ii) one or nore conditions selected fromthe group consisting of a | ow

cal cium ¢enlstans, adsboappliicablenab eendcti om, parlidgt cardibfyosyppkenent ed
condition, an aspartic acid/glutam c acid- supplenented condition, and a
pyruvi c adedise@pteomnfetusesndrt tonsellecthos puiradiynmeatrdibhgocgitiesm xt ure
can be prepared by inducing differentiation of enbryonic stemcells,
form ng edéryved bHodmnetheoapnilsi agepr cglasnedBasedi omythhgsesfindings,
(undifferentiated nesoblast cell), culturing the enbryoid bodies in the
cul ture ntheuimvedéora hewesepmmletipgl thenpedseadndnveotiand/ or a
m | dly-acidic pH condition. [0016] In another enbodi ment, the prenset
inventi on[0pL6Vi desMearereshedifbcasky ecinngneaewbodjwent ester predeitom
enbryonic stemcells, wherein the cardi onyocytes are selected by the
fol | owi ngisveptioh: pravidesgadimetbprdnfioxnt sedeot ingnigaydiomyocyesefirom o
form enbryoi d bodi es conprising 8
a cell mixture containing cardiomyocytes and
non-cardiomyocytes derived from embryonic stem cells, adult
stem cells or fetuses, wherein said cell mixture is cultured
in the culture medium under the following conditions: (i) a
low-glucose-supplemented condition; and (ii) one or more
conditions selected from the group consisting of a low calcium
condition, a low-nutritional condition, a lactic acid-
supplemented condition, an aspartic acid/glutamic acid-
supplemented condition, and a pyruvic acid-supplemented
condition. In this embodiment, the cell mixture can be
prepared by inducing differentiation of embryonic stem cells,
forming embryoid bodies comprising programmed cardiomyocytes
(undifferentiated mesoblast cell), culturing the embryoid
bodies in the culture medium under a low-serum-supplemented
condition and/or a mildly-acidic pH condition.
[001l6] In another embodiment, the prenset invention
provides a method for selecting cardiomyocytes derived from
embryonic stem cells, wherein the cardiomyocytes are selected

by the following steps of: inducing differentiation of

embryonic stem cells to form embryoid bodies comprising



undi fferentiated nesobl ast cells; then culturing the enbryoid bodies in the
cul ture nedi umunder a | ow serum suppl enented condition and/or a

m | dl'y-acidic pH condition to prepare a cell mxture conprising programred

cardi onyocytes; and continuing the culture of the cell mxture in the sanme

culture mediumto obtain the cardionyocytes. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0017] [Fig. 1] Fig. 1 shows a gode of presentation of the

cardi onyocytes within an enbryoi d body after adhesion culture. [Fig 21

Fig. 2 Shgwgli*f@gﬁtﬁfatgﬁeﬁ%@to%tl'a%'% k1t @e Gl QIMGLML oné't"'h. hd gdher ed

enbryoi d Ies which were cultured un a serumfree [F|g 3]
Fig. 3 shgyaiasSyncenss %hl%%&%cmefa&uﬁi utnla%r B AQrAIGR A YUl ABMMIS under

a serumfree condition. [Fig. 4] 4 shows an effect of Tow cal cium

condi ti Oncon[iE'tg.onSIanE'/g»r a mqwqyaa%lifa%sﬁaulcoﬁl%tdrprtoo pridfard’L9r amred
cardi onyocytes within the mass of "t he enbryonic sten1ce||s under a

serum fregefh] ﬁk&y:t%%dbem@,%le%@l QR r et c%r%ﬂldﬁiy%cyﬁfés ;Shows an anal ysis

of programmed cardi omyocytes within the mass of thé erbryonic stemcells

under a sebuiihi@e/gnthdl ¥uathdiet oH thRNEei0miAtiir® i8r Hhdishmed-chithaes an

anal ysis of progranmed cardi onyocytes within the mass of the enbryonic stem

cell's ung@@diamseolUdbitaa®/ Fhedlcaragiotiyodydesandi tion. [Fig. 7] Fig. 7 shows
a mass of cardi onyocytes which is selected by culturing enbryonic stem

cel | s undgRIZFS DEGOR IPrraoNTIOR IMEFAORAWINGS condition. [Fig. 8] Fig. 8 shows
sel ection of cardionyocytes by 9
[0017] [Fig. 1] Fig. 1 shows a mode of presentation of the
cardiomyocytes within an embryoid body after adhesion culture.

[Fig. 2] Fig. 2 shows a mode of presentation of the
cardiomyocytes within the adhered embryoid bodies which were
cultured under a serum-free condition.

[Fig. 3] Fig. 3 shows a successful selection of the
programmed cardiomyocytes under a serum-free condition.

[Fig. 4] Fig. 4 shows an effect of low calcium condition.

[Fig. 5] Fig. 5 shows a successful selection of the
programmed cardiomyocytes within the mass of the embryonic
stem cells under a serum-free/mildly-acidic pH condition.

[Fig. 6-1] Fig. 6-1 shows an analysis of programmed
cardiomyocytes within the mass of the embryonic stem cells
under a serum-free/mildly-acidic pH condition.

[Fig. 6-2] Fig. 6-2 shows an analysis of programmed
cardiomyocytes within the mass of the embryonic stem cells
under a serum-free/mildly-acidic pH condition.

[Fig. 7] Fig. 7 shows a mass of cardiomyocytes which is
selected by culturing embryonic stem cells under a serum-
free/mildly-acidic pH condition.

[Fig. 8] Fig. 8 shows selection of cardiomyocytes by



culturing the cells under a sugar-free, a serumfree and a lactic

aci d- suppl enented condition. [Fig. 9] Fig. 9 shows cardi onyocyte-specific
staining inages for cells which are selected and collected by culturing
the cells under a sugar-free/serumfree and a lactic acid- suppl enented
condition. [Fig. 10] Fig. 10 shows nmsses of cardi onyocytes and masses of
dead cells which are just selected by cupturing the cells under a
serumfree/mldly-acidic/low cal ciumsugar-free and a lactic

aci d- suppteientedgCendi Ebols Lhldr dlbubhg-fiéeshangeunesbl @hdaanet hod
for elimnating %lgh density aggregates consisting of the masses of the

dead cel | sa&6iB0ad8easshyplemdheat eenfiitiggation. [Fig. 12-11 Fig. 12-1
shows masses of the cardionmyocytes selected by culturing the cells under a

serumfree/ m | gryg. agidiregl ow sRbwsUBhBEPBMybE§CeaBPedik@bt k€aining
aci d-suppl enmented condition. [Fig. 12-2] Fig. 12-2 shows nasses of the

cardi onyofyhges sereeceklsbyhiuht dibengellbetedl hadueddleatedr by theeliingl v-
acidic/low cal ciumsugar-free and a | actic acid-suppl enented condition.

[ Fig. 13] thegcelBsshndert hesagadi-orge¢geeampifreki addby lawlttar aagdt-he cells
under a serumfree/mldly-acidic/low calciunfsugar-free and an aspartic
aci d/ gl ut aupplamedtedupphdiemdad condition. [Fig. 14] Fig. 14 shows results
of purification of the cardionyocytes fromthe bone marrow stem cells.
[Fig. 15] Fig.[B5gshd0d Figul 18 shopsrmassati ofi chrtihemgbcytes and

masses 0f dead cells which are just selected by culturing the

cells under a serum-free/mildly-acidic/low calcium/sugar-free

and a lactic acid-supplemented condition.

[Fig. 11] Fig. 11 shows a result of a method for
eliminating high density aggregates consisting of the masses
of the dead cells using density-gradient centrifugation.

[Fig. 12-1] Fig. 12-1 shows masses of the cardiomyocytes
selected by culturing the cells under a serum-free/mildly-
acidic/low calcium/sugar-free and a lactic acid-supplemented
condition.

[Fig. 12-2] Fig. 12-2 shows masses of the cardiomyocytes
selected by culturing the cells under a serum-free/mildly-
acidic/low calcium/sugar-free and a lactic acid-supplemented
condition.

[Fig. 13] Fig. 13 shows the cardiomyocytes purified by
culturing the cells under a serum-free/mildly-acidic/low
calcium/sugar-free and an aspartic acid/glutamic acid-
supplemented condition.

[Fig. 14] Fig. 14 shows results of purification of the

cardiomyocytes from the bone marrow stem cells.

[Fig. 15] Fig. 15 shows results of purification of the



cardi onyocytes fromthe fetuses. [Fig. 16] Fig. 16 shows regions containing
autonqQnously pulsating cells under a serumfree/ mldly-acidic/low

cal ci'fum sugar-free and a pyruvic acid-suppl enmented condition. [Fig. 17] Fig.
17. shows nmasses of marnoset cardi onyocytes which are selected by culturing
the cells for 15 days under a sugar-free/serumfree and a |lactic

aci d-suppl enented condition. [Fig. 18]- Hiog.- 18 shows cardi onyocyte-specific
staining images for nmarnoset cells which are selected and coll ected by

cul turingchpaiemibeyvadekramsigar rhirageserumfree and a lactic
aci d-suppl enmented condition. [Fig. 19] Fig. 19 shows that marnoset cells

which are sel peigd apd eohl ecbegdhbyscrblibhBdcoidainanglugatohbfdusekum
free and a lactic acid-supplenented condition are successfully engrafted

i nsi de thgubgatingf callecupdert a skiram-22kelFing 1439 -sla@sd/meges of the cel
masses derived from human enbryonic stemcells which were obtai ned by
cul turi ngcdDdetm@sayggarfeeat and Ag pyeanticohridestipblemenited conddtionl.

condition) and appearance of the cell nasses derived fromthe hunan
enbryoni ¢ stenmEgyl s1whi Ehiguwed? shbasnmdsbgst b€ mazmdiseny eaydd omgoegitiese
culture under a sugar-free (cardionyocyte selection) condition for 15 days
(i.e., cahdchmapeyteleeltedt bgn codhdrtingn)he| Eedls2 ¥orfFil®. daysslumder a
i mmunost ai ni ng i mges of the cell nasses derived fromthe human enbryonic
st em cel | sugarnfrer/semrum-£Ereeniandard | boolyianac bda- supp 1 éheRt & aconddtijon.
wherein the cell masses were forned by the cardi omyocytes which resune
aut ononous pul §Bigngl8ThEigel L8nmabows werdipmypeyde -Ispecific staining
images for marmoset cells which are selected and collected by
culturing the cells under a sugar-free/serum-free and a lactic
acid-supplemented condition.

[Fig. 19] Fig. 19 shows that marmoset cells which are
selected and collected by culturing under a sugar-free/serum-
free and a lactic acid-supplemented condition are successfully
engrafted inside the heart of a recipient.

[Fig. 20] Fig. 20 shows images of the cell masses derived
from human embryonic stem cells which were obtained by
culturing under a sugar-containing (control) condition (i.e.,
control condition) and appearance of the cell masses derived
from the human embryonic stem cells which were obtained by the
cardiomyocyte selective culture under a sugar-free
(cardiomyocyte selection) condition for 15 days (i.e.,
cardiomyocyte selection condition).

[Fig. 21] Fig. 21 shows immunostaining images of the cell
masses derived from the human embryonic stem cells using an
anti-Actinin antibody and an anti-Nkx2.5 antibody, wherein the

cell masses were formed by the cardiomyocytes which resume

autonomous pulsating. The cell masses were prepared by



culturing the human enbryonic stemcells under a sugar-free (cardionyocyte
sel ection) condition for 15 days and then changing the culture medium
condirtion. EMBODI MENTS OF THE | NVENTI ON [ 0018] An appropriate treatnent for
i nduci ng cardi omyocyte differentiation generally causes differentiation of
the stem cells having an abilitiy to diffentiate into the cardionyocytes
(i.e., enbryonic stemcells and adult _stjgm. cells such as bone marrow stem
cells) into the cardi omyocytes. It is possible to induce differentiation of

the e”bry88¥gu§iﬁghﬁﬁg'hﬁﬂéﬂt8m599o EA5PEKOEYE &8 HﬁPQQ haggy3g-¢r@e met hod,

I n  which, re e nouse enpbryonic stemcells are incubated in the

suspensi ofcAuhtUhgoUndEr s818aRdbhY 0Bohl1then 2Bsenseanls! skemhn nhi bi tory

factor (L orm a cel mass (an enbryoid body). Also, in the sane

manner, téﬁanaﬁﬁgnﬁﬁé_EH@EMQE!ﬁeEEﬁH‘E@hhit@bnﬁhe human enmbryoni c stem
cells can be used to induce differentiation of the enbryonic stemcells

i nto the grpdpeRERe%t 68 THEOIR/ENDEORr esent net hod can be applied to stem
cells derived fromany mamral i an species. For exanple, the exanples of the

mammel i anpgpegies fAONaphi6Presee Ecbhtmehe H6Fi YRducing§edataibhgoByeeent
met hod, include, but not limted to, nouse, cow, goat, dog, cat, narnoset,

rhesus noakeyerbHonatadd geneRallyhea@sagplegferehlicattion o€l kheusednf or the
present invention include nmanmalian ES cells which are widely used in the

art suchcaslsoHaeih§ aal hbilawikeyoEdiefehtiatedihtsarheS cel | s. [ 0020]
The specific exanples of the nouse ES cells include EB3 cells, E14 cells,
D3 cel | s, cecliomybeytBEs ¢el.ks, &mBBYohic stem cells and adult stem
cells such as bone marrow stem cells) into the cardiomyocytes.
It is possible to induce differentiation of the embryonic stem
cells into the cardiomyocytes using hanging drop method, in
which, for example, the mouse embryonic stem cells are
incubated in the suspension culture under a condition in the
absence of leukemia inhibitory factor (LIF) to form a cell
mass (an embryoid body). Also, in the same manner, the
marmoset embryonic stem cells or the human embryonic stem
cells can be used to induce differentiation of the embryonic
stem cells into the cardiomyocytes.
[0019] The present method can be applied to stem cells
derived from any mammalian species. For example, the examples
of the mammalian species from which stem cells are derived,
used in the present method, include, but not limited to, mouse,
cow, goat, dog, cat, marmoset, rhesus monkey, human and so on.
The examples of the stem cells used for the present invention
include mammalian ES cells which are widely used in the art
such as mouse ES cells, monkey ES cells, and human ES cells.
[0020] The specific examples of the mouse ES cells include

EB3 cells, El14 cells, D3 cells, CCE cells, Rl cells, 129SV



cells, J1 cells, and so on. The nouse ES cells used for the present

I nvention are aveilable from Arerican Type Culture Collection (ATCQO),
Chemcon, and Cell & Mbl ecul ar Technol ogi es, and so on. [0021] The exanpl es
of .the nmonkey ES cells include ES cells established fromrhesus nonkey
(Macaca nmulatta) (Thonmson et al., Proc. Natl. Acad. Sci. USA 1995;

92:7844), ES cells established from cynomol gus nonkey (Macaca fascicul aris)
(Suenori et al., Dev. Dyn. 2001; 222: 273-279) and ES cells established
comon macgRse!, (9abbiiy i wnRReen. (PASTkbuSE £l celBooULERl kpr 2AUS: 23:

1304-1313), whi'ch are all” aveilable in the art. For exanpie, the marnoset

ES cell s aresaviel hakks tilonomireeiviedll duist iftidne mrl@giprm@thhméml S

(Kawasaki, Japan). [0022] To date, several dozen ki nds uman ES cells
have bee@oq-itee*ellbihqswda )LNeneildbn aAh @ dBIDeL ﬂaleeﬁmarEﬁeeﬁhblobaees
are registered on the [ist ‘of the United States National Institute of

Heal th (hiah@a kbsb@anctel | s. ni h.gov /registry/ index.asp) and are aveil able.
In the United States, sone human ES cell lines are also conmercially

avei | abl e [ooam] Cel rret exampe€eblf kheembakiegnals, c@ldeonsiclulleums cBadear ch
Foundati on, and so on. Also in Japan, sone human ES cell lines are

avei al bl e elstamltilshed Emobe|dhdsese atorikefe niMacadahenulatdtid t UtThdnaorfreant i er
medi cal Sci ences, Kyoto University) (Suenori et al., Biochem Biophys. Res.

Commun. , 20Q06; P4g.. NaAd-.93)ad .| B3] UK tIe95; cov BRLE| IBS (ddlld | pova et

al., doning 2001; 3: 59-67), chicken ES cells (Petitte et al., Mech. Dev.

13 established from cynomolgus monkey (Macaca fascicularis)
(Suemori et al., Dev. Dyn. 2001; 222: 273-279) and ES cells
established common marmoset (Callithrix jacchus) (Sasaki et
al., Stem Cells. 2005; 23: 1304-1313), which are all aveilable
in the art. For example, the marmoset ES cells are aveilable
from Central Institute for Experimental Animals (Kawasaki,
Japan) .
[0022] To date, several dozen kinds of human ES cells have
been established in the world, and a number of human ES cell
lines are registered on the list of the United States National
Institute of Health (http://stemcells.nih.gov /registry/
index.asp) and are aveilable. In the United States, some
human ES cell lines are also commercially aveilable from
Cellartis, ES Cell International, Wisconsin Alumni Research
Foundation, and so on. Also in Japan, some human ES cell
lines are aveialble from the Stem Cell Research Center (the
Institute for Frontier medical Sciences, Kyoto University)
(Suemori et al., Biochem. Biophys. Res. Commun., 2006; 345:
926-932).
[0023] Further, cow ES cells (Mitalipova et al., Cloning

2001; 3: 59-67), chicken ES cells (Petitte et al., Mech. Dev.



2004; 121: 1159-1168), and zebrafish ES cells (Fishman, M C., Science
2001; 294: 1290-1291) have al so been established. [0024] Generally, ES
cells are established by culturing an early enbryo. In addition to this
method, it is possible to produce ES cells fromthe early enbryo which
undergoes the nucleus transplantation of the nucleus of the somatic cells
(Munsie et al., Curr. Biol. 10:989, 2000;3 WAkayama et al., Science 292: 740,
2001; Hwang et al., Science 303: 1669, 2004). There are also sone reports

attenptingobQ,i $2hat §185€Ame8), S an@s e@ra®¥sh &R f(@h RRHUCMIY ES
cells fromthe parthenogenetic enbryonic cells which are developed to a

stage eqgiyaheat 2001t okl.a3beeyatsat)agaveUa 13’ edlenPleltatAtiispr d\O-
02/ 168763; Vrana K et al., Proc. Natl. Acad. Sci. USA 100:11911-6, 2003)

and a net hod2lqr predheravifys Bsl be1havare egeaBlLigheafl ByMBLL@ArahggaAal |y
contained in the nucleus of somatic cells by fusing the ES cells and the

somatic celir3y( Wab@Qo4918d; adageieh 8b. thOsrmetBbal . it1145p3ss2608) toThe
exanples of the ES cells used in the present invention include ES cells
prepar ed byodaeengShedldesriohcedhab@wd 1§ emblry® whichhiwlderyed thy € genes
on the chronosone of the ES cells are altered by genetic engi neering
t echni quenulclens] trankpaantialtd oax afplthe aludlessstointtel Isomatdd idelilse
nmet hod of the present invention include not only ES cells but also any stem
cel | s havi(Munsiie lear adhgr gutrer.i SHiods tld :t1980se 2000 ;EWakadama wt Al .ar e
derived fromcells of the mammalian adult organs or tissues, cells of the
bone marr Swiehlceo@92el7149,, 20D 1 ;c dwWangfeteddr.yoSadrerfast (B8, 166 %,hi200Adnt ext ,
the phrase "simlar characteristics to those of ES cells" can be defined 14
There are also some reports attempting to isolate stem cells
as follows: a method for producing ES cells from the
parthenogenetic embryonic cells which are developed to a stage
equivalent to the blastocyst stage (US Patent Publication No.
02/168763; Vrana K et al., Proc. Natl. Acad. Sci. USA
100:11911-6, 2003) and a method for producing ES cells having
genetic information originally contained in the nucleus of
somatic cells by fusing the ES cells and the somatic cells
(WO 00/49137; Tada et al., Curr. Biol. 11:1553, 2001). The
examples of the ES cells used in the present invention include
ES cells prepared by the method described above or cells in
which one or more genes on the chromosome of the ES cells are
altered by genetic engineering technique.
[0025] Further, the examples of the stem cells used in the
method of the present invention include not only ES cells but
also any stem cells having similar characteristics to those of
ES cells, which are derived from cells of the mammalian adult
organs or tissues, cells of the bone marrow, blood cells, and

cells of embryos or fetuses. In this context, the phrase

"similar characteristics to those of ES cells" can be defined



by cel lular biol ogical characteristics specific for ES cells (such as the

presence
specific
nouse) .

of a surface (antigen) marker specific for the ES cells, ES cel
gene expression, or an ability to formteratoma or chineric

The specific exanples of the stemcells having simlar

characteristics to those of the ES cells include EG cells produced from

prinordial germcells, GS cells produced4romtesticular germ cells, and
i nduced pluripotent stemcells (iPS cells) produced

| s

fromsomatic cells such

as 11 brobbgste sl - SBEGLBL1080CENEraBRELIER L0sHBENRIAIZor] sl 2G90SI dered

that, in

this net yo les after ays fromthe start of

differentkéﬁéﬂnagnéﬂet#ﬁaseﬁeede@tsd$9¥F§ebtwah@ggbhq ﬁh%ﬂbrcﬁkb%i@icthe

suspension culture in _ ( _ _
mesobl ast £62l tReaRY BERU52MEBUcet2E05BRKICY LEGeR eRpREegstiondi biremant i ate

into the

e abosence o i ncl ude undi fferenti at ed

cardi onyocytes in the future. It is known in the art that, in

t he

case of iggucipg tbersehr YerheomheBkCehlimeracCabdis@))0CYhE spopepis after 7

days fromthe start of differentiation

enbr yoni ceghRpLES! b, thaf beemlBedayshhkengt Bemstiart chhrdickkenahticat iton
I nduction). However, the thus prepared enbryoid bodies using the enbryonic

stem cel | ghbpe! gdetnet EgntyliiBe iaaldaeneecread sdpseaiicead framove but al so

cells which does not have an abilitiy to disfferentiate into the
car di onyopyimsrsdthgasmt Be11endickfl eeensi predueeld Froimh@esticular germ
endotheliumepitheliumlike cells, and the neuronal cells). In the present
i nventi onceaby, cahlisin@ubed phamipbeenar diteny ceyles (APSCekld syhiptldduced
differentiate into the cardionyocytes in the future (such as 15 -

from somatic cells such as fibroblast using special genetic
engineering technique. It is considered that, in this method,
embryoid bodies after 3-6 days from the start of
differentiation induction, conducted by culturing the stem
cells by the suspension culture in the abosence of LIF,
include undifferentiated mesoblast cells and programmed
cardiomyocytes which are to differentiate into the
cardiomyocytes in the future. It is known in the art that, in
the case of inducing the embryonic stem cells, a cardiomyocyte
appears after 7 days from the start of differentiation
induction (in the case of the human embryonic stem cells,
after 10 days from the start of differentiation induction).
However, the thus prepared embryoid bodies using the embryonic
stem cells include not only the cardiomyocytes desceribed
above but also cells which does not have an abilitiy to
disfferentiate into the cardiomyocytes (such as the
undifferentiated cells, the endothelium-epithelium like cells,
and the neuronal cells). In the present invention, any cells
other than the cardiomyocytes or cells which differentiate

into the cardiomyocytes in the future (such as

i nduction (in the case of the human



undi fferenti ated nesobl ast cell, the programmed cardionmyocytes) are
referred to as a "non-cardi onyocyte”. [0026] The present inventors studied
effects of the culture conditions such as a | ow serum suppl enent ed
condition, a |owglucose-supplenented condition, a |lownutritional
condition, a low calciumcondition, and a nmldly-acidic pH condition on
sel ection of the cardionyocytes, in ordas to specifically discrimnating

t he cardi onyocytes or cells which differentiate into the cardi onmyocytes in

the fUtUr@néi@ﬁér@&ﬂi&@éd'ﬁ€¥QBY£§§ geniai prd PrbBrAmhba thus prepared
enbryoi d bodies. [0027] As a result, the preséent inventors found that when

a cell nbéi&i@mf@@?@éﬂonﬂréhﬁeﬂagré&eténhbahednﬁﬁs@Bkéibm?@b&te“the
programed cardi omyocytes and the cardi onyocytes is cultured under one or

nore condjdo2es WhiTHe Presereciwdedtore §H81080UPEEOSES SHE NEhEf cdlture
| ow- serum suppl enmented condition, a |ow glucose-supplenented condition, a

| ow- nut ri ¢bRA@AtioneNguthoas a Low-sakanusupphdineheBd aondidiynachdi ¢ pH
condition, alone or in any conbination, the cardionyocytes or cells which
di fferentleweglutoséhsupplemnenyedyteadinibhe af lbwrauarethieaalsensitive to
cytotoxic effect as conpares with the non-cardi onyocytes under such
condi t i oncoh@9£8pnOnat hewbaaleiah tbnditiodingndi & mhddpyeaentiici pHenti on
cells which are viable even under the above conditions were able to be
sel ect ed aeengibjjoanoedsetactionyofytbe aeaddiemgbogyesyt éa brderatoel
m xture containing the undifferentiated nmesoblast cell, the programred
car di onyospeesifiandlipediacdimipetings thbyceudtiomyngytkes oel celds which
differentiate into the cardiomyocytes in the future from
non-cardiomyocytes contained within the thus prepared embryoid
bodies.
[0027] As a result, the present inventors found that when a
cell mixture containing the undifferentiated mesoblast cell,
the programmed cardiomyocytes and the cardiomyocytes is
cultured under one or more conditions which are selected from
the group consisting of a low-serum-supplemented condition, a
low-glucose-supplemented condition, a low-nutritional
condition, a low calcium condition, a mildly-acidic pH
condition, alone or in any combination, the cardiomyocytes or
cells which differentiate into the cardiomyocytes in the
future are less sensitive to cytotoxic effect as compares with
the non-cardiomyocytes under such condition.
[0028] On the basis of this finding, in the present
invention, cells which are viable even under the above
conditions were able to be selected as programmed
cardiomyocytes and cardiomyocytes from a cell mixture

containing the undifferentiated mesoblast cell, the programmed

cardiomyocytes and the cardiomyocytes, by culturing the cell



m xture under the condition of a | ow glucose-supplenented condition in
conbi nation with any one or any conbinations of a | ow serum suppl enent ed
condition, a lownutritional condition, a low calciumcondition and a
mldly-acidic pH condition. [0029] The above described selection nethod is
to select the cells of interst by culturing the cell mixture under the
condition to which the cardionyocytes-ang physiologically resistant, and
therefore, is referred to as "physiol ogical resistance-based sel ection

met hod”. Jbetabyshinbesi ek c6ﬁ§h§38ﬂC8beSngsgh.ﬁ%bbﬁﬂsﬁ%b'i@ﬁleﬁftehhe present
i nvention is characterized by culturing the cell m xture containing the

cardi onyogyh@stiibnt I ebhbihatABE witunday bhe eendnyi edmbitkaedbad bEo@ a
| ow gl ucose-suppl enented condition, a | ow serum suppl enented condition, a

|OMFDUFFIlbﬁﬂﬁérﬁﬂﬂduprémen@ehoﬁbﬁaﬁthﬁLCandbwhﬁﬂtrﬁklanﬁu|@bhdﬂ&h@h@ pH
condition. [0030] In the present invention, the term"a | ow gl ucose-

suppl emenpedowosditian’ cbfddefibAedntioabmiadigndictidae prdeonddttiioh.t he cel
m xture is cultured in the culture nediumw th reduced |evel of sugars
(i.e., groop2efl subBhanaesvée ndéésidrbbedpseéysacibarmdesodnisnboosatebari des
(such as glucose, galactose, fructose, nmannose), which are biochemcally
di ssol ve ahd cemier b€dinheyrstobgr cudtoadelgl tther iy 1o miibtitabey uniderc ahebol i zed
by the glycolytic systemy. In the preferred enbodinent, the term"a
| ow gl ucosendippbanmént slicbndhei ocatdioegosyttlest atree phylsiiotiogticiad liys cul t ur ed
in the culture medium in the absence of the sugars above or in the culture
medi um i nregfisthntheahdvehevkfongar dsi seffieriredd tioo alsed phiylsdwlo@iaal conpar ed
to the level of sugars in the culture mediumused for 17
resistance-based selection method". The physiological
resistance-based selection method of the present invention is
characterized by culturing the cell mixture containing the
cardiomyocytes in the culture medium under the condition
selected from a low-glucose-supplemented condition, a
low-serum-supplemented condition, a low-nutritional condition,
a low calcium condition, or a mildly-acidic pH condition.
[0030] In the present invention, the term "a low-glucose-
supplemented condition" is defined to be a condition under
which the cell mixture is cultured in the culture medium with
reduced level of sugars (i.e., group of substances including
polysaccharides and monosaccharides (such as glucose,
galactose, fructose, mannose), which are biochemically
dissolve and converted in vivo or intracellularly to finally
be catabolized by the glycolytic system). In the preferred
embodiment, the term "a low-glucose-supplemented condition”
means that the cell mixture is cultured in the culture medium
in the absence of the sugars above or in the culture medium in

which the level of sugars is limited to less than 1% as

compared to the level of sugars in the culture medium used for



the differentiation induction. In the present invention, it 1is desirable to
el i m nate gl ucose, anong others, as nuch as possible fromthe culture

medi um For exanple, the comercially aveirable culture nmedi unms which are
genmerally wused in the art (such as a-MEM MEM [Hank's BSS], DMEM contain
1 g/L of D-glucose (5.56 M\, RPM 1640 contains 2.0 g/L of D glucose
(11.12 mV), and Hams F-12 contains 1-8R7g/L of D-glucose (10.12 mM,
respectively. Therefore, the culture nmediumw th the |Ievel of sugars being

reduced t @hel®iFEarenitiatddn Unduttdidn CoAt 8hsi pgeB8ent0ihién2Gonl ot
sugars. [0031] The present inventors found that, when the cell mxture is
cultured iz deeitable &orediimbnatdegldtddd Mdmthg |edirof sigarch taks | ess
than 1% as conpared to the |l evel of sugars generally used in the art, the
non- car di posedpiles £randehgo cadlturdeatddiumi | Poirhexampilief, ertéet i at ed nmesobl ast
cell, the programred cardi onyocytes and the cardi onmyocytes can survive in
t he cul t ucommediciallyd@vesitab leorolilttuvre mredituwes wWiriegerdre meardradly a

| ow gl ucose-suppl enented condition can be achieved by using, for exanple,
RPM cul t wsedmddi the( aitgar(sddtea)s ooMEMOVMEM UlHae' STeRB S (DMEMY - f r ee)
(both fromdBCO. [0032] As used herein, the term"serum conponent™

i ncl udes comrbamn tlsd /L, oforfpaiamasef( Hisd odf)calRRMIack64k ecgarins cont ai ni nd
in animmal or human serum and reconbinantly or artificially produced
conponent 2.6 g/fe ofi #-afiussidey (Eck.ihZe mMMge@nd [Ham ' Hrlssegantydiaws fi cat i on,
the term"a | ow-serum supplenented condition" refers to the condition where
the |evell-&2 dfd & PnBruaase sk Z atponaispestivelng Therefore,

the culture medium with the level of sugars being reduced to
1% means the culture medium containing 55.60-111.20 pM of
sugars.

[0031] The present inventors found that, when the cell
mixture is cultured in the culture medium under the limited
level of sugars to less than 1% as compared to the level of
sugars generally used in the art, the non-cardiomyocytes
undergo cell death, while the undifferentiated mesoblast cell,
the programmed cardiomyocytes and the cardiomyocytes can
survive in the culture medium under such condition. In the
present invention, a low-glucose-supplemented condition can be
achieved by using, for example, RPMI culture medium (sugar-
free), and DMEM culture medium (sugar-free) (both from GIBCO).
[0032]1 As used herein, the term "serum component" includes
serum itself, components of biologically active agents
containind in animal or human serum, and recombinantly or
artificially produced components of the biologically active
agent. In the present specification, the term "a low-serum-
supplemented condition" refers to the condition where the

level of the serum or the serum component, or the



reconbi nantly or artificially produced conponents of the biologically
active agent is limted to 0% -10% as conpared to the serumlevel which are
suppl'emented to the culture nmedium used for obtaining undifferentiated
nmesobl ast cells is considered to be 100% and includes, for exanple, "a
serum free condition". Therefore, an exanple of "a | owserum suppl enented
condition" is the case when 10% serumd spg suppl enented to the culture nmedi um
for obtaining the wundifferentiated nmesoblast cells, the serum concentration

in the Cgla,tcufn iRRdYP b3 lalr@ff‘i@fa@.l&eﬁoh%%dl(@o&gon%ﬂt%ctdfngchet he

programed cardi onmyocytes or the cardionyocytes. T present inventors

found thapg oMagAchiey B¥eligeChgkh® 987 YAMiGRAP LS AR ANRDBrghARE to
culture nediumare limnted to~ | ess than 10% as conpared to thé | evels of

the serumgheogpRgNtevien WAS chUlaire! & uppdieHBndRetd) ltheltRA tutd Meddn the
non- car di omyocytes undergo cell death, while the wundifferentiated nesobl ast

cel |, theuypeadtraiedtaandngMueaeyireeredtd st aRISHHARMLACHeAS LAk survive in
the culture nmedium [0033] In the present invention, the term"a | ow

nutritiongbneaadireldoro bef and gt,o dnfde ig1diddson fiiclekanide | enelser@im-every
nutritional conponents contained in the culture nediuns which are generally

used in tlgeear copgithoas . RPieredbtyl caffedkdiip1OVEH cdl Luwe seedinum NEM
culture nmedium F12 culture nmedium and a-MEM culture nmediun) are |limnted

to |ess hppléd¥ntad comMddrddno iishahee\ise @fhdrha owtgdrtunpriad conponents
in the culture mediumgenerally used in the art. In the present invention,

It is desisuipplementleidntio tthe lceMalure afediln Mty idhtaEalimpmenents to 10%

The present inventors 19
undifferentiated mesoblast cells, the serum concentration in
the culture medium is limited to less than 1% for selecting
the programmed cardiomyocytes or the cardiomyocytes. The
present inventors found that, when the levels of the serum
components contained in the culture medium are liminted to
less than 10% as compared to the levels of the serum
components in the culture medium generally used in the art,
the non-cardiomyocytes undergo cell death, while the
undifferentiated mesoblast cell, the programmed cardiomyocytes
and the cardiomyocytes can survive in the culture medium.
[0033] In the present invention, the term "a low-
nutritional condition" refers to the condition where the
levels of every nutritional components contained in the
culture mediums which are generally used in the art (such as
RPMI culture medium, DMEM culture medium, MEM culture medium,
F12 culture medium, and a-MEM culture medium) are liminted to
less than 10%, as compared to the levels of the nutritional
components in the culture medium generally used in the art.

In the present invention, it is desirable to limit the levels

of the nutritional components to 10%. The present inventors



found that, when the |evels of the nutritional conmponents in the culture
mediumare limnted to 10% as conpared to the levels of the nutritiona
conponents in the culture medium generally used in the art, the

nop- car di omyocytes undergo cell death, while the undifferentiated nmesobl ast
cell, the programmed cardi onyocytes and the cardi onyocytes can survive in
the culture nmedium Such "a |low nutritdiqgmal- condition" of the culture
medi um can be prepared by diluting 1 volume of the culture nediumgenerally

used in t §u ufft tﬁBEMw dht ¥he ?b‘i@ ofl M allty ?.o% i %@m Mnctlé' tyre

nmedium F cul ture’ ne lum an ture nme u5|n vol une of

physi ol ogtfal cuselirBembayah §§eH§ﬂK11§t§§St(>Slig%r als’ @@npAredBel th@034] 1n
the present invention, the term"a |ow calcium condition" refers to the

condi ti onyybens bbetﬁel ﬁwﬁtci@aﬁqnbmbbaan%ntlfﬁl Red Idmttmecmetdihﬁ nmedi um
ranges between 0.3-1 mM The culture nedia generally used fo

di fferent jahbRe1lHt asbae i8akHeORYRCY RS nhBUCRadd iy cs telsu ruelde&@du a1 1IVEM
culture nedium and a-MEM cul ture nediunm) contain 1.8 mM concentration of

cal ci um i geblin, Cwht vee thedund fiferes t 1K@ me obl@sd tcelhgt @l ci um
concentration is kept at around 1.8 mM throughout the culture period for

di f f er ent pabgRemnBHO calrds ofhgoeiy@ @0 ayide the T lda rdi@agdicyitR\se Hadl $uruR@ t hat ,
when the calciumconcentration in the culture nediumare linmnted to

0. 3-1. 3 nihotheakaltoreoned@iumat i Sicht he vewusateitwbhah canaisignrfobeantly
| ower than the cal ciumconcentration in the culture nediumgenerally used

I n the arthet balnafe medduenmgany bes purepared Ol ldidertimg Whiod unee of the

undi fferentiated nesoblast cell, the programmed cardi omyocytes and the 20
culture medium generally used in the art (RPMI culture medium,
DMEM culture medium, MEM culture medium, F12 culture medium
and o-MEM culture medium) using 9 volume of physiological
saline (such as Hank's BSS (sugar-free) or PBS).

[0034] In the present invention, the term "a low calcium
condition" refers to the condition where the calcium
concentration contained in the culture medium ranges between
0.3-1.3 mM. The culture media generally used for
differentiating into the cardiomyocytes (such as DMEM culture
medium, MEM culture medium, and &-MEM culture medium) contain
1.8 mM concentration of calcium in the culture medium. It is
known in the art that calcium concentration is kept at around
1.8 mM, throughout the culture period for differentiating into
the cardiomyocytes. The present inventors found that, when
the calcium concentration in the culture medium are liminted
to 0.3-1.3 mM of calcium concentration, the values of which
are significantly lower than the calcium concentration in the
culture medium generally used in the art, the non-

cardiomyocytes undergo cell death, while the undifferentiated

mesoblast cell, the programmed cardiomyocytes and the



cardi onyocytes can survive in the culture medium RPM culture nmedi um and
F12 cul ture nedium (both from G BCO can be used as the exanples of the
culture nediumwith "a | ow cal cium condition" of the present invention.
[0035] In the present invention, the term”a mldly-acidic pH condition”
refers to the condition where the pH of the culture nediumranges between
pH 6-7. It is known in the art that thegH condition of the culture nmedi um
generally used for differentiation induction of the cardi onmyocytes (such

ase RPM gthﬁ‘ @éH”baE“’FMG&!{rEU f “-IHQ' gt YEM &gh&ume ngepm F12

cul ture nmedi um a MEM cul ture ne IS require be mai nt ai ned at
around p%@l@uf@'ﬁédhﬁmt BR4aS@MB eﬁlrth%e Rl%)dihﬁ' e8b¢8l reepdictieed) Eas BE of
the basic BSS is adjusted to be around pH 6 in the incubator with 5% CQ2.

The pfeseﬁ&ed'HHeBheréxBﬁyméstbﬁtthéheﬂltheepﬂeaﬁuhhﬁlQﬁ|WHFQOWE@bQEhh&
| owered to pH 6.5 which is nore acidic than the pH of the culture nedium

general | ycyag89tiontherathe bbesgamn- iaaediaanocytes undergo cell death, while
the undifferentiated nmesoblast cell, the progranmmed cardi onyocytes and the

cardi onyocgpes]can Bull ¥heEpi&séhe gﬂbéﬂt@oﬂvdtua1tabﬂ eyl hwralyradigicw th
"a mldly-acidic pH condition" of the present invention can be prepared by

adj ust i ngpheon#iieiohheredbter €¢o fRei cdndiitignt GBeldankhe Bal afcetheSal ts
Solution (Hank's BSS). [0036] In the present invention, the cardi onyocytes
can be poultued medeumf rhagest bpthgeax pHsieng .t het absvenownt innedecatt
m xture to any conbination of two or nore suitable conditions of the
cul ture meHatunthe. pH, cbhdiplpsai olfoghealkcul¢éaret meddumb geadradllgcuised Hetrhod) .
o differentiation induction of the cardiomyocytes (such ase RPMI
culture medium, DMEM culture medium, MEM culture medium,
F12 culture medium, and a-MEM culture medium) is required to
be maintained at around pH 7.5 which is the same as the
physiological condition. The pH of the basic BSS is adjusted
to be around pH 6.5 in the incubator with 5% CO,. The present
inventors found that, when the pH of the culture medium is
lowered to pH 6.5 which is more acidic than the pH of the
culture medium generally used in the art, the non-
cardiomyocytes undergo cell death, while the undifferentiated
mesoblast cell, the programmed cardiomyocytes and the
cardiomyocytes can survive in the culture medium. The culture
medium with "a mildly-acidic pH condition" of the present
invention can be prepared by adjusting the pH of the culture
medium using the Hank's Balanced Salts Solution (Hank's BSS).
[0036] In the present invention, the cardiomyocytes can be
purified more efficiently by exposing the above mentioned cell
mixture to any combination of two or more suitable conditions

of the culture medium (i.e., the physiological resistance-

based selection method).



[ 0037] The present inventors found that, when the culture nediumis
deprived of the sugars, the non-cardi onyocytes underwent cell death within
t he enbryoi d bodi es derived from the enbryonic stemcells. The present

i nventors further studied an alternative substrate which can preferentially
provi de the cardi onyocytes with an energy other than the sugars, for the
pur pose of further inproving the selectipvity of the undifferentiated

mesobl ast cell, the progranned cardi onyocytes and the cardi omyocytes

cont ai nedy bashe  ope Yok £ bt £ved 0038] £Aing ERSH! wnbhocRE CERREEBVEN: Or

f ound tha It is ve to supplenent to the cufture mediuma lactic

acid (Lagtaifm Qs1dég§@%edaofo%ﬁbnéthBSOftﬁ@ ﬁ%ﬁaﬁhkﬁléﬁyQCQ%Qsloo ny/ L)
and a glutamc acid 100 ng/L), or a pyruvic acid (O , Oor any

CO”b'”at'QHaekbéﬁQOEelm Bkaes Qfithha tﬁegaﬁsryaaae@oaae%hﬁé%lwb@dE&%&, it is
considered that such sugar substitutes can specifically provide the

cardlonyoeuéeémbfybhleegeéﬁaeélngtrl@ﬁés% ré§O3P] idvén 6t §CEhptnapt hod
descri bed above iS referred to as "netabolism based sel ecti on net hod" since

the methodtyaesa ARt ahekirtataRabshibkyratet HRicAr daampeeyreeenitaaigect the
cardi onyocytes. The mnetaboli sm based sel ection nethod of the ivnention is

charact er pzeg¢igg eHkt dhirgomfecgtlels Withuad emeRigy bither! kB adanrtieomyocyt es
under a lactic acid-supplenmented condition, an aspartic acid/glutamc

aci d- suppkagapsedfogontiet pafrpose afpy¥umtheradmpraviplgentet eeleetdtitgn.

[0040] In the present invention, the two types of nethods for selecting the

car di onyoo¥t ehe( undiffelrenphptied ogsoblad?2 cell, the programmed
cardiomyocytes and the cardiomyocytes contained in the
embryoid bodies.
[0038] As a result, the present inventors found that it is
effective to supplement to the culture medium a lactic acid
(Lactate, 0.1-5 mM), a combination of an aspartic acid
(20-100 mg/L) and a glutamic acid (20-100 mg/L), or a pyruvic
acid (0.5-5 mM), or any combinations thereof in place of the
sugars. Based on these findings, it is considered that such
sugar substitutes can specifically provide the cardiomyocytes
with necessary nutrients.
[0039] The selection method described above is referred to
as "metabolism-based selection method" since the method uses
metabolic capability of the cardiomyocytes to select the
cardiomyocytes. The metabolism-based selection method of the
ivnention is characterized by culturing the cell mixture
containing the cardiomyocytes under a lactic acid-supplemented
condition, an aspartic acid/glutamic acid-supplemented
condition, or a pyruvic acid-supplemented condition.

[0040] In the present invention, the two types of methods

for selecting the cardiomyocytes (i.e., the physiological



resi stance-based sel ection nethod and the netabolism based selection

met hod) can be used in conbination to purify the cardionmyocytes at a high
degrée of purity. Al so, the above nethods are repeatedly carried out to
attain a further high degree of purification. [0041] The cell m xture
containing the undifferentiated nesoblast cell, the programed

cardi onyocytes and the cardionyocytes wi ch are used in the present

i nvention as an origin of the cardi omyocytes can al so be prepared fromstem

cells or {gkyseanchphbkd gembeﬂont he theManat eMeC fletBbo 11iRM-Ba&ea but not

limnted to, totipotent cel which can differentiate into any types of
cells (SUEQléétQHHrMQBh6d§t%Hh sel Lgkgard EbehB%E&%h ¢l puraEchnean
differentiate into multiple particular types of cells (such as$ adult stem

cell's deghy@dohiyeBytBe Beng AAGhOWegrke@042] puiriity.behigyedthBakbotd t he
course of preparation of the cardionyocytes fromthe enbryonlc stemcells,

as diffemephbaki arepiegeaseaiy cthergelr vofi ¢oSheraael las fudithiegr @éilghate into
the undifferentiated nesobl ast, and then subsequently change into the

progrannedegaédlamygqyﬁescaaﬂdn,flnalIy formthe cardi onyocytes. Here, the
"undifferentiated nesoblast cell"” refers to the cells which express the

Brachyury{poaetigi n (BPhepeellimireuker cbataihengndhef ananfEatredtiaesabl ast
cells). Meanwhile, the "programred cardi onyocytes” refers to the cells
whi ch expmessblheturdilllf, etert prbgadammesioklaasii omglocyteaciahidc tpreot ei Nns such as
the Brachyury protein but do not express the cardi onyocyte specific
prot ei ns sarhiiamyolit2sSwaddhAatrienusedlia pheqpaesec tc dndiemhiony lass dmas an
23 origin of the cardiomyocytes can also be prepared from stem
cells or fetuses. In this context, the term "stem cells"
includes, but not liminted to, totipotent cells which can
differentiate into any types of cells (such as embryonic stem
cells) and pluripotent cells which can differentiate into
multiple particular types of cells (such as adult stem cells
derived from the bone marrow).
[0042] It is believed that, in the course of preparation of
the cardiomyocytes from the embryonic stem cells, as
differentiation progresses, the embryonic stem cells
differentiate into the undifferentiated mesoblast, and then
subsequently change into the programmed cardiomyocytes, and
finally form the cardiomyocytes. Here, the "undifferentiated
mesoblast cell" refers to the cells which express the
Brachyury protein (a specific marker for the undifferentiated
mesoblast cells). Meanwhile, the "programmed cardiomyocytes”
refers to the cells which express the undifferentiated
mesoblast cell-specific proteins such as the Brachyury protein

but do not express the cardiomyocyte specific proteins such as

Nkx2.5 and Actinin. The programmed cardiomyocytes has an



ability to exclusively differentiate into the cardi onyocytes w thout a need
to suppl enent of any additional substances to the culture nedium The
"cardi omyocytes" refers to autononously pulsating cells when the cells are
vi able and also cells expressing some markers such as Nkx2.5, GATA4, and
Actinin, which can be detected after fixation. [0043] For exanple, when the
nouse enbryonic stemcells are wused as 2m origin of the cardionyocytes, the
cell population which can suvive under these culture conditions can be

sel ected @%ia 14§ ltoP @K1 i 160 Bl FHid it 10 a e & Y P A HE TR KHyFH QPRac Y t es
or the cardi onyocytes fromcell's consisting of the enbryoid bodi és by the

fol | owi ngait@Rwt iaNdeeddo Huprledintatd Oy ddm THBHe aftdstidestiagn cel | s
by elimnating LIF fromthe culture medium then incubating for 4-7 days

t he nouse tREDIARIUTeS AiGal.| SThe geasdabmyodtrei"d refediseso and cul turing
the enbryoi d bodi es under the physiological resistance-based sel ection

met hod an@onidiRusIft @udldaiirpsad 1xelwitdri athaaidkk tarselatld hendi abl e

cell popul ation as the programred cardi onyocytes or the cardiomyocytes.

[ 0044] By al@y @feldsamdpresafiingy sonaysarfkexs tdectstas tNaf2 . 3 haGATA4, and

differentiation induction, cells were selected for additional 24 hours

under a | awtdnionsedsiuplcare e detimmliidd af teandE iamt ioore. of or any

conbi nati ons of four types of the conditions (i.e., a

| ow ser um[OWd lenenfFed ewadiptlieon whan [tive motusiet iembedty cpdrdisttieon ,ced isovare

calciumcondition, and a mldly-acidic pH condition). Though the selected

cell s wer aisedh@se an tdrigimuisdthencatiionygqcytes cethe popll gomnlakidn no 24
which can suvive under these culture conditions can be
selected as a cell population consisting of the programmed
cardiomyocytes or the cardiomyocytes from cells consisting of
the embryoid bodies by the following steps: inducing
differentiation of the mouse embryonic stem cells by
eliminating LIF from the culture medium, then incubating for
4-7 days the mouse embryonic stem cells to generate embryoid
bodies, and culturing the embryoid bodies under the
physiological resistance-based selection method and/or the
metabolism-based selection method to select the viable cell
population as the programmed cardiomyocytes or the
cardiomyocytes.
[0044] By way of example, after 5 days from the start of
the differentiation induction, cells were selected for
additional 24 hours under a low-glucose-supplemented condition
and any one of or any combinations of four types of the
conditions (i.e., a low-serum-supplemented condition, a
low-nutritional condition, a low calcium condition, and a

mildly-acidic pH condition). Though the selected cells were

those with no pulsating ability, the cell population with no



pul sating ability were i munostai ned usi ng an anti body agai nst
Brachyury, the nmarker of the undifferentiated nesobl ast cell,

t he
resulting in

the Brachyury positive images in alnost all cells. This nmeans that the
present nethod is a nethod for effectively selecting the undifferentiated
nesobl ast cells. [0045] Further, the Brachyury positive cells were

I mmunost ai ned using an anti body agai nst 2uhe Nkx2.5 (which is a
present|y-known earliest devel opnental honeotic protein marker

specific for

the Cardiﬁﬁyggyiﬁﬁ)abifﬁﬁytwggeiﬂmhﬂﬁogegihéaeus&5593ﬁ hAtabBBYt aghlinse! | s

Nevert hel'ess, confinued culture of the cells resulted in diffe

renti ati on of

about 80- PR BfachPree! thei MhPkEREoEALHEONNAS¥EBFenthBtBAOMBsOblakE

considered that the undifferenti ated nesobl ast cells sel ected

in the nethod

above arecdnknonashvtih§einshePBrAthyMEy PbedtagBedmagedi /Y atmbas. al@046]

By way of another exanple, to select the cardionyocytes, the e

nbryoi d

bodi es degeyed. f rrnd fe i ritout Cthsipresent smefhed #s 6a daythdd ofdthe start

of differentiation induction can be cultured for about 3 days

in the

serumfreeffedgtivetynedlgotpngpaheduhiifEsragtikive@Mnesbblaksseslial.

Medi um) [Hank's BSS] (Invitrogen) and a-MEM (SIGVA) at the rat
[ Hank' s BB®D451a- VMBMietWer, lthe IBraéhyusyppbeheivedcalld wdte| i

o of MEM
nsulin (10

ng/L), transferrin (5.5 ng/L), and sodiumselenite (6.7 ng/L)] (ABCO (in
this casemmthestalinedmistngeahr ahtdbhodgsaghanstltBenNkx2Thi $whdcht dsea
medi um condi tion corresponds to a | owserum supplenented condition, a | ow
cal ci um cpndsenbhy-kndwan eakdligstadededtopientadi homeotIkeprbtiseipr mpaked

programed 25

specific for the cardiomyocytes), resulting in the negative

images in almost all cells. Nevertheless, continued culture

of the cells resulted in differentiation of about 80-9

the cells into the cardiomyocytes. Therefore, it is

0% of

considered that the undifferentiated mesoblast cells selected

in the method above are unknown but the most primitive
programmed cardiomyocytes.

[0046] By way of another example, to select the

cardiomyocytes, the embryoid bodies derived from the embryonic

stem cells after 4-6 days from the start of differenti

ation

induction can be cultured for about 3 days in the serum-free

culture medium prepared by mixing MEM (Minimum Essenti
Medium) [Hank's BSS] (Invitrogen) and a-MEM (SIGMA) at
ratio of MEM [Hank's BSS] : a-MEM = 9 : 1 - 1 : 9,

supplemented with ITS [insulin (10 mg/L), transferrin

(5.5 mg/L), and sodium selenite (6.7 mg/L)] (GIBCO) (i

al

the

n this

case, the calcium concentration was about 1.3 mM). This

culture medium condition corresponds to a low-serum-

supplemented condition, a low calcium condition, and a mildly-

acidic pH condition. The thus prepared programmed



cardi onyocytes can be continuously cultured in the same culture nediumto
differentiate into the cardi onyocytes. Wien the above mani pul ati on of the
cell "'m xture is conducted after 5 days fromthe start of differentiation
i nduction, especially after induction of the autononously pul sating

cardi onyocytes, it is possible to efficiently select the cardi omyocyte by
sinply culturing in MEM [Hank's BSS] undgy -a | owserum suppl enent ed
condition and a mldly-acidic pH condition. The thus prepared

car di 0”V08¥£8§oﬁ98c§f:‘8‘r§OEEh”BQUEBMtSHhBHEQ? bﬂlthﬁ}%dm Xe¢neuls 'a]\-h"ee medi um of

MEM and a- MEM t o™ di entrate into atrialf nuscle and ventricle nuscl e.

[0047] Bycuayuek EHHEBﬁrtSXéHEkérehQQa%Eb&ﬁdetB@db%%deﬁyd6§ié%rO”WBQE
enbryonic stemcells were washed using a sugar-free nmedi um Such as Hank's

BSS (G BChe! Abbhier pHARbY1a@lbAI B&L @heugany Aasktulren igulconaeete@r adtérdays
in the culture nedium (Hank's BSS [sugar-free]/DVEM [ sugar-free] 9: 1)

under a | ewgagsuprsmpphenerbed e@ndilireftend ila®wonUthidulcdiadn, fé@@@ctllaquy( such
as those prepared by 10 tinmes diluting a comercially avei l'able culture

nedi um wi btkgotinabetbohf 8F thel dutehbmoasly Puilsatiifigc dalddiensiodyes ,and a
| ow cal cium condition, which were supplemented with 1 nMof a lactic acid

(a lacticiaclg- ﬁbﬁ@hb&&ntedefﬁlid:lﬂeh(tﬂZI sdQ e/ thef cardismyoldyte a8 d and 20
ng/L of glutam c acid (an aspartic acid/glutam c acid-supplenented

condi ti onkimplylcaltakriagpyhuMEM ddiatk('s BSHUVNdeac iad-1oupplesttant ed

condition). As a result, it is possible to efficiently select the

car di onyosypelbmehhednebhddtiabhoaad [a064djdliyn azd ddict @Mpicondifriemar eThae

cardi onyocytes using 26
thus prepared cardiomyocytes can be continuously cultured in
the mixed culture medium of MEM and a-MEM to differentiate
into atrial muscle and ventricle muscle.
[0047] By way of further example, the embryoid bodies
derived from the embryonic stem cells were washed using a
sugar-free medium such as Hank's BSS (GIBCO) to thoroughly
eliminate sugars and then cultured for 3-7 days in the culture
medium (Hank's BSS [sugar-free]/DMEM [sugar-free] = 9: 1)
under a low-serum-supplemented condition, a low-nutritional
condition (such as those prepared by 10 times diluting a
commercially aveilable culture medium with isotonic buffer
solution), a mildly-acidic pH condition, and a low calcium
condition, which were supplemented with 1 mM of a lactic acid
(a lactic acid-supplemented condition), 20 mg/L of an aspartic
acid and 20 mg/L of glutamic acid (an aspartic acid/glutamic
acid-supplemented condition), or 1 mM of a pyruvic acid (a
pyruvic acid-supplemented condition). As a result, it is
possible to efficiently select the cardiomyocyte by the method

above.

[0048] In an attempt to prepare the cardiomyocytes using



the adult stemcells derived frombone marrow, the nmethods described above
are al.so applicable to select the cardionyocytes fromthe cell m xture of
the adult stemcells. Here, the cardionyocytes derived fromthe nouse bone
marrow were induced using the cells and the nethod as described in

W001/ 048151 (PCT/JPOQ/ 09323). That is to say, CMG cells are cultured in

| MOM (I scove's Modified Dul becco's Mediyg (A BCO supplenmented with 20% of
fetal bovine serum (regarding the nethod for establishing CMG cells, see,

3. Gin. Laueshore 1998y coko183:POSA- 205k, nEHkl HEEdohe" cAdOhELARAL 24 hours

in a culture nmedium supplenmented w i nal’ concentrfation O mol /| of

5- azacyt i g g { 5bEMBboykEPeCH LY 8pi9kaB13 WECkS1cER ERE CUI ture medium

above without 5-azacyti dine. esult, this ection method enabl es

diffgre”tE§£598mybEQHE§i9Ppﬁftﬁgec8§h|ﬁik@h?eaHEOEHEDHahXtPBEEQtEggls.
cardi onyocytes. 1t is possible to obtain the cardi omyocytes by further

cul turingykpg, cehb a&%&yaﬁﬁseytégnaegibaa £28MORABDMBLY ePBbAR! A% row
cardi onyocytes under the physiol ogical resistance-based selection nethod

and/ or thpepBt 28h@htea §38Rf thRel eeiignanat had. mk@BAA] akUakBe-ibed tiRe course
of preparation of the cardionyocytes fromthe nouse fetuses, the

car di onyopgbesogansibereelerbedoandspurithed {&ofetésey 7tdmdayeiseabsyonic
life (the tinme point when the cardi omyocytes first appear; the tine point

correspondailtardayidbimbme( Ikbeveest Mbaiatie@anbDulbkleo 'eamedetimursEBCchy t he
foll ow ng procedure; i.e., aseptically renoving nouse fetuses, washing them
usi ng HankuppB&hehsdgawithr 26k bEUfetalebovihpekkeiumng (2egyaraling fRe usi ng 10
m pipette 27

method for establishing CMG cells, see, J. Clin. Invest., 1999,

Vo0l.103,p697-705), cultured for additional 24 hours in a

culture medium supplemented with a final concentration of

3 umol/1l of 5-azacytidine (SIGMA), then cultured for 2-3 weeks

in the culture medium above without 5-azacytidine. As a

result, this selection method enables differentiation

induction of the cells into autonomously pulsating

cardiomyocytes. It is possible to obtain the cardiomyocytes

by further culturing the cell mixture containing the

autonomously pulsating cardiomyocytes under the physiological

resistance-based selection method and/or the metabolism-based

selection method.

[0049] Further, in the course of preparation of the

cardiomyocytes from the mouse fetuses, the cardiomyocytes can

be selected and purified from the 7th day of embryonic life

(the time point when the cardiomyocytes first appear; the time

point corresponds to day 16 after the fertilization in the

case of human) by the following procedure: i.e., aseptically

removing mouse fetuses, washing them using Hank's BSS [sugar-

free] four times, pipetteing several times using 10 ml pipette



to disperse fetuses to separate cell masses, culturing the cell nmasses
under the physiol ogical resistance-based selection nethod and/or the

met abol i sm based sel ection nmethod, and selecting the cardi omyocytes. [0050]
In.this way, in the present invention, the cell mxture containing the

undi fferenti ated mesobl ast cell, the programmed cardi onyocytes and the
cardi onyocytes used as an origin of theygardi onyocytes is cultured under
the physiol ogical resistance-based sel ection nethod and/or the

met abol i spPFeG 3£ HtULIE Y S da AP I8 Mo £ ddFruti gl @ ocyt es

whi ch are fone by ‘adhering the cardi onmyocytes wth each other However,

since the delus my<RA fhdEis 3% @hyélhﬂ.d‘é%fdﬁprﬂ’é@jyé%@éﬁo&é%@r@lmtfoﬂ ayer
of the dead non-cardionyocytes, it is necessary to elimnate the dead

non- car di gat¥ed @Y tfHd Md Bt P 1dA SN andtrnea, tdvea masses of
the cardi onyocytes. Regarding this matter, the present inventors further

st udi ed a%éxgaﬁﬂdyuiﬂgﬂda&dﬂdmyﬁuyﬂm@ present i nventors further found that,

when cell nasses are treated with a generral cell dispersion nethod (such
as those yvpos® Ir andam phalse@layt,i dneheBTeetit dhveltyis N tdle ic¥lichel eti ng
agents such as EDTA), the dispersed cells significantly lose viablility of

t he cel | s miltwemef dontaidiaie theedmditfetemnetidiosl fmssad fast esdly, etheni nati ng
the dead cells adhered on the surface of the enbryoid bodies while

mai nt ai ni rddyammess esaniidiywoarel amdcttie scafdidmidjodytes woskrad [ an

considered that cell-cell conjugation is achieved by the binding through

the extraosldin arf ndte carldiomy asy oes | egeryl fulrdnecden, tlend 28
physiological resistance-based selection method and/or the
metabolism-based selection method to acquire masses of the
cardiomyocytes which are fomed by adhering the cardiomyocytes
with each other. However, since the thus prepared masses of
the cardiomyocytes are covered by a layer of the dead
non-cardiomyocytes, it is necessary to eliminate the dead
non-cardiomyocyte layer from the masses before transplanting
the masses of the cardiomyocytes. Regarding this matter, the
present inventors further studied as described below.
[0051] The present inventors further found that, when cell
masses are treated with a generral cell dispersion method
{such as those using random proteolytic enzymes such as
Trypsin or ion cheleting agents such as EDTA), the dispersed
cells significantly lose viablility of the cells. Therefore,
there need a novel method for efficiently eliminating the dead
cells adhered on the surface of the embryoid bodies while
maintaining the masses of the cardiomyocytes.
[0052] It is generally considered that cell-cell

conjugation is achieved by the binding through the

extracellular matrix (such as collagen, fibronectin, and



el astin) or by direct binding between the nenbrane proteins. The present

I nventors found that digestion of the masses of the cardi omyocytes using

col | agenase or el astase (which have a high specificity for the matrix
proeteins) could efficiently elimnate the dead non-cardi omyocytes adhered
on the surface of the cell masses of the cardionyocytes while maintaining
the shapes of the nasses w thout being g4 spersed into separate cells. From
the results, cell-cell adhesion between the cardionyocytes is foned by the

direct bi aﬁag%mreggﬁ H’i‘i@@tﬂe?sflﬁdﬁ'ingc%'éQ%'eﬂ tﬁx%oﬁu%};nb'fﬁ'é‘%g%ﬁﬁ%‘oy for

i nvention, 1t possible to I Cle elitmnate t

exanpl e, &h@kbn}gseht&eﬁ%m&@ padines t!h'&tt 08 gURIGAC OO, Gkt tyPe

1l collagenase (Wartington) for 20 mnutes™in the water bath of 37C,

Separat'”thh%agaaémQ%h&%e%r%@hh@ec%QQngﬂﬁg%yb&SeldE%%%ﬂ'UwhiBH“HHvQUQ@t'0”
and supernatant replaceiment four  tines to conpletely wash out the

col | agenagg g haBSe%EEQb&%EQfthQh@ il &0 el e IG5 HoullRME c iR yaf t er
col | agenase "t r eat nent e thus obtai ned aggregates may possibly and

undesi r ably imeakaen thiae de@ﬁaﬁio(ﬁEUa&deonﬁﬂ&@:g"t@@' Gahdredy gy itee siiEddanger
t he met abol i sm based sel ection is conducted, the nore frequently the

aggr egat e £C@Rledicailng magad sCRlfl ThERtadididffyodptas Whide E ndeNASilng @hesuch
aggregat es containing dead cells, the present inventors found that the

density amtaples ofethlel masgleavmtithoutt hbeitepdicgldrsdds ihitghasegdiraitd hose of
the living cells and also found that the living cells can be separated
fromthe deadscel Feomsthg rbsuitst abkdldeaiilt gdpeadbanbe2@een the
cardiomyocytes is fomed by the direct binding through
N-cadherin or connexin.
[0053] In the present invention, it is possible to
efficiently eliminate the dead cells by, for example, shaking
the embryoid bodies in the presence of 0.01-0.1% of type III
collagenase (Wartington) for 20 minutes in the water bath of
37°C, separating the dead cells from the cardiomyocytes,
repeating centrifugation and supernatant replacement four
times to completely wash out the collagenase, and obtaining
the final product.
[0054] However, even after collagenase treatment, the thus
obtained aggregates may possibly and undesirably contain the
dead cells of the non-cardiomyocytes. The longer the
metabolism-based selection is conducted, the more frequently
the aggregates containing dead cells may appear. Examining
' the density of such aggregates containing dead cells, the
present inventors found that the density and the specific
gravity of the dead cells is higher than those of the living

cells and also found that the living cells can be separated

from the dead cells using the suitable density gradient



centrifugation nethod. An agent used for separating viable cells from dead
cells through the density gradient centrifugation nmethod includes, but not
limted to, Percoll TM (Pharmacia), Ficoll (Pharmacia), Optiprep (G BCO.
EXAMPLES [ 0055] EXAMPLE 1: Formation of cardi onyocyte selective aggregates
by culturing the nouse enbryonic stemcells under a | ow serum suppl enented
condition or a serumfree condition This,fxanple ainms at studying the effect
of serum depletion on the cell nasses containing the cardi omyocytes
(enbryoi d_bodi e nore s ifically the effect_of the serum de tion on
el ect | oncORERELERTAPEBEDPEs AR IRIRat CBFFY 5 ReBaPRELBHLTSBPE boai oo)
by culturin h I S ( ryai d Is ' . serumfree
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line is E 1et . D224 -3 re -kingl ro 'qqg yu Dr .
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cul tured agayBegscel | masses for total 7 days in the culture nmedium[a-MEM
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This Example aims at studying the effect of serum

depletion on the cell masses containing the cardiomyocytes
(embryoid bodies), more specifically the effect of the serum
depletion on selection of the cardiomyocytes from the cell
masses (the embryoid bodies), by culturing the cell masses
(the embryoid bodies) in the serum-free culture medium.

[0056] The mouse embryonic stem cells (the name of the cell
line is EB3, Nat. Genet., 2000; 24: 372-376) were kindly
provided by Dr. Hitoshi Niwa of RIKEN, Japan. The mouse
embryonic stem cells are cultured for total 7 days using a
method similar to the existing method (Differentiation 2001,
68, p31-43), i.e., 75 ES cells per one EB were cultured as the
cell masses for total 7 days in the culture medium [o-MEM
(Minimum Essential Medium) (SIGMA), 10% FBS (EQUITEC BIO),

100 units/ml penicillin, 50 ug/ml streptomycin (GIBCO)] using
the hanging drop method. After differentiating into the cell
masses (the embryoid bodies) containing the cardiomyocytes
using the above method, the embryoid bodies were cultured with
being adhered on a culture dish using the culture medium

described above for 3-5 days at 37°C in 5% CO,. The method



descri bed above is the conventional cardi omyocyte differentiation nethod.
Fig. 1 shows appearance of the cell masses obtained under the conventi onal
nmet hod above. Here, Fig. | A shows a mcroscopic appearance of the enbryoid
body; Fig. 1B shows the outline of existence region of the cardi omyocytes
In the enbryoid body which was detected by specific fluorescent

| munost ai ni ng using the anti-Actinin_ g%tLbody (SIGwA); and Fig. 1C shows
the outline of the cardionyocyte existénce region in the enbryoid body
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medi um f or the enbryoi d bodi es cont ai ni ng e cardronyocytes. [0058] The

resul ts aggralgifoLhrELdintnEebRbribda BBaghANEch 508 sRges Of the

adhered enbryol d bodi es subjected t0 the selective culture under the above
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cardi onyocyte region wthin the enbryoid bodies which was identified by the
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cardi onyocytes within the enbryoid bodies after the 31
cardiomyocyte existence region in the embryoid body which was
identified by the fluorescent immunostaining, and was
delineated on the phase-contrast microscopic image of Fig. 1A.
As shown in the scheme of a mode of existence of the
cardiomyocytes within an adhered embryoid body (Fig. 1D), the
cardiomyocytes were surrouded by other cells and were hard to
be separated and purified from the embryoid body.
[0057] On the other hand, the mouse embryonic stem cells
were differentiated into the cell masses (the embryoid bodies)
containing the cardiomyocytes under the same condition, were
cultured for 5 days with being adhered on a culture dish, and
then cultured for additional 3 days in the serum-free culture
medium for the embryoid bodies containing the cardiomyocytes.
[0058] The results are shown in Fig. 2. Here, Fig. 2A shows
microscopic images of the adhered embryoid bodies subjected to
the selective culture under the above condition, and Fig. 2B

" shows the outline of the autonomously pulsating cardiomyocyte

region within the embryoid bodies which was identified by the
video analysis. As shown in the scheme of a mode of existence

of the cardiomyocytes within the embryoid bodies after the



selective culture (Fig. 2C), the cell population of the cardionyocytes

exi st at the surface region of the enbryoid bodis, where the cardi onyocytes
were found to be aggregated wth each other. [0059] EXAMPLE 2: Formation of
the programmed cardionyocytes selective aggregates and formation of
aggregat es containing the cardi onyocytes at a high rate by culturing the
nmouse enbryonic stemcells under a | ow sgrum supplenmented condition or a
serumfree condition This Exanple ains at studying the effect of serum

depl etion _on the_ cel| es(:t he ryoi d badi e Qnt.ai_ni t he
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above using the ha 50 CO2 to form
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supplemented condition or a serum-free condition

This Example aims at studying the effect of serum
depletion on the cell masses (the embryoid bodies) containing
the programmed cardiomyocytes, more specifically the effect of
serum depletion on selection of the programmed cardiomyocytes
form the cell masses (the embryoid bodies), by culturing the
cell masses (the embryoid bodies) containing the programmed
cardiomyocytes in the serum-free culture medium.

[0060] The mouse embryonic stem cells were cultured for

5 days using a standard method described in Example 1 in the
culture medium [o-MEM (SIGMA), 10% FBS (EQUITEC BIO),
penicillin/streptomycin (GIBCO)], i.e., 75 ES cells per one EB
were cultured as the cell masses in the culture medium above
using the hanging drop method for 5 days at 37°C in 5% CO, to
form embryoid bodies. Autonomously pulsating cells were
observed in the embryoid bodies on 7 days from the start of
the differentiation culture of the cells using the existing
culture method (as defined in Example 1). Then, after 5 days
from the start of the differentiation culture of the cells,

the stage when any autonomously pulsating cardiomyocytes have



not yet observed, the cells were cultured under the serumfree condition

for an. additional 1 day (24 hours) (the sane results are produced in both
situations when the culture was started on 4 days or 6 days fromthe start
of -the differentiation culture). Fig. 3A shows norphol ogi cal appearance of
the enbryoid bodies which were cultured in the normal serum suppl enented
condition for 6 days, while Fig. 3B showg norphol ogi cal appearance of the
enbryoi d bodies at around the sanme stage as Fig. 3A, which were cul tured

under & SECUT 28 oB00 | B Uo1dh U I8Nk 948 HUIRle bl
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serumfree culture medium|[a-MEM (SIGVA), insulin/transferrin/selenium

(G BCO, andtrRaer)ci!FiglssaephewkCinBrpFoB6Fitalaagpeaedncelbgt ithating with
the same culture nediun) were further cultured for additional 1-4 days, the
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aut ononmously pul sating cardi onyocytes at a high rate. Therefore, the
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fomed, by 33
same stage as Fig. 3A, which were cultured under a serum-free
condition for an additional 1 day (24 hours) at the 5th day
from the start of the culture.
[0061] When the cell masses shown in Fig. 3B which were
prepared by culturing under a serum-free condition for an
additional 1 day (24 hours) at the 5th day from the start of
the culture (i.e., by the following steps: trasferring the
culture medium containing the embryoid bodies to a
centrifuging tube followed by spontaneous precipitation,
removing the supernatant, washing once using serum-free
culture medium [a-MEM (SIGMA), insulin/transferrin/selenium
(GIBCO), and penicillin/streptomycin (GIBCO)], and then
substituting with the same culture medium) were further
cultured for additional 1-4 days, the cultured cells are
differentiated into the cell masss containing autonomously
pulsating cardiomyocytes at a high rate. Therefore, the
results demonstrate that the cell masses containing the
programmed cardiomyocytes, which are not autonomously

pulsating but are programmed to differentiate into the

cardiomyocytes in the future, at a high rate can be fomed, by



culturing the nouse enbryonic stemcells under a serumfree condition for
an additional 1 day (24 hours) at the 5th day fromthe start of the
culture. [0062] EXAMPLE 3: Selective inhibition of differentiation/growh
of -cell s other than the cardi omyocytes by culturing the nouse enbryonic
stemcells under a low calciumculture nmediumcondition This Exanple ains
at studying the effect of lowered calciiynconcentration on the cell masses
(the enbryoid bodies) containing t he cardionyocytes nor e specifically t he
ef fect of he _l.ower, um concentration o |on of .th

cardi onyogy?écélrflrn mt %%u%le r%“@s ém(ltch%tte rc;(/% ? ) st?ru Lﬁ t?ring t he
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calcium concentration on the cell masses (the embryoid bodies)
containing the cardiomyocytes, more specifically the effect of
the lowered calcium concentration on selection of the
cardiomyocytes from the cell masses (the embryoid bodies), by
culturing the cell masses (the embryoid bodies) in the culture
medium under the lowered calcium concentration.

[0063] The mouse embryonic stem cells were cultured for
total 7 days using a standard method described in Example 1 in
the culture medium [o-MEM (SIGMA), 10% FBS (EQUITEC BIO),
penicillin/streptomycin (GIBCO)], i.e., 75 ES cells per one EB
were cultured as the cell masses in the culture medium using
the hanging drop method for total 7 days to form embryoid
bodies, which were then differentiated into the cell masses
(the embryoid bodies) containing the cardiomyocytes. The
calcium concentration in the culture medium for the
cardiomyocyte differentiation was 1.8 mM. In the case of this
culture method, the content of the cardiomyocytes was about
10%, while other cells were made of the undifferentiated cells,
the neuronal cells, and the epithelial cells.

[0064] On the other hand, in this Example, 75 mouse ES



cells per one EB were cultured as the cell masses for 5 days in the culture
medi um [ a- MEM (SI GVA), 10% FBS (EQUI TEC BIO, penicillin/streptomnycin

(@ BCO] to formthe enbryoid bodies using the hanging drop nethod, which
were then adhered on the <culture plate, and further cultured in the sane
culture nedium for an additional 1 day (24 hours). Then, 6 days after the
start of the differentiation culture, i 4§ ,. 1 day (24 hours) after adhering
the enbryoid bodies on the plate, in the control group, the enbryoid bodies
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cardi onyocytes, nore specifically the conpl exed effect of serum depletion

and a m | dekyeacadhérphigofhsekmbiyondoboiies3dn the plate, in the
control group, the embryoid bodies were cultured in RPMI
culture medium (calcium concentration of 1.8 mM) supplemented
with 10% FBS by day 8 of culture (Fig. 4A), while in the
experimental group, the embryoid bodies were cultured in RPMI
culture medium (calcium concentration of 0.4 mM; GIBCO)
supplemented with 10% FBS (Fig. 4B). As a result, in
comparison with the untreated embryoid bodies, in the case of
the embryoid bodies treated with a low calcium condition,
growth of flat-shaped cells was suppressed around the
periphery of the embryoid bodies, or differentiation of the
embryoid bodies into the neuronal cells was inhibited
(Fig. 4B).

[0065] EXAMPLE 4: Selection of the programmed

cardiomyocytes from the mouse embryonic stem cells under a

serum-free/a mildly-acidic pH condition

This Example aims at studying the complexed effect of
serum depletion and a mildly-acidic pH condition on the cell
masses (the embryoid bodies) containing the programmed
cardiomyocytes, more specifically the complexed effect of

serum depletion and a mildly-acidic pH on selection of the



programmed cardi omyocytes fromthe cell nmasses (the enbryoid bodies), by
culturing the cell masses (the enbryoid bodies) in culture nmedi um under
serumfree and a mildly-acidic pH condition. [0066] In this Exanple, 75
mouse ES cells per one EB were cultured as the cell nasses for 5 days from
the start of the differentiation in the culture nmedium[a-MEM (SIGW), 10%
FBS (EQUITEC BIO, penicillin/streptamsggin (G BCO] using the hanging drop
nethod to formenbryoid bodies, which were then differentiated into the

cel | Eééﬂé#gﬁmgﬂbEXth?ﬁggEfﬁés ﬁ?@ﬁakﬁg h@iéP@?géégn?gh%a%ﬂ59§%ﬁﬁytes
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an additional 1 day (24 hours) culture nmedium (the Sane results are
produced LgnB9thosituati ons when the culture was started on 4 days or 6
days fromthe start of the differentiation culture). Since the pH condition
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condition, the cells were cultured in the mldly-acidified culture nmedium
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adhered enbryoid body which was cultured in the normal serum suppl enented

condi ti on(EBU@TEGEBBEOYWSpéfiicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containg the programmed cardiomyocytes. In this Example,
5 days after the start of the differentiation culture of the
cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were further
cultured in MEM (Minimum Essential Medium) (GIBCO)
supplemented with insulin/transferrin/selenium (GIBCO) for an
additional 1 day (24 hours) culture medium (the same results
are produced in both situations when the culture was started
on 4 days or 6 days from the start of the differentiation
culture). Since the pH condition of this culture medium is
adjusted to be at around pH 6.5 under 5% CO; condition, the
cells were cultured in the mildly-acidified culture medium
under 5% CO, condition.
[0067] The culture resulted in forming the cell masses
containing the programmed cardiomyocytes without autonomously
pulsating at a high rate. Fig. 5A shows morphological
appearance of the adhered embryoid body which was cultured in

the normal serum-supplemented condition, Fig. 5B shows



nor phol ogi cal appearance of the enbryoid body which was cultured for 1 day
(24 haurs) under a serumfree condition, and Fig. 5C shows norphol ogi cal
appear ance of the enbryoid body which was cultured for 2 days (48 hours)
under a serumfree condition, respectively. Under the condition shown in
Fig. 5C, the cells adjacent to the surface of the enbryoid body are

sel ectively underwent cell death, while 4fe cells at the central part the
enbryoi d body did not undergo cell death (Fig. 5). Fig. 5D shows the

anal yai s ERERfol88: 201 npbBaxaRERtbP RS, BRLTYETH BT SR PR, 1y

analysis s so show ndi cated by arrows.
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(Figs. 6A and 6C). Alnost all cells of the cell masses 37
(Fig. 5). Fig. 5D shows the outline of the region of the
programmed cardiomyocytes based on the analysis shown in
Fig. 5C, and also show the dead cells indicated by arrows.
{0068] The inventors obtained two types of the cell masses
in this Example: one type of the cell masses was selected by
culturing the embryoid bodies after 5 days from the formation
thereof for additional 24 hours under a serum-free/a mildly-
acidic pH condition; the other type of the cell masses was
selected by further culturing the cell masses obtained above
for additional 3 days (72 hours). Frozen sections of these
cell masses were prepared to immunostain using an
anti-Brachyury antibody (Santacruz) against the Brachyury
protein (which is an undifferentiated mesoblast cell marker)
(Figs. 6A-6D). As a result, the proportion of the Brachyury-
positive cells cultured for 24 hours under a serum-
free/mildly-acidic pH condition (Figs. 6B and 6D) was
significantly higher in comparison with that of the Brachyury-
positive cells cultured for 24 hours in the culture medium

containing serum-supplemented and at the neutral pH condition

(Figs. 6A and 6C). Almost all cells of the cell masses



selected by culturing for additional 3 days are Brachyury positive cells
(data.not shown). The cell nmasses cultured for additional 3 days were

i mmunost ai ned using an anti body agai nst Nkx2.5 (anti-Nkx2.5 anti body
(Santacruz)) (Figs. 6E-6N). The marker Nkx2.5 is believed as an earliest
devel opnental nmarker expressed in the programred cardi onyocytes and is
known to be continuously expressed in tdy cardi onyocytes differentiated.

Fi gs. 6E-H show norphol ogi cal appearance of the enbryoid bodies (EB) which
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anti body, but were positive for the anti-Nkx2.5 38 -
bodies (EB) which were prepared by culturing for 24 hours in
the culture medium containing serum and at the neutral pH,
followed by culturing for additional 3 days in the same
culture medium. It is shown that a part of cells inside the
EB was differentiated into the cardiomyocytes under these
culture conditions. Further, the proportion of the cells
differentiated into the cardiomyocytes was similar to that of
the Brachyury positive cells (Figs. 6A and 6C). On the other
hand, in the case of the EBs which were cultured for 24 hours
under a serum-free/a mildly-acidic pH condition (shown in
Figs. 6I-N), the proportion of the cells differentiated into
the cardiomyocytes accounted for as much as 80% of the total
number of the cells, which was also similar to that of the
Brachyury positive cells (Figs. 6B and 6D).
[0069] The cells selected by the 5 days + 1 day (24 hours)
procedure were positive for the anti-Brachyury antibody but
were negative for the anti-Nkx2.5 antibody (Figs. 6, lines
O and P). While, the cell masses selected by the 5 days +

1 day (24 hours) + 3 days procedure were negative for the

anti-Brachyury antibody, but were positive for the anti-Nkx2.5



anti body. (0070] Thus, the cell nmasses containing the autononously

pul sating cardionyocytes at high rate were differentiated by culturing
these cell masses for additional 1-4 days. Tehrefore, cells selected by the
5 days + 1 day (24 hours) procedure were confirnmed to be the programed
cardi onyocytes. (0071] EXAMPLE 5: Selection of the cardionyocytes fromthe
nmouse enbryonic stemcells by culturing ggder a serumfree/a mldly-acidic
pH condition This Exanple ains at studying the conplexed effect of a serum
depletiondwyiﬁaq?_ldly-acidic pH condition on the cell masses (the enbryoid
bodi es) containing the cardi onyocytes, nore specifically the conpl exed

ef fect of umd ti a ey ~aGidis ¢ dit lection
of the ca# P?ﬁvocytggh%fogpfhg@gélFg#gggeg% f%é%éﬁgk?@%aagﬁﬁﬁgﬁﬁﬁ%%fa

cul turing gf1g#38ldg MBREOMYIG R HOIHE OB LD hdrd N SeduRt {d€gq g ture
medi um under a mlIdly-acidi'c pH condition. (0072] In this Exanple, 75 nouse
ES cells pentnadd e CQilll wakas dde £Rlitignses) foradyglays fromthe
start of the differentiation in the culture nedium[a-MEM(SIGW), 10% FBS
(EQUI TEC BldBre ot Cidd1 1Y SRty by fHd BCQAdydisi ng ddie ( Iniibugs Ar op

met hod to formenbryoid bodies, which were then differentiated into the

cel | nassgrdddmrenvard tdminmtd € Bal thd P rdter i aFamdh sray st praocyt es.
In this Exanple, after 5 days fromthe start of the differentiation culture
of the cqglderll he ExagPLEhGR e edHi@OWBRUThe HdrsHionYcytryslifaon Hees
have not yet observed, the cellTs were further cultured in the serumfree
MEM cul t umusedidmbry¥dB@)stHm cells by culturing under a serum-free/a

mildly-acidic pH condition

This Example aims at studying the complexed effect of a
serum depletion and a mildly-acidic pH condition on the cell
masses (the embryoid bodies) containing the cardiomyocytes,
more specifically the complexed effect of a serum depletion
and a mildly-acidic pH condition on selection of the
cardiomyocytes from the cell masses (the embryoid bodies), by
culturing the cell masses (the embryoid bodies) in the serum-
free culture medium under a mildly-acidic pH condition.
{0072] In this Example, 75 mouse ES cells per one EB were
cultured as the cell masses for 5 days from the start of the
differentiation in the culture medium [o-MEM (SIGMA), 10% FBS
(EQUITEC BIO), penicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were further

cultured in the serum-free MEM culture medium (GIBCO)



suppl enented with insulin/transferrin/selenium (A BCO for additional 2
days (the sane results are produced in both situations when the culture was
started on 4 days or 6 days fromthe start of the differentiation culture).
Ths thus obtained cell masses of the programed cardi onyocytes were

further cultured for additional 2 days to differentiate into the

cardi onyocytes. Fig. 7A shows a m croscogR ¢ i mage of the thus prepared nass
of the cardi onyocytes, and Fig. 7B shows a schne of the |lateral appearance
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[ 0074] ection of the cardiomyocytes ufFturing under a

sugar -1 eglgnsepUNLthee B80tAc! ATtkErakdatauAPLaTRALR] CORIL! LRPsand

preparation of the cardionyocytes This Exanple ains at 'studying t

conpl exedothefbaOtel $ehHELARPLE kAR BRSgTHARbaleRl Bl bAYRYele wegkl masses

(the enbryol odi es) contai ning the cardi onyocytes, re” specitically the

conpl exedegitRelt BL1sEHE® ¢8R 6lde®13RA15YIAhysd2R! Qlirda rntS@lceclin®d of the
cardi onyocytes fromthe cell nmasses (the enbryoid bodies), by culturing the

cel | massege ehbaiem%&gxt@sbodffg) 70 shewsugahiEre8cepicsentgel beetryl ture
medi um [0075] In this anpl e, 75 nouse ES cells per one EB as the 40
thus prepared mass of the cardiomyocytes, and Fig. 7B shows a
schme of the lateral appearance of the embryoid body of
Fig. 7A.
[0073] Under the condition above, the cells other than the
cardiomyocytes selectively underwent cell death, while the
cardiomyocytes exhibit strong and autonomous pulsating without
undergoing cell death. As a result, the cell masses
containing a high proportion of the cardiomyocytes are

generated in this Example (Figs. 7A and Fig. 7B).

[0074] EXAMPLE 6: Selection of the cardiomyocytes by

culturing under a sugar-free/a serum-free and a lactic acid-

supplemented condition and preparation of the cardiomyocytes

This Example aims at studying the complexed effect of
serum depletion and sugar depletion on the cell masses (the
embryoid bodies) containing the cardiomyocytes, more
specifically the complexed effect of serum depletion and sugar
depletion on selection of the cardiomyocytes from the cell
masses (the embryoid bodies), by culturing the cell masses
(the embryoid bodies) in the sugar-free and serum-free culture
medium.

[0075] In this Example, 75 mouse ES cells per one EB as the



cell masses were cultured for total 7 days in the culture nedium[a-VEM
(SIGW, 10% FBS (EQU TEC BIO), penicillin/streptonycin (A BCO] using the
hangi'ng drop nethod to form enbryoid bodies, which were then differentiated
into the cell nmasses (the enbryoi d bodies) containing the cardionyocytes.
The enbryoid bodies cultured for 10 days from the start of differentiation
were washed 4-5 tines using D VEM (Dq]b%ﬁqp's Modi fi ed Eagl e Medi um
(sugar-free) culture nmedium (d BCO to oroughly elimnate sugars in the

culture nedium and then were cultured for 7 in D-MEM cul_ture medi um
(G BCO sGppLehanted Werr gutivred §8th8ita& f7| F}SWS dOndBft CRLTHTSf 1 v
(it is necessary to visually neasure _the lability of the autononously

pul sat i ngmegiumohfoMbMed SARYA) ot HEP g@ﬁléEQHIFﬁg @i-ple tinmes of

BT e T I St
concent fZt‘-?gﬁggﬁuamm?#ténggﬁateg%e WL waZeq thed, A SHeRRRT G ed R ocan! e
2ﬁ££2a”§2?#§| G TR OPASE8Re ( thengmBRTEHE DPaRrS o SPALOIPHON Ehfas 1 or med That

is%l Egmd ?@ag §W88y?h°maﬁfae F?"B‘g%é%;ga‘aaéla'syéﬁéﬁa 81 Fhe 5??5§¥a ppBu of
EXANPLE 7: I
adner od | GRenRLEL BF FRECBRPRIGRIOCHH 618 HEENER: 26 I Hads Ge {REopa /B | n

F);azgl e 6 (B’%&%eg neL eglod1¥1e%ag:agil | ?de%lum)st r(%%%lalru'f%eer}m ] Il)szup reOtmeelcﬂuin A

(GIBCO) to thoroughly eliminate sugars in the culture medium
and then were cultured for 7 days in D-MEM culture medium
(GIBCO) supplemented with a lactic acid at a final
concentration of 1 mM (it is necessary to visually measure the
viability of the autonomously pulsating cardiomyocytes and
other cells in the multiple times of experiments and to adjust
the culture period between 5-10 days on the basis of the
viability). Since the in vivo concentration of a lactic acid
increases to about 4 mM under the physiological condition, the
concentration of a lactic acid of "1 mM" used in the method of
this Example falls within the physiological range.

[0076] As shown in Fig. 8, a domy shaped cellular net
consisting of the viable cardiomyocyte was formed. That is to
say, Fig. 8A shows an image of a net-like structure formed by
the selected cardiomyocytes, and Fig. 8B shows a scheme of the
lateral view of the embryoid body of Fig. 8A.

[0077] EXAMPLE 7: Elimiantion of dead cells adhered to

masses of the cardiomyocytes

Since the cell masses prepared in Example 6 were adhered

by dead cells or extracellular matrix proteins, it is



necessary
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masses co
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to renove dead cells or extracellular matrix proteins fromthe

the cardi omyocytes to purify the mnmasses. However, it was shown by
preli'm nary study that an enzyne causi ng non-specific proteolysis (such

significantly decrease the viability of the cardi onyocytes.
, this Exanple ains at studying a condition for selectively
the dead cells or the extracellular matrix protein fromthe

ntai ni ng the cardionyocytes."fﬂb79] The cell masses prepared in
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[0079] The cell masses prepared in Example 6 (shown in
Fig. 8) were treated with 0.01-0.1% of collagenase, which
selectively digests the collagen, one of the extracellular
matrix proteins, at 37°C for 20 minutes. After treatment with
only collagenase, the cell masses were washed with an isotonic
solution having a physiological osmotic pressure. At this
stage, since the cardiomyocytes form the cell masses (no less
than 40 pym in diameter), the cell masses were washed by
solution exchange through the commercially aveilable membrane
having pores of 40 um in diameter, and then the cells other
than the cardiomyocytes dispersed were selectively removed.
The washing step was repeated 4-5 times. The collected cell
masses were cultured and then were immunostained using an
anti-sarcomere-Actinin antibody (SIGMA) as an indicator of the
cardiomyocytes (Red: [staining of the cross-striated fiber in
cytoplasm}, Blue: [staining of the nucleus with DAPI

(Molecular probe)l]).

[0080] As a result, it was demonstrated that the proportion

of the cardiomyocytes within the masses purified by this

Example accounted for 80% of the total number of the cells
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(Fig. 9). [0081] EXAMPLE 8: Purification of the cardionyocytes by culturing
under a serumfree/a mldly-acidic/a |low calciuma sugar-free and a lactic
aci d-suppl enmented condition This Exanple ains at studying the conpl exed
effect of serumdepletion, a mldly-acidic pH condition, a | ow cal cium
condition, and sugar depletion on the cell masses (the enbryoid bodies)
contai ning the cardi onyocytes, nore spegjfically the conplexed effect of
serun1dep|etion a mldly-acidic pHcondition, a | ow cal ciumcondition, and
sugar h t|o on sel ection of the cardionyocytes fromthe cell nasses
(the enbrg rg- |es) by culturing the cell masses (the embryoid bodies) in

the cul tur i um yp! a nlldl aC|d|c acalciumfree, and
a sugar-f#@ggggndlt ogﬁﬁLE“ 823 uF* ;93;199 9£|£ g-ﬁ&é@@—@ﬁ—é&ﬁﬂb—pe one
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specifically the complexed effect of serum depletion, a

mildly-acidic pH condition, a low calcium condition, and sugar
depletion on selection of the cardiomyocytes from the cell
masses (the embryoid bodies), by culturing the cell masses
(the embryoid bodies) in the culture medium under a serum-free,
a mildly-acidic, acalcium-free, and a sugar-free condition.
[0082] In this Example, 75 mouse ES cells per one EB were
cultured as the cell masses for 5 days from the start of the
differentiation in the culture medium [o-MEM (SIGMA), 10% FBS
(EQUITEC BIO), penicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were further
cultured in the serum-free MEM culture medium (GIBCO)
supplemented with insulin/transferrin/selenium (GIBCO) for
additional 2 days (the same results are produced in both

situations when the culture was started on 4 days or 6 days



fromthe start of the differentiation culture). The thus obtai ned nasses of
t he programmed cardi onyocytes were cultured for additional 2 days to
differentiate into the cardi onyocytes. At this stage, the cell masses

cont ai ning the cardi onyocytes at high rate were generated. [0083] Then, the
cell masses were washed 4-5 tines using D-MEM culture nedi um (sugar-free)
(G@BCO to thoroughly elimnate sugars f4omthe culture nedium and then
were cultured for 7 days in D-MEM cul ture nmedium (A BCO) supplenented with
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cultured for 7 days in D-MEM culture medium (GIBCO)
supplemented with a lactic acid at a f£inal concentration of
1 mM (it is necessary to visually measure the viability of the
autonomously pulsating cardiomyocytes and other cells in the
multiple times of experiments and to adjust the culture period
between 5-10 days on the basis of the viability). As shown in
Fig. 10, the masses of the cardiomyocytes consisting only of
the viable cardiomyocyte were formed.
[0084] The cell masses were treated with 0.01-0.1% of
collagenase which selectively digests the collagen, one of the
extracellular matrix proteins, at 37°C for 20 minutes. After
treatment with collagenase, the cell masses were washed using
the buffer having a physiological osmotic pressure (116 mM
NaCl, 20 mM Hepes, 12.5 mM NaH,PO,, 5.6 mM glucose, 5.4 mM KC1,
0.8 mM MgSO,, pH 7.35). The cell masses were washed 4-5 times
by solution exchange through the commercially aveilable
membrane having pores of 40 pm in diameter. As a result, the
cell masses consisting only of the cardiomyocytes and
high-density aggregates consisting of the dead cells were

collected (Fig. 10A). Fig. 10C shows a magnified image of the



framed rectangle region in Fig. 10A. Further, the location of the dead
cells.n Figs. 10A and 10C are shown in Figs. 10B and 10D, respectively.
[0085] It was denonstrated in this Exanple that the high-density aggregates
consisting of the dead cells shown in Fig. 10 could be selectively renoved
using an appropriate density-gradient centrifugation, nore specifically
using the density-gradient centrifugq;ié%1)M th 58.5% Percollt (Pharmacia)
(Fig. 11). Then, the thus obtained cell nasses were cultured and
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aci d- suppleReRt§d gra@idnktl @8n42ifugation with 58.5% Percoll™

(Pharmacia) (Fig. 11). Then, the thus obtained cell masses
were cultured and immunostained using the anti-sarcomere-
Actinin antibody and an anti-GATA4 antibody (Santacruz) as an
indicator of the cardiomyocytes. Fig. 12A shows adhered
masses of the cardiomyocytes. There were some suspended dead
cells around the periphery of the adhered masses, while no
adhered non-cardiomyocyte was observed. Fig. 12B shows
fluorescent images developed by immunostaining the cell masses
of Fig. 12A with sarcomere-Actinin (Red; cytoplasm) and DAPI
(Molecular probe) (Blue; nuclei). Fig. 12C shows fluorescent
images developed by immunostaining the cell masses of Fig. 12A
with GATA4 (Red; nuclei) and DAPI (Blue; nuclei). Co-stained
nuclei is purple colored. As a result, it was demonstrated
that the proportion of the cardiomyocytes within the masses
purified by this Example accounted for 99.0% of the total
number of the cells (Fig. 12C).

[0086] EXAMPLE 9: Purification of the cardiomyocytes by

culturing under a serum-free/a mildly-acidic/a low calcium/a

sugar-free and an aspartic acid/a glutamic acid-supplemented

condition



This Exanple ains at studying the effect of conpensation of an aspartic
acid/a glutamc acid on the cell masses (the enbryoid bodies) containing
t he cardi omyocytes, nore specifically the effect of conpensation of an
aspartic acid/a glutamic acid on selection of the cardionyocytes fromthe
cell masses (the enbryoid bodies), by culturing the cell nmasses (the
enbryoi d bodies) in culture nmedi um supplgented with an aspartic acid/a
glutam c acid under serumfree, a mldly- acidic, calciumfree, and a
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medi um by sol ution exchange through the commercially aveilable 46
acidic, calcium-free, and a sugar-free condition.
[0087] In this Example, 75 mouse ES cells per one EB were
cultured as the cell masSes for 5 days from the start of the
differentiation in the culture medium [a-MEM (SIGMA)10% FBS
(EQUITEC BIO) penicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were cultured
in the culture medium under a serum-free, a mildly-acidic pH,
and a low calcium condition for 3 days (the same results are
produced in both situations when the culture was started on 4
days or 6 days from the start of the differentiation culture).
At this stage, the cell masses generated contained the
cardiomyocytes at extremely high rate. Then, the cell masses
were washed 4-5 times using D-MEM culture medium (sugar-free)
(GIBCO) to thoroughly eliminate sugars in the culture medium

by solution exchange through the commercially aveilable



menbrane having pores of 40 inn in dianeter. Finally, the cell nasses were
cultured for 5 days in DMEM cul ture nmedium (sugar-free) supplenented with
20 ng/L of a glutamc acid (SIGW) and 20 ng/L of an aspartic acid (Sl GW)
(it is necessary to visually neasure the viability of the autononously

pul sating cardi onyocytes and other cells in the nultiple tines of
experiments and to adjust the culture pej¢od between 3-10 days on the basis
of the viability). As a result, the fornmed nmasses of the cardi omyocytes
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the formed masses of the cardiomyocytes consisted only of the
cardiomyocytes. The cell masses were treated, while shaking,
at 37°C in the water bath for 20 minutes, with 0.03% of
collagenase which selectively digests the collagen, one of the
extracellular matrix proteins. After treatment with
collagenase, the cell masses were washed with an isotonic
solution having a physiological osmotic pressure (116 mM NaCl,
20 mM Hepes, 12.5 mM NaH,PO4, 5.6 mM glucose, 5.4 mM KC1,
0.8 mM MgSO,, pH 7.35). The cell masses were washed 4-5 times
by solution exchange through the commercially aveilable
membrane having pores of 40 um in diameter. As a result, the
collected cell masses consisted only of the cardiomyocytes.
The thus obtained cell masses were cultured and immunostained
using the anti-sarcomere-Actinin antibody and the anti-GATA4
antibody as indicators of the cardiomyocytes (Fig. 13).
[oo8s] Further, the cells were subjected to statistical
analysis, in which the present deta were compared with the
knwon data (Fig. 13). Fig. 13A shows microscopic images of
colonies of the autonomously pulsating cardiomyocytes, and

Fig. 13B shows images of sarcomere-Actinin staining (Red;



cytoplasm, GATA-4 staining (Geen; nuclei), and DAPI staining (Bl ue;

nucl ei) for the colonies of the autononously pul sating cardi omyocytes.
[0089] As a result, it was shown that the proportion of the cardi onmyocytes
Wi thin the masses purlfled by this Exanple accounted for 99.8% of the total
number of the cells. It is denonstrated that this degree of purification
was higher than the degrees shown by any,; known methods for purifying the
cardlonyocytes (for exanpl e, FASEB J. 2000 14: 2540-2548; J Cin Invest.

1996; 98: 2 24 FA 7. 0 742; £003;
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t he net ho ent invention and t he aNHC—pronDter/neo nethod 48 -

Field, oo %l(’y}%‘i%%%l est. 1996 Vol _ 98, 216-224) Sucuncric mvin

Salcunenc&?%%@ N Paﬁga%l gfﬁ}%;aﬁ%l spg%bhgrth%&xt%é;gyJﬂqéﬁﬁ%b §it% rdl nm

un' i cl'erti an Phrtical 1 solati

rohre: bor R AR I A RS e i
accounted for 99.8% of the total number of the cells. It is
demonstrated that this degree of purification was higher than
the degrees shown by any known methods for purifying the
cardiomyocytes (for example, FASEB J. 2000; 14: 2540-2548;

J Clin Invest. 1996; 98: 216-224; FASEB J. 2003; 17: 740-742;
J Mol Cell Cardiol. 2003; 35: 1461-1472). Therefore, the
method of this Example enables purification of the
cardiomyocytes at a high degree of purification and at a high
yield (Table 1).

[0090] [Table 1]

Table 1: Comparison of purity and yield between the method of

the present invention and the oMHC-promoter/neo method.



ES cells Cardionyocytes Field etaL 106 =106 Hattori 7?7500 15000 EXAMPLE 10:
Purifi.cation of the cardi omyocytes produced fromadult stemcells derived
fromthe nouse bone marrow This Exanple ains at producing the

cardi onyocytes fromadult stemcells derived fromthe nouse bone narrow,
called as the nesenchymal stemcells, which are then sel ected and

purified. [0091] The cardi onyocytes diffsgggentiated fromthe adult stem
cells derived fromthe nouse bone marrow (femal e C3H He nouse) were induced
using the cells and the nmethod described in W01/048151. That is to say,

CMG cel I's werpe AW Lir [ the .C | MDM (I scove's Modified
Dul becco' s @'{ﬂaﬁgﬁéw[ 'iu:s %&:}lgd&\;\ﬁr é:fﬁ;%{)/n of fpﬁal b\(;vi ne se:' ulm 49 _
(regarding the method for eé;cgpj,k m,gg S b o EZ‘,‘:‘%&“G in lnvest, Mrch

1999, Vol . 103, pﬁ%amﬁ) CUL{WEB inf Or ht dnal Qs in a culture
medi um suppl epept-ed-m-t pal—soncentrati-gnp-—of-3-pgplll-of 5-azacytidi ne

(SIGVA), theny.Gifeb H&pd for 2- 3 qeeks in thﬁjpulture ne¢§ um above wi t hout
5-azacyti di ne {@srlymp%fln dlfkgrentlatloqupductlon RI t he

car di onyocyt es, Ke't &Pt i rmat0n of the 3u ononnuslx pul sati ng

car di omyocyt e§H ¥ de@BM s are cU\tured for*5 days in B MEM cul ture medi um
(4 BCO supplpnpntpd with 1 mMof a lactic acid under a serumfreel/a
mldly-acidic pHa | ow cal chwskesc Sdigar Shwmencendi tion. After the culture
period, the dead cells were réabMed and t&&ademai ning viable cells were

i mmunost ai ned usi ng the anti -Rositheertier e- Ablegaie rellant i body as an

Hatton 5041 10 99.8
Input Output
EScells Cardiomyocytes
Field ef al. 106 =10¢

Hatton 7500 = 15000

EXAMPLE 10: Purification of the cardiomyocytes produced

from adult stem cells derived from the mouse bone marrow

This Example aims at producing the cardiomyocytes from
adult stem cells derived from the mouse bone marrow, called as
the mesenchymal stem cells, which are then selected and
purified.

[0091] The cardiomyocytes differentiated from the adult
stem cells derived from the mouse bone marrow (female C3H/He
mouse) were induced using the cells and the method described
in WO01/048151. That is to say, CMG cells were cultured in
the culture medium of IMDM (Iscove's Modified Dulbecco's

Medium) (GIBCO) supplemented with 20% of fetal bovine serum



I ndi cator of the cardionyocytes. [0092] Fig. 14A shows appearance of the
cultured cells before selection. In Fig. 14A the region containing

pul sating cells are shown by dotted line. Figs. 14B-C show the cells
selected. Fig. 14B shows a phase-contrast mcroscopic inage, and Fig. 14C
shows a fluorescent inmage imunostained for sarconere-Actinin for the sane
same field of viewas Fig. 14B, respectjguely. As a result, it was
dermonstrated that the proportion of the cardlonyocytes within the masses

52??3C52}8¥e§ 353+ F688s “ndffRtE %Eg Eﬁ????gé%ggw% B Fﬁgifgfé.onz§ fag” 1"
ori ved fsmLbe JRUSE {8hyseaoTnisaCXaRRLErBas Al RUELY i e

cardi onyo S from the nblse usés rst, mnouse enbryo at

the 7th.9hﬁdg@¥oﬂéleﬂﬂn§89£§.1h'BecW@%uE8”R£ﬁﬁPul%Eb@?%m%% %ﬁ“?‘ %rus

from whi c extraenbryoni c tissue was care eane

bi pet t i ng, £,0 Il SRELAE-LEY PRege! §a§§8§2§t§£C§'EF?E§%§ﬁ1 Sugﬂﬁ o g nec

cell masses wereé culture énmented

with 0.5 pihefiraal 26ti §-3cidekdden tﬁ%rEGHEh§%/%eﬁhhﬁ|%b%%bdhﬁtﬁﬂh%|OW

cal cium sugar-free condltlon (it is necessary to visually neasure the

viabilitys. 8&a&9€1&!h8noﬂﬁgﬁhklﬁ§|iﬁtBEQf@%EﬁE&%ﬁQQ&t&%dﬁ%@l%hh%E Gplels in
the nultiple tinmes of experinentS and to adjust the culture period between

3-10 dayscﬁBdEBﬁyBéi£§SOf AP@eﬂ'é@hfifﬁ%tlah?ofCﬁhéuéﬁtaﬁghéﬁbﬂﬁfd was

prepared by m xing s BSS [sugar-free] : RPM [sugar-free] =9 : 1. The

purified pulsating cardiomyocytes, the cells are cultured for 5 days in
D-MEM culture medium (GIBCO) supplemented with 1 mM of a
lactic acid under a serum-free/a mildly-acidic pH/a low
calcium/a sugar-free condition. After the culture period, the
dead cells were removed and the remaining viable cells were
immunostained using the anti-sarcomere-Actinin antibody as an
indicator of the cardiomyocytes.
[0092] Fig. 14A shows appearance of the cultured cells
before selection. In Fig. 14A, the region containing
pulsating cells are shown by dotted line. Figs. 14B-C show
the cells selected. Fig. 14B shows a phase-contrast
microscopic image, and Fig. 14C shows a fluorescent image
immunostained for sarcomere-Actinin for the same same field of
view as Fig. 14B, respectively. As a result, it was
demonstrated that the proportion of the cardiomyocytes within
the masses produced by this Example accounted for about 90% of

the total number of the cells (Fig. 14).

[0093] EXAMPLE 11: Purification of the cardiomyocytes

derived from the mouse fetuses

This Example aims at purifying the cardiomyocytes from

the mouse fetuses.



cardi onyocytes were subjected to adhesion culture, and after the culture,
the dead cells were renoved and the renmaining viable cells were

i munost ai ned for sarconere-Actinin (Geen; cytoplasm as an indicator of
the cardionyocytes, and DAPI (Red; nuclei). [0095] Fig. 15A shows
phase-contrast mcroscopic images of two col onies showi ng the pul sating
cell population. Fig. 15B shows nerged §grages of sarconere-Actinin staining
and DAPI staining for four colonies. As a result, it was denonstrated that

Exarpl o ateSaated 15ErEhoubSEys, WBExY' b8 taPL‘“2&%.‘?‘2?35Paﬁkggﬁéﬁﬁr%&@' "15).
[ 0P95) EXAYRECAAE: rBUCVELCHLAN 1o oA ARKORM gy b ST T o0/ @

m | dl y-acidic/alow ca CIU a sugar-free, and a ~pyruvic aci enent ed

condi ti oneat ralhs y@‘&@plt?.sgh@sw?t  Shudeingy! b Slactor®, qa@ensation of a

pyruvic acid on the cell masses e enbryoid es) contalnlng t he

car di Oﬁyoﬁib%%te[{ﬁbet%pﬁ(i'sb'e%lel ¥elth etf ft%CTse%fara“t‘ém&'l SalianeRf. arpyruvi c
acid on sélection of the cardiomyocytes fromthe cell nasses (the enbryoid

bodi es), ByusCHblidinBd Ba 1Cflals SERS HRTe( A toiFiaY HoF BOHR/D) il tiee cul ture
medi um suppl enented with a pyruvic acid under serumfree, 'a mldly-acidic

pH, cal ci egmkiee madadufilgappleRnd@adntit®N 0. 5 @D EE 1) 11dHtS e &index
nouse ES cells per one EB were cultured as the cell nmasses for 5 days from

the start sefrulmPeredi/bf aligdliyabicad il pHY&1oW il iMkdisugdra-tvied (S| GVA) 10%
FBS (EQUITEC BIO penicillin/streptomycin (G@BCO] using the hanging drop
met hod t o chadamtashr Y aitd ilgodlee® s satyC k IVeri&d19y measure the viability
of the autonomously pulsating cardiomyocytes and other cells
in the multiple times of experiments and to adjust the culture
period between 3-10 days on the basis of the viability). The
culture medium used was prepared by mixing Hank's BSS
[sugar-free] : RPMI [sugar-freel = 9 : 1. The purified
cardiomyocytes were subjected to adhesion culture, and after
the culture, the dead cells were removed and the remaining
viable cells were immunostained for sarcomere-Actinin (Green;
cytoplasm) as an indicator of the cardiomyocytes, and DAPI
(Red; nuclei).
[0095] Fig. 15A shows phase-contrast microscopic images of
two colonies showing the pulsating cell population. Fig. 15B
shows merged images of sarcomere-Actinin staining and DAPI
staining for four colonies. As a result, it was demonstrated
that the proportion of the cardiomyocytes within the masses
produced by this Example accounted for about 99% of the total

number of the cells (Fig. 15).

[0096] EXAMPLE 12: Purification of the cardiomyocytes under

a serum-free/a mildly-acidic/alow calcium/a sugar-free, and a

pyruvic acid-supplemented condition




differentiated into the cell masses (the enbryoid bodies) containing the
programed cardi onyocytes. In this Exanple, after 5 days fromthe start of
the differentiation culture of the cells, the stage when any autononously
pulsating cardi onyocytes have not yet observed, the cells were cultured
for additional 2 days in the culture mediumin the serumfree MEMculture
medi um (G BCO) supplenented with insuligytransferrin/selenium (G BCO (the
sanme results are produced in both situations when the culture was started

on 4 days or t t agt ik fer iati I .~ The
t hus obt )alti ned %ggggxfgﬁg@?ﬁegg}n%g%gnﬁegldé’g?lg?g&r#fogﬁ%gm@?g C%?:Htﬂte?lus?étd'ofnor

addi t1 onaloe? o1y ot el S iedled JeN10 i e LAHO BRI Watdl s Stage,

the cell masseS generated contained the cardi omyocytes "at extrenely high

rate. TheRontbhRisg thERHE% 1\ WalyD AR nfbre 4IRS USdda Y-V e d i & 52
medi um (sugar-free) (G BCO to thoroughly elimnate sugars in the culture

nmedi um by caipdhis@ft iDRC RFNGE PyiRUEN ddiRl P& taldY Avaidabl e nmenbrane
having pores of 40 min dianeter. After the washing step, the cell nasses

vere cul toared ofglo y téay Frioh RHMEMeaUl s dBditHe (smtadfofd asaid ,BEESO% o8]

suppl enented with a final concentration of 1 mMof a pyruvic aci

The cel | RITuMEng ttHeN ddlQahrEsedi (thes b iaMddaids P afhe W paanase
Type 3 (Worthington Biochem cal Corp) which selectively digests the

col I agen, maaual supd 1lementacewidmira Miruvi PradRi Rhdett sbiuni-Bred), d nut es.

After treatnment with collagenase, the cell nmasses were washed with an

i sotoni ¢ sdldlysadidMMicngph, paldionodrea, eardidugdrr-a_sad econdition.
[0097] In this Example, 75 mouse ES cells per one EB were
cultured as the cell masses for 5 days from the start of the
differentiation in the culture medium [a-MEM (SIGMA) 10% FBS
(EQUITEC BIO) penicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were cultured
for additional 2 days in the culture medium in the serum-free
MEM culture medium (GIBCO) supplemented with
insulin/transferrin/selenium (GIBCO) (the same results are
produced in both situations when the culture was started on 4
days or 6 days from the start of the differentiation culture).
The thus obtained masses of the programmed cardiomyocytes were
cultured for additional 2 days to differentiate into the
cardiomyocytes. At this stage, the cell masses generated

contained the cardiomyocytes at extremely high rate. Then,

the cell masses were washed 4-5 times using D-MEM culture



(116 MM Nadl, 20 nmM Hepes, 12.5 nM NaH2PO4, 5.6 nmM gl ucose, 5.4 nMKC1, 0.8
mM MgSH4, pH 7.35). As a result, it was denonstrated that the proportion of
t he autononously pulsating cells within the nasses purified by this Exanple
accounted for nore than 90% of the total nunber of the cells (Fig. 16).

[ 0099] EXAMPLE 13: Selection and purification of the cardionyocytes derived
fromthe primte nmarnoset enbryonic stemcells under a sugar-freel/a
serumfree, and a lactic acid- supplenmented condition This Exanple ains at

studying hB8;6RAMPLEYEE- EEE@Zté@&BCQ§rQB‘@ﬁBE@hPﬁﬂya@dlﬁaﬂé&ed%ﬁbﬁkboHnon the
cell masses (the enbryoid I es) containing The cardi onyocytes, nore

speci fi cakhy &b@tﬁeamneagdmewegblaft1sar efcHanget ta&o@?@l gwgar depletion on
sel ection of the cardionyocytes fromthe cell nasses he enbryoi d bodi es)

derived fggpinbbeiRin ngﬁheeﬂhﬁﬁéeﬁmeﬁ%raﬁgbhﬁgﬂh@ ?,b;e;@sc‘alfl 20 by @@l turing the
cell masses (the ryoid bodies) in the serumifiree and sugar-free culture

medi um [aiaabtabe NRf ¥@6 et h€ A yRihg StEeP) CehéScéle myesbabkerérom Central
Institute for Experinmental Aninals (Kawasaki, Japan). The narnoset

enbryoni ccalleareal Esrwer dagsl fivr edMENI caltairet aleding Ysdighirererid)ated state
using the growmh inactivated nouse enbryonic fibroblasts (MEF) which were
treat ed wi(GhBODY) OBYPDlefiehtedt afth. aTlfénall coheemdiation] K& VM & BCO) ,
20% KO- SERUM (@ BCO, 1.6 mML-glutam ne, 0.1 nM non-essential amno acid
(MEM, O. pymiiviB- eeddapt oet hanol (2-Mg; SIGW), 100 U mM penicillin, 100
sg/m streptonycin sulfate, and 8 ng/m of a reconbi nant

[0098] The cell mass were tehn treated, while shaking, with

0.05% of collagenase Type 3 (Worthington Biochemical Corp)

which selectively digests the collagen, one of the

extracellular matrix proteins, at 37°C for 20 minutes. After

treatment with collagenase, the cell masses were washed with

an isotonic solution having a physiological osmotic pressure

(116 mM NaCl, 20 mM Hepes, 12.5 mM NaH,PO,, 5.6 mM glucose,

5.4 mM KC1, 0.8 mM MgSO,, pH 7.35). As a result, it was

demonstrated that the proportion of the autonomously pulsating

cells within the masses purified by this Example accounted for

more than 90% of the total number of the cells (Fig. 16).

[0099] EXAMPLE 13: Selection and purification of the

cardiomyocytes derived from the primate marmoset embryonic

stem cells under a sugar-free/a serum-free, and a lactic acid-

supplemented condition

This Example aims at studying the complexed effect of
serum depletion and sugar depletion on the cell masses (the
embryoid bodies) containing the cardiomyocytes, more
specifically the complexed effect of serum depletion and sugar
depletion on selection of the cardiomyocytes from the cell

masses (the embryoid bodies) derived from the primate marmoset



human | eukem a inhibitory factor (LIF, Chem con), a reconbinant human basic
fi brohlast growh factor (bFGF, Peprotech)] was used. Upon passaging, 0.1%
type'lll collagenase (Wrtington) was used at 37C for 10 mnutes to
separate ES colonies. [0101] Subsequently, to separate MEF and ES with each
other, the solution was passed through nmesh having pores of 100 min

di anerter, thereby obtained cell nasse§f¥prh can not be pass through the
mesh havi ng pores of 40 min dianerter ese cell nasses are exactly the
puri f |edmases of di.f ferenti ?‘tlon t he cell

E p

P ont ai ot nETBBYSBSE SEeBecelary b B3 FUIUTERAEPE SO PBSEE ATt yoi d body
for total 5-30 .d |n (o | i sh t then t ifferentiate
into the enér¥8%8 §$§%§§ cgﬁtEB%|%§E fg@%r n?h%o %% %u thure medi um
used for E differentiation was the sane as the culture nmedi um

descri bed |n é present Exarrpl e, except for bFGF [i.e., KO DVEM (d BCO),

(VM. 0. SOHRP(a- mot s prasass b eRRATe Brpp toise RERTAUETIaLER) FROMT O
g/ m St egLomye) ezl%%h&%ggéfsgd Aglorsal RS AT BT 3

i nhi bitor actor m con I'm nate the suga

as  possi bigg RAEGEE . SlblybR1Eediup te'flﬂse%rr)éo'c%lﬁ%% G e e transferred

to a centrifugling tube, were washe ive tines wt ture nedium

(sugar-fr ﬁ%ﬁn@@lﬁ@@g u?x'acif‘ﬁ’%'i:%nft'l'&%lédy stidltleURBA Lt nkd A%t N D MEM cul ture

medi um (sugar - free) suppl enented wth 1°nM of "a Iactlc acid. Since
the in V'!ﬁactlvated mouse embryonlc fibroblasts (MEF) which were

treated with mitomycin C treatment. The culture medium
[KO-DMEM (GIBCO), 20% KO-SERUM (GIBCO), 1.6 mM L-glutamine,
0.1 mM non-essential amino acid (MEM), 0.2 mM
p-mercaptoethanol (2-ME; SIGMA), 100 IU/ml penicillin,

100 pg/ml streptomycin sulfate, and 8 ng/ml of a recombinant

human leukemia inhibitory factor (LIF; Chemicon), a
recombinant human basic fibroblast growth factor (bFGF;
Peprotech)] was used. Upon passaging, 0.1% type III
collagenase (Wortington) was used at 37°C for 10 minutes to
separate ES colonies.

[0101] Subsequently, to separate MEF and ES with each other,
the solution was passed through mesh having pores of 100 um in
diamerter, thereby obtained cell masses which can not be pass
through the mesh having pores of 40 umin diamerter. These
cell masses are exactly the purified masses of ES cells. Upon
differentiation, the cell masses containing 50-1000 of ES
cells per one EB were cultured as an embryoid body for total
15-30 days using a bacterial dish method, then to
differentiate into the embryoid bodies containing the

cardiomyocytes. The culture medium used for the



concentration of a lactic acid increases to about 4 mM under the
physi al ogi cal condition, the concentration of a lactic acid of "1 nM used
in the nethod of this Exanple falls within the physiological range. [0103]
The appearance of cell masses after culturing for 15 days are shown in Fig.
17. As shown in Fig. 17, it was shown fromthis result that forned

bubbl e-1i ke structure of the cells cangiysted of the cardi onyocytes as
viable cells. That is to say, Figs. 17A-C show that the cardi onyocytes

f ' bl Kk |

rodi um urdF 8 ShgaPEfFach ywmﬁﬁﬁ§$u$%%§%#Wﬂﬁs B on:
Figs. 17 h t di d
o 1TA 00Nk BoqPacaafhct” Hithe ST VG T W gt dfsspice

?Letgﬁbgr26¥ot8 QEﬂbﬁS(éEB&B)'”1Fgggmli§8iﬂga ife,16B7, mﬁSnohh%s%%hkiﬁﬁav'ng

e structure on fhe ry0| body surface were via

17C is 2 Droph{Ledavifish9’ b OnwlfEnetBEbe ThEnbRUT 20RES BEdSTE
MU B imbZo

bodi es were cul Tured 3- 7 day € sane vo he sa ure

medi um ( f Vi e i S on u gating
After rea?ﬁﬁﬁl ﬁglg%gggPrzggbsyg?ﬁg 9E¥8g §§céglggﬁﬁggg sgggrgtegvhron1the
Cardl0”V08¥t§5r3¥oﬁB§KhH9 hﬁﬁaneEEEK@h%abQHhQB1&6r¥h%a%&%§eQ%QFOf 0.1% type
1l collagenase (Wrtington) f m nut es at he dead cells were

el i m nat egdnhbyMitBgR) et hod disclosed in Exanple 8. The thus obtained enbryoid
bodi es were adhered on a fibronectin (SIGVA)-coated cell culture dish (Fig.

18, left)[ofbber To eliminate the sugars as much as possible from the
culture medium, the embryoid bodies were transferred to a
centrifuging tube, were washed five times with D-MEM culture
medium (sugar-free) (GIBCO), and were finally'cultured for
15 days in D-MEM culture medium (sugar-free) (GIBCO)
supplemented with 1 mM of a lactic acid. Since the in vivo
concentration of a lactic acid increases to about 4 mM under
the physiological condition, the concentration of a lactic
acid of "1 mM" used in the method of this Example falls within
the physiological range.

[0103] The appearance of cell masses after culturing for
15 days are shown in Fig. 17. As shown in Fig. 17, it was
shown from this result that formed bubble-like structure of
the cells consisted of the cardiomyocytes as viable cells.
That is to say, Figs. 17A-C show that the cardiomyocytes
forming the bubble-like structure were selectively viable in
the culture medium under a sugar-free + a lactic
acid-supplemented (1 mM) condition. Figs. 17A show that a
part of or whole embryoid bodies with greatly reduced optical
transparency have already undergone cell death. Also, in the

cases of the embryoid bodies shown in Fig. 17B and Fig. 17B’,



fixation with 4% paraf ormal dehyde, the enbryoid bodies were stained with
the anti-Actinin antibody (SIGW) as in Exanple 8 and were stained with the
anti-Nkx2.5 antibody (Santacruz) as in Exanple 4 (Fig. 18, right,
respectively). [0105] As a result, it was denonstrated that the
cardi onyocytes were sel ectively obtained by culturing marnoset enbryonic
stemcells under a sugar-free/a serumirsgge and a |actic acid-suppl enented
condition. [0106] EXAMPLE 14: Transplantation of the cardi onmyocytes derived
from pri mbe GRRTRS§hAKY YHY HuitiB-Aakes diiil difde Unttyoid

t hereo hi's Exanpl e

I mmunodeficient nouse and confirmation o engr af t nent

al ms_at  Stadyl G leadaS HledRAkAAR Of Fi ge 16ér.d:bogyﬁ\sph§§i@ar LMeg brom the

pri mate marnoset enbryonic stemcells”into the hearf and engraftnment within
the body. 8¢ . 19HI7] The purified nmarnoset cardionyocytes prepared by the
met hod of Exanple 13 were suspended in a buffering solution having

physi ol ogij@alo4gsnot irheptBSsULB a1 A6 dT¥MNRG04 d2B odiYlesHaReS clid turd a2 PO4,
5.6 mM glucose, 5.4 MM KCL, 0.8 nM MgSO4, pH 7.35) supplenented with 0.2%

type |1 o7 @@grase thédrdaned @ Dunin e O.theb %ahte/ pfi 1t rd B&diufhe suspended
solution were treated, while shaking, for 20 mnutes at 37C in a syringe

attached Yereor2Er@aige mRediveabler caRiiodRodited- 2@ssfiel hudehbmdasses
consi sting of the cardi onmyocytes were prepared to use for transpl anatation.

The above pulfsfatrinitavi Agtephyenehagigcdhesslthbiongedt sahiten e¢bet deaidng the

cardi onyocytes 100 L was aspirated. [0108] A 7-week ol d nmal e NOD- SCI D

nouse, | masglddefwediecieparated from the cardiomyocytes by shaking the
embryoid bodies in the presence of 0.1% type I1II collagenase
(Wortington) for 10 minutes at 37°C. The dead cells were
eliminated by the method disclosed in Example 8. The thus
obtained embryoid bodies were adhered on a fibronectin
(SIGMA)-coated cell culture dish (Fig. 18, left). After
fixation with 4% paraformaldehyde, the embryoid bodies were
stained with the anti-Actinin antibody (SIGMA) as in Example 8
and were stained with the anti-Nkx2.5 antibody (Santacruz) as
in Example 4 (Fig. 18, right, respectively).
[0105] As a result, it was demonstrated that the
cardiomyocytes were selectively obtained by culturing marmoset
embryonic stem cells under a sugar-free/a serum-free and a

lactic acid-supplemented condition.

[0106] EXAMPLE 14: Transplantation of the cardiomyocytes

derived from primate marmoset embryonic stem cells into the

heart of an immunodeficient mouse and confirmation of

engraftment thereof

This Example aims at studying transplanatation of the
cardiomyocytes derived from the primate marmoset embryonic

stem cells into the heart and engraftment within the body.



nouse (C ea Japan,Inc.) was anaesthetized by inhalation anesthetic FORANE
(i sof lurane) (Abbott Japan). Then, the thorax of the nouse was opened under
the respiration control under artificial respiration using intratracheal
intubation. An injection needle was inserted into the wall of the
exteriorized heart in the direction fromthe cardiac apex to the cardiac
base, and then about 30 L of suspended ution per site was injected in
the the wall of the heart tissue. Then the thorax of the nmouse was cl osed,

hesi d I ' .ning. [0109], Af
15 days {1807 Re 1 R pPOREREP GrhaFrESRsc Rt BT8Ry ER kB T Rl el B Chnthor
t hesi ' L.xed i 9 f | dehyd A ' f 10
Eun i n- ¢t Haer Be Brahblg 1o e BRSRERARR, 400K Surecdafis SRS ¢

ant | bodY ng53AkAphYL 383! BBG AN Hhadkand (3 R0EHAA | A0G 57

ant i body oped 1 n gree ecul ar probes) ‘as second

anti body (Ebes, 199) 5 Al NEBUGSL & NGl UG A dDUEey ACRATGOgTRE- Aot ni n

ant i body as a primary antibo It anti-nouse anti body

-Al exa 59%?6&:&%%%@3%éﬁg%éeﬁé/ms&%mpb9?5%@@ 213°6609a88ha08a0Y (Fi 0

19D). [011 ~the othe a nmouse anti - nucl ear antigen antibody
(whi ch 1 eq@bs twhighodl)Y aReCloedn saNiTrgRAC@TBCO)NC PKE! ¥nBELARLA SPECi es)
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reacted with the above frozen sections to devel op
1-30 small cell masses consisting of the cardiomyocytes were
prepared to use for transplanatation. The above buffer having
physiological salt concentration containing the cardiomyocytes
100 pL. was aspirated.
[0108] A 7-week 0ld male NOD-SCID mouse, immunodeficient
mouse (Clea Japan,Inc.) was anaesthetized by inhalation
anesthetic FORANE (isoflurane) (Abbott Japan). Then, the
thorax of the mouse was opened under the respiration control
under artificial respiration using intratracheal intubation.
An injection needle was inserted into the wall of the
exteriorized heart in the direction from the cardiac apex to
the cardiac base, and then about 30 uL of suspended solution
per site was injected in the the wall of the heart tissue.
Then the thorax of the mouse was closed, anesthesia was ended
and the mouse was continued maintaining.
[0109] After 15 days from the transplantation, the heart of
the mouse was excised under anesthesia, which was fixed in 4%
paraformaldehyde. Frozen sections of 10 pym in thick were
prepared and immunostained using a goat anti-Nkx2.5 antibody

(Santacruz) as a primary antibody and a donkey anti-goat



three colors (Figs. 19B-19D). [0111] Al imrunostai ning i mages were taken
using.a confocal mcroscope (Carl Zeiss). The results were shown in Fig.
19. [0112] As a result, it was denonstrated that the cells having a |arger
nucl eus shown in the figure were derived from marnoset. That is to say, it
was denonstrated in this figure that some primte cells expressing Nkx2.5,
an indicator marker specific for the cgrdionyocytes, were seen in the
cardi onyocyt es stalned wi th Actinin. ThIS nmeans that the cardi onyocytes
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the every primate species) (Chemicon) and a goat anti-mouse
antibody-Alexa 633 (Molecular probes) are reacted together in
vitro to form a complex. Next, a normal mouse serum was used
to inhibit the reactivity of the excess of a goat anti-mouse
antibody-Alexa 633 (infrared). The thus prepared antibody
complex was reacted with the above frozen sections to develop
three colors (Figs. 19B-19D).

{0111] All immunostaining images were taken using a
confocal microscope (Carl Zeiss). The results were shown in
Fig. 19.

[0112] As a result, it was demonstrated that the cells
having a larger nucleus shown in the figure were derived from
marmoset. That is to say, it was demonstrated in this figure
that some primate cells expressing Nkx2.5, an indicator marker
specific for the cardiomyocytes, were seen in the
cardiomyocytes stained with Actinin. This means that the
cardiomyocytes derived from marmoset ES cells were
successfully engrafted in the mouse heart.

[0113] EXAMPLE 15: Selection and preparation of the

cardiomyocytes derived from human embryonic stem cells under a

sugar-free/a serum-free and a lactic acid-supplemented




stemcells were cultured while maintaining undifferentiated state using the
growt h inactivated nouse enbryonic fibroblasts (MEF) which were treated
with ' mtonycin Ctreatnent. The culture was conducted using a culture

medi um [ F12/ DVEM (1:1) (SIGVA, product nunber D6421), 20% KO SERUM ( d BCO),
1.6 "M L-glutanmine, 0.1 nM non-essential anino acid (MEM, 0.1 nM
(3-nercaptoet hanol (2-Mg SIGW), 100 1gr_ penicillin, 100 sg/m
streptomycin sulfate, and a reconbi nant human basic fibroblast growth

factor (bg aigggﬁotech)]. Upon passaging, 0.1%type I1l collagenase
(Vbrtingtegg—was—used at 37C for 10 mnutes to separate ES colonies. [0115]
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in vivo concentration of a l'actic acid increases to about
serum-free and a sugar-free culture medium.
[0114] Human embryonic stem cells were obtained from the
Stem Cell Research Center (the Institute for Frontier medical
Sciences, Kyoto University) (the Center for the ES cells based
on the National Bioresourse Project). The human embryonic
stem cells were cultured while maintaining undifferentiated
state using the growth inactivated mouse embryonic fibroblasts
(MEF) which were treated with mitomycin C treatment. The
culture was conducted using a culture medium [F12/DMEM (1:1)
(SIGMA, product number D6421), 20% KO-SERUM (GIBCO), 1.6 mM
L-glutamine, 0.1 mM non-essential amino acid (MEM), 0.1 mM
p-mercaptoethanol (2-ME; SIGMA), 100 IU/ml penicillin,
100 pg/ml streptomycin sulfate, and a recombinant human basic
fibroblast growth factor (bFGF; Peprotech)]. Upon passaging,
0.1% type III collagenase (Wortington) was used at 37°C for
10 minutes to separate ES colonies.
[0115] Subsequently, to separate MEF and ES with each other,
the solution was passed through mesh having pores of 40 pm,

thereby obtained cell masses which could not be pass through

the mesh having pores of 40 pmin diamerter. These cell masses



4 mM under the physiol ogical condition, the concentration of a lactic acid
of "1.mM used in the nethod of this Exanple falls wthin the physi ol ogi cal
range. [0116] Appearances of the cell masses cultured under a

sugar-contai ning condition (control condition) and the cell nmasses cultured
for 15 days under a sugar-free condition for cardiomyocyte sel ection

(cardi onyocyte selective condition) arggshown in Fig. 20, left panel, as
phase contrast inages. To denonstrate whether these cells are viable or

hot, the wsfé'§u¥§f§eataagséswbkhggwﬁaﬁihbl@5@%a§1f%&@@ﬁalawbaﬁh &y detect
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conposed of viable cells); while, as showm in Fig. 20, |ower panel, the
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for 3-7 days in the sane volune of the same culture nmedium (bFG--free).
The vi abl eheasdgapyoayt macheagnpossiblenfusm [phleseulhgreAlediumeachi ng the
stabilized state, the dead cells were separated fromthe cardi omyocytes by
shaki ng t ambrgohdybodibedwwesei nrahefpresdnte af ceént¥ifypengl ktubel,| sgeease
washed five times with D-MEM culture medium (sugar-free)
(GIBCO, product number 11966), and were finally cultured for
15 days in D-MEM culture medium (sugar-free) (GIBCO, product
number 11966) supplemented with 1 mM of a lactic acid. Since
the in vivo concentration of a lactic acid increases to about
4 mM under the physiological condition, the concentration of a
lactic acid of "1 mM" used in the method of this Example falls
within the physiological range.
[0116] Appearances of the cell masses cultured under a
sugar-containing condition (control condition) and the cell
masses cultured for 15 days under a sugar-free condition for
cardiomyocyte selection (cardiomyocyte selective condition)
are shown in Fig. 20, left panel, as phase contrast images.
To demonstrate whether these cells are viable or not, the
cells were stained with TMRM (Molecular Probes), which can
detect membrane potential (an indicator of viable cells) and
generate fluorescence depending on the membrane potential
(Fig. 20, right panel). As shown in Fig. 20, upper panel, all

embryoid bodies of the sugar-containing (control) condition

group generate fluorescence (i.e., all embrioid bodies are



(Wortington) for 10 mnutes at 37C. The dead cells were elimnated by the
nmet hod di scl osed in Exanple 8. Then, the enbryoid bodies were adhered on a
fibronectin (SIGVWA) -coated cell culture dish. [0118] After fixation with 4%
par af or mal dehyde, the enbryoid bodies were stained with the anti-Actinin
antibody (SIGVA) as in Exanple 8 and were stained with the anti-Nkx2.5

anti body (Santacruz) as in Exanple 4 (Figg -21). As is showmm in this figure,
t he cel lul ar nucl eus stained by DAPI (Fig. 2l1a) were necessarily overl apped
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fetuses, wherein
[0117] The thus obtained embryoid bodies were cultured for
3-7 days in the same volume of the same culture medium
(bFGF-free). The viable cardiomyocytes resume autonomous
pulsating. After reaching the stabilized state, the dead
cells were separated from the cardiomyocytes by shaking the
embryoid bodies in the presence of 0.1% type III collagenase
(Wortington) for 10 minutes at 37°C. The dead cells were
eliminated by the method disclosed in Example 8. Then, the
embryoid bodies were adhered on a fibronectin (SIGMA)-coated
cell culture dish.
[0118] After fixation with 4% paraformaldehyde, the
embryoid bodies were stained with the anti-Actinin antibody
(SIGMA) as in Example 8 and were stained with the anti-Nkx2.5
antibody (Santacruz) as in Example 4 (Fig. 21). As is shown
in this figure, the cellular nucleus stained by DAPI
(Fig. 2la) were necessarily overlapped with the cellular
nucleus immunostaiend with the anti-Nkx2.5 antibody, an
indicator marker specific for the cardiomyocytes (Fig. 21c¢).
When an immunostained image with the anti-Actinin antibody,

another indicator marker specific for the cardiomyocytes,

(Fig. 21d) was merged with an immunostained image with the



said cell mxture is cultured in the culture nmediumunder the follow ng
conditions: (i) a | owglucose-supplenented condition; and (ii) one or nore
condi'tions selected fromthe group consisting of a |low calciumcondition, a
lownutritional condition, a lactic acid-supplenmented condition, an
aspartic acid/glutamc acid-suppl emented condition,and a pyruvic

aci d-suppl emented condition. 2. The netRqd _for selecting cardionyocytes
according to Caiml1, further conprising a step of elimnating dead cells
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inducing differentiation of enbryonic stemcells; formng enmbryoid bodies
conpri.sing programmed cardionyocytes (undifferentiated nmesobl ast cells)
preparing the cell mxture by culturing the enbryoid bodies in the culture
medi um under a | ow serum suppl emented condition and/or a mldly-acidic pH
condition. 8. A nmethod for selecting cardi onyocytes derived from enbryonic
stemcells, wherein the cardi omyocytes gne -selected by the follow ng steps
of : inducing differentiation of enbryonic stemcells to form enbryoid

bodi es conprising undifferentiated megohlggt cells; then preparing a cel

m xture conprising programred cardlonyocytes by culturing the enbryoid
bodies in the culture nediumunder a | ow serum suppl enented condition
and/or a mldly-acidic pH condition; and continuing the culture of the cel

mxture ip, theAS@aﬁno&uféﬁrgeﬂ@étyﬂgteaﬁaiahpoépeesafébﬂnxoeuiismlﬁtuiae
met hod for selecting cardionyocytes according to any one of Cains 1-6,
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a condition where sugar content is decreased |less than 1% as conpared to

the sugarempPehitosten &8e1syl hatetnBdeimeesed,f ok dethaeant kakirein
i nduction. 64 10. The nethod for selecting cardlonyocytes accordlng to any

one of C ghfi@ def1 mheters fhechowuealicinnmtBendulitafel Mmediufondiderotheher e
t he cal ciumconcentration in the culture nmediumranges between 0.3-1.3 nM
11. The nebhddwing sehadtiofiscar di onyocytes according to any
(i) a low-glucose-supplemented condition; and
(ii) one or more conditions selected from the group
consisting of a low calcium condition, a low-nutritional
condition, a lactic acid-supplemented condition, an aspartic
acid/glutamic acid-supplemented condition,and a pyruvic
acid-supplemented condition.
2. The method for selecting cardiomyocytes according to
Claim 1, further comprising a step of eliminating dead cells
adhered to the cardiomyocytes using collagenase.
3. The method for selecting cardiomyocytes according to
Claim 2, wherein the dead cells are eliminated based on the
fact that the specific gravity of the dead cells is higher
than that of the cardiomyocytes.
4, The method for selecting cardiomyocytes according to any
one of Claims 1-3, wherein the condition (ii) of the culture
medium is a lactic acid-supplemented condition.
5. The method for selecting cardiomyocytes according to any
one of Claims 1-3, wherein the condition (ii) of the culture
medium is an aspartic acid/glutamic acid-supplemented
condition.

6. The method for selecting cardiomyocytes according to any



one of Clainms 1-6, wherein the lownutritional condition is a condition
where,. when using a culture nedium selected fromthe group consisting of
RPM culture nedium DMEM cul ture nmedium MEM cul ture nmedium F12 culture
medi um and a-MEM culture nediumas a culture nmedium the contents of each
nutritional conponents included in the culture mediumare reduced to 10%
or less as conpared with the contents _of..each nutritional conponents
originally included in these culture nmedium 12. The nmethod for sel ecting
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one of Carnms 1-6, ereln e pyruvic aclrd-su nente conditronis-a
condi tion %Q§%e09:5-5 mM of pyruvic acid is supplenented to the culture
medi um 1%. e nethod for selecting cardi omyocytes according to C aimS8,
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undi fferentiated nmesoblast™ cells is considered as" 100% the concentration
of serum gar8ebMPbeiBaNelhaikseref¥s8¥eliOmesoblast cells) ;

preparing the cell mixture by culturing the embryoid
bodies in the culture medium under a low-serum-supplemented
condition and/or a mildly-acidic pH condition.
8. A method for selecting cardiomyocytes derived from
embryonic stem cells, wherein the cardiomyocytes are selected
by the following steps of:

inducing differentiation of embryonic stem cells to form
embryoid bodies comprising undifferentiated mesoblast cells;

then preparing a cell mixture comprising programmed
cardiomyocytes by culturing the embryoid bodies in the culture
medium under a low-serum-supplemented condition and/or a
mildly-acidic pH condition; and

continuing the culture of the cell mixture in the same
culture medium to obtain the cardiomyocytes.
9. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the low-glucose-supplemented
condition is a sugar-free condition or a condition where sugar
content is decreased less than 1% as compared to the sugar
condition of the culture medium used for differentiation

induction.



0% 10% 16. The nmethod for sel ecting cardi omyocytes according to C aim 8,
wherei.n the mldly-acidic pHcondition is a condition of pH6.5.
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10. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the low calcium condition is a
condition where the calcium concentration in the culture
medium ranges between 0.3-1.3 mM.
11. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the low-nutritional condition is a
condition where, when using a culture medium selected from the
group consisting of RPMI culture medium, DMEM culture medium,
MEM culture medium, Fl12 culture medium, and o-MEM culture
medium as a culture medium, the contents of each nutritional
components included in the culture medium are reduced to 10%
or less as compared with the contents of each nutritional
components originally included in these culture medium.
12. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the lactic acid-supplemented
condition is a condition where 0.1-5 mM of lactic acid is
supplemented to the culture medium.
13. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the aspartic acid/glutamic
acid-supplemented condition is a condition where 20-100 mg/L
of aspartic acid and 20-100 mg/L of glutamic acid are
supplemented to the culture medium.
14. The method for selecting cardiomyocytes according to any
one of Claims 1-6, wherein the pyruvic acid-supplemented
condition is a condition where 0.5-5 mM of pyruvic acid is
supplemented to the culture medium.
15. The method for selecting cardiomyocytes according to

Claim 8, wherein the low-serum-supplemented condition is



- 65 -
serum-free condition, or a condition where, when the
concentration of serum or a serum components supplemented to
the culture medium used in the process for obtaining
undifferentiated mesoblast cells is considered as 100%, the
concentration of serum or serum components is reduced to
0%-10%.
16. The method for selecting cardiomyocytes according to
Claim 8, wherein the mildly-acidic pH condition is a condition

of pH6.5.





