- 1 - SPECIFI CATION A METHOD FOR PURI FYI NG CARDI OMYOCYTES OR PROGRAMVED
CARDI OWCCYTES DERI VED FROM STEM CELLS OR FETUSES TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for purifying cardi onyocytes froma
cell population derived fromstemcells and fetuses and also to a nethod for
usi ng thereof. BACKGROUND ART [0002] Si nce a cardi omyocyte | oses a
proliferative ability in an adult body, it is necessary to conduct heart
transplantation in treating a serious-heart di sease such as cardiac
infarction or cardi onyopat hy. However, currently, since insufficient donor
hearts are avail able, there is nowPECBFECATHN need to devel op a net hod of

treatnent other than heart transpl antation.
A METHOD FOR PURIFYING CARDIOMYOCYTES OR PROGRAMMED

CARDIOMYOCYTES DERIVED FROM STEM CELLS OR FETUSES

TECHNICAL FIELD

[0001] The present invention relates to a method for
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



[ 0003] On the other hand, the recruitnment of the ex vivo produced

cardi onyocytes is expected to be a nost prom sing nethod of providing relief
for patients in need of heart transplantation. Various nmethods of preparing
cardi onyocytes have been investigated, such as a nethod of differentiating
stemcells (enbryonic stemcells or various adult stemcells) into

cardi onyocytes or a nethod for isolating cardionyocytes fromfetuses.

[ 0004] The differentiation of the cardi anrocytes fromthe enbryonic stem
cells are positively induced through formation of a cell mass (an enbryoid
body) by ekibsnateukgenyonniititoeymédctor di IRy et itdid @aseupr asgasen factors
(such as feeder - 2 - cells, leukema inhibitory factor: LIF) in the case
of nouse éembryomie stemmasdllss ogr ddffererhidtitonsunmpEsesssinofatiorsrs (such
as feeder cells, basic fibroblast growh factor: bFGF, transform ng growth

factor: TEEYCRn2$ Heeqdie S 4P undAseRbE VBRPRLAT oA s £9at0es] RFGBde of in
vitro differentiatjon partially follo a_ node of physiol ogi cal devel opnent.
Especi al | yTeP& %ET*ﬂPté%QWﬁ§ 5@@59§:0?$€br+? ERﬁMﬁQ%%ﬂﬂﬁ,h re are a nunber
of commonag]itjes. between t-he node of physiol ogical devel opnent in fertilized
egg cellsg%h%§ %ﬁﬁﬁﬁ%@(ﬁe#¥$'vitro differentiation. In the in vitro

cardi onyogypgs i ff r%tdie%kogncwag  aPrd n%i%%iio?;l ?E%%EQ&??;?%%%O%S sart of

devel opnent, undifferentiated nmesobl ast cells are gene

which is ghasgedot LM IYEIRE 1CARTL PEUREYT €S Ebpe162 ¢ ace RSO asd cel | s)
and then differentiated into the cardionyocytes. However, since 1he

enbryoni ctEéesverts soff anmdiy aevenbpatrt | ntivemdyade/ ReSudibegebles whi ch

construct a organ within a body, it is technically difficult to

di ff er ent canmondkl £ty ytiveest ¢irecablie ontmhysiol ayisialgldevieypemeht cin | .
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



[ 0006] Further, since it is also difficult under non-physiol ogical condition
(invitro) to induce diffentiation of the enbryonic stemcells into all
types of cells, there partially renmains the undifferentiated cells.

Mor eover, the nmesenchynmal stemcells present in bone marrow or unbili cal
cord and tissue stemcells present in various kinds of tissues (such as

neural stemcell, adipose derived stemcells, and skeletal nuscle stem
cells) are considered.to be the adult-stemcells, which are considered to
have an ability to - 3 - differentiate into the cardi onyocytes. These cells

are bel i edefféverntt fdtes eniticattheneardabyyosytes he Thasdi eaposytes but also into
various kinds of cells. Though the details of differentiation nechani sns
from any belidéreeddud tdistfmmendlilaget gothentwr thionidey teesrdiamyoegtebebutf ul | y
elucidated, it is known that these cells formthe cardi onyocytes, other

di f f er ent PAFRALRED | G ims Xinds| ofopalasi oﬁfw@hthﬁnéeﬁﬁéiﬁf@fentl at ed
cells after under oing a certein period of transition phase. [0007]1n

summary, SFESTET AP Oendshs oMo VPt Bie (i?é‘ld:hért&c“,‘t EFLLEi EQ for

| | | t hat t th di t
Shi ch'ar e%’é’ SRR T DRt lgryelp%ca f8 oAl FREVRne i at ed
cel | s. E %I H}?eég'gi%lflesr Pkt ad Eg!r!ﬁoxﬁiéf @espr ﬂhe‘arr %H'f\é%r%ﬁtcké{%ea and

have an a erentiate int cel'l""popul ati on

contai ni nget g, Catdli SBOOY LRPuIBRSEA! egn{@alﬁimé qutffetfemla@@g%wﬂscan not
be transplanted into a living body In the therapy. [0008] Therefore

saf el y i npkesEninddiegdiRptdRRIrteshNPesi oM @E'iﬁarﬁdld:ﬁﬁihlp@x\ﬁ%ean i deal
treatment effect, it is necessary to develop a nethod for purifying the
cardi onyocyves] f r orbint bammakly , papll atémncells 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



[ 0009] To date, the cardionyocytes have been purified by a nethod for
purifying the cardi onyocytes by specifically expressing a fluorescent marker
such as GFP in the cardi onyocytes and selecting a cell expressing a
fluorescent marker using cell sorter (Non-patent docunent 1) or a nethod for
purifying the cardi onyocytes by specifically expressing an antibiotic
resistant protein in the cardi onyocytes and - 4 - selecting the cells using
the anti biotic (Non-patent docunent 2).4 However, since these nethods have to
involove in a genetic alteration, which cause an issue relating to the
safety, téebechigichdds c&dLsonsbagutke amntigrigpgdre (Nee-patdndnyocytes for
transplanatation in the clinical field. Further, since these methods involve
in a genele@umanterZlti oHOWaVeBt hiknge itdege E‘ﬁ@h§éﬁeh@ﬁ9r‘é@|m‘éﬂﬂcéfesém ous

ri sk such as the change in the rate of transformati on are associated with a

genomi ¢ af t¥FM T 6h ANGTAFCENt "ROERNEHISR)2D [{FEH6 FelASiRAOKA FRethe art
that the he rt._c use a acid nerat % b& a tISS% ot her than the
hear t (su%% 321 €al™s g@ﬁefaﬁsn%ﬁ %é?ﬁvf SurEEPENGn- gﬁtent docunent 4).
Hovever, g&eélonﬁfo%ﬁ%sprf'o(}r +85heh PafL &ML 19 RS Ty 1G3LdL ORYQEyt es using

thlsfeaUﬂ
Further, since these methods involve in a genetic alteration,

an ethical issue and some unpredictable serious risk such as
the change in the rate of transformation are associated with a
genomic alteration (Non-patent document 3).
[o010] 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.
[o011] 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



[0011] Al so, in the heart, the liver, and the kidney, an aspartic acid and a
glutam c acid are used for transporting NADH into mtochondria, the
mechani sm of which is different fromthat of the other tissue (Non-patent
docunent 5). The transportation of NADH into mtochondria is indispensable
for an energy production in mtochondria. However, there are no prior art to
attenpt to purify cardi onyocytes using this difference in this nmechani sm
Non- pat ent docunent 1: Muller M et at.5 FASEB J. 2000; 14: 2540-2548

Non- pat ent docunent 2: Klug MG et al., J. din. Invest. 1996; 98: 216-224
Non- pat ent dodiarerHat@ntSdocodent AR; Khaintalla®eM,. 2002, ,140: I5PHyS2R - 5 -
Non- pat ent docunent 4: Khairallah M et al., AmJ Physic! Heart G rc Physiol
2004; 286Heapyaiiny ARhysiol RGA4pakdht HHE705: Chatham JC, et al., J Biol

Chem 1995; 270 7999- 8008
Non-patent document 5: Chatham JC, et al., J Biol Chem

1895; 270: 7999-8008
DISCLOSURE OF THE INVENTION
A PROBLEM TO BE SOLVED BY THE INVENTION
[0012] An object of the present invention is to develop a
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 previocusly expected
to be used for purification of cardiomyocytes or which are

777777 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-



DI SCLOSURE OF THE | NVENTI ON A PROBLEM TO BE SOLVED BY THE | NVENTI ON 0012] An
obj ect of the present invention is to develop a nethod for purify

cardi onyocytes at a high degree of purification and at a high yield froma
cell m xture conprising cardionyocytes derived fromfetuses and stemcells
usi ng various features which have not been previously expected to be used
for purification of cardionyocytes or which are newly found, wherein said
method is carried out wthout undergoi ng -any genetic alteration or wthout
addi ng any special proteins or biologically active agents. MEANS FOR SOLVI NG
THE PROBL&EM¢OEEB]ce1g idesant ocguel hén pd esent niBdMed edntanduggechan
exhaustive study for the conpositions of various kinds of culture nmedium in
order to candtomicye ey sindmther nehf car@hdriyo @rieducireg coatdiregyonyaes deri ved
fromenbryonic stemcells. Based on the results regarding a study for a
concent r al pors fueitPrdemeaitedt sondivaen s a Hemare fmedi gonditaost udy for
the timng of changes in a _concentration of each conponents of various

cul ture nmedi unob?®di K¢y 1BhHRYFR R oHFHY tHion TomoBoRBBREANECSY t&ar i ous
culture ngdiunl he invent%rs of the present jnvention found the follow ng

events: lrecYﬁé ARt ACRHTEN WP rfhi Bith JH¥gT€erpntaining the

dlfferentég%éngégé§ JL and 0 pdycLlo iéﬁyég§'é§“3¥e°€%ﬁ%%kga in a

mildly-acidic culture medium;

(3) An event in 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



- 6 - directed cell death occur, when a cell m xture containing the

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

| ow- serum suppl emented condition or a serumfree condition; (2) An
event in which an induction of non-cardi onyocytedirected cell death occurs,
when a cell m xture containing the cardi omyocytes and the non-cardi onyocytes
are cultured in a mldly-acidic culture nmedium (3) An event in which
an inhibition of cell differentiation/dgrowth and an induction of

non- car di omyocytedirected cell death occurs, when a cell m xture containing
t he car di omsyeventand Fheten, ciredilomeatptresadse tolbd@reoht ntle | ow cal ci um
cul ture nmedi um (4) An event in which non-cardionyocytes sel ectively
under go cegthofisadeveaiioms ﬁéOEaFHPoWW@SeSa@ et gpbdYpRlg Sstem

|l ow-nutritional culture nediu ng An event in which energy
consunpt i 1% 35fhidiSCe PRY 1R k%n’F‘th%llcﬁ‘btncPrﬁlPélrﬁlstEFFHQO’BYOCYteS

di t t d | t.ur ed | |
Condi t1 orier tvea "Higdh REGGED %, FO L fie €' S ateatanteBAPrY RERESS or mat i on of
car di OWO&é’Eﬁﬁdil %I%Q‘h%%egdﬂﬂgegf%l GBS - BRISRPLETER L& Eorﬂff’l'x{g{,‘)” °

serum free condi tion even a Vi a

car di onmyogyd %.ﬂv%nsﬂo&@' fh' GRNEbYp i E08E eth s dh& %R,@hce%acyt es are cultured
after dispersing a cell nmass o? t he cardionyocytes. [0014] The inventors of

t he presengoisyvent M@E}ef epB6ited1 Gaf diroHneC KinesddhehyY edthé %&éi@terrbr yoni c

stemcells can be selected or purified efficiently and at hi gh degree by

opt| m zedimedmnicbniroyides ar mabhed pfac esslas: teog e&ﬁdﬁldmygcirﬂes from

| 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 follow1ng conditions: (i) a
low-glucose-supplemented condltlon, 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.
[0016] 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



- 7 - these events. Further, the inventors also found that the nethods

devel oped fromthe properties of the enbryonic stemcells are al so
applicable to select or purify cardionyocytes derived fromfetuses or to

sel ect or purify cardionyocytes derived fromthe adult stemcells. Based on
t hese findings, the inventors have conpleted the present invention.

[ 0015] More specifically, in one enbodi nent, the present invention provides a
nmet hod for sel ecting cardionyocytes frdm-a cell m xture containing

cardi onyocytes and non-cardi omyocytes derived from enbryonic stemcells,
adul t st evndidifiesregrt ifadteds mesobhesti celbbs d Wald cultueregi sheuenbreaidn t he
cul ture nedi umunder the follow ng conditions: (i) a

| ow gl ucozedippirerkdiet 4 livnai PRORUM aRAYY 8 loWe serupsEPrpdaEeLtehs sel ect ed
fromthe group consisting of a_|low calciumcondition, a |lownutritiona

condi t i onSORAIHR @ngdiog- aupplemEntetdto i GoaditderadpaPEPRaERi @/ gl ut ani ¢

Chi & onbOt EMK e G Pt B el B G R By Y aacrRg
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pr ogr anme ocyt € rentiated mesohl ast ce uring the

embryoi d hodti 68 ) Jaiaukhl 82 PREGNBURARS. @ | ow serum suppl ement ed
condition and/or a nil§1y-acid?c pﬁﬁggndition. [ 0016] I n anot her enbodi nent,

t he prensghrEPEIEIRIPTIONY bEESHR DPRAWDMES or sel ecting cardi onyocytes derived
fromenbryonic stemcells, wherein the cardi onyocytes are selected by the

fol |l owi ngleiEeps of [Figducinpigi ff edtrivtsd at modeobfepbeyontetséemalles to form
enbryoi d bodies conprising - 8 -
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. 51 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



undi fferentiated nesobl ast cells; then culturing the enbryoid bodies in the
cul ture nedi um under a | ow serum suppl enented condition and/or a
mldly-acidic pH condition to prepare a cell mxture conprising progranmed
cardi onyocytes; and continuing the culture of the cell mxture in the sane
culture nediumto obtain the cardi omyocytes. BRI EF DESCRI PTI ON OF THE

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

cardi onyocytes within an enbryoi d body safter adhesion cul ture. [Fig.

2] Fig. 2 shows a node of presentation of the cardionyocytes within the
adher ed ey yatichdadieeselhisC hndef ea Csthdarr efrdinder sarea-grebr ggacendi tion.
[Fig. 3] Fig. 3 shows a successful selection of the programred

car di onyot3ttgisc 1awdaer- sappdementedecondiiitoron. [Fig. 4] Fig. 4 shows an effect
of | ow cal cium condition. [Fig. 5] Fig. 5 shows a successful selection
of the progran¥éd -c&ldifédfyolyskeavwsi ¢andiamwariss specifidceabryning sten1ce||s
under a serun}free/nlldly acidic pH condition. i

shows an HPRAS%iEO eI Sy FRAFBIEESr 38 BRA/RY \ﬁotlrgrieﬁkﬁﬁebﬁag‘élbﬁﬁr %T'Ffé

enbryonlc ste %?||S under a sergn}free/nlldl -acidic gH condltlon
cel under a sugar-free/serum-free and a lactic acid-

supplemented condition.

[Fig. 10] Fig. 10 shows masses of cardiomyocytes and
masses of 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



[Fig. 6-2] Fig. 6-2 shows an anal ysis of programred cardi onyocytes within
the mass of the enbryonic stemcells under a serumfree/mldly-acidic pH
condi tion. [Fig. 7] Fig. 7 shows a nass of cardionyocytes which is

sel ected by culturing enbryonic stemcells under a serunfree/mldly-acidic
pH condition. [Fig. 8 Fig. 8 shows selection of cardi omyocytes by - 9 -
culturing the cells under a sugar-free, a serumfree and a lactic

aci d- suppl enent ed condi ti on. [Figo 9] Fig. 9 shows

cardi onyocyte-specific staining i mages for cells which are selected and

col | ect edecdydianytaayitieg tthremcehksfandessa sugar-free/serumfree and a lactic
aci d- suppl enent ed condi ti on. [Fig. 10] Fig. 10 shows nasses of

cardi omyocyt ed Farad mgds&d.g9ef 1leaboee| Fegigmsc icoartainisy eakegomaubly cul turi ng
the cells under a serumfree/ mldly-acidic/low calciumsugar-free and a

| acti c acR¥gfiemedled vedRdi & saTum-free mlglyrFcigdig/19¥ shows a result
of a nmethod for elimnating high density aggregates consisting of the nasses

of the deSRiCRINSUHImS a&n &Pfy 2gPREREH edfyed condition.

[Fig. 17] Fig. 17 shows masses of marmoset cardiomyocytes
which are selected by culturing the cells for 15 days under a
sugar-free/serum-free and a lactic acid-supplemented condition.

[Fig. 18] Fig. 18 shows cardiomyocyte-specific 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

777777 selected and coilected by culturing under a sugar-free/serum-
free and a lactic acid-supplemented condition are successfully
engrafted inside the heart of a recipient.

[Fig. 201 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



[Fig. 12-1] Fig. 12-1 shows nasses of the cardi onyocytes sel ected by
culturing the cells under a serumfree/ mldlyacidic/low cal cium sugar-free
and a lactic acid-suppl enented condition. [Fig. 12-2] Fig. 12-2 shows
masses of the cardi onyocytes selected by culturing the cells under a
serumfree/ mldlyacidic/low cal ciunfsugar-free and a lactic

aci d- suppl enent ed condi ti on. [Fig. 13] Fig. 13 shows the

cardi onyocytes purified by culturing-the cells under a
serumfree/mldly-acidic/low cal cium sugar-free and an aspartic

aci d/ gl ut asl eurndgl-Supphei@Netd8r¢ondet §0ém cells dfded: al4hghikr9srdd shows
results of purification of the cardi onyocytes fromthe bone nmarrow stem
cells. [Flgardidmfoqytel sedeawiongsobhdivfopuiddf ilGatdags ahdt hRen- 10 -

cardi onyocytes fromthe fetuses. [Fig. 16] Fig. 16 shows regions

cont ai ni nghangord ithss lgplguireamedgunetdsdimider. a serumfree/ m |l dly-aci dic/low

cal cium sugar-free and aH%yruvic aci d- suppl enent ed condi ti on.
EMBODIMENTS OF THE INVENTION

[0018] An appropriate treatment for inducing cardiomyocyte
differentiation generally causes differentiation of the stem
cells having an abilitiy to diffentiate into the
cardiomyocytes (i.e., embryonic 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

77777 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, El4 cells, D3 cells, CCE cells, R1 cells, 1295V



[Fig. 17] Fig. 17 shows masses of marnoset cardionyocytes which are sel ected
by culturing the cells for 15 days under a sugar-free/serumfree and a

| acti c aci d-suppl enented condi tion. [Fig. 18] Fig. 18 shows

cardi onyocyte-specific staining i mages for marnoset cells which are selected
and collected by culturing the cells under a sugar-free/serumfree and a

| actic aci d-suppl enented condition. [Fig. 19] Fig. 19 shows that

mar noset cells which are selected and t®ltected by culturing under a
sugar-free/serunfree and a |l actic acid-suppl enented condition are

successf utdyleenghlaidedd si,nendesbhen hedhie abuaer BSi peehs . used fof Ring: 20] Fig.
20 shows inmages of the cell nasses derived from human enbryonic stemcells
whi ch werpressndi nagemntion egei ageibhakle £mmamegdseai Avyprg Cudhurel )
condition (i.e., control condition) and appearance of the cell masses
derived f¢oriadfdomur@TCEnbr goamécer engr@| fesl Wkt chobreel @bt Be ooy ipgiele

cardi onyocyt e sel ective culture under a sugar-free (cardi onyocyte sel ection)
condi ti orftbrsC®Nays (i . e., cardlonyocyte sel ection condition). [Fig.

21] Fig. t i d th
nuran ool YU ot SHFCBRAEBLER niF AErRR: PR ROAhe! Doarodnd Sur ot - Nxa. 5
ant | body e ORISR e 86 LrBBRsCAoIRLS ngwg%% hiabie 921 dhapuegyLes whi ch
resune au ononous puI e cel SSes were prepa

cul turingai he gyyan N%%tiry@%e sEein CeSA S gulersa 13Ugar, - faéeeeﬁ@r di onyocyte

sel ection) condition for 15 days and then changing the cul ture nedium

CPHdltl0nesiﬂﬂ%iﬂﬂﬂﬂ“f&oﬁFc?HEmbmbﬁﬁﬂﬁéﬁ*ey (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.



00161An appropriate treatnent for inducing cardi onyocyte differentiation
generally causes differentiation of the stemcells having an abilitiy to
diffentiate into the cardionyocytes (i.e., enbryonic stemcells and adult
stemcells such as bone marrow stemcells) into the cardi onyocytes. It is
possi ble to induce differentiation of the enbryonic stemcells into the
cardi onyocytes using hangi ng drop nethod, in which, for exanple, the nouse
enbryonic stemcells are incubated in tise-suspension culture under a
condition in the absence of |eukem a inhibitory factor (LIF) to forma cel

mass (an eobayoizi pory;9-1AleR),, landt Rebsapesnamedel 1N FRHRASEt MENBI yoni C
stemcells or the human enbryonic stemcells can be used to induce

di f f er ent Baienoe 0200 he 2or V@vioc 120am halé salsd dbddre exyatilazpeayt es.

[ 0019] The present nethod can be applied to stemcells derived from any
manmal i anl8Beti es. Geaeraldipl 85 chélexarp| et aiflishedrbymehilanrspecares from
which stemcells are derived, used in the present nethod, include, but not

limted tﬁarﬁﬁu%%br%%M/I@oégdlabﬁn tatthifaresded. dbedgspasakele tauman and
e stemcells_used for the present invention include

Th
?rgrr?rgl i aneﬁgé'é"g? Fgévﬁ‘ﬁlclrf éfrrémwt&él FROLEPTHYher T SBIPTEOSF0G88 ES cel | s,
k ES d h | | 0020 Th f | f th
msgyEs nf1 et AR B ofe ot AT Lo UE PR e, <ot TP 8k col 1 s,
1298V - lgunsg€ s asl qﬂabl E q 5909859 Th?o(%ﬂj %%a%%” ed for the

pr esent i nventlon aré ave ron1 nerican ture éétlon
(ATCC), Chemkres. 299 L] l20B1\0kGaHGAEL TRENNROM A% ] 5@69N- 2004).

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



[ 0021] The exanpl es of the nonkey ES cells include ES cells established from
rhesus nonkey (Macaca nulatta) (Thonson et al., Proc. Natl. Acad. Sci. USA
1995; 92:7844), ES cells established from cynonol gus nonkey (Macaca
fascicularis) (Suenori et al., Dev. Dyn. 2001; 222: 273-279) and ES cells
est abl i shed common marnoset (Callithrix jacchus) (Sasaki et al., Stem Cells.
2005; 23: 1304-1313), which are all aveilable in the art. For exanple, the
mar noset ES cells are aveilable fromCeéitral Institute for Experinenta

Ani mal s (Kawasaki, Japan). [0022] To date, several dozen kinds of human ES
cell s hawy ediuvdstrabliibdhgdcah ¢heramrdrd stdnd apecabec 6br hESare BHS cel |
lines are registered on the list of the United States National Institute of
Heal t h (htstysly /ast gimeeblresanhegof 4 regifstaey/(antdeenasparhad spechkfids: | able. In
the United States, sone human ES cell lines are also commercially aveil able
from Cel 1%9% jthe ES cefilsinE&r fallvreRecifiisc giesien cAPERHF1M@s c@F o Foundat i on,
and so on.. Also in Japan, sone human ES cell |lines are aveialble fromthe

St em Cel 12R&d&r &7 &8 Pe?efﬁﬁgm?n%qunﬁW?qﬁﬁ'mPP@ﬁtler Wﬁxﬁﬁﬁﬂl 348 ences,

§Z§t°932'.vers”%%e%s‘é§urf ko cBlig Bl DAl ReRpr ST 2006
3: 59-07)un sl chenESpeehLs, (P Hm(fﬁ%@eusgﬁegdu@ga £roml3 - 2004; 121:

1159- 1168 ci ence 2001; 294:
1290- 1291@rfﬁ3@ﬁl%hs@egﬁ98e§§§?b@$S&Eihs produced from testicular germ

cells, and induced pluripotent stem cells (iPS cells) produced
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



(0024] Generally, ES cells are established by culturing an early enbryo. In

addition to this nethod, it is possible to produce ES cells fromthe early

enbryo whi ch undergoes the nucl eus transplantation of the nucleus of the

somatic cells (Munsie et al., Curr. Biol. 10:989, 2000; Wakayama et al.,

Sci ence 292: 740, 2001; Hwang et al., Science 303: 1669, 2004). There are

al so sone reports attenpting to isolate stemcells as follows: a nethod for

producing ES cells fromthe parthenogengtic enbryonic cells which are

devel oped to a stage equivalent to the blastocyst stage (US Patent

Publ i cat i wdiNEer@2t1688a3neYoBDas K @f118] .thePpRogriihka Acad. Sci. USA

100: 11911-6, 2003) and a nethod for producing ES cells having genetic

i nf or mat | Gardomyiocgitey )cant areferrend tthe asua dusnetasdiamnycceed’! s by fusing

the ES cells and the somatic cells (WD 00/49137; Tada et al., Curr. Biol

11: 1553, DO®H). ThEhexphpsent ofinvardoEs sshidedsefiféqts hef prhes emtltiumeent i on

include ES cells prepared by the nmethod described above or cells in which

one or nTPHEHEESoFUFRe2EhR ohPS OV BT~ SURP eweaspAscapdibio®r @l by genetic

engineerinqﬁt chni que. ?OZS%Further. t he exanples of the stemcells used in

the met hot'679 W%?S%fé&@ ePRYERE | PG HdiMWde endPYGREYTEELRR? s but al so any

stemcells ngLn sip&lar [0 aracterkflics tq_t.hgse S cells, ich are
s O

. congit q PH calcium. con %} qp, ang a m'?%lE~ % éic
derived fromce e“fanmal | an adul organs OF £ ¥stess ¢t s of the

bone marr fl.00d ce cet | f I et use i s context,
t he phra§gﬂﬁgﬁﬁgﬁafﬁc%5?§8?£??s?%cé?%lf%%%kﬁS%gfgéggée ﬁsér%%ﬁ %% defined -
14 - by csiddilfdlcaiing! agkeaimehat Bed s tdaioRgeLltesf 6F ESiteldsidnsuch as
the presence of a surface (antigen) marker specific for the ES cells, ES
cel | s sperifificreg@iatexphesstha, card Bdnydyltesy ihother putarat Hidm or chineric
nouse). The specific exanples of the stemcells having simlar

char act ernsticesdiomybhoytesf comba i efilthinndchedehB6 pekpared oshuoeobifd om
prinordial germcells, GS cells produced fromtesticular germcells, and

i nduced pragigsotent stemcells (i PS cells) produced fromsomatic cells such

as fibrobl ast using speci al _genetic engineering technique. It is considered
~that, in FH% Iret hB8, 2 eReTYbY d BisdiESseRte AnBeBLOES ST PR thid sthgnt aof

differ tiati i,nduct i . duct ed_by. cul turi. he st ells by th
Suspens] o T PLETE P CORBSHBORENERS G R AUE U ROPPPEP T SEY

mesobl ast_.cel | RI50 ' S 156h differentiate

oD Aot G o AR GO AL PN (MBS BngE Byt g L Torent ate
case of 1Q0UGING LRBETBRYOBLCnSEERERI1S0ond GRLEHORVACKL 8o @PRE A R LT 7
days fromthe start of differentiation induction (in the case of the human

enbr yoni ctisd R lconsabteng 19f daysod Iy upbatheftedi EbgdLEdmAL i0N

i nduction). However, the thus prepared enbryoid bodies using the enbryonic
st em cel | Bow1ydhitdes ergiipphbpethed casmd imuacy ta2ed odeaaeribednabove but al so
cells which does not have an abilitiy to disfferentiate into the

car di onyoesnidsicsucl dowt halghunf ¢endifticn.eq odlddy-ahédic pH

endot heliumepitheliumlike cells, and the neuronal cells). In the present
i nvent i orCOTHEIOE.| §160RePTt ARANIRREL TR dIGHPScytBE GATEEPPROGATYH oF

differentiate into the cardiemocyles in the fyture (such;as,, .

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



- 15 - undifferentiated nesoblast cell, the programed cardi onyocytes) are
referred to as a "non-cardi onyocyten. [0026] The present inventors studied
effects of the culture conditions such as a | ow serum suppl enent ed
condition, a |ow glucose-supplenented condition, a |lownutritional
condition, a low calciumcondition, and a mldly-acidic pH condition on
sel ection of the cardionyocytes, in order to specifically discrimnating the
cardi onyocytes or cells which differentgate into the cardionyocytes in the
future from non-cardionyocytes contained within the thus prepared enbryoid
bodi es. [R2A]AS vhdeasithie, cbheipiesest 4 NvRiqInToseuadpbhahenbea a cel

m xture containing the undifferentiated nesobl ast cell, the progranmed

car di ony ooortdeist ignd itheondidatiriyncyl Els asy aitle wrednyndembonetbonsose a
conditions which are selected fromthe group consisting of a

| ow ser unSUHESABTEsUE® ledrdtefonondi t bar glaidesesdppitéppal edogdhtiian on, a

| ow-nutritional condition, a |ow calciumcondition, a mldly-acidic pH
condi ti or? %ﬂWﬂﬁ?%ﬁithcﬁﬁﬁlééﬁﬁiﬁ%@i%HPl¥qk¥TﬂﬂﬁﬁM§wFHcypéglgio%eIIs whi ch
differentiate into %he cardigg;oc tes in the future are less sensitive to
cyt ot oxi cl B3kt adPEoABAY&sIGH THERetE SForCEarli BRYBEJt 28 thdtslesich

dition. [00 On .t he_ basi f 1s_finding, i h ' ion,
Col s i B 37 B A TEOERCuRer T Her by it MRS CHEr SRABF TG bo

sel ected g, 'rﬁQIrPFPQBE%%EF“tBQVBQ%f%TM&a{ ‘Qr%méﬂ%&‘éioé&%%fyce' | mxture

containing the undifferentiated nesoblast” cell, the progranme

cardi onyosyd ascAnd Hhe €RedbOBYOCYI #Sre iy Y R0 *bAgse6hbgical
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



- 16 - m xture under the condition of a | ow glucose-supplenented condition
in conbination with any one or any conbi nations of a | ow serum suppl enent ed
condition, a lownutritional condition, a | ow calciumcondition and a

m | dly-acidic pH condition. [0029] The above described selection nmethod is to
select the cells of interst by culturing the cell m xture under the
condition to which the cardi onyocytes are physiologically resistant, and
therefore, is referred to as "physiologlical resistance-based sel ection

met hod”. The physi ol ogi cal resistance-based sel ection nethod of the present
i nventi onths dihfffeairgdriiarddnbynduttiion ng Inhéheeblrepkert ut eventiai niitg t he
cardi onyocytes in the culture nediumunder the condition selected froma

| ow gl ucose-&espigiainentted eddndpeitenglace oav smang dheireneaseducbnaéti on, a

| ow-nutritional condition, a_|ow calciumcondition, or a mldly-acidic pH
condi t i onPOFPOBRL IFFah&hsr c3dfTEnbedivBN, FPReekam ea o9 gl ucose-

suppl enented condition" is defined to be a condition under which the cel

mi xture i SORPRTUELY RveHe 20dPt GRETHEYI THAWMSH Wddlhc éFel 8¢BPTdt % ugar s

(i.e., group.of sybstances includin ol ysacchari des and nnnoiaccharides

(such as YFttodd, tfadict dSE°hr PECHoRR, dAnK \hiB&s lar BMBMdcheni cal |y
di | d i i | t,Q i . t abol i zed
I ssolve &ﬂPVFQ@ﬁ,c#?pMpgﬁgﬁéebpér?@?h%ﬂeﬁg%gi1%40'%§hg¥%9§ cataboli ze

by the glycolytic syste eferre nent, erm"a

| ow gl ucoseg syppl MeNtAd oeRdiihon: MRANSadd Mani'he rCabl Bhxhyhe s cul tured
in the culture nmediumin the absence of the sugars above or in the culture

nmedi um i n1vé2 eyt her Icevahicelesygal s2imM) | MdRdtavieass thidrdféms conpared
to the level of sugars in the culture nmediumused for - 17 - the

di fferenttiaiantnduatddimm wnthheher bsest ofh\senrfaren beiihgi sedesedatd e t o

el i m nate gl ucose, anong others, as nuch as possible fromthe culture

medi um Fb% nexanp|the tdd togenaediahl| yomtvaeimialy & 5clot-urla .gedimnst whi ch are
generally used in the art (such as a-MEM MEN [Hank's BSS], DMEM contain 1
g/ L of O-gr9R%o%e (5.56 mM), RPM 1640 contains 2.0 g/L of 0-glucose (11.12

, and Ham s F-12 contains 1,82 g/L of_ 0-gl ucose 0.12 respectively.
) qﬁ%reforego?%%]cuIFBPepﬁﬁﬁPﬁﬁ16?Y ?ﬁ?l%ﬁﬁﬁ% g a§ug§%§nb5?%gg¢%hucgd to 1@g

means themfk%&fg(ﬁén%ﬁfﬁgfg%nagi@ngcé§¥&¥£:%%%f§%Idggé%fthe 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] 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



sugars. [0031] The present inventors found that, when the cell mxture is
cultured in the culture nediumunder the limted | evel of sugars to |ess
than 1% as conpared to the | evel of sugars generally used in the art, the
non- car di omyocytes undergo cell death, while the undifferentiated nmesobl ast
cell, the programmed cardi onyocytes and the cardi onyocytes can survive in
the cul ture nmedi um under such condition. In the present invention, a

| ow gl ucose-suppl enented condi ti on caniige-achi eved by using, for exanple.
RPM cul ture nedium (sugar-free), and DMVEM cul ture nedi um (sugar-free) (both
from Cl RORbeohPDR2d ¥y Ut hrtak@lchaliheptEitted EdHPRUMAN@H thncl udes serum
itself, conponents of biologically active agents containind in animal or
human ser biplagica Ecprditiant lageat ast iimciad | to prioduced scorpaparta 86 the

bi ol ogically active agent. In the present specification, the term"a

| ow ser untppserment e Clondiitchoater ehppienentdr® worndhe icul twirer metihem| evel of
the serumor the serum conponent, or the - 18 - reconbinantly or

artifici arf§a pkodEhidomsovadisferenhtabed|nrgduldst aetlilve iggent is linited
to 0% -10% as_conpared to the serum| evel which are supplenmented to the

cul ture nBEPEHIEREY FOrPB8*ni AFuABPEPRRENtT M EXARPIGH| ASt SEERPS | s
considered to be 100% ,and_jncludes, for exanple, "a serumfree condition".

Ther ef or e*X &R EXHPHEbf " ALPHAE RET Ul FpicEWeSt 84 cBndPY T BRTUTS the case

when 10% ger s suppl enent.ed ,t o_t culture medi ym faor obtaining the
undi f f er e%ﬁ?é?;é"éenrr%%%b s lr)E(:lé?lnl st 1geseer‘?ﬁ’nv(”:erbennc r?tér &GO % the culture

medi um | ssh%méxﬁ&xﬁﬁgae'tgozrscélteh%ﬁlﬂc?{qsa%eqﬁ%ﬁ £409,4h8 ALY aed

c
cardi onyocytes or t I omyocyt es. present 1 nventors found that, when

the | evel gn@fsidecseiaiBL aReBeaks coniadi netk i dbtihie ohldenteaBghup are
limnted to |l ess than 10% as conpared to the |levels of the serum conponents

in the cuthereulmeghd megingr alsl yinseddi ot hesarthad he For candcemygcyt es
undergo cell death, while the undifferentiated nesoblast cell, the

pr ogr ammethe aphoragomd exrsEidomnybeytas doonyioe \tasiicmyosyrteisvue Tiet he cul ture
medium [0033]1In the present invention, the term"a |low nutritional

condi ti onpregert sinveninrse fioygingd] shatihevken hithe ehasted sofofevdey segumi ti onal

~ tonponents contained in the culture nmediuns which are generally used in the
art (suchCaEPeIM t ¢ T s LM RBIVERL BT ¢ UPSHHBHia%ia 1Nmnc?ﬁfit tiPe nedi um

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.
(00331 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 o-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



F12 culture nmedium and a-MEM culture nmedium are limnted to |l ess than 10%
as conpared to the levels of the nutritional conponents in the culture

medi um generally used in the art. In the present invention, it is desirable
tolimt the levels of the nutritional conponents to 10% The present
inventors - 19 - found that, when the levels of the nutritional conponents
inthe culture nediumare limnted to 10% as conpared to the |evels of the
nutritional conponents in the culture medium generally used in the art, the
non- car di omyocytes undergo cell death, while the undifferentiated nmesobl ast
cell, therpiogrammed wadlitomy aeyees andthden e@r i UROCHRDoRBALSUENI Ve in
the culture nmedium Such "a lownutritional condition" of the culture nedium
can be prepared byralidediung atevatimirtef tdelculddirenpdidantgenaeal |y used in
the art (RPM culture nmedium DMEM culture nedium MEN culture nedium F12
cul ture nkevehs ol EhavENtgulttionelmedinpojentss mgp Eheolautsuafe pleddiml ogi cal
saline (such as Hank's BSS (sugar-free) or PBS). [0034]In the present

i nvent i ongeReEAtr Heegd |igw @lim Ebadnen wrrrdiamstornte st wadesadi cebh wher e
t he cal ci ym concentration contained in the culture medi umranges between
0.3-1. 3 nff2Hhe BUHUrsedod fiener st rled SRE TRy sh fAedrlentt™8t i ng into the

di t h,.as. DVEM cul t di EM cul t di um . and a- MEM
cul tur o, nEHT R (o T A COnERRL F o | T DO R oot RECEGTFur o

di | i i art t i t i i kept d
T8 ma (R otihoa e il (2R dY GoVIERRRERbhE BoreReiSTh Y O
car di onyogyd esy1 e MEsemt aaavg,at BEépéPAf’é‘%i} hﬁtdm gﬂ 1t %mla%gmch

| | to 0.3-1.3 nMo

concentration in the culture nedium are mnt e cal ci um
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concentration in the culture nediumgenerally used in the art, the
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cell, the programed cardi omyocytes and the - 20 -
and a-MEM culture medium) using 9 volume of physiological
saline (such as Hank's BSS (sugar-free) or PBS).
[0034] In the present invéntion, 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 o-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



cardl onyocytes can survive in the culture medium RPM culture nedi um and
F12 cul ture nedium (both from G BCO can be used as the exanples of the
culture nediumwith "a | ow cal ciumcondition” of the present invention.
[0035] I n the present invention, the term"a mldly-acidic pH condition"
refers to the condition where the pH of the culture nmedi umranges between pH
6-7. It is known in the art that the pH condition of the culture nedi um
general ly used for differentiation indggtion of the cardi onmyocytes (such ase
RPM cul ture nmedium DMEM cul ture nmedium MEN cul ture nmedium F12 culture

nedi um ek @i sitddsiicanmedictiye | sn relidadure RedABiNt akmed at around pH
7.5 which is the sane as the physiological condition. The pH of the basic M
i s adj ustedl tureaegriomn @ndHF625cubt the metinlat(®o thi FRrom¥GO8R20 ) Then esent
inventors found that, when the pH of the culture nediumis |owered to pH 6.5
whi ch i s mr® agcitdiec exiaapleseofHbé ¢hbtund medd umediitim Jendowl ¢yleiend i n t he
art, the noncardi onyocytes undergo cell death, while the undifferentiated
mesobl astc@E}itiame ofr dhearrEacREr HR ORI -es and t he cardi omyocytes can
survive in the culture nedium The culture nediumwith "a mldly-acidic pH
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inventors found that, when the culture
differentiation induction of the cardiomyocytes (such ase RPMI

culture medium, DMEM culture medium, MEM culture medium,

F12 culture medium, and o-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).



mediumis deprived of the sugars, the non-cardi omyocytes underwent cel

death within the enbryoid bodies derived fromthe enbryonic stemcells. The
present inventors further studied an alternative substrate which can
preferentially provide the cardi omyocytes with an energy other than the
sugars, for the purpose of further inproving the selectivity of the

undi fferenti ated nesobl ast cell, the progranmed cardi omyocytes and the

cardi onyocytes contained in the enbryopd bodies. [0038] As a result, the
present inventors found that it is effective to supplenent to the culture
medi um a l@xdic acirbe( baetahe, ifvdrtorMeouddC Rt Nalhon Bfe 3 ASRAY tic acid
(20-100 ng/L) and a glutamc acid (20-100 ng/L), or a pyruvic acid (0.5-5
mV), or amdiconmhisnatepaisedhereehei sugdBee e nloa -sugansmyBageds on t hese
findings, it is considered that such sugar substitutes can specifically
provi de turderaraditomeddy death whthen edsarembmytaiide bosieg0088)Fae Sedmecti on

met hod descri bed above is referred to as "netabolismbased sel ecti on net hod"
si nce t hethfetaFVPHes seerRbERILES cafdlsi Pregent iheenbeus ofyothdares to sel ect
the cardi omyocytes. The netabolism based sel ecti on nmethod of the ivnention

i s char act B4R Ay adieraatiyet RRPEEr3 teristiishe c@anpariragnthel ¥ar di onyocyt es

under a lacti.c acid-supgkenented condition, an aspartic acid/glutamc

aci d- supptenEii%d o FarE8RY OGY TeS gy v iaR SR s¥uppherehhel Eo%diti on,
oAl i 2980 ekl BOLRARe SDeCd A0 JYRGS 0L s B RRESLRLBRI AR N9 the

cardi onyocyte €., phAySrologi ca
of the undifferentiated mesoblast cell, the programmed

i
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
AAAAAA (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 sel ecti on nethod)
can be used in conbination to purify the cardi onyocytes at a high degree 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
undi fferenti ated nesobl ast cell, the programed cardi onyocytes and the
cardi onyocytes which are used in the present invention as an origin of the
cardi onyocytes can al so be prepared frgmstemcells or fetuses. In this
context, the term"stemcells" includes, but not linmnted to, totipotent

cel |'s whi £dk Courilid fpicent isalieckib ABMhEYRESE Olne Mldranbadeh-8aseabr yoni c
stemcells) and pluripotent cells which can differentiate into nmultiple

parti cul aselemeiomimeatidd caucheassaduln cdmmmeAlidon der pwedsir eret he bone
marrow). [0042]1t is believed that, in the course of preparation of the

car di onyocan &onfyamyttese agnlar oghcdstreee cef Imiridy .di Aleo enthatawovepr ogr esses,
the enbryonic stemcells differentiate into the undifferenti ated nesobl ast,
and t hen BeBxEHuARY yFepieatgdlyncarr hed ppwyrameddadar @i dmpsbgrebigland final ly
formthe cardi onyocytes. Here, the "undifferentiated nmesoblast cell" refers
to the cel8Er&mith BFTdseting  Brachyury protein (a specific marker for the
undlffereg @Eed s Oblai& cells). Meanwhile, the "ﬁrogranned

car di onyo @é reF i t'ﬁ?eXE ‘Fsc%ﬁaéﬂlé‘ﬁplté‘gsufl EhpHePE RS i at ed

nesobl ast celblla eC|f|c Q%ptelns suchdqgat f% Br ac Y é grgkein but do not
express the car  orifocyt & "SpREPPF AP &R H §3@Wyé§ e Snd Actinin. The

progr ameg, Cay %\Q%l S 228 useg lﬂrté/setncE §X%Ge H%&XﬁGMS

Ulfferentlate ot cardi onyocyt es mnt need to su " of any

addi ti on%rﬁmt@m% tc%rhtiamg;ebwés é@rg'é‘_lrgo Uee ra%eweemt §femrefers to
aut onomousl y pul sating cells when the cells are V|a | e and al so ceIIs

EXPr essi Nge BT BdeRIse sSUCH ash N Ghrtex®\TAke 8BEmAEEt&hNcedd'ch can be

detected after fixation. [0043] For exanple, when the nouse enbryonic stem

cells areincludes, 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



used as an origin of the cardi omyocytes, the cell popul ation which can

suvi ve under these culture conditions can be selected as a cell popul ation
consi sting of the programed cardi onyocytes or the cardi onyocytes fromcells
consisting of the enbryoid bodies by the foll ow ng steps: inducing
differentiation of the nmouse enbryonic stemcells by elimnating LIF from
the culture nmedium then incubating for 4-7 days the nouse enbryonic stem
cells to generate enbryoid bodi es, andzgul-turing the enbryoid bodi es under

t he physiol ogi cal resistance-based sel ection nethod and/or the

met abol i sapbbased s6 @cdiivalhed rrersgteste theryiahl eL8lilonporykati on as
t he programmed cardi onyocytes or the cardi onmyocytes. [0044] By way of

exanpl e, aitkoub daysed romddpplshent of ahe aid{ferenl aluuetanedygctbon, cells
were sel ected for additional 24 hours under a | ow gl ucose-suppl enent ed

condi ti onthadcahyumenasii . afie cbodurdisdnyaresy tefs "f aefetrgpes of the conditions
(i.e., alowserumsupplenented condition, a lownutritional condition, a

| ow cal ci anfewrerdusoh pwlirhtdang lcglysaghen ctipH @oidi taxen)viabieughdt he
selected cells were those with no pulsating ability, the cell population
with no 2192 cebl§ HHRTRFSABIY iSOPeWBRERERFLFIER i dtk:isidng CARA4Rt aBGdy

agai nst the Brachyury, the marker of the_undifferentiated nesobl ast cell,
resultingAFﬁlTh%'EF%%H&&FVI6@%?FF98tPﬂa©§EeFrﬁ%ﬂQﬁ&§FLalI cells. This means

that th t hod i t hod ffectivel | ecti
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Nevert hel ess, continued culture of the cells result erentiati on of
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considered that the undifferentiated nesobl ast cells selected in the nethod

above ar ecapinenyodied e Mbs catrdibiny ¥ ey Pé© of worimetk 108 HodRieeYhgSof
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



[ 0046] By way of another exanple, to select the cardionyocytes, the enbryoid
bodi es derived fromthe enbryonic stemcells after 4-6 days fromthe start
of differentiation induction can be cultured for about 3 days in the
serumfree culture nedi um prepared by m xi ng MEM (M ni num Essenti al Medi um
[ Hank' s BSS) (I nvitrogen) and a-MEM (SIGVA) at the ratio of HEM [ Hank' s BSS]
ca-MEM=9 : 1 - 1: 9, supplenented with ITS [insulin (10 ng/L),
transferrin (5.5 ng/L), and sodiumsetete (6.7 ng/L)] (A BCO (in this
case, the cal ciumconcentration was about 1.3 mM. This culture medi um
condi ti on pudiseéspgnedbildbtyn vewe semumestpliesentedng oani anbihody lamaioaltci um
condition, and a mldly-acidic pH condition. The thus prepared programed -
25 - car dithey Bepch¥ucin bee corekeiucds ithecypdidfEgarentinted aipsdullasir e nedi um

to differentiate into the cardi onyocytes. Wien the above manipul ati gn of the
cel | nixt G8li-sTEEHALEPE IR tRe Brafiyury, §RStReVEt TPRIST R 13 @1t i2dtli on

i nducti on, iall ft ' [ f t t 1 I |.sat i

car di omyoSias. 1 ThS TR BHEY Srer Prarent| Jo ST bcts tha iard: shpocyt e by
sinply cultyrlng 'eEyNEML,E'@{%' Sp RS ndi%‘%%Eeﬁtkg%agﬁ.é' plengnted condition
and a nildl y-aci dre pH condi £ on. e thus prepared cardi onyocytes can be

conti nuougloy 46yl t urg@rifed haHE XAHYLEYT fo BN @1 MEMeanrd a-MEM to
differentiate into atrial nuscle and ventricle nuscle. [0047] By way of

further exafRhnesthhtelntsyRy dabatieood avednkt0thé hex£rbs o icrstiemacel | s
wer e washed using a sugar-free nmedi um such as Hank's BSS (CI SCO) to

t hor oughl prelsemtigt Rnsugaesrhies t iavelwpinehed1f hom3e Tidaysotenin heardelt ur e
medi um (Hank's BSS [sugar-free]/DVEM [sugar-free] = 9: 1) under a
| ow ser umspggpifepefivedtendirdiomyeEitesinurestilbhng tondthe irrogtsiveh as t hose

prepared by 10 tines _dil utigi; a coomercially aveilable culture nediumwth
i sotoni c Bieges 48| aiMea}, 2kl e HtS- alPUrEtPRLeDhdi I ruesd CaLE8®R,cal ci um
actic acid (a lactic

el d- sUppIoEmEhEeBSLoRAT R bRy S 20" AT ST A 22 4PAr PF cbeF b S0 ol L. of
glutamc a¢id (an_asp ét %§eagézdéﬂalrﬁi}c?j%?t%sa0i {ai%%%polreerrer%teqs;:ondi tion), or 1

M of a pyruvic aci ruvic acl uppl enen condition). As a result,

it is posidilg dbef that ephl Yard®l adrdiia 24R40MANYBEYLE Sy ihesdRINQY above.

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 differentiation
induction can be cultured for about 3 days in the serum-free
culture medium prepared by mixing MEM (Minimum Essential
Medium) [Hank's BSS] (Invitrogen) and o-MEM (SIGMA) at the
ratio of MEM [Hank's BSS] : o-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} (in 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



[004B] In an attenpt to prepare the cardi omyocytes using - 26 - the adult
stemcells derived frombone marrow, the nethods descri bed above are al so
applicable to select the cardi omyocytes fromthe cell mxture of the adult
stemcells. Here, the cardionyocytes derived fromthe nouse bone nmarrow were
i nduced using the cells and the nethod as described in WO01/ 048151
(PCT/JP0O0/ 09323). That is to say, CMc cells are cultured in I MDM (Il scove's
Modi fied Dul becco's Medium (A BCO suppsenented with 20% of fetal bovine
serum (regarding the nethod for establishing CMG cells, see, J. din.

| nvest ., 1999 1iovyloct@8sp6an- B85¢on tihiair=ld foul tadedidt ianahe2dahi®urs in a
cul ture nedi um suppl enented with a final concentration of 3 nol/1 of

5- azacyt i dideursl @edium fendiffenertidty Int® whbeksardivhwocutesiy e Wimedi um
above w thout 5-azacytidine. As a result, this selection nethod enables

di f f er ent i APAVSITSRLEN18L1PROE TR Gl MicRtEFSMEs Porpursed i after

cardi onyocytes. It is possible t btain the cardiomyocytes by further

cul turing ¥ '%ﬁﬂqroﬁif@&rétEBﬁt%fné#ﬁf%?ﬁ?E%ﬂﬁi%&n&ﬂg¥§tgaPsa? pRrially

car di onyoc r..th ysiol ogj ¢ resis ce-based_sel ection nethod
and/or t hea}/ér;%t%aégﬁ%ﬁg r%t’L gls g% gié%e%?#%%mr?e‘%%gd&’%[qﬁﬁiéfgu rE ﬁg%?mﬁf?\c}f%ees ‘cour se
of preparaty f ardi r e u

cardionyogv%g% %gﬁggglgeﬁgcggggg%%ﬁgﬁif%?%%n?F%%l?%gﬁgkﬁ§§§§tépg%nbryonic

life (the didaypeuntrudhial themear thamyor RS funkeh aPRealsetfig-ti me point
corresponds to day 16 after the fertilization in the case of human) by the

fol | owi ng sprgdesisheed cendidsent i@l 4 iniRMMaRg diRUBE tehdseSon WaTheng them
usi ng Hank's BSS [sugar-free] four times, pipetteing several tinmes using 10
m pi pett ehus dFepared 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
rrrrrrrrrrr 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



to disperse fetuses to separate cell nmasses, culturing the cell masses under
t he physi ol ogi cal resistance-based sel ection nethod and/or the

nmet abol.i sm based sel ection nethod, and sel ecting the cardi omyocytes.
[0050]In this way, in the present invention, the cell mxture containing the
undi fferenti ated nesobl ast cell, the programed cardi onyocytes and the

cardi onyocytes used as an origin of the cardionyocytes is cultured under the
physi ol ogi cal resistance-based sel ectiogg net hod and/ or the mnetabol i sm based
sel ection nethod to acquire masses of the cardi onyocytes which are foned by

adhering tfe caditoB¥eRYEES1W &&rBA QIR bonHOWRY 86w, SEHE Bnd g dd1UsS
prepared nmasses of the cardi onyocytes are covered by a | ayer of the dead

non- car di clagemyibed, abbvesanecessarappld calbile nat eeflbetdeirel non- car di onyocyte
| ayer fromthe nasses before transplanting the masses of the cardi onyocytes.
Regar di ng adrdd.omgiocgtest Aeopr tseteinwenttors pdr ther agulti etermsceddser i bed
bel ow. [0051] The present inventors further found that, when cell masses are
treated wiHefea g@ﬁepaa;h@@wcm%%ei%ﬁw%m@dtpgu@ﬁuag PO anagsiawy random

proteol ytic enzymes such_as Trypsin or ion chel eting agents such as EDTA),
the di sper&d® dasedi JAiRe it ISPHosénd dbei F“PH?OSf agheeserired fifer ef ore,

on 1 ﬁe”iﬁﬁo"’o&( 4 '15??§§§(§§§%?%5%%"5 WP ' R g e §§§'§' of the
cardi onmyo g bl §I g&%aé I% d%qlcliﬁ Fggt Cﬁé&l‘&? (c Ol.jgatl on
i s achieve ythe |ngt roug race matri Su
cqllagen, ddgyienesath waed 20%2§f “fetal bovine serum (regarding the
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 wmol/l 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



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

i nventors found that digestion of the masses of the cardi onyocytes using
col | agenase or el astase (which have a high specificity for the matrix
proteins) could efficiently elimnate the dead non-cardi onmyocytes adhered on
the surface of the cell masses of the cardionyocytes while maintaining the
shapes of the nasses w thout being dispersed into separate cells. Fromthe
results, cell-cell adhesion between the2gardi onyocytes is formed by the

di rect binding through N-cadherin or connexin. [0053]1n the present

i nventi on,td tdispereesifeltaste ebf seperdty allnmaisest,heudeading! tise by, for
exanpl e, shaking the enbryoid bodies in the presence of 0.01-0.1% of type

[ 11 col | agesids engS\erst ungiean theophP9ieiogitasl inestilse anakebabatihsele37ign
separating the dead cells fromthe cardi onyocytes, repeating centrifugation
and super reatdmad reasl/ocefbat megapolisrrsbased sirdlesttdiop wathodut ande

col | agenase,_ and obtai ning the final product. [0054] However, even after

col | agenastekaddingettie CREILAUECEHERF ned aggr egat es nay possibly and

undesirably contain_the dead cel]s of the non-cardi omyocytes. The | onger the
met abol i s %Qassogld seFEc?Pbﬁ ¥3Y cottiu eed),retsl’?é‘tnﬁflgef‘?;%ﬁenﬁ‘?/ ‘E?‘F& aggr egat es

cont ai ni ng, fead celd:s TR APREET . EXALINAG 1410 dRShik 0f syeh agoregates

cont ai ni ng e“present 1Tnventors the dehsi'ty and the

speci fic gray s (e ddeadoestls hsa i eladdidmyll %soflst&ﬁeaéié(ﬁ ng cells

and al so found that the living cells can be separated fromthe dead cells

using the sdidabler %@Sicta&dgbﬁ?b@?tes-ié%ul&ﬁ@dr uidaat ke met hod. An agent
used for separating viable cells fromdead cells through the density

gradi ent gstiytdidlegrldaan reetieodntacbaskes, sdlldctioh Wethbadahd/oPetig®11711

(Pharmacia), Ficoll7m (Pharmacia), Optiprep (G BCO. EXAMPLES
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



[ 0055] EXAMPLE 1: Formation of cardionyocyte sel ective aggregates by
culturing the nouse enbryonic stemcells under a | ow serum suppl enent ed
condition or a serumfree condition This Exanple ains at studying the
effect of serum depletion on the cell nasses containing the cardi onyocytes
(enmbryoi d bodies), nore specifically the effect of the serum depletion on
sel ection of the cardionyocytes fromthe cell masses (the enbryoid bodies),
by culturing the cell nmasses (the enbryg d bodies) in the serumfree culture
medi um [ 0056] The nouse enbryonic stemcells (the name of the cell line is
E83, Nat. (FRaRelin) 8008y dfiredt B3 Hnd\@etwkbAdte PhoHbELLk Byrd¥eidd. t OShi
Ni wa of RI KEN, Japan. %he nouse enbryonic stemcells are cultured for total
7 days usithg areethedisivehtérs tfoddie texsitsdingsiebhodrs (thé frededdd aff on 2001,
68, p31-43), i.e., 75 ES cells per one ER were cultured as the cell masses
for total thedepsdinmyheytes twsingrert WmageaabENo £ Me ha stias &sb@ntehalhaviediaum)
(stawhy), 10% FBS (EQUITEC RIO, 100 units/m penicillin, 50 ug/ml
st r ept ony &iLgh( EPBEOF L CLEY nfP¥ hehhawrdimig @ropepshodoudteffp¥andrlanti ating
into the cell nmasses (the enbryoid bodies) containing the cardi omyocytes
usi ng t he ed88aket hBE, dehpd %%TW%WG’F%%BP@%H?%U?%&%t"rPI{fécﬁg adher ed
| ture nmedi um descri bed above for 3-5 days at

on a cul ture dish the c
37C i ' syt neTRe TePABEeS - SBGHE G eoBEE CREGD e R SLE HEF LA e

cardi onyocyte differ ot .q. hows _appe rance f. the cell
masses obtsé %e& und(%fE t %g%%%venﬁog%albel%lghéag %5\8/%8 aIOHA shows a
i Cr 0SCOPick13RPCaFANE et Ad1 RN vahd-DOMY: adildk b?% of mﬁ outline of
exi stence region of the cardi onyocytes in thae ry0| body WhIeCh was

detected larspemybcgtbbuosesshdd by mMaHOS#eBitNBibgiAGg theodgH i - Actinin
anti body (SIGW); and Fig. 1C shows the outline of the cardionyocyte

exi st ence N-egidherin dhecenheyimd body which was identified by the

fl uorescent i mmunostaining, and was delineated on the phase-contrast

m cr oscopil®053dge oin Rhe pyeseny showntinnt het sthemes fble mwde of exi stence
of the cardi omyocytes within an adhered enbryoid body (Fig. 1D), the

car di onyo@®fifésigeréysatinimete birotdrad celils BFd HereeHamele o Hekdasar at ed

and purified fromthe e oi d bad
P the embryoid bggggs in thg/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



[ 0057] On the other hand, the nobuse enbryonic stemcells were differentiated
into the cell masses (the enbryoid bodies) containing the cardi onyocytes
under the sanme condition, were cultured for 5 days with being adhered on a
culture dish, and then cultured for additional 3 days in the serumfree

cul ture nediumfor the enbryoid bodi es containing the cardi onyocytes.

[ 0058] The results are shown in Fig. 2. Here, Fig. 2A shows m croscopic

i mges of the adhered enbryoi d bodi es-sudjected to the selective culture
under the above condition, and Fig. 28 shows the outline of the autononously
pul sati ng &A1 iFNLRENLE Medhea, Wahidgehheugalr ¥okds £61 i EhpiRs
identified by the video analysis. As shown in the schene of a node of

exi st ence &lihe&rear deady @eyl estnbdlgin tHe iy drhadess after the - 31 -
selective culture (Fig. 2C), the cell population of the cardi omyocytes exi st
at the surdeaderifegiadroof mehbodnbngbadehodivg, nelteldmtihedcaodi Payosyt™®s were
found to be aggregated with each other. [0059] EXAMPLE 2: Formation of the

pr ogr amred Pregmgicdm)oc Frieelde] dEhrymaaigl eRRietoram (CIBEMI-on of aggregat es
cont ai ni ng_the cardi onyocytes at a high rate by culturing the nouse
enbryoni ¢ S¥8MRES | s under a | ow serunmsuppl emented condition or a serumfree
condi tion Thi l e ajns at. studyin he effect of serum depletion
on the cell%%sses g%gggngb.yu.?FﬂﬁiJQQSPZSE?&%QEX%CYE% Sl tnifed P

o O e S e bVl Sl oL I ARP EL LT O Pl oL o

2érgfgh;giIE%JJE}d%ﬂshpgg%&%ﬁFé&hSoﬁ#%ﬁiﬁH‘%rb%dk%§hm999ééiBBH@iEP@hprOgranﬁEd

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 [oa-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% CQ,. The method



[ 0060] The nmouse enbryonic stemcells were cultured for 5 days using a
standard net hod described in Exanple 1 in the culture nmedium[a-MEM (SI GW),
10% FES (EQUI TEC BIO, penicillin/streptomycin (G@BQ)],-1.e., 75 ES cells
per one ES were cultured as the cell masses in the culture medi um above

usi ng the hanging drop nethod for 5 days at 370C in 5% CO2 to form enbryoid
bodi es. Autononously pulsating cells were observed in the enbryoid bodi es on
7 days fromthe start of the differentigfion culture of the cells using the
existing culture nmethod (as defined in Exanple 1). Then, after 5 days from
the start Qbdhgedi hbsyenis AhOLdldidiondh LhLagshyseyile stage when any

aut ononously pul sating cardi onyocytes have - - not yet observed, the

cel I's ver gigwbirdhedatnde mé figoser vayf r eesgondli dg g dpicanaddet cenal 1 day
(24 hours) (the sane results are produced in both situations when the

cul ture wamsskar betadtned Wagsr othéd dawenfitiomuil heeshadtalvdvd heHere,
differentiation culture). Fig. 3A shows norphol ogi cal appearance of the
enbryoi d Fddi-edAwshotisvwereicubsenmict iappeaeanoenaf tke uemistppl & ieddyed
condition for 6 daKs, while Fig. 3B shows norphol ogi cal appearance of the
embryoi d Fddi-edBashawsuble t piet Siee oft &gd sisnFigregron v ckhéwere cul tured
under a serumfree condition for an additional /1 day (24 hours) at the 5th
day from tRELPRYPCBECE hen ctite BTV PPAReRifR ¢&F | dekrskd own in Fig.

3B whi ch R d b turi der. [ [tion f
addli 1 onalt PECAR . BAORBAFCS™ oo LA 54751 PanOnEne: &t L oto tRERoul  ur e

(i.e., by aglggbfog I ?@‘IEQA?I gﬁ%i%%&[sflbersbgﬁﬁggg cgé{yige ngfii% containing the

enbryoi d bodies to a centri u spont aneous

preci pit atga%iomggwﬁkﬂg?%%bgt&w&r{@#i%t AinRpA Qﬁbﬁ?&fd USd&\Y defdimalsee

cul ture nmedium [ a- GWA), i1nsulin/transferrin/selenium(d BCO, and

penicilli fl/d_‘éhﬁﬁ@&@ﬁyﬁ%rntﬁg Bl fes it litBnsdBSthing i NgnaM wdls t he same
culture nedium were further cultured for additional 1-4 days, the cul tured

cel | s are adilffihenentii ahedhe npivaddrecasidastasisrosndpiail xgagelt o GUS 1y .

pul sating cardi onyocytes at a high rate. Therefore, the results denonstrate
that the @el Ishowssés theat afneme ethe modigr afmedistenceonybethes, which are not
~autononously pul sating but are programmed to differentiate into the

car di onyo&pred omyoekEes uvytRin An Adieged grerEahdbRogHnelid hylD).. Fpe.
culturing the nouse enbryonic stemcell s under a fs;erum ree caondition for an

addi t i onal2FGRPYPSILRBUFEY® a1 PYaP tPRONFEhES sTAF (YT tHE T Pt ur e.

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 embryocid bodies after the



[ 0062] EXAMPLE 3: Sel ective inhibition of differentiation/growh of cells

ot her than the cardi onyocytes by culturing the nouse enbryonic stemcells
under a low calciumculture nedium condition This Exanpl e ai ns at
studying the effect of |owered cal ciumconcentration on the cell masses (the
enbryoi d bodi es) containing the cardi onmyocytes, nore specifically the effect
of the | owered cal cium concentration on selection of the cardi onyocytes from
the cell masses (the enbryoid bodies), By culturing the cell masses (the
enbryoid bodies) in the culture nediumunder the | owered cal ci um

concent r atd onec{AROTLTHeEDYSEGEIBE Y ONkice ST TRluaWehE GH! thLed for total

7 days using a standard nethod described in Exampl e In the cul ture nmedi um
[ a- MEM ( S| &¥10mkQbgtRS R TEE aln;o)suﬁﬂ&&'ﬂédl%sbrfep_h@mﬁﬁbﬁy&ﬁ BQO) 1,
i.e., 75 ES cells per one EB were cultured as the cell nmasses 1n the culture
medi um usitigiishe wheng ngedcapdienhodytes watalfotndays be hggypegabeyoi d

bodi es, which were then differentiated into the cell masses (the enbryoid
bodi es) conttdi rdawd tatdegar di omyocytes. The cal cium concentration in the
culture nmedium for the cardlonyocyte dlfferentlatlon was 1.8 MM In the case
of this cul®RrH net BEAMPERE2 3t e ther BreayeEyeds was about 10%
while other cells wer e made of .the undlfferent ated ceIIs t he neuronal
cells, an 59 ROEIGITS : 1t hi s Exanpl e,

75 mouse E%%gregé%es containing the cardiomyocytes at a high rate by

culturing the mouse embryonic stem cells under a low-serum-

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 [c-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



cells per one EB were cultured as the cell masses for 5 days in the culture
medi um [ a- MEM (SI GVA), 10% PBS (EQUI TEC BI O, penicillin/streptonycin
(ABCO)3 to formthe enbryoi d bodi es using the hangi ng drop net hod, which
were then adhered on the culture plate, and further cultured in the sane
culture nediumfor an additional 1 day (24 hours). Then, 6 days after the
start of the differentiation culture, i.e., 1 day (24 hours) after adhering
the enbryoid bodies on the plate, in thgycontrol group, the enbryoid bodies
were cultured in RPM cul ture nmedium (cal cium concentration of 1.8 mV)

Supplenentﬁsk\yé€1dHE%&B%%,bthaMeﬁlgfwéiétéHf%dQ@dgunéé%htggk%érﬁ e

experinental dgroup, the enbryoid bodies were culture culture nmedi um

(cal ci um costentiioat ifer @h QadifMon& BCQays Ul edeisad (whithsdR% PESwIH 0.

4B). As a result, in conparison with the untreated enbryoid bodies, in the
case of theremirofuictdbddi esthr satesdt s whdrowhealcnilttoreondst s oarted owmt h of
fl at-shaped cells was suppressed around the periphery of the enbryoid

bodi es, oronli4 fd@ayentoiratti daysf frow thdrsivnt dditks iditfderbatnetiomal cells
was inhibited (Fig. 45).n%8065JEXANPLE 4. Selection of the progranmed

car di omyocst¥EETelom FhE - nddseh @i masihe logdrnd eRPBe andese s0f sdraum free/ a

m | dl y-aci dic pH condi.tion This Exanpl e ains at studying the conpl exed

ef fect of YEFURIGeROGeEnVARE A AT P dPYL TS dphPCoRAFTRONSBRI he cel |
Spoci 11 cal TP ETRRCRS A SBaiEiPECFobrb Cthtin ABPILE FOR ol BPRFRALy ac di ¢ ph
on, el ect i, 0o can %gpéapgﬂgaagﬁﬂﬁa&%ﬂr%%%to% ekr O Lhgug! dpdimoses.
(the enbryoi 0 |e§3, by“culturing the ce masses (the e ryol odies) in
cul ture meghmmdinder sseryd.f sge gRdcR wBAdlAnat-diaC uRHecORAEEEQR. ££Q066] I N
this Exanple, 75 nouse ES cells per one EB were

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 [o-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



cultured as the cell nmasses for 5 days fromthe start of the differentiation
in the culture medium[a-MEM (SIGWW), 10% FBS (EQUI TEC BI O,
penicillin/streptonmycin (3@ BC0)) using the hanging drop nmethod to form
enbryoi d bodi es, which were then differentiated into the cell nmasses (the
enbryoi d bodles) contai ng the programred cardi onyocytes. In this Exanple, 5
days after the start of the differentiation culture of the cells, the stage

when any autononously pul sating cardi omyecytes have not yet observed, the
cells were further cultured in MEM (M ni mum Essential Medium (G BCO

suppl ementrd tiirtihg ko6l WBLEE 2B LFSA Y SN ETLBED) L 0LeAlnagkdlid i onal 1
day (24 hours) culture nmedium (the same results are produced in both

Si t uat i onsosl@an ilohe foul kur edaasiciar tlediagn (24dayars) &tdeys Ftwmdhe start
of the differentiation culture). Since the pH condition of this culture

medi um i s fadjrushed stterbeodt tiae ocwlitpte 6. 5 under 5% CO2 condition, the cells

were cultured in the mldly- aC|d|f|ed culture medi um under 5% CO2 condi tion.
[ 0067] The [O96t2lr e r EXANEP LR Atdg 2 lgmsees containing the

pr ogr ammed cardlonyocytes mnthout autononnusly -ulsatlng at_a hlgh rate

F|g 5AS .i;&l-g JFOWHY 21§ ] y M

was cul tured |q t he
- nor phol c@-Cal—apg : R ed for 1 day

(24 hours%: nder %uiéagn}fr 3 ondléjon and'ng”‘5C shoms nDrphoIoglca
appearance—g#g%ﬁ%~eﬁhfyﬁr@~§6%§~ﬁﬁré%~Mﬁs cultured for 2 days (48 hours)
under a serum ipheg €OOEL1L Ofimd t*f@dﬁfff&@ SP”P&%; shown in

ﬁlg 5C, the cells adjacent to the sur ce o] ryoid are
sel ecti velgaiwndar Wenkeaerht g6t ba WY | IhehaGalkksS (2het BRbEEHL A a&oaaerst) t he
enbryoi d body did not undergo cell death (Fig. 5). Fig. 5D shows the outline

of the regantadhihige theogaaaneaycey thoNeay epebasedadhyt tice avtetsi HEShown
In

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 [a-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 cohcentration 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



Fig. 5C, and also show the dead cells indicated by arrows. [0068] The

i nventors obtained two types of the cell masses in this Exanple: one type of
the cell masses was selected by culturing the enbryoid bodies after 5 days
fromthe formation thereof for additional 24 hours under a serumfree/a

m |l dly-acidic pH condition; the other type of the cell masses was sel ected
by further culturing the cell nmasses obtai ned above for additional 3 days
(72 hours). Frozen sections of these cetj masses were prepared to

i mrunost ain using an anti-Brachyury anti body (Santacruz) against the

Br?Chyurycﬂﬁgkekgr(ﬁﬂbcﬁsi§e§@ st fART et ikakedeBsabbast £64 s npfker)
(Figs. 6A-60). a result, the proportion of the Brachyurypositive cells

cul tured figr +24 BaUkerHNAEHAm SEE NN e&/1EMad! Y1261 €8S PELGOREE ta sy (Figs. 6B
and 613) was significantly higher in conparison with that of the

Brachyur ypesiicitéio¢ktseptbhycin (@IBA@Y) Ihawr Soirn the embtwoid rivstiien
cont ai ni ng serum suppl enented and at the neutral pH condition (Figs. 6A and
6C). Al nostsialgl tbel hengfinghérep|me thawbewhich3weresthent adhéyed udnt tihieng f or
additional 3 days are Brachyury positive cells %data not shown). The cel
masses culduiteger Blaiadi endnarr thefayxt Mayred drunbst BrRR dCEST e 1edHNM body
agai nst Nkx2.5 (anti-Nkx2.5 antibody (Santacruz)) (Figs. 6E-6N). The marker
Nkx2. 5 i s 498 PBvegdisigRadat| ‘?%%t(%fgmu(fﬁﬁent"élll ‘i‘rar@e‘?a%%( eden the

progr ammed  car di cytes.and js.known t.Q be continuougsl ressed in the
cardionyoé?ﬁ%g 8%?%% eﬁ%?ﬁ?ﬁﬁ?£¥$2ﬁfn(ﬁ?ﬁiggﬁdwﬁnﬁrphglgﬁycgfgéﬁﬁgﬁiance_of
the enbryqieq Dodhas - KB +hBI ChneS £ pcfogﬂ%rse% blﬁh‘é“k;&&i&éf‘g'xflo{ 4 hours in

t he cul ture nmedi um contai ni ng serum and at the neufra pkf folT owed by

cul turing dor8ddigt-bapal tBedaydrydhd ho Sl wetke! BLetGBEaUTH RiMi S Shown that
a part of cells inside the EB was differentiated into the cardi omyocytes

under t hesgiltuhbufmnedtamndi EhD8sum Rtsdd@ tratieonpbepar Bi M) Ofuppeerst ded
differentiated into the cardionyocytes was simlar to that of the Brachyury
positive ocelths 10Bi 88S bR dad §)f dnlttre dFHer. Hand, whhléhencase of the EBs
whi ch were cultured for 24 hours under a serumfree/a mldly-acidic pH
condi ti on gxpesvimenfalki gsoup) - Nye emerynishdodies wereheutbntred dit fRAMANt | at ed
into the cardionyocytes accounted for as nuch as 80% of the total nunber of
the cel | s,CUMtiier Ngdiumsbcetivarcerrargatdont RE Br Acar §IBeR) tive cells

Figs. 68 d.6D). 069].Th | ect by the 5 d +1d 24 h
érggZdure’ﬁﬁ%@eﬁ%gfkgvgl¥8r?9%2%%§tﬁ§ﬁ§;c urgAﬁngiﬁ '%UfuhergynggatiegrS)

f th i - . b ' 6. i . .P). ilex I
nggsesesgﬁ%% ggﬁéﬁﬁtﬁgkg ggés&éiﬁgéﬁﬁp(%ﬂyﬁ¥§ﬁ§sﬁggl§;da¥£|%ﬁ%é%%%%gﬁtere
gﬁtg?f 'I\I\l:ngtgfe RBr9Bibh- BhathY Ut Ye APed BRI, PYUbLWRLECRAR! EbN&:1 £08L [ he

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



- 38 - antibody. [0070] Thus, the cell nmasses containing the autononously

pul sati ng cardi onyocytes 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 confirned to be the progranmed

cardi onyocytes. [O00711EXAMPLE 5: Selection of the cardionyocytes fromthe
nouse enbryonic stemcells by culturing under a serumfree/a mldly-acidic
pH condi ti on Thi s Exanple ainms atsstudying the conpl exed effect of a
serum depl etion and a mldly-acidic pH condition on the cell masses (the

enbryoi d Bodj Bhfe@ntai-al Bybber CarAL MLV 831 FREEesPREAL | GRblypide

conpl exed "'ef fect of a serumdepletion and a nlﬁdly-aC|d|c pH condi ti on on
sel ecti on wfqildag ,C@Frdicﬁmtﬁﬁﬂl Sthé B 1N eaERlels Wﬁé%mﬁ%ﬂ@i@ni%d/ﬂéj) kedi es) ,
by culturing the cell nmasses (the enbryoid bodies) in the serumfree culture
medi um underltard méldyuacidder pfecandiddeoand @0m2) Anyt Besdxappl e, 75 nouse
ES cells per one EB were cultured as the cell masses for 5 days fromthe
start of tdwndditfifoer.entiation in the culture nmedium|[a-HEM (SIGVA), 10% FBS
(EQUTEC BIO, penicillin/streptomycin (G BC0)] using the hanging drop

met hod t o F&6hlenbr yoi thbodExampishi Jd1F wonset BEncell i $ cpemntang &P iwere t he cel |

masses (the enbryoid bodiesi contai ni ng the programred cardi onyocytes. In
this Exanmft®:tidEede@sstigyset L TS stk 0 Feyehérams FReemtdantidh G ture of

the cells,_the stagg when,an¥ autononnusly,pulsating cardionyoqytes have not
yet obser VB TemeR taAtAeD R e e r E R e e iLA-MEE S8FER r 0 HER Ul ture

TEdiun]((;E§SQITEC BIO), penicillin/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



- 39 - supplenented with insulin/transferrin/selenium (dBCO 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 omyocytes
were further cultured for additional 2 days to differentiate into the

cardi onyocytes. Fig. 7A shows a m croscopic inmage of the thus prepared mass
of the cardionmyocytes, and Fig. 7B showgga_schme of the lateral appearance
of the enbryoid body of Fig. 7A. [0073]Under the condition above, the cells

other than,d.ha, Sl ony %%%ﬁgag%e&ié’ﬁé yeﬁrﬂl%ﬁ‘ﬁa%to.dﬁ?e%igﬁa&rgs while the

cardi onyocytes exhi bit aut ononous “pul sati1ng w thout undergoing

cel | deat heuAtured &9 1, dble (88! holiBs§asn N tAIJUh -2 REIBoREPPPEL T ON Of the
cardi onyocytes are generatéed in this anple (Figs. 7A and Fig. 7B).

[ 0074] EXANRLE g Seleahions abrbheleed ¢h Dramidren day ofCthkbUkinbgydider a
sugar-free/a serumfree and a lactic acid-supplenented condition and
pr epar at i opody wWHiechcaredi omidoyedsfor 2 ddys Béampluersdi nmedatr at udyi ng t he
conpl exed effect of serum depletion and sugar depletion on the cell nasses
(t he enbr yedrinbddiess copdidtdioni. ngeshec thvellony Jogess thapeendieicdrf istawny t he
conpl exed effect of serum depletion and sugar depl etion on selection of the
car di omyocit €L Fr ofh t HdeccrL Linddédcer het ety GuFfissei %) thpyedFYekd ng t he
cell masses (the enbryoid bodiesg in the sugar-free and serumfree culture
medi um bo are selectively underwent cell death, while the cells at
( the central part the embryoid body did not undergo cell death
(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)
(FPigs. 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



[00751In this Exanple, 75 nouse ES cells per one EB as the - 40 - cell
masses were cultured for total 7 days in the culture nmedi um Ea- VEM (SI GWA) ,
10% FBS (EQUI TEC BI O, penicillin/streptomycin (G BCO] using the hanging
drop nmethod to form enbryoid bodies, which were then differentiated into the
cell masses (the enbryoi d bodi es) containing the cardi onyocytes. The
enbryoi d bodies cultured for 10 days fromthe start of differentiation were
washed 4-5 tinmes using D-MEM (Dul becco' g, Mbdi fied Eagle Medium (sugar-free)
culture nmedium (G BCO to thoroughly elTmnate sugars in the culture nmedi um

and then Werfdild Wied G [od2ys:| DR MEM UL WG MRALUBLLGLRED)

suppl enent | actic ac concen ra Ion O

necessary g, MiiSHAldeY 18Bq3WEE hBE ¥hARH ) | tthgf cbe A4 O0OMDUSI - RUlERRL | NG
cardi omyocytes and other cells in the nultiple times of experiments and to

adj ust t headdll tiWrR 1P 8r iGag sbabveefimbudds hane ORistiRg Bashit@bobPeayd Ayt i ty).
Since the in vivo concentration of a lactic acid i ncreases to about 4 niM

under t he NyRwxsisol(@gitdaNkeandi ahonbodel SorteeRntzgt)i QRigh.ackael) ¢ amed of "1

mvWH used in the nmethod of this Exanple falls within the physiol ogical range.

[ 0076] As gsteotwen dNkE2g5 8s beddeayedhaperh celdlilest devedopsestahgnafkdrhe

vi abl e cardi omyocyte was fornmed. That is to say. Fig. 8A shows an inmage of a

net-1i ke stiRreapes figr Fbg Pycphammed ccardi awodivdepoeptesds kpowlite 13 shows

a schenme of the lateral view of the enbryoid body of Fi g# 8A. [0077] EXAMPLE
&

7: Eli m arffQn o ugdyd c¥erPS S§ahip eEP? d’%é’ég’oé"ﬁ’ tegedd F%Wf/b%‘%‘%—s
Since the cell masses_ prepared b‘ npl e 6 were adhered bgrdead cells or

ext racel | J#S méfy itk SHPYt BPREDO; ‘ngr%al appearance of the embryold

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



- 41 - necessary to renove dead cells or extracellul ar

matrix proteins from

the masses of the cardionyocytes to purify the nasses. However, it was shown
by prelimnary study that an enzynme causi ng non-specific proteolysis (such
as Trypsin) significantly decrease the viability of the cardi omyocytes.

[ 0078] So,
renovei ng

(shown in
sel ecti vel
at 37C for
nasses wer
pressure.

| ess t han
exchange t

this Exanple ains at studying a condition for selectively

the dead cells or the extracellular matrix protein fromthe masses
cont ai ni ng the cardi onyocytes. [0079]Th§ cell nasses prepared in Exanple 6

Flg 8) were treated with 0.0 807 1% of col | agenase, which

X .@; >SS t he col |l agen, one of the extracellular matrix proteins,

Mutes. After treatnment with only col | agenase, the cel

gcge/fqzﬁed Wil 28nLSGL PN i SOLII AR NAVEO R PN B RLRGLER] OSTOL i €

1S stage st nce e cardl onyocyte orm e ce

Min% reae!aaars%&%gfteghst cgidn r@ét%e%vew %1%%Q@ﬂt?¥t§8| i

rough tthe conmmercially aveil@able nenbrane having pores o

ses (no
on
40 ! Am

in di anet egul andidamddee ceahl ragkberréhamndihe srandizony agykes di spersed were

sel ecti vel

y renoved. The washing step was repeated 4-5 tinmes. The col

cel | masseBem®s ol tdenad aedethea Berthé MNEWSE al nedaysi(lg ABurs)
anti-sarconere-Actinin antibody (SIGVWA) as an indicator of the

car di onyocytesediRed werst gionifigmefl theberUss -mtagrameedf chedibnyogyoes asm ,
Bl ue: [staining of the nucleus with DAPI (Ml ecul ar probe)]).

[0071] EXAMPLE 5: Selection of the cardiomyocytes from the

| ect ed

mouse embryonic stem 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)



[0080] As a result, it was denonstrated that the proportion of the
cardi onyocytes within the nmasses purified by this Exanple accounted for 80%

of the tota

nunber of the cells - 42 - (Fig. 9). [0081] EXAMPLE 8:

Purification of the cardi onyocytes by culturing under a serumfreel/a
mldly-acidic/a |low calciunfa sugar-free and a | actic acid-suppl enent ed

condi tion

This Exanple ains at studying the conpl exed effect of serum

depletion, a mldly-acidic pH conditiomnga |low calciumcondition, and sugar
depletion on the cell masses (the enbryoid bodies) containing the

cardi onyo

HRien@@ieaSREEH! 1 £801 ¥n [ 18 RI8%0d 8 EH86H Péxﬁ@éw%&em etion,

m | dly-acidic pH condition, a |ow cal ciumcondition, and sugar depletion on
sel ecti on fHaitthenear di @ayacytrs £4muntdigiqal Er@ﬁ%@ﬁuééﬁelﬁn@cﬁﬁ’ﬁ)' d bodies),
by culturing the cell nmasses (the enbryoid bodies) in the culture nmedi um
under a seritBaftieas &h&nl dhy-aslthits wacalstiadellr 64, 4aadysa Stoarady=e

condi ti on.

from the start of the differentiation culture). Ths thus

obtained cell masses of the programmed cardiomyocytes were

further cultured for additional 2 days to differentiate into

the cardiomyocytes. Fig. 7A shows a microscopic image of the

thus prepared mass of the cardiomyocytes, and Fig. 7B shows a

schme of the lateral appearance of the embryoid body of

Fig.

TA.

[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

a



[0082] In this Exanple, 75 nouse ES cells per one EB were cultured as the
cell masses for 5 days fromthe start of the differentiation in the culture
medi um | a- MEM (SI GVA), 10% FBS (EQUI TEC BI O, penicillin/streptonycin

(@ BCO] using the hanging drop nethod to form enbryoid bodi es, which were
then differentiated into the cell masses (the enbryoid bodi es) containing

t he programmed cardi onyocytes. In this Exanple, after 5 days fromthe start
of the differentiation culture of the_cgdls, the stage when any autononously
pul sati ng cardi onyocytes have not yet observed, the cells were further

cul tured ideitihenaSedmybiaeclYEMs8h t € vBrdium G%ECQL sHEPLeTERMEEd Wi th

insulin/transferrin/selenium (G BCO for additional 2 days (the sane results
are produgediiivm hei-MES tdatiaps voenrgde miyirgce padg , started on 4 days or 6
days - 43 - fromthe start of the differentiation culture). The thus

obt ai ned megsied 13fint/lsé rppogmaoine d( GEBE) Jampedyige sheehengihy udedp frsthod
additional 2 days to differentiate into the cardi onyocytes. At this stage,

t he cell r?%’ssf@“béﬁ‘@éiwﬁﬂﬁgb%ée%armmﬁlméih&ﬂ AighRerantigked ireter at ed.

[ 0083] Then, the cell masses were washed 4-5 tines using D-MEM cul ture medi um
(sugar - f r d8)¢ CEBODRSEESt IﬁBF%u@‘H‘P’;‘/Y%’r‘? rﬁor%teé )sﬁﬁaltélPFB% Fh@ cul ture medi um

and t hen vver cultur%dfor 7 days M cul t

suppl ement% IWOSYIL &8 i c B | Yoaldf bwglleﬁoﬁ‘d Fl'f‘?%\ %‘?1r olf0 Paﬁﬁ% Erem; s
necessary &0 Wisyal Ly E’i@%g%i@s{ hgtJ‘f’c‘};]r?meﬂ] sfhetdhﬁ gult?rﬂggDH&%%%”M' ng

cardi onyocyt es and ot her I'n ti mes oOf experi s and to

10 b ok g ot ity 1)

vi abl e car@mnmcytbe twekeubRlFedl iminate 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



[ 0084] The cell masses were treated with 0.01-0.1% of col | agenase which

sel ectively digests the collagen, one of the extracellular matrix proteins,
at 37C for 20 mnutes. After treatnent with coll agenase, the cell nasses
wer e washed using the buffer having a physiological osnotic pressure (116 niM
NaCl, 20 nmM Hepes, 12.5 nmM NaH2PO4, 5.6 nM gl ucose, 5.4 nM KC1, 0.8 nM
My$04, pH 7.35). The cell nasses were washed 4-5 tinmes by sol ution exchange
t hrough the commercially aveil abl e neobgane having pores of 40 p.min
dianeter. As a result, the cell nasses consisting only of the cardi onyocytes

and hi gh- d@bssigssa:?g%egaﬁlesecegéa Sdd 1% r te'ik%r@%@@lﬁ@lafjm&‘@f?x col | ect ed

(Fig. 10A). Fig. C shows a nmagnified i mage of t 4 - framed rectangle

he
region in gigreib@Asrbwr thermasbes | oEatioraaldibhgodgadsced! suitefFige 10A and
10C are shown in Figs. 10B and 10D, respectively. ?0085]It was denonstrat ed
in thi s BExsgses .t hBdbwéher hi gh-wienshiownabygr pgal fsicansi stidig tefatt e dead
cells showmn in Fig. 10 could be selectively renpved using an appropriate
densi t y- greddiveet ceawingf ngat fpecinie eompecilivisdsl (puoki ag Tiepsin)
density-gradi ent centrifugation with 58.5% Percol|l" (Pharmacia) (Fig. 11).
Then, the SR tgiseatAZddeerpanasthe Wehd 1ddv: gfedhangardhemoeteigred usi ng

t he anti-ﬁgﬂﬁgﬁereAgtin'n,a i body and an anti-GATA4 anti body (Santacruz) as

an i ndi cat t he®Rar Ut b nke aﬁﬂﬁ.ai2§¢§ﬂgﬁggdﬂHﬁFEH“Hﬁ§%§§Ibf t he
car di 0”VOc%’etl%%ti@?&ﬁﬁ%‘ﬁése?f?ggﬁr?éjS%ea’hd%%ﬂesagrﬁgéi?g{%gg%\gglser' phery of

t he adher ed ‘masses, € no ered non-cardro ed. Fig.

12B shows fd 4953660k 1 hME6H gﬁa%iﬁ?&c%dtmgﬁg g'gei ggfa%fo:%é@%es of

Fig. 12A wth sarconere-Actinin (R yt opl as D ar probe)

(Blue; nuglwize] Fi grnd26eshaissdddIQrepaeBl i ABHLSmSEY 64 ORathwdy in
i mmunost ai ning the cell masses of Fig. 12A wth GATA4 (Red; nuclei) and DAP

(Bl ue; nuatigj.) .8 )Caeskathedtadcketh i ®, e odl epedagédsage| esidn it was
denonstrated that the proportion of the cardi omyocytes within the nmasses
purified Beleavntivedanpliigeatsoting eco¥lrged0. ©¥eobft hbet exttaceihberamf t he

cells (Fig. 12C).
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 pm in diameter), the cell masses were washed by
solution exchange through the commercially aveilable membrane
having pores of 40 pm 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)]).

[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



[ 0086] EXAMPLE 9: Purification of the cardi onyocytes by culturing under a

serumfree/a mldly-acidic/a |low calciuma sugar-free and an aspartic

acid/a glutam c aci d-supplenented condition - 45 - Thi s Exanpl e ai ns

at studying the effect of conpensation of an aspartic acid/a glutamc acid

on the cell masses (the enbryoi d bodies) containing the cardi omyocytes, nore

specifically the effect of conpensation of an aspartic acid/a glutamc acid

on sel ection of the cardionyocytes fromshe cell nmasses (the enbryoid

bodi es), by culturing the cell nasses (the enbryoid bodies) in culture

nediun1squl§p9@ned with an aspartic acid/a glutamc acid under serumfree,

a mldly-aci calciumfree, and a sugar-free condition. [0087]In this

Exanpl e, 7Hosiuse ESXaWMblE perpunicr i3 twenhe ofuthar egr@somyecerdd byasses for 5

days fromthe start of the differentiation in the culture nmedium|[a- MEM

(Sl GVA) 10%HBSIEQUUIEErBh Csepent £rdd fan/msitlddpt-emidin/ 6L 8CFd Lemsim(@ t he

hangi ng drop nethod to forn1enbry0|d bodles mhlch wer e then differentiated
: SV Lh&omr ogr anmmred

cardlonyocytes In this Exanple after. 5 days fromthe start of the

di fferenti ati ofPeS| EEFEPLE ?%ﬁ?cﬁﬁI%ﬁ“QM%§9sF§§e°RH€ﬁe§ﬁ9 %Eﬁ%ﬁhﬁﬂ%sly

pul sati ng cardi bserved the cel were cultured in

t h t
Phe  cul { i HSRALENAGR - 2o s BT i faes E4F W Grpeatiane pre S8 S cal ci um
condi tion féh f%l% ysagghguaggedééf%gté? gfgg%ﬁﬁhgag Qgtpgﬁétuatlons when

the cul ture Was's Fart t he

di fferentigiy QR qubbdhigk) é%n£9i§1ﬁ§fﬁﬁé égy%lgﬁ&bcggggesmgggerated cont ai ned
the cardi onyocytes at extrenely high rate. Then e cell masses were washed
4-5 tines disddigilalVEY eubt doRpIELed e £matgalosf ceehm( GBLE} 168, thor oughly
elimnate sugars in the culture nedium by sol ution exchange through the
comer ci aldilddyeiacdlilie pH 46ndition, 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 embrycid 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 [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 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



menbrane having pores of 40 rmin dianeter. Finally, the cell masses were
cultured for 5 days in DVEM cul ture nedi um (sugar-free) supplenented wth 20
ng/L of a glutamc acid (SIGVA) and 20 ng/L of an aspartic acid (SIGVA) (it
is necessary to visually neasure the viability of the autononously pul sating
cardi onyocytes and other cells in the nultiple tinmes of experinents and to
adj ust the culture period between 3-10 days on the basis of the viability).
As a result, the formed masses of the-.casdionmyocytes consisted only of the
cardi onyocytes. The cell nasses were treated, while shaking, at 37C in the

wat er bat hefen 24k niturtee Whkha@s@3% f i &0l diganasgenhi chnsetiged i vel y
di gests the collagen, one of the extracellular matrix proteins. After

treat ment sbtdimol Iegeasef tthe pebhramssd scaneliomasiyedswwielreabul satredi C
sol ution having a physi ol ogi cal osnotic pressure (116 nM NaCl, 20 nmM Hepes,
12.5 MM NafPPCIddEt Bnew ¢ ulaase, td5 A FfRIrKQE abe 8intd MjSDicapdi ghiBR)yteBhe
cell masses were washed 4-5 tines by sol ution exchange through the

commer ci al }y BT | €t e ndhisr £64 LhBBFAGS perria BTinD the icardian¥eeyteqs a
result, the collected cell masses consisted only of the cardi onyocytes. The
thus obt ai AbdtET IT3Hs ST SWEFBeEatElBr ed and | munost ai ned using t he

ti- - Acti pj { bod dth ti- GATA4 t Lbod i ndi cat f
the cardi ong0is{es QERG. T8 CYbBEMTINT MEme CREPEA fovertetuti i ed to
tatisti | yisi i ich ith the k
data (Fi g DTR iftSon bl (NGB 26N} (HRLIFD RARRALGHLY e K"
aut ononoustys pill sl Ikl diamy 96K! 88LeAR il diunt 3B uenl HRgES Of

sarconere-Actinin staining (Red; -
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). 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



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

nucl ei) for the col onies of the autononously pul sating cardi onyocytes.
[0089] As a result, it was shown that the proportion of the cardi omyocytes
within the nmasses purified by this Exanple accounted for 99.8% of the total
nunber of the cells. It is denonstrated that this degree of purification was
hi gher than the degrees shown by any known nethods for purifying the

cardi onyocytes (for exanple, FASEB J. -2Q9Q0; 14: 2540-2548; J din Invest.
1996; 98: 216-224; FASEB J. 2003; 17: 740-742; J Mol Cell Cardiol. 2003; 35:

1461- 1472) erdihed eft@andiRe AagtiBadiff ridi sydxamplet88abl e8e pPibdd 4 At igen of
t he cardi omyocytes at a high degree of purification and at a high yield
(Tabl e 1).t}&O0BH] Tahlles ljn Fagke 10a Caparocsaireofshowni tiyy &agsyi ebE &Hed ween
t he met hod of the present invention and the aMHC pronoter/neo nethod. - 48
- Field etl@d] xespeQtAvelliyvest. 1996, Vot. 90, 218-724)
[0085] It was demonstrated in this Example that the
high-density aggregates consisting of the dead cells shown in
Fig. 10 could be selectively removed using an appropriate
density-gradient centrifugation, more specifically using the
density-gradient centrifugation 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



Sal COUI CTI C sinus's'Sal curnerti nmytsunPc, Lela he par Unpotititr
cel | %egntive cell scaravan ocyb:s No sc [cello ' 11 20D0 R55 Physi cal
i W aiion:
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This Example aims at studying the effect of compensation
of an aspartic acid/a glutamic acid on the cell masses (the
embryoid bodies) containing the cardiomyocytes, more
specifically the effect of compensation of an aspartic acid/a
glutamic acid on selection of the cardiomyocytes from the cell
masses (the embryoid bodies), by culturing the cell masses
(the embryoid bodies) in culture medium supplemented with an
aspartic acid/a glutamic acid under serum-free, a mildly-
acidic, calcium-free, and a sugar-free condition.

00871 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 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
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membrane having pores of 40 pum in diameter. Finally, the cell
masses were cultured for 5 days in DMEM culture medium
(sugar-free) supplemented with 20 mg/L of a glutamic acid
(SIGMA) and 20 mg/L of an aspartic acid (SIGMR) (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 3-10 days on the basis of the wviability). As a result,
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 pm 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).

[0088] 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;



Positive t ellsNerative sells Ha itori50411099.8 I nputQutput ES cells

Cardi onwocytes Field et at1015106 Hattori 7500415000 EXAVPLE 10:
Purification of the cardi onyocytes produced fromadult stemcells derived
fromthe nouse bone marrow This Exanpl e ains at producing the

cardi onyocytes fromadult stemcells derived fromthe nouse bone marrow,
call ed as the nesenchymal stemcells, which are then selected and purified.
[ 0091] The cardionmyocytes differentiatedsbromthe adult

cytoplasm), GATA-4 staining (Green: nuclei), and DAPI staining

(Blue:; nuclei) for the colonies of the autonomously pulsating

cardiomyocytes.

[0089] As a result, it was shown that the proportion of the

cardiomyocytes within the masses purified by this Example

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

vield (Table 1).

[0090] [Table 1]

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

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



stemcells derived fromthe nouse bone marrow (fenmal e C3H He nouse) were

i nduced using the cells and the nethod described in WO01/048151. That is to
say, CMG cells were cultured in the culture nmediumof |IMDM (Iscove's

Modi fied Dul becco's Medium (A BCO supplenented with 20% of fetal bovine
serum - 49 - (regarding the method for establishing CM5 cells, see, J din
| nvest, March 1999, Vol. 103, p697-705), cultured for additional 24 hours in
a culture nedium suppl enented with a f.iggl -concentration of 3 [norn of
5-azacytidine (SIGVA), then cultured for 2-3 weeks in the culture nmedium
above wi thout 5-azacytidine, resulting in differentiation induction of the
car di onyocyt e¥1ehd tef ad.om L B0 el d g sl engnously pul sating

car di onyocyt ess—the—cetts—are—cutttred—For—S5—days—na-bB-MM cul t ure nedi um
(A BCO supplenented with 1S mansd achitve@eiycnundarcas serumfree/ a

m | dly-aci di c pHFar¥rows cal ci urfitae sibgar - fregdvecdndi tdugnmoAfser the cul ture
period, the dead celTs were renoved and the remaining viable cells were

i mrunost ai ned WRHFliPMe anti - sarldomer e- Actii n anti bdd§f as an indicator of

t he cardi onyocBiyesyl ifoBl0&] Fi g. BYA shows alpear ance of4the cultured cells
bef ore sel ectiQmsskicikkng. 14A, ®he regi on rontaini ngypal sating cells are
shown by dotted line. Figs. 14B-C show the cells selected. Fig. 14B shows a
phase-contrast™ m croscopi C | e . and FLg. TACSNOowWsS a ftuorescent inage

i munost ai ned for sarcomer e%@iﬁﬁﬁ? oré"%ﬁ‘é?é,%‘r‘?ne same field of view as Fig.
14B, respectively. As a resulHuitikfeas degizrsiiated that the proportion of
the cardi onyocyges, wi:thin the S§es produ by thi anpl e accounted for
about 90% of ¢ KeATBE! nunber 8 he cel si?ﬁi 9. 14)?;39[%093) EXAMPLE 11:
Purification of the cardi omyocytes derived fromthe nouse fetuses

Input Outpul
ES cells Cardiomyocytes
Fleld et al. 16° =10¢
Hattorl 7500 = 13000

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.
foo91] 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



This Exanple ains at purifying the cardi omyocytes fromthe nouse fetuses. -
50 - [0094]First, nouse enbryo at the 7th-9th day of enbryonic life was
renoved fromthe maternal uterus, from which the extraenbryonic tissue was
carefully cleaned off, then pipetteing to disperse fetuses to separate cel
masses. The thus obtained cell nasses were cultured for 5 days in the

cul ture nmedi um suppl enented with 0.5 mMMof a lactic acid under serumfree/a
m | dly-acidic pH al ow cal ci unf sugar-freggcondition (it is necessary to
visually neasure the viability of the autononously pul sating cardi omyocytes

and other calds.ding Nek hBhe b B8 £PEIY TR $030d  0oadl sty ie

culture period between 3-10 days on the basis of the viability)

nedi um usethw@as PeRhed dby , mysi ngo Fanké $7 B&S ) swadkui-e8ekor RPM _
[sugar-free] =9 : 1. The purified cardi omyocytes were subjected to adhesion
culture, aadiificerall P& eeuter &n hheudeatk eridiimveippleneneddandth he
remai ni ng viable cells were i munostai ned for sarconere-Actinin (G een;

cyt opl asmfiamlarconm@intatatioal ofhe wasdi Do B cyandiRAPK s(&rd) , nusdei ) .
[0095] Fi g. 15A shows phase-contrast microscopic images of two col onies
showi ng t abzest ifeF EelBl weepal aki bhe Filgtures elioms aporgenitheiges of
sarconere-Actinin staining and DAPI staining for four colonies. As a result,
it was demdifRaHtteditfat TERELHABE0IR | SHEIRTaHE atdodi dRfycFies Mt e the
masses produced b tgis Ex héxg%%ﬁunt d for agout 99% of the total nunber
of the cel & CIMOSHIES [ OROBT BRI E TEE10B, PEf £B&t RBROBIMHEEar di onyocyt es
under a serum.f.ree/ .l dly-acidic ow cal ci.um a.sugar.-f.ree nd a
. 1 .

pyr uvi c d%f ‘%ﬁh? g%gﬁ?g@ycg g??foﬁﬁé ceff% are cuf%u ed for'5 gays 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.



- 51 - This Exanple alns at studying the effect of conpensation of a
pyruvic acid on the cell nasses (the enbryoid bodies) containing the

cardi onyocytes, nore specifically the effect of conpensation of a pyruvic
acid on selection of the cardi onyocytes fromthe cell nmasses (the enbryoid
bodi es), by culturing the cell nmasses (the enbryoid bodies) in the culture
medi um suppl enented with a pyruvic acid under serumfree, a mldly-acidic
pH, calciumfree, and sugar-free conditgpn [0097]1n this Exanple, 75 nopuse
ES cells per one EB were cultured as the cell masses for 5 days fromthe

start _of ém@gql 1f ferentd @t inQhden ohiBeyeUbt Ut Be Mech LyRY arddEMH Shshbn10% FBS
(EQUI TEC BIO) penicillin/streptomycin (G BCO) ] using the hanging drop method

to form enbrpoivdshedihesea Wit ey endthemnadi hterest i atefl wiish the cel | masses
(the enbryoid bodi es) containing the programred cardi onyocytes. In this

Exanpl e, akitenehbdgysifrbmssle wiardareffullng diéhre@ndffy idrercul ture of the
cells, the stage when any autononously pul sating cardi onyocytes have not yet
observed, ripetteling heréisperse defusesaddi sepanhte dayk masddwe clheure
nedlun1|n the serumfree HEM cul ture nmedi um (A BCO suppl enented with
|nsulln/t¢§ﬁ§féPFPhP§6I@%J%WWQS§Q§33Pr@tW@l§3ﬁedr€§EI$ e Br ddheced in both

situations when the culture was started on 4 days or 6 days fromthe start
of the d|FP&FBHPlH?@bﬁmcﬁVﬁQﬁ%ﬂenEﬂﬂaWﬂ*@sOOBtQVnQE Fres3ESt B WEEr ammed

cardi onmyocyt e re,cult d for.  addi nal 2_da to differentiate into the
card:ogzo fFE%' ﬁfe{ﬁfﬁlgéﬁﬁ AR @Pﬁﬁﬁﬂsgéécﬁ ﬁé?%ﬁ?if%ﬁﬁﬁzm hed the

i nes usi GOTRIFRRRCNLE rs HeSUSb e indBdaal Re a8t (BRRSR MR ool y
elim nateo%ugﬁ@saueowﬁoﬁyigy%&Md&ﬂc%xdiehygbgﬂegxm@%éﬁr 44l the

commerci ally aveil abl e nenbrane having pores 0 min diameter. After the

washi ng stigpithehfutel bl 8BesRSs WY @xPdrtitietd sl ahaStdaysjwst RNEMWthi-dr e
medi um (sugar-free) (A BCO supplenmented with a final concentration of 1 niv

of a pyrupeziadi dety8888}The detd amshembasitebs theatishiMitiyle sihking,

weh culture medium used was prepared by mixing Hank's BSS
[sugar-free] : RPMI [sugar-free] = 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).
f0095] 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




0. 05% of col | agenase Type 3 (Worthi ngton Bi ochem cal Corp) which selectively
di gests the collagen, one of the extracellular matrix proteins, at 37C for
20 mnutes. After treatment with coll agenase, the cell masses were washed
with an isotonic solution having a physiol ogical osnotic pressure (116 mM
NaCl, 20 mM Hepes, 12.5 mM NaH2PO4, 5.6 nM gl ucose, 5.4 mM KC1, 0.8 nmM
MSH, pH 7.35). As a result, it was denonstrated that the proportion of the
aut ononously pul sating cells within thesmasses purified by this Exanple
accounted for nore than 90% of the total nunber of the cells (Fig. 16).

[ 0099] EXAMPLE IihisSexeeipilenaand aursfudpiipnnd offectCardconponysesonieri ved
fromthe primte nmarnoset enbryonic stemcells under a sugar-freel/a

serum fr eeof andyrdweict iacigdciod- $upptehkmaskseondilel @mbryoid Bhidse&xanpl e ai ns
at studying the conpl exed effect of serum depletion and sugar depletion on
the cell neseEsindnge thehopsiddopyaretys comzs MnegFificaddvditbayetfeet, ofore
specifically the conpl exed effect of serum depl etion and sugar depletion on
sel ecti on YIRS A Ay Gc PYEYVEF oATE RO 1914798 Ooft ABeenbr yoi d bodi es)
derived from ' i c._stem.cel cul turing

the col | rRRBE B AT ChaAPeL) THP T CoRIAPrae infoahsy it
cul ture medl i, {31 QYTRE I TRLIRIEL EPRLYAR .S Boalles 3hetRYCLLAOLS from

medium supplemented with a pyruvic acid under serum-free, a

{ mildly-acidic pH, calcium-free, and sugar-free condition.
[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



Central Institute for Experinental Aninmals (Kawasaki, Japan). The marnoset
enbryonic stemcells were cultured while maintaining undifferentiated state
using the growh inactivated nouse enbryonic fibroblasts (MEF) which were
treated with mtonycin C treatnent. The cul ture nmedi um [ KO- DMEM (G BCO, 20%
KO- SERUM (@ BCO), 1.6 nM L-glutamne, 0.1 nM non-essential amno acid (MEM,
0.2 nmM P-nercapt oet hanol (2-Mg; SIGW), 100 U mM penicillin, 100 pg/m
streptomycin sulfate, and 8 ng/mm of a $zconbi nant human | eukem a i nhibitory
factor (LIF;, Chem con), a reconbinant human basic fibroblast growth factor
(bFGF; Pepreatiesh)(lsugyas -fised) UpDBCPRSSAdinMgGoudhld eyprihhte cObdgagenase
(Wortington) was used at 37C for 10 mnutes to separate ES col oni es.

[ 0101] Subsduemlityret medapumr by es WEFt iannd eEShaingle shcthughhthe the sol uti on was
passed t hrough nmesh having pores of 100 pmin dianerter, thereby obtained
cel | massexmwsingiaddny Ayeibebpasrenbranghaviagnbohenaof ng0 pwn ek of 40 pmin
dianerter._ These cel] nasses are _exactly the rifjed masses of ES cells.

Upon di f f FéMatat-onf e !Warﬁi’éélé’s StBRe aFlﬂgﬁ‘@e% AV DES cel |'s per one
EB were cul tlu{ erceér?aﬁgg.glsfea‘g?ég%ﬁqal?g% fcqlrltt%l%teal %gﬁo(ggégry&gg a bacteri al

di sh net hod. e’intothé enbryord I'es con)[ainingthe

car di ony oCyiRo) TRGppYehUh Ee ABF N 45 F10ohA8ntTa®don of 1 mM of a

pyruvic acid.

[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



differentiation was the sane as the culture nmedi um described in the present
Exanpl e, except for bFG- [i.e., KO DVEM (d BCO, 20% KO SERUM (A BCO), 1.6
mM L-gl utam ne, 0.1 nM non-essential amno acid (HEM, 0.2 nV

P- mer capt oet hanol (2-Mg; SIGW), 100 U mM penicillin, 100 p.g/nl
streptomycin sulfate, and 8 ng/m of a reconbi nant human | eukem a i nhibitory
factor (LIF; Chemcon)]. [0102] To elimnate the sugars as nmuch as possible
fromthe culture nedium the enbryoi d-bstlies were transferred to a
centrifuging tube, were washed five tinmes with D-MEM cul ture nedi um

(sugar - f r egybrylenBCOsteandedes e ty NAkl duritld whed ckal thhsgdays(time D- MEM cul ture
medi um (sugar-free) (A BCO supplenmented with 1 nMof a lactic acid. Since
the in viampgregntodtiesn ofh thé agerwndiriet iamdr sages -foeabowtturerM under the
physi ol ogi cal condition, the concentration of a lactic acid of "1 mM used
in the mettsHWf- this Exanple falls within the physiol ogical range.

[ 0103] The appearance of cell masses after culturing for 15 days are shown in
Fig. 17. ADown | ADEI BATHOSEY (SRBEY OHGWT LPTORPLAS saFR il el kabke £3PRed
bubbl e-11i tructure.of the cells consist.ed_af the gardi onyocytes as viable
ool s Thared aats 18 s Yk ol B SRR G Ardna s (ERkASRY T LSRR g £ he
bubbl e-1 i [ cti RVARYA in,.t I medi um under a
sugar - f regﬁlaé%gﬁl}o%egzc}ég\?gzgg gnée%%{rgq‘y?ﬁl%e%goﬁgﬁglﬁgga |é_§? 17A show t hat
a part of MiMn%n%ﬁH@E?eP@gtfétéM téka&_reeafslimgr %ﬂHCES_poPﬁ' cal transparency

have al ready undergone cell death. Also, in the cases of the enbryoid bodies

shown in Higctlift@taddmbuge &MBryonic 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
f-mercaptoethanol (2-ME; SIGMA), 100 IU/ml penicillin,
100 ng/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 IIT
collagenase (Wortington) was used at 37°C for 10 minutes to
separate ES colonies.
[01l01] 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



- 55 - the cells having the bubble-like structure on the enbryoid body
surface were viable. Fig. 17Cis a magnified view of Fig. 17B. [0104] The

t hus obt ai ned enbryoid bodies were cultured for 3-7 days in the sanme vol une
of the same culture medium (bFG--free). The viable cardi onyocytes resune
aut ononmous pul sating. After reaching the stabilized state, the dead cells
were separated fromthe cardi onyocytes by shaking the enbryoid bodies in the
presence of 0.1%type |IIl collagenase-(¥rtington) for 10 m nutes at 37C.
The dead cells were elimnated by the nethod di sclosed in Exanple 8. The

t hus obt ai Gt exeptyigitd opoWpesther sarelfer ddeocud thirbr madttinndé StxAWA coat ed
cell culture dish (Fig. 18, left). After fixation with 4% par af or mal dehyde,
t he enbrycit BEdiRFEskete ExpaPhed RRERPE hECRMEGIACES +f -0 HA-DDEYY (GSBORR) ~ as

in Ex I d t.al ith th ti-Nkx2.5 antibod Sant

n Beampl 20 (s HREE TREREST. Lipaut v dpemn0opad By adbressantigls
demonstrated that .t h? Eﬁﬁrdi ﬁﬁyﬁ(ﬁ%t s were sel ectivyel é_ob'g ali ned by cul turing
mar noset  EHBP o E st B eel Ps mergapiretPard S&rihi f 7 E@MANd 109 acti ¢

aci d- suppl gent ¢ Gandit fon, oh O30RL EXAVELE L4: . Tr ansplentation of sfie

cardi onyocyt'es_“derive fom pr e nmarnoset enbryoni

heart of af idTRERRMABHhEL@NHuABHS Lo @ GORMNIFRELQY Shot8RY[ATETENL ther eof
This Exanple ains at studying transplanatation of "the cardi onmyocytes derived

from the mhHemdicenygr.noset enbryonic stemcells into the heart and
engraftment wthin the body.

g [0102] 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-1like structure were selectively wviable 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’,



- 56 - [0107] The purified marnoset cardi onyocytes prepared by the method of
Exanpl e 13 were suspended in a buffering solution having physiol ogi cal
osnotic pressure (116 mM NaCl, 20 nM Hepes, 12.5 nM NaH2PO4, 5.6 nM gl ucose,
5.4 MM KC1, 0.8 nM MgSOH4, pH 7.35) supplenented with 0.2%type |11

col | agenase (Wortington) and 0.125% Trypsin (G BCO). The suspended sol ution
were treated, while shaking, for 20 mnutes at 37Cin a syringe attached to
a 29 gauge needle (Terunp). About 1-306 sbmtl cell masses consisting of the
cardi onyocytes were prepared to use for transplanatation. The above buffer
havi ng physhelogilsalhasdlng cbhecbnbbiaé+ Dike atraidtuig he thar dmbayoLgt es 100 ulL
was aspirated. [0108] A 7-week old mal e NOD- SCI D nouse, imunodeficient nouse
(C ea Japamdncurigee seaestvhebileed Mg .i A8l asi enmagest hed i i dvORANE

(i soflurane) (Abbott Japan). Then, the thorax of the nouse was opened under
the respir&9ont™@ntrol under artificial respiration using intratracheal

i ntubation, An jinjection needle was_inserted into the wall of the

exteriori z[e(Hl%fart TRt HBURi PREFIA reRvoRe PRAdrscvapexCibtiFra &adi ac

base, and f hen, about Il L of suspended solution per site _was injected in
the the wa# P-Foq’a%ﬁwelrhgglret Stafngsﬁggu’gﬁe%tet%e 181X Yo U Re™RBUYR was cl osed,

anest hesi aﬁ%&t-%%q a“@h&h\?ig@ﬁ:c{zga;o&?@%b?ggdrmﬂéaéﬁft&gom&%mfﬂ After 15

days from _ranspl'anft ation, e nouse was exclsed under
anest hesi gpu U Ghgesaktgpdré ot pana QeamlidehydestFrozemsasddons of 10 Km

in thick were prepared and i munost ai ned using a goat anti-Nkx2.5 anti body

((Sant acr uzge Biss aveftfd FRIpArateidbedymatitle acHaikeyy oxRttiesgd@t 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. 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.



- 57 - antibody -Al exa 488 (devel oped in green) (Mol ecul ar probes) as a
second antibody (Fig. 1913), or inmmunostained using a nouse
anti-sarconmere-Actinin antibody (SIGVW) as a prinmary anti body and a rabbit
anti-nouse anti body -Al exa 594 (devel oped in red) (Mol ecul ar probes) as a
second anti body (Fig. 19D). [0110] On the other hand, a nouse anti-human
nucl ear antigen anti body (which reacts with any nucl ear antigen across the
every primate species) (Chem con) and-asgoat anti-nouse antibody-Al exa 633
(Mol ecul ar probes) are reacted together in vitro to forma conplex. Next, a
nor mal noOUIAOFGr um Tas prsetf ied indirbiske tt Berdtaaydovtys Adrdgreaxegsshef a
goat anti-nouse anti body-Al exa 633 (infrared). The thus prepared anti body
conpl ex waethedc bédEnamhlehds abeve fuspeadededni enbuffedéne| oplutikae col ors
(Figs. 198-190). [O1111AlIl inmunostaining inmages were taken using a confocal
m cr oscopqvémd PR¥FIgY ogFrel red e e ssmewh 1iLA FMgNaQQ 19D As a
result, it was denonstrated that the cells having a Ia%ggr nucleus shown in

t he LI gu][ é{e\%rse (ggrﬁv% Fﬁﬁ?ﬁ%r Frt)gle"lf‘M ‘?I'Jn‘hqc’ﬁes t3%0 %ﬁf%h s d’ﬁ%onstrat ed
in this :ﬁgf At S8 es N i ndi cat or
st re i D o2 b
ket spdf AR b i Tt Pt
%}?) ?%;%H §SoME %‘%l’#}ﬂ&sfn ‘?ﬁi%g 'ﬂ?é’ $irs X del

mar noset e success engra I'n the nou eart
solution were treated, while shaking, for 20 minutes at 37°C

in a syringe attached to a 29 gauge needle (Terumo). About
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 uL was aspirated.

[0108] A 7-week o0ld male NOD-SCID mouse, immunodeficient
mouse (Clea Japan,lInc.) 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. PFrozen sections of 10 pm in thick were
prepared and immunostained using a goat anti-Nkx2.5 antibody

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



[ 0113] EXAMPLE 15: Sel ection and preparation of the cardlonyogytes derived
from human enbryonic stemcells under a sugar-free/a serumfree and a

| actic aci d-supplenented - 58 - condition Thi s Exanpl e ai ned at
studyi ng the conpl exed effect of serum depletion and sugar depletion on the
cell masses (the enbryoi d bodi es) containing the cardi omyocytes, nore
specifically the conpl exed effect of serum depletion and sugar depletion on
sel ection of the cardi omyocytes fromthg7cell nmasses (the enbryoid bodies)
derived from human enbryonic stemcells, by culturing the cell masses (the
enbryoi d kodiies)kyl radexar 4Bl (@evelsbed Sigarekhge (Mulévubatiephdobes) as

[ 0114] Human enbryonic stemcells were obtained fromthe Stem Cell Research
Cent er (t e dersmidt angéibodyF{Bagi el9BhkedicgalirBunestesne&yosongnd wersiad y) (the
Center for the ES cells based on the National Bioresourse Project). The
human enbrdfdii-Cagconegerpsthpin 2utikadd (BRI masntaPRiRGTYINeR F¥Radht i at ed
state using the wt h inactivated myuse enbryonic fibroblasts (MEF) which

were treat®ef | b LoRPEATRIET 2R WERAY THE€EGI Pdfte (GRS LRI RFENi ng a
| t i F12/ DVE 1 S| GVA duct 421), 20% KO SERUM
(G 800y, T IRTAE) BEERPRS. 36 4 T otsn AS bR al Pad n AT 8 (VEN) . 0.1
P- t | - ME. , | ekl | mL
st ;Tg[)fgﬁygﬁlﬂ?ﬁ?f a’géfiMg—rrll%S%@%:&%‘%ﬂaﬁ?%ﬁgﬁghgéf%ﬁﬁ%g‘g%l% growt h factor
(DFGF; Pepiialigeh) hnt BBy PSR 6h Nsadbsl YiletDnk! hut obhagRasged WRkidat on)

was used at 37C for 10 mnutes to separate ES Col oni es.
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




[0115] Subsequently, to separate MEF and ES with each other, the solution
was passed t hrough nmesh having pores of 40 thereby obtained cell nasses

whi ch coul d not be pass through the nmesh having pores of 40 min diamerter.
These cell masses - 59 - were purified masses of ES cell. Upon
differentiation, cell masses containing 50-1000 of ES cells per one EB were
cultured as an enbryoid body for total 15-30 days using a bacterial dish

nmet hod (using the culture nmedi um descri b&d- above except that in the absence
of bFGF), then to differentiate into the enbryol d bodi es containing the
cardi omyocydmesitibm el i m nate the sugars as nuch as possible fromthe culture
medi um enbryoi d bodies were transferred to a centrifuging tube, were washed
five tines w tFhDsVENemDleuatnedddus{winjag ftheerool 808 ¢f telectofhunber
11966), and were finally cultured for 15 days in D-MEM cul ture nedi um

(sugar - f r RBTYGIBRde taradast Avaderdanysiors oppltbfeftdd RAfRed Htdf a
|actic acid.. Since.the in vivg?concentratio of alactic acid increases to

about 4 mAUHIELY REIIRFLi GPBERLRINE oThf 1930 e 5REenPPEEi on of a |actic
idof "1 nmM. i h f i lLe fall i L hi h
acl 0 01f¥%§11&F6%fgf§§%E89e8 e%ggéi Eﬁgg%rﬁp ée ie%&gnlgﬁééﬁizﬁ%er a

i i ¢
physi ol ogi'cal "rangé: earances o e NBsSSEés™ cu

sugar - conAl NG GORE LhREIBR! 52! ufoUllidi Ry e eLNe 6! tndnsspp cultured

for 15 days ‘under a sugar-free condition for cardionmyocyte sel ection

(cardi ony Gead<esS a6l kHBreand HbaNds Ar e SRAN fridnhdmagOembBién PéNBlen as
phase contrast inmages. To denonstrate whether these cells are viable or not,

the cells &g ,stha ked toiriAgTVRM (&1 atidsds Rrrbleghbrybiahbeaieslptfcta
menbrane potential (an indicator of viable cells) and generate fluorescence
dependi ng ssruh€mmenindne pogentfate ¢Htpre2@ediught panel ). As shown in
Fig. 20, upper panel, all enbryoid bodies of the sugar-containing (control)
condi tion [dHdd genBrmep enboyerkeriien cedls wWpreefbEabped boeirestigre - 60 -

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
f-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] Subseguently, to separate MEF and ES with each other,
the solution was passed through mesh having pores of 40 um,
thereby obtained cell masses which could not be pass through

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



conposed of viable cells); while, as showm in Fig. 20, |ower panel, the cel
masses which did not generate fluorescence (i.e., the cell masses consisting
of the dead cells) appeared by culturing under the sugar-free (cardionmyocyte
sel ection) condition. Further, every cell masses which were viable under the
sugar-free (cardi omyocyte sel ection) condition showed aut ononmous pul sati ng.
[01171The thus obtained enbryoid bodies were cultured for 3-7 days in the
sanme volunme of the sane culture nedi umgbFG--free). The viable

cardi onyocytes resune autononous pul sating. After reaching the stabilized
state, thevedeaguceélflisdwsagessepat e ddlrlom Uben céi@if omrocidtaonhy celtdki ng t he
enbryoid bodies in the presence of 0.1%type IIl collagenase (Wrtington)
for 10 m Massesarosreining HealOQRk|dfs Bfeceldlsi penarhe BY wemre mtliogred

di scl osed in Exanple 8. Then, the enbryoid bodies were adhered on a

fi bronect i3% @8 GVRFYLsat BAAEFPT chRtadr & 5diPdh da¥51983RFt 2rP3¢s@fiidn with 4%

f I de, .t [ d bodi .Stained with th ti-Actini
Bt body. (SRENAR T fOBRARpFee B G ARorE S, ARy PR RS HE(T4908E2, 5 |
antibody (antagryg) g sLL,Hch (Bl %%) i8ek&nsiomn { Nl hhs figure,
t he cel | ular nucl eus s?alne %y A I’(é g. a? Wer e necessar y overl apped

with the cgldybal BHELEYSHRPANPSIAIERA M o8 eira'g: Nl;ffg-eai\é}%m}iafeedy, an

i ndi cator marKer specific for the ‘cardionyocytes (Fig. ). Wen an
i Mmunost aivied shgRge ¥kt RubheadnddsABilidisroantthBodyi tapet hedidmdi cat or mar ker

specific for the cardionyocytes, (Fig. 21d) was nerged with an i munostai ned
i mage W t ferdbigoid 6ddieanwerdkuais fartdddody, al tenasifaymty thae | hereel | s
i mmunostai ned with the anti-Nkx2.5 anti body were conpletely overl apped with
the cel | s vasiedo£tigentdmeast witiheD eMEM -cAdttiumenmadt itbo(yug#i gfredke) .
(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 wviable 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



[0119]1t is clearly shown fromthis result that, when human enbryonic stem
cells are purified by culturing under a sugar-free/a serumfree and a lactic
aci d-suppl emented culture condition, the cardi onyocytes can sel ectively be
collected. - 62 - CLAIMS 1. A nethod for selecting cardi onyocytes froma
cell m xture containing cardi onyocytes and non-cardi omyocytes derived from
enbryonic stemcells, adult stemcells, or fetuses, wherein said cel

m xture is cultured in the culture nedi&munder the follow ng conditions:

(i) a lowglucose-suppl enmented condition which is a sugar-free condition or
a condi ti cxomplosed sifgatiabdat ealls s; dacilensed skegnt hanrFigo aso compesed to t he
sugar condition of the culture mediumused for differentiation induction;
and panel), ¢he ceelivmessendvlicngligkinedt génkretet fdugresperensi sting of
a low calciumcondition which is a condition where the cal cium concentration
in the cultiuee nédeurelangasseet oResil Tt ingl ofnivheadead- AaLEF1 | aPReaxsshdi ti on
which is a condition where, when using a culture nmedium selected fromthe
group conH%tGHGUSEREPNAEH| FIf eSTHERK U e ONERFEGPRYPEY RRdFBHECTEM Lul t ur e
medi um E12 cul ture ul ture medji um as_a cul ture _medi um

di and a- VEM
the cont ert@Bt*@an TRt HIT oral o msomeMPS FRCT DHEN 19 N6 Tth% dr8Shedi um
are reducegd Q. 40% ot oLe35,a5, 600DALEL Y. LG ) CaRLARLS AT o£AGl, NUL T L ona

conponents origrnal 'y 1n ese culture ' nedium a | ac
aci d- suppl giRpa@dueopdith@ingan aspartic aci d/ gl utam c acid- suppl ement ed

condition,and a pyruvic acid-suppl enented condition.
[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. 21a) 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



2. The nmethod for selecting cardi omyocytes according to Claim1, further
conprising a step of elimnating dead cells adhered to the cardi onyocytes
usi ng col l agenase. - 63 - 3. The nmethod for sel ecting cardi onyocytes
according to Claim?2, wherein the dead cells are elimnated based on the
fact that the specific gravity of the dead cells is higher than that of the
cardi onyocytes. 4. The nethod for selecting cardi onyocytes according to any
one of Clainms 1-3, wherein the conditi~-oal(ki) of the culture nmediumis a

| actic aci d-suppl enented condition. 5. The nethod for selecting

car di onyocyhes-Nicedrliang: tbwdgny ianeasf £ &hmd mehal: Fhemoerldisn t he condition
(ii1) of the culture nmediumis an aspartic acid/glutam c acid-suppl enented
condi ti on. im@undgsieainad ol thorthee ket i i Rigx 2 af ciiomysrin eergc comgilagely any one
of Clains 1-3, wherein the condition (ii) of the culture nediumis a pyruvic
aci d- suppl evehtarpeditith dhe cellshémpppeper¥tnd 36 tde ey 20aidP6RiBEYt es
according to d ai m(lFiwherei n the cell mxture is prepared by the follow ng

steps of: antibody g. 2le).
[0119] It is clearly shown from this result that, when
human embryonic stem cells are purified by culturing under a

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

condition, the cardiomyocytes can selectively be collected.



i nducing differentiation of enbryonic stemcells; form ng enbryoid bodies
conpri sing programed cardi omyocytes (undifferentiated nesobl ast cells) ;
preparing the cell mxture by culturing the enbryoid bodies in the culture
medi um under a | ow serum suppl enented condition and/or a mldly-acidic pH
condition. 8. The nethod for selecting cardi onyocytes according to any one
of Claims 1-6, wherein the |actic acid-supplenented condition is a condition
where 0.1-5 mMof lactic acid is supplgzented to the culture nedium 9. The
met hod for selecting cardionyocytes according to any - 64 - one of C ains
1-6, wherein the aspartic acid/ gl utafi¢1¥6i d- suppl enmented condition is a
condi ti on where 20-100 ng/L of aspartic acid and 20-100 ng/L of glutamc
acid are supplenmented to the culture medium 10. The nmethod for sel ecting

car di ony cytes acgor%i toe_ng one of éla%ns 1-g g@e&ein tT rgv%c o
20 d- Supbl erent B0 RORdF TF oL S° b AGndF {76 WRSY ED. 5§ GF Ly Fudr 6 5ci d i s
SqulenﬁgéﬁgaEgiﬁgec§¥&£8ﬁ§og§gégnénd 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:

(1) a low-glucose-supplemented condition which 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; and

(ii) one or more conditions selected from the group
consisting of a low calcium condition which is a condition
where the calcium concentration in the culture medium ranges
between 0.3-1.3mM, a low-nutritional condition which is a
condition where, when using a culture medium selected from the
group consisting of RPMI culture medium, DMEM culture medium,
MEM culture medium, F12 culture medium, and a-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, 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.
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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 Claims 1-3, wherein the condition (ii) of the culture
medium is a pyruvic acid-supplemented condition.
7. The method for selecting cardiomyocytes according to
Claim 1, wherein the cell mixture is prepared by the following
steps of:

inducing differentiation of embryonic stem cells;

forming embryoid bodies comprising programmed
cardiomyocytes (undifferentiated mesoblast 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. 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 1is
supplemented to the culture medium.

9. The method for selecting cardiomyocytes according to any
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one of Claims 1-6, wherein the éspartic 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.
10. 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.



