- 1 - SPECI FI CATI ON A METHOD OF SELECTI NG A CARDI OMYCCYTE USI NG

| NTRACELLULAR M TOCHONDRI A AS AN | NDI CATOR TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod of selecting a cardionyocyte froma
cell popul ation derived from a whole heart or stemcell population and a
met hod using thereof. BACKGROUND ART [[0@02] Since a cardionyocyte |oses a
proliferative ability in an adult body, it is necessary to conduct cardiac
transplantation in treating a seri seEci®acaTdiosiease such as cardi ac
infarction or cardi onyopat hy. However, currently, since insufficient donor

hearts are avail abl g, MER@b® bF BEWERTIRGERSCREDISRNTOCY THEUR NG & et hod of
treatnment other t ha%Nfﬁ&ﬁﬁUﬂ@@%Pf@éﬁ@iﬁﬁh irﬁ‘e}:t@ﬁf@ﬁ'{'ggnd’ t he
[ e

recruitnment of the ex vivo produced cardi omyocyte 1S expéec to be a nost
prom si ng net hod of providing relief for patients in need of cardiac
transplanFEFﬁHﬁCAFoﬁﬁiﬁiNhrious met hods of preparing a cardi omyocyte have
been investi%ated, such as a nethod of using a differentiated _ enbryonic
stem cel | 198048t hod ofRPnBEEERYtad@VERtiereAtLat RSy toaasMehhos 10f somati ¢
stemcell) isolated fromga Iivigglbod that .i.s suggested to be within the

body, and®&d°6ik1iN8oRe FEr 1 AYES esf&y"alr SbiCERY Ropvd-ahion arived ifamy the

nature of _a__.stemcell that cells.qther than a cardio te are al ways

devel oped® I fﬁ&teh CECEmteSteRs °F -pﬁpgé&%[loﬁuﬁ'\?gat ﬁg&%d using
thereof.
BACKGROUND ART
[0002] Since a cardiomyocyte loses a proliferative
ability in an adult body, it is necessary to conduct cardiac
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
cardiac transplantation. On the other hand, the recruitment
of the ex vivo produced cardiomyocyte is expected toc be a most
promising method of providing relief for patients in need of
cardiac transplantation.
[0003] Variocus methods of preparing a cardiomyocyte have
been investigated, such as a method of using a differentiated
embryonic stem cell, a method of inducing and differentiating
a stem cell (somatic stem cell) isolated from a living body
that is suggested tc be within the body, and so on. However,
there is a problem in the art that, it is in the nature of a
stem cell that cells other than a cardicemyocyte are always
developed from the stem cell as a by-product during the

differentiation/induction procedure and that an



differentiation/induction procedure and that an 2 wundifferentiated stem
cell always remains even after the differentiation/induction procedure.
Thus, it has been considered in the art that the differentiated/induced
cell population itself can not be used in the treatnment nethod. Therefore,
It iIs necessary to select a cardionyocyte fromthe differentiated/induced
cell population in order to successfully achieve cardiac transplantation in

a human.  J{00He rE afta At &l fali e Wi adntls JTd et NP for CEELI OMyOCYt e

is not reported in the art other than a nethod of purifying a cardi onyocyte

by i ncor pQrigtfdie it ARG dhc K Prafatdlt 0 TARROM. t0hakhgesinem cel |
(FASEB J., 2000, 14: 2540-2548). However, since alteration of genone

i ncl udes donlgiidesied atrhital Ganaaidts @yl diPrnas W Editd el @ &&11 ous

ri sks including changes in the rate of malignant alteration, alteration of
genone fompopudactical sl carhuren el i9 gihid | s trpes thettsod [ 0005] | t
Is known in the art that nyocardi al oxygen demand is relatively higher than
t hat of ndherdafigsuesitotitemeddmraredrd spikdthat damiicenternttoff mmcirai al
mtochondria is also relatively higher than that of other tissue (Am J.
Physi ol . , diggerepmg.atral/inhiced methaopukationgln dadsan im the art that a
cardi onmyocyte seriously loses mtotic capacity once the cell has

di f f er ent iSMCE@ &R It @ddevipwarsdiag ttignsplantgfian dds|a aeath- at  al

that those ordinarily skilled in the art had tried to select a

car di onyod0@ 4y appl FonGaitke adh&Efecddiver medbed ofe RMEEYERH At e

descri bed above. Further, )
cardiomyocyte is not reported in the art other than a method

of purifying a cardiomyocyte by incorporating in advance a
marker gene into genome of the stem cell (FASEB J., 2000, 14:
2540-2548). However, since alteration of genome includes
intrinsic ethical concerns and involves unpredictable serious
risks including changes in the rate of malignant alteration,
alteration of genome for practical use in a human raises
significant questions.

[0005] It is known in the art that myocardial oxygen
demand is relatively higher than that of major tissues other
than heart and that the content of myocardial mitochondria is
also relatively higher than that of other tissue (Am. J.
Physiol., 1985, 248: R415-421). Further, it is well known in
the art that a cardiomyocyte seriously loses mitotic capacity
once the cell has differentiated and matured. However, it was
not previously known at all that those ordinarily skilled in
the art had tried to select a cardiomyocyte by applying the
characteristics of the cardiomyocyte described above. Further,
there was no report of directly comparing a mitochondrial

transmembrane potential of the cardiomyocyte with



there was no report of directly conparing a mtochondrial transnmenbrane
potential of the cardionyocyte with 3 mtochondrial transnenbrane potenti al
of other types of cells, of focusing on the mtochondrial transmenbrane
potential, and of selecting the cardi onyocyte using mtochondrial
transnmenbrane potential as an indicator @f -the cardi omyocyte. [non-patent
docunent 1] FASEB J., 2000, 14: 2540-2548 [non-patent docunent 2] Am J.

Physi ol . , a4 S 2FH BE
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problem efF @evelsapign@na thel ad othonraGlll He-ad sGRIMHrARO QER W itd10Utang
genetic alteration froma cell mxture derived froma whole heart and cel

m xt ure deffi vedektamga thel IcaraMiony oaty tabidsiitng miid odifdmeiandl ate to the

cardi onyocyte using various kinds of properties of the cardi omyocyte, which
I s not di teanksmembmrane petientielleeisi am dhdilea tear diforhhec yard iMmANS yiER
SOLVI NG THE PROBLEM [0007] The present inventors successfully solved the
probl em descri bédoabpatseoft tlheumesits 1df FRBEB| fidi ng800hal4t h2548a2Ba8myocyt e
contains relatively higher amount of mtochondria than any other types of
cells, and that [nantpakentr dacumenle 2dardnonfochheshas. rel3Bbvel y hi gher
transnenbrane potential than any other types of cells. Based on these
findings, the present inventors establisRé8:B4dl5-#ddvati ve met hod of

sel ecting_a cardi onmyocyte w_thout genetic
DISCLOSURE OF THE INVENTION

A PROBLEM TO BE SOLVED BY THE INVENTION

[0006] The present inventors set out to solve a problem
of developing a method of selecting a cardiomyocyte without
genetic alteration from a cell mixture derived from a whole
heart and cell mixture derived from a cell having an ability
to differentiate to the cardiomyocyte using various kinds of
properties of the cardiomyocyte, which is not directly linked
with selection of the cardiomyocyte.

MEANS FOR SOLVING THE PROBLEM

[0007] The present inventors successfully solved the
problem described above on the basis of the findings that the
cardiomyocyte contains relatively higher amount of
mitochondria than any other types of cells, and that
mitochondria of the cardiomyocyte has relatively higher
transmembrane potential than any other types of cells. Based
on these findings, the present inventors established an
innovative method of selecting a cardiomyocyte without genetic
alteration of the cardiomyocyte, which comprises the following
steps: a step of labeling a cardiomyocyte-containing cell

mixture using a mitochondria specific labeling reagent, and a



alteration of the cardi onmyocyte, which conprises the followng steps: a
step of |abeling a cardi omyocyte-containing cell mxture using a

m tochondria specific |abeling reagent, and a 4 step of neasuring a

rel ative content of cellular mitochondria and/or mtochondri al
transnmenbrane potential. [0008] Specifi-call-y, in the first enbodi nent, the
present invention provides a nmethod of selecting a cardionyocyte from a

car di onyoGyed- e@Naiadud refld f@pgt%% WdltAt w%élclulaelf %ﬂd&{brﬁinwe
cardi onyocyte, on the basis of a relative content of cellular mtochondria

and/ or a aeldghVaitFichef@nd AHrdnsmisirENaR teaianii al of the cell. [0009]
That is to say, in the first enbodinent, the present invention provides: a

met hod of [$eloedti ng aspacdifamuaayt,e ifr @hea £16@tdieaBOdGesrtCoORR Preg «tal |

m xture without genetic alteration of the cardionyocyte, on the basis of a
rel ative iooehéibnofproslildesaa mettdetdonrdt isl exctividhad cafrdiedngaddyige &€ rom
cardi onyocyte froma cardi onmyocyte-containing cell mxture w thout genetic
al terati oa chrdiemyectitemrontadnioy tded basixd uwafe botithoaft genedliat i ve

m tochondrial transmenbrane potential of the cell; or a nmethod of selecting
a car di ompdégratioamofc dhgi earddpmyasiieai mrng:r@eluaswm;ﬁ @& weladuitvegenet i ¢
alteration of the cardionyocyte, on the basis of a relative content of

cel lul ar ﬁPPG@ﬁ&n&ﬁl&eéﬁﬁlﬁﬁaﬁ§ﬁ§ﬁ%¥5ﬁ%ﬂﬁbﬁ¥Wﬁ4Qﬂ a ned@t@verhi s enbodi nent

of the method of the present invention is characterized by the steps of
| abel i ng Qltochondrlal transmembrane potential of the celXl

[0009] That is to say, in the first embodiment, the
present invention provides:

a method of selecting a cardiomyocyte from a
cardiomyocyte-containing cell mixture without genetic
alteration of the cardiomyocyte, on the basis of a relative
content of cellular mitochondria:

a method of selecting a cardiomyocyte from a
cardiomyocyte-containing cell mixture without genetic
alteration of the cardiomyocyte, on the basis of both of a
relative mitochondrial transmembrane potential of the cell; or

a method of selecting a cardiomyocyte from
cardiomyocyte-containing cell mixture without genetic
alteration of the cardiomyocyte, on the basis of a relative
content of cellular mitochondria and transmembrane potential.
{0010] This embodiment of the method of the present
invention is characterized by the steps of labeling a
cardiomyocyte-containing cell mixture with a mitochondrial
indicator, and of measuring a relative content of cellular
mitochondria and/or a relative mitochondrial transmembrane

potential of the cell.



cardi onyocyte-containing cell mxture with a mtochondrial indicator, and
of nmeasuring a relative content of cellular mtochondria and/or a relative
m tochondrial transmenbrane potential of the cell. - 5 [0011] In the
context of the invention, the cardionyocyte-containing cell mxture nmay be
a cell mxture derived froma whole heart -or a cell mxture derived froma
cell having an ability to differentiate to a cardi onyocyte. [0012] Further,
a cell haJioog1an abil iThy the dddwxantoftthe tivemdddi ommcyte nay be
selected fromthe group consisting of a stemcell, a progenitor cell and an
egg cel | . dai@idmyarytte camtroid inentge Hf treixtuie siep o 4 abell ngidture

cardi onyocyte-containing cell mxture with a mtochondrial indicator and
bef or e t hdegtijedbff nomasurwhiglen ezt iaze & o lehtmixofus| ded vedn foohomdr i a
and/or a relative mtochondrial transnenbrane potential of the cell, the
met hod of cedd passiarg an miEntiten tmydifferanticaiprica acardonfoeyte uri ng
the labeled cell in the absence of the mtochondrial indicator. [0014]

Mor eover, 09 20l t ochofdten .nd C&tldr haydag mn ksl Lidihd dfif egtentiate
present invention may be selected fromthe group consisting of: Al372,
D273, D28&° BRI BSOS maHd® sEeehrnom  thp esip [Sussls vimsp2,
M7510, I\/I75]f1, M/512, 513, Mr514, M2422 N22423, M22425, M22426, R302,
R634, R648, %fm,cqé%m,wmltﬁ%ge PP eESEe H this
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cardiomyocyte-containing cell mixture with a mitochondrial
indicator and before the step of measuring a relative content
of cellular mitochondria and/or a relative mitochondrial
transmembrane potential of the cell, the method of the present
invention may further comprise a step of culturing the labeled
cell in the absence of the mitochondrial indicator.

[0014] Moreover, the mitochondrial indicator used in this
embodiment of the present invention may be selected from the
group consisting of: Al372, D273, D288, D308, D378, D426,
D632, D633, D22421, D23806, L6868, M7502, M7510, M7511, M7512,
M7513, M7514, M22422, M22423, M22425, M22426, R302, R634, R648,
R14060, R22420, T639, T668, T66% and T3168. In this
embodiment, M7512, T3168, T668 or R302 are preferable as a
mitochondrial indicator.

[0015] In the second embodiment, the present invention
provides a method of enriching a cardiomyocyte from a
cardiomyocyte-containing cell mixture without genetic
alteration of the cardiomyocyte, wherein said method comprises
the following steps:

(1) a step of labeling the cardiomyocyte-containing cell



provi des a nethod of enriching a cardionyocyte froma

cardi onyocyte-containing cell mxture without genetic alteration of the
cardi onyocyte, wherein said nmethod conprises the following steps: (1) a
step of |abeling the cardi onmyocyte-containing cell 6 mxture with a

m tochondrial indicator; and (2) a step & -selecting the cardi omyocyte on
the basis of a relative content of cellular mtochondria and/or a relative

M t ochondriadt ded RENEHTY aner @i £d1 ofndiwa st .and 0016] I n the context of
t he second enbodi nent of the present invention, the

cardi onyocyt e- cqr)ai ai Bgepeblf @etkewta@ngmyiebeatddohyoByticluon deld weGifs om a
whol e heart or a cell mxture derived froma cell having an ability to

di fferenticf & ned dthievec aratitomiooytt ece I DA nEtrddisndrisednd hewi g an
ability to differentiate to a cardionyocyte nay be selected fromthe group
consi st i ngreleftiazes el cgiidndmi pf cgemsneminsine aatemt by ol the [©@O1B] I n t he
second enbodi nent, after the step (1) and before the step (2), the nethod
of the prdftéli nvent ilon they conbeiercfc disr iseeandtempastimant o f rithe he

| abel ed cell in the absence of the mtochondrial indicator. 00;9%

Mor eover , RuRSaft deriaidrion . i i GRIGHABERLT T 1Rt a gl Xt yee
present invention may be selected fromthe group consisting of: Al372,
D273, D2s&ayndifs a (A, maaigire seriveshFrom Mo lemet $Besscerso2,
M7510, M7511, M7512, . M7 %%f M’514, 2422, M2423, NR2425, M2426, R302,
R634, %48’5“'%9?0636%“1#?232 OB & s gV s R Th P el t¢ iikrerentiate

to the cardiomyocyte.

[0017] Further, a cell having an ability to differentiate
to a cardiomyocyte may be selected from the group consisting
of a stem cell, a progenitor cell and an egg cell.

[0018] In the second embodiment, after the step (1) and
before the step (2}, the method of the present invention may
further comprise a step of culturing the labeled cell in the
absence of the mitochondrial indicator.

[0019] Moreover, the mitochondrial indicator used in this
embodiment of the present invention may be selected from the
group consisting of: Al1372, D273, D288, D308, D378, D426,
D632, D633, D22421, D23806, L6868, M7502, M7510, M7511, M7512,
M7513, M7514, M22422, M22423, M22425, M22426, R302, R634, R648,
R14060, R22420, T639, T668, T669 and T3168. In this
embodiment, M7512, T3168, T668 or R302 are preferable as a
mitochondrial indicator.

[0020}] In the third embodiment, the present invention
provides a method of producing a cardiomyocyte without genetic
alteration of the cardiomyocyte, wherein said method comprises

the following steps:



enbodi nent, Mr512, T3168, T668 or R302 are preferable as a mtochondrial

i ndicator. [0020] In the third enbodi nent, the present invention provides a
nmet hod of producing a cardi omyocyte without genetic alteration of the

car di onyocyte, wherein said nmethod conprises the following steps: 7 (1) a
step of differentiating and i nducing the?7 cardi onyocyte froma cell having
an ability to differentiate to the cardionyocyte to prepare a

car di onyocyt e- cqntyai i B8epCBE! aREXLEERLibR)ing 8hAPiAlukLaRg iR t he
cardi onyocyte-containing cell mxture with a mtochondrial indicator; and

(3) a stepagidivalyeciviteg firdten Garal MoK o tde basi sto ofi BFeedmt i e
content of cellular mtochondria and/or a relative mtochondri al

t r ansnenbrtan&heotcantdisimyafctttee twelgrepd 2l |cdrmiidmeyanriexdomfaimend hi rd
enbodi ment of the present invention, a cell having an ability to

di fferenticatld mixtiuire:cardi onyocyte nay be selected fromthe group
consisting of a stemcell, a progenitor cell and an egg cell. [0022] In
addi tion, after {£He atepep2pfandbbéfingethhecastiépmydyryteheomtaiodngf cefid
present invention may further conprise a step of culturing the |abeled cel
in the abféEtarepiitihe animigashendrial ddidgator ] GoaB] Mreover, the

m tochondrial indicator used in this enbodi nent of the present invention
may be sel ect ed (Prlontt AkePgPEupedBRiagi heorardismyocypesonpis, bpsads,

D378, DA% 083t B content of Telllar mitochondria and/or @t 212

relative mitochondrial transmembrane potential of the cell.
[0021] In the context of the third embodiment of the
present invention, a cell having an ability to differentiate
to the cardiomyocyte may be selected from the group consisting
of a stem cell, a progenitor cell and an eggq cell.

[0022] In addition, after the step (2) and before the
step (3), the method of the present invention may further
comprise a step of culturing the labeled cell in the absence
of the mitochondrial indicator.

[0023] Moreover, the mitochondrial indicator used in this
embodiment of the present invention may be selected from the
group consisting of: Al372, D273, D288, D308, D378, D426,
D632, D633, D22421, D23806, L6868, M7502, M7510, M7511, M7512,
M7513, M7514, M22422, M22423, M22425, M22426, R302, R634, R648,
R14060, R22420, T639, T668, T669 and T3168. In this
embodiment of the present invention, M7512, T3168, T668 or
R302 are preferable as a mitochondrial indicator.

[0024] In the fourth embodiment, the present invention
provides a method of evaluating ratio of a cardiomyocyte in a

cardiomyocyte-containing cell mixture, wherein said method



Mr513, M7514, M22422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168. In this enbodi nent of the present

i nvention, M/512, T3168, T668 or R302 are preferable as a mtochondri al
indicator. [0024] In the fourth enbodi ment, the present invention provides
a nmethod of evaluating ratio of a cardi-omyecyte in a

cardi onyocyte-containing cell mxture, wherein said nethod 8 - conprises the

fol | owi ng RS sesl)the sftmdﬁir{dga\tgajéﬁgg, t he cardi onyocyt e-cont ai ni ng cel |
m xture with a mtochondrial indicator; and (2) a step of neasuring ratio of

t he cardi onyocyt(d )t oaastepnofandbenyagytheoBairigohgsicytel- cantaliatinge ceqnt ent
of cellular mtochondria and/or a relative mtochondrial transnmenbrane

pot enti al mikxtue cdlth 4 O0iAsjcHondriealc dntdidatafr;t hend ourt h enbodi nent, the
cardi onyocyte-containing cell mxture may be differentiated cell mxture
whi ch is derived2rom atepl bfninghancidgr ratdof pfmthe whoddohyacyter ta ael
having an ability to differentiate to the cardionyocyte. [0026] Further,
the cel |l moVi-eGradcavddnte tan Wid fasds i @ e kdtlvarainmdcyafe nmay be
selected fromthe qgroup consisting of a stemcell, a progenitor cell and an
egg cel | celdpiar Mirtesheomdnife aad/sehonhdialativelimidiathaxigiah this

enbodi nent of the present invention may be selected fromthe group

consi sti ngrémsmerbranepppientiad qfzgdie 9828, - D426, D632, D633, D22421,

D23806, Lq%%%B]NVSOZ’IMV%%%’C¥% %%% g%S%%é fourth embodiment, the

cardiomyocyte~containing cell mixture may be differentiated
cell mixture which is derived from a cell mixture derived from
a whole heart or a cell having an ability to differentiate to
the cardiomyocyte.

[0026] Further, the cell having an ability to
differentiate to the cardiomyocyte may be selected from the
group consisting of a stem cell, a progenitor cell and an egg
cell.

[0027] Moreover, the mitochondrial indicator used in this
embodiment of the present invention may be selected from the
group consisting of: Al372, D273, D288, D308, D378, D426,
D632, D633, D22421, D23806, L6868, M7502, M7510, M7511, M751z,
M7513, M7514, M22422, M22423, M22425, M22426, R302, R634, R648,
R14060, R22420, T639, T668, T669 and T3168. In this
embodiment, M7512, T3168, T668 or R302 are preferable as a
mitochondrial indicator.

[0028] As set forth above, in one embodiment, the present
invention provides a method of selecting a cardiomyocyte from
a cardiomyocyte-containing cell mixture without genetic

alteration of the cardiomyocyte, on the basis of a relative



M7513, M/514, M2422, M22423, M2425, M2426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168. In this enbodi nent, M/512, T3168, T668
or R302 are preferable as a mtochondrial indicator. [0028] As set forth
above, in one enbodinent, the present invention provides a nethod of

sel ecting a cardi omyocyte from a cardi-orsyecyte-containing cell mxture

W t hout genetic alteration of the cardi onyocyte, on the basis of a relative
9 cont entcoifteid Idf afe MURGH NN dcheHiIV 1 ahd A@8td e 148 iwehondri al
transmenbrane potential of the cell. [0029] It is possible to nmeasure a

rel ati ve edrdcentorafrialeltindreamentmoatontien @il af athel@ive mt ochondri al
transnenbrane potential of the cell by labeling a cardionyocyte-containing
cell mxtdl0®28t h a mlttodisomdrsisdlble rai cwtasure @ 3@ lafhierd erantent of

"cardi omyocyte-containing cell mxture” as used herein represents any types
of a cell aeilddrea midgresihsridyriaofand /@ di gradadivwe MQRHMGIWES of cells.
For exanple, the "cardionyocyte-containing cell mxture" includes, but is
not |im t déFangmenbrane mogantd adeqts dde rasmhla Bshdlabe heng taor a cel | nixture
derived froma cell having an ability to differentiate to the =

car di onyoGATEiomye ¥Eencon tEHNindisa il digdiRe it ikrrhenrdeial as used
herein represents a cell mxture consisting of a cardi omyocyte, an

endot hel i df9iGAYOT 5 stromal cell, a snooth nuscle cell and so on, which is
obt ai nabl nz rrat reat nent af. honogenei ¢ or . het er ogenei c .cardj ac
tissue (hgg%%)ﬁusYng FI&&gngﬁf omyoé% ~containing X mlxture(1J

as used herein represents any types of a cell mixture
consisting of a cardiomyocyte and other types of cells. For
example, the "cardiomyocyte-containing cell mixture" includes,
but is not limited to, a cell mixture derived from a whole
heart or a cell mixture derived from a cell having an ability
to differentiate to the cardiomyocyte. The term "a cell
mixture derived from a whole heart" as used herein represents
a cell mixture consisting of a cardiomyocyte, an endothelial
cell, a stromal cell, a smooth muscle cell and so on, which is
obtainable by enzymatic treatment of homogeneic or
heterogeneic cardiac tissue (heart) using various enzymes.
Further, the term "cell mixture derived from a cell having an
ability to differentiate to the cardiomyocyte® as used herein
represents a cell mixture consisting of a cardiomyocyte, a
non-cardiomyocyte, an undifferentiated cell, a neuronal cell,
and an epithelial cell which is obtainable by culturing a cell
having an ability to differentiate to the cardiomyocyte (for
example, a stem cell such as an embryonic stem cell and a
somatic stem cell, a progenitor cell, and an egg cell such as

a fertilized egg cell and a somatic cell clone) under the



Further, the term"cell mxture derived froma cell having an ability to
differentiate to the cardi onyocyte" as used herein represents a cel

m xture consisting of a cardi omyocyte, a non-cardiomocyte, an

undi fferentiated cell, a neuronal cell, and an epithelial cell which is
obtai nable by culturing a cell having-amoability to differentiate to the
cardi onyocyte (for exanple, a stemcell such as an enbryonic stemcell and

a somati Gorld@PicH lof A MhRgaY ted1 L adi £ &Rch B €08h CeLdm StiEd @811 2
fertilized egg cell and a somatic cell clone) under the 10 condition of

i nduci ng ealvingj fdreraiitl ety ofo faOMfdienttedte tHVing cdr@bohyddyyt® to the

differentiate to the cardi onyocyte to the cardionyocyte. [0031] The content

of cel |l ul aramiitooggeenydré.a and m tochondrial transnenbrane potential can be

gquantified by Ilabeling an intracellular mtochondria with a mtochondri al

i ndi cat or.[0@3ddver, t Thealsmaitend wfl weldfulsn ecvtoahdralria mdidcat or - deri ved

signal which reflects the content of mtochondria and m tochondri al

t r ansmenb i@ ghemginiial trgnsmenbigen doteviiahecamihe iqyantified by

cardi onyocyte to be anal yzed ~and exposure condition to |abeling agents such

as ki nds dfaheddng %I#W%@%dﬂm@%q el a Helteghondgiakent s.

Therefore, the inportant feature of the present invention is _not the

absol ut e VA€ t HOWSNETi- althien @PELL S ed @ilied ofs g f@chopdriade

rel ati onshi p, between, an anpunt of the _mtochondrial indicator-derived

i gnal of Y B GIROCH® SHPY I Ze e Car GO MRRSARE T the:

present | R Rhalia dita AN HGAA F' EdnhERLa R BA LA VA 2E'Y
depending on the maturity of the cardiomyocyte to be analvzed
and exposure condition to labeling agents such as kinds of the
labeling agents and exposure time to the labeling agents.
Therefore, the important feature of the present invention is
not the absolute value of mitochondrial indicator-derived
signal, but the relationship between an amount of the
mitochondrial indicator-derived signal of the cardiomyoccyte
and that of a non-cardiomyocyte. In the present invention, it
is possible to select a cell exhibiting relatively higher
fluorescence intensity as a cardiomycecyte. First, based on a
preliminary experiment using a specimen of a cardicmyocyte-
containing cell mixture which would actually be used in the
present invention, the definition of the desired cardiomyocyte
population (i.e., the relation between the content of
mitochondria and/or the extent of the mitochondrial
transmembrane potential and the cardiomyocyte) is properly
determined in accordance with the purpose of the invention.

Specifically, in the preliminary experiment, based on the

values of the content of mitochondria and/or the extent of the



fluorescence intensity as a cardi onyocyte. First, based on a prelimnary
experinment using a specinen of a cardionyocyte- containing cell mxture
whi ch woul d actually be used in the present invention, the definition of
the desired cardi omyocyte population (i.e., the relation between the
content of mtochondria and/or the extent of the m tochondri al
transnenbrane potential and the cardi onyocyte) is properly determined in

accor danc g; Wiokh olnla: iRU" ROSEH sfenitliadd) a1 | fd<Lalddhc 'ﬁb@ec%n

prelimnary experinment, based on the “values of the content of ntochondria

and/ or t hem@4h@nl fOft Hehghit obhorrtiREh ARt drf -JHETRAY Aot &4 i Al cdised as
I ndi cators, an anmount of the mtochondrial indicator-derived signal of a

cell to ke ®el eceliedten GlsasSiddsadtidd G ey &edle r1OWHups cell ceaxhi biting
relatively higher content of intracellular mtochondria and a cel

exhi bi ti nexhabattivig] ywelliagiiere 1 ymktigrhieandrarste itr aifs neriyaatedl potaant i al shoul d
be collected based on the values of the content of mtochondria and/or the
ext ent of miftechondati@ndmidala toedds restibrtdrta ngotreitadlvailsehighern ndi cat or s.
[0032] In the present invention, the term"m tochondrial indicator”

r epr esent gitipghondrigl [tinsnsaenbyane matentdlals sdeulss e mgtlerdctiedani ch can
specifically | abel mtochondria in the I|iving cell and can denobnstrate the
cont ent obagedo@Roidne Falaesr@mfertihg ammitentc Of sidcahianginip |asblor the
mtochondria in the living cell and can denonstrate the m tochondri al

t r ansmenbPEtENFoCEnttih Mmidochangirdidly tnaiseiembraney R atdialy ugehas

m tochondria.in the living cell and can denonstrate both
indicators.

[0032] In the present invention, the term "mitochondrial
indicator" represents, but is not limited to, a material such
as a material which can specifically label mitochondria in the
living cell and can demonstrate the content of mitechondria, a
material which can specifically label mitochondria in the
living cell and can demonstrate the mitochondrial
transmembrane potential, or a material which can specifically
label mitochondria in the living cell and can demonstrate both
the content of mitochondria and the mitochondrial
transmembrane potential. For example, the "mitochondrial
indicator™ includes, but is not limited to, (1) a material
having a property to generate fluorescent emission and having
an ability to bind the mitochondrial structural material (e.g.,
a protein, a lipid, a sugar chain, a nucleic acid, or a
metabolite thereof, and so on); (2) a material having a
property to generate fluorescent emission and to be
incorporated into mitochondria by the action of mitochondrial
transmembrane potential; (3) a material which is converted to

form a material having a property to generate fluorescent



the content of mitochondria and the mtochondrial transnenbrane potential.

For exanple, the "mtochondrial indicator” includes, but is not limted to,
(1) a material having a property to generate fluorescent em ssion and
having an ability to bind the mtochondrial structural material (e.g., a

protein, a lipid, a sugar chain, a nuctelz acid, or a netabolite thereof,
and so on); (2) a material having a property to generate fl uorescent

emi ssi on @AM d3 e by Y R dM e BNt & dudhierACthPePial ;
m tochondrial transnenbrane potential; (3) a material which is converted to

forma mateari(al) awiaig a4 oferdly Ids@elmf alei TitipriescRitfise @M SEdON by
the action of mtochondrial structural material; or (4) a material which

| oses an ahiel intiytdohodidfies youitss dectidre off tnoichmtbridrfy dthencoiran of

m tochondria structural material. [0033] In the present invention, it is
possi bl e mabegdad . m tochondrial indicator such as, but not being [imted
to, A1372, D273, D288, D308, D378, D426, D632, D633, D22421, D23806,
L6868, M/5®233\r510, WRsthe PISERNtVARVRNOYPS.4 1t NE2 IR siVEE X3 uaE 405,
M22426, R302, R634, R648, R14060, R22420, S7563, T639, T668, T669 or T3168
(the pr odt!l@{tomﬁ’r%@rrslaloflftﬁiﬁftﬁ%ssu% lasw AYtadiet Rt Beited ™ obes) as

an exenplary mtochondrial indicator; nore pref erabl I\/I7514 Mr510,
M511, MBS T2 DRy 3 MRS, Do @3 Theedd %@?xo %8:D4a3 1 pref er abl y,

T ol s b e L B ﬁ”lf?ﬁéa? BT i

follows: 52422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, S7563, T639, T668, T669 or T3168 (the product numbers
of compounds: all available from Molecular Probes) as an
exemplary mitochondrial indicator; more preferably, M7514,
M7510, M7511, M7512, M7513, M22425, M22426, T668, R302, or
T3168; most preferably, T668, R302, M7514 or T3168. The
chemical structures of the mitochondrial indicators described
above used in the present invention are listed as follows:

[0034] [Chem 1]

Structure for Al1372

Molecular Formula: C,gH;3sBri;

Molecular Welght: 472.51

CAS Number: 75168-11-5

Name : Acridinium, 3,6-bis{dimethylamino)-10-
nonyl-, bromide



[0034] [Chem 1] Structure for A1372 Mol ecul ar Formul a: C26H38Br N3

Mol ecul ar Weight: 472.51 CAS Nunber: 75168-11-5 Nane: Acri di ni um

3, 6- bi s(di net hyl am no) - 10- nonyl -, brom de (CH3)2N N(CH32 Br (CH2)8CH3 13 -
[0035] [Chem 2] Structure for D273 Mol ecul ar C29H371 N202 For mul a:

Mol ecul ar 572.53 Weight: CAS 53213-82-413 Nunber: Name: Benzoxazolium

3- hexyl - 2- (3- (3- hexyl -2(3H) - benzoxazol yli dene)-1-propenyl)-, iodide 0 O i-
CH CH CH ) ob3%] tclenCH3) 5 ?CH2 CH3 CH3 [0036] [Chem 3] Structure for D288
Mol ecul ar C16H19I N2

Structure for D273

Molecular C,qH37;IN,0O2

Formula:

Molecular572.53

Welight:

CAS 53213-82-4

Number:

Name : Benzoxazolium, 3-hexyl-2-(3-(3-hexyl-2(3H)-

benzoxazolylidene)-1-propenyl)-, iodide

0 0
D—CH=CH-CH=X O .
~N N .
{ i
]

+
CH3 £H3

{0036] [Chem 3]

Structure for D288

Molecular C16H15IN,

Formula:

Molecular 366.24

Welght:

CAS Number: 959-81-9

Name: Pyridinium, 4-(2-(4-

(dimethylamino)phenyl}ethenyl)-1-methyl, iodide

en N S—cHzcn {(CH,,)
s __ /T eH=EC NICH,l,

|



Formul a: Ml ecul ar 366.24 Weight: CAS Nunber: 959-81-9 Nane: Pyridinium
4-(2-(4- (dinmethyl am no)phenyl)ethenyl)-1-nmethyl, iodide CH3N ~~~ CH =CH
r-1 N(CH3)2 14 - [0037] [Chem 4] Structure for D308 Mol ecul ar CL6H191 N2
Formul a: Ml ecul ar 366.24 Wi ght: CAS Nunber: 2156-29-8 Nanme: Pyridinium
2-(2-(4- (dinethylam no)phenyl)ethenyl)}-ianethyl, iodide /- \ CH CH N(CH3}2
N CH3 [0038] [Chem 5] Structure for D378 Mol ecul ar Fornul a: C31H41N202I

Mol ecul ar \ht [ 58 CAS Nunber: NNA Name: NA i -0

Structure for D308

Molecular C16H15IN>

Formula:

Molecular 366.24

Weight:

CAS Number: 2156-29-8

Name: Pyridinium, 2-(2-(4-

(dimethylamino)phenyl)ethenyl)-1-methyl, iodide

-

AY

CHS

[0038] [Chem 5]

Structure for D378

Molecular Formula: C;;H4;N,0O,I
Molecular Welight: 600.58

CAS Number: N/A
Name : N/A
Q O — '
H—CH =CHCH = |
N N
I+ - t
(GHalg IGHolg
CH, Cit,



NNN (IH2)6 (CH )6 CH3 CH3 15 - [0039] [Chem 6] Structure for D426

Mol ecul ar C17H21I N2 Fornul a: Mol ecul ar 380.27 Wi ght: CAS Nunber:
3785-01-1 Nane: pyridinium 2-(2-(4- dinethylam no)phenyl)ethenyl)-1-ethyl,
fodide 1 _\ CH=CH /-\ N(CH3)2 N¢ CH2CH3 [0040] [Chem 7] Structure for
D632 Mol ecul ar Fornul a: C21H1I8N203 Mol ecygar Wei ght: 346. 38 CAS Nunber:
109244-58-8 Nane: Benzoic acid, 2-(3,6-di am no-9H xant hene-9- yl)-, nethyl

ester H2N[lod NG dndn ¢ C CCHB

Structure for D426

Molecular C17H5:IN,

Formula:

Molecular 380.27

Welght:

CAS Number: 3785-01-1

Name: pyridinium, 2-(2-(4-

dimethylamino)phenyl)ethenyl)-1-ethyl, iodide

1

@*Ci—ﬁ'—CH N(CH),
A _

\
CH,CH,

[0040] [Chem 7]

Structure for D632

Mclecular Formula: C;;H;3N,0;5

Molecular Weight: 346.38

CAS Number: 109244-58-8

Name : Benzoic acid, 2-(3.,6-diamino-9H-xanthene-9-
yl}-, methyl ester




0 16 - [0041] [Chem 8] Structure for D633 Ml ecul ar Fornul a: C28H32N203

Mol ecul ar Wei ght: 444.57 CAS Nunber: NNA Nane: NA CCH NH Oti NHCHCHH32
23 H3IC GH3 Il -OCH2CH3 [ O [0042] [Chem 9] Structure for D22421

Mol ecul ar Fornul a: C27H211 N202 Mbl ecul ar Wei ght: 532. 38 CAS Nunber: N A
Name: VA OO />CHG+CHI N+ N GH316H3 17 - [0043] [Chem 10] Structure
for D23806 | NGREDI ENT A: di hydrorhodam ne 123 Mol ecul ar Formul a:

C21H18N203 o gl Eqttrasm W] oht 1 346. 38

Structure for D633

Molecular Formula: C,;3:H;;:N,0;
Molecular Weight: 444.57

CAS Number: N/A
Name : N/A
CHBSHQNH

[0042] [Chem 9]

Structure for D22421

Molecular Formula: C,;H;;IN,O,
Molecular Weight: 532.38
CAS Number: N/A

Name : N/A




CAS Nunber: 109244-58-8 Nanme: Benzoic acid, 2-(3,6-di am no-9H xant hene-
9-yl)-, nmethyl ester RN/ O, NH2 1 H ~k-0CH3 0 [0044] [ Chem 11]
Structure for L6868 Ml ecul ar Fornul a: C28H22N406 Mol ecul ar Wi ght: 510. 50
CAS Nunber: 22103-92-0 Nane: 9,9'-Biacridinium 10,10 -dinethyl- CH3 2 NO3
CH3 18 - [0045] [Chem 12] Structure for WF502 Mol ecul ar Fornul a:
C34H30C13N30 Mbl ecul ar Wei ght: 602.99 CAS Nunmber: NNA Nane: NA CH3 | H2

MLi O [0043] [Chem 10]

Structure for D23806

INGREDIENT A: dihydrorhodamine 123

Molecular Formula: C,;H;3N.0;

Molecular Weight: 346.38

CAS Number: 109244-58-8

Name : Benzoic acid, 2-(3,6-diamino-9H-xanthene-
9-v1)-, methyl ester

[0044] [Chem 11]

Structure for 1L.6868

Molecular Formula: C,gH,,N,04

Mclecular Welght: 510.50

CAS Number: 22103-92-0

Name: 9,9'-Biacridinjum, 10,10'-dimethyl-




G I iJ-CH=CHCH\ f~+ N CH2 CH3 C CH3 [0046] [Chem 13] Structure for
M7510 Mol ecul ar Formul a: C24H24C12N20 Mol ecul ar Wei ght: 427. 37 CAS Nunber:

NA Name: NVA (CH3)2N O N(CH3)2 C1L ~, I | CH2 C 19 - [0047] [Chem 14]
Structure for M/511 Mol ecul ar Formul a: C24H25C1IN20 Mol ecul ar Wi ght: 392. 93

CAS Nunber: N A Nanme: NA (CH3)2N 0 \(@83)}2 H CH2Cs [0048] [Chem 15]
Structure for M7512 WMol ecul ar C32H32C12N20 For nul a:

[0045] [Chem 12]

Structure for M7502

Molecular Formula: C;,H;,C1;N;0
Molecular Weight: 602.99

CAS Number: N/A
Name : N/A
CH,
72
Ct N o)
‘ Pp—cH=cH—cr=x
6N N
CH

[0046] [Chem 13]

Structure for M7510

Molecular Formula: C,;H,,C1,:N,0
Molecular Welght: 427_.37

CAS Number: N/A

Name : N/A




Mol ecul ar 531.52 Weight: CAS Nunmber: 167095-09-2 Name: 1H,

5H, 11H, 15H Xant heno[ 2, 3,4-1):5,6,7- i'j']diquinolizin-18-ium 9-[4-

(chl or onet hyl ) phenyl 1-2,3,6,7,12, 13,16, 17- octahydro-, chloride NO + Cl
CF12Cl 20 - [0049] [Chem 16] Structure for M/513 Mol ecul ar C32H33C1LN20
Forrmul a: Mol ecul ar 497.08 Weight: CAS 164095-08-1 Nunber: Nane:

1H, 5H, 9H, 11H, 15H Xant heno[ 2, 3,4-ij:5,6, 7- i'j']diquinolizine,
9-[4-(ch|oqgggg?ylbggﬁnihh- 2,3,6,7,12, 13,16, 17-octahydro NO N CH2Cs 21 -
[ 0050] [Chem 17 tructure for M/514 Mol ecul ar Fornmul a: C34H25C15N30

Mbl ecul ar ge_t%hﬁc_éalr%B cS)rNu r51i01860- 17-5

Molecular Formula: C,4H,;C1IN,0O
Molecular Weilght: 392.93
CAS Number: N/A

Name : N/A

[0048] [Chem 15]

Structure for M7512

Molecular C32H3,C1,N50

Formula:

Molecular 531.52

Weight:

CAS Number: 167095-0%8-2

Name : 1H,5H,11H,15H-Xanthenof2,3,4-ij:5,6, 7~

i'j'ldiquinolizin-18-ium, 9-[4-
(chloromethyl)phenyl]-2,3,6,7,12, 13,16,17-
octahydro-, chloride




Nane: Benzoxazolium 2-[3-[5,6-dichloro-1, 3-bis[][4-

(chl oronet hyl ) phenyl ] met hyl ] -1, 3- di hydro-2H benzi m dazol - 2-yl i dene] - 1-
propenyl]-3-nmethyl-, <chloride CHCI CIl 1 CH/CHCHCHO N~ N CI CH C CH3
CH2Cl [0051] [Chem 18] Structure for M22422 Mol ecul ar Fornul a: C35H33CLF6N20
Mol ecul ar Weight: 647.10 CAS Nunber: N-AzoName: NA CHCHHIC N3 p 1+ CH3
Cl HCCHCH3 CH3 F 3 CCF3 22 - [0052] [Chem 19] Structure for M22423

Mol ecul ar (@REBPCLPRAR 169r nul a: Mol ecul ar 495. 96

Structure for M7513

Molecular C;3H33,C1N,0

Formula:

Molecular 497.08

Welght:

CAS 167095-08-1

Number:

Name : 1H,5H,9H,11H, 15H-Xantheno[2,3,4-1j:5.6, 7-

i'j'ldiquinolizine, 9-[4-(chloromethyl)phenyl]-
2,3,6,7,12, 13,16,17-0octahydro-




Wei ght: CAS Nunber:
' J'}diquinolizin-18-ium 9-cyano-

perchlorate N C

137993-41-0 Nane: 1H, 5H, 11H, 15H Xant heno[ 2, 3,4-i]:5,6, 7-
2,3,6,7,12,13,16, 17- oct ahydr o-,

i NCl04 OCN[0053] [Chem 20] Structure for M2425
724.00 CAS Nunber: N A

Mol ecul ar Fornul a: C39H36C15N3 Mbl ecul ar Wi ght :

Name: N A CH2C
/[ C CH2C 23 -

I NCCH3 G f N (CHaGH)-CGH |

11 C

N+ N Ghi2 Chia

[ 0054] [Chem 21] Structure for M2426 Mol ecul ar Formul a:

C34H36C12N2gobBh egtham Yéhght: 543.58 CAS Nunber:

Structure for M7514

Molecular Formula: C;,H,;C1sN.O
Molecular Weilght: 671.88

CAS Number: 201860-17-5
Benzoxazolium, 2-[3-i{5,6-dichloro-1,3-bis[[4-
(chloromethyl)phenyl]methyl]-1,3- dihydro-2ZH-
benzimidazol-2-ylidene]-1- propenyl]-3-methyl-,

Name:

chloride

QHRCl

oM,
el
b—camwca:{ i‘
ol

[0051]

[Chem 18]

Structure for M22422

Molecular Formula: C;5H;3C1FgN,0
Molecular Welght: 647.10
CAS Number: N/&

Name :

N/A

N A



Name: WA HICCH3 H3 CCH3 / (CHCH),,-CSI CH3 CH2 C CH2CI [0055] [Chem
22] Structure for R302 Mol ecul ar C21H17C1LN203 Fornul a: Ml ecul ar 380. 83

Wei ght: CAS Nunber: 62669-70-9 Nanme: Xanthylium 3, 6-di am no-9-(2-

(et hoxycar bonyl ) phenyl, chloride H2 NONH C C 11 -0CH3 0 24 -

[ 0056] [Chem 23] Structure for R634 Mlecatar C25H31CIN2G3  For mul a:

Mol ecul ar 479.02 Weight: CAS Nunber: 989-38-8 Nane: Xant hylium

9- (2- (et hoxyearhonyhkrhamyl ) - 3, 6-
Structure for M22423

Molecular C25H25C1N305

Formula:

Molecular 495.96

Weight:

CAS Number: 137993-41-0

Name: 1H,5H,11H,15H-Xantheno{2,3,4-ij:5,6,7-

i'j'ldiquinelizin-18-ium, 9-cyano-
2,3,6,7,12,13,16,17-octahydro-, perchlorate

[0053] [Chem 20]

Structure for M22425

Molecular Formula: C;oH:;C1lsN3
Molecular Welight: 724.00

CAS Number: N/A
Name : N/A
CHECI
CH, : CH
2 H,_C !
cl N 3 3
,>—('CH=CH]2—GH ;
ol N+ N
] r~
CH? UME
Cl

GHQCt



bi s(et hyl ami no) -2, 7-di methyl, chloride CH3CH2ZNH ! O NHCH2CH3 Cl | H3C CH3
C -00H 2CH3 11 [0057] [Chem 24] Structure for R648 Mbl ecul ar

For mul a: C34H43C1LN2O7 Mol ecul ar Weight: 627.18 CAS Number: N A Nane: N A
(CH3CH2) 2N f O N(CH2C143}2 C1 ™4 1CQ CH2)5CH3 11 0 25 - [0058] [Chem 25]
Structure for R14060 Mol ecul ar Fornul a: CZ8HI9F5N20 Mbl ecul ar Wi ght :
434.41 CAS Nunber: NNA Narme: NA (CH3)2N O N(CH32 FHF FF F

[0054] [Chem 21]

Structure for M22426

Molecular Formula: CisHicC1:N,
Molecular Weight: 543.58
CAS Number: N/A

Name: N/A

3
= {CH = CH),;~ G
N+
CHG

o

[0055] [Chem 22]

Structure for R302

Molecular C21H17C1N,03

Formula:

Molecular 380.83

Weight:

CAS Number: 62669-70-9

Name : Xanthylium, 3,6-diamino-9-{2-

{methoxycarbonyl)phenyl, chloride




[0059] [Chem 26] Structure for R22420 Mol ecular C21H17CIN2G3 For nul a:

Mol ecul ar 380.83 Weight: CAS Nunmber: 62669-70-9 Nane: Xanthylium

3, 6-di am no-9-(2- (nethoxycarbonyl) phenyl, chloride HZN O NH2 & C-0CH3
it 26 - [0060] [Chem 27] Structure for T639 Ml ecul ar Fornul a: C23H23N2COCl1
Mol ecul ar Weight: 378.90 CAS Nunber: 6834 70-3 Name: Xant hylium

3, 6- bi s(di net hyl am no) -9- phenyl, chloride (CH3)2N O N(CH3)2 CI [0061]

[ Chem 28] ﬁg{,]yg] &é‘héﬁrzi 68 Mol ecul ar C25H25C1IN207  Formul a: Mol ecul ar
500. 93 Weight: S 115532-50- 8

Structure for R634

Molecular C,3H3:C1N20;

Formula:
Molecular 479.02
Welght:
CAS Number: 989-38-8
Name : Xanthylium, 9-(2-(ethoxycarbonyl)phenyl)-3,6-
bis{ethylamino)-2,7-dimethyl, chloride
+ .
CHSCHENH _NHCHZCH3 Cl
HBC CH&
ﬁ-—@CHESHS

f0057] [Chem 24]

Structure for R648

Molecular Formula: C;;H43C1N504
Molecular Weight: 627.18

CAS Number: N/A
Name: N/A
§N N clo,
(CH CH,),N o] N(GH ,CH,), 4

E-O@H2%6H3
0



Nurmber: Name: Xanthylium 3, 6-bis(dinmethylamnm no)-9-(2-

(et hoxycar bonyl ) phenyl )-, perchlorate (Ch3)2N 0 N(CH3)2 C Q4 C OCH3 27 -
[ 0062] [Chem 29] Structure for T669 Ml ecul ar C26H27CLN207 For mul a:

Molrecul ar 514.96 Weight: CAS Nunmber: 115532-52-0 Name: Xant hylium 3,

6- bi s(di net hyl am no) -9-[2- (ethoxycarbaenyls) phenyl]-, perchlorate (CH3)2\ 6
N(CH3)2 C1 04 COCH2CH3 [0063] [Chem 30] Structure for T3168 Mol ecul ar
C25H27C141 NdosEPr fBham bBhecul ar 652.23 Wi ght: CAS Nunber- 47729-63-5
Nane: 1H Benzi m dazolium 5, 6-dichloro-2-[3-(5, 6-dichl oro-

2311 done) SERUGRHFE "FRE K1 F0BY v, (5. o0 an

Molecular Formula: C,;H;;FsN,0
Molecular Weight: 434.41
CAS Number: N/A

Name : N/A

[0059] [Chem 26]

Structure for R22420

Molecular C»1H17C1N,04

Formula:

Molecular 380.83

Welght:

CAS Number: 62669-70-9

Name: Xanthylium, 3,6-diamino-9-{2-

(methoxycarbonyl )phenyl, chloride




CHCH G K-CNCL GH+CHCH/ G N C CH2 CH2 CH3 CH3 28 [0064] In
addi tion, S7563, S7567 and S7585 (the product nunbers of the conpounds: all
avai |l abl e from Mol ecul ar Probes) can also be used as a m tochondri al

indi cator. [0065] It is known in the art that each mtochondrial indicator
has a specific excitation wavel ength and ggenerates fluorescence em ssion of
a specific wavel ength. For exanple, M/514 generates fluorescence em ssion
of 516 nm §Rolsloqd [RhentXGit ation wavel ength of 490 nm and T3168 generates
fluorescence emi'ssion of 590 nmemtted by excitation wavelength of 535 nm

[ 0066] As cribed above,~a carngi ocyte exhibits nore intensive

fl uorescengﬁilﬁ% iq:Fehéﬁocfhelfﬁpes of cells when a

cardi onmyoc -containjn el l . mx is labeled with a mtochondri al

i ndi cat or, ﬁ?ﬁ'ﬁ'@é’ erpé’é?%c]ﬁfy%é %@gégﬁt ains relatively higher content of
i ntracel | uMelesddahBediabd :ant?8 148 rel ativel y hi gher nitochondri al
transnenbr &AS pomberizal thas8iher0+ypes of cells. First of all, in the
present i na@al:i on, the contednfyihan] nd reosi d (dahe PRy PERPREJ L6 and/ or
the mtochondrial transmenbr P endh BbrAfe neasured = for each cell

contained in the | abel ed cardi omjocyte- containing cell mxture. Next, a
cell exhibiting nore

[0061] [Chem 28]

Structure for T668

Molecular C,5sH,5sC1N,04

Formula:

Molecular500.93

Welght:

CAS 115532-50-8

Number:

Name: Xanthylium, 3,6-bis(dimethylamino)-9-(2-

{methoxycarbonyl)phenyl)-, perchlorate

(G S}ZN




i ntensive fluorescence intensity is defined as a cardi omyocyte. On the
basis of the content of mitochondria and/or the mitochondrial transnmenbrane
potential as measured, a cardionyocyte is isolated as the following: a cell
poplil ati on containing relatively high content of mitochondria; a cell

popul ati on containing mtochondria wwth-r&tatively high transnenbrane
potential; or a cell population consisting of a 29 cell containing

rel ativel y[bioghcquhent 20f] mi tochondria and relatively high transnmenbrane
potential. [0067] For exanple, when a cardi omyocyte-containing cell mxture

is | abel eday hay e ri | uorescence | um nescent mtochondri al
i ndi cat ors,s,tﬁgkgﬁu Iy&ygsﬁhitﬁ% xhibits relatively intensive
fl uorescenﬁglgghg_gij ty q:uth 91{‘5‘?' atively high content of mtochondria and

m t ochondr [,a ponst rati’hg’rer'atl vel y high transnmenbrane potential) can be
di scri ni na?gamfl 8 other_ types of cells than the cardionyocyte (i.e., the
cel I's whi cHodRrAAT el 44A% | ess-intensive fluorescence intensity based
on the | ab¥edghtth the mtochondrial indicators due to relatively |ow

content of CASIi Nambemrdr i d 15 3#%-t5@ctoondri a denonstrating relatively | ow
transnmenbr gageROt enti al xak3iRA it eld, eSO itqiai St iy 1sivld) of- (el | sorting,
a viabl e cardionyocyte QR nRSRSSIRA )YHMM!] - IFEIdHA Aldgy ation of a
cardi onyocyte. Cell sorter used in the present invention nay not be limted
to a specific device as long as viable fluorescent |abeled cells can be
sorted. For exanple, Fluorescent Activated Cell Sorter (FACS (registered
trademark); BD, Franklin Ic_}akes, N3 USA) and. ot her

8D Fi

[0063] [Chem 30]

Structure for T3168

Molecular C,5H,,C1,IN,

Formula:
Molecular 652.23
Weight:
CAS Number: 47729-63-5
Name : 1H-Benzimidazolium, 5,6-dichloro-2-[3-{5,6-dichloro-
1,3-diethyl-1,3-dihydro-2H-benzimidazol-
2-ylidene)-1l-propenyl}-1,3-diethyl-, iodide, (E)-
s THs
Ha CHy
Ct N N Ci
:@E PD—CH=CH—gH =X :@
ci N+ N of
?H - CH



cell sorting devices (available from Beckman, Coulter, Cytomation, and so
on) can be used as a specific cell sorting device in the present invention.
[ 0068] A cardi onmyocyte may be selected inmmediately after |abeling a

cardi onyocyte-containing cell mxture with a mtochondrial indicator.
However, if it is desirable to select a zsmrdi onyocyte froma

cardi onyocyte-containing cell mxture nore unfailingly, the cardi onyocyte
may be sel gobed 130 af tar atiReteshl, bys68hekedsyi hhdas%bgcfa%@r b%bdu&él cat or
foll owed by culturing of the | abel'ed cell in the absence of

m t ochondr hambenei &t ¢he Bompoiynds:t @liln@vaefilama e E&@lnemolcwdlarn HErithes)
absence of the mtochondrial indicator after it is |abeled wth the
m t ochondr cah addpcakonsedhasc anmdriochionidrd alminddlartdiri.al | ndi cat or
existing in a single cell decreases as the cell undergoes a cell division.
Therefore, [886BAe cul Tbr iagkpewnodnotheharpr thaterathvaitekchobdrdmds
| onger, the content of the intracellular mtochondrial indicator decreases
and the f|iBAdsatagehpat anspegisiiso caediteddes. wavelpagsbhand igeneragiasce a
cardlonyoc¥te is defined as a cell losing a mtotic ca%2C|ty or acell with
a signi fi cAhBPyeEEEPEEsEB1SFAPR) O8f 2a SRECAEE WayadiengtheyveRonf esamalpanger
period of _culture, the content of the mtochondrial indicator existing in
a single c@lP16e8?83§€§eﬁe§§upﬁﬁﬁcﬁpﬁ§reP&ﬁééoﬁfOéeﬁﬂé & emittgd byan
mai nt ai n relat% g g her flg zc e inten Eﬁ p Therefore, it is
possi bl e t §%§&r&tt 8 V&FSH? gy? eMMan AR TRdE$, 96RETRSShe difference
| n the I abeh{,Bg.LBLGAS LiisRSbICER $08 GAM dheREREYLS 2Rd:3aRqyscardiomocyte
wavelength of 535 nm.
[0066] As described above, a cardiomyocyte exhibits more
intensive fluorescence intensity than other types of cells
when a cardiomyocyte-containing cell mixture is labeled with a
mitochondrial indicator, since the cardiomyocyte contains
relatively higher content of intracellular mitochondria and
has relatively higher mitochondrial transmembrane potential
than other types of cells. First of all, in the present
invention, the content of the intracellular mitochondria
and/or the mitochondrial transmembrane potential are measured
for each cell contained in the labeled cardiomyocyte-
containing cell mixture. Next, a cell exhibiting more
intensive flucrescence intensity is defined as a cardiomyocyte.
On the basis of the content of mitochondria and/or the
mitochondrial transmembrane potential as measured, a
cardiomyocyte is isolated as the following: a cell population
containing relatively high content of mitochondria; a cell

population containing mitochondria with relatively high

transmembrane potential:; or a cell population consisting of a



| abel i ng a cardi omyocyte-containing cell mxture with a mtochondri al

I ndi cator followed by further culturing the <cells in the absence of the

m tochondrial indicator for a certain period, nore specifically for a few
days. [0069] Further, in the second enbodi nent, the present invention
provi des a nethod of enriching a cardi onypgyte from a

cardi onyocyte-containing cell mxture without genetic alteration of the

cardi onyocyleq1 Woeit@lihitR &dRINE GO @bntldit ¥ W dkhMEPss aHla (1) a
step of |abeling the cardi omyocyte-containing cell mxture with a

m t ochondr ir@llaititdieqdt Grighanddndmentiieie Poterltaedli.ng t he cardi onmyocyte on
the basis of arelative content of cellular mtochondria and/or a relative

m t ochondr if@loét7rlans menBoanexaoipdet,i sheaf at barddlomyody®@-onta iniao @ilaxt of
this enbodi nent, the cardionyocyte-containing cell mxture may be a cel

m xture dodxtadef iemlabsiede widdr tthey aboom |desortidres] deniomsgsderars a  cel |
having an ability to differentiate to a cardi onyocyte. Since the term"a
cel I m xt uledmdaeisgeda tf mdrhoghaidind e dmdicadonssed ransdipnrgywisenivdhich

m xture of a cardi onmyocyte and a non- cardionyocyte, the "cell mxture
derived fr&@hdbifte aedaddive lyndyp tensiden fdivoressendss idngfens idar idis 1 de
effect against the_ recipient's cardiac tissue (heart) due to the existence
of a non- CRL&LINPITy e Fh&PMsd thiok grid qchapdad & nd FHdioghondria

transpl antation withqut any pre-treatnent. Therefore, for transplanting a
car di onyocﬁeg‘of’&tgalté@igpir@ﬁ@tﬁtyreéyswly thagsmepbiane notenthiadlean £4 o

enhance th%i%%&%%ﬂ%%%%d?%r%ﬁ?other types of cells than the cardiomyocyte

(i.e., the cells which exhibit relatively less-intensive
fluorescence intensity based on the labels with the
mitochondrial indicators due to relatively low content of
mitochondria or mitochondria demonstrating relatively low
transmembrane potential) using a cell sorter. As a result of
cell sorting, a viable cardiomyocyte can be selected without
genetic alteration of a cardiomyocyte. Cell sorter used in
the present invention may not be limited to a specific device
as long as viable fluorescent labeled cells can be sorted.
For example, Fluorescent Activated Cell Sorter (FACS
(registered trademark)}; BD, Franklin Lakes, NJ USA) and other
cell sorting devices (available from Beckman, Coulter,
Cytomation, and so on) can be used as a specific cell seorting
device in the present invention.

[0068] A cardiomyocyte may be selected immediately after
labeling a cardiomyocyte-containing cell mixture with a
mitochondrial indicator. However, if it is desirable to
select a cardiomyocyte from a cardiomyocyte-containing cell

mixture more unfailingly, the cardiomyocyte may be selected



cardi onyocyte in the cardi onyocyte-containing cell mxture, 1i.e., to enrich
t he cardi omyocyte as nmuch as possible before transplantation. Further, for
exanple, a cell having an ability to differentiate to a cardi onyocyte nay
be.sel ected fromthe group consisting of a stemcell, a progenitor cell,
and an egg cell. [0071] To enrich the carglj anyocyte unfailingly in this

net hod, after the step (1) and before the step (2), the nethod of the

present inyepbkopnEBYKehYr hREh 20RARE §EtR &t ﬁl@.tgt:hoﬁﬁh&'éﬁ.i 1944l dabel ed cell
in the absence of the mtochondrial 32 indicator. This step ensures the

enhanced | eyghorbaabyekatitu@ingnbraeakl tbde1bllueeaaCenc e nen®Rence off the
cardi onyocyte in relation to the reduced | evel of fluorescence intensity of

ot her typeshefmibechehbgiandigaabkesrenrbehiegt ceitthengCcar dtRBY 0aYELeHOI €
unfailingly. [0072] As described above, the mtochondrial indicator wused in
t hi s enbodtetht inf thBeapseaent oifntapt mdkodhynhAe iadeliadied thromfitee qroup
consisting of: A1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L688Beld@502th NRAB1OLthMERDDOAriAEI12Andikatdr, MERE4 colB2422 ofMERE23,
M22425, M22426, R302, R634, R648, R14060, R22420, T639, T668, T669 and
T3168. | n mihtechahddimnindficeferpeadstiingniana sdnglRs5t21l et8@asE86@sor
R302 are preferable as a mtochondrial indicator. [0073] Further, in the

t hird enbofhfefeldf ungergeesent celavaaviigaont heTheretpre ngenthen provi des a

nmet hod of producing a qardion¥ocyte froma cardion&pcyte-containing cel
f the proliferative cell becomes longer, the

culturing period o
content of the intracellular mitochondrial indicator decreases
and the fluorescence intensity also decreases. On the other
hand, since a cardiomyocyte is defined as a cell losing a
mitotic capacity or a cell with a significantly decreased
level of a mitotic capacity, even after a longer period of
culture, the content of the mitochondrial indicator existing
in a single cell decreases less than other types of cells and,
thus, can maintain relatively higher fluorescence intensity.
Therefore, it is possible to select a cardiomyoccyte more
unfailingly, due to the difference in the labeling intensity
between the cardiomyocyte and a non-cardiomyocyte after
labeling a cardiomyocyte-containing cell mixture with a
mitochondrial indicator followed by further culturing the
cells in the absence of the mitochondrial indicator for a
certain period, more specifically for a few days.

[0069] Further, in the second embodiment, the present
invention provides a method of enriching a cardiomyocyte from
a cardiomyocyte-containing cell mixture without genetic

alteration of the cardiomyocyte, wherein said method comprises

the following steps:



m xture without genetic alteration of the cardi omyocyte, wherein said

met hod conprises the follow ng steps: (1) a step of differentiating and

i nducing the cardionyocyte froma cell having an ability to differentiate
to the cardiomyocyte to prepare a cardi onyocyte-containing cell mxture;
(2) a step of |abeling cardionyocyte-contsi ing cell mxture with a

m tochondrial indicator; and (3) a step of selecting a cardi onyocyte on the

basis of a relagiye &%%@@toﬁflﬁﬁéiﬂﬁgrtﬂét@éﬁ@ﬂ&ﬁ acﬁﬂéleéneaiﬁhﬁal ¥811
m tochondri al transnmenbrane potential of the cell. [0074] In the context

of this enhadicaest withr di aitechbadrdant dndiagtoel;! amiidxture may be a cell

m xture derived froma whole heart or cell mxture derived froma cel
having an abili{(g2)t adstéprefit salectnghtheacardiogytete Sonceheéhbasesm "a
cell mxture derived froma whole heart” as used herein represents a

m xture of o sardilemiyeytrenird ta offoreldaddromidorhendrtia 'apel/lormaxt ur e
derived froma whole heart”" may cause a clinical risk of a serious side

ef fect agarmsatine miterppafrigdr draasmegbyancheateptdad odf tthe eeildt-ence of
a non-cardionyocyte when the m xture is used for cardiac transplantation
wi t hout any?® Bngltreatnﬁﬁtth?hGPBFGFE Ofthlﬁrﬁﬁgﬁﬂéﬁﬁpﬁg the cardi omyocyte
to a recipient nore safely and  surel preferable to_enhance the

percentageCBFdPH@Y°E¥F8|Sﬁﬁﬁéﬂpéngncﬁﬁé @&F&Paﬁyﬁéyt@ecénpéﬁﬁlMdﬁﬁﬁqe

T BB E T cCBRISATNOC £, TR 25 RORSLILE ek

cell having an ability to differentiate to a cardiomyocyte.
Since the term "a cell mixture derived from a whole heart” as
used herein represents a mixture of a cardiomyocyte and a non-
cardiomyocyte, the "cell mixture derived from a whole heart"
may cause a clinical risk of a serious side effect against the
recipient's cardiac tissue (heart) due to the existence of a
non-cardiomyocyte when the mixture is used for cardiac
transplantation without any pre-treatment. Therefore, for
transplanting a cardiomyocyte to a recipient more safely and
surely, it is preferable to enhance the percentage of the
cardiomyocyte in the cardiomyocyte-containing cell mixture,
i.e., to enrich the cardiomyocyte as much as possible before
transplantation. Further, for example, a cell having an
ability to differentiate to a cardiomyocyte may be selected
from the group consisting of a stem cell, a progenitor cell,
and an egg cell.

[0071] To enrich the cardiomyocyte unfailingly in this
method, after the step (1) and before the step (2)., the method
of the present invention may further comprise a step of

culturing the labeled cell in the absence of the mitochondrial



ability to differentiate to the cardi onyocyte may be selected fromthe
group consisting of a stemcell, a progenitor cell, and an egg cell. [0075]
To produce the cardionyocyte unfailingly in this nethod, after the step (1)
and before the step (2), the nmethod of the present invention may further
conprise a step of culturing the | abeled3Zet|l in the absence of the
m tochondrial indicator. [0076] As descri bed above, the m tochondri al
i ndi cat or inslddaitort.hi theégbetepeahstagsakthe bahasteat adveLonift he rglatfpve
consisting of: Al1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868rawellzlanFigiordeSEnceMist2nsiityldf Ihe MATIM onBRAAZ IVR2423,
M2425, M22426, R302, R634, R648, R14060, R22420, T639, T668, T669 and
T3168. I n rkilatiembddi hivet refipsezl 1eyeds ofTdd8cge sREOZ carid Yaresfidalsife as a
m tochondrial indicator. [0077] It has been already developed in the art as
a nethod Ofthgrs tapes: ioft ithe &¢dlisndnd w@adlesr @namrdepnd fatthe
cardi onyocyte can be differentiated and induced froma pluripotent stem
cel | whi chCREILemyogiyitee Mok M@ idddMTs a variety of differentiation
potential . Tge term"a gl ri otgnt Etem cell" is dgfi ned as a cell having
B abi |1ty [P872ndet i nPPeREEFIPPRoRRPESor ChEr M5FOFBRBAT 1Adr ABAL a8 ¢ ho
in vitro %uI%uEe %ggith&p .keeQin tﬁ% celgém th an tundifferﬁptiated
state, havi ﬁ_& atforial K f?ﬁ%’é‘( r & USs 1:¢ fttﬁ‘ﬁ‘éﬁ,n d‘r?(flm gean ability
to differeqthabe A of lnd ABAPCLALNIAS 0T ARY395, 1 BS75T T H36H,
(ectoderm “mesoderm
b308, D378, D426, D632, D633, D22421, D23806, L6868, M7502,
M7510, M7511, M7512, M7513, M7514, M22422, M22423, M22425,
M22426, R302, R634, R648, R14060, R22420, T639, T668, T669 and
T3168. In this embodiment of the present invention, M7512,
T3168, T668 or R302 are preferable as a mitochondrial
indicator.
[0073] Further, in the third embodiment of the present
inventicon, the present invention provides a method of
producing a cardiomyocyte from a cardiomyccyte-containing cell
mixture without genetic alteration of the cardiomyocyte,
wherein said method comprises the following steps:
(1) a step of differentiating and inducing the
cardiomyocyte from a cell having an ability to differentiate
to the cardiomyocyte to prepare a cardiomyocyte-containing
cell mixture;
(2) a step of labeling cardiomycocyte-containing cell
mixture with a mitochondrial indicator; and
(3) a step of selecting a cardiomyocyte on the basis of

a relative content of cellular mitochondria and/or a relative

mitochondrial transmembrane potential of the cell.



and endoderm under appropriate conditions. Currently, three types of cells
are well known in the art as a pluripotent stem cell, i.e., an enbryonic
stemcell (ES cell) which is isolated froman early enbryo, an enbryonic
germcell (EGcell) which is isolated froma prinordial germcell at fetal
stage, and an adult-type pluripotent steaBcell (also referred to as a

mul tipotent adult progenitor cell (MAPC)) which is isolated fromadult bone

marrow. [0Qé¢8Fafor exampl eneacontbad of dhfbeempbiaahend ,avd rdikdyoichdea
cardi onyocyte from an enbryonic stemcell (as an exanple of a pluripotent

stem cel | ) conyabhaingl eetldadmikamrichmaygbeup cendi siiktgiref ddraatdgran taur e of
enbryoi d body-1i ke aggregates, Hangi ng-drop culture, Co-culture with feeder
cell s, 35 wRoflat heartubtrucellSofiktagar deulitvede framd aMoeridc dvaniierg @l t ure.
[0079] For exanple, in the case of Floating culture of enbryoid body-Iike
aggr egat esabild ilas tkndd felrgn tam tea oo fdweo gaird igmyostyiteg c&idicenpbeyterman
be prepared by differentiation and induction of an ES cell, wherein the

met hod conpﬁl§@éltWéxﬁﬁrﬁoﬂﬁﬁQV§@e§§°maasM@Ql@fh@@@ﬁén@ﬁn@&@d heperiyoni ¢
stemcell in the culture nmediumat the concentration of several hundreds of
cel | s/nL | RERRPERNEACR BEXEEEe °f iPn cagddgmyosate §igk & MoNe. | the state in
whi ch each cells are dis%ersed i.n the aquaqus %hase W t hout intercellular
adhesi on  B§TIHOBE2FHESI ¢ PFeaFﬁ&&tWixé CefeSiVEH fdOG e 1CeMe@T Hinder

t he suspen3|on culture in _the. absence of a differe t glon |nh|b|t3 ﬁﬁ

factor (sulffY agaP38k8n1 1Pdfedi £3F OFaEtSFrlEPﬁ)Sl

early embyrgclikest bds

Y5& tissue (heart) due to the existence of a
non-cardiomyocyte when the mixture is used for cardiac
transplantation without any pre-treatment. Therefore, for
transplanting the cardiomyocyte to a recipient more safely and
surely, it is preferable to enhance the percentage of the
cardiomyocyte in the cardiomyocyte-containing cell mixture,
i.e., to enrich the cardiomyocyte as much as possible before
transplantation. Further, for example, a cell having an
ability to differentiate to the cardiomyocyte may be selected
from the group consisting of a stem cell, a progenitor cell,
and an egg cell.

[0075] To produce the cardiomyocyte unfailingly in this
method, after the step (1} and before the step (2), the method
of the present invention may further comprise a step of
culturing the labeled cell in the absence of the mitochondrial
indicator.

[0076] As described above, the mitochondrial indicator
used in this embodiment may also be selected from the group

consisting of: Al372, D273, D288, D308, D378, D426, D632,

D633, D22421, D23806, L6868, M7502, M7510, M7511, M7512, M7513,



known as an enbryoid body (EB) which is formed by adhering and aggregating
ES cells to each other, and a step of culturing EB under the condition of
suspension culture or of adhesion culture. [0080] In the case of

Hangi ng-drop culture, it is known that an autononously pul sating

cardi onyocyte can be prepared by differesiiation and induction of an ES
cell, wherein the nethod conprises the follow ng steps: a step of preparing

a dropl et Mc-,g Sl Sty a0 eiye A8 1 g g r% evi&y hundr eds

of cells insi e ‘t he |I2?Of the culture dish,” "a‘step of acing the lid of

the cul tur @1diosid Wighie 4 odr e $f, mtess:oweersgt e Wiige dirshenasstep of
formng a cell mass at t’he botton1(| e., the tip) of the droplet, and a

step of diehboaamenat,i My s ITHWE NTreys B WIPWUHY i fatdvie 3k -a
cardi onyocyte fromthe cell mass. [0081] In the case of Co-culture with

f eeder cel 3 tochdnmdirialodwmdileaitcan aut ononously pul sating cardi onyocyte can
be prepared by differentiation and induction of an ES cell, wherein the
met hod confiiogdd t he f aktl basnpesnepdreadyt deveflopededar ithe arfreedera | ayer
froma cell having nmesenchymal cell- like characteristics, preferably, a

cel | havi ngefriodow s didifeirenddlatilnck eénghdmattadms ta caGiunyay S Xled 1a OP9
cell, PA6 cell) using a nethod such as high-density culture, mtonycin C
treat nent, cardigaivedyde icanadieatdidiferantiatade@nd induaad fiyomre ES cel | s
being in S|ngle cell state over the feeder layer. [0082] Further, in the

fourth emb@duFdiOtente sheas ell Mhieh iigh 1assyidids erenttidedfand, hamta ng

percent age of a
variety of differentiation potential. The term "a pluripotent

stem cell" is defined as a cell having an ability to
indefinitely proliferate or for prolonged periods under the in
vitro culture conditions keeping the cell with an
undifferentiated state, having a normal karyotype {(chromosoma
1l type), and having an ability to differentiate any cell
lineages derived from any of the triderm (ectoderm, mesoderm,
and endoderm) under appropriate conditions. Currently, three
types of cells are well known in the art as a pluripotent stem
cell, i.e., an embryonic stem cell (ES cell) which is isoclated
from an early embryo, an embryonic germ cell (EG cell) which
is isolated from a primordial germ cell at fetal stage, and an
adult-type pluripotent stem cell (also referred to as a
multipotent adult progenitor cell (MAPC)) which is isolated
from adult bone marrow.

[0078] For example, a method of differentiating and
inducing a cardiomyocyte from an embryonic stem cell (as an
example of a pluripotent stem cell) may be selected from the
group consisting of Floating culture of embryoid body-like

aggregates, Hanging-drop culture, Co-culture with feeder cells,



cardi onyocyte in a cardionyocyte-containing cell m xture, wherein said
nmet hod conprises the follow ng steps: (1) a step of |abeling the

cardi onyocyte-containing cell mxture with a mtochondrial indicator; and
(2)- a step of neasuring the ratio of the cardionyocyte to a

non-cardi onyocyte on the basis of a relatiye content of cellular

m tochondria and/or a step of selecting a cardionyocyte on the basis of a

relative MkbeaRoRM ko culleAN WEHIO G RANAALIEA! o0l WIS 300 dkd e

context of this enbodi nment, onyocyt e- alning ce ure nay

be a cell nppyyyne derpyedekhpgha, Whal enBeahkeObrarghl 1 MgX g uder ioked from
a cell having an ability to differentiate to the cardi onyocyte. Since the

term"a cebmbystiar odg-iliee fa@%'fe@a%@',e iRedls’ KdSwnUtedtheei n represents
a mxture of a cardionyocyte and a non 37 cardionyocyte, the "cell mxture

derived fragtanvheuelRepullsatihy GaEHE otydlchyitieC danl ek pafepiresy iyus si de
effect against the recipient's cardiac tissue (heart) due to the existence
of a non-daffepepnddntdonhand Haducttivne oifs ans @S foel 1amtiead@in the
transpl antation without any pre-treatnent. Therefore, for transplanting the
car di onyocpethvd eompriipesntthenifeoldawding sitepssural yrept oEsspepéndabbeaho
enhance the percentage of the cardionyocyte in the cardionyocyte-containing
cel | mi xt upmwbrypnac, stememeildh imhdheacgiléinrec edivgs ati dineasopesgitiylad ilpaf or e
transplantation. Further, for exanple, a cell having an ability to
di ff erent i afeseyeradahingrpdsyrd &y lisd e lac whdchi eqpht S geddp isonsi sting
of a stemcell, a progenitor cell,

single cell’state (i.e., the state in which each cells are

dispersed in the aquaous phase without intercellular adhesion

by an enzymatic treatment), a step of culturing the cells

under the suspension culture in the absence of a

differentiation inhibitory factor (such as leukemia inhibitory

factor: LIF), a step of forming an early embyro-like structure

known as an embryoid body (EB) which is formed by adhering and

aggregating ES cells to each other, and a step of culturing EB

under the condition of suspension culture or of adhesion

culture.

[0080] In the case of Hanging-drop culture, it is known

that an autonomously pulsating cardiomyocyte can be prepared

by differentiation and induction of an ES cell, wherein the

method comprises the following steps: a step of preparing a

droplet consisting of 20 pl of culture medium including

several hundreds of cells inside the 1id of the culture dish,

a step of placing the 1id of the culture dish with a droplet

to cover the culture dish, a step of forming a cell mass at

the bottom (i.e., the tip) of the droplet, and a step of

differentiating and inducing an autonomously pulsating



and an_egg cell. [0084] Also in this enbodi nent, as descri bed above, the
m tochondrial indicator used in this enbodi nent of the present invention
may be selected fromthe group consisting of: A1372, D273, D288, D308,
D378, D426, D632, D633, D22421, D23806, L6868, Mr502, Mr510, Mr511, Mr512,
M7513, M/514, M22422, NM22423, M22425, #ePe26, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168. In this enbodi nent, M/512, T3168, T668
or R302 ar eaptdiostyatlys ea s rapmritthec lwerddr inelss .ndi cator. [0085] In the field
related to transplantation of a cardi onmyocyte, sonme nethods are known for
di fferenti d0i08d land i Aduthegcaseardi €oyoutarangyiith ifeedepectedd st hdtt ds
nunber of nmethods will be developed in the future as a nmethod of
di fferenti niowg &Hat wauauipnemearsdivoBpdeatdn HesadEomyery the szati Bl above,
there is a clinical risk caused by a serious _side effect against the
reci pi ent PXe@aze bysddffisaantiafjeomand dndyetdansaman &S sell,
non- car di onyocyte when the mixture is used faor. cardiac transplantation.
Thus, it i ¥hsd&dinpitde gethod sampdissf dhg fald Ha T atepsii i gy séep of
cardi onyocyte preparation to_be used in the transplantation_b
prelinm nar%lr?paé'\}glgué-‘t it5g e 1FECe it orred ild‘r%/&%ﬁeé‘qq'%l% cell-
cardi onyocyt.e preparation tq be tra |.anted intq.a.cardiac _tissu
accor di ng. g KEhCHARATER L i0680) FSGHE LAHNIAE diea Kk AR e O (5 bome
met hod of i fyi r di e h d ani,i gen-
! 1!-h%h/a9 ) ; .
anti body ré%gt I on, sﬁ%ﬁ aﬁﬁ%@ﬁ%&% tagirﬁ;zc%?qﬁalg&ﬁ?te%ce r\'le'ead}r‘sf,g
panni ng WEEQBQO %EQnﬁoapﬂw&%%@p%M@%@%smﬂfJﬁyaéﬁEity culture, mitomycin C
treatment, or radiation irradiation, and a step of culturing
an ES cells being in single cell state over the feeder layer.
[0082] Further, in the fourth embodiment, the present
invention provides a method of evaluating percentage of a
cardiomyocyte in a cardiomyocyte-containing cell mixture,
wherein said method comprises the fellowing steps:
(1} a step of labeling the cardiomyocyte-containing cell
mixture with a mitochondrial indicator; and
(2) a step of measuring the ratio of the cardiomyocyte
to a non-cardiomyocyte on the basis of a relative content of
cellular mitochondria and/or a step of selecting a
cardiomyocyte on the basis of a relative mitochondrial
transmembrane potential of the cell.
[0083] In the context of this embodiment, the
cardiomyocyte-containing cell mixture may be a cell mixture
derived from a whole heart or a cell mixture derived from a
cell having an ability to differentiate to the cardiomyocyte.

Since the term "a cell mixture derived from a whole heart" as

used herein represents a mixture of a cardiomyocyte and a non-



principles and practice, Third Edition (Acad. Press, 1993); Anti body

Engi neering: A Practical Approach (IRL Press at Oxford University Press,
1996); a nethod of collecting a cell exhibiting a phenotype of a

cardi omyocyte by prelimnary incorporating artificial nodifications into a
gene of a pluripotent stemcell as a par®nt-cell (such as an ES cell) to
confer drug resistance or an expression ability of ectopic protein; and

cell fract carat bffodRtBod the ¢RIl Ynisktddiee Her G Hrfdi0al Wiib1WS i A »
carrier such as sucrose and percoll, which can be easily conbined with

ot her net hmdy thasehat ke indegneeick P ia weird ol atiigeelef et (@daihResche?002
20; 91: 501- 508), and so on. EFFECTS OF THE | NVENTI ON [ 0087] According to the
present inventipdenti's canddss hlissueo (Selagdt) dueard aheo@uisstfer@ma af a

cardi onyocyte-containing cell mxture without genetic alteration of the

car di omyocybe-caFdiphyocydec shginn ¢ hieo mikxd umee dentusied vt @grditad s al so 39
possible to enrich the cardi onyocyte within the cardi omyocyte- containing
cel | nixtutsapsphsntagdesat wd thopdr 2nyopref trea tmeatdi ofipergferandfos produce
the cardi omyocyte without genetic alteration of the cardi onyocyte.

Mor eover, ETap§PAREEINGoEEHICATAS BYRCTACe tohd F&CiPieade MoT e (fafely and
cardi onyocyte in the cardi agmyocyte-containing cell m xture prepared by a
vari ety of SHEEAZes 1Y 6§8S’Feﬁ€’€6‘|bé‘ien§°t SHRESE dhso RSt age ofs Yhessible to

enhance t he rcenta of, the cardiqQnyocyte in the .  cardi oqyocyte-containin
cel | nixtupgggﬁamyBngau&Q Fﬁg cardlg%yd%y e-containing cé?ﬁ ixture, 9

i.e., to enrich the cardiomycocyte, as high as possible before
transplantation. Further, for example, a cell having an
ability to differentiate to a cardiomyocyte may be selected
from the group consisting of a stem cell, a progenitor cell,
and an egg cell.

[0084] Also in this embodiment, as described above, the
mitochondrial indicator used in this embodiment of the present
invention may be selected from the group consisting of: Al372,
D273, D288, D308, D378, D426, D632, D633, D22421, D23806,
L6868, M7502, M7510, M7511, M7512, M7513, M7514, M22422,
M22423, M22425, M22426, R302, R634, R648, R14060, R22420, T639,
T668, T669 and T3168. In this embodiment, M7512, T3168, T668
or R302 are preferable as a mitochondrial indicator.

[0085] In the field related to transplantation of a
cardiomyocyte, some methods are known for differentiating and
inducing a cardiomyocyte and it is expected that a number of
methods will be developed in the future as a method of
differentiating and inducing a cardiomyocyte. However, as
described above, there is a clinical risk caused by a serious

side effect against the recipient cardiac tissue (heart) due



various possible side effects against the recipient cardiac tissue (heart)
due to the existence of a non-cardi omyocyte upon transplantation. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0089] [Fig. 1] Fig. 1 shows a fluorescent inage
of a cell mxture derived froma whole heart extracted from neonatal rat
heart, which was | abeled with a mtochondsgal indicator, M/512. [Fig. 2]

Fig. 2 shows a fluorescent imge of cell mxture derived froma cell having
an abi | ity o +ff bgAigHendlee oft % tn'&% -G %\gt% %fernaq;h%dn{ AP USE
enbryonic stemcells whi ch was | abel ed mnt a mtochondrial i1ndicator,

M7512. [ Fi gged] fEh:gcaQ‘dS.B@V\&I@n%tpfllabﬂtTdtﬂ%nOf ophk, pepUL 8t bBBsivhenta cel |
m xture derived froma whole heart extract from neonatal rat heart was

| abel ed wi pedintihaehogdieivalluat@d edleorel iMPI1A tyi BAVRaGR iidig cient  of
fluorescence of each cells was separately detected. [Fig. 4 Fig. 4 shows
di stributi prephra¢libnpapubet vesedd@n when tranelpll amitatiion dsr ipred ifriorard 1el |
having an ability to differentiate to the cardi onyocyte derived froma
nouse enbeyednetingmtbel persgentagel ed w chrdivmyoctydedrinalthiendi cat or,
Mr512, in which the anount of fluorescence of each cell was separately
det ect ed. FRrgicBycryge 9r§DGW§té°ﬂl@@r@@céﬁﬁnﬁmdg@t@ﬁ dndel la aandigce

derived froma whol e heart gshomn in Fig. 3), which was stained with an
anti body a§iFgye aceqrdisgy @yﬁélﬁam@éPOd anti-Sarconeric a-Actinin
Ant i body.

y [0086] Some methods are known in the art as a method of

purifying a cardiomyccyte, such as a method based on antigen-
antibody reaction, such as flow cytometry technique, magnetic
beads, panning method, and so on (Monoclonal Antibodies:
principles and practice, Third Edition (Acad. Press, 1993):
Antibody Engineering: A Practical Approach (IRL Press at
Oxford University Press, 1996): a method of collecting a cell
exhibiting a phenotype of a cardiomyocyte by preliminary
incorporating artificial modifications intoc a gene of a
pluripotent stem cell as a parent cell (such as an ES cell) to
confer drug resistance or an expression ability of ectopic
protein; and cell fractionation method by density gradient
centrifugation using a carrier such as sucrose and percoll,
which can be easily combined with other methods though the
degree of purity is relatively low {(Circ Res. 2002 20;91:501-
508), and sc on.

EFFECTS OF THE INVENTION

[0087] According to the present invention, it is possible
to select a cardiomyocyte from a cardiomyocyte-containing cell
mixture without genetic alteration of the cardiomyocyte.

Further, according to the present invention, it is also



[Fig. 6] Fig. 6 shows a fluorescent inmage of a cell mxture derived froma
cell having an ability to differentiate to a cardi omyocyte (shown in Fig.
4), which was stained with an antibody agai nst a cardi omyocyte marker,

anti - Sarconeric a-Actinin Antibody. [Fig. 7] Fig. 7 shows a fluorescent

I mmge of a cell population using an antibedy agai nst a cardi onyocyte

mar ker, anti-Sarconeric a-Actinin Antibody, in which the cell population

was subj ec | gtri i Qn al ysi 5my% | ..+SQrt] e
det ecti ng ?%%Sg%%nt%oofeg#}lt%r etg%er%?dg’f eac?ﬁJece‘ﬁS&%lH er}?’% ae%e@'ﬁ%"%%?é%ec'el I
m xture detone@dihiey deMhaliS ¥ tiHIACIRG I RMNaU I Alod s hgart With a

m tochondrial indicator, T3168. [Fig. 8-1] Fig. 8 shows a result of analysis

of a cell cpepybaliceytehiagld Was prddrd athd @adidionyddyt@N wanal o SEL igell
sorting by separately detecting the anmount of fluorescence of each cell

after | abehilngraftiosl lof atler acred onfyioatreonbakotrat, Whel eshaasb with a

m tochondrial indicator, T668, and a fluorescent inage of each cel

popul at i onposisidylen té4l evaliiaiedthegpierstend agmr diforahec Waa-dimrgeicyte in
anti-Sarconmeric a-Actinin Antibody. Fig. 8-1 shows that the cell popul ation
derived fr girencardizmyosty tikeamon tied rd@yarcatldd minttmre gnepascest byt ke cel |
popul ati on based on T668 fluorescent intensity. [Fig. 8-2] Fig. 8-2 shows

t hat al nosvaziietyeloifs mgftholgks . cel | popul ation with the highest intensity of
T668 fluorescent signal consist of a cardiomyocyte and alnost all cells of
the cell PA898RAti on wWAEROTHANS 481 hesgoeabedimentsenditt jscPosisdble to

enhance the percentage of the cardiomyocyte in the
cardiomyocyte-containing cell mixture and to reduce the
various possible side effects against the recipient cardiac
tissue (heart)} due to the existence of a non-cardiomyocyte
upon transplantation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0089] [Fig. 1] Fig. 1 shows a fluorescent image of a
cell mixture derived from a whole heart extracted from
neonatal rat heart, which was labeled with a mitochondrial
indicator, M7512.

[Fig. 2] Fig. 2 shows a fluorescent image of cell
mixture derived from a cell having an ability to differentiate
to the cardiomyocyte extracted from mouse embryonic stem cells,
which was labeled with a mitochondrial indicator, M7512.

[Fig. 3] Fig. 3 shows distribution of cell population
when a cell mixture derived from a whole heart extract from
neonatal rat heart was labeled with a mitochondrial indicator,
M7512, in which the amount of fluorescence of each cells was
separately detected.

[Fig. 4] Fig. 4 shows distribution of cell population



of a non-cardi onyocyte. [Fig. 8-3] Fig. 8-3 shows that cells of interest can
al so be obtained using R302, as well as T668. [Fig. 9-1] Fig. 9 shows cell
popul ation analysis of a rat fetal cell derived froma whole heart with a

m tochondrial indicator, T668, and i mmunostaining of the sorted cells with
anti-Actinin antibody. Fig. 9-1 shows thatothe cell population derived from
fetal rat heart of 13th day post conception is separated into 3 groups of

the cell popdratd Gel1ibasiec it HES Jdaaascentcd Mt asiing dfisbiPrd} 0.
9-2 shows that alnost all cells of the «cell population with the highest

intensity @iffei@mansiesttdfthed cardliompmasyie @ndi wddostomld welds of the
cell population wth the mddle fluorescent popul ation consist of a non-
car di onyocymbrydrig: sttend|cdlily.wdd babebedtwithng nfitobkhbadiretal igdilcatow,t h
a mtochondrial indicator, T668, and purification of a cardionyocyte. Fig.
10-1 shows M7%di2 ,a igi njliclcdiie popuird: icoh fldermesrerfcomf etath regkl ofadt h day
post conception is mainly found by isolating the cells by the fluorescent

i ntensity. separatedy HptHctEdy. 10-2 shows that nore than about 95% of T668
| abel ed cells are found to be a cardionyocXte by an i mmunostai ni ng agai nst
a cardi onyocyte idger SIAcFiLAi-n> FhPYs a1flppgescenshdmagears &f csildi ni ng
and cell popul ation analysis of a rat cell derived froma whole heart from
11th day oSt AT G Py ShkehaATt H SRTHYy B 49 ochondihin

i ndi cator, T668.
was stained with an antibody against a cardiomyocyte marker,

anti-Sarcomeric a-Actinin Antibody.

{Fig. 6} Fig. 6 shows a fluorescent image of a cell
mixture derived from a cell having an ability to differentiate
to a cardiomyocyte (shown in Fig. 4), which was stained with
an antibody against a cardiomyocyte marker, anti-Sarcomeric
a-Actinin Antibody.

[Fig. 7] Fig. 7 shows a fluorescent image of a cell
population using an antibody against a cardiomyocyte marker,
anti-Sarcomeric a-Actinin Antibody, in which the cell
population was subjected to distribution analysis and cell
sorting by separately detecting the amount of fluorescence of
each cell after labeling of a cell mixture derived from a
whole heart extracted from neonatal rat heart with a
mitochondrial indicator, T3168.

[Fig. 8-1] Fig. 8 shows a result of analysis of a cell
population which was subjected to distribution analysis and
cell sorting by separately detecting the amount of
fluorescence of each cell after labeling of cells extracted
from neonatal rat whole heart with a mitochondrial indicator,

Te68, and a fluorescent image of each cell population using an



[Fig. 12] Fig. 12 shows the data of staining of a population consisting of
multiple types of cells derived from a nouse enbryonic stemcell with a

m tochondrial indicator T668 and an i mrunostaining of the sorted cel
popul ati on agai nst Actinin. EMBODI MENT OF CONDUCTI NG THE | NVENTI ON [ 0090]
(1) Preparation of a cardionyocyte-contai4ling cell mxture: First, a

cardi onyocyte-containing cell mxture is obtained as a cell m xture derived

froma whohgtheaay agadnstell cairgivhgodstieva@drkeen antlie®ae®)dmediQ091] The
cell mxture derived froma whole heart can be prepared by isolating a

cardi ac veathcehaihr amcanoalqr t edy.f et ussRews BRAGAtAE 8Bl MBhopHilAEHRY it
using forceps, degrading intercellular adhesion using an enzyne such as
col | agenasderdvdispepsentbhaatelll sat] bea2lt Tise seplalratiext und oder igeethpfsr @d a
stemcell can be prepared by differentiating and inducing a stemcell such
as an enbthenteldt papvdpltignd basedneni §6oBeMmluoresicend dnteasditonvwyocyt e
usi ng hangi ng-drop culture nethod (Bader A et al., Dfferentiation, 2001
68: p.31-43). |t{gégpréfaﬂabﬁfewsfi-%h%lwwﬁéhhatusahg%‘élalhwmé dérthed
froma stemcell, additional treatnent for enhancing the degree of

di ff er ent i G881 dnPPPRABELPEN Waltht hBec BighemfFodpitenediyh ods T8§ 8 dddiomessesit
all-trans retinoic acid conducted on the differentiated/induced cel

. d) is
m xture. [669@?1(§?nﬁéﬁglPﬁgaoFa§d&8WV°®VFﬁ ang; pdPRshdAild cells of the

cell population with the middle fluorescent intensity consist
of a non-cardiomyocyte.

[Fig. 8-3] Fig. 8-3 shows that cells of interest can
also be obtained using R302, as well as T668.

[Fig. 9-1] Fig. 9 shows cell population analysis of a
rat fetal cell derived from a whole heart with a mitochondrial
indicator, T668, and immunostaining of the sorted cells with
anti-Actinin antibody. Fig. 9-1 shows that the cell
population derived from fetal rat heart of 13th day post
conception is separated into 3 groups of the cell population
based on T668 fluorescent intensity.

[Fig. 9-2] Fig. 9-2 shows that almost all cells of the
cell population with the highest intensity of T668 consist of
a cardiomyocyte and almost all cells of the cell population
with the middle fluorescent population consist of a non-
cardiomyocyte.

[Fig. 10-1] Fig. 10 shows staining of whole fetal cells
with a mitochondrial indicator, T668, and purification of a
cardiomyocyte. Fig. 10-1 shows that a single cell population
derived from fetal rats of 9th day post conception is mainly

found by isclating the cells by the fluorescent intensity.



indicator: In the present invention, a fluorescence material such as Mr512,
T3168, T668 or R302 (all avail able from Mol ecular Probe) is used as a
desirabl e mtochondrial indicator. Cells are |abeled with M/512, T3168,
T668 or R302 by incubating of a cell mixture derived froma whole heart or
a cell mxture derived fromstemcell im2he presence of Mr512, T3168, T668
or R302 in the culture nedium [0094] By further culturing for several days

after labeling tipagCehlos withighe1diboghendr takti Adreatfhn hbolt 9BRSSED! €
to further anplify the difference between an amount of | abel ed signal of a

car di onyocysé sandblellaid @feld sh@re Gauidomwody a dBHnycyteelmetdon of the
cardi onyocyte: Cell sorter is used to neasure the content of mtochondria
in the cel immuniosrta iddmnigvedafineh @ waoldd onyaicty ter markxercelActiindnir e deri ved
froma stemcell |abeled with M/512, T3168, T668 or R302 and a cel

popul ati on cont aiffilgg 1Adl aFigel ¥1lhshgbes dabanofostaindogoaddi aelld i sol at ed
as a cardionyocyte. Fluorescent Activated Cell Sorter (FACS (registered

t r ademar k) PoBD]latignk lang lysies ofiNg WsA) ded luded iyed £nomefaemiidle dedrtsort er
for selecting the cardionmyocyte using 44 - M/512, T3168, T668 or R302.
[0096] (4) feemr ldfht dgy PPsthedsedtdpodpt & davselaf tethibdintimgsigicatd vel y
hi gher fluorescence .intensity is sorted by the above described nethod and
is subj echitgchepdrdgl: drdicgfvdeqdé®B -y, the cal cul ated content

[Fig. 12] Fig. 12 shows the data of staining of a
population consisting of multiple types of cells derived from
a mouse embryonic stem cell with a mitochondrial indicator
T668 and an immunostaining of the sorted cell population
against Actinin.

EMBODIMENT OF CONDUCTING THE INVENTION
[0090] (1) Preparation of a cardiomyocyte-containing cell
mixture:

First, a cardiomyocyte-containing cell mixture is
obtained as a cell mixture derived from a whole heart or a
cell mixture derived from a stem cell.

[0091] The cell mixture derived from a whole heart can be
prepared by isolating a cardiac ventricle from an aborted
fetus or a neonatal animal, mincing it using forceps,
degrading intercellular adhesion using an enzyme such as
collagenase to disperse the cells.

[0092] The cell mixture derived from a stem cell can bhe
prepared by differentiating and inducing a stem cell such as
an embryonic stem cell and a somatic stem cell into a
cardiomyocyte using hanging-drop culture method (Bader A, et

al., Differentiation, 2001 68: p.31-43). It is preferable



and the rate of content of the cardi onyocyte selected by the present nethod
are conpared with those selected by a nethod of discrimnating the

cardi onyocyte fromother types of cells other than the present nmethod, in
order to confirmthe effectiveness of the present invention. In the present
I nvention, a nethod of detecting the cardizppmyocyte using an antibody

agai nst a cardi onyocyte-specific marker (such as nyosin heavy chain/light

chain, Sar EﬁH%“ﬁhénAﬁEh.HE cetlrlomqwtﬁrle dé&lEve@A%ofh aNgtem cedid MEF-2¢)
may be used as ot her od of discriminating the cardionyocyte from ot her

types of cehhstibaRgCebhy¥meAtt ForPeasaftcingVenti aegra’ ¥t i- Sarconeric
a-Actinin Antibody is used to | abel and select the cardiomyocyte. EXAMPLES

[0097] Theafiefkpahngaeisnpl/endace iphovitdedet ealraibhgboyitle! Usticht ast e
present invention. However, the followi ng exanples are in no way to be
taken as | addithgnt b€ wadhhiraak reddpeief atchd)i awerbnductled oanlhel or
exenplification. [0098] EXAMPLE 1: Labeling of a cell mxture derived from
a whol e hediffexensdatddfioducedngedll maktheart with a mtochondri al

i ndi cator This exanple was conducted to confirm whether the nmethod of the
present inV@APBdn can be)ubabelénder€ce aedirdithyacpitogbonidmialcel

m xture derived froma whole heart. [0099] Neonatal rats 1-3 days after
birth werelB8&FREPEEd by cervical dislocation after ether anesthesia, after

which the heart_of each rats was isolated. Cardiac ventricle
In the present invention, a fluorescence material such

as M7512, T3168, T668 or R302 {all available from Molecular
Probe) is used as a desirable mitochondrial indicator. Cells
are labeled with M7512, T3168, Té668 or R302 by incubating of a
cell mixture derived from a whole heart or a cell mixture
derived from stem cell in the presence of M7512, T3168, T668
or R302 in the culture medium.

[0094] By further culturing for several days after
labeling the cells with the mitochondrial indicator, it is
possible to further amplify the difference between an amount
of labeled signal of a cardiomyocyte and that of a non-
cardiomyocyte.

[0095] (3) Selection of the cardiomyocyte:

Cell sorter is used to measure the content of
mitochondria in the cell mixture derived@ from a whole heart or
the cell mixture derived from a stem cell labeled with M7512,
T3168, T668 or R302 and a cell populaticon containing
relatively higher amount of mitochondria is isolated as a
cardiomyocyte. Fluorescent Activated Cell Sorter (FACS
(registered trademark):; BD, Franklin Lakes, NJ USA) is used as

a preferable cell sorter for selecting the cardiomyocyte using



I solated fromthe heart was treated with 0.025% (wv) of coll agenase
(avai |l abl e from Wart hi ngton Bi onedi cal Corporation) in serumfree D-MEM

(Hi gh-glucose) nmedium (available fromlnvitrogen). By digesting the cardiac
ventricle using collagenase, cells were dispersed in the mediumto prepare
a cell mxture derived froma whole heartgq4 {0100] Subsequently, the culture
medi um was repl aced by D MEM (Hi gh-glucose) nedium (available from

I nvi trogenyrs558PPr8ABRL eeawist B-1@&%00f i nal concentration) of fetal bovine
serum (avai | abi'é from JRH Bi osci ence). Thus prepared cultured cells were

i ncubat ed i[bobeg cul tuge)medheirmabtiahnb®dth80cAMIibhiyBalyteencentration) of
a mtochondrial indicator, M/512 (available from Ml ecular Probe) for 10

m nutes at 37C. Afteni emubattnﬁ@ rehatioely wWeohewashedrésidees Using the
culture mediumand further cultured for 24 hours at 37C. [0101] Thus

| abel ed celihsensieyohsesvededsibyg the abotee desatr ied atbed abde irsesult is
showmn in Fig. 1. [0102] Fig. 1 shows that while M/512-based fl uorescence

i s cl earl ysobdertedo pedlcauditomeocyfebaaquentlyar thenyetyhdatedntanhend
nunber of mtochondria within the cell, a non- cardi onyocyte contains only a
smal | nunbendothei retkordr cantginthiof the cardiomybCyteExalpecEer biyalidlei ng of
a cell mxture derived from a nouse enbryonic stemcell with a

m t ochondr PAPSERY Batbed4ereTrogPaxsfpMa thadhesedselegted ana mathiest lodr
the nethod_ of the present invention can be used to detect a cardlonyocyte
in cell n1§%ﬁ?€lﬂépﬁ$éang8ﬁl&a§9éﬁW¥QFNte from other types of cells

other than the present method, in order to confirm the
effectiveness of the present invention. In the present
invention, a method of detecting the cardiomyocyte using an
antibody against a cardiomyocyte-specific marker (such as
myosin heavy chain/light chain, Sarcomeric a-Actinin,
troponin I, ANP, GATA-4, Nkx2.5, and MEF-2c¢) may be used as
other method of discriminating the cardiomyocyte from other
types of cells. Especially in the present invention, an anti-

Sarcomeric a-Actinin Antibody is used to label and select the

cardiomyocyte.
EXAMPLES
[0097] The fcllowing examples are provided to further

illustrate the present invention. However, the following
examples are in no way to be taken as limiting the technical
scope of the invention, but only for exemplification.

[0098] EXAMPLE 1: Labeling of a cell mixture derived from

a whole heart extracted from neonatal rat heart with a

mitochondrial indicator

This example was conducted to confirm whether the method

of the present invention can be used to detect a cardiomyocyte



[0104] . Undifferenti ated nouse enbryonic stemcell was subjected to

hangi ng-drop culture (Bader A et al., Differentiation, 2001 68: p.31-43)
to differentiate and i nduce a cardionyocyte. Specifically, the hangi ng-drop
culture was known whereby the cardi onyocyte can be prepared by
differentiation and induction of an ES eeltb by the present nethod, wherein
the present nethod conprising the followng steps: a step of preparing a
dropl et congi o icgl bimPOdreofdecitddirramdi Whonsikkeathe |id of the culture
di sh, wherein said droplet includes several hundreds of cells, a step of

pl aci ng t hdda9® lof t he Newinatrad diagts li-t3h dayey gfitetr thol oy everd lmacoti fived
dish, a step of formng a cell nass at the bottom of the droplet, i.e., the
tip of thebdr gmticandlismegptiodn aff fee rehte mtames ek iad af ter awhich

aut ononmousl y pul sating cardionyocyte fromthe cell mass. The present

i nventi on (ded heanNEm i elm (abaivad | s dkaredl Glarddast aemtrgcleo (final
concentration) of fetal bovine serum (available from EQU TECH Bhg% upon

di f f erent i dSHR @MW iR herr e #an disEir® vithh1052Fputieeh days after
differentiatign and i nduction, . a cell mass containihg an aut ononously

pul sating CldidgaRRSR o ALV i 5 Har el Bioredkcabl t ure vessel

to which 108 Maf, al] trans-retinoi ' s .added for, further enhancing
t he degr ee%&rp(ﬂrfaf%éroé}')t it i r#ﬁfcet .C%'ﬁ'ffld‘f (\tq'/ﬁeglb'a? iU 0106] At
21st day fraomdifferentiation J.induction, a..cell .mass.containing an
autononnusﬂ%ﬂé%%ﬁgiﬁéyﬁﬁﬂ O ESRAE 17 Bladigrssdn e%hfnfgrgéﬁﬁgate cells

to form & Geble Notdinfysng WL GRS, G8l114Mad QB d ! 86 4N 512
medium to prepare a cell mixture derived from a whole heart.
[0100Q] Subsequently, the culture medium was replaced by
D-MEM (High-glucose) medium (available from Invitrogen)
supplemented with 10% (final concentration) of fetal bovine
serum (available from JRH Bioscience). Thus prepared cultured
cells were incubated in the culture medium containing 100 nM
(final concentration) of a miteochondrial indicator, M7512
(available from Molecular Probe) for 10 minutes at 37°C. After
incubation, the cells were washed 4 times using the culture
medium and further cultured for 24 hours at 37°C.

[0101} Thus labeled cells were observed using a
fiuorescent microscope. The result is shown in Fig. 1.
[0102] Fig. 1 shows that while M7512-based fluorescence
is clearly observed in a cardiomyocyte and the cardiomyocyte
contains a number of mitochondria within the cell, a non-
cardiomyocyte contains only a small number of mitochondria
within the cell.

[0103] EXAMPLE 2: Labeling of a cell mixture derived from

a mouse embryonic stem cell with a mitochondrial indicator




sane condition as that of Exanple 1 and cultured under the condition of the
adhesion culture for further 5 days after renoval of M/512. After further

culture for 5 days, a cell nmass containing an autononously pul sating
cardi onyocyte prepared under the culture condition was observed using a
fluorescent mcroscope. The result is showp in Fig. 2. [0107] Fig. 2 shows

phot ogr aphs of phase-contrast inages (upper panels) and fl uorescent i nages

(1 ower panels) ofpptike exaiph NS @\selrdu@&%dp%%marﬁwh%t@exe the? rfeXHdy Of
rel axati on phase 1 - contraction phase - relaxation phase 2). This result

dermonstrat g that prlelseat! ane@USlon RS dd MG ed alddiqRBEay tL TVl Orifd SRE Y
| abel ed with M/512 as conpared w th other types of cells. That is to say,
M/512 basedn teldr edcence des itledarfnpmolasetead derl1a cel | mass consi sting of
an aut ononmously pul sati ng cardi onyocyte; while M/512 based fluorescence
coul d hardll¢lPdlobser vBddififeresitiazedumduske embelybnies ste0t@d]l ESAMPLE 3:
Anal ysis of distribution of the cells of a cell mxture derived froma
whol e hear subdieited wiot haggima-caieendildiuriendiBeatear Alhied @danpl e was
conducted to clarify the amount of a cardi omyocyte contained in a cel

m xture dePiféerendiaiinmol @00He®8: & 3Exé@ﬂl d¢o1 diffgeggntilad cand dinduae
derived froma whole heart was prepared in accordance with the nethod
descri bed PnCBESIPMFOLYtEnd PRBELEYCALLY - Mba2hangéngaBEpRdCEAtMTRi Walr e

derived from48 a whole heart was su%;ected to anal ysis of dlstrlbutlon of
t he known whereby the cardiomyocyte can be prepared b

differentiation and induction of an ES cell by the present
method, wherein the present method comprising the following
steps: a step of preparing a droplet consisting of 20 pul of
culture medium inside the 1id of the culture dish, wherein
said droplet includes several hundreds of cells, a step of
placing the 1id of the culture dish with a droplet to cover
the culture dish, a step of forming a cell mass at the bottom
of the droplet, i.e., the tip of the droplet, and a step of
differentiating and inducing an autonomously pulsating
cardiomyocyte from the cell mass. The present invention used
o-MEM medium {available from SIGMA) containing 10% (final
concentration) of fetal bovine serum (available from EQUITECH-
BIO) upon differentiating and inducing the cardiomyocyte.
[0105] Fourteen days after differentiation and induction,
a cell mass containing an autonomously pulsating cardiomyocyte
was confirmed to be formed in the culture vessel, to which 107°
M of all trans-retinoic acid was added@ for further enhancing
the degree of differentiation /induction of the cardiomyoccyte.
[0106] At 21st day from differentiation /induction, a

cell mass containing an autonomously pulsating cardiomyocyte



cells of the cell m xture derived froma whole heart using FACS (registered
tradenmark) (BD, Franklin Lakes, NJ USA). The result is shown in Fig. 3.
[0110] In Fig. 3, "FSC-A" of the horizontal axis denponstrates an indicator
of cell size. As depicted in Fig. 3, it is possible to separate the cel

m xture derived froma whole heart inte g#w-groups of cells, one of which
consists of cells with relatively higher fluorescent intensity (depicted as

PS5 area in il didpetibd i Ndpfa i s CONEd SESrpfa L1 6 mﬂa{édﬂré e' atively

| ower fluorescent intensity (depicted as P6 area in Fig. 3). In th

exanpl e, cahus YrdfariEaeEr aisaitedvas MmBaldl GMac WS Bndakdd + Stmi P6
area were sorted as a non-cardionyocyte, each then being separately

subj ect ed tsame eormEtdiculdurthat] Gl HxdmpWPLE atid Angl tisted aindéstthdut i on
of the cells of a cell mxture derived froma nouse enbryonic stem cel
using a m toeelddridrdnalofi rddie sdive § il ZuIfthirse efcanpivertieesr conthied eaffter cl arify
the anbunt of a cardionyocyte contained in a cell mxture derived froma
nouse enbr yemayadt ef ¢B131 pr epaited EnrEhempicalzur0£o3] STHayssl la wedtlur e
derived from nouse enbryonic stem cell was prepared in accordance with the
met hod des&3dSFeFantaipdng|an ARiRnanas ot R ksa s carthionyded el cel |

m xture derived froma nmouse enbryonic stemcell was subjected to analysis

of distri bRHEHATEA heede|the [ igineacenHddian efas) crsuiefhriginsm

Franklin Lakes, NJ USA).,L The result is shown in Fig. 4. 49
fluorescent microscope. The result is shown in Fig. 2.

[0107] Fig. 2 shows photographs of phase-contrast images
(upper panels) and fluorescent images (lower panels) of the
cell mass over one pulsating cycle {(i.e., a cycle of
relaxation phase 1 - contraction phase - relaxation phase 2).
This result demonstrates that all autonomcously pulsating
cardiomycocytes were strongly labeled with M7512 as compared
with other types of cells. That is to say, M7512 based
fluorescence was clearly observed in a cell mass consisting of
an autonomously pulsating cardiomyocyte: while M7512 based
fluorescence could hardly be observed in a cell around the
cell mass.

[0108] EXAMPLE 3: Analysis of distribution of the cells

of a cell mixture derived from a whole heart labeled with a

mitochondrial indicator

This example was conducted to clarify the amount of a
cardiomyocyte contained in a cell mixture derived from a whole
heart of Example 1.

[0109] The cell mixture derived from a whole heart was
prepared in accordance with the method described in Example 1

and labeled with M7512. The labeled cell mixture derived from



[0114] In Fig. 4, "FSC-A" of the horizontal axis denonstrates an indicator
of cell size. As depicted in Fig. 4, it is possible to separate the cel

m xture derived froma nouse enbryonic stemcell into two groups of cells,
one of which consist of cells with relatively higher fluorescent intensity
(depicted as P2 area in Fig. 4) and the ader of which consists of cells
with relatively lower fluorescent intensity. In this exanple, cells of P2

area were gophgfleafedrtCahdi @%@%&%aar&@ \é%%@?r%li@ B¢t %qst&lm%l%%' ! fCtt'hfeure
[0115] EXAMPLE 5: Labeling of cells selected froma cel m xture derived

froma whokeilhgasE ﬂhbhc@lqamdeﬁEQCﬁbelw&akQ&omTBI%h%&%nmb%fwa%sa%@ducted
to clarify the degree of enrichnment of the cardi omyocyte present in a cel

m xture deEACgedrégostaredolteadeaatrkl)y (BDe Fehhadial Lexaspl etl3 uga0ll6tneel |
popul ations of P5 area and P6 area sorted by the nethod of Exanple 3 were
cul tured | meaulMEMisedhown (av&@ilgabl3e from SI GVA) suppl enented with 10%
(final concentration) of fetal bovine serum (available from EQU TECH BIO
for 12 houf8li9fi ch wasnfBifgowdd BiSEaradf of mbhdehydézohkaadt amds [ 0117] Next,
the fixed cells were | abeled with a cardi onyocyte marker, nouse

ant i - Sar cofempastragepnan ARdisedhpr (ofy #9ldblside omAS @melcm chh véie. 3,
visual i zed using green_fluorescent material -conjugated goat anti-nouse

ant i body %SvéﬁlEBF§1PFSWFNDF@EGF&FePFBBe§?11TﬁéXF§§GI§3F§V§ﬁoﬁﬁomha Fig. 5.

In Fig. 5, i results fromthe cell mxture_derived froma whole heart are
shown in tﬂao BpBaAREI ANTPREVPLIEPHES PEORPLAE - cBPPs OfoPdEhe FORSdHTES Ofr ea
In Exanplec3 gewigg relatively higher fluorescent intensity (depicted

as P5 area in Fig. 3) and the other of which consists of cells
with relatively lower fluorescent intensity {(depicted as P6
area in Fig. 3). In this example, cells of P5 area were
sorted as a cardiomyocyte and cells of P6 area were sorted as
a non-cardiomyocyte, each then being separately subjected to
the cell culture.

[0111] EXAMPLE 4: Analysis of distribution of the cells

of a cell mixture derived from a mouse embryonic stem cell

using a mitochondrial indicator

[0112] This example was conducted to clarify the amount
of a cardiomyocyte contained in a cell mixture derived from a
mouse embryonic stem cell prepared in Example 2.

[0113] The cell mixture derived from mouse embryonic stem
cell was prepared in accordance with the method described in
Example 2 and labeled with M7512. The labeled cell mixture
derived from a mouse embryonic stem cell was subjected to
analysis of distribution of the cells using FACS (registered
trademark) (BD, Franklin Lakes, NJ USA). The result is shown

in Fig. 4.



50 in the mddle panels, and the results fromthe cells collected from P6
area in Exanple 3 are shown in the bottom panels. [0118] The cardi onyocyte
recogni zed by anti-Sarconeric a-Actinin Antibody and ot her types of cells
were mxed in the cell mxture before selecting the cardionyocyte by the

met hod of the present invention and the 4gercentage of the cardionyocyte
contained in the total cells was only 30% On the other hand, nore than 99%

of cells cobheated froimmPpigrea, wege- g@nggs%geoﬁogagoﬁ%QQ|g&igcyte There
was a snal |l amount of the cardionyocyte remaining in the cells collected

from P6 agemonkkeapesCam agrlidfatdt ¥ V@S] BPPT D] W&i@ldfelﬁp@eédtﬂnthﬁg 4,
percentage of the cardi omyocyte before the selection by t resent net hod.
[0119] Fromtt he pessliblef tihisepaxanel ehel iceill alisatine d&ﬁﬂwﬁarﬁﬁdﬁhihat t he
cardi onyocyte can be selected with high purity and enriched fromthe cel

m xt ure dempbusd Embmyanikols¢éenmhealfl hiwntohéwoeigrotpsf ofheellasernd mfenti on.
[0120] EXAMPLE 6: Labeling of cells selected froma cell mxture derived
from a nouwbishbeposistsodmcedils witth aeledddiedyy ddghe miilkereBrentexanpl e
was conducted to clarify the degree of enrichnent of the cardi onyocyte
present inipkengdty didepdcdeddasi Padafreemia fddse 4dmendortibe sxttherc@f by the
met hod of Exanple 4. [0121] Cell popul ations of P2 area and other area
sorted by¥PRELNECREASEE Pfaffild s4Widhe redpitdvedy doxeyEflvedesaenttavai | abl e

from Sl GVA), sugplenented with 10% (fina
intensity In this example, cells of P2 area were sorted as a

cardiomyocyte and were subjected to the cell culture.

[0115] EXAMPLE 5: Labeling of cells selected from a cell

mixture derived from a whole heart with a cardiomyocyte marker

This example was conducted to clarify the degree of
enrichment of the cardiomyocyte present in a cell mixture
derived from a whole heart by the method of Example 3.

[0116] Cell populations of P5 area and P6 area sorted by
the method of Example 3 were cultured in o-MEM medium
{available from SIGMA)} supplemented with 10% (final
concentration) of fetal bovine serum (available from EQUITECH-
BIO) for 12 hours, which was followed by paraformaldehyde
fixation.

[0117] Next, the fixed cells were labeled with a
cardiomyocyte marker, mouse anti-Sarcomeric c-Actinin Antibody
(available from SIGMA), which were wvisualized using green
fluorescent material-conjugated goat anti-mouse antibody
{available from Molecular Probes). The result is shown in
Fig. 5. In Fig. 5, the results from the cell mixture derived
from a whole heart are shown in the top panels, the results

from the cells collected from P5 area in Example 3 are shown



concentration) of fetal bovine serum (available fromEQU TECH 51 BIO for
12 hours, which was foll owed by parafornal dehyde fixation. [0122] Next, the
fixed cells were | abeled with a cardionyocyte marker, nouse anti-Sarcomeric
a-Actinin Antibody (available fromSIGvA), which were visualized using
green fluorescent material -conjugated ggg -anti-nouse anti body (available
from Mol ecul ar Probes). The result is shownin Fig. 6. In Fig. 6, the
results from the mekla1d paned sdehinvednel HREA tRDYISne Hiey QU1G SIRMCRIder €
shown in the upper panels and the results fromcells collected fromP2 area
i n Exanpl ef4¢omare ahewninnExAmplenwsr apenehswn @h23hel b taandipgdnsacyt e
recogni zed by anti-Sarconeric a-Actinin Antibody and other types of cells
were m xed[Dm1Ble cel Thai rhpdeohgboyeesekbeothanedl byhantdrdaempaeytie by the
met hod of the present invention and the percentage of the cardionyocyte
cont ai ned wRAthéntiat Ahtdelody. ands othley 1§%esOopf ided 16t h@reharidkedrarne HHan
80% of cells collected fromP2 area (which exhibit relatively higher

f | uor escenteill it BAxtuyewhedforealselled tuingh thigs T2y diemy odarien Hiyr dihed med hivel a
cardi onyocyte. [0124] Fromthe result shown in this exanple, it is clearly
denonstr at 8 th&t Pregessr Anyspddpne aggn thiespepeenda@gectodd thiet h hi gh purity
and enriched fromthe cell m xture derived froma nouse enbryoni c stem cel
by the et A8gbPMYREYLEr £98AR1INRTAR She [f91a3d] ceXArPrasy onlahd0ithg RNth a

m tochondrial indicator, T3168
the other hand, more than 99% of cells collected from P5 area

were composed of the cardiomyocyte. There was a small amount
of the cardiomyocyte remaining in the cells collected from Pé6
area, the percentage of which was approximately equal to the
percentage of the cardiomyocyte before the selection by the
present method.

[0119] From the result of this example, it is clearly
demonstrated that the cardiomyocyte can be selected with high
purity and enriched from the cell mixture derived from a whole
heart by the method of the present invention.

[0120] EXAMPLE 6: Labeling ¢of cells selected from a cell

mixture derived from a mouse embryonic stem cell with a

cardiomyocyte marker

This example was conducted to clarify the degree of
enrichment of the cardiomyocyte present in the cell mixture
derived from a mouse embryonic stem cell by the method of
Example 4.

[0121] Cell populations of P2 area and other area sorted
by the method of Example 4 were cultured in «-MEM medium
(available from SIGMA)} supplemented with 10% (final

concentration) of fetal bovine serum {(available from EQUITECH-



Thi s exanpl e was conducted to confirm whether, when a mtochondri al

I ndi cator, T3168, is used to label the cells, it 52 1is possible to obtain
the simlar data to that using Mr512. [0126] In this exanple, the cel

m xture derived froma whole heart extracted froma neonatal rat heart,
which was | abeled with a mtochondrial- igidicator, was prepared by the sane
nmet hod as that described in Exanple 1, except that T3168 (available from

Mol ecul ar Brobpefowas2upedras whikhowhen&bilabwedndiyC gheasf obrhd deniides
prepared and | abel ed cell mxture derived froma whole heart was subjected
to FACS byfikatsene nethod as that described in Exanple 3 to analyze cel
distribution and cells with relatively higher fluorescence intensity were
sel ected andleodlll ect edNesta thedfbdrpdcygedlsThaseskbbeled wiehl a were
cultured foll owed by paraforml dehyde fixation by the sanme nmethod as that
descri bed car&ampbeybe mhrkkryemeuskabelédSartbmerise oaRictisdmc amiibody
a-Actinin Antibod (available fromSIGWA). The result is shown in Fig. 7.
[0128] The(éﬁﬁéiééﬁécﬁF@mr§é§§ﬂﬂzeHhéyhaHPFBS§ﬁ§§ﬁéﬁP@d asABg SreeAnt i body
and other types of cells were mxed in the cell mxture before selecting

t he cardioﬁ¥89§?§°69ttH@tﬁﬁﬂﬁédcoaﬂuﬂﬁéeﬁrSgéﬁtaPﬁ%eWPPéﬁ aRgibRédyper cent age
of the cardiongiggte cont ai n in the total cells was onlzﬁ30@6 On. the

ot her handf HﬁnfﬁgﬂbHpigghﬂgreyﬁPBFFpng TRe a9l y 15 FheYnf Hor escent

ntensity pere demopstgaled to,be 2 cay fl omuOEvESy oLPTARL.FLo bhe, eyl
from a mouse embryonic stem cell are shown in the upper panels
and the results from cells collected from P2 area in Example 4
are shown in the lower panels.
[0123] The cardiomyocyte recognized by anti-Sarcomeric
o-Actinin Antibody and other types of cells were mixed in the
cell mixture before selection of the cardiomyocyte by the
method of the present invention and the percentage of the
cardiomyoccyte contained in the total cells was only 10%. On
the other hand, more than 80% of cells collected from P2 area
{(which exhibit relatively higher fluorescent intensity when
labeled with M7512) were demonstrated to be a cardiomvocyte.
[0124] From the result shown in this example, it is
clearly demonstrated that the cardiomyocyte can also be
selected with high purity and enriched from the cell mixture
derived from a mouse embryonic stem cell by the method of the
present invention.

[0125] EXAMPLE 7: Labeling with a mitochondrial indicator,

T3168

This example was conducted to confirm whether, when a

mitochondrial indicator, T3168, is used to label the cells, it



clearly denonstrated that the cardi omyocyte can also be selected with high
purity and enriched fromthe cell mxture derived fromthe cell mxture
derived froma whole heart using 53 T3168 as a mtochondrial indicator by
t he’ met hod of the present invention. [0130] EXAMPLE 8: Staining of neonatal
rat cells derived froma whole heart by s mtochondrial indicator, T668,
and purification of a cardi onyocyte Neonatal rat hear t mas treated with

0- 025% (W 4k BbssithleARNIRA 12 AN Do AL DS A ) abl e

from GB o co Iect a popul at1 on. sperse culture

medi um wer ¢ ggsRqsed torh Whifkl aadam?qacer&h@abqu mq&t%remafegqh;@ad "Br¥m a
I ndi cator, T668 (available form ecul ar Probe) for 15 mnutes at 37C

washed 3 tivhBle aBdritMEdiaialen oM W ekdnathACTat heanseqanae wadhe cells
were separated into three groups of cells in accordance with T668-based

f1 uor escentlabetleds wtiyth( d gitdchonddighl finddroasteant wed Iprapanddttorthe

exhi biting the higher fluorescent intensity and the mddle fluorescent cel
popul at i onsamee medhadatasl \thedr dedcrit@iiBin Examp liehd ,c andiegrty dthate Reds 8
identified by imrunostaining of the cultured cell using anti-Actinin

anti body (KayaigaRjle ifxoyoMedguuried, Palahedt wals useld sisofa mhidoalwindrial

popul ation with the highest intensity of T668 fluorescent signal consist of
a cardi onyd®gdcaind-al nost all cells of the cell population with the middle
fluorescent intensity consist of a non-cardionyocyte. The sane anaIyS|s was
conduct ed [Pddgdddi ng” REb¥S( RF&PREELe 2PAoARrRBLECULEL 1PREFENTEnderiaed

from a whole heart was subjected to FACS by the same method as
that described in Example 3 to analyze cell distribution and
cells with relatively higher fluorescence intensity were
selected and collected as a cardiomyocyte. Thus selected
cells were cultured followed by paraformaldehyde fixation by
the same method as that described in Example 5, which were
labeled with mouse antji-Sarcomeric o-Actinin Antibody
(available from SIGMA). The result is shown in Fig. 7.

[0128] The cardiomycocyte recognized by anti-Sarcomeric
o-Actinin Antibody and other types of cells were mixed in the
cell mixture before selecting the cardiomyocyte by the method
of the present invention and the percentage of the
cardiomyocyte contained in the total cells was only 30%. On
the other hand, more than 95% of cells exhibiting relatively
higher fluorescent intensity were demonstrated to be a
cardiomyocyte.

[0129] From the result shown in this example, it is
clearly demonstrated that the cardiomyocyte can also be
selected with high purity and enriched from the cell mixture

derived from the cell mixture derived from a whole heart using



simlar results were obtained (Fig. 8-3), as well as T668. [0132] EXAMPLE
9: Staining of neonatal rat cells derived froma whole heart with

m tochondrial indicators, T668 and WM/514, and conparative anal ysis of
transnenbrane potential per 54 - mitochondria [0133] Cell popul ation was
collected using the sane materials and td® sane nethod as those descri bed
in Exanple 8. Thus collected cardionyocytes were stained with a

m t ochondr irah eBnéisCat @it ohohdrliavaiihallca thiro ByMehec wethodPloF &he

i ndependent of the transnmenbrane potential which can specifically stain

m t ochondr pgeasdtwihkeatdohochondrial indicator T668 dependent on the
transnenbrane potential which can also specifically stain mtochondria. The
cells werel0dnallyzed uEKAMPEBCS: | Bheilnangl ypfahteonathé shai cedds Berised
possible to separately detect the fluorescence of T668 and that of M/514
si nce the favwl enyghhlef hehgtf byoreydénchondaialTds8iice tdirf.f d16&dt, fandgm t hat
from M’514. In this exanple, three groups of cell population were detected

based on TB8gif sie r. As described in the anal ysis of
Example 8, it is _known that the hlgh fluorescent cell popul ation exhibiting

the highest fluoNeseafheli RRENBPEYL Yag tEGAEPENYSEM € -F85d AW/ an &ﬁd t he
m ddl e fl uorescent popul ation _is _a non-cardi omyocyte popul ation. [0134]

Next , eachceeﬂﬁgﬁﬁﬁﬁPa{PHﬂlﬂgbgéngQPeglﬁgéédaBﬁ @SRt (Ve lapds: 08t
t t d,f | t d f
vsta. 1 PRBESE o BRMIPSE: Bn CedanPrPhlation carbtrpothrtbadesn EeToos

si gnal
9 ' culture medium were exposed to 1 pM (final concentration) of a

mitochondrial indicator, T668 (available form Molecular Probe)
for 15 minutes at 37°C, washed 3 times, and immediately
analyzed by FACS. In consequence, the cells were separated
into three groups of cells in accordance with T668-based
fluorescent intensity (Fig. 8-1). High fluorescent cell
population exhibiting the higher fluorescent intensity and the
middle fluorescent cell population were separately sorted.
[0131] Then, the cardiomyocyte was identified by
immunostaining of the cultured cell using anti-Actinin
antibody (Fig. 8-2). In consequence, almost all cells of the
cell population with the highest intensity of T668 fluorescent
signal consist of a cardiomyocyte and almost all cells of the
cell population with the middle fluorescent intensity consist
of a non-cardicmyocyte. The same analysis was conducted
regarding R302 (available from Molecular Probe) and the
similar results were obtained (Fig. 8-3), as well as T668.

[0132] EXAMPLE 9: Staining of neonatal rat cells derived

from a whole heart with mitochondrial indicators, T6683 and

M7514, and comparative analysis of transmembrane potential per




cells categorized in the value of nore than 150% accounted for 90% of the
total hunber of the cells when the cut off value of 150% of the ratio of
T668 fluorescent intensity to M/514 fluorescent intensity was enpl oyed,
while, in the cell population identified as a non- cardi onyocyte based on
T668 55 signal, cells categorized in thegyalue of nore than 150% accounted
for 13% of the total nunber of the cells when the cut off value of 150% of

the ratio gﬁtggﬁgn%%gg{escent intensity to M7514 fluorescent intensity was

enpl oyed. : s denonstrate that the cardionmyocyte has not only the
hi gher cont;gai3gf "‘tO@QQﬁdbb%uﬁ%ki%bS%a%h%oﬁ&%@%@d sl otentia
of m tochondria conpared to the non- cardionyocyte. [013 EXA 10:

St ai ni ng Ohaftetdlalcatance!the dRine/ ok tHIP MR Ml daattivdd N pldugehongr i al
i ndi cator T668 and purification of a cardi onyocyte Fetal rat heart of 13th

day post ceneepidodlesred caaidbmpmidyte0Weagenasa myd wirtipsd n to collect a
cell population. Cells dispersed in the culture nediumwere exposed to 1 pM

(final conedtbichiondn)iadf imdiidadehondrisdl4 i(riacidtadr] el Ffbrf Mo uldmut es ‘at
37C, washed 3 tines, and i medi ately subjected to FACS analysis. The cells
wer e separ Rredei)nt dndegeadgentofofcdlie tpmmsmenitoranea ged eort IE66 &vHiatorascent
intensity (Fig. 9-1). In this exanple, the high fluorescent cell population
exhi bi t i ngspekd fiicgldyt sfaior exidevhangdrdssiand anidht e mii tadiborfdigrlescent
cell popul ation were sorted and cultured. [0136] Then, the cardi onyocyte was
i denti fi edipglicator T668 dependent on the transmembrane potential which

can also specifically stain mitochondria. The cells were

analyzed using FACS immediately after the staining. It is

possible to separately detect the fluorescence of T668 and

that of M7514 since the wavelength of the fluorescence from

T668 is different from that from M7514. In this example,

three groups of cell population were detected based on T668

fluorescence as an indicator. As described in the analysis of

Example 8, it is known that the high fluorescent cell

population exhibiting the highest fluorescent intensity is a

cardiomyocyte pcpulation and the middle fluorescent population

is a non-cardiomyocyte population.

[0134] Next, each cell population is separated based on

the ratio of fluorescent intensity derived from Té668 divided

by fluorescent intensity derived from M7514. 1In the cell

population identified as a cardiomyocyte based on T668 signal,

cells categorized in the value of more than 150% accounted for

90% of the total number of the cells when the cut off value of

150% of the ratio of T668 fluorescent intensity to M7514

fluorescent intensity was employed; while, in the cell

population identified as a non- cardiomyocyte based on T668



I munost ai ning of the cultured cell using anti-Actinin antibody. In
consequence, alnost all cells of the cell population with the highest
intensity of T668 fluorescent signal consist of the cardi omyocyte and

al nost all cells of the cell population with the m ddle fluorescent
Intensity consist of the non-cardi onyoeyi® {Fig. 9-2). 56 [0137] EXAVPLE
11: Staining of whole fetal cells with mtochondrial indicators T668 and
Mr512 and pyignfilGalden Ofcat e goariie@nAac Wi Reflale o nfrdtdngays st
conception was treated with collagenase and trypsin to collect cel

popul at i onacceintedifiperisad di thee totddlummnted W Wite axqias achdro théV
(final concentration) of a mtochondrial indicator T668 for 15 mnutes at
37C, washedul tbififevalared dfimieditateefl ycsubjagtitceabfi A6 EBAG BN s@st One si ngl e
cell popul ation was mainly observed as a cell population based on the

f | uor escentinitensidivt yro GV 5 s latdrasdeatd intrensid shiwgs famplraasrnt Thessensi ty
area in which the cardi onyocyte was predicted to be detected based on the
anal ysi s ofresuiftsl demenstisdifp|tdat dhe mandicaycqihee heshemt singe, the
definite cell popul ation could not be found (Fig. 10-1). However, since

t here wer e Pdobeal Icomfemdy ofpomid@qahendriayibythdlE thitdite L ¥9hedt escent
intensity than the., main cell population, these cells were collected as a
hi gh fl uot&asmembaane, fahentisd qfofHdechoddidia Sommar et turtdte Ap-

i mmunostained with an antibody against a cardi omyocyte marker, Actinin.
Appr oxi mat A SHEFY YA -95% of cel|'s col | ected using T668 were

[0135] EXAMPLE 10: Staining of fetal rat cells derived

from a whole heart with a mitochondrial indicator Té668 and

purification of a cardiomyocyte

Fetal rat heart of 13th day post conception was treated
with collagenase and trypsin to collect a cell population.
Cells dispersed in the culture medium were exposed to 1 uM
(final concentration) of a mitochondrial indicator T668 for 15
minutes at 37°C, washed 3 times, and immediately subjected to
FACS analysis. The cells were separated into 3 grcups of cell
population based on T668 fluorescent intensity (Fig. 9-1). 1In
this example, the high fluorescent cell population exhibiting
the highest fluorescent intensity and the middle fluorescent
cell population were sorted and cultured.

{01361 Then, the cardiomyocyte was identified by
immunostaining of the cultured cell using anti-Actinin
antibody. In consequence, almost all cells of the cell
population with the highest intensity of T668 fluorescent
signal consist of the cardiomyocyte and almost all cells of
the cell population with the middle fluorescent intensity

consist of the non-cardiomyocyte (Fig. 9-2).



found to be a cardionyocyte (Fig. 10-2). Since the cardionmyocyte is
extrenely immture in the fetus of 9th day post conception (early enbryo),
it is considered in the art that quantitative alteration of the

m tochondria has not conpletely occurred. This result denonstrates that,
even in such an early stage, it is possidde-to effectively select the

cardi onyocyte using a mtochondrial transnenbrane potential as 57 - an

i ndi cator. 1p@339] EXAMEkEMRRE Phai BikBEnehgr 8 wabhe detkiedefn@maatnwhol e
heart obtained at 11th day post conception to 8 daysS after birth using a

m t ochondr maktochdndatial 1663 candrisATS 68araldy $175 1Ratanide pir iddicatiedh aif Klt h
day post conception to 8 days after birth was treated wth col | agenase and
trypsi n tocacdibmgbcgteel | population. Cells dispersed in the culture
medi um were exposed to 1 M (final concentration) of a mtochondri al

i ndi cator T668 fBeta% matuprés94h SaAE peathednBepitioy, wasd tinepddidamdlth

anal yzed by FACS. |In consequence, the cell popul ation was isolated by T668

f | uor escentolpngasipsy. angd §FYPISAdr éoc €l legitdicehlo Pppailgddwnat | 681dghi biti ng
the highest fluorescent intensity increased in nunber and cell popul ations
wer e cl ear B}spepaedt &8 thenceddnret Redizg weee gavelsesmim 1stdhd fdnadr essed
(Fig. 11). Therefore, it is shown that it is pqQssible to presune the

mat urity oFOPHEntEQF&PBhyBEyPemﬂ$°F ndfifdd 1pAdeaded he eBnhd 9Fr dent

speci ficati on. L0140] EXAMPLE 13: Staining of a_gggu[ation consi sting, of
minutes at’ 37°C, washed 3 times, and i diately subjected to

FACS analysis. One single cell population was mainly observed
as a cell population based on the fluorescent intensity. On
the other hand, in the high fluorescent intensity area in
which the cardiomyocyte was predicted to be detected based on
the analysis of a whole heart sample from the later
development stage, a definite cell population could not be
found (Fig. 10-1). However, since there were a small number
of cells exhibiting a higher fluorescent intensity than the
main cell population, these cells were collected as a high
fluorescent cell population.

[0138] The cells were cultured and immunostained with an
antibody against a cardiomyocyte marker, Actinin.
Approximately more than 95% of cells collected using T668 were
found to be a cardiomyccyte (Fig. 10-2). Since the
cardicomyocyte is extremely immature in the fetus of 9th day
post conception (early embryo}, it is considered in the art
that quantitative alteration of the mitochondria has not
completely occurred. This result demonstrates that, even in
such an early stage, it is possible to effectively select the

cardiomyocyte using a mitochondrial transmembrane potential as



multiple types of cells with a mtochondrial indicator T668 and
purification of the cardiomyocyte ES cells were differentiated into a cel
popul ati on contai ning the cardi onyocyte using the sane nethod as that of
Exanple 2. This cell mass conposed of nmultiple types of cells was treated
wi th collagenase and trypsin to obtain diszrete cells. Cells dispersed in
the culture nmedium were exposed to 1 M (final concentration) of a

m t ochondr iagl jinedicedigy., T668, 58 for 15 m nutes at 37C, washed 3 tines,
and inmmedi ately analyzed by FACS. One single cell population was mainly
observed agoaseal | popeEXaMreE hasedtaintihg folfudiadseills iduranasid rdah 4 he
other hand, in the high fTuorescent intensity area In which the

car di onmyocwhe lwahcaradiotted Hed et ldetteciand gesstedcancdpteianaly 8 dafs a whol e
heart sanple from the later devel opnent stage, a definite cell popul ation
could not af¢efrodric thFiupinip)a mHdwehamdrsialc dndiarat ose ' 68 sarad IFAGRInber of
cells exhibiting a higher fluorescent intensity than the nmain cel

popul ati onanadasdscel |s were collected as a high fluorescent cel

popul ation. [0141] The cells were cultured on a |arge scale and

i mmunost ai ned wi FRtaReadt phdpiagd mdt 1d thaddivompsdy conaaiddon tactd fays
More than 98% of cells collected were found to be a cardi onyocyte. On the
ot her hand2fitRE Rditrcdias garatad o thhveeldiagenans etk d-BmRe idui % r ed,

foll owed by i nost ai ning w.th .an antibody agai nst a_cardi omyqocyte marker,
nctinim Rerdertom oy ettt bells’ alieeteenr 15 he. ChYtim o0yt o

medium were exposed to 1 uM (final concentration)} of a

mitochondrial indicator T668 for 15 minutes at 37°C, washed

3 times, and immediately analyzed by FACS. In consegquence,

the cell population was isolated by T668 fluorescent intensity.
High fluorescent cardiomyocyte population exhibiting the
highest fluorescent intensity increased in number and cell
populations were clearly separated from each other as the
development stage progressed {(Fig. 11). Therefore, it is

shown that it is possible to presume the maturity of the
cardiomyocyte by the method provided by the present
specification.

[0140] EXAMPLE 13: Staining of a population consisting of

multiple types of cells with a mitochondrial indicator T668

and purification of the cardiocmyocyte

ES cells were differentiated into a cell population
containing the cardiomyocyte using the same method as that of
Example 2. This cell mass composed of multiple types of cells
was treated with collagenase and trypsin to obtain discrete
cells. Cells dispersed in the culture medium were exposed to

1 uM (final concentration) of a mitochondrial indicator, T668,



[0142] EXAVPLE 14: Staining of neonatal rat cells derived froma whole
heart with mtochondrial indicator 57563 and purification of the

cardi onyocyte Neonatal rat heart was treated with col |l agenase and trypsin
to collect a cell population. Cells dispersed in the culture medium were
exposed to 1 M (final concentration) of-asgmtochondrial indicator 57563 for
15 mnutes at 37C, washed 3 tines, and i medi ately anal yzed by FACS. In
consequenc t:-hhe | | ar lsnt0 ou of; |l ation 59
based on STEE3 P BAPGEESEY i ogel FohPg Pnfamaea and g asateld (00 00,
cel I popul ahlaQfze¥hity tFaee .t henbi ghagle Ebuer gspanhtiBheRsist awagysorted and
cultured. [0143] Then, the cardionyocyte was 1dentified by inmunostaining
of the cul obsedved lasusi rR@lantgopAdidtiion badddedy . tHe fAasegEine, al nost
all cells of the cell population with the highest intensity of S7563

fl uor escentintengidly .coani sheobthbe bandi odpocihitehdntl &loostselkhtcel | s of

the cell population with the m ddle fluorescent population consist of a
non- car di ofipdentsd.tyl HPESTRNAWhARRL |1O&BIdArRY dnybed]jt eAcey direglitatddhetprssent
invention, it is possible to select a cardionyocyte froma

car di onyocedectedabgiseg o@l [theriagnalivsia tdfoR wierdet iheagtt eyamplon fform

cardi onyocyte. Further, according to the present invention, it is also
possi bl e t dhéndpgert e vedoPmemfo &iaden tohide fimd tearcdildmpsiitlat iagnteawlidhg
cell mxture without genetic alteration of the cardionyocyte and to produce
t he CardiOHQGCF?efWPP%Odgjébné@ﬂc However, since there were a small

number of cells exhibiting a higher fluorescent intensity than
the main cell population, these cells were collected as a high
fluorescent cell population.

[0141] The cells were cultured on a large scale and
immunostained with an antibody against a cardiomyocyte marker,
Actinin, More than 98% of cells collected were found to be a
cardiomyocyte. On the other hand, the main cell population
was also collected and cultured, followed by immunostaining
with an antibody against a cardiomyocyte marker, Actinin.
Almost all of the cells collected consist of a non-
cardiomyocyte.

[0142] EXAMPLE 14: Staining of neonatal rat cells derived

from a whole heart with mitochondrial indicator 87563 and

purification of the cardiomyocyte

Neonatal rat heart was treated with collagenase and
trypsin to collect a cell population. Cells dispersed in the
culture medium were exposed to 1 uM (final concentration) of a
mitochondrial indicator S$7563 for 15 minutes at 37°C, washed
3 times, and immediately analyzed by FACS. In conseguence,

the cells were separated into 3 groups of cell population



alteration of the cardi onyocyte. Mireover, it is also possible to evaluate
t he percentage of the cardionyocyte in the cardi omyocyte-containing cel

m xture prepared by a variety of methods. [0145] According to these

enbodi ments, it is possible to enhance the percentage of the cardi onyocyte
in the cardionyocyte-containing cell mxtare and to reduce the various
possi bl e side effects against the recipient cardiac tissue (heart) due to

the existepcedf o ROBEAAIBAOES URULIIANSPIANtRL0RxaRB1e , CithleM [ 1]
A met hod of selecting a cardiomyocyte froma cardi omyocyt e-containi ng cel

mxture W thom faAldscerd tal igputfating @ofivieaRy tthomidedasi s of a

relative content of cellular mtochondria and/or a relative mtochondria)

t ransmenbr an@cpeisdntalinderdiccalds Jodjtethan®etdindufedd ai m 1, wherein the
cardi onyocyte is selected fromthe cardi omyocyte-containing cell mxture

wi t hout geretl4a Jal t er atthem ,ofthieh e acdidimyorgytyt erasn iidea tiddiesl tof a rel ati ve
content of cellular mtochondria. [3] The nethod of Claim1l, wherein the
car di onyocyimgwuine s tadindarge d ff ridre tdve torredl eidc yss-rgp et Ak igeld mi xt ure

wi t hout genetic alteration of the cardionyocyte on the basis of a relative
m t ochondr iaalt itogiysre kbr graspauenceal admoshealdecellpapfTitbeneseldd of daim

1, wherein the cardionyocyte is selected fromthe cardi onyocyte-containing
cell m xtuP®pulation with the highest intensity of 57563 fluorescent

signal consist of the cardiomyocyte and almost all cells of
the cell population with the middle fluorescent population
consist of a non-cardiomyocyte.

INDUSTRIAL APPLICABILITY

[0144] According to the present invention, it is possible
to select a cardiomyocyte from a cardiomyocyte-containing cell
mixture without genetic alteration of a cardiomyocyte.
Further, according tc the present invention, it is also
possible to enrich the cardiomyocyte within the cardiomyccyte-
containing cell mixture without genetic alteration of the
cardicemyocyte and to produce the cardiomyccyte without genetic
alteration of the cardiomyocyte. Moreover, it is also
possible to evaluate the percentage of the cardiomyocyte in
the cardiomycocyte-containing cell mixture prepared by a
variety of methods.

[0145] According to these embodiments, it is possible to
enhance the percentage of the cardiomyocyte in the
cardiomyocyte-containing cell mixture and to reduce the
various possible side effects against the recipient cardiac
tissue (heart} due to the existence of a non-cardiomyocyte

upon transplantation.



w t hout genetic alteration of the cardionyocyte on the basis of both a
relative content of cellular mtochondria and transnenbrane potential. [5]
The net hod of any one of Clainms 1-4, wherein said method conprises a step
of labeling the cardionyocyte- containing cell mxture with a m tochondri a)

i ndicator and a step of neasuring a retatdve content of cellular

m tochondria and/or a relative mtochondrial transnenbrane potential of the
cell. [6] The nethod of any one of C aiopaimM$, wherein said

cardi onyocyte-containing cell mxture is a cell mxture 61 derived froma
whol e heart[1dr aAcaldthudiaff esedeydtiedy fa cramlicaetdeytayifypmara ability to
differentiate to the cardionyocyte. [7] The nethod of Claim®6, wherein the
cel | havi ngaadiaatyiddte taordidfraimentdedltle ntiok e i e ydenesisel ect ed from

the group consisting of a stemcell, a progenitor cell and an egg cell. [8]
The net hod adfteaatiome off Weaigardiomyogieian ddiel bamtshoef farrekat omapri ses
a step of culturing the |abeled cell in the absence of the m tochondri al

i ndi cat or, camtent pf GeddulHr HHAGHRNAHA EYd YmdEaEEHH ai ni ng cel

m xture mnth the mtochondrial indicator, before the step of nmeasuring a

relative cOHtQRNBAEAY NTan SRR IR oL SArid/ak QFr%ﬂ%HQ%%; ni t ochondri al

5.5, wher eltlsar d AAANGRAT c?fe LRty TR Rotiy TRAAPRESY Rt

consi sti ng fec'%‘:lgg%r 7t:?1e car J.o[r)n3yoo8dyt%37c8dnt%412n61ngD603e 1 I?nGiB:?t rDt=:22421
without genetic alteration of the cardiomyocyte on the basis
of a relative content of cellular mitochondria.
[31] The method of Claim 1, wherein the cardiomyocyte is
selected from the cardiomyocyte-containing cell mixture
without genetic alteration of the cardiomyocyte on the basis
of a relative mitochondrial transmembrane potential of the
cell.
[4] The method of Claim 1, wherein the cardiomyocyte is
selected from the cardiomyocyte-containing cell mixture
without genetic alteration of the cardiomyocyte on the basis
of both a relative content of cellular mitochondria and
transmembrane potential.
[5] The method of any one of Claims 1-4, wherein said
method comprises a step of labeling the cardiomyocyte-
containing cell mixture with a mitochondrial indicator and a
step of measuring a relative content of cellular mitochondria
and/or a relative mitochondrial transmembrane potential of the
cell.

[6] The method of any one of Claims 1-5, wherein said

cardiomyocyte-containing cell mixture is a cell mixture



D23806, L6868, Mr502, Mr510, Mr511, Mr512, Mr513, Mr514, M22422, M22423,
M22425, M22426, R302, R634, R648, R14060, R22420, T639, T668, T669 and
T3168. [10] The method of Caim9, wherein said mtochondrial indicator is
Mr512, T3168, T668 or R302. [11] A nethod of enriching a cardi omyocyte from
a cardiomyocyte-containing cell m xtur-e am thout genetic alteration of the
cardi onyocyte, conprising the followwing steps: (1) a step of |abeling the
car di onyocykeigeat #rbnng “ablle Hedhrdr @rwal Bed 1Mt @¢hoRdHiedi viediftGho and
(2) a step of selecting the cardi onyocyte on the basis 62 of a relative
content of cezhl Hheting tachbidity aeddiffareneliatieveonithec eadictlyocyte.
transnenbrane potential of the cell. [12] The nethod of Caim1l, wherein
sai d cardi dmyocyt e- Thenmeitiiody ofeldl aiinx téyr evhiexred nc elHe medtlunmvderg \vead from a
whol e heart or a cell mxture derived froma cell having an ability to

di fferentiabélidyt he dafdfeaenpddpte. tpl3d] cirdipnyboytef 18 siehet2 edmfaom n
said cell having an ability to differentiate to a cardi onyocyte is sel ected
from the §heuprevpRsiconsigtangaost anstem cedlpr agemiooenidelrl ceddd amd aggg
cell. [14] The nethod of any one of Cains 11-13, wherein said nethod
further coffPi Sédla step of culturing the Iabeled ceII in the absence of
the m tochondri al |nd|cator after the step .. and before the step of

(2. 1157 TRL ot nodTist Metioge tofarel aries OB LAt G dhn WRRFn ‘said

method further comprises a step of culturing the labeled cell
in the absence of the mitcochondrial indicator, after the step
of labeling the cardiomyocyte-containing cell mixture with the
mitochondrial indicator, before the step of measuring a
relative content of cellular mitochondria and/or a relative
mitochondrial transmembrane potential of the cell.
[9] The method of any one of Claims 5-8, wherein said
mitochondrial indicator is selected from the group consisting
of Al372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868, M7502, M7510, M7511, M7512, M7513, M7514,
M22422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168.
[10] The method of Claim 9, wherein said mitochondrial
indicator is M7512, T3168, T668 or R302.
[11] A method of enriching a cardiomyocyte from a
cardiomyocyte-containing cell mixture without genetic
alteration of the cardiomyocyte, comprising the following
steps:

(1) a step of labeling the cardiomyocyte-containing cell
mixture with a mitochondrial indicator; and

(2) a step of selecting the cardiomyocyte on the basis



m tochondrial indicator is selected fromthe group consisting of Al1372,
D273, D288, D308, D378, D426, D632, D633, D22421, D23806, L6868, Mr502,
M7510, M7511, WM7512, M7513, M7514, M22422, M2423, M2425, M22426, R302,
R634, R648, R14060, R22420, T639, T668, T669 and T3168. [16] The net hod of
Claim15, wherein said mtochondrial indézator is M/512, T3168, T668 or
R302. [17] A nethod of producing a cardi omyocyte wi thout genetic alteration
of a cardi ¢BCHAataVDIdctitihtt i f Q1109 nhittRSondda arfd APr f o
differentiating and inducing the cardionyocyte froma cell having an ability
to differendiaitdve tilth-nardh iy adrsremtt 8120 Hertail £l W ogyd LNt ai ni ng
cell mxture; 63 (2) a step of |abeling the cardi onyocyte-containing cel

m xture w tfh2d m t oconduetthod nolf celaim BINd WBreist epi df caed behyogytde

cardi onyocyte on the basis of a relative content of cellular mtochondria
and/ or a rcendEiivdng tceddomdixtalre risn Srerddrlame potmentdeat ivedd timonr el Iwhoel 8]
The nmethod of Claim 17, wherein said cell having an ability to

di ff erent i &e@nto othé@ cw@ldi onypdoynee deyiswgde dinsuh fa orall My mr asikiting of

a stemcell, a progenitor cell, and an egg cell. [19] The nethod of C aim
17 or 18, Weeddifferend iddiend® the e dicomynawes a step of culturing the
| abel ed cell in the absence of the mtochondrial indicator, after the step

of (2), béfldle t he Thepaihqd)of [GAimHe nethiiett wd vl brhayrgsan 7- 19,

wherein said, . i . . .
ability to differentiate to a cardiomyocyte is selected from

the group consisting of a stem cell, a progenitor cell, and an
egyg cell.
[14] The method of any one of Claims 11-13, wherein said
method further comprises a step of culturing the labeled cell
in the absence of the mitochondrial indicator, after the step
of (1), and before the step of (2).
{151 The method of any one of Claims 11-14, wherein said
mitochondrial indicator is selected from the group consisting
of Al1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868, M7502, M7510, M7511, M7512, M7513, M7514,
M22422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168.
[16] The method of Claim 15, wherein said mitcchondrial
indicator is M7512, T3168, T668 or R302,.
[17] A method of producing a cardiomyocyte without genetic
alteration of a cardiomyocyte, comprising the following steps:
(1) a step of differentiating and inducing the
cardiomyocyte from a cell having an ability to differentiate
to the cardiomyccyte to prepare a cardiomyocyte-containing

cell mixture:



m tochondrial indicator is selected fromthe group consisting of Al1372,
D273, D288, D308, D378, D426, D632, D633, D22421, D23806, L6868, M/502,
M7510, M7511, WM7512, M7513, M7514, M22422, M2423, M2425, M22426, R302,
R634, R648, R14060, R22420, T639, T668, T669 and T3168. [21] The net hod of
Claim 20, wherein said mtochondrial iwndésator is M/512, T3168, T668 or
R302. [22] A nethod of evaluating ratio of a cardionyocyte in a

cardi onyocyt e- COQQQ'nh“Qtéﬁ'bf”l&bé&@ngCQHErbékaﬂoh 8cykel kewtldnihePee10l)
a step of |abeling the cardi omyocyte-containing cel m xture with a

m t ochondr mak tiud@d GAlter ;a adiddchorAirSialp ofdireasay i nghd ati o of the

cardi onyocyte to a non-cardionyocyte on the basis of a relative content of
64 cellular mtd8hondrstepndfosedectiagi thencapdhongpcgite bnanbheebhsdse
potential of the cell. [23] The nethod of C aim 22, wherein said

car di onyocyifea ceidiiviengardidntmod wed livslar eulfoghiottdria durdAad g rom a
whole heart or a cell mxture derived froma cell having an ability to

di f f er ent | Fedatdvieh@idochiond@lt drqefernrantetiaderdfiad aintde otk ei n
said cell having an_ability to differentiate to the cardionyocyte is

sel ected fld®l the ghruprading f Hgldim ol 5t srhersin said thavieg |an gnd
an egg cell. _[.25] The nethod of any one of Clains 22-24, wherein said

m t ochondr BRA LR && Sliferentdatey v d:rhec W@’@Wﬁ’% g5 rplestted Fxom

D273, D288 DB%%OU%BL%HJ%g%lng %za.s em é%%%f d progenitor cell, and an

egg cell.
f19] The method of Claim 17 or 18, wherein said method
further comprises a step of culturing the labeled cell in the
absence of the mitochondrial indicator, after the step of (2),
before the step of (3).
[20] The method of any one of Claims 17-19, wherein said
mitochondrial indicator is selected from the group consisting
of Al1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868, M7502, M7510, M7511, M7512, M7513, M7514,
M22422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168.
[211] The method of Claim 20, wherein said mitochondrial
indicator is M7512, T3168, T668 or R302.
[22] A method of evaluating ratio of a cardiomyocyte in a
cardiomyocyte-containing cell mixture, comprising thé
following steps:

(1) a step of labeling the cardiomyocyte-containing cell
mixture with a mitochondrial indicator; and

(2) a step of measuring ratio of the cardiomyocyte to a

non-cardiomyocyte on the basis of a relative content of



D23806, L6868, M/502, M7510, Mr511, Mr512, M7513, M/514, M22422, M22423,
M22425, M2426, R302, R634, R648, R14060, R22420, T639, T668, T669 and
T3168. [26] The method of C aim 25, wherein said mtochondrial indicator is
Mr512, T3168, T668 or R302.
- 64 -
cellular mitochondria and/or a relative mitochondrial
transmembrane potential of the cell.
[23] The method of Claim 22, wherein said cardiomyocyte-
containing cell mixture is a cell mixture derived from a whole
heart or a cell mixture derived from a cell having an ability
to differentiate to the cardiomyocyte.
i24] The method of Claim 23, wherein said cell having an
ability to differentiate to the cardiomyocyte is selected from
the group consisting of a stem cell, a progenitor cell, and an
egg cell.
[25] The method of any one of Claims 22-24, wherein said
mitochondrial indicator is selected from the group consisting
of Al1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868, M7502, M7510, M7511, M7512, M7513, M7514,
M22422, M22423, M22425, M22426, R302, R634, R648, R14060,
R22420, T639, T668, T669 and T3168.

[26] The method of Claim 25, wherein said mitochondrial

indicator is M7512, T3168, T668 or R302.





