
- 1 - SPECIFICATION A METHOD OF SELECTING A CARDIOMYOCYTE USING
INTRACELLULAR MITOCHONDRIA AS AN INDICATOR  TECHNICAL FIELD [0001] The
present invention relates to a method of  selecting a cardiomyocyte from a
cell population derived from  a whole heart or stem cell population and a
method 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 to be a most
promising method of providing relief for patients in need of  cardiac
transplantation. [0003] Various 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 to 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 cardiomyocyte are always
developed from the stem cell as a by-product during the  



differentiation/induction procedure and that an 2  undifferentiated 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 treatment method.  Therefore,
it is necessary to select a cardiomyocyte from the  differentiated/induced
cell population in order to  successfully achieve cardiac transplantation in
a human.  [0004] To date, an effective method of purifying a  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 3  mitochondrial transmembrane potential
of other types of cells,  of focusing on the mitochondrial transmembrane
potential, and  of selecting the cardiomyocyte using mitochondrial
transmembrane potential as an indicator of the cardiomyocyte. [non-patent
document 1] FASEB J., 2000, 14: 2540-2548  [non-patent document 2] Am. J.
Physiol., 1985,  248:R415-421  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 4  step of measuring a
relative content of cellular mitochondria  and/or mitochondrial
transmembrane potential. [0008] Specifically, 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
and/or a relative  mitochondrial transmembrane potential of the cell. [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. - 5  [0011] In the
context of the invention, 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 a cardiomyocyte.  [0012] 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. [0013] In this embodiment, after the step of labeling a
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: A1372,
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. [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 6  mixture with a
mitochondrial indicator; and (2) a step of selecting the cardiomyocyte on
the basis  of a relative content of cellular mitochondria and/or a  relative
mitochondrial transmembrane potential of the cell.  [0016] In the context of
the second embodiment of the  present invention, 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. [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: A1372,
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: 7  (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 the
cardiomyocyte-containing cell  mixture with a mitochondrial indicator; and
(3) a step of selecting the cardiomyocyte on the basis  of a relative
content of cellular mitochondria and/or a  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 egg 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: A1372, 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 8 - comprises the
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  cellular mitochondria and/or a relative mitochondrial  transmembrane
potential of the cell. [0025] In the context of the 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: A1372, 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. [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
9  content of cellular mitochondria and/or a relative  mitochondrial
transmembrane potential of the cell. [0029] It is possible to measure a
relative content of  cellular mitochondria and/or a relative mitochondrial
transmembrane potential of the cell by labeling a  cardiomyocyte-containing
cell mixture with a mitochondrial  indicator. [0030] The term
"cardiomyocyte-containing cell mixture"  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 10  condition of
inducing cell differentiation from the cell  having an ability to
differentiate to the cardiomyocyte to the  cardiomyocyte. [0031] The content
of cellular mitochondria and  mitochondrial transmembrane potential can be
quantified by  labeling an intracellular mitochondria with a mitochondrial
indicator. However, the absolute value of mitochondrial  indicator-derived
signal which reflects the content of  mitochondria and mitochondrial
transmembrane potential varies  depending on the maturity of the
cardiomyocyte to be analyzed  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 cardiomyocyte  and that of a non-cardiomyocyte. In the'
present invention, it  is possible to select a cell exhibiting relatively
higher  



fluorescence intensity as a cardiomyocyte. First, based on a  preliminary
experiment using a specimen of a cardiomyocyte- 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 - 11  mitochondrial transmembrane potential used as
indicators, an  amount of the mitochondrial indicator-derived signal of a
cell  to be selected is classified into several groups. A cell  exhibiting
relatively higher content of intracellular  mitochondria and a cell
exhibiting relatively higher  mitochondrial transmembrane potential should
be collected  based on the values of the content of mitochondria and/or the
extent of the mitochondrial transmembrane potential used as  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 mitochondria, 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 12  emission by
the action of mitochondrial structural material;  or (4) a material which
loses an ability to diffuse outside  the mitochondria by the action of
mitochondria structural  material. [0033] In the present invention, it is
possible to use a  mitochondrial indicator such as, but not being limited
to,  A1372, 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, 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 A1372  Molecular Formula: C26H38BrN3
Molecular Weight: 472.51 CAS Number: 75168-11-5 Name: Acridinium,
3,6-bis(dimethylamino)-10- nonyl-, bromide (CH3)2N N(CH32  Br (CH2)8CH3 13 -
[0035] [Chem 2] Structure for D273  Molecular C29H37IN202 Formula:
Molecular 572.53  Weight: CAS 53213-82-4  Number: Name: Benzoxazolium,
3-hexyl-2-(3-(3-hexyl-2(3H)- benzoxazolylidene)-1-propenyl)-, iodide 0 0 i-
CH-CH-CH ) / s  + N (CH2)5 ?CH2  CH3 CH3  [0036] [Chem 3] Structure for D288
Molecular C16H19IN2  



Formula: Molecular 366.24  Weight: CAS Number: 959-81-9 Name: Pyridinium,
4-(2-(4- (dimethylamino)phenyl)ethenyl)-1-methyl, iodide  CH3N ~~~ CH =CH
r-1 N(CH3)2 14 - [0037] [Chem 4] Structure for D308  Molecular C16H19IN2
Formula: Molecular 366.24  Weight: CAS Number: 2156-29-8 Name: Pyridinium,
2-(2-(4- (dimethylamino)phenyl)ethenyl)-1-methyl, iodide  /- \ CH-CH N(CH3}2
N CH3  [0038] [Chem 5] Structure for D378 Molecular Formula:C31H41N202I
Molecular Weight: 600.58  CAS Number: N/A  Name: N/A  i -0  



N N N  (IH2)6 (CHI)6  CH3 CH3 15 - [0039] [Chem 6] Structure for D426
Molecular C17H21IN2  Formula: Molecular 380.27  Weight: CAS Number:
3785-01-1 Name: pyridinium, 2-(2-(4- dimethylamino)phenyl)ethenyl)-1-ethyl,
iodide  I_ \ CH=CH /-\ N(CH3)2 N#  CH2CH3  [0040] [Chem 7] Structure for
D632 Molecular Formula:C21H18N203  Molecular Weight: 346.38 CAS Number:
109244-58-8 Name: Benzoic acid, 2-(3,6-diamino-9H-xanthene-9- yl)-, methyl
ester H2N / 0 NH2 I E  H C-CCH3  



0 16 - [0041] [Chem 8] Structure for D633  Molecular Formula:C28H32N203
Molecular Weight: 444.57  CAS Number: N/A  Name: N/A CCH NH O ti NHCHCHH32
23  H3C GH3  II -OCH2CH3 [ O  [0042] [Chem 9] Structure for D22421
Molecular Formula:C27H21IN202  Molecular Weight: 532.38 CAS Number: N/A
Name: N/A  O O  />-CH=GH-CH I  N+ N  GH3 GH3 17 - [0043] [Chem 10] Structure
for D23806  INGREDIENT A: dihydrorhodamine 123  Molecular Formula:
C21H18N203  Molecular Weight: 346.38 



CAS Number: 109244-58-8 Name: Benzoic acid, 2-(3,6-diamino-9H-xanthene-
9-yl)-, methyl ester H2N / 0 , NH2  1 H ~k-0CH3  0 [0044] [Chem 11]
Structure for L6868 Molecular Formula: C28H22N406  Molecular Weight: 510.50
CAS Number: 22103-92-0 Name: 9,9'-Biacridinium, 10,10'-dimethyl- CH3 2 N03
CH3 18 - [0045] [Chem 12] Structure for M7502  Molecular Formula:
C34H30C13N30  Molecular Weight: 602.99 CAS Number: N/A  Name: N/A  CH3 I H2
M1i 0  



Ct I iJ-CH=CH-CH \ f~ + N  CH2 CH3  CI CH3  [0046] [Chem 13]  Structure for
M7510 Molecular Formula:C24H24C12N20  Molecular Weight: 427.37 CAS Number:
N/A  Name: N/A  (CH3)2N 0 N(CH3)2 C1 ~, I I  CH 2 CI 19 - [0047] [Chem 14]
Structure for M7511  Molecular Formula:C24H25C1N20  Molecular Weight: 392.93
CAS Number: N/A  Name: N/A  (CH3)2N 0 \(CH3)2  H CH2Cs  [0048] [Chem 15]
Structure for M7512  Molecular C32H32C12N20  Formula: 



Molecular 531.52  Weight: CAS Number: 167095-09-2 Name: 1H,
5H,11H,15H-Xantheno[2,3,4-ij:5,6,7- i'j']diquinolizin-18-ium, 9-[4-
(chloromethyl)phenyl]-2,3,6,7,12, 13,16,17- octahydro-, chloride N 0 + C1
CF12C1 20 - [0049] [Chem 16] Structure for M7513  Molecular C32H33C1N20
Formula: Molecular 497.08  Weight: CAS 167095-08-1  Number: Name:
1H,5H,9H,11H,15H-Xantheno[2,3,4-ij:5,6, 7- i'j']diquinolizine,
9-[4-(chloromethyl)phenyl]- 2,3,6,7,12, 13,16,17-octahydro N 0 N  CH2Cs 21 -
[0050] [Chem 17] Structure for M7514  Molecular Formula:C34H25C15N3O
Molecular Weight: 671.88 CAS Number: 201860-17-5 



Name: Benzoxazolium, 2-[3-[5,6-dichloro-1,3-bis[[4-
(chloromethyl)phenyl]methyl]-1,3- dihydro-2H- benzimidazol-2-ylidene]-1-
propenyl]-3-methyl-,  chloride CHCI  CI 1 CH /CH=CH-CHO  N~ N  CI CH CI CH3
CH2CI [0051] [Chem 18] Structure for M22422  Molecular Formula:C35H33C1F6N2O
Molecular Weight: 647.10 CAS Number: N/A  Name: N/A  CH CH H3C N 3 p 1 + CH3
CI  H C CH CH3 CH3  F 3 C CF3 22 - [0052] [Chem 19] Structure for M22423
Molecular C26H26C1N305  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']diquinolizin-18-ium, 9-cyano- 2,3,6,7,12,13,16,17-octahydro-,
perchlorate N C} i N CI04  CN [0053] [Chem 20] Structure for M22425
Molecular Formula: C39H36C15N3  Molecular Weight: 724.00 CAS Number: N/A
Name: N/A  CH2CI  IH2 N C CH3  GI f N (CH=GH)-GH I  11 CI N + N  Ghi2 Chia
/ CI CH2CI 23 - [0054] [Chem 21] Structure for M22426  Molecular Formula:
C34H36C12N2  Molecular Weight: 543.58 CAS Number: N/A  



Name: N/A  H3C CH3 H 3 C CH3 / (CH=CH),,-CSI CH3 CH2  CI CH2CI  [0055] [Chem
22] Structure for R302 Molecular C21H17C1N203  Formula: Molecular 380.83
Weight: CAS Number: 62669-70-9 Name: Xanthylium, 3,6-diamino-9-(2-
(methoxycarbonyl) phenyl, chloride  H 2 N 0 NH2 CI C  11 -0CH3  0 24 -
[0056] [Chem 23] Structure for R634 Molecular C25H31C1N2O3  Formula:
Molecular 479.02  Weight: CAS Number: 989-38-8 Name: Xanthylium,
9-(2-(ethoxycarbonyl)phenyl)-3,6- 



bis(ethylamino)-2,7-dimethyl, chloride  CH3CH2NH ! O NHCH2CH3 CI I  H3C CH3
C -00H 2CH3  11 [0057] [Chem 24] Structure for R648  Molecular
Formula:C34H43C1N2O7  Molecular Weight: 627.18  CAS Number: N/A Name: N/A
(CH3CH2)2N f O N(CH2C143}2 CIO4  1C-O(CH2)5CH3 11  0 25 - [0058] [Chem 25]
Structure for R14060  Molecular Formula:C23H19F5N20  Molecular Weight:
434.41 CAS Number: N/A  Name: N/A  (CH3)2N 0 N(CH32 F H F  F F  F 



[0059] [Chem 26] Structure for R22420  Molecular C21H17C1N2O3  Formula:
Molecular 380.83  Weight: CAS Number: 62669-70-9 Name: Xanthylium,
3,6-diamino-9-(2- (methoxycarbonyl) phenyl, chloride  H2N 0 NH2 Ct C-0CH3
it 26 - [0060] [Chem 27] Structure for T639  Molecular Formula:C23H23N2OC1
Molecular Weight: 378.90  CAS Number: 6837-70-3 Name: Xanthylium,
3,6-bis(dimethylamino)-9- phenyl, chloride (CH3)2N 0 N(CH3)2 CI  [0061]
[Chem 28] Structure for T668  Molecular C25H25C1N2O7  Formula: Molecular
500.93  Weight: CAS 115532-50-8  



Number: Name: Xanthylium, 3,6-bis(dimethylamino)-9-(2-
(methoxycarbonyl)phenyl)-, perchlorate  (Ch3)2N 0 N(CH3)2 CIO4 C-OCH3 27 -
[0062] [Chem 29] Structure for T669 Molecular C26H27C1N207  Formula:
Molecular 514.96  Weight: CAS Number: 115532-52-0 Name: Xanthylium, 3,
6-bis(dimethylamino)-9-[2- (ethoxycarbonyl)phenyl]-, perchlorate  (CH3)2\ 6
N(CH3)2 CIO4 C-OCH2CH3  [0063] [Chem 30] Structure for T3168  Molecular
C25H27C14IN4  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)-1-propenyl]-1,3-diethyl-, iodide, (E)- CH3 CH3 



CH CH  Cf K~C N C1  GH-CH-CH / CI N+ CI  CH2 CH2  CH3 CH3 28  [0064] In
addition, S7563, S7567 and S7585 (the product  numbers of the compounds: all
available from Molecular Probes)  can also be used as a mitochondrial
indicator. [0065] It is known in the art that each mitochondrial  indicator
has a specific excitation wavelength and generates  fluorescence emission of
a specific wavelength. For example,  M7514 generates fluorescence emission
of 516 nm emitted by  excitation wavelength of 490 nm, and T3168 generates
fluorescence emission of 590 nm emitted by excitation  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 fluorescence 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 29  cell containing
relatively high content of mitochondria and  relatively high transmembrane
potential. [0067] For example, when a cardiomyocyte-containing cell  mixture
is labeled with the above described fluorescence  luminescent mitochondrial
indicators, a cardiomyocyte (which  exhibits relatively intensive
fluorescence intensity due to  relatively high content of mitochondria and
mitochondria  demonstrating relatively high transmembrane potential) can be
discriminated from 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 sorting  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 30  after the cell is labeled with a mitochondrial indicator
followed by culturing of the labeled cell in the absence of  the
mitochondrial indicator. During culturing of the labeled  cell in the
absence of the mitochondrial indicator after it is  labeled with the
mitochondrial indicator, the content of the  mitochondrial indicator
existing in a single cell decreases as  the cell undergoes a cell division.
Therefore, as the  culturing period of the proliferative cell becomes
longer, the  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 cardiomyocyte 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; 31  (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  of a relative content of cellular mitochondria and/or a  relative
mitochondrial transmembrane potential of the cell.  [0070] 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 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 32  indicator. This step ensures the
enhanced level of a relative  intracellular fluorescence intensity of the
cardiomyocyte in  relation to the reduced level of fluorescence intensity of
other types of the cells and enables enrichment of the  cardiomyocyte more
unfailingly. [0072] As described above, the mitochondrial indicator  used in
this embodiment of the present invention may be  selected from the group
consisting of: A1372, 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. [0073] Further, in the
third embodiment of the present  invention, the present invention provides a
method of  producing 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 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 cardiomyocyte-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. 33  [0074] In the context
of this embodiment, cardiomyocyte- containing cell mixture may be a cell
mixture derived from a  whole heart or 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- cardiomyocyte, the "cell mixture
derived from a whole heart"  may cause a clinical risk of a serious side
effect against the  recipient 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 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: A1372, D273, D288, D308, D378, D426, D632, D633, D22421,
D23806, L6868, M7502, M7510, M7511, M7512, M7513, 34  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. [0077] It has been already developed in the art as
a  method of differentiating and inducing a cardiomyocyte that a
cardiomyocyte can be differentiated and induced from a  pluripotent stem
cell which is less differentiated and has 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  1 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 isolated  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, 35  Rotation culture, Soft agar culture, and Microcarrier culture.
[0079] For example, in the case of Floating culture of  embryoid body-like
aggregates, it was 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 suspending an  embryonic
stem cell in the culture medium at the concentration  of several hundreds of
cells/mL in which each ES cell is in  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 l of culture medium including  several hundreds
of cells inside the lid of the culture dish,  a step of placing the lid 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 36 -
cardiomyocyte from the cell mass. [0081] In the case of Co-culture with
feeder cells, 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 feeder layer
from a cell having mesenchymal cell- like characteristics, preferably, a
cell having marrow stromal  cell-like characteristics (such as ST2 cell, OP9
cell, PA6  cell) using a method such as high-density 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 following 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 37  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 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 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: A1372,  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 38  to the existence of a
non-cardiomyocyte when the mixture is  used for cardiac transplantation.
Thus, it is possible to  preliminarily evaluate the reliability of
cardiomyocyte  preparation to be used in the transplantation by
preliminarily  evaluating the percentage of a cardiomyocyte in the
cardiomyocyte preparation to be transplanted into a cardiac  tissue
according to this method. [0086] Some methods are known in the art as a
method of  purifying a cardiomyocyte, 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 into 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 so 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 39
possible to enrich the cardiomyocyte within the cardiomyocyte- containing
cell mixture without genetic alteration of the  cardiomyocyte and to produce
the cardiomyocyte without genetic  alteration of the cardiomyocyte.
Moreover, it is also  possible to evaluate the percentage of the
cardiomyocyte in  the cardiomyocyte-containing cell mixture prepared by a
variety of methods. [0088] 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. 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 40  when a cell mixture derived from a cell
having an ability to  differentiate to the cardiomyocyte derived from a
mouse  embryonic stem cell was labeled with a mitochondrial indicator,
M7512, in which the amount of fluorescence of each cell was  separately
detected. [Fig. 5] Fig. 5 shows a fluorescent image of a cell  mixture
derived from a whole heart (shown in Fig. 3), which  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,  T668, and a fluorescent image of each cell
population using an 41  antibody against a cardiomyocyte marker,
anti-Sarcomeric  a-Actinin Antibody. Fig. 8-1 shows that the cell population
derived from neonatal rat heart is separated into 3 groups of  the cell
population based on T668 fluorescent intensity. [Fig. 8-2] Fig. 8-2 shows
that 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-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 isolating the cells by the fluorescent
intensity. 42  [Fig. 10-2] Fig. 10-2 shows that more than about 95% of  T668
labeled cells are found to be a cardiomyocyte by an  immunostaining against
a cardiomyocyte marker, Actinin. [Fig. 11] Fig. 11 shows data of staining
and cell  population analysis of a rat cell derived from a whole heart  from
11th day post conception to 8 days after birth using a  mitochondrial
indicator, T668. 



[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 be  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 43  that, when using cell mixture derived
from a stem cell,  additional treatment for enhancing the degree of
differentiation /induction of the cardiomyocyte (such as an  addition of
all-trans retinoic acid) is conducted on the  differentiated/induced cell
mixture. [0093] (2) Labeling of a cell with a mitochondrial  



indicator: 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,
T668 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
population 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 44 - M7512, T3168, T668 or R302.
[0096] (4) Confirmation of the cardiomyocyte: A cell exhibiting relatively
higher fluorescence  intensity is sorted by the above described method and
is  subject to cell culture. Subsequently, the calculated content  



and the rate of content of the cardiomyocyte selected by the  present method
are compared with those selected by a method of  discriminating the
cardiomyocyte 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 following 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 45  in a cell
mixture derived from a whole heart. [0099] Neonatal rats 1-3 days after
birth were sacrificed  by cervical dislocation after ether anesthesia, after
which  the heart of each rats was isolated. Cardiac ventricle  



isolated from the heart was treated with 0.025% (w/v) of  collagenase
(available from Warthington Biomedical  Corporation) in serum free D-MEM
(High-glucose) medium  (available from Invitrogen). By digesting the cardiac
ventricle using collagenase, cells were dispersed in the  medium to prepare
a cell mixture derived from a whole heart.  [0100] 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 mitochondrial indicator, M7512  (available from Molecular Probe) for 10
minutes at 37C. After  incubation, the cells were washed 4 times using the
culture  medium and further cultured for 24 hours at 37C. [0101] Thus
labeled cells were observed using a  fluorescent 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 46  This example was conducted to confirm whether
the method  of the present invention can be used to detect a cardiomyocyte
in cell mixture derived from a stem cell. 



[0104] Undifferentiated mouse embryonic stem cell was  subjected to
hanging-drop culture (Bader A, et al.,  Differentiation, 2001 68: p.31-43)
to differentiate and induce  a cardiomyocyte. Specifically, the hanging-drop
culture was  known whereby the cardiomyocyte can be prepared by
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 l of  culture medium inside the lid of the culture
dish, wherein  said droplet includes several hundreds of cells, a step of
placing the lid 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  a-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 10-8  M of all trans-retinoic acid was added for further enhancing
the degree of differentiation /induction of the cardiomyocyte.  [0106] At
21st day from differentiation /induction, a  cell mass containing an
autonomously pulsating cardiomyocyte 47  was dispersed into separate cells
to form a cell mixture.  Thus prepared cell mixture was labeled with M7512
under the  



same condition as that of Example 1 and cultured under the  condition of the
adhesion culture for further 5 days after  removal of M7512. After further
culture for 5 days, a cell  mass containing an autonomously pulsating
cardiomyocyte  prepared under the culture condition was observed using a
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 autonomously pulsating  cardiomyocytes 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 48  a whole heart was subjected to analysis of distribution of
the  



cells of the cell mixture derived from a whole heart using  FACS (registered
trademark) (BD, Franklin Lakes, NJ USA). The  result is shown in Fig. 3.
[0110] In Fig. 3, "FSC-A" of the horizontal axis  demonstrates an indicator
of cell size. As depicted in Fig. 3,  it is possible to separate the cell
mixture derived from a  whole heart into two groups of cells, one of which
consists of  cells with 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. 49  



[0114] In Fig. 4, "FSC-A" of the horizontal axis  demonstrates an indicator
of cell size. As depicted in Fig. 4,  it is possible to separate the cell
mixture derived from a  mouse embryonic stem cell 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 other of  which consists of cells
with relatively lower fluorescent  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 a-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 a-Actinin Antibody  (available from SIGMA), which were
visualized 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 



50  in the middle panels, and the results from the cells collected  from P6
area in Example 3 are shown in the bottom panels.  [0118] The cardiomyocyte
recognized by anti-Sarcomeric  a-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 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 P6  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 a-MEM medium  (available
from SIGMA) supplemented with 10% (final  



concentration) of fetal bovine serum (available from EQUITECH 51  BIO) for
12 hours, which was followed by paraformaldehyde  fixation. [0122] Next, the
fixed cells were labeled with a  cardiomyocyte marker, mouse anti-Sarcomeric
a-Actinin Antibody  (available from SIGMA), which were visualized using
green  fluorescent material-conjugated goat anti-mouse antibody  (available
from Molecular Probes). The result is shown in  Fig. 6. In Fig. 6, the
results from the cell mixture derived  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  a-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  cardiomyocyte
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
cardiomyocyte.  [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 52  is possible to obtain
the similar data to that using M7512.  [0126] In this example, the cell
mixture derived from a  whole heart extracted from a neonatal rat heart,
which was  labeled with a mitochondrial indicator, was prepared by the  same
method as that described in Example 1, except that T3168  (available from
Molecular Probe) was used as a mitochondrial  indicator. [0127] Thus
prepared and labeled cell mixture derived  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 anti-Sarcomeric
a-Actinin Antibody  (available from SIGMA). The result is shown in Fig. 7.
[0128] The cardiomyocyte recognized by anti-Sarcomeric  a-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 53  T3168 as a mitochondrial indicator by
the method of the  present invention. [0130] EXAMPLE 8: Staining of neonatal
rat cells derived  from a whole heart by a mitochondrial indicator, T668,
and  purification of a cardiomyocyte Neonatal rat heart was treated with
0.025% (w/v) of  collagenase (available from SIGMA) and trypsin (available
from  GIBCO) to collect a cell population. Cells dispersed in the  culture
medium were exposed to 1 M (final concentration) of a  mitochondrial
indicator, T668 (available form Molecular Probe)  for 15 minutes at 37C,
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-cardiomyocyte. 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, T668 and  M7514, and comparative analysis of
transmembrane potential per 54 - mitochondria [0133] Cell population was
collected using the same  materials and the same method as those described
in Example 8.  Thus collected cardiomyocytes were stained with a
mitochondrial indicator, M7514 (available from Molecular  Probe),
independent of the transmembrane potential which can  specifically stain
mitochondria and with a mitochondrial  indicator 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 population 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 T668 divided  by fluorescent intensity derived from
M7514. In 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 55  signal, cells categorized in the value of more than 150%  accounted
for 13% 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. These  results demonstrate that the cardiomyocyte has not only the
higher content of mitochondria but also the higher  transmembrane potential
of mitochondria compared to the non- cardiomyocyte. [0135] EXAMPLE 10:
Staining of fetal rat cells derived  from a whole heart with a mitochondrial
indicator T668 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 pM
(final concentration) of a mitochondrial indicator T668 for 15  minutes at
37C, washed 3 times, and immediately subjected to  FACS analysis. The cells
were separated into 3 groups of cell  population based on T668 fluorescent
intensity (Fig. 9-1). In  this example, the high fluorescent cell population
exhibiting  the highest fluorescent intensity and the middle fluorescent
cell population were sorted and cultured. [0136] 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). 56  [0137] EXAMPLE
11: Staining of whole fetal cells with  mitochondrial indicators T668 and
M7512 and purification of a  cardiomyocyte Fetal rat of 9th day post
conception was treated with  collagenase and trypsin to collect cell
population. Cells  dispersed in the culture medium were exposed to 1 M
(final  concentration) of a mitochondrial indicator T668 for 15  minutes at
37C, washed 3 times, and immediately 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 cardiomyocyte (Fig. 10-2). Since the  cardiomyocyte 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 57 - an
indicator. [0139] EXAMPLE 12: Staining of rat cells derived from a  whole
heart obtained at 11th day post conception to 8 days  after birth using a
mitochondrial indicator T668 and FACS  analysis Rat heart obtained at 11th
day post conception to 8 days  after birth was treated with collagenase and
trypsin to  collect a cell population. Cells dispersed in the culture
medium were exposed to 1 M (final concentration) of a  mitochondrial
indicator T668 for 15 minutes at 37C, washed 3 times, and immediately
analyzed by FACS. In consequence, 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 cardiomyocyte 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 M (final concentration) of a
mitochondrial indicator, T668, 58  for 15 minutes at 37C, washed 3 times,
and immediately  analyzed by FACS. 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. 12). 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 57563 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 M (final concentration) of a  mitochondrial indicator 57563 for
15 minutes at 37C, washed 3 times, and immediately analyzed by FACS. In
consequence,  the cells were separated into 3 groups of cell population 59
based on S7563 fluorescent intensity. In this example, the  high fluorescent
cell population exhibiting the highest  fluorescent intensity was sorted and
cultured. [0143] 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 S7563
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 to the present invention, it is also
possible to enrich the cardiomyocyte within the cardiomyocyte- containing
cell mixture without genetic alteration of the  cardiomyocyte and to produce
the cardiomyocyte without genetic  



alteration of the cardiomyocyte. Moreover, it is also  possible to evaluate
the percentage of the cardiomyocyte in  the cardiomyocyte-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. 60 - CLAIMS  [1]
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 and/or a relative  mitochondria)
transmembrane potential of the cell. [2] 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
content of cellular mitochondria. [3] 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 mitochondria)
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 61  derived from a
whole heart or a cell mixture derived from a  cell having an ability to
differentiate to the cardiomyocyte.  [7] The method of Claim 6, wherein the
cell having an  ability to differentiate to a cardiomyocyte is selected from
the group consisting of a stem cell, a progenitor cell and an  egg cell. [8]
The method of any one of Claims 5-7, wherein said  method further comprises
a step of culturing the labeled cell  in the absence of the mitochondrial
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 A1372, 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 62  of a relative
content of cellular mitochondria and/or a  relative mitochondrial
transmembrane potential of the cell.  [12] The method of Claim 11, 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. [13] The method of Claim 12, wherein
said cell having an  ability to differentiate to a cardiomyocyte is selected
from  the group consisting of a stem cell, a progenitor cell, and an  egg
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). [15] The method of any one of Claims 11-14, wherein said  



mitochondrial indicator is selected from the group consisting  of A1372,
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 mitochondrial  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 cardiomyocyte to prepare a cardiomyocyte-containing
cell mixture; 63  (2) a step of labeling the cardiomyocyte-containing cell
mixture with a mitochondrial indicator; and (3) a step of selecting the
cardiomyocyte on the basis  of a relative content of cellular mitochondria
and/or a  relative mitochondrial transmembrane potential of the cell.  [18]
The method of Claim 17, 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. [19] 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 A1372,
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. [21] 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 the  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
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. [24] 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 A1372,
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. 




