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

"I NTRACELLULAR M TOCHONDRI A AS AN | NDI CATOR TECHNI CAL FI ELD [ 0001]
The present invention relates to a nethod of selecting a

cardi onyocyte froma cell population derjved from a whole heart or
stemcell population and a nmethod using thereof. BACKGROUND ART

[0002] Since a cardionyocyte | osesgep@fPidARfgyive ability in an
adult body, it is necessary to conduct cardiac transplantation in

treating a serious ' C ' ' t r
car di onyopat hy. Hom%\%?%ﬁﬁ;ﬁi%%@ﬂsﬁ& ﬁ@ﬁf%&éﬁﬁwghearts
are available, ther e FEAREREYLAR, MITPRHONBBAA: 4SaaYeINPT&ATORhOd of
treatnent other than cardiac transplantation. On the other hand, the
recrui t neFRCHNICAINEF EBLIVi vo produced cardi omyocyte is expected to be
a nost promsing nmethod of providing relief for patients in need of
cardi ac tr@Hsbl ant at iBre FOOOTIE Varvenusiorettwdsted P epanétigpd of
cardi onyocyte have been_ investigated, such as a nethod of using a

di f f er ent§ AR L1RGR YR SLATEIFEES | Lrem n2t pRYL dPoprbiatioy @emived from
di fferenti at.i a stem cel I%]ésorratic stemcell) isolated froma

living bty Hat"s3r S uigedtel ol bW R ehed Ry, Makacd 1oing

' ' It 1s i ture of
I;owever, tﬁehxeéc?ffs a problemin the art that, it is in the na
- BACKGROUND ART
o)
gy [CG002] 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

"é 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



stemcell that cells other than a cardi omyocyte are always devel oped
‘fromthe stemcell as a by-product during the
differentiation/induction procedure and that an 2 wundifferentiated
stemcell always remains even after the ,differentiation/induction
procedure. Thus, it has been considered in f?e art tha; t he dinth
di fferentj ' | ] 0 tion_itse can not be_use n e
treatnenthﬁégﬁ%gggﬂ$ﬁgF§ ofgfai?ghg ﬁggg Sary folgefEEP Qf%er the

car di omyogyrgelbAMi LG ondhhbGEeRbhAbedCbAdued fall Populaligo i n

order to successfully achieve cardliac transplantation i'na human.

[0004] Tocéatedeaadefiheehivarkethad @ﬁepaakkxkeatéatgavQhaﬁﬁgﬁyE81h5
not reported in the art other than a nmethod of purifying a

car di onyopypalayioncatpenst tag hetageageedainMehketrggffiehdt Re98HQNME
of the stemcell (FASEB J., 2000, 14: 2540-2548). However, since

al ter ati ofhefegeneneiintbudesessaryi nsi sedtBical capacemscand from the
i nvol ves unpredictable serious risks including changes in the rate

of maligndhtfareefaeted/indncedacedh pbpydadienfon prdetital use in a
human raises significant questions. [0005] It is known in the art
that nyocBiGPaFseRylEnachérEndcasdieratraakplanghtionhan ahhumaf.

maj or ti3f¢§s% ther thap heart and that the content of ocar di al

ni t ochond al sot? efat s vely "Pﬁ%ﬁéﬂ"i‘t’%dﬁeiw of R llf-‘;rﬁl%s@e _
Al J. Physiol.. 1985, 248: R415-421). Further, it is we nown in
the ari (FoRASOGT By b8, Rt SEPPRGLFY HBoLR nit by PERERpRERRyA 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



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 cardi onyocyte by applying the characteristics of
the cardi onyocyte described above. Furthgr, there was no report of
directly conparing a mtochondrial transnmenbrane potential of the

car i oy ogkBtiohit;3aaibanAAAL o pARSIRTTaNG Bojen! Lal ol other,

types of cell ocusin toc trans

pOtent|a|ofa@@cugﬁn§ebﬁckh@gmlﬁ%cﬁ%EGEQgio%¥%ﬁsH%h%Qagb %%Q%ﬂ 5.3 ana

transmenbrane potential as an indicator of the car

[ non- pat eBE é@Q%&E&hglkhEASEBdiomy%@ng %@1n§5ﬁgt%%ﬁ%ndkﬂgﬂ'patent
docunent 2] Am J. Physiol., 1985 48: R415-421 DI SCLOSURE OF THE

| NVENTI ONt AaRRGBIENVEHEO BEtSAEYED BY EHEihNWVENTLENO[EORBE] chhaikheoeRte .
i nventors set out to solve a problem of devel oping a nmethod of

sel ecting a car dihonypayertwibhomentgehetFASES ter at2@m0 f rom a2seb 12548
m xture derived froma whole heart and cell mxture derived froma
cell having an &bPnhipgtentd dpeumerht Rat fmo IhePlowshbnyokys®e, usi ng
vari ous kinds of properties of the cardi onyocyte, which is not
directly linked wth selection of the caf8iB#&ydc§Eé. MEANS FOR

i t successful | sol ved
SOLVING THEBRCBLEY £RO0ZL TNGeRrgag™ ' mventors y

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



probl em descri bed above on the basis of the findings that the

-cardi onyocyte contains relatively higher anount of mtochondria than
any other types of cells, and that mtochondria of the cardi onyocyte
has rel atively higher transnmenbrane pgtgngial t han any ot her types
of cells. Based on these findings, the present inventors established
an innovative nethod of select&n .a cardi onyocyte w thout genetic

alteration ofF Phe™carPdrdfolyte VEhCeBhFPIts 8 FﬁélF&FFOWFﬁQChondria
: ' ' di te- taini I Xture
suepe” @ shapcalsbobelL R Cou AR g ConeL g ool m

using a m ondria specifi "4 step of

neasuring[goﬁg?ative %ﬁ@&??icgil ell l@?88%%?§goggﬁ%$im$$y{O%ﬂetﬂgesent

m t ochondri al fransnenbrane potential. pecrfica

first embedi-BRBtont PRoPLASENL mE@M@ﬁtBEnsQﬂQEkgﬁﬁ g EEEBQQm?BF?te from
sel ecting a cardi omyocyte from a cardi onmyocyte-contalning ce

m xture wat bav@igepetiee-abhenahing ebiihmicaudbofy@a¥LE, gRRkRE
basis of a relative content of cellular mtochondria and/or a

rel ati ve airbéoehbodr bl theanapanbngoeypet eshi aheobakhe 6€l b. rE0Q09Ye
That is to say, in the first enbodinent, the present invention
provi des: canterhodf ofesdlideri mjtachandroayeoyterf aoredative
cardionyocyte-containing cell mxture without genetic alteration of
t he cardi Bhyeehtrdrbplt heapawesborang petantiel eéntkatcellcel | ul ar

m tochondria, a nethod of selecting a cardi onyocyte froma
- [0009] That is to say, in the first embodiment, the

i
;j 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.
[o010] 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 m xture without genetic alteration of
‘'t he cardi onyocyte, on the basis of both of a relative mtochondrial
transnenbrane potential of the cell; or a nethod of selecting a

cardi onyocyte from cardionmyocyte-contaiging cell mxture wthout
genetic alteration of the cardi onyocyte, on the basis of alrelﬁgbzg]
content of lliul ar myt0 ndr.i d_tr r ot I al .

This enbo P?S%H of tthngp%oggg?e?%eogrggggﬁggfﬁggﬁsroﬁﬂ%s o
character béﬂi@hﬁb%t_@—%t@cﬂﬂi@a@e Ided, G d { & QNG RGre
cell mxture with a mtochondrial” indicator, and of measuring a

rel ative aemlieeld @froaeld whatle Melethendh @eaNdhAktdleeld@tiiN@d from a
m tochondrial transnmenbrane potential of the cell. 5 [0011] In the
cont ext otefiie hamient aan abtild tyc aodidamresne-iaert aionianeagelilomiodytee
may be a cell mxture derived froma whole heart or a cell mxture
derived fi8ML@] cel | HRavihgranaabelilt avandi bhenbhfliayetbodafferentiate
cardi onyocyte. [0012] Further, a cell having an ability to

di fferent tat @ cagdiomipgvdry oeyt demselseted Ecvad theogrong goospsting
consi stin of a stemcell, a progenitor cell and an egg cell. [0013]
In this eftbo@i FERM Cilter & RECFLEFtoF c8Bd| pRg an egg cell.

cardi onyo -containing _cell mxture with _a mtochondrial _indicator
and bePZrigbﬁgﬁstep annE§§ﬁrFWB°QlW@P§ti9§t€5nFEﬁtSt6P eél Lapgling a

of the cerhiaghlyBeyRss R hl B gty mixture' WAT R HIEEEBRE L
A 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.
(00141 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.

[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



invention may further conprise a step of culturing the | abeled cel
‘in the absence of the mtochondria) indicator. [0014] Moreover, 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, M/502,

. 2,..M22423, MP2425, NR2426,
R302, RO TEXEENE PEER o s R A s CHEEE O Fo a8 Tand T3168. In
i i T568; . .
i Lochondr i al 1 Sa cator 001811 i Che sorond Eban ekt s Thothe Juate

i nventi onofpkoyedasigemebhednel centedhiuidrams26ehenuesut anf/em a
cardi onyocyte-containing cell m xture without genetic alteration of

the cardi peyatyte, mitectbndsand mehhefetBFRAES @S tehteallObFOWhRT ce11 .
steps: (1) a step of labeling the cardionyocyte-containing cell 6

m xture Wi@Blalm t ochdndthal contlertt of ; thadsé@pna embpdiohesel e€t thg

t he cardi omyocyte on the basis of a relative content of cellular

m t ochondprasant/ énvantienat the rardéhomdciék-transierbganelpomertiiak
of the cell. [0016] In the context of the second enbodi nent of the
present iRIENPFOR, Cehé BAXENSRYBeyivcdoAramnpnyhedk| heaxtupes amaglbe
a cell mxture derived froma whole_heart or a cell mxture derived

froma cePF¥hatPngeanvasi Fre} focailtf BA¥ARFafE abélil® tar disfpoeptaate

-~ to the cardiomyocyte.

j} [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:



[0017] Further, a cell having an ability to differentiate to a
“cardi onyocyte may be selected fromthe group consisting of a stem
cell, a progenitor cell and an egg cell. [0018] In the second
enbodi nent, after the step (1) and befoje_the step (2), the nethod
of the present invention nmay further conprise a step of culturing

t he | abel ed cel tlz n rée@&gﬁ%ﬁgiri?faﬁgﬁe%gﬁcﬁié‘?gcha%ndjrjinra]é‘{‘%-.jinng ctag or .

[0019) Moreover, the mt J I ! used T erre'pod! ment
of - Az B TERL CRs s BT BEEES RO RISY CHRaRSI bt

L6868, M®2thdV&dPdidMpddytdbd 2preplind3a MPdfomdBedLe. cdR242Rin
MR2425, M2426, R302, R634, R648, R14060, R22420, T639, T668, T66

and T3168&elh mhksurepbodi nent, M/512, T3168, T668 or R302 are
preferable as a mtochondrial indicator. [0020] In the third

enbodi nent, t he( 3 esemtamwdntliaie 1 ipreo wikcke S aar dietntyvad yafe proaditimigica ce11
cardi omyocyte w thout genetic alteration of the cardionyocyte,

wher ei n JBH¥C WS HHHtle orpriteshon@eisbl fodiogterepsnd7 (1) a step of
differentiating and inducing the cardionyocyte froma cell having an
ability to diffetknf &tep P% 1515 ecridico rRfiGe e diempiosiydice o the basis
cardi orryo%t e-contajnin cell mxture;_ ( a step of |abeling the

2
car di onyd tae-lé%#f%’r‘ﬁ?n REfpt ﬁx?‘%ljrjeu%\ﬁufaf“jat?ﬁﬂf‘%‘ﬁ%@r@%@/or a

'nqLcatotfefg¥Eve 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.

[00622] 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



(3) a step of selecting the cardionyocyte on the basis of a relative
content of cellular mtochondria and/or a relative mtochondrial
transnenbrane potential of the cell. } [0021] In the context of the
third enbodi ment of the present inventign, a cell having an ability
to differentiate to the cardionyocyte nay be selected fromthe group

consi stin fia st .8 .progenitor cell and an egg cell. [0022]
I n add|t|%°ﬁ% e% &he ?h&&oﬁff Dt FeFore the step (3), the nethod

of the present Kﬁﬁené'QEe%BXffféﬂgii?%egﬁgrbﬁﬁ Eygédggﬁ%%$$9g9 cell

the | abeled cell i'n the ence t oc

[0023] Mopaev@re %ﬁ%bﬁbtﬁﬁhﬂﬁ%bh@Elaﬂd'g%? 4 this enbodi ment
of the present invention nay be selectéd from group consi sti ng

of : Al1372, D273,20p288, 558Q8oftﬁg§su£ﬂg§ raE@gzoftﬁﬁé cgggfgﬁ% Eg@@oéo a
L6868, M/502, Mr510, M/511, Mr512 13, Mr514, M2422, NR242

M22425, M22426arR302yok§34, oR64Be bRE4Q6GF R2242ARtilE3%ontesd, oF669
and T3168. In this enbodi nent of the present invention, M/512, T3168,

T668 or ReQluder pri¢behabldeias aadiotroehaedritdlvel aditéahondr{i@d24] In
the fourth enbodi nent, the present invention provides a nethod of
eval uat i n§rrasmgmbraaec aediesiodyré itheaceddr.di onmyocyt e- cont ai ni ng
cell mxture, wherein_said nethod 8 - conprises the follow ng steps:
(1) a step®8R5label i ngnt kBecaPaEBHY 0t Eheokearihngnbeliment, the

. cardiomyocyte-containing cell mixture may be differentiated
: 3
7

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.

[00271] Moreover, the mitochondrial indicator used in this
embodiment of the present invention may be selected from the
L 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.

[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



m xture with a mtochondrial indicator; and (2) a step of neasuring

‘ratio of the cardionyocyte to a non-cardionyocyte on the basis of a

relative content of cellular mtochondria and/or a relative

m tochondrial transnenbrane potential_og the cell. [0025] In the

context of the fourth enbodi ment, the cardi onyocyte-containing cel
ich is derived froma

i Xt i f l.ated .cel 1 XL
Cel 11 xt CFBCGBF 1 UG Frotios RAGPERABAFLoond o8I A AavARdvan abi 11ty
to diff ' . th ' te, 26] Further e ce

having antapeEhEpbfLal aerARRHLAREREY §°a=%§9%s#d.°|§m%58ypsiﬂay e

| ect ed h i | St ' c

and an gt Coel 1 (002 Reroener Y, Fe ReRbERE A Top o B OERht e
inthis egbodigenhiebchbBaPLESEAl/bAVENLEORIBY Re+58hEREEYLRr Om the
group consisting of: A1372, D273, D288, D308, D378, D426, D632,

D633, D22#2dnskRdBlanel $868ntMEE03r WHB10e1MBE11aMEDiRg aM/513,
Mr514, 2422, Nr2423, NMe2425, M2426, R302, R634, R648, R14060,

R22420, T&381idwed8cyTe€68oandiddiG8celh mhk8urenbmﬁhnﬁnm;t&ﬁﬁ&ﬁdrial
T3168, T668 or R302 are preferable as a mtochondrial indicator.
[ 0028] Asim@icdaberh above, in one enbodiment, the present invention
provi des a net hod of selecting“a cardi onyocyte from a N
car di onyok§®3Q tont ai nThR) BRI 1eaEdienyperibRt copbriptnal cet ht hibntwfe"
t he cardi onyocyte, on the basis of a relative )

-y as'used herein represents any types of a cell mixture

4

’ 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



9 content of cellular mtochondria and/or a relative mtochondrial
‘transnmenbrane potential of the cell. [0029] It is possible to neasure
a relative content of cellular mtochondria and/or a relative

m tochondrial transnmenbrane potential_of,the cell by labeling a
cardi onyocyte-containing cell mxture with a nitochondriﬁl

I ndi cat or Th rm.cardi cyte-containing _cel 1 Xt ur,e"

as used thé%%%géBrgge%Sgug%égtﬁﬁggygﬂ% eE?PFlﬁF%PHrgrfmc5E‘iSFﬂﬁg of
a cardio d.at types. Fo I .t he

7 cardi omyayies. an aBIaEy tBr et Lackl g T8 Baf a b gpvirenirpede
to, a cel bapaXbhyecyeki.ved froma whole heart or a cell mxture
derived froma cell "having an ability to differentiate to the

cardi onyog¢ybe1]The terne"8ofitbht OFxtHLeudsri MedobhoAnaiWhghg heart”
as used herein represents a cell mxture consisting of a

car di onyomytechandendot hekhahembehhe potbhnemal eahl neagaaReLRiBUSEYE
cell and so on, which is obtainable by enzymatic treatnent of
honpgenei ¢abelihgt enojgeheacetandracmtiitoshenfhéar withsangivachoddrial

enzynmnes.

Further, the term"cell mxture derived froma cell having

an abiliigdisatiPrt erRowevee. tthe hebealwionyabye edf asi uscuomdrpah
represents a cell m xture consisting of a cardionmyocyte, a
non- car di bhyfdEgter-arriKars fapeati wpéahcepflegtretihonapntent, ofand an

epkihellaéi%el

j

i ch is_obtainable by culturing a cel
oC o%@rla and m&tochondrigl transmegbrane petential wvaries

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 absclute value of mitochondrial indicator-derived
signal, but the relationship between an amount of the
mitochondrial indicator-derived signal of the cardiomyvocyte
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
breliminary 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



having an ability to differentiate to the cardi omyocyte (for
'exanpl e, a stemcell such as an enbryonic stemcell and a somatic
stemcell, a progenitor cell, and an egg cell such as a fertilized
egg cell and a somatic cell clone) unQeQ_thg 10 condition of

i nducing cell differentiation fromthe céll having an ability to

diff ' h di te to th di te. [[0031) Th
cont ent | oF -CBFPARAF LAt GERBAIATETARA PHEOCAa h%%yrilc’%ﬁﬁg e

i al i fi | i.ng . i_nt .
i1 ochondPaUAt R s chrt BLRBRAerar St n iR SRR Y Bligmansgiupe o1t

val ue of gitgghendLiaba agd'giat,s@&f gkl YﬁQOSisg@@Ea%n%ﬁguégf.l egtgeiaﬁe

content of mtochondria and mtochondrial transnmenbraneé poten

varies depandif@ngnrbhetiwbuyi hygabrt Bentahei 0¥V eaYt-acka 106 ,2nal yzed
and exposure condition to |abeling agents such as kinds of the

| abel i ng mgentBonadiexpnduaeckimeekhibheihgbeking1ggent signhéherefore,
the inportant feature of the present invention is not the absolute
val ue of mitochondrial tndnembmbreeei pedensigiakholiil bhecollected
relati onship between an anount of the mtochondri al

i ndi cat orbdeefived thgnunlofst hé thedronpenyt ef mndothahdofiaaand/or the
non-cardi onyocyte. In the- present invention, it 1is possible to

sel ect a B¥FPREXRfbERENGiEerhepdelglntghapmenbyanespeheatinlensedy ags
a cardiongogite. First, based on a prelimnary experinment using a
speci men OFY4CREPEF onyocyt e- containing cel | m xture which woul d

aCtuhIIy PSOHE?d in tﬂ§ 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



present invention, the definition of the desired cardi onyocyte
“popul ation (i.e., the relation between the content of mtochondria
and/or the extent of the mtochondrial transnmenbrane potential and
the cardionyocyte) is properly determined in accordance with the
pur pose of the invention. Specifically, In the prelimnary

andi or thenSRPLRl 87 HHE oUT1R 0B m B eRRaRe P A srEh P ane  pBrEREI AL
used as '89'?@?055ma%ge Sgﬁ%ﬂ&cgflbgs ”hhog g?&kako'ﬁgk%ﬁ%grbﬁ%éiﬁgd

signal of a ce ected is clas t o several "grou

cel | exhihbtihngokRbAkLYE! ¥yhiabehce9BheRE aitbehaﬁaﬁhgug%& ctyral
m tochondria and a cell exhibiting relatively higher mtoc Hrla

t ransnmenbranerpaienti al should be collected based on the values of
the content of mtochondria and/or the extent of the mtochondrial

t ransmenbl @mg3pot ent i mh tisedpassentidigaéntson| 00821 s| posbebpeesentise a
invention, the term"mtochondrial indicator” represents, but is not
limted toitachanérial 3udhcatsraswabeasal buhi nhtchaispetiifiicall yo,

| abel mtochondria in the living cell and can denonstrate the

content okl¥v¥ZocPdndri B28R. RaP8:ri BB78hi BA26anDEpPeéci PH3al| D2RABAI
mtochondria in the Iivingecell and can denonstrate the

m t ochond?#3F06 t r LASRBnbMARR2potidRt Pal M7811a MaBERI aM7RABehMEEA4 .
dormnst r HEVBBEn ERAZRontent2r HEebehontt PA: REOEnoRAfBocRbAREPal
- R22420, 87563, Te639%, 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 Al372

7 Molecular Formula: C;cHizBriNs
Molecular Weight: 472.51
CAS Number: 75168-~11-5
Name : Acridinium, 3,6-bis(dimethylamino)}-10-
nonyl-, bromide



&

transnmenbrane potential. For exanple, the "m tochondrial 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

m tochondrial structural material (e.g.,_ a protein, a lipid, a sugar
chain, a nucleic acid, or a netabolifelghéreof, and so on); (2) a
mat eri al vin roperty to generate fluorescent em ssion and to
be incorB ?§§gd?¢%$% gftochondria by the action of mtochondri al
transmenbrane potential; (3) a material which is converted to forma
materi al S&M@wcEnmeerfOoX0 PAFAte fluorescent 12 emnission by
the action of mtochondrial structural material; or (4) a material
whi ch | oselegubiyt Cidbiy, INeQdi f f use outside the nmitochondria by the
action ofFermaetdondria structural material. [0033] In the present

i nventi orMolécuBapP93ssibke to use a mitochondrial indicator such as,
but not bgépghtimted to, A1372, D273, D288, D308, D378, D426, D632,
D633, D2 , D23§2§ 3L€2§§, M7502, M7510, M7511, M7512, M7513,
M7514, o« M2 %, 2425, M22426, R302, R634, R648, R14060,
R22420, , 1639, T668, T669 or T3168 éthe product nunbers of
compoundsiaRBEi avaPPRBPEAFP ORI dcheBY1PEobes] 3akeynl-xaHptary

m t ochondri al indi BaRapZarpiElpfene) abrpropmesys) -, Mesdodemr511,

Mr512, M7513, M22425, M22426, T668, R302, or T3168; nost preferably,
T668, R302, Mr514 or T3168. The

/ Q) o
---- | />——CH=C§-I—CH:< ‘
@s

(GH,); (0H,)
{;-H3 CH

2’5
3

[0036] [Chem 3]

Structure for D288

Molecular Ci1gH15IN,
Formula:
Molecular 366.24
\ Weight:
CAS Number: 959-81-9
Name: Pyridinium, 4-(2-(4-

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

+ /
CH N{ﬁ1$~—QH:cH 7 N NICH, 1,
3’2

w



chemi cal structures of the mtochondrial indicators described above
“used in the present invention are listed as follows: [0034] [Chem 1]
Structure for A1372 Mol ecular Fornula: C26H38Br N3 Mol ecul ar Wi ght:
472.51 CAS Nunber: 75168-11-5 Nane: Acrjgdinium

3, 6- bi s(di net hyl am no)-10- nonyl -, bromde (CH3)2N + N(CH3) 2 Br

(CH7)8 3 @ \3,51] gliChem 2] Structure for D273 Mol ecul ar
C29H37ICH§8é Izgr[r;u?a I\}/bl ecul ar 572.53 Weight: CAS 53213-82-4

bencoxaz G I E e drey D3THide 0 0 - 1 cH oH - o |

Molecular C16H15IN,

Formula:

Molecular 366.24

Weight:

CAS Number: 2156-29-8

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

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

.. . ”Nm:}
—N

EH
'y

[6038] [Chem 5]

Structure for D378

Molecular Formula: Ci;H,N,0O,T
Moleculax Weight: 600.58

CAS Number: N/A
Name : N/A
h}
)
C G
—CH=CHCH = |
P N
I+ - P
(GHylg IGH, )
CH Cii

3 3



(CH2)5 (Ci~)5 CH3 CH3 [0036] [Chem 3] Structure for D288
Mol ecul ar C16H191N2 Fornul a: Mol ecul ar 366. 24 Weight: CAS Nunber:
959-81-9 Nane: Pyridinium 4-(2-(4 (dinmethylam no) phenyl)
ethenyl)-1-methyl, iodide CH N CH =CH N(CH3)2 14 - [0037] [Chem 4]
Structure for D308 Mol ecul ar C16HL9I NZ *Formul a: Mol ecul ar 366. 24
Wi ght: CAS Nunber: 2156-29-8 Name: Pyridinium 2-(2-(4-
(mnmhwéaﬁﬂpmmﬁ%&MMwn-anhw,iomde ~ N + CH=CH ~~—-
N(CH3)2 CH3 [0038] [Chem 5] Structure for D378

Structure for D426

Molecular C17H21INS

Formula:

Molecular 380.27

Weight:

CAS Number: 3785-01-1

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

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

@CH-’"‘:CHQ N(GH ),
=\

%
CHQCHE

. i
p—

[0040] [Chem 7]

Structure for D632

Molecular Formula: C;;H;gN,0;

Molecular Weight: 346.38

CAS Number: 109244-58-8

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




Mol ecul ar Formul a: C31H41N2021 Mol ecul ar Wi ght: 600.58 CAS Nunber:
‘N A Name: VA />CH=CCH ONNI+ I (CH2)6 (CH I 7}8 CH3 C';3

15 - [0039] [Chem 6] Structure for

Mol ecul ar 380.27 Wi ght: CAS er:
et henyl)-1-ethyl, i odide

For mul a:

pyridi nium 2-(2-(4 dinethylam no) phenyl

CH=CH N(
For mul a:

D426 Mol ecul ar Cl7H211 N2

3785-01-1 Nane:

3, 040] [Chem 7] Structure for D632 Ml ecul ar
gg%ﬁfﬁﬁgge ﬁbkgcular Vei ght : 346. 38

Structure for D633

Molecular Formula: C,gH;,N,0;
Molecular Welght: 444.57

CAS Number: N/A
Name : N/A
CHSCHQNH

[0042] [Chem 9]

Structure for D22421

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

Name : N/A

o o
p—CH=CH-CH =X O
\: w'

“Ha EHs ‘




CAS Nunber: 109244-58-8 Name: Benzoic acid,

2- (3, 6-di am no- 9H xant hene-9- yl)-, nethyl ester } H2ZN,, O NH2 | |
H1-OCH3 9 0 16 - [0041] [Chem 8] Structure for D633 Ml ecul ar

For mul a: C28H32N203 Mbl ecul ar Wi ght : 44ﬁ757 CAS Nunmber: N A Nane:

N A CH3CH2Nf-s O %iCHPCH3 | | H3 CCH 'H'3 F-OCHZCH3 0 [0042]

[ Chem 9] ure, for 2421 Mol ecul ar Fornul a: C27H211 N202
Nblecular?bé#ght;8§§§.§g

Structure for D23806

INGREDIENT A: dihydrorhodamine 123

Molecular Formula: C,;H,zN,0,

Molecular Weight: 346.38

CAS Number: 109244-58-8

Name : Benzoic acid, 2-(3,6-diamino-9H-xanthene-
9-y1)-, methyl ester

[0044] [Chem 11]

Structure for L6868

Molecular Formula: C,zH,oN40¢
Molecular Weight: 510.50
‘ CAS Number: 22103-92-0
1 Name : 9,9'-Biacridinium, 10,10'-dimethyl-




CAS Nunber: NNA Nanme: NA 00 /-CHCHCH N NCH3 CH3 \ 17 -
10043] [Chem 10] Structure for D23806 | NGREDI ENT A: di hydror hodam ne
123 Mol ecul ar Fornul a: C21H18N203 Mol ecul ar Wei ght: 346. 38 CAS
Nunber: 109244-58-8 Nanme: Benzoic aciq,1%—L3,6-dianino-9H—xanthene-
9-yl)-, nmethyl ester H2td O NH2 H o-ocri 3 [0044] [Chem 11]

Structure 6 cul ar Formul a: C28H22N406 Mol ecul ar Wei ght :
510. 50 CAéaﬁEﬁ%eﬁéﬁiﬁyggﬁgz-o Nanme: 9, 9' -Biacridinium

10.10°-di gl Yl ethife for M7502

Molecular Formula: C;,H,,C13N30
Molecular Weight: 602.99

CAS Number: N/A
Name : N/A
CH,
) Cr
LA e
Ci N o
Pp—cn=cH—cr=(
ol N+ N
e
CH, w CH,
-
CHy

[0046] [Chem 13]

Structure for M7510

Molecular Formula: C,,H,,C1,N,0
Molecular Weight: 427.37

CAS Number: N/A

Name: N/A




2 NOS CH3 18 - [0045] [Chem 12] Structure for M/502 Mol ecul ar
‘Fornmul a: C34H30CL3N30 WMol ecul ar Wi ght: 602.99 CAS Nunber: NA
Nanre: VA CH CHCGEf hl 0 CNy CHCH -CE CH3 [0046] [Chem 13]
Structure for M/510 Mol ecul ar Fornul a: H24C12N20 Mol ecul ar Wi ght :
427.37 CAS Nunber: NA Nanme: NA (CH3)ZN O N(CH3)7 C | CH2Cl 19 -

[0047] [Chem 14]

Structure for M7511

Molecular Formula: C,,H,sC1N,0O
Molecular Weight: 392.93
CAS Number: N/A

Name : N/A

[0048] [Chem 15]

Structure for M7512

Molecular C32H32C12N20

Formula:

Molecular 531.52

Weight:

CAS Number: 167095-09-2

Name : 1H,5H,11H,15H-Xantheno[2,3,4~1j:5,6,7-

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

(N




[0047] [Chem 14] Structure for M/511 Mol ecul ar For nul a: C24H25C1IN20O
‘Mol ecul ar Weight: 392.93 CAS Nunmber: NNA Nane: NA (CH3)2N O
N(CH3)~ / CH2G [0048] [Chem 15] Structure for M/512 Mol ecul ar
C32H32C12N20  Formul a: Mol ecul ar 531. 52, Wi ght: CAS Number :
167095-09-2 Nane: 1H, 5H, 11H, 15H Xant heno2[ 2,3,4-1]:5,6,7-
i'j]"]diquipnal,Lzi n.l 8- 9-[4- (chloronethyl)phenyl]-2,3,6,7,12,
13,16,17-f§§#gﬁy F%?m ¢Bloride N O N) O / CHC 20 - [0049] [Chem

16] Structsu_{:e for. M513 Mol ecul ar C32H33CLN20
ructure for M7513

Molecular C3;H33C1N,0

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




Forrmul a: Mol ecul ar 497.08 Weight: CAS 167095-08-1 Nunber: Nane:

41H, 5H, 9H, 11H, 15H Xant heno[ 2, 3,4-ij:5,6, 7- i']']diquinolizine,
9-[4-(chl oronet hyl ) phenyl ]- 2,3,6,7,12, 13,16, 17-octahydro N O N
01-12CB 21 - [0050] [Chem 17] Structured&gr Mr514 Mol ecul ar For mul a:
C34H28C15N30 Mbl ecul ar Wi ght: 671. 88 Nunber: 201860-17-5 Nane:

Benzoxazol 5 dlchloro 1, 3-bis[[4-
(chi orogethy%dhé@ﬂ%‘“ MylI1-1,3- di hydro- ﬁHl- I

ide 2Ol CH, .
o I e A oo

Molecular Formula: C;;H,3C15N;0

Molecular Weight: 671.88

CAS Number: 201860-17-5

Name Benzoxazolium, 2-[3-[5,6-dichloro-1,3-bis[[4-
(chloromethyl)phenyllmethyl]l-1,3- dihydro-2H-
benzimidazol-2-ylidene]-1- propenyl]-3-methyl-,
chloride

?HRCI

et

— @

[0051] [Chem 18]

| Structure for M22422

Molecular Formula: C3;sH3;C1FN,0
Molecular Weight: 647.10

CAS Number: N/A

Name : N/A




CH2Cl [0051] [Chem 18] Structure for M22422 Mol ecul ar
Fornul a: C35H33C1F6N20 Mol ecul ar Wi ght: 647.10 CAS Nunber: N A

Name: VA CHCHH3ICNON ~CH3 C

- [0052] [Chem 19] Structure for M242;

Forrmul a: Mol ecul ar 495.96 Weight: CAS
1H, 5H, 11H ant.henol[2,.3,4-ij:5,6, 7-
9- cyano- 5%??8&7?%%??3&%6,17-octahydro

HBC CH3 CH3 CHF 3 CCF 3 22
3 , Mol ecul ar C26H26CLN3Cb
Nifiber : 137993-41-0 Name:
I"j"]diquinolizin-18-ium
perchlorate N C1O4 ON

[0053] [t ture for M22423

Molecular CagH26C1NL05
Formula:

Molecular 495,96
Weight:

CAS Number: 137993-41-0

Name : 1H,5H,11H, 15H-Xantheno{2,3,4-13:5,6,7-
1'j']diquinolizin-18-ium, 9-cyano-

2,3,6,7,12,13,16,

[0053] [Chem 20]

Structure for M2242

Molecular Formula: Ci;oH;5C1sN,
Molecular Welght: 724.00
CAS Number: N/A
Name: N/A

17-octahydro-, perchlorate

5

"2 H,e OHy

Ct N
o M+ ke

[4

&l

GHEC%



Structure for M22425 Mbl ecul ar Fornmul a: C39H36C15N3  Mbl ecul ar
Weight: 724.00 CAS Nunber: NNA Name: NA CHC H2 HC CH.. N3 d
DC/,,>-(CH=CH) -CHn ):-:N2 CISCH6 C CH2Cl 23 - [0054] [Chem
21] Structure for M22426 Mol ecular Formya: C34H36C12N2 Mol ecul ar
Wi ght: 543.58 CAS Nunber: NVA Nane: NVA hl14C CH3 HC CH3 | i

(CHOM) ~- - §oS8 GeierChqj ~ CHRC [0055] [ Chem 22]

Structure for M22426

Molecular Formula: C;;H3cCl.N,
Molecular Weight: 543.58

CAS Number: N/A
Name: N/A
M.C : GH
AN CHB HSC 7
‘ 2 (CH = {}H';rg—‘ CH
} - \
: GHa
Ci

GHQC§

[0055] [Chem 22]

Structure for R302

Molecular C21H,7C1N>0;
Formula:
s Molecular 380.83
) Weight:
CAS Number: 62669-70-9
Name : Xanthylium, 3,6-diamino-9-{(2-

(methoxycarbonyl)phenyl, chloride




Structure for R302 Mblecular C21H17C1N203 Formnul a: Ml ecul ar 380. 83
‘Wi ght: CAS Nunber: 62669-70-9 Nane: Xanthylium 3, 6-di am no-9-(2-
(et hoxycar bonyl ) phenyl, chloride 2 nrld, 2 C c¢c-0OCad3 0 24 -

[ 0056] [Chem 23] Structure for R634 Mol ecul ar C28H31C1IN203 Formul a:
Mol ecul ar 479.02 Wi ght: CAS Nunber: 989 38-8 Nane: Xant hyl i um

9-(2-(eth b | ) ph |)-3,6- bis(ethylam no)-2, 7-dinethyl,
chl(ori(de ?%&ZWF%gzquIH&?O—B Cl $ i ?/ H3C )CH3 c(C_OCHZé—B 0
Structure for R634

Molecular CagH31C1N;O4

Formula:
Molecular 479.02
Weight:
CAS Number: 989-38-8
Name : Xanthylium, 9-(2-(ethoxycarbonyl)phenyl)-3,6-
bis(ethylamino)-2,7-dimethyl, chloride
- + e
. } CHSCHgmH_ NHCHBCH3 C
S
H,C CH,
—(0H O
% DUHECHS

[0057] [Chem 24]

Structure for R648

Molecular Formula: C3;H;3C1N.0O,
Meclecular Welght: 627.18

CAS Number: N/a

3 Name: N/A
WL : * . , -
(Ot )N N(GH,CH),  CIO,




[ 0057] [Chem 24] Structure for R648 Mol ecul ar Formnul a: C34H43C1N207
‘Mol ecul ar Wei ght: 627.18 CAS Nunber: NNA Name: NVA (Cli3CH2)2N O
N(CH2CH3)2 CIO (I G Q(CH 2" )SCH3 n Y 0 25 - [0058] [Chem 25]
Structure for R14060 Mol ecul ar Fornmul a:,G23H1I9F5N20 Mbl ecul ar

Wi ght: 434.41 CAS Number: N'A Name: N°A (CH3)2N 0 N(CH3'2 1 | F H

F r I F [ 9 em 26] Structure for R22420 Ml ecul ar
C21H17C1N§8%EB} PeREh 551

Structure for R14060

Molecular Formula: C,;H; F:N,0
Molecular Weight: 434.41

CAS Number: N/A
Name: N/A
{GHS%N

[0059] [Chem 261}

Structure for R22420

Molecular C,1H1,C1N,0,

Foxrmula:

Molecular 380.83

Weight:

CAS Number: 62669-70-9

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

(methoxycarbonyl)phenyl, chloride

M N




Forrmul a: Mol ecul ar 380.83 Wi ght: CAS Nunber: 62669-70-9 Nane:

Xant hyl i um 3, 6-di am no-9-(2- (nmethoxycarbonyl)phenyl, chloride 12N
ONHO C \ t / fICH3 'I 0 26 - [0060] [Chem 27] Structure for T639

Mol ecul ar Formul a: C23H23N2OCI Mol ecul ar, Wi ght: 378. 90 CAS Nunber:
6837-70-3 Name: Xant hylium 3, 6- bi s(di metthyl ani no)-9- phenyl ,

chl ori de N Q. N r2 CG1 .1-1 115 [0061] [Chem 28] Structure
for T668 *@?ﬁéﬁuﬂgpe%§?§£5c1Nzor Formul a: Mol ecul ar 500.93 Wi ght :
Structure for T639

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

Molecular Weight: 378,90

CAS Number: 6837-70-3

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

+ -

[0061] [Chem 28]

Structure for T668

Molecular Ca5H35CINLO4

Formula:
Moleculars500.93
Weight:
CAS 115532-50-8
S Number :
Mf Name: Xanthylium, 3,6-bis(dimethylamino)-9-(2-

(methoxycarbonyl)phenyl)-, perchlorate

"y < -



CAS 115532-50-8 Nunber: Nane: Xant hylium

'3, 6- bi s(di net hyl am no)-9-(2- (nmethoxycarbonyl)phenyl)-, perchlorate

(Cil)2N O N(CH3)2 0104 CG-OCH 11 0 27 - [0062] [Chem 29] Structure
for T669 Mol ecul ar C26H27CIN207  For nula: Mol ecul ar 514.96 Wi ght:
CAS Number: 115532-52-0 Name: Xanthylium

3, 6-bis(d ) [ 2- (ethoxycarbonyl)phenyl]-, perchlorate
CH3) \ 0 F\I%Cig—a%?g?igﬁ 28& OCH2CH3 [ 0063] [ Chem 30] Structure for

T3168 l\/bjse_\é:ul CZ5H27C%4(|)¥‘4 TFE?”B“ a:. Mol ecul ar 652. 23

dctire
Molecular C¢H27C1N,04
Formula:
Molecular 514.96
Weight:
CAS Number: 115532-52-0
Name: Xanthylium, 3,6-bis(dimethylamino)-9-[2-

{ethoxycarbonyl)phenyl]l-, perchlorate

[0063] [Chem 30]

Structure for T3168

Molecular CosHo7C14INy

Formula:
Molecular 652.23
e 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)-l-propenyl]-1,3-diethyl-, iodide, (E)-
?H CHn
eJ
Clﬂe
o= ﬁ
P l =
GH CH

3 3



Wi ght: CAS Nunber: 47729-63-5 Nanme: 1H Benzi m dazolium

‘5, 6-di chl oro-2-[3-(5, 6-di chl oro-

1, 3-di et hyl -1, 3-di hydr o- 2H benzi m dazol -

2-y|idene)-1-propeny|] 1,3-diethyl-, iodide, (E)- H3 CI H3 CHL Cl 2
Cl i>CH =CH G+ Cl | C OHCH z1 CH3 28 [0064] In

compoUnds: f@?ﬁ%ﬁ??%rﬂ Hha3EaR o SUPEY PrdBE2) B ?r[@ﬁg)(ﬁigeugaadast
a mtochopgdfindh-ol RE GOlq n% %@ﬁsl J9§%ﬂgﬂ 12 88 Q%ﬁ. %@obes)

m tochondria) indicator a speci |c excitation mave

gener at es cahl WQKLBS BRANERRAIMAES 0% hotReial G nea\aligngt h. For
exanpl e, Mr514 generates fluorescence em ssion of 516 nn1en1tted by

exci tati onowasdl engt hief i49@nBwh andthdle@roenarakasn hliWer-8S6ARES
em ssion of 590 nmemtted by excitation } 2 wavel ength of 535 nm
[ 0066] Asidédcritbedhalsowe spacidridi @pedtpta oax Makiclend@he 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
44444 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
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i ntensive fluorescence intensity than other types of cells when a
«car di onyocyte-containing cell mxture is |abeled with a

m tochondrial indicator, since the cardi omyocyte contains relatively
hi gher content of intracellul ar nitochpqggLa and has relatively

hi gher nitochondrial t ransmenbr ane poten lal than other types of

f he
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the basis of the content of mtochondria an m t oc

transnenbmnageupat et labeasanasHr ee abovar deQRY¥9B¥ECFhaokagkaked as
the following: a cell population containing relatively high content

of m t ochbadthascantehltopnprnbaikdnisantatpireg gi bQ@EQBﬂ?béy\ﬂ’et which
relatively high transnmenbrane potential; or a cell population
consi sti ngxbibat29retetlivedpmt anhengivel Aliivebychhgh cankapitof due to
m tochondria and relatively high transnmenbrane potential. [0067] For
exanpl e, Whéatiavelydhbahoeonéenonoedi mihgchehfiria andrwikschahérdd
wi th the above described fluorescence |um nescent m tochondri al
indicatorgem%FEEFﬂFbﬂgoE?%ét%ﬁﬁiEhhlERhFEﬁP§m¢@P§§n9eP9tﬁﬁtéﬁéDvean be
fluoresceace |nten3|té ue to __relativel gh_content of

h

m t-ochond?t ABHEPRES ﬁﬂ?iﬁthﬁﬁnﬁﬁg??a%fnﬁe%%FthﬁﬁlyhﬁlﬁﬁrdlomYOCYte

tran@nenb{fne po%ﬁgtégilscgﬂigﬁ 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] & 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 cardiomyocyite may be selected



discrimnated fromother types of cells than the cardi onyocyte
(i.e., the cells which exhibit relatively |ess-intensive
fluorescence intensity based on the labels with the mtochondri al
indicators due to relatively low content; of m tochondria or

m tochondria denmonstrating relatively ow transmenbrane potential)
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limted to a speci evi ce | ong as V|a

cel |s canthe A9kbeHonkrFal E;ia%la%t)igra bbby o Ehe DL
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cel | sortiggidexi eas hBvahkabbe Eﬁ@”h@%@&ﬂ%ﬂdrggﬁlEﬁﬁmca@%&og§E59n1t is
and so on) can be used as a specific cell sorting device In

present i baBaLeanwiff068k ﬁaeabﬂbﬁﬂyﬂaxtQnﬂ&&ab@rsekﬁétQQnEEHEdet%h¥
after |abeling a cardionyocyte-containing cell mxture with a

m t ochondmitbchodiicabdr intbwever, ekfisttingsideai sahbeet Belseheelreases as
cardi onyocyte from a cardi onyocyte-containing cell mxture nore

unf ai | i ngthe chélcundeogypesybecady Bévislient edliBdredter adetleel | is

| abeled with a mtochondrial indicator followed by culturing of the

| abel ed c@PitiripfAePraBieAcet ofhet REOkifotAbAUei ablintkcames. 1bngeng the

culturing of the labeled. cell in the absence of the m tochondri al
IndlpatorC%?F%Ptl?flgha 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:



| abel ed with the mtochondrial indicator, the content of the

m tochondrial indicator existing in a single cell decreases as the
cell undergoes a cell division. Therefore, as the culturing period
of the proliferative cell becones |ongery;the content of the

i ntracel lular mtochondrial indicator decreases and the fluorescence

ntensi ty al 50 qggr easeho st IELOLIEL chE"dar 81 0652, CRTLOINORYLS cony

is defined as a cell |os C capacity or
si gni 1 caihyudecueaned mievehotia:d ol hakigataRaciy even after a

| onger period of culture, the content of the nitochondrial indicator
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and, thus, can nmaintain relatively higher fluorescence intensity.
Ther ef or epfi &t irelpassebkententeb&Ciced 10 AAFOCYLEAFAEE and/or a
unfailingly, due to the difference in the labeling intensity between
t he cardi omjetyve matoghpodrdailditoaypcaembrahtepotealtebiingfathe cell.
cardi onyocyte-containing cell mxture with a mtochondrial indicator
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S 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

oy 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



m xture with a mtochondrial indicator; and (2) a step of selecting
‘'t he cardi onyocyte on the basis of a relative content of cellular

m tochondria and/or a relative mtochondrial transnenbrane potenti al
of the cell. [0070] In the context of. i s enmbodi nent, the

cardi onyocyte-containing cell mxture may be a cell m xture derived

froma whohgs BeRol. olriy & & degh il dobly Sh{ LOMA 1 &RlT 9% N Alk s ve

ability to differentiate to car di onyocy nce € term™a ce
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m xture of a cardi omyocyte and a non- cardi onyocyte, the "ce
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serious side effect against the recipient's cardiac tissue (heart)
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for cardiac transplantation w thout any pre-treatnent. Therefore,

for tramsprdhemyngcrteandiremyotgibingln.reci pient nore safely and

surely, it is freferable to enhance the percentage of the

cardi onyoc88E2 | n t he Aurdpernidesd cakwire ai Himgnteddhondatiak, indieatot o

enrich the cardi onyocyte as nuch as possible before transplantation.

Furt her, $979 eknphis  embedimenti af Bhe ppesery iovemtiercnevabe to a

cardi onyocyt e nQ% Pe se gcted fromthe frou%%consistin of a stem

cel |, a progeniTor-TRl the gheun eypStefing[eb71 AR en % « 288,

car di ony il [ %i t gite %€ ste %%) ng
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comprise wy$I@P w511, 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,

3 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,



culturing the | abeled cell in the absence of the mtochondrial 32
indicator. This step ensures the enhanced | evel of a relative

I ntracellular fluorescence intensity of the cardi omyocyte in
relation to the reduced | evel of fluore nce intensity of other
types of the cells and enables enrichment” of the cardionyocyte nor e
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a mtochondrial indicator. [0073] Further, in the third enbodi nent

of the presentlli mightiranderheer €ésent ai AeDti ABaptovihdessadnmkhednof
produci ng a cardi omyocyte from a cardi omyocyt e-contai ni ng cel

m xture wrehoesegéaeti viakneeavifon ohrfihemgacgienyndytenonwherein

sai d method conprises the follow ng steps: (1) a step of
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ability to differentiate to_the cardionyocyte to prepare a
cardlonyo@??ecéﬁﬁ?aFnFﬁbnl€§Flrﬁﬁ%tefea gerlqust epdef effpeti against the

r di onyocyt ont ai ni | |
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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,

L 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: Al1372, D273, D288, D308, D378, D426, D632,

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



m xture with a mtochondrial indicator; and (3) a step of selecting a
-cardi onyocyte on the basis of a relative content of cellular

m tochondria and/or a relative mtochondrial transnenbrane potenti al
of the cell. 33 [0074] In the context g& t hi s enbodi ment,

cardi onyocyte- containing cell mxture my be a cell mxture derived
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to the exhstesen@Fia) NODLEM &+ omyocyte when the m xture is used for
cardiac transplantation without any pre-treatnent. Therefore, for

transpl antoargy 1 he carmh e mEen tOlPedBEi RivtopBY eisafil Yarths a
surely, it is preferable to enhance the percentage of the
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enrich the cardionyocyte as much as possible before transplantation.
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t he cardi onyocyte may be selected fromthe group consisting of a
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cardiomyocyte unfailingly in this nethod, after the step (1) and

befere th %&%ﬁy(gﬁ1d% thggtion 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

Mé 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 (alsc 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 cardiomyccyte 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,



of the present invention nmay further conprise a step of culturing
the | abeled cell in the absence of the mtochondrial indicator.

[ 0076] As described above, the mtochondrial indicator wused in this
enbodi nent may al so be selected fromthey;group consisting of: Al1372,
D273, D288, D308, D378, D426, D632, D633, D22421, D23806, L6868,

M7502, M751Q. 1 12, 13, 34 NI514, NR2422. NR2423, MR2425.
M22426, R%%f‘tgg’%4,]°"&£%e' %&Q%f ULggagin ééé’r%%@ cu ;ure-
T3168. | i nbodi 2. .T3168, 8 . er able
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cardi onyocyte that a “cardi omyocyte can be differentiated and i nduced
froma phutbpetensist hleeltinghicthrdionyeeytd ey et inledaud has a
variety of differentiation potential. The term"a pluripotent Stem
cell" is defifeednadaaioel lanidavindgcan oabiofi ayy ES dendef iwdidi@lin the
proliferate or for prolonged periods under the in vitro culture
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| uri potent stem 1, i.e., an enbryonic stem cell ES cell) which
Fsyisg|atgéng e ceii state (i.e., theystate in which %ach celas are
3
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CS 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 ul 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



froman early enbryo, an enbryonic germcell (EGcell) which is
isolated froma prinordial germcell at fetal stage, and an
adult-type pluripotent stemcell (also referred to as a nultipotent
adult progenitor cell (MAPC)) which is ifplated from adult bone
marrow. [0078] For exanple, a nmethod of differentiating and i nducing

a car di om:ag¥ti el gggﬁkgnfggggxggl%egteﬁhgglI (as an exanple of a

pl uri potent stem ce may be sel ecte romthe group consisting of
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by differentiation and induction of an ES cell, wherein the nethod
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and ./ 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-
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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

aut ononously pul sating cardi onyocyte can,-be prepared by
differentiation and induction of an ES cell, wherein the nethod
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and a step of differentiating and inducing an autononously pulsating
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i nduction of an ES cell, wherein the method conprises the follow ng
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mesenchymal cell- like characteristics, preferably, a cell having
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cell, PA6 cell) using a nmethod such as high-density culture,
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culturing, an ES cells pbej in single cell state over the feeder

layer. [00B2] r‘f"F\’é?‘?hiFﬂgh‘éa?aﬁ?'gﬁo‘é}%ﬁdiﬁ%nlil}g’{*héspP%éhPle before

[ transplantation. Further, for example, a cell having an

ability to differentiate to a cardiomyocyie 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: al1l372,
D273, D288, D308, D378, D426, D632, D633, D22421, D23806,
L6868, M7502, M7510, M7511, M7512, M7513, M7514, M22422,

3 M22423, M22425, M22426, R302, R634, R648, R14060, R22420, T639,
T6e8, 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



i nvention provides a nethod of eval uating percentage of a

cardi onyocyte in a cardi omyocyte-containing cell mxture, wherein
said nethod conprises the followng steps: (1) a step of labeling the
car di onyocyte-containing cell mxture wgdh a mtochondria)

indicator; and (2) a step of neasuring the ratio of the cardi onyocyte

Lo o B8 dhaTkatkients Lhe PR B3 oGl SO SR Ristvre 4

: £
cel lular mtochondfia and/ of a step of 'S (o]

the basi Sugbadebe! LUl «oeRARALhAL L 1bRANSRAD! AE POtEHLLRh, 8f chhe

cell. [0083] In the context of IS e ment,

cardionyogfbgiﬁgﬁhaﬁnynavaqhbtgi%h@r%e&axbéii%yC%klc%Eé&Bh%OCQ%%iVEd
froma whole heart or a cell mxture derived ffoma cell having an

ability tprédphtareshi gbebkoubba car dhenyeaykplan®ureent B¢ beeMimdnarily
cell mxture derived froma whole heart” as used herein represents a
m xt ure oévaluatdngngheyperandtagrontl3z ceatddoagpegyteint kae" cel
m xture derived froma whole heart" may cause a clinical risk of a
seri ous sfdsdéphEecyigabherarhtsionetppbentransaidnaedt issuea( beadtipc
due to the existence of a non-cardionyocyte when the mxture is used
for cardi héSSEfaASPPAEALALI 6A WhiRowethAd.pre-treatnent. Therefore,
for tran 8Ianting t he cardi onyocyte to a recipient nore safely and
surely, if PO M ef er aDPBE t BEERAGRCRTE NER PR cENt e BFttA8 a method of
cardi onyocyte_.in_the cardionyocyte-containing cell mxture, i.e., to
o ien | BNk S Bty B o Rkt SV REEHE L CObBLPhI 8 Bethd Baded on' aRtigen-
' i

S 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

[oos7] According to the present invention, it is possible
to select a cardiomyocyte from a cardiomyocyte-containing cell
mixture without genetic alteration of the cardiomyocyvte.

Further, according to the present invention, it is also



transpl antation. Further, for exanple, a cell having an ability to
differentiate to a cardi onyocyte may be selected fromthe group
consisting of a stemcell, a progenitor cell, and an egg cell.
[0084] Also in this enbodi nent, as descg ed above, the

m tochondrial indicator used in this enbodinent of the present
i nvention_nay. selected fr the group consisting of: A1372, D273,
D288, mog?s%§g§9 2878 2,‘9@56%?85?‘2 S¥YtPoYadBIn [thsegaTRRSHYOCYte-

R T LR N
LS oo Tt MESAE, TE1E8, TERc gt EO0E. HLEaPELELHL B0 sunorsc

transpl angatéeat9bnaorCahdl BA¥ASY¥hGocTREE MRS, AT e; Knpwn, { of
differentiating and inducing a cardionyocyte and it Ts expected that

a nunber pbéssiBLBOds wihiubeedeMel ppedehBabheckutHEecasadofBhbRode0in
differentiating and i nducing a cardi omyocyte. However, as descri bed

above, ththe ¢srdichintgak-coskataisgdcbylamsetidsprepdecal boch

agai nst the recipient cardiac tissue (heart) due 38 to the existence
of a non-cardebwyofymethhés.the mxture is wused for cardiac
transplantation. Thus, it is possible to prelimnarily evaluate the
reliabilit90®8%]cardi oyeryding preptitess cembedrentsed ih ihepossible to
transplantation by prelimnarily _evaluating the percentage of a

car dj ony oTyRE¢H gh% DREFEMEAYSCHE et hR cpaFai PBYOE L Beibr BRSSPI ant ed

into a Caégégfomyocyte—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



ti ssue according to this nmethod. [0086] Sone nethods are known in the
art as a nmethod of purifying a cardionyocyte, such as a method based
on antigen- antibody reaction, such as flow cytonetry techni que,
magnetic beads, panning nethod, and so g .(Mnoclonal Antibodies:
principles and practice, Third Edition (Acad. Press, 1993); Antibody

Eng'neer'ﬁﬂanA PE@E% @@ktﬁ&@r QEHv%thrBEfﬁs %|§%L85§ 0l Y& %éto

Press, 1996); a net of collecting a ce ting a pﬁel

of a Cardﬁ@ﬂf@%&h@lﬁfepﬁgl%Ebn@EYGlb&%@EQQ%aﬁbQQv@ﬁtFkbﬁ'%lmouse
nodi fications into a gene of a pluripotént stemcell as a parent

cell (sucbmBgyanikSseetl kel1a weeNfiRbellddd WS S aRtEs Mo £XP £581 &t or,
ability of ectopic protein; and cell fractionation nmethod by density

gradi ent Mgemgri fiugahioh thengmauaar bEeF1adeBsasensdCb@Seaandcpencokk,
whi ch can be easily conbined with other nethods though the degree of
purity issephabaiedyydebact€drc Res. 2002 20; 91:501- 508), and so on.
EFFECTS OF THE | NVENTI ON [ 0087] According to the present invention,

it is possible [Fé9sebéctFigcay dilmmmoytblyomescent image of a cell
cardi onyocyte-containing cell mxture without genetic alteration of
t he cardiB¥§BE§?e@erFHPahEFPmaécUPHﬂﬁgh?érFhéSbP@@eﬁﬂ FadgenBi enwhiich
is also 39 poESLbI to nrich the cardio ocyte wi thin the

car di onyot§te® %ﬁﬂ? i Wi-hG 881 RPRIERPEY e 2GR EREGE 2gEREALEMIPERE Gt MBRKEE -

thewécardgggyggg%gogggléoaproggggntRgtggrdlonyocyte Wi t hout genetic

L [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 o-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



alteration of the cardi onyocyte. Moreover, it is also possible to
eval uate the percentage of the cardi onyocyte in the

cardi onyocyte-containing cell mxture prepared by a variety of

nmet hods. [0088] According to these emhodjyrents, it is possible to
enhance the percentage of the cardlonyocyte in the

o DI ogHEELEAY: 2uRA8 O] Lol bipe AT LA egognthe ggggy(n%gcgﬁ)

possi bl e si alnst car

g‘a.eEL‘)DtEge%é%%ﬂaMﬁe%esAwﬁe@'[ e
f|UOFESCeaériﬁaﬂefﬂﬁmane6ﬁhkaﬁi%h@rﬁeagﬁi!@dsBFQgh%eWhgh%ohgaonups of
extracted from neonatal rat heart, which was [abeled wth a

m t ochondthal ceilndpeogtattibiSbdseliFog. T2hsFiFQuoZzeshans ankkuaregcent

i mage of cell mxture derived froma cell having an ability to
differentiate {Bighe8eaidiliyocsiz sxdwactledt f4InOUSEL efdl VONGE the
stemcells, which was |abeled with a mtochondrial indicator, M512.
[Fig. 3] fFe4l Bophdasidhswitbuthenhdpheslk| iptpukativont ®h6A &lcekkscent
m xture derived froma whole heart extract from neonatal rat heart

was | abel 849RRLhCanFilEEcRéndr Fardiauyeayse, anfrsimosknabhi chlikeof the
anount of fiuorescence of each cells was separately detected. [Fig.

4] Fig. 4°ShbvBOBISEFTBEt FohPofREelfdgbpufabPERsgent 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, Té668, 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.
7y [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.



when a cell mxture derived froma cell having an ability to
differentiate to the cardi onyocyte derived froma nouse enbryonic
stemcell was | abeled with a mtochondrial indicator, M/512, in
whi ch the anount of fluorescence of each,cell was separately
detected. [Fig. 5] Fi g 5 shows a fl uorescent image of a cell

m xture derived (shown i S
[ff‘f.gl body ggall o {5 ows @n}%%ef( %]an abc‘:’t‘% 95% of

stained with an t | car orryocy

ant"SarC@@EE'Eaﬁef@&'@éﬂlénéfgog¥uné LEige QlcgkglOﬁg§P§£§v8Xgagn

fluorescent imge of a cel m xture derived froma c

ability tom@ihbetenhiagea éi’n@tcér L PEYORYLEyEehaUPKER, FAGtifldn . Whi Ch
was stained with an antl%ody agai nst a cardi onmyocyte marker,

anti - Sar coneri c[FagAciini it iloBhowsidrtal lofFighaifi SIPWR A cell
fluorescent imge of a cell population using an anti body agai nst a
car di onyopypelabideranadnsis Saf coneat ccal AcdeninednErbady, wholwhhelrt

the cell population was subjected to distribution analysis and cell
sorting biremphl bl eflyy derett togcehbliemotmt 8 oflays uaf escebietbf usktagha
cell after |abeling of a cell mxture derived froma whole heart

ext ract ed"} ForPRRGhbEhl 1rdicabart WeHh-a mitochondrial indicator,
T3168. [Fig. 8-1] Fig. 8 shows a result of analysis of a cell

popul ation whi chf Ts 33%1]01 ddt%d 1% Shosts iHhst |d@r¥aar% wiad iy ofeld

1N
sortlng qy fg%fgﬁ gbé%ﬁé%&nggo£ muf%lL{E types of cells derived from

f 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 isclating a cardiac ventricle from an aborted
fFetus 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



fluorescence of each cell after labeling of cells extracted from
neonatal rat whole heart with a mtochondria) indicator, T668, and a
fluorescent image of each cell population using an 41 antibody

agai nst a cardi omyocyte marker, anti-Sargcpnmeric a-Actinin Antibody.
Fig. 8-1 shows that the cell population derived from neonatal rat

h d 3 th | I | at based

To6s f1 ot BBcent TRt BAAPEy SeRk Bi%kusp Eﬁazvgdz hone f%ﬁap:‘%‘éaai? al
| f h t it T668

?Fuo?egceééglgﬁgn gg%é?@ gf%%Ecgbggggég e?é aﬁaeggénéfoall cells

of the caikfeeaﬂkﬁakQBn éaﬁaheﬁl letggueagaﬁsﬂgﬁh Esn%Fh&hcggshﬁt

of a non-cardi onyocyte. Fig

i nterest QéﬂltﬁbﬁoobeaQEt@taﬁg HétﬂﬂoB@oacla? ﬂ@lhoﬁauzﬁgg thEﬂe
9-11 Fig. 9 shows cell popul ation analysis o rat fetal cel

derived faoffarwheietbaaihductl aemitmekeqndeial indicator, T668, and
i mmunostaining of the sorted cells with anti-Actinin antibody. Fig.
9-1 shows[®028]t he cell) Daipal bhdoof dercorll #iom denatockRdbnlieasl of
13th day post conception is separated into 3 groups of the cel

popul ati ohndbegtdron T668 fluorescent intensity. [Fig. 9-2] Fig. 9-2
shows that alnost all cells of the cell population with the highest
intensity of T6EB EepsPEesert invepiiemyoeyfiuanesaenostmateértal| sugh

t he cell gopulatlon with the mddle fluorescent popul ati on consi st
of a non- 7512, T3168, T668 or R302 (all available from Molecular

J 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 wheole heart or a cell mixture
derived from stem cell in the presence of M7512, T3168, T668
or R302 in the culture medium.
f0094] By further culturing for several days after
labeling the cells with the mitocheondrial indicator, it is
possible to further amplify the difference between an amount
of labeled signal of a cardiomyoccyte and that of a non-
“é 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

a4 preferable cell sorter for selecting the cardiomyocyte using



cardi onyocyte. [Fig. 10-1] Fig. 10 shows staining of whole fetal
‘cells with a mitochondrial indicator, T668, and purification of a
cardi onyocyte. Fig. 10-1 shows that a single cell population derived
fromfetal rats of 9th day post concegtu%n_is mai nly found by
isolating the cells by the fluorescent intensity. 42 [Fig. 10-2]

Fig. 10- ;Qggs &gigsnn&gpghan ggggt 95% of T668 | abeled cells are

found to Be a“ctar i omyocyte i'mrunost ai ni ng agai nst a

car di orwot:aa@ jar ker, gﬁf ng'ﬁPir:LEJFEonl& fﬁégra%%%j;{;aﬁ“%cdéta of

stai ning and ceII ron analysis o Véd froma

whol e heart frﬁnbéiihegﬁibﬁe§ﬁg098§9950?£¥tﬂl%&%@%ﬁl&g%gécghégh

using a mtochondrial i1ndicator, T668 OWs t he

data of sigtshsgtefia s@@ﬁéhangoﬁhéoaﬁbﬁélEGseilﬂHhthEﬁoEYHﬁé
cells derived from a nouse enbryonic stemcell with a mtochondri al

i ndi cat orsul§é8tand aslinsunesial ni g dquidier Btk el cPoptd @té®kent
agai nst Actinin. EMBODI MENT OF CONDUCTI NG THE | NVENTI ON [0990] (1)
Preparati@mdothe catdi ofiyoocptentonfathengacdiomyatyter se1&ctel, bg the
cardi onyocyte-containing cell mxture is obtained as a cell mxture
derived frpoeFenhdethpdanreoromparefl| whtkt bhesdeseéledtédonyaastnehnod of
cell. [0091] The cell m xture derived froma whole heart can be
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 c-Actinin Antibody is used to label and select the

cardiomyocyte.
Y 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



.~

prepared by isolating a cardiac ventricle froman aborted fetus or a
neonatal animal, mncing it using forceps, degrading intercellular
adhesi on using an enzyne such as collagenase to disperse the cells.
[0092] The cell mixture derived froma sfegmcell can be prepared by
differentiating and inducing a stemcell such as an enbryonic stem

cell and gFﬁggg%g %E%gh% derﬂ5%GD§F§§£Sh§H§?Cy e_u |ng hangi ng- dr op

culture ne Fo 01 68: p.31-43).
It is prefgpaghe 43 ﬁgéﬁat&@egaﬂ R93C ﬁgﬁsnﬁf£%%ebggEhV%grérggbglflced
stemcell, additional treatnent or en Ci ng egree o

di ff er ent bgt b@BvALRIUGEKEBCAE 1 bRE 2¢RES ngeyfaﬁeg%ﬂaglas a2 £e2dght AN
of all-trans retinoic acid) is conducted on th

di f f erent intedbapdueedeaehl rakst wae. 156093ka( 2)cé§@féd: NgeRtroceel |
with a mtochondrial indicator: In the present invention, a

fl uor escenselantdr Eabmsthbh haarkV&a2, tT3468d 668 0E083@2(®ﬂbh of
avai l able from Mol ecul ar Probe) is used as a desirable mtochondri al
i ndi cat or cotéhjenagee (hubéletlni fmoh7Ba2thIB8468n B66BedicR302 by

i ncubating of a cell mxture derived froma whole heart or a cel

m xt ure 8@Fp9éét¥96h1§ﬂeﬁﬁ€émlfrﬁetﬁeMEMeééﬁgb gflupp5¢2, megle’, T668
or R302 in the_culture nmedium [0094] By further culturlng for

several dh§¥aiteRie FuBE LRYLtReIeR)| s B tHigesting cerenertdliac

i ndi r, it_Ls .
di cato VeHErkcle using collagenase, cells were dispersed in the

:

i medium to prepare a cell mixture derived from a whole heart.
01001 Subsequently, the culture medium was replaced by
D-MEM (High-glucose) medium (available from Invitrogen)
supplemented with 10% (f£inal 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 37°C. After
incubation, the cells were washed 4 times using the culture
medium and further cultured for 24 hours at 37°C.

[01011] Thus labeled cells were observed using a
fluorescent microscope. The result is shown in Fig. 1.

foi102] 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




possible to further anplify the difference between an amount of

t abel ed signal of a cardionyocyte and that of a non- cardi onyocyte.

[ 0095] (3) Selection of the cardionyocyte: Cell sorter is used to
measure the content of mtochondria in the cell mxture derived from
a whole heart or the cell mxture derived froma stemcell | abel ed
with M7512, T3 [ 2_an cel | _popul.ati on containjng

rel atively highé$§§n§%%ﬁpg g? 08§8§83F38i§°ig§P£%58 ggegﬂer the mzthOd
car di onyogyt F e s wat I t registere
Cradenmt k)T B Braskr i ryeas S, Shaape) 4oL fo 0688y ot R BngEpy e
sorter foinsebectimngthbe @ardi,eaYee¥heaUskRy 4411 . M/512, T3168, T668

or R302. [0096] (4) Confirmation of the cardionyocyte: A cel

exhi bitingorekativel yuhigheeréht0aes€en6€sei BhBAGOLY I St8Ar L8 byat he
above described nmethod and is subject to cell culture. Subsequently,

t he cal cutabgdctedt ént haagdnyhdroat endtueanisatieef At hetcandi onmyocyte
sel ected by the present nethod are conpared with those selected by a
met hod of PL8ferenhinasipng EA81lcABdi prPdeyBe tpomiffheentypee ahdcehlisce
other than the present nethod, in order to confirmthe effectiveness
of the praseAfdipUEAcYdn. |FPedief jrakbnt thenkming-dromtdottafe was
detecting the cardi omyocyte using an antibody against a
cardionyg%??%ﬂs%%%F?PX H%?k%ﬁrééaaﬁoagtenyegi enBEODAEAG| AYI i ght

[ ' - i nin
ChaLh’ Saéff?@ééﬁt%a@?én and induction of an ES cell by the present
)

i J

method, wherein the present method comprising the following
steps: a step of preparing a droplet consisting of 20 ul of
culture medium inside the 1lid 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

0-MEM medium (available from SIGMA) containing 10% (final

E—

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 1078
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



troponin I, ANP, GATA-4, Nkx2.5, and MEF-2c) nay be used as ot her
met hod of discrimnating the cardi onyocyte fromother types of
cells. Especially in the present invention, an anti- Sarconeric
a-Actinin Antibody is used to | abel and,select the cardionyocyte.
EXAMPLES [0097] The follow ng exanples are provided to further

i 11 ust rat\gaghgl%g§gg5 &H¥8nEF§QrF %Eﬁ.s Icgeffo%lnl oW ngajeexag‘[if:l‘8

are in no wa e faken as g technrcal

|nvent|0nThQ§tp98b¥rE@r c@i@”}akk%hféw 0- 168098k FXENPhES> LAREL phe

of a cell mxture derived from a whole eart extracted from néonat al

rat heartsahwéhcanaftieshasdehat bﬂdgﬁaﬁ@ieﬂﬂl §n&><éﬁm;§rwasuﬁaeﬁu‘£f18d
to confirmwhether the nethod of the present invention can be used

to det ectcandatiibomyocyhe 48hekdon @ﬁltuﬂéxfﬂfefdﬁth&_@deEQ?haa%QJ:e
heart. [0099] Neonatal rats 1-3 days after birth were sacrificed by
cervi cal démboghtobnMakier eierr ahesthwesicylaiterfohizhiatde desg1l
of each rats was isolated. Cardiac ventricle isolated fromthe heart
vas treat®Bdspi ¢onbabesng (anvyutbnopohs kyepadsatimgi bablitohyoayte
Wart hi ngton Bi onedi cal Corporation) in serumfree D MEM
(H gh- gl WEBRRIT SRR AeT (Bhai Fablerer eandatienogen) obByruedessing ahe
cardi ac 0%’]2””' cl e usi n‘? col | agenase, cells were dispersed in the

r

medi um t oF PIRTRTECRt CBIFTAPPRFe dete VEEFH s SHRMe Heditg. 2.
[0107] Fig. 2 shows photographs of phase-contrast images

L (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

3\ 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



[ 0100] Subsequently, the culture nediumwas replaced by D MEM

(Hi gh-glucose) nedium (avail able fromInvitrogen) supplenented with
10% (final concentration) of fetal bovine serum (available fromJRH
Bi osci ence). Thus prepared cultured cell;s were incubated in the

cul ture nedi um containing 100 nM (final concentration) of a

' [ L ndi . i | abl Mol | ar . Probe) f
10 i nuteé ApodfchERkBCyaY RbAst R Lc?hsgeé&%%mgﬁiﬁiﬁ%éaﬁﬁlﬁ%lns%r the
i h dj h 4 t 37C.
1010 Thae t 2n8f P EoPPI B2 HEL BEeEVEk RE0n' & it BKEREY 315

m croscopgacsherbgsutbrkd %BQ&@mEBkEiQBD?-FrEQ%9§L Ehfles? RBOWEAGNALTLe
whi |l e M7512-based fluorescence is clearly observed In a

car di onyogykeiandst BRowar dhomygcyke contains a nunber of
m tochondria within the cell, a non- cardi omyocyte contains only a

smal | nunbetiof nitochonBiga 3W thso-aAheotethe 162903nEXAMYLES2:
Labeling of a cell mxture derived from a nouse enbryonic stem cel

with a nm demboatradesi adi datidcadbr i seddangilze wadsc @egicited tim Fig. 3,
confirmwhether the method of the present invention can be used to
detect a thr#sonyeeybée ta sephrafst bhe dellvmixtnom destesticérbm a
[0104] Undifferentiated nouse enmbryonic stemcell was subjected to

hangi ng- dfepleuredFe iBhAeEwR JEPUBS. Of opilsrepnpapfonbhigbogosgists of
p. 31-43) tglgifferentiite i hduce a_cardionyocyte. Specifical

the“pangiﬁ §0%15%|¥% @tagng higher fluorescent intensity (depic¥éd
g as P5 area in Fig. 3) and the other of which consists of cells
with relatively lower fluorescent intensity (depicted as Pé6
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 USaA). The result is shown

in Fig. 4.



known whereby the cardi onyocyte can be prepared by differentiation
and induction of an ES cell by the present nethod, wherein the
present nethod conprising the followng steps: a step of preparing a
droplet consisting of 20 | of culture nprdiuminside the lid of the
culture dish wherein said droplet includes several hundreds of
cells, f plag he, I'i he culture dish wih_a, droplet
to cover Féﬁg gulture %ng ! a Stg%géfifor%1%% ap%5+?°ﬂ€%i AT he

bottom O&eﬁgﬁsgfggégtan'1ﬁdicg@8rtbg () h%19r0p|?5 d@%q %F%Ra%ﬁﬁg 4,

differentiating and i nduci ng an autononnus y pu cardi I"omyocy
fromthe gelismpsssidhe 96e§€ﬁérhﬂ¥eﬂﬁb08eﬂ§eﬁlx@ukgwhgfgbg from a
et al

(avai l able from SI GVA) containing 10% (final concentration

bovi ne semnoiis¢ ag@blabhecl soemEL TECHoBt&) ypenpdi bEersnikat hbpg apad
i nduci ng the cardi onyocyte. [0105] Fourteen days after

di f f er entwlatcloncandishdoft cohls waitkl relassvediit AL Gh8E 8Duorescent
aut ononously pul sating cardi onyocyte was confirnmed to be fornmed in
the cul t uiteessey, (depihied 46-B2 areé ahlFigans)rendnche athdrwas
added for further enhancing the degree of differentiation /induction
of the ch%H%ﬁy%@??bStS[@iO@?ll@ with dayativeddi eeeenflaviencent

/i nducti on, cell mass containing an autononously pul sating

car di orryo’c%/?"én‘iﬁtyvvash’dlféﬁesr SERMH @é’érsat@ del |aredp W ptdd as a

t dc m xture wa abel ed th Mr512 under the
;na)r(reu(r:gnaﬁ’qu(g% rgée%ﬁé?e B géﬁ%’ﬁ%r%‘lfajﬁﬁﬁ‘g@uw urRg ‘\émﬁ%lérc‘ﬂ%Eur%ondl tion

of L%e adﬂfﬁi@f Cu'tLEfkﬁﬁHEf§Utﬂg%efﬁdays Eﬁtfis 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.

[01161] 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-

hé BIO) for 12 hours, which was followed by paraformaldehvde

| fization.
[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



removal of Mr512. After further culture for 5 days, a cell nass
tont ai ni ng an aut ononously pul sati ng cardi onyocyte prepared under
the culture condition was observed using a fluorescent m croscope.
The result is shown in Fig. 2. [0107]_ @dl- 2 shows phot ographs of
phase-contrast inmages t (upper panels) and fluorescent i mages (1 ower

I's) of Ll t | e_of
ol axat i b Lﬁﬁge%iddlgﬁﬁﬁpé Bl o Anbbe " FoPBRARAEFON phesaeSps’ Cofpgetea

here ot BB Pl Epebnh ﬁkbw§¥%°§§g%§i%é?§§'iat%ﬁ%oPﬁiigbﬁ”éﬁ%étes
cells. Thapiigjto sayThMéagabaﬁfgc fcéueéeégﬁﬂgs?w@ggh@éléxregﬁgﬁsd

in a cell mass consisti ng of an au ononobusly pul s

cardi onyogyhetiwhh! enMBdd bﬁﬁ@dotFEHOE§EQF8 %8%8E;%NggéglMlgnglln the

observed in a cell around mass ysi s

of distribelionirtutbebeebis sefieatenyl tnexturaidRyb¥odel boMAcWABkBO4
heart | abeled wwth a mtochondrial indicator This exanple was

conduct edof otk apréyebbheinwennionf aad thedpenyenyhgecost ahaed in a
cell mxture derived froma whole heart of Exanple 1. [0109] The

cel | m xtepedderyoedter opntanhefleihebhe watalpcepisedasnoatgoBdancedn
with the nethod described in Exanple 1 and | abeled with M/512. The

| abel ed cEPf afhenranydriverers Ebaig89% 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 methed.

[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 cther area sorted
by the method of Example 4 were cultured in o-MEM medium
(available from SIGMA) supplemented with 10% (final

concentration) of fetal bovine serum (available from EQUITECH-



a whol e heart was subjected to analysis of distribution of the cells
of the cell mxture derived froma 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
denonstrates an indicator of cell size. As depicted in Fig. 3, it is

possi bl e g@oyeparale hegr@?l ng%iatmﬁas dehhuedaf ggpbagg}@pghgmlggﬁ%e

into two groups of cells, one Ich consists . .
rel ativel yikkghen.fl uorescent intensity (depicted as P5 area in Fig.
3) and the other of which consists of cells wth relatively |ower

fl uorescenbiplensit ynégepi ehedf asePbce dL SawbPe Figbe Bda withhkhs
exanple, cells of P5 area were sorted as a cardi onyocyte and cells

of P6 ar eaaméiemgotyed msrkarnOnoGaedafByos)ieomedsd bhRBtBRHAIANtibody
separately subjected to the cell culture. [0111] EXAMPLE 4: Analysis

of distribavadhablet fizoweBI6MAYf whieh| warrt uieuddizeddublom grasuse
enbryonic_stemcell using a mtochondrial indicator [0112] This
exanpl e wekuebpdaerbdmpseEialr egningatnduapatofngicaedsengotybedy
contained,in a cell mxture derived froma nouse enbryonic stem cel

prepared fAVEXRBIE STOFOHIBPCTHET CRFPPRF Xt urBhelefe ekl fFonihmimeln
o ™l S TR e B S ) L RS e vea
T e BESAVEONED, BuURIaR ETBNRTLE, 5 C ekt SRS Bancn o
S and the results from cells collected from P2 area in Example 4
are shown in the lower panels.
[0123] The cardiomyoccyte 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



trademark) (BD, Franklin Lakes, NJ USA). The result is showmn in Fig.
4. 49 [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 cell mixture derived from &, nouse enbryonic stem cel |
into two groups of cells, one of which consist of cells with

relatlvelxS %gg&b L.u re%%%gan t%tegilti dgah %d 3% @?y%%%%]g&éﬁgg.

4) and the o whi 1 "Cofsists

quorescegblzgqtenSItyn Lﬂlghé§%ﬁé§gp|%he08hi§ Bﬁfgarﬁiﬁér%@Fglig%&eg

as a cardionyocyte and were su ctéd to fhe ce ure

EXAVMPLE 5ynbabehbBgtobxéebbtetclkeshed hboRagagelkbt Ebé&%few%& hVeds
froma whole heart wth a cardionyocyte marker This exanple was

conduct edlabetkar iviyht hemdegenenairianr ielieatod! the ¢IPQEOEY! @he
present in a cell mxture derived froma whole heart by the nethod

of Exanpl eaBe mOth6fl €sl thpapdeatirabsdofinPExampacand B&capeatnakt edies
by the nethod of Exanple 3 were cultured in a-MEM nedium (avail abl e
from SI GVARvaippbémefiren NWeilkctlexr( Probk) wemcestdatison) mdftobdbaldrial
bovi ne serum (avail able from EQU TECH BIO for 12 hours, which was
fol | oned BYPdpspaPsr mal dehyde fixation. [0117] Next, the fixed cells
were | abeled with a cardionyocyte marker, nouse anti-Sarconeric

a- Actini nl@h2¥hody (V3P| BEFRaFedntafGabelofi enlherméxinsaaterived

USiE? 9reelom 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 o-Actinin Antibody
(available from SIGMA). The result is shown in Fig. 7.
[0128] The cardiomyocyte recognized by anti-Sarcomeric
o-Actinin Antibody and other types of cells were mixed in the

I 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



fluorescent material -conjugated goat anti-nouse anti body (avail able
from Mol ecul ar Probes). The result is showmn in Fig. 5 1In Fig. 5,
the results fromthe cell mxture derived froma whole heart are
shown in the top panels, the results _frgm_the cells collected from
P5 area in Exanple 3 are shown 50 in the mddle panels, and the

results f he_cel | e fromPp6 area in Exapple 3_are shown
in the bo ?g%n% pgﬁe s%'%tfgiﬁgﬁ}:lr%% (l:%%j?% 5c§¥e!t£8c18‘§ggﬁgd°5ythe
anti - Sar LGt &5 Lnin Anti body and other types of cells were
m xed in heéécelﬁnﬁg%ﬂélg'bef ore selecting the cardi omyocyte by the

method of o18€) Pr esergxAmMvents O adith 108 PETLEH 2081 Aot NSe115 derived

cardi onyocyte containedi'nm the totat cefts was oy 309% O the

ot her hangoros ewlhidee R9eof ek mi £0Eh664LHalr OANDEB6L2 THEES and
conposed of the cardiomyocyte. Théeife was a smal I _amount —of tne

cardi onyomytieftentlon ngf i 8 taedtehyscebel ected fromP6 area, the
percent age of which was approxinmately equal to the percentage of the
cardi onmyocyt e Pidanataherse|kearonwdy theated esktih OrE0 DD . (FOX19%E
Fromthe result of this exanple, it is clearly denonstrated that the
car di onyRSA RGeS cavatiebled fromi FECMbUrang tnvipein i téredilabhe t freom
cell mxture derived froma whole heart by the nethod of the present

i nvent i orFIBEAD0TC BSMRE: 62 ¢obkIPoRuERtERR | s GadllectHbHannad igelthe

m xture derjved froma nouse enbryonic stemcell wth a _
cardionyd?&%???ﬁumﬁﬁlum were exposed to 1 uM (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-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




Thi s exanple was conducted to clarify the degree of enrichnent of
t he cardionyocyte present in the cell mxture derived froma nouse
enbryonic stemcell by the nethod of Exanple 4. [0121] Cel
popul ati ons of P2 area and other area sqrted by the nethod of
Exanple 4 were cultured in a- NENInedlun14(ava|IabIe from SI GVA)

suppl enent e th.10% (final concentration) of fetal bovine serum
(availabl@ig$§b+E€@&$ECH 51 BIO for 12 hours whi ch was foll owed by
par af or ma fix n Next | cells re | abel ed
with a ng swoc teé%%gkgoégir%ﬁ%%naﬂ?? %?a ﬁg?ﬁg uﬁl?\@t ame

Ant i body m£@¥§i5§9| nh' eALSL )me%ﬂbﬁhageEﬁo¥Esag% %igeHS%”Q r%eﬂg 8.

fl uorescent naterla -conj ugated goat "antI-nobuse an avai FaB
from Mol espligr cBLobES a Ea%aasﬁybeyltésst&e% LRaifbd wtn!g Fig. 6,

the results fromthe cell mxture derived froma nouse enbryonlc
stem cel Imatecrbpwpial theivpper,pranehs (avdilhpleesvbhsmbiapueslk! s
collected fromP2 area in Exanple 4 are shown in the |ower panels.
[0123] Therokell oipdeptrdentogfi thd byaabhembaasenpbient@alfcCivhAibA can
Anti body and other types of cells were mxed in the cell mxture
before sefpecibhcallyheteandndipobyndrhby thé withhadmatothenfreagnt

I nvention and the percentage of the cardionyocyte contained in the
total cel}Rdh@3ten| Jéadogepandens enhthehsnansmenbrahanpgbendiatewhsch

collected fromP2 area, . i ] )
. can also specifically stain mitochondria. The cells were

&)

}

A

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.

p——

[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



S

(which exhibit relatively higher fluorescent intensity when | abel ed
W th M/512) were denonstrated to be a cardi onyocyte. [0124] Fromthe
result shown in this exanple, it is clearly denonstrated that the
cardi onyocyte can al so be selected w.thgigh purity and enriched
fromthe cell mxture derived froma nouse enbryonic stemcell by

Lhe Imet n0ds8hah e cchfieseakLAKTALHOIn kAL28L FXANELR L, LRS! hagew th

a m tochondri al |cator I's ‘exanp e was con

confirm weeeaaﬁteah@eralsm bechpadibaki HE“T:B@S:OBf EﬁéG%eng %ﬁ%g e

| abel the cells, it 52 is possible to obtain the simlar

t hat USInQuNV5£2 valQd26F hpokhbs exanpheiot Be @ekk @hﬁ%ﬁé@c@ﬁ%'ved
froma whole heart extracted froma neonatal rat heart, which was

| abel ed witheaswtiyochondsilal Findireatent maseﬁé@ﬁgr@asbﬁmpm@ye&anBThese
nmet hod as that described in Exanple 1, except that T3168 (avail able
from Mol ecasaltPr dbmpnmbisatsetihas ahai tacldadybaktei hdscabar onfl§12RE
Thus prepared and | abel ed cell mxture derived froma whole heart
was subj eeigherocpatenpyofheisaghondrhadbut alhat tHesbiphed in
Exanple 3 to analyze cell distribution and cells with relatively

hi gher fIEB?%%E%H%éaPﬁtEﬁE?Pylﬁér@f géreehendsha eempareddtasthe non-
car di onyoc ., Thus selected cells were cultured followed by
paraforna?%5ﬁ§8@Y?F¥5?ron by the same method as that described in

Exaﬁple SroYR5§h Wer epyamprE 10: Staining of fetal rat cells derived

N 't%‘
'Jf 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 M
(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 groups of cell
population based on T668 fluorescent intensity (Fig. 9-1). In

o this example, the high fluorescent cell population exhibiting

""" the highest fluorescent intensity and the middle fluorescent
cell population were sorited and cultured.
[0136] Then, the cardiomyocyte was identified by
immunostaining of the cultured cell using anti-Actinin
antibody. In consegquence, almost all cells of the cell
population with the highest intensity of T668 fluorescent
signal consist of the cardiomyvocyte and almost all cells of
the cell population with the middle fluorescent intensity

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



| abel ed with nouse anti-Sarconmeric a-Actinin Antibody (available
fromSIGVA). The result is shown in Fig. 7. [0128] The cardi onmyocyte
recogni zed by anti-Sarconeric a-Actinin Antibody and other types of
cells were mixed in the cell nixture before selecting the
cardionyocyte by the nethod of the present invention and the
percentag? ?he cargy
30% he her d, ' ~ S—€
hi gher f|MQE@éﬁsﬁ&rkaieEﬁEEMa%EEE @eaﬁnahaaheglboanﬁ §p§§%§58%¥88y5% a
[0129] Fromthe resuft~shown im this exanpte, Tt creary

denonst r ateddibayotheecar di onyocyte can al so be selected wi th high
purity and enriched fromthe cell mxture derived fromthe cell

m xture deri vedrétam mathotestiwafiayusbsg 53ncdBib8namas wi-bachangsinl

i ndicator by the method of the present invention. [0130] EXAMPLE 8:

St ai ni ng eflheaoemtras anfd tekbsidetbvedlléconcaldhpbpuheaibnby @ells

m tochondrial indicator, T668, and purification of a cardionyocyte
Neonat al ¢aspéesed wastheeaudtiumethediodSvetwe/ expobedcabl agaMaseinal
(available from SIGVA) and trypsin (available from GBCO to collect
a cel |l popeGatRbratEeh) sofii apditeahehdrial énfligpboredpam ferels
exposed to 1 M (final concentration) of a ~.i mtochondrial

i ndi cat orml':’f‘é%%s (AbadT &bl &'arad Vbl lddisr Fdplmediately 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 embryoc), 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



for 15 mnutes at 37C, washed 3 tines, and i medi ately 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 popul atianexhibiting the higher
fluorescent intensity and the mddle fluorescent cell popul ation
were separatelhyssgited. [0131] Then, the cardionyocyte was

i dentified by 1 mmunostaining of the cultured cell using anti-Actinin

antibody (fig9)18-2). ERAGPNECUHENGEaiRlARShralhCELE$s0helbbeaCthbn a
popul ation with the highest intensity of 1668 ftuorescent srgnat
consi st ofhaleandhenyepyhenandagl nosh akky pekhkscehckpeiofehkb 8 aays
popul ation with the mddlie fruorescent rntensity consist oOf a

non- car di afiverybertihessageraanakyshsndasacondusctatdorr egasdang R302
(avail able from Mol ecul ar Probe) and the simTlar results were
obt ai ned @Fagys8s3), as well as T668. [0132] EXAMPLE 9: Staining of
neonatal rat cells derived froma whole heart wth mtochondri al

i ndi cators, TecRahndeampsertaingddcahpitthi davanabysienoéption to 8 days
transnmenbrane potential per 54 - mtochondria [0133] Cell popul ation
was col | et BT UBTREt HaSshRBatRet Bifhl so4hBICRESSaRBANEEHBEIAStPhose
descri bed i n. Ex | e Thus col | ect ed cardj onyocytes were stai ned
Weh PR OLRORR] GP L nBPEHLBE ORI Yy i SS9 it NS BFume

Probe), ind dent of th tential which
Cpoci 11 cal PGV GUa f i CERAGARr P Aniiud ER"ALrEDBERBRERFEPR) OF a

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

oy specification.

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

multiple types of cells with a mitochondrial indicator T668

and purification of the cardiomyocyte

E5 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, Té668,



i ndi cator T668 dependent on the transmenbrane potential which can

al so specifically stain mitochondria. The cells were analyzed using
FACS i mmedi ately after the staining. It is possible to separately
detect the fluorescence of T668 and t_hg% of Mr514 since the

wavel ength of the fluorescence from T6 is different fromthat from

Mr514. In_this_exanple hree. groups of_cell popul ation were
det ect ed ngegsoﬂlﬁ%ggé aﬁecsce S8 AnCHIRE cARE | Imeedakeibed in

h lysi 8, 4t is t igh fluorescent
cel1 " popir i Peed PR Dy G FiSRELTALE pddf I A €IS ERLY
CardiOnV0§N§§r9@&U5§tEOBeﬁﬂdeFngE?QhebggéarSﬁcgg%lE?BHL?EEQHt I's a

non- car di onyocyt e popul ati on. 134] Next, eac populatron is

separ at edihesedien. tde ¢l iocrdr Tl eSaentnd MRS £ Yustesd vge from
T668 di vided by fluorescent intensity derived from M/514. In the

cel | popithbe¢hontydansaf irdvhsch thedcangosnyechesedasnpTa8cst8ndd, be
cells categorized in the value of nore than 150% accounted for 90%
of the tolateptedepasetdtbe teél gnahesishef catwihbie vabaetobampb%s0bm
the ratio of T668 fluorescent intensity to M/514 fl uorescent

i nt ensi t yth@slabpr ojedelopmnent $haghe sefiefipbpel a¢ldnpopehatiordcasld
a non- cardi onyocyte_ based on T668 55 signal, cells categorized in
the val ue®®f PRrECTRAn(EE9% Latcoditwaveior sigleefthare twarg aumselrl of

the cells en th c of f_ val ue of 150% of the ratio of T668
f 1 uor esceht™ ‘?]ﬁt%ﬁs‘i’?ﬁ? CRFEAUC R oF LSRR | htePEEEGeNhsivApNSYEY. than

Thqs% 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-

cardiocmyocyte.

R

[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 S7563 for 15 minutes at 37°C, washed
3 times, and immediately analyzed by FACS. In consequence,

the cells were separated into 3 groups of cell population



results denonstrate that the cardionyocyte has not only the higher
‘content of mitochondria but also the higher transnmenbrane potenti al
of mtochondria conpared to the non- cardiomyocyte. [0135] EXAMPLE

10: Staining of fetal rat cells derivedggfroma whole heart with a

m tochondrial indicator T668 and purification of a cardionyocyte

Fetal ratoheantonf chaLh S3UoRSLARRNEROLLAN.YES trepled iy,

col | agenase and trypsin to a ce

dlSperSedhighthf?gﬁégHéﬁtnegiﬂnb$§ﬁ@a@fgﬁsggq%g§%%kb %é%nﬁhﬁ est .

concentration) a mtochondrial "1 ndicator
37C, washeludréssest ﬁﬂﬁehﬂﬁﬁﬂ'ﬁh@'¥0§H9ﬁe§ﬁ§dcﬁ@tugé@5 anal ysi s. The
cells were separated into 3 groups of cell popul ation based on T668
fl uorescen®ladlensit yIfdn g. tBe Igardfomyddpt &X0aP| faehberNé@hoy
fluorescent cell population exhibiting 1 the highest fluorescent
i nt ensi t ylmmdneseahnddy eof| the esubhtiredetélpopslingi entivenetcsnihed and
cul tured. [0136] Then, the cardionmyocyte was identified by
i Munost a?htHee -t HE® ARSe R | ajgiqrf sl -Aekiqiof e idmdy. | n
consequence, alnmpst all cells of the cell population with the
hi ghest iFRRASRELORIVIEEStRe bigResht ln‘é@@mnlr f@ﬁsﬁéfﬁaf flhereic??]t
cardi o te and alppst all cells_of the ce popul ation wt e
nlddlen¥l%%?%%ﬁéﬁ?n?h?En%ft9h306ﬁ§¢§?m5?cYﬁ% #oR- *APAFBngbtytellFi of
9-2). 56
: i
=4 consist of a non-cardiomyocyte.

the cell population with the middle fluorescent population

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

5, 3
ot

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.



[0137] EXAMPLE 11: Staining of whole fetal cells with mtochondrial
indi cators T668 and Mr512 and purification of a cardionmyocyte Fetal
rat of 9th day post conception was treated with collagenase and
trypsin to collect cell population. Cellgy dispersed in the culture
medi um were exposed to 1 M (final concentration) of a m tochondri al
indicator T668 for 15 mnutes at 37Cyeshed 3 tines, and

i mredi ately subjected to FACS analysis. One single cell population

was mai nl y1gbsenvedthas aiCelllepepulati o rkasededrehebiuarescent
intensity. On the other hand, in the high fludoreScent intensity area

in  whi chcalrdicaydicgmeecyne amad ngr edilat ed xtarke vdeheskeddpasad on

the anal ysis of a whole heart sanple fromthe | ater devel opnent
stage, a déftemptdooeblf mhpeulcatriddomyoulytenon hte basnd oF @ rklablive
However, since there were a small nunber of cells exhibiting a

hi gher f| @GBRr&ESeéEneE| Feddsiley mhdochibadrig mndelolr popellatiioe, these
cells were col]ected as a high fluorescent cell population. [0138]
The cel | sSPhEPERERAFdRed LEAG SIEHbAGBLaPREGINIER &F thet ceddy agai nst a

cardionyOf%ie narkgé, Act%pin. proxinmately more than 95% of cells
col | ected' Gisi ng T668WEFER o dtd 4'61Be la cdedicdhy S €aEmignyDEyLe. is
day. post “SEeREBR BAoHe SHPy CERBI §BY oL E T EoBtALPABRORo TRETHE
e Toar VA RELCGBRE R LIRPL AR ! RQCTAELRORESHRE oSO TRLOHELYs
o 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
"é 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 methed of any one of Claims 1-5, wherein said

cardiomyocyte-containing cell mixture is a cell mixture



such an early stage, it is possible to effectively select the

cardi omyocyte using a mitochondrial transnenbrane potential as 57 -
an indicator. [0139] EXAMPLE 12: Staining of rat cells derived froma
whol e heart obtained at 11th day post cgjiception to 8 days after
birth using a mtochondrial indicator T668 and FACS analysis Rat
hear t_obtabPedeal cidhnadakoRasheBRRCER! h0BelQ fis Y8, ﬁg&%eg Lo vas

treated with coll agenase and trypsin to a cel |on

Cel I's di sperseHavinghencubiuiey ¥BJaEEr¥BER+EXPOSEd tRel cQ&ﬁRbﬂgbcyte.
concentration) of a mtochondrial indicator T668 for 15 m nut

37C, washed] 3 tineTheamethouedifatebymapal yaedebyt EACSceld having an
consequence, the cell population was isolated by T668 fl uorescent
intensityabikigh fouditferantiatdi bayacyhedpopybayteniexbebettsg £hém
hi ghest fluorescent intensity increased in nunber and cel

popul at i ofise weFeue| earsystiparafed ftem eath, othproasntiher cell and an
devel opment stage progressed (Fig. 11). Therefore, it is shown that

it is pos%?%l%e?% presune the maturity of the cardionyocyte by the
met hod pr ded by resent EeC|f|cat|on .[0140] EXAMPLE 13:
Staining a popu EBﬂngtP g ofe ffl Elpiest ypés Bhegelnssaidh

toch t r 1668 and purification of the cardionyocyte
Esnzefrsqﬁgég % # ergﬁ¥?%?%%rfﬂ?% %5?? pOPLtPBHg the labeléd Cell

in the absence of the mitochondrial indicator, after the step
L 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



-

cont ai ni ng the cardi onyocyte using the same method as that of

Exanple 2. This cell mass conposed of nultiple types of cells was
treated with coll agenase and trypsin to obtain discrete cells. Cells
di spersed in the culture nmediumwere exgased to 1 M (final
concentration) of a mtochondrial indicator, T668, 58 for 15 m nutes
at S7C vgahgdrd1hties: oBRehIMBRI 8LE1 Y1 aRNAl YERH R FACSh4 e 8! nol e
cell population was mainly observed as a ce population sed on

t he f|Uorﬁéméﬂiveiﬁi@6@h5ﬁdr§ﬂl&£§aﬁ§?ﬁﬁbf§ﬂgzpB@eh@gaEi89 the cell.

fluorescent intensity area in iC e cardi onyocyte was predicted

to be defeefed baghd methbe amatysiis of ,awnhekenheant %a%a&%m§eegke-
the | ater devel opnent stage, a definite cell population could "not be

found (Figont2jnikpwesdi, mskhueet here vere mistakk dsunbea efomehl Ghole
exhibiting a higher fluorescent intensity than the main cel
popul at i dRearhede sefeilweisntuoe| éeritdedsfrohi ghcellubaesngnancebility
popul ation. [0141] The cells were cultured on a large scale and

i munost atAediif eherbiake i bedihagarnéiomyeayteomyocyt e nmar ker

Acti nin. than_98% of cells collected were found to be a _
cardionyo&@% . On Th& BehBPInghdCleh® Hai nwherpipopaidt Feal haviapsen

|l ected ,and. cultured. followed by i nmunostaining wth an antibody
ggaiﬁgt a?%%?ﬁ o %c@%%ﬁ%ﬁ??g}?gimg?H?H?aré&ﬂ%¥?°§F? bF FRLeebpfsErom

%f;ﬁ;fﬁgdgﬁgﬂ 6%& g§ora£8€% 26%;%?%@5 811 0142 EXAVELE 18501 ang an
A 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 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,

oS

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;



froma whole heart with mtochondrial indicator S7563 and _
purification of the cardionyocyte Neonatal rat heart was treated with
col | agenase and trypsin to collect a cell population. Cells
dispersed in the culture mediumwere exppsed to 1 pM (final
concentration) of a mtochondrial indicator S7563 for 15 m nutes at

37C, washed 3 tLﬁ?&a anch "gRdi A8 I, n%%g@%%’%/%n%%%&ég%qrrtaining cell

consequence, e cells were separ at €

popul at i ofiRBurbagednon §Z§één£hé@&§§0§ﬂalbafc89$' aﬁa I'n this exanple,
the high fluorescent cell population exhibiting the highest

fl uorescent intemyity M@@ s tersh eaveh e 41 eshrd R cvieon tgs basis
cardi onyocyte was identified by inmmunostaining of the cultured cell

usi ng ant9f Astieiatiaat cbndgnt| af coaskquencaitabResirakl agelbs af the
cell population with the highest intensity of S7563 fl uorescent

si gnal corslativeé mhtocheddvhgbcyrenamdmbi-anst paténtehl sosf theheetel |
popul ation with the mddle fluorescent popul ation consist of a

non- car di bh§bcyt e. TRRDUSTRPALCAPPLRGABLEL TYhpOeAd] sAtdoreilightingean
present invention, it is possible to select a cardionyocyte froma
cardionyd%?%%?%%nf%lﬂ?ﬁﬁeE%PFlaﬁ?xFﬁrEhﬂnFﬁé@%ogﬁﬁ@Yté it eedecbadofrom
a cardionyocyte. Further acco d|n%§to the_present invention, it is

al so  posethl TP eRYPEASHHRI coF ot o %Ey?%l%wtﬂlﬂr?%%néﬁ?ﬁl6ﬁibey@%d an
contalmrgbém%éliqxture Wi t hout genetic alteration of the

y
3

i
4 [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 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.
K [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



cardi onyocyte and to produce the cardi onyocyte w thout genetic
alteration of the cardionmyocyte. Mireover, it is also possible to
eval uate the percentage of the cardionyocyte in the

cardi omyocyte-containing cell mxture pregpared by a variety of
met hods. [0145] According to these enbodinents, it is possible to

enhance t%l@%ﬁ%%n}rﬁ%c@foﬂd}%ac%rn@/%@%cgeﬁajﬂ h?niﬁot%mndrial

cardi onyocyte-containing cell mxture and to reduce various

possi bl e sirde salkibeahAgditRSH ilEhe Jredinyl et jcardiac tissue (heart)
due to the existence of a non-cardionyocyte upon transplantation. 60

- CLAIMS [REB]] A netTied eftisel eat idigign oA, div@BteoH & 4@ BHdiomyocyte -
cardi onyocyte-containing cell m xture wi thout genetic alteration of

t he car di copdeyndngn celld besituref ia melkatlilv eixaamiee e rafrece s whole
m tochondria and/or a relative mtochondrial transmenbrane potenti al

of the cehpart2prThe cedtthodxdurel diemivedwievel a Cled 1chadiingy atybdildty
sel ected from the cardi onyocyte-containing cell mxture w thout
genetic aFPePafiferestipfe &ar dhenmposfiiemyacyite -basis of a relative
cont ent og cgllular mtochondria. [3] The nethod of Caim1, wherein
the cardi ofifdcyt e iLee FEEQ% P (IRlfhe Soariiesifide Pedd ewldi Mavgneelan

m xture 1.t hout genetic alteration of the cardi omyocyte on the basis
of a reIa%%%glﬁytg8h§ﬁg%ﬁﬁpngﬁg EméforrSfie CAELERMYRICYSP fifeselected from

the group consisting of a stem cell, a progenitor cell, and an

c)
o egg cell.

[25] The method of any one of Claims 22-24, 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.

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

indicator is M7512, T3168, T668 or R302.
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cell. [4] The method of Claim1, wherein the cardi omyocyte is

sel ected fromthe cardi onyocyte-containing cell mxture without
genetic alteration of the cardionyocyte on the basis of both a

rel ative content of cellular mtochondrigs and transnenbrane
potential. [5] The nethod of any one of Clains 1-4, wherein said

met hod conprises a step of |abeling talsGay@ onmyocyte- containing

cell mxture with a mtochondrial indicator and a step of neasuring

a relative contehe presehkuliaventtioshangsi 8o aBgtobpaar phahbMeor

m tochondri al transnmenbrane potential of the cell. [6] The nmethod of
any one otelkatimglabScawtiepaypcgaedfroar di aapocpbeutantanntiBgi¢eldl From
m xture is a cell mxture 61 derived froma whole heart or a cel

m xt ure darvhedef heard orehl dhffengnanaabil ceylt pogufibédent Hareéved from
t he cardi onyocyte. [7) The nethod of Claim6, wherein the cel

havi ng an® 8BfRi e§liowdthpeteaenatact aldesakdporyocyte is sel ected
from the group_consisting of a stemcell, a progenitor cell and an
egg cell. [81 The ﬁ%%ﬁ%dt%? BROPOAR BPOYPai RResPTesqREr EnWeBEPHS

thod further,co ises.a step.of culfuring the labeled cell  in the
gﬁsence g?sFﬁél ﬂgéL%ﬂé??ﬁnggaVﬁaW%Fégg;PgrsFﬁQCEPBS aoFanggﬁyﬁﬁYte

e Car Ol SEYA6YL o PBLALARRTA CELLITELUT €08 Lg" Do glht oG RORgLE

i ndi cat or ore ep o asurt
genomic alteration on the basis of various kinds of property

)

1M/ of the cardiomyocyte. Specifically, the present inventors
provide a method of selecting a cardiomyocyte from a
cardiomyocyte-containing cell mixture without genetic
alteration of a cardiomyocyte, on the basis of a relative
content of cellular mitochondria and/or a relative
mitochondrial transmembrane potential of the cell; a method of
enriching a cardiomyocyte from a cardiomyocyte-containing cell
mixture without genetic alteration of a cardiomyocyte; a
method of producing a cardiomyocyte without genetic alteration

N of a cardiomyocyte; and a method of evaluating the ratio of a

cardiomyocyte in a cardiomyocyte-containing cell mixture.



relative content of cellular mtochondria and/or a relative

m tochondri al transmenbrane potential of the cell. [9) The nethod of
any one of Clains 5-8, wherein said mltochondrial indicator is
selected fromthe group consisting of Al1372, D273, D288, D308, D378,
D426, D632, D633, D22421, D23806, L6868, M/502, M/510, Mr511, M/512,
M7513, M7514, M22422, M22423, M2425, M22426, R302, R634, R648,
R14060, H22420, T639, T668, T669 and T3168. [101 The nethod of C aim
9, wherein said mtochondrial indicator is M/512, T3168, T668 or
R302. [11] A nethod of enriching a cardi omyocyte froma

cardi onyocyte-containing cell m xture without genetic alteration of

t he car di onyoc{ommpacisopiof Migl2 Fudresdennimgnsist basveenil) a step of

| abel i ng t he c®FharmyvOsxliemeest@aL Al '6hgkﬁ Wi th a

m t ochondri al indicg¥%r; ang ?%)kghgggggg%H%%I ct?ﬁg'the

cardi onyocyte ¥ R e i content of cellular

m tochondria a t ransnenbr ane potenti al
of the cell. . erein said

cardi omyocyt e- | Bcell mxture derived from
a whole heart m a cell having an
ability to difs e.—[13] The nethod of
Claim12, wher ty| t o idEguRiybate to a
cardi onyocyte ;




the group consisting of a stemcell, a progenitor cell, and an egg
cell. [14] The nethod of any one of Clains 11-13, wherein said

met hod further conprises a step of culBuring the labeled cell in the
absence of the mitochondrial indicator, after the step of (1), and
before th istﬁp of (2). [15] The nethod of any one of Clains 11-14,
wherein s4i86 “'mitochondrial indicator is selected fromthe gr oup
consisting of A1372, D273, D288, D308, D378, D426, D632, D633,
D22421, D23806, L6868, Mr502, Mr510, WMr511, WMr512, WMr513, M/514,
M22422, M22423NIVEALLS; R : s R22420,
T639, T668, T669 and Stalf %‘]mggerlret Rrive Gelld that HeiO i g
m tochondrial indicator is M/512, T3168, T668 or R302. [17] A nethod
of producing a cardionyocyte w thew cgggetic alteration of a

car di 01y O CytmermmunE-Er iSOG Gl eHe: S ol L

dib f}‘_e{en: | ®dlmgacndPhaduci ng Chareaish PRYRCYt € RERRuAoS Shhsdavi ng an
ability i £ ey Slal b ut iaie L ot e

car di onyocy
t he cardior
I ndi cat or
of arela
m t ochond




[ 18] The nethod of Claim17, wherein said cell having an ability to
differentiate to the cardlonyocyte is selected from the group

consisting of a stemcell, a progenitoB cell, and an egg cell. [19]
The nethod of Claim17 or 18, wherein said method furt her conpri ses
a step of fU| uring the labeled cell in the absence of the
nitochondf“§1 indicator, after the step of (2), before the step of

(3). [20] The nethod of any one of Caims 17-19, wherein said

m tochondrial _indicator is selected fromthe group consistin of
A1372, D273, B%grg,escg@é@me@wg makyses obB3wle hb3et Copspting @ﬁégBO ,
L6868, M/502, Hmﬁm@ﬁommaﬂkﬂmNMB&QbTMM&ﬂBmTWMBﬁénlNWBﬁ$%2R3N92423,
M22425, M22426, R302, R634, R648, R14060, R22420, T639, T668, T669
and T3168. [21] The methqd of StilipsfemEorider ei n sai d nit ochondri al
indicator is M/512, T3%68, T668 om5R302.,;é‘

ratio of a cardlonyocyte in g i opFoC
conprising the follown

.A nmethod of eval uating
gontaining cell mxture,
‘ | abel i ng the

[ i X ‘Wi LH a mitochondrial

i ndi cator; and (2) St @' gETmg.+ati o of the cardi onyocyte to
a non-cardi onyocytgong G 01, ’L%"i% IR EBAEEht of 64

cel lular nitochondrif ang ative mitochondrial transnenbrane
potential of the celg.
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[23] The nethod of C aim 22, wherein said cardi onyocyte- containing
cell mxture is a cell mxture derived froma whole heart or a cell
m xture derived froma cell having an 4bility to differentiate to

t he cardi orryocyte [ 24] The nethod of C aim 23, wherein said cell
havi ng an 4| lity to differentiate to the cardionyocyte is selected
from the d L]Jp consisting of a stemcell, a progenitor cell, and an
| egg cell. [25] The nethod of any one of Cains 22-24, wherei n said
m tochondrial indicator is selected fromthe group consisting of
Al1372, D273, D288, D308, D378, D426, D632, D633, D22421, D23806,
L6868, M502, Lpiatien basetnn ES GasReriveNiandiomyss tes LabNePwiti MNE2423,
M22425, M22426, R302, R634, R648, R14060, R22420, T639, T668, T669
and T3168. [26] The nmethpd of C aim 25, wherein said mtochondri al
indicator is M/512, T®16B, TE68 or R302. ABSTRACT The present
invention ains to devefl a nBRed of sel ecti ng d|cardi onyocyte from
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of the cardionyocyte. Specifically, the present inventors provide a
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