- 1 - SPECI FI CATION A METHOD FOR PURI FYI NG CARDI OMYOCYTES OR
PROGRAMVED CARDI OMYOCYTES DERI VED FROM STEM CELLS OR FETUSES

TECHNI CAL FI ELD [ 0001] The present invention relates to a nethod for
purifying cardi onyocytes froma cell population derived from stem
cells and fetuses and also to a nmethod for using thereof. BACKGROUND
ART [0002] Si nce a cardi omyocyte |oses alproliferative ability in an
adult body, it is necessary to conduct heart transplantation in
treating a serious heart disease SURFFESI@®FI@Nac infarction or
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treatment other thaprbpebbyiEansmt AMREFRM shBR03ENsthe Ahgsedand,

the recruitment of the ex vivo

TECHNICAL FIELD

[0001] The present invention relates to a method for

purifying cardiomyocytes from a cell population derived from

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

BACKGROUND ART

[0002] Since a cardiomyocyte loses a proliferative ability

in an adult body, it is necessary to conduct heart

transplantation in treating a serious heart disease such as

"~ cardiac infarction or cardiomyopathy. However, currently,
since insufficient donor hearts are available, there is now a
pressing need to develop a method of treatment other than
heart transplantation.
[0003] On the other hand, the recruitment of the ex vivo
produced cardliomyocytes is expected to be a most pPromising
method of providing relief for patients in need of heart
transplantation. Various methods of preparing cardiomyocytes
have been investigated, such as a method of differentiating
stem cells (embryonic stem cells or various adult stem cells)
into cardiomyocytes or a method for isolating cardiomyocytes
from fetuses.
[0004] The differentiation of the cardiomyocytes from the
embryonic stem cells are positively induced through formation
of a cell mass (an embryoid bedy) by eliminating from culture

medium differentiation suppression factors (such as feeder



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

i sol ating cardionyocytes from fetuses.” [20004] The differentiation of

t he cardionyocytes fromthe enbryonic stemcells are positively

i nduced t hf ASHFET6n 1BP1RIERTY fagtonad-Idnbiyoithebodyy b mouse

elimnatin m.cul ture iumdifferentiation suppression factors
(such as fegrégdgé’%m-c 7 -emcggﬁg,s P’éu‘é?a%’fe%“f“rﬁﬁa&ilto& FUPREESFLOR| F3CH9F S he
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tr ansf or m ngugrastinbagknth TERYL4S: ther)case b BUTBNerRLygNI C Stem
cells. [OOO5]A node of in vitro differentiation partially tollows a
node of phy®iryloagiccalteseeelldpnent. Especially, relating to the events
of early devel opnent, there are a nunber of comonalities between the
nmode of pHy¥i05ilogi chl meés edHpiverni tine Garfereretation cpdiisiand tHoe Lows
node of in vitroé%i% erentiation. In the in vitro cardi onyocyte
u

di f f er ent i%af1°8% gsiglogical Jdevalgmesitol ohFretiale\iel gidaiing to
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i § change teo%g’rggg‘réa?ngregg%% d‘%%%%%%ﬂe&t’(ép FEafGfat TEBRHY L& cells)
and then didienentiatsdpkihet Nend HfHo laegd 168 108 .
enbryoni c stem cel |'s can differentiate :ar%?g’ﬁ %%D%’y }ggggfd%%?#ospmchﬁn
construct faraiganedi ehincelbodynd ithd mosechri eal LyrdbffietddedQation.
differentiate the enbryonic stemcells into only a single type of
cel | . [00GH Fhet her vittaceardidnyalse difffecahtianden course, as is
non- physi ol ogi cal _condition (in vitro) to induce diffentiation of the
___enbryoni ¢ P8 BePPESiAtedara! tdqnalopmesd) | ypdifigeeephiated Inesobiains.
.. the undi ffc%gggt ggt‘eg.gggl s. Moreover, : C al stemcells =
present i bone fErrow or IUMBTTiITH TEPATaRE vRichelst Etanaad o

present iR ¥arbAdsakinds; Of—dd u neural. stem cel |
adi pose dgfi \%ed stem ceﬁs,y%én‘@ sﬁz(lp(elf%af%gﬁﬁggfem% %Irjr?%s’eifl%;“fr)eand
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the embryonic stem cells can differentiate into any types of

cells which construct a organ within a body, it is technically
difficult to differentiate the embryonic stem cells into only
a single type of cell.

[O000E6] Further, since it is also difficult under
non~-physiclogical condition (in vitro) to induce diffentiation
of the embryonic stem cells into all types of cells, there
partially remains the undifferentiated cells. Moreover, the
mesenchymal stem cells present in bone marrow or umbilical
cord and tissue stem cells present in various kinds of tissues
(such as neural stem cell, adipose derived stem cells, and
skeletal muscle stem cells) are comsidered to be the adult

stem cells, which are considered to have an ability to



- 3 - differentiate into the cardi onyocytes. These cells are
believed to differentiate not only into the cardi omyocytes but al so
into various kinds of cells. Though the details of differentiation
mechani snms fromany of the adult stemcells to the cardi onyocytes
have not been fully elucidated, it is known that these cells formthe
cardi onyocytes, other differentiated celis, and a cell popul ation
containing.undifferentiated cells after undergoing a certein period
of transi t{ih(')ntdep%ea{%el.ance[ dﬁ%ﬂ - esﬁﬁﬁﬁ??/",‘y%?lftes"t'en{['g%f"? sCehbs e2%ne
comon del gl £rd Qs +Ghaf; Li,St i clinical plication_ that
there are ce és ot her t:'%gftr?%fg hégéggd{’gﬁy%%i elsnat\ﬁni%%ﬁ EFEEQJWEP‘&YE%S but

fromthe simsB Geldes vasiduly xRhAJUEEScOf 1 4NdichEaLANE, At 80 £61 | S,¢ Si nce
the undifferentiated cells have a proliferative activity and have an

ability tolidifdremgrititdioa methanmeyst Fpes afy ol lthe ageek! spepUEation o
cont ai ning the cardi onyocytes generated by differentiation induction
can not bethe fisnyedyitasohavei ¥ hgbdudyEulivt kduchdnapy, it is known
[00081Therefore, to safely inplement the treatment using stemcells
and achi evid*®in 1hgs8 cerdst ferr BRe ceatdiqmyoesieses 4hert 61aEvetmipiated
met hod for rifying _the.cardi onyocytes fromthe cell popul ation.
[0009] To (5HaS "t FESLAr Hrdhy BEYREEE R CHHGL ARG FPOFEEGTan e FoRl dedils
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mar ker such as G-P in thé cardiony es and sel'ec
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docunent 1) or a nethod for purifying the cardi onyocytes by

speci fi caldeledepriossi nhaaachatibtotd cfaweilsindrtzl paph el Ba t Dok henat

cardi onyocytes and
there are cells other than the cardiomyocytes which are

a proliferative activity and have an ability to differentiate
into many types of cells, a cell population containing the
cardiomyocytes generated by differentiation induction can not
be transplanted into a living body in the therapy.

{ [0008] Therefore, to safely implement the treatment using
stem cells and achieve an ideal treatment effect, it is
necessary to develop & method for purifying the cardiomyocytes
from the cell population.

[0008] To date, the cardiomyocytes have been purified by a
method for purifying the cardiomyocytes by specifically
expressing a fluorescent marker such as GFP in the
cardiomyocytes and selecting a cell expressing a fluorescent
marker uging cell sorter (Non-patent document 1) or a method
for purifying the cardiomyoccytes by specifically expressing an

antibiotic resistant protein in the cardiomyocytes and



- 4 - selecting the cells using the antibiotic (Non-patent docunent
2). However, since these nethods have to involove in a genetic
alteration, which cause an issue relating to the safety, these

nmet hods can not be used to prepare the cardi onmyocytes for
transplanatation in the clinical field. Further, since these nethods
involve in a genetic alteration, an ethital issue and sone

unpr edi ct ri o risk.such.as the change .i.n the rate of
: LR LES {84 TR %h%e% H’god:lltcer(éqf’fléﬁafﬁﬂﬁ- pat ent

transformation ar assocCl a

docunent :ﬁoc&r%@ﬂeo]zl}t. i §OJ§@9¢W9, is‘.".i.rictée t@lregﬁt R@Eﬁé&%elgﬁi‘é ttoC (a:ignv% %vae in

| actic acid generated by a tissue other than't (su as

skel etal rusEn@)ias adneeBRLEY, SPNLEE ¢NUE RAL QRkudOCHTBRInd) to the
However, there are no prior art to attenpt to purify cardi omyocytes

usi ng t hi sefedur dhefp@Obhethbdes, cam ndie drearsed ttheplkbyere amne t he
ki dney, an aspartic acid and a glutam c acid are used for
t r anspor t i99g NEBMCLR L §SnT PBCc hoRarPbana Rt imsc Hanitbm oflinkegh tield.

different fr t hat .of t other tissue (Non-patent document 5). The
transport Pfgﬁggf ﬁﬁﬁﬁei£§85ﬁ1?%iﬁﬁﬁﬁh%%¥q%¥q A8 §pensabie abkeraiion,

energy pr %@u%tthggahni - Egchqué&rﬁlé ll_lp\éa\{‘ee;/ﬁ.:‘c’ta& ]8][ g?gigggfﬁf%}h?%uc% tast °

attenpt to purify cardionyocytes usl S

Y ey L NS
din. I nvesenohd862188raPibr 2Pdon-patent document 3).
[0C10] It is known in the art that the heart can use a
lactic acid generated by a tissue other than the heart {such
as skeletal muscle) as an energy source (Non-patent
document 4). However, there are mo prior art to attempt to
purify cardiomyocytes using this feature.
[0011] Also, in the heart, the liver, and the kidney, an
aspartic acid and a glutamic acid are used For transporting
NADH into mitochondria, the mechanism of which is different
{ from that of the other tissue (Non-patent document 5). The
transportation of NADH into mitochondria is indispensable for
an energy production in mitochondria. Howewver, there are no
prior art to attempt to purify cardiomyocytes using this
difference in this mechanism.
Non-patent document 1: Muller M, et al., FASEB J. 2000;
14: 2540-2548
Non-patent document 2: Klug MG, et al., J. Clin. Invest.
1996; 98: 216-224
Non-patent document 3: Schroder AR, et al., Cell. 2002:

110: 521-529



Non- pat ent docunent 3: Schroder AR, et al., Cell. 2002; 110: 521-529
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Non- pat ent document 4: Khairallah M et al., AmJ Physi ol

Heart Circ Physiol 2004; 286, H1461-1470 Non- pat ent docunent 5:

Chatham JC, et al., J Biol Chem 1995; 270: 7999-8008 DI SCLOSURE OF

THE | NVENTI ON A PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0012] An obj ect

of the present invention is to devel op a'?_ et hod fo(r:I pUI’IfK_ H vield

cardi onyocytes,at a_high deqree of purification and at_a high yie
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froma cell m xture conpr

W hr 1 SRS alr | §8d2F r orA ef RS0l

and stem ggld:s @iﬁ&gpn%g_gys%gggt ures whi Gh hRawg not been previously

expected to be used fof puri

I cafion of cardionyocytes or which are

newy found, whenebatsatdas®ihesh i Gdhad gl Wit hout wngdergoing
any genetic alteration or w thout adding any special protelns or
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DISCLOSURE OF THE INVENTION

A PROELEM TO BE SOLVED BY THE INVENTION

[o012] An object of the present invention is to develop a
method for purify cardiomyocytes at a high degree of
purification and at a high yield from a cell mixture
comprising cardiomyocytes derived from fetuses and stem cells

using various features which have not been previously expected

undergoing any genetic alteration or without adding any
special proteins or biologically active agents.
MEANS FOR SOLVING THE PROBLEM
[0013] The inventors of the present invention conducted an
exhaustive study for the compositions of various kinds of
culture medium, in order to construct a system for efficiently
producing cardiomyocytes derived from embryonic stem cells.
Based on the results regarding a study for a concentration of
each components of various culture medium or a study for the
timing of changes in a concentration of each components of
various culture medium obtained by changing compositions of
components of various culture medium, the inventors of the
present invention found the following events:

(1) An event in which an inhibition of cell

differentiation/growth and an induction of non-cardliomyocyte-



[ 0013] The inventors of the present invention conducted an exhaustive
study for the conpositions of various kinds of culture medium in
order to construct a systemfor efficiently producing cardi onmyocytes
derived fromenbryonic stemcells. Based on the results regarding a
study for a concentration of each conponents of various culture

medi umor a study for the timing of charfges in a concentration of
each conpopents of variqus cul ture nedi um obt ai ned by changi ng

conposi t i SHESFebFdre ALE LB OGERT oudhet|a wed InBdixtiniet fentavmimorihe
of the pre .l nvention_found the foll ow ng events: (1) An
event in véﬁ%ﬁ%qg O%H%FEiFPgn@g? %%?Tc?ﬁ4%%ﬂ 3t§FiéﬁPgFB%Eﬁr%%d“hﬁ*

i nduct i on 19§, -RQR: ' =nPs s directe | -death occur,
when a ceﬁi“hixtSﬁgggggggﬁ%¥%gat%%m%%?ﬂﬂ%ﬁgb%?gggggngr?ﬁeconéitlon'

non- car di onmyocyegsaar evebit t i 6thidh Gl QWaRRAYBHhSHPPLEAEOL L5k GRAU QN
or a serumfree condition; (2) An event in which an i nduction

of non- caritemredy tedilr écbed cetlbrsleaiteroecued]l WieBule CEbht i ndiy @ he
contai ning the cardi onyocytes and the non-cardi omyocytes are cul tured
in a ml dISErEdeaYecEtrEuprpd nble umn-cardio@pcaieevent ¢nlwniah iana

i nhibition._.qf._cell _ [fferfntiation/gromﬁh and an induction of
non-cardigﬁggéyfgﬁﬁ &Et BOLERTE R Hioccurs, when a cel | mixture
cont ai ning the rgio t d..t he non-cardio cytes are cul tured
in a Iom1calci6%?c%#t%¥%gﬁéﬁfdﬁgiﬂlan lngﬁﬁlgﬁogcgﬂtgé%ﬁmhich
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cardi onyocytes are cultured in a lownutritional cu re ne

(5) An eventercnedhtebl eaestly CORSHPHLA aScehi RELegrdY- PSRRI the
aut onormous pul sating of cardionyocytes, when the cardionyocytes are
cul tured icArdipowcealres uane orhi ticorcardiomyocytes are cultured in a

low calcium culture medium;

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

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

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

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

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

selected or purified efficiently and at a high degree by

optimized method using one or more processes corresponding to



(6) An event in which a spontaneous cell mass fornmation of
cardi onyocytes is enhanced under a | ow serum suppl enented condition
or serumfree condition; and (7) An event in which a viability
of a cardiomyocyte is significantly reduced when the cardi onyocytes
are cultured after dispersing a cell mass of the cardionyocytes.
[ 0014] The i nventors of the present i nvention found that
car di onyoc ived fro he enbryoni c stemcells can be sel ected
or pur it e R | B Rt G s DSy L5t FARSACTES Hok
usi ng one @+ S r ondi 0 .- .5 these eyvents.
Furt her, theI?ﬁ%iéﬁﬁﬁgggﬁgbf%gﬁngﬁ$h§?b§%kgﬁﬁﬁ:ﬁgagmﬁéf gSH@Hl?r%E??he
properti escelfld heree @Iy0Ripe 15 taRN 66k b Ssdl &-@l $0 @Qﬁléf@gkaigaﬁ%@%
or purify cardi onyocytes derived fromfetuses or to Select or purify
car di onyodiands afe finpad fertoesheratual sebé@m welduw-1fBasedaobmybesees
findings, the inventors have conpleted the present invention.
[ 0015] Mor 1SS itERM Fhei adht shvdieri. Bheegresethesavintdionys,
provi des qipethod for sglectinﬁ cardi onyocytes froma cell mxture
cont ai ni ng EardEMEETt B8VEngoRiBhe ted di nRF@Reas deVEREEORF om
enbryoni c cel | d e |1s _or fetuses, wherein said cel
m xt ure igﬁﬁfﬁathedﬁ?ﬁgtﬁéé%%#%Lﬁé?%ﬁeﬁﬁuﬁpﬁnagﬁoéﬁ@e?BfIERﬁeresent
condi {i onsinvinlt18n! PoghuEese- AUPRLETEN Gb1cOAdh! 80rafldlyLiideone of
nore conditions selected fromthe group consisting oF “a T HW Lot titd
condi ti on,a @elawmiktnirei oaatacongy tdmi didcrite aaizd- suppl ement ed
condition, an aspartic acid/glutamc acid-supplenented condition, and
a pyruvi c 'e@i-¢asdppiFacrted dentived ofron renbhiyenerbedemreas1l s heaaald
m xture can be prepared by inducing differentiation of enbryonic stem
cells, foﬁﬁﬁﬁgcgﬁﬁ?yBFde%HF%§rc%ﬁ&ﬁ@%ﬂlﬁ?iﬁr@gﬁénﬁéatgaediﬁnvmk%unaﬁ
(undi fferegntiate aobl ast . cel | cul tur] the enbryoid bodies in
the cul turé B8 %ﬁﬁ'—ﬁﬁ %rm35+5W%%4%%ﬁ°gﬁ9 188 EBRA!E+eRF andilor a

T Ay - acidiye gptos 980k BRenb AIRTAS ANAIRST SAPOT TR0Le LS B SNSEt

i nvention
conditions selected from the group consisting of a low calcium

condition, a low-nutritional condition, a lactic acid-
supplemented condition, an aspartic acid/glutamic acid-
supplemented condition, and a pyruvic acid-supplemented

\ condition. In this embodiment, the cell mixture can be
prepared by inducing differentiation of embryonic stem cells,
forming embryoid bodies comprising programmed cardiomyocytes
(undifferentiated mesoblast cell), culturing the embryoid
bodies in the culture medium under a low-serum-supplemented
condition and/or a mildly-acidic pH condition.
[0016] In another embodiment, the prenset invention
provides a method for selecting cardiomyocytes derived from
embryonic stem cells, wherein the cardiomyocytes are selected
by the following steps of: inducing differentiation of

embryonic stem cells to form embryoid bodies comprising



provides a nethod for selecting cardionyocytes derived from enbryonic
stemcells, wherein the cardi onyocytes are selected by the foll ow ng
steps of: inducing differentiation of enbryonic stemcells to form
enbryoi d bodies conprising - 8 - undifferentiated nesobl ast cells;
then culturing the enmbryoid bodies in the culture mediumunder a

| ow ser um suppl ement ed condition and/or "a mldly-acidic pH condition

) 4% LSi d di tes;. and
cont1 nut ng There Tesh FRTBLLEREDCREETL YR Wb rdmb, by, St
to obtain theiLar] Ao esire BREENPESRLPT %wg:seg{jﬁt-%gé\ﬁ\ig%nted

[0017][Fig. 1] Fig. 1 shows a npde of presentation

car di onyocyde®i tidrhiandvreabhyotdybadydad g @hRieR ¢8| b¥bBare a
[Fig. 2] Fig. 2 shows a node of presentation of the cardi onmyocytes

wi t hi n t hecealdherigtt vareh oppiod 1bddpeprwdi aimark reeurclilotmytoes tepBdesna
serumfree condition. [Fig. 3] Fig. 3 shows a successful

sel ect i on FMHIRDFPEnFEd tEERdPEnYerR yelst uHddre dor thef same culture

iti ' [ i um condi tion.
CondltICNLmééﬁé% fﬂ o%%%in4tﬁgoggr £o£§£é¥¥é§qf low calciu

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] {Fig. 1] Fig. 1 shows a mode of pregentation of the

cardiomyocytes within an embryoid body after adhesion culture.
[Fig. 2] Fig. 2 shows a mode of presentation of the

cardiomyocytes within the adhered embryoid bodies which were

programmed cardiomyocytes under a serum-free condition.

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

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

[Fig. 6-11 Fig. 6-1 shows an analysis of programmed
cardicmyocytes within the mass of the embryonic stem cells
under a serum-free/mildly-acidic pH condition.

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

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

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



[Fig. 5] Fig. 5 shows a successful selection of the programed

cardi onyocytes within the mass of the enbryonic stemcells under a
serumfree/mldly-acidic pH condition. [Fig. 6-1] Fig. 6-1
shows an anal ysis of progranmed cardi onyocytes within the nass of the
enbryonic stemcells under a serumfree/mldly-acidic pH condition.
[Fig. 6-2] Fig. 6-2 shows an anal ysi s of° programmed cardi onyocyt es
within the mass of the enbryonic stemcells under a

serum f r e HIV S dhG CepliScBRBPTi dnsugar-frgeni ¢ SEruf-§red shdws a

mass of ca_,radbjtc_}ercyoac 't r‘%@ﬁﬁl(fég?;ﬁgﬁ‘iiecld?eﬁéjg&%{mcu' turing enbryonic stem

cells under a seru dition. [Fig. 8 Fig. 8

shows sel ecti oqqug_cgr}dkggyogygﬁ%@ycafdi%ﬁyg_%g&%g|rsi Qgi{hgcg %g%lldfsjﬁuqr;ﬁer

a _sugar-fr_ee, a serumfree_ and a [actic acl prenent
[Fig. 9] Hnrged shewsetasdipi¥RCYEE-SPRUTIL a%fda!c'ah,ﬂgc'tgﬁgrl?f &S’Itdlrin

cells which are selected and collected by culturing the cells under
sugar - f r edfteeghlir eadendaashget + £reef ghisupFrere ahadacoadt i & Ofeidg-
[Fig. 10] Fig. 10 shows nasses of cardi onyocytes and nasses of dead
cel I s whi citPemensedseradiadopy culturing the cells under a
serumfree/ m| -acidic/low cal ciunisugar-free and a lactic
acid-supplenenggggCOﬁghtgbﬁ 0 shows masses of cardiomyocytes and

’ masses of dead cells which are just selected by culturing the
cells under a serum-free/mildly-acidic/low calcium/sugar-free
and a lactic acid-supplemented condition.

[Fig. 11] Fig. 11 shows a result of a method for
of the dead cells using density-gradient centrifugation.

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

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

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

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

cardiomyocytes from the bone marrow stem cells,

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



[Fig. 11] Fig. 11 shows a result of a nmethod for elimnating high
density aggregates consisting of the masses of the dead cells using
density-gradi ent centrifugation. [Fig. 12-1] Fig. 12-1 shows
masses of the cardi onyocytes selected by culturing the cells under a
serumfree/ mldlyacidic/low cal ciunfsugar-free and a lactic

aci d- suppl enent ed condi tion. [Frgl012-2] Fig. 12-2 shows masses
of the cardi onyocytes selected by culturing the cells under a

ser um f r eIV PR FCS EarrciPei GRrF3sRfr-free and a lactic
acid-supplenen%%q cogggt'on. Fig. 13 Fig. 13 shows the

car di omyocyt es ‘purif | vIeul b UPRRE tTRITEES Soufgepizgg autonomously

serun}fre%hﬂk%ggxgéggq&g/hgg@gagcggg%ﬁ*gggéﬁay§%l%F%FgEi%z?artic

aci d/ glutam c aci d-suppl enented condition. 0Tfig. 14

shows r eswdisith/Bubhkl-e2kk0naf at ﬁfr@ﬁrcgim%ﬁ%ﬁiefnéﬁ%a NEoRPNE on ,
marrow stemcells. [Fig. 15] Fig. 15 shows results of purification of

the - 10 - carl@iignydeyt Bsgfrom shevd eidises. of marmob&t Jead®]oydby L8
shows regi ons containi ng autononously pul sating cells under a
ser um f r edicbdpyFeasrdpetEBWOE abel L nm dihef ced landioa pyréays under a
acid-supplenent%d condi tion.

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

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

images for marmoset cells which are selected and collected by
culturing the cells under a sugar-free/serum-free and a lactic

acid-supplemented condition.

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

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

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

autonomous pulsating. The cell masses were prepared by



[Fig. 17] Fig. 17 shows masses of marnoset cardionyocytes which are
selected by culturing the cells for 15 days under a
sugar-free/serumfree and a |l actic acid-suppl enented condition.
[Fig. 18] Fig. 18 shows cardi omyocyte-specific staining inages for
mar noset cells which are selected and collected by culturing the
cel s under a sugar-free/serumfree and'h tactic acid-suppl enented
condi tion. 19 shows that marnoset cells which

. [Fig. 19] Fig.
are sel ectcé"dltéWd'“[@o It?‘&f‘éllﬂ‘aﬁyg‘%ﬁ‘iﬂjr%ge iHfi&eld SsugaeTf  ealger virfaee
d | act, i d- I . dition. fully engrafted
o 3120t e eupL o conL L gt [ engrartod

of the celdnamases tder tuedubt OR MUIRNLSIHM4QRI ¢ stem cel s which were
obt ai ned by culturing under a sugar-containing (control) condition

(i.e., comMBuDIMENGSt OBNTHENUNAEPERance of the cell nmasses derived
fromthe human enbryonic stemcells which were obtained by the

car di onyody0d 8del echi vapprdnwiat aurchen tacaugaor f te@uded dH0miRabeyte
sel ection)_condition for 15 days (i.e., cardionyocyte sel ection
condi t i onj3ifferentiptionsgenerally rajisess diffenostaanion ofrages siken

t he cell nmas§es derived fr human enbryonic stemcells using an

h |
anti-Acti minantibody gﬂdaggléﬁé%-?@oé%@?e&ﬁﬂPESd§?tQh%?%in the cel
he. di . ich
rsses uetahabobYe e oBr O AINGRILES AWRICT. PP UTE, AUl OIS,

pul sating. The cell " nmasses’ were prepared by

human enbrponisC sabRMEEbbSe U oW GRS (gapdi ;
sel ection) condition for 15 daygaand theﬁ chgngﬁﬁg %éé?%ﬂ:%ﬁ?ﬁ¥ﬁ%¥&?ﬁm

condi t i onItENMBOBbNENG Be Cko THEI IV/ENEraNeh0028L4A SPPFIOPIdid®ronic stem

treatnment for inducing cardi onyocyte
cells into the cardiomyocytes using hanging drop method, in

absence of leukemia inhibitory Ffactor (LIF) to form a cell
mass (an embryoid body)}. Also, in the same manner, the
marmoset embryonic stem cells or the human embryonic stem
cells can be used to induce differentiation of the embryonic
stem cells into the cardiomyocytes.

[0019] The present method can be applied to stem cells
derived from any mammalian species. For example, the examples
of the mammalian species from which stem cells are derived,
used in the present method, include, but not limited to, mouse,
cow, goat, dog, cat, marmoset, rhesus monkey, human and so on.
The examples of the stem cells used for the present invention
include mammalian ES cells which are widely used in the art
such as mouse ES cells, monkey ES cells, and human ES cells.
[0020] The specific examples of the mouse ES cells include

EB3 cells, El4 cells, D3 cells, CCE cells, Rl cells, 1298V



differentiation generally causes differentiation of the stemcells
having an abilitiy to diffentiate into the cardi onyocytes (i.e.,
enbryonic stemcells and adult stemcells such as bone nmarrow stem
cells) into the cardi omyocytes. It is possible to induce
differentiation of the embryonic stemcells into the cardionmyocytes
usi ng hangi ng drop nmet hod, in which, fokZexanple, the nouse enbryonic
stemcells S s ] ubatgl(zl?;i n the suspension culture under a condition

in the absence of aapﬁhﬁﬁlPﬁryE%ﬁtFHPSGLFﬁ)C?é1$o¥ﬁ¢%.%Qﬁlthe
ner,. the_marngs
roryon o aasth feicl 8 Lhel I S8 TR AIE r’cléﬁnsTé’aﬁ 8@15%% to

enbryoni c stemcells or the human enbryonic

i nduce di fé¢@redidh Qaic)t henerbLygni g ét@@ng§lﬁo ecu %%ﬁﬂ%%?ﬁﬁ?s’

cardi onyocytes. [0019] The present met h can

derived frani awy ommral i an speci es. For exanpl e, the exanples of the
mammal i an speci es fromwhich stemcells are derived, used in the
present mek 1 i ncFhdecxauplemtof thid evnkey RBusellsoimcnadd Egeglls
cat, nmarnoset, rhesus nonke human and so on. The exanpl es of the
stem cel | seiF?é’&lrSB#dt R&opr & BRES | ROWFRY difdqaciaudelratmil { BhoESTeit s

whi ch are del se the art .suc S nDuse ES cells, npbnkey ES
cells, an UWE%O S aFﬁé 2 6@20?%%eq§%§ 95 Rartprés - oFSteelhuse

ES cel | 48 o S s, G Lls, R1 cell
s 12 aarres SPekcpykdfe %*%E“O%QYC Yefs 8o ee e 8 8ha f o

t he preseunsuemmeateenaape a&ell e iddmmlé@QE'@@@-iyﬁﬁ LHb e € cells
Col l ection (ATCC), Chem con, and Cell & Ml ecul ar Technol ogies, and
so on. [0GZtpPAésbrdnpbesonfméteosminkeyalEs teelils jhpehuds E§h§éﬂifét
al., Stem Cells. 2005; 23: 1304-1313), which are all aveilable
in the art. For example the marmoset ES cells are avellable
from Central Instltute for Experlmental Animals (Kawasakl |
Japan} .

[0022] To date, several dozen kinds of human ES cells have
been established in the world, and a number of human ES cell
lines are registered on the list of the United States National
Institute of Health (http://stemcells.nih.gov /registry/
index.asp) and are aveilable. In the United States, some
human ES cell lines are also commercially aveilable from
Cellartis, ES Cell International, Wisconsin Alumni Research
Foundation, and so on. Also in Japan, some human ES cell
lines are aveialble from the Stem Cell Research Center {the
Institute for Frontier medical Sciences, Kyoto Universgity)
(Suemori et al., Biochem. Biophys. Res. Commun., 2006; 345:
926-932).

[0023] Further, cow ES cells (Mitalipova et al., Cloning

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



established fromrhesus nonkey (Macaca nul atta) (Thonson et al.,
Proc. Natl. Acad. Sci. USA 1995; 92:7844), ES cells established from
cynonol gus nonkey (Macaca fascicularis) (Suenori et al., Dev. Dyn.
2001; 222: 273-279) and ES cells established comon marnoset
(Callithrix jacchus) (Sasaki et al., Stem Cells. 2005; 23:

1304- 1313), which are all aveilable if the-art. For exanpl e, the

(. f
Beper s mentil ini s HRERAIARY ¢ SBSaksOrIaEa o cadte, (Eatkran. dzch
ki nds of fBHEH%dﬁsﬁﬁyl'32@§V619§€”1§§ifQ{ere éo”b%%%lﬁg% g%lg%%g,

nunber of human ES cel’l Tines are re

United St ateamdNat i opahetasiy! Ui ﬁllizle%.lﬂeh e(s%wléﬁé&%%eédﬁ&ﬁgg%

/registry/ index.asp) and are avellable. In the United States

human ES ceidlyl iemesyare Th soddimnmer aoalthy samethad) eif romgRidantd go
ES Cell International, Wsconsin Alumi Research Foundation, and so
on. Also|R¥Qﬁ§§@nEsséﬁélﬁuﬁﬁﬂmEEh©e¢¢rlyrﬂmbramewauehahhﬂerimemnﬁﬁ&a

Stem Cel | earch Center (the Institute for Frontier nedical
Sci ences, DW§§F55UEF9EF?F?9¥3FE®%n%?|t¥ﬁ miclevyi gEhshe BPBphS . cdds

s (Mtal
Commun. - 2085¥455 820 93g) 8028) PG, J6BH, ERpheiizs (141! Pove

h clrern 2 f l l
'(\/ElcshrraDﬁv N c%% &t eggg 2%%%1 ]2%‘%‘9“ 290)af2 % éggéga ég Eg‘“%e 2300‘”

establ i shathere are also some reports attempting to isolate stem cells
as follows: a method for producing ES cells from the
rarthenogenetic embryonic cells which are developed to a stage
equivalent to the blastocyst stage (US Patent Publication No.
o 02/168763; Vréna K e£ alJ,MProc: Naél. Acad. Sci. Usa
100:11911-6, 2003) and a method for producing ES cells having
genetic information originally contained in the nucleus of

somatic cells by fusing the ES cells and the somatic cells

(WO 00/49137;: Tada et al., Curr. Biol. 11:1553, 2001). The

—

examples of the ES cells used in the present invention include
ES cells prepared by the method described above or cells in
which one or more genes on the chromosome of the ES cells are
altered by genetic engineering technigue.

[0025] Further, the examples of the stem cells used in the
method of the present invention include not only ES cells but
also any stem cells having similar characteristics to those of
ES cells, which are derived from cells of the mammalian adult
organs or tissues, cells of the bone marrow, blocd cells, and
cells of embryos or fetuses. In this context, the phrase

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



[ 0024] General ly, ES cells are established by culturing an early
enbryo. In addition to this nmethod, it is possible to produce ES
cells fromthe early enbryo whi ch undergoes the nucl eus
transpl antation of the nucleus of the somatic cells (Minsie et al.,
Curr. Biol. 10:989, 2000; Wakayama et al., Science 292: 740, 2001,
Hwang et al., Science 303: 1669, 2004).l%¥here are al so sone reports
attenptinq?to isolate stemcells as follows: a nmethod for producing
f

ES cel | s oG- 5dr PHot0genati eharpripm ttica Ispartiitds 4pE BBvetbired
to a stage ggui t the bl agtocyst_stage (US Patent Publication
No. 02/ 168765 érasj'aﬁtgleKE’%tesﬁPF’? B of. 2HERTS Toga) MREkeT SpeCific

03,
100: 11911-&r 39Q3 met-ho | i ng.genetic
i nformation origiﬁngglggﬁtggnggi?% %%%%#ﬁé?gﬁgéb%gégﬁggﬁgnCé? §Hby
fusing thelH3icsl ko @odnt hersesméi 6r ColdnferildMARQed913%he Tsag%i%tical o
Curr. Biol. 11:1553, 2001). The exanples of the ES cells used in the
present i raramples iofcltbde sESmceelss praparedimy 1bke cheihode deseiddad
above or cells in which one or nore genes on the chronosone of the ES
cel I s are 958 &F BiregBfefrélengiabeds Ff 1aedisi guedupe2stsur t her

t he exanpl es of .th sten1ce%g§ used in the nethod of the present

i nvent i on A ERTEE 0B eER §SESES cefF SSHUES AT06VSRG Srem EeFFACHERY rprm
simlar chanacteristi t ; cells, ich.are derived from
el |5 of e gment 2f8ubln BEREL Bl Hherl cetTec i B6Ce Pl Hippsiutea
marrow, blsaesh gehksicand el beclf a8 MimeD 19+ GLYSES 140 j
context, the phrase "simlar c%ar%cteristicgttgggagsgpggléégéﬁﬁﬁ%&p
can be deféngedeeritd techyiget| ulmar iki ebagieateshaa€! el HHiGS method,
specific for ES cells (such as the presence of a surface (antigen)

mar ker sp&sibEveifiopodhesESfter| 3;6 ERywselfroms pbei Btergent expressi on
or an abiljty to formteratoma or chineric nouse). The specific
_exanpl es GfFTRECBELATERT| $PRATHIRP siGANCHCTERaPRCEBLFYTIRG the tafewe of

the ES cell s i.nglude EG cells. produced fromprinordial germcells, GS
cells pro t??gg P%o?ﬁﬁ?eg?f%%?sa}g%ecr%ﬁt&ﬁel s 5&8 gﬁaa%%ae pPurtPot ent
stem cel | $n6hRSeCahhskeBEOMERCLd MUDRAT CofTL! 5nUCh, A5 by ObI ast
usi ng speci al genetic engineering technique. [t is considered that,
in this metkatdomesbyyes dvihoeh esrafdeiaidr@rdaysateomtbenss art of
differentiation induction, conducted by culturing the stemcells by

t he suspergiréhovmpturesi int tee aboserce 0f i¢Fgndwclitdehe art that, in
undi fferenti ated nesobl ast cells and progranmmed cardi onmyocytes which
are to di fff€r EAFPaPE 1REBCIME e FBYOByCeStRPN €adlS$ utaureardionyocyte

k in th t that, In.th f induci th nmb [ t
colls, o GAPARGRBEDEE AnREH Sam dpor AayE PR ERErQIMAtn

di f f erent i;gki,Q0; i,hd i @ e h . enbryoni ¢ .stem
cel 15, af {orogGiRa EEh SR (4lhd 15 TR0 niheh BnREYER S R A i
However, tligethus aepasesh ey yid-tbed s restoftibe: S yaNiG oahem
cells include not only the cardi onyocytes desceri bed above but al'so
cel | s whi Ehwedwes, ntle helves aprafiddd ignbrgodisbbaieat el gy i 11 dit@yonic
cardi onyocytes (such as the undifferentiated cells, the

endot hel | FFBpFehes i tnelide el |onlvafdet rerdooryney tee| degceribedhe

pr esent inéention cel]s other than the cardionyocytes or cells

whi ch di f f PEﬁtP‘éFeg?%?oC%]es HFrofipssy et PAVenen faRtkied % fen as -

15 - disfferentiate into the cardiomvocvies (such as the

undifferentiated cells, the endothelium-epithelium like cells,
and the neuronal cells). In the present invention, any cells
other than the cardiomyocytes or cells which differentiate

into the cardiomyocytes in the future (such as



undi fferenti ated nesobl ast cell, the programred cardiomyocytes) are
referred to as a "non-cardi onyocyte”. [0026] The present inventors
studied effects of the culture conditions such as a

| ow- serum suppl enent ed condition, a | ow gl ucose-suppl enent ed
condition, a lownutritional condition, a |ow cal ciumcondition, and
a mldly-acidic pH condition on selecti®h of the cardionyocytes, in
order to ggfqificall discrimnating the cardi onyocytes or cells

whi ch di f FE1EtEeAEe tATE 9t Res et aF briRlclyt &he prousamuedre from

non- car di ntai ned within e thus prepared_enbryoid

bodi oo, [ OUP T ReERREEY, 952 iPHEA 1 Per AREDT GaRALORESCHIRIN a
cel | m xturg-gant ai 4 i i - OBS cell, the
prograrrma(LJI[r cazr%gi onyﬁ??%ﬁ%%@t rIeJeglgt?%}so%g%ggsgl%sg%% tch%r e SHdF e

one or nor@ngardchs0BacHhES ha al &y Sed6l-2dp1emeh8aJENR: £0551 St i ng
of a | owserum suppl enented condition, a | ow glucose-suppl enented

condi ti on,low-lgdwonserEbphaheiondli ddroli tian, 0w galkchubrconshdi on, a

m ldly-acidic pH condition, alone or in any conbination, the

car di onyo&PPES téPNeef| $oWhFrhcHint feanatittiigne anfoat hieldhy choniiar yHes
in the futurggﬁae | ess Sﬁnsitive to cytotoxic effect as conpares with

the non- cardi“dimy8BytBsSH ﬂ%?l%‘hc‘??? M PFER OMFOOTBEEN Hheo §oof
Under 1 he ResiE eanay PRESERlnl VEd Whe B8-udplYb S 38 o i ima L on

under the above conditions were a

car di oy oaylres-and: S8 dL oMY 00U SsaddioMRctekl ThXLUL e-CaNAIAINQ Lhe
undi fferenti ated nesobl ast cell, the progranmed cardi onmyocytes and
the cardi opecytasompycetts Wemthir® ¢althin- tA8 thus prepared embryoid

bodies.

[0027] As a result, the present inventors found that when a
cell mixture containing the uvndifferentiated mésﬁblast eell; _
the programmed cardiomyocytes and the cardiomyocytes ig
cultured under one or more conditions which are selected from
the group consisting of a low-serum-supplemented condition, a
low-glucose-supplemented condition, a low-nutritional
condition, a low calcium condition, a mildly-acidic pH
condition, alone or in any combination, the cardiomyocytes or
cells which differentiate into the cardiomyocytes in the
future are less sensitive to cytotoxic effect as compares with
the non-cardiomyocytes under such condition.

[oozsg] On the basis of this finding, in the present
invention, cells which are viable even under the above
conditions were able to be selected as programmed
cardiomyocytes and cardiomyocytes from a cell mixture
containing the undifferentiated mesoblast cell, the programmed

cardiomyocytes and the cardiomyocytes, by culturing the cell



m xture under the condition of a | ow gl ucose-suppl enented condition
in conbination with any one or any conbi nations of a

| ow- serum suppl enented condition, a lownutritional condition, a | ow
calciumcondition and a mldly-acidic pH condition. [0029] The above
descri bed selection nmethod is to select the cells of interst by
culturing the cell mxture under the cof#lition to which the

cardi onyocytes are physiologically resistant, and therefore, is
referred H-3d$TepMpsEs| GBPCQPH¢%§¥%‘I~ HT et Pasedlyepset sonphendwted The
physi ol ogi cal..r.esi st.ance- aseg%selection met hod of the present

i nventi on Gopdd téLrogc_tlgr FZEEBY TR t ¥t Ph PhE™ e P APXt GPEPLRALERT R 2
the cardi Q.W@étr%ﬁn-'sﬁpbﬁgmgﬂkégrgo J{'gﬂ,u%d rDWt— leltg‘gggtljltlé.fnc Se(#,[ Gt %d
froma | ow gl ucose-suppl enente congl%lon, a om#serun}suppléﬁ% ’

condi ti on,a ackOWanutibmt bonakt CoNdhAd O mid d19WacakEbUPCONEaT+ A0, OF a
m | dly-acidic pH condition. [0030]1n the present Invention, the term

"a | ow gl Uodge-] supphensindes dondiiticdn'sellscdebnnaethed bis a o eedisli-on
under which the cell mxture is cultured in the culture nmediumw  th
reduced | épel ceftlsugar snteret, byrovbtwiingubideacedd mngtode ngnder the
pol ysacchari des and nonosaccharides (such as glucose, gal actose,

fruct ose, SPEAHELET, tRnFEACR, BR® (RFFEHTTATNEEE 3561 pBYapeledinalled in

i i nt I fipally b bol.i zed by th I | yti
System . Peeingenter ahiotRaheRiied £ Salenad £80a8Y biie fodigldul ¢
'fggire is

| ow- gl ucosexsupRLereRLEd CORHLLL O ot h I
cul tured insthe culturegﬁeg?%%§¢§?%he a seﬁc2$%%q?ﬁ§%§ﬁégis above or

in the culiesietamdeubnbadwhe et ivn IM8lo0brs¥gar srisSeht Mol §§S
than 1% as conpared to the | evel of sugars in the culture medi um used

for - 17charhetdrfifedebhyi atlomimgudtd @elll nikherpr esetdinueritieon,
it is desirable to elimnate glucose, anong others, as much as
__possi bl e PRERIPRECEHFEEr &7 bl (AH1TITe eledipmendpe oemeord it iop
aveirable cult %é gediuns which are generally used in the art (such
as a- MEM ° ﬁFF nk* €™ B&stov OBt HRT ETeHFElofoREHF RS (5. 56
m), RPM 4 tai | | ucose (11.12 and Hanm s
F-12 conté%%sgﬁggg g??ﬁ%?ﬁfgagééggﬁh( -12% T(?%E%%E%?V%Iﬁ#nll'lon'
Thereforea 1B eultune BBCGLM WM I oot he diavel -af:gugars hsidg fgduced

to 1% neans the cul ture nmedi um contai ning 55.60-111.20 M of sugars.
f0030] In the present invention, the term "a low-glucose-
supplemented condition® is defined to be a condition under
which the cell mixture is cultured in the culture medium with
reduced level of sugars (i.e., group of substances including
polysaccharides and monosaccharides {such as glucose,
galactose, fructose, mannose), which are biochemically
dissolve and converted in vivo or intracellularly to finally
be catabolized by the glycolytic system). In the preferred
embodiment, the term "a low-glucose-supplemented condition"
means that the cell mixture is cultured in the culture medium
in the absence of the sugars above or in the culture medium in

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

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



[ 0031] The present inventors found that, when the cell mxture is
cultured in the culture nmediumunder the limted | evel of sugars to

| ess than 1% as conpared to the | evel of sugars generally used in the
art, the non-cardi onyocytes undergo cell death, while the

undi fferenti ated nesobl ast cell, the programred cardi onyocytes and

t he cardi onyocytes can survive in the cldfture medi um under such

condi ti on. In(%igg%?present.inventionz a | ow Iucose-suEp[enented

condi ti on &&n CFEVEF By dBARGE 19Ty é%a%ﬁ?e?rﬁﬁﬁm cimtenteamediitm

(sugar-fr , JSIVEM, cult i sugar-free) .(both from G BQO) .

[ 0032] As Egidkﬁggéln, F%ee%gﬁﬁﬁgggr h%é%ﬁ%bﬁgﬁpg Pﬁ%ﬁﬁaesa§eW?ﬁﬁ as

itsel f, commanmles oforbiraleoghtal:-y A4 NE aggnt ?x gi@i nind in ani mal
y

or human serum and reconbinantly or artificial producéd” conponents
of the bi cbmgicoalilayigctivearagest cul futd endiiRHRNwhIREChELCEEA M1 The
term"a | ow serunsuppl emented condition” refers to the condition
wher e t he ysadkelinofthiehexrse ancbr a he- 6EN UMIMO PRGN, B85 ] hemeM) 18 -
reconbinantky or artificially produced conponents of the biologically
active agémttiady ilnid &d ofoP0ddUe0%s s conpFilled REYIt BE48ccomtdinel

which are | emented to the ture dium used for obtainin
unhiffereﬁ?qp%; ﬁ%s§59289088|f§1ii? giéépeﬁapésbg‘iéoﬁﬁé%éﬁéé

iat

i ncl udes, o en_- di tiaon". Therefor a

exanpl e oﬁ"%g %z%rggrﬁnéﬁﬁg é%ggiggﬁ%on Vt%%%Becglyﬁéycaggmﬁﬁ%ﬁrfﬂ@b
serumis sitepleneatedmnbaitifewsth tike TBRAIUDE QL gabLaLRiAY £0ficed to
undi fferenti ated nesobl ast cells, the serumconCentration In fhe

cul ture nedi wmans lthel tedttde | Residhadnkt%ihehgSebeebl N1 HE M of
programed cardi onyocytes or the cardi onyocytes. The present

i nvent or s E#F& -t hat, when the | evels of the serum conponents
containedgb%éhge culture nediumare limnted to | ess than 10% as

conpared t | evErS RFCIHE: SHERtesApoALRt sthat + HeEhetu|ther €edddi um

-~ general |y used_in.the he nan- car.di omyocytes undergo cel | death,
o et he AL e e R e dot (P IR BRYL R PRt % i tER
car di onyoqykes éﬂdsEQ§r§a{9'ﬂ$¥QQMﬁﬁ§J%a?ﬁSHBMbgfghnréh@h&Q%%ﬂﬁ?of

medium [0033]1n the present invention, e term™a [ow nutritional
condi ti on'sugefrer geherthey coask timnnshene t hael g¥el a0l HKtes
nutritional conponents contained in the culture nedi uns ich are
gener al | y uageggpncehé deetlf sudhlilas tRRMundalffarenmbat edn mddENcitl el e,

medi um MEM cul ture nmedium _F12 cul ture nedium and a- MEM cul ture
medi un) arr@® PRPAFREMED PRESIVMERFYIGH aRf EbApaprtdienyetwidsewsns of

the nutrit] | _conmponents.in the culture nmediumgenerally used in
the art. FE%P gep%%sgﬁ% PRy ?ﬁ?(ﬂﬁé%W? ngﬁﬁsFPﬁﬁl oG it fRethe

| evel s of pTrQ%eH\a't iﬁ%&l‘?@%nFomwr'&l%cto%elg%prQﬁeR£§§ e@énéiqvi%@lt (c):réusl be

achieved by using, for example, RPMI culture mediam {sugar-
free), and DMEM culture medium (sugar-free) (both from GIBCO]}.
[0032] As used herein, the texrm "serum component" includes
serum itself, components of bioclogically active agents
containind in animal or human serum, and recombinantly or
artificially produced components of the biologically active
agent. In the present specification, the term "a low-serum-
supplemented condition” refers to the condition where the

level of the serum or the serum component, or the



- 19 - found that, when the levels of the nutritional conponents in
the culture mediumare limnted to 10% as conpared to the | evels of
the nutritional conponents in the culture nmediumgenerally used in
the art, the non-cardi omyocytes undergo cell death, while the

undi fferenti ated nesobl ast cell, the programred cardi onyocytes and

t he cardi onyocytes can survive in the céPtore medium Such "a

| ow-nutritional condition" of the culture nedium can be prepared by

di | uting 1" VOTUNE BT 1eh&Tc GridiféchRituhiRMGas [Gpmposgnitas phethet
hur s e Ry AR LA TR RN SRS Eiholis o

cul ture nediuman

physi ol ogi @&l seahin@ eeuchnasnHapk’ &ﬁﬁ%xﬁezﬂl%gi o @Rk Bﬁl'f::)@g - medium

[0034) I n the present invention, the term w cal cirum condrtion
refers to ddml dendiobitelnaher antNer §2é6t 1R KD MR aki-0Be 98t g ned in
the culture nmedi umranges between 0.3-1.3 mM The culture nedi a
gener al | y emeddegredditiof deedOPaL | agdi molitdees ,cdoti eREAEYEES " § SHEFIAS
DMEM cul ture medi um HEM cul ture nedium and a-HEM cul ture medi um
contai n 1.3 9AVCCEIEERCRAt i oThTefadicoi @ eHarhéecof t (a elovedieamm- t i s
known in the art that calﬁlgn1cpncentration S kegt at around 1.8 mV
t hr oughout® e ST T SRR 53T or 1 Pt AeRg PRt 6eFRe is
cardionyoqxﬁﬁaeﬁgggegr@gegﬁeiQgggﬁ§g§m;£#ﬂgf%hat when t he cal ci um

cancentrat] o in the culture nedrum are 1 ThittedPEatB3Y 1588 mv of

CaICiun1CQﬂﬁﬂ&&b&bh@ﬂatbhem¥§$H§§sﬁﬁcéMﬂéqht%%esﬁkgﬂiégﬁégﬁé% Loner;
than the cal ciumconcentration in the culture nmedi um genera ?y use

in the artthet lvelhomeamdiony oLyt Banitlerigo 168kl tdeat Dy ¥l §eidigtin
undi fferenti ated nesobl ast cell, the programred cardi onyocytes ang
the - 20 thecpragsmpoedt esréiemeeswiase dm thige cenlif ompooptiésim TREM

culture nediun1%nd F12 cul ture pedi um (both from G BCO can be used

_as_the ex&@MSFEZTof"VABLEETt ir e dethdim WheR thel daveds chfintodmitdmon”

Zof the pr ' NL.j .[0035]I.n the.present .invention, the term"a

niIdIy-ac?%ﬁ%gﬁgﬂﬁgnééﬁg%ﬁ£e$e ré??(?Q4%?§80WGP?P%naﬁﬁe}ﬁm%WE?QN#Qﬁ
the cul t ungsaedhum 18808S OSINEAN R G 1'&;3# KEO)(Qe'é‘eH‘n? art that
the pH condition of the culture nediumgenerally used for

di f f er ent icatiponehndushi ohe oful fier-< aledii Ry geybes1{$ uste @St RIM art,
cul ture nedium DMVEM cul ture nedium HEM cul ture medi um

the non-cardiomyocytes undergo cell death, while the
undifferentiated mesoblast cell, the programmed cardiomyocytes
and the cardiomyocytes can survive in the culture medium.
[0033] In the present invention, the term "a low-
nutritional condition" refers to the condition where the
levels of every nutritional components contained in the
culture mediums which are generally used in the art (such as
RPMI culture medium, DMEM culture medium, MEM culture medium,
F12 culture medium, and «-MEM culture medium) are liminted to
less than 10%, as compared to the levels of the nutritional
components in the culture medium generally used in the art.

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

of the nutritional components to 10%. The present inventors



F12 culture nmedium and a-HEM culture nmedium is required to be

mai ntai ned at around pH 7.5 which is the sanme as the physi ol ogi cal
condition. The pH of the basic BSS is adjusted to be around pH 6.5 in
the incubator with 5% CO2. The present inventors found that, when the
pH of the culture nediumis |lowered to EH 6.5 which is nore acidic
than the pH of the culture medi um genér Ply used in the art, the

noncar di ony Q¢ nder go |1 _.death, while the undifferentiated
nesobl ast r%:loeqrﬁ q:?‘r#e{ 'ptwg%rnar%%ﬁd LEXPUT oty iR e tHidioRelc SPRPeRRES tEs
can survi vg,d u I Lum_ T |ture nediumwth "a
mldly- acitg}éc%ﬁiﬁri?gﬁdhhﬁéﬁmn%gbt }Ei%mpl?ges%n ° iLir?\%er?tSi Sﬁmgﬁﬁegetﬁrgb%r ed

by adj ust ingrdifie opHrek hhgreukbHee &BEM ' e B d
Salts Solution (Hank's BSS)r. [ 0036] I n tﬁgﬂﬁeg%n%ﬂ%n?g%}%ﬁﬁ%w

car di onyo@eregaddly beeguinf ithd avte @id ir@rﬁ-@drﬁi@hﬁ&?@égngn&%@%\iq
mentioned cell m xture to any conbination of two or nore suitable
condi t i onSeFth-h#hddet Ghe npdififierenigtadhameplpdiiastcogietal the

resi stance- based sel ection nmethod). - 21 - [0037] The present

i nvent or s FOFTE PRt CATHEATYAEY et t3p% thedicardiomgegrteadoet shevive

.t - cardi t t.cell death within the
mbryol d Bouiee GOPYER FERRTnG S 5 Bni vsPeht LoIPRAL T diasni: of

i nvent or s ghdr Eﬂ@rtus%f[auﬁuaﬁguﬁncgﬁt@%%}avaq:eﬁug L[ﬁﬁﬁt%igcy \g? ® (Harrhe

preferentially provide the cardio tes w an energ

the sugar gulfearet hedpunpgeReph1fpridy inRhAVERE (RemselertiMd tae Al
the undi fferentiated nesoblast cell, the programred cardi onyocytes

and the c&MMoppdtyresmeditmi et i culitvereemenyand bodi €81 +]093&HASIA
result, the present inventors found that it is effective to
suppl enenéfiflo - HEMcaprd tinee npedltemh Ysiigtd @ soildmélLatt phesi®ldgialV), a

conbi nat i Qn oLeanSas artic acj dOE( 20-(100 ng/L) and a glutamc acid
_(20-100 ngf L) 2%of gcgy?ﬁvﬁ%&éc? 0. SUgeRvf resy aﬁy?g%hbl nati ons
Cometcbr bl DREE ok 2 IS0 Bl AT 10 ione
car di onyoeyphastibhh negessary e rditisioh0QBLdhenselorti g et hod
descri bed above is referred to
concentration contained in the culture medium ranges between
0.3-1.3 mM. The culture media generally used for
differentiating into the cardiomyocytes (such as DMEM culture
medium, MEM culture medium, and o-MEM culture medium) contain
1.8 mM concentration of calcium in the culture medium. It is
known in the art that calcium concentration is kept at around
1.8 mM, throughout the culture period for differentiating into
the cardiomyocytes. The present inventors Ffound that, when
the calcium concentration in the culture medium are liminted
to 0.3-1.3 mM of calcium concentration, the values of which
are significantly lower than the calcium concentration in the
culture medium generally used in the art, the non-
cardicomyocytes undergo cell death, while the undifferentiated

mesoblast cell, the programmed cardiomyocytes and the



as "netabol i smbased sel ection nethod” since the nethod uses

nmet abolic capability of the cardionyocytes to select the

cardi onyocytes. The netaboli sm based sel ection nethod of the
ivnention is characterized by culturing the cell m xture containing
t he cardi onyocytes under a lactic acid-supplenmented condition, an
aspartic acid/ glutam c aci d-suppl enented®condi tion, or a pyruvic

aci d-suppl enented condition. [0040]In the present invention, the two

types of net HST IS CaN RYTVRES ciP diRfin/BEhREe preddum. t FREMI
physi ol ogi - - resist e-based selection nethod and_the
met abol | snt based gré?eldélélh c%)ﬁ%ng?%oal)lfﬁ% © Be (ibr?q:%‘oﬁﬁfjﬁa??%ﬁoi gcan be
purify thegad HOMHRC KBS HAEsAcRT SR dSYT of, Lty $0, .t he ove
nmet hods are repeatedly carpri gdoout ?o attﬁgrlen méa%;{&?nt ﬁ%rtﬁ\lhi %hl%‘ggcr’aeemd’ﬁm
puri ficat icamditQ@ht] tEe thel brabxhtr ened@ni ng the undifferenti at ed
nmesobl ast cell, the progranmed cardi onyocytes and the cardi onyocytes
which are W¥&dlin t e phespresemventvientias, anher tgim 04 miwily-acidic
cardi onmyocytes can also be pregared fromstemcells or fetuses. In
thi s cont & coPHEtierm Tsferf cep| the j sriididésn bheraothei pit nefdthie,
totipoten%}gﬁJE§ i.ch can differentiate into ané types of cells

I

wh
(such as efbryomi H‘eglf'-é?f?! caresy B%W%%rl?}bét"gnt Lkl 15 K#iwh igafhe art
1T eron koL s uldt e S0 ST 5o SHED 85, o

sttemcells derived ' fromt one nmarrt ow).

in the cowiseepbnprapabat i08uOEisNLANH URAGRLESSHELM Eﬁcﬁﬁgﬁ\’%

stemcells, as differentiation progresses, the eibryonic stemcells
di f f er ent icatlguirat oetihemynoMER esentind ekdREQbMEST cudfdrd Mddiom,

subsequent|ly change into the programmed cardi onyocytes, and finally
form t he ddrdicudporyt meditir egnd he-MEM dififterenteatas) mes obd@sir«aeldo’
refers to .the cells which express the Brachyury protein (a specific

__marker for%t R BRI PPEr 8ht PRPERC RIS obi%astiicdl 15) Ihnpapihi 22, thene

on oSSR AT L85 LSt b oS MLED SO e
Brachyury tpr gkehBolith g@ 805 BXPEESS NS aGRLdL, QI OEYL €5 SPEELLTC o cont
proteins such as Nkx2.5 and Actinin.” The progranmed cardi onyocgl]t"es
has an inventors found that, when the pH of the culture medium is
lowered to pH 6.5 which is more acidic than the pH of the
culture medium generally used in the art, the non-
cardiomyocytes undergo cell death, while the undifferentiated
mesoblast cell, the programmed cardiomyocytes and the
cardiomyocytes can survive in the culture medium. The culture
medium with "a mildly-acidic pH condition" of the present
invention can be prepared by adjusting the pH of the culture
medium using the Hank's Balanced Salts Solution (Hank's BSS).
[0036] In the present invention, the cardiomyocytes can be
purified more efficiently by exposing the above mentioned cell
mixture to any combination of two or more suitable conditions
of the culture medium (i.e., the physiological resistance-

based selection method).



- 23 - ability to exclusively differentiate into the cardi omyocytes
wi thout a need to suppl enent of any additional substances to the
culture nedium The "cardionyocytes" refers to autononously pul sating
cells when the cells are viable and al so cells expressing sone

mar kers such as Nkx2.5, GATA4, and Actinin, which can be detected
after fixation. [0043] For exanple, whenZthe nouse enbryonic stem

cells are used .as an origin of the cardionyocytes, the cel
popul ati o dh cahPgubT9eeRhdEvaiess Egipdr Ehabndviénrithe amliaice

sel ected el.l l.ati.on.cpnsi sting of the progranmed
cardionyo?%?géﬁbﬁstﬁ§8%5?8903§0 %?e%GQ%%%n(EQFI§°86ﬁ FEEPRYCSF tqhe
enbryoi d hed by the;f i o | j i eptiati of
t he nouse enﬁ?ﬁghic st%n?%é?ﬁgﬁggéﬁfPﬁ?%é%ﬁ#ng?FgPééﬁét %F%X.#Tﬁ%?m

medi um t Hewe ieneubahingsten dei16ayThhg-BBESE SARIVQUUSL Stamcel | s
to generate enbryoid bodies, and culturing the enbryoid bodi es under
t he physi sltogiied anesilstansbivassubsalaet whichethndpaatéosnthe 1y
met abol i sm based sel ection nethod to select the viable cel

popul at i oPTRY 1Ke thRoGRERAHRHY @AY 6D MWiddy s eppruheothedi Gmyocittees.

[ 0044] By way of e anp%e after 5 days fromthe start of the

di f f er ent iSXOP5R /i AQ0cEPENPUERPTS Yerdddrac LBATPBING (Ehe | TaRec ity

hours und 0 L - condition_and any one of or
any combi nat 1 oae CoftF e R Er S HaRe SR B b o BT P odimed
| ow ser umcsaRbAYBBY €8s CORMI £hd bari Moyt bt L:QH@A-&&';F%{' a | ow
cal ciumcondition, and a mldly-acidic pH condltloh%. hough' t he

sel ect ed eeblkgondrecfihese with no pulsating ability, the cel

popul ation with no - 24 - pulsating ability were inmunostai ned using
an anti body%8§ai nstAg e Wrsadiyurthe phesemt kinveitdiwe Amcid framenitaied
nmesobl ast cell, resulting in the Brachyury positive inmages in al nost
al | cel | sSTFRPELHRARS THRRIEHRN hricsdhe ﬁ’ﬁﬁﬁéﬁei%e%i%tmdehqfdrc acid

- effectively selegtipg, theyndifferentiated mesoblast cells; 4
(20-100 mg/L) and a glutamic acid (20-100 mg/L}), or a pyruvic
acid (0.5-5 mM)}, or any combinations thereof in place of the
sugars. Based on these findings, it is considered that such
sugar substitutes can specifically provide the cardiomyocytes
with necessary nutrients.

[0039] The selection method described above is referred to
as "metabolism-based selection method" since the method uses
metabolic capability of the cardiomyocytes to selegt the
cardiomyocytes. The metabolism-based selection method of the
ivnention is characterized by culturing the cell mixture
containing the cardiomyocytes under a lactic acid-supplemented
condition, an aspartic acid/glutamic acid-supplemented
condition, or & pyruvic acid-supplemented condition.

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

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



[ 0045] Further, the Brachyury positive cells were i munostai ned using
an ant.i body against the Nkx2.5 (which is a presently-known earliest
devel opnental honeotic protein marker specific for the

cardi onyocytes), resulting in the negative images in al nost al

cells. Nevertheless, continued culture of the cells resulted in
differentiation of about 80-90% of the €8lts into the cardi onyocytes.
Therefore, it.is considered that the undifferenti ated nesobl ast cells

sel ect ed i FPIHE AT ARSFoFEeLEFELaRKABIRC B ARG Harenwstt apeilisntbased

pr ogr ammed .0 cytes.. [L0046] B y. of anot her, exanple, to sel ect
t he cardi osn&%&:%légs, %}%témzir?‘or%?gi ng%%s“He‘?‘?WafWﬁ tRePBAHEY oFrR
stem cel | ssafd @fmArB1day s+ Lo Lhe jff.erentiation induction
can be cul tur_ed_m orc%about S_aday[g i ‘r%étttllﬁlé_;eé sééla; LPSrjf%lrtS;e' c{ﬂ'%ﬂf e%}’rreecf’lL e
prepared hyetrotdsGrEMebMateauy EssL0éd aduVBd W iHaRK r3-BSSF nign
(I'nvitrogen) and a-HEM (SIGVA) at the ratio of HEM [ Hank's BSS] :

a- MEM = 9 dedree Df pRrigdppltépented with ITS [insulin (10 ng/L),
transferrin (5.5 nmg/L), and sodiumselenite (6.7 ny/1)] (G BCO (in
this case,!4%fd lcal cFhfh ephteht¥titoranieiadogt the3unf) ££ahest atedur e
medi um condi ti ﬁn_st orr pongs to a | owserunsuppl enented condition, a

| ow cal ci dH i G’ﬁ?ﬁan?} & RTPeryueRt diarHagoraiteroandTHee t hus
peparod BiauamRd v Zhs ccaLdLoap s Can e conlLpsouely

dul tured cul ture nmedi um

car di onyog#iesn %e@hbh%a§99¥ﬁy8§?-k@é“@§ﬂ %:'ls%f pih r%?hl:eﬁ‘: e,

conducted after 5 days fromthe art of fferentiation induction,
especi al | yedfitseiori mdttakiesn aofn tihe AuwoaremUStNe PHESALY f%n cells”
cardi onyocytes, it is possible to efficiently select the

car di onyodyrcd- uggssi hpltynetll timimged ntdEMo(tipol'estB88L1aneieicla can

| ow serunmsuppl enented condition and a mldly-acidic pH condition. The
t hus pr ep&red *CaPdt8hfol)EesaRANt HReS oHt i9ddsI(yuehl ear ewbiyonte stem

‘m xed. cul T glntfim of, I\/El\@gng a- VNEM ta %Lfferenti ate into atrial

muscl e and ventricrermisePateT Oﬁ%“&&? rapuPthérrexahpie, 1t

embryoi d BRAik8$1e particular types of cells (such as adult stem cells
derived from the bone marrow).
[0042] It is believed that, in the course of preparation of
the cardiomyocytes from the embryonic stem cells, as
differentiation progresses, the embryonic stem cells
differentiate into the undifferentiated mesoblast, and then
subsequently change into the programmed cardiomyoccytes, and
finally form the cardiomyocytes. Here, the "undifferentiated
mesoblast cell" refers to the cells which express the
Brachyury protein (a specific marker for the undifferentiated
mesoblast cells}. Meanwhile, the "programmed cardiomyocytes"”
refers to the cells which express the undifferentiated
mesoblast cell-specific proteins such as the Brachyury protein
but do not express the cardiomyocyte specific proteins such as

Nkx2.5 and Actinin. The programmed cardiomyocytes has an



derived fromthe enbryonic stemcells were washed using a sugar-free
medi um such as Hank's BSS (@ BCO to thoroughly elimnate sugars and
then cultured for 3-7 days in the culture nmedium (Hank's BSS

[ sugar-free]/ DVMEM [ sugar-free] = 9: 1) under a | ow serum suppl enent ed
condition, a lownutritional condition gsuch as those prepared by 10
times diluting a commercially aveilable dulture mediumwith isotonic
buffer sol ng q:r)Y a m_| 3 a%% é_g%condl tion, and a | ow cal ci um
condi ti on, St §%§ B%f"g 4 ??‘Fﬁlarﬁ\‘?l LR [REt Pérgé?rﬂﬁ’?%ytes
lactic aci W d+go 2 n_as artcamd

20 ny/L of‘glgl ut am%g%%%lad ? BQ %%E%?E ogfm % gl %Ié%‘l@ngmﬁ éﬁ P EHents

condi t i on)theorculltmofnealﬁw UViHe aCda@a(l%m%E ¥ben aglfls supp ement ed
condition). As a result, it is possible to efficiently select the

cardi onyocguf@riwylomlséyrrpumedtahgveelié)adfe]ﬂ rthah cattienpiet 016 EP M t he
cardi onyocyt es using - 26 - the adult stemcells derived from bone
marrow, tHe-SPet9fdds GEPERPBEUTapoe mamkeaisssugpphisclibka. 5o GRlprt anlde

cardi onyo es fro the cell mxture of the adult stemcells. Here,
the car di d%if&é’ﬂf‘es éFPv@anP%rﬁ?’H”eC‘?ﬁ%saéFq%nélﬁéitﬁ-ew wer e i nduced

using the [838) 3 and a§ %(\a/% r| bed in 01/ 048151

(PCT/ JPOO/ 473 . ref % CelMPEsE, &m EY?I&Pr%os"i%‘P PR a
(I'scove's Magi tisednDyl- 0 [ up t-h 20%
of fetal bovine se?um Ersgga?%lﬁfggt%g gﬁ%g%or% eg g ﬁd%\é%

cells, seanhidh Glahnsu{rﬁ]VGS'&ndeﬁ%sevﬂul&%ep@gﬁdzggans cidd wed for
additional 24 hours in a culture nmedi um supplenented with a final

concent r atsiedecspd3apnol £41bf popwiaicdn dionsiESieApE thenpedtaumrd f or
2-3 weeks in the culture nedium above w thout 5-azacytidine. As a
resul t, tKPEISEMECEYBAS neT hihee el icsvdichtese Airpat Fohlé nelstisningf of

th ¥ nt t di t | t bl
o obtai n e REFUPOHy BeTHE By Tin Cen S ERYSt et L ur e
cont ai ni ng;tbegut o0ompsly ol LI SALdopEuOCYLEs under, Lhe

physi ol ogi cal resistance ctlon d an

met abol i senbasedtsegects Oﬁrcsf@tfkm 18942 RUEEART - théh TH& 1% ebe
preparation of the cardionyocytes fromthe nouse fetuses, the

car di onyodyUedaganthe Behse!shauhipusitenedelLoms h@eﬂéfhﬁ@)@r@i‘ryom
enbryonic life (the tinme point when the cardionmyocytes first appear;
the time PORAESeorRre@spahbaring ddye E@batrosr bhéléermmcﬁazzatha)n in the
case of hu L’%ghhe foll owi ng procedure: i.e., aseptically renoving

nouse fet B Fh THEHT WG ek §eésstf%gra¢tlw%eqndf & thenes,
‘p'pette'nﬁeﬁgﬁgifémtﬁéggﬁngfgbtlon me%hgat%o select “the viable cell

population as the programmed cardiomyocytes or the
cardiomyocytes.

[0044] By way of example, after 5 days from the start of
the differentiation induction, cells were selected for
additional 24 hours under a low-glucose-supplemented condition
and any one of or any combinations of four types of the
conditions (i.e., a low-serum-supplemented condition, a
low-nutritional condition, a low calcium condition, and a
mildly-acidic pH condition). Though the selected cells were

those with no pulsating ability, the cell population with no



to di sperse fetuses to separate cell nmasses, culturing the cel

masses under the physi ol ogi cal resistance-based sel ection nethod

and/ or the netabolismbased sel ection nethod, and selecting the

cardi onyocytes. [0050]In this way, in the present invention, the cel
m xture containing the undifferentiated_nesoblast cell, the
programmed cardi onyocytes and the cardi%ﬁybcytes used as an origin of

t he cardi . i.s.cultured under the physi ol ogical ) )
resistancg-gaseé?ééﬁ%% 68 R Rod B B2 qégiﬂﬁ? oPPsAtbikedy against
sel ection ymt BRd Q@G Kol whi ¢ r
fonmed by adhering ?he cakﬁgoﬂ§§%§fe§5wﬁ?ﬁ‘%§%%E%?%§%¥5 %e@%ﬁ{b %%Ee

the thus pregar edswEsieg oh the eAEEHAMPODHLT19E 1RANEE e by1 & d@Yar
of the dead non-cardi omyocytes, it is necessary to elimnate the dea&

non- car di oiideyt eThayenednoniitdie ties peesbetoneths@Ansp| Antdildpd Fer

masses of the cardionyocytes. Regarding this matter, the present

i nvent or s Fafecéedvudréachsndetis  yndi dfsinewt iated5tp Thelas o sexitls.

inventorsé%ﬁu%ger fgun t hat_when cell nasses are treated with a
el’l

generr al i spet o ore et HoY T ULy PRESELIVRI sRL Faritrsia
teol yt iy TLYPSI gL OF - | hel et i ch a
BTy . ¥ he ek TR, 8 ol Dol i) Al hhR RS b eh 15

the dispers ce gnitica

cells. Th%&%%@h@lythﬁbﬁnné&ﬂlfbé%“ﬁﬂvéﬂaﬂm@%tBQrhS%E%G%ﬁgééﬁﬁﬁ%ﬁﬂq?rker

eliimnating the dead cells adhered on the surface o

bodi es whisbecn&int @bni nhet bardbasascyes)ne reatdi oAy 0Lyt €% Rkt
is general ly considered that cell-cell conjugation is achieved by the
bi ndi ng t AFgdgE fReaéReshcall WWaklsmt Nexetthehess, coldtdgerd culture
fibronectin, and - 28 - elastin) or by direct binding between the
menbr ane ﬁfo?gﬁng?l%ﬁerﬁ?%%%ﬁﬁ hvEfiferentdahdonhaf aéheest§bLrP0Sf ofhe
masses of

e i onyocytes using collagenase or_el astase (which
_wmhaygﬂg.hiéhgsﬁég% i%ﬁ%?_ B ??ﬁéﬁéﬁﬁ%ngﬁgote BEyetR d W fscient |y
el i m nat e sbhgideRdaNPR5E ' d ur f-ace of the
cell masses of thedcar%ig%§%8§¥es &ﬁ%?%qﬁg%ﬁtg?%?éé?%ié“%ﬁ%b@?%ﬁFtFﬁe
messes Wi tihothebeé aBodi SPEFS eikd NknsaRabate el hsst R5OMm e esul ts,

cell-cell adhesion between the cardionyocytes is fomed by the direct
bi ndi ng t broaghmhed adévediompreydamexi n.

[00461] By way of another example, to select the
cardiomyocytes, the embryoid bodies derived from the embryonic
stem cells after 4-6 days from the start of differentiation
induction can be cultured for about 3 days in the serum-free
culture medium prepared by mixing MEM (Minimum Essential
Medium) [Hank's BSS] (Invitrogen) and o-MEM (SIGMA) at the
ratio of MEM [Hank's BSS] : O-MEM = 9 : 1 - 1 : 9,
supplemented with ITS [insulin (10 mg/L)}, transferrin

(5.5 mg/L), and sodium selenite (6.7 mg/L)] (GIBCQ)} (in this
case, the calcium concentration was about 1.3 mM). This
culture medium condition corresponds to a low-serum-
supplemented condition, a low calcium condition, and a mildly-

acidic pH condition. The thus prepared programmed



[0053]In the present invention, it is possible to efficiently
elimnate the dead cells by, for exanple, shaking the enbryoid bodies
in the presence of 0.01-0.1%of type Ill collagenase (Wartington) for
20 mnutes in the water bath of 37C, separating the dead cells from

t he cardl onyocytes, repeating centrifugati on and super nat ant

repl acenent four tinmes to conpletely wagh out the col | agenase, and
obt ai ni ng éhe final product. 00545Fbmever, even after coll agenase

treat nent , CHHe PRISY5ai958d PRgGPRAP S FHLImnd, iandhenaaser abl y
contain thg,0d8ad GRI4SmPh ot - j cytes. The.l onger the
netabolisn}based_selébpfgﬁ ?gf?§%8§?§%%?q%ﬁéy&%Fé?ﬁf@&ﬁ@ﬁ?FVt?ﬁg When
aggr egat estirdvdivdl Rendead a&ebhS o FBYHAPREAT miEXRPNI;RY cbﬁaug%gé' YAl
such aggregates containing dead cells, the present inventors ounJ:
that the denistsy fawth tthe specifbe gresétentifatite deadceebhs bsphigher,
than those of the living cells and also found that the living cells
can be sepifridfediuehiche cdedbtiecentenomiugyt I iswittiall eadansniycytes,
gradient - 29 - centrifugation met hod. An agent used for separating

vi abl e celt’s Y °FeRdecéPl sTERPOEYRLY e kpstisithy geadiiemyocyte by
trif J i.ncl b lim.ted to, P |

(Phar mmos oy mtRe Sutateps, phohey HiadiPts AdIFRee ariamppeRin-

[ 0055] EXAMRLS 1 ke iRkl ELAR: RE of 248 O e Jgg,iigﬁu ¥§ coRE9LEHRL €50y

cul turing the nouse enbryonic stemcells o
| ow ser umsupplperpatred capdibhpbcpted BT WEB Ha@ 168805140 u1tured in

the mixed culture medium of MEM and a-MEM to differentiate
into atrial muscle and ventricle muscle,

f0047] By way of further example, the embryoid bodies
.......... defived fromlthe'eéﬁrfonié éféﬁ-ceilé ﬁere-wésﬁaé gs£ng.a
sugar-free medium such as Hank's BSS (GIBCO) to thoroughly
eliminate sugars and then cultured for 3-7 days in the culture
medium (Hank's BSS [sugar-free]/DMEM [sugar-freel = 9: 1)
under a low-serum-supplemented condition, a low-nutritional
condition (such as those prepared by 10 times diluting a
commercially aveilable culture medium with isotonic buffer
solution), a mildly-acidic pH condition, and a low calcium
condition, which were supplemented with 1 mM of a lactic acid
(a lactic acid-supplemented condition), 20 mg/L of an aspartic
acid and 20 mg/L of glutamic acid (an aspartic acid/glutamic
acid-supplemented condition), or 1 mM of a pyruvic acid {a
pyruvic acid-supplemented condition). As a result, it is
possible to efficiently select the cardiomyocyte by the method

above.

[0048] In an attempt to prepare the cardiomyocytes using



This Exanple ains at studying the effect of serum depletion on the
cell masses containing the cardi onyocytes (enbryoid bodies), nore
specifically the effect of the serumdepletion on selection of the
cardi onyocytes fromthe cell nasses (the enbryoid bodies), by
culturing the cell masses (the enbryoid bodies) in the serumfree
culture nmedium [0056] The nouse enbryodéc-stemcells (the nanme of
the cell line is EB3, Nat. Cenet., 2000; 24: 372-376) were kindly
provi ded ByPeDROWL gSR/M Nehds ofleTAl WEN, £ thap dvneThermous et karhigiomids
stemcells are cultured for total 7 days using a nmethod simlar to
the existi chégﬂ‘?gdaPBivﬁf eFentiaR i igwblesgo psiegB)the e, 75 ES
cells per one. uLtured as the cell nmasses for total 7 days in
the cul turé n%glﬁlg\r%]% gg%/Ek/F?TA m%ru‘fﬁ]gsé'@ﬁ‘ttiugle REdThR) 20 Bvien rsdklsBS
(EQUI TEC B, 18Q dai PEALET dd 1.4l [ ept omycin

(@ BCO] using the Egﬁg?%g&%r op %re‘% llo:@".e A%tréfn 5???%?%% i atthg Ty
the cell nmeseeinfubedenbiygi thda g aﬁﬂntt%n}neghaheaga&é’éﬁﬁ%%ﬁtﬁs
usi ng the above net hod, the enbryoid bodies were cultured wth belng
adhered oWCA@ldauBuré dPEH/IRIMPOIIES)cul rhae DedidimLaesoMcbed1aboyee
for 3-5 days at 37Cin 5% CO2. The method - 30 - described above is
t he convefUldHAPCARJTIYM) otTseoH 'fef Modiitfiigdi Bnlhechots Nedjunl) GOBSO)

appear ance_of .t he r@_egl naises obt ai ned under the conventional nethod
aiove. HePEPPRRHCPFRASHHNE 20%i ¥ d€dGdi COXppeaFrareR bregawdimmiysi d

body; Fig h i xi st.ence regi.on qf th

car di onyo{:nfgcggai %B?h%p‘gﬁg¥gy%]}t%$%géé§/§ eflc s’vvasseedefjéctcg&nby%gﬁ%ﬂfi ct999.

f| uor escemo1l. TUBNESEY AL 7baP, UsiNGntdee 30! kot phan ap) LAy (H G |

and Fig. 1C shows the outline of the cardionyocyte existence region

in the enbuytidebndyiwhi shpybsndrded Wiiradabyihhe EbnedessRllon of

i munost ai ni ng, and was del i neated on the phase-contrast m croscopic

__image of BigmolAl ¢§ Stamwwcymidine Jcshene)of thendDael QireaXirsirencs Qkeks
t he car di onyocyt es wi t hin an adhered enbryoid body (Fig. 110), the
car di onyod$t EECWETELEER (e RPoyeh i thek 55 angedierdine.d & Be

ted ifjed f th i d_body. .[ 0057] On the oth

hand. t e oa LB S IR et PO LB aBIRY ot Eren e TPt he

cel | massesaltbeoends yoid cté)ﬂjses.%xtg)othggglﬂguéffrﬁgscgﬁwocyt es under
ed for ays

the sane condition, were cul tur W el ng ddhered on a

cul ture dbahdiamgodiess culttunedpbosivsli td ARlaidh daKs chRalbBByocytes
serumfree culture nediumfor the enbryoid bodies containing the

car di onyobkyt 88rth¢0058] t Riavg edwel teldr sishowa ¢ontfdihing tHere, Fig.
2A shows nicroscopic inmages of the adhered enbryoid bodies subjected
to the sePBEPRYROCEAY WelSAidald crEdAPBYecEbReli ¢idaT thved phivgio2Basbals
the outli ne Jqftthe aut onorm slcyt_pul sat%ng cardi onyocyte region wthin
the enbryora-Dodl €3 Wi © W:i'se deft MPFBAT pTREMRE Vife JefRRry 4 -baged
shown in the.sehere,ofnhs node of existence of the cardionyocytes
within the enbryoid bodies after the

[00485] Further, in the course of preparation of the
cardiomyocytes from the mouse fetuses, the cardiomyocytes can
be selected and purified from the 7th day of embryonic life
(the time point when the cardiomyocytes first appear; the time
point corresponds to day 16 after the fertilization in the
case of human) by the following procedure: i.e., aseptically
removing mouse fetuses, washing them using Hank's BSS [sugar-

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



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

cardi onyocytes exist at the surface region of the enbryoid bodis,
where the cardi onyocytes were found to be aggregated with each other.
[ 0059] EXAMPLE 2: Formation of the programred cardi omyocytes

sel ective aggregates and formati on of aggregates containing the

cardi onyocytes at a high rate by cul tugng the nouse enbryonic stem
cells under a | ow serunsuppl enented condition or a serumfree

condi ti on to dispepfies fBFéﬂﬁﬁISetm AsParate whdhgassesef tedtuoing etien
depl etion on the cell se %t he errbr oi d bodi es) containing the

pr ogr ammed” ¢4 A5 9’?’%? epgﬁﬁt’:iﬂr "’rly r(@r?éséfaﬂé’@rbéﬁe@eﬁa%mc”tlon

depl etion pon rd|o ytes ormthe cell
masses (the e 1‘ﬁ}ym |es§}'gt§{fgg% a|lsn“'°g tsneel %%9 (t"ﬁ%
enbryoid bggheqa;)lrfgorm@l '&'aﬂﬁlbfﬁg PPk amTed car di orryocyt es in the
serumfree cul ture nmedi um 0] The nouse enbryonic stemcells were

cul tured f[c(roﬂ]daysInstngsaw&fanﬁarﬂqdrq;ﬁ@@@n(ﬁe%{,ggggoﬁn &amde 1 in
the culture nedium fa-MEM (SI GVA), 10% PBS ( EQUI TEC BI O,

peniciIIirW%ﬁﬁﬂﬂﬂ(ﬂ%@ﬁaﬁn@GEBCD¢]undiﬁferéﬁtﬂi&e@EhbSopeasﬁneeEB WeHee
cultured as the cell masses in the culture nedi um above using the
hangi ng drRﬁ?%’é'ﬂ’f’@ﬂl F&FGE’JOH&?@E?SW@|W€5%a@;@20m0fzﬁtﬁsem@cnsj an
bodi es. Aut nom)u iéhBU' satgl ceI s were qbserved in the enbryoid
Bodi es on 7 (?ays romt ff&° ¥°8¥ the i i PR ElPture of the

cells usi n fi ned n.Exa
Then, afte%rh fgaa%&%&%%%mgﬁ ﬁg%#fg‘% ”E(;%é@ﬂ éeg 1E|t gLr én i) %na%‘gr?ﬂrtéleof
the cell S melth®ogtiagebuBen 38YeatiOnanmus]dy t%u|a%a{1h91 ﬁééQéQ”aé?%

have - 32 - not yet observed, the cells were cultured under

serum f r eeagdddimyoogteer wancadatié¢ | fonedd bydayihe24njouns) céicﬁ‘ﬁ:rﬁﬂ{@tes
results are produced in both situations when the culture was started
on 4 days "Githe egaPs oFhefr t Hiowavan. sHnchethef freemregdnm masteseds

Fig. 3A's hol ogi cal earance_ of the enbryoi d bodi es which
were cul t Ur'é&d GFﬁdEﬂEYHEYFﬁ? %E‘Er)u‘fﬁ‘éedﬁﬁ Seht é8vesnaft tlom derd 6 days,

while Figp38.8haus ?QEQQ(%O 1E:al )&p ear ance, of ILL e.enpryoi d bodi es
=C m
at around the Sams s 9.3 eo\ﬁnssgﬁyv\éf)e U ERP e Uridtead
serum fr e%oﬁoﬁﬁkhigﬂ¥5%t@nlé’§@& (Rl nt $3¥s6E4nbPYES) t Alnd Rl
day fromthe start o e culture.
the masses of the cardiomyocytes. Regarding this matter, the
present inventors further studied as described below.
[GO5R1] The present inventors Ffurther found that, when cell
masses are treated with a generral cell dispersion method
(such as those using random proteolytic enzymes such as
Trypsin oxr ion cheleting agents such as EDTA), the dispersed
cells significantly lose viablility of the cells. Therefore,
there need a novel method for efficiently eliminating the dead
cells adhered on the surface of the embryoid bodies while
maintaining the masses of the cardiomyocytes.
{0052] It is generally considered that cell-cell
conjugation is achieved by the binding through the

extracellular matrix (such as collagen, fibronectin, and



[ 0061] When the cell masses shown in Fig. 38 which were prepared by
culturing under a serumfree condition for an additional 1 day (24
hours) at the 5th day fromthe start of the culture (i.e., by the
foll owi ng steps: trasferring the culture nedium containing the
enbryoid bodies to a centrifuging tube foll owed by spontaneous
precipitation, renoving the supernatant28 washi ng once using
serumfree culture nmedium|[a-MVEM (SI GWA),

i nsul i n/ t reeigsitém)i arsbvedinert (G BEO)g bartdepenitbel hembsine phornecing .
(@ BQ)], and then substituting with the same culture medium were
further cdPCuPEGSEBE ABUPREGRSITAund ddypd digestiprupBdtiee| massese of
differentgﬁ%pga& Egmtgg ggglun?sss nt ai ni ng autononDusL% pul sati ng
car di onyocytes At a Rrgh rate  Therer GeE" e OF eGP T 2 o nbist Fateve 2
t hat the : kDl .QJ rdj ocyt.es., ich
i i S A SR e R

into the eandiaayecyhesabad tien {sHrRmydlyRebi BAnEALE SANRE R Fede
by - 33 - culturing the nouse enbryonic stemcells under a

serum f r eefchdi tedh hassan atidiid amaldibmgayy(24 Weirs)naintdi®iiblghthe
day fromthe start of the culture. [0062] EXAMPLE 3: Sel ective

i nhi bi ti ofhgPesdPEf Ehentaase o ifigitvimth befingefiisperded imtm ddmmrate

car di onmyoc s b culturin% t he nouse enbryonic stemcells under a

fow cal cfOm-Eal tr e feth FRSCEi-t CEAL-cell "athasimm Msitwrespnihat

dyi 5 I |.ci ' h |1
mssts (1 R aBrya e Es P L e et o, STRECE L B Cheetioror o

speci fi cahLyabherehfest c@indhg, | owered cal ci um concentration on
sel ection of the cardi omyocytes fromthe cell masses (the enbryoid

bodi es), lygosalt uring tithe pmeldenrasaesntibe, embrywighadiiaske n the
cul ture nedi um under the | owered cal ci um concentration. [0063] The
nmouse enbpfaréentem ebihinany clpuldeadedelids by, for example, shaking
the embryoid bodies in the presence of 0.01-0.1% of type III
collagenase (Wartington) for 20 minutes in the water bath of
37°C, separating the dead cells from the cardiomyocytes,
repeating centrifugation and supernatant replacement four
times to completely wash out the collagenase, and obtaining
the final product.
[00541] However, even after collagenase treatment, the thus
obtained aggregates may possibly and undesirably contain the
dead cells of the non-cardiomyocytes. The longer the
metabolism-based selection is conducted, the more frequently
the aggregates containing dead cells may appear. Examining
" the dengity of such aggregates containing dead cells, the
present inventors found that the density and the specific
gravity of the dead cells is higher than those of the living
cells and also found that the living cells can be separated

from the dead cells using the suitable density gradient



total 7 days using a standard nethod described in Exanple 1 in the
cul ture nmedium[a-MVEM (SIGWA), 10% FBS (EQUI TEC BI O,
penicillin/streptomycin (@BC0)], i.e., 75 ES cells per one EB were
cultured as the cell masses in the culture nedium using the hanging
drop nethod for total 7 days to form enbryoid bodi es, which were then
differentiated into the cell masses (th&%enbryoi d bodi es) containing
the cardi onmyocytes. The cal ciumconcentration in the culture nedi um
for the car®herfogatdod fedhedt | ait GTeRds use8 M bepéhet TaseriafbIehi s
culture rrettﬁgei the content of the cardi onyocytes was about 10%

whi | e ot heT® el I WeFEtadetof tRECHHRI T daitsidiedredLrBt t he

neuronal c . . epi.thelial. cells. [006 t he .ot her_hand, .i,n
this Exanpf%%&ég%ggtgo(‘5441901%%“?'s ki)"£:tr DSite “EBNERe TR ul Per &Rt Tg
the cel| naasasfak)S da¥s1h™ (AR CHLEULE %%;ﬁ MGG - 10%
FBS (EQUI TEC BI G, penicillin/streptonmycin (to ormthe
enbryoi d mdiMegassi ng t he hangi ng drop net hod, which were then
adhered on the culture plate, and further cultured in the sane
cul ture nedlQphlf or BRAMEEEt L on@drrdaiday ©Z4 chedishyodihes, sdlaayisreaf t er

the start of the differentiation culture, i.e., 1 day (24 hours)
after adh@9GIEREScREr ¢HLEVUESAYE cbhe Mause wnpraoniy themcomtilolunder a

group, the enbryoid bodies re cultured in RPM cul ture nmedi um
(cal ci um X FEBRPSEMEN eC i FORLHH 0N &y SEEIR-f0e6 FReNGItiny 8
of culture (Fi gy hlLe.inp. t i_rent al oup, the enbryoid
bodi es were cul Pﬁé?ﬁx?ﬁ@%wiﬁﬁlﬁﬁ?&%&r&n mt%’galag%ﬁ?ﬁ?c %C%Gfﬁur“hti on of
0.4 "M GREetsvppbaMeALede {Hadi% FBS teRindnA8he ASrdis jn
conparison with the untreated en%ryoi d bodiles,ngi4n ?he gaseﬁ%?gi{%eeé
enbryoi d Hegibeyotideavadeni) { hmard oy exal FidaNIgO bt b8Pecdl @M thOfserum
fl at-shaped cells was suppressed around the periphery of the enbryoid
bodi es, orde@iletépaneirasebhcdion hef ety ywird doogoey teat Hrohetine urednal
cells was inhibited (Fi g 4[3%. [0_065]] EXAMPLE 4: Sel ection of the
pr ogr anmed2SEEF i 6R§ 08PPEEOH 0P 4 Jro e CEABEFSRECtRE eppblInasaasder
a serumfree/ 1l dly-acidic, pH cqndition hi s Exanpl e ai ns
at st udyi n(é_'%% h%mgléﬁgf'éxg hjé?? Lot of 'S SETMTadpegt FBIt'éJﬁ%I r&?é?um' _
mi| di y- acidioBepH CoR thi Orbrldly o8l SHBASESLLS NERMAl dDoglleslss
cont ai ni ng the programred cardi onyocytes, nore specifically the
conpl exed lahkedt BB3seNdn dephet i omovnd a4ni bedbysagh dyerdHQm1y
sel ection of the

provided by Dr. Hitoshi Niwa of RIKEN, Japan. The mouse

1.0

{
embryonic stem cells are cultured for total 7 days using a

method similar to the existing method (Differentiation 2001,
68, p31-43), i.e., 75 ES cells per one EB were cultured as the
cell masses for total 7 days in the culture medium [a-MEM
(Minimum Essential Medium)} (SIGMA), 10% FBS (EQUITEC BIO),

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

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



- 35 - programmed cardi onyocytes fromthe cell nasses (the enbryoid
bodi es), by culturing the cell nmasses (the enbryoid bodies) in

cul ture nedi um under serumfree and a mldly-acidic pH condition.
[0066] In this Exanple, 75 nouse ES cells per one EB were cultured as
the cell masses for 5 days fromthe start of the differentiation in
the culture medium[a-MEN (SIGVA), 10% ¥BS (EQU TEC BI O,
penicillin/streptomycin (G BCO] using the hanging drop nethod to

f or m enbr P5iS®B6GMe3PoWAI é8 Wee ecomesntdiorfadr entitabsdoimte t he cel

masses (the nbr%gld bodi es). contai.ng the progranmed cardi onyocytes.
In this PEER518Ly8T aP e b he Fd@ar £ BhOVheaRRIaRATAH iof ithe cell

car di onyolreenave nnt tyafb BRIl SN LRI MR BeviSr ' Blrear e

cardi onyocyt es have no sérve

in MEN L E i al i I d_w .
:zsulinf??gﬁg?ggr?%?giign?%%?%%%%ﬁé§;%ﬁ%gggﬁﬂggdﬁg?gﬁgle%ﬁ%i%}%:Rfdy;

hours) culrtigr.e 1Bedhows (the S@REideSIH tekiadtenBEOdy§Eeh | i bath
situations when the culture was started on 4 days or 6 days fromthe
start of rhsddphyecyhes atn orhe wWihurye)id Sodgewhheh pirhsansiiddtya ofy thi s
culture nediumis adjusted to be at around pH 6.5 under 5% CQO2

condi t i onSPER&TEE| FEUQEPECRRT t B dSTaihang ReLyy atheli 41 wd-Aatitine

qediunlungg%igg%CIﬁ éﬂgiyion é;DQG7 The culture resulted in formng
the cell frassd8™¥c %f | 'ngmﬁ ProdrrafhyschRei Siybtsr & itthout
appear ance or EPRESEHRg, £ St Sn, iR VAR T 1R e
nor mal Seﬁﬂahﬁﬂﬁﬂé@n@ﬁtﬁﬁh(EMHﬁﬁééaéntFﬁﬂmuég%§£EW§hg, and was
delineated on the phase-contrast microscopic image of Fig. 1A.
As shown in the scheme qf a mode of existence of the
cardiomyocytes within an adhered embryoid body (Fig. 1D), the
cardiomyocytes were surrouded by other cells and were hard to
be separated and purified from the embryoid body.

[0057] On the other hand, the mouse embryonic stem cells
were differentiated into the cell masses (the embryoid bodies)
containing the cardiomyocytes under the same condition, were
cultured for 5 days with being adhered on a culture dish, and
then cultured for additional 3 days in the serum-free culture
medium for the embryoid bodies containing the cardiomyocytes.
[0058] The results are shown in Fig. 2. Here, Fig. 2ZA shows
microscopic images of the adhered embryoid bodies subjected to
the selective culture under the above conditicn, and Fig. 2B
shows the outline of the autonomously pulsating cardiomyocyte
region within the embrycid bodies which was identified by the
vides analysis. As shown in the scheme of a mode of existence

of the cardiomyocytes within the embryoid bodies after the



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

adj acent to the surface of the enbryordibody are selectively
underwent cell death, while the cells at the central part the
enbryoi d bhediigenctulinder 6igel bCieathe (ddid pgopulkitgonbPrshgas t he
outline of the region of the progranmred cardi onyocytes based on the
anal ysi s SHWH Y oGygessexighdasl see shenfadte xbaddnc eff| $hindnicayedt by
arrows. [q:iOGd&lThe inver%%’.?}rs oht ai ned two types of the cell masses in
this Exanpl & on& e PRECERTY OREke ekss foamdc tedbpyagereantaty

t he enbryqjd.badigs qiter 5 days fromthe formation thereof for
addi tional’ 24 hoﬁjrsoﬁn%er' a serumfree/a mldly-acidic pH condition;

the other [tgase of thgarelrk FBSESSNESSSeehed Y f r culturing
the cell masses obtained abov Tt hours) .
Frozen secamdiismybceiiese sepbbt 106 SESgRTL 3 QRAr edrhat i sHUHOSt ai n
using an anti-Brachyury anti body (Santacruz) agai nst the Brachyury
protein (\@fgledegesn candpifénegnthatcd-dicgvbicgsescek| anmaidierdaiddimgs.
6A-6D). As a result, the proportion of the Brachyurypositive cells
dul tured FEEIBFIRG FRe MEEEE JeHREYRRIHHHM gy lschafer pa tondigiuan

(Figs. 68 D significantly higher in conparison with that of
t he Brachyni%p@sr-{lwe—ggﬁa%—%@ﬁ‘—(—%ﬁ—eﬁ—iw% 190k 28 : ﬂﬂ&&#&nﬂﬁm culture

medi um cont ai NEAYsSRE t e_peutral _pH condition
(Figs. 6A and 6C). BRUD BUPRLATEN StuBiied' thOPeRULL de PILSH!

sel ected lgpeeltuni 8g tRe addithanals 3 1Y emBh§oBhaBHYHLY) P&ﬁiﬁtéi%&ng
cells (data not shown). The cell masses cultured for additiona

days wer e thenprogstainmed csidbomyo@nitddodpragapasifikxP1v frantdeflet2os
anti body (Santacr uzi)q%_(Fi gs. 6E-6N). The marker Nkx2.5 is believed as
an ear| i eSETYBYELBHAEHPRI OeFKeC by efsdliei probrapned reameibmyocytes

cardi orryo% testgnd ii%known t o, he continuously expressed in the

car di onyo&yt&s Haft FRFENTRaTRY. (RGSMBEoEd BRABHE DY Phdl B3k eing the

appear anc L d Les. GES), ich te.prepared b

cglot uri ng%F g? %ggﬁgg?gﬂig% ?Ee k}:‘%ldt t(Pr‘)? “¥adi ﬁﬁ{l\é\%ﬁ?%\’? i s%rrclﬁ%aﬁﬂ‘&dat

the neutrahrpibmyebioedi Dyricdll dihinG Qr «addhibonal i3, days in the
ce

same culture medium It is shown that a part of S Inside the EB

was di ffefensbat ed T andie eaibdivomyecytes ¢wies Wdiesethirdie for
conditions. Further, the proportion of the cells differentiated into
t he cardi 8n#8E§t e8indisa séandard oettipad destcheb8d athyExamplasilt iine the
cells (Figs, 6A and 6C). On the other hand, in the case of the EBs
whi ch wer EULEPFEr B+ YR DA-¥ilr Sifter. 30%eFBf { FREITEGIBIN - aci di ¢

H dit] . i i gs... 6l - ti f th [
Bt for ant PTG Ertl tfebb i O Nt acdS 120 SRt 6T ofe e Tk Pons oBg0fE
of the to nYRDE I , i o.S{m.lar t f
Che: By achiars SaoREro AUPHES e WaEds 6h o B0E oM Sind S o0t

sel ect ed hyih§ethe daysgind dfdp RANRAUESY Br 88LsUL€ YPIE ROl idég for
the anti-Brachyury anti body but were negative for the anti-Nkx2.

anti body ffPrgsemigrydidezodiemnd Bhfoindesiy healeeldinmmesedssekeet ed by
the 5 days_+ 1 day (24 hours) + 3 days procedure were negative for
the anti - BPERRYEE AN RRPEIAHA Roddegosnt 7 véatorindie et istot208

the differentiation culture of the cells using the existing

culture method (as defined in Example 1). Then, after 5 days
from the start of the differentiation culture of the cells,

the stage when any autonomously pulsating cardiomyocytes have



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

aut onqnmousl y pul sating cardi omyocytes at high rate were
differentiated by culturing these cell masses for additional 1-4

days. Tehrefore, cells selected by the 5 days + 1 day (24 hours)
procedure were confirmed to be the programed cardi onyocytes.

[0071] EXAMPLE 5: Sel ection of the cardi 8ayecytes fromthe nouse
enbryonic stemcells by culturing under a serumfree/a mldly-acidic
pH condi t i®mt Yet obperye@xapeecalis wirstwmdyimmsd wadeenphexsdreffaeie

of a serumdepletion and a nm_l dly-acidic pH condition on the cel
nmasses (the° %é%ﬁ%ﬂﬂ °5b@Pe§Fd&BEP%?%|hgﬁ%ﬁu&3%aﬁ&ﬁ6ﬁ90é?h@ssam@r%ﬁsults

pl d
il dly- aci te o lH B0k’ SEhudt G G ¢ iR B YR RS HTRC
the cell r@z§5@$ia( h%regbaxggdfpeﬂ'ﬂ@s@a&ﬁ%'é W ”gﬁESngha BSSes

(the embryoid bo int serumtree cul ture medi umun
mildly- acmm:cmﬂd)conm@l ozA ét&ﬁ?@]rdd}pﬁaﬁllggﬁééﬂpégpegﬁaﬁ%'%ﬁf Eaecell's

per one EB were cultured as the cell nasses days ron1the start
of the di féeramtiidabiodielsnwhiiehcubtereulnadiadnihatMNEVn6 Sh&VPS erdl% FBS
supplemented condition for 6 days, while Fig. 3B shows
( morphological appearance of the embryoid bodies at around the
same stage as Fig. 3A, which were cultured under a serum-free
condition for an additional 1 day (24 hours) at the 5th day
from the start of the culture.
[OO@lJV When the cgl} masses shown in Fig. 3B which were
prepared by culturing under a serum-free condition for an
additional 1 day (24 hours) at the 5th day from the start of
the culture (i.e., by the following steps: trasferring the

culture medium containing the embryoid bodies to a

centrifuging tube followed by spontaneous precipitation,

.

removing the supernatant, washing once using serum-free
culture medium [a-MEM (SIGMA), insulin/transferrin/selenium
(GIBCO), and penicillin/streptomycin (GIBCO)], and then
substituting with the same culture medium) were further
cultured for additional 1-4 days, the cultured cells are
differentiated into the cell masss containing autonomously
pulsating cardiomyocytes at a high rate. Therefore, the
results demonstrate that the cell masses containing the
programmed cardiomyocytes, which are not auvtonomously
pulsating but are programmed to differentiate into the

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



(EQU TEC BIO), penicillin/streptomycin (G BCO] using the hangi ng
drop nethod to form enbryoid bodies, which were then differentiated
into the cell masses (the enbryoid bodies) containing the progranmed
cardi onyocytes. In this Exanple, after 5 days fromthe start of the
differentiation culture of the cells, the stage when any autononously
pul sati ng cardi onyocytes have not yet-ob3erved, the cells were
further cultured in the serumfree MEN culture nmedium (G BCO - 39 -
suppl ement®d WWining iggl moLeeaembeyonin seleaniashlsGuBEE)Y & osensiah fianal
2 days (the sane results are_produced in both situations when the

cul ture wdP P8 TR Angagdibiosaal Sav dd4 heussar atothe heth day
differenti c%p cug %E%)bflgﬁﬁtgﬁfQObtained cell masses of the

programed car |§hyocytes #et- cultured for additional 2 days

to differ qijeatie i Migakbes 8 BHDAGKLmnEbGe s I ShOVS a microscopic
i mge of the thus p , and Fig. 7B
shows a_saigeknthathishesabwoPPORI N0 Yrnlhe +8TRT ¥AL A DO Rfo s
7A. [0073] Under the condition above, the cetts other—tham the

car di onmyodyt esilselréoti vbeymouskerammntyaald sdeat Be1nhi headhes 1ow

cardi onyocytes exhibit strong and autononous pulsating wthout

under goi nFadEppnden furasmadtum ondittiencel | masses contai ni ng a hi gh
proportion of Qe gggdiOQ%?cytes are generated in this Exanple (Figs.
7A and Fig. 7B} FooTfATRXAVBYE &t S&uFingnthe ehEechref dmpsawdes by
cul turing 2ra : e serumfr and a lactic . i
acid-suppf%%gg%gdcégggﬁF%%ﬁugﬂ Ib#%ﬁhfﬁﬁﬁoWaSFeFhgf%%xﬁW8ﬁvaéb€@§les)
Thi s Exanpb@taifiBngt 86 UGyl dhiheAuP! axed shisct; ryn denletig
and sugar depletion on the cel Iswrrcasses (t%e e%?y%%‘g&b%giéehﬁ a%%jectc 3
cont ai ni ngheheowardi ooy DEY iR Scorm e r$Ra6hf baakbyedheox Aplaxed ef f ect
of serum depl eti on and sugar depletion on selection of the

car di onyoeprdsoryonytee £edn tiws sesll( tassesb( ybé deliaci @) bdRMes), by

culturing the cell nasses (the enbryoid bodies) in the sugar-free and
Serun}freguéﬁpfﬁyg Fedi ¢6nl masses (the embryoid bodies) in the culture

medium under the lowered calcium concentration.

[0063] ?he mouse embryonic stem cells were cultured for
total 7 days using a standard method described in Lxample 1 in
the culture medium [0-MEM (SIGMA), 10% FBS (EQUITEC BIO),
penicillin/streptomycin (GIBCO)], i.e., 75 ES cells per one EB
were cultured as the cell masses in the culture medium using
the hanging drop method for total 7 days to form embrycid
bodies, which were then differentiated into the cell masses
(the embryoid bodies) containing the cardiomyocytes. The
calcium coﬁcentration in the culture medium for the
cardiomyocyte differentiation was 1.8 mM. In the case of this
culture method, the content of the cardiomyocytes was about
10%, while other cells were made of the undifferentiated cells,

the neuronal cells, and the epithelial cells.

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



[0075] I n this Exanple, 75 nouse ES cells per one EB as the - 40 -
cell masses were cultured for total 7 days in the culture medium
[a-MVEM (SIGVA), 10% YES (EQUI TEC BI O, penicillin/streptonycin

(A BCO] using the hanging drop nmethod to form enbryoid bodi es, which
were then differentiated into the cell nasses (the enbryoi d bodies)
cont ai ning the cardi onyocytes. The enbr§éid bodies cultured for 10
days fromthe start of differentiation were washed 4-5 tines using

D- MEM ( Dul¥ddEoPervedier EBdvEag| euMedrad)ay shgarceflicspssabt fioe Jretivsm
(A@BCO to thorou%hly elimnate sugars in the culture nmedi umand then
vere cul t dfedtfoft tHaGsMPALBR VER EEN t (FEMPEdi A ( BBBCOFQETUDRRT &t ed

wth a | acti I i con tiqQn of 1 (it.is necessary
to visual %en%ggaggﬁ%ﬁge@?zgﬁfﬁ y&g#gc{cﬁe] %ﬁ’t %H5WDE¥Fye‘BB¥3§%W mydies
cardi onyogpties and akheknge i 1pl I f ri nment
and to adj uét §Jt he cul ?gﬁggpgﬁ%dﬂ%ﬁ%ﬁ@'ﬁh&? Oﬁﬁgég‘égﬁgt%@%g%# s‘:”rloft?“‘3
the vi abi lauly)ireSphaeel hendnewitoe€ GiGareat HANtAE 8ah@Clhfr@d thedium

i ncreases to about 4 mM under the physiological condition, the
concent r atfiognapf agdi agonglati dapf (24 Mrs )userthém, theilaet hadeef thH8i S
Exanple falls within the Ehysi ol ogi cal range. [0076] As shown in Fig.
8, a dony S&REpelfcEReuPAf T Rken Birsian igvd tofet ha - ¢i abl edenr i Hipoegt e
was forned. t‘(l;hatd%srto sg% Fi&FS shows an inmmge of a net-like
stir uct ur e FoFied By +RE 5BF oF ‘Pérdﬁo&ﬁfﬁc{j’?e*s‘?ea%laﬁg.l%@%om a
scherme of _the | at gral vi@ﬂ\éoél% embr voi d body of Fi . 4 SA.

C r r
[ 0077] EXAMPLE 7* %FI AT antion 0 %elgd;%c%ﬁfsg ‘é’ﬁﬁérgﬁl %’gec?mf's%é?w{}f t he
cardi onyoeyt @6re mediu® NELLENEn Qﬁ:lﬂcemﬁ%§.oﬂr§ﬂai egl ity .@&g_dgile%egted
were adhered by dead cells or extracellular matrix proteins,” it 1s
with 10% FBS by day 8 of culture (Fig. 42), while in the
experimental group, the embryoid bodies were cultured in RPMI
culture medium (calcium concentration of 0.4 mM; GIBCO)
supplemented with 10% FBS (Fig. 4B). As a result, in
comparison with the untreated embryoid bodies, in the case of
the embryoid bodies treated with a low calcium conditiocn,
growth of flat-shaped cells was suppressed around the
periphery of the embryoid bodies, or differentiation of the
embryoid bodies into the neuronal cells was inhibited

(Fig. 4B).

[0065] EXAMPLE 4: Selection of the programmed

cardiomyocytes from the mouse embryonic stem cells under a

serum-free/a mildly-acidic pH conditiocon

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

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



- 41 - necessary to renove dead cells or extracellular matrix
proteins fromthe nasses of the cardionyocytes to purify the nasses.
However, it was shown by prelimnary study that an enzyne causi ng
non-speci fic proteolysis (such as Trypsin) significantly decrease the
viability of the cardi omyocytes. [0078] So, this Exanple ains at
studying a condition for selectively rembvei ng the dead cells or the
extracellular matrix protein fromthe masses containing the

car di onyod@aass-anme@Q 7o Themygety tanstasn phepared mAsExanptiee Cer{h@aa
in Fig. 8), were treated with 0.01-0.1% of coll agenase, which

sel ecti velRPdiE§dst §7t FELEBFEagethe gl lomassesek thacenbuyaid readies) in
pr ot ei ns, c%tlt?’?% ;n%r 121[(71[)1 m gut es. After treatnment _with only

col | agenase - THE T8N EREST \RY T NedStisd ARt B BALALBT B ELS it i on
havi ng a physii¢ledical osnmotic pressure. At this stage, since the
cardi onyocytes formthe cell masses (no less than 40 pmin dianeter),

the cell maesey werenveshe EinpIQl, UtisORo8XENAROLe 1 1 QD J e pp were
comercially aveil abl e nenbrane havi ng pores of 40 wnmin dianeter,

and then tdvdtoeklsaet hbe thah ndesaarmiroBy daykesroh SPes SSthMEIEF the
selectively renoved. The washing step was repeated 4-5 tinmes. The
col | ect ed ddéliferpnisatiorr &n ctite urEd vared melie nmWe s eMEMMUSDEZA) head uFeRg

an anti-sarconere-Actinin antjbody (SIGWv) as an indicator of the
dar di onyodytd TFﬁeEFOE

st BP ™ Tyt b Aste eprosyodnr (GEBEC T ] bt the
R s SRR R I B
cbom A POSSSATEC LD e SRR LD, Blobh i SRS
containg the programmed cardiomyocytes. In this Example,

5 dayg after the start of the differentiation culture of the
cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were further
cultured in MEM (Minimum Essential Medium) (GIBCO)
supplemented with insulin/transferrin/selenium (GIBCO) for an
additional 1 day (24 hours) culture medium (the same results
are produced in both situations when the culture was started
on 4 days or 6 days from the start of the differentiation
culture). Since the pH condition of this culture medium is
adjusted to be at around pH 6.5 under 5% CO, condition, the
cells were cultured in the mildly-acidified culture medium
under 5% CO; condition.

[0067] The culture resulted in forming the cell masses
containing the programmed cardiomyocytes without autonomously
pulsating at a high rate. Fig. 5A shows morphological
appearance of the adhered embryoid body which was cultured in

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



- 42 - (Fig. 9). [0081] EXAMPLE 8: Purification of the cardi omyocytes
by culturing under a serumfree/a mldly-acidic/a |ow cal ciuma
sugar-free and a lactic acid-suppl enented condition Thi s
Exanpl e ainms at studying the conpl exed effect of serum depletion, a
mldly-acidic pH condition, a |low cal ciumcondition, and sugar
depl etion on the cell nmasses (the enbryéfd-bodi es) containing the
cardi onyocytes, nore specifically the conpl exed effect of serum
depl et i on,"rRRVIAG-CA greegneEERdPEi Bie smhroigidaboidunvbénti vaen, and
sugar dephg}ion %pfsel ction,qf ghe C rdioq¥ocytes fromthe cel

y

masses (the embryoid b dF@g)fgﬁ RETE Ur'PHPR e SCa-fEs8eSon et Hikon.

enbryoi d ba §s)y .| B he oGy kHE:glﬁgf%fé%i’%eﬁea%%%u?ﬁ 5he ehpEig

m | dl y-aci dic, acalciumfree, a” sugar-tree cond n.

this Exanpaiy mimU%sESuQQhk§dp§6rof‘Qia§}% VI nplksyr Gdlads %he cell
masses for 5 days fromthe start of the differentiation in the

cul t ure nectinam-(fareWERoMBLGVBR, 2608p&BS (LR TERABE Qhe condition shown
penicillin/streptonycin (G BCO] using the hanging drop nethod to
f or m enbr y'6t & USodiés, thii ehlher ediaeentitfd ahentsiuattedei nEothdecemettoia

masses (the enbryoi d _bodies) containing the programed
car di orryogﬁﬂdé’s .a])fgn SEAPETEYSHY| BRdaFyeRt 53%§3F1958m vhélst bhre ¢Alishet

Tl ot e Qb b8 chCaSlySta Wi AR nbe Ua Y ad e et

pul sating cardi onyocytes "havé no

further cugtiyed)in 1“5‘?' &5 WRdWLeMEME Ehgrsf?%?%%énﬁof%%gpﬁ onal

suppl enmented with insulin/transferrin/selenium

2 days (therogasmmedsuhiaiangopyodsiCetkdd J0theShhHalkoBSsMbEn {he
culture was started on 4 days or 6 days - 43 -

Fig. 5C, and also show the dead cells indicated by arrows.
[0068] The inventgrs obtained.twq types of the cell masses
in this Example: one type of the cell masses was selected by
culturing the embryoid bodies after 5 days from the formation
thereof for additional 24 hours under a serum-free/a mildly-
acidic pH condition; the other type of the cell masses was
selected by further culturing the cell masses obtained above
for additional 3 days (72 hours). Frozen sections of these
cell masses were prepared to immunostain using an
anti-Brachyury antibody (Santacruz) against the Brachyury
protein (which is an undifferentiated mesoblast cell marker)
(Figs. 6A-6D). As a result, the proportion of the Brachyury-
positive cells cultured for 24 hours under a serum-
free/mildly-acidic pH condition (Figs. 6B and 6D) was
significantly higher in comparison with that of the Brachyury-
positive cells cultured for 24 hours in the culture medium
containing serum-supplemented and at the neutral pH condition

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



fromthe start of the differentiation culture). The thus obtained
masses of the programred cardi onyocytes were cultured for additional
2 days to differentiate into the cardi omyocytes. At this stage, the
cell masses containing the cardi omyocytes at high rate were
generated. [0083] Then, the cell nasses were washed 4-5 tinmes using
D- MEM cul ture nedium (sugar-free) (G BCBY to thoroughly elimnate
sugars fromthe culture nmedium and then were cultured for 7 days in
D- MEM cul t3feeGhadt i COlBCOinsufpr eaedt wbnelt I3 davackire &ctadhwtrsa
final concentration %lit IS necessary to visually neasure the

f 1 nM
viability %?S%Wé’ealﬁegﬁﬁnﬁﬁlért BOFsSEPHRY calBPoRpbeyRBSS@NCWited for
cellsint il tinl i.mes._of experinents d to adjust the_ culture
peri od betémidel%‘-ﬁfg' a;ggg%nwfg 8 ﬁ'ﬁ’g?%o%?aﬁ%glﬁs&&gl y PR AgRinSt
Fig. 10, tihe:am8s5es+ef-nike eagdh Y i,Shi ng.aply.of e
vi abl e cardi orryogyt(::C werggf gr rargggg%(%%Bél Tr;tga%rc}élzﬁ )rrggégg'\/\ggeG%r'earfpgﬁ

wi th 0.0l-nthk¥roikenl. sagenaseivhedhas ededdmaley tdigest Sphlgt £ A9
one of the extracellular matrix proteins, at 37C for 20 m nutes.
After treaspsissgid hocthkagengsammed ecaslilomyasyeeswand WaskeshiSidge
the buffer having a_physiol ogical osnotic pressure (116 mM NaCl, 20
MM Hepes, SFHE-IHOUREH PERTESS8A vk iR s diBmyorit KE1 1 HF Sremit MySO4,

)H 7.35). _Th | hed 4-5 ti b | uti h

i ough 1 Seomtr 1 IFY BUEPRAbY & e ReaRRe P pEPBSCBIT T on | 1
di ameter . A% A osht wit . £9sishiing, onl y_of _
c:a?g?ore};/og)%j?e% s gﬂEggng:é%é %%éegaf%%ﬂ%%lstrs ?ﬁg’\é%‘% %%}(}ecﬂﬁrfd e

cell's ver ameoldieehed hERHumlOMtafithy Gwhaws Qt”@ﬂ&i;lé@%éfr%ﬁ of
the - 44 - franed rectangle region in Fig. 10A. Further, the

| ocati on dfoltlowededy celksring FEgs.addiAiand1168Cdare SHOvRe i danfd 0S.

10B and 10D, respectively.
cultu:e medium, It is shown that a part of cells inside the

EB was differentiated inte the cardiomyocytes under these
culture conditions. Further, the proportion of the cells
differentiated into the cardiomyocytes was similar to that of

the Brachyury positive cells (Figs. 6A and 6C). On the other

hand, in the case of the EBs which were cultured for 24 hours

e

under a serum-free/a mildly-acidic pH condition {shown in
Figs. 6I-N}, the proportion of the cells differentiated into
the cardiomyocytes accounted for as much as 80% of the total
number of the cells, which was algo similar to that of the
Brachyury positive cells {(Figs. 6B and 6D).

[0069] The cells selected by the 5 days + 1 day (24 hours)
procedure were positive for the anti-Brachyury antibody but
were negative for the anti-Nkx2.5 antibody (Figs. 6, lines

0 and P). While, the cell masses selected by the 5 days +

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

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



[0085] 1t was denonstrated in this Exanple that the high-density
aggregates consisting of the dead cells shown in Fig. 10 could be

sel ectively renoved using an appropriate density-gradi ent
centrifugation, nore specifically using the density-gradient
centrifugation with 58.5% Percol | m (Pharmacia) (Fig. 11). Then, the

t hus obtained cell masses were cul tured38nd i nmunost ai ned using the
anti-sarconereActinin anti body and an anti-GATA4 anti body (Santacruz)
as an i ndi #3%YroBE- t he cardi onyocytes. Fig. 12A shows adhered masses

of the carg' cyt 5 Th; e were sonme suspended dead cells around

t he periph ¢@ﬂ%f th% Hihe éﬂ FassdRBss4H 19§ 1adREr ERe autonomously
non- car di i 2B shaws f| uorescent jnmage
developedqﬁgggéﬁﬁ%'ostggﬁﬁﬁg%gﬁgegegr %%é%é%éhﬁ B g, di%%eﬁFPhlageg by

sar coner e-Aet ¥ ihd RebiseC YRl A58k e 8NELPARa (R aGuUkLay pLobe) (Bl ue;
nuclei). Fig. 12C shows fl uorescent i nmages develope& by

i Munost ai Teing:fidre celdilmmssescotdFbg. tH2A Wavz GATAda{Reds neetS) )
and DAPI (Blue; nuclei). Co-stained nuclei is purple colored. As a
resul t, itPaeRedapwemeacedfimnedt be pr opor Wrografimele caad flooyyoeyd=Ls
within the nasses purified by this Exanple accounted for 99.0% of the

total numbetO7ol t heEELBMPLE (§i gSekention migkhEXARPAtoOyoRed ifxem Ghe

of the Ca%?ﬂﬂ; ocyles b ul turing ynder a serumfreel
mldly-aciﬁ%%ﬁéw_e&&éh&my j CR bR ¥ FH- T g, ur pj genunyizee/a
gl utam c agidnsuppherentadeopandision - 45 - Thi s Exanpl e ai ns
at studyi ng the effect—of conpersati on of an aspartic acid/a glutamc
acid on the cekhignssempléhei Ry al€hdRadicesheCobhai8bld dffect of a
cardi onyocytes, nore specifically the effect of conpensation of an
asparti c asimima dgibdeanioco avildaonibdlectdigiicobit bendatdonmywcyiescdiom
the cell masses (the enbryoid bodies), by culturing the cell nmasses
_ (the enbr yBis#s5oditss) emhrEnif upedhesl warhaipiage thedoardbomyoestipart i
acid/a gl utam c _aci r serumfree, a mldly-acidic, calciumfree,

d.un
and a sug&FF?r38986%&gFggﬁ.t?@o%ﬁTE%P%QG:?féfﬁﬁpPé,a?%ﬁﬁ%%s@@mi?ﬁiﬂq s

per one E r.e red. t ell. masses for 5 days fromthe start
of the diE%%féhfﬁgbﬁgnggﬁaﬁﬁeg§u$ ?é%?ﬁ%ﬁﬁ um° é?ﬁEkP%Sf%m£3ﬁ0@6FBs
(EQUI TEC BldDaiReRioeiktbisnksbneptOnyei N &R0 Jnus bp-t-Hea Nanei g dx
met hod to forn1enbr§bid bodi es, which were t%en diffé%entiate&ﬂgﬁtggp
the cell rassesipphehenbeydidabosd esShhe mibaiyeliagbbhee Py ook arme herum-
cardi onyocytes. In this Exanple, after 5 days fromthe start of the
di f f er ent ifeieosudtinrgr megium hendest | & mitlie.yseagdinhegd amydiatdi@nonous! y
pul sati ng cardionyOQ%tes_have not yet observed, the cells were
cultured ifP%Kd cul tarEriR dixABRIfder SameBFanFE reells RRYT (IR &8 HeEe
pH, and a l.Ci nditjon for days .(the_sane _results are

pr oduced f%ﬁgg% dg%%ﬂ%ﬁgoggi%wﬁﬁﬁﬁﬁ% éﬁituﬁ'yﬁagrg?aF%%ds 9 Yaydeor

6 days fr : e ai f | gL cult ) i t ,
the cell Egggggeég%éﬁégédigoﬁgéj%ggggﬁéq%gg Foﬁbogéﬁegsg%méttﬁgﬁbﬁ%%
hi gh rat e.(EQuemECt Beogel beBSSES Med-appohgeid- PciBOBS] Uss gy BHMEM
culture nedium (sugar-free) (@ BCO to thoroughly elimnate sugars in
t he cul t uhengadoudrby seltutd oro ekomhargdtylvidughdibhe, ceintel cieaald then

avei |l abl e )
differentiated into the cell masses (the embryoid bodies)

ava ava ~
A &

containing the programmed cardiomyocytes. In this Exanmple,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were further

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



- 46 - menbrane having pores of 40 min dianeter. Finally, the cel
masses were cultured for 5 days in DVEM cul ture medi um (sugar-free)
suppl enented with 20 ng/L of a glutamc acid (SIGVA) and 20 ng/L of
an aspartic acid (SIGW) (it is necessary to visually neasure the
viability of the autononously pul sating cardi onyocytes and ot her
cells inthe nmnultiple tinmes of experirenmps-and to adjust the culture
peri od between 3-10 days on the basis of the viability). As a result,
t he for nedumsiseendfed e tbaidsohjolytass tonsinyteedeaiby 0EIbOE) for
cardi onyocytes. The cell masses were treated, while shaking, at 37C
in the wat®iFdoralor dovsi htihessang trenigavest pobbagefate Wiikch

sel ectively digests the coll agen, one of the extracellular matrix
proteins. sﬁﬁué—’%jtorn@af" it %&Ft gu%E‘F{%{d@%S‘%&arﬁ?@ OBl F ARESeS” werdays

b essur o (TR HIENEGE = o8Pt PoRbEra A QS(E BaHR6T. o TR chbiose,

5.4 MM KChb @18 e@McMi $Oha sBEL 7085 ne %g&%ﬁe@agﬁmmgsfﬁ?@%& >
a | e

ti mes by sol ution exchange through the conmerci y av

menbr ane [fanithgrponesuebd48ogmaddi €l & daA% 2ol @8HELyredPlate into
coll ected cell masses consisted only of the cardionyocytes. The thus
obt ai ned ddlel cauddemynereesul tHirmd 7andhbrruaost arawtbplist Ngndgee of the

anti-sarconere-Actinin anti body and the anti-GATA4 anti body as

i ridi cat or PYF PREPERPEi BRATSCHT ebhg Mapdipswocyess] Fudt Fks, Theinels @
wer e subj%% eg %% %Fatis%ica anal ysis, in which the Eresent deta
were conpared w th the RiR%bH d%?%?%%ﬁﬂfe P%) thej gmbryald hogdy of

i croscopig 4 mages of colonies of the autonompusly pul sating

cardi onyocyfes, and Fig. 13B shows inages of sarconere-Actinin

staining ((Bed3] - 4Under the condition above, the cells other than the
cardiomyocytes selectively underwent cell death, while the
cardiomyocytes exhibit strong and autonomous pulsating without
undergoing cell death. As a result, the cell masses
containing a high proportion of the cardiomyocytes are
generated in this Example (Figs. 7A and Fig. 7B).

[0074] EXAMPLE 6: Selection of the cardiomyocytes by

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

supplemented condition and preparation of the cardiomyocytes

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

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



cytoplasm), GATA-4 staining (Geen; nuclei), and DAPI staining (Bl ue;
nucl ei;)) for the colonies of the autononously pul sating _
cardi onyocytes. [0089]As a result, it was shown that the proportion
of the cardionmyocytes within the masses purified by this Exanple
accounted for 99.8%of the total number of the cells. It is
denonstrated that this degree of purifié@&t+ion was hi gher than the
degrees shown by any known nethods for purifying the cardi onyocytes
(for exanpi®ell MASERS) weFg0guliyredsagr 2848l J Gays finveke. ciDOG e 98:
216-224; FASEB J. 2003; 17: 740-742; J Mol Cell Cardiol. 2003; 35:
1461- 1472)‘“3% dPSMEY ( REGHRY hoHObf FR%H| (EQEEARS BInabl es

e T [k e P
of purity w%ﬂneleﬂ[b%bw@egoéggs meLhad, %r‘%h%h%%ea%a%? i QX&P& Eeldg 912%"

t he aMHC- pronot er/ neo net hod 48 - Fi el nves
98, 215-72/the cell masses (the embryoid bodies) containing the

cardiomyocytes. The embryoid bodies cultured for 10 days from
the start of differentiation were washed 4-5 times using D-MEM
(Dulbecco's Modified Ragle Medium) (sugar-free) culture medium
(GIBCO) to thoroughly eliminate sugars in the culture medium
and then were cultured for 7 days in D-MEM culture medium
(GIBCO) supplemented with a lactic acid at a final
concentration.pf 1 mM (it is necessary to visually measure the
viability of the autonomously pulsating cardiomyocytes and
other cells in the multiple times of experiments and to adjust
the culture period between 5-10 days on the hasis of the
viability). Since the in vivo concentration of a lactic acid
increases to about 4 mM under the physiological condition, the
concentration of a lactic acid of "1 mM" used in the method of
this Exampile falls within the physiological range.

[0076] As shown in Fig. 8, a domy shaped cellular net
consisting of the viable cardiomyocyte was formed. That is to
say, Fig. 8A shows an image of a net-like structure formed by
the selected cardiomyocytes, and Fig. 8B shows a scheme of the
lateral view of the embryoid body of Fig. B8A.

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

magsses of the cardiomyocytes

Since the cell masses prepared in Example 6 were adhered

by dead cells or extracellular matrix proteins, it is
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necessary to remove dead cells or extracellular matrix
proteins from the masses of the cardiomyocytes to purify the
masses. However, it was shown by preliminary study that an
enzyme causing non-specific proteolysis (such as Trypsin)
significantly decrease the viability of the cardiomyocytes.
[0078] 50, this Example aims at studying a condition for
selectively removeing the dead cells or the extracellular
matrix protein from the masses containing the cardiomyocytes.
[0079] The cell masses prepared in Example 6 (shown in
Fig. 8) were treated with 0.01-0.1% of collagenase, which
selectively digests the collagen, one of the extracellular
matrix proteins, at 37°C for 20 minutes. After treatment with
only collagenase, the cell masses were washed with an isotonic
solution having a physiological osmotic pressure. At this
stage, since the cardiomyocytes form the cell masses {no less
than 40 pum in diameter}, the cell masses were washed by
gsolution exchange through the commercially aveilable membrane
having pores of 40 pm in diameter, and then the cells other
than the cardiomyocytes dispersed were selectively removed.
The washing step was repeated 4-5 times. The collected cell
masses were cultured and then were immunostained using an
anti-sarcomere-Actinin antibody (SIGMA) as an indicator of the
cardiomyocytes (Red: [staining of the cross-striated fiber in
cytoplasm], Blue: [staining of the nucleus with DAPI

(Molecular probe)l).

[00801] As a result, it was demonstrated that the proportion

of the cardiomyocytes within the masses purified by this

Example accounted for B0% of the total number of the cells
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(Fig. 9).

[Cc081] EXAMPLE 8: Purification of the cardiomyocvtites by

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

sugar-free and a lactic acid-supplemented condition

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

situations when the culture was started on 4 days or 6 days
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from the start of the differentiation culture). The thus
obtained masses of the programmed cardiomyocytes were cultured
for additional 2 days to differentiate into the cardiomyocytes.
At this stage, the cell masses containing the cardiomyocytes
at high rate were generated.

[0083] Then, the cell masses were washed 4-5 times using
D-MEM culture medium (sugar-free) (GIBCO) to thoroughly
eliminate sugars from the culture medium, and then were
cultured for 7 days in D-MEM culture medium (GIBCO)
supplemented with a lactic acid at a final concentration of

1 mM (it is necessary to visually measure the viability of the
autonomously pulsating car@iomyocytes and‘other pells in the
multiple times of experiments and to adjust the culture period
between 5-10 days on the basis of the viability). As shown in
Fig. 10, the masses of the cardiomyocytes consisting only of
the viable cardiomyocyte were formed.

[0084] The cell masses were treated with 0.01-0.1% of
collagenase which selectively digests the collagen, one of the
extracelliular matrix proteins, at 37°C for 20 minutes. After
treatment with collagenase, the cell masses were washed using
the buffer having a physioclogical osmotic pressure (116 mM
NaCl, 20 mM Hepes, 12.5 mM NaH,PO,, 5.6 mM glucose, 5.4 mM KC1,
0.8 mM MgS0,, pH 7.35). The cell masses were washed 4-5 times
by solution exchange through the commercially aveilable
membrane having pores of 40 pm in diameter. As a result, the
cell masses consisting only of the cardiomyocytes and
high-density aggregates consisting of the dead cells were

collected (Fig. 10A). Fig. 10C shows a magnified image of the
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Field et at1064-106 Hattori' 7500-E: 15000 EXAMPLE 10:
Purification of the cardionyocytes produced fromadult stemcells
derived fromthe nouse bone marrow This Exanpl e ai ns at

producing the cardi onyocytes fromadult stemcells derived fromthe

nouse bone marrow, called as the neseachynmal stemcells, which are

then selected and purified. [0091] The cardi onyocytes differentiated

fromt he afffaned rectangle region in Fig. 10A., Further, the location of
the dead cells in Figs. 10A and 10C are shown in Figs. 10B and
10D, respectively.
f0085] It was demonstrated in this Example that the
high-density aggregates consisting of the dead cells shown in
Fig. 10 could be selectively removed using an appropriate
density-gradient centrifugation, more specifically using the

{ density-gradient centrifugation with 58.5% Percoll™

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

[0086] EXAMPLE 9: Purification of the cardiomyocytes by

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

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

condition



stemcells derived fromthe nouse bone marrow (fenmal e C311/ He nouse)
wer e i.nduced using the cells and the nethod described in WO01/048151.
That is to say, CMG cells were cultured in the culture nmedi um of | NMDM
(I'scove's Modified Dul becco's Medium (G BCO) supplenented with 20%
of fetal bovine serum - 49 - (regarding the nethod for establishing
CMG cells, see, J din Invest, March 1999,- Vol . 103, p697-705),
cultured for additional 24 hours in a culture nmedi um suppl enent ed
with a final cORéEnErampéa aimsg abltudfing abecyEfdiheof SE@EWInsdtien
cultured for 2-3 weeks in the culture nmedi um above wi thout
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anti - sar cowmsisesActthai amhnyebddyodiszsan, ibydictataring the cell masses
cardi onyocytes. [0092]Fig. 14A shows appearance of the cultured cells
bef ore sellddei SRPTYALIE hoddian) imecyldyinen medatai alppleuested g e lahs

are shown by dotted line. Figs. 14B-C show the cells selected. Fig.
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masses produced by this Exanple accounted for out

nunber of cui¢ucell s (Ehg. cdd) .nd DO HXANPEEYE 1ErHar ke Catdan 3 thhe
cardi onyocytes_ derived fromthe nouse fetuses Thi s Exanpl e
__ains at p@gdifgragtiaticarde onyooytlssider owitihe (ousEMf esumes) 108 FBS

' (EQUITEC BIO) penicillin/streptomycin (GIBCO)] using the
hanging drop method to form embryoid bodies, which were then
differentiated into the cell masses {the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were cultured
in the culture medium under a serum-free, a mildly-acidic pH,
and a low calcium condition for 3 days (the same results are
produced in both situations when the culture was started on 4
days or 6 days from the start of the differentiation culture).
At this stage, the cell masses generated contained the
cardiomyocytes at extremely high rate. Then, the cell masses
were washed 4-5 times using D-MEM culture medium (sugar-free)

(GIBCO} to thoroughly eliminate sugars in the culture medium

by solution exchange through the commercially aveilable



- 50 - [0094]First, nmouse enbryo at the 7th-9th day of enbryonic

life was renoved fromthe maternal uterus, from which the
extraenbryonic tissue was carefully cleaned off, then pipetteing to
di sperse fetuses to separate cell nasses. The thus obtained cel
masses were cultured for 5 days in the culture nmedi um suppl enent ed
with 0.5 nMof a lactic acid under serufiffree/a mldly-acidic pH al ow
cal cium sugar-free condition (it is necessary to visually neasure the
vi abi | i ty ®FMaranen iEeHo® pokgspof sél | iy igardicomtecyt ebiraidlyot e cell
cells inthe nultiple tines of experinents and to adjust the culture
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adhesi on cuiidue, ard 2af ket be gﬁllgég@mitdﬁeacg%agsqgkﬁ Y& e; L enoved
and the remaining viable cells were I munostal ned for

sar comer e-n&xteistiary( Goeonsuaylpphassras:ian vikdiiaakor oof thde

cardi onyocytes, and DAPI (Red; nuclei). [0095]Fig. 15A shows

phase- cont¥dsmoFogisdyc ppile ak ingesandiamywaydiegniaes shheirngelhe in the

pul sating cell popul ation. Fig. 15B shows nmerged i mages of
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aci d- suppl enent ed condi tion - 51 -
at 37°C in the water bath for 20 minutes, with 0.03% of
collaggnasa Whichrsglectivgly @igests the cqllgggn,_one qf the
extracellular matrix proteins. After treatment with
collagenase, the cell masses were washed with an isotonic
solution having a physiological osmotic pressure (116 mM NaCl,
20 mM Hepes, 12.5 mM NaH,PQ,, 5.6 mM glucose, 5.4 mM KCl,
0.8 mM MgSO,, pH 7.35). The cell masses were washed 4-5 times
by solution exchange through the commercially aveilable
membrane having pores of 40 um in diameter. As a result, the
collected cell masses consisted only of the cardiomyocytes.
The thus obtained cell masses were cultured and immunostained
using the anti-sarcomere-Actinin antibody and the anti-GATA4
antibody as indicators of the cardiomyocytes (Fig. 13).
[ooB8] Further, the cells were subjected to statistical
analysis, in which the present deta were compared with the
knwon data (Fig. 13). Fig. 13A shows microscopic images of
colonies of the autonomously pulsating cardiomyocytes, and

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



This Exanple alns at studying the effect of conpensation of a pyruvic
acid on the cell masses (the enbryoid bodi es) containing the

cardi onyocytes, nore specifically the effect of conpensation of a
pyruvic acid on selection of the cardi onmyocytes fromthe cell nasses
(the enbryoid bodies), by culturing the cell masses (the enbryoid

bodi es) in the culture nmedi um suppl enentigd-with a pyruvic acid under
serumfree, a mldly-acidic pH calciumfree, and sugar-free

condi ti on. Y OUDATN t HAFAEdaRpEAR1NG (Bosen EDweleiy ,pendonar EBsieleing
cul tured as_.the cel sses for 5 dg%;_rs fromthe start of the

|
di fferenti g1 Bt I o dPEULBenE! BRT S % - WENNESEGWRY OTQWE FBSP Y U IFRC

BIO penicilli. r mycin (@ BCO] using the hangi ng drop net hod
to form er%arﬂydoﬁryﬂﬁtgggﬁggg,‘ whi ch were then differentiated into the cell

masses (thgyeyr yoi gsbgdigshi€ont @iy r .
cardi onyocytes. In tﬁi s Exanpl e, ?fvfaeérqgéltogrgygﬁ%go?hﬂgﬁ’gr%?%ﬁmﬁ Fhdhe
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pul sati ng cardi onyocytes have not yet observed, the cells were

cul tured fasrcoagdiedi dnal 92.8aysfi the hieotrall tmr®etedifuRhENcéhes. 1t is
serumfree MEM cul ture nmedium (G BCO supplenmented with

i nsul i n/ t (FETOPSEERRPEefBAE R & BEIyeq tdfe Ryavief icesdbh swas ehpyiosil cethn
in both sithuations whe e. culture was started on 4 days or 6 days

th
from t he star Co8Fof ﬁesgPVFeP%n??%t]fWrbﬁ}ect@PQf. fPRePPELEY BRI ditred
masses of 4.he; d dj t re c red fo ddi ti onal
2 days to di fﬁg&gggj?g% i(%t&% %%@@%’d%ﬁéﬁc%egbb f ?ﬁfsEE'fl%“g?es,‘lgﬁhe
cel | masses cgeneratedrconyainesgt hey i.0 tes Xtrel “high
rate. Then, the cell masses were was%g{iﬂll- gitg?)éregug?%g Dif/Enfﬂ;%oupté%r’e
- 52 - nedi Yol Segarchretdl( @BOO 3im: tiwanoughby . eldHEaiReSUGRES | N
the culture nmedium by sol ution exchange through the comrercially
__avei | abl e™?¢RBHaAE RBYEnBxpopks wfatfes pmridideaieteof wider the
washing step, .the cell nasses were cultured for 5 days in D-MEM
culture né‘&?&hm@gaa% °Fr k)2 (B BrdewEgSprémntefigrtion dnhait a high
concentratL o] a pyruvic acid. [0098] The cell nass were
t ehn treattflégl,i]dv\;u? %ﬂ%ﬂhg ing, with 0.05% of collagenase Type 3
(Wor t hi ngtiengBh ochemnfle Goy p) which sel ectively digests the
col | agen, one of the extracellular matrix proteins, at 37C for 20
m nutes. ABbke Lfeadmeatised hegdmigenase, yiBeadCcebtvd@ssas Wi od of
washed with an isotonic solution having a physiol ogical osnotic
pressure he6prdsSECLinPEn tbiHepes , thk2 oRHIMVp NakiZ P4/ ndo Gudic@l Ucose,
5.4 MM KCL, 0.8 nM MhSOH4, pH 7.35). As a result, it was denonstrated
that the proportion of the autononously pulsating cells within the
masses purified by this Exanple accounted for nore than 90% of the
total nunber of the cells (Fig. 16).



[ 0099] EXAMPLE 13: Sel ection and purification of the cardiomocytes
derived fromthe primate marnoset enbryonic stemcells under a
sugar-free/a serumfree, and a lactic acid-suppl enented condition
This Exanple ains at studying the conpl exed effect of serum depletion
and sugar depletion on the cell nasses éthe enbryoi d bodi es)
cont ai ning the cardi onyocytes, nore speéPfrcally the conpl exed effect
of serum depl eti on and sugar depletion on selection of the

cardi onyocyt eg:: cell masses (the enbryoid bodies) derived
fromthe pri nfﬁ%liirgrfn‘gze‘t] Lhr. Igeest, 19960f4-GRi Y Esi®in cel I's, by cul turing
the cell masses (the enmbryoid badies) in the serumfree and
sugar-free cul t uppRE: um {d(bi.gg'f i‘i ‘ug] ”E?;%Jﬁgéfﬁféﬁb&%i?i Wonf em cel s
are aveil able o—Cet-ratl—tnastttut-e—for—Experinental . Ani. mal s
(Kawasaki , Japémycteclitve mar noset jenbryoni ¢ sivem cel |'s gvere cul tured
whi | e mai nt ai mepgcatndiafiberenti aggd state uging the grom h inactivated
mouse enbryoni@gyki.AEQRLASt S (I\/E—J.ngm ch were treat edl.;\gth mtomycin C
treatment. The culture medi um [ KO- DVEM (GBCO), ZO%R SERUM (G BCO) ,

1.6 mM L- gl ut arirne, 0 ron=essenti-at—am-no—-aet-e-(MEM~ 0.2 nM
p- mer capt oet hanol  (2- ME; SI CRIBIEEof | UPRmepetfiei | 1in,
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EXAMPLE 10: Purification of the cardiomyocytes produced

from adult stem cells derived from the mouse bone marrow

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

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

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



100 kg/mM streptomycin sulfate, and 8 ng/mmM of a reconbi nant human

| eukem a inhibitory factor (LIP; Chem con), a reconbi nant human basic
fi broblast growh factor (bFGF, Peprotech)] was used. Upon passagi ng,
0.1%type Il collagenase (Wrtington) was used at 37C for 10 m nutes
to separate ES colonies. [0101] Subsequently, to separate MEF and ES
with each other, the solution was passed®t hrough nmesh havi ng pores of
100 kmin dianerter, thereby obtained cell nasses which can not be

pass througﬁeqqf‘e&r&%ﬁl}f‘aﬂ pofes sFtablivhingi@Heraedils. Tisese Jcelin

masses are |y, t.h ifi es_of ES cells. Upon

di fferenti %ﬁ%\é %‘haercgleﬁtbrg sgyg’g'”gg%t a?%?ﬁ'gmﬁ-'l(%@we@sféél | s per
one EB wergaigidi Lmryai f total 13-30 days using a
bacteri al diés}ihJé niﬁ%d%stf%erﬁn tohdlglf gg?gﬁ%? a“?éed]iun J gieé“r%‘?cﬁéi Hlﬁ%d"iges

cont ai ni ngeidel GRITHSIPHIRV LSS oFTHE r Yol for - 54
differentiation was the same ag ﬁgiéﬁlffu;%%nﬁﬁ%%gggc F%gﬁA?h 1%irheen
present Exewpiusedefveptz-BowebkEFihi tke , clKOUIEMGGBCObov30% K& SERUM
(@BCO, 1.6 MM L-glutamine, 0.1 mM non-essential am no acid (MEM,
0.2 M P- mer¥astydediadfol resuiking) GvifAoentiyatiiopenndukkion dH0the
Rg/ m stre‘gatrﬁocﬁyci n sul f at €y and 8 ng/ml of a reconbi nant hunan

| eukeni a i HHIBITEAY&Sror 2EESE; © megAPR. ofothe 1Tateremaymsle t he

ﬁugars as ﬂﬂ¥g5€¥%gp%%§%9%%yEEQQEgbethe cells are cultured for 5 days in

D-MEM culture medium (GIBCO) supplemented with 1 mM of a
lactic acid under a serum-free/a mildly-acidic pH/a low
calcium/a sugar-free condition. After the culture period, the
dead cells were removed and the remaining viable cells were
immunostained using the anti-sarcomere-Actinin antibody as an
indicator of the cardiomyocytes.

[0092] Fig. 14A shows appearance of the cultured cells
before selection. In Fig. 14A, the region containing
pulsating cells are shown by dotted line. Figs. 14B-C show
the cells selected. Fig. 14B shows a phase-contrast
microscopic image, and Fig. 14C shows a fluorescent image
immunostained for sarcomere-Actinin for the same same field of
view as Fig. 14B, respectively. As a result, it was
demonstrated that the proportion of the cardiomyocytes within
the masses produced by this Example accounted for about 90% of
the total number of the cells (Fig. 14).

[0093] EXAMPLE 11: Purification of the cardiomyocytes

derived from the mouse fetuses

This Example aims at purifying the cardiomyocytes from

the mouse fetuses.



culture nmedium the enbryoid bodies were transferred to a
centrifuging tube, were washed five tines with D-MEM cul ture nedi um
(sugar-free) (ABCO, and were finally cultured for 15 days in D-MEM
cul ture nedium (sugar-free) (G BCO supplenmented with 1 nMof a

| actic acid. Since the in vivo concentration of a lactic acid

i ncreases to about 4 nM under the physi®Pogical condition, the
concentratjon of a lactic acid of "1 mM used in the method of this
Exanpl e fal9% 44 t hi AIFRE- pAYSF Dl Behes atage. 7ED108h They aphemranyee iof
cel | n1ass§§:.Lfa1e1‘terS cxtélrrltouri(in% for %5 da%?s are shown in Fig. 17. As
shown in Fig. 17° FEWASISAERR FromttrdledferuShat crBr Wadch the

bubbl e-11i e of ot e i st f _the cardi ocytes as
vi abl e ce:{%sé}a{l'hat i glt% otéggugﬁg\%%g%%%lg&%e? ﬁgﬁ P % s

car di onyogyiiRs: teany ke HAEpBULE! Latikes Std Ueur-arWere:1sehestiiyel ¥ne
viable in the culture nmediumunder a sugar-free a lactic

aci d- suppltenmentobdafibeiMpetdndas s 08 . wddte Sculkthesh@virt Baliaps pad tef or
whol e enbryoi d bodies with greatly reduced optical transparency have
al ready urf¥ertydne me€inmdephleméried iwittthd® .Gasts off at hecthbrymidl under
bodi es shown in B.and Fig. 17B - 55 - the cells having the

Fig. 17
bubbl e- | i k‘*eerélt“r"éEF%/ & BhlthE- b0 Adey salraen/ aegervizase. Fig.
17Cis a i £ Lew,of Fig. 178._ 10104 e thus obt ai ned enbryoid
bbdi es mei%glcr&mttkﬁgex&fe'o%g 5?%‘9%%‘? ifhcI t‘ﬁéc‘u%gk PEFETES oF ¢ et adid Ty
cul ture med wie( BEEEn b T, | i S.L&S
aut ononous pul sati ng. Afgtéﬁir"yrlg‘g]éﬁﬁig{%erﬂ#&@%?ggéss?ggeﬁ%re c(?é-lalg
cel I's wer ensepar abediplemibes Caf H:amaeshes Brashakiagud e myneide
bodies in the presence of 0.1%type IIl coll agenase (Wrtington) for
10 m nut ePeato87CetThendaatl cédys awertthecbagiinabedtby ¢thebieihod The
di scl osed in Exanple 8. The thus obtained enbryoid bodies were
~adher ed of“&™HFBr BRESERNUFSE AR -RieeRfee &) méuiparBank 5h BS g. 18,
left). After fix tioz \_Ni}%PM4W$arafo ma deh)gde, t he enbryoi d bodies
AntT 2

|
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Exanple 4 (Fig. right, respectiv a fesult,
denonstrateged thatutBe the dead cells were removed and the remaining

viable cells were immunostained for sarcomere-Actinin {Green:
cytoplasm) as an indicator of the cardiomyocytes, and DAPI
{Red; nucledi).

{0095] Fig. 15A shows phase-contrast microscopic images of
two colonies showing the pulsating cell population. Fig. 15B
shows merged images of sarcomere-Actinin staining and DAPI
gtaining for four colonies. As a result, it was demonstrated
that the proportion of the cardiomyocytes within the masseg
produced by this Example accounted for about 99% of the total
number of the cells (Fig. 15}.

[0096] EXAMPLE 12: Purification of the cardiomyocytes under

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

pyruvic acid-supplemented condition




cardi onyocytes were sel ectively obtained by culturing marnoset
enbryonic stemcells under a sugar-free/a serumfree and a lactic

aci d- suppl enented condition. [0106] EXAMPLE 14: Transpl antation of the
cardi onyocytes derived fromprimte marnoset enbryonic stemcells
into the heart of an inmunodeficient nouse and confirmation of
engraf t ment thereof Thi s Exanple33l ms at studying

transpl anatation of the cardi onmyocytes derived fromthe primate

mar noset  enbr yorti® SEEHPEE PAMENRE heARHERE tthin ¢ fdegtabtnepnpehs &l ion

t he body. _: - .107] T. urified rnmoset cardi onyocytes prepared
by the net%%déggfyﬁ‘%r?plégl%go\%eF esﬁ?bgarfﬂ%%‘s‘?% (ath(‘ﬁ.lfelf‘@?ﬂ’ﬁédséi)g%‘?%h
havi ng phygd i ORITRLL G 4 ( Q.. 20.mM Hepe 12.5
M NaHzpmfséIgé.ééﬂlnji%Apégl e Bhesy ks %%@éﬁ&%ﬁ ?E%s?’?f“t of
suppl enent @snpdridatlcodey Re phirliveel hasenas e&sd Ny tiigaghen)kpand 0. 125%
Trypsin (G BCO. The suspended solution were treated, while shaking,
for 20 m reawkicaty BFCesn faosythageenl tmehesh t(tiR 2RbgFUEE DECMLS) , by
(Teruno). About 1-30 small cell nasses consisting of the

car di onyocSH LT Y% Threpalddmessase( the entansypldabatiaesdnin Thiee abiMaire

buf fer havi ng physi ol o%{ﬁgal salt concentration containing the
car di omy oY ES™ FYPRAEMRRS s Bl Elt @ PYF W HoBeA A WedRToFE MRt Eree, a

NOD- SCI D i def. ci .Imuse (Cd ea, Japan,lnc.) was, .

ahaest het {H}gﬁy ﬁ%%%ag) ?{énC%%% "e%ecé ’Féﬂ%\l@"‘(%i%élf FEPafie}dt bt t

Japan). Thewo7ijhe thar ex:of pidigp T@USA \msgpggegeyﬂge%eé "Che =B v
In

. . 0 er
respiration control under artificial respiration usin CiREal

i nt ubat i oruwlAmried] ect ithe perlll Ray@ss i NGerd edvistr@ohhenwallaff dH8ne
exteriorized heart in the direction fromthe cardiac apex to the
cardi ac bakigfeard tiilhenoabout tBO tWiltwfe susyiended-NaMuUt EDOMPEr 1 tis
was injected in the the wall of the heart tissue. Then the thorax of
“the nouse WEYTIEGsBAO) aReRL Absi B (R ey cdnd (FABCAdISes e the

Continuedh@%@&h%iﬁkgg'method to form embryoid bodies, which were then
differentiated into the cell masses (the embryoid bodies)
containing the programmed cardiomyocytes. In this Example,
after 5 days from the start of the differentiation culture of
the cells, the stage when any autonomously pulsating
cardiomyocytes have not yet observed, the cells were cultured
for additional 2 days in the culture medium in the serum-free
MEM culture medium (GIBCO) supplemented with
insulin/transferrin/selenium (GIBCO) (the same results are
produced in both situations when the culture was started on 4
days or 6 days from the start of the differentiation culiture),
The thus obtained masses of the programmed cardiomyocytes were
cultured for additional 2 days to differentiate into the
cardiomyocytes. At this stage, the cell masses generated
contained the cardiomyocytes at extremely high rate. Then,

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



[0109] After 15 days fromthe transplantation, the heart of the nouse
was exci sed under anesthesia, which was fixed in 4% par af or mal dehyde.
Frozen sections of 10 RRmin thick were prepared and i nmunost ai ned
using a goat anti-Nkx2.5 antibody (Santacruz) as a primry anti body
and a donkey anti-goat - 57 - antibody_-Al exa 488 (devel oped in
green) (Ml ecul ar probes) as a second“aﬁ?ibody (Fig. 198), or

I mmunost ai . USi a se.antl-sarconere-Actinin anti body (Sl GVWA)

;s a prinﬁﬂ%gaﬁ?i{gkﬂfﬁinéﬁg)rg%h??°in¥?-?ﬁﬁﬁﬁ?3§%ﬁ FodPirAtexauGEEs in

devel opedqi T My a S second.anti bo Fi

(191\?/>). p[gﬁﬂl@O]%w t he oteﬁgkﬁ}nhgxg,ggggﬁ%%@ee%ﬁaﬁ Surksh Ong Igé?(antgi gen

anti body (sdrictdrd@a0ks MelilaBi¥ AUGHERSe q{]at\zi:i%%n RHaSR£t NG g{f{e{;}’
ude goéy-

pri mate species) (Chem con) and a goat antli - ant | exa 633
( Mol ecul ardipmsies). ahéterathedvdggeidatepn Yher 6elD hasdef Wyl ex.
Next, a normal nmouse serumwas used to inhibit the reactivity of the
excess of @gdmedador- fodagsahti DodEM Atekar@3 Beginfr dsedhr-The=1 hus

pr epar ed ' y conpl ex was reacted with the above frozen sections
to devel o?ﬂﬁ#&g @W%B?“IEEF@@.%@IB-%QBQ&% FPRFPAtIatipanesthind f a

i mages werg .fak lsng a confocal mcroscope (Carl Zeiss). The
results vveﬂr%‘re sh(;%nwr?lélir?'Fi g. 19. [0112]As a result, it was denonstrated

Rhat the geldss] The cell mass were tehn treated, while shaking, with
0.05% of collagenase Type 3 (Worthington Biochemical Corp)
which selectively digests the collagen, one of the
extracellular matrix proteins, at 37°C for 20 minutes. After
treatment with collagenase, the cell masses were washed with
an isotonic solution having a physioclogical osmotic pressure
{116 mM NaCl, 20 mM Hepes, 12.5 mM NaH,PO,, 5.6 mM glucose,

5.4 mM KC1, 0.8 mM MgSO4, pH 7.35). As a result, it was
demonstrated that the proportion of the autonomously pulsating

cells within the masses purified by this Example accounted for

more than 350% of the total number of the cells (Fig. 16).

[0099] EXAMPLE 13: Selection and purification of the

cardiomyocytes derived from the primate marmoset embryonic

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

supplemented condition

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

masses (the embryoid bodies) derived from the primate marmoset



having a | arger nucleus shown in the figure were derived from
marnoset. That is to say, it was denonstrated in this figure that
sone primate cells expressing Nkx2.5, an indicator marker specific
for the cardi omyocytes, were seen in the cardi omyocytes stained with
Actinin. This means that the cardionyqp¥&p§ derived from marnoset ES
cells were successfully engrafted in the ™ nouse heart. [0113] EXAMPLE

15: Sel ect bAPD-9HH:i Or £P&F ald o, of cardi opyocytes derived from
hunan enbryonfgas%en1cells undePY;%%%58§%99rg%?aééiﬁ1ﬁﬁ%ﬁ%§e(§H& a

lactic aci dmbupple@nmesdtek) in e sePRALEROD and sugalls-LXaMRLE &l med
at studying the conpl exed effect of serum depletion and sugar

depl eti on ®Badiwe. cel | nmasses (the enbryoi d bodies) containing the
cardi onyocytes, nore specifically the conpl exed effect of serum

depl eti on ﬁ%‘}%hgar ThepMagmerebnemet vetiorr i tded. leantkoayecyisse f11M

t he cell ses {the enbryoi d bodies) derived from human enbryonic
stem cel | 2@ g%gr%:éjli]%ﬁﬁwqengoEeﬁFpﬁﬁ%@%tﬁ H dekdrsy diK@vwiesdkes ) Jepam) .

serumfreep -f ulture nmediym [0114] Human enbryonic
stemcells 1\?\%%&0 tai neeé]‘ﬁj;rer g%lf:hgrc?eﬁ?g? I"’%%"e%éé‘rjdjr?re@n?’éﬁlﬂ he

I nstitute fin 0 EuiBdire cLense ni,yersity). (the
Center for thr:a ES cegﬁlus basegggﬁgthﬁgg %?ﬁg%%l?l ort\é?og?rgé')%r 0j ect).

The human Brrtyjioniteds emsee khbryweh ec Cot A0k whi | @=ii RhALD O%e
undi fferentiated state using the growth inactivated nouse enbryonic

fi brobl ast&qaER) Withihc mikemgcin e@t edeatidntni t OAYCELAL Cutd aRtd®i . The
culture conducted using a culture nedium[F12/DVEM (1:1) (SIGVA,
product nurftEPMEEY 2 FLECOY0, RP SERUREREY BEDBCOD.,6 1nkl kMgt vy ant aiind). 1

g\/lgr\]/z;]: eig]grj;[ Iﬁ?’ﬁmn gﬂé’%i%g%%%:gﬁi Nal.zml\gﬂo Oéclidm\élbfl%}-mrﬁr %agt I?E?It hanol ( 2 Ve,

B-mercaptoethanol (2-ME; SIGMA), 100 IU/ml penicillin,

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

human leukemia inhibitory factor (LIF; Chemicon), a

recombinant human basic fibroblast growth factor (bFGF:

Peprotech)] was used. Upon passaging, 0.1% type III

collagenase (Wortington) was used at 37°C Ffor 10 minutes to

separate ES colonies,

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

differentiate into the embryoid bodies containing the

cardiomyocytes. The culture medium used for the



100 ug/nl streptomycin sulfate, and a reconbi nant human basic
fibroblast gromh factor (bFGF, Peprotech)]. Upon passaging, 0.1%
type I'll coll agenase (Wrtington) was used at 37C for 10 mnutes to
separate ES colonies. [0115] Subsequently, to separate MET and ES
w th each other, the solution was passed,through nmesh having pores of
40 vm thereby obtained cell nmasses whi cﬁ coul d not be pass through

the nesh havipg- : ik _di rter., The cell sse - 59 -
were purified na%g%ﬁastolfané%cgeq@é ILSJ%g% %lgfff%‘af ecnl%s'l‘?ta ﬁeoﬁrferé%élf"l aﬁﬁ%éged

cont ai ni ngiBH0tHHOfraderiS BElMS PelexRBtEBoYeLBcpULf UL ed B/S_
enbryoid body for total 15-30 days us?ng a bact erltaf di s%érret 104 GTECO)

(usi ng the?@%ul XUrSERIBUI (EHBESICr iLbedmEbbvEL exepie t DAt ik HBR-absences
of bEGF), then to differentiate into the enbryoid bodi es containing

t he cardi omgeytasic THEM)I m0nat Mt fensugariethansah (asMEeSsiome) f riaym
the culture nedi um, enbryoid bodies were transferred to a

centri f ugi MY FuRenigd d-ifasA88 re{ml §Hreptamvein svERatel t ané Srodi And

(sugar-freg a(q%gg-w u 11966) . .and were finally cultured
for 15 days in fl-NEN gg’lqt %%Eﬁg&r{fe ?%}Fﬁa Js%g%*mf%r&é’)ry( EREEPF phSRuct
nunber 119%migeephierented with 1 mMof a lactic acid. Since the in
vivo concentration of a lactic acid increases to about 4 nM under

the physi dladgizlal coadelioitnatdetKOnGRbsabkonueh as! 8644 oasid.Qf th%
mV' used in the nethod of this Exanple falls wthin the physiol ogica
range. [ 0FiB|iApSemedisms thet aBbredid nasties ewhkutedniBdered to a
sugar - cont ai ni n_% condition (control condition) and the cell nasses

cul tured fEMHUETHSHEIuNRE  aWeTgareshash fdyiwdittimes o EhchrdEN nywicytre
sel ection j te_sel ect ] condition) are shown in Fig. 20,
| ef t panel“,{ecﬁgé&pﬁ%gg%ﬁf r it?{zt%(g%)s s F&ronStratdywhel Rered fose
cells areqw Q t r ined wt | ecul ar
.. Probes), v%k\?: ?%lygaﬁhdgt ieq?::;fI ?rgﬁg‘?%%?%%tugnnﬁi %gggérflrfaﬁgi g‘g/ﬁ%&s f viable

“cells) andupenemaheetll worpscengecdapandinng arikhe BN ane Pﬁt gaLLal
(Fig. 20, right panel). As shown in Fig. 20, upper panel, a

enbryoi d sodicestohtihe sfigariaontiadiatiny ipeesttek) t60ABbEE ON G HiRler
generate fluorescence (i.e., all enbrioid bodies are
he physiological condition, the concentration of a lactic

acid of "i mM" used in the method of this Example falls within
the physiological range.
[0103] The appearance of cell masses after culturing for
15 days are shown in Fig. 17. As shown in Fig. 17, it was
shown from this result that formed bubble-like structure of
the cells consisted of the cardiomyocytes as viable cells.
That is to say, Figs. 17A~C show that the cardiomyocytes
forming the bubble-like structure were selectively wviable in
the culture medium under a sugar-free + a lactic
acid-supplemented (1 mM) condition. Figs. 17A show that a
part of or whole embryocid bodies with greatly reduced optical

transparency have already undergone cell death. Also, in the

cases of the embryoid bodies shown in Fig. 178 and Fig. 17B'",



- 60 - conposed of viable cells); while, as shown in Fig. 20, |ower
panel ,” the cell masses which did not generate fluorescence (i.e., the
cell masses consisting of the dead cells) appeared by cul turing under
the sugar-free (cardi onyocyte selection) condition. Further, every
cell masses which were viable under the.sugar-free (cardionmyocyte

sel ection) condition showed aut ononous pul sating. [0117] The thus
obt ai ned epbL yol ' gVady ed.for_3-7 days in_ _the sane .

vol ume of the(ggﬁgpgﬁ#?ﬁ}e HEH?HEF?%Fg¥%$r%£%&%tﬂ%§ @Pa%% ez yoid
car di onyocys@s $esiHEe: awmenerRusePul Al ngc Akt ar nhgASPI 08 $N&: of
stabilized state, the dead cells were separated fromthe

cardi onyochies BB shaki ng the enbryoid bodies in the presence of 0.1%
type Il collagenase (Wrtington) for 10 mnutes at 37C. The dead

cel I's werel @944 nat ebfrifechbahrrll dindutvoddd boriExawpte Gulfiney foze
enbryoi d di;e wer.e hered on a fibronectin (SIGVA)-coated cel

cul ture dish! (UTLEFATEr SARaVPOR™G th v (Fomsr sddrdenyadiuphe

mbryoi d bagi taiped. with the anti-Actinj ti body (SI GVA
e T Exanil s s A vior o8 e el A o REP bR TS ol nstpes

( Sant acr uZjuBsatihEXamBL & %éféf&_ngllt)he( éﬁtsbi%ig‘?&“s{&é hig,d i&urd;’

the cellular nucl eus stained by D wer e necessari
over| appec:afiltsh welte ceblatth@ednEebRUshd MRS FIRYdeW bP thfking the
anti-Nkx2.5 antibody, an indicator marker specific for the
car di onyoytEy i godies) inea presememost @i.ned tiypageI M ¢bliddenase
anti-Actinjin antibod%, anot her i ndi cator marker specific for the
car di onyocWSE1ngERy) 5oy LaBimeige i Can Theudend aeldd weage
with th L
t the eliminated by the method disclosed in Exampie 8. The thus
obtained embryoid bodies were adhered on a fibronectin
{SIGMA)-coated cell culture dish (Fig. 18, left). After
fixation with 4% paraformaldehyde, the embryoid bodies were
stained with the anti-Actinin antibody (SIGMA) as in Example 8
and were stained with the anti-Nkx2.5 antibody (Santacruz) as
in Example 4 (Fig. 18, right, respectively).
[0105] Ag a result, it was demonstrated that the
cardiomyocytes were selectively obtained by culturing marmoset
embryonic stem cells under a sugar-free/a serum-free and a

lactic acid-supplemented condition.

[0106] EXAMPLE 14: Transplantation of the cardiomyocytes

derived from primate marmoset embryonic stem cells into the

heart of an immunodeficient mouse and confirmation of

engraftment thereof

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

stem cells into the heart and engraftment within the body.



- 61 - anti-Nkx2.5 antibody, it was found that the cells

i munostained with the anti-Nkx2.5 antibody were conpletely

overl apped with the cells inmmnostained with the anti-Actinin
antibody (Fig. 21e). [0119]It is clearly shown fromthis result that,
when human enbryonic stemcells are pgr%figd by cul turing under a
sugar-free/a serumfree and a lactic ac 8-supplenented culture

GAns 1 R Roa ey B e e BT ot r Pacr prea by the
embryoni ¢ RAMLAd Sxathaeiy WBSeCaLGABOLUES uesaglast edy by, Lhe
foll ow ng steps of: inducing differentiation of € yoni m
celI's to frammyiyyeiidloedices. eemptisi peedmdid flangnkivakgd: Tesgblast
cells; Hepes, 12.5 mM NaH,PO;, 5.6 mM glucose, 5.4 mM XCl, 0.8 mM
MgsS0,, pH 7.35) supplemented with 0.2% type III collagenase
(Wortington) and 0.125% Trypsin (GIBCO). The suspended
solution were treated, while shaking, for 20 minutes at 37°C
in a syringe attached to a 29 gauge needle (TFerumo)}. About
1-30 small cell masses consisting of the cardiomyocytes were
prepared to use for transplanatation. The above buffer having
physiological salt concentration containing the cardiomyocytes
100 uL was aspirated.

""""" [0108] A 7-week o0ld male NOD-SCID mouse, immunodeficient
mouse (Clea Japan,Inc.) was anaesthetized by inhalation
anesthetic FORANE (isoflurane) {Abbott Japan). Then, the

thorax of the mouse was opened under the respiration control

under artificial respiration using intratracheal intubation.

An injection needle was inserted into the wall of the
exteriorized heart in the direction from the cardiac apex to
the cardiac base, and then about 30 uL of suspended solution
per site was injected in the the wall of the heart tissue.
Then the thorax of the mouse was closed, anesthesia was ended
and the mouse was continued maintaining.

[G109] Aftexr 15 days from the transplantation, the heart of
the mouse was excised under anesthesia, which was fixed in 4%
paraformaldehyde. Frozen sections of 10 pm in thick were
prepared and immunostained using a goat anti-Nkx2.5 antibody

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



then preparing a cell mxture conprising programed cardi omyocytes by
culturing the embryoid bodies in the culture mediumunder a

| ow- serum suppl ement ed condi tion anda mldly-acidic pH condition; and
continuing the culture of the cell mxture in the same culture medium
to obtain the cardi onmyocytes. 2. The_ng hod for selecting

cardi onyocytes according to aim1l, whérein the

| ow serum nt It ' ecrumfree condjition, or a
condi tion aggfgsﬂghéﬁg?ﬁgQ%%%é%%?%g ?8% oF Terehh dModesiam probes) as

Component sa supedaiaitiathddy lagtuh by @ SRAMMARAL L 18,RE0LCES LO0

obtaining undifferentiated nesoblast cells I's considered as
concentrataHWﬂ{ﬂaﬁnumﬁnayAcmamuﬁlaﬁﬁmﬁﬂ@ﬁt@sIGMixﬂﬁgcgdgFgmg%?-;Q%§b0é§

The nethod for sel ecting cardi onyocytes according to aim wherei'n

the il dl y22@idi%epH tc gudiit-imonses ant tondy t 120kesaf 3946 (Geveloped in red)
{Molecular probes) as a second antibody (Fig. 19D}).
{01101 On the other hand, a mouse anti-human nuclear
antigen antibody (which reacts with any nuclear antigen across

( the every primate species) (Chemicon) and a goat anti-mouse

antibody-Alexa 633 (Molecular probes) are reacted together in
vitro to form a complex. Next, a normal mouse serum was used
to inhibit the reactivity of the excess of a goat anti-mouse
antibody-Alexa 633 (infrared). The thus brepared antibody
complex was reacted with the above frozen sections to develop
three colors (Figs. 19B-19D).
[0111] All immunostaining images were taken using a
confocal microscope (Carl Zeiss). The results were shown in
Fig. 19.
[0112] As a result, it was demonstrated that the cells
having a larger nucleus shown in the figure were derived from
marmoset. That is to say, it was demonstrated in this figure
that some primate cells expressing Nkx2.5, an indicator marker
specific for the cardiomyocytes, were seen in the
cardiomyocytes stained with Actinin. This means that the
cardiomyocytes derived from marmoset ES cells were
stccessfully engrafted in the mouse heart.

[0113] EXAMPLE 15: Selection and preparation of the

cardiomyocytes derived from human embryonic stem cells under a

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




g

condition

This Example aimed at studying the complexed effect of
serum depletion and sugar depletion on the cell masses {the
embryoid bodies) containing the cardiomyocytes, more
specifically the complexed effect of serum depletion and sugar
depletion on selection of the cardiomyocytes from the cell
masses (the embryoid bodies) derived from human embryonic stem
cells, by culturing the cell masses (the embryoid bodies) in a
serum-free and a sugar-free culture medium,
f0114] Human embryonic stem cells were obtained from the
Stem Cell Research Center (the Institute for Frontier medical
Sciences, Kyoto University) (the Center for the ES cells based
on the National Bioresourse Project). The human embryonic
stem cells were cultured while maintaining undifferentiated
state using the growth inactivated mouse embryonic f£ibroblasts
(MEF'} which were treated with mitomycin C treatment. The
culture was conducted using a culture medium [F12/DMEM (1:1)
(SIGMA, product number D6421), 20% KO-SERUM (GIBCO), 1.6 mM
L-glutamine, 0.1 mM non-essential amino acid {MEM), 0.1 mM
B-mercaptoethanol (2-ME; SIGMA), 100 IU/ml penicillin,
100 pg/ml streptomycin sulfate, and a recombinant human basic
fibroblast growth factor (bFGF; Peprotech)]. Upon passaging,
0.1% type III collagenase (Wortington) was used at 37°C for
10 minutes toc separate ES colonies.
[0115] Subsequently, to separate MEF and ES with each other,
the solution was passed through mesh having pores of 40 um,
thereby obtained cell masses which could not be pass through

the mesh having pores of 40 umin diamerter. These cell masses
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were purified masses of ES cell. Upon differentiation, cell
masses containing 50-1000 of ES cells ber one EB were cultured
as an embryoid body for total 15-30 days using a bacterial
dish method (using the culture medium described above except
that in the absence of bFGF), then to differentiate into the
embryoid bodies containing the cardiomyocytes. To eliminate
the sugars as much as possible from the culture medium,
embryoid bodies were transferred to a centrifuging tube, were
washed five times with D-MEM culture medium (sugar-free)
(GIBCO, product number 11966), and were finally cultured for
15 days in D-MEM culture medium (sugar-free) (GIBCO, product
number 11966} supplemented with 1 mM of a lactic acid. Since
the in vivo concentration of a lactic acid increases to about
4 mM under the physiclogical condition, the concentration of a
lactic acid of "1 mM" used in the method of this Example falls
within the physiological range.

[0116] Appearances of the cell masses cultured under a
sugar-containing condition (control condition) and the cell
masses cultured for 15 days under a sugar-free condition for
cardiomyocyte selection {cardiomyoccyte selective condition)
are shown in Fig. 20, left panel, as phase contrast images.
To demonstrate whether these cells are viable or not, the
cells were stained with TMRM (Molecular Probes), which can
detect membrane potential (an indicator of viable cells) and
generate fluorescence depending on the membrane potential
(Fig. 20, right panel). As shown in Fig. 20, upper panel, all
embryoid bodies of the sugar-containing (control) condition

group generate fluorescence (i.e., all embrioid bodies are
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composed of viable cells): while, as shown in Fig. 20, lower
panel, the cell masses which did not generate fluorescence
(i.e., the cell masses consisting of the dead cells) appeared
by e¢ulturing under the sugar-free (cardiomyocyte selection)
condition. Further, every cell masses which were wviable under
the sugar-free (cardiomyocyte gselection) condition showed
autonomous pulsating.

[01171] The thus obtained embryoid bodies were cultured for
3-7 days in the same volume of the same culture medium
(bFGF-free). The wviable cardiomyocytes resume autonomous
pulsating. After reaching the stabilized state, the dead
cells were separated Ffrom the cardiomyocytes by shaking the
embryoid bodies in the presence of 0.1% type III collagenase
{(Wortington) for 10 minutes at 37°C. The dead cells were
eliminated by the method disclosed in Example 8. Then, the
embryoid bodies were adhered on a fibronectin (SIGMA) -coated
cell culture dish.

[0118] After fixation with 4% paraformaldehvde, the
embryoid bodies were stained with the anti-Actinin antibody
(SIGMA) as in Example 8 and were stained with the anti-Nkx2.5
antibody (Santacruz)} as in Example 4 {(Fig. 21). BAs is shown
in this figure, the cellular nucleus stained by DAPI

(Fig. 2la) were necessarily overlapped with the cellular
nucleus immunostaiend with the anti-Nkx2z.5 antibody, an
indicator marker specific for the cardiomyocytes (¥Fig. 2lc).
When an immunostained image with the anti-Actinin antibody,
another indicator markexr specific for the cardiomyocytes,

(Fig. 21d) was merged with an immunostained image with the
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anti-Nkx2.5 antibody, it was found that the cells
immunostained with the anti-Nkx2.5 antibody were completely
overlapped with the cells immunostained with the anti-Actinin
antibody (Fig. 2le).
fol19] It is clearly shown from this result that, when
human embryonic stem cells are purified by culturing under a
sugar-free/a serum-free and a lactic acid-supplemented culture

condition, the cardiomyocytes can selectively be collected.
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CLAIMS

1. A method for selecting cardiomyocytes derived from
embryonic stem cells, wherein the cardiomyocytes are selected
by the following steps of:

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

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

continuing the culture of the cell mixture in the same
culture medium to obtain the cardiomyocytes.
2. The method for selecting cardiomyocytes according to
Claim 1, wherein the low-serum-supplemented condition 1is
serum~-free condition, or a condition where, when the
concentration of serum or a serum components supplemented to
the culture medium used in the process for obtaining
undifferentiated mesoblast cells is considered as 100%, the
concentration of serum or serum components 1is reduced to
0%-10%.
3. The method for selecting cardiomyocytes according to
Claim 1, wherein the mildly-acidic pH condition is a condition

of pH6.b5.



