- 1 - SPECI FI CATI ON METHOD FOR | NDUCI NG DI FFERENTI ATI ON OF PLURI POTENT STEM
CELLS | NTO CARDI OMYOCYTES TECHNI CAL FI ELD [0001] The present invention
relates to a nethod for preparing cardi omyocytes sel ectively and
efficiently fromES cells and other pluripotent stemcells. BACKGROUND ART
[0002] (1) Preparation of cardionyocytesjusing pluripotent stemcells In
general , cardionyocytes undergo active cell division wth beating

aut ononmously before birth, but immediately after birth they |ose the
ability to divide, and since they PBREIFIGAYIORw undifferentiated stemcells
and precursor cells whose growth and differentiation abilities are
extrenely | ow, when cardionyocytes die due to exposure to various forns of
stress including myocardial infarction, nyocarditis and the |like, the |ost
car di omyocyt es cannot METHODgEQE: ANOYCING PIFFERENTIATIONS OFi vi ng

cardi onyocytes try to nmaintain ocardi al function through conpensatory
hypertrophy and t he PLURE POFENT, gélENe CELLSe AT CARPIOMYACI TB& eeds an

all owabl e threshold, it leads to further exhaustion and death of

car di ony I IEEBnsequent |owering of myocardial function (that is,
heart failure). [0003] Heart failure and other types of heart disease are

t he seconbOPRhdi ng calh® RFeRRE R VeIhiRm, rekatef ofhcddiethed fRFy poor,
with a 5-year survival rate of only about 50%for 2 patients with heart

di seases. PTRRAELBI cCAFHiPRYAGHLASt AGLeCHdVELYpABA eEf 1R GREY YT ER: EVe

therapies for heart failure wll lead to great advances in nedical welfare
as wel| asells and other pluripotent stem Cells.

BACKGROUND ART

[0002] (1) Preparation of cardiomyocytes using

pluripotent stem cells

In general, cardiomyocytes undergo active cell division
with beating autonomously before birth, but immediately after
birth they lose the ability to divide, and since they have
very few undifferentiated stem cells and precursor cells whose
growth and differentiation abilities are extremely low, when
cardiomyocytes die due to exposure to various forms of stress
including myocardial infarction, myocarditis and the like, the
lost cardiomyocytes cannot be regenerated. As a result, the
surviving cardiomyocytes try to maintain myocardial function
through compensatory hypertrophy and the like, but if the
stress continues and exceeds an allowable threshold, it leads
to further exhaustion and death of cardiomyocytes and a
consequent lowering of myocardial function (that is, heart
failure).

[0003] Heart failure and other types of heart disease are
the second leading cause of death in Japan, and prognoses are

very poor, with a 5-year survival rate of only about 50% for



I nproved nedi cal econom cs. Conventional therapeutic drugs for heart
failure include digitalis preparations that increase the contractive force
of the myocardi um and xant hi ne preparations and other heart stimulants, but
l.ong-term admnistration of these drugs is known to make the condition

wor se because there is too nmuch expend+t2re of nyocardial energy. Mre
recently, nainstrean1therapy has shifted to (3-blockers and ACE i nhibitors,
whi ch reduc exces art ue to, atl n_of, the
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because o SUC pro he S age (0] ear onor s F concerns,
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of heart Tailure ] ron1 experi nents

mature ¢ag dbSRYREYL £9e0BhLBCH T AR hEbUaRA1RRCS ppaszankﬂghsd i nto adul t

cardi ac ti'ssue e transplante unctron ectivel'y (See Non-Pat ent

Docurent 4)ooboueYshe hhal Sendk! hbgUk! stonaBhatl SULE! shaaL taaRdi omyocytes

for this appllcatlon £6 cfinical medicine s al'sodifficult
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possible to clearly identify a popul ation of precursor cells or stemcells

capabl e ofnprgguUCiMére recently, mainstream therapy has shifted to
f-blockers and ACE inhibitors, which reduce the excess burden
on the heart due to stimulation of the sympathetic nervous
system and renin-angiotensin system, but these methods only
deal with the immediate symptoms and cannot restore damaged
cardiac tissue. By contrast, heart transplantation is a
fundamental treatment for severe heart failure, but it is one
that is difficult to apply commonly because of such problems
as the shortage of heart donors, ethical concerns, the
physical and financial burden on patients and the like.
{0004] Therefore, it would seem that methods of
transplantation to replace weakened or lost cardiomyocytes
would be extremely useful for the treatment of heart failure.
In fact, it is known from animal experiments that when
immature cardiomyocytes obtained from fetuses are transplanted
into adult cardiac tissue, the transplanted cells function
effectivFly (See Non-Patent Document 1). However, it is
difficult to obtain sufficient cardiomyocytes for this method,

and application to clinical medicine is also difficult from an



cardi onyocytes in adult cardiac tissue, so pluripotent stem cells, which
are- ess differentiated and can differentiate into a variety of cells, are
considered to be useful for the above nethod. [0006] Pluripotent stemcells
are defined as cells which are capable of indefinite or |ong-term cel
proliferation while remaining in an undBfferentiated state in an in vitro
culture, which retain normal karyotypes, and which have the ability to

di fferent t hree germ |l ayers (ectoderm nesoderm and
endodern)éﬁﬁggéﬂagggég 0% E conditions. The three well-known pluri potent

stem cell $98p8 ) .enbryget&nfisﬁﬂ gk! %F?fsfé' fagggéavm {'éQth.ag{eXrEtgﬂe

enbryos, enbryonic gern1ce EG ce derive rom prlnnr germcells

at the ?”@ﬁéﬁehﬁ g%eramlg%ﬁ%l B¢ stlefMoaqhlss 4 & i)ﬁmg%l ved Lhgm

testes inme |ate ter birt [0007] I'n partic g been

known thahsﬁﬁg ‘E%E% eaaleefba}dt&%ﬁstpqaﬁltfaftar RNt | ﬂfcepfa&eneaiél By oRYLes in

vitro. Mouse I's were used 1 n nost he early studies. cells

are cultu u q I | | | i1nQi:windwa! cells
i spor sed st pece 25’%%2.%% R oy et or e

li ke) wntbeehu&B%r4cen&%S%&0%t@h %eQuff%ﬁgawxatb&ngk%@h%hh@ng factor such as
| eukem a Inhibitory factor (LIF) or the |Iike, the ES cel adhere to one

anot her aearaggh9aéyeesf9hnha91% Tairda bl @ 156k, e¢CPaLYad thad &% emEBs)
which are simlar to the early enbryonal structures. It is also known that

cardi onyogghes, whilhspeet aeeaudikealrient ialteld ndaRRMAG1WFeRhta2eEBs are

cultured in suspension or in adhesion on the surface of culture devices.

[ 0008] ESiaebl adeariedyCardicemiecyaee RofRAERSdS to be useful for the
above method.
[0006] Pluripotent stem cells are defined as cells which
are capable of indefinite or long-term cell proliferation
while remaining in an undifferentiated state in an in vitro
culture, which retain normal karyotypes, and which have the
ability to differentiate into all of three germ layers
(ectoderm, mesoderm and endoderm) under appropriate
conditions. The three well-known pluripotent stem cells are
embryonic stem cells (ES cells) derived from early-stage
embryos, embryonic germ cells (EG cells) derived from
primordial germ cells at the embryonic stage, and germline
stem cells (GS cells) derived from testes immediately after
birth.
{0007] In particular, it has long been known that ES
cells can be induced to differentiate into cardiomyocytes in
vitro. Mouse ES cells were used in most of the early studies.
When ES cells are cultured in suspension culture as single
cells (individual cells dispersed with no adhesion between

cells due to enzyme treatment or the like) without the



descri bed above exhibit very simlar properties to those of inmmture

cardi onyocytes in fetal hearts (See Non-Patent Docunents 2 and 3).
Moreover, it has been confirmed from animal experinents that when ES

cel |l -derived cardionyocytes are actually transplanted into adult cardiac
tissues, they are highly effective, wth results simlar to those obtai ned
by transplantation of fetal nyocardi um (See Patent Docunent 1; Non- Patent
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differen e’rn cardi cytes 1n vi as nouse 0.
Accordi ngyif LRBREAREBAL! Beatdndl AMMITKCALRRL,Y S WS el | S not
only have the ability to beat spontanéously~but al'so express and produce
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a-actinin, troponin | an atrial natriuretic peptide F an

nyocardiabﬁéggggfgg?ihggqscription factors such as GATA-4, Nkx2.5, MEF-2c
I'tke, an

and t he rom nm croanat onm cal observati on and
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nyocytes at the fetal stage, and” could be used for

regener at g¥gcithBeaP¥bove exhibit very similar properties to those of
immature cardiomyocytes in fetal hearts (See Non-Patent
Documents 2 and 3). Moreover, it has been confirmed from
animal experiments that when ES cell-derived cardiomyocytes
are actually transplanted into adult cardiac tissues, they are
highly effective, with results similar to those obtained by
transplantation of fetal myocardium (See Patent Document 1;
Non-Patent Document 4).
[0009] In 1995, Thomson et al. first established ES cells
from primates (See Patent Document 2; Non-Patent Document 5),
and thus the regeneration therapy using pluripotent stem cell-
derived cardiomyocytes has become realistic. Subsequently
they also succeeded in isolating and establishing human ES
cell lines from early human embryos (See Non-Patent
Document 6). Moreover, Gearhart et al. established human EG
cell lines from human primordial germ cells (See Non-Patent
Document 7; Patent Document 3).
[0010] Kehat et al. (See Non-Patent Document 8) and Xu et

al. (See Patent Document 4; Non-Patent Document 9) have



[ 0011] However, one serious problemremains to be elucidated to use

pl uri potent stem cell-derived cardi omyocytes for cell transplantation

t herapy and ot her purposes. When EBs are forned fromES cells or EG cells
hy conventional nethods, not only cardi onyocytes, but al so other types of
differentiated cells, such as blood cetl$,-vascular cells, neural cells,

I ntestinal cells, bone and cartilage cells and the like, are devel oped.

Mor eover, $8r9£§p9ﬂ5toﬂuﬁ£n Es; gout é f%ﬁ%egiqung ntiated cel

populatlon S no [0012]
Vethods ofalaobibb00tat! ynCaidkaMyacyheast! 8E) Be1TLXEURC B! ﬁte§¢§a{éyds of

cells include Ing an artrficra |cat|on to cel

genes, copleeaLag regugtgeseatgt 8&8%8508591€é8r%§8hoﬂum§HdE§°EL§§Ei“9

cells having the properties o nyocytes Or precursor ce er eof .

For exanpﬁgt 9%1&”BEOQUEh89a619§99 ¢8Spehtes BH%Qb@ogslgfbﬁ¥p5§§6'”g a

neomycin ((418) Tesistance gene under the ntro e a-nyosi n heavy

chain pro@?ﬁ?ésb“&ﬁd”ﬁﬂé&ug§ mysbh§dlﬁnegseeaelelPrsee&ﬁéegﬁehes§

est abli shed a systemin those ES cells cou only survive in medi um

to which m§8§§nhﬁéabﬁeanadﬂﬁgh%heﬂathey dLbEe5RRh akedpbhia §ahdhonyocytes
and expressed the a-nyosin heavy chain gene (See Patent Docunent 1,

Non- Patenat£@3mnﬁatrﬂhre99%6?épﬁ@ae (alp§a8ar agbshaBiatekpacighect ed by
this method were confirnmed 0 be cardi onyocytes. However, al though the

purity ofttaﬁsceaﬁdteﬁyea&teisl§uentagnahrAhughNkﬁzthlSME?tbedanah@hélnal
nunber of cardi onyocytes obtained is only a few percent of the total cel

count, makirg,i hndi ftbmuhicteanbtamicanodsbeaiatibs aflfi cardi onyocytes for

transplantation. [0013] Xu et al. have reported that when human ES cells

are treatglledttbphysiatyylidhaleanbhgsper ¢&énhpgeaek thapomhB8y retain the
properties of immature cardiomyocytes at the fetal stage, and
could be used for regenerative therapy.
[0011] However, one serious problem remains to be
elucidated to use pluripotent stem cell-derived cardiomyocytes
for cell transplantation therapy and other purposes. When EBs
are formed from ES cells or EG cells by conventional methods,
not only cardiomyocytes, but also other types of
differentiated cells, such as blood cells, vascular cells,
neural cells, intestinal cells, bone and cartilage cells and
the like, are developed. Moreover, the proportion of
cardiomyocytes in these differentiated cell population is not
so high, only about 5% to 20% of the total.
[0012] Methods of isolating only cardiomyocytes from a
mixture of various kinds of cells include a method of adding
an artificial modification to the ES cell genes, conferring
drug resistance or ectopic expression, and collecting cells

having the properties of cardiomyocytes or precursor cells

thereof. For example, by introducing a gene cassette capable



| -positive cells (candi date cardi omyocytes) in EBs rises from 15%to 44%
(See Non-Patent Docunent 9), but even in this nethod the percentage of

cardi onyocytes in EBs does not exceed 50% Moreover, 5-azacytidine is a
denmet hyl ation agent that alters the expression of genes by renoving nethyl
groups bound to DNA, and because it aet& directly on the chronosones, it is
not a suitable drug for preparing cells for cell transplantation. [0014]
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Non- Pat enbofPERTeRE Hik o ARRALN featisloban NORBTESNy (OOCHBRAL 1Y), TR
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I nduce cardiomyocyte differentiation. wever, cardionyocyte- specific or

sel ectiveggigfgh@nbbahi aaqBaswheh ReeY aghireyedtiwikd 3R¥of these methods.
Recently, the research group including the inventors has shown that when ES

cel I s arecatyaBmy8ByEst aaal edprekied BNR anhgdeinShealhyl (BaAM! igdhlkon into
cardi onyocytes can be induced nore efficiently and seléctively than in

conventi opgbenphbefds HBaLABHhtDRGUNBAL PatentODOBAMER @ICUNBYE dF)mot015]
(2) Functional roles of Wit proteins during differentiation and devel opnent

of cardi oggogylgsréi spaateicBilsWiiedBcted HYCHALEI heRhodCwTe @bBFIRMBAr S
of a protein famly group whose presence is widely found not only in
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i nsects, and their gene famly is known
cardiomyocytes is extremely high in this method, the final
number of cardiomyocytes obtained is only a few percent of the
total cell count, making it difficult to obtain enough amounts
of cardiomyocytes for transplantation.
[0013] Xu et al. have reported that when human ES cells
are treated with 5-azacytidine, the percentage of troponin
I-positive cells (candidate cardiomyocytes) in EBs rises from
15% to 44% (See Non-Patent Document 9), but even in this
method the percentage of cardiomyocytes in EBs does not exceed
50%. Moreover, 5-azacytidine is a demethylation agent that
alters the expression of genes by removing methyl groups bound
to DNA, and because it acts directly on the chromosomes, it is
not a suitable drug for preparing cells for cell
transplantation.
[0014] Other methods for producing cardiomyocytes more
efficiently from ES cells include, in the case of mouse ES
cells, addition of retinoic acid (See Non-Patent Document 10),

ascorbic acid (See Non-Patent Document 11), TGFf, BMP-2 (See

Non-Patent Document 12), PDGF (See Non-Patent Document 13) and



to have many nol ecul ar speci es (Non-Patent Docunents 18 and 19). For
exanple, 19 Wit genes (Wht-1, 2, 2b/13, 3, 3a, 4, 5a, 5b, 6, 7a, 7b, 8a,

8b, 9a, 9b, 10a, 10b, 11, 16) have been identified in humans and mce so
far. Wit proteins encoded by these Wit genes have different tissue
specificity, but are structurally sintlar-to each other. [0016] Wen Wt
proteins contribute as ligands to the intracellular signaling systens, they

pind Lo thenSENRLA érgaégEﬁBﬁaﬁstEﬁkzskgqmgﬁgr@hga5§§rtegg&ﬁ&h%t%9 as _Fzd)

famly o rec ptors esent on the ce ere are several

pat hways 26L1gs0opgaLEEON BkybLl GBEEREE tro3)d(5hE NBALpatRher pal vy i

I nhi bition of 3-catenin phosp orylation nedl a y glycogen synthase

kinase (GS¢om&nt ! I'SS hsnabésmq sedf NOH- PR Docimedtenid) 115 Gapf ured
together with GSK- by Axin on Adenomat ous polyposis coli (APC) protein

and is ragigsy abpsshowuhaﬁearEykﬁ§5n3%8 adhepphosRbeny! abednaueat enin
under goes ubiquitination and proteasone-nedi ated degradation. [0017] On the

ot her handarademy¥¥yter @l ee8seRtdtionFZHowdrdP! ESrd By dyesel | ul ar
factor Di shevelled Is activated to capture GSK-33, whereby R-catenin is not

phosphor ykpéegf@8dorr 88REBE1YE aieeeieﬁﬁhatibhnhhbenaftBebasabﬁmev&arther
mgrates 1nto the nucleus. After mgrating into the nucleus, 3-catenin
bi nds to ky#tphahy eénhenese maehodsl/ TRecdhtIVCt e (Fes€arat t gFoupbbr evi at ed
as LEF-1/TCF) present in the nucleus to forma transcription activator
conpl ex, ihelae@yngndhei Nfflvehtapschapt showaf thatawpeh 8sneeldwchre si gnal i ng
pat hway i nvol ving accurul ati on and nuclear mgration of 3-catenin is
cal | ed therankaestlial tr¥atepawhvhyaoBMPhantagonieal, Wffezegnahitignpat hway,
and a famly of nolecul ar species (e.g., Wit-1, Wit-3a, Wit-8a) capabl e of
activati nijntbi sapdibmpyciysesr ehnr bedihdueedcmnoei efifivaently asdal so known
t hat

selectively than in conventional methods (Patent Document 5;

Non-Patent Document 17).

[0015] (2) Functional roles of Wnt proteins during

differentiation and development of cardiomyocytes

Wnt proteins, which are secretory proteins, are members
of a protein family group whose presence is widely found not
only in vertebrate animals, but also in invertebrate animals
such as nematodes and insects, and their gene family is known
to have many molecular species (Non-Patent Documents 18 and
19). For example, 19 Wnt genes (Wnt-1, 2, 2b/13, 3, 3a, 4,
5a, 5b, 6, 7a, 7b, 8a, 8b, 9%a, 9b, 10a, 10b, 11, 16) have been
identified in humans and mice so far. Wnt proteins encoded by
these Wnt genes have different tissue specificity, but are
structurally similar to each other.

[0016] When Wnt proteins contribute as ligands to the
intracellular signaling systehs, they bind to the seven-
transmembrane Frizzled (hereinafter abbreviated as Fzd) family

of receptors present on the cell membrane. There are several



activation of the canonical Wit signaling pathway is induced by treatnent
with various GSK-3p inhibitors. [0018] Wit |igands are known to activate not
only the 13-catenin pathway but al so other signaling pathways through Fzd
receptors. Such signaling pathways include the planar cell polarity (PCP)
pat hway which activates JNK (Jun N- ternBnal kinase), a kind of MAP ki nase,
and the Caz+ pathway 9 which elevates the intracellular Cat; concentration

and _act | K8} RaLOLBLanki AASASE-BAROUEN ril FREDL G oL ool | on and

t he subsequent osphol ’'pase activation Non- _
These patRuqys Bhenway! 8¢ inRIBitidasbEah- cWiknRAl BHRKPHBLyIAR6ANONI cal Wit

signaling pathways, in contrast to the canoni cal t Signaling pathway.

Wit -4 andp¥ftatdahsye ghgesgeareihetake RanWek famil)y 3pol echl ese §89aREE Of
activating such pat hways, and these Wit |igands act o inhibit the

canoni cal o¥iynti §RghkNg, Pt BAREN1h094%%ka Eui@ﬁuk@gQQhQQtﬁﬁtthEKSQEeby
nol ecul ar species of WAt protein have the ability to activate bot

canoni cal agfifl oRORdeABARItGAs PaLRPRXSs denandiapg)oprbheinyRadofistarget cells
and their differentiation stage, as well as differences in Fzd receptors

expressedrapitilg phbgphoellatedFory esrIBRE, THé-SRospBok{Dared OB A64tE&Sin
non- canoni cal Wit in commonly used assay systens such as secondary axis

f or mat i onundeXgoepuabligatitsnatibhy asdapitotdatoneymeaiiated deRHa@ati@nand

epithelial cells, whereas Wit-5a has al so been reported to induce

stabilizafoon7]of R-cohethe atlertBlahdanshéenhpWhonpactevhsybindEBoCcERES,

l.e., to activate the canonical Wit signaling pathway in ES cells

( Non- Pat emecBptomsnt adl)intr@c20lulair facttemPisheviendwd tis hetivatlededo n a

wi de variety of biological functions during devel opnent, growth and

di f f er ent captomeofsSKaBBouwheekeby, ftcateasnand vatncphesphorylated and
remains in free form within the cytoplasm and further migrates
into the nucleus. After migrating into the nucleus, fB-catenin
binds to lymphoid enhancer factor-1/T cell factor (hereinafter
abbreviated as LEF-1/TCF) present in the nucleus to form a
transcription activator complex, thereby inducing
transcription of a target gene. Such a signaling pathway
involving accumulation and nuclear migration of P-catenin is
called the "classical” Wnt pathway or the canonical Wnt
signaling pathway, and a family of molecular species (e.g.,
Wnt-1, Wnt-3a, Wnt-8a) capable of activating this pathway is
referred to as canonical Wnt. It is also known that
activation of the canonical Wnt signaling pathway is induced
by treatment with various GSK-3f inhibitors.
[0018] Wnt ligands are known to activate not only the
f-catenin pathway but also other signaling pathways through
Fzd receptors. Such signaling pathways include the planar

cell polarity (PCP) pathway which activates JNK (Jun N-

terminal kinase), a kind of MAP kinase, and the Ca?' pathway



Car di omyocytes develop froma part of the |ateral plate nesodermat the
earlry stage of devel opnent, and then repeatedly divide and growto forma
heart. The presence or absence of Wit signals plays an inportant role in
this 10 process, as denonstrated in several cases. By way of example, in
the early stage of avian or Xenopus | aevPs-devel opnent, ectopic and/or
forced expression of the Wit-3a or Wit-8a gene which activates the

| h b |
(Ron- Pat ot Epcteedr 89, Pk 18 trEp gl el Y SRt ol et "
antagon'Séétlégtgs’FEB%anEKKnAEe“@'Qﬂrghaﬂ E91M€Eléago? Ypeida to inhibit

its signaling pronote heart formation, this suggestin canoni cal Wt

signal s a&éti@atﬂ@hbhﬁd”!ﬁéaﬁdbgbqqéﬁ%|BHHEBholleQQZE Set&bstgeﬂtrary,
activation of non-canonical Wit Signaling pathmays whi ch ant agoni ze

canoni cal (¥ - ﬁasaﬁksDbéum&ﬂegn1boaaasnbbvelwnéaé ﬁ?&oﬁfgnéafﬂgd
dlfferentlatlon of cardionyocytes. Pandur et al at ent Docunent 24)

have showhohbaia¥¥ticdi- whhehpaehwa§gearnaanceaaahsablpWBQwaxgnaWhhaout
activating the canonical pathway is a factor essential for heart

developHEEAthﬁa%@nOQHSCbaefagt tbetnaf tahontiBal pheNBligRalehgephtAlaWit - 11
has al so been confirmed in nyocardial differentiation-inducing systens for

nouse ES wetls afllownPalienhabecueent réppraed hvmpe wascighailgnmetbehiak
precursor cells (Non-Patent Docunent 26). As to activation of non-canoni cal

Wit si gnatapgbpet b¥asstrivhtiagakachkpavhwhiat, aadr dhesgowytesdigandbeatnduced
to differentiate fromcells of tongue tissue (Patent Docunment 6). [0023] On
t he ot her thannhibmki khet banahdvalcWaes sighailsngkpawvhwhlat acti vati on of the
canoni cal Wit signaling pathway acts to pronote nyocardial differentiation
from enbryoaig] It should be noted that some molecular species of
Wnt protein have the ability to activate both canonical and
non-canonical pathways, depending on the type of target cells
and their differentiation stage, as well as differences in Fzd
receptors expressed in the target cells. For example, Wnt-5a
is known to act as non-canonical Wnt in commonly used assay
systems such as secondary axis formation in Xenopus laevis
embryos and carcinogenesis of mammary gland epithelial cells,
whereas Wnt-5a has also been reported to induce stabilization
of f-catenin and its transcription activity in ES cells, i.e.,
to activate the canonical Wnt signaling pathway in ES cells
(Non-Patent Document 21).
[0020] Wnt proteins are known to be involved in a wide
variety of biological functions during development, growth and
differentiation of various cells, tissues and cancers.
Cardiomyocytes develop from a part of the lateral plate
mesoderm at the early stage of development, and then

repeatedly divide and grow to form a heart. The presence or

absence of Wnt signals plays an important role in this



carcinoma cells (EC cells). P19CL6 cells, a subline of - 11 P19 cells which
are .a kind of EC cells, have the property of differentiating into

cardi onyocytes under stinulation with dinmethyl sulfoxide (DVSO. Wen

Wit -3a or Wit-8 was added to nedium Pl19CL6 cells were pronoted to
differentiate into cardionyocytes as -(3-&katenin was stabilized (Non-Patent
Docurment 27). In this system it is also shown that the time period

ffici t [ t
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charact erist i BatiyabligeShe hiahootNgsRcRhsEaeehlss ablell hchliey can be

I nduced to erentiate”into car |onyocyte neur ons. ver, P19 cel
lines do ee£oB§¥eaaa¢o§brbkegdtexgkaggasﬁtb%t%hbnwata3ava&'ﬁax gk gghbs or
the ability to formchinmeras, unlik Mor eover, P19 ceII I'1 nes
greatly dijfhfieh BEQHVE@eQeEhé chﬂoh@&%& WBtC%Egn%HEB %a%ﬁ%% rs, expressed
genes and so on. Nanely, P19 cell lines may Dbe use as a nDdeI system f or
ES cell's sRgaeEiahAteyPenhiBALS. hBHEtd@orRhtabhaY Rohavratkhe sanme
characterlsglcs as ES cells. Thus, it was not possible to predict, based on

scientifipoatmEAds, 2phghhen3yhe flndlngs obtained in this experinental
systemcould be directly extrapolated to nyocardial differentiation-inducing

systems f{o02ES cel | soRnehot befiep! Hah@Ot €L cl oA CRAE SantgSRIsBRecently, in
experinmental systens using nouse ES cells, Wht-3a protein, a nenber of

canoni cal (¥hy. ,hegzbgeDkkrapowheéadht bipaowot @nftyGaabdi #ntdighlf ebeahhdabién from

ES cells when added for 3 days after initiation of differentiation

i nduct i oni¢bakstignAleéhgapromd8ehhAamtalf olifr@ttiiog ,ofthuse shiggebtliagultaatBi ol ogy

Soci ety of Japan, 2005.12.7 to 2005.12. 10,
canonical Wnt signals act to inhibit myocardial development.
[0022] On the contrary, activation of non-canonical Wnt
signaling pathways which antagonize canonical Wnt signals is
known to positively induce development and differentiation of
cardiomyocytes. Pandur et al. (Non-Patent Document 24) have
shown that Wnt-11 which activates non-canonical pathways
without activating the canonical pathway is a factor essential
for heart development in Xenopus laevis. Thereafter, the
promoting effect of Wnt-11 has also been confirmed in
myocardial differentiation-inducing systems for mouse ES cells
(Non-Patent Document 25) and human vascular endothelial
precursor cells (Non-Patent Document 26). As to activation of
non-canonical Wnt signaling pathways, it is also known that
cardiomyocytes can be induced to differentiate from cells of
tongue tissue (Patent Document 6).
[0023] On the other hand, unlike the above cases, it is
known that activation of the canonical Wnt signaling pathway

acts to promote myocardial differentiation from embryonic

carcinoma cells (EC cells). P19CL6 cells, a subline of



Hakat a, Japan; Non-Patent Docunent 30). However, simlar studies carried
out -by us have indicated that there is no significant pronoting effect on
differentiation (Exanple 2), and other research groups have al so reported
that treatnent of nouse ES cells with Wit-3a produces no particularly
significant effect on induction of nyoecdrldi-al differentiation (Non-Patent
Docunment 25) or produces an inhibitory effect on nmnyocardial differentiation

Wt by CHOSER 8RRy BER B King: PFcPenébadrone?antEe eEPbErss Siner”

ot oo hadBEEREBLLabr P eneht Por > PRACERETHTE.ARGER: <*GrPPardth Hibh “pat ent

é';%;zg‘go&“g%%’?ﬁp%%%ﬁ%n e ?Dﬁéé’%i“{hg?t“ﬁﬂ* SFotE s 2 et BT
eRTLRN! PPEUCREI P YOPOORLAATEAR ¢palshieePRGHTRAL Gned

2005- 2241 tent cunent 1 oonpaa I ence, 264: 98,

1994 Non- t VA, et a B vel opnent ,
44 41, 19§§£§Q8mg§t gFEDggu N@LE%EYH ?geseéglégggp @Néﬁ}g%Fggﬁon Resear ch,

75: 233, lﬁaéuheﬂtPébgnt fPCtW@Qtﬁ% stdhU0i M5 8tado, sﬂewﬁneﬁaefthéltﬂm&a'
| nvestigation, 98:21 1996 13 n- Pat ent Docunent 5. Thonson JA et al .,

Proceedingéread Eh@fkeaéﬁaakOECWQ%nbrete§ﬁlsaag%lea e Uphygd States of
Anerica, 92: 7844, 1995 Non-Patent Docunent 6: Thonson JA et "al., Science,

immediately after induction of differentiation (Non-Patent
Document 28).

{0024] P19 cell lines have characteristics partially
similar to those of ES cells in that they can be induced to
differentiate into cardiomyocytes and neurons. However,

P19 cell lines do not have the ability to differentiate into a
variety of cells or the ability to form chimeras, unlike ES
cells. Moreover, P19 cell lines greatly differ from ES cells
in terms of cell surface markers, expressed genes and so on.
Namely, P19 cell lines may be used as a model system for

ES cells in certain experiments, but do not always have the
same characteristics as ES cells. Thus, it was not possible
to predict, based on scientific grounds, whether the findings
obtained in this experimental system could be directly
extrapolated to myocardial differentiation-inducing systems
for ES cells and other pluripotent stem cells.

[0025] Recently, in experimental systems using mouse

ES cells, Wnt-3a protein, a member of canonical Wnt, has been
reported to promote myocardial differentiation from ES cells
when added for 3 days after initiation of differentiation

induction (Naito A et al., 28th Annual Meeting of the



282: 1145, 1998 Non-Patent Docunent 7: Shanblott M et al., Proceedings of

t he-Nati onal Acadeny of Sciences of the United States of Anerica, 95: 13726,
1998 Non- Patent Docunent 8: Kehat | et al., Journal of dinica
hnvestigation, 108:407, 2001 Non-Patent Docunent 9: Xu Cet al., Crculation
Research, 91:501, 2002 Non-Patent Documdrt -10: Wbus AM et al., Journal of
Mol ecul ar and cel l ul ar Cardi ol ogy, 29: 1525, 1997 Non-Patent Docunent 11:

EZ‘EEQ?SE'%%@%uf‘ah%?%i§§'¥,?%éf‘??etxﬁo%zsé%%%aoég%Wﬁgﬁaﬁae%%ﬁiﬁ‘sﬁ?éﬁz:

Dounent HafetAn; s cBYPPAYLAE BBSARCR aﬁgeg@%wg\g%éaggfmgg%gm

Non- Pat enf® B@%ﬁ%ﬁ%fﬁeas@ﬁﬁrbﬁ? 6 Ry ThipcsfelCifat thBreits 07005 Lo02

Non- Pat eng ; ffﬂgaﬁtlgro%39§ e?%eé% Nat #EEreRt 9LEEBRO) RY 3: 897, 2005
hﬂ CEP sear ch, ?g §8 §88§ hg

14 Non- Patént Docunent sse Re n- Pat ent

Courur i Mg i sBurEroni ko 355 by RS by Erkarpelonuiet
Hao J et fbuse B¥ELEPTEBNL2kh Wnt-3a produces no particularly

significant effect on induction of myocardial differentiation
(Non-Patent Document 25) or produces an inhibitory effect on
myocardial differentiation (Non-Patent Document 29). Namely,
it is not clear how activated canonical Wnt pathway caused on
myocardial differentiation from ES cells or other pluripotent
stem cells. Under these circumstances, no optimum culture
method has been established for inducing myocardial
differentiation.
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MEANS FOR SOLVI NG THE PROBLEMS [0027] As the stemcell source for preparing
cardi onyocytes, the inventors used pluripotent stemcells, especially ES
cells, which were nost conmonly used, and as a result of extensive research
knto the conditions for inducing differentiation into cardi onyocytes or
precursor cells thereof, they nade the Ipresent invention when they

di scovered that when a substance that pronotes activation of the canonical

Wat signaling p W rei fe tg as_. Wit _signal ing.
activator™") masﬁégggétéggtEégﬁééﬁén$50rﬁﬁ§gg RCe?F%ﬂn,eF%??PﬁCtgg'gPage of
culture, pggylations of cells having beating ability which were identified

as cardionyocytes were devel oped much nore selectively and efficiently than

in comonly us 0 ) Phyri :+stam t be used in
the present inegﬂg?%geﬂﬁcPéggaéétcg?FS?QEEEEE?Ig'a%gbkghcgﬁFggégérived from
manmal s syghi13a§ Mhe@s nonkeys and humans, as well as all pluripotent stem

cells that are characteristically 16 simlar to ES cells. In this case,

characteristicaNonSpgkbaki bychpeh® 96k! Ruhs fetitngd i nrtehds 9k
cell-biological properties unique to ES cells, such as the presence of ES

cel | - specigkhetikil 2@ .F@kengopant i gen), the expression of ES cell-specific
genes, or the ability to produce teratomas or chinera mce. [0029] In the

present inventi RBn-PAREELtI DocuAmERkES10f HAO JURS ANce DRYL1BPARAEAS _
activation of the canonical Wit signaling pathway include various canoni cal

Wit pr ot eBAS.10gPSK2303 silnhi2piotsor s, and ot her | ow nol ecul ar wei ght conpounds
capabl e of activating the canonical Wit signaling pathway. It is also

possi bl e to useNgareateapabbeumknéctvabchgetier vananMesgktolat M5i gaakikng
pat hway, e.g., various canonical Wit
and development, 15:304, 2001
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Development, 15:316, 2001
Non-Patent Document 24: Pandur P et al., Nature,
418:636, 2002
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Non-Patent Document 26: Koyanagi M et al., Journal of
Biological Chemistry, 280:16838, 2005
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of the National Academy of Sciences of the United States of
America, 100:5834, 2003
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genes, as well as (3-catenin gene or active nmutants thereof which are
nodi-fied to delete the NNtermnal end or to replace GSK-3(3 phosphorylation
sites with unphosphorylated am no acids. [0030] In the present invention,
canoni cal Wit proteins are nenbers of the Wit fam |y protein group and are
defined as substances that bind to Fzd ¥Sam |y receptors and inhibit

GSK- 3( 3- nedi at ed phosphoryl ation of (3-catenin to thereby pronote

stabi | i zah{ 8R1,85uke- 68t BRENIRVENTESNL F@nscription activation ability.
Preferre i the present invention include, for
ex?”p'e’.ﬂﬁéBﬁEM§“&03ﬁE ¥5i.ved BQ”@HEQ&N%ENTQ@N“E" as those sharing an

am no aci nore preferably at |east 90%

Wi th thepgopggtei ns pnd; hayl rwbié@t 2B thy pred&hi Vﬂ@?ﬁéigﬁt @ﬁi n. [0031]
One feature of the present invention is that" 17 ES cells or other

pl uri pot eﬁkoﬁs% gfinéﬁrﬁaaefbeamahﬁe&mghdakk%bﬁttgﬁt%hho% Wit signaling

activator, and ile the stinulus nethod is not particularly [imted,
preferreduh8ifrePBhb9dtal pubitipbRenthetenl ke118 FRdbu %&a&b&y&egygea

canonical Wit protein, for exanple, a reconbinant protein théred

(herei nafé@fieeéﬁﬂ?daha 88lete§QBhiyNaRt AWht vAEehE! fhk cabbaliead kwtal | owi ng
a purified canonical Wit gene to be expressed. A canonical Wit protein to
be used agdgnaleng paBhRwdynJalbagsaiehacargiengbabltesdebituedelr ofp anignl s of
the sane species as that used to derive the pluripotent stem cells, but

t hose dermgeHofir andaai mekhodf fapouBéhgskhesesceals ahseehe used. In the case
of using a reconbi nant Wit protein, the culture nmediumis sterilely renoved
and repl acedneplanthtesh ardi injeentianniang bltheirechelapaes Watrgetahg n at a
concentration of 0.1 ng/nL to 500 ng/nL, preferably 1 ng/nL to 200 ng/mi,
nore prefbeabkydifeagénli to 100 ng/nL, and culture

MEANS FOR SOLVING THE PROBLEMS

[0027] As the stem cell source for preparing
cardiomyocytes, the inventors used pluripotent stem cells,
especially ES cells, which were most commonly used, and as a
result of extensive research into the conditions for inducing
differentiation into cardiomyocytes or precursor cells
thereof, they made the present invention when they discovered
that when a substance that promotes activation of the
canonical Wnt signaling pathway (hereinafter referred to as
"Wnt signaling activator”) was added to the medium during a
certain, restricted stage of culture, populations of cells
having beating ability which were identified as cardiomyocytes
were developed much more selectively and efficiently than in
commonly used methods.

[0028] Pluripotent stem cells that can be used in the
present invention include ES cells, EG cells and GS cells
derived from mammals such as mice, monkeys and humans, as well

as all pluripotent stem cells that are characteristically



is continued. [0032] GSK-313 inhibitors according to the present invention
are .defined as substances that inhibit the kinase activity of GSK-3P
protein (e.g., the ability to phosphorylate (3-catenin); and nore than
several tens of inhibitors are already known. Specific exanples include an
indirubin derivative BIO (also called @8K-30 inhibitor IX;

6- bronmoi ndi rubin 3'-oxinme), a nmaleimde derivative SB216763

(3 (24 dighl propbenit) cdy . metivds s Lade! -G it pyfale- 2.5-dione), a

phenyl - a- br ononet et one conpou

(4-dibr Oﬂ%glﬁfiQPi‘ QZSS)GEE?ggli‘sC%' dé?ghglﬁaﬁheteﬂgsgﬁ%ghi‘tS‘ioRSB&EQ?

L803-nts SO ca pepti de nhi bitor; . .
My N CKERESOERDPAE. BhiZtue TRES 8SCBERINNISuBACasC RAEPEELELh Y AYR! ERDI € rom

Cal bi oche I onol and are easy to use, this 's not a llrmtation.

[ 0033] Incélfa§5?§@fie gn§§3cgsma§kérgnwhﬁk535§)ar%huseﬂpreggﬁhh.eﬁthgum

concentration w vary greatly depending on- differences in eir

properti ese0i-6p8RRENES gehAL , t BirS thEea82n 4t tbSpReatesak¥rh@ofgkebm ne the
opti mum concentration of each conpound to be used. For exanple, in the case

of BIO ognhEReEz&7RA3ceedi um containing the GSK-3S inhibitor at a
concentration of preferably 10 nnol/L to 1 nol/L, nore preferably 50 nnol/L

to 200 nnpbobkofls usedrd O’Ehéﬂ?ﬂi‘&é@nf eDh PERIESY , L8 & UsRathS1 €9NG£ ned. The
concentration of GSK-3(3 inhibitor VIl to be added is preferably 2 nol/L to

100 nol / LsupstaniBecthaef prabbyed HBkAilkat®oROo#Olthe. ciAenieancenkrati on of
L803-nts to be added is preferably 5 nol/L to 500 nol/L, nore preferably 20

nmol /L to 2@6nam@hilpadhdayeciaeluaeevarebasabhyiodican! Whtt pra@einel,/ L. [0034]
In addition to GSK-30 inhibitors, drugs for use in inplenenting the present
i nvent i onG8Ky3peihhibibbesyl andwekthbt low molecular weight compounds
capable of activating the canonical Wnt signaling pathway. It
is also possible to use genes capable of activating the
canonical Wnt signaling pathway, e.g., various canonical Wnt
genes, as well as P-catenin gene or active mutants thereof
which are modified to delete the N-terminal end or to replace
GSK-3f phosphorylation sites with unphosphorylated amino
acids.
[0030] In the present invention, canonical Wnt proteins
are members of the Wnt family protein group and are defined as
substances that bind to Fzd family receptors and inhibit
GSK-3p-mediated phosphorylation of B-catenin to thereby
promote stabilization of f-catenin and its transcription
activation ability. Preferred canonical Wnt proteins in the
present invention include, for example, Wnt-1l, Wnt-3a, Wnt-5a
and Wnt-8a, as well as those sharing an amino acid sequence
homology of at least 80%, more preferably at least 90% with

these proteins and having the ability to activate f-catenin.

[0031] One feature of the present invention is that



conmpounds that pronote activation of the canonical Wit signaling pathway
(hereinafter referred to as "Wht agonists"). Preferred exanples include an
am nopyri m di ne derivative

(2-am no-4-[ 3, 4- (net hyl enedi oxy) benzyl - am no] - 6- ( 3-

met hoxyphenyl ) - pyri m di ne; Cal bi ochem- (7 v et al., Angew. Chem Int. Ed.
Engl. 44:1987, 2005). In the case of using such a Wit agonist, nedium

i ni h . / /L,
or of or abl §5 106 EEI ?Ego?hg%oﬁiﬂﬁﬁpﬁﬁncﬁg%r&gél 8P LR LA eSO mARSARES 200 nmoi /L
[ d1 I . 035] Th
timing of STHICER BRI PREhaR, POE Br o afachr t hBh 0B BBRe PR e Boecd on the
expr essi OQFm@isgnaeeﬁo afboHS: aReRCadL 0! 19R0esaduplag dihenenti ation

in pluripote em ce Is for e ini resent i nventi on.

More speghihga! b¥ ¢ ghggﬁggaeEBeSEe&ugehh mgaﬁuhnguﬁ%glhgggdggpgecpgga&e in

a routine nmanner, are extracte romthne sanp

per i od! caghy PoR8 ehyz oghexaﬁgmeesa'eg%bﬁé%hanefP¥8Egeﬂstﬁa986'Ca' wit

genes by stan t echni ques such as ol nt at ich the

eXDreSSIO@héfgfhéfeértbgfe99ealea' @hﬁrgeeﬁslﬁaﬁtswaelhg g&hy el evat ed

after induction of differentiation when conpare erenti at ed

plurlpoteagtéiﬁghceylﬁlnéwgﬁP aeguéif&ea ca Heﬁaegloﬁn%lggﬁee@owﬂe gene
expression.” Although a single canonical Wit gene nmay be used for analysis,

pr ef er abl ¥xp¥Bs9EA . K Ecak®t £cPI GFRF 3PFYtd 1 e€o Ohe NREEG IBRNE@Sa ag&ndesi 1 ed.
[0036] In inplenenting the present invention, pluripotent stemcells are

cul tured eﬂcaaﬂhgntﬁenhamelagenprwﬁbrabmyahb@mveacEruﬁtahlﬂaubnaftbﬁetlWe
period between imediately after initiation of culture for inducing

myocar di akaflef §peentsahs08ha8ndséd liouderhokothet peupepbednel seemvat ed Wit
gene expression determ ned as descri bed above. The pluripotent stemcells
are cells, but those derived from animals of another species can
also be used. In the case of using a recombinant Wnt protein,
the culture medium is sterilely removed and replaced with
fresh medium containing the recombinant Wnt protein at a
concentration of 0.1 ng/mL to 500 ng/mL, preferably 1 ng/mL to
200 ng/mL, more preferably 10 ng/mL to 100 ng/mL, and culture
is continued.
[0032] GSK-3p inhibitors according to the present
invention are defined as substances that inhibit the kinase
activity of GSK-3f protein (e.g., the ability to phosphorylate
f-catenin); and more than several tens of inhibitors are
already known. Specific examples include an indirubin
derivative BIO (also called GSK-3f inhibitor IX;
6-bromoindirubin 3'-oxime), a maleimide derivative SB216763
(3-(2,4-dichlorophenyl)-4-(1-methyl-1H-indol-3-yl)-1H-pyrrole-
2,5-dione), a phenyl-oa-bromomethylketone compound GSK-3f3
inhibitor VII (4-dibromoacetophenone), and a cell -permeable

phosphorylated peptide L803-mts (also called GSK-3f peptide



further cultured in nmediumcontaining a Wit signaling activator preferably
for-24 to 96 hours, nore preferably for 48 to 72 hours, starting froma
time point of 24 to O hours before, preferably 24 hours before the period
of elevated Wit gene expression determ ned as descri bed above. It should be
noted that the time period during which ithe cells are treated 20 with a Wt
signaling activator may vary to obtain an optimum period (hours), depending

di ff N diti h [ f | mal whi ch I
fo be et aF! Ba= N RREAYBAPERSE N no TiP Tt CMEUnARI B the type
f wit si ing . ' A d 7 ' t derived f ES
cell's or SPRmeEE oy, A SBad Al Cog B AR el SR R B o828 4n be
further CQBIﬁggedPuksghggeqﬁaﬂgtpgrh&hqqaggggnomm nmet hods to efficiently
' yp

obtain large quantities of ghl ure  cardi omyocytes. The cardi omyocytes

thus obtayggdajre nepsigaler LRLPE! ko a8kcHILAMOEYLES SLEPALE.

according to the present I nvention. onyocytes prepare

accordingtﬁeﬁkhssﬁ&ﬁﬁﬁpeonbe %gﬁﬁﬁgna&%lqeUaﬁgMnyqu§h§%ggnhaﬁ

Ig. Ol
nor phol ogi ca ysi ol ogi ca r i mmunocytol ogi cal racteristics of

car di orryoaxkeareheehesaﬁs tﬂteiehgi-bgte,%iig%' oFNUofpoun@LLNOE Yok ggL cal

characteristics, ce prepared according to the present 1nvention may

eXpress opga@bn0iE HBI KelesEReY ftio delteridndl ML GHS Rt icoh caht raggdeani zed
as cardi omyocytes, but this is'not alimtation. [0039] Moreover,

car di onmyog¥t @achr @BADLBUNACEY BeNtisled .t hPorPERaRPlel, NYRNELENC538 BE HEEd iN
nmet hods of screening intended to identify potential chenotherapy drugs or

novel facber $B2We6l , Pmedium (con taananeprerl cski-fIperantiblttioenatr agener ati on,

survival and the l|ike of cardi onyocytes.
concentration of preferably 10 nmol/L to 1 umol/L, more
preferably 50 nmol/L to 200 nmol/L is used for medium
replacement, and culture is continued. The concentration of
GSK-3p inhibitor VII to be added is preferably 2 pmol/L to
100 pmol/L, and more preferably 5 pmol/L to 20 pumol/L. The
concentration of L803-mts to be added is preferably 5 pmol/L
to 500 umol/L, more preferably 20 umol/L to 200 pmol/L, and
even more preferably 25 pymol/L to 200 umol/L.
[0034] In addition to GSK-3f inhibitors, drugs for use in
implementing the present invention may be low molecular weight
compounds that promote activation of the canonical Wnt
signaling pathway (hereinafter referred to as "Wnt agonists”).
Preferred examples include an aminopyrimidine derivative
(2-amino-4-[3,4-(methylenedioxy)benzyl-amino]-6-(3-
methoxyphenyl) -pyrimidine; Calbiochem) (Liu et al., Angew.
Chem. Int. Ed. Engl. 44:1987, 2005). In the case of using
such a Wnt agonist, medium containing the Wnt agonist at a

concentration of 1 nmol/L to 1000 nmol/L, preferably 10 nmol/L

to 500 nmol/L, more preferably 50 nmol/L to 200 nmol/L is used



[ 0040] Further, cardionyocytes prepared according to the present invention
can+be used in nethods for treating hearts suffering from cardiac

di sorders. - 21 [0041] Nanely, the present invention relates to, but is

not limted to, the following. (1) A nmethod for inducing differentiation of
cardi omyocytes from pluripotent stem-cdl®l s, which conprises: i) culturing
the pluripotent stemcells in a culture medium containing no substance that

promotes AGH ¥a&1aR PlpidCemEANONLAR! ciiitu2b0na! oG PARDYAY during the Lime
i f

period between Initra |on 0 erentiation i nduction and 24 hours before

the periofy@ts ¢l evat e, & anQRi Rl o £Min 1 SEG PAPE RS SA QP v Ak tﬁe&fbé pgul turing

the pluripotent stemcells ina culture ™Tedi umcontalning a stance t hat

pronot es @ghi ¥at §&PefhihbE b&@@&nbﬁakhghéxﬁkggéhbﬂgpaﬁiéﬁﬁ¥ gEr{y89:i8uki me
period of 24 to 96 hours, starting from24 to O hours before the period of

el evated canonical WHt genescdRreasi emffézénwstmshh% BE6LLHLPENt Ostdsh
above, wherein the pluripotent stemcells are cultured in a culture nmedi um

cont ai ni nge 1§ UBSE 2HEE iﬁaim?l@ﬂ@h@inécihéaﬁtégeﬁf: ihoene 28RN QRdra\t
signaling pathway, starting from24 hours before the period of elevated

canoni cal sy¥Ei BeBLLB¥Pr g36E2Potént dbemnBENDY aceoOifingesiotdl) or (2) above,
wherein the pluripotent stemcells are cultured in a culture nmedi um

cont ai ni ngipreHest A€ ihak PboERhESmasherat bl MRNABeareasRorsateint
signaling pathway during a tinme period of 48 to 72 hours. (4) The method

accor di ngfteématye osempieé l¢olDetBedaporeodivhelei Bot ARatitbet BRee t hat

pronotes activation of the canonical Wit signaling pathway is a substance

sel ect ed éxpresshengleuplsoasi sariguef canoanocal cuht\Wsenpsobei 8tand&b&3! 3
techniques such as RT-PCR. A time point at which the
expression levels of the canonical Wnt genes are significantly
elevated after induction of differentiation when compared to
undifferentiated pluripotent stem cells is defined as the
"period of elevated Wnt gene expression.” Although a single
canonical Wnt gene may be used for analysis, preferably two or
more, more preferably three or more genes are desired.
[0036] In implementing the present invention, pluripotent
stem cells are cultured in medium containing no Wnt signaling
activator during the time period between immediately after
initiation of culture for inducing myocardial differentiation
and 24 hours before the period of elevated Wnt gene expression
determined as described above. The pluripotent stem cells are
further cultured in medium containing a Wnt signaling
activator preferably for 24 to 96 hours, more preferably for
48 to 72 hours, starting from a time point of 24 to 0 hours
before, preferably 24 hours before the period of elevated Wnt

gene expression determined as described above. It should be

noted that the time period during which the cells are treated



22 - inhibitor and a Wit agonist. (5) The nethod according to (4) above,
wher-ei n the substance that pronotes activation of the canonical Wit
signaling pathway is a canonical Wt protein. (6) The method according to
(-5) above, wherein the canonical Wht protein is at |east one Wit protein
selected fromthe group consisting of- abt-1, Wit-3a and Wit-5a. (7) The
nmet hod according to (5) or (6) above, wherein the concentration of the

The. et htt 22 c%r@‘%‘ﬁégfén?;jcg%g%t%gﬁgfeﬁ“ﬂyt kePxubl Aieatn: Aa opr SfigFos |
The mot hoeeieed ShagEel (dredfde b oaR pEP e PRRCHRYah oPnirbipar Puth: SFeast
B03- “m“'sb*%%ﬂ%%%%ﬁ%ff%%%%f ﬁg’@”?hlgﬁxé%%‘9°(§a§§$§g REPHaBt ket o ng
ETEFEELLthrl‘eeg)neiEﬂ?%x?fs“—“@Si??%%f‘?t? G880 o £7e 8, cRARSE R NES W
5 fﬁglé&¥1958éﬁ0ﬁ E ng ghmol /L to 1 Funol/L for 88216763 or

10 nnol / L5t IX (BIO. (11) The nethod according

to (4) abpc\ylg 37 pher ei rt&%&%@ﬂ&f aém} @r@fmﬁeés?%jjygtap%

canoni cal t signaling pathwa a Wit agoni st he net od accordlng

to (11) [ e o] t r e ryyative.
(55§ The ERIBIHERE, Srilicclils s90mh ok B AR ORON it e bl

concent r a4 penef w@léﬂeteagouéhtedt BRACPLEVESeBRBY URhbIN ﬂaeﬂﬁ@hé'—téo 1000

efficiently obtain large quantities of highly pure
cardiomyocytes. The cardiomyocytes thus obtained are
hereinafter referred to as cardiomyocytes prepared according
to the present invention.

[0038] Cardiomyocytes prepared according to the present
invention are cells which exhibit the morphological,
physiological and/or immunocytological characteristics of
cardiomyocytes. In terms of physiological and/or
immunocytological characteristics, cells prepared according to
the present invention may express one or more markers specific
to cardiomyocytes which are recognized as cardiomyocytes, but
this is not a limitation.

[0039] Moreover, cardiomyocytes prepared according to the
present invention can be used in methods of screening intended
to identify potential chemotherapy drugs or novel factors
which promote the development, differentiation, regeneration,
survival and the like of cardiomyocytes.

[0040] Further, cardiomyocytes prepared according to the
present invention can be used in methods for treating hearts

suffering from cardiac disorders.



(14) The nmethod according to any one of (1) to (13) above, wherein the
pluripotent stemcells are enbryonic stemcells, enbryonic germcells or
germine stemcells. (15) The nethod according to (14) above, wherein the
pluripotent stemcells are enbryonic stemcells. (16) The nethod according
to (14) or (15) above, wherein the plwuripatent stemcells are of human
origin. ADVANTAGES OF THE | NVENTI ON [ 0042] Myocardi al precursor cells and
cardlonyocgtes can be very efficiently and sel ectively produced from ES

celI's andl08fhér pIurWTmﬁ t SReRTLTERt Lt VRP then nEehake S t@ heP bk ek®nt

invention. Cardio C recur cells prepared by the nethod of the
present iR9EN Fﬂﬁg%a ¥ %B@d% 6igg PFEh for and develop effective drugs for

L1 anspl ant & ionf'trﬁ%%iw B Rl e g e
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i nducti on erentiation In I'nth igure-are defined

as fo"Ow@hgcpsgishr8keaieva@gaeegﬁgngegﬂan%obeﬂesg§g£8§518h9rQha theat ed

group, sol
ii) culturing the pluripotent stem cells in a culture

medium containing a substance that promotes activation of the
canonical Wnt signaling pathway during a time period of 24 to
96 hours, starting from 24 to 0 hours before the period of
elevated canonical Wnt gene expression.

(2) The method according to (1) above, wherein the
pluripotent stem cells are cultured in a culture medium
containing a substance that promotes activation of the
canonical Wnt signaling pathway, starting from 24 hours before
the period of elevated canonical Wnt gene expression.

(3) The method according to (1) or (2) above, wherein the
pluripotent stem cells are cultured in a culture medium
containing a substance that promotes activation of the
canonical Wnt signaling pathway during a time period of 48 to
72 hours.

(4) The method according to any one of (1) to (3) above,
wherein the substance that promotes activation of the
canonical Wnt signaling pathway is a substance selected from

the group consisting of a canonical Wnt protein, a GSK3f



triangles: DAN-treated group. The vertical axis represents the relative
rati-o of expression |l evels between the Wit gene and the GAPDH gene used as
an internal standard. Likew se, an asterisk (*) denotes a tinme point at

whi ch the expression |evel of the Wit gene was significantly el evated as
conpared to undifferentiated ES cells. Z2ZFi-gure 1C] Figure 1C shows changes
in Wit gene expression during induction of differentiation in ES cells.

Synbols ip the.figure.are fined. follows. Open circles: untreated
group, so%P%l§hﬁaregsdc%ongn??§§é?§d group, solid triangles: DAN-treated

oo ThFaYer A8 nevhia! FRESEANAS thrte) HBVLS JRLERSR!SFACEERTLRcL v

bet ween t Wit " 'gene n n as"an‘rnterna

Likewi se.20: ARbABLSK GckiUSROLES oR thEPCHRRALCAL WALCBibhg ¢xaression

| evel of ene was signiticantly e as conp

undifferegg{g?gg §§_gegégonggggugﬁgié%PE%gH[e 2A shows the effect on the

appear anc eating S cause erences in the timng of adding a

reconbina@&%X%tTﬂéomékﬂoaoaecsyhiﬂgetaeﬁsvnabLELg;&§?§§ nFEHHrEaﬁgnEQQY§ the

effect on't appearance of beating EBs caused erences 1 n the timng

of addi ngyar peELERHN2R! AWl ALt BhE WAtapeHkEYhe sBRAiHRY EFoRUtRe3Al Figure
3A shows cardionyocyte-specific 25 marker gene expression i1 n beating EBs

whi ch appgapgfl abh8istingueki gatafl  diwhkenanthat war-sa ES cells. The verti cal
axis represents the ratio relative to the gene expression level in the

untreat ed(gyouprhdonethodthaeBotraifigt tbo(8) bEi g¥jcaBBleli GHER3R EHEWS
cardi onyocyte-specific marker gene expression in beating EBs which appeared

after indugtepBratighf ber enki abhhenicA1E®neeprdtelhe ivethieCahiduirs

represents the ratio relative to the gene expression level in
medium is 0.1 ng/mL to 500 ng/mL.
(8) The method according to (4) above, wherein the substance
that promotes activation of the canonical Wnt signaling
pathway is a GSK3p inhibitor.
(9) The method according to (8) above, wherein the GSK3p
inhibitor is at least one inhibitor selected from the group
consisting of GSK3f inhibitor VII, L803-mts, SB216763 and
GSK3p inhibitor IX (BIO).
(10) The method according to (8) or (9) above, wherein the
concentration of the GSK3f inhibitor in the culture medium is
2 ymol/L to 100 pmol/L for GSK3f inhibitor VII, 5 umol/L to
500 umol/L for L803-mts, 10 nmol/L to 1 umol/L for SB216763,
or 10 nmol/L to 1 umol/L for GSK3f inhibitor IX (BIO).
(11) The method according to (4) above, wherein the substance
that promotes activation of the canonical Wnt signaling
pathway is a Wnt agonist.
(12) The method according to (11]) above, wherein the Wnt
agonist is an aminopyrimidine derivative.

(13) The method according to (11) or (12) above, wherein the



the untreated group (None), which is set to 1. [Figure 3C] Figure 3C shows
cardi onyocyte-specific marker gene expression in beating EBs which appeared
after induction of differentiation in ES cells. The vertical axis
represents the ratio relative to the gene expression level in the untreated
group (None), which is set to 1. [Figwe33D] Figure 3D shows

cardi onyocyte-specific marker gene expression in beating EBs which appeared

after induction of differentiation in ES cells. The vertical axis
repr esent SORRERERRLIORePEt the WBtt REOBLRE dRpLBEsFyAtrEgemedium 8 unt reat ed

No ich t t Fi 4] Fi 4 sh
?LﬁﬂﬁoﬁlsggéﬂeﬁytgF°si85 Ol%F Ea?g?gﬁyoLyt;ggggcif?coﬁgrker proteins in
beat E i ch d ft t f dif i in ES Ils.
CFrours chief offe AREERAAcPhETiny oft apP ot ol nhpult oy shorme

f b i 5B] _F 5B th
CoRs(a | RREBRES: bR Pﬁaragégsﬁﬁnséeg¥cségﬁfﬁgeeei 2HBrge: ster Spidire sc

shows the_e fect f a_GSK i_nhi he appegar ance of beating EBs. 26
F gure SBICEPGHE 8BrEn5asleneoPPariias s egKgggﬁ P bi tor on the

sppear ance of begling. KB (LELONIECSEL gy £u5F "GheLhs ghLect of o

GSK3( 3 € appear ance I ng ure f Figure 6
shows Cha898§1 Btgﬁk(gtg gflzép%g?féggfggha ?gu%ghgg of differentiation

i n conmon ure 7 shows

d h d
émﬂﬁﬁﬁwﬁﬂﬁmﬁﬁﬂﬁgﬁwﬁﬁﬁﬁﬁﬁ?&
'nnunOh'Sb?ﬁ?@ﬁb%@htsgﬁbﬂ'eglls are of human origin.

ADVANTAGES OF THE INVENTION

[0042] Myocardial precursor cells and cardiomyocytes can
be very efficiently and selectively produced from ES cells and
other pluripotent stem cells using the method of the present
invention. Cardiomyocyte (precursor) cells prepared by the
method of the present invention can be used to search for and
develop effective drugs for treating heart disease, and could
potentially be applied to myocardial transplantation therapy
for severe heart disease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] [Figure 1A] Figure 1A shows changes in Wnt gene
expression during induction of differentiation in ES cells.
Symbols in the figure are defined as follows. Open circles:
untreated group, solid squares: Chordin-treated group, solid
triangles: DAN-treated group. The vertical axis represents
the relative ratio of expression levels between the Wnt gene
and the GAPDH gene used as an internal standard. Likewise, an
asterisk (*) denotes a time point at which the expression

level of the Wnt gene was significantly elevated as compared



of cardi omyocyte-specific marker proteins in beating EBs which appeared
after induction of differentiation in cnES cells. MODES FOR CARRYI NG QUT
THE | NVENTI ON [ 0044] Modes for carrying out the invention will be shown

bel ow, including the above effects of the present invention as well as

ot her advant ages and characteristics. -[ @845] Anyone inpl ementing the present
i nvention can consult standard references regarding methods of genetic

engi neer i g SUshe dfgy @r 8 pgy and reconbi nant DNA technol ogy, as
wel | as ordinary net S I ol ogy and prror art unl ess ot herw se

Labor at oy Nanua e‘-’f‘ﬁr‘rﬁfﬁﬁFEdi.ﬁﬂ%n-- S R o B R PP Sor g b bor

Labor at oraa;ff@s%saogowx}ln%%a@@h& 0$PC@l§féf'ell}@i§Ei'$ﬁ‘r1nbE§l 88Y1s ( Ausubel
et al., eds John Sons 87); "Methods In Enzynol ogy seri es”

(Academ oSS ;in RGR Pi@&ﬂ&oéﬁe Akt ees 4g é@if&w&,ar Rl QrciFartlett &
Striling, 27 eds. Hunana Press, 2003); "Anlnal Cul'ture: A Practi cal

Approach,uJﬂéaiteEﬂléf (Mﬁ@@quaﬂes Caﬁ@fdlyntféaﬁéaygrguﬁsSsoﬂﬂ@o) and
"Anti bodies: A Laboratory Manual " (FbrIOM/et al. & Lane, eds., Cold Spring

Har bor Labeiat@les Prisms- t2d8ted grbep ! eagrn e @it i ta%:ﬂsnrrecgﬁléséiwst ure and
cell biologica studies cited herein can be obtained from comrerci al

sources K& | el i gF@t i\ 6F | €Xpré H¥idh 0DeRé (3 BeEX wELANtRE hwnt SyéRé agene
and the |ike. [0046] Likew se, anyone inplenenting the present invention

can consudihd st (GARDH ej&ni €Neesdr £gaanli Mgt OFf tlh DA ¥and&EH0dI. fevidd, @ ture
and devel opnental and cell biological studies using pluripotent stemcells.

These i ncasideriskii () t @endeedina qtibse | poMtiset Deethptrat éxprésseonan et al .
eds., Academ c Press, 1993); "Enbryonic Stem Cell Differentiation in
level of the Wnt gene was significantly elevated as compared
to undifferentiated ES cells.
[Figure 1C] Figure 1C shows changes in Wnt gene
expression during induction of differentiation in ES cells.
Symbols in the figure are defined as follows. Open circles:
untreated group, solid squares: Chordin-treated group, solid
triangles: DAN-treated group. The vertical axis represents
the relative ratio of expression levels between the Wnt gene
and the GAPDH gene used as an internal standard. Likewise, an
asterisk (*) denotes a time point at which the expression
level of the Wnt gene was significantly elevated as compared
to undifferentiated ES cells.
[Figure 2A] Figure 2A shows the effect on the appearance
of beating EBs caused by differences in the timing of adding a
recombinant Wnt protein to a culture medium.
[Figure 2B] Figure 2B shows the effect on the appearance
of beating EBs caused by differences in the timing of adding a

recombinant Wnt protein to a culture medium.

[Figure 3A] Figure 3A shows cardiomyocyte-specific



vitro" (MV. Wles, Meth. Enzynol. 225:900, 1993); "Manipul ating the Muse
Enbryo: A |l aboratory nmanual" (Hogan et al., eds., Cold Spring Harbor
Laboratory Press, 1994); and "Enbryonic Stem Cells" (Turksen ed., Humana
Press, 2002). The reagents and kits for cell culture and devel opnental and
cell biological studies cited herein-cas be obtained from conmerci al
sources including Invitrogen/ GBCO, Sigma and the 1ike. [0047] Standard

protocol s have al so been established for p arjn subcul tyri ng and

Pt cser vi R RERG0IEE RERERSS Pr PoPEnE LFCRRBorLhaREBRRTSHAPELER (o ¢ he
by consul TPABCHEPPogE B RErEPRPEPENeh. TR PN ey cnthS PEREITRD: SRR sui o
Thomson cSBFScouEfohie S85L0 1412188 t& KRE| ppOoEarooShpBe kALl Lhacad.
Reubi nof 1t ThFEeatad SgpBPoloRky, ShnTenoas. Sasc®hnle: nai i onal Publ | cati on
o known for B RarESnndi FEGRED o8 "ehbsEcREh ny Beu ke SR LFIET Oy
(rannaccane™6f PR expEeRsapR' 1p O6ak ingolns PhicH jappidfeatitity (70 o
006, U s RRT SRR Ge A28 Rhrs gtk RTER, ofite, RUR MRS Eloal B850
(Wheel er fégﬁésen5§8$§g-r5€55iEelE@ive BoofRe &ggé;e§ﬁkgbﬁﬁgg!lEVQEOFPS or

Reprod. 57:71089, 19 According to these deScribed netho S ce

use in thenePhgeeBhtbAVERbLAN (RBReDE RhERAr ¢d 3B wged., [0048] In this
di scl osure, "cardionyocytes” include cardiac precursor cells having the
ability to becof@igure 3C] Figure 3C shows cardiomyocyte-specific
marker gene expression in beating EBs which appeared after
induction of differentiation in ES cells. The vertical axis
represents the ratio relative to the gene expression level in
the untreated group (None), which is set to 1.

[Figure 3D] Figure 3D shows cardiomyocyte-specific
marker gene expression in beating EBs which appeared after
induction of differentiation in ES cells. The vertical axis
represents the ratio relative to the gene expression level in
the untreated group (None), which is set to 1.

[Figure 4] Figure 4 shows immunohistochemical staining
of cardiomyocyte-specific marker proteins in beating EBs which
appeared after induction of differentiation in ES cells.

[Figure 5A] Figure 5A shows the effect of a GSK3§
inhibitor on the appearance of beating EBs.

[Figure 5B] Figure 5B shows the effect of a GSK3f
inhibitor on the appearance of beating EBs.

[Figure 5C] Figure 5C shows the effect of a GSK3f

inhibitor on the appearance of beating EBs.



functional cardionyocytes in the future, as well as fetal and adult

cardi onyocytes at all stages of differentiation, and are defined as cells
that can be identified by one or preferably nore than one of the follow ng
met hods using one or preferably nore than one marker or index. [0049] The
expression of various markers specific 26 -cardi onyocytes is detected by
conventional biochem cal or immunochem cal nethods. There is no particular

limt th hod, b f b i h t had h
ihﬁhnoﬁ?stoﬁheﬁféﬁﬁhg?aﬁﬁaﬁ Toyre n%E?QQ?FE%ﬁsfﬁééﬁ P% BoBSKIBI n ¢ hese
nmet hods, ker - sge0|f%ﬁ olgclonal Bodles 0@ 29 nDnocIonaI anti bodi es
can be usd¥ hﬂfEﬂ r 88c i BRPEArAPSE © % EAFLBP EBFI s or cardionyocytes.

Can be casi 1y L RerkL: €P§§%%E¥FEB%§$%ZF R oefireburtor SeRi oro & 2
di I I d ligh h :

car 0 OOk PR el BraBRATRLELYBT Belegay 3B 10Nt chal s L

Al ternatively, ﬁé nggh ﬁhﬁlggégog gﬁowgtcaggﬁygcg%aﬁhg 5 Bgd expressi on

of cardiac prec ecrfrc or car e-specCi FIrc marker genes

can a1 59 BeorSe0t HhRd. Yo" SHALSE 1bRABECHLPLRIBROLYTBRASR Shfknr Cact | On

( RT- PCR) I'zati on“analysi's i cal whi ch have

been ?0”“H9£¥0H§Ed hgnkgﬁgpggt %%&S anpl i fying, detectlng and anal yzi ng nRNA
encodi ng any nar pro i ns. € nucl ei ¢ acid sequences encodi ng marker

odi
yosin neavy anit TTORE  thet BEUPe L ERRfs Crr SaaRpoE7Ee QR CT R maRRE 7
and MEF- égénérsxakése.d;xnkmﬂweea@qnar 258" #hiehl 8ppblr@uolepubl iaadatapases

such as nBank of the National Cénter for Bio nol ogy Information
(NCBI'), apf §heraBEk€iation in cmES cells.

[Figure 8] Figure 8 shows immunohistochemical staining
of cardiomyocyte-specific marker proteins in beating EBs which
appeared after induction of differentiation in cmES cells.

MODES FOR CARRYING OUT THE INVENTION

[0044] Modes for carrying out the invention will be shown
below, including the above effects of the present invention as
well as other advantages and characteristics.

[0045] Anyone implementing the present invention can
consult standard references regarding methods of genetic
engineering such as molecular biology and recombinant DNA
technology, as well as ordinary methods of cell biology and
prior art, unless otherwise indicated. Such references
include, for example, "Molecular Cloning: A Laboratory Manual,
Third Edition” (Sambrook & Russell, Cold Spring Harbor
Laboratory Press, 2001); "Current Protocols in Molecular
biology” (Ausubel et al., eds., John Wiley & Sons, 1987);
"Methods in Enzymology series” (Academic Press); “"PCR

Protocols: Methods in Molecular Biology” (Bartlett & Striling,



speci fic sequences needed for use as prinmers or probes can be easily
determ ned. [0051] Physiol ogical indexes can also be used additionally to
confirmdifferentiation of pluripotent cells into cardi omyocytes. For
exanpl e, useful markers include spontaneous beating by cells derived from
pluripotent cells, expression of vari-ogy i-on channels and the ability to
react to el ectrophysiol ogical stinulus 30 [ 0052] The nethod of the
present |n entlon can be applied otent stemcells of any mammmual i an
origin. S- exHHipARa PRES t3883éf t 815P sERtli hydhirsn RaRrBetusad for
pIurlpote t stemce eri.ved fro , ats, .dogs, cats,
narm)setsR PpPRr@ags- n%h%ﬁg Eg %ﬁﬂﬁanghaﬁﬁFrFs Aot - BﬁFPég u 6VBFﬁFt§otent st em
cells derived fr ese_gni, cies s_of Iur potent _stemcells
avallableb?%? USgth?thgng gagﬁ58§ﬁ9§ntFOEXSHgFgBEYE 88?# 48AFICY Pfom
mammal s s as_mce nk a bhumans alre sed as
cul tured girlg Ef8853?d§péc§¥ig g?ﬁﬁBPegaSPoﬁnﬁ§8°58F°5¥d éséel 5X7¥nclude
EB3 ceIIs 1 | S 1 cel oOsSV eIIs J1 cells
and the |I%g éﬁéﬁ n§ rlvegkt% fégE Eh ?uﬁg ol aPaeCSii E Pﬁ%gﬁ}lon can
be obtain [ p e II A Chem con,
or Ceild Sgﬂéﬁggh ?FQQeE ég%gg EFO%BE?&hgﬁkg§8 |ve§rﬁ% lt f§f§§§e beent
repor e r ca a onson e
, Procaﬂﬁgﬁﬁlﬁgc gbhé glégigb2 ?@gitg§§§§¥51%§§0 85@ hbnkeys (Macaca
fascicul a e v. Dyn. 222:273, 2001) and common
narnnsetséfggtﬁggﬁg?éh?a%%%u% E?Sasakl et al., StemCells. 23:1304, 2005),

and can beoysgy.  FOILRGWPAE,; RYERS CImfTieht f§3hé! SPedénebt al ned from

invention can consult standard references regarding ordinary
methods of cell culture and developmental and cell biological
studies using pluripotent stem cells. These include "Guide to
Techniques in Mouse Development” (Wasserman et al., eds.,
Academic Press, 1993):; "Embryonic Stem Cell Differentiation in
vitro” (M.V. Wiles, Meth. Enzymol. 225:900, 1993);
"Manipulating the Mouse Embryo: A laboratory manual” (Hogan et
al., eds., Cold Spring Harbor Laboratory Press, 1994); and
"Embryonic Stem Cells” (Turksen ed., Humana Press, 2002). The
reagents and kits for cell culture and developmental and cell
biological studies cited herein can be obtained from
commercial sources including Invitrogen/GIBCO, Sigma and the
like.

[0047] Standard protocols have also been established for
preparing, subculturing and preserving mouse and human
pluripotent stem cells, and in addition to the references
cited above, the operator can use such pluripotent stem cells

by consulting various other references. Such references

include: Matsui et al., Cell 70:841, 1992; Thomson et al.,



Central Institute for Experinental Aninmals, Japan. [0055] At present, nore
than several tens of human- derived ES cell |ines have been established al
over the world. For exanple, many cell lines are registered in the |[|ist of
the US National Institutes of Health 31 - (http://stentells.nih.gov
/registry/ index.asp) and can be wused, 28hi-le these cell |ines can also be
purchased from e.qg. Cellartis, ES Cell International, or Wsconsin Al umi
Research __Foundati on. S cell lines can al so_be _obtained

fromthe @i§n1EEFF“?@@@aréhgténgép ?h@mFHEtPFu?éhﬁo§°1FP8ﬁt?é? kdi cal

S : U S Bi Co .

32'568222 LU OSBRSS BkoSh) RahentiegioHke ) pERY 35: 18326 pcen

0 Peti

el nadhet oihahblofy BS 4100, 5h P 2EhRaNpen (958 b BepBngets 1

294: 1290, 200 7 E I b hed b

cul tur nget a?)ys{*a? éag:% 568 ke’ ?a??#@gﬁriﬁﬂﬁ”ﬁg% éaii:gﬁ‘ Y rom

nucl légft PaREErakeae Sh- (ARG, 278b b ke oY e P Pt B S g6 ey ame
, S 4 303:1669, 2004).

E%rgover 8% gge a?é Zr%%orggisbsu? Q%S§EF%%BP ?olgggﬁgFeaﬁéngIFgeFFgﬁT

parthenoggn tic ?HR%é (?E#@QO ggn gen egelgg@gnkbhg ?iégg6§88quivalent

to the bl as oCys Pabli'cati on ¥rana K et

al., Procp tl P@‘iadAc§8' sHBA pdR0' 13191538k, 290451 13842 HERAANCLAL

preparing having ft genetic i'nfornation f somati ¢ cel ' nucl ei

b2 SECRET DBRRECRIES, C7klzahd ROORL) BoEshbeet! el 08h k0BGl jgne)

cell's forpyge: ALLBR ﬁ6¢5ﬁ6§9/QV63559”a@E§Hs'@ﬁkﬁﬂeet al., Development
122:2339, 1996; U.S. Patent No. 5,340,740; U.S. Patent
No. 5,656,479) and pigs (Wheeler et al., Reprod. Fertil. Dev.
6:563, 1994; Shim et al., Biol. Reprod. 57:1089, 1997).
According to these described methods, ES cells for use in the
present invention can be prepared and used.
[0048] In this disclosure, "cardiomyocytes” include
cardiac precursor cells having the ability to become
functional cardiomyocytes in the future, as well as fetal and
adult cardiomyocytes at all stages of differentiation, and are
defined as cells that can be identified by one or preferably
more than one of the following methods using one or preferably
more than one marker or index.
[0049] The expression of various markers specific to
cardiomyocytes is detected by conventional biochemical or
immunochemical methods. There is no particular limit on the
method, but preferably an immunochemical method such as

immunohistochemical staining or immunoelectrophoresis is used.

In these methods, marker-specific polyclonal antibodies or



the ES cells thus prepared or ES cells whose chronosomal genes are nodified
by genetic engineering procedures. 32 [0058] Pluripotent stemcells
avai l able for use in the nethod of the present invention are not limted to
ES cells, and also include all pluripotent stemcells characteristically
simlar to ES cells, which are derived fgom e.g., mammualian adult organ or
ti ssue cells, bone narrom/cells and blood cells, as well as mamal i an
enbryos or fetal cells. In this case, characteristical simlarity to ES

cel | s i s MENAHEN ancfe‘rt?&d’cﬁs SADRDI AT AN 8T e ViR RRATIHRES cel | s,

h th f ES cel f f rk t th
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ot i mor a1 AP Ate S 45 r@ ""b%fplaqﬁov et fRlS S G e a1
i nduced plur po sten1ce % PS c p epared frq_ somatic cells such
as fibr ohi%hst s%tkﬁé‘l’st |S(P|?Ic lé:e ur[s(?ch Eri/ et hod suited to

d di f t t b d | t
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soft agaLtdy mcro-carrier culture and the like. A specific exanple
is a nmeth suspendlng ES cells as single cells (individual cells

di sper sed[dd\5 i qU| 1%@%%%9#%‘13{”0 aq%%%]g%n 28! YRS d gﬂelillss n% s tto enzyme

di gestion or t% umto a density o1l x 105
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re plate to e ect angi ng drop
culture. §5%01flc or cardlomyocyte—spe01flc marker genes can also be

confirmed by reverse transcriptase polymerase chain reaction
(RT-PCR) or hybridization analysis, molecular biological
methods which have been commonly used in the past for
amplifying, detecting and analyzing mRNA encoding any marker
proteins. The nucleic acid sequences encoding marker proteins
specific to cardiac precursor cells and cardiomyocytes (such
as myosin heavy and light chains, o-actinin, troponin I, ANP,
GATA-4, Nkx2.5 and MEF-2c) are already known and are available
through public databases such as GenBank of the National
Center for Biotechnology Information (NCBI), and the marker-
specific sequences needed for use as primers or probes can be
easily determined.

[0051] Physiological indexes can also be used
additionally to confirm differentiation of pluripotent cells
into cardiomyocytes. For example, useful markers include
spontaneous beating by cells derived from pluripotent cells,
expression of various ion channels and the ability to react to

electrophysiological stimulus.



Al ternatively, the above cell suspension nay be seeded in a commercially
avai-l abl e plate such as a 96-well culture plate for spheroid formation
(e.g., Sumlon Celltight Spheroid; Sumtono Bakelite Co., Ltd., Japan), a
non-cel | -adhesive culture plate (e.g., Coaster ultra-low attachnent plate;
Corning) or an untreated polystyrene plaoe- The suspension containing ES
cells is then cultured at 37C under conditions wth 5% carbon dioxide
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si gnal | pathway 1s activated, any netho e us i ncl'udi ng but

not limtegido ﬁaBﬁéQ@@sfofhéﬁééqﬁbﬂﬂe Qe? sofbﬁyt9§'a591£1ﬂﬂeé&r
nucl ear (3-catenin, e.g.. by i nmunohistologica sfalnlng\m

(3- Cate”'ﬂosﬁfﬁfibétéﬂﬁ'Q@QM cQIlQYd¥?§§§&anbﬁttﬁ8§£Y§h§mai'gﬁ&b§§s
nonocl onal anti bodies which specifically recogni ze unphosphoryl at ed

(3-cat enifixathpPes oﬁclk/bt\{ﬁlﬁgté‘d@i et EmaE€1 85 SAvEONEBIE| fbLYug¥aihaphe and
particul arly useful reover, reporter assays are also effective in which

a reporteprgeart i snténkesn doMOSEAE RS OFe 1 s LEEri(dErebbthaEmaeduUsAER and
the ability to produce the reporter gene product is used as a marker for

assay. A 24 mptasménkepsahnd Guiah&l- #hi6h Bro8dangeseyuRige1pNdsaar gport er
gene for use in such assays can be purchased from Upstate wunder the trade
name of TéRitaséd cells.
[0053] Specific examples of mouse-derived ES cells
include EB3 cells, El4 cells, D3 cells, CCE cells, Rl cells,
129SV cells, J1 cells and the like. Mouse-derived ES cells
for use in the present invention can be obtained from, e.g.,
American Type Culture Collection (ATCC), Chemicon, or Cell &
Molecular Technologies.
[0054] Monkey-derived ES cells have been reported to be
established from rhesus monkeys (Macaca mulatta) (Thomson et
al., Proc. Natl. Acad. Sci. USA 92:7844, 1995), cynomolgus
monkeys (Macaca fascicularis) (Suemori et al., Dev. Dyn.
222:273, 2001) and common marmosets (Callithrix jacchus)
(Sasaki et al., Stem Cells. 23:1304, 2005), and can be used.
For example, marmoset ES cells can also be obtained from the
Central Institute for Experimental Animals, Japan.
[0055] At present, more than several tens of human-
derived ES cell lines have been established all over the

world. For example, many cell lines are registered in the

list of the US National Institutes of Health



[ 0061] Specific exanples of Wit signaling activators include various
canoni cal Wit proteins, GSK-3(3 inhibitors and Wit agonists. It is also
possi ble to use genes capable of activating the canonical Wit signaling

pat hway, e.g., various canonical Wit genes, as well as (3-catenin gene or
active nmutants thereof which are nodifizgd-to delete the N-termnal end or
to replace GSK-3(3 phosphorylation sites with unphosphorylated am no acids.
Al ternatively, expression of genes, such as Axin or APC, which downregul ate
the canonfR&FP: ﬁ%?tﬁWﬁﬁéFFn@lbaﬂﬁﬁaﬁrﬁﬁysﬁéYéuﬁBP@§sééPdra&@r€§PeBeby
specific antisense S or antisense RNAs for RNA interference,
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are transh@Phh¥ (petitte et al., Mech. Dev. 121:1159, 2004) and
zebrafish (Fishman, Science 294:1290, 2001).
[0057] Although ES cells are generally established by
culturing early-stage embryos, ES cells can also be prepared
from early-stage embryos which are modified to have somatic
cell nuclei by nuclear transplantation (Munsie et al., Curr.
Biol. 10:989, 2000; Wakayama et al., Science 292:740, 2001;
Hwang et al., Science 303:1669, 2004). Moreover, there are
reports about an attempt to prepare ES cells from
parthenogenetic embryos which have been developed into a stage
equivalent to the blastocyst stage (U.S. Patent Publication
No. 02/168763; Vrana K et al., Proc. Natl. Acad. Sci. USA
100:11911-6), as well as a method for preparing ES cells
having the genetic information of somatic cell nuclei through
fusion between ES cells and somatic cells (International
Publication No. W000/49137; Tada et al., Curr. Biol. 11:1553,
2001). ES cells for use in the present invention also include

the ES cells thus prepared or ES cells whose chromosomal genes

are modified by genetic engineering procedures.



stinmulated wth a Wit signaling activator, and while the stinmulus nethod is
not particularly limted, preferred is a nmethod of culturing the cells in
medi um suppl enented with a canonical Wit protein, for exanple, a

reconmbi nant Wit protein. However, any other nethod can be used which has
the same effects. Exanpl es include a-mgghod of culturing the cells in the
presence of a canonical Wit protein which has been extracted and purified
fromliving tissues, a nethod of introducing an expression vector carrying
a gene en[:‘g‘eif"l’lb a cdnoHiiRatent shelt SHintdahehtarigorest Nt heel |'s

t hensel ves, thod of introducing such an expressi on vector into

supportiHBeEg? SPhENHesPRESERbsENYERRSPRCEES ReF| Limitedote EEurelidtls, and
2, oL 100 454N, 80 UL oUPeTDRLATL oo oL eh el product of hosey, .
The prosort a6 chti B9, EpET8a] “RReh T erBREFHac: FEORr cbotr | ROBRRELAS o
canoni cal rotein to.be used. and ene_encodi ng. t he are
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(ne PLUTBEL 501 S4eU e8! L, e’ DRCHHBEI NG RATRIBARLE, PRENURIE o
o5 o WIS S hGePLAREChy BIAEART ey ol BPRETL B! BekiaRuTRT -1
e man BB 5 (EEbND S8 2es pOTTRECIal oy e LaDkE LEOTL RS
oo natheripaBhalebEiagFeSTouolaIe shorkle GpEReDd VahESGESTE
with fresphgedippeceibai BENfsacihi -BpeteENcaleRes, or the ability to

produce teratomas or chimera mice. Specific examples include

EG cells prepared from primordial germ cells, GS cells

prepared from testicular germ cells, and induced pluripotent

stem cells (iPS cells) prepared from somatic cells such as

fibroblasts by particular gene manipulation.

[0059] Any method suited to inducing differentiation of

cardiomyocytes can be used as the culture method for preparing

cardiomyocytes from ES cells or other pluripotent stem cells

in the present invention, and examples include suspension

culture, hanging drop culture, co-culture with supporting

cells, gyratory culture, soft agar culture, micro-carrier

culture and the like. A specific example is a method of

suspending ES cells as single cells (individual cells

dispersed in a liquid phase with no adhesion between cells due

to enzyme digestion or the like) in medium to a cell density

of 1 x 10° to 1 x 10° cells/mL, and depositing a 10 to 100 uL

droplet of the suspension onto the inner side of the upper

dish of a culture plate to effect hanging drop culture.



concentration of 0.1 ng/nL to 500 ng/m., preferably 1 ng/nL to 200 ng/ni,
nore preferably 10 ng/nmL to 100 ng/nL, and culture 1is continued. [0065] In
a case where a desired Wit protein is self nmade, it is necessary to
i-ntroduce and express an expression vector carrying the gene of interest in
animal cells (e.g., L cells) and to pwi3dy -a reconbi nant protein secreted
into the culture supernatant, because it is known that Wit proteins do not
exert the'i biologicil aghivi y unleij nodi fied with almtic acid.

Det ai | ed PHOCERBELYSTS: FHPs ABVEoSE1dr SUSRENSAAP RAGWRS RASCEA 10} 2 . |

Nat 423: 448, 2003: Kishi.d L., Mol. Cell. Biol. 24:4487;
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(Martinez et al., . Res. Rev. 1373, Meijer L et al. ends
Phar macol gopmbd dRa41hduélltko a$REEint iSAMNeD 'c'&?:ldli@ﬁlyb'fgl%'e'émorvm proic

acid; benzazepinone fam |y nmenbers Kenpaul |l one (9-brono-
other cells.
[0060] In the present invention, activation of the
canonical Wnt signaling pathway means a state where f-catenin
is not phosphorylated by GSK-3p and is stabilized within the
cytoplasm and/or nucleus, and/or a state where f-catenin binds
to LEF-1/TCF in the nucleus to form a transcription activator
complex and thereby has the ability to induce transcription of
a target gene. To determine whether the canonical Wnt
signaling pathway is activated, any method may be used,
including but not limited to a method for measuring the amount
of cytoplasmic and/or nuclear f-catenin, e.g., by
immunohistological staining with f-catenin-specific antibody
or by Western blot analysis. Likewise, monoclonal antibodies
which specifically recognize unphosphorylated f-catenin, i.e.,
active P-catenin are also commercially available and
particularly useful. Moreover, reporter assays are also
effective in which a reporter gene is linked downstream of a

LEF-1/TCF binding sequence and the ability to produce the

reporter gene product is used as a marker for assay. A



di hydr oi ndol o[ 3, 2-d] [ 1] benzazepi n- 6(5H) -one) and Al sterpaul | one
(9-nitro-7,12-di hydroi ndol of 3, 2- d][ 1] benzazepi n-6(5H)-one); indirubin
derivatives 5-chloro- indirubin, indirubin-3"-nmonoxinme and BIO (al so called
GSK-33 inhibitor IX;, 6-bronoindirubin-3 -oxine); maleimde derivatives
SB216763 (3-(2, 4-dichl orophenyl) - 4- ( 1-n8#hyl - | H

i ndol -3-yl)-1H pyrrol e-2,5-di one) and SB415286 (3-[(3-chloro-
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di br onbacet ophenone); and a cell -perneabl e phosphorylated peptide L803-nts
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conpounds are commercially available 38 from Cal bi ochem or Bi onol and are

easy to UsRclBdé Vatsohs 82honfchl Mkl pPBteiR68ESkD3p £RARELINSES Lh@se
GSK- 313 inhibitors are used, their optinmumconcentration will vary greatly

dependi ngwet agohietencest ifk tddd guAild e Qisé e dsapdtie td¥ S
reason, it is necessary to determ ne the optinum concentration of each

conpound &étbeatised, thedcaRohUsat ok 8i 5i80adifkPKpa3tBwayNhebyt orvatiausgesired
concentration is used for culture. [0069] For exanple, in the case of BIO
or SB2167638noniedl unntogénes| ngsthellnlsbpteateéhin geneeotratt e of
preferably 10 nnol/L to 1 pnol/L, nore preferably 50 nnol/L to 200 nnol/L
i s used froutantsutkereéafthbrichsaref m&SkKEBE@ ton@ebeter thel N-téBminal
concentration is preferably 2 Funol/L to 100 pnol/L, and nore preferably 5
Eunol /L ten@0ofubol téplatek@8Ksa phospkeorpbat bdbnl8DB8eatwithts concentration
i's

unphosphorylated amino acids. Alternatively, expression of

genes, such as Axin or APC, which downregulate the canonical

Wnt signaling pathway may be suppressed or arrested by

specific antisense DNAs or ribozymes, antisense RNAs for RNA

interference, low molecular weight compounds and so on. It

should be noted that the nucleotide sequences of genes

encoding these molecules are available through public DNA

databases such as those of NCBI, and those skilled in the art

will be able to obtain, prepare and use cDNAs, siRNAs and/or

antisense DNAs of these genes.

[0062] Canonical Wnt proteins available for use in the

present invention are members of the Wnt family protein group

and are defined as substances that bind to Fzd family

receptors and inhibit GSK-3f3-mediated phosphorylation of

f-catenin to thereby promote stabilization of f-catenin and

its transcription activation ability. Preferred canonical Wnt

proteins in the present invention include, for example, Wnt-1

(SEQ ID NO: 1), Wnt-3a (SEQ ID NO: 2), Wnt-5a (SEQ ID NO: 3)



preferably 5 Eunol/L to 500 pnol/L, nore preferably 20 Eunol/L to 200

Wl /L, and even nore preferably 25 inmol/L to 200 nol/L. [0070] In addition
to GSK-313 inhibitors, drugs for use in inplenenting the present invention
may be | ow nol ecul ar wei ght conpounds that pronote activation of the
canoni cal Wt signaling pathway (Wit agmists), including organic or

i norgani ¢ conpounds and peptide fragnments. Preferred exanples include an
am nopyrim di ne derivative_ (2-am no-4-[3, 4- ]

(et hyi enBBfo¥5¥ béﬁzyﬁﬂgﬁﬂoi‘%- ¢3- nBeh¥Ryphedy thpyei sPariag araeBisehem
(Liu et al., .Angew. Che lot. Ed._ Engl. 44:1987, 2005). In the case of
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concentration, o nopl /L. to 39 000 nnol /L, preferably. 1Q nml /L to 500
ol 71| mbpent o0k PAEDY FasSa Pt tgs0089 RarRES: Ehasah gt Yeeet ur e

[ 0071] Deteﬁningéign o% the timng at which pluripotent stemcells are
treat ed wWrPhTB2 Wit EFS ﬁP%ﬂg activator is a very inportant requirenent in

(reated g activator is ! requi rerent
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the group (untreated group) using a culture nedium contalining no additional
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during indygtheBa®f wikf pebeBthat F@? kRample, a recombinant Wnt protein.
However, any other method can be used which has the same
effects. Examples include a method of culturing the cells in
the presence of a canonical Wnt protein which has been
extracted and purified from living tissues, a method of
introducing an expression vector carrying a gene encoding a
canonical Wnt protein into the pluripotent stem cells
themselves, a method of introducing such an expression vector
into supporting cells and using those transfected cells as
co-culture cells, and a method using a culture supernatant or
other cell product of those transfected cells and the 1like,
all of which are included as part of the embodiment for adding
a canonical Wnt protein to medium in the method of the present
invention.
[0064] In implementing the present invention, a canonical
Wnt protein to be used and a gene encoding the same are
preferably derived from animals of the same species as that

used to derive the pluripotent stem cells, but those derived

from animals of another species can also be used. For



pluripotent stemcells for use in inplenmenting the present invention. Mre
specifically, pluripotent stemcells may be induced to differentiate in a
routi ne manner, and nRNAs nay be extracted fromthe sanples collected
periodically to analyze the expression |evels of various canonical Wit
genes by standard techni ques such as -RB6PGR The sanpl es are coll ected
preferably every 24 hours, nDre preferably every 12 hours, during the tine
peri od between the bnltiation ghﬁure for ggc g dlfferentlatlon and
1y r&P :
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stemcells |ne eriod o el evat ene expression.
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used statistical tests su h as Student's t-test S|gn| cance level: 5%.
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nore preferably 1% ternatively, when the neasured canonicalf Wit gene
expressi ogngdi $epadRcdlY wahtaV2trednWinkhi ims etsertelln%gs a@her plre%&hl gre af

differentiation and then di sappears within several days, i.e.,

canoni cal c¥htederatishowrebevahgdmeXRESB00RGYRILY, pefdrably 1 ng/mL to
200 ng/mL, more preferably 10 ng/mL to 100 ng/mL, and culture
is continued.
[0065] In a case where a desired Wnt protein is self
made, it is necessary to introduce and express an expression
vector carrying the gene of interest in animal cells (e.g.,
L cells) and to purify a recombinant protein secreted into the
culture supernatant, because it is known that Wnt proteins do
not exert their biological activity unless modified with
palmitic acid. Detailed procedures for this purpose are
already known (Willert et al., Nature 423:448, 2003; Kishida
et al., Mol. Cell. Biol. 24:4487;
http://www.stanford.edu/~rnusse/ wntwindow.html).
[0066] It should be noted that the nucleotide sequences
of genes encoding these factors are available through public
DNA databases such as those of NCBI, and those skilled in the
art will be able to obtain and use cDNAs of these genes. For
example, Wnt-3a and Wnt-8a genes have already been identified

in humans and mice, and the nucleotide sequences of human



short period, a time point at which they reach maxi num expression |evels
may -be defined as the period of el evated Wit gene expression. [0074] When
pluripotent stemcells are cultured in medium containing a BMP ant agoni st,
starting from2 or 3 days before induction of differentiation and/or
starting fromimedi ately after inductggn-of differentiation, their
myocardial 41 differentiation ability is known to be significantly enhanced
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cul tured [3 f’&@'ifﬂ?]oc%ﬁarhé‘fé‘gtﬁaﬂ\”éeéw?f' t&gsat‘}f'%"i‘ﬁ%ﬁ% Zgﬁéo 96 hours,

preferably or 48 hours, starting froma tinme point o to O hours

ool vy ATLERAD Ui Mg DekgTeel e pRspOel RYEL R0 ML ot0ea,

ES cells gal jefedd et al., Trends Pharmacol. Sci. 25.471, 2004).
Specific examples include lithium; valproic acid;
benzazepinone family members Kenpaullone (9-bromo-7,12-
dihydroindolo[3,2-d][1]benzazepin-6(5H)-one) and
Alsterpaullone (9-nitro-7,12-dihydroindolol[3,2-
d]l[l]lbenzazepin-6(5H)-one); indirubin derivatives 5-chloro-
indirubin, indirubin-3'-monoxime and BIO (also called GSK-3p
inhibitor IX; 6-bromoindirubin-3'-oxime); maleimide
derivatives SB216763 (3-(2,4-dichlorophenyl)-4-(1l-methyl-1H-
indol-3-yl)-1H-pyrrole-2,5-dione) and SB415286 (3-[(3-chloro-
4-hydroxyphenyl)amino]-4-(2-nitrophenyl)-1H-pyrrole-2,5-
dione); thiadiazolidinone (TDZD) analogs TDZD-8 (also called
GSK-3p inhibitor I; 4-benzyl-2-methyl-1,2,4-thiadiazolidine-
3,5-dione) and OTDZT (also called GSK-3p inhibitor III; 2,4-
dibenzyl-5-oxothiadiazolidine-3-thione); a phenyl-o-
bromomethylketone compound GSK-3f inhibitor VII (4-
dibromoacetophenone); and a cell -permeable phosphorylated
peptide L803-mts (also called GSK-3f peptide inhibitor; Myr-N-

GKEAPPAPPQSpP-NH,). These compounds are commercially available



for inducing nyocardial differentiation, expression of the typical
canoni cal Wit genes Wit-3, Wit-3a and Wit-Ba is extrenely |low both in an
undi fferentiated state and inmediately after induction of differentiation,
but these 42 genes show strong expression between 72 and 96 hours after

i nduction of differentiation (Exanple-13g For this reason, in a case where
nouse ES cells are used in the nethod of the present invention, the period
of el evated canonical Wit gene expression is determned to be 72 hours
after indﬁﬁ??0936P1°8PPFePgnPFS?PBn?nQnErﬁeﬁééytﬁ@ BEPI sPUtetBEft 4FeBOFN
medi um contai ning.no Wit signaling activator until 48 hours after
initiatiofd }mﬁ¥??é98ntiation i nduction. Then, the cells are further

I d i i i ni Wit si | i j f 24 96 h ,
or el or abl [OPEF 45 1 o 7o hornge Wiidhs oY R ARILLsTEr 498 1faRbon of
diff LAt | L nd ion. | | d b dth h ' iod (h
dur i ng wht BR-EngebERHE' EPBoepbrBRath  vRTx"ShEY bhRaiIAGCCRERRIEPoP rmy be

t ot ' LQd. {h . i at ' di ff
" condl 11 oRECEHAREE LA rhaTh  BoelEr 1 2R LRPEPARpHELE HOF Puffy Lo ted are

R L o T v

signal ing-actrvator € use erio ours) can

based on LA%eREh! BEBhuRkeYS! 53 GORAT 6k Ml HeBBaSALERS 0ngBR! ned by

t he above e erm ni ng srgnalfng acti vat or

treatment  fop; €¥3MRLes qblitOA Eéﬁéeﬂirgggﬁﬁyiécgggﬁgf%?BGEE%B}eES cell's,

the Wit-3 gene shows strong expression ween 7 ours after

induction[géﬁ?hfferen@épiéﬁghﬁfggnpﬁgkﬁ%.c Lkext sg1oi Pr t&821 676§ of human ES

cells, the Wt-3a gene shows ‘expression with a peak at around 72 hours
after indyehiQR ebndhihengnthat iAR1pEBEAUALI aCkoRkentPh®ibREbES 24: 1956,

2006) .

) preferably 10 nmol/L to 1 umol/L, more preferably 50 nmol/L to
200 nmol/L is used for culture. In the case of GSK-3f
inhibitor VII, its concentration is preferably 2 pumol/L to
100 umol/L, and more preferably 5 umol/L to 20 umol/L.
Likewise, in the case of L803-mts, its concentration is
preferably 5 umol/L to 500 umol/L, more preferably 20 umol/L
to 200 pumol/L, and even more preferably 25 umol/L to
200 umol/L.

[0070] In addition to GSK-3fB inhibitors, drugs for use in
implementing the present invention may be low molecular
weightcompounds that promote activation of the canonical Wnt
signaling pathway (Wnt agonists), including organic or
inorganic compounds and peptide fragments. Preferred examples
include an aminopyrimidine derivative (2-amino-4-[3,4-
(methylenedioxy)benzyl-amino]-6-(3-methoxyphenyl)pyrimidine;
Calbiochem) (Liu et al., Angew. Chem. Int. Ed. Engl. 44:1987,

2005). In the case of using such a Wnt agonist, medium

containing the Wnt agonist at a concentration of 1 nmol/L to



[ 0076) Cardi onyocytes derived fromES cells or other 43 pluripotent stem
cell.s by the aforenentioned nethod can be further collected, isolated and
purified by known nethods to efficiently obtain |arge quantities of highly
pure cardionyocytes (cardi onmyocytes prepared according to the present

i nvention). [00771 Any known nethod of_-cgdl_.isolation and purification can
be used as the nmethod of purifying the cardionyocytes, and specific
exanpl es include flow cytonmetry, nagnetic beads, panning and ot her mnethods
i nvol vi ng 1890 §&Q-L/dnt iIPBEHETARAG ildhdmMeddd: o9 el /Ant iMRFeE es:
principles and practice, Third Edition" (Acad. Press, 1993); "Anti body

Engi neer i RFeLt&T8bAF: 150 PmRdd Lo dch 290 RMoB/ds d Saused §raF il ty Press,
1996) as %ell %s cel | fractLoning by degsitﬁ ,gradient_centrifugation usi ng
a carrier [990 las sucP8S&TMiPRELBR) ©5; thRe tRMEBY ARoFRLFPBLHEAPEESRE| ect i ng

gones of ERETEGSI axst Yrened i @itk AR S TUAGRT (o drug
havi ng T hd SRR EY o S DI e AT SRAY e PR iduct ng &
Phe cont r aMverRE o NoBeEH h8E, o ReABPREZBPoNaEE HRtBIods I"ES cells. Held
S, PR R B S R RS S A B ot p® o1
A SRS p AR S TR GRRU Al o
%12 r EZit Zatnb?'lkbt‘ifgfg fg%éé}?oscefﬁett adwela it s9nlhbBe LRaRBicar ghegyvocytes

pPluripotent stem cells are cultured for about 1 week in a

culture medium supplemented with a Wnt signaling activator,

starting from immediately after induction of differentiation,

the myocardial differentiation ability may be lower than that

observed in the group (untreated group) using a culture medium

containing no additional ingredient.

[0072] The timing of Wnt signaling activator treatment

can be determined based on the expression patterns of various

canonical Wnt genes during induction of differentiation in

pluripotent stem cells for use in implementing the present

invention. More specifically, pluripotent stem cells may be

induced to differentiate in a routine manner, and mRNAs may be

extracted from the samples collected periodically to analyze

the expression levels of various canonical Wnt genes by

standard techniques such as RT-PCR. The samples are collected

preferably every 24 hours, more preferably every 12 hours,

during the time period between the initiation of culture for

inducing differentiation and the appearance of (beating)

cardiomyocytes, e.g., about 6 to 14 days for mouse, monkey and



Klug et al., J. din. Invest. 98: 216, 1996). As another exanple, a nethod
based on the higher mtochondrial content of cardionyocytes than of other
cells is also effective, in which mtochondria-rich cell populations, i.e.
cardi onyocytes are specifically collected using a mtochondria-selective
fluorescent dye or a mtochondrial nmemrgne potential - sensitive reagent
(V®2006/022377) As yet anot her exanple a nethod based on specific

met abol i ¢ |es gig? tes is also ﬁreferred i n which

car di omyoB § §E§C|f ?§ ??%ﬂlﬁnﬂ%P° 1GA Y HRbs8eR8NBRY | BRs by
addi tion ? i d % % acid such as aspartic acid Japanese
Pat ent ApBFFéa PﬁnaNS Y§6§6 §§? Gfa ﬁ@bfgf &4r 88y o F@spﬁﬁgﬁﬁpg Yaccor di ng
to the prgéent invention are useful i_n .pharnmacol ogi cal eval uati ons and

activity 5F8a9F0W8r8f9939F03§e Sg&FQQ substances (for exanple, drugs)

and novel

Bof?creenlﬁﬁﬁgéﬁLSESﬁiisﬁénae Pu8a0 ke C cnterthefefET g ERLLE™" 70 Uof
tiat f E d h

cel 15, 1 eRbERRstan B b %gﬁﬁéés%?ﬁ&r°g2d§P%6933&%2%.ﬁéeﬁrégﬂﬁ o o

car di omyop¥LRS 120 (R PUBTLARGET AN diuTB N BHi Kl | NI BT ory

t owar ds car ere are curreﬁtly very few net hods

of screen&pgug§h8g B!”ﬁﬁffgﬁ%ﬁkgg¥9%$te%uéaQﬂeEQe i Qyac % g& red

according Pesent I nvention provide a usefur source o

|l enent g, Sl §%@%@I1naag%; heder LRadnather %Dﬁg’fﬁ‘%r}enq:\i%ltq%&m' on kit

conpri sing cardionyocytes pr ing to present invention is

al so usefghxg&gﬁguqh scgﬁeghgg wayy 00491 1 d€Sho$H Séﬁnﬁﬁ§cﬁ° Rg screened may

i ncl ude any can be added t0 culture,” suc oW no ecular wei ght

conpounds ¢ xBirgl siBhe G ehRaN sWeiFd klanedRAUNGRL Yedd areO Y¢S cantly

elevated after induction of differentiation when compared to
undifferentiated pluripotent stem cells is defined as the
"period of elevated Wnt gene expression.” Significant
elevation in gene expression can be determined by commonly
used statistical tests such as Student's t-test (significance
level: 5%). The significance level used as a criterion in
this case is preferably 5%, more preferably 1%.

Alternatively, when the measured canonical Wnt gene expression
is rapidly elevated within several days after induction of
differentiation and then disappears within several days, i.e.,
when canonical Wnt genes show elevated expression only for a
short period, a time point at which they reach maximum
expression levels may be defined as the period of elevated Wnt
gene expression.

[0074] When pluripotent stem cells are cultured in medium
containing a BMP antagonist, starting from 2 or 3 days before
induction of differentiation and/or starting from immediately

after induction of differentiation, their myocardial



i norgani ¢ conpounds, proteins, peptides, genes, viruses, cells, cel

cul tture fluids, mcrobial culturefluids and the |I|ike. Efficient nethods of

i ntroduci ng genes into culture systens include nmethods of addition to
culture systens using retroviruses, adenoviruses and other virus vectors as
well as nethods of addition after inserfjjon into |iposonmes and ot her
artificial constructs. [0080] The test substance can be eval uated by
measuring the efficiency of induction of differentiation fromES cells or

ot her pl udiigdeasn tdadhare|abd Litivo isakdiaamy 3@y thes s igmificanfiyl iqnanaedor
quantitative changes in nyocardial cell functions. For exanple, the
nmyocar di al(W92008¢/ 033238 ;oY uasdd &t iadn -efNatei dHQtaghnok e A3 :GA7st 2495 )can be
measured by using biochem cal or inmmunochem cal neans to detect the
expr essi ol Pofthigr iCGFe c dMf RS VAN Sanreaad Fnth genas e fowndem
cells cultured using the nethod of the present invention after they have
been cul t fPefOYr o3 VR tRY SXPIESSHAMKIYF ipg SUL YRS s. This £1nddngols
particular limts o t he bi.ochem cal or j mmunochem cal neans, but
pr ef er abl YS&F9Y diy indngdhsoPerdod &F | &GRS ¥ ning or
i mrunoel ectrophoresi s .can be used. Marker-specific polyclonal _ antihadies or
nonocl onal9®&%t iSRFHEES 1 art i tpﬁetst?élkc (,J:ilr‘}c)ﬁncﬁﬁﬂfb'ytaébdy&fn I AR FAHS hese
met hods. Ant%bodi% .%pat I{ah et indi*kgual %ﬁgcjféc mar ker.s are
commer ci ali% PAPaMeH T £9 0 HEE AP INF I%?M”éstuorre in
cardi onyocyt.e-specifi mar ker s, i I%de i n_heavy. and hi p% chai ns,
a-actini n,Cd% SHoponit? ?‘,heArﬁlf,“tS&‘uRr}Z,e @% ﬁ@—r-ezgc%a% t eg ke. [0081]
Myocar di al ey Vi V. .S ,one ex of An'le! ial c? functjon that
can be usgélctg Oéﬁlr%:r I?e‘erageftl()sg_r toesaalsﬁlgbt@r?glcf_ tteehsat su%’gé[sgntgoe.a pb}epcin}olrlceeﬁqqﬁ cel |
death (anQplPsi Hvta b NAUGHED ) SEPA NS 6 EMMVAGHSS B SRal£d
examples include Noggin, Chordin and DAN. These substances
which may be added to medium can be purchased from, e.g., R&D
systems.
[0075] In the present invention, pluripotent stem cells
are cultured in medium containing no Wnt signaling activator
during the time period between immediately after initiation of
culture for inducing myocardial differentiation and 24 hours
before the period of elevated Wnt gene expression determined
as described above. Then, the cells are further cultured in
medium containing a Wnt signaling activator for 24 to
96 hours, preferably for 48 to 72 hours, starting from a time
point of 24 to 0 hours before, preferably 24 hours before the
period of elevated Wnt gene expression determined as described
above. For example, in one case of mouse ES cells cultured
for inducing myocardial differentiation, expression of the
typical canonical Wnt genes Wnt-3, Wnt-3a and Wnt-8a is

extremely low both in an undifferentiated state and

immediately after induction of differentiation, but these



by the nethod according to the present invention on a culture plate to an
appropriate cell density and culturing themin serumfree nmedium and in
this case a suitable anbunt of the test substance can be added to the
medi um and the survival rate or death rate of cardi onyocytes can be
nmeasured. The survival rate or death —rag2e -of the cardi onyocytes can be
measured by macroscopi ¢ observation using incorporation of a dye such as

t bl t K thod. usi dehyd tivit
(1 oauct | GHEREE  SREY) SEEStHeSKaF BP0, beByRtn d2nBad. PG RReREReY

h iLfi [
T8 T B SR BRI AR T
t tech d.P
S A At A MR LR TR, B TR 035
t d f f
o1 nuce, dhLLSE R BHE0MO' 16 b0 OTOBH! £ OB cheLAh kA UREH' 075

condi | ong.chpeLusng, BYaEREdhahehnar 8L 99 nbaglCHEgcheaphucdigaze

congesti ve hear ertro car

Card'Onv03f£9¥5eﬂ¥986;9ht'andch ABEC £fié cgiigtaia'gu&%ﬁggg3?he g, These

COI'TpOUﬂdS my Deé nove oun S Or nown conpoun reover,

car di onyocyhess RiRARS WA ECQighﬁﬂlhga%é%évBE8§eﬂBtETVQ@th89r§agf@é§used as

nyocar di al regenerati on rugs i sease treatnent anpl es of

heart di seasesatighude aveperdhfhakibar shigResbAchomhen Nepks Qéffésére

congestive heart ' ure, hypertrophic cardi onyopat dilative

cardi onyopal-bier ¥Q¢RLHLEI $n ﬁeaeahcceﬁ%aan&ﬁblﬁrﬁntaeé haqlhg
as nyocardi al regeneration drugs or heart diSease trea ment rugs

cardi onyogyt e5aPbeP8HLU24 to 96 hours, preferably for 48 to 72 hours,

When used

starting from 48 hours after initiation of differentiation
induction. It should be noted that the time period (hours)
during which the cells are treated with a Wnt signaling
activator may be set to an optimum period (hours), as
appropriate, depending on differences in conditions such as
the species of animal from which cells to be used are derived,
the type of cell line to be used, and/or the type of Wnt
signaling activator to be used, and such a period (hours) can
be determined based on the period of elevated canonical Wnt
gene expression obtained by the above method for determining
the timing of Wnt signaling activator treatment. For example,
in the case of monkey (common marmoset) ES cells, the Wnt-3
gene shows strong expression between 72 and 120 hours after
induction of differentiation (Example 5). Likewise, in the
case of human ES cells, the Wnt-3a gene shows expression with
a peak at around 72 hours after induction of differentiation
(Begqgali et al., Stem Cells 24:1956, 2006).

[0076] Cardiomyocytes derived from ES cells or other



according to the present invention can be included in any form as |long as

the-purity is high, such as cells suspended in the nedium or other aqueous
carrier, cells enbedded in a biodegradabl e substrate or other support, or

cells made into a single-layer or nultilayer nyocardial sheet (Shim zu et

al., Grc. Res. 90:e40, 2002). [0084]- A4 hough not particularly limted to
these, nethods for transporting the aforenentioned therapeutic drug to a

darmage site include direct in%ection into the heart via an open chest or

syringe, RePR&BSTERT: FARTpLEAL St PBnthPaadorsRegitianednFershed cANt BE heart
and net hods of traniRIantatiqn via the bl ood vessel s using a catheter
(Muirry et tYrthegorgllsgiedy mgppategnpndopyrifigdoPy knroyngmeshods {@nasche,
Ann. Thorg . Sur 75'%20 iOOS; Dowel |, et al ., CaLdiovasc. Res. 58: 336,
2003) . ExPFEHELENGL¥OPRatap AR BPABELLIRS, OEhbAAP YRR Eed when
cardionyocxtﬁs coll ected frogaa fetal heart merﬁa tra%éﬁlan ed g such

met hods t 5oF HEONEAFYEeSt (SATHAPTYRFY e ShBAFPS TGS PRAHRTc k8, ¢ én. Thor ac.
Surg. 75:520, 2 03h 48t.ReffeInann et al., Heart Fail. Rev. 8:201, 2003).
Cardiony08§?§§n e Vel %PB&YES cells have characteristics extremely simlar

ESVL“2§?4??°i3331°2¥?§3§e€%§§ﬁ9@?@%&@°€%9£?1§%%€§%%%%%ﬂ2?5 S SLii|Z§fP:
Cardi ol . ; 0 , ' . [
Co that aBAFARLEnKEPN FAPAPe ORes acnris PRRERY, Sed8ee TER48, Se Jont |  nod

.1, o ! CEFMSEAIRRYEGeD, o ShERedbonapyics JFEaNEd Faop Epusliplere

actual ly I'nto a earts ug e nve

o a0, Rilpe e BEReE pabngnund. cRALEChechERC o ez RTILY, 1 1

accordi ngaheibhBAy reactions (see "Monoclonal Antibodies: principles and
practice, Third Edition” (Acad. Press, 1993); "Antibody
Engineering: A Practical Approach” (IRL Press at Oxford
University Press, 1996) as well as cell fractioning by density
gradient centrifugation using a carrier such as sucrose,
Percoll or the like. Another method of selecting
cardiomyocytes is to first artificially introduce a
modification into the genes of the ES cells or other
pluripotent stem cells, making them drug resistant or capable
of ectopic protein expression, and collecting cells having the
morphology of cardiomyocytes. For example, by introducing a
gene cassette capable of expressing a neomycin (G418)
resistance gene under the control of the a-myosin heavy chain
promoter into mouse ES cells, Field and his co-researchers
succeeded in constructing a system in which ES cells were
differentiated into cardiomyocytes and only those cells which
expressed the oa-myosin heavy chain gene could survive in

medium to which G418 had been added, and 99% or more of the

cells selected as G418-resistant cells by this method were



present invention into di seased heart tissue should stinulate inproved
heart functions in cases of the aforenentioned heart diseases stenmng from
damage or | oss of heart cells. EXAMPLES (00851 The present invention is
explained in nore detail below using exanples. [0086) Exanple 1: Study on
expression patterns of various Wt gqnﬁﬂv%uring I nducti on of
differentiation in ES cells (1) Various t genes were studied for their
expression during differentiation in nouse ES cells. For use in

experi nentenfirmsé &5 bel tardeomypagsageduasd patshai Ned b6noas,671;

undi fferentiated state according to the nethods as described in
“Mani pul aklug ¢heaMoyusa. BObino: IAveabor aser g1banuabs ) ( Hogsinanethet ., eds.
Col d Spring Harbor Laboratory Press, 1994) and "Enbryonic Stem Cells:

Met hods aexlaipbe pcal méthddr kasadedn, ti8 hligharamPteshond@id)]l byntenBgof
Knockout - DVEM (I nvi trogen) nedi um containing 20% fetal bovine serum 2
nmol / L L-gandhaomyecybels ©hdnnobl bkh@rneetdpt dst hapol eflieceinef,t ¢n whfiehr ed
to as ESM, supplenented with 1000 U nL LIF (ESGRG Chem con). ES cells
passaged mhtechohéskacoidht cehd pppubetdépnaft érer ef earddomgoagtesEdreel | s
passaged under ordinary culture conditions." The nouse ES cells used in the
fol | ow ngspepeficehly ceitebBedehbingRa métbshandrid9s¥leelklive( pur chased
from Dai ni ppon Pharmaceutical Co., Ltd., Japan), but in general there were
no diffeftnerescant hdyexper anpatathppduliad membeenet petenESadel | |ines.

Unl ess otherw se indicated, experinental data obtained wth the D3 cel

| i ne are sénshtbeeoneagenthdéWPA0bE/ABREA7 )t haAs npers cakStvet | exampke used i n
the experinents of Exanples 1 to 4. [0087] ES cells passaged under ordinary
cul ture wehdpdi basedeor spehéficwnetabpihicppvopkatéebubfered sal i ne

cardiomyocytes is also preferred, in which cardiomyocytes are
specifically purified under low glucose conditions by addition
of lactic acid or an amino acid such as aspartic acid
(Japanese Patent Application No. 2006-23770).

[0078] Cardiomyocytes prepared according to the present
invention are useful in pharmacological evaluations and
activity evaluations of various bioactive substances (for
example, drugs) and novel gene products of unknown function.
For example, they can be used to screen for substances and
drugs involved in controlling the differentiation of
cardiomyocytes from ES cells and other pluripotent stem cells,
for substances and drugs involved in regulating the function
of cardiomyocytes, and for substances and drugs which are
toxic or inhibitory towards cardiomyocytes. In particular,
there are currently very few methods of screening using human
cardiomyocytes, and the cardiomyocytes prepared according to
the present invention provide a useful source of cells for
implementing such screening methods. In another mode, an

evaluation kit comprising cardiomyocytes prepared according to



(hereinafter referred to as PBS) and treated with 0.25% trypsin solution
containing 1 nmol /L EDTA to obtain single cells, which were then suspended
in ESM Unl ess otherwi se indicated, the same conditions were used in
detaching the ES cells fromplates for use in induction of differentiation
and ot her experinents. [0088] Culture fofginducing differentiation of ES
cells into cardionyocytes or neurons was acconplished in a routine rmanner
as follows. ES cells were suspended in LIF-free nmedium and the resulting
suspensi orthgapreseddd imvesdd areldss /G RugsHulnddr fuch Eaneemding | y

avai | abl e 96-well culture plate for spheroid formation (Sum|lon Celltight
50 Spher di%®79uni t onBeBikehpséaases todbe sgpaenedumasr inrdyde enperi ment al
conditions, the ES cells began to aggregate and form EBs i mediately after
suspensi oiwhdight gan beh@dfade tRBSuUldare ts1@BXHDikow mriemd@ars Wedalithng about
7 or 8 days after_ floating aggregation culture (induction of

di f f er ent icomMpends i AdidaMHAEAHAT ateiddstcqrpqursis + Ay sl oligampaamdsat ed
into cardionmyocytes. [0089] In this experinment, some of the experinental
groups r ed@OFERHE I AMRPWNASy RRReidiSal IBeRbifdesbl aenessc SHFHURRR. Chordin or
DAN protein (15 ng/nL; both purchased from R& systens) to the nmediumat 3
days bef or®ldft GeieEBRIBE HhEds ndiandH O HErureikiids ond When
transiently treated with a BMP antagoni st in this way, ES cells are known to
enhance t Hdike myBEELGLEPLdMELBPER: PAt LBAT CINCAPGy IeNES0451L033838Ureyasa et
al ., Nat. Biotechnol. 23:607, 2005). Treatnment of ES cells in nmedium

suppl enentSIF 4AMSh pclypge Arhpds Qf At HOTTHR FHBIRR SHETEMDANIRDt ei n
is hereinafter referred to as, "BMP antagoni st treatnment.” [0090] The EBs

thus prepdiedd WrBISEsl | AARPHETITRA 3G yother virus vectors as well as

methods of addition after insertion into liposomes and other
artificial constructs.

[0080] The test substance can be evaluated by measuring
the efficiency of induction of differentiation from ES cells
or other pluripotent stem cells into cardiomyocytes, or the
qualitative or quantitative changes in myocardial cell
functions. For example, the myocardial differentiation
induction efficiency of a test substance can be measured by
using biochemical or immunochemical means to detect the
expression of various cardiomyocyte-specific markers in
pluripotent stem cells cultured using the method of the
present invention after they have been cultured for 5 to 15 or
preferably 7 to 12 days. There are no particular limits on
the biochemical or immunochemical means, but preferably an
immunochemical method such as immunohistochemical staining or
immunoelectrophoresis can be used. Marker-specific polyclonal
antibodies or monoclonal antibodies that bind to the
cardiomyocytes can be used in these methods. Antibodies that

target individual specific markers are commercially available



and total RNA was prepared with an RNeasy mni kit (Q agen), followed by
DNase treatnment. cDNA was synthesized fromthe DNase-treated total RNA (1
g) using a SuperScriptTM First- Strand Synthesis System for RT-PCR

(I nvitrogen). Analysis of gene expression was perforned with an ABI PRI SM
7700 (PE Applied Biosystens) by using_azgeal -tinme pol ynmerase chain
reaction (PCR) quantification systemw th Lux priners to examne the
expression | evel of each gene. The real-time PCR quantification was
acconpl i siidd $anudieneasiel aptsad ¢ DEXagp lgs5 of candiiony ogyd eusPegiBligt i num
Quantitative PCR SuperM x-UDG (Il nvitrogen) according to the instructions
attached Magkers ingoulq nyssidr ihaasy fand dekahtt i grabis vt aesinim . genes
wer e designed using prinmer design software (D-LUXE 74 Designer; |nvitrogen)
on the badirepemithe .n fNNRotGARA oqilsee- 5 i MEF M i ofhe hblkgenes. The
nucl eoti de sequences of the Lux priners used for detection of various Wt
gene trand éLk are Myocsgeimlheedd. swrvival fgr waedexample of a

5' - CAACAGTAGCAAGGAGCATGGACTGITG 3' (SEQ ID NO 7) _(Reverse)

5' - GECTCOBMOSASHEIT T B fyngid 9 gt gyanie Jxsed @5 viegrker for

5' - GACAAACCGGGAGTCAGCCTTTGIC-3' (SEQ I D thi%h Rever se)

5' - TGCTGCAYEGNG G A St (sta  PRpcificadd Y repdilsdeath

5' - GTACATGCGCTCTGCT TCATGTAC: 3' &%EQ I D NO 11)  (Forward)

5 -mamﬂe@e&éa%é%%%-b% SIS ARY 139 H YL A RILHBVRCHHRS HEERATED! t he
experinments perforned _as described above. The Wit genes were exam ned for
their exﬁ’ryestgleoﬁ“%&%é}fwﬁlr stq 1821%)}3]7%51‘?}”16]8“ Fon PR F Fultiiner

i nduction of differentiation jn ES ce]l i ndi catjn thatf Wht-3, Wht-3a and
Wit - 8a gerésatsend:\ﬁec?réiadm??%ﬂte cele.JL cfén51ty an cgulturlng them in

serum-free medium, and in this case a suitable amount of the
test substance can be added to the medium and the survival
rate or death rate of cardiomyocytes can be measured. The
survival rate or death rate of the cardiomyocytes can be
measured by macroscopic observation using incorporation of a
dye such as trypan blue as the marker, by a method using
dehydrogenase activity (reduction activity) as the marker, or
by a method using annexin V expression or caspase activity,
which are specific to apoptosis cells, as the marker. Kits
exploiting these mechanisms are available from many
manufacturers including Sigma, Clonetech and Promega, and are
easy to use.

[0082] Because a substance or drug obtained by such a
screening method acts to induce differentiation of
cardiomyocytes and regulate their functions, it can be used
for example as a preventative or therapeutic drug for heart
conditions including myocardial infarction, ischemic heart
disease, congestive heart failure, hypertrophic

cardiomyopathy, dilative cardiomyopathy, myocarditis, chronic



el evations in their expression. These Wit genes each showed a peak of
strong expression between 72 and 96 hours after induction of
differentiation, and their expression was then significantly decreased from
120 hours after induction of differentiation. Thus, in theses ES cells, the
period of elevated Wit gene expression ggn_ be determned to be 72 hours 52
- after induction of differentiation. [0092] The groups treated with a BWP
ant agoni st such as Chordin protein or DAN protein showed strong el evations
in Wit gdressrteximicawieoraral tie hidikes. afThesel rdmpoumdsoimaydibief evoefli at i on, as
in the case of the untreated group, and the expression |levels of the Wit
genes wer edmpmihds de kredwmnidompounds hi gher than t hose of the untreated
group. These results indicate that BMP antagonist treatnent is a method
capabl e of[0fAf3] pr eci Melrgoderer wiamdigmybeytes pdeparedevatcoddivg tgertbe
expression during ES cell differentiation. [0093] Exanple 2: Enhancing

ef fect of presAMI rdmentiion an e usehtaemyatandiahpprgengoet bdn drugs
cardi onyocytes derived fromES cells (1) In the early stage of

di ff er ent iaft ikganth dHASease streatment dnuas ov xampd eisn odx re@ddi Gisel@sear i ous
Wit genes were observed prior to the appearance of cardi onyocytes. Then, ES
cell s at tineludedworardigleainfrngiion ecoighemic Warprdigease. to study the
nyocardi al differentiation-inducing effect of the proteins. Induction of ES
cel | differeneshivh heart &abhine sHatrert noph i eardinryorathiged i n Exanpl e
1, except _that some of the experinental groups were cultured in nmedium

cont ai ni ndiel okt rcazd19MERRa thib dny et shienic (hegwbtiahluremt - 3a
(R&D systens) or Wit-5a &g&D systens) protein. Treatnment of ES cells in

medi um suftengR ke « h WRen dsgthiafafy ofesddied FeIeReSHtdon WHIISUCR as

VRT-1 1 heart disease treatment drugs, cardiomyocytes prepared
according to the present invention can be included in any form
as long as the purity is high, such as cells suspended in the
medium or other aqueous carrier, cells embedded in a
biodegradable substrate or other support, or cells made into a
single-layer or multilayer myocardial sheet (Shimizu et al.,
Circ. Res. 90:e40, 2002).

[0084] Although not particularly limited to these,
methods for transporting the aforementioned therapeutic drug
to a damage site include direct injection into the heart via
an open chest or syringe, methods of transplantation via a
surgical incision in the heart, and methods of transplantation
via the blood vessels using a catheter (Murry et al., Cold
Spring Harb. Symp. Quant. Biol. 67:519, 2002; Menasche, Ann.
Thorac. Surg. 75:520, 2003; Dowell et al., Cardiovasc. Res.
58:336, 2003). Extremely good therapeutic effects have been
reported when cardiomyocytes collected from a fetal heart were
transplanted by such methods to the hearts of animals with

heart damage (Menasche, Ann. Thorac. Surg. 75:S20, 2003;



hereinafter referred to as "Wit treatnment."” [0094] The appearance rate of
EBs exhi biti ng spontaneous beating was investigated periodically as one of
a useful index 53 of the differentiation and devel opment of cardi onyocytes
from ES cells. In the untreated group, the appearance rate of beating EBs
was around 20% at 13 days after suspensigg _culture, whereas in the group
receiving Wit treatnment for 48 hours (2 days) between 48 and 96 hours after
i nduction of differentiation Wit48-96h ( ) as well as the group receiving
Wit t r eatRedifie imany 2thaul s (HBeakly Falet iResn. 48: 200, 1200 hburs after
i nduction of differentiation (Wht48-120h) beati ng was observed in a
si gni f i cafandiamye e feggerest fImm (B8 qigls e chmjactepistidect of Wit
treatment was as high as conparable to that of BMP antagoni st treatnent
(" Chor di neXtremed ¥ igjiiehar [ppddiose afortardiomyecytrs glesiveddaran ng Wit
treatment for the first 48, 72, 96 or 120 hours (2, 3, 4 or 5 days) after
i nduct i on fertadi earts | @laldeqivat 4. . \WachoPewwt4Hs84l orl9 % -Chah.
respectively) as well as the group receiving Wit treatnent from 120 or 144
hours (5 &% day:333Hf 94 ndRavenfanst ef f3erenli MHobn Cednt 1 Gardinl.
Wit 144h-) EBs with beatin ability appeared at the sane level as in the
unt r eat ed 3r:@AP. - m%)ove%PrieﬁVEBs Ao RXtReMedr bdObd tgk6uFad®d ot her groups
with a | ow percentage of beating EBs, beating was |limted to a certain
restricted® N1t e Hhapachirred v HEy iR tmeocagdisl o6h and
WAt 48- 120N s were foynd to exhibit, beating throughout virtually all
e £ 4T ot

rou ) \
regi ons oﬁﬁ%ﬂﬁ anhFEen | rPeefy g9 P iNgb HRLTIRER & Hhs.

Nanmel y, even when » cells  were cultured i di containin Wit protein
dur i ng' t ha kG aRe ORF WD VRR A TR A1 EF (o8 115 RS gefally

transplanted into adult hearts (Klug et al., J. Clin. Invest.
98:216, 1996; Laflamme et al., Am. J. Pathol. 167:663).
Consequently, it is expected that supplementary
transplantation of cardiomyocytes prepared according to the
present invention into diseased heart tissue should stimulate
improved heart functions in cases of the aforementioned heart
diseases stemming from damage or loss of heart cells.
EXAMPLES

{0085] The present invention is explained in more detail
below using examples.

[0086] Example 1: Study on expression patterns of wvarious

Wnt genes during induction of differentiation in ES cells (1)

Various Wnt genes were studied for their expression
during differentiation in mouse ES cells. For use in
experiments, mouse ES cells were passaged and maintained in an
undifferentiated state according to the methods as described
in "Manipulating the Mouse Embryo: A Laboratory Manual” (Hogan
et al., eds., Cold Spring Harbor Laboratory Press, 1994) and

"Embryonic Stem Cells: Methods and Protocols” (Turksen ed.,



differentiation and 24 hours before the period showing elevated Wit gene
expression (i.e., 72 hours after initiation 54 of differentiation

i nduction), there was no significant effect on induction of myocardi al
differentiation. [0096] In contrast, when ES cells were cultured in nmedium
containing a reconbi nant Wit protein forgdl8 hours (2 days) or 72 hours (3
days) starting from 24 hours before the period show ng el evated Wit gene
expression (i.e 72 hours after initiation of differentiation induction),

there wasHyMagagRTesSant200Nakyi M5 1 &drockeuh QMEM| (Finvdi trragesnt imedigm
ability. [0097]. These results indicated that although Wit treatnent
si gni fi cafPPy diRdtged Oty Fetadi hovdine sedim.atd &V o i/ loh R utamiqe jand of f ect
was observed only for. a very limted_ period during induction of
di f f er ent Pati 83O/ eraerQardRstfanddpdhehednat tede nedarrefita A EfhL" i s
arter i neCPRLFBRTGE M A Mt ESORCS PEmiPSTHour B9( S23he)
bet ueen 4B Alob A U Gt Al 2 S L o
reat et el aeh et DAL Leraess, Ll consenitl on of gddec
o or e R AL Slec AP e D LIGGPR Ber il WS, Y- oa anc
cppea ety Bl SIS 5B 00 WLC LU e BN | e
om0 TeptrdRR AT, O PO LA B S ST B YerlFEL 70

differences in the experimental results between these ES cell

lines. Unless otherwise indicated, experimental data obtained

with the D3 cell line are shown below. It should be noted

that mouse ES cells were used in the experiments of Examples 1

to 4.

[0087] ES cells passaged under ordinary culture

conditions were washed twice with phosphate-buffered saline

(hereinafter referred to as PBS) and treated with 0.25%

trypsin solution containing 1 mmol/L EDTA to obtain single

cells, which were then suspended in ESM. Unless otherwise

indicated, the same conditions were used in detaching the

ES cells from plates for use in induction of differentiation

and other experiments.

[0088] Culture for inducing differentiation of ES cells

into cardiomyocytes or neurons was accomplished in a routine

manner as follows. ES cells were suspended in LIF-free

medium, and the resulting suspension was seeded at

500 cells/50 uL per well of a commercially available 96-well

culture plate for spheroid formation (Sumilon Celltight



proteins at concentrations of 10 ng/nL to 50 ng/nL. [0099] Exanple 3:
Properties of cardi omyocytes derived fromWt-treated ES cells As shown in
Exanpl e 2, beating of EBs prepared fromES cells was increased significantly
by Wit treatnent, and to confirmthat the beating cells in these EBS were
cardi onyocytes, further studies were perforaed to investigate gene
expression and protein production of various nyocardial - specific marker

nol ecul es._I.n the sapne manner_as used in Exanple 2, ES cells were induced

to differ g‘rﬂhe&i%‘da'n(f‘{"ffem“}oeﬁﬁkt‘?%%é‘so wersE Gol | AR at Upgdegafdeset er

wns. per { oFRET efeaeirtmqﬁ“’ P o oLts Tpani T a9 kiR endua (1
ey e%?' LR Dy a‘r’éﬁa%%‘%#?%f?%?fas% ifor s ﬁ%ﬁ%ﬁ%%ﬁgs
(he1 “PR & %f’#ervar'prEits%epo°nns‘&%ne%asgf°§'%ﬁf'?%ﬁﬁﬂ%ﬁ hifhe ExRmeet e
Taqven pr ase R RSt SRR ARG S a ot {1
GAPDH t ram Eh?g%é%%lpk%t %I'Ath? Féever%\gggrentlated into

CATTGCT 3" (SEQ ID NO 14), (TagMan probe) 5'- TAAATCTAA
GACGCCAGCX%%%% SEQ ID NO 15); Nkx-2.5 56 (Forwar d)

OCATOOGEIPCT TTeE ™S th%LéEg PERE=" ) ’S°m§&$§\§e|vg‘??% FEBe B rbaeaTAMAMGA

GCTGWCIIIXa}é%péE¥gaé£%ed addition of a commercially available

recombinant Chordin or DAN protein (15 ng/mL; both purchased

from R&D systems) to the medium at 3 days before and
immediately after induction of differentiation. When
transiently treated with a BMP antagonist in this way,

ES cells are known to enhance their myocardial differentiation
ability (W02005-033298; Yuasa et al., Nat. Biotechnol. 23:607,
2005). Treatment of ES cells in medium supplemented with a
BMP antagonist such as Chordin protein or DAN protein is
hereinafter referred to as "BMP antagonist treatment.”

[0090] The EBs thus prepared were collected periodically,
and total RNA was prepared with an RNeasy mini kit (Qiagen),
followed by DNase treatment. cDNA was synthesized from the
DNase-treated total RNA (1 ug) using a SuperScript™ First-
Strand Synthesis System for RT-PCR (Invitrogen). Analysis of
gene expression was performed with an ABI PRISM 7700 (PE
Applied Biosystems) by using a real-time polymerase chain
reaction (PCR) quantification system with Lux primers to
examine the expression level of each gene. The real-time PCR

quantification was accomplished by using the above cDNA as a



NO 18); M.C-2a (Forward) 5'-CCAGCCAGACAAGITCTCTCCT-3" (SEQ ID NO 19),
(Reverse) 5' -CITGTAGICAATGITGCCGGC-3" (SEQ ID NGO 20), (TagMan probe)

5' - CAACTGTTTGCGCTGACACCCATGGA- 3' (SEQ ID NGO, 21); MG 2v (Forward)

5! - GCAGAGAGGTTCTCCAAAGAGG- 3' (SEQ ID NO 22), (Reverse)

S' - AAGATTGCCGGTAACGTCAGG 3' (SEQ ID NO. 23). (TagMan probe)

5' - ATCGACCAGATGTTCGCAGCCTTTCC- 3" (SEQ I D " NO. 24) GAPDH (Forwar d)

5' - TGCACCACCAACTGCTTAG 3' (SEQ ID NO 25), (Reverse)

5' - GGATCCAGBRARGAT @RAC B iGERY 4D NG Qein t i thyivee RCRRYp&SrMIGANTNGEACTGTG
GATGGECCCCTCG-3' (SEQ ID NO 27) Wien conpared to the untreated group, EBs in
the Wt - t(T@atiddogesup gamnBlne o drhapinshrudt s aftacheddirneto . of
differentiati on showed significantly stronger expression for GATA-4,

Nkx- 2.5, NOG9d and Megx2prdeeas fpirgdedegtign ofevardeusvMotagenesvHC
genes, each of which genes is known as a typical cardionmyqeyte marker.
[0100] | n wegiet designed (yeingpuigner \@rsiamsafifvage 1W-LUXr obpsighews ng a

| ow appearance rate of beating EBs, the expression |levels of the marker
genes wer dMifgogae anridhadagis tdfe the muglepyrdrpseqrne@ibst antial Iy t he
sanme tendencies 57 were observed for the appearance rate of beating EBs and
the exprddfoadmnatenn LHtRegeRes ny d&er auslepddder sgavescesopfithe Lux
Subsequent |y, imunohi st ochem cal stai ni ng was erformed to confirmthat
beati ng cAYNGS AsieFIh LA PheaRieus MM e SR UTLHITRRIY are
cardi onyocyte-specific marker proteins. EBs in the Wait-treated grou Wht
48- 120h gr%%p‘ﬁm&f“ below. aroup

Wnt-3

(Forward) 5'-CAACAGTAGCAAGGAGCATGGACTGTTG-3" (SEQ ID NO: 7)
(Reverse) 5'-GGCTGGGTCCAGGTCGTTTA-3" (SEQ ID NO: 8)

Wnt-3a

(Forward) 5'-GACAAACCGGGAGTCAGCCTTTGTC-3' (SEQ ID NO: 9)
{Reverse) 5'-TGCTGCACCCACAGATAGCA-3' (SEQ ID NO: 10)

Wnt-8a

(Reverse) 5'-GTACATGCGCTCTGCTGCCATCATGTAC-3' (SEQ ID NO: 11)
(Forward) 5'-GACTCGTCACAGCCGCAGTT-3' (SEQ ID NO: 12)

Figure 1 shows one example of the experiments performed
as described above. The Wnt genes were examined for their
expression between 24 hours (1 day) and 168 hours (7 days)
after induction of differentiation in ES cells, indicating
that Wnt-3, Wnt-3a and Wnt-8a genes showed significant
elevations in their expression. These Wnt genes each showed a
peak of strong expression between 72 and 96 hours after
induction of differentiation, and their expression was then
significantly decreased from 120 hours after induction of
differentiation. Thus, in theses ES cells, the period of

elevated Wnt gene expression can be determined to be 72 hours



10 days after induction of differentiation were freshly enbedded in a
compound for preparing frozen sections (OCT Conpound, Sakura Finetek USA
Inc.) and then frozen with liquid nitrogen. The frozen sanples were
sectioned at 6 mof thickness and attached on glass slides. These frozen
sections were reacted with anti-sarcopme¢c_nmyosin anti body (M-20; Anerican
Type Culture Collection), anti-GATA-4 anti body (C 20; Santa Cruz) or
anti-Nkx-2.5 antibody (N-19; Santa Cruz) as a primary antibody and then
react ed wiafttexr Hadvetdensief sdffanendddtdlasl.ed secondary anti body (Bi o- RAD),
and finally subjected to a color reaction with ACE (3-am no-9-

et hyl car bd209)] subst Fheedsernsi srepkieéhivish eoPMBr antagonisipsurhans
observed under_an optical mcroscope. [0102] The results obtained are shown
i n Fi gur e Chondin protgidy oft dANymteideIshovrskistinang grlevations in Wnt
cardi onyocyt e-specific  marker proteins sarconeric nmyosin ("MAC' in the
figure), 99BES2 SXPLHEFSERPASL Vﬁé‘%ﬁfé@q Andushien i9f t ed nunber of EBs.
In contrast, in the Wit-treated group, the great nmjority of

EB- const i A#GEeF eddiiad ity e aSdiu the tféasifoﬁgiw Yo eate drggaiP pratki ns and
were confirmed to form cardi.ospheres, as in the case of the BMP ant agoni st

(DAN) - tr éREeFXRISFF oSy sl Nk R 9eRas peks fPWd (%0 B2 deri ved
et hod st A AT d L SRR THAOCY TR T4 e (T Soh AR OBEAE | n
IO 0 AL it LS S
Pher oby prAgALE AEalIHG d OS5 AL A e POrieh isppeed © ™
activati Ori'ﬂntatgelniet ye-'xpTrheESnSic}cnur uhre:i.rng?tE'.'gjiceeSlJ\.Aec{ieffoeerrefn rinaﬁtd‘:l.otno. confirm that

[0093] Example 2: Enhancing effect of recombinant Wnt

protein treatment on the appearance of cardiomyocytes derived

from ES cells (1)

In the early stage of differentiation in ES cells,
transient elevations in expression of various Wnt genes were
observed prior to the appearance of cardiomyocytes. Then, ES
cells at this stage were treated with recombinant Wnt proteins
to study the myocardial differentiation-inducing effect of the
proteins. Induction of ES cell differentiation was
accomplished in the same manner as used in Example 1, except
that some of the experimental groups were cultured in medium
containing a commercially available recombinant WNT-1
(Peprotech), Wnt-3a (R&D systems) or Wnt-5a (R&D systems)
protein. Treatment of ES cells in medium supplemented with a
recombinant protein of canonical Wnt such as WNT-1 is
hereinafter referred to as "Wnt treatment.”

[0094] The appearance rate of EBs exhibiting spontaneous

beating was investigated periodically as one of a useful index



treatment with various drugs capable of pronoting stabilization of
(3-catenin and its transcription activation ability produced a nyocardi al
differentiation-inducing effect on ES cells, as in the case of Wit
treatment. As drugs capable of pronoting stabilization of (3-catenin and
its transcription activation ability,_tdwe following five comercially
avai |l abl e conpounds were used: GSK30 inhibitors BIO (Cal biochem, GSK3(3
inhibitor VIl (Calbiochenm, cell -perneable GSK3(3 peptide inhibitor

(L803- nt sofchhei dif&grendigtspm enal3 demiedppmen ta 9 finslar diomy ogwt esg Siom

(Cal bi ochem) that pronptes the transcription activation ability of

(3- cat eni BSwreRdst- GBR3thRei AAtEeated. IEQuBe| tBenappearaneedrase’ of
differentiate in the sane manner as used in the above Exanples, and

cul tured PHFEFGuMBSoMES FTRythe 030 &Fe 13 SRysuRd eFuSHsPenFdan ne peri od
between 48 and 120 hours (3 and 5 days) after induction of differentiation,
as in theCudd¥Zeof WRELEAS ABnthdnOToME: SeceivigsMintadraadment, forgure 5,
the result onfirned that _the groups treated with the above conpounds
showed, at4%t ﬁé’iurr%g% (Slﬁtyisr}uttﬁeg(?’r? t at‘z'inélng,6 g’%ﬁsor‘?&trﬁfodé’rdd’icélmn of

di fferentiation- indycing f gglsconpar ahl.e to or greater than that of the
r econbi naﬁﬁ%\ﬁﬁlre&t ihP r(glf&tted g}ﬁoﬁﬁs.weﬂ fe Ii?élr?né}ec%‘”ﬁ‘@e&’“itn
Exanple 3, EBs treated w.th these c oynds ,were tudied for their

expr essi oﬁr&a%ﬁ%‘ atfcﬁ’lrawzng’lpl?&s gean%gg’é”ﬁd ehyEED cﬁssalanr‘?aﬂ@é)r horgiseafder

I ndi cating_t.hat .t hey a_.signifi t.lay-1bdng@her el evating effect qQn gene
and pr ot eiqﬁldugf&pé’s&%%%&ﬁ%ﬁWela&ﬂtof‘e;%& groug,’ bgaitﬁnghgagaggsgrv? e
reconbi nant, \Wt_ . tein- ro . 05 le 5 St Q

expr essi o%"pgt tsel%gfoif: g\ﬂhtt[l%atéqg%ehg pcfulir%l%ﬁéc[a%rjledtflcift i@(%’ng(fﬁ(ﬂufrfeesr é%liaé’tral gr? )i'n ES

cells (2) phg et tdYr Vol RGP VPP gh AU UrdFA TS that

of BMP antagonist treatment ("Chordin” in the figure).

[0095] In contrast, in the group receiving Wnt treatment
for the first 48, 72, 96 or 120 hours (2, 3, 4 or 5 days)
after induction of differentiation (Wnt™*®", wnt’®, Wnt ®®® or
Wnt 12", respectively) as well as the group receiving Wnt

treatment from 120 or 144 hours (5 or 6 days) after induction

120h~ 144h~ )

of differentiation (Wnt or Wnt . EBs with beating
ability appeared at the same level as in the untreated group.
Moreover, in EBs from the untreated group and other groups
with a low percentage of beating EBs, beating was limited to a
certain restricted regions of the EBs, whereas EBs from the
Wnt*% %" and wnt*®*"'?°® groups were found to exhibit beating
throughout virtually all regions of their surface layer, as in
the case of Chordin-treated EBs. Namely, even when ES cells
were cultured in medium containing a Wnt protein during the
time period between immediately after induction of

differentiation and 24 hours before the period showing

elevated Wnt gene expression (i.e., 72 hours after initiation



(hereinafter referred to as "cnkES cells") were used to study Wit gene
expression during their differentiation. For use in experinents, cnES cells
wer e passaged and maintained in an undifferentiated state on
mtonmycin-treated prinmary nouse enbryonic fibroblasts which had been seeded
as feeder cells, by using Knockout- DMEN4redi um (I nvitrogen) containing 20%
Knockout Serum Repl acenent (Invitrogen), 0.1 nmol/L MEM nonessential am no

(her of naf & SHEFEPPEY 100180 oHRa oy Tl RS dife AP hHAnto et
mbi t LIE (al, | ab /L .r.ecqnbi t basic fibroblast
o owt h {280 BERIER, GRS a ANCORE R RUci ng i fferent 1 ation i n
nES cel | i ' i fql . .CNES cel|l
wer e washd8O8R0h pes ThaSORSRePt ool BHb. FE SR G R el BhnfBagatr pratud
di iati [ I I L1 t, 37C f )
m nutes.  SobgEnEaran s, afeRHR, I Brakelh ApsRalie 32 BAI00r Nexi
t f ; I t I '
passed {HPoNORTS oo 1 S0 R g e 7 R, Helbals e TR 7T e

then passedlolngua o3 oTes il HRIULAYE EE (10 e COLT e Hzpassed

fraction renmai ni'-ng on the non- passe dct’i'on contalning cnES

cell aggr i : .cjal | j | culture plate
09" G4A%E5 4R ol (19 5320499 il 1%%%{@i,n3sﬁg%)@a r@@ﬁ p

with high cell attachment (Primaria; Bect tured for 30

mnutes, fQldnquad by %wﬂa;a@iin@n%%ffe@cl Ionaaq,roﬁ%d%l 103 d ah 4% 113G, Medi um

w t hout adhéring to the plate. e cnES ceéll aggregates thus obtal ned were
i nduced t@pidijftherentiate into EBs by culturing in a comrercially available
non-cel | -adhesive culture plate (HydroCell; CellSeed) filled with cnES

medi um whifloggprievent i Pgesel kesults indicated that although Wnt
treatment significantly induced myocardial differentiation
from ES cells, its effect was observed only for a very limited
period during induction of differentiation. In the following
experiments, the term “"Wnt treatment” is used to mean Wnt
treatment for 48 hours (2 days) between 48 and 96 hours after
initiation of differentiation induction or for 72 hours
(3 days) between 48 and 120 hours after initiation of
differentiation induction, unless otherwise indicated.
[0098] Further studies were performed on "Wnt treatment”
to investigate how differences in the concentration of added
recombinant Wnt proteins would affect the ability of
myocardial differentiation. By way of example, in the case of
using Wnt-3a, Wnt-5a and WNT-1, they showed almost the same
concentration dependency, and the appearance rate of beating
EBs was significantly higher than in the untreated group when
the recombinant proteins were added at concentrations of
1 ng/mL to 100 ng/mL. In particular, a very good occurrence

of beating EBs was obtained through addition of the Wnt



aggregates fromcontacting with and adhering to each other. [0107] The EBs
t hus. prepared were collected periodically, and total RNA was prepared with
an RNeasy mini kit (Q agen). cDNA was then synthesized with reverse
transcri ptase and analyzed by PCR to detect expression of common marnoset
Wit-3 gene (cnMt-3) and (3-actin (cnjAgsin) serving as an endogenous
control. The priners used for detection are as shown below. cmMt-3
(Forward) 5'-GAGGTGAAGACCTGCTGGTGEEC-3' (SEQ | D NO 28) Rever se)

5' - GTTCCCERACARSAGEr @ ee Gy 3R NET 2 nHACk? o Q R ARl d)

5' - TCCTGA GTACCQ QLD 30)

5' - GTGGT GTAGEE2ER1Eg BORBLLILS § §3o8YRCYiERs 954 VeLanpl e of
t he experinent erforned descri bed above. The genes were exam ned for
their ex i (1 day) and 168 hours (7 days) after

i nduction of differentjation._in c¢nES cells,. indi | n t hat Wit - 3 gene
showed a peak ofl"s’sts‘li:l(g"%’d1 é{lpré(sa%'}pg'r? ?e’t %eegﬁflnﬁz oafﬁ%%%aﬁrseé&ter&ni nduct i on
of differ i atd.on, and.

in these cceellﬁss,waﬁgl

e S IR Sarnditn 2lg
determ nEdCC]tnﬁfDig’{?“ t7 aq:oughse agéaetlrztrl ndéjecﬁsor&rpftrg%g & ntviv ation, thereby

obtaining & e sane resu as’n rouse ce s.ef%108] Exanpl e 6
o 0 SR lc SRV SISO P Gy PERFRLRE o
et oL SR M AR L SR 4P SRR AR g
case, SOMg QoG G d TGS Al &YPS In the same manner as used in
Example 2, ES cells were induced to differentiate and the
resulting EBs were collected at 10 days after induction of
differentiation to prepare cDNA. Real-time PCR quantification
was performed by the TagMan probe method, i.e., by using the
above cDNA (1 uL) as a template and using a TagMan Universal
PCR Master Mix (PE Applied Biosystems) according to the
instructions attached thereto. TagMan probes for detection of
various genes were designed using primer design software (ABI
PRISM Primer Express) on the basis of the nucleotide sequence
information of the genes. The nucleotide sequences of the
primers and TagMan probes used for detection of GATA-4,
Nkx-2.5, MLC-2a, MLC-2v and GAPDH transcripts are as shown
below.
GATA-4
(Forward) 5'-ACGGAAGCCCAAGAACCTGA-3" (SEQ ID NO: 13),
(Reverse) 5’ -CATTGCTGGAGTTACCGCTG-3' (SEQ ID NO: 14),
(TagMan probe) 5'-TAAATCTAA GACGCCAGCAGGTCCTGCTG-3' (SEQ ID
NO: 15);

Nkx-2.5



were cultured for 72 hours (3 days) between 48 and 120 hours after

i nduction of differentiation in nmediumcontaining a commercially avail abl e
reconbi nant WNT-1 (PeproTech), Wht-3a (R&D systens) or WNT-7A (R&D syst ens)
protein. [0109] To confirmdifferentiation and devel opnent of

cardi onyocytes fromthe cnES cells, the ggsulting EBs were observed for
their spontaneous beating ability and also investigated for gene and
protein expression of various qyocardial-sgecific mar ker nol ecules. In the
unt r eat ed (FoFWRrad)1 o) -HEACLAGICARGACIGTHi Y 'ed SFQ tiINQeakb hg about 2 weeks
62 after induction of differentiation. In contrast, in the Wt-treated
groups, sP&RVEFERUs HefGMFQEHTEGEEHNRT 1D SEQ B tNQ: jhtluct i on of
differentiation, and alnost half of EBs exhibited beating at 16 days after

i nduct i on (FRIMAT RKWMR) &t | TECATTPPAAPAGR SHEFTCGGRHCEMH] yFEQ D expr essed

genes, EBs _were collected at 10 days after induction of differentiation to
det ect exﬁgﬁséﬁﬁﬁ of various marker genes in the sanme manner as used in
Exanpl e 5.I££e rimers used for detection of comon narnoset Nestin, ANP,
M.C-2a and' 'é—agv transcripts (hereinafter referred to as cmNestin, cmANP,

T 2% el e L i
R R BT TS 200
- oA LA e/ AR crblen S 41485 o
5'-GCEAAC@EET@EBQCACCTCA—S' (SEQ I D NG 37)
MLC-2v
(Forward) 5'-GCAGAGAGGTTCTCCAAAGAGG-3' (SEQ ID NO: 22),
(Reverse) 5'-AAGATTGCCGGTAACGTCAGG-3‘ (SEQ ID NO: 23),
(TagMan probe) 5'-ATCGACCAGATGTTCGCAGCCTTTCC-3‘' (SEQ ID
NO: 24)
GAPDH
(Forward) 5'-TGCACCACCAACTGCTTAG-3' (SEQ ID NO: 25),
(Reverse) 5'-GGATGCAGGGATGATGTTC-3' (SEQ ID NO: 26),
(TagMan probe) 5'-CAGAAGACTGTG GATGGCCCCTC-3' (SEQ ID NO: 27)
When compared to the untreated group, EBs in the

Wnt-treated group (Wnt‘“lmh

group) at 10 days after induction
of differentiation showed significantly stronger expression
for GATA-4, Nkx-2.5, MLC-2a and MLC-2v genes (Figure 3) as
well as oMHC and PMHC genes, each of which genes is known as a
typical cardiomyocyte marker.

[0100] In contrast, in the Wnt™**®, Wnt™'**® and wWnt'*‘™
groups showing a low appearance rate of beating EBs, the

expression levels of the marker genes were almost the same as

in the untreated group, and substantially the same tendencies



cmWLC 2v (Forward) 5' - AGGAGGCCTTCACTATCATGG 3" (SEQ ID NO 38), (Reverse)
5' - GFGATGATGTGCACCAGGTITC-3' (SEQ I D NO 39) Wen conpared to the untreated
group, EBs in the Wit-3a- treated group at 10 days after induction of
differentiation showed significantly stronger expression for the typical
cardi onyocyte marker genes cmANP, cmM.C-ga and cnML.CG-2v 63 (Figure 7).
Simlar results were also obtained for EBs in the WNT-1-treated group.
[0111] In contrast, expression of cnNestin known as a neuronal marker was
si gni fi canerg pbaes¥adi forhdheneppeazpage Frsdepof pearipaSEBseqnchithe,
I mmunohi st ochemi cal staining was perforned in the same nmanner as used in
Exanpl e 2eKBregfiPPmlevRas Béavamdous| myogaydisgemairkerBgenesm t he
Wit -t r eat ed groups wer e cardi omyocytes produci ng specific narker proteins.
From EBs LA1PRd wnt - tPebsequenrblips IvRuochisypgbenigal 1staipingavasy
i nduction of differentiation, frozen sections were prepared and reacted
with anti P8RfEEMERi EonFesfAranthasdPeating cedta- deysliopsdy idy EBSt fXRRk- 2. 5
anti body as a Rrinary anti body. After color reaction, these sections were
observed tBRJEPLaATERLREAOTRVPSoRESFYCedy FRFA1RRYR CYE ISPECLE ith BagkeTeat ed
group, cells ositive for cardjonyocyte-specific markgr,Bfoteins sarconeric
nyosi n anBTBAFADE -weFRS ohRetRed"Rh 5G| FRPYRd (WRFber of JEMBP) fd there
wer e Iittg ells sitive for Nkx-2.5._1n gntrast, in the groups treated
with wit- 30 SRYGNTITST RBAUGEASR i GiEESToP tRatoRs MEEG: PRGN 5 wer o
found to be si.ti.ve for thes rker_ protein Fiqure 8),. Siml results
were al s0oDBeHRRA tFoP ZRUBRRE, doRProRAFIES: 5 0 gPogpotions (oot

Compound, Sakura Finetek USA Inc.) and then frozen with liquid

nitrogen. The frozen samples were sectioned at 6 um of

thickness and attached on glass slides. These frozen sections

were reacted with anti-sarcomeric myosin antibody (MF20;

American Type Culture Collection), anti-GATA-4 antibody (C-20;

Santa Cruz) or anti-Nkx-2.5 antibody (N-19; Santa Cruz) as a

primary antibody and then reacted with a horseradish

peroxidase-labeled secondary antibody (Bio-RAD), and finally

subjected to a color reaction with ACE (3-amino-9-

ethylcarbazole) substrate solution (Nichirei Corporation,

Japan) and observed under an optical microscope.

[0102] The results obtained are shown in Figure 4. 1In the

untreated group, cells positive for cardiomyocyte-specific

marker proteins sarcomeric myosin ("MHC"” in the figure),

Nkx-2.5 and GATA-4 were observed in a very limited number of

EBs. In contrast, in the Wnt-treated group, the great

majority of EB-constituting cells were found to be positive

for the marker proteins and were confirmed to form

cardiospheres, as in the case of the BMP antagonist (DAN)-

treated group. These results proved that beating cells



[0114] These results indicated that Wit treatnment had a significant
prometing effect on induction of myocardial differentiation not only in
rodent ES cells but also in primate ES cells. 64 - CLAIMS 1. A nethod for
i nducing differentiation of cardionyocytes frompluripotent stemcells,
which conprises: i) culturing the plurippgent stemcells in a culture

medi um cont ai ni ng no substance that pronptes activation of the canoni cal
Wit signaling pathway during the tinme period between initiation of

di f f er ent G8EYRG Faem Wt -da¢atethdif seddisomere [ranfdompates eamded
canoni cal Wit gene expression; and then ii) culturing the pluripotent stem
cells in éléﬁlﬂ@ﬂéCQﬁﬁﬁlFQQﬁnﬁhﬁﬁﬂmﬁ}QQQMﬂiﬁQﬂﬁﬁytﬂﬁﬁmqﬁﬁﬁﬁntes activation
of the canonical Wit signaling pathway during a time period of 24 to 96
hours, st&ATAHGMYOGYtE Gd fenea e tomo e d Kievisdamnerndt ine|EBgat ed canoni cal
Wit gene expression. 2. The net hod accqrdin% to claim1, wherein the

pl uri pot ed®108tem cel E¥amplecdrt ERBANCANY fAFLGLe Ofe B GALEBARaRRLAYAROT
substance that prono e canopi cal
starting Prom# SAah 2 YRFY3e S| 9RI Ve ShitThite S gene
expression. 3. e nmethod according.to claim.1 or 2, wherein_the
pl uri pot ent steﬁFGegggvgrEagﬁpﬂﬁP dWP% RrOedty &Teadmemt dGnKROMndCa

ot S0 1 O 5240 Y R 100 SRS L gt
i A AL LR s
canoni cal Mg “Pa s nc up
consi sting,qf, ;3 cangpical Wk RLOLe A8 GE8Pperformed to confirm that

treatment with various drugs capable of promoting

tes ac si_gnal i_ng pat hway,

ifrp1ce

stabilization of f-catenin and its transcription activation
ability produced a myocardial differentiation-inducing effect
on ES cells, as in the case of Wnt treatment. As drugs
capable of promoting stabilization of B-catenin and its
transcription activation ability, the following five
commercially available compounds were used: GSK3f inhibitors
BIO (Calbiochem), GSK3fB inhibitor VII (Calbiochem),

cell -permeable GSK3p peptide inhibitor (L803-mts; Calbiochem)
and SB216763 (Biomol), as well as a Wnt agonist (Calbiochem)
that promotes the transcription activation ability of
B-catenin without GSK3f inhibition. ES cells were induced to
differentiate in the same manner as used in the above
Examples, and cultured in medium containing the above
compounds during the time period between 48 and 120 hours

(3 and 5 days) after induction of differentiation, as in the
case of recombinant Wnt proteins.

[0104] As shown in Figure 5, the results confirmed that

the groups treated with the above compounds showed, at their



65 - inhibitor and a Wit agonist. 5. The nethod according to claim4,
wherein the substance that pronotes activation of the canonical Wit
signaling pathway is a canonical Wit protein. 6. The nethod according to
claim5, wherein the canonical Wit protein is at |east one Wit protein

sel ected fromthe group consisting of _Wg-1, Wit-3a and Wit-5a. 7. The

nmet hod according to claimb5 or 6, wherein"the concentration of the
canoni cal Wit protein in the culture nediumis 0.1 ng/nL to 500 ng/nL. 8.
The met hodmcemwicupden ttfat onls , whestarong ey ocdnsd tank ed i £ et e nptr Dantod ars-
activation of the canonical Wit signaling pathway is a GSK3(3 inhibitor. 9.
The met hodrebwbimdi ref fierct|cimparatrerd ox rgrez8ies sthamhihat oof i theat | east
one inhibitor selected fromthe group consisting of GSK3(3 inhibitor VII,
L803- nt s, ISROMZGRENINIGINSYEimhirgated | . In0 thEhsamet madngsc@sdi ng
to claim8 or_9, wherein the concentration of the GSK3(3 inhibitor in the
cul ture mitfafnins Exammie |3 { FROOEFedted whth Aes s compyinds wWe¥e 5 Eunol /L
to 500 pmol/L for L803-nts, 10 nnmol/L to 1 nol/L for SB216763, or 10

nmol / L to Stufsied fok Wb EXRFesTien ¢ mmegrdial mavkemigrreacat ding to
claim4, wherein the substance that pronotes activation of the canoni cal

Wit si gnalM¥RFagsiahaBarken BFRtedhi stndycating thahothetctheWed 2o claim
11, wherein the Wit agonjst is an am nopyrimdine derivative. 13. The

met hod accorifgeantchhianebrelevating tffedle &% gevmcail (IREGERLDS the Wt

agonist in the culture mediumis 1 nnpl/L to 1000 nnol /L.
expression than the untreated group, as in the case of the

recombinant Wnt protein-treated groups.

[0105] Example 5: Study on expression patterns of Wnt

genes during induction of differentiation in ES cells (2)

ES cells derived from common marmoset, a kind of monkey
(hereinafter referred to as "cmES cells”) were used to study
Wnt gene expression during their differentiation. For use in
experiments, cmES cells were passaged and maintained in an
undifferentiated state on mitomycin-treated primary mouse
embryonic fibroblasts which had been seeded as feeder cells,
by using Knockout-DMEM medium (Invitrogen) containing 20%
Knockout Serum Replacement (Invitrogen), 0.1 mmol/L MEM
nonessential amino acid solution, 1 mmol/L L-glutamine and
0.1 mmol/L 2-mercaptoethanol (hereinafter referred to as "cmES
medium”), supplemented with 10 ng/mL recombinant LIF (alomone
labs) and 10 ng/mL recombinant basic fibroblast growth factor
(Invitrogen).

{01061 Culture for inducing differentiation in cmES cells
was accomplished in a routine manner as follows. cmES cells
were washed with PBS and then treated with a commercially

available cell dissociation solution for primate ES cells



14. The method according to any one of clains 1 to 13, wherein the

pl uri potent stemcells are enbryonic stemcells, enbryonic germcells or
germine stemcells. 15. The method according to claim 14, wherein the
pluripotent stemcells are enbryonic stemcells. 16. The nmethod according to
claim 14 or 15, wherein the pluripotentggtemcells are of human origin. 1
SEQUENCE LI STI NG <110> Asubi o Pharma Co., Ltd. <120> METHOD FOR | NDUCI NG

DI FFERENTI ATI ON OF PLURI POTENT STEM CELLS | NTO CARDI OWOCYTES <130>

FAQOL1- 070ARPROMIELID) ady Ak Cpdoantl mipertsisortos cpllegptoR redd| puspems iop 2>
PRT <213> Mus nusculus _<400> 1 Met Gy Leu Trp Ala Lau Leu Pro Ser Trp Val
Ser Thr THont@ining omES ekl aqaredates eu Mot Ate 1SEPamateAtheac®BSu Al a

Ala Asn Ser Ser Ay 20 25 30, Ar 5%%? Trp g%; lie Val Asn Ile Ala Ser Ser
Thr Asn L&PYHEL £ e fgrede e 811 FUIPEPTERD RS IRASTPY Pro

Ser Leu Gn Leu Leu 5Q 55 60 Ser Arg Lys Gn Arg Arg Leu He Arg G n Asn
Pro Ay Ilr&“i_cé‘lpl'Hias m%sg"ﬂ)fﬁo%dm S%?IQW 17e,ang 12PEFERer Al a Vval

A9 OU O Lys, TR, G0 0590 95 P A1 Gh A5 hEh 200" B RS0 /8 KL 0
collect the non-passed fraction remaining on the mesh. This
non-passed fraction containing cmES cell aggregates was
further seeded in a commercially available culture plate with
high cell attachment (Primaria; Becton Dickinson) and cultured
for 30 minutes, followed by collection of cell aggregates
floating in the medium without adhering to the plate. The
cmES cell aggregates thus obtained were induced to
differentiate into EBs by culturing in a commercially
available non-cell-adhesive culture plate (HydroCell;
CellSeed) filled with cmES medium while preventing cell
aggregates from contacting with and adhering to each other.
[0107] The EBs thus prepared were collected periodically,
and total RNA was prepared with an RNeasy mini kit (Qiagen).
cDNA was then synthesized with reverse transcriptase and
analyzed by PCR to detect expression of common marmoset Wnt-3
gene (cmWnt-3) and f-actin (cmPBActin) serving as an endogenous
control. The primers used for detection are as shown below.
cmWnt-3
(Forward) 5'-GAGGTGAAGACCTGCTGGTGGGC-3' (SEQ ID NO: 28)
(Reverse) 5'-GTTGGGCTCACAAAAGTTGG-3' (SEQ ID NO: 29)
cmpBActin
(Forward) 5'-TCCTGACCCTGAAGTACCCC-3' (SEQ ID NO: 30)

(Reverse) 5'-GTGGTGGTGAAGCTGTAGCC-3' (SEQ ID NO: 31)
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195 200 205, Thr Val Phe Ser u Met Arg Gn Qu Cys Lys Cys Hs Gy

110 Phe Gy Lys Ile Val Asn Arg Gy Cys Arg Au Thr Ala Phe lie Phe
125 Ala lie Thr Ser Ala Ay Val Thr H's Ser Val Ala Arg Ser Cys Ser
140 du Ay Ser Ile Qu Ser Cys Thr Cys Asp Tyr Arg Arg Arg Gy Pro
155 160 dy Ay Pro Asp Trp His Trp Gy Gy Cys Ser Asp Asn Ile Asp
170 175 dy Arg Leu Phe Ay Argidu Phe Val Asp Ser Ay Gu Lys Ay
180 185 190 Asp Leu Arg Phe Leu Met Asn Leu H's Asn Asn Gu Ala Ay Arg

Ser 210 215F3gBre 5(?9°S§r°€9se¥ﬁwp$ﬁlOﬁr§h?hPxey§lmﬁﬁtﬁbPeAfgrE@G Pro

Leu 225 230 235 240 Ala Val Ay Asp Val Leu Arg Asp Arg Phe Asp
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72 and 120 hours after induction of differentiation, and then
its expression disappeared (Figure 6). Thus, in these ES
cells, the period of elevated Wnt-3 gene expression can be
determined to be 72 hours after induction of differentiation,
thereby obtaining almost the same results as in mouse

ES cells.

[0108] Example 6: Enhancing effect of recombinant Wnt

protein treatment on the appearance of cardiomyocytes derived

from ES cells (2)

cmES cells were used to study the effect of recombinant
Wnt protein treatment. In the same manner as used in
Example 5, cmES cells were cultured and induced to
differentiate. In this case, some of the experimental groups
were cultured for 72 hours (3 days) between 48 and 120 hours
after induction of differentiation in medium containing a
commercially available recombinant WNT-1 (PeproTech), Wnt-3a
(R&D systems) or WNT-7A (R&D systems) protein.
[0109] To confirm differentiation and development of
cardiomyocytes from the cmiES cells, the resulting EBs were
observed for their spontaneous beating ability and also
investigated for gene and protein expression of various
myocardial-specific marker molecules. In the untreated group,

10% or less of EBs exhibited partial beating about 2 weeks



Cys H's
Cys -Leu
Ala Pro
Gy Ser
Ser Leu
Pro Lys
Val Al a
Phe Arg
Il e Phe

Val Ser Cys Arg Asn
370 <210> 2 <211>
Leu Ay Tyr Leu Leu
Tyr Pro Ile Trp Trp
Ser Thr Gn Pro Ile
G n Leu Arg Phe Cys
Gu @y Val Lys Ala
CGaytargindygcTipnAef
Gy Pro Val Leu Asp

Cys Thr His Thr Arg Val Leu Hs Qu 355 360 365
352 <212> PRT <213> Mus nuscul us <400> 2 Met
Val Leu Cys Ser Leu Lys Gn Ala 1 5 10 15 Leu
Ser Leu Ala Val Ay Pro Gn Tyr 20 25 30 Ser
Leu Cys Ala 6@er_ Ile Pro Gy Leu 35 40 45 Vval
Arg Asn Tyr Val Gu Ile Met Pro 50 55 60 Ser
Gy lle Gn Au Cs Gn Hs Gn 65 70 75 80
QyffelmenthrtVah.Sein AsonBeasteuidl 8h&85 90 95

Lys Ala Thr Arg A u Ser Ala Phe Val 100 105 110

3 His Al Wntirtrppge8egrobpsd gpvataneauPhbeAtangalstantedr gbSat O @a§s120

125 Ala du Gy

Ser Ala Ala lie Cys Ay Cys Ser Ser Arg Lou Gn @y 130

135 140 SeftproiciyctionGpy Aiffeyentiptdon,GapdCpdmEet GadfAsff EBe G u 145
160 Phe Glg Gy Met Val Ser Arg GQu Phe Ala Asp Ala Arg Cu Asn Arg
e

150 155
165 170

128hibited ating at 16 days after induction of
differentiation.
[0110] Moreover, for analysis of expressed genes, EBs

were collected at 10 days after induction of differentiation

to detect expression of various marker genes in the same

manner as used in Example 5. The primers used for detection

of common marmoset Nestin, ANP, MLC-2a and MLC-2v transcripts

(hereinafter referred to as cmNestin, cmANP, cmMLC-2a and

cmMLC-2v, respectively) are as shown below.

cmNestin

(Forward) 5'-GCCCTGACCACTCCAGTTTA-3' (SEQ ID NO: 32),

(Reverse) 5'-GGAGTCCTGGATTTCCTTCC-3' (SEQ ID NO: 33)

CmANP

(Forward) 5'~GAACCAGAGGGGAGAGACAGA-3' (SEQ ID NO: 34),

(Reverse) 5' -CCCTCAGCTTGCTTTTTAGGAG-3' (SEQ ID NO: 35)

cmMLC-2a

(Forward) 5'-GAGGAGAATGGCCAGCAGGAA-3' (SEQ ID NO: 36),

(Reverse) 5'-GCGAACATCTGCTCCACCTCA-3' (SEQ ID NO: 37)

cmMLC-2v

(Forward) 5'-AGGAGGCCTTCACTATCATGG-3' (SEQ ID NO: 38),

(Reverse) 5'-GTGATGATGTGCACCAGGTTC-3' (SEQ ID NO: 39)

When compared to the untreated group, EBs in the Wnt-3a-

treated group at 10 days after induction of differentiation

showed significantly stronger expression for the typical

cardiomyocyte marker genes cmANP, cmMLC-2a and cmMLC-2v



Pro Asp Ala Arg Ser Ala Met Asn Arg His Asn Asn Qu Ala Gy Arg 180 185 190
GnAla lie Ala Ser H's Met H's Lou Lys Cys Lys Cys Hs Ay Lou 195 200 205
Ser Ay Ser Cys Au Val Lys Thr Cys Trp Trp Ser Gn Pro Asp Phe 210 215 220
Arg Thr lie Oy Asp Phe Lou Lys Asp Lys Tyr Asp Ser Ala Ser Gu 225 230 235
240 Met Val Val Qu Lys Hs Arg Clu Ser63Arg Ay Trp Val GQu Thr Lau 245 250
255 Arg Pro Arg Tyr Thr Tyr Phe Lys Val Pro Thr Qu Arg Asp Lou Vval 260

260 265  SErSBRE &l TR o AT Eo TP Sy e Rl SbEr 8 "R hbe e, Bl 200

295 300 K=k Lou Cys Cys Ay Arg Ay H's Asn Ala Arg Thr
305 310 3@&3?0¥r8éue§?§%%éﬁr G u Lys s Hs s Val Phe H's Tr S S
g ys Oy Cy p Cys Cy
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groups.
[0112] Subsequently, immunohistochemical staining was
performed in the same manner as used in Example 2 to confirm
that beating cells developed in EBs from the Wnt-treated
groups were cardiomyocytes producing specific marker proteins.
From EBs in the Wnt-treated groups (Wnt-3a, WNT-1) at 16 days
after induction of differentiation, frozen sections were
prepared and reacted with anti-sarcomeric myosin antibody,
anti-GATA-4 antibody or anti-Nkx-2.5 antibody as a primary
antibody. After color reaction, these sections were observed
under an optical microscope.
[0113] As a result, in the untreated group, cells
positive for cardiomyocyte-specific marker proteins sarcomeric
myosin and GATA-4 were observed in a very limited number of
EBs, and there were little cells positive for Nkx-2.5. In
contrast, in the groups treated with Wnt-3a or WNT-1, the
great majority of EB-constituting cells were found to be
positive for these marker proteins (Figure 8). Similar
results were also obtained for EBs in the WNT-7A-treated
group.
[0114] These results indicated that Wnt treatment had a
significant promoting effect on induction of myocardial
differentiation not only in rodent ES cells but also in

primate ES cells.
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-dy Met Asn Asn Pro Val G n Met S5er Qu Val Tyr He He Ay 50 55 60 Ala

Pro Leu Cys Ser Gn Leu Ala Gy Leu Ser Gn Ay Gn Lys 65 70 75 80
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medium containing no substance that promotes activation of the

canonical Wnt signaling pathway during the time period between

initiation of differentiation induction and 24 hours before

the period of elevated canonical Wnt gene expression; and then

ii) culturing the pluripotent stem cells in a culture

medium containing a substance that promotes activation of the

canonical Wnt signaling pathway during a time period of 24 to

96 hours, starting from 24 to 0 hours before the period of

elevated canonical Wnt gene expression.

2. The method according to claim 1, wherein the pluripotent

stem cells are cultured in a culture medium containing a

substance that promotes activation of the canonical Wnt

signaling pathway, starting from 24 hours before the period of

elevated canonical Wnt gene expression.

3. The method according to claim 1 or 2, wherein the

pluripotent stem cells are cultured in a culture medium

containing a substance that promotes activation of the

canonical Wnt signaling pathway during a time period of 48 to

72 hours.

4. The method according to any one of claims 1 to 3,

wherein the substance that promotes activation of the

canonical Wnt signaling pathway is a substance selected from

the group consisting of a canonical Wnt protein, a GSK3f



Arg Phe Asn Ser Pro Thr Thr G n Asp Leu Val Tyr Ile Asp Pro Ser 290 295 300
Pro -Asp Tyr Cys Val Arg Asn Qu 5er Thr Ay Ser Leu Ay Thr Gn 305 310 315
3205 Gy Arg Leu Cys Asn Lys Thr Ser Au Ay Mt Asp Gy Cys GQu Leu 325
330 335 Met Cys Cys Ay Arg Gy Tyr Asp Gn Phe Lys Thr Val Gn Thr Qu
340 345 350 Arg Cys His Cys Lys Phe H s 6T$p_ Cys Cys Tyr Val Lys Cys Lys Lys
355 360 365 Cys Thr Au lle Val Asp G n Phe Val Cys Lys 370 375 <210> 4
<211> 354 <212> PRT <213> Mus nusculus <400> 4 Met Ay H's Leu Leu Met Leu
Trp Val AlishAbatGiryakdt aCfatTagoRist.1 5 10 15 Ala Leu Ay Ala Ser Ala Trp
Ser Val Asn Asn Phe Leu Ile Thr dy 20 25 30 Pro Lys Ala Tyr Leu Thr Tyr
Thr Al a SBr Val Theamethod gcabadng te5ca@imb54), | wh€reihl ¢h€l suBstiafige Lys
Phe G n Phe Ala Trp Gu Arg Trp Asn 50 55 60 Cys Pro Qu Hs Ala Phe G n
Phe Ser Thhaki pramatAsgakcddvAtdgon af ¢he7¢aneondcalAWatTisdgadi@Glgu Thr Ser
Phe Ile Hs Ala lle Arg Ser Ala Ala Ile 85 90 95 Mt Tyr Ala Val Thr Lys
Asn Cys Spathwaydiy Asgabhenichd Wot @yoteidQ 105 110

6. The method according to claim 5, wherein the canonical

Wnt protein is at least one Wnt protein selected from the

group consisting of Wnt-1, Wnt-3a and Wnt-5a.

7. The method according to claim 5 or 6, wherein the

concentration of the canonical Wnt protein in the culture

medium is 0.1 ng/mL to 500 ng/mL.

8. The method according to claim 4, wherein the substance

that promotes activation of the canonical Wnt signaling

pathway is a GSK3f inhibitor.

9. The method according to claim 8, wherein the GSK3f

inhibitor is at least one inhibitor selected from the group

consisting of GSK3f inhibitor VII, L803-mts, SB216763 and

GSK3f inhibitor IX (BIO).

10. The method according to claim 8 or 9, wherein the

concentration of the GSK3f inhibitor in the culture medium is

2 umol/L to 100 umol/L for GSK3f inhibitor VII, 5 umol/L to

500 umol/L for L803-mts, 10 nmol/L to 1 umol/L for SB216763,

or 10 nmol/L to 1 umol/L for GSK3f inhibitor IX (BIO).

11. The method according to claim 4, wherein the substance

that promotes activation of the canonical Wnt signaling

pathway is a Wnt agonist.

12. The method according to claim 11, wherein the Wnt

agonist is an aminopyrimidine derivative.

13. The method according to claim 11 or 12, wherein the



Gy Cys Asp Au Ser Gn Asn Ay Lys Thr Ay Gy Hs Ay Trp Ile 115 120 125
Trps@dy Ay Cys Ser Asp Asn Val Qu Phe Ay Qu Lys Ile Ser Arg 130 135 140
Leu Phe Val Asp Ser Lau Qu Lys Gy Lys Asp Ala Are Ala Leu Val 145 150 155
60 Asn Leu His Asn Asn Arg Ala Ay Arg Leu Ala Val Arg Ala Ser Thr 165 170
175 Lys Arg Thr Cys Lys Cys Hs Ay llegéger Gy Ser Cys Ser Ile Gn 180

185 190 Thr Cys Trp Leu G n Leu Ala Asp Phe Arg G n Met (]y Asn Tyr Leu 195
200 205 6 Lys Ala Lys Tyr Asp Arg Ala Lou Lys He Gu Met Lys Arg G n

210 215 2ZENCEHkTALIORN &fthleAmtAra@%%tGw Ghe Ay thgs Al ivay iBhr Gu Al a
225 230 235 240 Phe Lou Pro Ser Thr Gu Ala Qu Lou Ile Phe Leu u Ay Ser
Pro 245 2300993 /Lae -F)PIOOWOAS/H‘ ‘Arg Asn Ala Ser Leu Ser lie Gn Ay Thr Qu
Gy 260 265 270 Ar Cys Leu G n Asn Ala Arg Ser Al a Ser Ar% Arg Au Gn
Arg 275 280 28§hesgPté§?§ @CFORAd NGe FOORRY TR ej&eimsy 1 &¢ & val Qu

Clcyg é\rjg 29 295 3%?@ ﬁglrla %I\?a:lAla Val ﬁ@r Ser %HAS Q/s Asn %ngrﬁp

Arg Tyr Tyr s 325 330 33 Thr Pro VaI r Ala Arg Pro Arg Ay Arg
Ay Lys ASHOSCR 15439545 9?9“[9‘ ihe'Sren ells.

15. The method according to claim 14, wherein the
pluripotent stem cells are embryonic stem cells.
l6. The method according to claim 14 or 15, wherein the

pluripotent stem cells are of human origin.



<210> 5 <211) 352 <212> PRT (213) Hono sapiens <400> 5 Met Ala Pro Leu
@y Tyr Phe Lou Lau Leu Cys Ser Leu Lys Gn Ala 1 5 10 15 Leu dy Ser Tyr
Pro’lle Trp Trp Ser Leu Ala Val Ay Pro Gn Tyr 20 25 30 Ser Ser Lau dy
Ser Gn Prolle Leu Cys Ala Ser Ile Pro Ay Leu 35 40 45 Val Pro Lys Gn
Lou Arg Phe Cys Arg Asn Tyr Val Qu Ile Met Pro 50 55 60 Ser Val Ala Qu
Ay lleLys Ile Ay Ile Gn AQu Cs Gn Hs Gn 65 70 75 80 Phe Arg Ay
Arg Arg Trp Asn Cys Thr TMUEM@IL,SH@ Asp Ser Lou Ala 85 90 95 Ile Phe Gy
Pro Val Lou Asp Lys Ala Thr Arg Ser Ala Phe val . ~ 100 105 110 H's Al a
lle Ala Sé‘r‘OZAIAa“bG Rhangg Co. AILH’ Phe AI a Val Thr Arg Ser Cys 115 120 125 Al a

Gu dy TszoWM@THdﬁ @R'lhb@ClW@F@!MTIW&V @eﬂLunﬁﬂfENNﬁM kel 5 @T@CA%IHMYMS 135 140 Ser

Pro Gy L ﬁ\/b"y Lys Trp Ay Ay Cys Ser Qu Asp Ile u 145 150 155 160
Phe Ay G<V° 00\/s8708er Arg Clu Phe Ala Asp Ala Arg G u Asn Arg 165 170 175
Pro Asp AkmoArg Ser Ala Met Asn Arg His Asn Asn Qu Ala Gy Arg 180 185 190
Gn Alalle Ala Ser H s I\/bt H's Lau Lys Cys Lys Cys Hs Ay Leu 195 200 205

170> PatentlIn version 3.1

<210) 1

211> 370

{212 PRT

<213> Mus musculus

<400> 1

Met Gly Leu Trp Ata Leu Leu Pro Ser Trp Val Ser Thr Thr Leu Leu
1 5 10 15

Leu Ala Leu Thr Ala Leu Pro Ala Ala Leu Ala Ala Asn Ser Ser Gly
20 25 30

Arg Trp Trp Gly lle Val Asn Ile Ala Ser Ser Thr Asn Leu Leu Thr
35 40 45

Asp Ser Lys Ser Leu Gin Leu Val Leu Glu Pro Ser Leu GIn Leu Leu
50 55 60

Ser Arg Lys GIn Arg Arg Leu tie Arg GIn Asn Pro Gly Ile Leu His
65 70 15 80

Ser Val Ser Gly Gly Leu GIn Ser Ala Val Arg Glu Cys Lys Trp Gln
85 90 95

Phe Arg Asn Arg Arg Trp Asn Cys Pro Thr Ala Pro Gly Pro His Leu
100 105 110

Phe Gly Lys lle Val Asn Arg Gly Cys Arg Giu Thr Ala Phe |le Phe
115 120 125

Ala Ile Thr Ser Ala Gly Val! Thr His Ser Val Ala Arg Ser Cys Ser
130 135 140

Giu Gly Ser Ile Glu Ser Cys Thr Cys Asp Tyr Arg Arg Arg Gly Pro
145 150 155 160

Gly Gly Pro Asp Trp His Trp Gly Gly Cys Ser Asp Asn Ile Asp Phe
165 170 175

Gly Arg Leu Phe Gly Arg Glu Phe Val Asp Ser Gly Glu Lys Gly Arg
180 185 190

Asp Leu Arg Phe Leu Met Asn Leu His Asn Asn Glu Ala Gly Arg Thr
195 200 205

Thr Val Phe Ser Glu Met Arg Gin Glu Cys Lys Cys His Gly Met Ser
210 215 220



Ser
Arg
240°
255
265
280
295
305
Tyr
Lys
Met

Gy Ser Cys Au Val Lys Thr Cys Trp Trp Ser Gn Pro Asp Phe 210 215 220
Ala lle Gy Asp Phe Leu Lys Asp Lys Tyr Asp Ser Ala Ser Qu 225 230 235
Met Val Val Qu Lys Hs Arg Gu Ser Arg Ay Trp Val Gu Thr Leu 245 250
Arg Pro Arg Tyr Thr Tyr Phe Lys Val Pro Thr u Arg Asp Leu Val 260
270 Tyr Tyr Ju Ala Ser Pro Asn Phe Qs Qu Pro Asn Pro u Thr Ay 275
285 Ser Phe Ay Thr Arg Asp Arg Thr Cys Asn Val Ser Ser Hs Ay Ile 290
300 Asp Gy Cys Asp Leu Leu Cys Cys Ay Arg Uy H's Asn Ala Arg Ala
310 345 s326)s 16 va1 AFQTHNCGs A BetGlrld LhiySo @yiSLeng Cys Val Phe His Trp Cys Cys
325 383 335 Val 2 Cys G n @% Cys Thr Ae¢ Val Tyr Asp Val His Thr Cys
340 345 350 <210> 6 <211> 355 <212> PRT <213> Honop sapiens <400> 6
Ay Asn veaoyReevdvRes h@uspTip PR Bp Alyaaikaer Ak yall e Cys Cys Ala 1 5 10 15 i

8 Ala Phe Ser Ala Bsr Ala Trp 28 Val Asn ASh Phe Leu Ile Thr Ay 20 25 30

Pro
Ser

Lys Ala Tyr Leu Thr Tyr Thr Thr Ser Val Ala Leu Ay Ala Gn 35 40 45

Ay |le 1@ GllyGil;g.lAr@my hyssrng AG Ser RheAlAnga: (B pevd u Arg Trp Asn 50 55 60
0

Arg Leu Glu Pro Glu Asp Pro Ala His Lys Pro Pro Ser Pro His Asp
275 280 285

Leu Val Tyr Phe Glu Lys Ser Pro Asn Phe Cys Thr Tyr Ser Gly Arg
290 295 300

Leu Gly Thr Ala Gly Thr Ala Gly Arg Ala Cys Asn Ser Ser Ser Pro
305 310 315 320

Ala Leu Asp Gly Cys Glu Leu Leu Cys Cys Gly Arg Gly His Arg Thr
325 330 335

Arg Thr GIn Arg Val Thr Glu Arg Cys Asn Cys Thr Phe His Trp Cys
340 345 350

Cys His Val Ser Cys Arg Asn Cys Thr His Thr Arg Val Leu His Glu
355 360 365

Cys Leu
370

10> 2

211> 352

<{212> PRT

<213> Mus musculus

400> 2
Met Ala Pro Leu Gly Tyr Leu Leu Val Leu Cys Ser Leu Lys Gin Ala
1 5 10 15

Leu Gly Ser Tyr Pro {le Trp Trp Ser Leu Ala Val Gly Pro GIn Tyr
20 25 30

Ser Ser Leu Ser Thr Gin Pro Ile Leu Cys Ala Ser |le Pro Gly Leu
35 40 45

Val Pro Lys Gin Leu Arg Phe Cys Arg Asn Tyr Val Glu Ile Met Pro
50 55 60

Ser Val Ala Glu Gly Val Lys Ala Giy Ile Gin Glu Cys Gin His Gin
65 70 75 80

Phe Arg Gly Arg Arg Trp Asn Cys Thr Thr Val Ser Asn Ser Leu Ala
85 90 95

Ile Phe Gly Pro Val Leu Asp Lys Ala Thr Arg Glu Ser Ala Phe Vai
100 105 110



Cys
Al a

Met

Ay
Trp
Leu
160
175
185
200
215
225
Pro
Ay
Arg
Au

Cys

Pro Gu Asn Ala Leu G n Leu Ser Thr H's Asn Arg Leu Arg Ser 65 70 75 80
Thr Arg Qu Thr Ser Phe Ile Hs Ala lle Ser Ser Ala Gy Val 85 90 95

Tyr Ile Ile Thr Lys Asn Cys Ser Met Gy Asp Phe Gu Asn Cys 100 105 110
Cys Asp Ay Ser Asn Asn Gy Lys Thr dy Ay Hs Gy Trp Ile 115 120 125
Gy @y Cys Ser Asp Asn Val Cu Phe dy Qu Arg Ile Ser Lys 130 135 140
Phe Val Asp Ser Leu Qu Lys Ay Lys Asp Ala Arg Ala Leu Met 145 150 155
Asn Leu Hi's Asn Asn Arg Ala Ay Arg Leu Ala Val Arg Ala Thr Met 165 170
Lys Arg Thr Cys Lys Cys Hs Gy Ile Ser Ay Ser Cys Ser Ile Gn 180

190 THiy AlRQyise AllaFel &la GG Vel AGuUPhAlA ‘@ JhrPheSérigs G u Met Gy Asp Tyr Leu 195

205 Lys A% Lys Tyr A¥8 Gn Ala L% Lys ITe Gu Met Asp Lys Arg G n 210
220 Leu Arg Ala Gy Asn Ser Ala Qu Gy His Trp Val Pro Ala Qu Al a

230 235Gy SqPhda hlay | Py CBefbys AbraSeGAce 1AL §Indly Leu |l e Phe Leu Gu du Ser
n Ser Ser

245 250'¥55 Asp Tyr'

260 265 270 Arg Qu
Bro B85 GluShby T
295 300
305 310 315 320

275 ;
Arg 2
Cys

Vs

s Thr Cys's
Cys Leu G n Asn Ser
§s Gp)ﬁ‘mﬁ‘g\;ga&f ClusAsTHhfe
Thr G u V

Il e Ser

H s Asn Thr

B

Phe Gly Gly Met Val Ser Arg Glu Phe Ala Asp Ala Arg Glu Asn Arg

165

170

Pro Asp Ala Arg Ser Ala Met Asn Arg His Asn Asn

180

Gin Ala lle Ala
195

Ser Gly
210

Ser Cys

Arg Thr
225

ile Gly

Met Val Val Giu

Arg Pro Arg Tyr

260

Glu Ala
275

Tyr Tyr

Ser Phe
290

Gly Thr

Asp Gly
305

Cys Asp

Giu Arg Arg Arg

Val Ser Cys Gin
340

210> 13
11y 379
{212> PRT

Ser His
Giu Val

Phe
230

Asp

Lys His

245

Thr Tyr

Ser Pro
Arg Asp

Leu
310

Leu

Giu
325

Lys

Glu Cys

{213> Mus musculus

<400> 3

Met Lys Lys Pro
1

Ala Gly Giy Ala

fle Gly

Met Ser

Met

Lys

215

Leu

Arg

Phe

Asn

Arg

295

Cys

Cys

Thr

ile

Ser

His

200

Thr

Lys

Glu

Lys

Phe

280

Thr

Cys

His

Arg

Leu

Lys

185

Leu

Cys

Asp

Ser

Val

265

Cys

Cys

Gly

Cys

Val
345

Ser

Phe

Lys Cys Lys

Trp Trp Ser
220

Lys Tyr Asp
235

Arg Gly Trp
250

Pro Thr Glu

Glu Pro Asn

Asn Val Ser
300

Arg Gly His
315

Val Phe His
330

Tyr Asp Val

Pro Gly Val
10

Phe Leu Met

175

Glu Ala Gly
190

Cys His Gly
205

Gin Pro Asp

Ser Ala Ser

Val Giu Thr
255

Arg Asp Leu
270

Pro Glu Thr
285

Ser His Gly

Asn Ala Arg

Trp Cys Cys
335

His Thr Cys
350

Ala Leu Gly
15

Ala Leu Ala

Arg

Leu

Phe

Glu

240

Leu

Val

Gly

Thr
320

Tyr

Lys

Thr

Thr

Leu Gy Ile Tyr Ay Thr Gu
Ser Arg Trp Gu Arg
uCs Ay Leu Gn Val Gu

Cys Asn Cys Lys Phe G n Trp



9 Thr Val Lys Cys Asp G n Cys Arg H's Val Val Ser Lys Tyr Tyr Cys 325 330
335 Ala Arg Ser Pro Ay Ser Ala Gn Ser Leu Gy Arg Val Trio Phe Ay 340
345350 Val Tyr Ile 355 <210> 7 <211> 28 <212> DNA <213> Artificial
<220> <223> Forward Prinmer for Wit-3 (400> 7 caacagtagc aaggagcatg gactgttg
28 <210> 8 <211> 20 <212) DNA <213> Adtificial <220> <223> Reverse
Primer for Wwit-3 (400> 8 ggctgggtcc aggtcgttta 20 <210> 9 <211> 25 <212>
DNA <213> Artifigial <220> §223> Forward, Primer for Wit-3a <400> 9

2

gacaaaccgg gagtcagcct ttgtc <210> 10
Phe Phe Ser Phe Ala Gin Val Val Ile Glu Ala Asn Ser Trp Trp Ser
35 40 45

Leu Gly Met Asn Asn Pro Val Gin Met Ser Glu Val Tyr lle 1le Gly
50 55 60

Ala GIn Pro Leu Cys Ser Gin Leu Ala Gly Leu Ser Gln Gly Gin Lys
65 70 75 80

Lys Leu Cys His Leu Tyr Gin Asp His Met GIn Tyr Ile Giy Glu Gly
85 90 95

Ala Lys Thr Gly Ile Lys Glu Cys Gin Tyr Gin Phe Arg His Arg Arg
100 105 110

Trp Asn Cys Ser Thr Val Asp Asn Thr Ser Val Phe Gly Arg Val Met
115 120 125

Gin 1le Gly Ser Arg Glu Thr Ala Phe Thr Tyr Ala Va! Ser Ata Ala
130 135 140

Gly Val Val Asn Ala Met Ser Arg Ala Cys Arg Glu Gly Glu Leu Ser
145 150 155 160

Thr Cys Gly Cys Ser Arg Ala Arg Pro Lys Asp Leu Pro Arg Asp Trp
165 170 175

Leu Trp Gly Giy Cys Gly Asp Asn tle Asp Tyr Gly His Pro Phe Ala
180 185 190

Lys Glu Phe Val Asp Ala Arg Glu Arg Glu Arg Ile His Ala Lys Giy
195 200 205

Ser Tyr Glu Ser Ala Arg lle Leu Met Asn Leu His Asn Asn Glu Ala
210 215 220

Giy Arg Arg Thr Val Tyr Asn Leu Ala Asp Val Ala Cys Lys Cys His
225 230 235 240

Gly Val Ser Gliy Ser Cys Ser Leu Lys Thr Cys Trp Leu GIn Leu Ala
245 250 255

Asp Phe Arg Lys Val Gly Asp Ala Leu Lys Giu Lys Tyr Asp Ser Ala
260 265 270

Ala Ala Met Arg Leu Asn Ser Arg Gly Lys Leu Val GIn Val Asn Ser
215 280 285

Arg Phe Asn Ser Pro Thr Thr GIn Asp Leu Val Tyr lle Asp Pro Ser
290 295 300

Pro Asp Tyr Cys Val Arg Asn Glu Ser Thr Gly Ser Leu Gly Thr Gin
305 310 315 320



<211> 20 <212> DNA <213> Artificial <220> <223> Reverse Priner for Wit-3a
<400> 10 tgctgcaccc acagatagca 20 <210> 11 <211> 28 <212> DNA <213>
Artificial <220> <223> Forward Prinmer for Wit-8a <400> 11 gtacatgcgc
tctgctgcca tcatgtac 28 10 <210> 12 <211% 20 <212> DNA <213> Artificial
<220> <223> Reverse Prinmer for Wit-8a <400> 12 gactcgtcac agccgcagtt 20
<210> 13 <211> 20 <212> DNA <213> Artificial <220> <223> Forward Pri ner
for GATA- é1y A$g49e9>(2y51§5n eIoA’YChh G%aﬂ?%&célgéyszﬁg Leu

325 33

Met Cys Cys Gly Arg Gly Tyr Asp Gin Phe Lys Thr Val Gin Thr Glu
340 345 350

Arg Cys His Cys Lys Phe His Trp Cys Cys Tyr Val Lys Cys Lys Lys
355 360 365

Cys Thr Glu Ile Val Asp GIn Phe Val Cys Lys
370 375

210> 4

211> 354

212> PRT

<213> MWus musculus

<400> 4
Met Gly His Leu Leu Met Leu Trp Val Ala Ala Gly Met Cys Tyr Pro
1 5 10 15

Ala Leu Gly Ala Ser Ala Trp Ser Yal Asn Asn Phe Leu ile Thr Gly
20 25 30

Pro Lys Ala Tyr Leu Thr Tyr Thr Ala Ser Val Ala Leu Gly Ala Gin
35 40 45

Ile Gly [le Glu Glu Cys Lys Phe GIn Phe Ala Trp Glu Arg Trp Asn
50 55 60

Cys Pro Glu His Ata Phe Gln Phe Ser Thr His Asn Arg Leu Arg Ala
65 70 75 80

Ata Thr Arg Glu Thr Ser Phe Ile His Ala lle Arg Ser Ala Ala |le
85 90 95

Met Tyr Ala Val Thr Lys Asn Cys Ser Met Gly Asp Leu Glu Asn Cys
100 105 110

Gly Cys Asp Glu Ser GIn Asn Gly Lys Thr Gly Gly His Gly Trp lle
115 120 125

Trp Gly Gly Cys Ser Asp Asn Val Glu Phe Giy Glu Lys lle Ser Arg
130 135 140

Leu Phe Val Asp Ser Leu Glu Lys Gly Lys Asp Ala Arg Ala Leu Val
145 150 155 160

Asn Leu His Asn Asn Arg Ala Giy Arg Leu Ala Val Arg Ala Ser Thr
165 170 175

Lys Arg Thr Cys Lys Cys His Gly !le Ser Gly Ser Cys Ser lle GIn
180 185 190

Thr Cys Trp Leu Gin Leu Ala Asp Phe Arg GIn Met Gly Asn Tyr Leu
195 200 205



<210> 14 <211> 20
GATA- 4

for

<213> Artificial
acgccagcag gtcctgctg 29
220> <223> Forward Primer for Nkx-2.5 <6400> 16 tgacccagcc aaagaccct 19

<210> 17 <211> 19
Nkx-2.5

f or

Lys Ala Lys
210

Leu Arg Ala

225

Phe Leu Pro

Asp Tyr Cys

Arg Glu Cys

275

Ser Cys Gly

290

Arg Ala Glu

305

Thr Val Lys

Thr Arg Pro

Ala Trp

210> 5
Q211 352
212> PRT
<{213> Homo
400> 5
Met Ala Pro
1

Leu Gly Ser

Ser Ser Leu
35

Val Pro Lys
50

Ser Val Ala
65

Phe Arg Gly

Ite Phe Gly

Tyr
Asn

Gly

Thr
245

Ser

Asn
260

Arg
Leu GIn
Arg Leu
Ala Val

Gly
325

Cys

Val
340

Gly

sapiens

Leu Gly
5

Tyr Pro

20

Gly Ser

Gin Leu

Glu Gly

Arg Arg

85

Pro Val

Arg

230

Glu

Asn

Asn

Cys

Ser

310

Gin

Ser

Tyr

Ile

GIn

Arg

Trp

Leu

Ala

Ala

Ala

Ala

Thr

295

Ser

Cys

Ala

Phe

Trp

Pro

Phe

55

Lys

Asn

Asp

Glu

Glu

Ser

Arg

280

Glu

Cys

Arg

Arg

Leu

Trp

lle

40

Cys

Cys

Lys

Gly

Leu

Leu

265

Ser

Cys

Asp

Arg

Pro
345

Leu

Ser

25

Leu

Arg

Gly

Thr

Ala

Arg Trp

Ile
250

Ser

Ala

Gly

Cys

Val

330

Arg

Leu
10

Leu

Cys

Asn

Thr
90

Thr

235

Phe

Ile

Ser

Leu

Asn

315

Val

Gly

Cys

Ala

Ala

Tyr

Gln

75

Val

220

Ala

Leu

Gin

Arg

Glin

300

Phe

Ser

Arg

Ser

Val

Ser

Val

60

Giu

His

Arg Glu

<212> DNA <213> Artificial
<400> 14 cattgctgga gttaccgctg 20
<220> <223> Probe for
<210> 16 <211> 19

GATA- 4

<212> DNA <213> Artificial
<400> 17 ccatccgtct cggttttgt 19

Asp Arg Ata Leu Lys lle Glu Met Asp Lys Arg
215

Leu Thr Glu

Glu Gly Ser

255

Gly Thr

270

Glu

Arg Glu G!n

285

Val Glu Glu

GIn Trp Cys

Tyr
335

Arg Tyr

Gly Lys

350

Asp

Gin
15

Leu Lys

Gly Pro GIn

30

Ile Pro

45

Gly

Glu tle Met

Cys Gin His

Leu
95

Asp Ser

Ser Ala Phe

<220> <223> Reverse Priner
<210> 15 <211> 29 <212> DNA
<400> 15 taaatctaag

<212> DNA <213> Artificial

<220> <223> Reverse Pri ner

Gin

Ala

240

Pro

Gly

Arg

Arg

Cys

320

Cys

Ser

Ala

Tyr

Leu

Pro

Gln

80

Ala

Val



<210> 18 <211> 24 11 <212> DNA <213> Artificial <220> <223> Probe for
Nkx-2.5 <400> 18 cggataaaaa agagctgtgc gcgc 24 <210> 19 <211> 22 <212>
DNA- <213> Artificial <220> <223) Forward Prinmer for M.C-2a <400> 19
ccaggcagac aagttctctc ct 22 <210> 20 <211> 21 <212> DNA <213> Artificial
<220> <223) Reverse Priner for ML.CG-2a <400> 20 cttgtagtca atgttgccgg c 21
<210> 21 <211> 26 <212> DNA <213> Artificial <220> <223) Probe for M.C 2a

<400) 21
100 105 110

His Ala Ile Ala Ser Ala Gly Val Ala Phe Ala Val Thr Arg Ser Cys
115 120 125

Ala Glu Gly Thr Ala Ala lle Cys Gly Cys Ser Ser Arg His Gin Gly
130 135 140

Ser Pro Gly Lys Gly Trp Lys Trp Gly Gly Cys Ser Glu Asp lle Glu
145 150 155 160

Phe Gly Giy Met Val Ser Arg Glu Phe Ala Asp Ala Arg Glu Asn Arg
165 170 175

Pro Asp Ala Arg Ser Ala Met Asn Arg His Asn Asn Glu Ala Gly Arg
180 185 190

Gin Ala tle Ala Ser His Met His Leu Lys Cys Lys Cys His Gly Leu
195 200 205

Ser Gly Ser Cys Glu Val Lys Thr Cys Trp Trp Ser Gin Pro Asp Phe
210 215 220

Arg Ala 1le Gly Asp Phe Leu Lys Asp Lys Tyr Asp Ser Ala Ser Glu
225 230 235 240

Met Val Val Glu Lys His Arg Glu Ser Arg Gly Trp Val Glu Thr Leu
245 250 255

Arg Pro Arg Tyr Thr Tyr Phe Lys Val Pro Thr Giu Arg Asp Leu Val
260 265 270

Tyr Tyr Glu Ala Ser Pro Asn Phe Cys Glu Pro Asn Pro Glu Thr Giy
275 280 285

Ser Phe Gly Thr Arg Asp Arg Thr Cys Asn Val Ser Ser His Gly Ile
290 295 300

Asp Gly Cys Asp Leu Leu Cys Cys Gly Arg Gly His Asn Ala Arg Ala
305 310 315 320

Glu Arg Arg Arg Glu Lys Cys Arg Cys Val Phe His Trp Cys Cys Tyr
325 330 335

val Ser Cys Gin Glu Cys Thr Arg Val Tyr Asp Val His Thr Cys Lys
340 345 350

210> 6

Q11> 355

(212> PRT

<{213) Homo sapiens

<400> 6

Met Gly Asn Leu Phe Met Leu Trp Ala Ala Leu Gly Ile Cys Cys Ala
1 5 10 15



caactgtttg cgctgacacc catgga 26 <210> 22 <211> 22 <212> DNA <213>
Artificial <220) <223) Forward Prinmer for M.C-2v <400> 22 gcagagaggt
tctCcaaaga gg 22 <210> 23 <211> 21 <212> DNA <213> Artificial <220>
<223) Reverse Primer for MLC-2v <400> 23 aagattgccg gtaacgtcag g 21 <210>
b4 <211> 26 <212> DNA <213> Artificial & 12 <220> <223> Probe for M.C 2v
<400> 24 atcgaccaga tgttcgcagc ctttcc 26 <210> 25 <211> 19 <212> DNA
<213> ArthlhiP &F %a@%m T4228>ggF®fnwarr he Red I%EI’Thif ey GAPDH

Pro Lys Ala Tyr Leu Thr Tyr Thr Thr Ser Val Ala Leu Gly Ala Gin
35 40 45

Ser Gly Iie Glu Glu Cys Lys Phe GIn Phe Ala Trp Glu Arg Trp Asn
50 55 60

Cys Pro Glu Asn Aia Leu Gin Leu Ser Thr His Asn Arg Leu Arg Ser
65 70 75 80

Ala Thr Arg Glu Thr Ser Phe Ile His Ala Ile Ser Ser Ala Gly Val
85 90 95

Met Tyr lle Ile Thr Lys Asn Cys Ser Met Gly Asp Phe Glu Asn Cys
100 105 110

Gly Cys Asp Gly Ser Asn Asn Gly Lys Thr Gly Gly His Gly Trp lle
115 120 125

Trp Gly Gly Cys Ser Asp Asn Val Glu Phe Gly Glu Arg 1le Ser Lys
130 135 140

Leu Phe Val Asp Ser Leu Glu Lys Gly Lys Asp Ala Arg Ala Leu Met
145 150 155 160

Asn Leu His Asn Asn Arg Ala Gly Arg Leu Ala Val Arg Ala Thr Met
165 170 175

Lys Arg Thr Cys Lys Cys His Gly (le Ser Gly Ser Cys Ser Ile Gin
180 185 190

Thr Cys Trp Leu Gin Leu Ala Glu Phe Arg Glu Met Gly Asp Tyr Leu
195 200 205

Lys Ala Lys Tyr Asp GIn Ala Leu Lys Ile Glu Met Asp Lys Arg GIn
210 215 220

teu Arg Ala Gly Asn Ser Ala Glu Gly His Trp Val Pro Ala Glu Ala
225 230 235 240

Phe Leu Pro Ser Afa Glu Ala Giu Leu Ile Phe Leu Glu Glu Ser Pro
245 250 255

Asp Tyr Cys Thr Cys Asn Ser Ser Leu Gly {te Tyr Gly Thr Glu Gly
260 265 270

Arg Glu Cys Leu GIn Asn Ser His Asn Thr Ser Arg Trp Glu Arg Arg
275 280 285

Ser Cys Gly Arg Leu Cys Thr Glu Cys Gly Leu GIn Val Giu Glu Arg
290 295 300

Lys Thr Glu Val 1le Ser Ser Cys Asn Cys Lys Phe Gin Trp Cys Cys
305 310 315 320



<400> 25 tgcaccacca actgcttag 19
<220> <223> Reverse Prinmer for

Artificial
atgatgttc 19

<210> 27

<211> 23

<212> DNA <213> Artificial

<210> 26 <211> 19 <212> DNA <213>

GAPDH <400> 26 ggat gcaggg
<220> <223>

Probe for GAPDH <400> 27 cagaagactg tggatggccc ctc 23 <210> 28 <211> 23

<212> DNA <213> Artificial

28 gaggtgaaga cctgctggtg ggc 23

Artificial

<220> <223> Reverse Priner for

<220> <223> gorward Prinmer for cnWt-3 <400>
<210> 29 <211> 20 <212> DNA <213>

cmMt - 3

Thr Val Lys Cys Asp Gin Cys Arg His Val Val Ser Lys Tyr Tyr Cys
325 335

Ala Arg Ser Pro Gly Ser Ala Gin Ser Leu Giy Arg Val Trp Phe Gly

340

Val Tyr lle

<210p
Q1
Q12
213>

<220
223>

<400>

385

7

28

DNA
Artificial

Forward Primer

7

caacagtagc aaggagcatg

10y
<211y
QD
Q13

220
223>

<400>

8

20

DNA
Artificial

Reverse Primer

8

ggctgggtec aggtcegttta

<210)
Q1)
212>
213

220>
223>

<400>

9

25

DNA
Artificial

Forward Primer

9

gacaaaccgg gagtcagcct

210p
21
Q12>
Q13

220>
223>

<400)

10

20

DNA
Artificial

Reverse Primer

10

tgctgcaccc acagatagca

Q10)
Q11
ar
Q13

220>
223

<400>

11

28

DNA
Artificial

Forward Primer

1

gtacatgecge tctgetgeca

345

for Wnt-3

gactgttg

for Wnt-3

for Wnt-3a

ttegtc

for Wnt-3a

for Wnt-8a

tcatgtac

350

28

20

25

20

28



T VS

<400> 29 gttgggctca caaaagttgg 20 <210> 30 <211> 20 <212> DNA <213>
Artificial <220> n 13 <223> Forward Priner for cm beta-Actin <400> 30
tcctgaccct gaagtacccc 20 <210> 31 <211> 20 <212> DNA <213> Artifici al
<220> <223> Reverse Prinmer for cmbeta-Actin <400> 31 gtggtggtga agctgtagcc
20 <210> 32 <211> 20 <212> DNA <213> fgtificial <220> <223> Forward
Primer for cnmNestin <400> 32 gccctgacca ctccagttta 20 <210> 33 <211> 20
<212> DNA<2]0§23(23> Artificial

211y 20

<212> DNA
213> Artificial

<2200
<223> Reverse Primer for Wnt-8a

<400> 12
gactcgtcac agccgeagtt 20

<210y 13
211> 20
<212> DNA
213> Artificial

220>
223> Forward Primer for GATA-4

<400> 13
acggaagccc aagaacctga 20

10> 14
Q11> 20
<212> DNA
<213> Artificial

220>
223> Reverse Primer for GATA-4

<400> 14
cattgctgga gttaccgcte 20

210> 15
211> 29
<212> DNA
213> Artificial

220>
<223> Probe for GATA-4

<400> 15
taaatctaag acgccagcag gtcctgetg 29

210> 16
Q211> 19
<212> DNA
213> Artificial

220>
<223> Forward Primer for Nkx-2.5

<400> 16
tgacccagec aaagaccct 19

Q10> 17
<21ty 19
<212> DNA
213> Artificial

<2200
<{223> Reverse Primer for Nkx-2.5

<400> 17
ccatccgtct cggctttgt 19

10> 18
Q1y 24



<220> <223> Reverse Prinmer for cmNestin <400> 33 ggagtcctgg atttccttcc 20
<210> 34 <211> 21 <212> DNA <213> Artificial <220> <223> Forward Pri ner
for *cmANP <400> 34 gaaccagagg ggagagacag a 21 <210> 35 <211> 22 <212> DNA
<213> Artificial <220> <223> Reverse Prinmer for cmANP <400> 35 ccctcagctt
gctttttagg ag 22 <210> 36 <211> 21 <212 DNA <213> Artificial <220>
<223> Forward Prinmer for cmM.C2a 14 <400> 36 gaggagaatg gccagcagga a 21
<210> 37 g2A13,21 <212> DNA

213> Artificial

<220
<223) Probe for Nkx-2.5

<400> 18
cggataaaaa agagctgtge gege 24

210> 19

211y 22

<212> DNA

213> Artificial

<220
223> Forward Primer for MLC-2a

<400> 19
ccaggcagac aagttctcte ct 22

210> 20

Qi

<{212> DNA

213> Artificial

{220
223> Reverse Primer for MLC-2a

<400> 20
cttgtagtca atgttgcegg ¢ 21

<210y 21

11y 26

<{212> DNA

213> Artificial

{220>
223> Probe for MLC-2a

400> 21
caactgittg cgetgacace catgga 26

Q10> 22

iy 22

<212> DNA

213> Artificial

{220
223> Forward Primer for MLC-2v

<400y 22
gcagagaggt tctccaaaga gg 22

210> 23

Q1

<212> DNA

213> Artificial

220>
{223> Reverse Primer for MLC-2v

<400> 23
aagattgccg gtaacgtcag g 21

<2107 24

211y 2

<212> DNA

{213> Artificial



<213> Artificial <220> <223> Reverse Prinmer for cmVLC2a <400> 37
gcgaacat ct gctccacctc a 21 <210> 38 <211> 21 <212> DNA <213> Artificial
<220> <223> Forward Prinmer for cmML.C2v <400> 38 aggaggcctt cactatcatg g 21
<210> 39 <211> 21 <212> DNA <213> Artificial <220> <223> Reverse Priner
f'or cmMLC2v <400> 39 gt gatgatgt gcaccagd®t c 21

<220
<223> Probe for MLC-2v

<400> 24
atcgaccaga tgttcgcage ctttce 26

<210y 25
Q211> 19
<{212> DNA
213> Artificial

{220
<223> Forward Primer for GAPDH

<400> 25
tgcaccacca actgcttag 19

<210 26

Qi 19

<212 DNA

213> Artificial

<220>
<223> Reverse Primer for GAPDH

<400> 26
ggatgcaggg atgatgttc 19

Q1o 21

Q1 23

{212 DNA

213> Artificial

220>
<223) Probe for GAPDH

<400y 27
cagaagactg tggatggccc ctc 23

210> 28

Q1 23

<212) DNA

213> Artificial

220>
<223> Forward Primer for cmWnt-3

{400> 28
gaggtgaaga cctgctggte gec 23

210> 29
211> 20
<212) DNA
213> Artificial

220>
<223> Reverse Primer for cmWnt-3

{400> 29
gttgggctca caaaagtteg 20

<210y 30

211y 20

<212) DNA

213> Artificial

220>



223> Forward Primer for cm beta-Actin

<400> 30
tcctgaccct gaagtacccece

<2100 AN

211> 20

{212> DNA

213> Artificial

220>

223> Reverse Primer for cm beta-Actin

<400> 1
gtggtggtea agetgtagee

Q10> 32

211> 20

<212> DNA

213> Artificial

220>

223> Forward Primer for cmNestin

<400> 32
gecetgacca ctecagttta

210> 33

211> 20

<{212> DNA

213> Artificial

220>

223> Reverse Primer for cmNestin

<400> 33
ggagtcctgeg atttccttce

<210> 34

a1y

<212> DNA

213> Artificial

{220
223> Forward Primer for cmANP

<400> 34
gaaccagagg ggagagacag a

210> 135

ey 22

<212> DNA

213> Artificial

{220>
{223> Reverse Primer for cmANP

<400> 35
ccctcagett getttttagg ag

<210> 36

211 2

<212> DNA

{213 Artificial

{220)
<223> Forward Primer for cmMLC2a

13

20

20

20

20

21

22



<400>

36

gaggagaatg gccagcagga

210>
Q11>
212)
213>

<220p
223>

<400>

37

21

DNA
Artificial

Reverse Primer

37

gcgaacatct getccaccte

<210
A
D
{213)

<220>
223>

<400>

38

21

DNA
Artificial

Forward Primer

38

aggaggectt cactatcatg

210>
Q11
{12
{213

<220»
<223

<400>

39

21

DNA
Artificial

Reverse Primer

39

gtgatgatgt gcaccaggtt

for cmMLC2a

for cmMLC2v

for cmMLC2v

14

21

21

21

21



