- 1 SPECI FI CATI ON METHOD OF | NDUCI NG THE DI FFERENTI ATI ON OF STEM CELLS

| NTO MYOCARDI AL CELLS TECHNI CAL FI ELD 5 [0001] The present invention rel ates
to a nethod of preparing cardionyocytes selectively and efficiently from
ES cells and other pluripotent stemcells, and to cells for regenerative
medi ci ne obtained by this nethod. 10 BACKGROUND ART [0002] In general,

cardi onyocytes undergo active cell divisilon with beating autononously
before birth, but inmmediately after birth they lose the ability to divide,
and since they have little undiffergggbggnggiﬁﬁursor cells, 15 when

cardi onyocytes die due to exposure to variousS forns of stress including

myocardi al infarction, wa@eR HE I vmEiNd eryr IJSFER¥NT OSiTc@r di onyocytes
cannot be replaced. As aOF{gﬁg tCELEE 5“&8'%&8?%@9& %oeggigtes try to

mai ntain nyocardi al funcC hrough conpensa pertrophy and 20 the
like, but if the stress continues and exceeds an allowable threshold, it

| eads to furthennezhpusteom and death of cardi onyocytes and a consequent

| owering of nyocardial function (that is, heart failure). [0003] Heart
failure and pober]typesThé peaséntli sreseti@d seEatde secandetradi 6g cause of
death in Japan, and prognoses are very poor, with a 5-year survival rate of
only about 5ffeparipatcandtomysdyhesrsetiecebeety dnérefbHieientlyi Srowoped

t hat devel opnent of highly effective therapies - 2 for heart failure wll

| ead to greaksSagebheeandnobeell cpluripotent stem cells, and to cells for

regenerative medicine obtained by this method.

10 BACKGROUND ART
[0002] 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 little undifferentiated precursor cells,

15 when cardiomyocytes die due to exposure to various forms of
stress including myocardial infarction, myocarditis and the
like, the lost cardiomyocytes cannot be replaced. As a
result, the surviving cardiomyocytes try to maintain
myocardial function through compensatory hypertrophy and

20 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

25 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 patients with heart diseases. Therefore,

it is hoped that development of highly effective therapies



wel fare as well as inproved nedical econonics. Conventional therapeutic
drugs for heart failure include digitalis preparations that increase the
-contractive force 5 of the nyocardi um and xant hi ne preparations and ot her
heart stinmulants, but |long-termadmnistration of these drugs is known to
make the condition worse because there is_too nuch expenditure of
myocar di al energy. More recently, nainsfr%aﬁ1therapy has shifted to

bet a- bl ockers and ACE 10 inhibitors, which reduce the excess burden on the
heart due tfosthéatatfan@fe (WElEYyI@ad hed | Gre®t Vadasyss eih anddical

renni n-angi otensin system but these nethods only deal wth the inmediate
synpt ons andvebfamd aesStalkr dasnbmecoved dneticdl sseenomiicsontrast, heart
transplantation is a 15 fundanental treatnent for severe heart failure, but
it is one tCenvérstihidl ctherapeuppt ydxwesoivy hexatisbablusecincpuddl ens as
t he shortage of heart donors, ethical concerns, the physical and financial
burden on palightalibsdexerarakions [Uool]ingreaderhe | coppradtieenforae

met hods of 20 transplantation to_replace weakened or |ost cardionyocytes
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i s known fron1an|nal experinents that when imuature cardio ¥tes obt ai ned
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10 inhibitors, which reduce the excess burden on the heart due
to stimulation of the sympathetic nervous system and
rennin-angiotensin system, but these methods only deal with
the immediate symptoms and cannot restore damaged cardiac
tissue. By contrast, heart transplantation is a

15 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 1like.
[0004] Therefore, it would seem that methods of

20 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

25 cells function effectively (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 ethical standpoint.



cardi onyocytes and using these cells for transplantation. At present it has
not yet been possible to clearly identify 5 a popul ati on of precursor cells
or stemcells capable of producing cardi onyocytes in adult cardiac tissue,
so pluripotent stemcells, which are less differentiated and can
differentiate into a variety of cells, are considered to be useful for
above method. 10 [0006] Pluripotent stem Sellls are defined as cells which
are capable of indefinite or long-termcell proliferation while renaining

in an undiffepepbhat ed atabatibAaRakNtHbteost! FUEAsewhiinhregbaitnyBa-gal
karyotypes, and which have the ability to differentiate into all of three

15 germ | ayeps faratedagmiifcecdatinandnebdodeen) ceMspiasent, the three
wel | - known pluripotent stemcells are enbryonic stemcells (ES cells)
derived froncaadiygmgbageéesmhngossingnbhygsai cej@snftoel kraphEflaniths)oderi ved
fromprinordial germcells at the enbryonic stage, and nultipotent adult 20
progeni t or caktl préedeRE) iksbhat sdtf yem heeht pbeasbhar towclep@lg7lidenthfy | ong
been known that ES cells in particular can be induced to differentiate into
car di onydcyt asppRukptien pEsprefurferegaelysserdeeemweedlsdeapabyeusfng ES
cells derived frommce. Wen ES cells 25 are cultured in floating culture
as singl e cePreducingi ¢radarmzaeryviesi iBeprdBdturaRdhBcalihes6n B€t ween cel |'s
due to enzyne_treatnent or the ghke) mitgout tEe grgsence of a

di fferenti at POHTLRAFBIE; AGCMaClItSsuWRLIGE REGKERFE ALETSTRARTARLSAY aPGct or
(LIF) or the like, _the ES.cells_adhere_to .one_another and aqggregate

form ng a otPaR AFEECAPPEASCEnIPSBi 4 BBHTELY(BhofohhPenatrccORRLRaFeto t he

early to be useful for above method.

10 [0006] Pluripotent stem cells are defined as cells
which are capable of indefinite or long-term cell
proliferation while remaining in an undifferentiated state
inan in vitro culture, which retain normal karyotypes, and
which have the ability to differentiate into all of three

15 germ layers (ectoderm, mesoderm and endoderm). At present,
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 multipotent adult

20 progenitor cells (MAPC) isolated from adult bone marrow.
[0007] It has long been known that ES cells in
particular can be induced to differentiate into
cardiomyocytes in vitro. Most of the early studies were
done by using ES cells derived from mice. When ES cells

25 are cultured in floating culture as single cells
(individual cells dispersed with no adhesion between cells
due to enzyme treatment or the like) without the presence

of a differentiation-inhibiting factor such as leukemia



enbryonal structures. It is also known that cardi onyocytes 5 with

spont aneous beating ability appear when these EBs are «cultured in
‘suspension or in adhesion on the surface of culture devices. [0008] ES
cel |l -derived cardi onyocytes prepared as described above exhibit very
simlar properties to those of 10 immture cardionyocytes in fetal hearts
(See Non-Patent Docunents 2 and 3). Mreoder, it has been confirmed from
ani mal experinments that when ES cell-derived cardi omyocytes are

transpl ant ed; h)pi g1 8gpbt radkdira¢rirysyesthBeyiree hhahky cgfifigchianerewtbh
results simlar to those obtained by 15 transplantation of fetal myocardi um

(See Patent &ReuarBthdr abl@nabareghtpCcesEming) a E@LG8tuka &8932edThonson et
al first established ES cells fromprimtes (See Patent Docunment 2;

Non- Pat ent &abtpend bpdiasd(EBe$ whéchegeaesamidart her ahg eardg 20

pl uri potent stemcells-derived cardi omyocytes has becone realistic.
Subsequent | yembeyona3ostuoctuted.i nItsbsaalag knnwnethabl cabndhgmyopwtieES
cell lines fromearly human enbryos (See Non-Patent Docunent 6). Moreover
Gear hart Set withespabtapheushbeatieg gbilitynappepsnwhennthasal ERgnane25
germcells (See Non-Patent Document 7; Patent Docunent 3). %0010] Kehat et
al (See Non-faltnrefoiDnERFPENSAAR OThéRhafhesiar pRe&hpafBREapgclfent 4;
Non- Pat ent Docunent _9) have reported that human ES cells can differentiate
into - 5 caftlbRyBcYe8LCPA-vitro, as nouse ES cells can do. According to

i nduced Fo dl #98FEnti at ESf PBTLAARGIVES CAFALORSPCHNEy RaGBSFRA 86111ty to

beat described above exhibit very similar properties to those of

10 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 transplanted into adult cardiac tissues they are highly
effective, with results similar to those obtained by

15 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

20 pluripotent stem cells-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 primordial human

25 germ cells (See Non-Patent Document 7; Patent Document 3).
[0010] Kehat et al (See Non-Patent Document 8) and

Chunhui et al (See Patent Document 4; Non-Patent Document

9) have reported that human ES cells can differentiate into



5 spontaneously but al so express and produce nyocardi al - specific proteins
such as nyosin heavy and |ight chains, alpha-actinin, troponin | and atri al
‘natriuretic peptide (ANP) and nyocardi al -specific transcription factors
such as GATA-4, Nkx2.5, MEF-2c and the like, and from 10 m croanat om cal
observation and el ectrophysi ol ogical analysis it appears that they retain
the properties of immture cardionyocytes at the fetal stage, and coul d be
used for regenerative therapy. [0011] However, one serious problemrenains
to be 15 eleardlixdmeybeypteseiplwitpot cad mdwse &S |cellks icvad dear di onyocyt es
for cell transplantation therapy and other purposes. Wien EBS are forned
from ES cel I1Acaprd&Enget¢ sthgse coeperits orumantEddeelhwtdemiyedar di onyocyt es,

but also other types of differentiated cells, such as blood cells, 20
vascul ar cel¢ardiuyetyes |whichikate Rgercinducedneo bEferentiate cells
and the |ike, are devel oped._ Mreover, the proportion of cardionyocytes in

these diff erdit® AWeARET coblinRt RP1% have shia Ppilbhy ytarRAt5 to 20% of

the total. 0012] Met hod f isolati | di t f 25

mixture 8f \SRIGLADRTHRLY T ATES [ HEIRRS AMLORAGIS TXRRFRALALAr (1 1 ci al
dificati to t ES | f ' d | st t

xpr ess on. SRAPLEET (RETTHP LT at e tHe Trptret € SRR iag ooy Les or
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capabl e of expressing a neony resistance gene und e control

of the a-nyqeiNp NeAVY midled FaPd PIBN&EE: ¢ 11 O PSS Fix £61 | PacFd AL ds@ld dis co
5 researchers established a systemin which those ES cells
GATA-4, Nkx2.5, MEF-2c and the like, and from

10 microanatomical observation and electrophysiological
analysis it appears that they 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

15 elucidated to use pluripotent stem cells-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,

20 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

25 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



could only survive in nediumto which 418 had been added when they
differentiated into cardi onyocytes and expressed the a-nyosin heavy chain
-gene (See Patent Document 1; Non- Patent Document 4). 99% or nore of
(A18-resistant cells 10 selected by this nethod were confirmed to be

cardi onyocytes. However, although the purity of the cardionyocytes is
extrenely high in this nethod the final n@nber of car di onyocyt es obt ai ned
is only a few percent of the total <cell count, making it difficult to
obt ai n enougprasuuBbs eb11B e¢nedbeRyocybesekampieanspl antabdaeing0als]
Recently, Chunhui et al have reported that when human ES cells are treated
with 5-azacygefleneasksbetepenpablagefotxprepseing h- pesmycia ¢elils)(candi date
cardi onyocytes) in EBs rises from15%to 44% (See Non 20 Patent Docunent 9),
but even in rbesistenkedgehe pedeenthgecontrodr dfothrecyrmyosinEBsagyes not
exceed 50% Mreover, b5-azacytidine is a denethylation agent that alters
the expressfbainf pgemeseby ingrompugenBshygelgsoupdebdunddt BiIBN&O- and
because it acts directly on the chronobsones, it is not 25 a suitable drug
for prepdin§eeeprshess @éF?blﬂF§ﬁ§pPaﬁU§FP@nln[Ubl@P three Kbt K6d4dsf or
produci ng cardi onyocytes nore efficiently from cells include, in the
case of npousEORrLd: on YcéPFglvﬁdaPtmﬁﬂlBF ¥8tWH6FB G4iL§ hadePRrER- padef

(e on- packhen DE R A 2E o ehBE gt LA Rt R R R el Bk ane expreaged
h B
ot Pl oy BE Do EIhE RE PG BB Sahe® (388 RRERRECBbelRellCIe R En- o

Non- Pat ent

VP- 2

Patent Document 4). 99% or more of G418-resistant cells

10 selected by this method were confirmed to be cardiomyocytes.
However, although the purity of the 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

15 cardiomyocytes for transplantation.

[0013] Recently, Chunhui 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-

20 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

25 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



Docunent 16) in the cells, all of which are known to act positively to

I nduce cardi onyocyte differentiation. However, cardionyocyte-specific,
-selective differentiation 10 has not been achieved with any of these

met hods. [0015] The secretory proteins Noggin and Chordin were initially
i dentified as nerve induction factors in Xenopus enbryos (See Non-Patent
Docunents 17 and 18; Patent Docunments 5-8) - Further study has shown that
Noggi n and 15 Chordin bind with BVMP (Bone Mrphogenic Protein) famly of

mol ecul es, whibghsi nRahitibR 8kgpatihbapsSaueli PHec@RNGnCAHEEN tNBBEBIehRAUC i ON
and dlfferentlatlon (See Non-Patent Docunents 19-21). In fact, experinents

usi ng nouse E@),C&bbérb@&eaémawmséaanoﬂepaeeﬁeIboduﬁéﬁtemnoatmgp béthnduced
20 in cells in which the Noggin or Chordin gene is constantly expressed

( See Non- PatBMP-Po¢seenNor2PatéRO1bBdcihenthuphn BPSGEel EseaNencBhtaned in
medi umto which Noggin has been added, the function of endogenously
produced BMPP@cumediniB) saed, DeyndrpBineB| §Seat So@5Pekenhehbcymant @Adoder nal
cells are inpaired and so that they are maintained in an undifferentiated
state. |15 adodttoeatmeeh hogiharepsat cgactivel Pxyden snbség8ehRPE) cul tured
under neural differentiation condition, the - devel opment of neural cells
i s i nduced (&8eepdeenPabertinRacument Fé@l#?dl@aﬁa§S£Qy§%&aﬁ¢t@@ﬁbrted from
earlier studies u3|ngﬁch|cken (See_ Non- Pat ent Docunent 23), Xenopus (See 5

Non- Pat ent DORGHBRRt 24§ ) ahg ﬁBﬁs@eéﬁﬁryGﬁFc°€aYE+ﬁBnﬁr€eFPgwn(§8eaﬁﬁn Pat ent

gﬁgygfnt 25) 529 1vefyBPP ghcg card28%$88§§e gckferen lathe.developnent

However, cardiomyocyte-specific, selective differentiation
10 has not been achieved with any of these methods.
[0015] The secretory proteins Noggin and Chordin were
initially identified as nerve induction factors in Xenopus
embryos (See Non-Patent Documents 17 and 18; Patent
Documents 5-8). Further study has shown that Noggin and
15 Chordin bind with BMP (Bone Morphogenic Protein) family of
molecules, which impair the signal transduction, and cause
neural induction and differentiation. (See Non-Patent
Documents 19-21). In fact, experiments using mouse ES
cells have shown that nerve cell differentiation is induced
20 in cells in which the Noggin or Chordin gene is constantly
expressed (See Non-Patent Document 22).
[0016] When human ES cells are cultured in medium to
which Noggin has been added, the function of endogenously
produced BMP-2 is diminished, and ES cells into
25 extraembryonic endodermal cells are impaired and so that
they are maintained in an undifferentiated state. In
addition, when noggin-treated ES cells are subsequently

cultured under neural differentiation condition, the



differentiation of cardi onyocytes, and when that action is bl ocked by
Noggi n treatnent, devel opnent and/or 10 differentiation of cardi omyocytes is
~suppressed. [0018] Heretofore there have been no efforts to encourage
devel opment and differentiati on of cardionyocytes by using Noggin, Chordin
or other BWP signal-inhibiting factors. 15 Patent Docunent 1:U.S. Patent

No. 6,015,671; Patent Docunent 2:U.S. PaBent 5,843,780; Patent Docunent
3:U.S. Patent No. 6,090, 622; Patent Docunent 4 :International Patent

Di sclosure 0§é9@95§menEaHPhhéﬁtaiocgilﬁnlisDQﬁ&HBQ& PsebnbatBAti pBaLmBALENt
Di scl osure 94/05791, panphlet; Patent Docunent 6: U S. Patent No.

5,679,783, é&atent Docunent 7 U.S. Patent No. 5,846,770, Patent Docunent 8:
U S. Patent No. 5, 986,056; 25 Patent Docunment 9: International Patent
Di scl osure 0668463, pavphhsetalbdonbPahentpbotadefion: eSobnpaasetdaks
Sci ence 264:98, 1994 Non-Patent Docunment 2: Maltsev et al, Mech. Dev.
44: 41, - 9 1898g chibokPat éBeeNonnBateft Patumentef3dl , XEnppusRéSee75: 233,
1994 Non- Patent Docunent 4: Klug et al, J. din. Invest. 98: 216, 5 1996;
Non- Pat el [NennBatest Thowmentel4d| angr meus@aembryendc Ssrcinoma 92131844,
1995; Non-Patent Docunent 6 : Thonson et al, Science 282: 114,
(See Non-Patent Document 25) that the BMP family of
molecules acts to promote development and/or
differentiation of cardiomyocytes, and when that action is
blocked by Noggin treatment, development and/or
10 differentiation of cardiomyocytes 1is suppressed.
[0018] Heretofore there have been no efforts to
encourage development and differentiation of cardiomyocytes
by using Noggin, Chordin or other BMP signal-inhibiting
factors.
15 Patent Document 1 :U.S. Patent No. 6,015,671;
Patent Document 2 :U.S. Patent 5,843,780;
Patent Document 3 :U.S. Patent No. 6,090,622;
Patent Document 4 : International Patent Disclosure 03/06950,
pamphlet;
20 Patent Document 5 ! International Patent Disclosure 94/05791,
pamphlet;
Patent Document 6 : U.S. Patent No. 5,679,783;
Patent Document 7 : U.S. Patent No. 5,846,770;
Patent Document 8 : U.S. Patent No. 5,986,056;
25 Patent Document 9 . International Patent Disclosure 01/98463,
pamphlet;
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Non-Patent Document 2 ! Maltsev et al, Mech. Dev. 44:41,



1998;

95: 13726, 1998;

1997;
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407, 2001; Non-Patent Docunent 9: Chunhu
2002; Non-Patent Docunent 10: Wbus et al, J.
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10 Non-Patent Docunent 22: G atsch & O Shea, Dev. Biol. 245: 15 83, 2002;

Non- Pat ent Docunent 23: Schul theiss et al, Genes Dev., 11: 451, 1997;
*Non- Pat ent Docunent 24: Sparrow et al, Mech. Dev. 71:151, 1998 Non- Pat ent
Docunent 25: Monzen et al, Mdl. Cell. Biol. 19:7096, 1999. DI SCLOSURE OF THE
| NVENTI ON 20 PROBLEMS TO BE SOLVED BY T:E't NVENTI ON [ 0019] It is an object

of the present invention to provide aT
stemcells

od of inducing differentiation of
into cardi omyocytes efficiently and selectively, along with

cardi onyocytes obtained by this nethmabzand a net hod of 25 using these cells
transpl antation and injection and other therapies targeting heart
VEANISn FPRt 80k VP hiGuiEEt PRIBLSIEh 8 HaxDoed] Jékl pfesed29i nventi on
relates mainly to the following. (1) A nethod for inducing cardi onyocyte
differentiation of stemcells, wherel¥9%temcells are 5 cultured to induce
differentiation in the gresence of a substance that inhibits BMP signaling.

in cell
di sease

(2) The net hBenaBaseltn

ocymeny ABovEasqhedteidl &fthrof7The Y¥%hkicells to

i nduce differentiation _conprises a step of form ng enbryoid bodies b
gue e

f1oating® 10N9BgFa§sPtoR°

wher ei n
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Sci. USA 92: 12141, 1995;
Non-Patent Document 20 ! Zimmerman et al, Cell 86: 599,
1996;

Non-Patent Document 21 : Piccolo et al, Cell 86: 589, 1996;
Non-Patent Document 22 : Gratsch & O’'Shea, Dev. Biol. 245:
83, 2002;

Non-Patent Document 23 : Schultheiss et al, Genes Dev., 1l1:
451, 1997;

Non-Patent Document 24 ! Sparrow et al, Mech. Dev. 71:151,

1998
Non-Patent Document 25 ! Monzen et al, Mol. Cell. Biol.

19:7096, 1999.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0019] It is an object of the present invention to
provide a method of inducing differentiation of stem cells
into cardiomyocytes efficiently and selectively, along with
cardiomyocytes obtained by this method and a method of
using these cells in cell transplantation and injection and

other therapies targeting heart disease.

MEANS FOR SOLVING THE PROBLEMS



culture of the stemcells to induce differentiation conprises a step of
co-culturing with feeder cells. (4) The method according to (1) above,
wherein 15 culture of the stemcells to induce differentiation conprises a
step of plate culturing on a culture container. (5) A nethod according to
any one of (1) through (4) above, wherein conprising a step of treating the
stemcells wth the substance that inhirbills-BWMP signaling during the 20
first few days of the differentiation-inducing stage. (6) A method according

to any one of oot hr ough o Pre AN AnveRHRIINS idd 44 3 #h Gyt RALIHA the stem
cells with the substance that 1 nhibits BWP signaling during pre-

differentiatirgnisiaag. 25 (7) A nethod according to any one of (1) through
(4) above, conprising a step of treating the stemcells with the substance
that inhibits BMP glpnala mgtthdd F@rprhierdudiihigecatididmyatytieage, and a step of
treating the stem- 12 cells wth the substance that inhibits BV signaling
during the fHiffereawiddyonofoft Isketh icledlent whtirenn sthem mgldisagare (8) A

met hod according to any one of (1) through (7) above, wherein the substance
t hat i nhibi t suB¥Rreidgial iimguice di ££eReR tdatdgoniist thedprEsennet lodd aaccor di ng
to (8) above, wherein the BMP antagonist is one or nore selected fromthe
group conpr B¥PsFEaRE§githatciehdibd tst MR §ign@ling-atin, sclerostin, DAN
Cerberus, gremin, Dante and rel ated proteins thereof. 10 (10) A nethod
according to any of®) of The) methodyRccordiagote, (eldayerhdhershicel |s are

l'ian | I 5 havin h il ifferenti in r.di in
U???g a Cecuitu?:e o t%ees%%m JE l%ot% in d%é &?f%eréﬁ%fg%f%npnyocytes

comprises a step of forming embryoid bodies by floating
10 aggregation culture.

(3) The method according to (1) above, wherein
culture of the stem cells to induce differentiation
comprises a step of co-culturing with feeder cells.

(4) The method according to (1) above, wherein

15 culture of the stem cells to induce differentiation
comprises a step of plate culturing on a culture container.

(5) A method according to any one of (1) through (4)
above, wherein comprising a step of treating the stem cells
with the substance that inhibits BMP signaling during the

20 first few days of the differentiation-inducing stage.

(6) A method according to any one of (1) through (4)
above, comprising a step of treating the stem cells with
the substance that inhibits BMP signaling during pre-
differentiation stage.

25 (7) A method according to any one of (1) through (4)
above, comprising a step of treating the stem cells with
the substance that inhibits BMP signaling during pre-

differentiation stage, and a step of treating the stem



(11) The nethod according to (10) above, wherein the nmammalian cells having
the ability to differentiate into 15 cardionyocytes are pluripotent stem
-cells or cells derived therefrom (12) The nethod according to (11) above,
wherein the pluripotent stemcells are enbryonic stemcells, cells having
simlar properties to enbryonic stemcells, 20 enbryonic germcells, or

mul ti potent adult progenitor cells. (13)1#hé nmet hod according to (12)

above, wherein the pluripotent stemcells are enbryonic stemcells. (14) A

met hod accor gengst @ith) ther eupbthAdy @haveinnwbetsei BMPheighamiag darahg
derived from human. 25 (15) A nethod for production of cardionyocytes
conpri si ng athet Bagsacfewddagst ofankeodefdbrehriaionghndgtingalsaage.( 16)
Car di onyocyt es obtained by a nethod according to - 13 any one of (1)

t hrough (14) above(8)X 17Rh hetwbbhodctordingationgniyeane odndilt)i dhsosigbmti7ng
fromthe debility, functional failure or death of cardionyocytes,
consi sti ng ofabewe,awhienednr heosubstangashatit Anhdh) tsf BYEr giigmpddpged s
according to (16) above in or around a site of weakening, functional
failure or @eBYR aptagePaitsHyocytes. (18) A method of screening for

subst ances useful jn treatin% heart conditions sSennin from t he weakeni ng,
10 functional faillftk ofhgeBehR8R BSFAFEAPEcYPed8)c8REVEYri WRCTSA PRI ng a

Lot Subet angio! 0 Ro5RRLAE oA Lhe SR LRIV SCKLRR AR Ml GrLAE) av0ve,
qf8i q0&nPrt BPFTe SERERGES ATl S ACHPons or
comprising Noggin, Chordin, fetuin, follistatin, sclerostin,
DAN, Cerberus, gremlin, Dante and related proteins thereof.
10 (10) A method according to any one of (1) through (9)
above, wherein the stem cells are mammalian cells having
the ability to differentiate into cardiomyocytes in vitro.

(11) The method according to (10) above, wherein the

mammalian cells having the ability to differentiate into
15 cardiomyocytes are pluripotent stem cells or cells derived
therefrom.

(12) The method according to (11) above, wherein the
pluripotent stem cells are embryonic stem cells, cells
having similar properties to embryonic stem cells,

20 embryonic germ cells, or multipotent adult progenitor cells.

(13) The method according to (12) above, wherein the
pluripotent stem cells are embryonic stem cells.

(14) A method according to (1) through (13) above,
wherein the stem cells are derived from human.

25 (15) A method for production of cardiomyocytes
comprising a method according to any one of (1) through
(14) above.

(16) Cardiomyocytes obtained by a method according to



the differentiation efficiency of the cells into 15 cardi onyocytes. (19) A
drug conposition or support for the treatnent of heart conditions stemm ng
fromthe weakening, functional failure or death of cardiomyocytes,
conprising cardiomyocytes according to (16) above as an active 20
conponent. [0021] As the stemcell source_for preparing cardionyocytes, the

i nventors used pluripotent stemcells, e%ﬁeéially ES cells, which were npst
commonly used, and as a result of extensive research into the conditions
for 25 induciang @nff @rerntl)atthaidought q 1a9r GibeRaeacyt es or precursor cells,

t hey made the present invention when they discovered that when a substance
that inhibits BVP ( bdhe Armepthoge fioar tpreaitding) hsiagrtalaomg iviei nesd detrentmd righ e
medium during a certain, - 14 restricted stage of culture, popul ations of
cel I s havi ng friogattiheg deipilliitty ,wWfugle bioma li dedtliviriee draslegdhdicdimyocyt es were
devel oped nuch nore selectively and efficiently than in conventional

met hods, and cgirdd ofiyosatesed compsii sidaia iofn thepfadmindsdaad immount of BMWP
resulted in a dramatic reduction in the nmyocardial differentiation-inducing
ef fect of5 tHdFemsplaptationd Sfhsegidomyesy tieshiasaorddme $yddifIngbove
show ng that .inhibition of BNP si%palin positively induyces  differentiation
of pluripot et SFeRTOMNs § [Fide1 @Tc ¥eH téél.n%t(ﬂ@??]l 5 i S 9% ent

i nvention, afﬁgaiégﬁge that inhibits BMP signaling is a substance having
the effect of'® i TGS OYRse®Fg BVP signal ing, and exanpl es i ncl ude

BVP ant agoni sts, Spfgsf%Fn@ﬁ%%%anﬂéy}égygn%O%%ﬁss%%s%%%ces useful in
treating heart conditions stemming from the weakening,

10 functional failure or death of cardiomyocytes, consisting
of bringing a test substance into contact with
cardiomyocytes according to (16) above, and measuring
gqualitative or quantitative changes in cell functions or
the differentiation efficiency of the cells into

15 cardiomyocytes.

(19) A drug composition or support for the treatment
of heart conditions stemming from the weakening, functional
failure or death of cardiomyocytes, comprising
cardiomyocytes according to (16) above as an active

20 component.

[0021] 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

25 inducing differentiation into cardiomyocytes or precursor
cells, they made the present invention when they discovered
that when a substance that inhibits BMP (bone morphogenic

protein) signaling was added to the medium during a certain,



15 fam |y nol ecul es, solubilized (non-cell nmenbrane anchoring type) BW
receptor nolecules and the |ike. Oher exanples include gene expression
vectors, specific antisense oligonucleotides, ribozynmes, antisense RNA for
RNA interference, |ow nolecular weight conpounds and the |ike 20 which

ei ther suppress or arrest expression of BNP famly nolecules or the
functional gene products of their recepfo} ‘genes, or el se suppress or
arrest expression of genes which code trans-activating conponents of the
BMP si gnal i ngepathoagd sRage0023tuBeatengpoepulatporpascedctiam phutinhgot ent
stem cells by the nethod of the present invention are cells having the
charact eri stbeatbhg" ghidlibyywhjcksWweranildéntifiednpsecexgiemgpogtes genes
for GATA-4, TEF-1, Tbx-5, MEF2, - 15 M.C 2v and ot her nyocardial -specific
transcripti omefacdevelonad mughemerenselegtivelvsandchffdcingtly than
myocardi al -specific markers sarconeric nmyosin, troponin I, a-actinin, ANP

and the I|kéncﬁﬁnﬁénééﬁﬂﬁin@ﬂthﬁéﬁelﬁndSa%QGZQ}SFﬁVQHGﬂtFbﬁttéd@héléannnnly
used floating_ aggregation culture nethod, the_hang |ng drop cul ture nethod
or a co- éhltB?eaﬁe?ﬁﬁﬁsﬁsﬁﬂ@uFEeagrB@BIF%sEéﬁeﬁelﬁséd pamathe KeAHE81PBr

d diff tiat t ||
nventi on. 165 BBesrYpEardial éafﬁ%g%ﬁ%wtﬁg‘?r%ﬁ@aﬁlpast?feEa B of the

d te t t d ds t t hat hibits BMP
aignal i ng. WRERSBIERFpBe St Ch8: ShPBLRASeF Baki SpaFBaGeaBhE: hoPhatdnbe or
cell agaregabps,; fgns hasucﬁheglﬁggh'oﬁugﬂsrse gf&hgcgﬁgﬁtgbgigrEﬂaheagon s

15 induced by a at1 ng aggregation
differentiation of pluripotent stem cells into

10 cardiomyocytes.
[00221 In the present invention, a substance that
inhibits BMP signaling is a substance having the effect of
blocking or competing BMP signaling, and examples include
BMP antagonists, specific neutralizing antibodies to BMP

15 family molecules, solubilized (non-cell membrane anchoring
type) BMP receptor molecules and the like. Other examples
include gene expression vectors, specific antisense
oligonucleotides, ribozymes, antisense RNA for RNA
interference, low molecular weight compounds and the like

20 which either suppress or arrest expression of BMP family
molecules or the functional gene products of their receptor
genes, or else suppress or arrest expression of genes which
code trans-activating components of the BMP signaling
pathway.

25 [0023] Beating cells prepared from pluripotent stem
cells by the method of the present invention are cells
having the characteristics of “"cardiomyocytes”, and for

example expression of genes for GATA-4, TEF-1, Tbx-5, MEF2,



co-culture with feeder cells, it is nore effective either to pre-treat the
pluripotent stemcells with a BMP antagoni st before differentiaiton, or to
-treat with it only during a few days imediately after initiation of
culture 20 for inducing differentiation, or to conbine these two

techni ques. It has been shown that if the BMP antagonist is continuously
present during the entire time of floattny® culture, co-culture with feeder
cells or the like, the efficiency of cardiomyocyte differentiation from 25

pluripotent gieobeehhd benerCAYbrar@ddsedpebP46] tFARALCHS pthille REETSRS
i nvention relates to a nethod of 1 nducing differentiation of pluriopotent

stem cells hAlOegpirds8ABACYECHrotBen8] ButheHsCehkSmgbRkardifl -epleliked under
the transient treatnment of a substance that inhibits BMP signaling. [0027]

I n the presemhrkayensh@Bomeirem mgbkinhatirbgontiyocar di-aktdnfiher ampi anidon
ability are cells having the 5 ability to potentially differentiate into
cardi onyocyt ebei hikancan bet confilrmedethamdiaxanpl es i ncl ude pl uri potent
stem cells, nmesenchymal stemcells, CMG cells, Spoc cells and the like.

Pl uri potent $06dtdel | s dneaddlitionhtehtbancopmohilfensed £Adetimngtely or for
a long period of tinme while 10 renmaining in an undifferentiated state in an
in vitro cuRggregakpehcukkuset mashatl kBeybeppdsg dm@pweudihumgymethpd
ability to differentiate into all three germ|ayers_ (ectoderm nesoderm
and endoder nPTufdEP-SPpLtYpLi RedhodoHairBohsedghdCerAfpLaR PRcSEE BS cel | s,

E?_LLgepfgggipe%ﬁQEﬁ%ﬁgkgi’ikﬁﬁgiggdd&?geggﬁgiakgg%BLfAPQhEE%B%g%tes g%lnent

cells in the present invention.

10 [0025] It was also discovered from an investigation of
the adequate time-points and periods for adding the
substance that inhibits BMP signaling, when pluripotent
stem cells are dispersed as single cells or cell aggregates
consisting of small number of cells, and differentiation is

15 induced by a method such as floating aggregation culture or
co-culture with feeder cells, it is more effective either
to pre-treat the pluripotent stem cells with a BMP
antagonist before differentiaiton, or to treat with it only
during a few days immediately after initiation of culture

20 for inducing differentiation, or to combine these two
techniques. It has been shoWn that if the BMP antagonist
is continuously present during the entire time of floating
culture, co-culture with feeder cells or the like, the
efficiency of cardiomyocyte differentiation from

25 pluripotent stem cells is greatly reduced.

[0026] That is, the present invention relates to a
method of inducing differentiation of pluriopotent stem

cells into cardiomyocytes, wherein stem cells are



relates to cells which exhibit the norphol ogical, physiological and/or

i mrunol ogi cal characteristics of cardi omyocytes and whi ch have been derived
.frompluripotent 20 stemcells. In terns of physiological and/or

i mmunol ogi cal properties, cells prepared by the nethod of the present

i nvention nmay express one or nore nmarkers specific to cardi onyocytes which
are recogni zed as cardi omyocytes, but -thits is not a limtation. 25 [0029]
The present invention also relates to a nmethod of screening using cells

prepared by thergRLA0GnaErt PRe PEEASDENL WEBLEABNEOEAENLLDY tRAEENEhAL
chenot herapy drugs or novel factors which pronote the devel opnent, - 17

differenti atigRibi€geprpatignal1sygyi val and the Iike of cardiomyocytes.
[ 0030] The present invention also relates to a kit for inducing

differentiatjoo2»f pluripotretpseeshteihSentiion) seksc8id¥snhathfg

nor phol ogi cal , physi ol ogi cal and/or i mrunol ogi cal properties of myocardi al
precursor cehyscardishrdibfigoeptiatidhi sbkiitysaueetallohavimpygenkati ng the
nmet hod of the present invention. [0031] Another enbodi nent of the present

i nventi o 1@bikityetotpotentindllyfdifferanthgteecinte saffiéonyigcytesm in
cardi ac disorders using cells prepared by the nethod of the present

i nvention, a@®d i® wihearcultyeaseapdecaxappledr LRcludei RucipPptentepbe®d by

the nethod of the present. invention as_an active_conponent. 15 [0032] These
advant ages aflbfhePesglanYRgesShall Cehbf actMFi SB1Ls. oFPPReCRL LS enRd

vent i on ar g, adpgyat el y,  d3SL LRI, Bt b2, 191 oY B8 5" AL & gyp! anati on of

proliferate indefinitely or for a long period of time while
10 remaining in an undifferentiated state in an in vitro
culture, which exhibit normal karyotypes, and which have
the ability to differentiate into all three germ layers
(ectoderm, mesoderm, and endoderm) under appropriate
conditions, and examples include ES cells, ES-like cells,
15 EG cells, MAPC and the like.
[0028] A different embodiment of the present invention
relates to cells which exhibit the morphological,
physiological and/or immunological characteristics of
cardiomyocytes and which have been derived from pluripotent
20 stem cells. In terms of physiological and/or immunological
properties, cells prepared by the method of the present
invention may express one or more markers specific to
cardiomyocytes which are recognized as cardiomyocytes, but
this is not a limitation.
25 [0029] The present invention also relates to a method
of screening using cells prepared by the method of the
present invention to identify potential chemotherapy drugs

or novel factors which promote the development,



preferred enbodi nents. [0033] Anyone inplenenting the present invention can
20 consult standard references regarding ordinary nethods of cell culture
-and devel opnental and cell biological studies wusing pluripotent stemcells.
These include Guide to Techniques in Muse Devel opnent (Wassernan et al
Eds., Academ c Press, 1993); Enbryonic Stem Cell Differentiation 25 in
vitro (MV. Wles, Meth. Enzynol. 225:900F7I993); Mani pul ati ng the Muse
Enbryo: A laboratory manual (Hogan et al Eds., Cold Spring Harbor

Laboratory Rigsgerd®Pfatiany r&gbnypatLod) esuteival (dnakers Edke bknana
Press, 2002). - 18 The reagents and kits for cell culture and devel opnent al

and cell bi adaxgdiehystytiess cited in these Specifications can be obtained
fromcomercial sources including Invitrogen/ @ BCO Sigma and the like. 5
EFFECTS OF THE)3WVENTI CRhé OpBd$eiyotnventiopratsosoelatésstand kit for
cardi onyocytes can be efficiently and sel ectively produced fromstemcells
usi ng the neindicbigt@efpererhiatihornef opluripetentastaen ¢ptdsuinde) cells
prepared in this way can be used to search for and devel op effective drugs
for treaBi nchkhs thavingathe mAEPROLPFLPRL enPhEsiglegiaphl aRd/ €6 myocardi a
transpl antation therapy for severe heart disease._ 15 BRI EF DESCRI PTI ON OF
THE DRAW NGSLUB#R3 ol Gt PT2PSRBbIRS t Pk BYPERrTdi3t BHGFEFBATofeLhE °Roggin

P08t SO T SR IS 2ORERE REE, {815eSho PERL' Ui FEReELh Yol o &S
method of the present invention.
[0031] Another embodiment of the present invention

10 relates to a method for treating hearts suffering from
cardiac disorders using cells prepared by the method of the
present invention, and to a heart disease treatment drug
having cells prepared by the method of the present
invention as an active component.

15 [0032] These advantages and other advantages and
characteristics of the present invention are adequately
described in the following detailed explanation of
preferred embodiments.

[0033] Anyone implementing the present invention can

20 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

25 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).



20 Figure 1B shows the effects of addition of the Noggin protein (500
ng/ m.) on the appearance rate of beating EBs derived fromES cell (EB3)
‘usi ng hangi ng drop nmethod. Figure 2 shows the differences in the rate of
appearance of beating EBs in the presence of various doses 25 of Noggin.
EBs were fornmed fromES cells (EB3 cells and Rl cells), and the rate of
beati ng EBs was determ ned on the 10th‘d%§ of floating culture. Figure 3
shows the expression of nyocardial -specific - 19 marker genes in

Noggi n-treatede EBeagbhts BBA kdesi ¥ed team cEBBueel hal wevelepmeathad after
0, 5, 10 and 15 days of floating culture, and the expression of each gene

was anal yseandTEELLl: blivbabgicapt sendesbaodeedf ant thede BpEc2€icathvasl e
enhancenent factor-2c, a-WVHC. a-nyosin heavy chain, MGC 2v: nyosin |ight
chai n-2v, GAP&hl bgl ybetaihddhfdem3copmesphalesdehgdsogrodsdifiggure 4 shows
the results of imunochem cal staining of isolated cardi onmyocytes from
Noggi n (+) gfouptobgEBZGIBCOdePigmd andntEB831lékels) on the 10th day of
floating culture. a: sarcomeric nyosin, b: troponin |, c: a-actinin, d: ANP
Figure 53%hows the results of inmmunochenical staining of cardiomyocytes in
Noggin (+) and hbggin (-h grou ES of EBs (derived fromEB3 cells) on the
10th day of ¥Fb&E gOFlg EufNVERTIGNG: sarconeric ny05|n c,d: troponin

e, f: a- actlgég P. Fl 6 _shows the hghlbl ¥ gffects of BVP on
the effect ?«639. n f ¥°88F BEGEBIPREUERLOR. AR gHREIFRMERGKESEhe
difforent at edn CBLOLERYRTLESy ggdus' 18c89v8YY! BESaRYghe P th! Bebgedetge! s

using the method of the present invention. Myocardial

10 (precursor) cells prepared in this way 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.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0035] Figure 1A shows the effects of addition of the
Noggin protein (500 ng/mL) on the appearance rate of
beating EBs derived from ES cell (EB3) using floating
culture method.

20 Figure 1B shows the effects of addition of the Noggin
protein (500 ng/mL) on the appearance rate of beating EBs
derived from ES cell (EB3) using hanging drop method.

Figure 2 shows the differences in the rate of
appearance of beating EBs in the présence of various doses

25 of Noggin. EBs were formed from ES cells (EB3 cells and Rl
cells), and the rate of beating EBs was determined on the
10*™™ day of floating culture.

Figure 3 shows the expression of myocardial-specific



were seeded on ST2 feeder cells, and nyocardial differentiation was

i nvestigated by i mmunocyto-chem cal staining using anti-sarconmeric nyosin
.antibodies (M20) on the 8th day after seeding (n>5). *p<0.01 relative to
Noggin 25 (-) group. Figure 7B shows the appearance rate of cardiac

col onies from Noggin-treated ES cells using co-culture with feeder cells.
ES cells (Rl) were seeded on ST2 feeder-cdéls, - 20 and nyocardi al
differentiation was judged fromthe appearance rate of M-20-positive

col oni es on } éggﬁ sﬂ% s fﬂtﬁg%gfﬁdffga£9€5ﬁ % &P 01 ﬁﬁLthgfl%g?thgﬁn (-)

group. Figur Wws the appéarance rate of beating 5 colonies from

Noggi n- treaL§Q3E§éff§§Swéﬁecéofyééﬂéé qEtdr éeegerlgeghg 15598¢L! 6£(R1) were
seeded on ST2 feeder ITs, and nyocardial differentiation was judged from

the appearafiteat g aﬁlb@ﬁél Ngn@ ot REi 8pPOsé16n 13t hedlal géherwaseedi ng
(n>5). *p<0.01 relative to Noggin (-) group. 10 Figure 8 shows the effects

of addition ahal{Pee&horden-1 prot&nsctbPiog/ shhandet headppeal anMEFrate of
beati ng EBs, conpared to those of Noggin protein (500 ng/nm.) addition,
usi ng hasgi muskby axhimodemdéatysfattont 2ar earMiOs daygosinnheatrg brginni ng of
hangi ng drop culture (n = 8). *p<0.01 15 relative to untreated group (-).

Fi gure 9 sho¥kCt2re: ofifesin bightidchaom-2V, t GAPRMordiycepabdehndé1360 ng/ nl)
on appearance rate of beating EBs from ES cells (Rl) using floating culture
plate. C Cehresphate;debydreg¢nd®eng/nl), (-): untreated. "A'-*"B" neans as

20 followed; A and B as treated protein hefore and after EBs _ formation,
respectlvely Figure 4 shows the results of immunochemical staining

of isolated cardiomyocytes from Noggin (+) group of EBs
10 (derived from EB3 cells) on the 10“‘day of floating culture.
a: sarcomeric myosin, b: troponin I, c: a-actinin, d: ANP
Figure 5 shows the results of immunochemical staining
of cardiomyocytes in Noggin (+) and Noggin (-) groups of
EBs (derived from EB3 cells) on the 10“’day of floating
15 culture. a,b: sarcomeric myosin, c¢,d: troponin I, e,f:
a-actinin, g,h: ANP.
Figure 6 shows the inhibitory effects of BMP on the
effect of Noggin for cardiomyocyte induction.
Figure 7A shows the differentiated cardiomyocytes
20 using co-culture system with feeder cells. ES cells (R1l)
were seeded on ST2 feeder cells, and myocardial
differentiation was investigated by immunocyto-chemical
staining using anti-sarcomeric myosin antibodies (MF20) on
the 8™ day after seeding (n»5). #*p<0.01 relative to Noggin
25 (-) group.
Figure 7B shows the appearance rate of cardiac
colonies from Noggin-treated ES cells using co-culture with

feeder cells. ES cells (R1l) were seeded on ST2 feeder cells,



Figure 10 shows the effects of addition of various BM antagonist proteins
(150 ng/ nL each) on appearance rate of beating EBs fromES cells (Rl) using
-floating culture 25 plate. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0036]
In this disclosure, "cardi omyocytes” include - 21 cardiac precursor cells
having the ability to becone functional cardionyocytes in the future, as
well as fetal and adult cardionmyocytes- a&80at| stages of differentiation,
and are defined as cells that can be identified by one or 5 preferably nore

than one of %ﬂg.&?%%g%?ﬂgﬁ”&i??QEeriQGiQHewaQVjG&SE&rEPBM gRee than one

marker or in The expression of varioUs markers specific to

car di onyocyt @s5pé sraREECEHEEe DY E CRNYEDHHONRE vEI 8618AHE8! ol thEMBEM@EREM cal
met hods. There is no particular limt on 10 the nmethod, but preferably an

i munocheni cart8et bedashgh(Ass) | MeproCcyL oebeaLCAE 8baNOGEInO(~) group.

i mmuno- el ectrophoresis is wused. In these nethods, marker-specific

pol ycl onal anti badigerreor70rahesisortdle appeandinee catdofidshtdrigh react

wi th cardiac precursor cells or cardionyocytes. Antibodies 15 for individual
speci fi c 5mar&eienies foomelegaihytneatedbE®, cehhd tanchecuvdtike witl.

Mar kers specific to cardiac precursor cells or cardionyocytes include for
exanpl e nyofeederaggllsi ghESchalhs, (Rlhcverenseede@oannST2 ARPIer GATA- 4,
Nkx2.5, MEF-2c_and the |ike. 20 0038% Al ternatively, although the nethod is
not particuf@tl§.| apdierocardiatsdshterenbigtienpraguivdgedcEremspeific or
cardionyocyte-sgecific mar ker _genes  can flsp be confirneg,%y reverse
transcri pt as@PP ?§ﬂﬁ?%sﬁaEﬁa?ﬁ beating colonies on the 12 ay after

seeding (n>5). *p<0.01 relative to Noggin (-) group.

10 Figure 8 shows the effects of addition of the Chordin
protein (500 ng/mL) on the appearance rate of beating EBs,
compared to those of Noggin protein (500 ng/mL) addition,
using hanging drop method. Days of culture means days from
the beginning of hanging drop culture (n = 8). *p<0.01

15 relative to untreated group (-).

Figure 9 shows the effects of addition of the Chordin
protein (150 ng/mL) on appearance rate of beating EBs from
ES cells (R1l) using floating culture plate. C: Chordin,

N: Noggin (150 ng/mL), (-): untreated. "A"—"B" means as

20 followed; A and B as treated protein before and after EBs
formation, respectively.

Figure 10 shows the effects of addition of various
BMP antagonist proteins (150 ng/mL each) on appearance rate
of beating EBs from ES cells (R1l) using floating culture

25 plate.

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] In this disclosure, “"cardiomyocytes” include



reaction (RT-PCR) or hybridization analysis, nolecular 25 biological nethods
whi ch have been commonly used in the past for anplifying, detecting and
-anal yzing nRNA coding for any marker proteins. The nucleic acid sequences
coding for markers specific to cardiac precursor cells and - 22

cardi onyocytes (such as nyosin heavy /Iigﬁé chains, a-actinin, troponin |
ANP, GATA-4, Nkx2.5 and MEF-2c) are alx y known and are avail abl e t hrough
public data bases such as GenBank, and the narker-specific sequences needed
5 for use ascd¥di®s SpREcFSPEScERTs Neawasy | théledwiTifedto HOOSHE
Physi ol ogi cal indexes can al so be used additionally to confirm

di fferenti atfunctofopdlrcad toiyocetes imt€he af it gy pcys esel Fods eRatipl e,
useful markers include spontaneous beating by cells derived from 10

pl uri pot ent aed | adukk prasdionyotyves i atisal bnsthgewmed a@ififerdmtidtiony to

react to el ectrophysiological stinulus. [0040] Pluripotent stemcells that
can be used andtare Jelired asveetlonthat|crr B bdentif sl chy | ene MWPC and
the |liked derived frommammals such as mce, nonkeys and humans 15 that are

al ready W ddEefigeabhys mere Fhar Pne of5pkhe ffllawkng| vethedspiginge®need ES
cells include EB3 cells, E14 <cells, D3 cells, CCE cells, Rl cells, 129SV
cell's, J1 ce?¥ PrefpRranky |Mere HhamRpe FAYISE S H¥eXal so been

cot bl hed IRIPLoRer i SHOSALLHEA NS, S PLESSIYL NG ES, 20 FeLL oy £ col I
oo bt A g R LPOLF RS S SRR " BRI LT, |
Acad. Sci . L%%%éﬁ%éﬁ%ﬁ%%afﬁﬁg%héﬁéi F%ﬁé?% is no particular limit on

10 the method, but preferably an immunochemical method such as
immunocytochemical staining or immuno-electrophoresis is
used. In these methods, marker-specific polyclonal
antibodies or monoclonal antibodies can be used which react
with cardiac precursor cells or cardiomyocytes. Antibodies

15 for individual specific markers are commercially available,
and can be easily used. Markers specific to cardiac
precursor cells or cardiomyocytes include for example
myosin heavy /light chains, a-actinin, troponin I, ANP,
GATA-4, Nkx2.5, MEF-2c and the like.

20 {00381 Alternatively, although the method is not
particularly limited, expression of cardiac precursor
cell-specific or cardiomyocyte-specific marker genes can
also be confirmed by reverse transcriptase polymerase chain
reaction (RT-PCR) or hybridization analysis, molecular

25 biological methods which have been commonly used in the
past for amplifying, detecting and analyzing mRNA coding
for any marker proteins. The nucleic acid sequences coding

for markers specific to cardiac precursor cells and



25 No. 6,090, 622; Jiang et al, Nature 418:41, 2002; International Patent
Di sclosure 01/11011). [0041] Cells which can be used in the present
“invention are not limted to the aforenentioned three types, and - 23
include all pluripotent stemcells derived frommanmmalian enbryos and
fetuses, unbilical cord bloods, or adult tissues, blood and the Iike such
as adult organs and bone marrow. Specifi4? exanpl es include stemcells
obtained by 5 treating root sheath cells or epidermal cells with a drug

such as 5- azawydi shPScyBE3r fsuén ZadnNeyosi Nt BESSYT PBYht Peh&MhsDi scl osure
02/ 051980), stemcells obtained by treating nonocytes with CR3/43

anti bodi es (Abadttaflayel troponin MedANReSGATRI- 4, ONk%9. 858nd2M88) 2candrat em
cells that 10 are characteristically simlar to ES cells, such as stem
cel |l s deri vedl feady akinbwn i anédrararaceilasbléi tiktoagh plablie dadkd. baddsance
online publication). In this case, characteristical simlarity to ES cells
i s defined isuckras GefhBaykobandopheahapkepespeesfini seguences npeefled such
as 15 the presence of ES cell-specific surface markers éantiggn), t he
expressi 8n oforSige| #s speénere genktobes cae b easilyodepesnined: er at onas
or chinera m ce. £0042] Even cells having a characteristic different from
that of ES ce993%br cel PRY®IPEPIIFRh PPEEXPOL AR 318 Peougef| s can be used
in the nmethods_described in the ﬁ£e5§n£ invention if the¥ are cells having
properti es HIThtLPRahlY RRnFORE LR &t EheTaRBLAhton coF | RInGIPRLS]T
cardi onyocyt e- ikf %eatur&s &n viéro. Eganplesmo such g& | s iﬂclude bone
mar r ow mesenth | TRERNPREFH I HRFY VR f r ORT bBHE™REF r oW S ef'f§ ?Eﬁuder et
al, US. Patfﬁ%lgﬁb §b3§§a§g§ﬁsFﬁé£€fggrby cells derived from
10 pluripotent cells, expression of various ion channels and
the ability to react to electrophysiological stimulus.
[0040] Pluripotent stem cells that can be used in the
present invention include ES cells, EG cells, MAPC and the
liked derived from mammals such as mice, monkeys and humans
15 that are already widely used as culture cells. 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. Standard protocols have also been
established for preparing, subculturing and preserving ES
20 cells, EG cells and MAPC, and in addition to the references
cited above, the operator can easily obtain such
pluripotent stem cells by consulting various other
references (Matsui et al, Cell 70:841, 1992; Shamblott et
al, Proc. Natl. Acad. Sci. USA 95:13726, 1998; U.S. Patent
25 No. 6,090,622; Jiang et al, Nature 418:41, 2002;
International Patent Disclosure 01/11011).

[0041] Cells which can be used in the present invention

are not limited to the aforementioned three types, and



et al, Science 284:143, 1999), CMG cells (Makino et al, J. din. Invest.
103: 697, 1999; International Patent Disclosure 01/048151) and Spoc cells
derived fromnuscle - 24 tissue (International Patent Disclosure
03/035382). [0043] Any nethod suited to inducing differentiation of

cardi onyocytes can be used as the culture nmethod for preparing

cardi omyocytes from pluripotent stemcell& im the 5 present invention, and
for exanple using ES cells exanples include floating aggregate culture,

hangi ng dr opigs] h8é€all CPIEH poHEnWM sHeRUBODIS | AEr £RLH SErOMr Rhd1E-ht Ur e,
soft agar culture, mcro-carrier culture and the like. In the case of

floating agosmigby6s Cahdl UFetlioss pxampl Bical speedfblodds ¢xapphauls a net hod of
suspending ES cells as single cells (individual cells dispersed in a liquid
phase w th noissudéesi bhobétaméntibel 1tkelusutly anzydelti gegansnand bbrel i ke)
in mediumto a cell density of preferably 10 cells/nL to 1 x 107 cells/nL or
nore preferamyrd®0 c8pésifiictexdmpldgbindbudel $témicesbedohgained by a
culture plate, and culturing themfor 4 to 30 days or preferably 6 to 15
days at 3§7C txemiting@oebnsheabnscellswEebbiernaki delyenvitht fodrug[ 0044]
In a different enbodi nent usingna co-culture nethod with supporting cells,

t he supportiFCReRs s5apzaahtidinegaf $harndar ¢ yZahpex edInteragtippaterabl y
cells havingpthe characteristicZ%of nesenchymal cells and nore preferably

cells havin %B%%tnai?6%9§?¥%n%2 P1289ke ¥ e?f*%%,ogﬁﬁﬁnegsbSTZ cel | s,
e RIS Aotk 5 ol R g R S AT o0 1o @
treatment, &GradiglyongoL theshi&S 1808555 56045, SisReDPEd 8313LNeh&t
10 are characteristically similar to ES cells, such as stem
cells derived from adult inner ear cells (Li et al, Nature
Med., Advance online publication). 1In this case,
characteristical similarity to ES cells'is defined in terms
of cytobiological properties unique to ES cells, such as
15 the presence of ES cell-specific surface markers (antigen),
the expression of ES cell-specific genes, or the ability to
produce teratomas or chimera mice.
[0042] Even cells having a characteristic different
from that of ES cells or cells other than pluripotent stem
20 cells can be used in the methods described in the present
invention if they are cells having properties which allow
them to differentiate into cells having a cardiomyocyte-
like features in vitro. Examples of such cells include
bone marrow mesenchymal stem cells derived from bone marrow
25 cells (Bruder et al, U.S. Patent No. 5,736,396; Pittenger
et al, Science 284:143, 1999), CMG cells (Makino et al, J.
Clin. Invest. 103:697, 1999; International Patent

Disclosure 01/048151) and Spoc cells derived from muscle



cells in mediumto a cell density of 1 cell/nmL to 1 x 106 cells/nL or
preferably 100 cells/nmL to 1 x 105 cells/nm or - 25 nore preferably 1 x 103
‘cells/m. to 1 x 104 cells/nL are seeded thereon and cultured for 4 to 30
days or preferably 6 to 15 days at 37C under CO2 conditions of 5% carbon

di oxi de ventilation. 5 [0045] In the present invention, a substance that
inhbits BMP signaling is a substance that2has the effect of bl ocking or

i nterrupting BMP signaling, and exanples include BMP antagonists, specific

”eUtra"Z'”gtégéhéoﬂtﬁﬁerBQtE%ﬁhiaﬁhk¥n€“b§§8£8§uré0b§Pbbb§8§)(“0“ Ce'
menbrane 10 anchoring type) BMP receptor nolecules and the [1ke. Ohe

exanpl es inc|ggg3gene expyenstROaveai PEq, téPerahEEngaA FBBPERtiation of
ol i gonucl eot1 des, ribozynes, antisense RNA for RNA interference, |ow

mol ecul ar weeghdiiénppeybds aafl bBeuskikaswbhéhceltlite fAUpPRbESEORr arrest
expression of BMP 15 fam |y nol ecul es or the functional gene products of
their recepppepgeihng oaréismysoppessfrom pluespoeaptessemncelllsgeneshehi ch
code trans-activating conponents of the BMP signaling pathway. [0046] A BWP
ant agoni $t isresénheinuenbisnbsandcEonhexampl@ bsinlg ES aeBLVP eaainpies

nol ecul e (such as BWP-2, BWMP-4, BMP7 or the like) and blocks or inihibits

bi ndi ng of thecBmte fbbatimg apgregabrPcubtepeorhanging depp sulture, or a
subst ance whi ch causes syggre55|on or interruption of BM S|gnallng

bi ndi ng to aSBMPI}ERERt i LhERURPPELLDE 2§lb$ef%YF@H°BMPCHHFH§Gn|§P§ in the

present invention include , Chordin_and the_li Ox her exanpl es
i ncl ude hbg@?ﬂrr%Pé?%ﬁeprﬁ%ﬁggscﬁFrtﬁBrﬂPﬁtPﬁ?a?%ﬁ Bpﬁtéth ha&PngR

case of floating aggregate culture for example, a specific
10 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 preferably 10 cells/mL to
1 x 107 cells/mL or more preferably 100 cells/mL to 1 x 10°
15 cells/mL, seeding them on a culture plate, and culturing
them for 4 to 30 days or preferably 6 to 15 days at 37°C
under CO, conditions of 5% carbon dioxide ventilation.
[0044] In a different embodiment using a co-culture
method with supporting cells, the supporting cells are not
20 particularly limited but are preferably cells having the
characteristics of mesenchymal cells and more preferably
cells having bone marrow stroma cell-like properties, such
as ST2 cells, OP9 cells, PA6 cells or the like. These
supporting cells are cultured to a high density and made
25 into a feeder by a method such as mitomycin C treatment,
irradiation or the like, and ES cells suspended as single
cells in medium to a cell density of 1 cell/mL to 1 x 10°

cells/mL or preferably 100 cells/mL to 1 x 10° cells/mL or



80% or nore or preferably 90% or nore honology with the - 26 amno acid
sequence of the relevant protein and having the activity of BW

antagoni sts. A Noggin-related protein or Chordin-related protein coded for
by nucl eotides that hybridize under stringent conditions (for exanple, 2 X
SSC) 5 with nucl eotides encoding for Noggin or Chordin is also included in
the same way. [0047] The present inventl features the culture of

pluri potent stemcells under the stinmulus of a substance that tenporarily

i ni hibits BMroségpabEsgabapd1Vki lle® tdwl Ud)nat i 81l Lisx NnEd*hed11$ /Ml are
particularly limted, a method of adding a purified reconbinant protein to
cul ture nedi seeded pheteonedndHouktveredafigrotheo BBt Bagscar peefieedbWMgi ch
has the sane effects as the nethod of adding a substance that inihibits
BWP signaling to thl fays as a7pliruridesd A% cendditiimast off Giteicarbemanpl es
include a nmethod of adding Noggin or another BMP antagoni st which has been
extracted afdopudefvedtilabibhving tissues, a nethod of introducing a gene
expression vector for Noggin or another BMP antagonist into the pluripotent
stem cel s t hefdalves, AnnkhRoBreseRd +RYeBBLENAgaasyBAtaBLPr EBaLon vect or

for Noggin or another BMP antagonist into supporting cells and using those
transfect ed tRrPEtESBUB. sigpaLd EeFFsaaﬁHbﬁtﬁ%FﬁloE i fgsatheupfipet of

supernatant or ofher cell produc nsfecte cells_and the |ike,
P i oL ek G| SRcinBaRRubhate BHE RiohAllRbrontds SRaRRIERG & Bup

ot enent i ngt PRECRP cBitk aphEeRTHaRE . TRetORF B R hraly ERbUCHt £ESRke: ance
used to inhb£6 §MF family molecules, solubilized (non-cell membrane

10 anchoring type) BMP receptor molecules and the like. Other
examples include gene expression vectors, specific
antisense oligonucleotides, ribozymes, antisense RNA for
RNA interference, low molecular weight compounds and the
like which either suppress or arrest expression of BMP

15 family molecules or the functional gene products of their
receptor genes or else suppress or arrest expression of
genes which code trans-activating components of the BMP
signaling pathway.
[0046] A BMP antagonist is defined as a substance which

20 binds to a BMP family molecule (such as BMP-2, BMP-4, BMP7
or the like) and blocks or inihibits binding of the BMP
molecule with a BMP receptor on the cell surface, or a
substance which causes suppression or interruption of BMP
signaling by binding to a BMP receptor. Examples of

25 preferred BMP antagonists in the present invention include
Noggin, Chordin and the like. Other examples include
Noggin-related proteins or Chordin-related proteins having

80% or more or preferably 90% or more homology with the



- 27 signaling are preferably derived fromaninmals of the sanme species as
that used to derive the pluripotent stemcells. For exanple when

i npl enenting the present invention using nouse pluripotent stemcells, a
purified reconmbi nant 5 protein (Reconbi nant Mouse Noggi n/ Fc Chi nera; R&D
Systens, GCenzyne Technol ogy) prepared from nouse-derived cells in which a
fused gene consisting of nmouse Noggin cDN |7nked to i munoglobulin
constant (Fc) region cDNA is introduced and expressed is conmercially

avail abl e, agdifeNabeqeashli¥ndl Yseehasra18vaae-gebtyed HREThAvRRE! €hB.
Those derived from animal's of another species can al so be used, however,

and a purifaediveepnbensnb AhehgbARi§Pepr olenbygpnepalatelyproikiadyei ng and
causi ng expression of human Noggin cDNA in E. coli can be substituted.
Noggi n pr ot echérdéeniretlatedanpibtpigscodbdeporhbysaaclbotiddessthhtas

chi ckens) or anphi bians (such as Xenopus) can also be used. Simlar
protei ns canhybridied finde€hstdingent cohéitBdPsalhfagoexampleTh@ xnESCQoti de
sequences of the genes coding for these factors are available frompublic
DNA dat a ShasettBusticisothdesoengoding £pE. Negginnar Chardinf s BilsPechnol ogy
(NCBI'), and the. cDNA of these genes can be obtained and used by soneone
skilled in thechudedrdp ERanPAEES VA¥- human and nouse genes for Noggi n and

Chordi n have_ already been identified, and. the nucl eotide sequences for
human Noggi n[Ofbtide” Nogdhf, PPSSAB A YRBELPR ERAtHERSctRROFELFUBReOEecor ded

in the NCBI ata base, as, NM#005450, NMVE#F0OO8711, . NM#073411 and. NM#009893,
Lespectivelypf?ﬁbﬂgﬁeﬂFBﬁﬁeﬁnFﬁ 6ﬁi§?g%ﬁ he 5F%@gﬁ siﬂ%eﬂt?ﬁﬁsggQCSe - 28

that temporarily inihibits BMP signaling, and while the

10 stimulus method is not particularly limited, a method of
adding a purified recombinant protein to culture medium is
preferred. However, any other method can be used which has
the same effects as the method of adding a substance that
inihibits BMP signaling to culture as a purified

15 recombinant protein. Examples include a method of adding
Noggin or another BMP antagonist which has been extracted
and purified from living tissues, a method of introducing a
gene expression vector for Noggin or another BMP antagonist
into the pluripotent stem cells themselves, a method of

20 introducing a gene expression vector for Noggin or another
BMP antagonist 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 like, all of which are included

25 as part of the embodiment for adding a BMP antagonist in
medium in the method of the present invention.
[0048] In implementing the present invention, the

protein and gene of the substance used to inhbit BMP



a substance which binds to a BMP nol ecul e (such as BMP-2, BWMP-4, BWP-7 or
the Iike) and which blocks or inihibits binding of the BWMP nolecule with a
BMP receptor on the cell surface or a substance which causes suppression or
5 interruption of BMP signaling by binding with a BM receptor, and typical
exanpl es include Noggin (Re'"emKalma et al, Proc. Natl. Acad. Sci. USA

92: 12141, 1995; Zimmernman et al, Cell 862%99 1996) and Chordin (Piccolo et
al, Cell 86:589, 1996; De Robertis et al, US. Patent No. 5,679,783; 10
Laval lie et §ignbﬂ§ngpakénFréber5b Gdeﬂve&afﬁbhlgnEﬁaQE ofUtRe Faihgent No.
5,986, 056). Specific exanples of other BMP antagonists include follistatin,
fetuin, sclespstissand thAateaskastbelengiregthe pherDpditeErtbetum Eamiky, such
as DAN, Cerberus, gremin, Dante and the |ike (Balemans & Hul, Dev. 15

Bi ol . 250: 23Ror28Ra@npl&ywhént impbemertbndi hhat prasényubsventioat usahpgy
occurring BMP antagoni sts are also useful in inplenmenting the present

i nvention. [0089¢ Mbuhddetenttstemi aglpsurappuehfiedeneceinbinant

i mpl ementing the present invention are not limted to 20 nethods using
Noggi n ad ophetreBVP(Bacagbhnans, MangeaNaggholFaathigerae BaReSEFtenss as a
BMP ant agoni st or in_ other words a nethod which causes inhibition of BM

si gnal i ng na?e%FXBeb338§38103¥écP?FEaEQQnﬁF%@ Beuserferivedngeliguin

hi bi t f I | ud th d 25 f I
ant i bodi es 1§MERP Pafirge § p'sé‘%?ﬂgfaﬂﬁnﬁi? e Nioatr uaphE L8 khdn. cel T
nmb h MP | A | ud
Tethods of 1 BT SRIEPREEFRRS P neSEEPREt o LRET HogTon oA A TRLEgpsRd 1 O°
specific ant5§8n§§pggéggaugge86hﬂ§§01ally available, and can be easily -

10 used as a mouse-derived Noggin protein. Those derived from

animals of another species can also be used, however, and a
purified recombinant protein (PeproTech) prepared by
introducing and causing expression of human Noggin ¢cDNA in
E. coli can be substituted. Noggin proteins derived from

15 pigs, sheep, horses, birds (such as chickens) or amphibians
(such as Xenopus) can also be used. Similar proteins can
be used for Chordin and other BMP antagonists. The
nucleotide sequences of the genes coding for these factors
are available from public DNA data bases such as that of

20 the U.S. National Center for Biotechnology (NCBI), and the
cDNA of these genes can be obtained and used by soﬁeone
skilled in the art. For example, the human and mouse genes
for Noggin and Chordin have already been identified, And
the nucleotide sequences for human Noggin, mouse Noggin,

25 human Chordin and mouse Chordin are recorded in the NCBI
data base as NM#005450, NM#008711, NM#073411 and NM#009893,
respectively.

[0049] A BMP antagonist in the present invention may be



ri bozymes, antisense RNA for RNA interference, |ow nolecular weight
conpounds and the |ike which either suppress or arrest expression of BW
*fam |y nolecules or 5 the functional gene products of their receptor genes
or else suppress or arrest expression of genes which code trans-activating
conponents of the BMP signaling pathway. 0051] When using a substance that
inihibits BV signaling (such as Noggin,?2 rdin or another BMP 10
antagonist) with pluripotent stemcells in the present invention, the

period for appk¥bB8ahBesAnicrt Bifdsatobs BﬁPVmQEéctméo(Eﬂ@hSEQQBHP 3hese are
the stages before and after the pluripotent stemcells are dlspersed ei t her

as individupyupcel | BMPr7asrcehk NIBR&¢Safna@n®hsthngloeksnmek! iadhavaker s of
cells, and floating aggregate cultured or co- cultured with supporting cells
or the |ike,bandihfeofother BMBt mgdecualeawitil 4hBMPreedepterenhi aheonedflage
below while the latter stage is called the differentiation-inducing stage.
20 [0052] | nsuhfapeeodi &f subatanceonhichgeausde suppreasdont hati ni hibits BWP
signaling in pluripotent stemcells is applied beginning 1 to 2 days before
or pref efabl ynBernyntsennef eBMBf 8ignahingply abenddngedith AnBYEe
differentiation. [0053] Mreover, in the pre-differentiation stage the 25
ES cells arerﬁFéPEPﬁbl9n€uFYB¥§EluﬁH§WP6?ﬁ|h&?%uéﬁnHPﬂgéﬁs(R§uFFe aipat he
type of animal to maintain themin_an undlfferenijz?é d state. That is, in

the case of fbudl - EBrocel Natit frEafesPrinl BS80744 kefP 457 nALBmEEmEn
factor - 565) ggk%ogsgﬁg%unlabs? Q4centLatorp2hod93 L 49, 082,,Y

or preferabl?

86:589, 1996; De Robertis et al, U.S. Patent No. 5,679,783;

10 LaVallie et al, U.S. Patent No. 5,846,770; Lavallie et al,
U.S. Patent No. 5,986,056). Specific examples of other BMP
antagonists include follistatin, fetuin, sclerostin and
molecules belonging to the DAN/Cerberus family, such as DAN,
Cerberus, gremlin, Dante and the like (Balemans & Hul, Dev.

15 Biol. 250:231, 2002). Synthetic or recombinant analogues
of naturally occurring BMP antagonists are also useful in
implementing the present invention.
[0050] Methods of treating pluripotent stem cells in
implementing the present invention are not limited to

20 methods using Noggin and other BMP antagonists, and a
method having the same effects as a BMP antagonist or in
other words a method which causes inhibition of BMP
signaling may also be used. Specific examples of methods
that cause inihibition of BMP signaling include methods

25 using specific neutralizing antibodies to BMP family
molecules and methods using solubilized (non-cell membrane

anchoring type) BMP receptor molecules. Other examples

include methods of introducing into the cells gene



[ 0054] The substance that inihibits BMP signaling does not need to be
applied during the entire culture period, 5 and for exanple when a BW

* antagoni st such as Noggin or Chordin is used as the substance that
inihibits BW signaling, culture in nediumin which the BWMP antagonist is
present in an active state is preferably limted to within the first 5 days
or nore preferably the first 3 days of tH 10 differentiation-inducing
period. However, the tinmes during which the substance which inihibits BW

signaling i sexpPPLsen My cPeryar bﬁécﬂ@ﬂéoﬂﬁtﬁéé‘hs’ed@DEﬁQhﬂQl@BtEQQQ!,t' ons
such as the animal fromwhich the cells are derived, the <cell strain used,
t he node of #ibdeywes| adhbhsenddCRNANfAAIRNA ihtetFpeentesubswance used to

i nhibit BMP signaling. [0055] When a BMP ant agoni st (such as the Noggin
protei n or Gholeculproveighti sompednds ahé théslikeewhbeh eibhérbits BMWP
signaling in inplenmenting the present invention, the old mediumis
sterilely resoppdeandoreprueet eRpweshiarddfinBMBnfanblygmohechibggi orprotein
or Chordin protein at a concentration of 1 ng/nL to 2 g/m or preferably 5
ng/ nL t o 5100thegfwnchbionat caphef BFadngts oof npedirt seceptay/ geneandrcul ture
is preferably continued for several days. Wien using another substance that
i ni hibits 25¢BWMP SPBREEFRQOTt AETEBRCRNPFASTHN c@h 9enear YREChagPR®pri atel y

depending on the t ge,of subst ance. LOOSG% ﬁ%rdionyogétes,derived fromES
cells or othEFanﬁT% FHBREARISERRPRRENES n9L e JPUF oFk@RALiRg RRERBEE: can be

ciciently BBUSH I ar SEPERaMEtEPcE SYORIERTS BRFE ObRiForHoidPes. The
CardiOnyocytgfgﬁgffngbtQﬁgﬁdagrﬁoggin, Chordin or another BMP

10 antagonist) with pluripotent stem cells in the present
invention, the period for applying these factors can be
divided into two stages. These are the stages before and
after the pluripotent stem cells are dispersed either as
individual cells or as cell masses consisting of small

15 numbers of cells, and floating aggregate cultured or co-
cultured with supporting cells or the like, and the former
stage is called the pre-differentiation stage below while
the latter stage is called the differentiation-inducing
stage.

20 [0052] In the pre-differentiation stage, the substance
thatinihibits BMP signaling in pluripotent stem cells is
applied beginning 1 to 2 days before or preferably 3 days
or more before the EBs are formed to induce differentiation.
[0053] Moreover, in the pre-differentiation stage the

25 ES cells are preferably cultured under ordinary conditions
suited to the type of animal to maintain them in an
undifferentiated state. That is, in the case of mouse ES

cells it is desirable to add leukemia inhibitory factor



hereafter called cardi onyocytes prepared according to the 5 present

I nvention. [0057) Any known nethod of cell isolation and purification can
* be used as the nmethod of purifying the cardionyocytes, and specific
exanpl es include flow cytonetry, nagnetic beads, panning and ot her nethods
10 invol ving antigen-anti body reactions (see Mpnocl onal Antibodies:
principles and practice, Third Edition™( d. Press, 1993); Antibody

Engi neering: A Practical Approach (IRL Press at Oxford University Press,

1996) as wel(L®s) t#&!thd medieni &g dycsledsntyaticwi enticentsi fogeso on using

a 15 carrier such as sucrose, Percoll or the like. Another nethod of

sel ecti ng cardilommoqyteterably 500 sto 82006 i@/l y introduce a nodification

into the genes of the ES cells or other pluripotent stemcells, making them

drug resistdmoo¥] capdiiie sibstangs cthmtot s Thidxiotr e BN ns i gmall T | @ces ng

cells 20 having the norphol ogy of cardi omyocytes. For exanple, by

i ntroduci ng nelgemred dew che capRbbéd edwting pihs tmgize Gbiyod rp¢GIA8)

resi stance gene under the control of the a-nyosin heavy chain pronoter into

mouse ESSceldnsl fmp|exampie Hrker @ rBR ArtRFen i caecle s riNeIHhLR reEt i ng a

system 25 in which ES cells were differentiated into cardi omyocytes and
Leih e gork

only those &9%dithith 56 A3 he IRSTRRRS it coul d
survive in nediumto which 418, had been ed d 9 nore of the
cell's sel ect%@%a?m8 S Lnire S Bt u'%ewsqbwrea& B A RIS L 15 red
to be cardig 6, 015 67 cifications Klug et

al, J. di n.p 1{ %84 Za_LCGtJl‘D %S%éat? Ojﬂ%sﬁr?:fée%? thX/o l)}?le% cgr%%a‘?je@

according tc{ﬂé“%f%é%“%“days or more preferably the first 3 days of the
10 differentiation-inducing period. However, the times during
which the substance which inihibits BMP signaling is
applied may be varied appropriately depending on conditions
such as the animal from which the cells are derived, the
cell strain used, the mode of differentiation induction and
15 the type of substance used to inhibit BMP signaling.
[0055] When a BMP antagonist (such as the Noggin
protein or Chordin protein) is used as the substance that
inihibits BMP signaling in implementing the present
invention, the o0ld medium is sterilely removed and replaced
20 with medium containing the Noggin protein or Chordin
protein at a concentration of 1 ng/mL to 2 pug/ml or
preferably 5 ng/mL to 1000 ng/mL or more preferably 10
ng/mL to 500 ng/mL, and culture is preferably continued for
several days. When using another substance that inihibits
25 BMP signaling, the concentration can be varied
appropriately depending on the type of substance.
[0056] Cardiomyocytes derived from ES cells or other

pluripotent stem cells by the aforementioned methods can be



5 invention are useful in pharmacol ogical evaluations and activity

eval uations of various bioactive substance (for exanple, drugs) and novel

- gene products of unknown function. For exanple, they can be used to screen
for substances and drugs involved in controlling the differentiation of 10
cardi onyocytes fromES cells and other pluripotent stem cells, for

subst ances and drugs involved in regulatidhlg the function of cardi onyocytes,
and for substances and drugs which are toxic or inhibitory towards

cardi onyocyt g8rth8r Béiiééﬁéér11§B§é€eér§n&Ubﬁ§ﬂ£h¥dV8§YkBSWh”ﬁ&ﬁﬁgésOf 15
screeni ng using human cardi onyocytes, and cardi onyocytes prepared

accordi ng tOtéhef@ieieﬁtlynasﬁaiﬁnlaﬁg@qugna1u§6§UbfsnugﬁQYOFueelIs for
i npl enenting such screening nethods. In another node, an evaluation kit

conpri si ng ceaddoompoyyees pr epaeecdarndtongdocgtés thaspopvsenhedOaravention is
al so useful for such screening. [0059] Test substances to be screened may

i ncl ude any heheafiteancatleddedribonvdbtvtes suepaned| aveovitngl do- tkeght
conpounds, hi gh-nol ecul ar-wei ght conpound, organic conpounds, inorganic
conpound®, ppoeeent, ipepntiden; genes, 25 viruses, cells, cell culture
liquids, mcrobial culture liquids and the like. Efficient nmethods of

i ntroduci ng [@@héd i nt oARYi| knpenspethad ehicralt heehabionfanddition to

culture systens u5|£g retrovi ruses, _adenovi ruses and other - 33 virus
vectors as vRWFiEicabiapasantbedaseflons aFhermerhedt PENPYRLEYLRGoLBRes and

other artifici é constr cts. 0060 he test iubstanf cag be eval uated by
measuring tH%F +??¥?8¥ S of 2PAJEREF DRI O SXAIPLP BNt PGLNEAR F18M ES 5 cel I's or

other pluripglent sLem Selhst1 8t BSRLY! BAKQEYE®Sha other methods

10 involving antigen-antibody 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 e

15 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

20 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
o-myosin heavy chain promoter into mouse ES cells, Field
and his co-researchers succeeded in constructing a system

25 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-



or the qualitative or quantitative changes in nmyocardial cell functions.
For exanple, the nyocardial differentiation induction efficiency of a test
substance can be neasured by using biochem cal or immnocheni cal nmeans to
detect the 10 expression of various cardi omyocyte-specific markers in

pluri potent stemcells cultured using nethods according to the present

I nvention after they have been culture Toté5to 15 or preferably 7 to 12
days. There are no particular limts on the biochem cal or immunochen cal
means, but lfepiet&ntbtylbs bymmoshestkead wetdocosfiitméd to be

I mrmunocyt ochem cal staining or imunoel ectrophoresis can be used.

Mar ker - speci ¢axdpohyctybes a6UiHodPatent Nonoél 0hz} 67ant Shedificahaondind to
t he cardi onyocytes can be used in these nethods. Antibodies that target

i ndi vi dual spkegféet 2D, ndr kelrsnar Envesber28al 236 avh?9@bl e and can be easily
used. Exanples of cardionyocyte-specific markers include nyosin heavy and
| i ght chai ns[0@3&tt i ni nCax b@@ﬁ?ﬂYgesAPFeP@¥ﬁ¢\ﬂCCOFﬂ¥295t°NEFEZErQﬁﬂngh

i ke. [0061]  Myocardial cell survival is one exanple of_a 25 nyocardi al

cell funétiolYeRtienmpre webuhsin Hﬁ?k@?c?%le%@%|%gf}ﬂ@tbpﬁ§3§n§ubstance
car di onyocy ASEETERE str bRt LS ot rbeE LOES, RHAGC ELVe HEuBFESRAE (£9%Enti on on
Sorum 1 oo rtrTRLEL ot sl ARE78BGE tgﬁC?L'BFasns'tyP%n ?‘PI?%’%[ ?3%% IEB e
can pe addedF&P éiggrgé?g' nmeas r%%ﬁe SHégaV% I?rf Paég?%’l O?H?he

car di onmyocyt'es can e sarviva Te or
car di onyocyt g8, 58N Beo 1FEE UL £ - O+ FEEL P3G OPhE @PﬁféféﬁtPQtlon of

10 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 cardiohyocytes. In
particular, there are currently very few methods of

15 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 the present

20 invention is also useful for such screening.

[0059] Test substances to be screened may include any
which can be added to culture, such as low-molecular-weight
compounds, high-molecular-weight compound, organic
compounds, inorganic compounds, proteins, peptides, genes,

25 viruses, cells, cell culture liquids, microbial culture
liquids and the like. Efficient methods of introducing
genes into culture systems include methods of addition to

culture systems using retroviruses, adenoviruses and other



usi.ng i ncorporation of a dye such as trypan blue as the marker, by a nethod
usi ng dehydrogenase activity (reduction activity) as the marker, or by a
met hod using annexin V 10 expression or caspase activity, which are specific
to apoptosis cells, as the marker. Kits exploiting these nechanisns are
avai l abl e from many manufacturers including Sigma, Conetech and Pronega,
and are easy to use. [00621 Because a SuBsStance or drug obtained by such a
15 screening nethod acts to induce differentiation of cardiomyocytes and
regul ate thelrddIREddtYrss dd Wil s ustthodPlo XA L AS e Leventative or

t herapeutic drug for heart conditions including nyocardial infarction,

i schem ¢ heanisertiisgasih t ¢ AnigRsdoness hant totfhdd Wdet i fyged 1 rege tridéx s .

cardi onyopat hy, dilative cardi omyopat hy, nyocarditis, chronic heart failure
and the |ikd.00RteElse o nokss tregubzet anuey edarc dg el atre K oyvmesasqoinyls .

[ 00631 Mbreover, cardionyocytes prepared according to the present invention
can be used tde mifdaridindy 25 riggtietrian @f ddfferen ticationdi Seas ES r eat nent
drugs. Exanples of heart disease include myocardial infarction, ischenmc
heart di Beasielldomfesithar mkninafianty & temgelkls s andh amipeies):,

dil ative cardionyopathy, - 35 nyocarditis, chronic heart failure and the

li ke. When Wedhendudlddatdive dedBidttEdtian i yhengehdd et r eat nent

drugs, cardi omyocytes prepared according to the present _invention can be
el uded | n SR PR ond O SIS (e OGS AL SRt ar | ng

in a medi um.or, ot.her dr_%qftl.eo.us carrd edded i n.a biode
0

, | bl
substrate or B HortC LS g‘{ rFaegggt isri{bgsrga%cf%g?@ g MESSHAE By ©

using biochemical or immunochemical means to detect the

10 expression of various cardiomyocyte-specific markers in
pluripotent stem cells cultured using methods according to
the present invention after they have been culture for 5 to
15 or preferably 7 to 12 days. There are no particular
limits on the biochemical or immunochemical means, but

15 preferably an immunochemical method such as
immunocytochemical 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

20 markers are commercially available and can be easily used.
Examples of cardiomyocyte-specific markers include myosin
heavy and light chains, a-actinin, troponin I, ANP, GATA-4,
Nkx2.5, MEF-2c and the like.

[0061] Myocardial cell survival is one example of a

25 myocardial cell function that can be used as a marker for
evaluating a test substance. Specifically, apoptosis (cell
death) can be induced by seeding cardiomyocytes prepared by

the method according to the present invention on a culture



| ayer or multilayer myocardial sheet (Shimzu et al, Grc. Res. 90:e40,
2002). 10 [0064] Although not particularly limted to these, nethods for
transporting the aforenentioned therapeutic drug to a damage site include
direct injection into the heart via an open chest or syringe, nethods of
transplantation via a surgical incision in the heart, and 15 nethods of
transpl antation via the blood vessels asPfig-a catheter (Murry et al, Cold
Spring Harb. Synp. Quant. Biol. 67:519, 2002; Menasche, Ann. Thorac. Surg.

75: 520, 200314t larftagiivofsaratienRaa. daass 1158 :a33P 209 inddHawely  good
t herapeutic effects have been reported when 20 cardi onyocytes collected from
a fetal hearderwgr-€rde arsfilwnt ethd)ins el sTeidweds tsnidableamnicud @mi mal s
with heart damage (Menasche, Ann. Thorac. Surg. 75:S20, 2003; Reffel nmann
et al, HeartthieailestResubstaitl 20de addeditewmtdey mesiider ianstl fheom ES cel | s
have characteristics 25 extrenely simlar to those of cardionyocytes derived
from fetal svearitval Mdttesar gleatih nddeh o Deardibmybcyit@d3;ca@i e Res.
75:233, 1994). Moreover, an extrenely high take rate equivalent to that

achi evedd wi measargd .y Jhe dusvivads rateaegpldaatdt ixatehef déwn confirned in
ani mal experinents in which cardionyocytes derived fromES cells were
actual ly tcarbiomesyief FSaltie MEEREd RYUPAGTAHCORAC QRSPTVFRAAR |

98: 216, 1996). Consequently, it is expected that 5 supplenentary

transpl ant at stif?%f”ﬁg?’?ﬂ‘?ﬁ%}dﬂ"t é’slf & %e”’d“’}‘a@cs_t)rtdqylﬂFb’B’( d’]tur?e &5t ddight

functi ons | MECHSES T % M ot MY SREY e i BB et en

danmage activity) as the marker, or by a method using annexin V

10 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.
[0062] Because a substance or drug obtained by such a

15 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

20 cardiomyopathy, dilative cardiomyopathy, myocarditis,
chronic heart failure and the like; These compounds may be
novel compounds or known compounds.
[0063] Moreover, cardiomyocytes prepared according to
the present invention can be used as myocardial

25 regeneration drugs or heart disease treatment drugs.
Examples of heart disease include myocardial infarction,

ischemic heart disease, congestive heart failure,

hypertrophic cardiomyopathy, dilative cardiomyopathy,



or loss of heart cells. 10 Exanpl es [0065] The present invention is
explained in nore detail bel ow using exanples, but these exanples only
serve to illustrate the present invention and do not limt its scope. 15
[ 0066] (Exanple 1. Effects of Noggin treatnent on cardi onyocyte-
differentiaition fromES cells) The effects of addition of the Noggin
protein to culture nediumon the devel-op®sent of cardi omyocytes were
studied in an experinental systen1in whi ch EBs were formed 20 by floating

t | t | I | .t t.h I t hi
o e0at | o B FB SO P et O 4 A YA, AL el P10
di tfs rged}; |
(I;?(r)f I oglyl?gghl I@X/vaé)[—g?g]k?]ke Sngnapan;er ‘%%gél?m%%&ﬁge%f#é%%pﬁ%ég&%éy of
Mount Si nai ! Bbar SRRy A PRSR et Ydod Pl e thd rrR Lol ppon
Phar maceuti cal ) were used as the ES cells, but”in general ere were no

di fferences hafaPefod hase 1S aRtludddies, AP &8lisng &7 tH@rlﬁJﬁﬁ@faged

and maintained in an undifferentiated state according to the net
descri bed i nidvhidh) adudly ddece MyISEL =D irA d ahalaiwror Mitmed (Hogan et

al Eds., Cold Spring Harbor Laboratory Press, 1994), Enbryonic Stem5
Cel |l s: Met hattpuesnts Rfatmicedt S delllrk ssmbedied Himens Rydsgradatl?) and t he
| i ke, using A asgow M ni num Essential Medium (GVEM Sigma) containing 10%
fetal bovi newWsrtumid-BS) ,otthelr M pyEN thorore sselits aladen iTot@@ dsin@lerd
L-glutam ne and 0.1 nM 2-nercaptoet hanol to which 2000 U nL of |eukem a
layer or multilayer myocardial sheet (Shimizu et al, Circ.
Res. 90:e40, 2002).

10 [0064] 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

15 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

20 cardiomyocytes collected from a fetal heart were
transplanted by such methods to the hearts of animals with
heart damage (Menasche, Ann. Thorac. Surg. 75:520, 2003;
Reffelmann et al, Heart Fail. Rev. 8:201, 2003).
Cardiomyocytes derived from ES cells have characteristics

25 extremely similar to those of cardiomyocytes derived from
fetal hearts (Maltsev et al, Mech. Dev. 44:41, 1993; Circ.
Res. 75:233, 1994). Moreover, an extremely high take rate

equivalent to that achieved with fetal myocardial



10 inhibitory factor (LIF) (ESGRO Chem con) had been added. [0068] 3 days
before the starting of floating culture, ES cells which had forned col oni es
~under the aforenentioned conditions were washed twi ce with PBS, dispersed
into single cells by treatment with an 0.25% trypsin solution 15 conpri sing
1 nmM EDTA, and prepared as a 2.5 x 105 cells/nL cell suspension using
a-nodi fied Mninum Essential Mdium (& MM - Si gma) conprising 10% FBS, 0.1
mv MEM non- essential amno acids, 2 nML-glutamne and 0.1 mM

2- mer capt oethedidpl4ied el ias Bt ddrecithdd erenin fhd Dredpsh-unénts nid he 20
presence of 2000 U/ nL of LIF. 500 ng/nL of Reconbinant Muse Noggi n/ Fc

Chi mer a pr otwhicK R Bymiyeosy t derdamikesd frdmh BE "ddiEl Nogere pcot£iny) was
added or not to this suspension, which was then seeded on gel ati n-coat ed
comrer ci al | ytrevespbniteed elnteuddule dares (AVSgfétsal, 28.CGCaiiner Investhe
case of the EB3 cell, which is a non- feeder-dependent ES cell line. In the
case of the T&eds . WPehderffonsgquently n 1 hdexpoded athgt at i n- coat ed
plate seeded with mitonycin-treated nouse enbryonic fibroblasts - 38
( Dai ni ppén F#RQP%RQ&RW%%H)tﬁﬁﬁﬁﬁﬁﬁﬁkﬁﬁﬁpﬂrPﬁMﬁQﬁﬂ%PWYPCXW%WiE@ﬁP@@@@r cells
on which the cell_suspension was then seeded. [0069] Floating culture was
performed arFRTHRI tlP Be RrFIRt (IVRAHLES R |Sisqased| Beathi ch had
been cul turgd forsﬁéd in differentiation mediumw th or wthout the
addi tion of NoUH TRPLLEHIPIAHS TGV PBECaRs SINTOTH P FREFT col | s
by treatnment with an 0, 25%. 1 i,n 1lzujon compr.d Sin 10€11_,\/|EDA and
ol ated at a %40 ConeBts bR 1 et Ut o dbihd £l daad e o
or loss of heart cells.
10 Examples
[0065] The present invention is explained in more
detail below using examples, but these examples only serve
to illustrate the present invention and do not limit its
scope.
15 [0066] (Example 1: Effects of Noggin treatment on
cardiomyocyte- differentiaition from ES cells)
The effects of addition of the Noggin protein to
culture medium on the development of cardiomyocytes were
studied in an experimental system in which EBs were formed
20 by floating aggregation culture (called simply floating
culture in the examples of this application below) of ES
cells and induced to differentiate into cardiomyocytes.
[0067] In the experiments below, EB3 cells (provided by
Prof. Hitoshi Niwa of Riken, Japan), R1l cells (provided by
25 Andrew Nagy of Mount Sinai Hospital, Canada) and 129SV
cells (purchased from Dainippon Pharmaceutical Co.) were

used as the ES cells, but in general there were no

differences between these ES cell lines. These ES cells



commercially available Petri dishes with low cell attachnment (dia. 100 nm
Val mal k). Three days before floating culture start, 500 ng/nmL of Noggin
protein was added to the mediumin sone groups. The cells were then 15

mai nt ai ned whil e preventing attachnment to the plate, and floating culture
was done for 4 to 14 days. Under these experinental conditions the ES cells
started to aggregate and formEBs i medisdtely after the start of floating
cul ture, and autononous beating was observed in some of the 20 EBs from

about the 7thetd S&s@s A0in@UhdiHEaiddOH s @n@iff&Frentide¥aoft 5B

formation fromE s, a hanging drop culture was al so perforned as

follows. ESacedt@imgi €h tied hmethods!l des@ti beod £n dasipilatifhfetrsti ation
mediumwi th or w thout Noggin were washed 25 twice with PBS, and di spersed

into single MeRisds Eybryo cai neaboxratdry. ModdY y(IsogasoetitabnEdeonprcsiag 1 niv
EDTA. Next, drops were prepared conprising 500 cells in 15 L of

di f f erenti atSwnimediampos ukperdatofy otrese, | 1934 bf Enbryomic SBempl ate and
cultured for 4 days. At this time, 500 ng/nL of Noggin protein was added to
t he nedi 8m dfelhe: PR Ehods @mféulbsom@ls cciucksen EQogdiwndne Bresgs. After
the hanging drop culture, the EBs that fornmed in the drops were 5 plated
onto conmer c$%9% %ﬁ%J?%%I%l%%}IuﬁiﬂﬁLﬁ%ﬁ%H%Wm%ln{mume$$5%&?%@8|%ﬁd1PMnc)

filled with dlfferentlation nedium and cultured in adhesion to |nduce

car di onyocyt €M £ 1R YRR 2EPBHALIERT oWl hidf TR RAERSSLEFT ubEPS hal f the
exper mont al O Chrii (o 50 el ELH riiie A ELFY o et enrRe avdh e
| medi at e afG?{ éﬁm§§%é¥éa§%og@ﬁgﬁ&9 to which 2000 U/mL of leukemia
10 inhibitory factor (LIF) (ESGRO; Chemicon) had been added.
[0068] 3 days before the starting of floating culture,
ES cells which had formed colonies under the aforementioned
conditions were washed twice with PBS, dispersed into
single cells by treatment with an 0.25% trypsin solution
15 comprising 1 mM EDTA, and prepared as a 2.5 x 10° cells/mL
cell suspension using a-modified Minimum Essential Medium
(oo MEM, Sigma) comprising 10% FBS, 0.1 mM MEM non-essential
amino acids, 2 mM L-glutamine and 0.1 mM 2-mercaptoethanol
(hereunder called the "differentiation medium”) in the
20 presence of 2000 U/mL of LIF. 500 ng/mL of Recombinant
Mouse Noggin/Fc Chimera protein (R&D Systems, hereunder
called "the Noggin protein”) was added or not to this
suspension, which was then seeded on gelatin-coated
commercially available cell culture plates (T75 flask,
25 Greiner) in the case of the EB3 cell, which is a non-
feeder-dependent ES cell line. In the case of the feeder-
dependent cell strain R1 and 129SV, a gelatin-coated plate

seeded with mitomycin-treated mouse embryonic fibroblasts



drop culture as in the floating culture, and spontaneous beating was
observed in sone of the EB-derived colonies fromabout the 3r to 4th day of
adhesion culture of the 15 collected EBs (7th to 8th day after start of

hangi ng drop culture). [0071] The percentage of EBs exhibiting spontaneous
beati ng was investigated periodically as one of a useful index of the
differentiation and devel opment of 20 ¢ar’$ onmyocytes from ES cells. \WWen EB3
cells were used as the ES cells and cultured in suspension at a cel

density of (bainibpse! bisdithacaet icd BW wiis tpiefBisedlein Vatdnoan & cell's not
treated with Noggin (Noggin (-) group) exhibited beating even after 14 days

of culture (Frgide lfdeddd ¢dElRomtwleichatlite dehl | sigsyéss Dhs ewaedthén EBsS
from Noggin-treated ES cells (Noggin (+) group) beginning on the 7th day of
floating culdasdsdand beating was confirmed in 80%or nore of EBs on the
14t h day. The sane tendencies were seen when - 40 the cells were cultured
in suspensi dP9h concélratinencwlture wadpewfdgied asv fdl bowes | Ty
ultimately observed in less than 10% of EBs in the Noggin (-) group, while
EBs in the fgeiFBg Hremoihe 8 lhbr e Bt ke vibeeh | dveeme 10th 5 day
and 90% or nore on the 14th_day. In_the Noggin (-) EBs beating was limted
to a certai FHEHFEEtRRF rdfavs Bt dHEfemst ighion mediwe Whilyi o (+) EBs,

surprisingly,, heating was__observe hroughout virtually all regions of the
surPace | LapErthoet e SR e o Ko T PR OH TG LG At T RS -t he

oy oarer That{AERER AR 58 15y o) Fbn o5, 960 e

trypsin solution comprising 1 mM EDTA, and plated at a

10 concentration of 1 x 10? cells/mL or 2 x 10> cells/mL into
commercially available Petri dishes with low cell
attachment (dia. 100 mm; Valmalk). Three days before
floating culture start, 500 ng/mL of Noggin protein was
added to the medium in some groups. The cells were then

15 maintained while preventing attachment to the plate, and
floating culture was done for 4 to 14 days. Under these
experimental conditions the ES cells started to aggregate
and form EBs immediately after the start of floating
culture, and autonomous beating was observed in some of the

20 EBs from about the 7 to 8™ day of culture.
[0070] As a different way of EBs formation from ES
cells, a hanging drop culture was also performed as follows.
ES cells which had been cultured for 3 days in
differentiation medium with or without Noggin were washed

25 twice with PBS, and dispersed into single cells by
treatment with 0.25% trypsin solution comprising 1 mM EDTA.

Next, drops were prepared comprising 500 cells in 15 pL of

differentiation medium, suspended from the l1lids of culture



W th beating observed in 40% or nore of the EB-derived colonies on the 7th
day after EBs formation (3 d day of 15 adhesion culture), in 80%on the 10th
day and in virtually all on the 14th day (Figure 1B). As was observed under
the floating culture conditions, while in the Noggin (-) group beating was
only observed in cells in sone parts of the colonies fornmed by attachnent

of EBs to culture dishes, in 20 the Noggi3? (+) group beating was observed in
cells throughout alnost all of the EB-derived col onies. [0073] Reconbi nant

pr ot ei ns of i Y, j agsk- gr f -l1i ke
growt h factor -HQ%I%FCE‘?JF{‘EP&%I ast grﬂ#% fgﬁc{tggkfl%u‘?% 2 andﬂt’{?yll e were
25 al so addeghddid herdedi dmpadedadd e S e GREWH dh B Afe FPE c&PPTI N

treatment, but none exhi bited nyocardi al induction effects equivalent to or

greater thangddigse pie Nogghted O Nodied .foe 3 nvessd | gakeeehovndi fferences

in the - 41 concentration of added Noggin protein would affect

car di onyocytrearidiiug tdoop f @IS cethes . EXel t1satef @rmed t ik ethe a@£6p€li wigré o
floating culture nethod exactly the same conditions shown in Figure 1,
except tBat pleetednoetd redmmerdially hevaiddesl dNoggli h qgubtwrel dbshesri ed from
0.5 to 1500 ng/m., as shown in Figure 2. The EB3 cells and Rl cells

exhi bi ted al (Wostelhetekired ekse-Nupehdohtled anidch i £ ey et agtonfmedhemn ng
EBs was significantly greater than in the Noggin (-) group when the Noggin
protein was %@Ph‘turﬂﬁ cbh eI oINBIGR)/ AT PMBRY R/ nL. | n

particul ar, very good occurrence of beating EBs was obtai ned through

addi tion of qlfféfm‘ﬂ‘ﬁﬁ%rf ei F R1IBRE RNt 0 s kegurg - tléyallgotlh%/ ni.

medium was replaced with fresh medium every 2 days. Under

10 these experimental conditions, the ES cells were seen to
aggregate and form EBs immediate after the start of hanging
drop culture as in the floating culture, and spontaneous
beating was observed in some of the EB-derived colonies
from about the 3™ to 4™ day of adhesion culture of the

15 collected EBs (7™ to 8™ day after start of hanging drop
culture).
[0071] The percentage of EBs exhibiting spontaneous
beating was investigated periodically as one of a useful
index of the differentiation and development of

20 cardiomyocytes from ES cells. When EB3 cells were used as
the ES cells and cultured in suspension at a cell density
of 1 x 10% cells/mL, very few of the EBs derived from ES
cells not treated with Noggin (Noggin (-) group) exhibited
beating even after 14 days of culture (Figure 1A). On the

25 other hand, beating was observed in EBs from Noggin-treated
ES cells (Noggin (+) group) beginning on the 7th day of
floating culture, and beating was confirmed in 80% or more

of EBs on the 14™ day. The same tendencies were seen when



[0075] (Exanple 2: Properties of cardi omyocytes derived 15 from

Noggi n-treated ES cells) As shown in Exanple 1, beating of EBs prepared from
- ES cells was increased significantly by Noggin treatnent, and to confirm
that the beating cells in these EBs were cardi onyocytes, we investigated
the expression of various 20 nyocardial -specific marker genes and proteins.
[ 0076] Expression of various myocardial- 48l F-specific nmarker genes in the
Noggin (+) group and Noggin (-) group is shown in Figure 3. EBs forned by

floating culdHy &S d Yrerd BB ur B EUIRAAGPYHY i deht AW diPtgd RNA
was 25 prepared using RNeasy (Q agen). Next, cDNA was reverse- transcribed

by conventi gnat 108t kedssymLNOwtpebeaitipy LUl timbRell eBeervednd n0aRes
specific to cardi omyocytes were detected by pol ynerase chain reaction
(PCR). The mHarero$ o EBsseith tthedNopgin he )t rqueagy,i pitsi 1o FRSTAM, thieEF- 1,
Tbx-5, WMEF-2c, aMHC, M.C-2v, a-cardiac actin and GAPDH were as foll ows.
GATA-4 (f or Warghirb' (+QT GHOATECTD \CIATERECABIISEQd bddding s@AThel (aBver se)
5' - CCAAGTCCGA GCAGGAATTT-3' (SEQ ID NGO 2) TEF-1 (forward) 5'-AAGACGTCAA
GCCCTTTGIG 3aySE@A DMNO®) MAER b rheerlse] day AAABGAIBANA@TIT GETHEEBS ( SEQ
I D NO 4) Tbx-5 (forward) 5'-GGAGCCTGAT TCCAAAGACA-3' (SEQ I D NO 5) Thx-5
(reverse) 5'beptEATOHREA IGMAGRGSTERC-B' qeSHEG IrD 19E te)i cldE ezl qiiso rafartde

5' - AGCAAGAATA CGATGCCATC-3' (SEQ I D NO 7) MEF-2c (reverse) 5' - GAAGGGGIGG
TGGTACGGTC- FRSSE@hIE evdme)thavio9Fdt vieh Jd)EBS .- GERGAGIEY 1accheatiny ASS 3

(SEQID MO [ e AL G2t Yirtuatly all Pegrons of the suriade & O
layer.

10 [0072] Even under hanging drop culture conditions, the
myocardial differentiation ability of the Noggin (+) ES
cells was much greater than that of the Noggin (-) ES cells,
with beating observed in 40% or more of the EB-derived
colonies on the 7™ day after EBs formation (3% day of

15 adhesion culture), in 80% on the 10™ day and in virtually
all on the 14 day (Figure 1B). As was observed under the
floating culture conditions, while in the Noggin (-) group
beating was only observed in cells in some parts of the
colonies formed by attachment of EBs to culture dishes, in

20 the Noggin (+) group beating was observed in cells
throughout almost all of the EB-derived colonies.

[0073] Recombinant proteins of various cytokines and
growth factors such as IGF (insulin-like growth factor)-1,
FGF (fibroblast growth factor)-2, BMP-2 and the like were

25 also added to the medium under the same conditions as for
Noggin treatment, but none exhibited myocardial induction
effects equivalent to or greater than those of Noggin.

[0074] Next, we investigated how differences in the



15 10) M.C-2v (forward) 5'-GCCAAGAAGC GGATAGAAGG 3' (SEQ ID NO 11) M.C 2v
(reverse) 5 -CITGIGGITCA GGGCTCAGIC-3" (SEQ ID NO  12) 20 a-cardiac actin
“(forward) 5'-CTGAGATGIC TCTCTCTCTIC TTAG 3" (SEQ ID NGO 13) a-cardiac actin
(reverse) 5 -ACAATGACTG ATGAGAGATG 3' (SEQ ID NO 14) GAPDH (forward)

5' - TTCAACGGCA CAGICAAGG 3' (SEQ ID NO 15) 25 GAPDH (reverse) 5' - CATGGACTGT
GGTCATGAG 3' (SEQ ID NGO, 16) [0077] PCR4das perfornmed with a GeneAnp PCR
System 9600 (Perkin-Elner) using TaKaRa Taq (Takara) as the heat resistant

DNA pol ynmer g6, cdil #5411 67 £ eagdd @ iﬁi;gﬁbfeﬂ? wS@TR 4 ££ 88 L he cDNA was
heated for 3 mnutes at 94C, followed by 30 cycles of 1 mnute at 94C, 1

mnute at 55ﬁr&1%1€?6§}wtﬁ1&§ct?j2&1 e fEnatd y1 heat@sh I 9Tword dwiesrad 72C
and cooled to 4C. The PCR product was el ectrophoresed 5 with 3%

pol yacr yl amatec@edimdde ¢ tHl i ng tduIBR Gietivd exdekey ajhe asdmé Mol ecul ar
| mmger FX (Bi o-Rad) was used for detection. [0078] As a result, while
relativel y vesaidixiosres ssloowfin tFiegddd A A, exiddptl, tHbk - the Mdéh e tnalt bder
genes was seen 10 fromthe 5th through 10th day of floating culture in the
Noggi n (5) gruphéRsddekiessinrpyekesearad raanidkt fromt0. Salo (U2Q00) of
culture in the Noggin (+) group EBs, and strong expression persisted from

the 5th thragmlistas gzhewn tirrBigure 2 Exgihes Fbh el erRamt Rhacells

nyocardi al -specific 15 a-actin was seen beginning on the 5th day of culture,
and exhibited almost the same dose-dependency, and the

percentage of beating EBs was significantly greater than in
the Noggin (-) group when the Noggin protein was added at
10 concentrations of 5 ng/mL to 1500 ng/mL. In particular, a
very good occurrence of beating EBs was obtained through
addition of the Noggin protein at concentrations of
50 ng/mL to 150 ng/mL.
[0075] (Example 2: Properties of cardiomyocytes derived
15 from Noggin-treated ES cells)
As shown in Example 1, beating of EBs prepared from
ES cells was increased significantly by Noggin treatment,
and to confirm that the beating cells in these EBs were
cardiomyocytes, we investigated the expression of various
20 myocardial-specific marker genes and proteins.
[0076] Expression of various myocardial cell-specific
marker genes in the Noggin (+) group and Noggin (-) group
is shown in Figure 3. EBs formed by floating culture as in
Figure 1 were collected periodically, and total RNA was
25 prepared using RNeasy (Qiagen). Next, cDNA was reverse-
transcribed by conventional methods using Superscript II
(Invitrogen), and genes specific to cardiomyocytes were

detected by polymerase chain reaction (PCR). The primers



t he amount of expression was significantly greater in the Noggin (+) group
EBs. Expression of the a-MHC (nyosin heavy chain) gene was strong on the

-+ 10th and 15th days of «culture in the Noggin (+) group EBs, but could not be
20 confirmed in the Noggin (-) group EBs. These results show that Noggin
treatment rapidly and strongly pronoted differentiation of cardi onyocytes
in EBs. [0079] Expression of cardionmyocyté- specific marker proteins in the
beating cells that developed in the Noggin 25 (+) group EBs was al so

confirmed byidd@HY QGE SHENi A t i d¥ it s NO@ATA ), arse FBsyst.of med
accoring to the same protocol as in Figure 1 were collected on the 12th day

of cul t ur e MBS 2d e aIMHC WNITC-R5% {capRidc st tin Gnd CCAPDIS i wigre ¢t 1 M
EDTA to disperse the cells. The dispersed cells were seeded at |ow
densities orfcjdlas.n-coated cover slips so that the cells would not adhere
to one another, and cultured in comrercially available cell culture plates
5 filled wi tGATHA4 elfamvaitd orb MetIGREGATARE AGRARGEGCAHE' (R3Q sIhMNQ hel kover
slips were fixed with 4% paraforml dehyde sol ution, subsequently reacted
with antP- $S@Tdorfer(inevgmss h MG L GAVBEAGERARTLah' THERQ AR tNR e 2)
Col I ection), anti-troponin antibodies (#sc-8120: Santa Cruz 10
Bi ot echnol ofFF - larftforiard ) i mAMAGTRAAS GOECITIGES: 3 'SAREQR 1B JO: ahd
anti - ANP anti bodi es g#ABS4903 Chem caon s the rimary antihqodi es and then
with Al exad@E dhdRaY etoh BarPALGHA 1 SCTIRG ot ABIRSAP N bhser ved
under a fluyQrescence m crosco [ q%g, c S were
found to be%ﬁ%'zﬁict&cpervﬁﬁé)[ﬁsg W?ﬂ&%ﬁﬁ' r%l}gt@?hs Jof
Tbx-5 (reverse) 5'-TTCAGCCACA GTTCACGTTC-3' (SEQ ID NO: 6)

10 MEF-2c (forward) 5'-AGCAAGAATA CGATGCCATC-3' (SEQ ID NO: 7)
MEF-2c (reverse) 5’'-GAAGGGGTGG TGGTACGGTC-3' (SEQ ID NO: 8)
oMHC (forward) 5’'-GGAAGAGTGA GCGGCCATCA AGG-3' (SEQ ID NO:

9)
oMHC (reverse) 5'-CTGCTGGAGA GGTTATTCCT CG-3‘' (SEQ ID NO:
15 10)
MLC-2v (forward) 5'-GCCAAGAAGC GGATAGAAGG-3' (SEQ ID NO:
11)
MLC-2v (reverse) 5'-CTGTGGTTCA GGGCTCAGTC-3' (SEQ ID NO:
12)

20 a-cardiac actin (forward) 5'-CTGAGATGTC TCTCTCTCTC TTAG-3'
(SEQ ID NO: 13)
a-cardiac actin (reverse) 5'-ACAATGACTG ATGAGAGATG-3' (SEQ
ID NO: 14)

GAPDH (forward) 5'-TTCAACGGCA CAGTCAAGG-3' (SEQ ID NO: 15)

25 GAPDH (reverse) 5'-CATGGACTGT GGTCATGAG-3' (SEQ ID NO; 16)
[0077] PCR was performed with a GeneAmp PCR System 9600

(Perkin-Elmer) using TaKaRa Taq (Takara) as the heat-

resistant DNA polymerase. First, PCR reaction solution



sarconeric nmyosin, troponin I, a-actinin and ANP (Figure 4), proving that
the beating cells derived fromES cells were cardiomyocytes. 20 [0081]

- Next, the distribution and proportion of cardionyocytes in the EBs was
confirmed using the same inmunocytochem cal staining as above. EBs
collected on the 12t" day of floating culture were freshly enbedded in a
compound for preparing frozen sections {(@3T -Conpound, 25 Sakura Fi netek USA
Inc.) and then frozen with liquid nitrogen. The frozen sanples were

sectioned atcémpi $ing tAEKERSE Whd ha sy 08dAL 3 (hh eBe $NBPSP1 L), and
attached on glass slides. These frozen sections were reacted with - 45

anti bodi es tfolleved dbEnENtcPEbss cof di anyneyd eatpesid,i @ miAnkRy at @stcnar ker
protein positive cells were detected by the sane nethods as before. [0082]
The results ai®@ Fhodmute &t gizee,5.andhiflimaddlyl hedtgdoSidn e nfigrutes at

cardi onyocyte-specific marker proteins were observed only in very |[imted
regi ons of tH’ONeggl cooled groo43CEBsThenPCRepNodych way gleaprEBbomgsedr di al
mar ker- positive cells were found in roughly all the surface |ayer regions
of the EBs. Wik 3% ewhyperykamide|gekorrd sseainad with SRR r@seen sI of
observation in ExanPIe 1, which showed that while in the hbgginé- gr oup
EBs the beat(TRk3%ey] orAnded ¥oleGRtR¥ olFRgSE pif t (B0 1Rrd Epeas | ws gé‘?ﬁ (+)

group EBs beating occurred in alnost entire regions of the EBs. [0083]
(Exanpl e 3: ¥8%*CtEORf differences in Noggin 15 treatment time and period on

car di omyocyt Gyt df.cr AL FPead 1O 151 £E LEa PR} S IME ke SPLLTUTE 1 T

the GATA-4, TEF-1, Tbx-5, MLC-2v and other genes was seen

10 from the 5™ through 10*™ day of floating culture in the
Noggin (-) group EBs, expression was seen from the first
day (day 0) of culture in the Noggin (+) group EBs, and
strong expression persisted from the 5% through 15" days
thereafter. Expression of MEF-2c and myocardial-specific

15 o-actin was seen beginning on the 58 day of culture, and
the amount of expression was significantly greater in the
Noggin (+) group EBs. Expression of the a-MHC (myosin
heavy chain) gene was strong on the 10" and 15 days of
culture in the Noggin (+) group EBs, but could not be

20 confirmed in the Noggin (-) group EBs. These results show
that Noggin treatment rapidly and strongly promoted
differentiation of cardiomyocytes in EBs.
[0079] Expression of cardiomyocyte-specific marker
proteins in the beating cells that developed in the Noggin

25 (+) group EBs was also confirmed by immunocytochemical
staining. Noggin (+) group EBs formed accoring to the same

protocol as in Figure 1 were collected on the 12*! day of

culture and treated with 0.25% trypsin solution comprising



treatnment, the tine of addition of the Noggin protein to the aforenmentioned
floating culture systemwas varied, and 20 the subsequent effects on

- myocardi al differentiation induction were exam ned. [0084] The results are
shown in Table 1. - 46 [0085] [Table 1] Appearance of Pre-differentiation
D fferentiation- B stagei nduci ng stageti EB ea Noggi nNoggi nng s --<10%
++80%< - +<20% +- <5% Tabl e 1 shows the appdarance rates of beating EBs (EB3
cell derived) under various culture protocols, 5 indicating the inportance

of Noggi n stj mit YsHehQy & & [@e ERS1Or MO 43 dodd &dils were

"pre-differentiation stage™ indicates culture conditions from3 days before

until the stgydaed dt oadw Mbrfdil il onyd Bat G fdsdtey | Y- idy stage”
i ndicates culture 10 conditions at the point of EBs formation. In Table 1,

"+" indi cattefat Rafe Nagdis woliE N trladhearse atleshd airddeneediama and “-"
i ndicates that it was not added.
cultured in commercially available cell culture plates
5 filled with differentiation medium. The next day, the
cells on the cover slips were fixed with 4%
paraformaldehyde solution, subsequently reacted with anti-
sarcomeric myosin antibodies (MF20; American Type Culture
Collection), anti-troponin antibodies (#sc-8120; Santa Cruz

10 Biotechnology), anti c-actinin antibodies (#sc-15335; Santa
Cruz) and anti-ANP antibodies (#AB5490; Chemicon) as the
primary antibodies and then with Alexad488-labeled secondary
antibodies (Molecular Probes), and observed under a
fluorescence microscope.

15 [0080] As a result, numerous cells were found to be
positive for the cardiomyocyte-specific marker proteins of
sarcomeric myosin, troponin I, a-actinin and ANP (Figure 4),
proving that the beating cells derived from ES cells were
cardiomyocytes.

20 [0081] Next, the distribution and proportion of
cardiomyocytes in the EBs was confirmed using the same
immunocytochemical staining as above. EBs collected on the
12 day of floating culture were freshly embedded in a
compound for preparing frozen sections (OCT Compound,

25 Sakura Finetek USA Inc.) and then frozen with liquid
nitrogen. The frozen samples were sectioned at 5 pm of

thickness with a cryostat (Leica CM3050-S), and attached on

glass slides. These frozen sections were reacted with



[0086] First, the necessity of Noggin treatnent before and after
differentiation was investigated, according to 15 floating cul ture nethod.
Beati ng EBs appeared at a high rate when ES cells were cultured in nmedium
containing the Noggin protein (150 ng/n.) for the 3 days before EBs
formati on and the Noggin protein (150 ng/nL) was then also added at the
begi nning of floating culture (day 0) as 4T 20 Exanples 1 and 2, but the
rate of appearance of beating EBs was much | ower when the ES cells were
pre-cul tur edahfibodfes NBEI tHE CORb2bMéNEi HRe MOSSH 81 HhPbEey e -8pEBiYHNEN t he
Noggin protein was then added at the EBs formation. The presence of LIF,
whi ch is addggrkershean@dhafkéd pRObétn npdéset e €€115 wBrandetected by
undi fferentiated state, is also inportant in 5 the culture of nouse-derived
ES cells befthe $aoatmethods!| asrbefand. wnen ES cells were cultured w thout
the addition of LIF (2000 UnlL) in pre-differentiation stage, the
appearance rboesdl beatThg EBsulbbs argnshowmnihyFiggre BvenWhiilk &leyysn
treatnment. 10 [0087] However, the appearance of beating cardionyocytes was
si gni fi cant | posipprested QREALIPNECNHEYT PPepibieimarkep pyphejngawereso
included in the culture after the_ 5t" day. Mreover, when it was constantly
present for YPS@FVedr@nlhyini VeFYohinhEed urediens hef etherBogginubriy no 15
beati ng cardi onyocytes,  and inductijon o; differentiation _into neuron-I|ike

cell's was obSEPURAERS. hiR BRenNPEPLRt 6! BEPWP LRy BYQCAT et SHaLkebay.

Bi ol . 245:83, 2002). 88] Th | t th i t t
ihgprpant bo?ﬂsbg*%?gcéﬁgsi ; 8? 5%% S%?t§?§$ﬁ£§E%€£2gR g%ﬁﬁ%%g% EEQSFth to
efficiently £Q8f8§5d5£f€ﬁgnﬁﬁgt'th££ finding is entirely consistent

10 with the results of observation in Example 1, which showed

that while in the Noggin (-) group EBs the beating region
was limited to only part of the EBs, in Noggin (+) group
EBs beating occurred in almost entire regions of the EBs.
[0083] (Example 3: Effects of differences in Noggin

15 treatment time and period on cardiomyocyte differentiation
from ES cells)

To determine the optimum time and period for Noggin
treatment, the time of addition of the Noggin protein to
the aforementioned floating culture system was varied, and

20 the subsequent effects on myocardial differentiation
induction were examined.

[0084] The results are shown in Table 1.
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Table 1 shows the appearance rates of beating EBs

(EB3 cell derived) under various culture protocols,

while

In Table 1,

"pre-differentiation

indicates culture

+

the necessity of Noggin treatment before

according to

Beating EBs appeared at a high

5 indicating the importance of Noggin stimulus before and

after EBs formation. In Table 1,
stage” indicates culture conditions from 3 days before
until the start of floating culture,
"differentiation-inducing stage”

10 conditions at the point of EBs formation.
indicates than Noggin (150 ng/mL) was added to the medium
and "-" indicates that it was not added.
[0086] First,
and after differentiation was investigated,

15 floating culture method.
rate when ES cells were cultured in medium containing the
Noggin protein (150 ng/mL) for the 3 days before EBs
formation and the Noggin protein (150 ng/mL) was then also
added at the beginning of floating culture (day 0) as in

20

Examples 1 and 2, but the rate of appearance of beating EBs

was much lower when the ES cells were pre-cultured in



cells) (Yamane et al, Methods Mdl. Biol. 184:261, 2002; Schroeder et al,
Proc. Natl. Acad. Sci. USA 100:4018, 2003). W therefore investigated the
effects of Noggin treatnent 25 in a differentiation induction system using
ST2 cells (purchased fromRi ken cell bank) as the feeder cells. The ST2
cells were seeded on commercially available 6-well plates for cell culture
(Corning), and those cultured to - 49 -cdfl-uence usi ng medi um consi sting of
Dul becco MEM (Invitrogen) with 10% FBS (1 nvitrogen) added thereto were

used as feeqRigiafi |Son¥aSHESRET ML iEPD K d | Neven SIKEN erk€l o gdft © Was

prepared as above, and the feeder was 5 washed twice in PBS and seeded 2000
cel I s/2nm. mggidtdmelvas then appRal aicecd EEatfidwgnaai sh ONYTEY tese y@scd hen
observed mcroscopically everyday, and after 8 days of culture sone of the
cells were fafxadlFy twhid}¥oid headddd stod utheomedieac ttesl masiictcatsi tied VESV t h
anti-sarconeric nmyosin antibodies (MF20; 10 Anerican Type Cul ture

Col | ecti on) eslishelpramamdidfifietsrdiissted dtaved iy dsceirpbstant in

per oxi dase- conj ugat ed secondary antibodies (H stofine Sinple Stain PO(M

Ni chireip, aifte dulane ofiaugedenived Fdoreelg thefong tHloOEASB- ani no- 9-
et hyl carbazol e) substrate liquid (Nichirei) and observed 15 under an optical
M cr oscope. qqizmlz]eum s £ fakle WFirli TS eEyEdout sried on ST2

cells formed colonies of a size that could be observed nacroscopically
within a fe@bistol (¥F IHE AP0 MF ket PREEHFH TH plRTIV St a
yocard o Geld delen D BRSPS (oS AL S JESR pOS 4y
appear ed on JRQUL, {1 Nl dh Y enfilfld Ur e |
10 [0087] However, the appearance of beating
cardiomyocytes was significantly suppressed when the Noggin
protein (150 ng/mL) was also included in the culture after
the 5% day. Moreover, when it was constantly present for 7
or more days in floating culture there were virtually no
15 beating cardiomyocytes, and induction of differentiation
into neuron-like cells was observed as has been reported
before (Gratsch & O’'Shea, Dev. Biol. 245:83, 2002).
[0088] These results show that Noggin treatment is
important both before and immediately after the EBs
20 formation in order to efficiently induce differentiation of
cardiomyocytes from ES cells, and that the constant
presence of a high concentration of the Noggin protein
after the induction acts conversely to impede the
development of cardiomyocytes.
25 [0089] (Example 4: Inhibitory effects of BMP on the
myocardial differentiation-inducing action of Noggin)

In order to confirm the possibility that the

induction of myocardial differentiation by Noggin treatment



ES cells which had been cultured in the presence of Noggin protein (150

ng/ m.) for the 3 days before plating were 25 seeded on ST2 cells, and
cultured in nmediumcontaining Noggin (150 ng/nmL) for 2 days of co-culture.
The results are shown in Figure 7. Wiile nore than 60% of the ES cell -
derived col onies forned on the feeder were MF20 positive in - 50 the Noggin
(-) group, 90% or nore of the col onies wet® -positive in the Noggin (+)
group, and the percentage of M-20-positive cells in each colony was nuch

higher in thgy RBOgED16+dcOuLYPvilabhtNabbeviiegobs ﬁo%gﬂﬁOHE aMBlpover, S
beati ng cardi onyocytes appeared at a higher rate int Noggi n (+) group:

whi | e about 20PagbnksSt ekt - dpreyeflgatedothesetpe6td wheheBder 2cohks beat in
the Noggin (-) group, about 70% of the col onies were observed to beat in

t he Noggi n (addgdotp. tA8 meAYGh &Exanel sakne tihecas wWégghardin treatnent on
cardi onyocyte differentiation fromES cells) The myocardi al induction

ef fects of Choeadh, whi Ehoatike dlbybunesswinewpetrbomméeédasndeBMPhansamgeni st,
were studied and conpared with those of Noggin. A comrercially 15 avail able
reconbi n@nt Chodiithors ahi herExanpiesnl @amdcdnbwhbht vavsiiewsChordi n/ Fc
Chinmera, R & D Systens.: hereunder called _just "Chordin (protein)" was used
as the Chor@PRcprbrathona ahnBlRy2 dipplededunt ths %@W?oghﬂﬁ 8§ thfe sane
met hods as |n Exanple 1 using ES cells which had 20 been cultured for 3 days
in medi um t ONRBFER Rsaﬁ?hn(sgéo ﬂg/%ﬁ PdcﬁB?d?ﬁf%Sba ¥8F®L) had been added

or rrpdlumtol Mhlﬁ gggéhsr fa had gs gdde &he gth gﬁ¥ gf
hangi ng dr op BUFE bt & wh e %I?%ﬁ?ﬁ afC¥R R F HAVES|
concentration-dependently inhibited the myocardial
10 differentiation-inducing effects of Noggin treatment on the
ES cells, and when 5 ng/mL or more of BMP-2 was added
virtually no beating EBs appeared.
[0091] (Example 5: Effects of Noggin treatment in a
myocardial differentiation-induction system using feeder
15 cells)

It has been reported that cardiomyocyte
differentiation can be induced, not using a three-
dimensional culture system such as a floating culture or
hanging drop culture, by co-culturing ES cells together

20 with ST2 cells, OP9 cells or other stroma cells seeded
beforehand on culture plates as supporting cells (feeder
cells) (Yamane et al, Methods Mol. Biol. 184:261, 2002;
Schroeder et al, Proc. Natl. Acad. Sci. USA 100:4018, 2003).
We therefore investigated the effects of Noggin treatment

25 in a differentiation induction system using ST2 cells
(purchased from Riken cell bank) as the feeder cells. The
ST2 cells were seeded on commercially available 6-well

plates for cell culture (Corning), and those cultured to



cul.ture dishes, and differentiation into cardi onyocytes was 25 then further
i nduced by adhesion culture. As a result, beating cardi onmyocytes appeared
in the Chordin-treated ES cells at about the sane rate as in the

Noggi n-treated ES cells (Figure 8), confirmng that |ike Noggin, Chordin
has - 51 a nyocardial differentiation-inducing effect on ES cells. [0094]
The effects of Chordin were also studied 4%img a different EBs
formati on/ nyocardi al differentiation induction nmethod. ES cells which had

been CU'tUregoﬁ?iuénéeda¥inbnmgaﬂhﬂnbbﬁsﬂgtiﬂﬁ“@ngﬁlﬁéégonﬂEﬁL) or Chordin
(150 ng/nL) had been added or mediumto which neither factor had been

added were segfedtesgenimwichallby mB8i @hletsphengi dddedl theeepbavese
(96-well nulti-plates, Sumtono Bakelite) to form EBs and induce

di fferenti at usedotscfieddenyocelllss. AnsthiSpthssonas€, ES geddp wnt h added
Chordin (150 ng/nL) and a group w thout added Chordin were established.

[ 0095] As shewngile-Eegilr et@tebwasi pgepardfoagoshove, amdetbei fertiernwahe
Chordin-treated ES cells (G)Cin figure) as they were in the

Noggi n- t rheat ¥dshedcérice( An) RB$sand segded) 2008ncelAsdgmagnedinmdvethor di n
has the same nyocardial differentiation induction effect as Noggin in ES
celI's. The nybearBPSRTaRFecPEnPPatiBe FREADPIBACELLECFaRathen| ghServed

significantl%_hi her in tEe roup _t hat ordi n was re-trea&ed during 3
days before MHAGEEPORIGAIIROEVEFEARTd 200aPEEFT LhORESHAE GHLEErS SPME,

[19ue), aDdpknhAceiu0yebhak 1R Aokl ER! Sfnthbl CROLLR ol eLenERe
(220 gL ALEH HRIOSLEchabEs) oblSRksmodia"RaS oo
10 American Type Culture Collection) as the primary antibodies
followed by horseradish peroxidase-conjugated secondary
antibodies (Histofine Simple Stain PO(M); Nichirei), and
finally subjected to a color reaction with ACE (3-amino-9-
ethylcarbazole) substrate liquid (Nichirei) and observed
15 under an optical microscope.
[0092] Under these culture conditions, ES cells seeded
on ST2 cells formed colonies of a size that could be
observed macroscopically within a few days after plating,
and cells (colonies) positive for a myocardial cell marker,
20 sarcomeric myosin (hereunder, MF20 positive), were
confirmed after 8 days of culture, while beating
cardiomyocytes appeared on about the 12* day of culture.
ES cells which had been cultured in the presence of Noggin
protein (150 ng/mL) for the 3 days before plating were
25 seeded on ST2 cells, and cultured in medium containing
Noggin (150 ng/mL) for 2 days of co-culture. The results

are shown in Figure 7. While more than 60% of the ES cell-

derived colonies formed on the feeder were MF20 positive in



25 of Chordin, with a nmuch stronger nyocardial differentiation pronotion
effect being confirmed in the group that was treated with Noggin for 3 days
before EBs formation but to which no Noggin was added after EBs formation
and in the - 52 group that was not treated with Noggin before EBs formation
but to which Noggin was added after EBs formation than in the untreated
group. [0096] Next, enbryonal carcinome & |s (hereunder 5 called EC cells),
which are simlar to ES cells, were used to investigate the effectiveness

of Noggi n_anghEeedlyihn {1PaHBES | SofWRMMGEL| S NI dotehl ss (ugghased from

L
Anerican Type Culture Col Fectlon), a human EC cell [ine, were cultured for

3 days in theoSPiBydeyn athé hfod&iRf OF Er@RdhPNesh dOHSE &6ht&génofedi UM to
whi ch hbggi2ﬁ3(15 ng/ m.) or Cﬁ%%hin (15 ng/%i) had beéﬁggdded %r medium to

whi ch no faqrzo ek bebve agslels Thesechecel éerwassatiech WigkOA®h Ctiaé | y
available floating culture plates to form EBs which were cultured for 14

days. Cene axpgegisi O0n) ogrdup ptlodei in ptlos Wb ggin of - L agobmpy ocMdeesper) fi C
mar kers was then investigated by PCR or inmmunocytochem cal staining using
t he saneSnetbhmalbing ¢ardEkempbeyes Asppearsdilat aimbtgher onaté in the
expressi on/ production of the myocardial marker nyosin was confirned in
NCCI T cel | s Neggird( tgrowRyi whblke SpWho?@f of [E9Do7¢llHemived7: Effects
of other BMP antagoni sts on cardionmyocyte differentiation fromES cells).
Next, the efd@keries fowpmedpyr Eerdrpfatss RatiLr athe Neg@in chrbnte

(oni cken Corborye- ke f089Tde A% 20 SLEIL MotE" SoA0NGSL 8" 50t T

the Noggin (+) group.
10 [0093] (Example 6: Effects of Chordin treatment on
cardiomyocyte differentiation from ES cells)

The myocardial induction effects of Chordin, which
like Noggin is known to act as a BMP antagonist, were
studied and compared with those of Noggin. A commercially

15 available recombinant Chordin-Fc chimera protein
(Recombinant Mouse Chordin/Fc Chimera, R & D Systems:
hereunder called just “"Chordin (protein)” was used as the
Chordin protein. A hanging drop culture was performed by
the same methods as in Example 1 using ES cells which had

20 been cultured for 3 days in medium to which Noggin (500
ng/mL) or Chordin (500 ng/mL) had been added or medium to
which neither factor had been added. On the 4 day of
hanging drop culture, EBs were collected and seeded on cell
culture dishes, and differentiation into cardiomyocytes was

25 then further induced by adhesion culture. As a result,
beating cardiomyocytes appeared in the Chordin-treated ES
cells at about the same rate as in the Noggin-treated ES

cells (Figure 8), confirming that like Noggin, Chordin has



proteins; R& Systens). ES cells which had been cultured for 3 days in
medi um to which the aforenenti oned BMP antagonists (150 ng/nlL) had been
added and nediumto which - 53 no BMP antagoni st had been added were seeded
on comrercially available floating culture plates (96-well rmultiplates;
Sum tono Bakelite) to formEBs and induce differentiation into

cardi onyocytes. 5 [0098] As a result, nyoghrdial differentiation induction
with these various factors was the sane or greater as that obtained with

Noggi n and ngﬁgbeaéﬁkgﬂr if%Q%en@@é@@&ﬁﬁin&hHEharefEEﬁ%Fénmﬁéecéhig.

obtained from addition of a reconbi nant protein (Reconbi nant Mbuse BWVPR 10

1A/ Fc ChimerppoBe& D Syehenmersubtshosocnesaondaete hhgo sxtinzeal Lykiag domain
of BMP receptor 1A and conpetitively inhibits binding of BWP famly

nmol ecul es Wi §hresdegeness rfoemapiongmyocaddi&lAiMBreldhtAaebhod for

I nducing differentiation of cardionyocytes fromstemcells, wherein stem
cells are cuihduedidbn madhod.di E§eceblsawvhdohS5had beenpeaietaecedofoa 3
substance that inihibits BWP signaling. [2] The nethod according to Claim
1, whereion cdaysrénometihemstenwbiéthsNoggind(te0dnffmEenoraChondinofpbbses a
step of formng enbryoid bodies by floating aggregation culture. 10 [3] The
met hod accoraghgli oh&labaen, adiedepn wefliumetof whihiehsnehtber| §acgor had

i nducedi fferentiation_conprises a step of co-culturing with feeder cells.
been added were seeded on commercially available spheroid

culture plates (96-well multi-plates, Sumitomo Bakelite) to
form EBs and induce differentiation of cardiomyocytes. In
10 this case, a group with added Chordin (150 ng/mL) and a
group without added Chordih were established.
[0095] As shown in Figure 9, beating cardiomyocytes
were evident in the Chordin-treated ES cells (C—>C in
figure) as they were in the Noggin-treated ES cells (NN
15 in figure), confirming again that Chordin has the same
myocardial differentiation induction effect as Noggin in ES
cells. The myocardial differentiation promotion effect was
also significantly higher in the group that Chordin was
pre-treated during 3 days before induction and not treated
20 after EBs formation (C2>(-) in figure), and in the group
that was not treated with Chordin before EBs formation but
to which Chordin was added after EBs formation ((-)—> C in
figure) than in the untreated group ((-)>(-) in figure).
The same effect was also seen when Noggin was used in place
25 of Chordin, with a much stronger myocardial differentiation
promotion effect being confirmed in the group that was
treated with Noggin for 3 days before EBs formation but to

which no Noggin was added after EBs formation and in the



[4]. The nmet hod according to Claim1, wherein culture of the stemcells to
I nducedi fferentiation 15 conprises a step of plate culturing on a culture
container. [5] The nethod according to any one of Clains 1 through 4,
conprising a step of treating the stemcells with the substance that
inihibits BMP signaling during the first few days of the

di fferentiation-inducing stage. 20 [6] “TH& met hod according to any one of
Clainms 1 through 4, conprising a step of treating the stemcells with the

substance t hatoupi thdt WaBML 6 GPEA+EY WL NGodgen BbfbLE CBBS akbARaBisge-
[ 7] The method according to any one of Clainms 1 through 25 4, conprising a

step of treajuthged hensdleMMegdin was hadded stbst aEBS tbahat 1bhi bhas BIWP
signaling during pre differentiation stage, and a step of treating the stem
cells with ttmee subistearced tduwdup ni hi bits BMP signaling - 55 during the first
few days of the differentiation-inducing stage. [8] The nethod according to
any one of @] 1 t hriegh, enmbyhenal ncaneizemstemtlkst taeréwndebi ts BWP
signaling is a 5 BMP antagonist. [9] The method according to Cl aim 8,

wher ei n St hecBMeAEGQgem 52) i sWwivheh crrepsimskaectedES reed bs. gvenp @oe@ri si ng
Noggi n, Chordin, fetuin, follistatin, sclerostin, DAN, Cerberus, gremin,
Dante and retatveabigrtr cihe ehErebivenasy ohdNegghnRRECCRAFAE to any one

of Clainms 1 throurgjh 9, wherein the stemcells are mmal i an-deri ved cells
havi ng t he treatment in human cells. NCCIT cells (purchased from

American Type Culture Collection), a human EC cell line,
were cultured for 3 days in the same way as the
10 aforementioned mouse ES cells in medium to which Noggin
(15 ng/mL) or Chordin (15 mg/mL) had been added or medium
to which no factor had been added. These were then seeded
on commercially available floating culture plates to form
EBs which were cultured for 14 days. Gene expression or
15 protein production of cardiomyocyte-specific markers was
then investigated by PCR or immunocytochemical staining
using the same methods as in Example 2. As a result,
induction of expression/production of the myocardial marker
myosin was confirmed in NCCIT cells treated with Noggin or
20 Chordin.
[0097] (Example 7: Effects of other BMP antagonists on
cardiomyocyte differentiation from ES cells).
Next, the effects of the 4 BMP antagonists
Follistatin, DAN, Caronte (chicken Cerberus-like factor)
25 and gremlin were investigated (Fc chimera-type recombinant
proteins; R&D Systems). ES cells which had been cultured
for 3 days in medium to which the aforementioned BMP

antagonists (150 ng/mL) had been added and medium to which



abi.lity to differentiate into cardi onyocytes in vitro. 15 [11] The nethod
according to Cl aim 10, wherein the manmal i an-derived cells having the
ability to differentiate into cardi onyocytes are pluripotent stem cells or
cells derived therefrom [12] The nethod according to Caim1l1l, wherein 20
the pluripotent stemcells are enbryonic stemcells, <cells with a simlar
mor phol ogy to enbryonic stemcells, emb®poric germcells, or mnultipotent
adult progenitor cells. [13] The nethod according to Caim 12, wherein the

pluri pot ent 13 e &l tfa il HTHAP B ferblRIBe LW | feedddt] orfar di onyocyt es
obt ai ned by the nethod according to any one of Clains 1 through 13. 1

SEQUENCE LI SHmi¥e relilpt y-WKkDA dfflié cfioatliy dvithnek qf1d tekiCi 96 welEL
Differentiation of StemCells into Myocardial cells <130> <150> JP
2003- 346248 mAHSilp X3 160indi t onddd Bakdl XY -th Xaim BHS lan®@ Hdue0 <160>
16 <210> 1 <211> 20 <212> DNA <213> Artificial sequence <220> <223> for
forward pri nkrf feoreramigatifon ngpt@\Tezdiomyocytes.
5 [0098] As a result, myocardial differentiation
induction with these various factors was the same or
greater as that obtained with Noggin and Chordin (Figure
10). Moreover, similar effects were also obtained from
addition of a recombinant protein (Recombinant Mouse BMPR-
10 1A/Fc Chimera; R & D Systems) which corresponds to the
extracellular domain of BMP receptor 1A and competitively

inhibits binding of BMP family molecules with endogenous

receptors.



<4Q0> 1

ctgtcatctc actatgggca 20 <210> 2 <211> 20 <212> DNA <213>

Artificial sequence <220> <223> for reverse priner for anplifying GATA-4

<400> 2

ccaagtccga gcaggaattt 20 <210> 3 <211> 20 <212> DNA <213>

Artificial sequence <220> <223> for forward primer for anplifying TEF-1

<400> 3

aagacgtcaa gccctttgtg 20 2 <210> 4 <211> 20 <212> DNA <213>

Artificial sequence <220> <223> for révé?%é'priner for anplifying TEF-1

<400> 4

aaaggagcac actttggtgg 20 <210> 5 <211> 20 <212> DNA
CLAIMS

[1] A method for inducing differentiation of
cardiomyocytes from stem cells, wherein

stem cells are cultured to induce differentiation

5 in the presence of a substance that inihibits BMP signaling.

[2] The method according to Claim 1, wherein

culture of the stem cells to induce differentiation
comprises a step of forming embryoid bodies by floating
aggregation culture.

10 [3] The method according to Claim 1, wherein

culture of the stem cells to inducedifferentiation
comprises a step of co-culturing with feeder cells.
[4] The method according to Claim 1, wherein

culture of the stem cells to inducedifferentiation

15 comprises a step of plate culturing on a culture container.
[5] The method according to any one of Claims 1 through
4, comprising a step of treating the stem cells with the
substance that inihibits BMP signaling during the first few
days of the differentiation-inducing stage.

20 [6] The method according to any one of Claims 1 through
4, comprising a step of treating the stem cells with the
substance that inihibits BMP signaling during pre-
differentiation stage.

[71] The method according to any one of Claims 1 through

25 4, comprising a step of treating the stem cells with the
substance that inihibits BMP signaling during pre-~
differentiation stage, and a step of treating the stem

cells with the substance that inihibits BMP signaling



<213> Artificial sequence <220> <223> for forward prinmer for anmplifying
Tbx-5 <400> 5 ggagcctgat tccaaagaca 20 <210> 6 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> for reverse priner for anplifying Tbx-5
<400> 6 ttcagccaca gttcacgttc 20 <210> 7 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> for forward primer for anplifying MEF-2c
<400> 7 agcaagaata cgatgccatc 20 <210> 855x211> 20 3 <212> DNA <213>
Artificial sequence <220> <223> for reverse priner for anplifying MEF-2c

<400> 8 gaaQﬂgﬂﬁ%Q Eﬁ@téfggécfgg days of the differentiation-inducing

stage.
[8] The method according to any one of Claims 1 through
7. wherein the substance that inihibits BMP signaling is a
5 BMP antagonist.
[9] The method according to Claim 8, wherein
the BMP antagonist is one or more selected from a
group comprising Noggin, Chordin, fetuin, follistatin,
sclerostin, DAN, Cerberus, gremlin, Dante and related
10 proteins thereof.
[10] The method according to any one of Claims 1 through
9, wherein
the stem cells are mammalian-derived cells having the
ability to differentiate into cardiomyocytes in vitro.
15 [11] The method according to Claim 10, wherein
the mammalian-derived cells having the ability to
differentiate into cardiomyocytes are pluripotent stem
cells or cells derived therefrom.
[12] The method according to Claim 11, wherein
20 the pluripotent stem cells are embryonic stem cells,
cells with a similar morphology to embryonic stem cells,
embryonic germ cells, or multipotent adult progenitor cells.
[13] The method according to Claim 12, wherein
the pluripotent stem cells are embryonic stem
25 cells.
[14] Cardiomyocytes obtained by the method according to

any one of Claims 1 through 13.



<210> 9 <211> 23 <212> DNA <213> Artificial sequence <220> <223> for

forward prinmer for anplifying
210> 10 <211> 22 <212> DNA
reverse prinmer for anplifying
<210> 11 <211> 20 <212> DNA
forward prinmer for anplifying

12 <211> 20 > <213>
primer for aﬂﬁﬁ%&%ﬂﬂgﬁﬁﬁc-Zv

<110> FUKUDA Keiichi

al phalVHC <400> 9 ggaagagt ga gcggccatca agg 23
<213> Artificial sequence <220> <223> for

al phaivVHC <400> 10 ctgctggaga ggttattcct cg 22
<213> Artificial sequence <220> <223> for
M.C-2v <4003 11 gccaagaagc ggatagaagg 20 <210>
Artificial sequence <220> <223> for reverse

<120> Method of Inducing the Differentiation of Stem Cells into Myocardial cells

<130>

<150> JP 2003-346248
<151> 2003-10-3

<150 JP 2004-212255
<151> 2004-7-20

<160> 16
<2107 1

<2112 20
<212> DNA

<213 Artificial sequence

<220

223> for forward primer for amplifying GATA-4

<400y 1
ctgtcatctc actatgggca

<2107 2
211> 20
<212> DNA

20

{213> Artificial sequence

<220

<223> for reverse primer for amplifying GATA-4

<400> 2
ccaagtccga gcaggaattt

<2107 3
<2112 20
<212> DNA

20

<213) Artificial sequence

220>

<223> for forward primer for amplifying TEF-1

<400> 3
aagacgtcaa gccctttgtg

20



4 <400> 12 ctgtggttca gggctcagtc 20 <210> 13 <211> 24 <212> DNA <213>
Artificial sequence <220> <223> for forward prinmer for anplifying

al pha-cardi ac actin <400> 13 ctgagatgtc tctctctctc ttag 24 <210> 14 <211>
20 <212> DNA <213> Artificial sequence <220> <223> for reverse prinmer for
anplifying al pha-cardi ac actin <400> 14 acaatgactg atgagagatg 20 <210> 15
<211> 19 <212> DNA <213> Artificial sequ%nce <220> <223> for forward
primer for anplifying GAPDH <400> 15 ttcaacggca cagtcaagg 19 <210> 16 <211>
19 <212> DNA

210> 4

211> 20

<212> DNA

213> Artificial sequence

220>

<223> for reverse primer for amplifying TEF-1

<400> 4
aaaggagcac acitiggigg 20

<210> 5

211> 20

<212> DNA

213> Artificial sequence

220>

<223> for forward primer for amplifying Tbx-5

<400> 5
ggagecctgat tccaaagaca 20

210> 6

211> 20

<212> DNA

213> Artificial sequence

Q200

<223> for reverse primer for amplifying Tbx-5

<400> 6
ttcagccaca gttcacgtic 20

210> 7

Q11> 20

<212> DNA

<213> Artificial sequence

220>

<223> for forward primer for amplifying MEF-2c

<400> 7

agcaagaata cgatgccatc 20

210> 8
211> 20



<213> Artificial sequence <220> <223> for reverse prinmer for anplifying
GAPDH <400> 16 catggactgt ggtcatgag 19

<212> DNA

213> Artificial sequence

220>

<223)> for reverse primer for amplifying MEF-2c

<400> 8
gaaggggligg tggtacggtc 20

210> 9

11> 23

<212> DNA

213> Artificial sequence

220>

<223)> for forward primer for amplifying alphaMHC

<400 9
ggaagagtga gecggecatca agg 23

<210> 10

Q11> 22

<212> DNA

213> Artificial sequence

220>

<223 for reverse primer for amplifying alphaMHC

<400> 10
ctgctggaga ggitaticet cg 22

210> 11

211> 20

<212> DNA

213> Artificial sequence

<220>

223> for forward primer for amplifying MLC-2v

400> 11
gccaagaage ggatagaagg 20

<210> 12

211> 20

<212> DNA

213> Artificial sequence

220>

223> for reverse primer for amplifying MLC-2v



<400> 12
ctgiggttca gggctcagtc 20

210> 13

Q211> 24

<212> DNA

<213> Artificial sequence
220>

<223> for forward primer for amplifying alpha-cardiac actin

<400> 13
ctgagatgtc tcictctcic ttag 24

210> 14

Q11> 20

<212> DNA

213> Artificial sequence
220>

223> for reverse primer for amplifying alpha-cardiac actin

400> 14
acaatgactg atgagagatg 20

210> 15

Q11> 19

<212> DNA

<213> Artificial sequence

220>

<223> for forward primer for amplifying GAPDH

<400> 15
ttcaacggca cagicaagg 19

210> 16

Q11> 19

<212> DNA

<213> Artificial sequence

220>

<223> for reverse primer for amplifying GAPDH

<400> 16
catggactgt ggicatgag 19



