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| NTO MYOCARDI AL CELLS TECHNI CAL FIELD 5 [0001] The present invention
relates to a nethod of preparing cardi onyocytes selectively and efficiently
from ES cells and other pluripotent stemcells, and to cells for
regenerative nmedi ci ne obtained by this nethod. 10 BACKGROUND ART [0002] In
general , cardionyocytes undergo active celll - division with beating

aut ononmously before birth, but imediately after birth they |ose the
ability to divide, and since they have little undifferentiated precursor
cells, 15 when cardi omyocytes die @&EQP?PSH%Q%Ne to various forns of
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therapi es ES cells and other pluripotent 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



for heart failure will lead to great advances in nmedical welfare as well as
| nproved nedi cal econom cs. Conventional therapeutic drugs for heart
failure include digitalis preparations that increase the contractive force
5 of the myocardi um and xant hi ne preparati ons and other heart stinulants,
but long-termadm nistration of these drugs is known to nmake the condition
wor se because there is too nuch expendi-tyre of nyocardi al energy. Mre
recently, mainstreamtherapy has shifted to beta-bl ockers and ACE 10

i nhi bitors, which reduce the excess_burden on the heart due to stinulation
of the synpafPEtheartrfatlusgsvésdahaad, EAngReatgREVERSes dPsMERLcBt t hese
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et hi cal concerns t he Ph ysi cal and financial burden on pati nd t he
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mainstream therapy has shifted to beta-blockers and ACE

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 like.

) [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. 1In 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.



[ 0005] Attention has therefore focused in recent years on inducing
differentiation of stemcells into cardionyocytes and using these cells for
transplantation. At present it has not yet been possible to clearly
identify 5 a popul ation of precursor cells or stemcells capable of
produci ng cardi onyocytes in adult cardiac tissue, so pluripotent stem
cells, which are less differentiated and -can-differentiate into a variety
of cells, are considered to be useful for above met hod. 10 [ 0006]
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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
in an in vitro culture, which retain normal karyotypes, and
which have thé 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) 1isolated 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



inhibitory factor (LIF) or the like, the ES cells adhere to one another
aggr egat e,
simlar to the early enbryonal structures. It is also known that
cardi onyocytes 5 with spontaneous beating ability appear when these EBs are
cultured in suspension or in adhesion on the surface of culture devices.

[ 0008] ES cell-derived cardi omyocytes prepaged as

formng a structure called enbryoid bodies (EBs) which are

very simlar properties to those of 10 inmature cardi onyocytes in fetal
hearts (See Non-Patent Docunents 2 and 3). Moreover, it has been confirned
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[0008] ES cell-derived cardiomyocytes prepared as
described above exhibit very similar properties to those of
immature cardiomyocytes in fetal hearts (See Non-Patent
Documents 2 and 3). Moreover, it has been confirmed from
animal experiments that when ES cell-derived cardiomyocytes
are transplanted into adult cardiac tissues they are highly
effective, with results similar to those obtained by
transplantation of fetal myocardium (See Patent Document 1;
Non-Patent Document 4).
[0009] In 1995, Thomson et al first established ES
cells from primates (See Patent Document 2; Non-Patent
Document 5), and thus the regeneration therapy using
pluripotent stem 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
germ cells (See Non-Patent Document 7; Patent Document 3).
[{0010] Kehat et al (See Non-Patent Document 8) and

Xu et al {See Patent Document 4; Non-Patent Document

9) have reported that ‘human ES cells can differentiate into



cardi onyocytes in vitro, as nmouse ES cells can do. According to these
reports, human ES cell s-derived cardionyocytes which have been induced to
differentiate from human ES cells not only have the ability to beat 5
spont aneously 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-3pécific transcription factors
such as GATA-4, Nkx2.5, MEF-2c and the like, and from 10 m croanat om cal
observati on autr&Elacgseoptysi bhogitab, asahysés ES appear sahhdb.they retain
the properties of immature cardi omyocytes at the fetal stage, and coul d be
used for regeeratdimegt ber tpygse [ H€ddTtsovburean Bfecedilsederpreld em r emai ns
to be 15 elucidated to use pluripotent stemcells-derived cardionmyocytes
for cell transxtdidmyoontésewhpyhanavet been pndpoedstoWisefifEBenatieatieor med
fromES cells or EG cells by conventional nethods, not only cardi omyocytes,
but al so ot front WpoasanfEdi tékienhott edlgehése sthehahilbhkgodoceklas, 20
vascul ar cells, neural cells, intestinal cells, bone and cartilage cells
and t he | bke,spoet areeispedbutbatsveexptrées pndpprodopeohyoardiddmiocyt es in
these differentiated cell population is not so high, only about 5 to 20% of
the total. [EIfMetbodtednsi sothtaagmpasynchedivynpodyiléghttr cimadnzs

m xture of various kinds of cells include a nethod of adding an artificial
nmodi fi cati on aXPhaecagsinénl geppeninchnhedr phgidlugatednsesice peptdéteopi c

expression, and collecting cells having the properties of cardionyocytes or
- 6 (ANP) and myocardial-specific transcription factors such as

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 Eéé 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



precursor cells thereof. For exanple, by introducing a gene cassette
capabl e of expressing a neonycin ((418) resistance gene under the control
-of the a-nyosin heavy chain pronoter into nouse ES cells, Field and his co
5 researchers established a systemin which those ES cells could only
survive in mediumto which G418 had been added when they differentiated
into cardi omyocytes and expressed the a-fryosin heavy chain gene (See Patent
Docunment 1; hbn- Patent Docunent 4). 99%or nore of G418-resistant cells 10
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total cell count, nmaking 1t difficult obtal n enou anounts of 15
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reported that when human ES cells are treated with 5-azacytidine, the

per cent age QGhdiPRPrdMotePOtntd tRowse | Bs (661D faf fe1 g aafld onYOCy¥bes) in EBs
rises from15%to 44% (See Non 20 Patent Docunent 9), but even in this

met hod the pRIFeitAPers Ofstat T SHaD Y t @stém EBs wivbsh nbhosg CESdcelYs
Moreover, b5-azacytidine is a denethylation agent that alters the

expressi on cdowkhesnby s$ervivéeoimaiddiumroopshbehnc41® A beandafideduse it
acts directly on the chronosones, it is not 25 a suitable drug for preparing
cells for ceilen ttlaes pdbff et entiatdd 14t & berdbehhocegtésr apd oexpragsed
cardi onyocytes nore efficiently fromES cells include, in the case of nouse
ES - 7 the a-myosin heavy chain gene (See Patent Document 1; Non-
Patent Document 4). 99% or more of G4l8-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



cells, addition of retinoic acid (See Non-Patent Docunment 10), ascorbic
acid (See Non-Patent Docunent 11), TGF beta, BMP-2 (See Non-Patent Docunent
.12), PDGF (See Non-Patent Document 13) and Dynorphin B (See Non- Pat ent
Docunent 14) 5 and treatnent to increase reactive oxygen species (ROS) (See
Non- Pat ent Docunment 15) and Ca 2+ (See Non-Patent Docunent 16) in the
cells, all of which are known to act pesifti-vely to induce cardi onyocyte
differentiation. However, cardi omyocyte-specific, selective differentiation
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22). [00 uman caI s are cu ture gi n has
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ES cells into extrae ryonic en oderna s are 1 npalred and so that
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noggi n-treated ES cel s are subsequently cultured under neural

differentiatgg1€90diy €8, ihAfice Bardiomyocyte differentiation.
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



devel opment of neural cells is induced (See Patent Docunent 9). [0017] It
has al so been reported fromearlier studies using chicken (See Non-Patent
Docunent 23), Xenopus (See 5 Non-Patent Docunent 24) and nouse enbryonic
carcinoma cells (See Non-Patent Docunent 25) that the BWMP fam |y of

nol ecul es acts to pronote devel opnent and/or differentiation of

cardi omyocytes, and when that action is~ Bl ocked by Noggin treatnent,

devel opnment and/or 10 differentiation of cardi onyocytes is suppressed.
[0018] Her etddwsFophei€e dRvitebeseh G@1EsfDst indace@nHee apatdrtebopumantand

differentiation of cardionyocytes by using Noggin, Chordin or other BM
signal-inhim@yjng factors. 15 Patent Docunment 1:U.S. Patent No. 6,015,671
Patent Docunent 2:U.S. Patent 5,843,780; Patent Docunent 3 :U S. Patent No.
6, 090, 622; Haa@n1] Docunkhthds :ah¢erbeén onepoPeed@nfrénseaniier 58005850,
panphl et; 20 Patent Document 5 : International Patent Disclosure 94/05791
panphl et; Rastimg coickemt(Bed) SonFRatent NdocaEné€r®, 233, RanhepusDOSeesent 7
U S. Patent No. 5,846,770; Patent Docunent 8:U. S. Patent No. 5,986, 056; 25
Pat ent D&curtéon -Batémt ePocumnent| 2Pht and Mhyse osmbryoniosdagcinpmaphesls
Non- Pat ent Docunent 1:Soonpaa et al, Science 264:98, 1994 Non- Patent
Docunment 2: Me$egeNortPatentekocument 23) 4that 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 is 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 :Infernational Patent Disclosure 94/05791.
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1993; Non-Patent Document 3:Maltsev et al, Crc. Res. 75; 233, 1994
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407, 2001; Non-Patent Docunment 9: Xu -et al, Crc. Res. 91: 501, 15 2002;
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: Thomson et al, Science 282: 114,

1998;

. Shamblott et al, Proc. Natl. Acad.

Sci. USA 95: 13726, 1998;

: Kehat et al, J. Clin. Invest. 108:

407, 2001;

Xu -et al, Circ. Res. 91: 501,
2002;
: Wobus et al, J. Mol. Cell Cardiol.
29: 1525, 1997;
Takahashi et al, Circulation 107:
1912, 2003;
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58: 278, 2003;
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2003;
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2000;
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2002; Non-Patent Docunent 17 : Smth & Harland, Cell 70: 829, 1992;

Non- Pat ent Docunent 18 :Sasai et al, Cell 79: 779, 1994; 5 Non-Pat ent
Docunent 19 :Re'emKalma et al, Proc. Natl. Acad. Sci. USA 92: 12141, 1995;
Non- Pat ent Docunent 20: Zimernan et al, Cell 86: 599, 1996; Non-Patent
Docunent 21 : Piccolo et al, Cell 86: 589, 1996; 10 Non-Patent Docunent 22 :
Gratsch & O Shea, Dev. Biol. 245: 83, 20b®:-Non-Patent Docunent 23 :

Schul theiss et al, Genes Dev., 11: 451, 1997; Non-Patent Document 24:
Sparrow et al, Mech. Dev. 71:151, 153d$98 Non-Patent Docunent 25 : Monzen
et al, Mol. Cell. Biol. 19:7096, 1999. DI SCLOSURE OF THE | NVENTI ON 20

PROBLEMS TO REnSPhYER:BYotidRehNVENT! $h4 11904 Hatiahd, 20e0b) €6t 8Rgihe present

invention to provide a nethod of inducing differentiation of stemcells
into cardi omyocytes efficiently and se4gctively, along with cardi onyocytes
obtai ned by this nmethod and a nmet hod of 25 using these cells in cel

transpl ant at Nef-2aenfj Bocufenands 0taedi t&erapi ecelar geti ngoheanv4di sease.
MEANS FOR SOLVI NG THE PROBLEMS - 11 [0020] The present invention rel ates
mai nly t &6 t hNonfphltenwitn@ocument 19 : Re'em-Kalma et al, Proc. Natl. Acad.
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;
10 Non-Patent Document 22 : Gratsch & O’‘Shea, Dev. Biol. 245:
83, 2002;
Non-Patent Document 23 :! Schultheiss et al, Genes Dev., 11l:
451, 1997;
Non-Patent Document 24 : Sparrow et al, Mech. Dev. 71:151,
15 1998

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

19:7096, 1999.

) DISCLOSURE OF THE INVENTION
20 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
25 using these cells in cell transplantation and injection and

other therapies targeting heart disease.

MEANS FOR SOLVING THE PROBLEMS



(1) A nethod for inducing cardionyocyte differentiation of stemcells,
wherein stemcells are 5 cultured to induce differentiation in the presence
of a substance that inhibits BMP signaling. (2) The method according to (1)
above, wherein culture of the stemcells to induce differentiation
conprises a step of form ng enbryoid bodies by floating 10 aggregation
culture. (3) The nethod according to (1) ahove, wherein culture of the stem
cells to induce differentiation conprises a step of co-culturing with

feeder cells. The hod _accordi.ng tq .(1 ave, wherein, 15 .cul ture of
t he stem cel |[8%§)8 Y nduc AEESSRY d‘t’ﬁ’@ﬁ&l&’d‘)ﬂﬁ%ﬁsaé:sésa ms%len;e)l%ftopﬁta %
cul turing onf%lﬁ%khyge container. (5) A nethod according to any one of (1)

t hrough (4) ~above, \Wier ei n conprising a step of treating the stemcells

wi th the substance at 4 nhid S |y d 0 first few days
of the differentia{;Zn-ﬁhgﬁgﬁkg?s agéﬁigggr%?%%%#%é“%%%%ﬁ:lng to any one of
(1) through , rd5i 181 Of Hd 88t NG dih st &M s with

t he subst ancgﬁ%fﬁgt%?l\rﬁiabﬁqgﬂjgl\/% és}%élﬁé"l%l ng dlflﬂl’l% ng pre- di fferentéi:%i on stage.

25 (7) A gret hed G Hd'9 ddu a3 e dn tibt #dH a4phHé ) prefitiGe sOPrising a

step of treating the stemcells wth the substance that inhibits BW
signal i ng durgyi tiirre dHder@IH It LBME agiynalithg, step of treating the stem

- 12 cells with the substance that inhibits BMP signaling during the first
few days of the di {f¢renfHatiethdd HEddiHPAID (1) above, wherein
culture of the stem cells to induce differentiation
) 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



(8) A nethod according to any one of (1) through (7) above, wherein the
substance that inhibits BW signaling is 5 a BW antagonist. (9) The nethod
according to (8) above, wherein the BMP antagonist is one or nore sel ected
fromthe group conprising Noggin, Chordin, fetuin, follistatin, sclerostin,
DAN, Cerberus, gremin, Dante and rel ated proteins thereof. 10 (10) A nethod
according to any one of (1) through (9)- &Bove, wherein the stemcells are
manmal i an cells having the ability to differentiate into cardi onyocytes in

vitro. (11) gﬁﬁlg%p Q¢ 0% 3% alnel lcﬂ)atafi LEL BN B dilfia MBI AR LE! | S

having the a erenti ate i nto car omyocyt €s are pl uri pot ent

stemcell's thgeE&i»s@e';e'e\«e%ayfsh%rfeftmmdléeif%)remqarﬁfquﬁﬁqrr@ adge (11)

above, wherein t pluripotént stemcells are enbryonic stemcells, cells

having simlar propgjtigs n{eqlﬁ,@wﬁﬁl Bo° iy oD Iy dgyin cg | s,

or nmultipotent adult progenitor cell 13) The met hod accordlng to (12)

above, whereaBotRe whleHeiRO N s‘ift@f‘a‘h@d Tt IHIMAGY BMH edRlling (ilst)
met hod according to (1) through (13) above, wherein the stemcells are

derived fgomahgpmenantagohi)stA net hod for production of cardionyocytes
conprising a nethod according to any one of (1) through (14) above. (16)
Car di onyocyt es obt @9 yped The mettidio@ooa@itigidd A 8) Ebovenwhmreinf e
t hrough (14) above. (17) A nmethod for treating heart conditions stenm ng
BMP antagonist is one or more selected from the group
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.

(l6) Cardiomyocytes obtained by a method according to



fromthe debility, functional failure or death of cardionyocytes,
consisting of the admnistration 5 (transpl antation) of cardi onyocytes
according to (16) above in or around a site of weakening, functional
failure or death of cardi omyocytes. (18) A nethod of screening for
substances useful in treating heart conditions stemmng fromthe weakening,
10 functional failure or death of cardi amggcytes, consisting of bringing a
test substance into contact with cardi onmyocytes according to (16) above,
and neasuring qualitative or quantitative changes in cell functions or the

di fferenti at i &¥e Qfeddy FEMIR 14 i3RYaAS5 cardi onyocytes. (19) A drug
Che veaken ng. 1 unbtrSnds methad, o, ke Ment b LY TeRs TERPRg ng
Che stem col LRl e (9R0 B Ay 1SR R b eRs of TR e or s tsed ©
i a0 a1 e SARAAYSHIE RV S HTASH NG (97 oo AT S EBR, o8 v ng.
b esent i PvertSTRLT LA OF Wkl SSH O adSitdind 4 [PEF 38Eve,

ovp (bone MDA foud A S1Ye gc;@gﬁér%ﬁ&ﬂ?%b gﬂﬁ%&i&éfefa@ L& giring a

certain, - 1 restricted stage ure, ulations of cells having

beating abilidgaihish verddifdtyfded as cardionyocytes

(18) A method of screening for substances 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
qualitative 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.

{o021] 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,



wer e devel oped nuch nore selectively and efficiently than 1in conventional
met hods, and al so di scovered that addition 5 of an excess anount of BM
resulted in a dramatic reduction in the myocardial differentiation-inducing
effect of treatnment with the substance that inhibits BMP signaling,

showi ng that inhibition of BMP signaling positively induces differentiation
of pluripotent stemcells into 10 cardiongécytes. [0022] In the present

i nvention, a substance that inhibits BMP signaling is a substance having

the ef fect OEes@EQE%bﬁgs@%g@ogﬁebhﬁﬁugxp ?Bgﬁﬁatﬁgnsa%@ SAT ehvilig ude

BMP ant agoni sts, specifi eutralizing an odies to BW 15 famly

mol ecul es, Sebamhpz%ﬂ&@.g %hbhrre:@%aaaeﬁ@smeanas LaRe Rl dyreapt or
nol ecul es and the er exanples include gene expression vectors,

specific ant wé%esaevellbgaaumh@at mdee, s@laeﬁmag and eFFee AW 1o reHAA
i nterference, |ow nol ecul ar wei ght conpounds and the |i ke 20 which either

suppress or anr gdhvenkiesailomethoddly bad kisomaieesvesred that faawit vl
gene products of their receptor genes, or el se suppress or arrest

expressi @ obfganeexwlisghamoude bfaBPagkisvattiedd inorp @AMt i Hdiadiiidn
signaling pathway. 25 [0023] Beating cells prepared from pluripotent stem
cel I s by t heifethed myochlrdipledafif erentibitdonaiadueling dffdaty dfhe
characteristics of "cardionyocytes”, and for exanple expression of genes
for GATA-4, tEeatmenlixwithMER2, subBXankleCthatarishdblidrs MM aidired igyeci fic
transcription factors and expression of proteins such as the
nyocar di al - spbowiling that inhibition of BMP signaling positively induces
differentiation of pluripotent stem cells into
10 cardiomyocytes.
[0022] 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,



mar kers sarconeric nyosin, troponin |, a-actinin, ANP and the |ike can be
confirnmed therein. 5 [0024] In addition to the commonly used fl oating
aggregation culture nmethod, the hanging drop culture method or a co-culture
met hod using feeder cells can be used as the nmethod for inducing
differentiation of pluripotent stem cells in the present invention. 10
[0025] It was al so discovered from an rh@é§r1gation of the adequate

ti me-points and periods for adding the substance that inhibits BW

signaling, wieh B WAROSEREr By6BAEELAS- Specf Spet BeAsapiptngheraetbssor
cell aggregates consisting of small nunber of cells, and differentiation is

15 induced bynd@ &®pFPOss S8k NofSpidOEinddsaglr £gathenmeothvdealrspeoi€ibt ure
with feeder cells, it is nore effective either to pre-treat the pluripotent
stem cel | s whdtker8Mareomegosi syoveh preropéhienedf i araonindn,t ANPraad with
it only during a few days imedi ately after initiation of culture 20 for

I nduci ng di f{les enikatcan, berconfiombdnehéhesre.t wo techniques. It has been
shown that if the BMP antagonist is continuously present during the entire
time of 5l caf0®™m24] cul t ulr, additibhute theéhcoémmdriycutsed dloahéngi ke, the
efficiency of cardionyocyte differentiation from 25 pluripotent stemcells
is greatly ragocegation2éhlthne methofie pheskangingedropncnékturesmeghad

met hod of inducing differentiation of pluriopotent stem cells into

car di onyocytes, awtereuhturenmethod using figeden| caldd gatebet ueedradsi ent

treatnment of a substance that inhibits BMP signaling.
the method for inducing differentiation of pluripotent stem

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



[0027] In the present invention, stemcells having mnyocardi al
differentiation ability are cells having the 5 ability to potentially
differentiate into cardionyocytes in an in vitro culture, and exanples

i nclude pluripotent stem cells, nesenchymal stemcells, CMG cells, Spoc
cells and the like. Pluripotent stemcells are cells which can proliferate
indefinitely or for a |ong period of tiTe 8l e 10 remai ning in an
undifferentiated state in an in vitro culture, which exhibit nornal

karyotypes, @itkwwédhuidee thdersdnsidyt terdathenenotabesupsbante thaee germ
| ayers (ectoderm mnesoderm and endodern) under appropriate conditions,

and exanpl esiniiee BMP ceidwalfigli ke cells, 15 EG cells, MAPC and the

i ke. [0028] A different enbodi nent of the present invention relates to
cells which px¢aDdjt theImotipdopogsent , inpénysiohpgstan eatllsrhawmimgol ogi cal
characteristics of } cardi onyocytes and whi ch have been derived from

pl uri pot ent m@dcatdbaredifferentbationfaphlttyl agecatlasdhavingnthel ogi cal
properties, cells prepared by the nethod of the present invention nay
express 6ne avihibty barpetentpatlyi different labteyboyoecsanfiichyacytescdyni zed
as cardi omyocytes, but this is not a limtation. 25 [0029] The present

i nvention alaw im|wierotoubturehoandotxampliesi hpclvagpieripopenpastemby t he
nmet hod of the present invention to identif otential chenot herapy drugs

or novel face®tlswinesepehymad §ﬁ@md@©bl%pnéﬂg,ciilsdi$P@Feﬁ?lé§iéﬁ§

regeneration, survival and the |ike of cardi omyocytes. .
the like. Pluripotent stem cells are cells which can

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-1like 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,



[ 0030] The present invention also relates to a kit for inducing
differentiation of pluripotent stemcells into 5 cells having the

mor phol ogi cal , physi ol ogi cal and/or inmmunol ogi cal properties of myocardi al
precursor cells or cardiomocytes. This kit is useful for inplenenting the
met hod of the present invention. [0031] Another enbodi nent of the present
invention 10 relates to a nethod for treafi ng hearts suffering from
cardi ac disorders using cells prepared by the nmethod of the present

i nvention, a 0_a_heart disease treatnment dru avi el I.s,.prepared by

t he met hod oagfﬁgrﬁﬂﬁéﬁﬁm’i'm’f«?r?tein(?ﬁa%§°5’n gélﬁ"aé’agmﬁi’%etﬁ}? ]f':lvpe[ 6%‘;2] These
advant ages and aéher advant ages and characteristics of the present

i nvention ar &34 SWXPSW ©Sdescribed in the foll owi ng detail ed expl anati on of

0 consul t SRSRAINA r ot EPenDEE SRR AR IR WK RREE Y 4 Ay ITe
and devel ODrenlo N 82 Pe bl OBt obl LSS potl ol L OLANYy g col 1=
Vitro (M. GPLE SRt th bl ot gt e T R S buse
Caborat ory PraRenOThe iR Py o of relRnd (o PRSI s o
Press, 2002) carg@myHes te@A0eniS ARG tXi1lsS sl o Unig et i ualopnent al
and cell biological "studies cited in these Specifications
method of the present invention.
) [0031] Another embodiment of the present invention
l 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).



can be obtained from commercial sources including Invitrogen/d BCO, Sigm
-and the like. 5 EFFECTS OF THE | NVENTI ON [ 0034] Myocardi al precursor cells
and cardi onyocytes can be efficiently and sel ectively produced fromstem
cells wusing the nethod of the present invention. Mocardial 10 (precursor)
cells prepared in this way can be used tol8search for and devel op effective
drugs for treating heart disease, and could potentially be applied to

pEsom Py o ERETER=BRARPAERa) 858 probel I ROERIEE prd BEPRIoPMaPYGT ) on
of the ~Nougkpaprgl ¢ gééggalegﬁﬂb amegh8i%Baeaaa@ﬁssaabgeegglgsaabaa EBs

derived from usi ng oatlng cul fure netho Igure 1B

shove the ef&ggt Beobneddhkiol-oh bBAnbREghY BreLebn1hEdfald) on L he

appear ance ra eating E derive rom using hanging
drop net hod. Iﬁ%ﬂﬁng@n?B?ﬁ@otthSthﬁﬁﬁnﬁﬁé ugkghe rate of appearance of

beating EBs Int resence vari ous doses 25 of Noggin. EBs were forned
fromES gells (EB3 cells and R1 cells), and the rate of beating EBs was
determ ned on the 10th day of floating culture. Figure 3 shows the

expressi on ogpF¥eP8r oralrugPeNvEN®ION1IO marker genes in Noggin-treated ES
cells. EBs (derived from EB3 cells) were collected after 0, 5, 10 and 15
days of flopbongicul t uMgocardibhepe¥puessirotedfiscasd gardivayocytes
can be efficiently and selectively produced from stem cells
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 R1l
cells), and the rate of beating EBs was determined on the
10*™® day of floating culture.

Figure 3 shows the expression of myocardial-specific



anal ysed. TEF-1: transcription enhancer factor-1, MEF-2c: 5 nuscle
enhancenent factor-2c, a-MHC. a-nyosin heavy chain, MGC 2v: nyosin |ight
chai n-2v, GAPDH. gl yceral dehyde- 3- phosphat e dehydrogenase Figure 4 shows
the results of inmunochenical staining _ofjq solated cardi omyocytes from
Noggin (+) group of EBs 10 (derived fromEB3 cells) on the 10th day of
floating culture. a: sarconeric nyosin, b: troponin I, c: a-actinin, d: ANP
Fi gure 5 showankes gengs ssrofNdgghmdateatiadhlESteghisng ofEBsafdevhyedyfremin
Noggin (+) and Noggin (-) groups of EBs (derived fromEB3 cells) on the

| oth day of fEBSatdedds)lweqid apldeatas afdfierftriT, Mbsapd t5ddaysopbnin |,
e, f: a-actinin, g,h: ANP. Figure 6 shows the inhibitory effects of BMP on
the effect &FlaWggion Fuitusg dianf ddha eHRRRRIIUN. OF i ¢aele JANSHBAB t he
differentiated cardi omyocytes 20 using co-culture systemw th feeder cells.
ES cel | s (RIERaISEGeeJEF o STEATSHEHRT @ |anhaneermbrakearal . MEF-2c:
differentiation was investigated by imunocytochem cal staining using

ant i - sar cOneMUS GFho STSRETIBH L GMDHC ot -Mife: s¥HMB§iBf PEAVYcEHRME .
(n>5). *p<0.01 relative to Noggin 25_(8%qgrou . _Figure 7B shows the

appear ance r MLE AV c HEAHD kkéhﬁﬂQ§P¥W‘ Mt rebreerabdebyis-3si ng
co-culture with feeder_cells. ES cells (Rl) were seeded on ST2 feeder
cells, - 20 PARFPRRAAFGINARRIGISHhtiation was judged fromthe appearance

rate of MF20-positivyve colonies on the 8th_day after seeding (n>5). *p<0.01
relative to hbgginF%Q?rSréuﬁbows the results of immunothemical 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: oc-actinin, d: ANP
Figure 5 shows the results of immunechemical staining
of cardiomyocytes in Noggin (+) and Noggin (-) groups of
EBs (derived from EB3 cells) on the 10t day of floating
15 culture. a,b: sarcomeric myosin, c,d: troponin I, e,f:
ca-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 (R1)
were seeded on ST2 feeder cells, and myocardial
differentiation was investigated by immunocytochemical
staining using anti-sarcomeric myosin antibodies (MF20)} on
the 8" day after seeding (n>5). *p<0.0l 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 7C shows the appearance rate of beating 5 colonies from
Noggin-treated ES cells in co-culture with feeder cells. ES cells (Rl) were
seeded on ST2 feeder «cells, and nyocardial differentiation was judged from
the appearance rate of beating colonies on the 12th day after seeding
(n>5). *p<0.01 relative to Noggin (-) gr@®.- 10 Figure 8 shows the effects
of addition of the Chordin protein (500 ng/nlL) on the appearance rate of

beat i EBs, 10t | ' 0 ddi tion,
ueing Pang: AP REHEE TEbEefin LOPPLh Ul 1 Ba0dd e Pl e ST Tl g o
h ' d = * | t -).
Frgur e o shoub et cetdior MR Hod b e Boddn a0 ERE 8 0 TR g ni)

tj B | L | | t
e o B AT i R A A4 ¢ L) GRS Tl

20 fol lowed A angi§u2s YceahelsPitfieiappdainRednhed ¥ Yeitidgr mat ion,

respectively. Figuré 10 shows the effec{s of addition of various BM

ant agoni st 91 &h16s (456 N Jdri 826 a B8 APPHESE BIS €1h aE6-c@l thigat wighEBs from
ES cells (R1l) using floating culture 25 plate. BEST MODE FOR CARRYI NG OQUT

THE | NVENTI (e 8086tel1ls | hips dbST1OSURE) wébs Us0880aYbRSSTRNEbBdEr- 21
cardi ac precursor cells having the ability to becone functional

cardi onyocytes1i®, t&ed fmfoserd 88l Vel fesefi eiationndagdyhgear groimyengt es at

all stages of differentiation, and are defined as cells that can be

identified hyppesratice rate of beating colonies on the 12™ day 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



5 preferably nore than one of the follow ng nethods using one or preferably
nore than one marker or index. [0037] The expression of various markers
specific to cardionyocytes is detected by conventional biochem cal or

i mmunochem cal nethods. There is no particular limt on 10 the method, but
preferably an i munochem cal nethod such 2% -i mmunocyt ochem cal staining or

| mmuno-el ectrophoresis is used. In these nethods, nmarker-specific

bol yel onal  8Qkhoad! 8200 #8006L978! naghhBOdhes 1630 106 (RePapilEh react

Wi th cardiac precurs s or cardi'onyocytes. i ndi vi dual

speci f1c " ERSe36Ra8ORMENTLALLLALA hablhe £RRdrean e Rasl lak Uaa

Mar ker s speci o car sor s or cardionyocytes include for

exanpl e nyogj [Lyi ' agtiyni IO [ eraNRi - 4,
Nkx2. 5, NEF- gaaﬁga%{%eC%F%ggmgg%ﬁ%ésB]%tAlgtl A shadel ??néilritf'rfgugh Aatadl o

not particubgll ¥rkl AelededetRr €831eN thhtCabd de RERAWIFAled B lonePeE fic or

cardi onyocyte-specific marker genes can also be confirned by reverse

transcripj asgraekyaBigs fiorBaithan’ 86! b¢n thET 8T bwah N eithddeAtdsah Ade/ Si S,
nol ecul ar 25 bi ol ogi cal net hods whi ch have been commonly used in the past

for anplifyi g, peeireshibny mdeedRtdlan’ione HEMRedOGNAndex. any marker _
proteins. The nucleic acid sequences coding for markers specific to cardi ac

precursor celfb93and - 2%heCaxpressqon oFf vardouds matkers ppod fild g
chains, a-actinin, troponin I, ANP, GATA-4, Nkx2.5 and MEF-2c) are already

known and ar eagddiomyolcs tielsr diggldeelaitied B3t @onventionadh biodhenBaral, cand t he
mar ker - speci fi ¢ sequences needed
) immunochemical methods. There 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, ca-actinin, troponin I, ANP,

) GATA-4, Nkx2.5, MEF-2c and the like.

20 [0038] 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 Dbiological 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



5 for use as prinmers or probes can be easily determ ned. [0039]
Physi ol ogi cal i ndexes can also be used additionally to confirm
differentiation of pluripotent <cells into cardionyocytes. For exanpl e,
useful markers include spontaneous beagi?g by cells derived from 10
pluripotent cells, expression of various n channels and the ability to
react to el ectrophysiological stinulus. [0040] Pluripotent stemcells that
can be used car@iemypcgaest (isuchniasomyosdniteasy gdlilght Hheadald s, MAPC and
the liked derived frommammals such as mce, nonkeys and humans 15 that are
al ready wi debyacsdtias drdpondncdl,| ANPSpEATA-, NkxPplSesamsd MBRS2cXareed ES
cells include EB3 cells, E14 cells, D3 cells, CCE cells, Rl cells, 1298V
cells, J1 ceblyeadydknioenl idnd aleamdaid aivlet ddsionigha\paitdligh daden bases
established for preparing, subculturing and preserving ES 20 cells, EGcells
and MAPC, anduch asgdiGen®anko tangd rtdfec mamkey - spacid itheguangeomeedaesdt can
easily obtain such pluripotent stemcells by consulting various other
references (FRrsilisec@salprimens oy grpbemFAN e AALY dleteymingde. Nat | .
Acad. Sci. USA 95:13726, 1998; U S. Patent 25 No. 6,090,622, Jiang et al,
Nature 418:410038d2; | Ahasigliogigalpindaxeay Sanakse ¢p 1Rd) . [0041]
Cel s which can be used in the present invention are not. limted to the

af or ement i onéddifdeaaldyedo gopfirm diffanedialiqn f RYEHIPTRIM cel | s
derived from mamual,ian enbryos and fetuses, unbilical cord bl oqds, or adult
tissues, bl o§§1ldfdifte GardiomyecyLestul F Pr FHABL Ry Bﬁ?&ulnﬂ?arﬁ%rsspeci fic

exampl es i ncl ,ud tem cells obtained b
nﬁ inciu e spontaneous beé%i&@ by 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, Jl 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



5 treating root sheath cells or epidermal cells with a drug such as
5-azacyti di ne (Sharda & Zahner, International Patent Disclosure 02/051980),
stemcells obtained by treating nonocytes with CR3/43 anti bodies
(Abul j adayel, Curr. Med. Res. Opinion 19'§5§, 2003), and stemcells that 10
are characteristically simlar to ES ceTI%, such as stem cells derived from
adult inner ear cells (Li et al, Nature Med., Advance online publication).
In this caseinclbfeaaldr pitirtpbtenti baemt gelldsE8erdived frodemammdliant er ms
of cytobiological properties unique to ES cells, such as 15 the presence of
ES cel | - specembryenr Aadefshukess (mhildgen), corliebdppdss sioan adulES
cell-specific genes, or the ability to produce teratomas or chinera m ce.

[ 0042] Even tibkbuebavbihgod ahdr dbeelikei sudhf Aer edultf cowyanisatandgf besecel | s
or cells other than pluripotent stem 20 cells can be used in the nethods
descri bed i nmahrzopresépecifitenekampilest hoplude sdkems cedlisngbiedped: bays whi ch
allow themto differentiate into cells having a cardi onyocyte- |ike
features 5 n trepsingxzapteshepatbucrldsl Py Bﬁégﬁaﬂalb§ﬁélﬁamﬂ@w e SEWE&hy nal
stemcells derived frombone marrow 25 cells (Bruder et al, U'S. Patent No.
5,736, 396; PPufBnger S-agagytidinené&hagdal §3Zahned) Inperadationaaki no et
al, J. din_ Invest. 103:697, 1999; International Patent Disclosure

01/ 048151) aRatepscPescilosyEri 0840PL/PhusELem. cedls: pbdad nedh{r nat i onal

Pat ent Di scl osure 03/035382). [0043] Any method suited to inducin

it for ent | at FERAGANICBOROGHBE, FeEhc SRV 884 Lhodiss (Mbutledayetod f or

Preparing capdi oMV By *Res” 2BpPntonP1559555" $8035, Snd" s'tkh cells that
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 cellslis 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



5 present invention, and for exanple using ES cells exanples include
floating aggregate culture, hanging drop culture, co-culture with
supporting cells, gyratory culture, soft agar culture, mcro-carrier
culture and the like. In the case of floating aggregate culture for
exanple, a specific 10 exanple is a nethod of suspending ES cells as single
cells (individual cells dispersed in a-l equi-d phase with no adhesion

bet ween cells due to enzyne digestion or the like) in nediumto a cel

Col Ts/ ML 1o Ebeeis (It emiASARal SRRy ThRsanr s QA e, and ©
I ' f 4 30 d f bl 15 7

&2’ condrti o U4 l0s cariih g DR 1 Rtc b B e e Tiod

enbodi nent usi%igo%cctﬁetsurc% et rhos%dgta{tsh t%%o%q.{# ﬁﬁééﬁ?‘? tsp‘fe]%supporti ng

cells are not® arlylimte are preferably ce ving the
characteristi f I I | one
mar r ow st ron&%@%gﬁ%?ﬁéﬁ%ﬁlﬁoﬂqéss%%lq@ﬁ%ﬁ,yt@ge%:ée #swi%z\%l %el S
or the like. qﬂgﬂ{ [ t [ ' made
25 into agf eé%%%%glyt :i" met %idﬂg’ucﬁldagfdr&nr f‘egf%'dglhg %fgtir%afggn%lﬂ?%%?{%ﬁ%n or

the like, an |5 345 | | shd | 4B O 68 |
density of 1@.@%% tflo 1 ﬁ%@#ﬁ%ﬂﬂoﬁ% efchera iI(I:“;/ggloo LE:el I's/m to 1 x

105 cell's/ m. Q. ZntdB %:i&rlﬁfsfi{;?ﬂﬂﬁ‘ti]ngé dBiCeld@dlotP duktdfd, codss/ nL are
seeded thereon and cultured for 4 to days or preferably 6 to 15 days at
37C under COhd@ndiditiite Oimidbsaddian erdicikitlfre/edtd | #ié Olike. In the
\ 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 10’ 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 wventilation.
[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 1into 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



5 [0045] In the present invention, a substance that inhibits BMP signaling
IS a substance that has the effect of blocking or interrupting BM
signaling, and exanpl es include BWMP antagonists, specific neutralizing
antibodies to BWMP famly nol ecul es, solubilized (non-cell nenbrane 10
anchoring type) BMP receptor nolecul es an% the Iike. OQther exanples include
gene expression vectors, specific antiSe ée'oligonucleotides, ri bozynes,
antisense RNA for RNA interference, |ow nol ecul ar wei ght conpounds and the

| i ke which embler prefFeradiyorn & nest cexpsgabi @6 of xBYP! 1ceibsihly apéecul es
or the functional gene products of their receptor genes or else suppress or
arrest expresgededoftheg@oss and cultaned Fars-4adid 30 ideay < o Ersfieradlyt he
BMP signaling pathway. [0046] A BMP antagoni st is defined as a substance
whi ch 20 bi 6dsot a5a dayd fatm3aACrmhdenl €04 seohd bsi®A\P- @f BYWRedrb®WP7 or the
i ke) and bl ocks or inihibits binding of the BV nolecule with a BW
recept or on tdhexdde vemtlidadiocmr. a substance which causes suppression or
interruption of BMP signaling by binding to a BMP receptor. Exanples of 25
pr ef er r edd BMPOQdiSdgoni stIn ithet porgseadedmvientdar o iswistdnceNddyith, Chordin
and the like. O her exanples include Noggin-related proteins or

Chor di n- r el atladtbitst BMR signalgnsd® & ancepridiat s Yeoefifemt of
hormol ogy with the - 26 ami no acid sequence of the relevant protein and
having the &doicking @r W%W%&P AIERiing el 3k EFRIEH or

Chordi n-rel ated protein coded for by nucl eotides that _beridizg under
stringent Co*ﬁqﬁqgﬁsqnﬁnaq£égﬁﬂ%§t%§)§g§§3flc neutralizing antibodies

) to BMP 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.
) [o046] 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



5 wth nucl eotides encoding for Noggin or Chordin is also included in the
sanme way. [0047] The present invention features the culture of pluripotent
stemcells under the stinulus of a substance that tenporarily inihibits BMP
signaling, and while the 10 stinulus nmethod is not particularly limted, a
met hod of adding a purified reconbinant protein to culture nmediumis
preferred. However, any other nethod can bé uwsed which has the sanme effects
as the nmethod of adding a substance that i ni hi bits BWP signaling to culture

fied I d
Son s kel 58 a'gaga (0, oA Bt f%%ged“?rom
5051 3
O 5 05 e, KRGS, OB Y i 00

met hod of 20, p%&h&%uge&%t%agggst%ﬁw SoHA 555 nfu¥1 MIYHLE P ANOt ner . BIP

ant agoni st i Nt o support using thos transftected ce s as
co-culture c Qn3U %@@mﬁa

product of tﬁ%b§iaP%§ns5%%?g% %ﬁP@Qn@ %ﬁh%lﬁﬁg REPFa |é% are i nc Lded
25 as parg 0fthe ngEedivTRiRls feﬂrcoﬁ‘i gng:'o% Raant d30Mhdrdih iEdigygin the

met hod of the present invention. I'n 1 mpl enenting the present

i nvention, thacipgeldeiin #hd RRR quthe substance used to inhbit BMP - 27
signaling are preferably derived fromaninmals of the same species as that

used to deriyeohg pl urimpel piHesen®Mie&lentionFFeatdgy hehultideergt i ng

the present invention using nouse pluripotent stemcells, a purified

reconbi nant pluripotent stem cells under the stimulus of a substance
) 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 inclnded

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



5 protein (Reconbi nant Mouse Noggi n/ Fc Chi mera; R&D Systens, Genzyne
Technol ogy) prepared from nouse-derived cells in which a fused gene

consi sting of nouse Noggin cDNA |inked to imunoglobulin constant (Fc)
region cDNA is introduced and expressed is commercially available, and can
be easily 10 used as a nouse-derived hbgg% protein. Those derived from

ani mal s of anot her species can al so be us®d, however, and a purified
reconbi nant protein (PeproTech) prepared by introducing and causing
expressi on ofigHarAnboggenpeblérablyEdegaiedc Bpohe antihallist bifedheNeggien
proteins derived from 15 pigs, sheep, horses, birds (such as chickens) or
anphi bi ans §épdehessaxenhptisphsedntal derheeushd. pSumibateptoistiems cedds .be
used for Chordin and ot her BMP antagoni sts. The nucleotide sequences of the
genes codi ngFéor exkhmpéef ahear dmpaemeatingabhe preseptbinyebiidotausilngses
such as that of 20 the U.S. National Center for Biotechnology (NCBI), and
the CcDNA of mbhseepjundépotentbstent aehédd,andpusdéfiibd seweobdnagiti |l ed in the
art. For exanple, the human and nouse genes for Noggi n and Chordin have

al ready eenprdéetnfi(8ecomhdnanheMauskeogdéngEqubhdmerhcr Ribndystieggi.n,
nouse Noggi n, 25 human Chordin and nouse Chordin are recorded in the NCB
data base asGRVEFDE4TechnmEogs)1prenpredsiremanguserdesdyed ceddigedni vel y.
[0049] A BMP antagoni st in the present invention may be - 2 8 a substance
whi ch bi nds vbighBRPfnsedcgeae( saBRigsipgpof, moprp- Hoggim wDHA dHakedke) and
whi ch bl ocks or inihibits _binding of the BMP nol ecule with a BMP receptor
on the cell t@uFW&EB°S#°9“§&BSF8H§§aﬂﬁ|éﬁcéaﬁ§€§°§uﬁBN@séﬁoﬁnGFOduced

| and expressed is commercially 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



5 interruption of BMP signaling by binding with a BMP receptor, and typical
exanpl es include Noggin (Re'"emKalma et al, Proc. Natl. Acad. Sci. USA
.92:12141, 1995; Zinmmerman et al, Cell 86:599, 1996) and Chordin (Piccolo et
al, Cell 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 exanples of other BMR8 antagonists include follistatin,
fetuin, sclerostin and nolecul es belonging to the DAN Cerberus famly, such

Bi ol 250: 23 SPRSSPRCE, ST &L SEoMb N AR DA N A eLAy
oceur ) 19 BNRMERLSGRESLS ol Sl S9,° Gl WA HTRIGIR |00 01 e
T B e e e 2t ng
ant i bodi egs) tg%é%ﬁ@rﬁ%%?) %Igﬁlﬁﬁﬁ%ﬁoﬁ&%% o) ulﬁl | zed (non-cell
menbr ane an%%%ﬁy% %irc%qeréﬁmﬁitaseqwzcg.%d@ﬁwgﬁ%m - R4 MGhaide

met hods of intro ng into“the cells gene - expression vectors,

speci fic antigienR3e PrOnwEiao! ides. JdiPODYED2 AiFENS® FNA 1 1imdIan
interference, low nolecular weight conpounds and the I|ike which either
suppress or @t esl, @dINesy .vwf 1B )f aifd CHeH@EG@! (@Biddolo et al, Cell

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

10 LavVallie 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



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] Wen using a substance that inihibits BW
signaling (such as Noggin, Chordin or another BMP 10 antagonist) with
pluripotent stemcells in the present invention, the period for applying
these factors can be divided into two staggs. These are the stages before
and after the pluripotent stemcells are dispersed either as individual
cells or as cell masses consisting of small 15 nunbers of cells, and

fl oati ng aggr egaressirnuved tersco-spegifiice @ntiise g poridanyieleddsidns t he

li ke, and the former stage is called the pre-differentiation stage bel ow
while the | aribpzymgg§e pRtdslense RS dopt Kendindiarferendifei fPW st age. 20
[0052] In the pre-differentiation stage, the substance that inhibits BWP
signal i ng i n PPéerpsaEnwedolh compoundds And itd@ pedienithlehl @itlrerays before
or preferably 3 days or nore before the EBs are fornmed to induce

di fferenti ati SHPPTREESIE RBEES e cXphesHOm L BME drasniimmoke &t athe 25
ES cells are preferably cultured under ordinary conditions suited to the
type of arft natheofRachionalt Hens PrOduahfdiof 4 REIPREQE cJem@/atory's, in
the case of nmouse ES <cells it is desirable to add | eukem a inhibitory
factor 30 (LPEFet 8UPRESHSdiAFmadires tc @FRIfssddrorefofgeroes tvwhiigh ovede U/ mL or
preferably 500 to 2000 U nL. [0054] The substance that inihibits EMP

si gnal i ng doe$rapstagddyatdnge coppianan tdu i ghen BMhtskanaking reagsrand,

[0051] When using a substance that inihibits BMP
signaling (such as Noggin, 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
that inhibits 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



5 and for exanple when a BMP ant agoni st such as Noggin or Chordin is used
as the substance that inihibits BMP signaling, culture in nmediumin which
the BMP antagonist is present in an active state is preferably limted to
within the first 5 days or nore preferably the first 3 days of the 10

di fferentiation-inducing period. However, the tines during which the
subst ance which inihibits BMP signaling-igso applied may be varied
appropriately dependi ng on conditions such as the animal fromwhich the

nduct fon andLEB)t 0 e S b Bt Ao SCRCER REARLAN B1% P 1 hiit.
brotel ny s D4BY 9% GRETERRRIIGDY AR 2000 RS BP oi gnaling in |
ropl aced 20 hPERATed: umthshERER b e Ao Tk P15 G PY R n At
mor o pr of er aBy B5harnbs S0 A b ReC RS Bk B8N Rt nued
i anal i ng 1 AOCLaREeeratsn WA s B ARy RS A Bl Ao 'on (e
bl Ui pot ont  SPARCAE 15 Bpefat AR RAERAREY R TR AR A 1 ey
[ ar g6 quant | PR aT g g s 1O nSAY A7 A G B S L
obtained arep, Refeedl 48 fldAd VA AW AYY e AUERAP d ARCUL Y O HIP
the first 5 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 0ld 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 ug/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 present invention. [0057) Any known nethod of cell isolation and
purification can be used as the nethod of purifying the cardiomyocytes, and
speci fic exanples include flow cytonetry, magnetic beads, panning and ot her
met hods 10 i nvol ving antigen-anti body reacti ons (see Mnocl onal Antibodies:
principles and practice, Third Edition (Acad. Press, 1993); Anti body

Engi neering: A Practical Approach (IRL‘Pﬁés§ at Oxford University Press,
1996) as well as cell fractioning by density gradient centrifugation using

a 15 carrier Sighds HARRABA PaAldted diie gudisi B atnowkthdtheds
sel ecting cardionyocytes is to first artificially introduce a nodification

into the genagp Frdita at16eldvtadin 1M qHdit ROt toSergIeny | purdraki ng t hem
drug resistant or capable of ectopic protein expression, and collecting

celI's 20 havigurditmySuyed O0rHy drdlionipaasptieds . tHuy cotdimed dye

I ntroduci ng a gene cassette capabl e of expressing a neomycin ((418)

resi stance geisredmiRsr tdil I tdard idmydsrt e Pragpdrdi aadcatrding PEtoEier into
nouse ES cells, Field and his co-researchers succeeded in constructing a
system 255i n piegdhtEImaddtsiosere differentiated into cardi onyocytes and
only those cells which expressed the a-nyosin heavy chain gene could
survive in nmgaioBT} o whiArly Ghildivrhawk tiieeh ofadeeldl, isull HPoé6oramdr e of t he
cells selected as (418 - 32 resistant cells by this nmethod were confirned

to be cardi gumicfimstidri).can R erded\@as GHE Inedtiod Spe@uriyirmmsthe Kl ug et
al, J. din. Invest. 98: 216, 1996). [0058] Cardi onyocytes prepared
accordi ng t o camliomymtes, and specific examples include flow
cytometry, magnetic beads, panning and 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 a
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 a-myosin heavy
chain gene could survive in medium to which G418 had been

added, and 99% or more of the cells selected as G418-



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 regul ati gg the function of cardi omyocytes,
and for substances and drugs which are toxic or inhibitory towards

di tes. | ti | , .th tl t hod f 15
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cul ture systens UsSi etroviruses, adenoviruses and
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measuring theLidiLhPney Gey EIFBONMa dd T &EAEA HdPNsdbSFakSes and

drugs involved in controlling the differentiation 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 cardiomyocytes. 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. 1In 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



5 cells or other pluripotent stemcells into cardi omyocytes, or the
qualitative or quantitative changes in nyocardial cell functions. For
exanpl e, the nyocardial differentiation induction efficiency of a test
substance can be neasured by wusing biochem cal or imunochenm cal neans to
detect the 10 expression of various cardi omyocyte-specific markers in
pluripotent stemcells cultured using netBdds according to the present

i nvention after they have been culture for 5 to 15 or preferably 7 to 12

days. There gigugovgéiﬁkguggrwehhng S m8RHbRE %Eogﬂ% iﬁggg%&tggnunochenical

nmeans, but 1 referab an i mmunochem cal net hod suc

| munocyt ochgﬁggék@h&hﬂ%g 19 pgggigeosha%rt%&ora%stii%iaralg%ginm%ts

Mar ker - speci f1 ¢ polycl onal anti es or nonocl onal anti es that bind to

the cardi Orfv%bkpﬁ can hgeUsgdtl Qub‘ét&‘aﬁ%e”%ta:ﬂlo%%- AAIRAEE DY hitlah@19R]

I ndi vi dual specific 20 markers are commercially avail abl e angtcan be easily

used. Exanpkgs ekfﬁa_&@h%?v%@ytiﬁaﬁe%%hi © FMAL e dntalatd@ neaen) Esheavy and
| ight chains, a-actinin, froponin I, ANP, GATA-4, Nkx2.5, MeF-2c and the

like. [0051] cMiogabei akhee! pblaipotant $tent cenaspliatef carddonipoesaied,al
cell function that can be used as a marker for evaluating a test substance.

Speci fical | yorapapt gaal itatlive @eagantan aia viendheddyy iseatiotardial
cardi onyocytes prepared by the nethod according to the present invention on
a culture - géllplfahettionsn @R’ eXample ,cahle dgnmardiald dififletentg dtiemn i n
serumfree nedium and in this case a suitable anbunt of the test substance
can be addedinducheonedifficieticdyhef aurtestalsubattanae deat ber atemsaired by
cardi onyocytes can be
) 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



5 nmeasured. The survival rate or death rate of the cardionyocytes can be
nmeasur ed by nacroscopi ¢ observation using incorporation of a dye such as
trypan blue as the marker, by a nethod using dehydrogenase activity
(reduction activity) as the marker, or by a nmethod using annexin V 10
expression or caspase activity, which are specific to apoptosis cells, as
the marker. Kits exploiting these nechanB4ns are avail able from nmany

manuf acturers including Sigma, Conetech and Pronega, and are easy to use.

0062] B b dr. bt ai.ned by h | hod
acts 1o I nduBYaBeT 0 B MREEOR=GALe, AParo Ry By s ahi PR i T "
f ti , It d..f tat.i ic d
for heart| cORALRTSRES MEkig SAo0s: 4T APE: & For Lo, i ds ' © °rvo
di , ti heart .fai | ' t dilati

Car ot omyopal HIE hEBEaPREiaticel Fan, B REHAR Her b, SN RRe e 1 BTV

compounds My 06 1AV gateOMRO YISO AOHE CATAAC b Yadi£OVe!

cardi onyocyt es prepar ed accor the pres I"'nvent1 on can be used as

nyocardi &l 2heReacaer.alinglh G an DERE off Wath W Bl oS, Exanples
of heart disease 1 nclude nyocardial infarction, 1schem c heart disease,

congestive h%%'ild_i%g?lolgy%es PETe fialdistired Hyomaididiopid IdHdetsration

car di onyopat hy nyocarditis, chronic héart failure and the Iike. Wen

used as nyoe@ndigali NREPHTARLIM off WAy FRH ladlite8aish WIRA E@Ntthdlr ugs,

cardi onyocytes prepared according to the present invention can be included

in any form garkelq Yy dedthod Yasing dehydrogenase activity (reduction
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,



5 is high, such as cells floating in a nmediumor other aqueous carrier,
cells enbedded in a bi odegradable substrate or other support, or cells nade
into a single- layer or nultilayer nyocardial sheet (Shimzu et al, Crc.
Res. 90: e40, 2002). 10 [0064] Al though not particularly limted to these,
met hods for transporting the aforenentioned therapeutic drug to a danmage
site include direct injection into the _hggrt via an open chest or syringe,
met hods of transplantation via a surgical incision in the heart, and 15

met hods of transplantation via the blood vessels using a catheter (Mirry et
al, Col d SprmigchaAdtisynghropist hepry faidprs)gnddhe likeaschkenapsed
Thorac. Surg. 75:520, 2003; Dowell et al, Cardiovasc. Res. 58:336, 2003).
Extrenely o88d™YRERZALAL Legrreradinhy 8THGEN OFe BEATEd Afifeqssy treatment
cardi onyocytes collected froma fetal heart were _transplanted by such

met hods to t AEUHEar FETGfORYPRYLESWPEEPaRES: ACFLFEGEY( Mon ETeRSRE Thor ac.
Surg. 75:S520, 2003; Reffelmann et al, Heart Fail. Rey. 8:201, 2003)..
CardionyocytégvﬁgFFPBdcPPo#FE%“ESPF§dh&PeaPWéFQEFbPﬁsﬁP@@ pas] 5%@?@Hé¥fy

2 Nech. S ped® Bidh  ByehoREORRITS RI0ati00) 18 e nitum R chuet 5" ©

extrenmely high take rate. equivalent to that .achieved w.th fetal nyocardi al

6 L1 anopPaRER PO AR EL B doFquRT CPRBAAO A fu P GOSERARARS | 0 whi ch

car oo BRpUSERLET o RTER SBbR-AET AR hodd A WEAALO vl

expect ed tha&ayer 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:S20, 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



5 supplenentary transplantation of cardi omyocytes prepared according to the
present invention into diseased heart tissue should stinulate inproved
heart functions in cases of the aforenentioned heart diseases stenm ng from
damage or loss of heart cells. 10 Exanples (0065] The present invention is
explained in nore detail below using exanples, but these exanples only
serve to illustrate the present inventiroA6and do not limt its scope. 15
(0066] (Exanple 1: Effects of Noggin treatnent on cardi omyocyte-

oot o1 o CHRREIARSA o h o BoR, SRR A AT RS R an

tudied i ' t al t | ..\ f l.Qat i

2gar eqat | on ST SACERPREg Yt es et Yad o B R Y, ke AR T ¢
licati | | ' | f tiateai

car i onyocyt S SSRIARiEY {9k, S WEHAEE (PLly 'R AT | FL°CL TR, Tavess-

Prof. HitoshiggNi f; R , |51 | And Na f

Vouni Sinai  FReRTRAl LS G s Y e & SRR el i ppon

Phar maceu C%'up%'e}ne iy g%glgﬁi 3L RE Dailonyd SAYY Yrdfiiré Wer e no

di fferences betveen t I nes. These ES cells™- 37 were passaged

and mai nt ai NefdgrBhd'tY ithie/ @HdsnRd 15halkt 1 i GtY Hh denddie HEdods
described in Mnipul ating the” Muse Enbryo: A Laboratory Manual (Hogan et

al Eds., Col d1s3¥d MhdiAdP ¥t kAN TR AmprFRIP hebI4)surdta ot tn JdBs
of the aforementioned heart diseases stemming from damage
| or loss of heart cells.
10 Examples
f0065] 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 Dby 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), Rl 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



5 Cells: Methods and Protocols (Turksen Ed., Humana Press, 2002) and the

| i ke, using dasgow M ni num Essential Medium (GVEM Signma) containing 10%
fetal bovine serum (FBS), 0.1 nM MEM non-essential am no acids, 2 mMV
L-glutam ne and 0.1 nM 2-nercapt oet hanol to which 2000 U nL of |eukem a 10
inhibitory factor (LIF) (ESGRG, Chem con) had been added. [0068) 3 days
before the starting of floating culture; 3#S-cells which had forned col oni es
under the aforenmentioned conditions were washed twice with PBS, dispersed

into single Celrlefg%rs;a(r?eeaé %né.'%g%(%e%el %‘;/o #[Xﬁideﬁfs&éﬂéf&e&% O0Pri sing

1 nmM EDTA, ant P as a suspensi on usli ng
a-nodi fied MJpj . i | | OR) éﬁ%pq. ' 9 FBS, 0.1
nM MEM non- esésyeorr?tilraé%sgs% n%lea(%sﬂfgaf %é@g\'qblﬁ%a%r%ey[ an i%% e

2- mer capt oet nder T | atd reglh st )cdgt he 20
presence of %eW#L?EL%#%%%&ﬂ%lCE( | n%lﬁtép%buse éI\llo'g_g(lk?lzlnlli:c

Chi mera pr ot %ﬁirﬁ&%mfrﬁbmw%mﬁl l8sh 4} hep oo i @rotehn”) was

added or not to thHis suspension, was t hen seeded on gel ati n-coat ed

commer ci akl y casaid At fddd il BFSt JU AL Huldesdn a8, , Jukdied "BFdss N the

case of the EB3 cell, which is a non- feeder-dependent ES cell line. In the

case of the fagfey -aftepaenike el dsSig B1adFove MLAAARY, ESs &gt 241 M&@atRd
plate seeded with mtonycin-treated nouse enbryonic fibroblasts - 38

(Dai ni ppon PhagMmceBidnd) omstdiehisy aby Taxhmnsevige peowh derBspder cells
on which the cell suspension was then seeded. [0069] Floating culture was
perforned as ¢.d InMBM non-essential amino acids, 2 mM L-glutamine and
0.1 mM 2-mercaptoethanol 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
(o 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



5 formEBs fromthe ES cells. ES cells which had been cultured for 3 days
in differentiation mediumw th or wthout the addition of Noggin were
washed twice with PBS, dispersed into single cells by treatment with an
0.25% trypsin solution conprising 1 nM EDTA, and plated at a 10
concentration of 1 x 102 cells/nmL or 2 x 105 cells/nmL into comrercially
avail able Petri dishes with Iow cell att3tHnent (dia. 100 nm Val mal k).
Three days before floating culture start, 500 ng/nL of Noggin protein was
added to the(petiipbéh BRaEngcoupscalpevss! pseparedt Drnadbanaentai ned whil e
preventing attachnment to the plate, and floating culture was done for 4 to
14 days. Undgefoti@sefe€d@erc&EDbs abn cwinilchi thie t&kl ESuspbhsishawasdthen
aggregate and formEBs inmediately after the start of floating } culture,
and aut ononmssededt i ng was observed in sone of the 20 EBs from about the
7t" to 8th day of culture. [0070] As a different way of EBs formation from
ES cells, a®t@f9j ng drBpoatihgreubisreal sas pperbompedaasf bbldows tES cells
whi ch had been cultured for 3 days in differentiation nediumwth or

wi t hout BoggformekEBs wesbmBdt2é ESi cellst h PBScedhd WhiphrbBad been single
cells by treatnent with 0.25% trypsin solution conprising 1 mM EDTA. Next,
drops were peepemredcbaprdsfayssbn defferentigtionfmed@inmevafihi ari on nedi um
suspended fromthe lids of culture - 39 plate and cultured for 4 days. At
this tine, Sobtheuhkithe aﬁéb@%ﬁnp96tQQQQMBSWQEGeUaFBGQhEWhEG|UﬁtbfPB e ES
cell groups_pre-treated with Noggin_for 3 days. After the hanglng drop
culture, thedFERe¥raf iBEaedipglencedispRywereatment with an 0.25%

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 sihgle 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 l1ids of culture



5 plated onto commercially available cell culture dishes (4-well Miltidish
Nunc) filled with differentiation nmedium and cultured in adhesion to induce
cardi onyocyte differentiation. Follow ng the adhesion culture, half the
medi um was replaced with fresh nediumevery 2 days. Under 10 these
experinmental conditions, the ES cells were seen to aggregate and form EBs

I mredi ate after the start of hanging dFoBgcﬂIture as in the floating
culture, and spontaneous beating was observed in sonme of the EB-derived

colonies frgmageodndgt kei13nded £oich 4d@nyef. aditesihar atihdelr 00 ddyenLl>f
collected EBs (7th to 8th day after start of hanging drop culture). [0071]

The per cent ageg@finEBso@¢inbwaisn @ ddiednttanaties medHain F WAR IBS/esililgat ed
periodically as one of a useful index of the differentiation and

devel opnment @rodpscC pirei-aneateide wifthoMoggitelfloxr 3WdaysEB3 Afitldrs they e used as
the ES cells and cultured in suspension at a cell density of 1 x 102,

cel l s/ nL, vehangdwgotiriope dilTuter,i \theé EBsMtBat delrdmeddin ttheatdarbpa twerdoggi n
(Noggin (-) group) exhibited beating even after 14 days of culture (Figure
1A). On the PIadieldeontiandonimeatdiad lyaavalidabled ded IERBR1 lftuare Muigglies t r eat ed
ES cells (Noggin (+) group) beginning on the 7th day of floating culture,
and beating Wdsweddf Mutdd dishg0Pumc )ndiid leg¥ wERD clififferentiiatdon mEdd umne
tendenci es were seen when - 40 the cells were cultured in suspension at a
concentr at i oangdf cul turegs igeladhegionyitioh ipdixden gandiommasyteobserved in | ess

than 10% of EBs in the Noggin %;) group, while EBs in the hbgqin (+) group
30% or nore &ififgreatigddomg Jdieldipwinm fhe adhesion culture, half the

| 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 7™ day of
floating culture, and beating was confirmed in 80% or more

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



5 day and 90% or nore on the 14th day. In the Noggin (-) EBs beating was

limted to a certain restricted regions of the EBs, while in the Noggin (+)
EBS, surprisingly, beating was observed throughout virtually all regions of
the surface layer. 10 [0072] Even under hanging drop culture conditions,

the nyocardial differentiation ability of the Noggin (+) ES cells was nuch
greater than that of the Noggin (-) ES €e40s; wth beating observed in 40%
or nore of the EB-derived colonies on the 7th day after EBs formation (3rd

o S o ChR) £R1! ) cup ol 3R EliEpaRlofos R ookinitrdtaoh o | o7

t he 14t h day Was ObDSserve e oat1ng culture

coni 0, 7K. S0t s Mgy et feclagtuigosphyyzee sty

cells in sone paits 0 coloni es Bs to culture

dishes, |1 ZPnbfe1BRognsl) 19 MR gg_@b?gg;gi"}s q2Bg vafhine G8ld Sn feieoughout

almost all o erived col oni ecobi nant proteins o

vari ous cyt ol a h sbhgcher c i ( pasiner lonke \gtth
factor)-1, Eggg?ﬁ Esgb?g:g)t%g?g\%ﬂ e 3‘8?55“‘3‘%?"%%92"’%%1?‘% e 25

al so addegl t galhgnAEdoMoENEdRet BE $ARE 180Ny ONSIAStHONo GO (- § rEsg nent
but none exhibited nyocardial induction effects equivalent to or greater

than those obebRgfigNwas| Q@rdleliexb, avRerituant reated cred diedioneness the t he
41 concentration of added Noggin protein would affect cardi onyocyte

i nduction fremsESwhahles inCehles Nogg@nCcUH)UEBE , s0EPrdisitidly,f beraiting wast ure
nmet hod exactly the same conditions shown in Figure 1, except that the
concentrati obbserved throughout virtually all regions of the surface

layer.

10 foo72] 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.

[0o074] Next, we investigated how differences in the



5 of the added Noggin protein was varied fromO0.5 to 1500 ng/nL, as shown
in Figure 2. The EB3 cells and Rl cells exhibited al nost the sane

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/nmL to 1500 ngfn#l tn particular, a very good
occurrence of beating EBs was obtained through addition of the Noggin

protein al copaeahtahionh 8t 38aBd Nbohinl BRoRGARLwolAR7 Slerbloyamnl e 2

Properties of cardionyocytes derive from Noggin-treated ES cells) As

shown in Exagpi-@idmyBegtendnalickBonnkena €8 teas.ESceahlss waae ictareased
significantly by Noggin treatnent, and to confirmthat the beating cells in

these EBs wejgco€aiflgOfBOEYbatinge cunask fiathdd! BRaexnyethieORaftle vari ous
20 nyocardi al -specific marker genes and proteins. [0076] Expression of

various nyocasfliakiefkl shp®ai inC Figarken ,geseepitn that Nbggiconcehtdatdenand
Noggin (-) group is shown in Figure 3. EBs fornmed by floating culture as in
Fi gure 1 snerefcehkeataddpNogadinCpirbyeiandasovariBIAfwam 25 Sprepanse@d usi ng
RNeasy (Q agen). Next, cDNA was reverse- transcribed by conventional nethods
usi ng Super sagi/mL,| s Ehownt LagFdpurand .gefhse EpScickild st andaRdi aaldsyt es
were detected by polynerase chain reaction (PCR). The prinmers - 42 wused to
detect the teahsbiitptlsadimo&GiTAhé, same- 8pseébdebendphBiEy2c andviiBe M.C- 2v,
a-cardiac actin and GAPDH were as follows. GATA-4 (forward) 5'-CTGICATCTC
ACTATGGCCA- 3petsEQtRDeNOf bepating 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



5 GATA-4 (reverse) 5'-CCAAGICCGA GCAGGAATTT-3' (SEQ ID NGO 2) TEF-1
(forward) 5'-AAGACGTCAA CCCCTTTGIG 3' (SEQ ID NO 3) TEF-1 (reverse)

5' - ANAGGAGCAC ACTTTGGTGG 3' (SEQ ID NGO 4) Tbx-5 (forward) 5' - GGAGCCTGAT
TCCAAAGACA-3' (SEQ ID NO 5) Tbx-5 (reverse) 5'-TTCAGCCACA GITCACGITC 3'
(SEQ ID NGO 6) 10 MEF-2c (forward) 5'-AGCAAGAATA CGATGCCATC-3' (SEQ I D NO
7) MEF-2c (reverse) 5'-GAAGGGGTGG TGGTAGEEGTE- 3" (SEQ ID NO 8) aMHC
(forward) 5'-GGAAGAGTGA GCGGCCATCA AGG 3" (SEQ ID NO 9) aMHC (reverse)

5 | GO EAFACARERCT  tPectrpsketb o, phy Rt U 3883y W B o7 oo
rercTCrTe TG 35 (R0 e 1o SReliaR, Beh R Sk e R rdicr

ATGAGAGATG- 3. Fs_,gg ID NO. 14) GAPDH (forward) 5'- TTCAACGGCA CAGTCAAGG 3'
(SEQ ID NO. 18} YO¥E - GAPDH (reverse) 5'- CATGGACTGT GGTCATGAG 3' (SEQ I D NO

16) [0077] EQERAW?? (BBl ATE0 5w bhccRRORTRCTATCRLEAC 9qdo [BNE:N 15 TBr)

usi ng TaKaRa Taq ara) as the heat resistant DNA pol ynerase. First,

reaction 50l ghipg04- ($+3ver 3@’ 53l egahbeceBN \ctascaaaTed 3hor sgorirBuives af) 94C,
foll owed by 30 cycles of 1 mnute at 94C, 1 mnute at 55C and 1 mnute at

72C, and fi n@tbylh%b%@afzfag 5 rhnghesTeha GeScandcreried (segtEp Woe BOR
product was el ectrophorese
TEF-1 (reverse) 5'-AAAGGAGCAC ACTTTGGTGG-3' (SEQ ID NO: 4)
Tbx-5 (forward) 5'-GGAGCCTGAT TCCAAAGACA-3' (SEQ ID NO: 5)
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)
o-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



5 with 3% pol yacryl am de gel and stained with SYBR Geen | (Takara), and a
Mol ecul ar | mager FX (Bi o-Rad) was used for detection. [0078] As a result,
while relatively weak expression of the GATA-4, TEF-1, Tbx-5, M.C 2v and

ot her genes was seen 10 fromthe 5th through 10th day of floating culture
in the Noggin (-) group EBs, expression was seen fromthe first day (day O0)
of culture in the Noggin (+) group EBs, -aAd -strong expression persisted
fromthe 5th through 15th days thereafter. Expression of MeEF-2c and

myocar di al - SBS{ﬁbf.r%L%ﬂi %h%CEbRA"‘%sSﬁ%%ft%g'f%T 9 ndRultds Ath gay of culture,

and the anoun ression was significantly gréater in the RNoggin (+)

group EBs. NKLRf 2lph C 0 e hai n S g on
the lot" and E §§§y§969b %g%}%?eo?gﬁt éﬂﬁﬁgb?ﬁyfq égr%uggggggagatggggld

not be 20 coghir 'Ieﬂuhﬁhtbh%t'\k?@gt” gma BiﬁamﬂiBﬁea{aaseofesuln&ﬁu%lagweltt hat
Noggin treatnent rapidly and strongly pronoted differentiation of

car di onyocyt §3°¢ Nak8Scob98d 9t o EXT £S9rKre) BER CRf Sl Gf'd € BOEELdpROFBE KT
proteins in the beating cells that developed in the Noggin 25 (+) group EBs

was al so soniiifthed by d1RREeT91 rinddee Fedaland FtHited NAG® SYBR Gfedtp IEBs
formed accoring to the same protocol as in Figure 1 were collected on the

12t" day of (Talklatad ,amtd bedodeécullar Amiier PR YBlos®ad) avascaged foxg 44
1 mM EDTA to disperse the cells. The dispersed cells were seeded at |ow
densi ti es ondgeleattiioncoat ed cover slips so that the cells would not adhere
to one another, and cultured in comrercially available cell culture plates

[0078] As a result, while relatively weak expression of

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¢c and myocardial-specific

15 a-actin was seen beginning on the 5%

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



S filled with differentiation nmedium The next day, the cells on the cover
slips were fixed with 4% parafornmal dehyde sol uti on, subsequently reacted
with anti- sarconeric nyosin antibodies (M-20; Anerican Type Culture

Col l ection), anti-troponin antibodies (#sc-8120; Santa Cruz 10

Bi ot echnol ogy), anti a-actinin antibodies (#sc-15335; Santa Cruz) and
anti-ANP anti bodi es (#AB5490; Chemi con)-a¢4the primary anti bodies and then
wi th Al exa488-1abel ed secondary antibodi es (Ml ecul ar Probes), and observed

under - a f'U?f@ﬁ £Deg g%gagggggse %ﬁeiggﬁgz AsTﬁerﬁigh%rEQﬁ”%%35§ Galks vere

found to be v cardlonyoc e-specrf Fot &i NS of

sar cOMeric nygshis LEOPGA fehes 188 FpsaeiaeléNBogEbauegv%k,slgg@vgeg t hat

the beating cel'Ts deri rom wer e cardi omyocytes 081]

Next, the d'EEékbEBéoeeiﬂg Qéﬂﬂﬁrhb@”ﬁﬁﬁerQaEg' BAEOGYbE Rl biR@ EBS vas

conflrned using the same  inmunocytochem cal stalning as above. EBs
col | ected onghigyrddt Endeumfaart:haﬂynavsahawa ¥eie thathiré @iledded in a

conmpound for preparing frozen sections (OCT Conpound, 25 Sakura Fi netek USA

Inc.) an%thﬂliéezwtw BR£EbBEheiaRi bhORBAIuMNE THhAZARxTAMRA St\H%re
sectioned at 5 pmof thickness with a cryostat (Leica CV3050- and

attached on cghagsofil ktHescovBes81fipazaereestkeaswiehe 4geact ed wﬂth - 45
anti bodies to the aforenentioned cardi onyocyte-specific markers, and marker

protein pOSIpafafaehhidaﬁyaedeb@ﬁtednbysubbeq&aﬁe1yekba@$easwa&bo@at1L0082]

The results are shown in Figure 5. Wiile cells
sarcomeric myosin antibodies (MF20:; American Type Culture
Collection), anti-troponin antibodies (#sc-8120; Santa Cruz

10 Biotechnology), anti a-actinin antibodies (#sc-15335; Santa
Cruz) and anti-ANP antibodies (#AB5490; Chemicon) as the
primary antibodies and then with Alexa488-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, c-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



5 positive for cardionyocyte-specific marker proteins were observed only in
very limted regions of the Noggin (-) group EBs, in the Noggin (+) group
EBs myocardi al nmarker- positive cells were found in roughly all the surface
| ayer regions of the EBs. This finding is entirely consistent 10 with the
results of observation in Exanple 1, which showed that while in the Noggin
(-) group EBs the beating region was |+n#bed to only part of the EBs, in
Noggin (+) group EBs beating occurred in alnost entire regions of the EBs.

0055] (X RogBehoele e deblehaessd MU/ Sa N, figr and

period on c ocyte rentration ermne the

Opt i mum ¢ 1 18, 00608 | 8ol R HIGOD ot GALRAA eV e A YA O e

Noggi n proteln or ement| one ating cultfure systemwas varied,

and 20 the S n L st 3508 ngrdial differentiation induction were
exani ned. [033%] S &nggu{ots B e Table 1 . 46 - [0085] [Table 1]

Pre-differenthgghqn D f irheeRelsaliitdN ateagdowndys! @qﬁx@o%ﬁpmrl@%ﬁs

Beating EBs 'Noggin Noggin - <10% + + 80% + <20% + - <5% Table 1 shows

the appeag ang@sigdiee ¢brbeArdidmyBeyte-specific marker proteins were
observed only in very limited regions of the Noggin (-)
group EBs, in the Noggin (+) group EBs myocardial marker-
positive cells were found in roughly all the surface layer
regions of the EBs. This 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.



(EB3 cell derived) under various culture protocols, 5 indicating the

i nportance of Noggin stimulus before and after EBs formation. In Table 1,
"pre-differentiation stage" indicates culture conditions from3 days before
until the start of floating culture, while '"differentiation-inducing stage"
indicates culture 10 conditions at the point of EBs formation. In Table 1,

i ndi cates than Noggin (150 ng/nL) was addd@ to the nedium and "-" indicates
that it was not added. [0086] First, the necessity of Noggin treatnent

before and %Ob%rldwﬁgglﬁnt i[ation was investigated, according to 15

f|0at| ng CUl fl nn ERs Qppﬂﬂr nrl at—ahi-ah ate when—ES—<el | S

1= =4 AT A LA} 3 el o ULl
were cul tured ig) R 4FBE SHY 24 t he éygggﬂ{ﬂyggdﬁjl(150 ng/m.) for the 3
days before EngrfOH%§E(Nland t he Nogi r,ot el 150 NoAbeavandd@F al so
added at the beginni ngsr(ﬁ ® | oati ng |cul 58:)

S in and
2, but the rate of appearance of beating EBs was nuch Iomer%§ﬁgﬁ;$%% ES
cells were prie-cul tur8dggand7 nedijum cont HAgH® no Nogdi n protein, ever
when the Noggin protein was then added at the EBs formgti on. The presence
of LIF, mhichris added to the nediﬂn1to mai ntain the ES| cell s<1®¥an
undi fferentiated state, is also inportant in 5 the culture of nobuse-derijved
ES cells befofe floating® culture, |and when ES cells werle cul t8@%8 wi t hqut
the additionf of LIF (2000 UnlL) in pre-differentiation |stage, the
appearance rate of beating EBs was [significantly | ess egven wi £30 foggi n
treatnment. 10j [ 0087] However, the 1ppearance of beating

+ -

<5%

Table 1 shows the appearance rates of beating EBs
(EB3 cell derived) under various culture protocols,

5 indicating the importance of Noggin stimulus before and
after EBs formation. 1In Table 1, “pre-differentiation
stage” indicates culture conditions from 3 days before
until the start of floating culture, while

"differentiation-inducing stage” indicates culture

10 conditions at the point of EBs formation. In Table 1, “+
indicates than Noggin (150 ng/mL) was added to the medium

) and "-" indicates that it was not added.
[0086] First, the necessity of Noggin treatment before
and after differentiation was investigated, according to

15 floating culture method. Beating EBs appeared at a high

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



cardi onyocytes was significantly suppressed when the Noggin protein (150
ng/ m.) was also included in the culture after the St' day. Mreover, when
it was constantly present for 7 or nore days in floating culture there were
virtually no 15 beating cardi omyocytes, and induction of differentiation
into neuron-like cells was observed as has been reported before (G atsch &
O Shea, Dev. Biol. 245:83, 2002). [0088]4These results show that Noggi n
treatment is inportant both before and inmediately after the EBs 20

formation 'nmeaﬁﬁ@ Egnegihﬁhgghbynbggﬂ Qbﬁaihenabahlgﬁeqfth@@ diggsocyt es

fromES cells at t nst an sence of concentratt on of
the Noggi n %?5%51 @EEG'i:hEHeahEiQHCE'tO'EhéCEESC@B%ﬁn%%&b&‘l t o THE Re slehee

devel opnment © car i onmyocyt es. 89] (Exanple 4: Inhibitory effects of

BWP on the gyogapdi ghighfisr saaéat 'tenth@dhi%ki'i‘ﬁma‘ib' R@19ft NOUYHY) Egl n order
to confirmthe possibiiity that the induction of nyocardial differentiation

by Noggin trgaimgnin- af8un@ifEerefthateacytatyi, aikhalaet iviportemtNaggin as a
BMP antagoni st, we investigated the effects when BMP-2 was added to the

nedi um ats t hehgagaltuie of MegekRder298d] EEl ealllegbetoire el oaiagoer f or med
under the same 5 conditions as in Exanples 1 and 2, with various

concentrati opaletirBYPadd wherdeg sellbeweastcuilttred WidhoNigghe protein

(150 ng/nmL) and the effects were investigated with the results shown in

Fi gure 6. BMmdditdonceffit LAFi ¢aodepyyddnt iy pwei-Aifédrent iatdoa ditalgel 0

differentiation-inducing effects of Noggin treatnent on the

the appearance rate of beating EBs was significantly less
) even with Noggin treatment.

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).
foossl 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, and when 5 ng/nL or nore of BMP-2 was added virtually no beating
EBs appeared. [0091] (Exanple 5: Effects of Noggin treatnent in a

nyocardi al differentiation-induction systemusing feeder 15 cells) It has
been reported that cardionyocyte differentiation can be induced, not using
a three- dinensional culture systemsuch as a floating culture or hanging
drop culture, by co-culturing ES cells to48ther 20 with ST2 cells, OP9 cells
or other stroma ceIIs seeded beforehand on culture plates as supporting

gglhlrzet(j];reegtergl :p%ng%rzﬁ%u?ﬁc d‘%l %E%%%i%f‘w 2513@%'%3,34352% herefore

tigated ts f !
i nvestigate bQ%g%Bli% 1N9%§EE€%UrC g%%ﬁ ﬁlken ce ﬁ&i as the

i nducti on system usin I'I's

feeder cells d]E G th%h%eHS‘%lw %ts%‘ﬁ ed p q:q_g: (o3 Qjo@blehval I able 6-well

plates for ce cul'ture (Corning), those cultured to - confl uence

usi ng medi umg 19329 histing ﬂfoa%h%e%QtMEMs Wete tpre&%}}ne\ﬁ tdhdJéP/ﬁféS same

(I'nvi trogen) thereto weré used as feeder I's. A suspension of ES

cells ind® Yohdliticdls a3 e PR @qre%pqr P abﬁi‘t@» wid ddie feeder was 5
washed twice in PBS and seeded 2000 cells/2nm ‘nediumwel I. The appear ance

of beating Codicemteati’ons\a¥ BMPL 0RSRIIRIRG EC HB%C GRineald imee\e@y Wiy, and

after 8 days of culture some of the cells were fixed with 70% et hano

sol ution, redoigedn PreIRIN Q50 Wdl/MIYNtands Aheo EFfie by @&ive ant i bodi es

(MF20; 10 American Type Culture Collection) as the primary anti bodies
investigated with the results shown in Figure 6. BMP-2

) 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



foll omed by horseradi sh peroxi dase-conj ugated secondary anti bodies

(Hi stofine Sinple Stain PQOM; Nichirei), and finally subjected to a col or
‘reaction with ACE (3-am no-9- ethyl carbazole) substrate liquid (N chirei)
and observed 15 under an optical mcroscope. [0092] Under these culture
conditions, ES cells seeded on ST2 cells fornmed colonies of a size that
could be observed macroscopically w thi-n4@ few days after plating, and
cells (colonies) positive for a nyocardial cell marker, 20 sarconeric myosin

h der, t ,  whi |
f)eS{ ?ﬁg e::ar %zginyocy ctees\ﬁg%in e on aQ{) %ﬁ{él?%%ég@%f‘&%u ur(l;re ES l:elel S

whi ch had beg %fé% | Ry pé[cpd@d el PsleVs for
the 3 days be%tg;%ﬁg i mere seede SH' éh s, and cu turng%%

medi um cont ai \ﬁ%ﬁ( &0 9/ My Spehdaws cpf E9-&alidiren ghe results
are shown in |gure 7. e nore than 66) Yo of the ES cell- derived col onies

formed on theifigpdercdyar & D s dretfardn Al 486y the HE84Er WES0 Or

nore of the colonies were positive in the Noggin (+) group, and the

percent agg ofyadWelD-thaidd i M 188 | gnd s8dl U 00 Yo dBBs /MR e @@t /wetLt he
Noggin (+) group than in the Noggin (-) group. Mreover, 5 beating

car di onyocyt egh AR Achrite i EEY indcardl dnito cNoE)i wad Hhéh Copserded e
about 30% of ES cell-derived colonies fornmed on feeder cells beat in the

Noggin (-) Giidtbscdmidal/BPoafed Va0l aff ter 8 ades vefl ¢wlberé somet he

Noggin (+) group. 10 (00931 (Exanple 6: Effects of Chordin treatnent on
of the cells were fixed with 70% ethanol solution, reacted
successively with anti-sarcomeric myosin antibodies (MF20;

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



cardi onyocyte differentiation fromES cells) The myocardi al induction
effects of Chordin, which 1like Noggin is known to act as a BMP ant agoni st,
were studied and conpared with those of Noggin. A comrercially 15 avail able
reconbi nant Chordi n-Fc chinmera protein (Reconbi nant Mouse Chordin/ Fc
Chinera, R & D Systens: hereunder called just "Chordin (protein)" was used
as the Chordin protein. A hanging drop caaflture was perforned by the sane
met hods as in Exanple 1 using ES cells which had 20 been cultured for 3 days

in nediun1tc%ﬂgnﬁ%$§@99{ﬂé§§$gu pgé aéo%rmgpgrgkntﬁ%gg?ﬂgﬁg%% Qggebeen added

or nediumto  which nei act or een added. of

hangi ng dro%&gﬁy‘r’&i@s&%ﬁ%ﬁgﬁl e¢) egrahf, Saf egh?ﬂlr)teﬁle:l?nit%gua e di shes,

and differentiatron into c ocytes was 25 then uced by

adhesi on cul . S | HhON¥asYhEenaAReRESIihNthiRe
Chor di n-t rea%%l%l@E%géjégwg g%i]é%o%t?a%%ggsgﬁjég?gt eagshi n tﬁesNoggi n-Freat ed ES

cell's (FigurngogginCpP)i §AbRE thah iﬁkﬁhébﬂgbﬁincboﬁdPﬂoﬁﬁ$ -Méteoer,
nyocardi al differentiation-1nducing effect on ES cells. "[0094] The effects

of Chordisn Wes£t #h§OcatdtbRotstas appéatéar bt aERsghermehitenifyenar di al
differentiation induction nethod. E% cells which had been cultured for 3 5

days in nedineggon Wk §Fhgheggt nwhibe apéat)30% 6HOEdi BelilS@erngedl) had been
added or nediumto mhic% neither factor had been added were seeded on

commer ci al | ycoveniaedl €ospbar ohdfeedét ucelpsabeat( 2fi- vhel Noygbtin- -t es,
Sum tono Bakelite) to form EBs and induce differentiation of
cardi onyocytgsoupn abotihi 308asE, thegeolpnieshwaddedbEborvddntolbBatginl) and
2 ) 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 Dbeen 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



group wi thout added Chordin were established. [0095] As shown in Figure 9,
beati ng cardi onyocytes were evident in the Chordin-treated ES cells
(Cerr]Cin figure) as they were in the Noggin-treated ES cells (Nerr]N 15
in figure), confirmng again that Chordin has the same nyocardia
differentiation induction effect as Noggin in ES cells. The nyocardi al
differentiation pronotion effect was als&1lsi-gnificantly higher in the group
that Chordin was pre-treated during 3 days before induction and not treated

20 aft EB: i O =) i t
CPeated wi i DB C d aadrdnt bt il andiiy (dkddi Buls doifts 1S N
after EBs formgddon ((-)fed rdf_%é&s fdﬂ‘t‘lf‘c)réiﬁiﬂ%éﬂb tes i EPiEs YONP a

((-)[err](-) in figure). The same effect was al so seen when Noggin was used

in place 25 of; Gttt EBY tfbrindWich Ay SUMIed1 1 Qe sl aln i ¢ gsrent i at i on

pronotion effect being confirnmed in the group that was treated with Noggin

for 3 days beffu-tERsn dtmsd On EBitcd0 s WHidh NMadNaEm sestwekiedeaf ter EBs

formation and in the - 52 group that was not treated with Noggi n before EBs

formations bidagsd MhimduiNasatd weicradesyiad t €15 EBsg /il B3t AChd@in i (156 he
untreated group. [0096] Next, enbryonal carcinoma cells (hereunder 5 called

EC cells), wWhig/nIay eaad Mderi dduddd cxelnediverito uiteikh tried st f fet @r tHed

ef fectiveness of Noggin and Chordin treatnment in human cells. NCCIT cells

(purchased frwen Altded averle/ edddd Wre domneandially avdilatleGpndtold ne,

were cultured for 3 days in the same way as the 10 af orenenti oned nouse ES

cells in nmediamturedpdtddog@érwell multi-plates, Sumitomo Bakelite) to

) form EBs and induce differentiation of cardiomyocytes. 1In

10 this case, a group with added Chordin (150 ng/mL) and a
group without added Chordiﬁ 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 dQuring 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



(15 ng/m.) or Chordin (15 ng/nL) had been added or nedium to which no
factor had been added. These were then seeded on commercially avail able
floating culture plates to form EBs which were cultured for 14 days. GCene
expression or 15 protein production of cardionyocyte-specific markers was
then investigated by PCR or i munocytochem cal staining using the sanme

net hods as in Exanple 2. As a result, tnb2iction of expression/production of
t he nyocardial marker nyosin was confirmed in NCCIT cells treated with

[ 20_¢Ch ' 9 I = '
on car di ony SEJKE. PRFoMER, Aot SHORRER fLeh NPGRInpeRolE R MhANINE C
BWP [ Is ' DA ' =i f act
25 and grent PREwSPo TR Negnae Upec BEIC e CRTRS R ORISRt L e

Systens). ES;gel i h en cultured for 3 days in nediumto which
t he aforenen%ﬁgnggtg%s%ggh?ggg i'sts (150 ng/nL) had been added and mediumto

which - 53 ant a hSt e e rcial
POo5YT ant ag@i:s eﬂl%gy?rg%?.  &dRAntRie c2A96eq R el y

avai lable floating culture plate mul ti plates; Sum tono Bakelite)

to formEBs apd1bRdeee cedinlsher GRLICH! 228 51 163 HoOBOLIAS, Wei@Ukdrs a
result, myocardial differentiation induction with these various factors was

the same or tgreayRktdgattaknebledraed iWehlesNogd Nodd nCapidichdrdigure 10).

Moreover, simlar effects were al so obtaineq from addition of a reponbinant
protei n (RecerBataehtMiusaubdiRcEl 15A FOICCTT®ed1sR ($u2 chasdedrEronhi ch

corresponds to the
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



extracel | ul ar domain of BWMP receptor 1A and conpetitively inhibits binding
of BMP fam |y nol ecules with endogenous receptors. - 54 - CLAIMS [1] A

met hod for inducing differentiation of cardi onyocytes fromstem cells,
wherein stemcells are cultured to induce differentiation 5 in the presence
of a substance that inihibits BMP signaling. [2] The nethod according to
Claim1. wherein culture of the stemcet!|53to induce differentiation
conprises a step of form ng enbryoid bodies by floating aggregation

culture. 10 13 giae.ELfod, 86opLy Aol 0abhahM,dro MIELAER BHI ture of the stem
celI's to indi®e ai fTerentiatron conprises a Sstep Of co-culturing with

feeder cel | Scohflrdl, It 00d: 206900k RGaEnE! BThdre"BEREED FYELUESLON the

stemcells to I nduce ferentrairon nprises a s pl ate cul turing

on a Cu'turﬁnﬁfﬂiﬁigﬁés; éé&i?%@o”ﬁéﬂ@?i@& OEQiPSrhOEPFyaHBe%BPHGEai”5 1

through 4, conprising a step “treating the stemcells wt e substance
that inihi b'aisfﬁé@eﬁwa@ibﬂgm%lgsf%iﬂs%{gbeﬁe&ew days of the

di fferentiation-inducli ng stage. 2 e et hod according to any one of

Caims 1sthrpygghs)4, COARrastagutStRPoLhriigdt HNgcbPenstiamieRl |s With the
substance that inihibits BWP signaling during pre- differentiation stage.

[ 7] The met hpaae€P6di WOthOtABY¥e 0G8robusl BhbBotst HagUERe damé. ogONPrising a
step of treating the stemcells with the
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.



substance that inihibits BMP signaling during pre differentiation stage, and
a step of treating the stem cells with the substance that inihibits BW
signaling 55 during the first few days of the differentiation-inducing
stage. [8] The nethod according to any one of Clains 1 through 7, wherein
t he substance that inihibits BMP signaling %;;a 5 BMP antagonist. [9] The
nmet hod according to Caim8, wherein the % antagoni st is one or nore
selected froma group conprising Noggin, Chordin, fetuin, follistatin,
sclerostin, DAN, Cerberus, gremin, Dant@L&iMSrel ated 10 proteins thereof.
[ 10] The nethod according to any one of Clains 1 through 9, wherein the
stem cel | s ar Bl ramfaimedhoderfioredingbid inqadfiferdrtigbiontgfto differentiate
into cardi omyocytes in vitro. 15 [11] The nethod according to C aim 10,
wher ei n t he neandiemvcdetévseliroml Etemavendgst hwheielinty to differentiate
into cardionyocytes are pluripotent stem cells or cells derived therefrom
[ 12] The met hod accdredi mglils Grg mulltundderid niductedpEferpotéatisnem cell s
are enbryonic stemcells, cells with a simlar norphology to enbryonic stem
cells, eMrydni thgepnegehte, ofr amfgubgicnee thdt tipthiehts oBMResignaling]
The nethod according to Caim12, wherein the pluripotent stemcells are
enbryoni c stef®125 T 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, whe:e}n
culture of the stem cells to induce differentiation
comprises a step of co-culturing with feeder cells.
[4] The method according to Claim 1, wherein
culture of the stem cells to induce differentiation
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



1 SEQUENCE LI STI NG <110> FUKUDA Keiichi <120> Met hod of Inducing the
Differentiation of StemCells into Myocardial cells <130> <150> JP

2003- 346248 <151> 2003-10-3 <150> JP 2004-212255 <151> 2004-7-20 <160>
16 <210> 1 <211> 20 <212> DNA <213> Artificial sequence <220> <223> for
forward prinmer for anplifying GATA-4 <400> 1 ctgtcatctc actatgggca 20
<210> 2 <211> 20 <212> DNA <213> Artificsml-sequence <220> <223> for
reverse primer for anplifying GATA-4 <400> 2 ccaagtccga gcaggaattt 20

<210> 3 <211> 20 <212> DNA
during the first few 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.



<213> Artificial
TEF- 1
Artificial

sequence

sequence <220> <223>

<400> 4 aaaggagcac actttggtgg 20

Artificial sequence <220> <223>
<400> 5 ggagcctgat tccaaagaca 20

f or

<210> 5 <211> 20
for forward priner
<210> 6 k211> 20

f or

<220> <223> for forward prinmer for anplifying
<400> 3 aagacgtcaa gccctttgtg 20 2

<210> 4 <211> 20 <212> DNA <213>
reverse priner for anplifying TEF-1
<212> DNA <213>

for anplifying Thx-5
<212> DNA <213>

reverse prinmer for anplifying Tbx-5

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

<223> for forward primer for amplifying GATA-4

Artificial sequence <220> <223>
<400> 6 SEQUENCE LISTING

<110> FUKUDA Keiichi
<130
150> JP 2003-346248
<151> 2003-10-3
150> JP 2004-212255
151> 2004-7-20

) <160> 16
Q10> 1
Q1 20
<212> DNA
213> Artificial sequence
220>
<400> 1
cigicatcic actatgggca
210> 2
QI 20

_ <212> DNA

) <213> Artificial sequence
<220

20

<223> for reverse primer for amplifying GATA-4

<400> 2
ccaagtccga gcaggaattt

210> 3

Q11> 20

<212> DNA

213> Artificial sequence
220>

20

<223> for forward primer for amplifying TEF-1

<400> 3
aagacgtcaa gecctitglg

20



ttcagccaca gttcacgttc
sequence <220> <223>
agcaagaat a cgatgccatc
sequence <220> <223>
gaaggggt gg tggtacggtc
sequence <220> <223>
ggaagagt ga gcggccatca

<210> 4
Q1D 20
<212> DNA

20
f or
20
f or
20
f or

agg

<210> 7 <211> 20 <212> DNA <213> Artificial
forward priner for anplifying MEF-2c <400> 7
<210> 8 <211> 20 3 <212> DNA <213> Artificial
reverse prinmer for anplifying MEF-2c <400> 8
<210> 9 <211> 23 <212> DNA <213> Artificial
forward primer for anplifying al phaMHC <400> 9

23

<210> 10 <211> 22 <212> DNA

<{213> Artificial sequence

<2207

<223> for reverse primer for amplifying TEF-1

<400> 4

aaaggagcac actttggtgg

210> 5
\ Q11D 20
) <212> DNA

{213> Artificial sequence

<220

20

{223> for forward primer for amplifying Tbx-5

<400> 5

ggagectgat tccaaagaca

<210) 6
211> 20
<212> DNA

20

<{213> Artificial sequence

<2207

<223> for reverse primer for amplifying Tbx-5

) <400> 6

ftcagccaca gttcacgtic

210D 7
211> 20
<212> DNA

<{213> Artificial sequence

<220

20

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

<400> 7

agcaagaata cgatgccatc

<210> 8
211> 20

20



<213> Artificial sequence <220> <223> for reverse prinmer for anplifying

al phaVHC <400> 10 ctgctggaga ggttattcct cg 22

<210> 11 <211> 20 <212> DNA

<213> Artificial sequence <220> <223> for forward prinmer for anplifying

M.C- 2v

<400> 11 gccaagaagc ggatagaagg 20 <210> 12 <211> 20 <212> DNA

<213> Artificial sequence <220> <223> for reverse prinmer for anplifying

M.C-2v 4

<400> 12 ctgtggttca gggctcagtc 2 <210> 13 <211> 24

<212> DNA

<213> Artificial sequence <220> <223> for forward prinmer for anplifying
al pha- car di aé2ldetDNA  <400> 13

<{213> Artificial sequence
220>
<223> for reverse primer for amplifying MEF-2¢c

<400> 8
gaageegtgg tggtacegtc 20

210> 9

Q11 23

<212> DNA

<213> Artificial sequence

<220

<223> for forward primer for amplifying alphaMHC

<400> 9
ggaagagtga geggecatca agg 23

<210> 10

Q11 22

<212> DNA

<213> Artificial sequence

<2200

<223> for reverse primer for amplifying alphaMHC

<400> 10
ctgctggaga ggttattect cg 22

210> 11

QI 20

<212> DNA

<213> Artificial sequence

<220>

<223> for forward primer for amplifying MLC-2v

<4007 11
gccaagaage ggatagaagg 20

<210 12

211> 20

<212> DNA

<213> Artificial sequence

220>

<223> for reverse primer for amplifying MLC-2v



ctgagatgtc tctctctctc ttag 24 <210> 14 <211> 20 <212> DNA <213> Artificial
sequence <220> <223> for reverse priner for anplifying al pha-cardiac actin
<400> 14 acaatgactg atgagagatg 20 <210> 15 <211> 19 <212> DNA <213>
Artificial sequence <220> <223> for forward priner for anplifying GAPDH
<400> 15 ttcaacggca cagtcaagg 19 <210> 16 <211> 19 <212> DNA <213>
Artificial sequence <220> <223> for reverse prinmer for anplifying GAPDH
<400> 16 catggactgt ggtcatgag 19

<400> 12
ctgtggitca gggctcagic 20

<210> 13

Q11> 24

<212> DNA

<213> Artificial sequence
<2207

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

<400> 13
ctgagatgtc tcicictctc ttag 24

210> 14

211> 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 cagtcaagg 19

<210> 16

QI 19

<212> DNA

213> Artificial sequence

<2207

<223> for reverse primer for amplifying GAPDH

<400> 16
catggactgt ggtcatgag 19



