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-1- SPECI FI CATI ON METHOD OF CONSTRUCTI NG MASSES OF MYOCARDI AL CELLS AND USE
OF THE MYOCARDI AL CELL MASS TECHNI CAL FI ELD [0001] The present invention
relates mainly to a nethod of preparing cell masses by aggregating purified
cardi onyocytes derived frompluripotent stemcell obtained by dispersing to
single cells, as well as a nethod of treating cardi ac di sease by causing the
prepared cell masses of cardi omyocytes to be engrafted in the cardiac

ti ssue, and a nethod of preparing sheetd-of cell masses using the cel

masses of cardi onyocytes. BACKGROUND ART [ 0002] Cardi onmyocytes in adults
have |l ost the proliferating activitgprmgicarNCc transplantation is the
only way to treat serious cardiac di seases such as nyocardial infarction

and car di ony opRIBTHOD OHF GONSTRUEYENG MAXSFES OF M YUCRRBIADICRINES AngX of
cardiac tissue donors, there is a pressing need to devel op a nmethod of

treatment other than car digSE OFITHE MBOCARDIAL CBOOMAKS contrast, use of
cardi onyocytes prepared outside the living body to supply with thempart of

t he di seased cardi onyocytes is anticipated to becone the nost prom sing way
to save patients who have to depend on cardiac transplantation. This
approach AECHNHIAEMELB called cell therapy on the heart. To bring this
therapy into reality, various trials and errors have been conducted. The
nmet hods urjoRd1]r &he evesentdhesiinn ueatagymaend ylicompethptl @f popasketdl mhssesypbl ast s
and bone marrow cells or the |like that have been extracted from fetuses,
neonat es aggregating mirified icamgliatny dogtes dtiiwtdeliors iphuripmtint stetmecellobitdingd ynd
obtaining the stemcells (such as somatic stemcells) which are suggested
to exi st idispetsing tpwingle dsbisyasiveadl dsaemetbodgbseating carddac disrascbnepusingithe
differentiation (Non-Patent Docunent 1. Zhonghua Yi Xue Za Zhi 2003, 83,
1818- 22) . Proec4|celtmassesrafcarigmyenytasdo be emgiéged ntthe eardiag Hpsugatiifeasmetting of
approach involves transplanting cardi ognyocytes as cells and in this nethod,
t he car di PRSPIEDE gheet @ﬁéﬁg@gsqsdlsmg the cell masses of cardiomyocytes.

BACKGROUND ART

[0002] Cardiomyocytes in adults have lost the proliferating activity and cardiac
transplantation is the only way to treat serious cardiac diseases such as myocardial infarction
and cardiomyopathy. In fact, however, owing to a problem of the lack of cardiac tissue
donors, there is a pressing need to develop a method of treatment other than cardiac
transplantation.

{0003] In contrast, use of cardiomyocytes prepared outside the living body to supply with
them part of the diseased cardiomyocytes is anticipated to become the most promising way to
save patients who have to depend on cardiac transplantation. This approach of treatment is
called cell therapy on the heart. To bring this therapy into reality, various trials and errors
have been conducted. The methods under review include: using cardiomyocytes or skeletal
myoblasts and bone marrow cells or the like that have been extracted from fetuses, neonates
or adults; using differentiated embryonic stem cells; and obtaining the stem cells (such as
somatic stem cells) which are suggested to exist in the living body has been suggested, and
inducing their differentiation (Non-Patent Document 1: Zhonghua Yi Xue Za Zhi 2003, 83,
1818-22).

[0004] These methods can be divided into two approaches. One approach involves

transplanting cardiomyocytes as cells and in this method, the cardiomyocytes dispersed to



~2- single cells are directly injected into a tissue via injection needle
(this method is hereinafter referred to as an "injection nethod"). The

ot her approach involves constructing a tissue or an organ outside the
living body (which is hereinafter referred to as a "tissue engi neering

met hod") and this artificial tissue or organ is transferred into the body
for treatnment. [0005] Various attenpts hgve been nmade to inplenent the

ti ssue engineering nmethod and they inclfade: 1) a nethod in which

cardi onyocytes are fornms in sheet-like structure, which are then attached
onto a ti ssigke deNoarcRhteetly inpantedhimnt a @ssu€iviacinjeatioroneces(@las atetidd(d® hereinafter
90(3):e-40); 2) a nmethod in which cardionyocytes and non-cardi omyocytes are
m xed i n té¢ferredtnes apr'opoation omghed).t Hhyotherapproach énvodivadicassttuctisgi e tissud oa an

t hree-di nensional structure fornmed of the mixture is used to replace the
tissue; 3prganmatsidecthe Hvingibody &vhich éshateinalteriroieaied da avattispee erigtneengred of t he
cardi omyocytes dispersed to single cells, with a vascular structure being
further cormshodi}antthisandficipltisswe eeorganrisieangfsard inte thethods forstreatipenti t ut ed for
the tissue; and 4) a nethod in which, rather than replacing the cardiac
tissue, alPROR]aYeriopsatiempighavethesh made fosuuplementthtissun epginecring gagthad andt i on
is transplanted to a site ectopically (Non-Patent Docunment 3. Circulation
Resear ch dy7ndude;da meghadinpyhich epsdigmyoeyiey ate fomms inshesyiliks sHuctyreaylichher e
various trials and errors are under way toward. clinical_therapeutic

appl i cat i 8Ff, thadattachpbantaadisyes m%?ﬁté?PCB%EE?:@FC%PQ.RWr%h Wlpecause

t ranspl ant i cardionyocytes to the heart involves several problens,. such as
t he incl u@Pgﬂ‘eo‘?oﬁ @eIal%et%?‘ﬁ’é‘rwﬁlﬁ%ﬁaféwoﬁ}ﬁﬁfiﬁEW{ %@-quﬁw"aﬁgytaﬁf pmied iy the of
the transpl anted cardi ofyocytes and thhe ingbility.to exc|yde, cogponent.s
or i ved | PUAF Brarertesat MES S e e tisthe ol dithisg iy SrsBhal Mpnie FREEELT
transpl antation, nethqds are known that ar capahbl e ..of gonstructing cel
mases | naAIHrotH 1 reRlEs i U ode et BYERChE e TS lfuiDg ¢ o
a recent r. |1 r nelr S| cel | i ncl udi ng
non- car di 6%{/2’%%%/? 8§ etcﬁémﬁgofcgyxggfs \8/%8& Eorécfilﬁélg geelﬁf g{ﬁgla g‘léuﬁ?r S?JNS%I% "g%t
Docurment 4o,y BRy el QIR 1 DR eng3R £ARR:2R Wb RAORbor thSidsE03R S, Le
transpl antation of catrdionyocytes, a case has been reporte ere ftetal

\A”g‘rJZ ecgﬁ][ %%@ﬁ?ﬁ%lﬁgh‘gﬁtggr atP%I{e %B%@ﬂggggﬁ{% Qis{ulea RERQhilRy GEAH fhafUsEiSes i1 ch
the inherent organ function is transplanted to a site ectopically (Non-Patent Document 3:
Circulation Research 2007 2, 100: 263-272).

[0006] However, at the present stage where various trials and errors are under way toward
clinical therapeutic application, no method has yet exhibited practical data. This is because
transplanting cardiomyocytes to the heart involves several problems, such as the inclusion of
cells other than cardiomyocytes, low engraftment rate of the transplanted cardiomyocytes,
and the inability to exclude components derived from other species.

[0007] To use cardiomyocytes as cell masses in transplantation, methods are known that are
capable of constructing cell masses including fetal or neonatal rodent cardiomyocytes and,
according to a recent report, cell masses were constructed using whole cells (including
non-cardiomyocytes) that were derived from the fetal heart (Non-Patent Document 4:
Developmental Dynamics 235; 2200-2209, 2006). As regards the transplantation of
cardiomyocytes, a case has been reported where fetal mouse cardiomyocytes were

transplanted into the hearts of adult mice, which were confirmed to be engrafted (Non-Patent

Document Science 1994, 264(5155): 98-101). However, this method of the transplantation
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Document Sci ence 1994, 264(5155): 98-101). However, this nmethod of the
transpl antation -3- of cardionyocytes involved the use of whole cells to

whi ch the whol e fetal hearts were dispersed by neans of coll agenase, so the
transpl anted cells were conposed of a cell population conprising a m xture
of cardi omyocytes and non-cardi onyocytes. It is also known that
non-purified cardi onyocytes derived fromthe |iving body can be transpl anted
to the heart (Non-Patent Docunent 5: Scdence 1994, 264(5155): 98-101; and
Non- Pat ent Docunent 1 : Zhonghua Yi Xue Za Zhi 2003, 83, 1818-22). [0008]

Al so knowef édrdiemyBEyedlinvlvel tiehuse o whbBR deI19 €W hichthdlivhdie FaRLt Heakts Rareof
enbryoid bodies fromES cells, the enbryoid bodies are inconpletely treated

Wi th a prdispérsst bE meSidZofBllagdiedessPma tangslpibdtd Brwdaro oPnpeded@f a@tll nasses
that are rich in cardi onyocytes and those which are not is obtained and
then is spbpdsticccontpridaipsd mixtge adicardiontygieytes hnd) adn-oardiontyoeyebylt adilso ni ng
cell masses that contain up to about 70% of cardi onyocytes (Patent Docunent
1. US 200%5n0&d #aBBoApurifi@DE&®diomyaeytes derivad lfiroof the hiving bogy fvan be transplanési tbhe
use of a cell population that also contains cells other than cardi omyocytes
and cont amherteart ¢NoofPaent Rocwehérs SoStiencet 1994, 2645 thi5oritet0l; esd May-Ratone t he
potential to cause serious unpredictable side effects that may threaten the
life of aDsetuinemtl aZhemghua diSpicadat 2hii2003, 83nd818-22e circunstances, it is
considered necessary that cardionmyocytes to be subjected to transplantation
t her apy shd08li Bdsoknownas aarethqsliniwhicktin the. prp@ed of differcatiation efsmhrgoidave
descri bed achi evenments in transplanting unpurified, ES cell-derived
car di onyobgdiesfrom Ehecllsethe embnypid bpdias #rg ingeannletel ydecatedgyitl 2 prpteohdiceaf t er
(Non- Pat ent Docunent 6: Cardi ovasc Res. 2007 May 17; Non-Patent Document 7:
Stem Cel EBZYyMXGWhefgipoma popHatiogerrmyiseie: celgpapsesthataire dalsmpeaydiopyoaytegnds 3) |
According to a_ .recent paper, however, which discuyssed purifyjng ES
cel | - der i Yiage ¥hich aa?rpefdwg@nlaﬁ&nd thepde sybigsteda densityeradignt reairfugatin,

| ant ed. car di extr | ow and

engraftment rate qf. the transp Q e S enel
no cardio @m@éalmgéelﬂ S {RAt S%mé‘ﬁ‘_dﬂ’a‘f’tagﬁ%( Yol Ca?@a@aogﬁ?%@tgﬁt wi t hin
t he host ﬁfé’ glglaﬁqddse%sn&hs%]%ent init for an extended period of tine);

as it tur

[0009] However, each of those methods involves the use of a cell population that also
contains cells other than cardiomyocytes and contamination of such cells other than
cardiomyocytes may have the potential to cause serious unpredictable side effects that may
threaten the life of a patient after transplantation. Under the circumstances, it is considered
necessary that cardiomyocytes to be subjected to transplantation therapy should be used after
purification.

[0010] Several reports have described achievements in transplanting unpurified, ES
cell-derived cardiomyocytes to the heart and allowing them to be engrafted thereafter
(Non-Patent Document 6: Cardiovasc Res. 2007 May 17; Non-Patent Document 7: Stem
Cells. 2007 May 31; and Non-Patent Document 8: FASEB J. 2007 Apr 13). According to a
recent paper, however, which discussed purifying ES cell-derived cardiomyocytes and
injecting them into the heart, the engraftment rate of the transplanted cardiomyocytes was
extremely low and no cardiomyocytes were found to be engrafted (i.e., those survived within
the host organ and remained adherent in it for an extended period of time); as it turned out,
the purified, ES cell-derived cardiomyocytes were not able to be engrafted after they were

transplanted into an individual (the living body) (Non-Patent Document 9: J Exp Med. 2006;



the purified, ES cell-derived cardionyocytes were not able to be engrafted
after they were transplanted into an individual (the living body)
(Non- Pat ent Docunent 9: J Exp Med. 2006; -4- 203:2315-27.) [0011] This
report has brought light to the difficulty in causing purified
cardi onyocytes to be engrafted after transplantation. In order to solve
this problem a nmethod was discovered in the sane report that involved
transpl anting the ES cell-derived cardi of‘ryocyt es in adm xture wth nouse
enbryonic fibroblasts with a for the purpose of enhancing their engraftnent
rate afteo3:23egp)antation (Non-Patent Docunent 9: J Exp Med. 2006 Cct 2;
203(10): 2315-27). This shows that no known nethods are capabl e of
t ranspl an{001g] pThisfremat =S beqlght tglititu elek diffevutty anyasitiggaurified caidiomywygs ad t ed
while retaining their purity. [0012] In addition, in order to prepare cell
t r anspl anbe etigraftedafeer itrahspiatestiono rin vsder tosdlethigyproblem, b neetindwas disabyeredét um
and other factors that are derived fromother animls nust be excluded. In
t he met hothechmpregrat thaginealved tansptapties ttedE D ecllidedved watdiempqlytastimbadroixture
culture is usually performed in the presence of serum but it is known that
under ser withfmese corbdyaniofilsroblabts weith £6or thel puispasaof tohancagihgioengrafodémsatewhi ch
contain cardiomyocytes in conparable anounts to those obtained béthe usual
cul tur e i aftetrfeansplentetiere(Nin-BatentrgaorentitJetxp Modc2(iér{dct 202031 @)12383-L3). and
devel opnent 15:931-941, 2006). However, no known reports including this
report haviskhews iliaedo knewn medfods peerpapalin of Hansplanting pyolisd BS celhderivodr e
prepared wthout using factors such as serumthat were derived from ot her
ani mal s. FardIBYOrkigs to femakt engraftqdavhilayvstainipg theinelY-es coul d be successful |y
transplanted to the _heart, several problens, such as the inclusion of cells
ot her t hatOUa dimedditign, axordente nrepgre elbiramsplapisthatareingmded frause lythegpy on
cardi onyocytes and the inability to exclude co nents derived from ot her
speci es, MfTUmAR hodyysegm ppdgibehiactory @etﬁff detiyadyigom other aBmALEREYPewi th t hei r
transpl ant at.i to the card.ac tissue, it is cqntenplated to t.ranspl ant
card: omyoestbdet IR UmpERY PhprepyinEsaigmyeET s GECSE I HESplagario Supwg 1
preparation of cell sheets, it is.known that neon | cardi omyocytes.are
et Lo 1 VAT PEBPHBRLA)CPistech BbEaab 4 P AP e s e R BE P Bufiep
stratifi e?m}ngn Yibtcre s éal}llo o_rlﬁ)aelfn rr];[foid bodies, which contain cardiomyocytes in comparable

amounts to those obtained by the usual culture in the presence of serum (Non-Patent

Document 10: Stem cells and development 15:931-941, 2006). However, no known reports

including this report have described a case of transplanting cardiomyocytes that were

prepared without using factors such as serum that were derived from other animals.

[0013] Thus, in order that the cardiomyocytes could be successfully transplanted to the

heart, several problems, such as the inclusion of cells other than cardiomyocytes, the low

engraftment rate of transplanted cardiomyocytes and the inability to exclude components

derived from other species, must be solved altogether.

[0014] Further, in connection with their transplantation to the cardiac tissue, it is

contemplated to transplant cardiomyocytes in the form of so-called "cell sheets". As regards

the preparation of cell sheets, it is known that neonatal cardiomyocytes are used to form a

singlelayered sheet and up to three of such sheets can be stratified in vitro (Non-Patent

Document 11: FASEB J. 2006 Apr; 20(6): 708-10). However, this document also states that,

on account of limited oxygen permeability, the cell sheets cannot be made any thicker

without neovascularization to the cell sheet, and it is not possible yet to prepare a desired cell



Docunent 11: FASEB J. 2006 Apr; 20(6): 708-10). However, this docunent al so
states that, on account of |imted oxygen perneability, the cell sheets
cannot be nade any thicker wthout neovascul arization to the cell sheet,
and it is not possible yet to prepare a desired cell -5- sheet that fits the
size of the diseased tissue of the heart. [0015] As descri bed above, the
stated of the art is such that the preparation of cardionyocytes to be used
in transplantation and the transpl ant atren of those cardi onyocytes need
further inprovenents fromthe viewpoint of practical feasibility. Patent
Docunent 3hecUtha?fi35hOA1e108Me Aisblavad HaswRrof thiokdament 1: Zhonghua Yi Xue Za Zhi
2003, 83, 1818-22 Non-Patent Docunent 2: Circul ati on Research 2002,

90( 3) : e- 400018 n ARaleemnibe Dabenee thie sBitedbfithethatis such es der mbpazftibh ¢f, 100: 263- 272
Non- Pat ent Docunent 4: Devel opnmental Dynam cs 235; 2200-2209, 2006

Non- Pat enkaidomayrentes o b&Sased it @adsplrhtatdficns HieSyanspBathlidn hbthoRatadibmPocytee nt

6: Cardiovasc Res. 2007 May 17 (FIkl(+) cardiac stem progenitor cells
derived f meed famtbeyimyrovesieats frehlthe viewpomtofpadicatfeasibdity.on in a dil ated
cardi onyopat hy nouse nodel ) Non-Patent Docunent 7: Stem Cells. 2007 May 31
(Differentiati oRaient Documant 1: G8200202CHM8IAt ed Hunan Enbryonic Stem Cells in
Post - Myocardi al Infarcted Rats) Non-Patent Docunent 8: FASEB J. 2007 Apr 13
(1dentificati onNoncPasent Bochmentdf: Z@Qﬂ@@r&@é‘}q&zh{ﬁq%@%dﬁé&%mryon| c stem
cell differentiation) Non-Patent Docunment 9: Exp Med. 2006 Cct 2;

203(10): 2315- 2ﬁon%ﬁﬂw&0éhmem&c@#@nkatlngeﬁa&hw2t9%he158ve| opnent 15:
931-941, 2006 Non-Patent Docunent 11: FASEB J. 2006 6& 20(6): 708-10

DI SCLOSURE OF THE rR{EntrPloecHm PGB CHos! ation Besegegh 24078l 192 63r&/BNTI ON [ 0016]

Hence, the pres i nventors studied the e entlal at are
assuned at |ea n ta‘?ﬂ‘@é’éH‘f‘e‘Ptd? DceIVFlr‘?PE‘ﬁPta éni‘ﬂméaﬁ) [}&Qé 2§§§cﬂogﬁymcyt es and
found, as a resyt.p ¢ Document 5: Science 1994, 264(5155): 98-101

Non-Patent Document 6: Cardiovasc Res. 2007 May 17 (Flk1(+) cardiac
stem/progenitor cells derived from embryonic stem cells improve cardiac function in a
dilated cardiomyopathy mouse model)

Non-Patent Document 7: Stem Cells. 2007 May 31 (Differentiation in vivo of
Cardiac Committed Human Embryonic Stem Cells in Post-Myocardial Infarcted Rats)

Non-Patent Document 8: FASEB J. 2007 Apr 13 (Identification and selection of
cardiomyocytes during human embryonic stem cell differentiation)

Non-Patent Document 9: J Exp Med. 2006 Oct 2; 203(10): 2315-27

Non-Patent Document 10: Stem Cell and Development 15: 931-941, 2006

Non-Patent Document 11: FASEB 1. 2006 Apr; 20(6): 708-10
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0016] Hence, the present inventors studied the essential conditions that are assumed at
least at present for clinical use of cultured cardiomyocytes and found, as a result, the
following problems.

(1) Purification of cardiomyocytes: When cardiomyocytes are to be obtained from the living
body or pluripotent stem cells, safety cannot be secured if they are contaminated by unknown

cells, so in whichever case, it is essential that the cardiomyocytes be highly purified. In order
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followi ng problens. (1) Purification of cardi omyocytes: \When cardi omyocytes
are to be obtained fromthe living body or pluripotent stemcells, safety
cannot be secured if they are contam nated by unknown «cells, so in
whi chever case, it is essential that the cardi onyocytes be highly purified.
In order -6- to maintain the purity of such highly purified cardi onyocytes
in a consistent manner, it would be necessary that the cardi onyocytes
obtained fromthe living body or pluri popént stemcells be dispersed to
discrete cells (as single cells), the individual cells being distinguished
from one typaintdin &Rqiuniey oSsuch highl pphrifidd@rdismgooyyoinlt @asiseht menkegliect ed.
(2) Oigin of cardionyocytes: Dfferences in the properties of
car di onmy oewulbbd ieebssany that thé edrdivenyospes betained froamthy livingsendlyloe phuripoteam of
i mmune rejection and ethical problens but also present serious influences
on cli ni cafensadlleby dispersed fo disarste celds (ab singlei aeflo); thenibdivaluekeellsdbeiog cel | s
originating fromthe sane species as the recipient individual. (3) Exclusion
of fact or distieguisted ffom onatyiprid snashersbhieat oglyatbe eardicTwyorytes dan basehagpaini ci ty
and contam nation by unknown pat hogens, contam nants, such as serum that
are derivéd) Origimefanardiemmgocyteso Dhifferengss dn the propsrti¢senf caudianlyatytes 4hat Exigr af t nent
of transpl anted cardi onmyocytes: Transplanted cardi onyocytes are required to
functi on ibatwedse seesins NehoRE causs theproblomiphimmena isiection ankethissk prpblems bpt t he
first place, they nust be engrafted in the host cardj onyocytes (kept
engr af t ed alsgpresantsgtievdiaduences ow climicalisatsly and dficagyesaié iy ignpertant taasudenor gr ow
to a bigger _size) at the next stage. [0017] .In_short, the object of the
present | sedergipating from Hresamespecioieasibe weinignt dndividdldi omyocyt es that have
been purifjed to such_an extent that they are free from nqn-cardi Qgnyocytes
and any céhpbKeHsion aéﬁcmdqr%%fmwn@f?é&%@réatﬁ:lqﬁ'eT? AXPIE PMEHPEEENTIDh ~ an
i nproved engraftnent. rate that pronotes maturation., MEANS FOR SO.VI NG THE
PROBLENG (56 ¢4l Amiration BY UpknowapaREep SoBATNIRL st 4° SERTD AN AR EB oy t o5
that were _derived from the.living bo r pluripotent stemcells and which
e vl

vere puri fiogyapimals pfother species ypu were free from non-cardi onyocyt es

and any C?ESD %qurrzyft%eg of t\r/a%%lpl];\rrlt(f):crl“r| cgr%po%yoscgf%gzl ”lersahsptlzpn?ed cardiomyocytes are required

to function in the same manner as the cardiomyocytes in the host but, in the first place, they
must be engrafted in the host cardiomyocytes (kept engrafted for an extended period of time).
(5) The cells must mature (grow to a bigger size) at the next stage.

[0017] In short, the object of the present invention is to provide a means by which
cardiomyocytes that have been purified to such an extent that they are free from
non-cardiomyocytes and any components derived from other species can be transplanted with
an improved engraftment rate that promotes maturation.

MEANS FOR SOLVING THE PROBLEMS

[0018] In order to improve the engraftment rate of cardiomyocytes that were derived from
the living body or pluripotent stem cells and which were purified to such an extent that they
were free from non-cardiomyocytes and any components derived from other species, the
present inventors studied the possibility of constructing cell masses from the purified
cardiomyocytes. As a result, we revealed that the object stated above could be solved by
providing a method of preparing cell masses of cardiomyocytes derived from pluripotent
embryonic stem cells (ES cells) or induced pluripotent stem cells (iPS cells), characterized in

that cell masses containing cardiomyocytes that had been differentiated and induced from ES



present inventors studied the possibility of constructing cell nmasses from
the purified cardionyocytes. As a result, we reveal ed that the object

stat ed above could be solved by providing a nethod of preparing cell masses
of cardi omyocytes derived frompluripotent enbryonic stemcells (ES cells)
or induced pluripotent stemcells (iPS cells), characterized in that cel
masses contai ni ng cardi onyocytes that had been differentiated and i nduced
fromES -7- cells or iPS cells were dispérsed to single cells to thereby
obtain purified cardi omyocytes, which were then cultured in a culture

nedi um undells 6raPY Btily were @peistd ANGngle céllAb thdtely dMEiR puficis@girdaiyRdytes,0019]
The inventors of the present invention first used cardi onyocytes derived

fromthe whish vagrelpahycudaebdsih d@uBRaretricl ipaIBdé dehiny-fRt comliMbmdsottha they were
above-stated object. To be nore specific, using the cardi onyocytes derived
fromthe Ikéaggregateddy that had been purified to such an extent that they
were free from non-cardi onyocytes and any conponents derived from other
speci es, {0 9Pr Fhentventoveolitbe presént dnvedtiom&irgp assl dardiomyooftesalehiaad from thbe
engraftment rate of such cardionyocytes after transplantation. [0020] As it
t ur ned outlivingtt®dpand studidd cleer phssitldy pf edvidethe/adubvestited dhgedt.i To bg nooey wer e
not capable of formng cell masses even after the | apse of 24 hours

cul t ur i ng sperific, using tireecandidinyoeytesoderived fnoq the $ivingrhady thatihad besnpurifistitengl y
suggested that the known net hod of forning cell masses of cardionyocytes,
as deri vedudh amexténs thait teggvere frye fromenonsgasdiemiyeeytesiaridranycomppnerits destvedst at e
was strongly dependent on the auxiliary action of non-cardiomocytes. In a
further pthespeeies, sheprgsend mygatoescstidied the pessibHileofnmhpiqingithe gngiaBmgatyt es
derived fromthe living body would behave under serumfree conditions,

t hose cel Irafe gesuchcatdiprayqcytesafist ransplagiation. npsses; on the contrary, they

t hensel ves underwent cell death, These results led to the . conclusion that

* const r uct¥4rd] c ésiit frmedent, dhe piind erdemyandsotrpied ies te by e orly g M
hear e YA RO o Sl LR SReE S LSS QU S L TR L Ssten
SRR SR RN R A BT T o -
masses of cardiomyocytes, as derived from the living body, that was effected in an unpurified
state was strongly dependent on the auxiliary action of non-cardiomyocytes. In a further
experimental study conducted to see how the purified cardiomyocytes derived from the living
body would behave under serum-free conditions, those cells were unable to construct cell
masses; on the contrary, they themselves underwent cell death. These results led to the
conclusion that "constructing cell masses of unpurified cardiomyocytes derived from the
heart in the living body" is an improbable technique and that it is even impossible to predict
the behavior, in a serum-free condition, of purified cardiomyocytes derived from the heart in
the living body.
[0021] Next, in the known methods of preparing cell masses of aggregated cardiomyocytes,
cells derived from the heart in neonatal or fetal animals were used, which were cultured in a
serum-containing culture medium. This is based on the common recognition that sera
generally have a strong protective effect, irrespective of the cell species. However, as
mentioned before, if therapy is performed on the human body, the use of factors derived from

other animals (such as serum) must be avoided. Hence, using serum-free media that were

supplemented with various additives containing serum substitutes rather than serum, the



cells derived fromthe heart in neonatal or fetal animls were used, which
were cultured in a serumcontaining culture nedium This is based on the
comon recognition that sera generally have a strong protective effect,
irrespective of the cell species. However, as nentioned before, if therapy
is perforned on the human body, the use of factors derived from other
animal s (such as serum nust be avoi ded. jHence, using serumfree nedia that
were supplenented with various additiveS containing serum substitutes

rat her than serum the -8- present inventors studied the aggregating ability
of the caposarmmenteesstddied tedggragatingability ofithgcdydidmyobiterdeived drodetheany of
the serumfree conditions tested, the cardionyocytes derived fromthe

| i vi ng botyingdody.uHawicecr undeonsy oltbt seim-ties conditians Itéstadn feasrdiordyodyéssr
survival rate was also poor. [0022] G ven a report stating a known nethod

t hat, whedeidvaddramjfedidiesbeilsr Wereanablo e eonstrugtithe depingd @gll wapses end theired as
cell masses, the survival of the cardi onyocytes was maintained for an

ext ended PEVivahralF was 880 pedie present inventors nade an attenpt to form cell
masses of urified cardi omjocytes, as derived fromthe |iving body, under
ser um f r e80B2ha Giveanisrepes siating § kpovie msthod thywebhen cardigmyerytehd@ived fmuihg be
formed even after five days of culture. This ? peripental result gave  the
new fi ndi ﬁgmagmiy WeFfoettuees asheH masseSogiseTvaY 0 thecaplipmyoctes VA RIBHPGE vt es
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shows tha the puri car di onmyoc erive romenbryonic stemcells
have hi gh afhichi drfd1f 89 RS the source of supply of cardiomyocytes. As a result of

making similar studies with various supply sources, the present inventors revealed that
Cardiomyocytes derived from purified embryonic stem cells bound together rapidly enough in
only 12 hours even under serum-free conditions, whereby three-dimensional cell masses of
cardiomyocytes could for constructed, and that they had already started to contract
synchronously at that time.

[0024] This shows that cardiomyocytes derived from embryonic stem cells were capable of
efficient construction of cell adhesion between purified cardiomyocytes and it also shows that
the purified cardiomyocytes derived from embryonic stem cells have high ability to aggregate
under serum-free conditions. Since this finding was reproduced with more than one species
using embryonic stem cells derived from the respective species, the feature described above
would be a nature that is common to the cardiomyocytes obtained from human and otherwise
derived embryonic stem cells. Based on the nature specific for this embryonic stem cell
under serum-free conditions, the present inventors successfully formed cell masses of
purified cardiomyocytes under serum-free conditions for the first time in the art.

[0025] Further, it was predicted from a known report that embryonic stem cell-derived



under’ serumfree conditions. Since this finding was reproduced with nore

t han one species wusing enbryonic stemcells derived fromthe respective
species, the feature descri bed above would be a nature that is commopn to

t he cardi onyocytes obtained from human and ot herwi se derived enbryonic stem
cells. Based on the nature specific for this enbryonic stemcell under
serumfree conditions, the present inventors successfully fornmed cell nasses
of purified cardionyocytes under serumfree conditions for the first tine
in the art. [0025] Further, it was predicted froma known report that
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after transplantation woul d al so have | ow capacity to reaggregate
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derived f PEdictedhihalbaverysatiempt i 3agregats the purified ¢ardigmyogyies degivied &lomyaki ng one
believe that they could not be _aggregated. Nevertheless, contrary to this
predi ct i o§MbEYRRIGTterE Salls Waldbe shitdicukt ghesalizc making one;beligve thatthey,cquid ngfrke t hat
the purified cardi ocyies derived fromenbryonic stemcells coyld
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cell masses showed a stronger spontaneous pulsation than the cell nasses to
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reproducibilify. Briefly, the addition of ITS (in
suitable for transplantation could be prepared from the cardiomyocytes derived from
embryonic stem cells, the present inventors studied additives that might be added to culture
media as a means by which the cardiomyocytes derived from embryonic stem cells could
construct cell masses more efficiently under serum-free conditions. As a result, when insulin,
transferrin and selenium (ITS) were added as the additives, the cell masses showed a stronger
spontaneous pulsation than the cell masses to which no ITS had been added and this
phenomenon was observed with good reproducibility. Briefly, the addition of ITS (in
particular, insulin) was shown to be desirable for constructing cell masses using the purified
cardiomyocytes derived from embryonic stem cells. Note that insulin is the most important
factor among ITS, with transferrin and selenium playing an auxiliary role.
[0027] In the next place, the present inventors added ITS to a serum-free basal culture
medium (hereinafter referred to as the basal culture medium) and further added a basic
fibroblast growth factor (bFGF) and/or an insulin-like growth factor 1 (IGF1) to the basal

culture medium; as it turned out, when bFGF alone was added, the cell masses at day 5 after

their formation had a significant increase in diameter, indicating that the cells of interest were



particular, insulin) was shown to be desirable for constructing cell nasses
using the purified cardionyocytes derived fromenbryonic stemcells. Note
that insulin is the nost inportant factor anong ITS, with transferrin and
sel enium playing an auxiliary role. [0027] In the next place, the present
inventors added ITS to a serumfree basal culture nedium (hereinafter
referred to as the basal culture nedium_and further added a basic
fibroblast gromh factor (bFG-) and/or atPinsulin-like grow h factor 1
(IGF1) to the basal culture nmedium as it turned out, when bFGF al one was
added, theraedidd. THdSs phendineiay was abt abserved @hderfting somir @onfaddn god tugé edriditdoiis
increase in dianmeter, indicating that the cells of interest were -10-
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culture conditions and it was cell protecting and proliferating effects
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al one was added. It was known that bFGF had a cell protecting action, a
cel | gr owphotpatimgrciiony aaetligoowthrpdombténg adtienand tteer likeamymodiomgodyéstgingul t ur ed
under such experinental conditions that plane culture was perfornmed in the
presence colturedippdasisach expesmental ¢andifixins Cedt iplaBa culiterc was pefforaest in4hy presence
222-33; and Cardiovasc Res. 2004; 64:516-25), but it was entirely unknown
t hat prol ehgeplemaniedseana (bMol E¢lliCardiok 20051 62} 6ARSS; snblrdicyeduResuunder
serumfree conditions. [0028] This effect was greater than what was observed
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that, in order to ensure that bFGF would produce the cell protecting and growth promoting

effects in excess of those obtained by forming cell masses using the culture medium
supplemented with 10% serum, it was essential to construct the cell masses.

[0029] Hence, in order to confirm whether the construction of cell masses was an essential
condition for those effects to be displayed, the present inventors performed plane adhesive
culture of cardiomyocytes derived from purified mouse embryonic stem cells, with bFGF
added to the culture medium, and analyzed the effects of the added bFGF.

[0030] In plane culture where no cell masses formed, the purified cardiomyocytes could
hardly survive in such an environment that ITS was added to the basal culture medium.
However, upon addition of bFGF, more cells were found to survive and adhered to the
culture plate. This action was smaller than the effect that was observed when cell masses
were formed using the culture medium supplemented with 10% serum.

[0031] In the case of constructing cell masses of purified cardiomyocytes derived from
embryonic stem cells, the action of condition of serum-free+ITS+bFGF was compared with

the action of 10% serum after long-time culture; in the 10% serum- containing culture



added to the culture nedium and analyzed the effects of the added bFG-.
[0030] In plane culture where no cell masses forned, the purified

cardi onyocytes could hardly survive in such an environnment that | TS was
added to the basal culture nedium However, upon addition of bFG-, nore
cells were found to survive and adhered to the «culture plate. This action
was smaller than the effect that was observed when cell nmasses were forned
usi ng the cul ture nedi um suppl enent ed vii lr 10% serum [0031] In the case of
constructing cell masses of purified cardi onyocytes derived from enbryonic
stem cel | medivng thesizoof @1l maseh ddctpasalf sigdficamntlyrveleetdal FHabChsedaipnifivapay aéd W t h
the action of 10% serum after long-tinme culture; in the 10% serum

cont ai ni nthecsehimHfree+ITS+bREHi guoop. tTids fidicatedfthatehé actiasod bFGECas eliscodered by
significantly whereas it increased significantly in the serumfree+l TS+tbFG-
group. Thile prestntiayedotshveas thheynargistwreffett dffaBRhecs elimands; @neficaipn, sememdrees ent
inventors was the synergistic effect of all three elenents, purification,
serum f r eend cehmasse$.] nmasses. [0032] Fromthis result, the present inventors
found that the addition of ITS and/or bFGF to the serumfree culture nmedium
al | oned t R032¢I Framthivresult, thaprgsentjmentossfonnd that Hieziddition@f ITS gndioebFGH taan
extended period of tinme. By virtue of this finding, the survival rate of

car di onyodiasemne-dige gulbercinngiuma glowedtho @l orassas of cardipnaypcytes tmatptdinghedv ement
over the 60- 70% val ue for the conventional plane culture nmethod. [0033]

Bef or e t hétateciopabertenfiedperipd of imep Bysdrige ofthisfinding, thesqurvivalgate of of

cardi onyocytes could not be constructed under serumfree and high-purity
condi t i onsardiggpxosstes cod g dngseased to Yi% pRMOFG B g8IstRdingHBPHvEREAt O%eR thefilor s
overcanme this difficulty by using cardi omyocytes derived from enbryonic
stem cel | 59%\/0@?% fop the soRYEitiga1! FE%I}CICUF'FH%"S’EQRB - cardi omyocytes could be
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derived from embryonic stem cells; we also found that cell masses of cardiomyocytes could
be constructed most efficiently in the presence of added ITS and bFGF.
[0034] Thus, in one of the embodiments , the present invention also provides a method of
preparing cell masses of cardiomyocytes derived from embryonic stem cells, characterized in
that purified cardiomyocytes derived from embryonic stem cell obtained by dispersing
aggregated cell masses that contain cardiomyocytes differentiated and induced from
embryonic stem cells to single cells are cultured in a culture medium under serum-free
conditions so that they are reaggregated. The culture medium to be used for the culture
described above desirably supplemented with at least insulin among ITS, and in a more
desirable embodiment, bFGF may also be supplemented. In the method described above, cell
masses dispersed to single cells need not to be cultured in a single space as in the known
methods but they may be divided into 10,000 cell groups at maximum and cultured in a
corresponding number of independent spaces.
[0035] If contaminated by proliferative non-cardiomyocytes, cell masses of aggregated cells

will grow to an extremely large size and also change in morphology. In addition to this

index, staining with a fluorescence dye that accumulates in mytochondria may be used to



enbryonic stemcells to single cells are cultured in a culture nedi um under
serumfree conditions so that they are reaggregated. The culture nmediumto
be used for the culture described above desirably supplenmented with at
| east insulin among ITS, and in a nore desirable enbodi nent, bFGF nmay al so
be supplenented. In the nmethod descri bed above, cell nmasses dispersed to
single cells need not to be cultured in a single space as in the known
net hods but they may be divided into 10,850 cell groups at naxi mum and
cultured in a correspondi ng nunber of independent spaces. [0035] If
cont am nati@stiBythppedliftatiaé LR a8 VfcCialveiieihe Gyt emds effituliBRe@BuRfin@dgElegat ed
cells will growto an extrenely large size and al so change i n norphol ogy.
I n addi ti eiasied chhfamindtéttigXsuchindhtafigoryddyted thdyusy efeeRddontlys: inhat
accunul ates in nytochondria may be used to -12- identify the proliferative
cell's as onesplamatid thérapyner thy ¢iké sodstocknkiirechdt the diphtegidontnmigatidedy  nasses
contam nated by such non-cardi omyocytes nmay be rejected fromuse in
t r anspl antpadlifenativhieorapardiomybohgtes isleaclmdedifromamphatedscedlhat t he sl i ght est
contam nation by proliferative non-cardi omyocytes is excluded from
i npl ant ed [@@306] s In fOHGG], il wasguievibugn repotteduttmt purifi¢docasdipmyegides dedivesh riom
purified cardi omyocytes derived from enbryonic stemcell as dispersed to
di saggr egambdyanéd $tem (csil agHisperedd to)disaggregatod celisgsimpleantlls ¥ were mahengrafteddafl as
such to the cardiac tissue in an individual (the living body) and the
present itlnsplandedsassiuciatnibd caldéacdissue inasindividual (theeliving bedyamand thetpiresept obl em
was solved by mxing the purified cardionmyocytes derived from enbryonic
stem cel | inyenipraobtpmpd the same|resulte (e ghel prior sHotisRyoblsax wassolysddyaeixingshect i on
of non-carquqxocers inthe living body is essential to the_survival of
car di onyo®yfitied candipaieeytes derivedifroam pohronicHsHD celt withapsibiatecellsleaslyt enti al |y
cause serious, unpredi ctable side effects that mght threaten the |ife of a
patient afh@vingthalthapratectiys tion of noprgargiqmaxasytes i, g diying badydy essential fothe

i ic .effect woul d.be secured

oreater SUSLUANS B NANCE, AhcapelLC Shiccl ol dibe scrur sl bkl

00 PO RO I X 09 LEtL RN e F LR YA piaSRIR L e
the cell q}?i%sspefz?ntz(ijtgonPlsj(g ihfeip%jsent inventors speculated that greater safety and a higher
therapeutic effect would be secured if the purified cardiomyocytes could be transplanted into
an individual (the living body) without mixing them with auxiliary cells but keeping them at
high purity.

[0037] Hence, the present inventors got the idea of exploiting the cell masses of purified
cardiomyocytes derived from embryonic stem cell obtained by the method described above
and found that by transplanting those cell masses to the cardiac tissue of an individual (the
living body), the engraftment rate after transplantation could be significantly improved. In
other words, the present inventors found that, when the purified cardiomyocytes derived from
embryonic stem cell obtained by dispersing cell masses to single cells were cultured in a
culture medium under serum-free conditions so that they were reaggregated to form cell
masses, the engraftment rate of the purified cardiomyocytes derived £rom embryonic stem
cell after transplantation could be significantly improved.

[0038] Hence, another embodiment of the present invention relates to a method of treating

cardiac disease, characterized in that cell masses obtained by reaggregating cardiomyocytes

that are derived from embryonic stem cells and which have been purified by dispersing to



car di omyocytes derived fromenbryonic stemcell obtained by the nethod
descri bed above and found that by transplanting those cell nmasses to the
cardiac tissue of an individual (the |I|iving body), the engraftnent rate
after transplantation could be significantly inproved. In other words, the
present inventors found that, when the purified cardi onyocytes derived from
enbryoni c stemcell obtained by di spersigf cell masses to single cells were
cultured in a culture nediumunder serumfree conditions so that they were
reaggregated to formcell nasses, the engraftment rate of the purified
car di onyosingkescetle pievteasplanted enthe wordias tissembespesidllyad diseased part pf thatcatdiasn coul d
be significantly inproved. [0038] Hence, another enbodi nent of the present
i nvent i on tissieainean individuab(tholiviog bod wsurhthat ey drecnemftrdadde tefar act eri zed in
that cell masses obtained by reaggregati ng cardi onyocytes that are derived
f r om enbr yergreftmentiag esed heggi mgpnscrHEing viidm thehost ergan prd wmajung pdhgrany - 13-
single cells are transplanted to the cardiac tissue (especially, a diseased
part of t Weitdaran exgended getied of tingn j ndi vi dual (the |iving body) such that
"engraftnent” as used rei ans surviving
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prior art ;afpdtf cBR masses would be continuously in contact with each other, followed by
suspension culture. As a result, the cell masses were conjugated together over time to form a
sheet of cell masses of cardiomyocytes in a thickness of 50-300 pum; it was thus found that a
so-called "cell sheet" having a greater thickness than the limit of the prior art could be
prepared outside the living body. Thus, it became clear that in actual modes of application, a
desired number of cell masses in a desired size of purified cardiomyocytes derived from
embryonic stem cells could be used to prepare a cell sheet of a desired size.
[0041] Hence, a further embodiment of the present invention relates to a method of
preparing a sheet of cell masses of cardiomyocytes (cell sheet), characterized in that cell
masses of purified cardiomyocytes derived from embryonic stem cells are subjected to
suspension culture as they are placed at close intervals in the same plane and that the
suspension culture is performed until the cell masses are conjugated together to have a
desired thickness between 50 and 300 pm.
[0042] The present invention has revealed that the cell masses of purified cardiomyocytes

derived from embryonic stem cell having the features described above can be transplanted to

the cardiac tissue such that they are engrafted. These cell masses can be used as a medical



prepared outside the living body. Thus, it becane clear that in actual nodes
of application, a desired nunber of cell masses in a desired size of
purified cardi omyocytes derived from enbryonic stemcells could be used to
prepare a cell sheet of a desired size. [0041] Hence, a further enbodi nent
of the present invention relates to a nethod of preparing a sheet of cel
masses of cardi omyocytes (cell sheet), characterized in that cell nmasses of
purified cardi omyocytes derived fromenbryonic stemcells are subjected to
suspension culture as they are placed at close intervals in the same pl ane
and that deece fudpasplaniatianthatgas bie drapsplidedvingo animial bedies ipelufingdhskuman e

conj ugated together to have a desired thickness between 50 and 300 m

[0042] Théody.esent invention has reveal ed that the cell masses of purified
cardi onyocytes derived fromenbryonic stemcell having the features
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cells (single'cells) to beconme conpletely purified; as a result, we found

that the gasiferyagyitiestiddrovemn@inR¥urvival rate of cardiomyocytes derived from
embryonic stem cell that had been dispersed to disaggregated cells (single cells) to become
completely purified; as a result, we found that the cardiomyocytes had such a new
characteristic that they aggregated to form cell masses when they were cultured in a culture
medium under conditions containing no animal-derived serum (i.e., serum-free conditions),
preferably in the culture medium containing insulin, more preferably in the culture medium
containing transferrin, selenium, and/or a basic fibroblast growth factor in addition to insulin.
The present inventors transplanted those cells to the cardiac tissue of an individual (living
body) and obtained a new finding that their engraftment rate in the tissue was significantly
improved. The present inventors obtained another new finding that, using those cells, we
could obtain a sheet of cell masses of cardiomyocytes having a greater thickness than those
expected from the known technique, as well as a medical device comprising those cell
masses; these findings led to the accomplishment of the present invention.
[0045] Those findings were obtained by culturing embryonic stem cells and similar findings

can also be obtained by using other pluripotent stem cells instead of the embryonic stem

cells. To state more specifically, when pluripotent stem cells that had been dispersed to a



‘characteristic that they aggregated to formcell masses when they were
cultured in a culture nediumunder conditions containing no aninmal-derived
serum (i.e., serumfree conditions), preferably in the culture nmedi um
containing insulin, nore preferably in the culture medium containing
transferrin, selenium and/or a basic fibroblast growh factor in addition
to insulin. The present inventors transplanted those cells to the cardiac
ti ssue of an individual (living body) and obtained a new finding that their
engraftnent rate in the tissue was significantly inproved. The present
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erived from pluripotent stem cel
cells, characterized in that purified cardiomyocytes derived from pluripotent stem cell
obtained by dispersing aggregated cell masses that contain cardiomyocytes differentiated and
induced from pluripotent stem cells (such as embryonic stem cells, embryonic germ cells,
germline stem cells or induced pluripotent stem cells) to single cells are cultured in a culture
medium under serum-free conditions so that they are reaggregated.
(2) The method according to (1) above, wherein the culture medium contains insulin.
(3) The method according to (1) or (2) above, wherein the culture medium contains at least
one substance selected from the group consisting of transferrin, selenium, a basic fibroblast
growth factor (bFGF), an epithelial cell growth factor (EGF), a platelet-derived growth
factor-BB (PDGF-BB), and endothelin-1 (ET-1).
(4) The method according to any one of (1) to (3) above, wherein the content in the culture
medium is 0.1 to 10 mg/L of insulin, 0.1 to 10 pg/L of transferrin, 0.1 to 10 pg/L of
selenium, 1 ng/ml to 100 ng/ml of the basic fibroblast growth factor, 1 ng/ml to 1000 ng/ml
of the epithelial cell growth factor, 1 ng/ml to 1000 ng/ml of the platelet-derived growth

factor, and 1 x 10™ to 1 x 10°® M of endothelin-1 (ET-1).



‘obt ai'ned by di spersing aggregated cell nmasses that contain cardi onyocytes
differentiated and induced frompluripotent stemcells (such as enbryonic
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surface of a wall-partitioned, non-cell-adhering vessel, with no space between cell masses
such that adjacent cell masses will be continuously in contact with each other, followed by
suspension culture which is maintained until the cell masses are conjugated together to have a
desired thickness of 50-300 pm.
(10) The method according to (9) above, wherein the cell masses of cardiomyocytes are
those obtained by the method according to any one of (1) to (4) above.
(11) A medical device comprising cell masses of cardiomyocytes derived from pluripotent
stem cell, for use in transplantation to the cardiac tissue of an individual such that they are
engrafted, wherein the medical device is prepared by a method comprising preparing cell
masses of aggregated cells that contain cardiomyocytes differentiated and induced from
pluripotent stem cells, dispersing the cell masses to single cells to thereby yield purified
cardiomyocytes derived from pluripotent stem cell, and culturing the cardiomyocytes in a
culture medium under serum-free conditions so that they are reaggregated.
(12) The medical device according to (11) above, wherein the transplantation comprises
injecting the cell masses of cardiomyocytes into the cardiac tissue.

(13) The medical device according to (11) above, wherein the transplantation comprises
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and a medical device that comprises cell masses of cardiomyocytes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 shows a method of constructing cell masses of cardiomyocytes using purified

cardiomyocytes derived from enhanced green fluorescent protein (EGFP) expressing mouse

embryonic stem cells, and cell masses obtained by using from 313 to 10000 purified

cardiomyocytes derived from the mouse embryonic stem cells.

Fig. 2 shows the construction of cell masses of cardiomyocytes using purified
cardiomyocytes derived from marmoset embryonic stem cells, either 24 hours (Fig. 2A) or
48 hours (Fig. 2B) after dispensation.
Fig. 3 shows the results of plane culture of purified cardiomyocytes derived from

mouse embryonic stem cells, in particular, the identification of an optimum adhesive

substrate for use in plane culture based on comparison of the cell survival rate by adhesive

substrates (Fig. 3A), and the comparison of cell masses and survival rate of cardiomyocytes

of plane culture depending on the presence of serum in the culture medium (Figs. 3B and

30).

Fig. 4 shows method (1) of detecting embryonic stem cells that are contaminated in
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and a nedi cal device that conprises cell masses of cardi onmyocytes. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0048] Fig. 1 shows a nethod of constructing
cell masses of cardionyocytes using purified cardionyocytes derived from
enhanced green fluorescent protein (EG-P) expressing nouse enbryonic stem
cells, and cell nasses obtained by using from 313 to 10000 purified

cardi onyocytes derived fromthe nouse enbryonic stemcells. Fig. 2 shows the
construction of cell masses of cardi onyo]cgyt es using purified cardionyocytes
derived from marnoset enbryonic stemcells, either 24 hours (Fig. 2A) or 48
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cul ture nedi um Fig. §shoeB8mathod (E)f.defictjing dmbhyons stan kelts thaf)are tordanimatedny
enbryonic stemcells that are contam nated in -18- the cell nmasses fornmed of
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masses marked by the red frames were found to contain gigantic cell nasses
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enbryonic stemcells that are contam nated in the cell masses formed of
purified ®gakflopagscent sgnal deriveddrom dMRM acegent thehsnecidically sfained: ¢ he
contam nated and proliferated non-cardi omyocytes could be detected on the
basis of #Hyteebaprdria) makias dipleasthahdn ceratrast withicelb mastgof narmal sardipmyageytes
specifically stai nﬁ% nyt ochondria), nmaking it clear ;that, in contrast with

cel | mass&&8oIAhssImases phrIoga omypeyles woty coplamyinatgdyaproliteraleth or )

cardi On‘yOCﬁt es were contam nated by proliferated non-cardionyocytes. Fig.
6A shows PRAFAINGRYPCKEFt ured on a non-cel | - adhesi ve, round-bottom 96-wel |

Fig. 6A shows that, when cultured on a non-cell-adhesive, round-bottom 96-well
dish, purified cardiomyocytes derived from the neonatal rat heart were not capable of
constructing cell masses even after 24 hours of culture, and Fig. 6B shows that the purified
cardiomyocytes derived from the neonatal rat heart, when cultured under serum-free
conditions, did not form cell masses but died after the passage of 5 days.

Fig. 7 shows the results of culture on a non-cell-adhesive, round-bottom 96-well
dish using serum-free media to which ITS, bFGF and various other additives were added; the
cell protecting effect and growth promoting activity of those additives were detected by
revealing effects which they had on the increase in the diameter of cell masses.

Fig. 8 shows the results of plane adhesive culture of purified cardiomyocytes
derived from mouse embryonic stem cells on a cell culture dish coated with fibronectin; the
cell viability was significantly low in the serum-free+ITS group and the ITS+bFGF group.

Fig. 9 shows the results of measuring the viability of cells in tissue of purified,
single-cell cardiomyocytes derived from mouse embryonic stem cells after they were
transplanted to the heart without applying the reaggregation method but as they remained as
dispersed cells.

Fig. 10 shows that, when purified cardiomyocytes derived from mouse embryonic

stem cells as formed into cell masses by the reaggregation method were labeled with a red



‘di sh,” purified cardi onyocytes derived fromthe neonatal rat heart were not
capabl e of constructing cell masses even after 24 hours of culture, and
Fig. 6B shows that the purified cardiomyocytes derived fromthe neonat al
rat heart, when cultured under serumfree conditions, did not form cel
masses but died after the passage of 5 days. Fig. 7 shows the results of
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desired thicknesses using cell masses of purified cardiomyocytes derived from marmoset
embryonic stem cells.

Fig. 14 shows that cell masses of cardiomyocytes derived from purified human
embryonic stem cells could be prepared under a serum—free condition.

Fig. 15 shows that cardiomyocytes derived from human stem cells that were
transplanted to the heart of immunodeficient mice could survive in the cardiac tissue for
2 weeks.

Fig. 16 shows that cardiomyocytes derived from human stem cells that were
transplanted to the heart of immunodeficient mice could survive in the cardiac tissue for
5 weeks, as demonstrated by a red dye used to trace the transplanted cells.

Fig. 17 shows that cardiomyocytes derived from human stem cells that were
transplanted to the heart of immunodeficient mice could survive in the cardiac tissue for
5 weeks, as demonstrated by a dye (Microtracker Red: red color), Mkx 2.5 (watery blue), and
an anti-sarcomeric actinin antibody (green) that were used to trace the transplanted cells.

Fig. 18 shows that cardiomyocytes derived from human stem cells that were

transplanted to the heart of immunodeficient mice could survive in the cardiac tissue for



‘suppl'enented with ITS (Fig. 12C). Fig. 13 shows the preparation of

cardi onyocyte sheets of desired sizes having desired thicknesses using cel
masses of purified cardionyocytes derived from marnoset enbryonic stem
cells. Fig. 14 shows that cell masses of cardi onyocytes derived from
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condition. Fig. 15 shows that cardionyogytes derived from human stemcells
that were transplanted to the heart of I'nmunodeficient mce could survive
in the cardiac tissue for 2 weeks. Fig. 16 shows that cardi onyocytes
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ET-10in tBBuse cardiomyocytes remain engrafted in the host heart for a prolonged period of time.
BEST MODE FOR CARRYING OUT THE INVENTION
[0049] Those ordinarily skilled in the art who, in order to carry out the present invention,
needs to know about methods in molecular biology, genetic engineering methods such as
recombinant DNA technology, general methods in cell biology as well as the prior art may,
unless otherwise instructed, refer to standard books in those fields. Examples of such books
include: "Molecular Cloning: A Laboratory Manual, 3" Edition" (Sambrook & Russell, Cold
Spring Harbor Laboratory Press, 2001); "Current Protocols in Molecular biology" (Ed. by
Ausubel et al., John Wiley & Sons, 1987); "Methods in Enzymology in series" (Academic
Press); "PCR Protocols: Methods in Molecular Biology" (Ed. by Bartlett & Striling, Humana
Press, 2003); "Animal Cell Culture: A Practical Approach, 3" Edition" (Ed. by Masters,
Oxford University Press, 2000); and "Antibodies: A Laboratory Manual" (Ed. by Harlow et
al. & Lane, Cold Spring Harbor Laboratory Press, 1987). The reagents and kits for use in
cell culture and experiments in cell biology that are referred to herein are available from
commercial suppliers such as Sigma, Aldrich, Invitrogen/GIBCO, Clontech, and Stratagene.
[0050] (1) Pluripotent stem cells

Those ordinarily skilled in the art who, in order to carry out the present invention,

needs to know about cell culture using pluripotent stem cells and general methods for



‘host 'heart as it relates to the nechanismof maturation for the case where
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biology that are referred to her in ar avai l abl e from comrerci a ppliers
such as  gtem cells by referring to a plurality of reference documents and the like in addition to the

reference books listed in the preceding sections. Such documents include the following:
Matsui et al., Cell 70:841, 1992; Thomson et al., United States Patent 5,843,780; Thomson et
al., Science 282: 114, 1998; Shamblott et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998;
Shamblott et al., United States Patent 6,090,622; Reubinoff et al., Nat. Biotech. 18:399, 2000;
and International Publication WO 00/27995 A1l. For other animal species, such as monkey

' (Thomson et al., United States Patent 5,843,780; and Proc. Natl. Acad. Sci. USA, 92, 7844,
1996), rat (Iannaccone et al., Dev. Biol. 163:288, 1994; and Loring et al., International
Publication WO 99/27076 A1), chicken (Pain et al., Development 122:2339, 1996; United
States Patent 5,340,740; and United States Patent 5,656,479), and swine (Wheeler et al.,
Reprod. Fertil. Dev. 6:563, 1994; and Shim et al., Biol. Reprod. 57:1089, 1997), methods are
known that can establish pluripotent cells such as embryonic stem cells and embryonic stem
cell-like cells, and those pluripotent stem cells that can be used in the present invention may
be prepared or used in accordance with the methods described in those documents.
[0052] The method of the present invention can be applied to pluripotent stem cells derived

from any mammals. For example, it may be applied to pluripotent stem cells derived from



I nvi trogen/ @ BCO and Sigma. [0051] For the methods of preparing, serially
culturing and preserving nouse or human pluripotent stemcells, standard
protocol s have al ready been established and those ordinarily skilled in the
art who wants to carry out the present invention are able to use those
pluripotent stemcells by referring to a plurality of reference docunents
and the like in addition to the referqq&q books listed in the preceding
sections. Such docunents include the folTowing: Matsui et al., Cell 70:841,
1992; Thonson et al., United States Patent 5,843,780; Thonmson et al.,
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derived from manma ~nonkey” an are already widely
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cel I, and»93.296) dnd chRendHERHES (CLAEREIRICYIARY PS3R8 al., Stem Cells. 2005; 23:
1304-1313) have been reported and are available. For example, marmoset embryonic stem
cells are also available from the Central Institute for Experimental Animals (a judicial
foundation).
[0055] As of today, more than several tens of human derived embryonic stem cell lines
have been established in the world; for example, in the list at the US National Institutes of
Health (http://stemcells.nih.gov/registry/index.asp), numerous cell lines are registered for
public use, and other cell lines are available from the commercial sources including Cellartis,
ES Cell International, Wisconsin Alumni Research Foundation, etc. In Japan, human derived
embryonic stem cell lines are also available from the Stem Cell Research Center, adjunct
facilities to the Institute for Frontier Medical Sciences, Kyoto University (national university
corporation) (Suemori et al., Biochem. Biophys. Res. Commun., 2006; 345: 926-932).
[0056] It was also reported that embryonic stem cell lines have been established for bovine
(Mitalipova et al., Cloning 2001; 3: 59-67), avian (Petitte et al., Mech. Dev. 2004; 121:
1159-1168), and zebrafish (Fishman, M. C., Science 2001; 294: 1290-1291).

[0057] While embryonic stem cell lines are generally established by culturing early



cells according to the present invention are available fromthe Anerican
Type Culture Collection (ATCC), Chem con, Cell & Ml ecul ar Technol ogi es,
etc. [0054] As for the Mnkey-derived enbryonic stemcells, those cell |ines
established from rhesus nonkey (Macaca nulatta) (Thonmson et al., Proc.
Nat|. Acad. Sci. USA 1995; 92:7844), cynonol gus nonkey (Macaca
fascicularis) (Suenori et al., Dev. Dyn.,,2001; 222: 273-279) and conmon

marmoset (Callithrix jacchus) (Sasaki 63l . , Stem Cells. 2005; 23:

1304-1313) have been reported and are avail able. For exanple, narnoset
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invention are not limited to embryonic stem cells but include all other pluripotent stem cells
having traits similar to those of embryonic stem cells, as derived from the cells in adult
organs and tissues in mammals, as well as their bone marrow cells, blood cells, and even
embryonic and fetal cells. In this case, the "traits similar to those of embryonic stem cells"
may be defined by cellular biological properties that are specific to embryonic stem cells, as
exemplified by the presence of a surface (antigen) marker specific to embryonic stem cells,
expression of a gene specific to embryonic stem cells, as well as a teratoma forming capacity
and chimeric mouse forming capacity. Specific examples of other applicable pluripotent
stem cells include embryonic germ cells (EG cells) prepared from primordial germ cells,
germline stem cells (GS cells) prepared from germ cells in the testis, and induced pluripotent
stem cells (iPS cells) prepared from somatic cells such as fibroblasts by a special gene
manipulation. Examples of the induced pluripotent stem cells include those that can be
prepared by introducing specific factors into somatic cells and they can be prepared by the
methods descried in a paper written by the research group of Professor Shinya Yamanaka at

Kyoto University (K. Takahashi, et al., "Induction of Pluripotent Stem Cells from Adult



whi ch an enbryonic stemcell is fused to a somatic cell to nake an enbryonic
stemcell carrying the genetic information fromthe somatic cell nucl eus
(I'nternational Publication WO 00/49137 Al; and Tada et al., Curr. Biol

11: 1553, 2001). The enbryonic stemcells that can be used in the present
invention also include those that have been prepared by the nethods

descri bed above, as well as those in whiGgh the genes |ocated on their
chronosones have been nodified by genéeti’c engi neering techni ques. [0058]
The pluripotent stemcells that can be used in the method according to the
present HnmenfFitwoblastebndefinedFaatatst Celd 300 bhi: 86$867) anel 4 mapbuwrittabyide al |
other pluripotent stemcells having traits simlar to those of enbryonic

st em cel | Shomsonigresearsh groumattWiscensin Unjversatgy.tYu, st glariénduned Plusipotest $tam
mammal s, as well as their bone marrow cells, blood cells, and even_

enbr yoni cCelhdirfes Derivedfrom Human homatiaGells"tSeeence 2001 31810071 H20). oSpasiisallpf
enbryoni ¢ stenlcells may be defined by cellul ar biol ogical ertles t hat
are speci #ileast gneganepelaried Sroangenss pPEOCB, SexdpMyei BH4 Hgartoae:ans édie of a
surface (antigen). marker specific to enbryonic stemcells, expreSS|on of a
gene s pecffﬁséefffé igtorsy given somaticiselhe §Xprassioneet any gene Plepratedhthat 15 sReaidc for
capacity and chinmeric nouse formng capacit Speci fi ¢ exanpl es of ot her
appl i cabl Rluppgientsiem qells 1§ deterisd and tﬁ?ﬁem thaheyess Sechygang 08 BIqIEn BEEG cel | s)

P ehared s r&git?r'gseﬁlr%"quée e qr%t%?é%“a'sﬁ@e PSS hE PP RTUHPO AR col | o
AT
e
Y cahashi EEhE BBl Boif ol WSEP R K ATRIR ey o SrfontEeR &U5Y
men 1 Sk Dk BB D8 FASLALE G o000 e RS B %@a@dpaper

mmlétendb onson s researc ni-ver et al.
"

sci ence. 2007 e 4B %%ﬁ&%%e%ésaﬁe%?@g?ﬁ“ W\ ISR fHER edgﬁg{r%t%%ﬁa%#%% from
genes of (Fhifefbng ﬁ?&@lﬁt&%ﬁs tilubé anc*\{% E%ﬂr\lgéldnswuﬁlh%ﬁﬁsf @ahefnl gt o a

gi ven somatic ce expressi on of any protein t is specific
for al., Nature, 2008, 451, 141-147) and the cond1t10ns for inducing differentiation of embryonic

stem cells into a variety of tissues can directly be applied to the induced pluripotent stem
cells (Takahashi and Yamanaka, Saibou Kogaku (Cell Engineering), Vol. 27, No. 3, 252-253,
2008).
[0060] (2) Methods of inducing differentiation of pluripotent stem cells into
cardiomyocytes

The following description relates to embryonic stem cells (ES cells) as an example
of pluripotent stem cells. When embryonic stem cells capable of differentiating into
cardiomyocytes are subjected to an appropriate treatment for inducing differentiation into
cardiomyocytes, they start to differentiate into cardiomyocytes. For example, differentiation
of mouse embryonic stem cells into cardiomyocytes can be induced by the hanging drop
method, in which the embryonic stem cells are subjected to suspension-culture in a culture
media free of a leukemia-inhibiting factor (LIF) until cell masses (embryoid bodies) are
formed. Alternatively, marmoset embryonic stem cells or human embryonic stem cells may

likewise be subjected to a treatment for inducing differentiation into cardiomyocytes. To



pluripotent stemcells is detected, and those cells that express such gene
or protein are selected as pluripotent stemcells. Like enbryonic stem
cells, the induced pluripotent stem cells thus prepared can be cultured
together with a basic fibroblast gromh factor in the presence of nouse
fibroblasts deactivated for growh or cells that can be substituted for
them and the cultured cells can be used as pluripotent stemcells, simlar
to embryonic stemcells. [0059] It has deretofore been reveal ed that the

i nduced pluripotent stemcells described above have the same properties as

the enbrygiuee &RrentiglidSorhblyb£idicth ¢s M caBdAFdStdsSidyddowdl methods may
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i nducing differéntiation of enbryonic stemcells into a variety of tissues

can di r ectibstdnee tHapsuppetsid BMP sighdlie€(Wp2005/083 298 afd £Mettdl dfSndutiigahashi
and Yamanaka, Sai bou Kogaku (Cell Engineering), Vol. 27, No. 3, 252-253,
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cells into cardionmocytes The follow ng description relates to enbryonic

st em cel | sighfifaggeithvedy (RECTAP208315p242, poblighed ns WD20007/1266%T)cel | s. When
enbryonic stemcells capable of differentiating into cardionmyocytes are
subj ect ed [@0®1an(BHpPurifimatian of tardmtmyeoytes or i nduci ng differentiation into
cardi onyocytes, they start to differentiate into cardi omyocytes. For
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cells may |ikew se be subjected to a treatnent for inducing differentiation
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i nto cardiaonyocytes, any known nethods na oyed. For exanple, a

met hod of miteghendsiy incardiamyacytss porn index q;rﬂgg/éﬁg%wméa metheghofselectingat
suppresses BMP signaling (W2005/033298) .and _a_net had of inducing
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the CanOHWS%(}%(SSSSM) may be used to purify (select) only cardiomyocytes.
[0062] (4) Preparing cell masses of cardiomyocytes
The purified cardiomyocytes derived from embryonic stem cell that have been
obtained through dispersing to single cells according to the method described in (3) above
may be cultured under serum-free conditions such that they are aggregated to prepare cell
masses of cardiomyocytes derived from embryonic stem cells. Preferably, the culture
medium used for this culture contains at least one substance selected from the group
consisting of insulin (0.1 to 10 mg/L), transferrin (0.1 to 10 pg), selenium (0.1 to 10 ug/L), a
basic fibroblast growth factor (bFGF; 1 ng/ml to 100 ng/ml), an epithelial cell growth factor
(1 ng/ml to 1000 ng/ml), a platelet-derived growth factor (1 ng/ml to 1000 ng/ml), and
endothelin-1 (ET-1) (1 x 10® to 1 x 10°° M).
[0063] The cell masses of purified cardiomyocytes derived from embryonic stem cell that
have been obtained by the method described above contain proliferative cells as a small
number of contaminant; if such proliferative cells are excluded from cells for transplantation,

further safety can be secured. Currently known methods for purifying cardiomyocytes

involve preliminary introduction of certain marker genes into the genome of the stem cells



signal i ng pat hway (PCT/JP2007/59242, published as W2007/126077). [0061] (3)
Purification of cardi onyocytes After inducing the differentiation of
enbryonic stemcells into cardi onyocytes by the nethod described in (2)
above, the cardionyocytes may be purified (selected) by any nethod that is
capabl e of dispersing cardionyocytes into di saggregated cell (single cells)
and purifying them as individual cardi ogyocytes. For exanple, a nethod of
selection using mtochondria in cardionyocytes as an i ndex (W2006/022377)
and a nmethod of selecting cells that can survive under |ow nutrient
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contam nati o non-
embryonic stem cells can be clearly detected by checking the overall sizes of the cell masses.

The present inventors also added a mitochondrial indicator (e.g., TMRM) to the cell masses
of interest, whereupon the cardiomyocytes that were rich in mitochondria were found bright
whereas the embryonic stem cells and other proliferative cells that were not rich in
mitochondria were found dark. Exclusion of the cell masses having the greater difference in
fluorescence can be excluded automatically by making use of Arrayscan (Cellomics), Incell
1000 (GE/Amersham Biosciences, Cardiff, UK), Scanalyzer (Scanalyzer LemnaTec, Aachen
Germany), "ImageXpress MICRO" (Molecular Devices, Union City, USA), "Pathway HT"
(Becton Dickinson Biosciences), "Scan"R" (Olympus Soft Imaging Solutions, Germany), etc.
Thus, the method described above provides a simple and automatic way to identify the
contamination by the undifferentiated embryonic stem cells. Briefly, the proliferative cells
that slightly mix with the purified cardiomyocytes derived from embryonic stem cell that
have formed as aggregates into cell masses under serum-free culture conditions can be
identified using the size and shape of such cell masses as indices, which is optionally
combined with staining with a mitochondrial indicator and subsequent identification using

fluorescence intensity and its distribution within cell masses as indices. In this way, the cell



cardi onyocytes. Thus, even a method that may be descri bed as an al nost
perfect nmeans of purification in |ight of the known state of the art does
not enabl e 100% purification of cardi omyocytes and nmust be conbined with
further nethods of purification or applied by other nethods that guarantee
safety. [0064] Hence, the present inventors replicated the above-descri bed
method after intentionally mxing the cell masses of undifferentiated

cardi onyocytes with enbryonic stem cellS. As it turned out, the

undi fferenti ated enbryonic stemcells which were nore capable of growth
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the cells g fof hRBRPARAIREDPBS fifict her eby achi eve greater safety.

[0066] (6) Sheets for transplantation made of cell masses of cardiomyocytes

By means of known methods, a sheet of cardiomyocytes thicker than three cells
thick cannot be prepared at a time even if neonatal cardiomyocytes are used. However, in the
present invention, after constructing cell masses of purified cardiomyocytes derived from
embryonic stem cells, the obtained cell masses are recovered, seeded on the surface of a
wall-partitioned, non-cell-adhering vessel with no space between cell masses such that
adjacent cell masses will be continuously in contact with each other, and subjected to
suspension culture, whereupon, the cell masses of cardiomyocytes are conjugated together
over time to form a sheet of cell masses of cardiomyocytes (cell sheet) having a thickness of
50-300 um. Hence, culture is performed until a desired thickness is formed. As a result, in
actual application modes, cell masses in a desired size of purified cardiomyocytes derived
from embryonic stem cells can be used in a desired number to prepare a cell sheet of a
desired size.
EXAMPLES

[0067] The present invention is illustrated in greater detail by reference to the following



[0065] (5) Transplantation of cell nasses of cardionyocytes to the cardi ac
tissue and their engraftnment Using the cell masses obtai ned through
aggregation by the nethod descri bed above, nanely, the cell masses of
purified cardi omyocytes derived fromenbryonic stemcells, one can
transpl ant only the cardi onyocytes to the cardiac tissue of an individual
(the living body). For exanple, the cardionyocytes nmay be directly injected
into the cardiac tissue through a syring®: in this case, injection is
feasible using a thin (29- or 30-gage), hence, less invasive needle. The
engraftnegkmhﬁkg of the cardi onyocytes transplanted by the nmethod described
above is significantly inproved over the known nethods. The term
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organ and rTenarn adherent 1nside the organ for an extended perrod of trIne.
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The present invention is illustrated in greater detail by reference to the
f ol | owi ng cubgre rasdiyep (Sigma) such that the concentration of embryonic stem cells reached

75 cells/35 pL; the a-MEM culture medium was supplemented with heat-inactivated fetal
bovine serum (55 °C x 30 min) to a final concentration of 10%. Subsequently, the
suspension of mouse embryonic stem cells thus prepared was distributed in a commercial cell
culture 384-well plate (product of Greiner, Model 788161; i.d. of each well opening, 3.0 mm)
and embryoid bodies were prepared in accordance with the following method.

[0070] The 384-well plate had a nominal allowable liquid volume of 25 uL per well but in
order to raise the liquid level above the well openings by the effect of surface tension, the
suspension was distributed in a volume of 35 uL per well. As a result, 75 embryonic stem
cells were distributed per well. In this case, the suspension had to be supplied in a volume of
28 puL in order to reach the horizontal level in each opening and in an additional volume of

7 uL to rise above that horizontal level. For distribution of the suspension, a multi-channel
pipette of Theremo Labsystems (Lot No. 4610070) or a distributing machine of BioTech Co.,
Ltd. (Model LD-01) was used.

[0071] The plate in which the culture medium containing the embryonic stem cells was
distributed until it raised above the well openings was inverted upside down so that the
culture medium was projecting downward from the lower edges of the well openings. As it

was kept in this state, the plate was covered with a lid and culture was performed in an



Exanmpl e 1: Preparation of Cardi omyocytes Derived from Mouse Enbryonic Stem
Cells and Purification of the Cardionyocytes Using the Mtochondria Method
[ 0068] The purposes of this Exanple were to prepare cardi onyocytes from
nouse enbryonic stemcells and to study whether it was possible to purify
the prepared cardionyocytes using a mtochondrial indicator. [0069] As
enbryonic stemcells, EB3 cell line (N H et al., Nat Genet 2000; 24:
372-376) was used. An EGFP expressing unft was introduced into the EB3 cell
line via a plasmd and EGFP expressing cells were acquired and established
as a cel | indubator THF Whinsa SACHD atedsiCFPure i prbswinigstemivefogiew isttkam cel | s ( EB3
cells) were suspended in an a-MEM culture nedium (Sigma) such that the
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(55 C x 3®lat¢ wythttke projecting ligwid devsl phth enltwt maidsm Singdayenwhs/held math clean
suspensi on of nouse enbryonic stemcells thus prepared was distributed in a
commer ci altweezers or¢hg kikg @dahmpmqlom oft the cylfuwrel iredivan werehraught infpgentagtggiths 1 :
i.d. of each well openin and enbryoi d bodies were prepared in

accor dancdheyurface plary @1MgM wjtuﬁ%mﬁ%m ({S@m@] lipg a separate larges | vassel thawas

nom nal aIIovvabIe i quid volune of 25 per wel|_ put in order to raise the
li quid | evBpPle/BeRted ﬂé hegirinagpyated fgfal Wllﬁf’rr@“é?(%%tcéfm%‘ln? feetibdnsi on, the
suspensi on was di.strj a vol une er .wel | aresult, 75
enbrpyonl c cepesRfratien ¢ 'rtge el LmarSeL PEts %@weaé? Ppeqmtatemné‘e@@@é owpyeight
suspensi on h lie nayv f 28 L in orde rea

or ) sont anipatesuliun mEdRRLdRs [sech rESFh Merchy sadaveins b boioGes o3 tetlf?

ri se above_ that, horizont I For stribution of the suspension,

mul ti - charmfisPes s pﬁchzxgm&?eqﬂ&ygﬁgsf_%gag ems (Lot No. 4610070) or a

The ol ot o 08720 i ReaoRtrefeMbFil ity wils kb RS  pRB S B tasetiel | L
was di st r’Il ?HIE alagp ts e{ﬂé ﬁctlrl%l ds%%l-%oi@e 0} %ﬁ(e\'\%ﬂemgga\?\;,]av(\)gggd.}(\?lgrrgepgé&f%lg\aélrJps' de

down so tha m was projectin
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into a centrifugal tube and after replacing the suspension with a serum-free culture medium
(a-MEM culture medium (#M0644 of SIGMA) supplemented with an ITS solution (GIBCO
#41400-045) after 1/100 dilution (the ITS solution used in the present invention contained
1 g/L of insulin, 0.55 g/L of transferrin, and 0.67 mg/L of selenium chloride)), the embryoid
bodies were cultured in a cell adhesive, sterile culture dish (FALCON #353003).

[0073] Culture medium was changed every other day until the 15" day of culture for
differentiation. To the sample at day 15, a mitochondrial indicator TMRM (Invitrogen
#T668) was added at a final concentration of 10 mM, which was incubated for 2 hours.
Thereafter, using a physiological buffer (116 mM NaCl, 20 mM Hepes, 12.5 mM NaH;PO,,
5.6 mM glucose, 5.4 mM KCl, 0.8 mM MgSO,, pH 7.35) containing collagenase
(Wortington Type 3) and trypsin (DIFCO #215240) each added at a final concentration of
0.1%, the cultured cells were dispersed to single cells with the culture medium being stirred.
The sample, or the suspension of single cells, was loaded in a fluorescent activated cell sorter
(FACS) to thereby recover highly fluorescent cell groups (WO 2006/022377). The purified

cells were counted for the numbers of viable and dead cells by means of a hematocytometer.

As it turned out, the proportion of the viable cells was about 75%.



i ncubator at 37 Cin a 5% CO2 atnosphere until enbryonic stemcells grewin
the projections fromthe | ower edges of the well openings. One day after
the start of culture, the plate with the projecting liquid |Ievel of the

cul ture nmedium facing down was held with clean tweezers or the like and the
projections of the culture nediumwere brought into contact with the
surface of an a-MEM culture nmedium (Sig (} filling a separate | arger vessel
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(Fig. 1).

[0076] These results showed that, after the cardiomyocytes derived from mouse embryonic

stem cells were dispersed to single cells, they could be reaggregated to form cell masses.

Example 3: Preparation of Cell Masses Using Cardiomyocytes Derived from Marmoset

Embryonic Stem Cells

[0077] The purpose of this Example was to know whether it was possible to prepare cell
masses using cardiomyocytes derived from marmoset embryonic stem cell that were prepared
in accordance with the method of Example 1.

[0078] The marmoset embryonic stem cells were obtained from the Central Institute for
Experimental Animals (Sasaki E, et al., Stem Cells. 2005; 23(9): 1304-13). Using mouse
embryonic fibroblasts (MEF) that had been growth-inactivated by mitomycin C treatment,
these marmoset embryonic stem cells were cultured such that they would remain
undifferentiated. The culture medium was composed of KO-DMEM (GIBCO), 20%
KO-SERUM (GIBCO), 1.6 mM L-glutamine, 0.1 mM non-essential amino acids (MEM),

0.2 mM f-mercaptoethanol (2-ME; Sigma), 100 IU/ml penicillin, 100 ng/ml streptomycin



-30- Exanple 2: Preparation of Cell Masses Using Cardi omyocytes Derived from
Mouse Enbryonic Stem Cells [0074] The purpose of this Exanple was to know
whet her it was possible to prepare cell nmsses using the cardi onyocytes
derived from nouse enbryonic stemcell that were prepared in Exanple 1.
[0075] The purified, cardionyocytes derived from nouse enbryonic stem cell
that were prepared in Exanple 1 were dlikrl buted i n non-cell -adhesive,
round bottom 96-well plates (SUM TOVO BAKELI KE CO., LTD.; CELLFECTI GHT
SPHERO D) such that 10,000, 5,000, 2,500, 1, 250, 625 or 313 cells would be
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(MEM, Techno Glass, sterile Petri dish) for a total of 15-30 days so that they differentiated into

embryoid bodies including cardiomyocytes. The culture medium used for this differentiation
was the same as identified above, except that it did not contain bFGF, i.c., it was composed
of KO-DMEM (GIBCO), 20% KO-SERUM (GIBCO), 1.6 mM L-glutamine, 0.1 mM non-
essential amino acids (MEM), 0.2 mM B-mercaptoethanol (2-ME; Sigma), 100 IU/ml
penicillin, 100 pg/ml streptomycin sulfate, and 8 ng/ml of a recombinant human leukemia
inhibiting factor (LIF; Chemicon).

[0080] One or two months after their preparation, the embryoid bodies were picked up and
treated by the method described in WO 2006/022377 to purify the cardiomyocytes. To be
more specific, the embryoid bodies were treated with collagenase and trypsin to give
disaggregated single cells. To the culture medium as a cell suspension, a mitochondrial
indicator TMRM (Invitrogen #T66) was added at a final concentration of 10 mM and the
mixture was left to stand at 37 °C for 15 minutes, washed three times, and immediately
subjected to FACS analysis. Cells (cardiomyocytes) displaying a higher fluorescent intensity
than the principal cell population were separated and recovered.

[0081] The separated cardiomyocytes were treated by the same method as in Example 2 to
prepare cell masses of cardiomyocytes. To be more specific, the purified cardiomyocytes

derived from marmoset embryonic stem cells were distributed in a non-cell-adhesive, round



0.2 nM O- ner capt oet hanol (2-Mg;, Sigma), 100 11U mM penicillin, 100 g/m
streptonmycin -31- sulfate, and 8 ng/m each of a reconbi nant human | eukem a
inhibiting factor (LIF, Chem con) and a reconbi nant human basic fi brobl ast
grow h factor (bFGF;, Peprotech). For serial passage, colonies of enbryonic
stemcells were separated by treatnent with 0.1%type 111 collagenase
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princi pal peRhlt oP AdKesivé Cultepe € separated and recovered. [0081] The separat ed
cardi onyoCyTes were treated by the same nmethod as in Exanple 2 to

[0083] The purposes of this Example were to study the adhesive substrate with the strength

of protective action under plane culture conditions being used as an index, and to compare
the survival rate of purified, embryonic stem cell-derived cardiomyocytes between plane
adhesive culture and cell mass culture; the plane adhesive culture was performed using serum
having a strong cell protecting action, and the cell mass culture was performed in the
condition with or without serum; the cell protecting action was found to be superior when
cell mass culture was performed under serum-free conditions.

[0084] In Example 4, cardiomyocytes derived from mouse embryonic stem cells were
purified in accordance with Example 1.

[0085] The purified cardiomyocytes were seeded in plastic culture dishes (product of BD),
coated with either (1) gelatin or (2) fibronectin, in the presence of serum (Fig. 3A). In
addition, with a view to forming cell masses, (3) the purified cardiomyocytes were
distributed in a non-cell-adhesive, round bottom 96-well plate in accordance with Example 2
such that 1,000 cells would be present in one well and the suspensions were centrifuged at
120g for 5 minutes. Further in addition, (4) the purified cardiomyocytes were distributed in a

non-cell-adhesive, round bottom 96-well plate in accordance with Example 2 except for



prepare cell masses of cardionyocytes. To be nore specific, the purified
cardi onyocytes derived from marnoset enbryonic stemcells were distributed
in a non-cell-adhesive, round -32- bottom 96-well plate (SUM TOMO BAKELI KE
CO., LTD.; CELLFECTI GHT SPHERO D) such that 2,000 cells would be present in
each well. The distributed cells were observed over tine; 24 hours |later,
cell masses forned (Fig. 2A) and started to beat spontaneously in a
synchronous nanner. Forty-eight hours lad%®r, the cell masses each assuned a
nearly perfect spherical shape (Fig. 2B) and 10 days later, rhythmc,

synchr onousingRerusPHRBE aRIMisnshE abnshtict RUGHAsSE sidhitHat 12000 de9 SdhldTthesiesehesul t s
showed that, after the cardi onyocytes derived from marnoset enbryonic stem
cel I s wer én dachpedlbaml the swpsatiensoedrt Sentfifigid ap1203 foes hringes. e Jat eanples 601N
cell nmasses. Exanple 4: Measurenent of Cell Survival Rate for Cell Masses
Formed by t&J§d)rvgere Calidedinsthe yaras idoebatveidr 112 houdaugd d dapdr ouridaysSeemthel | s and
Conparison with the Result of Adhesive Culture [0083] The purposes of this
Exanpl e wauenbeoofsdelid ydlicnimgaod badhi dish Ghibeibblatcell wourh) druethst afevogtadherefit but
protective action under plane culture conditions being used as an index, and
t o conpar euspehding geNs (dadd cadt @uof) wane imfeasui¢d. il igarlisars depicted inl Fige3 (seed

cardi onyocytes between plane adhesive culture and cell mass culture; the

pl ane adhddg.\Z tonthagoadiings pE(l) endrEd), arsi alsp scertiign. 3Bawmil 3§ far thercondjtiory of
protecting action, and the cell mass culture was perforned in the condition
wi th or wi(Bhondt(4seespastivele) cel | protecting action was found to be superior
when cell mass culture was perforned under serumfree conditions. [0084] In
Exanpl e 4,[00%]diAsn wenadeont,dbe relbviabiligminrasl] geass plityre pndersenrn-gee Fendijons
purified in accordance with Exanple 1. [0085] The purified cardi onyocytes
ver e seedavpsiobvipuslythighe thap themaxighus valge dplaneadhepye culyiaindbe piesince pf her

(1) gelatin or (2) fibronectin, in the presence of ser (Fig. 3A). In
addi ti on, SFUTh(ca- Q%R the cass i (RY: ke frtb-%‘%sf ¢ iny thy C@%@fqunﬂi@&‘fz’ viable in
cardi onyocyt es WFQS distributed in a non-cell-adhesive, round bottom
96- wel |~ pltat €Sf AT §dcor dance with Exanple 2

Example 5: Preparation of Cell Masses Using Cardiomyocytes Derived from Purified

Mouse Embryonic Stem Cells and Detection of Contaminated Embryonic Stem Cells

[0087] The purpose of this Example was to detect non-cardiomyocytes that were
contaminated in cell masses formed of purified cardiomyocytes derived from mouse
embryonic stem cells.

[0088] Cell masses of purified cardiomyocytes were prepared by the methods of Examples
1 and 2, provided that prior to the final seeding of the 96-well plate, 2% of undifferentiated
embryonic stem cells were added to the suspension of cardiomyocytes. The cell masses were
cultured in a serum-free a-MEM solution that contained 1mg/ml of insulin and 10 nM of
TMRM; 14 days later, fluorescent images and phase-contrast images were acquired from all
wells.

[0089] As a result, in two wells that accounted for about 2% of the wells, a larger cell mass
(more than twice the size of normal cell masses) was observed (Fig. 4) and it was found that
part of these non-spherical cell masses formed a cell population that emitted a weak,
TMRM-derived fluorescent signal (i.e., non-cardiomyocytes) and which was composed of
abnormal cardiomyocytes (Fig. 5B). The whole cell masses of normal cardiomyocytes

emitted a TERM derived fluorescent signal (Fig. 5A).



such that 1,000 cells would be present in one well and the suspensions were
centrifuged at 120g for 5 mnutes. Further in addition, (4) the purified
cardi onyocytes were distributed in a non-cell-adhesive, round bottom
96-wel |l plate in accordance with Exanple 2 except for -33- using serumfree
conditions to construct cell masses, such that 1,000 cells would be present
in each well and the suspensions were cggi[ifuged at 120g for 5 mnutes. The
sanples of (1) to (4) were cultured in the same incubator for 12 hours and
4 days. Four days later, the nunber of cells adhering to each dish (the

vi abl e cel[PO¥Yurfhps,sheimetwd psovideshbyaBranplad epabled soptpainanteprcedrdiomydedes cel |
count) were neasured. The results are depicted in Fig. 3 (see Fig. 3A for

t he condi ttp &aidegtified yithhdeh sEpsitisity} al so see Figs. 3B and 3C for the
conditions of (3) _and (4), respectively.) [0086] As it turned out, the cel
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TMRM 14 daysarh {4 uorescent images and phase-contrast inmages were
acquired fron%raﬁ%wo\%%s. [0089] As a result, in tw wells that accounted
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normal cel’l sses) was obsefv (ki and 1t was foun
adhesive 96-well dish (SUMITOMO BAKELITE) with 3,000 cells being seeded per well.

The culture medium consisted of DMEM-high glucose (Invitrogen) supplemented with 10%
FBS (JRH).

[0094] The appearance of the cells after 24 hours of culture is depicted in Fig. 6. The
purified cardiomyocytes derived from the neonatal rat heart did not form cell masses but
aligned along the round bottom of each well (Fig. 6A). The purified cardiomyocytes derived
from the neonatal rat heart at day 5 of culture were virtually dead (Fig. 6B) under the serum-
free conditions (solely with the basal culture medium a-MEM (left panel of Fig. 6B, or with
o-MEM+ITS (right panel of Fig. 6B)).

Example 7: Culture Medium Composition Optimum for Forming Cell Masses Using

Cardiomyocytes Derived from Mouse Embryonic Stem Cells

[0095] The purpose of this Example was to analyze the various properties of neonatal rat’s
primary cardiomyocytes and cardiomyocytes derived from mouse embryonic stem cells so as
to find out a culture medium most suitable for the cardiomyocytes derived from embryonic
stem cells.

[0096] Purified cardiomyocytes derived from mouse embryonic stem cells and purified

neonatal rat cardiomyocytes were prepared as described above; they were then cultured in



part of these non-spherical cell masses fornmed a cell population that
emtted a weak, TMRM derived fluorescent signal (i.e., non-cardi onyocytes)
and whi ch was conposed of abnormal cardi omyocytes (Fig. SB). The whol e cel
masses of normal cardi onyocytes emtted a TERM derived fluorescent signa
(Fig. 5A). -34- [0090] Thus, the method provided by Exanple 5 enabl ed
contam nant non-cardi omyocytes to be idgatified with high sensitivity.
Exanpl e 6: Preparation of Cell Masses Using Purified Cardi onyocytes Derived
from Neonatal Rat Heart [0091] The purpose of this Exanple was to know
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this Exanple was to anal yze the various properties of neonata
with 10% serum is given as an example. After 4 days, the neonatal rat cardiomyocytes

formed cell masses only in the media supplemented with 5% FBS and 10% FBS,
respectively.

[0098] The cell masses of purified, cardiomyocytes derived from mouse embryonic stem
cell that formed after 6 days of culture in a non-cell-adhesive, round bottom 96-welll dish
were observed (Fig. 7B); a significant increase in the diameter of cell masses, as compared to
that of the cell masses just formed, was found only in the culture medium of
a-MEM+ITS+50 ng/ml bFGF (see Fig. 7C, in particular, please refer to the column marked
with the asterisk). Even in the serum-containing media, the diameter of cell masses was
about one half the value for the early stasge (Fig. 7C).

[0099] From the foregoing, it is believed that the serum-free culture medium supplemented
with ITS and bFGF has a very strong cell protecting action and exhibits a unique property of
inducing the proliferation of cardiomyocytes.

Example 8: Culture Medium Composition Optimum for the Formation of Cell Masses

Using Cardiomyocytes Derived from Mouse Embryonic Stem Cells

[0100] In Example 7, it was revealed that the serum-free culture medium supplemented
with ITS and bFGF had a very strong cell protecting action and exhibited a unique property

of inducing the proliferation of cardiomyocytes. Hence, Example 8§ was performed in order



primeary cardi onyocytes and cardi omyocytes derived from nouse enbryonic stem
cells so as to find out a culture nmedi um nost suitable for the

cardi onyocytes derived fromenbryonic stemcells. [0096] Purified

cardi onyocytes derived from nouse enbryonic stemcells and purified

neonatal rat cardi omyocytes were prepared as described above; they were then
cultured in -35- each of 10 different cogdition: one was solely conposed of
a- MEM and the other nine consisted of a-MEMH TS, a-MEM + I TS + 50 ng/m
bFG- (peprotech), a-MEM + ITS + 50 ng/m 1G--1 (Wako), a-MEM + I TS + 50
ng/ M bFGto si8v whatdctiperbHGF andvinglin, 3zpmpgrent jof dreidd Stsobionny e g haveemthe:

I nvitrogen), a-MEM + 10% KSR (knockout serum replacenent: |nvitrogen),

a- MEM + 19pqressse iedgidiapatermfopll massgsm + 500 FBS, and  a- MEM + 10% FBS,
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has a very strong cell protectin ion and exhibits a unique property of
when ITS was added in Example 7.

[0103] From the foregoing, it is believed that the serum-free culture medium supplemented
with bFGF or insulin+bFGF has a very strong cell protecting action and exhibits a unique
property of inducing the proliferation of cardiomyocytes.

Example 9: Actions of "Serum-Free" and bFGF in Plane Adhesive Culture System of

Purified Cardiomyocytes Derived from Mouse Embryonic Stem Cells

[0104] Cardiomyocytes derived from mouse embryonic stem cells were purified in
accordance with Example 1. The purified cardiomyocytes were seeded in the same numbers
on fibronectin-coated cell culture dishes and subjected to plane adhesive culture in a variety
of culture media. The various culture media all comprised a-MEM as a basal culture
medium but they respectively had the following components added thereto: 10% FBS alone,
10% FBS + 50 ng/ml bFGF, 10% KSR (knockout serum replacement: Invitrogen), ITS, and
ITS + 50 ng/ml bFGF. The cells seeded under those conditions were cultured for a total of

5 days and then photographed (Fig. 8A). As it turned out, the serum-free ITS and ITS+bFGF
groups had significantly lower cell viability than the groups added with 10% FBS or 10%
KSR.

Example 10: Transplantation of Purified Cardiomyocytes Derived from Mouse




i nducing the proliferation of cardionyocytes. Exanple 8: Culture Medium
Conposition Optinmumfor the Formation of Cell Masses Using Cardi omyocytes
Derived from Mouse Enbryonic Stem Cells [0100] In Exanple 7, it was reveal ed
that the serumfree culture nedi um supplenented wth ITS and bFGF had a
very strong cell protecting action and exhibited a unique property of
inducing the proliferation of cardiomyocyies. Hence, Exanple 8 was perforned
in order -36- to show what actions bFGF and insulin, a component of the ITS
sol ution, vvoul d have on the |ncrease in the d| arret er of ceII masses. [0101]
Basi cal | y Emby omsCol MiyoDs Tissue of Immunpdefici at@ndt hat t he

fol |l owi ng a- VNEM +50 ng/ M bFGF, a- MEM
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bFGF. [01021Wi i X days Iat er, the cell masses of cardi onyocyt es derived from
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needle. For injection, the needle was inserted into the cardiac apex, from which it was

advanced through the cardiac free wall by approximately 3 mm toward the cardiac base.
After the transplantation, the chest was closed quickly and, after the recovery of spontaneous
beating, the mouse was returned into the cage.

[0107] Three weeks after the transplantation, the heart was fixed under perfusion and frozen
sections were prepared. The sections were immunostained with an anti-sarcomeric actinin
antibody and fluorescent microscopic images were taken (Fig. 9A). As it turned out, viable
cell transplants were barely seen and only the reaction with the tracer red dye could be found
(Figs. 9A and 9D).

[0108] In the next place, cell masses each consisting of 2000 cardiomyocytes as constructed
under the serum-free conditions described in Example 7 (a total number of 2 x 10° cells) were
transplanted into the left ventricular free wall of an immunodeficient mouse (NOD-SCID).
The transplantation was carried out as in the experiment described above and 3 weeks later,
the heart was fixed under perfusion and frozen sections were prepared. The sections were
immunostained with an anti-sarcomeric actinin antibody and fluorescent microscopic images
were taken (Fig. 10). Based on the fluorescent microscopic images, the number of cells

engrafted on the host cardiac tissue contained in one cell mass was counted.



ey i

medi um but they respectively had the follow ng conponents added thereto: 10%
FBS al one, 10% FBS + 50 ng/m bFG-, 10% KSR (knockout serum repl acenent:
Invitrogen), ITS, and ITS + 50 ng/mM bFG-. The cells seeded under those
conditions were cultured for a total of 5 days and then photographed (Fig.
8A). As it turned out, the serumfree ITS and | TS+bFG- groups had
significantly lower cell viability than the groups added with 10% FBS or 10%
KSR Exanpl e 10: Transpl antation of Puri$$ed Cardi omvocvtes Derived from
Mouse -37- Enbryonic Stem Cell into Myocardial Tissue of I mrunodeficient Rat
and  MeasyoRI%NAsGE tufkedl dut, AR} MR badRedfahd BaAplanicd defGha oM dcburalehe
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case where the reaggregation nmethod was not applied. [0106] Atotal of 2 x
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I mmunodefi ci ent nmouse (NOD-SCI D). Anesthesia was induced on the nouse with
et her and as sedhnsdispersed)) mgemgraftedaeilacmild ge 286nds dilismesuiemsansphatebke pdst-ough an
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i Nt er cost atansplantatjonengeaftia patenbetriliesi yacytandratatica by idipaeved doom@% tof2%ir ed
wth tweezers to expose the heart. Physiological saline (30 |d) containing
cel | massd814}] dartieromptbaytien tawerifyigdbe ehhngh incgdiomyoyytehduring long-ter®0G
needl e. For injection, the needle was inserted into the cardiac apex, from
whi ch it Wesssplarigtions éestigabion hased @ngaymlingstainingofiihe hedst wappartormedtang 3 nm
toward the cardiac base. After the transplantation, the chest was cl osed
qui ckly arfdveckselier thp dapsplanjatiop. dfs i peprdgredie cytoplasmyglumae! Grediemyogides
returned into the cage. [0107] Three weeks after the transplantation, the
heart was ip§reasgd m@d@%hp%am% wsaksafter thegsanplaseipn.gisomprsd prithilie ed. The
sections were i nmmunostained with an an&,ig-sa,r %omeri c actinin antibody and
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(Figs. 11C and 11D). This shows that the transplanted cell masses of cardiomyocytes

matured in the host cardiac tissue.

Example 11: Preparation of Cell Masses Using Purified Cardiomyocytes Derived from

Marmoset Embryonic Stem Cells

[0111] The purpose of this Example was to prepare cell masses of purified cardiomyocytes
derived from marmoset embryonic stem cell under serum-free conditions either with the
addition of ITS or KSR.

[0112] Briefly, cell masses of purified cardiomyocytes derived from marmoset embryonic
stem cells were prepared in accordance with Example 3, provided that cell masses were
cultured in a serum-free culture medium alone (Fig. 12A) or a serum-free culture medium
supplemented with 10% KSR (Fig. 12B) or ITS (Fig. 12C). The cell masses constructed
either 12 hours or 3 days after the start of transplantation are shown in Fig. 12.

Example 12: Construction of "Thick" Cell Sheets Using Cell Masses of Purified

Cardiomyocytes Derived from Marmoset Embryonic Stem Cells

[0113] The cell masses of purified cardiomyocytes derived from marmoset embryonic stem
cell that were prepared in Example 11 were suspension cultured in the same plane. With the

lapse of time over the period of from O to 12 hours, adjacent cell masses are conjugated



[0108] In the next place, cell masses each consisting of 2000 cardi omyocytes
as constructed under the serumfree conditions described in Exanple 7 (a
total nunber of 2 x 105 cells) were transplanted into the left ventricul ar
free wall of an inmunodeficient nouse (NOD-SCID). The transplantation was
carried out as in the experinent described above and 3 weeks later, the
heart was fixed under perfusion and fro_z$§1_secti ons were prepared. The
sections were inmunostained with an anti=sarconeric actinin antibody and
fluorescent mcroscopic images were taken (Fig. 10). Based on the
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consi sted of 2000 cardi onyocytes, 92.05 11.1% cardi onyocytes were found
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Center, adjunct facilities to the Institute for Frontier Medical Sciences, Kyoto University (the
Embryonic Stem Cell Center sponsored by the National Bio-resource Project).

[0116] Using mouse embryonic fibroblasts (MEF) that had been growth-inactivated by
mitomycin C treatment, these human embryonic stem cells were cultured such that they
would remain undifferentiated. The culture medium was composed of F12/DMEM (1:1)
(SIGMA, Lot No. D6421), 20% KO-SERUM (GIBCO), 1.6 mM L-glutamine, 0.1 mM non-
essential amino acids (MEM), 0.1 mM f-mercaptoethanol (2-ME; Sigma), 100 IU/ml
penicillin, 100 pg/ml streptomycin sulfate, and a recombinant human basic fibroblast growth
factor (bFGF; Peprotech). For serial passage, colonies of embryonic stem cells were
separated by treatment with 0.1% type III collagenase (Wortington) at 37 °C for 10 minutes.
[0117] Subsequently, in order to separate the embryonic stem cells from MEF, the culture
medium containing cell masses was passed through a mesh with a pore size of 40 um and the
cell masses in the oversize fraction were recovered. The recovered cell masses were those of
pure embryonic stem cells. For differentiation, 50-1,000 embryonic stem cells per EB were
cultured as embryoid bodies on a non-cell-adhesive bacterium dish (Asahi Techno Glass;

sterile Petri dish) for a total of 15-30 days so that they differentiated into embryoid bodies



stemcells were prepared in accordance with Exanple 3, provided that cell
masses were cultured in a serumfree culture nmediumalone (Fig. 12A) or a
serumfree culture nmedium supplenmented with 10% KSR (Fig. 12B) or ITS (Fig.
12C). The cell masses constructed either 12 hours or 3 days after the start
of transplantation are shown in Fig. 12. Exanple 12: Construction of "Thick"
Cell Sheets Using Cell Masses of PurifigaQO_Cardi onmyocytes Derived from
Mar nroset Enbryonic Stem Cells [0113] The cell nasses of purified
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prepared sections were immunostained with Nkx2.5 and an anti-sarcomeric actinin antibody

and fluorescent microscopic images were obtained.

[0120] Some cell masses were found to be stained with the red dye used as a tracer of the
transplanted cells. The sections were detected for the Nkx2.5 and anti-sarcomeric actinin
antibody by an immunological method. The result is shown in Fig. 15. The transplanted
cells, being stained with the red tracer dye, were shown to be predominantly red-colored.
Immunostaining with actinin also showed the staining of the striation. It was also shown that
Nkx2.5, a marker of cardiomyocytes, was predominantly found in the nuclei of the
transplanted cardiomyocytes. This is a phenomenon peculiar to immature cardiomyocytes.
In addition, the nuclei of cardiomyocytes derived from human embryonic stem cells are
larger than surrounding mouse cardiomyocytes and, hence, can be distinguished from the
latter (Fig. 15).

[0121] Further, 5 weeks after the transplantation, frozen sections were prepared in
accordance with Example 10. Some cell masses were found to be stained with the red dye
used as a tracer of the transplanted cells (Fig. 16). The thus prepared sections were

immunostained with Nkx2.5 (watery blue) and an anti-sarcomeric actinin antibody (green) or



essential amno acids (MEM, 0.1 nmM f 3-nercaptoethanol (2-Mg, Sigma), 100
lUm penicillin, 100 g/m streptomycin sulfate, and a reconbi nant human
basic fibroblast growh factor (bFG-;, Peprotech). For serial passage,

col onies of enbryonic stemcells were separated by treatnment with 0. 1% type
[1l collagenase (Wrtington) at 37 C for 10 mnutes. [0117] Subsequently,
in order to separate the enbryonic stemgglls from MEF, the culture nedium
containing cell nasses was passed through a mesh with a pore size of 40 m
and the cell nmasses in the oversize fraction were recovered. The recovered
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ti ssue of \an. i g%ﬂﬁj&p? ﬁg in accordance with Exanple 10. Two weeks
after the transplantation en’sections were prepared in accordance with
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used as a tracer of the ransplranted cells. The sections were detected for
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The result is shown in Fig. 15 he transpl ant ed

derived from mouse iPS cells under serum-free conditions with or without addition of I'TS or

KSR.

[0123] The mouse iPS cells were assigned from the Institute for Frontier Medical Sciences,
Kyoto University. Differentiation of the mouse iPS cells into cardiomyocytes was carried out
as in Example 1. In that instance, it was found to be optimum that 1000 cells were used as
the initial cells for composing one embryoid body.

[0124] Fig. 19A shows the result of an FACS analysis conducted with the mitochondrial
indicator TMRM in order to purify cardiomyocytes. The rectangle in the graph represents
the region of cardiomyocytes. The thus purified cardiomyocytes were subjected to adhesive
culture and immunostained (with actinin and Nkx2.5); the result is shown in Fig. 19B. Since
the mouse iPS-induced cardiomyocytes were shown to form aggregated cell masses, it was
revealed that the cell fractions recovered by FACS consisted of nearly 100% of
cardiomyocytes. Further, Fig. 19C shows the appearance of the purified cardiomyocytes

24 hours after they were seeded in a non-cell-adhesive 96-well culture dish. In this case, a
serum-free culture medium was used. As it turned out, the purified cardiomyocytes derived

from mouse iPS cells could also be used to construct cell masses by the method of the present



cells, being stained with the red tracer dye, were shown to be predom nantly
red-col ored. Inmunostaining with actinin also showed the staining of the
striation. It was al so shown that Nkx2.5, a nmarker of cardi onmyocytes, was
predom nantly found in the nuclei of the transplanted cardi omyocytes. This
i s a phenonenon peculiar to i mature cardi onyocytes. |In addition, the
nucl ei of cardi onyocytes derived from human enbryonic stemcells are |arger
t han surroundi ng nouse cardi onyocytes an® - hence, can be disti ngui shed from
the latter (Fig. 15). [0121] Further, 5 weeks after the transplantation,
frozen seghveationwere prepared in accordance with Exanple 10. Sone cel
masses were found to be stained wwth the red dye wused as a tracer of the
t r anspl anBxéngplé 1 5: Chltgre Mediunt Uonigusitow Optimeni foe Forminge Gell Mass¢sligingt ai ned
with Nkx2.5 (watery blue) and an anti-sarconeric actinin antibody (green) or
-41- wi t h Qdrdibnbydeyses Derivied fegm dhanam EabinyohicStemUdlsear anti gen (green:
bi nding to an antigen that was not present in nouse nuclei but present only
i n primat ¢8)254ndn Ekarople s évias renealedsbaphesarumeges onitne médismrseppleiibated esul t s
are shown in Figs. 17 and 18. The mtochondria in the transplanted cells
wer e st ai vath iStandtbk& | haslzeveryl ylegngaprotoniingjadtion anguouppalerived ¢adlsded exhibidedas
spots. Inmmunostaining with actinin also showed the staining of the striation
(Fi g. 17) auniqusipoepertyanf indusing the proliferptivraef candiomyoqydes. lienchdExmpde teyaon
were derived from human cells, detection was perforned using an anti-human
anti body sadied@at i qrdentashowd ditifectivgnsss ofiGE Hecardiamype et degived flom wer e
human cells, in particular, cardi omocytes that were co-stained with Nkx2.5
(Fi g. 18) humapks lls and yrgpigwHts effectivencey morgsdessly Rseampaningiif ik other
Car di onyocytes Derived from Muse |Induced Pluripotent Stem (iPS) Cells
[0122] Th&QUdadesof this Exanple was to prepare cell masses of purified
ell's under serumfree . conditions

cardi onyo e deriyed fro se i PS
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carried oyl o mi acidic FGF (aFGF), 25 ng/ml FGF-4, 20 ng/ml keratinocyte growth factor (KGF),

100 ng/m] stem cell factor (SCF), 100 ng/ml vascular endothelial growth factor (VEGF),

10 ng/ml leukemia inhibiting factor (LIF) (Millipore Corporation, Billerica, MA, USA),

100 ng/ml glial cell line-derived neurotrophic factor (GDNF), 20 ng/ml hepatocyte growth
factor (HGF), 10 ng/ml insulin-like growth factor (IGF)-1, 100 ng/ml epidermal growth
factor (EGF), 1X10” M endothelin-1 (ET-1), 10 ng/ml platelet derived growth factor
(PDGF)-AA, or 100 ng/ml PDGF-BB (those reagents without the indication of where to
obtain were all purchased from R&D systems). Human ES cells were cultured using each of
the culture medium to prepare cell aggregates.

[0127] The diameter of cell masses was measured 3, 8, 25 and 40 days after the preparation
of cell masses. As it turned out, the cell mass prepared in the presence of bFGF had the
largest diameter on each of the days (Fig. 20A). It was also found that this protecting action
was continued as long as 40 days. Instead of bFGF, each of the various substances
mentioned above was added to the culture medium and checked for their effect on the
formation of cell masses; EGF, PDFG-BB and ET-1 were found to be effective, though not
as effective as bFGF (Fig. 20B).

[0128] As a result, it turned out that, even in the case of differentiation of cardiomyocytes



as in Exanple 1. In that instance, it was found to be optimumthat 1000
cells were used as the initial cells for conposing one enbryoid body.
[0124] Fig, 19A shows the result of an FACS anal ysis conducted with the

m tochondrial indicator TVRMin order to purify cardi omyocytes. The
rectangle in the graph represents the region of cardi onyocytes. The thus
purified cardi omyocytes were subjected to adhesive culture and

i mmunost ai ned (with actinin and Nkx2.5); 43he result is shown in Fig. 19B.
Since the nouse i PS-induced cardi omyocytes were shown to form aggregated
cel | nmassdsrivdd frovahumas BSadetidbFGRhad &udl grelebtiig @l growsh proawyviap ackikivesAder
consisted of nearly 100% of cardi onyocytes. Further, Fig. 19C shows the
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in a non-cell-adhesive 96-well culture dish. In this case, a serumfree
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the serumfree culture nedi um supplenented wth ITS and bFG- had a very
strong pr geeceipiessotin die host heads dhd @rimessiansbprobesdintthepspottiveczenes wnlleque

property of inducing the (Pr oliferation of cardiomyocytes. Hence, Exanple 15
was car r ipagchased fram é\mbﬁ Bipsusions (FagMdnf geae icyprggsien aspaysikp be more specific,
cardi onyocytes derived om_ human ES cells and to review its effectiveness
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[0130] The results of Example 15 suggested that the group of growth factors required for

the survival and maturation of the cell masses of cardiomyocytes transplanted into the heart

are supplied from the host heart.

INDUSTRIAL APPLICABILITY

[0131] According to the present invention, it has been found that cardiomyocytes derived

from embryonic stem cell that have been purified by dispersing to single cells have such a

new characteristic that they are capable of aggregating when they are cultured under

serum-free conditions. By constructing cell masses using the method of the present

invention, long-term culture can be performed with the survival rate or proliferative capacity

of those cardiomyocytes being maintained at high levels. It has further been found that,

when those cells are transplanted to the cardiac tissue of an individual (the living body), their

engaftment rate in the cardiac tissue is significantly enhanced, with the result that the

cardiomyocytes will not mix with non-cardiomyocytes but can be made engrafted for an

extended period of time within the cardiac tissue. Thus, the present invention has enhanced

the feasibility of providing cardiomyocytes for transplantation, as well as a method of cell

therapy on the heart which is alternative to cardiac transplantation as a treatment of cardiac



factor (HGF), 10 ng/m insulin-like growmh factor (1GF)-1, 100 ng/ n

epi dermal growth factor (EGF), 1 X 10-'7 Mendothelin-1 (ET-1), 10 ng/n

pl atel et derived growh factor (PDGF)-AA, or 100 ng/nm PDG--BB (those
reagents wi thout the indication of where to obtain were all purchased from
R&D systens). Human ES cells were cultured using each of the culture medi um
to prepare cell aggregates. [0127] The dj,anmeter of cell nasses was neasured
3, 8, 25 and 40 days after the preparation of cell nasses. As it turned
out, the cell mass prepared in the presence of bFG- had the |argest

di armret er discasa b tansplavingpprdigrryeryte3glgt haye begaprepasesd ewisideltheHiving bridy, and
protecting action was continued as |ong as 40 days. Instead of bFGF, each
of the vapimsdicabdayieeaompsisingaetlingaseas oflsardéomupesrytedded to the cul ture medi um
and checked for their effect on the formation of cell nasses; EG-, PDFG BB
and ET-1 were found to be effective, though not as effective as bFGF (Fig.
20B). [0128] As aresult, it turned out that, even in the case of
differentiation of cardionyocytes -43- derived from human ES cell, bFG- has
cell protecting and growth pronoting activities under serumfree conditions
and that these actions are stronger than those of other growh factors.
[0129] Further, in order to elucidate the nechani sm by which cardi onyocytes
transplanted into the host heart can mature in the cardiac tissue after
transpl antation, bFG-, EG-, PDG--BB and ET-1 were tested by real-tine PCR
(Aplied Biosystens) for the possibility of gene expression in the host
heart. The prinmers and probes for the respective genes were purchased from
Appl i ed Bi osystens (TagMan gene expression assays); to be nore specific,
bFGF (M0128715 m ), EGF (M101316967_m ), PDG--BB (MrD1298577_m ), and ET-1
(Mr01351840_gl ) were used. The reagents used for analysis and the operating
procedure were in accordance with the instruction manual provided by Applied
Bi osystens. As a result, it turned out that the genes nentioned above were
expressed in the host heart (Fig. 21). [0130] The results of Exanple 15
suggested that the group of growh factors required for the survival and
mat uration of the cell masses of cardionyocytes transplanted into the heart



are supplied fromthe host heart. | NDUSTRI AL APPLI CABI LI TY [0131] According
to the present invention, it has been found that cardi omyocytes derived
fromenbryonic stemcell that have been purified by dispersing to single
cells have such a new characteristic that they are capabl e of aggregating
when they are cultured under serumfree conditions. By constructing cel
masses using the nethod of the present nventlon | ong-term cul ture can be
performed with the survival rate or proI ferative capacity of those

cardi onyocytes being maintained at high levels. It has further been found
that, when those cells are transpl ani3dIMS t he cardiac tissue of an

i ndividual (the living body), their engaftnent rate in the cardiac tissue
is significantly enhanced, with the result that the cardi omyocytes will not
m X W th non-cardi omyocytes but can be nmade engrafted for an extended

peri od of 1ti me piméthed ohgrepaing cell massesud caiiiersyodytes derivebiiomiphurénoténd stelmas
enhanced the feasibility of providing cardi onyocytes for transplantation,
as wel | aseclls, eharsntarized i thiat purifiedrcapdiompioqyites desized fram plhripaentistear eedt i ve to
cardiac transplantation as a treatnent of cardi ac -44- disease by

transpl anebtained &y disprapbieyasaresnted celh mpsses ey cgmtwataéhor@m@tt%ehtfﬁénmatw gl
body, and, a nedi cal device co r|S|n cell masses of cardiomyocytes. -45-
CLAI M5 1 inducegelirem plyfpolind siany %@s desipg ﬁﬁ@lé%sre srltersd in dayBES Medivgepndead from
pluripotent stemcel|s, characterized in that purified cardiomyocytes

deri ved f?‘?fﬁmpflr‘iﬁ‘ioﬁgtt@ﬁﬁ sq tha i’S%F‘Te TeRgRTEH At by di spersi ng aggregated cel |

masses that con ar.di onyocyte dlff rent| d. and i nduged from
pluripoteRt ste %gteﬁ@dtascogﬁwgﬂ%c i lswEPEAE p @atqnhstam&a t theseleedd um
under serun} ree condlttons sq that they are rq@ﬂg g 2. .The net hod
accor di ng e F&f%pfonﬂﬂg’rge‘?r? %015? Stemgstispmbry r TOUPESERY  from

t he groungﬁ)ns 1i F}H‘%&é’é‘&l n‘??# Gl C em cells, enbryonic germcells, gernline

stem cel stem cells. 3. The nethod accor di ng to
claim1 0%, 2, \Mf‘ﬁé I%IC otdg%cocr 1ng 0 cla1mqI Qrte?n' e ctllnure me?hum contains insulin.
4. The method according to any one of claims 1 to 3, wherein the culture medium

contains at least one substance selected from the group consisting of transferrin, selenium, a
basic fibroblast growth factor (bFGF), an epithelial cell growth factor (EGF), a
platelet-derived growth factor-BB (PDGF-BB), and endothelin-1 (ET-1).

5. The method according to any one of claims 1 to 4, wherein the content in the culture
medium is 0.1 to 10 mg/L of insulin, 0.1 to 10 ug/L of transferrin, 0.1 to 10 ng/L of
selenium, 1 ng/ml to 100 ng/ml of the basic fibroblast growth factor, 1 ng/ml to 1000 ng/ml
of the epithelial cell growth factor, 1 ng/ml to 1000 ng/ml of the platelet-derived growth
factor, and 1 x 10°® to 1 x 10°® M of endothelin-1 (ET-1).

6. A method of treating cardiac disease, characterized in that cell masses obtained by
reaggregating cardiomyocytes derived from purified pluripotent stem cells that are dispersed
to single cells are transplanted to the cardiac tissue of an individual such that they are
engrafted.

7. The method according to claim 6, wherein the pluripotent stem cells are selected
from the group consisting of embryonic stem cells, embryonic germ cells, germline stem
cells, and induced pluripotent stem cells.

8. The method according to claim 6, wherein the cell masses of cardiomyocytes are



4. The nmethod according to any one of clainms 1 to 3, wherein the culture
medi um contains at | east one substance selected fromthe group consisting
of transferrin, selenium a basic fibroblast growh factor (bFG), an
epithelial cell growth factor (EGF), a platelet-derived growh factor-BB
(PDG--BB), and endothelin-1 (ET-1). 5. The nethod according to any one of
claims 1 to 4, wherein the content in thg culture mediumis 0.1 to 10 ng/L
of insulin, 0.1 to 10 g/L of transferrin, 0.1 to 10 g/L of selenium 1
ng/m to 100 ng/m of the basic fibroblast growmth factor, 1 ng/m to 1000
ng/ M of thoseokigined by ithg methpd agposding td astane of tlaigs Mto fo 1000 ng/ ml of the
pl atel et-derived growmh factor, and I x 10-8 to 1 x 10-6 M of endothelin-1
(ET-1). 69 A nefhomeodiaceqrdingdo any ence! dagsiste 8, wheicktthe tapgantgtianhat cel |
masses obt ai ned by reaggre ating cardi onyocytes derived frompurified

pl uri pot eFPMBEEMIYEHING thheg!l masseqphenadiomyocytes BInE sardiaCtissug e t r anspl ant ed
to the cardiac tjssue aof an jndividual ch that they are engrafted. 7. The
met hod ac&@rdi né;h? Bethodiassardimgip ABY Ane ?f;fﬂw 19 wheter BRUEBIED sel ect od
fromthe group consisting of enmhryonic stemcgells, enbryonic germcells,
Germ i no COBMISSIRPAnAG A Shed e a ] Masses of BiiossBhy Eaprt hatadht Bt nod
according.,to clagim erein the cel sses qf cardi onyocytes, are, : 46-
Those obtAimed AR AEPRBUDEL SRS ool o e imiRa ettt B The
met hod acgor di to a ne of ..cl ai 6, t.0 wherein the transplantation
conpr 1 ses T teisgs Phib i HriSnleiletied apuayiaden st (408 e inéton
tissue. 10Q. T hod, accor di to_any. one of ¢l ai wheneln the
tr anspi anfisiiaed BohBitt-BEERP o 2ef MR Rl BB frebf ply G Pndsctd

di |1t oA f ' h
of ool 1 makeann Rl Rl EEURLE Ao el R imonitin CpfER A B QR AhARe g o

cel | misse: eyes, e .
Phe. surf ace oo QR RAERs HEfharul #y AR AT ke PR RRrRRIRE 20,

bet ween Cagﬁ“ﬁqﬁéﬁﬁﬂ stieh @@FﬁLadjacent cell masses will be continuously in
contact wth each ot%er ?o owed by suspension culture which is maintained

until thejgel | TREARMAARcSAMNUIRIaBH 14 OFRLREN the PlUP¥Rndstem cells are selected
from the group consisting of embryonic stem cells, embryonic germ cells, germline stem
cells, and induced pluripotent stem cells.
13. The method according to claim 11, wherein the cell masses of cardiomyocytes are
those obtained by the method according to any one of claims 1 to 5.
14. A medical device comprising cell masses of cardiomyocytes derived from
pluripotent stem cell for use in transplantation to the cardiac tissue of an individual such that
they are engrafted, wherein the medical device is prepared by a method comprising steps of
preparing cell masses of aggregated cells that contain cardiomyocytes differentiated and
induced from pluripotent stem cells, dispersing the cell masses to single cells to thereby yield
purified cardiomyocytes derived from pluripotent stem cell, and culturing the cardiomyocytes
in a culture medium under serum-free conditions so that they are reaggregated.
15. The medical device according to claim 14, wherein the pluripotent stem cells are
selected from the group consisting of embryonic stem cells, embryonic germ cells, germline
stem cells, and induced pluripotent stem cells.
16. The medical device according to claim 14 or 15, wherein the transplantation

comprises injecting the cell masses of cardiomyocytes into the cardiac tissue.



desired thickness of 50-300 m 12. The nethod according to claim 11, wherein
the pluripotent stemcells are selected fromthe group consisting of
enbryonic stemcells, enbryonic germcells, germine stem cells, and

i nduced pluripotent stemcells. 13. The nethod according to claim 11,
wherein the cell masses of cardi onyocytes are those obtained by the nethod
according to any one of clains 1 to 5. 14. A nedical device conprising cel
masses of cardi omyocytes derived from-#Turipotent stemcell for use in
transplantation to the cardiac tissue of an individual such that they are

engr af t edy;7, whergleinddi BBHECA oYY GR14ith P GPB, GleRYn the TRShHRIFPT | ST Ng
steps of preparing cell nmasses of aggregated cells that contain

car di ony Qepeisesttdnklamitig ARt GG 3T EaldiGiydlyttsoRR) BB tardtRMsGR | S,

di spersing the cell masses to single cells to thereby yield purified

cardi onyocytes derived frompluripotent stemcell, and culturing the

cardi onyocytes in a culture nediumunder serumfree conditions so that they
are reaggregated. 15. The nedical device according to claim 14, wherein the
pluripotent stemcells are selected fromthe group consisting of enbryonic
stemcells, enbryonic germcells, germine stemcells, and induced
pluripotent stemcells. 16. The nedical device according to claim 14 or 15,
wherein the transplantation conprises injecting the cell masses of

cardi onyocytes into the cardiac tissue. -47- 17. The medi cal device
according to claim14 or 15, wherein the transplantation conprises

transpl anting a sheet of cell masses of cardi onyocytes onto the cardiac
tissue.





