-+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 onyocytes tq .be engrafted in the cardiac
tissue, and a nmethod of preparing sheets of cell nasses using the cel
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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- si‘ngle 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 treatnent. [0005] Various attenpts have been nmade to inplenent the

ti ssue engi neering nethod and they include: 1) a nmethod in which
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masses including fetal or neonatal rodent cardi omyocytes and, according to
a recent refiemed of telcardicifi focyvessdispessd ta siagle dellss with a/m&ﬁalcﬁiulcﬁlré beiag udi ng
non- car di omyocytes) that were derived fromthe fetal heart (Non-Patent
Docunent 4urthddevnstnotedniml thOshresrdinsendidhal shRGrLBRGAbstiRMO6 for thestissageandst) ahe
transpl antati on of cardionyocytes, a case has been reported where fetal
nouse car dnathgdinywldeh, wather than sapicimthe dandiac dissueea hewnusiliafy argan thatassists imhi ch
were confirnmed to be engrafted (Non-Patent

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



Docunment 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 fromzhe |iving body can be transpl anted
to the heart (Non-Patent Docunent 5. Science 1994, 264(5155): 98-101; and

Non- P 1.: zh h Yi X Zhi, .2003, .83,.1818-22). [0008
N 5o knowPfEpTERGHSA Hvea (o of WS i f Sy g bls tsf Rekrdtgre
enbryoid odi e bfrom ES cqi |s, the ntbr oj d odhes are inco etely treated
with a prPREISTPE eSOt olagRiase, GASTF Serselnted ey Medpmporaltasell rasses

Lhan 1o s HopRlali ERROHIRY R ¥ ERe ANAraibARSS i RoRIcE ISy bS A IASARS °1C

[ 1 i .0 f i
T Us poose Tha oRiRel BaRuf iR tes GeHO Gk GO B Cop Ut B blan R o1
use of a Ggl ﬁe{alﬁ’tg(ﬁéﬂngﬁdtéiﬂ ﬁ&ﬁﬁeﬂ‘l §%ﬁie§1 ?%994%%@2.5@: 98164. ;;nge}@mgﬁ&tgﬁtorryocyt es

and contam na of such cells "other an nyocytes may have the

potenti al ﬁ&uﬁéwf.%‘ghmy{@?@ﬂ&%pﬁ@,ﬁ% emgf%z_cts that nmay threaten the

life of a patient a rtransplantation. er t circunstances, it is

cons! der edoodifc S8sE kil Rla k8 ATVARK! finé frobBsBRGE A ibA of EABSBIENT at on

t her apy shou be used after purification. [0010] Several repor have

descri bed rpalks eNATESCEll, thd bt Hidddicl ArdinBdhpletedfliredic wﬁﬁ'a'p‘r&@éliyti@d
cardi onyocytes to the heart and allowing themto be engrafted théreafter

( Non- Pat endnz{a€ Wikiéupdn a%diaﬁdﬁ%@mﬁﬁﬁn% 281PhaddRy thhf areMh-ilPehrdiimyoRGiesRAd 7!
Stem Cells. 2007 May 31; and Non-Patent Docunent 8: FASEB J. 2007 Apr 13).

Accor di ng theseavhicieare ot fafbedineddai&l is subjecibd € Sengit ¢ gehdibnt tdntiifagaticn,
cel |l -derived cardionyocytes and injecting theminto the heart, the

engr af t menherelay ebtainidgelitmasethardoathiicay b abomoTY%ed cavdiomyxites (Bdtent! ow and
no cardi onyocytes were found to be engrafted (i.e., those survived within
t he host ddgameantt US2805:021483BeX)ent in it for an extended period of tine);
as it turned out,
[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;



tthe purified, ES cell-derived cardi omyocytes were not able to be engrafted
after they were transplanted into an individual (the living body)
(Non- Pat ent Docunent 9: 1 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 ing4.the sane report that involved
transpl anting the ES cell-derived cardi omyocytes in adm xture w th nouse
enbryoni c bagﬁgﬁé Sts with a for the purpose of enhancing their engraftnent
rate aft@ I 2 antation (Non-Patent Docunent 9: J Exp Med. 2006 COct 2;
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report have described a case of transplanting cardi Onmyocytes that were
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animals. [0013]  Thus, in order that the cardi omyocytes could be successfully
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ot her than cardi onyocytes, the low engraftnent rate of transplanted

car di onyoakd memankbdyhserumaind lothiey fiotore it widalecioapromnither almaly athsf beom ot her
speci es, must be solved altogether. [0014] Further, in connection with their
t ranspl anteatluded. tin thdmethad dif prephtisg cadioniyocgtes toobset s liratrah plantation cbtuisent
cardi onyocytes in the formof so-called "cell sheets". As regards the
pr epar at i asually peefiokmedhinethe prasendesf lserovn; buhiis kneemethatl under stnomfoecoeditions
used to forma singlelayered sheet and up to three of such sheets can be
stratifi eduman\BS ¢ells cawformanehryoid 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



Document 11: FASEB J. 2006 Apr; 20(6): 708-10). However, this docunent also
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 preparsation of cardionyocytes to be used
in transplantation and the transplantation of those cardiomyocytes need
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(Identification and sel ection of cardi onyocytes during human embryonic stem
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DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0016]

Hence, the preseaNdn-PategtDeument 4ddD@cidpheened Dynaindds I3612200-2209, 2008 ar e
assunmed at |east at present for clinical use of cultured cardi omyocytes and
found, as a resuVdn-Pitest 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 J. 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



f'ol | om ng problens. (1) Purification of cardi omyocytes: Wen cardi onyocytes
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
I n a consistent manner, it would be necegssary that the cardi omyocytes
obtained fromthe living body or pluripotent stemcells be dispersed to
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engrafted for an extended period of tinme). (5) The cells nust mature (grow

to a bi ggeellsbrighatig fidif thesamesdpaeies ad 14O teblipibit ifdioidual. t he obj ect of the
present invention is to provide a neans by which cardionyocytes that have

been puri f(Be&xtlasish of faroredénved fidiaanintutyofdtRerfspedes: Moravoiddmmuaiogeaiypcyt es
and any conponents derived from other species can be transplanted with an
i mproved eand caithmimation &y @nkiewn pathogene scontaminatts, snch ddsain, Rk aseriviie THE
PROBLEMS [0018] In order to inprove the engraftnment rate of cardi onyocytes
t hat wer e foen anigwls of@thertspeci¢s mustdgelomdydat. pl uri potent stem cells and which
were purified to such an extent that they were free from non-cardionyocytes
and any cdfpEngraftmentof tyansplantechcatdiemyeqytesi Emansplamed 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
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present inventors studied the possibility of constructing cell masses 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 cglls), characterized in that cel
masses cont ai ni ng cardi onyocytes that had ‘been differentiated and i nduced
fromES -7- cells or iPS cells were dispersed to single cells to thereby
obt ai n pucels @dP8 aclli wengalispersed to sihgle leehsetogh¢rhlpynobtaintpurifidd cardioncydcyiss.e
medi um under serumfree conditions so that they were reaggregated. [0019]
The i nvenwdvich wéretthen gultgsadrin ajculterstmediumiunder seoun-frea cdnditiguscsptthat they wered
fromthe |I|iving body and studied the possibility of solving the
above- st afea@gmigpeds . To be nore specific, using the cardiomyocytes derived
fromthe living body that had been purified to such an extent that they
vere free 9318 A8a inveporoehthe present dnvention firsh wprsheardiemyeeytessderived gamdhper

speci es, the present inventors studied the ﬁossi bility of enhancing the
engr af t nehvingbody apd studied thepossibality f sduingtheabavestated ehigctt T8 he MWB20] As it

turned out, the purified cardio cyt derived fromthe ljvin 0 wer e
not capaﬁPeé:lf?f‘f’ uglesﬁ#er@r@emw%&y@g%sg na@eiwwgr@dwaé@imﬁwemg%gwaﬁo

culturing in a culture medium. cgontaining,10% serum_ This result strqngly
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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
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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 factors derived from other

ani mal s (such as serum) nust be avoided. nce, using serumfree nedia that
were supplenmented with various additives containing serum substitutes
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have high ability to aggrega
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 inventars successfully forned cell nasses
of purified cardionyocytes under serumfree conditions for the first tine
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constructed cell masses in transplantation. Briefly, the present inventors
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cells had entirely different characteristics fromthe cardi onyocytes derived
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cells and that they could construct cell masses even under serumfree

condi t i onBridfIO e |présent iheentons Sucsskstiill pfoané \vut thaf the dardibndyticys dediveddrdiy Whi ch
cell masses nore suitable for transplantation could be prepared fromthe
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studi ed additives that m ght be added to culture nedia as a nmeans by which
t he car di dmmothethesrt detheMaing baaty ie tlmat yleryi coukt enpuried so singlectells ambthatthey cel |
masses nore efficiently under serumfree conditions. As a result, when
i nsul i n, conldreonstruct pelhmdssse Eean undex $eT@n-freerconditidasl as t he additives, the
cell masses showed a stronger _spontaneous pul sation than the cell masses to
whi ch no I[0826]adugbesmazeldeith afigw toi findigghe arreethod hiawhishaeH veagsesimoregood
reproduci bility. 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



parti cul ar, insulin) was shown to be desirable for constructing cell masses
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

I nventors added ITS to a serumfree basal culture nedium (hereinafter
referred to as the basal culture nedium i1@nd further added a basic
fibroblast growh factor (bFG-) and/or an insulin-Ilike grovvth factor 1
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when cell nmasses were fornmed using a culture I um suppl emented with 10%

serum on dafBoMib&esthbEld dcburtudbeCtien ¥R 'cOnditichs. Was added but cell nasses
were not formed by plane culture, the effect of interest was snaller than
what was JqD6Z8]verhis\restt 6as kreaRks Hean wikit &/ab obseeekdushdigeellifasedsl wete €orifrdivding
suppl emented with 10% serum Fromthe results of these two experinents, it
was assumnmaccultufeamedium supplemented evitLil (5% séram; bh @ie othed lthnpy indhkceast e HGF
protecting and growh pronoting effects in excess of those obtained by
form ng cevids added bt aeH inmagsdsheere nbt formedrbyl plane cultyrp) therefiea of intérhst W% ser um
It was essential to construct the cell masses. [0029] Hence, in order to
confi r m wsmaller thahavhabwss ohsetviediwheh celd imasses yaze formed aining dheequlfued mediomdi t i on
for those effects to be displayed, the present inventors perforned plane
adhesi ve sypplementedwithat(p mmlcﬁr@m therasylésioff theas tyyarex périmaents i wascaspumeshi ¢

stemcells, with bFGF
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 nmedium and anal yzed 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 obséatved when cell masses were forned
using the culture nedi um supplenented with 10% serum [0031] In the case of
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i nvent ors yaseflAgissgnergistic effect of all three elenments, purification,
serumfree, and cell masses. [0032] Fromthis result, the present inventors
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cardi onyocytes could be increased to 90% or nore, an outstandi ng i nprovenent
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Before the acconplishnent of the present invention, cell masses of
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condi tions; however, on the basis of the foregoing, the present inventors

over canme t71i% valué forah¢ tonvieptiorsal ptane anltirometleydt es deri ved from enbryonic
stemcells; we also found that cell nasses of cardionyocytes could be
const r uct §0033]s tBefbreith¢ actomplishmentef pheguresentingEntinhgl eell inaGesnficdrdiGhyof 34|
Thus, in one of the enbodiments , the present invention also provides a
met hod of copldepbe egnstrictedrmmderssrun-freaadi bighepuyrity sontlitionsg howevsm anrthe hais ¢
stemcells, characterized in that purified cardionyocytes derived from
enbr yoni ¢ ofttegrfosegoing theprasent inyentoryviesdams thisgliffieulay by using cardipmyosyten at
contai n cardionmyocytes differentiated and i nduced from i
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 nmedi 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 suppl enented. In the method describeglgpove, cell masses dispersed to
single cells need not to be cultured in a“single space as in the known

met hods but they may be divided into 10,000 cell groups at naxi nrum and
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the cell masses of purified

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
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cardi onyocytes derived fromenbryonic stemcell obtained by the nmethod
descri bed above and found that by transplanting those cell nmasses to the
cardiac tissue of an individual (the |Iliving body), the engraftnent rate
after transplantation could be significantly inproved. In other words, the
present inventors found that, when the pygified cardiomyocytes derived from
enbryonic stemcell obtained by dispersing cell nmasses to single cells were
cultured in a culture nediumunder serumfree conditions so that they were
r eaggr egatséngle eslis griransplantegde thescardipotissng (espedialht adiseasedipartiof thegardiped

cardi onyocytes derived fromenbryonic stem cell after transplantation could
be signi fltt§§ iy an pdivddual (thp biyme) bodghsuch that thayare epgraltedretic 88N t he pr esent
invention relates to a nethod of treating . cardi ac diseas characterized in
that cel| 'FBS@ @eﬁtﬁ@apﬁ*@dl%g}n f@é@@?%ﬂ%\@lt@aﬁkﬁ %9?}8@}{1@%‘? remaiping aghedent; ved
from enbryonic stemcells and whi ch have been purified by dispersing to -13-
singl e cellpéthF%“?’?tﬁ‘?f@ fipsHPL At et he cardiac tissue (especially, a di seased

Phey are aMbft duferin 3RRhed hofey it A esou Aieed Bl It 2Pe  vi ng

of 1 mo. “Fra%%é vl Phisl &4%3{5%' Lo aaRFI0 ve ol 8% R MRk SRR h " et

al | owed up e ered sheets of neonatal cardionyocytes to be
stratifi ecfaro ‘g)cy%ﬁlcrév é%afr% cardi onyocytes could be prepared.

(00817 g by B A o A0
T On © SO e R 5 g5 0K by

cell mss?%%é’fﬁieﬂ ab&ve? e%ll?ﬁﬂsé&ﬁ%t@r Eﬂé%oﬁﬂﬂc?eﬁ%r}rgﬁe ﬂmetﬁ%'dﬁs& eH' tioned,

non-cel | - ering vess no Sspace et ween ce SSes sucC

adj acent  Gghle me%bmh@e%a@&atway%awea Qn&%ﬁé’d:{m Welslrfe@Cdt a0t her

foll owed by suspension culture. As a result he ce nmasses were

conj ugat edyIRgAtiERedOHEH-céli-A8hdring vesse] With %B@ﬁéceﬁew&hlcem&% s@éh that
cardi onyocytes in a f hi ckness of 50-300 m was thus found that a
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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 um; 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



prepar‘ed outside the living body. Thus, it becanme clear that in actual nobdes
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 onyocytes (cell sheet), characterized in that cell masses of
purified cardi omyocytes derived fromenbryonic stemcells are subjected to
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cardi onyocytes in a culture nmediumunder serumfree conditions so that they
are reaggrsegkdt ety afbreaggiregatedl THig\nhelical devicd ©isteaddddor ukeein trandplaitationantiat i on
such that it is transplanted to the cardiac tissue of an individual such
that it i sharigisafhsdanted toekécdridias tissuesifgniifidicidoil satl that itigerdghafted; it eghibitbe
applied to a patient who needs cardiac transplantation. [0044] Thus, the
present i ravegitificant offeie in thtaeitcay be spplitdes a patient mthorneedsocmidiae tramssplangdtionoul d
allow for a significant inprovenent in the survival rate of cardi onyocytes
derived f r[6044]eiuy,ché pres¢nd investdrs made intendiviestrdiasi anpmiltyrecconditivns tigtweuldt ed
cells (single cells) to beconme conpletely purified;, as a result, we found

t hat the Wi fory sigpifisantizmpreveatentiintbosurvival 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 nasses 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 transpbanted those cells to the cardiac
ti ssue of an individual (living body) and obtained a new finding that their
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cells but also all other pluripotent stemcells having traits simlar to
those of efietal gells; exahplos areletnbryckc germ cctld (EG@ells)hgeradink stemncedld (GS cellg)parl and
tissues in mammals, as well as their bone marrow cells, blood cells, and
even enbr yinducedgpharipdtent atenceslls §iPSecells)pl es are enbryonic germcells (EG
cells), germine stemcells (GS cells), and induced pluripotent stemcells
(i PS cel | s[004¢j0CHIg]s, thiapsesentriavantionaelates tovtbafollowingimattess. t o t he f ol | owi ng
matters. (1) A nmethod of preparing cell masses of cardi onmyocytes derived
from pl ur i @otAmethadegfipreparing celt masses o& eardivnyogyter deriyedrfram pluripgteat emocyt es
derived from pluripotent stemcell . ‘

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 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).



obt ai ned by di spersing aggregated cell masses that contain cardi onyocytes
differentiated and induced frompluripotent stemcells (such as enbryonic
stemcells, enbryonic germcells, germine stemcells or induced
pluripotent stemcells) to single cells are cultured in a culture nedium
under serumfree conditions so that they sre reaggregated. (2) The nethod
according to (1) above, wherein the cul t'L} e medi um contains insulin. (3) The
nmet hod according to (1) or (2) above, wherein the culture nedium contains at
| east  one(53 U atethiskofdreating eatdiac discaseechgrantgyized irs that callgmasses obtaisédby i n,
selenium a basic fibroblast growh factor (bFGF), an epithelial cell

growt h f acteager¢Etimg cardigmyeaytestthatard desiyed fom purifiescpluripgent srnorelB@)spersad
endot helin-1 (ET- 1? (4) The nmethod according to any one of (121 to (3)
above, whelogingle erlls@amiransplantedite thecqardiag tessumﬁarumdmd@l sughghatghesare - of
insulin, 0.1 to 10 g/L of transferrin, 0.1 to 10 g/L of selenium 1 ng/m
to 100 ng/‘?ﬁg"éffe t he basic fi brobl ast growth factor, 1 ng/m to 1000 ng/ m

of the epi ctor, 1000 n of the

ol atel et dééS-bs ﬁa%w%rc? e, whede ﬂ‘gcf@n@sses b asdhgmrocimtive st n- 1
(ET-1). -1 of treat| cardi ac eas characterized in that
cell masse ab FQPW&H‘ &?’tg‘?@ﬁ@@fléﬁ%&r Q. apyp M"eé)f’lﬂﬁ’lc are derived from
purified p ent ste sed .to0.sj ells are transpl anted
to the cara etm%tﬁa%a‘zfp Rl 6 éﬂfiéﬁ%eumef% eqﬁé‘@ﬁ%‘?tét“"b‘f?é‘?l’é’fsf%d (6)
The net hod, ac above., wh masses of cardi onyocytes

are those mﬁﬁ: n&gﬁaggﬁeoéchrﬂ%oc#&sﬁrga tlé %3(5 18? ﬁsufo any one of (1) to
(4) above. %8§ 7"}h Txﬂé‘mg&‘ 5&%%13? FOOQSS {)pﬂia p &CSIV felr( @e tﬁgg Car déo?ﬁnéj}lsgp

t ranspl ant I on conpri ses e’'ce nmasses O ocCytes into

the cardi Sﬁ Pﬁﬁ{ﬁg%a (et 3?&11%&5&990@&@%@6‘%%0%& h[eq:ra¥ ﬁ%? Qve, wherein

the trans conprises trans masses of

car di onyocype [ eet of
ol | mmascl)F mRAAL deieybing adhieducl SPmaiedd ofdlBioYiciits RARALHAR R i
purified caid W@&fyﬂlﬁﬁleﬁ%iﬂ&ﬁ' doyRIdRlvd ﬂ?@ﬁl?urlﬁ&t&ﬁk&ﬁi Eells afBsesfadstnen
the surface of -partiti one non cel dhering vessel, wth no space

bet ween Ce&drfa@@§§§ﬁ'all-part1tloned, 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 um.
(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



such that adjacent cell masses will be continuously in contact with each
other, followed by suspension culture which is maintained until the cel
masses are conjugated together to have a desired thickness of 50-300 m

(10) The nethod according to (9) above, wherein the cell masses of

cardi onyocytes are those obtained by the,nmethod according to any one of (1)
to (4) above. (11) A nedical device conprising cell masses of cardi onyocytes
derived frompluripotent stemcell, for use in transplantation to the

car di ac t itsagplaptingamshiepdofidel uassesinfisardiemyadytes oatathe cardiagftissue; wherein t he
medi cal device is prepared by a nmethod conprising preparing cell nasses of
aggregated“@&?ﬂgnﬁggﬁ(H%ﬁﬂgﬂﬁﬂﬂﬂfﬁnﬂﬂyocytes differentiated and induced from
pluripotent stemcells, dispersing the cell masses to single cells to

t her eby yil80471p Pis¢qvered bythe prsasns dymeation isra chagacteristic phigh; f{%é‘f’ét}?ﬁ thatem cel |,
and culturing the cardio cytes.in a culture nedium under. serumfree

condi ti onsS owa?m%gwg?f BO%éﬁw%wtsga! cqlffti‘)at haye bretPeHicd PRAISRETSIBEWr di ng
to (11) above, rein the.transpl antation conprises ,injecting the cel
msses of SHatralhTay teabiity i RRL SR IR el dHcil tios PR SRR dovi ce
according to,(11 bove, wherein the transplan Lon_conpris -17-

transpl antqoﬂaﬁlgnéhgﬁfoﬁmﬁté% celludsses by %J‘Fﬁﬁ%@b??@ée ﬁ?vc?nﬁﬂ%' t&%r di ac
tissue. DVANTAGES OF:.THE | NVENT] 047 i scovere t he esent.
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cell s have re cuftured under

ser um 1 e SORIDLIMSere BinSARLI HGLL DGRkl SR Sdiich QB ViRl L e

present 1 nven e car onyocytes o nteres ran

extended pggik Qﬁ%xg{]m}eﬁt"fﬁﬁe% {tlﬂe tgsg@é; Gvaéfbruiﬂ%%‘ﬁgn ﬁ%ﬁlﬁhcﬁé&%’& th@PRfalnéaPel Ng

mai nt ai ned at eve tion, those ° cardi onmyocytes were

transpl antg@rdfRdtimis fedaftfiad tissgs'orah eéanh&gf?]&ioé%kh&t REndling vieh SHAENQells.
their engraftnment rate in the tissue was found to significantly 1 ncrease and

they remaiTigétechRmighdhdsqiven fehdibility1d Stedatthast rhéthéd'thal KildPprofivideain ¢EMl tHRedpyod
without mngling wwth other cells. This technique has given feasibilify to
a treat menindnEhédichl ldevite Hat 66mpYiRECEIE mabses OF bartifvaiydpytes.
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
3C).

Fig. 4 shows method (1) of detecting embryonic stem cells that are contaminated in
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and a nedical device that conprises cell nmasses of cardionyocytes. 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 masses obtained by using;grom 313 to 10000 purified

cardi onyocytes derived fromthe nouse enbryonic stemcells. Fig. 2 shows the
construction of cell masses of cardi onyocytes using purified cardionyocytes
derived f rtberrethmassse formed of puiiicdseasdivawpeyes darivied fropymeyse emigrgprjc stepy cedls; 48
hours (Fig. ZBi after dispensation. Fig. 3 shows the results of plane

cul ture ofthpeell magsgs markeddiythe yaddsarmes were doyndgmconiginsgigantiscpld massestag i cel | s,
in particular, the identification of an opti num adhesive substrate for use
in plane detuliefecpsdfedtioronpari son of the cell survival rate by adhesive

substrates (Fig._.3A), and the rison of cell masses and survival rate of
car di omyocyt es %&A%?W Qﬁp?%fﬁgggﬁ&ﬁ&&ﬁnwﬁoﬁlﬁéteﬂ} I8 that agsrcontamipated,iny e

I [ Fi 3B d .3Q. Fig. 4 sh hod (1 f d '
cuLture, T S g s e R el b B Ml o
R R R R e el

I | | | if 0N, s D ._Sh h f [
0 o b il A R AF FRSETR B aBle' 24 19
our! 111 SABLAIMRLEBudcs LHSEht AU, ARV AL, o BB EATpmyb iy .

basi s of . ' ' r at

apeci 1 carFiE Sr e Hon il Byt Glos MoRT MM W AR i e
cel | rrassqﬁmggarcﬂgﬁlggé t&ar di omyocytes (Fig. 5A), cell masses of abnornal
cardi onyocytes wer cyont' am nated by proliferated non-cardionyocytes. Fig.

6A shows that, vhgnsgdwy sk, Mhei citfited 6h h nBhleeiFatResiveOtudd BoitbAYeHFere! |
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 és 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
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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 cardi omyocytes derived fromthe neonat al
rat heart, when cultured under serumfree conditions, did not formcell
masses but died after the passage of 5 dal Fig. 7 shows the results of
culture on a non-cell-adhesive, round-bot om 96-wel |l dish using serumfree
media to which ITS, bEGF and various other additives were added; the cell
pr ot ect i ngdysr@Migatragker Rpdd andiirppsplantadrig thechaatt thy cardiemynrates suivivedesticiently.
detected by revealing effects which they had on the increase in the

di amet er of cel |Figakk wsph@resgtssqfdmsglﬂ@aﬁl%mt{lgh@qn o gHanassprefippefied tur e
of purified gardlo nyocytes derived from nouse enbryaonic stem cells on a
cel | cul t wadiamIRCREsdestoq oM EGEPGﬁEr@ﬁﬁmg mORRe CTRRYPIIG S 95 lis pitias

significantly low in_the _seru e+l TS gr d the | TStbEG- p..Fig. 9
shows t he TASRIPEAIoR] Figs 3 §1 Bir?%“ﬁf%?‘;]%‘% wr‘tlv@gﬁfe%éﬁwpﬁs}l? M ed,

: 'h2§' EBEE' the E5Hs RS tr?%aspﬁra'g ngﬁllr Omtﬁ‘éﬁff%ag%b o el e S S egadabe
Tarifi eﬁrfﬁﬁf tﬁwﬁegﬁf Blafies o Rauic SRARBSS @ﬁiﬁmﬁww:ﬁ%;grlgﬁgi{%tﬁﬁ Pgailszlf K
i -19-
dye” (M t ot PORRER PREiA St PR E PRI YRS, + 2 he cr di omyocy es
ORI i laiélz oW he’ '?‘*S‘Z"‘“g*’?“ﬁ’%?“%%%ées 0 38 B O bihiddde
AR Show iR AR Rl i LB ik hitaeh o sBhum FEROHAEG (FOE 12 SPconbifanT
cardi ac tigsUR fRY BB lélﬁgltE(he’ltﬁ%§R glfsigg%ZEr;Daﬂdhfc&ﬂ fifndft stiufskge at’d Fi 0S.

1 1C and 11D show th the cell mass use car |orryocyt es renuai ned

engrafted g,_? Ie%n&@%ﬁtlhﬁég(%%%(ﬁ prol onged period and could mature with
the |apse of "tinme. Fig. ows the result of preparing cell masses of

purified cardi onggcys ﬁm@qné gﬁe:uaﬁéﬂ)m SRAiBRSBEYtE Bide)iTidesisddiR g Dalmgunder a
serumfree condit | on (Fig. 12A), a condition of serumfree and suppl enent ed
with KSR (ddsited hicknesse§ dsifg e€lNfhatde®Bf pririfiedl dardibm@ecydétterived 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 énented with ITS (Fig. 12C). Fig. 13 shows the preparation of

cardi onyocyte sheets of desired sizes having desired thicknesses using cell
masses of purified cardionyocytes derived from marnoset enbryonic stem
cells. Fig. 14 shows that cell masses of cardi onyocytes derived from
purified human enbryonic stemcells could be prepared under a serumfree
condition. Fig. 15 shows that cardi onyocgpes derived fromhuman stemcells
that were transplanted to the heart of inmunodeficient mce could survive
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shows t atd

transpl ant gga{d;ﬁ?%{?ﬁ}ggs?s g‘?rsi bﬁé&#&%@ﬁd@#‘%ﬁ{h?ﬂﬁ@é@ @%g'tg)ngﬁﬁl}dﬁgnle%f t he
cardiac t 'séﬁlﬂ?-frta? é\g«f?ﬁ?ﬁéﬁeﬁé ﬁgﬂ]%& 4icBldifiyn 8f %(Me%ﬁkﬁﬂﬁmént%%thr ed

color), Mx 2.5 an anti-sarconeric actinin anti
(green) thatjgwere used to trace the transplanted cells. Fig. 18 shows that
cardi onyocytes derived fromhuman stemcells that were transplanted to the

heart of | munoggd i2pis8Bws MeGBsulQ\f ulbiting piRificd, hulifarCBS eélfferiveasue for -20- 5
weeks, as dermpnsttated by Mx 2.5 (watery blue) and an anti-human anti body

(green). RafliofociRRWadétRrinesieke conditioRy iARRE presere bl adRAPFGFr dthér ighdvadl
cardi onyocytes ~derived fromnouse i PS cells by culture under a serumfree

condi ti on,facoROBEGF iwal pedferefifdl dinterRE protectingiad thedtivating Jfftets. and a
condition of serumfree and suppl enented with SR. Fig. 20 shows the

results of cult Wig.rkg shows thieakprdisioRof génes € bRGH, IBGE] PDGE-BB) ayd ETL e thader
serumfree conditions in the presence of added bFGF or other growth
factors; IheSrheasas ftrrefaees emtheahedhanisinerfamedtirafjionfaahé cage swbdregretiwhassesadfi vat i ng
effects. Fig. 21 shows the expression of genes for bFG, EG-, PDGE-BB, and
ET-1 i n t meouse 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 nmechanismof maturation for the case where
cell masses of nouse cardi omyocytes remain engrafted in the host heart for
a prolonged period of tinme. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0049]
Those ordinarily skilled in the art who, in order to carry out the present

I nvention, needs to know about nethods b%NA nol ecul ar bi ol ogy, genetic

engi neeri ng net hods such as reconbi nant t echnol ogy, general nethods in
cell biology as well as the prior art may, unless otherw se instructed,
refer to sxpemments limmldpmetntarbsad €elebidlogy Exaypphless shersusshingiowkesl, reiferdd ude:
"Ml ecul ar C oning: A Laboratory Manual, 3"d Edition" (Sanbrook & Russell,
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Mol ecul ar Bi oI 0 (Ed. by Bartlett & Striling, Humana Press 2003) ;
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sueh as 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;
Shambilott et al., United States Patent 6,090,622; Reubinoff et al., Nat. Biotech. 18:399, 2000;
and International Publication WO 00/27995 Al. 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 t rogen/ G BCO and Sigma. [0051] For the nethods: 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 referengg-books listed in the preceding
sections. Such docunents include the following: Matsui et al., Cell 70:841,
1992; Thongon et
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known that can establish pluripotent cells such as enbryonic stemcells and
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be used in the present invention nmay be prepared or used in accordance with

t he met hodgzligasoedibg e 1he prdiescincitioiary £ailhtle B:dm (he emﬂaidaﬂcry?é Cub@repr esent
i nvention can be applied to pluripotent stemcells derived rom any

mammal s.  FoslleetionPAECCH,IChiemicdig Calli& Mudedutur(Medhndlogies)etcst em cel | s deri ved
from-22- the nouse, bovine, goat, dog, cat, marnoset, rhesus nonkey, and
human; hoWé084], Ag for thendonkdy-derived etnbrydnéc gpemrceg)tiesst cell Hnesosstablistebdrfroned
fromthese animal species. The pluripotent stem cells to be used in the
present i rmhesusinomkegyMbeacanariptta)(Thainion et mby Broni Matk tAwad cedil YSAHSScel | s)
derived from mammal s such as nouse, nonkey and human that are already w dely
used as cUl2: T840 ayedmelguf 00BREY Qbacsc fascienlarip) Suembriredals PDave Pyne208nB23oni ¢
stemcells include EB3 cell, E14 cell, D3 cell, CCE cell, Rl cell, 129SV
cel |, and 278-Z%) and qoremen mpasmgsst i(Caldithsjagadwb )(Sasakiret 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
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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 lines
established from rhesus nonkey (Macaca nulatta) (Thonmson et al., Proc.

Nat|. Acad. Sci. USA 1995; 92:7844), cynpnol gus nonkey (Macaca
fascicularis) (Suenori et al., Dev. Dyn.“2001; 222: 273-279) and common
marmoset (Callithrix jacchus) (Sasaki et al., Stem Cells. 2005; 23:

1304- 1313enibaycs, thegcan gsobe prepaned fromecalyaimbrybeintd-whichtberpialsi ofreomatsetells
enbryonic stem cells are also available fromthe Central Institute for
Exper i mentaye genrransferrad (Munsi¢ af al., ComBiali Bh989,2006 5 W akayamia ¢tabia§cienasr e t han
several tens of human derived enbryonic stemcell lines have been

est abl i sh@82{740+91\yend Hiwanget abSepense 30%: 1669, RORYD). aihelteH@chs\smé@qrrmmrted
Institutes of Health (http://stentells.nih.gov/registry/index.asp

numer ous @B[aftempiyagieyelap pé@heélpsw&cmbry%a%plsaageg@mp@rﬁ o H@rbl@ﬁf,qqytq §1388s are
avai l abl e fromthe conmmerci al sources jnclud IS,
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est abl i shagy By G lhy%e BschRldinadialsEHRN0 Shosk BEY nERbEH BRaRfRayReT ed from

early enbryos into sonmat1c ce cen transf erred

MU )
202: 740, - FBods dekisled dhile, os Hpf B0 okt b hic e BERRRIOE G Bln heiciitiiomes |
been reporhtdeglbee%r}n 1?1@&719& Erfétlg%i{%hﬁ’é}m%gé gtggg_enetic enbryos to a stage

conparable to th astoc te st repare enbryonic stemcells from

that staggogsd)i tﬁé pRirffofcht Sifnsddlls BiaP L dse in ﬁl%/rﬁéiﬁ&ﬁ&ce{dm@mc{hé/p@ganK et
al ., Proc. Nafl. Acad. Sci. USA 100:11911-6) and a nmethod in

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

11: 1553, 2001). The enbryonic stemcells that can be used in the present

I nvention al so include those that have bgﬁn prepared by the nethods
descri bed above, as well as those in whith the genes |ocated on their
chronmosones have been nodified by genetic engineering techniques. [0058]
The pl uri gdumeart Fibrablastsdhyl Befiteat Factoms"HeelLi20F 134 : 86l 87dtandc paperovditengbyt 0 t he
present invention are not limted to enbryonic stemcells but include al
ot her pl urFhoosen’s rescamch geduipsit Wiseansip Wnizerssy 6 Yiul efrals, SindiessdPlufipaserts Sjemi ¢
stemcells, as derived fromthe cells in adult organs and tissues in
mammal s, deellleings Berivasdrom Fhmanyomasio Calls|' Sciengectl)73dB11917-4AA0) Bpscifically,
enbryonic and fetal cells. In this case, the "traits simlar to those of

embr yoni ¢ aleash qng|gese selegtgd fiam genesf O 4 80% 2 My iKdfh diasag and b2 ises t hat

are specific to enpbryonic stemcells, as exenplified by the presence of a
surface (dFnsigERY infaaigivenspmatie cell, the expresyioniof any genecqr|pratein thatds spegifisfobt a
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by the research group O of essor amanaka a niversity (K
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genes of COct3/4, Sox2, c-Mc, Klf4, Nanog and LIN28 is transferred into a
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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
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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 growmh factor in the presence of nouse
fibroblasts deactivated for gromh or cg%gs that can be substituted for
them and the cultured cells can be uset as pluripotent stemcells, simlar
to enbryonic stemcells. [0059] It has heretofore been reveal ed that the

i nduced plinduicp difeenéntiationvf ahbryodiesem belld inlrardiolgyeytdshan slmevrixnethedd meg as
the enbryonic stemcells with regard to the characteristics of

di f f er ent baempioyedt Hovewampls atmaborbef indutingddferaitiajemm thx presese@fiawi t hi n
cells (Park I.H et al., Nature, 2008, 451, 141-147) and the conditions for
i nduci ng dulistance that suppaessesf BMPigmating (W200063B2%8)iand o methask ofanduoirdg t i ssues
can directly be applied to the induced pluripotent stem cells (Takahashi
and Yanandléerersmﬂbom the passanqed| d substanagedbatistigiulatesmctivation ¢fshe ganopisal Wing
2008). [0060] .(2) Methods of inducing differentiation of pluripotent stem
cel I s i nt signalingipathnyar (REEEIRI07/5924 5 published a8 WRROGHWL26687 8k es t o enbryonic

stem cel | sgé ES cells) as an exanple of pluripotent stemcells. Wen
enbr yoni c [Q¢edh €D Purificatiop of cydiomyockteent i ati ng i nto cardi omyocytes are

subj ected to anA&%pto riate treatment for inducing differentjiation into
car di onyocyt es, Afics{ndicingithe diffgrentiationef embryonie steaneells dptp sagdianayocitss by
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[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
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si gnal 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 intg,di saggregated cell (single cells)
and purifying them as individual cardibggbcytes. For exanple, a nethod of
selection using mtochondria in cardionyocytes as an i ndex (W2006/022377)
and a met {BASEB Js 80Q(; t14n2540e28483 AHaif theae methods ¢an prostisle 99Gmpurity butthey are
condi tions (PCT/JP2007/ 051563, published as W?2007/088874) may be used to
purify (sdneapable ofgyaranteeing ii)d e PWepurityodoptxample,pf 4 acardipmysicytesrarsgeguirsd
cardionyo%ytes The purified ga[dioqyogiégs derived from enbryoni g stem cel

t hat have fpriseating hupjap aryocprdial infargtient9% peyity aneanp gprtamination ¥ dBr#img to t he
met hod descrjbed in (3) above nmay be cultured under serumfree conditions
such that carigmyecytesgdhussvera methaddpatmayky descibedasan simey parfeshyrsaps ek

derived fromenbryonjc stemcells. Preferably, the culture  pediumused for
thi's cul t (BT Mehter the kuow, Hatectiths arhdeesot evablai 4% R €atign fip
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purifying car myocytes’ 1 nvolve pre ry rn I'n mar ker
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guar ant eeigg QarditinydyieRU ThE ¥ell Eﬁgsegﬁﬁég?hﬁmgiof:ytw&;ntﬁﬁfnqgeﬁ By e/ biciifréreftiated
required for treating human nmyocardial 1nfarction, 99% purity neans
cont am natenihrydhic 4€M d@ffcan 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 nmethod 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 inventgors replicated the above-descri bed
nmethod after intentionally mxing the t®#lt masses of undifferentiated

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

undi f f er e midssdsednamiiaiahbnai-edrdioal yosyted tanhberexichuded fiencihp abllsfopf  growt h

t han cardi onyocytes constructed separate |arger cell masses outside the cel
masses oftraogplatitationao yhershy athéeve grdaterssfegs of car di omyocyt es cont am nat ed by
the undifferentiated enbryonic stemcells can be clearly detected by

checki ng f{0@65¢v €F)aTtansplamtatiarf oft dedl massés ofarashemyockies tp thesmndiad tissee tmd thell so
added a mtochondrial indicator (e.g., TMRM to the cell nmasses of

i nt er est, engraftmgpon t he cardi onyocytes that were rich in mitochondria were
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that were not rilsing the cell magsed Abteingd Wupegli aggnesatian by tiamethed descoibed shoveel |
masses having the greater difference in fluorescence can be excluded
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[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 nmasses 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 thg cardi ac tissue of an individual
(the living body). For exanple, the car §6nyocytes may be directly injected
into the cardiac tissue through a syringe; in this case, injection is

f easi bl e examglea. thin (29- or 30-gage), hence, less invasive needle. The
engraftment rate of the cardronyocytes transplanted by the method described

above is & gw" Prépars | rtes Devixed fire puse F oni¢ Stem Cells
"engraftnment” neans that the transpl ant ed cells survive vvrthr n the host
organ and D€l ifieation of the Gardiomyogytes ¥ he MitechondriaMethoderi od of tine.

[ 0066] (6) Sheets for transplantation made of cell masses of cardi onyocytes
By neans dPOfdovihernurppsesof thisdiramploweredp arapajecaydiemypentesdsom manse t hr ee
cells thick cannot be pr (pared at a time even_if neonatal cardiomyocytes
are used. GRREQHE stemycellyand o sudshwhetherdhwappossibie Wrpusdhthepienarssy cel | masses
of purified cardi onyocytes derived from enbryonic stemcells, the obtained
cel | nassé@“ﬁ BYPFESVIsIER myaehoadrig)indig@os yr f ace of a vvaI | - part itioned,
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fol I ow ng 7528115/8% i kf2So-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 pL 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



Exanpl e 1: Preparation of Cardi onyocytes 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 mtcyghondrl al indicator. [0069] As
enbryonic stemcells, EB3 cell line (Nwda™H, et al., Nat CGenet 2000; 24:
372-376) was used. An EGFP expressing unit was introduced into the EB3 cell
line via aincpbatenatd7akdnBG7 (Eemtmespharty unsil Fmbuyenis sierm gellsegrewrinl thest abl i shed
as a cell line. The thus acquired EGFP-expressing enbryonic stemcells (EB3
cel | s) wer Broiegsipasirer the loyver sdgasiaf thaivellppeningsi @nc(dsy gitan the start af ieulturenthe
concentration of enbryonic stemcells reached 75 cells/35 L; the a-VMEM

cul ture neBlaimyitk Shequpisrtinelinudd layet of theelturs medivpn, fasinerdopay Wa%‘%ﬁW weth sleapm
(55 Cx 30 mn) to a final concentration of 10%  Subsequently
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was distributed unfil It raised above openi ngs was |nvertgg upsi de
down so t hPEtritchﬁl typ&lD§ 4t @n raa&thaﬁa VIESt 3pda% etrhé eﬂuﬂememe{y@ld Edzrest»t?&e kQBREred

edges of the well "openi ngs. tl was Kept in this state, the plate was

covered w idtoa ckﬁtﬁiﬂﬁgaﬂtuﬁa hﬁ&' fRerWesladifg tHY SWBsknkidn Wit 2&rum-free culture medium
(a-MEM culture medium (#M 0644 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 coneentration of 10 mM, which was incubated for 2 hours.
Thereafter, using a physiological buffer (116 mM NaCl, 20 mM Hepes, 12.5 mM NaH,POj,
5.6 mM glucose, 5.4 mM KCl, 0.8 mM MgSOys, 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 brgught into contact with the
surface of an a-MEM cul ture nmedium (Sigma) filling a separate |arger vessel

t hat was suppl enment ed with heat-l nactivated fetal bOVI ne serum (55 C x 30
mn) to a Example 2:dtreparatior ol Masges Using Cardiomyoey : aMouse

preci pitate under their_own melght into the culture nedlun1|n the | arger
vessel , thEMm&ssmﬁsﬂg enbryoi d bodies or the cell masses derived from
t he errbryonl c stemcells. [0072] The recovered enbryoid bodjies were cultured
in a non- cHQ74 ]ad“ﬁb%pwom %fnhléﬁs(awple WasctA kgowy vehedher 4t was passiplettp prepargreell
#SH90- 15; or Ei ken sterile rectangul ar Petr| di sh type
2) for an HASc P%}H&r a&fw@ym wed fommpess %ng gemslidhatpsre
recovered into.a ﬁentrlfugal tube and after replacing the suspension with a
ser um f r eePERRES MEEXIPIS ~(a- MEM cul ture nedlun1(#N0644 of SI GWA)

suppl enment 3,BCO, #41400- 045 dilution
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concentration of : he cultured cells were dispersed to single cells

with the csl}ﬂcufoaoﬁmhm;erbmgtysfohf h&\ts latdr the TR Rses@ach LGurhid PRI ei;serfe&
single cells, was |loaded in a’fluorescent activated cell sorter

t her eby regpneﬁ&alhhq% ahdf 10Uy S St Dih yehik, gh@h&bﬁo&svxad%Peﬁél%agsmungUa@ned
purified cells were counted for the nunbers of viable and dead cells by
means of a(Wignpt ocytometer. As it turned out, the proportion of the viable
cells was about 75%

[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 B-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 onmyocytes
derived from nouse enbryonic stemcell that were prepared in Exanple 1.

[ 0075] The purified, cardionyocytes deri_\é«%\ld_ from nmouse enbryonic stem cell
that were prepared in Exanple 1 were distributed in non-cell-adhesive,
round bottom 96-well plates (SUM TOVO BAKELI KE CO., LTD.; CELLFECTI GHT
SPHEROI D) silte, and® nghmiooch of & rgombinslonanieplsania gaigbising $830rd®iFis woul d be
present in_each well. The culture nediumwas a-MEM supplenented with 10%
fetal bovi kBemigpphindpscembinantdwmean basicifibrotdass gesygb facser (PEGE; Pepratgch)y donour s
| ater, cell masses forned and started to _beat spontaneously in a

synchr onouSCTiRhP3fsrge, qelenies of enbryppigistem egllswere pepapaied byHeatdentayith0d%iyped a

nearly perfect spherical shape_and 10 days |later, rhythm c, synchronous and
spont aneoufsl?ﬁ%lki‘tgF‘gPé%W@mﬂ%‘EP a(ﬁ?g.gf‘iljl.o{n%'ﬁ] These results showed that,

after the rdi omyocytes deriyed from nquse enbryonic . stemcells were

di sper sed f®7§1 ngﬁeiwﬁ& inorder e STRaEpts, eﬁgabgm%égf@opellshpm efhe CHltwiges.
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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.e., 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 png/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 mM 3- mer capt oet hanol (2-Mg; Sigma), 100 11U mM penicillin, 100 gg/n
streptonmycin -31- sulfate, and 8 ng/m each of a reconbi nant human | eukem a
inhibiting factor (LIF;, Chem con) and a reconbi nant hunman basi c 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
(Wortington) at 37 C for 10 m nutes. [0079] Subsequently, in order to
separate the enbryonic stemcells from MEF, the culture rmedium containing
cel | massebottoms Spaedlalate (B UMIROM QERNKELIKE £ 4/1®.sCEELBECTUIGHRSPHEROHE) was
then passed through a mesh with a pore size of 40 pin to discard the

under si ze suchakati2di00 ceHe:would berpressatinieach welloTde dissributedaeellp wigranelyserved over
recovered. The recovered cell masses  were those of pure enbryonic stem

cel I's. Fortiges 24heuss laser; ephl massesifopped digr3Anand starieghte beat sponjaticopsly b e

cul tured as epbryoi d bodies on a non-cell-adhesive bacterium di sh (Asahi
Techno G a¥@chropgys mannsg; Fortyreighy houss lager; the gell grasses.each apgymed g nearhyt pariest
differentiated into enbryoid, bodies inc]uding cardi omyocytes. The culture
redi um usesPtegralchans (g P8 and f%gmriatemgytg%, SHHETOROUS ARhInONfapaOUSRSGENg
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t he net hodpggs%gri bed in WD 2006/ 022377 to purify the cardi onyocytes. To be
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to give dpgaggiepNeiubRBhor'Chl SorvifhHifte fot! CHI MAEAHTHAS 1y Ghk
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final concegid for
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Cel I's (car gefilVOEXURSIvECERAAY ! NY a higher fluorescent intensity than the
princi pal mme separated and recovered. [0081] The separated
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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, cardiomyecytes 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-wel| 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 olg%ﬁr_ved over tine;, 24 hours later,
cell masses forned (Fig. 2A) and started™to beat spontaneously in a
synchronous manner. Forty-eight hours |ater, the cell nmasses each assuned a
near |y perWfsieg seryptiemciconditionnigecopstiyst celbnagses, stoh thay §,00@ cels woulg b pregent
synchronous and Sﬁont aneous beating occurred %Fi gﬁ 2). [0082] These results
showed t hain cagh wel apg thesyspensigpdworccssniifpgeda 1200 Farpapiyiest Theiamplasiod (Bt em
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addi tion, tiheds(hew to formng cell masses, (3) the purified
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96-vel | pl Bxfmple R Piepsiafion otiCell NP 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).
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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, sucﬁ that 1,000 cells would be present
in each well and the suspensions were cé f‘r’ifuged at 120g for 5 mnutes. The
sanples of (1) to (4) were cultured in the same incubator for 12 hours and
4 days. Fd®09@ayEhusathe methddeprovidadby Esimplel 3 enabtdepntagitant sarcbardiomiyofytes
viable cell count) and that of non-adherent but suspending cells (dead cell
count) werte hegdentfied witfihigh ssnsitiviltyar e depicted in Fig. 3 (see Fig. 3A for

t he conditions of &,1) and (2), and al so see Figs. 3B and 3C for t he
condi t i onskxd psses: Ugi il Car peyiteserive
viability in cell mass cuI ture under serumf ree conditions was ObVI ousl y
hi gher t halNeenasalRati Heartyal ue for pI ane adhesive culture in the presence of
serum (ca. 60%in the case of (2) 99. 2% vi able in _the case of (3)
and 90. 4% W08kl eThepurpose 0@8%%?“("&)‘“‘3&kﬂ?}‘f’é"h&thePﬁéWrP&ESl'dﬁ teprepareicelasses
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serumfree M sol ution that contained 1ng/m of |nsul | n and 10 nM of
TMRM 14 dzlil;g/lscgé:z:j nﬁocﬁefuorescent i mges and phase-contrast images were

acqui red f@@g%]?‘ T}ne Wel%e? h%%%%he@‘%aﬁl ng{es “}a? c&‘ﬁﬁec{"ﬁ{ ttll%tln%%%ﬁ%fled

f or about arger ce nor e WI ce the size of

nornal  cel J4nages §§-XveYchﬁsIP@WYﬂ§’M6:BRKE‘L)ITEB‘%ht3,d@sceflg’H&Hg tQkd 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
a-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
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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 abnornal cardi omyocytes (Fig. 5B). The whol e cell
masses of normal cardi onyocytes emtted a TERM derived fl uorescent signal
(Fig. 5A). -34- [0090] Thus, the nethod gﬁovi ded by Exanple 5 enabl ed

cont am nant non-cardi onyocytes to be idéntified with high sensitivity.
Exanpl e 6: Preparation of Cell Masses Using Purified Cardi onyocytes Derived
from Neorechbof Radifféeent cofdifad: jon€ vas solehumenpwied bl ¢-MbMnpidshevathet mink now
whet her it was possible to prepare cell nmasses using purified
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96-vel | di€Rlacesupt: ogerECrMEM i 1% FBS(bguitech Bio), &-MEM detfe dBSeandpe| | .
L“Shc‘ibﬁm“r@@ﬁvmﬁo?%ﬁ%ééq%ﬂqfﬂv&%&Pgﬂﬂeglﬁc?ﬁi ELPY;t;??iP)ZZ“EEL??B?d
noonat ol rOSPLaNFew i mvotied SriPyactins SuEL T ML AR RP R FON BHRG
neonat al . ratufrsiiRa ngp-cgfispebestye. T“%pﬂaoitbweféwsﬁ‘msha@f RS ormr I g fl@ﬁ%‘eﬁ e
(et & pancPeBR TS TLMRERrE PR Mol thifeapRia C%ﬂiq%y%ﬁ%?gmf“g%s;

Car dF oy ocTnt e Mg CRIRE Bader 693‘?#@ 16k P S iRy N ent. "0
this Exanplgn4e4 sfeﬂln"i‘&%%/éleastaﬁ'ﬁexmble‘?‘J&fté}rchPa‘irE,tthéﬁe&Fataﬁ‘?ﬁ’&é‘lfd?dmy}&%é

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



primary 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 prepar e% as descri bed above; they were then
cultured in -35- each of 10 different co éi'tion: one was sol ely conposed of
a- MEM and the other nine consisted of a-MEMH TS, a-MEM + I TS + 50 ng/ m
bFGF ( pepr wtshow)what adfieis bFGFSind inSQinngcorhpdrEat af the RS yolutieryEuld hakg on thd)
ng/mM bFGF +50 ng/m 1G-1, a-MEM + 5% KSR (knockout serum repl acenent:

| nvi t r ogenincreaseNNhe-diagwtek SReglkmasskdut serum repl acenent: | nvitrogen),
a-MEM + 1% FBS (Equitech Bio), a-MEM + 5% FBS, and a-MEM + 10% FBS,
respect i vel0101] oBasiqallynesperimentsuyare censlusted @b dmlisaypled, ereqeptthat the &llovdng e
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(Fig. 7A).. However, the neonatal rat cardiagnyocytes failed to form cell
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has a veryyhif PROweEhddeRiPESShpRY. action and exhibits a unique property of
[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: Cul ture Medi um
Conposition Optinum for 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 medi um supplemented with ITS and bFGF had a
very strong cell protecting action and e blted a uni que property of

I nducing the proliferation of cardionyoc?% Hence, Exanple 8 was perforned
in order -36- to shOM/mhat actions bFGF and |nsuI|n a conponent of the ITS
sol uti on, kKmhry B¢ : gl d pficient Rat andasses. [ 0101]
Basi cal | y, experlnents mere conducted as in Exanple 7, except that the
fol | ow ng Meabune ot L HeAdyng L Bate-M al one; a- NEM +50 ng/ M bFGF, a- MEM
+ 10 g/m _insulin + 5 ng/mn bFGF and a-MEM+ 1 g/m insulin + 1 n

bFGF. [ 010010§] dehysnnagethe folw mg e peripent avasfcop dompadsy temeasane 3@d from
nouse enbryonic stemcells were observed; as the result, in each of a-NMEM
+50 ng/ m $rdval rathyémumﬂeq,cpawl@mywm depivad gowgmsetfrrd;ryornmela whiputhe g/ nd
insulin + 1 ng/mM bFGF S|gn|f|cant i ncrease in the diameter of cel
masses \/\/asca§§é§‘fh°%?sth66?‘?§5¥e§ﬁ“¥b‘nﬁqli‘8 ¥ap popappliedy  the cul ture medium
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culture in ure me varirous cu ra al
conpri sed ﬁeé}@" Fot 11ﬁe&ﬁ7?1?{h691%d19 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.



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+tbFG- groups had
significantly lower cell viability than 1t groups added with 10% FBS or 10%
KSR Exanpl e 10: Transplantation of Purified Cardi omvocvtes Derived from
Mouse - 37- [HOB} y AniittuBied muCakduming thaMyarbaf dheatransplested cell massespodedtelyi ent Rat
and Measurenent of Their Engraftnent Rate(}OlOS] To begin with, the

fol | owi ng esmséstédafiR000mardiamyheaytesdd2.05 bAdd% cadiomyogytes wiare found engrafted at e of
purified, cardionyocytes derived from nouse enbryonic stemcell for the

case wher e(@ifd (Figaddrenst 11d3). de comsthastasidhen the pusifiedalisagprgaed callsiweralinjegted x
105 cells were transplanted into the left ventricular free wall of an

i munodef i & Wieh (prodisrerseibmosmperafted spllsseaqvidbefanad. Thisuewdt means tat thaupost-wi t h
ether and maintained using air containing 2% i sofl urane supplied through an
artificial rRRspiAntatiogengrpfiEmentiale of Gaadiomypeytes dramaticallydmprayed dipm % to 8% hi r d

I ntercostal_space) under deep anesthesia .and fhe cardiac sac, was ruptured
Wit h tmethlslafol%w%s\m A&IgTR b Yerifpng dhesshages Wy ca&fwmﬁ%cyc uring dong- e ng
cell masses of  cardi oy oc tes |
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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 onyocytes
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-SLID). The transplantation was
carried out as in the experinent describ above and 3 weeks later, the
heart was fixed under perfusion and frozen sections were prepared. The
sections were inmunostained with an anti-sarconeric actinin antibody and
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fluorescent mcroscopic inmages, the nunber of cells engrafted on the host
cardi ac ti expesimeshintgnded ta demenmstrateithe applicability of shevmethod of the freseobinvension
turned out, assum ng that each of the transplanted cell nasses accurately
consi sted B acz'@@@plelmaa%ﬂ@lhe@wats oedl masses in adgsied sive pf pHified cardiomyegytasd
engrafted (n=4) (Figs. 11A and 11B). In contrast, when the purified
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cells could_ b nd. Thi sul t. .means_t hat ost- transpl anfati

engr af t menpf # ?Séfe Fize 41 f%)yg'a @%eow@a%atsheeh Fﬁffﬁd@l@hﬂqsﬁ Sk BRAormed 206

[ 0110] Furaher W th a vi ew gerlfg g change in cardionyocytes during
| ong-term ?W&ﬂ’é‘ﬁlogﬁ{‘%fl?%ﬂ 91 99%n"%8&sed on i munostai ning of the
heart was perfor| -f er the L
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Briefly, sses of purified cardionyocytes derived from marnoset
embryoni ¢ Center, adjunct facilities to the Institute for Frontier Medical Sciences, Kyoto University (the

|t.turned

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 p-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 pm 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 Puri fi ed0-cardi onmyocytes Derived from

Mar nroset Enbryonic Stem Cells [0113] The cell nasses of purified

car di onyociitkdingeiardied yddytss) The 0Ree ntsdiint @be¢dfos tidsdiffegdntiatibiivasvhegape apar ed
I n Exanpl e 11 were suspension cultured in the sane plane. Wth the |[|apse of
time over idbetifisdrabode,@ikcdpt dmt @ didndtohntain BFGEd}eadewhs cahposodo S EL2/ DMEM
conjugated -39- together to forma "thick" cell sheet of cardi onyocytes.
Exanpl e 12(1d{8IGMds Lat NodBb4219x3% KSERUM&6GIBCO),al .6 exdb h sglutameng, el mM
applicability of the nethod of the present invention. |In actual application
enbodi ment mqn-ese¢rtiahamgmsacids (MEM3i0: eohM Bzeercéptpetharfol €2+ MIgrSigma)y 30§ {lg/anl
derived fromenbryonic stemcells can be used in a desired nunber to

const ruct pendaillin; a0 ugiml streptemyeid selfate. (Fig. 13). In addition, a cell
sheet of a desired thickness can be forned depending on the size of the

cel | massel1i@] Heardipmyocres derived fem hpmas pimbronid dem eelluergipsrfied it es
Derived from Human Enbryonic Stem Cell to the | munodeficient Miuse Heart
[0114] | n 29spulapseayith Examplsd: i Thent i ageprdancs with the aesults ph Exaraple 8heclkbmpgses
masses of cardi omyocytes which were prepared by differentiating human

enbr yoni ¢ %chgptaining 1000 purifigd gardigpayasytes WegriprgPaad asing @ semm-fre ot MENE

bt al ned IR SOBHITSE) | SR ab hanbh AEGR! DI GFEFE A 1 1 08 Lo the
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L-gl utam nﬁepﬁe&'sé@{loﬂé)aére 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 predofninantly 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
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essential amno acids (MEM, 0.1 nmM P-nercaptoet hanol (2-Mg Sigma), 100
Um 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 minutes. [0117] Subsequently,
In order to separate the enbryonic stem “%'s from MEF, the culture nedium
containing cell nasses was passed through a mesh with a pore size of 40 pm
and the cwith Nkx@sgsvatary bhe) anvbarsamtehimachucbear astigenr(greuchinding Than arigen er ed
cell masses were those of pure enbryonic stemcells. For differentiation,
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for a tot amiespscopicimagessere obtained. {The yesylts argrsbawnan Eigsi Kt adelhrThsi d bodi es
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[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
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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 mmature cardjonyocytes. |In addition, the
nucl ei of cardi onyocytes derived from hun#n enbryonic stemcells are |arger
t han surroundi ng nouse cardi omyocytes and, hence, can be distinguished from
the |atteinvemign. 15). [0121] Further, 5 weeks after the transplantation
frozen sections m?re prepared I n accordance mnt? Exanple 1? Sone cel

masses wer SXampeeily. sing ne
transpl anted cells (Fr 0 [ m’runost ai ned
with Nkx2. Jcrn anti body (green) or
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anti bod a ted t NS ante | ls were
roan_ ool | BmARESRebd %'t“ﬂatgre“s‘zrta. Efﬁ%veyfegn?rﬁgi"osefxe RiraBhE G ot Mo, 5
(Fig. 18). WH&% 4 Preparation of Cell Masses Using Purified

Car di omvoc rived from Mouse Induced Pluripotent Stem (i PS) Cells

[0122] The %PO§§3192III dQ# - MRS %‘%}s&&’ {4 ity Em%ﬂlulm ”’ﬁiﬁ %ﬁsaﬂzulgﬂ%' fied

cardi orryoc tes errv rom nouse sUnder ™ serim Tt ee con i ons
L P Sl 2 e Yo Ay e e
Uni ver si t yos By oRA¢ FRFI@RGP, 25 i niiator 4] Bl SrabiRbtE ot BRA YK was
100 ng/ml 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”7 M endothelin-1 (ET-1), 10 ng/m] 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
mtochondrial indicator TMRMin order to purify cardionyocytes. The
rectangle in the graph represents the reglon of cardi omyocytes. The thus
purified cardi omyocytes were subjected to~adhesive culture and

i mmunostained (with actinin and Nkx2.5); the result is shown in Fig. 19B.

Si nce t hederived dronPBamardES edll,deRGH asyoel pretectingrand growth frombingraciyities gaderd
cell masses, it was revealed that the cell fractions recovered by FACS
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culture nmediumwas used. As it turned out, the purified cardi omyocytes
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the nethod_of the present -42- invention. npl e 15: Cul ture Medi um
Conposi t onP PR BB nd &T-Fwers tagiedhby reawg@ePsCRJéAnlged Bigsyiitasns) dexthe possibility od
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Cor porat i O{pg% él erica, MA, USA), 100 ng/m glial cell line-derived
neur ot rophi' c®factor (GNF), 20 ng/m hepatocyte growth

[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
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factor (HGF), 10 ng/m insulin-like growmh factor (1GF)-1, 100 ng/n
epidermal growth factor (EGF), 1 X 10-7 Mendothelin-1 (ET-1), 10 ng/m

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 cultur% usi ng each of the culture nedium
to prepare cell aggregates. [0127] The di"arreter of cell nasses was neasured
3, 8, 25 and 40 days after the preparation of cell masses. As it turned
out, the cdistasahgsrapspipging daidiomn yeeytes disz haee bdenlpFépardtbabtditheethe liavingasidy, and

di aneter on each of the days (Fig. 20A). It was also found that this

pr ot ect i nga adicahdevivacompmisingwell nzssds@f gamgomybegteys. | nst ead of bFGF, each
of the various substances nentioned above was added to the culture nmedi 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_gl1l) 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 growth 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 gonditi ons. By constructing cell
masses using the nethod of the present “idavent i on, long-termculture can be
performed with the survival rate or proliferative capacity of those

car di onyocytes being maintained at hig@LAMS s. It has further been found
that, when those cells are transplanted to the 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 t h nbn- cardinetywtef prepaning ceHmasses o dardeomyyasfytes defivad faom phiipetediesiem
period of time within the cardiac tissue. Thus, the present invention has
enhanced ¢dls, gharastepized inythatf pysifiedicdidiemyenyttissletived frem plenipotemstepi eeblt at i on,
as well as a nethod of cell therapy on the heart which is alternative to
cardi ac t refaipediby dispessingaggregted celbmasses thaheentaip cauliomypoytes sliffesgntiated and
transpl anting cardi onyocytes that have been prepared outside the |iving
body, and indu¢eddrom plugippfeatstemssHs tn single e¢lis atq sulanedin aglwrempding wler ~ 5.
CLAIMS 1. A nethod of preparing cell nasses of cardionyocytes derived from
pl uri pot enter&ndrsecondisiongspthalthey arsaeageregatest purified car di onyocyt es

derived from plupi potent stem cell  obtajned di spersing aggregated, cell
masses t hat: cont@?crfneﬁpefiw@egﬁ%lam Eﬂg "éﬁ'tnitg%/ elyrightent stem e depre giested

pl uri poten st&m cells to, si r%gl %(cel.l s are cuqutbured in a culture nmedi um
under  serUAPitheEroUB SORYSHNSLOL EMbryppic siefa rells, eMbIYQRC 8y Gells, BErmineSIE; hod
accordi ng tglﬁcll@i. 1 V\/Perei n the lluri potent stemcells are selected from
the group CONsAkipduced PIUTIAGIRLNER &8 cel I's, embryonic germcell's, germiine

SEINIERE TR ET ST I e e R
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).

S. 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 png/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).

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. TQ%_nethod according to any one of
clains 1 to 4, wherein the content in the culture nmediumis 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 100saghtainedby theeméthed acdordingtyl anytongrofwtaims 4¢edr, 1 ng/m to 1000
ng/mM of the epithelial cell growh factor, 1 ng/m to 1000 ng/m of the

pl at el et - d&r i vedThe methed agepsding to amyjone of claymg 6ttg 8] wherepr the rangplantationhel i n- 1
(ET-1). 6. A nethod of treating cardi ac di sease, characterized in that cell
nasses obt &PRBIREHnjeqtingdhg eadlamasses efzpanliomyocKesdatothe cardiacissie: puri fi ed
pluripotent stemcells that are dispersed to single cells are transpl anted
to the car#Pac t Thsmsthed ageprdingitq apy ene of ghaims 9dp 8 wherehy the trapsplantation. 7. The
met hod according to é}ﬁai,m 6 vvhereiﬂ t he p*ﬁuri,potent stemcells are selected

from the gfYBPRISSS Hansplantige aishestiof celhmassss aheardiomyocwas,pnie thecasdipgiissup. s,
aocor i ng 151 afrmahodAEhmEpESBENOf ol emstes OF CHMI IRy st had e ged o
Al e e e e A R L T T
P abue: o3 o En it B afeR, 2% o8l g R De SRR M e b gRBfll Mdsers,
cardr oy ocoida BBl el W E Lo oo W EbmeRs fih daclTBARE Fofibved by, o

of cell m?@ﬁéns%n &ﬁt'ﬁgé xgg%fr? ffs%’/ %gﬁlltaiﬁm“%? fife de o548 ard Q@rgvga%d togaﬁéﬁg élgil% a

purified cardrionmyocytes rompluripotent stem S areé see

t he surfaCﬁ S d itBlels HBd0-3dd R@ed, non-cel | -adhering vessel, with no space
jeted il 0200 o

bet ween ce masses s adj acent cell nmasses will be continuously in

contact w ih eachnOhiififod abQIrlAPRE v 1345 RGER! tR@pﬁéﬁbEﬂégﬁst% el 4r8 sOBEAd ai ned

until the cell nmasses are conjlgated together to
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 nmasses of cardionyocytq%7qre t hose obtained by the nethod
according to any one of clains 1 to 5. 14." A nedical device conprising cel
masses of cardi onyocytes derived from pluripotent stemcell for use in
transpl ant &t-i on midicalgleyicg @ceardingdo elfpauaﬂ4iond|6wbmgn thegansplaatationhey are
engrafted, wherein the nedical device is prepared by a nmethod conpri sing
steps of fATBPFSCS Hansplantingashead of celhmgsses af eardioriyosytehento thsfagdiac tissue.

cardi onyocytes differentiated and induced frompluripotent stemcells,

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 claim 14 or 15, wherein the transplantation conprises

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





