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| nproved cardi onyocyte differentiation Technical Field
The technical field to which this invention relates is

wo b@sitmstect i on of cardi onyocyte differentiati oPCT/ATN04/000727

stem cel | s. Background Cardi ofryocytes are thought to
be termnally differentiated. A though a small
percentage of thimpedved paydibavogyteldifferentiatéon

capa ot sufficient to replace injured or
deadct%é/m ﬁif%@‘t{i Deat h of cardi omyocytes occurs,

for exanplehe Mkﬁfhl@alCﬂé‘l@'t@%h@’r?ﬁﬁ@hn\@wti@mcﬂél&ég i9¥he induction
t hrombus and the surroundi ng cardi onyocytes cannot be

supplafe@rdiontyosysedifarantiatien dipns stane €8lls.r om ot her

coronary vessels. Loss of functional cardionyocytes

may |l ead to chronic heart failure. A potential route

for rsaﬂcgndm]d normal " heart function is repl acement

of injured or dead cardi onyocytes by new functio

car di onyody@@éomypeidas eas yHheughst Em e Egmaealhs @'ﬁ@r@t'ated
pote 0, f or

repl g{\:lgﬁn@@ géﬁﬁlgﬁe@ghn anéggﬂél%reﬁé W@%‘?PH’ llﬁ%rtaltl\éera]’capamty,

di ffdt imhoatsuﬁrmmft th’épIademrﬁmredl omyjeay tesdioatydegtes. Death of
achi eve Car di o gaafferentl ation from. hES
ceI | sca(f ‘E CMEQ%P%C%’ Q@P e3f a gerenary yeessliig gecluded

aQAARABY n'dktﬂecﬁlrlro rie i tr%@&oéﬁ%@%a‘h‘ﬂot be supplied

card| nryocyte p enotype an
maj onwitly nefceb&8geensry saurdesniyomy bterr axrenbiye vessas, Loss of

fetal_ventricul ar cardj ocyte
the. dHREUIEN AP ACHESTEYy Bl dp rPEpmt et SlUre o potentia
stanqapgh ¢& Fé&téﬁ’r’@ ‘SHPRAI FRAHSTUNStIbRMS ??%%bh@n‘t(?ﬂ iRfured or
the invention In attenpt to inprove effticiency of
car dideagbcoardiathydaiesnt bat inemv \/vﬁjr‘rmloeatjewkimnybcytes Human
defined, serum/free d|t ons for te t&? cardlo nlc

0

f act GHEPIYRBIG L t Far 8EF uth fpro lI‘lmfet |]cells for
| pr QpdiohMRcstd 'r@bl%@ébhe‘i’nf E/hEF @pvRacdusly, or upon induction,

differentidti on, beating areas being detected earlier

and ailffane@hehomr@hd@&ﬁylrﬁ@aﬂar@mvogﬂ@ada@m be achieved (1-6).

Ser urﬁgr%?otrﬁi/géﬁg §i ﬁgldenttlaf) Of from hES cells (hES2) occurs within 12
days of co-culture with a mouse endoderm-like cell line, END-2. Based
on cardiomyocyte phenotype and electrophysiology, the majority of hES-
derived  cardiomyocytes resemble human fetal ventricular
cardiomyocytes (1, 2). However, the efficiency of cardiomyocyte

differentiation from standard co-culture experiments is low.

Description of the invention

In an attempt to improve efficiency of cardiomyocyte differentiation
we have developed defined, serum-free conditions for testing cardiogenic
factors. We demonstrate that serum-free growth itself improves the
efficiency of cardiomyocyte differentiation, beating areas being detected
earlier and at higher frequency than under standard serum-containing
conditions.

We describe the effect of fetal calf serum (FCS) on cardiomyocyte

differentiation from hES cells. A dramatic increase in the number of
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We describe the effect of fetal calf serum (FCS) on
cardi onyocyte differentiation fromhES cells. A

waele@sais784 i ncrease in the nunber of beating ar eBST/AES004/000727

observed in the absence of FCg. This increase was
observed in all hES cell lines tested (hES2, hES3 and
hES4)bedting| areaspees ebsehad inhibeecaladncer of E6hdiThiminsrease was

o L LR S L LA et s s

sour c8seRted Aae theséeduand %@gaiﬁah@dfdrhahptdwae cardiomyocyte
culture condi tions for inproved cardiony

di g f ﬁilgamaruialatlm veill é)eaﬁpn)llcza@tﬂ at laashto aHEstEéellmea fraesthe same
I F y
F hescairre s hPse TR sing! HhddiStd ifar thefo (Bftrd Bdaitons for

W t hariprb@ddbaedrhyseyte mifferadtidtivisamy é;b].ﬂlﬁabté&) aII hES cell lines
presence of ani mal pat hogens, increases the ch

t hat antbbESHEalisdnigrseralar fﬂlﬁfﬁ’tﬁ@e@eafﬁét mﬁtttl%qs%dﬁ@rentlatlon
Card'cﬁdﬁﬁ% Cald 853 |§\{gant88uf fétzﬂaé Fé‘ér%nw érﬂj gﬁ%’ Wwithout the

di sea pr esen | nven 1on provi es a et

enharmeeenctél@feérﬁm qmtyogﬁnsdlnﬁcﬁreaem ith¢ i chranck thas these hES-
cells into cardi ony tes whjch t ho

i ncubdﬁrwgi cEIorRYcy e Az puitate %ﬂé{rrop“ ¢ iagspiggtation in
typi c éﬁté ?ﬂhﬁ%ﬁ‘ (ﬂ’i%@%{ééj' ng cells that i nduce
eren

car di orryoc lation by cell to cell contact.
Di f f er ent i Bité opreisent ainugmiigrogybeislesaa ooethodviod emh:ancing the

rout es. nanel by s t aneous fferentiation,and .

i nduc@ficigney egfe@(ﬁ%ﬁ%f“gﬁt'owq h&&S GURi H'Iﬂoté kSiéO'BX es which
by t hggfed EB 8‘?1"3%‘%&5}1[?5“@“{?% %ehﬁ’ﬂﬁt&@rﬁh‘#(?réeh%edlurﬂ The
t he case of uced

erentiation, END-2 cells, for
i nst ameﬂqochrtyeplnalé}dedclﬂdes agrngeigjm i cellst dwataus:hideoccardlomyocyte
hi gh nti.atio

11 d t d d
heeifosatalh oS bl shASer. bl Bh b hooyte
i N any,yeaY ﬁﬁqwo%u@esstﬁuﬁu@@'tiy l;pcﬁ‘rﬂahé@ds @i@ﬁér@nﬁé&ﬁ)n and by
prediction that it in’lines other than

I n cahdubeme:hffemlltlatmmerM\btfmlibnﬂléhé@uip be bound by theory, the
differenti IIO

 nouckRBRNOaRIrS Sy BSHBERENER i ik faft ot Bfioed ifterentation,

Typi cgNby2 fcells, ol itfseshad, fafr@h@@ae@h‘opéggr’égatmt@@dug@ |dcal high
al so conpri se culturlg‘? the hES cell a cel

excr etélndengitiewand inreducing idifafentatiordet naseantinaesesderm. This

It Eglrjgﬁli?ncg),ﬂda%%gegoqﬂ%ﬁf& %Pr?e{hc% tlhaaﬁ%) !}Hh\%% SRBhRic stem cell line

ons uce
di f f eleaaingaio . prediction that it will work in lines other than hES. In cell

lines that undergo spontaneous differentiation, it is hypothesised that
local induction of embryoid bodies in endoderm occurs. Typically for
induced differentiation this method will also comprise culturing the hES
cell with a cell excreting at least one cardiomyocyte differentiation
inducing factor or with an extracellular medium therefrom, under
conditions that induce differentiation.

The present invention also provides serum free conditions for
testing cardiogenic factors. The invention therefore provides a method
for testing a factor for cardiogenicity which comprises testing the
efficiency of differentiation of hES cells into cardiomyocytes in serum free

medium in the presence and absence of the factor. Typically this method
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The present invention also provides serumfree
conditions for testing cardiogenic factors. The

w0 pwents7en therefore provides a nethod for teseCTigu004/000727

factor for cardiogenicity whigh conprises testing the

efficiency of differentiation_of hES cells into
car divdthatesy eermprise sultuing fheehBedsalinvith at‘??il @F%@@Pﬂ: gt least one

and abs

al S0 C@&ﬁ]@ﬁ’ﬁlgg:% Qﬁﬂérrlgﬁ{d ion, lﬁ@é&ﬁé ?’ac\%é}'t E)r g\ﬁﬁﬁoﬁﬁ"' ttracellular
excr ghedigndthdrefesin, QﬂéelCmrﬂiltIm}th mdmlcéfchﬁfemntla’o@mn

i nducing factor or with an extracel |l ul.ar

t her ef r om Thehdeyertiondigi§ mEoYifgs y%&feserum 88 medium in a
diffep mddacsf'n‘?&hcﬂgﬁlffé?éﬁf%dﬂbﬁ*@ BliSHideardismyetytes.

serum ree od of u0| ng
di f ferentigémen hEShESetiel | sndergo caawlw esspapdareously,

i1t Herantiniing SoaBrraRoaye, SoBeEe HeTNERER i ambnic bodies,
in e'@fr}l’g'sgeao&l"tﬁése SidY B¢ AKS eélid frage formed by nES

cel | ryoni ¢ stem cel co-cul tured
W t h nouseHumaoeeaibrgenio dstem (OEH)? CG)-ICQ"Uél@IdI withomguse visceral

SZ?EI rgéeSd &éﬁl l Sgﬁlﬁs F ! esg ﬂr}é%igéc%: c%@?céxdr‘éssmg cardiac

CoNPagd 4L %E\rc%n‘?éﬁd RBEP | p@l 6H ohedReRrs edirect comparison of
denonstrates that the mpjority resenbl e hunan fetal

vent r?Ieaﬂrzwhww@cahr@mwaeé epensiratesihadr theymalpsity Fesemble
atr h i t. .
o B B R B0 5818 Y o WA R R Bhas an ate

cel | spidiRity sk, TR Gtﬁldﬁll‘tlﬂ@ ﬁ@tl@b@g@h@ﬁB&nd@@tMmoém&dlymyocyte
even at hi gh | ocal cell densities. Both fetal and

nESdediffeeantetioni diry b eseln Hali ule BPE HAeidPongTjpoenesis

coupl ed, Lhco g d YGRS H h&li&s.OfBoth fetal and hES-
pl ur i PEIEAY §n gl g 19cal cell's 1nduces
ext en@ém%djbéfd%rﬁ%d:ﬁm am cuttutevarel rfw'notmallye:oupldd through gap

types fromdifferent |ineages. One is epithelial and
for rrBJUné’ﬂ@ﬁS cystl C structures staining positively for

al pha- f et 0 Pe %@%lu@cﬁéﬁFHﬁgb@ﬂ fdd %‘ﬁﬂtEMQUQ Q:ells induces

vi scer al érs are grouped in areas of
hi gh éﬁ@ﬁblvdedﬁdranm‘td)rbetat twpodistinetiuesaell Typese from different

Pﬁséln{l]rgegﬁ%ee:gg;:; fggﬁéggcg&ﬂ@‘ﬂﬁ r%jo?org?%ig{ggr e)?S%IC structures staining

g?;‘rjr: @8%4?\9%12 é&’ fél?ﬁ&'?ét‘oﬁét@m odnd RUTERBsERALKO NERraembryonic
visceral endoderm the others are grouped in areas of high local density
and beat spontaneously. These beating cells are cardiomyocytes.

The present invention provides a method for enhancing
cardiomyocyte differentiation of a human embryonic stem cell (hES ), the
method comprising co-culturing the hES cell with a cell excreting at least
one cardiomyocyte differentiation inducing factor or with an extracellular
medium therefrom, under conditions that induce differentiation, in serum
free medium. Typically, the cell produces a protein excretion profile that
is at least substantially as produced by mouse VE-like cells.

The stem cells suitable for use in the present methods comprise
both embryonic and adult stem cells and may be derived from a patient’s

own tissue. This would enhance compatibility of differentiated tissue
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nmet hod conprising co-culturing the hES cell with a
cell excreting at |east one cardi onyocyte

waledosatsgst i ati on i nducing factor or with an  PCT/AU2004/000727

extracel lul ar medi um therefrom under conditions that

i nduce differentiation, in serumfree medi um ) ]
Typi canafip, dered &lom ghe diees callpmithefhe dréieet i dp this context it

pr of i ' t ' \ d

ousc i He,eftnef s EHEXANTpREYadtl RERFUER{ dded from
i n the peresestowretibouts. dduman stetnotdlisemalyyiomigenatically modified
adult stemcells and may be derjved froma patient's,

own t PR, Usthiyougl iRfrediARE LT AR that may, ceptrol their state of
di f f efentd tq i ot . :

cel | SR P 5 R o RS SxPBh e 3he Prvonic cell
not edott &dradeli8lar ehédiupafifomnah edbrgonictcedit €hey ehdysbe genetically

derived fr ' [ . H .St [
O ), WP e SR AL e
| ntr ogddr 9 Qéntﬁﬂﬁsatﬁéﬁdﬁ'@l}’ sﬁ@&ﬁ‘iboéroh}&ﬁé{] sBERIR Ofct-4. The

differentiation prior to, during or after their

expossien cells may debgsrwiically siddified akamysteigeuvith ameaikenso that
froman enbryonic cell. Th may b enetical

modi 1P R GreR e HRATLI grv Sede e edfyata. nghg marker
sel ecinabl Be e to Pidly th8ediferintiatecPlor aursdifdrepibled stem cell
speci fiC pronoter such as Cct-4. The stemcells may be

genet pepulatjontal anlestage od eyltvatigr. with a marker so

cui ti vat i oo B RRs MBI BT 3R sfibrvonic cels
di f f edeiidatrech Oiscortlidnidedenthi tifsed &t gigtel lendoderm like tissue
popul ati ons at any stage of cultivation. Cells

pr ovi igPlagedifone aerRmRIYPN Breferatly ( Wyceral epdodenn yay e isolated
) . : | .
o oot SR A ARRASEE BRSPS 32 folie smbye, €79

Pr ef eviabkbal etideeeral orevidostal mnaadeha likeofissuedcdn d@ isolated as
early postgastrul ati on enbryos, such as nouse en‘oré"c_)I may be

( E7. 5yesayibede ity (2ehabderasisrisigallyethy \dsrfsale emdedR

har ~0ebffed By, PAREHEN 1 AERSIEHIRION drk bytokeratin (ENDO-A),

i dent The ethtiryorixmetisnapbecdn ahihmdredl aarcihema eell] preferably one
ENDO- T(re enbryonic c

o br y BRI N8 VSCR R e PRp ke Sy AiRo thededaire cells that
has RpSe SHARBAY R85 B8 o) SEnel e i cxpross
mani pethdadernt factorpr ess endoder m fact or s.

In one embodiment, the cell producing differentiation factor(s) is a
mouse VE-like cell or a cell derived therefrom. In a preferred form of this
embodiment the cell is an END-2 celi.

The embrydnic stem cell may be derived from a cell line or cells in
culture. The embryonic cell may be derived from an embryonic cell line,
preferably a cell line with characteristics of visceral endoderm, such as
the END-2 cell line (23). The END-2 cell line was established by cloning
from a culture of P19 EC cells treated as aggregates in suspension
(embryoid bodies) with retinoic acid then replated (23). The END-2 cell
line has characteristics of visceral endoderm (VE), expressing alpha-

fetoprotein (AFP)'and the cytoskeletal protein ENDO-A.



10

15

20

25

30

In one enbodi ment, the cell producing differentiation
factor(s) is a nouse VE-like cell or a cell derived

wao b@seis’em In a preferred formof this enbodi PERAULINE/000727

cell is an END-2 cell. The embgyonic stemcell may be

derived froma cell line or cells in culture. The
enbryoni ¢ dBI1ANGHR§T pebggimeridther esll isnadiver panenchyetdl cell. In a

i ne, I I ' ' zharacter, stics,af

i scePipreufEaich & R qmbddifmelt g PR BREn Fadi(cpus Hepo2
The END-2 cléid huimae embryemicblanswed! sty Heodémged BRER from an
culture of P19 EC cells treated as aggregates in

suspeFSTRYNO I & cLlivpaios smbsyemic séemmsile kseedor axsample (12)].
| at P i Sti .

£, 08, 4590 col R el Oy RIFRE TSI Shononi

f et optieseée.n TharRMhbiodid stencydlissikel dleadellsrwhiehhave been cultured

ENDO- A. I,n_anot.her, .enmbodi pent the cell is a liver
par en@RgHAAINEINEd in ﬁné'”ﬂi%f%?q%ﬁdfs@ﬁtﬁ’l of this

enbodi ment THae HEYY &de|IP I (N S”W h
human enbryoni c ster%”cgﬁ%p%u@/ygaeh eric\?gd HS?[OIG)-% ﬁPtoandergo
an enbagdiogendsisspantanepusly afalrbatiaty it s em ES Il that does
[ see I ampl e (1 .. The stemcell may be derived
from ﬁdg%r%ﬁr%ﬁ'@ﬁ% SPPH%”@P“E‘%‘bryoni c tissue. The
enbryoni ¢ ghemimentisn "B Bréfld Lot

B TR0 Broes o (ertiohRNRS Hhoduced by

cultured and mai ntained in an_undi
The hewthed of Higinyention.hES cel | which does not undergo

nes oot e ARBROTRERY SetuRimBieu Mey cRofess carade specific

spont sarousdric profeink RingNdissay FhfehdtFdPie FeSpchses and ion channel
cardi onyocyte produced by a method of the invention.

The deXRression andlnstien tyrga of cerdieyyesyleess car di ac
o . kg bt froo:
¢ beponses BTer iR SlrerdisRes SLIBRhCE, BR5HIES & human

t ypi ctetalofertdedaocaibieyduttare.Pr ef erably, the

differentiated cardionyocyte resenbles a human fetal
ventri cul af canpthen grdfeded. fomn adiae heiffeseatiaied e cardipmyocyte

| £ iebEARIpS ol ef R APBOR B SRSRET) =5 2, T
form the dirf f anether apesferrad difomy otlyé e differentiated cardiomyocyte
resembles a human fetal pacemaker cell in culture.

It will be understood that the resemblance to these fetal cells does
not necessarily extend to possessing the same level of maturity as these
fetal cells and also included is a differentiated cardiomyocyte with a more
mature phenotype.

The present invention provides a plurality of differentiated
cardiomyocytes of the invention wherein the differentiated
cardiomyocytes are coupled. The coupling may be functional or
physical.

In one embodiment the coupling is through gap junctions.

In another embodiment the coupling is through adherens
junctions.

In a further embodiment the coupling is electrical.
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resenbl es a human fetal pacemaker cell in culture. It
will be understood that the resenbl ance to these fetal

w@edos81818es not necessarily extend to possessiPOI/ALZ004/000727

same level of maturity as thege fetal cells and al so
included is a differentiated cardi onyocyte wth a nore
mat ur e phehe yipeserhévyantioanalspnpeEmiqdes 3p|C@lﬂrWe§f gifferentiated

pluralit f dif i d

rventArdiervneoke TRENUS e Sht ARBEREbE BHAgT grees  from
are cgitfeterliatdd eartiorayod\@esrayineeiniemigdri.onal or

physical. 1n one enbodi ment the coupling is_thr

h
gap j unct i byicalinthendissesiatefesdisrsatrep Q:oﬁ)ﬁ?fleﬁ%bq}%hey adopt
t hrou In a further enbodi nent
t he c%“%?%ﬂgéﬁgag @@?H@‘ﬁgyrhe present invention also
provi des aTkelpregent inlidntionealsbapmides dai quatyfbesthe study of

produced by dissoci ati ng beating areas . .
di f f eh&MBNat CRrEIMHASKFSCyt Bs A .n%ﬁprl%,'ﬂg differentiated

Typi ca} a@ﬁyﬁﬁéﬁé§§%e459%tﬁﬁi | 'Fhl@rrﬁodi&ﬁ’é akewy i fin the development

Pr ef er opt a two di nensi onal norphol ogy.

The pofessrdiomyooyte transpleetatipndiedpiesa nodel for the
study of h

r di
i 1 or ont | BUGASG AN BIRGEY IBLerRior REOTHER 1 OB, Vigh, ystem for
model tésﬁn#%%?&bvé%ﬂé%r@%%b%%ﬁg Qfdlffe%ﬁtlé?t’é)d%‘a%n@myocyte of

transplantation therapies. Further, the present
i nventhiednvemntin. des an | n vitro systemfor testing

car di ovascyl ar ru [isi a dif I at : :
car di orryoc%% Bfe lf’lH@ dﬂgo TWQIV egggtrﬁﬁtﬁ\fedqﬂq@%rentlated
al so pa@IdARScyRe BItAE %%t%ﬁ%r@pbféﬂ fientarduem aes eell. |t will
of the invention prepared froma nmutant hES cell. It

wil | be reeognjned deatt methadst les defradiicingrmuiatiensigito cells are well
2 B3 B S, PRt B Reb B g apy, ytatons
in theedulfiy M tife USREOPRA ?é@é Qﬂrrpr’@télnabtﬁtoalfsbdhese causing over
S rassion of 3 gone or protein, 3¢ ©F Protein.

The present invention provides a method of studying
cardiomyocyte differentiation and function (electrophysiology) comprising
use of a mutated differentiated cardiomyocyte of the invention.

The present invention provides an in vifro system for testing
cardiovascular drugs comprising a mutated differentiated cardiomyocyte
of the invention.

The present invention provides an in vitro method for testing
cardiovascular drugs comprising using a mutated differentiated
cardiomyocyte of the invention as the test cell.

lon channels play an important role in cardiomyocyte function. If
we know which channels are expressed we can make hES cells lacking
specific ion channels, and study the effect on cardiac differentiation and
function (using electrophysiology). Furthermore, drugs specific for a
cardiéc ion channel can be tested on cardiomyocyte function (looking at
indicators such as action potential, beating frequency, and morphological

appearance).
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The present invention provides a method of studying
cardi onyocyte differentiation and function

W@ ed0sa1878physi ol ogy) conpri sing use of a nut at BCI/AU2004/000727

differentiated cardi onyocyte of the invention. The
present invention provides an in vitro systemfor
t esting cariF8vast peatingr S-derived stargicmyecydesdexpress ANF.

differ :i'érﬁsté&f bl oﬂ%tﬁrﬁigsn%lff nﬁ\%ﬁ{;?ﬂ%ﬁ&%ﬂ%&if}%m@type calcium

presen i on provide

n
testi whanaeldiodchsnd thie tHandSnICOMNrG ipdadtiMciannel (Kv4.3) are
mut at e? differentjated cardi orr%/ocyt e of the invention

9

as th&Sk8getecisd. theoaxpiessioal of Kiv4y3 @recading taset of keating by

i n calkgdi [ [ I .
SR AT gl S IR A AR
i on clieuneklis, uratiferentidiedt bellsf bec trapscptsdd@ppear during early
differgptiation anéjfunction usi ng

el ect p%&ﬁ?@ﬁ'%%‘g@ﬂ ! FRERPERE PR, StaBegs specific for a

cardi ac i OjtahAMGRscERNs ﬁ\iﬁ%ﬁitﬁdra@ﬂo DY against cell
function (looking at 1ndicatdors sdch as action

pot ensudace ekt iory chaeqelsnaﬂowamﬂgemn}ﬁlagdd)@baﬂbmyocytes of the
appearance). Areas. ,of .beati ng hES-deri v ]

cgfdi BW?B%‘P & %Siﬁ?ﬁgfgediﬂ#ﬁ%@@p%%%n $ M provide a means of
e subun: . PSS ) _ _
Ul s eIt RACERLEN R mauiaton
chann@l CQRpPMIBIsing el dabilityt ect ed, the expression of

Kv4. 3 precedi et of..beating by several d . RNA

for the def i5 etePaRrin Baycth Hse SraindRetenielideelis produced
f oundusinguneitiotisrafnhé atvshtipal that nfiytbd 188§ %61 RhSsplantation, cell
di sappear during early differentiation and reappepar at
Iaterﬁ_ﬁr@@éspr \oere fh&!@p)é\speﬁlrefﬁablw rthewiinvention provides a
chanr Rl ool BTl AP Ro0E wiacs ol BBgfon et may be
| nventseh férothleeapeieiat plripeees Nsudi 8 if thé&toBs - of ekforiRyY cardiac
provi de a neans of isolati ng cardi onyocytes for

tr ansg‘lnﬁﬁ?'&m aisuiack sutferdeg Bora heartsliseaseoer eandition.

conpr om Si [ i abpkidy. . present jnyention .

al so proviggg{h sef ?se#ée(%t P];tﬁé'é éngélﬂgsér%d%céh% Ay @t treating or

et hopieventindia cardéad diseatbadr mldiﬂm.uilﬁddfa@fdisease is typically
I tion, || therapy or gene therapy. .

tp: ZP 2 sﬁft %eclti ﬁ\g‘ch Y REPRMH ca? I &gg:tlgn and mcl%es conditions such

as, but not limited to, myocardial infarction, cardiac hypertrophy and
cardiac arrhythmia. In this aspect of the invention, the method includes
introducing an isolated differentiated cardiomyocyte cell of the invention
and /or a cell capable of differentiating into a cardiomyocyte cell when
treated using a method of the invention into cardiac tissue of a subject.
The isolated cardiomyocyte cell is preferably transplanted into damaged
cardiac tissue of a subject. More preferably, the method results in the
restoration of cardiac function in a subject.

In yet another aspect of the invention there is provided a method
of repairing cardiac tissue, the method including
introducing an isolated cardiomyocyte cell of the invention and /or a cell
capable of differentiating into a cardiomyocyte cell when treated using a

method of the invention into damaged cardiac tissue of a subject.
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differentiated cell produced using nmethods of the
i nvention that nay be used for therapeutic purposes,

we /188584 n nmet hods of restoring cardi ac functPOIAUZN08/000727

subj ect suffering froma heartgdi sease or condition.
Anot her aspect of the invention is a nethod of
treating or tﬁrl@ﬂﬂéﬁﬁd@@i fb&rwta%ctdsﬁeengrfrmmajcandmc disease

Car di ¢ [ 0 .at ed t h.decre

cardi ac (;Hunc | on @nthg *‘%M&%ﬁ%ﬁ% '?90 ctl"?Sé‘§ Oﬁﬁ?e present

not | iimiergidn the isotetat iarbionnfory s comis Fﬁéféfa%q?y transplfanted into
i s as

d d hyt h
THReT oShllest Carclid fastrat 4 ﬁght’lﬁén%gﬂqrﬁtnf@fﬁﬁ@blv{g hermethod results
i sol a‘ir?%@fécsg&%ﬁaﬁ o%quléé‘ﬁmcﬂ %étsglbfeeé& eOf the

I nvention an ca ab ntiating
into a car dhempregdre a'eAeIntlmheprdfemﬂyECbly@l pbvilgeetahAflyocardial

f th ti ssue of a subject. The
5ol At Pt SR e SBURY o Stprepelaing bavhefsranated into
into @Q@@ﬁ?oéﬁég't@ﬁe%bl%sé'é‘rdfgcﬂ neligh ect. Mre

preferably, "the net results in € restoration of
cardi ac furddeiasent inventigrefurther lprcy\ﬂdeﬁamdﬂefonﬁﬁd@tﬁin including

Cepai PG ER AR St ae préfent rtdnuien Ao acrarger.
i nt roduci théﬂefrﬁOinGhéﬁhlgfrﬂﬁé’r‘e‘h%% ‘t% ggéd h8fei Psetaken to mean

i nvention and /or a cell” capab renti a
into éa!é%lﬂﬁ|aoﬁt?ﬁt9@létQ:éEVelmpemtota spedfic dﬁfewgntaatedtdeﬁdype as a

f th di t
Qu; ity '8 Sactior uftBRReE iRBL S ot thes Stsit il Afluencing
f rom factersdiae indiLRASS!IREr ?Qfé‘#hétb%‘suéﬁ‘ akhén RN S ?ﬁ change
repairing cardiac tissue o resent I nventi on,

i sol aBBAOF edasaiidar facters, Isuch Epﬂ ee@e&m pratemss suehtasdbut not

into e c ue of a sub

pr ef eﬁggpg gcg @O%ﬁhgéodté Lﬁqcé (fyljimf'ﬂ oFeoﬂ"ll%tﬁ &nd  trigger
car di d|¢fefemlzmlonn li mag inelbbe Cultuihg thd @élfv‘ftbt ccbr\TK@Nce%d may be
preferably also provides a nyocardial nodel for

t est i WYUEReLhBY cel QeﬁﬁltSést emcell's that have
W ST —

function e pr |nve

cel | factyy(syi dreoco- culd:dn‘edl ingvitrodi Thigrtgpichmy el ohRds iffoducing the
the present jnvention, and a carrier. The term

*i nduRPRYCRH 14 @R emhnipnis pellagonalayenpiosiuaed Hytpirliferation of the
g‘li‘]??e@gﬁtﬁ{d;?c?e gecelﬁ:ﬁu?t%% ;@‘reg@r\éﬁlﬁ‘%he UrfoRonREEEH | 'nfonolayer is
grown to substantial confluence and the stem cell is allowed to grow in
the presence of extracellular medium of the embryonic cells for a period
of time sufficient to induce differentiation of the stem cell to a specific cell
type. Alternatively, the stem cell may be allowed to grow in culture
containing the extracellular medium of the embryonic cell(s), but not in
the presence of the embryonic cell(s). The embryonic cells and stem
cells may be separated from each other by a filter or an acellular matrix
such as agar.

In general for differentiation of stem cells the stem cell can be
plated on a monolayer of embryonic cells and allowed to grow in culture

to induce differentiation of the stem cell.



10

15

20

25

30

result of a direct or intentional influence on the
stemcell. Influencing factors can include cellular

w@aroairet784 s such as ion influx, a pH change anedTDAU2004/000727

extracel lular factors, such ag secreted proteins, such
as but not limted to growth factors and cgtoki. nes
t hat regul @oadiiodstfor inthof fiffesentiaied mbryonimgtem cells are

e BB SRR bSrRER Y S RES Feut, but do o
and agy Gém PedNd dopg daivef enent | & | agfdrastiste( Sexaigively into

.co-cultured in vitro. This typicall %9I nvol ves

i nt r ogktEaergbyesiclineagas | Ar@ragHabwihdewal feem) optimal conditions

cot | B et SR EIaBlf: IR hESERYAIN Secifc col
nonol gpes. Suitabkwoukiwres obeditions ahay dndllderthe additiomef DMSO,

stemcell is allowed to grow in the presence, of .

ext r a@dNPIA sAcighe di @RS ofr t BMRSHIRy SATQUINER | Whichy Gould increase
perio j L I C +04J-nduce differentiation of

t he s&grgﬁp%iti#ﬁpgggé‘%@e@l %Ff%%é{ecpl type. Alternatively,

t he stem cEhé cuallydbesity bbvkse émbiyoaiw cell daydrutypically affects its

cel | (3D EndgotaanSepr LberBbBPheslrBrg Gl confluent,
cell( : b Cni e b
oo, EGEDE SECRHRE RS 8 gpoa Sebhinimtentng o then

mat r i exposeld twsaraggent Whicheprewvantsffarthdr Hivesiemor the oellspfsuch as
stemcells the stemcell can be plated on nmonol ayer .

of " enIgBNO Cel I 06 TIDRPN SWEWOIRGH JRVaT s dupicaihe SEblished 2
i nduc i §Fi td ikt t el g i
bt ai e P B o R R ey P Coafebypically
t ypi cdispgrsedosadwitherh intreducad ger ai sxinpdayesr ot tasmbryenic cells.
renewal .. but do not kill stemcells drive them.t .
i 11 or e HE el e D) ST SRRS el Br a period
| i neagegivo o IhRuabekd UREr avalbstarfual Qiekticrhbf e didrh @edls have
for stemcell growh favours differentiation of the

st em differenti@tepeci fic cell types. Suitable culture

condi ti ons NG e it .on o : .0l €
aci d, FGFsngX{%l Sé*’tﬁacgil[]%ﬂﬁ*ﬁ%{]@n\,\%scﬁs%%elfwﬁ%}@gég‘neto mean
di f f eg@idifiiedPmadnim podicad fbf giowiay -anTé@@beridic cell as herein
density of the enbryonic cell layer typically affects

i ts sdessribedyinag medumolonehperiodied tigh 89 dhnt exlsacallutardactors,

typi cgﬁé}yag %ggrlelf&ﬁ'broteins, produced by the embryonic cell are present in

the conditioned medium. The medium can include components that

encourage the growth of the cells, for example basal medium such as

Dulbecco’s minimum essential medium (DMEM), or Ham’s F12 provided

in serum free form where serum is a normal component of the medium.

END-2 cells are cultured normally in a 1:1 mixture of DMEM with 7.5%

FCS, penicillin, streptomycin and 1% non-essential amino acids. In the

coculture with human stem cells the medium is replaced with human

embryonic stem cell medium containing 20%or less FCS. In the case of

conditioned medium from END-2 cells the conditioned medium will be
prepared in serum free form as opposed to the standard 7.5% serum.

The cardiomyocytes of the invention are preferably beating.

Cardiomyocytes, can be fixed and stained with a-actinin antibodies to
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Typically, the enbryonic cells are grown to confl uence
and are then exposed to an agent which prevents

wo cvoshes784li vi si on of the cells, such as m t onmyRPCTAC2004/000727

The enbryoni c nonol ayer |ayerqgs typically established
2 days prior to addition of the stemcell(s). The stem
cel | scanfam ypiusgla ypaereiype.edo-diogonien a-tiopomysind ang aa-MHC

vor < SMftodits rosn ) 8kg hifacharisliPhliRele) s’ Blsteraply, the
of t W@arﬁ@brﬁ?@@ﬁe%@éﬁx@@bbbor@_irﬁg@ﬁh@ﬂﬁéc@ koW it@ tha¥e skilled in
the stemcells have differentiated. The term

"ext rilgel Al ar Mem uprefgralikedthger @rdiqgyqcyies, e nged with

condi 1] j pr fr r oy amoenbyyoni 0
cell éé&ﬁ(g'?]?a%]ﬁgggds%rl @g%%r‘énbl% rreg]r?um @l?t a@p)gri f)dé on%b%u‘[ 4%
time parafdvhaldshyde. elonutixdiniet aharactedsitds andsactiont pdtentials of
protelns, produced by the enb Eonic cell are present,

"t hELSGIetPeli% et b detaRningse Dydialteinciamps lectiganysiology and
con‘pquﬂ,béRt_hat encourage the gromh of the cells, for
exanpl e basal nedi um such as Dul becco's m ni mum

essenti al Stihuwell6OkN) which ddadicsnyeites ave dede derived can be

serum free form ywher erumis.a nornmal conmponent of .
Uhe neeneiaal ENEROTiEd ip Dear BNLRIGRT Bu ol FRITP i ghannels (this
1 mix . 2 e ’ bl .

ot reppaiSebud bt i imifhartsy: Cfdbfidotifes defived from these

cocul madified stenhets véll dmis bl abrammahediduyieidsa raxilee ewbdel for
wi th hunman enbré?ni c stem,cel di.um .cont,ai ni g%] Q%or

|
| ess E€18G AIMRELS, gssoqinted Wil Gelrdtyenien; cline would be

cel | syédtal ¢ BiabicoRasbarenliana Yor tedifgPpRAMSSEULIRARET UTkewise,
free formas opposed to the standard 7.5% serum The

car di megetsyiresulgiretfoe otheregrnalically bagedfaardiacydiseases could be

oo Pikated ChBIRGEE iR iAo Hinbed ARt 1 Bhrs0 e lsed for
a- t r opgRslaniitibh RRIMEStdtafdl ofh&AEf@ittiopodi es al so
gi ve characteristic muscle stainin

. L , g: Preferably, the
car di onyocioednsipace, jsshaadio hgigfydiseaget isothe ieﬁﬂmgtqause of

t hose J.ql [ LAart r bl e :

car ai BRyREYY 2o reREGah et ErEbEhRa Gurlitiischaemia caused
pr ef eppbbyygsnt eppivatior Yand alizequébht myaear repattiyele. initiates
I on channel characteristics and actjon potentials of

nuscl Ereversileceall drmage epvaNtedlWpagingte widggpread cell death and

el ect {,aRhySkHRBK. Blfhtegies to regenerate damaged cardiac tissue by

cardiomyocyte transplantation may prevent or limit post-infarction cardiac

failure. The methods of enhancing stem cells to differentiate into

cardiomyocytes, as hereinbefore described would be useful for treating

such heart diseases. Cardiomyocytes of the invention may also be used

in a myocardial infarction model for testing the ability to restore cardiac
function.

The present invention preferably provides a myocardial model for
testing the ability of stems cells that have differentiated into
cardiomyocytes using methods of the invention to restore cardiac
function. In order to test the effectiveness of cardiomyocyte
transplantation in vivo, it is important to have a reproducible animal

model with a measurable parameter of cardiac function. The parameters
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RT-PCR. Stemcells from which cardi onyocytes are to be
derived can be genetically nodified to bear nutations

WO mosfi7sexanpl e, ion channels (this causes suPKiEAU2004/000727

death in humans). Cardi omyocyies derived fromthese
nodi fied stemcells wll thus be abnormal and yield a
cul t uu@edrﬁh@uldquear&adﬁitla@w@h|Wﬁp§aa§%@paﬂ@@t% grpmals [see for

def ec%%%r%g e @@r %?eﬁ'll[a? thd h%f?ec‘f? W qra?%gré%?ét@q(fcgﬁ @%H%quately

researc ng pharnaceut| ¢
model getgimindd. P\e rélationsihips @enzemeashlfey obm@q’bumldg g@apacity of

di seases could be created. Cardio e f the . .
pr esefite NRAENANGMaYPealsed (s @s@riray szﬂ%@fﬁgﬁ?@@%ﬁund'on

and rﬁlbwﬁargﬁs‘ggn%éht function. For instance,

i schaem ¢ Isease i s the | eadi ng cause of
nor bi di ty AnHosahmhalt wuich aslebuwesoiehmmtadrﬂod arCimdiumodeficient

i schaem a caused by ox t d
oy Qo maLBB AT o seR, 35 & w e sl B iee Gl FAT dgtes from

g;/ent Yalids b6GEERY TRe WafdioRT g%@?te%eér’e Beé'lﬂl hﬁﬁﬁods of the

f function. Strategies to regenerate damaged cardiac
ti ssuprds,entﬁwentlcmocyt e transpl antation may prevent or
l[imt post

enhanci ng Ibgﬂgf{:f&t ;agé]?]g%‘?q Pﬂr%?a%eﬁeHF SinVBAASH s breferably

car di 8€¥|@ﬁ¥6 &8, agseskethel é‘)‘”@t@ﬁ@b? CBRSiaE irbpdirBHbWingetransplant of
useful fOor treating such heart diseases.

Car di oandimyyescytes or isitahleeprogenitensyinia 8 suiiebleskest anignal. More

"ot opteratal BT ot a R 1w, rhEEhDAFGER, Afipdl! drebfed oo

pr ef epdley obcaride snwsdey degenémtiondddwihgrintaesi thag is sed as a
ability of stems cells that have differentiated_into

car di bniyecsal @scapion@f e wé%reaflaﬁeﬁecarﬁ@@aﬁqcare& d his animal can .
rest ob?\?&% S;B ?q,sf M'&ﬁféflrﬁ) bu H?tolfrﬁ?éd Eé)rntlﬁ te bbﬁe bovine, canine,

ef fec car ocy ranspl a

Vi Vo, pbicinég dritP@nlyanbnihunteay erimateps @zlanamelt@fsansmilto measure
nodel with a neasurabl e paraneter of cardiac functio
The p&REHRE dPRAECR HIRSEl énlﬂ‘%lﬁrWYdl@{qq‘P‘gu*P‘éthaE%ﬁiqioll'm'ted to,

and e?%e egﬁg% ?L(’)g@c%ll "R}, SrdcE&fsticOor ShagR! Giségd) br S9ar|ous heart

t hat t ranspl ant at| on can be adeq
det er farrotion. %ﬂlakmcenshmmtm éurectioranay daeo:ﬁsstdssed |n terms of

Fead. saung i Jreasir ahgaoenB: popcert.  Prefeiably, ventricular
contractile function is assessed. Methods of assessing heart function
and cardiac tissue characteristics would involve techniques also known
to those skilled in the field.

The present invention further provides a cell composition including
a differentiated cell of the present invention, and a carrier. The carrier
may be any physiologically acceptable carrier that maintains the cells. It
may be PBS or other minimum essential medium known to those skilled
in the field. The cell composition of the present invention can be used for
biological analysis or medical purposes, such as transplantation.

The cell composition of the present invention can be used in
methods of repairing or treating diseases or conditions, such as cardiac
disease or where tissue damage has occurred. The treatment may

include, but is not limited to, the administration of cells or cell
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foll owi ng transplantation. A host animal, such as, but
not limted to, an imunodeficient nouse may be used

W@200&/118184 ver sal acceptor' of cardi omyocytes fPOIAU2004/000727

various sources. The cardionygeytes are produced by
met hods of the present invention. The nyocardial nodel
of t he€opmnsdiansi (eitbat asrpartly pr dtfilbyr diffeyerdiated)niatb patients. These

£ F ans SEInBr SEh BBl 80 B8 in bl ddan conpigion via the
into sestardtRIpl 6f fidstion RisBrevioMalediBEREEH AYove thg&rdm}ggfe use of

animal is an immunodeficient ani'mal created as
of caP@irael modeise degeneration following infarct that

is used as ' I or of the differentiated,.
car di onyocﬁ‘ é@%%@%n?ﬁi&%@ﬂ %’éd ﬂ@n‘gpgf:?}é@ §pe0|f|ecat|on, the
i ncl udiong “eomprigt” laind Varthtiohsndit tHREwoRd, 8§ch B8Viddfprising” and
cani ng, porcine and any non-human prinates. Paraneters

¥

used teP'HRASKRE e T A1 Btendgsate axeludee stheinaddifivesragomponents,

i ncl ugReqdidtordiigndiot Iimted to, el ectrophysiological
char act egl stic oﬁ? ‘heart tissue or. various heart

function. Fbe disstn@e}rtion,odeﬁwmehisl, eadts|npidierialsPiehiRes, articles
erms .o

Poar ¢ S bRl Yy inchdid 1 dnkr Sebrikeatin selehufer fnon pLipose of
assesﬁﬁdifidig@%%(gﬁté’}& %?Stﬁésté%eH?%\}fr{tiBHFt 1O A8 suggested or

cardi ac ti aracteristics woul nvol ve
t echnrepresenteddhkhany draait ob#wsskinbtteds fomriddepait &fdhe prior art
The péesent i nvention further Erovides a

[
conpoSPtT & WHES GAMEORA aaneral Kpewiedes 'E‘eﬁlee feld rrlevant to the

pr eseptedeRy fiVehaor ripi i riar
SRR e S81EeBe SUsel A3 B B Bt of oo

t he celeirg of this @pplicatioPBS or ot her mi ni num essenti al

di kno to those skilled..n the field. The cell )
ggrrlpgrsni ti oﬁﬂgf pﬁ?&“ér'@%%'moﬂ AL P9 nDe amose @’i]bédg’?%ﬁ”bed with

bi ol ogiférincan@ i éc@émFlﬁﬁ@éiﬁéle%;ﬂ%%g}d t%ﬁée\k)igggé It should be

transpl antati on. The ce onposi tion
i nvendnderstand, heweyet that thedesdedptidn fadipwiing isgillostrative only and

treatj [ e .condj tions, such. as cardi ac )

di sea% ol? nﬁ@fee%tlﬂgbs'ﬁe Wa%é@%ﬂgeg{g@ﬁp?&ﬂ‘. H-uﬁjgenerahty of the
t r eatimpohticrmdesdibadidghoeut is not Iimted to, the

adm nistration of cells or cellconpositions (either as .

partly or fully differentiated) into patients. These

Brief description of the accompanying drawings

Figure 1: hES-2 cells were co-cultured with mitomycin C treated
END-2 cells in DMEM media containing L-glutamine, insulin-transferirin-
selenium, non-essential amino acids, 90 pM B-mercaptoethanol,
penicillin/streptomycin, and varying concentrations of fetal calf serum (
FCS). Co-cultures were carried out in 12-well plates and beating areas
were counted at 12 days after the start of co-culture. Each different
condition consisted of at least 3 independent experiments. In the co-
cultures containing 20% FCS the average number of beating areas in a
12-well plate was 2. With decreasing amounts of FCS in the co-culture,
increasing numbers of beating areas were found. In co-cultures without
serum (0%FCS) the average number of beating areas was 24.
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cells or cell conpositions would result in reversal of
the condition via the restoration of function as

w@e@sileersd y di scl osed above through the use of P@nAnedo4/000727

nmodel s. Throughout the descri PR on and clainms of this
speci fication, the word "conprise" and vari ati ons of
the word, Eigltead hESrbreks mgre aedculssepnyitemitomycimds treated

SRR R R SAIBRORE P st

mat er galepiurdeVhesessantidl clghinandadids |90<euMS Brmbwé@@bethanol
inthis speC|f| cation solely for t he pur [

pr ovi BERIEN/ sBaplerydinrand yapfirg sencentral riebﬁf f¢tﬁ| calf serum (
hot ng%stfbdgﬁgugrég %ft‘%ﬁgﬁrﬁgd tddtin 31@%/% en%’!esoéné BE&Sfing areas

matte orne e prior art or wer

comowege meuatedkfrom ddgd tondayd 8 ifelideareinersase inotheheumber of
present jnvention as it existed in Australia before

the pPPBiNg yatease VRS hsr @i dai 8 é%pﬂ?cblﬂ?’%rn all culture
The PE&s &§iflbns Ny lrﬁ'ihé"'c!d n{ﬂ@i’é B8RS Jf“éérMmdg@“/‘rF@%q was a

with re erence t e acconpanyi ng exa

dr awi slight ind¢reabeirh mebﬂumbdeofsb@mmg ehmae\cmset\rmi aftdre18 days.
description following is illustrative only and shoul d

not be taken in any way as a restriction on the

gener g i : _
descri IetblE m}&fgfowﬁd g’glg%}t H"%Eh‘?ﬁg gérm'ggo‘%‘?tgtﬁ'h%“m“
hES- 2 cel | Vet BESoeatlalwarean-oulturedivitmyisceratendedered (VE) like

END-2 cell.s in, DVEM nedia.containin Jutamn
Chsul PRI (R 0P TOHSE! SHTATRTSHSH. & SAtng! Miistiey was iniiated.
aci dsgafymdlid-mMBRkererliMaNehronotropic responses and ion channel
penicillin/streptonycin, and varying concentrations of

f et al expressioer unand FCS)nctlgn cuvengr estyminaé caf ri eardiamyocytes.
in 12;

anys EtiorRy@oE REmpREER, Bl HotlidloGRphiad huttan fetal

condi {émpicGRinTels et tatridl- Ilkéaéi:p@nseé%dmp@ﬁﬂﬁ@ﬁty P Cgulatlon Real-
experinments. In t'he cocul tures contai ni ng 20%

aver ati@enintrrgellgiar pealeiuny ragasiyemends, 121qrtér|yqe9pm énjgation and

et cBMG oA PP AESHRL HololSimied IS fBANENH S derived

Co- cutandieydtyitdoutre coupled by gap junctions in culture. Antibody
staining and inhibition of electrical responses by Verapamil demonstrated
the presence of functional a 1c calcium ion channels.

Cell culture

END-2 cells and hES2 cells were cultured as described previously
(7,11,12). To initiate cocultures, mitogenically inactive END-2 cell
cultures, treated for 3hr with mitomycin C (mit.C; 10pg/ml) (7), replaced
mouse embryonic fibroblasts (MEFs) as feeders for hES cells. Co-
cultures were then grown for up to 6 weeks and scored for the presence
of areas of beating muscle from 5§ days onwards. HepG2 cells, a
carcinoma cell line resembling liver parenchymal cells (13), were cultured
in DMEM plus 10% fetal calf serum (FCS) and passaged twice weekly.
Co-cultures were initiated as for END-2 cells. For electrophysiology,
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serum (0%CS) the average nunber of beating areas was

24. Figure 2. hES-2 cells were co-cultured with
worRaosiysosyn C treated END-2 cells in DVEM nedi aPCT/AU2004/000727

contai ning L-glutam ne, insuligp-transferirinsel enium

non- essenti al amno acids, 90 nmM b-percapt oet hanol

peni chezling egeegaates weare disrciaied iusinc 67l giaikrepfated on

f etal E Cocultures wer e carrled out
in 129§@F|f1e ‘i% éﬁ{:gve St ng areas were counted from

day 8 to day 18. A linear increase in the nunber of
beating areas was observed fromday 8 to 12 under all
cullmmunebifreheRYstrgnl y i n the conpl ete absence of

ser UmsLReofird) fifae Vit k! oéeér%gfrﬁga?geﬁfﬂet iR fiedlized with

beati ng areas obsServed a Best net
ot a1 Y%etitomd X of OGCar erdm@reunatetie hE® extiomias erre HESN stained

| d | dod E
[T iUesBBnt. Ft dim 1hawibu el £ GTORR) aMRERY blatndne ABC

Chro”?}{mpﬁl kit atmo)s%rn OfRS IFpfed, Bﬁﬂla‘?ﬁlﬁbﬁéﬁﬁdme tablet set

roprc responses’ anda 1on cC annel expreSS|on and

f unSigra). Wordninypnafhioredcenaedinimpdmst against oc-actlmn tropomyosin
El ectrophysi ol ogy denonstrated that npst cel

r eANfbPaB-IeagERNT SigmaeMi-C2aupng 2Ye(gi8 ofypf IK Chien), a1C and
ATER T Oh RRISSROTAES 14Befl, BN ﬁs&ﬁ%ﬂ%&dcﬁpn 122R! UsA) and

['Cirdm freasur enen

ye'ﬂf@ﬂold‘m-@éﬂ O(Sight) Cavarexiused expeesbination with fluorescent
denonstr at t hat fet al and hES derived cardi o(na; CA/ 8
ar ecmtgﬁt@@ eeogedary anthedies (JW@QM@@@M@% § onfocal

Veﬁ'lg%lg emn%%r g@ée) Vr\]'?ﬁé rﬁérogecs %%)g%t‘)) t| onaz:?Ygr%!ected z-

calggrigg i on channels. Cell culture ENDZ ceI I s and
hES2 cells were cultured as described previously (7,1
1,12). To initiate cocultures, mtogenically inactive

EN hth mtomycin C
@ﬁ@%ﬁ&&ﬁ#%ﬁ%aﬁ& ggg; bnﬂm n%'ryoni Cny

f i br oE’Irlmary t(sNEEs&asaebfamm:tbdsnrﬁgmahﬁﬂ: serg&ry or following abortion

Coc were then grown f

sco"i ThdhidlRL birabaindeio shndeRy intoEnPH rgnaaEcpocedures and
Oe\éBp'?o%y t‘%"@t{‘nﬂ:’% coiRRfides Bf tio Lﬁmﬁé’l‘éﬁy Nﬁa?céled:énter Utrecht.
inég resenbling [1ver parenchynal 13), were

culAdultedandnormmytps u@rem%latedaanobwltursér aweg;m@d preyiously (2).

pasﬁ&%chanlé:rﬁy(\)Ag &sYwere isolated from fetal hearts perfused by
Langendorff and cultured on glass coverslips. For (patch clamp)

electrophysiology, cells were collected in Tyrode’s buffer with low Ca % (14).

Electrophysiology

Data were recorded from cells at 33 °C in spontaneously beating areas
using an Axopatch 200B amplifier (Axon Instruments Inc., Foster City, CA,
U.S.A.). Cell attached patches were made in the whole cell voltage-clamp
mode. The pipette offset, series resistance and transient cancellation were
compensated; subsequent action potentials were recorded by switching to
the current-clamp mode of the 200B amplifier. Output signals were
digitized at 4 kHz using a Pentium Ill equipped with an AD/DAC LAB PC+
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Co-cultures were initiated as for END-2 cells. For

el ect rophysi ol ogy, beati ng aggregates were di ssoci at ed
wa@g005018784 | agenase and repl at ed on gel ati ne- coRCEAU2004/000727

coverslips. | mmunohistochen sty Cells were fixed with

3. 0% par af or mal dehyde, then perneablized with 0.1%

tri t aequisition boandl(NakoeraldnstturdemiESAustimii X6 sU A6, Phatah pipettes

oL 2 AR B e A TR d S o ves 140
the FAsiNaGI3 5relaktRobaMi EhdR, 1RbHR #@legs?'ag@ed B9'bH 7.45

i munof | uor escence anti bodi es agai nst a-acti ,
t r opwity Na@HaRpagttercaapositiom 145 oid )XCINE G2d Nadl, 2vmM CaCl2, 4

i ft,of [ : Al | abs,
o ot Bt o) 602 I s HEBRS, slisiesiy bhha 90 With Ko,
phal \/eihamids USEER S IWRI R iﬂﬁ%@téd? conbi nation wth
fluorescent conjugated secondary anti bodi es (Jackson

Laboratories, U S. A ). Confocal inmages (Leica Systens)

wer e (63x ] Lve) from 2D projected Zseries.

Pri ng%qﬁ'@n[g%a§§8+'?’%hh% fetal cardiomyocytes. Primary
tissue wagelbiRirgqgbélidd i PR hdhag SHPBERHhOfOuM fura2-AM. The
foll owi ng abortion after individual perm ssi o Ust ng

st anlight frommivee exdtaiionsmnnoghrocetarse SR flapmwloy SPEX Industries
h ' ' f the Uni ' di ,
Ut 1 RSB s B oflgn BTy Bl asteuhelvean g (8) nim and 380

cul t(8) o o8 ERMEA Astola AvibRIdebYe (v a B9L&tic fiber. Fluorescence
cardi onyocytes were isolated fromfetal hearts

per fiteagityymages wede régordad fieum livingcella afleamaximal rate 120 ms /

ver b1 B et TP s ROR L FOGIRRENGs cafbtatRypSed the
El eahintmbl ritidl (R, )Defter a@digor F @ fgnlf oABhRRIA énat4h%€1v| EGTA

OC i n spont aneously beating areas using an Axopatc
200HpPENY)} 19 the cellscend ithetmaximal satiodRmafosfter adilitign of 5 pg/ml

CA, . AL, t,t.ac atches were made in the
o2t 0, oM GRS S8R §EpEe Bt Web calculated as
ser ifgfowSRSRANFL(RNG RiemgssIK qaogel | ation were

conpensat ed; subsequent action potentials were

recorded by switching to the current-clanp node of the

200 ifi.er. Qutput signals were digitized at 4 kHz
usi ribg‘ éaE{?’le‘&l'ﬁém I'1'l equi pped with an AD/ DAC LAB

PC+achufiltrbd osolatiern dofl ¥4 1 wnalLubiist eBRt BithibHstdalt (Molecular

X, U. SQM\EL Patch pipettes with a resistance between

1 afdoBesaioiden, Madn Bl mMedChwagmigminjected through Quickill
glass microelectrodes (Clark Electromedical Instruments Pangbourne, UK).
Dye was injected into one of a group of spontaneously beating cells by a
1Hz square pulse (50% duty cycle), amplitude of 5x 10° A. Directly after
injection confocal laser scanning microscope images were made of the

injected areas.

Testing effect of serum

END-2 cells and hES2, hES3 and hES4 cells were cultured as
previously (1,12). To initiate co-cultures, END-2 cell cultures, treated for
3hr with mitomycin C (mit.C;10pg/ml), replaced mouse embryonic
fibroblasts (MEFs) as feeders for hES cells. In standard co-cultures, cells

are grown in DMEM media containing L-glutamine, insulin-transferrin-
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nmMv NaCl, 5mM KCL, 2mM CaCl 2, 10 mM HEPES, adjusted to
pH 7.45 with NaOH. Pipette conposition: 145 mM KCl, 5

wokioslaGlizs4 2 mM CaCl 2, 4 nM EGTA, 2 nM MyCl 2, 1BCTYMU2004/000727

HEPES, adjusted to pH 7.30 wi jé KOH Verapam | was
used at 5mM as indicated. Calciumneasurenments. Cells
ver e beleaiuned ham-egsential @MiBe GCidd,t POLOMM f Brragrcaptosthanol,

The | A AR b PR ISR (R couturs
rapi diyeré ki grivatfdraipeed wiks(dhd scorafdoBtie fi@kende of areas

and coupled into a mcroscope via a UV-og_tic fi ber.

IF| uor ebdegating mwsele t fiommey«inyise caMaEdnr ded studynthe effect on
U ; o 1 .
cor r cep i pipehac eI ToFes ctalBed A Le@tary co-outure

used tbeditions.MEhe mafcentafeiol) F@Stiarthadsh-tulturesfvaried from 20%
ng/ m ionona/oci n and 4 mM EGTA (pH 8) to the cells and

the mE%n® 0%dt®8: (Rm x), after addition of 5 ny/ni

i ononycin and 10 mM CaC . The cal cium concentration

was cal culated as follows: (R-Rmn) / (Rmax-

R) * sf Zhelg#felst df §ri0m orardiomybryte différcntietied sol uti on

of 3% w v Lucifer yellaow Lithiumsalt (Ml ecular )

Pt obes. L efRerieRiinen 1eg Sict of R Gof Hibe csdiomyocyte
thr OUEFFfe%jﬁtQﬁohléf KESRISNT gefé e Wtﬁi%\lg-%;délls, we decreased
El ectronedi cal” I nstrunents Pangbour ne. . e Wwas

i nj ecthed perceotageeobteaungrto Ui %f 5%pHchdéUnendi<1% drehcomgared the
cells by a1l square pulse (50% duty cle), .

anpl | pﬁé@e&of a%g @lr 1S 5] adl -yvy?l%plp-equ?tiljfﬁ Qgtg Y¥jth the standard
conf 09@Y, IS cRE@AINE"GoRdIGHIRS CABCSHEWISRA PRIUge ™RA8 Significant
the injected areas. Testing effect of serum END- 2

cel | sireneadeED2, theES8Mbed bESeatiog| sreasr avasulobsesgdasvith lower

oL Btk B serdd. bl okl 185 Bi8abiton n e
(m t. 6ofkPIdtB/dPskncs P IseERH WRSS @oRTHIY® b Cuftiisobdrtaintng 20%
(I\/EFS?: as feeders for hES cells. In standard

co- cuFE§-esromelday af e ogwevds | Re@iviaV aisdisa eeNet pbsanged (and

L- gl ut am i nsul i n- f Lnse ' " .
non- coGaona VAR hodtiah 45 5Bt RUREARt Bhe seritie and a tinear
peni cincrédyesinrtBe trumisdriof baating Afedsival ohdletvetbantinday 12. From
FCS). Co-cul tures . i

day 12 onwards additional beating areas appeared in the absence of

FCS, but at a relatively lower rate (Figure 2).

Before hES cells can be applied clinically it is important to control
their growth and differentiation. Both embryonic and adult stem cells from
the mouse apparently respond to cues within the mouse embryo to
differentiate to (virtually) all somatic tissues (reviewed in 15). If these
cues and the signal transduction pathways they activate can be
identified, this knowledge can be utilized in controlling differentiation of
stem cells in culture and in vivo. We have identified (visceral-) endoderm
as a cellular source of signals that result in human ES cells differentiating
to cardiomyocytes with characteristics of fetal ventricular, atrial or
pacemaker cells. VE (END-2) and liver parenchymal (HepG2) cells share

similar protein secretion profiles so -their ability to induce comparable
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were then grown for up to 3 weeks and scored for the
presence of areas of beating nuscle from5 days

wopwandsss To study the effect on cardi onmyocyt ePCT/AU2004/000727

differentiation we changed thgystandard co-culture
conditions. The percentage of FCS in the co-cultures
var i edespRes0m EEsetls i@@/@st.‘Bpr@Im@ & Contrastf tosmouse &S cells, in

of - st iy BuafEBrols, B8 s Pao Bhfaret stabrypichasies when

cel | s growRas k| tad tandE 8%%{/\/5“ t AfifereABat
s o

ercent a
g orrpalcétpq@ﬁb’oﬁmﬁeﬁ’\/%fafm Dﬁlg daﬂélaes iim oaermawﬁd This contrasts

r t.h t 9%
conar VT B 3eBo (3, " End BIURER, f8 BES pel, S i “ombryoid
i ncr ebsdlesrbdri‘lemmg”@@rﬂmﬁyd@@éé ﬂ@e@tr fRasioWdT aot%?)%d’d’fﬁble source
wth | per centages of serum wth a nore than

12- foP Cft‘é@Lﬁ'ﬁ"ﬁalérﬂQVﬁWﬁl@Sédﬁ@r%Q@t&@@emmrtﬁntﬁeprforward

when Fro

7 onvvards %eat Fﬁ%ﬁcﬁiﬁég@@%@%@ re\'t}ﬂg%? derm%a?gould be

occasrespnisiblasfasotire asffably M disste rébo‘h%lhalléﬁ e@xperlments in
i near .increase in the nunber of

ggg? : X&ggﬁgggg%g&%@?%a metant zelyrafish, desgrihedy above, it has
absenceonr HES RE BPS BEPR et RSk Ero Fi-pignping may

 2). Bbedhe hEst cleipbstantalﬁreb&avmtpl(blednd c;nlﬂlﬁidcﬁérmt il $he mouse

tant to control ir qgrowth and fferentiation
bt By b s Al L fed inEbprnot wetiareing (19, 20).
appar pitebty dRfiRs bt ‘BM‘FF"?S‘«{V‘ ﬁl?? cbie feREY Rof Fesult in
differentiate to (virtuall Somati c Elasues
(revi eawgibryoayde . differentiaien;c oasthendoninerysitbepl appeared to form

thi o K BB FkRd (38 ﬁ%n%@v?mbfwfg%ﬂ%'réfaed think it

di f f engiikel d)afHaQ eV atfdreoh tﬁ@'E‘sI@lP‘ é‘fécfﬁﬁh% i '?h«%/ Br&ary event

We have identified (visceral- rm as cel
sour c@lttﬂte@lh}hﬁw-ﬁﬁﬁs resiu Do-ouﬁumlrrhnkeﬁisec elvéssaw no obvious

1 agy B 8L 015048, BELARY LRSI 86 AL Yo 1
( END- diffeperriatioM eof prisessth yh@doddreP @) caridy 6’5@%@ and use of

simlar protein secretion profiles so their” ab
i nduc‘%'\/%JO 4P a@IaéldeWﬁb@@éaﬂqr‘rl\stESOc@mfhwqesdtﬁf@fentlatlon descrlbed

SUr Prigen@: nd3qCohoashid 4 BYsfifon o8 ths ‘demethylating agent 5-
azacytidine to developing embryoid bodies has also been shown to be
more effective than early addition (9). Careful stepwise analysis of hES
cell differentiation and approaches recapitulating or mimicking
endogenous signals in the embryo are the most likely to increase the
efficiencies of hES differentiation to specific lineages. In addition,
transpiantation of committed but immature cells that have retained the
capacity to form functional junctions with host cells are likely to have the
least chance of introducing arrythmias.

Sarcomere organization is largely determined by mechanical
forces, which are relatively minor in culture compared with the intact
heart. This may explain the poorly defined staining observed here which

did not change over 6 weeks despite maintenance of beating (not
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our hands human ES cells do not easily formenbryoid
bodi es when grown as aggregates, and never show

wO gpontgaseous” differentiati on to cardi omyocyt BGT/aUzN04/000727

at high cell densities in oveggrowhs. This contrasts
with other reports (3, 4 and 9) where the hES cells do
f or m ehdwidi ldkewisiee staioimgafonijuacticnadirsaighes sbewed that the hES

I dentifi.cati f duci bl . i ' .

o1 onaPeiia e PriloulebfBhy Wikl ord it  ARHSIIN Creal time
f or waggieriidtibrt be inpdckioReCs Xi eientratiBnatdiewyi showed that
endoderm that could be responsible for the effects in
tiZsuﬂTQ@@lﬁwefﬁaﬂiGQHlCéﬂbé@UWﬁﬁts in Xenopus and chi ck

and in mut frd ' Ve, o1

suggest gg %{%fa f %?/rﬁg ,(é)égggﬂgigéé(gﬁ?deggﬁlyﬁ fb'#(}'r\}\#ﬁq RfefeBendently

si gnalefigedrBE Soeartiegnyarsted. nport ant (revi ewed A son

17). Endodermin the nouse enbryo expresses BWMP2 ) )

and i nhi bi {fori§eodlit manyRaliat gnyaeardsgy. 09#'9'@&05 # entry is

addi t | on, ofBNPAREC HEHE ShetUEY Yysichh dLA9be "'€S W channel
¥

in cardionyocyte difterentiation; on“the contrary,

t hey ﬁpnearsedret mdrkediyeintrezsetr yy heta-addevkrgio (lkda-#\) agonists,

not shown). We therefore think it unlikely that

act i vINIGhceptribHie iBvhasdgs 4n r%?s ans GRpRAGtle @ﬂé"tafrqf fiag peart.

event initi Cihlat i 2+

Li kew se, &’giﬁﬂgﬁﬂg@@?ﬁﬁgﬁ FA erlc?é%;t’ %(I%:%!gﬁll%gged Ca® entry

si gnaby thisilehzyowe\caiscade hasv olov debdratalgariyn established, because

and ARSI OBRIGHERAY GG CHIPUBR i SOBrSy RaHh BB of the
di ff eé?gﬂaliﬁ‘@ | Q3 cH8E CHERR tad YePelopmBttEstorEcBOSOUR data indicate

Late addition of th%+denet hyl at i ng agent 5-
azacythatithe Li-typeeQal“opehanneithinybE8-deriiedscardipnayanytes and fetal
been sh i ve,than .ear

0 to he nore effec . ddj t,i
(o EtimbOeiEs w oliay op « Setenpalatin i tnticding & fuly
di f f egedélopbl 0RNANEoARBERAC RRVIsBeAR Lgémw@g Yerapamil, which
m m cki ng_endogenous signals,in the enbryo are the o
nost Bpkefigaltyoblosks datypet Ga ‘ef thanaelsi éiibifedhgstion potentials in

tr ansiane e B sBr R8T e B Bied R etPatEd) o popirasts with
have pRjuenestal heycograciahyl &S aemvbdnedrdioryocytes where early
junctions with host cells are likely to have the | east on

chanceels Wate owRRTeRPOASM: IdRsRie Y coirseace of L-type Ca
or gantzahhag. iferbfdAh¥k SFLRNMB-BEHe R ESHDM kHase appeared to

be the limiting factor (10,16). Thus although hES-derived and early
human fetal cardiomyocytes show some features of early mouse
cardiomyocytes, their calcium channel modulation resembles that in the
adult mouse. hES cells may thus represent an excellent system for
studying changes in calcium channel function during early human
development which appears to differ significantly from that in mice.
Furthermore, the appropriate calcium handling makes the cells more
suitable for transplantation. Interesting was the observation of cells with
plateau and nonplateau type action potentials in the fetal atrial cultures.
These have been described dispersed throughout the atrium of intact
fetal hearts (21) and have been considered as a possible index of

specialization of an atrial fibre, although their significance is not clear.



forces, which are relatively mnor in culture conpared
wWth the intact heart. This may explain the poorly

waledosnessst ai ni ng observed here which did not B¢EAT2004/000727

over 6 weeks despite mai ntenapge of beating
(notshown): Likew se, staining for junctional prote
showed hehaonplaieaEstype i was gt d@bﬁ%@@t agansy ¢ @eﬂ'&ES ~derived

i mmat real tine determ nation of
intragéﬁ1€$&58@gg2+ concentrations clearly showed that
the cells wiaeflebescentsiaining aiipl sanotirkeadr atitddi¢sSagainst cell

recently reported simlar findings in independent] ) )
der i vEHTAES g Wroshaigle @llomﬁedti%@sgo@ﬁks {hReaealfied in mixed

nmyoca C € d
syn‘pat%ﬁ . n-gr{r%/ 31{51%5/ @%t ide ‘?{trﬁé(arﬁss 8;1 %H'a@ihg cgﬁﬁlérhﬁocytes for
curr eh’easpllaetatmnkanzhthoutngeae’s@drrmyum&amradorem:mgpmmlsmg their
(bet a- §%¥ oni sts, which contribute to changes in rate

and cd¥ '5gtlle activity of the heart. In the

devel opi ng mammual i an heart, the regulation of Ca 2+

entry by this enzyne cascade has not been clearly

est abl i shed, because changes in receptor density and
coupling to downstream el ements of the signaling

cascade occur as devel opnent proceeds. Qur data

indicate that the L-type Ca 2+ channels in hES-derived

cardi omyocytes and fetal cardi omyocytes responded to
adrenergic stinuli, indicating a fully devel oped and
connect ed downstream pat hway. Verapam |, which

specifically blocks L-type Ca 2+ channels, inhibited

action potentials in fetal and hES-derived

cardi onyocytes as expected. This contrasts w th nouse

fetal myocytes and nES derived cardi onyocytes where

early cells were non-responsive despite the presence

of L-type Ca 2+ channels. Here, the | ack of

CAMVP- dependent protein kinase appeared to be the

limting factor (10,16). Thus al though hES-derived and
early human fetal cardi omyocytes show sone features of

early nouse cardi onyocytes, their cal ci um channe

nodul ati on resenbles that in the adult nouse. hES

cells may thus represent an excellent systemfor

st udyi ng changes in cal cium channel function during

early human devel opnent which appears to differ
significantly fromthat in m ce.
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Furthernore, the appropriate cal cium handling makes
the cells nore suitable for transplantation.

w0 piosf1e5584 ng was the observation of cells w thp@i/avu2mw000727

and nonpl ateau type action popgntials in the fetal
atrial cultures. These have been descri bed di spersed
t hr oubitevatureée atri um of intact fetal hearts (21 ) and
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cells into cardi onmyocytes which nethod conprises

i ncubating the cells under serumfree conditions. 2. A
nmet hod according to claim1 which includes providing
cells that induce cardi omyocyte differentiation by
cell to cell contact. 3. A nethod according to claiml
wherein differentiation is induced, additionally
conprising culturing the hES cell with a cel

excreting at | east one cardi onyocyte differentiation

i nducing factor or with an extracel | ul ar nmedi um
therefrom wunder conditions that induce

di fferentiation.
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4. A method for testing a factor for cardiogenicity
whi ch conprises testing the efficiency of

waledokarssst i ati on of hES cells into cardi onyocyPE€FAUZS@000727

serum free conditions in the pgesence and absence of
the factor. 5. A method according to claim4 which
Slaimsconpri ses culturing the hES cell with a cell

crct o Bk ofSnclh g ASEN 8, B ARLGRLAR 8 res cor

t her ef r dAto @Bﬁﬁbng@ﬁ%;e%i ARkcht Adthod dettBprises incubating the cells
differenti ati on. ) e of serumfree nediumin a

met hod diNdeREGEIRJTRR PRIEONS- ati on of hES cells into
cargll onyRG¥L. Acodtlift ROLi 1 BRRACHRRdes providing cells that

cardi onyocy ere ion o nman e

st em celihd(dEEardidrhgoe kiifferentigtiorsby gelt to cell toritaoy

the hES cell with a cell excreting at |east one . . .

cardli om/dIPEROS PEERIEIIG 49 | dAIM o Whergint difiesentiation fsninduced,
an extr ik e : : f ;
cona ¢ | GRoHER, ERfipieh RENGIAT The WELS el it e proreting at
accor di rlgastoonkacandiompeacyte ndiffeesntiatibn eindueingntadidre or with an

factor produces a protein excretion profile that is at .

| east | smdeaatsiar Jeihr feceton, whige vendifiges el induce
cells. %'ﬁ&e’ﬁﬁéfi&? according to claim?7 wherein the

cell oéuci ng differentiation factor(s) is a nouse

VEA4.i ke Aenethmd dorcdéstingeri fantor Her ebrdiogeritity Avimelh heainprises
accor di to cl.aim9. .wherein_ the_cell,.is an EN .
ol 1 11 sl 1BR LCBERARRg o GIETeRUAtGRGr B n AR, colls into
cel | is qrdiowfjochdscurb¥rmiere! free ldondtidi! Pdhe presence and
according to claim 11 wherein the |iver parenchynal

cell is e of $he faatert di omyocyt e produced by a

nmethod cording . to glaimi1l, .14 .car di onyocyt e .
nedor di 1 PemeRaneiRrEiG B s R AR R R sps cutturing the
car di omHEY't gelles@fdl as celihus@retirg} aht VRt | eHkarcardiomyocyte
cell in culture. 15. A cardionyocyte according to )

cl ai m 13iffgrentiation hindgicinge rfeptaraosd Withr darongpuEgeadiular medium

resenbl §ReRAThd e Bndftbhk thatiRlilicd Biferdhtltdn.

6. Use of serum free medium in a method of inducing differentiation of
hES cells into cardiomyocytes.

7. A method for enhancing cardiomyocyte differentiation of a human
embryonic stem cell (hES), the method comprising co-culturing the
hES cell with a cell excreting at least one cardiomyocyte
differentiation inducing factor or with an extracellular medium
therefrom, under serum free conditions that induce differentiation.

8. A method according to claim 7 wherein the cell excreting the factor -
produces a protein excretion profile that is at least substantially as
produced by mouse VE-like cells.

9. A method accord‘ing to claim 7 wherein the cell producing
differentiation factor(s) is a mouse VE-like cell or a cell derived
therefrom.

10. A method according to claim 9 wherein the cell is an END-2 cell.
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16. A cardi onyocyte according to claim13 wherein the
differentiated cardi onmyocyte resenbles a hunan fetal

w@awemeikes cell in culture. 17. A plurality of PCT/AU2004/000727

differentiated cardi onmyocytes24&ccording to claim 13

wherein the differentiated cardi onyocytes are coupl ed.

18.1 piAPaRtheY a5coHling & erimd; whetelr e Rpbiyedyet parenchymal
accordingto claim17 wherein the coupling is through

gap junctions. 19. A plurality of differentiated
car'td. ompA ayetbed smcording do chaiml & whEreintthe diver paesnchymal cell is
coupling,is Ehrough adherens junctions. 20. A

pl urali ﬁg}e%@ di fferenti ated cardi omyocyt es accordi ng

to 1. ai M EZrdbRyetett8dGIPhY ﬁ%éﬁo@'ﬁbb?&igglto g%gﬂ'r 1.A
colony of diffefentiated cardi onyocytes prodlce y
di skbci & isagdiosatdoyte @cealifig dm difrmet@nwhaertednd the differentiated

car di onygcy. ccording.,to claiml13. 22 .A npdel|. for

Che st udgrpaRifE ESeltueg adyfedh felal uieuaTesl in iture
comy.i siAGaitioheioeytd icedrdidy dboskRe Y1 B swiReet ¢h8Wit@rentiated
claim13. 23. Anin vitro systemfor testin

car di ov&£aEdiPEYOgYiggresentiies 8ihvgnan fﬁtalfairialmeqldnamlture.

' ' claim,13, 24. A mutated,. :
o 18 orf A BGREARYR, S eb0uE Tackibin 6 Bl Hhd Firerentiated
pr epar e¢afdiomyacyiet @8bnibkss & tlumarlfetaldateihisidrekll in culture.

st uglgyi ng cardi ony te differentiation and function

(elldetr rallénabtyo@%giff@miamwgvat;ﬁ@rrwpcﬁeﬁua@wding to claim 13

di f f er enty i : ' i 24.

26, an aer peYbeRARs G AR Gl

druds cempluralitygob difieintidtedi Chefiemibeyted according to claim 17
cardi o cyte according to claim24.27. An in vitro

met hod relBhereUPHRdiSiRedN gap dnsliensonpri si ng
Ui TR, B e oo BYEE b8 8 e 17
di f f er emthieseiadhe aodipbng écifireugtc adhelieng joectiongi m 13

Do B A e e Lok rcing. to laim 17
met gio?i g{petréiﬁathb%uarin@ise&@efricag a cardiac disease or

21. A colony of differentiated cardiomyocytes produced by dissociating
beating areas from differentiated cardiomyocytes according to claim
13.

22. A model for the study of human cardiomyocytes in culture, comprising
differentiated cardiomyocytes according to claim 13.

23.  An in vitro system for testing cardiovascular drugs comprising a
differentiated cardiomyocyte according to claim 13.

24. A mutated differentiated cardiomyocyte according to claim 13
prepared from a mutant hES cell.

25. A method of studying cardiomyocyte differentiation and function
(electrophysiology) comprising use of a mutated differentiated
cardiomyocyte according to claim 24.

26.  An in vitro system for testing cardiovascular drugs comprising a

mutated differentiated cardiomyocyte according to claim 24.
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including introducing an isolated differentiated
cardi onmyocyte according to claim 13 and /or a cel

weapabisssof differentiating into a cardi omyocyP€r/aedo4/000727

when treated using a nethod aggording to claim1l into
cardiac tissue of a subject. 30. A nethod of repairing _
cardii-ac An 3 yéro meshemidtotestingl ecartinyapeitlapduugsngomprising using

ol capapiucist Ut aREd SeroivbPrE A g TcuoRs 2 as the
when traasegkllusi ng a method according to claim1 into

danmaged cardiac tissue of a subject. 3 1.A nyocardi al
rmé’ég f d¢se et pidifferentiatgd ¢ardipnafocytepeeting toneleinhd¥eproduced

di fferentj at J it [ S .car ]
Funct | ord Y arieinel Ao R eaeY Ao 37 o ISPl i i herapy or
13. 32. Agared thecapyposi tion including a differentiated

cardi omypcyt ccording to claim 13, and a carrier. .
33.2%- et dlehodseF iepiigeoTd PrYetiad : radiant digerem as condition

a_human jgahEHeN! hitrddaRnee! égt \‘;I\P”é\gﬁél‘il' ﬁgjﬁ{%@ﬁtﬁt@d 3c%rﬁié)myocyte

nmet hod accordi'ng to claim es provi
cel | s t remcordidgde alainil8ngrut yarea diellf eapmle af idiffereytiating into a

55 s SSEHarSREY Bt P 59 BECS SRS LGSl ol 1
conpri siifg Gitbiaeltisdle'dte difpre@e! | with a cell —
excreting at |east one cardionyocyte differentiation
i ndilki ngh methed obrepaiining eardéaa tissue, the metediinsinding
EJIP? ; :%ﬁﬂjgﬁggﬁﬁ isC&gfjeidt icgrn |ortn)|78ct:ytlena‘1jc%%?ding to claim 13 and /or a
cell capable of differentiating into a cardiomyocyte when treated using a
method according to claim 1 into damaged cardiac tissue of a subject.
31.A myocardial model for testing the ability of stem cells that have
differentiated into cardiomyocytes to restore cardiac function comprising
a cardiomyocyte according to claim 13.
32.A cell composition including a differentiated cardiomyocyte according to
claim 13, and a carrier.
33.A method of serum free directed differentiation of a human embryonic
stem cell to a cardiomyocyte.
34.A method according to claim 33 which includes providing cells that
induce cardiomyocyte differentiation by cell to cell contact.
35.A method according to claim 33 wherein differentiation is induced,
additionally comprising culturing the hES cell with a cell excreting at least
one cardiomyocyte differentiation inducing factor or with an extracellular

medium therefrom, under conditions that induce differentiation.



