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DI FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS AND
CARDI OMYOCYTES AND CARDI OWOCYTE PROGENI TORS DERI VED

wqa iERB6R3M TECHNI CAL FlI ELD The techni cal fi el dP€DAWRI0S/01921

this invention relates is thesinduction of
cardi onyocyte differentiati on from human enbryonic
st emDIEFERE NSHAIEEN 0P HMAN BMBRYONID STEM CiEiilS AND

o AR vl BT Bt DR ko) fors pemveD

T

capaC| ty, it is not suffHHemEFRomMeP! ace injured or
dead cardi onyocytes. Deafh of cardi onyocytes occurs,

for exanple, when a coronary vessel is occluded by a

t hronbus and the surro ' r o ocytes cannot be

supplied wth necessar ;'/ngﬁ@‘?'gﬂs%ms from ot her

rraéom@cmmoaesmlds toLa@sicof tHigingleAigh FidsOny Of¢t 8Aduction  of
| ead to chronic heart failure. The proliferative

arﬁaqucyée diffpseiationdigrodynean pEIbRINIC GiTN €BEHIt t o
regenerate the heart foll ow ng myocardial injury.
Conventi onal pharmacol ogi cal therapy for patients with
di fferent stages of ischaﬂCKG%UiNDii sease i nproves

&33@'9&303?@3?%%”@0?45%? 1o Beusioaly dldientiias. midnough a smal
g fcent %Ilg'rﬁﬁﬁ‘?ﬁv}engﬁﬁ‘ﬁ%ﬁﬁv‘b %9@58@3{.@@ not suﬁlment to
tern |ve erapi es’ w e necessary td inprove the

ol ade ajureat cmodeadi cargiamiyeaytesw Deaﬁhs@mmrdmmmytes occurs, for

PP BRo e Reiaf s Besal nisrliOBeedy & i By and the

?Nrrélmjlh@%bﬁﬂéﬂn%cﬂéﬁ%hn@f b@%hﬁpﬁé@htﬁ@i&&%%r@@"sources
transpl antation, such as skel eta lasts, adul

ramdother stasanae! Vesseienkeosmof dun@ttomi cardismyadytes may lead to
cells. A potential route for restoring

Sﬁ%ﬁ%ﬁéa‘ F]iaéllu?é'f unction is replacenent of injured or

dead cardi onyocytes by new functional cardionyocytes.

Human enbryonic stem (hES) cells are a potenti al

Ibarelieratvel ;apacsy ofdhai GgieEMosYiespisdeingAticieny ineagenerate
i ééﬁ‘?&fb%w%g YodP@ Y CELAYen B PhafhhedibgRaPlherapy for

patients W|th different stages of ischemic heart disease improves cardiac
function, survival and quality of life. However, ischemic heart disease is still the
most life-threatening disease in western society and alternative therapies will be
necessary to improve the clinical outcome for patients with ischemic heart
disease further. In recent years, the focus on cell replacement therapy has
been intensified, stimulated by the increasing number of potential cell sources
for transplantation, such as skeletal myoblasts, adult cardiac stem cells, bone

marrow stem cells and embryonic stem cells.

A potential route for restoring “normal” heart function is replacement of injured
or dead cardiomyocytes by new functional cardiomyocytes. Human embryonic
stem (hES) cells are a potential source of cells for cardiomyocyte replacement.
Either spontaneously, or upon induction, differentiation of hES into
cardiomyocytes can be achieved.
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cardi onyocytes can be achi eved. Enbryonic stemcells
have a wide differentiation potential. Since the first

wa@le®e643ed on of the isolation and charact eri zap¢DAU(05/001921

human enbryonic stemcells (H&SC) from donor
bl ast ocysts there have been reports of differentiation
BfmbnEic ostear (d:ebssryrtaypt aswidih@lifterentiditian @oténtiaES Girtce the first

N N e L
(I—¢I§Sb§ adn aoﬁé‘reo@%@?ét@ﬁﬁ@reoﬁa\}ée@éérﬂ@epft‘ir%acﬁ d’*@érehﬁ@t"bn of hES
denonstrated. The majority (85% of these hES-derived

tacaidnnyasyies ThedcarculéurerofdiES Mitkea piseata! pdogagedkercell line

(NP %18 PR oo i BRSO BBl B2 R TRGR EBie qng whioh

eisuited eint trrt bppedfantESof oBhting eﬂea§ rmbegﬁt@@n@mstrated The
enbryoi d bodi es and enhancenent of differentiation

Rt (8a'i°/f°)190fa§é€?ﬁe m%%geaé@&ywﬁmmyt@etwera 8V€HHUC|G -like
GR35 ramotrs
Contrasyc tdthos, ctheds hayecrypersedTIhIeSpwntm]eoasl@tfer@mtlamn of hES,

G e S ol St o oo ar ariianeeiaBip B hterentation

o ! te eat Lati 6fo
bl egéinbihy il a?ﬁ%%@ﬁ@*xﬁ“ﬁ?‘% © BIRHOBt LAl 90% of the
embuyaidredigs bhewed eatingdudas nm lthése etudles iarel 2 ENDX®% of the
Eased on cardi

NG oBIRAS o?%g%;sotc h@fphenglo@%ggpqﬁzs d&pisy gyide variation in

ERFHAPOELY LEfere SRR ShdtHErR|diRieabautiiior Iq@@hﬁranve data makes
cardi onyocytes. However, the efficiency of

it giftichipoegears these énvir@meselsr om st andard co-cul t ur e
experiments is |ow. Hence, there is a need to inprove
the induction of differentiation of the hES cells to

Cardlomypopistdiffercatiai®i réen hBS cdilsl(hER) becuirgswighie 12 days of co-
cardi ac_function after nyocardial inj u%%/ SUWARY OF

GiEIre NVEN®| TORUSH e@dpﬂegﬂ like eedit |Irteh£hbﬁ9 drasednere sardigmyocyte
GRS o PorPGphialfHR T BRARY O JRSEELRr captprvooytes

tdsenmiEe Hmdna:rmri@tai S'ent,ylouldrtcardlmm)tthda;ESI-midver ntHeheff|C|ency of
E%( sence of cor bi c gpl d, a derivative or functijon

Gl'%}’%cﬁ‘ttefj RffAtONdTIP RRAATH COFE UER rPEEMENts 1S ow.

co-cultured with another cell which results in

Hence, there is a need to improve the induction of differentiation of the hES
cells to cardiomyocytes to improve the ability to restore cardiac function after

myocardial injury.

SUMMARY OF THE INVENTION
In a first aspect the present invention provides a method for enhancing
cardiomyocyte differentiation of a human embryonic stem cell (hES), the
method comprising culturing the hES cell in the presence of ascorbic acid, a

derivative or functional equivalent thereof.
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cardi onyocyte differentiation in the presence of
ascorbic acid, a derivative or functional equival ent

W@ b@oeef320 The present invention provides a metPOHAU005/001921

i mprove current culturing nmethods for the

differentiation of cardi onyocytes. Preferably the

Beafordiily thei 0ESsedllt & eohauiteed hwitlmaambtbayace}lt avhich results in
L-ascgrbic acid

diff i
E%r ,Q%{?&Ey@t fﬁ% I E%t&qr] Shife SERReNse (ﬂ‘t gsqorqallce%qldna)penvatlve or

fRIntoRa &fliivabhiehefdéth as esters and salts of ascorbic
acid, or protein bound fornms. The concentration of

ascorbi ¢ aci d may vary dependi ng on the conditions for

Tl PR FhcRR £ PRAHRTED b oy lfugng methoas

Rr e pifferestegiorasfdaedipatppesand cardi ac progenitors
derived fromthe nmethods. The cardi ac progenitors can

be identified by their expression of IsM. Cells

gft{f}ragafo@ﬁpl{@?%%ld QB Qe wc%fth%aééii{j%ﬁfbw e?}ﬁi(feferentiation

atl on can e USG ranspl an

i8r lesspbrhic aeiat altmmu;jmdelwalwedmcﬁfmdtlbualeeqmadalents thereof may
i ncl udi n corb c acid when used én ca nyocy

aispr i éH&?*a éHC EISCERIES BNGuPalls1 Ok REGRM iFo?Eﬁ’ol%d%fOFﬁ'n bound

du g t s r
@IE@% |5Tg oﬁﬁggbgg@gu Sfﬂbvmaets'ﬁ E[%ﬁ'%?% eon?r'nhﬁ;,:on the
cendisoriEFarcuftore.5 (A, C, E) and 12 days (B, D |:) in

the presence (A, B) or in the absence of 20% FCS
(C— E). 5X magnifications. Figure 2 shows the effect of

g refefrelfSmisetitat HEBRturipl &ﬁ@ttldﬁg #AeeRPumnFree conditions.
HESC/ END- 2 co-cultures. A) Co-cultures were initiated

in 12-well|l plates in different concentrations of FCS

iﬁ% B§%¢°ﬁﬁ i) eéﬁ%/\(&%? f%l%tj@ﬁ]yg@;léﬁ%és Ekf%}- %5 pr%eﬁ’?‘ﬁorg derived

fr@rrﬁtlhletmémd\ée%eﬂfﬁrﬁ@brﬂ?dgemt&%’%ﬁﬁfﬁ)é ientified by Ith?élr éx ression
s and in 20% FCS for the next (0+20(db6))
oi é@ veeksadenrdirae) the IB@&@Y%W%O%@ iy, aﬁferentlatlon

ﬁ!%é( %13@ qnf,%lﬁg LRt 20% FCS and 0% FCS co-cul tures.
ere p

ive |n rease as fold-induction with respect
to 20% FCS co-cultures is shown. D) Different

The present invention also provides a culture media including ascorbic acid

when used in cardiomyocyte differentiation.

FIGURES
Figure 1 shows morphology of HESC during END-2 or MEF co-cultures.
Morphology of HESC is shown after co-culture with END-2 (A-D) or MEF cells
(E-F) for 5 (A, C, E) and 12 days (B, D, F) in the presence (A, B) or in the
absence of 20% FCS (C-E). 5X magnifications.

Figure 2 shows the effect of serum or KSR on the number of beating areas in
HESC/END-2 co-cultures. A) Co-cultures were initiated in 12-well plates in
different concentrations of FCS and beating areas were counted 12 days later,
or were counted from day 8 to 18 (B). C) HESC-END-2 co-cultures were
performed in 0% FCS for the first 6 days and in 20% FCS for the next 6 days
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concentration of KSR is added to HESC- END- 2
co-cultures and beating areas are scored on day 12 and

W@ orvpasee t o 0% FCS co-cul tures. Each cul ture pORNAD2(061001921

was tested in mnimally 3 indgpendent experinments.
*P<0.05; **P<0.01 ; aP<1 0 12 conpared to 20%
@M)@mobuivpav&vﬁat(aozoédﬁ())jeaeﬁlrmjaseaﬁ weonscores on day 12

i Goinpaed 58 Y oR5 fad Tk T Slerdtingsd " TBE il dncrease as
O d-iRUEEn Qﬂltﬁ%slé_é&”‘toééow@cﬁ';&pcﬁﬂ@eg 80sgaWh Ur 8§ Different

in 0% FCS or CS. I -time for a- actinin
conapniratisn (ai38Y Rda ddeiee, PASESR=BEND-E So-ewes and beating areas

535 SHhIAY 55 418 BT IRBLRIE b B BGAR. o e
dendlaon He8E- Edded @0- mwﬂutriangassl m&@'?e?@%noreiwﬁrﬁéﬁsan@& .05;

from hugan fetal cardio yg#gs &h

aRePBdd i Rs1 gasarapareddp@dyesi (O é?ﬁﬂ"ﬁalr% PA+G1a6)
(Trop). Figure 4 shows the relationship between

beating areas with a-actinin staining and

Ergude Gnytanyd dwe effeetr ofdseranccatdemratidh ddetta egpression of cardiac

Gk 4B, PIGTS 1 Kb IR BaaF- A5 BB PAAOpHINA from 12-
VAR %'El\ﬂf)l%ago ?ﬁl@ur‘e@qh ‘W ‘F@@Mr I??‘Vt PC@aﬁilZ%gljtigrgPCR for a-

and are | abe roma-e; 5X magnificatio
aetimin fin 86 i FABS dh=Bhiand 21)5’3h'é@8b(@>¢2¢ﬂ-|%0{5ND‘r%somlﬂtUE&s using

CAR SRR B8 2 SR SoR RS oIS B 58P grracs
F6M 2 @fa s CIEN B2 8S-cBitalddaf JoRFOS 8FRod F@LM fraffhuman
Topro-3 (blue) or a-actinin (red) (F). Figure 5 shows

fetel esrgiomsynayiesotHFeM). uaingEBTIEdERS agsinstitropeswyosia) (TM) and
F an‘n for IsHin 0% FCS (n=2) and 20% FCS

Y12 d( ESC- END- 2 cocul tures usi ng HARP nmRNA
| evel s as an i nt ernal control *P<0.05. B-D) Isl1

grot ein | ocalization [ rmunohl stochem stry in 4 mn
B¢ dnghows the dﬁ@“@@%ﬁ'Pr@tWﬁ@asbqa“@& eag rW'fh &eactinin staining

EE?Q@EN r@og?fe%“ FHF Sfss |rc‘>'nf' abbagng%éé EN RS g%)éay co-
oWs t he nunber car myocytes in 0%
auntlir2® e drCD ridERG] | Edvio- Eéoooded;lthena‘scedAancﬂSmmeg far @aactinin (B).

ul ture, sta nedfor a i nj

ealivaTatacs i Siokeqiaaobeuale trshatl Messid afbelthiem a-e: 5X

magnifications. C) 63X magnification of white dashed box of B. D) Dissociated

cell of beating areas stained for a-actinin (green) and Topro-3 (blue) (40X
magnification). E) Dissociated cells of beating areas stained for Troma-1
(green) and Topro-3 (blue) or a-actinin (red) (F).

Figure 5 shows the expression of /s/1 in HESC-END-2 co-cultures. A) Real-time
PCR for Is/1 in 0% FCS (n=2) and 20% FCS (n=2) 12-day HESC-END-2 co-
cultures using HARP mRNA levels as an internal control; ‘P<0.05. B-D) /Is/1
protein localization by immunohistochemistry in 4 um sections of 12-day beating
areas from serum-free HESC-END-2 co-cultures; magnification 20X (B,C) or
40X (D).
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foll ow ng confocal scanning (/ and /). Only nucl ei
surrounded by a-actinin are counted. Exanples are

w@raseo3dhi te arrows); 20X magni fication. B) Neebap2m5/001921

cardi onyocytes from 0% FCS angd 20% FCS HESC/ END- 2
co-cultures are counted and pooled fromthe different
Emufecll shbarneshe Quumbeal ohwdrdionpfocytasdiiomPbeyard 20% FCS

HESR/ERrTE' doufuBigs, AF Eeobtaracdd FangsRbbe 1238y co-cuture,
siatHdd eperd-baieA QEI\EF e dopRr3 14 Ds', MlLaJ &n different planes

BA=beati ng area; CM-cardi onyocytes. Co-cul tures o
{lpwinghrenfecadseanning weand g aPely nucleepurefin@ed by a-actinin are

TS oL AU S el o arbor
BElrtigrhyHdyids @Fond HiZo! NERNEhAN20% &GS rSESEHPIRDL2 tdecultures are

present invention provides a nethod for enhanci %
eaiird gt yposled frosr dhei ditfeemt grondogalRianesbEy oifital number of

ﬁ%@%gﬁﬁéyﬁ%&‘ﬁ?em ‘Félﬁ/eﬂeﬁlgg g%’-?%&ibﬁg%g:éﬁﬁl{d-gréé‘-%uhtﬂ\%s. HESC

presence
mp;tjv?mriesemtsongefem;matedaiummﬁ vialeditfetdminterf HESC wsbdger 12-
ac as_no cen 1ou to assist Int o
el PG BRPPBI G ek e o BTy F5 B Coreliuaps wye initiated
mde-%ngﬁ&t%&% %e@ff?h-%ee A80-RiD-Y %\gtfh'ff?rf \Hiﬂ%dt%ﬁbrbi%ggid (n=6).

equi val ent there cardi onyqcyte erentiation
Beatimdy aressdwerecscdred enldayel 2t Pk@r0dnt i ati on | evel s. For
i nstance, where cardionyocyte differentiation of hES
cells is spontaneous or is induced under specific

cardi onyocyte di hESCRIPTRONOF I THEMNVENTION tions, the
| evel of cardiomyocyte differentiation fromhES cells

tro acdirsli @speclythe pesealr divantionogeniides a2 gaathed for enhancing

Lnce esulting.ln LNg n . of

LEIRRGRS Fatielarubd oD FRBTEN HHBPYN stgmaegl (MES), the
aiiesd \cahieisfrey ctinginy BReAES sy it ptesdnitel vfdgsddrBic acid, a
use of ascorbic acid, a derivative or functional

derivativee At funetiped ayivaienidbe@® di onyocyt e

differentiation froman undifferentiated hES cell

popul ation that is capable of differentiation to
Aacatbmyacgt dasamdwprisdarr afoupdt do diassist ihhehe differentiation of

SR TGRS BB B B ebd NSO SPEORAT GECoR CRLNENSABnctona
EAARE e 0P ABILARIAEY . toahlal e b
line differentiation levels. For instance, where cardiomyocyte differentiation of
hES cells is spontaneous or is induced under specific cardiomyocyte
differentiation inducing conditions, the level of cardiomyocyte differentiation
from hES cells to cardiomyocytes or cardiac progenitors can be increased

resulting in increased numbers of cardiomyocytes and cardiac progenitors.

It is also conceivable for the present invention to include the use of ascorbic
acid, a derivative or functional equivalent thereo to induce cardiomyocyte
differentiation from an undifferentiated hES cell population that is capable of
differentiation to cardiomyocytes and preferably to direct the differentiation
toward a cardiomyocyte lineage.



10

15

20

25

30

cardi onyocytes or cardiac progenitors including both
di rected and spontaneous cardi onyocyte

walpdobeeapii ati on. In a preferred enbodi nent theCPAES®AN01921

i nvention provides a nethod fgr enhancing
cardi onyocyte differentiati on of a human enbryonic
$hermdwditidn @hBS):ortti@eacitbtm@@riaanm iosifngctmnatquuiualerg thereof is

SRR o b OB s Stpel BarlRisAIERgpEofhES cels to

S rAGo Y OLBP AR a(ﬂbfd‘g%fn%?é AEiUEh g B ditdied 'aHdtéb%ntaneous
presence ‘of ascorbic acid or a derivative thereof

cargiamyetye ditterertiatioaxcr et es at | east one
cardi onyocyte differentiation inducing factor. The
present invention provides a nethod to inprove current

fruld Wrefegratetdmisisdiment L ihe @réé@ﬂemﬁ/eatld)@npr@fvldes a method for
car di omyocytes. Hence "enhanci ng car di onmyocyt
@

anhangieg caitiomrecyiasiferentiation a @@gnargeméqu%tﬂm 6ell (hES),
ﬁ@%&%acg él’l?ln f%B%‘itbﬁﬁgd anced§ u@\ﬁthC%ﬁBﬂ{e‘?dﬁell or an

wth a cul rovi n

etttacallarary neddidire of aghe @eyocwltwedldrfowrenanowctmpmyte or cardiac

rocess nhanci ng” can. al sp i pclude inducing the ,

%”8%&5?@”?? aq?r\gﬁtﬂnﬁf&éﬁ?u BlieSENRES! c@gPorb'C acid or a

gé‘g&é{fv% fadof. S ?b& Efe %@L RPUREYAE least pne_ cardiomyocyte
a e as

ferentlatlon corbic acid use
dﬁh&ﬂumﬂbhen@mmmgﬁmy@myte dlfferentlatlon i's
L-ascorbic acid al though derivatives thereof may al so
be suitable, such as esters and salts of ascorbic

TRE PreSEntRhPéRion Browifdst ®ahodhs .mgw&u@émm|@fnn? methods
ascorbic acid may vary depending on the conditions

touil ther differeniiation, ot yardiamygcytese dtansenterdiansing @ardlomyocyte

AnRkemblat: ot Hepat’ (BRRsBGR Fiednmimbas: o1, sardogpoones

tifereeesdiie saculluiencdmgaraxd ivuadsulfub@tthams h@h@Mﬁanced and
simlarly to ascorbic acid. The ascorbic acid may

inmRreygc e@eat effigignsy agd dhet Hardigmygcyte pﬂ@fﬁé@@@t}pnt HATOCESS.
I
séagge[ orfg cu %rﬁ?gﬁ%f Eﬂ“& QE:HI] %p)r{% era #Bﬁ]&)]pgg lakom  an

andiffaréntiméecdh ESheelldtBurethas isacapaiie ef pamﬂ@nmwe dhffdneatiation.
cell excreting at |east one cardi onyocyte
di fferentiation inducing factor. However, the ascorbic

P%f@re{m\y 1 §§ccpr%|d AtinQtieeed cReRkl d@d%’?’r?ﬁ)%g% 8|ffer ntiation
visib Human enbryonic stemcells (HESC or ?

isab-agicorftés ewid atteougtt derivatives thereof may also be swtable such as
esters and salts of ascorbic acid, or protein bound forms. The concentration of
ascorbic acid may vary depending on the conditions for culture. However,
typically, the concentration is about 10 = M to 10 > M. Most preferably the
concentration is about 10 ™ M. Functional equivalents of the ascorbic acid

include compounds that may behave similarly to ascorbic acid.

The ascorbic acid may be introduced at any stage of the culture. Preferably the
ascorbic may be present continuously from the initial stage of culture of a hES
cell or preferably of a co-culture of the hES cells and more preferably with a cell
excreting at least one cardiomyocyte differentiation inducing factor. However,
the ascorbic acid may also be introduced when beating areas are visible.
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cardi onyocytes, but the efficiency of this process is
| ow. Cardionyocyte differentiation of the hES2 cell

WO pove/obv2€¢o- cul ture with a visceral endoder m | PREAT2105/001921

line, END-2, in the presence of 20%fetal calf serum
(FCS) has been used previously to induce
differentiation. This invention seeks to inprove this

PRUBry o Be srere CaRTUPESE T tiES ash & siferantiate into
EYdraydEyRé£r baH thé NefficiBREy & &lisT pradeseragdiopent Cthﬁomyocyte
cul turing conditions are serumfree conditions.

gifererdiatianvaii tba hEES2 celdinei hso-aubutewitm @ viseees! @ndoderm -like

BOPFE Y TR LA B B8 DAL, foon v

pryvoudefoeinalty difidréntratioel | Trex ahvehtitg sabks enphpraRe this method
cardi omyocyte differentiati on inducing factor _to

t he
andwthgieeprgieanyacyte difieseniiadion; mieRiosls iRYQRINGY hESmgeIIs A serum
8@5 {a{t]lgﬁ S eRdid bg%;'fs@gfep’%d ntroduced at any tine

cult'or I ntfoducti on of serumfree
condltl ons may al so be gradual with a preferred

educti on of serum over. the cultu eriod such as but
[ibta Imast alieieges’ IRRAMEAL SBRe U caRsiongoaraoerum-free
80&3(%&5’50' Q%’eo cf, f}?mﬁ%ﬁ WM& cBRAIBHs aFBS&eraRCHBE raﬁ‘é'&?ferably

elntrod in a stepw se nanner over a ran
fZO% the Ot dfhwltmea:értheth&rmeﬁa;orb:areianablyobjcthd amcuadture of the

nner so. a ntr uce the concentr at
B SOEE Bh i g ol ultosccBis S ot Basr o0 caffiomyooyte
aiferdraianeny IRILGind eacml i @t ited firdel M‘éﬁe%eﬁﬁb{%b@el%t are visible.
| east 6 days. Preferably the period is
fieweyen clbat seitimfresf canticnaumayabe tinkpedeack abany tlme after the
nIHrggjlé?ﬁ% over this period. For instance sone of the
%lé "be in the presence of serum and the
remai ni ng period may be in the absence of serum
Preferably the period is serumfree. There is a

o0k He (GVEATSE (i@ ePRHEnND Ry i Qeagmwdwh @ preferred
Rl BSERE AR PP AGNETRI SO, B KR B ot

schaziie off Bew,i nPearsas 4. 51%1 laedc 0% Wvieurths walsure perlod The

i ncreased 24-fol d |n t he, absence of FCS, conpared t o
P‘P]%Qer\trr?“f’ﬂé“%}‘g? dAERdEEED g ﬁ@%’w'ﬁﬁéﬂ%”rﬂqro%’&r 34@%96 of 20% to

nggeﬁ'% cbAcEMeatThedy Bk REAHLEEd 3heRSsi¥RRisBPSRNKEH so as to

introduce the concentrations of 20%, 10%, 5%, 2.5% and 0%.

The period over which cardiomyocyte differentiation is induced may be at least
6 days. Preferably the period is 6 to 12 days. The concentration of the seum
may therefore be introduced over this period. For instance some of the period
may be in the presence of serum, and the remaining period may be in the

absence of serum. Preferably the period is serum free.

There is a striking inverse relationship between cardiomyocyte differentiation
and the concentration of FCS during hES2-END-2 co-culture. Applicants have
found that the number of beating areas in the co-cultures was increased 24-fold
in the absence of FCS, compared to that in the presence of 20% FCS. An
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ascorbic acid was added to serumfree co-cultures. The
increase in serumfree co-cultures was acconpani ed by

w0 pwseesed MRNA and protein | evel s of cardi ac PEFABR®5/001921

and IsM, which is a marker fgr cardiac progenitor
cells. The nunber of beating areas increased up to 12
ddgliondlt 0% imcteasei onthef nombeuldf eatiofy &ES2 was lobERe2 when

cells. The nunb f a-actjinin iti ve ardi onyocyt es
0B Ao gt e S Bl Rer Rt ey TEE i SIS Y pGhm-free
BEIWREIR sSR! Ebéérﬁ?aﬁ@d%ﬂ h@i‘e%%eﬁ%ﬁ#ﬂ‘\ 48 PSR Fév@'»:s'\@f cardiac
and 20% FCS co-cul tures + 227). The stinmulating

efarkers atmrd sk, wrhich isea mﬁrlsalr tanoardmc @mgﬂrtmy@e% e The number of

G e R BB Y o PR g2 i

ERD-P 218, S'lhfefmmhlgéﬁ ofnaHaiberinqfo stiedt paPPMI e Sér lﬁﬁtlng area

repl acenent therap upscal i ng cardi onyocyte formati
hewayeEdid nat didffes rﬁgraﬂlcanﬂbreb@twt@@@nfeeruﬁvt:sﬁe. @nCyises dé§3+1 79;

Fhe%hep d e* BhG St ?“dﬁ (I’)(% &rfzzﬁgﬁfip Ia'lr;gg;s @[u(l)é}tgwg‘ effect of

I'tro nmo prefe
saumlﬁfreéoaso b@lsurertgw oaiwmmﬁlacytercﬂffemmlamrg bf HESOQOVaS observed

oy RESz: bokse i as BE S nd hEsd vt e orgesrpalize a
%?If@'eﬁt'rfﬂ?ﬁt%’reéf EE?dl@ &b&yt@@%r‘gellc?édﬁéc%mgﬁtyﬂferaw upscaling

erenti ation eati areas bel ng detected ear
aardilcanymmeﬂormaeqm:einom ﬂ-lﬁ%lCursdeassenmmaere _present |nvent|on
serum cont con ons t he E? iti.on

BEhas & s B Trdciane andR SRt 8 L BERe T if olfbemodel,

BidiéRibgNivitholP inteefiHg Stadtdrk ahl Yerdied Ufbrf le88ng other factors that
condi ti'ons. Hence in Those conditions where Serum nay

begiimsemete cardiorsyegyiaidiffaraetiafisinci t of the invention
to use ascorbic acid to inprove or enhance the
cardi omyocyte differentiation. The contents of

V6B ((irh-fi& Bbnaitienbedirei mosNpraforeatedttey séﬂnﬁ@@C?‘ro&ﬁh itself
the application describes the culturing of hES cel
improxes e rfécippay £f cardionayasyte ﬁéffftr?ﬁ@atlon beating areas being

ﬁétfec?eroegét'hy EHB att%%eérqgé@fen%kftﬁﬁﬁ %%le?‘ts q?{@iar?%ngrﬁ%ontammg

éerern |
conditienss pelowiever, thé fagioiion a‘tmbombladlcy pan ampameecsruémhance the
of a direct i nt.enti onal Inflgl nce on.the stemcell

FWQI'QIBY\%‘FVﬁ% q‘éﬁf?ﬂp%’“%m sHestagialle e freg SISy Hence in
BB Endifibhd WHeH: sétuRHntdlABBepARGNPT it is within the spirit of the

invention to use ascorbic acid to improve or enhance the cardiomyocyte
differentiation.

The contents of W0O2005/118784 are herein incorporated by reference as the

application describes the culturing of hES cells in serum free media.

The term “inducing differentiation” or “induce differentiation” as used herein is
taken to mean causing a stem cell to develop into a specific differentiated cell
type as a result of a direct or intentional influence on the stem cell. Influencing
factors can include cellular parameters such as ion influx, a pH change and/or
extracellular factors, such as secreted proteins, such as but not limited to
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extracel lular factors, such as secreted proteins, such
as but not limted togromh factors and cytoki nes that

WO e@aloet3e0 and trigger differentiation. It nay PCYAUZI®S/001921

culturing the cell to confluegce and may be infl uenced
by cell density. Preferably, the hES cell and any cell
groavtbrfabtoys mmal cylokipedi mfaErregmlam and tfiggerod'(ffe}eratia&ion It may

co:cultured ipn vi s invo|ves |nt uc

el turigaePe Sahiq contahermil 5y S bhieRkb P pelf densiy.
produced by proliferation of the enbryonic cell in

culture. Preferably, the enbryonic cell nonol ayer is
arefarabﬂso thabEieell and eoycelioneferativ pravidisg shifferentiating factor(s)

Bl S e PR Dol Sl pgrreoty o
émfofrymu@rnelltmohamy@e pﬂbﬁu@écﬁw giolifsramdn tdiethst @mbpgiic cell in
to a specific cell pe. Alternatlvely, the stem cel |

aaliree. dHeikealy: dh@r@beW%IQQJr E1CAGHAYET niSngrawe 10 substantial
| |
?ﬁﬁf{Lﬁeﬁ% éHoairhen?tng?%Ie en‘@r r%w ﬁ(t‘sh)%_ 6&%2@@?5 eXPhcellular

e presence o yoni cce
ardiyronot thel esmbaywhistegtiscédd @ mayiolle of ejrae asw‘dcuént)rto induce

ach ot her a fi or an ceIIuIar ftrix.s
GBRfertiation T ing $larm ool pebaticeq biPe AieEhata.dng feem cell

ﬁrfﬁ%”bé%ﬂlgwg?{‘tg ol # edig @orﬁ‘fﬁ[ﬂ%ﬁai’ﬁé Rfra8IRNINORIRium of the

l's an to grow in cu nduc
dirfoh gorent ¢ell$)orbusf nothén shenpreskhce mfv\mgerembrqontdweell( ). The

oses of this tion, hES cell
BIHEPERER cBls B0 oD el ufi biraresagd 5 & other by a filter or
thg@nmgpﬁfatﬁgys@(ﬂyagrgga@d to which ascorbic acid can
be added to enhance the differentiation. Conditions

for obtaining differentiated enbryonic stemcells are

Pitutily Yo ARETeRBER B SPeeds) fle”Sters cefeod 3R Bled on @
mﬁnbwy%ﬂt bfat@nlﬁvy@hwz&c’éﬂé yamdt gllowdd aemgroweninC culture to induce

l nea% %radual wi t hdrawal from optinmal conditions
diferaitishiop Q| heystaRR Bel atiourayes for Hrenuireses of H?'SﬂW@nt'On hES

t Ci C u
SHRT e R B AR o o BB btbfipr ov oy
antlhd t6GvhichradsyRsc iagiccearcioe added whieohacosithd dlfferemjaeon.

differentiation rate and/or efficiency. The cell
density of the enbryonic cell layer typically affects

CoRGBENE ! RN TRt e ettt oAl g o
whiehgamwnon garmigdives harestant cal eenawal, dxpodedot kilaatem cells or
8|9%"them to differentiate exclusively into extraembryonic lineages. A gradual
withdrawal from optimal conditions for stem cell growth favours differentiation of
the stem cell to specific cell types. Suitable culture conditions may include the
addition of DMSO, retinoic acid, FGFs or BMPs in co-culture which could

increase differentiation rate and/or efficiency.

The cell density of the embryonic cell layer typically affects its stability and
performance. The embryonic cells are typically confluent. Typically, the
embryonic cells are grown to confluence and are then exposed to an agent
which prevents further division of the cells, such as mitomycin C. The
embryonic monolayer layer is typically established 2 days prior to addition of the
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whi ch prevents further division of the cells, such as
m tonycin C. The enbryoni c nonol ayer | ayer is

W@ 9606d3ky establ i shed 2 days prior to additi oPCDAU2005/001921

thestemcel I (s). The stemcel{s are typically
di spersed and then introduced to a nonol ayer of
shebr yeli(sg. ciid stenﬁ’roelleraaibltypicamedtspem&cbahd thad introduced to a

Fietoe ot &t pRiccedBoe stbray. b TeR G el entifyfic cells
5@ bé chavR ok fepeidd af 8o td RhdROWBEKs BARES 'suBktahfigl portion of
present invention there is provided a cell culture

theastant eglisdraverdiffegndiategl. omyocyt e differentiation of a
hES cell said culture nedia conprising ascorbic acid,
a derivative or functional equival ent thereof when

wsgtother aspedstiginye pydserdiifveritiontthatd igrprovidedeeteéll culture media
culture nedia delivers ascorbic acid to hES cells

fo
etk prerdiemyacyte difeandigjioeyafed Himel C@Hr%ﬁ'ﬁccw’fure media
0 e n f

pc?@gggl'ng 5§c Ef& %ﬁat %bpéﬁCot'}]\%gﬁfrfg{@god‘%?déc@e\faﬁent thereof when
asadnfdmoardxon@ocgatedﬂffemtlauw.or functional equival ent
thereof to the hES cells in a range of 10 3Mto 10 5M

More preferably the concentration is 10 4M Any type

t t I | | iati

Fho (B TR IR ReDRPERK] &) MBS Call TP MG, Biefentiaiion
tcheargiorsyqoybes ded cardiaclprogénitore. nietd eoheantetioanafi thg media is

car.di ocyte . ferentiation, of hES cel |l . o
SRICRBIPES Suftid, SoBPen TRt Pl grThiccaeidea darivative or

f@@ﬁbnar&q&@@mﬁw&oﬁ@m hESreNtiimbiraAgd BAYOPRBo 10 5M More

factor, said culture nedia ,conprising ascor bi ¢ aci d,
gesfenaglyl (e soneemeatioonid 184M. vAirentypener edlture media is sultable

blSTITAS Ry b P et kB ERENS:  Sor iy b

tol erated and may range from 20%to 0% The serum

concentrations nmay al so be provided at a concentration
Hed &fef@areﬂr@ﬂbﬁemg%dber%lé| M@V'ﬁiﬁdzﬁ)ﬁ}@” tolyregunedia figgeenhancing

[ S d n n
FdicHtbodle AHEKRRENEH BN HISOEAF Hd dlifur6anah, 8TBell which
pidféraoty appletesnt deamt dreasardiomabeyto ESffeénendiatibm omaudieg factor,
spurces as those tested apd suggested that thes

g% t FHEUE MHPHIRO RO MRS INGrpReRALRICc JoRYy tvative or f%nctional

ga@i@§|@ﬁpfﬁé1éépn are applicable to all hES cell Ilines
and
Preferably the cell culture media is serum free. However, various

concentrations of serum may be tolerated and may range from 20% to 0%. The
serum concentrations may also be provided at a concentration selected fro the
group including 20%, 10%, 5%, 2.5% and 0%.

It is expected that these culture conditions for improved or enhanced
cardiomyocyte differentiation will be applicable at least to all hES lines from the
same sources as those tested and suggested that these culture conditions for
improved cardiomyocyte differentiation are applicable to all hES cell lines and
hES cells in general. Furthermore, the fact that these differentiation conditions
can be established without fetal calf serum, and thus without the potential
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hES cells in general. Furthernore, the fact that these
differentiation conditions can be established w t hout

wWo 2aoai6320 f serum and thus wi thout the PCT/AU2005/001921

pot enti al presence of ani nal t hogens, increases the

chance that these hES-dehved cardi onyocytes are

pm‘seabe e)ffmimadamjthngen‘nsyﬁrecreaaes pharchancerthanthesei ebhSwerived
heart di sea ent inventi | so . , ,

ShstBeenars cuneoopr ReETRRyocFcr ansndef da g matients with

A&t ekl on therefore provides a nmethod for testing

a factor for cardiogenicity which conprises testing

the efficiency of differentiation of hES cells into

FAG P ATt &g ol p BN GE it B 58 sl dfoenic factors.

THé tinrgiohtRe FURSreCpiolviddist 4 neetihedi WoN&bBﬂﬂfi? priater & yardiogenicity

excretes at | east one cardi onyocy te erenti ation
WhiplicicREATises ofestingwthen adficiengyr £ efiffgrentiaiieni an hES cells into

éfg\? erg‘gﬂe#ﬁgﬁﬁe%gg{g%%%dt EBL‘,(? 1 ld?%he o fagtor. EG%“SE bly this

sethod f\/\nldaalsmndmrleescmunog mbehli_éﬁmmlcwnhsa lmeﬂe/vrﬁuoh neteferably
that the ﬁnductl on of the di fOLrg?{ ent.i atl on. proc

IS .
exalRse! 15rsh aner GRiCloTRYOQRG a BRreBHlom MAiog Gadek8r with an
8k irASHRIR I Fe Bhfjthfe?efggﬁﬁ L‘!ﬁtﬂérvc%n?ﬁtlofn‘érlﬁé! ABakte dlfferentlatlfon

equi val ent t er eo nvention also provides use
serum free nedlun1conta|n|ng ascorbic acid, a

f unct |
RIS (2ating A heRs arSi serfircRes bOREShs sihed the Applicants
ﬁamlf@urn@%/éteme .H@ﬁ@rbreréprtmemuﬁe@nﬁmu&eldréc@dseus enhanced in a
preferably co-cultured with nouse visceral endoderm

saEM-frere eowroryMent i Hbat pragamgecpe aseprac asigr @ sienyative or

onehc proteins and ion channels.
Eﬁwgéﬁﬁcéﬂﬁé#%@gngg%ﬁelectrophysiological responses
denonstrates that the majority resenble human feta
ventricular cells in culture, while a mnority has an

aheulra{erwﬁ@r?dﬁcy@@wdﬁﬁ use8t selliree mgdiem gRiANing ascorbic acid,
%ﬁ%ﬁfé ofy Ciﬂlhgh %\éhﬁ/aﬁjérgf R R of . inducing
cel t ot un

do n ergo cardi ogenesi s spon aneous Y,
differerdtiatipn gt hES edlisciatd catdivsnyoaytes.Bot h fetal and
hES- deri ved cardi onyocytes in culture are functionally
coupl ed through gap junctions. Co-cul ture of

PLHRPPERBrybe G8h cbid@fe Wrbferbl d-E8tdred! BN GRSuse visceral

extensi ve
endoderm (VE)-like cells form beating muscle cells, expressing cardiac specific

sarcomeric proteins and ion channels. Direct comparison of electrophysiological
responses demonstrates that the majority resemble human fetal ventricular cells
in culture, while a minority has an atrial phenotype. This co-culture method
permits induction of cardiomyocyte differentiation in hES cells that do not
undergo cardiogenesis spontaneously, even at high local cell densities. Both
fetal and hES-derived cardiomyocytes in culture are functionally coupled

through gap junctions.

Co-culture of pluripotent hES cell lines with END-2 cells induces extensive
differentiation to two distinctive cell types from different lineages. One is

epithelial and forms large cystic structures staining positively for alpha-
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differentiation to two distinctive cell types from
different lineages. One is epithelial and forns |arge

W@ 9®b/06638@ r uct ures staining positively for PCT/AU2005/001921

al phaf etoprotein and is presuppbly extraembryonic
vi sceral endoderm the others are grouped in areas of
ha‘tqmrotejn alnddelpseswnabi;d elraemipyortianisoasd gnddtese; the others are

eat i r dj e stem cel
GitioaiTn ¥ 6nS oL bn ReALIFHEEAAC hedhsedERRG ke Thesk beating
Mg@rﬁaﬁd@ﬂq@@qt&t stemcells and may be derived from
a patient's own'tissue. This woul d enhance
conpatibility of differentiated tissue grafts derived

T8t RaPh S0k 151 e bd BB Rbgmob cp el Emoryonie

ahe& BorIskem cd;@rm md rﬁapbezuermeéa mr@ aqysmeht § W tiddu@RMhis would
stemcells geneti cal prior to

P'ﬂfﬂ@ﬁd‘gﬁwcq)mpﬁtb@b‘&’t Qfﬁffﬁﬁenﬁé%’gt@% gr@ét§ Q%Wﬁﬂaromﬁbwstem cells
ﬁ/ﬁﬁttﬁegat%hf T &6 SR! %&Ht&ﬂ |P%hBﬂIdt Be n%?éd Hht HES tefié can include

oslre to't cell or extrace

aedlt gtont lcehls derumﬂ:frpnnacpe«:md s onet],sstmey Fbwngarmemoadllbynay be
i fi h introduction of vectors ex [

nodi fi 5 r essi ngn a
gen MI@OW‘E‘?‘E@FOUﬁQié‘Petthré"u(QBHf‘VB ughonofsgengs that may control
FRAC Isfdis mréﬁtléw tp‘%r Q! -dhirinf®r SR “le P%xggéfuﬂ%e to the

genet | cal nodi fi1e any stage with a mar
emaryadrhie qeﬁrd(eextracediaianrlreeldlum &ogh anoembyyosmcagell ofhey may be
cul tiv t i on

arret 89'@'8 oPhr%@? f'?%?é?ﬁqiogt ak V§P&¥$c@fﬂrgss'”9 a selectable

ﬁ%‘?k&rauhdﬁrsth@t ccﬂﬂbblsdfaeggté?ﬁ déwépécﬁtd 9%m§b?%h§ﬁ|dsSOct 4. The
from whi ch cardi ony tes are to be derived can

glenecetsaimay h@(ﬂefnﬁéda| megiiechalt any stage; wnthfaarnarker so that the

FERRR 5 ookt DR 9 bl dudod B SRR CTnE okt Bopy be used

B punifgahé giifférehtidted orimdifarentimedanemydatl gogulgtidrisiteany stage
nodel for cardiac ail nents associated with defective

phetlbyriidRel s. This woul d be useful for basic research

and for testing pharnmaceuticals. Likew se, nodels in
culture for other genetically based cardi ac di seases

Starh ccdiie tomatvbith Cardibrogyodys eseob bbedgriveslecin be genetically

i nventjon can also be used for ansplantatlon and
f@f&atq BRALMUIRLANS Nuhet PYRMPEL O pEEARRlS, (this GRSk Ssudden

HERMtinHARESS, '@a%&@%ﬁé@leﬁ@é@ﬁoﬁ{ tHB¥ b daEm cells will
mortality in'the west di ac i schaem a

thansdealaliyoronal gendl yield a culture model for cardiac ailments associated with
defective ion channels. This would be useful for basic research and for testing
pharmaceuticals. Likewise, models in culture for other genetically based
cardiac diseases could be created. Cardiomyocytes of the present invention can

also be used for transplantation and restoration of heart function.

For instance, ischaemic heart disease is the leading cause of morbidity and
mortality in the western world. Cardiac ischaemia caused by oxygen
deprivation and subsequent oxygen reperfusion initiates irreversible cell
damage, eventually leading to widespread cell death and loss of function.
Strategies to regenerate damaged cardiac tissue by cardiomyocyte
transplantation may prevent or limit post-infarction cardiac failure. The methods
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deprivation and subsequent oxygen reperfusion
initiates irreversible cell damage, eventually | eading

wo 00sfoasspr ead cell death and | oss of functi onPCT/AU2005/001921

Strategies to regenerate damaged cardiac tissue by
cardi onyocyte transplantation may prevent or |limt
pbshhamding citemncels th aiffdrantiateeintdlicardiemiyodges, as hereinbefore

e At BepleE B ool fhing: < Bt i ass Cggiomyocytes

éﬁ@fddrdfaerpr‘b'g@ﬁ&bﬂégoﬁm imRHtiondie§a8Re- be used in a myocardial
Car di onyocyt €s and cardi ac progenitors of the

infargtion oroaqedjordesiindthadlityite rastayeeandinaiunchiemar ct i on
nodel for testing the ability to restore cardiac
function. The human enbryonic stemcell may be derived

The afirhain ferrﬁuany@mceaf@hy@enrmé% WGB dedvdd WirecHy fmmrafp@rn:bryo or
stem cells [see for exanpl e Reubi noff BE, Pera

frargaculiere &f enbryppisnstenscelts clsee for @éarrml%ﬂﬁwwmf BE, Pera
f
BFR TSR s eRic ol Sg B AES e Bl i gomane

dléferemmtlbnomvﬁg) dde&/oréotmoeml)Cl)O ;18e399- 4enp|r|7belsoem cell may be
The enbryonjc stemce ce
ﬁ%@\ée‘ﬁggﬁ‘ @UIQ%?'&H”%QP 6 Phe y(p%cgﬁsue 'Ph %ryonlc stem

lg‘%‘lf@l f@ﬁyerﬂ)te' Hcd St hdhe E}g@gc%bltu%y A% aMdESined in an

ch does not undergo i ogenesi s
spdiffesandiated state. al ternatively it be an hES cell that
does undergo differentiation spontaneously. It is
preferred that the nethod used to induce the

TRE dh8Y 881 treaydidef ‘éheHEBabéﬂlehléh ofed Moe! dedgd r@ardlogene&s
co-culture of the hES cell with a cell excreting a

seeryanepusly. ar altgmrmwlvet ble anden celhitias soes dinciergp dlfferentlatlon

g@%ﬁgﬁ l}J—%V\/ever it should be appreciated that the
{EP8RUSY ascorbi ¢ aci d, a derivative or functional

equi val ent thereof to any nmethod of culture of hES

cells should i nprove the cardionmyocyte differentiation
Bti$ péﬁ}f@ﬁ@? th@gthesr’r@tmq Hﬁ% t@ g}@qgn%gcg,qrglomyocyte differentiation

%'eg)rlﬁeg rﬁgﬂ'@ d&?cb nAHGHNGs f 5(@ WY 2P&ICORI¥AY Gt least one

romwscera rmtissue or
aarm&nmcyemd@dmremlaﬂm tInSiSIUElgI sfacatred fhHosewer, eitbrghmuld  be

Preferably ral . endoderm rm.y be, soI ted from
gRirey! %%%t@é&t G‘l égP'B'ﬁ’”e r §YOoig, @Fl %@‘@t@ﬁbP&ofU”Ct'O”a'

B, 51 0D 1 P BB v
¢aaibrigacyte  differentiation  efficiency. Cells providing cardiomyocyte
differentiation inducing factor(s) may be embryonic cells derived from visceral
endoderm tissue or visceral endoderm like tissue isolated from an embryo.
Preferably, visceral endoderm may be isolated from early postgastrulation
embryos, such as mouse embryo (E7.5). Visceral endoderm or visceral
endoderm like tissue can be isolated as described in Roelen et al, 1994 Dev.
Biol. 166:716-728. Characteristically the visceral endoderm may be identified
by expression of alphafetoprotein and cytokeratin (ENDO-A). The embryonic
cell may be an embryonal carcinoma cell, preferably one that has visceral
endoderm properties. Also included are cells that express endoderm factors or

are genetically manipulated to express endoderm factors.
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Bi ol . 166:716-728. Characteristically the visceral
endoderm may be identified by expression of

walkphasaseopr ot ei n and cytokeratin (ENDO A). TheCT/AU2005/001921

enbryonic cell may be an enbrypnal carcinoma cell,
preferably one that has visceral endoderm properties.
Aheocardiﬂmwmyt@rcﬁffemritiatioﬁnaindeaipgemt@m)odrmyna‘lmtbﬂ dound in

SRR, dinafo Ly WiBinre EaBs & T35, PrakRdL igntion to use
ERARAIURY B aQJe’ﬁQeB%d‘n‘PﬁQﬁlltUFb 8iihieasell tb Yhlic"@ifibAntiation.
Hence it is within the scope of the present iInvention

to use extracel lular media derived froma culture of

TBS e n ot titaril S B LeRt B e Bhulbmeqn oggiiones
ki oedosedinm groaiped brMY@TOWsIagerehr dosirbed in a

cell as herein descri dium for a period of
Fedng ofof HatPesiRer alc éMmeu 5arthab<ﬁxaa§elltéarc haierss exticht ag secreted

PERLFS" ep A BALSGE Y DRERRE VB Sy E st 3 torcono

meaonentise hediuencan irgedd bempooehts thfat tdmou&lglesthef growth of

ﬁ@g&ﬁqegg?fgg'a dl G f,vne@ﬁr%kﬁ%rg%%cﬁgl%&cgglsd@wlwm essential
Hith f(ORE §9 H%/lbé an QKR! r SOTRANGERErEEerum is a
§%rd oil um El\fﬁ‘; {: af” ﬁ? Ina I

re cu tured nor ma
nommadtmpmﬁerml\eﬁl\vhwmedlwns()/dfmz Eadisi arel dultured normally ina 1:1

strepto ssent.j.al _anm.no acids

RAER SUBEIE R L RS etinE. o REb R R 1% b Sssentia
MR EBRISW fnhthBUSER BuIRIFBN Wigh iheinfdre Ble?® Ickl| STek Widdium is replaced
containing 20%or less FCS. In the case of conditioned

wishihuman emExoriz siem eelt mediondiantaneg AW anesayrGes. In the

AESBLEMToTes R LRIror T2 BRESREF 5 Byl WG Fh ey oe

pepdirednyosatuen fteé feheat iopbbesd tdthecstagda@rT 64 S¢runs. a
mouse VE-like cell or a cell derived therefrom

Typically, the cell produces a protein excretion

il Y | iy . Qv :
RS0 Gl l, bSF Hrosuiny SPHAR e, B Nncoin
b @) e rd mdmec‘éElllkescealnorEallbeIIZjerwleU th?él'arm'rbﬂ'ypmaw the cell

ceIC{UGrm be derived. fro ne or cell

SaugRe & B B ARSI STOLI ks Blgs: ST Y asProduced by
ﬁfH&%béqu fik&eblis. |rf‘§’pr@fre?rfe@lrféﬁjr1§30 |§%|n|1bddn‘?1‘:énMHé1cell is an END-

characteristics vi scer al erm such
gxplil2 cell 1ine

The embryonic 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
(Mummery et al, 1985, Dev Biol. 109:402-410). 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 (Mummery et al,
1985, Dev Biol. 109:402-410). The END-2 cell line has characteristics of
visceral endoderm (VE), expressing alpha-fetoprotein (AFP) and the
cytoskeletal protein ENDO-A.
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(Mumrery et al, 1985, Dev Biol. 109:402-410). The
END-2 cell line was established by cloning froma

weuosieas20f P 19 EC cells treated as aggr egat eBCT/AU2005/001921

suspensi on (enbryoid bodies) #dth retinoic acid then
replated (Mumrery et al, 1985, Dev Biol. 109:402-410).
The daxiterzts cafl WO20(8/0883¢haracefriest i aindf incopoeatad herein by

R BB R A R A By s in e
E\I&Qﬂéé%aﬂ%@bﬁig@ﬁ@rred to and incorporated herein
yr

ef erence and describes the induction of
di fferentiation of cardi onyocytes in the presence of

o SReL BBlERf Rk b v B B RRRL A4 o hiprkierda form
enaiementinidre the Viesr paeadbnnarbtelcielHepG2HepG2. The

i nvention al so provides a cardi onmyocyte or a cardi ac
progeni tor produced by a nethod of the invention. The

iLfer i r.di rdi |
S oS0 (T30 SRl 2 ASEeAo Blocuced
By aphathodhofdheimepiionr esponses and i on channel

expression and function typical of cardionyocytes.

Preferably, the differentiated cardi onyocyte resenbl es

?h@“cﬂ?ﬁ@refn%%?éd Yﬁ@éﬂg?%ﬁé &€lchrdi g)glr) (’I—;*'rgif‘r?yror'gf%ty:@%r@@é cardiac

preferred Tormt erenti ate
spaaiib | swcamiedoaprdteinsl aadr didplayeldhromoteapic urespohaes and ion

nother preferred formthe . differentiate

AR Bl St iotlon Hvicinst SEMar T pEesaker cel

in culture. Preferably the cardiac progenitor

expresses cardiac markers and in particular, IsM, a
Reafreably, dhe ciffatealiatpd cgedipmypsyteTReembldssa hunaal fetal ventricular

e -actinin. However, a further internmedi ate
g@ﬂn cfﬁl’gv?%xpr ess Troma-1 . Preferably the cell which

expresses Troma-1 is an endodermli ke cell. The
car di onyocytes of the invention are preferably capable
by apether RecfetsgddPomibe diltereatatedreardmyagyte résembles a human

R g@ﬁ%ﬁé@]ﬁ cﬁﬂﬂre?e fixed and stained with a- actinin

Anti bodi 8s Lo confirm muscl e phenot ype. a-troponin,
a-troponysin and a-

In another preferred form the differentiated cardiomyocyte resembles a human

fetal pacemaker cell in culture.

Preferably the cardiac progenitor expresses cardiac markers and in particular,
Isl1, a marker for cardiac progenitors. The cells may also express a-actinin.
However, a further intermediate cell may express Troma-1. Preferably the cell
which expresses Troma-1 is an endoderm-like cell.

The cardiomyocytes of the invention are preferably capable of beating.
Cardiomyocytes and the cardiac progenitors, can be fixed and stained with o-
actinin antibodies to confirm muscle phenotype. a-troponin, a-tropomysin and a-
MHC antibodies also give characteristic muscle staining. Preferably, the
cardiomyocytes are fixed according to methods known to those skilled in the art.
More preferably, the cardiomyocytes are fixed with paraformaldehyde,
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IVHC anti bodi es al so give characteristic nuscle
staining. Preferably, the cardionyocytes are fixed

w@ewoldi3ny t o net hods known to those skilled i PCT/AB2005/001921

art. More preferably, the carﬁ' onyocytes are fixed
wi t h par af or mal dehyde, preferably with about 2%to
piebertabio wikn atboutal 2%ehyaleabouin 4%kapachforhaldebyde.i doncshannel
nd action potentials, of. muscle cells can be :

GRATar far sl B0 Gich PRISHET® S auer g scandt; dalggmined by patch
Hinfi RIectprpsefyitaddwemecan provides a plurality of
differentiatéd cardi onyocytes of the invention wherein

the differentiated cardi omyocytes are coupl ed. The

ER8 Bt RGBS 2 AR E rpt R Biosmyqytes of the
mvehtien weheidi thie différeatig@dptdran o dytdoahcadhed. e Mhe coupling
junctions. In a further enbodi ment the coupling is

By g fupstionaties physisaht i nvention al so provi des a
colony of differentiated cardi onyocytes produced by
di ssoci ating beating areas fromdifferentiated

fresrae empacmerst the doloelingnisethtouwgh gdpy junctibhy. t he

di ssociated cells are replated. Preferably they adopt
a two di nensi onal norphol ogy. The present invention
B e Kol PInd Bty adiePHFIGtOns, o
cardi onmyocytes or cardiac progenitors of the

[ hvention. Thi.S el is useful in the devel opnent of
L Bt g p iR couiiBsh aeabi es. Fur cher |t he
present invention provides an in vitro systemfor
testing cardi ovascul ar drugs conprising a

dhe frreeenti iavedtiarn atsicopipyigasea gfolamyeof dgt@memtiﬁted Tasdiomyocytes

BERER o ERh 2Bl B REo s B e rcpgpores of
theeinvemtgdi.i on prepared froma nmutant hES cell. It wll

be recogni zed that nmethods for introducing nutations
into cells are well known in the art. Mitations

. . . tat . .
FRECTR} 8 gtonaely BBl U AR | R9ulA . Wy BBopt @ o
dixpgressenalmarphaloggne or protein. The present invention

provi des a met hod of studyi ng cardi onyocyte

differentiation and function (el ectrophysi ol ogy)

FREPLISINY HRBNnRbn 2af¥8t Hr6fdes a model for the study of human
cardiomyocytes in culture, comprising differentiated cardiomyocytes or cardiac
progenitors of the invention. This model is useful in the development of

cardiomyocyte transplantation therapies.

Further, the present invention provides an in vitro system for testing

cardiovascular drugs comprising a differentiated cardiomyocyte of the invention.

The present invention also provides a mutated differentiated cardiomyocyte or
cardiac progenitor of the invention prepared from a mutant hES cell. It will be
recognized that methods for introducing mutations into cells are well known in
the art. Mutations encompassed are not only mutations resulting in the loss of a
gene or protein but also those causing over expression of a gene or protein.
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di fferentiated cardi onyocyte or cardi ac progenitor of
the invention. The present invention provides an in

W@ 2a0s06696t em for testing cardi ovascul ar dr ugsPCT/AU2005/001921

conprising a nutated differentjated cardi onyocyte of
the invention. The present invention provides an in
vitro nethod for testing cardiovascul ar drugs

SEEE RO, VA, AL, 1 AR Y o crstorore

giraralasion! ayd &nnbtmwré|@efropﬁ>,bs¢o|bpy)0@bﬁwlwmse of a mutated
function. If we know whi ch channel's are expressed

differeniiateth EFdi@nyecytackicatfiappmdandor ehthetinverntiasn. and

study the effect on cardiac differentiation and

function (using el ectrophysiology). Furthernore, drugs
$ﬁ@3@rﬁebénﬁ Pivedticarstoaieies oan ohamglsy@,eém ber testirgy c@muovascular
cardi omyocyte function (I ook i ndi cators such

ISP HRIIBRG AdD utab%tﬂiffﬁgenttaéq% éﬂ@wmawtfmf Hrﬁ)mgn&w
appearance). Areas of beating hES-derived

cardi onmyocytes preferably express ANF. Expression of

The mresemuimvestioh grbeidearah ac wmchéﬂhodeotﬁpetmgilca'rdjmascular

hannel (alc) apd the trapsient out ot assi u
wr@mér@a& S & sl AV eRled Rar iRy aae on tag invention
%,g gﬂadl ng onset of beating by several days. RNA
or t e eI ayed rectifier potassium channel KvLQTl is
found in undi fferent| ated cells, but transcripts

e BBB83H5 5 Ot Yot LUECATAB ARGR SRR B oo

WARROEh AN &E Bt BRSAESSd agRidast nfeidel hEST take Ia?cl@ng{ @Pecific ion
channel s allows differentiated cardi onyocytes of

charals.oand study ithe afiect e cardiax sifferantiaitans antﬂhfugcm using

BloBloRfuto BBPE T iner BBt lflds SREQLARIH KhfElac B onannel can be

gy onicairdigntydeyte fuhation (loykihgert Midsts sueas iaetion potential,
al so provides dlfferentlated cells produced using

h@@%&e@wen%anﬁmwuqh@wgﬂqaétapﬁa§r%@emsed for

transpl antation, cell therapy or gene therapy.

Preferably, the invention provides a differentiated

Aedds pmfodaemudgush'E&deat/dmbdsamiomp@cyteyeptéferatﬂﬁaexpmss ANF.

e used for therapeut. r pose uch.as in nmeth
ROIESSI08 Phih e d-auisis AL TS Farcias SRS ot o regg channel

[dRNRNER frafdi€f@SGtward potassium channel (Kv4.3) are also detected,
the expression of Kv4.3 preceding onset of beating by several days. RNA for
the delayed rectifier potassium channel KvLQT1 is found in undifferentiated
cells, but transcripts disappear during early differentiation and reappear at later

stages.

Vital fluorescent staining with ryanodine or antibodies against cell surface alc
ion channels allows differentiated cardiomyocytes of the invention to be
identified in mixed cultures. This may provide a means of isolating
cardiomyocytes for transplantation without genetic manipulation or

compromising their viability.
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or condition. Another aspect of the invention is a
nmet hod of treating or preventing a cardiac di sease or

W@ mvdiosdzen. Cardi ac di sease is typically assocP@r/at2005/001921

wi th decreased cardi ac functi and i ncl udes
condi tions such as, but not limted to, myocardi al
Thé aresand inverdiodiadso pw@&sdﬂﬁb;erﬁjated:eeltﬁ produced using methods

arrhythm ect o thelnven

AL o o ertiopathet gy SR ioeg lon Pk Satis ped dferamveer gene
ﬁﬂrﬂbf“!"?@%?ﬁal?eﬂhb iRfedtlth provREs @ aiffdrent étéd%eﬂeﬁrbduced using
capabl e of differentiating into a cardi onyocyte cell
meshods elathednveititg thahbiayoee oed fier thevapautierpurpeses, such as in

@%ﬁ@%ﬁ%@%foi%ge%raﬁé%ﬁ §tfog} 'Qt# g tt”?g@yf%(mgef&o%% heart disease

daomifitorgar di ac ti ssue of a subject. Mire preferably,
the nethod results in the restoration of cardiac
functi on in a subject. In yet another aspect of the
e e
%5@1{&3 (?%?Fé{;ﬁt fre |ﬁv8f1 gs dglrﬁ%ﬁﬁgmqré&l{wp cﬁﬁB eb@ﬂtlr}Tg a cardiac
dlselasé et coditiomy Gaytiacadiseasel ||sa¢ypwajlgem§o©rateeIvlnth)ﬁecreased

the.in entlon nd /or a cell capaple of e ,
BRias el ARG INAges CoRPHIDSEY . Bk NoLENEP igaTygcardial

Hﬁér%ﬁoﬁ‘ o Sug?ﬁeﬁﬁ%hynﬂrﬁf‘bb@%‘? :Hégyﬂﬂg?geq’n Gcﬁlrsdé%:%ct of the

tissue o IS pre t he sub
investidri,eriheg Mmednodh daoldies ditssheangr aconiddtated. dnfferentlated

AAEI 3T SR oF BB bRk A A L3R tSodbe SRl 83 AIng it o
earRfEhpddyYe tdefnEnd @ iedted n&mgdarmsm@dcar theaivbhss thtefcardiac
a subject. Mre preferably, the nethod results in the

tisaeophai sbjest. cealisetatedmerdiomyonyte erlbjscprieferahly tranSplanted

e e G B PRl Vb R ap ingumethact resuits

inhiae rbstoeatitrf dfetaatizicatiectidrminca sabjdetonyocytes to
restore cardiac function. The present invention further

provides a cell conposition including a differentiated

in gét QhothBF a@?&éte&{ thlel M@Q@‘l&?thé@r@q r891[:i[98e5 m%ﬁgﬁj of repairing

Sent 1 nventron prefera rovi nyocar
omdﬂcﬁssuetﬂﬂmemddmcmaildgty of sterrs ceI | s that have
differentiated into c%rdlo tes or c%rdla

Introducing an isolated car cyte or cardiac progenitor 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.

It is preferred that the subject is suffering from a cardiac disease or condition.
In the method of repairing cardiac tissue of the present invention, 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.

The present invention preferably also provides a myocardial model for testing
the ability of stem cells that have differentiated into cardiomyocytes to restore

cardiac function.
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progenitors using nethods of the invention to restore
cardiac function. In order to test the effectiveness

w@Roosae@r@myocyte transplantation in vivo, it PGI/AU2005/001921

inmportant to have a reproducif e animal nodel with a

nmeasur abl e paraneter of cardiac function. The

paraneters used should clearly distinguish contr ol and
ani.mal for. exa in Pal ne

FBB0Brgoem: iR durtBels, PRS2, ol odgp iRl fucing a

gifepsritRated céil @ﬂﬁié' raGaht iAPeSiRh, %ﬁd@@éi%@i’r ely
determ ned. PV relationships are a neasure of the

punpi ng capacity of the heart and may be used as a

{rﬁgri%r%?% I]:gtv?rdﬁgri Eg%%gébq%ﬁﬁ'%ﬁeg gigrﬁyoggrcji %wgﬂ)%ig for testing the

abiMMyt 6f stéms agellsNiMANCREE! Gifferdntiarsts entBByardiforipes)tées ok cardiac
uni versal acceptor' of cardi onyocytes from vari ous

BAYEHHars gsieg mtapamoééfgﬁ gwegtien iy irriewicHdiariunstian.ofn order
f&f:esp'iifes BALcHVAKBRL o‘?'&ard ?ﬁilyﬁ%)f’[‘éa[ déHssfﬁll rﬂgﬁjrfrio iPlivbDg i i jmportant

rnventi on assess
E)(ham aofepradulible ampml rrncbcd)eizllwmim mrrteaanssﬂdlelipara)ﬁeter of cardiac

ar di ony tes or suitabl ro itor 0. a suitabl
08nt Ha§ . PREATBCHS GRa8I PrOUKe HE8TY AAISIEOURY dpniol and
iﬁ{?ﬁ@i’ﬁﬁé’ﬁtfai GihfRLIsafRaR orcéfa?ﬁrﬁg RSP A&k é?f g ardiovasc.
scl e used as

degeneration foll ow i nfarct that
Beani5®er551zﬁ 5&4;]cecpttbat d)ineteﬁbcm fdfetrmﬂplantahbn can be adequately

ar di o ani mal can a pecl es .

FREIDTo T SPRETRB 4R BoTBdRRe0! ShE REIGg Gapaciy of the
Ra& Nehd PRAF Ivee uasd RN RUH-BuUMan a[Ptre'ré@tc%‘ﬁdiaE’affuﬂBﬁé@rféllowmg
used to measure cardiac repair in these animals my

iragsplaetatipnt are not linmited to, el ectrophysiol ogical
characteristic of heart tissue or various heart
function. For instance, contractile function nmay be

Astsexi siimial duehngs, dut it Uiriteantd, RIreBsmuAog&gIgeSmbls@ may be
heart. Prefer ably, ventricul ar cont racti le function is

Hsed S5ed. U%@W@H@@?D@és@‘s@@@@%%tte?f {[RBt iVarHoum gources. The
FRRALST R SLRGREHBY Thbcastp it ffgnion

fi el d. The pr esent invention further provides a cell

e Sarcar abrOTsho! e ea veriom el R ang asbto assess
ttﬁHég eigtg)‘if'o@'c‘éﬁﬂiéé‘lrbgaiﬁ%li’di/igﬁgg%n‘s?f éritﬁ(ISf n%ér}natgg@ndt%@ B suitable
pmgenitotmmtmatwtamnoskahinmi More prefarably, tHEnhbostedhimal is an
immunodeficient animal created as a model of cardiac muscle degeneration
following infarct that is used as a universal acceptor of the differentiated
cardiomyocytes. This animal can be any species including but not limited to
murine, ovine, bovine, canine, porcine and any non-human primates.
Parameters used to measure cardiac repair in these animals may include, but
are not limited to, electrophysiological characteristic of heart tissue or various
heart function. For instance, contractile function may be assessed in terms of
volume and pressure changes in a heart. Preferably, 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.
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conposition of the present invention can be used for
bi ol ogi cal anal ysis or nedi cal purposes, such as

W@ e@ospddant at i on. The cell conposition of the PCEABR05/001921

invention can be used in nmethggs of repairing or
treating di seases or conditions, such as cardiac
ﬂihee@sesem whendioni sfsnnleerdapmgielehaa omibmc&dpos‘mm including a

t i ncl ude, but t th
Teisa, B al B aefpatighetda HoctmBaiErohe eaftranay be any
?ﬁyé?é‘lbblc‘éll?rad‘céb{a)bléj'cfaFrﬂireWa't FhaaihdtRe RRUIEER $ray be PBS or

hese Cells or cell conpositions would result in

pidesmainimemn essentiehmeadiwn kricavrt ke thass: skibed onths field. The cell

o RERP At T e B SR dnbdl BR ERIERA, R CHBlASS afRfysis or

Rleaidsh pOfpdseissssdteas trapgplaptationhe word “conprise” and
varl atl ons of the word, such as "conprising" and

"conprises", is not |ntended to excl ude ot her

?HQ ééIV%ﬁm gﬂ@ﬂnSPtt br’é%@ﬁterr?\/e%oﬁt@ beTI?J%ed in methods of

I Scussi on mat er devi
Ea]dalm}gesr a’edtmglejllée:dsesu& a:ahndmtd'e;;l sunhte?; sardlacddlsease or where
speci fication sole t he purpose qf provjdin
b tamage Hanoputeh The eatman may Tralia: bal B ited to.
fgger ta‘%ﬁjuﬁ%%%ﬁ@ﬁ bhade|@nyr Oéella'dovqgfosﬁtmgﬁﬁére%é F)QFtWE%r fully

t he rror art ase or re co
diffeve rdiided )i nnta) heatieintd. dT hedee calig otro:etllheompesmnns would result in
| hvent i ustr

[ bef he. .
iseERd1 ) e onbitShLih e uPs(oBRidT ok RupipRds plaioushedisclosed

Bb&REHroli gty Bl L ofhhimalevwdegs.nore fully descri bed
with reference to the acconpanyi ng exanpl es and

draw ngs. It should be understood, however that the

RERot b 8 SeserRAHA Rl ctgimid BT bR B WORY oprise
e@@emlatbhsobf tthe worgnguem adesedrpesingbave. Eavplides”, is not
l e 1: Cardi onyocyte differentiation in the

Wlt © fcluda-einsr @da@lvas,lcommraﬁntm igtegens AesIeREs a)

Cell culture END-2 cells and HESC | i nes hES2, hES3 and

hES4 cel | s (passage nunber between 4 1-84) were
Thétdismadsas dedocurnedtspraets, auaileylalsn d%mdeisnaftfcl&an&ethe like is

ngh@@o CY o @atlgEgbﬁrgé%é or tﬁcta %@rgoes!el oH |c|)rg$|%llr{gr a context for the
present invention. It is not suggested or represented that any or all of these
matters formed part of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed in Australia before the
priority date of each claim of this application.

The present invention will now be more fully described with reference to the
accompanying examples and drawings. It should be understood, however that
the description following is illustrative only and should not be taken in any way
as a restriction on the generality of the invention described above.
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differentiation in vitro. Nat Bi otechnol 2000 ; 1
8:399-404 and Mummery C, Wardvan Qostwaard D,

w@owsencans P et al. Differentiation of human BEYAY2095/001921

stemcells to cardi onmyocytes:oqole of coculture with
vi sceral endodermlike cells. Crculation 2003;1
07:2733-2740. To initiate RDOAMPLEIr es, END-2 cel I

[t ted f it h.mi
EXaiie Y: oo e SHeribbBuOR SRS e Sl B br dgroic acia
s femé@éﬁ?aléahdﬁéhéabls (Mimmery et al (2003) and
Minmery CL, van Achterberg TA, van den Eijnden-van

&nai j Call cotturgl . Vi sceral endoderm |ike cell lines

ERFE Tl o RS Rl BroPaes Fodan o8 18 pgpsage number

Bet@uin ol -84k Stereec @turbs asgdevetivad Mol it Meubaiglf BE, Pera
eri od under the sane culture conditions. I n standard

- FAngUr ¥et aleFmbrygnie siprawaelilines ftame humamblastaaysts: somatic
| nsfﬁrﬁ%‘ﬁbﬁ' H'\ﬂ% L/@é#é@?@dh%o/ 2900:18.399-404 and Mummery C, Ward-

Pransterin-sereni um —non- essen
m@ost?@a}’dﬂm DUeveraﬂHrtsePhgn@II leferent(latloln of human embryonic
eni ci in streto cin 20 % Mul tic
B Eels forearlorninay toasgole i ol orh tiesra) BoRdsTgR-like cells.
éﬂc&l%tuén"ﬁﬁbﬁ W@?ﬁ@@ﬁg@ f o5 ihidt d@%@m&%fEﬁEe@%eﬂfcultures

beat I Ng muscl' e from ays onwar
wedkech fomfsrﬁcaltlmnnkt@mw:lonﬁ}o(mt € ;10 i/ memt) emeplacedrmouse embryonic

PR WD) Aaalepdets ol (e Sl VEBHEE it af (2003) and

NRinehBhEL WagHh V\%htérb@rgoTRS%W BefEiRBERNVER RAai[AS ety Wsceral-
be critical for cardi onyocyte differentiation

endedryivlike t ¢rll dnesulinduce phiferentiatrsENDUENe P19 embryonal

et pE P SR RRA R o SEad A€ B forilay RE8C Were aiso
gewen orNWIBF < gorv Efes damen P@ﬁdd}lmrﬂjhr thesteme editdr€Sonditions. In

vari ous concentratjons of knockout serum repl acenent
§t|qui)arq,\@cp sulides. galls We'e HEOWR dull el platg i DMEM containing L-

et el GRS ﬁéﬂ#éf@ﬁ% ?éﬁ@ﬁuuhﬂeﬂéﬁ SWBL i SRR M p-
n Insulin or

e absence 0
mescdptoethaank foanidilinseleetonuygif,| &%) 20r %4 ACSh@VpitiesleWesent Inc,

Ca07Ha 100 Ealidiescar e BBy S ToPrpHary WIS B hagored for the
St dieage seudg sty Sbal SISy gEtblphe ofen
obhE&non paaﬁemuoeﬁemiﬂempamIcondientl”ailoaatsmfdﬁCS ranging from 0-
é_@ tetree%or%fpatrg to sl[anolr ('jtc% -cu ture con |8F1§.r ’Tougjéi%?rrﬁtlrie whether
the presence or absence of FCS would be critical for cardiomyocyte
differentiation throughout the co-culture period, HESC-END-2 co-cultures were
conducted in the presence of 20% FCS for the first 6 days and in 0% FCS for
the last 6 days, and vice versa. In addition, instead of FCS, various
concentrations of knockout serum replacement (KSR) were used during the co-
cultures. Finally, serum-free co-culture experiments were also performed in the
absence of insulin or insulin-transferrin-selenium (ITS) or in the presence of 10™

M ascorbic acid (Sigma, USA).
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cardi onmyocytes were isolated fromfetal hearts ( 1 6-1
7 weeks) perfused by Langendorff's nethod and cul tured

W@r0oghesso coverslips. ¢) Western blotting 3 wePCBHAGL008/001921

12-wel | plate containing 12-dgy HESC-END-2
co-cultures, as well as 5-day cultures of human fetal
bear t Brimasy éumesshadlit and etalncapaid myodytas. | ect ed i n 500

E‘i Rl PA-buffer . ot ejn concentrations were measur d.

i israg atas gRlaleq Bulg £arqiad, Suigghy TofoUEER afiyion after
pRlivIELA &eﬁﬁ@sﬁirﬂuilhg@téhd% infBkAEd RBAGE @Bgecﬁﬂe@&n@fapproval
HESC- END2 co-cultures were separated by 10% SDS

ahdheraﬁMSerqomnttt@eP‘@DFtheemlmfegy Bedtcal veerter, Utrecht Fetal

{55@ ogﬁ,ycgcg/t%\é Ogogq%%j ef?(lr% %Qﬁﬁgeéﬁécﬂ%@w weeks) perfused by

g edorigl rﬁé’dh@b arenelitueed ohrghasntdaversifps( goat
poI yclonal, 1:500; Santa Cruz; www. sccbt.com.

Pr ote| ns were visualized using ECL. d)

try HESC-END-2 co-cul tures were grown
n 12 ﬁ?%ﬂwsm@ with 20% or 0% FCS on gel atin-coated

Bcw?irssd)ﬂ asl.2- T%réﬂ @ﬂaté%d?malrxdj $8@ﬁyddEB€aENﬁ)?2 Eooe?gtuﬁes, as well
whol e coverslip re fixed wth 2.0% par rmal de

5905367 e o B A 8] (REoFWETA BRShFAGME 8 PBS and
E\ﬁfe%tétﬂl St%?ﬁqﬁﬂ Hlﬁfepap?ét%ﬁmcér%entratlons were rréeasured by BCA

I MuNo em stry and 4 mm sections were
Brodeigeassay eroalldSAewm pleroerketcconm). 150G Ughdd @2oien from human

t f ol | | it
K heart® sl Blerd | THERER RO Wik B ohartoghby 10%
8mig-PADE aedl thehsfb bl (FTRBFMBRHranad. Foté Wore ﬂncllbated with

000; Devel opnental Studi es Hybhdoma Bank, |owa,
antibngies saganshr pageaierint rop@ugesiant( rrmﬁwlonal 140 Sigma;

BSOS S ISP onl T s R s G500 Sgpia Cruz:

ARG EOdIR. CoB)e Pestaifiser SrealingdizettlUsinpETRL OXYyl i n. For
i mrunof | uorescence, cells were perneabilized with 0.1
%trlton X 100 and stained overnight at 4 OC with

act nqllnﬂpgﬂ%wegrﬂ 1: 800; Sigma), a-Trone-1 (rat

noc ona vel opnment al Studi es Hybri doma
B&8C-ENIV2, ccUSA)ureaméraSﬁdwh nin d@rbelh plates withtd0% or 0% FCS on

fgfl%ﬂ%ﬁﬁ%%%en éf)gg ggfg{@ﬁ@%ﬁ g? gséctgg I beesa(tl’]n%cg?gans or whole

SRS | BN Qix@@Mwith @.0% paraformaldehyde for 30 min at room
temperature. Fixed beating areas were then embedded in paraffin for
immunohistochemistry and 4 um sections were made. Endogenous peroxidase
was blocked in 1.5% H>O, in water, followed by antigen retrieval in citrate
buffer. Subsequently, sections were incubated with an antibody against Isl1
(mouse monoclonal 39.4 D5: 1:1000; Developmental Studies Hybridoma Bank,
lowa, USA). Using a secondary goat-anti-mouse antibody (Powervision,
ImmunoLogic, the Netherlands) and visualization with 3,3’-diaminobenzidine
(Sigma, USA), sections were counterstained with haematoxylin. For
immunofluorescence, cells were permeabilized with 0.1% triton X 100 and
stained overnight at 4 °C with a-actinin (monoclonal, 1:800; Sigma), a-Troma-1
(rat monoclonal: 1:10, Developmental Studies Hybridoma Bank, lowa, USA),
and used in combination with fluorescent conjugated secondary antibodies
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visualize nuclei, cells were incubated with Topro-3 (
1: 1000) in 0.002 % Triton. e) Cell counting of

W@2@606G32 positi ve areas Confocal inmages (LeiR@I/AU2005/001921

Systens) ( 1 0, 20 and 63x ob%'sectives) from 2D

projected Z-sehes at 10 mminterval s were nade of

alaaksomilmnposi Reseawhebsbortnries, U.6.4A5 Jackson.immuno.com). To
itive areas were coun ted. . 0

Ditntae g e SEumeta RUBAR R 2Pale3 41 20ED) Ip A" Triton

nucl ei surrounded by a-actinin staining in a

cardi omyocyte-li ke striated pattern were counted as

BDbsi tﬁgﬁ copnting eliaitastinisr ogiiéver aiemsd doubl e- bl i nd. For

DRFRRE [haae e SLOGME p 2 a0 BiRBBa iy 20 projected

zxﬁu@elmtw memteeaRy ees mdey bogHcininMideevey arsasaiNuclei in o-
(2003)). s were grown on gel atin-coated coverslips

aglfniry Rﬂﬂi@/e ﬁyeaaeW@r%@wnbﬁ%chafﬁawas HekeMeswgh-counting the

%ﬁﬂ%ﬁe'gg alffl(% {art?t & Qr d?'l ﬁg@?d}?@b‘ag}é nacggg @l'é‘fjnlng in a

oérdimhyd)cwm%e\mnatedqcramrm rvemecasmb&eld (dsnpostm\mgemll counts were
WWW. | nVi tro for PCR usi | vers

@@\[&orﬁa@@ﬁ@pg@gblco chgrgmraér?gfu@ée%qﬁrg E% efoﬁjactlnln on smgle
T T

presiaushs | Ml(mmlemer@t at (a0032003)4lls Wesef gidvowiary gelatln -coated
ri et Seguences were used. PCR was perfornmed at 55 °C

E%Yﬁ{ééqsi g erature) at 1.5 nM WCl 2 for 30 cycles.
Products were anal yzed on et hi di um brom de- st ai ned

1. 5% agarose gel. b-actin was used as RNA i nput

Hont r Bevergp Reasciptase f{GMtitati ve PCR Real -ti me PCR

g BRI 2rRcBaEs JulEab ol €0<PE PR RaghSgdRFBS and ANA

frosi Bi Well@ oo uBingeThixel (Gigmapf 5@@&3 oRMS‘ta%EH\ID"*Wé@ reverse
treated, and transcri bed to cDNA of al1l/1 0
Hﬁﬂ%ﬁﬂhﬂ@' GIVIEeBeN e W I RWH 0gaaE€aN @n@ugqﬁord?CBHgswgg Kilverstar

R St
B AR TP UE L e R bR BB e Shgponcos anc
PCiRreondiBORS \iers apsmtinoT, neNF f MLCEeaathdypho(amlmwe apdi practin were
described previously (Mummery et al (2003)). The following primer sequences

were used.

Nkx2.5 (536 bp) GGTGGAGCTGGAGAAGACAGA
(sense),
CGACGCCGAAGTTCACGAAGT

(anti-sense)

GATA-4 (512 bp) ACCAGCAGCAGCGAGGAGAT
(sense),
GAGAGATGCAGTGTGCTCGT (anti-

sense)

a-MHC (542 bp). GGGGACAGTGGTAAAAGCAA
(sense),
TCCCTGCGTTCCACTATCTT  (anti-
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CTCCTCGCTTTGGTGICAGAG  anti - sense primer:
TTCCTATGEGGTCATCCTTG), | SM (sense primer:

WO GASRBABCAACTCCAGCAG, anti -sense primer: PCT/AU2005/001921

GGACTGGCTACCATGCTGIT) and acig)j ¢ ri bosonal
phosphor-protein PO (ARP) (sense prinmer:

CACCATTGAAATCCTGAGTGATGT,; ant i sense) pri nmer:

TGACCACGCCCAAACGAGAAG—as—an—i-aternal—control—PCR
cycles for a- actinin, IsMand HARP were: 3 min. at 95

I el i
PQR 62. % °C an 4%10535208(3 ggé%r@stéﬁgertﬁrreﬁat 1% mi M§El for 30
dyscrhm url?mduntqomte)camlymd onrethidiurh eoremidestdh@Ri t165% agarose
determ ne t he nunbe u Sanpl es were run on
86'29}5 46Uy ¥&s Yed Elsoﬁ[}%fpgpﬁ‘? rﬁ@torrect si ze of the
PCR products. Al reactions were run in triplicate. As

negati ve controls PCR was performed on water and on
8NA wRenblimerguigatisativerR@Bceri pti on. The cycl e nunber at

PhREaREIYC RS RBofhPaRRERRI I kBRI isBb 857 En @ wyiQ Rea

Tl'ﬁ?lh@tFWR datedtivn e stafN(Bibexs | 9 SwasvvAe ibid- i’fadl@dmb)Brﬂaﬂy, 1 ug of
Rel ati ve gene expression was nornalized t

) ARP
@E@f%gé‘l was DNAss H?@T@Qb aaf t%aﬂépg}lgqe@ tAC PN t18 léﬂr@ a 1/10 dilution
@t a?r@i ffasrhell 4 cance %P Ogs[ﬁ?sé X Sen dpedh %Rarpgater mix

i cal "signi er ences s cal cul
(mp?m@daBlSBystems CA - USH; . wBvappdiedbinseshenss. mbmm:lsao uM of
the | evel of B&%OS 2. Resuylts da) The effect of ser
6‘?\0 FEfHB%gy t W8S nuRGEPRA bl | N B3R o(élaﬂﬁ% primer:

G@"rfr WAGA descri bed arg €epsistent for _
I ree HESC |nes exam ned (HES-2 A g and -4). Dat aprlmer

?aiﬂ'@Cs'lTJPo'K/(aGGCﬁ)ﬁCHES—@FTdé I's. To dgif ernine t(bensef f ect of primer:

eating areas _during co-culture_. )

TR B RA G BRER AR ™ Lo per cofnfigehS? Cor tm wa Primer:

@@&@F@@'—CTNC@Q\%G@VGT?) Sinandcial® frivesbiae ﬁ@d&oaiproteln PO
% 1 until the end at day 12 of the co- culture

p(s@yiseppHmeany %@%ATTE%&EC% QAGBGATIGTUr @ntmemsg primer:

HERAPY EoAlERACRAR) anolin SRR B "PLR cycles for a-

auxtatim nNiatti amd BifARFERGres phiel s °C, followed by 40 cycles of 15 sec. at
95 °C, 30 sec at 62.5 °C and 45 sec at 72 °C. The thermal denaturation protocol

was run at the end of PCR to determine the number of products. Samples were
run on a 2% agarose gel to confirm the correct size of the PCR products. All
reactions were run in triplicate. As negative controls PCR was performed on
water and on RNA without reverse transcription. The cycle number at which the
reaction crossed an arbitrarily placed threshold (Ct) was determined for each
gene. The relative amount of mRNA levels was determined by 2°". Relative

gene expression was normalized to ARP expression.

h) Statistical analysis
All data are presented as mean + SEM, unless stated otherwise. Statistical
significance of differences was calculated using a Student’s t-test. Significance

was accepted at the level of P<0.05.
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after 5 days in co-culture with 20% FCS denonstr at ed
t hree-di nensional structures with cells spread out

WO p@a6dsese structures (Figure 1A). At 12 daysP@Ff/AU2005/001921

co-culture this was nore evi t and strings of
differentiating HESC were visible (Figure 1B). In the
absenBesolts serum the edges of thr ee di nensi onal

structyure re clearer and | sss din cells ..
S oIBE e (kSR Sh hafrnissy RACHE. fietuen o ipedting areas
b@6sleEs-cufirean additional 12 days in the presence or
absence of serum resulted in a fewer nunber of cells

Abe desulB delagibed areconsisigrfedalt threesES0 liempexasuned (HES-2,

e R owr HerPEs 2 S TR SR e g, plect of serum
ﬁﬁltiﬁ?e AR ob bbadiglareisadured ¢U-ediQirerd#MHESCastrREND-2 cells, the
wo- di rrenS| onal sheet (Figure 1F). Besides the effect

@ﬂrmﬁfw GEUTANES GRETAASARLO 1A Ebe2 bric enE Ojbioet s start at
S%}?E 'nl]ﬂﬁll %{@ﬁd%ﬁ%fagb%e&vﬁ% 631 Itdrgv"efheoﬁur‘?]%@F Bﬁsggﬁg areas in

upre |on ItS Cco
abiLewek covdutore plape mwed ctammﬂedumastrwmm mmsmdaWQG%SFCS co-

R N R I, L ——
%‘B@r;g%ag@ %o%mr%?w.m%%n@c@ emiddifat (Fslﬁ?é/@ﬁlmé‘nsmnal

cul tures eatlng areas were norm
sinseturasdwith oellslsgreadanudirodn (rmaeaster’nMels;(F@Jredm #¢ 12 days of
I near 1 NCr

d t.he. er. of

BEEURNE 178 888t ES et ST ST SSRGS HESC were
9|§|Hlé”(r3|gg%1dBt)' aAsthe HiyBndaYoflderamiand ecRfédi 4fl BR&d-dimensional
beati ng areas appeared, but at a nuch | ower rate

sRugUras wBye Fleaserdand desss spi@padidgeeheells wasaﬂss@nﬁw gfigures 1C

B0 HESRC E s BhOHER! heddlf Sbf ot RlipBETEL 5 b in the
bresengd%orFisarddest sérudfyreBulté®nn el salor, ngorber of Ldeﬂ§ at day 5
were also initiated in_the Eresence of 20% FCS a

ol sommares ta Ry @ END 3Gl (Fiadkes dfornd R, b not in
@1 t: % i &rhﬁ{ﬂgé%ﬁén%@{%%@@;tu?e%% 5\%% Haﬁﬁ%@@éfwe e more

I ng areas decrease compar ed
spread| dwir esd mentdirech grledomBPANECI T antwaordionishgional sheet (Figure
vvever in the co-cultures in 20% FCS for the first 6
EIJI the number of beat | ng areas decreased to only
2% conpared to those in 0% FCS

Besides the effect on morphology, a significant increase in the number of
beating areas was observed with lower percentages of serum, with a 24-fold up-
regulation in its complete absence, when compared to cultures containing 20%
FCS (Figure 2A). On average 1.35%0.26 (n=21) beating areas were observed
atday 12 in 20% FCS co-cultures, whereas 32.7+2.3 (n=27) beating areas were
observed in 0% FCS co-cultures. Beating areas were normally observed from
day 7 onward (occasionally as soon as day 5 or 6) and a linear increase in the
number of beating areas was observed until day 12 under all culture conditions.
From day 12 onwards additional beating areas appeared, but at a much lower
rate (Figure 2B).
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continuously (Figure 2C). An alternative to serumfree
culture is the use of knockout serumrepl acenent

W@ KBRp663uar i ous concentrations of KSR were addec/AG2005/001921

HESC- END- 2 cocul tures. As sh in Figure 2D a
significant inverse relationship was found between the
boocento atudynwbéthikBihé absencaiokeseradi isningdtanhéhnougbeut the 12-

N R L

§@¢/ PElY 8808@ ¢t Ldﬁydef | 0N G&rsEl! CHIRiItEFEE (e Tdd hﬁf ated in the
af fect the nunber beating areas when con‘rared

peasence pééo%eHC@w@m ehangerhtaa0volt CEragwiay. 6.b)n co-cultures starting

B BRI et 28 508 SRR FETS™ W o & BEtRE arcas
Heeeesse tion 5rhe domiteedofo heedd Nw-alIRASS rmamtauﬁédl ifn @% FCS
conparable i ncrease in the expression of cardiac

Prfinpossl; nb,'owavempetbﬁ@oxm&&ueé@wha@‘r/oﬁ% iRaghe firs % days the
Q&%QF%P%Q eg'ﬁ%%ﬁ&%}%a% b 85, cpn%éﬁré‘@goﬁ% % Fes

clear incr ex reSS|on fo
gemeriously (Figee\ad). by RT- PCR in the 0% FCS co-cul tures
conpared with those in 20% FCS (Figure 3A). Nkx2.5, a
honmeobox-domai n transcription factor, which plays an
. , I ,
AP RAGT Sof HBE| 1S 8 B 18 ABBERSLup, repizoement
{KSMscr Vatiooa CarceotraBiis-of, Kids werte alddagetb WES%ENB -2 co-

To confirmt

d, with | t.ur.
SOERE < ad shbwRain, Eirg 300 8 S0 FGanSvERe [digrtRin, wes found
bétfwern thetdomcBniratidlYoPRS RAR %GR ﬁféom%talﬁdetfheWﬁJrﬁber of beating
accurately nmeasured by real-tinme RT-P

peedso jusd s i thei BCScwmoler@enwcmeﬂwml Ehe/@lrranatlon of insulin or

Q‘gaﬁ'f]oﬁf? L}ﬁgn%ﬁ[ ghrﬁp@% !g@giﬁl S%ég%&@rgeb%r H{)Pﬁﬂ'ther affect the

huinpkl oBbeatirepatda@nBherf\c@rpbedditd seuatfreeimediuArilioneidata not
MRNA | evel s was observed in the 0% FCS co-cul tures

r‘)corrpared to the 20% FCS cocul tures (Figure 3B),
confirmng the results fromthe RT-PCR |ncreased
expression of cardiac structural proteins in 0% FCS
bp- cuEkpressionasf cardiacr gertbsognd\esdteins inl 2% amal % ESIGEND-2
co-cultures in 20% FCS bot h
co-cultures.
To determine whether the increase in the number of beating areas resulted in a
comparable increase in the expression of cardiac genes and proteins, RT-PCR
and Western analysis was performed on HESC-END-2 co-cultures in 0% and
20% FCS. A clear increase in the expression for all cardiac genes was
observed by RT-PCR in the 0% FCS co-cultures compared with those in 20%
FCS (Figure 3A). Nkx2.5, a homeobox-domain transcription factor, which plays
an important role in early cardiac development was slightly up-regulated,
whereas the cardiac zinc-finger transcription factor GATA-4, was not changed

by 0% FCS compared with 20% FCS co-cultures.

To confirm the results from the semi-quantitative RT-PCR, mRNA levels for a-
actinin in 0% and 20% FCS co-cultures were accurately measured by real-time
RT-PCR. PCR was performed in triplicate for each sample. As an internal
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troponyosin and troponin T-C are not detectable or are
at the detection limt of the assay, whereas in

W@ oeosba3er es i n 0% FCS, cl ear bands at 36kDa fPET/AU2005/001921

troponyosin and 4CkDa for tro:g)oni n T-C were observed.
As expected an even stronger band at the sane
ocohtea UHARPWaiRMA lerals obarer delgrinimeagl o Séandasd tdevidtonsrwene less

BT 8.8 Q508 (6 R 0B o FB5H S b3 R v
@85! cbsBhief inlfhed@®SFC ST d-BlitHES WHeh Q&mﬁ@%d"ﬁi fhe 20% FCS co-
exam ned for the presence of beating areas and

cetsed édigore IBHeonfiFningrisespgultstiiemdhadl &g es were
then fixed and stained for a-actinin (Figure 4B) and
the filnms overlayed. Al beating areas were al so

Preeddeceekressionddfidardiagdrudtural pasing i6mas m& robSdun@ res was
cardi omyocyte-li ke striated pattern(F|gure 0.

gorfEmedt roypodiasiare Aleaanablses. ddt e 60 EY IR Imer2@°/moFCS both
Eg? ngﬁgénrﬁ[ﬁ?&ﬁﬁﬁﬁt'l* are' ﬁn'@ &&E?f&% ?Fané 8lthe detection limit of

er o ar eas
thee alssajaewmzfea& anta:mbnmsmest inv@%areas, d?@dm andg at 36kDa for

di ssecti.on ting areas d subsequen
PBaBsp s 4005 LOMEaRorh JBAVER Selvech. Asdprmected an even
an@ﬁ@eg(yg%r#d(tﬁﬁ tf?é‘@ﬁﬁeal'ﬁb?é%ulé’rr wBightWldsbBserPsd W??Fot%m extracts

e ce were positive for a-acti
{remgwereand Btal Meartsrdfiguict 3Cpf t he other cells were
positive for Troma-1 , which recognizes internediate
cytokeratin 8 and is used as a nmarker for endoderm

EFi QUCﬂaFe@terlﬁfloﬂ%ftﬁe%%h@'dFéég ahFﬁ’fHé‘?fréé@fc@s@f%&abtprogemtor
i's clear that a-Troma-1 and a -actinin positive cel

e@lsnot col ocal i ze (Figure 4F) To determ ne the

RGBT oo W 0t Bl HEAPP B, Pt Sl (e gfesence of

beating argasRER @ecdrded oh dldel@C(lF@@&@ 4A). The sexiy gampm Wére then
Isll was found in serumfree HESC- END-2 cocul tures

tsa8 800 SIIBRO dongeAcann @t 4ier In00PEBiSTE SVERRYas ol beating
bfd “r\ﬁér%“%\ﬁulsgy tdo%WE‘”bet QGG P éﬁ(d i< @%Védr ”§d chQraaFctenstuc

nucl ear n expression I's
sarchoroyscydéd- Iullé slagtebiepéitery eﬁlgafe @B)gun\ke;s aEsB;tll)n p@)sutlve areas
Nunber of cardlog%gcytes i n %tur S To determ ne

WRER ristepied thaly BYEZE NAL (ORRNAGHDEITSY TiKRuAN. nEidizaling the high

8&felbhiSn between the number of beating areas and the number of a-actinin-
positive areas. Following dissection of beating areas and subsequent
dissociation, cells were plated on gelatin-coated dishes, fixed and stained for a-
actinin. Between 5 and 20% of the cells were positive for a-actinin (Figure 4D).
The majority of the other cells were positive for Troma-1, which recognizes
intermediate cytokeratin 8 and is used as a marker for endoderm (Figure 4E).
By doublestaining immunofluorescence it is clear that a-Troma-1 and a -actinin
positive cells do not colocalize (Figure 4F)

To determine the presence of cardiac progenitor cells in the HESC-END-2 co-
cultures we determined the expression of /s/1. By real-time PCR a 2.5 fold
increase in the expression of /s/1 was found in serum-free HESC-END-2 co-

cultures at day 12, when compared to that of 20% FCS co-cultures (Figures
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i ncrease in cardi ac gene and protein expression was
due to the increase of the actual nunber of

W@ 200dioeispcyt es, a-actinin positive cells w t hPGI/AUA108601921

sarconeric patterns were cou d by confocal Z-series.
This was considered nore informative than FACS
éﬁml By slmrhenahis@@emistryshvmi rrgarsfilrmiedt dtat- metleai nisl1  protein

alnln coul d el ecti
BAR RO iR B Serb L o Sntont ef JadsyEgatingi8as TFiGures 58-D).
co-cultures in 20% FCS the aver age numnber of
cardi onyocytes per beating area was 3 12+ 227 (n=5).
The nbbrerof caetiainyag)ieyieeogeliulgsati ng area in 0%

RO 8t B e OBtgRs Gt Hist aliogh byt Riig aredn,and the

iniceksn Seaini @trd@e damet &red Pttﬁbmremre@@bdvaal@@e/tceﬂwdombrease of the
beating area (ranging from1l to 2500 cells) (Fi

agpal padERebnot heddiiyasyies, whactiiRr Rgeitivet &Ie”ﬁhumbt@r striated

?%er fﬂeq 35%%3%{%% e&gtrb ecfh y}({%tl%}oéoceﬁlgzits%hg%pb%gwa% considered

nmelIumforraatnzmdwaftEB?OIrSdlasaliyslsZB%m ﬁeﬂscs:hct\?mngsstnated a-actinin
resent 9-fo i ncreas n the tota
L Pl Pecsq oA el s ol wiehé eichiniest BEpierael planes
e ©Po [
(U oA P ErbuliiEstn 280 PO (e ERHLL R eaflibmyocytes
petr beeiang r@eat Wes et @29 {roed)t ﬁl'eher nelfrft@rtofonardlomyocytes per

eI REREIN B BOSTrORN et asshORRE S e ur s Was, nowever,

hOC SRRFRAntiDediferdiar afdl REBEISNthanpas aanmm 2 tB¥ number of
anot her 40% when conpared to the untreated serumfree

eadiamyesyées prr qeading ByreaHFsagiognirenf 1 épe2fGticell3)o(Figure 6B).

3 S EEE Ty BERHRBR BT e & G At 2 12

wedvdorgultirenplate wwtmﬂetoreeawprbbaume@ncﬂ@@@()nbéuskm 0k IFCS co-
line, END-2. Effici ency of spontaneous cardi onyocyte

auliures &ngi 470 60lls/iar 2% e \Reel I BUSRN@PTRBRNEINTt S 89- f0|d increase
FRARl BOREE o1 CARlSATbNAG: v EoSTEr B (Ehlts 20
of enbryoid bodies in culture followed by plating on

el ati n- coat The ercent age of
26 Gestigioiar BS54 RINGL o GOuBEn sderessaus ngetter model,
ﬁ/\'tﬁé‘ét |hﬁﬁ)|tﬁ499f%1cﬁﬁ'§rfrc{rﬁ%rrﬁrﬁdfdr9e¥ﬁﬁ 0 éil%Mto@?di’efﬁelr?e'ffect on
70% lowm™ng Perc gr adi ent cent ht ugati on Xu and
caldicrageeyse (Oiterenti®ion. c Addition of 10 M ascorbic acid to serum-free
HESC-END-2 cultures increased the number of beating areas at day 12 by
another 40%, when compared to the untreated serum-free co-cultures (Figure

6D).

HESC can differentiate to cardiomyocytes either spontaneously by growing
them as aggregates or embryoid bodies in suspension, or by growing them in
co-culture with an endoderm-like cell line, END-2. Efficiency of spontaneous
cardiomyocyte differentiation varies between 8% and 70% of the embryoid
bodies contracting and reaches a maximum between day 16 and day 30 of
differentiation (growth of embryoid bodies in culture followed by plating on
gelatin-coated dishes). The percentage of cardiomyocytes in dissected and
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S, Rao N et al. Characterization and enrichnment of
cardi onmyocytes derived from human enbryonic stem

W@ 200606638 r c Res 2002; 91 : 501 -508) coul d obt aP@T/aU2®5/001921

fraction, consisting of 70% positive cells, as
det erm ned by i mmunohi stochemstry. Under initial
disscciataa beamgjialremﬁasrals@doqammmmdofo 280 Wely between 2-

(B o et oralh cRPRIr ST iranthediBaaliss pgu ©. Police

8" Rap-N Eha|. \GHdradteARatdh 8hd eAtMAbREof @R8I YRS derived from
cardi onyocyte formation fol | owm ng spont aneous

humaer@mbrmm@ﬁtemSca:M@e@lrgx Bgs. 2002,98801 ra8) equed |apd&in a cell

ﬁ% andcr%r ggﬁ*ﬁ@ réj sq\}qpi? ngggt.ygr&gﬁ %}rn'd?gerWr?ed by

PORDAbRistdtdeafistng | Qﬂﬁdeﬁ’slnﬁfal SROEU | NG WP AURINS Ui th@dpﬁe%@nce of
cardi onyocyte differentiati on. However, an increase

20% hlnebApplisanie abiseryas that anpredmaielql 656 thet wells of HESG
o Bg%g?@e baesy dc%zloélhgﬁdb t[geﬁréla% daps, Q/fa%y?rg)llg efficiencies

co-cu t he nunber ~“of areas 1s
repginied fion ohhﬁoaiyseylteefoafnaﬁm foltmnnag ehontdriec@iff€i@ntiation has

Thetotal er .of cardionyocytes froma 1

L0 cTeat an i adcitiine e dSap BT sRRCGHY i prtbostn methods for
Bereripiriig 8% hiimbes bFPardioriotfles A haRROLIfIC compare the
aiflciermasnﬁsp@ntaiemunsg/arwet indesed Theiedfecyte afifferhstiation.

absence of serum during co-cultures was observed in
all HESC |i nes exam ned (HES-2, -3 and -4), suggesting

Blo@RNef, adn apbasai mémbﬁfb@rfo@fbe'aﬂﬁg Qirefs wr@ugemgcw@s in the
differentiation. The perm ssive efféect of serumfree

g@dium dasdragin desesived. iter dicf daviscoftdoatuliuie oiheanuralpereafybeating

Alrstra e E gt ahe bsitpe 6 SREES yuif80% BLs. The
wtalhauawal opfcasdibmyocytes st 4 OIL'B-WamCblétfeelﬁsea]ﬁpr@kmbtely 16,600

neur obl astoma cells formneurites in serumf
ﬁ%@l'Qj’f’rYOQYrﬁeﬁi e C@t%l'ﬂyrerseb'l Qe kne, aﬁ%@%mhm&mm the total

A 18RRI |o? (P HAEORERIBIS0. bl containing
celtures e d Heneffectagithexdbsehet yof 4erdmfarihg co-caksesiwasg beserved
Bl RS g e sl (1E S of 200 cHHUA0RS b SRer Foplicable
Hﬁéélﬁ’%t?cfgr' W@S%m%té@u’ff@%t%‘tu%ﬁ 6-fold. Wen the
The permissive effect of serum-free culture conditions on the differentiation of a
variety of cell types in culture has been described. Skeletal myoblasts are
induced to differentiate by the withdrawal of serum. In addition, undifferentiated
neuroblastoma cells form neurites in serum-free medium. In that study
replacement of 0.2% FCS/DMEM with serum replacement-2/DMEM, containing,
insulin, transferrin and heat-treated bovine serum albumin, resulted in an
approximately 4.5-fold increase in the percentage of embryoid bodies that were
beating. In addition, the amount of cardiac cMHCa/B, determined by
chemiluminescence, was upregulated 6-fold. When the 0.2%FCS/DMEM was
replaced with 10%FCS/DMEM after 2 days, neither beating areas nor
expression of cMHCa/B were observed. Most protocols for cardiomyocyte
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repl aced with 10%CS/ DMEM after 2 days, neither
beating areas nor expression of cMHC a/b were

wok®enesel Most protocols for PCT/AU2005/001921

car di onyocytedifferentiation om nmouse ES cells use
20% FCS/ DVEM Dependent on the tinme of presence and
differendiationtframimousé ERicelts deei2().cdtCEIMEM alifpendent on the

ifferentiation i ither stinulated or inhibited ,
s Of PIERCUEH culfb e ForeaatBP cOE ReHat SUGHOr Edure. cardiac
b r SRR Sis OditHeR i ARAPEE thHISEEH. OMMEYE 1 agreement with the
differentiation throughout the 12 days of HESC- END- 2
peseot tdate. oRowth&EE; ther abs¢nese ofi Seamenpraeted cardiomyocyte

GberlefR] ARl 1R % RV s CEENEPR D However,

soruenHrear @fferbnialite ceagiond cldaelymetbargreftebefiecnon the number
areas in serumfree conditions denonstrates a greater

of beatinenangap Wugaa dhe fire Gydaysipfi e WhtBat i on. The fact

that the expression of cardiac genes and proteins and

the nunber of striated a- actinin-positive

The dinonyasey tias th@snwinger f ofc detativigi Bogesasad sefuan-gedey conditions

xcl uded the explanation that the incregse of beatjn

FRRESITSlesH gTante FECRAPUIMERGIPTIODHE CHIgaRtaR oHfact that

B BOBRRSIOAOBH EARIAA BoHB Lo BH4IBRMIHN L EHRABEOS striated o
uded t t | t1on

exc alt |1 NCrease car nyocyte mat ur a
achiminipogites dasdivhyoeftesoras sigsiicapilly inRezased, Jarpelyrexsluded the

BreAaefT il ihe dadbaSS O ioBURu EST o OB, ey o maturation in the
R LRRIBRNT - saM SiReti@elhibctlIs Mnﬂé,g?lfﬁtoi@hﬁg chfotase Bk&Wled that

tract, right ventricle and nmuch he atria. IsM

insrgasesktargioppiacyteamaturatian sgntibdies forbe effigsteebasgrved.
undi fferenti ated cardi ac progenitor cells. At day 12
in serumfree HESC- END-2 co-cul tures, expression of

RetantfRNAnRS dseras edséritied ahgh (shhea cipMpRnesbdgmaiar tahscription
containing cultures. Also at the protein level, IsM_ |
Estardsyengsigst faocardiasedevalerment. aMjca sadking iﬁ*ﬁg 35¢ énissing the
t sl Lkel i d . of r o :
Quom, bp&E ok Bhuitle L ERRATGMHRREE, 18 g gells are
marking esdistinsti supset stundiffarentiatac eseliboprdgenitof cells. At day 12

beati ng, car di tes. The finding that ip s I ons
By S 88 b Er & onireso Sreressiondt SN PENA Mefeased 2.5
RIGSAASn oSWBRRSI 1J Bl aSRE PRGBS, ISHBEIER fuel, Isi

further inprovenent iIn cardionyocyte differentiation
coulddbd ededeqiedtindsedationsshef deypthdeadingfanche. It is likely that an

%icfréfsre%nﬁlﬂr%iaro of gaer(gljiéjcnbroig%%ﬂloir Qelfd airengsa%sierﬁi Iiri1 %grﬁﬁ-?y\eﬁehH ESC-
END-2 cultures, giving rise to an increased number of beating cardiomyocytes.
The finding that in sections of day 12 beating areas Isl1 positive cells are
present, suggest that under the right circumstances a further improvement in
cardiomyocyte differentiation could be expected.

Of the components of the differentiation medium, insulin or insulin-like growth
factors have been shown to have a positive effect on skeletal as well as cardiac
differentiation. Co-cultures in serum-free medium without insulin or ITS were

performed. The average number of beating areas was not affected by the
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factors have been shown to have a positive effect on
skeletal as well as cardiac differentiation.

W@2e0606a3er es in serum free nmedi um w t hout i nsSuPGCTIAD2005/001921

| TS were performed. The average nunber of beating
areas was not affected by theabsence of insulin or
afsendef ofaimgulin rog [A8; ifnanydieingadn intiderdsleingreaseeom tind erumber of

f beati d, (d t sh .
Reaire i RRs et 1R AR 6 Bhnance car di bryocyt e

differentiation in the present invention and it is
found an additional 40%increase in the nunmber of
Beatrbimgaciddias beer shawnfipeenhdrse- eabiornyasyta difigrentiation in the

of Lbi ¢ [ Preyiousl. Lt h
bRt RGPS AT R A b TRl (B frebb JF tnd Foer of
EORYrYy dredycias senisdrdd HESCIENDIRI cocaulfiredmd () presence of
nouse and human enbryonic stemcells to aggregate in
aecqhictafi@ and give rise to cultures containing
beati ng areas. For nouse P 19 EC cells it has been
established that direct contact between the two cell
Pypdsushasit hat beeoesrsavry treatdhé hidcesalekridoder ol likef ealk kimg, END-2,

onsi bl e for the

FRHGEE ronSe PUS QM OMPBE, $2 O HPHER ACHTEE SaEryonic
?%fr‘i sbirdd é@%g‘%\{? i ELIRre YRS qﬁ\rﬂé’WQe [ cQ@uFe%Zo?)@H@hi%eoeating

respeci on of pr OSpeCt ve neuroecto
aedds. f &be MousIR® &Rl belsit bas Ibeeal esigbligrst tpadi ditéat contact
nd endgt helial |ineages. Here it is denpnstrated .
BRENEER F Pt poh S RESp el GREESSTY caiRbitinl Bcgiusible factor,
sb@ et BYithy ENIDiheemt {d %ﬁf@?ﬁ%ﬁﬂ@‘f’oﬁ'ﬁ@(}n@m&i&'ﬁ ofRafdiomyocyte

E}ZSI tive endodermal -1i ke cells. This suggests that
mditiony degiee bedgenagntseareled froomBMSC Io¢lIENDag seows to be

Fbelsinie, dat dRSeSMIRElo oY o Ry 1o tetima, gg fate in
hiicbee EYiblast oeltd) longehdraptopdedticsard Bpuetiéshl Meshdes. Here it is
vitro nodel for identi fkll ng the cardi onyocyte-inducin

g@'ff‘io_{ﬁﬁr?teﬂr@ﬁ{slzﬂl@dﬁit&% %t%erq%nﬁacﬁftqa@ﬂipﬁy%m the 9najority
T, AT BANAEE (TERE B TrGina®Y HoSierEndRERRL e colls.  This
auggksts thedt casdiBiviys cyte@erevitiniorafrdnt HESC bplEND20¢als could be

B sty Dyach Br2 Cell 06 By s S tves M b eBaN S Sand

20% of the cells were a-actinin positive

Accordingly serum-free HESC-END-2 co-culture represents a more defined in
vitro model for identifying the cardiomyocyte-inducing activity from END-2 cells
and in addition, a more straightforward experimental system for assessing
potential cardiogenic factors in addition to ascorbic acid, such as BMPs, FGFs,
Whnts and their inhibitors, since there will be no interference from serum-derived

modulatory factors.

After dissociation, between 5 and 20% of the cells were a-actinin positive
cardiomyocytes. This variation can be attributed to many different factors, such
as the size of the beating area, the number of cardiomyocytes per beating area
and the accessibility of the beating area (sometimes the beating areas are
embedded by non-beating areas). In addition, cell death and attachment during
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cardi onyocytes. This variation can be attributed to
many different factors, such as the size of the

whewbieg2@r ea, the nunber of cardi onyocytes pePChHaE2I08(01921

area and the accessibility ofgghe beating area
(sonetines the beating areas are enbedded by
oo follogéng wissacedion, ahd taddikiateoaen qiatinglaadHixatidn of dissociated

OBl o PSSl BRSBTS B Bl gpoimea
é‘elfsohﬁghéf BroBfPEliGE PABY &f HorCed iy RS YEL8I1 @k thBepercentage of
pl at ed” di ssoci ated cells &hl gher proliferation rates

odrdimmyeates qigewit).esTaelelere selecien c¥neargiorayocytes by FACS,

8P B R B BRSSP e B G R WAt gy stimypate the

b¥e 9ERESC-daRveP uhliorafodytes fdrufdiiheplazehan atriiédie use
of HESC-derived cardi omyocytes for cell-replacenent

studi es. The hi gher number of HESC derlved
?ﬁ%‘ﬂ'@ﬁ@rfrﬂ%@@t pg%ﬁéﬁﬁeﬁgl?cﬁu‘éfg?ers %@et.ngg{ay F&Dﬂb’r‘e%ewm not

delygbropidens bettehunmavitge niadel viok Undelssmaricang Icardiae development in
upscal e for tranesgant ation studjes,

ans: it 80 THRBBIE b g bk SRSRIBMaUGh SNSS g determine

%Heﬂ{érqliébbfdém&gE%Méé}/t@@%TancéﬁrQI(Y%”é(l‘P&%ﬁ&ron%ﬂ? integrate
I mprove cardiac function ani mal nodel s of hear

with | st candiomyroey teesc tartcb impoyiebtardfast tunetiohiini asimal models of

{1 bt L t hat
AR BBl el restedt 2 pPeST R Bty EhaRAL aRBIesERS, it is of
msbridite V\ﬂhbhoehrcﬁé}ﬂyééﬁe ofifferensatidr arsfRasitid hin  serum-free
ani mal pat hogens. alternative for serum KSR

condittonsand Hwawwﬁbewt toe riskaf ichessalrarsier wiih amyypal pathogens. An

ehPRRETo melhdh Rkt dMnlSTebE 68T of RBallobicaegp Bt upon
witddfhver ené haineer JEBEaiimg talf@spa@e eeeded@fatd Wot 6hown). This
woul d be favorable for future ni cal applications),

§W9Q§\R§dh%¢ym§éﬂ9'ﬂ$rﬂ@e ofy W%ﬁ%ﬁﬂﬂa&@@ dhERHI *ﬁufrh@sprexﬁé@[]P%i of KSR
f

[Plig Gl 5 TopBTHt Rl SRR wBbIRont), TBlowed H°serum-
frae idiffarentatiomclilfuresitwauld nahdffect mtdlomymgteadlffererttilaann.
t hose specifically described and it is understood that
the invention includes all such varlatlons
pp,%l iR tBRA4E y kd \aBiati

I{e Srﬁéder st ggg %ﬁahte'i‘glgﬂrolfegoggsdé%n%@d”% ?I ca g%sltd Vafiations,
mwldfmatladellandmrsadmnms btldr than Hhose spesiticalty desarﬂned and it is
de cri[ td% a[lh her ei.nbef 8 de cri bed.
u t e udes

nderstao invention inc suc var%ﬁong/smodlflcatlons and/or
additions which may be made it is to be understood that various other
modifications and/or additions which fall within the scope of the description as

hereinbefore described.
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1. A nethod for enhancing cardi onyocyte
differentiation of a human enbryonic stemcell (hES)

WO b@otei3hidd conprising culturing the hES cel |l PEI/AL2005/001921
presence of ascorbic acid, a rivative, or functional
equi val ent thereof. 2. A nethod according to claiml
GhAtMdBn t he ascorbic acid is present continuously in

he cyl tur f.the hES .cell 3. A nethod.accarding to

' nite niftRed i BnRaPHES aGeBiaMORes aor B ilany 6! (hehuman
éHthgirﬁc aferh Rl WE@sg)eﬂhle BRI PEFhbEng cBiftSridg the hES cell in the
visible. 4. A nethod according to any one of clains 1
pesenedof aseorbineagidl @ dedvative, e furegosal equivaleat thereaf.
in the presence of 0% to 20% serum 5. A nethod
according to anyone of clains 1 to 4 wherein the hES

gel | Asmethddiredoriieg te ¢ainh od wheeli the Recomicimcid is present
concentration is reduced in a st epw se nmanner over a

eanmipiousbnin 4be cokiiesdfdhg NE®eelb 0% 6. A net hod
according to any one of clainms 1 to 5 wherein the
culture is serumfree. 7. A nethod according to any
8ne oA méthonactotding ta\,blmirai ot Elewraerem{]ﬂhbca?o:rmlc agid is added to
erivative or nctional equival ent thereof is present
i el EuB S TEIE heslh S arhuSHIa. accor di ng
to any one of clains 1 to 7 wherein the ascorbic acid,
a derivative or functional equival ent thereof
éonceAtmathiodradcerdiog 4d/anP ona ofeldios atrdmdienginttbe anijture of the

f .cl aj 1 to 8 wh [ [1s i
BB, 8 Sl R o Ere BB D 865 Bl =
cardi onmyocyte differentiation. 10. A method according

to claim9 wherein the cell excretes at |east one .
Bar di 8npethaceaerdrédiegetot arytanenof elains rigtof 4ovireimtheahES cell is

ETLPR e PR P R G Sorterafloh & egiut08 i bepuise

fdnher enéi ararege irosugpproxihaeigrados t@ovs.sceral endoder m
or visceral endodermlike cell. 12. A nmethod according
to any one of claims 1 to 11 wherein the cell
XCr el : r [ r -
B auch iy aferlindf By Sreryroks 3L SRRt ticuture is
seruet rpeot ei n and cyt okerati n.

7. A method according to any one of claims 1 to 6 wherein the ascorbic

acid, a derivative or functional equivalent thereof is present in the range of 10°
to 10°M.

8. A method according to any one of claims 1 to 7 wherein the ascorbic

acid, a derivative or functional equivalent thereof concentration is 10™*M.

9. A method according to any one of claims 1 to 8 wherein the hES cells is

co cultured with another cell that results in cardiomyocyte differentiation.

10. A method according to claim 9 wherein the cell excretes at least one

cardiomyocyte differentiation inducing factor.
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13. A nmethod according to any one of clainms 1 to 12
wherein the cell excreting at |east one cardi onyocyte

walpdobeeasei i ati on i nducing factor is an END- 2 ceCT/ADR098/001921

14. An isol ated cardi onyocyt r cardi ac progenitor

differentiated froma hES cell prepared by a nethod

dtcor Ai npthad ampoaiiagotb ahe aiaiafsclain® 1130 5. wm;nein the cell
t ed r nyocyte or eni,t ar

eicTeliag i SAioner o e g g e REFST ¥ 8%scera

ERGOLEHMEr Visdbral Bnd&ddrfi-Mke Bell.r OpONi N, a- troponysin

and a- MHC anti body. 16. An isol ated ceI | popul ati on

conprising a sub-popul ation of differentiated cells of

v ai o0 Saffig b 8B ol VB i dp bt ereige the cel

erdretihd e dgmstame earbienpsdyit@iodterénedtion inbdGciegl facky i@ identified
nmet hod according to any one of the clains 1 to 13. 17.

hy expressian: Qfrefetpprioiein andeaelRiAHG: car di onyocyt e
differentiation of a hES cell said culture nedia
conprising ascorbic acid, a derivative or functiona
¢gui VAl aethddhexceofdimdren asymbrfmrofcdaniﬁsﬂy@ayt& wherein the cell
dlfferentﬁatlon 18.. A cel %ﬁ $
eXiaHed /Y G@aﬁt@f‘érﬁ%@'ﬂ@’o&b’?@f éfﬁﬂt'éi'PBrﬁn H'P'%g ERpden s A END-2
9&|@1 &ES cell with another cell that results in
car onyocyte differentiation said culture nedi a
conpr|5|ng ascorbic acid, a derivative or functiona

ui val ent reof. when used for. cardi o ocy :

't oRBRPla e ey oNNoRulS BF fefinE hingRatas tiffespriated from a
ﬁES' dBllsteph fah'i@h@@'a'cc@?@rﬁgﬂcﬁénfbné @ame @lﬁﬁns 119 13.
cardi onyocyte fferentiation 1nducing factor. .
cell culture nedia according to any one of clalns 17

19 Loyt : I.C 1 d.18 : i : :
$8nge lirBaBtdh aRiGRERbRE o ChidC PRI B, Actalify to claim 12
aniRer dkpresses any fellvaving rearkiers inkfuding 281 1Weesetinn t &€roponin, a-
ascorbic acid is at a concentration of 10 4M 22. A
FappmysintanckaMidCanvedydi ng t o anyone of clains 17 to
2 1 conprising serumin the range of approximately 20%
to 0% 23. Acell culture nedia according to any one
06. cl Ahnsolafed oelR popbiatibnicong@isimg &r sb-population of differentiated

cells of a cardiomyocyte cell lineage wherein the cardiomyocytes and cardiac
progenitors thereof of the cell lineage are differentiated from a hES cell by a

method according to any one of the claims 1 to 13.

17. A cell culture media for enhancing cardiomyocyte differentiation of a hES
cell said culture media comprising ascorbic acid, a derivative or functional

equivalent thereof when used for cardiomyocyte differentiation.

18. A cell culture media for enhancing cardiomyocyte differentiation in a co-
culture of a hES cell with another cell that results in cardiomyocyte
differentiation said culture media comprising ascorbic acid, a derivative or

functional equivalent thereof when used for cardiomyocyte differentiation.
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24. A cell culture nedia according to any one of
clains 17 to 23 wherein the nedia is an extracel |l ul ar

wore@sacdedom a culture of a cell excreting at |REFAU008001921

cardi onyocyte differentiati orgg nduci ng factor. 25. A

cell culture nedia according to claim24 wherein the

tel | Ascal gulboermabdiendostedimgolo elase diBawherelodee roelli deeretes at
el]. 26. A cell culture.nedia according to claim?24

Beisband RardofVoned HteeRute AeReParSrol: toer b

endodermlike cell is an END-2 cell line. 27. Use of a

cardi omyocyte or cardiac progenitor according to claim
2Q. or Ailli eulture nmctlz@acawogm tsf any oselof ctaifest £ twhd Mgrerein the

e Ry AR B B L4 H 0o o event i ng

cardi ovascul ar di sease or condition said nethod
conprising transplanting a cardi omyocyte or cardiac .
Bt ogefli GadrculisiEe Ny aceoreing 1A any epe B3 daing & KuBP adierein the

SLIERbA e Lo el TRion 1 sRryent i on her eof 29, A

use or ne accor o claim 27 or 28 wherein the
cardi ovascul ar di sease or condition is selected from

he group includin ocardi al infarction, cardiac -
Rers or Bl TRedal SRCOInGyP FMANe Sy OIS Bf 18 21 comprising
Suth RC¥hEe RF Fli@ egenioiey, according to claim
§4uor9@? in ?ﬁe gﬁgégﬂa?Fﬁ% g?m§(§£[| conposition for
repairing cardiac tissue for the restoration of

52 AP nedidnes Bl BETRE PLEBREP 1528%nin i
sa&idh aepocyte cell |ineage wherein the cell lineage is

differentiated froma hES cell by a nethod according
to any one of the clains 1 to 13 for use in the

eat venti rdi.ac..di S ,
R 1o e piRE B0l B EAY Ph@ SRS e, 23 wherein the
ARl (5 5o dxdrackRilar Snddiatimeiahclif@ecs| & dell nB@esting at least one
consi sts of cardi onyocytes or cardi ac progenitors
RNyl diterentiaion{Bduging agtpr. 33. A cel |
composition according to claim3 1 or 32 wherein the
cardi ac di sease or condition is selected fromthe
B85.0upAi cutll culiung mydiacaatoading nd alaim 24 ,whsaeih the cell is a visceral

ORESa B Vs SRASASH ke o™ &

26. A cell culture media according to claim 24 or 25 wherein the visceral
endoderm or visceral endoderm like cell is an END-2 cell line.

27.  Use of a cardiomyocyte or cardiac progenitor according to claim 14 or 15
in the preparation of a cell composition for the treatment of a cardiovascular

disease or condition.

28. A method of treating or preventing a cardiovascular disease or condition
said method comprising transplanting a cardiomyocyte or cardiac progenitor
according to claim 14 or 15 into a subject in need of the treatment or prevention

thereof.
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34. A cell conposition conprising a sub-popul ati on of
differentiated cells of a cardi onyocyte cell |ineage

wWoL®ee6632@ he cell lineage is differentiated freel/aAUkES001921

cel | by a nethod according toyg@any one of the claims 1
to 13 for use in repairing damaged cardi ac tissue. 35.
29 cel A wsEnposiethathaecarding) togelaion 7 0rr@&Bwhetain éhé caldiovascular

38k P SPASUERTE i Eh 6% SIS hehebly Y/ Sfliy ircion,
?ﬁg‘i%&@iﬂ&ﬁbbﬁ@ﬁné%ﬁ%igé Berthifngikai m 34 or 35 wherein

anaged cardiac tissue fesults from cardi ac
i schaem a. 37. A nethod of repairing cardiac tissue

id rjsin anting. Jd cyt.
3 ol B AR R B BRI P EoRtd: SRS BRIERN I o or 15
inhene prep@atibh sslug e8Il @omigRiskion fdr el chhflac tissue for the
repair.38. A nodel for testing suitability of a
tasteretiay of gaeliaefunctieR. cardi ac transpl antation, said
nodel conprising: an i nmunodeficient ani mal having a
nmeasur abl e paraneter of cardiac function wherein said
ani gaA aedl mmﬁitmroéompdeihgimgmﬁapopul@itioryﬁdjﬁaenﬁiated cells of a
car di onyocyt e progenitor accordi to clajml4 or 15
BTGB rEATNROE WA ainiBarse! Deadeas MR akataR Jfom a hES
Eé\f‘%g'?%é’lfhobh& 4B 1oP8hP e B 11 tc?%%ims 1 to 13 for use in the
transpl antation of tHhe cardi omyocyte. 39. A nodel
weainehtramat preveniion 6Ba whrliad disehee iomeunditien it agratient.
animal is created as a nodel of cardiac nuscle
degeneration follow ng infarct. 40. A nodel according

89. cl Al dBIZBnPoskbBeiRingtth & HaT @mahereiffth€ deliidéage consists
function is contractile function.
of cardiomyocytes or cardiac progenitors differentiated from the hES cell.

33. A cell composition according to claim 31 or 32 wherein the cardiac
disease or condition is selected from the group including myocardial infarction,

cardiac hypertrophy and cardiac arrhythmia.

34. A cell composition comprising a sub-population of differentiated cells of a
cardiomyocyte cell lineage wherein the cell lineage is differentiated from a hES
cell by a method according to any one of the claims 1 to 13 for use in repairing
damaged cardiac tissue.

35. A cell composition according to claim 34 wherein the cell lineage consists

of cardiomyocytes or cardiac progenitors differentiated from the hES cell.

36. A cell composition according to claim 34 or 35 wherein the damaged

cardiac tissue results from cardiac ischaemia.

37. A method of repairing cardiac tissue said method comprising
transplanting a cardiomyocyte or cardiac progenitor according to claim 14 or 15
into the cardiac tissue of a subject in need of the repair.
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38. A model for testing suitability of a cardiomyocyte cell for cardiac
transplantation, said model comprising:

an immunodeficient animal having a measurable parameter of
cardiac function wherein said animal is capable of receiving a cardiomyocyte or
cardiomyocyte progenitor according to claim 14 or 15 by transplantation; and

a means to determine cardiac function of the animal before and
after transplantation of the cardiomyocyte.

39. A model according to claim 38 wherein the immunodeficient animal is

created as a model of cardiac muscle degeneration following infarct.

40. A model according to claim 38 or 39 wherein the parameter of cardiac

function is contractile function.



