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SUMMARY

This invention provides a system for differentiating pluripotent stem cells of human origin into
40  differentiated cell populations that are highly enriched for cardiomyocyte lineage cells — either end-stage
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precursors capable of proliferation in vitro and capable of further
differentiation in vitro or in vivo into therapeutically useful phenotypes.
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afleld(? cardi ac bodi es MmaefromFractlon bar The
Figure 6 is taken from an experiment in which the hES cells were expanded in defined medium
35  before being used to make the cardiomyocytes by direct differentiation.
Figure 7 shows the expression of cTnl measured in cardiac bodies™ formed from each of the
four Percoll™ fractions. Undifferentiated hES cells are used as a negative control. Culturing the
Fraction IV cells as cardiac bodies™ enriched for aMHC or cTnl expression by 100- to 500- fold.
Figure 8(A) shows a field of cardiac bodies™ made from Fraction IV cells (bar = 300 ym). The
40 clusters marked by the arrows were undergoing spontaneous contractions. Figure 8(B) shows the
proportion of clusters that were beating when cardiac bodies™ were made from each of the Percoll™
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40 clusters marked by the arrows were undergoi ng spontaneous contracti ons.
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regener Havnge2 Aesiiallg pleenotype (Examples 6 and 7). This process is particularly well adapted to
35 commercial scale-up. In addition, the clusters may be more stable in storage, and provide a more

effective source of cardiomyocytes for use in regenerative medicine.

Further advances in the making of cardiomyocyte cell populations are also described below. The
remarkable uniformity and functional properties of the cells produced according to this disclosure make
them valuable for studying cardiac tissue in vitro, and for developing new therapeutic modalities for

40  regeneration of cardiac tissue in the treatment of heart disease.
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35 germinal layers (endoderm, mesoderm, and ectoderm), according to a standard art-accepted test, such
as the ability to form a teratoma in 8-12 week old SCID mice, or the ability to form identifiable cells of all
three germ layers in tissue culture.
Included in the definition of pPS cells are embryonic cells of various types, exemplified by human
embryonic stem (hES) cells, described by Thomson et al. (Science 282:1145, 1998); embryonic stem
40  cells from other primates, such as Rhesus stem cells (Thomson et al., Proc. Natl. Acad. Sci. USA

92:7844, 1995), marmoset stem cells (Thomson et al., Biol. Reprod. 55:254, 1996) and human embryonic
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With respect to tissue culture and embryonic stem cells, the reader may wish to refer to
Teratocarcinomas and embryonic stem cells: A praclical approach (E.J. Robertson, ed., IRL Press Ltd.
1987), Guide to Techniques in Mouse Development (P.M. Wasserman et al. eds., Academic Press 1993);
Embryonic Stem Cell Differentiation in Vitro (M.V. Wiles, Meth. Enzymol. 225:900, 1993); Properties and
40  uses of Embryonic Stem Cells: Prospects for Application to Human Biology and Gene Therapy (P.D.
Rathjen et al., Reprod. Fertil. Dev. 10:31, 1998). With respect to the culture of heart cells, standard
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35  Propagation of pPS Cells in an Undifferentiated State

pPS cells can be propagated continuously in culture, using culture conditions that promote
proliferation while inhibiting differentiation. Exemplary serum-containing ES medium is made with 80%
DMEM (such as Knock-Out DMEM, Gibco), 20% of either defined fetal bovine serum (FBS, Hyclone) or
serum replacement (US 2002/0076747 A1, Life Technologies Inc.), 1% non-essential amino acids, 1 mM

40  L-glutamine, and 0.1 mM B-mercaptoethanol.
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35 factor Oct-3/4, Cripto, gastrin-releasing peptide (GRP) receptor, podocalyxin-like protein (PODXL), and

human telomerase reverse transcriptase ("nTERT) (US 2003/0224411 A1), as detected by RT-PCR.

Procedures for preparing cardiomyocytes

Cardiomyocyte lineage cells can be obtained from undifferentiated stem cells by culturing or
40  differentiating in a special growth environment that enriches for cells with the desired phenotype (either
by outgrowth of the desired cells, or by inhibition or killing of other cell types).
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Particularly effective combinations of cardiotropic agents include use of a morphogen like

can be

35  Activin A and a plurality of growth factors, such as those included in the TGF-B and IGF families during
the early commitment stage, optionally supplemented with additional cardiotropins such as one or more
fibroblast growth factors, bone morphogenic proteins, and platelet-derived growth factors.

During the elaboration of this invention, it was found that omitting factors such as insulin-like
growth factor Il (IGF I) and related molecules from the final stages of in vitro differentiation actually

40  increase the levels of cardiac gene expression. In unrelated studies, IGF |l has been found to decrease
the levels of GSK3B in fibroblasts (Scalia et al., J. Cell. Biochem. 82:610, 2001). IGF Il may therefore
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can be coated onto the surface of the culture vessel; or in some instances can be part of a particulate or
meshwork support present throughout the cuiture environment. When gelatin is used, édherence of the
35  cells can be promoted by preincubating the matrix with serum, and then washing away the serum before
plating the cells. If desired, the pPS cells can be established onto the substrate before initiating
differentiation — for example, by continuing to culture for a suitable time (say, 4 to 8 days) with a similar
medium to what is used to expand the pPS cells in the undifferentiated form. This will typically bring the
pPS cells to confluence as a monolayer in the new culture environment.
40 The differentiation process is initiated by culturing the plated cells in a medium that contains
factors referred to elsewhere in this disclosure that promote cardiomyocyte differentiation. Exemplary are

1



20 Direct Differentiation As already described, differentiation paradi gns
for pPS cells traditionally involve formng enbryoid bodies, which allows
cross-tal k between different cell types, thought to pronote ti ssue
formation y§,fs gker rem ni scent of an enbryo. However, it is

advant ageous to elim nate the need 25 to form enbryoi dpﬁaﬂisé"é’w%’f’?low ng the
differentjation rocess to be nore controlled, and the resulting cell

popul at Rgiing #14@r bese rernhegesic gvteinsr Acproiatiany o TEI-6-surgdapiygaotessietismt a1d) . Thi s
di scl osBME-4(s paticdlety affestive (ERAnp00S. fnabmeltircerodtandés biesremvkghagens ike ®vPkeEfmycel | s

into cakglsAmy aF Bhesy, metnmamn Js0d mtmgs@mry@n&iemmr%e@may e%ta.hgabncgm ng
serum or S ustrati tiation

t echni qd&q ?eg e rlr'g"\? g’é)a’vidﬁ‘} %J'ﬁh%x%m%‘ary ¥f lnilf"” mi WEDWB{}SC%%IPF@C“'%’C) Gg? "#¥r vest ed
fromPt h@ ©mert Uﬁc@s"ﬁ nfagipri erh othéfeipflammatosyx [@éﬁﬁtﬂ@dpg(r@?plﬁﬂyrrﬁl“l“y f Edyeng- Pitede, and

pl at ed aifférentiation sadoetcam take Sriywiiedd fidmKa fow @dys tosseatdl @Beks bor hadé tolnétt fhé estientol at ed hES
cells, %Qarbémﬁgﬁpﬁ%%l @thvy f&y&&fnﬁkyﬂ%ocyt e di ffer ent i ation. Exenplary are

05%ge|at|n %r) sybstrate or matrix
can be coat e8"eo?{t '89 antaass PILRIS te5pniquR i tBﬂIatsﬁ'i“g‘ < §§@I5“b58tf‘te e grRsed Bst ances
can be [réirte oo$upperitee tardiartyatyts differentintighmnesess. sip proical ofeties ewthodshirsisghdiet t he

cul t1gr e nR&th @R MR NMormuiaN s @ &laati asbntams U ehiticiald REmtR Rt Ssufflertel thdd siBbrlss can be
pronot e%?f?ré’nt&t@@ %erlg M(Q%grlfi Ergyotcﬂ?ﬁ or ne r%ns d&‘)"(emperggrre st n%mern,ﬁlrb W@p?emeﬁtgan%way the

serumb
establ i ﬁfié'éPPBﬁ‘P'B <Lﬂfﬁ§ec§a%@zeﬁ/§tbé° b&4h sepplemprts afien ﬁ‘ﬁnp"éﬁ Tufriepte Atd cafesigrmlike f or
exarrpl € hurly icsoit (500 pgY), tuumanUtahsierén GO0 nay/ralli dnéllsklenitrm (ES (gal), ad rhay dbodays)

with a %brma.rl anrescme% HR L9 M‘ﬂ.ﬁtm 'p§/L)Uﬁﬁ%c$r@soﬁ3(WEb/L he R sterahé 6' ;Eb/l_‘; he

undifferentiate h

conPue AR 8 %jsh fbape e £EF 96 PGt -+ A BLrktRch PIGmRER Si6 Rflon

di f f er etq avm@nthpnamt:eeﬁ@mm@m 9i eomaeneds triprived | fromy nerghurmae gpimelseld ragictialyi n a
medi um bbabttagoust ai ns factors referred to el sewhere in this disclosure that
pronote cardj r 0558
PCT/ Us2005/ 083 8"‘%8)6%1% fim\?uhﬁnhg{tggn%[ B b'g&cargiérm'“’rEE&h&r”g%gu%c?g'srsé‘gag'?gé %8%§%ggnbl nati on
of TGF- Bedtifser S| 9e‘ﬂiPB‘ieéPh‘g"hA@i""i"QAhﬁ“AF Eﬁ‘tﬂ’e” marPhageRsapdithel CAFTYNYef f ect i ve
( Ex&fpl éneSiturelfor adewrdaye prasumesy aicae 8 weeks hemorern mphmigresnppldnickied B2 Inthip

s;Jbst it gl trfeQﬁechPsoéeun‘éla%arn&maw&rmad?t@& sichia$ 16+ B BMPL2, Btgér adw:ts eblrr oétl ture

st eps on ro | ided earlier.

Exenpl %rpﬁopeﬁs%ag d?lg%"iﬁe?ieﬁce o?%e ?{gl?r%loct:yte pher&o FYE ?nd":‘rgciugg )ﬁé{ YGF I, and/or 5 a
tunor necr osP¥UPRWEBR "Bﬁ‘agﬁtq@i@r “i’el’ﬂ‘f'le%\rPMd’ﬂ%'Fey XRETIN N C%W'Q“cﬁﬂt"é{?/l $eTNF- a.
Cul t ur i ntimatély hartelated froim fifeccutne.i 3ite I@rvestaCopuistios any tekan arysdaer €0% Nosa f ew
daysst 0 gsq,\;@ge@g weeks or nmore to direct the cells into the cardionyocyte

| i neage, bei.n e of the vant a

technique | sPartiatons LB S e g wsee SRR TReb R oo ate or
suppor t charastedsiiesslisenmaschyt mectiarfidabseparationtor eetingrforcsugface matkarss Foysikaneple, e ot her
et hods pertditab® adcontrit@ing ddds B¢ bsl@hricRey petof-0oroil B aausus/o%wattoni tiso@6tt & NS an

tif t. li k
e e et
Gb I el ceyr:~ I 1" °

nutri gﬁtths caridnyofftalireages identikesl by lexmession of MHG qng(nérogmpgbég)ﬂp rdatkefarMabwall‘(ef (ralr ?len

Ei éongrr/&!s% an@ﬂﬁer@&hiﬂ:ﬂé mﬂ&ﬁ;@%%)in th&naisc(r?awre %ﬁeﬂ_ ;r&@ﬁ@g@%rggts fffﬁ'n ge(o A
pg/L), %Edmogf gc%,’dp{)n&/gﬁ Cbmpgt F\c?r%géneféys?&%e %{éu'pe% FGF (1 pg/L). For

pur poses of conmerci al scale producti on
35  Formation of Cardiac Bodies™

It also has been discovered that preparations of pPS derived cardiomyocytes can be further

expanded or enriched by allowing them to grow in clusters that are referred to as cardiac bodies™.
First, a cell population is generated that contains cells with phenotype characteristics of
cardiomyocyte lineage cells, and optionally enriched by density separation or other technique. The cells
40 are then allowed to form clusters, and single cells in the suspension are removed. This can be
accomplished by letting the clusters settle, and pipetting out the supernatant containing single cells.
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35  triangular or multi-angular shaped, and they may show striations characteristic of sarcomeric structures
detectable by immunostaining (Figure 1). They may form flattened sheets of cells, or aggregates that
stay attached to the substrate or float in suspension, showing typical sarcomeres and atrial granules
when examined by electron microscopy.

pPS derived cardiomyocytes and their precursors typically have at least one of the following
40  cardiomyocyte specific markers:
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30 standard immunocytochemistry or flow cytometry assay, optionally after fixation of the cells, and
optionally using a labeled secondary antibody.
The expression of tissue-specific gene products can also be detected at the mRNA level by
Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated polymerase
chain reaction (RT-PCR) using sequence-specific primers in standard amplification methods using
35  publicly available sequence data (GenBank). Expression of tissue-specific markers as detected at the
protein or mRNA level is considered positive if the level is at least 2-fold, and preferably more than 10- or
50-fold above that of a control cell, such as an undifferentiated pPS cell or other unrelated cell type.
Once markers have been identified on the surface of cells of the desired phenotype, they can be
used for immunoselection to further enrich the population by techniques such as immunopanning or
40  antibody-mediated fluorescence-activated cell sorting.
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or another cell type that may be useful in therapy — such as a population that can pre-tolerize the patient
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35  Genetic alteration of differentiated cells

The cells of this invention can be made to contain one or more genetic alterations by genetic
engineering of the cells either before or after differentiation (US 2002/0168766 A1). A cell is said to be
“genetically altered” when a polynucleotide has been transferred into the cell by any suitable means of
artificial manipulation, or where the cell is a progeny of the originally altered cell that has inherited the

40  polynuclectide. For example, the cells can be processed to increase their replication potential by
genetically altering the cells to express telomerase reverse transcriptase, either before or after they
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compound (compared with untreated cells or celis treated with an inert compound), and then correlates
40  the effect of the compound with the observed change.
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in contact with the surface of the anterior left ventricle wall (Murry et al., J. Clin. Invest. 98:2209, 1996;
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40 by histology for the presence of the cells in the damaged area. Cardiac function can be monitored by
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Churchill Livingstone, 2000. Choice of the cellular excipient and any accompanying elements of the

composition will be adapted in accordance with the route and device used for administration. The

composition may also comprise or be accompanied with one or more other ingredients that facilitate the

engraftment or functional mobilization of the cardiomyocytes. Suitable ingredients include matrix proteins

that support or promote adhesion of the cardiomyocytes, or complementary cell types, especially
40  endothelial cells.



determ ning such paraneters as left ventricul ar end-diastolic pressure,
devel oped pressure, rate of pressure rise, and rate of pressure decay.
Therapeutic use in hunmans 5 After adequate testing, differentiated cells of
this i nvenyyipQpsidssspe used for tissue reconstitution or regeneration in a
human patient or other subject in need of such treat nerRCT/HYRE0S08IBE ar e
admnistered in a manner that permts themto graft or mgrate to the

i nt ended ti sHfdN@Ntion alsp icipdes 6 irepént sysiemoromprising aeetar eombingiionfoliprts hejidst] v

def i ci eatangiire@duriby eahdactuske disttiRsiora beusay ahd élnlsas tdmarisesirg cadlsipitiedoffthvad or

admi ni SFn@rre'cE\gpo?@%tloﬁs a&BRR0 8O lisdi RGO bkl JdOndt Ahih 3T a LG difRnfkdaeCt Iy to

t he cha [S O he heart, the pericardium or the O jnterior of the
Car dl aaProielrd sl Crmomeel b cr B PecBre aes IPE" BL SBet ol

r eced vi priNEAtCR| With (ndiffarentfiteqh PRS erdip jow etbier clifflegiistepi sel tyees, otign tharingrteeasasd t o
reduce bemomeeEs®) el typbOm 18é sdt iy bé pak@yed iigaflerc@lin Sopaldetdomeisers Dithesgreat ed
i ncl Udefatcilﬂﬁ oﬁgmﬁgr'eﬁtlcfctgﬁohg@t tﬂé san@bﬁﬁf’fe‘énﬁﬂ%&, uE 05 9§I'~6plné ga?‘x%'eﬁﬁy g'rdk'fgr%ntl i ke

cycl osport_hn ﬁ ,gDuEn_e a ugs 61:195 , or 1 nducl ng

i munot B1EFEATEY B TGS HCRE¥ed popul ati on of pPS derived cells (WO

02/ 44343; U. Rammgewingl cargpogitiopg of thisligyentigmrme g sreihae) packaprstim e suitalpigrontaioér is to
adapb t tieh wiercihaiytoayfoea Es3idd pPPEd) SAtH 43Nhe recolQiGiHAS ardibriy@cyadidll Rlhction tour | ¢ aci d
produceshoie £ BeallondidiRPnbiAflPARkakd ARkt 0 @ subj ect, for exanple, by
treating themwth allopurinol. ternatively or in conjunction, the
patient is prepared by adm nistering allopurinol, or an enzyne that

met abol i zes uri c Teefollbying exdmplas ana pvidedax fudiees eor(IR@TH USDATA2H17) . Pati ents
suitabl e for receiving regahRiidcmbsiinBBicthdBveaasmor ding to this invention
include those 20 having acute and chronic heart conditions of various

Ki n&s, such as coronary heart disease, cardionyopathy, endocarditis,

congeni tal cardiovascul ar defects, E¥¥8.E8ongestive heart failure. Efficacy of
treatment can be nonitored by clinically accepted criteria, such as

reduct i el 12bEiBre GV RES Vs 1§ EAGiombbyesUe Or revascul arization of scar
tissue, and 1n the frequency and severity of angina; or an inprovenent in
devel oped prigEssuel thes, H1sHDIHICanp He.8 $aidiaded iR derttedafsdnOH9) GveEridittiyas@plished on

?2: g@g Ufe@cﬁceﬁtdgﬁgeg?&)?éﬁérem_ﬁirﬁtgiﬁﬁ Lihded geeﬁé}ﬁrge Z:léndﬁté_ﬁge,id&s?’ d&ftcridgh]t ig-rwzsfg]?/mm.

| { £S |.S \' | Su | ,

har mactPREfon s fllaes pRAn B BRt ASpRBR . I s e Ry 3, ea under
suffici @rﬂ’f%?“%‘t“equitl!fé tao B wereyansfegpd tpugelain-coatedpiates tof ahambar sligyse rPeatg

di f f er ecdrdiduiyb&ytes WoaCiedatsRfrdnaEB oityrowth @@ciatibdiv ai difieréniiation ehy £5-28S harasidd, ac

Gont Lo debhed AN n kS B e o BoBRRIS Gorone KBligSaldon iy BilRaSC of BY
Inart or b annEd AoowE D Bistits L bR po AP un PR (et *t he

cel | s omrgralgg mpredhgnethelsy heat shock or cultured with -0.5 U nL

erxd/t hr oploi fetirigurle Z%hBanﬁnub@mﬁdeff&bl&]E§uﬁieh@B-usinEQFl:aQ@ﬁ% alanqareblaeda,plogisl in
medi ci n [ ation, t reader is . referre Ther.apy. em

Tr anap! 2 S0P R Ror i SalERAE lop ol RhAR flch, & opdll SRR P | ¢
W Sher fotaif degrain. cTabagrdarise tepenipdr(&int)y Praaseells pubgustes sfaifrsresitisderedli ¢ St em
Cel Bo Thiaesepyerkeks. Dhe Baihéd sirble chidbing@icytés WRre dpititle, rodl ach ik otviuiti-anbularishapsd.one,
2000. GRQI G chiiSctGRld BHAY sEebbRi 80LuBDR ADYeaE COTRAM RGNS LGIERLS Of the

conposition w || befada ed lin accordance wth the route and device used for
adm ni sTPAETHICFAR °r818%5°of§'?° Ton may al so conprise or be acconpanied with
one or nore CAHERYOPYRSr wRIe &iDe enfighed Pydensitvt spparationeen aAiggoainters raradignt ¢funct i onal
nobi | i Z Bdréod™y (@fdertsmesepanamtincma,dmm}cbeﬁrisin@uén_biahpricvgé@dice)n_tcsardimbdyde wemt ri x

pr Obf' NGenerh@@hs &lleS}Q,OﬁaFve&éd %P'i@&a‘i‘vls €8 8datiRf anky hf‘au%rﬁ@ﬁﬁf‘%@@fffér@ﬁiatioﬂr

conp en%@&uarhr.yAﬁg settlltng Qg'\rss mFr"l,s gcclel?susgensigr(n) wgi‘sn ogée}aeonkoaa Ia(s:/gr of S40.5% Percoll™

(Pharmacia) (~1.05 g/mL) overtop of a layer of 58.5% Percoll™ (~1.075 g/mL). The cells were then

centrifuged at 1500 g for 30 min. After centrifugation, cells at the interface of the two layers were
harvested, washed, resuspended in differentiation medium, and seeded into chamber slides. The

40  harvested cells showed 26.8 + 4.1 % staining for sarcomeric myosin heavy chain (MHC), which is at least
~20-fold higher than the starting cell population.
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mai nt ai xam"l'enéj a‘the d{er-free ondi t| atia S described in WO 01/51616.
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(cTnT). téatswm ik brs ﬁﬁﬁs&'dﬁéﬁ%%%w’ﬁo%éé%%ﬂ?%«t /o &95 _Blibo $uuhdipsey mar ker s.

The stai ned ﬂgﬁ card tes were s%d 4.1 tr
mul ti - ar‘f@‘ﬂfﬁ%ﬁ'g %(}5@8““'”[‘?&8 %XHF%SBP@WB% 35’5? ‘éﬂ”fa%tf ?5”‘('5 t he sarconeric
structures i elibis@cid wen appieshisidiferentiatinginER ctlties edrsessstyeler 10 2ang 46 Sl bt

necessardyy §-8/thed RIS kdsaoid A6 &el cil, wiia bicHa@/®) @Y &5 4 W8, tferd uasm@errcraawm eh@chy by
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separati on medi um conprisin ocytes
were 353 aRerys Sa'sa8 tB“eP?ﬁ“gt'mhaF‘v%’g‘f"éH DYSPepndy istingicy acids ndipib gardipygefeat i n, and
r esus perifiedntiationt fegerditffobigr ¢ese abmemundseghnenate fdrdiemyosyddst frormgmduee efbrypnie,  t he

cel | susp@RGHhad WBForidAEH Boll8 P/ 6bud of a&Y.L MoD EelliCar@dio J3a68: i boMacHuRREIERCT a)
(-1.05 q{mre)zg 9, r#dg of a layer of 58.5% Percol | TM (-1.075 g/nL). The cells
were then  centr ed at 1500 g for 30 mn. After centrifugation, cells at
t he 3ont erface of the t wo Iayers wer e harvested washed, resuspended in

di f f er erBxamdie pEige eompbinativds of eardie: It wtitreacests i des. The

This example is an investigation of combined effects of added growth factors to influence
cardiomyocyte differentiation of human ES cells.
The rationale was as follows. Group | factors were selected as being able to supply functions of
35 the hypoblast during initial commitment. Group Il factors were selected as able to supply functions of
endoderm during subsequent development in combination with Group | factors. Group Ill factors were
selected as survival factors for cardiomyocytes in extended culture. A typical working concentration was
defined as “medium” level, with 4-fold lower and 4-fold higher levels defined as “low” and “high” levels.
The concentrations are shown below:
40



40 harvested cells showed 26.8 t 4.1 % staining for sarconeric nyosin heavy
chain (MHC), which Is at least -20-fold higher than the starting cell
popul ati on. 19 WD 2005/ 090558 PCT/ US2005/ 009081 The function of hES-derived
car di onmy oGy esysMehssd est ed by determ ni ng whet her the | es respond
appropriately to the chronotropic effects of cardioact %\g:érmg?%&%& gure 2
(Panel A) shows—that the beatingrate was inhibited-by the L-type cal cium
bl ocker diltazemin a comMgBiHZ Exedflarglepandporacoanner. When cel s were
treated with 1 -+ i - t opped
contraction. This ob®envaitdron shoc\gﬁc'éﬁf"pgot t@e"gﬁ% !i-ogeri%é'eéfg‘cl%rr]di onyocyt es have
functional L-t } CORIeI ¢ CRey there are
posi tive chronot Gt effects induced by isoprenaline (a (3-adrenoceptor
?ﬂoPi fth) apld pﬂegyl agkip iane _(aE_ g_— ?Qsﬁ‘dkﬁlﬁ/ﬁpt ang/.ao?i?’gtobgg/ﬁaanel st D and E fsh;)w
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cardi onyocyte |i ceag@. Exanple 2: Factors that Pronote cardi onvocvte
differentiation Enb i,d bodies fr e H1 l'in e treated at
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anal yzed for cardi amsiiC by real - sicery/HT- PCRsngdne t 0 1d0 ngl of
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cardiac a-MHC, correlating with ang?hd:ér%asec?xgéoorti on ng/F] beating areas in
the culture. Qther Fedg ani 1&e"¥Br an 3By ePoi"HBlce cardi omyocyte
differentiation g@g_dégﬁgytgjnget hyl  gyf oxi de1i6_ﬁ)/50) angh@hl -trans retinoic
acid (RA). Enb streated with 0 5% DVSO fromdays 20 0-4 produced
fewer beating ar &wpilhan non-treated cultures. Beating cells were absent
fromcultures treategw th 0.8% or gis 3% DVMSO, 2apd 1. 5% {gyR®@ was actual ly
toxic to the cells. J.QYBOtreatrrent cau signifjcant reduction in
a- MHC expr essi on, c'orrp'ared wth unP'?é'i\Fed cu?gﬁ\f‘es. Re{O|8H ic acid was
applied to differentifati ng hES cul 609s at #88¢%L pet w8ePIMY' s and 10-5 M At
dﬁy 0-4, the RA wasEetpxi cbto t he cselshgamlI }Nhi Izengazmdgysw@n&m[_& 15, gr 4|— 15,
there was no increagg.tpsbeating S ed w,t treated cul tures.
Thus, 5- aza-deoxy-cgts?'él?%e i ncr easog,%gt e prggg%!'on gﬁ“"“?‘ﬁ%i onyocyte cells
in the popul ation. Pifcontrast, DMSOY%Mtd ret'PR¥ME aci °PHAE bi t car di omyocyte
differentiation, evesilibhough t hesesedbmpounds 2gevier at e wandi onyocytes from
nmouse enbryoni € carcinonma or enbryonic stemcells (vbus at al., J. Ml.
Cell Cardiol. 29:1525, 1997; MBurney et al., Nature 299:165, 1982). 30
Exanpl e 3: Effective conbinati ons of cardi onyocyte differentiation agents
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divided into 2 aliquots plated in 2 wells of a gelatin-coated adherent 6 well tissue culture plate

A

(10 cm*well). The adherent embryoid bodies and their outgrowths were cultured in 4 mL of DMEM plus

10  20% FBS in the presence or absence of additional factors for 11 days, after which the number of beating

regions in each well was observed by light microscopy, and RNA was harvested from each well for
subsequent quantitative PCR analysis.

Group | factors were added on day 0, (the day on which undifferentiated cells were transferred to

suspension culture to generate embryoid bodies) and were present continuously until day 8 (4 days after

15  the embryoid bodies were plated in gelatin-coated wells). Group 1l factors were added on day 4 (at the

time of plating) and were present continuously until day 8. Group Ill factors were added on day 8 and

were present continuously until the end of the experiment (day 15). A subset of cultures was exposed to



sel ected as survival factors for cardionyocytes in extended culture. A
typi cal working concentration was defined as "nedium level, with 4-fold
| oner and 4-fold higher Ievels defined as "low' and "high" levels. The
concent r atw@bds@éRssshown bel ow. 40 20 WO 2005/ 090558 PQ;'E/ (8)9;34“9 9081
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were also n contrast, the endoc?erm a.gsocugled gene HNF3b is not specifically
mduced under these conditions. The effect on a-MHC and GATA-4 was selective, in comparison with the
20  endoderm-associated gene HNF3b, which increased using any growth factor combination, but not with
5-aza-deoxy-cytidine.
These results demonstrate that factors within Groups 1 and Il enhance the proportion of cells
bearing characteristic features of cardiomyocytes.

25 Example 4: Four-phase centrifugation separation method

Cardiomyocytes were generated from hES cells of the H7 line by forming embryoid bodies for 4
days, and then proliferating on gelatin-coated plates for 17 days (5-aza-deoxy-cytidine and growth factors
were not used). The cells were then dissociated using collagenase B, resuspended in differentiation
medium. The cell suspension was then layered onto a discontinuous gradient of Percoll™, and

30  centrifuged at 1500 g for 30 min. Four fractions were collected: 1. The upper interface; Il. The 40.5%
layer; lll. The lower interface; IV. The 58.5% layer. The cells were washed and resuspended in
differentiation medium. Cells for immunostaining were seeded into chamber slides at 10* cells per well,
cultured for 2 or 7, and then fixed and stained.

Results are shown in Table 3. Percentage of MHC positive cells was determined by counting

35 cells in 30 images from triplicate wells for each fraction and presented as mean * standard deviation of
cells from 3 wells.



suspension culture to generate enbryoid bodi es) and were present
continuously until day 8 (4 days after 15 the enbryoid bodies were plated
in gelatin-coated wells). Goup Il factors were added on day 4 (at the tine
of plating present continuously until day 8. Goup Ill factors
wer e addedwg?@%é%gand were present continuously untiPCETR20EA8981 t he
experinment (day 15). A subset of cultures was exposed to 21 WD 2005/ 090558
PCT/ US2005/ 009081 5- aza-deo A el Nem hrs (day 6-8). Cultures were
re-fed with fresh media pl uq%?%?‘n%?a a%fgd;?;aﬁ&nn dquya R? 11_and 13. It
was observed that while no beating regions were obs&sRng e t he contr ol

cul tures (thd3®onmint aj RELCIUA t he BepBERels of suppl emeftGry
factors/5-aza-deoxy-cytidine) or those mnintal npﬁaﬂzn the 5%%79gence of the
growt h f aceqsssdphraidde absence of 5-azazdeoxy- cyri-diang, beatignguar eas were
observed in all wells receiving the conbination of growh factors plus

5- aza- deoxy-cytii di ne. Fi guei8 (Lower Panel) shewd.s5pdant i ted+a@®@%PCR anal ysi s
(TagmanTM for expression of the cardiac gene a nyosin heavy chain (aMHCO),
relative to the | evel in fortfll heart RNA The4bBevd%of SAdr®&3%i on was
significantly higher in cells exposed to growth factors (GF) plus

5- aza- deoxy- cytll di ne. 10 4the!? owest corcent r at 3o f ést ed 2hetd4Sufficient to
achi eve hi gher aMHC expressi op (30-fold higher than the |evels seen in
control . These'\?esul ts mérsequ@abor ated™n a suﬁé‘é%{}’e{”lt ex‘lbzezr*{?isér’f HL cells
(passage 38) were cultured as before, except that: a) only the | owest
concentrations of factors used In the previous experinent were enployed;
and b) in_one set of sanpl th 0 I eat ne vas .onmitted. The |evel
of ot PatPy Eorf o e RATTR of ool butFutfts ek M AREEThe BRGNS TTE) LBV
t o undi f f er efhenalyearf ge(cplls as fatejiringd by indfiephlemuprsytoRTISE inehowp indelleh 111 from
the protocol led to a further 3-fold increase in the anount of aVMHC nRNA
expressi on. |ncreases T theexpresstonof—the earty

car di onmyocyt e- associ atT@BLE 4jefreraciarisicsaf Sappiated CeflPogdations ed. I n contrast, the
endoder m associated gemne HNF3D TS not specificat iy [nduced under these
condi tions. The effeckrigP a- VHC arfdrdomysviainggge seiNopcwdiaccelsn conpari son with
the 20 endodermt gggpci at ed gene HNF3D, Whi Ch 1 ncreased_using any growth
factor conbination, but not with 5-aza-deoxy-cyti d i n e. These results
denonstrate that PERFSREIGFRMIA G oups t*and |1 enhance the proportion of
cells bearing chardaepercstic features ef cardi onyocytes. 25 Exanple 4:
Four - phase centridfjgatiomcseparati on meghod Cardi onyocytes were gener ated
fromhES cells of the H/ Iine by form ng enbryoid bodies for 4 days, and
then proliferati fgeheYel atin-coated pl g‘t es for 17 day$

(5-aza- deoxy- cyt i hopie masete aginowt h f act or s+ were not usekbpt The cells were
then dissoci ated Hgpdg col | agenase B, resuspended in differentiation

medi um The cell s%%gep?si on was then |layered onto a di scontinuous gradi ent
of Percollm and SR8’ 'ri fuged at 1500 g for 30 nmin. Four fractions were
collected: |. Theftupde interface; Il1. Fhe 40.5% layer; I1l. The |ower
interface; IV. Thes7/58.5% | ayer. The cedbstwere washedumed resuspended in
differentiation ium Cells for inmu ai ni ng wer ded i nto chanber
slides at 10 cel I@;&{ﬁ er well, cultured&?%E 2 or 7, aﬁsaést%ﬁen fixed and
stained. Results ~5hown in Table 3. Percentage of MAC positive cells was
determ ned by coumd-i+) - -

Cardiomyocyte populations separated by density gradient centrifugation could be distinguished by

staining for cTnl and MHC. Absence of staining for myogenin, a-fetoprotein, or B-tubulin Il showed the

10  absence of skeletal muscle, endoderm cell types, and neurons. Lack of staining for SSEA-4 and
Tra-1-81 confirms the absence of undifferentiated hES cells.

a-Smooth muscle actin (SMA) is reportedly present in embryonic and fetal cardiomyocytes, but

not adult cardiomyocytes (Leor et al., Circulation 97:11332, 1996; Etzion et al., Mol. Cell Cardiol. 33:1321,

2001). Virtually all cTnl;positive cells and a subset of ¢Tnl negative cells obtained in the cardiomyocyte

23



35 cells in 30 inmages fromtriplicate wells for each fraction and presented
as nean standard deviation of cells from3 wells. 22 WO 2005/ 090558
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Matrigel® with no subsequent incubation with serum-containing medium.

15 in an exemplary trial, TGF-8 related factors were tested for their ability to induce expression of
genes characteristic of mesoderm or early stage cardiomyocytes. Undifferentiated hES cells from the H7
line were seeded into 24 well gelatin coated plates. After one week of growth in mEF conditioned
medium as undifferentiated cells, the medium was changed to RPMI + B27 supplement, with or without
50 ng/mL Activin A, 50 ng/mL BMP-4, or both factors together. After four days, the growth factors were

20 removed by medium exchange, and the cells were then cultured for an additional 14 days in RPMI + B27
alone. For comparison, hES cells were also differentiated by the embryoid body protocol as already
described (culturing four days suspended in medium containing 20% FBS, then on 0.5% gelatin-coated
surfaces , and harvesting at day 12-20 of culture).

Expression of a-myosin heavy chain in the differentiated cells was determined by real-time PCR

25  analysis using gene-specific primers. Data were normalized by multiplex reactions with the 18s rRNA-
specific assay from Applied Biosystems.

Figure 5(A) shows the results. The combination of Activin A and BMP-4 in the direct
differentiation method on gelatin coated plates produced cells expressing considerably higher levels of
MHC, compared with cells generated from embryoid bodies in serum-containing medium. Numerous

30 spontaneously beating areas were evident, forming spheres that later took on a more flattened
appearance and began to beat 7 days after withdrawing Activin A and BMP-4, No such beating areas
were evident in wells cultured without Activin A and BMP-4.

In a separate trial, cells were differentiated in the same fashion on multiwell chamber slides.
Multiple spontaneously beating areas were evident in wells cultured with using Activin A and BMP-4,

35  showing evidence of organized, functional sarcomeres, whereas no beating areas were present in wells
cultured in the absence of the factor combination. The slides were fixed with 2% paraformaldehyde,
permeabilized with ethanol, and then stained for marker expression.

Figure 5(B) shows the results. The cells demonstrated both strong nuclear-localized expression
of the cardiac transcription factor Nkx2.5, and cytoplasmic expression of a-sarcomeric actinin. Clusters

40  of cells were observed that stained for both markers. Separate positively staining cells had organized
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35 Example 6: Enrichment of contracting cells by making Cardiac Bodies™

This example illustrates the subsequent culturing of cardiomyocyte clusters as Cardiac Bodies™

to enrich for cells having characteristics desirable for therapeutic use and other purposes.
Three 225 cm? flasks of undifferentiated hES cells of the H7 line were used to generate embryoid
bodies as already described. The EBs from each flask were resuspended in 75 mL of medium and
40 transferred to three low adhesion six well plates (4 mL cell suspension per well), yielding nine plates of
EBs in suspension in total. The EBs were re-fed after one day in suspension by transferring the newly
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onto gelatin on day 4, and refed w1th fresh medium every 2 or 3 days thereafter On day 12 four flasks of

ay

differentiated cells were separated by density gradient centrifugation as before, and on day 20, the

remaining 3 flasks were processed. Clustered cells in each of the four Percoll™ fractions were separated

35 into single cell suspensions. They were then grown in suspension culture to form cardiac bodies™, fed

with fresh medium on days 2, 5, and 6. On day 7, they were harvested and viewed under the
microscope.

Figure 8(A) shows a field of cardiac bodies™ made from Fraction 1V cells (bar = 300 um). The

clusters marked by the arrows were undergoing spontaneous contractions. Figure 8(B) shows the

40  quantitative data obtained by counting the contracting clusters in each preparation. Fraction IV showed

the highest proportion of spontaneously contracting cells, and was higher when the starting population
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bodi es as al ready described. The EBs from each flask were resuspended in 75
mL of mediumand 40 transferred to three |ow adhesion six well plates (4 nL
cell suspension per well), yielding nine plates of EBs in suspension in
total. ThewgBgoWR 5)% re-fed after one day in suspension by transferring the
newmy 25 WO 2005 80558 PCT/ US2005/ 009081 formed EBs PET/E8R0pA00805mi cal
tubes (one plate per tube), letting the EBs settle at roomtenperature
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25 Cells are harvested and purified by Blendzyme™ digestion and centrifugation through a
discontinuous Percoll™ gradient. Fraction IV cells are resuspended at a concentration corresponding to
approximately 1-5 million cells/mL and transferred to a conical tube. The cell suspension is incubated at
room temperature for 10 min without agitation. The floating cells are removed by gentle aspiration and
the remaining clusters are washed once with PBS and then dissociated to single cells with 0.025%

30  trypsin/EDTA. The cells are resuspended in 20% FBS-containing medium at approximately 4 mL per
5 million starting Fraction IV cells. The cell suspension is transferred to low adhesion tissue culture
plates and re-fed every 2 to 4 days by gently centrifuging or letting the cardiac bodies™ settle at room
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with fresh nediumon days 2, 5 and 6. On day 7, they were harvested and
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The compositions and procedures provided in the description can be effectively modified by those
skilled in the art without departing from the invention embodied in the claims that follow.



25 Cells are harvested and purified by Bl endzynmeTM di gesti on and
centrifugation through a discontinuous Percoll TM gradient. Fraction |V
cells are resuspended at a concentration corresponding to approximtely 1-5
mllion cells/nL and transferred to a conical tube. The cell suspension is
incubated at roomtenperature for 10 mn without agitation. The floating
cells are renoved by gentle aspiration and the remaining clusters are
washed once with PBS and then di ssog,| d to single cells with 0.025% 30
trypsi n/ EDTA. The cells are resuspe in 20% FBS- cont ai ni ng medi um at
approximately 4 nL per 5 mllion starting Fraction IV cells. The cell
suspension is transferred to | ow adhesion tissue culture plates and re-fed
every 2 to 14 Al atRodly oBBiRihg YardidYbdyte flikeabd) EbII© Frorh Phirkdtd1Puripbtent GRMAPRBY cbredi esTM

settle at rog £ 0 58 PCT/ US2005/ 009081 tenp prior to
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source of hES- darRayptngiigrentialed s domaoPs sl ine frpma hymanblasigeysiditectiyanioido

cul ture, or soldjswdace twithdut forhieg emtoygidckodies. whersialithecsurtire daY Ishitfstratertet wiigh bef or e
harvesting. Zahismyephaingge Jelisaupgb:ant ati on of Cardi ac BodiesTMinto the intact
myocar di um To asﬁ)%ﬁmt&rﬁ‘ﬂm%l%leh b%é’ceﬁ&fto &abitdh Bo RO bﬁrﬁtei O survive in vivo,

H7-derived cells ure earts of adult nude rats.

H7 hES cells wer Q ?rgté'ag ['Ig eﬁ@ﬂ'é’feﬁtcé"séﬁﬁ'leyﬂf%moB'(ﬁeé'g‘ PrressBogetpaUt it §¥t ai ni ng
medi um t he eresangedt dctiio alidadoneemoephegahic pieteil | N suspensi on for 4 days, and then
al l oned to adheg@pionalig litadn e GENaEr@wlc) irl tReSdbSanca/dn Gither dekvyor bdag Morptidhdnidr ed for 2
addi ti onal %%ﬁ Cardi ac bodi esTM were 10 prepared as descri bed above, and
mai nt ai ned in suspen3| on in 20% FBS-containing nediumfor 1 week wth
re-feedi ng every®22%esine ceksiam g sytuiRiad i on experi ments were done by Drs.
Charl es Murry anfl eivichihgathe harsgfsied getiepopitlatiorhior cellihihateaxprpgsya-eafdiag\imyesinrgd\yn i n
Seattl e, undenrairgmSponsor ed Research Agreenent with Geron Corp. Twenty- four
hours prior to i rrpl antation, the cardiac bodi esTM were subjected to 30

m nute hea t 439 to 15 increase day of.

ol ant at | 6n TR ERRAREL R BEPRT HPROTE P RS S h PP PP FLTEARUPA ol ar

myocar di um ofungniempryanisgtemgells r at s. After 1 week, the rats were sacrificed,
the hearts were fixed, sectioned, and exam ned for the presence of hunan
et 1 et A e Bl ey MAGUE oo S8 oy oY PR da T ©

hybri di zat i off %&df"ﬁh amﬁ‘rﬁ?{“@ﬁ'@m fic pancentromeric probe (niddle panel). The
human 20 cells were further identified as cardi onmyocytes by |abeling with
an anti body. dhe redttioe df argy prebeiing Craify Biserein thd1eds/ate edblishediin dtep ptyichituingfasr t he
human ort hol g.q,,ﬂ@JeQWpﬁgadg@slo),sa,gr;@,gg,g,eq,%@,dggm;rate that the hES derived
cardi onyocyte lineage cells of this invention are suitable for
transplantation into the nyocardium where they survive and integrate into

t he host t Bs3hfemetpd offay Peeeadine SIRIM; Wieeeindpricefly #e adfued® St?PGW'H‘e‘B“VF"rﬁ 3"He

descri pti on ewrd4 befoafdhyotmael y nodi fied by those skilled in the art w thout
departing fromthe i nvention enbodi ed in the clains that follow 28 CLAI M5
él u'rA\i g.gt Qﬁg I{e mrﬁ gllg{“ % eef:e%{n(gj Icl(a)| emstpencewse %9 {e:lf,'tgr%cl? I(glsﬁte]cgwm trpeoarbaance of

either achvm or bone morphogemc proteln for one week or'more.

7. The method of any preceding claim, wherein the cells are cuitured in steps d) and e) in the
absence of BMP-2, but in the presence of a medium supplement containing insulin, transterrin,
and selenium.

8. The method of any preceding claim, wherein the enriching in step g) comprises separating the

harvested cells into fractions according to their density; and then collecting the fractions that
express MHC from an endogenous gene.
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a) plating undifferentiated cells froma pPS cell line froma human

bl astocyst directly onto a solid surface without form ng enbryoi d bodi es,
wherein the surface has substrate to which cardionyocyte |ineage cells
adhere; b) permtting the plated pPS cells to establish onto the substrate;
c) culturing the established cells in the absence of serumor feeder cells,
but in the presence of activin and a bone norphogeni c protein; d)
optionally culturing the cells fromc) in the absence of either activin or
bone nor phoggg'lr?fg'etl’?g’z)‘?"éf"ﬁ?ed@?°'?1'3’r'\’/‘€§'t°¥"f’r°d’s'?%e cells fromthe culture; and f)
enri chi ng t he harpy&appraingcelis in thanstiphed qethppreiafien hatjatepresenhes singls cels somcalsar di ac
myosi n heavy thatrapmseftdsi@ysters). The net hod of the preceding clam wherein the

PPS cells in step) aluspdnBinge &id bt 8GR elsiinHRtrigH mediidii®N enbryoni c stem cel |'s.
3. The met hod of eln %p(ﬁ cells are plated in
i br

ei ther precedi cl ai r
step b) onto a sﬁ‘ofsef”?'é{{"ﬁg'e&95%?%"3%/\?%"tg;e'fuﬁ'?'ﬁﬁ‘ By onectin. 4. The nethod
of any precedi ng9cFelscting i wdsbingithe lgeultyreq gells: ar e est abl i shed in step c) by
culturing as unthefebyegeanitingtet diupérSinabich 8 leas 5&a bfdhexlusteis luadegyo kmntafieousr days or
nore. 5. The @mbbhes of any preceding claim wherein the cells are cultured
in step d) with Activin A and BMP-4 for four days or nore. 6. The nethod of
any preceding claim wherein the cells are cultured in step e) in the
absence of 10- &} matiep ofa8kinipg pardigmyprytq dneags geisdig@RPE celit Sererrisings difereppatinggelsk or nor e.
7. The net hodromfa paS yeliflinecieotth iughat biastaayst inth @ cali populdtien @apdsimg atreascatstMinCed i N

steps d) and Bdivh &bud, B tned R5tasn e binBMatea cold4d td RicWing pBleagence of a medi um
suppl enent ¢ net hod of

ontaining insuli transferrin, an elenium 8. The
any preceding cl & rﬁe‘g{ﬁﬂ'éqr tﬁf ﬁglf ﬁhé[ %’ﬂrpfeé?# Ay Sinde cseﬁseimbfem%g'ﬁb?'? R8¥Bpar ati ng
the harvestéWste®l|ls into fractions according to their density; and then
col l ecting the fpapéakiogapatt matiustes(pr ess MHC from an endogenous gene. 29 9.

The method of any R&esRligIh delsdoib) if MitdeRi®lediGRNPr i Sing: a) separating cells
in the enriched g)el ation thé'?]t re foresent a%tqséitngée cells fromcells
el'ls

| - popul . r
that are present é%c"'%:"ﬁ'ﬂ?grty?e'?%'?peﬁﬂedF.essﬂsﬁgﬁgﬁ"nmedfuﬁ'ée‘ucc FaSEAPPEs ¢l usters
in nutrient nedi BAPDY seneratingqel! EluAtarsip whishaat least B Hgslysters Pdgrap FPOPIANEOYSLL r i ent
medi um and cohtraaigl. | ecti ng and washing the recultured cells; thereby
generating cell clusters in which at |east 50% of the clusters undergo

spont aneo ontraction. 1 A et hod of obtaini cardi 0 | i neage
colls (1 ontpils Mepdl il of e g S Bho dh BipdellBiR PR MY (PP,
from a human 9WRE tEAserep 5ells 1@ selel Tompyisrersian; &Y BTty sutrensieasdte 20% MVHC
positive cel Ir@noveeind t hen subjecting the differentiated cells to the
fol |l owi ng procedure:

12. The method of claims 9-11, wherein the nutrient medium in which the resuspended cells are

cultured contains about 20% serum or serum substitute.

13. The method of claims 9-12, comprising separating, resuspending, and reculturing the cells three or
more times.

14. The method of claims 9-13, wherein at least 80% of the clusters undergo spontaneous contraction
after the reculturing.

15. The method of claim 14, wherein the cell clusters are plated onto a surface coated with gelatin or
basement membrane produced by Engelbreth-Hoim-Swarm tumor cells and containing

extracellular matrix components such as laminin.

16. The method of any of claims 9-15, further comprising dispersing the cardiac bodies into a
suspension of single cells and/or smaller cell clusters.
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a) separating the cells that are present as single cells fromcells that are
present as clusters; b) breaking apart the clusters; c) resuspending the
cells fromb) in nutrient medium d) reculturing the resuspended cells in
the nutrient medium such that the cells reaggregate; thereby generating
cell clusters in which at |east 50% of the clusters undergo spontaneous
contraction. 11. The nethod of claim9 or 10, wherein the single cells are
separated fromthe clustered cells by aIIomﬁnP the clustered cells to
settle frdh SRR 68l PoaviRliorsesultyed dyeg pPdvglion of eardiqayprytedineage eells frafpved. 12.
The net hod ohunghdlastyDeelld, compnigngzi n t he nutrient nediumin which the
resuspended cel | g yadifdrentatél taAE fsh £RBbPPE St 20% serum or serum
substitute. 13. The d.of clainms . 9-12,  C i:Si S rati
resuspendi ng, an;}? argyﬁ'%{}’ﬁr?f ﬁard'f)'ﬁ@%eemeggjét e'r'seaéﬁgégrnhaﬁer?ggoem ? %?ﬁggg c%?ll!ne The net hod
of clainms 9- fordipgiatheimgthegof pRypeeced®9didis t he cl usters undergo spont aneous
contraction after the reculturing. 15. The nethod of claim 14, wherein the
cell clusters are plated onto a surface coated with gelatin or basenent
menbr ane produced by Engel bret h-Hol m Swarm tunor cells and cont ai ni ng
extracel lular matrix conponents such as lamnin. 16. The nethod of any of
clainms 9-15, further conprising dispersing the cardiac bodies into a
suspensi on of single cells and/or smaller cell dusters. 30 17. A plurality
of cell popul ations cultured during production of cardlonyocyte |ineage
cells from human bl astocyst cells, conprising: a) undifferentiated cells
froma line of pPS cells; and b) a popul ation of cardi omyocyte |ineage cells
differentiated fromsaid pPS cell line according to the nmethod of any
preceding claim 31
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