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35 e express one or more of the following markers from an endogenous gene: cardiac troponin | (cTnl),
cardiac troponin T (¢TnT), and atrial natriuretic factor (ANF).
s express three or more of the other phenotypic markers referred to in this disclosure
s be produced by differentiation of primate pluripotent stem (pPS) cells
¢ have the same genome as an established human embryonic stem (hES) cell line
40 e - express spontaneous periodic contractile activity
s express other characteristics of cardiomyocytes, such as ion channel or appropriate electrophysiology
The cell populations of this invention may be enriched to the point where ~5, ~20, or ~60% of the cells have
the characteristics referred to. If desired, the cells can also be genetically altered to extend replicative capacity
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of pathway (such as an cardiomyocyte precursor), and then to an end-stage differentiated cell, which plays a
characteristic role in a certain tissue type, and may or may not retain the capacity to proliferate further.

“Feeder cells” or “feeders” are terms used to describe cells of one type that are co-cultured with cells

of another type, to provide an environment in which the cells of the second type can grow. pPS cell
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25 General Techni ques For further el aboration of general techniques useful
in the practice of this invention, the practitioner can refer to standard
t ext bookswerd/oe@sé ews in cell biology, tissue culture, enipcyaisoygz24iand

cardi ophysiology. Wth respect to tissue culture and enbryonic stemcells,

the readefs RYsiv awa»taﬁabree,fomrcomeraf Qrvaidafg @Jcﬁ Iaglaaﬁa% ﬁ&@hg@,ﬁblwﬂggrp SRkEAkRA! | S:
A practlcaJCIangQroach (E.J. Robertson, ed., IRL Press Ltd 87): 30 Guide

to Techni ques 'n Mouse Devel opnent (P M Wasserman et al. eds., Academ c
Press 1993); Enbryonic Stem Cell Differentiation in Vitro (MV. Wles,

Met h. Enﬁymwﬁgﬂﬁo 1993); Properties and uses of Enbryonic Stem
Cells; Prospects for R' ication to Human Bi ol&% and Gene Therapy (P, D.
Rat hj 2n et al JNS neOligngn bpgrasfopd wiRjurpqtent gipm celisgs yarioyly ppps, padislrly sfet Gefie
cul ture @friverkizam eghisionie “SSBet anddraredhe vpragteriviicess bdingccpatile oTpreducipgerpgenCefiall ofj the

Cul tur e ({nfee gRinimaOsyer(hs, desciedRb@ss 1987), |sol ated Adult Cardi onyocytes
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bi ochem §mbly0mpaﬁi|eﬂb@e”$ound in such standard textbooks as Ml ecul ar C oni ng:
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pri mépy serheojaypimceetd & wamoel fram teiimast ienes pall riaes(ICM) e bantké pigptthomadhibe ICMplated

Enbr yoni en sEemedeekyess. Enbr yoni ¢ stem cel |l s have been isolated from

2 L 23 t Ogé’St S O%ﬁm m)%ro% soﬁmetr GQI nﬁgé fRlR o§r’%‘3\§ﬁ1§§re dnésIElQQaS:QtG cl@rtnpsaélther b? E)883ureNat .
o apar ed FESHT ﬁ&“ﬁ%r?”%ﬁ'”&%’%e&?%?“ ETEC R P S LRk <t riBtreng
Thonmson &Ypsig) or yuneghanisgt disfeciatign mitig 4 Jnigrgipetiagene thea repgged1ongmEF inofggh megiprp.
Top. 3Dev GroBingleolor@H:ha8® dnbiffererlit@@noraimtbgirerd tridivdbdily edlecad by Mikapipette, Beabarenahy.

18: 399, 2@0ciatk ingf Elympshlémi?epmeas'[EE:IN@tn%r;ﬂBI@ginthﬁéréh@éj:zédr AMEdMBBR NoloflesV WO

P el ol aglalhiof HOOR: oy UhET ARI drl Blobinlt uqobh. t&e%ul e Jel.szag%héwmkq?ﬁgw yos

can be us

stage (BBKHsS }é“fe?%lgy brief {ifpp! f—‘ééaﬂf"bﬁxpﬁsyeméj‘“bi@%)p E??BtF'ﬂ}'B%zg%E'%TAP to8Ye % t he
bl ast ocy¥pe Yicalljeerpse (€200 /ey Gibo) oy, sglegfieniol individ@heaimiss bemicigpipsite. F@lpmR $izes of
Steris. 6@utdto 1088 arebhinazona pel lucida is renoved from devel oped

bl ast ocysts by brief exposure to pronase (Sigma). The inner cell nmasses are

i sol at edEgy,ygn%gpg%ger y, in

Human Embryonic Germ (hEG) cells can be prepared from primordial germ cells present in human

fetal material taken about 8-11 weeks after the last menstrual period. Suitable preparation methods are
40 described in Shamblotit et al., Proc. Natl. Acad. Sci. USA 95:13726, 1998 and U.S. Patent 6,090,622.

Briefly, genital ridges are rinsed with isotonic buffer, then placed into 0.1mL 0.05% trypsin/0.53 mM
sodium EDTA solution (BRL) and cut into <1 mm? chunks. The tissue is then pipetted through a 100 yL tip to
further disaggregate the cells. It is incubated at 37°C for ~5 min, then ~3.5 mL EG growth medium is added.
EG growth medium is DMEM, 4500 mg/L D-glucose, 2200 mg/L mM NaHCOs; 15% ES qualified fetal calf
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whi ch bl astocysts are exposed to a 1:50 dilution of rabbit anti-human
spleen cell antiserumfor 30 min, then washed for 5 min three tines in
DVEM anowexpoe®d to a 1:5 dilution of Guinea pig conpl enect/(S@&/bx2ed for 3
mn (Solter et al., Proc. Natl. Acad. Sci. USA 72:5099, 1975). After two

further M@Mamlnﬁ@ﬂ 29l Q&I?#E}r&%réﬁ&%bézo% @mwmxre@cénxb@mtt he
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to digpagg Rﬁtenaﬁ ﬁﬁépg%hl i riddes By n%@ hepsE Men (gla@e%iQQbatrﬁqub[y\le;élh@ Rufdhqpbpet t e;
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char act eandptbdasto e Gappaiercol onies wth apparently high nucleus to
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menst r ua erlo preparation methods are 40 descrl be

Shandf of 286" ! ﬁpassaﬁff Nat|. Acad. Sci. USA 95:13726, 1998 and U.S. Patent
6, 090, 622. Briefly, genltal ridges are rinsed with isotonic buffer, then

pl aced i Rtopadatioh ordPSe(Ehan Ungffisiemialdd 58temM  sodi um EDTA sol ution (BRL) and

cut into <1 npgs ch¥Nks. beTbl%ifégh@@ %Sntlhlﬁauélﬁ‘ﬂﬂ ciuRe LR c&lthfeoé!ﬂbltloﬂs 10 pRknolel p tO

further i e t

-3 5 %’l&ﬁ&ggﬁ %ﬂ%&@g&rﬂ&m?g érdnélatah E%épﬂ%’“‘% gnt%l}un%%g nte 5 m%}&er\ﬁth 8%%_
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(BRL); 1pGRrc2d6dhakdl. Niusiuerspust auMEFOBHEEN addédedd k eavbiaf & l8 dyiriLaqmp doactadrcednl F,
Genzynme) g, &)2 ng/ mL human reconbi nant bFGF (Genzyne); and .10 M forskolin
(in 10% In _an alterpativ progch, Gce s.are ol at ed usi.n
hyal ur oni daseF&erw“a@a@hgée%%mg Y e o T L S
meseRt er PrEyoaE @ igigktsaiet EMPYPRTe E?“feét?(him”‘rm?@r eise ait1R gaygennredIpncy.itigepisredice
rinsed i pmPB§psintEDER, ﬂmbl@.(hﬁded Andindubsted HG 4lisgest 100nFER0Ik tide@Ndeb@. i Allo¥ed to

hyal ur Omsé#tésﬁdttﬁégglls\ére ;Qopg MWEM ‘Q)%ngé)SCQJdlzwaé’t%né W%%r é(e aﬁele&er E;Jllom
(?i/g:’rﬁl SLF ar egf?aée irra |at9<§ o lnthlt (&)pc;?feraﬂ_on:?ut n‘frm"f syE&ems oﬂv%tﬁrsqhat Slﬁ) o I?é oe ] ~|4 0
onto a f @éﬂb'r"a‘l' fﬁ?@r C“'Nferféf’ct‘i? -agq cpatgebiith Op5iacgelqiin ‘ﬁ’&'l“'@'ﬂlr Riatqsd vt é§5 QP & a‘fﬁ‘t "I:‘Féd
W t h3& spdyvebrhd uedts H tagalaysceiter detioke r The edebism (seregjaced BiffGrestl OES @bdign juATEEGeNoO.
CRL 15033eetind preycend. for 3 days in nodified EG growth nmediumfree of LIF,

bFG- or f OI’ Sk%Lr’op ’C t?'\a\éa(}egéil:pg\é %El/eﬁange Elﬁtgreyenk/ itohfd t@qh'apgﬁrow f{?l gonmu%lgf

primary ensi on IS

first pa r§'5 @'°i‘ §f pél‘ PPée ?'BF‘B'? L) ea‘ém’g"%“hesé"é"' ¥8%$t°rcﬁfeﬁ€ed F‘ﬂ'r“n Sﬁeﬁé{ﬁ‘fﬁa@r‘oﬁeﬁ
each vveI pu t7293b7n@nwiqmamnalapatezumh}aavond’MfP PW@% Gtlls spede Biltytey op P@sﬁr@@qﬂulw th
i rradsat edriSIMargu®er famidind bl reesitug:. corlditienatiedly lfeg:darcellsou b dlure suppleindénteddhgih lgipwih

r epl acenmppbrs QlichRHGHRAANEIF  BefilylabBRS RINGE Q@Y c,(éﬁ%nlﬁ'asfre&@;-fre‘é‘e}\hrorﬁ@npﬁb\h&s 1aS

obser VEdSys{e%Fﬁ glﬁi](:d} Xellaﬂ;rt c%l}n Z alg% caﬂi%e Q%é‘%/ p(?{dluced4ha? %Eeslﬁggépharg ngtr%lgtoﬁlf pPS

Cells in er ent

in cult up@unremgﬁtﬁ&r EW%“UW%’“&’OHHI“E% B’H@S% ﬂf QrOSﬁ?LH?ﬁ)?fethls apphcatlon and any applications

claiming priority hereto in the United States, International patent publication WO 01/51616 is hereby
40 incorporated herein by reference in its entirety.

The environment for feeder-free cultures includes a suitable culture substrate, particularly an
extracellular matrix such as Matrigel® or laminin. The pPS cells are plated at >15,000 cells cm™ (optimally
90,000 cm? to 170,000 cm™). Typically, enzymatic digestion is halted before cells become completely
dispersed (say, ~5 to 20 min with collagenase 1V). Clumps of ~10-2000 celis are then plated directly onto the
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proliferation wthout pronoting differentiation. Exenplary serum containing
ES nediumis made with 80% 20 DMEM (such as Knock-Qut DMEM G bco), 20% of
ei t her devpradodsed al bovi ne serum (FBS, Hycl one) or serumpcepisarzmht (WO
98/ 30679), 1% non-essential amno acids, 1 mML-glutamne, and 0.1 nM

(3- ner caphoslhanl fur’(;lgrsglspp;ﬁglor FecH&tfree IEM’[U@Q R Cppdred 3P AEAut@ht Redi®Y @hicall 4 to
8 ng/ m éovg?lo ec{bé/ %Jl%li;nh% giaiﬂlated ananp m%Lise e!ipg%omcmbroglaété ﬁélon?é%eg +ou§e f’fB Eg’tglotrur ed

on a Iayer 0

enbr yoni Brogiestiigs oglis derived ffam PW'?OMG ap B¢ craditioagd by RATIRIhefederiy & dengty of 3
days of mﬂeamémiﬂn atseram séeanadiich slch as KOAMEM sypraamehiEDFit, 2096 saminyeprreanesithnd dnd

i ncubat ey BEdF. atvedidl- thak 0% FB&h cshaRdidedor SaDIsI Biteled 1RblgRVED 2t ion nﬁaﬁfb?ah@ and

the cel ls%p;? 885 wﬁaﬁglﬁrtth%fj8 ng/mgQF/@%Msed té‘QJﬁ%cF§§S cgl&gltu?ef élib { am ne.

prepare a are t prollferatlon
but permit sthdﬁfégﬁ QOGFOPE £ GFIE apHA L (igpBrtearegopiamegate S RARTer yelect and

y- i r r adi @mpaphyolonCiginatierewith [padrle disegrneble es iuaeliong: PHmM@e 59/&%1“91 ?Xﬁremve@ pringgie of

pl at ed Whé kagd&becio @mbrydnrctinadetd(SSERNSS 30 4p&id nvetdels, detattableussihg abtibhdidsaledgrdiy s
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envi ron conti'nuots stem
cel |'s i resgdy- Rifarantiatiae At hFe%geéﬁtm viffo| tyP'anVeféSLm inf {82 ¢t °fc‘B?S|e§“a”§é‘e('fR[?§f'}‘ @"fan
pat ent iAdibag@0BatessioanidBSEAtler nat i onal patent publication WO 01/51616. Cells
can be cultured on an extracellular 35 matrix of Matrigel(r) or lamnin, in
medi ym c,grg‘gh&résqg}gg )Y ggg;%ﬁ[oc Eecgl | s or nmedi um suppl enmented with growth
factors Suc a eing able to culture stemcells in a
feeder-free eoans biohiERNEtQT Gvibd @Btaiged Ly\esituaig orniiffafentztingcsedn edidin acspenqmdgriotthons
can be r@@lﬁymlné{nt %P&H&@Qfolé&%w@ﬁﬁ‘e de@re@@ﬁ@nlﬁ&/@l@@lel\mytohtgﬁom of B8 HdsRdQels, or by
reql'“ re ml%ltlson oPkllhnH olfmtner cetz]letr aBy TheEs(e)r e%hoaes ap Ellcgbqe maR)f]tgr?eg%géténQ pell espbaéllﬁe q
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appropriate Ca™* concentration and electrolyte balance, the cells can be observed to contract across one axis
of the cell, and then release from contraction, without having to add any additional components to the culture

40 medium. The contractions are periodic, which means that they repeat on a regular or irregular basis, at a
frequency between ~6 and 200 contractions per minute, and often between ~20 and ~80 contractions per
minute (Figure 5). Individual cells may show spontaneous periodic contractile activity on their own, or they
may show spontaneous periodic contractile activity in concert with neighboring cells in a tissue, cell aggregate,
or cultured cell mass.
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Differentiation was initiated by culturing hES cells in suspension to form embryoid bodies. hES cells were

dissociated into small clumps by incubating in 1mg/ml collagenase IV at 37°C for ~5-10 min, and then cultured

40 in suspension in differentiation medium to form aggregates. The differentiation medium contained 80%
knockout Dulbecco’s modified Eagle’s medium (KO-DMEM) (Gibco BRL, Rockville, MD), 1 mM L-glutamine,
0.1 mM B-mercaptoethanol and 1% nonessential amino acids stock (Gibco BRL, Rockville, MD), supplemented
with 20% fetal bovine serum.
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Bef or e a‘&?ﬁ'g??aﬂﬁr of Anpli TaqTM (Roche) to PCR reactions, the enzyne was pre-
i ncubated with the TagStart TM anti body (ProMega) accor d| ng to
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radi oacti vi t ywesigorymmngti@dcinnteRorédsion was conducted as follows. Undifferentiated cells and

40 differentiated cells were dissolved in lysis buffer, separated by 10% SDS-PAGE and then transferred onto
nitrocellulose membranes (Schleicher & Schuell). The membranes were blocked with 5% non-fat dry milk in
PBS supplemented with 0.05% Tween™ 20 (PBST) at RT for 1 h and incubated with monoclonal antibody
against cTnl diluted 1:2000 with 1% non-fat dry milk in PBST at 4°C overnight. The blots were then incubated
with horse anti-mouse IgG (H+L) antibody conjugated with horseradish peroxidase (Vector Laboratories Inc.,
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196:237, 1998) indicated that it was highly expressed in cultures containing beating cardiomyocytes, but
undetectable in undifferentiated cells. Positive signals for adhesion marker N-cadherin and gap junction
40 marker connexin 43 were detected in between cardiac cells identified by ¢Tnl or MHC expression, but not in
surrounding non-cardiac cells. In addition, we stained the pariially dissociated cells with antibody against p1-
adrenoceptor (B1-AR) and c¢Tnl. Specific staining of surface markers indicates that the cells can be further
enriched by a sorting technique based on these markers.
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Studies of pharmacological response
EBs were plated on to gelatin-coated 24-well plates and allowed to differentiate, as in Example 2.
35 Contracting cardiomyocytes at differentiation day 15-21 were used for examining pharmacological response.
The frequency of the spontaneous beating was measured by counting the contraction rate of the beating areas
maintained in the differentiation medium in a 37°C heating chamber of an inverted microscope. The cells were
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40 0-4, the RA was toxic to the cells, while at days 4-8, 8-15, or 4-15, there was no increase in beating cells

compared with untreated cultures.

Thus, 5-aza-deoxy-cytidine was an effective cardiomyocyte differentiation inducer, increasing the
proportion of cardiomyocyte cells in the population. In contrast, DMSO and retinoic acid inhibit cardiomyocyte
differentiation, even though these compounds generaie cardiomyocytes from embryonic carcinoma or
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on cTnl-positive cells. Atrial natriuretic factor (ANF) was upregul ated
during cardiac differentiation of hES cells as detected by a
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Per col | TMn&apaioatdrodhodd bdtleS- deri ved car di onyocytes Fraction Cell Count
Proliferation Beating Cells % staining for MIC 1.92x106 +++ + 2.73.3% |1
0.56x106 + ++ 26.84.1 % 30 Exanple 5: Pharnmacol ogi cal responses The
function of hES-derived cardi onyocytes was tested by determ ni ng whet her

t he cardi omyocytes respond appropriately to the chronotropic effects of
cardi oactive drugs. Studies of pharmacol ogi cal response EBs were plated on
to gelatin-coated 24-well plates and allowed to differentiate, as in
Exanple 2. 35 Contracting cardi onyocytes at differentiation day 15-21 were
used for exam ni ng pharmacol ogi cal response. The frequency of the

spont aneous beating was neasured by counting the contraction rate of the
beating areas maintained in the differentiation nmediumin a 37C heating
chanber of an inverted m croscope. The cells were 24 WO 03/006950

PCT/ US02/ 22245 then incubated with test conpounds in the incubator for
20-30 m n, and observed for contraction rate. Dose- dependent effects were
determ ned by cunul atively applying of increasing concentrations of each
substrate. Data represent the nmean pulsation rate standard error of the
mean nmeasured on 10-20 beating areas. To denobnstrate these cells express
functional L-type calciumchannel that plays a critical role in 5 cardiac
contractile function, we exam ned the effect of the L-type cal ci um channel
bl ocker diltiazemon the




beati ng of hES-derived cardi onyocytes. Differentiated cells were incubated
with various concentrations of the drug and the nunber of beats per mnute
was countwo.030@scel | s were then washed wi th nedi um nai ntPaiTrEsd2/222m5
differentiation mediumfor 24 h and observed for the tine taken to recover
contractility. Hgure-5(Panel—A——shows—that—thebeattng—rate—was i nhibited
by diltazemin a concentr at T8E 2] Gxatlepertaaivtropiefasiers. \When cel | s were
treated with 10-5—Mdit+t+azem—1060%of thebeatingareas—stopped
contraction. The conGrahFaam reCOVEJn?éfteréﬁQn nog&%ﬁmtgxel gorgg;%% Jh after
renoval of the drugs—Each data—perni—represents—the—nean—standard error
of the nmean pul saff®R!rate. Statistical significance was tested by the

Fi sher's PLSD test: ActgsA. 05, ** p<eg8iMg/ml*** @sn@@05. Thomngalservation
shows that the hES-degiyed cardi orryg_-Sn&MEes haygydhunct i q@@,jt;,mk-type cal ci um
channels. In a separate experinment, clenbuterol was found To increase 15
the beating rat IGEd ! in to about
98 beats/mn (1-1Graapli p< .005). Panels B and C show that there are
positive chronotropigyeffects inducesk i soprepahd ne (&pnfsradr enocept or
agoni st) and phenyl ephri ne (an a-adyenocept or njst). Panels D and E show
that the phosphodi eg?%? ase i nhi bi t{)zr‘:’ ’P}éﬁx anc?%gﬁ'gt m-aa&’éﬁ@ept or agoni st
cl enbuterol have a similibar ef fect. G2Rng/mit he 2AEFMeel | d&rigimtd cel | s
respond to cardioactbsgr drugs in a meWell apprsopgmat e fasogelll s of the
cardi onyocyte 20 |ipgadg; Exanple & Candiotrgpic factg ng

differentiati on bei ng
cultured as enbryehth-dogegsinavere treavea at di fibementi atitopmday 1-4, 4-6
or 6-8 w th 5-aza—tdeoxy—eytidine,—a—cytostre—analog—that—affeects DNA

net hyl ation, ther8myPlctivating 25 gene expression. Cells were harvested
at day 15, and anal yiogd for cardi ac &2s5MMC by reahMti ne RT0P@R. The RT-PCR
assay from Exanpl e 3gpgs adapted forgdshe TagmandMi7700 sespugnce detection
system wusing the sa prinmers, anplifying for 40 cycles at 95C for 15 sec
and 60C for 1 nmin. 18S ribosonal RNA:‘”Q&%S amplPP P84 for 8 "¥Bhtrol using a
kit for TagmanTM ri bBSormal RNA cont&Angimbagent28 ng'mbpl i edoBigbyst ens) .
Reactions were anal yeeer-by ABI Prisodhymi/00 Segugmce Detecignmdn system 30
Figure 6 shows the r ts of using,k- -deoxy-cytidin
differentiation i ndu@%ﬁon agent (rre%%ng%g. D., ‘?3@% of gﬁ/ﬁ%m?o 18S RNA for
det ermi nations i nej{l 5 M 5- aza-
deoxy-cytidine at day 6-8 significantly increased the expression of cardi ac
a-MHC, correlating with an increased proportion of beating areas in the
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inhibit cardi 'ocyt e fferentiatiqn, even ou t hes
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29: 1525, coh®@dysly MpiBuirenanyg of the abkperimiatiday e5)2 F9sub&d pf cultures was exposed to 5-aza-deoxy-
cytidine for 48 hrs (day 6-8). Cultures were re-fed with fresh media plus or minus factors on days 6, 8, 11, and

13.

It was observed that while no beating regions were observed in the control cultures (those maintained
20 in the absence of supplementary factors/5-aza-deoxy-cytidine) or those maintained in the presence of the
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1982). Cardi omyocyte differentiation was al so achieved in a direct
differentiation paradigm Undifferentiated hES cells of the H7 |ine were
di ssoci atwo oanek9pl at ed directly onto gel ati n-coat ed pl at epCRuShoex248)0i ng
through 5 an enbryoid body stage. The plated cells were cultured in
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TABLE 2: cJfxgpl ary Cardiotropic Factors Growh Factor Low Medi um Hi gh

2 25 [ m
ggnﬁg?h{aabgnmeﬁg eS&T&H éit% tga(f?a@t?)%{}}-ltﬁ_%zarou sl anc%enlﬁg?c%{he pf &X_f‘c]n of %eqi anr'réIQZS

nM 100 nRﬂafaéF%*g‘bfe?erWfﬁ°ﬁV°%esng/ n. 5 ng/ nL 20 ng/ nL FGF 4 12.5 ng/nL 50
ng/ mE% 200 ng/nL Insulin 6.25 ng/nmL. 25 ng/nL 100 ng/nL bFGF 12.5 ng/nL 50
ng/ ML 208xangie 181 CulidiXofin Bifedlizh Gnaidihtibnribiheniherts 200 ng/ nmL 5- aza- deoxy-cyti di ne
10 pM 10 M 10 pM GOUE I 1G 1 6.25 nM25 nM100 nM IG- Il 6.25 nM 25
nM 100 nM LI ﬁ%*%g??ﬁb S eelimyeratiffgentiaed pyiformipgmigyopdodiey ifpuspepsionyipiA dagsnandng/ ni
PDGF- BB MeOfurigpt ditferSuti@ing gh Weatrided® doareg /pates for 12 days in differentiation medium. The cells were
dissociated using a solution containing 200 U/mL Collagenase Il (Worthington), 0.2% trypsin (Irvine Scientific)

25 and 0.02% glucose in PBS. They were plated onto Matrigel® coated plates in differentiation medium, and
cultured for a further 14 days.

The cells were then switched to “CCT” medium containing 107 M insulin (Sigma), 0.2% bovine
albumin (Sigma), 5 mM creatine (Sigma), 2 mM carnitine (Sigma), and 5 mM taurine (Sigma) in Gibco®
medium 199. See Volz et al, J. Mol. Cell Cardiol. 23:161, 1991; and Li et al., J. Tiss. Cult. Meth. 15:147, 1993.

30 For comparison, control cultures were maintained in standard differentiation medium containing 20% FBS.

Figure 9 shows the number of beating areas after switching to CCT medium (separate lines show
observations made for individual wells followed separately during the course of the study). Cells grown in CCT
medium showed an increase in the number of beating areas after 7 to 14 days. This shows that the agents
creatine, camitine, and taurine act separately or in combination to enrich the proportion of cardiomyocyte

35 lineage cells in the culture.
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det er m ned i nF'ﬂ\éralm§W°W§thP(ﬂQ‘"ﬁ%%ﬁ)m'laéﬂ’ractei“{,‘%""isdarlj?ﬂj‘?“f VidhER cPla CEEe ’é‘e’l”F sThe

Fi gur e 8cedhoaws séphated opngRiraii™oh differeniiptioh Idhy #2r davelshné cqdiat Mdbetdcied by @aldime
further @r.pokdndyes me@%@mhdamtym@hermual& bétbre @dylakatidhRMNRe EPEMBR HaOftactidRGIl SRS ES

In the e?(/pﬁa%ﬁm' %:};hQJt v} ot A %pr(é?sﬂfog %g%’ﬁ?é/o%%n %?%%Flrﬁnfs&ﬁuogﬁﬁﬁyﬁﬁm 4 vere

al so det ect contrast, e en assocl at ed gene b 1s not

speci fi c%ff"ldflr i nduced 15 under these conditions. The effect on a-VHC and
GATA-4 was sePkenetyngef the eelieendsiamiingd By inflinedt inprhusoqyieeitsiéstrys skoys indekie €d gene
HNF3b, which increased using any grow h factor conbination, but not with
5-aza-deoxy- cytidine. These results denonstrate that factors within G oups
| and Il enhance the proportion of cells bearing characteristic features
of cardi onyocytes.




20 Exanple 8: Culturing in a nmediumcontaining enrichnent agents The H9
line of hES cells were differentiated by form ng enbryoid bodies in
suspensi owofoeodsdays, and then further differentiati ng @cTNSIZ2e3 (1)
coated plates for 12 days in differentiation nedium The cells were

di ssoci at ed ustng—a—sotuttomr—contarning—260—ufnmt—Cottagenase 11—

(Wort hi ngton), 0.2% trypaBLUE 4 CharaoteeisiSedf Sanardidd©ell PHulgiipds 0. 02% gl ucose in
PBS. They wer e ptatedontovatriget{r) coated ptates T dirfferenti ati on
medi um and cul tured Brderea furt her Cadiondapse incpge cel Nog-opdipeceshen swit ched
to "CCT medi umrcomtarmng 1077 Minsutinm (Srgma), 0. 2% bovine al bumin
(Sigma), 5 mMcreatine (Sigm), 2 nMcarnitine (Sigma), and 5 nMtaurine
(Signa) in G bco(rydagegsfisHPMG See Vol ztet al, J. Mdl. Cell Cardiol.

23: 161, 1991; and chideegMat., J. Tiss. Cul4#+ Meth. 15:147- 1993. 30 For
conparison, contr Q.G ues were maintaijjed in standard_differentiation
medi um cont ai ni ng 20% FBS. Figure 9 shows the nunber of beating areas
after switching t _ﬁféz?er'ﬁedi um (separate |i'nes show obsefvati ons nade for
i ndi vi dual wel | s fsob¢togwesdesdipar at el y duri#tg the course 9set he study). Cells
grown in CCT nedimggepiiowed an increase in the nunber of -beating areas
after 7 to 14 days  [Ihis,shows that the agents creatine_ carnitine, and
taurine act separat eﬁ or in conbination to enrich the proportion of

cardi onyocyte 35 FiEdle cells in the cufture. 28 WO 037006950

PCT/ US02/ 22245 BExX¢atpl e 9: Four - phase cemnbsei f ugati on segpbseat i on net hod

Car di onyocyt es werggoenerated from hES cglds of the H7 duhdae by form ng
enbryoi d bodi es fosrS 4_4days, and then proliferating on gel atin-coated
plates for 17 days Fé aza- deoxy-cytidine and grom h factors were not
used). The cells vi&&8hen dissociated using coll agenase~B, resuspended in
differentiation nedium and 5 allowed to settle. The cell suspension was
then | ayered onto a discontinuous gradient of Percoll TM and centrifuged

?Jlt’lt é??gcgra_réi%yo% d%lmatiorlfsoéé arétéoatﬁrtdler%ﬁfgrMn?ceﬁﬂJu!;a%G& &')QI'd b!e dist-iEBL‘ﬁshH@Qﬁsrtainin for

1. e 40.5% er;. 111. The. lower i rf " |V, The 58.5%
| Dyer YT Y AP AT o PSSy BTRBR T o PP Floutd e SBskaier
Cel | s5 f otkelpigrinseie teafdPHYClYPES: agwans ek & RiaRBefor SPEAYEandalra-1-BlcRlrmp &eper
wel |, cudbsenced uhdiferédtiaded HES celland t hen fixed and stained. 10 Results are
shown in Tabl @sdectPRiiscRERAEMAS is MsbrcP PletdnV R cfBlybric amsetaeareisr?;oami_, KW not |
countli nga [¢] cyte ! - Ci : ! Zi . e iol. 33 in
oecen PRl R RIS v OBl W ol S i
Per col | TWF‘@@b%ﬁ'rcg’E PEIVeSLE & f Hyet O F T peealve F%'ﬁ“&rfeg "t”b%‘f?fd'%%ctyﬁer‘i@ereﬁﬁmé‘ VHC
Day 2 1Dayroto@efan rosieiel SN ypgesting that theynagpe & an gayly stagepng capalgigof plifgratiog. 5 0 2. 5
3.0 %11 1.6xAEM6 inHrabtidnlill 59 12.weed. Bftated, bulturdd Bx 20 6ddtitnaB 5 .dAR. #306:28. Bhe4MHC| V
1. 3x106 gkt eQMs2xPH%os8Padd hdR¥ng hat tRENeleMOihE Elhhae VRNEPHBB! M@thel dkpdirknts,

fracti Ong subsl?elfr%f cl%ll;l%gst,itllvg @eﬁls !Nézrle fo%rﬁ]odto |e>¥3re%9 Qt(ﬁl ]Phee e IIGQU%S LHO%%%?&bo&%B%%MO@ogcﬁ the

cardiomyocytes in the population were undergoing active proliferation.

15

The compositions and procedures provided in the description can be effectively modified by those
skilled in the art without departing from the spirit of the invention embodied in the claims that follow.

20



Figure 10 shows the results of a simlar procedure was carried out with hES
cells of the HL Iine. The cells were separated using Percoll TM on

di fferentwatsomoday 22. Levels of cardiac MHC detected byPpcealsor/pazes RT- PCR
anal ysis were significantly higher than cells before separation. The data
show that Fractions |II1 and 20 |V havg e hi ghest |evel of MIC expression,
as a proportion of total transcription using 18S RNA as a standard.

Phenot ype of the cells as determ ned by indirect imunocytochem stry is
shown i n"aiy dained as g inygntien3# 006950 PCT/ US02/ 22245 TABLE 4: Characteristics
of Separated Cell Popul ati ons Epitope Cardi omyocyte |ineage Non-cardiac
cells cTni Ad‘isolat@eﬁée(ﬂipﬁ@.ﬂeﬁi&ﬁ@iafabt@riz@d {n3naVilGeaktt~5% Sfaﬁéjdzea;flinmwel\ﬂ'dﬁlldtrbn have the

sar coneri ¢ MfetdonsmdVaL QAR b Shinikics ;ﬁuriBoﬁéﬁPQtQﬂ (F%%%ﬁ’s; At bPredstatSRBGle of the
nyogenin - - ﬁlo-wf et oRrrgtfrgrlng - ndo EB-tgneul in 11T - K6/ subset subset BrdU
subset subsel"EGERTG o™ A §ndogehels 05T oay i omyocyt e popul ati ons separ at ed
by density gradi efdiacdepanin figjheqdas toenind (E)B‘THP@W&H@WP@%&P"%V\%%ai ni ng for
cTnl and MHC. Absence of staining for nyogenin, a-fetoprotein, or

(3-tubul i n | hh isshededl doh\RutieDsHaRAGE!6d in that SKBdsEL1BL ofhsedICin 1RNERER/IANSR e

105, 0 B B AMI eb iEet SH 0l By s

reportedly pfEERHE s WYenbryoni ¢ and fetal cardionyocytes, but not adult
cardi onyocytes (Leor et al., Crculation 97:11332, 1996; Etzion et al.,

Mol . Cel | %armiehi sl pop@atioh 3dither pBOddIng claifi, wheieh htYeastl 20% dithe @OSbpicveat Gastlitecand a
subset of cTRhukdieSdiNGogel | S obtained in the cardi onyocyte differentiation

10 protocol were sitive_ for SMA suggesti t t early
stage and capabl 8ﬁgf Cmﬁ(‘;l FFRrati gHosh %f‘\iys Ct:?aﬁq f(pgélﬁ gﬁyﬁﬁmggg Iq\&fa\%ger”g’

repl ated, cuPtefeeacepier (&R d MFE-PONMET-28.dYdlys2C. 44EF-20, gpating dingdgHiB (SENR) ve
cel | s expr essggloBnabli atrial datdedtic fagiort(Neft). t hey were in the S phase of the cell
cycle. In other experinments, a subset of cTnl-positive cells were found to

expr ess Ki 4, 6?he égrﬂ%?pﬁgﬂoq':séﬂ laflg%r?%ﬁ%g% w %%Uét Ie%gt%Sg‘% o?%%ppcflife{ai cells express

cardi onyocytes 1 n the popu r re undergoing active proliteration. 15
The conposi tF%‘?ﬁ%c'sﬁ??ﬁ"’ﬁ\e?fg‘é‘ﬁﬁvly&a‘“provi ded in the description can be

effectively nodified by those skilled in the art wi thout departing from
t he spi ri ts. ofhetdaiepdpmizten bi «om precsdiag tlais, whichtchrepralifedtens ai atiro wlule@iMlie matBaiddy WO

03/ 006950 PCI{idIRD24RidS

8. The cell population of any preceding claim, comprising cells genetically altered to express telomerase
reverse transcriptase.

7. A set of two cell populations, consisting of the cell population of any preceding claim, and the
undifferentiated pPS cell line from which they were obtained.

8. The cell population of claims 1-6, which belongs to a set of cell populations according to claim 7.

9. A method for producing the cell population(s) of any preceding claim, comprising differentiating pPS
cells or their progeny in a suitable growth environment.

10. A method of producing a cell composition containing primate cardiomyocytes or cardiomyocyte
precursor cells, comprising:
a) culturing pPS cells in an environment essentially free of feeder cells;
b) causing the cultured cells to differentiate into cardiomyocytes or cardiomyocyte precursor
cells.

11. The method of claims 9-10, comprising initiating differentiation of the pPS cells in suspension culture,



CLAIMS What is clained as the invention is: 1. An isolated cell popul ation
characterized in that at |east -5% of the cells in the popul ati on have the
same genowe 0a®0@s0 i ne of primate pluripotent stem (pPS) ceCraisoamisexpress
at | east one of the follow ng markers from an endogenous gene: cardi ac

tr OpOI’lI n I12 ( (ﬁ'-llén%éthodcéréﬂélrﬁ-(ﬁ tf[n@er &nﬂ)rl;ng( &I{HJ%% ti@r dlf%trgnllﬁl)n Qﬂ’ rp|anez§g'gt@gd(téCt or

(ANF). 2. An Ime(c)illnatFlesu pe, snoncpﬁpeon?o supab%séabsf’iq erized in that at |east -5% of
the cells in®fe Urat Fie enorreasallneof pri mat e

pl uri potent stem (pPS) cells; and have spont aneous periodic contractile
activity. 13. Theheetipd|of clgmperi A coramisiod disrdntisting pitSeceksdin a growihanvipnmgntgogiprisingta

| east -20% ofardihi@picREbs express at | east three markers selected from
cTnl, cTNT, sarconeric nyosin heavy chai n (M—IC) GATA- 4, Nkx2.5,

N—cadher| n 31-adre cept or

creatine Kfn 'ie F)%’dr = WH%’ 1*&%?%“"8%0 faﬁ?f’ f*af uc'ﬁét%?lah/?ﬁ%% ﬁ'é ?MfoD%&
(ANF). 4. Theetgytipn. popul atl on of any preceding claim wherein at |east -60%
of the proliferating cells express cardiac-specific myosin heavy chain. 5.
The cel |l popuheahdiRn oiaind M- 1B @6RH tHaGarGbipB¥ackhis 6B-aCREky Rt f erate in an in
vitro culture while maintaining said characteristic. 6. The cell

popul ati on_of any preceding claim rising cells genetically altered to
express téf oﬁ@rr&%@d of gyyas 225 lc?r&"rﬁ'é'?:gr ‘%f?frgpgaé'“g pf% cRlIsdR g%\“’tht%m?f'éq” comprising a

popul at i ons, mephegesandabeast iwe llewid éctorspopul ati on of any preceding claim and
the undifferentiated pPS cell line fromwhich they were obtained. 8. The
cel | populat *rr%r}né%}fod Gﬂ c?énrﬁf% dndein M@h@@ho@% |9£19a%tn)‘1rpar% tr%egtromﬂf 1a@&Y holRERBH Indiih-ONS

accordi ng to,gl.al duci ng the cell popul ation(s) of
any precedi ng ?W{nfacm(r:%nr?pa Teg:%ﬁm?@ ?&ésr enf’l ating pPS cel | s or their progeny

in a suitable gromh environnment. 10. A nmethod of producing a cell

conposi ti dh Centaher agclpme riat7e futtherdéoonijeing yithasicaty sepatiatifigosnlio eyrressing MEiGuers or
cel l's, conpr sghiagEous)conttabing B4l GorPdifer 6at InSheipBpuliorenNVi ronnent essential ly
free of feeder cells; b) causing the cultured cell s to differentiate into
cardio S or, ca r ecur sor d of clains
5°10. conbbi S B4 %ﬁmﬁhg?egﬁf?*"gf?%%se&dm?h s B e Pionetepiine on
cul ture. 31t°\7@'rGQ)S%W%"‘*F‘@SFPUSGZ‘/%@M@WTQ” Wé“%&%@é’%f claim 11,
further conprising continuing the differentiation after plating aggregates
formed i nzd. heneSHSRAINS icRihs Aol tuftRr QbHhfAsify SiringHeerefsiBshinadset wdek-in Ahedimt hod

of claims 9-13, 69MPLLbRG dhati g L & fdbi hd’iglhgg e‘RE§§/ q%lsrlh%ﬁl ﬂ%n@taﬂogyfﬂgpaup carrier

envi ronnent co | sin clarm 13,
wherein the B8F 0?"?88?30?’%{’%%?”1“? HTTE? @Bgliad"é anal og that affects DNA

met hyl ati on. 15. The nethod of clains 13-14, wherein the cardiotropic
factor i s2b- @apand@oxy-cairisisebdontrthel Gomplikigy mmrh@dqeoa‘euscfoa&tn@sm dBek ic@ampiugi Ng

di fferenti at iginPPSeRb lcamitine, & tAfiM h environnent conprising a

22, A method of screening a compound for cardiomyocyte toxicity or modulation, comprising combining the
compound with the cell population of claims 1-8, and determining any cardiomyocyte toxicity or
modulation resulting from the compound.

23. The method of claim 22, comprising monitoring any effect of the compound on contractile activity of
cells in the population.

24. A medicament comprising a cell population according to claims 1-8 or a cell population produced by the
method of claims 9-21 and a pharmaceutical excipient suitable for human administration.

25. Use of cell population according to claims 1-8 or a cell population produced by the method of claims
9-21 in the preparation of a medicament for treating a condition of the heart.



nor phogen and at | east two growmh factors. 17. The nethod of claim 16,
wherein the norphogen is an activin, and the growh factors include an

i nsul i n- wolog/ogemt h factor and a nmenber of the TGR(3 fanmPCY/USE8222dhe

met hod of clains 9-17, further conprising physically separating cells
expressi ng, MdC or ont aneo caon cting C |.S. i.n the
opul a1 ont 1grediccP RABRSISRIE VTR B 81 bR BIA T s ol

i St 11 but | ng UPLETPR PoFE=h Bh i SEGR OLURER SRl (' REeddBAuTTyS" B!

col | ecti ng cedpulgtioatin g adenidlistmusyétued the hdartg5 and 1. 075 g/ nL. 20. The net hod
of claims 9-19, further conprising culturing the cells for at |east 1 week
Phosphat e pond e v tedbiluf 2P RBANERRE e it h Bk Bslh St e ticing

cal ci um chanﬁ"éit'ssﬁ%ﬂ'& e Poruiaton Gpising o el 1o e gl pr?glﬂaé'fj '?'ff?druf’ ?Jd%%héarn}ghc’d of
conpri sing c@ffgPfhg the cells for at least 1 week in a medium containing
creatine, carnitine, or taurine. 22. A nethod of screening a conpound for
car ﬁi oLryogy.lt R rie@¥d 6f theptir@la r}l}&dbﬂn_aifid'nQrman RN, SdnipgsitLatiinditensy & iR indda0P eend
with the ce at : 1)) - - ib@yocyt e
Foxi ci ty or oL i B o o e A e e 2l o
claim 22, conprising nonitoring any effect of the conpound on contractile
activity @9 Tessiredyotj methageor pempeliaa Rresadingpeirim, Ahprgig ithepire igells beMepeenssanipddrond |
popul ati on asomndiasteeystoor aleatierpgogdnydf @ich @liscel | popul ati on produced by the
met hod of clains 9-21 and a pharmaceutical excipient suitable for human

adm ni strati on. of ce L at i or dj 0 i - 8. a

cel | popu?gt?%H”%ggdﬁégﬁ’%ﬁﬁ?t%wﬁggﬁgﬁg%ﬁpgﬁ%%hégb%gﬁ%urﬁhﬁﬁggﬁég%gggFion
of a nedicamBHf for treating a condition of the heart. 32 WO 03/ 006950

PCT/ US02/ 22245 26. A product for treating a condition of the heart,
conprising a cell population according to clains 1-8 or a cell popul ation
produced by the nethod of clainms 9-21 in a device adapted to adm nister the
cell population in or around the nuscul ature of the heart. 27. A method of
reconstituting or supplenmenting contractile activity in cardiac tissue,
conprising contacting the tissue with a cell population according to
claims 1-8 or a cell population produced by the nethod of clains 9-21. 28.
A method of treating a heart condition in an individual, conprising

adm nistering to the individual the cell population according to clains
1-8 or a cell popul ation produced by the nethod of clainms 9-21. 29. The
product, nethod, or use of any preceding claim wherein the pPS cells have
been isolated froma human bl astocyst, or are the progeny of such cells.
30. The product, nethod, or use of any preceding claim wherein the pPS
cells are human enbryonic stem cells. 33



