1 1 JAN 2006 WO 03/006950 PCT/US02/22245 CELLS OF THE CARDI OMWCCYTE LI NEAGE
PRODUCED FROM HUVAN PLURI POTENT STEM CELLS 5 TECHNI CAL FI ELD Thi ¢ ﬁgqp[ﬁl on
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01/51616. BACKGROUND 20 Heart dise ' of the nost serious health
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mllion). A central chall engﬁE%chéﬁ%{ﬁpAﬁpﬁdﬂgnerat| ve 25 nedicine is
to devel op coil conpositions can helfp reconstitute cardiac function in
t hese conditions. Most of the research work done so far has been perforned
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ar afts. %v&sﬁga‘ﬂ@l’uﬁad cell clones transfected to express B-galactosidase under control of the MLC-2v promoter.
Kolossov et al. (J. Cell Blol. 143:2045, 1998) reported Isolation of cardiac precursor cells from mouse

ES cells using a vector containing green fluorescent protein under control of the cardiac u-actin promoter.
Patch clamp and Ca** imaging suggested expression of L-lype calcium channals starting from day 7 of

40 embryoid body development. Narita et al. {Developmeni 122:3755, 1996) reported cardiomyocyte
differentiation by GATA-4 deficient mouse ES cells. In chimeric mice, GATA-4 deficient cells were found in
endocardium, myocardium and epicardium. The authors proposed that other GATA proteins might
compensate for lack of GATA-4.
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WO 03/ 006950 PCT/ US02/ 22245 1t is unclear whether any of the cell
preparations exenplified in these publications can be producegd, in. ...
sufficient quantities for mass marketing as a therapeutic congg)ém i%'h for
regenerating cardiac function. A nore prom sing source of regenerative cells
for treati O8¥WMSAC di sease is human pluripotent stem ®@€EIUSOBIe4 ned from
enbryonic tissue. 5 Thonson et a!. (Prot. Natl. Acad. Sci. USA 92: 7844,
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However, itV 'F§‘°fb‘1"88}’536‘??a°€““feﬁ@°B’FQ?B%‘@?{ ITERCS by RS EFR IR CiB of human
pl uri pot ent st &fin e@pryesicistomeeglisjaad pmirgnic gagn galls gan @rofitpratp dmitropwithaukdiffereatigtingnat  has
been develtoygeakinf orormahancibe, endahey fetaingitkerabactytiediferniidedo p@hron va@ey gaddtceon has
devel oped typey elowdversisislGeat thhttthepepayanch Brarimaaigion 6 aimad blipatedt Gem edlfk bubjder s

prol i f e atve Bitrédnt ANy RN whht ks HASH R iblopdilid? B GuRlrb & rddbhnt S &MY/ 1 ronment essenti al Iy
free of feeder o5k loSmonmBh HAL3ivEiBel 3ol RBICHhurd bhfB e el i teGRRL Onal

Pat ent PUblrc;!itgrg‘ttloh gﬂupn/\élé Qu%lo%%p s}e?}-i cel%eu% ﬂ\%n\{f}'(l))nlm%mtes%erﬁigd tnger cﬁ eséef gé'lls(? %ezl-: Euslrarlls na
feeder-free envll onnent E)row es a system.i n Wi oy cef PUT ar corrposl?l ons can
be readi | yPBNAHUEEH. He-pragiensl frtent yblegion, 1P QIS 6, PR A Py SRp 57l o o

requi r emerigeserfreg enfigRRT Rrovsengpgysten [ wWhekieefular epmpesipns san herradiyprodyeed tHat agn

pl uri p&t ervempianeenvithételraguibtary tedrementydy bymentherafy. human heal t h and disease, it is
now necessary to devel op new paradigns to drive these cells Into popul ati ons
of therapeuti cal drir tol rEIRRY thélptientiah SISMAPcte}tRF coidtn BMYIRNEIMeRNb Burhdd \BdRth N

pr ovi des _3dis§é§§ titﬁ'smo&l Qgceﬁfaxgr !tocde% nm ﬁ%\:‘]ﬁ%é iQ @rin fhesgrciaim'foepo%@liéé ofttlt'é?aﬁaeulﬂc%}{ye
di fferent |.%$0%“§sgu%m %sol uri potent cells into cells of the cardl onyocyte
| i neage. 3 & “eryedi ment of this invention is a popul ati on conpri si ng

cells of the cardl onyocyte lineage. The cells have particul ar properties
referred to in this disclosure. For 8Y#s¥e they may: be end-stage

cardi onyocytes. be cardiac precursors capable of proliferation in vitro and
capabl e of dif fres ewhiod blo@dbs b Bys\lidr Gffidlint drdducdénVdprinladtcélis @8 Hake diRréhuBgl mdy Of the
af orel i st eflifcRAtcHs B o3R of tRXdAIdRSsdcyf|Reegs, More of the followi ng markers from
an endggenous %ﬁé‘&nm@fﬁ‘énﬁ“f% e rﬂﬁ;& bpbiatiol ShBhshe cal S I LAGor Bch? L Tnl €TNT),
and atrial  natriuretic fact}or ANES P BT ess® fht ee or more of 1he other
phenot ypi cce'f?ﬂ?vﬁé?”§”]?rélf°8?r}’e§6° T8t 1§ ooy RSy B8t MY B prooduced by

di fferenti att oRe BF-si39q BECBEYEWr i pot ent stem (pPS) cells have the sane
genone as ane e$¢ ednlisc plvedsolvieagebls efmimlifyativh i v @mt chiBIB )t diffetehtialicn ivevitro 40in viex pr ess
spont aneous pelintdddis Gaving By obid didr@istadrbdivdst Y el | express other characteristics -
'(IJ'Le Sggﬂ gwgﬁ)é;p?e'gas onéilémclar@%f tﬁ&_alo@ip@rné?@}'gs f3f a@?ri&%ée%gcfutb gén?:hgﬁﬁﬁﬁﬁiogahh%ﬁe)pl ggy
-20, or -60% o?“"@{?e“%‘g’éﬁfé‘&@%& Q@h@grﬁa%gggﬁe'?}:ﬁ'st ics referred to. |If desired,
the cells cah P& e Yanedl BuaMeiPratobrtr By efsderaRt B4 43P ¥at i ve capacity a

* be produced by differantiation of primate pluripotent stem (pPS) cells
¢ have the same genomse as an astablished human embryonic stem (hES) celi line
40 = - express spontanaous periodic contractile activity
+  oxpress other characteristics of cardiomyocytes, such as lon channel or appropriate electrophysiology
The cell populations of this Invention may be enriched to the paint where ~5, ~20, or ~60% of the cells have
the charactaristics referred to. If desired, the cells can also be genetically altered to extend replicative capacity
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transcriptase, or to express a growmh factor, cardiotroplo factor, or
transcription regulatory el enment. Another embodi ment of the |1n1\/63mt4ub9h is a
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extrac® |ular matrices Matri gei(r) oﬁ—ﬁ-ﬂ!ﬁﬁm n 30 in conditioned nedium hES
cells growm in feeder-free culture have phenotypic markers simlar to those
of hES grown @6igura if shewkemarkea y@ressivh dptedtattetly ymmmbkyecHemisrydity @sitfgantididdgumen 2 1S a
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through various precursor stages to a functional {end-stage) cardiomyocyte.
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Heart Cell in Culture (A Pinson ed., CRC Press 1987), |solated Adult
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t hen raut i BLéyedpdriatblott et al., Proc. Natl. Acad. Sci, USA 85:13726, 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
scdium EDTA solution (BRL) and cut into <1 mm® chunks. The tisaue Is then pipstted through a 100 yL tip to
further disaggregate the cells. It is incubated at 37°C for ~5 min, then ~3.6 mL EG growth medium is addad,

EG growth medium is DMEM, 4500 mg/L D-glucose, 2200 mg/L mM NaHCOQs; 15% ES qualified fetal calf
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every 1-2 weeks by brief trypslnization, exposure to Dul becco's PBS
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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 em? (optimally
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Geron Corporation has devel oped novel tissue culture environnents that allow
for continuous proliferation of pluripotent stemcells in aig Sggi_;wanment
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differentiation paradigm Conditions that induce differentiation of hES
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cells, or by Inhibiting the growth (or causing apoptosis) of cells of other
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Once markers have been Identified on the surface of cells of the desired phanotype, they can be used

for immunoselection to further enrich the population by techniques such as Immunopanning or antibody-
35  mediated flucrescence-activated cell sorting.

Under appropriate circumstances, pPS-derlved cardiomyocytes often show spontaneous periodic
contractile activity. This means that when thoy are cultured in a suitable tissue culture environment with an
appropriate Ca™ concentration and elsctrolyte balance, the cells can be observed to contract across one axis
of the cell, and then releass from contraction, without having to add any additional components to the culture

40  medium. The contractions are perlodic, which means that they repeat on a regular or Irregular basis, at a
frequency betwesn ~6 and 200 contractions per minute, and often between ~20 and ~80 contractions par
minute {Figure 5). Individual ¢cells may show spontanesous periodic contractile aclivity 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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procedures o exp erient results In clearly 30
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consi der ecropiatiant éniobed for tefie bdadngedome of te maders listéd-dboledbut avichilpr &k dunativhay onor e

t han 10- Q¥sctropysidical Gropdn@y,cat Babr @hsidaraR® hibragblticaRhdiit if SN hre @8paBlé) of grafting to

undi f f er enbiaRda@etaiRiissus Bhd acliing in s thd iHcfna befbrle Shebdeh YoEnpleaf CardiBlngtlos. have
been | “t ' f ! e@\:nQrE' abfd f?bwafnae&ﬁbn%d fr‘n%' } ellst Mﬁm‘ﬁ ‘ﬁ§du{é€nﬂs FJ&%BEX Sie of ey can

be use ni ques

ouch a5 i AMEELEAR Y ReBiad b e e sse qeiin e e TP ABEL ARSI TRt ol |
sorting. Lﬂi‘?ﬂ'@?r‘haé}ﬂf) F'Bﬂ?‘is%ﬁaéo'ﬁ pig B?Tﬁ%??é’e‘genﬂcﬁlﬁs*wa@rt!'W§ st BRYEEAEY: of t en
show spontwileeesde fitarpdil ihe cardienmelisarsy phtaineditan ihp ngiferpiiipted fne dnaygh hacowsaeh t hey
are cul t umechalinitotiz dsisiprt. Zlellschdt hays been taslst by recosbivant aEND inlbdube atrmnsgarPsudpr i at e
Ca}' cancestrErml bradock Bl af biiBdshstk Yénd aRaliPdRiored 18 Bave el sEm& gehoRLasaidsis Wead t o
contract ae@nfb]?t‘ﬁ@y dr g, 'sﬁce éﬂfnoﬁnnﬁlpﬁﬁéd genéﬂ@gerﬁéﬂﬁ Hre pﬁegﬁ\ﬁﬁ eTvttJ c@lmoﬁlgam&{s%ﬁ i on,

wi t hout h%\é'sﬁ'&m & h?vgdes%'ﬂ%uf‘gg A OFe%hm QJYRQ\@%E%% rhgles g syl %I\W ﬁ’ngéirgrfnﬁgd' um

The contr redul ar or
rregul ar ey ‘tre'é‘B"“f‘PégLFér?é‘ I o Serecsf kephyoa SRINRARE £ B3 et d
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14 WO 03/ QgKAR0 PCT/ US02/ 22245 The contractile activity of the cells can be
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bl ocker dipreforentiabarpreatian b pndiferensinted eolis: iStitablegrerhojers inelupetheaTERG somelerpatite?RT-Aranner
(Fi gur e 5)prombteOThd difect@ igtr@malp bedirectia Gicas he el {adtodg G esitnple,| a thn or 8 opdienal | ne and
phenyl ephrapdp@sik)aertie@Sthé biieEorCRRROMGT BN the cofabsbspiinle UdKch@datsCinar agdrar i zati on -
of f Un:S‘st | Qp&l, siRh P& 5nmﬁ,§y &'a pldiBo. C@Jerlnplé?ﬁng a Ihsmlsmepmﬁﬁ.%t k%gaza n&agnel s for
Na+, BN G i W &p&x&a 818 Dbty Bl Clluldle ABLER oo agglaeena' ysis

for car d| 0 poten gel mun ugers
Arch. 437: p%g? ¥ﬁ”§%§8"14§%2ﬁ , Ann. N.. Acad Sci. 27:752, 1995 and
Doevendans et &feet hgs nogygpen dE%ﬂ“F“@éP‘EII"HF""‘WS‘Z“’Sﬁg‘heﬁﬂeﬂ"“rieanpﬁ BROPRig gy

attri but esPpraiuitdewe vwiin the purgéw eftieerreadierde poiushige diédrdntintionrgradiam lipstrgledig dissor s i n
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I 5 Where derived froman established |ine of pPS cells, the cell populations
and isolated cells of this invention can be characterized as hayiing tzptﬁ
same genone as the line fromwhich they are derived. This neans thapl
chromosomal DNA will be over 90% i dentical between the pPS cells and the
cardi ac celwW@03/0m#spch can be inferred if the cardi ac cel |IRCTAS@22M4%i ned from
the undifferentiated |line through the course of normal mtotic division.

Cel | s t hatcohponendie e mater exabulich dpymizs@aiglriaaRjecta®biilse handddbitacitacana ddet ansgene

(such 20 agdbEdRTbm @6 siif OGle cRibed ARn@AJOgenous gene are still considered to
have the sanme genone as the line from which they are derived, since all

non- mani puéa%tlggn H aeml ents are preserved. Two cell popul ations can be
shown to have—eégg%h#f-yj@:—sane genonme by standard techni ques such as DNA
fingerpsinting.itmapbd @EiRBE thit@letalls hide the @bimitb REIGM 1P céitain dl@scRSHinglahd BhgEuDY

revi ew of Jpﬁﬁﬂiﬁt@sangﬁ%owgéﬁ leSHofiRF the/@hdr@bh d?&arctlcjﬂ'@ocﬁgé Ana thell PHeurs&rl aihaedhdi i sti
that cardi t%%m e%é(otﬂgan éé)ﬁonqg%e ?e?ome?zes?{ﬁncﬁgse thelr rapEcat oter}%?ll e%ﬁeggéf?rg §,J alftergl%gu' ation

is inmportan

cel | popul "é?gfe%“’cra‘ﬁ”"f?g dﬁ‘?@ﬁf“‘f"ﬁf" 988 ée"EEﬂY P'ff?fﬂﬁTte‘{:‘éﬁ"T s pP?Aﬁefﬁ g &Rar ed
genone - cPeTREFEdANey bf fakRRrdomine H'ff%‘f““i'!‘w RAtway deatribagl eagipr oftiieRetipted ey Caf‘%e t hat
may bellsetblerherized direttiyer apy - such as a popul ation that can pretol erize the
patient to the daissiro@dhipratd b genitiyally ipangQhent byetragdscatinade trasbictg rvath ta. suifabls

t her apeut i GewtSkbmobdoud FecOMitingidn 08 SdieR BlpRpraldatonslib & Bhtihedtfsloss el tolpdpd at i ons

of this ineégwclcgrnpo St m%ﬁn wﬁﬁyadﬂadr@tht¥ro[BJo§sepr9|totep rh%a;cfrgge%%.an@ta@exp@éwﬁel I's.

One way of uatlonlsto

t ransf ect t{ehon E:}t o%cgrslillg elr ghe en oﬁen V\)f"ls pr?_lmo or. H%rtfcelarlv suitable is tli’le ¢a ﬁ omr?lpnent of

ene un f a

pr onot & tWQ?“ I?é?wgfé%a (“B’?Fé’? e?’%"r‘?ﬁﬁ‘ 4 ‘"&ﬂbﬁ‘%@é’aﬁﬁt faplicaien; WP aM T atf8dcEdN | s.
Sui t abl e pireiaYettsr epefiefchomgieost e MPERTIEGF GWE Y71 Bh@an fee WCTed  TpeReined The
ef f ect or gemessipmy lelp@erdserireninhycellyit degcrbey it Brdnag ellal., Stione 219i3ny 1998 ed Jareatpl e, a
toxi n or anareeicabnr11,0b99. aORLD StaBple, HAEHTRIE WY ed/11592) freused hatbate PENERT NRY
render t hesnedathd seglsndeCitl skt idiPanteRert Gite ©f f FBESI 2 otoPlha& 6brRbIRAthe MRBVHAIGEs, SUCH

as an gntifhp mﬁ%e%&oﬁ%t%&%d%&ﬁl%@ﬁ% A)éﬁkeﬁovﬁus@?c‘i&%de?éoﬁega'ncﬁﬁneyﬁ’ dadipe kinase

(tk) gene, sus tible to
gancl clovl r. Sultab re'('%?tegﬁféﬁ‘ ef'%"a(t:%ngtr e sar%lrggnet’cﬁﬁ’ \719 g i ‘(ﬂﬁr" ﬁ?"%ﬁg

(Nbrin et Sqpemplantspvaras-[6h petiad. w&wa%@‘@ﬁ"%mﬁww@w Prkt d%&r‘iﬁ‘?ﬁ'ﬁi}'b@'ﬁ‘f"és and
thei r precsfsssrsglegatiiisinga giuhselegtior epeftrsiptnas prenyein [3418, of biasfeiginggal themfedtiiret. t he

pur vi ew of Thisheanr Berdee abssadjferSHTERT @xehisfidne bye RT-PAR,i elnme@ese adigym(THAP usstaymt ed i n
this 40 dinBehb@htieRick Glafing tor tTERT, oOWRlicdlive RPSRS . ThENBIoWR@d&Ey kBMrd @aidbib y t est
the suit abiohhdrdfan for GREdRI fimEddb: tmmezs@ﬂgrraan%'ée DbtSHiiorCRATRY. 7700 Ynt&idthtcdl i N pPS
C§| | S O{j tFt?Jﬁ:hJse ?)rAnMQ‘LIJ:M%GITF\ I'Lé?a%e F@ﬁ&u&%ﬂ fGE Q&% é%o&gib%brloﬁ"cs dlgltlﬁ&g I'l's
control cdif TEybR gh vaﬁs; il I e g s
control z;gﬂuﬁa}q g ?)? ?‘\{ B E?ﬂ@g' f 8EFLs,

fi brobl astPgT°se%1ﬁd‘hft BOEBhhAt %qu‘I*PéWB‘iaSPﬁé“thatt heT2ce; @%H%*e&nw

accor dfthg Gontinpdyely mﬁq@@\QSCOIDPiSSt é’lﬂ tabw‘@ed Al j tutberngaitring fundep [cpngiitiens ahed SGIEPP'F

separ at i orpraiemithntandees with delrdbIphepetyres @u b@ivnalyPe Horibd BYANMIEOHGMO 03/ 006950

PCT/ US02/ 22245 ic@rpros@bdifentsSor tis Rt prafcells Qistdimentaid inldicZraibiyetytelplclrithd, Y

expect ed fQf yeh Igarwceu ML BSaxibsst FEirT. ki Bfler dABElinRE St tmsofcwe%p%pfs defisOfRs t he

spirit of ena ca !a Pé?sn{’ ancl Jr‘e degnt eé}%go ?r opnfro%];n grecljrs% d?ttel;nﬁ‘g;ﬁﬂ cells
AR gjﬁﬂa‘ed i 99"“5%%(&* j?z‘é?aﬁ *wﬁfecase FFeaenie e 'FEW AR P o

certain dr screeni n
reservoir ¥ de‘ﬁ'ﬁ’ﬁ“”@é’ e ’6‘?‘"’%’(“&%??‘&"6% VRHSPIRE t hei r precursors. The
cell's of thi s Deppodist Prote drigndeshiseonidhe gellh eotheremesbase jof dremartalizitine ey see Phei r
repli cati cwcepaile nich & transbarmihethe sl voith BNS encerfing atyc, th 8Y40 1ggeOtandees, of MOT-2@tSr | ct ed
devel opnentaaht 3 deneagetetaicha rafentt ppirkibal Wy stlizbfednarwo af/mdsss e mlasstecpPSacel | s
that aje dhehQeesd o%&fduu%wd@@ i RECRIARWRert RS ceill & Wb%msb@w R5tapB@i: PiEes.

descri bed 'l% tlarfzgdrc\ens cg'pixrﬁcﬁlgrqmgrles@[neagpllgﬁﬁclms %t tRQ m¥eﬁt%n wil18-e h % aq mﬁ%%&qo ﬁgvg ectl y.

Cells are t ectlon ar

transduct i tw Paﬁl pé gﬁﬁe a [n%ntam al Q;yotype —_ for egample, in pll’?;/ macel?lca screening, and in
therapeutic protocols where differentiated cells are administered to an individual In order 1o augment cardiac
function.



vect or, honol ogous reconbi nati on, or other appropriate technique, so that
they express the telonerase catalytic conponent (TERT), typi cal |y under a
het er ol ogous pronoter that Increases telonerase expression bey bAdANBRD
occurs under the endogenous pronoter. Particularly suitable is the catalytic
conmponent of 15 human tel omerase (hTERT), provided in International Patent
Appl i cati oNVONYWEFY 4592, For certain applications, speciP&IBBBESgs |ike
nouse TERT (WO 99127113) can al so be used. Tr ansfection and expressi on of
tel omerase i n hodreens efethié sivénsondhas elsd eghndtitanBa@nain @der & enhanbe thainanity2a 8 349,
1998 and JhaRg ifliss@ regenetifh, or @ BMler a drkrapeulio geh® Ba silelor aBAkIRKon EpRbAs hTERT
cl ones ( V\Qegﬁéélﬁﬁg% kﬂcrv\ﬁ eH&gﬂg Qeﬁueﬂceﬁ&lﬁ{e%sirgé geh;r Egrativ@]ﬁ%qltﬁg rovditd $BGE and

S p| iced Int ﬁlﬁf %an sFec?cBLr sﬁectnﬁlly ﬁtve In tF (ﬁ%][enna}/eg ceIlege u?fd parﬂcu?ar {ereq are celEkBﬁarévp SV

pr onot er,

r et r ovi T uSePiRGTered 1 Grest B oF B‘P'e 8P fREOTE FREITEDMRSE: é‘F’d‘W‘ﬁ“ ?"“F‘&'P 80 PREEY or

undi ff er ernaiﬂmt@éﬁcfﬁ'Psm&OeFﬂdscaraiﬁtétfsg%fﬁ@m tegdiafiap faplorsetueitias @B TAY: ekt 87d A TCai ni ng
super nat arfrsluaigrest thaseBfact@s Bt tiwesite ofchdmiaistakildnhven fagiitai advgid. of the Binatienehehénctiredi um f or
1- 2 days. dadenetthe atdeficiadbiicer dhe adlinisBrearcal, S€In@edse Groliieativg of adiviy @f Bt emd | on
agent suChe@homy he MLihdiisité418, or blasticidin, and then recultured. They
can then be assessed for hTERT expression by RT-PCR, telonerase activity

( TRAP assel¥% o 2& i gﬁc Inoc tochergorcal staining for hTERT, or replicative
capacity. s are available comrercially for research
pur poses: TRAP&R€hvshtioXlprotigdsQmdtias & dorti@Qdrie0fimbdrd of (c6iRlof thé dafdibhiyodyd liRegen Co.
Pur chase N)Qse c@lnpopl]_ Qiloﬁgré% uI&:Il er@ h&@wer A? %oﬂnl‘ %@%LGH Sde(r&fﬁnent ZanQ Lﬁnn‘?b%al ROChe

Dlhagnostl cpam di anapol |sI bN). ERT expre55| on can al S(ﬁ be, eval uated ﬁt
the rn PCR. . Avai eco rcial I researc s i s the
L ht Bycl of TASTRELE Pl o 3 SR Fioeagt 8o e By ool vianlin

Di agnost i deésfersntigty %Wﬁ?aﬁdbﬁg'ﬁfmpeﬁ'l‘ef dinoagesg Fé'me@ﬁw'e»scwqmvw & rsolerted by
further cuetilyshtieg auPg@ remcion@inini end dhet IMBNA SLpered fronpihe Pelipichy stapdary, techimigtec el | s
wi t h desi r{sdolb@olpd eln eipyqpesitec @vers phrisoiiag ity cies, tb pragthtithycah badubtranted wihleDiA on. I n
certain eniedhdmeriite®brd diiss othed MiogihioPddils, RRBR-GRbk bas fdnPindldatdofiRé brahedhet Nt O
car di ogs/ OG¥feRpidn@pdiha& S. and then genetically altered to express TERT. In

h nbodi I d
g;preresg T(I;Rll'ma q{\e ddlf%%nﬁatla% ll% Qf tﬁptnvegtph 8£P§o 8§ ||.|se§ £ %F gn(?‘Fo%teL EIQ al'eysg&lﬁé %Ir ed to

TR P AR g SRR e A
expr essi orf*teHRAte Fame] #ftegei 9 &g g toprngn gmuggenic fopp. Rigaucien & raroAlprtaniiRétsier t he
repl i cat i \Aescthgp) achahystapdard riferersed dsd). S HeferitaraionGaadd 47DBPendl . A 887 andiMsthpdstire nd e d
use of 28 he&ngyeblbgy, 73818 8B 1) Mespéntic aintbédy imvlendst abn Awt YeqrodnRy bakswcthe a liveg ept abl e,
such as t niaxambdampatdnQcelid k@ v hdrilo¥Mvithihd Bioet @RIGEATERGroM§ out phiBivey\ddBctddatonR. T
antigen, Qe Milsefal( NewEng. P 34s5:730, 8@% a%éﬁlcel.knggsee‘ D2k Q0 BbtodRRt. 39‘1446\9&]6' cations
WO 97/ 3297 rﬁ&‘iuéﬁ%n%]ré |% §é‘€s¥¥ of lﬁcﬁﬁl fr%dmgms IYI\‘IO arm[b%do enco&rgq?gﬂE? flsﬁ&esc%ge%qv rus

product s |E§ ess E @O 0 erapeu

pur poses. TRPY RBP4 % 1’78 are of particular interest in applications of
thi s i¥vent i onBnprafiely;splegting uging 48 pRagiiotrls of Bistigriion, ang| negatively selectingrising ¢8fls f er at e
and nai nt &esing erp prodekyr distibytercantigefisgpuck sngmbryvenic Geth prodeay vithcthat thermlyrestr@duti ng, and
i Nt her apietréd @ardpihgicneohs daskee seecithitf dae beaddiainat @b aadobiss iatu@ cachaiustd stientdd t 0 an
i ndi vi dualor tebtu® hddf el @r AUGRRPherSetoRG mifed B&Itpbgﬁﬂﬂonlﬁr furpdsed Alh 20&BaiMKd .
03/ 0069SQ dﬁ)ﬂ /ir,imgc(la%%é%sﬂ&ﬁss&‘eeéa‘nﬁles()fanot i@dla?lnd ;Q'é(cgl@&r' daf fﬁ:ﬁlntarﬁ:'nﬁ@ dl%@re:ﬁlﬁéhet ically
al tereg Emyleggndgtglp%&qh%“ﬁ‘ g abi || ty- to be involved | n tissue

regeneratlon toaS|t ISt ation.

uti c .gene

A Vector s odt slfet ST AR h SR ER I R seR e e o
gene, operaty \%‘fhﬁs‘@i‘ RIcEs t“E)’t &epPeRdtige f?'h“ét""’i“%""yt@r ey ERYEtSH SkgeiTe dhor
speci f i caldffgrendigtion pashwanp ort fppditaligfiftesgctiqntbptyeas gelle. e BAprepsiop @atte@p ofjkerdifieeniieiad cellnt er est
are cell s atdvatingiraed mpgaerbbith calrd! yell tidet,@nod @s tndiff@stpat@ipSs oaig cber tywsrobcogmited h
fact or s Ofpredidol @S aucly REPS collE Aitetnfitdd QirkiGs dtrREINEHGSs), SHrEhinaAE diBidréntididd celBAt Ii Ureti C
gi%b\or Cri pt ommRd of f%fcﬁ!h.?a? |rT- & @f‘eﬂ% t%xﬁ)rﬁssﬁﬁg%\@tvbcp%n%?&"%o i etsd#‘é&?enlé?etse of
admi ni str g? %(%Pl ZOO@W\QCFOMIW 'O‘f B 219 0 o'h S@T WW%GQ"?' u n%stco ﬁ% &?1"3’ 8} ?gm’%

conducted usmg a Genstic Microsystems a ay generator, and an Axon GeznePixTM Scanner Microarrays are

prepared by first amplifying cDNA fragments encoding marker sequences to be analyzed, and spotted directly
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enhance the beneficial effect of the adm nistered cell, or increase
proliferation or activity of host cells neighboring the treatnent site. 10
Use of cardionyocytes and their precursors This invention providepigpgeddhod
to produce |large nunbers of cells of the cardi omyocyte |lineage. These cell
popul ations can be used for a number of inportant research, development, and
comerci al WBH¥WES8s. 15 The cells of this invention can BEYRYRUYL prepare
a cDNA library relatively uncontam nated with cDNA preferentially expressed
In cells feprplast $ides TojcpronmepanfiNAPspardinnsipm o cella piditamel oweypreparation i sewirtpdiele ed by
cent r i f uga€yddaneiat cONBOEhile encther is Sonpertad infa rgs-klmed cPRNATHeSwe cRRamrerdrationoare t he

pel I et by mbaireadgmlibrelnitciHe ficroarfai BIaE, Ak thed wahed,to Si{HaR Jnon-ébdif2 Ibindig EThs e
transcribi fige kNhdd &Y al DRIDERD B RbIM oC 8RN B HS uﬂ%g akd Rekitb titbrRdNA 1o f rom

undi ff ef en ﬁﬁﬁe%dang i Ehd So ﬁ%ape%r %B\E?eaggrfhlc&% orctr?ei ei§tlv? %Eum?aﬂ&%;ﬁﬁnﬁgf f‘éel chs from

t he cardl omyoc or any ot opnent a erentiated
celI's of tR" %IW % on can al so be used to prepare antibodies that are
specific for mar kers of cardi omyocytes and their precursors. Polyclonal

ant i bodi esDegssrepéngpr epared by injecting a vertebrate animal with cells of
this | nventi on Gariicapocitemal mBgresmtia chrofelised Ry @aerCibi faforsqfucti@ sodna el @odcilbodi es
I's deser i #gd, pefliasaliéhlontd RS ofbnliBAnhBIREGRBoE fudd.aSeutilabRliichs & médbliafARhat
4,472,500 é@é#mécré%éeéﬂofsaémeaié/%m&@%aﬂbdapl%ée Fnzym)l ogy 73B:3 (1981) Specific

antib Ody ol ecqn go gg\lc or?sr PI% caﬁ)s @Qd}ﬁgr[erﬂate(y or dﬁfer?ﬂlateci) ag us?cJ go s%reen)fac%rs tha(t:i

| rmunocorrpet ent ce

growi ng ouf™ E?s'i‘“f‘i"%’l ifpo gaéer ﬂ%ﬁ"éﬂg)‘?f‘i’ya‘f!@?'a"”’%ﬁe°’ fEEpiRady %i'{e%a‘fated °?{'lé%/ ‘Eﬁ’@mmﬂ Med.
335: 730, 199rationand meTteIrRRe sksugceliin long4ae eHise. Hotaxemimesndidalemaluplan faokggs. A

f urt hens al grevtin@ttiry ereitester dp sedingiien tobells nriiommt D, tnicpmeieesiningtagy retolybody
encodi Ng I @@igd st resais, Aesdikdaérabldcritel o ahe Alitura pitlubCaink 6dms. 1, 094, 108 A. 30 By
positively sel afifsl Q@heting Jbglucﬁtiaﬁs o‘r?%(i‘dvér&i&] ey ioSheQéstth:lf faaln%&ﬂ!ai d@Rpoui ¢hr
negativel ymé,eéff&ffu Blladihi3de Gdsde aintdh £b%an0rs§re rnearfz 94@%@46%593 Aot gens

(such as el erlve

cardio {n%cxmcp Ilts %ss?gaec) toiaavag g)hX'mac]plo%ca ﬂec?on R%cer‘s E/gaca se a coFﬁ)ound d slgBO dl es in

0
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5 To determne the suitability of cell conpositions for therapeutic

adm nistration, the cells can first be tested in a suitable ani nal 1nmp¢allh
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with 20% fetal bovine serum.
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cTnl-positive cells. A semiquantitative RT-PCR for the cardiac transcription factor Nkx2.5 (Xu et al., Dev Bjol,
196:237, 1998) indicated that it was highly expressed In cultures contalning beating cardiomyocytes, but
undstectable in undifferentiated cells. Positive signals for adhesion marker N-cadherln and gap junction
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adrenoceptor (B1-AR) and ¢Tnl. Specific staining of surface markers indlcates that the cells can be further
enriched by a sorting technique based on these markers.
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di ssociated with collagenase B at 37C for 2 hr. Cells were washed and

r esuspended,ydl: ChGioflih e E M didfhRn HlidiMenf ter settling for 5 min, the
cell suspension was lToaded onto a | ayer . 5% Percoil Tm (Phar maci a)
(--1.05 g/ nL) oeerdioy tiefH1zar Hayne belaf culbiibd B8/erfteyoid dbdies (weik 1rBalds ayfiittdentiatidhiuey cel | s
wer e t hen 1) 46@nt-8 wknged daky-dmihe, arybéle ad&ogthdl atteAf DRA meRyMIi6H, kg tab@ting Cel | S
on t opadf JohfexprRBibk: Dehs Welehbirladtel atragwb)an@myz@d loPthRIzc @MHc BFbdimd dir-Adke | Nt er f ace

of 10 | aYer's Ghy SOl E,zaﬁs.mg o Wb GRLhe T un% etg&;ig Lied cell's

wer e washed resus at 104

per well i At ai ned
S S Sl i G 1 oot 55 W

for expres®? 8APIER RFGEq! 1ilag 6 it CHERRAN\ihesemalEBNA eptral reaggnts PerikdtsEslof  MHC

posi tive dishdtienswers aphlyesdibn B EdsmiN 77808aquanseddstoctioh systtm 30 | nages fromtriplicate

wel |'s $oor 25 €Ewofe 6f shaattheatsubad ugdiy Eaedeeg-caisind@saitiffe®biand ardckbticheagera triean  Of

cell's fromsh.walolesdmHdeasd Mg Belelefmindhein @Q&&E)\/Q’ﬂe dakh QY Matl1ne 0 MR B-azab Ut

fraction |dus ot ae&y rgoar anmEsWshae%s@nﬁe %%%}s%nl e J@EA E-mhic, donBaRd wine Brent

attained |1r§éeasedar%t anya reasmh rr%? hi gher than the starting
cel | popul'a P R'I%'I‘_E i BEEeol? par ation of hES-derived Cardiomyocytes -
C PP Ol BETe BED 57 e s R era A S paeg o
108. ++352 splfopidexDEISOhang gl-tsipscreitngls acidBi). dumbryoidpogigs saignite0-55 DMSG Famedydyt cal
responses fiddeced igne topating apdas ESroddredted adliues rBbatvopae yaresbsentisont qltines tedtpg with
det er m ni roggeani e Imetsof dne 1.6a DEBO Wyl xic b @& paR.dDARDIFapkhtaketayset sigriiibamt
chronot r opbdicte h 84iHE s mPagutwity Shirsbidd Gftures.
Retinoic acid was applied to differentiating hES cultures at doses between 10°° and 108 M. At day
40 (-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-teoxy-cytidine was an effective cardiomyocyte differentiation inducer, increasing the
proportion of cardiomyocyte cells in the populaiion. In contrast, DMSO and retinoic acid inhibit cardiomyocyte
differentiation, even though these compounds generate cardiomyocytes from embryonic carcinoma or
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St udi es of pharmacol ogi cal response EBs were plated on to gel ati n coat ed
24-wel |l plates and allowed to differentiate, as In Exanple 2. N 2006
Contracting cardionyocytes at differentiation day 15-21 were used T]clé

exam ni ng pharnmacol ogi cal response. The frequency of the spontaneous

beati ng wasW@BH¥6?8d by counting the contraction rate of RE&UN¥R2MNhg ar eas
mai ntained in the differentiation nmediumin a 37C heati ng chanber of an

| nverted mnbiyoscaddeceilsl tveob@adt ks JWedl.acel dardiol 120 698, OO0 GICEEhY 31 HOBAGE 299:165,

PCT/ USO2/ 24245 then Incubated with test conpounds in the incubator for 20-30

mn, and obser vgiohoné Elff”bTer?a%d vap a|£ci34cﬁeve99 3 GreciURORAGRA barkight %&ﬁe\/&ﬁﬁaﬁd
det erm nedhég e] S orwe! Igf?tl,m\a/ \aevar%/ dl?sﬁgat%l Qp!?ad c‘ire J oen%Sglelgi?l-coé?lecp%%% Waﬂt%g% tﬁ)rolg ac h

substrate.

mean nmeds u?"e"df‘bﬁﬂd R‘Uy 2’6930&53? PR Sy cuﬂf""d’B FEpYIFie medympE® ERIDMEMeL ’Y’ess

f unct i onal L-guamiee 03 AV B-Biprrarieatiane!] 1% ramino preidsy sond 28% | fefgl chying B Pontmekgr di ac

cont ract i | @rdfomyacttesovere foumd @k dayi 1A drdeuthune tedtédogith 10 1M t5keea-dectyyrpding atl dey M 2cdnannel

bl ocker digi)aaza meoinek hal cungat i ng of hES-derived cardi onyocytes.

Differentiated cells were Incubated with various concentrations of the drug

and t he, nu'gg;,ggl %QS@Q !Bﬁé ngfgwﬁ &\Qgctogsaunt ed. The cells were then washed
Wi th rredl um mai nt al ne I itterentitatlion mediumfor 24 h and observed for

t he ti me taken Thie ekegplovie An Dieaatgatina tof bdntoiied dHle@tbicadBed(drauttetactdl) aghbavs-déodRat t he

beat i ng r adyfiné@Snilidnby daidlompboldyditdiehilafon @Muinih BB ceikNcent rat i on- 10 dependent

manner. \Wen cehl ﬁm%fﬁcéﬂﬁiﬁ‘@éa@&mééﬁ HhmﬂtﬂelﬁyMs%w‘entHeé%&@&ﬂt&@&ﬁb@ﬁuaét%ﬂ?at' ng

areas st Opl%qges aﬁg %&c}agi%n'ubg;ﬁ] tigdf q?r&u:()i{: f‘% a"a%no [ng'(e:acs)s\e/ gge f%arglorp?;@)*es aesgr?el S 24-48

h after_re % St andard
error & tHEOHRER ptﬁ"’fl&?“i"" =jegpidles Wrs aercogronniinoft % was test ed by ¢ he
Fi sher's PLSD t'@%fationale yas asfptiowss Groppd fastyry wese-seleqtpd ag) pRing ably je) sepplyigetote 'on  shows
t hat t he hiERbide diripg bitial cemreiimenty Grourcl/faciars wesey/selefterhastable twedurdly-fengvas of ghdofarm
channel s. dufingasutssequ@iitaleelopigne i dvrbibationOid MbaLp € folorsWaBoub OlUtadbord Gere Rasceawe 15 t he
beating r aduRivil SdctoBbrl GardlofcResah ckiitied/citdrd. ORRRA Workife cdhBakrstioh vkl defincaliout 98

beat s/ 53 N 4rdg; l;ITp B Wi 4ﬁéﬂpﬁher anﬁ)atﬂ‘ab %1g%rms qef%@tp\ys t“ll;@'t anld hﬁlﬁﬂa IS pﬁ@' tive

chronot r opj by isoprenaline (a (3-adrenocéeptor agoni st)
and phenf%%ﬁ r#ﬁ%éfgﬁwﬁeg renoceptor agonist). Panels D and E show that the
phosphodl esterase Inhibitor |BMX and the R2-adrenoceptor agoni st

cl enbuterol have a simlar effect. Thus, the hES cell derived cells respond
to cardloactive drugs in a manner appropriate for cells of the

cardi onyocyte 20 lineage. Exanple 6: Cardiotrooic factors as
differentiation induction agents hES cells of the H or HI9 line being
cultured as enbryold bodies were treated at differentiation day 1-4, 4-6 or
6-8 with 5-aza-deoxy-cytidine, a cytosine analog that affects DNA

nmet hyl ati on, thereby activating 25 gene expression. Cells were harvested at
day 15, and anal yzed for cardiac a-MHC by real -tinme RT-PCR The RT-PCR assay
from Exanpl e 3 was adapted for the TagmanTM 7700 sequence detection system
using the sanme priners, anplifying for 40 cycles at 95C for 15 sec and 60C
for 1 mn. 18S ribosonmal RNA was anplified for a control using a kit_ for
TagmanT"" ribosomal RNA control reagents (Applied Biosystens). Reactions
were anal yzed by ABI Prismm 7700 Sequence Detection system 30 Figure 6
shows the results of using 5-aza-deoxy-cytidine as a differentiation

i nduction agent (nean S.D., ratio of aMHC to 18S RNA for determ nations in
triplicate). The data showthat 1 to 10 pM of S-aza- deoxy-cytidine at day
6-8 significantly Increased the expression of cardiac a-MHC, correlating
with an increased proportion of beating areas in the culture. Qher
reagents exam ned for an ability to Induce cardionyocyte differentiation

i ncluded dinmethyi 35 sulfoxide (DVMBO) and all-trans retinoic acid (RA).
Enbryoi d bodies treated with 0.5% DVSO from days 0-4 produced fewer beating
areas than non-treated cultures. Beating cells were absent fromcultures
treated with




0.8%or 1 %DVSO, and 1.5% DVSO was actually toxic to the cells. I;l)IVBO
treatnent al so caused significant reduction In a-VHC expressi on] déﬂﬂgnrﬁed
with untreated cultures. Retinoic acid was applied to differentiating hES
cultures at doses between 10'9 and 10-5 M At day 40 0-4, the RA was toxic
to the cel IO0HMPIS8 at days 4-8, 8-15, or 4-15, there waPGTFIHEZEase in
beating cells conpared with untreated cultures. Thus, 5-aza-deoxy-cytidine
was an effective cardi onyocy fierentiation J1nducer, increasing the
proportion of cardionyocyte i‘%‘“\gé %’ﬁme‘\%caf)db"ﬂfﬂ“’ag???fﬁ In contrast, DMSO and
retinoic acid inhibit cardionyocyte didfer entmealiinOn, evemght hough these
conpounds generate cardl onyocyt es foorsentratiohr v caneeotrations ci sgoaseirater- 25 1 1 JAN
2006 WO 03/ 006950 Ifckp/S02/ 22245 enbryonic stemcells (Whbus at al., J. Ml.
Cell Cardiol. 29:1525, 7; McBurn al ., re 299: , 1982).

Car di onyocyte differ erﬁ\?tgngtgi on was aﬁégﬁbg%hi evezgﬁqt’rﬁ' a d?‘r%%c differentiation
paradigm UndifferentiT3t&d hES cel I°W"t he "9 The wefd9tssoci ated and
plated directly onto dfflati n-coated BPoMes witRoWM goi nd%m ough 5 an
enbryoi d body stageoupie plated cells were cultured In differentiation

medi um ( 80% KO- DVEM L- gl utam .1 mer ca hanol , 1% am no
aci ds, and 20% f et al t%g\%/lne serum. 1%%%{@actm\14n@kardi owngﬂ't es were found
at day 18 In cultures tréated with 76°F™ 5-a Egﬂﬁoxy-czﬁn{(i‘g@/"ne at day 10-12
or 12-14, and at |at&eueines in al B2EwWmiur es 258 WnlEx anplP@ngml Ef f ecti ve

conbi nati ons of cardi oE@opi ¢ fact or 925yne. examsphgant s arecd m@st i gat i on of
conbi ned effects of agggdsgrowt h faghorgmand Boaga- deoxyongit i di ne to

i nfl uence cardl onyocyte—drfferentiationm of tomenm ES cet s The hunman ES cel |
| i ne desi gnat ed H1l Siegufepmetigneyi el ds f@wWdr beat 't car dl otycyt es than the H7
or H9 lines after dfigystandard enbryol d body protocol. Tn order to Increase

the yield of cardl ony tes, a serie of gr h fact as well as
5-aza- deoxy-cytidi ne X e added to d?‘]a?"ilfenti a?%)ﬁ H1 Cl}ﬁ{'ﬁnr es. The
rationale was as fol | . Goup | falfYM were2E® ected '®™Meing able to

supply functions of th& hypobl ast dangmg | ni 20agintcomm somemt. G oup 11
factors were sel ectedgas abl e to sugpbpmilunct bomgmof endesi@im during

subsequent devel opmengphfggonbi nat i %npﬁng_h G QURyh factQk RymG oup 111
factors were sel ected ‘_a‘,]g‘: survival fac or's for cg?rdl ony%%jmfs i n extended
PR ng e

cul ture. A typical wo concent r at7 8t vas 48 Med as medi unt' | evel,
with 4-told | ower_and'¥ifol d higher FE¥%¥ s def P8 as " "R and "hi gh"
| evel s. The concentrations are shown below. 26 1 1 JAN 2006 WD 03/ 006950
PCT/ US02/ 22245 TABLE 2: Exenplary Cardlotropic Factors Growth FactorLow
Medi um Hi gh correprt7 @bdedPaniDinc@dthd echéniTorGRd Fatitkd Rétdre NH1 N4l Paskagh 4@ Rer) gf ML 25
ng/ mL 100 Qe B henerate embryoid bodiss by collagenase treatment followed by mechanically distodging the cells from
5  the dish by scraping with a 6 mL pipet. The contents of one 10 cm? well of cells was transferred to a single
10 em? well of a low adherence plate and cultured in 4 mi of DMEM plus 20% FBS in the presence or absence
of additional factors for 4 days. At the end of day 4, each suspension of embryoid bodies was divided into 2
aliquots plated in 2 wells of a gelatin-coated adherent 6 well tissue culture plate {10 cm¥well). The adherent
embryoid bodies and their outgrowths were cultured in 4 ml. of DMEM plus 20% FBS in the presence or
10 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 the
embryoid bodies were plated in gelatin-coated wells). Group Il factors were added on day 4 (at the time of
15 plating} and were present continuously until day 8. Group Wi 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 5-aza-deoxy-
cytidine for 48 hrs (day 6-8}. Culiures were re-fed with fresh media plus or minus factors on days 6, 8, 11, and

1a.
It was observed that while no beating regions were observed in the control cultures (those maintained
20  in the absence of supplamentary factors/5-aza-deoxy-cytidine) or those maintained in the presence of the
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Activin A 2.5 ngfnL 10 ng/nL 40 ng/nL TGF 131 6.25 nM26 nMLOO nM | G~ @é
Goup |1 BVP 4 1.25 ng/ni 5 ng/mL 20 ng/ml FGF 4 12.5 ngfnl 50 righ sN 38%
ng/m. Insulin 6.25 ngfnL 25 ng/nL 100 ng/ nmL bFGF 12.5 ng/ nL 50 ng/ nL 200
ng/ mL PDGF- BB12.5 ng/ nL50 ng/ nm.200 ng/ m. 5-aza-deoxy-cyti di nelOMLOMLO M
Goup |11 BYQBWEE nMLOO nM IGF | | GF I16.25 nve5 nMLOO P&WUSPIE324%g/ m20
ngf nL80 ngfnL EGF6. 25 ng/ nm.25 ng/ nL100 ng/ nL PDGF-BBO0.9 ng/ nlL3.6 ng/nLl4. 4
ngf ML bFGFQovh ragrath 18 atghidalorazagéan-cytams,weatnGar2s wab/RBsonddliD gl wehd Bésiying te 7
(Upper Pang@hpindastongodiiiotsshast-d-abydgendf these factors. HL cells at passage
48 vere used ey BONELAL BarBTHVOLHMRARIFRR ah¥siE PabBRNAP ofelstR b hd ardap! | OVed
by mechanical ly di sl od%l ng ? ?C@l Its f{on] 5 th@ d'@\ﬂrbﬁi SCr anl gaq c‘Mv&aQ ab n
pi pet . The ™ EbhiERE deasy o3 STV e g ' CRMR Ry (AR ST FETED B si ngl e
10 cn? %el Yonfitanty highsy Hdprlls empoeedple sty fagtore LEEU Plésd SEf-dgoxrpyvidie. DNEMPPLs 20%
FBS i n t hesopesstong estal weamificiaeto acisvaldghetaMbia akpréssiat(xfgld higher andizeylevels #&ent he end
of day 4, gamlb.suspension of enbryoid bodies was divided into 2 aliquots
plated in 2 welthse ahu we loRbdrdkaGPAhEHqRAREeRNt. G188k lpaldhGddPwerd dullas PI at e
( 10 one/ Wet';e}o) X e-lr.:pp h%gpér enr'tthe I%\g%g )(%%ra%?lg Ioﬁf%ctg}p gseEl h'ne{hg %UI% reQ%m&t WQE e
cul tured Infn)ji_of. I\ﬂﬂlus 0 I'n the presence ($r~ absence of
addi t i dhal SPREFGS Phpprepe ofsxra'es Be FarP e ER AL M oEYe S ape SN BT Edi ons 1 n
each wel | UG#dsetepined iy eg-time PCR assay relative to undifferentiated cells.
Figure 8 shows that omission of Group {ll from the protocol led to a further 3-fold increase in the
amount of tMHC mRNA expression. Increases in the expression of the early cardiomyocyte-associated gene
GATA-4 ware also delected. In contrast, the endoderm-associated gene HNF3b is not specifically induced
16 under these conditions. The effect on o-MHC and GATA-4 was selective, in comparison with the 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 | and |l enhance the proportion of cells bearing
characteristlc features of cardiomyocytes.
20

Example 8: Culturing in.a medium contalning enrichment agents

The H9 line of hES cells were differentiated by forming embryoid bodies in suspension for 5 days, and
then further differentiating on Matrigel® coated plates for 12 days in differentiation medium. The cells were
dissociated using a solution containing 200 U/mL Collagenase I} (Worthington), 0.2% trypsin (irvine Scisntific)

25  and 0.02% glucose in PBS. They were plated onto Matrigal® 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. Call Cardiol. 23:161, 1991; and Li et al., J. Tiss. Cult. Math. 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
ohservations made for individual wells followed separately during the course of the study). Gells grown in CCT
medium showead an increase in the number of beating areas after 7 to 14 days. This shows that the agents
creatine, carnitine, and taurine act separately or In combination to enrich the proportion of cardiomyocyte

35 {ineage cells In the culture.



by light m croscopy, and RNA was harvested from each well for subseque%uﬁ
quantitative PCR analysis. Goup | factors were added on day O on
whi ch undi fferentiated cells were transferred to suspension culture to
generate enbryold bodi es) and were present continuously until day 8 (4 days
after the wabB¥86e?d bodi es were plated in gel atin-coat ed RBIUNI22245 oup | |
factors were added on day 4 (at the time of 15 plating) and were present
cont i nuouSkxgmpM i digbaotiBeda @bdr s wer e added on day 8 and wer e

pr esent conti nuousl&‘}/ unt i I the end of the efe%p ny é ‘ ubset of
cul tures was exff SYE Wore g9 eraRs JRR) MEXSGYioHT lf‘%‘?y'%'@‘"‘ﬁ byl e%° aysCul tures
were re-fetnder W°'Fﬁ'%wﬂr?é@"§°ﬁdd%a‘°6 for 1 davRs(S-pradipRyy-&tidhe %9’3‘“*6 actess ""T?L""‘ and 13.
It was obseededhd felig wanh ihkre dispocidiiasing cpliauengiseo B gespencwded Insdiffereatidtidn metlire, apdnt r ol
cul tures (dIbaseao sarientTaé BdiGusp2iBioh Wad e |1B0BE DRE a @lscoBHL Gt at Fercoll™, and

fact or s/ 5- aziaudde aXibodcy/ b BInfe)Fo@ hadibtd $6re B8IkdM4at. ARlphd? intetfteP L ORE NS, 180kr; t he 27
| 1 JAN 20@%%@%9&@ 59 ﬁgda%lﬁ%éﬁ%%‘léeng tth%paﬁh%ﬁ pt.tta:f f%m@rpn%a{a&e of

5- aza- deox ve elving the
o e ool el S A v e "3’35% 81 gt el oyl 52 L e
Panel ) sho%()g‘“q%fa?ﬂqn?a’i"i‘“\?e PCR anal ysis (TagmanTM for expr e55| on of the
cardi ad® gene dleptodt shoeinvgbla deaelagd T pesitivegelsas datermings by eapeting ¢efs Imor nal
heart RNA. 30Tingyesd wretiplicie vetpiveme iantionars! prebentst gfindan aatehdayd davigibrest céiln frged | s
exposed towgsowh factors (GF) plus 5-aza-deoxy-cytidlne. The | owest
concentrations tested were sufficient to achieve higher aMiC expression
(30-fold hi

el aborated I n a subsequent expeTABnetharcbﬂI“SBa&rénsn(passage 38) were cultured

as before, —except—t—hat——aj—mﬁ—y—t—he—t-mwest——cmmWs used
In the previousggyperi ment dapéfn 10 atRl.g¥&d; and b) mm@% set of sanples,
the Goup Ill treat ment was omtted. Level of markgg,expressigpzwas then
determned Tn re y T . Figure
8 shows t hat BG’I?T°§§ﬂaGFP"of Goup i fromthe protdtdt4ted to B¥4rther 3-fold
increase in the anount of MANA expy essi on, , éngggnases bR EP% expression
of the early cardi onyocyte- associ at ed gene GATA-2*Were al sG detécted. In

contrast, the endpderm assogd afed gene HNF3b |Is petispecifisalbye nduced 15
under these conditions. The effect on a-MHC and GATA-4 was sel ecti ve, in
conparison wth tine endodersmxa$soci at ed+gene HME3R27wehi ch dspamaased usi ng
any growt h factor conbination, but not wth 5-aza-deoxy- cytidine. These
results denonstrad¥e that fabdotod withi n+6r oups | 6%anBld ¥l enlaptét-ghe
proportion Of celTsS bearing characteristic features of cardifonyocytes. 20
Exanpl ¢ 8: Culturing in a nmedium containing enri chrrent agents The H9 |ine of

hES cells %ﬂgc& LJr@ bgme ﬂt ?9 cm%s Llﬂ[ﬁg&igﬂ IIPa V%Qr{laﬁlw? &%stg%]teg ension for 5

days, and E] rent|a at es for 12
days In di ffer ‘g'bc’H’ E??‘U?ﬁ’ afﬂ'@“&'@%ﬁ W\?é‘r"%f""d%i“ 'i‘) SeFf"Ed”ﬁ% e d"%ol ut i on
cont ai ni ngcemfelﬂe?ﬁﬁt‘?@dﬁ!’ga@@ﬁ’ﬁ’é en qiferepipgiantdpy 32¢ t-eyalp of qRrdpoHE gelasted by fP*F' Ve

Sci enti fi cT-2% anpirbisve@2piiraniz bigtwr than o Ssford bepyrativer Ehephta sled tahfractiddatlirangel (r)
coat edz2p| aWeavei the Kgtbét asvand MAIC ieRpfessiEd iamrbro]aﬂldn ofdbth;ttﬁﬁaeﬁi:ﬁérmsinawammhﬁa 14
days. The &ghde were then switched to "CCT" medi um containing 10'" MlInsulin
(Sigma), 0.2% mM carnitlne -
(Sigm), and l:'d‘ant)'\[[jogt;hgeuorf ?‘%\%ms:a 3%@"% """eé w %99&5@9’3%@?“8@%%%%| z at at,

J. Mol. Cell Cardiol. 23: 161 1991; and LI at al., J. Tiss. Cult. Meth.
15: 147, 1993. 30 For conparison, control cultures were naintained In
standard differentiati on medi um contai ni ng 20% FBS.




Figure 9 shows the nunber of beating areas after switching to CCT nedi um
(separate |ines show observations made for individual wells fol| owed
separately during the course of the study). Cells grown In CCT i dA N 06
showed an increase in the nunber of beating areas after 7 to 14 days. This
shows that the agents creatine, carnitine, and taurine act separately or In
conbi nat i oﬁv?@/@%ﬁ‘ch the proportion of cardionyocyte 33’qTN§@§6'645cel s In
the culture. 28 1 1 JAN 2U 6 WD 03/006950 PCT/ US02/ 22245 Exanpl e 9: Four -
hase centri ligation s p?ﬁ&ki@(@hag\%rﬂﬁ’g fg%r gﬁl %%@ﬁ;"é&g@ns\/\ere generated from

' enprvol o bodi &8s

hES cells of the H7 line By fofhing or _4 _days and t hen
proliferating on gel atiggggated pl at@RiohPlytolifea@YS (Non-Sfe &fOXY- cytidi ne and
growm h factors were not  used) The cells were then dissociated using

col | agenase B, resug8pended in differentiattion nedium anmd 5 allowed to
settle. The cell suspansicamnopasct hen | ayewed onto a di seontinuous gradi ent
of Percoll TM and gGgitgmbsiged at 1500 g f,or 30 mn. Fow fractions were
collected: 1. The u @gr i{]ﬁ@rface; If. The 40.5%layer; _I1l. The |ower
interface; 1V. The B ayer. The cells were washed and resuspended in
differentiation meWic¥R™"Ceils for i mmunostaining were seeded into chamber
slides at 104 cel | ssnpethmygelb betin cul tured for 2 or 7, anelbgehen fi xed and

stai ned. 10 Resul t smag@inshown in Tabl e 3. -Percentage of 4VHC positive cells
was deternined by couptigg cells in 30 inmages fromtriplicate wells for
each fraction and pé‘es'er{}}led as nean standard deviation of cells from3

wel I's. TABLE 3: Per&8M™M« Separation Fraction Cell Count Beating Cells%
staining for MHC Da§82 Day 7 Before sepaieion +17 4.80%5 4% f 9.0x106
2.60.5%2.53.0% |1 18@x108 +4.51.5%R2.4 OuSeolit 4. 0x168set+35. 72. 7928. 39. 4%
IV 1.3x108 +++69.5. &¥p2 214. 5% 15 Beati ng.cells were observed in all
fractions, but Fractjong Il and IV contained the highest percentage. Figure
10 shows the resttHts—oef—a—stmtear—procedure—was—cartt+ed—out—wi-th hES cells
of the HL line. The <cells were separated using Percoli TMon differentiation
day 22, Levels of cardiac MHC detected by real |lime RT-PCR anal ¥_5i S were

si gni fi cantademeyneqruiptiqagsepasiqddy fPéf“éSPréd‘@‘gi?a‘f‘%ﬁaf'?S‘r??“'dﬁ??é“sﬂr&’t"ﬂ'e%Wo‘%‘ g &t

Fracti ons dqThijang, NHC.2 G\osegtehed siaining éor miyaghrars to-fdtaprotein, erf BN 1 eimwed B gheenagsof g

pr opor t§ orskedtal tnodckl entisdamsel iyjs] ot naushi J-adCEsthiiy farsSSHEA-4 abdTraléd Ueonfithehot ype of
the cel |l s snchet arindrdi@dodngs bagli r ect i mmunacyt ocheni stry |I's shown in Table 4.

29 1 1 JAN 2006.sRGuf) a0 QAR Qs & rbloledly pedshbin IitGldhic 4nd HRRABHREEE dufst Of
Separ i‘iefj &l daraloRR R 9N aTBEL ARG 95‘%‘:529,' 5 BGYt & of, MIPEH RN 3E:REHbRS), del | s

cTnl -
Virtually all cTnl-positive cells and a subset of ¢Tnl negative cells obtained in the cardiomyocyte differentiation

10 protocol were positive for SMA, suggesting that they may be at an early stage and capable of proliferation.
Cells in fraction Il and IV were replated, cultured for an additional 2 days. 43 4% of the sMHC
posltive cells expressed BrdU, indicating that they were in the S phase of the cell cycle. In other expariments,
a subsst of cTnl-positive cells were found to express Ki-87. These results show that about 20% or 40% of the
cardiomyecytes in the population were undergoing active proliferation.
15

The compositions and procedures provided in the description can be effactively modified by those
skillad In the art without departing from the spirit of the invention embodied in the claims that follow,
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cardi ac-specific a/p MHC ++ - cardiac p MHC ++ - sarconeric MHC ++ -
N-cadherin ++ t snooth nuscle actin ++ subset myogenln - - a f tﬁ&r@q In -
- p-tubulin Il - K67subsetsubset BrdUsubset subset SSEA-4---

Car di onyocyt e popul ati ons separated by density gradient centri fugatl on coul d
be di stinguished by staining for c¢Tni and MHC. Absence of staining for
myogeni n, a-fetoprotein, or 13-tubulin Ill showed the absence of 5 skeletal
nmuscl e, endodermcell types, and neurons. Lack of staining for SSEA-4 and
Tra-1-81 confirns the absence of undé M%rentl ated hES cells. a-Snpoth
muscle actin (SMA) Is reportedly pre I n enbryonic and fetal

cardl onyocytes, but not adult cardi omyocytes (Leor et al., G rculation

97: 11332, Wraderlainied a4 thpinygpticals: |, Mol . Cel | Cardlol. 33:1321, 2001). Virtually
all cTnl-positive cells and a subset of oTni negative cel I s obtained in the
car di onyocyt rent ation 1 r, Ot oco wer e 05| ve esting
t hat they ﬁa?‘%em iateg) el agpp “ogtcgtu@dz'i"n g['ﬁ'"@ s‘é l 'i‘dgfn Nﬁiea (% ls in
fraction |11 %EFS'PM‘\AW@"P é‘ﬁ!keftsé'ﬁ‘“ecb'm‘i]'f"eEiT"F-cﬂ“d AN HE!EIP!? P'limﬂm‘E gemysnd 43 t
4% of the sMti pPpodiiiba feen whith ke catlipnyesgaitiedde ddlls wera dif@adtiatad) t hat t hey were In
the S phase of the cell cycle. In other experi ments, a subset of

;gglu ¢ pggi%;[ '8\(%\ %@Len? t%geoel?pogaéhng c&ltu:eg %‘rpvgn%stfsomp?sr_ln 7at Ie;rsl? ?ﬁ%a#&%%t\%\bes Im%%g\%l hat
active proli i@ é‘FY"oPP"“‘fB”‘Pn@e'@B‘Frrﬁ?gW ?)r?ﬁ""%cf‘”ﬁrtb%é’ﬁﬁr@ﬂ fige Jemq which H""t he
descri pti on canriohyscyd lineage calle vgre difigterttiated by t hose skilled In the art w thout
departing fromthe spirit of the invention enbodied in the clains that

foll ow. 204 33'51 tzuoéa M-J}@% b Sitre} @rb%rﬁlﬁlg aémrwﬁra.mgéef&;t'éafaaf&e 1. A

differentiat conprising at |east 5%
car di onyocytéeﬂsf”ﬂ’é"éﬁ Eﬂl‘ﬂr‘?mag?ﬁls@'g% ﬁ'@mat | east one marker selected from
cTnl, oTnT, and ANE FFOm safsereasie of¥aso useaye rrbain ofyHIC). t GATARSNIB@S| N-dqagherif.r om
whi ch t he Captadnsepist ¢81AR)CRERD2A; EMEFS26/VMEE-20| MEE2D) thoding Ckinass. MB\ (CK-MB),

di fferentiat glodidi! anggtggh?m,&,gfag,wd\m)ed invitro, conprising at |east 5%
cardi onyocyt e’l'l neage cel t hat have spontaneous periodic contractile
activity, and the pPS cell line fromwhich the cardionyocyte |ineage cells
wer e dif f efefbq gifesmytiatey cefpapuiglignf aerading qtasy Peeading sigjgt Waerpip it &e%é%l"hget o]

ei t her pr ecedicligating esllsrexprabscragian-s@tifid remsib hédpoheih. t he cell s express at | east
three markers selected from cTnl, cTnT sarconeri c nyosin heavy chain

(1% T8 b GO A O e o 2

natriuretic 'e(")QN nlng said markers or ald contractile acttvny

6. The differentiated cell population according to any preceding claim, comprising cells genetically
altered to express telomerase reverse transcriptase.

7. A method of producing a celi composition coi'itainlng primate cardiomyocytes or gardicmyocyte
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
colls.

8. The method of claim 7, comprising Initiating differentiation of the pPS calls in suspension culture.

9. The method of claim 8, further comprising continuing the differentiation after plating aggregates
formed in the suspension culture onto a suitable substrate.

10. The method of any of claims 7-8, comprising differentiating pPS cells in a growth environment
comprising a cardiotropic factor.
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4. The differentiated cell population according to any preceding claim
wherein at | east 60% of the proliferating cells express cardi ac-specific
nyosi n heavy chain. S. The differentiated cell popul ation acccpqd'mqnaﬁo any
preceding claim which can proliferate in an in vitro culture I'nle

mai ntai ning said markers or said contractile activity. 6. The differentiated
cell population according to any preceding claim conprising cells

geneti cal | lterrkfgg to express. tel gnerase reyerse transcriptase. 7. A

net hod of %}'oﬁl? ethge o oteg 1P “@8’%3&?’?‘8‘}?“’83‘1@&’?%??@’%& '@QP& car di onyocyt es or
cardi onyocyte precursor cells, conprising: a) culturing pPS cells in an
envi r onnmentz. estwenithadl df Yanf bie@aid {7-f1e eaterisigedifeegntidiipg pRsIselingn b lyewtuénvinmeht cel | s

to differenti gfndifdtaOndrbdth QDR RYdt B gRwthGaial, onyocyte precursor cells. 8.
The met hod of claim 7, conprising Initiating differentiation of the pPS

cells in syspepsi culture. 9. The nmethod. of claim further co i Si ng
cont i nui ngqﬁ'hipeﬂgg%r"zﬁlf'f"aﬁ Hﬁarﬂ? {hgrr""ﬂth&qef’ r’fga"a?ﬂj‘f"bdﬁfgg gmf‘&':}?%c’(ﬁs ingde 72
suspensi on culgiif-tkegrowth fagtog gndiamamberfihe T@RMfamily.10, The net hod of any of
claims 7-9, conprising differentiating pPS cells in a growh environnent

conprising1a Ry Hétkdr @ By off @fiheP¥-13, Sdmpristhg SMDARRAG nPd cenbNf a%&w%m@rham 10,

wherein the cardiotropic factqr is 5-aza-gdeoxy-cytidine. 1 e met hod of
any of clai m PmPned 5?&'?%96?'8?‘#8’?&%&61& ?‘@¥%F S cells in a growh

envi ronment conprising a norphogen and at |east two growh factors. 13. The
met hod of ¢é.ala idhodvdn @fyesf rtisinike7-14) lcpriydigiog) diffdenbiating BPS \éoli , in arybwithexviph@ent h;
factors | ncl ugfypdhg rdcRas sbibadainb sbAEdE-L BehiRbraP dndpi@iRer of the TGR(3
famly. 14. The pmlatghoc%ﬁgfs any of claims 7- 13, corfpp'?Fs,l ng differentiating hPS
cells in a growth environnent conprising factor(s) selected fromActivin A,
TGF 01, andf-| Te meghod giany gfipiaimyech-19e rther coimpyisingfphysically pgparating|celiy expigssing Mhi or

di fferenti ati smgntirié@ustyebritractingicedls feproatiohcetisiv the popotatidn. conpri si ng factor (s)
selected from BMP-4, FG--4, Insulin, bFG-, and PDG--BB. 16. The nethod of
any of cl ai - fur CQIIRi i sjcal.l rati | .

expr essi ngl‘{\'r/lsil@%o'ﬁémg Ognc{ataaﬁé%us E%(Fnc'g%\? ?"5@#? E‘ﬁ%sdafﬂrg%n c??'ﬂsg'r' theéoﬁlga“f’?\ t he
popul ati on. 15°eCdpado helf geasity.and eqllegting ool at g faopibeiweand 08 aphl- 4By conpri ses
distributing cells in the population according to their density, and

col | ecti ng1& efHesmettiod @t &S Libivhs etz \weater dontphisidnainking he cglisvbr. at 1ddst 1Tk med hod of
any of cl ai Mmduh/contibthd B Sompo@iababte ¥ tdnthhd &% ﬁ]gne?&eph&%hété bdrB! andkyl bRGST |

week In a nediumcontal ning a compound capable of"form ng a high énerqgy
phosphat e bon f"e'é'w’?eg@?/lan ?ﬁ?gjﬁc’my FRiEpm Fﬁ?f"ge@'ﬂ?dél,am&nd a cardi onyocyte cal ci um
channel nodulator. 19. The nethod of any of clains 7-18, further conprising
cul turing tsheThealethed bbany at clhime 3118,1funteetoniprising culgiog thncaelpritraat kasi( verledita ne,

cam tine, Or rhetiflcBRainigdreativel®IAS obtburimér €eni ng a conpound for cardi onyocyte
toxicity or nodul ation, conprising conbining the conpound with a

differentiated cell popu] ation according to any one of clains 1-10, and
det er ni ni - hypeiias ) FESRIE 5 COPROLRA 1 SO YooH ST BROYAUS FRTARR orPBRTIh o
conpound. 21.theTpempaendhith o fifferpatisted 2ol pepulation| askandinantondny omnp rf clainy Te¥0f gt  of

the conpound dermemigtanpeardidrodia idxéinidy modulatiahabsuliing frontthecopp@ind.at i on. 22. A
medi canment conprising a differentiated cell population according to any one

of .Cl al msgzrl’!f GThOIﬁe%oqig IcJaim ﬁogolflrl ?lnir{gon?on cirrig'?dé'I C%gecp ¥f ! hc%m[r)roeutndh gndeo?!IracE}Q Xctiatg %f of
claim7-19, an" 'athp al’lnt’_B.CGU |8a7 excl prent sul a°I e
cells in the population.

22, A medicament comprising a differentiated cell population according to any one of claims 1-6 or a cell
population produced by the method of any one of claim 7-19, and a pharmaceutical excigient suitable
for human administration.

23. Use of a differentiated cell population according to any one of clalms 1-8 or a cell population

produced by the method of any one of claim 7-19 in the preparation of a medicament for treating
injury or damage 1o a hearn,
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for human adm ni stration. 23. Use of a differentiated cell poppl\gméwﬁ
according to any one of clains 1-6 or a cell population produced by the
nmet hod of any one of claim7-19 in the preparation of a nedicanent for
treating injury or damage to a heart. 32 11 JAN 2006 24. A product for
treating injury or damage to a heart in a subj ect, corrprisi ng a
dlfferentlated ulatio accordln one_of a cell
popul at i dit e(‘:'lr B &h‘@”ﬁﬁﬁﬁ'ﬁag(gf“’&nv r'{’ea s sch PRI ié}"{mm'ateg(?ge)d\’/l ce for
admi ni steri rpgpuﬂan@ aserdingomIoar ¢f BRI 4-65F 2 eall geRYiAtanHEEdYReE Y M melRas obany PR

heart. 25. Tbhaaipr7aduio a, deviet faomtiministeringsibs ot papujatipr ie e ahoung ted reuspglatwdneirtes n t he
hPS cel |l |ingaaas established from calls obtained froma human bl astocyst.
26. The product, method, or use of any preceding claim wherein the pPS cell

line is agd Iﬂﬂp&&uchmsd o0 oY £4) ipfecsiiing B hitefein tRe hPS telP iR WA betablished fng t O

any of claing &R ubstantially as hereintofore described
W th referen(':stjanbfgfg anma%gg%?‘%ﬁﬁg%aanpl es. 28. The nethod or use according

to any of clainms 7-21, 23, or 25-26, substantially as hereintofore
descr i bed26ai Ta prodiice msthos of gsoonf ypmoprecedifig ¢idie, iheminpthepPS @8 line is a line of human

embryonic stern cefls.

27. A product according to any of claims 1-8, 22, or 24-26, substantially as hereintofore described with
reference tc any cne of the Examples.

28. The method or use according to any of claims 7-21, 23, or 25-26, subsiantially as hersintofore
described with reference o any one of the Examples.
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