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WD 2005/ 090558 PCT/ US2005/ 009081 METHOD FOR MAKI NG

H GH PURI TY CARDI OWOCYTE PREPARATI ONS SUl TABLE FOR
WORBEBEMNKRASTI VE VEDI CI NE 5 PRI ORI TY APPLI CATI ONBCT/E®05/009081

application clains the priority benefit of US patent

appl i ' £l ed

var ch "1 B3 MAE RS, T O0sROBEb YR S fkgh

March 26, 2004;SUnBLETOR REBIENGBATIVOMEOEDS 030x), fil ed

February 3, 2005. 10 BACKGROUND A central chall enge

for research in regenerative nedicine is to devel op

cell conpositions that can help reconstitute cardi ac

function. It is estinBtiesiTt AmpticreeNs y one in five nen

and wonen have sonme form of cardi ovascul ar di sease

(Nat.i on th and Nutrition Exam na urvey |11

o8 Gcaetideis 5 Pisnpeishid LS broPAI e G Shiae (ien cooke
099/0adarfited Adaydrilat 2aPr) USIW didsioe.22ad (98M0kX. i fitews Marss | 260 €004; and USSN
60/6503 b BBE/N30RE Mbd FevfliapeRs®s( 5% of the popul ation),

congeni tal cardiovascul ar def e&ts (0.5%, and

congestive heart failure ®The phar maceut i cal

arts have produced snall nol ecul e dr ugs and bi ol ogi cal

C onp@wradﬁalteh@etfmcre@arch @l r@ge'nér&il\k ntehia.nsl RAP@RelbiIH c@rﬁ&idih&s that can
e he
help reg'ongtltutg §arF% fgncho 6}{ %Fg(mgfeg at neﬁHi one m { v% n%e% a{ugwonaen%ave sd)me form

of Cafq‘%'éﬁfé'af 2'993?? t(mﬁf'?'l*?é Hegjheandi Nudritiop Edéfvlé@’f@plsﬁlg'eh Il gegs- 994 Center of
Dised30 [Dohiad] and the apabte Hart 0asddiafcn).r @gesspead tadbitiorseRdRAE Chronary heart

diseag?%% Q@Iﬁ@ Fr | %q%‘?tc%qgegpal %gr\ﬁ%gaétulg ofefe@tg ?(F'g% aQ@Eo%gestlve heart failure

several cent
(3%).¢ The Phappacedigal ags hayg PES’F’??@B a@alb@ﬂ@cuﬁ\ﬁp‘r YIS B'P'PQ)%?(H C‘H‘éﬂoi‘@s that can
help ifnoirthe deeragpthabdcties asy @edrad hedrt disehse; bitittere i§ Reningcostmeadally available

to hel rég%h@rﬁ&'tr@@amé&ghgsag“' 2003; Strauer et al.
106 C| rcul

|t% %gbﬁ%ﬁ@ ﬁf d@feg%omg eat2 C%E Pbpuéf%[h%ageb %%ffargi?c regela%a’uon research has
been gprajqﬁe@pn geveral diftierepefton®e @linicgh trialg @@Wderw@y # qevetpbeatters to test the use

of auld)geishiRfé ARfovk Biiled s kB Bt BYodaRILEinfurdBbe@aRi &G, Circulation
107; 2%13‘4{‘ %630 Etatu%r ét”Pré’rf;ﬁanol 98@19%"2{08 'zguﬂer d—:ﬁ all E?cutla?or% {06 6;3009, 2002; Tso

rrals are
etal. d@éc%ﬁmaﬂﬁ 0gguamm sled| lenadt 3pR1ISI %00@)5, étﬁla%lgqeé‘ Wﬁﬂtheﬁé@rthat the cells
may hdveraagaangiMp acioh e @rprodd blood perfubioh of0nk InearGassal. OClinical trials are also
undeﬁ]v%y éﬁ ’trbezl.gg%f ?_LE aod skgIEtaFrLuusclle%yoﬁggts &;Pilleart ﬂ%?a[pg' drasche et al., J.

ancet
A oA, 1070 50%%%8?@8%9‘ a4 b %n@qraewdﬁx%aoowp%qeaqt al, Lancet
361:491,52(108). C élbwvevec dinisCc aocietirriithe coatketiratiestyatald ridscle aveltth eem coordinate

adeq&é?éfgﬁmca;%gc,ﬁqyme direct approach would be to use
conm

s that are d to be fupctiopa
C o TSy Pltodth HeEihe © ToBGRI R P AyoLD Fapaies to be funciona
cardignapoclitese %eb¢relcmvr@témeenoau@@d cargiac péllrdiavenibage |used 9 animal models to

repaifl @@igk ré@mﬂorﬁ %Hﬁaﬁérﬂ&ofoﬁé}mo&ﬁfslmﬂﬁéﬂeln%ﬁQa'ﬂ@f YJ. Mol. Cell Cardiol.

35: 60255(}833\} bé? ﬁ Onggp c dlofql 35 BCM) Izo&{b A&%q%ngly l.(]fﬂ col!s were available
for hugwgn g@mpy glwgoul(}s[@q:\@fycﬁﬁﬁ@lye,for ihe tregiypent efdschemig aeast dlsease .

avitetrabdral phtewt fusnaationt ey egp0is Bynhogaticd) pepyes yihe isolation of a

nona%%te F;tglur:ﬁgtetltcyardtap %e&v&? ﬂ&n%r%—inpgelli Sﬁ&ﬁ%%9%§%g rglaé; %Qr?tfrpfuged ona

dens%yg,qﬂe@b ﬁlé’g.l[egge?%ﬁes aéggtgrdtaﬁ épelcglgﬁxlg{?(graﬂ UBqn péohferatlon and differentiation,
the claioned dlekt firenproqucesr fibpubtastat mesledielis; calgiomyaegted) kamatinositesnosteoblasts, or

chon&‘r@c!yj(es HagidverC &l @%n@l@@r ﬁﬁ’e?iﬂé‘? rbq? chy tﬁee %Ir brfeblgﬁgnéj xémplified in these

oot el oA b sk et i S b AR 4 o eyt compesiton for
mga@ﬁmmmmﬂhmﬁmmen the clained cell |ine produces
fibroblasts, nuscle cells, cardionyocytes,
kerati nocytes, osteoblasts, or chondrocytes. However,
it is unclear whether any of the cell preparations
exenplified in these 40 publications can be produced
in sufficient quantities for nass marketing as a
t herapeutic conposition for regenerating cardi ac
function. WO 2005/ 090558 PCT/ US2005/ 009081
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A potential source of regenerative cells for treating

cardi ac disease is pluripotent stemcells of various
wpowde9osespeci al | y enbryoni ¢ stem cel l's. SeverBET/US2005/009081

Iaborator| es have reported results using nouse ES

C}tgnt% DU f eg@rle‘rﬁ'uve] cejlévfblr trea@ﬁ%har@% 8ébke isZNirip&f stem cells of

OSSOV

vanoustdp tegpqgtallyaqambrng@\ﬁgqnb% n%evirgya%aggles %@v&gepo[ted [._esu%fgg.u*smg mouse
ES cellbl(\BobuPat &nY. Nol.0k OB 28&H §8F, £A97:afolossay ot &), U rCell|Bif)-d48:2045, 1998;

8.2 ’ efdans Fﬁetd @'s Patdnt 86, 60€ lugGaadiJoLlin. Invest.
Nanta% il. é%eloé@%ﬁmp@)l%lger atén

08:216GH PG CPRANRISgR ot J §? ol 2R 2800 %rée? %g% a3880; 14:2540,

2000; Gisehetin esd., Rilugerg P?bec439 IK%& POOOpcad. Sci. USA 92: 7844
1$I%'ﬁ;sorY\@tra¢ (P38 Na Adad tS2i. $I86GR364411 dog) waré thaffiest to successfully culture

embry?%:n&téom Esn %ﬁg%grﬁneates ol .ﬁ@'ﬁﬂe%s gﬁgﬁ@% aHoS'MAQanBt%SééSa model They

subsclenh vieweh hvredn REHBIOYBATE (G ﬁ?'k'ﬁﬁséj°"b@¥ma”%rﬁﬁ‘8§y%¥§§?ﬁ%e 282:114,
1998). hHlﬁmdh PhoAshio et @i &oi pesliteat?B 2itd thout OiffaroaBYing; tg¥reiain a normal

karyot@efafnx 9’1%' %pa%tlft!)nd‘ﬁg ht%tqu Profllce L 'vgr%fy%tf SdultBelMidcc0 W t hout

eren .
t Hewevap g(ﬂutn?ertog qutafcfeé HaYs ﬁt%’p é” ‘@18 wsggil adewlaﬁoplr}/gvaa%(a‘?gc{l Pobtalnmg
substaghly tnrizedd pdpyipiems oHoawgvreyocyta litpaad eqlls érpmdwgla’ggcqhg@otﬁlgvsgam (pPS)

cells. %Eﬂg ?nﬁe,:.lﬁfr&n %e"n‘@%v@?raéﬁﬁ)’&'p@%di&lt SNPE&rpAbig Yo the difficulty in culturing

them, C”‘QF dh%hﬁg}‘:‘f’?’g slse?%g b gn(%: ed'e?end?ncg eoq QaQBHJ %c'to?snu r%{eggnt in t’rhe culture
envirosrhanm (Qtp@?@))staqtq_q gdnsue i@HYiRe mqigrg@nqlquﬁqtpﬁgla? %rpgﬁnftvé;ells require visceral
embryBr'ﬁ@&%dbdietrM 2R prithitie isP&kastter@mhll ciifehtiation (e et @5 Dey. Pynarriing 210:344,

1997) Sglrpé of Fovc{' T{ rengaﬁt J’é; uzglls i Jaﬁ"dlécﬁ)‘?%m@“&’ené Pﬁ'i’uro @?é%@be%!séneto mimic or

de endence o I‘IO%% g @5\%’ Pus
substifute erhétf@@VQnLﬁtéat O@H(/‘F‘ thsrtrR onteephet susBSells 1 g dRvFiopad e _
f rgadal bﬁl@ne@ REBdGhAdHls B liel’mheraial‘ tnabE$cadlg bn  wereratiedd differentiation

protocoleqnuo] Lhe%s Ecc'eﬁ@ Hen gﬁﬂ? %f%'t FeNIROSS Bea s dBt@frrmmﬁd € effect of small

Strea ferenti e
molect s eSABIEIIE TS TTHYO PR Pl A FropE gfsony i ot . 1
has bpRSrapebddshatnifierentateti et ppIUBGET COBANCE R 1aY PGS Jutge car e generated
smpl;’ @/ Jﬂ;ﬁ&rfﬁ? A5 Ynehlgm@uﬁil&néﬁfed witH R&tuint aHoahdnogon@hdw Bdéng out the beating

cells ((\f\@ q)4é081%05t ﬁ% 88‘13'\718 "8 qnﬁg I]t |g uncwea?éﬂpc%wg%%or%fqﬁihﬁ:ylow frequency of
cardidogadyteriigeaye cblls cemhe bred degrapratedPPRitRS RS %@Y pye ”’ﬁfape“’ﬂc use in
acon%p;%n ,ébzﬁqargé,ffer entiation protocol, and it has

d K %?W#%P?{gt%ﬁ H@g %g g?d B({Q/@lttlsgnlge&ﬁurg %Nlr%nrpﬁlté'lﬁﬁdallg\@ for continuous

l ec U
prolferalpt POMnE PUERStanE TSRS B ABCHBYEIRT! S5 Gepiradsgts oo us
Patent NRHE QB0 KBATD ARbtralhn ) patdrt AbaSIsREerangr oyrosational hBatent Publication

WO Og é)g%ﬁéec Ce(?elg =108 8@\4 %eIIQQIRJVésQ:tah 08 §s e Wl tifft@enBaté£¥¥!l populations free

ener at ul
o segPort GAMRSUTECRERBABRTHoS O S+ A ERER S git (U3, Paten
6,833960)t ArdGadistnyddges be@vil/agN025 cel | s (WO 04/ 081205; ES
Ceéé Alé?&ﬁl&&@h bﬂﬂ@e)techrlndlogie‘é il 0&d i@ %er@ﬂiﬁh&rﬁédlcme will benefit from further

T'ations [ C

mProb R drocabrE oL A e EE P S e 5%*@{0&*9% Bregbsien.

suff|C|entIy pure for therapeutic use in

commerci al ly vi abl e manneguwmé@ryon Cbrporatlon has

devel oped novel tissue culture environnents that allow

for continuous proliferation of human Iurlpotem

st ©ris pedriien prvidas sesislemdandifrrendaliog RluriRaIry Semgrglisef human origin into
differbRBEE EelGRblifiohSB& akd Highly sdfichBatoe tdrdiddoyocyie BEAYeI®@(s — either end-stage

Australian patent AU 751321, and International Patent

Publ i cati on WD 03/020920). Feeder-free pPS cel

cultures can be used to nmake differentiated cel

popul ations free of xenogeneic contam nants, such as

hepat ocytes (U.S. Patent 6, 458, 589), neural ceIIs

(U.S. Patent 6,833,269), and cardi onyocytes (WD

01/88104). Commerci al i zation of these technol ogies for

use in regenerative nedicine will benefit fromfurther

35 |nprovenent |n the expan3|on and dlfferentlatlon
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WD 2005/ 090558 PCT/ US2005/ 009081 cardi onyocytes, or
cardi onmyocyte precursors capable of proliferation in
woRaosooEssl capabl e of further differentiati onPCTUSI005/@9081
or in vivo into therapeutically useful phenotypes. The
w. di f f er eintvitRNarddOkapable of further
Card'oméﬁ_’)‘iygf' n'ng ?Wyo‘??é]é Clm%wg%f@%s& tahjﬁf(all(?cfsll}r1‘]d| onyocyt o
dufferentnatnn@ugém@em vigo WP&'Pﬁ’TPPPTWﬁ'{Vé’SﬁP'LE’P?FBHP%Snt st em (pPS)
Chlel BevhameR@iabal maimpedt shis @ventios foro obigining | arvighed pqplations  of

cardiorr&ocg/F I‘El %yceﬁ‘s ﬁjénﬁ ﬁ%a’tg bltjﬁpﬁ)[e%pgtérﬁt(;b@? chIl0la®6@leral aspects. One is to

initiate @W%F% bgtéld#ar%g d&f?rregt@? (i: pr8W{: éﬁ\glg?rergla%% &Pg Ltl:rellsf %'Haf&gj without
formmgcmyoidsbo’d@s alirsaiip 9ttp &t seollql surehé ePMRFSing Pcﬁ%?%’é?tt% whjcp ﬁgrgtggwocvte
Ilneagect]%lllé SdrRAN %5&‘1 dsSgéfehin @Sfltﬁ@r{e&fﬁ) NTAS plhiebcalsent culuredTbrea time with a

specifiG geitobf:ore%rmg?mﬁ?e |ﬁe%{ cal]sf I%{O tﬂe ch%m\% P\G ;%thw%?@ﬁtthldTn fidelity.

e ompbarat A GOYE TR M GRS PP, PRI o cbeence
mrmméé%m@&hhHMﬂShaﬂﬂthﬂewﬁnb@hﬂ@&mmen@hat@mm§ommumiThepmaﬂwem

the suk%gat? %rt)du tln%}’ac%rs%%:) reﬂderb%@c&s@g#%elﬂég & bRt d3Rraining esedNdrls or feeder

cells (ixi, pychebseviashd dlffp{ént@mrtoyp%aw@??@ﬁ?g%%agsfﬁ&?o co“npﬁ r&lff@t%nt]{atlon) The
harvesfeh QelSdopakiioa isesuibatahtidlip enfchedt for cardipenyoqyterigeage g(ﬁlﬁ @etégagcgq,cyprecursors
and can lg? r&?sted e rr*émageQHé Qrb;SUrtﬂ)g oﬁ&mm@'ﬁaiﬂla@ bhdregpe(e.g., expression of

t
a-cardign @RS AL %Wp‘%%ﬁecﬁ'aq‘@g it Seﬁ‘%%r°é‘nt“’%ﬁ%’%p‘}%'em such a8
Percolih @r imhrainslegitabapaatioh ugopesl gurfagnmprers ligiac i s dise p§pre

e ?ééc Ergﬁﬁitlotw Qf ca?cﬁéfccﬂemy %Mér%c?ela&ﬁi&g%eda‘rdamnwh Gardiac Bodigs™. These

are C|ltsffé5 B{%gcgﬁct (feg%lnosfus%eélﬁf) L %Jn?%# ﬁlqlclﬁ Hﬁ&etb%rspbrqaﬁeeﬁ E&&8ction. In an

exemoley RO ST GFPUBECTS 6l PG GETHA A A S RpPorion
cells &}S%Q@Mgaéﬁératc@ﬁﬁﬁé QuUes daridmydeyics bpageat iTom celly ate gugpendeyl in culture
medm&\eﬂél enfe c%le are r%%ovedellé&%lg ?Mtha@ Ere'pP@M@L 0104t6r8| The clustered cells are

Listed in thi
thon resuBrENGEAANG eSTHE BROIICT 181 Sl ot o THoG 1 o8 gy trover

muttiple @?diéé&ﬁ espahiing! feeushatdmgt andmecolfuri@a il agonmép@gmtaquqlé%@hlch up to

80 or %OQA %f tHéQ’ ée% ﬁlst%és L@ﬁérgdn%nﬁﬁédus? corftadtios PeiSih@Ationnarimpdied methods of

manufgg@@mmcagdyac ﬁ@@l%dfrorﬁ Fgg d:glfs ng dn ’ée§| Hoplﬁal}lonﬁ Qf c:%r(]jlognyocyte lineage cells,
and cfol*nb&eﬁ’uo@slr epalfee dardiam}bpdl@% ghqnsglu%togpﬁnpl& |np}h§ pfa'i”f i0h3 pyitured cell
compc?str(f ol 4 §on%9{ (ﬁ\%ﬁﬁa@@ isrthamhmastrgioh ®td Bsnnadiart dubject.

c Sérteld’r%‘é of tﬁélﬂllveim?n |gﬂ% screenu?ge&%le loﬁg&fﬁ@ for 4R Qﬁ’é&gﬁﬁca'rd’bmyocytes This

are renpoved
involvese térapirtingathe aprepqyne aitme ol pepyalipe pkthe m@nt@p,u%rtdetp%rb geterm%mg any

modufafe @ffe&rr@sultﬁw@ @Bm hiRSdeFPewnde drhiamehy riebide exangtktiomoffthe ediis for toxicity,
metat{tgﬁcr@a% gr:% lat[féc’cy?n c%mra%fllg%tlv . The cells can be taken

suspen

e
anihothet ugetali fheﬁgrent@msl the @rr&t{lﬁi[tﬁrbgfl qard&mygc’é/tedlg?aaqe cel (f asré%edlcament
or in MabiEry WBvideOnter@dd Got trdfiDebtaf a hirearcerlahimel kesty- efkjs grﬁa@@p @*@ clinician to

L AN i i"\aeCJa I2Bed nEBR tlésﬂé/ Bithbi 1 1eaaBii&sre or directly into the
admlnrlre?rnh %%fr‘ F%&%&fﬁ i
ol L R T

I Nneage
the h&&t husculat@a dndorestpetn tof @rdiacdiinctidle car di ac bod| esTM

t NENBELYEiher SREARRAK loYiné Mvdriién diPbeapphreat fromlitteteadliptial that follows.
conmposition, or a conposition suitable for

adm nistration to a mammal i an subj ect. One use of the
invention is the screening of a conpound for an effect
on cardi omyocytes. This involves conbining the
compound with a cell popul ation of the invention, and
then determ ning any 30 nodul atory effect resulting
fromthe conpound. This may include exam nation of the
cells for toxicity, nmetaboljc change, or an effect on
contractile activity. Another use of the invention is
the formul ati on of cardi onyocyte |lineage cells as a
medi cament or in a delivery device intended for
treatnment of a human or ani mal body. This enabl es the
cI|n|C|an to adn1n|ster the ceIIs |n or around the

o o . " - e
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WD 2005/ 090558 PCT/ US2005/ 009081 DRAW NGS Figure 1
shows single cells and cell clusters separated and

W@ e@bneEsg or tropomyosin, titin, nyosin heavyPCIhTERI905/009081
(MHO), a-actinin, desmn, cardiac troponin | (cTnl),
and cardi ac tropom nT (EEEKW'DJGS Single 5 cells and
clusters stained positive ftor all these nmarkers. The
striations characteristic of the sarconmeric structures
Cc &yulzel Seessinge faiatndroell ¢lbmdrs $epargion ghdsstaimad fotittoponyiqein, titin, myosin

heavy f_lPdl {Ml—)ﬁ} of. &Hﬁ &%Hns catr&?aceﬂgbbrm t c@@ﬁ%ﬁ(ﬁ%rélé@trop@ﬁiﬁ T\(¢hY). Single

{ {
cells ae% ﬁlf’?t%{é ts‘a|n€d Bﬁti"% [Slgge( ’H%‘ eﬁ% ‘?h n%na\(t;on&gclharactensgc Qf t§e Qancomenc

StructucasIr @ chmﬁ@erytaesatufﬁw@atus oysisteoai@l iimashiarmhdie selihidehpit contractiie
act,v,tpl Itiazeminhibited contractile activity in a dose- 10

?%bl,: glthwfﬁ t?ehlfﬁagh%p aerﬁug(%o fggc gwtté){; QC%Q%U’[I%‘:%’[I\HW 8f the hES derived
cardlomttncmtaset [zl % typefflaan che;nin@ Umt@bntg qnpng@tmmt% ceriyactile actlwty in a dose-
depen@é@'fé&ﬁkh onrhef adpPb&plor ahonGar Boppdnainie] ehdngleirting dndrcldnb@erp! had a

?il Lo enhance the proportion of cardi orryocyt e
chrong roﬁ'%% “cells in the popul ation. Activins and cert in
griigmre3 fllusireiss dhe\gualgation ﬁftqo@a%%edd@@plp F@’toésnfﬁrr V%ﬂ %pllﬁlotas;\n ance the
proporti® SedatdiinybéstcdliHRade ¢ell©inBs pepumi Adicihorsd ¢dBaioLgowth Jactors were

m’troducleéj &urlng %@ryoqy 03%}/ C%FrﬁaQ%[Pe(g\é‘ﬁFel J rbttrfePdéer\ﬁq ?afcfo?sr (Group II) and

el at i onal
5 aze vy g WeigcdERIOFaSt AL BlEnD RGO SR PR APET B fTo roue 1) were
addedCla@biuniag idiaenisgore Tiestogdinations Weredesierhatehvee gericgriration levels. Most

effectll/ee\)&@e E)W cgflgcéht}'eglglisfo? SJO{N’M%CW i cétﬂﬂﬁaﬁ&m@i@te&é‘—ﬁé&%yﬁ@ﬁe

Fme G@b;@p A}J(?} ﬁrrewﬁglherﬁpféﬁpgrﬂ 2{\%\7 prg}?aol E{ gsjjustlﬂ%each group of factors
lndepéridérttlblerThéelf K@ memiter chardtesistivr atoatsiomyenytea djag dsh gbuagrsfly produced
when gﬁ%%ré)lf\ dr&ﬁ)g @£r§j 1 \héﬂtgﬁs‘%@ ReleRtehdls anbi8loRedbyG-amIds6My-cytidine. Group

i fac}gfsd&a%t@%ffl %@bﬁﬁfgﬁn?%%n ?cgngyy |P|¥b|t|% C%J(r fom c?tf—; fcﬂp\g%ﬁa@(ﬂ)rgssmn of the
early eces@iamyatytd-aasodidetdane SAJAH ap ke dnpfgyed under these conditions. The effect on
o- MHé -2fd TAFRAWasCableltlieNB . cofabadigsh Wit thé @adoaesn-assethtddadeae HNF3b, which

noresg i AP il B Lual Ly i nhi b t ed

or mat1 on. Expression of the ar | di
c afiglire rpRIcsows dsserpreasien oigeioneiagyie ahaRgapen NsesTe H%?PWS&V irect
differdhB&lBh oﬁH’E@i@llsC Qeiitbre@atd hifh esliefvbregtowaro coafivehie arecsubstrate of gelatin

oo YL P SRR B e v
culturechip toe akmencef el dhofiTergTHBon 4256 i@dﬁﬂr"g&elé PERURY CEH G otléined that
exprebde@ R¥PEMRAIT Bghedfieverrdinyoyiodyby ¢laipnotrympeed witrc edlls generated from

embr)%\’dglgjo?%g %e%%{?rg Egenﬁ e rqétfltfn?gwetﬁipﬁltai R MERréglshéntaneously beating
oG e e

cells B fhk @a@oBlibtiat Rcidsiing.5Aad irsaroonferiancinBMParkcierstia of cardiomyocyte lineage
s, Ser umfree medium and then cultured in the absence
‘'of the differentiation factors for 14 days. Cell . , .
poarasiiviasenfamaobeeinrayn #high theé‘%ﬁ F@?é"@ﬁe expanded in defined medium
befor§ bt 1 3Bd ioahaky theicgldiemydcegteebysiiredt diffprestiaiorheavy chai n,
icg %%dshmvé F’ne%%rla& og%P@fn@h@gsufe'a%a?@ac%&feW'f&rr@@ﬂbrﬁ%ach of the

erum con rumin

usua
four ReP bl 1ai50n DBHSBHNIG: HERCPRGA 4Fnts RP-uh CRRE Fitrn te
FractﬁﬁWSce&é dsaardide @odieseraichenlffor AYHC\Or el nPexpregsi@Me- 190- teHfy fol.

un%l'h?lg% 53.% ml@gf chdnaE B@dlesa’eﬁ&% tfoRY Fridi6n IV cells (bar £ 300 um). The
tra scriptio actor Nkx2.5 and a-sarc COMBT | é\ rH%} hows the
clusterp Fragkes & itae REOWST Were HBTEHIANG PPRANeP e SRy EaC 8’&?“ IgUTe; g E°
propdtidnSof tlakters tiiat asleastatngpe®n pamitc botiesft wére ade iES eaeh ¢f§he Percoll“"

wer e expanded i n defined nmedium 35 before being used

to make the cardionyocytes ky direct differentiation.

Figure 7 shows the expression of cTnl neasured in

cardi ac bodi esTM forned from each of the four

Percol | TM fractions. Undifferentiated hES cells are

used as a negative control. Culturing the Fraction IV

ceI I s as car d| ac bodi esTM enr| ched for aI\/HC or cTnI

o A NN a NN o o ~~ AN
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40 clusters marked by the arrows were undergoi ng

spont aneous contractions. Figure 8(B) shows the
w@e@postsson of clusters that were beati ng whenPCHUS1088009081

bodi esTM were made from each of the Percoll TM 4 WO

fraCtIOI%OQ)E(g\Q%%Soa 25 G%%L@%Qfgr@ﬁ%@?&p 8he chinBRdtib®BSa 24 @dyl MXMrdhatib period,

separaa%{yofdhef tfa@'}seét(r)ﬂep%ltyIf@%log,gér’;dca?hf)seq%egb%ﬁur{ngrg? h%%% d%@ bﬁcfile%"' ?OQ 7 days
producde ths inlglyest pragirtion af clustets lsdefg@ngmnmtar@w% %f"i“’ﬁ@%f t he
c @fgq}eabcsh@\ﬁgfhﬁ%IMomécy% i %E%S cellB oPidid a@ehtibheanhntedias tind persist in the
pr

myoca o olgefrgltaglgwlsteﬁdd Yl\éo %ﬁngtﬂg%psﬁ’a%&g%%%%ed Ythh stammg with a

age
humanespkdife @hcdnivbreericrivenst (Minsllec Banel), n@f@'gﬁfnaﬁfé'b%ﬁﬁos%@?csf%f‘“mﬁ‘ B-myosin
heavy Eité%‘l (Léwe?y%ﬁréﬂb\km@ WD BRs@EETHINES laeived cdrdlontjoryies i the ehikited area.
staini ng (Top Panel ) is conpared with staining with a
human- speci fi c pancentroneric probe (M ddle Panel),
and an anti body speciCErALEDRESERIPHAN ( 3- nyosin  heavy
chain (Lower Panel), show ng the presence of hES

D%%" Vﬁ\%ﬁjcar d@’#ﬁi% é@ro_l\_/aé '_Fﬁo'ic!?:gls e@%n%ﬁé@%narr%ents for preparing and

1 on ovides a
charadteriging cesdiooaieso el peewrsquprmef?&'%ﬂe%{gé AeQ PG
PIFRRR0s Merﬁﬁﬁbllcdﬁh&r a6 etliationgn thi eienyosipbesedunes fortrifierentiating
pnma’cE> P u(r:lurtesn t%m EIQ%V c%ré thc%rdeBéy{e%w@éHe c%ﬁsem'@ @h/o@eeso Xu et al., Circ.

cg cat1ons and g ? ? II were osmve for
Res. w5ed0l e%ooer onﬁsd derp e cRAPYRtiong perg; P E‘F% STy ce Bricat €
marke duEH @0hy@aih hedve oha(rp@NEIC) el dagdisic roppnind faTnbrape that lgndergo spontaneous

perlodnglalé%%% %ﬁ{o MR, 03/ 006950; Xu et al., Circ. 15 Res.

Oﬁhglpﬁ)@aolf RIQYi id lﬁﬁ‘gdfﬁl oé/\égl%gg % t}on mcgrgor??gisg\ne al Woﬁark t advances that
improgutbdcagomgpoge nrom@aq;yprgcteas nFn(szq@)I 1% begly qﬁcggerqdrtaﬁézﬁqdﬁmyocytes
can bé mQ&TFbH oow@@@lytuh@ffermlgﬁﬂ SI@S 8409 BitsaamUsSsoliPpeifacedir enatrix. This avoids
the ne]eﬁ to[ Iﬂlga(%? 48[3 pl(f)fsmerl)]’u I%Zogcgcregsq%ytr}i'e{k%fg em}rﬁmﬁ) Bc%egclﬁl'pl%w% ﬂ’% hg%q“lty of the

seve

cells qbtgiert Bitect glﬁergrpi@’@x_fyp lﬁwg(les cqltmj\gdw(ytg ce (@gyc&rogﬁ%p{;[ aé'nd morphogens
that dPJe@(Flél il @b 16 BG@6MyocTte lishgoExahdls 5)i—+ ahasntiba s normally controlled by

Cross 8%@‘6[ é{gﬁwrafg u% tﬂggrp@g{? %h?ﬁg&ﬁg&ﬁrg It hggaléb%erbﬁsdmgd tf‘nﬁt@rﬁ@ process can

be fudher p@agquftgg/g’ggrpw%mei fictoreﬁlpg c%{\yBLi\ r&gstﬁe ﬁlgtu %HX tlme, Shich not only
exparidB itid @l @opuneionli duf elltrﬁm;tngatlmpmvep riocyeld ob gartyeleiod gardlomyocyte lineage
cells. e\ﬁmoxﬂhg!%np&%y ritatlol 3R @&l fagird Ji%s@&'tlﬁéﬂeﬁb&bﬂla@énst R proposed that the

presepge qf @@rlynﬁggiﬁnclee# Ibe?qstregﬁetpc% Ié{{ef g&%& &%tclelggg te%}:{kgflsl\/ eagapt or proliferate in
vivo, wibehdinigemBancediaeir abilityde tegenseatecardias tipsye dn g pppeficial way.
c aAr%’ch%WﬁGrYa‘h?prbdeQ§@@@loﬁ@f@WJ\e@ frorh the cbBereatiemthat daatiomyscyte lineage

cells Sewr ga lﬁ%% &%gt lgsrﬁglp?ps p’%ﬁd%% dc?tf’s?ef Fle(!h |qu,= af‘he%é glﬂ?cerjs Ak rlef@rred to in this

disclogiire eeve‘rllerdbqowaw thHeas @?@b@%v%%wthaé 5"%‘@‘91“‘13thaﬁ é’Pd'%sn*ﬂ dp[@egjspersing
them béhd%éhhd;reawgnge blagesk ac nGitiSe ayeds canztdenbly rohanbes tbel properéon of cells

havnng Oap desnr?ble Hher‘@ﬁk& EE)Q% 19 Xnd ?f(quﬁgsprcgc@% %eﬂ)alrtlcularly well adapted to

I'Si ng npr oves
commissiAl gost g NP EYEES U AGES GRPE QY SVFBRoYE Provice @ more
effectivBRbiéatl cartiymyobyted fatuse in regentven@ticng or use of the

CeLL}rthQPa%wn@éé iQ %mahlt'n bf%aﬂroﬁ'@&ﬁ@@eltﬂb@ﬂlaﬂoh@are@[e@&&ﬁﬁlﬁd@élow The
ear stage cell Q nce t he a LY 81; Mg% losure make
remagkahle é”'fPES“'téﬁ‘%B‘P?t“é’Ha' pz?aafﬁ%s ° Foﬁ”Pci‘Us? °é’°’. AT VA Tty
themWhaluathe Fan studyimy eandiam tssge irhéira, aa@)lqu ideyelaping rf@géh‘%‘?%@ modalities for
regerfefit @CartihS 846 th theBroRBRAIOF Rdartlaisway. 30 Anot her

I nportant process devel opnent conmes fromthe

observation that cardi onyocyte |ineage cells

generated from pPS cells can be nmade to cluster in

culture. These clusters aregeferred to in this

di scl osure as cardi ac bodiesTM It has been di scovered

that allowi ng cardiac bodies to form dispersing

them and then repeating the process in nmultiple

cycl es consi derably enhances the proportion of cells

haV| ng a deS| rabl e phenotype (Exan'pl es 6 and 7) Th| S
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Furt her advances in the nmaking of cardionyocyte cell
popul ations are al so descri bed bel ow. The renarkable
waniosoeessg y and functional properties of the ceCT/ES2005/009081
produced according to this disclosure nmake them
Definltlgﬁfl uabl e for studying cardiac tissue in vitro, and for
el opi ng new therapeutic nodalities for 40
I g€ Eb‘éﬁrﬁ&de@ RAn® Eorfikifkdnd &f lH|sSi$th1¢rﬂreta{éeto tpPSaieiven tcardiomyocytes and

their p&?rsct)rsd %%y?:ﬁ c%?rgpﬁr‘%gcgsc{f %g%%g@o HS&Q\QC@dqp%qgtgf sectlon of this

rnrtion osl tions
dislosurpy GTOGHP ReohEH24 GRBPSINEy i etp i H’eéﬁ’fﬁ‘é&?f"é%"ytﬁr?aewrsm but t
is recdghRéd thaT BGhK aamal. colse b bytpgeny, andifferettiated PPB aasllofirst differentiate into

mesoc%ﬁ‘ﬁaqj{:qu%ﬂg WeE ﬁro@ﬁ@vaﬂ&%‘ﬂré@@r@or' sfbg@s b @tﬂﬁfkt|oﬁg%dd%96fcafdvn@ocyte

osure. |1 C l,j al. act
t Hatorda B TR APPRS Of BF SsHP e b Ry B "y%y?e I fnga ao a ol
that isictpdblei (sithogCargiffereettierivitrepragrammenah ot giving rse i ryeveqy that include maiure
(end- SQABE)O&%WWO&W@' fdaflicbéyad ﬁ'@cu%ﬁcéﬂ@ k&rBorteh lb‘éhdennfled using one or more

t d .t hrough
markevaaeseataip Bhfaidios FLECFEE wliflel Ferndpftp e | e%g
cdhe |mmygar9«oreyocyt¢\br¢e@geszqﬂg’| ryferSf gsperplyelo @eﬁhﬁs@é@w&?ﬁw grsor cells
and mg!u%cdaQﬁMySGyte@ 'hﬁf@fedcte&ﬂyﬁﬂlymﬁ)cﬁé feugesals, presurda$, ionesidiersyocytes in

this dlrs%%slyre ar¥ Qe Faycd tocaielggbﬁllyc Y4 Loyt aﬂ%g@%@%ﬁ@ﬂn?&h@%n@éeny without

rse en M P I
restriciett 69 m%cbaf?e\%tlra@eépthwessﬁ%?ﬂﬂs%y’t\se@scr%ﬁ? %ﬁ' %é' Ypoyie finage cevs
may Hal€ 6hl Si0More ahdri@rsc@maifribe at Ipest i3derit mérkere) fresi thg f@ln@m@ fist: cardiac

troporﬁ@r_(gTéﬂ)lgar t'fo% i BRITRHL %‘?co%%@&-ﬁ/heé‘w cNﬁ% A4rG), GATA-4, hex2.5, N-

transcri p
cadhern@aq-1cﬁdfﬁ%e§éf @lﬁﬁh %ethe ME'Fé fal;n& @ﬁ@”ﬁg‘ﬁ'@? gﬁcﬁys Prea ine tkwase MB
(CK-MBRmello9IoRin @y 4ial patdsetic Sastor GdNF).s  and mat ure
c atﬁ‘#l’aﬂ KRG Ir&SnveRRh %Erﬁ&ﬁﬁ"a’t@ on‘ﬁt%ﬁéﬂug B%/r%@l}z‘ E&\tljaétlé@a%g\ﬁty This means

precursors,
that ‘Mh%c’lhﬁ\é lﬂlree calwre‘siemt ;éks‘éxﬁa tl%fﬁf)l cyﬁ%&a lfg}n onm?rg \Aé@l ﬁn agProprlate Ca™
concedtigtios tiaxfaeatrblyte frldicentpe cslis carpbr ehgervsd twcqqﬁrg@}tm a periodic fashion across

one a&l?%}t tﬁé Eéll' &H@i théSel6RE rBRGoRReIA, withblit@aEngb Aed sy@ditional components

E CEU descri bed bel ow, cardi onyocyte |i nage
totheg 'f”lr%m‘i "i"ra have one or nore narkers (sonetjnes

| cErstnage aardbe b Ravesy IrireoThaseOTPBTAIGRF PScTeged Begian georaton
as a lfRRP Bﬂaﬁd for @%Ef&io}nyo@@fdﬂjsﬁe ~t mopoapidiiclly( @ Thistpr of pPS derived cells in

ea 5.0 s stantia
suspe'@lo%g)ngrqn:gctwg%P %‘i’% ﬂgr;élé{é(nsﬁcgadf Ry dlor@%E)%NF %\!k&aa A substantial

FnaCeRt o P/@Iﬁf o ene and the
propoftignriof gelipfn the gh%‘%!reP(lﬁfPisdﬂ n aTﬂTof\@, % [ %%?’W%%e@ ‘e
clustel %hﬁ)nde@é@p&h&ﬁépus&fonﬁcﬁorﬂh tmaxasemm@t Ce™ angcappyopriate electrolytes.
The cgél}lﬁ%/ocx@%ws@ Rayf C#réSeF?tfm b Bélﬁzuitlﬂé’ &4 bf%ﬂnéi@tﬁ@é]%?dp%ﬁbn or any other

usefumpntpﬁ%wo?wgﬁ Elﬁ dgqr:{é%oyre l%wsCtB(Iz YS5F té)&reiepﬁraeéugoﬁn?é/ng Iof cgatrd?acrﬁ%gigsgf M in which
well e SoUrupdeE gV $postAmERng copirachioran appr opri ate Ca}”

C Oﬁy%ﬁ)%é &thngﬁ FRINEotH: @k liy t(;ﬁ’shﬁhi)afé%lunbd'l&t e&lks ldsrived@fiom any kind
of erm{g)nu&)s(tlisél}/eegetﬁlh% Q{%fe'ta?%gsﬁjap taﬁen ave ﬁ@ c%aia@éf&'né’ Rt B Flg? %§pable under

apprapoaté carsitonm of MpctUhlomprOE%\Yl%gﬂffP@”"a@H typRy thabigfetdepyatiyes of all of the 3
germﬁgm&e(@ﬁcﬁoderhomEMeﬁu hiiddctdemli debardiddhie anstanelard artehb@pted test, such
as th% ?%a;)f Qc{I ch %Sed a oma i § 15 WQ&Q(LHIQ%CIB irg&l o tﬁé Abllﬁﬂé fcpr%%ntmable cells of all

poration as a termor brand
’thfeefgélim'ayeé%mm%ﬁ?%‘éﬁ?te cI uster - nore specifically, a
cl wshiedd infhe pBBitidesfipPedelseakd antiryonic selis pbrgousiyped esariptiipd by human
embryalr\ﬁ% &m Wﬁ? cgllgaﬁé@%b%ﬁ 'b§ t‘l'h&h?sof;?fet AU PR Rn 2S5 311948/ A934);€mbryonic stem
I's tant| al pr ortion_of ceth?AdS USA
cells fiq@ ?Sl‘ﬁiﬁs"c"é‘ﬁteéx%‘f"éﬁ P@ﬁ%ﬁ*ﬁ stemrpeps ﬁ%ﬁ“ Pt AmE s DRl figed: Set
92:7@RAEgBNDaS0gE Fem calisdTtommeon QiIaLLsBJCErReQ@deﬂ5I2§4 A% F‘@Qﬁé‘g‘a” embryonic
spont aneous contraction in the presence of Ca' and
appropriate electrolytes. The cardionyocyte cluster
may be present in a cell culture, in a pharmaceuti cal
preparation, or any other 30 useful conposition. This
di scl osure allows the user to prepare suspensions of
cardi ac bodiesTMin which well over 50% under go
spont aneous contractl on Pr ot otype ‘pri mat e PI ur| pot ent

~ e~~~ . g
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appropriate conditions of producing progeny of
different cell types that are derivatives of all of

W b@s589B358 ger mi nal | ayers (endoderm nesoder m PERUS2005/009081
ect oderm, according to a standard art-accepted test,

germ ( h%ég c@&?%am&ott j ! ﬁr&% N&f Afc%{ %%éﬁ@éﬂaﬁsﬁ’é@hg%) Brnbee m%es may be

provideg} 1hg fag of] estacbkﬁhé%C@‘é'P?nOr Qﬁ%?‘%y pePHAe SR i Py emonvric
tissue dridlQlsedliEGheditelylter difesfdntiatibn. ofthef tygsP St plefriotsnicgells aratgisy igjuged in the
term. &G dofls @ nPﬁQl%'oﬂbﬁ tﬁay%%apag%%ﬂﬁjoﬂlfclng%rd@&nyhﬂéff&% derivatives of all three

M I
or othef sa@imesat FerpR% deliwdre 8ot detideth frqg a m@g@@gt SQ¥Iesm I&@dpgrable (but not always

necess(a& QIR befd bearyotyPlégnord@t | . Acad. Sci. USA 92: 7844,
$ %)edl n@g%&& %;E)tgzg]ag eulnlc&ﬁehrgr;[ th n gtsul?sltantlal %Po J)rtlon of stem cells

onj C
and th@u@gwe@gq;%g]e p@qcﬁw@g@y@@g@gfglc g}aﬁa’c{aﬁ%@ ofd.@fj grentlated cells. ltis
unders(ogbaﬁﬂ@'celbhesi‘bf andifferetiadal. ceiiatwlthin Atmdopu@tr,qn wilySen be surrounded by

nelgth mg ?I?s%l%t a%%griﬁ?/ dlfférgrﬁsﬁﬁdcel | types may be provided in

hed cel | n
obbsiere @maiveid edi %,s " releshio ﬁ?tlerr?ﬂwo%r?{ﬂs w@pns%ngydlfmtlape? and partly
differettied collsneatiappaal whéropPlcdl$ erceatioweslt tp G'tﬁfereﬂlﬂlﬁe'f‘ & Wéﬁecﬂ'ﬁ’ fashion in
Suspe,g;ﬁ%mgpe%%pggg%ggeg are al so | ncluded in the term Any

origin th r. of .DF
pr%@étn?ﬁetrﬁgf‘t'oar éafea% FCI S é)foc%Sé for ?lﬁ ?rﬁ&?ﬁ pq)S %ell? n%jH that are
enrichédaipecalis af @ particlan tesde type girodt egRngTMRRNRi tPf’@ies taﬁ éS} "\Pﬁé‘?‘%d‘ate This
may bg @Me%gn fne @ms%mlé&&i%rﬁa doliesperatd athalightpissisglie not neceserritygequired if

f enwronmen ol media
St PSR S L s o e

compqme@gg@@ply)faqtcﬁat inggiblecganPrenelis 'R§P§P8 w 8ra1>r| §pe V&P Iwall and other
ingredRRS ta€AdoorBipfibih 1b eSjediveot disting theablaiswdrdnitp fiéssedinsiclyred

V\'hlgeeder c%hjsbgrte%gl cﬁg dﬁf'ér%pt%lééde%e Qfld t?{ﬂ@d‘ﬂ/ & Qkrb@nt g’éﬁéﬂnd th&inkay act to

1 on
prom s ERER 69O SRR LRl OIS SPact i Lpifypiated pPs
cells ¢HACRY Sdcamebdt Witht feedsr thinelelp fraintadi the endifarenieted st wgile cells being

dlfferemgt%%otrt{aﬁcoagﬁgrllélﬂ lith %bdé% hlat Qifetcﬁcﬁlff@&h&tld)h r@itidbes] pdrjeular tissue type

(e.g., 9eéql?ﬁ1yo§3ﬁ%ﬁ) thedte%HF%ss ?rrg?del dl¥ o%%ufe cgrﬁ EQEHn&SﬁG'In t;ln_g' Sbsence of

€rogeneous
feedeicdelisdf eitt®r gohpr i si ng dlfferentlated and partly

di A f w@rﬂ&dv%rﬁﬁ@nﬁ &l dnSentifainerd rp@radh catest ipér&st el frdlifegate differentiate,
or ma&tﬁs‘ﬁmﬁ& %ﬁaﬂgﬁ? ?fetﬁee Q%vm%n%ntj il e %r}ne%ﬂlﬁﬁh f\l\}hf&h tRRiOde bitured, any

ures or aggr ct
growtidfabtos e diti¢rentipinrindueipg fegtors g”ahmﬁi’l??(%%mf zmd a supportlng structure (such as
a subSliatd Rraa0kd satrhdagit pEncel | s into progeny that are
enriched for cells of a particular tissue type w thout

form ng enbryoid bodies as an intermediate. This may
GenefabTeghiti@gieghen the cells are plated on a solid

reqqs'“tf{l%t ]Iagcl)r%tlrcl)ﬁugh n!arglt p‘g\qlug’s Uge?ul r]ﬁQﬁesﬁéEﬁcleyof this invention, the

prectinbf Gnasiet Q sionsers ?X’@P?ké S By Bt B'P'ng e 8“'8Feo$\5{“?1'y°'°gy' and
cwm&mywﬁgpnent of nedia conponents, soluble factors,

! nﬁlﬁh %?SH%:’[ Q? qp&l@ecgjgére ald %Hﬁ@/% s@m &is,QRe trJé@erVﬁh&S ®|sh to refer to

relentsthat ogplish t
erat@qgfcg@mp.g, é’"qu‘?ﬂl(qn@éf%@e H%p@@tfcﬁ sap{)r8w£6}§§ ertsc? oh Gr‘Fctjj_ Press Ltd.
1987} GaRGIR Teyies iFefder Dayelbineht (Bie Weshdrpanst abe@ﬁ pr@ck%@ﬁ;tPress 1993);
Embrg&ﬁcséfgm tc\é}? Slﬁérgﬁlt/aylé/rﬂh Gf/ﬁ‘r|o|(l\yf vawilst k16th SFHzy 8. rIaQHEOG heds); Ragperties and

uses f ﬁm@:y@m ﬁrgfn gﬂls ol?m@gf;t? zoarlt,%gll%atgop go %@u P;oro and G ne Therapy (P.D.
Rathjeineli 41f Gepnd.i Fatts PeyPB:31¢ 9985 wah rqs8ect & ip tculf%lowe@ﬁ cells, standard
feeders that help maintain the undifferentiated state,
while cells being differentiated can be cocultured
with feeders that direct differentiation towards a
particular tissue type 25 (e.g., cardionyocytes). The
techni ques described in this disclosure can be
enpl oyed in the absence of feeder cells of either
klnd A gromﬁh enV|ronnent |s an envi ronment in

s Y a g, o L
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30 a substrate on a solid surface) if present. Genera
Techni ques For further el aboration of general

wao ewbndgees useful in the practice of this i nvECL/US2VP5/009081
the practitioner can refer to standard textbooks and

referen(éeﬁ drng@% ITP he é&l ah Qﬂ)/turet Asmorp Uht WS P%@bft‘ﬂg‘f)oggblated Adult

0
Cardiorgygcytes (é/olﬁnld& gnlgi’%f&h'is%”b@tgeﬁﬁif Cgﬁp g’res? ﬁgégl) rt Dc‘evéjlg ment Wawey &
Rosenthd), Ko@ﬁ@rﬁrc bass TBRY defung iHaaninsSaartdansingst (f oﬁ?roefs ﬁeﬁﬁ Records 1990);

and G %l TA Jj%ta(ﬁlt il aQ&beQ'Cﬁgﬁ)E dendrdhestio8® M netdcylarl &id cellular

¢ r Bio
brochergé’@/eqaa ﬁéchtpd (I’1|§UR% St@@é@e?’?ﬁfﬁk ?s Q} %Jogéco)sr% Mplyéﬁa Biology, 4th Ed.;

/mmunab@wet&@@aranua/ EtvirejiovilscedstAsadegiq Press 1996k o Pslt %Oﬁ”ﬁre Culture:

Labora)gnﬁ BroceiMedin BYBtdc@miogMBloe &idnmyEPIohn BRS) 08¢ 1999.3) ;
Prioperties and 40 uses of Enbryonic Stem Cell s:

Prospects for Application to Human Bi ol ogy and Cene

SourceFhbStapgelsP. D,  Rathjen et al., Reprod. Fertil. Dev.

10: 31, 1998 Wth re pect .t ﬁ‘iEGl v st I

G5 biodoihin Yoo BB R Suter QB85 Ly stem e
derived fefneeranyoeis tisave lodleava e chrsagierisicf |be|p%ca€ﬁQIe P (J(Ang progenyo allo
the thrég d}ﬁﬁiﬂal 8ars, a6Fbecheaa60v6987) , | sol ated Adult

Cﬁ@npp?agzgrc%g%g rgrc EL% cieh §‘n<J %mb needem&celﬁ ed@&?égeﬂﬁﬁg cell lines or

r ve
estabIrR@géqqtrMImary,@@‘@d/gm isspp gka prirgag%j;pecris ﬂ'é RS ¢ Tth mventron can

also besé\ﬁctrEécﬁM\'g $lufipdteht cdBe binaihed fSoTyimRy Py enid $P9e, wrthoghfgst establishing

e Wit (M Mtchell, Scribner 1996).
an “ndgieﬁent'at?(}cg" ngods in nol ecul ar and cellular 5

bi ochem stry can be found in such standard textbooks
Embry@ic Skerdeldr ot ocol s in Ml ecul ar Biol ogy, 4th Ed.

I mmunol ogy Met hods t
RSt SR8 Ml B 3 B BTN o
5,843, P30 Thahsoe st aln PR Jtallc Arrsl BejyUSDRR/T844, 819@), ftppnlarp, gmbryeyjify tem (hES)

cells c%'b@%ré%ar%@ %mlﬁ%&) blaSidyEiCREs GfingShe feciBijubs ddsOribEKiby Thomson et al.
(U.S. Batery grzqugpgcgcyeﬂg%zé%r 1"1}21}5 Lg CWr tTlap FHeU fdrd?%a@i% ffst@m &IHeSbinoff et

al, NafureoBiptestt 1 §/289i 200P; ieiaghe! NG oS CElRaTelEe LT oI g corvarves.
such &%nmv&@aﬁ%ﬁnk@temr atls| oLgdpT W1 810 (Bresage). t he

a{l{_g%e?%st% B o AYE S el GRARIDRAoRBANSos FXGREhat AL, Science

tem ce oni ¢ er m
26211545, SO RGeBY 0 I B850 IVEL TR RbEP PO G Py o emones
can bRIERpaHAEd & thé Srstecyst stwep(ermp @t shdtimeBeprptht] ZQ& }@39) Embryos are

culturecrt%qﬁest())l%sg% s stafri'é’ et LOHA defiida Idrembia, 4 tiR iAkdr icelbrdassed arg isolated

ot d.{ ct inner ¢
(for egqr@gﬁj @y |rwutnﬁwer31§ pe?r& rg%bér}[eaérg-lhlrjr%?r? %ﬁee%&yar@ E@tﬁr){)o ntrfé intact inner cell

mass Unlatéd @1 reER feadep delle §.5. Paters 58430 BHTaD Tegelgpielis 8200200072117 A1),
or in 3 |t¥615“f§ed§rt 880 ERkrbiimchRhabeuppsied aidedrehiiabr hE R seibopwths(US-2002-

00817&4 /ﬁt W%aqgg)a(iﬁg)l\la(te pwrrq co§onregg‘&\ﬁ‘r{a}tuugi(ger'r_?iat%c/i1 %or%ﬁ&o gﬁ@cﬂ&@&a’ted into

head 92: 7844, 19
clumgduarenepgstdsk yoni ¢ stem (hES) cells can be prepared from

human bl astocyst cells using the techni ques descri bed

6, 200, 806; S
Prop%%nfgaﬁsﬁo Beltlg %U&(}/ﬁgrynn?ted%?a%gct B ol . 38 1330If fence

19883 cardcaae hjrmﬁefteceoontralopsly\lat cHltere Bilsigeeiffure 1@nc3tgags that promote
prohfer?trog whﬁ%1 Hhrg %&e&ﬁer&ﬁedont w&ﬁplérﬁy alﬁﬁc&ﬁrdr@ E mktiche id daderwith 80%

; ¢ clone) or
onebdeister KR Pl L2 Bt T e i8Gy peym e o

serurh Bippsagen)us mz/msweﬂm bfectaﬁwn@'egl%pe) ﬁéd‘oflteoﬁ‘ﬂ“ﬁu?fﬁ'HO acids, 1 mM
t.ah (Thomson et al., Science

Lgm%&ﬁlm%hgq gﬁmﬁ&g?%?ﬁgtlvely invitro fertilized

(1 VF) enbryos can be used, or one-cell human enbryos

can be expanded to the blast cyst stage (Bongso et

al ., Hum Reprod 4: 706, 1989). Enbryos are cultured

to the blastocyst stage , the zona pellucida is

renoved, and the inner cell nasses are isol ated
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(for exanple, by immunosurgery using rabbit anti-human
spl een cell antiserunm). The intact inner cell 30 nass

wo gooplogtsesl on nEF feeder cells (U S. Patent 5, BABUIB03/009081
human feeder cells (US 2002/0072117 Al), or in a

sui t abl e feeder fr V] I derived 1
R PP o PAF BRI L0 R0 Hooh Bl S4BRAhRNass solve rom
embryoM@rO@ﬁlOig@@gﬂ)o_msqq Qj\m.,ﬁ@lew| ?”1 }sdé @} r§ ientists af Geron flave ‘discovered
ihat pP$ B8lis EireBemiihtaharin amuritieleotpyedatate elies witiubieedsr ¢4fie.oThe environment
for feed%:ritlrj%ﬁ cglftglgr?yﬂclﬂo%glaash le caurE 5 RRRAA thABLIAY aR BRirdcalulas mhirix such as

erenti ated State pPS cells c d
i 5 NR R by oT TS, DO LT B B [ G it
containi§ @xmbElulapmatik enpabéntrsupihag lemininhi BietARScpells are plated at >15,000 cells

cm? (oﬁiirﬁd‘rlrlg:?%fébé iz Q8617E,6@'Ha4'2§1f YrySi€diy nang@ndtiai divestpn ES hattedi hefpre cells
becomq;?o&p@}e?y c\é\%zt%s$ ?sé)/,f%wl\ﬁiér?c:éﬁ%aﬁ%g tI Io%lﬁl'mgétof W,OOO cells are then

bovi ne_ ser um (EeB}?érvested

plated Hieclyoorey) ther subsieateLiihpetfhrner fiEpRrs: USIIPRYSN0 076 %17 CAl |
withoutleh$yhed 8&58 M HitE BadhBE confluch8e iNancubamg RS mél in ardlvion afcQ.-2iwM EDTA

. 1 40 L-gl ut ani ne, RBRL Q8L fianelwithdht furth
n PBSV&T%ADW%%@%%%%?’W %Svfggoég/t%oéegg%le%rﬁlﬁfl onal .y, gsa . ren:ov:;
dispersgle| In @ farther HuatreianeepnByenibhBSasAlp © 'i“reldé'b%&’a whpq ¢ leecers &

from thb Yk @ylincubdting albn assistioder 0.08% (ftivonamibrGibed) @nd P03 EDTA for
5-15 n%gmtlgtsyﬁc.( ﬁ;ﬁgggrﬁ%gﬁ) cr:]@ in theQlfNe@ réRcied tAS ithel@498 hre triturated into a

entrs av

_ Sts ¢ i.scovered -200.000
suspensiah cpEPviR SSIP 76l AT TR EINEITT 00 I pé%%?tsﬁ’fegstﬁ"gg g{/ééo;ooo ’
cells cvf tolpeaitotd seedlerand éinik giferaftietioanvi r onment  for. feeder-free

c H!aJdHrrrﬁ% LGy des s@pp@r%idlt fﬁbbﬂwlﬁrléhtt Hhe@urs Losthiniag dactors that promote
. partlcu arly an exrra S i n“
i R e IR, Y A b o
introduEstjieto bineernéditHo bineuBwiiag et AT Wi  Gels SLAGINIYFI fﬁ%ﬁ[ﬂrﬁnsgwh as irradiate
(~4,006 05 BB Hb@e cRBlybIX fiEIMRRNRIOMBIZU ctougesfitrastasti atibrolaeglike cells

. pPS cells are pla | Sy g the feeders i
ool sy 5, BA b Tl e o o
serum g Yt cUR age6d PWRM suppiearepied HLA03s P (R [PLecTISE Tire' " ‘
MediuOnER has o ceHaripesdgead -2 &gy is sufplamentedinith fustodr PEGEARE @sed to support

| | favoldsh 162 PAQ1 /el Bkl e, 2qlipt ed
PPS Cﬂ?@%“éﬁ@@??‘% PR DSt rat 6w t hout . further.. di |
AR Py o PORETEBPTeE MegTisa" E%PS\?SS‘?@‘%%%g%/ﬁ%tgﬁ‘%pﬁ%e"ted, i
addedeAayETike eftombinst drewtpliastas or Beriblisk thebpPele peifefsyion of the cells in an
undiff%s%@%ﬁ?érmg ERniblaR) 5T Bass thdduirORikeOf-vVOB" TOV(ERdMTakennor QBSFT™-60

After washing, fro v . .
ot e B SRR AL S8 S ot ot el
factor il S pEm)alor Fit ligandus hasmL)i | Toese rediugh formpdafions, daye fizgdvantage o
suppo?lﬁ!] LS caniit roeftinked tehge AbsRNgetens (WO OHE2M®2@r e r enpved
rom

gm the bl ates ing QSN FioWinb Be i @ddinicORios, préhikkialhucieoti,
WS mrgrsBE £ iy ] Aightpich Irm)ft DTA f 5. 1

R SLLAGIP AL wﬁmﬂnﬁ@ff@@ﬁer@" Erptptie T AE & el el oxpress
the sfa§8ERLEH: @RBrybE aB@jehs (FBER) tI Artduatml markes dpteptgble using antibodies

desigi#%n-éﬁegﬁngﬁg%{ thSI ggdif%:ré'h%t@d fEd baisand il expldds trertanscription

ensi ti of 50,000-200 000 .cel
faclor I3, U prSaHT BeSHARSGIE GRE IEAY R PP Al (FEDXL), and
humafr &RAeFast feverse tdristripese ATERD WPHRIBHR44Y1 Al)rastdeieeind by RT-PCR.
medi um contai ning factors that pronote proliferation
of the cel r‘s vyi,t ho Sdi fferentiation (U S. Patent No.

paring eardigmyogyle
O

" aetors may be introduced into the
medi ym i [ ntUndig&bhiBied EHEEINGY culturing or
TP A 0 TR hapabiies concidlos; autrg o
differgptiptipg iy a sersisborawh PUIRIEeT 8t HFES L C BN (76T ouse
by oufgrdwtiodsliieesdesiredaelisf orlby mbbitist orkillke ofcdler ¢!l hpes)i ved from
pPS cells (U S. Patent 6,642,048). Medium can be
conditioned by plating the feeders in a serumfree
medi um such as KO DMEM supplTenented with 20% serum
repl acenent and 4 ng/nL bFGF. Mediumthat has been
conditioned for 1-2 days is supplenented with further
bFG-, and used to support pPS cell culture for 1-2
days (WO 01/51616; Xu et al., Nat. Biotechnol. 19:971

P ~r Al i
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undi fferentiated form Exenplary is a base nediumlike
X-VIVOTM 10 (Biowhittaker) or QBSFTM60 (Quality
w@eobogissal | nc.), supplenented with bFGF at 4BcB0S2005/009081

ng/nL, and optionally containing stemcell factor (15
ym), or Flt3 | ab dhese !atblé'n for example, by
¢ SRt e yi R B iph BEHA podSEBCaRALLE o

30 su por
overgr@qtrm{;[awomr pPS gellicHIiFERs Of tpyé:ullt%p%p ce st 'H 8¥spgl§]séq[r)1 e tld e\%essgg Lavmg a
substra3 Wi 08 2hesionnigertibd @hinti elows GEpioMAES) ceiP$ sellg e barvagied tpy brief
collagenas%hdlnéjs% a&nésg%' :thd)lnﬁ§ N tefat dn@splat&f Qrmrﬁﬁ-ﬁﬂheﬂdmc lcemlculiure plates

t ated i
0 05 b e Boph A gl ), EBPELY o 208503 vt i
alginaté foe ofba gtasip awiribteewrebbly gmitrex, alhrph g’@ﬁgwetpggmgy @eaw'afowlty of EB

dlamet%ngwd %ﬁé&%néy gﬁﬁ@ Eéll§kbkﬂudé8| WO 03libdd2e,0fansstracke ai.)g nsibedigsr or not the
procesp W?I\‘félElBjorE‘ﬂﬂneLéséng tahmed{umntga{t cén%r%@a uﬁto? gerb‘lﬁ@q&\?aﬁelnﬁpr&ﬁ&& foci of

ranscription factor /4asemm
contrad@ing pelts, of dfaes tardiemyoeyie 4Rdapg) 8 RWERE: (wé@aé)fe%%ogwﬁosremm or

supple%ﬁ’t@ﬁ&l ab ol N a Biiable igwthiddin)sucteascRPMUMaN
2 glﬁ %fr%r? 4'%?_ rfgt\ﬁj §§Cg{ [S‘Eﬁ(ﬁ)@le p{hé%@lls( &F%%Tault(lrla@ with factors and factor

combifaipnsjnas Igqungf-gpre g?raq%rﬂ,awyaégf @é¥9§ny8Wo%( & %ell? or m%%\’t% growth of
other @ lybss. CB eft @b tad duedo & ticant efiectioh fercehitselit as dues@@meif@t prsanother

it bé/ Lyt |Hrtb|ﬂgen95nce Qaﬂloﬁn@&:&t@ﬁbﬂnﬁhdnﬂg Forex@mpieeficdls that induce the
oe y Vironnen

format@ég h)ép@bl@fﬁé)hs?l?lﬁ% eelépya? éf:le %/r csus[e t%se EIIIS p o‘g&e d{é"g'??"éré cardiac
promoﬂr&j disnentrallloyme withirbihe rubric ijarﬂlpvqplcﬁ@?t%?r ot her cell

S - thatgQo 4Hdeé Q%@ﬁl&mﬁc&/ AIS2 045 /R0 2018 Lof the mesode(rjm layer, or
ntiation, can I VOI
facmt%edartrggée %qrergatéap gléo (Eaédmmy]p a}?e Iﬁné%te%gls%glﬁ@%\%cpg/}/@g\%’ y_ID

donoTrapﬁRﬁnmeIGrovﬁm F@q;m@etamlatgg,hg@pﬂst(@femgaleﬁ,b T@g-lm qFrP% TGF-B3

SUSPERSHM rhdhpekd! df umeemeg %ewfadnwmgatad beloip)s t kigands ind [a TGF-B

| ow adhesi on pr. Bion BPRe q

cel | € aﬁtg/?t}g To;? ng% Rt eg alg%agdggjsfe%%hérﬁ ion @ Sma

enase di gestion,
dlssewwbted into clusters and plated in non-adherent

cel | Ivré ﬁ@llkﬁ'Aaﬁv&ISA End(AMDIrCEL /(B BIBE; of e SCFBetipariemid .
encaﬁ‘éﬂl f %[c%athfac% #s}{lchatsh@F éﬁahern be produced

ate or ot sui tabl e iocby BMP-2 and
N r Bemamcpsmgmetelnm(mmberwif@ﬁeﬁwuwaw"x RFipd oy BMP-2 an
unlfgmﬁugy of EB dianmeter and consistency of the

V\h'et ﬁ@? blagu vﬁh (f?,' ors Zexgr(r)léli@gcp b%59€9$d@4 daF‘GF)S other ligands that

Ves or mat |
usi ngctaatermliosnts tinate EbheaY HEowerRAHRE! PRIINE ?'\%P@h%‘”d other
pr onpiie§end Sfeh a@émdemmmtgfomtfam @& s of the
g 2{ S M%Hkofc?ﬁ% agaéorgls foa %ﬁect BQ[\ n‘%ﬁ'@%ne&nd al%gl@ fe%régsmp Qv befr\&omyocyte

such as B27 or N2 in
a suirelaied @ngﬁéﬂ/ﬁrﬁﬁ?ﬁﬂlewcglﬁ'@ﬁ) as RPM. To promote the

Cafﬂh?@ﬁ&ﬁ%&&xﬂbﬁﬂﬁww@ﬁormheoﬁeﬂNS)can be cul tured
W t act or
pr bl iSPag 5:ta|n@wg'8? or sar?tﬁec%lc c?ngp%PMSr\mﬁ h&rﬂé’r Joh\% fo(? m@%%@ receptors

gonse. card Io § %/eﬁf 05110 en like

or Partitviahly teffectiee gorohiaionsf of EdiplpPIG éﬂ? %‘é e Ush& B TEetd
Actwﬂ&yanbg dlwefﬁtytc@ gRweh fagers, saitif &cthoserinciuded io il TGR-& and IGF ggmilies during
the e ﬁ/hcgrﬁ?mtr%gnt %Iaag Coh’il/o%gl)lyasrﬂgé I hted Gfith ladditbR8 calfdir€dins sdctt 48" dhe or more

es car

or mat i on ctors
fibrotysb@rowti ERGIOE: bane MPPhPESNIGRIGENIS: B PHVEEB?’%(%C? ww"ﬁ*“& [ ast
eqpurhgl tentlalzedtibs of tis icaoe, it We@@umﬂhﬁtsorm"@nqafaéfeﬁééc'r' as insulin-like

rowfn Vil Il B di@Sted RIoREBES fAGn BleaBINtSges at In B@dTEiffeveiitiaiian actually
?nc:cvag%gmlévgﬁ%p%ﬁ@%%rﬁh&@%&%c H{:@C a?ﬂs studF ‘rélclbgrlﬁ] %Bé@ﬁg&hdt(@decrease

the vl @d GBKBH ayieroplags (Schlizcdt|al.t hCell Fischare 22819, 89 Bn Gl P“6¥1‘heref°re
into cardi onyocyte |lineage cells include the
following: Transformng Gowh Factor beta rel ated
i gands (exenplified by TGF??gl, TG~ (32, TG--(33 20
and other nenbers of the TG~ (3 superfamly
illustrated below). Ligands bind a TG~ (3 receptor
activate Type | and Type Il serine kinases and cause
phosphoryl ati on of the Snad effector Nbrphogens like

o o " —— — p—
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Insulin-like gromh factors (such as IG-F 1 and IGF I1)

25 Bone norphogenic proteins (nenbers of the TG~ (3
waoapend@Ens |y, exenplified by BMP-2 and BMP- 4) PCT/US2005/009081

Fi brobl ast grom h factors (exenplified by bFG-, FG--4,

potentlgtgdthé: g:ecﬁ‘,) of Wﬁtt‘kﬁ&elhé S48 int th@tcultu?&hbdﬂ@ﬁ ®r Qé/di&&pby the cells. Wnt

protemE mrp]gjly stglﬂlge aflchtéarursg hqoc?eggté%gltoé%g%gfa%gyéoﬁfa réurc rrg]énllecnle jg\ialt']emn which
comprif@ec eortigrEGRhe Fansciition &gtor dEF.arfalssyanded érﬁnsanm'ereﬁg agifiy of multiple
genes. nﬁtﬂtbyéb@ér{cg Bf BRde @e{tetnﬁ\rlé BrbsEhoRTa@Bl) @ kPhseOESIER oMt dptheiestabilizes
ted gen ﬁ% , 5-aza-deoxy-cytidine) The
Bcate'iﬂ” ?’Eﬂ'ieﬁ’?"‘\a“ﬁg? ?Pé Bxytocin, or nitric oxide NO)
Sisiece W16 asiheionotiedST br apsgrmtth i coasApORRI g RiRton. this invention
lnclude%g@ﬂﬂiuﬁﬂig amh i Whtt ¥ntiqhists e moeEser @eeptat r Fapottios Lf agdrgomyocyte

dn‘fereﬁlagon ?f Sf’% c(;:e%rb WiRki bﬁmﬁg odn %aﬁ‘lmblgb erFMA tl@rgﬁ‘nsty?’rthétﬁ%ﬁmenmmm

ter BRA o0 GRS Pt B B R WELSFpECH o oes Dev
15:304] G601(, Dr ByicettiGh whraaielrbwyss ehepdimpDKHae (Meavin §t ab.c¥aneg Bevn15:316, 2001).
Alternﬁ{lggethe QR Qtﬂ@éyj é/ansﬁéplﬁhﬁ@@ rHyQchéMsihB tl@ﬁ’d’clh{yodiahe kinase GSK3B, for
rdi otrop i"ns. such nQ: | rgbroblast growt h
examifenBY HRUINORES PRSI ARG Lo BCLY fgcoried®
p|Extledtiet oidetentiabchrajrtonit hoenisds @LrsyatemrEixpngIQ $,0f course, unless explicitly
requir€l], @Qq{o?ﬁéc%aﬁfto Gnﬁér&ahd"tﬁ@ bl actloh oiasardidapid factoaih order to employ it

in a r? fferemh@gglqa?a%tgwdacrcg 15? é%%‘ﬁ% e%h’jli; lT?vggﬁ]mgﬁﬁl%éqarﬁﬂag%&fms of such
compaindeytbet asé effastive forr enrigfirof arciamypets POk EAD fpgy detgggined empirically by
cultunh@@ﬁﬁ@e‘i@mh&tb@ of exp| Sicadntifer dEQ Celgedtehax pogdsgiima. cultyre environment

lncoerﬁl éng| suchegac%s g@ﬁgrhh%mirﬁr}gh@% Qlefﬁg cf) Qd Eé% |F’(§§Js@@%@ number of

cardiogpdyte I'Bﬁeetge ﬁ@'ﬁn‘” tgppogyiation seR9igng 1§ e P 0%181““?%%’? B?%drﬁé’“wlo
WD 2005/ 090558 PCT/ US2005/ 009081 potentiate the
D:rect%ﬁ;e‘?&tng‘t/oﬁf Wit proteins present in the culture medium
creted by the cells. Wit proteins nornal IY
st/asballreaziye dasvrlbecia uiferentiaibre anradigrah $9r orfit e tspitignally involve forming

embryoMt ORERS Whith TRVRCHbR talk tefeBMiditereih tdlintypadp IRUGIR &6 Aomote tissue
ortion of the tra SCri

formagi ?]g EPP’H (egmjjﬁcerg 8 bs/ O?Iowevra{,:tt R ftg- (%Edvan@ 315%]9 o the need
to forralemerycid bgjles\/\aﬂowmgzﬂ@ai[ff@fw’gpﬂplgprgpﬂgg rpgmredchélHoIIBQ MDY g'ne resulting cell
popul§tloR &8 tdFKREre unitehh @VO b 1516l st 2aD2/0152€38 A1p RisclecloRiraprovides new

methc‘ads (%IOé %&iaff?rentlapon L ﬁl{.? Xéll? %@&%lo@g% W%ut‘%:rmn\ﬁ%h@ry&d bodies and

imt cardiomyocyte
Wlth@luﬁlflMeél!w Pf#iuﬁ‘rfUPFt'%“eé‘ Si nvention includes culturing

W Aril\ihtion Bt 186 Girkisdiirdntation eeiedmsie istineides indixample 5. First, the pPS cells
are hg&?sf?e%rﬁ%&e%ﬁltu@@[n%lﬁdﬁytﬁgyyérg exﬁynﬁéoe @(mallyafe'e&rﬂ flﬁé) pRSolated onto a

kA e e
differdrfistone Eeehimpare o getwdin, 20ivothLdibwneatinor Masiga®\\Riesgubstrate or matrix
can bE S ?Qé@én‘f’@ﬁwe Blitadd of thce CRMAS vdaBY; or ksom@ indBfices 28089 pariadf alpyiriculate or

meshggk%ﬁéﬁgﬁ&ge@%t}wougéq %'f%%bl&lbeoi %llpocn%%jw ?er na:éfel\%’térflwge\é' &lh@ence of the
cells prant Hevmegmatear by pesiricutating the dhatgy Wlﬂht‘ﬁ”é&éi‘ﬁ fep Heshiggiapay ih9 Sgjpm beforo
plating nﬁe KélB asie dm (tﬁe pPOlcellsL¥mNiY Estatiiyhed Wintouthé rsgbstrhie before initiating

dlffergg gtfolr} at Ifofs Exa&nﬁ) e con nlﬂlﬁ'np toac?hlt!cjfé foq a%[uta@lqu@q&ryu fo% d%@s) with a similar

Lotr o
meciih Tt e p AERGIR PES 961e (1 e BASETIAR BE% L] gty oo e
pPS EcfSlidichfendetas la&oﬂc@dyeﬂ&tresus\abgﬁute@nulmdmerst and the node

Of TI‘rfleC@ f&gntglf‘ oaap]y?t@gs i %nt%\{fb:agﬂr"g{ JiRGhE 'ihe'mﬂ"ag%f &fr% it £ r3&Trh At contains
fctop R DASSHTRE T BREPHRIS PR RS G rgiguon- Hloftpiny ar

compounds that are effective for enriching

cardi onyocyte production capy be determ ned enpirically
by culturing undifferentiated or early differentiated
hES cells or their progeny in a culture environnment

i ncorporating such factors, and then deterni ning

whet her the conmpound has i ncreased the nunber of
cardlonyocyte Ilneage ceIIs |n the populatlon

o N a . o,
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20 Direct Differentiation As already descri bed,
differentiation paradigns for pPS cells traditionally

WO pwslosssg or m ng  enbryoi d bodi es, which al | owBCT/US2005/009081
cross-tal k between different cell types, thought to

actlvmsogn%%‘?n_%&'net&ﬁfé%aemg 85@% ' Q@oﬁm%a@od"@fﬁ@@fﬁ §u§&l‘a‘ﬂ1n§ Br%fétns @ktivin A and

is often vant

BMP-4ds pqﬁchIg{héef{eﬁté/e rﬁ@@ﬂ‘mﬁf‘{’) 118 SP'B} MCE%?VS? g oraorggogens like BMP-2 may
substitatb lfa\EBMRy.t Mee ahdifne uesnt ataitis singeperdercigter euiulgestapp may contain adjuncts

selecte%‘?r'awt@ I'sﬁﬁowcﬂ;ﬂ dafidte E&@lﬁ)%lr)t A8 Gis@ilike grp@p tents, particuRMAGE @ and/or

616 i o
a g DERES BPBE F 5t OV PUBRC o Bt Rada T by AT e i vih i
differentiefidndactn ¢amttakeranpfhersEGMedPY Says it FVRalM RS GVR teglfecf the cells into

the carblofn{iRukb lifQBEIWRE 4$m’eisydélngl wbiesli es and Wi t hout using
SEhs! rori B a \fangg SRRl GRS IS AR d s bF é"etrdn‘P Qub@{ltutE R€not needed to

o dire ati on chni uelsgqﬁ er\? ! read. the
initiate g aqrp,gpréthg carpqomgqcytetdﬁf@reﬁtpagorbrgpq s, ag 5 t ﬂé) égwieg%ds ng )
mediuth h@nchd tiatmalaied dshinahitt doepinaran endiéah detlitigrepisippiginieyt that supports

dlffereint%%g %élls Ilkeeﬁa)rdlonﬂ)aa?&l Ah&fhAS! nfi%rr%larysél‘@ BiA @gﬁerﬁént R2tshppfement, and

or undifferentj a

G5 suppéen}ga%lfft'qeﬁmr@lowef/ﬁlbe(ar &lcgﬁt}%aéeﬂeats 0 nfcro Iprése nu rlfar‘?‘rs an%rbgfactors like
humarEX&.N |(B00ygA) enubrab Hageiérert (50 m@mpgﬁmﬁ_seﬁewweﬁ:vqlmt @id may also
contau’\\/%EtFésgﬁé (s mfgf[h%&h'?ﬁb@/@)t BydRbcoRilBdnk (8.4 |RAN deprepstect (0.6 Lgl),

and/or; l%{egﬁﬁ 8f mlgog?psﬁg gér or E%—H—CQ |.tbg23_r te Fgrﬁﬁjgp%ges 8 or%ﬂerﬁlglrgéﬁle production

and hemppdnaragyr efaination f owpgRensntst #REVR, fremr '@“é}ﬁ'(f‘?rr‘ c?r‘i‘?l‘?r'ﬂ Is particularly
advanMB&ﬂsge| atin is used, adherence of the 35 cells can be

I’mtﬁg(g I%eex f&’mg ﬁﬁ«%&gﬂoﬁ%n Eﬂ%rd@iy&y?& iMedgB Sk rst&ble%ﬂ qegenera’uve

lat’i n
medlcme cafeatten b_@en lpp@d pajthdeawing theJ GFfsupiay mgrﬁlgoge%?rgqteeﬁx continuing
the cuBMB Rk & Rinedapebreis enahniad 1 @t2iwegks alinfofesn e mitvilartsippternented medium.  In this

step, tﬁé m,.nﬁ’sorpé(’ugfeg Ly Pgiaﬂwg%&vﬁh ﬁa'é!ots%rugw £§lGFabl§ givibah blﬂertl'a:l\gl% or other
morpr@g@a mey d%@(ypf‘é'i‘%ge%

i F PR Ol LS
f apandionfyheyse Vindalge tog|td aﬁlaénltlfyedbby mgrkeh @xpressign c@| gagiracgon activity) are
ul’umafe NGBS Gord ShePoulRB.O TRY Rérvdstad bulIdiemmay bdritdie over 5% or 10% Nkx2.5
vironment. 40 The differentiation process is
pos't"ier‘ffalfsr ated by culturing the plated cells in a ned
t HRapulations af diererfisted oells caefhen pefirthey REICEESRA & Bnrich C%"ﬁﬂ%‘h desirable

charagérféﬁdso%ﬂw%st Wedﬁﬁ@é@%@a&%rdbmmgydir&ud‘acfef redrgens.i &b @@mple, the
perce%‘aqeng %SX%(‘:?%Q/ cells camezquc%%g) %g§§ 8~2(E> g'(-f Hsgtggﬁ/ Q&QQ% Isolation of

pone it g b ﬁ las 1 and 4.
enriched BIdieaY Py ig repmulmns (03 '%‘l%ié‘kcf %ﬁ’ﬁ” ugatiop df éﬁ”ﬁt? SRcPi TR
Populaiddls cdANB-oftainsd ardompiideat lbyst e5%,e0%\+S0-Exrairmplestially ovef 1P0% cells of

the ca‘cl’é?@ 8\{’( &%Q?et %Qﬁméd tzepéx?fég&m pReas B’[“ﬁerl tisk R sBMﬂcmmdﬂl@y Many of the

at, t
reseafch ranfl fpsapepin ?Qﬂ“%at'%qseﬁ?"ﬁ%f E‘oﬁisa‘iysr?%g LPﬁc?t}'t §r°m %},98}”% t of the
propoftio® of cali®mybaytes foubaonpetk heapdeneity.is menﬁlrﬁwedar e i nsul in )
I i ke growth factors, particularly IGF 1, and/or 5 a
Crosj s factor or other infl arrmatory cyt oki ne,
Fo’mffﬁf’f’f %frq%q’eﬁjml: a. Culturing with the

di f s el bahl d?slf(‘:O\fe&,Qit Ritprépantidnakes pas yehed eafiibogoctes ean be further
vera C h
expar{dﬁior egpc&uag R{/%Igw&n% Fm%o igw mrugteﬁ%fg%rﬁ ?&érrehtf@ Sldizd bbb,

t yfifstad celonepulstion: e SRR ikl faﬁe%O"WSt%l'ss Wt“éd’ﬁﬁ'? 3{8% chigacteristics of
cardidrij@tytelinS &Jelbals) éncﬁ@mbﬁm;seIhsﬁeldﬁnutiewsmssapa:atlcrm@e diber teahnique. The cells

are tl’benl 5"0\%06 tooforrﬁ %RIQ@FS ahf@l gl|sQH%ﬁ’&¥Gs°pgrQ;‘icfnf £ 9&thdvad.| QRis can be
e T wswg@r??meaf@dm%eam{s 74t 0P SO} g it ol cels

artificial nutritional supplenent that supports
differentiated cells like cgydionyocytes or neurons.
Exenpl ary are B27 suppl enent, N2 supplenent, and G5
suppl enent (Li fe Technol ogi es/ G bco). Such suppl enents
often conprise nutrients and cofactors |ike hunan
insulin (500 |lag/L), human transferrin (5-10 nmg/ni),
and sel en| um (O 5 pg/ m_) and may al so contain
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and human therapy, elimnation of conponents derived
fromnon-human animals is particularly advantageous.

wo 2ookawsst so been found that the proportion of PCT/US2005/009081
cardionyocyte Iineage cells suitable for regenerative

Before -Page?c e |tC|§P %%lﬁ F\ﬁﬁ;‘% 130 GRAK be)fJaW tf@ @ﬁj&@ﬁs N@brtdx@mple, by brief

ens

trypsinizatien @qgiyog me%hafueql dgpefrgw) dg%ce&; arﬁéh%Hg}‘"ed in iusgensg)nr?rglowzaghesmn
plates iA fredfDduBurk Mediums i(exeinplified yppbdiume poréaihingefelal f1pving BeryrR; sgrum substitute,
or CC'Ise}s q%sor&)af éﬁﬁ:ﬂ' Maﬁmttb 'F@% rG@e[?e ﬁ@%e’tbﬂiﬂa@r eariiBc bkt SCulturing

ut
then c%@%ﬁd@tgﬁgnqﬁiﬁyrefag aar?g?e %a}% e"ﬁg@a'{d géegﬁga e cells remammg as
clusterqadﬁentzispp@c%mﬁt'pmelm'ﬁ@éo WOQIC@IS) icaiFdi omyocyte |i neage
Cﬁﬁelrsa (sh.fiaet;sefnbcﬁqkyméumr ker @yor eRséttredrcetonan detapsmsted for

t idatlbreffect ma
charac@P@tl%P%}gg? g\ddr%%:rﬁemw Gt %aﬂﬁaﬁ;&ﬁé&l %nufﬁéﬁma I?I?e Gukitid %rﬁ ffect may

contaln ovell;s d/ re%ultunn ﬂ*ne clusters,
improvék 2. c8lls @xGtajsmapyaduEes Pgios Pfdamvapuswﬁ@ ogfe an g

over a @bﬁofd&ff 8 iy s2dr @bres efdch cpuencantuptionly ifiaerrotaéer a pre metcidhg gusters of
cells aE?ylePeersﬁg elnt(L % Watcgllsd grsérﬁeﬁlgll &ill c‘ﬁﬁéfsa% Qrolrvsfbi ﬁj&hersdiﬁd'hsaﬁ Larger

sep ar ation or s
L i e L O T
both. B d Byp6assidae treninventmmdhai pardiomy@gie findage pafis Havesd ’Qe?dency to form such

clusters Srpo% %%p&ogpate Eo?lgllt@\ts' R 124k the RV RESIngkAdetli Ramsamiyingte other cell types
I sopycnic centrifugation is illustrated
am“”WﬁEEQQWﬁP%§V1 and 4. 30 Popul ations can be obt aj ned
t Egdmptasripand Selluatrate @agp[oce@%Mlxegmulatle@/gf cglﬁd:ontammg cardlomyocytes

were pFJPFnengsl'\ ﬁJemeoéﬁ@rthe' &&%ré’i GbleShavbsted hyesettirrydin @mpax 0 enl. conical tube.
They werg éeU%i i %rgr%{é%)rﬁ:tau}r%gr Wey furf? %&5 ?ﬁ# %glﬁ M6 o Elué?&rrb%baranon feeding,

resea nd
and retM’entmzCor@pryq chfter abpsit ¢ gquértp@ra Wag, c?rﬁld?rﬁ{;% mcreased expression of

cardiof| &Qtleoﬁé\)rf(&s enedrdt MACOM warmRNATENGl Fiouteh®, apd gpoigk i Rsgportion of
SpmmW8?$§8&“mgé§%M§§§EH?H;)Conplete honngene|ty is often

mat'i on of Cardla e
AT chelso bawl GrHeiseR e LASLo TPEAPT SN Jp chpigyoovis i e
cell p(ﬂﬁfa’udheﬁ afpfirdé oo aijftrestiatanprinesd. uAst ep@rnplm@g{ ,99)% e fgehnique can be
used afpefr a ag\gougyenﬁéhlmgw 4 B)h@énsﬁypsﬁﬁﬁﬂ%nl Ninfplet@htaion dfed teardgue has

beneﬁﬁotbqnvﬁrq %%p@c?p@éﬁépfg{e tae {rﬁé?g %fl\{lu? |nv£r§15n ﬁ]l &aﬁlcblar the expression of
myosifd hmgbt}yapejeteh’au b tealrtimetACGsnasgasesc Wr ’@, 18%%@ tI]eI c'qlésaaéeécultured fora
7 day &Jnl)é AaIQ e bn‘ﬂ&ﬁloﬂ ¥e @Niehie dhdoyontbesitidnt gxhibi saorégneeys contractile

b obfSiheR bro ih the manner
activity: o?ﬁﬁ‘?‘&’lou%’t5§2’sandg)ﬂt3nt'a %bﬁhﬁe%h uéélclg/n t he susgehsn on are
describemoved. Thi s can be acconpllshed by letting the

clusters settle, and pipetting out the supernatant
cont?lnlno Sqs 12 WO 2005/ 090558
Charaglerza (oEs liregde C S,
proceeding, it is sometines
fée@ &)ltaﬂeg a&foﬂﬁﬂ@ i@ Pahdchiifi®s of 1B treesiof t@r bescharapiekized according

foa nHliT\g?S@F grieaﬂyplcy gf-aﬁe ia Cé?rfilor%gocgg%%n% r%ﬁﬁ?ﬂcrgfggd%}wed Sfrtl)gn pPﬁ Sf:felg(!q\es often
have imorphologicat] Hieerictsristic Plepaesiomypoyies dIgR T BFES: ni .%F B9 3piftle, round,
triangLu@X §HFRIH- §Hg&dr S pdiie shduAyCrant shiow Ismlgtlmecladracmsltwné Sa/eqMgHf structures
detecga%r kaer%rl#\%msots aFnM% SFI%ur(QR) Cﬁ:l-g ‘#&.%%ﬁé?@é* SRRf df Qél)s, or&fg@regates that

‘...

stay hitsdiheslstTne subplalg P 2tt5|%tslf,|gq?n%%ﬁl%$c?ﬂr}%s y%a{ ﬁar%ome’?aes dand atrial granules

whenleRfrBi86H Hy@lecitd mi@cesgary, W th cardi onyocyte |ineage

ce SlUBLiebecidorslQpitly DOROata&dst ne of the following
b&?g%ﬁﬁ?b%%@ﬂwﬂégbo cel b Clﬁrs?ge yAfter a suitable

CW&%@WPBﬂS¥¥ kY 1 to 7 days) the cultured cells can
be harvested for characterization, or used in drug
screeni ng or pharmaceuti cal manufacture. The
purification effect may inpgove if the cells are
taken through further cycles of renoving single cells
and reculturing the clusters, 10 over a period of 8
days or nore. Each cycle can optionally incorporate a
step in which the clusters of cells are dispersed
into single cells, or smaller cell clusters to al | ow

.
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both. It is a hypothesis of this invention that
cardi onmyocyte lineage cells have a tendency to form

WG owh/0905581st er s under appropriate conditions, BCTUS198%/009081
the renmoval of single cells helps elimnate other cell

d m Sideb addalium-sensitive
I1 ngEdlag%gg{]rW I(cr}ﬁtli eQ%@ouﬂ&@PQ@Bﬁh tcb{ plg?(tﬂ%&% 6 adda iti

cess E‘o ations of cells
conmleﬁmﬁ@w&@rf@nﬂﬂﬁf?W@)t}?re‘g strigigd %t?tcol‘tf?c Yesh nedi um
andotata,ew%,gb‘;,tnef(smmere harvested by settling in a 15 or

rl\rl:% nl Cacl‘] c tll‘JaR&:‘n lo;Wa%y rgssicﬁ‘n%rdia@ mesoderm during early mouse
seru O (LN %f

hr ough cycl es of

cl uetnéworsegt%(?lamm%h Wh'F*é%“‘dﬁ'ﬂi;'” the&%?"t"é‘&? F¥ri ng every
The celtérwnfaléduayﬁoalwxbess alpasttond(addyien at last 8 SnerNAD 9ENe @}I%rpg);narkers

i ncr%e a%ng Ecr e%g o(gl\,p)f %Qo%ﬁglé}ﬁgg@yhﬁ HREIKEIES heaknland fetal

e 7
o1 oSBFISTIEYSP P GOHTEREGESIY TR r Jbl A EFGay Srigod mater o
(Fi @utdenﬁbcyte?becaowdns agprézoety/ M Mgbbyrnpafisamanasr iheargaggplls but not
to exha ygw;igsor enrich the cardi onyocytes in the

cel | popul ation at any t fe

ot ocwesh ey eseHOHET PRedsdl 6P hAE b n SRR D

us edritaf frapbmgosir evarmmeruemmlc e dgsmiit ep by density

SepacgﬂA £1. trabém t%hr?a@to%htqg nigly E)!b%s!%e@i%h BirGitembsagerdand persists in
e

bén re not anti sia

of 170 SR IR PHEEPTY COAT SoPh G S 80, AL ppsere

MY O SHEF- bV V-5 aNIEEF- 2002 tNEF 28 tiascrirgiah fackone theiCme j sfrpeege dr cardiac
10- r%gso&émt afngl)?s@t"hedevelmg%%&t s are cultured for a 7

day perli od ortion of the clusters in the

c o nphysadheh WEIRhn ‘ttesﬁ% PR ABGUACAEGCF et il e activity:
usUatdrinemv £, whittornanik gap fupniton AbtvgerbratdigswypcyiSout 80%

and 100d%n\é@epor§3r ssed in the manner described. 30

Chiar BT cardi onyocyte |ineage Ice*ed Stéeum following
cel | geasibe dfinqe] Mﬁ:é@?ﬁﬁh@”‘t (5“3'991 i U 8 310t i %

I nvVepydcamiaCiaarcheh characterized accordi ng to a nunber

R R A A e A E T

l'ines often .
oSk $REGTICRRTKRIR Wtd@teptgqi Hsging agy sxeth afne) unol% |? al tectf)mqtl)Je such as
flow ||ﬁ’rhl§}©6ytc§3‘ﬁéﬂ’§/ eEeSfinity Aeyprptianfobell-syianel merkere,dmtﬁ@nocgtgchemlstry (for example,

of fixed celﬁsr})g WLBL s&ﬁor{yto‘t IR0 BF cch @8 maked, Wby oryanaligsof cellular

extrac@fe@@g:grggrllt]tghrﬁyg fr?ﬁ%thtﬁ%éiswta:foﬁlc%l Ia? %)r(t%gtg%rr 50d|§#{]§e%f;eterd%$to the medium.
Antibddleat the natdingliebetasdiaf mewsers dike @}rnla@gr Tga e pthgr isofg a6 Mailable
comm@ ctaﬁ\?#tﬁtq st‘Bth@ﬁ(eSSt’gkﬁ%tarna%ﬁecﬁkél dihgnadtics. nEmpensﬂanmntlgen by a cell is

said t%R%\ﬁ‘i"Hg‘H c%{}ctgﬁ% gfa?s[gﬁlp canﬁ easetegﬂge ght&%:r)@l)f ﬁtﬁ)@&‘hﬁ%md mﬁ@antlgen ina

f 05¢op ten ﬁ tion_of the, cells, and
standara r ichimongevogHemistra g fbwetwo"}ﬁ%éﬁﬁa&o?‘gwt%}b aé‘él XA Made At
opt.orlaﬁﬁx%?ng%nﬁae@ﬁ sédapdahyadntiswai.ng 40 car di onyocyte specific

?%OWWSﬁlor'( c\)/ﬁas%lje s%éc%%%%ﬁg FIP oGk USRAOHSY RO ed at GRY ERAL level by

t of troponin c
Northpmndvldt dagysis. Eefthiqgt lhyﬁ_rlglécﬁlgh enajysis, ther(e rsfrtragtscnngﬁe ltlgtg?holymerase
chainl t@&ﬂlbl@t(R’QPCB)‘ uSihd’ iseuerttenpeific eprigerst inagiaridand anmpiificafioqe methods  using

publlvéy a\Bﬁ)a%\e Seglrléé‘lg lg%} (GJNB&%) 5Exp?es§|§|ﬁ Gﬂ #R6ud-dpatificCiaridrs asdetected at the

protemug\BNAyvglﬁ%?cy,tgﬁer%d Qfé\)@ {)tEeTJ&zﬁ isa easm ﬁq(% 1A gr@@Fale more than 10- or
50-fod@ueleaiit bigy doetar! tellTéueh asedn ugdifigrentiatgp QBS F%HFS’T etger|u9re@;gﬁlc gtgpe
at e SRS Ravk %&S}h |<§Hn£fr@6 oathelsefaa%é ofellSof trardestoxd @herofype, tiwy can be

usedéorh@?q\{rﬁ% Iegts%élﬁcg glgtgg enrlch ét\e/ &o@%tloh lﬁk%chr(ﬁqlfeécsbm ad iﬁNFu}topanmng or

eart and fetal
antlbmca(rruhd@m}ddowmnd?wp’ﬂvd@@\ﬁe"rSé@Uﬂ at ed in adults. It is
consi dered a good marker for cardi onyocytes because

it is expressed in a highly specific manner in cardi ac
cells but not 14
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10 skeletal nyocytes. nyosin heavy chain (MHC),
particularly the R chain which is cardiac specific

WA 05090558 opomyosi n, a-sarcomeric actini n, andPCEEH10N5/009081
GATA-4, a transcription factor that is highly

Olggirgrle %Jsr%ﬁr t%n%rgl?r%s an?% P&?Qg@&fgam yB&/fed lofidrSshbil spdnfReous periodic

at esr nr?n C% (%lls QL 9@ env1r0r|1|91ent with
contracip asilyltya Tmmr@eanwhetaww Hﬁé AEirefy A, SVEFTZE
an appMEﬂl%teZ@a“ MrEertrBiontaha Biectrolyfst Hatancd, fetcelisssap hepbgued o contract across

one axig oPtF? §e§l$%1d ttq]eggr?[age%m cﬁfgfcllgl%ﬁrMhéﬁ@aﬂrﬁj 16 1a8d ariyrhddltlosnai components
o the bAgraAARS: ths coaraHiSTs i e St LA B3y MBSOl oo o
irreqular Uies, hicnirdaednae beiwemr-@i aodpecgpnieastions (PSTImiBP: e @gem t@};weene ~20 and
~90 co&%’rldb@?}ermmﬁé ﬁﬁ%:‘nﬁ?btﬁfeﬂ@%@re bR 1hdikdukB)elismal stpegbaiinagus periodic

are

LN serum = rt with
contraqtlﬁ@atrvgyt qrt}ﬁelr %‘vnc%[ﬁfgfy g}’ay ghotw sHontée%\glF%;?qegc?ig 3 fgé gclgngy ell’_l concert wi
neighbaring cellg @ 4 ssiBR cell Figereapte. spralired @ M@¥%ker s can be det ect ed

U$h&&nﬁmle%1|ﬁt@bi Be icBIELLA0 e gharadterz @ inepidue to the Lifkergs of culture
condmg’gl on if\‘j NS q%éréﬁcyp bt @brirhiohs @3&9519% @ut fréduce available Ca*™

ce mar i nmunocyt och em
concerergmﬁ-p)r @then/v@g inggrferejwith galasé]elngra tra[nP%ogld)é %??(noagfejt c?ntractlle activity.
For exérﬁﬂlé el ypél cariumcharebllbicsker titiezeniehitiie p@tfa‘v&esqcé\ﬁtﬁ ingf} ggpe-dependent
mannef %%SJ& offhe %P:‘ule Héh@ d%ﬁ&c@&@ﬁa@omﬁé‘ﬂ(e BN AritkBehylephrine have a

or ce ul ar,
st et Y SHAEGOR TSR P AHER e ca o move
charactsaigial caranrrmrfkrenraé K*j dod Ca'T'n EleatrenysiPioy sandmsiyeige Py paighreampanalysis

for oar%ﬁyo%}{é‘lnleaa%o% oo R ISek Rkinind st@m Fiugkpd Aretr. 231:6d0e198P,gMebus et al.,

Ann. N,Y. és@ﬁo 8&.2573755,188%9@ ée%%;{darb@(%gglegz\hoq)rbeﬁbaﬁﬁl Q@Béggmoby

siFgmitifriat attiblitgs drevide & &lgNeer ah%wpte@ngﬁ{lq Wotg}elwr‘acfursg[s in vitro, but
may nEtobet NBeRR ifEredmE bf the3RBesiemnddrcdn itsTiinaasyteo dTee riampiey (erd cell

popula&ngn rglcxtéiﬁfnrecellél P&%ﬁ@%?meo&tﬂ'\eomékéry iddd &ovd, 'b?ﬁlaﬁdt amn ofothe tuAgtional or

usi n I
et orTHe, GROPSESIBH I KPELl: SR e ofstin
impairB§ O4H4&d BesG&l indlasduiring irddtceibe @ohci@naltpheperiRiNAedded & sugplement cardiac

‘ Nort hern bl ot analysis, dot-blot hybridization
unctiq é‘

hal ysis, or by reverse tr an ri ;
pdwmfi%ié’@j frompy ap pstablighed; IIBc?1 %Q?‘ cefl H$ Uaﬁ&n@%nd isolated cells Z
this inSE@bIEd20 e Spheaitdrized gorhiapng e pﬁnggegﬁrﬁgquthamﬂ frgm whieh they are derive
This Byﬁgﬁ §§r%s%al @Nh'WIIPAe}bv&\Q@% i@dtical Isseeaee teepPSakis and the cardiac

SSi 0 A%e h th
o e o et e s pnBR RS TR rovon e
cours ofgiotnay mitatit diviaien.| B\gz@]qarp@ergj{lc thal grgiomyqeyp aneageh Is are derived from

parenpf;eeﬂfp%@ﬁ bb/ |3W5&taﬁthﬁ§evlﬁf reSifects 50 fanticdla e wediti¢rentiatef cel population
can bBPngjorledgq rg;tadg %‘I ona\ ﬁ%ﬁ? A al'Qﬂ 5 5&1’6@191;—1 aihech fﬂﬁfﬁr EﬁJ:H of @&rdiac cells,

ce marke
or angtike ¢l tynedbpt anay peh@seguwfﬂg{e@y of sueléiaef %pwla?%gh% 8%r] pre %lenze the patient

to thelHR@IROHPARBIity fybedf tieavardize allagsdtdU$ 2002/00650P004 N‘é‘%%@ﬁ?%%
further enrich the popul ation by techni ques such as
I Munopanni ng or 40 anti body-nedi at ed

Genefi ed cell sorting. 14 WO 2005/ 090558

E | Usﬁs? Of%ﬁlg(?n%grg%n B @R BREh BE&E olCthér6 BREi@ BRAAions by genetic

t ft
engingering ofthe C@lbrﬂtheé@?fpleé?% ?r%{sffei()e?"‘a%g‘h&g %ﬁ%@{ AT gl o sald o be
genétlbézhy ARdrEY kit BlbEghuiaotale Ses beeb ltrensfared into Halcpllipyeany suitable means of
al’tlfICéal Eann?&%ptﬂr Whgrg thea&llf?soﬁ) Br‘aﬁénlyfﬁ fie GAginallf QRGN aat Bas inherited the

sohregRAR OB 1S T IS PE PEREOL L] [oronss Mg cpiaton Botenial by
genefi@iieaisting temetoiot exaEss tapmerdise tieygrse ransCriaseo SIgE befprg or after they
addi ti onal conmponents 5 to the culture medium The
contractions are periodic, yhich nmeans that they
repeat on a regular or irregular basis, at a

frequency between -6 and 200 contractions per m nute,
and often between ~20 and
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-90 contractions per mnute in normal buffer (Figure

2). Individual cells may show spont aneous peri odic
w@ewsngsss | e activity on their own, or they nmaRCEOA05/009081

spont aneous periodic contractile activity in concert

) W t.h nei.ghbor,i ehdiS B tisisUSr CBinlinaf@arag@rhiated cells
progresy . 18| rteﬁpcg%?bcg%\}lagﬁ@ss. 10 'IQ%e contractile activity of
(US 20q3092236F A3)- can be characterized according to the
i The | coieng enisifventidntaan elso be pefietidatinaitetsd i praeria epfiaaceifigir ability to be

involved fnecﬂ%&g;éé/en%ﬂéy&%ﬁts @Qlt\/jtalod“ftﬁerag&lﬂ@ geHads atshabt ddehizgretion. A vector is
aval | apl e oncentr 1.on,or r

cosaneepe PR AFRALRBT NG R PRTTAB O O it sPr el Iy @164 Bomotr na

is eithec partspadiid drespeafically japtye in e diffsentipifdeell pRe Pt PRRFHIALRICESLAF colls

that ar& @@ﬁHﬂSAIIy Rltek @ ebrdst ioAg @MnioRhplowthsfactamtof aertaub dypes such as FGF,

cardiotr?)ﬁit% If%Hr%?uch g% &gigg%}rgﬁeﬁg lf}ﬂg@ﬂjtcriptgr,ael?lﬂ Qb rdlaF @dcRptidn regition factors,

ceptodr agonists |jke . T
cuch o GBI S FHon FTOBURIPR AOAER/EE1a 51 f giinsvaton may
facilitat6 REGYAGH 61QRE Tndlibiae plienotimer britencecthabaretical effest piche affministered call, or
increask B! h Esis RligHoBifg @ teaft diglvol ve
mcreasgﬁgﬁ%@ﬁ%ﬁ%@?k?@h@%ﬁe@fS or Ra, Ke. and Ca++,
El ect rophysi ol ogy can be studied by patch clanmp
Use of araibivgdcgtes fratheparedirsny ocyt e | i ke action potenti al s.

See lgelmund et al., Pflugers Arch. 437:669, 1999; .
Vs rention| rovidessarnetigivio Bigaiee 15698 f.‘““i’?.f%‘gzﬁe“iﬁgg“?'%‘i‘hda"my“yte
lineagd OENRE @aNopalaticab can e uddal for CalihbeCar diportant ey degaippyent, and
mmel?ulglcﬁri ?g%g\l attri butes provide a manner of
Comme R Palteri zi ng cells and their precursors in vitro,
but 20 may not be necessary for sonme of the uses
Drug stiebmiig ed to in this disclosure. For exanple, a m xed

C%Ialdionﬁgc@{‘ég"ﬂf i inS&Hiibre Bad bd @BecC&mnserdi@iane BeregOTvR fagfors (such as
the markeérs Iisteq

_above : - 41 R6nditi h as culture
solventsy, {4 Teglegt e Sruos. DpRidpy 8}&'?9%%?%&%%8&6?%logr?%rlltes, can. Barar ©
conditions imgeipaliion) thdh effespibeictiaracisatiies Pisughrcels ARy thelr LanoUpBYEY:

Ofin an%farpitalﬁgtiog’@ pP*ts BRRiUnaierstiatd @cdiﬁér@ﬁieﬁzi afwe@tpcﬁgrieem (i;@tors that
| n_Vvlv ; unctl o ehbdfsors6Ff 19 dRidRptliARIEEs, or to
promotearlnatprggon ng’nl?:t ri_s(c%)a ° %@Wé&% é[é,rui ved fr orpn ag or example. candidate
promotes pralieratigneand| maiaengnog, Pissuc |cpls ingARg-igg] pu ‘Bréfpufat Pong.”
matura?iiﬁﬁi fAckdpd ait @dwma‘hdt;s afe tektbdiaﬁy iapdimntheorio call$ ibé;:fer;‘f‘ wells, and then
char act DG, e ganEcri@sia fdd urthérnt@iture and use
detem?'?'%“\)(ﬁﬁ%:rﬁﬁ’?ﬁg@gr@gﬂc[eri ved.o hci)s neans that the
ofthe gflfonpsomal DNA wi || be over 90% i dentical between the
pRSing ebbanirangplchtions airtdls meentioeielate, to {igitestincoe{phageaceutical compounds

for théirrgffﬁ(%troﬁ Qaldfac tiSiCRES AGntsRhtSorasmir0Btabrivgtndyrterobdigither because

the carodRd & FPOTS] oA Rr gl Ofbpt P e or BREAR 2 compound

desigreaairial haweyetiests eisdwhareagry hews ynintereled 8ide oilpel on oglfnof i tiggpe oe. The

screchRy EIH b& BdrkiuRAPLENALAnQ oS e Predebil edls of terrsiealig rdifferentiated cells of the
respects. In particular, the undifferentiated cell

inveniipfnul ati on can be used for producing additional .cell :
Wi T raedsh i e@ejbaRoRBIN. s Hgtees PUPTHd7 Ol i Phaaceutca

Rese&ral, AcAteniebrbss, 1990) ananD$. iRarent &30, §p dsteheentrpfythdgetivity of candidate
pharn%%egufﬁ?% lc%rﬁeo%ﬁo%{g%géf%gtuﬁg%&c@?tgﬁitn%fg@ E!ff@t{egtgfbdtcbﬁitof ;}ﬁn??r’:tlon'w:sh ;:e
candigiaje eoresouch gtheaRIB el MRPIBYRETY" 6?828@%7 oBabsE 9_55"; L A
chand¥3h BR0ABAlogB SnaGenpttehatyrel orgunstionahactyity @f e eplisfiat ipradgutable to the

comp&%dl(@onﬂﬁ%ﬁedq’ﬁlh lugtreafedtcBisSor k&l @Bhtb®RitC A&Nindrecdmpdend), aind then correlates
cont al

one Qr npre genetic alterations by genetic

the eféef‘fb‘?fH@é’roinﬂﬁmgf"'ﬂ?ﬁ%%sgf"?%hé‘meher before or after
differentiation (US 2002/0168766 Al). A cell is said
to be "genetically altered" when a pol ynucl eoti de has
been transferred into the cgll by any suitable nmeans
of artificial manipulation; or where the cell is a
progeny of the originally altered cell that has
i nherited the 40 pol ynucl eoti de. For exanple, the
cells can be processed to increase their replication
potential by genetically altering the cells to

o o oy o o N
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involved in tissue regeneration, or to deliver a
therapeutic gene to a site of adm nistration. A vector

WO 2005891681 gned usi ng the known encodi ng sequePCEURZIN5/009081
the desired gene, operatively linked to a pronoter

t r@ﬁotd')x;fcflt?icﬁrh%é dé@ﬂmﬁ&ei‘ﬁitf]é GrsD InsERRChY theadiedt RCEIVIRabIitY, survival,
| erent| ate

morpho\']ogy anv]’j I’the exP:r?s?lo (9 ceg%nnrenfu}(grs apgec%%ré I EH‘% %r oflanérgigé ct,hromosomal
DNA ggn bepdatergingtvion nfea%{nm BNpBynjhesis cmsep@wér& ﬂw@we@s Brr@ﬂncomoratlon

especilly @i OiscRfiuled figes aT the SUIC BycRS oAklidva lthen@tel iretjuéd for cell replication, is

consé’c@'ﬁtvﬁﬁ a gr[@ Bﬁ%’t %%@ g‘l‘e ctaliqgﬁ QMILQE 'I\L)E%éjﬁle@tég aoﬁ‘ 's@far chromatid

exchapge, da’tgmlqﬁq by fefapase sprg%q d’ he regflerqurgfegiaq 1@ Ag¥/ickers (pp 375-410 in In vitro
Methauld ivi RhiashacaiiticalReseaych]Aradeardd Predsat 997 )Hddptheosiaofativhe
f ulﬂ‘ﬁet:t' anal fm%h%a)‘np& as@é]s@@djﬁs@ngt AT %@%'&é@l toQ;bE&\%t ptehotype or

adni ni st er ed ncr.ease prol

sty s GGG oG | D GBS T h T I BiemeRiRgly goiv. or
electropbwsielpoycaretthen finy el yerltuse errinl vivd ePrarmceidiigalsrgnddartsi ean also be tested for
their 4HBM®RA 'i:brﬁr'actm{ Niges sih BB WA they REresbd EddcRiageths BXIEHE biSrequency of
contraé:(lcbn S/{éf%er n eﬁtg!é}n %gérg%dggg ?cgriégngratri]oﬁ%%tl% @%@%{ﬁrﬁ% (;Ol‘;\??)gﬁttra%ed t!) determine
mem?@@éﬁ?@ﬁedﬁﬁdﬁﬁﬁpnent, and commercial purposes. Drug

screeni ng Cardi omyocytes of this invention can be used
AmeQ cially to screen for factors (such as 20

nts, small nolecul e drugs, peptides, .

oI Tf@sowm'@bﬁ'ﬁa awyidesy fop fg 4sg ﬁﬁ@%{?'gwoeﬂﬁ% P BRE Plegtfegss fpgenhance
tissuec mbibignance ©o reghair iob paydier mosie foub@t passejved maed, afifhead art mgorn error in
meta&h@ﬁ,ﬁ&.t)@ rtHesetffb@c%f @é.se%g%n&ﬁdnl & tiRekult Gﬁélimf’\éﬁfﬁ trRUhS.

(e e SR otipretdits B Beoeal ceeisyojop, the oo can frst
be tesgq‘ memstitalde enigak hedel. firavadavel, palls @reaassensed for their ability to survive and

malnthlﬁtﬂ%‘r‘pﬁ&r@%e ﬁﬂfl\@' W@&Nﬂo@iﬂ&% QE R MHiSeredo ih@hBdaRlehianimals (such
f erent.i at ed t

as nu m ﬁ’? eorti gw&ngls Eﬁndgred Hnn’\unP ef10|ent crpemlcn}?% oer bﬁ']eradP[lo%ﬁ a’hssﬁ QQ garvested

after @R%'ﬁﬁ) plgegrevithdind agsesspy aqﬁgwmlatgqr:pgg d@ry@tﬂ erilg arg ISt"tj?rWth

f apfinedh @ gerbesias dupindedhdigelé brnbipiss @l defeciable label (such as green
fluoregchen{ gro et”}’la(%llye 4§ 8§1aﬁtc%ﬂjgse nggtr Hg/%t S{ew QJeIQQel@d;onrp Ia%}r%ﬁey m/itﬁ BrdU or
PHithyrgieing)u Pt b pubsegUeny detagian staeconétrtut%ée'bmkér fmq%émple Jsing humen-
specificC BB adyng map;bresbate ans pdnotyd 8f thevadiiniared eblat eant e bésessed by

mmuF’n&%‘iJcH%n @/ %tﬂuﬁ% s&?ﬁp oMy of R rt- B@h nQ{Isf sel‘r‘s]ing primers

rrusc tl ssue nal nt enance or
and hgridzaton ggndiegs hat abETBIoRIER LR Rase HymERE @O'Wﬁ‘ﬁwﬁﬁ according

to publishedesgugneediata0 have a phar macol ogi cal effect on the

c eél!lll%bllltp Eal'pﬁ&%é%teﬂnlﬁm%%sﬁ&fﬁé gé’d?é’e §1Qatamy ‘?ecﬁﬁécrﬁlgﬁ ﬁlat ensues

rom feqlGen P 6 851 SRBHIorY PP S AP G PIOB" Mo, & SHLHE PLginal odels ar
availabifergpueinigsting. Foreexpmnele eartsrcae b ¢rgoimgred byt pigaivgl d ;yecooled aluminum rod

in corqéd‘t vk @B tslddce &t e lah@rid@fieritvaRricld AMEMul@BE al.Th Q)Ilﬁ aa@_etr 98:5209, 1996;
Re'""fg‘:{ ‘%r { eglrcgle er1%l) ys t1?99t U% 5%%1“{1 g%ég 8§2$ﬁ<t§ Q?&Qe at aI (\L(llrct I-r{e%., Epub Mar

arnacéu
2004)Pr"é!§1§39f qrsmfs CHARIUY.caN b@@ffeé'ﬁ‘ti by placm, HI®BE0 m@§e@§ﬁ@m preffe cooled in
liquidtNgen ﬂ\@faht\éhdr)IvalDf)f 6Bl vahaicie for pPPEMIMACIBW tial AnnCTHIROLEWES 60:12, 1995).
lnfarcgc?ﬂfga::] %e Mddc&y 8 Vc%ﬁ Vacfﬂgtpe'ﬂ%engcgr Séar{eé/ ([eé}ta'l aj ?%n Clﬁ\lehts 100:1991,

1997)9| IRjyyed 8}93 g\fgeetge@% Mﬁl&g?ll&ﬁepﬁﬁayqﬁg g? His I'”VE'?“G@ Semd %}%geart tissue is examlned
by histislagySori g presende biethértelie 1 e Yamaghdiage. iCardia éunetianpdao lbe gnpnitored by
mar ker phenotype, or functional activity of the cells
that is attributable to the conpound (conpared with
untreated cells or cells treated with an inert
conmpound), and then correlajes 40 the effect of the
conpound with the observed change. 16 WD 2005/ 090558
PCT/ US2005/ 009081 Cytotoxicity can be determned in
the first instance by the effect on cell viability,
survival, norphol ogy, and the expression of certain
narkers and receptors. Effects of a drug on
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DNA can be determ ned by nmeasuring DNA synthesis or
repair. [3H -thym dine or BrdU incorporation,

wezpen@ss y at unschedul ed tinmes in the cell cBCT/ES$200$/009081
above the level required for cell replication, is 5

determié"%ggsiu?r{] g.{]r%ra%erg has a‘efg (/éi’gricﬁlfaI glgc#-diasm%msﬁﬂeﬁk@& < fr&dure, rate of

unusual "rates sister chromati
pressuexieh andjete ofl peeifideedy- by et aphase spread. The reader
is referred to A Vickers (pp 375-410 in In vitro

th ' har maceuti cal Research, Academ c Press,
Therap. %@ﬁgﬁgpﬂ?rﬁtt her el aboration, Effect of cell fUnctiOftion
cAfprigdecyals é@g@dd'ﬁ%@rﬁ'ﬁtegﬁ?}‘sé’? DS dNPH°R SELY l?o observe
or regeRbraiotiy@RINEIn patieot drefherysubjectdaredil ofpyetiRalRent. siie Rellg gre administered

ina mdREKER F&Fﬁf?srtﬁéﬁ {oQfatt dr RfPAN @ﬁhehﬁtlékdieﬂlﬁbsu@mtah@cebbdsﬂiute or regenerate
acti vi S| 0Ol

o o i SR AN L i Bt S5 o
capablbef teegistitating gardiap &ingtiofiireqily toothe eambpig itl]e@esr&ttm,petr?arglum, or the
interiorsdf'ﬁ\fg cé@ia%@c@%ﬁfﬁ tht Beyred BEtiG@Se or decreas & the extent

0] reguency. ofr_.. ; Vve8Eigstvd be treated

Chob AN bR 88y ALy e con o v
to recih tweste PiRoBoTCR e TARSRIENIoR Frls nIEaE cQ IR P i Sominis reon
traditionEHRRMNInosddpredgivea@ligst lize EydugpofiniAs(Dunmved rat. | Rrnosef 18195 pra891 )& dnducing
immunfé)fr()])[%latnlgeg uL‘%E? aotnaﬁﬁgdd bHMR&GY B@%P@%ri&e!aebdlls ANEC BL/2a4848; U. Patent

nc ssue nml ntenance or .r epal r rdj .
200,775 BICYSP2 L hy VB BPLP TR I G SRR g i bt o georease
the anioOnt offértcabid Ipfoduded g thie oells upbretranpiantationyiftof sypig@derexample, by treating
them Wj %%qbﬁuhw AlRFnatief o Rdehitinc@én, Sle@aticnt i€ Biebarbd Byadminist@ing allopurinol,
ofet erm ne thle Suj ta?'sl | t%su(r’aft ?ix‘?cjage %@Wh/ﬁ%g‘??‘f‘ for
or an QrRPS PR AEIAR O ETRL T R B¢ Be el I's can T1rst  2Q be.
t estiets suitalde fouidosiling regaiamive mpgidne acsprdigp & fnisyRyentigfdpqige tnose
haVinQaraEUt@Sq&@S?ﬁ&]iJ qaéahrt la6ricRtiodbiot ivajous d(irsgidsmoheaawdfoggry heart disease,
“mai ntai n . their GRBRR bkt e, Efficacy of
Card‘°5}y%°ag}¥rﬁnﬂ?f§fd5'? ’ecgn%e?g@alt] wmﬁ%dg éj}élk }ééi?%;hs’ ancio(?a. s .ﬁsucgccu%% | tacscar
treatmu’rd@nfﬁeg@’mtqwd @/nqhnlﬁqtllg ap(@ﬁtgglcg\tarlq, rﬁ?d% uiC qné larea . Y
tissue@ RNhge@bhzitioRlof $uyr tissuen aiceib the ﬁ)equéﬁbsw@s\gwf Wingey 2a qh:fovement
in devBlgh& r i r i RER RAtNe, pinet hebility, and
e el
qualityeiiifeor ned by admi ni stering cells that .exEr ess a .
detrecf,ad%wob;;sebf érfmmimer.agn g;)reéqq :auggle; lino )%g@r@npf a. .pharmaceutlcal
compgé’it%fn,e%cﬂlpri g Prdehi@eiinbpesared trftiat suieatybgete conditions for human
_prel abel e Qr ex le, with B . d&%))d ™ |
admlrbqiraw. wﬁggéggfﬁfenté@?rg%r{)c;egweh?s |g\;og/g% gﬁtrr{rﬁﬁfﬂvégh%’gcgi l ? 1e.st it
may Imadoizable Doipersansl slls usiang PRiAEOT RYASEYS MECTAriER gy aton ino @
suspe;ﬁglﬁn gfrsﬁﬁgggésoag%élﬁhﬁiﬂ@tsy Ee g@}g;dth?;%sadﬁt{?;seﬁqugz :ogzaﬂr@nt, the cells
~ i i dministration.
e R D S B orcr
usFargenardl menciples ingedipngt foemuiatien. 818 readRdF '8 19 cause
Trans%féﬁlaiicfﬂ, lQﬁbé QReragy, @d Spdart Mrz:ﬁugd;;ermngge. Mogrstyn & W. Sheridan eds,
K% 1 S dW Théras)CE.DS BEL @.NGEer & P. Law,
Cam%@?%{]_mgﬂsﬁt? ﬁgt)elqgﬁtg %@%gﬁhgri}ga%e g.et er m ner ag%r@;msél%nts of the
ChurehleLivieggions 2960- c GPeiteadl hepar FEPEH Y EREUES ™ From -
complobigdt Wk adbitéd @ avedrbanpepith dhe whte ¢ihd ppgcqj@s,qd\;@@admlmstratlon. The

compg\glgl | | rﬂ%ya%%ﬂ)ﬁﬁﬁse’%r P! g6 hpaRfed ith B or iMEELhtRer &igeedients that facilitate the

able for suych testing. For ] . ins

ongralE i IEEE B 0o B e AP o o bt prten
that equpback pvintote Bdfesisnof Aeecasdionpyqeytesn Ob copplemestary cell types, especially
endo¥ Bt £dysl € wal I (Murry et al., J. din. Invest.

98: 2209, 1996; 35 Reinecke et al., Crculation

100: 193, 1999; U.S. Patent 6,099, 832; Reinecke et al.,

Circ Res., Epub Mar 2004). In larger animals,

cryoinjury can be effected pl acing a 30-50 nm

copper di sk probe cooled in—liquid N2 on the anterior

wall of the left ventricle for -20 min (Chiu et al.,

Ann. Thorac. Surg. 60:12, 1995). Infarction can be

i nduced by ligating the Ieft main coronary artery (Li

et al., J. din. Invest. 100:1991, 1997). Injured

s N oy o, o o o o, o s o "
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determ ning such paraneters as left ventricul ar

end-di astolic pressure, devel oped pressure, rate of
wWEe@sSHUSes ri se, and rate of pressure decay. ThRCHPS2005/09081

use in humans 5 After adequate testing, differentiated

Q@Ed?]‘@?tl%‘%[; desea%équ gﬁgn QSmMFsE%Q fthrort:érﬁﬁﬂéﬁon of cells that exist

uman
at any nenasring mgpté@erurre B

more c@l%lﬂé’c@h@&&dnbeﬁm {ais Risoloeire, ekeplifperoot ot limitasite pdypgroéfilfferen’tlated
pPS- de[;rved cecﬂlr ﬂ:a?d%otm?/o 8, c&dl@rﬂ%@%et br%%rﬁ'cﬁ@ha@nﬂodresm and so on), in

combinafjop dvrth S’fﬂ@'ﬁ?raﬂ't'atﬁ’g\PPg é:gll ?reotrgv QF'F%H& edt crc]ef? I"c]yapeé yoftgr? fs}'\a‘ﬁhf He same

ar'e
genomd. OEacAdhwil Mjps tirethie 1sgt @ Hespackeapdisiethesf orrie SeRFAS {;q',nfqlr\e@ |n the same

facility, %ra:!t qlff@r%n{]b@%n's op 1 'sﬁrﬁ@&r' ettt tinfee, UrB@ RB@IoBof e shine entity or different

gerlcaﬁ ium or the 10 interior of the
entities sharigp 3 LusieSE PEYYPPne desired | ocati on.

dersimasblitieal coiposfiansi & His ivertien TiRnePianalk Pt B@F%?P‘ii ingsufigsle container
with writ6 h¥tREidna FH b QBeE hintse Gach dsehd re@asiiudion biaardddyedyte cell function to

I ed cells. Methods
Improv%ggu %ﬁ%ﬁ?%f{dzﬂ’ orr?cgzrl]og ""I'{)Jthrfth'ée Eﬁﬁﬁbgétareatl on of

tradi tional inmunosuppressive drugs |ike cyclosporin A
(Dunn 1@k foRbwing dXatigies £Hd prb@ded,as RGO non-mitingitustsatiags of

i munot ol erance ysing .ApRh&ReA mBaRE@Li on of pPS
derived cells (ﬁ%ﬂ%%?24343; U.S. Patent 15 6, 280, 718;

WO 03/ 050251). Anot her approach is to adapt the

cardi onyocyte cel | popul BxiMBES 0 decrease the anmpunt
of uric acid produced by the cells upon

trans#Iantatlon |nto a bj ect, for exanple, by
Diffgsentiation abhES 5 Alternatively or in

aﬁE% uﬂlc‘l}nleso pﬁ I-H1 ?IQ pa%d 'H§ Qt( (l:locheg ‘lmlﬁéd fll%bh I—@ Wbﬂéhrﬁtta&y' ésfBlished on

b
feeders el %\d l@Feat rea"ei%wag@ﬂe( ﬁ%?ﬁﬁfd@&rr%%a Dlas kottlh on Abbsete.
Drffereﬁwtlbra\béﬁnlf'fﬁéd Byeniirivg NP celigjie neapansiopdo iq@’@]?rebry‘féd bodiegr Qﬁeﬁ@m days
in susé 0 shh! cﬁltu:’] \fﬁenEBQWer'e RG IR tih 98 Rin-cdQked) PMic @r aiciniver slides. Beating
e

cardroglyﬁ%tﬁ%yv?reﬁgo:}éte ng%téégtg%wg\arpe&%amca\ﬂgat f'fe%tlatﬁH(de @5329 harvested

ocard
and washagienl bEs caldineld estedsiad] teg pairetidd dq gener@feobeémggégitow%cytes even after

being %ﬂﬁeﬁneﬁ bl ('Meﬁ‘ 50 Bhdshded qy260f popiiatea tdaedlihgsy, eatihdugh rrome tiogsel@-g., H7)

% 3@ * % accepted criteria, such as reduction |n
gem”%'%QQE "&% by scar tissue or revasculgpﬂzatlo

S (Figuré n%g\es imamilodyigcheistry Pé@ﬁjéﬁwe%ﬂ?a usiag atgelnese and replated,

then s"{’an'ga'dQﬁ exPlessidh 6f'§9k9¥&|%%sm héhvﬁlewaﬁ{ OfHT), PineiEpom@sin, o-sarcomeric
stoll

actmrry\ﬁe%’gg Lﬁ,Tgfr RN iac t%?P?r%rhf (cq‘ibo é&gglleogeﬁg ng Blusters s’iamed positive for all

these Imafkets. The s’eaedjslmﬁ/mqnnygcy(tﬁs WeFf gnrqdﬁvr@mq a&q trb ghmblhgngurar shaped.
The st Rgrabttristidier f61sBictheria spilduresis exltol seah, conwignd 4t thergontractile
ﬁc exci pi ent prepared under

appargtﬂel‘r'rg‘?CE?S@Wt 'y mugfl%frap(ﬁ'e condi tions_ for inuous gradient of
aoranrmrexopﬁes were fyghen etrigeedgy F@é'ﬁ'sfn?%psfﬁ °c9n°’b? SEEPUPE H S
Percol M@ |d\é|%iiy 6&fataton medidrh eonyeibihg callsida AVPicagtet sitita s q:wploqnyocytes were

generateg asbe %efgn%s hgrgeg = a?té)r @ o%?seﬁlﬁ’t@d bihgeigfl i M&Jsb@dad in the differentiation

ani ca ™
mediu®n %gp@ﬁmgofﬁr 6fm|§| theg cell %Pqnglorb wa%P? errﬁé Iau é\{ r& . %7 Percoll
(Pharfn@€la)e1.0516/mL) slertof oice layerche &8/ AUl gt 8 of@hk | Tl'teH‘@lls were then
centrl&geiﬁu 56%3@ fgles?] At %r Q}!nth@éﬂhorﬁ h:@lfskat(lﬁe dribder e‘cththd']layers were

: - 24 N
harvegiggy ‘fﬁ‘%‘f"? i ﬁe"defgg‘r d @' H b

eéepéretrop pr n CI *}% fs%o%d 1nto chamber slides. The

ples in I C
harvebied nalls abdved 26 8 el Ir% algieing fos sareameric Supsgeenioan ﬁ@“"h is at least
-20- @gggmé;g{ah thE st andopdiation, Gene Therapy, and Cel I ul ar
| munot herapy, by G Mrstyn & W Sheridan eds,
Canbri dge University Press,1&996 and anatop0|etic
Stem Cel | Therapy, E.D. Balt, J. Lister & P. Law, 35
Churchil | Livingstone, 2000. Ch0|ce of the cellular
exci pi ent and any acconpanyi ng el enents of the
conposition will be adapted in accordance with the
route and deV|ce used for adnrnlstratlon The
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18 WO 2005/ 090558 PCT/ US2005/ 009081 Thi s invention

al so includes a reagent system conprising a set or
w@oovbiosEss on of cells that exist at any tine deeT/I§005/009081

nanufacture di stribution, or use. The cell sets

nprdn?t? agfy h%Q'EQ Wagt éa‘?@on%cﬁéénw% tedi®Y Q)yCGétérmmmg whether the
PO on

descrlb d %¥ osure . ex np||f|ed
cardionpygeytas desppridaPpreeriaey tg“’ﬁypjgnogppl@? 1§ pLGardiogbtive dr
pRgarder {Parsl Ay ehbws( harttie oentiog yeteewas whibitddmyibe Jiwpe calcium blocker
diltazerg Cé’on% nncrgﬂon%%l %‘d Rl et M ccBdifers @eB) with 10 diltiazem, 100% of

the be@jqng P@Ia% ﬁ’{op@pé@nt@@ lqn 'E}%:ébe nrgselfu?rtégig V\E I%t QI% #ﬂﬁs gernvé)c} aa%lomyocytes
have f@ﬁi’tmlBIEL tyEaCehcmelchamgipe Pamels Band &t slﬁﬂghag e@eaenlga@élave chronotropic
effects |9(9E%J1 By uso‘ﬂrenélfﬂe 5(§ H?&cﬁér@céb&ﬂtagbmf snd phdniieptsiagrgan a-adrenoceptor

agonls@“ fp%ql%ﬁtanpl%ﬁ W %ﬁtqtgr Srr\]ots r%o(a ggﬂa%niﬁ}ﬁbl%? Iél\b@ and i€ p2ladrenoceptor

€ sane en

agonistidldnbetpreritave e siniilar efiscts ﬁbﬂsb g hBS Briderd so! lsé?sgf’?%ﬁ%%rdk?ad“’e drugs
in a mAPR@TPBESHate 16RkISCHP R @&tibinpaske Bfeageddi s | nvent i on nmay
optionally be packaged in a suitable container 10
MAth witten |nstruct|ons for a_ desired purpose, such
2 tHagtols dabpremote syte giferentialiddocyt e cel |l function

ro se nd| ide
C gmiygg H%%scferén hf%ﬁ ?95% w%]r!s Qrga)xéusa)cf at%ﬂ@%mbh trj%yvpﬁ pé; §6d -8 V\:tsh
5-aza-flepxy-tyding @reyloping gnqlp@ thgt pfirsts YA laﬁtgyl%;lpn ggllest |1a.cnzes (=) a ay
an r?a‘iw&iji’oﬂ@?&e& iC bl eal-iveCRIT-PORL. Oﬁétowg&zam@wﬁm@mg -at day 6-8
&gmﬂ@g lyI ln?r?%stgd %el_ﬁﬂ) eH%ort1 Egca%%cl §M‘-I@ E@ilreﬁhwmﬂﬁ @erda&ed proportion of

(a cloned line
beﬂmdem%veﬁ@ﬁﬂéﬁ%k@) wer e |n|t|aIIy establlshed on

f ele Foageritd examimed foa te abiligaio irtdasenaadiiomydeyie diffesqdiatiop pr@@ded dimethyl
sulfox rtﬂh&ﬁg%ﬁé all-Bhs FERGE LOG Bha) NEVEY G bdaikd 1Bated with 0.5% DMSO from days

lation was | ni c i
0-4 prpqdpcgqjgeyérngqagr}g A ?’H‘Oé‘r}‘ﬁ%(g CLH % lée&thﬂ /&fg%e‘kr)g? gﬁ%ln f?c;/m cultures
treated Witts QI8 &N $¥e@MIU labdit &% OMRD \EgsachI}yéO)gcr g ARker csis- SPMPQ treat ment also
causeggb daﬂt 1ERRERGH RMAERSpresiof ampesd withiudesatedBettrésng

C?Ct “ppliedi 5 P‘ggr‘é#\t% mgtdnEfsrc%g] é@%%&e@%‘é&&g?r\v ! 0° and 10°M. At
day Oan’(ﬂe Waslshled;bxmﬁq: thejggils, while [t days &8 q—ggpléddﬁ,'gﬁ’ret Ygs no increase in beating
cells B%&Fﬂd‘ lin tprgeaesdles.bedius N g-aeadediemndity inspasay ¥a proportion of
cardloﬂy&yf af‘?&ﬁ% n (%uB%HalaP& ai ﬂ'nepr%n(rgs”t SV S0) aﬁg r@lﬁ%ﬁa&%m('nblz@@rdlomyocyte

I NgS sone

differgpéiation.a et thevah theas c‘@{nﬁ%)tngs g e@q}? & Tiogrp@vées ford - r‘nod_lz embryonic
carcioRFEeR By ahasmh sdiis yWotus@ekll, . Mols@ad itedipl(A9i 1§P, 1997; McBurney et al,
waggsiﬁg gﬁe B and replated, then stained for

expression of sarconeric ny05|n heavy chain (VHO),

titi n, trOpOWOSI n, a- Sar COWETI C aCtI ni n, desm n,
Exarplert E&mﬁvec@mtilnn picep y ATIIE 3980B e cel | s and

clusters stained positive for al O th nmar.k
Th'éh@pmmp@dlssqnn@y%n@a?rﬂpf qu gbe%i)f a@BE e Cﬂwth ?act%rs ta influence
cardi@@cytd differ@tiativtlot unan g8lcalls. shaped.  The strlatlons

c h?lgeargﬁoﬂglla %é Gs Qﬁoﬁsh%roﬁl | EOBR MWefe s%teEtH@ &éﬂbdﬁﬁg db® t@buply functions of
cons| st ent

the hﬁ@@@étéialp@p p@gl clcmglgm@wt.f &r]%xpﬁg?‘cttc{r a\%}ara select %&% lt&)ssupply functions of
endofianntdudng sihsdqodre devpiopaienidi cqmbggwrva’@w,(imupdﬁacéors Group il factors were
selec@édsag QLA %IE(IJ% 10F @etieRboy@s in Besnaal duftive.( A tyiealsiotiyng concentration was
deﬂngql Fsi E&F'Uf%rc]ﬁﬁ "Hﬁ;ﬂ fg@rl'g)wer %Mﬂfof&%@h&# Hals BMRdCRaoRand “nigh” levels.

enerated as before,
The dvacenaaioesiarathasn belswdays pl ated on gel atin, and

resuspended in the differentiation nmedium After
settling for 5 mn, the cell suspension was | oaded
onto a layer of 40.5% Percoll TM (Pharnacia) (-1.05

g/ m) overtop of a layer of ,§8.5% Percol | TM (1. 075
g/m). The cells were then “centrifuged at 1500 g for
30 mn. After centrifugation, cells at the interface
of the two | ayers were harvested, washed, resuspended

in differentiation medium and seeded i nto chanber
sl ides. The
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40 harvested cells showed 26.8 4.1 % staining for
sarconeric nyosin heavy chain (MHC), which is at | east
WO 2@s5021588 hi gher than the starting cell popul ap¢DES2009009081
WO 2005/ 090558 PCT/ US2005/ 009081 The function of
hES—deri+ved—cardiomyocytes was tested by determ ni ng
whet her the caFABLERy Bxsnrasy Gasdipionid FAPYPopri ately to
t he—thronotTopic effects B; cardioggklNe drugﬁghF!gure
2 (Panel Gawigiaows t hat Cgrt}:gn‘{k%tl REnce@taforVaohdadlbr ed
by thet-type—calerumbtecker—dirttazemin=a
concerrewtli on- dependent manner. Wen cells were
treated wiciknhALO-5 M di | beaagm 100%Hnoinl 5 t HeO beat i ng
areas st contracti is o Yation ghows that
t he hES—§§$$$ed cardion%%%]%gs hasgﬁ%unctional L-type
cal ci um d®athnel s. Panel s68pahd C sHEW hat t H&®Mare
posi tiggugahr onotropi ¢ effects induced by isoprenaline
(a R-adrengceptor agoni nd phepyl ephri ne
a-adrenoggﬁ?%r agonist?%%ﬁgﬂbls Dgé%%BE sho%f%ﬂgi t he
phosphodiR&§tier ase i nhi bi2.Bng/mMBMX aFfdhdfhe 200 ng/mb
R2- adr enqggif or  agoni skosh@rbut ermnghave a 19b Ag/mar
effect. Thus, the hES c erived.cells re n 0
car di oactdF¢E drugs 10 ﬁ%gﬁgwgnneraﬂﬁgwbpri3@@”&8?
cel | s of RO®E-RRar di onyocye.end/inheages0 BARN| e 220 ngakt or s
.that pronote cardionyocyte djfferentiation E id
bodi e FFEPYREME or HO 191k were {Or@fat ed am P
di fferggidmtion day 1-4, 4-6 or 6-8 with
5-aza- deoxy-cytidine, a 0si ne an t hat fects
DNA nethypéfion. Cells m%%énﬂarvest d%gt day@é,nIa 15
and anal yiged for cardi ac6REAMby rea?sm™ me RT-1PERV One
to 10 pMgf 5-aza- deoxy- gybifli Nne abo kA 6- 8 80 ng/mL
significantly increased the expression of cardia
a- VHC, cdf$el ating wit h 81 “9/H‘Er eas%éo”gﬁplbport{ogﬁg@#
beati ng aPEESBE N t he cul @@ngnl Ot hed.6 ngdalgent sl4ehigmined
for an abidgty to i nduceag?r/,gm oy ogyigamdi f f en@rdgrhiat i on
i ncl uded di net hyl sul foxi de (DNBC»Eﬁﬂg aII-t#@n&
retinoic BN (RA). Enbr¥8PA™hadi es®3Plat ed witA 0. 5%
DMSO from days 20 0-4 produced fewer beating areas
than non-treated cultures. Beating cells were absent
fr mrg Hlélﬁp§¥arel§anfelf &%%vg %e\%ﬁe%eq r%g@ 6?“{!1%(%&1%%1 @QQ afl-pa'ég/&ge 48 were
Wa Ctually toxic to the cells. DVSO tre?np?nt
used ig|ogeprate aMkER RIdigh by Ptagenased@ripenidpliowsd by magpanically dislodging the cells
from 18X @IEIES,Sc@Bing REMDRMEdipw tThe comtensat @d 10 uin welles cellRebs iasigrred to a

singleg@iscgéwgg%f ?@o@\)#dﬁi%p@c@ éa%g %gfcgméd% b RSt BN 20883 5h the presence

or abgegsq ¢ agitionq] dactosy fprs4’ daysi At @eéapévl afé{;g 4, 4{3@?’ sugée%%l?rtl %?em%iig/’%gdies was
divideti hieto €2 \atigiots oplatert ineasieells rof e gdldtingoates adherent 6 cwatiptiaseq) culture plate
(10 okl UFHe -8Rt & eRbH it bfios aldhSir ofrgrawifls W6:@XMitutdtin @linflexf DMEM plus
2o S R o s SRy PR b b o bk s
regionsnihisaptt welawali ehspied bielightimicraseassis ngt R Wae haskesiaddiipgheach well for
subs&h&ﬁ@é},g&ﬂ@u@d&ngwr ate cardi onyocytes from nouse

eniryo carci,n i e " i

STy B AT oo PR LEBEL i LS o o
suspegsion culingette genertpoeminid bpdigs) and were pieserh FRntinougly AL PR3 davs after
the e@BItI Bedidsantse Plhted Rrgdiatmytatytvells)i fofaap driddtas wem addpairinglay 4 (at the
time J;I'Bla%agg)%gmer% \&r%e@%ohtmﬁﬁﬁry'tﬂﬂtd?fﬁ efoup AMRLBE dverS Sd64 8n day 8 and

of added gro u

actors to 1n nce cardio cyte
were Biepqris FRFIRICHYY WH! 5 STHARHEIS SHESTRENHIGY 19 &\ Siaiet 8 Bt Oxposed o
as follows. Goup | factors were selected as being
able to supply functions of 35 the hypoblast during
initial commtnment. Goup |b;factors were selected as
able to supply functions of  endoderm during
subsequent devel opnent in conbination with G oup |
factors. Goup Ill factors were
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sel ected as survival factors for cardi onyocytes in
extended culture. A typical working concentration was

waledosnegsas "nedi unt' |level, with 4-fold | ower BEIUS2005/009081
4-fold higher levels defined as "l ow' and "high"

j
s 508 e L0 BRPBESHL 00000 PSR 000 M r

days 6Caridiaptiidpi c Factors Growth Factor Low Medi um Hi gh
C @NERNdYsai/éd hat ehilbamnt veatiigorgicsnesa tobseniedrin th@r eanjsol cultures (those

mamtaﬂ%ﬁi ng{'th% é%sg‘lcg%f Q%fpmﬂel%g’ry Rt ddss- a-zgfbe&glcﬁdmeﬂ-@:th()é’elman@med in the

proser oL PSS 1 POSUTEFY S RTR B AT T TR e nal

wells mgghitl ECrorgihation 20Dowlfaeters Pl @Pd-vROBI-@83Ry L 25 ngl
1(}%5 BNowd? "E@Eel)laﬂoﬁs R4 atiROPCR) aRdlysBO@ adradn™) foPBGfesdi of the

cardlaéspﬁg n{yg%n S%}v{/] Bc%q%&l) r?l/e&élto é%"eﬂeox -g#%gﬂ& s level of

expredsiGh wab s@nﬁléanm\/hlglﬁﬁr fir\veell® @xpoddd tg|gpbvxg1 f@g’goWL(Gﬁbplhg Fraga-grgxy-cytidine.

(8t .
The lo 8§ %}C&ﬁg{or@ t%%d?l%é@ﬂﬁ%?%@@éd@%\é@zﬁ%eg Ql(rl]lgg; ﬁ{d?ﬁégﬁg Sﬂ/ﬁ r{f_}d ggher than

’fhe'e‘ﬁ /Sﬁi”'“P?{gfa in 6.25 n|v| 25 nM 100 nM Fi gure 3 (Upper
Pahede)resito were elakoratethio W@uwssﬂueub%p@meﬂhéﬁéev%ee%ﬁ@ 38}—719fe cultured

as befGr%l éx%eﬁtthapaa?%ﬁg et ¥iRbRbentttS6® df RcYRNEEDh thediidaloyOexiheriment were

empIoH%iC ﬁaci tg dn |09e a?q% Nas ?est ¥h%aé g@n?l tIegl]ereRtV\(ﬁg &W ?}ed The levelyof marker

expressipnayas ingn vpteimingd B rﬁﬂ_ ’f"pe B@E* assEh elagivgip é?ﬂ'féef%‘i‘a‘%“ee S_Lo cne
WEI* éuré’ﬁ ksl that BRABsISH AGIGUB NI féth the pdtossl iegltea LtherrsHolulclease in the

amou?ﬂ gMﬁ%@ & hex%%g%: ‘%‘e rb?etélges in 919 e@réslé[ﬁgf t'hQ eéip%lggr‘n(%l\%ssomated

sence
gene GATA-¢omerefabgo dbtedigg.sin cpmtraph’é‘ne @mpdgfn qfagplagfed gene: ANF3b is not specifically

mducéﬂﬁ]@@rﬁﬁés@ BorRiftioyrahy efedt da@aies awbGATAY wastketciivatio c@nparison with the
endoc%a‘?1 8?58ﬂ?$tecggene%ﬁsg vauc\mllmlr s&J us| 893%&/ gFolw?u o8t c%%bmatlo)n but not with

tI'ssue culture 10 cn?
5aza'ﬁh@<v&m¢é\e¢nt enbryoi d bodi es and their outgrowths were
CUtHebd R@ulisndethomdiraf thdDiddcMrpivitdn GRu@0%nEBSerhanceiee proportion of cells

bmm@#ﬁ%%&ﬁﬁmﬁ%wﬁg§8ﬂﬁ g&mggg|t|onal factors for 11 days,

Rothe nurber of beat | ng regions in each
wel | was observed by |ight mcroscopy, and RNA was
wmgsubsequem quantitative

PCR analysis. Goup | factors were a

n day 0O, . _
( t Grsdigrayocps WhP GPNCLRS foMeiEST el o dop 2B By a5 dmbicid bodes or 4
days,lah@Msih prolif@dtidg@n gelatin-coated plates for 17 days (5- -aza-deoxy-cytidine and growth factors

were not used). The cells were then dissociated using collagenase B, resuspended in differentiation
medium. The cell suspension was then layered onto a discontinuous gradient of Percoll™, and
centrifuged at 1500 g for 30 min. Four fractions were collected: 1. The upper interface; Il. The 40.5%
layer; Ill. The lower interface; IV. The 58.5% layer. The cells were washed and resuspended in
differentiation medium. Cells for immunostaining were seeded into chamber slides at 10* cells per well,
cultured for 2 or 7, and then fixed and stained.

Results are shown in Table 3. Percentage of MHC positive cells was determined by counting
cells in 30 images from triplicate wells for each fraction and presented as mean = standard deviation of
cells from 3 wells.
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suspension culture to generate enbryoid bodi es) and
were present continuously until day 8 (4 days after
wda 2oskeosesrbr yoi d bodi es were plated in gel ati nPCDESB0S/009081

wells). Goup Il factors were added on day 4 (at the
e—present CTONti nuoust y unti |
day 8. C}oup 11 r@ELEBSPmem@“%ﬂ@@Eﬁbn day 8 and were

|un esent—eoentt IIUUUDI Yy Ul]ll | lne en(] or theo/ﬁéfaﬁﬁéﬁﬁnt

( 15) f cu S exposed tmHC21 WO
%B%WﬁQOSSS Pgﬁ$§é5805/0%%%@§é é?aza-q@gxy-cytidimgy7
for 48hrs{day—6-8)—Cuttures—were re-fed with fresh
BefBadlicparioas or m nus factors fon days 648 %11, antf4%°
It was observed that while no beating regi gns me%g 43,0
observed in th&osddtrol cul tires (thede intai idd"in
the absence of supplenentary
f actlor s/ 5- aza- U@éig cytidine) or thos 48 % Kt ai ne
the 5 presence of the gromﬁh factor ke ab o
of H#laza- deoxy? E?tpﬁlne edfi ng aregsﬁ§é?éeobs§§££§F4/
inall wells ! Vi ng the 0mbi nat iggn, Hf o gr owsh 2 + 14.5 %
factbrs pl us 5- gfjbdeoxv cvt%dlne Ff%urféég(lnmpr
Panel) shows quantitative PCR analy5|s (TagnanTNb for
expression of the cardiac gene a nyosin heavy chain

Bea’unp é?)‘é Wen@forhse%\?gt :ubail gra%tﬁm %ut Feac%ns Ipaélg(lr:]\{ ffﬁ all']nlag %%g%ergé?@ge.

evpanide bfdhe}reﬁﬁ/\nsl‘ﬁefeaﬁ'ﬂﬂ@ qd@)t mmuagcytochemls%y is shown in q‘able 4.
5- aza-deoxy-cytidine. 10 The | owest concentrations

t ested were suffHetrent—to—achieve higher avAC

expr essi on tMEfmlcmadactgthOEﬁ%mratth%" Peppitiansseen i n
control—These—resutts—were etaborated Tn a subsequent
exper i ment Epitdpe cel | s ( pasiaguosByineier e c DiPR-eardes ce
befe+e; excepl that——a) oy tne Towest concentrations
of facfb¥'s used in the preV|ous experiment were

enpl oy esttiacspecifc)a/d MHONne set ofr+sanples, the Goup |11
treat mgp Emy@ﬁ gmtted. The |evel of marker 15
expressi on was then detern1ned |n real -ti me PCR assay
rel ati v&e®EMEPT f erentiated cél1s. Figure 4 shows

t hat omieshein of Goup Il framthe protocol fed to a
further, 36 Al ease in the, amount of alhiiSenRNA
expression. Increases in the expression of the early
car di ofY8eNe- associ ated gene GATA-4 were al so
detecteﬁmwbmmmontrast t he endoder m associ at ed gene
HNF3b | yspecifically induced under these
condltlons he effect on a-Nﬂ% gnd GATA- 4 V@St

sel ect i®, in conparison wi t F%%e 20
endoderswassoci at ed gene HNF3dbsewhi ch i ncr ea¥B¥! usi ng
any grgﬁ&hliactor conbi nati on, _but not with -

5-aza- eoxy cytidine. These results denonstrate that
factor STrW fq:ll n & oups | _and 11 “enhance the pr r\port o
of cells bearing characteristic features of

cardi onyocytes. 25 Exanpl e 4: Four-phase

Cardlégxgog:ptlgip% t?t{o%] %%%%oag# %Qnﬁ?tgmgntc%nﬂhﬁmcwu@isbé/\/afsﬁhgmshed by

stainiggrfar 9Bl @nbYHCe Abpasee af st%%for rg;ﬁgerljrh &gele’]( %¥'|n‘f Ipq?gt{ﬂlﬁh il showed the
abseB®! &t dkBe@DAuSLh, @hdddesn tairtydes, eralygeurons. Lack of staining for SSEA 4 and

Tra-1(851 3 ﬁ"mgrﬁm%éf ﬁ%tdfghﬂ%r&ﬁge(ﬂ{&%ﬁb factors were not
comiSisehaesomseir ST atP Ly R 1 o cargoryoores,

not aliliEcagidnyoses tlensétah, Qirslation 8711838, 498HEEAR 8 b, Mol. Cell Cardiol. 33: 1321,

20012 §lﬁl9&n% LinLHSosBivaeis Btd HEubBioteinl Tdyhtivaelis3Btained in the cardiomyocyte

% +09°/o

entritfuged at 1500 g for 30 min. Four fractions were
collected: I. The upper intggface; Il. The 40.5%
| ayer; 111. The lower interface; IV. The 58.5% I ayer.

The cells were washed and resuspended in
differentiation nedium Cells for imunostaining were
seeded into chanber slides at 104 cells per well,

cul tured for 2 or 7, and then flxed and stalned

-~ 1 1 o I L ~ o e o
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35 cells in 30 images fromtriplicate wells for each
fraction and presented as nean standard devi ation of

w@edobmodssom 3 wel I's. 22 WO 2005/ 090558 PCT/US2005/009081
PCT/ US2005/ 009081 TABLE 3: Percol | TM Separati on %

| nl or

' Ty d

d fere@ﬁ &7 VPO e ]tgreggﬁ? gﬁ%dgﬁﬁgmg th%el%&y @%{?EAX&SMEES" Xcapable
Ofprollf@%lonz 6 0.5 %2.5 3.0 %Il 1. 6X106 + 4.51. 5%

2 A, i9 Yactibh |1l abd OXAE6 replated Seull@ed s @Badgitiorg 3 days. Ag/= 4%pf {he MHC
posmvg‘ Q,gls xﬁre@gerd%r%/" lﬁgcagﬁgzlthﬁto/ﬂqae @Bﬂeﬂﬁl t}ﬁéeb |phassestans baiesyeled In other

croeriph.RisghreLt AP EHE AT "o DRURG: SR s R e IPuf Bl mat cbou
20% odm"/eofmerwdilduyoqy‘mnwt@%mopplﬁﬂmmm%mﬁ9§YVF;PfCI“?ra§ﬂbm in
Tabl e 4. 5 TABLE 4: Characteristics of Separated Cell
Exam Po ] iraetcl | torgt%coq:ardl onyocyte |ineage Non-cardi ac
iac-specific a/ (3 MHC ++ -

C s mﬁoaeg?rﬁﬁe cé‘ﬂ’é of iR H70REREleGitflkiiated into bardiadireyts fineage cells by

actin ++_su
platlngaonfoeet %B?t@feeqnﬂ cultunng( Ba {aﬂ'%m-free m?cﬁm cmaﬁ%ggl'if%ﬁengag?n f§10t%rs B ‘
BrTibslesautisre suriagéssvedare prasiealby coating qyegnigt ‘8@:‘ 0.5% gelatin, then incubating for
2 to Aﬁ?rv\ﬁj(h Qﬁ@ﬁ@ﬁﬁ’&&ltaﬁﬁ?ﬁuio% FBfSwisepasa teatvdly prive i ipleing of the hES cells.

Altern%tvgy n%ﬁ d) ?s cp twralﬁ.fcllégtgé d\ﬂﬁﬂéﬂﬂiblbgﬁecq}\ S(Ed @?AE’HIL}S e ‘érobl)h factor-reduced

sence ning for

MatrigaiPorgiémp ﬁubsaqqe@tt"%?ﬁ?%'?'é‘f‘”?? sep-qaniaiRisg meﬂ'“ml | showed the
1Qn ah SpRanOtial S keEH-@ tedtedfasab @eredertroder theicabllity tp W@@ expression of

genes c@ racr:lcgr% Q%esb%% oPJarlysthg!erUa%nfySH oSSEAvitbrevigled HESAcels from the H7
1€ bsence, of ferent] at ES
line wees| qseg)dedamggn%wﬂl gﬁ@e'cgat%%{)laﬁs ( ) one Week s% Wﬂl mEF conditioned

mediuBf S eRlifforentiagioelso teonaiuh Wastcaanged oo tSéBO'e“Eﬁﬁt with or without
50 ng@rg_t Aj_é}‘gH Int 5(5: Il B 2CH B f&dt(ﬁ’@fogﬁﬁerahfter i&ur Heyd taé gowth factors were
96; Et I on

et
remO\@g biglgvilum e 6']_%9 ar\q li;etc&éﬁ \?/ere hF LM?JeF fo OJé {ac%dﬁ?léggg{ﬂel\ys lan%Ml + B27
alonea Foubgedarisdn, bEH Celln ege @I%dlﬁ@‘ﬁf}t@t@@ by Hlen“é‘?:PWHj l‘qug protocol as already
descrb@d FLRITME fXF Bays &Bpended in medium containing 20% FBS, then on 0.5% gelatin-coated

surfaces , and harvesting at day 12-20 of culture).

Expression of a-myosin heavy chain in the differentiated cells was determined by real-time PCR
analysis using gene-specific primers. Data were normalized by multiplex reactions with the 18s rRNA-
specific assay from Applied Biosystems.

Figure 5(A) shows the results. The combination of Activin A and BMP-4 in the direct
differentiation method on gelatin coated plates produced cells expressing considerably higher levels of
MHC, compared with cells generated from embryoid bodies in serum-containing medium. Numerous
spontaneously beating areas were evident, forming spheres that later took on a more flattened
appearance and began to beat 7 days after withdrawing Activin A and BMP-4. No such beating areas
were evident in wells cultured without Activin A and BMP-4.

in a separate trial, cells were differentiated in the same fashion on multiwell chamber slides.
Multiple spontaneously beating areas were evident in wells cultured with using Activin A and BMP-4,
showing evidence of organized, functional sarcomeres, whereas no beating areas were present in wells
cultured in the absence of the factor combination. The slides were fixed with 2% paraformaldehyde,
permeabilized with ethanol, and then stained for marker expression.

Figure 5(B) shows the resuits. The cells demonstrated both strong nuclear-localized expression
of the cardiac transcription factor Nkx2.5, and cytoplasmic expression of a-sarcomeric actinin. Clusters
of cells were observed that stained for both markers. Separate positively staining cells had organized
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40 of cells were observed that stained for both

mar kers. Separate positively staining cells had
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prelncubated with FBS. Cells are 20 expanded elther
wi th nEF conditioned nmedium or with XVIVO 10TM nedi um
suppl enented with 100 ng/nL bFGF and 0.5 ng/nL
TG-(31). After 1 week, the nmediumis replaced with
RPM plus a supplenent |[|ike B27, and 50 ng/nL each of
Activin A and BMP-4. Four days later, the nediumis
replaced with RPM plus suppl enent without the
Activin or BMP. Cultures are fed every 2 or 3 days
with the same nedium until the cell harvest
(typically -14 days after the renoval of activin and
BMP-4). 25 Cells are harvested and purified by

Bl endzynmeTM di gestion and centrifugation through a




di sconti nuous Percoll TM gradient. Fraction IV cells

are resuspended at a concentration corresponding to
wappsoxissat ely 1-5 million cells/nL and transfRCT/E820085009081

a conical tube. The cell suspension is incubated at

roomtenperature for 10 r@lQ‘M\éthout agitation. The
floating cells are renove y gentle aspiration and

the renmaining clusters are washed once with PBS and
then dissociated to single cells with 0.025% 30
1, é%@ﬁddnéf%@%ngu&?‘dio%kéy% HeSod Y $BANFRE! urRBht stem (pPS) cells,

contal ni ng._medi um'at approxi mately 4 nmL per 5
ﬁ@?W?ﬁ%m§WHWP%W§°@?%0tion IV cells. The cell '
sus pengaton undifferansaiedt eiis ain & oP$ ol inelfiers p Hymarn kiasipsyst directly onto a
SHllat 48 RhRLERMARY emBrybi bho8¥S Mherint B budaypshdsysuhsiratd Yo which
cenIrlfugﬁ%g or I%%t#ng the cardi ac bodi esTM settl e at
FYSIRYos eSS0 TET $88858 PCT/ US2005/ 009081 tenp prior
to répbeaviingine pigfed PR celis i esiablismeato dgrsH?Si&®hodi esTM can
be uspdusng@ihe &tabizhel calul de afsendaEfb-semimi greldeder cells, but in the
cardi onyo f - ~0f suspension culture,
8F*%HB?§%@*%%%fﬁ?ﬁf@?évéﬁﬁgég%?’cardi C, bogyTM .
f or mel PRYANAYE PHEIRRE SRS In e ERSERRs| of eifer activin or bone morphogenic
Pradagpl ant ati on of Cardi ac BodiesTMinto the intact
My 0c g i I Lo ASRORM hiGuahi drkit y of cardiac bodies to

survive I n vivo, H/7-derived cells i ted | .

i TP WP e EPTGE Al MR HES Rertes i neaw

waaio (MHC)gener at e enbryoi d bodies in 20% FBS-

contai ning nedium the enbryoid bodies were cul tured

i.n suspension for 4 day l. LR and2hekEBed line of
2. tT8e§é%%§ﬁi°il‘“8c?é“t°8%”gf?'%"%’k“%,ere\?ﬂq@?épgﬁ‘é@ 1,349 bR cnEhiBlfied ine o

Dupdalernrpmigisteieaelss.  Car di ac bodi esTM were 10 prepar ed

as descri bed above, and naintained in suspension in

% FBS-cont.ai ni.ng. ! the MBIRKire YhibH i Qe &hd8 substrate

3 e Sr”_\}e??f’ﬁaih%me%%éﬁ?ﬁ% ’%{egeh on expéer%nentls (\BAJefe)g done

topater with Eiedip PdbroReftiPy and M chael Lafl anme at the

Uni versity of Washington in Seattle, under a Sponsored

4, ReS ekt dﬁgﬁf&&%@ihg Wit wiSHEiR theCRNIPare B¥BRNed ih @l4p chBWéiuring as

prior to rnplantation, the cardiac bodi esTM were
wﬂff@e'et@&dggs Clead it fﬂﬁ %’bﬁtéag‘%“@fﬁ%éﬁysé’{ 452 to 15
i ncrease survival. On the day of inplantation, cardiac

5. bARI B3TOM SBREprbdiRG bBfh, WAbBInttecdiehis cuieindd ih Gtebaly with Activin A and
[ uni njured nude rats. After 1 week, the

ocar di um of
ﬁ%¥%4ﬁgﬁgr§¥%?W?W%ed, the hearts were fixed,
sectioned, and exam ned for the presence of human

6. Chlel Bethdd df ARy preemp GiammwhBiepunecds alomsurédie stepsa)lirt e absence of
Human cells were i £ £l ' of three of the
PR i B pro B Ay b ool O LIV B O
human- speci fi ¢ pancentroneric probe (m ddl e panel). _

7. The Re&nof 29 eekdisy weime wherein Hier célld@ret ¢uitired imsteps d) and e) in the
C%sgﬁcgrg(%wtf%uthx tr%aﬂ?&leh&\gofw thddivANsLPAEMER AYntalhiRE b, transferrin,
agal nst. P-nyosin eavy chain and specific for the
h#fifess'eBEhol og (1 ower panel ). These data denonstrate
that the hES derived cardi omyocyte |ineage cells of

8.l ﬂjxesmiatﬂefoe&t dnPPreBédihg cHdith ! @ikt fhefenfichi rDbtam bpddmpriseds rseparating the
t he

cardjum where they. survive ' ' :
 Fvebareals BB ot s o s e G 2o HOh FAEE, g tons e
pexpuasel MHICi fremtahendpgenous peieon can be effectively
nodi fied by those skilled in the art w thout
departing fromthe invention enbodied in the clains
that follow 28 WO 2005/090558 PCT/ US2005/ 009081
CLAIMS 1. A nethod of obtaining cardi onyocyte |ineage
cells fromprinate pluripotggt stem (pPS) cells,
conprising in the foll ow ng~order:



a) plating undifferentiated cells froma pPS cell line
froma human bl astocyst directly onto a solid surface

wowrakousss or m ng enbryoi d bodi es, wherei n t he BCF/{82065/009081

has substrate to which cardionyocyte |ineage cells

PS cells t
o, fermen kAo RS Badt ﬁi cul turing th

10.

11.

12.

13.

14.

€.
est ad)| $epretinocells ig the §nriched csi gg)hl@ rbqaatgéerpﬁeﬁ%g[ras fSIé'%Ia g(—fﬂlls from cells
#©&lateSpredabitasicnsttlde  presence of activin and a bone

p?gpgo.%&l}h&rtdﬁé HoGbi pre@)snt QQEIb@&@in'n}ﬁn@M hetiitinng the cells

t her. r bone
nor pﬂd@@’r‘ﬂ”@‘g t'ﬁﬁ”ﬁ?‘@?eﬁ‘gede 'ﬂ%h\?é‘%&"e %'J'erhc?gl s fromthe
cul t dir exlleqtinglarfd)waeining théiepitureH eelliar vest ed cell
popu h@ﬁeb;ﬁ&nte'% I\%:—%h bigstdrb atwhiK R IR&SE 5004 OBihel clateranyaderge spontaneous
al n . The nethod of the preceding
Eqngﬁ%{'m\‘/\her ein the pPS cells in step a) are an
established Iine of human enbryonic stemcells. 3.
A %tmbhéb@amfg RididigbcyRrieegdicaly fromaPBcelishemprising Higerentiating cells
erl? lﬁispgg sl IPnea}romCLf Hu@waﬁ‘aﬁ&ogl%t nqgta‘aelﬁpo%lilgﬁiwrc@ﬁw&sm@ Qafkad 20% MHC

oecive e e mybisgHE R eia kel 1P eI a s 2By 1
st epag)schitatigl thelcéliaghaase pagknf hesiegie icelisetprpFalis dett jage Rypent as
S substrate for four days or nore. 5. The nethod of

claét S;
precedi ng claim where Cm the e%{ueq cultured in

st ep bbl)eSWpr Nepe SAIHPraseaif CUERP. A" ”emsn? our 'days or
nor ec) Geculliey theteaegernsied aﬂﬂymmeewwﬂtﬁ@?d@r”aﬁrrﬁ wher ei n

t he gelcg@ctﬁl,@gna:\yésmg@]d rdcOitusdaepise) i n the ab{sence of

either activin o ne nor nho r R8sk ntaneous
week H5re Mﬁ?'éera“'?g Cgfll"?%smrsl Lo Eg(F%r%t)Q/Sogrée?g%gm ng clai Sncl)spo
whreragiion. t he cells are cultured in steps d) and e) in

the absence of BMP-2, but in the presence of a nedium

3’5? ﬁ”ﬁﬁ g r%%gp 1%i \Plger(lépﬁlglshale cEIl'sae[F@E@p'éfakerd from&ﬁ@ clustered cells by

recedin
vitt@vying Wetm@te@qrqegshfonﬁttﬁerfrog’t @.ﬁg lop, ;9 8% egemalnngrm Sus en3|on are
tr&igovear vest ed cells into fractions according to the| r
density; and then collecting the fractions that

express MIC from an endogenous 28l
Hg /et (b /cistiesng i 1: vgere, e ﬁ%g‘ne%{‘um in %vh\é? e’[ﬁ% %@6%@% ells are
Glumiréd cohtaint higaut munswrﬁgmma)lbsﬁebar ating cells in the
enriched cell popul ati on that are present as single

cells fromcel S | e cells three or

r'ee mepen g crlﬁjm?#iz S%T'fr'g'n%se Sgﬁrfg s ?’%é”tg e#gtr?cﬁ&rm ?hl ent

megle imgs. c) reculturing the resuspended cells in the

nutrient nedium and d) col l ecting and washi ng the

r %l'” ureF cel 526 %@%f P d8HL bitht BOst&€ LihdefdoWpdrRinSousontraction
e clusters under go spont aneous

cajhtﬂﬂaﬁaw"@ﬁng 10. A nethod of obtaining cardionmyocyte

li neage cells frompPS cells, conprising

15. d'l' eth olf ?\5 g &lﬁerelﬁ'the fEIPdsfr AR eSFIﬁ@H bntb larReridce @batal with gelatin or

ocyst into a cell population conprising at

| Metgqe'QO%

16. The method of any of claims 9-15, further comprising dispersing the cardiac bodies into a

suspension of single cells and/or smaller cell clusters.



positive cells, and then subjecting the differentiated
cells to the foll ow ng procedure: a) separating the

weeios®tskat are present as single cells from ceCT/BES1005009081
are present as clusters; b) resuspending the cells

17. (ﬁ&t ofac%n %Eﬁﬁaklgnsscdltﬂreﬁl Wk ngﬁ}éduﬁflﬁ)ﬁldﬂrﬁbrdloﬁ)yocyte lineage cells from

resuspended cells in the nutrient
Wﬁﬁﬂﬁﬁﬁmaﬁ@emﬁﬁm@%fP%ctlng and washing the recul tured
cel | ®untittesreibyd geineorariimept 0@$ fellglapdt ers in whi ch at

| easg, ?%Wénoﬁ fb@ cﬁldwﬁﬁf&ﬁ@ IHBEIRT @s SPlerhEEEOtem said pPS cell line
contraction of claim9 or 10, wherein

g95rdigg F?d'i‘eem%t@?q °§ AR eecnap%\ggq]ed fromthe clustered

cells by allowing the clustered cells to settle from

ﬁlé&ﬁﬁﬁﬁbrp& cardBlb&ms| hidireaacdaidng td any Stsgien 81l Grwharels a cardiac body
neg ﬁf a clu%ter ol? gellw\gg ﬁr‘agﬁ%é}*tmo& o%ﬂtracmeérﬁll danthiR€a majority of

esus r
les g LT = s ﬂz"r Gﬁ% %t”%% rgiprgto factr
1), Bhe-caraihdragbsinfhely ahaims (MHC) 2om aoendpdespyePes@par at i ng,
resuspendi ng, and reculturing the cells three or nore

times. 14. The nethod of cla r.ei t
19. Souliopwoqyisdingads<els ar Eﬁ’@%cr Blogleg otrdlr#etguéém@ Oﬁit (?a‘% Ifdrrﬁ@ﬁ&d in an

akdipmt $uak thaeaminisirfioncpf t@eomm@om@emn@f'a%ﬁ%e% ppynits survival and
£f§rh(fﬂtJfbé?ls%MtheCdam&b%cﬁesamealb@bed onto a surface

coated with gelatin or Matrigel(r). 16. The method of
any of clainms 9-15, further conprising dis er5|q tion in

20. 3he dcpramswmdcrfeeImSn‘t7o19apaC§ac9§ﬁ>é/H%rE’H“%'P“ Eﬁgﬁr&” U] ge Goftpositon
andfeanecitmrhdapidisesdel clusters. 30 WD 2005/ 090558
PCT/ US2005/ 009081 17. A plurality of cell populations

cultured durin productlon of ¢ 0 e |

21. dlsk pka tampasition PRiEMeH AR {Athe B8 ?“E fagﬁﬁ\% |ng ﬁ@‘%mpamn o
unebdfchae ik trediegihazetldlssaser om a | i ne of pPS cell's; and
b) a popul ati on of cardionyocyte Iineage cells

22. ?Aqég%ﬁg%ég%%dhg%gg%agg Iggﬂ"l;ﬁl m% g gorpﬁomh obK‘rfn%S ggc%kﬂ% t(g Q’ly of claims

osi t
off-16ciaraddesice baapiesisty adrbmaientiﬂé calt pRpigiang 6 a@H@rﬂp@F paHge of the
QF;@, wherein a cardiac body is defined as a cluster
of cells that undergoes spontaneous contraction and
contains a majority of cells that express car

23. tA ol 1of Irecprstiiuking ot aipaieaenty GpRSAFP ?‘R'("I:VTWT‘)” '38 {&Sue, comprising
adohiading Batisdubd ivih h Borhpeiti@ obta(ndiNkgeording tocang af atiira 1-§rosi n
heavy chain (MHC) from an endogenous gene 19

24, %gg{h&%ggo&ﬁ@b Ialrc];ggg_o%ngf%r l %eff%%t&?nar glai; 8%'3 clgmgrlsmg combining the cells
eéﬁfdllﬁﬁezﬂkor&u@ ho tdm&tof adiviai1ster witi enmerfiun (sentaiping dag cprppund, and
t Lur®h Helcsussur vi val  and
e%te?rgﬂﬁﬁ‘e}gt fo ce %Ogﬁfur om the cardiac bodies in the
subject 20. The conposition of clains 17-19, packag

25, Witlehndttitiof daimie, rcomer@mgdiehqgmmwf@ﬂ“e'tth‘ec%@ﬁw@é? oxig e thence”S
the treatnment of heart disease. Use of a

ol%p%éth%d ofgclg%t ?4,] 8" g? :%Fnlgrﬁngn&teglﬁln%g%hgﬁéggﬁecﬁfnp?fg? iReases or
t deabesghdiealing rete sithgeslls.

18.



22. A product for treating heart di sease, conprising a
conposi tion obtained according to any of clains 1-16

WO n008/09558 ce adapted to adm nister the cell popei/asi0051009081

27.

28.

in or around the nuscul ature of the heart. 23. A

li(eéoﬁnggs.t% arcgo%?ﬁbsto' :Erh*tdf Nehirky 1 AP RLSRGAIY RQ HerHidtere tdebdiibed with
c tissue, conprising contacting the

qug%rl?%t%”t’ﬁnead%r%%@‘??ﬁ on obtai ned according to any of
claims 1-16. 24. A nmethod for screening a conpound for

'Atmcfetrﬁfdfo?%e &Ebréil@d diaAE ofGRIrhsS1-1606H APL6, SUttanaaINas herdigtotoleadescribed
ai ne c%rdlqg to any of clains 1-16 with a

Nﬁ@ ’%%hfﬁYﬂ“”) R RFoound, and determining the
effect of the conpound on the cells. 25. The method of
claim 24, conprising determ ni ng whet her the conpound
is toxic to the cells. 26. The nethod of claim 24 or
25, conprising determ ni ng whet her the conpound

i ncreases or decreases the beating rate of the cells.
31 WD 2005/ 090558 PCT/ US2005/ 009081 27. A conposition
according to any of clains 17-20, substantially as

her ei nt of ore described with reference to any one of

t he Exanples. 28. A nmethod or use according to any of
clainms 1-16 or 21-26, substantially as hereintofore
described wth reference to any one of the Exanples.
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