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r ef &Y Gsed Reréin,CRinbryohic stéfiEcelN R @ pwi@s&xa Rieindkells that are derived

rtion of e i po s an
P i gty R e B e G bl gL e Bl e cots
dita tigcbree igai leyersof Exaepd iwhére reepticitlstraphired bthawisé, tthd ®rm includes

r

5&%&&%{59%%5 U1k 8R4 Bhar P LE FRELGLEL ¢ g%gé Zells, and
REdBeftYs| rs\lqhg‘meseﬁhiltsﬁfﬂd haye thercapagiqy of grochlnprhg progany iofieach of the three
used herein, "enbryonic stemcell" refers to
pluri potent stemcells that are derived froma human
enbryo at the bl astocyst stage, or before substantia
differentiation of the cell$-
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into the three germlayers. Except where explicitly
requi red otherwi se, the termincludes primary tissue
wand7asriabl i shed |ines that bear phenotypic PCT/US2006/024060

cHANHeEs rbiSlypS huhn Ity dnl Stéin celTIn @YY defcribeéy Thomson

b gRiecieadbin B YRR BB Vo er & 7357 o ot ype

" hussaisedowiming G Activit enfesab b pblyfepidel grawth facer thetsis n infombler (0§ the

A o A e

e growth factor that is a nenber of the

tr %st&fﬂ&dﬂg «BiR\Whpheeh@ic Foteih @BMP)” fe%%faqmébeﬁme growth

Curre here ar f our know Actj vi ns B,
€§°t 'f)%’ﬁﬁ’g - sy fpmily érg‘ﬁ‘é QSRR abaut ?%‘GPWBFEI“HW ’BI\GF% BM
reﬁﬁl@r Fort the Wksqumt a@ﬁcagﬁrowteherﬁlamm daés ﬁohetcli&E:BMP-l As

rf ani, e .are cur
Rl ] i € Arerre 56 JovPh & hpsnet T i For
axapiplec it detain emblithentsof’ tlBl\n?ésemtowntImt a gived callepopiitioh mapde
EEelDoia I
g gedlgag u%gé%sé?ﬁ tﬁ@}%‘bﬁbpt}ﬁn )??Euar?déﬁn g};té g&t%&anm :h‘aﬂ;% Jn?t}éﬁ
entfdise herginofeardize badys eafers Yy elustirodf, primaty nlmpot;et gtem cell-
B &dilk %sﬂl’?é(xm@x? beiHnk HE O Rdre cREERRRIA D hidGan cardiomyocyte-
roportion of cardi onyocyte- I i neage cells in that
S’éﬁﬁ%ﬁ“&tﬁ on. As used herein, "cardiac body" refers to a

cl Usstwéd wreun r“um aﬂwrumaﬁat’ Gofers3b @ risrdéeds ltstatifteé@elat@ |phitate
.Sus

Spen earlngtvvo or q’téée terléﬁlcs of

ﬁ 5‘?‘8.% iR, prageny, af are faviq ‘,’&sce ? RBP@y R tssue type

Withaue cbrdag fembgoitli bddieonds arefimermediste.a o odfify fherterm direct
| AL i nt

it 80 olnplls PP ' WliP? S nEhREGE Rl Seg B fom

tnlaé‘@tj@ﬂt’ype W|thout form ng enbryoi d bodi es as an

| NtarfBfha@tif, “gtRedehlB difeYed”! AfarsREMNdiok eEénetlcall transformed”
di fferentiation enconpasses processes jn % a snal

FREGTIR A PERCESS é‘threa?g@l@ﬁ%{‘P@ge hasrbgsn reRsfoEsd iaieta gﬁ" bxany, §@able
heame Iof‘l artxﬁ@ﬂ ahipaiatidny orad e tRéice]l is 4 progunt; QL he Sriginall altered cell

S bl e b RS U e phiFiBlepd 8o RS "SRR A ey
s&qu@abbmommsro@m cfristerfst,ovhidh mwlnsphd @&ilitosxpreas thedpmietn at an

g*gte‘a%vlel dr‘?‘na tn{m i€ Eéqu t—I: &%O(ﬁl{ g@éuley H@H Js%fR%gk &%Ltlsense

has | nhe po ynuc
BiAythat effecst 'ihel @{IWSWH ¢fta revicin deither egeresect biathe errhdgifist eell or as

B2 GLABIR 6LthE HEOBUCAGh 6 aﬂBtﬁ&%ﬂn&fcoﬁd@ts@&tﬁﬁq w)MUquPseﬁ‘%@J%hﬁE a
the. cell to express the protein at an el evated | evel

Broteiin  The geRsHT &l fa&"%t?dt}éﬁt*& “Uherdehis gt proggy et altessd onll bave
mea\&kanreramtlsense RNA that affects the expression of

a pyote ei f her xre sed by the uynnodified cell or,
2 PAsistd el s P T Gy TGOS SYPo 16 fleroneed compoiiion
pmitapmmolameﬂ Beghem. sequence) Wi t hout itself encodl ng a

pro ¢ etl e, on,l

P il n IS ARG ol BeioS P00 & B Rulrichd v, ol
éﬁmntaaenmeathﬁtomy aﬁtso n@e:dte Ipenliéeiration 4rsidor wentbl différentigfionrog cells
Ry gre O Q{ﬂm VYQ’? Eﬁm{ﬂQ QBB RAERG %ﬂmgtg Bﬁgﬁdténlt 8 cells can be

cont ai ns_ no ad
cocultured with feeder cells that help maintain the undifferentiated state, while primate
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As used herein, "feeder cells" refers to cells of a

different tissue type, and typically a different
wqgemore2136 hat nay act to pronote proliferati onPanaikere/024060

oERPQiol stginfcklisriv titel rredessrof bfing differontiared yoaia becavalandd witheeders

Wat BrecifaftferARRA |t(ﬁvard§ Q Shetibufde 9&% %‘%ﬂe(? (gﬂ @@ﬁ\}\ﬁcﬁe—#tgeg&e cells).

|Urll£)s?t ent, stemcell s can

cel4s %Bife‘ﬁeifi?d?raﬁr?ﬁ’afﬁﬁrswe condétionfvehererthe eefasecest composition
Whhitdie mor adaat Reder celﬁUBST&M Btk feelidRideE egc@)rﬁésk'égpme? Bkia,
ltmapgng :h atehle? ess f being differentiated can
gecocu WP %f%?g 'Fﬁrﬁtpaﬁ ged fpm@iopkvze wih fegdersgpto
f Gviﬂlrmltmutp’ddetdl feadbra evehiiBone of 19 feedets fiom the first culture are present
ﬁ’}% g@dﬁﬁ?ﬁ%&e | i neage cells). As used herein,

eeder refers to a condition vvherethe
r efAsruseichsrping Senbusing’? rsfersio teairavess o maidltlinthgfaed dredxpaneting sells
#oied. arify, the termfeeder-free enconpasses, inter

alia, situatjons vvherg primate pluripotent stemcells
ar Ssrddarsing“spmg genomel) rafirs (o the gepomes efieprimatenluripatent stem cell

end 4 differentiateln ol deﬁdaiexéoni e:eqﬁ{n&teqﬂ&{boieﬁt s?egﬁ%:ell%d tidhs that the
presen N

feeders Hhﬁh iﬂ) § Ere are

RcEngeorial VA Al b grer 9 beieen g primpe ﬁ’gmmt@t atprs cgligand
thadepred cdbs cb&nmmdrﬁyaldsﬁna@n&m@frﬂﬁt I&?fﬁﬁl PeliyGrpRisth [(RFLP”) or
gﬁf’ Qalysﬁs E*?e%qf I?l?r ?nrxl;]at? aﬁllngget‘ng ﬁ{ém %eg tg? |deré\/ﬁ§ cgl'i] %as been
aanﬁtfcekbeaﬂteteé,ttwe e@ls [will é¢ tangideréd to imtehibd sape igomine as the cell from
9111@1'1 it Wfl; 8tveSiO8 &R ld'em%ﬂ dohBa Fﬁﬁ%t o fi3Hon Wﬂlﬁ!&e@ @gt?:n?mmm

DNA wi || be over 90% i dentica et wee
ﬁfPB‘iefeb‘Gflent stemcell and the derived cell as

demmmdrmelémbmﬁﬁgw ke(fetré QB MAEEEM pLeRal Mexﬁi%%é’i(%@b Wit
L sis. Even if the primte
%I F“B“S% @EP“’%‘W&W@ sergpnt frrmbgRg Prognged by Engslbectinbelp-Swarm
tyewetdlls ahd yonmlirtigr exttacetilasBata e kdiponttd suble as ﬁﬁﬁmde&ﬁﬁhgms
rom
Rg:{ﬁ ecEsz? EPe ce @Fﬁ %@% lélg‘c}"s? T %’r‘?\é°{1‘p"§\?€f&'gd‘ﬁll"Pke\é\%)
NOMAS mﬁﬁhmha’tlﬂ’@ﬂgeq:fss focRRMIeMelivis 1640 Enyitrezes ICatdbad, £9.).

used herein, "Matrigel" refers to BD Matrigel (tm
Basenent I\/lenbrane Matri x, which is a comerci al

pr epar at i onPETAHFILRESERIBIIQN OFTHE BIVENHIOY
En GRhdpdileTethmigns PO R Hr e1db4tios 8F ée‘éer@ﬂ&hﬁx@ﬁgs kel 'ﬂ'gthe practice
b B R bi
J& & é’ AB1 B BT Tilteff Blé%‘f‘ﬁﬂ 10logy,
mwmg) nmhmdo@omdamydxobﬁnsamgy in Lakes, I\U) As used
o_RPM l\/bdluml nyitro

o eesgeck e i Gl GG Pl ot oy e o
’@h tor Eeratorercinemag pad embrifonic ftem tdller Aairahcul a;ipr@ﬁh (5.J. Robertson,
SIS TR, BlesslIGE h%ﬂl{ﬁﬁdéﬁ @Edithi ﬁe@ i lﬁgusQ;D% %%rétggrl% l;’Yaaserman et

I nventl on, @gact It on I can
7Lt pAeadamia ﬁ@ssf $)e Grmbryenie St Gl Bliffysntiationgs Verood. ¥ uWis,

MBI Bryritd)225: 0004 l% d’kdﬂ%¥§n@ |u&g ¥f EAM&JM@&P&&FI lt‘rgspetﬁs for

Aiffi celﬁrlll re and algonlc stemc

REAEpn %&?w ° ?%! %“ {Gspe W%( Jeasl o 94 shveRepeadFertil. Dev.
Ky y998] endsR B rirestieys Culfrd 6 akinslatcIBPWIIRAGES, (New- York, 2000).
ﬁﬁ? ?JsLe%P f the culture of heart cells, standard references include The Heart Cell in

Culture (A. Pinson ed., CRC Press 1987), Isolated Adult Cardiomyocytes (Vols, 1 & 11, Piper
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ed., IRL Press Ltd. 1987); Cuide to Techniques in
Mouse Devel opnment (P.M Wassernan et al. eds.,
woéeemmnise Press 1993); Enbryonic Stem Cel | PCT/US2006/024060

%‘21%58& 8], BRE Presd 198Y), HdQ{eﬁMﬁévelWeﬁﬁHa:W&' RodeR®EMMdademic

Pro of Enbr onic Stem
B2 38 o o Sl S B Sty B nd e
seaiderd Tatoalp\as (SkbrDProRab jire Molketuldy| Btoloﬁeﬁfr Ecﬂ Iningmblody. Methods

B gt 3l ke BOS3U0Eh b Syl AR
Phoeedyrds mﬁteteabflolMéle%&Iqﬁff}ths Tohn Féiledl & Sohel 98Bk es

I NG Lde Lk otgjggzre,;, gl in CQulture (A Pinson ed., CRC
Press 5 | sol ated Adult Cardi onyocytes Vols I &

Il Thppﬁs@p@nvegmw&vgdeé@éthods@mélffqr@gstm; gamyte Plaﬂrept%ﬁfr‘m cells
Qﬁ)vﬁr&&ﬁ%eﬁe-ﬁﬂéaéeV&Ms &pﬁ%a&e @tuha&ent /éeéa;d&m thatPh856e ds29H) the

Cener al ecul ar ul ar bi oche
T B L R A s N A I
Hérﬁto@nso tam benisdibtbde ﬁuinablaﬁcydts)gglpméztth siedies (USTRatedt 5gBA3,780;

i@t hods, ll\/glp Ha& Ac ssue %ﬁ%quﬁfﬁg garnapl%{y%f?i? stem (hES)

galle al be pmepnad Eﬁoot bmmoblmgyys(t Delld using, @i «fmmplh,s the Jeshmiques
Wiskisa $y F80sont PR) (UK rlbali@.t 6,26, 466! 9&&1@@ 58251 94N 1@6’4 | e T 06p.

resent”invention provid met hods for différentiatin

Y. rpdgle3§,mrﬁfpég9§h@mgg@mz@gf| qt al, | Natuse Biotech. 18; 399, 2000. Other
PRRSYENt Serh IcEIEHP& if@hdeSbut RBfd AoR iRt Mrﬁrﬁﬂﬁ@'ﬁctoaérﬁlmke

fﬁ?é Eﬂ%h&h@%@%mﬁﬁ??aon@r%%%vgﬁ iy Shrione et GE0) el

Slibrmylemet@l Fr@RINGE AR BArUS9s: 8026)199d). f r om bl ast ocyst s

Bombﬁomc eﬁ}?ﬁe é %s%‘g (m thgé%veﬁsoaéi?yglﬁscééii%‘ngegE?yom% stem cell

bmarcyomycbesolnme@lh&@ﬂyc‘ébmsamw gebrymnisplésseed  Ar large mgm of
@:hﬁ-?&ﬂ&éfé{ caﬁmes%hm [Nalal estfaﬂrshe%wm“% it I?x@t ﬁrﬁﬁeﬁ R tﬁggﬁv H9,

descri bed homson
513 eridl¥ (zeéezenﬂ’ﬁ@mpwgb éESléﬁWS @éBGN@é«PESBﬁHr% (éxssaﬁs'a Inc.,
fakhens, B29SHEQ NI tmm fHES 4, alBS-3\atBsree 3ot chu Intematlonal

b Sasian -1 OES chis TR ol BOE ™ s rehon 1. 1321

861 baldront 6.2,Ke3, § BRL(Yerived htshe Daschhiomrbeleli listive &FeBih6Ibgy, Haifa,

(BLGSBRER) AF SCRHIBAIBLIEN Crgfl QbR 1L, 200 tnes
SRS 37174 Covian 9631, NEMSASU6H) 3354 3657008k b Tins AETHA (Klipanskaya

hlniggge{ 6065 (J: 1885-Ahagey from enbryonic stemcell lines
may be obtai ned directl primary_ enbryonic

t i §§ gestaingmbedigents, BpYe Plavpogqﬂb%*% Fille use &%P%@P%enq ipvggtipn may

havéebderederiat abhi REREfEd Glanst NGoe, iY, Ribharskdyh te@dal] Tancet,

or H14 (reference Thonpson);
ﬁ%é%@(l’(ﬁg&hg@é 02, hESBGN-03 (BresaGen, |nc.,
At Hemsye fBNpotetisBmlcell bllisre?, HES-3, HES-4, HES-5, HES 6

(f Ir._lpnéna 3 I%Ieiiz]lotl rhls \?Félsc%fl’] ar%ayol? c&‘tﬁlreci usin Iaava%qg gl; sr%l[)s%)ates, medla, dnd
Pthemsupplemdnts @@, fadk@s 3n0vm By ®¢ aff. 4Pnniat66pludp03n12$texﬂ cgl]s ¢n be

? og QF 't':&n\ﬁﬁ\g)u% mtc#lﬁurg%gxhg Etﬁﬂ]ﬁéﬁcﬁﬁdns lhgtsﬁr Ué&é %oﬁ’lferatlon while

| srae

er@ma@égereevanav Exemglapyi medwsx igmpde Wi $0%)DMEM {spcipay Knock-Out

DAA, Gkucageaoﬂ&saawrlaem@\fa&i BWing!serumNEBH] ﬁ?&én%)”:)or serum
1353-56 004 and line ACT-14 (KIi rranskaya et al.

Lancet, 365(9471) 1636-41, 2005).
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In certain enbodi nents, primte pluripotent stemcells
used in the present invention nmay have been derived in
wa e@dzisef ree manner (see, e.g., Klimnskaya eCTAlS2006/024060

Lrél:ﬂ'é‘c%enlt ﬁwl 02/007674/606 L TdcRiH g el Inch)y liomesqahtlialt anfind s, 1

S e cu e I_mat I potent stemcells may

U‘éﬁgﬁ?‘f Bfpag a?é‘%ﬂ@%‘ﬂ‘l’z‘te@mb“? substrates, nedia, and

ot hlhrceﬂaip phisodinens, jrinchtef ;ﬂm'tporeﬁt skenoeetls ara cbltueedaomta, layer of feeder
e tem e .

con 1, LP}l ﬁl;rokﬁz% d@ e% ol &r?n o?hc 0§| ef-tgetls%gﬂg)g}n ; %&n Q al.t %céetnce

ncu ure cu re c 1 ons
rﬂ82>ﬂrb’t5e l?ﬁsbl lif egriginj embowmmtte thqqh ifdsilarioalds are from human or mouse.

CHofnfo6 FRAL Bl @R be g&‘ﬁ@pl’r@ﬁ Varmﬁéjhdﬁml 't1§su5§19cﬁl %mWett;l By @i@fou/fénnatlon
DMEM (such as Knock

G bco) 20% 0
CREFRmER epiyeic e icRls @@rféhwbeqs'seﬂs el %e‘}VOBVSIGN) o certain
Sibbdimens, AGAsERddet ddffs FRORAYHR Geed4rclie, but bt Got hmlted to, placental

e oo s RGiHbeer Shblorertl S EIN L T
esfdmaﬂialnmnt s(see,pég PRicharpid ar alp afz.nBiogtlawl.,C2:933-38) 2002), foreskin
c‘>:lallJr egse? An%ygr 1. Oéno]f Eeé) n(%(f 6§§l!5b %6 20?@1& ne)éndometnal cells

er | ve
((ﬂ'demsdweettal aiBiol, R@m@?ﬂ(@ 428&21)9_395 1998) In cert a| n
embpdi-ABR kﬁm&&&&eezﬁb%fo@lﬁrsteﬁedei1§m§f o8 Mugméaqm uififferentiated

mouse. Human feeder cells can be isolated from vari ous
HtataTithus added fegder grlls i(Spe - goyRagiek ftetl-eREY: 2vPagh 28%: 212 004)-
efERdey @8 Gultfes MeCtHpibadly isBiporidd B 9 hbteisdt me@iunScoh@Ring fecugs that

W01/ 5161/ J t
IS, oPtaton (o ey S SR reAi oo €6y O Fafent N
d,800480)alIn fcexfuimhhlaxﬂﬁr&nt@meh faetoxy. mayGeribtegieasd dito aﬂe medium by

c%fh%rkxél théSFn% e?ll secl‘ém% égfaﬁtglgog)ch a@ ?ﬁlrid?apeﬁg({h E)wjﬁad)

B]I‘maé’cfh%¢ embrzc@u b[%ts, tg]gmg)zed mgvse Sikfohlasts, oy Hhrpliast-tike cells
(RBGd Forld -prinE lurfloted stem %le@ U.Serdidd 6 6@2804%9-5(3\7[% can be

2032 ut eri ne endonetri al fs see,

aqondl 1Eegpy plﬁgxg ,t}gcfeedefz [y & semL fgpg meéne@gyc [asK géi}l\{ﬂ?alylﬁupplemented

SBOTIP R AinSrepl@I¥MEN @Y £nghhE BFGE | Medidyhallfs BRh B&xamaﬁda fd)rl’l 2
[ wi.t hout added .f eeder. cel

? é%{s] %]Iégp ?nregtﬁég'raﬁ (?'t ?rtbg’?}% anséged tw\;@ pﬂlﬁge glggp%efn& stem cell
Zdiﬂleﬂr): for Featdey (scbr e, WQI01/6YEA6; Xarad alt, ot Bwltdclgnok lll?lﬁﬁt 2084). by

t f t
or o?ﬁt ﬁlﬁﬁ%lyn%g Gk %}dﬂioﬂ% tn%ﬁlin?lr anf ITBQ us! 151? has been

era ‘on he C eren
(wpidemented with\addsd fimtare fike Mdibroglag eevelig Eaptor oﬁoebq*mhthw promote

b ﬁehmruﬁhe sdis hn faﬁ‘%(ﬁff&en{ﬁﬁﬁéd *@&ml nﬁ;zegxgm@eiel al BAbOmEddEn like

{
SRRV Plowiitpkes ar SRS duaby Biglogien ey porplemed,wieh
NBRGFEat @0B0 NPAL,Canfl bﬁtroahiya:shts:mng etk I Faéeel(l aayﬁae,), or Flt3 ligand

fibraob ts, fi ived..f
RIS S e s Stk 2oL 508 bt Fhoy Bt Suttions
G}aﬁéﬁe adhBntageldE elipportingaell lgeowiton i3t tings éd roy inpliet sysigmt e, e.g.,
Qﬁfoaodz ). a serum free nedi um such as KO DVEM
supp emented with 20% serum repl acenent and 4 ng/nL
b FGEor Madiplemthehprimatia pluipasent csomd icells oave dplatedr at 1213,00@yesllsi e
Pﬂ% (086! 2 &) 19d.0b R&P). gﬁaf ra-qz,ua nd d&éguammartéd before

lurl potent stem’<c ture ays
(@98% becemg comnrwlm fispered dsay.xd @in %rh coﬂaﬁenassﬂ& e‘élwﬁzﬁ of ~10 to

19000 ciis 2AO08dn platdd diREtyhio R sHbstrhtt GftFoulfurth@ isRafli AlleRRrly,

medi um can be used, whi ch has been
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suppl enented with added factors (like a fibrobl ast
growm h factor or forskolin) that pronote proliferation
wofod7he2isel | s in an undifferentiated form ExeRpiraisgo06824060

1&% &u%?girwgzeh \vf‘ﬁou%(enﬂn}{gbtame tﬂeq:ﬁtoB)‘eSBﬂféH &)Bﬁﬂ%ﬁée)by Gcubating

Bi ol |
e umgtunaxeo o 54 o e b e P G A o
i far ﬁx@éhhméaﬂ?,tsﬁéh ds 5 sdi’@{d@o} isol@tfon thh3 finé ﬁpﬂd AfietSvastidgfigm

S et T S A S TR S0 TdieF el Ol
ﬁtﬂilﬁ iluktration, ceifluerg homsnendtyoRic Stetni cnﬂ;s:ultlhgl in ghieabsenceqf ligeders
%’ Temo n% ﬂ(O?l He gfegb mé%)atglﬁ \&tﬁg%glgt)on oE' 8 'bS‘% E@M)%g&#?lbco)

Ot e stemcells ar e
mél010§3 mM BD@egfon fmaﬂ mip 2937°Go(Fhe ﬁwww cflmmdmpletﬁwz)wmoved

%ﬁ%e%hg e wﬁﬁl‘%&rﬁﬁd §sug15e9§§rl éoﬁﬁnélﬁg J’ﬁ%’l&t &fls Qﬁfsﬂlﬁﬂ? clo®érb, Sind
e

cone CcCo tel y als ersed

e platgd g sdensities 0fCHQ,09:208,000 i@lwn 2 ‘?)@EP“E’& F‘g"’é{?‘ end it
Akatedish. rectly onto the substrate w thout further
d| spersal. Alternativel e harvest

a%/tl?e.celtls can?l ﬁ\d ioh
gt G/ PICERSCORRF FPate, PIIPREY SUSL n84IS ¢ SRR LT B
hd&reu’lb@topﬁgmc&nm prontineat sweleoli,i apt corfip0t Eolamyférmifidon withPARSrly

ch{n blﬁ%eiqp c %ng;: gx'ﬂét@ gnrhﬂeg 1 {efltes%nf‘\&hi t?gltzeﬁ ;fr&? the stage-

Yy Scrapin r rsol ation

wietific ambnymec pntpms (SSEARR wdshiang matkem feiestably| ysingeantibodies

X&%ﬁﬂd T;ahle600§rld| @raﬁtﬂil pbﬁ@lﬂﬂ'eﬂtﬁfe@ lﬁm&?‘éﬁnﬁﬂ%ﬁlél ls®m cells also
out further dispersal. In a further i ustratlog}RP)

typinlly remesshifiprirAnsermliop dartos Qe-¥h, CRIP, SR TREEE PRRC
ABSER, Cﬁ)d@:faly&&ﬂﬂk@ rpﬁotélﬁ EPOEXIM)Y el hunfafi té1biferik at\efe ygnscriptase

L

v wotant sig apdian o | :
elihe {)Jegeg{ 1%&3%%):1 J}{)‘ﬁ%eg en?tgsamﬁ %éﬂ%@s ﬁpg ﬁ‘gﬂtexgiaﬁx% nfe&% é)lﬁxtnlpcétg t

etf:m 5610 O0e 2agiongeryiedinpage cails by tﬂef; fravsRtR ccultiing; ffathe Prgpate

tufhdtent ki S i filsAinl tH@ preddRALEST ah NR1iER %t‘ﬂ %ﬁ&@@entmhluﬂ‘ﬂxb &n the

tent st th
BB ST U JDE oot ISR CAling e Vi et

QRMABGH nfap b;aie.yaufy% MRkt tuting the qnasaqﬂem cdinging suelabitlethe BMP.
j u ctions

t. I
o, e’@?@ﬂf“é"é’& f*ﬁ‘@@?d@é peC| i E'qu“ r f/‘ﬁg)‘{rﬁ' gﬂan emratwn
(b&SEdh)lO&lg&:ﬂd:ldlZOOatgdnlmrrﬂeM& erghultand | @ nghilner between 30 ng/ml
lﬁ?] d:l@)o gélrgls t g:?eh%g%n%gdn-ggrﬁ% kc@\Qn ?snﬁlcla_(fea n]- 't}%lculture medium at a

en huma ryonic stem cel al so

tcylppmtlbrybeb%pkoelgénltoh@wﬂ&ﬂ%/ﬂ ption fact or Oct 3/ 4,

Cri ﬂtcgptang gt dainfbnfs ©hE BHPNY nﬁﬁ@éd‘ ifl el dell? } me8iGAPRE @ koncentration
podocal yxi n-1i ke protein P(DX&E and ltgggln tbel omre Oas 1

rbew'é?rs ttgfr%}rm ?ﬁ"b‘fgéfﬁle“(lﬁq"‘fiﬁﬁs 1e(id a5 4% peyBly gribeVeRy § ng/m

aifid A6 RPhE dinkrtdRT eibddimdntsf fhe BRM is dicdhuded i thétilneet edium at a

pl uri pat en s em eI .S t@\()C%rgl onvocyt e-Li neage Cells

TR HEALRO °6FP°R5‘? & inter alia, nethods

f or Incheftdie m‘midimwnge petivimosed pi the diffetestiationsis detivia |, Activin B,
ﬁtngmg@’ %1' R?W/?xhé t o Jel'tﬁ? %@qdﬁ‘f&us Sm&‘x thtan Snesﬁﬁl%%dy%k used. In

turing otent stem cel first
i qertemn enymdemtsc@h@ﬂ@ﬂ smzrfambnmvmhets agdb@érqil’@nvodal or lefty may

%'sﬁéé{ullu&g 1&338%& dI6r A afEAEmE Tncfvii¥he rithtloBO4 AR phrdiéne BVERtion.

IS exc uri ng e culturing step wt Activin,
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the Activin may optionally be included during the
subsequent culturing step with the BMP. In certain
wentdomsat s, Activin is included in the cul t uPETIISI0GN24060

at n?ceﬁ% fn?e?)'*sotﬂe Bﬁﬁ"’@&nn ihQ alietiaten & Bk Wlmt, ror BMP-

bet ween or between
Andn f@@“‘h@‘}‘ imepts, @érFt]\Ql) i ér?%‘jd pihermthan BNIPr2, %qﬁp'g? BMP-7
E&J&ﬁdﬁ%@ﬂ -1). h@rtgin kinbdd@ndiB i orethad ori Bl\mmeylieruaidt on

I 10 /
o i oot R treinind Sl e, bl i e absence af botn
At‘.tlvin m0 BYPreftercthé BMP lstep. wiaeertairOof tipsedmbadiche @€ @n Hgl wincluded in

\4‘\@8‘8 ség %Fée mao?%ogé)gnﬁg{ ts, e I(ﬁ*e{s ? uetﬁg an%%tranon

n certain enbodi nents
bm¢ead@dg/mh andtHB0 ag/mi; pr betyessi2d #e/mi angd 1@9 ﬁé’é’htqf aftwem 50 ng/ml

Q‘%}@Wu%l ngy J&tan? emBARN G2 B0 I@g {srﬂleludhd‘ at%ﬁ&eﬁ\frd’ﬁons less than 10
0||Tents he Activin_used t he erent|%%é)
0 ll'nﬁnts,

pg{miapr; IQFe HmASOOA&s(mku%eéG ReY PWW 1/-\'E§ IGB rz AR £
G8dlin3ay bE EID QIR EO6E the IGFOA memaadsamme@fetenvmenﬁw be

o P P AR PE R T PPl Al A em oL Hheage

_Sélb She delld arel cultnget] draitie pfesence of |thea°d;dv1tx,| BMP 00 I(ifh%r varibussperified
!8{1]}5 tg%xe dsrmlt I?:gr% nl,]embgwgntp rﬂ%scgﬂlr% %%Vﬁﬂ{ }fk«gﬂlm 19be(f\95eBEih Hours and

erentiration Is
Bf/Fougs, in BMEIhADr bepwe@MR-hotrs andy? days indéngtheerbeieprehbanrs angh & days

?‘ggc%ﬂrc' g?be%béze)n @thbl.)ﬁ'g aﬂd%yﬁ}ﬂ?en%th BMRridin @ﬁ'nb(ﬁl}ﬁ?e'n?s, the culture step

In céertain enbodi nents, nore tha
Fith Aptirn isfpres dhapnSdays- | n certai n enbodi ments, the

di fih @Er%ﬁlt dnibbanﬂmég el dﬁlt\?’é Stef wlﬁm mg e B bbthreelmﬂb)ﬂ iﬁay? in
tIVI aIr e S , n.gertajn. o
SRl B e Torot bengl et 5 pnp G STt
strapx erdbndxmemi, the pulofe Stémsé tierB)aR|ishangérshantihdayb.G- i s
DR, BB GAUCGILAGL R IEHERR 1 et g a0 i
S@gﬁmrmemmmz do apdyP #Pys orrbeiisen R4y At orRekrs dangthy e certain
lefabodimentsNht SUER séf) w@tﬂﬂﬁ@@ﬁ fs@Jn &fifen h%acstlcg%n 10 ng/ n .
or nmore than 500 The | | or l%
| n KO8 cxaspies Engsaen ﬁ@h?fgmeqtﬁq &Wﬂ‘?ﬁéﬂ*ﬁ étegu’sgﬁ pleigd apyMaggiee!
k@ bk Gfst bultufel evitiB0hQAa Arfivih Iein tlicebante dfraBMIP @ about one day,
t.he ffe on, of t ot en
a3 g 0 G b e o Rt S} ot B, il e
anlexraiih therpedenceoft 0engfml 6B Gretho ibserive oftwthi ani AvtiviBleR) a BMP for

I \% wa&rs eréeh?tf 3f EB%Céntb'o@ %extxté QFB @ﬁlﬁing‘é&dlo}nzocﬁérlﬁxé‘dgg cells are

he cul ture st etween
trvestadrand eariched By Resemkeradient as ﬁgﬁlchbed srExgmplgden 12 hours

andy,Z.cHay %mbd?lu}néﬁﬁghﬁ pritfate RIApBRR sRenh S %a?“%@ dﬁ'fdijéi\}{ﬁed fito

| ength, or between 4 hours and 5 days in

cardomypeyisrisenge Aelsiby direqh differentiaipn Lifispsntgtion pag i e it
|;ﬂlﬁ}$@t€nttstbﬂﬂ clls dRNiSional 1 iS@Ive ahddetibdiard iformatich, oft disbryoid bodies,

(i alesosbalnetgsn et sy LR R 45 RO (GG P gl e

breintter eemidiscdatyf anainbiyb. dyever, it it efteg talivantageowsgo tliminate the need to
flﬁ:?n g‘hl%?ogcg §ddxets haqlo%ﬁl L 8&‘@1{@(@& ééM rgcegshtg b@l}ﬁ)ré ntrglﬂ:g eﬁnd the

’Incetalne the cul tur
viesulting h eell Gﬁpuldlmeﬁmé% nto3 bdaymgrean@fgmd a(§% i 41 e‘i"@t‘)llml51 16;

qgsﬁﬁyo/ﬁ,qaﬁ%g?ays and 8 days, or between 1 day and 4
weeks I 'eng In certain
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enbodi nents, the culture step with the IGF is |onger
than 4 weeks |l ong. For exanple, in certain
wenhodomsnt s, human enbryoni c stem cel | s pl at eBCOWS2006/024060

Natd g)?lt}b rgwanggesfdt rﬂ?ét x%&l ditedr&fthatint BenmGud 9/l /S\Erhxln\ﬂr Rerfim

sence" of for about one day, th
gqlpptttujp esdlog\pqeﬁpdgq)mﬁgyerpr SW the caqdipwyocyp & @@tl@pn Bgqeess, as is

Pyistchlvcsﬁbﬂﬁee rmeaie&ut Inﬁt@dar H ARG Hehfemuwwdtsldrtsﬂ i Ebntahﬁ an
presence of 50

e,..of
g iR PR o, REPUCHEAST RS SIS BRITHBRES o
afdesi MBfinplant Be BEYS bipblementC NE ciupplymay t dd | Gh eagpenest! (Isfe

S'Ecggaar Vg.‘s gclgfj él;% éjrtaenneg@cg%?mgntp ¥uerE n&% ojf%%é&qalug'{yxts gfdhcofactors
tiké Imetae inshlin oswbmm hugitap tmansédriin (SHngé@L)d prfdf seleninmi(@$ ggfmL),
aﬂ# x?ae)’rzﬁgodéo mﬁgﬁ%&s@m% ¥ln§§19/%),q)§lhh§1 Iﬂgng 'hSl(ﬁ'GJortlsone (0.4 p.g/L), or

entl atl rentiation paral for pri

progesieprae dhe el rand/er low leyekpf misngsns Nkei o?rv%ﬁli hleug/L) " For
GrhosBE bAEEnrheRlid B Pro@fcti SRy Rinfin IReHp® Selimiati6h ofbdnfpdfents

cross-tal k between different cell types, thought to
gerERD irem persiugpan F‘B’i"ﬂ%\’l”f"b‘ﬁ" YPelhner renini scent of an
en‘qmbertanh-lewadeﬁentsl thei it tneadivadisad idadyeottis differeatidtion R@pLis
t he t o for r odi t -
PP R eGP oau ety RpEm i el QB fhe tlferntitiop eps
lcasaihst llessghanéwﬁ%maplm ait lewsrthanch¥é seram e lese then §.84f sgrum, or less
Qjﬁaﬁ%w esexgxm, or\{@s 913‘14 g’ﬁ‘ﬁ ;Qum,tﬁlegbotgg{ 1Bd3lim3 Al). One of

vant ages ot di rect per ennanon tecanque is
rratNQiW%FaHﬁ?S) rthes @dyamiegas bk ﬂtﬁuﬂ@%f iffgsentiptio qmgthedy in certain

ieRbddiAdn®s QF tﬁéJrf)EBaér& &Mu&ﬂrcﬂé QAmRARY bRrighidnt efeanicift AP be
process, ot her net hods

LY Bt POToHR oL Pt HAFSPE 100 Ao REo-gi nesse Gl
alirbﬁgﬁ itiel fodmatiaii of leinbr9oid boddes mpdoeimmht it ke tdifRrepiadion grotocol except
t d I
J,ee Sl b Qi 58 é,%brg il oo B AR ED B 1 YaHiown in
Shq@pl errent (Li fe Technol ogi es/ G bco) In certain

enbadl.aRy Exﬁbodﬁx‘xbﬂ@l REBRHRGRIP CUB %rmttafe&aﬁ § seb3hate during the
cofactors human 1 nsulin’ (500 unan

trpeiheds efrthe igvantiom Subgjeies fhat %&eé‘&déﬁ%ﬁ‘@e@ pdgy fut are not
aﬁﬂted‘fﬁ)Ycoﬂigfé@ 14:Qih Aibfonpétin| A 6etrd, hyhhubonatg pbly-L-pditdotited tisue
#‘E asé% &cﬂortlsone (0.4 rrg/L) or progesterone (0.6
FFE %pl gw | evel s of mtogens |ike EGF or FGF (
n@/the) pradﬁo:f ofpherpaae snvarditios,chere sre valous il surfaces that mayoe used
fm °H%E‘?{‘nﬁu gerllgp%hosg c|>h sur%cgso ﬂclg \?rmor[&?ﬂ%ﬁidqgréta\(ﬁgd cell

&N ant nak
el pbtes spcht dy é-walll %wdl ﬁémeumrdéédlem @latep g Othige solid surfaces

qiﬁ{)&dgr BaxL ér@tﬂop mﬁ&c@ﬂ)s hiSroSSlidiMadd 88k 1R LRLih %odlments the

I ments, e cul ture medium used during
Riftoenngest At heecﬁ Jhesp beqds romp ({8 VREays f?fﬁlar?“@‘ %‘5%‘3@?‘ Upgxtran

lfaﬁxmlo@ﬁer%&”ag w@a POSVE EHAFBe glfbﬁpg 6 t&ﬁgn{ehtfb@lé é&tt&%’l&ﬂ," gémm/&ﬂlagen-
ess an serum or ess an 0 Ser,u
(A DO SaF G, SRS AT TR B MR e B fifent

otlom%s fibi- hifaelintant bfakllso Mhe XEytbtiael dexitran, cgemﬁrmmemamlanh EAdpSrous

Clglfnioga r es nage «!fqr;]n\éx}eepcti I11? gatVal%DlB );Qr I ;ﬂ A ! W éo?(mill
rﬂr@ﬁm{nglmw e\h IADtsDr,| ME).dn eertath mhpdmznteﬂel l:maag@ P00 gm in size
oo B TR s e S REN Bty Ity B A HIR 5B b

ent1 ation prot ocol exce
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for the Activin culture step. Enbryoid bodies can be
formed in a variety of ways known in the art. In
woent7aon3enbodi ments, the differentiating cel | BCaUS2006/024060

QbH ﬁnmtfes@a %s@oﬁ?&ﬁ& r gt ?ﬁg‘{“ ehnh@lihdne, arasgmemte ﬁée&tfﬂ tirred-tank
|nven | bstr es a can use I N |

DIgFaTIPTs g‘ﬁ ataf BEFt“S dfigks ﬁ%?tsmﬁ T sf%f‘g"e?r“““"ck
Isaiamiﬁlc Co, he. loEdismemJ) D.Nin cmahrembedimems, tﬂaﬁﬂksmaﬁﬁtaeel Disks, which

Y,
tp%élly stﬁrl¥§l g‘f e%%{é‘ng bt o 41§ %Jeh&lstﬁs ?ro%d % éurfc de a?eta of 1200 cm’.,

prac |ce 0 esent | nven
t hefhe selr@uvfaqel lmysbemm of @mrbiac)és:bstms nelydifg butswedhmnt\ed to,

& yiastwshms Bél%r&ﬁéde Sjsolyu}\?l%ﬁor%ﬁl ﬂo®c§ugrﬁaé%®tenraﬁwaﬁ»lene,

ut are not t andar d urln p at'es
Fghinexod *B@rwemx In perfgn Fmb°§6neﬁk§qu theomvefam W) solich puzfagas may

@rbetiméRiohdl S $Haped OBSm 13(1519 lenreledimbtidiona k@lid0kfaded e H&QGHHeE, e.g.,
In certain enbodi nents, the

M@#@@%’?’H%&g ng glest Those beads cone in various
f orlagersaircémtmginteyts,oblesellDene tin asingie-celbmsgendi@r dubiea de nwitiolls of

Sltl ) .
Rl TP 80 OB D AU E) b AT gy b
matdmpé it lgglttm mracﬁmnmfmk bweea@skemlm fiifi # &rwentors. Fermentors
@QE ﬁ%} deluS 1£é?l§de,‘5\;u§ &€ mmte@tt) &ﬂiﬁleT@ﬁw%Q\gﬁﬁ Scientific Co,

xtran, Pﬁe at1 n-coated and macr opor ou

Aico Edisem Ne AndsheSER ofrthe %Mw&q Repgtor (épwhkprabp gFoster City, CA).
(15 ah8 eAbéHih&ls, thobiorda@bit fnay moaﬁnusmmmed NG 28 b} §38d in

oS R AR B S T R e G0 BF LG0T
crrﬂannﬂﬁgg&drmyanbﬁg Cﬁt_ﬂ@Medﬁnege\C&H gety of materials

?ﬁal%?]eseen? nv IIrm mo%dssﬁg oﬁs fog ﬁ%&ngfué}p p\@ﬁ)’ Sa?dl?nrlyé)cdytci-lme &
m:lb iepudationss Witmut antmﬂmnﬁ stepf tﬂwe‘@el the addifierk of apecor more

%%éﬂm@&f s%m%nkrg&lé WC LR tgﬁ\!?‘ﬁﬁx%& Hﬁ&%?&%é%&gé éeﬁl'p%

I nc. (Edison, In cer nbodi nen
aies, ppethods cof] they @K@"%ﬁ'ﬂ% hinglpde  pensy g’ét@F‘F}ﬂ’tﬁ )?HV‘?}'p?‘f
Ghr@iemyootedinddre Qéllstdﬂﬁﬁxed sly fmk slfﬁfeﬁuaudﬁ stapsscnrrtﬁeaﬁ@n@dne a\/a%us

SO cortte PR AT s BOORDE 1 T Tl Ol S e
[, asdchanical separationp déngityt sepsraten, padll sovtingy agrketdr saidng, and genetic
Qﬂleéﬁg@ E&ﬂﬁ@.{e? (foIJ 9 gé(ntel% B?rlfbukégﬁrcﬁ"tcgly IS%PI%U%H”@éGI lf}gsﬁney,o Eulture of

er manox n certaln e I ments I nventron

tAmimal Slelly Wileyfldsse Newraiork RP/e= @ihpniersldd n Ekamples if sprae of those

@gqmlggr,ééay}ﬁsggssgﬁlggﬁgm onal solid surfaces are
descrl .g., 1nUS20050031598. In certain

‘ﬂ’r”ﬁb‘?ﬂag‘e’”‘f he cells are in a single-cell suspension
d ur inn@redik %mﬁ&iirhaﬁisﬁ: c&ﬁmﬁ‘n%&ytb—lﬂidéigé taMe areTéiﬁclfetl g (Ensﬁ?t? |gkadient

SUS nS|Q er f or.med | S 1. NC
R b Py Saler, Mep G stoh ah o ol ekt dgseolf (Ref ez,
sixahlﬂe 3f has:k aneru ret al.,f GirdreRes. 09H6) 5Bens;ezuom); Fidoh aPharmycia),

to, Celligen Plus
?’%eﬁv%%@ s’éla&% %m en @%}calle anddex Edi son, NJ), and
thecmrw&mtq&m rred- Tank React or (Appl i kon 1nc.
FOSM@I[ (Qilts)frtmé:@:hmdugs &€ £Jaﬂéﬂib ﬁmﬁ oéytéqmea e cells from

bloreactors may cont i nuousl use
u'garsaqowyepweéweasatc@lﬁ Anse ceﬂsm% &elmuss le@wb bum are not hrmted to

Chefhi®d BiMtunSseRbtfon lahdsidvedmbnundelbotiof - © L, 14 L or 20 L.
Enri chi ng and Expandi ng Cardi onvocvt e-Li neage Cel |l s
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The present invention provides nmethods for obtaining

hi gh purity cardi omyocyte-1lineage cell popul ations
weiodTmozi3an enri chnment step. However, the addi PCowsef06/024060

O N EimirfundtBleiof i d gbhél‘ﬁﬂénnﬁﬁa@ &ﬁ:oxﬂﬁa)ﬁsepﬁ Ozﬂié@ﬁ)f Llin which the

di

Tl B o Sh Y oLt ke ch oSS
@mhlaé mieatdn enidpion. P@)@pamﬂh ofguahapetnfmnymclwta@ﬁdmyme axgsntibaly lfer a
%‘guﬂib eaﬁsuhyceh.i}@geg S'va;r?g Eé?agg)@% o?ﬂmﬁ&n%? ec@ctn téctﬂn 8“?5 are p&ag?cfed

i nvention. Variou or enri c
Nprtize dJmanupeselagtion ninvelees athe  eliminatipr | of d@a Spm!lﬁc anlzpom)atlon of

|chrfipoh@ds frdn a FRGDRALAADopRRARBLH 2 he eﬂﬁﬂlﬁﬁdnxenﬁas& AbihWyte-

eI I [§ é ma%petl ¢ .sorting, and genetic selection
{iB528, CRl5eLoTH 117 CHl gogwian e} SEisefrom 1bY diffspencation of primate
pmppotat stan cels @cofdi3b the yhethbds |hEﬂdihe Inontfisd, Baktive-Bhrnthoselection

ngérg Yo 1&1’1 (ﬁrect sngchr K %go(\)%g og a_sp ?1@5: ﬁ@aeﬁaﬁiase ?heoc{irect
E)éWSWt Wdaewpwmfs:aﬁdwnweqyteammge reBltsdfrane ﬂ‘tesdifferentiation_ of primate
‘ﬁﬁﬁﬁdtéhWt@ﬁchﬁs Acb B8RP % HE ol &re‘ﬁﬂ Va4 RY of of SRt icction

gra | ent separ ati on usi ng ensi t gr adi I Uns
Fay ke ysed ip fhe pragtics ofrthe qupsent mvrz@weowluq:@ dnt ot dimjited to, flow

FACBE liinGncagnetid! t&hn fbda
gr@;zy T Snell & |léu(e Bhar rmgu“ﬁ%ﬁsﬁém’r“}mz Rrecigiation,
3?‘1?5‘“"‘%d| Grad (GE Heal thcare) and dextran. Cell

SorQardige Bakdanil ua&ni\/aﬂ;bdi&ghtb ﬁﬁﬁ&ﬂyﬁ@td‘-lﬁﬁkﬁél d&lllsexiixft)aﬁe]?ﬁmher
SO ardi o neage _cells from

%ﬁ“@grm gnncgcy al{ow‘ gage'e’[1 té’eqr r% éﬁ‘l‘fgeés tlhzEtealr refeged e cardiac

bedidsni ques include, but are not linmted to negative

| MER0s @él @)hl%nqp gbnBASH Platvc%ntams cells w1th gheno e haract eristics of

i rmunosel ecti on. | nhunose ction 1Is ner i erm
edigmpypsgetincage \palls, cang eptionafly W@Mésbﬂ ﬁerwhy chpardtien or other

&Blﬁﬂ‘quﬁ: | Thd déll@zfre the® BlRCH to%ﬁéi@fe?s‘%d%m@fa RERMH 8 sii¥er@iBn are
%déﬁ ant| h%bllkem)ecule such as a [ectin

Be}no bt S cg,be, @ rbYJEHing gmﬁé:(l}}s‘erscﬁe{tly gnd pipgding out the

afpbmatartt worodiniag s1ﬁglé bef)Ed)Befoﬂ:r préceSddC it fid &frﬁﬁxhés BebSHcAr @ break
,.0e er a sel ect]| O

At Bl BorSUEAE o R S PO SV R dtppsin. The

Felly ey Ehgn tepidured Ilrnﬁwmnsml noﬂova adipsion plaes sm@sipuhlaﬁe fiBdium

RhecARO BP icBiuh! QMlaid el AARRCAHT, BORH S48, FHTo1fSnd

i m nati on_on non-cardi omyocyt el I neage cel

flﬁé’e‘&é‘? Feageagieaintoo ieqondery ' caxdinc tbodiey. o fulturiag then continues w1th
ﬁhrib&&fdﬁ’éﬁihgtab ﬁH&es@ifry ﬁﬁthréﬂ{iiﬁmﬁécy{elhﬂl&'g@&ﬁls t&hﬁﬂ%ﬂ%% J:ltcl'stetrs of 10
0 erein. In contrast, positive
%m Sgse&?bcf‘ %tf’g&grcgﬂf'ﬁs’tzﬁe di rect selection and
r eédivies yuieble persquietypfcaity C?ﬂ‘pﬂi}@)’l&he caldGrEd Gfls Bi}ﬁbéjhah%i&l&d for
very of c yte-]ineage cells
?‘r om t%‘%e dWé gln gastcl iR a%‘]’?’?‘fﬁn%/ lﬂPﬁﬂP'{aﬁWeﬁge Ryrifiggtion
eEert mayAwprovaif thy celds ardekenslirugt Surther @mas of\{amvmg&utgma& and
RE he ctige.of
ULTRBRNRLRAL W08 IR By P e RAAC S ed ontiily

@r esent inventi on, [ m

CATRAALS # §fR i Athich the clusisrsoferils ate |dt§pqr@d nto sinpbscelln ot snnbiehycell
ﬂﬁ&mallowmﬂmr RfepaRlidrallafer c1Ane WHP Ry H}‘ Qogregation of

In certai n enbodi

i es
tgaf‘ﬁ?e(?ﬁ‘i?‘ el 88 by Prelifeatiouetifhin thegluss, or pthhdtis a hypothesis of this

invention that cardiomyocyte- -lineage cells have a tendency to form such clusters under
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expanded or enriched by allowing themto grow in
clusters that are referred to as cardi ac bodi es.
WGIZD(SN0,0ZBG cell population is generated that CcORC&iUSI006/024060

‘é %"—Ete"%hﬁn&g %ﬁﬁ"ﬂ%?ﬁxe QMQQFE%L:I% bhifs et eliminate other cell types

nzocyte I neage cells, and optionally enriche
and/ ingke#s PYMYOSEREHRr at i on or ot her technique. The cells

ar ehet daRthc dbdyor@eliqhdcan®e rmal tol Sﬁtpﬁﬁdsandﬂﬂ ehrizh nglca'dibﬁiyb@tes in

t he _suspensi on a i S can be _acco
AP, Bt i P PE Sasepiaon g o erpingd SAGH e
tedipiqien amarie meddt afteri ag peviagy entubinky. stSef or elensuy separation.

IF‘H%"‘E‘}%Q i gf the E 1!‘I§5111§ %EEE&GHH?SS %Q Q%?ef Ao? Exﬁ'llcxpgtgd mﬁﬁ@ lﬁle %ﬁfn& of
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Car di onyocytes and precursor cells derived from
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anplification nethods using publicly available
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For exanple, the cells can be processed to increase
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compounds for their effect on cardi ac nuscle tissue
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&fg A Sﬁg{, % [ 0 EDTA wa

er wel %EHU% 2 nge&% gsstd\%\%’?%d Pﬁ%’gbg{’mé’p%{?at?‘lwﬁ %Barmeg@“d

ples wer?ﬁ'%sque@; in 3OP aniqrolitere pfstaining/tiuffhr far flowp edgoisition on a
RH(ISc&hbanﬁacnglae cell suspension was achi eved. (20% FBS
in Knockout DMEM . The cell concentrati on was assessed
by counting, and about 500,000 cells were all ocated
for each staining (EMA, isotype, cTnl, cTnl plus EMA
each in a I Sm conical tube).

B
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Tubes containing cells were spun in a centrifuge at
400 x g for 5 mnutes. The nedium was aspirated and
woOher7oeti3e pel | et s were resuspended in 1nm of sParmiSH®6/024060

buffer (PBS plus 1% heat inactivated goat serum and

. [ ej ved
RIS SRL 4B 278 be o Qs SR APn SRR SRS SRl e
WQCW‘@OTPW PEvépineqyrding topamin In Théve rageltslarefshownlib Figure 1.
m nutes, then pelleted agxgapgghbed above. The

EMA-treat ed sanpl es were resuspended in 500
mi o FieF F SR Tjpeckpiecenation op Mawigshepaioghaurioe. 10

m NAkG ﬂs;uotTdﬁgroENWé/dtc&&édﬁ?de\MﬁF%E@rdv&ﬁﬁy giﬁﬁeda%lth cogi I%no&kout
0 r r e e, an re i ncuba
G ] R AT e M B
SaldHneckont RMEMI Empiytwellpciii 6reclEide brat chwMﬂh&ﬁdﬂuted Matrigel
%Ulgﬁcﬁ'pét' § %ll’ ellsénfa' Wat%%%é%gt}:ﬁ 83"8%3 rtﬁvn\%)r efupe t5 Z\Purls_, B’gae

escri bed aboVe, Tresus
Matrigehsolptiop was v@gveg,@gd d1Si qely were platgd as descnbed below without

@E@,ﬁr@{ngaml@hmge and were incubated in the dark at
ture for 15 mnutes. Al sanples were

oo
pel Py 6%3}) dierguicted S 8 gells s vubseanantdifletrepieivaed) The cebioin 1 well
of (e 6lviell @lase m‘ﬁma?%ennﬁhd hEBGEIN Rére BiSsbkialke® sﬁa)\faﬁovﬂ@%emum, b)

mcrol ifers d .100% ;hanql nd were
i upL o8 it 2BS2) s 1l a0l aprniim Py ign e
]wemwaomcdiaad i 3y dogred mcub@tBBEar PO miuteeo The @tllsi wesCkituvatddadth a

i | | et. .
fRhor SN, Bt SOGMHLAE 80 or 0% RS oo e it -
Y6l EPSy ia JnapkepdAGEV Wik 9dded gy inperivhie trypshBSThs| cgis R@@/sounted,

raﬁu mlnmgpeah 8 & Pl &N oRPld
ﬂ'ﬁo ut 5050 OO% CFI\I ?j%e%%d%m cr%#?ﬁtagr g g Uil éﬂ eggsggg(?eg&%
| nc

JPEpL prasyremasH diom e Femppingeelisn dy @é,uthref cllgganase (200
Sihigs/miR tvas amaﬂ @t 1 anl/5Al1,Nang il wélBincétlaied uoB7°d fézetlol rﬁmut@ss The

S b S S8 hfed B P v
wilded.oThe &'pkls Weef Scmpcthexth zpipdivat! dceiopenidetadhed (i kaltusters); no
m%ﬁﬂtlom%ﬁﬂeg S’}‘he%léé V§e% le.liedgg Qhé’sgéd c{cnsrgrg)and plated into

anmount of antibody per

&S lé’%a‘?/\EFI@“idﬁ& giseribediabeye -85 anjilion se"rsen a mmm of St per well).
Ahé ﬁlﬁtglé RES adﬁ l“tel'eQBd &filyzex@gﬁ %Btgd\?gh@ &clmgf({xg); bh rgltﬂgqri}{gqﬁe spent
F“gﬂ'ggtag%rep A‘f’?géf W &ﬁlfl: g‘f" Pﬁ‘ﬁé gl YEEEh super nat ant ,

t heGroatinhaer sement: eAfits [6&15959&‘ growtR @s Bds6ribed kiR, Stheoéells"s%iedla
ol FI:?A vl El rS ?ace W th %Fﬁ? 2%3122:59 C%B:étgplg i O nrllazgglw?) A.

the secon
At AdHds éwurg,ehb atpéiuaadww tdmoaédemal #BByed ﬁfmmmn)mﬂ PARI BX B27

. t K
\%\gﬂ?lﬁg@ﬁt%ﬁs 3 n %mpﬁggﬁt%\lﬁtg&g 'il}e%%u&‘ Iy tAgT%lh a E])bai %2{ in gﬁm
(fepPrtaining gﬂeé@md ths crddived washrsyevedTing replaed rvathaRRMIv\ms 1X B27
SERRAEAGIA B0 ndREIGFATRINGS WA&rﬁ%? Bﬁ?e REEGd walQe-fed every

2130 oliters ot staining buffe [ ow acqui SIt1on
FRS Y| TPBENDBRER FEAR 20 acpiseing ot with, prh APMielgsorX B27
sipplementiphus S figmEGRI1 vetowiteMcavin anibody direct ed

agai nst the cardi onyocyte sarconeric protein cardiac
troponin |. These results are shown in Figure 1.
EXAMPLE 2 Three Factor Direct Differentiation on

Mat ri gel - coat ed surface

:
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An aliquot of growth factor-reduced Matri gel
(previously diluted 1:2 with cold Knockout DMEM and
webtw7ad2ids - 20 degrees). The Matrigel sol uti onPE@AIS2006/024060
diluted a further 1:15 with cold Knockout DVEM Enpty
I
its rv?eéé; Fouﬁte? a}t‘?%dr%lyg‘{daéfeﬁ‘rﬁ@ for QQ’@:E@% l%’é{hint} eigcgr%ssﬂm ay dgs%nbed
belevibat ed at roomterrperature for 4-5 hours The

Mat g (3ednaft LUibdwhGemdved YA Gulruadd 8y AR ESnoGdnk %/el\@ﬁ%&d

pl at e cri bel ow re-rinsing of th
meﬂ‘e‘ﬂ ﬂﬁ;&? ﬁﬁ ﬂ%@?@%%&e@ﬂm@@@w@sngﬁ iypsin/300
SiMD EDT A o adﬂeﬂ fpervesty bt the eells iabare'ﬂh@baﬂ&i dt37% @ fok SWRihhited T The

8etlach9d é’é’ﬁ% {n C}R'Es% %grg transpegrlecf Ioelri ?rg com taF %JSJes ran%gf\.}l?atmé\é%tl C fora

I'SSoc
Smiber mzormlm Toy ceél@l G'pmgnt&rmﬂ Wm:h a@zpe@%mlt y pisgleéeBGOspavion
: nc%b Q&Pt T IH %1ge¥fﬁh| g\@ﬁgﬁeg%?bcﬁg g(ﬁldog 0?2:%'21 &%S/eFBS

ator for m nut es. were triturated

fnigining pedim 0% Fﬁﬁfq Knagkquf BMEM) e Thy ag8 genicentreigpn was assessed by
GoHAThL R aBout 8007000 &dlls %Pé)aﬁgbgteﬁ @t edth Haidthe (BA USOt{iR; &ml, cTnl

0% re added to inactjvate
e oS O PN et €0t O et Ll e
#00 3k foir & nimitdss Tnhaﬁemdwisra@pmteh and RETlpeigs Weé }e&xspetndédle 1

j Th d f
812 ﬁ%slta% nﬁggﬁlﬁ‘élj (}’ﬁs pl f% F{E Imgcl%} g@«? fe%ﬁ:rg’\égrﬂlg gé @% Godlum azide),
tieri EMA Maylmga@naumd &MA tord finabédneenratidn tofi & miwedgdrams/ml, These
Ezﬂnﬁ%@ %&qnﬁﬁatgﬂ chJ i rthe]tgrmtbt fiffutes lﬁ)%n Eai {eagg &%&ﬁ)e above.
con 8 g ?

sol'uti on was renoved

he, EMAx-reptedssangples veerreserspenfiud el l ofa%Bstaq@sweWot llighafor 10

ﬂl'uﬂl&% Urtel EMASRHeht&d WRpEes A8defed) @ Oml( bﬁ4%r@¥4forﬁglﬁéﬁ€er 81d were
further . trituration V\ﬁ?q??a or med he cel wer e

(YRR e ek f S pPeTRIHE Hitep | Semalgs thadi net peogivq EMA
pitathe werepabsegheatly siaisalr whie dnttotiee weik. Slletdd lab | dastribad hisove,
i’egus n}ﬂ ci ] ‘ﬁggsoﬁf %lé))ﬁ;ﬂéaxésptgf | lgx}]d tt -gr]xere elé\%h (92ESCI'(§§GI'S of 4%
p@afgmamghxdh endsp@mncmbststd umhaldd'k raepbmmpgramte fot tfhmhmms All
M MeRlpf oD el anfFk LAl AR | O milofR TP PAC

After days of growth as desc
d’r“as%‘gs ’Fé‘rfe‘iﬁéfsd IQemipraliers eEige-oald HOKPAthapelad wete Brgvbated
6 op | fenINdninfles) S A QariglésRecel\el |1vmnof>%¢an{ﬂﬁgt Siftferd %B%“plﬁboi% $eat

i ALl FEY £ BRAD 7l oot TALGP/ED)

#nd plidtalras deseuiticd laboyé. 'Ilhmysnatamt wisesifsied aﬂtﬁ@fﬂlﬁteﬁ\isﬁ@ded in

Okl By 180 i 5% el B Bt RO OPF RRET 5dH) denoor
ﬂlz?tlﬁ iQP,ﬁOQﬁeH%Mﬂ mquhleereuﬁmee wiksrigcubatedfap 4 depvees for PO-B5 wiaytss.

gdg l\%ﬁ&ngg}?g@ Fa)@ﬁeyioofﬁggoté&%ﬁ&%t Fﬁ%‘lgxg&qg})#ed%gr TS Rlat 12
s

Hi7P b polysiaensctubey appip F@nWelreeel‘@é 3Atreieroliter of either
amcaiwy &6niY1 hibsyf e&t@f @ia@ﬂosﬁésmp NoRpd c6rtil E6ml Wo@® of

i bed bel ow FA Sis - dia was renoved from
SIB O PE s vas S PR SR RRIETeanHENS o § FROEs foradmimutes.
m'erhh@dﬂitlor?éf4(ﬁﬂlsﬁmmgbﬁm;b/e?ggumére %%E%.deﬁnggagov@f a
SO n. o frypsin was adde er.
oot Shte, O 2% Wl Wheian Ms ot s Faepegicd in 50

mcmlptegsof 5Vmmormal goat serum in PBS containing 0.25 micrograms of the secondary
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detached cells in trypsin were transferred to 15 ni

coni cal tubes and incubated at 37 C for a further
wa3e@@omiznut es. The cells were triturated w t hPaT/Uus2006/024060

pi petor until a single cell suspension was achieved

d
i By St S e e
BhAEgE, buffse a%del’elueté’@r?é éﬁ&cﬁléﬂdl %ﬁvw\/aﬁxemmd why decanted and the
Gt Ed Wée reditfendbiOH @0(519910@@% FShinfhg VEoEE pﬁlls loggaﬂéfﬁorrnglﬁem(de

e ch staini y cTnl, cTnl
°“1§°‘PHS“‘88 ﬁ’?’ éa%?%ﬁﬂ £ E’?‘il’efes 'E’Erfﬁ%}ltﬁr”ﬁ"g analyzed ugjeg Flojo
SspﬂJ\Mare Ninahic epériment) g% of thélfbﬂal Q(elll whi@ "vxaﬁle Hhdér lﬂﬂe&ﬁlpsxﬂ_ BiSsociation.

ikat ed and t ets
:@gﬁegpe\r%\@écaeﬁ% g%a e %t?mesdt A ﬁﬁt‘hﬁﬂf‘l‘g@}““(@ég mYSeysgpecific
tpecagin Fandiag tropartieH(sdedtlignte Dal f serum and 0. 1% sodi um
azi de). For EMA staini n%x&ﬁ ﬁ received EMA to a
final concentration of m cr og rams/m These sanpl es
wer Examptebafostdphsse qeniefigetion H@’awpkmétbtvd aBcimentit es, t hen

| i e |
pel tatieslyctged R ey QE% gélf% digﬁeﬁ‘? %At & g m\m %?;ryoxd

}Q»Eq'i %egnﬁwg aé)ged In nl of S an Xpose
1e 1298 thegprolifefaing pr, gelatiy- 09%%?1@35 foe tedaye - azaﬁeoxy—
eftidiid palr gloathmRkidahyéde mnAssdRr ETHeNCUD afefd tHel difISeifQ ksing

5 m I h did
%Bl aggng%;geﬁ E%H]‘l_’ﬁ}%t <gmecllt1 eﬁen{la:tlt ed: dlgﬂbig?ﬁfgn? ge[xssg% gv%%@aln layered
\mtpha diseantimdirse gradient of Peicbibt and casrifiesicati 1500 ABOI® min.  Four
fﬁ%&ibﬁp%}&@e&ué&kdwlol'ﬂé Gél% or?&%?z ofy. B 54&‘5*%’| d% nen IIL_The lower

recei ved mcrolit par ar or na
ssreos; nB E&? &%5% fayerh The selle veere waslml zmémepmatdad el cﬂﬁmxmsnon

Eﬂeﬂiﬂhe Celdkdr lﬁﬁﬁﬂ&tﬁiﬁm%ﬁfei% D& ﬁﬁcﬁgﬁaﬁber@ﬁ&’& wdceﬁsﬁ%?[ ell,

AR TR e T Son PRIty s of | co- col d 100%

et Reaults| ar@stdbwine Fabile1B.U Padcenthgd Bf MHT hitive Qell¥] wudtdeénmﬂd by

0
BAATAP B ) M ol AR 61 ol e S 2
iaedaukyieviatian oS cells 106 3 welld. s of rat antinmouse Fc bl ock
(BD) and pelleted as described above. The supernatant

BRLESH EE?’F‘E!@E\’%HS" 20% nor mal goat serum and 0. 1% sodi um

/ 1 ﬁ

azide)y at a denstty of —about—586,06f—cett-s/

)U
e
BASGD! 5, U e gprahel ol 4 ISR Tor

microliter aliguot of cells was di H#¥Rsed i nt daai

Béighe ¥epBidfn 12 X 75 mm pol ystyrene tgRQ.4fach SgRLE 10
be stained received 20 microliters of either cardiac
kroponin | amoébwly (Spectral D agresddss) or JdssafyRe
control (fi naI armunt of anti body per tube was 1.2
Wicr ogr ams) . n¥ es were i ncubat ed St 1.5% degr et G0%

0 m nutes. A)Lie sthe addition of 4 nl stai nlgg

uffer, sanpl re pelTeted as de8¢FRBel abdfd:94%
wfter renoval, he 2n sh supergat , th S
wer e resusnend%golbn 50 %%?ol iters Gg’?ﬁg& nor rr%?aggg%9
serumin PBS containing 0.25 mcrograns of the
secondaryi ncubated at 4 degrees for 30 mnutes in the
dark, and washed wth the addition of 4 m staining
buffer and pelleting as descri bed above. The

supernat ant was decanted and the sanples were
resuspended in 300 mcroliters of staining buffer plus
0. 5% par af or nal dehyde for 4'6w acqui sition on a
FACScal i bur nmachine. The results were anal yzed using
Fl oj o

for
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software. In this experinment, 69%of the total cells
were viable after the trypsin dissociation. O these
woledrie2icel | s, 8.9% were stained with an anti bedy/us2006/024060
agai nst the cardi onyocyte specific protein cardiac
tr ni see Figure 2 EXAVPLE 3 Exanpl e of
%’gs rﬁenLa écent ri fgugat [ ZJH separation ms?ﬁod
enr leh«vtmﬂof ®a cells enderoyinekbyindirctgemeroaytadhethis®yis oS in Table
Ils of the H7 line by form ng enbryoid bodies for 4
days,_and then proliferating on gelatin-coated plates

f or 1VARLE s Cl{afacadstiescheBepyratpd Celi ropulaiogd gr owt h factors

wer e—pot ||c~or~l\ Tha r\ol | Ss—were fhpn dissociated usi ng

TroTCTy

col | aE}E‘PP&se B, resuspeno%lﬂdlqmyomeflrh@genblwmard@nceﬂedl um
The L,éiflnll suspensiomwas—irer—tayeted Rt

di scont ar&tgou& %‘#ﬂ%ent of Percol |, and centrifuged at
1500 ¢ Pestye Four fractions werecoll ected: I.
The ui?ﬁjéﬁ" iMiCer face; I1.**The 40.5% |l ayer; I11. The

| ower sarcangrictiiCe; 1V. Ther+58. 5% | ayer. FThe cells were
was helcadhdrin esuspended i#3 differenti atj,:on medi um
Cells st ai ni ng_ were seeded | 0L chanber

sli dess"tog!tinﬂfg% c@l l's pergbwell cul tured™For 2 or 7, and
then TYR¥F and stained. Results are shown in Table 3.
Per cefrfeggeotef MHC positi-ve cells was determnined by
countp-wbulicl | s in 30 imeges fromtriplicate wells for
each ki¢macti on and presenggedt as nean s§gggard

devi ggyon of cells fromg S'\glpl | s. TABLE % Per col |
Separ gtJ.on % st ai ni ng fOr action CelT" i‘fount Beat i ng
Cells Day 2 Day 7 Before separation + 17 4.4 % 154

%1 OI@-1x81106 2.6 + 0.5 % 2.5 3.0 %+l 1.6 x 106 +
4.5 1.5 % 2.4 0.9 %WIITT 40 x 106 ¥F 35. 7 2.7 9%28. 3
94%IV13X106 +++ 69 5.0 %52.2 145%1ighest

0 S8 RIS SELAR ST P o
'ﬂABt@ISﬂed @i’l astadiitige Fdr S¢Tink sandf MBEparAbkence ©€! skairffigy wdraﬂly&geﬁn,
%%%&B&&@J%Bﬂ%‘iﬁ%ﬁo%h} ea%%gce'\k%nsk& i gl agg, egldclhﬁﬁ? gell types,

cardr ac +F SOTAr
and neurons. Lack of staining for SSEA-4 and Tra-1-81 confirms the absence of

undifferentiated hES cells.

a-Smooth muscle actin (SMA) is reportedly present in embryonic and fetal
cardiomyocytes, but not adult cardiomyocytes (Leor et al., Circulation 97:11332, 1996;
Etzion et al., Mol. Cell Cardiol. 33:1321, 2001). Virtually all cTnl-positive cells and a subset
of cTnl negative cells obtained in the cardiomyocyte differentiation protocol were positive
for SMA, suggesting that they may be at an early stage and capable of proliferation.

Cells in fraction IIl and IV were replated, cultured for an additional 2 days. 43 + 4% of
the MHC positive cells expressed BrdU, indicating that they were in the S phase of the cell
cycle. In other experiments, a subset of ¢Tnl-positive cells were found to express Ki-67,

These results show that about 20% or 40% of the cardiomyocytes in the population were

undergoing active proliferation.
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sarconeric MHC ++ - N-cadherin ++ snooth nuscle actip
++ subset nyogenin - - a-fetoprotein - - b-tubulin II

WO 2007K0Bi86 Ssubset subset BrdU subset subset SSERAC%/US2006/024060
Tra-1-81 - - Cardionyocyte popul ati ons separated by
density gradi ent centrifugation could be distinguished
by staining for cTnl and WMHC. Absence of staining for
nmy offerrpls of riphmenin eerdiagting sellsthy traking ¢andidd Hodighowed t he

abS’ﬁﬁaC@mﬁif)le Siﬁﬁ{rﬁés%e BabS<ghéhe cﬁmg%gf 55}&?&43} %Jlé/ aﬁﬁgi%qgardlac

ne rons of staining f
ol fa’ﬁléseh%’go@a’iaﬁmsr%%ﬁbkafoeédhermsmeexse #nd other
annﬁrmeth nmuscl e actl n (SMA) is reportedl y present in

an te not adul t
s TV 8 Btk Ao RS KR By o g wers oo generae
:p@ngﬁmd Etoy_lqem alytadp Heseritioth| The(Ess| froficeachi sk werd rebdgdnded in 75 mL
| | t d bset
F thkdu Y igters @ drp 00, SoBRRh oo es T Bl pbgrien per
el gieldingi IHH‘P iplates pf Eiison erllspmnoe inyosgl t’lihv EB§ oere SviRd after one day
t
$HOBRALbTEY &ddSerrhD @% JIRY, lﬁﬁne@ EB@'?O ?(?x;dé rﬁéa?gﬂﬁ?sla(lgrée : platg per

capabl e of proliferation. s in tren
Vel lttang thy BB setlg at u?%tefne?ratanq va@mttagman f@ 109 20 iR then

%ﬁngtﬂ&@emaﬁ@ﬁplﬁdm@mﬁﬁﬂésﬁm%ﬂﬁ? g e N
ase 0 e ce

n Wer e
cy ﬁhe 311;1# gt H% ‘{: 5% Ffef’fe?ﬂ%“al s glipcpend plafer And Jepintainsdein
gebénsioney 20% Eiﬁ’mbntamlr@tmdhmsfom adiiftionall me;%?thérﬁﬁdhkkﬁedstb @\6tal

bfdfee %QQtHlt-cothc?/ Qﬁrcm4 Ot%’sx?ef cy turg ﬂ%sﬁs d’i‘wwa?/g Xf]&e? ’?ransper to tﬁe gelatin

popul at 1 on were under goi ng
atdi flaghsqthp @wdlmamglr@nmd em ¢acTh ftasist wap fre-fod withatStraIn g0% FBS

S6HtdifinddediiRk | §181i14FHE-He@beRRAIRS od HéySB &ﬁ( quf 58 %nd 18. On c{a% 20,

illystrates the subsequent cul turi'ng

G Stapiialad cpliieyi Were hngpedated: witk rﬁlqné%meoﬁkoém A@lm\ﬁcngces,
thrabag tRR) iasd ﬁ'mloﬁbﬁéiil dn&gizcentfn%us tﬂa@ma @ﬁkﬁEﬂtQ aior@ N Eraction IV
r ree 5 %gf
E"*ﬁ% BRI or) et ecierd S coppras e a7 gdPsinginagtie
BIieeS. € ry0| odles as a reay escri be e S
I t nb d bodi I dy d bed. The EB
%?a%h fljv%%gs resu end %I n_.7 r%Pof medi um
r ansterre %étr Susé’ § E"E:: °(§r‘?gé Snesnfainie fpedium,
F@Sfﬂze(héll ¢ 15mb peonisil grbep @nd am\are)i to yeteé di fogm rtbrﬁ;&rdﬂhat\ﬁtﬁout
wiotol 1o SO RESLAMN GRS s,
Q%lt er one ay In sus pénglla%?}n%bzys T rafg e?vple%bs ‘f‘?f& ﬁ sipele
hisd reRyed ad sgplagtd widhnfresh nediuh.e $he @ suspénsibs wpetiansterred to
a smgle low attachment six well plate (~4 mL of cell suspension per well). The CBs were re-
fed in a similar manner (transfer to 50 mL tube, settling for 10 min, medium removal and
replacement) every 48 h.

Figure 3 shows the expression of the sarcomeric genes cMHC and cardiac troponin I as‘
measured by real-time PCR. Relative to the expression after 20 days of culture on gelatin,
separating the cells by Percoll increased expression ‘by 2-5 fold in Fraction IV cells.
Removing the single cells and collecting clusters increased expression to 5-20 fold. After 8
days of culturing the cells as cardiac bodies, the expression was 100- to 500- fold higher than
the unseparated cells,

-29.

SUBSTITUTE SHEET (RULE 26)



tube), letting the EBs settle at roomtenperature

W thout agitation for 10 to 20 mn, then renoving the
wordi7inziaad replacing with fresh medi um (25 nLPOEMUS2006/024060

tube) The EBs were returned to their origlnal | ow

ach | at es .and mai ntai ned i n suspens ¢
S&?ﬁq%n@ﬂ%%x PArIlpe @ﬁ% g1 ¥s¢ Srgfm a@ g“g, '?wﬁim%odws
tuiaarbs {nmlan@d diraily ot ditietseditotsinpeniogedfaingle cﬂmat ed 225 cn?
tissue culture flasks. H%BMQ§§§5after transfer to the
gelatin coated fl asks, t I'um was renoved and each
f | a8 |diffpientiptionf of HIVRES calls wis iegdame83s dm Erammé Agexeenithanthe
%fmrénasuoﬁ %I g&@ Sm QE4MEN Bigke %teswf a%—wél]platg-ghd thevohAdor

differentiated cultures were

PEET AP R N TR MBS NPV HeErsed 4 evsenyations of
Esrh@m,rm ngfhi) a@anfn@mt |E@¢hadoﬁ&n@dﬂloﬂ wag Bédle i HipliSate. Figure 4

TG b R BUPFOSHR enA L e et Ohe e ctinh By RertaTig the

pﬁotﬂcob(bulﬁﬁhmt thg hd!httmlof an AnidinsaTBMP, @|IGEL. ekt 8an bERe&en that BMP-2
ﬁfgs ol wé’m‘iﬁe chf?er ét?onrp sagpended in ~6.5 nL of 20%

con ransferred to a 15mL conica
t ube, and allomed to setEX@M@LEﬁoon1tenperature

W' t R%%ell gﬁ'teto‘filun‘ﬁﬁ%?z cem Were I&? ﬁjﬂ 3 1‘ @+ ? n? 9r0.5

I S nost e S|ng

weM EP’J&MB@ Wafchdded e erclewelyprdihg nlfégwathmﬁ fowemew in 37°
sw Sine BHTARCMES wak sphiarwiad nn %oase%wg,bﬁc hﬁ’%l@&k&ﬁhﬁﬁ‘é&t

gD e gwl e G K DR En R Pl B odigwere

Eﬁlﬁiheﬂ biogipetting 2t] tinfeg addthenkEedad onto HRckiyelrplateaT@OBO002EE /well in
gﬁ&lﬁ%c& ML cLlls%ve?er %cu%%ech for ﬁg@%‘ys%&% &h ows the expression

€ 'sar coneri c cardiac troponin | as
meabuinduge kg hERedlls to d!ﬁer@@Re Mdjuat A wes repladef witeRpmd 98 on

aézb@@rvﬂ@l siﬁvo%mqﬁagerui {0k ﬁwmgeq% mmgﬁ@ n@ﬁm A gﬂ&fa l@?srt]ems)

o er col i ncr eased Ere55|on
MO YeBiof 2R Ths cRes rgPased ot 74 oBMediim B
Gu&k (V=T feplagad itH 30 8E/mI Bmmem&msyﬁesm BSIS30m27IReME (Al dfve] ) at

fter ul tyri t he, ce cardi ac bodi es,

b s g Y P e’ B Sk tip St F her ¢ nan t he
unsMpdina Coths eplatel withrl gd o RECBZISRRMI pepeeil ! Iﬂedu-&}ejl plate, and

ld s, r

EERk R AR rrs R TR B VRl R BPEACT R

i Bxemple Zepeenithas ths celfs V@rmgqubat@en fhs 0. ZMIES’OA)M EDTA solution
%xf 5‘ rﬁﬁ:&@g ihédah 8AMO30 hifuBGRe 8 EkdnpPS B0 306, gw 2als' erressed

except that the dlfferentlatlon

p%FkornEd in a 24-well plate instead of a 6- mell pl at e
and the volunme for the factors was 1m per well. In

addi tion, BMP-2 and BMP-4 were used at concentrations -
of 25 ng/m, 50 ng/m, and 100 ng/m . Each
concentration was done in triplicate. Figure 4 shows
the results expressed as a relative fold of the
control, which involved perform ng the protocol but
W thout the addition of an Activin, a BWP, or 1G--I.

It can be seen that BMP-2 is also effective in the
differentiation protocol.
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EXAMPLE 6 A 6-well plate of confluent H7 hES cells

were washed wwth 2 ml PBS. Then, 2 ml of 0.5 nM EDTA
wonoPBB2188s added to each well, and the pl ate P»a$/US2006/024060

i ncubated for 10 mnutes in 37 C. The EDTA sol ution
quﬁ¥: g eplaced with 1m nouse enbryonic

robl ast-conditi oned nmedi um (MEF-CM plus 8 ng/n

ThoBa@ntiph Meahedns: A" ). The undifferentiated ES cells were

det ached by pipetting 2-3 tinmes and then seeded onto a
L. 24A\/\aﬂeuho¢)lfatt ebtaining CRrdd@ayocytliscagoveklls fromMaohannebryohive stem

m%ﬁcd m%{elkncubated for two days at 37 C To induce
ES CelTe to differentiate, Medium A was repl aced

\Ianllh (gr?l(l)tlérén the 116 tll\l/le 1en§8%f A(c?lﬁfn% F%@%enggm%{a é{,&?&dP and
" ' Th [ 1
| ne BoubiRgR lreﬁlﬁu%atesceﬁwﬂhe Fisgp ol ?Nn ?eSFaCZdwe
B R&D
2. Wi }\lg%metho f;ﬂlal I\{P er%lélr B%%f? %ﬁg& %N}P %&P " The

3_mﬂbh qﬁﬁof?fT g@ ?mﬁ IﬁwP%ﬁinBbd'u”‘C:“as repl aced

per’ we of the 24-well

4, pl %El et%cr}cgoftﬁtl]z} Z Werereln R él@ﬁgﬁt@\%ﬁ% for 15 dayS. The

resu N e anal'yze ACS as in Exanple 2,

5. %ggnm&¥§k§ heé%% mem@ﬁﬁﬁwﬁ 'ged in the 0.25%

trypsin g1t on Sror m nut es i nstead of

t he, 20 u use e 2..About 36 .

6. con Bt Gt et O R B 4 BRY R 8 BhapfSimg.n e

abskénceAf aeAbttodh.f or obt ai ni ng car di onyocyt e- Ilneage cells
from human enbryonic stem (hES) cells, conprising a)

7. culTheimethod dfhdailnBESwhetkinshd HEStdels gre edenaldn dfe p@ﬁsbrhce iofiAdtivin A

in the abse d .h) ,subseque turi
forfet 08 8 4 Toon iRl aifeah RSt el g ol Gour
daygl @i m 1, wherein the BMP is BMP-2 | BVP- 4, or BMP-7.

3. The nmethod of claim?2, wherein the BMP is BMP-2. 4.

8. TE a héTBiefl:l@di w;claﬁfl at rther ttd’mﬁﬁ'vm ©inp sﬁlﬁ;éthM:’toi the BIMB dultubing step a
The net hod . C ! erein e.B i MP-7. 6.
culyring HER mﬂ“@tth P oewmbtoetaﬁl% bvut%p [P g in the
enc IS do e absence of an
Acfffmnﬁt 0 °f C%Pél fuetF%t.cme &ﬁf?@ﬁ%?#@ﬂ@d P least one

wegel | s are cultured in the presence of Activin A for
about one day and then subsequently cultured in the

10.0r esemeBodbf dliie BMRefeBl thahetér chRtingdayss pBforméEfolR &8 two
of claim1, further conpri sing subsequent to the BMP

lturing step a culturing step in which the nedi um

does not contajn Activin A or BMWP,
11.  The method of claim §, wherein the further culturing step is done in medium

containing IGF-I or IGF-II.

12.  The method of claim 11, wherein the further culturing step is done in medium
containing IGF-1.

13.  The method of claim 1, wherein the method does not involve a step in which embryoid

bodies are formed.

14.  The method of claim 1, wherein the method further comprises harvesting cells from the
culture subsequent to the BMP culturing step and enriching the harvested cell population for

cardiomyocyte-lineage cells.
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9. The nethod of claim8, wherein the further

culturing step is perforned for at |east one week. 10.
woheorver136d of claim8, wherein the further cubCuUSDE6/024060

step i's perforned for at Ieast two weeks. 11. The

I fur her Iturln
o e, 5, R R ¥ gt ke e
gam@mhod of claim 11, wherein the further culturing step
is done in nmediumcontaining |G-1. 13. The nethod of
16.cl @ThenmkthotMo ichiim lttheherein ixderdiebmen dhvalves ohey formatihne cardiac
b ich enbryoid bodies are fornmed. 14. The net hod of
° Ta|n11 wherein the nmethod further conprlses

harves cells fromith culture uent .t o
17000 Gehed B Fsiohg Aot o o SRR L e s from
hE® efils] cainpfising rthe fllewvigpakeyt e- | i neage cel | s. 15. The

nmet hod of claim 14, wherein the harvested cel

PopPb) ailtindl the hES eélk e sddym-fee aedibmdi adipestnce bEAcTHLA in the

met hod of _cl.ai 14, wherein the enrichnent involves
t he2ls ngﬁ@ r abguponedayogi es. 17. A method of

obt ai ni ng an enri ched p tion_of

car Bl gt Rlodce Rt SRt te e ghamap iy he
I N hende@l hOWeNgn € dBdut foap degstl turing the hES cells in

a serumfree nediumin the presence of Activin Ain

t hecphsenar Rfls RoBMR dibire;aout one day; b)

subsequently culturing in a serumfree nmediumin the

pr egpdeiehiag tha hBVEstéd cell pepudide fst@ardfonddcyde Liheapdcdior

about four days; c) harvesting cells fromthe cul ture;
and d) enriching the harvested cell popul ation for

cardi onyocyte-1| i neage cells.
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