WO 2007/ 002136 PCT/ US2006/ 024060 DI FFERENTI ATI ON OF PRI MATE PLURI POTENT
STEM CEI#,%\%(Q RDI OWCCYTE- LI NEAGE CELLS REFERENCE T@¢ 1924060 -

APPLI CATI ﬁ_hl s application clainms priority to USSN 60/693, 141, filed
June 22, 2005. FIELD OF THE I NVENTION Thi s invention reI ates to the field
of in vitro dDIFRFRENTIATION OFPRIMATERLURIEDTENISTEM CBMSIQ | s into

cardi onyocyte-lineage celAdfhioBAEIENNEAGEEHLLS! chal | enge for research
in regenerative nedicine is to develop cell conpositions that can help

reconstitute cardiac function. It is estimated that nearly one in five nmen
and wonen have sone REFERENCEFCIRDLATED APPLICAEONS (Nati onal Heal th and

Nutrition am nat ony Surve Di sease Control and
the Aneri caﬁﬁ‘%@hﬁm ‘%Pﬁ?%%{%dﬁwﬁggg%%a g%%gr}glé?f’?é)or?s i ncl ude coronary
heart di sease (5% of the popul ation), congenital cardiovascul ar defects
(0.5%, and congestive heart fail (lﬁfgqp pharmaceutical arts have
produced snal |l nol ecul-e dra@@ Eﬁgl gﬂ&gorrpounds that can help
limt the dé}‘ﬁﬁgﬁmﬁmtremmrtﬁema'mmldaff@énﬁmmfpﬂhmmpm@ustem here is
not hi ng conmerci al | abl.e to hel p regenerate the danaged tissue.
Wth the @Bf@ﬁ"t‘iaff’é"“ﬁ%/’ "geé%?%’ﬁ?lﬁg a cel |l popul ation capable of cardiac
regeneration, research has beeﬁw&m on several different fronts.

d | trial t, . f
LA S0t M Pl SRR o s igtag o

therapy aftéer nyocardi al
i nf ar cti ofay daeihtlp redonstiluie catanaccfmcam ofhlsmm@@gthﬂ npgstysone &y fvg e @ g

Gircul atign i Mehle sl NHARA, 2062;
Tse at al. °min1q'§ve[1%é@1 fiﬁ}p%f mm&?%tm%ﬁgﬁu g@n@ Lanc t 3661 LAFEWZO%). | t

has been EyamndtioniSzeey hait8818 Centersofpisease, ion to
under ey {EopaRR), R usea@fé?‘*“?lﬁ?mﬁdéﬁ“’ifﬁf‘?q‘“?ﬁ i for “hear
. asf.s, for hear
therapy (onserial ipardiopasgylar defectsy %&&Iar“d @Fﬁf‘ he”zi‘i%%ﬁ‘%w@oo?h Pagani at
21)03) J. Hé\%mggehmamfsqihﬁlpmduéb& s?RIBmolﬂﬁlh&irugslagdagelogbal abmpoutcarﬁhﬁetan%ll 491I I
weve ar_i n cle cells
can coor di® ﬂathméd%qﬂﬂ? i PR &Y glrg%ﬂr%{?ﬁ%#né%%asﬁbfmﬂ F?Z%?Aog{)%foach
woul d be tcm&e;amedvhmmeh@helmneﬁna‘hwéadwmﬂt ed to be functional
car di omyocyt jth t%ﬁlggcgig | Gr H&/@l@?ﬁhé 3.5 el é)gﬂﬁétfaﬂtciﬁabﬁa&f@aﬁﬁc%ﬁehéamve been

used in ani $8 repa e.resulting from permanent coronary
occl usi on rés%éh‘ Rdsrieam cmdu@dd on gpyeral \differenCdijopts. ‘éﬂc@il trialg gregpnderwan@3:  vao at

al., J. Mgt c%%éré - of%émﬁ?(?us 8R0Rkrrow AGRET eldnl%rwheraﬁy afgch cells
vvere avai I°8 or umant er apy ziqg)&v efché Jor -1 .
myocard1a1 infarction (Perin et al., C’:rculatmn 167229 3, Stcaher et af. Circuation
106:1913, 2002; Zeiher et al., Circulation 106.30_09, 2002; Tse et al., Lancet 361:47, 2003;
Stamm et al., Lancet 3661:45, 2003). It has be;;é::n hypothesized that the cells may have a

cleansing function to improve blood perfusion 6f‘ the heart tissue. Clinical trials are also

wnderway to test the use of autologous skeletal muscle myoblasts for heart therapy
(Menasche et al,, J. "Am. Coll, Cardiol, 41: 1078 2003 Pagani et al., J. Am, Coll. Cardiol;
41:879, 2003; Hagege et al., Lancet 361:491, 2003.) However, it is unclear if the contraction
of striatal muscle cells can coordinate adequately with cardiac rhythm,

A more direct ai:proach would be to use cells that are already committed to be functional
cardiomyocytes. Syngeneic neonatal or postnatal cardiac cells have been used in animal
models to tepair damage resulting from permanent coronary occlusion (Reffelmann et al., J.
Mol. Cell Cardiol. 35:607, 2003; Yao et al., J. Molec. Cell. Cardiol. 35:607, 2003).
Accordingly, if such cells were available for human therapy, they cou!d be very effective for
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SUBSTI TUTE SHEET (RULE 26) WO 2007/002136 PCT/ US2006/ 024060 t he treatnent
of ischem Go Efs d| sease. In additi on, cardi onyocyte rcg N used
for screenin {I uch as pg‘g eutl als. BRLE VAR  THE

| NVENTI ONFbe (FEaties o daehsins B Tore et R T (Y

cardi onyos‘cyéeﬁingmmgﬁsmhhsphhmmcmnqﬂsr mat e pI uri pot ent stem ceI | s.

Car di onmyocyt e-1i neage c gm,gx\% s, including, but not
limted to, screening o? potenti a ar rraceut I ca ﬁ, screeni ng for
cytotoxic dhemesmt invensignl Profid ref@@mr&%wc&t&wgecﬂ E9Pvo repair

of damagegdy {Ht? %lﬁ?@t&ﬁ%téﬁ?@élks ClrifichfichelifeagdToar mé‘tn&n?fpoisib% igeyent i on,
t he nmet hob nat e

ai ni'ng. cardi Qmyqcyt e: ea ells
pl uri pot en'FhJé‘PSer?Pb'Ht paitec fRysicreening ‘ﬁpf’thé'a* ﬂﬁaT“Ef\%f %Fﬂ%ﬁ”mgg‘lfl%{"f“ﬁg the
primate phﬂéfdldaﬁt@ﬂihcﬁ:;ﬁiﬁb 6@!11baﬁonsrsudhhemmm3q:atrefminagea ofdiséawddibednat i n t he
absence of g BMP equent .y cul t nce of a
BWP; and haﬁ%&%‘rﬂrnﬁ&%? e’ﬂ%‘?@fetl% 100 tﬁ?'\?% bgﬁ?ql%gﬁmd;%; tﬁ'e cu?gt%ur e. The
pr esent i gallerffoopririts plupipawit dem ortls hagsisoin tiotfallawingomder icdivgte ghopul at i ons

car di SRR Y ?Au'ﬂ?st%ﬁ eﬁseh éﬁ-rpnl.sgn oF &?A&nﬁﬂm‘i‘ﬁ B ibsincel PQSRBTEL hodS

corrprlse P SW NG turin primate pluripotent stem
cells in bﬂb&qpuﬁsmhmnefthiawﬂﬁm theipresenge of arBMPRcand hsasesting dhe wsutine:

5Ubsequen%—%’ﬁfeﬂl:élﬁé‘hjoﬂghééﬂﬂrgﬁel s in the presence of a BMp; harvesti ng the
m

cells fro e culture; enriching the harvested cellg@? atlonfor
car di onyocyt'lélﬂlﬂfwe%tg@"%m glso provides matherscof eRipiNRE, cwiched, 3 hds

conpri se icRdbRGocylPnbaau cals. Olhd%rtauﬁﬁhlﬁddfnhdﬁ@, tHose pefhiold Confprise m:pmeent stem
cells maserumfree nedi um, i theggg ‘f?@‘h Act i w*n?éa l|‘tnthe
absence offoligwisgprdep cultyrg, the ﬂ‘é‘“‘ﬂgﬁ"p" i ‘E‘%V BT RE el s in a
serumfreg ﬂﬁchbhb?ﬁbd of hrmmrﬁhseqlmeﬂ)oéulﬁﬁﬂg- ﬂxeccellsBiﬂF%he prasenphef allMhce of an
Activin f ahou 0 a ve t <) e A e; and
enrichi ng?”l“'l’%qg %eﬁéoéj’%gﬁ cuporf)’u at [ oﬁ"' rﬂﬁcﬂé onyoc?t e- ?’lﬁtefgrge cells.
I n cert ai radisingatymeintage adells, hdn icentaim einbodimentse thned mﬂmﬂecmmmdwt o a solid
surface duyr I cells are
lofhe S, il tﬁdgr}gmgreepmglaotw sty ofl 1 PRRAA R 0

al | owed t an e M;g e culturing step with the BMP.
I n cert ai rprasenioeofi AtiMingy wmh%@ﬁqﬂse of o SME for ghoaipnp ﬁayasubgqqp@pgm@gwg

suspensi o Qheddéﬁ%]ﬂga éehﬁ: A6 hodium 8 R ReseBYBE BMP%%MF—E Bfthe hmexﬁ-e of @i N
enmbodi nent's e cells are cultured for O&géﬁﬂf"gﬁ mr.e the%%resence of

the Act i VAcHvin for sbest four dave bRreriinashe eoils from a'?de"-"EEh“t four days
or nore i Ref uﬁﬁ&ﬁl@f‘&ﬂimnﬁfocﬁdﬂl&e%ﬂs] n certain enbodi nents, the Activi n

is Activin | n cert I ment s

certain errbé’cﬂl i §mb @[ﬁﬁ’g - 103’1}}1? ﬁ%ﬁéf'\a/%&%dnmaacfaﬁq %ﬁ%ﬁ? per i od
after the tiR\lturinglsteps. e[nsempn anibbdimertts, thieseljsracsadiowed tofformansobiveidbody a BMVP.
In certai ndugzl;g &h&ﬁﬁnﬁﬂé’p‘j&ﬂaﬁlé §MP In certain embodiments, the cells are cultured in a

single-cell suspension dunng the Acnvm and/or BMP culture steps.

aﬂ

In certain embodiments, jthe cells are cultured for one day or more in the presence of the
Activin. In certain emhiodiniénts, thé cells ‘are cultured for four days ot more in the presencq
of the BMP, In certain embodiments, the Activin is Activin A. In certain embodiments, the
BMP is BMP-4 or BMP-2,

~ In certain embodiments, the cells are cultured for an additional time period after the BMP

culture step without the presence of an Activin or a BMP, In certain of those embodiments,
that additional culture ‘étep is two weeks or longer. In certain of those embodiments, an IGF
is included in the culmfe: step. In certain of those embodiments, the IGF is IGF-1.
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that additional culture step is two weeks or longer. In certain of those

enbodi. I's included in the culture step. | hoR4 t hose
~ enbodi ﬁ???“’?‘ﬂéﬁ% a1 e SUTE et L RUPE TR G %

2007/ 002136 "PETFUSSHOEFOTEOBD i A LET HPn™E R BYaT RN E o™ HE &tion, nme
cel | popublifkictintion eroteesiuis t epriched forne@rditinfybeptelieaget ¢elln [Im otrafobf theseenr i ched

for cardiq -] boe - tai . -:gggg s, a
Per col | gfr%?ene%gi J;Si’él;{-%?eiﬁ ?‘g&léksfl}sg Bteﬁlgéhpt?%)g'(??{rflé)dqn&f; d(l:ar %ﬁ%c te-1ineage
cells. Incdlertai n enbodi nents of the invention, the harvested cells are at

| east 10% Pqg bdraiCenfbbdimens SMRShEnRGAMNY hir(iaied cdiR MG} teadt 0% ShditiVe Bor
enbodi nents of the invention, the harvested ce are at | east 10%

\ A lls |
cardi ac t eowEHR heavy ehain{pTHG), SIncpriain embpiiments efthe;ingepo thedamvestedeelish e
) HV_etn_t i O)H arelauh@t 184 wedikerebpeieth | @THly gostlive)) BPGHain Sibddandisa€ e hpasenn | (cTnl)
positive).

n certajin enpodinents of the jnventj.on, cardiac bodies ere
f or med xoﬂ@W?ﬁdaﬂkwmeigB%@WMm% sl(")‘V‘:gt:ardl i omyocyt e-|ineage
cell's. In Cdntcaiam efbdimss oftiobiventiot, Sardiab dodiesdrt datmed by edrieh andderpri se
separating cells in, t.he enriche I u i =Pl nt as
si ngl e ce%’fpgn“{‘ grhgﬁ?pédgwnso tcﬁIélf&@? e%rﬁggggﬂhgna%@ft%g to%?@%e %@gﬂgﬁégﬁeng the -
cel I's pr ewethvdseferieh capeiseseparating welisiin fhe epnicdidieril popudation dhat arg present ssuspended
cells in tj ' - L : MNCToA W TaPer=TeTo R wagg 1 cul tured
cells. Thé‘%%%&l%‘g%g@g%?}gﬁaﬁgﬁﬁor’ popul at onceQ céa?%f%rr_ﬁ%rgc@t e-1ineage
cel | s di f berientmiedinmrecuituting th resyaneaded rells wrpentmediyrg and eplleatiapidi ng to t he
net hods ofy.{ufie me@Rt®&s. The invention also provides a plurality of cell
popul ati ons cul tured during production of cardio te- i nea(t:;e cells

§ yoC
from human DIk &vertipa eise grovides forpapplption of cardignygete-dneaes eally difisreptiated; om 5 | j ne
of lori naiﬁemf@hma‘ i ﬂe@ldihiiﬁdtént &Eﬁ%l?@bdoﬁliﬂgbdi mfs Pﬁﬂl&ds}[o}?mamvmmngﬁiiﬁ&hmySé ; and a
popul ation, of cardiomocyteszlin e | fferentiated,fromsai
r Pt e pRET PRUREA PP, o & prriRaos gl fgs pEOan B GRS e
i nvent i on lindage s fiainrhuesnio bidstoaysit cellsp Eonpnising mudifferentiated télls fohinf 4 Hnecoft | ati on of
primate plurj t | s . [ e e ccurs in a
Cer um {r e e ShERbe SR 08 cobulcd AL o BKD BHbEolt W8N popfuich, &

di f f er ent icardipwypcytt-lipeagerwells diffencntistsd ciram seid rprigaie] pluxipetest sgmoeellolingt e-

| i neage cg%cb?i,@q&mgﬁeﬁlghsq,fmgg,ivg{%ﬁ.hat contains | ess than 0.5%serum In
certain enmpodinments of the invention, the differentiation of primte

pl uri pot ent 18camierediness ehthg inypiignhediffereriadenoipampts rheipeent sl a medi um

that cont 3hiiRSe tLEEMobRELAMSRNS EBcurk i 2G6fuindted nRBRA] IRRES embddihdAB

i nvention, .the differ en@gat i.on of  pti matle. | uri pot e[]t stemecells to _

car di omy o - nyYmHw, fhe FIF%“”‘B@’CEﬁ P B“ﬂg‘m"ﬁ H&ts E%Fﬁ’&?’ﬂ%"_"‘\"%‘ss t han 5%

serum | n liaeapd @llfocends ook weihins thatcoftins less vian 0i5%serinh én ceethinembsdmengdhered to a

St OI' aet invention, the differentiation of ‘pjrimate pluripotent stem cells to cardiomyocyte-
lineage cells occurs in 2 medium that contains Joss than 1% serum. In certain embodiments
of the invention, the differentiation of primate pluripotent stem cells to cardiomyocyte-
lineage cells occurs in a medium ﬂiat contains less than 5% serum.

In certzin embodiments of the invention, the cells are adhered to a substrate that
comprises s one or more of gelatin, Maﬁigel, laminin, fibronectin, and/or vitronectin during
the differentiation of primate p]uripdtent stem cells to cardiomyocyte-lineage cells,

In certain embodiments of the invention, the primate pluripotent stem cells are cultured in

- MEM-CM plus bEGF for one to seven days before the Activin culture step. In certain
embodiments, the primate pluripotent stem cells are cuttured in MEM-CM plus bFGF for

about six days before the Activin culture step.
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conprises s one or nore of gelatin, Matrigel, lamnin, fibronectin, and/or
vitrone the differentiation of prinmate pl urﬂ(ﬁ‘ﬂ{ N tzmcells
to cardf%’%);/}ocyte ?I neage cells. In certain enbodi nents o %e I nventi on,
the primate pluripotent stemcells are cultured in NMEM CM plus bFGF for

one to sevgndayshehRhe thdiGeafid RMIMNpIGH BE s Sdel Prher dultamgitad dalls

enbodi nent’s, e pri mat e pl.uri potent stemcell {ug '1'5:%7 i VEM CM
pl us bF@fﬂfﬁmfese'&’BGﬁ?n §P‘%”‘Hé‘§/§e iy egpbadi F‘F?Es&&’??ﬁ? Wgre Step. -3
SUBSTI TYL& widskhitriglife 263 vk WAQM%BHH/MM#M@@W, thy certain

enmbodi nent s dium RP u B rgng the cells
in the W@%éﬁ%&eﬁﬁgﬁﬁu‘?/ﬂwﬁg @aézls é%&'@&%@%@?ﬁﬂ%}%ﬁﬁeﬁ um RPM

Pl us | X f3dn iesboditaents, weanedimi ReiI plys Nads ossil |whep qulfniag gecssinighof an a BWP.
In certain enb fents, the medium RPM plus N2 is used when culturing

t he cel I@'esf?fetﬁ% presence of an Activin. In certain enbodinents, the

medi um RPM plus N2 is used Wnen culturing the cells in the presence of a
BMP. DESCRI PTI ON OF THE Eﬁ mmﬂ;ﬂgggl | s were plated onto wells
coated with gelatin and FBS and subs

ue dlff re ted gccording to
the met hodF@sﬂTItB'é@PllSWefEﬂ’aWBP@OI’BHSG‘ﬂE% PPB[%FEEB‘SF"QP ﬁ addi tion
of acti Vigh, 8,&{4 4 %ﬁﬁé&ﬁ:@%@ﬁ&dmﬁﬁﬂeﬁymdﬁyMrmébﬂm
an

penneabl 1'ze st al ned wi th an antibo rQponin 1.

Prior t oadditienof astiving giliues W@’P’é‘“‘?’??&?ﬂa‘i"&‘o"wﬁ fw‘ﬁq%h/ﬁf‘etdbp %5 ﬁzﬁg’ua?lgh live

cel I's (cghhdl @Cinihibely st Edrdimndpcmm L ePrics to foetibs, ceﬂsrmm frovtateing EMA) .
Sanpl es vvere anal yzed o FA! | bur ' | uded from
t he anal yi# ﬁ‘?%“%@bg'rvfnfgﬁf a("%lbp?xﬁ ;ﬁ@ g& ?a“e%eﬂ ‘filﬁs survi ved.
t he trya,&l,rﬁorﬁii@smmat |Samples3fwetehmb2ddl wea @@LQSgahbma@w}gas\é‘elés ¥8edi omyocyt es

& . ah ti bod
as det et 1105k B pk ARl %, s Uil in Cpp Rl PR daiBfich e ant | body.

In th panel s (Figyre |A:
hi st ogr an-ypshndisﬁmgwneoilmsse lwaﬁl%rzﬂﬂp%tw‘ﬁ&§§'€’f’my?°ﬁtés a5 g F%Eﬂ% & of
car i Of 1Y QG S5NAS D | oni Vi ). e oGt methls ekl s i ¢

pl at ed ot coated wth

trigel sub e di entlated
accor di ngsetigint e 2ypangls dFigasc A plistop %" %ﬁat%ﬁf}xﬁf 4)'(  the
ori gi nal EBI@Q@I gbﬁ&mya@ﬂebwmmhﬁamaﬂmﬂe di ssociated with

o di c t ropbiBHeR 3 - <ol Ve RIS OTS Fere il i i Al bty 2201 T
di sti nguighterdntisted ﬁ&lrdhﬁg (ocmd mah@aemwang Efhi)e 7. r@mday@d dfterdhd asigingle| | s
wor o " ox BT PR Ty B Go ARA EbaRrR A A A Oltesh ' ORC C00: o
the cel | Stained wiithi el abtibedy sgaingtsiariciirepowin iLaPrionte fptionhealls wefe\ipeupated 5~ 8. 9%
were cardi.omepeyt eSy A Hat BRI (s lRBRkgNEMA) from dead cells (cells
incorporating EMA). Samples were analﬁt_zed ona _FACScalibur and dead cells were
excluded from the analysis. In this experiment, approximately £9% of the cells survived the
trypsin dissociation; of these live celis, 8.9% wei'é cardiomyocytes as determined by labeling
with the cardiac troponin I-specific antibody.
Figure 3 shows the expression of ¢Tnl measured in cardiac bodies formed from each of
the four Percoll fractions. Undlfferentlated hES cells are used as a négative control.
Culturing the Fraction IV cells as cardiac bodies enriched for aMHC or cTnl expression by
100- to 500- fold.
Figure 4 shows ‘the expression of aMHC in cell populatmns that result from the

differentiation of hES cells using different concentrations of BMP-2 and BMP-4.
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with the cardiac troponin |-specific antibody. Figure 3 shows the

expresm&azﬁ& doaisk. nmeasured in cardiac bodies forned fr n%"iﬁ&m‘ﬂosothe
four Percol {r ed as a negative

act ions. Undiffer %h@%ﬁjﬂ ES cells are us
control. Culturing the Fracti onﬁg s§1as cardi ac bodies enriched for
aMHC or cTnITlexpms‘émuiiodm;ocyt&-G@eage celB Orefefp [geherafly ghar Both) (@ﬁmowtwe '

expressi o Q{;Leuh gﬁﬁgﬁ%ﬁ?sﬁﬁ%ﬂ 5 trdiodnfd ﬂﬁge

di fferent risat|on of ﬁﬁEHS c ferent concentra | ons o B'I\/P 2 and
BVP- 4. - 4 PSOBEFS, P ardiagpyorytes imehisissippur\gynchg deken ty2prip epally (9Ssbod A2 4060
DEFI NI Tl %@geTbﬁc&abxﬁyocﬁaroddogdwaﬁmbﬂ-rbmagasqaﬁxkea ‘abb{ @nless GARAAA |y 1O
both cardio g%rsor %e g@{_} g’ﬂdl orryoB%t es.. Reference
to cardi oﬁgfgﬁ‘? e O flayy grdiomyp P‘g?ﬁ%ﬁ sd?ay YP05 9 BOts koS, ¢ i s

di scl osur gsoastimésat Ieﬂ&britharhq:rﬂlﬁpnﬂhpﬂlldwng list: coatdize tmpondnily(cTiS), eapdiacof :
cardi onyo Wi tr| unI ess

ot her wi Se%g%ﬁkc%’gf%%m%g &"{Dm a}% w(ﬂ%‘% tjpg‘%&ﬁmﬁﬂ‘gg% elcel | s may

have one @i-adeniceem@ErBEAR), ANR) et MBR2 farilyl of amtscSption fiotong cheetine kifaseom t he

foll di e d t nT
sar coner | AT Es Ml RGeS RAR RuckE BRI C L 50 N Badherin
pl- a;:lr enoceﬁfimrte:(rp‘fen?ugg,ld Pogies” rdﬂ;:r WEfte@gtfHamSIc!pstorf c&x;}mrdnfgnmmw& act ors,
creatine {'gﬁ@xq | 3’thdlgyepgt %rp?ﬁn%e é’lt fnt sl delid'deE 1}0%1 ?nc or

(ANF). The For yol erogeneous cC
conpri si nghf&rénﬁletﬁmnoaﬁmﬁcmowwpwm ﬁﬂ@ﬁem%ﬂﬁwscel | s that appear

when primate e‘r}}nﬁxﬁ@ Fiﬁt'»tlaﬁt sﬂa’h?eﬂk’* ﬁ%ﬂotcals tﬁdtfa;eed"eﬁ%'ﬂ%lne in a
non speC|f|c |on I N suspension cultures or ag %a es. used herein,
"primate Gphiqﬂﬁd’féﬁl’ﬂ%‘t“éﬁﬁ%(fﬁ%l or pgtiefak tigsee) @ad thf ﬂwa tweﬁ from

aﬂy kind okin U@’a%d@ﬂh&r byipFobtife gcfnﬂiuaﬁsddﬂ’bmﬂﬁdﬁlgfﬁ&gﬁhy 6ﬂd$t$d:@;}d calltgpek hlfat ha\ée the
characteristic, o g e _ynder a riate conditjons of producing
~progeny of*% Fmvé?véﬁt°$(?@| ?tcggg E’y‘?ﬁ Z&H%‘gma?‘ﬁ@g%m ‘Ja st he 3
germ nal |a8a0edisg toarschadhed - ummdat mchau’tﬂeﬂ:ﬂltsbduelbm)atermmndﬂﬂgreﬂo a
Standard g} aceeRCe 4 eaoteh A Ykl hybf PG, 11 812
week .old @iﬁﬁ% ¢g or t%htggo Pm'? deiﬁﬁporr%l aI{ af'gll[llﬂ y ceqafls of

t hree ger mulbag einshuiled in |ﬂsﬁst13§mt1mftmt¢ plusipbtent Stemi fﬁllﬁ tre ewibypnid eellopf of
primate p'@&@&%ﬁ@m@@ﬁg}&@ Husa RbrAR SR neS P&l Bs ;eﬁ’fe 2 %Eﬁ&ﬂ%t ypes,

exenplifi uman oni c:stem (hES) cells eg., TIhonson et al.

(Sci ence 25‘23@13@ 1115)9893}) W&WW% ﬂ@c@éﬂ (pag sy ﬁlynblgtt Esee, e.g.
Shanbl ot t 8t pro@iNan, B&a@OScl Ital 9s: 1é¢z%d199§3pm G2 dcks FEROthel H8BAes, €MDr yoni c
RIEes
A

stem cel|'s from. ot her rTFt es, uch as. stemcells gsee e. g,
Thomson etsuf as Rhey ‘Eé‘ml\‘ﬁ’(lﬂ SeeAE&d %P“ e gh ﬁ“’ad $9995A %d8¥oset stem.
cel I's (see199%), @armosehad® culls a&e, ap, THdmebn et Ele[ﬁﬂcmd{epﬁﬁ 581344,199%)) .

As used herein, “uq;liff_ereuﬁgted primate pluripptent stem cells” refers fo a cell
culture where a substantial "plg'oportién of primate plillﬁpOtEnt stem cells and their derivatives
in the population display morpholo,c_ncal charactenstacs of undifferentiated cells. It is
understood that colonies of und:fferentlated cells mﬂnn the p0pu1atmn will often be
surrounded by nei ghbonng cells that are partly d1fferent1ated
As used herein, “eml;ryomc stem cell” refers to pluripotent stem cells that are derived
from 2 homan embryo at the blastocyst stage, or before substantial differentiation of the cells
into the three germ layers Except where explicitly required otherwise, the term includes
primary tissue and estabhshed lines that bear phenotypic characteristics of hES cells, and
progeny of such lines that still have the capacity of producing progeny of each of the three
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As used herein “undifferentiated primate pluripotent stemcells" refers

to a cel+, dﬁo?{]g Wnere a substantlal proportlon of prJ ﬁo&m‘z’ ot ent
stemcells a vat an d| ol ogi cal

i der GisP ul
char act eri Erf“l Sy {? "“Er“én g'é’?"écabq %.&B?c@sj m‘ﬁe Idm gt col oni es
of undi ffeté.r(smalcelﬁwéﬂff,é!’%Uﬁt?ﬁtqnh&q&cﬁﬂﬁl ation wll of ten be sur rounded
by nei ghbor 'Ms&?ﬁéﬂﬁq t‘@%wﬂ" Fefe?@t%'p\élyﬂépfﬁ@%r&%'f&% LI N,

"enbryoni c stem cel ‘refers to pluripote stem ce s t at are “deri ved
from a huesFfsFse gowi faf*ﬂfe%ﬁ&?t%é@é#ﬂ@kva&eﬂensy theesrags Tovrdp AgEMns
di fferentixnhieps, sad Ct he cel | s into the three germ | ayers. Except where

APabl | o F R e St e P AR e B AR 8B 1T anc

pr ogeny Offactou ofithé TGBH shﬂsmamﬂg‘z | Tﬂerdwmntﬁtb abamacldowneﬁm:mbﬂMe BMPPr ogeny of

each of the, SUBSTI.T HE T WO 20 36
PCT/ USZOO%?“E}{Z (febthea'érp?neﬁ ?ydelr éﬁ’%ﬁﬁ oro ype Lfﬁﬂg @8’%]] Scel I s” (M5
cel | s) ar eseldewin, [Yeurids Tafsrsto rined¢asiag the(lﬁu;l ehceoﬁﬁmﬂthﬂa #©B88 BorS. Pat ent

6, 200, 806) %méfe u,seﬁang%% tggme/g dsent’ ffeifich, L%“@n ea g@ﬁﬁ&dnfd:? wah

factor tha ormn
super f am |e9nch@hvmmaslyg ﬁlhewoeor&trr@ff:%@mmwhmm ey that populagon, B and C. As

used herein, ag %@Q%e&ﬁr m@&g@ssaye Igtt@'arbh{s%pmﬁzﬁé gﬁﬁr&et ?:exn%ﬁpept i de

grow h factor super . There are ent [y about 20
known rrenﬁem@ Pﬁhﬂhéﬂwon,fl&wngwo PE)P‘W&TMWBM Fyman pardomysgrtEcat i on,
the term }BME: cefl@es not I nclude BVMP-1. As used here| n, "enrich" refers to

i ncreasing the | evel a cg onent Jn.a mxture. exanple, in certain
enbodi ment's W SEhECHRe é’é"ﬁ?‘ qiSRrenHation f"-&ﬁgtr’vaé%weﬁ for ‘B@ﬁfﬁ‘\‘t’é‘t"?gd?\""m?y be

eEri ched :p;unpmn SREI s IS pgay ahdt i lammd Eheﬂgﬁréheﬂmﬁ)phﬁcdlarﬂﬁaﬁ&}ﬁa I's } n

t hat popu L cardi ac body s .to a ster o

pri mat e pl“glﬁ’?"goww sefrg’ﬂf"glg dl""”’d%“r A0 Jptermegiate. | To sglélb%hélf o ffrm %’5 S ing two
or nore cliiffessptizion Shecompamés rocsees nawhinbmsmaytnembérl af ezl eggredates foris used
herein, " ‘i’r}aﬁ%%nﬂ?i fferentiation"” refers to a process for differentiating
primate pluripotent stemcells into progeny that are enriched for cells
of a parti cubspsed hersine “gepgricaliypltared’s “framskrcted”, cnifiggustically dainsformed”an

i ntermedi gt Eopradeﬁrwﬁeye 2 bbiGauk 86t Hhe 64 trardfelrbd fh u@n‘t bPIhySRfREPasSes

processes in which a smal| nunber of cel|l aggregates form |nadvertently. :
As used hdeasof artifigialangnipyiation, or Wherethe cell'is 3 progeny of g origigpllyalfesadeslical | y

t r ansf or NRed has hhé@ed tthe élyrﬁt&l@&ﬂé smryeuo&oﬁas Will bebERhriple: NAfschRBR
ns of artificial manipul ation,

transferred into a_cel sui t
or wher e CHUSTEEFIeofiEE 3 Pf?r‘%‘b Bt VR ST Raro shires di rarp o o0
elevated level or may comprise a sequence encoding a molecule such as siRNA or antisense
RNA that affects the expression of a protein (either expressed by the unmodified cell or as
the result of the intreduction of another polynucleotide sequence) without itself encoding a
protein. The genetic alteration is said to be “inheritable” if progeny of the altered cell have
the same alteration.
As used herein, “serum-free” refers to a condition where the referenced composition
contains no added serum,
As used herein, “feeder cells” refers to cells of a different tissue type, and typically a
different genome, that may act to promote proliferation and/or control differentiation of cells
they are cocultured with. For example, undifferentiated primate pluripotent stem cells can be

cocultured with feeder cells that help maintain the undifferentiated state, while primate
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and has inherited the pol ynucl eotide. The polynucleotide will often

conprise a transcri bable sequence encoding a protein of interest, which

enabl es wheoemloh1360 express the protein at an el evat egdravRbosr40i8Y

cConpri se uspeie BRA RICHGhd Process ol R dBffrGileddin Bt BOMIEED 3t kRASe RNA

that affegts, . ressi.on of a . protein (ejther expressed by the

unod 1§ ed L ST E TR e B B o vt GO BRFY BT oaAes KNS

pol ynucl eot i Aeusse fereincHpedei-fraciteferst to @l dondithmowtiergtha reffremed bimpodiien geneti c

al terati on,lignsSRd shdkd tafer bt OFd €, | € f the altered cell have

the same _gft eration. AS tﬂs?g ﬁi;dr g@?ﬁy’ m%é%%}é%?’gfgéé erg‘éqngé’ﬁsesf‘g't’ﬁ %Bndi tion

wher e t he SEfEPREEPrigaimplsipetns stemselivtard passaged faicrenbltume mitinfeeders awed her ei n,

"feeder celchRure Wilcdf SdédfebdRlsl everOiF sone®r fhb o8l F&?%l‘fﬁsttcﬁﬁﬂ.@d Exgse}xtypl cally a

di fferent ,lg&noms, that may act to pronote proliferation andl Br cont r ol

di f f er ent PP FFOYEINEE | s they are cocultured with. For exanple,

undi f f er ent i & wed RidNECEtURInG? cdF@s Rthe FHRE ¥ MalnbaifA unRr epRfitslied W th

feeder cells, that help nmaintain the undifferentiated state, Whi e pri mat e
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pl uri pot ent- Atwsed leedid, $sante geliemyirefere sothfenbindsvg a ghithite panpdiat fdn 6AN be

cocul ture . .]:ﬁﬁ r Lrect.differentjation tqQwards a particul ar

tissue ty%‘éal\% gl.?fg. , %grc %Il 8%‘%%?&%-@?%@5%@18@%?% < qlﬁ’gd"%rtﬁﬁt e

"f eeder - f chremosomAldINA will be avenfiit4 idatticalbetweenttiveprimalepheipotest sRANBOSIdt i On

contai ns pR RALELl SCARELGE] by : | m %ﬁ\g(gl%%ﬂ;{’t‘ee

enconpasses, | nt e? gsﬁgaz g%ﬁ%?sﬁﬁgwﬁl%%npﬁmto ﬁfpflljlr _ t)cgtem cells

are passadil plps o Beanl fuhe primetn plusipotent stamneell orathe idetivedecellitandesn added

f eeders eg&i&ﬁdaﬁy SIRFR, MbselcBR \{riﬁ%g%rﬁidﬁﬂé@f@t Hatkemd hz[nﬁggfeﬁ&ﬁet#rtﬁetc%ﬁ GoR €SENL 1N
reters to

- the second, cul ture. A% used herein, "culturing” reé € process of
mai nt ai ni HYCRHIyes derived antde FRY deivdaton i sippq #lbnonmanipylated Eenctd elemensane
genone" r afepfeserted. t he genones of a primate pluripotent stemcell and a
differentiatgd cgll.derived fromth rimate pluripotent stemcell and
means t hat t’ﬁé’m@ﬁ%’nﬁ@aﬁﬁe Bfés {9 ]?I?E“Gg’gﬂvme?“m MembraneMptripethighen t he
primat e phisur cqnotesuidl pparationedt| bageidnt theibrale biodeRd 6f EheRsoml BloRl-Shhad by
Restricti I t L Pol| rphism ("RELP") or _SNP_anal ysis. Even
if the pr ?Ir%ﬁo 33%{2&3@ i"%‘%@gﬁ% g‘s"f*‘&r%mg'}e)f’% @ ﬁ%“"ﬁ%?‘} &% laminip. Matrigshis,

geneti cal kygilghle comagrcially gangh Bedtan, Rickinsob endoConpanieFadklind akayMnt he sane

genone as thg clbrela l,gw ' HSE th | | rived fromit,
since all non- mar?l 6&[2’% ge%%tt‘%?%ﬁﬁglnen %%6g]?gl&°p§e8’§%fcl§°€8’.&§s used herein,
"Matrigel" refers to BD Matrigelrm Basenent Menbrane Matrix, which is a
conmer ci al  prepar at | PRTATLIS PERERIPHONGPRAERRVENGRON DY

Engel br et h- I?I,mSwarm .
eneral Technigues - For further elaboration of general techniques useful in the practice

of this invention, the j:ractitioner can refer to standard textbooks and reviews in cell biology,
tissue culture, embryology, and cardiophysiology.

With respect to tissue and cell culture and embryonic stem cells, the reader may wish to
refer to Teratocarcinomas and embryonic stem cells: A practical appfoach (E.J. Robertson,
ed., IRL Press Ltd. 1987); Guide to Techniques in Mouse Development (P.M. Wasserman et
al. eds., Academic Press 1993); Embryonic Stem Cell Differentiation in Vitro (M.V. Wiles,
Meth, Enzymol. 225:900, 1963); Properties and uses of Eﬁlblyonic Stem Cells: Prospects for
Application to Human Biology and Gene Therapy (P.D. Rathjen et al., Reprod. Fertil. Dev.
10:31, 1998; and R.J. Freshney, Culture of Animal Cells, Wiley-Liss, New York, 2000).
With respect to the culture of heart cells, standard references include The Heart Cell in
Culture (A. Pinson ed., CRC Press 1987), Isolated Adult Cardiomyocytes (Vols. 1 & H, Piper
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tunor cells and containing extracellular matrix conponents such as

| am ni n. ?_ﬁ‘l“ﬂﬂ‘ﬂ%i s -available comercially through Begtaf.g }%@wson and
Co L As h " RPM, " t Med
SRS RTINS WRE NEC R TN o M

Cener al Tewhnisgse Generflonetfods inhisrlecslaniodrcalivlay biophiengmvyermbe foeshinisgghes usef ul

in the practice. | &) 1.Q0, | b QRE o standard
t ext books agéldaﬁﬁg}?&é&})sgi 'S?fmlg el?’r (F%{Sg{) 34?0 Ee?ﬁmfé‘gfsa%léhc Eﬁ'f %’F'g@g%jrﬁ;}%?%gy , and
car di ophy #Mavkad o Lefioris ede dguiemictRyess 189 and, el end Tissug Colpwras Labrde'amrbr yoni ¢

stem cel | $pockifestieBERERDBYy (DoPB &1 Gritfiths, (161 W&g@s&e oggy.Cci nonmas and
enbryonic stemcells: A pracjical approach (E.J. Robertson; ed., IRL

Press Ltd. ¥oiwferheipoe steg ofllichni ques in Mouse Devel opnent (P. M Vésser man
eft al-( eds.The P Eﬁirﬁxﬁﬁfﬁsﬁde%%ﬁ))l dszfaﬁﬁbkamhgoo i ﬁugggsatnam' e(ﬁﬁiﬁbotaitfsﬂcaﬁﬁ;ﬂl%g iation }n
itro (MV. Wles, th. Enzy . 5; , 1 w.Properties and uses o
Enbr yoni ¢ & W‘%}’qc’é‘%‘ﬁa&ﬁ%@t S’Efnage p%‘ﬂgBtF?tcséeﬂ Bei?g st ﬁﬂﬁgﬁ "ﬁﬁdﬁ‘ g’ﬁy and Gene
Ther apy ( hefRodsRiftily ieventidn iadlude, b preamt lidvitsdt tb,| embfenic stethQellsl , Endld@Bic and R | .
Freshney, Cultyre of An nal /| ey-.]lissS I 2 Jron. W TH
respect t8te?’h"§ﬂfbﬁﬂ Eer ggfggﬁ%o% Ha%‘é yfvt\é ,O?BSBngﬁ‘gﬁPe d’%? _ é?érﬁtéﬂétsp’%gﬁ%de The
Heart Cel IThimson €udlt Broe Nafl. Addled US2d92: 78R3 99%).c Humaro@bryonicstsinghBY) Adul t

Car di ' 7 : E 26) WO
50071 00%s Jhe e B st Bord il Bocye oo il WA bl el Elone®) |
Heart Devdtsephed ity Thompopesy ak (Vads Batent £1200,9055 Jeiece 28351 143519980@yr. Tapner al

net hods i fepDBieE Ubas3 &)doos3! shdl RBEbIRIEOGNE NS Bictah, PR3Jo0UNNE. | Omguch
standard textbooks as Shor{ Prot oc%lmipl n Mol ecul ar Biglo

] ! . 4'h Ed.;

| nunol ogPFieE mtBotenysiem-ell fipes inglpgs, fpt aze agh .h,‘mtﬁ&é?déﬂ?‘@"?’g‘é%mi%ﬂ :and
86! Lfanﬂ f]ﬁl?ﬁléﬂls\,?\?hlhﬁﬂéﬂ&i wCamS matgm(atesampﬁﬂdumase:hmﬁiwgeaﬁ r(m})@alul (D%I e &

iffiths, John. s 199 _ pluripotent stemcells The
present i S)@WF’F’BH‘%?%%%@@%‘%%’BS@%E#i%?#’q%?% ntiating primate pluripotent
stem cel | s Entirgonivostah celly meedie the inemtien ey beschodenifroat enlpyanici somt edlit St em
cells that, may be used . he.. h tion | e but are
not Iim tg 5 éc;r 4 rrger '@%‘r’ffl%:h @Pegt_l ?ég{hl @-ﬂ?ﬁh@%ﬁcﬁ%g 'enAi c&reéer@hggtn“be
i sol at ed fembryoiit stem @ell ines hasfe boeri enteblisheiveliding, pu. 18t lnpitedetns Hb F4H9,780; -
Thonson afyal,, f{ ﬁ'caﬁncggﬁ&mrpgéﬁﬁﬁﬁﬁgﬁ-ﬂl,ﬁﬁ%ﬁ%ﬂ%ﬂ&%}m@ﬂm enbryoni ¢

stem (hES) ~ce ﬁgr ed from human blastocyst cells using, for

exanpl e, tAtkens, S F§Eds HEGRs HES-BetER . HEOAH G- G ifrom B Gelt Intppatiopal,
6, 200, 806 ;mémﬁas‘o%e])ﬁ&iﬁ-xl, }180.6 (H98 Vniverity of CEBRmia 408¥n Fdhcke); BE1333 1 T .,
1998) and Reubinoff at al, Nature -gl ot ech. 181: 399, 2%?0. O heﬁ .. primte
pl uri pot et Steft, 1621 3l dre@erived oy & Teshgioinlgrae Tnssttite phfschnelagy Haifes it ve
ect oder m [Iirked); UCSPL)ang aJdSF2 (Gehbacaest 410 Fifil. Glorib BO(GR1418:295 206 linnd  hunan
enbryoni ¢ GeId { e hantet al, JEm 350(13):1353-56, 2004); and line ACT-14 (Klimanskaya et
al., Lancet, 365(9471):1636-41, 2005).
In certain embodiments, prim@t_é pluripotent stem cells usgd in the present invention may
have been derived in a feeder-free manner (see, eg., Klimanskaya et al, Lancet,
365(9471):1636-41 (2005)).
Primate pIuripotént stem cell culture
Primate pluripotent stem cells may be cultured using a variety of substrates, media, and
other supplements and factors known in the art. Primate pluripotent stem cells can be
propagated continuously in culture, using culture conditions that promote proliferation while
inhibiting differentiation. Exemplary medium is made with 80% DMEM (such as Knock-Out

DMEM, Gibco), 20% of either defined fetal bovine serum (FBS, Hyclone) or serum
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( Shanbl ?‘Evt et ﬁ't PLOC Nati. Acad. bSci.h USA ?5 13726, 1998) . Enbryoln: C
stem ce Hé?zeﬂ% the invention may be chosen rome % ﬁﬁbce
umber ¢ DBt Rl cehRR e B R PPt A g b

nunber of
not lim texdwﬂmg}uihihme,HﬁdoHﬁxMB-Hercapmathah&m (reference Thonpson); hESBGN— 01,

hESBGN- 02, hES S HES- 3
HES- 4, HES-5 F‘iﬁ% 8“‘?#‘5 R piactont db ?%'?131"%?“‘3‘#5’ ‘]a”“ Fﬁeﬁ‘%‘bor e):
HSF- 1, HSFeeBs, (¥picaHy ﬂhmmmdmyedoﬂrombrﬁmmrafetdt tisSer(Thoreson Pksﬂoﬁ‘cserm@ 1 3.2,
13.3 | fkgl 455, 19és 18 cenlan??nébbdﬁm&s(ﬂf‘sé'f&a& @e§1s Exgg&o?i?ﬁﬂﬁun%? ok

Institute eéhno | srae (Genbacev at

al ., Fert i¥umasgifeaden cellgw@y isplsted fiom variyg msm%orqﬂmmbz differeptimlighn at al .

NEJM 350( 16} fiufed® 3m m%Q%h oclli kb ﬁlbrﬂﬁasf\glsj(éee(l@' WOU)S38®) aln cedin » Lancet ,
365(9471) : 1636-41 005 In certa| n enbod primate pl %%)tent st em

cel'ls usedentty thet gy "d‘ﬁ%l% ‘Z}Eéﬁ nghimifed 40,ip
; gg?g 2 72 ; eﬁ;ramam e% $8: (?,Geﬁlgcev éﬂdl nmﬁlksseat BB(5R1517-2b,27008), fallopian tub%
p p re.Primte
pl uri pot enf® °§$ éé qg"s") l{;g&@& ¢ LTL’eg %i‘“ﬁeﬁh?f? gﬁée:{ﬁl #%U%Eeflf’ﬁt es,
medi a, andfibretildsar(sealgp) amtattai Bioll Rigrad. 68:3130r56y 2008 Y vtk eaddmetrial calimt e
pl uri potent ste continuously in culture, using
culture co&iﬁ’ffg eeetﬂa?‘ g?‘éﬁ? g%f%rg} ion while inhibiting
di f f er ent i at hosrtaieatpdinenys, mobtyonia sien erilsmanbe maigeinevERN vpdiffetatiatsd Knock- Qut

DVEM G bc 9 n 0 535 one) or
serum -8 %%%@Q?‘*ﬁé“’%ﬁ%%‘?’}" R ée gg mﬁe@w Mq} %ﬁ%?uszob%%jmoao

r epl acenenfeefanfes ooy oy paipally sWWP‘éWédﬁWGﬁ“d@?"t@ fondaining foiprdbat essent i al

am no aci dgombte pifitbradiinUbA e Eolls ARthoft diffeibht{aBodTI(RE,CaRL ABS.NBRGE Nd. N certain
enbodi nents, prinmate pl. urlﬁotent ste cells are cultured on ‘ﬁvmgger of

feeder cef$0480) dn cartain, epbacimgy sp SR Tagiors b ugsdipiodhy e t al

t ihssuef (Tgaﬂfﬁﬂﬁl 'me xﬁadmmf Hith eaResecraiing: shidld Factods) Sh. asll?'adiﬂéd Qi4[0oe Rday di annt s,
t hose eede ce S ar .0 e, LI n e e S ..cahn e
o e R P SRS e R s o Bt AT Ob o  FiERbagiiks Folk

human enbrgmmcbfremepnm plsripotin® sieinbeetb (.8t Paelt| 6642648, Medjum cdd O/ 51616)

| t ai t de, but
e Cort 2| Mool Bl o WARR of £ AR 16l 181 os B DI kel 112, OV
Fertil. Stwith20% m(tﬁyepmmnmd429’0$)bFGFaMedﬂpmélm kag been cepglitidned foml-2 cel | s
(see, €.9. g Bﬂl&éenﬁeﬁ v@}lh funlléPﬂFqPBhﬁB&G{{b%gppoﬂ?p&ngég,ﬁ@gtsﬂQ%)aenf or eskin

fibrobl asts see epr o 56, 2003),
uterine engrbmisor i da&%ﬁs?escg(‘é’é’é)méﬁlﬁ Xu gtap, Nat. Baqte"hﬂq!’:l 181571, 28.0d.

72(1)-42- 49, 2Rhtively, fresh or non-conditioned medium can be used, which has been
supplemented with added factors (like a fibroblast growth factor or forskolin) that promote

proliferation of the cells in an undifferentiated form. Exemplary is a base medium like
X-VIVO™ 10 (Biowhittaker) or QBSF™.60 (Quality Biological Inc.), supplemented with
bFGF at 40-80 ng/mL, and dﬁ;ionally containing stem cell factor (15 ng/mL), or Fit3 ligand
(75 ng/mL) (see, e.g., Xu et.a]_':.', Stem Cells 23(3):315-23, 2005). These medium formulations
have the advantage of supporting cell growth at 2-3 times the rate in other systems (sce, e.g.,
WO 03/020920). .

For exarhple, the primate pluripotent stem cells are plated at >15,000 cells cm?
(optimaily 90,000 cm? to 170,000 cm™). Typically, enzymatic digestion is halted before
cells become completely dispersed (say, ~5 min with collagenase IV). Clumps of ~10 to

- 2,000 cells are then plated directly onto the substrate without further dispersal. Altematively,
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In certain enbodiments, enbryonic stemcells nay be maintained in an

undi f f er@Rt state wi thout added feeder cells (se er et
al ., Devﬁalibﬁ‘ﬁglsgw 259- 274, 2004). Feeder-free cul t%rcggﬂsqfe ?‘3}%{)0 ally

suppor t edtbellacasbe prsfied PGP SRR befor theplate rpdies conflugnes by
pr ol i f er ats @ iP4 sdliion 6£0.5 }eMMVEDA UG PBE ﬁrﬁgmly detacleing the é@iredeel)s fro). S.  Pat ent

. 6,80 nb < d d
o he helra ey 8 15 TR TE B Ron Gk doR P8’ Bl kB Do
factors, e edttuasvasselabh edledre(plaied)id® & ) cultprei withoyt fevsrs alisperinl.y dne c ‘

f i brobl asﬁuﬁhm Elﬁlstgﬂgﬁ 'c% emgné dlds ﬁﬂtc'éﬂs e?:]turgd Hriblghs bf Reage! | S

derived f pri mat otent stem ce Pat ent 6, 642, 048) .
Medi um c asre bemovesdiraas thP Bh@él Hipcybrting Wit asplationce §95% (Hval) tewpin (Gibsd) ee” medi um

such as Ky BTAITES-#Slmi 31°C2 Offh S@dafihg Gk ROBITPRe A Wmdved 9/ L. DFGF.
Medi um t hat has _been_conditioned for 1-2 = days f:i‘ifé‘ﬁfpl enent ed W|th

further bagrhe osharg Fiterated indo,p shspensipn FWP@%WH‘? smgjl clpstersyand oyl ture

for 1-2 dgys pl:8@Cat GenSities WO50,8000506,060 cofls &h? ab .prordd subivell @@hn@it.
19: 971, ZOOB) Alternatively, fresh or non-conditioned nediumcan be used,

whi ch hasdifEemiatidyppl emented with. added factors (like a fibroblast growth

factor or fonﬂéi‘OHhé\)nﬁd&%Eopﬁfoﬁﬁﬁm mmﬁiotemermmonemf apﬁarceiﬂnshign an
undi fferent| ated Iorm Ex

B o © ¢ Helsp e Pl g OO i SRt CamPEL Iy dosfae Sl Bk i
bFGF at 4&scﬁﬁ:amgéelﬂguncﬁaﬁ ®pitnite prbidty ploxpoteal atﬁmllsnfwmtb/@kpres’sa'tl,'tsuge—( 15

/ mL el
2%(3))312%9 6‘13%’?’%9%%%#&%%"?9?‘(" ge gtq?%]ﬁeés 6ﬂave eﬂ!usén aﬁ{‘/ant age zf
supporti ngeszgemd Fraohnfth awt Tea-1381k | ﬁ@étffsqqr@mteatl@nm epbryeRic teay eqﬁlﬁ jlsgee, e.g.,

WO 03/ 020 | at ed
at >15, Oog}B 1YI fgfessem@ opt |?1%0H%d%lém§ﬁ g}rl#gl %ﬁ-?éle gh%cmtl) Typlrgallolsl1 ©

enzymatic Tﬂdﬂfl{tf&srqdé‘FﬂW@'lﬁ‘&l ratgin tﬂé@% apds fyman HE‘E‘B‘FFESB(,"S YF5Y STRRTLPEes per sed

(say, -5 @rRRY (fv.isz@@é/bmmaﬂe},akh@tecte@wmcnf -10 to 2,000 cells are then
pl at ed dlrectly ont.o ,e' su trate Wi out . f rther | S

Al ter nat i velBifferentizgtion g Enmatepruripqipaf 61 o8 o) Vi

PCT/ US2006/ Ol%gﬁgent i\b@nsxeﬂarbﬁdesaﬁtehmahﬁmwdsfoedifﬁnenmg prena:mhamoﬂaﬂf ore the

plate reaches onfl ue bat n 5 mM EDTA
In PBS or tﬁ? ¢ gl g}}’ﬂ%ﬁ"g‘ S c& g¥é1%’ ce«g?ﬁnhﬂf %@nﬁdg{ {)1# t p?'%nag

mechani calpluyipotsnt @iam&:elli)ﬁrss o thp bregenosr of| ap dAckivin ovithvsubsaqugntf m’ttm‘lqsl ipdhe. After
washi ng from 7 w cul ture
e hous 1 et S5 Bk, Yot SR LAEG8A b BB YA AulEY, o L
enbryoni c ﬂsetﬁe:nwnaiaygptmuﬂwwlwiﬁ@h&@%@&%@@lmd@wmﬁlﬁ?Wemved from

the plates by Lagy Babidifent Wiivh SGhitlde®R 6 oBuRORedith o @ bnokiitdsi n (G bco)

and 0. 053 ors mn at C. The|rema|n|n cells in the plate are

renoved &piereentid nsiml|agd 2QGng/mb, 9*&"&‘(% ﬁffﬁ"@ agd & prstteshft $88hg singl e
cel I's and 4344 ngﬁxﬂsirﬁée'itamaé?sﬁodunents, Activin i$ included in the culture medium at a

concentration below. 10 ng/ml or abpve 200 ng/ml.

In certain embodiments, the BMP is included in the culture medium at a concentration
between 10 ng/ml and 200 né/ml, or beiween 25 ng/ml and 100 ng/ml, or beﬁveen 50 ng/ml
and 100 ng/ml. Incertam ‘embodiments, the BMP is included in the culture medium at a

.....

concentration below 10 ng/ml or above 200 ng/ml.

In certain embodiments, the Activin used in the differentiation is Activin A, Activin B,
Activin AB, or Activin C. In certain embodiments, mere than one Activin may be used. In
certain embodiments, other‘ TGFp saperfamily members such as TGFp, nodal, or lefty may
be substituted instead of or in addition to the Activin in the methods of the present invention.
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then plated at densities of 50,000-200,000 cells cm2 to pronote survival

and |i m\;vong.)‘,d‘og{lgnt iation. Under the m croscope, pri ;rg,lgq,ﬁ@%wﬁ(?g‘gq(;gnt stem

cells a nuclear/cytopl asmc ratios, _g oli,

and conpact I@@mwmpm BMR wredia dhe djffereptiation is P2, BMPH, MR- ons.
Primate pri nBterd ehbdanhaR] tml BPGehI BMP Yt th BMIXRBME-4t Siepgpbage-
Zﬁ??tihfeiex”?a%gq%ﬁgﬁﬂén PR TR T e g B ARY POPRRG | at od human
enbryoni ¢ stiemercdn bsbodingats, thy pliftadntisting xeplisems ctltueedt inaths ebseype icfbothact or
Cct - 3/ 4, 58 gﬁgﬁ ‘
podocal yx m{%%e pro{i%%tﬁe B%%E ﬂ&e}?ﬂgﬁ)%utﬁ'gﬁ te oﬁﬂgt%’gaglg@fr?%\}%crluggdm
transcri ptasalngsEERT) cqrigd cg”om¢ @Mmtsmg IGRis inpduded picq] campeniaticRCR.

- Different Ad 30 I Gadwdd, t e- Li neage
‘Cells Theb%%’%éggn?aﬂrf\%ent | ?@l%&ﬁﬁ&&%lﬁrﬁg&ﬁoﬁr&&r hods ’11(‘)333/1‘%}?]l){l )

di f f er ent ek 108 @2 %eéﬂlpleﬁlbﬁ’%?’@nfhe IGF isringluded 3t gopgegtrationslessihaschft e- | i neage

cell's by fn% 1%%%0%@%&%%@%@&3@! biRFe2, 1R lcbkdiP@fiRdments,em cel |'s
first in the presence of an Activin w th subsequent culturlng in the

presence &Fulip mayibe sybstitvied ignhe & iniths nieiods l tigaesent BYMAY the cul turing step
wi ltp Acti vi {nmﬁ:@ﬂzeﬁﬁfeteﬁhéhoﬂwmepﬁmaaahﬁwdammedw%mﬂmggfwaﬁﬂwgesubs eflugnéI
culturing ste n i Vi s i ncl ude
Ch t b ooty Be SAURe R0 n g AEeEles SLApe A SAAEN oY KOF o PR REB0 g i

or bet weefim peritgs. rmacamh aﬂﬁdim@ﬁtmhe @MbﬁbmﬂﬂA&ﬁmgbGﬁveenaadadr@&dng/ m. In
certain e dlme t|V|n i nc | h ne at a
concent ragggﬂ“so’gl T& W&?’H 129?’"53‘5 g B’d&'ﬁghlgrﬁb%%wégo a‘g‘ﬁwegﬁﬁodl ment s,

t he BVP i 3n lemgth, mdbmlween4tlﬂamfsendidnyemrtemm mrtmaembmmer, theicalivre fiept ween 10

ng/ mM and fhad@iigen 25 ng/ml and 100 ng/m, or between 50
ng/ m gﬁggﬁﬁ]‘%%ﬁ@& nﬂgge al n enbodi ments, the BMP is included in the

culture nedlluml‘mn mboémtaﬁherwﬂmreﬁtehwbweﬂf%{s/bﬁﬂwem3 dayegud DdRys g/ nl, In
cer tai n el gFplsten § B 4548 Whs8 i 1egph, bPbchiten Yk B9 Ubih RRgth SAC I Vi n A

Activin B, “Activin AS, “or Activin gccrartaln enbodi nents, nore than

one Acti vicPrapspubed mﬂ%‘%&“’"l"‘t‘l""eﬁ%’r"(‘ﬁiq‘lz%ﬁ ngen R 14 6iier TGF(l superfam |y
menber s suchmastiChibbdiniaghe odiird ﬁtmmrmemebawb@ta a@i adi 5 m@s @ad of or

in additi t.he ACIVII’I the hods .of "t es ion. -10
SUBSTI TUT%’“S%E% %d%) B‘?‘I%g 3 %%’PS % or ¢ ai n
enbodi rrenteﬁabudi:hantsBNE’culﬂmttqammlﬂmldF isflmgmthamatweda long. BMP- 2, BI\/P- 4, ,or BWP
7. In certai | ENL.S. VR, i Q% - -4 or
dl el t:

BMP-7 (excl l??(ﬁl ’ﬁg ?Le)“am em'gg errar h§mzri% 09}0@% éen?@ F&@n %Aam MP may be
used. In onwtbalﬁrstamwdlwx&rﬂﬂs;g/mlh@hdnfﬁmﬁwnbsaam wfgllli‘él’lf@' ahous omuﬂa(mr ed in
the abse n(:fen%lh}?e(ﬁr\ﬂth 50 nglml BMP-4 in the absence of an Achvm for about four days, and then

cultured in the presence of 50 nglml IGF-l in the absence of both an Activin and a BMP for

two weeks. In certain of those embodlments the resultmg cardwmyocyte—lmeage cells are
harvested and enriched by Percoll grad:ent as descnbed in Example 3.

In. certain embodxments the pnmate pluripotent stetn cells may be differentiated into
cardiomyocyte-lineage cells by direct differentiation. Differentiation paradigms for pnrnate
pluripotent stem cells tradiﬁonally involve the deliberate foﬁnation of embryoid bodies,
which allows cross-falk hetﬁeen different cell types, mought to promote tissue formation ina
manner reminiscent of an embryo. However, it is often advantageous to eliminate the need to
form embryoid bodies, ;ali'o:wing the differentiation process to be more controlled, and the
resulting cell population tends to be more uniform (ses, eg, WOO01/516i16;
US 2002/0151053 Al).
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Activin and BMVP after the BMWP step. In certain of those enbodi nents, an
I GF is iggcl that culture step. In certain of those enbodi rrents
the | GF ﬁ?zﬂﬁ@@z%d at a concentration between 10 ng/ rﬁ%TélFﬁ}('%sd)@ %& or
bet ween 25 rigperdf temneafivanga@enef the diregt aIFSERiapen BOmMgYE 18 that IragrutiDer segym | In
certain eghpfthiE for neehsﬁo lnﬂ::até &sh,syah %%a%ys@&mmaﬁ%@ms@sa% id han 10

ng/mM or nore than I'n certain

embodi nenticel ?fn%thﬁrl‘?Fﬂf?ﬁif B’é“’%tﬁhﬁﬁ“?qﬂnéﬂmf'ﬁﬁfwt?@ fhat it Sentdies Mods of the
present | : RMiEiDikI amdndadr suppletni® ticht fsﬁ@wwaxrtatemmacu‘eng ltnee éu:ra:aiaioeslrted o :j pot enth
stemcells to cardi onmyoc i ne tured in the
presence &f ?’ﬁ‘e a}/eBﬁ# ‘%@' ?@ sm@ églsﬂ’ eng (]#g’ peri ods.
In certai rreﬁmhioglesfﬁbcce Intchmrcmw&nmts,tsmlmenthcomm“muman& abdaﬁatem 12 hours
and 36 h 0. h or

bet ween 6?#%?1%895#\%&%&9%{}@)’?% eng ?f%ra gﬁjﬂ{)ﬁ%’%ﬂg c£1§Lﬁours ’days in

| engt h. | madmey alsncostaiophitmssive £1. Svigél)dmtimﬁ ¢e8d, dwdrowrhdoneﬁtﬂt‘ﬁ wg/Ir-i os | onger
than 5 da e, r i's

bet veon 3 PRI d0 Ul SRR M of il by b bERG MRl |

| engt h, orpmmeaemé ﬁonpmraay sstlel p@xlucaas/ and h!maertgqu vlwm@em ohcompondstsdi ment s,

the cul t Urgivah §BmWod-Rurkal EniBEmkpbd PMREedlan 14 days. In certain
enbodi ment's,. the culture step.wth the 1G- is between 3 days and 5 days in

length, or DBtofEwR epmbefigents, the @ltaraygedw used g the diffepentiption stepids i n
| ength. | Regifeal R ceﬂiﬁ@ﬁbeﬂﬁﬁﬁt&thddﬂ&r@hﬁbdmtﬁ Gsed H&Bxgmetdiff&éhﬁado%ebss | onger

than 4 weeks Ion Fo Ie i n ce |n enb nts,, human embryonic
stem cel | §°‘I§?‘%&l€ %f’r‘g‘@] rsirf'm’c?f ?5&5%85%4??%% 81 " Acti vin
A in the akse0tssemnin, &l&&/&aaﬁ&ﬂ%&hrumlardnnﬂhd@ﬁsetuhen cultured with 50 ng/n
BMP-4 in th of ., an I Qe T, a nd then cultured
in the pres%?‘é’ﬁ% giag th? rﬁdfég‘—ah%é & #%gﬁrg?g&ﬁ%gnﬁé@% ﬁ%ﬁogngA&ﬂ%\% n and a
BVP for tembodimesits of | the qmserm mvmmon, hibs epriaatso ¢luripotent | stmhmﬂemhrtMg

car i 0Ny 0 GiFenlibellP BY S Bbihcts anethe BREHE S Eftof il SRloRhed el M

gradi ent as descr| n certain t he pr| mat e

pl uri pot erfkroughdln femmation Qfﬁ;ﬂbt;‘leld(‘}P‘fi‘FseﬂF gmeipginkia teifrentistion Pestagelyecet | | neage
cel I's by diyf G hetflid dufhedBich.aEiBoid bbdids@bLt fortiidda RAHAMHIHDs Edbm B | MaL €
pluripotent stemcells traditionally involve the deliberate formation of
enbryoi d B’é}’cﬁﬂes, whi ch allows cross-tal k between different cell types,

t hought to PRQRRAIR elbsihents] Me WHfcidatiating célls FBduNEed bR HisBsaae Blringfthan enbryo.

However , en advan | i m.nate .the.nee for errbry0| d
bod o5, alfEnG BEEVEPT PR teb i e SRt s s RddeC o B G
t he r esullinited) tocellhgemdpnihiaf fitvenetting difronectin) Byahnonate pokyflelysind eted tmsug. , -
W001/51616; %ﬁ %DOZ%% 51053 Al). -11 SUBSTI TUTE SHEET (RULE 26) WO
2007/ 0021381 1060 ‘ |

In the practice of the present invention, there are various solid surfaces that may be used

in the culturing of cells. Those solid surfaces include, but are not limited to, standard cell
culturing plates such as 6-well, 24-well, 96-well, or 144-well plates. Other solid surfaces
include, but are not Hmited fo, microcarriers and disk. In’ cerftain embodiments, the
microcarriers are beads. Those beads come in various forms such as Cytodex Dextran
microcarrier beads with positive charge groups to augment cell attachment, gelatin/collagen-
coated beads for cell attachment, and macroporous microcarrier beads with different
porosities for attachment of cells. The Cytodex dextran, gelatin-coated and the macroporous
microcarrier beads are commercially available (Sigmﬁ-Aldrich, St. Lotus, MO or Solohill
Engineering Inc., Ann Arbor, MI), In certain embodiments, the beads are 90-200 um in size
with an area of 350-500 cm®, Beads may be composed of a varisty of materials such as, but
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One of the advantages of the direct ditterennanon technique is mat a serum

or seru e is not needed to |n|t|ate or suppor. myocyt e
di fferen ?;ktla%naigx«%ocess ﬁféft V-pi- glg‘?ﬂl ot her. nerd’icT}[Eg‘ég@@éﬁmgt he |

medi um carfoblimied o glase 8’61’1%‘8"’1 raenias disks may be ysed i ivpienk ¢ onal
suppl enentbidrdagtbrs Sorpaachirentchif fHe e élBriDisiatacckoldebly lcompanies mn bINSTPAGWHES O

7 | | t
(Lt TockupsSyunf ol b BeeiF Qlucalons WRRATE koot il SHBE 0T <
nut ri ent s agrpdlyestdripelypropyleneidicks. A gramof theseifishs p(osﬁ@agﬂayq arduofd200tcmAnsf errin
(5-10 g/ ) e%Bﬁd %}%ﬁ;‘ e(tgadéopgé;me)y’ofs% )ﬁcﬁ%hﬁ? bﬁpﬂ:ttmnﬂeé)lldt rescine

(1.5 nmg/L), | otin drocortrsone or progesterone
(0.6 pg( L)slassmalagic stm @wgneowolmrw@en@ | sr@erola@e, pivtetaflugrathylepel ) . For

pur poses  Qfelifi{ B heiho:S CH &értﬂﬁ QAbSHMAR @nﬂh iauém& ttﬁheiuﬁﬂléurfd%s' fyhation of
conponent s d ri ved f,rom nopn-h n.animal s may be advant ageous. I n certain

enmbodi nent g‘s@ﬂ?lt’% F]E‘P?m@ieﬁ' Jrge- @!E‘F‘Ps??aa’t‘ﬂ'@ Frfaqes e descepedone-st eps i s

serumfreanSmommSﬂBn embodi ments, the culture nedi umused during the

differentiatjon, ste di og& ﬁllessth n[p% 5‘Vser§ Ies t han 0. 5%

serum or | §erﬁ“1ra OB E, §1ls 87 1f & swelewpl Fpspengon ‘B“ﬁﬁi“ﬁ‘?th 285 than

5. 0% ser unhe inventians srlthmgle&a%msim m&ﬁa\@etfbmimhﬂvaﬁglst\#@s &ﬂlmng,a;ges of the

di rect dlff Fenti at | ' Odl resent
R e 0% Blr e, SEY btk TR0 RS e

i nvention® oten em ce Fat ed by
the met hodst mﬁy hmeq)ndwmutmvgdlmﬂednto; @Rllcgemahud@hmm;swwklsc:aaﬁg@o,cel |'s

th h t f t
[ouoh L, FRLSENID Inche STROVA S0 o AMBRIAL i i ey

differentiation proto except ure st
bodi es cart mammwmm ﬂw\hwfqﬂetw mg¥ bv\ﬂ’}@nﬂ@mﬁ’ﬁ“#ﬂ withanediator usedincer t ai n

enbodi ment,g, .ﬁa&ﬁn%éfmsr%&k@bmaaménﬁs@me%ﬁ $ieeseMmay, gugirate during
the nethods_of the |nven, | an. . ubstrates hat can be'used in this

i nvention i n€ } |1 agen, lamnin, fibronectin,
vitronecti n m)ﬁésbﬁtﬁaﬁaﬁtﬁnmvided-métwﬂk foeostaﬁhgﬁigh pﬁ-&gaearmﬁy&wﬁﬁeagu astic, or
Mat ri gel E ‘ﬁﬂ'@r act, of t, egresen nven%hﬁ there are various
solid surf% ea“u@g EYr gagglfl"’b@ 8% o9& sol i d
surf aces ienddhinest stebumaﬁpmdmmn bvemrhighet phudty om‘tl'mnglamd-lmﬁgé cellcppiilationng pl at es
Such as OoHEh Lmafals i e, ROGHG) may Cloctl SR 1o PLEEER, (DL LBl Surfaces

i ncl ude, but ’are not rocarriers an
enbodi rrentcsrdwtabrepytel’hnemwmsﬂsmbmwd by éw ldé’&c@tlaﬁﬁhew dfdledigvantiore Yamovsar i ous

fornms suc Qgﬁﬁﬁ [ har ge
groups toh%e@%cr]rgrﬁ ce PE?%:E% nt}ﬂkﬂrg at| @&cﬁd@?gﬁ%ﬁ%&%eaﬁ for cell
_at t achnenti? Bashaniaak Feppation, densite FWE‘&P% ggll MSWH" sartinge sath genetifor osi ti es
for attachgmdon @chilel $for 1 eheRlY HRIERNomSD ! 38parB&, 3éd Frehfidl inad gr t he

macr opor ous [rier re co cially avail able (Sl gma- Al dri ch,
St. Loi ns, AT ﬁlﬁc\gﬂ?ﬂ‘lﬁfs RIEW;? @S?%g%e’ %’k *‘xﬂ?lﬁ?f‘ﬂ f soms of thosecer t ai n
enbodi Wentn&;hoﬁhﬁglé%&%iﬁscﬁd’s&l&MZOQ pmin size

Density Gradients

In certain embodlments cardmmyocyte—hneage cells are enriched by density gradient
separation using dens1ty gradient mediums such as, but not limited to, Percoll (see, eg.,
Example 3 herein and Xu et al, Cire. Res. 91(6):501-08, 2002), Ficoll (Pharmacia),
metrizamide (Nygaard), RediGrad (GE Healtheare) and dextran,

Cell Sorting Teéhm‘ques

Many cell sorting techniques are available for sorting cardiomyocyte-lineage cells from
non-cariomyocyte-lineage cells. Thoée cell sorﬁng techniques include, but are not limited to

negative immunoselection and positive immunoselection,
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wi th an area of 350-500 cnR. Beads nmay be conposed of a variety of

mat er i aI but -12 SUBSTI TUTE SHEET (RULE 26) 36

PCTf USZO %:le&?tn imted to gl ass or plastic._ L*@é@%’jﬂ%ﬂ%

embodi ment's, " di s 1% BqeTic fer that enoompesses 2 yarieof {eobmigees inwitigl theyt t achnent
of the celspesificlty oks seleation e¥stmbis confered by @s astibolly GsanNaivibdyLiRe \MoﬁlSule
Scienti fi GO alidtfin of KaglieR O |sks are

Fi bra-cel 1J[D| sksﬂl V\hloclﬁggr e&l eﬁm lgc’%egr:{?ﬁ:% Jf/fgdrl f)sypg 1&'9‘%@3“ a?ﬁof t hese
di sks pr oVPHHicsel girkegamtigane anaz'mﬂwgmmum@ecm fechnizspes ameygactiest. be made
of a vari alegatht BURMbRANGEH inveivaid iRy emmﬁétmﬂ ‘E’f L é’ﬂeflﬁg duBoopu @Jm%s o Of

pl astic such _as { % égrene pol yvi nyl chl ori de, caro% a
pol yt et r afPEBYER 8? A dSterogeneous aopulatipn wupligs Hhe Rlisminali WW&#@O@M@# nments of

t he i nventlingage cbllseﬁeml thel cellirdop@aion 'Y resully @OmOInBRINSdr&ifabion bF ﬁlﬂﬁ,@@
Exenpl ary t hr ona sol.i d rfaces are descri bedo .

US2005003 tn Rl aCKteing @ e me @s”e{% In.ganfrast, aPSét“iemu@P fen col |
suspensi omrefds rto rikp direet mechud snd)fecovhiyeoﬂ mmﬂ'ﬁb @BmpohBig, ﬁicﬁ ths GheC Bikdet

suspensi o u not limted
to, cult u?eel&?iﬁn %S%I@%Jﬁ ﬁ“%%&eg%eaﬁ? % ﬁ?T ;'E’I(Sl%ﬁﬁ'g"q aHon, of MFRAt or .
Fer ment or pluripgignt Smyceﬁﬁaqygxémglm&euwomhﬂremr\@nmwtdsmt‘li:meluﬂo&kcﬁ‘ﬁi l'i gen
Pl us (New B S f Qi cans s the, STR or the
Stirred- Télﬁ Rzlg\gctc%rt@g%a;de df%el. F ?cs.‘e n omgog?%qlﬁ%@yg b?‘g}m lmf“ﬁ“d 5%rq % n

enbodi nentEomee(FHCS), éﬁ’&“ﬁ?‘%ﬂgﬂﬁiy ‘teghnigusn, Antibrdy shlpmps rifgsagprasiptttionedi a or
used in @J,ﬁﬁup@aﬁbngmde Bi oreactors cone in different sizes like 2.2 L,

5L, 7.5 20 L. Enriching and Expandi ng Cardi onyocyt e-Li neaee
Cell's The prég‘é‘ﬁ‘f 8ﬁ"‘!‘ﬁv’en"f‘ cgriin, F'amda’é%ﬂn@fmc%hnm el may bifgterpur i t y

car di onyoemﬁasde& ion emriphed B;ehllovmgnﬁénatd 26 iR thatile RiAied BN Lar ,g;celo

However , ‘f addition of one or more enrichnment steps nmay produce an even
hi gher purity cardi onyocyte-Ilineage cell population. Thus, nmethods of the
i nvent i on ndirsh, actilphpuktiepis génerated it ciniaing caladlxm@h&ié@g&dia%tensncs of

nvent on HogelERIBer Xl B BURBY rbE b I RlT Ceprof puoBe known

i nvention 1P ¥ ohffe known i n
the art arrahnigue) Barecellpare then allowsd t4 form ¢hasters, brol singlecdalivih dl suspepivh aiel on,

density sen@bal i Phs cafbd a&g gisﬂal‘ byrrﬁﬁlﬂ? till?sﬂa;stieﬂg Oﬂp&gnet | ‘Iﬁgssel ection

techni ques (for a general cussion o Ssepar atl hney,
Cul ture oF“PE‘AﬁP%Pn*@PS §mglwc1=1by ﬂefos%prowedmgmnk son@ﬁmes benéliviad tecbreak4 ) .

Exanpl es @jarsiiBlusirs tBOSBmpRESy WIlPRGhBSi08 ey ﬁt{éﬂ&fb@fjd: . e fensity
G adi ents cer.t ai ntgg di nent sy cardi omyocyte-11neage ‘cell’s are enriched

|
by densi t a raé?jlu’éﬂt"“l & é?ﬁpﬁﬁ“’ﬁéﬁ‘ ey adsaipn plaggs i feash cnie mediwmuch as,
but not | (enertyified by ritefuerobontfifge ferab bvine ‘seRM s IHRIEI R @AY, A et al

Gro. Res,;3t G reagéi'egaga 1n?005%20hdar3|{”CO|Alac(b% %g n%ﬂjll‘lﬂzng then continmes with

periodic refeeding, as necessaty,
to 5000 cells (typically 50 to IOQ(} gg.ll
After a suitable period {typically 1

d:omyocyte-lmeage cells remaining as clusters of 10
n szze '

.t° 7 days), the cultured cells can be harvested for
characterization, or used in drug screen' g or phaxmaceuttcal manufacture. The purification
effect may mprove if the cells are. taken through further cycles of removing single cells and
reculturing the clusters, over a penod of 8 days or.more. Each cycle can optionally

incorparate a step in which the clusters of cells are dispersed into single cells, or smaller cell
clusters, to allow for further expansion. Larger clusters may form, either by aggregation of
the suspended cells, or by proliferation within the cluster, or both. It is a hypothesis of this
invention that cardiomyocyte-lineage cells have a tendency to form such clusters under
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metrizam de (Nygaard), Redi Gad (GE Healthcare) and dextran. Cell Sorting

Techni qugs 4 2fg! | sorting techniques are avail abI e fP mss%cfﬁ 986
cardi onyo,ay_t | Jneage cells from non-cari omyocyt e Fhos

ol | o teamiAeldens ane . Hsamasat oL amgle A1 eIk P 8‘%%'[1‘@’5&1’33%
I Mmunosel g incRikedtidodafttyl | Ve |- rmunosel ection. -13 SUBSTI TUTE SHEET ( RULE

26) WD 2007 021 6 P [.JS2006/ 024 sel e ric term
t hat enconp R?gﬂ é}lniﬂu Fa“t il qu sanrqraﬁn A F“'}%’%Le S ega‘f'llgegquy of a
sel ect i orthesyﬁltmpula&:mmﬁ:enmeeh the (hfferiamtlomm’yesar Parvxamliﬁs@)@slow ke nol ecul e

such 5 3 hegh g oS ABLETRAY SHATR] SoflmBHC T PP iyt ephBidre 110l ty

of an antTh for a ‘'speci ace ant gen. neral types of

i mmunosel mhmtattce@ﬁﬂipqw@w&ﬂ’es brnefity thatorpre nmaw@%btfmm&ns@f i on
i nvol ves %w@x{tfom @%ﬁe.napéw ecpfeeﬁsﬂ dridyoshRRRRUAIR BB reafRliPPOXENt S frOom a

heterogeneous ation such'as the eélinmnation on non-cardi onyocyt e-

| i neage cia¢reasesf 1100??1 0PI when thayeslls are celredifona 7 dayperied. 14 BrgeiprRportion

~di ffer ent isqdd fidieRflin 6 hmﬁoenmpéxuibhm@ﬁeﬂéowéoﬁﬁacﬁela&m@cmmcnesv% t he
net hods herein. In contrast%{p@aléd)/e i mmunosel ection ,refers to the
S

di rect seﬂnﬁl@?tF‘Hﬁ]%]i’Fﬂ”‘?e%EW ngelpch&ss@d mapRer 4t as the direct
sel ecti on apgsiri@aRMph v BE-ditfadentiaama geCelyl | s fromthe

differentia ur| tent e acc Lng to the

net hods her&"‘%car@ﬂ?‘?%g'ﬁﬁ?ﬁe% l%f’bg ed Acrord tﬁ éechm ey &r&s ‘“g""‘ti“’. n the
practice @ﬁb&élmapitmemcondmgmnmbgrquhﬂmmnﬂgﬂerbut not I | m ted to, flow
cytometry ( i Ce t C..‘B! Vs

i munopr eci E%%ﬂéﬁmg ?&m%r?gllsaﬁeglp{t& @mg ?"%@%l nets - In certa| n
enbodi nem@ﬂmn%@a@m@dmef@@quﬁﬁémw Thenemded or
enri ched %}ﬁgf@' | BWHaN Gridr3 @R t09 ﬂﬁla%gun:cttweh,eraﬁd thét nffesHodf Rfk@sst 0 as

cardi ac First, a cell population is generat ed that contains cells

Wit h phenepsaﬁeﬂsehat %t&oerm%tttue%rebf‘m%tedwmwwsu (Figug &> By 33y ang
opt i onal | e faknbe shelY of 648, driagirogietk Mat Sy ﬁtfaclfbﬂh@lthe substraRiofiWieat iThe cel | s

are then aIIowedtoformcIusters d.sin cells int uspensi on are
renoved. PRREESIENy ThOTERE, RISALTAFOREES B@P F‘B%lt??ﬂﬁf SR FRATRRGS O, séfcﬁ’l%%, and

pi pgt ti ngmitscpfie super nat ant cont ai ni ng single cells. Bef ore proceedi ng,
it is sometipes benef| C|al t S npl e,
brief trypaifitat PO Er (ﬁ' e sh%.g% OIGlétsz?e?%glJ)nud%{fﬁerd cm(d Sge?e then

cul tured bmnshmp@nmbmnuslmndmnmoauﬁmblamtpl'ﬁnmeansthﬁtmmthemrc enlgrededi um
(exenpl i ftneglﬁgﬂabtaegtswcﬁftﬂt UnPikfhedt &4 ax*?%}éi:rﬂﬁné@eeb coRBtifloR U 1 Lute, or

CCT), and regate into car I ac_bodi es.
Cul turi ngeltmmed@hmenthesenﬁﬁﬂbe obeerved i contragk astogy wg axig of theealisanditien i t h

car di onyORYh&: 4d EAEHOR, WithohCARING ité) §dcPany GLdiSSMI Sonfpbneh to the culture

medium, The contractions are periodic, which means that they repeat on a regular or

irregular basis, at a frequency between ~6 and 200 contractions per minute, and ofien
between ~20 and ~90 contractions per minute in normal buffer (Figure 2). Individual cells
may show spontaneous periodic contractile activity on their own, or they may show
spontaneous periodic contractile activity in concert with neighboring cells in a tissue, cell
aggregate, or cuitured cell mass.

The contractile activity of the cells can be characterized according to the influence of
culiure conditions on the nature and frequency of contractions. Compounds that reduce
available Ca™ concentration or otherwise interfere with transmembrane transport of Ca**
often affect contractile activity, For example, the L-type calcium channel blocker diltiazem
inhibits contractile activity in a dose-dependent marmer. On the other hand, adrencceptor
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to 5000 cells (typically 50 to 1000'cells) in size. After a suitable

peri od %8%@?&0&%6' to 7 days), the cultured ceI I s canppgiaiiRsiees for
characterization, or used in drug screenin har maceut | cal rranuf acture.

The puri fapedsts Iike isepranalive apd phon hAve 3 R “EeeT OBPRA° FARENn" Thr ough

further %&énzﬂfonro? PANeticngl ﬁbpagheomé heil @mdhvohvech;ketcmnmmchahvlscfmst ers,
over a peri od, of

t a iggcor porate a
step in Wi c Bt Ef‘ustg‘%gmggolc?eolg?s hre %ﬁl ers r?%%{ﬁs%mg f?:lgl l's, or

smal | er Ggldlomyodyusiiter stion potakidle \Séeotgelmpnd ¢ 431:6098% | uster s
may form_either, by a | o Pf szt mssaﬁn?&d&dmﬁ%t Ias 1. QolbEell
prolifer w&ﬂlﬁ \?\A“lt’h‘i)('rl%1 tgﬁg fbust@‘gr 7 both. It is a hypo’{ hesis of this

i nvent i onCardialt 32832 A08%y ocyt e- | | neage cells have a tendency to form such

clusters un &é,tg. caltiEfabe @RelsEonttor éGoRdany Cifiddicyte
PCT/ US2006/ g%ﬁ’(? a§§?§glﬁ%ﬁﬁlcgﬁdl te'| ons, and that the renoval of single

cells helqyeci@mﬂrkwate ot her cell -types and i ncrease honogeneity. The
cardiac body technl GidfonfAN mnus,equmte@fp&mnﬁ\ndéme;enmtcﬂﬁmm a

cardi onyocytes 1n the ceII pul attj an ft rTEg élec "9‘}[ erentl ation
process. As e@hﬂﬂﬁeﬂ%ﬁ’eﬂ@lws °’tt€ ‘ﬁ‘ﬁ%"@hﬁ i el a previous
enri chment gt Qe FpOsA TYeTaeparation. I nplementation of the technique -
has benefits that were not anhmggted bef&re t he nak

i nvention. In Pads e gwrdiec ransErPEALPEICS FRBFFSSE RIS T™ %e"% d%ﬂ%ﬁ get ected by
real -time PCR mg,dg@émﬁﬁ d&&loph@uthf@hﬂﬁWﬂd@H@xnﬁhdas are cultured for a

i i |- Sporfipdls il e PRy e at o 0 (UdREFf el B GATRER!  O"

pot ent i all)( bet ween about 80% and 100% when pr ocessed in the manner
descri bedflleyiag &Pi zation of ES-differ entiated Cardi onvocvte-1lineage

Cell's The car d#wgymg’i‘ﬁ%ﬁlfw gﬂgggglhh&ogp Wal=Y 1@8&@&9?119%&&11&*!&:11'[ echni ques

of this invént erize cording to a nunb gm
phenot ypi ¢ cri éasdibrayoces it doymeglaed mradults e‘éaﬁr%‘ﬁ fi!‘?é‘l*f§°°<§é’f“1ﬂﬁﬁé from

primte pluri pot %&c%“ﬂe‘éﬁké it bl 3BRsse@in! LAY RCIAD MRl RYafiRk cells

characteristic® ocytes from ot her sources. They can be
spi ndl e, roundbutmpﬁstiﬁg}%llnafpcms mul ti-angul ar shaped, and they may show

striations fﬁ?@s? ?1& (r@ﬁcﬁ %ﬁ&m? i pehdiniGhith i@ Sardied @ednd| e by
I gur

I Munost ai ni ng ormflattened sheets of cells, or
aggr egat es thati‘ltmt@epoamsme%wﬂ%%“@i‘ﬂéﬂﬁs‘aﬁe or float in suspension,

showi ng typi cal;,Sarf QRLEsinRdtdbi tha!is Q{gﬁiwkﬁsssamﬂrbaﬁmmmaaﬁmbyndel ectron

ni croscopy. Undér appropriate circunstances e pluripotent stem
cel | -derived cacrdsteﬂfy'beﬁve‘epmﬂqa@n%%weéﬁ’&?ﬁ%#éﬂﬁ@g“eﬁé?‘r’ﬂ}@fg 8?{‘[ ractile ~

activity. This mRangedifat when they are cultured in a suitable tissue
culture envi £ © %FFQZA,WI;JEP-ZE‘PNI%P g(r: 01815313 %be &mscnp%gnn ?agtrc}%srtﬁétl a(r)enex%pe(sjsed in
cardiac mesoderm and persist in developing heart
e N-cadherin, ﬁhich mediates adhesion among cardiac cells
» Connexin 43, which forms the gap junction between cardiomyocytes.
s Bl -adxenoceptor (p1-AR)
e creatine kmase MB (CK-MB) and myoglebin, which are elevated in serum following
myocardial infarction
» u-cardiac actin, early growth response-], and cyclin D2.
Tissue-specific markers may be detected using spitable irmnunological techniques —-

such as flow immunocytometry or affinity adsorption for cell-surface markers,
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el ectrolyte bal ance, the cells can be observed to contract across one axis
of the gghl %3k hen release fromcontraction, wt hoqst;ThgyMam‘m@o add any

addltlona nts t the IS=fr e
peri odi c, %W%%EW§W@?§ L‘ﬁfg&g‘é ll@ﬂswm‘mﬂﬁ i eguf’ar basi s,
at a freq mﬁcgmhk@rvyé’éestmﬂal@tra&lﬂi}@f eﬂﬂnlar extradisy prgl Wﬁﬂhﬂk@ﬁ immunerssaif t en

bet ween - 29 Gfitar &@m&@ ra{] 'igﬂ:ﬁ&dt@&%reﬂ@ lintS UGk, B BiesDME BltingdrinOuUr € 2) .

| ndi vi dual W spont aneous per| odic contractile_activity on

their: omcarémc{nn@sr ¢ SEM e c%ﬁ?%ﬁ@% forass jagrovailably fommeraialle fg@t i vity in
Colnfer U Wigh néifshﬂa@Qﬁam@e&dasma@othmh oxcﬂahan@@wgammsamcultgred
cell mass ontr e actj vl the ce n cterize
accor di ngbfén'ﬁﬁgy Fag%n’g@ %?mﬂc géta}é%r?&?'f"it ign@’rﬁ’ ?f éh and
frequency aaigeﬁmratsmdatrd bmmmo@thMsrr ﬂhacytmmﬂuaaay, aptwnklwtdﬂer iGation .
concentration apsnmenbrane transport of CaW
often aff@t@eﬁeglﬁnapégq aéﬁ;g(s}{lﬁ/ﬁféeye%sggn xa% the L-type cal ci um channel
bl ocker di | tTizepression kf tistesspedifivt geacprpduets a‘@falwbwdehqteéatdb%ﬂﬂérb@nldent

2007 002136 "Ser YErp o oy FARGEHA natit b Sy Bvdieliceplehed A 1 20) 1O

pheny! ephpolymemgey ghain prsadtion veRT nBdigo (FRquenchARacificy primere incisandard eri zati on
of funct ! %%ghﬁ %Dﬁéﬂlécﬁ%sﬁ pmﬁlyc%iabﬁas@qdeﬁeéqia ek e?“ﬁiﬂr@s%&ﬂoﬁ hannel s
udi

for rophysi ol ogy can be y pat ch cl anp

anal y5| S fi’é‘?iﬁe-snﬁalﬁél maFkyEs @y tetectadjg %\E‘P‘elﬁ‘r?’ pEtNAeYeh isconsigercd poivRifitee et al .

Pflugers Alehis 4t3Tea62f0ld, 929; premy&nﬁé tBdn. 10-A8N50-M1dY aboke aflat §#Can 27 752
1995; and Doevendans et a{ Cell Cardiol. 32-.839, 2000:

Car di onyod‘?@ge‘P‘Ptﬁ?Q@Emﬁ%P“%‘P?t%?t%ﬁ“y have at |east one of the follow ng
car di onyocyt The exfresiohiof tis¥ad-spedific gen@ptbmcaanagrlah@bmdauected@cﬂmin)lNAae\&Ubun| t of

troponi n gonpl.ex fhat [0)VA] ci.umsensitiye m)le.c tch for
t he regul }y%ﬁﬁ% glgfar“fﬂgfmégmﬁo canél d'(?%‘r? aﬂal “Pon YEE%{‘*? %L%%m% (cTnT)
Nkx2. 5, a pobymeiagec chaiansectiopt (Rihl’ﬂilﬁcwmg Wﬂ@lﬁcn pwmal frc stindstier m
dur.i ng earm%ea&p&‘srﬁaﬁs@ry&%ﬁ HIRMN OB IR g0 1 C}Mm,@r 115 Sdoferdadid or

devel opin e cell's wll al'so typica express at east ohe (and
often at |tbaamncglar markesp ligjest in phigisciogue cqnd’r-' Pwﬁbﬂmplvb@ﬁ gatabayes pych ps

natriuret i Genhafki(ORLGANFIcbi. ﬁlmhﬂ{g@@@e:ﬁféﬂr %ﬁeﬂwh at @lsmww ish@awd and

fetal cardiomyocytes but down: re%I at.ed ﬂ nsi dered a
good mar ke “desfotablel pegpiding &R e st the sy dgserped jnt ’é)‘?ﬁ?‘@%‘?e‘ﬁthlaﬁ‘“f TG y
speci fic ngNhe bsshy of aselli saGpleLhdosrdin ué stafdard kRtaiumb iENAOKYita Scontrolled

experiment resolis in cle_aﬂj( discernable hybridization or amplification product. Expression

of tissue-specific markers as detected at the protein or mRNA level is considered positive if
the level is at least Z-fold, and preferably more than 10- or 50-fold above that of an
undifferentiated primate pluripotent stem cell, _

Onge markers have been identified on the surface of cells of the desired phenotype, they
can be used for immunoseléection to further enrich the population by techniques such as
immunopanning or antibody-mediated fluorescence-activated cell sorting.

Where derived from an established line of primate pluriﬁotent stem cells, the cell .
populations and isolated cells of this invention can be characterized as having the same
genome as the line from which they are derived. This means that the chromosomal DNA will
be over 90% identiéal by RFLP or by SNP analysis between the primate pluripotent stem
cells and the cardiac cells, which can be inferred if the cardiac cells are obtained from the

undifferentiated line through the course of normal mitotic division, The characteristic that
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nmyosi n heavy chain (M—lC) particularly the P chain which is cardiac
speci fi cw?lza' ﬁf_ﬁl%t roporry03| n a sarcorreri c acfti nin, a@.@Tﬂggmﬁm240ﬁATA-4 a

transcrip actor that essed { 'g ac nesoderm and
persists icHdPHECHETRPSED A @‘5 ¥ npeﬂ?? A ﬁ.‘g‘@"'&%g‘s and

pl ays a r Qveral :]Icaspeﬁtﬁrldlpﬁgelﬂﬁﬁﬂhs undiﬂFenﬁa‘!ed Mﬁepﬁapoa@ﬁbﬂ @edmﬁxoz&nzd
transcription fac pr Mo@ld persi st
I n devel oﬁf“ﬁlbmﬁleafr] %i‘\f ong?e?(whl c%%ma I at &e@{ adér%fe\déél‘ygc%ﬂsggn%ng cardi ac

cel |'s Conrebtypen thaBmanhé aseﬁflon #@raphe- gurh a5 arreprlgionibat raw areceleds d¥yocyt es.
(11-adr SngaRRL ¥ (ﬁlr_%lhi%&omlﬁﬁﬁﬁfy' BRe "ok N6S QarliBe (fliB)(UBRO00eEHISAIN, Whi ch
|

are el eva n serum follow ng "nmyocardial infarction a-cardiac actin,
early groM®0¥e¥se-1, and cyclin D2. Tissue-specific markers may be

detect ed USI@&eMIkﬁhbﬁoﬂWﬁ&wem| technl gues - such as flow

| mmunocytonetry or ?)E‘Elmt adsg %F%?dﬁ r, cell-surfa!&lgngis ! S

SUBSTI TUTE . SPheEeplly ofi aB §9) 2iHLRT PIBYE EFTFG dhigtions by

| nmunocyt %ﬁbﬁm@xfemr{gfo\v mee.xlwmha befofe of hftee diffoeehiiation (US 2002/0868365cA1)ons) f or
intracel | ul ar C sur,f ace kers cel lul ar
extracts, Qﬁﬂ‘a‘éﬂlﬁfﬁ%"ﬁn? FIEE FTPRtT RS duTease \eforrrg%igft% tregtgiwgé&a lscgﬁr product s
secreted |anérﬁxgttlmwmduwnprénsttelbmdasse\tehattrauhcsntamgﬂﬂ@hbefmrqsl|8&@' thett kers |i ke
cinl and clnk ”O”ée%aecf @9@9{&@ R A\l gl bralidaitg f oM

suppl i ers ¥ and nost i cs.. Expression of an antigen
by a cell (USZ@EN@ZZ%’?AE))@ anti body- det ect abl e if a si gnificantly detectable

amount  of a”ﬁﬁ&%ﬂ%ﬁ%& v o%?lh&gcah‘ilsa H?%en&ﬁillygﬁé}ed i ofdep forARkkMESkheir ability

i nununocyt ochem str [ ow cyto assa optionally after I.l xati on
of the celtpshe mdvqépm. B¢ |r§s%4% o aﬁ%‘l"%’d gengnle; 4688 o The

expr essi ongfisighiivnl CA YBAS ik Idssxg.w@smgrzﬁ@lum efiboding| souehe ﬁeme@amu at t he
.mMRNA | evel by Northern blot analysi,s,. . dot - ation,apnal ysis,

by 1 ever scEow APRENFIL A t pPITREE IR L sEr aeegte pprrepedl pr RS Hn
USi NG SeqUaRGSERE 64l thse. (O paRicslar itersst ave dellsdhat anegbneficalinltaed tretpsds usi ng

ublicly available s ence .dat.a specific
Ir?nr ker sya ong 8t e &P ' aﬁ%s oiglygfogsﬁp E&WMGF%(’%E&E%#g gﬁr Aezmpégm ltol ve if
the |evel natrmreab fhotas bnﬁe,fa:xldchardmdrapscaﬁmab@}ahﬂwﬁ@@w Haeh a3pCGASA-950-f ol d |
above thatyob can, Mifidid, fﬁB@EE&nan%Qse%dt&P&t%e%ﬁtUBf RRfiRMatisd B8 S@lthe  The

expressi on 0 tlssue speci ene products may al so be defected at the
NRNA | evel adojion kibthe rﬁmchmi@l EhenQiMJ gnbange the Benefigia effery 9f the admipisid g5l ysi s, or

by rever se, . ansGhdiiARA of MlikPdraekt cells neighiboring the treatment site.

In certain embodiments, it is desirable to genetically alter non-human cardiomyocyte-
lineage cells such that the expreséion of one or more antigens is reduced or eliminated so that
the immunogenecity of those cells is reduce_d.' This could be useful; for example, in
Xenoﬁ'axnsplantation 6f non-human Cardiomydcyte-lineage cells into a human, '

Uses of ES-differentiated Cardiomyocyte -_iineage Cells

This invention provides a method to produce large numbers. of cells of the
_cardiomyocyte-lineage. .These cell popuiations can be used for a number of important
research, development, and commercial purposes. '

Sereening . 4 .
Cardiomyocytes of this invention can be used commercially to screen for factors (such as

solvents, small molecule drugs, peptides, oligonucleotides) or environmental conditions (such
as culture conditions or manipulation) that affect the characteristics of such cells and their

various progeny.
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pol ymerase chain reaction (RT-PCR) using sequencé specific priners in

_standar ation nethods. See U.S. Patent No. 5 furt her
det ai | sdwggﬂﬁ}édr?%iesgdat a for the particular markers |i % ﬁ%ﬁ)&‘%(’

di scl osure dasomeanphieationicprimate RiRpt| erg gells (upditersatipt E{s eeryiatesi (URL
\gww gcbl q}abmiséal 16 sc@au fa%%se:ﬂitrpeoa}ote ﬁmﬁtﬁasm@meaktagerwd diviiyécyteptehirsérs, said to
e "detectable" .a of the ays [descrij :

di scl osuré”ﬁe’f‘m?a}l}@%’%@fq‘%ﬁ’%ﬁﬁ@ew g propig Pok %ﬁ@ gnd ot qeng%ﬁ(pgfseugh%e@?:lgrdl ng to
st andar d pongeeeniase. i For exampl mﬂldmmamhdnefebtoremwﬂr&ﬂor&@smwdsbsn n clearly
di scer nabl §c} 1?@'85&1% é&fs'u?@xﬂ B! %ld g%@ ph i€ Eané"th

ti ssue-spé C markers as detecte ein or '&vel
consi deredesp‘@sawmhegtofdwlﬂh]ecmfeq@ﬂorﬁl@h%t‘“lﬂ“@éﬁﬁmzﬂf@me Sand pr ef erabl y nore

than 10- or Sfl f&*egu@gb%ﬁcﬂibﬁtoﬂﬁls%m&bﬁ%ﬁtﬁ%Q{éttbﬁingdtf hariBdegticR Ur i pot ent
stemcell. Once narkers have been identified on ace of ceI | s of

the desi r eompsadedonbir effesiop °“€’3‘?\n‘ﬁé‘°l‘}§3@ﬂm?’6¢“@?ﬁﬂ5ﬁ@§‘él BB ANV iy t her

enrich t heoROsL-akdaa thycohPeina |1§]dé§i§ne&'ﬂc€ﬁhvﬁ£phahﬁﬁ&l&ﬁbﬂleﬁkdﬁ§n e cells,

ant i body- nedi ated fl uorescence ct| at eg eII s qngatmg\%le ﬂ.ertl ved from

an est abl 0% bregusp p RANRGPR F‘ﬁ%?f'é"%"ﬁ? b o s

popul at i ong cARGS iksssie@¢beC The ﬁ:r&ﬁmg h!nﬁbe nmamdl using amyofltke mévasecely | zed as

havi ng the sane | ne from whi ch they are derived. This

nmeans that“feﬁ‘é’“ﬂwg%%ﬁg‘gﬁwbi\& etiole over 90% i dentical by RFLP or by

SNP anal y5| STHee teadee nis t daferrpd |gemﬂlyptouﬁlepmréarﬂ ®ktbonk febiw Metkodshé car di ac

cells, h can C b omthe
proaceutic aei Re.sg_{:hr OuQ%&r{l%erngolﬁ?égﬁ@?S Iealteln§? ﬁ(ﬁ)l? mwﬁ& Bf

undlffere nor ma tic d|V|S|on The
char act er it mwiﬁnaof candidatesmm opErndy generlly eyvoms Zoutining the3 g

PCT/ USZOO%?&%Q% cAR & DY ki lyiih SR Saridfiht scoﬁlb&ndeemedxoﬁé @Mt he parent

cell population Is I nportant several respects, In partlcular t he

undi f f er erﬂomhl@l@@n(Y%‘IhIOﬂ}ﬁbé‘HBSat%Hn‘@ﬁWa‘B’édclE‘E’Besf%‘ﬁ’°B‘1"§%HPC the, BoPRYIREYt i onal

celI's with,ges fﬂﬁén@@{:é}%’ﬂ%nmaﬁ iR oftthd bellk hlﬁt iDAkiohRaé 1 ME dbxﬁ;ﬁbuﬁcel l's, or
anot her cell type

f ul h | at
that can &@Wﬂé‘f‘mé‘é"?ﬁ'g%dbﬁ Féﬁ?"’#ﬁi’ ‘Y‘HbanF %&Wiﬂ%ﬁqﬁ ?‘ta % gf ! '? Ee
cardi ac al hogreafor the LomptRRLHINBERavalchangddD 03/ 050251) . Genetlc alteration
f diff tiated cell ce t t
one or moro. GRRBED g b deree iy He Aol ek B! 0 Beefidn U WAy D, oMt &1 1
ei t her befsnrv&rabmoqmblegy, mdfmmmswmmfmmwﬁr@m¢mmﬁ6ﬁfﬁw of 2 drog exarrpl e,
the cells GPlulfoshid 592 8 bo d éterﬁﬁn%a%g thdifhing TR bfiflekif Br RALENNGA! DY

genetlcally erlng t e cell's to express t | oner’ase reverse
transcri ptthgsiginept Prdt) itvefporation espadialky et wrisepduled tiseps dnthe eell ayglaor pRoved

gggg} g %iexgll &é&,ﬁﬁmo%h leSpliBitioh, &4 Mﬂédt Withlh iR etk | BR0AIcE lrdcts cad US
also mclude unusual rates of sister chromaud \exchange, determined by metaphase spread..

The reader is referred to A. Vickers (pp 375«410 in In vitro Methods in Pharmaceutical
Research, Academic: Press, 1997) for further elaboratlon
Effect of cell functlon can be assessed usmg any standard assay to observe phenotype or

activity of cardlomyocytmi, such as marker expressmn, receptor binding, contractile activity,
or electrophysiology — cither in cell culture of in vivo. Pharmaceutical candidates can also
be tested for their effect on contractile activity — such as whether they increase or decrease
the extent or frequency of contraction. Where an effect is observed, the concentration of the

compound can be titrated to determine the median effective dose (EDsp).
- 19 -
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The cells of this invention can also be genetically altered in order to
enhance \FVB%hfi?/(ﬁ)QHG' ty to be involved in tissue regenerl,;éiﬂlﬁgio 40t65)
del i ver erapeutic gene to a site of admnistration.” A vector

desi gned usifgmetiehown encodi ng sequence for the desired gene,

operatively tiig kfRehtion afioPrévidet &r théake bfScLiéRE! shaﬂrdsmasl Feviraddd tol
par i cul ar

specifical |y active i.n the dlffe end.i ate el | :
i nt er est éF]é"‘E?eti'sF‘ée Tﬂ&?ﬂaﬁ"r"é” e fé’ﬁlﬁ}mﬁaf g‘?’éay P%&é‘ﬁfﬂ PEL MR AL or nore
gr owt h f agibofs emdr maméetabolic thyyors, shectifeats of-Gidisemarcdhdition) @r ¢hd seeilioss such as
atri al naltgwﬁggn% factor, cripto, and cardiac transcription regulation
factors, A-4 ka2.5, and MEF2-C. Production of these factors
at the site "B detatming ihotsvigbilirofgell compesitians for herapentip aduginisterfion, s cellnct | onal

phenot ype, .£RRa0G&di AE DR anﬁﬁam@e&fm;mmt&ﬁs &9‘5&«&% AE i of

i Nncr ease prollferatlon or activity of host cel I's nel ghbori ng t treat nment
site. In depurEive aadFaitainctheis ph&rnmesmdé@r r el @ntpesxtg%éfq adminigrered foor

non- hunman 1ﬁﬁﬁ1§iid9ﬁ6i’éﬁi3)éhﬁtals| (sBRAGE nid Inces W Nininbat rénbﬁecexnaﬁﬁﬁﬁéﬁmnpf one. or

nore antigens is reduc | i m nated so that |, he | eneC|ty of
t hose cel [caemieal W@HB’&E‘B‘%““PI’?? STIRSHS 2P Hpeyesiedafiy 2 perd Hn%;ﬂ andagsessed

xenot r?ﬂSQkWI?}?ﬂ:b@lm@Bteﬂt@ﬁmmdmﬂcﬁﬁl&ﬁlsﬁlﬂyz@@yﬂ:e i neage (r:]el I's into a human.
Uses of ES- erent | rdi.omacyt |nvent|on

o ovi des o mith G PR 22 <P ERTR el Sk gitnesiale e &

car di onyocgyﬁmﬂhmmag@mteﬁhesp-gﬂmdtdsidm);lﬂiaahavemaanqmwaﬂd (Iﬁﬁékafnﬁ]b withunber of
| mport ant seags. men and,co er ¢ I al n| ng

Car di onyo&%lz °"3f‘ﬁﬁ1¥1"%‘e’1 ﬁ{y sé'%“&%?ﬁt B%“’,%'}aa r”rﬂs@#’@ s "F% een for .
factors (@umhplasxsmglnlmaaﬂpmﬁcWﬂy}nﬂ‘hemu*emechndlgbepomf i theesgiministered

ol i gonucl ] ondi tions
or nmani pu@%%ﬁ@?‘ﬁéﬁ?eﬁ%}‘?‘“ﬂw&é {ggggﬂlgeﬁlgzgtﬁ?:@%@ngﬁeﬁ;ﬁiﬁ‘dﬁrfbpéfgﬁd their
vari ous prhigddiagCR mms@w&rpﬂmm@muﬂwm@n@@nsm payeey grapdifiegion to

PCT/ US2008§/, Qor hlnﬂ dﬁgﬁ,ﬁ“@&{%* q,@goh.&gksw pﬁi:bﬁ&%ﬁu&}cy&dtaom ent stemcells

(undlfferentlate rent|ated) are used to screen factors that

pronot e nat u$‘H‘ta'|”BW %9’6" P‘?if‘%?’m@?%bléa%?ii“w B pemse of cppdise gqoupsragion that

ter m nal | Yengled fr&h &EEnhéﬁ ﬁma @ﬁiphﬁnon%cﬁr&mﬁf&?@-hﬁea& @i, f £ indhteO6T amiidl
mai nt enance of suc rm cuyl ture., For _exa Ie candi dat e -

on
mat ur at i oﬁnqdﬁlét“ﬁraé’m@&eﬁ?’ﬂihﬁeﬁhﬁ%t gqrgxgppé BALYS 3P s Ty inipye P8 a 0 cells
in differ qidcosted dignimdmn ebdtid evataciovidrthe svifag: ofl thy amhmaﬁmpnmcbhanmwa& '

results, accordin a rlter or fur duse of
the cells i g‘?“'g%“r" é&??s%ds’aﬁp??’i aefl%’neggld a‘“’“t‘ A If% USRI (o ¢ he
testing of6,q9&a32mcm=nkﬂ etell., CioRgs 0 BprbsMér@009)n &1 largafaﬁmnads, cmmmaryctmabe muscl e

tissue maidat &ﬁ{}aﬁ 36 6 b co JE&&IE% mﬁ Gn Bl bl %ﬁ se the
COI’TpOUI’]d IS "Se5| ne 'ﬁave ca EI%CO 0ogl cal 1 ?g gn t é ceﬁf

the left ventricle for ~20 min (Chiu et al., Ann. Thorac. Surg. 60:12, 1995) Infarction can be

induced by ligating the left main coronary artery (Li et al,, J. Clin. Invest. 100:1991, 1997) or

by using an ameroid constriction device that gradually swells to occlude an artery, Injured

sites are treated with celt préparations of this invention, and the heart tissue is examined by
histology for the presence of the cells in the damaged area. Cardiac function can be'
monitored by determining such parameters as left ventricular end-diastolic pressure,
developed pressure, rate of pressure rise, and rate of preﬁsure decay.

Therapeutic use in humans

Afier adequate testing, differentiated cells of this invention can be used for tissue
reconstitution or regeneration in a hutnan patient or other subject. in'need of such treatment.
The cells are administered in a manner that permits them to graft or migrate to the intended
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or because a conpound designed to have effects el sewhere may have

uni ntended side effects on cells of this tissue type.' The screening can
be cond bpyg any of the precursor cells or termpggldssoosiozeoso
differen Pgﬁggﬁcggls of the invention. The reader is referred generally to
the standard textbook In vitro Methods in "Pharmaceutical Research,

Acadeni ¢ Rrailgele tebars adagted foy admintsipria eells cangble o1 soonatityiingsendine fegfotion: he
actiVity Qiredignling aliahbBb 8f HRERH] thepicH MR MESneR 8f @b batdib Wk
conbining the, glfferentlated cells of this invention with the candi date
conpound, %§%HER 158 Be or in conbination with other drugs. The

I nvest i gat orwHet désiubie shegpatient eadigR: dnullbgish ofvaidivdyo@se-lineflRckBcaphenot ype,

O o e 5o S o L AL Aoy oo

and t'he_n dimr adetirastetion ¢fiteditibdab ghmurbsuppressive dnge like vyclobpotind @oseetebd changé.

Cyt ot oxi C'ﬂn‘{gg.c@f?ld%? %‘%r&? Btk nirﬁﬂ%o{oﬁﬁﬁmé ASh S ACHaleat PniideSgf on cell
urv r phol 0gy, an e expr

. S pulition " g
viability, I'val , sion ofc

Mo

Do

r g rtain markers and
r ecept or s plusiptens t stenp Herived) cefly 02144330 Yddla 2805118 H WQH 83/65035Ned by

\ ) iy DS e . . t1on.
measuri ng Mefﬁg%ﬁggzﬁogﬁaﬂt%@b&dm%&h I %@ g%lgf‘ogﬁfamﬁ' UG ROr at i on

especial ly at scheo tinmes inthe cell cy or above the |evel
requi red fagpuns af yricragid produsefl binthe palls gpandrepsplaptationito g sybiegh fog exarplechy.  Unwant ed

effects Caatinglfedh Witk hRBriddN UAlahativay 98 inddonfehsifoR) thé PitiehfEis plefirtd X Change,
determ ned b _matagl?ase pread. The reﬁg y is, referred to A  Vickers (pp
3751; 1-, 4 pministeripg gHapRripolyr 4B 2R teh eiabalizer wiccacid: Yol 28 vete OXidasteni ¢
Press, 199#QirUse4/4201pher el aboration. Effect of cell function can be

assessed usi ny.stapdard assay to observe phenotype.or . actiyity of
car di onyocyt]gag,e’%%%é%bl%\@r RET KeF ' gnﬁlf’a ‘éesm%dhc,merag%écg?%t?xﬁf PG Rk ractil e
activity, those hadinectenie phd shrodio fgartedonditens jofi varirub kinds, tsusheasaooronary \hkario .

Phar maceut ' .50 : oy .

contracti Idhesg%lf:’t ‘%‘F@ﬁﬂ 9’}1@?’15 ﬁ@&ggﬁb\xﬁ eﬁoﬂ%&'{l E&g@%ﬁ%@é&ég&g t mg‘{e(%@g%ts“gy t he
extent or heareGikeechiiligicy obeatradt ¢anhe mpitored tareliviedly apcepted oriseris; srehizs t he
concent ratr%ﬂ&ioﬂfintah’éaa ochfpidd axcﬁéaueb@r Telasuirizdlioh Qf 6k HstheNsnd iR GhdTBd1 2N
effective dose (ED50). -19 SUBSTI TUTE SHEET (RULE 26) WO 2007/ 002136

PCT/ US200 éfegeeneysnd sexerity af angiss o sifmprovement iy developed nigssise, systoliF Besw®or t he use

of cardi onyPEYda® preBfird RRtduHNBRE pERHEmIRity, ARNGQRGE of KlESUE NBi Nt enance or
repair of cardi ac,rmscfe_for a utl;h as ggqmi nborn error

ercei ved need, s I
in net abol i cTHEUTREAiTRYeCYte-Heregs ?eilgl"gf}?s ﬁ'vﬁﬁt‘g’éé%g%mﬁdi Brth tHet resul t of
sih gni fi Ca!’pharhgﬁ_uﬁ@l c&ﬁpo_ﬁiﬁ&:ﬁhﬁi}x\ﬁﬁin@{ilﬁ imﬂntoaéadci_piehyp;g,faraalnhercsaﬁmﬁﬁ)t i _onsb}c or
t herapeuti ¢ .admipistpation, ,the cells, can.first .be tested in ui t abl e
el © et SRR bR aotidfirith, Wnat B0k a it iftoBe

culturing the cells as cardiac bodies, it may be desirable to disperse the cells using a protease

yout

or by gentle mechanical manipulation into a suspension of single cells or smaller clusters. To
reduce the risk of cell death upon engraﬁment, the cells ﬁ:&y be treated by heat shock or
cultured with ~0.5 UfmL erythropoietin ~24 hours before administration,

For general principles in medicinal fpnnpilatipn_, the regidér is referved to Cell Therapy:.
Stem Cell Transplantation, Gene Therapy, a’hd Cellular Itﬁmunathérapy, by G. Morstyn &
W. Sheridan eds, Cambridge University _Press, 1996; and Hematopoietic Stem Cell Therapy,
E.D, Ball, J. Lister & P. Law, Churchill Liviligstone, 2000. Choice of the cellular excipient
and any accompanying elements of the composition will be adapted in acéordance with the
route and device used for administration. The composition may also comprise or be
accompanied with one or more other ingredients that facilitate the engrafiment or functional
mobilization of the cardiomyoéyte—lineage cells, Suitable ingredients include matrix proteins
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to survive and maintain their phenotype in vivo. Cell conpositions are

adm ni ster ' | mmunodeficient animls (such as nude._m L mal s
rendered&Pﬁﬂ&%@aaﬁi cient chemically or by irradiati on)PTHT%?Sszg‘%réogﬁ’gbe
harvested after a period of regrowth, and assessed as to whether

pl uri pot erwes exppeislyendotiglitdetllss are still present. This can be perforned by

adni ni st er i NgyCRbdniod A inG¥RE ﬁ?e%gé&t gs&&p%&&hﬁg% 208 lor LiRfugSor dfieen

fluorescent protein, or []-galacfosidase); 't ave been prel abel ed (for
exanpl e, et RISt BF 8RY the fuming FATHack e distribeion;or userh Teryerll fets qupmsise Pn of a
% gnst i tut Icuxﬁbifaeigh of;]ml@emoz@fca]g popﬁmmk@mbu@inms Hibﬁm’filie%@ﬁﬁliﬂgéb@%d bodé) A
he presence enot . t he adni nistereqd . c an_, be assessed by
i mmunohi sﬁ‘@gﬁ‘g[}?s? r Vp%r%g%f%ﬁ“?f’éﬁian%ﬁm-§ﬁ%‘g?"f"'?‘i % t?"ﬁ@&‘?‘,wm"s’ by RT-PCR
ana: sti S wf&ﬁﬂagy@yielr)mscsrsaﬁgd:faﬁjab_ :;bbdiésza{disomn)g lanwniblizﬁﬁm \trdxlﬂﬁﬁu dmtbaﬁaégd B
anmplificati,on to . be specific r n. cleotjdes, .according to
publ i shed P%%ﬁé’ﬁ‘g‘g"‘&‘é*ﬁglg“ %qstoéba?tfef %ﬁ% éﬁu%esﬁﬁegrmcfﬁ%mssessi ng
t he fjeg_r e@emfnecﬁaaéiicalttypem' Ipesel binaydhe patkaged tegethercer if sepmaterce:a_i_ﬁmﬁnl thvl Ei hI a
popul ati o 9Tl | nodel s are
avai | abl eg?"ge:fagiu hbf%?tl n ?Ioﬁ%ﬁéﬁgg@%%%esﬂgﬁe%%%’ ﬁ‘ﬁe‘i“'@?"ﬁgg n(}ftﬁhreed by
pl aci ng a samprentityor differghtigntities shariegh Yusineserelationshini t h t he surface of the

teri | ef sl s Py e Ot : ' . 8: 22009,
i‘ggg;r | gei ngcﬁ%gfﬁggéuﬁi:ﬁi If:&n(ggr?ilhbns(umg Hventichim opt:on%gy d l})%kagkd";:ﬁ%sstmag%

( i , Qrculation 100: 193, "199 Pat ent 099, 832;
Rei necke a&entager il wettqeinstrucions fonvm desingd pyrposen sychragcthe zaspnstithion ofr yvoi nj ury

can be elh@iomhpstylRMinglpd cblN 8mdicd Qo Hprve £ GRALS coniiisibn BY AhAGmaRY! R n | i quid
N2 on the anteriorf. wall of ~the left ventricle for -20 mn (Chin at al.,

Ann. Thor &¥43EYPYS 60: 12, 1995). Infarction can be induced by ligating
the | eft maiTheceslionafr thisainventipn (dan tet vl .tp prepatd iaNcDNAVERiry rd@fiel991, 1997)
or by usinp . rajd striction devigce that .gradually swells to

occl ude ar?n%ru@@%n;g/&m}hu?e péﬁf?%’lsal?rgxp rseegtué(fe% #ﬁmcog#efl g%ﬁsar i ons of
thi s i nverkimple, cadidmydertetiocret cells ore gollerted byeentrifiegetidmat 1000spro frgymif,or t he
presence t S .l Fag6s e e mpldr o) : L QN be :
moni tored%@_tﬂ-‘gt g’?nNQAnilgn rei’uc dagar amofer_s zig’ efFﬁ’\%eeS%Wﬁ%% ar Sg%cf-di astolic
pressure, cadiensicsisdincage cellsippe be pompered with otk ealletypes bis micserray analysisf pressure
decay. TheiaRREGiderally By Ptz BITBREncAbERT1 62000 UMiG odria Bidilp TdinbbisgeNt | at ed

cells of this invention can be used for tissue reconstitution or
r egener at iloth WV aCegidiPs64Ri ent or other subject. in 'need of such

tr e?t ment. Trﬁeaﬁﬁ@édﬁatﬁaaeaas %ﬁ'ﬂiidsriiaﬁﬁtﬁiggﬁh iiug; l_fre lﬁanlaTUT q,geﬁﬁé’e %ﬁb&&ﬁ@%@é \f;\le)m to
graft or mgrate to the I ntended ., - ‘
3007/ 0021 FRHSR BT SR OSSP (AREIOT ERRAE & o Biepe
adm ni st ertiyrigjecing | = vartrade| anintd withcoelis bf thi ineention lirtl e dmintiivgénico formdi r ect | y
E:gr E“hg c ¢ rr]mq’g%ﬁé isogl(,_%]} nfogﬁlorﬁﬁ%ﬁbodfe? i d%&%e%%gﬁcﬂ Wandhd }ePe?enlcer:}tag Ha2w 95 the
Lane (1988), U.S. Patent Nos. 4,491,632, 4,472,500 and 4,444,887, and Methods in
Enzymology T3B:3 (1981). _ *
All publications and patents mentioned in the present application are herein incorporated

by reference for any purpose.

EXAMPLE 1
Three Factor Differentiation on Gelatin/FBS
Preparation of a gelatin/FBS-coated surface: 1 mliwell of 0.5% gelatin solution was
added to the wells of a 6-well plate and incubated at 37° C overnight. The gelatin solution
was removed and sufficient 20% FBS-containing medium (e.g., 20% FBS (Sigma) in .
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the desired | ocation. Were desirable, the patient receiving an allograft

of cardiwﬁﬁ?@g%gﬁi neage cells can be treated to redu%lj/ﬁge%&%zgt%ection

of the transp ed cells. Methods contenpl ated include "t

adm ni stration of traditional imunosuppressive drugs |ike-eyei-osporin A
(Dunn et afera furfypr e haus. Poario addiipe of the hunian dwbiyonjc stemicalis kah@i@e® USi Ng a
mat ched pogatotddifeom wdll, pl uri potent stem derived cells (WD 02144343; U. S
Pat ent 6, 2805]1531' 03/ ,0593‘51%!i not her ge%?mach is to adapt the :
car di onyocyt & 9% JaGEerensiated Juman qpirprio Yeryeals &x subsequsnt diffwentitiant 1ur i ¢ aci d
produced byell tin @whll plate O ond ffatigbdininnh e@bryérid Senfcdil Ria®Giksocibid pea; 2Pl e, by
treating tg&m,mé Al J . t ivel r in_conjunctior, "the
patient is pre ;rngt(lﬁjg’yﬁ%lﬁ?ﬁ%ns?@% f”ﬁ%%ﬂaﬁﬁfﬁﬁdﬁm 1 ml ,of §.25% Erymeind08 hat

met abol i ze@f/lﬁlg'ﬁf’t salution. Thewelbwasineabatedak BT Ostor 10(MiGHtkd Sa@Med 2Rirdkd ten Pati ents
suitable f r | M| g L y.e LLl according to this invention
include t ﬁ‘gzse‘:ﬁﬁgyiiﬁ?]g@gf:o&t gﬂiﬁ@f Jg%reg%lg@ %’gi&ta oreiito 1 3 g’rﬁe get Barslisus ki nds,
such as coV#R&iseciaied compleielye 3w, micefi20%diR eqoateining nedieciaiz i20% FBSGRNgeni t al

car di ovasCghdtkout SMENIS waPiifded | tfalbure. Efficacy of
treatment can e onj 1 of ed by%?%ﬁ%%ﬁlry Eécée’g}ee%fhg?vie{eecr"}"ﬁ?dcgﬁctﬁ‘s as

reduct i on FHPREYEE B ptateselbflered fiomthe remaining wells pbedssimdaedsitat | on of scar
tissue, and The ftdinmf WaslvabRYd o8 SEMBhii N B i venent in
devel oped %lessur el,ums %{ olic grgssur \e/r%dlﬁeﬂngdq%lllﬁs%)lr}?%n%r 3@2?”"5},%?

Apr essur e/ ‘G FEYES® Fat ‘T‘é to fhsvalts {{ mi/uslly Thewalls ersringubates] at 3hdegrees for

car di oy oc)kminktesnema g oidgemasOfolitith foriohde 1tk AP MERR R B HMPRbdnGS pillg t e TOr m

of a phar Lcal ition, conprising an_jsotonic ex0|5|ent
pr-epar ed u@@?&tsigf“%f %‘lﬁg%qse W%l{g'e'rq“i %qua'ﬁ‘iﬁis oA ith 8,5 ol pipstipotibthe edllst r at i on.
When the didré detashed Gnisomll phustersy un efultes trindunves peabindeld IThE chiRewsE! | S as
cardi ac bogh A -desi rabl.e to disperse the cells using a protease
or by gen?@gﬁﬁéocth%(rln calﬁﬁ%ﬁlg%dtﬁlg Jll%tﬁtﬁiwﬁﬂglsa pﬁgﬁ‘i?fsqeffﬁb@fab%‘leﬁﬂl Scells or
smal | er cl 3% 810000 wells in vhlpmes of enl perstellpF welivlereddadd) THRES RMOWaE frENt , t he
cell s may fof ddifqadred 0 ith -0.5
eryt hropoi et i r:@e( 4 héﬁ?ﬂafgﬁgé Sﬁz‘a‘g‘ﬁ% '!ri%? gét'é‘lfﬁg% %% r'lsg'gﬂ%l?’é#{’%h Rei ples in
medi ci nal "PBYVHEA R e meding apdesplaging i withaew MIEHCM@hE8ng/sThEGRPY: St em Cel |
Transpl ant at Gameh fGenesrebbfmn Pifier Adgs @@Mﬁ@e&%@é%ﬁﬁﬁ%{ ia$fas VT STYN &
; "and Hema

oporetic Stem

W Sheri dan_eds, ridge. University Press
Cel | Ther 589?""’5 E"‘g?“%%&?‘f ‘?"ﬂ-a %Pmléil‘@r”é%'.’ sepplgment i vitigen) misvShogfmbne, 2000.

Choi ce of Adtiein@e(RD aystmp_gm@ns.z:; Bdiig’ls Eﬁheﬂﬁﬁﬁfﬁ?ﬁ&@v&lﬂaﬂlr&%ﬂfﬁimof the q
conposi ti ted in. acgcor th the route and device use
for adm nﬁg@ t]%sollr%{.eB#%BBlgﬁ%g}“f ?@Hg’wggﬁﬁ’r‘% ApteEh ARerpatotabeidonpani ed

with one cleysrin BYIPot-tratainimgymaditing thesmetinait wds asidvid @ikl Qepldead RRPRANE RNt OF
o i et TRCAERL A0 O ilF (O AR b e e Pl By
cultures were re-fed every 2-3 days by removing spent medium and replacing it with fresh
RPMI plus 1X B27 supplement plus 50 ng/ml IGF-1 without the Activin or BMP.
Numerous beating clusters of cells became evident starting approximately 12 days after.
the addition of Activin A. On day 24 after the addition of Activin A, cells were counted (9.1 A
million cells from a total of3 wells of a 6 well plate), and analyzed by FACS for cardiac
troponin I expression by the following procedure:
FACS Analysis ~ Media was removed from cultures by aspiration. The wells were rinsed
once with 5 ml of Calcium/Magnesium-free PBS, One half ml of a solution of 0.25%
trypsin/500 mM EDTA was added per well, and the cells were incubated at 37° C for 20

minutes. The cells were triturated with a pipetor until a single cell suspension was achieved.
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WO 2007/ 002136 PCTI US2006/ 024060 types, especially endothelial cells.
‘This in ﬁ%tiof?’?ooﬂﬁo I ncl udes a reagent system conpri S'ﬂﬂ‘/ﬁﬁzﬁ&%zg&io

conmbi nation o that exist at any tinme during nmanu ure,
distributien, or use. The cell sets conprise any  -corbinattor—oef-two or
more cell @@%Lﬁﬁét indfnpckhuat BMBEMBd The ceh wmcelmsttdmwases@awwom{uh 2Ghnbut  not
l'imted toahauttsw@oméen&iwafe% l152ted REkAN

(cardionyocytes, . card ocyt e p(ré%gl%{raisﬁgdrg érsatige N’B‘g p“%lﬁ#p‘so on), in
conbi nat i cHCRIPRAS B’illﬁ‘?“F"P’eﬁ“ tiated primate pluripotent stemcells or other

differentiat Eﬁbe@&bﬂtauhg{g)&ﬂsw&%fsﬁﬂ @b%&ﬂ@ﬁhﬁm@&s%ﬂ@é&e Fashce! | type
in the set afﬁﬁa?% @%{qet her, I.n separate containersS 1n the

sanme facil |%ﬂfélr8§d§? daty Tfstﬂa‘fsmﬁgdmé@@ﬁﬁmwﬁmmsm@r%t times,
under contheulmaoﬁvatddgoatsmmm.l%yodﬁmsﬁid&)‘. POLENVAR Ry, &8s B BYL DUSI ness
rel ations t] cor | ons this invention may optionally
be packagqggﬁnfg%%%t%g Ofg%ncr sﬁi‘ bﬁs???mxiﬂft"?fsmc?qum&embthg or a
desired puPpds eninvies thers pclhted rwcdmibed abdven ke M—deafﬂalﬂly 1e§r‘ wérdieage cel |
function tr&ukﬂ@ﬁﬁe@‘fffao ﬁ#ﬁ&&?@oﬁ%@&}d & osgc{ toalb%géngc{;gll | té ]5 }%%ﬂcpaar |d: g(r:ar y

muscl e. The cel S I nvention ca

rel ati vel yreatgdhsagples mopiugdaigo wiiarolita O Yppastfemeldeliyae hr;dmepihaﬂ:sedimlth‘e cells
f 1 om Ot heTyalkiad R3AEmpdlire 1513 Hihis % | Sl €

col l ected cené p atrleon at 1000%% &%%(9@ J%?rne,cé’%:%gﬁmgﬁ MA i s
pr epar ed é‘ r“éﬁ%’i’h%ﬂwewﬂ &5 descrilet whovasrenipendre in 500

car di orryoaMérehtbrb REPBS e !then ﬁ&ﬂe@%@ﬂmﬁﬁiﬁdoﬂ% ?aﬁf‘oﬁﬁél?e‘ﬁ e anf YRGS DY
m croarray revi ewed nera |y z or Cience 288: 316,

2000; "M d?cgn%?ﬁdéﬁ'/th%flﬂgﬂ'irﬁmﬁ'@&‘ﬁﬁ & Sm"l?teshu, WWw, Gene- Chi ps. com The

di ff erent i at Alisaeples serfpelidtdds ﬂdwﬁﬂd ah@ﬂa £ Fesh&RePR 106 RfbrdifrPIrPBYT ©

ol yor onaAheRlRredRER N Sick iR SE 1Rkt ol wpt eabre s o vl

wi th cel | deeofor ﬁﬂnnsnntewemnsamplamreameﬂrmmmgeuainmgfmﬂea (PHS M6 €4 1 Of

Cane. ( 165ie g -g Wupmie? RER K Bl gD 6} FHRER, Seidped B, B, and
Met hods i UPCmAAGi sCHpirarsineng the odls resustender dib Iblocking duiSer Z(RES rpa:tsen%s

ment i oned ninthatl &8t LRBSHRAD. r ted reference
for any py ﬁﬁﬁfff{;mm‘m%ﬁ??ﬁ L8 it ol S BYBRewuRt, | ) Fos

Pr epar at i g deapatad; gt dlegrses: for 181§ minutes. IFOn#dch/@taine(bﬁarﬁplé%igel atin

sol ution wmohtaChﬁqibt o o4l va¥\@ispehisc fintd a@id&ﬁvﬁdualpllzaﬁ ¥ ﬁkﬁﬂ%@g‘ at 370 C
over ni ght .'Eac-l; h’ n.sol.utipn (\éﬂs renoved and sufficl’e

EBS- cont ares n s{aénea rece%q,/g B’g"‘(l@ﬁfﬁ Hﬁ?‘theﬁ cardiac troponin I antibody
(Spectral D:agnosncs) or isotype control (final amount of antibody per tube was 1.2

micrograms). Samples were incubated at 4 degrees for 30 minutes.

~ After the addition of 2 ml staining buffer, samples were pelleted as described above,
This wash step was x"epeatéd After removal of the 2™ wash supernatant, the samples were
resuspended in 50 mxcrohters of 5% normal goat serum in PBS containing 0.25 mlcrograms
of the secondary antibody (Molecular Probes goat antimouse IgG Jabeled with alexa 488),
Samples were incubated at 4 degrees for 30 minutes in the dark, and washed with the addition
of 2 ml stairing buffer and pe]letmg as described above., The supernatant was decanted and

the samples were resuspended in 300 microliters of staining buffer for flow acquisition on a
FACScalibur machine,
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- 22 SUBSTI TUTE SHEET (RULE 26) WD 2007/002136 PCT/ US2006/ 024060 for a
further Qubol9dthsss Prior to addition of the human enbr oW Gosbduds! | S

the nediumwas renoved fromwell. Plating undifferentiated human
enbryonic stemcells for subsequent differentiation.. I well of a 6 well

plate of ukehle Fllectf§727S6% Al Mierrellnmery stained itk an eetibody disested iagaiot that ed by a)
renovi ng nggdishifociy saidomStidyGotkiR bdrdiddopoih 1. MTHER Sesufid e bwadkinge 1. M of :
0.25% trypsi n/ 500 nM EDTA sol uti g&ﬁé@ﬁﬁ wel | was incubated at 37 C for 10
m nutes and then triturated ten f th1m pi pettor. The well was

exam ned und&hres Faitor Dired Piffarentistien dnMbtrighleconted hirfacwer e di ssoci at ed

| etely. : ( - | 0O ' ..20% EBS | |
Knookout Dy idilor e Mot hiahl BPpl BrlREut Rt o wuff ol kil ¢ ount e
and this qud psedl at o2(flegrees)c Fhe Mattigeli splytionf wasndilnted arfenttei kil higritvel | s at

the desi r egyfhefskduy DMENE %ﬂéﬂs%%— W%&%&@%@ﬂ?%%&%@%ﬁ' ls. A

solution of 20 unit/m_co enase was a wel l).
The wel | s witien pihlmiyelh @ndythe pipte yeag insubated g roompemperatire or Arfchoptye Thel | agenase

sol ution rpREYEE dolutionWas Amovid 2Rk B8RS waB Pl 8 heksritdd b G- was
added to the wells. The wells were scraped vm%{lh asnm pi %g%%ﬂl‘]l{ﬁli t he

cells mer%prﬁ'gf‘mg‘e(“leﬁs'srml | clusters); no further trituration was
performed. TResagindferamriated KBS cdllscr subsegitat GiffsveniRtiod €1)Shb YelR 1 Rept €d into

6 well plat epar.ed as SCr i ahove (Jjn thi case,, 670,000 cells in
a vol une o?ﬁlgpﬁrnlf’ aﬁpé?% \‘)\&“ﬁ@%ﬁ?‘gs ﬁglrs é’eﬁﬁfﬁ?@&?}?ﬁ’m&f@gw%m@W) e re- fed
dai ly (f orrimsigiwsllphetveth RBS; ¢ afding s ehys 0.059% urfeebo0 M BDBAsuagRY The usual |y
ski pped) ' . 1, L um.and replaci it with new NWCM
o1 ue" 5. gy el GEOERA h 37 AR ot P8 R el yer bt e
descri bed pipsthoruntit ¢rlls wete|dissociated completely. 2 mihof206k EBSiconmnirpesdium (e.p, RPM  pl us
| X B27 SuppherBii kidikdut DRARH) g/ | v R&D Syst ens) .
After 18-24 hour sn, t he nedi um“\r/\e/g%éar%eeﬁn@\}‘ébgé{%_ g&& g‘iég \?mg”feﬁm plus I X
B27 suppl ete s praber uses inglaieelsipived frow the Syniningsyells Aftheddesizeddatsiy. of 4 days
in BMP- 4- CONtrad fibdiGin RS irdhived 6 mﬁ%ﬂmiga,emsermaqﬁ&r& &@L@Eﬁ@ow th RPM
plus [IX BZ?M%Bp%eg% pl u'ngﬂ?o ng/m | G=-1 (R&D §éstems w thout the
Activin or'BipY Wi tlyp IV\é‘fdgth?é"-"Fé‘Ef“W@rii 37-§ fgn & migptep.e Fb% i ng spent
medi um andotlsgehae sdtgion twadirdnivvid, ashMERRMdithetSmédinm PRy 8 HRALEGE Was P! Us 50
ng/m |1 G--] #[ t.‘@\%ut lt he Activin ot BMP %rrero%*saf@ﬁa,t ing_clusters of cells
becane eviifd YL YR SIS SUR AHRst il oellg st (in;sprall slysiersh 8 of
Activin A fu@er ttimraih veek paforhdie Thelchlls vere dititedotaidedived Aensifyednld plaw@ o CcOUNt ed
(9.1 mll]oRita I : a6 well, plate),. and
anal yzed bi/@ Fﬂ@%gfeb%gdr%?g%%?r%% rgff%ﬁ'ﬂlléu)% ﬁrglflass P3RS of %E?FB%"FIQW ng
pr ocedur e: TheAketd RS oplly were fexjidailya(ewasnt nok pmthe deconcdayl by temoeing by speapi r at i on.
The vel|'s e dnki RpBing it with new MEF-CM plns 8 ng/ml bFGE. |
Growth factor freatment; Afier 6 days of growth as described above, the cells’ media

was removed and replaced with RPMI plus 1X _]3_27 supplement plus 50 ng/ml Activin A.

After 18-24 hours, the medium was removed and replaced with RPMI plis 1X B27

supplement plus 50 qg/ml BMP-4 without the Activin A. After a total of 4 days in the BMP-

4-containing medium, the medium was removed and replaced with RPMI plus 1X B27

supplement plus 50 ng/ml IGF-1 without the Activin or BMP. The culture were re-fed every

2-3 days by removing spent medium and replacing it with fresh RPMI plus 1X B27

supplement plus 50 ng/ml IGF-1 without the Activin or BMP.
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once with 5 nil of Calhci um Magnesiumfree PBS. One half ml of a solution

of 0:25% tzlrﬂy.g@]izgéoo nv EDTA was added per well, and tljterﬁ%b éozw%[)e
. : Y

i ncubat e for 20 mnutes. The cells vveretrltura
pi petor until a single cell suspension was achieved. -23 SUBSTI TUTE SHEET

(RULE 26) <celyoven 204 gnabzed DSFHES foyxardipg toponind emsssion sndsskibed DVEM) .
The cell q;amﬁentration was assessed by counting, and about 500,000 cells

were all ocatgﬁ %gﬂ L aini n%ﬁ{o 1 % eTa oTnl plus EMA; each
ina 15 ni & abf"ﬁb edia ygg e W RitTeS by @sniatione The welRwersringed ent r i f uge
at 400 x @néeowithss wi of(kikdum/Migpedomeires RBS\ae a1 pf 4 soludich MSWtﬁrpﬁsjlsbo pel l ets
were resus ' t nacti vat ed
goat serunﬁ&g%%&égggﬁpudglag&e?’ Qggrb&%ﬁ"ub%%ﬁ?%iﬁ f8r P’é" d"’Ved EMA
to a fi naldetoched eells irnirypsin wsfe t@nsférred oyl Samigsonital mﬁbsaméirmahu;ddasnm‘rfma ncubat ed
on ice i”f@#ﬂﬁr | above The
AVA-treate i’??délgm&tgf e'lalhlérc %%enﬁw%dﬂ o ﬁﬁl&?i{ngﬁ%&f ?“ngg

exposed t ovas |a§mve$ offhe Gyppinndigastion wasestapl byt the addidbnsefi Ak of 20% @Bﬁed 500

mi cr ol i t elggnphing Hediavh elood 15 lﬂﬁnwisutm»wrﬁe beMCR2AtEA ok Bedd ssB&i@,r k at room

tenperature for 15 mnutes. Sanples th did not recelve that were

subsequentoPyptiag é?‘h%’ﬂ“‘\ﬁp? $00-cls Wﬂé’&”ﬁﬂé?@aﬂ%‘éﬁgég% Isgi¥RG FT’ﬁétT nhbove,
resuspendeghs MQ&h ik €5 @i dohﬁﬂmbe)‘ bk ca;ndnm@wns were Shunatls RBRifPeGr Ol i ters

of 4% parg e ncub dar Kk at room tenperature
Por 15" m 20 d Torg g, 06 weGm won Sprelgian e coLaset e repwown nd

r esuspendeu of ﬂatﬂ;ﬁ@buﬁ‘ec (RESiphe 2% haﬁt ﬁﬂﬁizatedfétél cﬂﬁdmin%d 0a% sobigmekiued 900
mcroliter 100% I nqubat ed on ce for 30

T es. APy EWA SFRES ol 10U BMATE i Sonchi o O3 il PropmmERY | 16Ser o6 et

i nact i vat edngqsaversmmbmeandw@ mll% davkl fon 15 riutks,)thenpellige ds deserdbedsbal@scr i bed
above. s d,in

bl ocki ng bu?]3 er %%%g%ﬂlw%g&?&b%r d%?“ggg'l' Ogg?g%m exam%ﬁlll ehqqel 1udm azi de)

at a densimiyuigst Bob ted Gamples 1e9iB0 Inink 0B 14p4 paraformalishyil awd were

i ncubat ed 1ﬂ1bﬁedq€915@&§a€195mgeglpérétumfm%%ﬁnutf 0§anﬁ§é§"&|1a§ A hd) a?gggb\x a 50

mcroliter aliquot of cells was dispensed into an I VI 75 mMm

pol ystyr erbat fllﬁbé’m ?ﬂ‘i“%‘ﬁ?’rﬁ?a@e‘i Fifeantibogics cwpre pelistedors drscrived mbvet er s of
ei t her I C?;rékh@@ndeﬂ CiROFOON fl:dlcrélﬁérb hadyBs (ﬁ@elgénr Qécel%dagﬂ?%b&ﬁﬂersoﬁf ')4%0'[83/ pel
contro I n anti per, tube was 1. m cr.ogr ans arrp es
were i ncul?é'iag’ﬁmaj{gyfﬂcfé P dng tﬂ‘% %%&%?W‘E‘Bﬁ’a@ﬁ@’déﬂ‘{“}t@n Ak 2 m
st ai ni ng batﬁﬁlemermnﬁkm deveriteed Blﬁﬂvla eridaebugBndde BCI00 bwbm&wamas This wash step
was repeat ed nova 2d .was t he s es were
resuspended i n Feﬁ\néxsrﬁce“fegl?gém 5?%&"3@@(6 g"g%lt ai ni ng
. 0.25 mi cr ogrieenfor 3dminukes. Sdcamgles yecamd bodlpf Qt&nb:hgd:uﬂfar(PBE phe 2%0iwait
ant i mouse il gfaledheh Sl Mnﬁb@@oﬁéﬂo 5% 10° cells of rat antimouse Fc block (BD)

and pelleted as described above The supernatant was aspu'ated and the cells resuspended in

blocking buffer (PBS plus 20':’4: nqrmal goat serum and 0.1% sod_lu_m azide) at a density of

about 500,000 cells/100 mlcrohters Samples were incubated at 4 degrees for 10-15 minutes,

For each stained sample, a 100 microliter aliquot of cells was.dispensed into an individual 12
x 75 mm polystyrene tube, $ach sample to be stained received 20 microliters of either
cardiac troponin I antibody (ESpectral Diagnostics) or isoiype control (final amount of
antibody per tube was 1.2 micfégrams). Samples were incubatéd at 4 degrees for 30 minutes,
After the addition of 4 ml smﬁng buffer, samples were pelleted as described above.

After removal of the 2 wash supemnatant, the samples were resuspended in 50
microliters of 5% normal goat serum in PBS containing 0.25 micrograms of the secondaty
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Sanpl es were incubated at 4 degrees for 30 mnutes in the dark, and washed
with the i1l of 2 mM staining buffer and pelleti rihed
above. T@d@%{é{g%& ant was decanted and the sanples mﬁﬁ%@ﬁ%@%ed in
300 microliters of staining buffer for flow acquisition on a FACScalibur
machi ne. - IqubgigBaT# Hegrees GUEOTipRE) B e jarkiEn@ 06He) O/ith 36 RTS2AGE/ 024060
viabl e cel kining bufif oAl pafifels 3daRiveehiohe VB LAl AR lyali delhnid (A D00

di rect ed agai {;st‘ the cardi or{}éoqyt e sarconeri ¢ proteln cardrac troponin |.-

These r esuTAgies MereSrgagnded =04 giqoliters phiainmerbuffernpips:5% avnformbichwle t

Di fferentifkiflow mguisitién’ sO® FACSAIRE middliihél C She\bsiidls  hAO hnaffzedd it ﬂf(lojo

factor-reduced Ng.[téi el él re Lo¥%’lg¥ ticlli I rted 1.2 with cold Knockout DVEM

and st or ed®™ At 5%?%8 ?’?’ PP RS9 S8 v iabledter e trmesin disspiaion: ur ¢ her

1:15 wi t h Otibkse vidhiockits$. 9DMER stafiie with wedrkiBod fagainsBihvedrllionyciing syie Coat ed

with the d] 1 gel lutbon at | m/well, and the plate was

i ncubat ed rh%‘%%#é%%ﬁé#ﬁ?@#%@%% hours. The Matrigel solution-was

renoved, and human ES cells were BXAMBRLES descr'ibed bel ow without a

pre-rinsing ! ; ' rent.i ated, hES cells for
ﬁ%#rﬁﬂ?@af@dﬁihas&:%&%j%ﬁ%{%&r21:3&:09elf chm%,ﬁ

subsequent diftérentiation: we the 6 well plate of

Py

undi f f er ent i SeuSipmypeyies sYerasgaperpted Homddsi eslleof thy HY) linechyoferming mebtyeldn  b)
rinsing welodie®@ R @ dthd, BndIBS pronferdiy el o1t Y52 M EDTA
- sol ution. Th{{:i weldlwé S incpt:glat ed in%ah%r[?noggaPfeatgp?or{(gzgg%z(?%aoérgg 0 m nutes.
The cel | s SKEYiRe #pd eppth daptary (Hareamot ispy ¢ She @ellsi were dhens digperiatediivsinpci at ed
conpl et el yeolldhetdse Bf re@ifdnded S ﬁﬁamiamnrtﬂedmﬁimb&lesugpemi&ﬂ%s'ﬁﬁ%nigereémoc kout
DVEM) wer e ?dd‘%ﬁj 1o i nact i ;%tef r S%Tgﬁuggél | s _were counted, and this
number use®™ 3 HFEFRIRE gradi e?i%%ﬁ‘if & Aail % fofei0| wingt Fashe desi r ed
density. Tinetionedvepercollzsted: e ioThedipbercimetfive; TR M 03¢, Wedr] ST, Ané Mwet | on of
col | agena 0 Y/ s, added at [wel |, gt wel | i ncubat ed
at 370 C f% gtfnq‘%g' ol eesg'?%\(}a?%ﬁ cleasggﬁggvésjhglgimrf%weﬂ%g pd RBpto, b g
VEF- condi tmesiverl Gelli fomimpiunestaihing/ were kee@a ima Shansbeicistides &M60* vettk perwasl, scr aped
W th a pi REimekdok b oF kldSnelSi ﬂggﬁmpd (in small clusters); no further

d. The" '

trituration was perforned. e cells were diluted to a desired density and
pl ated i nt o Reruls gpe shovm inkabls S Reresefagesof MBE pditbe caliowes datendimedrby | i on

cells in aowinyd8IsGh S@imﬁéemm N’@iéale-weil;_lﬁf eﬂth’;a%n%p&?én%ﬁ ¥ fricdh &f ed daily
a nedal

(except,not on_ the second day y renovi ng the spent um and repl aci ng
it with neRRAERIXatien ofeel ﬁf?@‘/%ﬂ"’n&FGZ. Gowh factor treatnent: After 6

days of grow h as described above, the cells' nedia was renoved and

repl aced WPVI Fus X B27—supptement—ptts—50—rg-H—~Aetva—A  After
18- 24 hour 8o eef?ﬁ#ﬂﬁ?ﬁ‘%ﬁs removed and replaced with RPM plus | X B27

% staining for
Fraction Cell Count -Beating Cells MHC
Day 2 Day 7
Before separation + 17+£4.4% 165%£4%
1 9.0 x 10° x 26:x05% 25+3.0%
] 1.6 x 10° + © 45:15% 2.4+09%
il 4.0 % 10° e 867 2.7 % 28.3£9.4%
v -1.3x10° o 69. £5.0 % 522+14.5%
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suppl ement plus 50 ng/'mM BMP-4 wi thout the Activin A After a total of 4

days in - 4-containing nedium the nmediumwas r pl aced
W th RPI\)?VBSﬁog}ﬁlzy%Bﬂ suppl ement plus 50 ng/m 1G--1 Q%E@%P@é{]ﬂ‘é‘kicu vin

or BMP. The culture were re-fed every 2-3 days by renovi-ng-spent nedi um
and r epl achigigstiperemitagh. f resh RPM plus 1X B27 suppl ement plus 50 ng/ m

2007/ 002136 BPPORT 68 et L Hinbiukor Gopdsl) i dytin iy "Pacs 1 o

cardi ac tr®ponin | expression as described. bel-ow FRCS Analysis - Mdia

was renoved frq\%%% w;&%ﬁgﬁgg%@gﬁ;%ﬁpg@ﬁ\ei Fs—were-rinsed once with

5 mM of Calcium Maghesiumftree a solution of 0.25%

trypsi n/ 500 il A was added pegy 4k Ng el kS, JMer € | ncubat ed at
37 Cfor 5 m ﬁeg The detached cel n;?c*ﬁiﬂ%g%p&oﬁ@émr%%g\éﬁ ansferred to 15
nil conical tuBBY and incubated at*37 C for a further 15-20 minutes. The
cells were tri tadistspebifonBiMHE pi petor until a single cell suspension was
achi eved. The t4ygsmHali gestion was stopped by the addition of 2 nil of
20% FBS- containl pd.yeci um (20% FBS i n Knockout DVEM . The cell
concentrati on was assessed by counting, and about 500,000 cells were

al l ocated for H=@fheER gj nj ng (EMA T sotype, cTnl # ¢cTnl plus EMA; each in a
15 m conical smis)musdedetis contai it ng cells wereus@un in a centrifuge at
400 x g for 5 mydspehies. The nedi um.was aspirated_and the cell pellets were
resuspended i Nelgodidei@f Staining buffer (PBS plus 2% heat inactivated
fetal calf serF_mbalns 0.1 % sodiumazide). For EMA staining, cells

recei ved. EMA P8P nal concentration of 5 mi crogranms/ m . These sanples
were incubat edXfh ice in the darks4est 15 ni nut esubsethen pell eted as

descri bed aboverdU The EMA-treat edswsatpl es were sasetspended in 1 m of PBS
and exposed togkgght for 10 mnutes. The EMA-treated sanples received |
n of 4/" parafgnngl dehyde and were incubated in the dark at room
tenperature far 15 nminutes Sanples that did nof receive EMA hut that
wer e subsequently stained with anti bodi es were pelleted as descri bed
above, resuspended in 500 mcroliters of PBS and then received 500

microliters ohaifyodar Alpihfishs Aepucilas 80 ekl Corbdibid RRhEfghiin! BfaIa k al T oom

temperaturg for 15 mnuytes. Al  sanples were pel|eted as descr]bed above
and resusp‘gW}%‘HShF‘g byoRetirg fon £, @dgpﬂiﬂ‘esﬁw‘}cegnﬁw@gg rfes myegeaisi ved 900
microl i tercf;ilz‘etbbro'teﬁﬁoﬁpluduﬁm %ammmwserwemere@l inwfé}wa{deatm( ‘Qélll iyﬁ@beL 30
m nutes. Al sanples received 1 t ai,nj. n u r (PBS plus 2% heat
i nacti vat €391 P%Bs'c;[raffs"gr ?IOSW&ggbi?ﬂﬁg.@“ i ythe abpeges, pf
r at ant i nousdiffeenidtaihES ¢8B) and pell eted as descri bed above. The
super nat ant Y pi ed an e cells resuspended i bl ocki buf f er
(PBS pl us 20@?%8&%&?%%atﬂch§eg%m gnla E?PT%@O&T azi gayvgge o eﬁgl ty of
cardiomyocytes, bpt not adult cardiomyocytes (Leor et al,, Circulation 97:11332, 1996;
Etzion et ai._, Mol. Cell Cardiol, 33:1321, 2001). Virtually all ¢Tnl-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 Il 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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about 500, 000 cells/100 mcroliters. Sanples were incubated at 4 degrees

for 10-1g d(;Qlofy‘H S5 For each stained sanple, a 100 m'cyﬂ,{ f'ﬁ%ﬂ%&{z ot of

cells was spensed into an individual 12 x 75 nmm pol Each
sanple to be stained received 20 mcroliters of either card| ac troponi n |
anti body (Spectral Diagnostics) or isotype control (final anmount of

ant i body perMdﬁ&%ﬁmanah@ﬁ&%ﬁé@bsbyw.gg@dmw dsNcubated at 4 degrees

for 30 mnutsgé1 L@ilthe ddi tion of starning buffer, sanples were
pel l eted as G&8EFPES AV eﬂ?ﬁsﬁue?‘mg of fardiprmyaeytg cmm & epdiamat ant ,

the sanpl esidiee tce enrie fepetisl eving clzthcierlities Qbsirhté SorQheriy ﬁ%ﬁﬁ%ﬂg serumin
PBS cont alw%éo. 25 mcrograns of the secondary -2 SUBSTI HEET

(RULE 26) 07/ 002136 PCT/ US2006/ 024060 i ncubated at 4 degrees for 30
mnutes in tMHereeiadSiem® Aasks whidiftrentiatd HES&:eMlﬂtclm,,@fweﬂe el to sthahdli NY

buffer an d The er nat ant was decant ed and
t he sam?eggﬁjﬁ%dsgddgbggﬁ%geﬁg c?h ﬁgﬁﬁs%? WSF"ESP%HG?H"H@W er plus

0. 5% par afﬁ@?ﬂ%@ﬁ?@@lﬁfm’eﬁ tﬂfiﬁmlcazccﬁhpmms‘imlbmat& BAISeaU sublefisionBse hl ne. The
results hi s exper.i mant 69% of
W I’ngE# ﬁ]sgspte%eﬁltlﬂ%{f Thegiég -?(" er W df}h ese

t he total ce?ls wWere Vi a %Ieater trypsin
vi abl e celip guspepsign by fransfegring; thesepwiy fonnesirﬁamo ﬁ@mﬂy:ommm (tmélﬁlatéq:reﬂl omyocyt e

specific Rt manaés 86itld GO itdhhp &a&:&%aﬁh%g o%)fr '\% Exanpl e of
a four-phase cegﬁrl pygation separati on net enr el %‘Fﬂ/ocyt es
wer e generdtEYE d’r‘l‘%@“ﬁéﬁp aﬁ'n%’rnﬂtﬁ@hmdmmﬁ@@ypermm ng enbryoi d bodi es

for 4 days, mdﬂnmerepxremme&aaahdmgn@mw%ttacnmexﬁqﬁ;ﬁéi aﬁ:ﬁﬁrlﬁifn&f 7 days

(5- aza-de% mét'ﬁﬁjdﬂ/nﬁB@ndtq%HOMh fa%rg[aé@were not use % | s were

then di ssocﬁ S8R MSTThG"> BT R R fropldaye Bien Hansferpdtoaripialat | on

nmedi um Thvéﬂu:@laela@ueqaladﬁﬁinmzv\ﬂmd tutiire|flagier Palo d8 aRerdrabifg GO B ighWaH'S

gr adi ent | AL et d 30 mn, Four fractions

were col | ggﬁtﬁéﬁﬁﬁ h'?he upp‘g‘% llre#ll rg%%ga‘:h]%qﬁﬂ%'ﬁ%dsﬁq Rk 205 FBfhe | ower

i nt er f ace contajningpedimg Slwlh@yé’wdmIMcweldloa duyes, d 135 I8, dncb18d GGy epended in

di fferent iugt gy [ BCg,lmls iy d i nto chanber
iRt Hifrent¥RE | difre e dlgsgélatbd'g)ﬁﬁ i gl VE g@ﬁg&e

slides at _10_cells per. wel cul tur 49%¥&d and
stai ned. REEDRLE) a8d %ﬁmat?%mr@bqoeh@ousﬂkwebm@gms of befbi€ rqudn Ive cells

was deter m@m@ebwmqpwﬂoﬁbg”a@,%cb%réd%gigmh@@gﬁmg; rqm.t 1{0"’ §I Leate wells for
stan

each fractlép and presented as nean f dévi'a Hgl% Is from3
wel |'s. TABPE OUsteBer oo | Separation %staining for Fraction CeI | Qount

Beat i ng Cel I'neMriiction IV cells were resuspended in ~6.5 mL of 20% FBS containing medium,
transferred to a I5mL conical tube, and allowed to settle at room temperature without
agitation for 10 min. The medium (containing 2.8 x 10° cells, which is most of the single
cells) was removed and replaced with fresh medium. The cell suspension was transferred to
a single 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 oMHC and cardiac troponin I as |
measured by reai-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..
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Day 2 Day 7 Before separat|0n+17 4.4 % 16.t 4 % 9.0xI06 2.60.5%

2. 53. O%M()Z])g‘gﬁ%ﬁg + 4.51.5%2.40.9% Il 4.0x106 ++ 3 %&8%&8 4%

1.3x106 ++ % 52.214.5% -27 SUBSTI TUTE SHEET ( RUL
2007/ 002136 PCT/ US2006+024060~ hi ghest -percent age. Phenotype*of the cells
as det er m lage pdighes ofipontantousiyeuitacting catla.cPar staiy animal3ésting therardiabbadies 4. TABLE

4. Characterj.Stli . ﬁga; &hi tope
Cardl ornyo t%%‘fl%let%gdéé h-@%ﬁ%ﬁe@téﬁﬁwéﬁﬁﬁ? ah -é cardi ac-specific alp
MHC ++ cardiac R MHC ++ - sar conEXAMPYEG ++ - N-cadherin ++ t snooth

nuscl e acti natdigsikfitbn of VORI dills was oﬁﬁéapis%%aam le 1, jelce?“ﬁx‘ﬂ e 11 -
Ki 67 subset subset BrdU subset subse

Car di onr yo#fferent ‘ﬁwa&tpme‘y@ﬁa?ﬂﬁe@dﬂaﬁiﬂ“%ﬁ 8f3 9’“’6\' aléfeéﬁ@ the aplimg frigat i on
coul d be @le ﬁahﬁoﬁgm $ hﬂiﬂerbbéll.sin&ﬁﬂmdﬂgerZ &id BMPanlerdlred atsRAEBom of St al ni ng

O Yoo S S op A ] ek SO i e RS MAS P HRRCS, O
SSEA- 4 ancthwaﬂ:&. rﬁﬂlts(h@pl‘éﬂsem ahﬂem&tfsl& of the edntrol, witich ﬁ:ﬁrbbéﬂ p@loﬁﬁi:@ﬁs cel | s.
car di omy ooyt of (o eiororaR APkl S BY R LR, 1 oy BRI BheRE | 0,
97:11332, i&@l&ﬁeffectﬁtezn ﬂlmdﬂsreatiahpn pmtbcol Cell Cardiol. 33:1321, 2001).
Virtually all cTnl-positive cellsgandmiggibset
A 6-well plate of confluent H7 hES cells were washed with 2 ml PBS. Then, 2 ml of 0.5
mM EDTA in PBS was added fo each well, and the plate was incubated for 10 minutes in 37°
C. The EDTA solution was replaced with 1 ml mouse embryonic fibroblast-conditioned |
medium (MEF-CM) plus 8 ng/ml bFGF (*Mediom A”). The undifferentiated ES celis were
detached bylpipn_etting 2-3 times and then seeded onto a 24-well plate at 400,000 cells /well in
Mediumn A. The cells were incubated for two days at 37° C
To induece the KES cells to differentiate, Medium A was replaced with 0,5 ml of
B27:RPMI (1:50) (both reagents from Invitrogen) with 100 ng/ml Activin A (R&D Systems)
(“Medium B”) per well of 24-well plate. The cells were incubated for 24 hours. Medium B
was then replaced with 10 ng/mi BMP-4 (R&D Systems) in 1:50 B27:RPMI (“Medium C”) at
1 ml per well of a 24-well plate. The cells were incubated for 4 days.
Medium C was replaced with 1 ml of 1:50 B27:RPMI per well of the 24-well plate, and
the plate wag incubated for 15 days. The resulting cells were analyzed by FACS asin
Example 2, except that the cells were incubated in the 0.25% trypsin/500 mM EDTA solution
for 5 minutes instead of the 20 minutes used in Example 2, About 36% of the cells expressed
¢Tnl,
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of ¢cTnl negative cells obtained in the cardi onyocyte 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. 43:6 4% of the MHC positive
cells expressed BrdU, indicating that they were in the $ phase of the cel
cycle. In other experinents, a subset of cTnlpositive cells were found to
express Ki-67. These results show ?t about 20% or 40% of the :

cardi onyocytes in the popul ati on we ndergoing active proliferation.

of enr i chirdgp ool B bbb ity e fie %, o Toge S o e B o

illustrates t'fllr gubsequent culturing of cardionyocyte cl usters as cardi ac

0 Sty S L2 00855 B Y 1 e

undi fferenti ate 'FP% o?t ?rh ”pﬁf‘?’"ﬁ ne vvere used to- generate enbryoi d

7St 5 el R s AR,
m cel | suspensF%% per 3 'namjﬂe e'w“ %“%NEQ%gm%?tﬁﬁgeWﬂ“SUSpenS|op
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t he new y for coni cal es (one plate per tube), letting

t he EB t t t at f 10 to 20
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Lglbgg N Igg TﬁeBﬁleﬁf’ﬁéﬁfcra%W\ﬂﬁe%ga Eo%#sus%; &ht&?il in tRéN Lén “gnglﬂd
ohe'day 23 Hioh ub%%qdae”&' e h‘é?pﬁ%%@ Bl et b ofum o tissue

days, then tra

?rg::htﬂ:n e Wéé L%Fe(%ewgmf ;ﬂ Pn?sn(arsub ?togtﬁe g Eﬁf“gﬁ E% fliskg. the
cont ai ni ngsg’%ﬁpum @ ar rea?%edl ngg{%g urred on A f:n P52 a

18. On day , the differentiated cultures were di SSOCI ated with

Bl endzy i RORBRoARRIaESl eI ney ERAR s ibAdh o RS bANGLE] O

di scont i nuous Per col gr ‘adi ent's as racti on est

density #ragd ;nemad Rird 8K ek ﬁ%rgﬂu%%fbgelsﬁe%#ﬁeﬁ%r aﬁezst%svo%& dél ngl e

cells and snal uster's. e Fraction s were resuspended in -6.5
i of 2096 Eﬁgsmemaa 8 dMi'8, wﬁéﬂé.wmefu&h@mm% <Rl id Qorfd il melllm SORLIAAY IR, and
al l oved togeftle at roomtenperature wthout agitation for mn. The
medi um (containing 2.8 x 106 cells, which is nost of the single ceI | s)
was eweéh@m&hacﬁalc@mi vmblteﬂ thd Bi3er BRGIYBep %M{%M&%%@@
transferred to a single |ow attachnment six we cel |
suspensi ) TREmenEd J.»f)c}aln;r NEvHeR thehBthéddoes not involve a step in which embryoid bodies are

formed,

11. The method of claim 1, wherein the method further compromises:

¢} culturing the cells in a culture medium comprising a nutrient supplement subsequent to
the BMP culturing step;

d} harvesting cells from the culture; and
e} enriching the harvested cell population for cardiomyocyte-lineage cells.

12. The method of claim 11, wherein the harvested cell population is enriched by density gradient
separation.

13. The method of claim 11, wherein the enrichment involves the formation of cardiac bodies.

14. A method of obtaining an enriched population of cardiomyocyte-lineage cells from hES cells,
comprising in the following order:
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fed in a simlar manner (transfer to 50 m, tube, settling for 10 m n,
medi um renoval and replacenent) every 48 h. Figure 3 shows the expression
of the sarconeric genes aVHC and cardiac troponin | as neasured 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. Rennving the single ceIIs and col l ecting

clusters incr q exgrq&gl to 20 fo Afte{ cul turj ng t he
ultgrin cells |n a serum-free medl he pr e f_Achivi

cells as cardi acg,bse eo?a’BI\/%'gor% g SO FOD%SGB ¢ %&' ﬂlAthb t han

t he unseparated C¢ T E SHEET (RULE 26) r WO 2007/002136

use in animal tehst , Or

di spersed into suspenS| ons SI n 1l eec?%ﬁef‘ce OriﬂiI?:'§/<A WE‘”@E ”f?aé(?entl ation of
H7 hES Ce!ls.ﬁaﬁaﬁﬁﬁl 4E¥%ﬁﬁ§ecﬂwéfgﬂple 1, except that the

differentiati mell plate instead of a 6-well plate

and the volu d[alg'chm%mg hgl’%;stt c%tl é@pﬁ? ion CB%OFHWAYEC{INL%F ﬂ' tion, BWP-2 and

BMP-4 were us ncentra |on and 100 ng/ m .

ob 1 oot s Bl BB RG nghéc&s.ﬁ O FREQ Y e ag' ke 58 bt yp 7O

Eig?eggg‘g,eﬁtrhélﬁdd%r waan.ﬁ ééo:%}/&c?%mké (r?lrglf@nﬁﬂé§ﬁéhs g]%l‘/%g%%e egﬁﬁhén ; ‘he
pr ot ocol g@h&ﬂﬁ 8 Ot Ption of an Activin, a BMP, or IG~1. It can

be seen t i atl :
EXAVPLE %Ghﬁ m!ﬁécg ob iﬁln aﬁ %nr‘ﬁ:fhé\f ﬁgo E@mg&{y{eqlhg é:@@s\gg e%év)\n&eﬁﬁgg -
PBS. Then 5 was “added to-each wel |, and the

pl ate was i ncubated for 10 minutes in 37 C The EDTA sol ution was
replaced with I nil nouse enbryonic fibroblast-conditioned nedium
(MEF-CM plus 8 ng/m bFGF ("Medium A"). The undifferentiated ES cells
were detached by pipetting 2-3 tinmes and then seeded onto a 24-well plate
at 400,000 cells /well in MdiumA. The cells were incubated for two days
at 37 C To induce the hES cells to differentiate, Medium A was repl aced
with 0.5 m of B27:RPM (1:50) (both reagents fromlInvitrogen) with 100
ng/m Activin A (R&D Systens) ("MediumB") per well of 24-well plate. The
cells were incubated for 24 hours. Medium B was then replaced with 10
ng/mMm BMP-4 (R&D Systens) in 1:50 B27: RPM ("Medium C') at | m per well
of a 24-well plate. The cells were incubated for 4 days. Medium C was
replaced with 1 m of 1:50 B27:RPM per well of the 24-well plate, and
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the plate was incubated for 15 days. The resulting cells were analyzed by
FACS as |l e 2, except that the cells were in e 0.25%
trypsi n/ggjomm solution for 5 mnutes instead of %@gﬂdﬁq}ﬁ'&pes used
in Exanple 2. About 36% of the cells expressed c¢Tnl. -30 SUBSTI TUTE SHEET
(RULE 26) CLAIMS 1. A nmethod for obtaining cardi onyocyte-lineage cells .
from human enbryonic stem (hES) cells, conprising: a) culturing the hES
cells in the presence of Activin Ain the absence of a BMP in a culture
medi um contai ning a nutrient supplenent; and b) subsequently cul turing
cells in the presence of a BMP chosen from BMP-2 or BWP-4 and the absence
of Activin Ain a culture nediumcontaining a nutrient supplenent. 2. The
met hod of claim11, wherein the BMP is BWMWP-2. 3. The nethod of claim1,
wherein the BWP is BW-4. 4. The nethod of claim1, wherein the hES cells
are cultured in the presence of Activin A for about one day and then
subsequently cultured in the presence of the BMP for about four days. 5.
The nethod of claim1, further conprom sing subsequent to the BMWP
culturing step a culturing step in which the nediumcontains a nutrient
suppl enment, but does not contain Activin A or a BM. 6. The nethod of
claimb5, wherein the further culturing step is perfor&;@ for at least one
week. 7. The nethod of claim5, wherein the further &jktqr< ng step is
performed for at |east two§ m§$ 8. The nethod of cl&im5, wherein the
further culturing step is @Pné’in nediumcontaining IGHgle® I1G-I11. 9.
The nmethod of claim8, whergin the further culturing ﬁiépﬁﬁé done in

medi um containing | GF-1. 16 ¢1$e met hod of claim 1, whgrein the nethod
does not involve a step |n3 ich enbryoid bodies are j{&rﬁéﬁ. 11. The

met hod of claim11, whereing %Crret hod further corrprom§es c) culturing
the cells in a culture nedf fin onprising a nutrient supplenent subsequent
to the BMP culturing stepnd d) harvesting cells fromthe culture; and e).
enriching the harvested ceII popul ation for age cells.
12. The met hod Rt b wer@i n the harJested cel | |populfdtion is
enriched by de T The net hed of fclaim 11,
wherein the en ghe formatidn of cardi §ac boghes.
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14. A method of obt ai ning an enriched popul ati on of cardi onmyocyte-I|ineage
cells fr conprising in the follow ng ord | turing
t he hES @P}I{ﬂs I'N a serumfree mediumin the presence OE’CE&%?GZ&%G% the -
absence of a BWMP for about one day; b) subsequently culturing the cells in
a serumfree nediumin the presence of a BM chosen from BMP-2 or BMP-4
in the absence of an Activin for about four days; c) harvesting cells from
the culture; and d) enriching the harvested cell population for

cardi onyocyte-lineage cells. 15. A method for obtaining

cardi ony I€.4ineage cells fromhES cells as hereinbefore described with
reference to the Exanples. 16. A nethod of obtaining an enriched

popul ati on of cardi onyocyte-lineage cells from hES cells as hereinbefore
descri bed vvlth reference to- theExarrpI es. \
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