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heartbeat-like contractions. Thus it has been previously demonstrated that hniman embryonic

stem cells will differentiate into cells which have some of the functional properties of
- cardiomyocytes. Exactly what form those cardiomyocytes take, and how mature they are in their

differentiation, was previously unknown. Also unknown was what electromechanical
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A fourth aspect provides a method for testing agents for their likelihood of triggering

delayed after polarization events in human cardiac cells comprising the steps of
culturing cardiomyocytes derived from human embryonic stem cells;
obtaining a chart of the transmembrane action potential of the cardiomyocyte over time;
exposing the cardiomyocyte to the agent; and
observing whether a delayed after polarizaﬁon event is triggered by the agent.
- A fifth aspect provides a method for testing agents for their likelihood of triggering long
QT syndrome in human cardiac cells comprising the steps of

culturing cardiomyocytes derived from human embryonic stem cells;




cul turing cardi onyocytes derived from human enbryonic
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responsiveness of the cardiac cells in culture to defined changes in environment and conditions:

Monitoring the electﬁcal‘potentials of individual cellsin an embryoid body can reveal the nature
- of individual cardiomyocytes in the embryoid body and can be used to test the response of such
cells to external stimuli, such as potentially toxid or therapeutic agents. In particular, it has been
- found that it 1s possible to evaluate the effect of chemicals on the HERG pbtassium channel of
cardiac cells, and thereby test in vitro the actual effect of drugs on human heart cells in a manner

that has heretofore not been possible.
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t hat has heretofore not been possible. 2a 25 January
2007 [00011] The electrical activity of a car#fi guary 2007
cell is best characterized with reference to its
action potential. The action potential is a chart of
the transnmenbrane el ectrical potential, from the
interior of the cardi onyocytes to the environnent,
whi ch is nmeasured over tinme. The action potential of
various types of mature and primtive cardiac cells
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presence of cardi ac-specific proteins in EBs from
human enbryonic stemcells. Extracellular recordings
of electrical activity from aggregates of cells have
supported the notion that spontaneously electrically
active hearts cells are present in the EBs, but these
recordi ngs cannot provide information as to the types
of cardionyocytes present in the EBs, as the measures
potentials were an average of Imany cells present in
the area of the extracellular electrode. There are a
variety of techniques which can give rise to enbryoid
body formation, and the nethod used can result in a
greater or |esser percentage of enbryoid bodi es which
do contain cardionyocytes and the :types of
cardi onyocytes fornmed has been previously
uncharacteri zed. Thus while it has been previously
shown that cardionyocytes are fornmed in EBs, the type
of cardi omyocytes, the capabilities of these cells,
and accessibility of these cells to |ntraceIIuIar
el ectrophysi ol ogi cal recordi ngs have
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previously not been denonstrated. It is described here
that the major cell types of mature heart nus#i lenuary 2007
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such beating, using ineging processing observing the
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extivi IR A gl 80 RS U bR o, s gy s

a part 64 thig BEBSy 101 manitaﬁelmm Sulkute Beoddnstasy tempérante, sﬂlaéltemperahue
activate_an increase in the rate and_ nag mtaﬂje of

changgs<an plse siect theamyligude of BB beats Mg possibladosmticallysepithy EBs during
such bQﬂtﬁFCusﬂﬂfg gmfgﬁi-&%sﬁ%%ﬁséﬂvﬂl lthe E%ﬁ&nﬁﬁedzrﬁlc Jé’ Reftdmmine

the ampliide of/ide bexdiwbith 663 mucmea @lelomeﬂﬁacoﬁas pessfole to strmulate the

BB wifh il i el hEo s M irecl ik sRipdes R B s g meenituce

of the bet probiaded &y the/EB a3 g6kt WhichAnfabGuEEsldotrdnitehanad] bdtiiile i®bardiac
the beat or contraction of the EB i ncreases

cells will epdeq the pmpligge af wek beginandagents whish agprize shehiclegiricomechanical
act1v1t§‘e ﬁﬂqﬂlmléﬁse ﬂ@%@g}?ﬁﬁg 3P Elfcﬁtbgﬁs.t Rﬁ&]tlo e m)ﬂ% #JIZ)EQU I :s Egth@ Beat can

ect upon ontraction can
be moritred suoly actt eate ofcontradtionraad eximtation efitheletbiyoidRrlypraviding

ni.c.stemcells. [000191 It is also possible to
addlt“’ﬁ%’&%%?lﬁ CeIPEOEPP‘f“E‘ action potential characteristics of
{00018} Ndi VisRbah in FRuA 10EVeGGbEel FrodlsdeBa shidlyS Id BigHRNES ak BB is

Ccreating a very fine mcroel ectrode and phyS| cal Iy
- containgid mathin m’g%mmmturﬁmrrtﬁélbé emplberdturevessel leat s bepp elegtricelly s

stlmulﬁe}%f %tqﬂg%% QJZK? *[.he?efgi'g @%ﬁ%{%a@%ﬂ a@éﬁu eeof?)hfégsecﬁ ?t ,it%np%%nphtude of

which,Judgeabo V\ﬁ 9ﬂay@hyﬁ@h1 Hisplal%in@t efihe edie: ofith BB AL arbitrarity defined to
Into at type card |orryoc te the pr obe has heen

* have a gy QEbPSBHEEA ogb ps» sugh as gjtesh gempqudy is dodg to the
medmﬂa?&? hlthe Fi # ssref;]tﬁl\ggﬂﬁ% %eaffeactﬁé‘él@ HBA a8é %‘fe %F%l 1A ristics

eart ce stinctive e ectrop
ofa caph'rmp:eﬂt The clhmaical stimhlantorpest sempoundfin ﬁalmﬂud}ueaseho acbiitmn of 1

mlcromo%r 1sopr5]ceran§1 which is a known agonist for f-adrenergic receptors in heart cells that

can activate an increase in the rate and magnitude of heart contractions. Isoproteranol is known
" to be amimic of the “fight or flight” response in adult heart cells. Since the beating rate of the
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and other proteins. [00020) Thus an effort was
undertaken to characterize the action potenti atsJagpary 2007

w(iggrq!gglef@ccur ring in beating EBs. These st udi %3[[)@%0%/023174

d in intact EB outgrowths to avoid )
possible alterations in electrical behavior which

e e TP A 8L B 50 RLBRAe o o
EB d@? ot cﬂlgm buf 23 shewit in Eigurd dt the mimplitide ofithle tiegll oe conippetion of the EB
) o} ardj onyocytes can he obtained f . enb
increagesAREEAALY vt e gRlFalien bR e =SB or bs CPRIFRS that
chemfgkélgﬁa‘);ﬁlg SV ufth bt YenidRYisn 8dn B RN dafBorfocytes in

Ime period selected to rovi de adequate tine

culturb gonteiined within B fromppéryonts s@setllse. [ 000211 Shown in
[000151 gur eﬁt &% a15§ B(?s?s)ug)(lee4 to%(g)ﬁ%%?e e%gﬂag Igr%ﬁtog'pg 1313 R @ﬂeﬂélifls of individual

oms ace rrerent cells In

- cardictfascyes th HORB eThialis Sind Gyicreating@mvery ot eloklecddeané physically

e Bt R S b YR s o

. by thet BREAGHCTtiSEdsGibRf to YAl GidleRictrizal dighal &eiBhl By BREIRYrode and
t he magni t ude and shape of then_gotentl al s ener at ed

deterrbipe e whet tiype ofcardiguyecyss the probabas eah extgndqddiasesigipon the electrical

o S S P LbShBe hs Sh
distinétiv@iddctroplifsloldgidat Bropeties aed tu ke expissslomoyDayitmsset of ibBshannels

in culture, are diagnostic of cell type to those
and ofbgoRPSESeabl e in the field of cardiac

[eooztﬁine‘?t rg’HﬁB’aﬁi Ho20Was TS oA LRRcRPLE Mol a2lich SARERARIJTREIR

at three major cell types of a mature heart are
occurfingindeativgiBRy Thuee stadids waeaopdustediin indact EB dutgrowthgite aypid the

Sculture. Again,. i S bserwv t hat vardj.ous,. beat i ng.
possitigalitfing iF Soica e os S PaRIERY i Homl Pt )it fing of
isolatéd dardifd @fls. BBEdnsE BHelfoduy BEMiCHbrdRasORSRkY Retdr®RR3Phultiple types

Wiile it has been proposed before that epbryonic stem

 of cardigmiyoendes eade obtinaddinppeymaseriliryptic e ssls, dhe Sty wasmonducted
on celféé}l%g‘éjtn?% Y{g{dﬁg’ of 20%& ?5 glzg/a éygﬁifféf‘ o ihtﬁdgvcg"E()Bﬁgg BhfeeribPsdldded to

potenti a m gh
provideegiiedpate that fanlitinet astltyptes tda@sadiré.ne) of the action

tentjal. 6 25 J 007, WD .2004/ 01160
100028, Usbeyn 5585 AccAmtd MR Heriticrl SIEAS OPEHA Sy ieh aprobe
when e RRFERET GAE $n @RbrYOId bBATS Aiding indinbrithisti cdli@uielen
possibility of causin drug-lnduced | ong
L

. / C ) . Qr s %/ndr OneE,
- Figure\B,i aptenibsyomse eanirigudar coll type poradion patentyjal bpebeesdetected. The waveform

| . t.r 1 as i .

* ncoalFEACH e R AP A BB PR e YACARI o o
gener&te% pReR cml}.i T Bigaie 3&9 h@ergmgyrbﬁe %ﬁm eailﬂy%é actioapbtentiaidhillasteated. In
. arpbitrari na an .. 1S ndr onme_ represents
Fim@ﬁeneﬁalwy% b Flracterighe s gharesd, el B@?_ﬁfm frort aotual
cardi%&;&?tg% ‘.E‘oﬁﬁé%?%mf are BIABASERE BELIGHpe i@%k%hoé%ﬁ{g&ble in the field

a variety of 1on chahnels can prolong

- of cartliae electropdysiology.e Bhésaagtidnrpobantials dembpuestyatst thatshngemaina eplk fypes of a

Kk t he BERG,channel | ticalbarl , '
eSS SR T e BUPEEPb bl
obser@ddlth® ValOlsDehiigd EBOWokl hiavd diffuridg predominant cell types, and all three

main cell types can be observed.

- [00022] While it has been proposed before that embryonic stem cell-derived
cardiomyocyies might be useful for some forms of drug screening, of particular interest is the

effect the potential drugé might have on repolarization (return to baseline) of the action pptential.
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on the surface electrocardiogram Currently no in
vitro technique is avail able for screening for25 kopugR007
tial prolongati on and HERG channel bl o ' n
Wogéﬁ@é}é 0%nyocyt es. Wile a variety of screeﬁéﬁb&"%‘” 174
approaches are under use to eval uate candi date drugs
using animal heart cells and expressio f. .BE
Agents TSR BE RoRAA FeRorU A IEF FCroos  ASCRR ROIER G S have the
ibili@ lihduebEloRS CASlyAMSmel Whichtd assésanivith potbntiatly
pOSSIblpgvdefg?%ﬁggeve éljlE [ n’porgant yi|?)har maceuti cal s, .notapl

lethal vesiritalanatiinshrpize) ThemanseQlaymdrape isnot a8 elirpyistignett (%fﬁﬁs do the
. . as Hisnmanal T. I.ch.. : R dT.
time inigyal BENR BT ol et eE LAY G arc Bl pamed Q on
This syRBfokR replesdnts SivyolWRieajof fotindlof toxiedy eccadvmssmubbipleadasses of
upon H channel actjvity in hugan earﬁ cel l:o%n the action
pharmasewtingbegenie Whidemgodulgiongf a VEEY CLIOR AANIEIS (R Rroiong
T g%EuEE{Hs L g uﬁlacg. Yoshvpadné HERGEnEbigeiicntdly
POtenugla# [ onyo?%%dgas\%ou arclar;(epr ess the HERG channél genes__
susceptitals taibikciadn by dfugsdeading tnpréloegstion phig actieypotentighand QT interval

The applicani.s here, hay, el er. |7 .1 ha :
onth g B SARRER, PR 1D Rl o R By o
" action {:&Qxfﬁalﬂ H5iheatTbi MATHER Sichmnekblbsk mdnnize cowiiceulyasyids.t Waile 2
] hey do have the sa responsi ve cr@#gc eristics. %1 art

Vasiotyiof SereennE BITFO R 5 RHICK U b CHEHAIR ConRatlt FropToetts S s
cells aﬂv‘\%’@geﬂ XRSF TR HaRMUGSH-caliRtehd, ihab nietdes Bl failed on

S a cardionyocyte in an EB in culture. Note
multipleh@tasidne. & fact, réceatlhigpory révieals s¢vers dmportast phaamagutieals mgtpbly

hy th cel.l bel.ed basal, i i j .
et oS80 S RBB L o R i e oprovet
FDA fOQhSRER but Fhidh\Wers Sibiseduentlyrentuived frotnnthe maketivhei Gapivere

was bel ng observed, 500 nanqgnol ar ,E%%%l S aqld d. lead
found @4esa advsrie affvetwpon IRER ghagnel aRYly inReap sk Els epmiss fhey lea
| . | : N C um

to me%tlngglﬁfca?&%ﬁrw n agu Eurrggﬁ%egg‘rﬁ’tg ifIczel I s.m%ezﬁs‘d .

cardiomgetiytdsorould cxpreds ticd FEFR Gahartnel gdmes wesiimlmoim bfore e fesk described

EB was cultured led to the nodification of the action
here. potential generated by that atrial type cell, as

000231 | USUFIRLBHIOL R 1aYE Mgen kBt thO PIBRG Bh@ad respanse of
o023 o 1

gure 5. "The action potential was pro)Jonged due t h
cardiomgbaygesdn celture orepisd Fomduimangrbryenic styp;cslly canyedest that they

do haw}:l % %%g%)a%ﬁ%%%ﬁaalﬂ{c?ec 5 (%s%g Wafure hgadrpgbllil g/n ' cﬁﬂt‘ﬁ&ﬁl’ﬂﬁs.t Shown in

s and precisely the effect _
Figure!58bn exierintt cordueted o arf stciah typdeclipivhivhdge carfiontyecyEiagn EB in

e S 05T el SO s
F1gure%lﬂ§ﬁag%%t]{i)@§ﬂaﬁ% REURR th actibf bbtefifleTh ticulthie in which
E channel 1 n adul

human Cardiac cells b

testing
that baselrsifinahwacheingolserved, 80 RaumdlanEtd3% Ates pddnde Egp3hisadmoyn

| | 00Q24], The . | s .
g oG obRA B OB Bl A e LA
currenf ap) &l sldiushdkaebal! The addifed oihitychbmivaltoaise miediamenl which the
after depolarizations (DADs). This .electrical i1 1
EB wasrcoliared Jed; to tresmpdifipation of ths sekiomRateri gepefated Ryth gl type ool

as illu(ERLd by 2 che WD S900 i 484 B fSFigure 5. The action potential was

prolonged due to delayed return to a resting state. This is precisely the effect that this molecule,

‘E4031, is known to have on adult heart cells and precisely the effect that one would predict from

the blockage of the HERG channel. Accordingly, this test demonstrates that it is possible to fest -




whi ch cause cal ci um overl|l oad. These DADs serve as the
basi ¢ mechani sns |l eading to triggered arrhyt h}ﬁ.&i@uaryZOO'/’

| hel udi ng some forns of potentially |ethal rlcu
Wd%@ﬂbjj‘ggﬁdl a. The ability of EBs to denonst xggélsewg 174
conpl ex cel lul ar environment needed for generation of

momc%ﬁ?DZ?r\r}Eke?%??ihe ,Jﬂ'ﬁtﬁbl e .rmageft}%{ ar tei.lti n s by testing

cardw‘@yoewes agivad ﬁcnﬂﬁh%tdnﬂiryomdﬁem\cenmmmr macol ogi cal
apies for heart arrhythm as. [00025] Foll ow ng

-[ﬂﬂﬂzﬂ]ar e afbe mplisashays deteamnied Ehafsthﬁﬁ E”@?f@%ﬂ%&%‘r@ﬁh@@yﬁy@s in
EBs chgﬁﬁé H%gb]?? Hﬁcaﬂet%h %%%@1 ?@éﬂﬂz{}[ﬁ@&i&t@%Ds) This

rive unan embryoni ¢ st mce
electtioa]rpropanﬂyas found ecdisdasgddmneamecheae smselb etheshii nmisclertedated witheagents

Whlcha&a}l‘fea‘i c‘i’% g‘féerly%crl gi@%g ﬂ%[gt%éeg\gq a}% ghe? %]t.ﬁrr:&_e% aJB%tﬁg Eﬂ%ﬁ to triggered
arthythin@d@ifihivaRe S faRd 6f pokiflal@ldiml vaiticulFak@gcar®ias Thé kislity of

the collection and culturing of |arge nunbers of_ such

EBs te demensiraie thrqogiplexreelinlenepvaiongepiaieedadday ganesptipe ef PAds makes

them B e R s A i s o S igtion and

potentaally defide new phadmaml@ced Mramsrforahaaﬁchrm;thrmasev i ously
escri . EB for eI [, col gni es e ..
{00023} ¢ per E@g) 1e @qqmeé{g@s daﬁfl S§WeT gxamples éescnbmg the

work @cﬁﬂﬁ&éd Wath @hrdionlYcReOddRicH FroiShuhnl d¥brdnicliteR 38Ks. M perticular,
gregates were then cultured in suspension in

techmqw ar@:&smheé wmmm@m Bpletien effaney quantitesss w@@mde type, atrial
type oPE&*&aTWp}éﬂcélﬂ 8ner E&’ES 'ﬁiiﬁn%%% f @G Qn1ef FniPmakes

da| e cardl ac

possiblk lﬂlﬁ eﬁmnomﬁnm;ltunﬁg dﬁy:galrdnﬁ% o\ﬁlenldh cellafos tarprsertehig or other
the 6 well éol ates coated with 0.1 %agelatin in nedia
toxicily derling PPIRGSeSof DVEM suppl emented with 15% FBS
(selected for cardiac differentiation), 2 mmol/L L-
glutam ne, and 1 % nonessential am no acids. During
differentiation, the mediXAM®IEShanged daily:

pont usl y. contr actd n el | eared as clusters
- 100026}, ou?ﬁggvﬁ'ﬂ%mﬁ%‘?ﬁ 1aEg§lfer ti%tédonpbeatl ng EBs were
[Goomal nt aTREWES dellilipegHY SHT) EY hid B e weRldetiPed mdMmittaied as
00028] .. I mmunagst ai ni hg EOOOZQ] Beating. foci_were
prewwglbs |da%°886% Kos Ep-fopratfionp| §@F]il e@O@ﬁ%Waie erserd it sellpagrpeates

T —

. culturetbdisuspension micall ogjtiR@ %ﬂk@@ﬁrﬁiomﬁ%)ubmﬂnEﬁ oelbemedipo without basic
 ibrob{3e 5B BHTHBS Hon U B%P SES i BTGRP et ferentiation,

6-day bl FI30 wére fafder e i @ﬁéﬁf‘ﬁla&@ dodtaCWRRDA Y% gélatﬁpﬂf)rﬁéﬁa consisting

medi um for two dag | nr hunost ai ni ng was done

of DME4 cpplenertrd withd % FBHGeleced quttcﬁ%]eaéldﬁftﬁt?ranhahon), 2 mmoV/L L-
giutanﬁlléf Ghd PRNGALRLREY amino acids. During differentiation, the media was changed

daily. Spontaneously coniracting cells appeared as clusters in outgrowths from the EBs. These

beating EBs were maintained in long-term cultures for up to 95 days.
[00028] Immunostaining
[00029] Beating foci were isolated with Pasteur pipettes and digested with 0.05 % trypsin

~+for 20 min with intermittent vortexing. After cells were centrifuged and resuspended in DMEM

- medium containing 20% FCS and 0.5% chicken embryo extracts (GIBCO/BRL), cells were




[00031] A single beating, mcrodi ssected EB out growh
was cultured on a glass coverslip for 1-10 d lantgpg 2007

p was then attached to the bottom 03?
wocﬂ)}f:g ﬁ%?Vént al chanber nounted on an inverte C?‘HJSZOOSIOZSIM

m croscope (N kon Di aphot 200). The EBs were perfused

platod el {0 Rl BBafiE bl sl i TR lcopedsl o o s

Immuﬂbﬁtﬁmﬁdg@ﬂsﬂbn@is(Escrm@mbrsawherans wer e nmeasured using
vi deo edge detection. For. intracellular
[0003g] ectrg‘Hﬁﬂf’a"ﬂBlﬂSﬁ clroplysiItlegy s, sharp gl ass
00031 Cf Oeh%ﬁ{ %@ﬁl@ oﬁﬁ?&c‘téﬂ@]?@u bolwlth, W8S bRERALGSa Bhs I
[ gl) when [led wth 3 nDPtL KC1. Spont an%%ussc;/)vemlp

- for 1- anéaMsn Fh&EBsvenstipovas il astdchar tidn the fhettonyiof pw e nsimentib shamber
pette ¢ cl.tance a ul ar .
mounfBy BE iy iy fape iR Biepfft 20b R uteeB pertngd it Tyrodes
solumlsh@mls@mng aﬂnﬁill;mm)f 1@1\3@1 BMgntgm 1nqéﬂ?EsMog}1ucose 1.8 CaC12 pH 7.4
nstrunents ost er ty, ang_recordain
with NgQRaIP 73 (st GoptRectiensi wataing vilrosres date %QBP)FO# igracellular
t
elect@fh%el‘éﬁgg nr%@:.’]e{ﬂgé %ﬁ?{@%% el%%fdg%élggﬁdeh Evgg%t@ﬂéi ¥ith fesistallces of
30-108 M@ twhien ﬁllledi iwith ol InKICAt Spnmtembouskgt teestifiy BBs wetednaldd with the

e

potentfﬂ%?ém&let Wsin Qﬂ'aﬂl fifié in BRAILYBIoRe (Mesd Ii’1§@lllments, Foster
Nor t hanp to de erm ne AP duration at

City, @\AM agd)%p@lfdmgs @ﬂmlmhpwad ) eﬁabl(emmmald@smhmggennam@m for at least

5 min bk 50l AT ARV b8 b Rl ndorwens

elecm?%\ﬂdﬂ mﬁ)latlc{n%%é‘s] frdzo M tte A€z (D"atd\h&g uigﬁi}iamﬁtaﬁ 30 000 3id filtered at 2
ntracti ons were neasure usi.n VI deo_e ge ete ti

‘kHz. APswistn aalyged nsigg Pelamps-§ 23%%‘9 ts@ PP Iith and Origin 6.0
soﬁwangMi&&d%Jf PR, ﬁoﬂﬁ o RY&J t%'de RS A8 &lﬁ&hﬁ tB@%%@ 90% of

an ex ri fental anber mount ed on an
repolarigatont(A8DS0 end é&’w&), A9 ampiltﬁll@(ﬁlﬁ’dt), 1&gdinuniTdiestolic potential (MDP),

rep aratl wi th Tyrodes
and 1 R0 8 ot R E A AP ORI BRARE 1 na 2. 10
[00032]EPES, Ca&rﬂmmeasu%exﬁeﬁaCﬂ pH 7.4 with NaOH WI th
addi tional drugs as indicated. Electrical fie

[00033; | m,| Gentestionstreregasirsdismestiden adge dateqtioni ﬁeg}nglwhyatmg

embry 87 (B0 [ Bl bl 8 STy Rk R Bitotom of

expentﬂéﬁtahé:tambbnmbumtadaum aﬁmuvgied nﬁcmssdper@ﬂlaﬂl‘haphm @0 dlhe

o

prepacdiyos i Rammel mERe Ty EBEoS Bl RO e Ul Nect, 1
MgClﬁfiG HE@EEE £ Guucb@l kctia Hsﬁrﬁﬂith Iﬁbﬂ)&fﬂ@ RdGfdnal Bfu%b‘ aindicated.
Caner a - tional Electronic) and Sony

'ElectrBWEﬁldj gimultion Wlﬂil GWH/SD?S’ stisauigtoduncy, Nidg wasicpmied out with two

i80PRRES ahe SHRLTe R he PPH PR P e

InstrumkiitiCopg)l arie sﬁmalaaom pro@cbobl Wik ﬁmﬁ 1 W68 &z, (Patshiutation ﬁmlo to50V
37 TS b BT it el YR P TS e s Crscen
Elecﬁ‘&@csg %ﬁﬁé@ﬁ%\ﬁ%&%ﬁﬂ%@é {N‘thonal Electronic) and Sony BW Video
Monitor PVM-97 (Sony Corp). The twitch responses at sharp edge of beating EB outgrowth
- were recorded at 1 kHz through DigiData 1200 A/D converter with pClamp 8.2 acquisition sofiware
" (both from Axon Instrument, Foster City, CA): The contractile responses are normalized to basal

-p1au m
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| evel s. The experinental chanber tenperature was
‘controlled at 370.5C by Dual Automatic Tenper#t {pngary 2007

w@%&%dser TC-344B (Warner |Instrunment Corp) F’Ei[f&%g'f&’]"”m

Irac differentiation in EBs [00035] Qur
studi es showed that H, H7, H9 and H14 ES cell I|ines

c formE W h spont aneousl ontr [ .
tovei e plimenia ot s SR P 5 Ponbro TS0 5%y Duat Automati
TempaBRFOoritRle BC-34B Gﬁﬁﬁeﬂmét@mignft&gﬁn“ ation and after

s approxi mately 10-25% of EBs show spont aneous

30 d
[0003¢bnt ?ggﬂ” ine diffgrenfiatign|iy EBsnt | e nedi a changes and | ow
denai tu. - ‘ o =S
[00035]5‘Ir :”6&1} iﬁmC?‘l g@dlggého%ﬂtﬂﬁa@ 2] 6?478%9 ?%J‘ﬁg% %gé:')g@ hglgé &l ESim EBs

perio servati on
with sortieoesly cartrasting dutgromeisa iBedéng EB§ ak fest@bgervedapptoximately 10

then. focused o Bs .derived fro 4 cel l
days 30 U EHRE{oR ST 30 Coi SrpHELBRIE Ocrh of Pl Siesentancous
contracfisHsS tWHE BB RRAN S mebid QRafks AR abl¥ ,Qihe\r!]\EtBs continued to

performed to confirmthe presence of he
‘contragkincitere e a priiog b abdssvation of wp @83rdaseof differentiation. The remainder

of the SRk & SBLERTR e B P o REARE LR (el o B s rom
these iwnLoellrimes wemeiindjstitpuispaldat | bodi es agai nst a-acti nin,
arconeric nmyosin heavy chain (VWHC), and cardiac, .
100038} o TP AR AR GRS CoPReR FieaRFSeBGct g it beating EB
outgrdvwiB 4iRGo SRAMNA BaAMSH RANCHRAGEHloRin ﬁfgﬂﬁziﬂoﬁ? Behid 108 Wite

coverglasses. [00037] Staining wth anti a-actinin
digestechanidiatedss ssmonelelyer fonyimmgmosttinjpigasing antiidiesragsinst o-actinin,

st S S0 S TS o G e ulS g ot rom

beatin@®dct Bd¥hiied s ShBIbRAME FREVEAE KA plARME Ivegl 488!
istributed throughout cytoplasm which is a typical

[0003 ai ni Siginngtwidh antis-aptininpibedics suwed vagdasejtoplasmic patterns

el G e U S S AR =
lines, Setcofmerid MEEE siahSey $haived A alfhaait lsienbinTsteiBdted thiré@hout cytoplasm,

.. cardiac. nmyocytes are present in differentiating EBs
which 34 RiyRIAESIENBE PRGHR 31 pethedysar comeric _
r gani : S . :
e e N TR A e
siriated pattero6f Klaands mcsospecild. i Thepr aifservatiomlzady timlicatettthat Theliac

) er cent age, of, .CVMs..isolated, fro eating foci, varied
myoesRgef prosdth gt AR UE S0t 7B b Hoy SFLae| Hepmeti
organiztidl! AMHhGughsNe R fkdin bbatAg F6AShek GrehdndUMVBihdehted by nuclear
. .[00040] An increase in contractiljity of cardiac nuscle
stainingbut lagl efesediecspocifig prrtein gnmuneatiiping a Thepereetageod €Ms isolated

cYelaly 4. Al L ? ﬂﬁ'@ 8, LRt ors coupled to a
frombSI grra ?‘n‘%hg%ﬁd\ﬁé?? a ogn??réﬁfoat eS a variety of ion
[00039] hannepaitiveendti6pie réspanseio Bt ATin@git stmmilatigirent

lﬁmtel ns. However, the responsiveness of cardiac
[0004{ ont r An increase ingogtgactilityad eardiac nanstledn saspense thBradisgergic

e

sl 7 il pattvay tha

stimul4tSs erRResIios chanbels) Bésbradd teinepdites anfBmfeRlghiéntipeoteins. However,
determ ne if the beat] n% EB out growt hs showed a change
2]

the respopsivegess 0heartiae contrstility ie B-aftrenesginsbimydation ohprges over the course of

develo@_ﬁlgt%gigﬂﬁrg %érﬁs% %I%%lrj?o%icl c%?d%corhj% c(je,{]e(s) lbeﬂllg%}e'sp onsive to f-adrenergic

agonists. Therefore, we sought to determine if the beating EB outgrowths showed a change in
“contractile properties in response to the B-adrenergic agonist isoproterenol (Iso). Contractions of

the EB outgrowths were measured using video edge-detection techniques during electrical field
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the EB outgrowths were nmeasured using video
edge- det ection techni ques during el ectrical fi@}{nuaryi007

ry 2007 WD 2004/ 011603 PCT/ 1JS2003/,
W%ﬁ“&ueﬁg@i on to control the beating rate. Thg%é@9ﬁ§é74

of deflection of the edge of the outgrowth wth each
stimn3 4t Brd %ﬁfe%‘ﬂa{%n % b YB3 AudTRAILMELIOH of the ed e ?f éche outgrowth

__contracti [1ty. nmonst r at es t_h_e contrac
with grvhtstimnlateid contrigEon igives h ateashrevf confsaciilifi &figbhdethonstrates the

contef e e S e HET AR AP B B BBk upertsion
with ERAbVIRELI 0A clefr PBREIME the A0 ofAHEERHACH TR bbderyedOand on
resulted in a 33 plus or mnus 27% i ncrease in the

average hpmaltk {erreswdigh int a3kplug neminug 20%089reasTin the venizastionprguitude

(= SR R SR8 i S 5 BB B v o e
- distine€aid dOpRIX OMSP of IR BEatinGTuldrSwile ThBR!rEaE dbMahstiBte that p-

adrenergic receptors are present in human enbryonic
-adrengraigwecepiors geernressat in dran mpdryptissteaanerli-darived cardiomyogytes and

st 4585 BEEERAR T B BB RP R o8l D) Cot 11 can

[0004ﬂ€rlt Vi n’ntt{eﬂﬁaalsfziéomﬁfumawcml gc_fﬁdaqgat ing EBs in f
culture_reveal e t |east .t I st nc atterns o

(000424 5t i n PPsEIAHIT esﬁ%aﬁsg %3%3@?“%@%33# ¢ IgaLiprorfistmppattoms of
beatild) bEitinbh ORI Rafitll & HEBBC '%Qatlﬁ%t. e ivdstEdtD @i béaﬁﬁgg %ﬁ%ﬁn further, we

intracellular Tecordings of” action potenti !
madeghizacellvtarecntlimes ofmtéion potettindsivith shappmiaieadeniroidgs in twenty

cont r,act i.ng,.-E nti nuou Lectrical activity wa
spont GG bR ioE 55 ol e G boih R e Ghncited 1220 B,
EBs wiile6dnltingé\s ehriricd] dctivitpHadbpontadeuee dsticGotetialnates tak dere relatively
rates that were relat]vel é const ant throu%hout t he

constans dlgpegheyt the recortingerriod 38 sruged hrtwrerst add Ve Gy Jrd/A0EBs,

- - - o a
ool 33555 B L oS e p B o
activigicisickargotesized by actimt mrtdntield rbgpnang atamrelptivadyn tapal mie that then tapers,

_ resuming at a rel ati.vely r.api rate.that then taper

follon/ YAty o RErP MR VR ot Bl achyS Rppipge sidamses

. varled HORABPR T8, 228 therewhed iro%@ﬁ p&@ﬂelﬁ@tlﬁ@l%rawéﬁ lof ﬂﬂ)nfdh@ms%ﬁ’ectﬂcal
to BE, and there was a rough parallel in the duration

activipf andipevtea fersaeh BBect ri cal activity and pauses for

ch B . g s of action potentials
[0004?80044qu%8%hqgﬁéasc%ﬁiéﬂéb‘?ﬁéﬁﬁgpes of cardi omyocytes in
[00044he EBIp ch&aﬁ:ﬂﬁ]d th?t!,rpbsfmf ?i‘tht}im%(?o&ted irpﬂhle E8s we sxe?ziin%d the shape
action potentials om abl e i npa nts o .
and pEAPFRigy @ﬁ%cﬁe’ag?temal% D gtabls REeIGmERe 6 70 GOSHRF BB oAt the tine
winddw 8f differefitistinGhht e @BD5 dald) SthEre VRS cloafRdierogeneity in the

heterogeneity in the norphology of the action

- morpllegnefithe actioh palenidals; howevercihie esiionarotantinlaicauld ba clastifed into 3
. classifJ I nt . Mak Qr..types: ,nodal - | | J LON Crrv. s
- mjorypRiaddaFiie. Ut cuiine OE brpr R e R B[R] o
| classiﬁgdtﬁm vk H8 ek fon s ﬂn@fbrbi%ofhﬁé&ﬁog Pg"eﬁ‘@é R§ BRaYutddas e maximum
. the action potenti s nmeasured by the maxj mym _rate

rate opfisq ofdhe aptiop petopial i%%wﬁﬁ%@‘éﬁb? afrtwpmeawﬂ{gﬁm RAbRY,ertion

potenRl&Pihidte (ABAR LS Brodnithildce 08Fhds©R depolarization as summarized in the
. Table. Nodal-like action potentials (Fig. ) were characterized by prominent phase-4
depolarization, slow upstroke (dV/dtmax), and a smaller APA. Embryonic ventricular-like action
potentials could be distinguished by the presence of a significant plateau phase of the action

- potential resulting in a significantly longer duration compared to the more triangular shaped
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potential anplitude (APA), and prdrri nence of p e 4
depol ari zation as sunmarized in the Table. m@%ﬂvw&oo’f

wosohdifilseBOt €ntial's (Fig. ) were characteri Ze?c?%szoosmsm
prom-nent phase-4 depolarization, slow upstroke

(dV/dtmax), and a smaller APA. Enbryonic

P%m.étﬁa 1 potéiaAE (h QRO R L i i
embryl st ngﬁcs %%6%[3?/“3?{1 em%racgggﬁr)ic gﬁg]f&%csvselﬁgni [ ?:]gﬁta ctbqn&)to‘éeggals
generpliashowed atdend &urtslogver spoozmntisahics eSaclivitntheilongar the EBs were

. Ssignificant l,on duration conpared to the nore
mainpin iR a4 755 404 January 2007 WO 2004/ 011603
[0004BCT/ US20R:3¢ AR thvo EadREYSMklioraidtérAilalsagd fefitred@b adéhByénic, because
I n additjion, enbryonic ventricular-like action

they haye preperiipsmorpasminisceyt ofieaheenic heagn vy arg puifgedistinet from
. f I \Al .
neonsH A ARERARIAGRERIE 1 Baldlthd e Aty OBioh R MR S
charadtrized by atdre depiolarized amzesumofliasiotic potepnde@MDR) mddklew™ type action
. ef d nb | G b they h -
potenfiie S8 bl B9 BPRt - EWARTof embryon ¢ hearts, whi ch
[00048] € qUT$ Eortlpab abtidn Potddiinls A MBhe¥ cartiish RUWles G dives EB

muscle. I n particular, the enbryonic action potentials
-outgrewth, we madempkiplotepaple impplemertp siithiipte d4 geparateirpcordings per

outgr B Ok HFER G0tk ol S Bl e Bl St
characterized by a peedantinamh agtivhgotentil phemutgbeh dloqrovide digamticative
compag .t of e ackamient o relowe Sgm sl BpepiGivent 0be Snale FR, we
plotted fHe maakiired AWDY0s Bdipéd 6 ERIIn BBl MBAPDY0 cRbRred closely

: 0
intracellular reCordings froma single EB are

togethentor agiven Ebcnt shoveedorasigbitity-faern Elctoitdhstpdied nThesp resulis suggest that

' katlve. ari f .
or BB Mg RO REHT SohEPE) b SPIR L b ot
myocyiepéll §pebised bn hesepolacibiBactivh popdntibliaciphblogyobsticéd -

APDOOs_gr ouped per EB. In genperal, the APD90s
100043, st Rate adpptation of pgien PAEIHAS 5 i ven EB but showed

[00048T | abA'fﬁﬂdénfeﬁ@g?l%Eeﬁ)Qoﬁ%cﬁ&ggdﬁﬁﬁ ésT £ 36itihyore lé\%;% ’to an increase in

suggest that ny given B out'gro
heart rjgontiendasosmselinf ARBD e Ratealipdationdy preserd inpatselomid rvaniricular muscle,

..cardi.ac . myocyt.e |l type sed.on reproduci bl
and it 35 4 R pais R rcttfin Smarent s, SEREiDEe A GERRHE dhdbeen
observed apérabriyoiiic ¢F-12 k) BmPOVeibiduddr ndsORO ABreforé, WF OB 16 determine
. property of cardi omyocytes is the ability to adapt to
if the egpbryonis etdoyler-liksaghon pefentialg axhibifed apnrepripte 1ate alppsation. Isolated

A . o .
EB 0“%@%?12%%3%@ _e?{éd ("gc?a %l%tgéelﬁ %ld' SinthidtoR at ﬁ:?éé &{%%eéﬂe@é% %hd steady

alred rn certain d
state asticit mdentisliovdre thien gecofded Rl malyred.aia ilisasairsdirhdation frequency

ob ved .jn.e ni - 12 wk) . human ventricul ar .
from (13 SR Towlad 8 TS0 i AP RO RboH g Rt e oLy 20% (Fig
5C), aRdHENRsGn \bBB#RToh Al dhll deérkRe HEAPD s Y Rk WAl ificr8xBd B 3 BY.

appropriate rate adaptation. Isolated EB outgrow hs

Howevgsy thers werea duinges iv|AFE o1 upatroks oflth astioniibigutial gvident at the

. Pff a ' . .
B N ST N -
cardiomyocigagtesett ia bemitlgdBBravE fheaieesnsaty ion channels and regulatory properties

to exhibit rate adaptation. Similar results were also observed for embryonic atrial-like nryocytes.

- [00049] Human stem cell-derived cardiomyocytes have significant Ik,
[000S0] | Repolarization of the cardiac action potential is due to multiple ionic currents with

‘an important role played by voltage gated K+ channels; however, there is significant species
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froml to 2 Hz resulted in APD50 and APDO0 shortening

on average approxi mately 20% (Fig 5C), and thet EBnjgy 2007
waodsididsi onal snal |l decrease in APD as the 5,@11,%5%3,023174

I'ncreased to 3 Hz. However, there were no changes In
APA or upstroke of the action potential evident at the

varia '-ﬁfogtmaéﬂ%ﬁ%tgamaé £iRsdneS LR GumbR BER1, E:ﬁﬁéﬂtﬁﬁough HERG

efonstrate ryonic ventricular-1iKk

potassium ¢hampls GRCAFI2)r ks elays B majse aoke iiyrepBigrizaiipn of He action potential.

R RPN 08 R B ALy PRI s e
for drapblecly telt &0 reiliin vobnCpotdntinldrelohktiomnod YHegtentifIBOREA]

JHuman stem cel | -deri ved cardi ocytes _havle1 o
ventrigylagfrrhytupies forsadeq drougs. AbSEIoRE W pragHnet e prodtignaf T t

repol@&at%&fbf%@fi&?%&téﬁﬁaﬁﬁn%luﬁaﬁ @mﬁ?‘j}‘oﬁig%{:eﬁl +éﬂ%éﬁv€&‘ Edr G:ﬁ'irocytes
W an | nportant role playéd by voltage gated K
utilizipgy thedBERG sheniiveranng] btockeri B4@3 1g gfplication of 560 nEE-4031 @Sulted in
. January 2007 . WD 2004/ 011603 .PCT/ US2003/ 023174 .
sction A R AP0 8o B Vs A o SRR D el
- cardiokiyodite® N PRelaigation bf the AP wddrmasg bvititRGr te@ting Sépolarization (phase 3)
channels (KCNH2), 1o, plays a mgjor role in
where IRBRG surenfis Baxigral: endeyorasathalr it asdiomyqyigsc ARG hw got

r g%?ﬁ ]gof{)&g | (AT Jaless] At RN,
APDS?évgarsgi entd a gPom 8%%3@ tarlg’g%ﬁﬁbg or ﬂirl?fgﬁiﬁ ockor?%ogyt o
significant pralengation of hothiARD 0cnd AFD0 wasgpirahiged byR-44atwithe larger effect
entially |lethal .ventrigular .ar 1.3S t a
on AT Hher® wate pSe st impti sk BV T op A SR DI “These
resultd $hggést Bt BIBRIPEHa0RelOhre d%HreaBd RSN tinBlydnic AtrILRE and embryonic
enbryoni c_stem cel | -derived cardi onyocytes utilizing

 ventrigiler-Iemardipapodyies apd tehl castdates signiapatly to spppmzegon gftho
acﬁongiogﬁigglswhgég&%%egsm ted in action potenti al

ongation i n voth enbryonic atrial and enbryonic
[00054kent r | Briveked eddy and delhyed/aftey idepolaPzafiensgat i on of t he

0005 ;3 vva\quégaﬁt evihgglljgt f trarilsé'grm Q%Lmr)gsf)qzilcar;l z%hog gagl’{g\g%gemd
activit9! whidh rdshlt€ AP depelatieRiondPERRe Bat bd\@lided MRS Eariyas

Significantl rol onged, and in enbryonic ] .
afterdeqoltizpiessdEADSKhish ogeus yoeg the sopobiriglian ofhe action potential or

ral . . DL

cctaye s ERHRIRRISHe PATH QR Re AR dnt ISR ep e AT D ADs
result foa diffedentadailylas ingth: | heknisod)ut eﬁﬁaehreqﬁreba;ésg&iﬁaaﬂd Tmmp@aeﬂseoof
) MDP.. These . resylts suggest .that HERG channel s -ar
mtefa%ﬁ%&@ﬁﬂ?lﬁ a'&fgé%?”e%ﬁﬂ b felngFesgnt ip cediag MRy oSt y ore, we
examiﬂ@a%rﬁwrgaﬁje henthk@aCRted RS fétHe mgéfy th fGevelop BADS and DADs.

contributes significantly to repolarizafion of "th
EADsdypicadly qeoursin thedettingrof o prdenged bétiompeéstiall X034 yere defined as

Provoked early. a del ayed .aft deppl ari zat i .
depolspigBies etrng My e AT AR Rloot RETEFRRH R ats appbrvonic
ventridurdilRCME oMb With B-4031. BATHIR€eved 6bdeMiciYn thohibsdhce of E-4031.

results fromafter depolarizations. These can Db

e
DADsdyripalspoc i drigiGag+ ogerlaad qughoasarodiged b rrEapdigoxipiteoity.
v 0| . .
DADEE R0 ok BB 8 SRSl gty oloving
microslédtolde topalemeft pegsuduebly dnewdhiary assodigted wifhbspaenderDamd associated

© Ca2+ overload. These cells were not used for characterization of action potential properties, but

. they demonstrate the ability of the human embryonic stem cell-derived cardiomyocytes to exhibit
DADs. '
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require a specific and conplex set of interac:ﬁ )
wéfligks and Caz+ cycling proteins present bR, fasgfes,

nmyocytes. Therefore, we exam ned enbryonic
ventricular-like cardi omyocytes for the ability to
devel op EADs and DADsqr ARloR BYRID@l | y occur in the
setting of a prol ongZCdLact%} potential. EADs were

IYWE Q&AlMed as depol ari zati ons occurring near the action
potential plateau and were observed in 3/5 enbryonic
ventricular-like Cvs treated with E-403 1. EADs were
NeY Arm@RSEor estihdagdeNR foPSRIREen Rilmdm HoBadlsells PARBrising the steps of
typically occur during Ca2+ overl gad such as_produced
bgulinming cgrdisrmysicpiexdavived fiogt yman eytpwonipstemselisr ved to
OfEUL SR i bW abREst Bhe fbibyocyte:
ety Y PRERH bk B pOR s B Rhst Bhe b Bypovte

p easwing the/caddiemyarytentp tite/ageais and at ed wi t h i npal enent

and assocj aje Ca2+ overl.oad. These cells were.n ‘
B9 R B LeAasTdos 7155 BOTRIE O e PR Y6  pLHes SRe the exposure.

properties, but they denonstrate the ability of the

human enbryoni c stem cel | -derived cardi onyocytes to
e%hTh¢ methpApEclaim B whereiniie sasliopnoeyte oy /%m@?@:sroup

. PCT/ LIS2 . 1. A
consigiig RERARCTDE SufchlaChRh MThdrt Qo Baiontiofte. T ol i ac
cells conprising the steps of culturing
cardj onyqgcytes deriyed. from hupan enhryonj c_stem
oo ite miegha of el | prbereia %G%ﬂ%ﬂ%ﬁf@ﬂﬁﬂgﬁ%ﬁmm
embrydhic! sBaS Lel RS f6TAl HtRYIQ HYdiBs andO¥RPGh A thélBuring includes impaling an
cardi onyocyte to the agent; and observi ng whether the
embryaixt basky witht argléciiodef t he cardi omyocyte changes after
the exposure. 2. The nmethod of claim 1l wherein the
cardi omyocyte is selected fromthe group consisting
Of, Atrhéthbd for Beting sthisifortheir cffyfenanshan ostdiae tyifpecomprising the
cardi onyocytes. 3. The nethod of claim1 wherein the
steps ful t uri ng is conducted by pernmitting the human

e [ ' LS and
R S B Stk e S brvoid
- bidgytifyingrensmbeyed bedydEom 4he ol winich plirsicely eomiggctsgent s

for their effect, on human.cardi.ac..cel ESd 0gQ. t he
<G S e g oL Fe eonfreaSEot e EBPREI,

e ERo¥Rl %Mﬁ&aboﬂﬂﬁﬁhéﬁ%énﬂ@ndn enbryoi d body from

the culture ich physically contracts; mneasuring a
phlyssrang anyrrhangeia theghpractsristiorf theganiraetiqnsd therenghygoid body.
enbryoi d body; exposing the enbryoid body to the

agent; and

5. A method as claimed in claim 4 wherein the characteristic of the contraction measured

It f i ff [1ul hani h
result fromdifferent cellular nechani sns, but bﬁt&uwgom

is the physical magnitude of the contraction.

6. A method as claimed in claim 4 wherein the characteristic of the coniraction measured

is the rate of the contraction.

14-




observing any change in the characteristic of é}lgf

contraction of the enbryoid body. 5. A nethod anuary 2007
w0l Bzl N clai m 4 wherein the characteri st ipg RfszJo%?ﬁln

contraction neasured is the physical magnituge of the
contraction. 6. A nethod as clained in claim4 wherein
t he AGhahas iR kdsthd Gaddls ek efftd: 38 itheilediBRS gfo%Grtiek 8f thOHERG
rate of the contraction. -14 25 January 2007 WO

channglip urpan e diapcalis wapoisingfzskeps P A et hod for testing
a ts for.. ir. ef +he elactri-cal _praperties
o?' i nggﬁ%gémtfoﬁ r?gg%l%l%n ﬁ%li!ﬂrr%nndélaerné R %ﬂlégfﬂfﬂg: e@%npri si ng

t hgertihg ps clebiraislihforat gst@ae dirdioyryoytiem ddiuteyed from

human enbryonic stemcells;, inserting a |.ectrade

| FReaFUEng e R HoR L i e PRE AN BOTCRHA oF g ARy vie
tﬁjgpog;ﬂ? é&mi%y@,gﬁeﬁ)rtﬁ@%gﬁg‘gﬁ@ne action potential of

t cardi e;

_ onyocy _exposi ng the cardionyocyte to the

ageservingmwhetbirdhe sdtioy patsstidldpratipe isechengsd hydhesgenk as would be the

ur atd IS by the agent, as would be the
CMW1€§§gﬁ¥$?ﬁ%@3%2%@%%%%nne| is altered. 8. The nethod of

cl'aim 7 wherein the cardi onmyocyte is selected fromthe

grou consi sting of atrial-type, ventricular-type and

N8 The mgthed oflaims ydeisinde cylomoc e it stpotse et eroup

i tRal e, Sebitidliiafle/pb SnE ARANEPE CarbionBREPeS L | NG T he
mnmﬁﬁ%ﬁ%ﬁﬁﬁgﬁgﬁ%on#c steﬁ?cgvls toﬁ?orn1enbryg%d bodi es

and wherein the neasuring includes inpaling an

e oi d.body i t n_elegctrode. .10 A h f.

¢ Gk oY e oPibus B8 el dd CongfoB bY Bitplilpe the bunan
embrydaicaatcalte formphtaydid dbdiefareweivién te hetdaringachidecimpaling an

cells caonprising the steps of culturing cardi omyocytes
embrygit hody with ayslert®En enbryoni ¢ stemcells; obtaining a

chart of the transnenbrane action potential of the

cardi omyocyte over tine; exposing the cardi onyocyte

t 0.t Aenethyeinfor teatin agests for thejr ikalihbed ofirigadringalelayed efter

.po) ari zatiqn event..is triggered t he ,agent. 11. The
polarigatiop Ggeny m@%“ﬁ%amc’ﬂjhws B %ﬂﬁ@%ﬁ%ﬁ%rﬂf ocyte is

S hifkhe CarldicAPobiiRs 86k froaPMmhamldnitlydiic fbmicells;t ype,

ventricul ar-t'ype and nodal -type cardi omyocytes. 12,

. 2 :
“letainingrrotharpf Biedrarsmembiane eitian paieniial of Hheicagliomyocyte over time;

Th

c . I .pyran enbryonic stem
cgﬁ%gﬁkg&f%}r(%&gw%ﬁogg%%ﬁtés and wherein the
melervinghwhétherlauddbayed afoalpolgization evaitiyivigdetod by the agentan
el ectrode. -15 '

)

11. The method of claim 10 wherein the cardiomyocyte is selected from the group
consisting of atrial-type, ventricular-type and nodal-type cardiomyocytes.

12. The method of claim 10 wherein the culturing is conducted by permitting the human

- emibryonic stem cells to form embryoid bodies and wherein the measuring includes impaling an

embryoid body with an electrode.
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A method for testing agents for their I|ikelihopi'agpary 2007

wd JobSBGEdsN9 | ong QT syndrone in  human cardi 3e aehoSnasems
conprising the steps of culturing cardi onyocyfres

derived from human enbryonic stemcells; obtaining a
char I . ' ntial of .
o Ay for e BAP AR BN B BoR B itepthe B B gyndrome in
humat teerdina cellscooppeiging thexstdpsef agent ; and observi ng whet her
a_l.on syndrope i s triggered by the agent_ in any of
tﬁ‘&%“@&%%wwﬁ‘?& fro) R Bl 8t ctls3
Rt} 4 LTt YA bEnd SctRAlpshas Jraplihig ogieupP
_consisting of atrial-type, ventricular-type ahd
cardiogyiggyte Oy@dineeir di onyocytes. 15. The nethod of claim 13

i ' | S ; ted by permtting the
%ﬁﬁgéﬁ%%%&w&%t%% ééga?%?f orm enbryoi d bodi es
aolskenviey whethéraone@Tuyhdigme iciriggasd byl dgag in emfpefine d

i ith an el r .o-1
cardjogggk}%gs.vmt an el ect lode 6

14. The method of claim 13 wherein the cardiomyocyte is selected from the group
consisting of atrial-type, ventricular-type and nodal-type cardiomyocytes.

15. The method of claim 13 wherein the cﬁlturing is conducted by permitting the human

embryonic stem cells to form embryoid bodies and wherein the measuring includes impaling

embryoid bodies with an electrode.
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