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DI FFERENTI ATI ON OF STEM CELLS The present invention relates to matthdds' of
i nduci ng iation of stem cells. In particular, t n
_relates tg'}(;'g ﬂsﬂfg of inducing differeptiation of 5 enbryglﬁ?llc st%@ell
into nmuscle cells or vascular endothelial cells. The invention also
i ncludes cel | s, METHODS &F INPECING DIFFFERENTHATION OFeSTEM 8EbL&sed in the -
- methods of the present invention ' and differentiated cells produced
.therefrom The present invention also provides nethods of using the _
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genes and markers are often |lost and cells acquire gene expreSS|on
profllé@ of somatic cells or their precursors. In-sone cases, "naster"
genes have been described which cqy pUETI&N ferentiation versus
self-renewal. Wiilst differentiation of some |Ineage specific stemcells
can be induced with a degree of certainty, a differentiation outcone of a
popul ati on SaémpLells poe emidifi¢rentiated! tallsi whicks saprgide aisebte a Bleessiprt oé
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. nedi a, |ntro ucl renovi ng cytoki'nes rnmones and growth factors,
~creating aneﬂrtypecnﬂmua/\/mpeh Shétprocess of elifferentiation suatam gells involves

selective development of immature cells to committed and fully mature cells of

various lineages. Derivatives of such Imeag_es include, muscle, neural, _skeIetal,
~ blood (hematopoietic), endothelial and epithelial cells. Differentiation of stem.
20 cells is known be triggered by various growth factors and regulatory molecules.

During differentiation the expressicn of stem cell specific genes and markers
are often lost and cells acquire gene expression profiles of somatic cells or their
precursors. In some cases, “master” genes have been described which control

25 differentiation versus self-renewal.

Whilst differentiation of some lineage specific stem cells can be induced with a
degree of certainty, a differentiation outcome. of a population of pluripotent stem
cells-is less predictable. Placing the cells under conditions which induce-

30 speciﬁc cell types has been one form of an aftempt to regulate the |
. differentiation outcome. These conditions inciude growing the cells to high or
low density, changing media, introducing or removing cytokines, hormones and
 growth factors, creating an environment whicﬁ suits differentiation toward a

specific cell type, such as providing a suitable substrate.




- THE 1 NVENTION 1 n one aspe

specific cell type, such as providing a suitable substrate. iv WU i tuuOn -
r-n-;nn"' . WO 03/010303 PCT/ AU02/ 00978 2 Generally, when a stengceri 705
culture is induced to differentiate, the differentiated population Is

anal ysed P 0HU083cul ar cell types by expression of genes, PHEAKA97%H,
phenotypi ¢ analysis. In any case, the ?espective cell types may then be
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study of c_eéé}edﬁ%iyaadlmfebet@térﬁtrchhheirwc@{tagéwaja%ﬁetbmmany dhirf ge ‘
di scovery of genes and proteins such as differentiation factors that play a

rol e i nSti singe ¢elldypp aBAtCWiHEE. r egeneration. In particul ar, the induction
of stemcells to differentiate into nuscle cells 15 (myocytes) is useful
for muscle transplantati on and therapeutic purposes, as well as providing

potenti al hiEarinduistias eofrodekpedific Cdiffersstizted 9 cefl O_tyfﬁeesddnn-gae “useful for

.phar maceuti cal s?. The induction of cardi or’a/ocyt_e differentiation in stem

cells is dpspiantation s drug SoRang Ay drigr diseavery e vy sMatings educt s
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for heart :di : 10 ' |t ar
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speci 1@ cdlel usethéor, theustndaof cejlolay taesl, mbleamlambiolgyiof tRisas deidioprdent, ng
devel opnent. are pot entirelx clear. Therefore t%ere remai ns a need_ for
orovi di ng 49T LEISRPVRLY PbEENeT anddieteis sush #%dlierentiaton fastoms MAtelaY 8 i nt o

specific ceblk ik YieSSe Mg@mwﬁgrbg@ngfat%ﬁ_ endothelial cells. SUMVARY OF.

| resent invention there is provided a
met hod of inducing 30 differentiation of a stemcell, the nethod .

incl udi rig:  cul turi : |1 in_the | e 0f ic cel
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induce15 . (myocytes) is useful for muscle transplantation and therapeutic purposes, as
. well as providing potential human disease models in culture (e.g. _fof‘ testing
pharmaceutiCals). The ihduction of cardiomyocy{e differéhtiafion in stem cells ié |
 especially useful in developing therapeutic methods and products for heart
diséa'se anq abnormal heart conditions. Howevér-, the moieculér_ pathwéys that
- 20 lead to specification and terminal differentiation of specific cell types, such as

myocytes, from embryonic stem cells during deve!opmeht_are not entirely clear.

Therefore there remains a need for providing effective methods of inducing
 differentiation of stem celis into specific cell types, such as myocytes or
25  endothelial cells. D

~ SUMMARY OF THE INVENTION

In one aspect of the present invention there is provided a_me’thod of inducing

30" differentiation of a stem cell, the method including: _ _ |
culturing a stem cell in the preserce of an embryonic cell and/or
extracellular medium of an embryonic cell, und_er_' conditions that induce
differentiation of the stem cell. o
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Preferably, the stemcell is an enbryonic, human stemcell. More BLT cila

pr ef er abl the stemcell is induced to differentiate into e
_(nuscl e cé‘lq §3/010%3cul ar endothelial cell or a haematopoi e‘f‘?ﬁA%(?q%.ﬁsl n the
met hods of the present invention as hereinbefore described, the enbryonic

cel ' is prefefephbly, @as syt ddoR ard efibpyotie) surad edemneall etdredeefarablyr e
preferably, the er’rbre/_on_l c cell is derived fromextraenbryonic tissue. In
the met hodshestamcall issisdticed e wifferantiate gt DEPeYte (rpissiecaly Y28edah in
the prese . ' | I n. ; ;
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di fferenti ai paraifbéioge steseribad, thenembayeric deaimiscyteferabiya deriedt dpai et i ¢
.cell. Mre preferably, the stemcell is_ co-cultured jn th resence.of -the
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* preferabl yd%'ri?%&?ro%aﬁtrﬁ%ﬁfbl&%ﬂwi@@l ayer of enbryonic cells and all owed
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to grow in culture to 1 nduce erentiation of the 15 stemcell. _
Alternatively, the stemcell is grown in the presence of an enbryonic,

‘ectoderm cell and/or extracellular di ym of an enbryoni ect oderm cel |
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In yet anothelerpeeber a6 demBRRAIICTEBhdoddth TelMhAdhl éstrateltfari Bordifomsgsence
of an enbryonic, ectoderm and/or endoderm cell, and/or extracel l'ular

nedi unt@f mediemofamenbreetiodeidadamy/asi! te intuper differgntiagioniaf fhg stem cell

di fferentiation_of.the em.c i Nt 0.a. vasc i I In a
preferred é&taéac?ar6#0’l‘}58°3§%e°? &ﬁ%wﬁc}weﬁﬁ ﬁlem%f%s%sgaﬁyééﬁésﬁ%b ﬁ%%%f :
i'nduci ng mgscdutufsd In thef presenté af tinembry@nid @M. dalthe rhdiodetdfitite presenti ng:
culturing a stemcell in the presence of an enbryonic fel-l and/cir-

ext racel I ulinuentieqi the orteam celtblsy preferably (platedaen o senfiuents menglayeiqete 30

di fferenti %Hb%ou‘ﬁ[; ddIR SHhERGRE fonhRBulin BSHfUE 168hbiuce differentiation of the

15" stem cell.

- Alternatively, the stem cell_irs grown in the presence'of an émbryonic, ectoderm
cell and/or extracellular medium of an embryonic, ectoderm cell to induce
_differehtiation of the stem cell into a skeletal muscle cell.

20 | |
In yet another preferred embodiment, the stem cell is grown in the presence of
an embryonic, ectoderm and/or endoderm cell, and/or extracellular medium of
an embryonic, ectoderm and/or endoderm cell to induce differentiation of the

_ stem cell into a vascular endothelial cell.

25
In a preferred aspect of the present ihventio_n there is provided a method of
inducing muscle celi differentiation of a stem cell, the method including:
culturing a stem cell in the presence of an embryonic cell and/or

extracellular medium of an embryonic cell, under conditions that 'in_o_luce

30 differentiation of the stem cell into a muscle cell.

. Preferably, the stem cell is grown in the presence of an embryonic, endoderm
- cell and/or extracellular medium of an embryonic, endoderm cell to induce

differentiation of the stem cell into a cardiomyocyte (cardiac muscle cell). More,




Preferably, the stem cell is grown in the presence of an enbryonjg, ..+ &qg-
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endoderm- cell and/or extracellul ar medi um of an enbryonic, end

to induce_ differentiation of the stemcell into a cardi on; écardl ac
nuscl e ceMYORKPE 19 1301 2005 WO 03/ 010303 PCT/ AUO2/ 009 4U0%! Werably
the embryonic cell is extraenbryonic. 4he enbryonic cell is preferably

~derived: frﬁ%ﬂélﬁﬂ " $he %ﬂ?%ﬂ"ﬂ Al QSC%Hraé‘FnrbrydﬁilQSC%@l BRieMdalik s

propertles or erlve rom an errbryonlc ce Ine With characteristics
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f th nb Al t l. h t
Phe’ b ecenBEORATER Wik rved Tfontr Moksiié el e i SBeradiFuRRedr um of
an e”bryonkf%ce?élté?ﬁﬁfd@hﬁewofe%mfe@a@@ thdi Stbry @atis abicmupdd infperesesed |

into a skeletal nuscle cell. More préeferably, the 10 enbryonic cell ‘is

deri ve&froﬂl'a(emwoﬁllc ti ssue. Another aspect of the present invention

is an enbryonic cell for use in the nethods of the present invention.
Preferably, the enbryonic cell is derived from enbryonic or extraenbryonic.

endoder m opjiepiRRRIN thEERoaRliy grawe id the pResepl ©f @@l émbayoid, iattstdmom
visceral endodermor is a cell wth visceral endodermliKe properties.

Mor e pref ecalhl gnd/ohexdiaseldar cnedivm jof erembaonicoredoden |cqli e npuee
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present0 i neailirionictdetine dervart frondedraembhyjonit ifsuenduci ng -di fferentiati on of

a stemcell, the method including: culturing a stemcell in the presence of
a factor derived froman enbryonic cell or extracellul ar. nmedium of an

enbryoni c Tﬁ%’th&”ﬁ?{{:e&%’fdtﬁe' PRSsenbahvemibif & dhf ERbRAINIA AP ludd i Bem

cell. resent 1 nvention furt provi des an ‘i sol ated factor that is
secr et ed fnmﬂqodmoéﬂtagmﬂent iogehtian. Psefemﬁlﬁttbd ermbpyorictoedide dedved fomli um
~accor ding to bryonlc or extraembryonic endoderm or ectoderm. Preferably, ‘the
.1-5.- embryonlc cell is derived from visceral endoderm or is a cell with visceral
endoderm like properties. More preferably, the embryonlc cell is denved from a
cell line with characteristics of visceral endoderm, such as the END-2 cell line .

(Mummery et al, 1985, Dev Biol. 109:402-41 0).

20 In a further preferred aspect ofithe present invention there is provided a method

- of inducing differentiation of a stem cell, the method lnclud:ng ' _

culturing a stem cell in the presence of a factor derived. from an

'emb.ryonlc cell or extracellular medium of an embryomc cell . under conditions

that induce differentiation of the stem cell. | "
25 _

The present invention further prov_ides' an isolated factor that is secreted from '

an embryonic cell or is isolated from extracellular medium according to the

' present invention for use in a method of inducing differentiation of a stem cell.

30 | In yet another aspeet of the invention, there is provided a differentiated‘ cell

produced according to the methods es hereihbefore described. Preferably, the

."'dlfferentlated ceII is a cardiomyocyte, skeletal muscle cell, vascu!ar endothehal
cell or a haematopoietic cefl. The present mventlon also provides dlfferentlated ‘

© cells produced accordlng to the methods of the invention that may be used for

il




“present invention for use in a nethod of i nduci ng differentiatiomn qu stem

gell. .30 In yet another aspect of the invention, there is provided a

di fferent produced according to the met hods as SLRPRbA
,\descrrbedbﬁiﬁgherably, the differentigated cell is a cardrﬂoﬁ/ocyteBﬂgr
‘skeletal nuscle cell, vascular endothelial <cell or a haematopoietic cel

The prese ntraneplantatnn abl therapy bdgendithidrapeg. nfrefesably ctibel iBventistupreyides
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. et hods of e 1 nvention be used for t herapeutic purposes, such
as in net hhgetioh in asSuln]ecrtgsucEfarldgéﬁr@m ahesri disedse ar suldiden. suffering froma
heart dj sease or condition. Another aspect of the .invention is a nethod of
_treati @ or preventing a cardiac disease or condition, the method '
| ncl udi ng WRbfRg ge@t 6Pthéﬁlvehﬁen @éclhemoe%ﬁeeaﬁlgl oralarévleﬂrngaacedrurampabl e
of differentratin nto a car e cell \into cardiac tissue of -a

subj ect . 1d|sleaeé®r@bh9lltionhﬂia:meﬂ1%§ g i s produced by the )

drfferentratron em c C h |g£1§$ €of '
descri bed. Eﬁﬁl‘@l‘:ﬁlgr ?&' f te@hcgé’@%ljn%goc{y’f’ :%Ilsgﬁe@?n% ﬂ oma 15c::lgrdr ac
di sease Ordrrerélhﬂatm mid”lafcbmmﬁfyboﬁecv‘elltrme qzrremertrssuermremubgnnt t he ‘i sol at ed
- cardi or&ocyt e cell is preferably transplanted into 15 damaged cardi ac

ti ssuelf a subject. Mre preferably, the nethod results in the

oL ot oL PrBlrAf RIS b BSHRASy the dfRiRBRel pabercan

. tissue; .t hacemiimypto methatisngs Rereimtieforudesugiben. i 15l ;meﬁmrammr thq/eulgneet cell-

and /or a cell | e of jfferentiatin nto .a ard o] g-cell into
damaged cardeféerrrl)%ga@ BfoaHdIag Hperse OPFB'%%'%'Q'& Vil ﬁé“%@% %yrfb&@/rteéelﬁs
produced by, 4 gﬁor‘l' fy ereaﬂéeal RBrfibmPosHeNcER! ls prSieralsigr GanepibAtetPliitds as
‘her ei nbef ore descri I's prefefred that the subject is suffering from
- a cardifc dassged ccardleorl@rsuem’ﬁ a gubjedie Mmermefefabwhﬁrearemresults inthe

restoration of cardiac function in a subject

in yet another preferred aspect of the invention there is providecl- a_"_rr_jet_hod of
repairing cardiac tissue, the method including _
20 infroducing an isolated cardiomyocyte cell and for a cell capable of
differentiafing into a cardiomyocyte cell into damaged- cardiac tissue of a |

subject.

Preferably, the cardlomyocyte is produced by the differentiation of a stem cell
25 according to methods as hereinbefore described. 1t is preferred that the subject
s su_fferlng.from a c_ardrac disease or condition. in the method of the present .
~invention, the 'isolated cardiomyocyte cell is preferably transplanted into
damaged cardiac tissue of a subject More preferably, the method results in the
_ restoratron of cardiac function in a subject.
30 |
The invention also provrdes methods of freatmg Vascular diseases and '
| muscular diseases by transplanting differentiated to vascular endothellal cells or.

to skeletal muscle cefls or progenitors of these celis.




I nvention, the isolated cardi omyocyte cell is preferably transplanted into
damaged cardiac tissue of a subject. Mre preferably, the met hod frieut I sy
the restoration of cardiac function in a subject. 30 The invention al so
provi des MU Bt treating vascul ar di seases and nuscul BfTV/4PQHNEES by
transplanting differentiated to vasculbar endothelial cells or to skeletal
- nuscl e cel - | ; ' arfoktinf- I -
PeTT ooz 058G 8RBT e B AT A di hodel for eEtG
myocar di al theodiilityf of stees celig thatheenebdiffetgntisted irdon casdlibmnytdexteshioveestore
differentiategd ipto.cardionyocytes to restore cardiac function. The
pr esent ihQQWWQQﬁﬁwmﬁqher provides a cell conposition including a
differentiated cell produced by the nethod of the present invention, and a

carri el R Fi: LA e Woictalaly hyman
'enbryorq)i c%ﬁ%}mﬁ%ﬁg) "ﬂ\g@gﬁ cJﬁﬁﬂ%@ %otl? @%Nggé%relaﬁmg?tgggﬂa%ﬁ% gf 13
days. The diffefentianed atedidprosiuesdchy | the havethad 0é dheopesehbgyventionyiand a
relatively high proportion of epithelial-like cells. The epithelial cells
swell to f‘PQﬁ”%f-fi-l | ed cysts and between 15 these cells are patches of
cardi omyocytes. Cross section of the colony shown is about 2mm (40x
obj ective). Scal e bar=100pm Figure ﬁﬁgws' a phase contrast m crograph
of "human enbryonic stem (hES) in co-culture with END-2 cells after a
. periodQof two to three weeks. 20 Increasing patches of beating cardi ac
muscl e: cel ngdré?ﬂ,ditsglﬁ%wsyé gshasenkontrast p?gggraph Hiehlraahi embnajrgc csﬂ)eml _r\c/gg
- was approxi nately eat s per._ninute. X ,0hj i ve)._Scal. al.- - m
Figure 2 stidwe) iadereulitrawidENBst Pﬁﬁ%ﬁﬁew PRIME Qgﬁ%r?ilad)s EgﬁfJ'if?ﬁeﬁga’fFHat

they | are - Zaoi R8s thiked ShbRohotSdy Hutakith XLPGBMtively high proportion of

epifhelial—like cells. The epithelial celis swell to fluid-filled cysts and between

*

15  these cells are paiches of cardiomyocytes. Cross section of the colony shown is

about 2ram (40x objective). Scale bar=100um.

‘Figure 1B shows a phase contrast micrograph of human embryonic stem
(hES) in co-culture with END-2 cells after a period of two to three weeks.
20 Increasing patches of beating cardiac muscle cells (cardiomyocytes; bm) are
o present. The beating rate observed was approximately 60 beats per minute.

(20x objective). Scale bar=100pm.

Figure 2 shows cells stained positively with a-actinin, confirming that they are

25. indeed muscle cells. Scale bar=100pm'.

| Figure 3 shows co-cultures of stem cells with the mouse visceral endoderm-like.

cell line END-2. (a) P18 EC in normal monolayer cuiture, 3 days_aﬂer initiation

of co—culfure with END-2 cells and after 10 days, when beating muscle (B.M.) is

30 evident. (b) mES cell lineR1 in moholayer' on its normal ‘feeder"dells (SNL), 3
days'after initiation of co-culture and 2 days later, when beating muscle is |
evident. {c) as (b), with the exception that B.M. is evident on day 7 after

_ aggregation. (d) GCT27X human EC cell line on mouse embryonic fibroblast
(MEF) feeder cells, 3 days after initiation of co-cuiture and after 16 days. No

35 beating muscle is present. (e) hES cells on MEF feeders, 3 days after initiation
 of END-2 co-culture' and beating muscle formed after 11 days. | '




-Figure 3 shows co-cultures of stemcells with the nouse visceral

endodermlike cell line END-2. (a) P19 EC in normal nonolayer cultiurféf 4005
~ days after initiation of co-culture with END-2 cells and a %ibﬂzjl ays,
_when beat My0HE%e (B.M) is 30 evi dent (b) nES cell I'ineRAU ol ayer

on its normal “feeder' cells (SNL), 37 days after initiation of co-culture
and 2 days later, when beating nuscle is evident. (c) as (b), with the

exception fﬁﬁﬁé?’ -AMsHow<L i ?&oﬂﬁ}’caz %‘T terré&%r egaldr@iom c}b@}te@ﬁ‘a?n‘(

human EC c | ne on nouse enpryonic |"ast MEF) feeder cells _
days af t er stemtdellsi dRrepJetitwe mﬂoﬁ‘rupeteahdlsarfacerdeldi fl@ay§poﬂﬁﬁrwuﬁléfab?%@’lgmscl e

| | F d 3.d END- 2
o s or s e soi Fp e R EE B SRt R 1S ) B & Bl Bardly
03/010393 REH. %ﬁ%@%@ro%yﬁbﬁ%e(é SIS cBhieast! ipiesbpiregbeating area in

characteristics of cardionyocytes from_ stemcells. Repetitive acti on
" potenti al sthleehErS‘dedlttﬁneom!@pmlﬁmbrﬂé@m%mfdma%hwd ir bagvag derived. dhigie Mo Ec

Cor oo FoBlR (RS Rng Sl ASR1 SRty SRR g, 0y
cul ture fr@rg,]é/&m@r) t he recording shovved in (b) was derived. (Note the

hei ght of the protruding structure where the beating region is |ocated, 20x
.objective.) 10 Figure 5 shows isol ated cardi onyocytes: (a) exhibiting sharp

 edges dmﬁpé %gdéﬁ(ﬂﬁs iSRRI Rmyde tgé)sIexP{Ybftrfﬁgcﬁrdr? édﬂe%%r‘ﬁijmféﬂt 2

days ( organr zed sarco atternin hase
contr ast lmﬂﬁedfsaimbmawee rna:eintrasaﬁmter celw)baltmr@rd fon 2 fday&t (l:()rwhlc had

(b)represents a single cell, ally ni fied 2x corrpared
“Figure 6 sKsXopRize o%%"@@@'l%‘% %G'J”'BE é‘%ﬁ%t ))mgtgel(gmultp?e
- cardi onyoc Md; fb@ftione (@s8M05 irkfle darrl italipiiaghified

cardi orryocié"ftag?é a?{égllﬁélg%gg tive for@%)ge?é:orrerl o prﬁiﬁel ns FIEQ(;I ugl ng@? green)
a- actini n2x(om_d)armidcwﬂh(ﬁ)a) and troponyosin (b). Cell DNA was stained with
" (bl ue) 20 Hoechst to distinguish nornmal and apoptotic cells. Cells cultured
for 24 ys had a disorgani zed troponyosin sarconeric patterning and-

~diffuse antgjggely ! aH¥WA Immunocytochemistry on adult human primary atrial

' ”cardiomyocytes and stem cell-derived cardiomyocytes. Primary atrial

cardromyocytes stained positive for sarcomeric proteins including (green) o-

_ actinin, (red) mic-2a (a) and tropomyosin (b). Cell DNA was stained with (blue) :

20 | Hoechst to distinguish normal and apoptotic cells. Cells cultured for 2 days had

| a disorganized tropomyosin sarcomeric patterning and diffuse antibody staining

(c). rriES_—derived cardiomyocytes also show sharp banding when stained with
a-actinin (d) but in hES-derived cardiomyocytes a-actinin is diffuse and poorly

banded (not shown). (g) shows overali extensive a-actinin staining i.n hES-

o5  derived cardiomyocytes at low magnification. -

_.Figure 7 shows haemodynamic assessment of left ventricular function in mice.
(a) Normal loop representing the relationship between volume and pressure -
changes in the mouse heart: .indicated are the valvular events and stages.
30 durmg one cycle of contraction and relaxatron (b) Pressure volume re[atlonshrp
: 4 weeks post-myocardial infarction: note the difference in the shape of the ioop

 and the alterations in both contraction and relaxatl_on.

Figure 8 shows expression of cardiomyc_)cyte marker mRNA in co-cultures of
'35 hES and END-2 cells by RT-PCR. |




(c). nES-derived cardi onyocytes al so show sharp bandi ng when stained with
a-actinin (d) but in hES-derived cardionyocytes a-actinin is di ffus]ega@ij';” Zh05
~poorly banded (not shown). (e) shows overall extensive a-actinin staining '

in hES- 257VQ&FP1P&88 car di onyocytes at | % magni fi cation. Fi BGTAUPZ8HGHs

haenodynam c assessnment of left ventri®ular function in mce.  (a) Nornal

| oop representing the relationship between vol une and pressure changes in

t he mouse heart: indicated are the val vul ar events and stages 30 during:one
cycl e of cofitguset? sthowsd analysisaol én. agtion potentialseandlionechazinets bpspateh 4
weeks post t he d|ffer cge I n the shape of the
loop and tﬁgﬁgaélglﬁg{)pw {jgﬁ Sﬁ{]@ggﬁfy'ygtq"&ly S &@I axation. Figure 8 _
shows expressi on of cardl onyocyte marker mRNA in co-cul tures of 35 hES and
END- 2 gl ls_b QC? 19 W 03/010303 PCT/ AU02/00978. 8 Figure 9
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‘Brach T | ocked b t DETAI LED DESCRI PTI ON'OF THE
Pwent ou FRTEBAIEARLE Shotinas s kil BlbRRA CHered PiBPobtest o
met hod: of igrderpingy Téi*ﬁ,-{;gg,gﬁtdrgqﬂﬁkegf fa&f\ﬁﬁ” cell, the.method including: =

-culturing a stemcell in the presence an enbryonl c cell and/or. _
extracel | ul ar nmedi um of an enbryonic cell, under conditi ons that induce

DETAILED DESCRIPTION OF THE INVENTION

15
| In one aspect of the present invention there is prov;ded a method of inducing |
 differentiation of a stem cell, the method including: R |

culturing a stem cell in the presence of an embryonic cell a'ndlor
extracellular medium of an embryonié cell, under conditions fh_at. induce
20 differentiation of the stem cell. | | .' E |

~ ‘Stem cells usually require co-culture with a fibroblast feeder layer to ‘maintain
their undifferentiated state.  Those feeder layers that do not ad’equétety_
 maintain this state result in stem celis loosing their und;ﬁerentlated
25  characteristics to non-obvious phenotypes. Applicants have found that “culturing
' stemn cells with embryonlc cells can prov:de a determining factor to the outcome
of differentiated cells in cufture This control has never been seen. with
fibroblast cells. | o o

30 The term “ inducing differentiation of a stem cell” as used herein is taken to
mean causing a stem cell t'o'deve!op into a speciﬁc differentiated cell type: as a
result of a direct or intentional influence on the stem cell. Inﬂuénéing Vfac’rofs thé’t_
may induce differentiation in a stem cell can include cellular parametefs such as

~ion influx, a pH change and/or extracellular factors, such as secreted proteins,




-~ 20 differentiation of the stemcell. Stemcells usually require co-cul ture
with a fibroblast feeder layer to maintain their undifferentiateddsfgleiis

Those feeder |ayers that do not adequately maintain this t t-in
~stem cel | é"’q’%‘éﬁ%ﬁﬁ their undifferentiated 25 characteri stiﬁéﬁﬁﬁo%@ﬁﬁobvi ous
phenot ypes. Applicants have found that” culturing stemcells wth enbryonic

cells can ety EQ%L@RS?%&% % '@ﬁ?]\xlﬁpfa%foré Qrid&tsikitsO Rt refuldid fed edgent ed
cells in cuUlture. I's control” has never been seen with fibroblast cells.
30 The 't er differéntitdionng lidinfdye insludeatoudnriog the sealirie @onflugrcs, a8 MAYePR i s

. taken to - an_causi ng,a stemcell to develop into a specific
differenti ﬁ'é@"ﬁ%ﬁyfé@%ﬁ% result of a direct or intentional influence
on the stemcell. Influencing factors that may induce differentiation in a
stemcell can include cellular paranmeters such as-. ion_ jinflux, a pH .change
and/ or Sext rathel metheds at the presant inventivace stem ﬁ'd?&ﬂ%&efﬁﬁfﬁﬁﬂ&&d@ 9109
"9 G T 2005 _ PCI/ AUQZ/. 8 b i i 6 AWM r&jiand
cyt oki nes £ lfr'r}%éﬂﬁa{g%%gnﬁér g?%%ﬁetre %?%Péfﬁg: %ﬁlggé;]rﬁlalﬂ?ﬁhathéi %ﬁrﬁdcie
cul turing ghg Beldelddted divhh Wea eeoap dnstaginge buh hblibmited toy eodiryoniersiemy. in
t he met hods of the present inyention a stem cqfll i | u?dtifferenwt %ﬂsp”'or
to cul t ur cells, adldripetenh stars| gells o hasmatepoigic SiRBi GRS T URAIEHL P &% The
stem cell - ; i Wl &lfs.not limted to,
E{%ﬁn@fég@&&%hﬁ&eﬂé ABUH] %t@rh‘l‘éﬂs,l cflgédiﬂt' tm

enbryoni c ‘uripotent stemce haemat opoi etic stem cells, :
toti pofent stemcells, nmesenchymal stemcells, neural stemcells, or adult .

i ch may Beciemvel sareceny  Riea gy P el hei ey BEg e

SOPT Yot ¢ BhBEE Rbhtan Efbr L o e ht et
al., Natur éheBistaractell myﬂwx@mineédomp_a welgyiiuee, suglt as: EinaR| §mk Rone | ©
derived fromotists MESPLens (RBYbAoR BPSl, Nature Biotech. 16:399-404. 2000)
o 16 Whilst, the stem cell may be derived from-otherr animals, fhey are most
| preférabiy human embryonic stem cells. The stem cell may be derived_ from an-
‘embryonic cell line or embryonic tissue. The embryonic stem cells fnay -be-cells_
which have been cultured and maintained in an undifferentiated sfa’;e. Such
cells have been described in PCT/AU99/00990, PCT/AU00/01510,
20 PCT/AUD1/00735 and PCT/AUO1/00278, the contents of which are incorporated

herein by reference.

-Th-e stem cells suitable for use in the present methods may be derived_'from a
patient's own tissue. This would enhance compatibility of differentiated tissue

25 grafts derived from_the stem cells with the patient. The stem cells may be |
gerieticaﬂy modified prior to use through introduction of genes that may control
their state of differentiation prior to, during or after their exposure tq the
embryonic-cell or extracellular medium from an embryonic cell. They may be
" genetically modified through introduction of veciors expressing a selectable
30 marker under the control of a stem cell specific promoter such as,Oct-A}._ The
“stem cells may be genetically modified at any stage WIth markers so that the
markers are carried through to any stage of cultivation. The markers may be
used to purify the differentiated or undifferentiated stem cell populations_ at any

stage of cultivation.




preferably human enbryonic stemcells. The stemcell may be derived from-an
enbryonic cell line or enbryonic tissue. The ‘embryoni ¢ stem cel | be..
cells which have been cultured and maintained in an undlfferent‘fez'?gﬁi bt
state. SuchO0¥BIBE have been described in PCT/ AU99/ 00990, PCTARGNYY08510,

- 20 PCT/ AUO1/ 00735 and PCT/ AUO1/ 00278, tthe contents of which are

i ncorporated herein by reference. The stemcells suitable for use in the
present methods nay be derived froma patient"s own tissue. This would
enhance cofpatdibid &l cah B indacedtb Aifstehiifie URo2d call ajps seritaceflofr the t he
stemcells wth the patient. The stemcells may be genetically rmdlfled
prior to ugeuphineluging W@M'S&Nﬁfh@'@@@"&, IBHEN Beyasewar QPdOTﬂ"ﬁB@ (Cigat e of
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genet i qal | ¥te'ﬁﬁ>@:billlgdnﬂlhlfédJﬁiﬂdlfMémhletmtona Phyoosed Qh&sdﬂmsﬁ$$>lrrzgvascular -

sel ect abl e 30 marker under the caontr of a stemcell speci onot er
such as Ocendothehal celt. eM%@Iﬂr%femyab@egséﬂ‘é‘t¢QJ'a'§I”9d'-|'ﬁ?(§’i i ‘gﬁeﬁr’%‘é’?@/ rgo

with marke t arried through to any stage of
cultivati o%g %yﬁgﬁﬁg}g& ?rlga;é%?ﬁﬁlsgrsegcd&t o purify the differentiated or
undi fferentiated stemcell popul ations at any -stage of cultivation.
03/:010303 10 1 9 PCT/ AUO2/ 00978, The .st em.

nduced Collipmreiaiind SrbodPENLOT e PEsRE GYPRRILETS daPraosy Fofff%ﬂwb“e
| ncl udjng BP@ hElr‘@e&ilﬁérerﬁiéﬂeﬁ%‘Fb'siémC@Iﬂ the SiebcPmcl@tg!l ar endot hel i al
cells, epithelra I's, blood cells (haematopoietic cells) or neural
cells. Prefer abbyltumnlga a sstem celll in sthEnﬂl;&S@(ﬂlGeooﬂlarf earaipyiontce aellt gnger

nmyocyt e (rruscl cel,l ot h cell. More preferably, the
stem cel | ﬁ‘a tt"ad'écfaef‘gﬁ%é?ﬂq 'PBO?ﬂ?%S ?EV'di onyocyte or a skel et-al
nmuscl e cel I In a preferred enbodi nent of the present invention there is

~ .provided a method 10 of inducing differentiation of a stemcel |, the

met hod i nclTheli ergbryanie wellngsed &1 dhe deepenth meieodieces a5t SMPrYRBICy 68l
cel | upder deﬁ\%]adjfrbh?aﬁ o P EE ALl £BH BB ohReis RN Fi5d berm

"embryo" is defined as any stage after fertilisation up to 2 weeks post
corniception in mammals. It develops from repeated division of cells and
includes the stages of a blastocyst stage which comprises an outer
trophectoderm a.nd an inner cell mass (ICM). The embryo may be an in vitro
20 fertilised embryo or it may be an embryo derived by transfer of a somatic cell or
cell _nucléus into an enucleated oocyte preferably of human or non-human
origin. Exfraemb'ryonic tissue includes cells produced by the émbfyo that make

up the placenta.

25 In a preferred embodiment of the invention, the embryonic cell is derived from

' embryonic, preferably exiraembryonic, endoderm or ectoderm. 'More preferably,

the embryonic cell is derived from visceral endoderm 'ﬁssue or visceral endoderm
like tissue isolated from an embryo. Preferably visceral endoderm may be isolated . -

from early postgagstru'[ation embryos,'such as mouse embryo (E7.5). Visceral

30 endodeim or visceral endoderm like tissue can be isolated as described |n

' " Roelen et al, 1994 Dev. Biol. 166:716-728. Characteristically the visceral

" endoderm may be identified by expression: of alphafetoprotein and cytokeratin
ENDO-A). The embryonic-c'ell rhay be an_emblfyonal carcinoma cell, preferably_

one that has visceral endoderm properties. |




~ The enbryonic cell used in the present nethod i ncl udes an enbryo 'E Q_glfl e r
15 detived from an enbryo or a cell derived from extraenbryonic tiSst

term"enb efined as any stage after fertilisation eks
_ post con&‘yéb?ﬂi)lﬁsoqn manmal s. |t devel o fromrepeated di \/ﬁkgr/%ﬁozgl}og\@el l's
and . includes the stages of a bl ast ocy stage which conprises an outer
trophectodermand an inner cell mass (I'CM. The enbryo may be an in vitro

20 fertil d enb t b d d by t f f - -
Zommtl ¢ colheosmbEETC:aall B o edoRa Bl a et ey 6ty 1Be human
or non- hun%?nb 5!‘118'5@1! rﬁé%Pacen v%ﬂ%@’ntdnséﬁﬁlyopﬁ él&@l?lﬁw ré@r:ﬂil lb‘é@ldiﬂéy t-he )

_ embryo that”ma the In a preferred 0|rren of the
“inventi-on, wnlhe cﬁﬂlaiba@tenstmscejfl visserar eméctlefrrmnﬁuehba?othe: ENDe? egelbl lipe

S By At 8 0 s Ol )
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early postgas at i yos, such as nouse.enbryo . ceral 30
endoder m osuspensorl(cmboord hadies avith sﬁm@maﬁdﬁbengeplatesﬂ( ymmeryreidld in
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cytokerati lecgweﬁdod@ﬁe‘ eg%yorg)@rggg;ﬁg MalpHREfeddprotam YQAFP)C%QI nthea

cell, preferably one vi sceral endoderm properties. WO 03/ 10303 '

11 1’ 91@CTC¥EISBeIeEEtT/D€QEB7 OBDIDPhe Assbidjngly citcds | Mesl prefersd \ibat+
gﬁLlr yl)'n,”i %@éﬁn{)llnﬁecenldg g{eiﬂgﬁlfr&neche %’ﬁt?éo&éilcll l'I*he%%ycé?lehéVEV ﬂtaé!&ﬁjf&{rfﬁn an -
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{visceral engoegepatticalely @sefuhforENBu@ing alifferentiaticn eMantrempanesterl cell 385 Dev
Bl ot 109: 402-410). The END-2cell line was established by cloning froma

cul ture of Cﬁﬂcboméﬁétﬁl@a@%mcﬁc%{agregat es in suspension (enbryoid
bodies) with retinoic acid then replated (Munmery et al, 1985, Dev Bl ot
'109: 402-410). The END-2 cell line has characteristics of - visceral endoderm
(VE), $5pr el ergbpiopitcdibnayriet an rclodER) cefigwhieb can be isolated according to -

methods described in Roelen et al 1994, Dev. Biol. 166:716-728. Ectoderm -
~ cells are known to express oct-4 and have alkaline phosphatase activity and
‘they also have SSEA-1 on their cell surface. Therefore, ectoderm cells can bel '
identified and isolated based on the above characteristics. Ectoderm cells may
- 20  secrete (grbwth) factors that induce_ differentiation to skeletal muscle or vascular
o endothelial cells. ltis preferred that the ectoderm cells are derived from E7.5,
embryonic mouse tissue. '

Acbordingly, in another aspect of the present invention there is provided an
25  embryonic cell for use in the methods of the present inventi_on. | Preferably, the
embryonic cell is derived from embryonic endoderm or ectoderm as discussed

above.

- In the present invention and methods as hereinbefore described, the stem cell

30 and embryonic cell are cultured to induce differentiation into a specific cell type.
- Preferably, the stem cell and embryonic cell are co-cultured in vitro. ~ This
typically involves introducing ‘the stem cell to an embryonic.cell ‘monofayer
produced by proliferation of the embryonic cell in culture. Preferably, the
embryonic cell monolayer is grown to substantial confiuence and the stem cell




10 cytoskel etal protein ENDO-A. Accordingly it is nost preferred that the .
enbryonic cell is derived fromthe END-2 cell line. These cell hg\ Mgkl
found to be particularly useful for inducing differentiation of a human
stem cel | WB“Q"E@?% omyocyte (cardiac nuscle cell). 15 ThePERBUHHHMIES cel |
may be an ectodermcell,; which can be 1%o0l at ed accor di ng to nethods '

described i affopks ”to"«%r Jﬂhav P %ceBbPéx Hﬁl]a@ Mhé&iunt o Qﬁ'@rémb%hic? are

known to express oct ali ne p osphatase activity and’ they
~al so. have sSslisnfar a)petlhéqu fiow bufficiend de indliver diffencatiatian @ﬂ@n&rﬁt&@h lcgll ¢arm be

a0 oo sBRgne SRl REF sy, R Gel ARMAR SlioRhd rt QR
nuscle or waagitiag thenegih@iiuflr weblen dit thes eRbBfRHIE e;sén diatout h&)temtméerm |

cells are derived ' fromE7.5, enbryonic nouse tissue. &ccor di ngly,
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above. In the present - invention and net hods as herei nbefore described, the

stemcell 30 and-enbryonic cell are cultured to induce_ di fferentlatlon
“into a spel thematheds phthe PF%SIGQF #pisptiopribe stem ol i MRterablyrBIBifccoBA | are

co-culture r I | dyci Il to
~an. errbryonﬂﬂ'cddg)é érrrgﬁo%'ﬂb@cm %cééd QM% c?istf)egév?oﬁpo uhe enﬁmc'crﬁec
cell 10 cutitﬁar@ntld?mf@‘rthblsyemtdw. Moty y@ferablyethe monolayetiis confuentraricd
substantial] cgnfl ue e and the stemcell 19 QCI' WD 03/010303 PCT/ AU02/ 00978
12 i's all !ﬁ/\!@&oﬁ"&'f“@?&vm?%“’?he presence of extracellul ar medi um of -the - '
enbryonic cells for a period of tinme sufficient to induce differentiation
of the stemcell to a specific cel | type. Alternatively, the stemcell my
be al | owedCoodiioos fonoktairing differentiatediempryhaicestemadis|aredhosesihich afe t he

e, enbryoni c, cel The

ebryoni o BEMPETRIRG: Bhac e apeBen 1R s S Fie R B e 1o
fil ter15)r aiffedeitiaiel| SlcluBNel NnfUeltrasmd@dnic lineages. A gradual withdrawal -
from optimal conditions for stem cell growth favours differentiation of the stem

~cell to specific cell types. Suitable culture conditions may m,clude the addition of

DMSO, retinoic acid, FGFs or BMPs in co-culture which could increase

~ differentiation rate and/or efficiency. '

20 | | |

. The cell density of the embryonic cell layer affects its stability and performance.
~ The embryonic cells should preferébly be confiuent. More preferab[y, the .
embryonic célls are grown {o confluence and are then exposed to an a_ger'at-

: which prevenis further division of the cells, such as mitomycin C. The
25  embryonic monolayer layer is preferably established 2 days prior to addition of
| - the stem cell(s). The stem cells are preferably dispersed and then intfoduced_ to
a monolayer of efnbrydnic cells. More preferably, the stem cells and embryonic

cells are co-cultured for a period of two to three weeks until a substantial portion

of the stem cells have differentiated. Preferably, the stem cell is induced to

30 differentiate into a myocyte (muscle cell) including cardiomyocytes and skeletal

- muscle cells, a vascular endothelial cell or a haematopoietic cell. it is preferred

that the embryonic cell is derived from extraembryonic tissue and more

 preferably from embryonic endoderm or ectqdenﬁ.




“In the methods of the present invention the stemcell is preferab:g ¥ tht gg,
on a ,nonol ayer of enbryonic cells and allowed to grow in culture v nd

10 differeptiati of the stemcell. Mre preferably, the | S
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_confl uent m t ogeni cal |y i nact iye. , Conditions for
differentiated enbryonic stemcells are those which are non-pernissive for
stem cel | - engwter prefeded rptbddimint béthe présermrineritive thieesnis pragded a
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conditions may inc he ‘addition of retinoic acid, FGFs or BMPs in
" co- cul t ur e emibrgbnicaeelidurides ceaditions itfidtanduns diffetantiedioe ohifey stenerellci ency.
The cell density of the enbryonic cell layer affects its stability and
perforn%nc'e. - The enbryonic cells should preferably be confluent. Mre

- preferably e meeRirdeaitacPEHRINRBE a8l HBrybRicCesIF lasaned IRardinaisaakaeio
- exposed to an agent which prevents further division of the cgl | s, such as
3@{.‘5’ i

_mi tonyci n @edfheonditioned dMnpiedues@ oM PEewing gt eFBNuI§ Cce @aphe&ied 2
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- preferabl y gebRfed proteiR) brodiized @ybth amisryoniel dedl e present ih the ednditioned
period of two to three weeks until a substantiﬁl gortion of th l;|stfc.?|_r‘n cells
have df@f ereediume stihe meshiwnasnyncluse cempeneris thatenepifiagy theg orthe .
differentiateg. i 4s el | Dy ik ' Losnfe and
skel et al r?&g%:‘l@} g’é I Qéogé{évazscu ar Sglr?g?is_h%ﬁﬂlbgﬁédégwﬁﬂgﬁaemt ?E%?Lejt ic
cell. 1t i Hameffer2, enl fodthbdalt deeurmnbr yoni ¢ cell is derived from
extraenbryonic tissue and nore preferably from enbryonic endoderm or
ectoderm 1 9 DC. T 2005 WD 03/010303 PCT/ AU02/ 00978 13 I n anot her :
preferred qrbatlyEy urifer!disretfetsafiect bY 8 bRIsrh@fv@niianRhetd astosideteanod
. of inducing differentiation of a stemcell, the nmethod including: culturing.
“a st emBel Iméthotlhaf ipdusieg difeséntistionafa stemeelhdae metbed HiclUdRGT yoni ¢ cel |

under- condi tions that induce differentiali f e : term
"extracel | ul ar r%'ﬁffjﬂﬂgo? 3%”&'&?%3}1?[6&0@{%3%5% 8‘2%&1 fﬁzétrsgqi @1&{“}5e dt E{}g?l_ tsg
By * embryonic cell or extracellular medium of an embryonic cell under conditions

"that induce differentiation of the stem cell.

20 The extracellular medium preferably includes céflular factors, such as secreted
proteins, that are capable of inducing differentiation of a stem cell. Such secreted
, proteihs will - typically bind receptors on a cell surface to trigger intracellular
. - pathways which can initiate differentiation of the cell. Examples of suitable
extrécellular factors include Ihh and BMP2 as described in Dyer et al 2001, Dev.

25 128: 1717-1730. | - |

In another aspect of.the present there is providéd an isolated factor that is

secreted from an embryonic cell or isolated from extracellular medium

ac'co'rdin'g to the present invention for use in a method of inducing differentiation

30 of a stem cell. Suitable isolated factors may be selected by their ability fo

| induce differentiation of a stem cell. Fo_r example, culture cell assay systems
-¢an be used to identify protein fractions and specific factors that are capable of. o

inducing differentiation of a stem cell. The factors may include secreted proteins.




“mean condi tioned medi um produced from growi ng an enbryonic cell as herein
described in a mediumfor a period of time so that extracellular ‘Lgcﬁ?'ﬁfsﬁ‘"“’*"
such as S8 rog)gﬁ]g Protei ns, produced by the enbryonic cell are prese i h°
the conditTongd 18 medi um The medi um (ggn i ncl ude conmponen®fSTATEEOEH R our age
the growmh of the cells, for exanple basal nmedi um such as Dul becco's )
M ni num essiat isme predientin thianddradckBulapmddigabf el BnbRyoHit defl. aguRMeR
further preferred aspect of the present invention there is provided a 15
method of | FRGIRINR G e ExERelast aiumbuRfiad By samvantional methedhipwmts hesag:

cul turing aggieRMncdl! fidi the presence of a factor derived from an

- enbryonic cell or extracellular nmediumof an enbryonic cell under

conditions that induce differentiation of the stemcell. 20 The

extracell ullar ragﬁl um refgr abl % i{}@l udes cel lular factors, such as secreted
proteind, tRAMRr RiteHed aspertelfreryesentrinyamtiqnihess inpravidacanethpd Such

secreted pPSQLQIAS \eflﬂﬂruhécléﬁgfl Hﬁférénﬁﬂtﬁ:ﬂ 6T%C&B|f1ﬂ3§l{,gﬂgﬁaégbgrﬁ#lgcﬁiﬁﬁe to

trigger intracellu pat hways which can 1 n n of the
cel I. "Exanpl es dfuliguiingall eteraxcelhdrl thel predeamicos ancémbeydrih condaRYfE? as
described in %e& lﬁ& al 2001 fDev. 65 128: 1717-1730. |n another aspect of
the presentUREPUUIAL BEGHRBT AN | epPaoBl 1esd: dinderaconditiogs cthat eindtieem an

enbryoni ¢ chfbrentiation brtRIstbhBR LIS gfrﬁdgédl'égénﬁedi um according to the
0 |

present invention for use in a netho nducing differentiation 30 of a

stem cdPl. Suitable isolated factors may be selected by 'their ability to

I nduce diffiger Lad Lon. ST el l,. For examle ulture cell .assa

syst ens Ce{ﬁ %’reHréﬁéerwoeﬂif‘b er{ﬁwle?';n tﬁ?o tem, Cell d%t'”@Hgé%ﬁa é'ﬁ‘é&ﬁ?fﬁﬁaée RdPofs
that are capadibmyotytd celliCThegagplidamte Rhv@ Fher ﬂiatacmﬁfﬁﬁgqﬁb' sterhIl @RAOTS ~
may i ncl ude secret eg;{grotel ns WO 03/ 010303 19 OCT PCT/ AU02/ 00978 14 't hat

~are pr esenMBYORIS, freterslly axtgmermpaionie, sindadesio colinicauses| a. reeferaitiad
Fhose oki | Tfof dridife/2Ratth Rl Gieolt CVERS BRIERr it Felhe

i nvent1®n tchlis.eltiis mostipdefereedritatottis combination of stem cell and embryonic

| ~‘endoderm cells induces differentiation: toward cardiomyocytes. It is preferred
that the stem cell is human, preferably a human émbryonic stem cell (hES). |

More preferably, the stem cell is co-cultured with the embryonic cell. This is

| typically achieved by introducing dispersed stem cells to a culture mediufn with

- 20 a monolayer of suitable embryonic cells. More preferably, the 'monolayer.is_ of

| ‘confluent embryonic cells. | ' |

In an even further preferred embodiment the embryonic cell is an endoderm cell.
derived from visceral endoderm or is an embryonic cell with visceral endoderm

25 properties. More preferably, the visceral endoderm celis are derived from E7.5
mouse embryo. The embryonic cell may be an embryonal carcinoma cell,
preferably one that has visceral endoderm properties. More preferably, the
'embryonic cell is derived from a cell line or cells in culture. The embryonic cell
-may be derived from an embryonic cell fine, preferably a cell line with

30 - characteristics of visceral endoderm, such as the END-2 cell line (Mummery et al,
1985, Dev Biol, 109:402—410). More; preferably the embryonic cell is derived

from extraembryonic tissue and more preferably is  derived from viscéré!

endoderm. Endoderm cells are typically adjacent to sites of heart formation in




© of- i nduci ng nuscle cell differentiation of a stemcell, the net hng Oy 2085
lncluding: culturing a stemcell in the presence of an enbryonic cell~

and/ or I ar nmedi um of an enbryonic cell, under c hat.
. induce dﬁ‘?er en]til ation of the stem cellg into a rruscl e cel ?eflhl\gb?&%ﬁ

‘preferred. embodi nent the stemcell isinduced to differentiate into a

car di onyocyggelseltds. I hediddpaisanndre dmioesefmmﬁﬂemhmmuistctafemtgretd:reamm cel | -
with enbryonic, preferably extraenbryonic, endoderm cells causes a
preferentitieh @ﬁ‘l"&éﬂ@t’?'@ﬁs@b”&fm?‘@-entiation toward specific cell types, in
particular toward nuscle 15 cells. It is nost preferred that this o
- conbination of stemcell and enbryoni c endoderm cells induces

" differenti bt icvdet @mnduoarcﬂﬁmayluawlesof the |S§rpr@|ietcr el cardigmyogtesiteip cel |
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nonol ayer sul't enbryonic cells. "More preferably, the nonolayer is of
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"enbryonic cell may be ‘an_enbryonal carci noma cel re bl t hat has -
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- derived fr yonic ce prefer l1ne with 30
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abnor mal-l y mitogenically inactive monolayers.

The stem celis are allowed to grow in the presence of extracellular medlum of |

the endoderm cells for a penod of time sulfficient to mduce dlfferentlation of the

20  stem ce[! to a cardiomyocyte, that is most preferably beating. - Most preferably,
the co- culturlng is carried out for about two to three weeks and the. medzum is

- preferably replaced regularly such as every 5t06 days with fresh medium.

Altérnative!y, the stem cell may be allowed fo grow in culture containing. the

'25- extracellular medium df the endoderm cells, but not in the presence of the
| endoderm cells. Therefore, the stem cell may be grown in the presence of
extracellular m_e’diurh of an embryonic, endoderm cell to induce differentiation of

the stem cell into a muscle cell such as a cardiomyocyte (cardia‘c muscle cell).

30 In the methods of the present invention the cardiomyocyte cells produced are

o . preferably beating.. Cardiomyocytes are a differentiated cell ’typ_e derived from
stem cells. Muscle célls,' including cardiomyocytes, can be fixed and stained
with a-actinin antibodies to confirm muscle phenotype. a-troponin, a—trqpo'mysin

~ and o-MHC antibodies also give characteristic muscle staining. Preferably, the




In order to induce differentiation of the stemcell to a card| onyocyt e’itmq_'
is 5 preferable to introduce the stemcell to an extraenbryonic, *‘;eihd@sdjérﬂtﬁh?’
of

cel | m)nol ﬁﬁgmid} ulture. The nonol ayer i s produced by proli feration
the enbrydRie calt derived from errbry_?(gl c endoderm nore BFEALICZAIYS
- extraenbryoni c endoderm The enbryoni c'endodermis preferably -
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10 produced by END-2 cells. It is preferred that the enbryonic cells are
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nmonol ay r c 15 be treated with %’ cin and then the stemcell can be
pl-at ed meestgﬁpbwqﬂygmaet% nol ayers. The stemcells are all owed
to grow i n the presence of extracellular nmediumof the endodermcells for
a period of tinme sufficient to induce differentiation of the 20 stem cell
to a cardi &gocyeks fiamtwhish nesdiomyeteieabhse bedis dgrivéd sanpbefgraicslly the

~ co-cul turin rrled out for ,about two .to, three eks.and the fumi s
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the 25 extracellular medium of  thHe endodermcells, but not in the presence
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I nvention the cardionyocyte celI's produced are Ere erabl'y beating
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the WO 03/.010303 PCT/ AU02/ Q0978 16
: For instance, Ischaemic heart disease is the leading cause of morbidity and
mortality in the western world. Cardiac ischaemia caused by oxygen
deprivation and- subsequent ~oxygen reperfusion initiates irreversible cell
damage, eventually leading to widespread cell death and loss of function._
20 Strategies tfo regenerate damaged cardiac tissue by cardiomyocyie
| transplantation may prevent or Iim_it post-infarction cardiac failure. The methods '
of inducing stem celis to differentiate into cardiomyocytes, as hereinbefore
described would be useful for treating _such heart diseases. Cardiomyocytes
produced by the present methods may also be used in a myocardial infarction

25 model for testing the ebility to restore cardiac function.

The present invention preferably provides a myocardial- model for testing the -
ability of stems cells that have differentiated i_ntol cardiorhyocytes_ to restore
cardiac function. In order to test the effectiveness of cardiomyocyte
30  transplantation in vivo, it is important to have a reproducible animal model with
' a measurable parameter of cardiac function.” The parameters used sheu!d
_ clearly distinguish control and experimental ammals (see for example Palmen et
al. (2001), Cardiovasc. Res. 50, 516-524) so that the effects of transplantatlon
- can be adequately determined. PV relationships are a measure of the pumping




cardi omyocytes are fixed according to nethods known to those Skl| gab N-d-he

.art. .- Mre preferably t he cardi onyocytes are fixed with parafor I éﬁy é"’

preferabl ¥V(¥\4} out 2% to about 4% paraf ornal dehyde. 1orp %

. Characteristics and action potential sqf nuscle cells can be et erm ned by

pat ch clanp, el ectrophysiology and RT-PCR Stemcells from which

_car di onyocygewitgrof the hbartdew meg s ag erveat cult|of aligird Faliag RiIngHaR |

- mutations in, for exa i on channels (this causes sudden death in
humans) . GW&F@E@%@”@B% fved fromthese nodified stemcells will 10 thus

be abnormal and yield a culture nodel for cardiac ailnments associated with

_ defective ion channels. This would be useful for basic research and for
testing caAdigst atimehseshcanbut ot mdatda, acdrangindsdigiess PPRRISEY PR the
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~caused -by imwegtoen. deprivation and subsequent oxygen reperfusion initiates
irreversible cell damage, eventually |eading to wi despread cell death and
| oss of function. 20 Strategies to regenerate danaged cardi ac tissue by

- car di onyocyhé mypodafdiaisimoast of thenpresgnpineertitn srprbferablypimgneﬁm 8%5a56

cardiac failure. The nethods of nduci n el I to d| r into
car di d/octhesgxient Oﬁ‘ﬁaé@'ﬁﬁé'PB?@ foluipgi %%?fﬁ%ﬂfg] l?g'@(‘fﬁ P?r}’ﬁ’lhg@?‘ng
such heart g) %ﬁﬂér%smtocﬁr%.l ?%nm@éloﬁfr&@cﬂ)r@ﬁérém P RO amRidhdglsnmay

al so be usB&Y n-a myocar arction nodel ‘esting the ablljtyto
restore Carrﬁimaﬂodefmetntoammﬁhe:rpamsleas 4 roedili &in c@:deaoemwge

nyocardi al _nodel ting the, abi St
“differenti E%'@H"ﬂgﬁt' a@érﬁ]%n@o&'ﬁ%sa?o r'g 'ﬁY%fP%‘ aggg%ﬁggcé’?&t?\%ﬁlg%%“ﬁated _
to test thg rﬁﬁédy\@”eﬁﬁsoimﬁ@l @GR Catiye spékiés andipdiagt kof aot limited vio, it
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measure of the punping
instance, contractlle function may be assessed in terms of volume and pressure
changes in a heart.  Preferably, ventricular contractile function is assessed.
20 Methods of assessing heart function and cardiac tissue characteristics. would

involve techniques also known to those skilled in the field.

in another aspect of the invention there is provided a method of treating or
preventing a cardiac disease or condition in a patient, the method including
25 introducing a cardiomyocyte cell and /or a cardiomyocyte progenitor or a

- cell capable of differentiating into a Cardiomyocyte info cardiac tissue of a

" patient.

The term “reating or preventing” as used herein means alleviating or reducing

30 the symptoms of the condition that is being treated or prevented.

Preferably, the cardiomyocyte is produced by the differentiation of a stem cell_
- according to methods as hereinbefore described. 1t is preferred that the subject

is suffering from a cardiac disease or condition. In the method of the present




WD 03/ 010303 PCT/ AU02/ 00978 17 capacity of the heart and may be used as a
read-out of altered cardiac function follow ng transplantation. A g’jnqslt a0
. . . . . . . - \JLJ! CLID
animal , . s 6'0%‘?10965[ not limted to, an i mMmunodeficient nouse nmay be” Use
as a. 'universal acceptor' of cardi orryo:g%t es fromvarious sbtlFalaz00978
Preferably, the cardionyocytes are produced by the nmethod of the present
“invention. irrentiono c tvedi isdlatend edardibniyioeyter esdints i pre@bbign tiansplapked ajpky
desi gned t o, _asses 10 the extent of cardiac repajr follow pg transplant of
car di orryoc3‘}jﬁ@%"“5551"dS g%gcﬁ% 'séuﬁr‘?fgaewtﬂ%?ts%ﬂ'ieop’@f%r@ MH}%H}?&@Q&@M&HB r e
pref er abl y radiRpathsbr SR fuhStidin 4 %Bﬁfe“ cient aninmal created as a-
- nodel of cardiac nuscle degeneration ol Towi ng infarct that is used as a
uni versal ‘acceptor of the differentiated cardionyocytes. This aninal can
be any speciges,i di ng, put t lim.ted . to 15 nurine, ,ovi ne, bovine,’
cani _ne,§po !Cﬁg.tﬁﬁggwgﬁganﬁﬁﬁgﬁnb%%mg_a Geadiomosyte Qg Yfe
cardi ac repgbderifort il‘i%?ﬁin@fﬂld@ahfssf@?fy ol Clhidl hasPHbeA' &o-Bkurel MvitR Ovist&ral

el ectr ophysi ol ogi ca aracteristic of heart tissue or various heart

function. eofdoderst andier exdracsdviar| medinot obrvisteyalbendsderscbui masenot of
vol une and ey eS| cart. .Preferably, ventricular : '
contractil 88ﬁz%gﬁodﬂﬁ§%%gg€%§?&vﬁdgﬁgﬁ@fq{?)@é’ofi\(teassessi ng heart function

and -cardi-ac tissue characteristics would involve techniques al so known to
those skilled in the field. In another aspect of the invention there is

provi déli aSkEeREgcRHdiaG disersrs g1y Brbipenbuhgre nehlionted tai casdies ipfaretivni ti on
in a patie 3 wocl uding 25 introduci ng-a cardi omyocyte cell and
for a car dlaf)ﬁ?/@g%ct; ggg@gghpt or or-a cell capable of differentiating into a
cardionmyocyte into cardiac tissue of a patient. The term"treating or

preventing' as, used herein nmeans alleviating or reducing .30 the synptons.
of the conll ¥EbANP R eﬁr&dnﬁsﬁe‘r‘g&ﬁf de é’F"eﬂ&WeW@é% Is previded gl ethge of '

~car di onyocydinifisg BaAtieltRYiabiRsdh f e ReiHALl a stemcell ~according - -
to met hods apgalﬁlz% ei nbefore dlgscr?be'd. It@?ﬂg@apgg?{ ed that the subject is
suf f ering fr om inteaguging adtasdiemyasyte oaliiianidofor d natdimnuecyteopmgenher- present

' - acell capable of differentiating into a cardiomyocyte into the dam'aged cardiac

tissue of a s'ubject. .

Preférably, the cardiomyocyte is produced by the differentiation of a stem cell
20 - acéording to methods as hereinbefore described. It is preferred that the subject -
s suffering from a cardiac disease or condition. In the method of the present
| invention, the isolated cardiomydcyte cell is preferably transplanted into
~ damaged cardiac tissue of a subject. More preferably, the method results in the
restoration of cardiac f_unctioh in a subject. o

25 .
- Damaged skeletal muscle tissue may result from muscular dystrdp_hy_-.
In yet another preferred aspect there is provided a method of inducing
~ differentiation of a stem cell to a skeletal muscle celi, the method including:
30 | culturing a stem cell in the presence of an embryonic ectoderm cell

and/or extracellular medium of an embryonic ectoderm cell, under conditions
that induce differentiation of the stem cell into a skeletal muscle:c_:ell. -
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cardi onyocyte cell is preferably transplanted into damged cardi &c Qﬁ?séééﬁ

of a subject. Mire preferably, the nmethod results in the {)ﬁ?storgti?n of
cardiac fOHRPFBNNN a subject. A "cell, that is capable of BFFVAEPEHPT I ng
into a cardi onyocyte" or a cardi onyoct1>9e progenitor may include a stem cell

that has beggddnfbbiidESs hei isHlaiidsasicringabdagitiodsalesoibedit Raetdr at al
. medi um of visceral endoderm but has not conpleted differentiation, toward

the cardi on8dyDev. Bio!Sti66:716e 2far Brtagernssils e fapwniel exEesHft-4 8t ot

l'imted to, cardi,ac.infarct] r [ 1.0 t e
preferred Qé‘?ﬂ%c@lfi‘%{fne{ R OPR@%%FEO%&@MI’%%I Qy ré&odgg%aéngeﬁﬂhgdoﬁ;m%gp%el"ri ng

" damaged caggdifase! iTheneiord hectogéme delisichn derigediiischanagd tuwbated basedrali theyocyt e
cell and /or a cardi omyocyte progenitor or acell ca %gl e of .

di f f er et i &bpwg charactarisiitsd Estgdsiy eellsngyiIrereis th fpciPcthat dailesr a

" subject. Pr [ Yt R 5SpiESTsE i | thation
of a stem ggfq%ﬁ%}’cancré%%mg%gt @%ﬁ@,{%ho s’lsa%ﬁéﬁerelﬁ %t?bg’reeegtgggﬁﬁéeﬁg It is

pr ef erred -yegived feormuby S¢ temisrysnicf mouag tissom aMae direterdblye five egioderm

dition. In the nethod. qf th i nventi.on. the, isol |
car di omyocels @164 cuBiTeR b TYE 1T SReErSnteas: HITDar dnan B APYES ssue
~of a subjegt ié}/br_eArrPréétsgjé@é%'moggﬁggﬁtiQOBréf@@uﬂly Sedtablishedr /5 caltake Ghdf

cardi ac func{'l on in a su maged skel etal nuscle tissue nmay result
f r om miiB c ulpeeferblsly digpeysed ateye celimatehisirogues@io Hie agpue for aprdod O imsyi ded

Cel T, the ek e iegbtaivn OF i sBrEbER Eeiad PRBSERLE oor an

enbryoni.c ectodermcell and/or extracellular medi um of an enbryonic
ectodermcell, under conditions that induce differentiation of the sfem
cel | into Skekakrusclrusels aceltypicaily epraatebampltinuseats gsydhat “witch™

~and express MF20. When 'skelefal muscle cells are stained with g-actinin they
15 normally produce a striped staining pattern. Skeletal muscle cells produced by
| _the methods of the present invention can be used for transplantation in the

treatment of muscle disease.

In another aspect of the invention there is proVid_ed a method of a method of
20 fireating or preventing muscle disease in a patient, said method bompri_sing:
| . introducing to the muscle of the patient, a skeletal muscle cell and/or a
skeletal muscle cell progenitor that has been co-cultured in the presence of.
embryonic ectoderm cells and/or ektf‘acel!u[ar_ medium of embryonic'ectoderm
cells.

.25 ,
Preferably, the skeletal muscle cells have been differentiated from a stem cell

co-cultured under the conditions described above. .

Muscle disease may be due fo muscular dystrophy. However, the r_neth_o_d of
© 30 freatment may be applicable to any condition that requires regeneration and. -

renewal of muscle cells.

'.in' yet another pf_eferred aspect there is provided a method of inducing

differentiation of a stem cell to a vascular endothelial cell, the method including:




19 Ect 'oder.m cells can be isolated according to nethods described in Roel en
et al 1994, Dev. 8io!. 166:716-728. Ectodermcells are k.nom_tgge e%%ﬂg
oct-4 and have al kal i ne phosphatase activity and they al so hav ' “on
their cel WO &p3Be. Therefore, ectodermcells can be ideneCT/agoz/@ats

i sol ated based on the 5 above charact @i stics. Ectodermcells nmay secrete
~(growt h) factors that induce differentiation to skeletal cle. It 1Is
preferred that SYEIMEG: BFRPH E%Iﬁns;i}jﬁgres&gp?\;goal} Pgﬁwlg,ecguﬂé?%ﬁng}%use
tissue. .!Vbéﬁdcmeﬁfr?&am'é{nd/bh@xﬁgéafiﬁémneaﬁ}nh Bf @heeRBryiié, Usctddairh indhe stem
cells using simlar nethods as discussed earlier. An ectoderm nonol ayer is

preferabl yeraodsshi stalid o nindutce udifesentiationp oéf tbealstemdrsheinte @ syasaulas | s
are intr-oduc&% t@ It Igﬂ culture for a period of time sufficient to induce
di f ferent | SRTYRSHY Sfe stemcelI's to skeletal nuscle cells. Skeletal nuscle
cells & e typically elongated, nultinucleate cells that "twitch" and
express MF20. \Wen skel etal nuscle cells are stained with a-actinin they 15 -
normal [y pMeseiceraierebiy fel esttiyenineallaist dariyeddkameeXrasmbeiadic eciodepoduced
by the ne ' t T‘.ﬁfﬂ'n' - tdah niaiad on in
- the treat%ﬁ%ﬁgﬁ&%@u@ Qégllfeg;ﬁgg’gé}ﬁﬁ&, %ﬁ@t_ ercgg%dgit%%oérﬂ{eﬁefﬁﬁﬂf’egh _Egﬁfct here

| hS provi ded7 & mriuged Die @dmmbﬂi@d@étodéﬁp to!rmtdioplgrmr%qjir magnibe rm@;t]aiusatlasl o

i sease i-n a patient, sai t hod conprising: .introducing to the nuscle o

the pati eri@",e\’l?@%ﬁ@ﬁﬁ"-ﬁs%sgﬁ@ feal vasaardietyorisite h@t%{mbﬁ?&%qr@%%@lﬁcem |
progenint ors t fTeloPRrertl s e h. YL@t oderm .
Bel 1< 18nars; VEGerAEEEm oty cidorTil o BRRC SRS QuMich UG ictst

Pr ef er abl yaffédtimgsdrelathelial wetls like TG B ahd WE Giee Therdfors, anoicaprederablyntha st em

cell - co-cultured under the condjtions described .aboyve. scl e di.sease may
be due to @l’ﬂ%’ﬁ(ﬂrﬂﬁ H?Et P@Sﬁy in th%véb,o"?hé'" odSofder%@Nturé%mrreVrﬁc% be”

appl i cabl e h%?ﬁygﬁﬁlldbhheﬂeﬁﬂaér L QULEIP vithS JRBEFA dedNliRe hropeftrea Thef
nmuscl. e ,cel?s. n yet de

_ another preferred aspect there is provided a nethod of
i nduci ng  embhenintendodermoandios estedarm ceb is prafacablir cesgburesl vah el |,
the .n%mdstleﬂ‘lc'ce?hgﬂé n\ll\le)thOOS soér%%%%sly' discussed. However, VEGF may be added

'~ to the culture medium to profnote vascular endothelial cell_growth in culture.

Vascular endothelial cells produced 'by the method of the invéntion cém be

- identified by being capable of forming vascular networks 'someti'mes_ .contai_ni_ng :

20, biood. The vasculér endothe]ial.ce[is typically express receptors for VEGEF, stain
for PE-GAM, VE-CAM and von Willebrand factor. The vascular endothelial

- cells produced by the methods of the présent invention would be useful as
models for genetically bésed- vascular disease. An example could be human
hereditary telangie'ctasia, where patients have mutations in TGF-B -receptors

25 - and a chronic bleeding syndrome. It is difficult to isolate and maintain long-term _
o ce'lls from patients with this disease to understand the pafholcgy. Therefore,
genetically modified stem cells induced to differentiate fo vascular endothelial

cells can provide a useful culture model. 1n addition, the 'Vasc_ui_ar endothelial
 cells produced by the present methods can be used for transplantation and/ ora

30  route for delivery of gene therapy. S

- In another aspeci of the present invention there is provided a method of treating |

or preventing a vascular disease in vascular tissue, said method comprising:
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. anbryoeni ¢ ect oderm and/ or endodermcel |, and/or extracellular r‘ﬂiofiU
enbryoni c m and/ or endodermcell to induce differ of the
_stem cel | W‘ﬁﬁ%&gg ascul ar endot hel i al eI |. More, prefer ab?@*’f“ﬂ@’@ﬁ% yon| o

cell is derived from extraenbryonic egt oderm "~ and/ or endoderm ti ssue.

Preferably, enmbippsdiing 36 Uee vasoglar tiesué oamawmrarcemmha@ etioarsdor he
enbryoni ¢ ectoderm or endoderm cel |l nay be obtai ned as. TEVI Ou%il"ﬁ/
di scussed. vasrular egﬂoﬂ‘@b@mr%ewtﬁr\&‘&"lihﬁtrﬁﬁﬁh@e@'r'rﬁPﬁ' ltreschip H8jPae el@f to
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“the enbrygpimyeRicledio@stni and/beentiodemmeehod is derived from visceral

extraenbryonic” endodermor is a cell with visceral cell |ike properties.
~The effbryoni ¢ endoderm and/ or ectodermcell is preferably co-cultured with

the 15 ste éi%'r%nglgsﬂw@%%&%hié?%deﬂﬁnhpla'émé/ hell 8 Bessediffeliyal froWEGFstaRy be

added to t e cu re mediumto pronote vascular endothelial- cell growh in

cul ture. Veskgbasuliemeduhdér einditisinssdescobiededboyg. t he net hod of the invention
can -be identified by being capable of form ng vascul ar networks sonetines

containing 20 bl ood. The vascular endothelial cells typically express

recept ors bpkreVasRy, the @éé&ulér‘é["se@ﬁe%%ué@ GMngshevsirhevéditea hentbrragior .

The vascul ar - en he i al |'l's produced by the methods of the present
i nventiln. vesamgiebmsumeﬁacuiarsdetawehgnasra S Of dibeies R 8NO¥REe ul ar
di sease. An exanple could be human hereditary tel angi ectasia, where
patients have nutations in TGF-(3 reéeceptors 25 and a chronic bl eeding
.syndrone. |4 vie$ glidthée abpedtoofi thel mventime, tharatiaiprolided-a eliffereatititeds celin

' t t th this di t d tand th t hol h
 Banet] oal | provbisdd aceaaaeedre Srethid 28 e cMEte A AbeS, SERRYathe
endot hel | ayiereihlistetPEelPE %’b&‘ﬂld’%ﬂ%ﬁcﬁftcﬁ skl FfusERAebl, JoRcamflichidomeliohe

vascul ar eH I al Is produ e present nethods can be used for
t r anspi&mnt aell on sehaématoppiedia oatiutEhe presealt invenjion falspeprovidesr diffgrentiatethot her

aspegt .O-f E::Ql?s F;))rrg L?é]éd gggo?' |ngc%o tﬂgenﬁgthbﬁsporf%e mvenahormt'i'lgf) gna?; b u%@ﬁ'fﬂp
transplantation, cell therapy or gene therapy. Preferably, the mvent[on provides

- diﬁerentiated cell produced according to the methods of the rinv'ention' that

may be used for therapeutic purposes, such as in methods of restorlng cardnac

20 functlon in a subject suffering from a heart disease or condltlon

The drfferentlated cells may be used as a source for isolation or ldentlflca’uon of
L : novel gene products including but not limited to growth factors, dlfferentiatlon.
factors or factors controlling tissue regeneration, or they may be used for the

25' generation of antibodies against novel epitopes. .

The differentiated cells produced according -to the methods of the presént
invention may be clonally expanded. A specific differentiated cell type can be '
selectively cultivated from a mixture of other cell types and subsequently
30 propagated.  Specific differentiated cell types that are clonally expanded can be
useful for various applications such as the production of sufficient cells for
transplantation therapy, for the production of sufficient RNA for gene dis_chery_
studiés etc. The differentiated cells may be used to establish c;ell lines

according to conventional methods.




or preventing a vascul ar disease in vascular tissue, said nethod :
conprisinng: WO 03/010303 21 PCTI AU02/ 00978 introducing to the vageulpart 2095,
ti ssue, a vascular endothelial cell and/or a vascul ar endothelial

progeni t oW@&3¥910303at has been co-cultured in the presence BET/ANAZART yoni c
ect oder m and/ or endoderm cell and/or @Xtracellular medi umof an enbryonic
ect oderm and/ or endoderm cell. Preferably the vascul ar endotheli-al cells
have been differentiated froma stemcell co-cultured under conditions
descri bed pheV@ffeRrtitsdials piveures cadcarding seathe irsethadsedt by aigsenie of

heredi tary henorrhagic 10 te| angi ect_&qsci a vasg{ul ar deteriorati ﬁn al?]iaa
result of ivapkaRsaypesgrgticglly modiigd. aFof MTR0EH R QoRRtEHROTSRYENTRN,
there is pgovi i.f ' I C | t hods
s hor ei ol SPETRE 181 UBfeRREE Kol it anyEBRQHERCCARGATCH Toe BphbRodl

car di oy ociriodifieskedibhady buacled aftdr transpianibtion tmdariyedndexpessedanasring
haemat opoi etic cell. The present invention also provides differentiated

cel | s prodiaiaet Qgabed Mg P%Urlsﬁé’fﬂ@f‘ﬁgg‘%raay' the invention that may be used
for transplantation, cell therapy or gene therapy. Preferably, the
invention provides a differentiated cell produced accordin? to the net hods
“of the invEheidiffetdrdiatedreelibeprosieded caccomdingplouthe meathedsest theidiesant n

thods of . restoring cardi 0 f ion, | ' i
' heartai civentieh oAuPe rReSHRE o5 gty b byt SR R °
sour Cﬁd or of t%‘&gaﬁaiban n%tekiafﬁnEfféét%t bRssepfation0ve! diiermitintaduells isnisightli ng

but not limte o growth factors, differentiation factors or factors .
control | i ngnpornias itgbows furieomtinged starggensy theecefiscler nyiltiplgdutupe U§RERr at i on

Sccordi g TEGEHHow g RIPEREE coofly (B8 R Ff-pRogeratitre
expanded. ff SARRdd, tndll bé eisenttd ahrd preddrvé vifferentiated cellsl ecti vel y

cultivated froma mxture of other cell types and subsequently 30 _
propagated. Specific differentiated cell types that are clonally expanded

Cur i e The) pLStept oY BUGR! RGCRC R "S5 CoppBRteh Mtiding, @

transpl an on thera r_oduct ion O
suf fi ci ent dififeritiitederetl grodhumeer py theuiettsocktof . thEhprasieht dnventian, eanct d | s

may e usegartri(egzr.e"Is'lgea lcozlalrrise?' n(":laegll ela{n@e&wysiologically acceptable carrier that maintains

'. the cells. It may be PBS or other minimum essential medium known to those
skilledin the field. The cell composition of the present invention can be used for

20 biological analysis or medical purposes, such as trénsplantation.

" The cell composition of the present invention can be used in methods of
repairing or treating diseases o'r conditions, such as cardiac disease or where
tissue damage has occurred. The treatment may include, but is not limited to,

25 the administration of cells or cell composi_fions. (either as partly or fully
differentiated) into patients. These cells or cell compositions would result in
reversal of the condition via the restoration of function as previously disclosed

" above through the use of animal models.

30 T'hr.oughout the description and claims of this specification, the word “comprisé”
- and variations of the word, such as “comprising” and “comprises”, is not

~ intended to exclude other additives, comp'onents, integers or steps.




“according to conventional nethods. 19 OCT 2005. WD 03/010303 22 15 (07 240
PCT/ AU02/ 00978 The differentiated cells produced according to the nethods
of the present invention may be genetically nodified. For_jinstance, a
genetic cOYRPIMOB3my be inserted to,g differentiated cel TCHAVSRMMR age of
cultivation. The genetically nodifi edcel | may be used after ‘

transpl ant g}k Wlsdisich HY d8BEENR! ess, IRARSialY) deviegeartivlgmandithetlike isour se.
of gene therapy. The differentiated cells produced accordi ng 0 #S_e met hods
of the prebmiuded imtbistspesifivaijomsolely &xrthe PUHROSPPTRIEVIINY B af%rl th&ds

suitable for storage,10 of .bi i ' | K lsan of
~different i RIGSEE AYSOUPG. ﬁ'i"d% *gﬂﬁﬁ%‘i&ﬁﬁ@fﬁ?ﬁ‘%@ﬁ%ﬁt‘ gﬁéﬂ %@F %%ﬁi‘f‘?ﬁﬂ?&g.
" storage of pidiRrs @rhed wdrt BBiHd plier dtibuse onsige coniman gehershknewsder isezi ng
met hods, comonly utilised for the cryo-preservation, of eII.I | pnes, may be
used t& crihe ﬁploé@éewtd@fth@mw% GuERENN &5 T xinted By Busftelia hEilE; e |

" further provi ﬂ@sqé?%l@g‘éﬁgﬁﬁ%ﬁh@%ﬁﬁ“&é%ng a differentiated cell

. produced b?”? present 1nvention, and a carrier. The |
carrier. my be any physiologically acceptable carrier that maintains the

‘cells. It be PBS or other, m ni I gl di um. to th

“Skil1ed i nThbepsEnKinveRBoR oYl NSSHBSSITEr S b QERE KDL o HFBRE1 8T Ban be
Seed for - ; . . o .

usea.tor é??@h%@ﬂhﬁ @xﬁﬂb@és}’ ahd .&éwf@i% O shBHNRS BRderausdl, adwever that

| ~transpl ant e“ce onpositiono present invention can be used
i n metfepdstnd desaiptioni followingtis datstrajivei @dpsed shoulbnel be dalken Buany xay

cardi ac di sease or where, tissue.da e. has..o . reat ment nmay
i ncl.ude, b@ga ‘?Smftt'of‘i%'tf‘&?et”&f&%o?ﬁgeﬁyﬁpﬂ?éﬁggrﬁ%ﬁ %-%(?tél s or cell
.conpositions (either as partly or fully differentiated) into patients.:

- These cells or cell compositions would result in reversal of the condition
~via the restoration of function as F*MBLESy di scl osed above through the
use of animal nodels. 30 Throughout the description and clains of this

specification, the word "conprise" and variations of the word, such as -
"conprisi nExapmsle’ ¢0Miffcsestiatiis_abthuman cenibtyonice stémd thB8haeltsddntd ves,
conponents, 1 ntegers or steps. _ S

' - cardiomyocyfes:

(a) Co-culturing of hES cells with END-2 cells

20 Human embryonic stem cells (hES'cells) Reubinoff et al, Nature Biotech.
16:399-404) were co-dultured with END-2 cells ((Mummery et al, 1985, Dev

Biol. 109:402-410)). The END-2 cells are grown routinely in a 1:1 fa_tio of .

" Dulbecco’s minimum essential medium (DMEM) and Ham's F12 medium (DF)

with 7.5% FCS. Cells were then passaged twice weekly, 1:5 using trypsin/EDTA

| 25' (O.125%wlvﬁ 50mM resp). The hES cells were cultured in DMEM with 20%
"~ FCS, 0.1mM B-mrcaptoethanol, 1% non-essential amino acids, ZmV giutamine
plus antibiotics (pen/strep) on mitomycin (10pglr‘nl) treated embryonic feeder.
cells. HES were subcultured by treating with dispase and mechanical slicing of
individual colonies into 6-10 pieces followed by transfer of the pieces to new

| 30' feeder celis.

To initiate co-cultures, confluent cuitures of END-2 cells were first passaged
1:10 on to gelatin-coated glass coverslips or tissue culture plastic wells in
DMEM with 7.6% FCS and grown for 3 days to confluency. Monolayers were




1.9 OCT 2005 WD 03/010303 PCT/ AU02/ 00978 23 The discussion of documents,
acts, materials, devices, articles and the like is included in tﬂﬁi nag
speC|f|cat|on sol el y for the purpose of providing a context for t A
present | W@AIOAO3 |t is not suggested or represented that PARAUO/0WIE of
these matters forrred part of the priofdart base or were common gener al

know edge il theafd el gyt SHEYAR hiforbPin PEETENa INEDL LanES Bt dksyed i 0

Australia pri ori ydate eaCh Claim 'thi's appli cation. The

present. i n‘pﬁ@bpﬁatéﬂbhﬁeﬂszélﬁléTwssﬁ withoudesati bad Kigfh aed éioeediant he
acconpanyi ng exanpl es and draw ngs.. It shoul d be understood however t hat’

10 the deseddgdi orf feohFSwcAlp were |thes 1dispersed owsing atmay WaPARR Toe 3toiken

| h bed
wbove oumiBet, SRl 197 08 MoBABR. R 4 VoBbyt e VRMERL SlsEREA 0oL
cells imt oconm’ﬁngnymauto%ﬂ clifraps ©F appirmmmamgycrfo BESelie] Theve sbsmdididnsel | s

20 Human enbryonic stemcells (hES cel lﬁ Reubi nof f_et a!, Nature Bi o%gch
16: 399- 404)/\'%@%%%??%96&“% m¥oprpycaliy dnpetive falier nostolayiers, &ys 2-

Bi ol . 109: 42 1@ )hed %nﬁ:gg mgaldrﬁ he Wé&‘é@w L4t [ Mghded Budrylsh K 9@0 of

Dul becco' s 'm ni'ium essent Ham s "F12 medi um-( DF

7.5% FCS. @dth esteh&S mmediymassaged tvm ce weekly, 1:5 using trypsin/ EDTA 25
(0.125%/ v; 50mM resp). The hES cells were cultured in DVEM with 20% FCS,
0. 1nM p- nr capt oet hanol, 1% non-essential amno acids, 2nM gl utanmine plus

ant i bi g4 | C?bf@%ﬂéuﬂ'tuﬂﬁ%; SThES LOIRY Sivith (A9BEHaTlehddcRaheeipsTbr yoni ¢ feeder

cells. HES were subcultured by treating with dispase and mechani cal slicing
of individual colonies into 6-10 pieces followed by transfer of ‘the pieces.
to new 30 Visnsdarendodeym qelsi wigreiispletasbirem thertbise geoim layens Of:gmtmlagng)f

otk beove MtReals PRETERers FER bR R B B bR R A ARG 55l
to conf | uede¥cribéa grayieusiynesing Hish23eC(Ro@RA5et al, 1994, Dev. Biol. 166:716-
728). The separated germ layers were plated on to poly-L-lysine coated culture

15  dishes in M16 medium and allowed to attach over_night. The next day, M'_l6_was’

o replaced by hES complete medium, and on day 3 after germ cell isdlation, '
pieces of undifferentiated cell “transfers” were plated on 'to_ fh’e- attached
“endodermal and ectodermal cell from the mouse embryo. Cultures wer‘é'then_

grown for 2 to.3 weeks and medium refreshed every 5-6 days.

20 | |
(c} Analysis of co-culture experiments (a) and (b)
The cultures described in (a) and (b) above were scored for the presence of
areas of beating muscle from 10 days onwards. |

25 () -!mmunoﬂuorescenée. )

The cultures were then fixed after areas of beating muscle became evident in
2% paraformaldehyde for 30 min, washed 3 times and stored in PBS until use;
"The culfures were then stained t’o‘verify the muscle phenotype usinga-actini'n_ 3
antibodies (monoclohaf anfi-a—actinin (sarcomeric).clone EA-53,"di_lutioh 1:1000,

- 30 - Sigma; secondary antibody: goat antimouse-igG-Cy3).




~+ WD 03/010303 PCT/ AU02/ 00978 24 then freat ed with 10g/mM mtomycin C for 3
hours, washed 3 times in phosphate-buffered saline (PBS) withotitS G4+ 283

My2l, and_hES ium added. The hES cells were then disp i
~10ng/ m dr% %f’éog&f%gr 3-5- mnutes, fol ?gwed by gentl e agi t:'{(?lg‘guﬁzwg%pi pette
‘to yield a suspension containing smaft cell c¢lunps of approximtely 10-50

celI's. Thege MHASAENSF eBScultGFcCexperimBhes @ amdl (e mitogenical ly inactive
END- 2 m)ngﬁgyers, for 2-3 weeks, in hESﬁgonpl ete medi um ‘The nedi um was

repl aced every 5-6 days with fresh hES nedium 10 (b) Co-culturing of hES
cel I s wi t Hi)vi sddrat- BNBod&preWiale.s. Vi sceral endodermcells were isol ated
‘ fromthe three germlayers-of gastrulating nouse enbryos at E7.5 (where-

EO.5 i's nagn.on . he vaginak pl ' hDEBMIAUShY using
di spase ( 'érl'%ﬂi%]qg%?g('?ggéfh?%éaﬂglgb}th@& : %%Z)f %ggfb-?-ﬁg"?gegar ated germ '
_layers wvergffpleptiate ncelts withymixet ysomphoogatied véth auelativalydiigh@sonaition 6 -

medi um and al lowed to attach qverni ght. The next day.: ) " ed by
hES cofpl eqfeemi'ﬁmkeaﬁ%ﬁso%]lﬁﬁlﬁ gecondapederihrad |SV"€1?‘st8 lf%@gﬁy@é Cﬁ%ggggof
undi f f er entl af ed x§eldapy S'dig doPRell® Hdtonsd tevileed which
endod'ermatrﬁlgﬁ"tée e@@bggm%Fﬁgge?éf Féé%ﬁ?ﬁg@{rﬁfeoen%ryo. Cultures were then -
grown for Kedin t8 bamtlesfean daye ditem Befiveeshti apd &Yy days iaakeasingly more Afal ysi s

“of co-cul | and b ' [ L d (b
above. ver dhese eatngPatHacs ARBERE S TTe tanesabrdtegfiergiie Bapidtn Blastf L TL
onwar ds. 25, kil |dTBURGE! sistatenanith Thadiaydaatieg meseie tasedembretiatatitier |

areas of beating nuscle becane evident in ZWarafor | dehyde for 30 min,
washed (3 t3 inslependest experimanisghatingioatess $5-20¥h oF 1 WEHS SORANUNG ABR Ut ai ned

it ify the | e .phenaot ' ~act ni ' ' _
ant - a act T ey STRAHY B TG ik s ACIREN ogutet pa
secondary @fHutoashd haftily tefiperause sboiity 3ThestO dadis otaisopogitively with o- _

= actinin, confirming that they are indeed muscle cells '(Figure 2)
(i) hES - E7.5 endoderm co-culture.

: ’i5 During the first week of culiure, the hES pieces placed on top ofthe_en'dqd_erm'
gradually begin to spread and flatten and on day 12, the first areas of beating
muscle cells become evident. This is not acdompanied by the-'e'xtensive cyst
formation observed in the END-2 -'go-cuiture's' but areas resembling.vasc_:qlar'

~endothelial cell networks do appear at the edges of the _;:ulture_.

- 20 _ _
| ‘Example 2; Differentiation of humap embryonic_stem (hES) cells into

" skeletal muscle cells.

Human stem cellsr('hES') as used in Example 1 were placed on ectoderm
| isolated from E7.5 day embryos (E0.5 is day of plug). With sharpened tweez__ers‘
25 and tungstén needlés, the_embryos were prepared out of the decidua and kept
- on ice in HEPES- buffered DMEM containing 10% FCS. After removing
Reichert’s membrane, the embryonic and extrae_smbryoniq parts of_- t_h_e
'c.onceptus were separated with tungéten needles. The node and 'primitive.streak B
were removed and the embryonic part incubated in 2.5% pancreatin a_nd 0.5%
30 trypsin in PBS on ice for 8 min. After incubation, the embryos were transferred
to HEPES-buffered DME.M containing 10% FCS on ice. The ectoderm_,




(d) Results of co-culture experinents (a) and (b) 19 OCT 2005
PCT/ AU02/ 00978 (i) hES - END-2 co-culture. During the first week:
co-culture, the clunps of cells gradually spread and dlfferentlg
celI's wit WOD3@&@3#or phol ogy but with a relatively high pr opGT/tAUmmo%s of
epithelial-like cells. By the second we€k, these swell to fluid-filled

cysts (see didbdedm And Bﬁégﬁd‘é}n# hf'oi@jays tbQCEI ﬂtyC'Eaa%j ny@f&g@s&gﬁ

evident which begin to beat a ater. tvveen

{”’ 2000 .

. i ncreasi nglneaseés of these beating patches appear. There is no apparent

di fference between glass and tissue culture substrates bot h yi el di ng
beating .mu ted in . 10,3 i ndepend r nts that

i ndi cat ed ?&lezsgéoggﬁgﬁ\%@ﬂ[ [eSETRIg; hPRg %5"@?3 %éﬁg} ay 8 e iang
nuscl e. Beairbag df&fﬁ@iysel@lﬁ)@ét@d'm’é&ﬂiﬁg ééllsb@]%ttfi’e&@rhble%t@ﬁlét%l M, THeYe
temperaiure sensitive. These cells stain positivel a- actinin,

conf i r nPng ar 40 AGAs reriniseapkef b@@mlgeca@éuapsnumlgwteoagh Viistlah BStworkZ . 5
endoderm c e fi.r week of culture, the hES pieces

pl aced on gvgg&ﬁla Egdéﬁ'(??é{e#%) élr%aﬁwg?ﬁ@ begin to spread and flatten and on
day 12, the f| rst -areas of beating nuscle cells beconme evident. This is

" not acconpanled by the extensive cyst formation observed in the END-2
co-culture ' endothellal ceII netmorks do

. appear at o AGRATY, £ : t®uman
enbryoni ¢ s,hggu(g]-l.:@ﬂd@ﬂidlm bg"g skeI et al rruscl e ceI |'s. Human st emcells '
(hES) ‘as uSed 1n Exanpl e | were placed on ectodérm: isolated fromE7.5 day
enbryos (EO.5 is day of gza Wth sharpened tweezers 25 and tungsten
needl et0 t hbinaampiass oplis éh% paveed duExemplcnd wierei placediod éoeqtdemﬂamdferi n

HEPES- buf o . i n re's :
menbr ane, gﬁégg@%ﬁc&éwg?gg@p?ﬂ @%a‘ﬁ"% ‘gﬁgdfaﬁ'g ‘8 TMEWRE? e
- separ at ed Wstdbot/enQ@tse{]lam@ﬁdbﬂ‘ﬁahaﬁ@llﬂﬂdﬂat@a@%@ébéﬂrﬁbéﬁleatdlﬁé‘:‘éntlﬁﬁéﬁ to
removed and the enbryonjc part incubated in 2.5% pancreatl n and. 0. 5% 30

trypsin |n°$|§538ﬁ1‘#tt?e°9|bﬁyp§3m n. After incubation, the enbryos were

transferred

15_ Examp]e 4: Co-Culture of Visceral Endoderm Cells and hES and

Differentlated Cardlomyocytes '

a} Co-Culture : _ _

_ END-2 cells, P19 EC, hEC and hES cells were cultured as described previously
20 (Mummery et al. 1985, 1991; vanden Eijnden-van Raaij et al. 1991, Slager et al.
: 1993;Reubinof et al. 2000)7 The hES2 cell line from ESI (Reubinof et al. 2000)'

was used in all experlments To initiate co-cultures, mitogenically inactive END-
2 cell cultures, treated for 1 h with mitomycin C (10 ng ml™), as descrlbed in
 Example 1, replaced mouse emb_ryomcf ibroblasts (MEFs) as feeders for hEC,
25 mES and hES. Co-cultures with P19EC, which are feeder independent,. were
© initiated and maintained as .described pre\)iously (Mummery et al. 1991).
Cultures were then grown for 2-3 weeks and scored for the presence of areas'
B of beating muscle from 5 days onwards '

30 (b) Isolation of primary human adult cardiac cells
Human atrial cells from surgical biopsies served as a control for antibody

‘staining, electrophysiology and characterization of ion channels by RT-PCR.




“to HEPES-buffered DVEM contai ni ng 10% FCS on ice. The ect oderm V%) 0T 2005
.03/°0. 10303 26 .endoderm and nesoderm coul d then be cleanly |solg ci“‘uéiﬁr:il '

tungsten _needles. The hES cells initially resenble those @ but
by day 18WREVWOIe  areas of highly ngated, twitching EQT’?@%&? 4

‘resenbl e skel etal nuscle. There are areas remniscent of beating

- cardi ac mugglgiad! ﬁé’&}&ma\éaéﬁt@ g NAthwebksent(Maacphtintenduidngdingl careids) are
~evident. Exanple 3. Differentiation of human enbryonic stem i{EF’lSi%dé%ei | s
into vascalegergnAbial@ppandages poutingharasvest dwingdpyrgeny sye

Exanple 1 I
o Con BRRE R R ioBRoRrARARCRANG () LIAOYBIALACTkBuCEerE iRl
" endot hel i abf g8lckss i doreicies khdaadipuseniiediedand evasttedatwios with cstadle. KRt i c

cell types.. 15 Exanple 4; Co-Culture of Visc Endoderm ES and
Di ffery tléﬂwoﬁar"dy%‘?ﬂfé@ilﬁ%iea‘)"a%m@ﬁ?@ i %\T@fﬁc@épﬁ thqglcélsgemaﬂ “and

- hES cells é@g% hw(ﬁfg; a%age@:ra @rﬁ@eﬂgtgﬁ/ &ﬁgh}fn#@@%m&%ahr@lus;rﬂgGSS

~1991; vand én-van et al er et al , Reubi nof et

al . 2000). Tbﬁsﬁdisﬁaeibdadis QHeBee:fsretmlEslggﬁpze%ml doth:oiaEBBZHO@W- d€649ed in
al | experi rrent

cel |- cul tulBgf fsrﬁfr ﬁ?{%‘&"‘%”dg % ﬁg\ﬁ%ﬁ H’gehﬁl?e%i?}?cw&ﬁg&?y BL1r1ﬁ’ ro%aaCt I%ﬁgescrl bed.

~in_ Exanpl e MABS USAPrX v eCf i misablkasisre( W kraasfdresties sa f or
hEC, 25 rrEgS'émdé qu'%%fgs cul tur egpwlth P19EC, which are feeder mdependent

were (it selgidnasohsistingtaficoidgasasted 6 lrnlge”dL pr and @usluyoroldaﬁﬁﬁr@ mg My

1991). Cu t res e, the own f o] 2- 3 rgsence
of . ar eas b):f éy {hrsel H%%Pﬂ% gHoRs ¥ cg@agg%ss? gj é o‘? ﬁ
(prinmary hupgsg %%ht fandi ag, Celsshe Hepach! etk eshlsindd ommdum ceazcmn«ops. es
'served as a control for antibody " staining, electrophysiology and :

_char act er i zahtentration castaredrioe! g9 byl LPCR Caiangy @ytesowere transferred to
| - tissue culture medium M199 enriched with 10% FBS, penicillin (100 U mL -y
15 streptomyocin (100 pg mL™"), 2.0 mmol L™ L-carnitine, 5.0 mmol L™ creatine,
- 5.0 mmol L™ taurine and seeded directly on to glass cover-slips cqa_téd_with 50

ng mL™" poly L-lysine and cultured overnight.

(c)  Immunocytochemistry. L | o
20 Attached primary cardiomyocytes, mES (E14 and R1)and hES-dgrivéd |
cardiomyocytes were fixed with 3. O%paraformaidehyde in PBS with Caz“' and
‘Mg?** for 30 min at room temperature, then permeabilized with 0. 1% triton X 100
in PBS for 4 min. Inmunocytochemistry was performed by standard methods |
using monoclonal antlbodles directed agamst sarcomeric protems including a-
25  actinin and tropomyosin (Sigma). Antibodies specific for isoforms of myosin
light chain (MLCZaI2v) were used to distinguish between atrial and ventricular
| cells (gift of Dr Ken Chien) (Table 1). Secondary antsbodles were from Jackson
Immunoresearch '.Laboratories. Cultured cardiac fibroblasts served as a
| negative controf for sarcomeric proteins and cells were visualized usibg a Zeiss
30 Axiovert 135M epifiuorescehce microscope (Carl Zeiss, Jena GmbH, Germany).

Images were pseudocoloured using image processing software.




27 PCT/ AU02/ 00978 Cardiac tissue was obtained with consent from patients
undergoing cardiac surgery. Atrial appendages routinely renoved. (g 2607
surgery were inmediately transferred to ice cold Krebs-Ri nger (k) S I|ne
sol-ution. WA €4183were trinmed of excess connective and aBpeyerPzsue and
washed twice with sterile KR 5 soluti# Mocardial tissue was mi nced with -
sterile: SCISSOFS then di.ssociated to release individual cells by a

t hree-step r | i shed nethods (Peeters
et al. (19 Fey hbé l‘:'ts % E%MM The first step

i nvol ved a. 15 mn |ncubat|on W|th 4. O UnL-1 protease type XXIV (Sigma, St
Louis, MO _USA) at 37 C Tissues were then transferred tao a 10 solution
consi st5 ngeagy eslvagenase 1.0 ng nlowbnand hgatnenombdase 0.5 raptiol - '
followed by three further jncubations V\A_IJ]_CDJ_I_agenas_L(_L_D_ng_m___l) for

.20 mn each at 37 C. Tissue extracts were conbi ned and the cal ¢ci um -

concent r at Meype aptessteind§ to 1. 79 nmol 11802 1. SCHPUMEHS AR YRS Stgeled th &fisferred
to ti ssueMweﬁavfuwe’mmdig@um ML99 enri ¢Héd w@ﬂaﬁﬂ%@ﬂi@ﬁ%@ﬁﬁ"@l I 1iTh250 100 U nL
"y 180 stP tt @@vﬂmﬂ'@ioo g n-1), rniti ‘5.0 mol U1
_creatl ne; ™5 L1 taurine and’ sgggde??ata”lhah’tlre°’%°‘fm”ga ass cgver slips
~coated w thoe&@(rmlsg:amll poly L-lysineé:@nhd cul tured. overni ght (c)
| mmunocyt ochenmi stry 20 Attached primary cardionyocytes, nES (F14 and Rl)and
.. hES-defgved cardi onyocyt es were flxed with 3. O%par af or mal dehyde i h PBS '
~with Ca 2+ and My 24 for 30 min at roomtenperature, then perneabilized
with 0.1 %d)it &emi-qoantitativesRTRGR fonian channebeypressianst ry was

e o PRSP U 0 PRI B e edhpptocn ot

Ant i bodi esjrspREi pratenee bﬁof%diﬂfﬁetm‘/l BMipioRidd i(BiUnkAi& KyBGRRY2V)S8WI e
- used-to distinguish between atrial and ventricular cells (gl ft [EgﬁKen :
‘Chi en) (Ta&ﬁ@”% dasseraﬁ@%ﬁs/c@mremﬁgsnﬁepsawwr@% KSR ex|c

Labor a3 | G CUIIACGSIRG" it (GIBEAPAANEIERRIY ShrRBiRed RGR ERgOPT Ol

- for sarconeric proteins re visuallzed using a
 135M epi f | (BibeskeRomeans cfoosamhm; aChm (L. Zms s etmnmgsﬁ)mlr@mammnﬁﬁ 18B8Bages

nere pse”d%ﬂ LY M ek TPYC SIS FER ST 20U 82 181-158), ERG (Lees-Miller
et al. (1997), Circ. Res. 81, 719- 726) and Kir2.1 (Vandorpe et al. (1998), J. Biol.
‘Chem. 273, 21542-21553) were used as .described previously. Primers for

25 mouse  L-{ype calcium  channel 'sub_unit alc (sense 5 -
CCAGATGAGACCCGCAGCGTAA; antisense 5.
GTCTGCGGCGTTCTCCATCTC; GenBank accession no. L01776; product size
745 bp), Scn5a (sense 5-CTTGGCCAAGATCAACCTGCTCT, antisense 5'-
CGGACAGGGCCAAATACTCAATG AJ271477 770 bp) and B-tubulm (sense

30  5-TCACTGTGCCTGAACTTACC; antisense 5° GAACATAGCCGTAAACTGC,

| X04663; 31.9 bp) were designed using Vector NTI software (InforMax, North
 Bethesda, MD, USA). | | |

' )] Patchclamp electrophysmlogy _
35 Experlments were performed at 33°C, using the whole cell voltage clamp
| - configuration of the patch-clamp technique. After establishment of the gig a -
seal the action potentials were_measured in the current clamp mode. The_ data
were recorded from cells in spontaneously beating areas using an Axopatch
' 2OVOB-ampIiﬁer (Axon instruments Inc., Foster City, CA, USA). Output signals
40 were digitized at 2 kHz using a Pentium IIl equipped with an AD/DAC LAB PC+
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5190, 2, PCT/AJU2/00978 Primary antibodyDi | uti onSeconda CT 2005
ant i bodyDj use anti-a-actinin IgGl : 800CGoat anti

. 19gGcy3/F 36“3ﬁ1"l¥g)at edl : 250 Mouse i -troponyosin 1gGl %/00978
anti - nouse | gG— cy3 conj ugat edl :250 ycl onal rabbit anti-nouse 1 :

500CGoat angd qég oéﬂﬁw%napmsugmeeﬁd ARG, TXcUBAY &’Htmrap))eﬁbsea\mbta )
(nucleic acid)1l : 500 (d) Sem -quantitative PCR for_ i on ,chanpe

expr essi one@&ma:&eme%r% amicr fle Me iR | WeTsd UPR o%ﬂ??%@omcqhg B? hﬂrh%

aggr egati on prot ocol hy e cki

McBur ney, Qg Heq’ rkE%EE/)'S 'ﬁﬂlfﬁgg wtdﬁl cl%W%%gEgbgg I ng ar eas

- were exci Stg ﬂ“ﬂ43’%ﬂ2@4d@ﬂ P‘gétﬁ edmp&lsitilnTMthN( GCHCSWMM@Vér |
transcri bed usi ng M M.V-RT bco) . Prl rre ﬁcar%é? ? naéban@tn et

2 509y CAT U N E @SR, 205M Mela) 10 MEHETREy SASESAS b M

" Left, 478, é -158), ERG (Lees-M I er et al. (1997), Crc. Res. '
719- 726) am ir2.1 (Vandorpe et al. (1998), J. Biol. Chem 273, _

- 21542-21553) were used as described previously. Prinmers for 25 nouse L-type

~cal cium channel _subunit ale sense 5 - CCAGATGAGACCCGCAGCGTAA; anti sense
5' - GrcredBeceResuta rEfe® UKk accession no. L01776; product size 745

bp), ScnSa.(se EQAACCTGCTCT anti sense 5'-
CA ﬁm 71477 770 bp) and (3- tubul in [(Dsense 30
5- TCAGTGT CRiud GAAYS TARS, lmhailm‘ermfe cB- mmmmtbccéﬂ $94663;ce839 hp)
wer e desi gned usi Vec or sof t t t
Usa). (e) @'—%@f@ﬁete&ﬁﬁpé’ﬁ %‘6 V& day0 bafl OBl malk) ‘ﬁ (e dyPEgatelD
' | contained areas of beating muscle (Fig. 3a), as described prev_iously (Mummery
et al '1991). Electrophysiology and RT-PCR showed that functionai ion
channels characteristic of embryonic cardiomyocytes were expressed in the’se

15 cells (Fig. 4, Table 2).
Table 2

Relative levels of cardiac marker and ion channel mRNA expression as

20 determined by semiquantitative RT-PCR. Identical amounts of cDNA of
' undifferentiated P19 (EC), differentiated P19 cardiomyocytes. (CMC) and adult

| mouse heart (Heart) were PCR. amplified for the indicated gene.products.

Relative levels for each product are indicated.

. 25 : EC CMC Heart ton channel and current
. Cardiac actin + ++ b
30 MLC2v+ . bt e _
. ode + ot PR L-type calcium channel, los
Scnba + + S ad Heart specific sodium channel, lna
. ERG o ++ +it Delayed rectifier potassium channel,lq-
Kir2.1 - + e "Voltage-gated potassium channel, Ik

35  Tubulinw++ ' e+ T




35 Experinments were perforned at 33C, using the whole cell voltage clanp _
configuration of the patch-clanp technique. After establishnent o8 &hé ¢0§.
a seal the action potentials were nmeasured in the current_cla node. The
data wer &FEYPHEd fromecells in spo%@neousl y beating ar%‘é@Aﬁ&/W@man
Axopatch 200B anplifier (Axon Instrunents Inc., Foster City, CA USA).
Qutput signals 40 were digitized at 2 kHz using a Pentium Il equipped with
an AD/DAC LAB PC+_1 G_OCT 2005 WO 03/010303 PCT/ AU02/ 00978 29 acqui sition
board (Nat {®nal MAStT GBMEh2 $O-AlEIeH TX, USA). Patch pipettes with a

resi stance r j t t E R o
medi um ms%W@gﬁ%%&@ %iW%é@W%@& m&gé%ﬂégﬁg&eg%qo pH -
7.45 with Nespdnse frecbeuttorgpesnditions. Atboudt K@ culburesNa€le ngt mMiat€dG , 10 -
mM EGTA, 2 oM MgCl 2, 10 nmM HEPE diusted to pH 7.30 with, KOH (f)

Resul 1 & of SEEIOMESHETSEny hiin Yohevs Hraet abbistiates onitelysstrded

i L at | 0Nyl GRyIBEAE RiraSorhl 4l S Frigeldhy) RIMoECsmlaneonds! eimshe

spont aneously and 7-10 days l-ater many of the aggregates contai ned areas

of beati ngamssxbbspaEntgnetasdly bestidg wardiboyopytesi wersl gvidaninnghg ReESkell

char het or | SUIGRDY ARBPgn PR eIty Latalieh et eing, Minclo e ©

cel I's (Fi gfothd #Rbhe 204 ETRBLIS. TEHRY A bustinewedas ekhibRedithe dmRirkeerigne i on
channel nRNA expression as .20 determ ned by sem quantitative RT-PCR

| denti tl samomerieobaddiNg prAtarndiff mygeeyies ahan seingdEgjth wiactieine(seeatigd P19
cardionyOCétgs (CMO) and adult nouse heart (Heart) were PCR anplified for
the i ndi caPd gene products. Relative |levels for each product are o
indicated. 25 30

(iii) | hEC — and END-2 co-cultures _
" The human EC cell line GCT27X is a feeder-dependent, pluripotent EC cell line,
15  with characteristics similar to human ES cells (Pefa et al. (1989), Di_fferenﬁation
42, 10-23). In co-culture with END-2 cells, formation of large aggrégates was
observed (Fig. 3d). 'H_owever even after 3 weeks, there was no evidence of

beating muscle.

20 (v) hES—END-2 co-cultures |

- During the first week of co-culture, the small aggregates of cells gradually
spread and differentiated to cells with mixed morphology but with:a'- relatively
high proportion of epithélial—like cells. By the second week, these swelled to
fluid-filled cysts (not shbwn). Between these, distinct patches of cells become
25 evident which begin to beat a few days later. Between 12 and 21 days, moré of
these beating patches appear (e.g. Fig. 3e). Overall, 1_5—20% of the wells
contains one or more areas of beating mdsc!e. Beating rate is approximately 60
min~' and is highly temperature sensitive, compared with mouse E.S—deri.ved
cardiomyocytes. These cells stain positively with a-actinin, confirming théi’r
:30 muscle phenotype (Fig. 6e). In contrast to mES and P19EC-derived
cardiomyocytes, however, the sarcomeric banding patterns were poor.ly defined

| but entirely comparable with prima'ry human cardiomycytes grown for only'2 |
days in culture (Figs 5 and Ba—c). It is clear that while primary human
cardiomycytes initially retain the sarcomeric structure, Standard culture




*35 EC CMC Heart lon channel and current Cardi ac actin ++++++++ M.C2v+ al
G++++++++L-type cal cium channel, |ca Scn5a+++++++Heart specific $@dipym 2008
channel , +++++++De| ayed rectifier potassium channe b
“Kir2. 1+++l"'\@8me gat ed potassi um chggp - I'K, Tubuli n+++ﬂ'cﬂlﬁﬁ%@93‘ 0 Cr
20105 . WD 03/010303 PCT/-AU02/ 00978 (||) nES - END-2 co-cultures Two .
i ndependentconditioasESsuaklin itsirapis c(&éﬁorandn I%Fbg \Ber nnasbedasbumedlthat hE@sponse_

to co-cul tur cond|%EI ons. AIthou e cultures were é gt d.as
Singh e cel PUEUERGRGTHAGE arpidl pramald: SRl dboalts Spdas b SR )
seeded ""er%a?dﬁbﬁ@%ytfe@rsn'%ﬂar*\/ Sﬁlbltbb@%réfdﬂrn tBBirChard¥témstic pH ﬁ@?:m Y, -

ext ensive . areas of " spont aneously beating cardi omyocyt es vvere evi
"the Rl ES odll| becebsentisd, tcal optoigh, thesey condifipns| do epbta(snially efyncliossb of

beat I th beat

exhi bl LB CRTEREPRYeS o HeToSdls Bonlire: beRaie deriicraial Bt SAFSRFE wnen
- stained W Ghygnag! IHEQ c(e?%deadu&ﬁgocy(és idonfiffGed BNBeENEh@hffcAl! buees The
human EC cell [1ne GCI27X is a feeder-dependent, pluripotent EC cell |ine,

15 wi th chaeueteér weekas aspmaction t polsntials EeTeeldeteqt@iea byt current 198o)p

ol e Soor SiteeAfchtyl B, 48 BRGMHENS HSEGE lufat Fup “QUBIAER. UL
was no evi ggrgiovat irhERf.i1410). Rsedsr, 2& mg)om%‘bctr@ﬂd@saa! mﬂhﬁwmrﬁnrl ng
t he flrst week of co-culture, the snal gates of radually

spread1@ndi-gi T aggFrgaies dathst than singls ﬁeﬂﬁ )66@ FOIGHRBI %9”%? Wk aregthe

relatively ooimulated effects of groups of cells. They are therefore difficult to interpret -
| and to attribute to either Ventri_cdlar, atrial or pacemaker cells. Work is currently
in. progress to dissociate and replate “aggregates to allow single cell
determinations.
15 | | | |
(v) - Cardiac ion channel expression during stem cell dlfferentlatlon
The order in which ion currents, responsible for the subsequent phases of the
- adult action potential, appear during heart development has been established i _|n
electrophysio!ogical studies (Davies et al. (1996), Circ. Res. 78,,-15-25)._ Inward_-
20 . L-type. Ca®" currents play a dominant role during ‘ea.rly cardiac embryogenesis, -
whereas inward Na? currents increase only just before birfh '(Da_\_/ies et al.
1996). 'M'ou.se ES and P19 EC cells display similar timing in ioh_'purrent
expression (Wobus eta!. (1994), In Vitro Cell. De. Biol. 30A, :425—434). To
unravel the sequence of ion-channel expression at the .molepu_tar level during
25  differentiation of P19 EC cells, we'perfbrmed RT-PCR on .RNA'isolated Vfrom .
undifferentiated and 16-day-old beating clusters of P19-derived pardipmyocytes_
-and relatively positive resting membrane potential between — 40 and — 6‘0 mV
(litthe to no 1K1). These results indicate that day 16 P19 cardiomyocytes
resembie 'feta! cardiomyocytes with respect to ion channel expressioni, as has. |
" 30 been described previously for mES-derived cardiomyocytes (Doevendans. et al.
(1998), cardiovasc. Res. 39, 34-39). B

The resuits of the work described here show that VE-like cells induce/promote

differentiation of pluripotent cells to cardiomyocytes. Theée _‘cells' include




hi gh proportion of epithelial-like cells. By the second week, these swel | ed .
to fluid-filled cysts (not shown). Between these, distinct pat of pas
cells becone 25 evident which begin to beat a few days |ater. f?"s ’
and 21 day¥Q 0H®08030f these beating patches appear (e.g. FP@T/A:SIQ;/OME&/er al I,
15-20% of the wel I s contains one or nde areas of beat| ng muscle. Beating
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In contrast to nES and. P19EC-derived cardi onyocytes, however, the

sar coner i ¢ siraifafi tey thnset apiealive adjasest ity thefreaien ObePalérFﬂfF\fQéq)W@B?rﬂhF%l e
W th pri na%bkl_yéran cardi onycytes grown for only 2 days in culture (Figs 5
and. 6a-c). Tt ts clear that while prinmary human cardionycytes initially
retain ghe sarconmeric structure, standard culture 1 9 OCT 2005 WD 03/010303
PCT/ AU02/ 00978 31 condl t | ons resul £ n | ts rapl d det er orat i er% [ -

car di oy 0oyt 4550 s oL 1D ESIGId ke ofid 'm&%&&.s'm'ar'yexh' bi ¢

det eri or at : Il be essential to

- optimze tl(\s)semahddm ons to obtain fully funct | onal 5 cardionyocytes from
stemcells_i-n cul tur Despite deterioration in sarconeric structure, hES
~derived caidi omﬁﬁi’y‘i fRontinued to beat rhythnically over several weeks
and aﬁ%“ﬂ%?‘ééi% AdRES &%%éu@tk%ﬁu% 4 e8Rbed ﬁa@x&h?ﬁﬁomﬁwm@gy
(Fig. 4 per y I nserting e ectro es I nto aggregate as shown |n
Fig. 4( c) cethvimeefronc &S ﬁaﬂglrtbemaabealt ch)rm iwasogged rint i Sxpariments. 1o .

n aggregates rather than e _cell e I are.
the - acoomiGREERALES. BTty dracif ENDA 3R A FREy E%ér%gszotf“f‘?ﬂauu
- to interprefih ﬁﬂ@niy@lrﬂt)t (ﬂdk}glﬁl)t Pesiab8e moRs embrdiiic fbtdsh)iabtso(rMEEs)ea@ker
cells. Work 1s currently in progress to dissociate and repl ate aggregates

to all ow sﬂ‘@@’,ﬂ@scf@ﬂh%ﬁet@ﬁi pltyes werey Sham gz fPbR farfhdeed®Rpr@4dsi on
dur i n gcﬁ cﬂrje ?égérfb%' 8P afb&s fodl‘?%eﬁ(gl@ WRisER Yt CHTdRRL Snwards. |

respon Su se uent “phase
HepG2 cells, a carcinoma cei_l line resembling liver parenchymal cells (Knowles

et al, (1980) Science 209:497-9), were cultured in DMEM plus 10% FCS and
passaged twice weekly. Co-cuitures were initiated as for ENID-Z cells although

"~ HepG2 do not grow as a confluent monolayer; hES celis attached preferentially
20 to groups of HepGZ. Hanging-drop cultures of P19 EC cells were initiated and
| ‘maintained in DMEM/Ham’s F12 (1':1), as described previously (Mummery et al,

1991), using regular FCS while bulk production of P19 embryoid bodies in the
presence or absence of END-2 conditioned medium for isolation of RNA for
‘ North.ern blotting, was in the presence of charcoal-stripped FCS, as described
: 25 (Mummery et al, 1991) to reduce background levels of cardiomyocyte
: .. differentiation caused by lipophilié substanceé possibl.y with retinoid-like activity
_in FCS. P19 clone 6 were cul_turéd in aMEM and treated aMEM conditioned by
END-2 cells. For electrophysiology, be_atihg aggregates were dissociated using

- co_llégenase and replated on gelatine-coated coverslips.
50 , . ,

)] Immunohistochemistry _

' Aftached prirhary-cardiomyocytes hES-derived cardidmyocytes were fixed with
" 3.0% paraformaldehyde in PBS with Ca?* and Mg?* for 30 minutes at room
‘temperature, then permeablized with 0.1% triton X 100 in PBS for four minutes.




radult action potential, appear during heart devel opnent has bee o e
establ,i shed in el ectrophysiological studies (Davies et al. (19 3) ,@3@ £
Res. 78,15-25). Inward 20 L-type Ca 2+ currents play a donminant role during
“early car A UHPyogenesis, ~whereas jnward Na2+ current sSPSHEPEAY%on! y
just ‘before birth (Davies et al. 199 S Muse ES and P19 EC cells di spl ay
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o5 " B SER e o R AT ARLARIPRIES (Poevenian oL B
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cells to cardionyocytes. These cells include WO 03/010303 32 1 9 CC T
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Tt ve EiniBysioR SRR RorCbatdls Widiiind sEnddaiFRARRY, dohcent
t he rem onppicdirpes 4Ry elpppomtofi thet bthicse wbmmitteExafrities Univaasityli Meglivayt e
d!_ffer entiation of human enpbrygnic stemcel]s i n&ucgd l?%l cg-cul tur;} th
visceral eh@sds: Hirestd. Aduit cardipmycyiesivais isplated @nd fyliyred. 85 BREFIPLY | s -

and hES ce : . ) { hed . K . - i ne
from ES CoPTYRF, GMIMHHRgP 31 [12862] 3°Anl JBORTR. 242y, FERA rdbmyics
initiate coveralisgolats fromtfetpeheard beriused by\LangRpdarftand caltinedrie g similaat ed
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15  contained the majority of viable cardiomyocytes that attached to laminin-coated
coverslips. For electrophysiology, cells were collected in Tyrode’s buffer with
low calcium (Sipidc. et al, 1998. Cardiovasc.Res.37:478-88) and replated
directly in glass wells for patch-clamp.

.20 w) (Semi-quantitative) RT-PCR
RNA was isolated using Trizol (Gibcb).and reversed transcribed using M-MLV-
" RT (Gibco). Primers for ofc (Van Gelder et al.,1999), Kv4.3 (Calmels et al.,
s " 2001, Ref) and ANF (Kehat et al,.2001, J. Clin. Invest. 108, 407-414) were as
. described. * Primers for human  KvLQT1 - (sense 5%
25 TTCTTGGCTCGGGGTTTGCC; 'antisense 5 TGTTGCTGCCGCGATCCTTG;
- GenBank accession no. AF000571; product size 723 bp) and B-tubulin (sense '
5-TGGCTTTGCCCCTCTCACCA; antisense 5'-
CGGCGGAACATGGCAGTGAAAF141349; 369 bp) were designed using
VectorNTI software (InforMax, North Bethesda, USA)._Anneaiing temperatures
| '.30 ~ and number of amplification cycles were as follows: ANF, 58°C., 35 cycles; alc,
56"0, 38 cycles; Kv4.3 55°C., 35 cycles; KVLQT;l, 58°C, 32 cycles; p-tubulin,
61°C., 30 cycles. Products were analyzed on an ethidium bromide stained 1 2%,

agarose gel. -
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D

Hep& cells, a carcinona cell line resenbllng i ver parenchynal cells
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o pri ma y AT e el N RO RGe 2T SRR (F w0 TRRS SopbilRt  rom
___pat lenjs o hAVT A% WHANEOH. PP&ITBIMBOSHESHT 145 mM KCL, 5 mM NaCL, 2 mM

CaCLz, 10 mM EGTA, 2 mM MgCL,, 10 mM HEPES, adjusted fo pH 7.30 w&th

KOH.

" (b) Cardiomyocyte differentiation of human ES cells..

.20 The majority of the experiments described here were carried out using the hES2

| cell line (Reubinoff et al, 2000). The cells were mai_ntainéd inan 'undiff_e_rentiated

state by co-culture with mitomycfn C-treated _MEF. “feeder cells” in serum-

‘containing medium, as described (Mummery et al, '.2002);‘ ,uhder the_se

conditions, all ceils in the bulk of the culture showed nuclear staining for oct-4,

25 although any flattened cells at the edge of the culture were neg'aii\ée. Oct-4
expression thus co.frelated with phenotypic characteristids of -dndifferehtiated '

_ celié. | hES cells were subcultured by transferring smalll. clumps  of

undifferentiated cells either to new, mit.C-treated MEFs or confiuent cultures of

_ - mit.C-treated END-2 cells. After approximately 5d unde.r these conditions,
30 | epit__helia[ cells became evident which over the next few days become f[uid~ﬁ[iéd -

cysts (fig.1A). These stain for alphafetoprotein, -suggesting that they represent

- extraembryonic visceral endoderm. In addition, by 10 d areas of-rhyth_mically

contracting cells in more solid aggregates become evident (fig.1A,3e) with a

variety of overall morphologies (fig1B,3e). 16-35% of wells in a 12 —well plate




~ 10 procedures and approval of the ethics commttee of the Uni vérglwg{ 2005
Medi cal Centre, Urecht. Adult cardiomycytes were isolated and cul tured;

as descr'gﬁgosm%ﬁ)\ﬁ' ously (Mummery et al, (2002) J. Anat 2019(1112%'3%2?”@ 8%fFet al

. cardi onycytes “were isolated fromfet aé5 hearts perfused by and
cultured in a simlar way with the exception the supernatant remaining
af ter il d coptain beangiaveas sachof mhmiaobambe nhgsocnatt@d ehdveplates to yield up

R oY o4 52 A0 o8 UE Pebfing Rl Wih 2 ) s EP Bt b i Rtlooy oiis
cal ci um ( Sirgiiftate Rlcesd 9IRS th@abéli:@\f@ﬁ%@ér %ﬁaﬁcﬁeﬁﬁét[cﬁf‘% E@H—él@uml%

directly in glass wells for patch-cl arrg Sem - quantltatlve)
e

B RNA was |s<ﬂi%ntmhy§iql@gwdf!%fig(9@mb o rE’eAﬂ@rlwdra eéidls afteb dissesiatignivi |v|_v-

AT (G 080, nedchamln bakibtiord baEr 4 e % Bhel bor M. sPibuthes BpHbRnE 410y

" were as deb%etm@e\dasRup@maté@r:nhw@gand@u@rﬁhém jcal2Bgonists such as
. TTCTTGGCTCGGGGTTTGCC, antisense 5' GI'TGCTGCCGCGAT TG GenBank accessi on:

‘no. AF0005 FeIbasholiserrenaling agdighengieahiines ubul in (sense

5' - TGGCTTTGOCCCTCTCACCA; anti sense 5' 30 CGGOGGAACATGGCAGTGAA: AF141349; 369
bp) were designed using VectorNTl software (I'nforMax, North Bethesda,

- USA) . Anned iondert ’tmplaﬂract&r(zs: tk&ncbrdlmnty@ytesf fLHﬂIiTIBi’I rrmmanotkmreym:ﬁsstmmg as
ANF, 58C. 56C, .38 ¢

foll
E | 2090 o D15 s S POt Ssapmar Pesbns BOAY R o HaS wer o

anal yzed opgad @éhadnwm Qémnf&e s§Fc’b‘rﬁé¥Qs 1a15c%thé9éﬂ’q9%§s%' of 6 QHAHHRRO3 V).
Northern blottin i - EUGS PCT/ AUD2/ 00978 RNA was isol ated from

P19 agor eqanesal by BTPAR () in exteense sy rsean friel{ GUpgkOMnTer y
_Et al, 199%u!?%‘fnaf358&for%%méiﬂér ﬁgs%)e wis QeaElag o 088{%%&) r&@¥ence. The

- data showed that hES-derived cardiomyocytes exhibit sarcomeric striations
15 when stained with a-actinin, organized in séparated bundles (fig.2). These are
~reminiscent of the bundies observed in fetal cardiomyocytes, although the
individual sarcomeres are less well defined, but are quite different frbm the
highly organized, parallel bundles observed in ventricular cells from biopsies of
. adult human heart. o
20 o |
{c) Expression of cardiac ion channeis and stem cell/sarcomere
markers in hES/END-2 co- cultures. _
- Expression of cardiac specific ion channeis was determined in undlfferenttated
~ hES cells and in differentiating cells 9 and 14-days after initiation of co-culture
25  with END-2 cells (fig.8). As shown by others previously (Kehat et al.,.2_001),_-
‘areas of beating hES-derived cardiomyocytes express ANF. Expression of the
o-subunits of the cardiac specific L-type calcium channel (a1c¢) and the
transient outward potassium channel (Kv4.3) are also detected, the expression
| of Kv4.3 preceding commencement of beating by several days. RNA for the
30 delayed rectifier potassium channel KvLQT1 is found in undifferentiated cells, it
'_ disappears during early differentiation and reappears at somewhat later stages. |




Experiments were perfornmed at 33C,. using the whole cell voltage cl AMyac
configuration of the patch clanp technique. After establishment Sofl Lt hevs
gi gaseal , ‘éygg{b @ tentials were neasured in the current cla node. Data
wer e reco P8 cel I's in spont ane%sly beati ng areas ugpggﬂﬁﬁﬂ%?%patch
200B 10 anplifier (Axon Instrunents | Foster City, CA U S A). Qutput
'signals-were digitized at 2 kHz using.a Pentium Il equipped with an

- AD DAC LAB PC+ acquisition board (National Instrunents, Austin, TX

U S. A ). PidkchEpgieeplysialagy a resistance between 2 and 4 M) were used.

i PEPES, Ea L Es B g FabYY, IR ARl Tebi o rmatgR oA B ™0

KCL, 5 mM badiomfonite s@r@hﬁé.d 3t THhEETOR, (elednﬁhddw&é’notﬂrﬁe@méﬁﬂﬁ&seaﬂjmsted o

to pH 7.30 with KOH 9) Car di onyocyte differentiation of human ES cells.
20 The 51&1 the @Vitléi’ﬁst(ﬁé 6} hlaat wWake gOMe3ERT B MthhRraRe hdmaar ¢ardipraNacyiRs ng

~the hES2 ]F]étt ?H@n(@g%‘gn%ﬁtrﬁh!é}l like2990h: %a:rl%ﬁ |§l§}ﬂr§-d r‘?atga'(ﬁgw in

an undrffe co- cuI ure wt treat

"feeder cebbgrmiimatiersibut mmﬂt aitrial ngndrpdicemakes-like selis lnmie(arbmmeyeet (@l ,
2002); under thesffeé cgg all cell]s. in _the {Z:-UI k 0 I{ure showed
f

ditio
nucl ear st 8Nfli hg® Qerrgplnag@nsmre%p{e%y G| ae ye Yhel%¥ige of
t he cul tur r
phenotypi c CRHESE: DEGRHY K0+/Ble 0 E’H@‘ﬁ’?ﬁﬁ?‘é’?‘%‘é?ﬁ‘*‘%@%’e@‘\w"s&&%"%@’
" subcultQur ethally cellansvfeser irelgtiseipil limohatores even undimpeezdnwitht e‘dtaielﬂumw’r t her
t C-tr.

to new, mt. %étreat I\/E,I or_,conf | .uent uItures of I atth
Lol o 't Garigry Boies PRy el arert it Y bisfs o1 Gheuflyy imyiGE e este) o
becane evi gens nmlbeatr@qem hBE dtRpted avoipaYRg i&cifhﬂ%t'hbwsﬁablé rreﬁh bEXHS

(fig.1A). These stain Tor al phafetoprotein, suggestr ng that th e%/ represent
ext r aenbr yareas, Cugest Hiedinones muficienide induee reryeqt@ddacamaeoteﬂ ials and
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cont ai n beating areas each “whi ch can be dissoci ated and repI ated to
yi el d -up END-Z co-cultures. _

‘Calcium transients in groups of beating hES cardiomyocytes were also
determined in real time using Fura—2, for which the ﬂuores'c;ence' emission
20 spectrum depends on the intracellular calcium concentration. Figure 9B shows
that repetitive Ca®* transients are generated in hES _eardio_myOCytes, reflecting

their ability to beat in the absence of obvious conductance cells.

(e) Effects of END-2 conditioned medium on aggregates of P19EC

25 cells. - o

"~ We have shown prevrously (Mummery et al, 1991} that medium’ condrtroned for

- 24 h by END-2 celis can induce their differentiation so that within 10 days n_early
~all aggregateS' replated after 3d growth as hanging .drdps, contain. beating
" muscle. In the presence of regulér FCS, differentiation is significantly enhanced
:30 | above background IeVefs. Background differentiation levels are reduced virtual_ly
to. zero if the FCS is passed over an activated charcoal column (DCC-_FCS) to
remove resiaual retinoids; in addition, differentiation is blocked by activin (van
den Eijjnden-van Raaij et al, 1991, Mech. Dev. 33:157-166). END-2-CM was
tested on both hES and mES. cells cultured on MEFs (without MEFS-'the cells




~"to 12 new col onies of beating cells with a 2-D rather than 3-DA{T§I‘8L‘]‘ | ogy;
this.facilitates access to the cells for further characterizatien bi Lo

pat ch-cl a I rophysi ol ogy (fig4,fig.9; see below). B and
. after di sgp&‘?squ&gﬁ, 5 hES-derived car g onycytes beat 45- 6?&’%@@29({6%8 '
‘mnute, sonetines irregularly; beati Zwas upregul ated in response to

phar macol ogifierReiRtsS irf a Sishdifscted @y Wglfaildds tpoesrdtie rmyadifferentiation
phenyl ephrine. In order to characterize the cardi onycytes further

i nmunof | udnbibiting astivihhseeretetbbwddEEas Thed” RECaseay SYSHRIB Wt T
proteins, Bl DOPY- i | B ) e ric
2;& essi orPHRUE fh%%%?,%@?%r%%gﬁ@gg%ﬁqﬁﬁgg@g@ngefbsr{tgiﬁ @gg\gﬁﬁgggegén the

Cprimary huggierdesals chdwweleks thanBNDaRIUCM das @ dosd/ depeadent @ffest ini ssue

was used as a controlled reference. The data Sh{?ﬁvﬁ% t.hat hES: deri vt%d

car di ofy ocyrosptehithe raRPeaEwiRer PE CfiPRIOGHES 18 {RRlated; 29gisgalis i Wo

~a-actinin,,. ' ' e e : ia(fosg: Thesertakiy, themefiegicent
of the bun'&ﬁéggﬁ%éﬁf\?@e?naﬁgﬁgl E(?S#%ﬂ%ﬁ@%éﬁ%S@%ﬁ hough _ttﬁ{e I ndi vi dual

sar coner esapgpearsets heelrélataf itoean @arly aflectuin dheli differcaliation oph nERSCeRl ghl y

SR e ERedue, oA BRSSP S Al B B
- cel | /sar C%Eﬁﬂe%ﬁ'ﬁﬁﬂéri Brélﬁ?hﬁ}\‘&. _éﬁngﬁll-,t 4oe%) irBthe ﬁgrﬁga%“ qﬂraﬁeac

specific ion channels was detérm-ned. in undifferentiated S cells_and in
di f f erlént i ddring tefirst 8 days (fig-E)s that wvelsnate Mmaidained amegiataleafterls it h

END-2 cells (fig.8). S b Vi ! k € 2 ;o
~areas of b@éf‘?ﬂ%“ﬁé@t%qr&g‘igﬁaﬁﬁ%é@a@ﬁ %&de@égéggéﬁ%l%x@ro Zés%\feghg%%)the
-a- subuni t sipaf,clibie SRBREID/BPETiiki Blobkéd sy aak Cadditichanpmsenatcpf adivirhe - -
transi ent outward potassium channel &Kv4. 3) ar? al so. deft ected, the, . :
_expr essi on(figotORy £opsisteriatitin gs Ahiie e diest thi CHEE&'PHQO REANLFSCRIS . rRNA
for the 30 r A | ' D :
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Control of sustained growth and the ability to induce specific -di’fferehtiation
- pathways are essential if human embryonic stem (hES) cells are to 'reac'h their
‘potential in the treatment of disease by cell transplantation therapy.
-~ op o : : | .
' IT is therefore shown that co-culture of hES cells with visceral e_ndoderm-‘like
ce’lls'frdm the mouse initiates a differentiation programme thatlleads to the
| formation of beating muscle cells. Expression' of sarcomeric marker proteins .
and ibh channels demonstrates these cells are cardiomyocytes, while 'pat_c:hf
. 25 clamp - electrophysiology -on single cells demonsirates that the majority is
o ventriéular in p.herllotype. This sys{em-provides a model for the study of human
‘cardiomyocytes in culture, generally difficult to achieve, and perspectives for
cardiomyocytes t'ra_nsplantation' therapies where it is envisaged that
‘replacement of vehtricuiar cells lost in ischemi-c heart disease will help restore
30 cardiac function. This is the first demonstration of the induction of
cardiomyocyte différe_ntiation in a hES cell line that does not undergo

sponianeous differentiation to somatic lineages.




PCT/ AU02/ 00978 Pat ch cl anp el ectrophysi ol ogy on di ssoci at ed, re[péi Iﬁ-fi 5005
aggregates of hES cardi onyocytes showed that range of (electritc ﬂ;b Ly

phenot ypesy@gsgopgesent in 5 the cultures (fig.9A) that we | e
with primry human cardi onmyocytes of ggtal origin (fi-g.QBg)eT/%%‘%JQa}é) _
Ventricular-1ike action potentials predom nated (28 of 31 determ nations)
but both atEXa3mpPihg: Niooasdial infaketior Medekinemideso present (2 and 1 of 31
‘determ nations, respectively). O note was the relatively slow upstroke
~velocity (7.0+1-0.8 V/s) and | ow nenbrane potential (fig.9A), indicating 10
~that cell s Inerder e @st tha abilifretisuss-eVele RS mYide té(setb%sﬂ&‘r'ér\%ﬁrdi c
cardi orryocit es. of 17 weeks gestation. In areas of co-culture in |cﬁ t he
cells wered

beatin ar : reAt ~HJY ' ' I.CJ t o, induce, repeated action
~ ‘pot ent ig%'l-sagg mgdt%ttglgn%Hdéyrt E%/tbhrgnﬁg&?gﬁﬁ}rga% i@ﬁ%&ewﬁ* 2ABI9ACEN 106- 3l iGF es of
hES cel | s viestendipgebiemobil identifisd | dretl ligatet. oBY@REERS Phoédd@esi iRbuce a

potentials _simlar to those ipn hES END-2 _co-cultures. Calciumtransients in

gr oups of. g?&?’]q{a{‘ﬂ%§fctg?dﬁ%tﬁc%ﬁ?9€§3‘\'l%r d g shestds iasednwith ithreeeauturesre

usi ng Fura r | h C 1.6 Si~0L4.. ; f depends . on .
et e T A Bta T SIS B R PRSI Ve
Ca2+ transPBnBevar éecrivied atshbam pracesucaintiudivg pysiioningesfites sige i 10

cabilityn t - f [ 1duct ] s. Ef f ect f
20 2 Wona B iaateh SRR RS a0 e Tiocpugi snaesibatng Sdeiniieiag Shown
previ ous| ys#ifermeticagibnaly. ink88dntohBal infEdighn Iﬁ&rﬂbtﬂa@ﬁﬁd)f tmic ?s[tluéry ;hﬁ'e END- 2

cells .can induce their differentiation so that wthin ys nea al |
aggr egat es2RiERIa rwareaincabadl, grnsivconnectednty agratienp sespimatoni(Huye aaoigs

muscl e. | f lar FCS, differentiation is significantl |
enhanced 30°ARe S btk e ounfOFRORPY. CRABROY burlbe G IEEROAT: ek RPTQEN: oy o

reduced viwithiie ghesioclasedby inttdurichieRaicatiRass R MEfuglkraeid, vat ed charcoal
col um;l (DCC-FCS) to renove residual retinoids; inaddition, '
e ffer@ntiation. is bl ocked by actiwvin (van: den Eijnden-van Raaij et al,

12T, LS PR RASARR s RSh 0P LBOM PEREE £
USA) was delivered to the left ventricle through the carotid artery. Pressure and
conductance measurements were recorded using Sigma SA e!éctronic

equipment (CDLeycom, Zoetermeer, the Netherlands) and stored for offline

20 analysis. A typical pressure volume (PV) loop recorded in a normal heart is
presented in Fig. 7(a). From the PV-ioops many haemodynamic parametefs can

be deduced including the end-syétolic- PV relationship (ESPVR) and preload

recruitable stroke work (PRSW).

25  Finally, the invention as hereinbefore described is susceptible to variations,
modifications and/or additions other than those specificafly described and it is
unders_tood that the invention includes all such variations, modifications and/or
additions which may be made it is to ‘be understood that various other

modifications and/or additions which fall within the scope of the description as -
30  hereinbefore described. '

nators &Ml mpasl han heeadigyeiapatbingniseol)i pentohditstal pgesthktibée from




WO 03/ 010303 PCT/ AU02/ 00978 37 die/differentiate in a non-directed way)
but failed to override any differentiation inhibiting activity secreted by
MEFs. The P19EC assay systemwas preferred because these cells la¥ e}f getier
i ndependent for undifferentiated growh. These experinents show that the
END-2 CM has a dose dependent effect in 5 pronoting the appearance of

cardi onyocytes in replated aggregates in two independent clones of P19 EC
cells (fig.10A). Mre inportantly, t effect appears to be related to an
early effect on the differentiation of nascent nesoderm Northern bl ot
anal ysi s sh that END-2 CM upregul ates an early nmesoderm marker
Brachyurﬁ?‘ﬂmrmnn, 1991) in the aggregation phase 10 during the first 3
days (fig.10B), that levels are naintained i mediately after plating but
that after 9 days, Brachyury T is no |onger detectable. Mreover, the

i nducti ori-of Br Beling of cRUSHIHNYTRBENBYeOUand gprtralies) differestiaian ef amct i vi n
(fi9.10B) pmqRSheRt gteml_%éll inta Adodbimbed 95k ntn%lﬁ%& %rﬁﬁ%}ikﬁa' of beating
muscl e in “aggregates. e transient expression o rachyury~T is simlar
to that obserapglyiy duiffergntatidny signalotbethm dndiffercetibiedt stem cell ivhgrein

astrul atj on.of the nmouse enmhrvo. Control .of sustained..growth and the
Abilit y e idﬂfg‘ﬂé'é“aglﬁgc?u'gri‘% '"wayee%rmfﬁBlifier%wa"wa‘éiaﬁ%gnﬂp‘%r%rﬁiaé%ﬂaﬁ%mif human
enbr yoni el itotid 2o selpre to reach their potential in the treatnent of

di sease by cell transplantation therapy. 20 IT is therefore shown that
co-culture of hES cells with visceral endodermlike cells fromthe nouse

initiates a digf =1 i I I L i oy -Of
beati ng sr?ﬁscl é\ Eﬁ@ IOEXE?@Q@FS% C%%ﬁ”ﬁ%@r%ﬂ%%l k%ﬁahgtrj%i)gptﬁr@%'g% ion
channél s diféarentiateditcells h eés meseti¢rmnal lineage dviamgiodhe eifferehiiated palls lar@5 cl anp

el ect r ophysi o] i:ngl | | s. dempnstrates that e mj ofi i
ventri cu%?‘big#%n@?@%%%n%ﬁ% E%E] e%ﬂﬁrlgv e§el 9?{9&5921 'OPOréafd;]éﬁ%tpﬂ%y of
human caofipiigiecytes in culture, generally difficult to achieve, and
per spectives for . c%fqg%o oC tefs transpl antatjon therapies where jt is
envi saged t hatt@usigg ﬁ@/ﬁtmﬁfo J%ﬁ??ﬂ@@r%'a@ $tem gplls aceording Ehflainhear t
di sease will help restore 30 cardiac function. This. is the first

denonstration of the induction of
15

3. A method according to claim 1 or 2 wherein the differentiation signal is
applied by culturing the undifferentiated stem cells in the presence of an
influencing factor that can induce differentiation of the stem cell.

20 4. A method according to claim 3 wherein the influencing factor is selected
from embryonic cells and extracellular factors including growth factors, cytokines
and small molecules that regulate and trigger differentiation secreted from
embryonic cells.

25 5. A method according to claim 4 where the embryonic cell is an endodermal
or ectodermal cell.

6. A method according to claim 5 where the embryonic cell is an endodermal
cell.
30




cardi onyocyte differentiation in a hES cell line that does not undergo
spont aneous differentiation to somatic lineages. 1 9 f CT 2005 VK593GQ10%Q§
PCT/ AU02/ 00978 38 Exanple 6: Mocardial infarction nodel in mce In order
to test the ability of stemcell-derived cardi omyocytes to restore cardiac
function, a M nodel has been devel oped in mce. |In pentobarbital
~anesthetized 5 adult mce, the chest is opened through a m dsternal
approach. The anterior descending branchis identified and |i gated.
Successful procedures induce a discoloration of the distal nyocardium The
chest is.closed wi.th,three,sutures. d the . ani. i s allaowed recover.
T totar 717 Smhibdd BRIELS (Fam, B e e Sl Sified T
procedur &idcasdl eAtbdeRPassUe0 Bt Ddcofal ERGoddtfiii@ fRbdel0 10 were ligated. Four
weeks after M the mce were anaesthetized again using the sane nedication
by intraperitoneal injection. For the haenpdynam c study the animals were

i ncubat e an m%ce ; r T a&@§ oni cs,
March - &ugstg\t@%n %@%@@g%ﬁﬁ%&ﬁ%éﬁé&fgg&ﬁ% 8r§ma owﬂsﬁ:&ﬁe chest
cl osed byendadernHike hesue isalehved fromman eatte ppstegdséulatienembiBo. A 1. 4 French

conduct ance-m cromanoneter (Ml lar Instrunents, Houston, TX, USA) was
delivered to the left ventricle through the carotid artery. Pressure and

conduct arce npaistient atSordRigetd eiafm dedr B ivherchh @e visterdl efidoasine-iikequi pnent
(CDLeycom Zoeterneer, the Netherlands) and stored for offline 20 anal ysis.

A typi cal'Spye Sl 8MPBoNCcqIPMe- | oop recorded in a nornmal heart is

presented in Fig. 7(a). Fromthe PV-loops many haenodynam c paraneters can
be deduced including the end-systolic PV relationship (ESPVR) and prel oad
recr uiot alile sty wiethasbaccof@RSYY clairp Fwhardily the embivenintelldineds anck¥Dnbef or e
descri be% é@ Eﬁ.lléscepti ble to variations, nodifications and/or additions

ot her than thosé specifically described and it is wunderstood that the
invention includes all such variations, nodifications and/or additions

whi ch may it,is tq, be understoPd t hat, vari ous aqt her di f.i cati ons

b d )
and/ or addt te i gﬁ@%\;éﬁtdcﬂCQ% iNg\iPalvnone, et slaipe 4ofo 1axhgraip the emhyeric

cell is derived from mouse embryo E7.5.
15
12. A method according to any one of claims 1 to 11 wherein the stem cell is
selected from the group including embryonic stem cells, pluripotent stem cells,
haematopoietic stem cells, totipotent stem cells, mesenchymal stem cells, neural
stem cells, or adult stem cells.
20 |
13. A method according to claim 12 wherein the stem cell is an embryonic
stem cell.

14. A method according to claim 12 or 13 wherein the stem cell is pluripotent.
25

15. A method according to any one of claims 1 to 14 wherein the stem cell is

human.

16. A method according to any one of claims 1 to 15 further comprising:

30 preculturing the embryonic cell to a substantially confluent monolayer; and




30 hereinbefore described. 1 005 10 0, C T CLAIMS 1. A nethod of causing
non- spont aneous and controlled differentiation of an undi fferenti at %(il?stm
cell into a nesodermal cell, said nethod conprising: 5 applying a o1 LU
differentiation signal to the undifferentiated stemcell wherein the

differentiation signal induces the differentiation of the undifferentiated

stem cell into the nesodermcell. 2. A nethod of obtaining a cell
popul ati on conprising a sub-popul ati o of 1o differentiated cells of a
mesodermal | ineage wherein the differentiated cells are derived from

undi fferenti at t ell,s in the,cell popul.ation, said t hod

conpri si ng: c&ﬁg‘i“ﬁaﬁﬁé ﬁ’fee?tgm ?e‘o[{ oHedY e?eﬁ'@%tﬂﬂf'? FM‘W'%PEE MANOIAYEE| | s
accor di ngintforexghoelbardnedia B2 tHiwembpePicitdiombRolayél m | or 2 wherein the
differentiation signal is applied by culturing the undifferentiated stem

cells in the presence of an influencing factor that can induce

di fferentqyzati gn || 4 : i :LaLgm 3
wher i n tho. 1 o] Tondd B 16 caim s Anefbi TR SenfCaPEAy BibHrforit S
ext r aéel Inprnlayesare separatdduali aflter ava belfudartroatsix. cyt oki nes  and smal |

nol ecul es that regulate and trigger differentiation secreted from
enbryonic cells. 25 5. A nethod according to claim4 where the enbryonic

cell is ag.endodaetmed aetorafigoder aal eaé! of EclaisTef hed {FCagdteng the claimb5
where t he g})r%/oni c, cell ili,ﬁ n endodernal cell. 30 .19 40 7. A nethod
accor di ng'n? SEFHARS StEm g8 eriiateRind@ B callcore pell BRpageosriedted digml
endoder mife griip inALdMyIAGER cBIS eABbMeliaRIL SitiRlialtels, fEIMABpaREET 0! NO to

claim7 whefein the visceral endoderm or Vi scera endoderm 11 ke tissue
i s defi veelis porewal eellsl y post-gastrul ati on enbryo.

19. A method according o claim 18 wherein the stem cell differentiates to a
muscle cell or a vascular endothelial cell.

15 20. A method according to claim 19 wherein the muscle cell is a
cardiomyocyte or a skeletal muscle cell.

21. A method according to claim 20 wherein the stem cell differentiates to a
cardiomyocyte or a cardiomyocyte cell lineage said method comprising:

20 applying the differentiation signal by culturing the stem cell in the presence
of an embryonic visceral endoderm cell and/or extracellular medium of an
embryonic visceral endoderm cell.

22. A method according to claim 20 wherein the stem cell differentiates to a
25 skeletal muscle cell or skeletal muscle cell lineage said method comprising:
applying the differentiation signal by culturing the stem cell in the presence
of an embryonic ectoderm cell and/or extracellular medium of an embryonic
ectoderm cell.




9. A nethod according to claim7 or 8 wherein the visceral endodermlike

tissue is an enbryonic cell line. io 10. A nethod according to claignfry 2955
wherein the enbryonic cell line is an END- 2 cell line. 11. A nethod ’
according to any one of clainms 4 to 12 wherein the enbryonic cell is
derived from nouse enbryo E7.5. 15 12. A nethod according to any one of
clainms 1 to 11 wherein the stemcell is selected fromthe group including

enbryonic stemcells, pluripotent stemcells, haematopoietic stemcells,
toti potent stemcells, nmesenchymal st cells, neural stemcells, or adult

stemcells. 2 net h cC to claim n the stemcell is
an enbryéifi c 9& Fhoée??w@ﬁg%ﬁ% 2@ whergin calli!hﬁgsjf?r@ ol aﬁ?ﬁ?rf?t'apsl@ her ei n
the st emastilial endbtidliaPtcent or Aastbiar Aerithalfl 3@éﬂ°ﬂ|ﬁlé§% t Qalé!n)‘hélﬁ&l of
claims 1 to 14 wherein the stemcell is human A net hod

accor di nGOFPrigig: one of clainms 1 to 15 further conpri sing: 30 precul turing
the enbryonic t i I ; OCi
2005 41 co- cuPPaySane RiRpRNEteh il bR In BB AiTh nBfesente © )
nonol ayerf aanzhbryosict ecioddrivubad/omeddedern talg awioryexiiacelhdal mediuoh ajer . 17,

A et hod accord Il and enbryoni 115
monol ayer e bR StafeR) ShdBr PG S| By "t i, 16, VA mot hod

according to any one of claims 1 to 17 wherein the wundifferentiated stem
cell differentiates into a cell or a cell |ineage selected from the group .
i ncl udi ngd%nusé Bethad gccadingttpetiaig 2§é4vm%relnemet @@pqi%rm gaflios engaderm opoi et i ¢
10 cells Qe dRUAachflchic.19- A nmethod according to claim 18 wherein the

stemcell differentiates to a
10

25. A method according to claim 24 further including culturing the stem cells in
the presence of VEGF.

26. A method according to any one of claims 1 to 25 wherein the stem cell is
15 genetically modified.

27. A method according to any one of claims 2 to 21, and 26 wherein the sub

population consists essentially of cardiomyocytes.

20 28. A method according to any one of claims 2 to 20, 22 and 26 wherein the
sub population consists essentially of skeletal muscle cells.

29. A method according to any one of claims 2 to 20 and 23 to 26 wherein the
sub population consists essentially of vascular endothelial cells.

25
30.  An isolated cell population comprising a sub-population of differentiated
cells of a cell lineage wherein the differentiated cells are derived from
undifferentiated stem cells within the cell population.




nmuscle cell or a vascular endothelial cell. is 20. A nethod according to
claim19 wherein the nuscle cell is a cardionyocyte or a skeletqlgnﬁ§§lﬁmj
cell. 21. A nethod according to claim20 wherein the stemcell Vs
differentiates to a cardi onmyocyte or a cardi onyocyte cell |ineage said

met hod conprising: 20 applying the differentiation signal by culturing the
stemcell in the presence of an enbryonic visceral endodermcell and/or
extracel | ul ar nedi um of an enbryonic4yisceral endodermcel |l . 22. A nethod
according to claim?20 wherein the stemcell differentiates to a 25

skel et al scle c I I cle cell Iineage said t hod
conpri si r%u a@& yghl@éﬁ%{leégﬁ ﬁéﬁgﬁﬁit ia8‘ﬁ°r§|n§natp gul ri\'ﬂ%r?'ﬂe tg?em cel |
in the prsabpogsatiaf obdifferdntistedi ileod geatentash byAndhe tepbp@ssdd.ul ar medi um

of an enbryonic ectodermcell. 1 9 OCT 20 5 42 23. A nethod according to
claim 20 wherein the stemcell differentiates to a vascul ar endotheli al
cell or cul i hahi i i t hpd I-Si-ng.

appl yi ng\?ﬁe ﬁflgélgﬁji g’tb’iI gﬂ?]oﬁéﬁ%ﬂnog ﬁaﬁﬁ ﬁrai Egﬁhggs?re%olgg{o:néisﬂg? he
pr.esence esseiallyof @mbymputationtad differeatiated cebsaioaleelhiinagige, and/ or

extracel lul ar nmedium of an enbryonic, ectoderm and/or endodermcell. 24. A
nmet hod according to claim23 wherein the ectoderm and/ or endoderm tissue
i's extradBorydm ¢soldted 2¢ell popeibhion aswording e &y Tnai 6F Lhimher shep 8acl udi ng
cul turing the sf emcells in \tﬂge iggese_nce of VEG-. 26. A nethod according
to any ond&eincing sEb-popylagen gicfilfierentipied; cells deiselacted fomydhe gredp| y

modi f i ed-inéh?din%\ MgsdIe Eefis; Gt dial Eeli’é]kp%ﬂélié?fceﬂé,ai?é@ngt PBie%&’ceﬂé'%rZG
wherein the su popul ation consists essentially o carg onyocytes. 20 28.
A nmetWod "geEdCEllHig to any one of claims 2 to 20, 22 and 26 wherein the sub
popul ati on consists essentially of skeletal nuscle cells.

=

34. An isolated cell population according to any one of claims 30 to 33
wherein the sub-population of differentiated cells consists essentially of muscle
or vascular endothelial cells.

15
35.  An isolated cell population according to claim 34 the muscle cells are
cardiomyocyte or skeletal muscle cells.

36.  Anisolated cell population according to claim 35 wherein the muscle cells
20 are cardiomyocytes.

37.  An isolated cell population according to claim 35 wherein the muscle cells
are skeletal muscle cells.

25 38. An isolated cell population according to claim 34 wherein the sub-

population of differentiated cells consists essentially of vascular endothelial cells.

39. An isolated cell population according to any one of claims 30 to 38

wherein the stem cells are selected from the group including embryonic stem




29. A nethod according to any one of clains 2 to 20 and 23 to 26 2@ ein__
the sub popul ation consists essentially of vascul ar endothelial1 1t 2285
30. An isolated cell population conprising a sub-popul ation of
differentiated cells of a cell |lineage wherein the differentiated cells
are derived from undifferentiated stemcells within the cell population. 1
9 OCT 2005 43 31. An isolated cell population according to claim30
wherein the subpopul ation of differenilated cells is greater than 5%in
the cell population. 32. An isolated é popul ati on according to claim 30

or 31 con5|st| : s§ entially of sub ulation of differentiated cells
of a cel ISHIPn8 '80%\5% SiaR F@lﬁ ﬁ@@%@??‘%&pﬁ[ﬁ?rﬁt?e&ﬁ é‘?ﬂ'ﬂ??‘?ﬂtn’a ey ©§ ’%y one of
cl ai s SQnéQerﬁ;BKm\ehetrem Bells) AediaPsRAPHLIA, P BA@ skl EQrenti ated cells is
selected fromthe group i ncl udi ng muscle cells, endothelial cells,

epithelial cells, haematopoietic cells or io0o neural cells. 34. An isolated

cell pop ti e | e
sub- popullagl o(r%{ho?&g%ﬂeren#ﬁgpwo 2%&52)?%1%9 s Q esréeer?F ’ﬂm éﬁ nuégl e or
vasculsar vémteintbeistem cells are drib8snicisteimsadliat ed cel | popul ation according to

claim34 the nuscle cells are cardionyocyte or skeletal nuscle cells. 36.
An isolated cell population according to claim 35 wherein the nuscle cells

20 are cadi orpesdiged dil pébulaﬁ@haéﬁﬁbrdiﬂt;'topgﬁy”cﬁfé @f' AgAR gong 4o claim
35 wherein the nuscle cells are skeletal nuscle cells. 25 38. An isol ated

cel | popud¥heredh ﬁ@&%‘ﬁdﬁe%af@@ﬂﬁ?tﬁﬂ@4 wherein the sub popul ation of
differentiated cells consists essentially of vascul ar endothelial cells.

39. An isolated cell population according to any one of clains 30 to 38
wher eiln t42e stAemisalates eele popliatior dadaonding hte gnyume o€ | dalimsg38ntor $éni c stem

19 oct ZWeréﬁ]‘l the stem cells are human.

43.  An isolated cell population prepared by the methods according to any one
of claims 2 fo 29.

15
44, A differentiated cell prepared by a method according to any one of claims
110 29.

45. A cardiomyocyte prepared by the method according to claim 21 or 27.

20
46. A skeletal muscle cell prepared by the method according to claim 22, 26
or 28.

47. A vascular endothelial cell prepared by the method according to any one
25 of claims 23 to 26, or 29.

48. An isolated factor that causes specific differentiation of a stem cell said
factor derived from an embryonic cell or extracellular medium of a cultured
embryonic cell.

30




cells, pluripotent stemcells, haematopoietic stemcells, totipotent stem
cells, nmesenchymal stemcells, neural stemcells, or adult stem del 130T 4905
An isol ated cell population according to any one of clainms 30 to 39 5
wherein the stemcells are enbryonic stemcells. 41. An isolated cell

popul ati on according to any one of clains 30 to 40 wherein the stemcells
are pluripotent. 10 42. An isolated cell population according to any one of
clains 30 to 41 wherein the stem Ce|J{5S are human. 43. An isolated cell
popul ati on prepared by the nethods according to any one of clains 2 to 29.

15 44. A 4differ j_at repared, by nmet hod accordi.ng to.any one of
cl ai ns 1@'{'0 %befgédg? i&giﬁhboﬁboﬁﬁm %&e‘ﬁﬁ?rg 1 )€t REBRANG Celle dor @ ng to
cl ai m 21 eptlo@@maA @r46todBrrakildetit al nuscle cell prepared by the nethod
according to claim?22, 26 or 28. 47. A vascul ar endothelial cell prepared

by the nethod according to any one 25 of clainms 23 to 26, or 29. 48. An

i sol at ed Hoact o fakRplacardRfipto dSls 48 oflk ki | idcaf i§Wefifey sai d
factor derived froman eﬁgfyonﬁc céfP o%ugﬁﬁggyg%kﬁp rn%g%?ﬁﬁgkﬁ&%hcultured
enbr yéni drapeViscerad endodarn 11308, anvidseraleriducieon-likedissaé.ng to cl ai m 48
wherein the enbryonic cell is an endodermal or ectodermal cell. 50. A
factor according to clains 48 or 49 wherein the enbryonic cell is derived

5 from visdcer A faetataateonding $¢ ¢RIMBO Whets ahe 9des idbilden or ¥Bderal 51. A
factor accgrgi ?g _Eo .cl aim50Q wh?r ein the visceral endoderm or visceral
endoder maNAREETT-Ukg, tissue igderivediromyan sareaesigagindatipisemn®: i on enbryo. 10
52. A factor according to clains 50 or 51 wherein the visceral

endoder m | i ke : ] )
10 352. A factor according to claims 50 or 51 wherein the visceral endoderm-like

tissue is an embryonic cell line.

93. A factor according to claim 52 wherein the embryonic cell line is the END-
2 cell line. '

15
54. A factor according to any one of claims 48 to 53 wherein the embryonic
cell is derived from mouse embryo E7.5.

95. A factor according to claim 48 or 49 wherein the factor is derived from
20  ectoderm tissue.

56. A factor according to claim 48 or 49 wherein the factor is derived from
endoderm and ectoderm tissue.

25 &87. A factor according to claim 56 wherein the ectoderm tissue and endoderm
tissue is extraembryonic.

58. A method of causing differentiation of a stem cell to a cell lineage, said
method including culturing the stem cell in the presence of the factor according to
30  any one of claims 48 to 54.




tissue is an enbryonic cell line. 53. A factor according to claim52 .
wherein the embryonic cell line is the END- 2 cell line. 15 54. Al%cBor 2005
according to any one of clainms 48 to 53 wherein the enbryonic cell is
derived from nouse enbryo E7.5. 55. A factor according to claim48 or 49
wherein the factor is derived from 20 ectodermtissue. 56. A factor
according to claim48 or 49 wherein the factor is derived from endoderm
and ectodermtissue. 25 57. A factor cording to claimb56 wherein the
ectodermtissue and endoderm tissue I'S extraenbryonic. 58. A method of
causing differentiation of a stemcell to a cell lineage, said nethod
including culturing the stemcell in the presence of the factor according

to 30 argg.one\ efetbddioleadsin Q:hﬁélrenﬁé’tlmf 8 emAcelPR a/beﬂﬂhbg eOfaigausi ng
differentiati on of a stemcell to a cell |ineage, said nethod includi ng

cul t ur i ngnetheddrduding chltyring m@ sierasealidn the praseneeof e factopperatdingdo cl ai m
55. 5 60.g Qe hod of causing differentiation of a stemcell to a cell
| i neage, sald nethod including culturing the stemcell in the presence of
the factor according to claimb56 or 57. io 61. A differentiated cell

A car df orihcy Ve TS L ASATHG dFereRidiPh, 818, dom S ElR geilepaogetalyn °

skel et al mamouencl@dnhg RURMiEthettein&IINB e frezefos df he fabtof hatdriPd-to64. A
vascul ar cngldo hel | cell prepared by the nethod according to claim®60. 65.

A net hod gty g or preventing a cardiac disease or condition in a 20
patient, said rret hod conprising: introducing to the patient an isolated

cel | popul ation according to any one
61. A differentiated cell prepared by the method according to any one of

claims claim 58 to 60.
62. A cardiomyocyte prepared by the method according to claim 58.
15 63. A skeletal muscle cell prepared by the method according to claim 59.
B64. A vascular endothelial cell prepared by the method according to claim 60.

65. A method of treating or preventing a cardiac disease or condition in a
20  patient, said method comprising:
introducing to the patient an isolated cell population according to any one
of claims 30 to 43, and/or a progenitor in the cell population.

66. A method according to claim 60 wherein the isolated cell population

25  consists essentially of cardiomyocytes or a cardiomyocyte progenitors.

67. A method according to claim 66 wherein the cardiomyocyte or

cardiomyocyte progenitor is derived from co-culturing a stem cell in the presence

of embryonic visceral endoderm cells and/or extracellular medium of embryonic
30 visceral endoderm cells.




of claims 30 to 43, and/or a progenitor in the cell population. 66. A

met hod according to claim60 wherein the isolated cell popul atiofd d 257 2005
consi sts essentially of cardionyocytes or a cardionyocyte progenitors. 67.
A nmet hod according to claim®66 wherein the cardi omyocyte or cardionyocyte
progenitor is derived fromco-culturing a stemcell in the presence of
enbryoni c visceral endodermcells and/or extracellular nmedi um of enbryonic
30 visceral endodermcells. 19 or. 47,£8. A nethod according to any one of
clainms 65 to 67 wherein the cardiac i sease or condition is selected from
the group including nyocardial infarction, or cardiac hypertrophy. 5 69. A
nmet hod of repairing damaged cardi ac tissue, said nethod conprising:

i ntroduciédy t @ hiethotheegsdingatodbayg dhniesefuglaingd) 666! 6% @thegsth |the aawdiag i on
accordingwgo an ona_of,clains 30 to 43 and/or a progenitor in_the cel

popul at i (P3G FFFONALRR ihBeseddrm dae geoud Inelkdieg meGasdial ipfrictilboat ed cel |
populatiQ@mﬁ§@n§ﬁé@§p sential |l yof cardi onyocytes or a cardi onyocyte
progenitors. 717 A nethod according to claim 70 wherein the cardi onyocyte
or cardiomyocyte progenitor is derived fromco-culturing a stemcell in

the pres e 1o r Li i r.al ] | nd/ or_extracel | ul ar

medi um of "énbryoni ¢~ Vi sSceraf “en r _ . . di ng to any
e ot r¥;§é\hﬁg \éhﬁ%@gg cﬁfcﬂgn? ﬂgu@y %gid Aﬁﬁ@pﬂ g‘én‘g@g

one of cl ai s iri@ducingltomMies elamddel dardige tssir ah asolbfiedsosll pepulatisn f r om

cardi ac isch erri{;l. 20 73.. A .net o& f treating or P_reventi ng nuscl e di sease

in a patid&Hprd O&nvr@}en‘a‘&'%m?p% %banqi/ﬁf@@ ¥g inghercell peRUiBEORE t he

patient, an isolated cell population according to any one of clainms 30 to

43 and/or_ a progenitor in the cell population 25 74. A method according to
cl ai M073 Mher & Methed | agsprdieg teerlaimp op | whersin theoisdlated eelk pepulatioy of

skel etal dgHsistsedsBhlifIyBF cArdtiiildtyils S5 EARIHRIdoy Ry HEGAIERE S

71. A method according to claim 70 wherein the cardiomyocyte or
cardiomyocyte progenitor is derived from co-culturing a stem cell in the presence

15 of embryonic visceral endodenm cells and/or extracellular medium of embryonic
visceral endoderm cells.

72. A method according to any one of claims 69 to 71 wherein the damaged

cardiac tissue resuits from cardiac ischaemia.

20
73. A method of treating or preventing muscle disease in a patient, said
method comprising:
introducing to the muscle of the patient, an isolated cell population
according to any one of claims 30 to 43 and/or a progenitor in the cell population
25

74. A method according to claim 73 wherein the isolated cell population

consists essentially of skeletal muscle cells or a skeletal muscle cell progenitors.




19 OCT 2605 48 75. A nmethod according to claim73 or 74 wherein the

skeletal nuscle cell is derived froma co-culture of a stem cell{ian(tie 7{5
presence of enbryonic ectoderm cells and/or extracellular medi um of
enbryoni c ectodermcells. 76. A nethod according to any one of clains 73 to
75 wherein the nmuscle disease is nuscular dystrophy. 77. A nethod of
treating or preventing a vascul ar di sease in vascular tissue, said nethod
conprising: 10 introducing to the vasgglar ti ssue, an isolated cel

popul ati on according to any one of clains 30 to 43 and/or a progenitor

cell int o |.at i t nas., begn co-cultured in the presence of
an enbr yo-}r%s?c abbeg’i@%ag%dﬁ@? tgﬁcg%lgb?ﬁ]or?g] ynetsdr h}e %’%?@i‘?tagmuﬁg'ﬁa ‘ﬁrﬁ%di um of
an enbr yafdrivee dtopd er co-auldirerofensiese call aethe pidterife of\etifiiic acaeshng to
claim?77 erein the isolated cell population conprises a vascul ar

endot hel i %8lls @pior gxtracsliar inegiudrRfrpidyoRic ectadermiceeni tor. 79. A net hod
according to claim77 or 78 wherein the vascular endothelial cell or

vascul ar endothelial cell progenitor cell is derived froma co-culture of a
stem 20 c&.| iA meibograssendoy td apytmeont clairns G@eton¥ S evheseianttieomuseldoder m

cell, and&igéqsg%%%ﬁ'alﬁé&%é@@di um of enbryoni c ectoderm cells and/or

endoder mcCe tcording to any one of clainms 77 to 79
wherein the vascular disease is selected for the group including

. . . . 2 I . .
M TR L A e
car di onyagyd ghetfdd cdfprigig:di ac  transpl antation, said nodel conprising: 19

OCT 2005 49 an inmunodefiTient ani mal having a measurabl e paraneter of
cardiHc functintepduging to theswsgulanitivaye.ian isaleied eelbpopdation aeepriingdo

cardi onyo&,éx ! r i cor.di |al

t ranspl ant t(?noegéf gﬁ@ﬁsgi’)qg%%g%n@/cﬁjé&ﬁeh@ércgeﬁ]dﬁé@é ? g'ﬁ]bg P@'ﬁ]ﬁ%&}ﬁggéni mal
bef or e arbenf cecultdedrinrthpl @mesendeonf ah émbryoaicdectoviemy tand/di 2endddendel
accordi ngcetlIoan%lloa}"I eq(]trgtlzelmgrrn%giu%hgf énmérH*lrt])%io%fié gétgtgérmagh(%!' elnéoderm cell.

15 78. A method according to claim 77 wherein the isolated cell population

- comprises a vascular endothelial cell or a vascular endothelial cell progenitor.

79. A method according to claim 77 or 78 wherein the vascular endothelial cell
or vascular endothelial cell progenitor cell is derived from a co-culture of a stem
20 cell in the presence of embryonic ectoderm cells and/or endoderm cell, and/or

extracellular medium of embryonic ectoderm cells and/or endoderm cells.

80. A method according to any one of claims 77 to 79 wherein the vascular
disease is selected for the group including hereditary hemorrhagic telangiectasia,
25 vascular deterioration as a result of diabetes or smoking.

81. A model for testing suitability of a cardiomyocyte cell for cardiac
transplantation, said model comprising:




created as a nodel of cardiac muscle degeneration following infarct. to 83.
A nodel according to claima8l or 82 wherein the paranmeter of cardi 8c3CT 205
function is contractile function. 84. A cardionmyocyte selected for cardiac
repair as determned by the nodel according to any one of clainms 81 to 83.
15 85. An in vitro stemcell derived cardionmyocyte. 86. A cardionyocyte
derived by directed differentiation of stemcells. 20 87. A cardionyocyte
according to claim86 wherein the stegycell is an enbryonic stemcell. 88.
A cardi onyocyte according to any one of clains 85 to 87 wherein the stem

cell is a humad gRuUKBALSCISHCTNRRIhaviny a measurable parameter of cardiac
function wherein said animal is capable of receiving by a cardiomyocyte or
cardiomyocyte progenitor according to claim 45 by transplantation; and
a means to determine cardiac function of the animal before and after
5  transplantation of the cardiomyocyte.

82. A model according to claim 81 wherein the immunodeficient animal is
created as a model of cardiac muscle degeneration following infarct.

10  83. A model according to claim 81 or 82 wherein the parameter of cardiac
function is contractile function.

84. A cardiomyocyte selected for cardiac repair as determined by the model
according to any one of claims 81 to 83.
15

85.  Anin vitro stem cell derived cardiomyocyte.
86. A cardiomyocyte derived by directed differentiation of stem cells.

20 87. A cardiomyocyte according to claim 86 wherein the stem cell is an
embryonic stem cell.

88. A cardiomyocyte according to any one of claims 85 to 87 wherein the stem
cell is a human embryonic stem cell.
25




