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various lineages. Derivatives of such lineages include, muscle, neural, skeletal,
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 expression 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 attempt to regulate the
differentiation outcome. These conditions include growing the cells to high or
low density, changing media, introducing or removing cytokines, hormones and
growth factors, creating an environment which suits differentiation toward a

specific cell type, such as providing a suitable substrate.
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well as providing potential human disease models in culture (e.g. for testing
pharmaceuticals). The induction of cardiomyocyte differentiation in stem cells is
especially useful in developing therapeutic methods and products for heart
disease and abnormal heart conditions. However, the molecular pathways that
20 lead to specification and terminal differentiation of specific cell types, such as

myocytes, from embryonic stem cells during development are not entirely clear.

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

SUMMARY OF THE INVENTION

In one aspect of the present invention there is provided a method of inducing

30 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 induce

differentiation of the stem cell.



Preferably, the stemcell is an enbryonic, human stemcell. Mre
preferably, the stemcell is induced to differentiate into a nyocyte
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differentiation of the stemcell into a cardi onyocyte (cardi ac nuscle
cell). Mre, WO 03/010303 PCT/ AU02/ 00978

Alternatively, the stem cell is grown in the presence of an embryonic, ectoderm
cell and/or extracellular medium of an embryonic, ectoderm cell to induce

differentiation 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 invention there is provided a method of

inducing muscle cell 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 induce

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,



4 preferably the enbryonic cell is extraenbryonic. The enbryonic cell is
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(Mummery et al, 1985, Dev Biol. 109:402-410).

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

of inducing differentiation of a stem cell, the method including:
culturing a stem cell in the presence of a factor derived from an

embryonic cell or extracellular medium of an embryonic cell under conditions
that induce differentiation of the stem cell.

25
The present invention further provides 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 aspect of the invention, there is provided a differentiated cell
produced according to the methods as hereinbefore described. Preferably, the
differentiated cell is a cardiomyocyte, skeletal muscle cell, vascular endothelial
cell or a haematopoietic cell. The present invention also provides differentiated

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



5 transpl antation, cell therapy or gene therapy. Preferably, the invention
provides a differentiated cell produced according to the nethods of the
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restoration of cardiac function in a subject.

In yet another preferred aspect of the invention there is provided a method of
repairing cardiac tissue, the method including

20 introducing an isolated cardiomyocyte cell and /or a cell capable of
differentiating into a cardiomyocyte cell into damaged cardiac tissue of a

subject.

Preferably, the cardiomyocyte is produced by the differentiation of a stem cell
25 according to methods as hereinbefore described. It is preferred that the subject
is suffering from a cardiac 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
restoration of cardiac function in a subject.
30
The invention also provides methods of treating vascular diseases and
muscular diseases by transplanting differentiated to vascular endothelial cells or

to skeletal muscle cells or progenitors of these cells.
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provi des a nyocardi al nodel for testing the ability of stemcells that
have dif fwoeabi@ded i nto cardi onyocytes to restore cardi acTfatmeniws. 5 The
present invention further provides a gell corrposi tion including a
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muscl e celdagriércar di onyocytes; bn) are present. The beating rate observed
was approxi mately 60 beats per mnute. (20x objective). Scal e bar=100pm
Figure 2 shows cells stained positi \ﬁ#g% h a-actinin, confirmng that
they are 25 indeed nuscle cells. = 100pm Figure 3 shows
co-cuhpures of stemcells with the nouse visceral endodermlike cell line
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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
present. The beating rate observed was approximately 60 beats per minute.

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

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

25 indeed muscle cells. Scale bar=100um.

Figure 3 shows co-cultures of stem cells with the mouse visceral endoderm-like
cell line END-2. (a) P19 EC in normal monolayer culture, 3 days after initiation
of co-culture with END-2 cells and after 10 days, when beating muscle (B.M.) is
30 evident. (b) mES cell lineR1 in monolayer on its normal ‘feeder’ cells (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-culture 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.



of END-2 co-culture and beating nuscle fornmed after 11 days. WD 03/010303
PCT/ AU02/ 00978 7 Figure 4 shows el ectrophysi ol ogical characteristics of
cardi onyowgtoe®1d3ndm stem cells. Repetitive action potentiparsstoeom’sied from
spont aneously beating areas. (a) In Wouse P19 EC cell-derived

cardi onyocytes. (b) In an aggregate of 5 hES—derived cardi onyocytes. (c)

Phase contrast |maeof h atj ng . are th hES culture fromwhich the
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structure yhgy %eﬁé‘eReﬁéﬁtl\/égaétﬁgt 96térﬁ|al§?@écﬁ6ed o PRinsidolRly bb@tuﬁggur e 5
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digital I Yy HBAHES iciturefrorowhizheaHe wetdrd(re) shdwedriigs)enés gleoved. (Note the
| mmunocyt ochem st rém/on adult human primary atrial cardi orryocyt es and stem
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positive f fITEI‘I c proteins including (green) a- actinin, (red) nmc-2a
(a) and trodorryos n (b). Cell DNA was stained with (blue) 20 Hoechst to
di stingui sh normal and apoptotic cells. Cells cultured for 2 days had a

di d t d diff bod
atai iR Kigyre HESTNeR inaR ISRt (& 83D LietP Pdscrng Wk
stai ned W §dfined eétdowléreé% &#ttrdstl viieStegs 'cﬂﬂdré&ﬁf&'@"ﬂ%y(tﬁswﬁrc%chaﬂl nis

di ffuse and poorly banded (not shown). (e) shows overall extensive
a- acti ni n disaigainizpd satcBSer@spattarningd (ahrdadphassy cenirast lh’tﬁgen@fgmtﬂﬁlrﬁét i on.

i Co - (o) O ke RRGHOR ey B, (B heser pob b bl Hibbfiiedna

pressure phas@parédwitigayrouse heart: indicated are the val vular events and
stages 30 during one cycle of contraction and relaxation. (b) Pressure
vol umddrel ationship 4 weeks post-nyocardial infarction: note the

differ enceFlguréh% S59Rgs © mﬁt&ﬁol:%%heﬁt@n} h&n 2lghBilt 2HuRtsh | Bridd@h  atrial

contraction relaxation
cardiomyocytes and stem cell-derived cardiomyocytes. Primary atrial

cardiomyocytes 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). mES-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). (e) shows overall extensive a-actinin staining in hES-

25 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 during one cycle of contraction and relaxation. (b) Pressure volume relationship
4 weeks post-myocardial infarction: note the difference in the shape of the loop

and the alterations in both contraction and relaxation.

Figure 8 shows expression of cardiomyocyte marker mRNA in co-cultures of
35 hES and END-2 cells by RT-PCR.



Fi gure 8 shows expression of cardionyocyte marker mRNA in co-cul tures of
35 hES and END-2 cells by RT-PCR WD 03/010303 PCT/ AU02/ 00978 8 Figure 9
shows anawQaB®1BhH3 A. action potentials and i on channel s bypCpattok/o0sss anp
el ectrophysiology and B. real-time an® ysis of Cat+. 5 Figure 10 shows
effects of END-2 conditioned nediumon P19 enbryonal carcinoma cells. A
| nduction of beating nuscle in P19EC aggregates. Results fromtwo
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cul turing fomtiwd indebeheihtCloRsS FRTE ECOANAP1ONEBNE™ ECY Bhl day e

extracel | ul ar nedi umbof an enbryonic cell, under condi ?i ons thgﬁaisn ace 20

di f f er ent i iBgjcatecbfare hoyte Mllcrgdregdeshasdiin thaipresangerdfMBO e dayl tur e

with a fibgoh)| e r A Nt ai i r it ntiated state.

Those feegé'r qﬁ'@lieerré ?@gtSWﬁét ﬁgagﬁc}ﬁ;togl éfa(’lrlf&l ¥ a-llslﬁglt Iﬁ@'?t SPEdﬁBEEFt in

st em cHl | smedisn ngnt 1 8ECndagdreneatys. atRMSTS cied aghduidest | @am&ng@syt@bvi ous
i cants have found that cul turin stemcells wth enbryonic

phenot ypes.,. Lica _

cell's can %ﬁé&p“&'éﬁa” d2Pe i SheWh 352 cahtrel Baila oM agd Qi Oeinducedt ed
cell's in cgidcuyery TRk " & N n seen with fibroblast cells.
30 The term™ ?n’guci ngréj‘?wf er gn@?%l onfé?mgﬁ'st emcell"™ as used herein is
taken to nean causing a stemcell to develop into a specific
differentiated cell t eS| i ] tional influence
on the stemcell. Inf p@@?ﬁ? P 2 IET?{)&I?OE-JQEEI'NQM ﬂ{? fferentiation in a
stemcal | can include cellular paraneters such as

In one aspect of the present invention there is provided a method of inducing
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 induce
20 differentiation of the stem cell.

Stem cells usually require co-culture with a fibroblast feeder layer to maintain
their undifferentiated state. Those feeder layers that do not adequately
maintain this state result in stem cells loosing their undifferentiated
25 characteristics to non-obvious phenotypes. Applicants have found that culturing
stem cells with embryonic cells can provide a determining factor to the outcome
of differentiated cells in culture. This control has never been seen with

fibroblast cells.

30 The term “ inducing differentiation of a stem cell” as used herein is taken to
mean causing a stem cell to develop into a specific differentiated cell type as a
result of a direct or intentional influence on the stem cell. Influencing factors that
may induce differentiation in a stem cell can include cellular parameters such as

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



ion influx, a pH change and/or extracellular factors, such as secreted
proteins, WO 03/010303 PCT/ AU02/00978 9 such as but not limted to growh
factors awo eIk nes that regulate and trigger differenPCatAtonood’s nay
include culturing the cell to confluehce and may be influenced by cell
density. 5 In the nethods of the present ipvention ste Ll

undi f f er eSUCAESP M Iimitgd t@LHrPWFIF %c%arﬁoachcﬁﬂgmgg |tﬁatcr§§§lﬂ%§ anp tﬁﬁ%%rr goi ng
di fferent !d%éregtiatﬂ?ﬁ ﬁ%%ﬁh&ud@%lmﬁnge{r@cb@m_térwﬁfmﬁcgr@w rhag bedi ng,
but not limted to, enbryonic stem cells, pluripotent stemcells,

haemat opoiimftiencetidm ealll dansityot i pot ent stemcells, nesenchynmal stem cells,
neural stemcells, or adult stemcells. 10 The stemcell is preferably a
hunman enbryonic stemcell which may be derived directly froman enbryo or

from agculif yh& REtheabof ARk Pres&in iebhiion Basteexeatbiseundifforertiated peodt taray be
derived froma cell culture, such as_hunan enbryonic, _steml_ﬁel l,s (hE"S)

cel | s (Rewnitnang and sl any ral @ﬁ@aB%Pfeéﬂderﬂ@!r@d%@%n%@@). 8 SiEM €8 " t he
stem cel | e i r r:-ani . y
uman. embrJante sgieredafort, R olpnBLFY, but npEindled RRSmoRORICSRHY i ¢
cel I |ine celisephuripotent stéssdells, Treeneatopyistic cstemeoeliss | tbtipotent Isteroetalls, whi ch
have been cul tured ?nd mai pt ai ned i,n an ndiff@;entiatﬁd state. Such cells
have been MRRNGIYEL SiEMpEsIARRIIB0YSH CRETPRO0Y} BEE16°120 PCT/ AUDL/ 00735
and P¢d/ AU01/ 00278, the contents of which are incorporated herein by
reference. The stemcells suitable for use in the present nethods nmay be
derived f riive stenpael snpreferably a haman emhrninsiem sath4iich Bwyhe Aefivedy of

differentiate | ssue 5 graf.t er | I | e

pat i ont . FES0y St A e R Balofe At NES el Bl SeRTRER.  FotllotmblE o1

i nt rOd;JCt itga é_}énﬂéélﬁﬁﬁyhﬁét%@'yledoﬁbﬁﬂb cetllthelhlit:ur:ex atieh afs uyhfaar]en}mbnaani@n

prior to, during or after eir exposure e _.epbryoni €

extracel | @tam sels (rE$) eallaFemsinihieé q{ellﬁ?tuﬁ%é@/‘)%' Hgg%%ﬁgfﬂ géqq)y

nmodi fjgd t ghyLn i i oV el r |- NG ni I rker
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embryonic cell line or embryonic tissue. The embryonic stem cells may be cells

which have been cultured and maintained in an undifferentiated state. Such
cells have been described in PCT/AU99/00990, PCT/AU00/01510,
20 PCT/AU01/00735 and PCT/AU01/00278, the contents of which are incorporated

herein by reference.

The 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
genetically modified prior to use through introduction of genes that may control
their state of differentiation prior to, during or after their exposure to the
embryonic cell or extracellular medium from an embryonic cell. They may be
genetically modified through introduction of vectors expressing a selectable
30 marker under the control of a stem cell specific promoter such as Oct-4. 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.



markers are carried through to any stage of cultivation. The markers may be
used to purify the differentiated or undifferentiated stemcell popul ations
at any swegg/oof3oxultivation. WO 03/010303 PCT/ AU02/ 00978 PCTAUDbe0%s8 em cel |
can be induced to differentiate into gpcell type selected fromthe group

i ncl udi ng nuscle cells, endothelial cells, such as vascul ar endot hel i al
cells, epi thelial cells, blood cells (haematopoietic cells) or neural

cells. Prahdl 8BhY cel ;&%n%é rifloe§th differbhfibiesflid A clifype alde fiofl ea

nyocyte ( or a vascular Mre preferably, the
stem cel | gréup irtbluding heustief éadiseandathelial wets asuchaasdvaawbcwéothehal eqlls) et al
nmuscl e cel | referred
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met hodsi ”%‘téw\' l |sCMHhHéd hg o‘?ﬁe"‘rbﬁf’at@eih{o tarm?b@/t@f (AREBREcAl) drna eabeylani ¢
cel l under Itions that induce differentiation of the stemcell. The

enbr yoni ¢ amiolthejraé@ell n Mdre pretesably, ﬂ’@tﬁ@tﬂ relk isuagyceth tadiiejetiate davia 15
deri ved from an enb o or d fromextraenmbryonic tissue. The
term %'OW}VQCM kggfazhlus%fégéeq?after fertilisation up to 2 weeks
post concept lon in marrmal S. It deveI ops fromrepeated division of cells

and includes the stages of a st sta | ch .conpr.i.ses an. ou
t r ophect odBrapeaiarand arpbR¢IMest P r p@f\/}nve%ﬁgwglﬂ%rﬁylg \{/'dﬁg aanﬂ'rlnoéll tro

20 feqpil 'q??ﬁdt?dm%ﬂﬁé?énﬁefudﬁeéf abﬁeﬁFcém?ﬁé(?né’(ﬁderﬂﬂhdlM transfer of a

somati Cc ce nucl eus into an enucl eat ed oocyte preferably of human
or non-human  auiligiring Extstemntﬂlyonlmet ipsssanden off uae sembryanipresdus@depy t he

enbryo that ke ent 25 ref erred enbodi ment of the
i nventi on, qrﬁ?%}%ﬁﬁ%& Cgéiaff regtaa;m Q;Jecﬁefsrt% Ce‘@rrbr yonic, preferably
ext raenbryonl c, endodermor ectoderm More preferably, the enmbryonic cell

is derived from vi sceral endodermti ssue or visceral endoder m i ke bjl ssue
i sol at ed fFhameanbryoebicyeell MséﬂeﬂameypfﬁS@@érraﬂh@ﬁd@G&dﬁﬁnﬁ@ PBOYSBIGALEH  from

gaagéésosg&a&t r&'ﬁ%laqﬂﬁﬁ‘m ?C%H%{‘)ﬁ”géﬂg&ﬁwﬁx e |so ate égause ?@@%?ié@’éd?’?n
Roel en et '@mbr}894s Deefindd Oais ah§6 st 2f@r fentiisatioer Upt tcd |weekse pdsicer al
conception in mammals. It develops from repeated division of cells and
includes the stages of a blastocyst stage which comprises an outer
trophectoderm and 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 nucleus into an enucleated oocyte preferably of human or non-human

origin. Extraembryonic tissue includes cells produced by the embryo that make

up the placenta.

25 In a preferred embodiment of the invention, the embryonic cell is derived from
embryonic, preferably extraembryonic, endoderm or ectoderm. More preferably,
the embryonic cell is derived from visceral endoderm tissue or visceral endoderm
like tissue isolated from an embryo. Preferably visceral endoderm may be isolated
from early postgastrulation embryos, such as mouse embryo (E7.5). Visceral

30 endoderm or visceral endoderm like tissue can be isolated as described in
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 cell may be an embryonal carcinoma cell, preferably

one that has visceral endoderm properties.



endoderm may be identified by expression of al phafetoprotein and
cytokeratin ENDO A). The enbryonic cell may be an enbryonal carcinona

cel |, prewveriablogos one that has visceral endoderm properti @€T/AN208/7910303
PCT/ AU02/ 00978 11 The enbryonic cell 1fmy be derived froma cell |ine or
cells in culture. The enbryonic cell may be derived froman enbryonic cell
line, preferably a cell line wth characteristics of visceral endoderm

such as t heh&NmBryeald céll teap HeVdatesy fiein al cell 988, oPeeliBiiol cultlff: 7ha- 410) .
The END-2 cell line was established by clo @glc?mma cul t e of P19 EC

cel | s treatmlreniaggl mpy ke dprived fiapeais pBIPTY BepRygie: YVﬁ‘Pﬁ IB€i noi ¢
aci d ltlhﬁg Yr¥ﬁlﬁ)| &g %ﬁﬂ?r}ﬁf e\FlS(?éral entdae [rpg‘és h°|as @% D21y fhe END-2

cel | as chara rrstrcs o Vi Scer a expressi ng
al pha- fet oWariheieny (FR) %tﬂeleiotyﬂ@&M@Qeﬂtm) pﬂ'beeENEERI[xEINlné\cwasdi ngly

cel | 1§ ne. epBlishechy climiad Bom Srotie of BTBEEG el delfd poBrepaps i -
2
| nduci ng dﬂgp%rfgmgahgénh@;gom baduegrﬁph%@rmle%td fHerereptated (MOMAFBRLef AT di ac

nuscl e cel ryoni c ce an ectodermcell, whi'ch can be
i sol at ed ate®F,dDey Bl ﬂﬁ@rﬁﬂkﬂwscrﬂ”@e&NDrZRoelﬂ dineehaga| chizpedieriskics asj ol .

166: 716- 728. Ect od Kk haye. al.kal
phosphat asdsaE! VPRGOS (NE): aPsyoravs <pe ToGRRiRG PN 4o T g ' ™
Ther efgy e, cRcsiRAEaM RISIH ENDLEA. | AgdtrdihgRd iang insedtapestehagethatn thbe

above characteristics. Ectodermcells %g%j secrete (growth) factors that
i nduce di f embereniacelbis derivediremmihentNBre cell lipgasthess Celéha&s@ eendpued | s.

It is pref 658%@&@%?%%38%%? L{;omrd ﬁlf@Féi‘{t%‘ﬁFh o (HURRALE Stetn oMY ¥ONi C

nmouse tiss 'Y,” 1’ n ano aspec present Mvent ion t her e

i's provi degardibomyityearisardisicanasdlé ceity use in the rret hods of the. present
invention. Preferably, the enbryonic cell is derived from enbryonic
endoderm or ectoderm as di scussed above. In the present invention and

met hodg; ast H@'éﬁ{tﬁ‘g&fl g %é}fbé%‘?\dectécﬁ'@rrrﬁéémmﬂﬁéﬂ ca@QeWaﬁ@éd&)’ﬁdlﬁ?Q@' | are
cultured to In of erentration into a specific cell \715 Preferably,
the stem c&ielthca:lsddeﬂdm‘t;anhlrt Roelen et @ 894ubewt &toh 11 66 £ 1& /28 hilsctoderm
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 be
identified and isolated based on the above characteristics. Ectoderm cells may
20 secrete (growth) factors that induce differentiation to skeletal muscle or vascular
endothelial cells. It is preferred that the ectoderm cells are derived from E7.5,

embryonic mouse tissue.

Accordingly, in another aspect of the present invention there is provided an
25  embryonic cell for use in the methods of the present invention. 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 monolayer
produced by proliferation of the embryonic cell in culture. Preferably, the

embryonic cell monolayer is grown to substantial confluence and the stem cell



typically involves introducing the stemcell to an enbryonic cell nonol ayer
produced by proliferation of the enbryonic cell in culture. Preferably, the
enbr yoni cwoeBlo1asohol ayer is grown to substantial confl uen®eTaxi@20bva8 st em
cel | WD 03/010303 PCT/ AU02/ 00978 12 1% allowed to grow in the presence of

extracel | ul ar,_nmedi um of t |.C ' ;

suf fici ent'S tacyo}'vﬁgu{é)eggﬂ\'\f M?’éﬁﬁ? é%%ﬁe 8); %? kéées'[ugé’nﬁ @Spr‘“‘? Cokﬁatﬂfas%ggﬁolnéc cel l
type. Al tgjenatibivalpsriotins thhe guffigidnt feindceadiifferediation gif die isternudelluoen
containing the extracel |l ul ar medi um of the enbryonic cel ut .not in

e . 1(s), b

the 5 prespesticaelktipe o iieyraiivels dhe sigm celen ??HHY"EQJQIQ%W&HCFU&‘% cells
may be s ' I r e Such
s agar . AL MR SFALSIR Rledintot e SmiRiofit SRY R po il te

pr ef er Bbl yrpsenaobthecembnyooiagal(spf Thetemtuyosicaslls sinshetert telgethayddgyr ow i n
culture to induc 10 differentiatjon of the stemcell. Mr referably,

t he monol aa%’@r@t@gém ﬁﬁ@hpﬁ?ﬁgjy "?‘i'lt?ﬁ ‘P%ﬂ%ﬁP‘é‘&ﬁW“F‘ﬁB‘c%‘We‘i's %ﬁ%rdi tions for
obtaining differentiated enbryonic stemcells are those which are

non-perm ssive for stemcell renewal, but do not kill stemcells or drive
themto 16 thefrhethodsicittae pxesentiivesntiamthe sirin eelhisr pisierably pleiebon

gradual w thdrawal f.rom opti. onditi o] >l : rs

di fferent irﬁ?'ﬂglﬁyﬁ'f qfhgw??@?#'g?é?lﬁ %g’ds;?@@‘?’{eﬁcbczcjrﬁwt ;f/rgeéqlg@%ﬂdgdf'gt{gé}ul ture
condi §ponsgiffeentiaaon detHdeeaddéll. i BlorebreBMBYY, thetmormlayerdis confGESt amd BVPs
in co-culture which could increase differentiation rate and/or efficiency.
20 The celis mijtagenicpliyinachee.enbryonic cel |l layer affects its stability and
performance. The enbryonic cells should preferably be confluent. Mre
preferably, the enbryonic cells are grown to confluence and are then
exposed t cCamdifigres)for ablminimgpdiferentiatddiembearonit stesi oelloare these avhieh aseich as

Gays. pri omarPaaRRRNEoLHen fiel Smepy 8 Forkd SbE R Sl BR g2

di spenged @fierdnfigte RELSHERL S Cxtiamgbaielindgiges by gradua elitisdraiai e
preferably, the stemcells and enbryonic cells are co-culturgd for a

period of fraw apinalreandiisarsionstem dellsarputiafayours SHFQF?BW"“%T of ie 8&& cel | s
have differantialethe &ig)FieBdtabid ButiBdritlons by Htdesk #R 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 preferably be confluent. More preferably, the
embryonic cells are grown to confluence and are then exposed to an agent
which prevents 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 introduced to
a monolayer of embryonic 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 ectoderm.



30 differentiate into a nyocyte (nuscle cell) including cardi omyocytes and
skeletal nuscle cells, a vascul ar endothelial cell or a haematopoietic
cell. It woopnwef3esred that the enbryonic cell is derivedPCrmt02/00978
extraenbryonic tissue and rmre prefetably from enbryoni c endoderm or
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di fferentiAgiHem &fmauéhg@uff@bhnattoh%f@st’@ﬁdcmncthgdmétgodmdlwn?ng a stem cel |
in the presence of extracellular nediumof an enbryonic cell und

condi tions t hatculivsingeadstene celit inatheo Pregenase °§t€éﬁﬁa@§||lﬂ|ar gnagiem
"extracel lﬁ%@]ﬁ/gﬁ?cdé%%ﬁcﬁe%n% g}écfﬂétclnﬁﬁéé dlf%?em%n%rtﬁé RtdrA c%ﬁken to

mean condi | Um produced from growm ng an enbryonic cell as herein
described in a nedi umfor a period of tinme so that extracellular factors,

h ted t , d db h nb [
She condi TR RasIa TRORA d SIhNORG ot dusenhred! &8k tour age
the growt hnghn ﬁdlt%ﬁnbh%ﬁi@hﬂ??@”@é@ fRAS YJroWRE Aierrisiodie daul Repereis

m ni mum essenti a ium , or foetal calf serum In an even
further prcﬁs&:rlbedl imepmetiunt fortee ppries o timense thatotrageldan Bcireysuritas 15

gﬁf [] 8?, ﬁ; slgr%% npggfj 'ufqu r%)rr{?@%é gt P C%n@w%h?g"%&f %[éggntqﬁttﬁé’goh&%}fg& ng:

enbr yqpi ¢ meliun®r ThEhédiah ¢drﬂhclﬁ§é icompoihents m@bémaﬁuregeehé grovetarof the
conditions that induce differentiation of the stemcell.

ext racel | aells, fee@xamnle basalapediumRichRssDBReree s MinkeyYry essey Q%ﬁn%@u%cr et ed
pr ot ei ns, I-tig'%ts &8 &%ﬁ?@! 8a|P§erWHUC! ng differentiation of a stemcell. Such
y

secreted proteins w ypl ca bind receptors on a cell surface to
trigger intracellular pathways which can initiate differentiation of the

cel |. Exarrpl es of wtable racel |l yl ar factors include |hh and as
descri bed INADFEEN %’ riher @'@&rrecfﬁ%ect?gﬂﬁgr 7n\ﬁgk9nl{ﬂﬁreaﬁo?rﬁ¥fde s%ect of
the pr1gse%ef &F lhauﬁﬁﬁ\ﬁﬁl@r@nﬁ’é’udns@ﬂ #&Reh tarttre niébdiisclugingr et ed from an

enbryoni c ce or 1so ed fromextracellular nmedium according to the
present inventiadturing asetém celiin Hbe pfesemngeciohgp daeiosr éerivest ifein an

embryonic cell or extracellular medium of an embryonic cell under conditions

that induce differentiation of the stem cell.

20 The extracellular medium preferably includes cellular factors, such as secreted
proteins, that are capable of inducing differentiation of a stem cell. Such secreted
proteins will typically bind receptors on a cell surface to trigger intracellular
pathways which can initiate differentiation of the cell. Examples of suitable
extracellular 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 provided an isolated factor that is
secreted from an embryonic cell or isolated from extracellular medium
according 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 to
induce differentiation of a stem cell. For example, culture cell assay systems
can be used to identify protein fractions and specific factors that are capable of

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



30 of a stemcell. Suitable isolated factors may be selected by their

ability to induce differentiation of a stemcell. For exanple, culture
cell assawyogg®iens can be used to identify protein fractipcmsstandogpeci fic
factors that are capable of inducingldifferentiation of a stemcell. The

factors may_J.nclu et t el 0 3 _PCT/ AU02/ Q09Z£8., 14 t hat
are presenph'a\tnnaq? hgr%égﬁfé’iéﬁgu%%%g@?ﬁ\r&%#&@n%g%%r §gﬁ%orgglcle' © S Htﬂ%flée
prot ei ns nppotbias enay betextraatsll and pliifst by covertiohap Ardthdas Kesien thidaet 0
those skilled in the field. 5 In another preferred aspect of the present

i nventi on EKbeinthedigldi ded a nethod of inducing nuscle cell
differentiation of a stemcell, the nethod including: <culturing a stem
cell in the presence of an enbryonic cell and/or extracellular nmedi um of an
enbryorb ¢ trebhothengesferred dispechef theagresentlineentibrf frerend pedvided afméthedst em
scle cell. 1 ment _the stemcell is

cell into a,) In a preferred, enbodi
nduced ¢ ootnHiRa st oo diferEntatEeanpion) Cal dbr MethRg Tagingant s have
found that cul t g e 6@McER! ih Wid re YR &n BRBHEARC! dell and/or

extraenbryoni c, endoderm cells causes referential 1 nduction o
di f f er ent i extragelluaramediyaciof i an cembrionice sgell, nupdert iconbiionsotlwat dindusel e 15

cells. It Is. nost .preferred that .this conbingtion of stemcell and
enbryoni c d@ﬁ&%ﬁ@#‘ﬁ{‘eﬁﬁ‘%SF%&E@Q"‘&%W? ﬁtoleﬁtion toward cardi onyocytes. It
is prefeerred that the stemcell is human, preferably a human enbryonic

stemcell (hES). Mre preferably, the stemcell is co-cultured with the
enbryoni ¢ BeP| Prefirgd; embedigey %@ sien el dspb\rdused deudiffieientiaiedn sledast em
cells to a ' ] I | | & €& i carells.
Mor e pref e?%'%%ﬁe %ﬁ'g%teaﬁpﬁga@§m&%ﬁ?%ﬁ%rﬁﬁ&e H{o i{g]ecge{gﬁeél‘ ‘?{l"téﬁm even
further prefméryonic, epledetiambntextraembnjonignecdaddrm icellarcaeses de rprefeeéhtial

' i th visceral

derived fromvisceral. endodermor is an.enbryonic, cell,
endoderm  BRUNGBE fietettinion tBNard aBis CehiPos e ahaticuRI RRATA BERFIS ar e
derivegh frgasElt B MRGSCHRAGTIA - tha i€ BINARLSorS &f! StBRY cBf A %mw&ma'
carcinoma cell, preferably one that has visceral endoderm properties. Mre
pr ef er abl yendagermenells indusesedifferentigtion yaward oandiorogocytes.ndt ér prafeiredi n
cul ture. T{P]%t ?ﬁ@@f&ﬂ' 8eIF‘F's' human, preferably a human embryonic 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 medium 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 cells 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 line, 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 visceral

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



may be derived froman enbryonic cell line, preferably a cell line wth 30
characteristics of visceral endoderm such as the END-2 cell line (Mumrery
et al, 19B930Ds03 Biol. 109:402-410). More, preferably thecenangomg cell

Is derived fromextraenbryonic tissutsand nore preferably is derived from

visceral endoderm Enqdodermcells are typi.cally adjac : ' f heart
f or mat i on VERCRIFES; 1D 'M@“?gﬁﬂﬁ?ﬁz‘?mqu‘&g(%&'?ﬁﬁ at §§E€C{Iﬁe ?héig%? tial s
where endgdghiad ddvRidatasHdrafalys defective or absent, the heart devel ops
abnormally. In order to induce differentiation of the stemcell to a

cardi onyocyte it is 5 preferable to introduce the stemcell to an

o oduced 1) BT | RergantnpreiEReS, &Y Hie  defObpt S, o (RPRRAT 18, o

endodesm greferaileete itdducee g aterbr yolito andaderembrybeicerendpdeio ealioder m
Is preferably extraenbryonic, visceral e_ndod(gm I\/gre %)r. fe{.abléf t he cell
monol ayer menaleyer debiyTey ERS manalaer is; pradyceds By r BiPlifgaton n&f &ir yoni ¢
cells are d d Rassad ef QW t WpkFefdhn a
nmonol ayer .eq'%é{%?rtrzongéﬁe:yer [ gapre Il'e)ira Pf/br}géﬂolﬁn ét}gioggﬁ?} ugrrll(g*eeoi ﬁkg suiYnabI e
medi um s usdtragsnbripdEd oenddidemedi Tine Tleenbrponicayendedsm helg berefeealed with

certain agents to prevent further division of t cell s, Far i e, the
monol ayer S&ReIPYaNIC 8&9&[{?'\/\??%%r%m}@%? Qﬁﬁef%@ﬁ ﬁ}?eigltl e'ﬁ?@éllgslggg% be

pl at eggon Jfrﬂﬁucé@] bPIRDCAELNs. | NERE hiFeBa Ghattae BmbHenst esfscat! culiared
allowed to grow in"the presence of extracellular mediumof the endoderm

cel I's for andherassdged hefaee alloming dhent doi aigie dodiore FeMORAIAYA - of Thee 20
S: g][ne?gl): ﬁ8pﬁ|g§§‘{)?sg F%(fgfel}ba)g’qré\nﬁtto' ﬁom?échr A 8 ARaBIL G, Mol as

S carrred out for about two to three v_veeks
and the nEOVEN G Mieehdilrhy MTepl acedlayeguinay | thes utd tesated ewiph Scartaid days

wth fresh nedium Alternativyely, t stem cel | be allowed to grow in
cul ture cogetniagrevrat Jythst “é'ééﬂ”l %{I]@? Q?E'Ei ﬁrd@sqgﬁ%e,etﬁgdagp%aggq F%n but
not i gt hg, priesenge, b @hsm%emd%ar m&elthe- stEherliosgn boepiateRMdtelthe may be
grown I'n the presence o extracel lul ar nmedium of an enbryoni c, endoderm

cel | to i nditcgenicalfyeinadtiveamioonlayers.t he stemcell into a nuscle cell such as
a cardi onyocyte (cardiac nuscle cell).

The stem cells are allowed to grow in the presence of extracellular medium of
the endoderm cells for a period of time sufficient to induce differentiation of the
20 stem cell to a cardiomyocyte, that is most preferably beating. Most preferably,
the co-culturing is carried out for about two to three weeks and the medium is

preferably replaced regularly such as every 5 to 6 days with fresh medium.

Alternatively, the stem cell may be allowed to grow in culture containing the
25  extracellular medium of the endoderm cells, but not in the presence of the
endoderm cells. Therefore, the stem cell may be grown in the presence of
extracellular medium of an embryonic, endoderm cell to induce differentiation of

the stem cell into a muscle cell such as a cardiomyocyte (cardiac muscle cell).

30 In the methods of the present invention the cardiomyocyte cells produced are
preferably beating. Cardiomyocytes are a differentiated cell type derived from
stem cells. Muscle cells, including cardiomyocytes, can be fixed and stained
with a-actinin antibodies to confirm muscle phenotype. a-troponin, a-tropomysin

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



30 In the nethods of the present invention the cardi omyocyte cells produced
are preferably beating. Cardionyocytes are a differentiated cell type
derived fwores/osi3en cel | s. Muscle cells, including cardi ompeEie/o0oan be
fixed and stained wth a-actinin anti®odies to confirm nuscl e phenotype.
a-troponin, a-troponysin . and a-MJIC anti bhodies als lve ra Lstic
nmuscl e st & 'H@yoﬁyge?@tﬂ Sﬁ%ef gﬁ?@?mﬁw ﬁiﬁ?/sﬁosg(g%d 'ﬁ%ﬁé art.

cardi onyoqybRs Bfeferabied tRE Cearlisiayb6ytEB!t hesls fike@wiitho daramemalddhyed, i n the
art. More preferably,” the cardi onmyocytes are fixed w th paraformal dehyde,
pr ef er abl refarablybavith 29baws 2Bouto Bhasér 4¥or Paedemaieehyden martannel
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patch 5 el g ALuAEhOh g Rhu g Eel B b8 RpRied By imed Y
car di 0By ocy4@p, 8leetrbphsioldeyianddRTACRe genetically nodified to bear

nutations in, for exanpl e, 1on channels (this causes sudden death in
humans) . Cardi onyocytes derived fromthese nodified stemcells will 10 thus

be_abnor mabiANGeld GtdnAutiith! ArBioMAARY1dLbE 36 B eeRlbamiashasardRbagl w th

defective T0n C u useful for basic research and for
testing phaedifiedeotbesal mutdtionevinsfar ensuaple, ion channgle (his cavses syddenical |y

based cardi ac .di sease oul.d be creafed. r di Loyt he
present CHEN W"éﬁﬁsﬁa omyagytes, qwgﬂgﬁqgntﬁggé)@%éojﬁ%&%%g@o%r%g? iw(;lrll of
hear t 1Qunchi;8'be abrorfidl ah8Sidd eoultupé iiBl forleatiacdiibeate assodidied wittdi ng
cause of norbidity and nortality in the western world. Cardjiac ischaem a

caused by defeglive iomephanngls.obhiampuid beddredul fopopgisnresepeht apd Y teating at es

i rreversible cell ..damagsg,, event | ead| t ] p ; I h and
| oss of uﬁiﬁrmﬂ?}?uﬂgg‘& rj‘t'légl '§§ lgl@tl) é%%eﬁeggﬁgedgﬁgg?cggﬁgé@ [ ggﬁéé& by

car di onyocadrgiact dieeasearbald be dresiteplr evationyodyites prauhstedi inf thec presentar di ac
failure. The nethods of induci ntg stemcells to di fferenti_'atrg i nto

car di onyodyethodspanalseiberesest fer rgaspianiatignang estrratiqr Pineard fundtion: i ng
such art di seases. Cardi omyocytes produced by the present nethods may
al so be used in a myocardial infarction 25 nodel for testing the ability
t o rest or Foramdtacef, Uschaemic Mdmt pisesent isi theeleaiding pawse cabngrbjstiyvands a

nyocardi almglr)tgﬁtly flr(l) rtr;[eesv%niaé]lgrr;[ hﬁorld. 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 to regenerate damaged cardiac tissue by cardiomyocyte
transplantation may prevent or limit post-infarction cardiac failure. The methods

of inducing stem cells 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 ability to restore cardiac function.

The present invention preferably provides a myocardial model for testing the
ability of stems cells that have differentiated into cardiomyocytes 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 should
clearly distinguish control and experimental animals (see for example Palmen et
al. (2001), Cardiovasc. Res. 50, 516-524) so that the effects of transplantation
can be adequately determined. PV relationships are a measure of the pumping



ability of stens cells that have differentiated into cardi onyocytes to
restore cardiac function. In order to test the effectiveness of

car di onyow9tod/08303 r anspl antation in vivo, it is inportant PCo/AtA2e0%9S
reproduci bl e ani mal nodel with a neaklrable paraneter of cardiac function.

The paraneters, us should .clearly disti | S I tal
ani mal & ( S8BaF LAl Raf faey be s ¥y SHAG SuEE b FedXRraRERBRTRT
516- 524) ZQIIG\M?@ tthSpRint&fdrs of transplantation can be adequately
determ ned. PV Telationships are a neasure of the punping WO 03/010303

PCT/ AU02/ 00978 17 capacity of the heart and may be used as a read-out of

altered c iac _fungti f ow ] | . i ,heSUCh as
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cardi onyocytes are produce y the nethod o e, present . "i.nyentiaon.. The
myocar di aIer@fﬁIébWofth@ Hargicaysytasn gk PrefHged bYetP rm%?/o‘iijégiqéﬁeﬁretsgngssess
10 the ext,ant .+ cardiac repair follow ng transplant of cardi onyocytes or
suitable 'progenitors into a suitable host animal. Mre preferably, the
host animal is an inmmunodeficient animl created as a nodel of cardiac

le d tion. follqw.ng infarct t ] i t
of the di P Bieeaidial medsl g flp cRe R inlghfibn 15, pliRRURT dBaiifid 9 3o P! Of
i ncl udpng theteiht b BhidRst Fepahb faTloWiMe trapyplant ob @erdiemyoeyteseor guitablee and

any non-human primates. Paraneters used to neasure cardiac re g‘i r in these
ani mal s mgyrogenitarsl éntobatsuiaklenbest| animak dVioreopreerabtys 6'%)@1%%5% df an
characteri.stic o t. tiss var i,0 t net F i ce,
cont ract 1 1P EefBRR i E" Weeled KB bOHPARFER carfB iiSaiel Begendighan
changes i foRoWiRg' infarBt ehar al ysedvest wi enlvarsat cataepbdri oé thendifiesentiated

assessed. 20 Methods of assessing heart functjon. apd.cardiac tli S.fl.(lf
char act er icardiegypeyiea. Ty aniaak €qaBY SRPSESK g, btk J08 G )Yy i n

the figl d-mhﬂn@fmﬂbe,rbom?ean@g, ba.g;riéwwwnom@w SripB@s Parriet®s hod of

treating or  preventing a cardiac disease or condition in a patient, the
met hod i najgedi togn@ssuretcandiacirepainirctiede amjoalgtraay dldudg dut gre got limited

car di onyocyte progenitor. or .a cell.capabl.e. i > LAtk i At
car di onyod®t @Iep{w ysiplogigal chagg{}gn%tp oj%earteflsglf.le %'r%ﬁ&?&ﬁéé’ﬁrt fuUMtibR! Bof
instance, contractile 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 into cardiac tissue of a

" patient.

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

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

Preferably, the cardiomyocyte is produced by the differentiation of a stem cell
according to methods as hereinbefore described. It is preferred that the subject

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



patient. The term"treating or preventing" as used herein neans alleviating
or reducing 30 the synptons of the condition that is being treated or
pr event edwoRB@isnabl y, the cardi omyocyte is produced by tReThUobeossti ati on
of a stemcell according to nethods 48 hereinbefore described. It is

preferred that,.the bj [ f ' a ' ' r;

Gondi 1 on. MVaMorL 48¥ Rl  Fudrbiey® s 6 OeB b RE AT e into 16

i nvent i on, damaged eaedigd tissuglobagabjece Melrd preferiody, ¢éhabhathtd zesyltsainttad i nto
damaged cardi ac tissue of a subject. Mre preferably, the nethod results in
the rest oiesterghionof saidiraunctiaein 85UPIEChk subject. 5 A "cell that is
capable of differentiating into a cardi onyocyte" or a cardi onmyoctye
progenitor may include a stemcell that has been co-cultured with visceral
endodedm afdeelt that is eapidle badifierehtiating fintoi & candidmyonyteleoma badidragociye

conpleted differentiatio oward the r di cyte. 10,.Suitable cardiac

di seases nRAPIEREPY faAY [HM‘HU é R ml?"ﬂf?@g ﬁ%yg%ﬂ)é i ﬁgf(}luﬁi"ﬁd.[cf"f' V'SSFr%ardi ac
hyper t r ophynddderitflarRifot Refrabsiffi& mesdiarPest vistertaheridbdenii et t gy endts

provi ded a nethod of repairing danmaged cardiac tissue, the nethod

i ncl udi ng aBMpleteddiftsirenjiadiondpWrihihsceardiat@yacyithd / or a cardi onyocyte
progenitor or acell capable of differentiating into a cardionyocyte into

t he danaged cardiac tissue of a subject. Preferably, the cardi onyocyte is
producied bSuitdise didriiecelisesscisonapfinclude eutcarkl notAinitext tr damigad nfametibods as
herei nbefore described. It is preferred that the subject is suffering from
a cardi ac @ UFRC YPEIEARMEi on. I n the nethod of the present invention,
the isolated cardi onyocyte cell is preferably transplanted into danaged
cardiac tissue of a subject. Mre preferably, the nmethod results in the
restorati oim pét amotienpréfaned iaspechotthauliveotion MerBdauyedideler erethothadcl e

tissue may result from nuscul ar. dystroph Ln yet. another preferred aspect
there is pﬁetﬂﬂ'rﬂ'&ld%mﬁg?%arcﬁ?c ?'ﬂﬂ#cﬁ*ﬁ%%%i‘?‘# g}%‘fé"ﬂ%ti on of a stemcell to a
skel ety nmuscl eingRlducing"® carlibRYotytel esll BA /or a cardiomyocyte progenitor or

acell capable of differentiating into a cardiomyocyte into the damaged cardiac

tissue of a subject.

Preferably, the cardiomyocyte is produced by the differentiation of a stem cell
20 according to methods as hereinbefore described. It is preferred that the subject
is suffering from a cardiac 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

restoration of cardiac function in a subject.

25
Damaged skeletal muscle tissue may result from muscular dystrophy.
In yet another preferred aspect there is provided a method of inducing
differentiation of a stem cell to a skeletal muscle cell, 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 cell.



30 culturing a stemcell in the presence of an enbryonic ectoderm cell

and/ or extracel lul ar nmedi um of an enbryonic ectodermcell, under conditions
t hat i nduwe odioid3es enti ati on of the stemcell into a skel erall/Atoziodsscel | .
WO 03/ 010303 PCT/ AU02/ 00978 19 Ect odwm cells can be isolated according to

nmet hods d ribed i pn Roel.en. e 4 . .Blol - t.oderm
cells ar eeEE%BW”E §¢ E§(§p@§3§e ﬁe[atﬂd gﬁaor mgéﬁﬁq%n%e%&g) §ﬁ§t’g§e§eg§t§ |a\?| ty
and they ajgy e BiSEA6L: 216-YP81 Ectfldrm &dlisf @eeknolireiebrp@ss ettadearndn cel |'s
can be identified and i sol ated based on the 5 above characteristics.

Ect oder m dmvaaﬂmyn%mfmpéat@eo&ﬁthlﬂw%m dhey @isg heMauRREAY onethait calli on to
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t

pr ef er abl ﬂ'ﬁ@@]ﬂ@ﬁg@ﬂ tet rpleta| P@JS&Fee thisr BERS @8 Hee SFGD PEIS & Beri od
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nuscl e cel Skel etal ™’ rrusc I's are typical el ongated, multinucl eate
cells thatcélltsvm‘ecbd cuﬁurédemﬂheme MEQOceNmelﬁlrtgkeIm Imeihess e discsisaed

t d th 15 | o .St ajnj tt .
Skol o al RS oBNI BoIBHC BPTEIPVE S REFRGHLY of s R T AL affonC o
be useg f%re?éréﬂ@%%\ér@éd%‘?emrbéllg%re trterfuEea tto ®he BURGeEfofl agRADE. ofltim@not her

aspect of the invention there is provided a nethod of a nethod of 20

treating crrufﬁmemeintlndgcerdﬁelr@ntlﬁt@éagéhﬁ? atein palls enskelstal musslereiisconpri si ng:
i ntroducing to the muscle of the patient, a skeletal nuscle cell and/or a
skel etal muscle cell progenitor that has been co-cultured in the presence

of enbryasidlers rageden stk | areatygioally exérigated]| mutinuistitancedts thabrdtuht
ectoderm cells. 25 Preferably, the skel taI nmuscl e rﬁ@ed have be%B
di f f er ent | 2ndaxpresmMF3PeMvben ISke@Eﬁ|cFﬁlF§Qﬁ salle AR Bt Yf’bthtﬂ ePNE 8% cr i bed

above.,Misg a I"RRE dékg Y&ducdd gy et hod
of 5%t ol Thelly B3GR S e Ped diahRoPAhSSKERRI AR YIS ucdEy
regener at Ithe methods of the present invention can be used for transplantatlon in the

treatment of muscle disease.

In another aspect of the invention there is provided a method of a method of
20 treating or preventing muscle disease in a patient, said method bomprising:
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 extracellular 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 to muscular dystrophy. However, the method of
30 treatment may be applicable to any condition that requires regeneration and

renewal of muscle cells.

In yet another preferred aspect there is provided a method of inducing

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



renewal of nuscle cells. In yet another preferred aspect there is provided
a nethod of inducing differentiation of a stemcell to a vascul ar

endot hel iwb 0®ild3p3 t he met hod i ncl udi ng: WO 03/ 010303 PCT/ ARUITA1O0PB8 20
culturing a stemcell in the presence®f an enbryonic ect oderm and/ or
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tissue is eteiddesd telt ntoerimdyasnidifferentigtion uefe therneegningliomnte éct"éﬁ@#ﬁfor
endoderm cerd? r%%b obt ai ned as previously discussed. The first vascul ar
net wor k i reNAed Pé‘b forms adjacent 10 to visceral extraenbryonic endoderm
in thegyol k sac, which produce factors affecting endot helial cells Iike

TGF(3 and VEG-. Therefore, nore preferabl enbryoni c cel | s din the
above net Hddre, spfﬁ@tf@b)bédhﬁr%ﬁbwoé‘dfépﬁﬂ is gt v%ﬁww&%ﬁ%ee}%%ﬁﬁ%? 8 a cel |
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cell is pr CO-C ture stemcell using netho
previ ousl ;Eﬂssmueg@d THdowmqronWE@Fodmm oreendolierm cell nhay cbel qhiamegeds um t o
pronot e vascul ar endot hel i

|
cel |'s prodigdigusly q|$@15,§§phg'h1%ﬁstt SP 9EHF{‘]’Y)9{H6'&%%§m$/r§§ 5?%5 @g%}]gel Ing
capabhg Oftof\%ﬁ%r? ?(ﬁééM'b%fod'@téfﬂUﬂérrﬁOiﬁeﬂw'e”?&k% ayiich gprédubé Gadtord he

vascul ar endot ically express receptors for VEG-, stain for
PE- CAM VI:‘affé@ﬂsmgrmjldmtheIWCdsltsUﬂ@n'ﬂGFﬁ(ﬂ VE@e Theseinrar mowa oreferably theel | s

pr oduced he net hqds of . the [£S n n. \Wo u nodel s
for genet |%H‘E-’I fyen lfas%%fjv%%% gt ggé\'é ﬁ'eez&%ér)rpfse g%ﬂf%ebgaﬁj {”SEéral

her edi t ar o,k RIAISH 65k 28hdodeMit of |§8é it withaxsceral atll dike pmpEG"reslSThe
receptors 25 and a chronic bl eedi ng syndrong. difficult to,isolate
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differénti s can provide a uSeful culture
nmodel . | n taddétcutitre mipdiuna s pramotendsehiar ieatiothelial cell growth in culture.

Vascular endothelial cells produced by the method of the invention can be
identified by being capable of forming vascular networks sometimes containing
20 blood. The vascular endothelial cells typically express receptors for VEGF, stain
for PE-CAM, VE-CAM and von Willebrand factor. The vascular endothelial
cells produced by the methods of the present invention would be useful as
models for genetically based vascular disease. An example could be human
hereditary telangiectasia, where patients have mutations in TGF- receptors
25  and a chronic bleeding syndrome. It is difficult to isolate and maintain long-term
cells from patients with this disease to understand the pathology. Therefore,
genetically modified stem cells induced to differentiate to vascular endothelial
cells can provide a useful culture model. In addition, the vascular endothelial
cells produced by the present methods can be used for transplantation and/ or a

30 route for delivery of gene therapy.

In another aspect of the present invention there is provided a method of treating

or preventing a vascular disease in vascular tissue, said method comprising:



cells produced by the present nethods can be used for transplantation and/
or a 30 route for delivery of gene therapy. |In another aspect of the

present iwWoeab1Bm there is provided a nethod of treating POT/ALRME8i ng a
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condi ti on.  The dilher SALER! BHRLt] RriBK BoiSRUp RIS QUIRB e REtdF kRt i on

or identif gene produ cts I nc d| ng but not limted
growt h f agiretiscedialcterdind tcathecmetﬁmtas heminbefoterdesaived: oPteifergabiy, §b@le
regeneration, or they may Bcrsed for t

P % eralono ant t% |65 |
agai nst ncﬂ)@@"%ﬁ'?ﬁ%é@” 'Sl'ﬁé’a IoRWPEHE; skelgt éT"igl%C %FSE’U‘@&?U d(ﬂ lﬁ‘gl Yo the
met hodg of ae{: hc% Q%ﬁ%ﬁiﬁtopé@ﬁ'@@%ﬂ Oﬁhewe%t%\%‘fﬁidnyalsd P%\ﬂ@@% drffe%mi‘eitéd c

differenti e can selectively cultivated froma m xture of

ot her cel Ice:llgmmdaneld mben@lmgatu the setmdspabtiecinvediutitatanaly bedisast 04t ed
cell typestratnhsatlanat n ce F’the}/ap P Séjneed thcee}ap{? ePreferably, the invention provides

a differentiated cell produced according to the methods of the invention that
may be used for therapeutic purposes, such as in methods of restoring cardiac

20 function in a subject suffering from a heart disease or condition.

The differentiated cells may be used as a source for isolation or identification of
novel gene products including but not limited to growth factors, differentiation
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 present
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 discovery
studies etc. The differentiated cells may be used to establish cell lines

according to conventional methods.



useful for various applications such as the production of sufficient cells
for transplantation therapy, for the production of sufficient RNA for gene
di scover ywogBldizes etc. The differentiated cells nmay be upew/Atm2eet7abl i sh
cell lines according to conventional22ret hods. WO 03/ 010303 PCT/ AU02/ 00978
22 The differentiated cells produced according to the nethods of the
present invention may be genetically nodified. For instance, a genetic

construct Ry gifRGehtinelt 88l Produbictl aecittiingt esl thel netodsnyf thageresént
cultivation. The genetically 5 nodified cell nmay be used after

t r anspl antimterdiont may dre genaticallypnediéiege fedy inftancar gedenfligatRNSINCE RPYcour se

of gene therapy. e differ |_at :QF di i t hods
of tho. pr dEchbrpAB-# rSTelbsE Gl EER0E PR BE RRIRRRERTNY deet A

sui t abke fREdifié® celemay Heolisdd aftegtransplantationab. caEfyf and iexpremsegenasin on of
differentiated cells is highly inportant as it allows for continued storage
of the celtakget organs inithe£oUReIPEIRRETaPYTr adi ti onal sl ow freezi ng met hods,
commonly utilised for the cryo-preservation of cell lines, nay be used to
cryo- preserve differentiated cells. 15 The present invention further

provi des areldifferentiatedt telis ipnodumtidngceorditif tertbet metheds of Ither p@sest by

the nethod of the present inveption, .and carrier, The. I be any
physi ol ogilR¥gNtipnI¥ay ReBiese P%Waﬂmﬁmqu?yn?'y er%?(flnsesg'éﬁé _fbrf%to F be PBS
or ot her MMhiSHYiGs SkBtersdl. T a¥ervhon hers giffeskntidted dalist Rehfghty d. The
cell ggrrpcr?sfi %@cﬁglﬁ 'tq}%}eé%{rleéﬁﬁcﬂ%@nti on can beI used for 20 bi olgctwi’ cal

anal ysi s dmpoedntas itpallopssfes cosiiuedssiotageneitharets fernulinle kire UsedFosi ti on

of the present. inventipn can d.j h r -eatin
i seaset oregnaRl FomsfegERl BEATS euinity S for BB LREMVAIET M s
occurred. Jhetinest méptbd’f@é/ed foctygeprebetve diffontiated telts.t o, 25 the

adm nistration of cells or cell conpositions (either as partly or fully

differentiated) into patients. These cells or cell conpositions would

resul t, . n rev 0 oRdit .0n A hg rggt iR=_iigH ihelnaingona as
previ Jésl yﬂb? s@lr%%t'& {né{%gﬁ%ﬁt ﬂﬁ%ﬁ%h tr(x\g%%egofcggn?@?ﬂﬁtbel sI 30 ‘?ﬁr oughout
t he descridiffer@ntiatetl cERhi prodated Hiys tepenéthbdaoi the presemoinyeniiehpanded and

vartati onscaor];iert. hI'eheWc(;)arr(r]lc’ar ?nuacy éa1 gny %ﬂ%éfo%%o%%y a%ggpta%?engéﬂr%?%at rh&inf4ihs
the cells. It may be PBS or other minimum essential medium known to those
skilled in the field. The cell composition of the present invention can be used for

20 biological analysis or medical purposes, such as transplantation.

The cell composition of the present invention can be used in methods of
repairing or treating diseases or 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 compositions (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 Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not

intended to exclude other additives, components, integers or steps.



I ntended to exclude other additives, conmponents, integers or steps. WO
03/010303 PCT/ AU02/ 00978 23 The di scussion of docunents, acts, materials,
devi ces, wptBolesss and the like is included in this speci fPCtl‘&!tUO@/ﬂOSGB)l eI y
for the purpose of provi di ng a cont ex23for the present invention.

not sugge ed or resent ed that Qr, t part
of the pri (ne gﬁ" 8’% i %P@né% 8@%@% %\V(%(\E/égeaaq-gdg% %ﬁ{ﬁ' é;Fsg

rel evant tiQelifed M 89 8hedifioRivhi sme@a‘ow theapirpbsel of pro%dat\g @l ¢antextffor the he
priority date of each claimof this acgllcatlon resent |n¥ ntion wll

now be norwesent ipventinr:. | Heig nettsHgdests ﬁgée@rgsgnp{r@d SRy RhG | es
and draw n r on
fol |l ow ng rﬁgt’t?r{sl u@ﬁé@%’ Ig\r/tg)q(;tﬁ %ﬁgﬁ%ﬂ%ﬂa ng%r% e tafgqu?}etrnglg(n@ﬁﬂmgag@ys a
restristi qhe Gleld heleyaritetoathet yrersbnt Ima/elnlumaras' ih rexékdad rin FacstetioVieefoRXEMPLES
15 Exanple 1: Di fferentlatlon nﬁ ({anbryonl c stem (hES) cells into

car di onyodytasity daig)ofgsca glain ¢ 161|§)§p E8ULR| |s with END-2 cells 20 Human
enbryonic stemcells (hES cells) Reubinoff et al, Nature Biotech.

16: 399-404) were co-cultured with END-2 cells (( I\/Um*rer et al, 1985, Dev
Bi ol . 109: A2 phadint .invEmdioENDII2now!| be macre il wiescobed rvg%/fy refgrence to thg i o of

Dul b tial ' ith
7 50 FCS, ASSPMPAIG PP B3 eIt e sy bE Trefdond fodfierebra o5
(0 125W Whe%%%{aﬁ'&mouo REfusehtive m?/%rwéﬁc;mmolt belikbh W ahy204y FCS,

.1 mM 3- nr capt oet hanol % non-essential am no acids, 2nM glutam ne plus

ant i bi oti c&s Qp@stnsttqre@) thﬁlgﬂmQVQWchrth(ﬂ1@tﬁj¢'ﬁ’f‘)delsf3@%%%éb8%r yoni c feeder
cells. HES were subcultured by treating with di spase and mechani cal slicing
of individual colonies into 6-10 pieces followed by transfer of the pieces
to new 30 feeder cells. To initiatEXAMRUES ures, confluent cultures of
END-2 cells were first passaged 1:10 on to gelatin-coated gl ass coverslips
or tissue culture plastic wells in DVEMWw th 7.5% FCS and grown for 3 days

to confl ughE mpi® R Bifdrenifatien'f RUMEAS @A bTohIAERDIRES) cells into

cardiomyocytes:

(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-cultured with END-2 cells (Mummery et al, 1985, Dev
Biol. 109:402-410)). The END-2 cells are grown routinely in a 1:1 ratio 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  (0.125%w/v; 50mM resp). The hES cells were cultured in DMEM with 20%
FCS, 0.1mM B-mrcaptoethanol, 1% non-essential amino acids, 2mM glutamine
plus antibiotics (pen/strep) on mitomycin (10ug/ml) 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 cells.

To initiate co-cultures, confluent cultures of END-2 cells were first passaged
1:10 on to gelatin-coated glass coverslips or tissue culture plastic wells in
DMEM with 7.5% FCS and grown for 3 days to confluency. Monolayers were



24 then treated with 10g/m mtonycin C for 3 hours, washed 3 tines in
phosphat e- buffered saline (PBS) w thout Ca 2+ and Mgt+, and hES nmedi um
added. ThwohBS1sed | s were then di spersed using 10ng/ M di Ppasdaooe978- 5
m nutes, followed by gentle agitation2#n a pipette to yield a suspension 5

tai ni | | ¢l i | - |15, Thes: ,

cuspensi odoehaapath ey, ThuL ARRTENT S, d0) & hger dshed ' dnafes in

monol ayer sphddphate-BuffdRek Salihd (PES) canmb et eafedindmigFheang die® wesiurepl aced
i h hES nmedium_ 10 (b) Co-culturi ngisof hES cells

every 5-6 days wth fres ) )
with vi sceaddedsndOre MRS sells warectbeal dispas@sr isivgl 1@ganledisgasati@y FPom t he

three germla S tul ating e. r t . E7: 5 Bis
noon on th@'%‘ﬁ%’ofﬂ%ﬁa@ﬁ%ﬂ% 88@‘@ 'ﬁggcﬁb%é% E)drze\(}félgu\sé{rsbggiégsdégl spase
(Roel el etcatltainiP 4malessll Buplps dftdppfbgimatal) 10-Blecedlepahasedugpensibager s
were plated on to poly-L-1ysine coated culture \::.éggl shes in ML6 rre%i gm and
al | oned t ovgte deen dse)a?/qﬁ @Rt thermitogieicallyyinagtive % EPPNRIRYETBY fRES-

conpl ete j ; o) ; i i i
ndl 11 or enteatagroaE WfgRic iR, TRETERN AT TR fEBLSD S
endoder nal widlnfreshtrdcf2 mesdiuroel | from t he nouse enbryo. Cultures were then
grown for 2 to 3 weeks and nediumrefreshed every 5-6 days. 20 (c) Analysis
of co-culture experinments (a) and (b) The cultures described in (a) and (b)
above qger e%b‘}%—&dlth?ifngt@ﬁhES%%ﬁBCWiﬂfvisaé&ﬂselfﬂodlﬁﬁi teBsnuscle from 10 days
onwards. 257 (i) I mmunofl uorescence. The cultures were then fixed after
areas of beating nuscle becane evident in 2% parafornmal dehyde for 30 mn,

washed 3 tViessradradederagellhwemsisotnted figse the tiiee oI @¥sss pbeasWalngt ai ned
LoV L BT SGR IR VA e Bl ng 0l bt sagErpstos
secondary deddribedypreyiatshansingodispase GRogRBn eVal,03994,0868. BOT/ AB6 185978
25 (d) Res%é)-s T%]:a sce%a(fgtletduéeerme af}grrsi vr\;grnet Slageac} oﬁqg p(otl)))-L—lysine coated culture
15 dishes in M16 medium and allowed to attach overnight. The next day, M16 was
replaced by hES complete medium, and on day 3 after germ cell isolation,
pieces of undifferentiated cell “transfers” were plated on to the attached
endodermal and ectodermal cell from the mouse embryo. Cultures were 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 (i) Immunofluorescence.

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 cultures were then stained to verify the muscle phenotype using a-actinin
antibodies (monoclonal anti-a-actinin (sarcomeric) clone EA-53, dilution 1:1000,

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



(i) hES - END-2 co-culture. During the first week of co-culture, the clunps
of cells gradually spread and differentiate to cells with m xed norphol ogy
but w th worogloatspyel y hi gh proportion 5 of epithelial-IikeTcdioksoBy t he
second week, these swell to fluid-fildsed cysts (see Figure 1A). Between

t hese, di Stl nct patches of cells becone evid which begin to beat a few
days | at efd) Bespisohoo-ghltuse ed‘&%'m?'ﬁgr( §Pﬁ3f’§/ nore of these beating

pat ches appear There is no apparent difference between glass and tissue

culture SK;?StFﬁEQ;L N1 ¥b-eLfiirey beating nuscle as dempnstrated in 10 3
I ndependent experinments that indicated 15-20% of the wells containing one

or nore areas of beating nuscle. Beatinq ratqu @3 rocid telé 0 beats
per  mi nuDurimgdthe §rstywe cereiiarecthe ¢HTWwS ahesls giqually a(g i vely

O pes G lia® 8T Ot hfiftd WA AOGy bRERRA sl fldiproPottre 2)

(i) hES di mco ure ng the first’ week cul ture,

the hE§ plo‘?‘é@ﬁh@llaimké ailist By thé stehenemmedkelthﬂsegswdbm WIyudaﬁ@drmts@ §g%ead and
flatten and on da

evi dent . Thgwej § KoBeﬁlﬁéﬁr}?eTﬁ %%%Eid‘%bnﬁsl%aq@?%garé: s g}éf%'lngoéﬁé%l on g(%{n;r ved

in the ENR.2;f05 plbi Hrf@ﬂ/e@é&y & BRsSabI e SZﬁscfdJ!Jsarncréaﬁﬁglbahbm ofel |

net wor ks do~appear at t e ges of the culture. 20 Exanple
Differ ent |thése)beaﬁn¢1tpmmhesrmwmﬂﬂ dhetecin noROPacN! differanse Qﬁé\é!?@ﬂ dlasfiscl e

Sol i ed FGERR S spaiet pHFEekMERBERG st B RATR B oder ™

tweezqps Rpdapandemasipaniniatd iest indibsteants-20% ofethe vpelispeoreeiningtorgs ot he
deci dua and kept on ice in HEPES- buffered DMEM cont ai nké])g 0 FCS. After
removi ng rReechegas of hesingn@uselge BRI AREE HhaPRXIRE 3}33% gat5aPEE of

the conceptis, Were, SERALAHEH M ENSLGR e ARPEbRS StTROARMBIAMNPEL M (i ve

streak ryoni c part 1ncu 2. 5% pancreatin

and 0. 5% 3Q+ihiny RShfirhing IRt Byt idddeddnibcle cbfls ¢Figunelhat i on, the enbryos
were transferred to HEPES- bu1yf ered DVEM contai ning 10% FCS on ice. The

ectoderm WO 03/010303 PCT/ AU02/ 00978 26
(ii) hES — E7.5 endoderm co-culture.

15  During the first week of culture, the hES pieces placed on top of the endoderm
gradually begin to spread and flatten and on day 12, the first areas of beating
muscle cells become evident. This is not accompanied by the extensive cyst
formation observed in the END-2 co-cultures but areas resembling vascular

endothelial cell networks do appear at the edges of the culture.

20
Example 2: Differentiation of human embryonic stem (hES) cells into

skeletal muscle cells.

Human stem cells (hES) as used in Example 1 were placed on ectoderm
isolated from E7.5 day embryos (EQ.5 is day of plug). With sharpened tweezers
25 and tungsten needles, 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 extraembryonic parts of the
conceptus were separated with tungsten needles. The node and primitive streak
were removed and the embryonic part incubated in 2.5% pancreatin and 0.5%
30 trypsin in PBS on ice for 8 min. After incubation, the embryos were transferred

to HEPES-buffered DMEM containing 10% FCS on ice. The ectoderm,



endoder m and nesoderm coul d then be cleanly isolated using tungsten

needl es. The hES cells initially resenble those on endoderm but by day 18
t here ar ewoasmasodf highly el ongated, tw tching cells tharCrag®mehies
skeletal nuscle. There 5 are no area26reniniscent of beating cardiac

vt dont - EXHeIME ) AeRECR Foud SFRRLRE, RN ISt dfndaufblien <

into vascokedleendothelial cells. 10 Human stemcells (hES) as used in
Exanple | were placed on ectoderm and/or endodermcells. Co-culture
condi tion wi t.h .ect pder m or, epdoder m wer as above. Vascul ar
endot hel i alc'lf‘ggl%s‘:é qeﬁ{s H@ﬁ'ﬁ@f @S%\'E‘bl?rr&?ﬁ?eqp %Pg?@ﬂtstﬂgtk?bﬁai/om Beferargomat i ¢
cel | typesarche 4@ IBhg&RuCuviteHiRg @BIVHRAGE3EmBRISKSER) (R aﬂ% ES and
Differentiated Car i'g?rei/.og?/t es az) C(_)%JI ture END- 2 ce??@, [BIL%U%:SZ@ égand
hES cel? s @k @0 gigasurestinissent ot beating pardidcomssgle githoughrvascylasneilorks985,
1991; vand L . i 991; Slager et al. 1993; Reubi nof et
al . 2000).%%%%%%%& '3 ?%ﬂeé)fa(r?%%%lggln%( Reubi nof et al. 2000) was used in
all experinments. To initiate co-cultures, mtogenically inactive END- 2
cell cultures, treated for 1 h with mtomycin C (10 g m-1), as described
in Exanplg 1.  rep]acad.nmouse .enbr¥nic fibrobl asts ) _as feeders for
e eHIdantation of./HInag emil C L el Haehdfldent ,
were inityadadareddetdliaided, as described previously (Mumery et al.
1991). Culturés were then grown for 2-3 weeks and scored for the presence

of areas of beating nuscle fromb5 .dar%% onwards. 30 (b) Isolation of
pri marky huitmagdtiem eelisdhkS) @sl ysedHnianpleilaveraplased amnectodefint ahdigiropsi es

served as 0 of, i bod | Qi o) si ol and
characteri é;% I otrrlho{;ellrsc')r? %E%@% %0%036%813@%8 W%@Mﬁ%ﬁb@%@%ﬁ%%@m 27
Car di ac tissabovesVadmudamentiothelial oells tnhefwaks patompbaiatndiFeastitngos as di ac

surgery. Atrial appendages routinely renoved during surgery were
im»rgdi the| hef'somatc cell fypes. y g gery

15 Example 4: Co-Culture of Visceral Endoderm Cells and hES and

Differentiated Cardiomyocytes

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). The hES2 cell line from ESI (Reubinof et al. 2000)
was used in all experiments. To initiate co-cultures, mitogenically inactive END-
2 cell cultures, treated for 1 h with mitomycin C (10 pg ml™), as described in
Example 1, replaced mouse embryonic fibroblasts (MEFs) as feeders for hEC,
25 mES and hES. Co-cultures with P19EC, which are feeder independent, were
initiated and maintained as described previously (Mummery et al. 1991).
Cultures were then grown for 2—-3 weeks and scored for the presence of areas

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.



transferred to ice cold Krebs-Ringer (KR) saline solution. Tissues were
trimred of excess connective and adi pose tissue and washed twice with
steril e KROI3®OI303i on. Myocardi al tissue was mnced w th PCErAUR/0BOBSSOrS,
then dissociated to release individudl cells by a three-step enzymatic

i sol ation ced re u5| Ub|ISh net hod Peet. . Am J.
Physi ol . fg@ a]%gbf) mec‘-mg cngelgtt 38‘71 ﬁ?ﬁ?ﬁtgd&t‘d%%{gi%?@%%at I on
with 4.0 Wyrery Wtﬁél@?p?fénﬁé@és ¥Hlit¥hely Feaoved Surihg vuggerlWerdSmediatsly C.

Ti ssues were then transferred to a 10 solutjon consisting of colla enase

1.0 ng ni transferietjeiaer ekl Kaeks-RiBgag () Sﬂ'@lels&ﬂﬂﬂ)nbiﬂqsﬂﬁeéé"’@rrﬁrtf‘
| ncubat i ong a%@t‘éegﬁe&%'k’i&mgsﬁ"d’( dﬁ)c{%e CaLfel)anHO adled MvibLRfR Slorif }@

Ti ssue ext?d I ne cium concentration restored to
1.79 ngol dolution. Gaiydcardial tigées wasrmiriced vatrestedld taissors, sthae diagaciated fedi um

MLO99 enriched with 10% FBS enlc II|n 100 U nL. 15 tre n (100 g
nL-1), 2.delpase ind IVI@U%Ja?@H’StB |efﬂzym%tfce§ﬂ'% ‘“gd?ﬁﬁ% ugng

taurine a@bﬁ%ﬁ@@‘i’g@@nb&%ﬁé{e@& éPalg (RSS5)CRNETS: PhiyBiB), 8L B 767t I G4 g ML-

poly L-lysine an ultured overnig (¢) I'mmunocytochem stry 20 Attached
primary caFte Girstebsp érwplweﬂsa(léﬂmmalndumt)cahwﬂhlé@ prily egroteaseliyney &Y es

fixed h 3,0% h h 30
M at T odSiaBRp Stk o, Veher S eabi - zedstgem 6Ta e fMansitEd g8 o pes
for 44gn. dlweﬁb{é Hféél eﬁ@§enemhs§ﬁfﬂ;¢1%da¢y%m6hma§@tdﬁgdﬁg s ng

nDnocIonaI odi e recte agai nst sarconeric proteins including a 25

actinin and fohtmmnlrjocysthree(@r@m)ncuﬁﬂtlm@dﬁ/lﬁscglb@@nﬁs@ (fl & mas@or 020 nyosi n

l'i ght ch I\/L /
ventri cur 4R GEAGTE Sy Kt Baen el P el et B e
wer e from gk 30\’1 TERBRELEE AN mkdRAr &t OCkhRFom{bEyEs Gfkrearaidirred to

fi brobl asts served as a negative control for sarconeric proteins and cells
were Vi suetissnedcu]turagnmllzm b 99cemiahedewith 195MFES:, fRanieibiocdRBel kr o cope

br ocedSi nUaOTRPEN VBTG Oo3b2 BETATD! Fraraiieas S 1 Kefths e
used to stg Pr}nﬁ{cﬂ I8! ERIAEURICSIERY Qirdltly®H 1o §Rks kedyr-Eidditdeed wttobdar y

anti body Dilution
ng mL™ poly L-lysine and cultured overnight.

(c) Immunocytochemistry

20 Attached primary cardiomyocytes, mES (E14 and R1)and hES-derived
cardiomyocytes were fixed with 3.0%paraformaldehyde in PBS with Ca®* and
Mg?* for 30 min at room temperature, then permeabilized with 0.1% triton X 100
in PBS for 4 min. Immunocytochemistry was performed by standard methods
using monoclonal antibodies directed against sarcomeric proteins including o-

25 actinin and tropomyosin (Sigma). Antibodies specific for isoforms of myosin
light chain (MLC2a/2v) were used to distinguish between atrial and ventricular
cells (gift of Dr Ken Chien) (Table 1). Secondary antibodies were from Jackson
Immunoresearch Laboratories. Cuitured cardiac fibroblasts served as a
negative control for sarcomeric proteins and cells were visualized using a Zeiss

30 Axiovert 135M epifluorescence microscope (Carl Zeiss, Jena GmbH, Germany).

Images were pseudocoloured using image processing software.



Mouse anti-a-actinin IgG 1 : 800 Goat anti-nmouse 1gGcy3/FITC conjugated 1
. 250 Mbouse anti-troponyosin IgG 1: 50 Goat anti-nouse | gG cy3 conjugated 1
: 250 10wBaByoizenal rabbit anti-nouse mc-2a (atrial) 1 PCIOGoeHTs
anti-rabbit 1gGcy3 conjugated 1 : 25B8 Hoechst (nucleic acid) 1 :500 15
(d) Sem -quantitative RT-PCR for ion channel expression P19EC cells were
differentiated | . ) atlon protocol in the
presence o abled: ANURC 90N, ¢ —wEBHrney, 1987). Afterl6
days in these culture condl t| ons beati ng areas were excised and RNA 20 was
i solated using Trizol (G bco) andr eversed transcribed using M MV-RT
(G bco)s REiliEh®.d or cardiac actin filkanson ekcodhbry anfpdh92) C rcmltat i on 85,
1835- 1841), M.C2v (Meyer et al. (2000) FEBS Lett, 478, 151-158), ERG
(Lees-MIler et al. (1997), GCrc. Res. 81, 719-726) and Kir2.1 (Vandor pe
et al. (1988ppantidactBilgd. Chem 273,1:2005420RpFEBYseger@FiiGetisded testri bed
previ ousl yMouQém.mb@osfncngG 25 nmouse L-t:ype c@da@ntumwaghawﬁellmugstepbunlt 29c (sense 5
CCACAIT GA¢ OBIAA, ant i sense 5' GCGGCGT CCATCTC; GenBank
accessi on 'Pibza(aﬂ'd)l776 product size ‘?035 b%‘)ata"tgibﬁ' LYCRWEE 1:290
5' - CTTGCCGAAGARCRALCIGTGCTCT; anti sensens' - CGGACAGGGCCAAATACTCAATG
AJ271477; 770 bp) and R-tubulin (sense 30 5- TCACTGTGCCTGAACTTACC, anti sense
5" - GAAGATAGCCGTAAACTGC;,  X04663; 319 bp) were designed using Vector NTI
software (InforMax, North Bethesda, MD, USA). (e) Patchclanp
el ect r ophyg)ol oggmmtam&atlerEPﬁBﬁ)rpenf@am &XpBessiofisi ng t he whol e
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current clgmmdmsiasedde é#aﬂ%dlm%tlgll rafenside f (Rudrielil & MrBupos, aneem)sl y
beati ng areas using an Axopatch 00B amplifjier (Axon |nstrunment
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(Gibco). Primers for cardiac actin (Lanson et al. (1992) Circulation 85, 1835-
1841), MLC2v (Meyer et al. (2000) FEBS Lett, 478, 151-158), 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-type calcium channel subunit alc (sense 5 -
CCAGATGAGACCCGCAGCGTAA, antisense 5-
GTCTGCGGCGTTCTCCATCTC; GenBank accession no. LO1776; product size
745 bp), Scnb5a (sense 5-CTTGGCCAAGATCAACCTGCTCT,; antisense 5'-
CGGACAGGGCCAAATACTCAATG; AJ271477; 770 bp) and B-tubulin (sense

30 5-TCACTGTGCCTGAACTTACC; antisense 5 -GAACATAGCCGTAAACTGC;
X04663; 319 bp) were designed using Vector NTI software (InforMax, North
Bethesda, MD, USA).

(e) Patchclamp electrophysiology
35 Experiments 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
200B amplifier (Axon Instruments Inc., Foster City, CA, USA). Output signals
40 were digitized at 2 kHz using a Pentium 1l equipped with an AD/DAC LAB PC+



acqui sition board (National Instrunents, Austin, TX, USA). Patch pipettes
wth a resistance between 2 and 4 M S2 were used. Conposition of the

bat hi ng wedsen3ekas 140 MM NaCl, 5 nM KCl, 2 nmM CaCl 2, 10 peiviAHERE®,78
adjusted to pH 7. 45 vvith NaOH. Pi peta® conposition: 145 nM KCl, 5nmM Nad ,

2n1\/ISCaCI2,10 Cl 2 P 7. 30
with KoHacgpisitigaknard Uﬁf'%ﬁ'%ﬂﬁf eht: %’("'??Mrr@g E%@Qé@ g‘?ﬁ“ﬁ\g’é 40 Two
days aft eredigfthi-at haheth Qoaﬁéﬂ'ﬂme?z \Wer (Rde ZCéﬁido%ItloﬂlngEeClﬁéthmg

aggr egat ed spontaneously and 7-10 days |ater many of regat es
cont ai ned na¢diam whs Udﬂtmh@NlaﬂBcﬁ enMFK@l 23aM Caéllzjewzlml\bérbE %vaéjuﬂ%d
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these 5 g—ﬁh S 10FhM @TAT @hﬂ\/IQIWIgC-EabenK’/I Relrats vadjlsteal ® ol 720 diithe

mar ker an channe mRNA expression as 20 det erm ned by

sem quant iK@Hi ve RT-PCR. ldentical anobunts of cDNA of undifferentiated P19
(EC), differentiated P19 cardi onyocytes (CMC) and adult nouse heart
(Heart) were PCR anplified for the indicated gene products. Relative

| evel s foréaeacmégmggjgfcateuitndhgat ed. 25 EC CMC Heart |lon channel and
current rdiac_actin + ++ +++++ 30 ML.C2v+ +++ +++++ alc + +++ ++++ L-type

cal ci um cKAnnelMECcAENE-AsR-QUIMIes 44+ Heart speci fic sodi um channel, 'Na
G 0 TS o5 0, AR B PaRgebTuREN o KololP R e ot
PCT/ AU02/ Q@Qﬁégataﬂ spontansdsly BND- 2-t0-days: lates many of the aggregates
contained areas of beating muscle (Fig. 3a), as described previously (Mummery
et al. 1991). Electrophysiology and RT-PCR showed that functional ion
channels characteristic of embryonic cardiomyocytes were expressed in these

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 lon channel and current
Cardiac actin * ++ bt
30 MLC2v + FI NI
atc + ot it L-type calcium channel, lca
Scnba + + b+ Heart specific sodium channel, Ina
ERG ++ ++ et Delayed rectifier potassium channel,lx-
Kir2.1 - + 4+t Voltage-gated potassium channel, I

35  Tubulin+++ A +t




Two i ndependent nouse ES cell lines (E14 and RI) were tested for their
response to co-culture conditions. Although the cultures were not initiated
as 5 si mybe3oel3hs suspensions, within 3 days | arger aggre@aragoriens
initially seeded were evident for botBOcell lines (Fig. 3b,c). Al nost

si mul t aneousl y, extensive areas of spontaneously beating cardi omyocytes
were evident in the RL ES cell cultures, although, only 7 days |later,

(smal | er) @) easm@sS beNibDgcoysielreswere  found in the E14 ES cells. Cells in
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beat a0 evsslaymdriatigandifgipettem o2 nayodyRk wWays stainee with otdumin esd Fig
pat ches appear (e.g. Fig. 3e). Overall, 15-20% of the wells contains one

or nore ar of beating nuscle. Beating rate is approximtely 60 mn-'
and is highly tenperature sensitive, conpared with nouse ES-derived

cardi onyocytes. These cells stain positively with a-actinin, confirmng
their 30 ngigcl enpBenahy END2i @-c@iejresI n contrast to nES and P19EC derived

cardi onyocytes, however, the_sarconeric handin atterns we oor .
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cul ture WOID310-23300 B&tubewin IM8D-Btells, formation of large aggregates was
observed (Fig. 3d). However even after 3 weeks, there was no evidence of

beating muscle.

20 (iv) 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 epithelial-like cells. By the second week, these swelled to
fluid-filled cysts (not shown). Between these, distinct patches of cells become

25 evident which begin to beat a few days later. Between 12 and 21 days, more of
these beating patches appear (e.g. Fig. 3e). Overall, 15-20% of the wells
contains one or more areas of beating muscle. Beating rate is approximately 60
min~" and is highly temperature sensitive, compared with mouse ES-derived
cardiomyocytes. These cells stain positively with o-actinin, confirming their

30 muscle phenotype (Fig. 6e). In contrast to mES and P19EC-derived
cardiomyocytes, however, the sarcomeric banding patterns were poorly defined
but entirely comparable with primary human cardiomycytes grown for only 2
days in culture (Figs 5 and 6a—c). It is clear that while primary human

cardiomycytes initially retain the sarcomeric structure, standard culture



conditions result inits rapid deterioration (Fig. 5). It may be assuned
that hES culture conditions are not optinmal for cardi omyocytes so that the
hES- der i W0 03081303 omyocytes simlarly exhibit deteriorati ®eTiAURAEI7S
characteristic phenotype. It will be3éssential to optinze these
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to allow sifghs Ghddks dHEr RO IRMntiald Wikle GétdiamId OBy Chardla! crirpessi on
during stemcell differentiation The order in which ion currents,
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enbr yogenesi s, ereas inward Na2+ currents increa?e only just before
birth (Davaeainaylated effects @i gmopps ©f eslianfihey gretherefors @ﬁéﬁitég? igfexpred,
timng in j . 4 ' it . De.
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t he nol ecuinarprbgresls dar idigso2iateli Bhdr esplate | aggrefatet9 tBCatlewl single peflf or med
RT-PCR on RNA isolated from undifferentiated and 16-day-old beating
clusters ofeteiOIN@PNSed cardi onmyocytes and relatively positive resting
menbraqe potential between - 40 and - 60 nvV (little to no IKl). These

results indicate that day 16 P19 cardionyocytes resenble fetal
car di onyocf) es Gardiac imsperanned ekpigssivarhisingesipmees)i dfferepdiatio’r 30 been

oot "0 PoE S ehh WA SRS SpobRRERRS T ,
show t hat Mult Adforcpbtentinndppeapdwing keart development has been established in
electrophysiological studies (Davies et al. (1996), Circ. Res. 78, 15-25). Inward
20 L-type Ca®* currents play a dominant role during early cardiac embryogenesis,
whereas inward Na?* currents increase only just before birth (Davies et al.
1996). Mouse ES and P19 EC cells display similar timing in ion current
expression (Wobus et al. (1994), In Vitro Cell. De. Biol. 30A, 425-434). To
unravel the sequence of ion-channel expression at the molecular level during
25 differentiation of P19 EC cells, we performed RT-PCR on RNA isolated from
undifferentiated and 16-day-old beating clusters of P19-derived cardiomyocytes
and relatively positive resting membrane potential between — 40 and — 60 mV
(litttke to no IK1). These results indicate that day 16 P19 cardiomyocytes
resemble fetal cardiomyocytes with respect to ion channel expression, as has
30 been described previously for mES-derived cardiomyocytes (Doevendans et al.
(1998), cardiovasc. Res. 39, 34-39).

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

differentiation of pluripotent cells to cardiomyocytes. These cells include



differentiation of pluripotent cells to cardi onyocytes. These cells include
WO 03/010303 PCT/ AU02/ 00978 32 pluripotent nouse EC cells, nouse ES as
wel | as hwowa/oHSBoxel | s, which are denonstrated for the fiPCItAURN®T80
respond to inductive cues derived froBRcells simlar to those normally
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enbryoli c fibroblasts (MEFs) as feeders for hES cells. Co-cultures were
then grown for up to 6 weeks and 15 scored for the presence of areas of
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gel atine-coa cover
HepG2 cells, a carcinoma cell 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-cultures were initiated as for END-2 cells although

HepG2 do not grow as a confluent monolayer; hES cells attached preferentially
20 to groups of HepG2. 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
Northern 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 lipophilic substances possibly with retinoid-like activity
in FCS. P19 clone 6 were cultured in aMEM and treated aMEM conditioned by
END-2 cells. For electrophysiology, beating aggregates were dissociated using
collagenase and replated on gelatine-coated coverslips.
30
ii) Immunohistochemistry
Attached primary cardiomyocytes hES-derived cardiomyocytes were fixed with
3.0% paraformaldehyde in PBS with Ca®" and Mg2+ for 30 minutes at room
temperature, then permeablized with 0.1% triton X 100 in PBS for four minutes.



30 ii) I mmunohi stochem stry Attached primary cardi omyocytes hES-derived
cardi onyocytes were fixed with 3.0% parafornal dehyde in PBS with Ca2+ and
My2+ for 8O ogionsbes at room tenperature, then perneabli zedTwtoko®78 %
triton X 100 in PBS for four mnutes.38%0 03/010303 PCT/ AU02/ 00978 33
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patients fo} | REWNCHé@NdOEH4 i BH@T el Anibdeids wdlepfroaedigen. aBecangargval  of
the ethics commttee of the University Medical Centre, Urecht. Adult

car di onycyantbogieswese fratedad@an dumunosaseishda@beri bed previ ously (Mimmery
et al, (2002) J. Anat 200:233-242). Fetal cardionycytes were isolated from
fetal hearts perfused by Langendorff and cultured in a simlar way with

t het excegti'{i)ﬁn td)_altﬁlﬁep@ﬁm]fthaqytagmrmidﬂfdeltaj aafrtliemymicygscent ri f ugati on 15

cont ai ne 1e mpjority of viable cardionyocytes that attached
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Trizol (G bco) and reversed tra |\bed, usi . P i '
2 e A S BT A A Yol Py BT
ANF ( Kehatygte Bblaté®fbm fetalRddits Sﬁélﬁ%%bl byl Dfngettibre b cfturedin a diesitari bed.
Primers for human KvLQll (sense 5 25 TTCTTGGECTCGGGGITTGCC, antj sense

5' - TGTTGCT@arCetaATheT eseptionn Binis Upestaiant iemaining-goies 7ild peesiligatirie 723
bp) ang R Lyhulidy t%%erﬂaj%ritf’of i T Ao EAS e ¥ att 8 d o 5 BfniRin-coated
coverslips. For electrophysiology, cells were collected in Tyrode’s buffer with

low calcium (Sipido et al, 1998. Cardiovasc.Res.37:478-88) and replated

directly in glass wells for patch-clamp.

20 iv) (Semi-quantitative) RT-PCR
RNA was isolated using Trizol (Gibco) and reversed transcribed using M-MLV-
RT (Gibco). Primers for a1c (Van Gelder et al.,1999), Kv4.3 (Calmels et al.,
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'-
CGGCGGAACATGGCAGTGAA;AF141349; 369 bp) were designed using
VectorNTI software (InforMax, North Bethesda, USA). Annealing temperatures

30 and number of amplification cycles were as follows: ANF, 58°C., 35 cycles; a/1c,
56°C, 38 cycles; Kv4.3 55°C., 35 cycles; KvLQT1, 58°C, 32 cycles; p-tubulin,
61°C., 30 cycles. Products were analyzed on an ethidium bromide stained 1.5%

agarose gel.



CGGCGGAACATGGCAGTGAA; AF141349; 369 bp) were designed using Vector NTI
software (I nforMax, North Bethesda, USA). Annealing tenperatures 30 and
nunber ofwarsplidbdzati on cycles were as follows: ANF, 58C pCIAWw009ws; al c,
56C, 38 cycles; Kv4.3 55C., 35 cycles34KvLQTl, 58C, 32 cycles; 1i-tubulin,
61C., 30 cycle Produycts. were anal yzed on an et hi di um brom de stai ned 1. 5%
agarose ¢ V\B%‘?%@&iﬁémﬁﬂl AU02/ 00978 34 v) Northern blotting. RNA was
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CaCL,, 10 mM EGTA, 2 mM MgCL,, 10 mM HEPES, adjusted to pH 7.30 with
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 maintained in an undifferentiated
state by co-culture with mitomycin C-treated MEF “feeder cells” in serum-
containing medium, as described (Mummery et al, 2002); under these
conditions, all cells in the bulk of the culture showed nuclear staining for oct-4,

25 although any flattened cells at the edge of the culture were negative. Oct-4
expression thus correlated with phenotypic characteristics of undifferentiated
cells. hES cells were subcultured by transferring small clumps of
undifferentiated cells either to new, mit.C-treated MEFs or confluent cultures of
mit.C-treated END-2 cells. After approximately 5d under these conditions,

30 epithelial cells became evident which over the next few days become fluid-filled
cysts (fig.1A). These stain for alphafetoprotein, suggesting that they represent
extraembryonic visceral endoderm. In addition, by 10 d areas of rhythmically
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



cells. hES cells were subcultured by transferring small clunps of

undi fferentiated cells either to new, mt.Ctreated MEFs or confl uent

cul tures who3ti@30C-treated END-2 cells. After approxi nat elPgThdoaness t hese
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highly organized, parallel bundles observed in ventricular cells from biopsies of
adult human heart.
20
(c) Expression of cardiac ion channels and stem cell/sarcomere
markers in hES/END-2 co-cultures.
Expression of cardiac specific ion channels was determined in undifferentiated
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., 2001),
areas of beating hES-derived cardiomyocytes express ANF. Expression of the
a-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.
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Calcium transients in groups of beating hES cardiomyocytes were also
determined in real time using Fura-2, for which the fluorescence emission
20 spectrum depends on the intracellular calcium concentration. Figure 9B shows
that repetitive Ca?* transients are generated in hES cardiomyocytes, reflecting

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

(e) Effects of END-2 conditioned medium on aggregates of P19EC
25 cells.
We have shown previously (Mummery et al, 1991) that medium conditioned for
24 h by END-2 cells can induce their differentiation so that within 10 days nearly
all aggregates replated after 3d growth as hanging drops, contain beating
muscle. In the presence of regular FCS, differentiation is significantly enhanced
30 above background levels. Background differentiation levels are reduced virtually
to zero if the FCS is passed over an activated charcoal column (DCC-FCS) to
remove residual retinoids; in addition, differentiation is blocked by activin (van
den Eijnden-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
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enbry are to reac potential in the treatnent
of di sease by cell transpl antation therapy 20 I T is therefore shown that
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pathways are essential if human embryonic stem (hES) cells are to reach their
potential in the treatment of disease by cell transplantation therapy.

20
IT is therefore shown that co-culture of hES cells with visceral endoderm-like
cells from the mouse initiates a differentiation programme that leads to the
formation of beating muscle cells. Expression of sarcomeric marker proteins
and ion channels demonstrates these cells are cardiomyocytes, while patch-

25 clamp electrophysiology on single cells demonstrates that the majority is
ventricular in phenotype. This system provides a model for the study of human
cardiomyocytes in culture, generally difficult to achieve, and perspectives for
cardiomyocytes transplantation therapies where it is envisaged that
replacement of ventricular cells lost in ischemic heart disease will help restore

30 cardiac function. This is the first demonstration of the induction of
cardiomyocyte differentiation in a hES cell line that does not undergo

spontaneous differentiation to somatic lineages.
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conductance measurements were recorded using Sigma SA electronic

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-loops many haemodynamic parameters can
be deduced including the end-systolic 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 specifically described and it is
understood 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.



be deduced including the end-systolic PV relationship (ESPVR) and prel oad
recrui table stroke work (PRSW). 25 Finally, the invention as herei nbefore
descri bedwpDa3susexpti ble to variations, nodifications an@gCerAtaddias ons

ot her than those specifically descrit®d and it is understood that the

i nvention c’[ﬂgﬁhﬁgs all such variations, nodifications and/or additions
whi ch may it is to be understood that various other nodifications
and/ or additions which fall within the scope of the description as 30
herei nbefore descri bed. WO 03/010303 PCT/ AU02/ 00978 39 %I,Mﬁ: 1. A

met hod of 1i.nduds methied pEingiicing: diierestiatiors peastamn cell; the metheddFIHE NG ng:
culturing a stem.c LN ni ind
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di f f er gnt ic3traesllWhr trediinenot el .enfbrydnicetaihd uadeor conditions dhali rimducéher ei n
the stemcell is selected fromthe group including enbryonic stemcells,

pl uri pot erstifferestiatien pEthersiems@lboi etic 10 stemcells, totipotent stem
cells, mesenchymal stemcells, neural stemcells, or adult stemcells. 3.
A nethod according to claim1l or 2 wherein the stemcell is human. 15 4. A
net hod ac@r di gmathedpcooring tatlainmg whereirsthgraies eelt iscssalegied ot theel | i s

derived from enbryqgni c, extraenmhryoni.c, o) e d i i~ 5. A
ot hod. accEBPHP TECUAMg MR SRcr e oy e PRGN st R, Rl e,
viscerpl SRR tdibbint AemiSRCrRcRaar sToi bels, instal std dllsfonet hod
according to claim5 wherein the visceral endoderm or visceral
endoder m ladudt stemseallsi s derived froman early postgastrul ati on enbryo. 7. A
met hod according to claim5 or 6 wherein the visceral endodermlike 25
tissue is an enbryonic cell line. 8 A nmethod according to claim?7 wherein

the embryai ¢ geldethbiectsrdiy tdiBin? 1a212 whéeredn ttROstem elfrist todamccor di ng to
any one of clains 1 to 8 wherein the enbryonic

15 4. A method according to any one of claims 1 to 3 wherein the embryonic

cell is derived from embryonic, extraembryonic, endoderm or ectoderm tissue.

5. A method according to claim 4 wherein the embryonic cell is derived from
visceral endoderm tissue, or visceral endoderm-like tissue.

20
6. A method according to claim 5 wherein the visceral endoderm or visceral

endoderm-like tissue is derived from an early postgastrulation embryo.

7. A method according to claim 5 or 6 wherein the visceral endoderm-like

25 tissue is an embryonic cell line.

8. A method according to ¢laim 7 wherein the embryonic cell line is an
END-2 cell line.
30 9. A method according to any one of claims 1 to 8 wherein the embryonic

cell is derived from mouse embryo E7.5.

10. A method according to any one of claims 1 to 9 comprising:



cell is derived fromnouse enbryo E7.5. 10. A nethod according to any one
of clains 1 to 9 conprising: WO 03/010303 PCT/ AU02/ 00978 40 precul turing

t he enbr ywoios/ooshd to a substantially confluent nonol ayer PCTaxu®2/00978
co-culturing the stemcell in the pre4@nce of the enbryonic cell nonol ayer
and/ or extracel| uI of ,the enbryonic t hod
according to cI%[PFr'r'ELU ﬁ]’eeieﬁ‘b[r}ﬁ%mgt eF‘F@ﬁ&#'&@? éoﬁfﬂ? E?’P&&o'a\ﬁéﬁyer
are separajgfl by a filter or a cellular matrix. 12. A nmet hod according to
any one of clains 1 to 11 wherein the stemcell is 10 induced to
differentiate ignoulturingl Ithe estesn egeli riomtheenrgpenee i dicithai svRRifecelel | s,
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differgntiate to a nuscle cell or a vascul ar endot helial cell. 15 14. A
net hod accordi 2& to claim 13 wherejn the nusc

di t
a skel et al Thusch eetbed aceerding ta-¢laka 19048 et e@lcﬁ"rﬁ%emﬁbf@ﬁﬁr’%g g gtce)in
cell is i WﬂBﬁS@éPar ﬁ %tfe%lr 'ﬂ%feoFﬁcélllﬂéF RHz@iyocyte sai d net hod

conpri sing uring I'n the presence of an embryonic visceral
endoderm ceI I and/ or extracel I ul ar medi um of an enbryoni c vi sceral

dod d d t t hat diff 3419
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met hod conprisin culturing a stemcell in the presence of an enbryonic
ect oderm csdlis| en @Hal@eﬂlﬁ,a@mth%ﬁh@elﬁeBﬁ@Wﬁ&POﬁf'%%m%réﬁﬁﬁer m cel |,
under conditions that induce differentiation of the stemcell into a

skel etal nuscle cell. 30 17. A nethod according to claim 13 wherein the

stem cel | {3 i ndueethodoacebriingr entdlaitre 12owhenedrs thé sstendel Hielinducakltd, sai d
nmet hod conpri si ng:
differentiate to a muscle cell or a vascular endothelial cell.
15
14. A method according to claim 13 wherein the muscle cell is a

cardiomyocyte or a skeletal muscle cell.

15. A method according to claim 14 wherein the stem cell is induced to

20 differentiate to a cardiomyocyte said method comprising:
culturing a stem cell in the presence of an embryonic visceral endoderm
cell and/or extracellular medium of an embryonic visceral endoderm cell under

conditions that induce differentiation of the stem cell into a cardiomyocyte.

25 16. A method according to claim 14 wherein the stem cell is induced to
differentiate to skeletal muscle cell said method comprising:
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 cell.
30
17. A method according to claim 13 wherein the stem cell is induced to
differentiate to a vascular endothelial cell, said method comprising:
culturing a stem cell in the presence of an embryonic ectoderm and/or

endoderm cell, and/or extracellular medium of an embryonic, ectoderm and/or



culturing a stemcell in the presence of an enbryonic ectoderm and/ or

endoderm cel |, and/or extracellular nmedium of an enbryonic, ectoderm and/or
WO 03/ 0103033@@BHAU02/ 00978 41 endoderm cell under condi tPcamdioRhen7si nduce
differentiation of the stemcell intodd vascular endothelial cell. 18. A

met hod accor di to . claim117 wherein .the ect r,m.and f 5_tissue
i s ext raerﬁﬂ"ﬁ’é%g@. ce_ﬂgt_m fﬁé’@ﬂ%‘&”aih%tr'HQH‘@ePg%ggﬁﬁ'%Ofe‘éfﬁh?ﬁﬁ%ﬁdC%Hc s ng

cul turing JaeuflreMdetielml céln the presence of VEG-. 10 20. A nethod
according to any one of clainms 1 to 19 wherein the stemcell is

genetically nodified. 21. A differentiated cell prepared by a nmethod
accordi ng an f {: : : o) red by
The et hod Scods dnpg R EPRITT o Bishf wnbspin dng oo g} bRagnph
prepar 6d hkjssubds extraethbagsrie.ding to claim 16 or 20. 20 24. A vascul ar
endot helial cell prepared by the nethod according to any one of clains 17
to 20. 25. An isolated factor that induces differentiation of a stemcell
said fact 25 ! VAN l; i I Aedigm of a
ol tur ed el y o B g B e B The
enbr yoni ¢ inghé presereecaft\ddGFf r om t he group i ncl udi ng enbryonic,
extraenbryoni c, endodermor ectoderm 30 tissue. 27. A factor according to
clainms 25 or 26 wherein the enbryonic cell is derived fromvisceral
endodqpm t3Suea REtheHebRling islae oiel dfkaikisst te 19 WBeOShGhE 3% cell is

PCT/ AU02/ 00978 42 28. A factor according to claim27 wherein the visceral
endoder m ogensticedy anodified.

21. A differentiated cell prepared by a method according to any one of claims

1 to 20.

15
22. A cardiomyocyte prepared by the method according to claim 15 or 20.
23. A skeletal muscle cell prepared by the method according to claim 16 or
20.

20

24. A vascular endothelial cell prepared by the method according to any one

of claims 17 to 20.

25.  An isolated factor that induces differentiation of a stem cell said factor
25  derived from an embryonic cell or extracellular medium of a cultured embryonic

cell.

26. A factor according to claim 25 wherein the embryonic cell is selected
from the group including embryonic, extraembryonic, endoderm or ectoderm

30 tissue.

27. A factor according to claims 25 or 26 wherein the embryonic cell is

derived from visceral endoderm tissue, or visceral endoderm-like tissue.



endodermlike tissue is derived froman early postgastrul ati on enbryo. 29.
A factor according to clains 27 or 28 wherein the visceral endodermlike 5
ti ssue i sweansenisnyonic cell line. 30. A nmethod of induci ngCaiAtfoenexsi ati on
of a stemcell, said nethod including42culturing the stemcell in the
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patient, said nethod conprising: 15 introducing to the patient a
cardi onyocyte according to claim22 and/or a cardionyocyte progenitor that

has been %CU'AU@&Srb@aeﬁa‘?n%wag@?@z?for RRERI e VREsrAlenaademkaaCel | S

and/ or extTdacell ryonic visceral der m ce 20 33. A
met hod 5ac cligstierig ancerobpjiomiceelilirer.ei n t he cardi ac di sease or condition is
selected fromthe group including nyocardial infarction, or cardiac
hypertrophy. 34. A method of repairing damaged cardiac tissue, said method

conpri si nggg. 25A'rﬁéﬂweeltﬁ'muéuﬁg bR réRERAbLIERERIN eell | Stid tretRod MclidiAyoCyt €
according to claim 22 and/or cardi onyocyte progenltor t hat has been :

co-cul tur etwliunlngh’éle pmmﬂendhea@fbsgmﬁ of e daeter asaatstieg ie Gy enerof
extracel | ulla.r rrzg enbryoni c visceral endodermcells. 30 35. A nethod
accordi ng ¢3MS vvherel n the damaged cardiac tissue results from
cardi agp i schaem a. 36. A nethod of treating or preventing nuscle disease in
a patient, said nethod conprising: W 03/010303 PCT/ AU02/ 00978 43

i nt roduci ndl-t o Atﬁbﬁefﬁﬁﬂﬁ’@dcﬁe”tﬂﬂ\’épﬁ@ﬁl tahihe ethes ageardirgde ci®ell. accor di ng
to claim 23 and/or a skeletal nuscle cell progenitor that has been
co-cultured in the presence of enbryonic ectodermcells and/or

extracel | bar nRdnethoef of éehtizgnir precérdier m cetlias. disease or condition in a

patient, said method comprising:

15 introducing to the patient a cardiomyocyte according to claim 22 and/or a
cardiomyocyte progenitor that has been co-cultured in the presence of
embryonic visceral endoderm cells and/or extracellular medium of embryonic

visceral endoderm cells.

20 33. A method according to claim 32 wherein the cardiac disease or condition
is selected from the group including myocardial infarction, or cardiac

hypertrophy.

34. A method of repairing damaged cardiac tissue, said method comprising:
25 introducing to the damaged cardiac tissue, a cardiomyocyte according to

claim 22 and/or a cardiomyocyte progenitor that has been co-cultured in the

presence of embryonic visceral endoderm cells or extracellular medium of

embryonic visceral endoderm cells.

30 35. A method according to claim 33 wherein the damaged cardiac tissue

results from cardiac ischaemia.

36. A method of treating or preventing muscle disease in a patient, said

method comprising:



5 37. A nethod according to claim35 wherein the nuscle disease is fromthe
group including nmuscul ar dystrophy. 38. A nethod of treating or preventing
a vascul awoddsess® i n vascul ar tissue, 10 said nethod comemiAiongoo7s
introducing to the vascular tissue, a¥ascul ar endothelial cell according
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and/or  exf rcgﬁﬁﬂ iybﬁa@eﬁ_ ; SER@I nARCRITGIMSIBGENnRS PAE hEs dedhwo-aideeeinn cel | .
I ng

15 39. A nethod accor to claim 38 wherein the vascul ar di sease is

sel ect ed therpresenge oufp ennfzryadicngcledewdi eellsy andiarr extiaeeliuian mrgiwdt 88 a,
vascul ar deterioration as result of diabetes or snoking. 20 40. A nodel
for testi @negwppﬁ’b?qtpg?/mape@s'cardi onyocyte cell for cardiac

transpkantation, said nodel conprising: an inmunodeficient animal having a
nmeasur abl e paraneter of cardiac function wherein said ani nal, isn%:%péabl e of

recei ving 3y a A methethaseprdingto claimdioWPEEsn dhe magssie dieasg is fro
transpl ant at i on. eterm ne cardiac function of the aninal
before and' \"‘?@Pl&@ﬁgﬁ% aLnné'agsl gtr??)g? t he cardionyocyte. 41. A nodel
according to claim40 wherein the i munodeficient aninmal is created as a
nodel of cardiac muscl e _degeneration follow ng,infarct, .30 4 : el
accor di ng ¥ cl%mﬁtsgdé’rf ?@%?Weqr é%rﬂv‘?m@gp%yﬁﬁ‘g‘”@? d@Paﬁ%tj'm’a%&"?'ﬁ#g&%On i's
contr gt 's%ici H{%{Itud')@'ﬁom sfig: 010303 PCT/ AUD2/ 00978 44 43. A nodel according
C

to any one o alms 40 to 42 wherein the cardionyocyte is a cell
accordi ng to clinfrod@dng Ad thewvassuiardissueya yaseulat eadothstialgall#cserdiog e r as

det er m nedclatll% 52 %n@grea!n vagcfﬁgF859&@@!iéloprgﬁ'gni?&ece?lfthﬁ{ RLEBeAR bufitired

in the presence of an embryonic ectoderm and/or endoderm cell and/or
extracellular medium of an embryonic ectoderm and/or endoderm cell.

15
39. A method according to claim 38 wherein the vascular disease is selected

for the group including hereditary hemorrhagic telangiectasia, vascular

deterioration as a result of diabetes or smoking.

20 40. A model for testing suitability of a cardiomyocyte cell for cardiac
transplantation, said model comprising:
an immunodeficient animal having a measurable parameter of cardiac
function wherein said animal is capable of receiving by a cardiomyocyte or
cardiomyocyte progenitor by transplantation; and
25 a means to determine cardiac function of the animal before and after

transplantation of the cardiomyocyte.

41. A model according to claim 40 wherein the immunodeficient animal is

created as a model of cardiac muscle degeneration following infarct.

30
42. A model according to claim 40 or 41 wherein the parameter of cardiac

function is contractile function.
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43. A model according to any one of claims 40 to 42 wherein the

cardiomyocyte is a cell according to claim 22.

44. A cardiomyocyte selected for cardiac repair as determined by the model

5 according to any one of claims 40 to 43.



