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to a process and conposition for controlling germ
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such as 5-aza-deoxycytidine have also been used to induce differentiation of

cardiomyocytes from other stem cell types (adult bone marrow or fat tissue
(5,6)). This indicates that different types of stem cells could potentially be
used as a source for the generation of cardiomyocytes for applications such
as cell therapy, tissue engineering, pharmacological and toxicological
screening, or etc, provided effective processes and methods for the derivation

of cardiomyocyte are available.

Current published methods for forming cardiomyocytes from hES cells rely on
spontaneous differentiation in media containing animal serum (e.g. fetal
bovine serum or calf serum), a media component that is largely undefined and
subject to batch-to-batch variations. An enhancement of cardiomyocyte

differentiation under these conditions can be achieved by treatment with 5-
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subj ect to batch-to-batch variations. An enhancenent
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aza-2' -deoxycytidine (7). The differences between
mouse and human ES cells is exenplified by the
observation that the additi®n of DVMSO or retinoic acid
has no detectable effect on cardi onyogenesis when hES
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defined and therefore more reproducible serum free medium (10).

Using feeder-free conditioned media (CM) allows for a more clean and
controlled differentiation of cardiomyocytes than co-culturing. However, the
CM from END2-cells (END2-CM) contains proteins and other molecules
released from the mouse END2 cells and as such hES-derived
cardiomyocytes cultured from END2-CM would be considered a
“xenoproduct” for clinical purposes. Therefore, identification of the “factor(s)"
produced by the END2 cell is of paramount importance to the development of

a hES-derived therapeutic product.

Identifying the END2 inducing factors and other factors involved in the

differentiation process has been challenging and elusive since the generation
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In a first aspect of the present invention there is provided a method of

inducing or enhancing the induction of differentiation of stem cells, in
particular hES cells, into embryonic germ layer derivatives such as ectoderm,
mesoderm or endoderm, more preferably cardiomyocytes or cardiac
mesoderm by culturing the ES cells in the presence of a defined medium that
is substantially free of xeno- and serum-components and thus comprises a
clinically compliant medium. The defined media comprises defined factors
that contribute to the promotion of differentiation to embryonic germ layer
derivatives such as ectoderm, mesoderm or endoderm, more preferably

cardiomyocytes or cardiac mesoderm.

A surprisingly efficient differentiation process is now provided in which END2-
CM can be replaced by a defined medium that shows equivalent
cardiomyocyte inducing properties as END2-CM. One example of such fully
defined medium formulation provided in this embodiment is termed defined
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an inducing factor aione or in combination with several growth factors which
may act as inducing or enhancing factors to direct the differentiation of human

stem cells into cardiac mesoderm and cardiomyocytes.

In a further preferred aspect the process of differentiating stem cells, in
particular hES cells, into cardiomyocytes comprises growing the hES cells in
the presence of a defined medium that is substantially free of xeno- and
serum-components and defined factors that contribute to the promotion of
differentiation to cardiomyocytes said medium further comprising at least one
additive selected from the group consisting of selenium, transferrin, retinoic
acid, ascorbic acid, acetic acid, hydrogen peroxide, bone morphogenetic

protein and fibroblast growth factors.
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Another aspect the invention includes a method of repairing cardiac tissue,

the method including transplanting a cardiomyocyte or cardiac progenitor cell
differentiated by the methods of the invention into damaged cardiac tissue of

a subject.

The methods of the invention can be combined to increase observed effects

in mesoderm formation and cardiac differentiation.

The invention further provides use of a cardiomyocyte of the invention in

testing a drug or treatment for a cardiac condition.



Anot her aspect the invention includes a nethod of
repairing cardiac tissue, the nethod including
transpl anti ng a cardi onyocyte or cardiac progenitor
cell differentiated by the nmethods of the invention

i nto damaged cardiac tissue of a subject. The nethods
of the invention can be conbined to increase observed
effects in nesoderm formatBon and cardiac
differentiation. The invention further provides use of

a_car di onyocy gy g pEBERIFNEIrMHE BaaWiRBENg a drug or

treatnent for cardiac condition
smerTlsw@Hmrwww@hm \gfaﬁn@Eﬁ @H%a@ Rty yitam

sh QW'O RretMRENDD ?é'éerEéll %@hilt%s%é?lsféﬁlzﬁtblérb% &fhaveti hcrdaee
different END2 feeder cell densities (cells/cnR) there

i s i tPEARTASEENCA OF RadiRg ateas RS adpEPY BT YW eheat i ng

areas after a period of co-culture. Figure 2 shows a

SoCE 55 S e il B R R St

seratnvd dierePMENkitids (QuBaed 8x)$heasmdred @MENY nat i on of

m ni mal exposure time to END2-CM sufficient to effect
cardi onyogenesis. EBs were cultured in CMfor either
3, Bgure93 chow® addgternyadtioneoft Mnima di>@AsWR Stinth &h G2t @M

SF IRl {ooéffeEh%rd’lcﬁﬁ%ag@ﬁeéiéq €Bs QJeﬁ’&f @Jlt%@d' iRCMVORr BiEHRE 856 -

Scorl n or me and EBs were

col 9@@? %aaﬁ@fweéx@qd%waéﬁhmem@ﬁ MRgtiager peest of the
Fi %ﬁﬁ@reﬂtla‘ﬁgr@%c@sg | @Uﬁh@rviasob@rfdrrﬁé@gat tdag 12 apd @BeSwere
utilized for ener at g% @{adl onyocytes in

sus%ﬁ@?%@rgUﬁq}F Ct'OEﬁ"i@Y’fﬁq PeREESEaged hES cells were
used to formEBs overnight in Sr. EBs were then grown
EnDpOtR BRSO S Sty B BBt P gle T gprsraton
scoofemrdionydsgas inrEyspans®s cumrgﬁ@yﬁatma%dﬂ"@§whgwef@f
thr Sgefdng‘?‘orﬁweﬂiés !)\59%%?#"95’” %@%Wé tﬁ%td?om%negmheﬁﬁﬁee

or ne medi um fol

daygnﬁemn@oamed@l\,{swﬁﬁmﬁm bSfanges Eé%f@?@ 83 f%ra%days
EBs gyg;e(:? §@grf&qgegm gdeating foci at day 12. Data are
| ne rom i ndi vi dual experinents.
Figure 5 shows a response of three hES cell lines to treatment with END2-
CM. EBs were formed over night in SF medium followed by 12 days in SF or
CM. Medium was changed every 3 days. EBs were scored for beating foci at

day 12. Data are combined from individual experiments.

Figure 6 shows an END2-CM response of hES cells cultured on fibronectin
without the use of feeders. EBs were formed overnight in SF medium
followed by 12 days in SF or CM. Medium was changed every 3 days. EBs
were scored for beating foci at day 12 (A). RNA was extracted followed by
gRT-PCR (B).

Figure 7 shows the effect of generating END2-CM on mitotically active or
inactive END2 cells. Percentage of beating EBs obtained after being cultured
in day 7 CM from END2 cells either treated with MitC or untreated before the



Fi gure 6 shows an END2- CM response of hES cells
cultured on fibronectin wthout the use of feeders.
EBs were formed overnight in SF nmedium followed by 12
days in SF or CM Medi um was changed every 3 days. EBs
were scored for beating foci at day 12 (A). RNA was
extracted followed by qRT-PCR (B). Figure 7 shows the
effect of generating END2-CKl on mtotically active or

i nactive END2 cells. Percentage of beating EBs

obt ai ned aft el bei n ukture

celﬁ%%?‘iyh%"f‘ HP%%Q 8%0\%1 l[iﬁrUWI (?e@ Un%o'q Ornégte ﬁa[JngRre th

7 r&@yte/ecdatyol.d‘dmhzbamng)EBngrem@Ber@m Ser um free
uncondi ti oned nedia served as a negative control. No
beati ng EBs are observed. Figure 8 shows the effect of
neoﬁwv@ shows Ube dfféasof edigi tdusrs Hepdofer EpItiong| InsENBRS

END uélrét?@”wér% _l%rér\zn ARy ('jeﬂsf’f@rsbmh’f-ﬁéeem%ﬂlo@ oM oM ExDM

CMwas either pre w%%l/cw
seragfs fThe EMESS pithgr ersPayed Wﬁ@éoch‘/C e Huzdh
|OI / ﬁ@ﬁnﬂé\‘?/eﬁ@ b aheraooymeer gale éaalghern@nMeeaSbeamﬁg aread?

ifferentiation. Figure 9 shows a histogram
sho%(]eﬁéz HeysdierEiat% when using a T500 or a T175
flask for condltlonlng, both deliver around the sane

ity of CM
okt lraghia Aol ARG U PRan R ReL gy
pl / T f(a46 ot cpeditioRinig5 poth @ue@»@r erou0d dteowesne muym@zd @

o1 epRRedol [P AES RARRFGRA ENDRrGEL i RBREaIIndro v

ctive at rnducin ting EBs (cardiomyocytes)
as eand Q@rul/cma@éa‘g@e@l\ll@}g )cells in our culture system
Note the absence of beating EBs in the SF negative
control. Figure 11 shows

ND2 |
ot Fiaveatthsararor EXPRAT bR BALdanan Trelar T e
at Eﬁjéa%)to bbb esamm atdn dlicinig deatf reyH B ( Cérdlomyd@}esﬂ geuearher
car aroaen a7 Selion 2’ P BB R Bk Sptee & Ao s

gr oinrth@BF hegeaine teeaer cells (HF) with or wt hout the

Figure 11 shows late passaged END2 cells do not attach as well after being
passaged (fewer cells at Day 3), but seem to divide faster from day four

onward.

Figure 12 shows a reproducible difference in cardiogenic response to END2-
CM when hES cells are grown on human feeder cells (HF) with or without the
addition of SB203580 compared to mouse feeders (MEF). EBs formed from
hES cells grown on mouse (MEF, n=12) or human feeder (HF, n=19) cells
were grown for 12 days in END2-CM (A). EBs formed from human feeder
cells were grown for 12 days in END2-CM with (n=20) or without (n=19) the
addition of 5 pM SB203580 (B, see text). Medium was changed every 3 days.
EBs were scored for beating foci at day 12. (n= number of independent

experiments).
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Figure 15 shows whole mount immunohistochemistry on EBs that have been
attached to cell culture plates. Beating EBs (originating from MEF maintained
hES cells) stained for cardiac markers like Tropmyosin or a-Actinin. Arrows
mark beating areas before fixation in PFA. The same regions stain positive

after immunohistochemistry was performed.

Figure 16 shows serial sections through beating EBs. Beating EBs (from HF
maintained hES cells) were prepared for cryosectioning and either stained for
cardiac marker Tropmyosin following the DAP protocol (A) with the blank
control shown in B or for the markers sarcomeric Tropomyosin (C) and or o-
Actinin (E) in red and nuclei stained with DAPI (blue). The same field under
brightfield in the panels D and F (s.Material and Methods, 10 x magnification).
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expression of Brachyury (Tbra), Nkx2.5 and a-MHC were examined by qRT-

PCR.

Figure 19 shows a comparable cardiogenic effect of a different inhibitor of p38
MAP kinase activity (SB202190). EBs were formed over night in SF medium
followed by 12 days in SF or CM. END2-CM was either supplemented with
5uM of the p38 MAPK inhibitor SB203580 or SB202190. Medium was
changed every 3 days. EBs were scored for beating foci at day 12.
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Figure 23 shows EBs were grown for 12 days in SF media or CM from END2
cells and treated with 10pM SB203580; Shown are EBs attached to the
surface: there is a high number of neurite-like outgrowth under serum free
condition (+10uM SB203580), typical for neural progenitor populations.

Figure 24 shows an effect of SB203580 on early differentiation in embryoid
bodies. EBs were grown in END2-CM alone or in END2-CM supplemented
with either 5 or 20 uM SB203580 for 12 days. (A) EB's were scored for
beating foci at day 12. (B) Samples for RNA extraction were collected from
the undifferentiated hES culture (hES), after growing for 4 and 12 days in
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0.1 mM Vitamin C during 12 days of differentiation. RNA was extracted and
mRNA expression for the cardiac marker genes ANF and «-MHC in SF
medium, END2-CM or END2-CM supplemented with Vitamin C analysed by
gRT-PCR.

Figure 28 shows (A) Prostaglandin I (or PG12) quantification via ELISA in
END2-CM or in conditioned medium generated by the same conditioning
method but utilizing the cell line MES1 that has no cardiomyocyte inductive
activity. (B-C). PGI2 was added into the non-conditioned, serum free medium
bSF (see example 10) at 0.2uM or 2.0uM concentration and hES
differentiation was performed in EBs in suspension for 12 days before the
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present invention provides defined conditions to induce embryonic germ layer
derivatives such as ectoderm, mesoderm or endoderm, more preferably

cardiomyocytes or cardiac mesoderm which is both simple and cheap.

Stem Cells
In the present invention a stem cell, preferably a human stem cell is
undifferentiated prior to culturing and is capable of undergoing differentiation.
The stem cell may be selected from the group including, but not limited to,
embryonic stem (ES) cells, pluripotent stem cells, haematopoietic stem cells,
totipotent stem cells, mesenchymal stem cells, neural stem cells, or adult

stem cells.

The stem cell is preferably a human embryonic stem (hES) cell which may be
derived directly from an embryo or from a culture of embryonic stem cells.

For example, the stem cell may be derived from a cell culture, such as human
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differentiation will be applicable at least to all stem cell lines from the same
sources as those tested and suggest that these culture conditions for
improved differentiation are applicable to all stem cell lines and stem cells in
general. Furthermore, the fact that these differentiation conditions can be
established without fetal calf serum, and thus without the potential presence
of animal pathogens, increases the chance that these hES-derived embryonic
germ layer derivatives such as ectoderm, mesoderm or endoderm, more
preferably cardiomyocytes or cardiac mesoderm are suitable for

transplantation in patients preferably with heart disease.

In a further preferred aspect the process of differentiating stem cells, in
particular hES cells, into cardiomyocytes comprises growing the hES cells in
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Formation of cardiomyocytes is defined by the formation of contracting EBs,
contracting seeded cells, immune cytological staining for cardiomyocyte

specific marker, and expression of cardiomyocyte specific marker.

Factors
The factors that may be present in medium contribute to the promotion of
differentiation to cardiomyocytes. Preferably the factor is a p38MAP kinase
inhibitor molecule or a prostaglandin, an anaiogue or a functional squivaient

thereof.
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A most preferred pyridiny! imidazol homologue is a small molecule, the
pyridiny! imidazol homologue SB203580 or its derivatives. These may be
added into media compositions such as END2-CM or bSFS which is useful to
direct stem cell, in particular hES cell differentiation into germ layers such as
ectoderm, mesoderm and endoderm in a concentration-dependent fashion. In
one example, addition of SB203580 is useful to efficiently induce mesoderm,
especially cardiac mesoderm, and in particular cardiomyocyte differentiation
from hES cells in various media compositions. Quantification of the number
of cardiomyocytes either by defining percentage of beating EBs, total number
of cardiomyocytes by means of immune cytochemistry, as well as cardiac
marker expression (relative gene expression data using qRT-PCR) show a
significant increase in cardiomyocyte formation when when predetermined
concentrations of SB203580 are added. The dose effect of SB203580 at

lower concentrations is most prominent during early cardiac mesoderm



The nmet hods of the invention involving inhibition of
p38 MAPK nmay be carried out under serumfree
conditions in unconditioned nmedia or in conditioned
medi um conditioned with END2 cells or cells producing
the same or simlar factors or bSFS. Ideally, the
p38MAP ki nase inhibitor nolecule is a pyridinyl

i m dazol honol ogue. A nostigpreferred pyridinyl

i m dazol honologue is a small nolecule, the pyridinyl
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SB203580 is a specific inhibitor of the MAP kinase homologue p38 and does
not inhibit the JNK and/or p42/p44 MAP kinase (13). MAP (mitogen-activated
protein) kinases are a family of serine/threonine protein kinases widely
conserved among eukaryotes that play a central role in integrating the signals
from a diverse group of extra cellular stimuli and proto-oncogenes to the
nucleus, affecting cellular processes like cell proliferation, cell differentiation,
cell movement and cell death. The p38 MAP kinase is also activated in
response to cellular stress. Previous published studies have shown that
SB203580 prevented cardiomyocyte differentiation in the mouse embryonic
carcinoma cell'line P19 which can normally be induced to differentiate in vitro

into either cardiomyocytes or neurons (14). More recently it has been



Acetic Acid into bSFS alone or preferably in

conbi nation with SB203580 results in a prom nent
increase in cardiac differentiation. In another

enbodi nent the addition of SB203580 at hi gher
concentrations dimnishes the formation of cardiac
nmesoder m and subsequently cardi onyocytes and hES cel
differentiation is directeditoward i ncreasing anounts
of the ectodermal germlayer and in particular t he
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f unetdpenal equi val ent thereof. PGL2 has now been
identified as an inducing factor alone or in

conmbi nation with several gromh factors which nmay act
as Thenaforegotovishingtameilimijed b theps. fupctipnaleasuivglents may also

di f fef a0tA@d epdsINBECSPEM (PGD2), PGE (PGE2), PGF (PGF2a), PG
(PGI2 as exemplified), Thromboxane A2 and 12(s)-HHT. These would also
include the Amide and Ester Prostanoid derivatives.

Prostaglandins have now been found to assist in the differentiation of
cardiomyocytes. In particular, by adding a prostaglandin, analogue or
functional equivalent thereof to a stem cell culture, cardiomyocyte
differentiation may be enhanced over base line differentiation levels. For
instance, where cardiomyocyte differentiation of stem cells is spontaneous or
is induced under specific cardiomyocyte differentiation inducing conditions,
the level of cardiomyocyte differentiation from stem cells to cardiomyocytes or
cardiac progenitors can be increased resulting in increased numbers of

cardiomyocytes and cardiac progenitors.



cells into germlayer derivatives, in particular to
cardi onyocyte induction. The prostaglandin (PGL2),
its anal ogue or functional equival ent thereof,
includes its natural breakdown form of

6- ket o- Prost agl andi n Fl a (6k-PG-l1a) and 2, 3-

di nor - 6- ket o- Prostagl andin Fla (2, 3d-6k-PGFla); its
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car barprostacyclin (cPA@) and stable chen ca
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progenitors. The discovery of PGI2 as the inducing factor in CM is a critical
one since the process of generating cardiomyocytes from hES cells can be
made GMP. CM from a mouse celi ling is no longer necessary, which is
considerad to be a xeno product and troublescme from a regulatory

parspective.

Prostacyclin is an unstable prostaglandin released by mast cells and
endothelium and is mainly synthesized by vascular endothelium and smooth
muscle. It is a potent inhibitor of platelet aggregation and also causes
vasodilation and increased vascular permeability. Release of PGI2 is
enhanced by bradykinin. However, this compound has not been previously



and i nduce the differentiation toward a cardi omyocyte
i neage. The addition of a prostagl andi n, anal ogue or
functional equivalent thereof is applicable to any
method that is directed to differentiation. of stem
cells to germlayer derivatives, especially

cardi onmyocytes and cardi ac progenitors including both
di rected and spontaneous ditferentiation. The
prost agl andi n, anal ogue or functional equival ent
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The present invention provides a method to improve current culturing
methods for the differentiation of embryonic germ layer derivatives such as
ectoderm, mesoderm or endoderm, more preferably cardiomyocytes or
cardiac mesoderm by improving induction of differentiation. Hence this can
include increasing the number of embryonic germ layer derivatives such as
ectoderm, mesoderm or endoderm, more preferably cardiomyocytes or
cardiac mesoderm differentiated in a culture compared with a culture that is
not enhanced and improving the efficiency of the embryonic germ layer
derivatives such as ectoderm, mesoderm or endoderm, more preferably
cardiomyocytes or cardiac mesoderm differentiation process. This can also
include inducing the embryonic germ layer derivatives such as ectoderm,
mesoderm or endoderm, more preferably cardiomyocytes or cardiac



clinprost and PGL1-Na are also included in the present
i nvention. Any one of the anal ogues that are commonly
avai lable is within the scope of the present
‘invention. Preferably the anal ogue is a stable

anal ogue that is capable of prolonged culture. It

must be suitable for inclusion into nedia for the
cardi omyocyte induction. Th& term "functi ona
equi val ent” al so includes those conpounds that can
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a cylture conpared thacultrethat
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rresct)h%errarg]gg%f ggO%Mdto 98 000nM. More preferably, PGI2 is present in the
range of 200nM to 2,000nM. However, these amounts closely approximate
the effect on induction of cardiomyocyte differentiation that conditioned media
has on the cells. Most preferably, the concentration of the pGI2 in the media

is 20nM.

Culture media and Factors
In yet another aspect of the present invention there is provided a defined
culture media when used for differentiating stem cells, in particular hES cells,
into embryonic germ layer derivatives such as ectoderm, mesoderm or
endoderm, more preferably cardiomyocytes or cardiac mesoderm which is
substantially free of xeno- and serum-components said defined media
comprising defined factors that contribute to the promotion of differentiation to



nore preferably cardi omyocytes or cardi ac nesoderm
differentiation. Wilst the invention seeks to provide
a culture system absent of xenoproducts, a co-culture
system may be inproved by inproving the co- cultured
cells as providing inducers of enbryonic germ|ayer
derivatives such as ectoderm nesoderm or endoderm
nore preferably cardi onyocyfes or cardi ac nmesoderm
differentiation. Accordingly, nmethods to enhance PGL2
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Preferably, the media is a DMEM based media and it may be supplemented
with growth factors and essential minerals including B-ME, non-essential
amino acids, and L-glutamine.  However, it is preferred to induce
cardiomyocyte differentiation in a serum-free media. It is also preferred that
insulin is not present in the media or is at ieast reduced, preferably to below
10ng/ml and is most preferably absent.

The invention also provides use of serum free medium containing a
prostaglandin, analogue or functional equivalent thereof for use in a method of
inducing differentiation of stem cells into cardiomyocytes and cardiac

progenitors.
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enbryoni c germ | ayer derivatives such as ectoderm
mesoder m or endoderm nore preferably cardi omyocytes
or cardiac nesoderm Preferably the factor is a
prostagl andin its anal ogue or functional equival ent

t hereof or a p38MAP ki nase inhibitor nolecule.
Preferably, the p38MAP ki nase inhibitor nolecule is a
pyridinyl imdazol honolog2® and the prostaglandin is
PGL2, an anal ogue or a functional equivalent thereof.
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The present invention further provides a cell composition including a
differentiated cell of the present invention, and a carrier. The carrier may be
any physiologically acceptable carrier that maintains 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 biological analysis or

medical purposes, such as transplantation.

In another aspect there is provided a cell population comprising a greater
proportion of an embryonic germ layer derivative that has selectively
differentiated in a defined medium that is substantially free of xeno- and
serum-components said defined medium comprising defined factors that
selectively promote the differentiation of stem cells to the embryonic germ

layer derivative.
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The present invention also provides enbryonic germ

| ayer derivatives such as ectoderm nesoderm or
endoderm nore preferably cardionyocytes or cardiac
mesoderm cardi ac progenitors prepared by the nethods
according to the present invention. The

cardi onyocytes, cardiac nesoderm and cardi ac
progenitors of the inventiz® are preferably capable
of beating. Cardionyocytes and the cardi ac
progenitors can be fixed and stained with a-actinin
anti bodies to confirm nuscle phenotype. a-troponin,
a- tTmpgn”nyusliayeraiedvaaideéll aom;bdtwidhsesr ad)mxhatigmsvmay comprise a
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| 0s&ellad a paggensr edfbrin@t geirm laybuiderightive. t hose causi ng over
expression of a gene or protein. The present invention
further provides a cell conposition including a
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present 1 nvention can _be used for biological analgﬁ
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risin r eat rtion of an enbryonic germ
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Xeno- ) R Lonponent s sai d defined medi um
il

conpri Si S0 factors that sel ectively pronote
t he Toé friresephtinveniiam alsh sroéesc diffeentiagted melle mspduses cusing

9er MetHoBY Bf thd §iveNh tH& m& e used for transplantation, cell therapy or
gene therapy. Preferably, the invention provides a differentiated cell
produced using methods of the invention that may be used for therapeutic
purposes, such as in methods of restoring cardiac function in a subject
suffering from a heart disease or condition or restoring neural function in a

subject suffering from a neurological condition.

Another aspect of the invention is a method of treating or preventing a cardiac
disease or condition or a neurological condition. Cardiac disease is typically
associated with decreased cardiac function and includes conditions such as,
but not limited to, myocardial infarction, cardiac hypertrophy and cardiac
arrhythmia. In this aspect of the invention, the method includes introducing an
isolated differentiated cardiomyocyte cell of the invention and /or a cell
capable of differentiating into a cardiomyocyte cell when treated using a



The germ | ayer derivative cell conpositions or

popul ations nay conprise a higher percentage of a
cell type or lineage conpared to cell popul ations that
have derived spontaneously. This is due to the induced
and directed differentiation toward certain cel

types of the enbryonic germlayer derivatives such as
ect oderm nesoderm or endod2¢m nore preferably
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nod present invention also
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of the invention that may be used for transplantation,
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i nventi on provi des a ferenti ated cel pr oduced
usi ighereetkgd §f @Paf'ﬁ%CEPrﬂ'@@ Hesugf fh‘?aft'eﬁ?ﬁﬁ/’”b%‘t'ag dbe fsgiated

t heéa%&@#\%éc@te déllfs()&é@%bly&kéﬁbplék&ed mtdﬁm% c@rfdlab$§§®rdf@9
cardiac function in sufferi

di sEsst o MR RETSPBN &9? m%t?,?%fwﬁs H‘efhﬁal S‘P[?Ei%?.%ﬁardf?c

subjuectionsué feojéang from a neur ol ogi cal conditi on.

Anot her aspect of the invention is a nethod of
treating or preventing a cardiac disease or condition
or Ghepesait ogeat@h peeferdbly iats . pra@ided iaany apardish swdeldor testing
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s conditions suc
my oeidige AInclanf ar cti on, cardi ac hypertrophy and cardiac
arrhythma. In this aspect of the invention t he
met hod i ncl udes i ntroduci ng

di f B¢ areeey gty Qfﬁ%fﬂﬂyc@r%deéeq rnvacrar?'ﬁ'éﬂ?% IR LA Hifd

| or agilitg &f Istem cells that have differentiated into cardiomyocytes or cardiac
progenitors using methods of the invention to restore cardiac function. In
order to test the effectiveness of cardiomyocyte 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 in 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
capacity of the heart and may be used as a read-out of altered cardiac

function following transplantation.



capabl e of differentiating into a cardi omyocyte cel
when treated using a 24 nethod of the invention into
cardi ac tissue of a subject. The isol ated

cardi onmyocyte cell is preferably transplanted into
damaged cardiac tissue of a subject. Mre preferably,
the nethod results in the restoration of cardiac
function in a subject. In y®& another aspect of the
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andknoysde W?é%ﬁ‘ﬂ'ledawhﬁéﬁ'é’ [see for exanple in Pal men et
al. (2001), Cardiovasc. Res. 50, 516-524] so that the

effects of tran antati on, can be B agdequat el
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of cardiomyocyte transplantation therapies.

Further, the present invention provides an in vitro system for testing
cardiovascular drugs comprising a differentiated cardiomyocyte of the

invention.

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.

The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for



function follow ng transplantation. 25 A host ani mal,
such as, but not limted to, an i mMmunodefici ent nouse
may be wused as a "universal acceptor' of

cardi onmyocytes from vari ous sources. The

cardi onmyocytes are produced by nethods of the present
i nvention. The nyocardi al nodel of the present
invention is preferably desiggned to assess the extent
of cardiac repair follomﬁng transpl ant of
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cani ne, porcine and any non-human prinmate
ParAferesest yention d""h‘é%(‘é be & e fudly Sew@%dawh |ffﬁefteﬂ%es@ the

an'd&'@érﬁpdﬁ%ﬁg dxB@plds &ind Q#éwnﬁgﬁsﬁ RGholilt et @flletsood, however

el ectro sl 0] ogi cal cteri tlc

o CRTOURHRRF (o1 e S Dyt ol o & A0cuS e ket ey
f unedyi3ra rastyictioe onmmeﬂityuaﬂtrteemmaucnfdesodmmbaved
pressure changes in a heart. Preferably, ventricular
contractile function is assessed. Methods of assessing
heart function and cardiac tissue characteristics
woul d i nvol ve techni ques also known to those skilled
inthe field. The present invention also provides a
nodel for the study of human cardi onyocytes in
culture, conprising differentiated cardi onyocytes or
cardi ac progenitors of the invention. This nodel is
useful in the devel opnent of cardi onyocyte

transpl antation therapies. Further, the present

i nvention provides an in-vitro systemfor testing
cardi ovascul ar drugs conprising a differentiated
cardi onyocyte of the invention. Throughout the
description and clains of this specification, the word
"conprise" and variations of the word, such as
"conprising” and "conprises", is not intended to
excl ude other additives, conponents, integers or

st eps.
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The di scussion of docunents, acts, materials, devices,
articles and the like is included in this
specification solely for the purpose of providing a
context for 26 the present invention. It is not
suggested or represented that any or all of these
matters formed part of the prior art base or were
conmon general know edge i2vthe field relevant to the
present invention as it existed in Australia before
the priority date of each claimof this application.
The present invention will now be nore fully descri bed
with reference to the a¢oWpEEyi ng exanpl es and
drawi ngs. It should be understood, however that the
description following is |Ilustrat|ve only and shoul d
notBxamplaken Daveapmenthagndasopdintizalioni ¢fi 6erush freee END2
ge e invention descri bed above. 27
”ﬁg"éhgnéxﬂfedw 1. Devel opnment and optim zati on of
serUn1fM@@”EN@E’M@@ﬁ6§tloned media. 1. Material and
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at @assege ﬁmum‘ee;r@ngxa@getmgarbesmm,nﬁf&r dcﬁﬁawarymypn were
nor mal, karyotype were wused. (ii) END2 cells: END2
cel ¥¥%re a visceral -endodermlike cell |ine derived
fromPl9 cells, a nouse enbryonal carcinoma cell line

( 10 E%Z’%%I?% SEV?\SE gﬁlls %EWS%Q@?%}O%@@H I'lkké%éll line derllé/ed

prev ousl y di um
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(NEJ::L)Itureia%§d\§§‘€n8e(95r@%uélﬁﬂE’)JVEM suppl emented with 20%
1mV R mer capt oet hanol , 1x MEM non- essenti al

am no acids, 2mM L-glutam ne and anti biotics
(PemmcHduWDkﬁhé@ptonycin) hES cells cultured on HF

n&-ﬁg Vgg,lgpha?{o 8!% %%8%%% K(§use emer&mgMeder cells

MEF hES were grown in DMEM supplemented with 20% FCS, 0.1mM B-

mercaptoethanol, 1x MEM non-essential amino acids, 2mM L-glutamine and

antibiotics (Penicillin/Streptomycin). hES cells cultured on HF were grown in
KO-DMEM with 20% KOSR in 0.1mM B-mercaptoethanol, 1% MEM non-
essential amino acids, 2mM L-giutamine, bFGF (10ng/ml) with or without
antibiotics (Penicillin/Streptomycin; all reagents from invitrogen).

SF medium: DMEM supplemented with MEM 1x non-essential amino acids,
2mM L-Glutamine, 1x insulin-Transferrin-Selenium, 0.1mM B-mercaptoethanol
with or without Penicillin/Streptomycin (all reagents from Invitrogen). The
medium was used to generate END2-CM or directly for hES differentiation.

END2-CM: To generate END2-CM SF medium was added to END2 cell
cultures as described below.



-1}

essential am no acids, 2nmM L-glutam ne, bFG- (10ng/ m)
with or wiwthout antibiotics (Penicillin/Streptonycin;
all reagents fromlnvitrogen). SF nedium DVEM
suppl enented with MEM 1x non-essential am no acids,
2mM L-d utam ne, 1x Insulin-Transferrin-Sel eni um
0. 1mMM R- ner capt oet hanol w th or w thout
Penicillin/Streptomycin (ald8 reagents from
Invitrogen) The nmedium was used to generate END2-CM
ret ES, differentiation END2-CM To
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P SR8 8 RS ARS LA BRI bl hBelfy b e

di sesvlydathptedftd the c@ﬂ)agpamdg@esagmg a:@lthosl mai nt ai ned by
mechani cal passaging only were newy adapted to the
col | agenase |V passagi ng nethod. (v) Preparation of
END?)coﬁtﬁptafim@cpflfé(ﬂ&ﬁﬂndfmﬂgdmedté/@&}ure descri bes the

pr eﬁﬁsr Fobé’dbr@ﬁe@?i’g& F8! drefpRdh tdf EReD ¢8R HoHMtioned medium
(E . For the production of END2-CM END2 cells

vver@"@@ M at a density of 1.4 x105 cells/cn2 in a
T175 flask (Nunc) and were grown for about 3 days in

O i o p@yore G ENehRh EnPaicel YoleieRpihr S drrLel 4,

( FG8)0° yicycontep aumitdd flask riNLnm rany . wed growaofof bb@ant3 &NSAn

cel [ . P c n

Fr e BB BRI, i 8nifoabB, I BRE 2 P%e‘*m%b?@“gr

chSL@bleENmzdgmtb\ma% fetal calf serum ( FCS Hyclone) until confluency.
confluent END2 cell layer was washed once in PBS™ (Gibco) and serum free

DMEM medium (around 200yl of serum free DMEM per cm? of END2 growth
area) was added to start the conditioning process.

The conditioning period ranged from 4 to 7 days. For harvest the medium
was removed from the tissue culture flask and filtered with a disposable
filtration system (0.22 uM, Millipore). The filtered END2-CM can be used |
immediately or stored at 4°C or at -80°C. END2-CM can be prepared from
END2 cells with passage numbers higher than 45 without loss of its
cardiomyocyte inducing activity.



area) was added to start the conditioning process. The
condi tioning period ranged from4 to 7 days. For
harvest the nedium was renoved fromthe tissue
culture flask and filtered with a di sposabl e
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END2- CM can be used imrediately or stored at 4C or at
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cells can be seeded into plates under conditions supporting cell adherence to
induce differentiation of hES attached to a surface.

In suspension culture, EBs were formed in ultra low attachment plates in SF
medium over night. After over night incubation SF medium was replace by
fresh SF medium or END2-CM respectively for further differentiation.
Subsequent medium changes were performed every 3-4 days. Usually, cells
were cultured over a period of 12-13 days before the visual analysis of the
proportion of beating EBs under a microscope was performed followed by cell
collection for additional readouts. Multiple beating areas on single EBs were
not counted separately. Values are expressed as a percentage of contracting
EBs compared to non-contracting EBs in a single well of a 6-well tray. Cell
harvest and analysis at time points other then 12-13 days after EB formation



i nduce differentiation of hES attached to a surface.
I n suspension culture, EBs were fornmed in ultra | ow
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ni ght i ncubation SF nedium was replace by fresh SF
medi um or END2-CM respectively for further
differentiation. Subsequent nedi um changes were
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The column was centrifuged for 15 sec at 2 8000g. The rest of the purification
steps were performed according to manufacturer's instructions. RNA was
eluted in RNase-free water. 5 ug of the RNA sample were then treated with
DNase (Invitrogen) in a volume of 80 pl. The mixture was incubated at room
temperature for 30 min and heat inactivated for 10 min at 80 °C before cooling
rapidly on ice. '

Reverse transcriptase: 5 ug of total RNA was mixed with 2 pl of 3 pg/ul
random primers (Invitrogen) in a final volume of 100 pl. 75 ul were reversed
transcribed (BioLabs), the remaining 25 ul served as a negative control.
Samples were incubated for 1 hour at 37°C before the reaction was
terminated for 5 min at 95 °C.



and the aqueous phase col |l ected. An equal vol une of
70% et hanol was added before the sanple was | oaded
onto an RNeasy mini colum (Q agen). The colum was
centrifuged for 15 sec at >_ 8000g. The rest of the
purification steps were perforned according to
manufacturer's instructions. RNA was eluted in
RNase-free water. 5 pg of tBt RNA sanple were then
treated with DNase (Invitrogen) in a volune of 50 pl.
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Initial co-culture experiments: Cardiomyocyte differentiation of hES cells has
been performed originally by removing the hES cells from MEFs and culturing
the hES cell clumps on Mitomycin C (MitC) inactivated mouse P19 derived
END2 cells in DMEM medium containing 20% FBS (10,17). Beating areas
emerged around 9-10 days after initiating the co-culture and follow up
experiments revealed that the yield of beating areas can be increased by

removing serum from the culture medium (9).

It was observed very early in the co-culture experifnents that END2 cells had
to be plated at a certain seeding density to induce cardiomyocyte
differentiation in hES cells. END2 cells were initially plated out at a cell
density of 1.9 x10° cells/well (12 well plates) or 0.5 x10° cells/cm? as specified
by protocols obtained from Christine Mummery (personal communication).
Only a very low number of beating areas were observed at day 12.
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(ix) Statistical analysis: Al data are presented as
mean SEM using the statistical software provided by
GraphPad Prism(r), version 4.01. 2. Results Initial
co-cul ture experiments: Cardionyocyte differentiation
of hES cells has been perfo/rred originally by
removing the hES cells from MEFs and culturing the
hES cell clunps on Mtonyci3 C (MtC) inactivated
nouse P19 derived END2 cells in DVEM nmedi um

cont ai ning 20% FBS (10,17). Beating areas energed
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period and at the respective days a cell count for
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It was concluded from this experiment that whatever factor is released from

END2 cells is likely to only be critical for initiating cardiomyocyte differentiation
during the first 4-6 days of the experiment. Further experiments using a
suspension culture system confirmed that growing EBs the first 3-6 in END2-
CM is sufficient to induce cardiac differentiation (see below, Figure 3). This is
also in good agreément with data from Passier et al suggesting that the first 6
days of co-culture in serum free media was the period when cardiogenesis

was occurring (9).

From adherent hES culture to suspension culture. The protocol was
adapted further by forming EBs from hESC and growing them in suspension
utilizing END2-CM. In short, by using Collagenase IV hESC colonies were

dissociated to small cell clumps. These clumps formed embryoid bodies

s
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END2 cells was performed (Figure 2). Cells were plated
out at either 1x seeding density (1.9 x105
cells/well) or a 4x seeding density (7.0 x 105
cells/well) follow ng the sanme protocol used when
seeding END2 for a co- culture experinment. The viable
END2 cell nunber under both conditions dropped
rapidly in the first 6 days3and there are al nbst no
viable END2 cells left during the second period of
xper|
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reaching a cell number of around 2.4 x10° cells/cm? in a T175 flask. The
confluent END2 cell layer was then washed in PBS and SF medium was

added to start the conditioning process.

In Figure 7 conditioned medium from END2 cells grown to confluency in '
serum containing medium was compared against END2 cells that have also
been grown to confluency but which have been treated with MitC before the

conditioning period started.

It is noteworthy that conditioned medium from MitC treated END2 cells was
far less efficient at inducing beating EBs than CM from END2 that were



evol ve near cystic areas in EBs grow ng under END2-CM
Beating energing under SF conditions over a |arge
nunber of experinental set-ups supporting the
specificity of END2-CM i n inducing cardi onyogenesis in
differentiating hESC was not observed. A high
percentage of contracting EBs utilizing this protoco
when using hES2, hES3 and hi&#S4 cells (Figure 5) was
successfully generated. EBs and cardi omyocytes from

hESC derlv eeder, free cultu Fi
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of [CO-curfure ip serumiree conditrong 1S I frportant
for| Asphetyi f Fcation of| -t he cardi omyocytie |i ngage (9).
Thg initial perjod off nedia condjtionijng wa$ done -
over 7 days. This tine period was later reduced to 4
days wi t hout observi n% an apgarent decr eas

car @It%ﬁg,mtaewq%%%qt?q) ndapsqdet Sg{ovglgewly formedeEés from hES
cultures over a period of 12 days (Figure 4). Conditioning of the END2 cells

over a longer period of 7 days does not lead to an increase in the number of
beating areas counted at day 12. However, END2-CM cultured on END2
cells for less than 4 days decreased the number of beating areas significantly
(data not shown).

Conditioning volume: The volume of SF medium used for conditioning also
affected the number of beating areas at day 12. Conditioning END2 cells with
a volume of 200 ul/cm? gave the best result in cardiomyocyte differentiation
(Figure 8). To increase the volume of END2-CM production a change from
T175 flasks to T500 flasks was tested to determine whether it would have an
impact on the cardiomyogenic quality of the END2-CM (Figure 9). There is no
impact on END2-CM quality as long as the media volume stays in the range
of 50-500 plicm?.



assessed by the ability to induce the formation of
beating enbryoid bodies (Table 1). Currently, four
days is used for standard preparati on of END2

condi ti oned nedium Tablet: Conditioning period of

END2 cell line and the appearance of cardi onyocyte
i nducing activity Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Day 7 Activity - - - + + +35 Filtered nedia was

coll ected and used to grow newWy formed EBs from hES
cultures over a period of 12 days (Figure 4).
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are’'co £1). 1t is possible that cell
nunier s Gtitutdef érs$ oélist be féedarycalisnhESI calls ngpre egrovard on

MY mouse embryonic feeder cells see example 1. hES cell culturing on Mitomycin
C (10ug/ml, Sigma) treated human fibroblastic feeder cells (HF) was
performed as follows. Human fibroblastic feeder cells CCD-919Sk were
obtained from ATCC (CRL-1826). Cells were cultured in T175 flask in DMEM
with 20% FCS, 2mM L-Glutamine, 1x Insulin-Transferrin-Selenium, bFGF
(10ng/ml; Invitrogen) and antibiotics (Pen/Strep) to confluency and treated
with Mitomycin C (10pg/m!) for 3 hours. Cells were passaged with
trypsin/EDTA (0.125% w/v; 50mM respectively; Gibco) and seeded at a
density of 4.7 x10* celis/cm? in culture trays (Nunc). The CCD919Sk cells
were equilibrated in hES culture medium for 24 h before the hES were seeded
on the feeder cells.

hES were grown in hES medium on HF and passaged every 7 days. For
passaging hES cells were either pre-treated with collagenase 1V (Gibco) for 3
min followed by mechanical dissociation or without collagenase and collected
after mechanical dissociation only. Harvested cells were then transferred to



o

differ and the END2-CM m ght be of different
conposition/quality. To reduce the nunber of
variables in the experinments END2 cells were use up to
a passage nunber of 40 or |ess even though the data
in Figure. 10 suggests that the bioactivity of the
END2 conditioned nedia is nmaintai ned. Exanple 2:

Cardi onmyocyte differentiati® from hES cul tures grown
on either nouse or human feeder cells or under f eeder
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only were newy adapted to the collagenase IV

passa%l ng nethod. For all other methods applied see
Ex aMgFebaped hES culture gave a consistent induction of cardiogenesis when

exposed as EBs to END2 CM. However, the number of beating EBs varied
widely between experiments with the levels of beating EBs accounting for
between 5 and 18% of the total EBs conditioned in independent experiments.

When the maintenance of hES cells is done on a human fibroblast feeder cell
(e.g. CCD-9198k) instead of a mouse embryonic fibroblast feeder, the EBs
formed from human feeder culture based hES culture reproducibly performed
much better in the differentiation conditions used to form cardiomyocytes.
This was apparent by the number of beating embryoid bodies which increased
significantly (Figure 12A) as well as the number of EBs with multiple beating
areas. Furthermore, spontaneous beating in our unconditioned SF media

control wells reduced to almost zero.



2. Results hES cell Iines grown on nouse feeder cells
(MEF) gave an average percentage of 5-18 % of beating
EBs per well when differentiated in END2- CM There
was no difference in the nunber of beating areas

bet ween manual passaged or enzymatically passaged hES
cells. Enzymatically passaged hES cultures were used
for the ease of experinentaB7set-up. Incidence of

spont aneous beating in the SF control nediumwas very
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The END2-CM differentiation protocol was tested on hES cuitures grown

under feeder independent conditions. hES2 and hES3-GFP lines maintained
on HF were adapted to grow in a feeder free culture system, based on a
combination of fibronectin and high concentrations of bFGF ((20), modified).
After a few weeks growing under feeder free conditions, the cells were
subjected to the END2-CM differentiation protocol as described above
(example 1; Figure BA).

These hES cells also differentiated into cardiomyocytes with some EBs
displaying multiple beating areas. The cardiac marker genes a-MHC and
ANF were also up-regulated in EBs after 12 days exposure to END2-CM
(example 1; Figure 6B). Therefore, cardiogenesis was also observed from
hES cells cultured in CM independent of growing the starting material in a
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(Figure 12A). To determne if the nunber of beating
areas induced was also reflected in the relative
expression |l evels of cardiac narkers quantitative real
time PCR was performed with the cardi ac marker genes
a- MVHC and ANF (ANF data not shown). gRT-PCR was
performed in triplicates for each sanple and a cl ear
increase in the expression §or all cardi ac genes was
observed by RT-PCR in cultures fromHF deri ved EBs
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MUCRGTTTGGCTGAATACCTTCC). Al reactions were run in triplicate.

(i) Cytochemistry: The following antibodies were used sarcomeric
Tropomyosin (clone CH1, Sigma), MF20 Hybridoma Bank, lowa), MLC-2a,
MLC-2v (both Synaptic Systems) and sarcomeric a-Actinin (Sigma) (21).

Paraffin sections: Beating EBs were collected and fixed for 15 min in 10% |
formalin at room temperature. EBs were then embedded in 1.5% agarose and
dehydrated through 70% to 100% ethanol with a last incubation in xylene. The
agarose block was then embedded in paraffin. 5um thick sections were cut in
ribbons, floated on a warm water bath of 45°C, mounted on slides, and left to

air dry at 37°C overnight.
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better and nore consistent response to the inducing
factors in the END2 CM Exanple 3: Characterization
of cardi omyocytes differentiation fromhES cell-
derived EBs grown in suspension culture. 1. Materi al
and Met hods For hES culture on human feeder cells, see
Exanple 2. (i) PCR PCR was perforned as descri bed
under exanple 1. The sanpl e were subjected to PCR
anplification wi t h human gene priners i ncludi ng: Sox-1

o Rk PPt o PPy sreTeony ngiBhved FR> SybHe TR
AATEAYECR QL AGAUGH TSR of atﬁanslemeerpratxmerangmg from 100% to

IG5, LA s v

CT GFEORTCTOUNOGAE) ovan i t@mwmtr(aseeméf@r phe siides were allowed

T iispR o
Pl oo NGt %ﬁ% il Ak BLser A

CAATTTGCCAAGCTCCTGA antisense priner:

tCGT CF? @%E@f&)ﬂyhﬁl forty @é&ltn_?_ﬁé“rﬁbryvfidli ®otigs (EBs) were

ri i ca 11 oche e 0

it CUBAR L B AR AT PHEM By BpC R P Anchere
)

CHlheidy @amsferrelfH3a(a Hydostuioko amd Basked Wﬁlwa)nl HE&Z—(QEB);:O EBs

b th r
a- A‘g?rer{&ﬁé) dma) {Oél)@é?{‘-qar agefﬁ’jb gpaélzrgt ?%g&ue%“étthe gBs
EBswwer\eashedi IlretE’Béd aad dndubated dvemighb imiistilied vi@eg and 25%

for t EBs were then enbedded
ﬁ[ﬂgﬁgéggwgg%qgégmgﬂ Jg(;kgr{ged through 70%to 100%

et hanol with a last incubation in xylene. The agarose

bl ofke MBS nloRfiRy Wl‘?&@?@f sitrdxRnadrk 'rél"nov'éﬁrﬂytvb’ldsﬁlﬁg in PBS".

sections were cut ri bbons, floa wat er
Dot Foper e FatE ‘arisaté HeAzinomad B gngy S apyroteh
at @@ avelenthayhdectic@d imhediaeett onstaned@t HméCsm{BD%msmm
wer e shgrtly i ncubated in xyl ene and

7 micron sections are cut at -20°C using a cryostat CM3050S (Leica) and
dried onto slides (SuperFrost Plus, Menzel-Glaser) at room temperature. The
slides can be stored at -20°C or -80°C until needed for staining.

DAB staining: Slides were allowed to warm to room temperature before
immersing them in PBS®. Subsequently, the cells were permeabilised with
0.1% Triton X-100 for 10min at room temperature. Slides were then washed
3x in PBS® and incubated in PBS/1% BSA (Sigma) for 30mins at room
temperature.: Blocker was removed and cells were incubated with the
respective primary antibody (Ms-Tropo CH1 (Sigma) at dilutions 1:1000 and
1:3000 diluted in blocker) at 4°C overnight. Two slides were used as a
negative control, either using the isotype control Ms IgG1 (Zymed, 1:1000) or
PBS® as a blank.

Rest of the staining was performed according to the manufacturer's
instructions (Vectastain Elite ABC Kit, Vector Labs). The slides were mounted
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rehydrated through a series of ethanol concentration
ranging from100%to 70% followed by a wash in PBS.
For antigen retrieval, the sections were exposed to a
m crowave oven in 10nMcitrate buffer. The slides were
allowed to cool to roomtenperature, rinsed in PBS
and used for staining. Cryosectioning: About thirty
to forty beating enbryoid bexies (EBs) were collected
and incubated in serumfree DVEM at 37C for at |east 4
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2. Results
Early cell commitment in EBs growing in END2 CM: It is generally
assumed that ES cell differentiation in vitro partially mimics the inductive
events observed in the pre-implantation embryo in vivo (22). The expression
of cardiomyocyte markers and general differentiation markers was examined
in EBs grown in suspension at different time points. EBs were either grown
over 12 days in END2-CM or SF medium, functioning as a non-cardiac
inducing control medium. Samples for RNA extraction were taken from the
original hES culture, 12 hours after EB formation in serum free medium, 8
hours after exposure to END2-CM, as well as 1, 2, 4, 6 and 12 days growing
in END2-CM or SF (Figure 14).

Differentiation under control conditions (SF) progressed slowly, the
downregulation of the pluripotency marker Oct4, as well as Nanog and UTF1
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wel Exmsssiiana dka? 8 wd$Filst detectable around day 4 and was significantly
expressed at day 12 (Figure 14D). Shortly after (around day 6) we detected
the onset of a-MHC (Figure 14B) and ANF (not shown) expression, markers
of mature cardiomyocytes. EBs were also strongly expressing a-smooth
muscle Actin (SMA) after day 4 (data not shown). It has been reported that
SMA is present in embryonic and fetal but not in adult cardiomyocytes (27).
No cardiac genes were expressed at day 12 under SF media conditions.
Exposing EBs for the first 3 days to END2-CM only before changing back to
SF medium was enough to inducé cardiomyogenesis (Example 1, Figure 3)
suggests that commitment to the cardiac lineage was occurring within the first
3 days of culture in END2-CM. EBs growing in END2-CM are switching on
genes of the primitive streak and starting to form cells mimicking mesoderm
and endoderm of the pre-implantation embryo whereas EBs grown in SF
medium alone do not develop beyond the epiblast stage,
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day 12 of differentiation. In the embryo, MLC-2a is initially expressed
throughout the linear heart tube and becomes restricted to the atrial

myocardium only later during development (28).

Day 12 EBs (around 60% displaying beating foci) were collected and
dissociated using Trypsin. The single cell suspension was seeded on either 6
well tissue culture plates or chamber slides, forming a sub-confluent
monolayer after 2-3 days (Figure 17 B, C). Plated cardiomyocytes displayed
sarcomeric striations when stained with a-Actinin or Tropomyosin, organized
in separate bundles (Figure 17B). We could observe a higher number of cells
expressing MLC-2v in monolayered cardiomyocytes when compared to
Paraffin sections of whole EBs. Cardiomyocytes were also positive for a-
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night. Different types of culture vessels that support cell cultivation in
suspension culture such as Petri dishes, spinner flasks or other types of
bioreactors might be used (18).

Treatment with the p38 MAP kinase Inhibitor SB203580: p38 MAPK '
inhibitor SB203580 or [4-(4-Fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-
pyridyl)1H-imidazole] (Calbiochem) was dissolved in DMSO (13mM stock
solution) and added directly to the respective medium (SF or END2-CM)
either during EB formation, during the first medium change or as indicated in
the respective figures (see figures for final concentrations). Medium change
was performed at day 3, 6 and 9 after EB formation.
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positive effect on the size of the contracting area as well as the beating
frequency of beating foci. In some instances we could observe beating EBs
emerge in SF medium. However, the beating areas stayed smaller than their
counterparts growing in END2-CM. The addition of vehicle (DMSO) alone
had no positive effect on cardiomyocyte development (in accordance with (7)).
EBs growing from the start in END2-CM with p38 MAPK inhibitor displayed an
increased expression of cardiac markers at day12 when compared to EBs
grown in END2-CM alone (Figure 18B). It was observed the same’ effect
when adding another derivative of the p38 MAPK inhibitor (SB202190, Figure
19).

Changes were checked in early gene expression during EB differentiation
when adding the compound. A strong upregulation of Brachyury around day
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[ 4- (4-Fl uor ophenyl ) -2-(4- et hyl sul finyl phenyl ) -5-(4-
pyridyl)1 Himdazole] (Cal biochen) was dissolved in
DMSO (13mM stock sol ution)4sand added directly to the
respective nedium (SF or END2-CM either during EB
formation, during the first medi um chan or_.as ,
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cargl onyocyte differentiation in our differentiation

prot‘ocol. Recently a nunber of small nol ecul es have
been identified that induce cardionyogenesis in nouse
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beating foci. This was only observed when the
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r enﬂ{el%aol% Erefeb & ArFertedt 5fn§e MRﬁK ﬂhibitor seems to be specific

for the upregulation of genes confined to the primitive streak/mesoderm of the
developing embryo that will then develop further into cardiac mesoderm.

Example 5. Quantification of cardiomyocytes grown in END2-CM or
END2-CM supplemented with 5 uM SB203580.

1. Material and Methods |

(i) Quantification of cardiomyocytes after hES differentiation: The
culture plates were scored for beating EBs 12-13 days after EB formation.
Multiple beating areas on single EBs were not counted separately although
this appearance was prominent upon visual inspection. The percentage of

contractile EBs was evaluated as mentioned above.
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beating foci per EB at day 12 (data not shown). The
conpound had also a positive effect on the size of
the contracting area as well as the beating frequency
of beating foci. In sonme instances we coul d observe
beating EBs energe in SF nedium However, the beating
areas stayed smaller than their counterparts grow ng
in END2-CM The addition of4%ehicle (DVMBO) alone had
no positive effect on cardionyocyte devel opment (in
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ex paesa calrcooft pederanedt day 12 was reflected in a higher
expression of the cardiac markers Nkx2.5 and a-VHC at
day 12 (Figure 18 E- F). Batches of hES culture being
| esEoraioiengieleds aPRIiAG SRLRTAYIAS PABNESng ef fect of
END2- CM ( per cent age of beating EBs dropplng bel ow 50%
were sonetimes encountered. However, in these

cul ur eSSHES car di ac- enhanci ng effect of SB203580 was
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in ENZisidgM eplo¥pik BX@REnchistdch@MisBy B)performed using MF-
20. EBs grown in END2-CM and displaying around 49% of beating EBs at day
12 yielded around 11.8% of cardiomyocytes while EBs grown in END2-CM
supplemented with 5uM SB203580 (78% beating EBs) yielded 21.7%
cardiomyocytes (Figure 20). Normalized to the total cell number at day 12 for
each condition, 0.84 x10°® cells/ well for END2-CM and 1.16 x10° cells/well for
END2-CM supplemented with SB203580, a 2.5 fold increase was obtained in
the total number of cardiomyocytes when SB203580 was added. Performing
a simple enrichment step by removing non-beating EBs could further increase
the yield to almost 40% cardiomyocytes of the total cell population (Figure
20D). Cultures growing in medium supplemented with 5pyM SB203580 had
consistently yielded higher cell numbers after 12 days of differentiation.
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The p38 inhibition at 5pMin END2-CM di d not induce
expression of skeletal markers, Iike Myf5, endoderm
markers, |ike Sox17 or neuroectoderm markers, |ike
Sox1. Therefore the effect of the p38 MAPK inhibitor
seens to be specific for the upregul ati on of genes
confined to the primtive streak/ nmesoderm of the
devel opi ng enbryo that w | 1471 hen develop further into
cardiac mesoderm Exanple 5 Quantification of
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accurately determ ne the nurrber of cardi onyocytes in
t he fferen ted cell ulatio EBs were

coIFfoé@b ager g ﬂ Rpheqj@gpf%ﬂﬂﬂ’sef‘?m Blited with 0.05%
Trypsin for 5mn at 37C. Cell clunps were triturated
an |nc bat§d for another 5 mn at 37C. Trypsin
actTvity Wa i nactivated with serum containing nedia
andlteeldbse wespenssoldf ewaraiat nducipmnby i $38g MARK irdtibition was

2509 ﬂ%ag@cf Agﬂagb%taj ﬁg;s re-EPﬁtly%%loiishgg ltHa@EorY@ﬁtrahons of 10

resuspended in count and cyt ospun onto
gl alsofsihe deds MAF’@O(W‘MW BP1&331A rievanisd 9@@'@%@9@@% in

usi Reust ¥$08eicehdd indadd Snemgsne%tsatz@?d H’W@Z—@Wwas

(see previous exanpl l)w nd cel |l count perfor
ForSUaPlemgpiRe N #EAHB A8 ﬁﬁfbﬂ |366I 23 oM 9S820 Odﬁ'ai’rﬁ?@é’ of
2 Re@aybi(ﬁg@alchlmelfm obsevanen eastagengefin beahdrpigpl dggsof

f di k N
pr o% e%ﬁfé}égs eeF E'|9 Io%ng%r}tra rsebfg‘%e?‘%{g @?‘? KPRy
of SBMSGBOWEE;;ea%inmre rcompractdalhd gloenbi &irmoapitheta esscerdlo
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car onyoc resent
foci were shlftmg from the surface to the inside of the EB structure. There

was an increase in the number of beating foci up to a concentration of 10uM
of SB203580 when compared to non-supplemented END2-CM (Figure 21B).
Beating declined when the dosage was increased to 15uM or more of
SB203580 and there was no beating detectable at 25uM.  Surprisingly,
beating foci were detected on EBs grown in SF supplemented with SuM of
SB203580. Beating areas were smaller compared to beating foci of EBs
growing under END2-CM. Similarly, the expression of a-MHC declined when
the concentration of the p38 MAPK inhibitor went over 10y M in END2-CM
and was barely detectable at the highest concentration (Figure 21C).
However, at the higher concentrations the formation of rosette like structures
in EBs were observed and checked for neuronal marker expression (Figure
22). Sox1, one of the earliest expression markers in neurogenesis, marking
the developing neuro-ectoderm, was upregulated in SF from 10uM onwards
and significantly expressed in END2-CM supplemented with 25pM of
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di ssoci ated using Trypsin. A cell suspension of 1 x105
cells was spun on a slide using a Cytospin and

i mmunohi st ochem stry was perforned using M~ 20. EBs
grown in END2-CM and di spl ayi ng around 49% of beati ng
EBs at day 12 yielded around 11.8% of cardi onyocytes
while EBs grown in END2-CM supplenmented with 5pM
SB203580 (78% beating EBs) 48 el ded 21. 7%

cardi onmyocytes (Figure 20). Nornmalized to the total
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ran e between 1 and 25 pM of SB203580 over a period, of
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tightly packed cells. CM control Large areas of loosely packed cells
surrounded by extraceilular matrix take up most of the bigger EBs. Some

glandular structures are visible.

(22B) SF + 5uM SB203580: Again areas of large, loosely packed cells maybe
smaller than in the control EBs. Rosette-like structures are obvious. CM +
5uM SB203580: More glandular structures appear and some rosette-like
structures are obvious.
J

(22C) SF + 20uM SB203580: The EBs are similar in appearance to SF + 5uM
SB203580, except that the EBs are noticeably larger. CM + 20uM SB203580:
The cells are more densely packed and organized. More rosette-like

structures are detectable and the EBs are less cystic.



SB203580 EBs are nore conpact and do not form
epithelial visceral endoderm nornally observed as
large fluid-filled cysts (Figure 21A). Beating foci
were shifting fromthe surface to the inside of the EB
structure. There was an increase in the nunber of
beating foci up to a concentration of 10pM of
SB203580 when conpared to mh-suppl enent ed END2- CM
(Figure 21B). Beating declined when the dosage was
in a 80 A I
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it was previously noted that using the inhibitor
SB203580 in SF nmedi um was pronoting the formati on of
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hi gher ‘concentrati ons of inhjbitor that
layer lineages in a concentration dependent manner in differentiating
hES cells.
1. Material and Methods:

For hES culture on human feeder cells, see Example 2.

PCR was performed as described under example 1. The samples were
subjected to PCR amplification with human gene primers including MESP1
(sense primer: GACGTGCTGGCTCTGTTG; antisense primer:;
TGTCACTTGGGCTCCTCAG).

For all other primer and other methods applied see previous examples.



conpl etely bl ocked induction of beating EBs forned in
END2 CM (Figure 21A) that norphol ogi cal uniform
neuroepithelial EBs with clear rosette structure
formed at hi gher doses of the inhibitor (>5pM 25pM
(Figure 22 & 23). Exanples are given in Figure 22:
(22A) SF control: Larger EBs consist nostly of |oosely
packed areas which mght b& high in extracellul ar
natrix EBs are cystic and display snmall areas of
ightlyg QQﬁEed cells. CMcontrol: Large areas of
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control even as early as day 1. Between day 1 and 3,
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SB203580 (Figure 24F). As seen in the previous experiment (Figure 21) the
expression of Sox1 is strongly upregulated in EBs exposed to high
concentrations of the compound (Figure 24G). A marker of early endoderm
formation, Sox17 is also higher expressed at day 12 under high
concentrations of the p38 MAPK inhibitor (Figure 24F). This might indicate
that under these conditions more mesendoderm is formed but differentiation

- down the cardiac-mesoderm, a more posterior primitive streak population is
blocked.

It is therefore demonstrated that p38 MAPK may exert different roles during
the differentiation of hES cells to various embryonic germ layer derivatives
depending on the level of inhibition/activation and duration. These results
suggest that p38 MAPK helps to modulate ES cell commitment during early
gastrulation events.



on the concentration see above). This occurs at mnuch
| ower concentrations in SF conditions (10pM than in
EBs cultured in CM (25pM possibly due to the
propensity of hES cells to form neural progenitors
under serumfree conditions (30). However, at higher
concentrations of SB203580 in END2-CMthe nunber of
beati ng EBs observed droppest dramatically with a
concomtant increase in the expression of Sox-1 as
wel | as down regul ati on of cardiac markers. Exanple
7: p38 MAPK inhibition is nodul ati ng the appearance of
gerEmarrhmqer Stimokatige s/ cardaccidfaremiataniapy cdé pesidenation by

,;,Am?{dggéogggwn Abépg hES cells. 1. Material and
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Exahpl eMateripCmd\Msthede f or ned as descri bed under
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expr SR Reen) neage markers at day 3 and
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Thepercentage of beating EBs was defined, the average ceII number per well was
counted via a cytometer after EBs dissociation with trypsin, the percentage of
cardiomyocytes was divined via cytospin followed by cardiomyocyte specific
anti a-Myosin Heavy Chain stain (MF20 antibody), and RNA was harvest for
gRT-PCR. Percent of beating EBs per well, cardiac a-Myosin Heavy Chain (a-
MHC) expression relative to a-Actin (Actin), and percent of cardiomyocytes in
the differentiated cells is presented in Figure 25A, B, and C respectively. The
average total number of cells per well observed on day 13 is shown in Table 2
below.

Looking at the percentage of beating EBs on day 13 (Figure 25A) we have
observed that the addition of SB203580 at a 5uM final concentration resulted
in a 2-5 fold higher percentage of beating EBs in CM or in bSFS media,
respectively. Addition of AA into bSFS at a 0.5uM or 5uM final concentration
resulted in about the same percentage of beating £Bs as in bSFS alone, with
a slide increase at a 5uM AA concentration. Addition of 5uM SB203580 in



expression of Nkx2.5 m m cked the expression profile
of c-MHC (Figure 24D). Interestingly, Brachyury was
upr egul ated under both p38 MAPK i nhi bitor
concentrations (Figure 24E). Brachyury is expressed in
both, the node and early nesoderm and expressing
cells give rise to nesodermbut also cells of the
endodernmal |ineage (31). MeSbl is expressed in cardiac
mesoderm and plays an essential role in cardiac

nor ( expressed, i w
con(%én%%ra |(‘9’?1tg %?J%ﬁg/%%é)&aﬁd%@;?%%ee&é%a?ég%l té)vglfJJl8
conpeeade & the pEBsntgg®wh béatingFEBsectimparett tohthgTespective AA

CO”&%@éJtr%%rPﬂsbs‘?fs alé?éz%ﬁ f?&eﬂ%@? o?ﬁgéungpéass@?é“bé@w
S

previ ous exp Xpressi on of
Soxtme iaédlganQﬁﬁgMﬁB@QB@@umtatb§ OAlYEBs exposed to hi gh
concentrations of the conpound (Figure 24G. A rrar ker
of early endoderm _ fornmation, Soxl17 is_also hig

ex pW?s%"@EFSé‘P” @é(}ar@gc Gridees rﬂ?‘@'ﬁ to gfitie hkipwei oRs Isoqtropglé

{Jﬁ&{u&@ﬂﬁgltmltﬂ br@borﬁcg'l ?‘lﬂa&j@ﬁﬁcytegm themlfw?éntlbﬂﬁ“ (ﬁﬂh:%s
at un e ondi n mesen rmi

burwag PPaT b R BERSbhe SED iSO A AHaeE i 4o RS

posd:caceronatuqm imCM pebSkS ecdpegtopiyl Addmxm ofsAAbhtoctbﬁﬁS al &

dl f¢ ESM %{)r?geﬁ rg%m&% té@%eﬁ%ﬁutn@é Fﬁ re @gss?c?ﬁeiggﬂHC

eren es dur ren |on 0
cel #sintb§FEalaneus shﬂebnqr@aﬂecat geMm A&y@mced@atmatas\@served

depﬂdgt Y. %wtdaﬁcén%ﬁdn mfbs#@régu&édqﬂ/%u z%mq&r@&@ in

dur ati on. ese resul sugges

Lo MAILR AFUMES ReIESEOAlt HEAC RHPRQoBAU SB203680
gasédrﬁﬂlr?attlbﬁ)ﬂntﬁ’@ PMsor sal AASPEBHEreSultedtin H‘-ﬂ-@fo'lcpuﬂcr@ﬁse in

cardiac differentiati on and cell grollferatl on ¥
addietatish Y HSROWsEBEN| Piteh &ESB293580nlePe AAndap P10 fold

gt |ha|d§se;@r/erh{5§ @aluhma@n@d&gyeh@ﬂ@da dreedpm 6elslim, Aaeaone
a e .Z. ture a. | sic . serum f

o gl s SRRk e BT Plem it SEZEFR T vt MouChe®
noneffess @nt carbiomybdyte dermagon( Imﬂvdlﬁe“re:xgem)edlaZmI\/ltHe respective
?Rg%q%rg? I n r(lﬂwv e#ec %T\{en when5§BéH%/ gﬂ is co rbsrﬁ %I’ tI’pAA at

respective concentrat:ons

The percentage of cardiomyocytes in the cultures shown in Figure 25C
underscores the results observed via scoring beating EBs (Figure 25A) and
relative cardiac a-MHC expression (Figure 25B). The addition of SuM
SB203580 into END2-CM slightly elevated the percentage of cardiomyocytes
but the addition of 5uM SB203580 into bSFS almost tripled the proportion of
cardiomyocytes. The addition of 0.5uM or 5uM AA in bSFS slightly increased
the proportion of cardiomyocytes; but the addition of 0.5uM and particular
5uM AA in respective combination with SyM SB203580 in bSFS resulted in
the highest proportion of cardiomyocytes in this experiment.

Table 2 is presenting the average cell number per well on day 13; note that all

wells were inoculated from the same cell suspension initially to ensure an
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Selenite (Sigma), 0.1 mM (3-nercaptoethanol, with or

W thout Penicillin/Streptonycin (lnvitrogen). For all
ot her methods applied see previous exanples. In this
experinment the effect of SB203580 (SB) and Acetic Acid
(AA) on cardiac induction when conpared to END2-CM
and a fully defined nedia bSFS was investigated. hESC
were differentiated as EBs g3n suspension culture as
descri bed above. Readouts were perforned on day 13:
the percentage of beating EBs was defi ned
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Table 2: Average cell numbers per well observed on day 13 when cell

differentiation was performed in respective medium.

The addition of Vitamin C to END2-CM may additionally increase the number
of beating EBs significantly (Figure 26). Passier et al. observed that the
addition of Vitamin C to the END2-hES co-culture system increased the

number of beating areas by up to 40% (9).

Supplementing END2-CM the same way leads to an increase of up to 20% in
the number of beating EBs. The expression of cardiac specific markers like
ANF or a-MHC was detectable at day 12 and their expression increased in



was about 2-6 fold higher when SB203580 was added at a
5pM final concentration in CMor bSFS respectively.
Addition of AAinto bSFS at a 0.5pM concentrati on
resulted in about the same relative expression of
a-MHC as in bSFS alone; a slide increase at a 5pM AA
concentration was observed. AA at a 0.5pM
concentration in bSFS resulsded in about 2 fold

i ncrease in reI ative a- MHC expression. O note,
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concentration of 0.2 pM and 2 pM. A medium change with addition of a
respective amount of PGI2 was performed at day 3, 6 and 9 after EB

formation.

(i) Immunoassay: To identify molecules that have a cardiomyocyte
inductive activity in END2-CM we have determined and quantified the
Prostaglandin I, (or PGI2) content using an EIA assay. END2 cell and MES1
(10) cell conditioned media were collected after day 1, 2, 3 and 4 of
conditioning. Measurement of PGI2 concentrations in respective conditioned
medium was determined in duplicates using the commercial enzyme
immunoassay kit — 6 keto Prostaglandin F1a EIA (6 keto PGF1a) kit (Cayman
Chemical Co). The assay was performed according to the manual's



(conpare row 6 and 8 in Table 2) resulted in the
generation of higher cell nunbers conpared to the
respective nedia condition without SB203580. This
clearly denonstrates that SB203580 under the
conditions tested here has an effect on cel
proliferation resulting in higher cell nunbers over
time. day 13 cell count Rbw # Media per well of a
6- wel | plate 1 CM2 10x10 2 CM + 5pM SB203580 3. 63
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END2- CM may additionally increase the nunber of

beating EBs significantly (Figure 26). Passier et al.
obsgrvedickhitd the addition of Vitanm n C to the

END2- hES co- cuyl t
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expression of cardiac a-MHC expression was tested. We surprisingly found
that the addition of PGI2 resulted in a strong induction of cardiomyocyte
formation shown by a 3-fold higher percentage of beating EBs and a up to 2-3
fold higher relative expression of the cardiac marker a-MHC (Figure28 B-C).
The EB beating levels and marker gene expression levels in bSF with PGI2
added at respective concentrations were equivalent or even higher compared
to END2-CM. This clearly demonstrates that PGI2 is a cardiomyocyte
inductive component of the bioactivity in END2-CM. PGI2 is also inducing
cardiomyocyte formation when added into a fully defined medium such as
bSF.



increase in beating EBs and therefore cardi onyocytes.
Usi ng the current protocol for cardiac differentiation
in suspension cultures we are able to obtain up to -2
xI 08 cells in a volunme of 200 m . Exanple 10: PGL2 as
a cardi onyocyte inductive conponent of the END2- CM

1. Material and Methods For hES culture on human
feeder cells, see Exanple &6 (i) Culture nedia: basic
serum free medi um (bSF): DMEM suppl enented wth | x
MEM non-essential am no acids (lnvitrogen), 2nmv
L-Gutamne (lnvitrogen), 0.1 nmM P-nercaptoet hanol,
With or without Penici |REFZRENGHESR onycin (I nvitrogen).
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standard curve generated in parallel and using a
spreadsheet program provided by Cayman website
(www. caymanchem coni anal ysis). For all other nethods
appl i ed see previous exanples. 2. Results W found
that PGL2 was accunul ated in END2-CM to nuch hi gher
concentrations conpared to the non-cardi onyocyte

i nductive, conditioned mned7a collected from MES1
cells (Figure28A). PGL2 was added into the defined
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is present in a range of 0.01 - 100uM.

7. A method according to any one of claims 3 to 6 wherein the SB203580

or its derivative is present in a range of 0. 1 - 50uM.

8. A method according to claim 3 wherein the prostaglandin is PGI2. an
analogue or a functional equivalent thereof.

9. A method according to claim 8 wherein the PGI2 is present in a range
of 2nM to 200000nM
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59 , CLAINS 1. A nethod of indugci r [

ot | BT PR TR Sty WPEpEnERTER A o
entraygeefOgev m 20@9erM.der i vati ves said nethod
conprising culturing the stemcells in the presence
of a defined mediumthat is substantially free of
xenth aAdneleedpacewinadaeny one af daimerd ireld whsipig the PGIZ is

ConpLieit RG r?ﬁé(ﬁ &gedodnvied Sopnithat contribute to the

pronotion o IfTferentiation to enbryonic germlayer
derivatives. 2. A nethod according to claim1l wherein

g he1A29|i f Kﬁﬁﬁfhfobaédogqaidgsmd@ﬁ Qnded:)[feddﬁ?rizﬁ \mw u_lnewrﬁ?emome
. met hod according to clai,m r erein_the.

f actBYo 4o AP ISR B PRRTE] TBP 161 et doBySigo o
pr osdtatANndésddednoranddbdegme or a functional equi val ent
thereof. 4. A nethod according to claim3 wherein the
p38MAP ki nase inhibitor nolecule is a pyridinyl

| mi thzolA rethed aggartingSo apy ana ¢fetkime & &0 dwhgreinahe SRRPRS0

whey_ei LAk R¥l. shmydazol  honol ogue i s SB203580
or {s?i&gétpﬁsgét/r[gbgﬁ@é 2 lrJTﬂArr'\st hod according to claim5

wherein the SB203580 or its derivative is present in
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one of clains, 3 to 6 wherein the SB203580
layer derivative is cardiac mesoderm.

15. A method according to any one of claims 12 to 14 wherein the cardiac

mesoderm gives rise to a cardiomyocyte.

16. A method according to any one of claims 5 to 7 and 12 wherein the
SB203580 is present in the range of 10 - 50uM.

17. A method according to claim 16 wherein the embryonic germ layer

derivative is neural ectoderm.

18. A method according to any one of claims 1 to 17 wherein the stem cell
is selected from the group including embryonic'stem (ES) cells, pluripotent
stem cells, haematopoietic stem cells, totipotent stem cells, mesenchymal

stem cells, neural stem cells, or adult stem cells..

19. A method according to any one of claims 1 to 18 wherein the stem cell

is a human ES cell.



or its derivative is present in a range of 0. 1 -
50pM 8. A nethod according to claim3 wherein the
prostagl andin is PGl2. an anal ogue or a functional
equi val ent thereof. 9. A nethod according to claim38
wherein the PGL2 is present in a range of 2nMto
200000nM 60 10. A nethod according to claim8 or 9
wherein the PGl2 is presentétin a range of 200nMto
20000nM 11. A nmethod according to any one of clainms 8
erein the PA 2 is e M
oooneTs? SeFrerRatebtent U o G Ryl
1 tfartribl covhprisek rat teast orenduidition lsejegeq* frorlnaty@ grode rcpnsisting eof
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o SROB Gfonglfi POt 318, GRRFRE A Al B TRYRyer
onepeafmdel mnegncspmqgerzet\mmt@n gng ﬁ@o@%@gygbfac?cgs pr esent
in arange of 0.5 - 20pM 14. A nethod accordl ng to
claim 12 or 13 wherein the enbryonic germ
derdlvat Aeanbingnicagedmae! feEwixe RiePaEsd by ?Tﬁtemﬁ’a %e&rswa.tﬂg
t 0 AYYnOBECIAMsAlta OB 12 to 14 wherein the cardiac
nmesoderm gi ves rise to a cardi onyocyte. 16. A nethod
according to any one of clainms 5 to 7 and 12 wherein
t he2. SBR@3R0nyiosytp pepered byra rhétbod astgedirgfto B0y ond Ofpdldims
thod according to claim 16 wherein the
errb"(;ozﬁec germ | ayer derivative is neural ectoderm
18. A nmethod according to any one of clains 1 to 17
I Nyt i C I I
norad A LB e by PRl g ke ol
cel ¢l@msAdeR&t opoi etic stemcells, totipotent stem
cells, nmesenchymal stemcells, neural stemcells, or
adult stemcells 19. A method accor di ng to _any one
of A ai ﬁsdef”?%cﬁ@r%\ﬂ@[d'él”‘r’f‘etnh‘ésegtf%'rﬁ? %%’Fﬁ‘t‘a PG S‘&”’h%ﬁ{iﬁﬁmgs
cel émbryonic germ layer derivatives which is substantially free of xeno- and
serum-components said defined media comprising defined factors that
contribute to the promotion of differentiation to embryonic germ layer

derivatives.

25. A defined culture media according to claim 24 wherein the factor is a
p38MAP kinase inhibitor molecule or a prostaglandin, an analogue or a

functicnal equivalent thereof.

26. A defined culture media according to ciaim 25 wherein the p38MAP
kinase inhibitor molecule is a pyridinyl imidazol homologue.

27. A defined culture medium according to claim 26 wherein the pyridinyl
imidazol homologue is SB203580 or its derivative.

28. A defined culture medium according to any one of claims 24 to 27
wherein the SB203580 or its derivative has a concentration in the range of
0.01 - 100uM.



61 20. A nethod according to any one of clains 1 to
19 wherein the nmedium further conprises at |east one
additive selected fromthe group consisting of
selenium transferrin, retinoic acid, ascorbic acid,
acetic acid, hydrogen peroxide, bone norphogenetic
protein and fibroblast growh factors. 21. A enbryonic
germcell derivative prepargd by a nmethod according to
any one of clainms 1 to 20. 22. A cardiomyocyte
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culture nmedi a accor di ng to claim?24 vvherei n the factor
P ase hi bitor, ecul r .
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cI p38MAP ki nase i nhibitor nol ecule
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culture medi um according to claim 26 wherein the
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according to claim27 or 28 wherein the concentration
of 3he SBROB&EBCUIOre mediuteactording e clasmn i38 wHeesim dhregRGEf is

0. JFesent@2Mange of 2nM to 200000nM

34. A defined culture medium according to claim 32 or 33 wherein the
PGI2 is present in a range of 200nM to 20000nM.

35. A defined culture medium according to any one of claims 32 to 34
wherein the PGI2 is present in a range of 200nM to 2000nM

36. A defined culture medium according to any one of claims 24 to 35
wherein the embryonic germ layer derivative is selected from the group

consisting of ectoderm, mesoderm or endoderm.

37. A defined culture medium according to any one of claims 24 to 36

wherein the embryonic germ layer derivative is cardiac mesoderm.

38. A defined culture medium according to claim 37 wherein the cardiac
mesoderm gives rise to a cardiomyocyte.



30. A defined culture nmedium according to any one of
claims 27 to 29 wherein the SB203580 or its
derivative is present in the range of 0.5 - 20pM for
cardi ac nmesoderm i nduction. 31. A defined culture
medi um according to any one of clainms 27 to 30
wherein the SB203580 or its derivative is present in
the range of 10 - 50pM for63neuro-ect oderm i nducti on.
32 A defined culture nmedi um according to claim25
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43. A cell population according to claim 41 or 42 wherein the embryonic

germ layer derivative is cardiac mesoderm.

44. A cell population according to any one of claims 41 to 43 wherein the

cardiac mesoderm gives rise to a cardiomyocyte.

45. A cell population according to claim 41 or 42 wherein the embryonic

germ layer derivative is neural ectoderm.

46. A cell population according to any one of claims 41 to 45 wherein the
stem cell is selected from the group including embryonic stem (ES) cells,
pluripotent stem cells, haematopoietic stem cells, totipotent stem cells,

mesenchymal stem cells, neural stem cells, or adult stem cells.



factors. 41. A cell popul ation conprising an enhanced

proportion of an enbryonic germ/layer derivative that

has selectively differentiated in a defined nedi um

that is substantially free of xeno- and

serum conponents said defined nedium conprising

defined factors that selectively pronote the

differentiation of stemcddds to the enbryonic germ

I ayer derivative. 42. A cell population according to
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rre&imlmaceﬂhls ahEémdld)derm 43. A cell popul ation according
to claim4l or 42 wherein the enbryonic germlayer
derivative is cardiac nmesoderm 44. A cell popul ation
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popul ati on according to any one of clainms 41 to 46
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52. A method according to claim 49 wherein the patient is treated for a
neurological disease or condition by transplanting a stem cell that has been
subjected to a p38MAPK inhibitor at a concentration that induces neural
progenitor populations.

53. A method according to claim 52 wherein the concentration of the
p38MAPK inhibitor is in the range of 10 - 50uM.

54. A method of repairing cardiac or nerve tissue, said method comprising
transplanting a cell population according to any one of claims 41 to 48 to
damaged cardiac or nerve tissue of a subject.

55. A method according to claim 54 for repairing cardiac tissue said
method comprising transplanting a stem cell that has been subjected to a
p38MAPK inhibitor at a concentration that induces cardiac mesoderm.



cardi ac disease or condition by transplanting a stem
cell that has been subjected to a p38MAPK i nhi bitor
at a concentration that induces cardiac nesoderm 51.
A net hod according to claim50 wherein the
concentration of the p38MAPK inhibitor is in the
range of 0.5 - 20pM 52. A nethod according to claim
49 wherein the patient is té%ated for a neurologica
di sease or condition by transplanting a stemcell that
has been subjected to a p38MAPK inhibitor at a
concentration that induces neural progenitor
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60. A model according to claim 59 wherein the immunodeficient animal is

created as a model! of cardiac muscle degeneration following infarct.

61. A model according to claim 59 or 60 wherein the parameter of cardiac

function is contractile function.

62. A model for testing suitability of a neural progenitor cell for
transplantation, said model comprising: ' .

an animal having a measurable parameter of neural function wherein
said animal is capable of receiving a neural progenitor according to claim 23
by transplantation; and

a means to determine neural function of the animal before and after

transplantation of the neural progenitor.



according to claim22 by transplantation; and a neans
to determ ne cardiac function of the aninmal before and
after transplantation of the cardi onyocyte. 60. A
nodel according to claim59 wherein the

i mmunodeficient animal is created as a nodel of

cardi ac nuscl e degeneration followng infarct. 61. A
nodel according to claim5%gor 60 wherein the
paranmeter of cardiac function is contracti I e
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conpounds said nmethod conprising subjecting a neural
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67. A cell population according to claim 41 substantially as hereinbefore

described with reference to the examples.



