1 CA RDIOMYOCYTE PRODUCTION FIELD OF THE INVENTION The
present invention relates to a process and composition for controlling
germ layer differentiation preferably from human embryonic stem (hES)
cells and promoting mesoderm formation and cardiomyogenesis from hES
cells or other stem cell (SC) types. BACKGROUND OF THE INVENTION
Cardiomyocyte differentiation in embryonic stem cells is poorly defined
and a relatively nonselective process.'hES cells and mouse embryonic
stem (MES) cells have intrinsic differences in their response to
biochemical factors (1}; umsisteaiowits theseobgemvations is the finding
that cardiomyocyte differentiation between human ES cells or mouse ES
cells or embryonic carcinoma (EC) cells is indeed dissimilar (2).
Differentiation of mouse €nfBriydric 'dtenTeéEiNd ittt cardiomyocytes has
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Differentiation of mouse embryonic stem cells into cardiomyocytes has

historicaily been achieved through spontaneous differentiation in serum-
containing medium or through treatment with compounds like DMSO, retinoic
acid, Bone morphogenetic proteins, Fibroblast growth factors or the broad and
non-specific de-methylating agent 5-aza-deoxycytidine (3,4). Compounds
such as 5-aza-deoxycytidine have also been used to induce differentiation of
cardiomyocytes fraom cother stem cell types {adult bone marrow or fat fissue
(5,6)). This indicates that different types of stem cells could potentiaily be
used as a source for the generation of cardiomyocytes for applications such
as cell therapy, tissue engineering, pharmacological and toxicological
screening, or efe, provided effective processes and methods for the derivation
of cardicmyocyte are avallable.

Current published methods for forming cardiomyocytes from hES cells rely on
spontaneous differentiation in madia containing animal serum (e.g. fetal
bovine serum or calf serum), a media compenent 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-



aza-2-deoxycytidine (7). The differences between mouse and human ES
cells is exemplified by the observation that the addition of DMSO or
retinoic acid has no detectable effect on cardiomyogenesis when hES
cells are treated although these compounds have shown an inductive
effect on cardiomyocyte differentiation from mouse ES cells (7). Spherical
structures from hES cells termed embryoid bodies (EBs) resulted in the
formation of beating areas and thus cardiomyocytes when differentiation
was performed in serum-containing medium (7,8). Overall, these methods
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beating areas (9). The majority of these hES cell-derived cardiomyocytes
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disease. Accordin Ig the invention seeks to identify factors that are
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INVENTION In a first aspect of the %esent invention there is provided a
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thus comprises a clinically compliant medium. The defined media
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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 4 serum free medium or bSFS. As part of the process, culture
conditions are provided that are useful to maintain human embryonic stem
cells in a state that promotes efficienticardiogenic differentiation. The
factors that may be present in medium contribute to the promotion of

diffesenfialiQp-taicardinmmpmndesy bseferably hedfactarisa prosiagiandin
or a p38MAP klri] se in bléor molecule. IdeaII}/, the p38MAP kinase
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fashienvdn aneiheyembodiment the addition of SB203580 at higher
concentrations diminishes the formation of cardiac mesoderm and
subsequently cardiomyocytes and hES cell differentiation is directed
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PGI2 has now been identified as an inducing factor alone or in
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enhancing factors to direct the differentiation of human stem cells into
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process of differentiating st%%%ells, in particular hES cells, into
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and definegdfactors 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 acfel/MydrByerpetoxideEboKeNnorphogenetic
proteinang fibepblastotewiidastonvention 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 ecmpliant medium. The defined media comprises defined faclors
that contribute to the promotion of differentiation t¢ 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
cardiomyocyle inducing properties as END2-CM. One example of such fully

defined medium formulation provided in this embodiment is termed defined



5 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 cardiomyocytes which is substantially free of xeno- and
serum-components said defined media comprising defined factors that
contribute to the promotion of differentiation to cardiomyocytes. Preferably
the factor is a prostaglandin or a p38MAP kinase inhibitor molecule.
Preferably, the p38MAP kinase inhibitor molecule is a pyridinyl imidazol
homologue and the prostaglandin is PG12, its analogue or a functional

equivalantthereof The: defined fuediym:may also.comprise at least.ong
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direct stem cell, in particular hES cell differentiation into germ layers such as
ectoderm, mesoderm and endoderm in a concentration-dependent fashion.

In ancther embodiment the addition of SB203580 at higher concentrations
diminishes the formation of cardiac mesoderm and subsequently
cardiomyacytes and hES cell differentiation is directed toward increasing
amounts of the ectodermal germ layer and in particular the neurectoderm
lineage.

The factor may also be a prostaglandin such as prostaglandin 12 (PGI2), an
analogue or a functional equivaient thereof. PGI2 has now been identified as
an inducing factor alone or in combination with several growth faciors which
may ast as inducing or enhancing factors to direct the differeniiation of human

stem cells inte cardiac mesoderm and cardiomyocytes.

In a further preferred aspect the process of differentiating stem cells, in
particular heS cells, inte cardiomyocyies comprises growing the hES cells in
the presence of a defined medium tha! is subsianiially free of xeno- and
serum-components and defined factors that contribute o the promotion of
differentiation to cardiomyocytes said medium further comprising at teast 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.



Figure 1 shows a Histogram showing that when hES cells are co-cultured
with two different END2 feeder cell densities (cells/cm2) there is a marked
increase in the emergence of beating areas after a period of co-culture.
Figure 2 shows a decrease in cell viability of MitC treated END2 cells
seeded at two different densities (Ix and 4x) in serum free DMEM. Figure
3 shows a determination of minimal exposure time to END2-CM sufficient
to effect cardiomyogenesis. EBs werescultured in CM for either 3, 6, 9 or
12 days before the medium was changed to SF media for the rest of the
differentiation process. Scoring was performed at day 12 and EBs were
coll Cted for RNA extraction followed by RT-PCR. Figure 4 shows a
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ENBZtoedls. Percentage of beating EBs obtained after being cultured in

day 7 CM from END2 cells either treated with MitC or untreated before the
The present invention also provides cardiomyocytes and cardiac progenitors
and cardiomyocyte and cardiac progenitor populations differentiated by the
methods according to the present invention.

The present invention further provides a cell composition inciuding a
differentiated cell of the present invention, and a carrier.

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.



7 seven day conditioning period. Serum free unconditioned media served
as a negative control. No beating EBs are observed. Figure 8 shows the
effect of media volume used for conditioning on END2 cells. EBs were
grown for 12 days in serum-free media or CM from END2 cells. The CM
was either prepared with 200 p1l/cm2 serum-free hES medium or 250
pl/cm2. The CM with 200 p1l/cm2 gave a higher number of beating areas
after 12 days differentiation. Figure 9 gshows a histogram showing no
difference when using a T500 or a T175 flask for conditioning, both deliver

around the same Oélﬁlgﬁ BngM:.l '%qug@é%ﬁf% ES medium

gave a better result in this experiment than usmg cm2 (45m1 per
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Note the absence of beating EBs in the negative control. Figure 11
shows late passaged END2 cells do not attach as well after being
passaged Heinerscelisa@tBayr3)cbubsdemtdidividenfasten idreittayefoied
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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
(MEFRUEBS fehovedl frommi¢TESdEls gfownioal nesoseu (MERe nte1 BNOE-CM
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day d2ethsd e ey oltindppendanicexprriments). 8 Figure 13 shows a
difference in the level of expression of cardiac marker genes between hES
cells grown on HF and MEFs. After growing for 12 days in END2-CM EBs
were goneéteerist RGN @RFRiHT® owveiErp)cereTUOR 8! heleansayion
RT-ORrturayMites onstddncnitesind éran:iBsitopmed JeameMtEibased
hES, culture, 5 S ' Jtures
Combt e Sl e o e M e e,
MEFE & Batiation media (SF, END2-CM or bSFS (see Exampie 8) for 12 days

before scored for beating areas.

Figure 5 shows a response of three hES cell lines {o treatment with ENDZ2-
CM. EBs were fermed 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 8 shows an ENDZ-CM response of hES cells cultured on fibronectin
without the use of feeders. EBs were formed overnight in SF medium
foliowed by 12 days in SF or CM. Medium was changed every 3 days. £EBs
were scored for besting foci at day 12 {A). RNA was exiracled foliowed by
gRT-PCR (B).

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



Figure 14 shows an analysis of cardiornyogenic marker genes and
differentiation markers in EBs over a period of 12 days by gRT-PCR.
Expression profile of selected embryonic genes expressed in hES cells,
early embryonic germlayers and cardiomyocytes in EBs over 12 days of
differentiation in serum free DMEM or END2-CM. In this instance EBs
were formed from hES3-GFP cells and grown in END2-CM over 12 days.
(A) EB's were scored for beating foci at day 12. Samples for RNA
extraction were collected from the undifferentiated hES culture (day -1),
12 hours after £B formation fron . serum free medium (day.0), 8 howrs
after expos S0 ENDEEM 4s werl as after grBV\'/fngef%r 0 0 R
day$ HEKDRCR (Piberiperinemabstordach time point). (B-H) Figure
15 shows whole mount immunohistochemistry on EBs that have been
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maintained hES cells) were prepared Tor cryosectioning and either stained
for EiFefidé AAPETerRapAYYBsin following the DAP protocol (A) with the
blank control shown in B or for the markers sarcomeric Tropomyosin (C)
and ap ISR (5 ) ERSLAR Buslsl SRingRMiR DARIHBL). JThesame
fleldﬁmde{ brgl htfield in the panels I%and F (s,Material and Methads, 10 x
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Beating s wers:empedded psparaffin and serial sections prepared.
Shown are immunofluorescence images of sections stained for
sarcomeric Tropomyosin, MLC-2a and -2v, as well as sarcomeric myosin
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expredEiserth HESdevett diibrydidHotfed féiatiiNg frsdemBrTwigy four
SB26368@. (A) EBs were grown in END2-CM and the END2-CM was
supplemented with 5 pM of SB203580 during media changes as indicated.
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END2-CM was either supplemented with 5pM of the p38 MAPK inhibitor
5B203580 or SB202190. Medium was changed every 3 days. EBs were
scored for beating foci at day 12. 10



Figure 20 shows quantification of cardiomyocytes in EBs grown in SF
media, END2-CM or END2-CM supplemented with SB203580. (A-C) hES
cells were differentiated over 12 days in END2-CM and beating EB's were
dissociated with Trypsin before transferred to glass slides for Cytospin
immunohistochemical analysis. Adherent cells were fixed and stained by
immunohostochemistry using the MF20 antibody and cell nuclei were
counterstained with DAPI. (D) Displayed is the percentage of beating EBs
(left Y-axis) against the percentage of cardiomyocytes (right axis).
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a strong enhancing effect on cardiomyocyte formation in different media at
the @?ﬁ‘f%ﬁ BB AR PR 4 38 &r%%n%‘éﬁ%mﬁdfﬁéiﬂ@se?@&t ROTHYR
not lateteditou &N BR<«G Mty atse meatksetficiently in the fully defined
medium bSFS. The cardiomyocyte-inducing effect is further strongly
enhanced if SB203580 is added in combination with acetic acid at
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differentiation. EBs were scored for beating foci at days 1
controi shown in B or for the markers sarcdmeric Tropomyosm (C) and or «-

Actinin (£) in red and nuclel stained with DAP! (blue). The sams field under
brightfield in the panels D and F (s.Material and Methods, 10 x magnification).



Figure 27 shows cardiac gene expression in hES-derived EBs after
supplementing END2-CM with Vitamin C. END2-CM was supplemented
with 0.1 mM Vitamin C during 12 days of differentiation. RNA was
extracted and mRNA expression for the cardiac marker genes ANF and
a-MHO in SF medium, END2-CM or END2-CM supplemented with
Vitamin C analysed by gRT-PCR. Figure 28 shows (A) Prostaglandin 12
(or PGI2) quantification via ELISA in END2-CM or in conditioned medium
generated by the same conditioning method but utiIizing the cell line
1&%"" ‘(“a%‘ﬁscﬁt d'OJJ‘Ye%%Y&% induct Yc?ma%“ ﬂ% (L PGB oae%ved
d'into the Ton-conditic oned, serum free rEr)t %F see example
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cells, i GRRIYaRis QEHMRYSIrvases syeh % egidarm mesodes
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car omyocytes or car esoderm is both sim ch eap
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but not limited to, embryonic stem i%e S, pluripotent stem cells,
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neuralisten tetls frar adiffesteinteefES culture (hES), after growing for 4 and
12 days in END2-CM (3 independent welis for each time paint). END2-CM
was supplemented with 5 yM SB203580 (indicated by +). (D-F)} The
expression of Brachyury {Thra), 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. ENDZ-CM was either supplemented with
5uM of the p38 MAPK inhibitor SB203580 or SB202180. Medium was
changed every 3 days. EBs were scored for beating foci at day 12.



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 13 embryonic stem cells (hES) cells (Reubinoff et al., Nature
Biotech. 16:399-404 2000). The stern cell may be derived from an
embryonic cell line or embryonic tissue. The embryonic stem cells may be
cells which have been cultured and mgijntained in an undifferentiated
state. Such cells have been described in W02000/027995,
W02001/042421, W02001/098463 and W02001/068815, the coptents of
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cultivation. The markers may be used to purify the differentiated or
undifferentiated stem cell populations at any stage of cultivation. It is
expdtgatiethat thiewe codpenteiditicrsdotdnipedect of SM2AR68E on hES

diﬁemi@tmmllt@mh t”m%@ agds@sﬁéﬁt@tgl aﬁﬁaﬁwgﬁadgqteénfé&m@%s of
sam S TNOSe 1esie gge a es ulture conaitions
for 1o LR o1 SRR o S St LB AP
cellsWArgessered. Puktrtitaors! giedfact hatitevedffdratiaton dondifidifs
can b@ae@gbﬁsjﬁe% wthh@utrﬁgtaéﬁalm%tm @Mﬁeu@&i&h@%@h@&%ﬁml
presgn anim at ens [ea t chance that t e
Shee g st FlRne o e

hES-derived embryonic germ layer de 33 gr%%rown for

mesodEfYsdt BNederitiimereipiestrapRredrdion3ReY368%r cardiac

mesoderm are suitable for transplantation in patients preferably with heart

dise%%queléb shows EBs grown in ENDZ CM zlone or in CM supplemented with
either 5 or 20 uM SB203580 for 12 days. EBs were collected at day 1, day 3
and day 12, embedded in paraffin, sectioned and H&E staining was
performed (see text).

Figure 23 shows EBs were grown for 12 days in SF media or CM from END2
cells and treated with 10uM SB203580: Shown are EBs attached to the
surface; there is a high number of reurite-like cutgrowth 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 alore or in END2-CM supplemented
with either 5 or 20 pM 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



the presence of a defined medium that is substantially free of xeno- and
serum-components and incorporates 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. Germ
layer differentiation The present inventon relates to controlling germ layer
differentiation and promoting mesoderm formation. The factors identified

in the presantinyention nave heen found.io.be o ?Faé'?d§8%c89ge°%egcmc
differentiation of the germ layer into embryonic %Z m layer derivatives
sUcHIBRPE BB IERTEBLHBIF BISeIIB ASFMINTORY PRteralsy CR.

cardiomyocytes or cardiac mesoderm. The controlled differentiation may
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concentrations the factors may induce the formation of cardiac mesoderm
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mes@derﬁef@éﬁbmaﬂigtibﬁ%e@cm 'dﬁam_aléa:cg EBs per well (showq in A),
diffegentiationi cardiemyooenic differeniation’.. cardiomypgenesis of,
"differentiating Stem cells into cardiomyocytes” means the formation of
cardﬁ%?ﬁ%d?t%é FShPSIETH'ReRL prafdrBsn REYS Cells BIrMIbI &F
cardi@mweeyte_ﬂ; i8S Blzsfsed lbwhe ﬁbmgti@rhmﬁ@mmeﬁeﬁh@rEBadmoaﬂ&ng
seedsdcells, inmune.cytalagical stainingdorcardioniyagyte SpagIfic rhe
marker, and exgaressmn of cardiomyocyte specific marker. Factors The
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equivalent thereof. 15 _
acetic acid at respective concentrations,

Figure 26 shows stimulation of cardiomyogenesis in hES-derived EBs by
supplementing END2-CM with Vitamin C. END2-CM was supplemented with
0.1 mM Vitamin C during differentiation. EBs were scored for beating foci at
days 12.

Figure 27 shows cardiac gene expression in hES-derived EBs after
supplementing END2-CM with Vitamin C. END2-CM was supplemented with
C.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 suppiemented with Vitamin C analysed by
qRT-PCR.

Figure Z8 shows {A) Prostaglandin Iz {or PGI2) 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 C.2uM or 2.0uM concenfraticn and hES

differentiation was performed in EBs in suspensicn for 12 days before the



p38MAP kinase inhibitor molecule It has also been surprisingly found that
hES cells grown on human feeders differentiate more efficiently into
cardiomyocytes and additionally, the use of a small molecule that inhibits
p38 MAP kinase contributes to the differentiation process. The inhibition of
p38MAPK may be by any inhibitor of the p38 MARK pathway including
inhibitors preventing the activation of MAPKAP kinase-2 and the
phosphorylation of heat shock protein27 (hsp27). At higher dosages of
the inhibitor, cardiomyocyte differentiation may be inhibited and neural
Progenitor papWations inciaased. ,The methads - of dh invention invalying
inhibition of p38 MARK may be carried out under serum free conditions in
uncBHURSIRS RIS in conditioned medium conditioned with END2
cells or cells producing the same or similar factors or bSFS. Ideally, the
p38l§[/IAP kinage 5&2@9&@%@@@@@?%@?%@W%ﬁﬁﬂab?}mo:ogtje. A
most preferre ridinyl imidazol homologue is a small molecule, the
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S8203580 at lower concentrations is most prominent during early cardiac
mesGderincd6formatiomantdgadytcandiaé!differéntiationsaesaltingebrs of
formation of cardiomyocyies:as.decumented. inthis embodiment. hus,,,
the sufagnsmgwlnductlve activity of 8B203580 described in this invention is
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preferably in combination with SB203580 results in a prominent increase
in cardiac éjiffergnﬁiation.
tern Ceils
In the present invention a stem cell, preferably a human stem cell is
undifierentiated prior to culturing and is capable of undergoing differentiation.
The stem cell may be selecied from the group including, but not limited to,
embryonic stem (ES) cells, pluripotent stem cells, hasmatopoietic stam celis,
iotipotent stem celis, mesanchymal siem 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 celis.

For example, the stem cell may be derived from a cell culture, such as human



In another embodiment the addition of S3203580 at higher concentrations
diminishes the formation of cardiac mesoderm and subsequently
cardiomyocytes and hES cell differentiation is directed toward increasing
amounts of the ectodermal germ layer and in particular the neurectoderm
lineage. Therefore, it is preferred that to induce cardlomyocyte, SB203580
is present in the range of approximately 0.5 - 20pM. Preferably, to induce
neurectoderm S3203580 is present inzthe range of approximately 10-
50pM. 53203580 is a specific inhibitor of the MAP kinase homologue p38
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In a further preferred aspect the process of differentiating stem cells, in

paricular hES cells, into cardiomyocytes comprises growing the hES cells in



18 It is also conceivable for the present invention to include the use of a
prostaglandin, analogue or functional equivalent thereof to induce germ
layer derivatives, in particular cardiomyocyte differentiation from an
undifferentiated hES cell population that is capable of differentiation to
germ layer derivatives, especially cardlomyocytes and cardiac progenitors
and preferably to direct and induce the differentiation toward a
cardiomyocyte lineage. The addition af:a prostaglandin, analogue or
functional equivalent thereof is applicable to any method that is directed to

diffeyentation of %‘Pmc%%%éor%‘eeé{&‘rda%%ﬁ.‘i'se%"%%‘%’ae%at@sc?r%%‘%%yxen - and
cardiomyocytes an cardiac progenitors including both' directed ahd
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Cardiomyocyte or cardiac mesoderm differentiation
The terms “cardiac differentiation”, “cardiomyogenic differentiation”,
“cardiomyocgenesis’ or “differentiating stem cells into cardiomyocytes” means
the formation of cardiomyocytes from stem celis preferably from hES cells.
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 @ p38MAP kinase
inhibitor malecule or a prostagiandin, an anaiogue of a funcional squivalent

tharaof,



19 associated with the process of card omyocyte differentiation nor the
induction of that process. Whilst PGI2 has been found to be an inducing
factor for cardiomyocyte differentiation, analogues of PG12 such as but
not limited to Beraprost, clinprost and PG11-Na are also included in the
present invention. Any one of the analogues that are commonly available
is within the scope of the present invention. Preferably the analogue is a
stable analogue that is capable of praknged culture. It must be suitable
for inclusion into media for the cardiomyocyte induction. The term

"function quu%gw ﬁgépec}Hglgﬁomﬁ?%g@ypounds that can behave in

the same‘manner and essentially act 12. The present invention also
incllide2stRls wasfiot oY BB et IRal Fot ReBGEo b PSR 496719 is
derived irortarachidtinieragichiand piodyceddsysthieacyitl oty erase: of a
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prostaglandin-endoperoxide synthase (Ptgs or Cox), and PGH
sub8&yiéntly converted to PGI2 by the action of prostacyclin synthase
(Ptgis). Therefore any of the compounds that contribute to the generation
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layefzderwatiyessuch as ectoderm, mesoderm or endoderm, more
preferably cardiomyocytes or cardiac 20 mesoderm from an
undifferentiated stem cell culture that is capable of embryonic germ layer
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cardiomyiogytes or cardiac mesoderm differentiation. Whilst the invention
seeks to provide a culture system absent of xenoproducts, a co-culture
system may be improved by |mprovm%the co-cultured cells as providing

indubefEost SFRIFYBNIEYGEIH 147EaRY PAIAR%GCH o8 SErRluéRRiscHs: the
mespgetinylonméttodeomome PEsfetably waitdiosTyatytes o eadiaey be
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from the cells are within the s&ﬁ)e of theépresent invention.

co-cHIFRERTRIE sURHLaRafihe A CEliE A 198 FRBushed SV%f&fé‘éfir?é
releastodéindoests suchrds: PG preferabiyamyrsherusepeficomipetinds in

such,as bradykdniidition of SB203580 is useful to efficiently induce mesoderm,
especially cardiac mesoderm, and in particular cardiomyocyte differentiation
from hES celis in various media compositions. Quantification of the number
of cardiomyocytes sither by defining percentage of beating EBs, total number
of cardiomyocyies by means of immune cytochemistry, 2s well as cardiac
marker exprassion (relative gene axpression data using qRT-PCR) show a
significant increase in cardiomyoccyte formation when when predetermined
concentrations of SB203580 are added. The dose effect of SB20358C at

lower concentrations is most prominent during early cardiac mesoderm



Similarly, co-cultured cells may be genetically modified to increase PGI2
release wherein activating enzymes such as prostaglandin
endoperoxidase synthase (Ptgs or Cox) and prostacyclin synthase (Ptgis)
in the presence of arachidonic acid are further up-regulated to increase
PGI2 release. The concentration of PGI2, an analogue or functional
equivalent thereof may be present in a range of 2nM to 200,000nM.
Preferably the PGI2 is present in the sgnge of 200nM to 20,000nM. More
preferably, PGI2 is present in the range of 200nM to 2, OOOnM However,
(e AMMINS Hloseh APPIOIBAlEADe SRSk ONIBIENON Olormation o

cardlomyocyte eren¥|at|on t%at con oned media e ce S
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stem cells, in particular hES cells, i erivatves

ic germ
suct? 44 CEt0HaHACHTSIB B BrarEatdRTHHRE HRSTE a%pge letal, (12)
cardibrmiponyiesosearltistoneseatt imavhic istsylstadtialyy foee -of o@no-

and sefugAOAPnEsEs sl defsdmedin gomaisigo defined factors

that contribute to' the promotion of differentiation to 21 embryonic germ
layer derivatives such as ectoderm, mesoderm or endoderm, more
preféraiilipedrdiornyesyte sy cardizn ésedemninBreferablirthedaidtor is a

prosiaglanginsits @natrgHe; eﬁéuapw@#a%qu%amm%fﬁgf LA §3SMAR
kinase |ﬂh|b|tor molec le. Prefera F%thhe %SSMAP kinase inhibitor

molécule’id' & Byor?&l'ln?ﬂ imid&261 'R 'I%%ﬁ e ﬁtl'é?rbrostaglandln is PG

12, an analogue or a functional equivalent thereof. The defined medium

may|@lseceamprgR @ieasthengiadeiive selreisshiram the gkakRntrations

consjsting.of se eniu transferrin, retinoic acid, scorblc cid, acetlc aC|d
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coneemitationfahthedpsestaey girtPals) san analogue-erifiinstignabderm
equiyalent thereof to a culture of stem cells in the range of 2nM to

20000nM. More preferably the final concentration is in the range of 200nM
to 2000nM. A person skilled in the art will appreciate that a suitable
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minerals including n-ME, non-essential amino acids, and L-glutamine.
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serum-free media. It is also pre ferred that insulin is not present Int
medid ' oPiSLiNB ALY YEAtCE At HRAB MR ‘E&S‘%’ﬁé&hd‘%%ﬁ“&ﬁ%%&iﬁ%ﬂed

preferalply)absermts 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, ceil differentiation,
cell movement and cell death. The p38 MAP kinase is also activated in
response to cellular stress. Previous published studies have shown that
SB20358C 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



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. 22 Germ layer derivative cell compositions The
present invention also provides embryonic germ layer derivatives such as
ectoderm, mesoderm or endoderm, more preferably cardiomyocytes or
cardiac mesoderm, cardiac progenitots prepared by the methods
according to the present invention. The cardiomyocytes, cardiac

mesqgdermand.cardiacpiogenitats obthe ipention.ate;prefetably canahle

of beatln Cardiom ocytes and the cardiac progenitors can be fixed and
stalﬁéﬂ%ﬁf?%%&ﬁﬁ ARBBEIS ©Eohfm muscle phenotype. a-troponin,

a-tropomysin and a-MHC antibodies also give characteristic muscle
stalnlng (he pr@@gg&mﬂpn also provides a mutated differentiated
onic germ Ia erlvatlv ctoderm
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maintains the cells. It ma or otherminimum essentia edaium
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trangplantation, Jn another.asnect therg.is provided.a callpopulation oo

comp rlsmgt7 reater proportion of an embryonic germ layer derivative that
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embré/onlc germ layer derivative.

Therefore not wishing to be limited by theory, functional equivalents may also
include PGA, PGB, PGC, PGD (PGD2), PGE (PGE2Z), PGF {PGF2a), PG!
(PGL2 as exemplified), Thromboxane A2 and 12(s)-HHT. These wouid also

include the Amide and Ester Prostanoid derivatives.

Prostaglandins have now been found fo assist in the differentiation of
cardiomyocytes. In particular, by adding a prostaglandin, analogue or
functional equivalent thereof to a siem cell culture, cardiomyocyie
differentiation may be enhanced over bass 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 celis to cardiomyocytes or
cardiac progenitors can be increased resulting in increased numbers of

cardiomyocytes and cardiac progenitors.



23 The germ layer derivative cell compositions or populations may
comprise a higher percentage of a cell type or lineage compared to cell
populations that have derived spontaneously. This is due to the induced
and directed differentiation toward certain cell types of the embryonic
germ layer derivatives such as ectoderm, mesoderm or endoderm, more
preferably cardiomyocytes or cardiac mesoderm described in the present
invention by the use of inducing factot8 that favour or select for
differentiation of the stem cell to a particular embryonic germ layer

derivative:sbhecrselicarpesitioaspidbe pﬁ@@@mrim@mm@amé)%@qg B

method fr%p mng or trea n&dlseases orc th?% sud:h as cardiac
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differentiated cells produced using methods of the invention that may be
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invention provides a differentiated cell produced using methods o
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of restoningyeardiaefivestiasinceby lopdicsuffesitg faorm e hitart diseageror

congition; Qg FeRlrag:aesrakiuNIR aitHBiastsHffering from a

neurological condition. Another aspect of the invention is a method of
treating or preventing a cardiac disease or condition or a neurological
conditionpQalatiao diseaseldguy pivalfydsosiateninitbrdethheasé doardizc

fU“QHQBcﬁBé‘d'@@B*@eééé%ﬂﬂ'%%%h As b am%@bg@awog%%abe
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into a cardiomyocyte cell when treated using a 24 method of the invention
into cardiac tissye of a subject. ;IhF‘ isolated cardiomyocyte cell is

preferably transplgnie%am?o d‘/afnaged cardiac tissue of a subject. More

prefEFabRE theimeativeriastltsiimine resiordtion 6f cardiac Fgnetondnas
subjeetoinyetanathes-aspesi-ohibednvention thereds pravideda,methad

of repairing cardig lissuie, fne. method ingluing intieducing an isolated.
ardlomyoC fe or cardiac progenitor cell’of the invention and Jor a cei

cap&Hid) Sebfeie ARETRY RRE CAYafo RISy cCElldTerP eet i Siig 26
metheshefitbe. inventicadnio, damagedsoatdiae issuabasubiesta critcal

ong since the process of generating cardiomyocytes from hES cells can be
made GMP. CM from a mouss cell iing is no longer necessary, which is
considerad fo be a xeno product and troublescme from a regulatory

perspective.

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
vasadilation and increased vascular permeability. Release of PGI2 is

enhanced by bradykinin, However, this compound has not been previously



It is preferred that the subject is suffering from a cardiac disease or
condition. In the method of repairing cardiac tissue 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. The present invention
preferably also provides a myocardial model for testing the ability of stem
cells that have differentiated into cargipmyocytes to restore cardiac
function. The present invention preferably provides a myocardial model for

testing ihaaouly alfem.cels Mad have Sifeeniaied e sard omyagyes
or cardiac progeni or8 using methods 6t theé Invention to restore cardiac
funéfidiet RiaSRSEr to test the effectiveness of cardiomyocyte
transplantation in vivo, it is important to have a reproducible animal model
with.a m le par ter of cardiac f iQn. |
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be used as a read-out of altered cardiac function following transplantation.
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mayh®oset astartuniversakateeptoroé clrdionhyooytesdromdarioushe
sourges.hs-cardigmyqeytes are produced by methods of the present
invention. The myocardial model of the present invention is preferably
designed to assess the extent of cardiac repair following transplant of
cardibenyoytésrof wuitadslel wioge riters iivtads suitadsiechowranih dhaviope
prefgsably, ithehost animakis:An dawnadeticieptanimal created as a
model of cardiac muscle degeneration following infarct that is used as a
universal acceptor of the differentiated cardiomyocytes. This animal can
be dy spestas inctatimgain metuirmdbst@dsiionecooiier Behtethebire,

porgiagzanchamsnas:hemanpisnaes-Ramaeiessitised tenmpasuted by
cardjac repair in these animals may ingclude r limite
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characteristics would involve techniques a nown to those skilled in the
fieldCuHeEe praseift Mfretfion HI8STRARISELIRSIBITPHY study of human

cardiomyocytes in culture, comprising differentiated cardiomyocytes or

cardiag PIOASItAFS QfHhe NeRUON, TRISHDRdR] ifdkseld! LIRS culturing

development of cardiomyocyte transplantation therapies. Further. the
pres@RtTRitiofHATRERY N ifo SySRimOR et CAMabas A
drugs:camprjsmgsaddifferentiatedieardiomyecytefofdiie invetioyneytes or

Thrqughout the-descrintion and satnsehtbismpssiicrtion theward can

"comprise" and variations of the word, such as "comé)rls(i%%'('I ?,nd h
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integetsderstepsisoderm or endoderm, more preferably cardiomyocytes of
cardiac mesoderm differentiated in a culture comparad 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 mesodsrm differentiation process. This can also
include inducing the embryonic germ layer derivatives such as ectoderm,

mesoderm or endoderm, more preferably cardiomyocytes or cardiac



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 common general
knowledge in the field relevant to the present invention as it existed in
Australia before the priority date of each claim of this application. The
present invention will now be more fully described with reference to the
accompanying examples and drawings. It should be understood, however
that the description following is illustrative only and should not be taken in
any way as a restriction on the generality of the invention described

abo S 1. elo tan imization.of
TSNS cond s, Sn oAl Moo Lo HE o
cell$THERES LRI ArEIREGY SE8%) AES3EH P (TEF eI ES A ES
Cellrinterpationaly (bitpidfsienyesllsrnin g ov resedechy/ reitisintigsei.ase) at

passage numbers ranging between 75-125 with a normal karyotype were

used.
Whilst the Iinvention seeks to provide a culture system absent of

xenoproducts, a co-culture sysiem may be improved by improving the co-
cultured cells as providing inducers of embryonic germ layer derivatives such
as ectoderm, mesoderm or endoderm, more preferably cardiomyocyies or
cardiac mescderm differentiation.  Accordingly, methods to enhance PGI2
release from the cells are within the scope of the present invention. Hence,
co-cultured cells such as endothelial cells may be modified to induce the
release of inducers such as PGIZ, preferably by the use of compounds such
as bradykinin.

Similarly, co-cultured cells may be genetically modified to increase PGI2
release wherein activating enzymes such as prostaglandin endoperoxidase
synthase (Ptgs or Cox} and prostacyclin synthase (Ptgis) in the presence of
arachidonic acid are further up-regulated 10 increase PGIZ release.

The concentration of PGIZ, an analogue or functional equivalent thereof may
be present in a range of 2nM to 200,000nM. Preferably the PGI2 is present in
the range of 200nM to 20,000nM. More preferably, PGI2 is present in the
range of 200nM to 2,000nM. However, these amounis closely approximate
the effect on induction of cardiomyocvte differentiation that conditioned media
has on the ceils. Most preferably, the concentration of the pG12 in the media
is 2CGnM.

Cuiture media and Factors
In yet another aspect of the present invention there is provided a defined
cutture media when used for differentiating stem cells, in particular hES calls,
into embryonic garm layer derivatives such as ectoderm, mescderm or
. endoderm, more preferably cardiomyocyies or cardiac mesoderm which is
substantially free of xeno- and serum-components sai¢ defined media
comprising defined factors that contribute to the promotion of differentiation to



(IEND2 cells: END2 cells are a visceral-endoderm-like cell line derived
from P19 cells, a mouse embryonal carcinoma cell line (10). END2 cells
were cultured as described previously (17). (ill)Culture media: hES
medium: For maintaining hES cells on mouse embryonic feeder cells
(MEF), hES were grown in DMEM supplemented with 20% FCS, 0.1mM
pimercaptoethanol, Ix 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 f3-mercaptoethanol, 1%
ME%@&‘?&S’%M@@%“ er.%%' vsfgzs@tm kauwamine, bEGE (Qngimbamih
or without antibiotic E( enicillinlStreptomycin; all reagents from

invitfsje M B e sl YMERP g MescRm M E R skatonfss &stiftral
amirozagidsa el 16 hitamjoe oixflnsttinaTeanstesrin sSetenivma, B3
IS-Q%g@mmgﬂ%wmeqr 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
wasFadezbiy ENDZegihEukiees astdsscribetbétovs. L (ndrQuitui:ofl

hES cellsR0desdentelisoBER£0Hs WER:gFoWn onmayse LmbryaniS:
feeder cells as published pr_ewou,slygéz,m). In short, hES cells V\{ere

cult et BRMItSHTTCin € TLOPGIR, Eiga) TreARa TRy Embrydtit O™
feedefigaliss@WER) ifihE S enedivmrantispas SAgett everyt trbgsinFerinoic

passaging REBicellsivere fitheripreytieated ywithcrllaganpasedv-isihem

for 3 gn%'n foII%V}erd QX r‘nechgﬁn;catl dissociation or without collagenase and
collélted HH & | re?(?hashrocrgfv is€6¢iation only. Harvested cells were then
transferred to newly prepared feeder cells and split 1-in-4 up to 1-in-6,

respeclivebly Enzymaticalbupassaged selisdurmidiss andedafteniflion of

pas?ﬁ‘eo’gb?o% %'y%‘ﬁ'r!s(E&gtaé”edn%%%%‘?@?% %‘%8%%33‘&}&%8&'%%%% eyly
adapted'to the’ collagendse IV passaging method.
cuiture of stem cells in the range of 2nM to 20000nM. Mere preferably the
final concentration is in the range of 200nM to 2000nM. A person skilled in
the art will appreciate that a suilabie concentration can be determined by

suitable trial and experimentation given the above amounts.

The culture media may be any media that supports stem celt differentiation.
Preferably, the media is a DMEM based media and it may be suppiementad
with growth factors and essential minerals including B-ME, non-essential
amino acids, and L-giutamine.  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 least reduced, preferably o below

10ng/mi and is most preferably absent.

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



(v) Preparation of END2 conditioned medium: This procedure describes
the preparation of END2 cell conditioned medium (END2-CM). For the
production of END2-CM END?2 cells were seeded at a density of 1.4 x105
cells/cm2 in a T175 flask (Nunc) and were grown for about 3 days in
Dulbecco's Modified Eagle's Medium (DMEM)/F12 media (Invitrogen)
supplemented with 7.5% fetal calf serum (FCS; Hyclone) until confluency.
The confluent END?2 cell layer was waghed once in PBS + (Gibco) and
serum free DMEM medium (around 2041 of serum free DMEM per cm2 of

END2 growgpnayﬁg),Wgﬁ%%ﬁg%&%gngonditioning process. The

conditioning period ranged from 4 to 7 days. For harvest the medium was
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END2 cells with passage numbers higher than 45 without loss of its

carcﬁb%?%%@?é%f%ﬁ@ﬁg activity. 29 (vi)hES differentiation in suspension
culture: This method describes hES differentiation through the formation
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generated from hE own in feeder free systems. For EBs were then
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beatiggfl?sf, getermiinattion, of the relative and absolute number of formed

car om%%ﬁe’%,mcﬁfe%ﬁc?ﬁng@RNA for quantitative RT-PCR, and other

assays were usually performed 12-13 days after ES formation.
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An equalssahunecal fhe cellrsuspensionivagethen wansterred to ultra low
attachment plates (Costar). Usually 6-well plates were used and cells
were cultured in 2m1 of medium. Alternatively, cells can be seeded into
platd$ Linti&F TSN diBHE SupBYting c¥iPaRInerétite toTRAEIER diRstefifiatian
of hEBettacihet sl aShdgeesdntsuspensiamduturejd BT waredorned be
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incubation SF medium was replace b%/ fresh SF medium or END
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12-13 days hefore the visyal 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

courtednséprarase st Vadoe ssapeceXipressetl as ayreige mEgeiehgomtsaeting
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form§ 8ﬁnt£ate a defined medium ihat is substantialiy” free of xeno- and
serum-components said defined medium comprising defined factors that
selectively promote the differentiation of stem. celis to the embryonic germ

layer derivative.



30 is indicated in the respective examples and figures of this embodiment.
For EB scoring and other analytical methods hES differentiated was
performed in triplicates applying the same culture conditions (e.g. the
same medium added) in 3 independent wells of a 6-well plate. An average
value per well was calculated and presented. Alternatively, EBs can also
be formed by culturing hES directly END2-CM or other suitable media
without prior incubation in SF media gyer 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).
(viil) RT-PCR for cardiac markers: RNA extraction: EBs at the end of the
twelVeeda§ perivri opativdicatechmpdrititer weperhitestat: AT EBSrom

3 wellswererpaeied and washed anerdnLBamatEzeh CaVIFRaRRbNAs At
add%d before f[ﬁezinﬁ the EI?S at-80 C tg entgaqge ce(ljlulé/esds. Frozen

samp‘?é% Were thawe a&ﬁ&%&’r‘shlyhriﬁiigd.%hlgro orm Was a&&gd o t%d
sampiERARITELbAtEIorZ AN atltodmeferapelftiufMIe sarapla waker
cenigitigaudorslonmin aiclaRee rpreslidre anddhgaseonsphasserably
cordrARenelne 0 Hhane ks AEdEie e sample
was loaded onto an RNeasy mini column (rblagen)._ e column was
centfifugBYoP 18- 88ci o BHBO G PR Vet BF s PRl RERS wisra
perfoetiec: aecanding tomanufacturers desiraiions. RNA was eluted in
RNase-free water. 5 pg of the RNA sample were then treated with DNase

(Invitrogen? in a volume of 50 pl. The mixture was incubated at room
tempaFfafirefEFH RS afdtte TGRSR PXREG 4B B Minat8dt RS of
cooliegpradiytorticg. dReversetransdiiptaserh pyoafdetatiRddiewas neieed

withZgleof 3 agéphsandomayimersdnviragan) i fiaal wolumerfid 9Qp!
75 pbwer reversed tr(%nscnbed égloLabs), the remamln% %%I served as

a negatite LORIBI S athsfs Wersh GHIRRY Y31 K60V a "Bet8re s
reactitersuéisiedirinivapedsioe STimacacgb0r 8l RealptinieRCRIURheRGRN

reactios yups: eI fosRand OB L0R R BFARNAY MAth kDRI REAXIQTM closed
SYBRSQ Cf‘hreen %H ermi Bjor:?g) in gfinal reaction volume of 30 pl. To

. atove Traugh the Use of animal models, .
minimize variations’in the rlprl'?cates, a master mix was prepared
containing all reaction components except cDNA. PCR was performed on
an iCyclerfiMrdiorad}leannealing at 58 C for 30 sec, extension at 72 C for

45 se6 A0L0Ee L IRta] RRIGUYS RXRICSRION YAIKES WRIC RIBINGT Rfng

metnods of the invention that may be used for transplantation, celi therapy or
gene therapy. Preferably, the invention provides a differentiated cell
produced using methods of the invention that may be used for therapsutic
purposes, such as in methods of restoring cardiac function in 2 subject
sufiering from a heart disease or condition or restoring neural function in a

subject suffering fram a neurclogical condition.

Another aspect of the inventicn is a method of treating or preventing a cardiac
disease or condition or a neurglogical condition. Cardiac disease is typically
associated with decreased cardiac function and includes conditions such as,
but not iimited to, myocardial infarction, cardiac hypertrophy and cardiac
arrhythmia. |n this aspect of the invention, the method includes introducing an
isclated differentiated cardiomyocyte cell of the invention and /or 2 cell

capable of differentiating into a cardiomyocyte cell when treated using a



normalizing CT values of the tested genes in comparison with CT values
of the housekeeping gene a-Actin using the./S.A CT method (19). The
samples were subjected to PCR amplification with human gene primers
including: o-MHC (sense primer: ATTGCTGAAACCGAGAATGG;
antisense primer: CGCTCCTTGAGGTTGAAAAG) and NKX2.5 (sense
primer: AGAAGACAGAGGCGGACAAC; antisense primer:
CGCCGCTCCAGTTCATAG). The results were normalized to Actin
(sense primer: CAATGTGGCCGAGGAC Il TG; antisense primer: CAl

ICTC G Tﬁﬁ’“ﬁé%@fﬁ% &b Allrpact %@ﬁé"’%?ear %6%&'{@“9%9 ‘isclated

(ix)Statistical analysis: All data are presented as mean SEM using the

statfSicaSERNAre b roDIGERBY ErapPRHB PRSHET AMSFSTBr AR SsUe of a
2.RegjltstInitvalre oxctittakgy e Xipe ments r&asdiomyocytetdiffére nifatodiaf
hES&@ngh@saQ%g@@erformed 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 1 iBeatirg ateas emerged:aioutit: G- 10rdayigadfte mistitiading rtneiring

CO-GtyER a88 IOlMVIRRXRREIMARISERRRIRE %%é@@eh{'%ﬂo@r@ﬁ?@@or

areas an be increase remow Serél from he C |um 9& It
ac pr%Pen {or ce 0 mver‘ or g ??n nti f
was observe very early e CO- cu ture experi

hadite Fe garstiea mcaf@m&mfﬁetﬂﬂa@dm aon‘r@dw@eoééfﬁaumcaﬂento

differgntigéiondnbESsalls: ENBR&ells were initially plated out at a cell
density of 1.9 x105 cells/well (12 well plates) or 0.5 x105 cells/cm2 as

specified by protocols obtained from Christine Mummery (personal
&

comhuRTBEE) FohileasvbigFisweriRTibe frefue saitp adiianirere GHsEiRRd

at deytd2method of repairing cardiac tissue of the present invention, the isolated
cardiomyaocyte 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.

The present invention preferably also provides a myocardial model for testing
the ability of stem celis that have differentiated into cardiomyocytes to restore
cardiac function.

The present invention preferably provides a myocardial model for testing the
ability of stem cells that have differentiated into cardiomyocytes or cardiac
progenitors using methods of the inventicn 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 distihguish 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 measurz of the pumping
capacity of the heart and may be used as a read-out of altered cardiac
function foliowing transplantation.



32 Therefore the seeding density of the END2 cells was increased four
fold to -1.9 x105 cells/cm2 or 7.0 x 105 cells/well (using 12 well plates).
This resulted in a marked increase in the emergence of beating areas
being induced (Figure 1).and was a first indication that the cardiomyocyte
inducing activity coming from the END2 cell layer may be cell number and
therefore possibly concentration dependent in its activity. To determine
the number of END2 cells present ovés the 12 day period of co-culture
END?2 cell numbers were counted over a period of time in serum free

cultyre.withathESsells being seadedontoithemhuridifersisreding
densities of Mjt C trealted ENDZ2 cells were g)la out on to 12 well plates.

\ te
The VIZBIESENDS BT Htibar waS o flswea &?érgfﬁ@ e peggees The
equitRidnti@thies 2 eiagpteet vregiesidaing atatmreypettive days a cell
count for viable END2 cells was performed (Figure 2). Cells were plated
out at either Ix ding density (1.9 x105 cells/well) or a 4x seedin
donalbe (03108 bl T e CALRE oo celd e

seediPF ENIR2E6PH 60Elare WPeiife it g THE SHsTe0E NIDPossIPpdasheT
undeukail gongitiens droppegitagigyds thafisst fiskaypremebngreareost
almogt,ng viable ENRZ cells left dur ﬂ%rg%%ea%g%dnpﬁ

%r%?g)fogatr@aeac mu[scle
experiment. It was concluded from this experiment that whatever factor is

rele 4688 REHPEND2 WIS 1k eRPto DiseHeasrifical 6y saitiaghsgtor of the
carditffayseyitecdifferientjatignsd Ithngdhienfir sbd-6cdays ofdhesexpatimenti

Furthey m@&i%e%raéin@m\éuwﬁﬂéi%HMEU.rsoﬁefﬁéeg%é?%yrﬂsm%n
growing EBs the first 3-6 in END2- CM is sufficient to induce’cardiac

diffe PRI EERBRRWS T JRrE % FhiSaL AR SRPY DI EETHRAE Wit
datafrbmeP dssiercetalsliggedting thattthehfisst 6gtay cliodrectaidiareimeart
serusfieemegic.wasdhe petind whsn cardiogenasiswas Aeesring (e

From adherent hES c#r:ture to suapension culture: The protocol was

adapedTtirther B R AhIRY EBE oM BESE BRSO WiAJ BREm iRreferadly.
suspensionaitifighirg @R DGR lis steorsdsy usidgiGokagbraseshrhEBEt
colopjgsweradissagiatad Jesaalcell slanRm TheseAINRedermsdiso
emb{%%ingog\les SHéli)ans%D}%\ﬁ%{gmght in SF medium before being
tranSterred o END2-cM Tiie'€ells differentiate over the following 12 days
with regular medium changes every 3 days. During EB formation and

differewtiatignnthe@HidresrEe KRiNdBsa SUSREBSIRN aRdow altashmenkn
plates racljnd the It:_Bs are scored for the appearanc eating foci at day

f
12 (P 4y Kool oRieiralion BT AUl B S G AE & SaTGHRFEeS o
seedéfldGriigoaRyEriridhtansetins. Noiameed duttRls! foriheERsduenent
nighteadstnaitereethrggiegatesiaresemoved during the first media
change. Generally around 1.8 x106 cells/ml are obtained after 12 days of
differentiation in END2-CM. EBs growing in either condition, SF or
ENDAEN; alee sEAFRG o RGN eREGEicarstind d4Y 6. Bekfihg9ociesting
normatyievetuenesngysticraressdn £BsrgroningdindesibNBR2yEMot  the
Beating emerging under SF conditions over a large number of
experimental set-ups supporting the specificity of END2-CM in inducing
cardiomyogenesis in differentiating hESC was not observed. A high
percéntagaftcantratiingpiis atiiziogithis protagokpdigasing heSRord

hES%&qgrQESa%mgﬁ;@gyez R RS SYceRsiully generated, E%%}gnsesz

cardiomyocytes from hESC derived from feeder free culture syste
(Figlté 8) Ua0HE AIS S B f6r AT ABptivT 0P eP DD LeSRrs Eb FifRs-

production of END2 conditioned medium the cells were seeded at a

densiiyqfid-A X102 Calls/H4s e sama-seeding, density Msed0fe jie is

maintaining END2 cells in culture, and the END2 cells were grown over 3
days 10 Rty R SErarR LS AEANiNG MRttt 8Ty A g e o
number of around 2.4 x105 cells/cm2 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
END?2 cells that have also been grown to confluency but which have been
treated with MitC before the conditioning period started.



34 untreated. There was also a high percentage of cell death occurring for
EBs cultured in END2-CM from MitC treated END2 cells. Minimum period
of conditioning: On the basis of data from Passier eta/the first 6 days of
co-culture in serum free conditions is important for specification of the
cardiomyocyte lineage (9). The initial period of media conditioning was
done over 7 days. This time period was later reduced to 4 days without
observing an apparent decrease in cagdiomyocyte induction at least as
assessed by the ability to induce the formation of beating embryoid bodies

T ly,: ' j f D
it G A e e
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Daykéowiedge in the field relevant to the present invention as it sxisted in
Australiz before the priority date of each claim of this application.

The present invention will now be more fully described with reference to the
accompanying examples and drawings. it should be understood, however
that the description foliowing is illustrative only and should not be taken in any

way as a restriction on the generality of the invention described above.
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EXAMPLES

Example 1: Development and optimization of serum free END2
conditioned media.

1. Material and Methods

(i} hES cells: The hES cell lines hES2, hES3, hES3-GFP (16) and hkS4
from ES Celi International (htip://stemcells.nih.goviresearchiregisiry/esci.asp)

at passage numbers ranging betwesn 75-125 with a normal Karyotype were

usad.

(i) ENDZ cells: END2 cells are a visceral-endoderm-like cell line derived
from P19 cells, a mouse embryonai carcinoma cell line (10). ENDZ celis were
cultured as described previousiy (17).

(iii)  Culture media:

hES medium. For maintaining hES cells on mouse embryonic feeder cells
(MEF), hES were grown in DMEM supplemented with 20% FCS, 0.1mM pB-
mercapioethanol, 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 f-mercaptoethanci, 1% MEM non-
essential amino acids, 2mM L-glutamine, bFGF (10ng/mi} 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-Seienium, 0.1mM p-mercaptoethano!
with or without Penicillin/Streptomycin (all reagents from Invitrogen}. The
medium was used {o generate END2-CM or directly for nES differentiation.

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



Filtered media was collected and used to grow newly formed EBs from
hES cultures over a period of 12 days (Figure 4). Conditioning of the
END?2 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 condijpning also affected the number of
beating areas at day 12. Conditioning END2 cells with a volume of 200

plicm2 g the b sult in cardjomyocyte differentiation (Figure 8). To
incréng\ie ?@%ﬁﬁ@%&é%i%%éé@ﬁm a change from T175 flasks
to THED fladkswias st o detsairrwivetier Rageuldehaves anuptipaast
on the CaleipmyeyeMeHHURIKE Otine MNP MIRgwroBycihere ts.gen,

impact on END2-CM quality, as long as the medi lu tays in the
R e e e e SN ed I e
END2SENRITe aRtentrifie ifetirherol sUTEND S 16k tieefact ofted with
ENDR2rvhesming fronvlater passaged N2 celle didguee #@ywasion or
examined. lthough i Ivity is similar, thg

chanangs (RS, W .ssﬁ%?%fiﬁ%@ﬂ%@% | alsr it ooy

cultfiERHER @%Wﬁ‘"@dﬁ?@érﬁ%ﬁ?@%ﬂﬁ%ﬁ&’ bé%e@éé%‘éﬁ@é%ﬁﬁﬂ? FHlI8Pate
comparedifRiginie-d Iksbastpagsibie/that el nesabgss adltheweadiefdhizd

day gondioning perigdmay differ andithe FNREACM ﬁ&@%i% ghgifRrent

composition/quality. To reduce the number of variables in the expériments
END2'CERS0EE Lo 18955584 HBFTaR R FEHHE or less even though
the data in Figure 10 suggests that the bioactivity of the END2 conditioned

medig is paiptaines, Exammie 7 fadiomyagyte differentiation from hES
cult|+ es grown on either mouse or human feI:edsr cells or ynder feedﬁFr
&5 R?F N um

free CONGIHIBRL T MRAAIRAP At Nfetfig” o END2 cell condiionee prec]
(END2-CM).

For the production of END2-CM END2 cells were seeded al a density of 1.4
x10° celisicm® in a T175 flask (Nunc) and were grown for about 3 days in
Duibecco’s .Modified Eagle's Medium (DMEM)F12 media (Invitrogen)
supplemented with 7.5% fetal cailf serum (FCS; Hyclone) until confiuency. The
confluent END2 cell layer was washed once in PBS™ (Gibco) and serum free
DMEM medium {around 200pl of serum free DMEM per cm? of END2 growth

area) was added to stari the conditicning process.

The conditioning pericd ranged from 4 to 7 days. For harvest the medium
was removed from the fissue culture flask and filtered with a disposable
fittration 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
ENDZ cells with passage numbers higher than 45 without loss of its

cardiomyccyte mducing activity.



(1)Culture of hES cells on feeder cells: hES cells were grown on mouse
embryonic feeder cells see example 1. hES cell culturing on Mitomycin C
(10pg/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, Ix Insulin-Transferrin-Selenium,
bFGF (1 Ong/ml; Invitrogen) and antifotics (Pen/Strep) to confluency and
treated with Mitomycin C (10pg/ml) for 3 hours. Cells were passaged with
trypsin/EDTA. (0.125% w/v: 50mM respectively; Gibco) and seeded at a
denZ‘i@/ of’ﬁ%%eiegeﬁ ggm isrlucsﬁl?ﬂ’ré(jt?a%%gf/\ﬁﬁnc). The CCD919Sk cells
were By tiftietetpreRESEtdiéerBetRtnm for 24'h befsretiemeE S weksid
seegdetiay(H feedacsalisis rSweregEswadR birSarsediigeanddid aneh
pasgaged Byey 7 days. For Rassaning R selissuere ey Pigilreaisd
with co Iag?_enase \Y (GIbCO? foF 3 min followe by mechanical dissociation
or WitFiBet 6IIRGERRERAY ToIRcEEtPAfteMnéctimeHI NS FRHIBRDARM
Harvestedgetigavgfe thentiranstesred.taly36oaewdy prepareditgedetecdls
and spitdoin-4 ua bl Oxpasneclively Enzymalicelly Rassagascelis,

were discarded after 20 passages and cells maintained by mechanical
pasSEHiRG G Ve IReHERHY 2 a5pRRFtY thE WBlan8hRsa §¢ Fadeayy e
metholtkckar all Stiverionetlrodis:ippliRT RER, BExamplerl aZResulisshEgadel|

lines, geguin. @R nause JeadeesellsVEF) gave an average percentage of
5-18 % of beating EBs per well when differentiated in END2- CM. There

was no difference in the number of beating areas between manual
passaged dicathzyasatiesy pAssdgaicnE e dE majimaticalyepassages
hES,giltares %f%f%‘réé‘%&ﬂv{%ﬁ %‘@i@g@%iﬁ eXpRAgnental %ei'lrhb?} é(ﬂ@iﬂ@)r)lcm@f
Spo eous beatjng in.the SF control mediu ver <1.A)).
AR e Yo CAVh CBRtat g b ey At et S0 1
day§'erEND2LCNEHISE R dtites RIRe b r O eas Hp A fEeRpAdIing 8
Beafingssasdnaitainedifoipiosaanpsivshoftime (t>a3abrdayss whenn).
these gonditioned EBs were maintained_in serum-fre EM followi
TS NIEE Ll AT o e e
cardiGe MEsEs aAYSPEapbIeieas BEE G BRI GNINGHEVEY ThedRRsBRY
of bg@igl|Eﬁsnwarie%wia@yehemenregpeéimemts@mml@e:wvﬁsg@hsion
beag«@:% 't:r%j_%%Rg#é%ﬁgof%ﬁtgeﬁé{&?%ﬁairﬁﬂ&{lﬁ%e%f theJdaral EBSany e-wel
conditioned in independent experiments.

piates were used and cells were cultured in 2mi of medium. Aliematively,

cells can be seeded into plates under conditions supporting cell adherence o

induce differentiation of hES atiached 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 madium or ENDZ-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
coltection 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



When the maintenance of hES cells is done on a human fibroblast feeder
cell (e.g. 000-9195k) 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 ernbryoid
bodies which increased significantly (Figure 12A) as well as the number of
EBs with multiple beating areas. Furth@rmore, spontaneous beating in-our
unconditioned SF media control wells reduced to almost zero. 37 EBs

formgf%regw%ﬁh%e B E%%Ler o esrééﬂwp% egder (HF) cell u[neesnlgltq!ébs

consistently in a muc ntage of beating i compared to
forw%%%amwaééhﬁe%@yéﬁﬁhmméﬁsf@é@ fereniaindimsiisregpamed in
differefitexpepipieni sheaset: anitdfe culttires ale jnitessange«af 42 6% pf

beafing EBs compareditodhs lower Isvels WBJ%%%C%QW%{?‘%’&P%%

MEFs were used (Figure 12A). To determine if the number eating
are 48 FRIREEWALER Foflected in the relative expression levels of

cardiac markers quantitative real time PCR was performed with the

cardiggRaarke! 88888 :Mb Ceanth ol b, ANG dRaneLREAW NGB BT GR

was performed in tg Ilcates for each sa eP}Ie and a clear increase in the

expPéE%iéH SN BRI YERES WAL B b BT PR Eultivee ™
froniyeiF dérvbteEBSSeoiparedpoitlc ehosdivatconsgfronsiMEE{(Figereh

13). Allrrgsudishaerepnenalizes agdainst arAstisy uringtheLAGH methed
(19) vels of a-MHC were up to 75 times higher in EBs formed from HF

bas iES cultures at days 12 of differentiation in END2-CM. ANF
expression was also up-regulated in HE based experimental set-ups. In all
casqzs“ANﬁr@bm@emﬁsaimw@sslower than a-MHC expression but

sho I ion lev hen MEF based hE eIIs
vere B O B s R R e
EN[%@M e raFatien p%tééafwas?téfs@&awm@*emﬁ%%ﬁwrm%er
feederrindependent conghitipnsshizG2ansheE F3hd thaestmatninedon
HF ware adapied r r Ityre Ryst %30
comblnat%:m g%flb%gfs?e% E:;%rrﬁl:ml ﬁlgh&(%c%nen\:%%tyraﬁ)ns of %@ %% f% hited
modifiedy ARel aSeidfe ks GroRant iinaat rester frédonditiona! fikem
cellsaverezsubjefted dorihle BAD2=GMditerentiation proteuwl asdeseriged

abogﬁo(%@ry@!@o%s%ggtgs %?eaéwseA*AEe%&ﬁ"%ﬂJﬁ% ddﬁ%t@ﬁtah%ﬂdnwas

cardiomyocytes with some EBs displaying multiple beating areas.

cardi48ShARRE Jenaa ey EGA%P%WW&% RN BTG GRAYEH ﬁP@B%”
afteil i@ daysrexposeneiiamEND2t Cdexarbplédl; Figuest@b)hd hettfotien

cardipgengsis parale %%8&‘1‘%9 %opagaléé&@f%? gwmr@am:'vm was

mdegendento %rowm th estartlngfmaterla in a 38 feeder free based

systeMCO ROGER SihtiAiah felaid! LS MoREVRE Wt ApparsitHat HiES
celldgsarday tadamaimeairmegdrondd EocellS shovikamuels betieatat dtmore

congistentsigaPense fadhadnducingfaciars:in B8NS €Metore cosling

rapidiy on ice.

Heverse franscriptase: 5 g of total RNA was mixed with 2 yl of 3 pg/u!
random primers (Invitrogen) in a final volume of 100 Wi, 75 pl were reversed
transcribed (Biotabs), the remaining 25 pl served as a negative control.
Samples were incubated for 1 hour at 37°C before the reaction was
terminated for & min at 95 °C.



Example 3: Characterization of cardiomyocytes differentiation from hES
cell- derived EBs grown in suspension culture. 1.Material and Methods
For hES culture on human feeder cells, see Example 2. (i) PCR PCR was
performed as described under example 1. The samples were subjected to
PCR amplification with human gene primers including: Sox-1 (sense
primer: AATTTTATTTTCGGCGTTGC; antisense primer:
TGGGCTCTGTCTCTTAAATTTGT) and Tbra (sense primer:
AATTTGGTCCAGCCTTGGAAT; antisense primer:

CGEE%QE%%’%G’&%%%@CWé@%&%oﬁ%?ﬁ%r@%ﬁ% of cDNA, with

CAGAATCCAGACCTGCACAA antisense primer:
TGO Ce PAIRC CHAT AN A (E8hSB priffbfsacton voure of

TCCAAACTAGAAAACEGAAG dntiserisepsinaemaster mix was prepared

GTE%T%%@EE%J &%ﬁ%&t@%ﬂic@&técﬂﬁ%n%&rm%rp%%&l on an
GCCAAGCTCCTGA, antisense pomer
iCycler™ (Biorad), &nnealing at C for 30 sec, extension at 72 °C for 45

sec, 40 cycles in total. Relative expression values were obtained by
normalizing Cy values of the tested genes in comparison with Cy values of the
housekeeping gene a-Actin using the AA Cy method (18). The samples were
subjected to PCR amplification with human gene primers including:

a-MHC (sense primer: ATTGCTGAAACCGAGAATGG,; antisense primer
CGCTCCTTGAGGTTGAAAAG) and

NKX2.5 (sense primer; AGAAGACAGAGGCGGACAAC; antisense primer:
CGCCGCTCCAGTTCATAG). The results were normalized to

Actin (sense primer. CAATGTGGCCGAGGACTTTG; antisense primer:
CATTCTCCTTAGAGAGAAGTGG). All reactions were run in triplicate.

{ix} Statistical analysis. All data are presented as mean £ SEM using the
statistical software provided by GraphPad Prism®, version 4.01.

2. Results

Initial co-culture experiments: Cardicmyocyte differentiation of hES cefis 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-cuiture and follow up
experiments revealed that the yield of beating areas can be increased by
removing serum from the culture medium ().

tt was observed very early in the co-culture experiments that ENDZ cslls had
to be piated at a certain seesding density to induce cardiomyocyte
differentiation in hES cells. ENDZ cells were initially plated cut at a cell
density of 1.9 x10° cellsiwell (12 well plates) or 0.5 x10° cellsicm? as specified
by protocols obfained from Christine Mummery {personal communication).

Only a vary low number of beating areas were observed at day 12.



CGTTTGGCTGAATACCTTCC). All reactions were run in triplicate. (ii)
Cytochemistry: The following antibodies were used sarcomeric
Tropomyosin (clone CHI, 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%gethanol with a last incubation in
xylene. The agarose block was then embedded in paraffin. 5pm thick
sections were cut in ribbons, floated on a warm water bath of 45C,
mounted on slides, and left to air dry at 37C overnight. 39 The next
morPiFGEERE SRR RSGE Dk Ae syl it MHRB S R kyiendaisasehiirated ©
throtugh aisériesafethanohctiicetitvatidnuangitg vikom| 1000 e s Q%ulted
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alloWed s LbBT {0 fobm tehiparative trisia rPBgwntidety fiostaiing.
Cryeoseotiphing: tkbalithicty tovkortydyekdinglembrywidhbtiesiEBs) vetre

collegtedand dncubatedinseiwnfrge DMEM at 37C for at least 4 h
before being transterred to a microtube and washed with 1m1 PBS-

(Gibco). EBs were fixed in 4% PFA for 1 h at room temperature.
SubsedgatsmtyahecEBT vperd Widshed!in PBSA ane ieutiated pvamightain
distifigd watRoangd 2R sHeroses(Sigmead a@é:rj% QR-aRntaiRckingrdhe-pext
morning any.traces.qf sucrqse were remov washing jn PBS™. EBs
werb s TR EY o AR aeah o oo AR AL A e
liquidpapitesitiet s deticineas imMREdiataysrs psel auoTor BOE upates.
needpré vidMiERDSeelianmBse i AllodRE sangha erostabCMBRRASR:
(Lei ried onto sli petFrost Plus, Menzel-Glaser).at roo
temr*é‘?rf%&?s? R s e R e B T T e

staimMg2RE stamhirrj oshgds e aflbwed!fo WRIr P o ol ehfyEratire
befare:inmersisgythem in °PBSISubsequenty, thedelsdvese, (7.0 x 10°

esioy e i PESISubsequeni, teassas |
g A I S R B =

(SigrH4y fo 30T At rdBfn tERP Tt fe CBIJHKBP $ia4 HSmBYEd cand iR
wererbigehateddyith tihefiespettjseaptinary antibachsi(MsyEPE blcelis
(Si9@%&Fr%iwg%%&ﬁ}g@r@oé%@tﬂr_é%%rQHHH:Ed in blocker) at 4C overnight.

Two slides were used as a negative control, either using the isotype
control Ms IgG1 (Zymed, 1:1000) or PBS4 as a blank.
It was concluded from this experimant that whatever factor is released from

END2Z 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 3-8 in END2-
CM is sufficient to induce cardiac differentiation (see below, Figure 3). This is
alsc in good agreement with data from Passier et a/ suggesting that the first 6
days of co-culture in serum free media was the period when cardiogenesis
was occurring (93

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 !V hESC colonies were

dissociated tc small cell clumps. These clumps formed embryoid bodies



40 in FluorSave (Calbiochem) examined under the microscope (Zeiss
Axiovert 200M). Immunohistochemistry: Fixed cells (or EBs) were rinsed
trice in ice-cold wash buffer (20mM Tris, pH 7.4, 150 mM NaCl, 0.05%
Tween-20) and permeabilised with 0.1% TX-100 for 10 min at RT. Cells
were rinsed again trice with wash buffer and incubated in blocking solution
(10/0 goat serum). The respective antibody was diluted in blocking
solution and incubated for 1h at roond3emperature. Cells were then rinsed
trice in wash buffer before incubated with the respective secondary
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the dif’ 8%Jldes were r|n l%e Wlth wash buffer, 10 min e %efore
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expression of car ocyte markers and general differentiation mar
was' & @ fF‘FEB%a)é‘?BWnﬁN%@I%n%@ér%ﬁvﬂiﬁéfe%%ftﬁhéoﬁ@?ﬂ% B
were ithel\growrsavierglia skeysnia d&hD 2:GMoeHFE meekiting, ffunetoning
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were taken from the original hES culture, 12 hours after EB formation in

serufies MOGRIHTS Wors Bfe: BRRRREUE P RNISOIE P RO haPRL NS,
4, 6tandsiidais grenDe(VENDRICMorBHqRiggemdsly. id Hifferentiating

hESC was not cbserved. A high percentage of contracting EBs utilizing this
protocol when using hES2, hES3 and hES4 cells (Figure 5) was successiully
generated. EBs and cardiomyocytes from hESC derived from fesdar free

culture system (Figure 6) could also be formed.

Optimization of END2-CM: For the production of END2 conditioned medium
the cells were seeded at a density of 1.4 x10° cells/cm®, the same seeding
density used for maintaining END2 celis in culture, and the END2 cells were
grown over 3 days {o confluency in serum containing medium thereby
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 te starl 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 cenfluency but which have been treated with MitC before the

conditioning period started.

it is noteworthy that conditioned medium from MItC treated END2 ceils was
far less efficient at inducing beating EBs than CM from END2 that were



(data not shown) was delayed compared to EBs differentiating in
END2-CM. Mesoderm specific genes like Tbra (Figure 14F) and
Goosecoid (not shown) as well as endoderm specific markers like Sox17
were minimally expressed compared to EBs grown in END2-CM. Only the
expression of Sox1 increased during the first 6 days in SF conditions. This
could mean that EBs in SF medium are maintained longer in an epiblast
like stage maintaining the expressionaaf genes in the epiblast-embryonic
ectoderm that are also expressed in undifferentiated hES cells before

expresaing ectadesmalmarkerns F%seeérre i fan %S%fékﬂmfﬁ{ge%aé'é’é‘
like IGF-2 and HANOI %3 were up- re%ﬂgasunder both culture

conditibreddu i edr Bnfe fbitdaaiey £&hown). Cell differentiation

in EBs growing under END2-CM appeared to be less chaotic and random

wheReomnaTes S conres seRdiiRns.andishewed sypabsenized 5 the

expression att ns. Genes expressed in the mesoderm, like brach
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signfieaRtRA exp res S8t igapdLzq Figuiermatvn eﬁémyrwtern(wg@n@dey
6) we gietecieddbepnsetal abfklG (evrerld@hand ANFa(aRsBpPwRD2
expres ﬂsdegh 58%58 ? of mature cardiomyocytes. EBs were also strongly
expressing a-smoo R'muscle Actin (SMA) after day 4 (data not shown). It
has been reported that SMA is present in embryonic and fetal but not in
adultTeardiontyocytes(@ PrrNe cotdine gengs wereiexpressectal gy 12

“”deéa'?é:oﬂ???é%&%%l%‘%mﬁﬁ‘r osing EBs for the first 3 days to END2-CM

only.befare changing back to SE medium was enough to induce

cardiomyogehBais!(ExRinple Paigur®=) $ubBass thRexEmmament to the
cardiac lineage was pccurring within the first 3 days| of cultyre in
END2SENY EBs growing in END2-CMrare switching!dn genes of thd
primitive streak and starting to form kells mimickingmesodéerm and
endoderm of the pre-implantation embryo whereas EBs grown in SF

mediypradansdional davelep Qﬁyggéhtlf@ gﬁ@i@'ﬁé&@t@gﬁwe&%% from hES
Chara&terlzatlon of carOd qmg obtarg{rga (Ig rq hES ce 2

overl a .peng ure lGﬂm
grown In suspension culture: F'estabiiShh ac p eno e Sof
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scoregkpogitivaiordeaiing:ajens andyetrdsolateband euliueadsavermght
on | h rsl d for.qr s ctions (se
Wiy %ﬁ&%ﬁi&%@%ﬁ%ﬁ% B B S e
for H@é $iPtiTe areas noted before fixation in paraformaldehyde
followed by Immunohrstochemrstry for a-actinin and sarcomeric

Tronemsin ElONg aaaalan I es appABILInt e eatng. o

areas were positive for a-actinin and sarcomeric Tropomyosm

& 1@?%@&%%&@#?%%@&5%er?ﬁﬁ)eg/?eg iT? oGroeBYORIFHEN e&w@a
out immune:fiesence staining ferssascameriaproteiosytEBsfwereation
growp Jﬁ'r L@Peﬁé'%r[%’s%%h%avamedasé&%dcﬁ‘ﬁ%ﬁdﬁ&%ﬁE%N\Qﬁae from

beating foci were either embedded in Paraffin (Figure 17/A) or dissociated
to sihg 16 Cenesafid é@%ae%rrﬁ%%eeumeirreree BrehanbersiitiasyeTie
hESG derivedrearsidmypoytes ooapiaraffinecharc\sigined ppsithedar no
Tronomyasin gl 4a,And:sareomelic MEC (Mi:20). Areas, whichstaiped
posrtrve for cardrag markers overlaid in the serial sections showed here
(F|gl9 é(ﬁ% HAE-2v was expressed in only a few cells when staining
whole EBs. This most probably reflects the developmental state of the
cardiomyocytes obtained at 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
crib-confliiant monnlavver afiar 2-2 dave (Eiciire 17 R C\ Plated

A1%4




smooth muscle Actin (SMA). The morphology of cardiomyocytes grown in
a monolayer ranged from small round to elongated, branched or triangular
(the majority) cells of various sizes (Figure 17B) with one nuclei or
multinucleated cells. Mitosis was obvious in a few cardiomyocytes seeded
on chamberslides or 6 well tissue culture plates. And we could observe
cardiomyocyte proliferation (by quantification over Cytospin) in our
suspension culture at least until day 28. EBs with beating foci stopped
contracting in the presence of serum, but have been maintained beating
EBs under SF conditions for more than a year (see above). Example 4:
Addition of a p38 MAPK inhibitor, 58203580, influences lineage fate in
differ&fanagsESS M /NRie AGP 4G MEFBHERES aifferdrifationsiend the
suspeAsioRTHilFRDEBSWEre Ivrped iBNDTaCiawatiaghmentplatasdnsar
medi ver_night. After over night incubation SF ' . I by
eoh G e 6 END LR Fastare o o a e B e
the FESRECHOSIUHIA Y BRIZERTE 85 FONP TS Bt SnPRAE S difErRE rRI2ifON.
Subsegurntmedittnwebangestiwete performedrigvery Bral maysgbiSEAINZ

cell% er CH(HH %%8 erapel od of 12-13 days. Alternatively, EBs can
also %}é tac?remed EE)y cu\{tuiErJing hé'S directly in bSFS, END2-CM or other

suitable media without prior incubation in SF media over night. Different
typesiohoalitiretivasss|sinat suppbet ol dultbvation forslispension ol e

suchyas, Retridisbesospipnesflasks: ither bpeselibinieariorsanighide
used (18). Treatment with the hp38 MAP klna%erglblﬁ?r 513203580: P38
MAIQ]@ iHHW%r%gﬁb%%%lart a experiments cells were use up to a

[4-(4Fsrpophioyl o2 44 an ity lefiniplen{e) G i@in Figure 10 suggests

pyrigyd e imidazeiel (Cathiosherdwasdissalvedinide® (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 thiexassplectivefitilieey psetefigiiesroatinal fé@’f’?céﬁﬁaﬂdﬁé)?%éiﬁﬂ”lo n
change svascpedfermeshat days, and datier BBdermedionodoher all
othe{mett&?acggrgaﬁ)glr;%%?goggevious examples. 2.Results
(i) Cuiture of hES cells on feeder celis: hzS cells were grown on
mouse embryonic feeder celis see example 1. hES cell culturing on Mitomycin
C {10ug/iml, Sigma) treated human fibrobiastic feeder cells (MF} was
performed as follows. Human fibroblastic feeder cells CCD-9195k 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 antibictics (Pen/Strep) fo confluency and treated
with Mitomycin C {(10pg/ml) for 3 hours. Cells were passaged with
trypsin/EDTA (0.125% wiv;, 50mM respectively; Gibco) and seeded at a
density of 4.7 x10* cellsicm® in culture trays (Nunc). The CCDI19Sk cells
were equilibrated in hES culture medium for 24 h before the hES were seeded

on the feader celis.

hES were grown in hES medium on HF and passaged every 7 days. For
passaging hES cells were either pre-treated with coliagenase IV (Gibco) for 3
min followed by mechanical dissociation or without collagenase and coliected

after mechanical dissociation only. Harvested cells were then transferred io



We tested various small molecules to improve cardiomyocyte
differentiation in our differentiation protocol. Recently a number of small
molecules have been identified that induce cardiomyogenesis in mouse
EC cells (15). It had previously been reported that inhibition of p38 MARK
blocks cardiomyogenesis and commits cells to down the neurogenesis
pathway in mouse ES cells (14,29). Another group showed an increased
proliferation of neonatal cardiomyocytgs after p38 MAPK inhibition (12).
Surprisingly, when we added 511M of the specific p38 MARK inhibitor
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addition of SB203580 resulted consistently in a much higher percentage
of beating foci compared to EBs growing in END2-CM alone. The
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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. 46 To
more accurately determine the number of cardiomyocytes in the
differentiated cell population, EBs were collected, washed in PBS- and
incubated with 0.05% Trypsin for 5migyat 37C. Cell clumps were triturated
and incubated for another 5 min at 37C. Trypsin activity was inactivated
with_serum containin% media and cells were collected via centrlfugatlﬁgn at
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differentiation process. To obtain a more accurate number of actual
cardiomyocytes present in EBs at day 12 EBs were dissociated using
Trypsirfies cenestidhe Asiopeo Pl e sicerawad spdran dssigdassiAddhe
Cytesgmm@!amuméuat@@ﬂemmwmeasa@@doameammiMﬁamcEBWas
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compared with HF based hES cells for response to END2-CM.

The END2-CM differentiation protocol was tested on hES culiures grown
under feeder independent conditions. hES2 and hES3-GFP fines maintained
on HF were adapted to grow in a feeder free cuiture system, based on a
combination of fibronectin and high concentrations of bFGF ((20), modified).
After a few weeks growing under feeder free conditions, the celils were
subjected to the END2-CM differentiation protocol as described above
(example 1, Figure 8A).

These hES cells also differentiated into cardiomyocytes with some EBs
displaying multiple beating areas., The cardiac marker genss a-MHC and
ANF were also up-regulated in EBs after 12 days exposure to ENDZ-CM
{example 1, Figure 88). Therefore, cardiogenesis was also observed from
hES cells cultured in CM independent of growing the starting material in a



differentiation by p38 inhibition. 1. Material and Methods For hES culture
on human feeder cells, see Example 2. For Irnmunohistochemistry
performed here, see example 3. H&E staining on Paraffin sections was
performed at the BSF facility (Biopolis). For all other methods applied see
previous examples. 2. Results The dose response of cardiac induction by
p38 MARK inhibition was investigated. Aouadi eta/has recently published
that concentrations of 10 p M of the pg8 MARK inhibitor PD169316
prevented cardiomyogenesis in mouse ES cells and induced

neuroquen Sis %29%. The END2-CM was su lemented ir[11 a r%n e between
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rosette structure formed at higher doses of the inhibitor (>5pM-25pM)
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formalin at room temperature. EBs were then embedded in 1.5% agarose and
dehydrated through 70% to 100% ethanol with a last incubation in xytene. The
agarose block was then embedded in paraffin. Sum thick sections were cut in
rinbons, floated on a warm water bath of 45°C, mounied on siides, and left to

air dry at 37°C overnight.



(22A) SF control: Larger EBs consist mostly of loosely packed areas
which might be high in extracellular matrix. EBs are cystic and display
small areas of tightly packed cells. CM control: Large areas of loosely
packed cells surrounded by extracellular matrix take up most of the bigger
EBs. Some glandular structures are visible. (223) SF + 5pM 5B203580:
Again areas of large, loosely packed cells maybe smaller than in the
control EBs. Rosette-like structures ake obvious. CM + 5pM 5B203580:
More glandular structures appear and some rosette-like structures are
obvious. (220) SF + 20pM 5B203580: The EBs are |m|I rina earan
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from onwards. It is clear that after treatment with SB203580 the
RNN@B@pI’@%’i@% BF BRSNS rh AV RTAIREN TS fiRFELs¥E' T BBth<SE
and oib-Gidepesiding gerthercotegntration see above). This occurs
at much lower concentrations in SF conditions (10pM) than in EBs

cultured in CM (25pM) possibly due to the propensity q_%f hES cells t?’%
neurdlSorEYeMtbrs e AaL M earam FHE SEhYRIENS 5T HYWERSIN % h
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obsgrved dronped dramaticalivwithagpnsoniant increasedp thec unti

expression of Sox-1 as well as down regulation of cardiac markers.
Exaﬁ?ﬁ%ee} p38 MAPK inhibition is modulating the appearance of germ
layer lineages in a concentration dependent manner in differentiating hES

cells; 1,Matedaland Methodsi EarbERicy ke Reumaiedarkerlisasse
Exargrpelg 02;"1t0 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 PBSY 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, elther using the isotype control Ms IgG1 (Zymed, 1:1000) or
PBS” as a blank.

Rest of the staining was performed according toc the manufacturer's
instructions (Vectastain Elite ABC Kit, Vector Labs). The slides were mounted



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. 50 2.Results To investigate the effect of
p38 MARK inhibition on lineage commitment in EBs we stimulated EBs
with 5 or 20pM of SB203580 in ENDZgM and checked for mRNA
expression of different lineage markers at day 3 and day 12. Again, 20 pM
SB203580 almost completely suppressed the formation of beating foci at
oy 1o U8 e AU ot BRI oAt T FURTBER St (athg o
obséffdd at day 12 when compared to END2-CM alone (Figure 24A).
Visual observation of beating foci was confirmed by the expression of

MG, 8t day.12. (Eige 24B). Tha loersencentiation Inreased a-MC
expression-as seen be‘efo}/é, w ﬁject%e |ghesf’ )C(\')Vr‘?ceenirg ion redlced the

expréagiofbepreéattfiatimesddern (RkDS) apfd cArefde muerardje st
The xpiessiendolitks2.% mimickedrthe exprassnnoefie-ef a-ldGgaain
(Figure.24D). Interestingly,.Brachyury.w requlated r hoth p38
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morphogenesis (25). Mespl was higher expressed in low concentrations
of SBYTRBBE AN UXBrasSEBPSIUHEVE) KEnBETabiEs® B3 HidkiniReskh
mediarshatuiighdil comceatratiehs o fi-532823530(Figtirea246) mAsseeraitre

the prgyigup expeimens(igere aL)dNeauPIesRoNQleasl 18 SN e
upregulated in EBs %gé)sed t%}ihl h concentrations of the compound
I

(FigUIEBFE) R Mdeias e 5P krm formation, Sox17 is also higher
expressed at day 12 under high concentrations of the p38 MARK inhibitor

(Figuresiddy whhissRaight dnghicate that Jpast S08ReNGeRAIONS MARSs were

mesendoderm is fomb%% b t.olifé)erentiaga%pt gf}l%wn the cardiac-mesoderm, a
on I

mor(taapeons il aﬁrf%‘r)l(i e Steak S%W,%ﬁ foCKEG P therefore

demonstrated that p38 MARK may exert different roles during the

differgntiatienoh bE&iselis evaraus BsbBi@RigiIgerm layer derivatives
depending on the level of inhibition/activation and duration. These results

suggest that p38 MARK helps to modulate ES cell commitment during
earl\¢gastitfatith events. 51

Early cell commitment in EBs growing in END2 CM: It is generally
assumed that ES cell differentiation in vitro parially mimics the inductive
evenis observed in the pre-implantation embryo fn vive {(22). The expression
of cardiomyocyle markers and generat differentiation markers was examinad
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 centrol 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 fo ENDZ2-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 Octd, as well as Nanog and UTF1



Example 8: Stimulation of cardiac differentiation and cell proliteration by
addition of 58203580 into bSFS. 1.Material and Methods For hES culture
on human feeder cells, see Example 2. (i)Culture media: Defined basic
serum free medium (bSFS) DMEM supplemented with Ix MEM
non-essential amino acids (Invitrogen), 2mM LGlutamine (Invitrogen),
0.0055 mg/ml Transferrin (Roche), 5 ng/ml sodium Selenite (Sigma),
0.1mM p-mercaptoethanol, with or wighout Penicillin/Streptomycin
(Invitrogen). For all other methods applied see previous examples In this
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of ceBisyperanell ghagiedon daw 3dsishawn. /s T&Pt@ﬁ%@@'%nlaﬁom at

the PE ceniﬁ}ge of beating, EBs on day 13 (Figure 25A) we have observed
that FRAdmish @F@é‘?b ta 5pM final concentration resulted in a
2-5 fold higher percentage of beating EBs in CM or in bSFS media,

respeglivahkr-Addiiioniof A iglevaR-Sraka Q@DMGM pMbERAl 1o be fess
concen tratlon c{esulted in about the sgr‘g}e R%erce age of eatmﬂqus S as in

di
bSF§ aPone W|th a sllde mcreasg a?a conccé)ﬂtra 8?1 @ tlon of

5p|\/|s$g@ggwg iprosession patierns. Genes expressed in the mesocderm, like
brachyury {(marker of the primitive streak and peri-mesoderm (24)) and Mesp'1
(marker for cardiac mescderm (25)), were strongly up-regulated arcund day 3
when compared to the SF control data. This event was followed by the
appearance of the early precardiac mescderm lineage marker Nkx2.5 (26).
Expression of Nkx2.5 was first detectable around day 4 and was significantly
expressed at day 12 (Figure 14D). Shortly after (around day 6) we detected
the cnset of a-MMHC (Figure 148) and ANF (not shown) expression, markers
of mature cardiomyocytes. EBs were also sirongly 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 induce 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,



combination with 115pM or 5pM PA in bSFS resulted in an up to 2 fold
increase of the percentage of beating EBs compared to the respective AA
concentration in bSFS alone, but the percentage of beating EBs was
below the addition of 5pM SB203580 into bSFS only. The expression of
cardiac a-MHC relative to 6-Actin (Figure 25B) is strongly indicating that
the proportion of cardiomyocytes in the differentiation cultures was about
2-6 fold higher when SB203580 was agdded at a 5pM final concentration in
CM or bSFS respectively. Addition of AA into bSFS at a 0.5pM
concentration resulteq in about the same rel,ati\ée ex refls[:sgon (}I di-MHC as
in bSPELSHE L LY iReresdd, gfér%%hﬁqfi{nc%néé%%atlon RS oBERREd.
AA &Ba 00BN concentradioiian bSRS eesliftedHithabaistabiisid heregsddan
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incréase in relative P-MHE expression over me EB553580 alone and a
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in the cultures shown in Figure 25C underscores the results observed via
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(Figure 25B). The addition of 5pM SB203580 into END2-CM slightly
eleVaRT TR P FEETRAGE Of CRATYATLEVRES IR S dition of SpM
3B203580 into bSFS almost tripled the proportion of cardiomyocytes. The

addifion,of Q AM:OkRPMAR I BRES SHobly iBsreaseding Proportion,of
cardlornyoc(fges; but the addition of 0.5pM and Eartlculg 5pM AA in

respBGE TERIBITANGH With Spri'sE 5 iRBEES retindfin g in
highesoprejporfion! 8fcardisndgscybes ibthis expafnant) BRémfoci were
distribution-afLelknumpsiial-wells atihednitiation:el thediffiereatiation.
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o bl S e L e O e
has aAseffaEedTPeei prolifetaioh FlsuMRg i IGingr woPiauRRSershbverost
timepﬁ@wﬁl Madiasday i3verlberund state of the cardiomyocytes obtained at
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).

Cay 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-confiuent
monolayer after 2-3 days (Figure 17 B, C). Plated cardiomyocytes displayed
sarcomeric striations when stained with a-Actinin or Tropemyosin, organized
in separate bundles (Figure 17B8). We could observe a higher number of cells
expressing MLC-2v in mcnolayered cardiomyocytes when compared o

Paraffin sactions of whole EBs. Cardiomyocytes werg alsc positive for a-



per well of a 6-well plate 2.10x10b 1 CM CM + 5pM SB203580363 x10 3
bSFS1.18 x106 4 bSFS5pM SB2035802.08 x10
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smooth muscle Actin (SMA). The morphology of cardiomyocytes grown in a
manolayer ranged from smali round to elongated, branched or triangular (the
maiority) celis of various sizes (Figure 17B) with one nuclei or multinucleatad
cells. Mitosis was obvious in a few cardiomyocyies seeded on chamberslides
or 6 weil tissue cuiture plates. And we could observe cardiomyocyte
proliferation (by quantification over Cytospin) in our suspension culture af
least until day 28. EBs with beating foci stopped contracting in the presence of
serum, but have been maintained beating EBs under SF conditions for more
than a year (see above).

Exampie 4: Addition of a p38 MAPK inhibitor, SB203580, influences
lineage fate in differentiating EBs:

1. Material and Methods

nES differentiation 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. Factors such as
SB203580 were added to the respective media at this time fo test their effect
on hES differentiation. Subsequent medium changes were performed every 3-
4 days. Usually, cells were cultured over a period of 12-13 days.

Alternatively, EBs can also be formed by culturing hES directly in bSFS,
END2-CM or other suitable media without pricr incubation in SF media over
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-methylsulfinylpheny!}-5-(4-
pyridyl)1H-imidazole) (Calbiochem) was dissolved in DMSO {(13mM siock
solution) and added directly to the respective medium (SF or END2-CM)
either during EB formation, during the first medium change or &s indicated in
the respective figures (see figures for final concentrations). Medium change
was performed at day 3, 6 and § after EB formation.



5 bSFS + 0.5pM Acetic Acid (AA) 1.18 x106 6 bSFS + 5.0pM AA 103 x10
bSFS5pM SB203580 + 0.5pM AA 1 53 x10 8
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For alf other methods applied see pravious examples.

2. Resuits

We tasted varicus small molecules o improve cardiomyocyte differentiation in
our differentiation protocol. Recently a number of smali molecules have been
identified that induce cardiomyogenesis in mouse EC cells (15). [t had
previously  been reported that inhibition of p38 MAPK  blocks
cardiomyogenesis and commits celis to down the neurogenesis pathway in
mouse ES cells (14,29). Ancther group showed an increased. proliferation of
neonatal cardiomyocytes after p38 MAPK inhibition (12}, Surprisingly, when
we added 50M of the spacific p38 MAPK inhibitor SB203580 we observed an
increase in the number of EBs with beating foci, This was only observed
when the inhibitor was added early during differentiation, during or shortly
after overnight EB formation. If we added the inhibitor after cardiomyocytes
were already formed in the EBs (day 6 cnwards), there was no effect on the
number of beating foci (Figure 18A) or the expression of a-MHC at day 12.
This would suggest that the stimulation of proliferation of cardiomyocytes
described by others can not fully explain what we observe in our
differentiation system. The addition of SB203580 during the first 3 days of
differentiation was encugh to observe a remarkabie increase in the number of
beating foci per EB at day 12 (data not shown). The compound had alsc a
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 smalier than their
cou'rzterparts growing in END2-CM. The addition of vehicie {(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 ai daytZ 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 {8B202190, Figure
19).

Changes were checked in early gene expression during EB differentiation
when adding the compound. A strong upregulation of Brachyury around day



bSFS5pM SB203580 + 5.0pM AA 3.38 x10 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‘-4 M 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
theiﬁé&%%%ﬁeﬁw%éﬂuma@ﬂmwn in the presence cof the inhibitor. This

would result in the formation of more mesoderm and therefore heart
mesoderm. The higher expression of Tbra at day 12 was reflected in a higher
expression of the cardiac markers Nkx2.5 and a-MHC at day 12 (Figure 18 E-
).

Batches of hES culture being less responsive to the cardiac-inducing effect of
END2-CM (percentage of beating EBs dropping below 50%) were sometimes
encountered. However, in these cultures the cardiac-enhancing effect of
SB203580 was even mare pronounced, resulting in more than 60% of beating
£Bs (Figure 18C).

Over an extended number of experiments, the addition of SB203580 resulted
consistently in @ much higher percentage of beating foci compared to EBs
growing in END2-CM alone. The percentage of beating EBs in the presence
of 5uM S$B203580 is in the range of 60-87% compared o 42-62% in END2-
CM only {(Exampie 2, Figure 128).

Tne p38 inhibition at 5uM in END2-CM did not induce expression of skeletal
markers, like Myf5, endoderm markers, like Sox17 or neurcectoderm markers,
like Soxi. Therefore the effect of the p38 MAPK inhibitcr seems to be specific
for the upregulation of genes confined fo the primitive streak/mesoderm of the

developing embryo that will then deveiop further into cardiac mesoderm.

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

1. Material and Methods

(i) Quantification of cardiomyocytes after hES differentiation: The
culwre plates were scored for beating EBs 12-13 days after EB formation.
Multinle 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.



END2-CM supplemented with Vitamin C (Vito) (Figure 27). The increased
expression level for these two cardiac markers generally reflects the
observed increase in beating EBs and therefore cardiomyocytes. Using
the current protocol for cardiac differentiation in suspension cultures we
are able to obtain up to -2 x108 cells in a volume of 200 ml. Example 10:
PGI2 as a cardiomyocyte inductive component of the END2- CM.
1.Material and Methods For hES cult%e on human feeder cells, see
Example 2. (i) Culture media: basic serum free medium (bSF):DMEM
supp[ﬁ emented with Ix MEM non-essential amino acids (Invitrogen), 2mM

g (RIGHFBIGEN) B MINE pfifereaBREthaIn SRR G WRRo: M°
Penitifti/Steptomy cinlttitrogERy Prostagibedin 12 eshPGi2-NE§(52)9a,
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Sodium salt] was obtai from Sigma-Aldrich. It was dissolved in 90%

Eth&h51 BFSAd 25 FRHwSBIHTRD gr‘fu TR iR ARS B RS &
addisgguo thendifferentistion eredicetish $Frat adfinsiedonice ngaltitryaifcd. 235 M

and 25 pifhA me@fwmaqhﬁv@gerwteeﬂ%tm@sarmwaé@ amoretef PGEI2

was performed at da nd 9 after f rma |o iI) Immunoassa
identi V%%ﬂgc?ﬁtgg%g gv%%as%é %Sn”lag-c?gy Eihdtc Féé? aﬂ?\}N taccee ¥O
END2'GM wélhardsddietmired aiingddmatrtiataly m@%@r@r&mw@(@ﬁ)
PGI2)ganigniddsingaskéA 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 fsterRilirs MRMadp IrealiEs S8me N\ CoMAERERI enzyme immunoassay
kit -6 keto Prostaglandin Fla EIA (6 keto PGF1a) kit (Cayman Chemical
Co).z'!'he assay,was performed according to the manual's 55
Calculating the percentage of beating EBs or the relative expression of
cardiac markers provides only a very rough estimate of the efficiency of
cardimyogenesis in our differentiation process. To obtain a more accurate
number of actual cardiomyocyles present in EBs at day 12 EBs were
dissociated using Trypsin. A cell suspension of 1 x10° celis was spun on a
slide using a Cytospin and immunohistochemistry was 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/ weli for END2-CM and 1.16 x10° celis/well for
END2-CM supplemented with SB203580, a 2.5 fold increase was cbtained in
the total number of cardiomyocytes when SB203580 was added. Performing
a simple enrichment step by removing non-beating £8s could further ingrease
the vieid to almost 40% cardiomyocytes of the total cell population (Figure
20D). Cultures growing in medium supplemented with S5pM SB203580 had

consistently yieldad higher cell numbers after 12 days of differentiation.



instruction; DMEM was used as blank and as a diluting solution for the
preparation of standards. The assay results were calculated based on the
standard curve generated in parallel and using a spreadsheet program
provided by Cayman website (www.caymanchem.com/analysis). For all
other methods applied see previous examples. 2.Results We found that
PGI2 was accumulated in END2-CM to much higher concentrations
compared to the non-cardiomyocyte jaductive, conditioned media
collected from MESL1 cells (Figure28A). POI2 was added into the defined
serum free medium bSF at a final concentration of O./Z pM anq 2 Maand
hES HffsHEnti&ion WAS BEIIHed FFTRMEdiuPH B4 W&l as th Sgaarn’ ¢
END2:2bh fiatia2 tlaysdefote! the percentage of beating EBs and relative

expyessian picardirciasMEls expression was tested. We surprisingly
found that the gﬂdition of POI2 resu‘lte ina St

ong_indugction of
car(ﬁﬁfmyﬁte FiatiSh st%Wﬁ‘by 8 -%Idcﬁlgﬁ‘legrsggrcgﬁ Al qeeof %’eaﬁ%b
EBdrandrahigae 2ngstoldrsidhercreliagive 8spraxsionéofth i Rarkar
a-MbiC (FHaure S Bris)pdrhe-k beakreslevelsiandisparker gene

expression levels in bSF with POI2 added at respective concentrations
were equivalent or even higher compared to END2-CM. This clearly

denfonstratesr e P Z2rs e ¢ aRGIBIAYSE R fdtiEive component of the
bioactivity in END2-CM. P012 is also inducing cardiomyocyte formation

wheg adlslﬁgl img a fully defined medium such as bSF. 56 REFERENCES
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A, %mdoﬁﬁ%g%% MAPK inhibitor PD169316 prevented cardiomyogenesis in
mouse ES cells and induced neurogenesis (29). _ The END2-CM was
supplemented in a range between 1 and 25 uM of 88203580 over a period of
12 days (Figure 21). The first observation was a change in the morphology of
EBs. When exposed to higher concentrations of the p38 MAPK inhibitor
SB203580 EBs are more compact and do not form epithelial visceral
endoderm, normally observed as large fluid-filled cysts (Figure 21A). Beating
foci were shifting from the surface to the inside of the EB structure. There
was an increase in the number of beating foct up to a concentration of 10uM
of 88203580 when compared to non-suppiemented ENDZ-CM (Figure 218).
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 5uM of
$8203580. Beating areas were smaller compared to beating foci of EBs
growing under END2-CM, Similarty, the expression of a-MHC declined when
the conceniration of the p38 MAPK inhibitor went over 10u 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 checkad 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 25uM  of
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Res\A£R) inhivition seems to induce different lineages in the EB gastrulation-
event. These observations here would indicate that a dose dependent effect
of 8B203580 modulates the formation of germ layer lingages from hES cells
with a low dosage shifting differentiation down the mesoderm/cardiac
mesoderm pathway while a strong inhibition of the p38 MAPK pathway is

inducing neuroectoderm.

Effect of p38 MAP kinase inhibitor on the appearance of a Neural
Progenitor population: As it was previously noted that using the inhibitor
SB203580 in SF medium was promoting the formation of neural progenitors in
EBs it was also apparent that higher concentrations of inhibitor that
completely blocked induction of beating EBs formed in END2 CM {Figure
21A) that morphological uniform neurcepithelial EBs with clear rosefte
structure formed at higher doses of the inhibitor (>5uM-25uM) (Figure 22 &
23). Examples are given in Figure 22

(22A) SF control: Larger EBs consist mostly of loosely packed areas which
might be high in extracellular matrix. EBs are cystic and dispiay small areas of
tightly packed cells. CM control: Large areas of loosely packed cells
surrounded by extracellular matrix take up most of the bigger EBs. Some

glandular structures are visible.

(228) SF + 5uM SB203580: Again areas of large, lcosely packed celis maybe
smaller than in the control EBs. Rosette-like structures are obvious. CM +
5uM S$B203580: More glandular structures appear and some rosette-like
structures are obvious.

{(22C) SF + 20uM SB203580: The EBs are similar in appearance to Sk + 5uM
SB203580, except that the EBs are noticeably larger. CM + 20uM SBZ03580:
The celis are more densely packed and organized. More rosette-like

structures are detectable and the EBs are less cystic.



501-502_3 8. Kehat, I., Kenyagin-Karsenti, D., Snir, M., Segev, H., Amit, M.,
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(2001) J Clin Invest 108(3), 407-414 9. Passier, R., Oostwaard, D. W.,
Snapper, J., Kloots, J., Hassink, R. J., Kuijk, E., Roelen, B., de la Riviera,
A. B., and Mummery, C. (2005) Stem Cells 23(6), 772-780 10. Mummery,
C. L., van Achterberg, T. A., van den Eijnden-van Raaij, A. J., van
Hfaaster, L., VVillemse, A., de Laat, §9W., and Piersma, A. H. (1991)
Differentiation 46(1), 51-60 11. Patent application WO 03/010303:
Methods of inducing differentiation of stern cells 12. Engel, F. B.
SchetfesayeMIOPBUGHEIRESTE (198eT fbAZ8. "RRdREd, 5 cav 12 In SF
control, the morphology of EBs did not change much throughout the 12 days
of differentiation. EBs in SF + 20pM SB203580 are significantly more compact
than in SF contrel even as early as day 1. Between day 1 and 3, EBs in SF +
5uM SB203580 are not very different in morphology. Rosette-like struciures
only appear at day 12. Distinctive structures in EBs in SF + 20uM SB203580,
CM + 5uM SB203580 and CM + 20uM SB203580 are visible from day 1,
whilst in CM structures are oniy obvious at day 3. There are aiready

considerable differences in EB morphology from day 1 onwards.

It is clear that after treatment with SB203580 the RNA expression of the
neuroectodermal marker is increased in both SF and END2-CM (depending
on the concentration see above). This occurs at much lower concentrations in
SF conditions (10uM) than in EBs cultured in CM (25uM) possibly due to the
propensity of hES cells to form neural progenitors under serum free conditions
(30). However, at higher concentrations of SB203580 in END2-CM the
number of beating EBs observed dropped dramatically with a concomitant
increase in the expression of Sox-1 as well as down reguiation of cardiac
markers.

Example 7: p38 MAPK inhibition is modulating the appearance of germ
layer lineages in a concentration dependent manner in differentiating
hES cells.

1. Maierial 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.
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Oostwaard, D., Doevendans, P., Spijker, R., van den Brink, S., Hassink,
R., ¥an dét¥3gydlen, M., Opthof, T., Pera, M., de la Riviere, A. B., Passier,
R., andrlestesienhk. {2003F p3s MAPK inhibition on lineage commitment in

EBs we stimulaied EBs with 5 or 20uM of 3B203580 in END2-CM and
checked for mRNA expression of differant lineage markers at day 3 and day
12, Again, 20 uM SB203580 aimost completely suppressed the formation of
beating foci at day 12, while the addition of 5uM increased the number of
beating foci observed at day 12 when compared to END2-CM alone {Figure
24A). Visual observation of beating foci was confirmed by the expression of
a-MHC at day 12 (Figure 24B). The lower concentration increased ¢-MHC
expression as seen before, while the highest concentration reduced the
expression of pracardiac mesoderm (Nkx2.5) and cardiac marker genes. The
expression of Nkx2.5 mimicked the expression profile of a-MHC (Figure 24D},

Interestingly, Brachyury was upregulated under both p38 MAPK inhibitor
concentrations (Figure 24E}. Brachyury is expressed in both, the node and
early mesoderm and expressing celis give rise to mesoderm but also celis of
the endodermal lineage (31). Mesp1 is expressed in cardiac mesoderm and
plays an essential role in cardiac morphogenesis (25). Mesp1 was higher
expressed' in low concentrations of SB203580 and expressed at a level
comparable to EBs grown in SF medium at higher concenirations of
SB203580 (Figure 24F). As seen in the previous experiment (Figure 21) the
expression of Sox! 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 stregk 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 fevel of inhibition/activation and duration. These resulls
suggest that p38 MAPK helps to modulate ES cell commitment during early
gastrulation events.
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For hES culture on human feeder cells, ses Example 2.

(i) Culture media: Defined basic serum free medium (bSFS): DNMEM
supplemented with 1x MEM non-essential amino acids (Invitrogen), 2mM L-
Glutamine (Invitrogen), 0.0055 mg/ml Transferrin (Roche), § ng/ml sodium
Selenite  (Sigma), 0.1mM  P-mercaptoethanol, with  or  without

Penicillin/Streptomycin (invitrogen).
For all other methods applied see previous examples.

In this' experiment the effect of SB203580 (SB) and Acetic Acid (AA} on
cardiac induction when comparad to END2-CM and a fully defined media
bSFS was investigated. hESC were differentiated as EBs in suspension
culture as described above. Readouts were performed on day 13: the
percentage of beating EBs was defined, the average cell 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 respeciively. The
average total number of cells per well cbserved on day 13 is shown in Table 2

below.

Looking at the percentage of beating EBs on day 13 (Figure 25A) we have
observed thal the addition of SB203580 at a 5uM final concentration resulted
in a 2-5 fold higher percentage of besting EBs in CM or in bSFS media,
respectively. Addition of AA into bSFS at a 0.5uM or 5uM final concsntration
resulted in about the same percentage of beating EBs as in bSFS aione, with
a slide increase at a S5uM AA concentration. Addition of 5pM SB203580 in



Mol Cell Biol 23(24), 9222-9232 27. Leor, J., Patterson, M., Quinones, M.
J., Kedes, L. H., and Kloner, R. A. (1996) Circulation 94(9 Suppl),
11332-11336 28. Small, E. M., and Krieg, P. A. (2004) Trends Cardiovasc
Med 14(1), 13-18 58 29.Aouadi, M., Bost, F., Caron, L., Laurent, K., Le
Marchand Brustel, Y., and Binetruy, B. (2006) Stem Cells 30, Reubinoff,
B. E., Itsykson. P., Turetsky, T., Pera, M. F., Reinhartz, E., Itzik, A.. and
Ben-Hur, T. (2001) Nat Biotechnol 195( 2), 1134-1140 31, Kubo, A,
Shinozaki, K., Shannon, J. M., Kouskoff, V., Kennedy, M., Woo, S.,

Fehling, H. J., and Keller, G. (20042\ADeveIo ment 131(7), 1651-1662
combination with 0.5uM or 5uM in bSFS resulted in an up to 2 fold

increase of the percentage of beating EBs compared to the respective AA
concantration in bSFS alone, but the percentage of beating EBs was below
the addition of 5uM SB203580 into bSFS oniy.

The expression of cardiac a-MHC relative to a-Actin (Figure 25B) is strongly
indicating that the proportion of cardiomyccytes in the differentiation cultures
was about 2-6 fold higher when SB203580 was added at a SuM final
concentration in CM or bSFS respectively. Addition of AA into bSFS at a
0.5uM concentration resulted in about the same relative expression of a-MHC
as in b8FS alone; a slide increase at a 5uM AA concentration was observed.
AA at a 0.5uM concentration in bSFS resulted in about 2 fold increase in
relative o-MHC expression. Of note, addition of 5uM SB203580 in
combination with 0.5uM or 5uM AA in bSFS resulted in a 2-3 fold increase in
relative a-MHC expression over 5uM SB203580 alcne and & 5-10 fold
increase over the cardiac inductive effect of 0.5uM or 5uM AA alone,
respectively. This clearly demonstrates that SB203580 has a strong inductive
effect on cardiomyocyie formation in different media at the respactive
concentration. This affect is even when SB203580 is combined with AA at

respeciive concentrations.

The percentage of cardiomyccyles in the cultures shown in Figure 25C
underscores the resuits chserved via scoring beating EBs (Figure 25A) and
relative cardiac o-MHC expression (Figure 25B). The addition of 5uM
SB203580 into ENDZ-CM slightly elevated the percentage of cardiomyocytes
but the addition of 5pM SB202580 into bSFS almost tripled the proportion of
cardiomyocytes. The addition of 0.5uM or SuM AA in bSFS slightly increased
the proportion of cardiomyocytes; but the addition of G.5uM and particular
S5uM AA in respsctive combination with S5uM SB203580C in bSFS resulted in

the highest proportion of cardiomyocytes in this experiment.

Tabie 2 is presenting the average cell number per well on day 13; note that ail

wells were inoculated from the same cell suspension initially to ensure an



MCSLLP 59 CLAIMS 1. A method of inducing or enhancing the induction
of differentiation of pluripotent stem cells into embryonic germ layer
derivatives said method comprising culturing the pluripotent stem cells in
the presence of a defined medium that is substantially free of xeno- and

serum-components, said medium comprising a p38MAP kinase inhibitor
- molecule or a prostaglandin, an analogue or a functional equivalent
thereof that contributes to the promation of differentiation to embryonic
germ layer derivatives. 2. A method"according to claim 1 wherein the-
differentiation is dose dependent on the p38MAP kinase inhibitor
moleeuledistdstigtandincedr anafogueoefurtdibnalediivaliitien apy the
thergedreiaomethod arear dingto shaim: dacr AwihareimtbetpBaMAE Ci
kingse inhibitor molecule i idinyLimi omol . thod
cCBRRG & SaiS W r R BTl B ol IS
SB263586 b i HefibdaoBPaEse e disd de e 8 daim 2 imatdintne
SB2036800Fdis Slerivative Rapresentiniadangeofendiztdr00pMghé: Zeil
method according 1 any one of glaims 4.0t A WRRMGIN e BBEeRRRaL its
derivafve is presentin a rante of 0.1 - SO?M. .

clearly demonstrates that SB203580 under the conditions tested here has an

effect on cell proliferation resulting in higher celt numbers over time.

day 13
cell count
Row # | Media oer well of a
o-well plate
1 CM 2.10x10°
2 CM + 5pM SB203580 3.63 x10°
3 bSFS 1.18 x10°
4 bSFS + 5uM SB203580 2.08 x10°
5 bSFS + 0.5:M Acetic Acid {AA) 1.48 x10°
6 bSFS + 5.0uM AA 1.03 x10°
7 bSFS + 5uM SB203580 + 0.5pM AA [ 1,53 x10°
8 bSFS + 5uM SB203580 + 5.0uM AA | 3.38 x10°

Table 2: Average cell numbers per well cbserved 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 increasg of up to 20% in
the number of beating EBs. The expression of cardiac specific markers like
ANF or o-MHC was detectable at day 12 and their expression increased in



7. A method according to claim 1 or 2 wherein the prostaglandin is PGI2,
an analogue or a functional equivalent thereof. 8. A method according to
claim 7 wherein the PGI2 is present in a range of 2nM to 200000nM
MCSLLP 60 9. A method according to claim 7 or 8 wherein the PGI2 is
present in a range of 200nM to 20000nM. 10. A method according to any
one of claims 7 to 9 wherein the PGI2 is present in a range of 200nM to
2000nM. 11. A method according tosziny one of claims 1 to 10 wherein
the embryonic germ layer derivative is selected from the group consisting
of ectoderm, mesoderm or endoderm. 12. A method according to any one
of cRltAZ-G b B whFeinahev S BY8BB0 s (Esetim® rahgd 'sf 0:9°3%68
M. d3réssethac accortingoclaiar Madel2gyherein tiecmbsyoniangarm
layelrgcdrgera'é/éi%lr'\\/ge% E% réié%car%%g%%r@ ‘cardiomyocytes.

Using the current protoco! for cardiac differentiation in suspension cultures we

are able to obtain up to ~2 x10° cells in a volume of 200 ml.

Example 10: PGIZ as a cardiomyocyte inductive component of the END2-
CM.
1. Material and Methods

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

(i) Culture media: basic serum free medium (bSF): DMEM supplemented
with 1x MEM non-essential amino acids (Invitrogen), 2mM L-Glutamine
(Invitrogen), C.1mM B-mercaptoethanol, with or without Penicillin/Streptomycin

{Invitrogen).

Prostaglandin |2 or PGI2-Na [(5Z, 9a, 11a, 13E, 1568)-6, 9-Epoxy-11,15-
dinydroxyprosta-5,13-dien-1-oic acid Sodium salt] was obtained from Sigma-
Aldrich. It was dissolved in 90% Ethano! at 2 mM as a stock soitution and then
dituted with PBS before adding to the differentiation medium bSF at a final
concentration of 0.2 uM and 2 uM. A medium change with addition of a
respective amount of PGI2 was performed at day 3, 6 and 9 after EB
formation.

{ii) Immunoassay. To identify molecules that have a cardiomyocyte
inductive activity in END2-CM we have determined and quantified the
Prostaglandin {; {or PGI2) content using an EiA assay. END2 cell and MES1
(10) celt 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 Fia EIA (6 keto PGF1a) kit (Cayman

Chemical Co). The assay was performed according to the manuals



14. A method according to any one of claims 11 to 13 wherein the cardiac
mesoderm gives rise to a cardiomyocyte. 15. A method according to any
one of claims 4 to 6 and 11 wherein the SB203580 is present in the range
of 10 - 50pM. 16. A method according to claim 15 wherein the embryonic
germ layer derivative is neural ectoderm. 17. A method according to any
one of claims 1 to 16 wherein the pluripotent stem cell is a human ES cell.
18. A method according to any one qf claims 1 to 17 wherein the medium
further comprises at least one additive selected from the group consisting
of selenium, transferrin, retinoic acid, ascorbic acid, acetic acid, hydrogen
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substant e of xenoand serum-components said defined media
confBRgHRY AHSBMAP GRS KRR PRI 8T £ Bid&glandin, an
analkgug ohe fuatiidnabeiiuivakeptetheresktnatieontribute to the
promotion of differentiation to embryonic germ layer derivatives. 20. A
defined culture media according to claim 19 wherein the p38MAP kinase

inhiBitor Mé1&¢lfe is a pyridinyl imidazol homologue.
We found that PGI2 was accumulated in ENDZ-CM to much higher

concentrations compared to the non-cardiomyocyte inductive, conditioned
media collected from MES1 cells (Figure28A). PGI2 was added into the
dafined serum free medium bSF at a final concentration of 0.2 uM and 2 uM
and hES differentiation was performed in this medium as well as in SF and
END2-CM for 12 days before the percentage of beating EBs and refative
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. PGIZ is aiso inducing
cardiomyocyte formation when added into a fully defined medium such as
bSF.



21. A defined culture medium according to claim 20 wherein the pyridinyl
imidazol homologue is SB203580 or its derivative. 22. A defined culture
medium according to any one of claims 19 to 21 wherein the SB203580 or
its derivative has a concentration in the range of 0.01 - 100pM. 23. A
defined culture medium according to claim 21 or 22 wherein the
concentration of the SB203580 or its derivative is in the range of 0.1 -
50pM. 24. A defined culture medium _according to any one of claims 21 to
23 wherein the SB203580 or its derivitive is present in the range of 0.5 -
20pM for cardiac mesoderm induction. 25. A defined culture medium
according to any one of claims 21 to 24 wherein the SB203580 or its
derivative is present in the rangemaf=):n5@M for neuro-ectoderm

induction. ,26. A defined cultur dium acgcording, to clai wherei
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28. A defined culture medium according to claim 26 or 27 wherein the
PGI2 is present in a range of 200nM to 20000nM. 29. A defined culture
medium according to any one of claims 26 to 28 wherein the PGI2 is
present in a range of 200nM to 2000nM. 30. A defined culture medium
according to any one of claims 19 to 29 wherein the embryonic germ layer
derivative is selected from the group consisting of ectoderm, mesoderm or
endoderm. 31. A defined culture medium according to any one of claims
19 to 30 wherein the embryonic germ layer derivative is cardiac
mesoderm. 32. A defined culture medium accordln to cI F’L her(?ln
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63 36. A cell population according to claim 35 for use in preventing or
treating a cardiac or neurological disease or condition. 37. A cell
population according to claim 36 for use in preventing or treating a cardiac
disease or condition wherein the cell population has been subjected to a
p38MAPK inhibitor at a concentration that induces cardiac mesoderm. 38.
A cell population according to claim 37 wherein the concentration of the
p38MAPK inhibitor is in the range ofs%.S - 20pM. 39. A cell population
according to claim 36 for preventing or treating a neurological disease or
condition wherein the cell population has been subjected to a p38MAPK
inhiBtor ﬁ@@én%nﬁ@%ﬁoﬁ-tﬁ&tfﬂﬁd@oésaﬁ%ﬁal*bré@éﬂﬁﬁf‘f)%&%fﬁi?r‘rs\."ﬂo.
A cell popudlatignascardinanty staimcg@swherein the concentration of the

P3SN/ IRIVLRIRr 2 1 1S {0001 i 30P M e, ACEL REPHENOM
according to Claim 36 for use In repairing cardiac or nerve tissue, 42. A
cell populiibriacesrarigHe claiftP41) At ERipmg L ariiae dsstid illerein
the gell pepulatian basdeen sulgectedip.a pPBSNARKGnhibittrrady. M.,
concentration that j s,cardi epm. I, 1981 (7).
according?kt@mc’lgi’n ;‘-233 Wﬁ’eﬁir{ 'fh%eﬁé{;}ﬁ%%g’trg?o(r@ﬁ@g %]38 %ﬁé ?r? hi&al)tor
is in the rdAgE B¥%.5 - 20p M. 44. A cell population according to claim 41
for repairing nerve tissue wherein said cell population has been subjected
to a p38MAPK inhibitor at a concentration that induces neural progenitors.



MCSLLP 64 45. A cell population according to claim 44 wherein the
concentration of the p38MAPK inhibitor is in the range of 10 - 50pM. 46.
A method for screening for cardiovascular compounds said method
comprising subjecting a cardiomyocyte prepared by a method accov‘ei’ﬁti'l*?'é*iﬂp
to any one of claims 1 to 19 to a tesé€ompound and observing a response
of the cardiomyocyte to the test compound. 47. A method for screening
ClebiM rological compounds said method comprising subjecting a neural
progenitor prepared by a method according to any one of claims 1 to 19 to

1.8 teshCRIBRINSRAAOESRNIRGLAKERRMP SRS RENAIIR! BroagaHANHRHhS of
test compound. 48. A method according to claim 1 substantially as

Plyrdpetentisiernesend i iRitR IBIRAIE EFtRE Byahflesivalives dutifegethod
coPhHER e B DIQrarEnt Sheskanially arhereilRhRiersr a defined

described with reference to the examples. 50. A cell population according

med iRt sishsiahtian)iabmdrembRiole s Rt dSRIt TeFeBRBEYD tthe Sald
mEXRIMPBSMprising a p38MAP kinase inhibitor molecule or a prostaglandin,

an analogue or a functional equivalent thereof that contributes to the

promotion of differentiation to embryonic germ layer derivatives.

2. A method according to claim 1 wherein the differentiation is dose
dependent on the
p38MAP kinase inhibitor molecule, prostaglandin, or analogue or functional

equivalent of any thereof.

3. A method according to claim 1 or 2 wherein the p38MAP kinase

inhibitor molecule is a pyridinyl imidazol homologue.

4. A method according to claim 3 wherein the pyridinyl imidazol

homologue is SB203580 or its derivative.

5. A method according to claim 4 wherein the SB203580 or its derivative
is present in a range of 0.01 - 100uM.

6. A method according to any one of claims 4 or 5 wherein the SB203580

or its derivative is present in a range of 0.1 - 50uM.

7. A method according to claim 1 or 2 wherein the prostaglandin is PGI2,

an analogue or a functional eguivalent thereof.

8. A method according to claim 7 wherein the PGI2 is present in a range
of 2nM to 200000nM
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9. A method according to claim 7 or 8 wherein the PGI2 is present in a
range of 200nM to 20000nM.

10. A method according to any one of claims 7 to 9 wherein the PGI2 is

present in a range of 200nM to 2000nM,

11. A method according to any one of claims 1 to 10 wherein the
embryonic germ layer derivative is selected from the group consisting of

ectoderm, mesoderm or endoderm.

12. A method according to any one of claims 4 to 6 wherein the SB203580

is present in arange of 0.5 - 20uM.

13. A method according to claim 11 or 12 wherein the embryonic germ

layer derivative is cardiac mesoderm.

14. A method according to any one of claims 11 to 13 wherein the cardiac

mesoderm gives rise {0 a cardiomyocyte.

15. A method according to any one of claims 4 to 6 and 11 wherein the
SB203580 is present in the range of 10 - 50uM.

16. A method according to claim 15 wherein the embryonic germ layer

derivative is neural ectoderm.

17. A method according to any one of claims 1 to 16 wherein the

pluripotent stem cell is a human ES cell.

18. A method according to any one of claims 1 to 17 wherein the medium
further comprises 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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19. A defined cuiture media suitable for differentiating pluripotent stem
cells into embryonic germ layer derivatives which is substantially free of xeno-
and serum-components said defined media comprising a p38MAP kinase
inhibitor molecule or a prostaglandin, an analogue or a functional equivalent
thereof that contribute to the promotion of differentiation to embryonic germ

layer derivatives.

20. A defined culture media according to claim 19 wherein the p38MAP

kinase inhibitor molecule is a pyridinyl imidazol homologue.

21. A defined culture medium according to claim 20 wherein the pyridinyl

imidazol homologue is SB203580 or its derivative.

22. A defined culture medium according to any one of claims 19 o 21
wherein the SB203580 or its derivative has a concentration in the range of
0.01 - 100uM.

23. A defined culture medium according to claim 21 or 22 wherein the

concentration of the SB203580 or its derivative is in the range of 0.1 - 50uM.

24. A defined culture medium according to any one of claims 21 to 23
wherein the SB203580 or its derivative is present in the range of 0.5 - 20uM

for cardiac mesoderm induction.

25. A defined culture medium according to any one of claims 21 to 24
wherein the SB203580 or its derivative is present in the range of 10 - 50uM

for neuro-ectoderm induction.

26. A defined culture medium according to claim 19 wherein the
prostaglandin, an analogue or a functional equivalent thereof is PGI2 an

analogue or a functional equivalent thereof.
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27. A defined culture medium according fo claim 26 wherein the PGI2 is

present in a range of 2nM to 200000nM.

28. A defined culture medium according to claim 26 or 27 wherein the
PGI2 is present in a range of 200nM to 20000nM.

29. A defined culture medium according to any one of claims 26 to 28
wherein the PGI2 is present in a range of 200nM to 2000nM.

30. A defined culture medium according to any one of claims 19 to 29
wherein the embryonic germ layer derivative is selected from the group

consisting of ectoderm, mesoderm or endoderm.

31. A defined culture medium according to any one of claims 19 to 30

wherein the embryonic germ layer derivative is cardiac mesoderm.

32. A defined culture medium according to claim 31 wherein the cardiac

mesoderm gives rise fo a cardiomyocyte.

33. A defined culture medium according to any one of claims 19 to 30

wherein the embryonic germ layer derivative is neural ectoderm.

34. A defined culture medium according to any one of claims 19 to 33
wherein the medium further comprises 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.

35. A cell population comprising an enhanced proportion of an embryonic
germ layer derivative that has selectively differentiated in a defined medium

according to the method in any one of claims 1 to 19.
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36. A cell population according to claim 35 for use in preventing or treating

a cardiac or neurological disease or condition.

37. A cell population according to claim 36 for use in preventing or treating
a cardiac disease or condition wherein the cell population has been subjected

to a p38MAPK inhibitor at a concentration that induces cardiac mesoderm.

38. A cell population according to claim 37 wherein the concentration of the
p38MAPK inhibitor is in the range of 0.5 - 20uM.

39. A cell population according to claim 36 for preventing or treating a
neurological disease or condition wherein the cell population has been
subjected to a p38MAPK inhibitor at a concentration that induces neural

progenitor populations.

40. A cell population according to claim 39 wherein the concentration of the
p38MAPK inhibitor is in the range of 10 - 50uM.

41. A cell population according to claim 36 for use in repairing cardiac or

nerve tissue,

42. A cell population according to claim 41 for repairing cardiac tissue
wherein the cell population has been subjected to a p38MAPK inhibitor at a

concentration that induces cardiac mesoderm.

43. A cell population according to claim 42 wherein the concentration of the
p38MAPK inhibitor is in the range of 0.5 - 20uM.

44, A cell population according to claim 41 for repairing nerve tissue
wherein said cell population has been subjected to a p38MAPK inhibitor at a

concentration that induces neural progenitors.
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45. A cell population according to claim 44 wherein the concentration of the
p38MAPK inhibitor is in the range of 10 - 50pM.

48. A method for screening for cardiovascular compounds said method
comprising subjecting a cardiomyocyte prepared by a method according to
any one of claims 1 to 19 o a test compound and observing a response of the

cardiomyocyte to the test compound.

47. A method for screening for neurological compounds said method
comprising subjecting a neural progenitor prepared by a method according to
any one of claims 1 to 19 to a test compound and observing a response of the

neural progenitor to the test compound.

48. A method according to claim 1 substantially as hereinbefore described

with reference to the examples.

49. A defined culture media according to claim 19 substantially as

hereinbefore described with reference fo the examples.

50. A cell population according to claim 35 substantially as hereinbefore

described with reference to the examples.



