1 METHODS OF SPECIFYING MESODERMAL, ENDODERMAL AND
MESOENDODERMAL CELL FATES BACKGROUND During early
embryogenesis, the embryo is divided into two major lineages: the
pluripotent inner cell mass and the trophoblast. The pluripotent inner cell
mass subsequently generates all three germ layers, which are capable of
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role fﬂl V\&}%ts ggenglshgglong to a family of proto-oncogenes expressed in several species
ranging from invertebrates to vertebrates. These genes encode over twenty cysteine-rich,
secreted glycoproteins that activate the Wnt signalling pathway by binding to Frizzled
(Fz) receptors found on target cells.

Binding of Wnt ligands to Frizzled receptors activates the Dishevelled (Dsh/Dvl1)
protein, allowing it to inhibit the activity of a multiprotein complex comprising 3-catenin,
Axin-adenomatous polyposis coli (APC) and glycogen synthase kinase (GSK)-3.
Inhibition of the B-catenin/APC/GSK-3f complex prevents phosphorylation of 3-catenin
by GSK-3f. Phosphorylated -catenin is targeted for ubiquitin mediated degradation by
the proteosome, and therefore Wnt binding to the Frizzled receptor results in B-catenin

accumulation in the cytoplasm.



self-renewal of haematopoietic stem cells (non-pluripotent stem cells).
Thus, activation of the Wnt signalling pathway in haematopoietic stem
cells maintains pluripotency in these cells. In contrast, a number of
documents in the prior art suggest that activation of Wnt signalling in
non-pluripotent stem cells leads to différentiation. Thus, Lako et al (2001,
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Despite these teachings of the role of Wnt signalling in the induction of
differentiation in multipotent stem cells, the Wnt signalling appears to have an opposite
role in the regulation of the choice between pluripotentcy / differentiation in pluripotent
embryonic stem cells. Thus, activation of Wnt signalling in embryonic stem cells appears

to result in maintenance of the pluripotent state and inhibition of differentiation.

Thus, Sato et al (2004 Nature Medicine 10: 55-63) discloses that activation of Wnt
signalling in human and mouse embryonic stem cells leads to maintenance of
pluripotency of such stem cells and inhibition of differentiation. In support of this, US
2004/0014209 A1 discloses that inhibition of Wnt signalling pathway plays a role in the
stimulation of differentiation of stem cells, including embryonic stem cells, into cardiac

cells.



markers. We show here that although the cells retain pluripotency markers
viz Oct4 and Nanog even at day 21, the cells acquire a variety of
meso/endodermal markers confirming induction of both mesoderm and
endoderm in response to Wnt pathway_activation. In addition we do not
get induction of ectoderm. According tdals aspect of the present
Sumrentien, we provide a method for producing a mesodermal or a
endodermal cell from a pluripotent stem cell, the method comprising
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DESCRIPTION OF THE FIGURES Figure 1 shows Wnt signalling in

embr icste ells..Figure 1A, Wn t roteins are pre tin.
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cell, together with a pharmaceutically acceptable carrier, excipient or diluent.

We provide, according to a 5™ aspect of the present invention, use of such a
mesodermal or endodermal cell, or such a mesendodermal cell, or such a pharmaceutical

composition, in therapy, such as regenerative medicine.

The present invention, in a 6" aspect, provides a method of treatment of a disease
in an individual, the method comprising introducing such a mesodermal or endodermal
cell, or such a pharmaceutical composition, or as produced by a method according to the

1* aspect of the invention, to the individual.

In a 7" aspect of the present invention, there is provided a kit comprising a
pluripotent stem cell, an activator of a Wnt signalling pathway, together with instructions

for use to produce a mesodermal or endodermal cell.



Figure 113. Presence of frizzled receptors in E14 cells. RT-PCR analysis
performed on undifferentiated E14 cDNA indicates presence of frizzled
receptors 2, 5 and 7. No RT control is shown in the bottom panel. Figure
1C. Wnt-3A protein is present in the conditioned medium (CM). Western
blot analysis on 25 uL of un-concentratéd control and Wnt-3A CM using
anti- Wmd%éingnti hodiBsispigtied (he pWbisuaBA pnesentiire e idd isnagtivd.of
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activation of Wnt pathway in E14 cells induces differentiation. E14 cells
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Figure 1D. Wnt-3A present in the CM is active. Luciferase reporter assays
performed using lysates from transiently transfected 293T cells treated with the indicated
CM or purified Wnt-3A (100ng/ml).

Figure 1E. Wnt-3A present in CM increases cytoplasmic 3-catenin levels. H1
cells are treated with the indicated CM or iGSK-3p and lysates are immunoblotted with

anti-active -catenin antibody.

Figure 1F. Luciferase reporter assays confirm specificity of iGSK-3f to activate
Wnt pathway. Assays are done as described in Figure 1D above. Note that iGSK-3f is
more potent than BIO.

Figure 1G. Short term activation of Wnt pathway in E14 cells induces
differentiation. E14 cells are treated with control CM, Wnt-3A CM, iGSK-3f separately
for 4-8 days as described in methods. Real-time PCR analysis of marker gene expression

is shown.



Figure 3A shows real-time PCR analysis performed on RNA extracted
from differentiating HI cells using key lineage specific marker gene
primers (ABI) after 8 days of treatment. Figure 3B shows real-time PCR
analysis performed on RNA extracted from differentiating HI cells using
key lineage specific marker gene primers (ABI) after 15 days of
treatifignte Riguse SErh Héerentoatiofr il Beltpaehainypiu i dteeltyindadesrs.
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that, for both murine embryonic stem cells and
Figure 3A shows real-time PCR analysis performed on RNA extracted from

differentiating H1 cells using key lineage specific marker gene primers (ABI) after 8 days

of treatment.

Figure 3B shows real-time PCR analysis performed on RNA extracted from
differentiating H1 cells using key lineage specific marker gene primers (ABI) after 15

days of treatment.

Figure 3C. Differentiating H1 cells retain pluripotency markers. Western blot
analysis is performed on cell lysates at the indicated days using Oct-4 and Nanog

antibodies. B-actin is shown as a loading control.

Figure 3D. Bright field pictures of H1 cells (control) and treated with Wnt-3A and
1GSK-3p for 15 days in culture.

Figure 4. Long term activation of the Wnt pathway in H1 cells leads to loss of
SSEA 4 staining. H1 cells are treated with control CM, Wnt-3A CM, iGSK-3f separately
for 21 days as described in methods. On day 21 cells are trypsinized and stained with



human embryonic stem cells, when the Wnt signalling pathway is

activated by various means, the embryonic stem cell differentiates along

two specific pathways, the mesodermal pathway, or the endodermal

pathway, but not the ectodermal pathway. Our methods are therefore

generally concerned with the production of differentiated cells from
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Thus, we show in the Examples that, for both murine embryonic stem cells and
human embryonic stem cells, when the Wnt signalling pathway is activated by various
means, the embryonic stem cell differentiates along two specific pathways, the

mesodermal pathway, or the endodermal pathway, but not the ectodermal pathway.

Our methods are therefore generally concerned with the production of
differentiated cells from pluripotent stem cells, in particular, differentiated stem cells of
defined and restricted lineages. In particular, we provide for methods to produce
differentiated cells of mesodermal or endodermal lineages, or both, from pluripotent stem

cells, by modulation (such as activation) of the Wnt signalling pathway in such cells.



mesodermal or endodermal pathway may be biased towards these

pathways and not the ectodermal pathway, by activating Wnt signalling

activity in the embryonic stem cell. Alternatively, activation of the Wnt

signalling pathway may be used to cauyse an embryonic stem cell which is

still pluripotent, but already partially committed to differentiation along a
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s@)na Ing pathway, modulating the persistence or breakdown of protein,

cyéeplaphey may also include modulation of the activity of a member of the
Wnt signalling pathway, such as by use of agonists thereof. Furthermore,
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Whnt signalling activity may be used to strengthen the commitment or choice of a stem
cell fate. That is to say, a stem cell which is in the process of differentiating along a
mesodermal or endodermal pathway may be biased towards these pathways and not the

ectodermal pathway, by activating Wnt signalling activity in the embryonic stem cell.

Alternatively, activation of the Wnt signalling pathway may be used to cause an
embryonic stem cell which is still pluripotent, but already partially committed to
differentiation along a specific pathway (e.g., an ectodermal pathway), to enter a
mesodermal or endodermal pathway instead.



signalling pathway as assayed as described in "Assay for Wnt Signalling
Pathway Activation" below. The Wnt signalling pathway in the ES cell

may be activated for more than 12 hours, such as more than 24 hours. In
some embodiments, the Wnt signalling pathway is activated for 2 days or
more, such as 3 days or more, 4 days or more, 5 days or more, 6 9 days

or mdhetherinday sVontepellmsome lembodimednisathtenBinosigneiingell which is

plRapINaY ButhaEs el ihaciyatethierbeimean At dd davs indl e o cause
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Hybridization: Principles and Practice; Oxford University Press; M. J. Gait
(Editar), 1984, Qligonucleotide Synthesis: A Practical Approagch, Irl Press;
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Seethala, Prabhavathi B. Fernandes (2001, New York, NY, Marcel

Dekkﬁlrs&%%&%ﬁﬂﬁéﬁ%@ﬁig)&ﬁviw of Wnt signalling in the embryonic stem cell
may be increased by 10%, 20%, 30%, 40%, 50% or 60% or more to effect differentiation
of the stem cell towards mesodermal or endodermal lineages. In some embodiments, Wnt
signalling activity may be increased by more than 50% in order to allow such
differentiation to take place. In such embodiments, the activity or activation of the Wnt
signalling pathway as assayed as described in “Assay for Wnt Signalling Pathway
Activation” below.

The Wnt signalling pathway in the ES cell may be activated for more than 12
hours, such as more than 24 hours. In some embodiments, the Wnt signalling pathway is

activated for 2 days or more, such as 3 days or more, 4 days or more, 5 days or more, 6



Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools

for Use at the Bench, Edited Jane Roskams and Linda Rodgers, 2002,

Cold Spring Harbor Laboratory, ISBN 0-87969-630-3; and The Merck

Manual of Diagnosis and Therapy (17th Edition, Beers, M. H., and
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herein incorporated by reference.



a number of ways, for example as described above in detail under "GSK-3

(3 Kinase Assays". Such an assay may be particularly suitable where

GSK-3(3 activity is targetted for inhibition as a means to activate the Wnt

signalling pathway. 11 Alternatively, or in addition, an assay for activation

of the Wnt signalling pathway may co ?)rise detecting accumulation of
WeSrcaawLinNaPaytoplasm, or the nucleus, or both. Thus, an increase in

the amount or quantity of (3-catenin in either or both locations may be
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containing mutated and non- active TCF-binding sites.
ASSAYS FOR WNT SIGNALLING PATHWAY ACTIVATION

Activation of the Wnt signalling pathway in an embryonic stem cell may be
assessed in a number of ways, as known in the art. In general, such an assay will seek to
detect the modulation of the target component, or a component downstream of the
component which is the target of activation.

In some embodiments, an assay for activation of the Wnt signalling pathway may
comprise detection of a reduced activity of GSK-3p. GSK-3f activity may be assessed in
a number of ways, for example as described above in detail under “GSK-3f Kinase
Assays”. Such an assay may be particularly suitable where GSK-3f activity is targetted

for inhibition as a means to activate the Wnt signalling pathway.



TOPFlash is transiently transfected into suitable receptor cells, such as

embryonic stem cells, through use of a suitable transfection reagent such

as Lipofectamine 2000 12 (Invitrogen). Luciferase expression may be

detected by use of a luminometer, for example, as known in the art.

Another reporter which may be used inSuch an assay is
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ARoadedsyadd et a0042902) Mol Cell Biol.22(4):1172- 83, based on the
Axin2 promoter and GFP, is also a useful Wnt reporter in animals.
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i.e., a Wnt receptor. For example, any. . . .
Expréssion of the reporter 1s sensmee to a%lvatlon of Wnt signalling, as a result of, for

example, the promoter for the reporter comprising a response element.

One reporter which may be used in such an assay is a TOP Flash reporter, as
described in Molenaar et al., (1996) Cell 86(3):391-9, and available from Upstate Biotech
(Charlottesville, VA 22903, USA, catalogue number 21-170). TOP-Flash comprises a
TCF Reporter Plasmid with two sets of three copies of the TCF binding site upstream of
the thymidine kinase (TK) minimal promoter and luciferase open reading frame. A
control plasmid is FOP-Flash (catalogue number 21-169), containing mutated and non-
active TCF-binding sites.

TOPFlash is transiently transfected into suitable receptor cells, such as embryonic

stem cells, through use of a suitable transfection reagent such as Lipofectamine 2000



13 of the Frizzled receptors may be activated to activate the Wnt
signalling pathway. Examples of Frizzled receptors are shown in the
Tables below. Gene Symbol Gene Name Location Sequence Aliases
Accession IDs FZDL1 frizzled 7g21 ABQ17363, homolog 1 NM 003505
(Drosophila) FZD2 frizzled 17g21.1 L37882 homolog 2 (Drosophila)
(IrziDgénzzled BpabAd2d2dn hembdlodeB {Ribsy pkila) Hidbdhtnzzied for

ex%;y%l.él 21 ABR3R 417 lpomolog 4 (Drosophila) FZDS frizzled 2933-q34
18 HfzS homolog 5 (Drosophila) FZD6 frizzled 8g22.3-g23.1

Foed" omoﬁééﬂﬁ%ro%?&%‘gz%%ﬁr.z%ﬁ%zﬁ”ﬁ%z' GO TR, e
comRiNeS 18 EE O FERBPRTIAS @9%%1@@%41%%@?9691 FI%D@“OH
reponee ieglS ¢Rresopkita)il FZMILY &iazled2q L33 BAITSH43 Jmm(:nogs;mhe
S&Q%Wﬂﬁiaégl%%o%y RN 'ﬁf%? 91&1%?/%8@5 Yatio than the TOPFlash reporters. In
HEK cells, maximal activation of this reporter is ~100-fold (activation by Wnt) up to
~1,000-fold (activation by phosphorylation mutants of beta-catenin). An appropriate
control plasmid is clone M51, Super8 XFOPflash, which has mutant TCF/LEF binding

sites.

The backbone of Super8 X TOPFlash is the pTA-Luc vector of Clontech, which
provides a minimal TA viral promoter driving expression of the firefly luciferase gene
(see company publications for details). 8 TCF/LEF binding sites were cloned into the
Mlul site of this vector (8 copies of: AGATCAAAGGgggta, with TCF/LEF binding site
in CAP letters, and a spacer in lower case, separating each copy of the TCF/LEF site).

Detection of Wnt signalling pathway activation may be conducted on whole
animals, which have been engineered to comprise transgenic reporters. These reporters
are based on a multimerized TCF binding site, driving expression of LacZ (sometimes
called TOP-GAL). Two transgenic mouse lines have been described, one by DasGupta
and Fuchs (1999), Development, 126(20):4557-68. and one by Maretto et al. (2003) Proc
Natl Acad Sci U S A.100(6):3299-304. A TOPdGFP Zebrafish line was generated by
Dorsky and Moon (2002) and also described by Hurlstone et al. (2003) Nature
425(6958):633-7. Because the expression of Axin2 is under the control of Wnt signaling
in many tissues, the transgenic line made by Jho et al., (2002) Mol Cell Biol.22(4):1172-
83, based on the Axin2 promoter and GFP, is also a useful Wnt reporter in animals.
Similarly, Lustig et al., (2002) Mol Cell Biol. 22(4):1184-93 inserted LacZ into the
endogenous Axin2/Conductin gene to visualize expression of this Wnt target in animals.

Whole animal assays are useful for detecting activators of Wnt signalling

pathways which may be used in the methods and compositions described here.
ACTIVATION OF WNT RECEPTOR

Frizzled Receptor

In particular, we provide for the activation of the Wnt signalling pathway by

activating any of the receptors for Wnt signalling, i.e., a Wnt receptor. For example, any



Gene Gene Name Location Sequence Mouse Aliases Symbol Accession
Genome IDs Informatics No. Fzdl frizzled homolog 5 5.0 cM BC053010,
1196625 Fzl 1 (Drosophila) NM 02145 7 Fzd2 frizzled homolog 11
syntenic BC055727, 1888513 FzdIO, ié(Drosophila) BC049774, Mfz10,

z

NM 02051 MfzlOa 0 14 Fzd2-rsl friz

d homolog 5 2.0cM 108548

offta@ Fe 2 detatgdoMinysequsncecd (Daosepkithy WadRigaalfrigziathway.
Eylé%g@@ég)gflﬁriégr&%é&%%fﬁ%ﬁ%n%héeﬁ‘&@smnCe 2 (Drosophila)
Z

3 frizzled homolog 14 27.0 cM BC050965, 108476 Fz3, Mfz3 3
Gépecssaphih) NOEH2 N8 Fzd4otrazilad homoRgydedds cM BAGRSSH6,
108520 Fz4, Mfz4 4 (Drosophila) NM 00805 bAkeeSidnZiAsd homolog 1
FZA018 cM ABObR9440:dL08571 k72§2 MfzS, 5 (DroagohifaphM 02272
5330434N 1|0RMikldgzil6 frizzled homolog 1% N341 @MBE026150 6
(Drosophila) NID0e&6514084[74 Fz6, Mfz6 6 Fzd7 frizzled homolog 1 30.1
FZ2BCO6307 (71148570 Fz7, Mf2427.1Drosophil)78%d 00805 7
homolog 2
(Drosophila)
FZD3 frizzled 8p21 AJ272427
homolog 3
(Drosophila)
FZD4 frizzled 11q14-g21 AB032417
homolog 4
(Drosophila)
FZD5 frizzled 2q33-q34 U43318 Hfz5
homolog 5
(Drosophila)
FZD6 frizzled 8q22.3-q23.1 ABO012911 Hfz6
homolog 6
(Drosophila)
FZD7 frizzled 2933 AB010881 FzE3
homolog 7
(Drosophila)
FZD8 frizzled 10p11.2 AB043703,
homolog 8 NM_ 031866
(Drosophila)
FZD9 frizzled 7q11.23 U82169 FZD3
homolog 9
(Drosophila)
FZD10 frizzled 12q24.33 AB027464
homolog 10
(Drosophila)
Table. Human Frizzled Receptors
Gene Gene Name Location Sequence Mouse Aliases
Symbol Accession Genome
IDs Informatics
No.
Fzd1 frizzled homolog | 5 5.0 cM BC053010, | 1196625 Fzl
1 (Drosophila) NM_02145
7
Fzd2 frizzled homolog | 11 syntenic | BC055727, | 1888513 Fzd10,
2 (Drosophila) BC049774, Mfz10,
NM_ 02051 Mfz10a
0




Fzd8 frizzled homolog 18 2.0 cM NM 00805 108460 Fz8, Mfz8 8
(Drosophila) 8 Fzd9 frizzled homolog 5 75.0 cM XM28414 1313278 Mfz9
9 (Drosophila) 4 (predicted) FzdIO frizzled homolog 5 syntenic NM_17528
2136761 Fz10 10 (Drosophila) 4 Smo smoothened 6 7.2 cM BC096028,
108075 D13Mgi8, (smoothene homoIJ) BC048091, Smoh d)
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Table. Mouse Frizzled Receptors

Receptor activation may be achieved in a number of ways, for example, by

upregulating the expression of the receptor. This may for example be achieved by

transfection of a suitable expression vector expressing the receptor into the embryonic

stem cell. Furthermore, receptor activation may be achieved by introduction of a

constitutively active Frizzled receptor to the embryonic stem cell, for example by

transfection into the embryonic stem cell as an expression vector encoding the

constitutively

active receptor.




Wnt3A. The Wnt ligand may comprise Human WNT1 (PALL) (ATCC

57198/57199), Human WNT1 (MGC 30915522), Human WNT3 (pHP1)

(ATCC MBA-174), Mouse Wnt3 (ATCC MBA-175) or Mouse Wnt3A

(ATCC MBA-176). In addition, the Nor‘[§ ligand (Xu et al., 2004, Vascular

development in the retina and inner ear: control by Norrin and Frizzled-4,
Warhigtcafisty ligand-receptor pair. Cell 116(6):883-95), which binds to

Frizzled with high affinity, may be used to activate the Whnt signalling
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Wanyditizeldchown Wnt ligands, such as as a purified polypeptide. Wnt
ligands are available commercially from Calbiochem, and may also be
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Mouse WntSA (ATCC CRL-2814) and Drosophila Wingless (Drosophila
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659-670. Lako et al, 2001, also describes the manufacture of Wnt3A and
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Wnt signalling pathway The R-spond1n2 protein (Kazanskaya et al (2004) Dev Cell.
7(4):525-34 and Kim et al., (2005) Science 309(5738):1256-9) also binds to the Frizzled

receptors and may similarly be used in the methods and compositions described here.

The embryonic stem cell may be exposed to any of the known Wnt ligands, such
as as a purified polypeptide. Wnt ligands are available commercially from Calbiochem,
and may also be made by recombinant means, such as by expression of an expression

vector comprising a Wnt nucleic acid in a suitable host cell.

Alternatively, or in addition, the Wnt signalling pathway may be activated by
exposing the embryonic stem cell to medium containing the Wnt ligand. An example of
such a medium is a “conditioned medium”, i.e., medium in which Wnt secreting cells,

such as cells transfected with Wnt expression vectors is growing. The presence of the



clones for each gene are sequenced thoroughly in order to make sure that

no nucleotide change had occurred during the ampliflication steps. COS7

cells are maintained in DMEM (Gibco BRL) supplemented with 10%

foetal calf serum in humidifed incubators at 378C with 5% COZ2. For

production of conditioned media, the COS7 cells are transfected with the
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over-expression is described in detail in WO 2004/0014209. The
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transfected into embryonlc stem cells to achieve the same purpose
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inClu%@m{mmw&dﬁioned media, the COS7 cells are transfected with the
Wnt3 and Wnt5a expression constructs using the Fugene transfection kit (Boehringer
Mannheim) following the manufacturer's instructions. A control construct containing the
green fluorescent protein, GFP, under the control of CMV promoter is also transfected
into COS7 cells. Mock transfections are performed in the absence of any DNA. The
medium from each of these transfections is conditioned for 72 h, centrifuged at 3000 x g
and filter sterilised. To confirm secretion of the Wnt-GFP fusion proteins the conditioned
medium (CM) is collected from transfected COS7 cells 72 h after transfection and
subjected to fluorimetry studies using a Cytofluor Multiwell Plate reader (Perseptive

Biosystems).



Furthermore, GSK-3(3 activity may be down-regulated by down-regulating

the expression of GSK-3(3 protein, such as by use of antisense RNA, or

RNAI, or siRNA or by inhibiting the conversion of inactive forms of

GSK-3(3 to active forms, or by increai g the rate of degradation of

GSK-3(3. The methods and compositions described here may also
employdodscpfduiaction Bndldgmikant negative mutations in GSK-3(3,
described for example in Hedgepeth et al. (1997) Activation of the Wnt
signdinefhpaenvpagdimantslsbe AmireshalHierp idrWeriurayaleiopt Pésd Bipincreasing
thd 818D df Wﬁaﬁgamﬁ@w&mﬁaatamx@%mhw@xmmﬁg pathway by
w%?%%b gg'é}i fgyderand £ %‘%H‘ I i 9&9%%0&%0%%6‘ Hzn 0%/ s B this

may be trans ecte into embryonic stem cells to ac

dogtuaspiaHmube éﬁ%&éﬂ%@aﬁtﬁﬂ%?é%aﬁmﬁn fépﬁﬁﬂegwﬁmﬁ&mﬁmlds
cogipvidin gadtor (EiiEi)castifcategebddandd drushirybihits1Es KeBiSfoasmdasaripbed
dl%}éﬁﬁmmﬁt%&@mﬁ%%xbr@gab%mr%zg%gQ%h&&ﬁ@ﬂ%ﬁﬁ%ﬂy

therefore be used as an ac ator of Wnt signallin
RE A Wa%%’%‘& S SRS ndclissdit i%i‘H%‘FBS%%%ple over-

expression, of FRAT1, a negative regulator of GSK-3. This is described in

INFBUFERY MG EYEOHEN YO0 ASESANASESH. 275 (2000), pp.
34266-34271 and Culbert, et al., 2001, FEBS Lett. 507 (2001), pp.
288 ¥4 pbeitodsrend lgdinptbe tadﬁx&uiimbjé dOV 'mhiilgihmgr@ﬁmﬁ(/a}abyi‘dmwn-

re@lifufeh %@ﬁ?ﬁaﬁ%{%ﬁé}%ﬁ{@%mmt9§h°°’t§é§‘?ﬁ§ﬁt‘?fﬂ%§ o
R SRR TP R e R4 B s %ﬂ@%ﬂaﬁ%‘ef&e&m
loﬁv@ﬁngllpamdlmmecglpmaw riB)loniong teaatatleour bR toi od Wes sigsadatg.owich as

Aﬁ%‘ awd EPEY!H% "dktéeﬁ)f‘@ﬁrﬁﬁm ety e 3eRYR ARSRLR 'ﬂatﬂwa
this document. "[C50" is that concentration of inhibitor which reduces the

aC“V‘%S AN e %@ﬁé@d&%&%é‘&%@ﬁbiﬂ{? hQWHPQ H Jing

which ave een discovere ibit_ Inhibitory activity against G

PaAAH Y s THHE G SfHEBRSE AG B P S dHE RR S Bletrsts. lwg@mwlar

glgorgposydbasakiesade Bil @S KB bAcwittyrespect to the relevant kinase, e.g.,
GSK-3(3, of no more than about 10 uM, such as no more than about 5

uM, rlﬁtsmﬁée:ﬂmh ineaty IhoM@ispatinaketthan alauited '@%KHSB kinase
e.cell-free K-3 some embo .
o S e S TR SRS Y S e SR G o
3ﬁatfgmmmyswpﬁshmlm@ir@thbmab@m®@mm ol enalb bdineenpstitive

or S%%fétﬁﬁ%éﬂhk@t% desuaead R tQuaiehitb A MR WA UhEk BRI Bitors.
IC50 with respect to GSK-3(3 of no more than about 100 pM and more

typ'cﬁ%ﬂé’ﬁﬁ% éeéﬁir‘%blvny Egsc%g&sd&%%%%%@&% AU SEARIAY the

for GSK-3(3 inhibitory
expression of GSK-3f protein, such as by use of antisense RNA, or RNAI, or siRNA or

by inhibiting the conversion of inactive forms of GSK-3f to active forms, or by
increasing the rate of degradation of GSK-3f. The methods and compositions described
here may also employ loss of function and dominant negative mutations in GSK-3,
described for example in Hedgepeth et al. (1997) Activation of the Wnt signaling
pathway: a molecular mechanism for lithium action. Dev Biol. 185(1):82-91. Kinase
deficient mutants of GSK-3f, for example as described in Crowder and Freeman, 2000, J.
Biol. Chem. 275 (2000), pp. 34266—34271, may be transfected into embryonic stem cells
to achieve mesodermal / endodermal differentiation.



generally hereinbelow. Alternatively, or in addition, the compound may be
capable of inhibiting kinase activity, as set out below, to below 50%,

below 35%, 25% or 15% of maximal activity. GLYCOGEN SYNTHASE
KINASE 3 (GSK-3p) Glycogen syntha?g kinase-3 (GSK-3) is a
serine/threonine protein kinase havin 47 kDa monomeric structure. It
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dethemgene encoding GSK-3 is highly conserved across diverse phyla.
GSK-3 exists in two isoforms in vertebrates, GSK-3a and GSK-3(3. In
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in cellblar processes. GSK-3 has’been demonstrated to phosphorylate
deseReroiSroteins in vitro, including, but not limited to glycogen

synthase, phosphatase inhibitor 1-2, the type-1l subunit of
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generally hereinbelow. Alternatively, or in addition, the compound may be capable of
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maximal activity.
GLYCOGEN SYNTHASE KINASE 3 (GSK-3f)

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine protein kinase having a

47 kDa monomeric structure. It is also known as zeste-white-3/shaggy.

GSK-3 is one of several protein kinases which phosphorylates glycogen synthase
(Embi, et al., 1980, Eur. J. Biochem., 107:519-527; Hemmings et al., 1982, Eur. J.



Dev. 10:2527-2539). The phosphorylation site recognized by GSK-3 has
been determined in several of these proteins (Plyte et al., 1992, supra).
The diversity of these proteins belies a wide role for GSK-3 in the control
of cellular metabolism, growth, and development. GSK-3 tends to
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Det.dl0:23962539). The phosphorylation site recognized by GSK-3 has been determined
in several of these proteins (Plyte et al., 1992, supra). The diversity of these proteins
belies a wide role for GSK-3 in the control of cellular metabolism, growth, and
development. GSK-3 tends to phosphorylate serine and threonine residues in a proline-
rich environment, but does not display the absolute dependence upon these amino acids
which is displayed by protein kinases which are members of the mitogen-activated

protein (MAP) kinase or cdc2 families of kinase enzymes.

Among the proteins which are phosphorylated by GSK-3 is c-Jun, the expression

product of the c-jun proto-oncogene and the cellular homolog of the v-jun oncogene of
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read I carfie Incubating a pepti strate
G?Hﬁﬁd%agéfédl /Q-lllﬂﬁéd Itfg@%ﬁléﬁ]b?gnmnstrated that treatment of Drosophila

S2 cells with LiCl leads to accumulation of armadillo protein (Stambolic et al., 1996,
Curr. Biol. 6:1664-1668). Stabilization of 3-catenin is associated with translocation of -
catenin to the nuclei of cells responding to wnt signaling (Funayama et al., 1995, J. Cell
Biol., 128:959-968; Schneider et al., 1996, Mech. Dev., 57:191-198; Yost et al., 1996,
supra). In addition, ectopic expression of conserved genes, including wnts, disheveled,
and B-catenin, leads to second axis formation in Xenopus. Second axis formation in
Xenopus is also observed following lithium treatment. Although f3-catenin was originally
discovered as a cadherin-binding protein, it has recently been shown to function as a

transcriptional activator when complexed with members of the Tcf family of DNA



or y32P-ATP, both available from Amersham, Arlington Heights, Illinois),
magnesium ions, and optionally, one or more candidate inhibitors; (2)
incubating the mixture for a period of time to allow incorporation of
radiolabeled phosphate into the peptide substrate by GSK-3 activity; (3)
transferring all or a portion of the enzglzr\e reaction mix to a separate
binéseeproypicallylalenicnotitel. WO th et G 3N §; 3 einiéasmtaind®dboNature
3g9apigre ligand that is capable of binding to an anchor ligand on the
peptide substrate; (4) Washlng to remove unreacted radiolabeled ATP;
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homideghoryplatiber of tidenssebndsgerirsdoinl then®xixo{P epidtid iriH peptide
synthesis eliminates the need to enzymatically phosphorylate that residue

GIKRHKKIaa st separade step, and incorporation of an anchor ligand
facilitates capture of the peptide substrate after its reaction with GSK-3.
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ormeﬂe%&\lhmdmlamﬂﬁpméga@memsmngton Heights, Illinois), magnesmm
ions, and optionally, one or more candidate inhibitors; (2) incubating the mixture for a
period of time to allow incorporation of radiolabeled phosphate into the peptide substrate
by GSK-3 activity; (3) transferring all or a portion of the enzyme reaction mix to a
separate vessel, typically a microtiter well that contains a uniform amount of a capture
ligand that is capable of binding to an anchor ligand on the peptide substrate; (4) washing
to remove unreacted radiolabeled ATP; then (5) quantifying the amount of **P or **P
remaining in each well. This amount represents the amount of radiolabeled phosphate
incorporated into the peptide substrate. Inhibition is observed as a reduction in the
incorporation of radiolabeled phosphate into the peptide substrate.



can be prephosphorylated in order to create a motif that is

phosphorylatable by the kinase. The term "prephosphorylated” refers

herein to the phosphorylation of a substrate peptide with nonradiolabeled

phosphate prior to conducting a kinasg assay using that substrate

peptide. Such prephosphorylation can czonveniently be performed during
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can be prephosphorylated in order to create a motif that is phosphorylatable by the kinase.
The term “prephosphorylated” refers herein to the phosphorylation of a substrate peptide
with nonradiolabeled phosphate prior to conducting a kinase assay using that substrate

peptide.

Such prephosphorylation can conveniently be performed during synthesis of the
peptide substrate.

The SGSG-linked CREB peptide can be linked to an anchor ligand, such as biotin,
where the serine near the C terminus between P and Y is prephosphorylated. As used
herein, the term “anchor ligand” refers to a ligand that can be attached to a peptide
substrate to facilitate capture of the peptide substrate on a capture ligand, and which



determining the amount of substrate that is recognized by an antibody

specific for the phosphorylated form of the substrate. The amount of

phosphorylation of the substrate is an indication of the inhibitory activity of

the compound, i. e., inhibition is detecé d as a decrease in

phosphorylation as compared to the aSsay conducted with no inhibitor
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351, pp. 95-105 and Patel et al., (2002), J. Mol. Biol. 315 (2002), pp.
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example, Tyrian purple indirubins, as described in detail in Meijer et al.,

(2003).cclEkasdSetdctifekimaisinnisvDe dvesy fianeatiriatnipesplecththing fisexpress
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expression of the genes. In carrying out the cell-based assay, the cell capable of
expressing the genes is incubated in the presence of a compound. The cell is lysed, and
the proportion of the substrate in the phosphorylated form is determined, e. g., by
observing its mobility relative to the unphosphorylated form on SDS PAGE or by
determining the amount of substrate that is recognized by an antibody specific for the
phosphorylated form of the substrate. The amount of phosphorylation of the substrate is
an indication of the inhibitory activity of the compound, i. e., inhibition is detected as a
decrease in phosphorylation as compared to the assay conducted with no inhibitor
present. GSK-3 inhibitory activity detected in a cell-based assay may be due, for example,
to inhibition of the expression of GSK-3 or by inhibition of the kinase activity of GSK-3.



6-bromoindirubin-3'-oxime (BIO) In some embodiments, the GSK-3(3
inhibitor comprises 6-bromoindirubin-3'- oxime (BIO), as depicted in
Figure 6. The embryonic stem cell may be exposed to the 25 indirubin,
such as 6-bromoindirubin-3'-oxime (BIQ), at a concentration of between
1nM and 1mM, such as more than SO%M, more than 750nM, less than
CBO0udA L dss B0 RMDUMS ICSIBtAarB@UN, or less than 25 uM, in order to
achieve differentiation along mesodermal / endodermal pathways. In
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Chem Int Ed Engl. 2005 Mar 18;44(13):1987-90 report on

2-amjng-4-13,4-(methylenedioxy)benzyl-amino]-6-(3-
methoxypuhenyl)pyrimidine as an agonist of Wnt signaling. Each of these
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MejsRiadh 3 hhigie82 k PRCHIBid8Rem catalogue no. 361553 ), GSK-3b

Inhibitor | (Calbiochem catalogue no. 361540 ), GSK-3b Inhibitor Il
(Calbididtiem waydhegiseds. c38¢8211ali0GSK- B wiskibitav drprickibiod el
mBaaNgUR BRIc38d 2dvht&Wikt 3ibmainiter b (FRikiRChes. cRIAINEME Béhcentration

is 3?%?%%9?? @KG(B inhibitors available from Calbiochem include
fr&ofution TM GSK-3 Inhibitor 1X (Calbiochem catalogue no. 361552 ),

GSK-BC}nhg)jtor X (Calbiochem
Indirubins

In some embodiments, the chemical inhibitors of GSK-3f comprise indirubins, for
example, Tyrian purple indirubins, as described in detail in Mejjer et al., (2003). GSK-3-
Selective Inhibitors Derived from Tyrian Purple Indirubins. Chemistry & Biology, Vol.
10, 1255-1266. In particular, we provide for the use of 6-bromoindirubins, such as the
use of indirubins substituted at position 5 or position 6 . The indirubin may be substituted

at position 6.

6-bromoindirubin-3’-oxime (BIO)

In some embodiments, the GSK-3f inhibitor comprises 6-bromoindirubin-3’-

oxime (BIO), as depicted in Figure 6. The embryonic stem cell may be exposed to the



catalogue no. 361551 ), GSK-3 Inhibitor XlII (Calbiochem catalogue no.

361555 ), GSK- 3 Inhibitor X1V, Control, MeBIO (Calbiochem catalogue

no. 361556 ), GSK-3b Inhibitor VI (Calbiochem catalogue no. 361547 ),

GSK-3b Inhibitor XIl, TWS119 (Calbiog em 26 catalogue no. 361554 ),

GSK-3b Inhibitor VIl (Calbiochem catafogue no. 361549 ), GSK-3b
infeydtidesunthibit o {foatbiadhemcatabague (RICBH1EAE0) cEBitdtBin BEptidecen 1nM
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inibltoBiok G683 A088-&dkmpikYibstetwi by Gp@drmbibeem (San Diego, USA).
Tﬁ'egg]i%)fljcﬂé?l'-%za@fﬁ{é&ﬂ%@?@S’l’%iochem catalogue no. 191500 ), Alsterpaullone
(Calbiochem catalogue no. 126870 ), FRATtide (Calbiochem catalogue no. 344265 ),
GSK-3b Inhibitor VII (Calbiochem catalogue no. 361548 ), GSK-3b Inhibitor XI
(Calbiochem catalogue no. 361553 ), GSK-3b Inhibitor I (Calbiochem catalogue no.
361540 ), GSK-3b Inhibitor II (Calbiochem catalogue no. 361541 ), GSK-3b Inhibitor III
(Calbiochem catalogue no. 361542 ), GSK-3 Inhibitor IX (Calbiochem catalogue no.
361550.

Other GSK-3p inhibitors available from Calbiochem include InSolution™ GSK-3
Inhibitor IX (Calbiochem catalogue no. 361552 ), GSK-3 Inhibitor X (Calbiochem
catalogue no. 361551 ), GSK-3 Inhibitor XIII (Calbiochem catalogue no. 361555 ), GSK-
3 Inhibitor XIV, Control, MeBIO (Calbiochem catalogue no. 361556 ), GSK-3b Inhibitor
VI (Calbiochem catalogue no. 361547 ), GSK-3b Inhibitor XII, TWS119 (Calbiochem



of (3-catenin by transfection of an expression construct is also described
in Reya et al., 27 (2003) Nature 423(6938):409-14. In some
embodiments, the (3-catenin construct is a N terminally truncated form as
described in Reya et al. Mutant beta-catenin forms further include mutants
in which one or more of the residues éecified in Writ signaling and
cacdngee.méeiels Dey. @ORM A Ughih itd{ NI &3dbbdchare catitlatac umaﬁlﬁtﬁéﬁ ),
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use d ren along the mesodermal or endodermal pathway.

‘In some embodiments, substantially all the cells in a
populat|on of mterest are exposed to the signal caus the activation of

the WhiighamhediagiiayV sirigrakissusy Thast Byaigeof the cyclin
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other and to the container in which they grow, in such a way to
Ylieve these purposes. For example, the cells may be arranged in a two
dlmensmnal configuration to enable even exposure to the signal. Thus, in
B-&exEENI®mbodiments, the pluripotent stem cell is in a substantially 2
dimensional configuration for at least a portion of the time when the Writ
signallinthpathwayuied o vieikedo dansann 6 exatbooh méntstdhes g ueipet@nting NCBI
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the Writ sign athwa By a two dimensiona
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ge%ggnor %pgqég{agéﬁeghere is no substantial "stacking" of cells on top of

one an east some of the cells, such as a majority,- or all the
cells, ma ttached directly or |ndlrecI ubstra e cell ma
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caindirebyywbithersulstmatmpypioeasy whmbhddmtalyéﬁa&hmmmlmr@hsemf B-catenin
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The substrate may comprise the surface of a container, or a feeder layer.
cetinauchy @%Fé?%é“&ﬁé‘&ﬂ@ﬂetéfﬂﬁ@@&t}?ﬂfa‘@rﬁ%‘%% EHRBSAIARtRacthay of B-
cacalla, aneima tiattdeatb ncofig ensiigonSstem cell with an expression vector which

expresses [3-catenin (or a constitutively active version thereof, as described below). They
may also include, alternatively, or in addition, inhibiting or down-regulating of
degradation of [3-catenin, such as by down-regulation of phosphorylation of (3-catenin, by

use of kinase inhibitors, or phosphatases, etc.

The methods and compositions described here may also make use of 3-catenin to
activate Wnt signalling. Such constitutively active [-catenin forms include for example -
catenin which is not capable of being degraded, such as by not being able to be
phosphorylated. Non-phosphorylable forms of 3-catenin may be those in which lack one
or more sites required for phosphorylation, whether sites for kinase binding, or for
phosphate attachment. Mutant forms are described in Munemitsu et al (1996) Mol Cell
Biol. 16(8):4088-94 and Yost et al. (1996) Genes Dev. 10(12):1443-54. Over-expression

of B-catenin by transfection of an expression construct is also described in Reya et al.,



Examples of configurations include monolayers. In some embodiments,
the cells are not arranged in the form of an embryoid body. At least 70%,
such as at least 80% of the cells in a population, may be differentiating
along the same pathway. EMBRYONI(? STEM CELLS AND
PROGENITOR CELLS The methods déscribed here are capable of
(2po3o deangepdzfiedhB diftreridaiedopro gatitdirnetls, andfcetitémescterect, ik N
emERAtemAL teRiptarmAlinRadR Yeg embryonic stem cels

differentiate, they generally recapitulaté the complexity of early

mam alan d velopment where embr C stem cellsta sit throu
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they ac leve th rentlate state, referr
Gbedbir<t or PibgaRIFEell. Progenitor or precursor cells in foetal or adult
tissues are partly differentiated cells that divide and give rise to
differentiatadtel s aiccBliy anecspertiydctysrony s sepphigtlttedhetpmbryonic

stéffifesn mtiai@ﬂgeﬁkkmnﬁﬁﬂquam@alwabldﬁlvmma@te@feygmﬁ RHRPRRIIeH cause
dlﬁ%y SIS % a%?e ! [efleg;%a%égr% §g{nmdtted stem cells". Our

met s are ca pro ucing o progenlt Fcellsand cell lines of

various types, particularly mesodermal or endodermal types. For
C(&g’rﬁﬂ gl%ﬁsclose a method of making peripheral blood progenitor

cells (PBPC) haematopoeitic progenitor cells, myeloid progenitor cells,

bonel e thodiEcRisubxanstalivilste ¢y Bhierpeltionpicrgtst are
existstprogen iiphabisusineshnclyimalopraytaiWwncalsatargipatmasodermal
sitiAMCOUS 1 URHeNH NV RI PRASHIRIERNE, fMECAGINICRIP QL MESAde Al

or endodermal types made according to'the methods described here
SuBapiElYdhg W&W&& ﬁﬁ@%ué‘ﬁﬁ‘?mw HRCaLCRe E54 ﬁﬁ%ﬁ%}“%c\%‘é‘ed n
rethigon pe etichmihsosed. (T leseonsaseano gondraligyvgadivkniovencin thveagto beltieve
thadl seribed briefly here. For example, the methods and compositions

described here may be employed on embryonic stem cells to generate
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By a two dimensional configuration we mean a configuration in which cells are
allowed to grow along two dimensions, without substantially growing along a third. In
some embodiments, there is no substantial “stacking” of cells on top of one another. At
least some of the cells, such as a majority,= or all the cells, may be attached directly or
indirectly to a substrate. The cell may attach directly to the substrate and grow on it. The
cell may be attached indirectly to the substrate by being attached to a cell which is in

direct attachment to the substrate. The cell may be in contact with a substrate.

The substrate may comprise the surface of a container, or a feeder layer. The cells
may be attached to the substrate. In some embodiments, the cells are in a flattened

configuration.



cells for endothelization of artificial prosthetics such as stents or artificial

hearts. Embryonic stem cells may be used as sources of mesodermal or

endodermal progenitor cells for the treatment of degenerative diseases

such as diabetes, Alzheimer's disease, Parkinson's disease, etc.

Embryonic stem cells may be used as“sources of mesodermal or

endobeamalgsrafenitorsrivohi<ar déncdoholegds fon rmuaotieliapntarthe cells
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the methods and. itions. described here. It will be eyident that th
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mesodermal or endodermal progenitor cells, which may of course be
EMBREONGIRRY Gt romiBEBRGHG HReth6ES Khown in the art to terminally

differentiated cell types. Thus, any uses of terminally differentiated cells
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prideniiicldhenaie SPuashMesode rmabasandodeHnsd Breganitaneells
produced by the methods and compositions described here may be used
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treatment of a disease. Such disease may comprise a disease treatable
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mécqs/’beeusoeﬁ {0 IMYACE° Gfferentiation o embryonic stem cells into
mesodermal or endodermal progenitor cells, which are partially

differeMBisll: LB SRS RBEHIN AR RGBS RtbPREIE SRETRATFR ey
acthevdiffere Mitidyed foetistid eriveelér oafctihett) de nptadisptayoopsgentiorecll.
p&@&&%&%{%&%&%&m@mqa'%éﬁmr Q@U&- PRYGES %@f??@@@ﬁéﬂ%éﬁ@&‘?&hat
aSRSsianoLne AGL dene and alkaline. phosphatane 2V, I€ o miteq-
“p')lr gaen t8F &eiffing ?1nay WA eatead ex‘bres iGN BPord 6 c(}r%
toshE{eaenéifitne ahenRersatipilipsidney dsudpnongrippidiivgymidinessitgreells are

theleseribehistiheshefeelethib elavsnbibitiegstdm Manog, BMP4, FGF5, Oct4,
Sox-2 and Utfl. Progenitor cells made by the methods described here may

be NRIYMeRgRMNR cEB&’oFH B%Mﬂ{cﬁ?éj%f’ﬂ?sg’emel%‘iﬁdaﬁ%éﬂﬂHH@HP@arious
compromi e(il or mr&moqeflment 0 host animal do not result in tumours,
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in tumour formation. The immune compromised or immunodeficient host

animBPhfyBale SE HsriRTst Brthad Qfmekingurainhesghtood progenitor cells
(ngdim&mwtﬁtmpmmmeﬂﬂsd apeloidrpaoigumioolr sAficb@iolmaged stromal
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months, such as greater than , ,
progenitor cells, card(‘lgac mesodermal stem cells, lung and liver progenitor cells.

Progenitor cells of mesodermal or endodermal types made according to the
methods described here can be used for a variety of commercially important research,
diagnostic, and therapeutic purposes. These uses are generally well known in the art, but
will be described briefly here.

For example, the methods and compositions described here may be employed on
embryonic stem cells to generate mesodermal or endodermal progenitor cell populations
for regenerative therapy. Progenitor cells may be made by ex vivo expansion or directly
administered into a patient. They may also be used for the re-population of damaged

tissue following trauma.



9 months. Progenitor cells made by the methods described here may also
display one or more of the following characteristics. They may have a
substantially stable karyotype as assessed by chromosome number,
when maintained in cell culture for at least 10 generations. They also may
display a substantially stable gene exggession pattern from generation to
geneildtisnh8yatojsovwea apeagethat el e xpre bsiosetbie! b @rencrroerespdaciment,
white ShRpiR Bl AbARACAASHR S8 PTHRARS AR RPN RIOSKHE Y Yenitor
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cedliy b1r enddoirdikatign o€ Avefiesa{ arsBihikssochssisieiosor RMIBGOTdRarts.
AF031896, AF035579), FABP (GenBank Accession nos: NM 007980,
M65034b A2 3848 cAKTAZH bSO udedxa2o(ren Banicsddeasaion nndoddihnal
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.X15763, 8005265.3), Gata-4 (GenBank Accession nos: NM ,
digRse ST NSO B IDSAS REY 9B A8 HE0RI ML RB UMK AT CRYLBHO
merpsteNMI0TEA20d X800 004940720 0AKESR8EN] I R4bs(benBankotherapy for

cafe&GeSaiRh AR NNhIOS2EH IR0t DrELARL Ry LKikae BB AKmethods and
COAccession NOS: [@% g21099, Y00864, AY536430, BC0O75716, AK0O47010,
4

BREYEORS e BShET AK046795). PDGFRa (NM_011058, M57683,
M84607, BC053036), Oct4 (GenBank Accession.nos: NM 013633,

x524% 7189 sEeRbdbe 8)C RO e EABRAR QRS SIPRd Gere enable the
prixModg8a i messaRa BE 0690&InAKIDEZER)r Sdil WiBdnBankiAooesshermade
togﬁﬁh&”\diﬂ%ﬂéﬁi&ﬁgﬁﬁiﬁ%%%o&ﬁ%@éﬁ??&%%?%éﬁﬁ%@@&ﬁﬁgrentiated cell
ccession NosS. , - . racnyur
e R e e R O
meaedamal rndudepia aniseaaiAdlssiohwidsh ey 8138900867553,

X71426, D13738, BC050824). The methods described here enable the
prodMtisml efnprbgesitirdeetis lgnmd gproge ity welilioestystheathetb ddélynd

cd gsgﬁm@ta@seﬁ%dw@e%%pU§@dcﬂ&r3%!r (e 3LE AR R PEPI N Phaceutical
cells.. The éerr&)"clon?l desc n%ant" ofga c{glﬁk}rsefers to descendanés of the tabl
COBMSWRIEA VS HERIGE G SHE SibstaRbRAYSSHY (TENSTEIRIY Hrektis featable
byoiegenrstit vl iditipy. ISclodiskeridthestelaariensaver oy digesgothen disease,
busHpdast i gRe ARG shanges Aisbsulstantialinaengtieally Mertisahte dnRase,
et gr%nctacglé or an ancestor, such as the embryonic stem cell (save with
reduced potency). The term "progenitor cell* 31 may also be taken to
include cell lines derived from progenitor cells, i.e., progenitor cell lines,

Cﬁﬁﬁﬁﬁ&@%@@&?lﬁﬁ%%ﬂﬁ ENDODERM The identification of

mesodermal and endodermal cells, including terminnally '
The methods and compositions described here may be used to induce

differentiation of embryonic stem cells into mesodermal or endodermal progenitor cells,

which are partially differentiated.

In some embodiments, the progenitor cells and cell lines (or the differentiated
cells derived from them) do not display one or more characteristics of embryonic stem
cells. Such characteristics may include expression of the OCT4 gene and alkaline
phosphatase activity. The progenitor cell line may exhibit reduced expression of one or
more characteristic markers of pluripotency. Such pluripotency markers are described in
further detail below, but include Nanog, BMP4, FGF5, Oct4, Sox-2 and Utf1.

Progenitor cells made by the methods described here may be non-tumorigenic.

The progenitor cells when implanted into an immune compromised or immunodeficient



differentiated cells as well as cells committed to mesodermal and

endodermal pathways is known in the art. Markers of mesodermal

differentiation or commitment include T-brachyury, Gata 2, Nkx2.5,

Albumin, Flkl, Runxl, Runx2, Handl,2§ d TbxS. The expression of any

one or more of these markers may be detected to detect a mesodermal
haselnMatkér s of resotiod enmalidiffereptiatibto omptmtativm erftpnchud beSdxyanic
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9 ré))gﬁnity and common signaling networks link the earliest mesoderm and
endoderm cells to form primitive mesendoderm that is distinguished from

the ectoderm (Kimelman and Griffin 2001, Rodaway and Patient 2001).
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£ pa{%way's. ueh a cefPma / bga%lpo ent'celn i s ne ebodiments,
gesgEHiaClIgBeation; Bydiianfonmrdianthstexarsht o el gagegimore, such as
supstinwialty lalisomechoibadinengsnsekrpdodenmali gellicexpyassvosm aprogenitor

cel'H 548 Bgﬁ%ﬁ'aﬁmﬁ%%%ﬁ&e&ﬂ%%h@ﬁ’%@rﬁgg Gibed elsewhere

in this document. Differ Mesodermal or ermal Cells

Differgntiated cells, such as partially or terminally differentiat cetlJ may
b Gl A e

cephethd taadsavibaacewieniere faM_@deisde MEBBHR Ok IgEeritingABP

(Gl sertiatessgelisdheNTEHOTIR00MBESHIY APSETRITGY SYERItD! Eells20r
lines ribedand, deriying differentiated.cels  fr |

ISR cession

e SeHbELRAEPe Xhagi éﬁ?&%ﬂ%ﬁﬁ@%é@%@%&ﬁ@@ﬁéﬂ%&o8092,
ARIA6U3AaUCSN49pBIOR 330, 0k BOTIHGIE tishise ] tiGeiBdok b dtrdoghostt the

NRODY 0RaHISERBIN L RARY; UL ﬁ*fdi%%# @Qﬁﬁﬁﬁt@@&ﬁy&&gﬁ% fgdor
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Y @936t YSAHHEBUBIGTAT Hhy RO ENY il BERBOTIGCIE Ot KTn AR 195,
PINPERDINNAKES 6581iINGed9s. | NIIsiAs BRIBE0KH036), Oct4 (GenBank Accession nos:
NM_ 013633, X52437, M34381, BC068268), Runx1 (GenBank Accession nos:
NM_009821, D26532, BC069929, AK051758), Sox17 (GenBank Accession nos:

NM_ 011441, D49474, 1L.29085, AK004781), Sox2 (GenBank Accession nos:

NM 011443, U31967, AB108673), Brachyury (NM_009309, X51683), TDGF1
(GenBank Accession nos: NM_011562, M87321) and Tie-2 (GenBank Accession nos:
NM 013690, X67553, X71426, D13738, BC050824).

The methods described here enable the production of progenitor cells and
progenitor cell lines as well as fully differentiated cells, which comprise clonal
descendants of progenitor cells. The term “clonal descendant” of a cell refers to
descendants of the cells which have not undergone substantially any transforming
treatment or genetic alteration. Such clonal descendants have not undergone substantial
genomic changes are substantially genetically identical to the parent cell, or an ancestor,

such as the embryonic stem cell (save with reduced potency). The term “progenitor cell”



trachea, epiglottis, larynx, the discs between vertebrae and the ends of

ribs iv) fibroblast: a connective or support cell found within most tissues of

the body. Fibroblasts provide an instructive support scaffold to help the

functional cell types of a specific organ, perform correctly. v) hepatocyte:

the functional cell type of the liver that'makes enzymes for detoxifying
mayetBbdlictykastey thesideyinl hadsbhlondedeiisrampaogsiamorgishesr, progenitor cell
lifRNsHfugpis,ARd the synthesis of proteins for the blood plasma vi)

hematopoietic cell: the functional cell type that makes blood.

SONE ﬁ%CEﬁﬁ(!ﬁ)ﬁ enafound within the bone marrow of adults. In the

etus, hematopoietic cells are found within the liver, spleen, bone marrow
and ort tissues su ound % the fe tus.in  the omb ﬁggﬁﬁcyte the
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somatostatin. Together, these molecules regulate a number of processes
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OMBINATIONS WITH OTHER METHODS The methods described

PAIEN of Wt pathway activation of pluripotent cells may be employed on
their own, or may be combined with any of the known methods of
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segeggatainia thesoderm or endoderm in response to appropriate 1nducers

By a “mesendodermal” cell, we mean a cell which has the potential to develop
along mesodermal or endodermal pathways. Such a cell may be a bipotent cell. In some
embodiments, such a cell does not, and cannot, differentiate along an ectodermal
pathway. In some embodiments, mesendodermal cells express one or more mesodermal

and/or endodermal markers, as described elsewhere in this document.

Differentiated Mesodermal or Endodermal Cells

Differentiated cells, such as partially or terminally differentiated cells, may be
derived from the progenitor cells or cell lines made according to the methods described.
We therefore disclose methods for generating differentiated cells, the methods comprising
generating progenitor cells or cell lines as described, and deriving differentiated cells

from these.



pluripotent stem cell. Subsequently, any of the known methods described

below may be used to derive a specific differentiated cell type from the

resulting mesodermal or a endodermal cell cell. Thus, for example, the

methods described in Kania, Blyszczuk et al. 2003; Kania, Blyszczuk et

al. 2004 may be employed in combina n with Wnt pathway activation as

desciib&drbetietiad oetlevtbigenerate heplatocydeng totthermetteydihdescribed here
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004 may be employed in combination with Wnt pathway activation as
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Bourne et al. 2001; Cao, Heng et al. 2005 may he employed in .
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> ifferentiation. However, the efficiencies of the differentiation
SPRFYLE S5 AL IMEA % ording to the methods and compositions
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Used 10 prepare antibodies and cDNA libraries that are specific for the
differentiated phenot pe._Gener?lI techn'qggssaléged in raising, purifying

and HBHTIAG FiBbABStaR ccl type o

viii) osteoblast: the functional cell type responsible for making bone

1x) islet cell: the functional cell of the pancreas that is responsible for secreting
insulin, glucogon, gastrin and somatostatin. Together, these molecules regulate a number
of processes including carbohydrate and fat metabolism, blood glucose levels and acid

secretions into the stomach.

In some embodiments, the differentiation of Wnt-activated ES cells is carried out

in vitro.

We find that the Wnt-activated cells generated using the methods and
compositions described here can give rise to mesoderm and endoderm. Thus, these cells
provide an improved source of cells that will give rise to therapeutically important cell
types that derive from mesoderm and endoderm.



their use in immunoassays and immunoisolation methods are described in
Handbook of Experimental Immunology (Weir & Blackwell, eds.); Current
Protocols in Immunology (Coligan et al., eds.); and Methods of
Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH Verlags
GmbH). General techniques involved ifT preparation of mMRNA and cDNA
librarlgsladerdederibetidel IR dNAHWetboaolodegsnarkatioaatbhgBtide fotypes. The
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expuplggeneous cell populations are particularly suited for use in drug
screening and therapeutic applications. These and other uses of
Comsodanoss oviendoderr M progastor cell lines and mesodermal or
endodermal differentiated cells are described in further detail below, and
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Drug Screenlng Mesodermal or endodermal progenitor cell Ilnes and
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cells. In some applications, progenitorce san e
endedriarlssi Shlkactors that promote maturation, or promote proliferation
and maintenance of such cells in long-term culture. For example,
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hed@idus Rt Righive@xppaasrddic taase cells. Specific ligands, smalll
molecule inhibitors or activators for the receptors, transcription factors
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properties of progenitor cell lines and differentiated cells, Particular
r%ﬁ’:ﬁ@@ﬁﬁﬁ@% HOAHORS VY R %Wé%tﬁ‘f&"d‘r“ﬂﬂ Sehifpre fere m order to

generate endothelial cells.

Furthermore, the methods described in Mummery, Ward et al. 2002; Xu, Police et
al. 2002; Kehat, Amit et al. 2003; Mummery, Ward-van Oostwaard et al. 2003 may be
employed in combination with Wnt pathway activation as described here in order to

generate cardiomyocytes

Furthermore, the methods described in Buttery, Bourne et al. 2001; Cao, Heng et
al. 2005 may be employed in combination with Wnt pathway activation as described here
in order to generate osteogenic cells



compounds in drug research. The reader is referred generally to the
standard textbook "In vitro Methods in Pharmaceutical Research",
Academic Press, 1997, and U.S. Pat. No. 5,030,015), as well as the
general description of drug screens elzﬁwhere in this document.
Assessment of the activity of candidate pharmaceutical compounds
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for potential toxicity (Castell et al., pp. 375-410 in "In vitro Methods in
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determined in the first instance by the effect on cell viability, 36 survival,

morphplogy, and expression or release of certain markers, recepiors, or
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required for cell replication, is consistent with a drug effect. Unwanted
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precursors prepared using our methods can be used to . )
These and other uses of mesodermal or endodermal progenitor cell lines and

mesodermal or endodermal differentiated cells are described in further detail below, and
elsewhere in this document. The progenitor cell lines and differentiated cells may in
particular be used for the preparation of a pharmaceutical composition for the treatment
of disease. Such disease may comprise a disease treatable by regenerative therapy,
including cardiac failure, bone marrow disease, skin disease, burns, degenerative disease

such as diabetes, Alzheimer’s disease, Parkinson’s disease, etc and cancer.



repair liver damage. One such example is damage caused by

intraperitoneal injection of D-galactosamine (Dabeva et al., Am. J. Pathol.

143:1606, 1993). Efficacy of treatment can be determined by

immunohistochemical staining for liver_cell markers, microscopic

determination of whether canalicular structures form in growing tissue,

and thexgbllityafirthe treatment to restore synthesis of liver-specific

proteins. Liver cells can be used in therapy by direct administration, or as
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Ann. Thorac. Surg. 8:2074, 1999, Sakai et al., J. Thorac. Cardiovasc.
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Cardiomyocyte preparations can be used in therapy to regenerate cardiac
fuhrs quitts ARt Besil RfcfsE cardiac function (U.S. Pat. No. 5,919,449
and WO 99/03973). Cancer Mesodermal or endodermal progenitor cell

lines AHtharen 8aRsEERIRS ToadE MYl I TS TAAOE SRilsesiipH Progenitor
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cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors such
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to the compound (compared with untreated cells or cells treated with an inert compound),

and then correlating the effect of the compound with the observed change.

The screening may be done, for example, either because the compound is
designed to have a pharmacological effect on mesodermal or endodermal cell types, or
because a compound designed to have effects elsewhere may have unintended side
effects. Two or more drugs can be tested in combination (by combining with the cells
either simultaneously or sequentially), to detect possible drug--drug interaction effects. In
some applications, compounds are screened initially for potential toxicity (Castell et al.,
pp- 375-410 in "In vitro Methods in Pharmaceutical Research," Academic Press, 1997).

Cytotoxicity can be determined in the first instance by the effect on cell viability,



adenomatous polyposis. Further examples include brain neoplasms,

colorectal neoplasms, breast neoplasms, cervix neoplasms, eye

neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms,

ovarian neoplasms, prostatic neoplasrgq?, skin neoplasms, testicular

neoplasms, neoplasms, bone neoplasns, trophoblastic neoplasms,
sufaitogianduybelagoplasenpreestal neeitasms, ceolanimasdepastog tkidigyenzymes.
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differentiated cells made according to the methods and compositions

descrlssdehéegerayalgo be used in combination with anticancer agents

such as endostatin and angiostatin or cytotoxic agents or
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"cytotoxic agent” as used herein reférs to a substance that inhibits or
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Furthermore, cardiomyocytes prepared according to the methods described here
can be used for the treatment of cardiac cryoinjury, which causes 55% of the left
ventricular wall tissue to become scar tissue without treatment (Li et al., Ann. Thorac.
Surg. 62:654, 1996; Sakai et al., Ann. Thorac. Surg. 8:2074, 1999, Sakai et al., J. Thorac.
Cardiovasc. Surg. 118:715, 1999). Successful treatment will reduce the area of the scar,
limit scar expansion, and improve heart function as determined by systolic, diastolic, and
developed pressure. Cardiac injury can also be modeled using an embolization coil in the

distal portion of the left anterior descending artery (Watanabe et al., Cell Transplant.



progestins etc). STEM CELLS As used in this document, the term "stem
cell" refers to a cell that on division faces two developmental options: the
daughter cells can be identical to the original cell (self-renewal) or they
may be the progenitors of more specialjsed cell types (differentiation).
The stem cell is therefore capable of adopting one or other pathway (a
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multipotent stem cells. Totipotent Stem Cells The term "totipotent” cell
refer§ @€fEell which has the potential to become any cell type in the
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cells" are true stem cells, with the potential to make any differentiated cell
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Several types of  pluripotént stem cells have been found. In some

’@r‘?ﬂ%ed SHETHEY bR BRIPL i Ricne T &H&%‘% blastrewy
sagtbayenitlStkem@ells Embryonic Stem (ES) cells may be isolated from

the inner cell mass (ICM) of the blastocyst, which is the stage of

embryiicpenalopraenhplbesfisoplaciatian peauts squamsyonit Gaieer, small-
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neek| kahesi Diffdwsreammjenaralsdid iigeieancer including colon cancer, breast
cancer, lung cancer and prostrate cancer, hematopoietic malignancies including leukemias
and lymphomas, Hodgkin’s disease, aplastic anemia, skin cancer and familiar
adenomatous polyposis. Further examples include brain neoplasms, colorectal neoplasms,
breast neoplasms, cervix neoplasms, eye neoplasms, liver neoplasms, lung neoplasms,
pancreatic neoplasms, ovarian neoplasms, prostatic neoplasms, skin neoplasms, testicular
neoplasms, neoplasms, bone neoplasms, trophoblastic neoplasms, fallopian tube
neoplasms, rectal neoplasms, colonic neoplasms, kidney neoplasms, stomach neoplasms,
and parathyroid neoplasms. Breast cancer, prostate cancer, pancreatic cancer, colorectal
cancer, lung cancer, malignant melanoma, leukaemia, lympyhoma, ovarian cancer,

cervical cancer and biliary tract carcinoma are also included.

In some embodiments, the mesodermal or endodermal progenitor cell lines and
differentiated cells made according to the methods and compositions described here are
used to treat T cell lymphoma, melanoma or lung cancer.

The mesodermal or endodermal progenitor cell lines and differentiated cells made
according to the methods and compositions described here may also be used in
combination with anticancer agents such as endostatin and angiostatin or cytotoxic agents

or chemotherapeutic agent. For example, drugs such as such as adriamycin, daunomycin,



Adult stem cells comprise a wide variety of types including neuronal, skin
and the blood forming stem cells which are the active component in bone
marrow transplantation. These latter stem cell types are also the principal
feature of umbilical cord-derived stem _cells. Adult stem cells can mature
both in the laboratory and in the body into functional, more specialised
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faces two developmental options: the daughter cells can be identical to the original cell
(self-renewal) or they may be the progenitors of more specialised cell types
(differentiation). The stem cell is therefore capable of adopting one or other pathway (a
further pathway exists in which one of each cell type can be formed). Stem cells are
therefore cells which are not terminally differentiated and are able to produce cells of

other types.

Stem cells as referred to in this document may include totipotent stem cells,
pluripotent stem cells, and multipotent stem cells.

Totipotent Stem Cells

The term “totipotent” cell refers to a cell which has the potential to become any

cell type in the adult body, or any cell of the extraembryonic membranes (e.g., placenta).



other non-human mammals. Amongst the stem cells suitable for use in
this invention are primate pluripotent stem (pPS) cells derived from tissue
formed after gestation, such as a blastocyst, or fetal or embryonic tissue
taken any time during gestation. Non-(ljl) iting examples are primary
cultures or established lines of embryoriic stem cells. Media and Feeder
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medium is filtered and stored at 4 degrees C for no longer than 2 weeks.
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degrees C for no longer than 2 weeks. Just before use, human bFGF is
addedndrydimal @emcérdilation of 4 ng/mL (Bodnar et al., Geron Corp,
International Patent Publication WO 99/20741). Feeder cells (where used)
are pEopRIyanae SrerEEmegiliines heaislded dsenphemvgcursor to the gonads in
abeit 6#14R65-092), 10% FBS (Hyclone#30071-03), and 2 mM glutamine.
mMEFs are propagated in T150 flasks (Coming#430825), splitting the cells
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approprlatefy according to the cell type. Media and culture techniques for

ParticylRic8lm cells comprise a wide variety of types including neuronal, skin and the
blood forming stem cells which are the active component in bone marrow transplantation.
These latter stem cell types are also the principal feature of umbilical cord-derived stem
cells. Adult stem cells can mature both in the laboratory and in the body into functional,
more specialised cell types although the exact number of cell types is limited by the type

of stem cell chosen.

Multipotent Stem Cells

Multipotent stem cells are true stem cells but can only differentiate into a limited
number of types. For example, the bone marrow contains multipotent stem cells that give

rise to all the cells of the blood but not to other types of cells. Multipotent stem cells are



types referred to in the previous section are provided in the references

cited. EMBRYONIC STEM CELLS Embryonic stem cells can be isolated

from blastocysts of members of the primate species (Thomson et al.,

Proc. Natl. Acad. Sci. USA 92:7844, 1%&5) Human embryonic stem

(hES) cells can be prepared from human blastocyst cells using the
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optimal. SELF-RENEWAL AND DIFFERENTIATION Self-Renewal

Pluripotent stem cells of any vertebrate species can be used. Included are stem

cells from humans; as well as non-human primates, domestic animals, livestock, and

other non-human mammals.

Amongst the stem cells suitable for use in this invention are primate pluripotent
stem (pPS) cells derived from tissue formed after gestation, such as a blastocyst, or fetal
or embryonic tissue taken any time during gestation. Non-limiting examples are primary
cultures or established lines of embryonic stem cells.

Media and Feeder Cells

Media for isolating and propagating pPS cells can have any of several different

formulas, as long as the cells obtained have the desired characteristics, and can be



Stem cells which are self-renewing may be identified by various means

known in the art, for example, morphology, immunohistochemistry,

molecular biology, etc. Such stem cells may display increased expression

of Oct4 and/or SSEA-1. Expression of any one or more of Flk-1, Tie-2

and c-kit may be decreased. Stem cellS' which are self-renewing may
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types referred to in the previous section are provided in the references cited.
EMBRYONIC STEM CELLS

Embryonic stem cells can be isolated from blastocysts of members of the primate
species (Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human embryonic
stem (hES) cells can be prepared from human blastocyst cells using the techniques
described by Thomson et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr.
Top. Dev. Biol. 38:133 ff., 1998) and Reubinoff et al, Nature Biotech. 18:399,2000.



PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis). nTERT
expression can also be evaluated at the mRNA level by RT-PCR. The
LightCycler TeloTAGGG.TM. hTERT quantification kit (Cat. 3,012,344;
Roche Diagnostics) is available commeycially for research purposes. 44
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SELF-RENEWAL AND DIFFERENTIATION

Self-Renewal

Stem cells which are self-renewing may be identified by various means known in

the art, for example, morphology, immunohistochemistry, molecular biology, etc.

Such stem cells may display increased expression of Oct4 and/or SSEA-1.
Expression of any one or more of Flk-1, Tie-2 and c-kit may be decreased. Stem cells
which are self-renewing may display a shortened cell cycle compared to stem cells which

are not self-renewing.



fetoprotein (liver progenitors); albumin, ai-antitrypsin,
glucose-6-phosphatase, cytochrome p450 activity, transferrin,
asialoglycoprotein receptor, and glycogen storage (hepatocytes); CK7,
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Embryonic stem cells are also typically telomerase positive and OCT-4 positive.

Telomerase activity can be determined using TRAP activity assay (Kim et al., Science
266:2011, 1997), using a commercially available kit (TRAPeze.RTM. XK Telomerase
Detection Kit, Cat. s7707; Intergen Co., Purchase N.Y.; or TeloTAGGG.TM. Telomerase
PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis). hTERT expression
can also be evaluated at the mRNA level by RT-PCR. The LightCycler TeloTAGGG.TM.
hTERT quantification kit (Cat. 3,012,344; Roche Diagnostics) is available commercially

for research purposes.



tablet (Roche). The cell lysates are incubated on ice for 20 mins, spun at
13000 rpm at 4C for 15 mins. 46 Protein estimation is performed on the
supernatant. 40 ,ug of protein is loaded per lane and resolved on 12%
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ciferase assays are performed in 293-T cells and mES cells. TOP Flash
and FOP Flash plas re purchased fr te Biotec Cells
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normalize transfection efficiency. Luciferase assays are performed using
Promdgekkit accordissg fiar théfenaniafadtorelifdrsiraaignsudal cells include beta-

tubulin EIII or neurofilament, characteristic of neurons; glial fibrillary acidic protein
(GFAP), present in astrocytes; galactocerebroside (GalC) or myelin basic protein (MBP);
characteristic of oligodendrocytes; OCT-4, characteristic of undifferentiated human
embryonic stem cells; nestin, characteristic of neural precursors and other cells. A2B5
and NCAM are characteristic of glial progenitors and neural progenitors, respectively.
Cells can also be tested for secretion of characteristic biologically active substances. For
example, GABA-secreting neurons can be identified by production of glutamic acid
decarboxylase or GABA. Dopaminergic neurons can be identified by production of dopa
decarboxylase, dopamine, or tyrosine hydroxylase.

Markers of interest for differentiated or differentiating liver cells include alpha-
fetoprotein (liver progenitors); albumin, o, -antitrypsin, glucose-6-phosphatase,
cytochrome p450 activity, transferrin, asialoglycoprotein receptor, and glycogen storage
(hepatocytes); CK7, CK19, and gamma-glutamyl transferase (bile epithelium). It has been
reported that hepatocyte differentiation requires the transcription factor BNF-4 alpha (Li



Real-time PCR PCR mix is prepared by mixing diluted cDNA (see RNA
extraction above), mastermix (Applied Biosystems) and probes according
to the manufacturer's instruction. cDNA made from untreated mES or
hES cells at the appropriate day are used as controls for the treated cells.
Samples are processed using ABI7900HT Sequence Detection Machine.
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Cells are incubated at 37C with C02 i ,
by Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase

initiated polymerase chain reaction (RT-PCR) using sequence-specific primers in
standard amplification methods. Sequence data for the particular markers listed in this
disclosure can be obtained from public databases such as GenBank (URL

www.ncbi.nlm.nih.gov:80/entrez).

EXAMPLES
Example 1. Materials and Methods

Preparation of Cell Lysates and Western Blotting

Cells are washed twice in cold PBS and then total protein is extracted using lysis
buffer from Cell Signaling supplemented with 25mM Sodium Fluoride (NaF), | mM
sodium ortho-vanadate (Na3V0O4), 1% DOC, 1% NP40 and proteases inhibitor cocktail
tablet (Roche). The cell lysates are incubated on ice for 20 mins, spun at 13000 rpm at
4°C for 15 mins.



Example 4. Wnt3A Conditioned Medium Wnt-3A conditioned medium

(CM) and control CM are prepared from L cells over-expressing and

secreting Wnt-3A as described in (Shibamoto et al. 1998). Example 5.
Activation of Wnt Signalling in Mouse %ggbryonic Stem Cells Mouse ES

cells are cultured continuously for up t0°3 weeks on 0.1 % gelatin coated
dishé&itepresenceiai Lslpenfithnaithen dgrosttpemechinivalpp e { powttrol i oloaled per
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sence 0 w er gra alo ntrol) or in the
. S E by Bl S A CBADRG CLoR ST e SR OeBEgR (Picrce).
Wnt 3A CM and 50% growth media. Medium is changed every day and

cells BMElfadsagéd once a week, using collagenase type IV (Gibco).
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usBRseadnshburugn ES cell lysates and confirmed the presence of Writ
signaling molecules LRP receptor, disheveled and (3-catenin and the

antagey)ist sERP; (Figure 1A). RT PCR analysis performed on
undifferentiated E14 RNA confirms the presence of three frizzled (Fz)
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ketﬁfélﬂ’i@ﬂrﬁt(@ﬂ) is made from Wnt-3A over-expressing and secreting cells L

cells (Shibamoto et al. 1998). Conditioned medium made from L cells is
The frizzled gene sequences are as followed: frizzled 2 forward sequences are 5’-

ACA TCG CCT ACA ACC AGA CC-3’; frizzled 2 reverse sequences are- 5’- GAG ATA GGA
CGG CAC CTT GA-3’; frizzled 5 forward sequences are- 5’- GGC ATC TTC ACC CTG CTC TA
-3’; frizzled 5 reverse sequences are- 5’- GCCTCCAGGCCTTCCTATAC-3’; frizzled 7
forward sequences are- 5’- TCT GTC CCT CAC TTG GTT CC -3’; 3’and the frizzled 7 reverse
sequences are 5°- AAG TAG CAG GCC AAC ACG AT-3’

Luciferase Assay

Luciferase assays are performed in 293-T cells and mES cells. TOP Flash and
FOP Flash plasmids are purchased from Upstate Biotech Inc. Cells are transiently
transfected with the plasmids using Lipofectamine 2000 (Invitrogen). Plasmid (pRL-TK)
encoding Renilla luciferease is used to normalize transfection efficiency. Luciferase

assays are performed using Promega kit according to the manufacturer’s instructions.



used as control CM. The presence of Wnt-3A protein in the CM is
confirmed by western blotting using anti-Wnt-3A antibodies (Figure 1C).
To determine the biological activity of Wnt-3A protein present in the CM,
luciferase reporter assay system is usgﬂ in which luciferase expression is
under TCF binding sites (TOP flash) or mutated, non-responsive binding
sites Re@RikaBl)R The Wnt- 3A CM when added to 293 T cells and
mouse ES cells increased the luciferase reporter activity in the TOP
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or(ﬂ: ure%é ﬂthe reporter assays which is 50% more than what is

leved using BIO compound at the same concentration (Figure 1E)
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elevating (3-catenin levels (Figure 1F). This indicates that there is active
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(mouse embryonlc stem cells) using Wnt-3A CM, control CM and
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marker, gene. expressiqQn. Addi an
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Unigaisgbidation of markers of dlfferentlatlon (Mixll, Foxa2, T- brachyury) as

early as day 4 (Figure 1G). Mixll has been implicated in endoderm
Example 2. Mouse Embryonic Stem Cells

Mouse Embryonic Stem Cells (mESCs) - E14TG2a are obtained from ATCC.
mESCs are cultured feeder-free on 0.1% gelatin- coated dishes in the presence of
Leukemia Inhibitory Factor (LIF) with growth media comprising DMEM, 15% ES
qualified FCS, 1mM non-essential amino acids, 0.ImM 2-mercaptoethanol and 1mM L-

glutamine (all from Invitrogen).
Example 3. Human Embryonic Stem Cells

Human Embryonic Stem Cells (hESCs) - H1 are obtained from Wi Cell Research
Institute, Madison, WI (Thomson et al. 1998). H1 cells are cultured on irradiated Mouse
Embryonic Fibroblasts (MEFs) and maintained in growth media comprising DMEM/F12

media with 20% knockout serum replacement, ImM L-glutamine, 1mM non-essential



development (Hart et al.2002). Since the differentiating cells expressed
both Foxa2 and T-brachyury, they could be differentiating towards
bi-potential mesendodermal cells (Kubo et al. 2004). The control CM had
no effect on inducing differentiation of E14 cells even at day 8 indicating
that the differentiation of E14 cells obs€rved is due to Wnt-3A present in
antiveo GdAdShdnntdr e dayjotreatokbnidd hgmdndsts dbitstgastezsimitafactor

(b%pjt&ﬁ%ﬂgﬁj{;im%?ﬁyntrol CM had no effect on inducing differentiation
of human ES cells. These results suggest that the biologically active
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Wzlgml%oth cells showed a comparable increase in marker gene expression
( |guF8)ZB). At both day 10 and 21 there is a strong up-regulation (10-100
fold) of Foxa2 and Sox17 (Figure 2A,B), markers of definitive endoderm
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Comprehensive transcriptome profiling of undifferentiated mouse and human ES
cells indicated that these cells express all intracellular components of the Wnt signaling
pathway including an antagonist, sSFRP (Brandenberger et al. 2004). These results suggest
that ES cells are poised to respond to Wnt ligands.

We performed Western blot analysis using undifferentiated mouse and human ES
cell lysates and confirmed the presence of Wnt signaling molecules LRP receptor,
disheveled and B-catenin and the antagonist sFRP (Figure 1A). RT PCR analysis
performed on undifferentiated E14 RNA confirms the presence of three frizzled (Fz)

receptors viz Fz 2, Fz 5 and Fz7 (Figure 1B). The presence of signaling proteins and



endoderm) in the same cells (Figure 2A and Figure 2B) confirmed that the

cells are differentiating along definitive endoderm (Keller 2005). Lack of

induction of IPF1 indicated that cells are not differentiating along

pancreatic endoderm. T-brachyury, transcription factors of GATA family

are usually expressed by the bipotential mesendodermal progenitor cells
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experiments described above in Example 11 are repeated for a time frame

of 3Qcigws; gdentical results are obtained. The expression of pluripotency
markers together with markers of mesoderm and endoderm indicates that
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Wnt pathway (Sato et al. 2004). The iGSK-3f significantly increased luciferase activity
(Figure 1E) in the reporter assays which is 50% more than what is achieved using BIO

compound at the same concentration (Figure 1E) indicating higher potency of the iGSK-
3P over BIO.

Example 9. Accumulation of Active f-catenin

Activation of Wnt pathway leads to accumulation of dephosphorylated p-catenin
in the cytoplasm (Shibamoto et al. 1998).

Addition of Wnt-3A CM and iGSK-3f3 on mouse and human ES cells led to

accumulation of active f—catenin analyzed by Western blotting using antibody against



Example 12. Sustained Wnt Pathway Activation in Human Embryonic
Stem cells Induces Meso/endodermal Differentiation Mouse and human
ES cells although similar in many ways they have numerous important
differences including lack of active LIF_signaling pathway in human ES
cells (Ginis et al. 2004). To establish the role of long term activation of
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Sl%"r‘i‘éW%éﬂ%?é%‘F time PCR, Western blotting and FACS analysis. Real
time PCR is performed using untreated HI cDNA as control and data
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performed FACS analysis on cells stained with an antibody against

Eﬂ‘l%lﬁgtfﬂcﬂong Term Activation of Wnt Signalling Pathway Induces
Meso/endodermal Differentiation of Mouse Embryonic Stem Cells (21 Days)

In order to establish the effect of long term activation of Wnt pathway in
undifferentiated ES cells, feeder free E14 cells (mouse embryonic stem cells) are treated
with Wnt-3A and 1uM iGSK-3p separately for three weeks.

To track the differentiation status of these treated cells, real time PCR analysis is
performed using untreated E14 cDNA as control and data plotted is fold increase over
untreated E14 cells. We did not get differentiation along ectoderm / neuroectoderm since

expression of Nestin, Sox4, Pax6 is not observed.



specific cell surface marker, SSEA4. As seen in Figure 4, untreated Hl
cells showed a distinct peak of SSEA4 stained cells (Figure 4A).
However, upon Wnt activation there is a significant loss in SSEA4 stained
cells in Wnt-3A and even more stronggl in IGSK-3(3 treated cells (Figure
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By day 21 Wnt-3A and iGSK-3p treated cells showed primarily meso/endodermal
differentiation, however, the Wnt-3A treated cells had reduced (5 fold) T-brachyury and
increased (110 fold) Pitx2 expression compared to iGSK-3f treated cells. Thus, although
canonical Wnt pathway is activated in both the cases there are subtle difference in the
way cells respond to different activators. Morphologically, the E14 cells treated with
Wnt-3A and iGSK-3p looked different from untreated cells. The treated cells are more
flat and spread out as compared to typical compact morphology of the undifferentiatiated
ES cells. iGSK-3p treated cells showed distinct signs of differentiation such as presence
of individual cells with distinct shape and the appearance of embryoid body like
structures (Figure 2C).



commitment at early stage is crucial to use of ES cells in regenerative
medicine. Here, we provide the first conclusive evidence of the role of Wnt
pathway in meso/endoderm development. Since these meso/endodermal
cells can be moulded into either mesaderm or endoderm by activation of
specific pathways, the ultimate fate of *these cells can indeed be fine
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expanded from 96 well dishes to 10 cm plates gradually without feeders.
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To establish the role of long term activation of Wnt pathway in human ES cells,
HI cells (Wi cells) cultured on irradiated mouse embryonic fibroblasts are treated with
Wnt-3A and iGSK-3f separately for 21 days. The differentiation status of the treated cells
is analyzed by real time PCR, Western blotting and FACS analysis. Real time PCR is
performed using untreated H1 cDNA as control and data plotted is fold increase over
untreated H1 cells.

The absolute increase in mRNA levels for marker genes in H1 cells at day 8
(Figure 3A) is (up to 500 fold) much stronger than mouse ES cells (upto 30 fold) treated
with the same compounds for similar time points (Figure 2A) indicating higher sensitivity
of human ES cells to Wnt pathway activation. In response to Wnt pathway activation, H1
cells did not express markers indicative of ectoderm/neuroectoderm viz Pax6, Sox4 and

nestin even at day 15 (Figure 3A and Figure 3B). 10-500 fold up regulation of T-



We found that clones 23 and 38 had significantly more sprouted EBs than

control untreated E14 cells (Figure 10). Sprouted EBs are collected after

3-4 days and RNA is extracted to confirm up- regulation of key endothelial

markers (Figure 11). The sprouted EBg are also seeded onto chamber
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using Mann-Whitney U test. The statistically significant genes were then
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trqatodeste$82drd @8 @3 M2 10sp60@vely). Lack of SSEA4 stained cells again confirmed
that activation of Wnt pathway induces differentiation of ES cells.

In contrast to studies by (Sato et al. 2004) that suggest the involvement of Wnt
pathway in maintaining pluripotency, our data demonstrate conclusively that sustained

activation of Wnt pathway induces differentiation of ES cells.

Example 13. Expression of Constitutively Active Beta-Catenin Mutants in
Embryonic Stem (ES) Cells

A variety of beta-catenin mutants having constitutive activity are found in various
human cancers. These mutations are very specific and are in residues in the
aminoterminal domain of the protein. Such residues can become phosphorylated and play
arole in the destabilization of the protein. The mutations block phosphorylation and

therefore lead to increased stability of the beta-catenin protein.



Cell surface receptor mediated signal transduction 488 74 37.56 0.0000
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415 3818518400 add CaitstrGetre26A3 20001A0% 0,040 2):R&TEpioshows a table

wﬁl\’}lrcg?ﬂglstl’ﬁg%n?edl %rln%@n?gt%ﬁ{% %%ﬁoﬂglft%plg%@% 8aten1n Site
g R et Sach o s B A A T St ST 3g000) to
al@9ne0Bd00d0BY P EPGER asiasEliyPrtvEy B8R BITT 010R08. A deletion
miist wlﬁﬁﬁaﬁwﬁwa@lfﬁtgwmaﬁﬁa%@m&msadﬁ a?eolea%gtaam@d@sidues

’> as \' N t|’> Extracellularmatri 126
wgl 61r8 (%1(9 %ﬁ T dI@?’r rl?zbétru% dra prccg)trerz1 CRe %%5 0:006 ?)
Sign q molecule 279 57 21.47 0. OOOO Rece toﬁ‘[‘?f Z 58 27.48 O 0000
Tabl Ef ?\%ﬁ&%&ﬁ&?ﬂ%&&“’?&tﬁé &‘%ﬁ%%ést?% Srt ‘Qfﬂ\ﬁa{%%han
trgmsdeeisse s thiar arbsigsiticantignsprsy iddtens tsfcthe BSKBmMnhilio meateend

hlﬁflﬁlﬁ@%%uﬁ%@ﬁﬁf&%&ﬁéﬁﬁiﬁﬂfé@{aﬁﬁg ERrENeERA IsANGEE B ielout using

Angerer RC. 200 An|m atter n
e e S T B B A O ST S e o
clestapmated wghths NP%@%%@%H&F@@M@%@Wr‘i@uiﬁqnbﬁ‘?l?%ﬁw@béﬁﬁtwe
betglatinplisaiels Wt entagomdialinausalogdifjatentiation fhiats Bidieakdoh are
algo%g%ﬁé%tgd 3) Brandenberger R, Wei H, Zhang S, Lei S, Murage J, Fisk
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Development of ES cells along the mesodermal and endodermal pathway is

assessed and observed using markers of mesodermal and endodermal differentiation.

The promise of ES cells in regenerative medicine lies in their potential to give rise
to any type of cell within the body. However, since the ES cells can spontaneously
differentiate (e.g. embryoid body formation) into multiple lineages, the major obstacle in
generating specific types of cells for therapeutic use is the difficulty in getting a
homogenous and pure population of differentiated cells. Understanding lineage

commitment at early stage is crucial to use of ES cells in regenerative medicine.

Here, we provide the first conclusive evidence of the role of Wnt pathway in
meso/endoderm development. Since these meso/endodermal cells can be moulded into
either mesoderm or endoderm by activation of specific pathways, the ultimate fate of
these cells can indeed be fine tuned to make the desired lineage specific cell type useful in

regenerative medicine.

Example 14. Isolation of the single cell clones from a population of mES cells with
sustained Wnt pathway activation using GSK-3b inhibitor.

Mouse ES cells are treated with GSK3b inhibitor in continuous culture to activate
Wnt pathway. To isolate single cell clones from the population, we used BD FACS Aria
Cell Sorter.

Briefly, mouse embryonic feeders are seeded onto a 96 well dish. GSK3b inhibitor

treated mouse ES cells are trypsinized to obtain single cell suspension and single cell
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On day 11, the EBs are harvested and re-suspended in collagen gel in presence
and absence of growth factors. The appearance of endothelial sprouts is assessed after 2-3

days of culture in collagen gel.

We found that clones 23 and 38 had significantly more sprouted EBs than control
untreated E14 cells (Figure 10).

Sprouted EBs are collected after 3-4 days and RNA is extracted to confirm up-
regulation of key endothelial markers (Figure 11). The sprouted EBs are also seeded onto
chamber slides and immuno staining is performed using antibodies against key markers of

endothelial cells.
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comparison to the PANTHER gene onology database (Applied Biosystems).

We found 700 genes which are (statistically) significantly changed (up and down
regulated) in the clones as compared the starting undifferentiated ES cells. Analysis of the
up-regulated genes indicated that most of them belong to a variety of developmental
processes such as mesoderm induction, skeletal development, ECM signalling, Growth
factor Signaling, Cell Adhesion. (see Table E1 below).

Total No of Genes No of Genes
Biological Process Genes on t_ha_t -l expe_cte_zd 1 7
Array within the fall within the value
pathway pathway
Cell communication 359 74 27.63 0.0000
Signal transduction 1140 153 87.74 0.0000
Developmental processes 824 109 63.42 0.0000
Cell surface receptor mediated signal transduction 488 74 37.56 0.0000
Mesoderm development 223 42 17.16 0.0000
Immunity and defense 453 65 34.87 0.0000
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18759 19QUBgadherin-like 24 Cdh24 14 20378 protocadherin 9 Rcdh® 14 |8
18755 188QRdfigzled homolog 3 (Drosophila) Fzd3 14 18798 protedni1 8
18751 PhagRbatareos ofatalyliesubenis, gampraisriaRep3ec 1k 48362 bgne
maepkaganetic protein receptor, type IA Bmprla 14 18754 |myosin, heavy
12166 PANMAEKRLEgs/, cardiac muscle, beta Myh7 14 18750 proto¢aghesin 8 [g
192164 PEng HhdLpPdA @S] heavy polypeptide 6, cardiac muggle, alphalg
13544 VIS _Mﬁ&&g@‘%ﬁ%ﬂ@ﬁﬁb #yispn2U 14 192163 proteipghosphaigse
140781 3| SAGIMHGERA Deta isoform Ppp3ch 14 11566 nucleaiigrign of [g
140577 2%, é‘é’l’?&?ﬁ ae?q %,70 [§mlc cafcineurin- Nfatc4 14 de engent4 T14%9
12995 W §WE§¢§&%§§%&"M§&’1 grey § "Smarcas_ |8
PIOIOSAMISL b RSHR AL a0 4 %&mgoge' 912, (NCBlna14 |
11468 LRAeiR I{}elfllé?ﬁ%g %&lyn&l I rotem (G pruu—:ln) gam S&ﬂé 4@9\4 44
11459 ?Eﬁlﬁ)l'élﬁ}i.oﬁ]: KNEIN L.L)Iyl—\ TS JUUUJJ.JJ.Ll- [SIS1ALS] bJJUUUJ?ngZ J.4I'(IK8
12936 “Tsifflar to ua:rjl‘i}n‘e H(L: i 1&6 %mfﬁng protein na 8
G(I)/G(S)/G(O) gamma-12 subunit (Interim)
12564  |DAN domain family, member 5 Dand5 8
12560  |matrix metalloproteinase 7 Mmp7 9
12552 cadherin EGF LAG seven-pass G-type receptor 3 Celsr3 9
12386  |phospholipase C, delta 1 Pledl 9
104010 |casein kinase 1, gamma 1 Csnklgl |9
109689 |guanine nucleotide binding protein, beta 5 Gnb5 9
103583 |gene model 1132, (NCBI) Gml132 |9
279653 |SWI/SNF related, matrix associated, actin dependent Smarca4 |9
regulator of chromatin, subfamily a, member 4
103236 |transducin-like enhancer of split 3, homolog of Drosophila  |Tle3 9
E(spl)
93703 catenin beta Catnb 9
93699 DIX domain containing 1 Dixdcl 9
93687  |RIKEN cDNA B230218L05 gene B230218L (9
05Rik
83796 guanine nucleotide binding protein, alpha 15 Gnal5 10
93897 guanine nucleotide binding protein, alpha 11 Gnall 10
93893 protocadherin 15 Pcdhl5 10
93889 adenomatosis polyposis coli 2 Apc2 10
93885 casein kinase 1, gamma 2 Csnklg2 |10
93881 cadherin 23 (otocadherin) Cdh23 10
93877  |transducin-like enhancer of split 2, homolog of Drosophila  |Tle2 10
E(sp)
93873 catenin alpha 3 Catna3 10
93761 histone deacetylase 2 Hdac2 10
93717 SWI/SNF related, matrix associated, actin dependent Smarcbl |10
regulator of chromatin, subfamily b, member 1
93713 amino-terminal enhancer of split Aes 10
93709 [transducin-like enhancer of split 6, homolog of Drosophila  |Tle6 10




12614 wingless-related MMTYV integration site 1 Wntl 15 12563 cadherin
10 CdhIO 15 12555 cadherin 12 Cdhl2 15 107771 frizzled homolog 6
(Drosophila) Fzd6 15 12385 peroxisome proliferator activated receptor
alpha Para 15 12234 activin A recept type IB Acvrlb 15 192161
cadherin EGF LAG seven-pass G-typ eceptor 1 Celsrl 15 227120

caBfsetin 6 Cdh6 15 21926 similar to Cadherin-18 precursor

93705 (Cadhetitnnld)ednterbindig PooRADA5 PiSWIHE Nimiglaed, mainix7 10
assaaiaied, actin dependent Smarcdl 15 regulator of chromatin, subfamily

74055 d,dnembes fraQosdhElAbinging protein p300 E p300 15 24217 10

68142 wingless;edatghbMMEMiii sy riitnasiteudBe)\dnibbydbic218881ynanglesy |

70425 relatrdilVMdaVyiniegiRipiasitesiQeyniee 8badidd 130 casemiidiiase 111

70315 epsHRtGsdaborZD4B dmypieeytomatosis oncogene Myerty 264091 |

66993 Cagherin e AahB8nfl84895 homeo box C6 Hoxcb 15 A34683 homeo

54380 DOKGAHASAR 2 2E57ABRIKEN CONA B230220E17 GengrBps0220F 15

241201 1TR2433797 CREB binding protein Crebbp 16 433759 dighgyelled

i1
59036  ISROMRQIOY A{HASRRTNAIEY-i0R st 3XFC glycogen Syningaesginase; $

23836 DEALRKIR IR MRAAY I RINIALID S RE-Dinding protein (MgHim},na 16,
353235 4Mf09191§ d’ﬁ?& quT 5@&6)§3UHI—D:5 16 385356 simitar v? @rmen 1
22471 94 Héarn%ééi ,((I 1511) na 16 384866 casein kKinase 11, 81 gguou 1[1
20417 c T Sélrﬂ 1%1 agéj.fl&éﬁgrdcnymy T-17 381409 AT richinterag, 6¥Ek(f8ﬂldl TiB
22413 ?wﬁle Rl as,¢ﬁ7n21400 pelumbdw_’ t:\gs:\ijeratur dblIle_t{I t:l..t:pLUl 1
20 e R A e LB P 2901004 hos KDl C-tks 2 —
226409 nmesﬁn, béta 2 ATTb2
22295 ' [SWI/SNF related, matrix associated, actin dependent Smarcel |11
regulator of chromatin, subfamily e, member 1
353234 |wingless-related MMTYV integration site 3 Wnt3 11
27412  |phospholipase C, delta 3 Plcd3 11
20585 F-box and WD-40 domain protein 11 Fbxwl1 11
21886 SWI/SNF related, matrix associated, actin dependent Smarcd2 |11
regulator of chromatin, subfamily d, member 2
26932 myosin, heavy polypeptide 4, skeletal muscle Myh4 11
20439 wingless-type MMTYV integration site 9A Wnt9a 11
216033 |protein phosphatase 2a, catalytic subunit, alpha isoform Ppp2ca 11
21415 protein kinase C, alpha Prkca 11
16974  |dishevelled 2, dsh homolog (Drosophila) Dvi2 11
16918 myosin, heavy polypeptide 8, skeletal muscle, perinatal Myh8 11
18530  |similar to Protein phosphatase 2, regulatory subunit B (B56), |na 11

alpha isoform (Interim)

18526  |protein phosphatase 3, regulatory subunit B, alpha isoform  |Ppp3rl 11
(calcineurin B, type 1)

16842 adenylosuccinate synthetase like 1 Adssll 12

215654 |protein kinase C, eta Prkch 12

15182 dapper homolog 1, antagonist of beta-catenin (xenopus) Dactl 12

16439  |protein phosphatase 2, regulatory subunit B (B56), epsilon  |Ppp2r5e |12
isoform

18109 neuroblastoma myc-related oncogene 1 Nmycl 12

18021 protein phosphatase 2, regulatory subunit B (B56), gamma  |Ppp2rSc |12
isoform

214897 |similar to Tle6 protein (Interim) na 12

14697 similar to hypothetical protein FL.J23834 (Interim) na 12

14693  |RIKEN cDNA 1110049B09 gene 1110049B |12

09Rik

17888 MAD homolog 5 (Drosophila) Smad5 13




93890 protein phosphatase 2, regulatory subunit B (B56), delta Ppp2r5d
17 isoform 93886 inositol 1,4,5-tri hos hate receptor 3 1t r3 17 93882 c
clin D3 Ccnd3 17 93878 dapper homolog 2, antagonist of beta-catenin
xeno us Dact2 17 93874 guanine nucleotide binding protein 13, gamma

Gngl3 17 93762 cadherin 2 Cdh2 18 93722 wingless-related MMTV
17884 inREKAIdRBRASK IM4A8EGABO37 14 protocadherin alpha sHBMMIE | D3
Pcdhac2 18 93710 adenomatosis polyposis coli A pc 18 93Rik
212398 pretoracthétiryriphadddRedhal deido#bb g9 protocadherin gafiprda 13
225849 sukfasiiiyliz, |5 Pcdh b5 18 73181 protocadherin beta 21 P2l 18 |13
219257 7808 Rreigeadbdoketsd 7 Pcdhbl7 18 54612 protocadhBin4Etssl33
216795 Podhiidelfudéatit piatheaghatm betardtBaihhonk& 53883Gatacadherip
betabhiifcdhbs 18 53601 protocadherin beta 1 Pcdhbl 18 56637
14368 Pretecrdherc ganumasupismty fhtddnpcdhgal2 18 55994 protocadhgnn
14296 Q4 Aiamdy 4518 Pcdhga8 18 233651 protocadherin|gamma |14
19056 SuRiaEWsde 2dHcaRamt)l8 22422 protocadherin gamma syhfamily Ci1g
19052 P%gqﬁo%l ag}qmgtocadhenn gamma subtamily B, 7 Begitgd 7 18 14
19013 24Uk HEIRaT Jactor of activated T-cells, Cytoplasmic, calcipgysy- Niajg
20378 14 mgmgﬁqgnﬁ bZZ4lU frizzied nomOIog o (L)I’OSOphIIa) Fz §CH|§9Z 573y
18802 MAE) ﬂQM%I%é%@ﬁRRBBﬁ?@maM 1820586 protocadh 'ga@i_pha 14
18798 3! &gﬂ%h’osﬁ}ﬁ?&@g‘:'cﬁ%lﬁ?ﬁfbﬂﬁ%umgrfgbmma SUSETIY B./44
18762 " B0RI% otphgneld RGBT ER £ 7 CNoey 18 Sap(rl 14
18754 E‘&)ﬁy&ﬁu%m‘l&) St 3ept1 d ‘Zflgﬂﬁﬁaﬁéiﬂuﬁ r&) b)tj)udunenn veld & r..uil ll)'%f
18750 Jr.‘ ,Ib 053' -Hélim auncnll eta o. Pcanto To J.'-|-I:7.I pLULUL@ﬁLI |U|U~|lr i
13614 T Hansi teav ool R S S Ry A Fgfhaat 8,
13543 protocadherin 20 Pcdh20 14
192163 |protein phosphatase 3, catalytic subunit, beta isoform Ppp3cb 14
11566  |nuclear factor of activated T-cells, cytoplasmic, calcineurin- |Nfatc4 14
dependent 4
11479  |wingless-related MMTYV integration site SA Wnt5a 14
11475 protocadherin 21 Pcdh21 14
170735 |gene model 912, (NCBI) na 14
12943 guanine nucleotide binding protein (G protein), gamma 2 Gng2 14
subunit
12939  |RIKEN cDNA C330003B14 gene C330003B (14
14Rik
12622 |LOC432902 (Interim) na 14
12614  |wingless-related MMTYV integration site 1 Wntl 15
12563 cadherin 10 Cdhl10 15
12555 cadherin 12 Cdhl2 15
107771 |frizzled homolog 6 (Drosophila) Fzd6 15
12385 peroxisome proliferator activated receptor alpha Ppara 15
12234 activin A receptor, type 1B Acvrlb 15
192161 |cadherin EGF LAG seven-pass G-type receptor 1 Celsrl 15
227120 |cadherin 6 Cdhé6 15
21926 similar to Cadherin-18 precursor (Cadherin-14) (Interim) na 15
229459 |SWI/SNF related, matrix associated, actin dependent Smarcdl |15
regulator of chromatin, subfamily d, member 1
20587 E1A binding protein p300 Ep300 15
234217 |wingless-related MMTYV integration site 7B Wnt7b 15
21888  |wingless related MMTYV integration site 10b Wntl0b |15
234130 |casein kinase 1, epsilon Csnkle 15
20437 myelocytomatosis oncogene Myc 15
26409 cadherin 9 Cdh9 15




17885 protocadherin gamma subfamily A, 7 Pcdhga7 18 17869
protocadherin gamma subfamily A, 3 Pcdhga3 18 114606 protocadherin

gamma subfamily C, 4 Pcdhgc4 18 13016 rotocadherin alpha 12 Pcdhal2
18 13000 protocadherin alpha 4 Pcdha4 18 11464 protocadherin gamma

subfamily B, 6 Pcdhgb6 18 12941 protocadherin gamma subfamily B, 1
434895 Pdin h8x L3937 casein kinase 1, alpha 1 Csnklal 18 125E5&c6 15
434683 pratecasibexicbeta 22 Pcdhb22 18 12561 protocadherin bgiaxt8 Pcdhsi8
434245 18RIRBENTporoGasoeriotietgchd Pcdhbl4 18 12387 protocBdherirvbetes
10 Pcdhbl0 18 225805 protocadherin beta 6 Pcdhb6 18 116R3d
433797 ploRE®biadmpe@RilPcdhb2 18 170677 protocadherin gaiorasbpubfamily
433759 AlfsRedha% 1&2didR e (oiasadhasin gamma subfamily|ByB Pcdhdab
433548 18126845 pratascaringsthosenrma subfamily A, 1 Pcdhgal 18366 |16
433493 PrefecrREReUR Ba0MRai AR BRIl BadrRedhgb8 18 26931 dagein kinasesl,
432937 94 ggqgag}ﬁglﬁgglggﬂwu protocadherin alpha 8 Pcdha 30438, ¢
385356 PIHReRFRSHLANRIA gahitAN34dtintr@RdRotocadherin alpha 3 Pcdhagy,
384866 L %a%g%qg&ggtgc%g{begﬁg@mha 10 PcahalO 1o 14696 prolegfhgrin ajpna
382129 4 lb’%lﬂ%&ti l4b88 catenin alpha I Catnal 18 14371 protqcadnerin 17
381409 AR LR GRS déndin TIPISGadRILy gamma subfamily &; 4 fcdhgh2
381400 o et65reamt BT AUHRS L PR GO G Ak 434495 protgsariifenim gta
93700 Tiakipofioi0 1612443 prﬁll()(:’olduiledrlilﬁli'e_td 11 Pedhbi 1187280 17
83797 p,ﬁi‘&ﬁr{f Iler‘l:llsleOEloé /S1 Sanp7-1o— 12445 protocadherinbets : Eé,_’unuo £
328570 46%:1)‘ églgsblgl ia‘IC%i)II[I gallnlla stubfamity A,-10-PcdhgalO 1@}an199 17
81004 ﬁlﬁ l%%aﬁollci‘ g& lllillll(l DUUIallllly »Ill-\o U1 Z:EEQ"G}S ir§35.45 1"; C?C&dht,{i}"l
93590 9] ;%f%ﬁ? e s Rl A N A S S
93886 inositol 1,4,5-triphosphate receptor 3 Itpr3 17
93882 cyclin D3 Ccnd3 17
93878 dapper homolog 2, antagonist of beta-catenin (xenopus) Dact2 17
93874 guanine nucleotide binding protein 13, gamma Gngl3 17
93762 cadherin 2 Cdh2 18
93722 wingless-related MMTYV integration site 8A Wnt8a 18
93714  |protocadherin alpha subfamily C, 2 Pcdhac2 |18
93710 adenomatosis polyposis coli Apc 18
93706  |protocadherin alpha 11 Pcdhall |18
75599  |protocadherin gamma subfamily B, 5 Pcdhgb5 |18
73181 protocadherin beta 21 Pcdhb21 |18
73173 protocadherin beta 17 Pcdhbl7 |18
54612  |protocadherin beta 13 Pcdhbl3 |18
54216  |protocadherin beta 9 Pcdhb9 18
53883 protocadherin beta 5 Pcdhb5 18
53601 protocadherin beta 1 Pcdhbl 18
56637  |protocadherin gamma subfamily A, 12 Pcdhgal2 |18
55994  |protocadherin gamma subfamily A, 8 Pcdhga8 |18
233651 |protocadherin gamma subfamily A, 4 Pcdhga4 |18
22422  |protocadherin gamma subfamily C, 5 Pcdhge5 |18
22418  |protocadherin gamma subfamily B, 7 Pcdhgb7 |18
22414  |nuclear factor of activated T-cells, cytoplasmic, calcineurin- |Nfatcl 18
dependent 1

22410 frizzled homolog 8 (Drosophila) Fzd8 18
27373 MAD homolog 4 (Drosophila) Smad4 18
20586  |protocadherin alpha subfamily C, 1 Pcdhacl |18
21887  |protocadherin gamma subfamily B, 4 Pcdhgb4 |18
224860 |protocadherin beta 20 Pcdhb20 |18




268663 RIKEN cDNA 2010005A06 gene 2010005A 18 06Rik 383994
protocadherin 12 Pcdhl2 18 432994 protocadherin alpha 5 PcdhaS 18
19059 rotocadherin alpha 6 Pcdha6 18 15183 similar to RPD3 protein
(Interim) na 18 15425 rotocadherin algga 1 Pcdhal 18 70 382645 histone
deacetylase 3 Hdac3 18 434573 RIKEN cDNA C330049021 gene

21770 Cp3o48dhiB8ri2Adkl 134244 phospholipase C, beta 3 PlchBctihb16058 8
21416 loprdensildipopeaiaidh receptor-related protein 5L 5 19 22R4di5dickko§
16440 hosatscddeéanopusdaevis) Dkkl 19 381598 guanine nucle®id@idsndings
14797 pretetocalpbanlsefzaald 19 15403 wingless related MMTVRgdggHsation site
14682 ShhWiISIHGiB3404k SWiiaMNE rglated, matrix associated, Pediipall |18
17885 dependanhsiaiaashd Subeaipior of chromatin, subfamily gpdmesaer 38
17869 1Hddfophprphodnaat SutRsilgnA Blcel 19 240025 frequelpdykeagranged
114606 1N GYonRed i cal M RNamam AT, @t2 19 436177 protein fhaspbatases?,
13016 "eQHimORIRYRENfR (B56), beta Ppp2r5b 19 isoform 3821 R fraqoentis
13000 reﬁfm%qéﬂlgglmgqu r-celllymphomas Fratl 19 14704 [acHf21Pha 4,
11464 ST &éﬁﬂéﬁ}?g%ﬁﬁ F\%%J[R, B46Ub beta-transducin repgg&lggggalp m
12041 PIRIGIBEMR A hA0e PTRHHGIR ke enhancer of spit 4 pEREE Of 15
12937 PIGRR H{]ﬂﬂ, |§ng 9 I,ESTWUJ. secreted frizzted-refated se g Protegn
12565 5 i[o:?gjcg héﬂug 1T délzsulpuon factor 7-tike 2, T-cett 5peun(,,Pi6i&Y1 -Z)ox 18
12561 T LT T qu‘caah04ﬁjﬁé1§'fgllllle IIULIEU[IUU UIIIUIIIg [JIULUIII dlpll(? blfg.lut 18
12557 GpEO%Oﬁélaﬁg n% l{CIiﬁabC lympnuru bpcum, ncnaﬁlg ,-,1:.4::, :ng\ﬂ.]gl 8]] W
12387 TGRSR “ibi“i",'ﬁi‘,’nfi'f teiry, gamma S SngS 1 | ‘fﬂibi‘ W I&" C
225805 _ [prbtocadherin Efa S T e Jhchbe~ T
116731  Ipratoeadirmbeta oo ot econtor tyne. 3 (Tyoe 3. n‘;"q‘;,P’ﬂcﬂﬁﬁﬂa' “’18
170677 " |protocadherin gdmma subfamily A, 9 > ~ T T T T bedhga |18
234779 |protocadherin gamma subfamily A, 5 Pcdhga5 |18
226849 |protocadherin gamma subfamily A, 1 Pcdhgal |18
54366  |protocadherin gamma subfamily B, 8 Pcdhgb8 |18
26931 casein kinase 1, gamma 3 Csnklg3 |18
21812  |protocadherin alpha 8 Pcdha8 18
20438  |protocadherin alpha 2 Pcdha2 18
15201 protocadherin alpha 3 Pcdha3 18
16438  |protocadherin alpha 10 Pcdhal0 |18
14696  |protocadherin alpha 7 Pcdha7 18
14688 catenin alpha 1 Catnal 18
14371 protocadherin alpha 9 Pcdha9 18
14367  |protocadherin gamma subfamily B, 2 Pcdhgb2 |18
12444  |protocadherin beta 19 Pcdhbl9 |18
434495 |protocadherin beta 15 Pcdhbl5 |18
12443  |protocadherin beta 11 Pcdhbll |18
269615 |protocadherin beta 7 Pcdhb7 18
12445  |protocadherin beta 3 Pcdhb3 18
432545 |protocadherin gamma subfamily A, 10 PcdhgalO |18
13799  |protocadherin gamma subfamily A, 6 Pcdhga6 |18
433545 |protocadherin gamma subfamily A, 2 Pcdhga? |18
13798  |protocadherin gamma subfamily C, 3 Pcdhge3 |18
268663 |RIKEN cDNA 2010005A06 gene 2010005A |18
06Rik
383994 |protocadherin 12 Pcdhl2 18
432994  |protocadherin alpha 5 Pcdha5 18
19059  |protocadherin alpha 6 Pcdha6 18
15183 similar to RPD3 protein (Interim) na 18
15425 protocadherin alpha 1 Pcdhal 18




in

ositol 1,4,5-trisphosphate receptor) (Type 3 InsP3 receptor) 039671

(IP3 receptor isoform 3) (InsP3R3) (IP3R-3) (Interim) 435469 similar to
Frizzled-related protein (Interim) na 2:NT 0 80128 14700 similar to

activin receptor-like kinase 7 (Interim) na 2:NT 0 92545 56642 RIKEN
cDNA 2610005L07 gene 2610005L0 N1 7RIk 01052 107765 protein

382645 kinasere dgacamias®skcc 7:NT 1 04311 436486 similar to (BlBacadher

8

434573 pi

BEMBNIcDNUSS {00490 D) 1INgeddn:NT 046901 14707 similgr3@ob4otei

phosphatase 2, regulatory subunit B (B56), na Un:NT al hiddilorm

ng

434244 In

isioxpRgHRLE T84 similar to Oadherin-11 precursor  |Plcb3

19

19058 (Osteckiastycaghietnii@ReptarltorNdd padbiarin OSF-4 (Intgrips) 0738

no

224419 4386KopIMbaIdR OrdRexspdd IREepyrsor (Osteoblast-cadhgmiey1(OB- 1

"E9

381598 Uthhhigaaherstfds biddiHparswif, a3grd 144391 similar to (@agharin-1

M9

15403 P

QEHESYs (OrieaNadtreaghesialit®BidigUn:NT cadherin Qiadisp (Inte

fign)

380918 1

K el ARinials I8 RAED AddntaspendaIn:NT 1059942320

traasgisein &b@t@&i{i}gﬁé Liipkedy tOINAR(02 protocadherin 11 X-link

pd

15424 PG %hgi'.}{;g&@l@g%ﬁoﬁasem Kinase Il, alpha 1 of e tidgp{lajerim) Ra
240025 Ot BYG HEG-OREIFNEd wiRA¥E PLOLAIMN MYRSA3YI IS SIMHAEI0 19
436177 > PoRM p%?%ﬁ&‘tagéa}! e ARIRA B RS di%gf’%%&dem FeBHLO! 19
chiomatip, subfamily a, member 3 (Interim) 3 0493 protogadherin 19
382175 P ORI A s 03 N G AT T PTASSRGIRIEY, actn depandent 15
14704 SRR S STATRID, ey & member 1 23892 fistone g
14706 OSRE WA 985 A ath/ Al ot Tetinat A3 105594 simitar tyg
14702 25 SROMA CCARRRT ST URE T Mo R log of Drosophila [Tled |19
E(spl)
14701 secreted frizzled-related sequence protein 5 Strp5 19
14708 transcription factor 7-like 2, T-cell specific, HMG-box Tcf712 19
64337 guanine nucleotide binding protein, alpha q polypeptide Gnaq 19
434496 |helicase, lymphoid specific Hells 19
14709 guanine nucleotide binding protein (G protein), gamma 3 Gng3 19
subunit
433793 |ankyrin repeat domain 2 (stretch responsive muscle) Ankrd2 19
436049 |ankyrin repeat domain 1 (cardiac muscle) Ankrd1 19
381574 |similar to Inositol 1,4,5-trisphosphate receptor type 3 (Type 3 |na 17:NT _
inositol 1,4,5-trisphosphate receptor) (Type 3 InsP3 receptor) 039671
(IP3 receptor isoform 3) (InsP3R3) (IP3R-3) (Interim)
435469 |similar to Frizzled-related protein (Interim) na 2:NT 0
80128
14700  |similar to activin receptor-like kinase 7 (Interim) na 2:NT 0
92545
56642  |RIKEN ¢cDNA 2610005L07 gene 2610005L0|4:NT 1
7Rik 01052
107765 |protein kinase C, gamma, Prkcc 7:NT 1
04311
436486 |similar to OB-cadherin precursor - mouse (Interim) na Un:NT_
046901
14707 similar to Protein phosphatase 2, regulatory subunit B (B56), |[na Un:NT _
alpha isoform (Interim) 046916
78321 similar to Cadherin-11 precursor (Osteoblast-cadherin) (OB- |na Un:NT_
cadherin) (OSF-4) (Interim) 073870
432648 |similar to Cadherin-11 precursor (Osteoblast-cadherin) (OB- |na Un:NT _
cadherin) (OSF-4) (Interim) 073870
14391 similar to Cadherin-11 precursor (Osteoblast-cadherin) (OB- |na Un:NT _
cadherin) (OSF-4) (Interim) 102748




433451 seven in absentia IB Siahlb 432902 similar to SWI/SNF related,
matrix associated, actin na X:NTO dependent regulator of chromatin,
subfamily a, member 3 97788 (Interim) 72 CLAIMS 1. A method for
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a1Wnt signalling pathway in the
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ctor or formone. 1A method according to any precedi
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which activation of the Wnt signalling pathway in the pluripotent stem cell
results in commitment of the pluripotent stem cell to differentiate along a
mesodermal or endodermal pathway. 73 12. A method according to any
preceding claim, in which activation of the Wnt signalling pathway in the
pluripotent stem cell results in differentiation of the pluripotent




stem cell to a mesodermal or endodermal cell. 13. A method according to
any preceding claim, in which the mesodermal cell expresses a
mesodermal marker selected from the group consisting of: T-brachyury,
Runxl and Pitx2. 14. A method accordjng to any preceding claim, in which
the endodermal cell expresses a endodermal marker selected from the
group consisting of. Gata4, Foxa2, Sox|7, AFP and MixLI. 15. A method

CPRLR%EdIng to any preceding claim, in which activation of the Wnt signalling

~ pathway in the pluripotent cell results in a mesendodermal cell. 16. A
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to Claim 18 or 19, in which the Wnt ligand comprises Wnt 3A (Mouse
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22. A method according to any preceding claim, in which the GSK
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m@lalay@l or 22, in which the glycogen synthase kinase activity is reduced
by exposing the pluripotent stem cell to a chemical inhibitor of GSK- 31.
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providing a constitutively active (3-catenin, such as a non-phosphorylable
7.(3-cateninthiod according to any preceding claim, in which the mesodermal or

endodermal cell comprises a mesodermal progenitor cell or an endodermal progenitor
cell.

8. A method according to any preceding claim, in which the mesodermal or

endodermal cell is multipotent, bipotent or unipotent.

9. A method according to any preceding claim, further comprising the step of
causing the mesodermal or endodermal cell to terminally differentiate.

10. A method according to Claim 9, in which the step comprises exposing the

mesodermal or endodermal cell to a growth factor or hormone.

11. A method according to any preceding claim, in which activation of the Wnt
signalling pathway in the pluripotent stem cell results in commitment of the pluripotent

stem cell to differentiate along a mesodermal or endodermal pathway.



the pluripotent stem cell. 27. A method according to Claim 26, in which the
constitutively active (3-catenin is provided by transfecting the pluripotent
stem cell with an expression vector encoding a (3- catenin lacking the first
50 to 90 amino terminal residues. 28. A mesodermal or endodermal cell
produced according to any preceding ctaim. 29. A mesendodermal cell
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endodermal cell. 35. A kit according to Claim 34 comprising a pluripotent
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activating a Frlzzled (Fz) receptor.

20. A method according to Claim 18 or 19, in which the Wnt ligand comprises Wnt
3A (Mouse Genome Informatics MGI ID 98956).

21. A method according to any preceding claim, in which the method comprises
reducing glycogen synthase kinase (EC number 2.7.1.37.GSK protein kinase (GSK-3))

activity in the pluripotent stem cell to activate the Wnt signalling pathway.

22. A method according to any preceding claim, in which the GSK comprises GSK-
3B (NCBI GenelD 433548).

23. A method according to Claim 21 or 22, in which the glycogen synthase kinase

activity is reduced by exposing the pluripotent stem cell to a chemical inhibitor of GSK-

3p.



40. A method, cell, pharmaceutical composition, use or kit substantially as
hereinbefore described with reference to and as shown in Figures 1 to 7 of
the accompanying drawings.
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24, A method according to any preceding claim, in which the chemical inhibitor
comprises iIGSK-3f or BIO, or a variant thereof capable of reducing GSK activity.

25. A method according to any preceding claim, in which the method comprises
increasing the activity of $-catenin in the pluripotent stem cell to activate the Wnt

signalling pathway.

26. A method according to Claim 25, in which the activity of 3-catenin is increased
by providing a constitutively active -catenin, such as a non-phosphorylable 3-catenin, in

the pluripotent stem cell.

217. A method according to Claim 26, in which the constitutively active [-catenin is
provided by transfecting the pluripotent stem cell with an expression vector encoding a [3-

catenin lacking the first 50 to 90 amino terminal residues.
28. A mesodermal or endodermal cell produced according to any preceding claim.

29. A mesendodermal cell produced according to Claim 15 or any of Claims 16 to 28

as dependent thereon.

30. A pharmaceutical composition comprising a mesodermal or endodermal cell
according to Claim 28, or a mesendodermal cell according to Claim 29, together with a

pharmaceutically acceptable carrier, excipient or diluent.

31.  Use of a mesodermal or endodermal cell according to Claim 28, or a
mesendodermal cell according to Claim 29, or a pharmaceutical composition according to

Claim 30, in therapy, such as regenerative medicine.

32. A method of treatment of a disease in an individual, the method comprising
introducing a mesodermal or endodermal cell according to Claim 28 or 29, or a
pharmaceutical composition according to Claim 30, or as produced by a method

according to any of Claims 1 to 27, to the individual.

33. A use according to Claim 31, or a method according to Claim 32, in which the
pluripotent stem cell is autologous to the individual to which the mesodermal or

endodermal cell is introduced.

33. A use according to Claim 31 or 33, or a method according to Claim 32 or 33, in
which the mesodermal or endodermal cell is derived from a pluripotent stem cell obtained
from an individual to which the mesodermal or endodermal cell is introduced.



75
34, A kit comprising a pluripotent stem cell, an activator of a Wnt signalling pathway,

together with instructions for use to produce a mesodermal or endodermal cell.

35. A kit according to Claim 34 comprising a pluripotent stem cell together with any
combination of Wnt 3A, iGSK-3f and BIO.

36. A method of inducing expression of a mesoderm specific marker comprising

activating a Wnt signalling pathway in a pluripotent stem cell.

37. A method according to Claim 36, in which the mesoderm specific marker is

selected from the group consisting of: T-brachyury, Runx1 and Pitx2.

38. A method of inducing expression of a endoderm specific marker comprising

activating a Wnt signalling pathway in a pluripotent stem cell.

39. A method according to Claim 38, in which the endoderm specific marker is
selected from the group consisting of: Gata4, Foxa2, Sox17, AFP and Mixl1.

40. A method, cell, pharmaceutical composition, use or kit substantially as
hereinbefore described with reference to and as shown in Figures 1 to 7 of the

accompanying drawings.



