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METHOD FOR DIFFERENTIATION OF PLURIPOTENT STEM CELLS INTO
CARDIOMYOCYTES

FIELD OF THE INVENTION

This application relates to a method for differentiating pluripotent stem cells (PSCs) into
cardiomyocytes. Moreover this application relates to a method for differentiating human
embryonic stem cells (hESCs) and induced pluripotent stem cells (iPSCs) into proliferating

cardiomyocytes based on linked steps of chemically defined medium inductions.

BACKGROUND

For many years, various cell culture systems have been used in preclinical drug development.
However, established cell models only partially reflect pharmaceutically relevant disease-
specific physiology because they are either derived from tumorigenic tissue or from transformed
and immortalized cells. In particular, because terminally differentiated cardiomyocytes have
been shown to possess limited proliferative potential, they do not have the capacity to effectively
generate cell models for drug development. Hence there is a need for more disease relevant

human cell types that can be used as reliable cell models in research and drug development.

Human embryonic stem cell (hESC) and induced pluripotent stem cells (iPSC) provide
researchers with immense opportunities for generating functional human cell types such as
cardiomyocytes, neuronal cells, pancreatic cells, etc.. Robust protocols for in vitro differentiation
of pure hESC and iPSC derived human cardiomyocyte (hESCM) cultures would present a
powerful tool, not only to advance the understanding of early human cardiogenesis, but also to
use the cardiomyocytes as a non-transformed human cell model to test drug efficacy in
preclinical stages of drug development and to assess cardiac toxicity before entering the clinic.
Additionally, hESC derived human cardiomyocytes could open opportunities for identifying
pathways critical to cardiac regeneration and ultimately lead to clinical applications supporting

stem-cell based therapy.

For developing cell assay models for pharmaceutical research and development such differential
protocols need to generate cells that ideally fulfill the following criteria: a) are robust with a high
level of reproducibility; b) generate large numbers of highly pure cell types; c) can be

differentiated in a short time; d) generate cells that can be frozen to ensure batch conformity for

JVW /17.04.2015



WO 2015/169762 PCT/EP2015/059745

-

multiple screening campaigns; €) provide functionality and physiology relevant for modeling
disease-specific readouts. P. W. Burridge et al review prior art approaches to differentiate
pluripotent cells into cardiomyocytes (P. Burridge, Keller, Gold, & Wu, 2012). So far none of
the known protoéols fulfil the criteria above. In particular, cardiomyocytes obtained through the

5 known protocols are difficult to freeze and thaw without losing any functional properties.

To fulfill these requirements, we developed a novel differentiation method that generates large
numbers of highly pure cardiomyocytes (up-to 95%). The differentiation protocol is using
defined small molecules to direct differentiation towards the cardiac lineage in a time span of 10
days. To further increase their purity, the cardiomyocytes are enriched by replating them using
10  conditions that are preferential for cardiomyocytes. Furthermore the cardiomyocytes can
afterwards be frozen, stored under liquid nitrogen and thawed again. The cardiomyocytes have
been tested to compliant with several screening formats used in pharmaceutical research and
development. The present invention provides an improved method for differentiating
pluripotent stem cells into cardiomyocytes in a shorter amount of time and with a significantly
15 increased yield compared to prior art protocols. The new method alleviates the necessity of
obtaining embryoid bodies or small cell clumps from pluripotent stem cells and removes the
major drawback of low reproducibility and standardization of methods known so far. Moreover,
the high efficiency allows the use of these defined cardiomyocytes in large scales in drug
discovery and safety assessments, in regenerative medicine applications, and in in vitro disease

20 modeling in the pharmaceutical industry.

SUMMARY OF THE INVENTION

1. Provided herein is a method for differentiating pluripotent stem cells into cardiomyocytes,

said method comprising the steps of:
a) providing pluripotent cells at a density of 3 - 7x10°/cm?

25 b) incubating said cells in an insulin free medium comprising a compound of formula
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In one embodiment the cells are incubated in an insulin free medium comprising 0.3-10uM of

said compound.
In one embodiment step b) comprises incubating the cells for 12-48 hours.

In one embodiment the method additionally comprises step c) incubating said cells in an insulin

free medium comprising Wnt- C59.

In one embodiment step c) comprises incubating said cells in an insulin free medium comprising

1-10 uM Wnt- C59.
In one embodiment step c) comprises incubating the cells for 24-72 hours.

In one embodiment the cells are incubated for 24-48 hours in insulin free medium in between the

steps.

In one embodiment the method additionally comprises step d) incubating said cells in a medium

comprising insulin.

In one embodiment the medium of step b), ¢) and d) comprises ascorbic acid.

In one embodiment the pluripotent stem cell is an induced pluripotent stem cell.
In one embodiment the induced pluripotent stem cell is a human cell.

In one embodiment the induced pluripotent stem cell is obtained from a subject suffering from a

disease caused by dysfunction of heart cells.
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In one embodiment cardiomyocytes obtained by a method according to any of the above

embodiments are provided.

In one embodiment a biobank of cardiomyocytes obtained by a method according to any of

the above embodiments are provided.

In one embodiment the cardiomyocytes obtained by a method according to any of the
above embodiments or of the biobank of cardiomyocytes are used as an in vitro model for

diseases caused by dysfunction of heart cells.

In one embodiment a therapeutic composition comprising cardiomyocytes obtained by a

method according to any of the above embodiments or of the biobank of cardiomyocytes.

Any of the above embodiments may be present singly or in combination.

SHORT DESCRIPTION OF THE FIGURES

Figure 1: FACS Analysis Identifies a High Concentration of Cardiomyocytes at
Differentiation Day 14. Both hESC and iPSC produce similar results. A: Human embryonic
stem cell derived cardiomyocytes. B: Human induced pluripotent stem cell derived

cardiomyocytes.

Figure 2: FACS Analysis of multiple cardiomyocyte differentiation proves robustness of

the Protocol.

Figure 3: FACS Analysis Shows that Purification Method Improves Purity of
Cardiomyocytes. A: 60 % purity with 5.5x10°/cm* cardiomyocytes on day 14. B: 98 % purity

with 4.4x10°/cm® cardiomyocytes after additional purification step.

Figure 4: Immunofluorescence Staining - Confocal Microscope Analysis Reveals in Cells
a Striation Pattern by alpha Actinin and Troponin T that is Typical for Cardiomyocytes. Green
(*): Alpha Actinin, Red (#): Troponin T, Blue (+): Nuclei.

Figure 5: xCELLigent Analysis — Isoproterenol Increases Beating Frequency in

Pluripotent Stem Cell Derived Cardiomyocytes.
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Figure 6: Pluripotent stem cell derived cardiomyocytes show a high rate of survival
Cardiomyocyte number after thawing at differentiation day 14 and day 18. In each experiment

4x10° cells were frozen.

DETAILED DESCRIPTION OF THE INVENTION

5 The present invention provides an improved method for differentiating pluripotent stem cells
into cardiomyocytes in a shorter amount of time and with a significantly increased yield of

proliferating cardiomyocytes compared to prior art protocols.

The novel method for differentiating human embryonic stem cells (hESCs) and induced
pluripotent stem cells (iPSCs) into defined cardiomyocytes disclosed herein is based on linked
10  steps of chemically defined medium inductions, generating beating cells after only ten days (or

earlier: eight days) after the differentiation was initiated.

In one embodiment a method for differentiating pluripotent stem cells into cardiomyocytes is

provided, said method comprising the steps of:

a) providing pluripotent cells at a density of 3 - 7 x 10> cells/ cm?

15 b) incubating said cells in an insulin-free medium comprising a compound of formula
H
N O
O

3-(3-Amino-phenyl)-4-(1-methyl- 1H-indol-3-yl)-pyrrole-2,5-dione (CP21)

The pluripotent stem cells are provided at a density of 3- 7 x 10 ° cells/ cm?, i.e. a very
high density. In one embodiment the cells are provided at a density of 5.5x10° cells/cm” .
20  Surprisingly the inventors of the present method found that providing the cells at a high density

is increasing the differentiation efficiency and cardiomyocyte yield.
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In one embodiment the cells provided at high density are washed with a suitable buffer or

medium prior to initializing differentiation with step a), to remove any dead cells.

The medium of step b) is an insulin-free medium. The lack of insulin in the early differentiation
medium of step b) is important since earlier reports have shown that an insulin containing

differentiation medium blocks cardiogenesis (Lian u. a., 2013).

To initialize differentiation, the cells are incubated in insulin-free medium comprising compound
21 (3-(3-Amino-phenyl)-4-(1-methyl-1H-indol-3-yl)-pyrrole-2,5-dione, also referred to as
“compound 21” or “CP21” herein; see e.g. L. Gong et al; Bioorganic& Medicinal Chemistry
Letters 20 (2010), 1693-1696) to activate the wnt-pathway. The optimal concentration of
compound 21 to induce cardiomyocyte differentiation is dependent on the cell density of the
pluripotent cells that are attached to the cell vessel. In several parallel differentiation experiments
using different cell densities (1.8-11x10°/cm2 hESC or iPSC) and various CP21 concentrations
(0-10uM) it was found that using a cell density of 5.5x10°/cm? and a CP21 concentration of 2uM
resulted in the most efficient differentiation of pluripotent stem cells into cardiomyocytes. CP21
concentrations above 5uM showed decreased cell viability. This is surprising as prior art
protocols require higher concentrations of other modulators of the Wnt pathway for efficient

differentiation.

In one embodiment, step b) of the differentiation method comprises incubating the cells in a
medium comprising 0.3 —~ 10 pM CP21, preferably 0.5 — 5 uM CP21. In one preferred
embodiment step b) of the differentiation method comprises incubating the cells in a medium

comprising 2 uM CP21.

After 24h CP21 incubation the cells show strong cell death. Testing various incubation times of
CP21 showed that 24h was optimal for cardiogenesis and longer or shorter incubation times

resulted in less efficient differentiation.

In one embodiment step b) comprises incubating the cells for 12-48 hours, preferably for 18- 24

hours, in an insulin free medium comprising CP21.

In one preferred embodiment step b) comprises incubating the cells for 24 hours in an insulin

free medium comprising CP21.
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In one embodiment the medium of step b) comprises Ascorbic Acid. The addition of Ascorbic
acid to the basic medium has been shown to improve cardiomyocyte differentiation (Cao u. a.,

2012).

Hence in one embodiment the medium of step b) is a, insulin-free medium comprising CP21 and
Ascorbic Acid. In one such embodiment the medium comprises 0.5 — 5 uM CP21 and Ascorbic

acid.

In one embodiment said method further comprises step c) incubating said cells in an insulin-free

medium comprising Wnt-C59.

Wnt-C59 is a small molecule that blocks the Wnt signaling pathway (W02010101849, 2-(4-(2-
methylpyridin-4-yl)phenyl)-N-(4-(pyridin-3-yl)phenyl)acetamide). Wnt-C59 is a very potent and
highly selective Wnt signaling antagonist. It prevents palmitylation of Wnt proteins by Porcupine

(a membrane-bound O-acyltransferase), thereby blocking Wnt protein secretion and activity.

Using different concentrations of the wnt repressor Wnt-C59 (1-10uM) resulted in a significant
increase in cardiomyocytes. The optimal concentration was identified at 2uM. In cases where no
Wnt-C59 was added, the differentiation did not result in cardiomyocytes. Concentrations of more
than S5uM Wnt-C59 showed increased cell death. In one embodiment, step c¢) of the
differentiation method comprises incubating the cells in a medium comprising 1 -10 pM Wnt-
C59. In one preferred embodiment step c) of the differentiation method comprises incubating the

cells in a medium comprising 2 uM Wnt-C59.

Since the wnt pathway is highly complex other Wnt inhibitors with a different mode of action

were tested.

Anthelmintic niclosamide (Chen et al, Biochemistry. 2009 Nov 3;48(43):10267-74.) promotes
Frizzled]l endocytosis, downregulates Dishevelled-2 protein, and inhibits Wnt3A-stimulated

beta-catenin stabilization and LEF/TCF reporter activity.

Pyrvinium is a potent inhibitor of Wnt signaling by binding all casein kinase 1 (CK1) family
members in vitro and selectively potentiating casein kinase 1o (CKla) kinase activity resulting
in stabilization of Axin and increased B-catenin turnover (Thorne et al, Nat Chem Biol. 2010

Nov;6(11):829-36.).
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Anthelmintic niclosamide and Pyrvinium were tested for their ability to induce cardiomyocyte
differentiation. Contrary to WntC-59 both other Wnt inhibitors did not result in a successful
generation of cardiomyocytes. The different efficacy of the tested Wnt inhibitors to differentiate
pluripotent stem cells into cardiomyocytes suggests that the specific inhibition of the wnt

pathway by blocking wnt secretion seems to be a key mechanism.

In one embodiment step ¢) comprises incubating the cells for 24-72 hours, preferably for 48

hours in an insulin free medium comprising Wnt-C59.

In one embodiment said insulin-free medium of step b) and c) is a serum-free medium. In one

embodiment said insulin-free medium is RPMI1680 (Gibco).

In one embodiment the cells are incubated in an insulin free medium for 24 hours to 48 hours,
preferably 48 hours between each step b) and c). In one embodiment said medium is a serum-

free medium. In another embodiment said medium comprises Ascorbic Acid.

In one embodiment the cells are incubated in a serum-free, insulin-free medium comprising

Ascorbic Acid for 24 hours to 48 hours, preferably 48 hours between each step, b) and c).

In one embodiment the method for differentiation of pluripotent cells into cardiomyocytes as
described by any of the embodiments above additionally comprises step d) incubating the cells in
medium comprising insulin. At this later stage, insulin promotes proliferation of cardiomyocytes

and their cardiac precursor cells.

In one embodiment step d) comprises incubating the cells for 36- 60 hours, preferably for 48
hours in a medium comprising insulin. In one embodiment said medium is a serum-free medium.

In another embodiment said medium comprises Ascorbic Acid.

Suitable media to be used in the expansion step d) are for example DMEM, high glucose + L-
glutamine + pyruvate and Carnitine, Taurine, Creatine, BSA, Vitamin C or iCell Cardiomyocytes

Maintenance Medium from Cellular Dynamics international.

Preferably the media are changed in between each step, e.g. the medium is removed e.g. by
aspiration or centrifuging the cells and discarding the supernatant and then the medium used in
the subsequent step is added to the cells. In one embodiment the cells are washed with a suitable

buffer or medium prior to adding the medium of the subsequent step to remove any dead cells.
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Buffers or media useful for washing the cells are known in the art. One example of a suitable

buffer for washing the cells is e.g. phosphate buffered saline (PBS).

In one embodiment, the pluripotent cells useful in the method for differentiation are cultivated
under conditions permitting stable growth and / or duplication times. For example, the cells are
grown in pluripotency medium and passaged several times. “Pluripotency medium” as used
herein refers to any chemically defined medium useful for the attachment of the pluripotent stem
cells as single cells on a monolayer while maintaining their pluripotency and are well known in
the art. In one embodiment, the pluripotency medium is a serum free medium comprising a small
molecule inhibitor of the Rho-associated coiled-coil forming protein serine/threonine kinase

(ROCK) family of protein kinases (herein referred to as ROCK kinase inhibitor).

In one embodiment the ROCK kinase inhibitor is selected from the group of 1-(5-
Isoquinolinesulfonyl) homopiperazine), N-Benzyl-2-(pyrimidin-4-ylamino) thiazole-4-
carboxamide) and (+)-(R)-trans-4-(1-aminoethyl)-N-(4-pyridyl) cyclo-hexanecarboxamide
dihydrochloride).

Examples of ROCK kinase inhibitor useful herein are Fasudil (1-(5-
Isoquinolinesulfonyl)homopiperazine), Thiazovivin (N-Benzyl-2-(pyrimidin-4-10
ylamino)thiazole-4-carboxamide) and Y27632 ((+)-(R)-trans-4-(1-aminoethyl)-N-(4-pyridyl)
cyclo-hexanecarboxamide dihydrochloride, e.g. Catalogue Number: 1254 from Tocris
bioscience). In one preferred embodiment the ROCK kinase inhibitor is Y27632. In one
embodiment, the pluripotency medium is a serum free medium comprising 2-20 uM Y27632,
preferably 5-10 uM Y27632. In another embodiment the pluripotency medium is a serum free
medium comprising 2-20 uM Fasudil. In another embodiment the pluripotency medium is a

serum free medium comprising 0.2-10 uM Thiazovivin.

With the new method presented herein it is now possible to differentiate cardiomyocytes
expressing Alpha Actinin and Troponin T from pluripotent stem cells with a yield of up to 60-
98%.

In one embodiment said method further comprises step €) replating the cells and incubating
them in insulin free medium. This step further increases the purity of the cardiomyocytes. In one
embodiment the cells are replated and incubated in insulin free medium supplemented with fetal
bovine serum for 18- 32 hours, preferably for 24 hours. In one such embodiment, the medium
further comprises a ROCK inhibitor. In one embodiment the ROCK inhibitor is Y-27632.
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The cardiomyocytes obtained by the method described herein can be expanded for several

passages and retain their functional properties after freezing and thawing.

LA N9

As used herein the term “differentiating”, “differentiation” refers to one or more steps to
convert a less-differentiated cell into a somatic cell, for example to convert a pluripotent stem
cell into cardiomyocytes. Differentiation of a pluripotent stem cell to cardiomyocytes is achieved
by the method described herein.

The term "stem cell" as used herein refers to a cell that has the ability for self-renewal. An
"undifferentiated stem cell" as used herein refers to a stem cell that has the ability to differentiate
into a diverse range of cell types. As used herein, “pluripotent stem cells” as used herein refers to
a stem cell that can give rise to cells of multiple cell types. Pluripotent stem cells (PSCs) include
human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs).
Human induced pluripotent stem cells can be derived from reprogrammed somatic cells, e.g. by
transduction of four defined factors (Sox2, Oct4, K1f4, c-Myc) by methods known in the art. The
human somatic cells can be obtained from a healthy individual or from a patient. These donor
cells can be easily obtained from any suitable source. Preferred herein are sources that allow
isolation of donor cells without invasive procedures on the human body, for example human skin
cells, blood cells or cells obtainable from urine samples. Although human pluripotent stem cells
are preferred, the method is also applicable to non-human pluripotent stem cells, such as primate,

rodent (e.g. rat, mouse, rabbit) and dog pluripotent stem cells.

As used herein, “cardiomyocytes” are cells that express at least the cellular marker Troponin T
(Troponin T Type 2 (Cardiac), gene symbol TNNT2, Entrez Gene: 7139, UniProtKB: P45379),
and in a preferred embodiment also the cellular marker Alpha Actinin (ACTN2 aétinin, alpha 2,
gene symbol ACTN2, Entrez Gene: 88, UniProtKB: P35609). Expression of Troponin T and/ or
Alpha Actinin can be assessed by methods known in the art, for example by FACS analysis as
described in the example section. Cardiomyocytes can express spontaneous periodic contractile
activity (“beating”). This means that when the cardiomyocytes obtained by the method of the
invention are cultured in a suitable tissue culture environment with an appropriate Ca++
concentration and electrolyte balance, the cells can be observed to contract in a periodic fashion
across one axis of the cell, and then release from contraction, without having to add any
additional components to the culture medium. In addition the cells obtained by the method
disclosed herein can express other characteristics of cardiomyocytes, such as ion channel or

appropriate electrophysiology.
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As used herein, “proliferating cardiomyocytes” are cells that express expressing Alpha

Actinin and Troponin T and which proliferate by cell division.

“Expression of marker” means that a certain gene is transcribed into mRNA and usually is
subsequently translated into a protein (its gene product) which exerts a certain function in a cell.
The expression of a marker can be detected and quantified on the RNA level or on the protein
level by methods known in the art. Preferred herein is the detection of the expression of a marker
on the protein level, e.g. by testing for the presence of a certain protein with antibodies binding
to the marker.

Any of the above embodiments may be present singly or in combination.

In one embodiment of the present invention a method for generating patient specific or
healthy individual specific cardiomyocytes is provided. Towards this end, human induced
pluripotent stem cells (iPSCs) obtained from a patient or healthy individual are differentiated
into cardiomyocytes with the method described herein. The patient-specific human iPSCs can be
obtained by methods known in the art by reprogramming somatic cells obtained from the
patients or healthy individuals to pluripotent stem cells. For example, fibroblast cells,
keratinocytes or adipocytes may be obtained by skin biopsy from the individual in need of
treatment or from a healthy individual and reprogrammed to induced pluripotent stem cells by
the methods known in the art. Other somatic cells suitable as a source for induced pluripotent
stem cells are leucocytes cells obtained from blood samples or epithelial cells or other cells
obtained from urine samples. The patient specific induced pluripotent stem cells are then
differentiated to patient specific or healthy individual specific cardiomyocytes by the method
described herein. In another aspect of the invention, a population of cardiomyocytes produced by
any of the foregoing methods is provided. Preferably, the population of cardiomyocytes is patient
specific, i.e. derived from iPSCs obtained from diseased individuals. In another embodiment the

population of cardiomyocytes is obtained from a healthy individual.

Patient derived cardiomyocytes represent a disease relevant in vitro model to study the
pathophysiology of diseases like Dilated cardiomyopathy, Hypertrophic cardiomyopathy,
Restrictive cardiomyopathy, Arrhythmogenic right ventricular cardiomyopathy, coronary heart
disease. In one embodiment the cardiomyocytes obtained by this method are used for screening
for compounds that reverse, inhibit or prevent diseases caused by dysfunction of heart cells, e.g.
Cardiac hypertrophy, decreased beating efficiency, disorganized striation of the cardiomyocyte,
insufficient calcium handling. Preferably, the cardiomyocytes obtained by the method of the
invention described herein are derived from diseased subjects. In another embodiment the
cardiomyocytes obtained by this method are used for screening and evaluating new targets and

compounds for treatment of heart diseases, e.g those mentioned above. Preferably, the
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cardiomyocytes obtained by the method of the invention described herein are derived from
individuals affected by diseases like for example Dilated cardiomyopathy, Hypertrophic
cardiomyopathy, Restrictive cardiomyopathy, Arrthythmogenic right ventricular cardiomyopathy,
coronary heart disease. Differentiating cardiomyocytes from diseased subjects represents a
unique opportunity to early evaluate drug safety in a human background paradigm. In another
embodiment the cardiomyocytes obtained by this method are used as an in vitro model of the

heart.

The present invention provides a highly efficient method to supply patient specific
cardiomyocytes or compatible cells from healthy individuals with the same HLA type suitable
for transplantation, both derived in xeno-free conditions. “Xeno-free culture conditions” refers to
a medium and a substrate for attachment that comprising components only of human and
recombinant origin. Thus the risk of contamination with xenopathogens is circumvented and the
renal cells are safe for use in regenerative medicine. Differentiation of patient specific induced
pluripotent stem cells (iPSCs) into patient specific cardiomyocytes with the method described
herein represents an easy accessible and reproducible technology to generate autologous sources
of cardiomyocytes. The use of autologous and/or compatible cells in cell therapy offers a major
advantage over the use of non-autologous cells, which are likely to be subject to immunological

rejection. In contrast, autologous cells are unlikely to elicit significant immunological responses.

In a further preferred aspect of the invention the generation of a BioBank of patient
specific cardiomyocytes is envisaged. In one embodiment, a BioBank comprising different
populations of cardiomyocytes obtained from healthy individuals and / or patients is generated.
The term “BioBank” as used herein means a library of biological samples taken from different
individuals or species. The archived collection of specimen and associated data is intended for
research purposes with the aim of addressing diseases associated with Dilated cardiomyopathy,
Hypertrophic cardiomyopathy, Restrictive cardiomyopathy,Arrthythmogenic right ventricular
cardiomyopathy, coronary heart disease. In another embodiment, the BioBank is used for

vascular regenerative medicine approaches.

In another aspect, the invention provides a therapeutic composition comprising
cardiomyocytes produced by any of the foregoing methods or comprising any of the foregoing
cell populations. Preferably, the therapeutic compositions further comprise a physiologically
compatible solution including, for example, a phosphate-buffered saline with 5% human serum
albumin. The therapeutic composition can be used to treat, prevent, or stabilize diseases such as
for example, Dilated cardiomyopathy, Hypertrophic cardiomyopathy, Restrictive
cardiomyopathy, Arrhythmogenic right ventricular cardiomyopathy, coronary heart disease. For
example, fibroblast cells, keratinocytes or adipocytes may be obtained by skin biopsy from the

individual in need of treatment or from a healthy individual and reprogrammed to induced
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pluripotent stem cells by the methods known in the art ("Induction of pluripotent stem cells from
adult human fibroblasts by defined factors." Takahashi et al., 2007, Cell 131, 861-72). Other
somatic cells suitable as a source for induced pluripotent stem cells are leucocytes cells obtained
from blood samples or epithelial cells or other cells obtained from urine samples. The patient
specific induced pluripotent stem cells are then differentiated to cardiomyocytes by the method
described herein, harvested and introduced into the individual to treat the condition. The
cardiomyocytes produced by the method of the invention may be used to replace or assist the

normal function of diseased or damaged tissue.

Another embodiment of the invention is the use of BioBanks of cardiomyocytes for
therapy of diseases associated with Dilated cardiomyopathy, Hypertrophic cardiomyopathy,
Restrictive cardiomyopathy, Arrhythmogenic right ventricular cardiomyopathy, coronary heart
disease. The BioBanks preferably comprise cardiomyocytes obtained from patients or healthy
individuals with several HLA types. Transplanting cells obtained from a healthy donor to an
individual in need of treatment with a compatible HLA type obviates the significant problem of
rejection reactions normally associated with heterologous cell transplants., Conventionally,
rejection is prevented or reduced by the administration of immunosuppressants or anti-rejection
drugs such as cyclosporine. However, such drugs have significant adverse side-effects, e.g.,
immunosuppression, carcinogenic properties, kidney toxicity as well as being very expensive.
The present invention eliminates, or at least significantly reduces, the need for anti-rejection
drugs, such as cyclosporine, imulan, FK-506, glucocorticoids, and rapamycin, and derivatives
thereof.

With respect to the therapeutic methods of the invention, it is not intended that the
administration of cardiomyocytes to a mammal be limited to a particular mode of administration,
dosage, or frequency of dosing; the present invention contemplates all modes of administration,
including intramuscular, intravenous, intrarticular, intralesional, subcutaneous, or any other route
sufficient to provide a dose adequate to prevent or treat a disease. The cardiomyocytes may be
administered to the mammal in a single dose or multiple doses. When multiple doses are
administered, the doses may be separated from one another by, for example, one week, one
month, one year, or ten years. One or more growth factors, hormones, interleukins, cytokines,
small molecules or other cells may also be administered before, during, or after administration of
the cells to further bias them towards a particular cell type.
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EXAMPLES
Materials and Methods

CP21R7: 3-(3-Amino-phenyl)-4-(1-methyl- 1H-indol-3-yl)-pyrrole-2,5-dione (also
5 referred to as “compound 217 or “CP21” herein; see e.g. L. Gong et al; Bioorganic& Medicinal

Chemistry Letters 20 (2010), 1693-1696).

H

N O

O
= O NH2
g8
\
CP21R7
Wnt-C59 : 2-(4-(2-methylpyridin-4-yl)phenyl)-N-(4-(pyridin-3-yl)phenyl)acetamide

(Cellagen Technology, Cat. C7641-2s, W02010101849):

10
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Human ESCs: SA001, LOT CAO001 were isolated on March 20, 2001 at Géteborg
University and Cellartis AB Arvid Wallgrens Backe 20, SE-413 46 Géteborg, SWEDEN follows
all applicable laws in Sweden and is approved by the Local Research Ethics Committees at
Goteborg University and Uppsala University. Embryo source: Frozen, surplus from IVF. Donor
confidentiality: In order to protect the privacy and the confidentiality of the donors, all identifiers
associated with the embryo donors have been removed. Thus, no information about the donors is
accessible. Notably, the donation did not result in any financial gain for the donors. We have the
approval to work with hESCs and to derive different cell lines. The responsible ethical
committee (Ethikkommission beider Basel) and the Federal office of public health have

approved our research project. (Ref-No: R-FP-S-1-0002-0000).

Human iPSCs: Catalogue Number: SC101A-1 Lot. Number 110218-FF from SBI System
Biosciences / Catalogue Number: A13777 from Life technologies Gibco® Episomal hiPSC Line.

Human pluripotent stem cells are routinely cultured on hESC-qualified Matrigel (BD
Bioscience) in TeSR1 medium (Stem cell Technologies). Cultures are passaged every 4-6 days
using StemPro Accutase (Invitrogen). For an increased viability TeSR1 medium is comprising

10 uM ROCK-inhibitor one hour prior enzymatic dissociation.

500ml Differentiation medium

RPMI1680 + Glutamax 481ml GIBCO#61870
Ascorbic Acid (10mg/ml) 4ml Sigma#A4544
(final concentration: 80 pg/ml)

B27 - Insulin (50x) 10ml Invitrogen#05-0129SA
PenStrep Sml GIBCO#15140-122
(final concentration: 50U/ml)

500ml Expansion medium
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RPMI1680 + Glutamax 481ml GIBCO#61870
Ascorbic Acid (10mg/ml) 4ml Sigma#A4544
(final concentration: 80 pg/ml)
B27 + Insulin (50x) 10ml Invitrogen#12587-01
PenStrep Sml GIBCO#15140-122

(final concentration: 50U/ml)

Further reagents and materials useful herein:

Matrigel (BD Bioscience, Cat.354277)

mTeSR1 medium (Stemcell Technologies, Cat.05850)

Accutase (Innovative Cell Technologies, Cat.AT-104)

Rock inhibitor, Y-27632 (Millipore, Cat.SCM075)

RPMI medium (Gibco by Life Technologies, Cat.61870)

Ascorbic Acid (Sigma, Cat.A4544)

50xB-27® Supplement Minus Insulin (Gibco by Life Technologies, Cat.0050129SA)
Penicillin-Streptomycin (Gibco by Life Technologies, Cat.15070)

50xB27 plus Insulin, minus Vitamin A (Gibco by Life Technologies, Cat.12587)
0.05% Trypsin/EDTA, 1x (Gibco by Life Technologies, Cat.25300)

autoMACS Running Buffer (Miltenyi, Cat.130-091-221)

Inside Perm + InsideFix (Miltenyi, Inside Stain Kit, Cat.130-090-477)

0.1% Gelatine (Millipore, Cat.ES-006-B)

Cryogenic vial (Corning#430659)

Mr.Frosty Freezing Container (Thermo Scientific#5100-0001)

DMSO (Sigma#D2438)

Fetal Bovine Serum (Invitrogen#16000044)

Falcon Cell Culture Dishes 35x10mm (BD#353001)

Falcon Cell Culture Dishes 100x20mm (BD#353003)

6-well- plates Corning Costar (Sigma#CLS3516)

Anti-Sarcomeric Alpha Actinin [EA-53] antibody (Abcam, Cat.ab9465)
Anti-Cardiac Troponin T antibody (Abcam, Cat.ab45932)

Alexa Fluor® 488 and Donkey Anti-Mouse IgG (H+L) (Invitrogen, Cat.A21202)
Alexa Fluor® 647 Donkey Anti-Rabbit IgG (H+L) (Invitrogen, Cat.A31573)
Alexa Fluor® 555 Donkey Anti-Rabbit IgG (H+L) (Invitrogen, Cat.A31572)
Hoechst 33258, Pentahydrate (bis-Benzimide) (Molecular Probes, Cat. H3569)
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Differentiation of cardiomyocytes from human embryonic stem cells (hESC) and induced

pluripotent stem cells (iPSC)

Human embryonic stem cells (hESC) or induced pluripotent stem cells (iIPSC) were cultured in
56cm? dishes coated with Matrigel (BD Bioscience, Cat.354277) at 37°C and 5% CO2 in 10 mt
mTeSR1 medium (Stemcell Technologies, Cat.05850).

Before starting the cardiomyocyte differentiation the cells were passaged for 3-4 times to ensure

that the pluripotent stem cells showed stable growth and duplication times.

To propagate pluripotent stem cells by conserving their pluripotent state, hESC or iPSC were
treated the following: The cells were washed once with 10 ml PBS -/-, and afterwards incubated
with 3 ml Accutase (Innovative Cell Technologies, Cat.AT-104) for 2-3 minutes at 37°C and 5%
CQO,, to detach the cells.

The enzymatic reaction of Accutase was stopped with 7 ml mTeSR1 and followed by

centrifugation of the cells for 3 minutes at 500xg.

The cells were resuspended in 10ml mTeSR1, and counted. For further cultivation, 2x10° cells
were plate on 56¢cm?” dishes with fresh coated Matrigel. Further the hESC or iPSC were cultivated
in 10 ml mTeSR1 and 10 pM Rock inhibitor, Y-27632 (Millipore, Cat.SCMO075) at 37°C and 5%
CO2. Subsequently, 10 ml mTeSR1 medium was changed daily and the pluripotent stem cells

were cultivated to a density of 80% before passaging.

For successful differentiation into cardiomyocytes pluripotent stem cells were plated at high
density using 5.5x10°/cm?® of hESC or iPSC. Passaging and cultivation were performed as

described above for pluripotent stem cells.

After 24 hours (day 1) the hESC or iPSC were washed once with 180ul/cm® PBS -/- and the

cultivation medium was changed to 180ul/cm? differentiation medium.

To initiate the differentiation of the pluripotent stem cells towards the cardiac lineage, the
medium was comprising 2uM compound 21 (CP21,) a small molecule and highly selective

inhibitor of glycogen synthase kinase 3 (GSK3p).

After 24 hours (day 2) incubation with CP21, the cells were washed with PBS -/- as described

above and cultivated for 48 hours in 220ul/cm?2 differentiation medium.
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After 48 hours (day 4) the cells were washed with PBS -/- as described above and cultivated for

48 hours in 220 ul/cm? differentiation medium comprising 2uM Wnt-C59 (Cellagen Technology,
Cat. C7641-2s, W02010101849), a potent wnt signaling inhibitor, by blocking the wnt secretion.

After 48 hours (day 6) the cells were washed with PBS -/- as described above and cultivated for

48 hours in in 220 pl/cm?® differentiation medium.

After 48 hours (day 8) the cells were washed with PBS -/- as described above and cultivated for
48 hours in 220 ul/cm* RPMI medium comprising Ascorbic Acid, Penicillin-Streptomycin but

now including B27 plus Insulin, minus Vitamin A (= expansion medium)

First cardiomyocytes visible by beating cells were observed at day 8 of differentiation further

increasing until day 14,

Subsequent medium changes were performed every 48 hours using 220 pl/cm® expansion

medium.

Cell Characterization

To test the efficiency of the differentiation process the cardiomyocytes were characterized at
differentiation day 14 by cell immunohistochemistry and Fluorescence Activated Cell Sorting

(FACS) using antigens specific to cardiomyocytes.

Fluorescence Activated Cell Sorting (FACS) Analysis

Cells were washed with 180 ul/cm?® PBS -/- and dissociated 5-10 minutes with 100 ul/cm?® 0.05%
1x Trypsin/EDTA (Gibco by Life Technologies, Cat.25300) at 37°C and 5% CO..

If necessary, the cells were gently scraped from the cultivation vessel, pipetted up and down and

subsequently incubated 5-10 minutes at 37°C and 5% CO,.
Afterwards threefold expansion medium and 10% fetal bovine serum (FBS) was added.
Then, cells were filtered through 100 um cell strainer and counted.

For analysis, 1x10° cells in suspension were transferred into 1.5 ml tube. After 3 minutes

centrifugation at 500xg, supernatant was removed and cells were fixed with 50 ul of Inside Fix
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(Miltenyi, Inside Stain Kit, Cat.130-090-477) and 50 ul PBS -/- for 15 minutes at room

temperature in the dark.

Afterwards 100 ul autoMACS Running Buffer (Miltenyi, Cat.130-091-221) was added and
centrifuged. Supernatant was removed and cells were washed with 100 ul Inside Perm (Miltenyi,
Inside Stain Kit, Cat.130-090-477), centrifuged and supernatant was removed. Cells were
incubated with Anti-Sarcomeric Alpha Actinin [EA-53] antibody (Abcam, Cat.ab9465) and
Anti-Cardiac Troponin T antibody (Abcam, Cat.ab45932), 1:100 diluted in Inside Perm for 1
hour at 4°C.

Afterwards cells were washed with 500 ul Running Buffer, centrifuged and supernatant was
removed. Cells were incubated with secondary antibodies (1:1000 in Inside Perm) for 10 minutes
at room temperature. The following secondary antibodies were used: Alexa Fluor® 488 Donkey
Anti-Mouse IgG (H+L) (Invitrogen, Cat.A21202) and Alexa Fluor® 647 Donkey Anti-Rabbit
1gG (H+L) (Invitrogen, Cat.A31573).

Subsequently, cells were washed with 500ul Running Buffer, after centrifugation resuspended
cells in 500ul Running Buffer and measured by fluorescence activated cell sorting (FACS)

system.

Differentiation of cardiomyocytes from human embryonic stemcells (hESC) and induced

pluripotent stemcells (iPSC) using different CP21 concentrations

The protocol as described above was repeated with different CP21 concentrations. The results
are shown in the table below: (-) No cardiomyocytes obtained, (+) — (+++): Amount of

cardiomyocytes obtained.

03 1 2 3 5 10

Experiment | - - + ++ ++ + -

Cp2lconc.inpM | O

Experiment || - - + +++ + - -

Experiment Il - - + ++ ++ . -
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Purification
To increase purity of the cardiomyocytes an enrichment step was developed.

As described above cells were washed with 180 pl/cm® PBS -/- and dissociated 5-10 minutes
with 100 pl/em?® 0.05% 1x Trypsin/EDTA (Gibco by Life Technologies, Cat.25300) at 37°C and
5% COsa.

If necessary, the cells were gently scraped from the cultivation vessel, pipetted up and down and

subsequently incubated 5-10 minutes at 37°C and 5% CO,.
Afterwards threefold expansion medium and 10% fetal bovine serum (FBS) was added.

Then, cells were filtered through 100um cell strainer and counted.

Fresh plates coated with 130 ul/cm® 0.1% Gelatine (Millipore, Cat.ES-006-B) were incubated for
1 hour at 37°C.

2.7x10°/cm? cells were plated in 180ul/cm?® expansion medium 10% fetal bovine serum (FBS).
In addition 10 uM Rock inhibitor was added. After 24 hours 220 ul/cm* medium was changed

expansion medium without FBS and Rock inhibitor. The medium was changed every 48 hours.

At day 18-21 cells were analysed with FACS and again replated as described above in different
formats for following analysis: Immunoflourescence stainings, xCELLigence to detect Beating

Rhythm and Proarrhythmic Effects of Compounds in Stem Cell-Derived Cardiomyocytes.

Cells were transferred to plate formats compliant with assay conditions. Cells were allowed to
attach for 24 hours in 200 ul/cm® expansion medium plus 10% fetal bovine serum (FBS). In
addition 10 uM Rock inhibitor was added. After 24 hours 220 pl/cm’ expansion medium was

changed without FBS and Rock inhibitor. The medium was changed every 48 hours.

Freezing and Thawing of Cardiomyocytes

At day 14 cardiomyocytes were replated as describes for the purification method. On day 18
cells were dissociated as outlined above and subsequently analyzed by FACS for their alpha-
actinin and troponin T expression. Cultures with 80% and above cardiomyocytes were subjected

to the freezing protocol. Culture with less than 80% cardiomyocytes were discarded.
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Cells were counted and 4x10° cells were frozen with 1 ml of cooled FBS comprising 10%
DMSO and 10uM Y-27632 per cryogenic vial.

Cells were centrifuged for 3 minutes at 500xg and subsequently resuspended carefully in FBS
supplemented 10% DMSO and 10uM Y-27632. 1 ml aliquots of the cardiomyocytes cell
suspensions were filled into 4°C pre-chilled cryogenic vials and frozen for 24 hours at -80°C.

Afterwards cryovials were stored in liquid nitrogen.

To thaw the cardiomyocytes a vial was incubated for 1-2 minutes at 37°C in a waterbath and the
cells were carefully transferred in 10ml expansion medium plus 10% fetal bovine serum. Cells
were centrifuged for 2 minutes at 300xg. Afterwards the pellet was resuspended in 6ml
expansion medium plus 10% fetal bovine serum and 10uM Y-27632 and plated onto 3 wells of
6-well-plate coated with 0.1% gelatin. After 24 hours cell were changed to 220 ul/cm” expansion
medium without FBS and Y-27632. Subsequently the medium was changed every 3 days and
after 5-7 days the cells were plated onto plate formats compliant with assay conditions (e.g.
Assay for detecting disorganization of cardiac striation: 96 well format; Assay for recording

beating frequency: 96 well format).

xCELLigent Cardiomyocyte Beating Analysis

Isoproterenol increases the heart rate and myocardial contractility by stimulating cardiac beta-1
receptors. To detect this proarrthythmic effect in the stem cell derived cardiomyocytes,
7x10%cm? cells were plated on special E-Plate Cardio 96 (Roche, Cat. No. 05232368001) coated
with 130 ul/em® 0.1% Gelatine for 1 hour at 37°C. After cells attached to the plate and recovered
for 2 days as described above, medium was changed to iCell Cardiomyocytes Maintenance
Medium (Cellular Dynamics, Cat. No.CMM-100-120-005). Cells were measured using the
xCELLigence RTCA Cardio System (Roche Applied Science). 7 days after plating the cells were
treated with 3uM Isoproterenol and measured directly. Each 96-well plate was measured at a
resolution of 12,9 ms. The first 3 minutes were measured without interruption and over the next

24 hours the cells were measured every 15 minutes for 1 minute duration.



10

15

20

25

WO 2015/169762 PCT/EP2015/039745

20

Immunofluorescence Staining

For immunofluorescence staining, cells were fixed with 4% Paraformaldehyd for 15 minutes at

room temperature.

After washing cells with PBS -/-, the cells were blocked and permeabilized for 20 minutes at
room temperature with 10% donkey serum in PBS -/- and 0.1% Triton (Blocking Buffer).
Afterwards the cells were stained overnight in blocking buffer at 4°C with 1:100 diluted primary
antibodies Anti-Sarcomeric Alpha Actinin [EA-53] antibody (Abcam, Cat.ab9465) and Anti-
Cardiac Troponin T antibody (Abcam, Cat.ab45932).

Cells were washed with PBS -/- and stained 1:1000 in blocking buffer with secondary antibodies
Alexa Fluor® 488 and Donkey Anti-Mouse IgG (H+L) (Invitrogen, Cat.A21202) and Alexa
Fluor® 555 Donkey Anti-Rabbit IgG (H+L) (Invitrogen, Cat.A31572) for one hour at room
temperature in blocking buffer. Nuclei were stained after several PBS -/- washing steps with
1:1000 diluted Hoechst 33258, Pentahydrate (bis-Benzimide) (Molecular Probes, Cat.H3569) in
PBS -/-.

Results

After differentiation, the cells were analyzed for their cardiomyocyte content. Fig. 1 depicts a

FACS analysis quantifying cardiomyocytes on differentiation day 14.

An average of 80-90% cardiomyocytes characterized by Alpha Actinin and Troponin T double
positive cells was obtained. In Fig. 1, a subpopulation of the cells stained single positive for
Alpha Actinin (5-10%). This is an indication of more immature cardiomyocytes and for this
reason this population was not included for scoring. This result was independent of using hESC
(Fig.1A) or iPSC (Fig. 1B) as a source of pluripotent stem cells. Starting with 5.5x10°/cm?
pluripotent stem cells the differentiation protocol generated an average of 4-5x10°/cm® Alpha

Actinin and Troponin T positive cardiomyocytes.

To demonstrate robustness of the differentiation protocol we performed several experiments and
analyzed the content of cardiomyocytes in each culture. Fig. 2 depicts 10 independent
experiments showing differentiation efficacies towards cardiomyocytes ranging between 95 and
40%. However, the majority of the experiments (7 out of 10) showed a cardiomyocyte content

over 75%, which is an . acceptable ratio. Experiments generating 60 % cardiomyocytes and more
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were progressed. Differentiations with less than 60% cardiomyocytes were discarded. The
variability between experiments is most likely caused by the quality and cultivation state of the

pluripotent stem cells at the beginning of the differentiation.

To further increase purity towards cardiomyocytes, an additional purification step was
established. At differentiation day 14, the cells were detached and analysed by FACS. Figure 3 A
shows that the culture counts 9x10°/cm? cells containing 60% (5.4x10°/cm®) cardiomyocytes at
day 14. For the purification method to be successful, the minimum percentage of Alpha Actinin
positive cells should be 60% and more. The dissociated cells are replated (2.7x10°/cm?) and
cultivated in expansion medium. After 7 days cells were harvested, 4.5x10°/cm?® cells were
counted and analyzed. Figure 3 B shows that after the purification step the cardiomyocyte
content in the culture increases from 60 to 98%, demonstrating the efficient generation of
4.4x10°/cm? highly enriched cardiomyocytes by using this method. Afterwards cells were

transferred to cultivation formats compliant with assay conditions.

The cardiomyocytes were analysed by immunofluorescence for further characterization. Fig.4
shows an immunofluorescence stain of cardiomyocytes at day 27 using antibodies against Alpha
Actinin (green), Troponin T (red) and the nuclei specific Hoechst stain (blue). The resulting
immunofluorescence in Fig. 4 shows cells with alpha actinin and troponin T specific striation

that is characteristic for cardiomyocytes.

Activation of B-receptors on the heart induces positive chronotropic effects in cardiomyocytes.
To confirm that the pluripotent stem cell derived cardiomyocytes respond to P-receptor
activation, the cardiomyocytes were incubated with the B-receptor agonist isoproterenol and
subsequently analysed using the xCELLigence system. Fig. 5 shows that after incubating the
pluripotent stem cell derived cardiomyocytes with 3uM isoproterenol the beating rate increased
to 60 beats a minute from 45 when compared to untreated control. This experiment further
demonstrated that the pluripotent stem cell derived cardiomyocytes generated by this

differentiation protocol resemble functional human cardiomyocytes.

Freezing and thawing of cardiomyocytes has been traditionally difficult due to the low level of

cell recovery after thawing.

Since it is important for assay development to have large batches of identical cells, we tested if

the pluripotent stem cell derived cardiomyocytes can be stored in a freezer and afterwards
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thawed. We tried to freeze the differentiated cardiomyocytes at different ages (day 14, 18 and
32). As can be seen in fig. 6, cardiomyocytes frozen at earlier differentiation stages show a
higher cell survival rate after thawing. However, cell thawed after purification on day 18 of
differentiation provided the best conditions for using the cells for pharmaceutical assays. At this
stage cells show a much higher purity after thawing and cardiomyocytes could be directly

transferred onto cell culture vessels that are compliant with assay formats.

When thawing cardiomyocytes frozen at differentiation day 32, the survival rate was very low
and many cells were lost. This is due to the low proliferation rate of the cells at this stage

resulting in low recovery of cardiomyocytes after thawing,.

We determined that the optimal time for freezing pluripotent derived cardiomyocytes was after
purification at differentiation day 18. At this stage recovery rate is on average more than 85%
Alpha Actinin and Troponin T positive cells and cardiomyocytes are still proliferating providing

optimal conditions for using the cells further for assay development.



5

10

15

20

WO 2015/169762 PCL/EP2015/059745

25.
Claims

1. A method for differentiating pluripotent stem cells into cardiomyocytes, said method

comprising the steps of:

a) providing pluripotent cells at a density of 3 - 7x10°/cm?

b) incubating said cells in an insulin free medium comprising a compound of formula

. The method of claim 1, wherein the cells are incubated in an insulin free medium

comprising 0.3-10uM of said compound.

. The method of claim 1 or 2, wherein step b) comprises incubating the cells for 12-48

hours.

. The method of any of claims 1 to 3, additionally comprising step c) incubating said cells

in an insulin free medium comprising Wnt- C59.

. The method of claim 4, wherein step ¢) comprises incubating said cells in an insulin free

medium comprising 1-10 uM Wnt- C59.

. The method of claims 4 or 5, wherein step ¢) comprises incubating the cells for 24-72

hours.

. The method of any of claims 1 to 6, wherein the cells are incubated for 24-48 hours in

insulin free medium in between the steps.

The method of any of claims 1 to 7, additionally comprising step d) incubating said cells

in a medium comprising insulin.
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The method of any of claims 1 to §, wherein the medium of step b), ¢) and d) comprises

ascorbic acid.

The method of any of claims 1 to 9 wherein said pluripotent stem cell is an induced

pluripotent stem cell.
The method of claim 10, wherein said induced pluripotent stem cell is a human cell.

The method of claims 10 or 11, wherein said induced pluripotent stem cell is obtained

from a subject suffering from a disease caused by dysfunction of heart cells.
Cardiomyocytes obtained by a method according to any of claims 1 to 12.
A biobank of cardiomyocytes obtained by a method according to any of claims 1 to 12.

Use of the cardiomyocytes obtained by a method according to any of claims 1 to 12 or of
the biobank of claim 14 as in vitro model for diseases caused by dysfunction of heart

cells,

A therapeutic composition comprising cardiomyocytes obtained by a method according
to any of claims 1 to 12 or the biobank of claim 14.

The methods and uses essentially as herein described.
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5. BUFIE R4 v, o b o) BIEE-SH 1-10uM Wnt-Co9KI IR B R FHE T 7
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BT £ % s T AL A DAL RRRRY 5 0%

ARG

[0001] AR % AT (5 2 A5 -0 (PSC) 43-f 9 CoLARIHLR 75 v o B 41, 2 o0 50 2
F {5 ) BER T4 (hESC) 15 S5 2 85 F40 (1 PSC) 43 b B L WUAR B O 74, 1207 v
EF LR HEN SR LSS OEES T,

BHREAR

[0002] VFZAELK, ZFMEER RGC HTIRIRETAMIT R (B2, BB LA 40 it sy
N ER 73 I Bk 25 ) AE IR o e MR AR B 5, AR B 1UR B B0 4 AR BV B B A RO PR 3 AR AL
M. BAAT S , AL RS UR OISR BB ARG HEER, Tl eI A REE BN
FEAE R T 24 R AR AR B R B8 . R L, R FE ST AT ERF R AT R b FAE T SE R0 40
A A B B 2 e A G N SR R R TR

[0003]  AJEAGF4HA (hESC) i R0 £ ReF4M (iPSC) NI RN RIRAE T P ThietE
NZafaREY (O LA AP A o AR B BRI 45) B KPLE . B TR 4h o 4b ZEhESCHTi PSC
FIEHINC LA ML (MESCM) 55 7= s @ A2 E 2 R KA T A, AMUg st BN OE R
4 (cardiogenesis) IR, i& FO LR AE AR 8510 N\ 4R B0 2 S 7E 25 M FF & 1O I PR BT
B B 2 D Th 38, B AE B NI R 2 B ¥4t O IE B3 1k & e 4, hESCSRIBE I N O ILR B e % 52
SPLIERAEZREBERNGBRIT A TS, A SBCCRFRE T TR ITE R R R
[0004] T KFEFT YA R MMM e, X 2650 AR T oA B AR U 2
PATFARMERI 40 . a) 22, BB m/AKFRIRTESE M ;b) A RER A AR KA ;o) 7]
FEFET (8] 9 2344 s ) P2 AR TT A VR I 4B , DAGRAIE 25 Fib 7 V6 sh O Ik — B s o) SR AL ThRE M
FAE PR 22 A0 S e P T AR o 4 i P W. Burridge S5 45 3R T 18 £ R 40 M 4340l 0o L
M ER A FEAR TG (P Burridge,Keller,Gold,&Wu,2012) .12 414 —F T &R IR
UL BFRHE BARTN S, 185t 2 AR IR 18 B O LGN A 3 LA TR R R VR T R % SR AR A T R
R

[0005] ATHERLERE,RMNEETFEREGEALKOVME (E£L95%) FHFH
ITTE Z AT IR R 2 F R SE 1 /N4 TR TELOR RO (8] B 9 15 S 1A O LA R 1k
R TP REG AR, #d AR LT 8 S5 EFT R (replating) EATRE £ O
WIZHARE . b4, B8 5 T AR D VAR AR, ZER AR T (R A7 » PR AR R . B 2 O A4 RF &
JUM A T 20t AT K 5 B 20 A K B R At 5 A BRI AE AR b 2E R R v (8] py DA
BER SR 2 R8T MR O A B0 77 8RR T N Z BT A
IRBUARB N R L B, H-£BR T 1245 2L B VAR T E R AR E 2
B AN, B AR R VPR Pl X e A e 1O LR B AR B F 25 M R B AN 22 &
YEVEAS T B AR SR H R A FARSNRRERL.

[0006] & BAMER

(0007] 1. AR THEZ R TAHRS A OLUHBRI TIE, ZTIEBTE S E:

[0008] &) FRALEEE F3-Tx10°/ e £ RE T 4H A ;
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[0009] b)EEH FARHIUEYH LIRS EEFEPFE ZHH.

H
H o}
(o]
= NH,
[0010]
= | \
X N

[0011]  FE—ADLHEH RSP, ES0.3-10MZIL S LIRS R EFET T 2450
[0012]  FE—ALiE R4, B IRD) B R 24 12-48/M .

[0013]  FE—ANSLHEH RF, ZAELEHE S E) EEWnt-CoOM LR REFREFHE
ZANH .

[0014]  fE—LHEH RSP, Sc) BRES1-10uM Wnt-Co LIES R FEDHRET %
il

[0015]  FE—ANSLils R, B TRc) B E ZAM24-T2/10 .

[0016] LT REF PR INETIES RIEFE P IR T Z M 2448/,
[0017]  HE—ANLHTEF, ZHECEHELR) £ FES RN RET T Z4A8.
[0018]  fE—ANsEitiy Beh, 5 IRD) (o) Ald) FI3EFERE S 44 RC.

[0019] FE—PEEHTEP, ZZRTHARRFILZRETHM.

[0020]  FE—ANSLfE T EF, %5 S AL R T M= A\

[0021]  HE—NELEFRY, ZESFHZRETARKE BH hOFEMBEIhEE R 5 EMIKR
T EANME .

[0022]  FE—ANsLith Beb , SR ALE I E R L _LsEiE 5 R ERB L4 .

[0023]  FE—ASEHJT R, R AEEE R UL b STl 50 7 SRR I O LA B B0 AR 4 4R
17 (biobank) »

[0024] fE—/NSEHET R BT E UL RS0HE TS A5 VESR 1RO LA B B0 UL 40 B Y
HEDARAT FAYE E O IR 4N B ThRERE S 5| I ZR R A AR SRR

[0025] fE—/NSEMETS R, A0 SEIT AT B LA S T R T VEIRIE R L AL A ER O
LZRA ) A AR AT VR TT B Ao

[0026] {EE DL b2ty v LA B A R BEH & 17 7E

[00271  ff B 73R

[0028]  [&]1:FACS/#T % 40 T 40 A SR L AR B 8 R B 0o JUL 4R B « hESC AT i PSCHT = 4 AH LAY
58 A AJRFET 4RSI B O 4R . B: N5 S 89 £ R T 40 M SIS 1 O L4 D .

(00291  FE2: £ RO AL AL BIFACS 7 A iE B VR AE H AR (g

[0030]  [&3:FACSH#T B R 4uik 7 i Bt D SR B A 4 A 514K 5. 5x10%/cm® O ULEH AR
160 % 4 B B {02k 5 18 54 . 4x10%/cm? O WL B AR 98 %% 4 o

[0031]  [E4: BRIt Ha——IERME ST B O N4 B 4 B o s L3N &
EAHESEATHROEN R ) AHEIES L6 @ HSED  EE O (4.
[0032]  [E]5:xCELLigentHT——RAEF kIR RIS £ 66 T 40 PSR IR O HL4H B A Bk
BNINE .
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[0033]  PE6: ZEEFAMRIEH O UAMRE S LB 14 R I 18R MR G B7r & L BRI A7
LA FE AN TR, A R4 L0 IR

[0034]  RHEAVER

[0035] A& BRIRAL SEUE BORIMFZABLG , 7R BR8] P R0 DA B 4R v i 3 38 O L4 Bl 7™
A8 2 ReT-40 M0 446 O LA BB B0 7 7%

[0036) A SCAFFRY T AR BE T4 (hESC) Al SR £ B T4 (APSC) S M xE
B UL B 3 T EE T U ER S RN ERER RN ERP R, ARE 2 WEMNI0R
(BRFE R 8R) e =Bk sh 4 .

[0037]  FE—ANSEHET R, R4 TE 2 R8T 4 -t o 0 VA B 7 % 2 07 VA BT
IR

[0038] &) IRALZERE N3-Tx 10 40/ cmh £ BE ARG ;

[0039] b)) EER FRMULEVWH LB RIFFREPHE ZH0M:

H
N (0]

= NH
= | N\
R

[0041]  3- B-F F-FKEL) —4— (1-FF F-1H-15|We—3-FE) -mL g -2, 5- i (CP21)
[0042]  $%3-7x 10 *4HE/cn’f0 % & BIIEH BRI EE) RE LT E—NEiET R
B, %5 5x 10° 4/ cm? B 2 B SR AL 40 M . & A BT b, A7 VR R B N R B, 15 2 B R L
MRS T R E O~ Z,
[0043]  fE—ANSLHETRF, R P Ba) IS8T, FIE B S MR EE SR PR IE
T R LR A , DA R B AT AT SE40 D
[0044]  BIRD) M FRER TS RBFRE SR RS UEHRETRZ S RBE
B R AZREDR BR, EFES TN =B K0 & £ (Lian u.a.,2013) .
[0045] ARG SL, EEHNED21, - G-FE-FE) 4~ (1-F E-1H-W5|W-3-%) -
Mg -2, 5- 8, A ST HER N “ & H21” B “CP217 ; 2 WA INL . Gong %% ; Bioorganick
Medicinal Chemistry Letters 20(2010),1693-1696) (TG & E s R R iR & 400 , L
WIEwnt iR M EW2E S OGS W BB R ER BT E TARER M
P 40 B 5 B L 7E 48 PN R 4B 35 B (1. 8-11x10°/cm2hESCEL1PSC) #1242 #HCP21 (0-10uM) ¥ FE
LA PAT SE8e  , R BLE F5 . 5x10°/ cm® 0 40 i 2 5 I 2uMAICP2 IR B S B2 RE T4 iR =%
A8t O VLGN . = T 5uMATCP2 13K B B /R PR A 4R AR TE R . IX R4 NI B 1, B N
MAERARRETREESKEN AWt 2 RS FEITE R 5.
[0046] TE—ANSEHEA RH , DU HVERI B D) BFEAESH0.3-10uM CP21.Hi%&0.5-5uM
CP2IH I FREFME MM E —MUEL T R+, 2T IER P RD) B E S A 2uM
CP2IHI B TR E A I B 4.
[0047]  CP215B & 24/ 5, AU B/R5R ZU AT 4l A AE = M 2 FhCP2 1% 5 B (8] 2.7 , 2470
F XU R AR T B IE , BB A 0% B IR S B R Ak

[0040]

5
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[0048] FE—ASLHEH RS, SED) BIEESHCP2IMN LSRR T E M12-48
NI, A1 18-24 /N o

[0049] FE—MMRESLHET R, DB BFEESACP2IN LES R R DN E 424
INET

[0050]  FE—ANERHET R, D ED) FIEFEG S YA RC.C BRI ZEREEFREE P In 4
AR LA 54k (Cao u.a.,2012) .

[0051]  [A|h, TE—/NSEHEH B, B TRD) BIIEFRER S HCP2I LA RCH LIRS R+
BN R, EFRECE0.5-5uM CP21A4gE4E &RC.

[0052] FE—ASLETRY, ZHEH S EE S Ee) £ E B WInt-CoIRI TIES RIEFFE
B %A .

[0053]  Wnt-C59Z[HKiWnt {5 54 FE AR /N (W02010101849, 2- (4- (2—FF FEnk g —4-
) HKF) -N- (4- (png-3-38) KE) 2B Wint-CooREFHUAMFmEFENINtES K
MHEPLH . B tEPorcupine (JEZ G 0-BE E B E) X WntE A B A AR A8 BE 2 L
(palmitylation) , MTTIRE BrWnt B8 B R 2 FVE 14

[0054]  {i FAS [E) 3 B B wnt B I& #Wnt—-C59 (1-10uM) SF0 AL B Z 1. BOE R E L
BN 2uMo FEAR AWt -CoIMI 1B I T, AL AN 7= A L LA S o A8 St 5uM. Wnt-CH9R IR FE &R
WIMEIAREIE T AE— R R, TR P B e) BIEFE S 1-10uM Wnt-C59HI 1%
FREPRE M. E—MUESLIE T BF, o 7R S Be) B &H 2uM Wnt-C598 3%
FrREEIR B M

[0055] PR Fwnti@fdm BERE AR, W T HA B A A RERT A Wnt 315

[0056] $HUUE R ZHE MEMIIE (niclosamide) (Chen%: ,Biochemistry.20094E11 H3H ;48
(43) :10267-74.) R #Frizzled 1 IF/E A, T MDishevelled-28 H B, H 3 HIWnt AR
() B-1E 5 A 2 B AL FILEF /TCRHRIE V& 1

[0057]  #hig R (Pyrvinium) RWntfs 5 KBEIA I HIF), EESM G FrE B E H B
(CK1) KRR 72 IF 1 3 1055 B 2 1 0B 1 o (CK 1) Y8BT 1, S B Ax iny R2 B (L FNB-BE &R
B & A0 (Thorne®E ,Nat Chem Biol.20104E11 H;6(11) :829-36.) »

[0058] £+t EiE S LU0 LI RE SR T Ui R SRS MR FIFh e R . SWnt-594
[ , At 759 W ¢ 30 1) 7R ER A S E100 LR BRI R = AR o B R A W ¢ # 661)550 00 25 e 40 A
AR V4R A R S [B) h 255 3% B, 385 L rwn © 2 906 T 5 53 1 30 il wn £ 38 45 T & SR L
il o

[0059]  FE—ANSEHE TR, S Re) BIEESAWNt-CoI TIES RIEFEF I E MMu24-
T2/NBT 5 L1648/ NET o

[0060] FE—ASCiE T B, B IRD) Flo) FiZ LIRS R FER T MIEREFRE ALK
WS, TS R 752 ARPMI1680 (Gibco) .

[0067]  FE—ANSEHE R, RN B D) Flc) Z [BITE LSRR R EF 1 E 4124/
F48/NES ARSI AE— N TR T, ZEFE AL MEE R R LT RS,
ZRFEREEHERC

[0062]  FE—ANSEHET R, FEEN B ED) Fo) ZRIESAEAERCHLME  LHE S R
FRE: PR E Y124/ NeT B A8/, A% 48/INET

6
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[0063]  FE—NSEE T Rrp, ASCATR A DA AT B St 75 RAE 2 R 40RO LA
RTERATE SR ESHES RN FRE P S M 76 50 5 2R B B S KRB0 AL
20 e B o I R A 0 B Fr B 5

[0064] FE—ASEHAHRF, PBR) BEESEES TR SRR S 4M36-60/N T, 4
A8/ NET AE— AL R, ZEFER L MBS #RE AR LR, ZEFES
BHERC,

[0065) J&A FFH G IRd) (35 5 5 2 5 inDMEM, =5 78] &1 e+ L -2 K BE i+ 70 B BR A Y
BE 2R FHE S L BLES JBSA4EAE RKC, B EH Cellular Dynamics internationalffJiCell CaJl4H
FOAERFEE IR AR

(0066] Rk, FEMAN IR 8] BE B s IR 2L, 970 , {5 il i IR BN B B O Al R BT
kERREFRE, REHATHEER S RIIEFENERNR E— A LHEH R, EMAREE
F 2 BRI 5 7R B BT S B A 2 R B BE R B VR R T, L =R AT S 4 M . AT e i 4
R G2 R B SR B N AU L A & A T IR AN AR B R L — A S R ) I R 4
T EVE (PBS)

[0067]  FE—ANSEMET £, AR E AR/ S E M 8 &4 TEFEA TSNS
VR 2 RE AR 0, K A M B SR AE £ RE PR RS SR A P B AR LR A SCRT I “Z R M i 57
B AR F R G, KA TR 26 TAm e LA & T 2 2 R R

HE e, BARTUEA M AE—NEHIT RS ZL R EREFERL T ERoMEE M IER

TR B 2 Z B/ 757 2R B (ROCK) R B L BB /N 70 T3 177 (A 32 R BRAROCK B
NI B TS B R % .

[0068]  FE—AN3Ljti 7 R, ZROCK BB M &7 B 1- (5-F e BE L) BIREE) N-%
F-2- (BIE-4-FE ) EM-A-FELRD F1 () - R) - R -4~ (1I-K 2 F) -N- (4-MEne ) 37
O R BE e — EhER D) .

(00691 A< 3T P FH T ROCK ¥ B 410 i) 351 1 52 ) B Fasud il (1- (5- 5 MEMATEEBE 25) S URMR)
Thiazovivin (N-"F£-2- (BEME-4-10FL 5 5) MM —4-FF B AZ) FNY27632 ((+) ~ R) — e 4~
(1-= L H) -N- (4-Nkre B) A BB —2h B Eh, Hlansk B Tocris biosciencefI B %S
1254) o FE— ML SENE 7 ZH , IZROCKEER I HIFI R Y27632. FE— MR H B, iZ 2 RetE
RS ER 5 2-20uM Y27632 4R1%5-10uM Y27632M M IS g7 fE B — LT P, 1%
ZRMER R AR EH2-20uM Fasudi 1B EMIEREFE AR —LiEh B, Z LR lEER
FHREH0.2-10uM Thiazovivinf I iEREFHEL.

[0070) {3 FA ST BT 2 IR H 773, LR AT RE DL 2 26098 % K A= 2 M Z Re T4 il -1k
FiB NI EA MG EATH LA

[0071]  FE—NEHTRY, ZHEHE— LR T Re) EFEMAM, FHELED KR
EPRE NP RH— PRSI A — N SEiE s b, EF MM,
FEANAE T a4 MIBRITC IR S REEFRE DI E 18-32/ , Lk 24/t o 7B — AN X Fih SE i 5 &
R TR R — A B A ROCKMHIF  FE— N SE M 7 R+ , ZROCKIN 7 R Y-27632.,

[0072] @IS AR T EIRB R O LA RE RT LAY 386 JUAR , FRAE A R % Jo (R L Th Rk
R .

[0073] R SCHT FRIARTE “H 407 Fa 1R 2 L 4 B B A8 S A 4 A , 5130 2 ik T 40 AR 6 25 9 0L

7
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MHH—DERZ AP R IEIT A SR B 775 E B 2 58T 4 M ia) O UL 4R B B4 45 4. o

[0074]  ASCHT HPIARLE “T4RM ¥ B F B R E 88 1M M . A< SR B “SR -0
R 5 B F 2 PSR B R B8 I T 4ERE . 0 A SCRT R, A SCRR P “ 2 R 4R
TRAT A= 2 M A M R B A B B T 4H M - 2 B8 T 40 A8 (PSC) 36 A BERA T4/ (hESC) 1
ANFESRLZTHM hiPSC) A FFR LT LR E EREAEN, Fln, @i A
Ak AN VR S I AR A R A R T (Sox2.0ct4 K1f4.c-Myc) « NMRZAMR] AR B A
AR E BE XA R LA ST B E BRI RIERE . ARG 2 R FSE
BEARLE M A TEAAR AT R AR BRI SRR, 49120 A 57 Bk 4 B I 40 B 3k AT M SR VB RE
RIGHI M . BARMIE A Z e F M (A EME R TIEA LR T4M, R K m5 0
2K (IanRER /N fR) A2 RE T 41

[0075]  ASCET AR “OULARAR” X BRI 40, K2 DR MMARENAESEAT QRIALS
BAT O , EFFFSTNNT2, Entrez Gene:7139,UniProtKB:P45379) , BLEAR 1% SE it 7 &
kRIS MR GBI E B ACTN2M LB E H , a2, ZE K SACINZ, Entrez Gene:88,
UniProtKB:P35609) . U145 B TH/Blafi Nl 3hE B 89 R 1A 7] DUE IS AU S 5189 5 1%, 1
T 38 Ik S T A5 0 40 R BT B FACS 43 A1 SR VA o o LR B T LA R BN B & M B BA 14 IR 48 v 3
(“Bk3)”) X BRE , ER R A K AR A IRE R O B SRR B A& M Ca++ IR AN
P, R SO P A S B AR RS SR PR RN, mT DLV SR I 40 B DA R A 4 T X A A Y — A Sl
4, IR 5 MW A8 B, T T 75 190 35 7% 28 I NATART B I 43 o B 4 5 38 3o AR ST TR 7 VR 3R
SR AR AT BASRICo LA B A HARAFAE , a0 B F B E 508 U B A 2.

[0076]  ASCAT A “SE5E O UM £ KRR i N30 & A LS & B T B i 40 5 34 48
istiakailiam

[0077]  “FRERIRE” 8 HAFE B R AnRNA , ELBE 58 5 B N b R EEFhThae
B B LR =) AR SRR IE T DUE I AU O F0 8 7 FERNAZK S B FE 8 B FK
SR AN B B AR SO IR B 2l dnid i S A iR B PR EME O RN FEREES
FK-Fre AR SR RIE.

[0078]  fER LA b SEi 7 AT DA B AR BN AH B TR TE .

[0079]  FEAKBABG—ANSEHE T b, R4 T 74 B R R BB R AR = O L4
MBI Tk R, A SCRT R B 7 V(3R B B B MR AN S AL 2 58T 4 (1PSC)
AL LR AR . BT DL S AR AT L AN B 7 VR B AR IR B B B RN B AR 4 N £ R
T, SRIR1G BB R R N 1PSCo 540, AT LAJE I Bz kv R M 75 B2 VR T I MR BN 4 B
TRIRAT RCAT 4R 40P« # TE RAE FO BR S 7 A D, Hod o AR T 2 Fn ) T R B R AR N i S A
ZHET AR EGE RS S A 2 R8T 4010 B9 SR IR B 44 240 g A2 A I VRRE i 3R 439 19 B 48
R, b B 2P, B PR TBRE i 3R 45 0 EAR 40 B o 2R f AT DU i AR SCRrid B 7 VAR (8 B B Rr = 1
HRUZ TRy BERF RS RN ROV EAR KA S —FH,
RALE AL BRI R VA=A O YA R B fhak st , O LA BN B3 4 e, BD YR
B M ERMEIR1FHIIPSC. 72 53— L5 /AP, % O LA BRI B R BN

[0080] A& SRR [ /Co L AH M2 A 50 and 5k 2 0o LSRR  BE B 200 LI  FR #6180 0o LG < 0o
R B O MU O BB R R R A B S R R A R R AR B R — AN S s R
b, I I 7 VR IR AR B L LA M R T 07 24 3 A L R SR TR B 0 A A Th RE R RS 5| R B R
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B (B0 AEEAE K B S Ak 2 A O LB S 0 4 A5 AD TR R ) BIAL &0 - AR e b, i@ 1T
A SRR B A K BR B 7 vE SR AR B O LA YR B B TR B — SEiE s Bep @it s ik
SRAFH L ULAR AL B F 0% i FE O B -F96 97 QAR SR (19 0 b SCIR B BR L) 49 B Etar Al &
Yo DU, i3 AR SCRT IR ) A & BA I 7 vk 3R AR O LR B VB ) BB R (151 T3k Lo L
73 BB R AL LS BR8240 U < B0 R 2R 8 B A =0 IR 7 00 9) AN - M BB R AN
SO ARRENYE EXF RINTIN AL e — & R KR, 8
i VAR RO LR A P AR O B B AR SR

[0081] A kBARMFAH T ERESEEEFFEOIMBEECRE B A ES HTBRER
HHFIHLASR R B R R MA R A SRR, —E I9TE TR AP TATAE . TR i &1 $81Y
B NI A RIEH B 8 T W B RE R E MR . B i, 8% 7 % 5 Mm R RS 21
R, SR 2t AT HAES . AR RN AR EERERRF S L T4
(iPSC) St B & 5 % O LR B R W] 25 5 Mgk AT RO EE IR 7= 48 B 1R SR I 6 U L 400 e 1)
BOR . B 1/ EAR g AE 40 fa va 7 i 0 R O 7 AR AR AR B AR 4R B R A JE
B RELZ R EFHEF R, B RS B E R RE R M.

[0082]  fEAKEARI H—RIE T , WAR = AL BB 4 etk O LA ) AE D ARAT o FE— D SE
W7, P A A A IR B R RN /3B B OR ROV B R B AR AR AT o A SCRT I
ARG “EYERAT” 8 MR E MR TSRS 5 A WDRE 5 B ST R o B & AR S BUHE R A A4 T
EEATHABER, BREMA ST KRB IEERLCHURE R &1 30 UU% Bt sk
HRAZE IR GELRAERIRBR R — LT RSP, ZAEYMRITHTLEBEEST
%

[0083]  FEA—5H, AR HIRME BT ERTRFEENOUA RS S E TR
MMFARRIE T H S AR, ZE T A S — S &S FMARER, S8 6
5% NILTE 2 B R B IR S vh ER VAT - VR TT &I DL TR 97 - U85 B ke 2 0% » 1
g TR AL MR R E B LR BRSO LR B0 R R R RUA E O AL R O L Bl
A LA Bz BT R A T B VR T I AN R BN R AR SR AR AT 4 40 A « 5 SR T B 4 B B B
0B, FE T A 2 R 7% (“Induction of pluripotent stem cells from adult
human fibroblasts by defined factors.”Takahashi%%,2007,Cell 131,861-72) & 4miE
N SR T 40M B S VE N S 1Y 2 68 T 40 LAY SR IR A L At 4 40 2 A I A5 R 3R A5
BB R b5 0, B PR VBURE SRS B F A AU - S8 S5 S8 AS ST IR T iR R B s
W30 2 R T 4R 2 o O LA RE , JUER , 3 51 N ZAMAE SR IGIT FE - BT A & BH B 5 7%
FAAE RO WL R DL R T S B B SRR B IR U IE W ThEE .

[0084] AR A — LT R OB A RITERIT 53 K ELOHURE EER L
LS < BR 1200 LR  BIOL R R B A B0 VR - 7 /U 7 AH S5 B R AR B R o 1% AR AR AT
DIt & 3K B B JLANHLASS BY 1Y) 25 38 B8 R AN AR B O VLA D o 1 A i B (AR TR 45 1 4
B E B AAHLARRIM R BT ME 8% T 8% 5 R IR R EA SR HE R RN
I R o B, I A e B R BRI HE R A i B R R TR B R HE R B R, XK
AR BEMBIER, Flin G me] . BUREtE VS U RIEE 8 5. AR EEB
2OBERD T XHEERAY) (WA EEER .imulan FK-506 B KRB R MERE R,
Y KR E,
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[0085] X T BA BVR YT 77 1% X W FL AW e AL UL B 3R B EIR T B AR R
N FE BRE IR AR A BE AT, BIENLA FRHK R T R R T
B e LASR L2 LU TR BVG /7 B R B 5T E A B Hhid 42 D ULAR A aT LA LB AN B B 2 A
FIE X LI e e 2 A BN, BT LA B AR f an— & — 4~ B —E 8+
FIEMMMBZE ESZ G, AT UME A MR EMEKEF BE ANE ARE
TN TR AN, DA — AR B A R R e 4R

SCHE

[0086] AL IE

[0087]  CP21RT7:3- (3—Z F-2KEE) —4— (1-FF - 1H-M5| Wk -3-J5) Mk g -2, 5- 1 (A i
RN UEY21” B “CP21” ; 2 W INL .Gong®E ;Bioorganic&Medicinal Chemistry
Letters 20(2010) ,1693-1696)

H
N 0]

O
= NH

| N
N
\

[0088]

A

[0089] CP21R7
[0090]  Wnt-C59:2- (4- (2-FF ZEMbmE -4-2) 2R &) -N- (4- (Mbie-3-2) K &) L%
(Cellagen Technology, H3X5C7641-2s,W02010101849) :
N
N~Z 2
| |

[0091] X 0 X

N
H

[0092]  AESC:SA001.LOT CA001-F20014E3 H20H 7£ GOteborguniversityfiCellartis
AB Arvid Wallgrens Backe 20,SE-413 46GoOteborg, 5k #t , 42 B8 5 B B 5 5& FVE R 4

B, # i GOoteborg UniversityfUppsala UniversityBI HHFRASE T B4 (Local

Research Ethics Committees) #tiE . JRAGRIR : Y87, R B IVFIFIRY) SRR EE M N T
R AR B FARIREE , BT 5 fa R A SR B AR IR ER T 5% B, TR 18 B0 T A1
158 RIFE Y, IBMR R AE AR SRBAE AT A BF R 25  FR AT 1SR HL B AT hESCHIF 72 A4 4 AN [F) 40 g
R. AT HES R4 (Ethikkommission beider Basel) FIBSFIAE T A BN ZCOHAE T
AR A I E - Ref-No:R-FP-S-1-0002-0000) »

[0093]  ANiPSC:3RESBI System BiosciencesH]H F5SC101A-1#tS5110218-FF/3k 4
Life technologiesGibeco®Episomal hiPSC LineH) B st 5A13777,

[0094] AN ZRET ML EHIZFRETeSRIKEFFEE (Stem cell Technologies) FFHJhESC-
qualified Matrigel (BD Bioscience) k.3 F¥F4-6 K FHStemPro Accutase
(Invitrogen) f5fX. 8 TREEE , TeSRIBFFR EEBF AR B 2 BT 1/NET 4287 10uM ROCKHD
FilP

10
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[0095]
[0096]
[0097]
[0098]
[0099]
[0100]
[0101]
[0102]
[0103]
[0104]
[0105]
[0106]
[0107]
[0108]
[0109]
[0110]
[0111]
[0112]
[0113]
[0114]
[0115]
[0116]
[0117]
[0118]
[0119]
[0120]
[0121]
[0122]
[0123]
[0124]
[0125]
[0126]
[0127]
[0128]
[0129]
[0130]
[0131]
[0132]
[0133]

500ml 44k 3 3 5

RPMI1680+Glutamax 481ml GIBCO#61870

e &K C (10mg/ml) 4ml Sigma#A4544

(&R FE - 80ug/ml)

B27-fE & (50x) 10ml Invitrogen#05-0129SA

HEEE/FBEE 5nl GIBCO#15140-122

(&3 E :50U/ml)

500ml ¥ L IR AL

RPMI1680+Glutamax 481ml GIBCO#61870

44 C (10mg/ml) 4ml SigmattA4544

(#% & : 80ng/ml)

B27+iES & (50x) 10ml Invitrogen#12587-01

HEER/HEZR Snl GIBCOHI5140-122

(&R % :50U/ml)

AL BT PRI LAt R R

Matrigel (BD Bioscience, H 3 5354277)

mTeSR1#%FE % (Stemcell Technologies, H 35 05850)

Accutase (Innovative Cell Technologies, H X 5AT-104)
Rock##17)Y-27632 Millipore, B 5 SCM075)

RPMIEF%E (Life TechnologieshJGibco, H 3% 561870)

R C (Sigma, B F5A4544)

S50xB-27® 4 A" FNASHESE (Life TechnologiesHIGibeo, H 3%50050129SA)
BFER-HE R (Life TechnologiesiiGibeo, H 5 15070)

50xB27 /MRS EARN S 44 KA (Life TechnologiesHGibeo, H 3% 512587)
0.05% B H B /EDTA, 1x (Life TechnologiesHIGibco, H 3 525300)
autoMACSIZATZE IR Miltenyi, B 3+ 5130-091-221)

Inside Perm+InsideFix (Miltenyi,Inside Stain Kit, H3x5130-090-477)
0.1%BAMK Millipore,Cat.ES-006-B)

#RAEE (Corning#430659)

Mr.Frosty# %7 2% (Thermo Scientific#5100-0001)

DMSO (SigmatD2438)

BE4 My (Invitrogentt16000044)

FalconZM 3% 5% M 35x10mm (BD#353001)
FalconZfffu3% 7% M 100x20mm (BD#353003)

6fL#Corning Costar (Sigma#CLS3516)

P i ALBhE B [EA-53] Fifk (Abcam, B F5ab9465)

PO NS &R A TP (Abcam, H 3% 5 ab45932)
AlexaFluor®488F1IPH1 /MR LG (H+L) (Invitrogen, B 3% 5A21202)
AlexaFluor® 6473 H14IgC (H+L) (Invitrogen, H 3 5A31573)

11



CN 106661553 A i B B 10/14 ¥

[0134] AlexaFluor®5553 i % 1gG (H+L) (Invitrogen, H % 5A31572)

[0135]  Hoechst 33258, FL/KE %) (bis—Benzimide) Molecular Probes, HF*2H3569)
[0136] M ARERG-F4EME (hESC) A5 FE £ 58T 4HAE (iPSC) 41k 0 4R AR

[0137]  ANJEAGF4HAR (hESC) B T 8 £ 88 T 40/ (i PSC) #E37°CAI5% CO2 FE 32 7
Matrigel (BD Bioscience, HF5354277) B H56cm* FM A #10m]l mTeSRIEEFE5
(Stemcell Technologies, B 3%%505850) #7.

[0138]  FEFFUR-CALANML L Z BT, A0 3-40% , LR 22 BE T 40 M B R 78 8 I 4R K
& IG I H]

[0139] 97T BFE % A T4 M (R IFH 2 A RES, #5 L N A EEhESCELiPSC: FH10ml PBS-/-
Lok — IR, ARG F33ml Accutase (Innovative Cell Technologies, B SAT-104) 7£37°C
F5% CO2 T i & 234344, LA Pt Bt 21

[0140)  FH7ml mTeSR1%% 1bAccutasefIBEAE RN , 4R J5500xg &5 o AR 3 5068 o

[0141] R ERELIONL mTeSRIF , FFit . N T# — B85, Box 10 R E I a
WMatrigel f)56cm® I . b4k, FE37°C 5% CO2F ZE10ml mTeSRIFN10uM Rock3MEIFIy-
27632 Millipore, H 35 SCM075) t 85 F5hESCERiPSC. B 5 , B R B #10ml mTeSR1IZFRE:,
BFRLRETHMESY B, R,

[0142] AT A4k O AL, FI5.5x10°/cm® T hESCER i PSCHE 5 55 B HE 9 22 RE T 40
o 32 b SCET ST 2 B T 4R AT IR AT AR AR AN BE 5%

[0143]  24/NBY (1K) J&, FH180u1/cm®PBS—/- 15 ¥hESCER i PSC— VK , #8555 F 4 918011/
e ML TR R

[0144] 57 ZReT MO RFI S, FFHREA S 2uMb- 5421 (CP21) ,CP21 24
JR A BEEER3 (GSK3B) F /N e B M HI 171

[0145]  FHCP21§E & 24/t 5 (352K) , Fl L SCATIR PRS-/~ 4L , 3722011 /cm® 434k
B IR B BEFR48/NET

[0146]  48/NBY 5 (384R) , A b X PRS-/~ 4 , - 7E & 2uMWnt-C59 (Cellagen
Technology, H &5 C7641-2s,W02010101849) {J220ul/cm®4- 4.5 5 5 b 1% 7748/ NE , Wnt—
C592H Wrwnt 73 WA G 2K M wn t 45 5 D #1177

[0147]  48/Nit )5 (B56K) , F b SCRRIRPBS—/- ¥R 4 f , 35 7E220ul/ cm®4y 4k 45 55 F vh 1%
Fr48/INT o

[0148]  48/NI 5 (BB8K) , L CATIRPBS-/- ¥Rk, F A S B HARC.FTER-HE
REDNESTEIINESRMA S L RAKB2747220u] /cn® RPMIEE SR 3 (=9 3R 1) it
FRAB/NT

[0149] W] W ABkEN4HAE I 8 — HE O WA E S LI B8 R AR 3, Jr it — BN E 5614
Ko

[0150] [ J54F48/ NIt 22001 /em® Y SR SR B BT HE F L T #2

[0151]  YHpERAE

[01521 5T MR ITVERI R, B B 14K FXT O LA B B 1 4 DR 3 ok 40 . B
20 2R Ak 2 F0 5 Y US40 P 4315 (FACS) RAE-CHLAHME .

[0153]  T% e iskv 4 433k (FACS) 44

12
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[01541  FI180u1/cm®PBS-/-¥E¥40ME, FI100u1/cm® 0.05% 1xfEE FEF/EDTA (Life
TechnologiesHIGibco, B % 525300) 7E37°CH15%CO: T fEES5-104 54

[0155] IRIEFE, RBEMNEFAEE THM, L TWRK, M /EE37TCM5%C0 FiFE5-10
58F .

[0156] ARG IMASAEY WREFREF10% f5 4 MiE (FBS) .

[0157) SR )5, #5d 100um4H A s i 2%k e 4 A , -5

[0158] 9T 447, B 1x10° 4 B AN 1. 5ml & . 500xg B 034045 f5 , # _LiE, A50ul
Inside Fix Miltenyi,Inside Stain Kit, HF5130-090-477) f150ul PBS-/-EZEETF
e 2 155 o

[0159]  SR/SINA1008] autoMACSIZEAT LI Miltenyi, H F5130-091-221) , FFEG L2
F E¥E, 1008l Inside Perm (Miltenyi,Inside Stain Kit, H3%5130-090-477) ¥Lik4H
M, B, 3HF EECHL: 100 B EInsidePermF B F UL Wt UL & B [EA-53] Pk
(Abcam, H F5ab9465) FHi.-O JEALES 5 A TH/E (Abcam, H 3% 5ab45932) 4 CIF & 40 1/
BT

[0160] 4R 5 F500n1IE 1T MR 4IME , B0, 3P 3 B7E . FI5E Pk (1:1000F Inside
Permd) AZER TMEMAWL0 80 AFH T LU E Zhifh: AlexaFluor® 4883 Hi /MR 16
(H+L) (Invitrogen, B3 5A21202) AlAlexaFluor®6473 414 1gG H+L) (Invitrogen, H
F2A31573) . ‘

[0161] B )5, F500uli8 1T MR Bed 4R, B0 5 , 1 4 AR E B AE500u LIZT & il
FIE I R SEEEE A 7% (FACS) RELME .

[0162]  FAAEICP21¥k BE M AN BETF 40 (hESC) A1if S 2 86 T 4R (iPSC) 24k O VLA
A

[0163] HAFCP2IKEER FRREERERETRF : O RREB O, () - (++
+) : TRR RO £ .

[0164]
Cp2 1K EuM 0 0.3 1 2 3 10
SIS T - - + ++ o + -
SEGTT - - + o+ + - -
SIS TII - - + ++ ++ - -

[01651 4k

[0166] A TS ULHHMMAE, kKT 8L K.

[0167] 4 SCHrk, FI180u1/cm®PBS—/-¥e ik A, H FH100ul/cm® 0.05% 1x 5 A B/
EDTA (Life TechnologiesHIGibco, H 3% 525300) f£37°CH5%C02 T AR 5-107 8.

[0168] IRIBHFE, BRRNIEFREHRSITHM, ETWR,MEEAE37TCHS%Co FiFE5-10
k.

[0169]  SRIGINN =5 W EE IR FN10% JA2F L& (FBS) .

[0170]  4R)5, 3 100umZH A I 28 JE M AR , 4.

01711 34130ul/cm® 0.1%BAE Millipore, B TS ES-006-B) TLAH 1) FMHR 37 CE 1
N

13
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[0172]  2.7x10%/cm® 4R MU FPAE 180u1/cm? Y 52 95 3610 % BA 4F ¥ (FBS) . bk4h, n
A10uM RockIM#I7). 24/t J5 , FAZA S FBS FRock I 471 3™ B 2 5 3 W ¥ b2 35 58 4548/
i B I R

(01731  7EZ518-21K, FHFACS i 4l ffd , H- 3% b AT IR IR E i LA B R T UL R
N7 SRR e G £  xCELLigence , LA Bk 3 5 42 R4 & W0 7 40 o St 00 L 400 A o £
E I ES R R

[0174] AP B & E &40 PR A R AF A AE200u] /cm®y B 32 2010 %
FR 41 ¥& (FBS) H Bt & 24 /it o BE4h , INN10uM Rock3M#15 . 24/t J5 , B8 2 AR & FBS A0
Rock#NHIFIFI22001 /cn? M5 5 3 A48/ NI BE #e b SR 55

[0175] L JULEH R A VA R RO AR O

[0176] 14K, #% X EH R OULAM FB Taife 5 £ 18K, #& L STk i#
B4, R FEE FACS A tr o3l sh E B FAESE A TRIE ST EH80% & LL L yl4n i
B TR AT A VR FE (R T80 % Lo LR I B 2 M R 32

[0177] M, B AEIEE (cryogenic vial) F1ml 4 10%DMSOFI10uMY-27632(] %
FBS¥A R 4x 105440 i

[0178]  ZHAE500xgBS 0380, SR /B /ML ML E B AE AN FE T 10 % DMSOFI10uM Y-27632fFBS
RO LA BT In 1 B iR N A CTRA MG E T, FE-80° CH IR 24/N R f5
BIEFERFERES .

01791 97RO, 7237 CKIBFIRE B 1-20-%80 , /NOHUE AN fR L N 10m1 5 3G 35
FrAEEIN10% A4 MLIEH . 300xg B Lo Al 243 b . AR S5 e E B AEom1 I B EE IR EE 10 % AR
A MLIEFAL0uM Y~-276327F , BRI 7E0 . 1% BA R B4 96 FLAR B3N FLH o 24/NEE & 5 G 4R B8
#2200l /cm* N EFBSHIY-276320 7 115 37 3 R G S R B IG5 5, 5-TR B4 4
FPIE T & 58 2% A 0 P AR BY =0 (B0, P T4 00 R 4% SUES F 0 l 5 - 96 FL A =X s ATl
KR BIAMEE I € - 96 FLAY ) ©

[0180]  xCELLigent-CoiLEM BBk S #7

[0181]  FPAL'E ERR R & I R0 BB 1 AR R IR & O RO R EE 71,08 T 7E T 4008
SRE o LA o A ) b B i 2 BT, 6 T x 101/ e 4T B 2 R E F 13011 /em®0 . 1% B 37
"CHEMEL/INA BIEFPRE-Plate Cardio 96 (Roche, B F505232368001) | 4% b TR f# 48
MM ETFRHAKE2RE, BEFRERNICel LMW AEREEFRE (Cellular
Dynamics, H 3% 5 CMM-100-120-005) . HxCELLigence RTCA Cardio System(Roche
Applied Science) MEMAL . ZEFTRE, FHSWMEREY FIRELOEAR, A EENE %
12.9ms B 73 FF 2 M B HI6FLIR BT 3520 AN (B Wil & , B /5 19 24/ NEF 45 159 8P U &1 43 B
FRLERTIE] .

[0182] Ay HILHE

[0183]  XFFAEikeietn, F4% £ R P B =R T E 24155 .

[0184]  FHPBS-/-BEH-AM)E, & 10% P MiEMO.1% TritonIPBS-/~ (A EMR) 7
FERTHEAMBELMAB205 802805, 1 100 RBH — IRV o AEh & & [EA-53] fifh
(Abcam, H 3 5ab9465) FIH1 -0 BEAES & B THi/E (Abcam, B 3% 5ab45932) 7E3 A Ml 4
CHEHR P EMAE.

14
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[0185]  FHPBS—/-VLi&4HAE, 3F A1 : L000F B R H I i+ 19 —HiAlexaFluor® 488%0
B4/ R IgG (H+L) (Invitrogen, H 3% 5A21202) fiAlexaFluor® 5559 HL % 1gG (H+L)

(Invitrogen, H X 5A31572) EER T, FEH HE MR P 4. JLAPBS-/- 1k S B E FL:
10004 B 1EPBS—/- B Hoechst 33258 FL/K-&4) (bis—Benzimide) (Molecular Probes, B

FFH3569) LB M.

[0186] 4@

[0187] L, 4 H UMM S ES AR . BIEREESWE 4RO
FACSA 4T o

[0188]  3k48 T RAE Akl Hl3hE B FINLESER = TXURE T4 40 i 19 F $580-90 % L UL 40 Al . £
B1er, — /N R G B o BB B B B RA M (5-10%) X HE/R B A BB O LA, B
F R, LB R IR RIS . 45 R F FEhESC (B 1A) I8 2 1PSC (B 1B) fE A £ B
TFYURE A R IE . FFLET5.5x10%/em* S RE T 4N , oAb AR 7= 48 S 194-5x10°/ema S AL B0 2R
1 FILAS 5 (& TRE P O L4

[0189] A TEMASIRIER AR BN, FRATHAT T JLIRELEE, FF b T @A B3 b O L
HMH & & B 28 R10KMAL L5, B m O LA R 5 AR FE95 % F140 % 2 [8] . (5
f, RZHELE (10RSERHRITIR) BRBE75% M OIS E, XA EZ R F .57
4260 % 0 LM X PA E R SEE0 4 24T R T60 % O WL ARG 2 (L BR 37 - SR 3R 18] A 22 53 1
B A RE AT AR ET 2 BE T4 R 2 RS FRR S 5.

[0190] AT H—PRE UMMM, B 7 inf 4t SR A B 14K, BiH 40
ffl, IF I FACS T - BBAE IR , BE 7R Wit H9x10°/ecm® M £ 5B 14 R A 560% (5.4x10%/
em?) L WLGH R A (3 4l Ak 5 R R Sh L ED R 13 FH 4R B P B /DN 40 B R 60 % K B
EFEMBEERAMR (2.7x10°/cn?) , FEFET HEHFRED TRG, WEMM, 13
4.5x10°/cm® A, 3+ 54 . B3BEIR, ik BB E , JEFRH OHLA S B0 % 1R E
98% , M BA @I I T A R A= 4R T 4. 4x10°/ e’ B B M O LANRE SR 5, B i
BER &N EFMRIFEFRER,

01917 @il S ER G LN BEAT i — PRI B4R R Al &S (%
@) JWAESERT (L E) BP9z R 7 fiHoechs t 4l (B ) B Z8527 R B9 Lo L4 %
R e th, BT3B B 4rh 0 S 2 5% 06 Bon O L ZH RS AE M o BB B B MG B A T
KERMELE

[0192]  RE_EBZARRIEEH T 0GR 19 1E 42 rY /E F (positive chronotropic
effect) o N 7 BN 2 B8 T 40 MO SRR Y Lo ILA0 B ) B2 B2 A4 % , B AR R A RS |
BREMRE LULAM, S8 5 FIxCELLigence REE 1T . EIS BoR , 5 ARACE ST ER AL , F3uMR:
AEE FIRREE 258 TAMRIERN OV )E , BhshiE R M4sIRE 2601k Bk3h/ 7 8. It
SERG I — R , @I A AR PR AR B 2 e T 4B SRR VR AT O WL B 2R AL T ShEs A LA
iR

[0193]  HTAEHREMR/KFRIGERIMKE , O VL0 HI ¥ VR AN AR R 8 5 1R R X .

[0194] & F B KHLARR B4 ML B FF R AR E 2, AT T 2 58 T 40 A SRR T Lo L
A 2 5 AT URAFIEVKFE P, R E AR5 - RN R R I 8] (8814 18FI32K) AR 4L i)
Lo RE . anE 6 cp BT 0, , 7R 88 B LB BR AR ) O LA B R R VA B B B B Sl RS

15
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RAER, AL B ISR AL JE R URR SRR IR B TR 40 B AT T 254 N 5 ) B AR 25 - R LB
BLMREREEERS/SHIARE, ONARTERERERENE BN ARERE
L.

[0195]  HARHAESUEI2RA G LI , FEREFR, FEARER.XEHT
A R B 40 ) (IR G T R 2 B O LA AR Ja O IR

[0196]  FAIHEE , & ¥R 2 BE 4 B RYR AT L AL B ) B i (] R AE L BB 18 R A S5
FEMEHT B, TR R F T 285 85 %6 o i L Bh B B ANLAS SR B TRH R 40, L UL B AT TE 3895, 32
T Bt — 2 AT NE T R RESFR .
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Abstract
This application relates to a method for differentiating pluripotent stem
cells (PSCs) into cardiomyocytes. Moreover this application relates to a
method for differentiating human embryonic stem cells (h ESCs) and
induced pluripotent stem cells (i PSCs) into defined cardiomyocytes

based on linked steps of chemically defined medium inductions.



