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DESCRIPTION

TITLE
METHOD FOR INDUCING DIFFERENTIATION OF
PLURIPOTENT STEM CELLS IN VITRO

FIELD
[0001]

The present invention relates to a method for inducing differentiation of pluripotent stem
cells in vitro. More specifically, the present invention relates to a method for inducing
differentiation of pluripotent stem cells into cells with the same phenotype and function as those
of the Information Presenting Cells for Differentiation (IPCD) in vitro, the method comprising
co-culturing pluripotent stem cells or cell population with high content of the pluripotent stem
cells with damaged and/or dead cells as IPCD (including fragments of the damaged and/or dead

cells).

BACKGROUND
[0002]

In recent years, studies for inducing differentiation from pluripotent stem cells are under
progress, and various kinds of cells which have been induced to differentiate are expected to be
applied for various uses including regenerative medicine, study relating to development of a new
pharmaceutical agent, and safety test for pharmaceuticals.

[0003]

Regenerative medicine has tried to overcome diseases either by using autologous- or
homogenenous- pluripotent stem cells, pluripotent stem cells stored in a bank, or transplantation
of cells differentiated from those pluripotent stem cells. Furthermore, in studies relating to
development of new medicines, it is expected to develop drugs for treating diseases by using
purposive cells differentiated from pluripotent stem cells derived from healthy donor or disease-
specific pluripotent stem cells obtained from a patient. Furthermore, for a safety test for
pharmaceuticals, it is expected to use the differentiation-induced cells by toxicity screening of
pharmaceuticals that are under development or have been already developed.

[0004]

Because the cells intended to be employed for above uses can be used in the actual
medical field or used industrially, it is necessary to stably obtain differentiation-induced cells
from pluripotent stem cells with large scale. An attempt for differentiation of various kinds of

cells from pluripotent stem cells has been reported, and a method that induces gene introduction
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into pluripotent stem cells during the process of induction (Patent Literature 1 or the like), and a
method that includes administration of a set of cytokines to pluripotent stem cells (Patent
Literature 2) are known. However, those methods are in most cases comprised of complicated
multiple steps and a long term period is generally required to induce pluripotent stem cells into
purposive cells (e.g., for several weeks). Furthermore, these methods are costly in most of cases.
[0005]

On the other hand, a method for differentiating cardiac muscle cells without cytokine
induction is also proposed (Non Patent Literature 1). According to the proposal, the method is
based on subjecting cells to feeder-less culture, isolating the cells as single cells, and thereafter,
plating the cells at high density, and then conducting adhesion culture. However, there is a
problem that in a case where it is not possible to habituate the cells to feeder-less culture, it is
difficult to differentiate the cell.

[0006]

Furthermore, as one of the pluripotent stem cells which are the pre-condition for inducing
differentiation, Multilineage-differentiating Stress Enduring cells (Muse) expressing Stage-
Specific Embryonic Antigen-3 (SSEA-3) as a surface antigen, which have been found by Mr.
Dezawa as one of the inventors of the present invention and are present in mesenchymal cellular
fraction, can be exemplified as a typical example (Patent Literature 3; Non Patent Literature 2).
Unlike induced pluripotent stem cells (iPS cells), embryonic stem cells (ES cells) that are known
as other pluripotent stem cells, as well as neural stem/progenitor cells (NSPC), and umbilical
cord blood stem cells (UCBC), Muse cells are easily obtainable. Further, unlike iPS cells, they
do not have a tumor genicity nor do they require exogenous gene introduction for acquiring
pluripotency.

[0007]

Contribution made by Muse cells in the field of regenerative medicine has been widely
known until now, and it can be found in the treatment of myocardial infarction, brain tumor,
cerebral infarction, kidney disease, or the like (Patent Literature 4 or the like). For the treatment
of myocardial infarction, for example, it is known that, when Muse cells are injected from vein
and home to the infarct site, they differentiate into cardiac muscle cells to repair the infarcted
cardiac tissue. Meanwhile, a mechanism in which Muse cells migrate to damaged site after
administration is also gradually known. For example, it has been suggested that the migration
factor like sphingosine-1-phospate (SIP) (damage signal), which is released from damaged
tissue, is related thereto (Patent Literature 5). However, detailed mechanism of the differentiation
of Muse cells into tissue-compatible cells in the damaged tissue is not yet clarified.

[0008]

The treatment of diseases using Muse cells can be referred to as a strategy by which the
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treatment is enabled by a series of administration, migration, and differentiation of Muse cells at
a state where “principle of the site” remains effective, specifically, in a state where damaged
cells or their fragments still remain in situ such as in the site where inflammatory reaction
associated with the damage occurs, for example, in the case of acute disease including
myocardial infarction producing damage signal from the damaged site. However, in the case of a
chronic disease in which the “principle of the site”” has been already lost and the low amount of
damaged signal, in the case of diseases where vascular flow is interrupted, or in the case of
diseases which requires rare cell replacement, intravascular administration of Muse cells as
described above may not be sufficient enough to repair tissues. As such, if it is possible to obtain
in vitro, both stably and easily at low cost, a large amount of the desired cells from pluripotent
stem cells like Muse cells by inducing differentiation, further application to various uses such as
regenerative medicine, development of a new pharmaceutical agent, or safety test for

pharmaceuticals can be achieved.
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SUMMARY
[TECHNICAL PROBLEM]
[0011]

A conventionally known method for differentiating pluripotent stem cells to various
kinds of cells requires multi-step treatments so that it is difficult to prepare a great amount of
homogeneous desired cells with a short period of time. Furthermore, it is difficult to exclude the
possibility of generating tumorigenicity in cells differentiated from iPS cells which have been
established by exogenous gene introduction. As such, an object of the present invention is to

provide a method for producing, easily and with high efficiency, various differentiated cells that
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are homogeneous and highly functional.

[SOLUTION TO PROBLEM]
[0012]

The present inventors have found that, in vitro, Muse cells have a phagocytic property,
and, according to phagocytosis of damaged and/or dead cells (including fragments of damaged
and/or dead cells), Muse cells differentiate into those cells, and thus completed the present
invention accordingly.

[0013]

Specifically, the present invention provides as follows.

[1] A method for inducing differentiation of pluripotent stem cells in vitro into cells
having the same phenotype and function as Information Presenting Cells for Differentiation
(IPCD), the method comprising co-culturing pluripotent stem cells or cell population with high
content of the pluripotent stem cells either with damaged and/or dead cells as IPCD, and/or
fragments of said damaged and/or dead cells.

[2] The method according to [1] above, wherein the pluripotent stem cells phagocytize
damaged and/dead cells as IPCD, and/or fragments of said damaged and/or dead cells.

[3] The method according to [1] or [2] above, wherein the pluripotent stem cells are
SSEA-3-positive cells isolated from mesenchymal tissues of a body or cultured mesenchymal
cells.

[4] The method according to any one of [1] to [3] above, wherein the pluripotent stem
cells are CD105-positive.

[5] The method according to any one of [1] to [4] above, wherein the pluripotent stem
cells are CD117-negative and CD146-negative.

[6] The method according to any one of [1] to [5] above, wherein the pluripotent stem
cells are CD117-negative, CD146-negative, NG2-negative, CD34-negative, vVWF-negative, and
CD271-negative.

[7] The method according to any one of [1] to [6] above, wherein the pluripotent stem
cells are CD34-negative, CD117-negative, CD146-negative, CD271-negative, NG2-negative,
vWF-negative, Sox10-negative, Snail-negative, Slug-negative, Tyrpl-negative, and Dct-
negative.

[8] The method according to any one of [1] to [7] above, wherein the pluripotent stem
cells have all of the following properties:

(1) telomerase activity at low or under detection level;

(i1) having the ability to differentiate into any of three germ layers;

(iii) exhibiting no tumorigenic proliferation; and
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(iv) having self-renewal ability.

[9] The method according to any one of [1] to [8] above, wherein the ratio between the
number of the pluripotent stem cells and the number of the damaged and/or dead cells as IPCD is
1: 10,000 to 10,000 : 1.

[10] The method according to any one of [1] to [9] above, wherein the damaged and/or
dead cells as IPCD, and/or fragments of said damaged and/or dead cells are obtained by adding a
pharmaceutical agent selected from the group consisting of apoptosis inducing agent, metabolic
antagonist, alkylating agent, anthracycline, antibiotics, antimitotic agent, topoisomerase
inhibitor, proteasome inhibitor, anti-cancer agent, heat, low temperature, acid, alkali, ultrasonic
wave, and physical disruption by vortex or the like.

[11] The method according to any one of [1] to [10] above, wherein the IPCD are cells
derived from ectoderm.

[12] The method according to [11] above, wherein the cells derived from ectoderm are
selected from the group consisting of neural cells, glial cells, pigment cells, skin cells, inner ear
cells, retinal cells, corneal cells, and hair follicle cells.

[13] The method according to any one of [1] to [10] above, wherein the IPCD are cells
derived from mesoderm.

[14] The method according to [13] above, wherein the cells derived from mesoderm are
selected from the group consisting of cardiac muscle cells, skeletal muscle cells, smooth muscle
cells, osteocytes, chondrocytes, germ line cells, and hematopoietic cells.

[15] The method according to any one of [1] to [10] above, wherein the IPCD are cells
derived from endoderm.

[16] The method according to [15] above, wherein the cells derived from endoderm are
selected from the group consisting of pancreatic [ cells, liver cells, bile duct cells, respiratory
epithelial cells, esophageal epithelial cell, vascular endothelial cells, kidney-constituting cells,
bladder epithelial cells, and pancreatic exocrine cells.

[17] The method according to any one of [1] to [10] above, wherein the [PCD are rare
cells.

[18] The method according to [17] above, wherein the rare cells are selected from the
group consisting of motor neuron, dopamine neuron, intermediate neuron, glutamine-activated
neuron, pituitary gland cells, thyroid gland cells, adrenal cortex, adrenal medulla, pressure-sensor
cells of carotid artery, heart conduction system, choroid plexus epithelial cells, pancreatic-alpha
cells, pancreatic-delta cells, and lung Clara cells.

[19] A method for confirming in vitro that cells contained in a cell preparation are live
pluripotent stem cells, including:

(a) co-culturing cells in the cell preparation with damaged and/or dead cells, and/or
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fragments of said damaged and/or dead cells; and

(b) if the cells in the cell preparation are differentiated into cells having the same
phenotype and function as exodermal-lineage cells, mesodermal-lineage cells, and/or
endodermal-lineage cells derived from the damaged and/dead cells, and/or fragments of said
damaged and/or dead cells, determining that the pluripotent stem cells are alive in the cell
preparation.

[20] A method for in vitro production of cells having the same phenotype and function as
[PCD from pluripotent stem cells, the method comprising co-culturing pluripotent stem cells or
cell population with high content of the pluripotent stem cells either together with damaged

and/or dead cells as IPCE, and/or fragments of the damaged and/or dead cells.

[ADVANTAGEOUS EFFECTS OF INVENTION]
[0014]

According to the present invention, by co-culturing pluripotent stem cells together with
damaged and/or dead cells as IPCD, and/or together with fragments of the damaged and/or dead
cells, the IPCD cell type is obtained from pluripotent stem cells. The differentiated cells that are
obtained accordingly can be applied to various uses including regenerative medicine, study

relating to development of a new pharmaceutical agent, and safety test for pharmaceuticals.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 is a view illustrating the result of determining the induction of differentiation
using intact mouse cardiac muscle cells. FIGs. 1A and 1B illustrate the result of detecting mRNA
expression of various markers when Muse cells are added for a case in which either culture
supernatant or exosome obtained from intact mouse cardiac muscle cells is added to a culture
system. FIG. 1C illustrates the result of determining the mRNA expression when Muse cells are
directly contacted with intact mouse cardiac muscle cells. FIG. 1D illustrates, 3 days and 7 days
after the culture based on direct contact, presence or absence of the expression of GATA-4 as
determined by immunostaining and observed under a fluorescence microscope.

FIG. 2 illustrates the result of determining the induction of differentiation using damaged
mouse cardiac muscle cells. It is the result of detecting mRNA expression of various markers
when Muse cells are added for a case in which either culture supernatant or exosome obtained
from damaged mouse cardiac muscle cells is added to a culture system (FIGs. 2A and 2B,
respectively).

FIG. 3 illustrates the result of determining the phagocytic property of Muse cells. To
determine the phagocytic capacity, PKH26PCL (red) was used.
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FIG. 4 illustrates the phagocytic property of Muse cells for damaged cardiac muscle cells.
With regard to Muse cells co-cultured with GFP mouse cardiac muscle cells having induced
apoptosis, fragments of the damaged cardiac muscle cells (green) is uptaken into the Muse cells
(red).

FIG. 5 illustrates induction of differentiation into cardiac muscle cells. Similar to FIG. 3,
it illustrates the result of observing, under a fluorescence microscope, expression of various
cardiac muscle markers with regard to the mode of induced differentiation of Muse cells, which
have been co-cultured with GFP mouse cardiac muscle cells having induced apoptosis, into
cardiac muscle cells.

FIG. 6 illustrates the result of suppressing induction of differentiation by inhibiting the
phagocytosis by Annexin V.

FIG. 7 illustrates the result of inducing differentiation into skeletal muscle cells. FIG. 7A
is an image obtained by fluorescence microscopy, showing that Muse cells (green) express
myogenin (red) as a marker for skeletal muscle cells. FIG. 7B shows differentiation of Muse
cells into skeletal muscle cells, in which MyoD is used as an indicator.

FIG. 8 illustrates the result of inducing differentiation into neural progenitor cells. It
shows differentiation of Muse cells into neural cells, in which Neuro2A is used as an indicator.

FIG. 9 illustrates the result of inducing differentiation into B cells. It shows
differentiation of Muse cells into [ cells, in which progenitor cell marker (Nkx2.2 and NeuroD1)
and mature 3 cell marker (Islet1) are used as an indicator.

FIG. 10 illustrates the result of inducing differentiation into liver cells. It shows

differentiation of Muse cells into liver cells, in which AFP is used as an indicator.

DESCRIPTION OF EMBODIMENTS
[0016]

The present invention relates to, as a method for inducing differentiation of pluripotent
stem cells in vitro, a method of obtaining cells having a same phenotype and function as cells
which are an origin of damaged and/or dead cells by co-culturing pluripotent stem cells with
damaged and/oror dead cells. The present invention is described hereinbelow.

[0017]

The present invention relates to a method for inducing differentiation of pluripotent stem
cells in vitro into IPCD cell type, the method comprising co-culturing pluripotent stem cells or
cell population with high content of pluripotent stem cells with damaged and/or dead cells as
IPCD, and/or together with fragments of the damaged and/or dead cells as IPCD. According to
the present invention, as damaged and/or dead cells, and/or fragments of the damaged and/or

dead cells are phagocytized by the pluripotent stem cells during co-culturing, the pluripotent
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stem cells can be differentiated into cells having the same phenotype and function as the original
IPCD from which the damaged cells or the like are derived. With regard to the phagocytic
property of pluripotent stem cells, in particular, Muse cells, it is known until now that Muse cells
phagocytize ferrite (magnetic material) (JP 2016-028614 A), but the mechanism of
differentiation of Muse cells, as information-receiving cells, into the cell type of phagocytosed
damaged cell or the like, which are IPCD, is not known. As described above, the present
invention is based on finding for the first time that, as Muse cells phagocytize damaged cells or
the like, they can differentiate into original [PCD phenotype which are the origin of the damaged
cells or the like. Although in vitro induction of differentiation utilizing the phagocytic property
of those pluripotent stem cells is achieved by simple co-culturing of the pluripotent stem cells
with damaged cells or the like, the method for obtaining damaged cells or the like, and the
method for co-culturing can be easily carried out based on a means that is commonly employed
by a person who is skilled in the pertinent art, and thus not limited.
[0018]

According to one embodiment, the present invention can be a method for in vitro
induction of differentiation of pluripotent stem cells, including:

(a) step of culturing IPCD;

(b) step of damaging or destroying the IPCD in the above culture system; and

(c) step of adding pluripotent stem cells to the culture system of the step (b) and
carrying out culturing.
[0019]

Furthermore, according to another embodiment, the present invention can be in vitro
induction of differentiation of pluripotent stem cells, including:

(a") step of culturing pluripotent stem cells;

(b") step of obtaining damaged and/or dead cells as [PCD, and/or fragments of said
damaged and/or dead cells by damaging or destroying IPCD; and

(c") step of adding the damaged and/or dead cells as IPCD, and/or fragments of the
damaged and/or dead cells as IPCD that are obtained from the step (b) to the culture system of
the step (a) and carrying out culturing.
[0020]
(1) Pluripotent stem cells

The pluripotent stem cells to be used in the cell preparation and pharmaceutical
composition of the present invention are typically cells that reside in the human body. The cells
which are named “Muse (Multilineage-differentiating Stress Enduring) cells” were discovered by
Prof. Dezawa, one of the present inventors. Muse cells can be obtained from bone marrow

aspirates and adipose tissue (Ogura, F., et al., Stem Cells Dev., Nov 20, 2013 (Epub) (published
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on Jan 17, 2014)) or from skin tissue such as dermal connective tissue, and they are widely
dispersed throughout the connective tissue of various organs. The cells have the properties of
both pluripotent stem cells and mesenchymal stem cells, and are identified as cells double-
positive for the cell surface markers “SSEA-3 (Stage-specific embryonic antigen-3)” and
“CD105”. Therefore, Muse cells or cell populations containing Muse cells, for example, can be
isolated from body tissue using these antigen markers. Muse cells are also stress-tolerant, and
can be concentrated from mesenchymal tissue or cultured mesenchymal cells by different types
of stress treatments. A cell fraction in which Muse cells were enriched into high content by stress
treatment may be used as the cell preparation of the present invention. The methods of separation
and identification of Muse cells, and their features, are disclosed in detail in International Patent
Publication No. W0O2011/007900. Also, as reported by Wakao et al. (2011, ibid.), all of Muse
cells isolated from the bone marrow- or skin-derived mesenchymal cells were both positive for
SSEA-3 and CD105. According to the present invention, in cases where Muse cells are isolated
from mesenchymal tissue of a body or cultured mesenchymal stem cells SSEA-3 can be simply
used as the antigen marker for the purpose of isolating Muse cells. Throughout the present
specification, pluripotent stem cells (Muse cells) or a cell population containing Muse cells,
which were isolated from mesenchymal tissue of a body or cultured mesenchymal tissue by
using SSEA-3 as the antigen marker, and which can be used in in the method for inducing
differentiation according to the present invention, may be referred to simply as “SSEA-3 positive
cells”. Also throughout the present specification, “non-Muse cells” refers to cells that are present
in mesenchymal tissue of a body or cultured mesenchymal tissue, and are the remainder of
“SSEA-3 positive cells”.

[0021]

In brief, Muse cells or a cell population containing Muse cells can be isolated from body
tissue (for example, mesenchymal tissue) using only antibody for the cell surface marker SSEA-
3, or using antibodies for both SSEA-3 and CD105. The term “body” here means “mammalian
body”. According to the present invention, the “body” does not include a fertilized ovum or an
embryo at a developmental stage before the blastocyst stage, but it does include an embryo at the
developmental stage from the blastocyst stage onward, including the fetus or blastocyst. The
mammal is not limited to a certain species and may be a primate such as human or monkey, a
rodent such as a mouse, rat, rabbit or guinea pig, or a cat, dog, sheep, pig, cow, horse, donkey,
goat or ferret. The Muse cells to be used in the cell preparation and pharmaceutical composition
of the present invention are clearly distinguished from embryonic stem cells (ES cells) or iPS
cells in terms of direct separation from body tissue by using a specified marker. The term
“mesenchymal tissue” refers to tissue from the bone, synovial membrane, fat, blood, bone

marrow, skeletal muscle, dermis, ligament, tendon, dental pulp, umbilical cord or umbilical cord
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blood, or tissues present in various organs. For example, the Muse cells may be obtained from
the bone marrow or skin or adipose tissue. Preferably, mesenchymal tissue of a body is harvested
and the Muse cells are isolated from the tissue and used. The separating means mentioned above
may be used to separate Muse cells from cultured mesenchymal cells such as fibroblasts or bone
marrow-derived MSCs. The Muse cells to be used for the cell preparation and pharmaceutical
composition of the present invention may be either autologous or allogenic with respect to the
recipient.

[0022]

As mentioned above, Muse cells or a cell population containing Muse cells can be
isolated from body tissue by using SSEA-3 positivity, or double positive for SSEA-3 and
CD105, as indicators, but human adult skin is known to include various types of stem cells and
progenitor cells. However, Muse cells are not identical to these cells. Such stem cells and
progenitor cells include skin-derived precursors (SKP), neural crest stem cells (NCSC),
melanoblasts (MB), perivascular cells (PC), endothelial precursor cells (EP) and adipose-derived
stem cells (ADSC). Muse cells can be separated out as being “non-expressing” for the markers
unique to these cells. More specifically, Muse cells can be separated by using non-expression for
at least one, and for example, 2, 3,4, 5,6, 7, 8,9, 10 or 11 among 11 markers selected from the
group consisting of CD34 (EP and ADSC marker), CD117 (c-kit) (MB marker), CD146 (PC and
ADSC marker), CD271 (NGFR) (NCSC marker), NG2 (PC marker), vWF factor (von
Willebrand factor) (EP marker), Sox10 (NCSC marker), Snail (SKP marker), Slug (SKP
marker), Tyrpl (MB marker) and Dct (MB marker). As a non-limitative example, non-
expression of CD117 and CD146 may be used as the indicator for separation, non-expression of
CD117, CD146, NG2, CD34, vWF and CD271 may be used as the indicator, or non-expression
of all of the aforementioned 11 markers may be used as the indicator for separation.

[0023]

The Muse cells having the aforementioned features to be used for the cell preparation and
pharmaceutical composition of the present invention may have at least one property selected
from the group consisting of the following:

(i) telomerase activity at low or under detection level;

(i1) having the ability to differentiate into cells of the three germ layers;

(iii) exhibiting no tumorigenic proliferation; and

(iv) having self-renewal ability.

According to one aspect of the present invention, the Muse cells to be used for the cell
preparation and pharmaceutical composition of the present invention have all of these properties.
As regards (i), “telomerase activity at low or under detection level”, this refers to low level or the

level under detection limit telomerase activity when using a TRAPEZE XL telomerase detection
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kit (Millipore), for example. “Low” telomerase activity is, for example, either telomerase activity
on the same level as somatic cells such as human fibroblasts, or telomerase activity of 1/5 and
preferably no greater than 1/10 of that of Hela cells. In regard to (ii), the Muse cells have the
ability to differentiate into the three germ layers (endoderm, mesoderm and ectoderm) in vitro
and in vivo, and by induction culturing in vitro, for example, they can differentiate into
hepatocytes, neurons, skeletal muscle cells, smooth muscle cells, osteocytes or adipocytes. They
may also exhibit the ability to differentiate into the three germ layers in the case of transplanting
in vivo into the testes. They also have the ability to migrate to and engraft onto damaged organs
(heart, skin, spine, liver, muscle, etc.), by administration into the body via intravenous injection,
and differentiate into specific cells of the corresponding tissue. In regard to (iii), the Muse cells
have the property of proliferating at a rate of about every 1.3 days in suspension culture, and
growing in suspension culture from a single cell to form an embryoid-like cell mass, slow down
the growth at about 14 days; however, when the embryoid-like cell mass is transferred to
adhesion culture, cell growth resumes and the proliferated cells spread out from the cell mass.
They also have the property of not generating teratomas at least for 6 months after
transplantation into the testes. In regard to (iv), Muse cells have self-renewal (auto-replicating)
ability. The term “self-renewal” means that cells in the embryoid-like cell mass obtained by
culturing a single Muse cell in suspension culture can be confirmed to differentiate into cells of
all 3 germ layers, and also that when a single cell from the embryoid-like cell mass is again
carried into a suspension culture, it forms a next generation embryoid-like cell mass, and
reproduce differentiation into three germ layers as well as embryoid-like cell mass in the
suspension culture can be confirmed. Self-renewal may be observed once or as several repeated
cycles.

[0024]

In addition, a cell fraction containing Muse cells to be used in the cell preparation of the
present invention may be a cell fraction having the SSEA-3 positive and CD105-positive
pluripotent stem cells concentrated, obtained by a method of applying external stress treatment to
mesenchymal tissue of a body or cultured mesenchymal cells, causing the cells other than the
external stress-resistant cells to die, and recovering the surviving cells, the cell fraction having at
least one and preferably all of the following properties.

(i) SSEA-3 positivity;

(i1) CD105-positivity;

(ii1) telomerase activity at low or under detection level;

(iv) having the ability to differentiate into cells of the three germ layers;

(v) exhibiting no neoplastic proliferation activity; and

(vi) having self-renewal ability.

11
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[0025]

The external stress may be any one or a combination of: protease treatment, culturing in a
low oxygen concentration, culturing under low-phosphate conditions, culturing with low serum
concentration, culturing under low nutritive conditions, culturing under exposure to heat shock,
culturing at low temperature, freezing treatment, culturing in the presence of a hazardous
substance, culturing in the presence of active oxygen, culturing under mechanical stimulation,
culturing with agitating treatment, culturing with pressure treatment, or physical impact. For
example, the treatment time with a protease is preferably a total of 0.5 to 36 hours to apply
external stress to the cells. The protease concentration may be the concentration used when the
cells adhering to a culture vessel are detached, when the cell mass is dispersed into individual
cells, or when individual cells are recovered from tissue. The protease is preferably a serine
protease, aspartic acid protease, cysteine protease, metalloprotease, glutamic acid protease or N-
terminal threonine protease. The protease is also preferably trypsin, collagenase or dispase.
[0026]

(2) Information-presenting cells (IPCD)

The “IPCD” that are used in the in vitro method for inducing differentiation of
pluripotent stem cells means the cells that have the same phenotype and function as cells that are
in a state where the cells are terminally differentiated from pluripotent stem cells; are not
subjected to any differentiation induction; and become an origin of damaged cells or dead cells.
The origin of IPCD used in the present invention is allowed to be any type of species and cell
type as long as desired differentiated phenotype is induced from pluripotent stem cells. For
example, origin of the cells can have, depending on the purpose, various kinds of mammals as an
origin, and although not limited thereto, the cells are derived from human, chimpanzee, other
primates, domesticated animals such as dog or cat, livestock such as cow, pig, horse, or goat, test
animals such as rabbit, rat, mouse, or guinea pig, or the like.

[0027]
(3) Damaged cells and dead cells

According to the present invention, the damaged and/or dead cells that are used for
differentiating pluripotent stem cells into purposive cells can have the aforementioned IPCD as
an origin. When used in the present specification, the term “damaged cells” indicates cells that
are damaged by artificial stress or environmental stress, for example, and thus it is difficult for
the damaged cells to proliferate even at appropriate culture conditions. Further, their metabolic
activity is lower than general living cells, but are still higher dead cells. When used in the present
specification, the term “dead cells” indicates cells which cannot proliferate anymore even when
they are cultured at appropriate culture conditions, and do not exhibit any metabolic activity. The

“dead cells” can be any of dead cells caused by necrosis or apoptosis. Furthermore, according to
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the present invention, the phagocytic activity of pluripotent stem cells can be exhibited not for
entire the damaged and/or dead cells but also for cellular organisms of the damaged and/or dead
cells (e.g., cytoplasm, cell membrane, nucleus, mitochondria, Golgi body, endoplasmic
reticulum, cell skeleton included in cytoplasm, enzyme, protein, RNA, and DNA) or cell debris.
[0028]

Method for obtaining damaged cells, dead cells, and/or fragments of the damaged and/or
dead cells from IPCD can be carried out based on a commonly used method, although it is not
limited thereto. In the case of producing damaged cells, a pharmaceutical for inhibiting cell
proliferation as it is known in the corresponding technical field can be used, for example. As for
the pharmaceutical, although not limited thereto, those capable of reducing in significant sense
the cell percentage in S phase can be mentioned, and, typically, a pharmaceutical which blocks
the progress of cell division cycle, for example, pharmaceuticals for causing G1 stoppage and M
phase stoppage are included. Specific examples of a reagent that can be used for producing
damaged cells include metabolic antagonist/anti-cancer agent (e.g., azathioprine, 6-
mercaptopurine, 6-thioguanine, fludarabine, pentostatin, cladribine, S-fluorouracil (SFU),
floxuridine (FUDR), cytosine arabinoside (cytarabine), methotrexate, trimethoprim,
pyrimethamine, pemetrexed, capecitabine, gemcitabine, cytarabine); alkylating agent (e.g.,
cyclophosphamide, mechlorethamine, uramustine, melphalan, chlorambucil,
thiotepa/chlorambucil, ifosfamide, carmustine, lomustine, streptozocin, busulfan,
dibromomannitol, cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin, triplatin tetranitrate,
procarbazine, altretamine, dacarbazine, mitozolomide, temozolomide); anthracycline (e.g.,
daunorubicin, doxorubicin, epirubicin, idarubicin, valrubicin); antibiotics (e.g., dactinomycin,
bleomycin, mitramycin, anthramycin, streptozotocin, gramicidin D, mitomycins (e.g., mitomycin
C), duocarmycins (e.g., CC-1065), calicheamicins); antimitotic agent (maytansinoids, auristatins,
dolastatins, cryptophycins, vincaalkaloid (e.g., vincristine, vinblastine, vindesine, vinorelbine),
taxanes (e.g., paclitaxel, docetaxel), and colchicines; topoisomerase inhibitor (e.g., irinotecan,
topotecan, amsacrine, etoposide, teniposide, mitoxantrone); and proteasome inhibitor (e.g.,
peptidyl boronic acid). Furthermore, with regard to the use of those reagents, concentration or
use method of the reagents, conditions for culturing, and the like are the same as those that are
generally carried out, and they can be suitably set by a person who is skilled in the pertinent art.
For example, when the aforementioned reagents are used, suitable concentration for obtaining
damaged cells is preferably 1 to 100 uM, although it can be modified depending on the type of a
reagent to be used.

[0029]
According to another embodiment, a means for producing damaged cells can be, other

than use of the reagents as described in the above, a method that is carried out by performing UV
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irradiation and/or X ray treatment for IPCD is possible. UV irradiation and X ray treatment can
be performed by suitably selecting conditions that are known in the technical field. Furthermore,
UV irradiation and X ray treatment can be also performed in conjunction with the use of the
above reagents.

[0030]

Reagents usable for production of the above damaged cells are included in reagents
which can be used for producing dead cells, and the IPCD can be obtained by increasing the
concentration or by prolonging the treatment time period of these reagents, for example.
Furthermore, when UV irradiation or X ray treatment is selected for generating IPCD, it is also
possible that the time for irradiation or the like is extended or the intensity of UV or X ray is
increased, for example.

[0031]

According to another embodiment, as a means for producing damaged and/or dead cells,
methods like maintaining in a high temperature, maintaining a low temperature, treating with
acid or alkali, treating by ultrasonication or vortex, performing freeze-thawing, treating with low
oxygen, treating at low nutrition, treating with active oxygen, or the like can be mentioned,
although it is not limited thereto. With regard to the use of the means, it can be used by a person
who is skilled in the pertinent art after suitably selecting the conditions.

[0032]

The method of the present invention may also include a means for judging the success or
failure of the production of damaged and/or dead cells which were obtained by the above
method. Included in a means for judgements are, although not limited thereto, observation under
microscope, use of commercially available kit for measuring cell damage, and physiological or
immunological measurement of materials secreted from cells, or the like. Among the dead cells,
with regard to the dead cells in which cells are dead due to apoptosis, judgement can be made
based on observation of unique morphological abnormality like cell surface curvature,
condensation of nucleus chromatin, fragmentation of chromosome DNA or the like.
Furthermore, for quantitative measurement of dead cells, a method of staining dead cells with
trypan blue or colorimetric analysis using tetrazolium (MTT analysis) can be used.

[0033]
(4) Conditions for co-culture

The present invention relates to a method for inducing differentiation of pluripotent stem
cells in vitro by co-culturing pluripotent stem cells with damaged cells, dead cells, and/or
together with fragments of the damaged and/or dead cells. As described in the present
specification, the term “co-culture” means culturing two or more kinds of cells (or fragments

thereof) under the same environment, and it indicates culturing the pluripotent stem cells and

14



10

15

20

25

30

35

damaged cells or the like after adding them, each in predetermined number, to the same culture
vessel or petri dish. Examples of an embodiment of the co-culture include (i) a system in which
damaged cells or the like are added to pluripotent stem cells for co-culture, (ii) a system in
which, after producing damaged cells or the like from IPCD, pluripotent stem cells are added
thereto for co-culture, and (iii) a system in which co-culturing is performed in a culture vessel
while pluripotent stem cells and damaged cells or the like are mixedly present in predetermined
number.

[0034]

Ratio between the number of the pluripotent stem cells and the number of the damaged
and/or dead cells as IPCD is 1 : 10,000 to 10,000 : 1, and itis 1 : 10,000, 1 : 7,000, 1 : 5,000, 1 :
3,000, 1:2,000, 1 : 1,000, 1 :700, 1:500,1:300,1:200,1:100,1:70,1:50,1:30,1:20,1
:10,1:7,1:5,1:3,1:2,1:1,2:1,3:1,5:1,7:1,10:1,20:1,30:1,50:1,70:1, 100 :
1,200:1,300:1,500:1,700:1,1,000:1,2,000:1,3,000: 1, 5,000 : 1, 7,000 : 1, or 10,000 :
1, for example. It is sufficient that the culture solution for culturing cells is a medium in which
cells for actual culture are cultured, and DMEM, RPMI-1640, Ham's F12, or the like can be
used, in general. Furthermore, antibiotics, fetal bovine serum, antibiotics for selecting gene-
incorporated cells, or the like that are commonly used can be added at a concentration of 0.1 to
10%.

[0035]

Culture conditions like temperature for culture should follow common conditions for cell
culture, and it is 36 to 38°C, and preferably 37°C, and also they can be under 4 to 6% CO», and
preferably 5% CO» atmosphere, for example. Furthermore, time for the co-culturing is, although
it depends on the type of cells which have been finally obtained after induction, roughly 2 to 10
days or so.

[0036]
(5) Induction of differentiation

As described in the present invention, the expression “induction of differentiation”
means, by a certain means, leading pluripotent stem cells to differentiate into cell types which
constitute specific organs, or tissues, or progenitor cells of these organs and tissues, but the
expression also includes differentiation into cells that are belonging to a certain categorized such
as endodermal-lineage cells, mesodermal-lineage cells, and exodermal-lineage cells. According
to the present invention, inducing differentiation of pluripotent stem cells into specific cell type
is achieved simply by co-culturing the pluripotent stem cells with damaged cells or the like, and
it is characterized in that except for damaged cells and like, reagents or UV irradiation, or the
like is not required. This differentiation induction is based on the phagocytic activity of

pluripotent stem cells against damaged cells or the like, and it has been demonstrated that the
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differentiation induction is not caused by direct contact between pluripotent stem cells and IPCE,
not by a certain humoral factor or exosome that are secreted from corresponding IPCD before
damage or death, or IPCD after damage or death (see, Example 1).

[0037]

Differentiation of pluripotent stem cells can be confirmed by a means which has been
carried out in the corresponding technical field, and, typically, it can be carried out by examining
the presence or absence of gene expression or protein expression of a predetermined
differentiation marker in cells. Examples of a means include RT-PCR, Northern blot, flow
cytometry, Western blot, and ELISA. For example, differentiation of pluripotent stem cells into
cardiac muscle cells can be examined by mRNA level of gene expression of Nkx2.5 (NK-2
transcription factor related, locus 5), GATA-4, troponin-T, or ANP (atrial sodium diuretic
peptide) as a differentiation marker for cardiac muscle cells being confirmed in differentiated
pluripotent stem cells by using RT-PCR (Example 3, etc.).

[0038]
(6) Use

By utilizing the property of pluripotent stem cells that they differentiate into cells derived
from damaged cells, dead cells, or fragments of the damaged and/or dead cells according to
phagocytosis of damaged cells, dead cells, or fragments of the damaged and/or dead cells,
application can be made to quality management of a cell preparation containing pluripotent stem
cells. According to the present invention, provided is a method for confirming in vitro that cells
contained in a cell preparation are live pluripotent stem cells, the method including:

(a) co-culturing cells in a cell preparation with damaged cells, dead cells, and/or
fragments of the damaged and/or dead cells; and

(b) if the cells in a cell preparation are differentiated into cells having the same phenotype
and function as exodermal-lineage cells, mesodermal-lineage cells, and/or endodermal-lineage
cells to which the damaged cells, dead cells, and/or fragments of the damaged and/or dead cells
belong, determining that the pluripotent stem cells are alive in the cell preparation.

Herein, the method for confirming whether or not the pluripotent cells (e.g., Muse cells)
have differentiated into cell of three germ layer (exodermal-lineage cells, mesodermal-lineage
cells, and endodermal-lineage cells) can be achieved by examining the presence or absence of
expression of various cell markers as described in the above.

[0039]

According to the present invention, it is possible to provide a method for in vitro
production of cells having the same phenotype and function as those of IPCD from pluripotent
stem cells, the method comprising co-culturing pluripotent stem cells or cell population with

high content of pluripotent stem cells with damaged and/or dead cells as IPCD, and/or with
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fragments of the damaged and/or dead cells.
[0040]

The present invention will now be explained in more specific detail through the following
examples, with the understanding that the present invention is in no way limited by the

examples.

EXAMPLES
[0041]

Example 1: Analysis of mechanism of differentiation induction in Muse cells

According to a damage signal produced from damage site in a body (e.g., S1P), Muse
cells migrate to and home into the damage site, and, after engraftment, differentiation of Muse
cells are induced due to “principle of the site”. However, the detailed mechanism for controlled
differentiation of Muse cells is unknown. The example demonstrates in vitro analysis how
differentiation induction is initiated in Muse cells. Elucidation of the mechanism how Muse cells
receive the information of “principle of site”, i.e., elucidation of factors that are relevant to
differentiation induction, is a basis for application of Muse cells to chronic diseases in which the
“principle of the site” has been lost, or regeneration of tissues or organs for which approach
through blood vessels is difficult to make or regeneration of rare cells.

[0042]

As for the style how Muse cells receive “principle of the site”, there are possible
mechanisms; humoral factor or exosome that are secreted from IPCD, or direct contact with
I[PCD without being mediated by those factors or the like, or phagocytosis of damaged IPCD by
Muse cells, and the like. As such, by using intact mouse cardiac muscle cells and damaged
mouse cardiac muscle cells, possibility of inducing differentiation of Muse cells by humoral
factor, exosome, and direct contact among the above was determined.

[0043]
(1) Induction of differentiation by using intact mouse cardiac muscle cells

Intact mouse cardiac muscle cells, which have been established from the primary culture
of neonatal heart 1 day after birth in C57BL/6-TG (CAG-EGFP) purchased from Japan SLC,
Inc., were cultured for 10 days or so. After that, culture supernatant of the cells was collected and
used as a material for determining the possibility of inducing differentiation caused by humoral
factor. Next, culture supernatant of the above cardiac muscle cells, which have been cultured for
3 days in serum-free medium, was collected and the culture supernatant was admixed with
ExoQuick Exosome Precipitation Solution (System Biosciences) followed by centrifuge to
isolate exosomes secreted from cardiac muscle cells (see, Douglas, D., et al., Molecular Biology,

728 (4), 235 to 246 (2011)). The presence of exosomes was confirmed by Western blot in which
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HSP70 is used as a marker.
[0044]

Next, human Muse cells were obtained according to the method described in WO
2011/007900 A. Muse cells were plated to culture dish (Nunc multidish 6 nunclon delta SI,
Thermo, #140675) at the cell density 1><104 cells/well, and cultured for 24 hours. Subsequently,
the culture supernatant derived from intact mouse cardiac muscle cells, which has been obtained
from above, or exosomes were added thereto and the culture for 3 Days, 1 week, 2 weeks, and 3
weeks. Muse cells were collected at each time pint and an investigation was made to see whether
or not the Muse cells differentiated into [PCD cell type, namely, cardiac muscle cells.
Specifically, total RNA was collected from Muse cells, total RNA was extracted, and examined
the expression of human specific-Nkx 2.5 (NK-2 transcription factor related, locus 5), GATA-4,
troponin-T, and ANP (atrial sodium diuretic peptide) in RT-PCR. Nkx 2.5 and GATA-4 were
selected as an initial differentiation marker which is expressed in cardiac muscle progenitor cells,
ANP was selected as a premature cardiac muscle cell marker, and troponin-T was selected as a
mature cardiac muscle marker. Human fetus heart was selected as positive control in RT-PCR
and mouse cardiac muscle cells as negative control subject. As illustrated in Fig. 1, Muse cells
did not express any of human cardiac muscle cell markers when intact mouse cardiac muscle
cell-derived humoral factor (culture supernatant) (Fig. 1A) and exosome (Fig. 1B) were supplied.
[0045]

Primers used for various markers as a detection subject in RT-PCR were designed and
synthesized based on the nucleotide sequence of Nkx 2.5 (NM_004387; SEQ ID NO: 1), GATA-
4 (NM_002052; SEQ ID NO: 4), troponin-T (NM_000364; SEQ ID NO: 7), and ANP
(NM_006172; SEQ ID NO: 10). Specifically, they are described in the followings.

(1) Nkx 2.5

Forward primer: 5-CAGGACCAGACTCTGGAGCTG-3' (SEQ ID NO: 2)
(corresponding to 821-841nt of SEQ ID NO: 1)

Reverse primer: 5'-CGCCGAAGTTCACGAAGTTGT-3' (SEQ ID NO: 3)
(corresponding to 1118-1098nt of SEQ ID NO: 1)

(2) GATA-4

Forward primer: 5'-~AGCAGCTCCGTGTCCCAGACGTT-3' (SEQ ID NO: 5)
(corresponding to 1683-1705nt of SEQ ID NO: 4)

Reverse primer: 5-CCAACTCACAGGAGAGATGCAGTGTG-3' (SEQ ID NO: 6)
(corresponding to 2139-2114nt of SEQ ID NO: 4)

(3) Troponin-T

Forward primer: 5-CTCAAAGACAGGATCGAGAG-3' (SEQ ID NO: 8)

(corresponding to 489-508nt of SEQ ID NO: 7)
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Reverse primer: 5-GATCTTCATTCAGGTGGTCA-3' (SEQ ID NO: 9) (corresponding
to 795-771nt of SEQ ID NO: 7)

(4) ANP

Forward primer: 5'-TCCAGCTCCTAGGTCAGACC-3' (SEQ ID NO: 11)
(corresponding to 149-168nt of SEQ ID NO: 10)

Reverse primer: 5'-TCTGGGCTCCAATCCTGTCC-3' (SEQ ID NO: 12) (corresponding
to 523-504nt of SEQ ID NO: 10)

[0046]

Subsequently, investigation was made to examine whether or not human Muse cells can
be differentiated to cardiac muscle cell type under the direct contact with intact mouse cardiac
muscle cells. First, green fluorescent protein (GFP) gene was introduced into intact mouse
cardiac muscle cells. Next, GFP-labeled mouse cardiac muscle cells were plated to culture dish
(Nunc multidish 6 nunclon delta SI, Thermo, #140675) at the cell density of 3><104 cells/well
then human Muse cells of which nucleus have been labeled with DAPI in advance were added
thereto at 1><104 cells/well, and co-cultured. At 3 Days, 1 week, 2 weeks, and 3 weeks after co-
culture, cells were all collected and subjected to RT-PCR for validation of human specific-
cardiac marker expression in human Muse cells (Fig. 1C) as described above. Like the result of
the aforementioned supernatant and exosome administration, expression of markers for human
cardiac muscle cells was not detected. Furthermore, 3 days and 7 days after the culture, presence
or absence of GATA-4 expression was examined by immunostaining, and the results obtained by
observation under a fluorescence microscope are shown in Fig. 1D. From Muse cells of which
nucleus have been labeled with blue color, expression of GATA-4 was not recognized. From the
above results, it was found that differentiation of Muse cells is not induced by cellular contact
and/or interaction with intact mouse cardiac muscle cells.

[0047]
(2) Induction of differentiation by using damaged mouse cardiac muscle cells

Investigation was performed to examine whether or not Muse cells can differentiate into
cardiac muscle cell type when damaged mouse cardiac muscle cells are used. Production of
damaged mouse cardiac muscle cells was carried out by using etoposide, which induces
apoptosis. Simply, GFP-labeled mouse cardiac muscle cells were plated at 3><104 cells/well, and
2 days after the culture, 50 uM etoposide (SIGMA, #E1383) was added thereto. One day after
the culture, the culture supernatant was collected from apoptotic mouse cardiac muscle cells, and
were added to human Muse cells plated at 1><104 cells/well. At 3 Days, 1 week, 2 weeks, and 3
weeks after starting the culture, the expression of human specific for cardiac muscle cell markers
were examined by RT-PCR (Fig. 2A) similar to intact mouse cardiac muscle cell expression.

However, because none of the markers were detected, it was found that Muse cells
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differentiation into cardiac muscle cell type was not induced by culture supernatant of damaged
cells.
[0048]

Furthermore, investigation was also made by using exosomes secreted from the damaged
mouse cardiac muscle cells. Human Muse cells were plated at the same cell density as described
above, and then added exosomes. At 3 Days, 1 week, 2 weeks, and 3 weeks after the addition of
exosomes, the expression of human specific mRNA was examined by RT-PCR (Fig. 2B) similar
to the above. Differentiation of Muse cells into cardiac muscle cell type was not induced by the
addition of an exosome like the result of using the culture supernatant.

[0049]

Example 2: Determination of phagocytic property of Muse cells

It has been reported that Muse cells can phagocytize ferrite. However, it was not
determined whether or not Muse cells can also phagocytize damaged cells, dead cells, or
fragments of the damaged and/or dead cells. As such, the phagocytic property of Muse cells was
examined again by using PKH26PCL beads.

[0050]

PKH26PCL (1><10_3 M stock in ethanol; SIGMA, #PKH26PCL) is a pigment which can
selectively label the cells having phagocytic capacity like macrophages, neutrophils, and
microglial cells, and it is widely used in the pertinent art. First, GFP-Muse cells (green) counter
stained by DAPI (blue) were cultured and then added with PKH26PCL (red). After that, the
Muse cells were cultured for another 24 hours. As it is illustrated in Fig. 3, PKH26 was
confirmed to be incorporated into the cytoplasm of Muse cells, and thus Muse cells were
demonstrated to have phagocytic activity. About 74.1+4.6% of Muse cells were shown to
phagocytose PKH26PCL.

[0051]

Example 3: Induction of differentiation by co-culturing Muse cells and damaged cells

The possibility that differentiation of Muse cells is induced by phagocytosis of damaged
cells so as to directly receive the information of “principle of the site” was examined.
[0052]

(1) Induction of differentiation into mesodermal cells (cardiac muscle cells)

Damaged cardiac muscle cells were prepared by using etoposide, which is a
topoisomerase inhibitor. GFP-labeled mouse cardiac muscle cells prepared in Example 1 were
used as IPCD. The GFP mouse cardiac muscle cells were plated at cell density 3><104 cells/well.
One day after, 50 UM etoposide was added and then cultured for 1 day. Then, labeled human

Muse cells were added at 1><104 cells/well followed by co-culturing. At 3 Days after co-culture,

the phagocytosis of damaged cardiac muscle cells by Muse cells was examined under a
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fluorescence microscope. As it is illustrated in Fig. 4, GFP + fragments (green) of the damaged
cardiac muscle cells is incorporated inside the Muse cells (red), and thus the phagocytic capacity
of Muse cells was confirmed.

[0053]

Next, in the same co-culture system, 3 days, 1 week, 2 weeks, and 3 weeks after starting
the co-culture, cells were fixed and it was examined whether or not the Muse cells were induced
to differentiate into cardiac muscle cells. The differentiation induction in Muse cells was
examined by carrying out immunostaining for GATA-4 (cardiac muscle progenitor cell marker),
ANP (premature cardiac muscle cell marker), and troponin-I (mature marker for cardiac muscle
cells) as a differentiation marker for cardiac muscle cells. The results are shown in Fig. 5. Muse
cells which have been co-cultured with apoptotic cardiac muscle cells expressed GATA-4 on
Day 3 and Day 7 (Figs. 5A and 5B, respectively). Furthermore, Muse cells expressed ANP at 2
weeks and expressed troponin-I at 3 weeks (Figs. 5C and 5D, respectively). Since any kind of the
differentiation markers has been expressed, it was confirmed that Muse cells have differentiated,
by co-culturing with damaged cardiac muscle cells, into cardiac muscle cell types, which are
mesodermal-lineage cells.

[0054]

Furthermore, in order to validate that the induced differentiation of Muse cells into
cardiac muscle cells described above is caused by the phagocytosis of damaged cardiac muscle
cells, Annexin V was added to the culture system, and examined how suppression of
phagocytosis affect on Muse cell differentiation. To the same culture system as the above co-
culture, etoposide (50 uM) was added. After one day, 1 pg/mL Annexin V was added thereto
followed by culture for 8 hours. After that, Muse cells (1><104 cells/well) were added and the co-
culture was continued. At 3 Days, 1 week, 2 weeks, and 3 weeks after adding Annexin V, total
RNA was extracted from all the cells, and the presence or absence of the expression of each
marker gene was examined by RT-PCR (Fig. 6).

[0055]

Nkx 2.5 and GATA4 are differentiation markers expressed in cardiac muscle cells which
are at early stage of differentiation and more juvenile. In samples without Annexin V (after 3
days and after 1 week), Muse cells have differentiated into cardiac muscle. However, in a sample
with Annexin V, expression of cardiac differentiation markers was not observed. Also ANP and
troponin T (TNT), markers for later than progenitor stage, were not observed in Muse cells with
Annexin V. Accordingly, it was shown that, since the differentiation into cardiac muscle cells is
inhibited by inhibition of phagocytotic activity in Muse cells, it is reasonable to consider that
Muse cells obtain the information of “principle of site” for differentiation by phagocytizing dead

cells or dying cells (damaged cells),.
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[0056]
(2) Differentiation into mesodermal cells (skeletal muscle cells)

By using mouse C2C12 (cell line derived from rhabdomyosarcoma) (ATCC, #CRL-
1772), induced differentiation of Muse cells into mesodermal-lineage cell type was examined.
C2C12 cells treated with etoposide were co-cultured with GFP-labeled Muse cells for induction
of differentiation. Specifically, C2C12 cells were plated at cell density of 5><104 cells/well,
treated with etoposide as described above, and then further plated Muse cells at the same cell
density co-culturing. At 14 Days after starting the co-culture, the presence or absence of the
expression of myogenin (differentiation marker for skeletal muscle cells) was examined by
immunostaining. The result of observation under a fluorescence microscope and the result of RP-
PCR for MyoD expression are shown in Figs. 7A and 7B, respectively. Considering that Muse
cells (green) with multi nuclei expressed myogenin (red), and also mRNA expression of MyoD
was confirmed (1 week after starting the co-culture), it was shown that co-culture with damaged
C2C12 induced differentiation into skeletal muscle cell type that belong to mesodermal-lineage
cells.

[0057]

Furthermore, primers used for various markers as a detection subject in RT-PCR were
designed and synthesized based on the nucleotide sequence of MyoD (NM_002478; SEQ ID
NO: 13). Specifically, they are described in the followings.

Forward primer: 5'-GAGCAATCCAAACCAGCGGTTG-3' (SEQ ID NO: 14)
(corresponding to 631-652nt of SEQ ID NO: 13)

Reverse primer: 5-TAGTAGGCGCCTTCGTAGCAG-3' (SEQ ID NO: 15)
(corresponding to 912-892nt of SEQ ID NO: 13)

[0058]
(3) Differentiation into ectodermal-lineage cells (neural cells)

By using apoptotic neural cells (Neuro2A, ATCC, #CCL-131), differentiation of Muse
cells into ectodermal cells was examined. Similar to the above, etoposide treated neural cells
were prepared and then co-cultured with Muse cells. From the Muse cells, total RNA was
extracted at 3 days and 1 week after starting the co-culture, and then evaluated. More
specifically, mRNA expression of NeuN, which is known as a marker for neural cells, was
examined by RT-PCR. Mouse embryo (cultured for 15 days) and human MSC-Muse cells (L26)
did not express NeuN. On the other hand, after co-culture with apoptotic Neuro2A, expression of
NeulN was confirmed in Muse cells, 1 week after starting the co-culture. Thus, it was shown that,
according to co-culture with damaged neural cells, differentiation of Muse cells into neural cells,
which belong to ectodermal-lineage cells, is yielded.

[0059]
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(4) Differentiation into endodermal-lineage cells (B cells)

By using apoptotic mouse B cells (NIT-1) (ATCC, #CRL-2055), differentiation of Muse
cells into endodermal-lineage cells was examined. Similar to the above experiment, etoposide
treated apoptotic B cells were prepared and then co-cultured with Muse cells. From the Muse
cells, total RNA was extracted at 3 days after and 1 to 3 weeks after starting the co-culture, and
examined for Muse cell differentiation. More specifically, mRNA expression of Nkx 2.2 and
NeuroD1, markers for B cell progenitor cells, and mRNA expression of Isletl, a mature B cell
marker, were examined by RT-PCR. As it is illustrated in Fig. 9, from the change in expression
of various markers over time, it was examined that Muse cells differentiated from progenitor
cells to mature 3 cells according to the time course of co-culture. It was shown that, according to
co-culture with damaged [ cells, differentiation of Muse cells into 3 cells, which belong to
endodermal-lineage cells, is yielded.

[0060]

Furthermore, primers used for various markers as a detection subject in RT-PCR were
designed and synthesized based on the nucleotide sequence of Nkx 2.2 (NM_002509; SEQ ID
NO: 16), NeuroD1 (NM_002500; SEQ ID NO: 19), and Isletl (NM_002202; SEQ ID NO: 22).
Specifically, they are described in the followings.

1) Nkx 2.2

Forward primer: 5'-GACATAAATTTTGGGGTCT-3' (SEQ ID NO: 17) (corresponding
to 25-43nt of SEQ ID NO: 16)

Reverse primer: 5'-GGTTCTGGAACCAGATCTT-3' (SEQ ID NO: 18) (corresponding
to 584-566nt of SEQ ID NO: 16)

2) NeuroD1

Forward primer: 5'-GCACAATTTGAGCAATTCAT-3' (SEQ ID NO: 20)
(corresponding to 1998-2017nt of SEQ ID NO: 19)

Reverse primer: 5-CAAGCTTGTGCAAGTAATGTG-3' (SEQ ID NO: 21)
(corresponding to 2144-2124nt of SEQ ID NO: 19)

3) Isletl

Forward primer: 5'-GGCTGTTCACCAACTGTA-3' (SEQ ID NO: 23) (corresponding to
490-507nt of SEQ ID NO: 22)

Reverse primer: 5'-ACTCGATGTGATACACCTTG-3' (SEQ ID NO: 24) (corresponding
to 858-839nt of SEQ ID NO: 22)

[0061]
(5) Differentiation into endodermal-lineage cells (liver cells)
By using apoptotic liver cells (mouse liver cancer cell line: Hepal-6) (ATCC, #CRL-

1830), differentiation of Muse cells into endodermal cells was examined. Similar to the above
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experiment, etoposide treated apoptotic mouse liver cells were prepared and then co-cultured
with Muse cells. From the Muse cells, total RNA was extracted at 3 days after and 1 to 2 week
after starting the co-culture, and examined for Muse cell differentiation. More specifically,
mRNA expression of a-fetoprotein (AFP), a marker for liver progenitor, was examined by RP-
PCR. As it is illustrated in Fig. 10, expression of AFP was observed 1 week after starting the co-
culture, and it was shown that, according to co-culture with damaged liver cells, differentiation
of Muse cells into liver cells, which belong to endodermal-lineage cells, is yielded.

[0062]

Furthermore, primers used for various markers as a detection subject in RT-PCR were
designed and synthesized based on the nucleotide sequence of AFP (NM_001134; SEQ ID NO:
25). Specifically, they are described in the followings.

Forward primer: 5'-CCGAACTTTCCAAGCCATAACTG-3' (SEQ ID NO: 26)
(corresponding to 740-762nt of SEQ ID NO: 25)

Reverse primer: 5-CACTTCTCCAATAACTCCTGGTATC-3' (SEQ ID NO: 27)
(corresponding to 1195-1171nt of SEQ ID NO: 25)

INDUSTRIAL APPLICABILITY
[0063]

The present invention allows inducing differentiation of pluripotent stem cells,
particularly Muse cells, into endodermal, mesodermal, and ectodermal-lineage cells by using the
same method. The method can be applied to chronic diseases in which the “principle of the site”
has been already lost. The method can also be applied to regeneration of avascular tissues and an
organs where Muse cells cannot approach. The method can be applied to generation of rare cells.
The method enables pluripotent stem cells such as Muse cells to stably provide a large scale of
differentiated cells with easy approach and low cost. Such induced differentiated cells have low
risks of tumorigenicity, different from cells that are induced to be differentiated by exogenous
gene introduction, and thus can be applied to clinical treatment with low safety concerns.

[0064]

All the publications and patent literature cited herein are incorporated into the present
specification in their entirety as reference. The specific embodiments of the present invention
were explained in the present specification for the purpose of example, and it will be easily
appreciated by a person skilled in the art that various modifications may be employed such as are

not outside of the spirit and scope of the present invention.
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CLAIMS
1. A method for inducing differentiation of pluripotent stem cells in vitro into cells
having the same phenotype and function as Information Presenting Cells for Differentiation
(IPCD), the method comprising co-culturing pluripotent stem cells or cell population with high
content of the pluripotent stem cells either with damaged and/or dead cells as IPCD, and/or

fragments of said damaged and/or dead cells.

2. The method according to claim 1, wherein the pluripotent stem cells phagocytize

damaged and/or dead cells as IPCD, and/or fragments of said damaged and/or dead cells.

3. The method according to claim 1 or 2, wherein the pluripotent stem cells are
SSEA-3-positive cells isolated from mesenchymal tissues of a body or cultured mesenchymal

cells.

4. The method according to any one of claims 1 to 3, wherein the pluripotent stem

cells are CD105-positive.

5. The method according to any one of claims 1 to 4, wherein the pluripotent stem

cells are CD117-negative and CD146-negative.

6. The method according to any one of claims 1 to 5, wherein the pluripotent stem
cells are CD117-negative, CD146-negative, NG2-negative, CD34-negative, vVWF-negative, and
CD271-negative.

7. The method according to any one of claims 1 to 6, wherein the pluripotent stem
cells are CD34-negative, CD117-negative, CD146-negative, CD271-negative, NG2-negative,
vWF-negative, Sox10-negative, Snail-negative, Slug-negative, Tyrpl-negative, and Dct-

negative.

8. The method according to any one of claims 1 to 7, wherein the pluripotent stem
cells have all of the following properties:
1) telomerase activity at low or under detection level;
(i)  having the ability to differentiate into cells of three germ layers;
(i)  exhibiting no tumorigenic proliferation; and

(iv)  having self-renewal ability.
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0. The method according to any one of claims 1 to 8, wherein the ratio between the
number of the pluripotent stem cells and the number of the damaged and/or dead cells as IPCD is
1: 10,000 to 10,000 : 1.

10. The method according to any one of claims 1 to 9, wherein the damaged and/or
dead cells as IPCD, and/or fragments of said damaged and/or dead cells are obtained by adding a
pharmaceutical agent selected from the group consisting of apoptosis inducing agent, metabolic
antagonist, alkylating agent, anthracycline, antibiotics, antimitotic agent, topoisomerase
inhibitor, proteasome inhibitor, anti-cancer agent, heat, low temperature, acid, alkali, ultrasonic

wave, and physical disruption by vortex or the like.

11. The method according to any one of claims 1 to 10, wherein the IPCD are cells

derived from ectoderm.

12. The method according to claim 11, wherein the cells derived from ectoderm are
selected from the group consisting of neural cells, glial cells, pigment cells, skin cells, inner ear

cells, retinal cells, corneal cells, and hair follicle cells.

13. The method according to any one of claims 1 to 10, wherein the IPCD are cells

derived from mesoderm.

14. The method according to claim 13, wherein the cells derived from mesoderm are
selected from the group consisting of cardiac muscle cells, skeletal muscle cells, smooth muscle

cells, osteocytes, chondrocytes, germ line cells, and hematopoietic cells.

15. The method according to any one of claims 1 to 10, wherein the IPCD are cells

derived from endoderm.

16. The method according to claim 15, wherein the cells derived from endoderm are
selected from the group consisting of pancreatic [ cells, liver cells, bile duct cells, respiratory
epithelial cells, esophageal epithelial cell, vascular endothelial cells, kidney-constituting cells,

bladder epithelial cells, and pancreatic exocrine cells.

17.  The method according to any one of claims 1 to 10, wherein the IPCD are rare

cells.
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18. The method according to claim 17, wherein the rare cells are selected from the
group consisting of motor neuron, dopamine neuron, intermediate neuron, glutamine-activated
neuron, pituitary gland cells, thyroid gland cells, adrenal cortex, adrenal medulla, pressure-sensor
cells of carotid artery, heart conduction system, choroid plexus epithelial cells, pancreatic-alpha

cells, pancreatic-delta cells, and lung Clara cells.

19. A method for confirming in vitro that cells contained in a cell preparation are live

pluripotent stem cells, including:

(a) co-culturing cells in the cell preparation with damaged and/or dead cells,
and/or fragments of said damaged and/or dead cells; and

(b) if the cells in the cell preparation are differentiated into cells having the
same phenotype and function as exodermal-lineage cells, mesodermal-lineage cells, and/or
endodermal-lineage cells derived from the damaged and/or dead cells, and/or fragments of said
damaged and/or dead cells, determining that the pluripotent stem cells are alive in the cell

preparation.

20. A method for in vitro production of cells having the same phenotype and function
as IPCD from pluripotent stem cells, the method comprising co-culturing pluripotent stem cells
or cell population with high content of the pluripotent stem cells either with damaged and/or

dead cells as IPCD, and/or fragments of the damaged and/or dead cells.
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