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(57) ABSTRACT

Disclosed are a method for preparing induced pluripotent
stem cells from endocardium-derived adult stem cells iso-
lated from peripheral blood and a method for differentiating
induced pluripotent stem cells into cardiovascular cells. The
endocardium-derived adult stem cells are primary culture
cells for preparing induced pluripotent stem cells, can be
readily isolated and cultured only with a small amount of
peripheral blood, have a high proliferation property so as to
be storable without generic variation, and can rapidly ensure
a cell number so as to be usable in cell therapy. The
endocardium-derived adult stem cells have sternness,
thereby having high preparation efficiency, and are derived
from the endocardium so as to have the epigenetic memory
of cardiovascular cells, thereby having an advantage of
being able to be differentiated, after preparing induced
pluripotent stem cells, into cardiovascular cells such as
endothelial cells, smooth muscle cells and cardiomyocytes
with a high efficiency.
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Fig. 1a
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Fig. 1c
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Fig. 2b
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Fig. 3a
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Fig. 3b
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Fig. 3c
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Fig. 4a
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Fig. 4h
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Fig. 6a
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Fig. 6b
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Fig.7a
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Fig. 7b
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Fig. 8a
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METHOD FOR DIFFERENTIATING
INDUCED PLURIPOTENT STEM CELLS,
WHICH ARE PREPARED FROM
ENDOCARDIUM-DERIVED ADULT STEM
CELLS, INTO CARDIOVASCULAR CELLS,
AND USE THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a method of pre-
paring induced pluripotent stem cells from endocardium-
derived adult stem cells isolated from peripheral blood, a
method of differentiating induced pluripotent stem cells
prepared using the method, into cardiovascular cells, and a
use thereof.

BACKGROUND ART

[0002] The development of a method of producing
induced pluripotent stem cells (iPSCs) using 4 genes, devel-
oped by Professor Yamanaka of Japan in 2006, has presented
a new possibility of developing a patient-customized cell
therapy market and research on disease mechanisms. Thus,
the development of a method of producing iPSCs using a
method that does not cause genetic modification has been
remarkably advanced, and the types of various patient-
derived primary cells used to produce iPSCs have also been
sought.

[0003] Skin fibroblasts are the most widely used cells for
iPSC production, and it is easy to access and culture these
skin fibroblasts. According to the findings reported to date,
cells at a slightly younger stage than adult cells have high
proliferative potential and special genetic makeup, ie.,
sternness, and thus when used for iPSC production, the
number of Yamanaka factors provided can be reduced. In
particular, in the case of neural stem cells, SOX2 and
¢-MYC are inherently expressed, and thus it is possible to
produce iPSCs therefrom only by introducing two factors,
i.e., OCT4 and KLF4. Thus, when cells having sternness at
a slightly younger stage than somatic cells are used as
primary cells, the time for iPSC production may be short-
ened and production efficiency may be increased. Further-
more, if iPSCs can be established with a small number of
Yamanaka factors by examining its gene expression, it may
be advantageous in that when the cells are differentiated into
target cells and used for treatment, a risk of developing
cancer may be decreased.

[0004] In addition, as a result of various studies using
murine and human cells, it has been reported that there is a
difference in efficiency of differentiation from iPSCs to
target cells according to primary cells. This is considered
because the epigenetic memory of original somatic cells
remains even after de-differentiation. Thus, from the initial
stage of the production of iPSCs, primary cells should be
selected in consideration of the efficiency of differentiation
into target cells, cell function and stability after differentia-
tion, and developmental origin.

[0005] According to a report in 2014, when cardiac pro-
genitor cell-derived iPSCs (CPC-iPSCs) and fibroblast-de-
rived iPSCs (Fib-iPSCs) were differentiated into cardiomyo-
cytes, higher differentiation efficiency was exhibited in the
case of CPC-iPSCs than in the case of Fib-iPSCs, and when
comparing the cases of differentiating the same cells into
endothelial cells and smooth muscle cells with each other,
higher differentiation efficiency was exhibited in the case of
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CPC-iPSCs (Sanchez-Freire et al. 2014, JACC, 64(5):449-
450). Thus, in the case of differentiating into cardiovascular
cells using iPSCs, the use of primary cells may play an
important role in increasing differentiation efficiency.
[0006] In addition, when basically considering the storage
of primary cells, there should be no change in the compo-
sition of cells before and after storage. In addition, when
considering the possibility of various applications, a method
of acquiring specimens should be a non-invasive method
rather than an invasive method through a biopsy which is at
risk for infection, and thus it may be possible to obtain
primary cells of various backgrounds such as age, gender,
disease, and the like.

[0007] Taking all together into consideration, ideal con-
ditions for becoming primary cells of iPSCs are as follows:
First, sample acquisition should be easy. A large number of
cells should be obtained easily and safely at the time of
acquisition. Second, they should be sensitive to the intro-
duction and expression of foreign genes. Third, they should
be cells that can be isolated regardless of age, gender,
ethnicity, and physical conditions of donors and when iso-
lated, they should be cells that can represent genetic infor-
mation of a donor thereof. Fourth, they should have stern-
ness to increase the production efficiency of iPSCs, and they
should be cells having the same epigenetic memory, and thus
when differentiating into target cells, differentiation effi-
ciency may be increased.

[0008] However, as a result of analysis of various cells
having reported to be used for iPSCs, cells satisfying all
these conditions do not exist. To compensate for this, a
method of acquiring various cells from a donor has been
proposed, but this requires too much labor, time, and
resources for isolation, culture, and storage. Therefore, the
inventors of the present invention restricted the field and
tried to discover primary cells to be used in the production
of iPSCs that can be used in a limited way for the treatment
of cardiovascular cells.

DISCLOSURE

Technical Problem

[0009] As a result of having intensively studied to acquire
and verify primary cells optimized for the production of
induced pluripotent stem cells that can be used for cardio-
vascular cell therapy, the inventors of the present invention
established a method of preparing induced pluripotent stem
cells with high efficiency by using endocardium-derived
adult stem cells isolated from human peripheral blood, and
differentiated the prepared induced pluripotent stem cells
into endothelial cells, smooth muscle cells, and cardiomyo-
cytes, which are cardiovascular cells, thus completing the
present invention,

[0010] Therefore, an object of the present invention is
provide a method of preparing induced pluripotent stem
cells using endocardium-derived adult stem cells, and
induced pluripotent stem cells prepared thereby.

[0011] In addition, another object of the present invention
is to provide a method of differentiating the induced pluri-
potent stem cells into endothelial cells, smooth muscle cells,
and cardiomyocytes, and endothelial cells, smooth muscle
cells, and cardiomyocytes obtained by the differentiation
method.

[0012] In addition, still another object of the present
invention is to provide a cell therapeutic agent for treating a
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cardiovascular disease, including endothelial cells, smooth
muscle cells, or cardiomyocytes obtained by the differen-
tiation method, as an active ingredient.

[0013] However, technical problems to be solved by the
present invention are not limited to the above-described
technical problems, and other unmentioned technical prob-
lems will become apparent to those of ordinary skill in the
art from the following description.

Technical Solution

[0014] To achieve the above-described objects, the present
invention provides a method of preparing induced pluripo-
tent stem cells, including the following processes:

[0015] (a) introducing the sex determining region Y
(SRY)-box 2 (SOX2) gene, the v-myc avian myelocytoma-
tosis viral oncogene homolog (c-MYC) gene, the octamer-
binding transcription factor 4 (OCT4) gene, and the Krup-
pel-like factor 4 (KLF4) gene into endocardium-derived
adult stem cells;

[0016] (b) producing epithelial-like cells by culturing the
gene-introduced cells while replacing the medium with a
microvascular endothelial cell growth media-2 (EGM-2MV)
medium every day for 8 days to 12 days; and

[0017] (c) mounting the cells on feeder cells and culturing
the resulting cells in an EGM-2MV medium for 3 days to 7
days, and then replacing the medium with an embryonic
stem cell (ES) medium.

[0018] In one embodiment of the present invention, the
endocardium-derived adult stem cells may be obtained by
suspending and seeding peripheral blood mononuclear cells
(PBMCs) isolated from peripheral blood in an EGM-2MV
medium, and then removing T cells and culturing the result-
ing cells while replacing the medium for 5 days to 8 days.
[0019] In another embodiment of the present invention,
the feeder cells may be a mouse-derived embryonic fibro-
blast cell line.

[0020] In another embodiment of the present invention,
the ES medium may be Dulbecco’s Modified Eagle
Medium: Nutrient Mixture F-12 (DMEM/f12) treated with a
knockout serum replacement, [-glutamine, non-essential
amino acids, 2-mercaptoethanol, penicillin/streptomycin,
and bFGF.

[0021] The present invention also provides induced pluri-
potent stem cells prepared by the above-described prepara-
tion method.

[0022] In one embodiment of the present invention, the
induced pluripotent stem cells may exhibit the following
characteristics:

[0023] (a) positive immunological characteristics for alka-
line phosphatase (ALP), OCT4, Nanog homeobox
(NANOG), and TRA-1-81;

[0024] (D) ability to differentiate into three germ layers in
vitro and in vivo; and

[0025] (c) growing while being adhered, and exhibiting
morphological and genetic characteristics of embryonic
stem cells.

[0026] The present invention also provides a method of
differentiating induced pluripotent stem cells into endothe-
lial cells, including the following processes:

[0027] (a) treating the induced pluripotent stem cells with
a glycogen synthase kinase 3 (GSK-3) inhibitor and cultur-
ing the resulting cells for 1 day to 3 days for differentiation
into mesoendodermal cells;
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[0028] (b) preparing CD34 positive cells by treating the
mesoendodermal cells with bone morphogenetic protein 4
(BMP4) and an Akt (protein kinase B; PKB) inhibitor for
differentiation into mesoblast cells, treating the mesoblast
cells with a growth factor, and culturing the resulting cells
for 7 days to 10 days while replacing the medium every day;
and

[0029] (c) re-treating the CD34 positive cells with the
growth factor and sub-culturing the resulting cells for 10
days to 20 days while replacing the medium every day.
[0030] In one embodiment of the present invention, the
GSK-3 inhibitor may be 6-[[2-[[4-(2,4-dichlorophenyl)-5-
(5-methyl-1H-imidazol-2-yl)-2-pyrimidinyl Jamino ethyl]
amino]-3-pyridinecarbonitrile (CHIR99021).

[0031] In another embodiment of the present invention,
the Akt inhibitor may be 2-(2-amino-3-methoxyphenyl)-4H-
1-benzopyran-4-one (PD98059).

[0032] In another embodiment of the present invention,
the growth factor may be a vascular endothelial growth
factor (VEGF) and a basic fibroblast growth factor (bFGF).
[0033] The present invention also provides endothelial
cells obtained by the differentiation method.

[0034] The present invention also provides a method of
differentiating induced pluripotent stem cells into smooth
muscle cells, including the following processes:

[0035] (a) treating the induced pluripotent stem cells with
a glycogen synthase kinase 3 (GSK-3) inhibitor and cultur-
ing the resulting cells for 1 day to 3 days for differentiation
into mesoendodermal cells;

[0036] (b) treating the obtained mesoendodermal cells
with bone morphogenetic protein 4 (BMP4) and a phospha-
tidylinositol-4,5-bisphosphate 3-kinase (PI3K) inhibitor and
culturing the resulting cells for 1 day to 2 days; and
[0037] (c) treating the cultured mesoendodermal cells with
a growth factor and sub-culturing the resulting cells for 12
days to 16 days.

[0038] In one embodiment of the present invention, the
GSK-3 inhibitor may be 6-[[2-[[4-(2,4-dichlorophenyl)-5-
(5-methyl-1H-imidazol-2-yl)-2-pyrimidinyl Jamino Jethyl]
amino]-3-pyridinecarbonitrile (CHIR99021).

[0039] In another embodiment of the present invention,
the PI3K inhibitor may be 2-(4-morpholino)-8-phenyl-4H-
1-benzopyran-4-one (LY294002).

[0040] In another embodiment of the present invention,
the growth factor may be platelet-derived growth factor-BB
(PDGF-BB) and transforming growth factor-beta (TGF-f}).
[0041] The present invention also provides smooth muscle
cells obtained by the above-described differentiation
method.

[0042] The present invention also provides a method of
differentiating induced pluripotent stem cells into cardio-
myocytes, including the following processes:

[0043] (a) culturing the induced pluripotent stem cells in a
medium containing a glycogen synthase kinase 3 (GSK-3)
inhibitor, bone morphogenetic protein 4 (BMP4), vitamin C,
activin A, and an insulin-free B27 supplement for 20 hours
to 30 hours for differentiation into mesoblast cells;

[0044] (b) culturing the obtained mesoblast cells in a
medium supplemented with BMP4, a growth factor, and an
insulin-free B27 supplement for 2 days to 4 days; and
[0045] (c) culturing the cultured mesoblast cells in a
medium containing an insulin-free B27 supplement for 1
day to 2 days, adding a wingless-type MMTV integration
site family (Wnt) signaling inhibitor thereto, culturing the
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resulting cells for 1 day to 3 days, and then further culturing
the resulting cells in a medium containing an insulin-
containing B27 supplement.

[0046] In one embodiment of the present invention, the
GSK-3 inhibitor may be 6-[[2-[[4-(2,4-dichlorophenyl)-5-
(5-methyl-1H-imidazol-2-yl)-2-pyrimidinyl Jamino|ethyl]
amino]-3-pyridinecarbonitrile (CHIR99021).

[0047] In another embodiment of the present invention,
the growth factor may be a vascular endothelial growth
factor (VEGF).

[0048] In another embodiment of the present invention,
the Wt signaling inhibitor may be N-(6-methyl-2-benzo-
thiazolyl)-2-[(3,4,6,7-tetrahydro-4-oxo-3-phenylthieno[3,2-
d]pyrimidin-2-yljthio]-acetamide (IWP2).

[0049] The present invention also provides cardiomyo-
cytes obtained by the above-described differentiation
method.

[0050] The present invention also provides a cell thera-
peutic agent for treating a cardiovascular disease, including
the obtained endothelial cells, smooth muscle cells, or
cardiomyocytes as an active ingredient.

[0051] In one embodiment of the present invention, the
cardiovascular disease may be a disease selected from the
group consisting of angina pectoris, myocardial infarction,
ischemic heart disease, hyperlipidemia, stroke, arterioscle-
rosis, hypertension, arrhythmia, cerebrovascular disease,
and coronary artery disease.

[0052] The present invention also provides a method of
preventing or treating a cardiovascular disease, including
administering the obtained endothelial cells, smooth muscle
cells, or cardiomyocytes to an individual.

[0053] The present invention also provides a use of the
endothelial cells, smooth muscle cells, or cardiomyocytes
obtained by the differentiation method for preventing or
treating a cardiovascular disease.

Advantageous Effects

[0054] Endocardium-derived adult stem cells, which are
primary cells for the production of induced pluripotent stem
cells of the present invention, can be easily isolated from
only a small amount of peripheral blood and cultured and
have high proliferative potential, and thus can be stored
without genetic variations, and the number of cells sufficient
to be used for cell therapy can be rapidly secured. In
addition, endocardium-derived adult stem cells have stern-
ness, and thus exhibit higher efficiency of producing induced
pluripotent stem cells through transduction of 4 types of
Yamanaka factors than that of conventionally used skin
fibroblasts, and have epigenetic memory of cardiovascular
cells due to having an endocardial origin thereof, and thus,
after producing induced pluripotent stem cells therefrom, the
resulting cells can differentiate into cardiovascular cells such
as endothelial cells, smooth muscle cells, cardiomyocytes,
and the like with high efficiency. Thus, cardiovascular cells
obtained by differentiation of the induced pluripotent stem
cells can be used for library screening of a therapeutic
material for the development of therapeutic agents for
cardiovascular diseases and for research on mechanisms for
the treatment of cardiovascular diseases. In addition, it is
expected that the cardiovascular cells can be widely used in
a variety of fields, such as the use thereof as a cell thera-
peutic agent by directly manipulating and proliferating the
cells and injecting the resulting cells again into a patient.
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DESCRIPTION OF DRAWINGS

[0055] FIG. 1A illustrates a process of culturing endocar-
dium-derived adult stem cells (CiMSs) transduced with
Yamanaka factors, i.e., SOX2, ¢-MYC, OCT4, and KLF4,
from peripheral blood mononuclear cells (PBMCs) isolated
from human blood, over time.

[0056] FIG. 1B illustrates results showing that a process of
mounting the Yamanaka factor-transduced CiMSs on feeder
cells and then gradually replacing the used media with ES
media was effective in producing induced pluripotent stem
cells (iPSCs).

[0057] FIG. 1C illustrates microscopic images of CiMSs
isolated from peripheral blood of a donor and cultured (left),
a colony formed 8 days after transduction with Yamanaka
factors (middle), and CiMS-derived iPSCs (CiMS-iPSCs)
being cultured on feeder cells (right).

[0058] FIG. 2A illustrates verification results of the pro-
tein expression of undifferentiation marker genes through
alkaline phosphatase (ALP) staining and immunofluorescent
staining to verify the undifferentiation ability of CiMS-
iPSCs.

[0059] FIG. 2B illustrates verification results of mRNA
expression levels of undifferentiation marker genes through
RT-PCR to verify the undifferentiation ability of CiMS-
iPSCs.

[0060] FIG. 2C illustrates comparative analysis results of
overall gene expression patterns through microarray analy-
sis to verify the undifferentiation ability of CiMS-iPSCs.
[0061] FIG. 3A illustrates verification results of the pro-
tein expression of tridermic marker genes through immu-
nofluorescence staining to verify an ability of CiMS-iPSCs
to differentiate into three germ layers in vitro.

[0062] FIG. 3B illustrates comparative analysis results of
mRNA expression levels of tridermic marker genes in
undifferentiated or differentiated CiMS-iPSCs to verify an
ability of CiMS-iPSCs to differentiate into three germ layers
in vitro.

[0063] FIG. 3C illustrates verification results of an ability
of CiMS-iPSCs to differentiate into three germ layers in vivo
through teratoma formation.

[0064] FIG. 4A illustrates results of comparison in effi-
ciency between CiMSs, skin fibroblasts, and 293T cells that
were transduced with a GFP-expressing retrovirus.

[0065] FIG. 4B illustrates results of comparison in iPSC
production efficiency between CiMSs and skin fibroblasts
that were subjected to alkaline phosphatase (ALP) staining
on day 9 after being transduced with Yamanaka factors.
[0066] FIG. 5 illustrates a step-by-step process of con-
structing a CiMS-iPSC bank.

[0067] FIG. 6A illustrates a schematic process and proto-
col of differentiation of CiMS-iPSCs into endothelial cells.

[0068] FIG. 6B illustrates microscopic observation results
of the comparison between the morphology of endothelial
cells obtained by differentiation of CiMS-iPSCs and the
morphology of human umbilical vein endothelial cells (HU-
VECs) as a positive control.

[0069] FIG. 6C illustrates measurement results showing a
comparison in the concentration of nitric oxide between
endothelial cells obtained by differentiation of CiMS-iPSCs
and HUVECs as a positive control.

[0070] FIG. 6D illustrates results of the expression of
PECAM and VE-Cadherin, which are endothelial cell
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expression markers, Matrigel tube formation, and LDL
uptake in endothelial cells obtained by differentiation from
CiMS-iPSCs.

[0071] FIG. 7A illustrates a schematic process and proto-
col of differentiation of CiMS-iPSCs into smooth muscle
cells.

[0072] FIG. 7B illustrates verification results of the pro-
tein expression of smooth muscle cell markers (Calponin
and SMA) through immunofluorescence staining in smooth
muscle cells obtained by differentiation from CiMS-iPSCs.
[0073] FIG. 7C illustrates results of comparison between
protein expression levels of smooth muscle cell markers
(Calponin and SMA) through Western blotting in smooth
muscle cells differentiated from CiMS-iPSCs and human
gastric vascular smooth muscle cells (hWWSMCs) as a posi-
tive control.

[0074] FIG. 7D illustrates results of comparison between
mRNA expression levels of smooth muscle cell markers
(Calponin, SMA, and SM22a) through RT-PCR in smooth
muscle cells differentiated from CiMS-iPSCs and hVSMCs
as a positive control.

[0075] FIG. 8A illustrates a schematic process and proto-
col of differentiation of CiMS-iPSCs into cardiomyocytes.
[0076] FIG. 8B illustrates a microscopic image of beating
embryonic bodies differentiated into cardiomyocytes from
CiMS-iPSCs.

BEST MODE

[0077] The present invention relates to a method of pre-
paring induced pluripotent stem cells using endocardium-
derived adult stem cells isolated from peripheral blood as
primary cells, a method of differentiating the induced pluri-
potent stem cells prepared using the method into cardiovas-
cular cells, and a use thereof.

[0078] Therefore, the present invention provides a method
of preparing induced pluripotent stem cells, including the
following processes:

[0079] (a) introducing the sex determining region Y
(SRY)-box 2 (SOX2) gene, the v-myc avian myelocytoma-
tosis viral oncogene homolog (c-MYC) gene, the octamer-
binding transcription factor 4 (OCT4) gene, and the Krup-
pel-like factor 4 (KLF4) gene into endocardium-derived
adult stem cells;

[0080] (b) producing epithelial-like cells by culturing the
gene-introduced cells while replacing the medium with a
microvascular endothelial cell growth media-2 (EGM-2MV)
medium every day for 8 days to 12 days; and

[0081] (c) mounting the cells on feeder cells and culturing
the resulting cells in an EGM-2MV medium for 3 days to 7
days, and then replacing the medium with an embryonic
stem cell (ES) medium.

[0082] The term “stem cells” as used herein refers to cells
that are the foundation of cells or tissues constituting an
individual, and have characteristics such as self-renewal by
repeatedly dividing, and multipotency which is an ability to
differentiate into cells having a specific function according
to an environment. Stern cells are generated in all tissues
during fetal developmental processes, and found in some
tissues in which cells are actively replaced, such as bone
marrow, epithelial tissues, and the like in adults. Stem cells
are divided into totipotent stem cells that are formed when
a first division of an embryo starts, pluripotent stem cells in
an inner membrane of the blastocyst that is formed by
repeated divisions of the cells, and multipotent stem cells
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included in mature tissues arid organs, according to the type
of cells that can be differentiated. In this case, the multipo-
tent stem cells are cells that can be differentiated only into
cells specific to tissues and organs including the cells, and
are involved in growth and development of tissues and
organs of the fetal stage, neonatal stage, and adult stage,
homeostatic maintenance of adult tissues, and functions of
inducing regeneration when tissues are damaged. Such tis-
sue-specific multipotent cells are collectively referred to as
adult stern cells.

[0083] The term “induced pluripotent stem cells (iPSCs)”
as used herein refers to dedifferentiated stern cells, and cells
that return to a pre-differentiated cell stage by transfecting
differentiated somatic cells with cell differentiation-related
genes and are induced to have pluripotency like embryonic
stem cells. In 2006, Professor Shinya Yamanaka of Kyoto
University produced stern cells with pluripotency like
embryonic stern cells by introducing several genes into
mouse skin fibroblasts, and successfully produced induced
pluripotent stem cells by introducing genes into adult skin
cells in 2007. The genes are SOX2, c-MYC, OCT4, and
KLF4, which are also referred to as Yamanaka factors, and
also in the present invention, to prepare induced pluripotent
stem cells from endocardium-derived adult stem cells, the
four types of genes were introduced.

[0084] The endocardium-derived adult stem cells of pro-
cess (a) may be obtained by suspending and seeding periph-
eral blood mononuclear cells (PBMCs) isolated from periph-
eral blood in an EGM-2MV medium, and then removing T
cells and culturing the resulting cells while replacing the
medium every day for 5 days to 8 days. In the present
invention, the endocardium-derived adult stem cells
obtained by the above-described method are named circu-
lating multipotent stem cells (CiMSs).

[0085] The term “peripheral blood” as used herein refers
to blood that circulates in bodies of mammals including
humans, and can be diversely extracted using arteries, veins,
peripheral blood vessels, or the like.

[0086] The term “PBMC” as used herein refers to a
mononuclear cell present in peripheral blood, and includes
immune cells such as B cells, T cells, macrophages, den-
dritic cells, natural killer (NK) cells, and the like, granulo-
cytes such as a basophil, eosinophil, and neutrophil, and the
like. The PBMC may be separated using general preparation
methods, for example, density gradient centrifugation using
Ficoll-Paque, but the present invention is not limited thereto.

[0087] The term “gene introduction” as used herein refers
to artificial introduction of a gene or a group of genes into
a cell to express the group of genes, or a manipulation of
inserting another gene (group) into a genome of the cell. The
gene introduction may be performed by a method using a
non-viral carrier such as liposome nanoparticles or a cationic
polymer, a method using a viral carrier, or a physical method
such as an electroporation method, preferably, a method
using a virus carrier, or more preferably, a method using a
retrovirus, but the present invention is not limited thereto.
Retroviruses may be prepared by conventional methods
using general cells known in the art. In one embodiment of
the present invention, a plasmid and virus packaging vector
cloned with each of the SOX2, c-MYC, OCT4, and KLF4
genes, which are referred to as Yamanaka factors, are
transfected into 2937 cells to produce a retrovirus express-
ing each of the four genes.
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[0088] As used herein, so-called “feeder cells” are known
to secrete nutritional factors that contribute to maintaining
the undifferentiated state of embryonic stem cells and be
associated with undifferentiation maintenance mechanisms
mediated by cell contact. Signaling substances secreted by
feeder cells contribute to regulating the undifferentiation
maintenance or differentiation initiation of embryonic stem
cells. The substances secreted from feeder cells may be
wingless-type MMTV integration site family (Wnt) pro-
teins, bone morphogenetic proteins (BMPs), transforming
growth factor-beta (TGF-TGF-p), extracellular matrices,
and the like. There are reports of differentiation into embry-
onic stem cells or induced pluripotent stern cells by using
various feeder cells derived from mice or humans. In the
present invention, a mouse-derived embryonic fibroblast cell
line, preferably STO cells, is used as the feeder cells, but the
present invention is not limited thereto.

[0089] Inprocess (c), the ES medium may be a Dulbecco’s
Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/
f12) medium, preferably a DMEM/f12 medium supple-
mented with a knockout serum replacement, L-glutamine,
non-essential amino acids, 2-mercaptoethanol, penicillin
and streptomycin, and bFGFE, but the present invention is not
limited thereto.

[0090] In one embodiment of the present invention, the
SOX2, ¢-MYC, OCT4, and KLF4 genes were introduced
into the endocardium-derived adult stem cells according to
the above method, followed by culturing while replacing the
medium with an EGM-2MV medium every day. As a result,
the resulting cells were transformed into epithelial-like cells
from about day 2, and colonies were formed between day 8§
and day 12. As a result of mounting the colonies on feeder
cells and culturing the resulting cells, the colonies of
induced pluripotent stem cells started to be formed from
about day 15 after gene introduction, and after the colony
formation, the colonies were cultured by gradually replacing
the medium with an ES medium and, as a result, stabilized
induced pluripotent stem cells were obtained (see Example
2-2).

[0091] In another embodiment of the present invention, as
a result of observation to examine characteristics of the
induced pluripotent stem cells, it was confirmed that the
induced pluripotent stem cells were adhered and grown and
had morphological and genetic characteristics of embryonic
stem cells. In addition, as a result of verifying undifferen-
tiation potentials, undifferentiated genes such as alkaline
phosphatase (ALP), OCT4, Nanog homeobox (NANOG),
TRA-1-81, and the like were confirmed to be expressed at
mRNA and protein levels, and exhibited gene expression
patterns very similar to that of embryonic stem cells (see
Example 3). In addition, it was confirmed that the induced
pluripotent stem cells had an ability of differentiating into
three germ layers in vitro and in vivo (see Example 4).

[0092] In another embodiment of the present invention, as
a result of verifying the production efficiency of induced
pluripotent stem cells by using endocardium-derived adult
stem cells, the endocardium-derived adult stem cells exhib-
ited a higher viral transduction efficiency as compared to
skin fibroblasts conventionally used in the production of
induced pluripotent stem cells and 293T cells having a high
gene introduction efficiency, and it was confirmed by ALP
staining that induced pluripotent stem cells were prepared
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using endocardium-derived adult stem cells with higher
efficiency than in the case of skin fibroblasts (see Example
5).

[0093] The inventors of the present invention established
a method capable of differentiating induced pluripotent stem
cells prepared from endocardium-derived adult stem cells by
the above-described method into endothelial cells, smooth
muscle cells, and cardiomyocytes with high efficiency to
differentiate into cardiovascular cells having the same origin
as that of primary cells, and verified the efficiency thereof.
[0094] Therefore, the present invention provides a method
of differentiating induced pluripotent stem cells into
endothelial cells, including the following processes:

[0095] (a) treating induced pluripotent stem cells prepared
from endocardium-derived adult stem cells with a glycogen
synthase kinase 3 (GSK-3) inhibitor and culturing the result-
ing cells for 1 day to 3 days for differentiation into mesoen-
dodermal cells;

[0096] (b) preparing CD34 positive cells by treating the
mesoendodermal cells with bone morphogenetic protein 4
(BMP4) and an Akt (protein kinase B; PKB) inhibitor for
differentiation into mesoblast cells, treating the mesoblast
cells with a growth factor, and culturing the resulting cells
for 7 days to 10 days while replacing the medium every day;
and

[0097] (c) re-treating the CD34 positive cells with the
growth factor and sub-culturing the resulting cells for 10
days to 20 days while replacing the medium every day.
[0098] Inprocess (a), 6-[[2-[[4-(2,4-dichlorophenyl)-5-(5-
methyl-1H-imidazol-2-yl)-2-pyrimidinyl]amino]ethyl]
amino]-3-pyridinecarbonitrile (CHIR99021) may be used as
the GSK-3 inhibitor to increase dedifferentiation efficiency,
preferably CHIR99021 diluted in a B27-containing
RPMI1640 medium, but the present invention is not limited
thereto. In addition, the mesoendodermal cells may be
preferably Brachyury T positive cells.

[0099] In process (b), the Akt inhibitor may be preferably
2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one
(PD98059), the growth factor may be preferably a vascular
endothelial growth factor (VEGF) and a basic fibroblast
growth factor (bFGF), and treatment of the growth factor
may be appropriately adjusted such that the number of CD34
positive cells can increase, preferably for 7 days to 10 days,
and more preferably for 7 days to 8 days.

[0100] The method may further include, before process
(c), isolating only the CD34 positive cells. The process may
be performed using a method selected from the group
consisting of magnetic-activated cell sorting (MACS), fluo-
rescence-activated cell sorting (FACS), IsoFaft, and DEPAr-
ray, preferably the MACS method, but the isolation method
may be appropriately selected from general methods by
those of ordinary skill in the art as long as it is capable of
isolating only the CD34 positive cells.

[0101] Inprocess (c), more particularly, the CD34 positive
cells may be cultured by being suspended in VEGF and
bFGF-retreated endothelial cell growth media (EGM) and
inoculated in a Matrigel-coated plate, and when differenti-
ated into endothelial progenitor cells, the cells may be
sub-cultured while replacing the media every day for 10
days to 20 days, more preferably 10 days to 15 days, thereby
obtaining mature endothelial cells.

[0102] In another embodiment of the present invention,
endothelial cells obtained by differentiation of induced pluri-
potent stem cells prepared from endocardium-derived adult
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stem cells were obtained through the above-described
method, the endothelial cells exhibited a pattern and total
nitric oxide content similar to those of human umbilical vein
endothelial cells (HUVECs) and expressed PECAM and
VE-Cadherin, which are endothelial cell expression mark-
ers, and differentiation into endothelial cells was confirmed
through Matrigel tube formation and low density lipoprotein
(LDL) uptake (see Examples 7-1 and 7-2).

[0103] The present invention also provides a method of
differentiating induced pluripotent stem cells into smooth
muscle cells, including the following processes:

[0104] (a) treating induced pluripotent stem cells prepared
from endocardium-derived adult stem cells with a glycogen
synthase kinase 3 (GSK-3) inhibitor and culturing the result-
ing cells for 1 day to 3 days for differentiation into mesoen-
dodermal cells;

[0105] (b) treating the obtained mesoendodermal cells
with bone morphogenetic protein 4 (BMP4) and a phospha-
tidylinositol-4,5-bisphosphate 3-kinase (PI3K) inhibitor and
culturing the resulting cells for 1 day to 2 days; and
[0106] (c) treating the cultured mesoendodermal cells with
a growth factor and sub-culturing the resulting cells for 12
days to 16 days.

[0107] Process (a) of differentiating into mesoendodermal
cells from the induced pluripotent stem cells may be per-
formed in the same manner as in the method of differenti-
ating into endothelial cells, and the mesoendodermal cells
may be Brachyury T positive cells.

[0108] In process (b), the PI3K inhibitor may be prefer-
ably  2-(4-morpholino)-8-phenyl-4H-1-benzopyran-4-one
(LY294002), but the present invention is not limited thereto.
[0109] In process (c), the growth factor may be preferably
platelet-derived growth factor-BB (PDGF-BB) and trans-
forming growth factor-beta (TGF-p), and smooth muscle
progenitor cells differentiated after growth factor treatment
may be inoculated in a type 1 collagen-coated dish and
sub-cultured for 12 days to 16 days, more preferably for 14
days to 16 days, thereby obtaining mature smooth muscle
cells.

[0110] In another embodiment of the present invention,
smooth muscle cells differentiated from induced pluripotent
stem cells prepared from endocardium-derived adult stem
cells were obtained through the above-described method,
and when compared to human gastric vascular smooth
muscle cells (hWSMCs) as a positive control, as a result of
verifying the expression of smooth muscle cell marker genes
through immunofluorescence staining and Western blotting,
the CNN1 (calponin) and SMA proteins were expressed at
almost similar levels to those of the positive control cells,
and the mRNA expression of the marker genes and the
SM22c. gene was confirmed from RT-PCR as well (see
Example 7-3).

[0111] The present invention also provides a method of
differentiating induced pluripotent stem cells into cardio-
myocytes, including the following processes:

[0112] (a) culturing induced pluripotent stem cells pre-
pared from endocardium-derived adult stem cells in a
medium containing a glycogen synthase kinase 3 (GSK-3)
inhibitor, bone morphogenetic protein 4 (BMP4), vitamin C,
activin A, and an insulin-free B27 supplement for 20 hours
1o 30 hours for differentiation into mesoblast cells;

[0113] (b) culturing the resulting mesoblast cells in a
medium supplemented with BMP4, a growth factor, and an
insulin-free B27 supplement for 2 days to 4 days; and
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[0114] (c) culturing the cultured cells in a medium con-
taining an insulin-free B27 supplement for 1 day to 2 days,
adding a Wnt signaling inhibitor thereto, culturing the
resulting cells for 1 day to 3 days, and then further culturing
the resulting cultured cells in a medium containing an
insulin-containing B27 supplement.

[0115] Process (a) may proceed in such a way that the
induced pluripotent stem cells are in the form of an embry-
onic body. After removing the induced pluripotent stem cells
from feeder cells with dispase, the induced pluripotent stem
cells may be cultured in an insulin-free B27 supplement and
an RPMI1640 medium (primary medium) containing a
glycogen synthase kinase 3 (GSK-3) inhibitor, bone mor-
phogenetic protein 4 (BMP4), vitamin C, and activin A for
20 hours to 30 hours, more preferably for 24 hours to thereby
differentiate into mesoblast cells.

[0116] The GSK-3 inhibitor may be preferably
CHIR99021, but the present invention is not limited thereto.

[0117] The mesoblast cells obtained through process (a)
may be cultured in a RPMI1640 medium (secondary
medium) supplemented with an insulin-free B27 supple-
ment, a low concentration of BMP4, and a growth factor for
2 days to 4 days, preferably 3 days to thereby differentiate
into myocardial progenitor cells. The growth factor may be
preferably a vascular endothelial growth factor (VEGF), but
the present invention is not limited thereto.

[0118] Inprocess (c), the cells cultured through process (b)
may be rinsed with a RPMI1640 medium (tertiary medium)
containing an insulin-free B27 supplement, culturing the
resulting cells for 1 day to 2 days, preferably 1 day, adding
a Wnt signaling inhibitor thereto, culturing the resulting
cells for 1 day to 3 days, preferably 2 days, replacing the
medium with an RPMI1640 medium (quaternary medium)
containing an insulin-containing B27 supplement, and fur-
ther culturing the resulting cells, thereby obtaining beating
cardiomyocytes.

[0119] The Wnt signaling inhibitor of process (c) may be
preferably N-(6-methyl-2-benzothiazolyl)-2-[(3,4,6,7-tetra-
hydro -4-0x0-3-phenylthieno[3,2-d]pyrimidin-2-yl)thio]-ac-
etamide (IWP2), but the present invention is not limited
thereto.

[0120] In another embodiment of the present invention,
cardiomyocytes differentiated from induced pluripotent
stem cells prepared from endocardium-derived adult stem
cells were obtained through the above-described method,
and as a result of microscopic observation, were confirmed
to be beating embryonic bodies (see Example 7-4).

[0121] Another embodiment of the present invention pro-
vides a cell therapeutic agent for treating a cardiovascular
disease, including, as an active ingredient, endothelial cells,
smooth muscle cells, or cardiomyocytes obtained using the
above-described differentiation method.

[0122] The cardiovascular disease may be a disease
selected from, but not limited to, angina pectoris, myocar-
dial infarction, ischemic heart disease, hyperlipidemia,
stroke, arteriosclerosis, hypertension, arthythmia, cerebro-
vascular disease, and coronary artery disease.

[0123] Hereinafter, exemplary embodiments will be
described to aid in understanding of the present invention.
However, the following examples are provided only to more
easily understand the present invention, and are not intended
to limit the scope of the present invention.
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EXAMPLES
Example 1

CiMS Culturing Using Peripheral Blood

[0124] Peripheral blood mononuclear cells (PBMCs) were
separated from human blood using Ficoll-Paque, suspended
in an EGM-2MV medium (Lonza; Basel, Switzerland), and
distributed into a 6-well plate coated with 10 pg/ml of
fibronectin such that each well had 4x10° cells/ml, and then
incubated in a 5% CO, incubator. On the next day, the plate
was vigorously shaken several times and floating cells were
removed through strong suctioning, and then replacement
with a new medium and culturing were repeated for 7 days,
and after 7 days, the medium was replaced once every two
days. As a result, the appearance of circulating multipotent
adult stem cells (CiMSs), which are endocardium-derived
adult stem cells, was identified between day 5 and day 8, and
the CiMSs proliferated while forming colonies within 2
weeks. These colonies were sub-cultured using 0.05%
trypsin/EDTA or suspended in a fetal bovine serum (FBS)
stock medium containing 10% dimethy! sulfoxide (DMSO),
put into an isopropanol freezing container, left at -70° C. for
24 hours, and then lyophilized at -190° C.

Example 2

Production of Induced Pluripotent Stem Cells
Using CiMSs

2-1. Retrovirus Production

[0125] A retrovirus expressing each of the four genes, i.e.,
SOX2, ¢-MYC, OCT4, and KLF4, which are referred to as
Yamanaka factors, was produced to be used for the produc-
tion of induced pluripotent stem cells.

[0126] For this. 293T cells were cultured in a high glucose
DMEM containing 10% FBS and an antibiotic until reaching
90% confluence. Meanwhile, 800 ul of a basal DMEM
medium was dispensed into 1.5 ml eppendorf tubes, a
plasmid cloned with one of the prepared four genes and
packaging vectors, i.e., pVSV-G and pGag-Pol, were added
in an amount of 10 pg/plasmid and mixed, 60 ul of a 1 mg/ml
polyethyleneimine (PEI) stock was added to each tube and
satisfactorily mixed therein, and the resulting mixture was
maintained at room temperature for 30 minutes. To increase
transfection efliciency, 293T cells were rinsed twice with 5
ml of a basal DMEM, and 10 ml of an antibiotic-free high
glucose DMEM (containing 10% FBS) was added thereto,
and the resulting cells were stored in an incubator at 37° C.
in an antibiotic-removed state. A plasmid DNA-PEI mixed
solution was prepared, the 293T cells from which an anti-
biotic had been removed were taken out after 30 minutes, the
plasmid DNA-PEI mixed solution according to each of the
four genes was mixed once gently using a pipette, and then
each plasmid DNA-PEI mixed solution was added dropwise
onto the 293T cells to be transfected. After 18 hours, the
transfected 293T cells were taken out from the incubator and
washed twice with 5 ml of a basal DMEM warmed to 37° C.
to remove any excess plasmid DNA-PEI mixed solution, 10
ml of a high glucose DMEM containing 10% FBS and an
antibiotic was added newly thereto, and then the resulting
293T cells were incubated in an incubator at 37° C. At this
time, attention was paid to prevent the cells from falling. To
recover the retrovirus produced after 48 hours, only the
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medium of 293T cells was collected in a 15 ml tube and
centrifuged at 2,500 rpm for 15 minutes to collect only a
supernatant not including separated cells and residues pre-
cipitated on the bottom, and then the supernatant was filtered
through a 0.22 um filter, followed by ultracentrifugation at
25,000 rpm and 4° C. for 1.5 hours, thereby concentrating
the retrovirus included in the supernatant. The retrovirus
expressing each of the four genes, precipitated in the form
of a pellet, was resuspended in 100 pl of an EBM-2 medium
and stored at —=70° C. until use.

Example 2-2

Production and Culturing of CiMS-derived Induced
Pluripotent Stem Cells

[0127] One day before treatment with the retrovirus pro-
duced according to Example 2-1, the CiMSs obtained using
the method of Example 1 were treated with 0.05% trypsin,
separated from a culture container, and distributed into a
6-well plate at a density of 5x10° cells per well, and then the
medium was replaced with a 2 ml medium on the following
day. 4 hours after medium replacement, the resulting cells
were treated with the retrovirus of Example 2-1 and poly-
brene at a concentration of 10 pg/ml and transduced there-
with at 37° C. for 18 hours or more. Subsequently, the
medium was replaced with a new EGM-2MV medium,
followed by replacement with a medium every day and
observation.

[0128] As a result, slow morphological conversion of the
CiMSs into epithelial-like cells was seen from about 2 days
after transduction, and colony formation was confirmed
between day 8 and day 12. While observing the colony with
a microscope, tips of the colony were mounted on new
feeder cells treated with mitomycin C, or the total trans-
duced CiMSs were removed with 0.05% trypsin and
mounted on feeder cells at a density of 5x10* cells/well, and
then continued to be cultured. The medium was replaced
with an EGM-2MV medium every day until the epithelial-
like cells formed colonies again. A process of obtaining
CiMSs from PBMCs, mounting the CiMS colonies on
feeder cells, and culturing the resulting cells, over time, is
illustrated in FIG. 1A.

[0129] Meanwhile, the feeder cells were prepared one day
before mounting the four gene-transduced cells thereon. For
this, STO cells, which are mouse embryonic fibroblasts,
were treated with mitomycin C so that a concentration
became 10 pg/ml, washed with PBS for 2.5 hours, and then
separated from a culture container by treatment with 0.05%
trypsin. The separated cells were centrifuged at 900 rpm and
4° C. for 5 minutes, and then’distributed into a 6-well plate
coated with 0.1% gelatin at a density of 2.6x10° cells/well
to be used. Before being mounted on the feeder cells, the
four gene-transduced CiMSs were rinsed with an EBM-2
medium and the medium was replaced with an EGM-2MV
medium.

[0130] As illustrated in FIG. 1B, when the four gene-
transduced CiMSs mounted on the feeder cells gathered
together and formed epithelial-like cell colonies, the
medium was replaced with a mixture of an embryonic stem
cell (ES) medium and an EGM-2MV medium in a ratio of
1:1. On the next day, the colonies were slowly adapted to the
ES medium while increasing the amount of the ES medium
so that a ratio of the ES medium to the EGM-2MV medium
became 1.5:0.5. The composition of the ES medium was
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based on DMEM/f12 containing 20% knockout serum
replacement, 2 mM L-glutamine, 1x10°4 M non-essential
amino acids, 1x1074 M 2-mercaptoethanol, and 50 units and
50 mg/ml of penicillin/streptomycin, and the ES medium
was used by adding 10 ng/ml of a basic fibroblast growth
factor (bFGF).

[0131] When the medium of the four gene-transduced
CiMS colony mounted on the feeder cells was replaced with
an BS medium every day, colonies of CiMS-derived induced
pluripotent stern cells (hereinafter, referred to as CiMS-
iPSCs) started to be formed as soon as day 15 after trans-
duction. The appropriately sized CiMS-iPSC colonies were
removed while being observed using a microscope, loaded
onto new STO cells treated with mitomycin C, and,then
pipetted with a 1 ml pipette to split the colonies into an
appropriate size. On the first day of passage, 10 uM trans-
4-[(1R)-1-aminoethyl]-N-4-pyridinylcyclohexanecarbox-
amide dihydrochloride (Y-2762), which is a ROCK inhibi-
tor, was added to the medium to increase adhesion efficiency
of the colonies. By continuously sub-culturing the CiMS-
1PSC colonies using the method until the CiMS-iPSC colo-
nies were stabilized, stabilized CiMS-iPSC colonies illus-
trated as a microscopic image in FIG. 1C may be obtained.

Example 2-3

Production of CiMS-iPSC Frozen Stock

[0132] When the CiMS-iPSC line was established, frozen
stocks were prepared for various passages. For this, colonies
of 3 wells or more (30 colonies or more/well) of a 6-well
plate were secured and frozen stock production was per-
formed thereon to obtain good efficiency when the frozen
stocks were thawed later. For the production of frozen
stocks, dispase was mixed with a bFGF-free ES medium to
a concentration of 0.5 mg/ml, followed by filtration through
a 0.22 um filter, thereby preparing a dispase solution. The
medium was then removed from the CiMS-iPSCs while
being cultured and 1 ml of the dispase solution was added to
each well. The cells were incubated in a 37° C. incubator for
30 minutes to 1 hour, and when the colonies floated away
from the feeder cells, they were wiped with 1 ml of an ES
medium to prevent the colonies from being broken and
collected in a 15 ml tube. In addition, the ES medium was
added to wipe the remaining CiMS-iPSC colonies and after
collecting all the CiMS-iPSC colonies, the colonies were
centrifuged at 300xg and room temperature for 5 minutes.
After centrifugation, the supernatant was removed and the
CiMS-iPSC pellet was suspended in 1 ml of mFreSRTM
(Stemcell Technologies), which had been cooled at room
temperature, such that the colonies were not broken to a
maximum extent, and put in stock tubes (cryovials). The
tubes containing the cells were transferred to a freezing
container containing isopropanol. stored at -70° C. over-
night, and then moved to a liquid nitrogen tank (LN, tank)
on the following day for long-term storage.

Example 3

Verification of Undifferentiation Potential of
CiMS-iPSCs

3-1. Examination of Protein Expression of
Undifferentiation Marker Gene

[0133] Alkaline phosphatase (ALP) staining was per-
formed to verify the undifferentiation potential of CiMS-
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iPSCs prepared according to the methods of Examples 1 and
2, and the protein expression of undifferentiation markers,
i.e., the Oct4, Nanog, and Tra-1-81 genes, was examined
through immunofluorescence staining.

[0134] For ALP staining, staining was performed using a
BCIP/NBT substrate system manufactured by DAKQO. Spe-
cifically, a dish used to culture CiMS-iPSCs was rinsed
twice with PBS, 2 ml of a 1% paraformaldehyde solution
diluted in PBS was added to the dish, and the cells were
maintained at room temperature for 10 minutes to be immo-
bilized. After rinsing twice with PBS, the BCIP/NBT sub-
strate system was dropped to cover the cells, and then
shielded from light and allowed to react on a rocker at room
temperature while being mixed for 30 minutes so as not to
be dried.

[0135] Next, to perform immunofluorescence staining, the
CiMS-iPSC-cultured dish was rinsed twice with PBS, 1 ml
of 100% cold methanol stored at —-20° C. was added to the
dish, and the cells were immediately transferred to the -20°
C. dish and maintained for 10 minutes to immobilize the
cells. After 10 minutes, the cells were removed and the
methanol was discarded, and the cells were rinsed three
times with 0.05% TBS-T (1xTBS: Tris-Buffered Saline,
0.05% Tween 20) each for 5 minutes and then an area
thereof to be stained was marked as a circle with a Dako pen.
Then, a blocking solution prepared by dissolving 1% bovine
serum albumin (BSA) and 0.05% Triton X-100 in PBS and
filtering the resulting solution through a 0.22 pm filter was
applied to cover the area marked not to be dried, and then
blocked at room temperature for 30 minutes. Next, a primary
antibody against the undifferentiation markers Oct4, Nanog,
or Tra-1-81 was diluted 1:100 in a dilution solution to
prepare a primary antibody solution, the blocking solution
was removed, the area was treated with the primary antibody
solution and was allowed to react at 4° C. overnight. On the
next day, the cells were rinsed three times with 0.05%
TBS-T each for 10 minutes, and then a second antibody
solution (1:100) corresponding to each antibody was pre-
pared so that the cells did not dry out, and the cells were
treated with the secondary antibody solution, shielded from
light at room temperature, and allowed to react for 2 hours.
Thereafter, the cells were rinsed three times with 0.05%
TBS-T for 10 minutes at room temperature, and then for
nucleus staining, 1 mg/ml of a 4',6-diamidino-2-phenylin-
dole (DAPI) solution was mixed in a dilution solution to
1:1000, the resulting solution was added to the cells, fol-
lowed by light shielding and reaction at room temperature
for 10 minutes. It was confirmed by a fluorescence micro-
scope that the nuclei were stained with DAPI, and the cells
were rinsed three times with 0.05% TBS-T, and then
mounted on a fluorescence mounting medium (manufac-
tured by DAKO) using a cover slip.

[0136] As a result of observation with an optical micro-
scope, as illustrated in FIG. 2A, it was confirmed that
CiMS-iPSCs were stained with a deep purple color when
ALP staining was performed, and as a result of immuno-
fluorescence staining, it was confirmed by green fluores-
cence that Oct4 and Nanog were expressed in the nuclei of
the CiMS-iPSC colonies and Tra-1-81 was expressed in the
cell membrane.

3-2. Examination of mRNA Expression of
Undifferentiation Marker Gene

[0137] Reverse transcription-polymerase chain reaction
(RT-PCR) and microarray analysis were performed to exam-
ine the expression of more various undifferentiated genes in
CiMS-iPSCs.
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[0138] To perform RT-PCR, RNAs were extracted from
four types of CiMS-iPSCs (CiMS-iPSC1, 2, 3, and 4),
embryonic stem cells, and CiMSs, which are primary cells,
followed by RT-PCR, and mRNA expression levels of the
Oct3/4, Sox2, KLF4, c-Myc, Nanog, Nodal, REX1, DNMT,
ECAT4, ECAT15, FGF4, GABR3, GAL, GDF3, PH34,
TDGF1, and UTF1 genes in the cells were observed.
[0139] As a result, as illustrated in FIG. 2B, it was
confirmed that the undifferentiated genes were expressed in
the CiMS-iPSCs at high levels that were almost the same as
those in embryonic stem cells (ES), whereas the genes were
hardly expressed in the CiMSs, which are primary cells.
[0140] Next, RNAs were extracted from three types of
CiMS-iPSCs  (CiMS-iPSC1, CiMS-PSC2, and CiMS-
iPSC3), three types of embryonic stem cells (ES1, ES2, and
ES3), and three types of CiMSs (CiMS1, CiMS2, and
CiMS3), which are primary cells, and then microarray
analysis was performed thereon to compare and analyze
overall gene expression patterns.

[0141] As a result, as illustrated in FIG. 2C, it was
confirmed’ that the CiMS-iPSCs exhibited almost the same
gene expression pattern as ESs, whereas the CiMSs, which
are primary cells, exhibited a gene expression pattern dif-
ferent from those of the two types of cells.

Example 4

Verification of Tridermal Differentiation Ability of
CiMS-iPSCs

[0142] Undifferentiated cells such as embryonic stem cells
are capable of differentiating into three germ layers, i.e.,
endoderm, mesoderm, and ectoderm, in vitro and in vivo,
and are particularly capable of forming a teratoma in vivo.
Thus, it was examined whether the CiMS-iPSCs produced
according to Examples 1 and 2 had a tridermal differentia-
tion ability.

4-1. Identification of Tridermal Differentiation
Ability of CiMS-iPSCs In Vitro

[0143] To examine the ability of differentiating into three
germ layers in vitro, embryonic bodies (EBs) were produced
from CiMS-iPSCs with 0.5 U/ml of dispase and induced to
spontaneously differentiate while maintained in a bFGF-free
ES medium for a long period of time. Cells being cultured
as EBs were incubated for 1 week in a floating state and
further incubated for 2 weeks by being attached to a 0.5%
gelatin-coated dish, followed by immunofluorescence stain-
ing, and it was observed using a confocal microscope
whether alpha-fetoprotein (AFP), which is an endodermal
marker, a-sarcomeric actin (@-SA) and smooth muscle actin
(SMA), which are mesodermal markers, and nestin, glial
fibrillary acidic protein (GFAP), and -I1I tubulin, which are
ectodermal markers, were expressed.

[0144] As a result, as illustrated in FIG. 3A, it was
confirmed that all the endodermal, mesodermal, and ecto-
dermal markers were expressed in CiMS-iPSCs. From the
above results, it was confirmed that CiMS-iPSCs had the
ability to differentiate into three germ layers, i.e., pluripo-
tency, similarly to embryonic stem cells.

[0145] In addition, CiMS-iPSCs were prepared using the
same method as described above, and RNAs were extracted
from differentiated CiMS-iPSCs (D) and undifferentiated
CiMS-iPSCs (U) under culturing conditions for differentia-
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tion into three germ layers, and then expression amounts of
the differentiation markers for each of the three germ layers
(endoderm: AFP and GATA4, mesoderm: TnTc and
Brachyury T, ectoderm: BMP4 and Ncam1) were observed.
[0146] As a result, as illustrated in FIG. 3B, it was
confirmed that the differentiation markers for each of the
three germ layers were expressed in the differentiated CiMS-
iPSCs, which indicates that the CiMS-iPSCs had the ability
to differentiate into three germ layers through genetic
expression.

4-2. Verification of In Vivo Tridermic
Differentiation Ability of CiMS-iPSCs

[0147] To perform an in vivo teratoma formation experi-
ment, CiMS-iPSCs were treated with 0.5 U/ml of dispase to
be separated from feeder cells, and the cells were collected
in a 15 ml tube and centrifuged to obtain a pellet. The pellet
was mixed with Matrigel on ice and Matrigel-CiMS-iPSCs
were injected into the abdominal cavity of the right and left
abdomen of NOD-SCID mice and observed for more than
12 weeks. When the teratomas were grown to a certain size
or more, the teratomas were removed from the mice, cut into
appropriate sizes, immersed in 4% paraformaldehyde to be
fixed, and then were formed into paraffin blocks, followed
by cutting into tissue slide sections. The cut tissue sections
were immersed in 100% xylene twice for 10 minutes to
dissolve the paraffin, consecutively immersed in 100% etha-
nol, 90% ethanol, 80% ethanol, and 70% ethanol each for 5
minutes, and then finally rinsed with water. The paraffin-
removed tissue slides were subjected to hematoxyrin &
eosin (H&E) staining and observed using a microscope.
[0148] As aresult, as illustrated in FIG. 3C, various tissues
differentiated from the three germ layers were observed
through morphological differences.

[0149] From the above results, it was confirmed that the
CiMS-iPSCs had the ability to differentiate into three germ
layers in vitro and in vivo.

Example b 5

Comparison of Production Efficiency of
CiMS-iPSCs

[0150] To compare with the production efficiency of the
CiMS-iPSCs prepared using the methods of Examples 1 and
2, a retrovirus expressing green fluorescent protein (GFP)
was prepared according to the method of Example 2-1, and
then the efficiencies of virus transfection into CiMSs, skin
fibroblasts, and 293T cells were compared with one another.
[0151] As a result, the CiMSs exhibited a viral titer of
13.3x10° TU/ul (transduction units/ul), whereas the skin
fibroblasts exhibited a viral titer of 8.3x10> TU/ul and the
293T cells, which are known to be easily transfected,
exhibited a viral titer of 11.3x10° TU/ul. As illustrated in
FIG. 4A, these results led to differences between transfec-
tion efficiencies of the GFP-expressing retrovirus (CiMSs:
93.8%, skin fibroblasts: 49.4%, 293T cells: 76.4%).

[0152] In addition, as illustrated in FIG. 4B, as a result of
performing ALP staining on the CiMSs and the skin fibro-
blasts after being transfected with Yamanaka factors, in the
case of CiMSs, an increase of 66% in the formation of ALP
positive colonies was exhibited, 1.5 times higher than that in
the case of the skin fibroblasts, i.e., 44%. Through the above
results, it was confirmed that iPSCs were produced at a
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1.5-fold higher efficiency in the case of CiMSs than in the
case of the skin fibroblasts, which are primary cells widely
used to produce induced pluripotent stem cells using retro-
viruses expressing Yamanaka factors.

Example 6

Construction of CiMS-iPSC Bank

[0153] To construct a bank of the CiMS-iPSCs produced
according to the methods of Examples 1 and 2, a human-
derived iPSC bank was self-constructed through the process
illustrated in FIG. 5.

[0154] Specifically, CiMS-iPSCs were mainly produced
by isolating CiMSs from the blood of healthy volunteers
aged between 0 (cord blood) and 77 years old and patients
with cardiovascular diseases such as cardiac rhythm, heart
transplantation, dysmorphic angina, and the like, and iPSCs
of patients with amyotrophic lateral sclerosis (ALS) and
Kennedey’s syndrome, produced using skin fibroblasts,
iPSCs produced from cells obtained from urine, iPSCs
produced using dermal papilla cells of patients with alope-
cia, and the like were also produced and stored to compare
with the production efficiency of the CiMS-iPSCs, and about
55 lines of CiMS-iPSCs were constituted.

[0155] The ages and gender of volunteers who provided
blood did not affect the production efficiency of CiMS-
iPSCs. The stored CiMS-iPSCs have many potential appli-
cations such as research on the mechanism of cardiovascular
diseases, the use thereof for new drug screening by differ-
entiating into patient-customized cells and being used as a
disease model, and the like.

Example 7

Differentiation into Cardiovascular cells Using
CiMS-iPSCs

7-1. Differentiation into Mesoendodermal cells
from CiMS-iPSCs

[0156] Matrigel was diluted in an ES medium not includ-
ing a knockout serum replacement and bFGF to a concen-
tration of 1 mg per well of a 6-well plate, and the plate was
coated with the diluted Matrigel and put in an incubator at
37° C. for 30 minutes. After 30 minutes, the Matrigel
solution was removed and the #1 plate was rinsed once with
the same ES medium as described above. Meanwhile, 1 ml
of mTeSRTM1(Stem cell Technologies) was mixed with
CiMS-iPSCs cut and removed into an appropriate size, 10
wM Y27632, which is an ROCK inhibitor, was added to 1 ml
of new mTeSRTM1, followed by mixing with CiMS-iPSCs,
and the Matrigel-coated 6-well plate was inoculated with the
resulting mixture. The CiMS-1PSCs were cultured for 7 days
while replacing the medium with an mTeSRTM1 medium
every day under feeder cell-free conditions. On day 7, the
mTeSRTM1 medium was removed, the plate was washed
wice with PBS, and then 500 pl of a StemPro® Accutase®
cell dissociation reagent (Life Technologies) was added to
each well and maintained at 37° C. for 5 minutes so that the
CiMS-iPSCs became a single cell state. Then, 1 ml of
mTeSR1 containing 10 uM Y27632 was added to each well,
the cells were completely recovered ina 15-ml tube, the tube
was filled with a medium, followed by centrifugation at
300xg for 3 minutes, and then a supernatant was removed.
The single cell pellet was lysed in 1 ml of mTeSR1 con-
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taining 10 pM Y27632, 10 pl of the solution was taken, and
the number of cells therein was measured. Subsequently,
1.5x10° to 2x10° cells/well were inoculated in the Matrigel-
previously coated plate.

[0157] On the following day, for differentiation into
mesoendodermal cells, 10 uM CHIR99021 was diluted in a
B27-containing RPM11640 medium, and the cells were
treated with the diluted medium and cultured for 2 days. As
a result, it was confirmed that the cells differentiated into
Brachyury T expressing cells (Brachyury T positive cells) at
an efficiency of 75.51%.

[0158] Thereafter, consecutive differentiation of the
mesoendodermal cells differentiated at a high efliciency of
about 75% through the method, into three conditions:
endothelial cells, smooth muscle cells, and cardiomyocytes,
was performed. However, since the cells obtained immedi-
ately after differentiation was completed have traits of
progenitors (pEC, pVSMC, and pCMC), these cells were
subjected to a series of processes of maturing, thereby finally
obtaining authentic cardiovascular cells (aEC, aVSMC, and
aCMC) through differentiation.

Example 7-2

Verification of Differentiation of CiMS-iPSCs into
Endothelial Cells

[0159] To differentiate the mesoendodermal cells differ-
entiated using the method of Example 7-1 into endothelial
cells, the mesoendodermal cells differentiated according to
the image and differentiation protocol illustrated in FIG. 6A
were treated with 25 ng/ml of BMP4 and 10 uM PD98059,
which is an Akt inhibitor, for 2 days so as to differentiate into
mesoendodermal cells. Subsequently, the cells were treated
with 100 ng/ml of VEGF and 50 ng/ml of bFGF while
replacing the medium every day for 7 days to 10 days, and
the treatment period was adjusted to increase the number of
CD34 expressing cells. Then, CD34 MACS was performed
to uniformly acquire only the CD34 expressing cells. Spe-
cifically, the supernatant of cells being cultured was
removed, and then the cells were washed twice with PBS
and treated with 0.05% trypsin-EDTA to remove the cells,
and the collected cells were centrifuged at 1,200 rpm for 5
minutes. The cell pellet was lysed in 500 pl of an MACS
washing solution containing PBS and 1.0% FBS, and then
50 pl of CD34 MACS antibodies (Military) was added
thereto and allowed to react at 4° C. for 30 minutes. After 30
minutes, the cells were centrifuged at 1,200 rpm for 5
minutes and passed through a MACS LS column to obtain
only CD34-positive cells. The CD34-positive cells were
suspended in an EGM medium supplemented with 100 ng
ml of VEGF and 50 ng/ml of bFGF and inoculated in a
Matrigel-coated plate to obtain progenitor ECs (pECs).
Then, the pECs were sub-cultured while replacing the EGM
medium every day to be allowed to differentiate into authen-
tic ECs (aECs), Afterwards, the differentiated cells were
compared with human umbilical vein endothelial cells (HU-
VECs) as a positive control, to verify the function and
morphology of endothelial cells.

[0160] As aresult of microscopic observation, as shown in
FIG. 6B, the obtained endothelial cells (normal control)
were observed to be very similar in morphology to
HUVECs, and a total nitric oxide content illustrated in FIG.
6C was found to be almost similar to that of HUVECs. In
addition, as illustrated in FIG. 6D, it was observed that
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endothelial cell expression markers, a platelet-endothelial
cell adhesion molecule (PECAM) and VE-Cadherin, were
expressed in the endothelial cells obtained by differentiation,
and Matrigel tube formation and low density lipoprotein
(LDL) uptake were also confirmed.

[0161] From the above results, it was seen that differen-
tiation into endothelial cells from CiMS-iPSCs was per-
formed at a high efficiency.

Example 7-3

Verification of Differentiation of CiMS-iPSCs into
Smooth Muscle Cells

[0162] Differentiation into smooth muscle cells was per-
formed using mesoendodermal cells differentiated from
CiMS-iPSCs by the method of Example 7-1, in the same
manner as the endothelial cell differentiation method of
Example 7-2. The mesoendodermal cells were treated with
100 ng/ml of BMP4 and 10 uM L'Y294002, which is a PI3K
inhibitor, according to the illustration and differentiation
protocol illustrated in FIG. 7A, and on the following day, 2
ng/ml of TGF-f and 20 ng/ml of PDGF-BB were added to
an EGM medium and the cells were cultured in the resulting
medium for 14 days. During the culture period, cells appear-
ing early were progenitor VSMCs (pVSMCs) and exhibited
a synthetic smooth nuscle cell pattern, but the cells grown
in Matrigel after further culturing were sub-cultured two to
three times in a type II collagen-coated dish to thereby
obtain authentic VSMCs (aVSMCs: contractile VSMCs). To
verify the obtained VSMCs, these cells were compared with
human gastric vascular smooth muscle cells (hWSMCs) as a
positive control.

[0163] As a result of observing protein expression
amounts of smooth muscle cell marker genes through immu-
nofluorescence staining and Western blotting, as illustrated
in FIGS. 7B and 7C, it was confirmed that proteins of the
smooth muscle cell marker genes CNNI (calponin) and
SMA were expressed at almost the same levels as those of
the positive control (hVSMCs), and it was also confirmed
from RT-PCR results of FIG. 7D that mRNA expression
amounts of the marker genes CNN1(calponin), SMA, and
SM22a were at much higher levels than those of the positive
control.

[0164] From the above results, it was confirmed that
smooth muscle cells was obtained with high efliciency by
differentiation from CiMS-iPSCs using the method.

Example 7-4

Verification of Differentiation of CiMS-iPSCs into
Cardiomyocytes

[0165] Differentiation into cardiomyocytes was performed
according to the protocol illustrated in FIG. 8A in the
embryonic body form of CiMS-iPSCs. Specifically, the ES
medium of CiMS-iPSCs being cultured was removed, 0.5
mg/ml of dispase was dissolved in a bFGF-free ES medium,
the cells were treated with 1 ml of the resulting ES medium
and then cultured at 37° C. for 1 hour so that the CiMS-iPSC
colonies were separated from feeder cells. The suspended
CiMS-iPSC colonies were collected and transferred to a
15-ml tube and the CiMS-iPSCs were washed twice with a
bFGF-free ES medium. On the following day, 3 uM
CHIR99021, 25 ng/ml of BMP4, 50 pg/ml of vitamin C, and
100 ng/ml of activin A were added to an RPMI1640 medium
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containing insulin-free B27 (RPMI1640+insulin-free B27),
and the CiMS-1PSC colonies were cultured accurately for 24
hours. Then, 10 ng/ml of BMP4 and 10 ng/ml of VEGF
which were diluted were added to the RPMI1640+insulin-
free B27 medium, followed by further culturing for 3 days,
and then the cells were rinsed with the RPMI1640+insulin-
free B27 medium, followed by further culturing for 1 day.
On the following day, 5 uM IWP2, a low-molecular sub-
stance for inhibiting the, Wnt signaling pathway, was added
to the cells, followed by culturing for 2 days and then
continuous culturing in a RPMI1640+B27 medium, thereby
obtaining beating cardiomyocytes (CMCs).

[0166] As a result of microscopic observation of the
cardiomyocytes obtained by the differentiation method, as
illustrated in FIG. 8B, beating embryonic bodies were
confirmed. From the above results, it was confirmed that
differentiation of the CiMS-iPSCs into cardiomyocytes was
satisfactorily performed using the method,

[0167] The above description of the present invention is
provided only for illustrative purposes, and it will be under-
stood by one of ordinary skill in the art to which the present
invention pertains that the invention may be embodied in
various modified forms without departing from the spirit or
essential characteristics thereof. Thus, the embodiments
described herein should be considered in an illustrative
sense only and not for the purpose of limitation.

1. A method of preparing induced pluripotent stem cells,
the method comprising:
introducing, into endocardium-derived adult stem cells, a
gender-determining region Y (SRY)-box 2 (SOX2)
gene, a v-myc avian myelocytomatosis viral oncogene
homolog (c-MYC) gene, an octamer-binding transcrip-
tion factor 4 (OCT4) gene, and a Kruppel-like factor 4
(KLF4) gene to provide gene-introduced cells;

producing epithelial-like cells by culturing the gene-
introduced cells in a microvascular endothelial cell
growth media-2 (EGM-2MV) medium for 8 days to 12
days while replacing the EGM-2MV medium every
day:

mounting the epithelial-like cells on feeder cells and

culturing the mounted cells in an EGM-2MV medium
for 3 days to 7 days; and

subsequently continuing to culture the resulting cells

while replacing the EGM-2MV medium with an
embryonic stem cell (ES) medium, which provides
induced pluripotent stem cells.

2. The method of claim 1, wherein the endocardium-
derived adult stem cells are obtained by suspending and
seeding peripheral blood mononuclear cells (PBMCs) iso-
lated from peripheral blood in an EGM-2MV medium, and
then removing T cells and culturing the resulting cells while
replacing the medium every day for 5 days to 8 days.

3. The method of claim 1, wherein the feeder cells
comprise a mouse-derived embryonic fibroblast cell line.

4. The method of claim 1, wherein the ES medium is
Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12
(DMEM/f12) treated with a knockout serum replacement,
L-glutamine, non-essential amino acids, 2-mercaptoethanol,
penicillin/streptomycin, and bFGF.

5. (canceled)

6. (canceled)

7. A method of producing endothelial cells, the method
comprising:
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introducing, into endocardium-derived adult stem cells, a
gender-determining region Y (SRY)-box 2 (SOX2)
gene, a v-myc avian myelocytomatosis viral oncogene
homolog (c-MYC) gene, an octamer-binding transcrip-
tion factor 4 (OCT4) gene, and a Kruppel-like factor 4
(KLF4) gene toprovide gene-introduced cells;

producing epithelial-like cells by culturing the gene-
introduced cells in a microvascular endothelial cell
growth media-2 (EGM-2MV) medium for 8 days to 12
days while replacing the EGM-2MV medium every
day;

mounting the epithelial-like cells on feeder cells and
culturing the mounted cells EGM-2MV medium for 3
days to 7 days.

subsequently continuing to culture the resulting cells
while replacing the EGM-2MV medium with an
embryonic stem cell, (ES) medium, which provides
induced pluripotent stem cells;

subsequently treating the induced pluripotent stem cells
with a glycogen synthase kinase 3 (GSK-3) inhibitor
and culturing the treated pluripotent stem cells for 1
day to 3 days for differentiation into mesoendodermal
cells;

preparing CD34 positive cells by treating the mesoendo-
dermal cells with bone morphogenetic protein 4
(BMP4) and an Akt (protein kinase B; PKB) inhibitor
for differentiation into mesoblast cells, treating the
mesoblast cells with a growth factor, and culturing the
treated mesoblast cells for 7 days to 10 days while
replacing the medium every day; and

re-treating the CD34 positive cells with the growth factor
and sub-culturing the retreated CD34 positive cells for
10 days to 20 days while replacing the medium every
day, which produces endothelial cells.

8. The method of claim 7, wherein the GSK-3 inhibitor is
6-[[2-[[4-(2,4-dichlorophenyl)-5-(5-methyl-1H-imidazol-2-
y1)-2-pyrimidinyl]amino]ethyl]amino]-3-pyridinecarboni-
trile (CHIR99021).

9. The method of claim 7, wherein the Akt inhibitor is
2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one
(PD98059).

10. The method of claim 7, wherein the growth factor
comprises a vascular endothelial growth factor (VEGF) and
a basic fibroblast growth factor (bFGF).

11. (canceled)

12. A method of producing smooth muscle cells, the
method comprising:

introducing, into endocardium-derived adult stem cells, a
gender-determining region Y (SRY)-box 2 (S0X2)
gene, a v-myc avian myelocytomatosis viral oncogene
homolog (c-MYC) gene, an octamer-binding transcrip-
tion factor 4 (OCT4) gene, and a Krappel-like factor 4
(KLF4) gene to provide gene-introduced cells:,

producing epithelial-like cells by culturing the gene-
introduced cells in a microvascular endothelial cell
growth media-2 (EGM-2MV) medium for 8 days to 12
days while replacing the EGM-2MV medium every
day;

mounting the epithelial-like cells on feeder cells and
culturing the mounted cells in an EGM-2MV medium
for 3 days to 7 days;
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subsequently continuing to culture the resulting cells
while replacing the EGM-2MV medium an embronic
stern cell (ES) medium, which provides induced pluri-
potent stern cells;
treating the induced pluripotent stem cells with a glyco-
gen synthase kinase 3 (GSK-3) inhibitor and culturing
the treated pluripotent stem cells for 1 day to 3 days for
differentiation into mesoendodermal cells;

subsequently treating the mesoendodermal cells with
bone morphogenetic protein 4 (BMP4) and a phospha-
tidylinositol-4,5-bisphosphate 3-kinase (PI3K) inhibi-
tor and culturing the treated mesoendodermal cells for
1 day to 2 days; and

subsequently further treating the cultured mesoendoder-
mal cells with a growth factor and sub-culturing the
resulting cells for 12 days to 16 days.
13. The method of claim 12, wherein the GSK-3 inhibitor
is 6-[[2-[[4-(2,4-dichlorophenyl)-5-(5-methyl-1H-imidazol-
2-y1)-2-pyrimidinyljamino]ethyl]amino]-3-pyridinecarboni-
trile (CHIR99021).
14. The method of claim 12, wherein the PI3K inhibitor
is 2-(4-morpholino)-8-phenyl-4H-1-benzopyran-4-one
(LY294002).
15. The method of claim 12, wherein the growth factor
comprises platelet-derived growth factor-BB (PDGF-BB)
and transforming growth factor-beta (TGF-f3).
16. (canceled)
17. A method of producing cardiomyocytes, the method
comprising;
introducing, into endocardium-derived adult stem cells, a
gender-determining region Y SRY-box 2 (SOX2) gene,
a v-myc avian myelocytomatosis viral oncogene
homolog (¢c-MYC) gene, an octamer-binding-transcrip-
tion factor 4 (OCT4) gene, and a Kruppel-like factor 4
(KLF4) gene to provide gene-introduced cells;

producing epithelial-like cells by culturing the gene-
introduced cells in a microvascular endothelial cell
growth media-2 (EGM-2MV) medium for 8 days to 12
days while replacing the EGM-2MV medium every
day;

mounting the epithelial-like cells on feeder cells and

culturing the mounted cells in an EGM-2MV medium
for 3 days to 7 days:,

subsequently continuing to culture the resulting cells

while replacing the EGM-2MV medium with an
embryonic stem cell (ES) medium, which provides
induced pluripotent stem cells;

culturing the induced pluripotent stem cells in a medium

containing a glycogen synthase kinase 3 (GSK-3)
inhibitor, bone morphogenetic protein 4 (BMP4), vita-
min C, activin A, and an insulin-free B27 supplement
for 20 hours to 30 hours for differentiation into meso-
blast cells;

subsequently culturing the mesoblast cells in a medium

supplemented with BMP4, a growth factor, and an
insulin-free B27 supplement for 2 days to 4 days; and
subsequently further culturing the cultured mesoblast
cells in a medium containing an insulin-free B27
supplement for 1 day to 2 days, adding a wingless-type
MMTYV integration site family (Wnt) signaling inhibi-
tor thereto, culturing the inhibitor-added cells for 1 day
to 3 days, and then further culturing the resulting cells
in a medium containing an insulin-containing B27
supplement, which provides cardiomyocytes.
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18. The method of claim 17, wherein the GSK-3 inhibitor
is 6-[[2-[[4-(2,4-dichlorophenyl)-5-(5-methyl-1H-imidazol-
2-y1)-2-pyrimidinyl]amino]ethyl]amino]-3-pyridinecarboni-
trile (CHIR99021).
19. The method of claim 17, wherein the growth factor is
a vascular endothelial growth factor (VEGF).
20. The method of claim 17, wherein the Wnt signaling
inhibitor is N-(6-methyl-2-benzothiazolyl)-2-[(3,4,6,7-tetra-
hydro-4-0x0-3-phenylthieno[3,2-d[pyrimidin-2-yl)thio]-ac-
etamide (IWP2).
21. (canceled)
22. (canceled)
23. (canceled)
24. A method of treating a cardiovascular disease, the
method comprising:
introducing, into endocardium-derived adult stem cells, a
gender-determining region Y (SRY)-box 2 (SOX2)
gene a v-myc avian myelocytomatosis viral oncogene
homolog (¢-MYC) gene, an octamer-binding transcrip-
tion factor 4 (OCT4) gene, and a Kruppel-like factor 4
(KLF4) gene to provide gene-introduced cells:

producing epithelial-like cells by culturing the gene-
introduced cells in a microvascular endothelial cell
growth media-2 (EGM-2MV) medium for 8 days to 12
days while replacing the EGM-2MV medium every
day;
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mounting the epithelial-like cells on feeder cells and
culturing the mounted cells in an EGM-2MV medium
for 3 days to 7 days;

subsequently continuing to culture the resulting cells
while replacing the EGM-2MV medium with an
embryonic stem cell (ES) medium, which provides
induced pluripotent stem cells:

culturing the induced pluripotent stem cells in a medium
containing a glycogen synthase kinase 3 (GSK-3)
inhibitor, bone morphogenetic protein 4 (BMP4), vita-
min C, activin A, and an insulin-free B27 supplement
for 20 hours to 30 hours for differentiation into meso-
blast cells;

subsequently culturing the mesoblast cells in a medium
supplemented with BMP4, a growth factor, and an
insulin-free B27 supplement for 2 days to 4 days;

subsequently further culturing the cultured mesoblast
cells in a medium containing an insulin-free B27
supplement for 1 day to 2 days, adding a wingless-type
MMTYV integration site family (Wnt) signaling inhibi-
tor thereto, culturing the inhibitor-added cells for 1 day
to 3 days, and then further culturing the resulting cells
in a medium containing an insulin-containing B27
supplement, which provides cardiomyocytes; and

administering the cardiomyocytes to a subject in need of
such treatment.

25. (canceled)
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