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DESCRIPTION

NUCLEAR REPROGRAMMING METHOD

Technical Field

[0001]

The present invention relates to a process for
generating induced pluripotent stem cells by reprogramming

differentiated somatic cells.

Background Art

[0002]

Embryonic stem cell (ES cell), which are derived from
human or mouse early embryos, have the ability to
preoliferate indefinitely while maintaining.pluripotency and
the ability to differentiate into all cells existsing in a
live body. By using these properties, human ES cells are
expected as sources of cell transplantation therapies for
many diseases -such as Parkinson's disease, Juvenile
diabetes, and leukemia. However, there is a problem that
transplantation of ES cells lead to the tissue rejection
after transplantation in patients. 1In addition, there are
many COuﬁter opinions regarding the use of human ES cells
established by destructing human embryos from an ethical
point of view.

[0003]
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If patients' own differentiated somatic cells can be
used to induce dedifferentiation and establish cells having
the pluripotency and ability to proliferate like the ES
cells (in the present specification, this cell is referred
to as "artificial pluripotent stem cell" or "iPS cell™, and
is also referred to as "induced pluripotent stem cell™,
"embryonic stem cell-like cell", or "ES-like cell”), they
will be expected to allow using as an ideal pluripotent
cell having neither rejection reaction nor ethical problem.
Recently, it has been reported that this iP5 cell can be
generated from mouse and human somatic cell, and this has
evoked an extremely massive response (International
Publication WO2007/69666; Cell, 126, pp.663-676, 2006; Cell,
131, pp.861-872, 2007).

[0004]

The above method comprises the steﬁ of reprogramming
by introducing a plurality of specified factors (four
factors of QOct3/4, Sox2, K1f4, and c-Myc are used as
described in Cell, 126, pp.663-676, 2006) into somatic
cells, and retrovirus vectors are used for introducing the
factors. However, as c-Myc is a cancer-associated
transcription factor, when the four factors comprising ec-
Myc are introduced to somatic cells for reprogramming, a
possibility that the cells or tissues differentiation-—

induced from the obtained induced pluripotent stem cells
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have tumorigenicity can not be denied. It has been known
that genes introduced into ES cells by using retrovirus
vectors have silencing function, and it has been confirmed
that iP5 cells generated by using retrovirus vectors also
have silencing function (see Example 7 of International
Publication W02007/69666)}. However, there is no assurance
that the introduced exogenous c-Myc is not expressed in
their offspring. A method for nuclear reprogramming with
the four factoxrs of Oct3/4, Sox2, Lin28, and Nanog without
usiqg c-Myc has been proposed by Thomson et al. (Science,
318, pp.19817-1920, 2007; International Publication
WO2008/118820) . However, research and development for iPS§
cells are currently progressing by still using the four
factors of 0Oct3/4, Sox2, K1f4, and c~Myc worldwide.

[0005]

In addition, the International Publicatioﬁ
WO02007/69666 teaches that Myc family gene can be replaced
with cytokines, and Examples 5 of the above specification
shows that the nuclear reprogramming can be achieved by
using basic Fibroblast Growth Factor (bFGF) instead of c-
Myc. In addition, the above International Publication
shows that 24 genes selected as a candidate of the
reprogramming factor include sall4 (Table 4 No.13).
However, it does not indicate that Sall4 has the nuclear

programming activity. Moreover, it shows that 1iPS cells
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can be éefficiently established by combining L-Myc or N-Myc,
which is one of Myc family gene, with Oct3/4, Sox2, and
Klf4 compared to those generated by using c-Myc (Example 6).
Patent Publication l: International Publication
WO2007/69666

Patent Publication 2: International Publication
W02008/118820

Non-Patent Publication 1: Cell, 126, pp-663-676, 2006

- Nen-Patent Publication 2: Cell, 131, pr.861-872, 2007

Non-Patent Publication 3: Science, 318, pp.1917-1920, 2007

Disclosure of Invention
Problems to be Solved by the Invention

[06006])

A problem of the present invention is to provide a
process for generating safe induced pluripotent stem cells.
Concretely described, a problem of the present invention is
to provide safe induced pluripotent stem cells having no
fear of tumorigenesis in the cells or tissues obtained by
differentiation-inducing the induced pluripotent stem cells,

In addition, another object of the present invention
is to provide a process for effectively generating induced
pluripotent stem cells.

A particularly preferably object of the present

invention 1s to provide a process for effectively
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generating the safe induced pluripotent stem cells.
Means to Solve the Problems

[0007]

The present inventors intensively studied in order to
solve the aforementioned problems and, as a result, found
out that a safe induced pluripotent stem cell can be
generated without using c-Myc. |

In additicn, the present inventors found out that safe
induced pluripotent stem cells having no fear of
tumorigenesis in the cells or tissues obtained by the
induction of differentiation can be provided by performing
nuclear reprogramming using L-Myc, Salll, or Salld without
using ¢-Myc, and a safe induced pluripotent cells can be
extremely effectively generated by performing this process.

The present invention was completed based on the above
findings.

[0008]

That is, according to the present invention, a process
for generating induced pluripotent stem cells from scmatic
cells, comprising the step of introducing the following
three genes: Oct family gene, KL1f family gene, and Sox
family gene into somatic cells is provided.

[0009]

According to a preferable aspect of this process, the

process comprising the step of, after introduction of the
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following three genes: Oct family gene, K1f family gene,
and Sox family gene into somatic cells, culturing the cells
over sufficient time for the cells to acquire pluripotency
and proliferate is provided.

According to another preferable aspect of this process,
the process comprising the step of introducing the
following three genes: Oct3/4, Klf4, and Sox2 into somatic
cells: and the process comprising the step of, after
introduction of the following three genes: Qct3/4, K1f4,
and SoxZ into somatic cells, culturing the cells over
sufficient time for the cells to acquire pluripotency and
proliferate is provided.

[0010])

In addition, according to further another preferable
aspect of this process, the process comprising the step of
transfecting virus vectors containing Oct family gene,
virus vectors containiﬁg K1f family gene, and virus vectors
containing Sox family gene into separate packaging cells,
respectively, and culturing the cells to obtain three
culture supernatants, and the step of preparing a mixture
of three culture supernatants obtained by the above step,
and reprogramming somatic cells using the mixture is
provided,

Further, according to another preferable aspect of

this process, the process comprising the step of
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reprogramming the somatic cells without using drug
selectlon is provided.

[0011]

In the above process, the gene introduction can be
performed optionally in the absence or the presence of
cytokines, preferably in the absence of cytokines. In
addition, the culturing can be performed D#tionally in the
absence or the presence of cytokines, preferably in the
absence of cytokines.

[0012]

In induced pluripotent stem cells provided by the
present invention, development of tumof is substantially
reduced or eliminated in cells or tissues obtained after
the induction of differentiation. Therefore, according to
the present invention, a process for generating induced
pluripotent stem cells in which development of tumor is
substantially reducea or eliminated in the cells or tissues
obtained after the inducticn of differentiation, comprising
the step of introducing the following three genes: Oct
family gene, K1f family gene, and Sox family gene,
preferably Oct3/4 family gene, K1f4 gene and Sox2 gene into
somatic cells is further provided.

[0013]

From another point of view, according to the present

invention, a process for generating induced pluripotent
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stem cells from scmatic cells, comprising the step of
introducing a combination. of the following two genes: Oct
family gene and Sox family gene, or a combination of the
following two genes: Oct family gene and K1f gene, znd at
least one kind of genes selected from the following three
genes: L-Mye, Salll, and Sall4 into somatic cells is
provided.

[0014]

According to a preferable aspect of the invention, the
process comprising the step of introducing a combination of
the following two genes: Oct3/4 and Sox2 or a combination
of the following two genes: Oct3/4 and K1f4, and at least
one kind of genes selected from the following three genes:
L-Myc, Salll, and S5all4 into somatic cells.is provided. A
process comprising the step of introducing the following
genes: Lin28 and/or Nanog in addition to the above genes
into somatic cells is also a preferable aspect, and the
process comprising the step of introduéing LinZ28 into
somatic cells is a more preferable aspect. In the above
process, it is also possible to use c¢c~Myc optionally by
appropriate combination.

[0015]

. According to a further preferable aspect of the
invention, the process comprising the step of intreducing a

combination of the following three genes: Oct family gene,
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Sox family gene, and K1lf gene, preferably a combination of
Qct3/4, So0x2, and K1f4, and at least one kind of genes
selected from the following three genes: L-Myc, 5alll, and
Sall4 into somatic cells is provided.

[0016]

More concretely, the process comprising the step of
introducing the following four genes: Oct3/4, Sox2, Klf4,
and 5alll into somatic cells; the.process comprising the
step of introducing the feollowing four genes: Oct3/4, Sox2,
K1f4, and Salld into somatic cells, the process comprising
the step of introducing the following four genes: 0Oct3/4,
SoxZ, Klf4, and L-Myc into somatic cells; the process
comprising the step of introducing the following five
genes: Oct3/4, Sox2, K1lf4, 5alll, and L-Myc into somatic
cells; the process comprising the step of introducing the
following five genes: Oct3/4, Sox2, K1f4, Sall4, and L-Myc
into somatic cells; the process comprising the step of
intreoducing the following five genes: "Oct3/4, SoxZ, K1£f4,
Salll and Sall4; and the process comprising the step of
introducing the following six genes: Oct3/4, Sox2, K1f4,
Salll, Sa114, and L-Myc into somatic cells are provided.

If L-Myc is used, preferably the somatic cell is a
human somatic cell.

In any of the above processes, a process comprising

the step of further introducing Lin28 into somatic cells is
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also provided according to the present invention and, as a
preferable aspect, the process comprising the step of
introducing Oct3/4, Sox2, Klf4, L-Myc, and LinZ8 into
somatic cells is provided.

[0017)

In an induced pluripotent stem cell provided according
to the present invention, develpment of tumor is
substantial;y reduced or eliminated in the cells or tissues
obtained after_the induction of differentiation. Thereafore,
further, according to the present invention, a process for

generating induced pluripotent stem cells in which

" development of tumor is substantially reduced or eliminated

in cells or tissues obtained after the induction of
differentiation, comprising the step of introducing the
following two genes: Oct family gene and Sox family gene,
preferably Oct3/4 family gene and Sox2 gene, and at least
one kind of genes selected from the following three genes:
L-Myc, Salll and Sall4 into somatic cells is provided. A
process comprising the step of further introducing K1f
family gene, for example, K1f4 into somatic cells in this
process is also a preferable aspect, and a process
comprising the step of introducing 1Lin28 together with K1f
family gene or instead of K1f family gene into somatic
cells is also a preferable aspect.

(0018]
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Further,  from another point of view, according to the
present invention, a process for generating induced
pluripotent stem cells from somaﬁic cells, comprising the -
atep of introducing the following siz genes: Qct family
gene, K1f family gene, Sox family gene, Myc family gene,
LinZ28 and Nanog, preferably the following six genes: 0Oct3/4,
K1f4, SoxZ, c-Myc, Lin28 and Nanog inte somatic cells is
provided. In this process, at least one kind of genes
selected from the following three genes: L—Myc,'Salll and
5all4 can be used instead of c-Myc, and this process is
also a preferéble aspect.

[0019]

In each of the above processes, introduction of the
genes into somatic cells can be performed with a
recombinant vector, and preferably with a recombinant
vector including at least one kind selected from a
combination of genes as defined in each of the processes,
which the genes are introduced into somatic cells. As the
vector, any of a virus vector and a non-virus vector may be
used.

[0020]

Further, the nuclear programming factors comprising a
combination of genes as defined in each of the above
inventions are provided according to the present invention.

It is also preferable to further combine TERT gene and/or
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5V40 Large T antigen gene with the aforementioned
combination.

[0021]

In addition, the nuclear reprogramming factors
comprising a combination of gene products of genes as
defined in each of the above inventions are also provided
according to the present invention, and a process
comprising the step of contacting the nuclear reprogramming
factors comprising a combination of gene products of genes
as defined in each of fhe above inventions with somatic
cells is also provided according to the present invention.
As a preferable aspeét, the process comprising the step of
adding the nuclear reprogramming factor to a culture of
somatic cells is also éfcvided.

[0022]

In each of the above inventions, the process in which
the somatic cell is somatic cell of the mammal comprising
human, preferably primate somatic cell, more preferably
human somatic cell; the process in which the somatic eell
is human fetal cell or somatic cells derived from adult
human; the process in which the somatic cell is somatic
cells collected from a patient are provided.

[0023]

From another point of view, an induced pluripotent

stem cell obtainable by the aforementioned processes is
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provided according to the present invention. In addition,
somatic cell which is differentiation-induced from an
induced pluripotent stem cell obtainable by the above
processes 1s also provided according to the present
invention, A tissue, an organ, z body fluid, and an
individual which is a population of a differentiation-
induced somatic cell are also provided according to the
present invention.

[0024]

Further, a stem cell therapy comprising the step of
differentiation-inducing an induced pluripotent stem cell
obtained according to the above process by using somatic
cells recovered and collected from a patient, and
transplanting the resulting somatic cell or a tissue, an
organ, or a body ligquid which ;s a population of the cell,
into the patiEHf is provided according to the present
invention.

Further, a method for assaying the physiological

activity or toxlcity of a compound, a drug, or a toxin by

using various cells obtained from differentiation-inducing

induced pluripotent stem cell obtained according to the

above processes is provided according to the present

invention.

Brief Description of Drawings
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[0025]

(Fig.1l] Fig.1l is a view showing results of alkaline
phosphatase staining of iP$ cells induced from human adult
skin fibroblast (adult HDF). To adult HDF {HDFa-51c7al),
which was obtained by expressing mouse retrovirus receptor
(51e7al) with lentivirus infection, the genes shown in a
left column were introduced by using retrovirus vectors.
"-" shows results of staining at HDFa-Slc7al cells into
which the four genes of “0Oct3/4, Sox?2, Klf4f and ¢=Myc”
were introduced. A rightmost column and a second column
from the right of a photograph show results of alkaline
phosphatase staining observed with phase-contrast in 10
days after gene introduction.

[Fig-2] Fig.2 is a view showing results of alkaline
phosphatase staining of iPS cells induced from necnate
preputium-derived fibroblasts (BJ}). To BJ {BJ-8lc7al)
obtained by expressing mouse retrovirus receptors (S51c7al)
with lentivirus infection, the genes shown in a left column
was introduced by using retrovirus vectors. A second
column from the right of the photograph shows results of
alkaline phosphatase staining observed with a phase-
contrast in 10 days after gene introduction.

[Fig.3] Fig.3 is a view showing results of immunostaining

“analysis for expression of ABCG-2, S5EA-3, and SSEA-4 in

iPS cells derived from adult HDF ({clone iPS-HDFaSlc-87E6),
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and results of staining of only a secondary antibody (mouse
IgG or rat IgM) as a negative control. A photograph
indicates phase—contrast images, and a phase-contrast
images via a rhodamine filter (objective X 10,
respectively).

[Fig.4] Fig.4 is a view showing results of immunostaining
for expression of ABCG-2, E-cadherin, SSEA-3, and SSEA-4 in
iPS cells derived from adult HDF (clone 1PS-HDFaSlc-87E3, 4
and 12) and adult HDF expressing mouse Slc7al gene (HDFa).
A photograph shows phase-contrast images and phase-contrast
images via a rhodamine filter (objective ¥ 10,
respectively).

[Fig.5] Fig.5 is a view showing results of PCR
amplification of each region for OCT4, Sox2, Nanog, REX1,
FGF4, GDF3, DPPA4, DPPA2, ESGl, hTERT, and G3PDH, in cDNA
obtained based on RNA isoclated from iP5 cells derived from
adult HDF {(clone iP5-HDFaSlc-87El to 8, 11 and 12), NTERAZ
clone D1 human embryonic cancer cell (NTERAZ?), and adult
HDF expressing mouse Slc7a gene (HDF).

[Fig.e] Fig.6 is a view showing results of PCR
amplification of each region for OCT4, Sox2, Nanog, REXI,
FGF4, GDF3, ECAT15-1, ECAT15-2, ESG1l, hTERT, and G3 in cDNA
obtained based on RNA isoclated from iPS cells derived from
BJ (clone iPS-BJS1c-97G3, G5, H3, HS, E1-10, E1l, and E12),

a NTERAZ clone D1 human embryonic cancer cell (NTERAZ), and
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BJ expressing mouse S5lc¢7al gene(BJ-Slc7al).

[Fig.7] Fig.7 is a view showing a mouse (A) after five
weeks, which was subcutaneously injected with clone iPS—
HDFaS1lc-87E12, and tumor isolated from the mouse (A), as
well as a view showing results of hematoxylin-eosin
staining of teratoma-derived tissues isolated from mice
subcutaneously injected with clone iPS-HDFaSlc—-87F3 (B),
clone iPS5-HDFaSlc-87E6é (C), and clone 1P3-HDFaSlc-87E12 (D),
respectively.

[Fig.8] Fig.B is a view of immunostaining showing iﬁ vitro
differentiation of human iP$ cells? Human 1iPS-like cells
were cultured on HEMA-coated plates for 7 days, and further
cultured on a gelatin-coated dish for 7 days, and then the
cells were collected to fix with fixing solution (10%
formalin-containing PBS). The cells were reacted with
anti-a-smooth muscle actin antibody (a-smooth muscle actin),
anti-pIII-tubulin antibody (bIII-tublin), and anti-o-
fetoprotein antibody (w-fetoprotein) as a primary.antibody,
and immunestained with the secondary antibodies.

[Fig.9] Fig.9 is a view showing results of improvement in
an efficiency of introducing retrovirus genes into human
HDF. Ecotropic (Eco) or amphotropic (Ampho) retrovirus
contaiging GFP cDNA was introduced to HDF or HDF (HDF-
Slc?él) expressing mouse Slc7al gene. The photographs of

the top of the figure shows results observed with
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flucrescent microscope (bar is 100 pm), and graphs of the
bottom of the figure shows results of flow cytometry.
[Fig.10] Fig.10 is a view showing results of induction of
iP8 cells from adult HDF. A shows time schedule of iPS
cell generation. B shows cell morphology image of HDF, C
shows typical image of non-ES cell-like colony, D shows
typical image of human ES cell-like colonies, E shows cell
morphology of established iPS cell line at passage number 6
(clone 201B7), F shows an image of iPS cells with high
magnification, and G.éhdﬁs éﬂ“iﬁéééuaf.sbéﬁtaﬁédﬁéiy”"'
differentiated cells in the center part of human iPS cell
colonies, respectively. H to N show results of analysis
for immunocytochemistry for SSEA-1 (H), SSEA-3 (I), SSEA-4
(J), TRA-1-60 (K), TRA-1-81 (L), TRA-2-49/6E (M) and Nanog
(N), respectively. Nucleuses were stained with
Hoechst33342 (blue). Bars of each image show 200 pm (B to
E, G), 20 pm(F), and 100 um (H.to N} .

[Fig.1l1l] Fig.1l1l is a view showing feeder cell dependency of
human iPS cell. A shows an image of iPS cells seeded on
gelatin-coated plate. B shows an image of iPS cells
cultured in MEF-conditioned medium (MEF-CM) on matrigel-
coated plate. C shows an image of iPS cells cultured in
non-conditioned medium for human ES on matrigel-coated
plate,

[Fig.1l2] Fig.1l2 is a view showing results of RT-PCR
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analysis of ES cell marker genes for expression of human ES
cell marker genes in human iPS cells. Cells, which RNA has
been isoclated, are iPS cell clone 201B, ES cell, NTERA2
clone D1 human embryonic cancer cell (NTERAZ), and adult
HDF (HDF) expressing mouse Slc7al gene.

[Fig.13] Fig.1l3 is a view showing Western blotting analysis
of ES cell marker genes (A) and results of quantitative PCR
for expression of retrovirus-introduced gene (B), for
expression of human ES cell marker genes in human iPS cells.
B shows the averages of three independent experiments and a
bar shows sténdard deviation.

[Fig.14] Fig.14 is a view showing results of bisulfite
genomic sequencing of the promoter regions of Oct3/4, REX1
and Nanog (A) and results of luciferase assays (B), for
expression of human ES cell marker genes in human iPS cells.
In A, open and closed circles indicate unmethylated and
methylated CpGs. B shows the average of the result from
four assays, and bars indicate standard deviation.

[Fig.15] Fig.15 1s a view showing high levels of telomerase
activity and exponential preliferation of human iPS cells.
A shows results of detection of telomerase activities by
the TRAP method. Heat-inactive (+) samples were used as
negative controls (IC is internal control). B shows
proliferation curve of iPS cells, and averages and standard

deviations in guadruplicate.
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([Fig.1l6] Fig.lé is a view showing results of gene analysis
of human iPS cells. A is results of genomic PCR showing
results of integration of all four retroviruses in the
chromosomes of all clones. B shows results of Southern
blotting analysis by using c-Myc c¢DNA probe. Asterisks of
the figure shows endogeneous c-Myc allele (2.7 kb), and
arrows show mouse c-Myc allele (9.8 kb) derived from SHNL
feeder cells.

[Fig.l7] Fig.1l7 is a view showing embryoid body-mediated
differentiation of human iP5 cells. A shows an image of
fleating culture of iPS cells at day 8. B to E show images
of differentiated cells at day 16 (B), neuron-like cells
(C), epithelial cells (D), and cobblestone-like cells (E),
respectively. F to K show results of immunocytochemistry
of m—fetoprotéin (F), wvimentin (&), o-smooth muscle actin
(H), desmin (I}, PIITI tubulin (J), and GFAP (K),
respectively. Bars of the figure show 200um (A,B) and
i00pum (C-K). 1In F-K, Nucleuses were stained with Hoechst
33342 (blue). L shows results of RT-PCR analyses of
various differentiation markers for three germ layers.
[Fig.18] Fig.18 is a view showing directed differentiation
of human iPS cells. A is phase-contrast images of
differentiated iPS cells after 18 days cultivation on PFA6G
cell. B shows results of immunocytochemistry of the cells

shown in A with PIII tubulin (red) and tyrosine hydroxylase
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(green) antibodies. Nucleuses were stained with Hoechst
33342 (blue). cC rEPIESénts results of RT-PCR analyses of
dopaminergic neuron markers. D is phase-contrast image of
1PS cells differentiated into cardiomyotic cells. E shows
results of RT-PCR analyses of cardiomyotic cell markers.
Bars in the images of A, B and D are 200um (A, D) and 100pum
{B) .

[Fig.19] Fig.19 is a view showing teratoma derived from
human human iP$ cells. Hematoxylin and eosin staining
image of teratoma derived from iPS cells (clone 201R7 is
used) i1s shown.

[Fig.20] Fig.=20 is phase-contrast images of human iP$ cells
derived from adult fibroblast-like synoviocytes (HFLS,
clone 243H1) and neonate preputium-derived fibrobiasts {BJ,
clone 246Gl). 1In each image, a bar shows 200 pIm.

[Fig.21] Fig.21 is a vieﬁ showing expression of ES cell
marker genes in iP5 cells derived from HFLS and BJ.
[Fig.22] Fig.22 is a view showing embryoid body-madiated
differentiated cells of iPS cells derived from HFLS and BJ,
Expressions of a~smooth muscle actin, BIII tubulin, and a-
fetoprotein were confirmed by immunastaining.

[Fig.23] Fig.23 is a view showing the effect of family gene
and ommision of c-Myc on the generation of iPS cells from

Nanog-reporter MEF mice. A shows the results of generation

.of iP5 cells with family gene from MEFs by Nanog selection.
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A graph shows the number of GFP-positive colonies. The
results of three independent experiments are shown with
different colors (white, gray, and black). “4 factors”
shows the combination of dctB/d, SoxZ, Klf4, and c¢-Myc. B
shows the effect.of puromycin selection timing on iPS cell
generation, and GFP-positive colonies observed 28 days
after transduction of the four genes or the three genes
devoid of c-Myc. C shows the effect of puromycin selection
timing on the percentage of GFP—positive colonies per all
colonies.

[Fig.24] Fig.24 is a view showing histological images of
ferﬁtoma derived from iPS cells, which were induced from

Fbxl5-reporter mice-derived MEF with family proteins of Myc,

~Klf, and Sox.

[Fig-25] Fig.25 is a view showing the characterization of
iP5 cells génerated by inducing three genes (Oct3/4, Sox2,
K1f4) devoid of c-Myc into Nanog-reporter mice-derived MEF
with retroviruses. Results of RT-PCR showing expression
levels of ES cell marker genes and the four genes are shown.
By using specific primer sets, total transcripts,
transcripts from the endogeneous genes (endo), and
transcripts from the retroviruses (Tg) were distinguished
for the four genes.

[Fig.26] Fig.26 is a view showing results of induction of

1PS cells generated by inducing three genes (Oct3/4, Sox2,
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K1f4) devoid of c-Myc into FbxlS-reporter mice-derived MEF
with retroviruses, as well as results of expression of
induced GFP. A shows morphology of iP§ cells generated by
introduction of the three genes (0ct3/4, Sox2, KLf4) devoid
of c-Myc. The bar of the photograph shows 500um. B shows
results of RT-PCR analyses of ES-cell marker genes in ES,
MEE, and iP5 cells generated by introduction of three genes
(Oct3/4, Sox2, K1f4) devoid of ¢-Myc.

[Fig.27) Fig.-27 is a view showing chimeric mice derived
from iPS cells (clone 142B-6 and 142B-12) generated by
introduction of three genes (Oct3/4, Sox2, Klf4) devoid of
c-Myc.

[Fig.28] Fig.28 is a view showing results of the efficient
isolation of iPS cells without drug selection. A is images
of morphology of iPS cells induced from TTF derived from
adult mice containing the Nanog—-GFP-IRES-Puro® reporter.
Cells were transduced with either the four genes or the
three genes devoid of c-Myc, together with DsRed, and then
were cultured for 30 days without drug selection.
Expression of the Nanog reporter (Nanog-GFP) and the DsRed
retrovirus (Tg-DsRed) was examined by fluorescence
microscopy. The bar indicates 500 pum. B shows images of
morphology of iPS cells induced from TTF derived from adult
mice, which contained a DsRed transgene driven by a

constitutively active promoter (ACTB, P-actin gene) but
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lacked the Nanog- or Fbxl5-~ selection cassettes. The cells
were transduced with either the four genes or the three
genes devoid of c-Myc, together with GFP, and then cultured
for 30 days without drug selection. The expression of the
GFP retrovirus (Tg-GFP} was examined by a fluorescence
microscopy. The bar indicates 500um. C shows results of
RT-PCR analyses of ES marker genes in ES cells and in iP§
cells generated from TTFs without drug selection. D is an
image of chimeric mice derived from iPS cells, which were
generated from adult TTFs without drug selection or the c¢-
Myc retrovirus.

[Fig.22] Fig.29 is a view showing results of induction of
1P8S cells generated by inducing three genes (Oct3/4, Sox2,
Kifd} devoid of c-Myc. A is images showing that
established human iPS cells (clone 253G and 246H) exhibit
human ES cell-like morphology. B shows results of
expression of ES cell marker genes in human iPS cells
derived from HDF established using iP5 cells (253G)
generated by introduction of three genes (Oct3/4, Sox?2,
Klf4) devoid of ¢-Myc, or iP5 cells (253F) generated by
introduction of four genes (Oct3/4, Sox2, K1f4, c-Myc)
including c-Myc.

[Fig.30] Fig.30 is a view of induction of embryoid body-
mediated differentiation from human iP5 cells generated by

introduction of three genes (0ct3/4, Sox2, K1f4) devoid of
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c-Myc into adult fibroblasts (HDL; 253G) and neonate

preputium-derived fibroblasts (BJ; 246G). Expression of a-
smooth muscle actin, PITII tubulin, and a-fetoprotein was
examined by immunostaining.

[Fig.31l] Fig.31 is a view showing a graph of tﬁe number of
colonies, which were counted after introduction of six
genes (Klfd, c-Myc, Oct3/4, Sox2, Nanog, and Lin28), or two
different combinations of four genes (K1f4, c-Myc, Oct3/4,
and Sox2 are shown in Y4F; and Oct3/4, Sox2, Nanog, and
Lin?8 are shéwn in T4F) into 293FT cells. “ES-like”
indicates the number of colonies which are morpholegically
like to colonies of ES cells, and “total” indicates the
total number of ES-like colonies and non-ES-like colonies.
Exp#l, Exp#z, Exp#3, and Exp#4 show results independent
experiments. The vertical scale indicates the number of
colonies.

[Fig.32] Fig.32 shows experimental results performed using
mouse embryonic fibroblasts (MEF). A indicates the time
schedule of the experiment. 1.0x107 MEF cells, which were
obtained from Nanog GFP™¥~ Fbx15/ mice, were seeded on
gelatin-coated 6-well plates. Next day, four genes (Oct3/4,
Kifd, SoxZ and 5alld; OSKA) or three genes (Oct3/4, K1f4,
and Sox2; 0OSK) were introduced into MEFs with retrovirus.
On 4 day after infection, the cells were seeded on 6-well

plate covered with mitomycin C-treated STO cells at the
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ratio of 1:2 or 1:6. Drug selection was started on 14 day

or 21 day after infection. ©On 28 day, GFP-positive cells

were counted and stained with alkaline phosphatase (AP) and
crystal violet (CV)., B indicates the total number of GFP-
positive colonies in three independent experiments (#1, 2,
and 3). C indicates the percentages of GFP-positive
colonies in three independent experiments (#1, 2, and 3).
[Fig.33] Fig.33 shows experimental results which were
performed using human adult skin-derived fibroblasts (adult
HDF). 1.0x10° adult HDF cells expressing mouse retrovirus
receptor slc7a were seeded on 6-well plates. Next day, a
combination of various genes shown in the figure was
introduced into the cells with retrovirus vectors. On 6
days after infection, the number of the cells was adjusted
to 5.0x10°, and the cells were seeded again on 100 mm plate
covered with 1.5%10° mitomycin C-treated STO cells. After
7 days, the medium was exchanged with primate ES cell
medium suplemented with 4 ng/ml bFGE. The figure shows the
number of colonies on 30 days after infection.

[Fig.34] Fig.34 is a view showing the number of colonies
counted on 32 day (left bar) and 40 day (right bar) after
infection by intreoduction of human-derived four genes (Y4F:
Cct3/4, Sox2, K;fdﬁ and c¢-Myc) or three genes (Y3F: Oct3/4,
Sox2} and K1f4), and mouse 53114 (mS2l114) or mouse Salll

(mSalll) or both of them into human adult skin-derived
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fibroblasts (HDF) expressing mouse retrovirus receptor 5lca
with retrovirus vectors. “+Mock” indicates a group
infected with retroviruses which were replaced with empty
vector devoid of Y3F or Y4F, “+mSall4” indicates a group
introduced with Sall4 together with Y3F or Y4F, “+mSalll”
indicates a group introduced with mSalll together with Y3F
or Y4F, and “+tmSalld+mSalll” indicates a group in which
both of mSall4 and mSalll were introduced together with Y3F
or Y4F. The vertical scale indicates the number of
colonies of human iPS cells confirmed on 10 cm petri dishes.
The same experiment was repeated in twice, and the total
numbers of colonies were shown on the top of graphs per
gach gxperimEnt-

[Fig.33] Fig.35 is a view showing the number of colonies
counted on 32 day (left bar) and 40 day (right bar) after
infection by introduction of human-derived four genes (T4F:
Oct3/4, Sox2, Nanog and Lin28) or three genes (T3F: Oct3/4,
Sox?, and Nanog), and mouse Salld (mSalld) or mouse Salll
{mS3alll) or both of them into human adult skin-derived
fibroblasts (HDF) expressing mouse retrovirus receptor
Slc7/a by using retrovirus vectors. “+Mock” indicates a
group infected with retroviruses which are empty vectors
devoid of T3F or T4F, “+mSall4” indicates a group
introduced with mSall4 together with T3F or T4F, “+mSalll”

indicates a group introduced with mSalll together with T3F
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or T4F, and “+m3alld+mSalll” indicates a group in which
both of mSall4 and mSalll were introduced together with T3F
or T4F. The vertical scale indicates the number of
colonies of human iP5 cells counted on 10 cm petri dishes.
The same experiment was repeated in twice, and the total
numbers of colonies of each experiment are shown on the top
of bar in the graph.

[Fig.36] Fig.36 is a view showing the number of colonies
counted on 32 day (left bar) and 40 day (right bar) after
infection by introduction of human-derived four genes (Y4F)
or three genes (Y3F) and human 5alld {(hSalld) into human
adult skin-derived fibroblasts (HDF) expressing mouse
retrovirus receptor Slc7a with retrovirus vectors. “+Mock”
indicates a group infected with retroviruses which are

empty vectors devoid of Y3F or Y4F, and “+h$2114” indicates

‘& group introduced with hSalld together with Y3F or Y4F.

The vertical scale indicates the number of colonies of
human 1P5 cells counted on 10 cm petri dishes. The same
experiment was repeated in twice or three times, and the
total numbers of colonies in each experiment were shown on
the bar of the graph.

[Fig.37] Fig.37 1s a graph showing the results of counting
the number of ceolonies of human iP5 cells generated by
introducing the total four genes of three genes of Oct3/4,

K1f4, and Sox2, and c-Myc, L-Myc, or N-Myc gene, into human
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adult skin-derived fibroblasts (HDFa-Slc7al) expressing
mouse retrovirus receptor Slc7a with lentivirus vectors.
The value on each graph indicates the ratio of the number
of colonies of iPS cells to total number of the colonies.
[Fig.38] Fig.38 is a photograph showing results confirmed
that human iPS cells (32R2, 32R6) generated by introducing
four genes (Oct3/4, Sox2, K1f4, L-Myc) into human adult
skin-derived fibroblasts (HDFaQSlCTal) expressing mouse
retrovirus receptor Slc7a with lentivirus vectors have the
ability to be differentiated into three germ cell lines, by
immunostaining with a-smooth muscle actin, a—fetoprotein,
and BIIT-tubulin antibody.

(Fig.38] Fig.39 is histological staining images
(hematoxylin-eosin staining) of the teratoma obtained by
injecting human iPS cells (32R6) generated by introduction
of four genes (Oct3/4, Sox2, K1f4, and L-Myc) into the
testis of SCID mouse. Top columns indicate histological
images of nerve tissue, intestinal tract-like tissue, and
cartilage tissue, from the left side. Bottom columns
indicate histological images of hair tissue, adipose tissue,
and pigment tissue, from the left side.

[Fig.40] Fig.40 is photographs showing morphology of GFp-
positive colonies (iPS-MEF-Ng-443-3) obtained by
introducing three genes (Oct3/4, KIf4, and L-Mye) into

Nanog reporter mice-derived MEF (MEF-Ng) with retrovirus
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- vectors. Top columns are the images of GFP-positive

colonies, and bottom columns are phase—contrast images.

[Fig.41] Fig.41 is a photograph showing results of RT-PCR

‘and Genomic PCR for clones derived from GFP-positive

colonles (iP5S-MEF-Ng-443-3) shown in Fig.40. In the figure,

“Total” shows expression of endogenous and retrovirus-
derived genes, “Tg” shows expression of retrgvirus-derived
genes, and “Genome” shows results of detection for the
presence of the retrovirus-derived genes, which were
integrated into genome DNA, by using the specific primers
for the genes. The number of the right side in the
photograph indicates the cycle number of PCR. In the
figure, “RF8” indicates ES5 cells as control, “20D177
indicates iPS8 cells (Nanog-iPS cell; Nature, 448, pp.313-
317, 2007), which were obtained by introducing four genes
{Oct3/4, K1f4, L-Myc, and Sox2?) into MEF-Ng, and “142E-97
indicates iP5 cells (Fbx-iPS), which were obtained by
introducing four genes (0Oct3/4, K1f4, L-=Myc, and Sox2) into
MEF-Fbx, and results of the same experiment on these cells
are shown. In the figure, “Plasmid” shows results of using
plasmids containing each gene (pMXs-Sox2, pMXs-Oct3/4,
pMXs-Klf4, pMXs-c-Myc, and pMXs-L-Myc).

[Fig.42] Fig.42 is a photograph showing results of
confirmation that mouse iPS cells (443-3-3, 443-3-6, 443-3-

12, and 443-3-13) generated by introduction of three genes
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(Oct3/4, K1f4, and L-Myc) have the ability to be
differentiated into three germ layer cell lines, by
staining with anti-a-smooth muscle actin antibody, anti-o-
fetoprotein antibody, and anti-BIII-tubulin antibody. RF8
is mouse ES cell as control. |

[Fig.43] Fig.43 is histological staining images
(hematoxylin-eosin staining) of the teratoma obtained by
subcutaneously injecting with mouse iPS cells (443-3-3,
443-3-6, 443-3-12, and 443-3-13) generated by introduction
of three genes (Oct3/4, K1f4, and L-Myc). Histological
images of the nerve tissue, intestinal tract-like tissue,
muscle tissue, epithelium tissue, and cartilage tissue,
from the top are shown.

[Fig.44] Fig.44 is a graph showing results of counting the
number of colonies of human iPS cells generated by
introducing c-Myc, L-Mye, and/or Lin28 genes in addition to
three genes of Oct3/4, K1f4, and Sox2 into human adult
skin-derived fibroblasts (HDFa-$lc7al) eXpressing mouse
retrovirus receptor Slc7a with lentivirus vectors. The
black bar indicates total number of the colonies, and the
white bar indicates the number of iPS cell colenies.
[Fig.45] Fig.45 is a view schematically showing structures
of various Myec chimera genes and mutant genes. A
nucleotide sequence and an amino acid sequence of Ms-c-Myc

are shown in SEQ ID Nos.:153 and 154 of Sequence Listing, a
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nucleotide sequence and an amino acid sequence of Ms-L-Myc
are shown in SEQ ID Nos.:155 and 156 of Sequence Listing, a
nucleotide sequence and an amino acid sequence of Ms-cL-Myc
are shown in SEQ ID Nos.:157 and 158 of Sequence Listing, a
nucleotide sequence and an amino acid sequence of Ms-Lc-Myce
are shown in SEQ ID Nos.:159 and 160 of Sequence Listing, a
nucleotide sequence and an amino acid sequence of Ms-cLce-
Myc are shown in SEQ ID Nos.:161 and 162 of Sequence
Listing, a nucleotide sequence and an amino acid seguence
of Ms-LcL-Myc are shown in SEQ ID Nos.:163 and 164 of
Sequence Listing, & nucleotide sequence and an amine acid
sequence of Ms-ccL-Myc are shown in SEQ ID Nos.:165 and 166
of Sequence Listing, a nucleotide sequence and an amino
acid sequence of Ms-cLL-Myc are shown in SEQ ID Nos.:167
and 168 of Sequence Listing, a nucleotide sequence and an
amino acid sequence of Ms-LL¢—Myc are shown in SEQ ID
Nos.:169 and 170 of Sequence Listing, a nucleotide sequence
and an amino acid sequence of Ms-Lcc=Myc are shown in SEQ
ID Nos.:171 and 172 of Sequence Listing, a nucleoctide
sequence and an amino acid sequence of c-MycW1l35E are shown
in SEQ ID Nos.:173 and 174, a nucleotide sequence and an
amino acid seguence of c-MycV394D are shown in SEQ ID
Nos.:175 and 176 of Segquence Listing, a nucleotidehsequenqe
and an aminc acid sequence of c¢-MycL420P are shown in SEQ

ID Nos.:177 and 178 of Sequence Listing, a nucleotide
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sequence and an amino acid sequence of L-MycWS6E are shown .
in SEQ ID Nos.:179 and 180 of Sequence Listing, a
nucleotide sequence and an amino acid sequence of L-
MycV323D are shown in SEQ ID Nos.:181 and 182 of Sequence
Listing, a nucleotide sequence and an amino acid seqguence
of LMycL351P are shown in SEQ ID Nos.:183 and 184,

[Fig.46] Fig.46 i1s a graph showing the results of counting
the number of colonies of a human iPS cell established by
introducing various Myc chimera genes and mutant genes into
human adult skin-derived fibroblasts (HDFa-Slc7al)
eXpressing mouse retrovirus receptor Slec7a with lentivirus
vectors. The number of iP5 cell colonies, total colony
number, and the ratio (%) of the number of iPS cell

colonies to total colony number, from the top, respectively.

Best Mode for Carrying Out the Invention

[0026]

The process of the present invention provided from the
first viewpoint is a process for generating induced
pluripotent stem cells from somatic cells, and comprises
the step of introducing the follewing three genes: Oct
family gene, K1f family gene, and Sox family gene into
somatic cells, and a preferable aspect of the pProcess
comprises the step of, after introduction of the following

three genes: Oct family gene, K1f family gene, and Sox
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family gene into somatic cells, culturing the cell over
sufficient time for the cells to acquire pluripotency and
proliferate.

[0027]

For the Oct family gene, the K1f family gene, and the
Sox family gene, examples of the family genes are shown in
International Publication W02007/69666. As the Oct family
gene, Oct3/4 is preferred, as the K1f family gene, K1f4 is
preferred and, as the Sox family gene Sox2 is preferred.

As these genes, in éddition to wild-type genes, mutant
genes, in which several (e.g. 1 to 30, pieferably 1 to 20,
more preferably 1 to 10, further preferably 1 to 5, and
particularly preferably 1 or 2) nucleotides are substituted,
ingserted, and/or deleted, and chimera genes, which are
appropriately obtained in combination of the family genes,
having the similar function to that of the wild-type genes,
or having the improved function, can also be used.

[0028]

The process of the present invention provided from the
second viewpolnt 1s a process for generating induced
pluripotent stem cells from somatic cells, and comprises
the step of introducing a combination of the following two
genes: QOct family gene and S50x family geﬁe or a combination
of the following two genes: Oct family gene and K1f family

gene, and at least one of genes selected from the following
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three genes: L-Myc, Salll, and Salld4 into somatic cells,
Without being boﬁnd to a.specified theory, the gene
selected from the group consisting of L-Myc, Salll, and
5all4 is a nuclear reprogramming factor having the activity
to enhance an efficiency of nuclear reprogramming and, by
using a combination with nuclear reprogramming factors
essential for nuclear reprogramming (e.g. a combination of
Oct family gene and Sox family gene, or a combination of
Oct family éene and K1lf. family gene), an efficiency of
nuclear reprogramming can be remarkably improved.

[0029]

Az more concrétely described, the process comprises:
(a) the step of introducing a combination of the following
two genes; Oct family gene and Sox family gene, and L-Myc
into somatic cells:
(b} the step of introducing a combination of the following
two genes: Oct family gene and Sox family gene, and $alll
into scmatie cells:
{c) the step of introducing a combination of the following
two genes: Oct family gene and Sox family gene, and Salld
into somatic cells;
(d) the step of introducing a combination of the following
two genes: Oct family gene and Sox family gene, and L-Myc
and 5alll into somatic cells:

(e) the step of introducing a combination of the following
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two genes: Oct family gene and Sox family

and Salld into somatic cells;

(f) the step of introducing a combination

two genes: Oct ramily gene and Sox family

and Sall4_into somatic cells;

(g) the step of introducing a combination

two genes: Oct family gene and Sox family

Salll, and Salld into somatic cells.
[0030]

(h) the step of introducing a combination

two genes: Oct family gene and K1f family

into somatic cells:

{i) the step of introducing a combination

two genes: Oct family gene and K1f family

into somatic cells;

{(j} the step of introducing é combination

two genes: Oct family gene and K1f family

into somatic cells;

(k} the step of introducing a combination

two genes: Oct family gene and K1f family

and Salll into somatic cells;

{1) the step of introducing a combination

two genes: Oct family gene and K1f family

and Sall4 into somatic cells:

(m) the step of introducing a combination

gene, and L-Myc

of the feollowing
gene, and Salll
of the following

gene, and L-Myc,

of the following
gene, and L-Myc
of the feollowing
gene, and Salll
of the following
gene, and S3ll4
of the following

gene, and L-Myc

of the following

gene, and L-Myc

of the feollowing
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two genes: Oct family gene and K1f family gene, and Salll

and Sall4 into somatic cells;

(o) the step of introducing a combination of the following
two genes: Oct family gene and K1f family gene, and L-Myc,
Salll and Sall4 into somatic cells.

[0031]

Alternatively, in any aspect of tﬁe (a) to (g), the
step of introducing K1f family gene into somatic cells may
be further comprised. Further, in an aspect of any of the
(a) to (o), or in an aspect of adding K1f family gene to
any aspect of the (a) to (g), the step of introducing Lin
family gene and/or Nanog, preferably Lin2?8 and/or Nanog,
more preferably Lin28 into somatic cells may be comprised.
Further, if desired, the step of introducing c-Myc into
somatic cells may be comprised.

[(0032]

As the Oct family gene, Oct3/4 is preferred, as the
Sox family gene, Sox2 is preferred, and as the Klf family
gene, KlLf4 is preffered. In addition, as the Lin family
gene, Lin28 and Lin28b are known, and Lin28 is preferred.
L-Myc is described in Table 1 of International Publication
WO2007/69666, and Sall4 is described in Table 4 and Table 5
of the above International Publication. Salll is the ES
cell-specific expressing gene, and is known as one of Zinc

finger proteins, and is expected to be invelved in
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development of kidney. The NCBI Accession number of Salll
is NM_021390 (mouse) and NM_002968 (human). In addition,
the NCBI Accession number of Lin28 is NM 145833 (mouse) and
NM_O24674 (human) .

[0033]

As these genes, in addition to wild-type genes, mutant
genes, in which several (e.g. 1 to 30, preferably 1 to 20,
more preferably 1 to 10, further preferably 1 to 5, and
particularly preferably 1 or 2) nucleotides are substituted,
inserted; and/or deleted, and chimera genes obtained by the
arbitrary combination of family gene, having the similar
funetion to that of the wild-type genes, or the improved
function, can also be used.

[0034]

For example, as L-Myc or c-Myc, in addition to wild-
type genes, mutant genes in which several (e.g. 1 to 30,
preferably 1 to 20, more preferably 1 to 10, further
preferably 1 teo 5, and particularly preferably 1 or 2)
nucleotides are substituted, inserted, and/or deleted, or
chimera Myc gene having the similar function to that of
wild-type genes, or the improved function, can also be used.
For Myc gene, means and results for concretely analyzing
the function of various Myc chimera genes and Myc point
muta%ion genes. Therefore, by using this analyzing means,

nmnutant c-Myc genes, mutant L-Myc genes, or chimera Mye
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genes'having the desired improved function can be easily
selected and used. Preferred examples of thé chimera Myc
gene include Ms-cL-Myc (SEQ ID Nos.:157 and 158) and Ms-—
cLe-Mys (SEQ ID Nos.:161 and 162), more preferably Ms—cl-
Myc.

[0035]

Examples of a preferable aspect of this process
include processes comprising:
(a=1) the step of introducing QOct3/4, Sox2, and L-Myc into
somatic cells;
(a=-2) the step of introducing Oct3/4, Sox2, K1f4, and L-Myc
into somatic cells;
(b-1) the step of introducing Oct3/4, Sox2, and Salll into
somatic cglls;
{(b=-2) the step of introducing Oct3/4, Sox2, K1f4, and Salll
into somatic cells:
{c-1) the step of introducing Oct3/4, Sox2, and Salld into
somatic cells:
(c=2) the step of introducing Oct3/4, Sox2, K1f4, and $all4
into somatic cells;
(d-1) the step of introducing Oct3/4, Sox2, L-Myc, and
5alll into somatic cells;
(d-2) the step of introducing Oct3/4, Sox2, K1f4, L-Myc,
and Salll into somatic cells;

(e-1) the step of introducing Oct3/4, Sox2, L-Mys, and
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Salld into somatic cells;

{e-2) the step of introducing

and 5alld4 into somatic cells;
(f-1) the step of introducing
S5alld into scmatic cells;

(f-2) the stgp of introducing

and Salld into somatic cells:;

(g—1) the

and Sall4

step of introducing

into somatic cells;

(g—2) the step of introducing

Salll, and Salld into somatic

[003e]

{h-1) the step of intreducing

somatic cells;

(i-1) the step of introducing

somatlic cells;

{J-1) the step of introducing

somatic cells;

(k-1) the step of introducing

3alll into somatic cells:

(1-1) the step of introducing

Salld into somatic cells;

(m—1) the step of introducing
iﬁto somatic cells; or

{o—-1) the step of introducing

39

Oct3/4,

Oct3/4,

Oct3/4,

Oct374,

Cct3/4,

cells;

Otc3/4,

Otc3/4,

Otec3/4,

Otc3/4,

Otec3/4,

Otc3/4,

Otel/4,

Sox2,
Sox2,
SoxZ,
Sox2,

Sox2,

K1f4,
K1£4d,
K1£d,
K1£4,
K1£d,
K1i4,

Klf4,

K1f4, L-Myc,

Salll, and
KLEd4, Salll,
Salll,

L-Myc,

K1f4, L-Myc,

and L-Mye¢ into
and 5alll into
and Salld4 into
L-Myc, and
L-Myc, and

Sﬁlll and Sall4

L-Myc, Salll,
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and Sall4 into somatic cells, in the above process.

[0037]

Further, a process comprising:
(a=3) the step of introducing Oct3/4,
LinZ8 into somatic cells;

(2a—4) the step of introducing Oct3/4,
and LinZ?8 into somatic cells;

(b=-3} the step of introducing Oct3/4,
Lin28 into somatic cells:

(b—4) the step of introducing Oct3/4,
and Lin28 into somatic cells;

(c-3) the step of introducing Oct3/4,
Lin28 into somatic cells;

{(c=4)} the step of introducing Oct3/4,
and LinZ28 into somatic cells;

(d=-3) the step of introducing Oct3/4,
and LinZ8 into somatic cells;

(d~4) the step of introducing Oct3/4,
Salll, and Lin28 into somatic cells:
(e=3) the step of introducing Oct3/4,
and Lin28 into somatic cells:

(e-4) the step of introducing Oct3/4,
Salld4, and LinZ8 inteo somatic cells;
(f-3) the step of introducing Oct3/4,

and Lin28 into somatic cells:

Sox?Z,
50x2,
SoxZ2,
Sox2,
Soxzf
Sox2,
Sox2,
Sox2,
Sox?2,
S5ox2,

Sox?,

L-Myc, and

K1f4, L-Myc,

Salll, and

K1f4, Salll,

S5all4, and

K1£f4, Sall4,

L-Myc, Salll,

K1f4, L-Myc,

L-Myc, Salld4,

K1f4, L-Myc,

Salli, 5all4,
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(f-4) the step of introducing
5all4, and Lin28 into somatic
{g-3) the step of introducing
5all4, and LinZ8 into somatic

(g—4) the step of introducing

S5a111, S5all4, and Lin28 into somatic cells;

[0038]

(h—-2) the step of introducing
Lin28 into somatic cells;
(i-2) the step of introducing
into somatic cells:

(j—2)} the step of introducing
into somatic cells;

(k-2) the step of introducing
and LinZ2B8 into somatic cells;
{1-2} the step of introducing
and Lin28 into somatic cells;
(m—-2) the step of introducing
and Lin28 into somatic cells;
(0=-2) the step of introducing

Salld, and Lin?B into somatic

41

Oct3/4, Sox2,
cells;
Oct3/4, S50u2,

cells;

Oct3/4, Sox2,
Otc3/4, K1f4,
Otec3/4, K1lf4,
Otec3/4, Klfd,
Otc3/4, K1f£4,
Otc3/4, K1f4,
Ote3/4, K1f4,
ar

0tc3/4, K1f4,

cells,

in the above process is also preferred.

[G039]

In each of the abhove processes,

Ki1f4, Salll,

L-Myc, 5allil,

Klf4, L-Myc,

L-Myc, and

Salll and LinZ8

5all4 and Lin28§

L-Myc, Salll,

L-Myc, 5alld4,

Salll S5all4,

L-Mye, Salll,

a4 process comprising

the step of introducing Nanog together with Lin28 or devoid
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of Lin28 is also preferred. For example, in an aspect of
the (a-4), an aspect of using Nanog together with Lin28m
i.e. a process comprising the step of introducing QOct3/4,
Sox2, Kifd, L-Myc, Lin28, and Nanog into somatic cells or
etc is exemplified.

Alternatively, in each of the above processes, the
step of introducing L-Myc together with N—Myd or devoid of
L-Myc into somatic cells may be included.

Further, in each of the above processes, the step of
introducing c-Myc into somatic cells may be optionally
included, but in order.to substantially reduce or eliminate
development of tumor in the cells or tissues obtained after
differentiation induction, it is preferred that the step of
introducing c-Myc into somatic cells is not included in the
above process.

[0040)

For an aspect comprising L-Myc, it is preferred to use
human somatic cells as somatic cells to be nuclear-
reprogrammed. In addition, if a combination of Oct3/4,
Sox2, and Klf4, or a combination of Oct3/4, Sox2, K1f4, and
L-Mye (or c—Myc instead of L-Myc) is included, the case
where S5all4d is further combined, or the case where both of
Salll and Sall4 are further combined is preferred. Further,
if a combination of-Oct3/4, Sox2, Nanog, and Lin28 is

included, the case where Salll is further combined, or the
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case where both of Salll and Salld are further combined is

preferred. Also for these cases, it is preferred to use

. human somatic cells as somatic cells to be nuclear-

reprogrammed.

[0041)

The process of the present invention provided from the
third viewpoint is a process for generating induced
pluripotent stem cells from somatic cells, and includes the
step of introducing the following six genes: Oct family
gene, Klf family gene, Sox family gene, Myc family gene,
Lin?28, and Nanog into somatic cells, preferably includes
the step of introducing the following six genes: Qct3/4,
K1fd4, Sox2?, c-Mye, Lin28, and Nanog into Somatip cells.

[0042]

In each process of the present invention provided from
the first to third viewpolints, the "induced pluripotent
stem cell"™ is a cell having the charactérization like to
that of E5 cell, more specifically, includes
undifferentiated cells having pluripotency and the
proliferating ability, and this term must not be limitedly
construed in any sense, and needs to be construed most
broadly. A method for preparing induced pluripotent stem
cells by using nuclear reprogramming factors is
specitfically described in International Publication

WO2007/69666, Cell, 126, pp.663-676, 2006 and Cell, 131,
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pp.6861-872, 2007, and a means for separating induced
pluripotent stem cells is also specifically described in
the above Gazette.

[0043]

The "somatic cell” to be reprogrammed by the process
of the present invention means all cells, but not limited
to the cells, devoid of pluripotent cells such as ES cell
or the 1like thereof. For example, in addition to somatic
cells at embryonic stage, mature somatic cell may be used.
Preferably, somatic cells derived from mammal comprising
human are used, more preferably, somatic cells derived from
mouse and somatic cells derived from primate are used.
Particularly preferably, somatic cells derived from human
can be used. Examples of the somatic cells include
specifically (1) tissue stem cells (somatic stem cells)
such as nerve somatic cell, hematopoietic stem cell,
mesenchymal stem cell, dental pulp stem cell and the like,
(2} tissue precursor cells, and (3) differentiated cells
such as lymphocyte, epithelial cell, muscular cell,
fibroblast (skin cell etc.), hair cell, liver cell, stomach
cell, and mucosa cell. TIf the induced pluripotent stem
cells are used in treating the disease, it is desired to
use somatic cells separated from a patient itself, or
somatic cells separated from other person having the same

type of HLA antigen and, for example, somatic cells
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involved in the disgase and somatic cells involved in
disease therapy can be used.

[6044]

A method for introducing the above genes into somatic
cells is not particularly limited, but for example, it is
general to use vectors which can express the above genes.

A specific means for using retrovirus vectors as vectors is
disclosed in International Publication WO2007/69666, Cell, j

126, pp.663-676, 2006 and Cell, 131, pp.861-872, 2007, and

the case where lentivirus vectors are used as vectors is

disclosed in Science, 318, pp.1917-1920, 2007. In addition,
since the case where plasmids which are non-virus vectors
is used is described in an article of Okita et al. (Science,
Published online: October 9, 2008; 10.1126/Science.1164270),
a person skilled in the art can select and adopt an
appropriate means among them. If the vector is used, two
or more genes selected from the aforementioned genes may be
integrated into the vector, and several kinds of Vchors
integrating one gene may be used. When one or two kinds of
the aforementioned genes are already expressed in somatic
cells to be reprogrammed, expressed one or two kinds of
genes may be removed from a combination of the
aforementioned genes to be introduced, but it goes without
saying that such an aspect is included in a scope of the

present invention.
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[0045]
When a virus vector, for example, a retrovirus vector
is used as a means for introducing the genes into somatic

cells, it is preferred that culture supernatant containing

- each virus 1s independently prepared by preparing virus

vectors containing each gene to be introduced, thereafter,
trahsfecting separate packaging cells with each virus
vector, and culturing the cells, a mixture of those culture_
supernatants is prepared, and is used in gene introduction
by infection with a virus containing the gene, By adopting
this means, an efficiency of gene introduction can be
remarkably enhanced in some cases, and this means is
preferred in some cases particularly where nuclear
reprogramming is performed without c-Myc. Indeed, it is
also possible to transfect single packaging cell with a
plurality of virus vectors, prepare culture supernatant
contalning a plurality of virus vectors, and use it in gene
introduction.

[0046)

If the gene is introduced into somatic cells,
expression vectors may be introduced inte somatic cells
cultured on feeder cells, or expression vectors may be
introduced into somatic cells without feeder cells. In

order to enhance an introduction efficiency of expression

_vectors, the latter method iz suitable for some cases. As
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the feeder cell, feeder cells which are used in culturing
embryonic stem cells may be appropriately used, and for
example, cells, which cells such as primary culture cells
of fibroblasts of mouse embryos at 14-15 days after
fertilization or STO cell which is fibroblast-derived cell
line are treated with drug such as mitemycin C or radiation,
can be used. It is preferred that culturing somatic cells
after gene introduction is performed on feeder cells.
Alternatively, for about several to 30 days after gene
introduction, drug selection with puromycin may be added.
Indeed, a procedure which can induce iP$ cells without drug
selection is also known (Example 9 of International
Publication WO2007/69666), and it is also preferred to
induce 1P5 cells without drug selection.

[0047]

By culturing somatic cells with nuclear reprogramming
factors introduced therein under an appropriate condition,
nuclear reprogramming autonomously proceeds, and induced
pluripotent stem cells can be generated from somatic cells.
It is preferred that after the genes are introduced into
somatic cells, the cells are cultured over sufficient time
for the cells to acguire pluripotency and proliferate.

When human induced pluripotent stem cells are generated, it
is desirable that culturing density of the cells after

introduction of expression vectors is set to be lower than
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that in the case of animal cell culturing. For example, it
is preferred ﬁo continue culturing at cell density of 1-100
thousands, preferably about 50 thousands per a dish for
cell culture.

(00481}

Usually, the induced pluripotent stem cells can be
obtained, for example, by culturing for 25 days or longer

by using suitable medium for animal spices of somatic cells,

for example, medium for embryonic stem cell (ES cell) (for

example, when the gene is introduced into human somatic
cells, medium for primate ES cell, p;eferably human ES
cell). 1In the process provided from the first viewpoint,
an efficiency of nuclear reprogramming is reduced as
compared with the case where nuclear reprogramming is
performed using a combination containing one kind or two
kinds or more of c-Mye, L-Myc, N-Myc, Salll, and Salld in
some cases and, generally, culturing for a long term is
necessary for many cases. For example, in this process, it
is necessary to continue culturing preferably for 28 days
or longer, more preferably 30 days or longer, further
preferably 33 days or longer, and particularly preferably
35 days or longer. Specifically, if the gene is introduced
into human somatic cells, culturing for 40 days or longer,
and further culturing for 45 da?s or longer become optimal

culturing days in some cases. Indeed, according to the



10

15

20

23

49

process provided from the first viewpeint, contamination of
debris cells which becomes to background is eliminated, and
accordingly, indﬁced pluripotent stem cell colonis as pure

cell population can be obtained, and it becomes possible to
obtain induced pluripotent stem cells having extremely high
guality for gene expression and differentiation ability.

On the other hand, in the process of the present invention

provided from the second viewpoint and the third viewpoint,

as a production efficiency of induced pluripotent stem
cells is generally sufficiently high, the desired number of
induced pluripotent stem cells can be obtained for shorter
culturing days, for example, for 15 té 30 days, preferably
around 20 days, in some cases.

[0049]

Whether the genes-introduced cells gailn pluripotency
can be easily determined by detecting, for example, various
markers specific for undifferentiated cell, such as
alkaline phosphatase (ALP), S55EA-3, S55EA-4, BBCG-2, and E-
cadherin. Types of the markers and assays are concretely
and specifically described in the Publication (e.g. Cell,
126, pp.663-676, 2006 and Cell, 131, pp.B61-872, 2007 etc.).
If nuclear reprogramming is performed using somatic cells
having genes in which marker genes such as GFF are
integrated at the downstream of promoters of ES cell-

specific expression gene, it is possible to identify the
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induced pluripotent stem cells by using marker (GFP)
positive as an indicator.

In addition, preliferation can be generally determined
by colony formation, and since it is known that the shape
of colony (usually, a cell population composed of about
200-1,000 induced pluripotent stem cells) exhibits
characteristic appearance depending on the animal speciesg,
a colony formed by proliferation of induced pluripotent
stem cells can be easily identified.

[0050]

For example, it is known that while mouse induced
pluripotent stem cells form raised colonies, human induced
pluripotent stem cells form flat colonies, and since the
shapes of these colonies are extremely similar to those of

mouse ES cells and human ES cells, a person skilled in the

art can confirm a degree of proliferation of the induced

pluripotent stem cells by detecting the colonies of the
generated induced pluripotent stem cells, Medium which can
maintain undifferentiated property and pluripotency of ES
cells, or medium which can not maintain the properties is
variously known in the art and, by using a combination of
appropriate mediums, the induced pluripotent stem cells can
be effectively separated. The differentiation and
proliferation ability of the separated induced pluripotent

stem cells can be easily confirmed by a person skilled in



10

15

20

25

51

the art by utilizing confirmation means which is generally
used for ES cells.

[0051]

In the above process, gene introduction can be
performed optionally in the absence or presence of
cytokines, preferably in the absence of cytokines. 1In
addition, in the above process, somatic cells after gene
introduction can be cultured optionally in the absence or
presence of cytokines. Examples of the cytokines typically -
include, but are not limited to, basic fibroblast growth
factor (bFGF), stem cell factor (5CF), leukemia inhibitory
factor (LIF) and the like, and gene introduction and/or
culturing can be performed in the presence or absence of
physiclogical active substances which are classified as a
cytokine in the art. Somatic cells after gene introduction
may be cultured on feeder cells modified so that it can
express the cytokines.

[0052]

In the above process, nuclear reprogramming may be
performed using gene products encoded by the genes devoid
of the genes. If the above process is performed using
nuclear reprogramming factors which are gene products, the
nuclear reprogramming factors and somatic cells may be
contactéd in the atmosphere where the somatic cells and the

induced pluripotent stem cells can be proliferated. More
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specifically, for example, a means of adding the gene
products to medium can be used. One kind or two kinds of
gene products of these genes may be introduced into
nucleuses by a procedure such as microinjection into a
fused protein or a nucleus, and remaining one kind or two
kinds of genes may be introduced by an appropriate gene
introducing method, for example, a method using a
recombinant vector.

[0053]

The gene product may be a protein itself produced from
the gene, or may be in a form of the fused gene product of
the protein and other protein or peptide. For example, a .
fusion protein with a green fluorescent protein (GFP) or a
fused gene product with a peptide such as a histidine tag
can also be used. 1In addition, by preparing and using a
fusion.protein with TAT peptide derived from HIV wvirus,
uptake of nuclear reprogramming factor from the plasma
membrane into a cell can be promoted, and it becomes
possible to induce reprogramming only by adding fusion
proteins to medium, avoiding complicated operation such as
gene introduction. Since such a method of preparing the
fused gene product is well known to a person skilled in the
art, a person skilled in the art can easily design and
prepare an appropriate fused gene product depending on the

purposea.
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[0054]

In each of the above processes, introductioﬁ of one
kind or two kinds or ﬁore of the genes into somatic cells
can be replaced with contacting of low-molecular compounds
with somatic cells in some cases. As such low-molecular
compounds, for example, low-molecular compounds having the
action of promoting expression of éne Or more genas
selected from the group consisting of Oct family gene, KI1f
family gene, Sox family gene, Myc family gene, Lin family
gene, and Salll, Sall4, and Nanog genes can be used, and
such low-molecular compounds can be easily screened by a
person skilled in the art with using an expression amount
of each gene as an indicator.

[0055]

In the above processes, in addition to defined each
gene, genes encoding factors inducing immortalized cell may
be further combined. As disclosed in International
Publication W02007/69666, for example, TERT gene, and one
or more genes selected from the group consisting of the
following genes: 5V40 Large T antigen, HPFV1é E&6, HPV1E E7,
and Bmil can be used alone, or in an appropriate
combination. Further, in addition to the above genes, one
or more genes selected from the group consisting of Fbx15,
ERas, ECAT15-2, Tcll, and B-catenin may be combined, and/or

oneg or more genes selected from the group consisting of
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ECAT1, Esgl, Dnmt3L, ECATSB, Gdf3, Soxlbh, ECAT15-1, Fthll7,
Rexzl, UTFl, Stella, Stat3, and Grb? may also be combined.
These combinations are specifically described in
Internétional Publication WO2007/69666. Indeed, a gene can
be used in the process of the present invention is not
limited to genes specificall? described as above.

[0056]

In the process of the present invention, in additien
to other genes.which can function as nuclear reprogramming
factors, one kind or two or more kinds of genes encoding_
factors involved in differentiation, development or
proliferation, or other factors having the physiological
activity may be included, and it goes without saying that
such an aspect is included in a scope of the present
invention. For example, as a means for confirming nuclear
reprogramming factors, a method of screening nuclear
reprogramming factors described in International
Publication WO2005/80598, and a method of specifying
specific nuclear reprogramming factors described in
International Publication WO2007/69666 can be utilized.
The entire disclosure of International Publication

W02005/80598 and International Publication WO2007/69666 is

- incorporated in the disclosure of the present specification

by reference. A person skilled in the art can screen

nuclear reprogramming factors, and utilize for the process
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of the present invention by referring to these Publications.
Alternatively, a method of appropriate modification or
variation of the screening method may be used to confirm
nuclear reprogramming factors. A person skilled in the art
can easily confirm by the method described in the
Publications that a combination of genes used in the above
process acts as nuclear reﬁrogramming factors.

[0057]

In the process of the present invention, in order to
improve an efficiency of generating induced pluripotent
stem cells, introduction and/or addition of various
generation efficiency improving agents may be performed.
Examples of a substance for improving generation efficiency
of iP8 cells include, but are not limited to, histone
deacetylase (HDAC) inhibitors [e.g. low-molecular
inhibitors such as valproic acid (VPA) (Nat. Biotechnol.,
26(7), pp.795-797, 2008), trichostatin A, sodium lactate,
MC 1293 and M344, and nucleic acidic expression inhibitors
such as siRNAd and shRNA for HDAC (e.g. HDACl siRNA
Smarpool (registered trademark, Millipore), HuSH 29%mer
shRNA Constructs against HDAC1 (OriGene))etc.], and G9a
histone methyltransferase inhibitors [e.g. low-molecular
inhibitors such as BIX-01294 (Cell Stem Cell, 2, pp.525-528,
2008) etc., and nucleic acid system expression inhibitors

such as siRNA and shRNA for G%a {e.g. G9%a siRNA (human)
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{Santa Cruz Biotechnology)) etc.]; The nucleic acid system
expression ilnhibitor may be in a form of expression vectors
containing DNA encoding siRNA or shRNA.

[0058]

Use of the induced pluripotent stem cells generated by
the process of the present invention is not particularly
limited, but the cells can be used such as in all
tests/studies which are performed using ES cells, and
therapy of diseases by usingES cell. For example, by
treating the induced pluripotent stem cells obtained by the
process of the present invention with retinoic acid, growth
factor such as EGF, or glucocorticoid, desired
differentiated cell (e.g. nerve cell, cardiomyotic cell,
hemocyte cell etc.) can be induced, i.e. appropriate
tissues can be formed. A differentiated inducing method is
specifically described in International Publication
WO2007/69666. By returning these obtained differentiation
cell or tissue to a patient, stem cell therapy by autocyto
transplantation can be attained. For example, induced
pluripotent stem cells with high safety can be effectively
produced from somatic cells of a patient itself, and cells
obtained by making these cells (e.qg. cardiomyotic cell,
insulin-production cell, or nerve cell) defferentiated can
be safely utilized in stem cell transplantation therapy for

a variety of diseases such as heart failure, insulin
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dependent diabetes, Parkinson's disease and spinal cord
damage.

[0059]

Alternatively, for example, after the induced
pluripotent stem cells are generated from human somatié
cells by the process of the present invention, these .
induced pluripotent stem cells are differentiation-induced
to prepare somatic cells, tissues, or organs, and the
rhysiological activity or toxicity of a compound, a
medicament, a toxin and the like for the somatic cells, the
tissues, or the organs can also be assessed; Alternatively,
after induced pluripotent stem cells are generated from
somatic cells of a patient of a specified disease, these
indﬁced pluripotent stem cells are differentiation-induced
to prepare somatic cells, tissues, or organs, and drug
candidate compounds are acted on the somatic cells, the
tissues, or the organs to determine therapeutic and/or
preventive effect, and accordingly, drug candidate
compounds can be screened. Indeed, use of the induced
pluripotent stem cells of the present invention is not
limited to the aforementioned specified aspects.

Examples
[00601
The following Examples further specifically illustrate

the present invention, but a scope of the present invention
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is not limited by the following Examples.
Example 1: Establishment of iPS cells from adult HDF in
mouse ES cell medium

A S8lc7al (mouse retrovirus receptor) gene was
introduced inteo human adult skin-derived fibroblasts (adult
HDF) or human neonate preputium-derived.fibroblasts (BJ)
with lentivirus (referred to as “HDFa-8lc7al”, and “BJ-
Slc7al”, respectively), HDFa-$5lc7al or BJ-Slc7al was
adjusted to 800,000, and then seeded on feeder cells
{mitomycin-treated STO cell), and QEnes were introduced
into retrovirus vectors by the following combinations.
1. Oqt3/4, Sox2, K1f4, c-Myc, hTERT, Bmil
2. Oct3/4, Sox2, K1f4, c-Myc, hTERT, HPV1é E6, HPV16 E7
3. Oct3/4, Sox2, K1f4, c~Myc, hTERT, HPFV1E E7
4. Oct3/4, Sox2, K1f4, c-Myc, hTERT, SV40 Large T antigen
5. Oct3/4, Sox2, K1f4, c-Myc, hTERT, HPV16 E&
6. Oct3/4, Sox2, K1f4, c-Myc

"= shown 1n the figure indicates the combination of
“6. Oct3/4, Sox2, K1f4, c-Myc” (0ct3/4, Sox2, K1f4, c-Myc,
and TERT are derived from human, and Bmil is derived from
mouse) .

[C061]

When culturing was continued without drug selection
under the culturing condition of mouse ES cells, in dish

into which genes had been introduced by the combination 4,
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a colony considered to be iPS cells emerged on 8 day after
virus infection. Also, in other combinations (1 to 3 and
5), 1P8 cell-like colonies emerged although not clear as
compared to the case of the combination 4. Even when only
four genes (6) were intrcduced, no colony emerged, but
cells into which only four genes had been introduced under
the aforementioned condition clearly exhibited positive for
alkaline phosphatase staining (Fig.l).

[0062]

Similarly, human neonate preputium-derived fibroblasts
(BJ) expressing mouse Slc7al gene were adjusted to 80,000,
and then seeded on feeder cells (mitomycin C-treated STO
cells), and the genes were introduced inte retrovirus
vectors by the following combinations.
1. 4s {(Oct3/4, Sox2, K1f4, c-Myc), hTERT, SvV40 Large T
antigen
2. 4s (Oct3/4, Sox2, K1f4, c-Myc), hTERT, Bmil
3. hTERT, 5V40 Large T antigen
4, 4s (Oct3/4, Sox2, K1f4, c-Myc), hTERT, HFV16 Eé
5. 4s (Oct3/4, Sox2, Klf4, c-Myc), hTERT, HPV16 EY

6. 45 (Oct3/4, Sox2, Kif4, c-Myc), hTERT, HPFV1é6 E&, HPV16

7. 45 (Oct3/4, Sox2, Klf4, c-Myc), hTERT
5. 4s (QOct3/4, SBox2, K1f4, c-Myc)

9. DsRed



10

15

20

25

60

(Oct3/4, Sox2, Klf4, c-Myc, and TERT are derived from human,
and Bmil is derived from mouse).

When culturing was continued for two weeks under the
culturing condition of mouse ES cell, the cells into which
only four genes (8) had been introduced exhibited pesitive
for alkaline phosphatase staining (Fig.2).

[0063]

Example 2: ECAT expression in iP5 cells (1)

Whether human iPS cells established from human adult
skin-derived fibroblasts (adult HDF) expresses ECAT (ES
cell associated transcript) which is a group of genes
specifically.expressed in ES cells or not was investigated.

iPS cells (clone iPS-HDFaSlc-87E6) derived from adult
HDEF were seeded on feeder cells (mitomycin C-treated STO
cell) which had been cultured on 6-well plates in advance,

at a ratio of 5x10? per each well, and cultured for 4 days.

" The cell was fixed with PBS containing 10% formalin, a

fixing solution was removed, this was washed with PBS and,
further, 3% BS5A-containing PBS was added, followed by
allowing to stand at room temperature for 45 minutes. A
primary antibody {(anti-human ABCG-2 antibody {mouse IgG),
anti-SSEA-3 antibody (rat IgM), and anti-SSEA-4 antibody
(mouse IgG)) were diluted 1:100 with 3% BSA-containing PBS,

they were reacted at 4°C overnight, the cells were washed

with 1% BSA-containing PBS at three times, and a secondary
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antibody which had been diluted 1:300 with 1% BSA-
contalning PBS was used to react them under iight shielding
at room temperature for 1 hour. As the secondary antibedy,
anti-mouse IgG antibodies (antibody to ABCG-2 and SSEA-4;
Chemicon) labeled with Cy-3, and anti-rat IgM antibodies
(antibody to S5SEA-3; Jackson ImmunoResearch) were used.
The cell was washed with PBS and, then, observed and
photographed with a microscope (Fig.3). As a result, it
was observed that adult HDF-derived iPS-ceils express ABRCG-
2, S5EAR-3 and SSER-4.

[0064]
Example 3: ECAT expression in 1PS cells (2)

iP5 cells (clone iPS5—-HDFaSlc-87E3, 87E4, and 87E12)
derived from human adult skin-derived fibroblasts (adult
HDF) were seeded on feeder cells (mitomycin C-treated STO
cells) which had been seeded on 6-well plates in advance,
at a ratio of 5x10° per each well, and cultured for 5 days.
As a control, HDF which are cells derived from the iPS
cells were seeded on the 6-well plate, and maintained for 2
days. The cells were fixed with PBS containing 10%
formalin. After fixing sclution was removed, and the cells
were washed with PBS, blocking buffer (3% BSA-containing
PBS) was added to the cells,_and this was allowed to stand
at room temperature for 45 minutes. After reacted with a

primary antibody {anti-human ABCG-2 antibody (mouse IgG:
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diluted 1:80 with blocking buffer), anti-E-cadherin (mouse
IgG; diluted 1:80 with blocking buffer), anti-SSEA-3
antibody (rat IgM; diluted 1:250 with blocking buffer), and
anti-$SEA-4 antibody (mouse IgG; diluted 1:250 with
blocking buffer)) at 4°C overnight, the cells were washed
with the blocking buffer. After washing, the cells were
further reacted with secondary antibodies at room
temperature for 1 hour. 2As the secondary antibodies, an
anti-mouse IgG antibody (antibody fo ABCG-2, E-cadherin,
and SSEA-4) labeled with Cy-3, which had been diluted 1:300
with the blocking buffer, and an anti-rat IgM antibody
(antibody to SSEA-3) were used. After the reaction with
the secondary antibody, antibody solution was removed, this
was washed with PBS, PES containing 50% glycerol was added
to the cell, and this was observed (Fig.4).

[Q065]

iPS cells derived from human adult skin-derived
fibroblasts (adult HDF) expressing S$SEA-3, SSEA—d, ABCG-2,
and E-cadherin which are surface markers of ES cells. To
the contrary, HDFa which are cells derived from iPS cells
did not express any of SSEA-3, SSEA-4, ABCG-2, and E-
cadherin.

[0066]
Example 4: ECAT expression in iPS cells (3)

Total RNA was isolated from human iP5 cell clones
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{iPS-HDFaSlc87E-1 to 8, 11 and 12), NTERAZ? clone D1 human
embryonic cancer cell (passage number 35), and adult HDF
(passage number 6} expressing mouse Slc7al gene. The first
strand cDNA was synthesized with oligo-dT20 primer and
Rever Tra Ace-wa-kit (Toyobo) according to a protocol of a
manufacturer.. FCR wa5 perf0rmed with primers as follows.
For endogeneous OCT3/4, hOct3/4-51165 and hOct3/4-AS51283
were used; for endogeneous Sox?, hSox?2-51430 and hSox2-
AS1555 were used; for Nanog, ECAT4-macaca—-9%685 and ECAT4-

macaca—-1334A5 were used; for REX]1, hRex1-RT-U and hRexl-RT-

L were used; for FGF4, hFGF4-RT-U and hFGF4-RT-I. were used;

for GDE3, hGDF3-5243 and hGDF3-AS850 were used; for ECATI15-
1, hECAT15-8532 and hECAT15-A5516¢ were used; for ECAT15-2,
hECAT15-2-585 and hECAT15-2-AS667 were used; for ESGI,
hpH34~540 and hpH34-AS259 were used; for hTERT, hTERT-53556
and hTERT-AS3713 were used; as well as, for G3PDH, G3PDH-F
and G3PDH-R were used (Table 1; SEQ ID Nos.: 1 to 22 of
Sequence Listing) -

As a result, many Human iP5 cell clones (iP5-
HDFaS1e87E-1 to 8, 1l and 12) expressed ECAT and,

particularly, B7E6 clone expressed various ECATs (Fig.5).

[0067]
[Table 1]
FPrimer Sequence (3' to 3'") Applications
hOct3/4-51165 GAC AGG GGG AGG GGA GGA GCT AGG Ende Oct3/4
hOet3/4-A51283 CTT CCC TCC AAC CAG TTG CCC CAA AC | RT-PECR
hSox2=-51430 GGG AAA TGG GAG GGE TGC ARA AGA GG | Endo Sox2
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hSoxZ-AS515565 TTG CGT GAG TGT GGA TGS GAT TGG TG | RT-PCR
ECAT4 (Nanog) - CAG CCC CGA TTC TTC CAC CAG TCC C Nanog RT-PCR
macaca-96E5
ECAT4 {(Nanog) - CGG BAG ATT CCC AGT CGG GTT CAC ¢
macaca-1334A5
hREXT=-RT-U CAG ATC CTA AAC AGC TCG CAG AAT REX1 RT-PCR
hREXI-RT-L GCG TAC GCA AAT TAR AGT CCA GA
hFGF4-RT-U CTA CAAR CGC CTA CGA GTC CTA CA FGF4 RT-PCR
hFGF4-RT-L GTT GCA CCA GAA AAG TCRA GAG TTG
hGDE3-5243 CTT ATG €TA CGT AAA GGA GCT GGG GDF2 RT=-PCR
hGDE3-ASB50 GTG CCA ACC CAG GTC CCGE GAA GTT
hECAT15-1-5532 GGA GCC GCC TGC CCT GGA AAA TTC DPPA4 RT-PCR
hECAT15~1-A5916 TTT TTC CTG ATA TTC TAT TCC CAT
hECAT15-2-585 CCG TCC CCG CAR TCT CCT TCC ATC DPPAZ RT-DPCR
hECAT15-2-A5667 ATG ATG CCA ACA TGG CTC CCGC GTG
hpH34-540 ATA TCC CGC CGT GGG TGA AAG TTC ESGL RT-ECR
hpH34-p5259 ACT CAG CCA TGG ACT GGA GCA TCC
hTERT-53234 CCT GCT CAA GCT GAC TCG ACA CCG TG | hTERT RT-PCR
hTERT-AS53713 GGA ARA GCT GGL CCT GGG GTG GAG ¢
GIPDH~F ACC ACA GTC CAT GCC ATC AC G3IPDH PCR
G3PDH-R TCC ACC ACC CTG TTG CTG TA

(0068]

Example 5: ECAT expression in iP5 cells (4)

Whether human iPS cells derived from human neonate
preputium-derived fibroblasts (BJ fibroblast) eXpresses
ECAT or not was confirmed.

Total RNA was isclated from human iPS cells (iPsS-
BJSlc-97E-1, 2, 4, 5, 6, 7, 8, 10, 11, 12, -97G-3, 5, -97H-
3, and 5), NTERAZ clone D1 human embryonic cancer cell
(passage number 35), and neonate preputium-derived
fibroblast (BJ) (passage number 6) expressing mouse Slc7al
gene. The first strand cDNA was synthesized with oligo-
dT20 primer and Rever Tra Ace-a-kit (Toyobo) according to a
protocol of a manufacturer. PCR was performed with primers
as follows. For endogeneoﬁs OCT3/4, hOct3/4-51165 and

hQct3/4-A51283 were used; for endogeneous Sox2, hSox2-51430
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and hSox2-A51555 were used; for Nanog, ECAT4-macaca-9683
and ECAT4d-macaca-1334AS were used; for REX1, hRexl-RT-U and
hRex1-RT-L were used; for FGF4, hFGF4-RT-U and hFGF4-RT-L
were used; for GDF3, hGDF3-5243 and hGDE3-AS850 were usad;
for ECAT15-1, hECAT15-5532 and hECATL15-AS5916 were used; for
ECAT15-2, hECAT15-2-585 and hECAT15-2-A5667 were used; for
ESG1, hpH34-540 and hpH34-AS5259 were used; for hTERT,
hTERT-53556 and hTERT-AS3713 were used; as well as for
G3PDH, G3PDH-F and G3PDH-R were used (Table 2: SEQ ID Nos.:
23 to 44 of Sequence Listing). |

[0069]

As a result, many Human iP5 cell clones (iP5-BJSlc-

°7g-1, 2, 4, 5, e, 7, 8, 10, 11, 12, -97G-3, 5, =-97H-3, and

5) expressed ECAT (Fig.e).

[0070]

[Table 2]
Primer Sequence (5" to 3') Applications
hoct3/4-51165 GAC AGG GGG AGG GGA GGA GCT AGE Endo Oct3/4
hQct3l/4=-A851283 CTT CCC TCC AAC CAG TTG. CCC ChRA AC. RT-PCR
hSoxr2-51430 GGG AAA TGG GAG GGG TGC ARAR AGR GG Endo Sox2
hSox2=-A51555 TTG COT GAG TGET GGA TGG GAT TGG TG RT-PCR
ECAT4 (Nanog) - CAG CCC CGA TTC TTC CAC CAG TCC C Nanog RT-FCR
macaca-9003 .
ECAT4 (Nanog) - CGG ARG ATT CCC AGT CGG GTT CAC C
macaca-I1334AS8
hREXI=-RT=0U CAG ATC CTA AAC AGC TCG CAG AAT REX1 RT-PCR
hREXI-RT-L GCG TAC GCA AAT TAA AGT CCA GA
hEGF4=-RT=-0U CTA CAA CGC CTA CGA GTC CTA CA FGF4 RT-PCR
hEGF4-RT-L GTT GCA CCA GAA AAG TCA GAG TTG
hGDF3-5243 CTT ATG CTA CGT ARA GGA GCT GGG GDEF3 RT=-PCR
hGDE3I-ASHS0 GTG CCA ACC CAG GTC CCG GAA GTT
hECAT15-1-5532 GGA GCC GCC TGC CCT GGA AAA TTC DEPA4 RT-PCR
hECAT15-1-RA5916 TTT TTC CTG ATA TTC TAT TCC CAT
hECAT15-2-3885 CCe TCC CCG CAA TCT CCT TCC ATC DPPAZ RT-PCR
hECATI5>-2-AS5667 ATG ATG CCA ACA TGG CTC CCG GTG
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hpH34-540 ATA TCC CGC CGT GGG TGA BAG TTC ESGl RT-PCR
hpH34-AS5259 ACT CAG CCA TGG ACT GGA GCA TCC
nTERT-53234 CCT GCT CAA GCT GAC TCG ACA CCG TG hTERT RT-FCR
hTERT-A53713 GGA AAA GCT GGC CCT GGG GTG GAG C
G3FDH-F ACC ACA GTC CAT GCC ATC AC G3PDH PCR
E3PDH-R TCC ACC ACC CTG TTG CTG TA

[0071]

Example 6é: Formation of teratoma by human iP5 cells

5.0%10° human iPS cells were subcutaneously injected
into back side of SCID mouse (female, 5 week old). ©On five
weeks after injection, big tumor was observed. Tumor was
excised, weight was measured, and appearance was
photographed. This tumor was fixed with PBS containing 10%
formalin., The tumor embedded in paraffin was sliced at
4.5pm sections, and the resulting thin sections were placed
on a glass slide, air-dried, and then stained with |
hematoxylin-eosin. A of Fig.7 indicates mouse
subcutaneously injected with iPS-HDFaSlc-87E12 clones, and
teratoma thereof. B of Fig.7 indicates histological image
derived from teratoma excised from mouse subcutaneously
injected with clone iPS-HDFaS$lc-~87E3, Fig.7 € indicates
that with a clone 1PS-HDFaS5lc-87E6, and Fig.7 D indicates
that with a clone iPS-HDFaSlec-B7E12.

[0072]
Example 7: In vitro differentiation of human iPS cells

By performing floating culture, embryocid bodis (EBs)
were formed, and the différentiatiion ability of human iPs

cells in vitro was assessed. Human iPS cells (iPS=HDFaslc-
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127F2, E3) were floating-cultured for 7 days to form
embryoid bodies. Thereafter, the embryoid bodies were
transferred to gelatin-coated plates, culturing was further
continued for 8 days and, thereafter, immunocytochemical
analysis was performed. Primary antibodies used were as
follows. Anti-oa-smooth muscle actin.antibody (Dako), anti-
BIII-tubulin antibody (Chemicon), anti-o-fetoprotein
antibody (Dako), normal mouse IgG (2 mg/ml, Chemicon), and
normal rabbit IgG (2 mg/ml, Chemicon) were diluted 1:100
with 3% BSA*containing PBS, respectively, and these were
used as primary antibodies. After the primary antibody was
reacted at room temperature for 1 hour, the cells were
washed with PBS, and reacted with secondary antibodies
(diluted 1:300 with 3% BSA-containing PBS). In addition,
nucleuses were stained with DAPI. As a result, a-smooth
muscle actin (@-SMA, mesoderm marker), BIII tubulin
(ectoderm marker), and a-fetoprotein (endoderm marker)
exhnibit positive, and accordingly, it was confirmed that
human iPS cells are differentiated in vitro via formation
of embryoid bodies (Fig.8). |
[0073] ' | |
Example 8: Optimization for gene introduction with
retrovirus for generating human iP$ cells |
For inducing iPS cells from mouse fibroblasts, a

retrovirus having high gene introduction efficiency is
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considered to be effective (Takahashi et al,, Cell, 126,
pp.663-676, 2006). Consequently, gene introduction method
of human adult skin-derived fibroblasts (adult HDF) was
optimized. First, a green fluorescent protein (GFP} was
introduced into adult HDF with an amphotropic retrovirus
prepared in PLAT-A packaging cells. As a control, by using
an ecotropic retrovirus prepared in PLAT-E rackaging cells
(Morita et al., Gene Ther., 7, pp.1063-1066, 2000), GEP was
introduced into mouse embryonic fibroblasts (MEF). 1In MEF,
50% or more of cells expressed GFP (Fig.9). On the other
hand, less than 20% of adult HDF was clearly lower in the
6xpressién intensity of GFP than that in the case of MEF,
and GFP expression rate was less than 20%.

[0074]

For improving gene introduction efficiency, receptor
$lc7al (Verrey et al., Pflugers Arch., 447, pp.532-542,
2004) (alsco known as mCAT1) of mouse retrovirus was
introduced into adult HDF with a lentivirus. Next, GFP was
introduced into HDFa-S8ic7al with an ecotropic retrovirus.
By this method, gene introduction efficiency of 60% was
attained (Fig.9).

[0075]

Example 9: Preparation of iP5 cells from adult HDF by using
primate ES cell medium

An outline of a protocol for inducing human iP3 cells
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is shown in Fig.l0A. Human Oct3/4, Sox2, K1f4, and c-Myc
were introduced into HDF-Sl¢7al with a retrovirus vector
(Fig.10B, 8x10° cells/100 mm dish).

On 6 days after gene introduction, the cells were
collected by trypsin treatment, adjusted to 5x10% or 5x10°
cells/100 mm dish, and then seeded on mitomycin C-treated
SNL feeder cells (McMahon et al., Cell, 62, pp.1073-85,
1990) . Next day, medium (DMEM containing 10% FBS) was
replaced with primate ES cell mediﬁﬁ for primate ES cells
(Reprocell Inc.) supplemented with 4 ng/ml of basic
fibroblast growth factor (bFGF). After about two weeks,
several granuled colonies which are not similar to human ES
cells in emerged cell morphology (Fié.lOC). On around 25
days, another type of flat colony similar to human ES =ell
colony was observed (Fig.10D). From 5x10? fibroblasts,
about 10 human ES cell-ljike cqlonies and about 100
granulated colonies were observed (In six independent
experiments, 7/122, B8/84, 8/171, 5/73, 6/122, and 11/213
were observed. Results are summarized in Table 3).

[0076]

[Table 3]
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Number
of cells Number Number
secded &
. Number of Total of of
Experimental | Parent days . .
ES-like colony | picked establ
nunber cell after \ \
colonies number up ished
gene -
. colonies | clones
introduc
tion
2Q1p HDF 50000 7 125 7 5
500000 ] >1000
2438 HFLS 50000 17 675 6 2
500000 0 420
2468 HDF 500000 2 508
50000 3] 92 & 6
50000 7 10 6 5
246G BJ 500000 A6 93
500000 1086 108
500000 0 320
249D HOF 500000 0] 467
50000 2] 179 3 4
50000 5 18 3 2
50000 6 128 3 3
253F HDF 500000 10 531
500000 3 738
282¢C HDF 50000 11 224 3 1
2B2H BJ 50000 13 15 3 2
ZAZR HFLS 5000 - 31 98 6 2
[0077]

On 30™ day, human ES cell-like colénies were picked
up, and mechanically disaggregated into small clamps
without enzyme digestién. When started with 5x10°
fibroblasts, a dish was almost covered with more than 300
of granuled colonies. Several human ES cell-like colonies
were observed between granuled colonies in some casas, but
since the granuled coleny had a high density, it was
difficult to isolate human ES cell-like colonies.

[0078]

When human iP5 cells were proliferated on SNL feeder
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cells in primate ES cell-like medium containing bFGF, the
cells formed flat colonies which were densely aggregated
(Fig.1l0E)}. Each cell showed the same cell morphology as
tﬁat of human ES cell characteristic in larger nucleolinus
and smaller cytoplasm (Fig.l0F). Like the case of human ES
cells, spontanecus differentiation was observed in the
center of colonies in some cases (Fig.l0G). In addition,
as observed in human ES cells, these cells exhibited feeder
cell dependency, and was not adhered to tissue culturing
plate coated with gelatin. On the other hand, these cells
maintained the undifferentiated state in the medium for
MEF-conditioned primate ES cell (MEF-CM) on matrigel-coated
plate, but did not maintain the undifferentiated state in
the medium for non-conditioned primate ES cell (Fig.ll).
Clones of established human iPS cells are summarized in
Table 4.

[0079]

[Table 4]
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Expression of marker Pluipontency

Clone Qrigin HT-PCR Ic EB PAG Cardiomyoti Taratoma
coeell

201B1
20182
20183 HDF
201B6
201B7

.vl

.\,'
.\j

'V'

v +
v d

243H1

243H7 HFLS

S R
< Lo

246B1
246B2
24683
246B4 HDF
246B5
24686

246G1
246G3
246G4 BJ
246G5
246G6

253Fl
253F2
253F3 HDF
253F4
253F5

R e b S IR N PRI IR R P I ey

IC: immunocytochemistry, EB: embryold body

[0080]
Example 10: Expression of human ES cell markers by human
iPS cells

By immunestaining analysis, human iPS cells exhibited
expression of human ES cell-specific surface antigens
(Adewumi et al., Nat. Biotechnol., 25, pp.803-816, 2007y,
comprising SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, and TRA-2-
49/6E (alkaline phosphatase), as well as Nanog protein
(Fig.10 I to N).

[0081]

It was shown by RT-PCR that human iPS cells express

many gene markers (e.g. Oct3/4, Sox2, Nanog, GDF3, REX1,
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FGF4, ESGl, DPPAZ, DPPR4, and (hTERT) etc.) of
undifferentiated ES cells at a level equal to or higher
than 2 level in the case of human embryonic cancer cell
line NTERA-Z (Fig.1l2). From results of Western blotting, a
protein level of Qct3/4, Sox2, Nanog, Sall4, E-CADHERIN,
and hTERT was equal in human 1PS cells and human ES cells
(Fig.13A). Since expression of introduced gene from a
retrovirus incorporated into a chromosome in human iPS cell
was effectively silenced, it was suggested that the level
is dépendent on endogeneous expression of these genes
(Fig.13B).

[008§2]
Example 11: Activity of ES cell-specific gene promoter in
human iPS cells

By a bisulfite genomic sequencing method, the state of
methylation 6f cytosine guanine dinucleotide (CpG} in a
promoter region of the genes associated with pluipotency of
Oct3/4, REX1l, and Nanog was assayed and, as a result, it
was found out that CpG dinucleotides of that region was
highly methlylated in original parent HDF (HDF), while it
was highly demethylated in human iPS cells (201B2, 201B6,
201B7) (Fig.l1l4A). From these findings, it was suggested
that these promoters are activated in human iPS cells.

[0083]

Also, in luciferase reporter assay, it was shown that
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human Oct3/4. and REX1 promoters have the high level
transcription activity in human iPS cells, but do not have
that in HDF. The promoter activity of gene ubiguitously
expressing such as human RNA polymerase II (PolII)
exhibited equivalent activity in both of human iPS cells
and HDE (Fig.14B).

[0084]
Example 12: High telomerase activity and exponential
proliferation of human iPS cells

As suggested from high expression level of hTERT,
human 1P5 cells exhibited high telomerase activity
(Fig.1l5A). Human iP5 cells were exponentially proliferated
for at least 4 months (Fig.l5B). A doublirig time on
calculation of human iPS cells was 46.9+12.4 (clone 201B2),
47.8f6.6 (201B6), and 43.2+11.5 (201B7) hours (Fig.15B).
These times were equivalent to tﬁe already reported
doubling time of human ES cells (Cowan et al., N. Engl. J.
Med., 350, pp.1353-56, 2004).

[0085]
Example 13: Assay for cross-contamination in HDF-derived
human iPS cells

PCR for genome DNA of human iPS cells showed that all
clones have incorporation of all four kinds of retroviruses
(Fig.16A). By Southern blotting analysis with c—Myc cDNA

probe, it was found out that each clone has specific
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patterns of retrovirus incorporation site (Fig.léB). In
addition, patterns of 16 sheort tandem repeats were
completely consistent between human iPS clones and parent
HDEF. Results of STR analysis of HDF-derived iPS cells are

shown in Table 5.

[00B&]
" [Table 5]
Locus/ | 50281 | 20182 | 20183 | 201Bé | 2017 | NTERA- | upp
Clone 2
D3SI358 |45 47|15 27|15 17|15 17|15 17)1s 15 17
THOL 5 g 5 5 5 9 s
D2ISIL 1 2 28 28 28 28 29 30 | 28
DIESST | |, 14 14 14 14 13 14
Penta E | . 19| 7 19| 7 18y 3 19| 7 1% | & 14| 7 19
D5S818 |, 11 11 11 11 8 11|11
PI38317 110 14{ 10 14|10 |10 14|10 1414 10 14
D7TS820 | 9 10| 9 10|09 10| 9 0|9 10|12 5 10
DI65539 19y 1311 13|11 13|21 13011 13|11 16|11 13
CSF1PO | 19 10 10 10 10 o 11|10
Penta Dl g 10 8 10|8 10|88 10|88 10|11 128 10
AMEL X ¥ X ¥ X X Y X
vHA 15 18(15 18|15 18|15 18|15 18 | 19 15 18
PESTIT® s 10l 8 10]l8 108 108 10({13 15| s 10
TPOX 8 9|8 9|8 9]l8 9|8 o9|ls o9|la o
FGA 20 22|20 22|20 22|20 22|20 2223 20 22
[0087]

These patterns were different from those of
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established human ES cell lines reported in website of
National Institute of Health
(http://stemcells.nih.gov/research/scunit/genotyping.htm ).
In addition, by G horizontal stripe analysis of the
chromosome, it was shown that human iPS cells have normal
46XX karyotypes. Therefore, it was concluded tha£ human
iP5 clones are derived from HDF, and are not due to
contamination of ES cells.

[00B8]
Example 14: Differentiation via embrycid bodies of human
iP5 cells

In order to determine the differentiation ability of
human iP5 cells in vitro, floating culture was used to form
embryoid bodies (EBs). On 8 days after floating culture,
iP5 cells formed ball-like structures (Fig.l1l7A). These
embryoid body-like structures were transferred to gelatin-
coated plates, and culturing was further continued for 8
days. Attached cells showed various cell morphologies such
as nerve-like cells, cobblestone-like cells, and epithelial
cells (Fig.l7B to E). By immunocytechemical analysis,
cells pbsitive for BITII tubulin (ecotoderm marker), glia
fibril acidic protein (GFAP, ecotoderm), a-smooth muscle
actin (og-SMA, mesoderm), desmin (mesoderm), o—fetoprotein
(endoderm), and vimentin (mesoderm and endoderm of body

wall) were detected (Fig.l7F to K). From results of RT-PCR,
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it was confirmed that FOXAZ (endoderm marker), AFP
(enndederm), cytokeratin 8 and 18 (endoderm), S0X 17
(endoderm), BRACHYURY (mesoderm), MSX1 (mesoderm), MAP2
(ecotoderm), and PAX6 (ecotoderm) are expressed in these
differentiated cells (Fig.1l7L). On the other hand,
expressions of Oct3/4, Scox2, and Nanog ﬁere clearly reduced.
From these results, it was shown that iP5 cells can be
differentiated into three germ layer cells in vitro.

[0089]
Example 15: Differentiation of human iPS cells into nerve
cells

Whether differentiation from human 1PS cells can be
induced by the already reported method for human ES cells
was determined. Human iPS cells were seeded on PA6 feeder
cell layer, and maintained/cultured for 2 weeks (Kawasaki
et al., Neuron, 28, pp.31-40, 2000). The cells were
greatly breoaded, and some nerve structures were observed
(Fig.1l8A). By immunocytochemical analysis, tyrosine
hydroxynase and PIII tubulin-positive cells were detected
in the culture (Fig.18B). From results of PCR analysis,
exXpression of QDpaminergic nerve markers such as AADC, ChAT,
DAT, and LMXlB, as well as MAP? which is other nerve marker
were confirmed (Fig.1l8C). In addition, expression of
Oct3/4, SoxZ, and Nanog was reduced (Fig.18C), From these

results, it was shown that iPS cells can be differentiated
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into nerve cells containing dopaminergic neuron by
coculturing with PAé cells,

[0050]

Example 16: Directed differentiation of human iPS cells
into cardiac cells.

According to the reference for differentiation into
cardiac cells by using activin A and bone morphogenetic
factor (BMP) 4 (Laflamme et al., Nat. Biotechnol., 25,
pp-1015-24, 2007), differentiation of human iP$§ cells into
heart was determined. On 12 days after differentiation
induction, a cell aggregation starts beating (Fig.18D).
From results of RT-PCR, it was shown that these cells
express cardiomyotic cell markers such as TnTc, MEF2C,
NKX2.5, MYLZA, and MYHCB (Fig.l8E). On the other hand,
expression of Oct3/4, So0x2, and Nanog was remarkably
reduced. From these results, it was shown that human iPS§
cells can be differentiated into cardiomyotic cells in
vitro.

[0091)]

Example 17: Formation of teratoma from human iP5 cells

In order to determine pluripotency in vive, human iP5
cells (clone 201B7) were subcutaneously transplanted into
the dorsal flank of an immunodeficient (SCID) mouse. After
9 weeks, tumorigenesis was observed. By histological

observation, it was shown that various tissues comprising
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archenteric canal-1like epithelial tissue (ecotoderm),
striated muscle (mesoderm), cartllage (muscle), nerve
tissue (endoderm), and keratin-containing flat tissue
(endoderm) (Fig.19) are contained in tumeors.

[0092]
Example 18: Preparation of iP5 cells from other human
somatic cells

In addition to HDF, c¢ell lines (HFLS) established
from primary human-derived fibroblast-like synovial cells ‘
of adult human synowvial tissue and cell lines (BJ cells)
eztablished from fibroblasts derived from neonate preputium
were used (Table 3). Preparation of iPS cells from HFLS
(5!10q cells/100 mm dish) was examined and, as a result,
600 or more of granuled colonies and 17 human ES cell-like
colonies were obtained. When 6 colonies of these 17
colonies were subiected to the determination, only two-
colonies of them could be preoliferated (Fig.20). A dish
seeded with 5x10° HFLSs was covered with granuled coloﬁies,
and human ES cell-like colonies could not be confirmed. On
the other hand, preparation of iP3S cells from BJ cells was
examined and, as a result, in the case of from 5%x104
cells/100 mm dish, 7 to 13 human ES cell-like colonies and
slight granuled colonies were recognized, but in the case

of from 5x10° /100 mm dish, 100 human ES cell-
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like colonies were cobtained (Table 3). $Six human ES cell-
like colonies of them were collected, .and 5 colonies were-
confirmed as iPS cells (Fig.20). Human iP$ cells derived
from HFLS and BJ expressed human ES cell marker genes at a
level equal to or higher than a level in the case of human
ES cells (Fig.21). These human iPS cells were
differentiated into 3 germ layer cells via EBs (Fig.22).
By STR analysis, it was confirmed that iPS5-HFLS cells and
iPS~BJ cells were derived from HFLS cells and BJ cells,
respectively.  Table 6 shows results of $TR analysis of
HFLS-derived iP3 celis, and Table 7 shows results of STR

analysis of BJ-derived iPS cells.

[0093]
[Table 6]

Locus/ | o491 | 24307 | mrLs
Clone
D351358 116 17|16 17|16 17
THOL 5 95 95 g
D21S11 128 30|28 30|28 30
DIBSSL fyy 17|14 17|14 17
Penta Bl g 1505 12( 5 12
D>5818 110 1210 12|10 12
D135317 | . " i
DISB20 ) 9 120 9 12| 8 12
D1€5539 111 1311 13|11 13
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1

CSEIPO 40 11]10 1110 11

Penta D} o 19| g 11| 9 11

AMEL % X Y X ¥

VWA 17 19|17 19|17 19

DBS1175 | . 13 13

TPOX 8 11| 8 11| 8 11

FGA 21 22|21 22|21 22

[0084]

[Table 7]

I&‘EEEZ’ 246G1 | 246G3 | 246G4 | 246G5 | 246G6 BJ
P3S1338 193 15 |13 15 (13 15|13 15|13 15| 13 15
THO1 6 7 G v 8 7 6 7 & 7 & 7
DZISIT | 8 g 28 28 28
D18%51 16 18 |16 18|16 1816 18|16 18| 16 18
Fenta E 19 v |7 w7 17| v w77 w7} 7 17
p5seis |, 11 11 11 11 11
PI3SIT 19 10 |5 109 120(9 10|9 10|.% 10
75820 |4y 12 11 12021 12|11 1211 12| 11 12
PL6593% 1 13 |9 13|09 13| 9 139 13| o 13
CSF1PO o 11 |85 11|55 11|99 11|98 11] 8 11
Fenta D 193 12 |31 1211 1211 12|11 12| 11 12
AMEL X ¥ X vy | % Y X Y | X ¥ X Y
VHA 16 18 [16 18|16 18 |16 18|16 18| 16 18
851179 [ o 13 | o 119 11|o 12l3 11| o 11
TPOX 10 11 |10 11|30 11|10 11|10 11| 10 11
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FGa 22 23 |22 23|22 23|22 23|22 23| 22 23

[00S95]

From forgoing results, it was shown that by gene
introduction of four genes: Oct3/d; Sox2, K1f4, and c-Myc
with a retrovirus, iPS cells can be prepared from adult HDF
and other somatic cells. The established human iPS cells
were. similar to human ES cells in many points comprising
cell morphology, proliferation, feeder cell dependency, an
expression pattern of surface markers, gene expression,
promoter activity, telomerase activity, in vitro
differentiation ability, and teratoma forming ability. In
addition, four retroviruses were almost completely silenced
in human iPS cells. From the above description, it was
shown that these cells are completely reprogrammed, and
self regeneration does not depend on continuous expression
of the transgenes.

[00%96]

Experimental materials and methods in Examples 8 to 18
are as follows.

1. Cell culturing

HDFs obtained from the facial skin of. 36-year-old
Caucasian female, and HFLs obtained from.the synovial
tissue of 69-year-old Caucasian male were purchased from
Cell Applications,Inc. BJ fibroblasts from the neonate

preputium, and NTERA-2 clone D1 human embryonic cancer
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cells were obtained from American Type Culture Collection.
Human fibroblast PLAT-E and PLAT-A cells were maintained in
Dulbecco's modified Eagle medium (DMEM, Nacalal Tesque)
containing 10% bovine fatal serum (FBS), as well as 0.5%
penicillin and streptomycin (Invitrogen). 293FT cells were
maintained in DMEM containing 10% FBS, 2mM L. glutamine
(Invitrogen), 1x10? M non-essential amino acid (Invitrogen),
and lmM sodium pyruvate (Sigma), as well as 0.5% penicillin
and streptomycin. A PAGS stromal cells (Riken BicResource
Center) were maintained in o~MEM containing 10% FBS and
0.5% penicillin and streptomycin. 1iPS cells were
established and maintained in the medium for primate ES
cell (ReproCell) supplemented with 4 ng/ml recombinant
human bhasic fibroblast growth factor (bFGF, Wako Pure
Chemical Industries, Ltd.). In the passage, human iPS
cells were washed with PBS once and, thereafter, were
incubated in DMEM/Fl2 containing 1 mg/ml Collagenase IV
(Invitrogen) at 37°C. When colonies at the edge of dish
start dissociating from the bottom, DMEM/F12/Collagenase
was removed and washed with human ES cell medium. The
cells were scrapped and collected into 15 ml conical tube.
An appropriate volume of the medium was added, and the
contents were transferred to 3NL feeder cells-harvested on
a new dish on. The split ratio was routinely set to 1:3.

In order to culture iPS cells under the condition where
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feeder cells are not contained, plates were coated with 0.3
mg/ml matrigel (BD Biosciences) at 4°C overnight. The
plate was warmed to room temperature before use. Unbound
matrigel was aspirated off, and washed out with DMEM/F12.
iP5 cells were seeded on Matrigel-coated plate in MEF-
conditioned (MEF-CM) or nonconditioned brimate ES cell

medium (ReproCELL), both supplemented with 4 ng/ml bFGF.

1The medium was changed daily. For preparation of MEF-CM,

MEFs derived from embryonic day 13.5 embryeo pool of ICR
mice were plated at 1x10° cells/100 mm dish, and incubated
overnight. Next day, the cells were washed once with PBS,
and cultured in 10 ml of primate ES cell medium. After
culturing for 24 hours, a culture supernatant of MEF
culture was collected, filtered through a 0.22 um pore-size
filter, and stored at -20°C until use.

[0097]
2. Plasmid construction

The open reading frame of human Oct3/4 was amplified
by RT-PCR, and cloned into pCR2.1-TOPO. An EcoRI fragment
in pCR2.1-hOct3/4 was subcloned into the EcoRI site of pMXs.
retrovirus vector. In order to distinguish each gxperiment,
a 20-bp random sequence named Nsy; barcode was inserted into
the NotI/Sall site in Oct3/4 expression vector. In order
to avoid interexperimental contamination, a unique barcode

sequence was used in each experiment. The open reading
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frames of human Sox2, K1f4, and c-Myc were also amplified
by RT-PCR, and subcloned into pENTR-D-TOPO (Invitrogeni. A
full gene subcloned into pENTR-D-TOPO was inserted into
pMXs retrovirus vector using Ga;eway Cloning System
(Invitrogen), according to the manufacture's instructions.
Mouse Slc7al open reading frame was also amplified,
subcloned into pENTR-D-TOPO, and inserted into
pLenti6/UbC/V5-DEST (Invitrogen) by Gateway System.
Regqulation regions of human Oct3/4 gene and REX1 gene was
amplified by PCR, and subgloned into pCRXL-TOPRO
(Invitrogen). For PhOCT4-Luc and phREX1-Luc, the
KpnI/BglII fragments were removed by KpnI/BglII digestion
from pCRXL vector and subcloned inte the Kpnl/BglII site in
pGV~BM2. .For pPolII-Luc, an AatIl (blunt end)/Nhel
fragment of pQRBI-polIl was inserted into the.KpnI (blunt
end) /Nhel site of pGV-BM2. All of fragments were verified
by sequencing. Primer sequences are shown in Table 8 (SED

ID Nos: 45 to-126-0of -Sequence Listing).

[0098]
[Table 8]
Primer Sequence (5" to 3') Applicatrians
hOct3/4-5044 CCC CAG GGC CCC ATT TTG GTA CC Oct3/4 Tg PCR
hSox2-5691 GGC ACC CCT GGC ATG GCT CTT GGC TC Sox2 Tg PCR
hK1f4-51128 RCG ATC GTG GCC CCG GAR AAG GAC C Klf4 endo and Tg
PCR
hMYC-S1011 CAA CAA CCG AAR ATG CAL CAG CCC CAG c=Myc Tg PCR
pMX==-A53200 TTA TCG TCG ACC ACT GTG CTG CTE Tg PCR
pMXs=L3205 CCC TTT TTC TG RAGA CTA AAT AAA Tg PCR
hoct3d/4-51165 GAC AGG GGG AGS GGR GGA GCT AGG Endo Oct3/4
hOct3/4-A%1283 CTT CCC TCC AAC CAG TTE CCC CAR AT RT-PCR
hEox2=-51430 GGG AAR TGS GAG GGG TGC AAA AGA GG Endo Sox2
hSexZ=AS1555 TTG CGT GAG TGT GGA TGG GAT TGE TG RT-FCR
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ECAT4-macaca-26B5 CAG CCC CGA TTC TTC CAC CAG TCL € Naneog RT-PCR
ECAT4~macaca-1334A8 CGG AAG ATT CCC AGT CGe GTT CAC C
hGDEI-5243 CTT ATG CTA CGT AAA GGA GCT GGG GDF3 RT-FCR
hGDF3-AS850 GTG _CCA ACC CAG GTC CCG GAA GTT
hREXI-RT-U CAG ATC CTA AAC AGC TCG CAG AAT REX1 RT=PCE
hREXI-RT-L GCGE TAC GCA AAT TAA BGT CCA GA
hEGF4~RT-U CTA CAR CGC CTA CGA GTC CTA Ch FGF4 RT-PCR
hEGF4-RT-L GTT GCA CCA GAR AAG TCA GAG TTG
hpH34-540 ATA TCC CGC CGT GGG TGA ARG TTC E5G1 RT-FCR
hpH34-AS258 ACT CAG CCA TGG ACT GGA GCA TCC
RECAT15-1-5522 GGB GCC GCC TGC CCT GGA AAD TTC DPPR4 RT=PCH
hECAT15-1-A5916 TTT TTC CTG ATA TTC TAT TCC CAT
hECAT15-2-5385 CCG TCC CCG CAA TOT CCT TCC ATC DEFFAZ RT-PCR
hECAT!S5=-2-A5667 ATGE ATG CCA ACA TEG CTC CCG GTG
hTERT-53234 CCT GCT CAR GCT GAC TCG ACA CCG TG hTERT RT-ECE
hTERT-A53713 GGA AAA GCT GGC CCT GGG GTG GAG C
hK1f4-h51826 TGA TTG TAG TGC TTT COTG GCT GGG CTC C Bndo Klf4
RT-PCR
hMyYC-5253 GCG TCC TEE GAA GGG AGA TCC GGA GC Endo c-Myc
hMYC-AS5555 TTG AGE GGC ATC GTC GCE GGA GGC TG RT=-PCR
hWMSX1-S665 CGA GAG GAC QUC GTG GAT GCA GAS MSX1 RT=-PCR
hMSX1~AS5930 GO0 GGC CAT CTT CSAG CTT CTC CAG
RBRACHYURY-51282 GeC CTC TCC CTC QCC TCC ACG CAC AG BRACHYURY/T
NBRACHYURY-AS1540 CGG CGC CGT TGC TCA CAG ACC ACA GG RT-PCR
hGFAP-51040 GEC CCG CCA CTT GCA GGA GTA CCA GG GEFAP RT-PCR
hGFAP-AS1347 CTT CTG CTC GGG CCC CTC ATG AGA CG
hPRX6E-51206 ACC CAT TAT CCA GAT 5TG TTT GCC CGA G FAX6 RT-PCE
hPRX6-A514597 ATG GTG ARAC CTG GGC ATA GGC GGC AG
hEOXAZ-5208 TG GAG OG5 TGA AGA TGS AAG GGEC AC FOXAZ2 RT-PCR
hFQ¥XAZ=-A52910 TCA TGC CAG CGC CCA CGT ACG ACG AC
h3OX17=-5423 CGC TTT CAT GGT GTG GGC TAA GGA CG S50X17 RT-PCR
hSOX17=-28503 TAG TTG &6 TGG TCC TGC ATG TGS TG
hARDC=-51370 CGC CAG GAT CCC CGC TTT GAR ATC TG AARDC RT=PCR
hAADC~AS1594 TCG GCC GCC AGC TCT TTGC ATG TGT TC
hChAT-51360 GGA GGC GTG GAG QTC AGS GAC ACC ChAT RT-PCR
hChAT-AS1589:2 CGG GGA GCT CGC TGR CGE AGT CTG
hMAP2-5540] CAG GTG GCG GAC GTG TGA AAR TTG AGA
GTG MAPZ QT-PCR
hMAP2-A55587 CAC GCT GGA TCT GCC TGG GGA CTG TG
hDAT=-S 1335 ACR GAG GGG BAGG TGC GCC AGT TCA CG
hDAT-A52207 ACG GGG TGG ACC TCG CTG CAC AGA TC SLC6R3/DAT
- RT-FCR
hIMX1B-8770 GGC ACC AGC AGC AGC AGG AGC AGC AG
hIMXIB-AS1020 CCA CGT CTG AGGz BAGC CGR GGA AGC AG LMX1B RT-PCR
hMYLZA-5258 GEG CCC CAT CAR CTT CAC CGT CTT <C
hMYLZA-A3460 TGT AGT CGA TGT TCC CCG CCA GGT oC MYLZR RT-PCR
hTnTc-5524 ATG AGC GGG AGA AGG AGLC GGC AGA AC
hTnTc-A5730 TCA ATG GCC AGC ACC TTC CTC CTC TC TnTe RT-PCR
hMEF2C-51407 TTT AAC ACC GCC AGC GCT CTT CAC CTT G
nMEF2C-R51616 TCS TGS CGC GTG TGT TGT GGG TAT CTC G MEEFZC RT-PCR
hMYHCE-55502 CTGE GAG GCC GAG CAG AAG CGC AAC G MYHCE RT=-PCR
hMYHCB-AS5015 GTC CGC CCG CTC CTC TGC CTC ATC C© '
dTz0 TTT TTT TTT TTT TTT TTT TT Reverse
Lranscription
HMYC-5857 GCC ACA GCA AAC CTC CTC ACA GCC CAC Southern blet
hMYC-AS1246 CTC GTC GTT TCC GCA ACA AGT CCT CTT C probe
hQgt3d/4-5 CAC CAT GGC GGG ACA CCT GGC TTC AG Oct3/4 cloning
hOctd/4-A8 ACC TCA GTT TGA ATG CAT GGG AGA GC
hioxZ-3 CAC CAT GTA CAR CAT GAT GGA GAL GGA SoxZ2 cloning
GCT G
h5ox2-AS TCA CAT GTCG TGRA GAG GGG CAG TGT GC
hKlf4a-5 CAC CAT GGC TGT CAG TGA CGC GCT GCT Klf4 cloning

Cco
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hELE4=AS5 TTA ARA ATG TCT CTT CAT GTG TAA GGC
GAG :
hMYC-5 CARC CAT GCC CCT CAA CGT TAG CTT CAC c=Myc cloning
CARn
hMYC=A5 TCA CGC ACA AGA GTT CCG TAG CTG TTC
ARG
51lec7al-5 CAC CAT GGG CTG CAA AAR CCT GCT CGG Mouse Sle7al
51c¢7al-AS TCA TTT GCA CTG GTC CAA GTT GCT GTC Caning
hREX1=-proSK=5 ATT GTC GAL GGG GAT TTG GCR GGG TCA
- CAG_GAC _ .
hREXx#1-pro5K-AS CCC AGR TCT CCA ATG CCA CCT CCT CCC |
AAR CG Promoter cloning |
hOect3/4=-pros5K-5 CACTCG AGG TGG AGS AGC TGA GGG CAC
TGT GG -
hOct3/4-prodK—-AS CAC RGA TCT GRA ATG AGG GCT TGC GAD
GGG BAC
mehREX1-F1-5 GET TTA AAR GGG TAR ATG TR TTA TAT Biznlfite ‘
TTA sequencing
mehREX1-F1-AS CAA ACT ACA ACC ACC CAT CAA C :
mehOct3/4 F2-5 - GAG GIT GGA GTA GAA GGA TTG TTT TGG
TTT
mehOct3/4 F2-AS CCC CcCC TAA CCC ATC ACC TCC ACC ACC
TAA
mehNanpg=-FI=-5 TGE TTA GGT TGe TTT TAR ATT TTT G
mEhNanﬂg-FI-RS AAC CCA CCC TTA TAA ATT CTC AAT TA
[0099]

3. Preparation and infection of lentivirus

293FT cells (Invitrogen) were plated at 6x10° cells
per 100 mm dish and incubated overnight. 293FT cells were
transfected with 3 pg of pLenti6/UbC-Slc7al along with 9 pg
of Virapower packaging mix by using Lipofectamine 2000
(Invitrogen), according to the manufacture's instructions.
On next day of transfection, medium changing was performed.
Further, after 24 hours, the supernatant of transfectant
was collected, and filtered through a 0.45um pore-size
cellulose acetate filter (Whatman). One day before gene

introduction, human fibroblasts were seeded at Bx1Q°

cells/100 mm dish. The medium was replaced with virus-

containing supernatant supplemented with 4 pg/ml polybrene

(Nacalal Tesque), and incubated for 24 hours.
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[0100]
4. Retrovirus infection and production of iP$ cell

PLAT-E packaging cells were plated at 8x10° cells/100
mm dish, and cultured overnight. Next day, PLAT-E cells
were transfected with pMis vectors with Fugene ©
transfection reagent (Roche). 24 hours after transfection,
the medium was replaced with a new medium and, further,
after 24 hours, the culture supernatant was collected as
virus-containing supérnatant. One day before gene
introducticn, human fibroblasts (HDFa-S1lc7al) expressing
mouse Slc7al was adjusted to 8x10° cells/100 mm dish, and
seeded. The virus-containing supernatants were filtered
through a 0.45 pm pore-size filter and supplemented with 4
um/ml polybrene, Eguivalent amounts of supernatants
containing each of the four retroviruses were mixed,
transferred to the dish of HDFa-Slc7al, and incubated
overnight. After 24 hours, the virus-containing
supernatant was removed, and the medium was replaced with a
fresh medium. After ¢ days, HDFa-S5lc7al cells were

harvested by trypsinization and replated at 5x10° cells/100

‘mm dish on an SNL feeder layer. Next day, the medium was

replaced with primate ES cell medium supplemented with 4
ng/ml bFGE. The medium was changed every other day. 30
days after gene introduction, colonies were picked up, and

transferred into 0.2 ml of primate ES cell medium. The
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colonles were mechanically dissociated to small clamps by
mildly pipetting. The cell suspension was transferred on
SNL feeder in 24-well plates. This stage was regarded as
passage number 1.

[0101]
5. RNA isclation and reverse transcription

Total RNA was purified with Trizol reagent
(Invitrogen), and treated with Turbo DNA Free Kit (Bmbion)
to remove genomic DNA contamination. 1 pug of total RNA was
used for reverse transcription reaction with Rever Tra Ace-
o (Toyobo) and dT;y primer, according to the manufacture's
instructions. PCR was performed with ExTaq (Takara).
Quantitative PCR was performed with Platinum SYBR Green
gPCR Supermix UDG (Invitrogen), and analyzed with the 7300
Realtime PCR System (Applied Biosystems). Primer sequence
are shown in Table 8.

[0102]
6. Alkaline phosphatase staining and immunccytechemical
analysis

Alkaline phosphatase staining was performed using the
Leukocyte Alkaline Phosphtase Kit (Sigma). For
immunocytechemical analysis, cells were fixed with PRS
containing 4% paraformaldehyde for 10 minutes at room
temperature. After washing with PBS5, the cells were

treated with PBS containing 5% normal goat or donkey serum
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(Chemicon), 1% bovine serum albumin (BSA, Nacalai Tesaque),
and 0.1% Triton X-100 at room temperature for.45 minutes.

As a primary antibody, SSEAl (diluted 1:100, Developmental
Studies Hybridoma Bank), $SE23 (diluted 1:10, gift from
Dr.Peter W. Andrews), S53EA4 (diluted 1:100, Developmental
Studies Hybridoma Bank), TRA-2-49/6E (diluted 1:20,
Developmental Studies Hybridoma Bank), TRA-1-60 (diluted
1:50, gift from Dr.Peter W. Andrews), TRA-1-81 (diluted
1:50, gift from Dr.Peter W. Andrews), Nanog (diluted 1:20,
AFl997, R&D Systems), PIIT tubulin (diluted 1:100, CB4l2,
Chemicon), glia fibril acidic protein (diluted 1:500, 20334,
Dako), a-smooth muscle actin (diluted , N1584, Dako),
desmin (diluted 1:100, Lab Vision), vimentin (diluted 1:100,
5C-6260, Santa Cruz), a-fetoprotein (diluted 1:100, MAB1368,
R&D Systems), and tyrosine hydroxylase (diluted 1:100,
AB152, Chemicon) were used. As a secondary antibody,
cyanine3 (Cy3) conjugated goat anti- rat TgM (diluted 1:500,
Jackson ImmuncoReseaxch), Alexa 546 conjugated goat anti-
mouse IgM (diluted 1:500, Invitrogen), Alexa 488 conjugated
goat anti-rabbit IgG (diluted 1:500, Invitrogen), Alexa 488
conjugated donkey anti-goat Ig6 (diluted 1:500, Invitrogen),
Cy3 conjugated goat anti-mouse IgG (diluted 1:500,
Chemicon), and Alexa 488 conjugated goat anti-mouse IgM
(diluted 1:500, Invitrogen) were used. Nucleuses were

stained with 1 ug/ml Hoechst 33342 (Invitrogen) .
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(0103]

7. In vitro differentiation

Human 1PS cells were treated with collagenase IV,
transferred to the dish coated with hydroxyethyl
methacrylaté, and subjected to floating culture using a
DMEM/F12 medium containing 20% KSR (Invitrogen), 2 mM L-
glutamine, 1x107* M non-essential amino acid, 1x10™ M 2-
mercaptoethanol (Invitrogen), and 0.5% penicillin and
streptomyqin, to form embryoid bodies (EBs). The medium
was changed every other day. After 8 days as a floating
culture, EBs were transferred to gelatin-coated plate, and
cultured in the same medium for another B days.

For differentiation into dopaminergic neuron, first,
PAG feeder cells were plated on gelatin-coated 6-well
plates, anﬁ incubated for 4 days to reach confluent. Small
clumps of 1PS cells were plated on PR6 feeder layer in
Glasgow Minimum Essential Medium (Invitrogen) centaining
10% KSR (Invitrogen), 1x10™" M non-essential amino acid,
and 1x10™" M 2-mercaptoethanol (Invitrogen), as well as
0.5% penicillin and streptomycin.

For differentiation into a cardiomyotic cell, iP5
cells were maintained on Matrigel-coated plate in MEE-CM
supplemented with 4 ng/ml bFGF for 6 days. Thereafter, the
medium was replaced with RPMI1640 plus B27 supplement

(Invitrogen) medium (RPMI/B27), supplemented with 100 ng/ml
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human recombinant Activin A (R&D Systems) for 24 hours, .
followed by 10 ng/ml human recombinant bone morphogenetic
protein 4 (BMP4, R&D Systems) for 4 days. After
stimulation with cytokine, the cells were maintained in
RPMI/B27 without any cytokines. The medium was changed
every other day.

[0104)]
8. Bisulfite sequencing method

Genomic DNA (1 pg) was treated with Cp Genome DNA
Modification Kit (Chemicon) according to the method
recommended by a manufacturer. Treated DNA was purified
with QIA Quick Column (QIAGEN). The promoter regions of
the human Oct3/4, Nanog, and Rexl genes were amplified by
PCR. The PCR products were subcloned into pCR2.1-TOPO.
Ten clones of each sample were velified by sequencing with
the M13 universal primer. Primer sequences used ' for PCR
amplification were shown in Table 8.

[0105]
9. Luciferase assay

Each reporter plasmid (1 pg) containing the firefly
luciferase gene was introduced into human iPS cells or HUDE
with 50 ng of pRL-TK (Promega). 48 hours after gene
introduction, the cell were lysed with 1xPassive lysis
buffer (Promega), and incubated for 15 minutes at room

temperature. Luciferase activities were measured with Dual
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Luciferase Reporter Assay System (Promega) and Centro LB960
detection system (Barthold) according to the protocol of a
manufacturer.

[(0106]
10. Formation of teratoma

The cell was harvested by collagenase IV treatment,
collected inte tubes, and centrifuged, and the pellets were
suspended in DMEM/Fl2. One quarter of the cells from a
confluent 100 mm dish were subcutaneously injected to
dorsal flank of a 3CID mouse (Clea Japan). After 9 weeks,
tumors were dissected, weighted, and fixed with PBS
containing 4% paraformaldehyde. Paraffin-embedded tissue
was sliced, and stained with hematoxylin-eosin.

[01L07]
11. Western blotting

The cells at semiconfluent state were lysed with RIPA
buffer (50mM Tris-HCl, pH 8.0, 150 mM NaCl, 1% Nonidet P-40
(NP-40), 1% sodium deoxycholate and 0.1% 5DS) supplemented
with protease inhibitor cocktzil (Roche). The cell lysate
of MEL-1 human ES cell line was purchased from Abcam. Cell
lysates (20 pg) were separated by 8% or 12% SDS
polyacrylamide gel electrophoresis, and transferred to a
polyvinyldene diflu@ride_membrane (Miliipore)., The
membrane was blocked with TBST (20 mM Tris-HCl, pH 7.6, 136

mM WaCl, and 0.1% Tween-20) containing 1% skim milk and,
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thereafter, incubated with primary antibody solution at 4°C
overnight. After washing with TBST, the membrane was
incubated with horseradish peroxidase (HRP) —-conjugated
secondary antibody for 1 hour at room temperature. Signals
were detected with an Immobilon Western chemiluminescent
HRP substrate (Millipore) and LAS3000 Imaging System (Fuji
Film). As the primary antibedy, anti-Oct3/4 (diluted 1:600,
5C-52792, Santa Cruz), anti-Sox? (diluted 1:2000, ABS56&03,
Chemicon), anti-Nanog (diluted 1:200, R&D Systems), anti-
K1fd4 (diluted 1:200, SC-20691, Santa Cruz),.anti-c-Myc
(diluted 1:200, 5C-764, Santa Cruz), anti-E-cadherin
(diluted 1:1000, 610182, BS Bioscience), anti-Dppa4
(diluted 1:500, ab31648 Abcam), anti-FoxD3 (diluted 1:200,
AB5687, Chemicon), anti-telomerase (diluted 1:1000, ab23698,
Abcam), anti-5all4 (diluted 1:400, ab29112, Abcam), anti-
Lin28 (diluted 1:500, AF3757, R&D Systems), and anti-Pactin
{(diluted 1:5000, AS441, Sigma) were used and, as the
secondary antibody, anti-mouse IgG-HRP (dilutedll:3000,
#7076, Cell Signaling), anti-~rabbit IgG-HRP (diluted 1:2000,
#7074, Cell Signaling), and anti-goat IgG-HRFP (diluted
1:3000, SC-2056, Santa Cruz) were used.

[0108]
12. Southern blotting

Genomic DNA (5 ug) was digested with BglII, EcoRI, and

Ncol overnight. Digested DNA fragments were separated on
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0.8% agarose gel, and transferred to a nylon membrane
(Amersham) . The membrane was reacted with digoxigenin
(DIG)-labeled DNA probe in DIG Easy Hyb buffer (Roche) at
42°C overnight with constant agitation. After washing,
alkaline phosphatase-conjugated anti-DIG antibody (diluted
1:10000, Roche) was added to the membrane. Signals were
raised by CDP-star (Roche) and detected by LAS3000 Imaging
System.

[0109}
13. Short tandem repeat analysis and karyotyping

Genomic DNA was used for PCR with Powerplex 16 System
(Promega) and analyzed by ABIPRISM 3100 (Genetic analyzer
and Gene Mapper v3.5) (Applied Bio Systems). Chromosomal G
band analyses were performed at the Nihon Gene Research
Laborateories Inc. (Japan).

[0110]
14, Detection of telomerase activity

Telomerase activity was detected with a TRAPEZE
telomerase detection kit (Chemicon) zaccording to the

manufacture's instructions. The samples were separated by

- TBE-based 10% acrylamide non-denaturing gel electrophoresis.

The gel was stained with SYBR Gold (diluted 1:10000,
Invitrogen).
[0111]

15. Chromatin immunoprecipitation assay



10

15

20

250

26

 Approximately 1x10’ cells were crosslinked with 1%
formaldehyde for 5 minites at room temperature, and the
reaction was stopped by addition of glycine. The cell
lysate was sonicated to share chromatin-DNA complex.
Immunoprecipitation was performed with Dynabeads Protein G
(Invitrogen)-linked anti-trimethyl Lys4 histone H3 (07-473,
Upsﬁate), anti-trimethyl Lys27 histone H3 (07-449, Upstate),
or normal rabbit IgG aniibody. Eluates were used for
guantitative PCR as templates.

[0112]
le. DNA microarray

Total RNA from HDF and hiP$S cells (clone 201B) was
labeled with Cy3. Samples were hybridized with whole human
genome microarray 4x44K (G4112F, Agilent). Each sample was |
hybridized once with the one color protocol. Arrays were
scanned with G2565BA microarray scanner system (Agilent),
and data was analyzed using GeneSpringGX 7.3.1 Software.
Two nermalization procedures were applied. First, signal
intensities less than 0.01 were set to 0.01. Then, each
chip was normailized at 50™ percentile of measurements
taken. from the chip. The microarray data (Tesar et al.,
Nature, 448, pp.196-1%99, 2007) of hES H9 cell were
retrieved from GEC DataSets (GSM194390Q,
http://www.nebi.nlm.nih.gov/sites/entrez?db=qds&cmd=searchs

term=G3E79302). 1In all three samples, genes with “present”
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flag value were used for analyses (32,266 genes). The
microarray data of HDF and hiPS5 cells have been deposited
in GEOQ DateSets as accession number GSE9561.

[0113]
Example 19: Establishment of 1PS cell without c-Myc

iP8 clones of mouse iPS cells (Takahashi et al., Cell,
126, pp.663-76, 2006) obtained by introducing Oct3/4, Sox2,
K1f4, and c-Myc into mouse fibroblast with retroviruses
contain in;orporation of a few retroviruses in each gene.
Each clene has a total of more than 20 retrovirus
incorporation sites, and there is a possibility that a risk
of tumocrigenesis is increased. In the case of mouse iPS
cells, it is known that tumorigenesis occurs in ~20% of an
1P$ cell-derived chimera mouse and its progeny (Okita et
al., Nature, 448, pp.313-17, 2007), and there is a
possibility that re-activation of c-Myc rétrovirus
increases tumorigenetic occurrence rate in chimera mouse
generated by using iPS cells and its progeny mouse.
Consequently, a method for establishing iPS cells without
c-Myc was studied.

[0114]

In addition, whether iPS cells can be established by
using family genes of four genes of Oct3/4, Sox2, K1f4, and
c-Myc was determined. For this purpose, mouse embryonic

fibroblasts (MEF) containing a green fluorescent protein
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(GFP) -IRES-Puro® transgene driven by the Nanog gene
regulatory elements were used (Okita et al., Nature, 448,
pp-313-17, 2007). Nanog is specifically expressed in mouse
ES cells and preimplantation embryos (Chambers et al., Cell,
113, pp.€43-655, 2003; Mitsui et al., Cell, 113, rpp.631-642,
2003) and can serve as a selection marker duriné 1PS cell
induction. When reprogramming is induced, GFP is expressed,
and this becomes an index of being an iPS cell. It is
shown that Nanog-selected iPS cells are indistinguishable
from ES cells, and give rise to germline-competent chimera
nice (Wernig et al., Nature, 448, pp.318-324, 2007; Okita
et al., Nature, 448, pp.313-17, 2007; Maherali et al., Cell
Stem Cell, 1, pp.55-70, 2007).

[0115]

Oct3/4 belongs to the Oct family of transcription
factors, which contain the POU domain (Ryan et al., Genes
Dev 11: 1207-25, 1997). A homologue which is closest to
Oct3/4 is Octl and Octé. Oct3/4, Octl or Octé together
with remaining 3 genes were introduced into Nanog.reporter
MEF with a retrovirus. If Oct3/4 is used, many GFP
positive colonies were observed (Fig.23a).

[0116]

50x2 belongs to the Sox (SRY-associated HMG box)
transcription factors, which characterized by the presence

of a high-mobility group (HMG) domain (Schepers et al., Dev.
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Cell, 3, pp.167-170, 2002). Soxl, Sox3, Sox7, Soxl5, Soxl?,
and S0xl8 were tested and, when Soxl was used, GFP positive
colonies were obtained. 1In addition, if Sox3, Soxl5, and

Sox18 are used, a few GFP-positive colonies were obtained

(Fig.23a).

[0117]

K1f4 belongs to the Kruppel-like factor (Klfs), zinc
finger protein that contain an amino acid sequences similar
to those of the drosophila embryic pattern regulator
Kruppel (Dang et al., Int. J. Biochem. Cell Biol., 32,
pp.1103-1121, 2000). KI1f1, K1f2, and K1f5 were tested and,
if K1f2 is used, GFP-expressing colonies were obtained
(Fig.23a). Also if K1f1l and K1f5 ware used, iPS cells
could be induced.

[0118]

c-Myc has two related genes (N-Myc and L-Myc)
(Adhikafy et al., Nat. Rev. Mol. Cell Biol., 6, pp.635-645,
2003). By using N-Myc or L-Myc, GFP positive colonies
emerged (Fig.23a). Therefore, it was shown that iPS cells
can be induced by family genes of four genes.

[0119]

Whether iPS cells can be induced from MEF in which
PBgeo is knocked inte the Fbx15 gene locus (Tokuzawa et al.,
Mol. Cell Biol., 23, pp.2699-2708, 2003) was studied for

family genes, and results similar to results obtained by
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selection based on Nanog were obtained. That is, SoxZ
could be replaced by Soxl or Sox3, KLfd4 could be replaced
by K1£2, and c-Myc could be replaced by N-Myc and L-Myc.
The cell generated by the family genes could be
proliferated and showed morphology indistinguishable from
that of ES cells, and caused teraztomas in nude mice
(Fig.24). Therefore, it was shown that these family genes
can induce iPS cells from both of Nanog reporter MEFs and a
Fbxl5 reporter MEFs.

[0120]

A few ES cell-like GFP-positive colonies were obtained
from Nanog reporter MEF without using c-Myc (Fig.23a).
Although Okita et al. previously reported that GFP-positive
colonies is not obtained without c-Myc (Okita et al.,
Nature, 448, pp.313-17, 2057), one difference between the
method reported in this publicatjon and the aforementioned
method is the timing of the drug selection. In the method
described in the publication, puromycin selection was
initiated 7 days after .gene introduction, but drug
selection was initiated on 14™ day in this method. Either
of four genes of Oct3/4, Sox2, K1f4, and c-Myc or three
genes devoid of c-Myc was introduced into Nanog reporter
MEFs, and puromycin selection was initiated 7 days, 14 days
or 21 aays after gene introduction (Fig.23b). When four

genes were used, GFP-positive colonies were observed in all
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conditions and, when puromycin selection was delayed, the

number of colonies was remarkably increased. In the case

. of use of without c¢-Myc, when selection was initiated 7

days after gene introduction, GFP-positive colonies were
not observed, but when selection was initiated 14 days or
21 days after gene introduction, GFP-positive colonies
emerged. The number of colonies was smaller in the case of
using three genes than in the case of using four genes, in
gach condition. WNanog-selected iPS cells generated by
using three genes (Qct3/4, Sox?, K1f4) without the Myé
retrovirus expressed ES-cell marker genes at similar levels
to those in E$S cells (Fig-25) and, gave rise to adult

chimera mice when transplanted into blastocysts (Table 9).

[0121]
[Table 9]
iP5 Genotype Selectio|Injected| Born Chimera
clones derived from n blastocys mouse mouse
142B-6 MEF—EE/GFP G418 39 7 3
142B-12 | . | ae 12 | 5
178B-1 MEF-Ng Puro 156 50 5
178B-2 | 142 43 17
178B-5 | | 60 20 5
178B-6 i 28 10 4
256H- 4 TTF-ACTB- No 12 5
256H-13 |  DsRed Y 8 | 5
256H~18 | 90 17 11

All of iP5 clones were induced with three genes without

using MYC from MEF or TTF.



10

15

20

25

102

*FB: Fbxlb5- fgeo Reporter ;
Ng: Nanog-GFP-IRES-Puro® Reporter ;
GFP: CAG-EGFP

[0122]

Another difference is that, when 1P$ cells are induced
using three genes without using c-Myc, fewer GEP negative
colonies and lower background cells were observed {(Fig.23c) .
Therefore, the method for inducing iPS cells without using
c-Myc has an advantage that induction is slow, and
efficient is reduced as compared with induction of iPS
cells together with c-Myc, but specificity of iPS cell
induction is improved,

[0123]

A few 1PS cells could be produced from MEF in which
Pgeo was knocked inte Fbxl5 locus (Tokuzawa et al., Mol.
Cell Biel., 23, pp.2699-2708, 2003) without using c-Myc
(Fig.26A) . Takahashi et al. previously reported that iPS
cells could not be obtained without c-Myc (Takahashi et al.,
Cell, 126, pp.663-676, 2006) and, in the method reported in
this publication and the aforementioned method, G418
selection is initiated at the same timing, that is, 3 days
after gene introduction. However, the colonies are
selected at 14 to 21 days after gene introduction in the
method reported in the publication, whereas colony

selection is performed at about 30 day after in this
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experiment. .In addition, in this experiment, retroviruses
containing four genes (or three genes) were separately
prepared using separate independent PLAT-E cells {(Morita et
al., Gene Ther., 7, pp.l063-1066, 2000). By this operation,
a transfection efficiency of retrovirus was improved, and
remarkably increase in the number of iPS cell colonies was
observed as compared with the already reported method of
preparing all of four genes in single PLAT-E cell.

[0124]

An expression level of ES cell marker genes is lower

in Fbxl5 selected iPS cells by introduced four genes as

compared with ES cells (Takahashi et al., Cell, 126,

pp-663-676, 2006). This iPS cell could not produce.to
adult chimera mouse when microinjected into blastocysts,
but iPS cells prepared without using c-Myc expressed ES
cell marker genes at the level comparable with a level of
ES cells also when Fbxl5 selection was done (Fig.26B). 1In
addition, adult chimera mice were obtained-at a high iPS
cell contribution rate from iPS cells prepared without
using ¢-Myc (Fig.27, Table %), Increase in an occurrence
rate of tumorigenesis was not observed in these chimera
mice. That is, in chimera mice derived from iPS cells
established with four genes, & of 37 chimera mice died of
tumor within 100 days after birth, but in chimera mice

derived from iPS cells established with three genes without
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_¢-Myc, since all 26 chimeras survived within an observation

period (shorter than 4 months), it was made clear that the
risk of tumorigenesis is reduced without using c-Myc.

[0125}

Whether iP3 cells can be effectively isolated without
using c-Myc and without drug selection was investigated.
Four genes (0Oct3/4, Sox2, K1f4, and c-Myc) or three genes
without using ¢-Myc were introduced into adult tail tip
fibroklasts (TTF)} containing the Nanog reporter, and
culturing was continued without puromycin selection. In

order to visualize the cells with genes introduced therein,

' DsRed retroviruses together with four genes or three genes

were ilntroduced. 320 days after retroviral introduction,
the dishes with cells introduced with the four genes were
covered with many GFP negative colonies and background
cells (Fig.28A, Table 10: Nanog-GFP reporter TTF + no drug
selection}. A nﬁmerical value of fhe parenthesis in Table
indicates the number of GFP-positive colonies or clones. &
ratio of retroviruses (Oct3/4, Sox2, Klfd, (c-Myc), and
DsRed) was 1:1:1:(1):4 in No.256, and 1:1:1:(1):4 in

Nes.272 and 309, In No.220, DsRed was not introduced.

[0126]

[Table 10]
Experimental| Gene |[Number of| Total of | Number of Number of
established

number [ seeded | colonies picked-up

cells ‘ | colonies colonies



10

15

20

105

220 i 47 5x107 wany (107)  26(24) T as5(22y T
I I
i : '
T a— _]ll ¥ 'i""'s‘@“'fiﬁéﬁ&"(ﬂ o
3 If 3.5x] OS_i" Ty T T T 6(5)
272 477 574x10% many (132) 6(6) 5(4)
31 3.1x10° “"ETT@T_"?""” 44y T 2(2)
309 4 | '2.32107 pany (424)] B
RN S L J

[0127]

Using fluorescent microscope, GFP-positive colonies
were observed among colonies (4, 132, 424 colonies in three
independent experiments). The GFP-positive colonies were
negative for DsRed, which was similar to the retroviral
silencing observed in iPS cells selected with Nanog (Okita
et al., Nature, 448, pp.313-17, 2007). When three genes
without using c-Myc were used, colonies were observed as
colonies having few background cells among colonies (7, 21,
and 43 in three independent experiments). Approximately
half of these colonies expressed GFP in a patchy manner.
DsRed was detected in only a small portion of some colonies,
and indicating that it was largely silenced. Overlapping
was not cobserved between GFP and DsRed. Most of these
colonies were expandable and consist of iP5 cells, which
became posive for GFP and negative for DsRed at passage
number of 2. Therefore, it was shown that specifically
generation of iPS cells could be enhanced in the case of
without drug selection and without using c-Myc. Nanog-GFP

is activated and the retroviruses are silenced in the iPsS
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cells.

(01287

Preparation of iPS cells was tried from adult TTF that
did not have selection markers but had the DsRed transgene
driven by a constitutively active promotor (Vintersten et
al., Genesis, 490, pp.241-246, 2004). The four genes
(Oct3/4, Sox2, K1lf4, and c~Myc) or three genes without
using c-Myc were introduced into the cells. Further, a GFP
retrovirus was introduced to monitor silencing. After 30
days without drug selection, about 1,000 colonies emerged
from 0.5x10° cells introduced with the four genes. Most of
them were GFP-positive, indicating that retroviral
silencing did not take place in these cells. On the other
hand, from 3.5x10° cells with three genes without using c-
Myc introduced therein, 16 colonies emerged (Fig.28B).
Most of these colonies did not express GFP, and the
remaininé colonies expressed GFP slightly. All of these
colonies could be proliferated and, even at a passage
number of 2, they showed morphology of an iPS cell (ES
cell-like morphology). 1In addition, it was shown that
these cells are all GFP-negative, and retroviral silencing
is generated. By RT-PCR, it was shown that in these calls,
ES cell marker genes are expressed at a level comparable
with that of an ES cells (Fig.28C). Further, in iPS cells

prepared by using the three genes, the retroviral silencing



10

15

20

25

107

of K1lf4 and the absence of the c-Myc transgens were
confirmed by RT-PCR and, when these iP5 cells were
transplanted into blastocysts, chimera mouse was generated
(Fig.28D and Table 9). From the foregoing results, it was
shown that iP5 cells having the excellent properties can be
obtained without using c-Myc, and iP5 cells can be
effectively prepared from adult TTF without using drug
selection.

[0129]

Next, retroviruses for Qct3/4, Sox2, and Klf4 were
inﬁroduced into human neconate preputium-derived fibroblasts
(BJ) (clone 246H) or human adult skin-derived fibroblast
HDF (253G). After 30 days, a few human iP5 cell colonies
emerged. These cells showed human ES cell-like colony
morphology, and could be proliferated (Fig.29%A). When
three genes without using c-Myc were introduced (253G), or
when c-Myc in addition to the three genes were introduced
at the same time (253F), it was confirmed that HDF-derived
human iP5 cells express ES cell marker genes (Fig.29B). In
addition, differentiation of human iP5 cells induced
without using retrovirus of ¢-Myc via embryoid bodies was
confirmed (Fig.30).

[0130]

Experimental materials and methods in Example 19 are

as follows.
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1. Plasmid construction

The coding regions of family genes were amplified by
RT-PCR with primers listed in Table 11 (SEQ ID Nos.:127 to
152 of Sequence Listing), subcloned into pDONR201 or PENTR-
D-TOPO (Invitrogen), and recombined to pMXs-Qw by the LR

reaction (Invitrogen).

[0131]

[Table 11]

Genes Sequences i

Sox1 CAC CAT GTA CAG CAT GAT GAT GGA GAC CGA COT
CTA GAT ATG CGT CAG GGG CAC CGT GC

Sox3 CAC CAT GTA CAG CCT GCT GGA GAC TGA ACT CAA G
TCA GAT GTG GGT CAG CGG CAC CGT TGC ATT

Sox7 CAC CTC GGC CAT GGC CTC GCT GCT GGG

CTC CAT TCC TCC AGC TCT ATG ACA CAC
CAC CAT GGC GCT GAC CAG CTC CTC ACA A

S50x15
TTA AAG GTG GGT TAC TGG CAT GGG

Soxl7 CAC CAG AGC CAT GAG CAG CCC GGA TG
CGT CAA ATG TCG GGG TAG TTG CAA TA
Soxl18 CAC CAT GCA GAG ATC GCC GCC CGG CTA CG
CTA GCC TGA GAT GCA AGC ACT GTA ATA GAC

octl CAC CAT GAA TAA TCC ATC AGA AAC CAA T
GCT CTG CAC TCA GCT CAC TGT GCC

Oct6 CAC CAT GGC CAC CAC CGC GCA GTA TCT G
GGA ACC CAG TCC GCA GGG TCA CTG

K1fl CAC CAT GAG GCA GAA GAG AGA GAG GAG GC T

. TCA GAG GTG ACG CTT CAT GTG CAG AGC TAA

K1£2 CAC CAT GGC GCT CAG CGA GCC TAT CTT GCC
CTA CAT ATG TCG CTT CAT GTG CAA GGC CAG

K1£5 CAC CAT GCC CAC GCG GGT GCT GAC CAT G

TCG CTC AGT TCT GGT GGC GCT TCA
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L-MycWT ICAC CAT GGA CTT CGA CTC GTA TCA GCA CTA TTT C
TTA GTA GCC ACT GAG GTA CGC GAT TCT CTT

N-MycWT |CAC CAT GCC CAG CTG CAC CGC GTC CAC CAT
TA GCA AGT CCG AGC GTG TTC GAT CT

[0132]

2. Retrovirus transduction

Retrovirus vectors based on pMXs were transfected into
PLAT-E cells (Morita et al., Gene Ther., 7, pp.1063-1066,
2000) using a Fugenet reagent (Roche) according to
instructions of a manufacturer. After 24 hours, the medium
was replaced, further, after 24 hours, the virus-containing
supernatant was taken, and gene introduction by retrovirus
infection was performed. In a "mixed" protoceol, the
mixture of plasmids for the four genes was transfected into
a single dish of PLAT-E cells. In a "separated" method,
each plasmid was transfected into separate dishes of PLAT-E
cells. The virus-containing supernatant was mixed bhefore
gene introduction. 1In the separate method, significantly
high gene introduction efficiency was observed.

[0133]

3. Induction of 1iPS ceils with drug selection.

Induction of iP5 cells was performed by modification
of the already reported method (Takahashi et. al., Cell.,
126, pp.663-676, 2006; Qkita et al., Nature, 448, pp.313-17,
2007). MEFsz, which contained either the NanoéuGFP—IRES—

Puro® reporter or the Fbxl5-fgec reporter, or both, were
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seeded at a ratio of 1.3x10° cells/well (6 well plate) and
8.5%10% cells/well (100mm dish) on SNL feeder cell-
harvested 6-well plates and 100 mm dish, respectively, with
{McMahon et al., Cell., 62, pp.10723-1085, 1990). The cells
with genes introduced therein were cultivated with ES cell
medium centaining LIF (Meiner et al., Proc. Natl. Acad. Sci.
U.5.A., 93, pp.14041-14046, 1996). Selection with G418
(300pg/ml) or puromycin (1.5pg/ml) was initiated as in the
already reported method. 25 days to 30 days after gene
introduction, the coleony number was counted. Some colonies
were selected for expansion.

[0134]
4. Induction of iP$S cell without using drug selection

TTFs were isolated from adult Nanog reporter mice or
adult DsRed-transgenic mice (Vintersten et al., Genesis, 40,
pp-241-246, 2004). Retrovirué—containing supernatant was
prepared in the separated method. For introducing the four
genes, retrovirus-containing supernatants of K1f4, c-Myc,
Oct3/4, S5ox2, and DsRed were mixed at a ratio of 1:1:1:1:4.
When the three genes were introduced, retrovirus containing
supernatants of K1f4, Oct3/4, Sox2, Mock {(empty vector),
and DsRed were mixed at a ratio of 1:1:1:1:4. With the
DsRed transgenic mouse, the GFP retrovirus was used instead

of DsRed. For transfection, TTFs were seeded at a2 ratio of

8.0x10° cells per 100 mm dish, which did not have feeder
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cells. ‘TTFs were incubated in the virus/polybrene-
contalining supernatant for 24 hours. 4 days after gene
introduction, TTFs with three genes introduced therein was
reseeded at a ratio of 3.5x10° cells per 100 mm dish with
SNL feeder cells, and cultured with ES cell medium. TTFs
with four genes introduced therein were reseeded at a ratio
of 0.5x10° cells per 100 mm dish with SNL feeder cells. 30
days to 40 days after gene introduction, the colony number
was counted. Some colonies were selected for expansion.
5. Agsessment of iPS cells

RT-PCR and teratoma formation were performed according
to the already reported method. For chimera experiments,
15 to 20 iP5 cells were injected intc BDFl-derived
blastocysts, which were then transplanted into the uterus
of pseudo-pregnant mice.

[0135]
Example 20: Generation cof human iP5 cells from epithelial
cell using six genes.

Using a combination of the following genes: K1f4, c-
Myc, Qct3/4, Sox2, Nanog, and LinZ?8 (NCBI accession number
NM 145833 (mouse) or NM 024674 (human)), or a combination
deveid of one or two or more of genes from the combination,
iPS cells were induced.

(0136]

6x10° 293 FT cells were seeded on 10 cm petri dishes,
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and cultured overnight, and these petri dish were
transfected with 3 pg of a plenti6/UbC-S1lc7al lentivirus
vector using 9 pg of Virapower packaging mix together with
lipofectecamine 2000 (Invitrogen). After 24 hours, the
medium was replaced with a new medium. Further, after 20
hours, the culture supernatant was taken, and filtered
through a 0.45um pore-size cellulose acetate filter
(Whatman). 5x10° epithelial cells were prepared.on the
previous day. To the petri dishes of the epithelial cell
from which the culture supernatant had been removed, was
added the filtered culture supernatant with 4 pg/ml
polybrene (Nacalai Tesque) added thereto, and the cells
were cultured for 24 hours.

[0137]

1.0x10° PLAT-E cells were seeded on 6 cm petri dishes,
and.cultured- On the next day, the cells were transfected
with 9.0 pg of a retrovirus vector based on pMX containing
K1f4, c-Myc, 0Oc¢t3/4, Sox2?, Nanog, and Lin28 with 27 nl of a
Fugene6 transfection reagent (Roche). After 24 hours, the
medium was replaced with a new medium. Further, on the
next day, the supernatant of the PLAT-E cell was collected,
and filtered through a 0.45um pore-size cellulose acetate
filter (Whatman). 7 days after lentivirus infection,
epithelial cells were reseeded at 3.0x10° /6 cm dish, and

the aforementioned culture supernatant containing the
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retrovirus and polybrene was added thereto.

[0138]

Results are shown 1n Table 12, In Table, “oF”
indicates & genes (K1f4, c-Myc, QOct3/4, Sox2, Nanog, and
Lin28), “L” indicates LinZ28, “N” indicates Nanog, “M”
indicates c-Myc, “0” indicates Oct3/4, “8” indicates Sox2,
and “K” indicates Kl1f4, respectively. "-" before a ietter
means the case where a gene indicated by a letter
subsequent to "-" is removed from the six genes and, for
example, “-L" means remaining five genes obtained by
removing Liﬁ—QB from six genes, and “-K5” means four genes
devoid of KL1f4 and Sox2 from six genes. A numerical wvalue
in Takle indicates the colony number, “non-ES like”
indicates a coleny number having non-E3 like morphology,
and “ES like” indicates a colony number having ES-like cell |
morphology.

[0139]

[Table 12]
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[0140]

Table 12 shows results of two times experiments.
Results of the first experiment shows the colony number of
the cells induced by introducing a combination of each gene
on 23™ day or 29" day after gene introduction, and results
of the second experiment (Day 23 of right column) indicate
the colony number in thg case of "6Fr”, “-~-KM”, and “-NL”.
Since the colony number of cells without introduction of
Lin-28 like “-L” was smaller than the colony number when

Lin-28 was introduced, it was shown that Lin28 is
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responsible'for an important role to improve an generation
efficiency of iP$ cells.

[0141]

Further, iP5 cell induction was performed using six
genes (K1lf4, c-Myc, OQOct3/4, Sox2, Nanog, and LinZ28), and
two different combinations of four genes (K1f4, c-Myc,
Oct3/4, and Sox2 represented by Y4F in Fig.31, and Oct3/4,
Sox2, Nanog, and Lin28 represented by T4F in Fig.31). T4F
is the same combination as that disclosed in Yu et al.,
Science, 318, pp.1917-1920, 2007. In Fig.31, “ES-like”
indicates the number of colonies morpheologically similar to
that of ceolonies of ES cells, and “total” indicates a total
of the number of ES-like colonies and the number of non-ES-
like coleonies. Exp#l, Exp#2, Exp#3, and Exp#4 indicate
results of separate experiments. In these experiments, iPS
cell colonies having morphology similar to those of ES-like
cell colonies were obtained by using six genes and a
combination of four genes of Y4F. However, in a

combination of T4F, formation of colonies having morphology

similar to that of ES-like cell colonies was not recognized.

[0142]
Example 21: Effective production of iPS cell using Salld4
An experiment was performed using mouse embryonic
fibroblasts (MEF) and human adult dermal fibroblasts (adult

HDF) and, as a result, it was found out that induction of
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iPS cells by using three genes (KLf4, Dc£3/4, and deQ)
increéges a generation efficiency of iPS cells when Salldé
is added to this combination, that is, when K1£4, Oct3/4,
S0x2, and Sall4d are used (Figs.32 and 33). When Salld was
added to the four genes (KLf4, Oct3/4, Sox?, and c=Myc) ,
more 1PS cell colonies were observed. From these
experiments, it was shown that an efficiency of inducing
iP5 cells can be improved by adding $Sall4 to the nuclear
reprogramming factors.

[0143]
Example 22: Effect of promoting iPS cell induction of mouse
Salld and/or mouse Salll

According to the already reported method (Cell, 131,
pp.861-872, 2007), and using a retrovirus, human—derived
four genes (Y4F: Oct3/4, S5ox2, K1fd, and c-Myc) or three
genes (Y3F: Oct3/4, Sox2, and K1f4), and mouse Salli4
(mSall4) gene or mouse Salll (mSalll) gene were introduced
into adult dermal fibroblasts (adult HDF), which was made
to express mouse ecotropic receptor Slc7a gene with a
lentivirus.

[0144]

On 6 day after introduction, HDF was once collected
and, thereafter, HDF adjusted at 5=10° was seeded on
1.5x10° STO cells treated with mitomycin ¢. After the next

day, cells were cultured in a medium for culturing primate
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ES cells (ReproCELL) containing 4 ng/ml of recombinant
human bFGF (WAKO). On 32™ day and 40™ day after infection,
results of counting of the ES cell-like colony number are
shown in Fig.34. On 32" day after infection, the colony
number when Y3F+Mock {empty véctor) were introduced was 1,
and the coleny number when Y4F+Mock were introduced was 37,
while when Y3F or Y4F and Salld were introduced at the same !
time, .22 colonies were recognized in a Y3F+mSalld-

introduced group and 73 colonies were recognized in a
Y4F+tmSalld-introduced group. When mSalll was introduced

into Y3F or Y4F, 2 colonies were recognized in a
Y3F4mSalll-introduced group, and 43 colonies were

recognized in a Y4F+mSalll-introduced group, and a

differencé in the coleony number was not significant as

compared with the case where only Y3F or YAF was introduced.

Further, when mSall4 and mSalll were introduced into Y3F or

Y4F at the same time, the colony number was 34 in a
Y3F+mSall4+mSalll-introduced group, and 79 in a
Y4F+mSall4+mSalllfintroduced group.
[0145] |
On 40™ day after infection, the colony number when
Y3F+Mock were introduced was 8, and the ¢olony number when
Y4F+ Mock were introduced was 57, while when Y3F or Y4F and
mSalld were introduced at the same time, 62 colonies were

recognized in a Y3F+mSalld-introduced group, and 167
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colonies were recognized in a Y4F+mSall4-introduced group.

When mSalll was introduced into Y3F or Y4F, 14 colonies

were recognized in a Y3F+mSalll~introdued group, and 103

colonies were recognized in a Y4F+mSalll-introduced group.
Further, when mS8all4 and mSalll were introduced into Y3F or
Y4F at the same time, the colony number was %98 in a
Y3F+mSall4+mSalll-introduced group, and 193 in a
Y4F+mSalld+mSalll-introduced group. From the foregoing
results, it was shown that by introducing mSall4 inte Y3F,
or intreoducing m$Sall4d and mSalil at the same time, human
1PS cells can be introduced at a 20- to 100-fold efficiency.
In addition, it was shown that by introducing mSalld into
Y4F, or introducing mSalld and mSalll.at the same time,
human iP5 cells can be introduced at a 2- to 4-fold
efficiency.

[0146]
Example 23: Effect of promoting iPS cell induction of mouse
Sall4 and/or mouse Salll (2)

According to the already reported method (Cell, 131,
pp-861-872, 2007), mouse 5alld4 (mSall4) or mouse Salll
(m3alll} or both of them together with human-derived four

genes (T4F: Oct3/4, Sox2, Nanog, and Lin28) or three genes

" (T3F: Oct3/4, Sox2, and Nanog) were introduced into human

adult dermal fibreoblasts (HDFa-Slc7al) which were made to

express mouse ecotropic receptor Slc7a with a lentivirus.
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[0147]

On Gm.day after introduction, HDF-Slc7al was
collected once and, thereafter, HDEF-51c7al adjusted at
5%x10° was seeded on 1.5x10% STO cells treated with
mitomycin C. Further, after cultured for 7 days, the cells
were cultured in a medium for culturing primate ES cells
(ReproCell)} containing 4 ng/ml recombinant human bFGF
(WAKO) . On 32™ day and 40™ day after infection, results
of counting of the ES cell-like colony number are shown in
Fig.35. ©On 32" day after infection, the colony number
when T3F+Mock and T4F+Mock were introduced was 0, while
wheﬁ T3F or T4F and mSall4 were introduced at the same time,
two colonies were detected in a T3F+mSall4-introduced group.
In a T4F+mSall4-intorduced group, human ES cell-like colony
could not be confirmed.

{0148]

When T3F or T4F and mSalll were introduced at the same
time, 3 colonies were recognized in a T3F+mSalll-introduced
group, and é colonies were recognized in a T4F+mSalll-
introduced group. Further, when mSall4 and mSalll together
with T3F or T4F were inﬁroduCed at the same time, 3
colonies were recognized in a T3F+mSall4+mSalll-introduced
group. In a T4F+m3all4+mSalll-introduced group, human ES-
like colonies could not be confirmed. On 40 day after

infection, the colony number when T3F+Mock and T4F+Mock
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were introduced was 0, while when T3F or T4F and mSall4
were introduced at the same time, 6 colonies were
recognized in a T3F+mSalld-introduced group, and 2 colonies
were recognized in a T4F+mSalld-introduced group.

[0149]

When T3F or T4F and mSalll were introduced at the same
time, 13 colonies were recognized in a T3F+mSalll-inroduced
group, and 22 colonies were recognized in a T4F+mSallil-
introduced group. Further, when mSalld and mSalll were
introduced into T3F or T4F at the same time, 17 colonies
ware recognized in a T3F+mSall4+mSalll—introduceﬂ group,
and 1]l colonies were recognized in a2 TAFmSalld+mSzlll-
introduced group. In generation of iPS cells by
introduction of T3F and T4F, the promoting effect in iP$
cell colony formation was recognized by adding mSall4, and
mSalll more effectively induced formation of human iPS cell
colony. Further, it was seen that colony formation of
human iP5 cell can be more promoted by introducing both of
m3alll and mSall4 together with T3F or T4F.

[0150]

Example 24: Effect of promoting of iPS eell induction of
human S5alld

According to the method described in Cell, 131,
pp-861-872, 2007, human adult dermal fibroblasts which wWas

made to express mouse ecotropic receptor Slec7al with a
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lentivirus(HDF—Slc7a1) was prepared and, on the next day,
human-derived four genes (YAF: Dct3f4, Sox2, Klf4, and c-
Myc) or three genes (Y3F: Oct3/4, Sox2, and K1f4) and human
Salld (hSall4) were introduced with a retrovirus. On &™
day after introduction, HDF was collected once and,
thereafter, HDF adjusted at 5x10° was seeded on 1.5x10 S§TO
cells treated with mitomycin €. After the next day, the
cells were cultured in a medium for culturing primate ES
cells (ReproCELL) containing 4 ng/ml recombinant human bFGF
(WAKO) . On 32™ day and 40™ day after infection, results
of counting of the ES cell-like colony nhumber are shown in
Fig.36.

[0151]

On 32™ day after infection, the colony number when
Y3F+Mock were introduced was 1, and the colony number when
Y4F+Mock were introduced was 34, while when Y3F or Y4F and
hSalld were introduced at the same time, 8 colonies were
observed in a Y3F+hSall4-introduced group, and Sé celonies
were recognized in & Y4F+hSall4-introduced group. On 40
day after infection, the colony number when Y3F+Mock were
introduced was 5, and the colony number when Y4F+Mock were
introduced was 52, while when Y3F and Y4F and hSall4 were
introduced at the same time, 32 colonies were recognized in
a Y3F+Salld-introduced group, and 137 colonies were

recognized in a Y4F+hSall4-introduced group. BAs a result,
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it was shown that human iP$ cell colony can be obtained at
a 6~ to 8- fold efficiency by introducing hSall4 into Y3F
at the same time, and human iPS cell colony can be obtained
at a 1.5- to 2.5-fold efficiency by introducing Y4F and
hSalld at the same time.

[0152]
Example 25: Effect of L-Myc
(A) Determination of nuclear reprogramming by introduction
of the four genes (Oct3/4, K1f4, Sox2, and L-Myc)
(1) Effect on human iPS cell induction

Adult skin-derived fibfoblasts which were made to
express mouse ecotropic virus receptor Slc7al gene (aHDF-
8lc7al) were prepared according to the already reported
method (Cell, 131, pp.861-872, 2007). aHDF-51c7z] was
seeded at a ratio of 3x10°/60 mm dish and, on the next day,
human-derived four genes (total of 4 genes of L-Mycl
(hereinafter, simply referred to as “L-Myc”), c—Myc, or N-
Myc gene in addition to three genes of Oct3/4, K1f4, and
Soxz) were introduced with a retrovirus according to the
method described in the aforementioned publication. 6 days
after virus infection, cells were collected, and reseeded
on MSTQ cells (5x10°/100 mm dish). From the next day,
cells were cultured in a primate ES cell medium (ReproCELL)
supplemented with 4 ng/ml of recombinant human bFGF (WAKO)

[0153]
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The number of human iPS cell coleonies which emerged on
37m-day after retrovirus infection was counted. A summary
of four times experimental results are shown in Table 13
and Fig.37 (Fig.37 is a graph of Table 13, and 2 numerical
value on the graph indicates a ratio of the iPS cell
colonies relative to the total number of cblonies). By
using L-Myc, an efficiency of inducing iPS cell colony
became E—fold“higher as compared with c-Myc, and a ratio of
the number of iPS$S cell colonies relative to the number of
total colony was also about g—fold increased in the case of
using L-Myc as compared with that of ¢-Myc. Also when N-
Myec was used, increase in the number of iP5 cell colgonies
was recognized as compared with ﬁhe case of ¢-Myc. In
induction of mouse embryonic fibroblast (MEF) —derived iP5
cells, it was reported that there is no difference between
the case of using c-Myc and the case of using L-Myc (Nature
Biotech., 26, pp.101-106, 2008), but it was made clear that
when a human cell is used, an efficiency of inducing iP5
cells is improved more remarkably in use of L-Myc than in
use of c-Myc.

[0154]

[Table 13]
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< Number of hiP5 colonies >

ES-like | 1otal | %
C-RIL 3 a8 | 71.50
[-MYC 18 35 | 51.4
B-WYC 32 431 | 7.42
C-MTC 14 14 8.5
L-MYC a2 100 | 82.0
N_MYC 31 63 | 49.2
CoRTL T 54 0.
L-WYC | &2 124 | 50.0
N-MYC 25 225 | 11.1
_ CMYC 14 DY | 23,0 |
h5§ [ LWYC | 53 TO | 75.7
] N-MYC 52 208 | 17.4
[0155]

(2) In vitro differentiation induction

Human 1iPS cells (32R2, 32R6) established by
introduction of the four genes of Oct3/4, K1f4, Sox2, and
L-Myc were seeded on a low-binding dish, and embryoid
bodies (EB) were formed (100 mm dish) accﬁrding to the
already reported method (Cell, 131, pp.861-872, 2007).
After culturing for 2 weeks, staining was performed using
each antibody for a-fetoprotein (R&D Systems) which is a
differentiation marker of an endoderm cell, a-smooth muscle
actin (Wako) which 13 a differentiation marker of a
mesoderm cell, and BIII-tubulin (Chemicon) which is a
differentiation marker of an ectoderm cell. Results are
shown in Fig.38. By the staining, expression of each
marker was confirmed, and it was confirmed that the
resulting human iPS cell had the ability of being

differentiated into three derm layer cells.
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[0156]
(3) Teratoma forming ability

Human iP5 cells (32R6) established by introduction of
the four genes of Oct3/4, K1f4, Sox2, and L-Myc were
cultured in a medium for culturing primate ES cells
(ReproCell) containing recombinant human bEFGE (4 ng/ml)
and Rho kinase inhibitor Y-27632 (1QuM). After 1 hour, the
cells were collected by treatment with collagenase IV, and
the cells were recovered by centrifugation to suspend them
in DMEM/Fl2 containing ¥-27632 (10pM). A 1/4 amount of
confluent cells (100 mm dish) were injected into the testis
of 5CID mouse. After 2 tc 3 meonths, tumor was chopped, and
fixed with PBS (-) containing 4% formaldehyde. A paraffin-
embedded tissue was sliced, and stained with hematoxylin-
eposin. This result i1s shown in Fig.39. Since tumor is
histologically constructed of a plurality of kinds of cells,
and nerve tissue, intestinal tract-like tissue, cartilage
tissue, hair tissue, fat cell, and pigment tissue were
recognized,  pluripotency of iPS cells was certified.

[0157]

(4) Influence of chimera mouse on tumerigenesis

MEFs were isclated (MEF-Ng) from mouse having Nanog
reporter, which was prepared by incorporating EGEFP and
puromycin resistant gene into Nanog locus (Nature, 448,

pp.313-317, 2007). Similarly, MEF was isclated (MEF-Fbx)
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from a mousg'having Fbxl) reporter, which was prepared by
incorporating B-geo gene iﬁto Fbxl5 locus (Cell, 126,
PR.663-676, 2006). Four genes (Oct3/4, K1f4, Sox?, and L-
Myc) were introduced into these MEFs with a retrovirus and
iP5 cells were established by selecting with puromycin
regarding MEF-Ng, and iPS cells were established by
selecting with G418 regarding MEF-Fbx (referred to as
Nanog-iPS and Fbx-iPS, respeétively). By transplanting
these 1PS cells into blastocysts of C57BL/6 mouse, chimera
mice were generated. Tumorigenesis in chimera mice and F1
mice were studied and, as a result, at this time, mice
which were survived for the following days, respectively,
and occurrence of tumor was not recognized in any of living
mice. '
[0158]
Chimera mouse Fbx-iPS: 19/19 animals living for 349 days
Chimera mouse Nanog-iP$S: 15/16 animals living for 363 days
Fl1 Naneg-iPS: 1/1 animal living for 255 days
F1 Nanog-iPS: 3/3 animals living for 181 days
Fl Nanog-iP$: 1/1 animal living for 132 days
Chimera mouse Nanog-iPS: 30/30 animals living for 63 days
Chimera mouse Nanog-iPS: 12/14 animals living for 62 days
When 1PS cells reprogrammed by the four genes of
Oct3/4, Klf4, Sox2, and L-Myc was used, 6 of 37 chimera

mice died of tumor within 100 days after birth (Nature
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- Biotech., 26, pp.101-106, 2008), however, remarkable

improvement was confirmedin survived days by using L-Myc
instead of c-Myc, and it was made clear that tumor
occurrence is dramatically decreased.
[0159]

(B) Determination of nuclear reprogramming by three genes
(Oct3/4, Klfd, L-Myg) introduction

(l) Presence or absence of iP5 cell colony formation

Establishment of iPS by introduction of the three

genes (Oct3/4, Klf4, and L-Myc) was examined according to
the already reported method (Nature Biotech., 26, pp.l1l01-
106, 2008). MEF-Ng described in the (A) (1) to (4) was
seeded on 6-well culturing plate coated with gelatin at a
ratio of 1.3x10°/well and, after 24 hours, mouse-derived
three genes (Oct3/4, Klf4, and L-Myc) were introduced by
using a retrovirus. 4 days after virus infection, cells
were collected, and reseeded on MSTO cells (1.5x10°/6-well
plate). From the next day, cells were cultured using a
medium for culturing ES5 cell with LIF added thereto (DMEM
(Nacalai-Tesque) with 15% bovine fetal serum, 2mM L-
glutamine (Invitrogen), 100 pM non-essential amino acid
(Invitrogen), 100 puM Z-mercaptoethancl (Invitrogen), 50U/mL
penicillin (Invitroge), and 50 mg/mL streptomycin
(Invitreogen) added thereto). On 46m'day after virus

infection, GFP-positive colonies were picked up (iPS-MEF-
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Ng-443-3 clone). Photographs of picked up 16 cells are
shown 1in Fig.40. Any cells were iP5 cell colonies
exhibiting GFP-positive.

[0160]

Regarding these GPF-positive colony-derived clones,
RT-PCR and genomic-PCR were performed in order to analys
gene expression. Results are shown in Fig.41. Any clone
expressed Nanog, Rexl, and ECAT1, which are marker genes of
ES cell. 1In addition, in all iPS cell colonies, introduced
three genes (Oct3/4, K1lf4, and L-Myc) were incorporated
into the genomes. On the other hand, expression of mRNA
was not detected in some clones, and this is cconsidered
that they underge silencing.

[0161]

(2} In vitro differentiation induction

The four clones (iPS-MEF-Ng-443-3-3, iPS-MEF-Ng-443-3-
6, iPS-MEF-Ng-443-3-12, and iPS-MEF-Ng-443-3-13)
established in the above (1) were seeded on a low-binding
dish (2x10°/ 6-well plate) to form embryoid bodies (EB).
After culturing in a medium for culturing an ES cell for 2
weeks, staining was performed using each antibody against
a-fetoprotein (R&D Systems) which is a differentiation
marker of the endoderm cell, o-smooth muscle induction
(Dako) which 1s a differentiation marker of the mesoderm

cell, and PITI-tubulin (Chemicon) which is a
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differentiation marker of the ectoderm cell. Results are
shown in Fig.42. By staining, expression of these markers
wés confirmed, and it was confirmed that the resulting
mouse 1P5 cells have the ability of being differentiated
into three germ layer cells.

[0162]

(3) Teratoma forming ability

The four clones established in the above (1) (iPS5-MEF-
Ng-443-3-3, iPS-MEF-Ng—443-3-6, iPS-MEF-Ng-443-3-12, and
iPS8-MEF-Ng-443-3-13) were subcutaneously injected into nude
mice, respectively. After four weeks, formation of the
teratoma was confirmed in all examples. Since tumor is
histologically constructed of a plurality of the cells, and
the nerve tissue, intestinal tract-like tissue, muscle
tissue, epidermal tissue, and cartilage tissue were
recognized (Fig.43), pluripotency of iPS cells was
certified.

[0163]
Example 26: Effect of L-Myc and Lin28 in induction of human
iP5 cells

Adult dermal fibroblasts, which were ﬁade to express
mouse ecotropic virus receptor Slc7al gene(aHDF-Sle7al),
were prepared according to the method described in the
already reported method (Cell, 131, pp.861-872, 2007).

aHDF-S51¢7al were seeded at a ratio of 3x10°/60 mm dish and,
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on the next day, human-derived the following three genes,
four genes, or five genes were introduced with a retrovirus
according to the method described in the above publication.
*Sox2, Oct3/4, and K1f4
*Sox2, Octl3/4, K1f4, and c-Myc
*Sox2, Oct3/4, Klf4, and L-Myc
*Sox2, Oct3/4, Klf4, and Lin28
*Sox2, Oct3/4, K1£f4, c-Myc, and Lin28§
*50x2, Oct3/4, K1f4, L-Myc, and Lin28

(0164]

& days after virus infection, the cells were collected,
and reseeded on MSTO cells (5x10°/100 mm dish). From the
next day, the cells were cultured in a primate ES cell
medium (ReproCELL) supplemented with 4 ng/ml of recombinant
human bFGE (Wake) to a medium for culturing. After
retrovirus infection, the number of the total colonies and
the number of hiPS colonies which emerged on 37™ day were
counted. Results are shown in Table 14 and Fig.44 (Fig.44
is a graph of Table 14).

[0165]

[Table 14]
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[0166]

By adding Lin28 to the four genes of Sox2, 0Oct3/4,
K1f4, and L-Myc, the number of iP5 cell colonies was
remarkably increased. This number of 1PS cell colonies was
remarkably more than the case where Lin28 was added to the
four genes of Sox2, Oct3/4, KLf4, and c-Myc. In addition,
iinEB exhibited the synergistic effect on the action of c-
Myé, and exhibited further strong synergistic effect on the
action of L-Myc (Table 14). Also, regarding a ratio of the
number of iP5 cell colony relative to that of the total
colony, extremely high ratio (84.7%) was imparted when five
genes of Sox2, Oct3/4, K1f4, L-Myc, and Lin28 were used.
From the foregoing results, it was made clear that, in
order to improve an efficiency of inducing human iP5 cells,
a combination of the five genes of Sox2, Oct3/4, K1f4, L-
Myc, and Lin28 is extremely effective.

[0167]

Example 27: Effect of Myc chimera gene and mutant gene in
human iPS cell induction

Various chimera genes (Ms-cL-Myc, Ms-Lc-Mye, Ms—cLc-
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Myc, Ms-Lcl-Myc, Ms-ccL-Mycg, Ms-cLL-Myc, Ms-LLc-Myc, Ms-
Lce-Myc), and Myc point mutant genes (c—MchlBSE, c—
MycV324D, c-MycL420P, L-MycWI6E, L-MchﬁEED,-L—MycLBSIP)
shown in Fig.45 were constructed as follows: First, mouse
c-Myc (Ms-c-Myc) and L-Myc {Ms-L-Myc) were inserted into
pPENTR-D-TOPO (Invitrogen), respectively, to prepare pENTR-
D-TOPO-Ms—-c-Myc and pENTR-D-TOPO~Ms-L-Myc. Next, based on
sequence informaticn of mouse c-Myc (NCBI Acc.No.
NM_010849) and L-Myc (NCBI Acc.No. NM 008506), primers for
introducing point mutation shown in Fig. 45 were prepared,
and these were used to perform PCR by using pENTR-D-TOPO-
Ms-c-Myc énd PENTR-D-TOPO-Ms-L-Myc as a template. After
each mutation was confirmed by sequencing, this was
subcloned inte pMXs of retrovirus vectors by the LR
reaction. Regarding chimera Myc shown in Fig.45, each
fragment was amplified by PCR, PCR was performed using a
mixture as a template depending on each combination, and
this was subcloned into pMXs of retrovirus vectors as
described abcvg-

[0168]

The obtained each retrovirus vector above, and each
retrovirus vector of Sox2, Oct3/4, and Klf4 used in Example
22 were introduced into adult skin-derived fibroblasts
{aHDF-S1c7al) in the same as in Example 25 and, after

retrovirus infection, the number of total colonies and hiPs
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colonies which emerged on 31°" day was counted.

are shown in Fig.46 and Table 15

Table 15)
[01e9]

[Table 135]

Results

(Fig.46 is a graph of
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[01707 .

Both of c-Myc and L-Myc have ldentity near 100% at an
amino acid level in a human and a mouse., S$Since as shown in
Fig.46 and Table 15, human 1PS cell colonies were generated
with human genes (c-Myc and L-Myc) also when mouse genes
(Ms—c-Myc and Ms-L-Myc) were used, it was confirmed that
mouse c-Myc and L-Myc have substantially the same functions
as those of human c¢-Myc and L-Myc.

[0171]
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As- a result of comparing results in various Myc
chimera genes and point mutant genes with those of the
wild-type, when Ms-cL-Myc and Ms-cLo-Myc were used, the iPS
cell colony number is increased as compared with the wild-
type L-Myc (L-Myc) and, particularly, when Ms-cL-Myec was
used, the best results were obtained. In addition, Ffrom
results of peint mutant genes, it was also made clear that
one amino acid (c-Mycd20P and L-MycL351P) at a C-terminus
is very important in both of c-Myc and L-Myc. From the
forgoing results, it was suggested that an important
functional region of Myc in establishment of human iPS
cells is a.part which is 1/3 on the N-terminus of c-Myc,
the central part of L-Mycs, and the C-terminal part of c/L-

Myc.

Industrial Applicability

[0172]

According to the present invention, a process for
generating the safer induced pluripotent stem cells, and
more effective process for generating induced pluripotent

stem cells are provided.
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CLAIMS

1. A process for generating induced pluripotent stem
cells from scomatic cells, comprising the step of
intreoducing the following four or five genes: Oct family
gene, KI1f family gene, Sox family gene, and Lin?8 or a
combination of LinZ28 and Nanog into somatic cells.

2. The process according to claim 1, comprising the step of
introducing the following four genes: Oct3/4, K1f4 Soxz,
and Lin28 into somatic cells.

3. A process for generating induced pluripotent stem cells
from somatic cells, comprising the step of introducing a
combination of the following four or five genes: Cct family
gene, S5Sox family gene, K1f family gene, and 352lll gene or a
combination of Salll and Sall4 into scomatic cells.

4, The process according to claim 3, comprising the step of
introducing a combination of the following four or five
genes: Qct3/4, Sox2, Kif4, and 5alll gene or a combination
of 53111 and Sall4 into somatic cells.

5. The process according to any cne of claims 3 to 4,
comprising the step of introducing LinZ{ gene and/or Nanog
gene in addition to the akove genes into somatic cells.

6. A process for generating induced pluripotent stem
cells from somatic cells, comprising the step of
intreoducing a combination of the following five or six
genes: Qct family gene, Sox family gene, K1f family gene,

L-Myc, and Lin28 and/or Nanog.
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7. The process acceording teo claim 6, comprising the step of
introducing Oct3/4, Sox2, K1f4, L-Myc, and Lin2B8 into
somatic cells,

8. A process for generating induced pluripotent stem cells
in which development of tumor is substantially reduced or
eliminated in the cells or tissues obtained after the
induction of differentiation, comprising the step as
defined in any one of claims 1 to 7.

9. The process according to any one of claims 1 to 5,
comprising the step of introducing Myc family gene into
somatic cells.

10. The process according to claim 9, comprising the step
of introducing ¢-Myc gene into somatic cells.

11. The preocess according to claim 10, comprising the step
of intreducing the following six genes: Oct family gene,
Klf family gene, Sox family gene, c¢-Myc gene, LinZ28 and
Nanog inte somatic cells.

12. The process according to claim 11, comprising the step
of introducing the following six genes: Oct3/4, K1f4, Sox2,
c-Myc, Lin28 and Nanog into somatic cells.

13. The process according to any one of claims 1 to 12,
wherein the somatic cells are somatic cells of mammal
including human.

14. The process according to any one of claims 1 to 12,

wherein the somatic cells are human somatic cells,



