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DESCRIPTION
METHOD FOR PRODUCING RETINAL PIGMENT EPITHELIAL CELLS
[Technical Field]
[0001]

The present invention relates to a method of producing a
retinal pigment epithelial (RPE) cell and the like.
[Background Art]

[0002]

Retinal pigment epithelial cells are pigment epithelial
cells that are present in the outermost layer of retina, and
play an important role in the maintenance of photoreceptor
cells such as phagocytosis of outer segment of photoreceptor
cells and recycle of visual substances, and the like. Age-
related macular degeneration caused by abnormality of retinal
pigment epithelial cells due to aging and the like is an
ophthalmic disease that causes central visual loss or blindness,
and it has been desired to develop an effective method for
treating same. Recently, cell transplantation therapy
supplementing or substituting retinal pigment epithelial cells
has attracted a lot of attention as a novel method for treating
age-related macular degeneration, and it has been expected to
utilize retinal pigment epithelial cells as a grafting material
for cell therapy. To date, while some reports on a method of
inducing differentiation into retinal pigment epithelial cells
using human pluripotent stem cells have been made (nonpatent
documents 1 and 2, patent documents 1, 2, 3 and 4), a more
efficient and convenient production method has been desired,
since a technology for stably producing high-quality retinal
pigment epithelial cells in large amounts is required in
regenerative medicine industry.

[Document List]

[Patent documents]

[0003]

patent document 1: WO 2012/173207
patent document 2: WO 2015/053375
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patent document 3: WO 2015/053376

patent document 4: US 2013/0224156

[non-patent document]

[0004]

non-patent document 1: Stem Cell Reports, 2(2), 205-218 (2014)
non-patent document 2: Cell Stem Cell, 10(6), 771-785 (2012)
[SUMMARY OF THE INVENTION]

[Problems to be Solved by the Invention]

[0005]

In order to stably produce a large amount of retinal
pigment epithelial cells derived from pluripotent stem cells,
when said cells are used for regenerative medicine and the like,
it is urgently needed to develop a more efficient method.
[Means of Solving the Problems]

[0006]

In view of the circumstances, the present inventors
conducted intensive studies, which resulted in the completion
of the present invention.

That is, the present invention relates to the following.
[0007]

[1] A production method of a retinal pigment epithelial cell
comprising the following steps:

(1) a first step for culturing a pluripotent stem cell in a
medium comprising an FGF receptor inhibitor and/or an MEK
inhibitor for a period of not more than 30 days, and

(2) a second step for culturing the cell obtained in the first
step in the presence of a Nodal signal transduction pathway
inhibitor and/or a Wnt signal transduction pathway inhibitor to
form a retinal pigment epithelial cell.

[2] The production method according to the above-mentioned [1],
wherein the first step is performed in serum-free conditions.
[3] The production method according to the above-mentioned [1]
or [2], wherein the first step is performed in the absence of
feeder cells.

[4] The production method according to any of the above-
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mentioned [1] to [3], wherein the medium in the first step
further comprises a factor for maintaining undifferentiated
state.

[5] The production method according to the above-mentioned [4],
wherein the factor for maintaining undifferentiated state is an
FGF signal transduction pathway agonist.

[6] The production method according to the above-mentioned [5],
wherein the FGF signal transduction pathway agonist is bFGF.
[7] The production method according to any of the above-
mentioned [1l] to [6], wherein the FGF receptor inhibitor is at
least one kind selected from the group consisting of PD173074
and SU5402.

[8] The production method according to any of the above-
mentioned [1] to [7], wherein the MEK inhibitor is at least one
kind selected from the group consisting of PD0325901, PD184352,
U0126, TAK-733 and AZD-8330.

[9] The production method according to any of the above-
mentioned [1] to [8], wherein the Nodal signal transduction
pathway inhibitor is an Alk4, 5 or 7 inhibitor.

[10] The production method according to the above-mentioned [9],
wherein the AILK4, 5 or 7 inhibitor is SB431542.

[11] The production method according to any of the above-
mentioned [1] to [10], wherein the Wnt signal transduction
pathway inhibitor is CKI-7. |

[12] The production method according to any of the above-
mentioned [1] to [11], wherein the pluripotent stem cell is a
primate pluripotent stem cell.

[13] The production method according to any of the above-
mentioned [1] to [12], wherein the pluripotent stem cell is a
human pluripotent stem cell.

[14] The production method according to any of the above-
mentioned [1] to [13], wherein the medium in the first step
further comprises a BMP receptor inhibitor.

[15] The production method according to the above-mentioned

[14], wherein the BMP receptor inhibitor is an ALK2/3 inhibitor.
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[16] The production method according to the above-mentioned
[15], wherein the ALK2/3 inhibitor is LDN193189.

[17] The production method according to any of the above-
mentioned [1] to [16], wherein the medium in the first step
further comprises a Sonic hedgehog signal transduction pathway
agonist.

[18] The production method according to the above-mentioned
[17], wherein the Sonic hedgehog signal transduction pathway
agonist is SAG.

[12] The production method according to any of the above-
mentioned [1] to [18], wherein the medium in the first step
further comprises a PKC inhibitor.

[20] The production method according to the above-mentioned
[19], wherein the PKC inhibitor is Go6983.

[21"] The production method according to any of the above-
mentioned [1] to [20], wherein the culture period in the first
step is a period sufficient for inducing gene expression of at
least one of eye field transcription factors and of not more
than 30 days.

[22"] The production method according to any of the above-
mentioned [1] to [20], wherein the culture period in the first
step is a period sufficient for inducing gene expression of at
least one of PAX6, LHX2 and SIX3 and of not more than 30 days.
[21] The production method according to any of the above-
mentioned [1] to [20], [21’] and [22'], wherein the culture
period in the first step is for 2 days - 13 days.

[22] The production method according to any of the above-
mentioned [1] to [21], [21’] and [22’'], wherein the culture
period in the first step is for 4 days - 6 days.

[23] A reagent for evaluating toxicity or efficacy of a test
substance comprising a retinal pigment epithelial cell produced
by the production method according to any of the above-
mentioned [1] to [22], [21'] and [22'].

[24] A method of evéluating toxicity or efficacy of a test

substance comprising contacting a retinal pigment epithelial
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cell produced by the production method according to any of the
above-mentioned [1] to [22], [21’] and [22'] with the substance,
and assaying the effect of the substance on the cells.

[25] An agent for treating a disease based on disorder of
retinal pigment epithelial cells, comprising a retinal pigment
epithelial cell produced by the production method according to
any of the above-mentioned [1] to [22], [21'] and [22'].

[26] A method of treating a disease based on disorder of
retinal pigment epithelial cells, comprising transplanting into
a subject in need thereof an effective amount of retinal
pigment epithelial cells produced by the production method
according to any of the above-mentioned [1] to [22], [21’'] and
[22"].

[27] A retinal pigment epithelial cell produced by the
production method according to any of the above-mentioned [1]
to [22], [21’] and [22’'] for use in the treatment of a disease
based on disorder of retinal pigment epithelial cells.

[28] A pharmaceutical composition comprising a retinal pigment
epithelial cell produced by the production method according to
any of the above-mentioned [1] to [22], [21’] and [22’'] as an
active ingredient.

[Effect of the Invention]

[0008]

The present invention has made it possible to provide a
more efficient method of producing retinal pigment epithelial
cells than existing differentiation induction methods.
Therefore, the method of the present invention is useful in
terms of efficient production of retinal pigment epithelial
cells that can be a grafting material for cell therapy, or a
reagent or material used for evaluating toxicity or efficacy of
a chemical substance and the like.

[Brief Description of the Drawings]
[0009]

Fig. 1 shows photographs of 6-well culture plates after

38-42 days of culture containing iPS cell (201B7 or 1231A3)-
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derived retinal pigment epithelial (RPE) cells produced by a
production method comprising an MEK inhibitor treatment step
using “StemFit®” AKO3 medium or Essential 8 medium. MEKi: MEK
inhibitor (1 uM PD0325901 when “StemFit®” AK03 medium was used;
0.03 uM PD0325901 when Essential 8 medium was used)

Fig. 2 shows (a) photograph, (b) low magnification phase
contrast microscopic image and (c¢) high magnification bright
field microscopic image of a 6-well culture plate after 55 days
of culture containing iPS cell (201B7)-derived RPE cells
produced by a production method comprising an MEK inhibitor
treatment step. MEKi: MEK inhibitor (1 uM PD0325901).

Fig. 3 shows photographs of 6-well culture plates after
38-42 days of culture containing iPS cell (201B7 or 1231A3)-
derived differentiated cells produced by a production method
without an MEK inhibitor treatment step using “StemFit®” AK03
medium or Essential 8 medium.

Fig. 4 shows photographs of 6-well culture plates after
38-42 days of culture containing iPS cell (201B7 or 1231A3)-
derived retinal pigment epithelial (RPE) cells produced by a
production method comprising an FGF receptor inhibitor
treatment step using “StemFit®” AKO3 medium, Essential 8 medium
or StemSure hPSC Medium A w/o bFGF. FGFRi: FGF receptor
inhibitor (100 nM PD173074).

Fig. 5 shows (a) photograph, (b) low magnification phase
contrast microscopic image and (c) high magnification bright
field microscopic image of a 6-well culture plate after 55 days
of culture containing iPS cell (201B7)-derived RPE cells
produced by a production method comprising an FGF receptor
inhibitor treatment step. FGFRi: FGF receptor inhibitor (100
nM PD173074) .

Fig. 6 shows photographs of 6-well culture plates after
38-42 days of culture containing iPS cell (201B7 or 1231A3)-
derived differentiated cells produced by a production method
without an FGF receptor inhibitor treatment step using

“StemFit® AKO3 medium, Essential 8 medium or StemSure hPSC
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Medium A w/o bFEGE.

Fig. 7 shows photographs of 6-well culture plates after
38-47 days of culture containing iPS cell (201B7 or 1231A3)-
derived RPE cells produced by a production method comprising a
step for treating with combination of an MEK inhibitor and/or
an FGF receptor inhibitor with various inhibitors, signal
transduction pathway inhibitors or signal transduction pathway
agonists. For comparison, photographs of 6-well culture plates
containing i1PS cell-derived RPE cells produced by a production
method without an MEK inhibitor treatment step and a production
method comprising an MEK inhibitor treatment step (“untreated”
and “MEKi” in the upper panel of the figure), and photographs
of 6-well culture plates containing iPS cell-derived RPE cells
produced by a production method without an FGF receptor
inhibitor treatment step and a production method comprising an
FGF receptor inhibitor treatment step (“untreated” and “FGFRi”
in the lower panel of the figure) are also shown. MEKi: MEK
inhibitor (1 uM PD0325901), FGFRi: FGF receptor inhibitor (100
nM PD173074), BMPRi: BMP receptor inhibitor (100 nM LDN193189),
Shh ag: Shh signal transduction pathway agonist (30 nM SAG),
PKCi: PKC inhibitor (2 uM Go6983).

Fig. 8 shows (A) a representative photograph of 6-well
culture plate of each scale when results are classified into a
6-point scale of 0 to 5 according to percentage of RPE cells in
a whole well, (B) a summary of the results of productions by a
production method without an MEK inhibitor treatment step
(untreated), a production method comprising an MEK inhibitor
treatment step (MEKi), and production methods comprising a step
for treating with combination of an MEK inhibitor and wvarious
inhibitors or signal transduction pathway inhibitors (MEKi+PKCi,
MEKi+PKCi+BMPRi, MEKi+FGFRi, MEKi+FGFRi+BMPRi, MEKi+FGFRi+PKCi,
MEKi+FGFRi+PKCi+BMPRi), and (C) a summary of the results of
productions by a production method without an FGF receptor
inhibitor treatment step (untreated), a production method

comprising an FGF receptor inhibitor treatment step (FGFRi),
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and production methods comprising a step for treating with
combination of an FGF receptor inhibitor and various inhibitors
or signal transduction pathway inhibitors (FGFRi+PKCi,
FGFRi1i+PKCi+BMPRi, FGFRi+MEKi, FGFRi+MEKi+BMPRi, FGFRi+MEKi+PKCi,
FGFRi+MEKi+PKCi+BMPRi). The vertical axes of the graphs show
percentage of RPE cells in a whole well on a 6-point scale.
The values are shown as mean t standard deviation, n shows the
number of experiments. MEKi: MEK inhibitor (1 uM PD0325901),
FGFRi: FGF receptor inhibitor (100 nM PD173074), BMPRi: BMP
receptor inhibitor (100 nM LDN193189), PKCi: PKC inhibitor (2
UM Go6983) .

Fig. 9 shows photographs of 6-well culture plates after
43 days of culture containing iPS cell (Ff-I01 or QHJIO1)-
derived retinal pigment epithelial (RPE) cells produced by a
production method comprising an MEK inhibitor or FGF receptor
inhibitor treatment step using ”“StemFit®” AKO3N medium (MEKi or
FGFRi). For comparison, photographs of 6-well culture plates
after 43 days of culture containing iPS cell-derived
differentiated cells produced by production methods without an
MEK inhibitor and/or FGF receptor inhibitor treatment step are
also shown (untreated). MEKi: MEK inhibitor (1 uM PD0325901),
FGFRi: FGF receptor inhibitor (100 nM PD173074).

Fig. 10 shows photographs of 6-well culture plates after
48 days of culture containing iPS cell (QHJIO1l)-derived retinal
pigment epithelial (RPE) cells produced by a production method
comprising an MEK inhibitor or FGF receptor inhibitor treatment
step using ”“StemFit®” AKO3N medium (MEKi (PD0325901) or
FGFR1 (PD173074)). Effects of exposure to the inhibitors for 1
day to 6 days were examined. MEKi: MEK inhibitor (1 uM
PD0325901), FGFRi: FGF receptor inhibitor (100 nM PD173074).

Fig. 11 shows photographs of 6-well culture plates after
37 days of culture containing iPS cell (1231A3)-derived retinal
pigment epithelial (RPE) cells produced by a production method
comprising an MEK inhibitor treatment step using ”“Stemrit®”

AKO3N medium (MEKi (PD0325901)). For comparison, a photograph
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of 6-well culture plate after 37 days of culture containing iPS
cell-derived differentiated cells produced by a production
method without an MEK inhibitor treatment step is also shown
(untreated). Effects of exposure to the inhibitor for 1 day, 3
days, 6 days and 13 days were examined. MEKi: MEK inhibitor (1
pM PD0325901).

Fig. 12 shows percentages of iPS cell (Ff-I01 or QHJIO1)-
derived retinal pigment epithelial (RPE) cells, which were
produced by a production method comprising an MEK inhibitor or
FGF receptor inhibitor treatment step using “StemFit®” AKO3N
medium, in a whole well after 43 days of culture, which
percentages are results by visual judgment according to Fig. 8A,
and expression values (Signal) and flags (Detection) of PAX6,
LHX2 and SIX3 upon termination of the first step (MEKi or
FGFR1i). For comparison, results of visual judgment of
percentages of RPE cells in a whole well of iPS cell-derived
differentiated cells produced by a production method without an
MEK inhibitor and/or FGF receptor inhibitor treatment step, and
expression values (Signal) and flags (Detection) of PAX6, LHX2
and SIX3 upon a time corresponding to termination of the first
step are shown (untreated). MEKi: MEK inhibitor (1 uM
PD0325901), FGFRi: FGF receptor inhibitor (100 nM PD173074).

Fig. 13 shows photographs of 6-well culture plates after
36 days or 49 days of culture containing iPS cell (QHJIO1)-
derived retinal pigment epithelial (RPE) cells produced by a
production method comprising an MEK inhibitor or FGF receptor
inhibitor treatment step using ”StemFit®” AKO3N medium (MEKi
(PD0325901) or FGFRi(PD173074)). For comparison, photographs
of 6-well culture plates after 49 days of culture containing
iPS cell-derived differentiated cells produced by a production
method without an MEK inhibitor and/or FGF receptor inhibitor
treatment step are also shown (untreated). Effects of MEK
inhibitor in concentrations of 0.25 uM - 4 uM, or FGF receptor
inhibitor in concentrations of 25 nM - 400 nM were examined.

MEKi: MEK inhibitor (PD0325901), FGERi: FGF receptor inhibitor
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(PD173074) .

Fig. 14 shows photographs of 6-well culture plates after
49 days of culture containing iPS cell (QHJIOl)-derived retinal
pigment epithelial (RPE) cells produced by a production method
comprising an MEK inhibitor or FGF receptor inhibitor treatment
step using ”"StemFit®” AKO3N medium (MEKi (PD0325901) or
FGFRi (PD173074)). Effects of the number of cells plated at the
beginning of the second step (0.2 x 10* - 4.0 x 10 cells/cm?)
were examined. MEKi: MEK inhibitor (1 uM PD0325901), FGFRi:
FGF receptor inhibitor (100 nM PD173074).

Fig. 15 shows photographs of 6-well culture plates after
49 days or 50 days of culture containing iPS cell (QHJIO1l or
1231A3) -derived retinal pigment epithelial (RPE) cells produced
by a production method comprising an MEK inhibitor treatment
step using “StemFit®” AKO3N medium (MEKi (PD0325901), MEKi
(PD184352), MEKi (U0l26), MEKi (TAK-733) or MEKi (AZD-8330)).
For comparison, photographs of 6-well culture plates after 49
days of culture containing iPS cell-derived differentiated
cells produced by a production method without an MEK inhibitor
treatment step are also shown (untreated). MEKi: MEK inhibitor
(1 uyM PD0325901, 1.5 uM, 3 uM or 6 uM PD184352, 5 uM or 10 uM
U0126, 0.3 uM TAK-733, 0.3 uM AZD-8330).

Fig. 16 shows photographs of 6-well culture plates after
49 days of culture containing iPS cell (QHJIO1l or 1231A3)-

‘derived retinal pigment epithelial (RPE) cells produced by a

production method comprising an FGF receptor inhibitor
treatment step using “StemFit®’ AKO3N medium (FGFRi (PD173074),
or FGFRi (SU5402)). For comparison, photographs of 6-well
culture plates after 49 days of culture containing iPS cell-
derived differentiated cells produced by a production method
without an FGF receptor inhibitor treatment step are also shown
(untreated). FGFRi: FGF receptor inhibitor (100 nM PD173074, 5
uM, 10 pM or 20 uM SU5402).

Fig. 17 shows photographs of 12-well culture plates after
43 days of culture containing iPS cell (QHJIOl)-derived retinal
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pigment epithelial (RPE) cells produced by culture in the
presence of a Nodal signal transduction pathway inhibitor
and/or a Wnt signal transduction pathway inhibitor in the
second step after the first step using ”“StemFit®” AKO3N medium
containing an MEK inhibitor (NODALi+WNTi, NODALi or WNTi).
Differentiation-inducing effects of exposure to a Nodal signal
transduction pathway inhibitor or a Wnt signal transduction
pathway inhibitor alone in the second step were examined.
NODALi: Nodal signal transduction pathway inhibitor (5 uM
SB431542), WNTi: Wnt signal transduction pathway inhibitor (3
uM CKI-7).

Fig. 18 shows percentages of iPS cell (201B7)-derived
retinal pigment epithelial (RPE) cells, which were produced by
a production method comprising an MEK inhibitor and BMP
receptor inhibitor treatment step using ”“StemFit®” AKO3N medium,
in a whole well after 39 days of culture, which percentages are
results by visual judgment according to Fig. B8A (upper in the
figure, MEKi for 6 days + BMPR1 for 1 day or MEKi for 6 days
+BMPRi1 for 6 days), and results of comparison of the expression
levels of retinal pigment epithelium markers, BEST1 and MITF,
and a marker in the early stage of eye formation, RAX, after 39
days of culture by a real-time RT-PCR method (lower in the
figure, percentage of RPE cells in a whole well (”3” and “5” of
a 6-point scale)). For comparison, results of visual judgment
of percentages of RPE cells in a whole well of iPS cell-derived
differentiated cells produced by a production method without an
MEK inhibitor and/or BMP receptor inhibitor treatment step
after 39 days of culture (upper in the figure, “untreated”),
and expression levels of BEST1, MITF and RAX (lower in the

figure, percentage of RPE cells in a whole well (“1” of a 6-

- point scale)) are also shown. The gene expression level in

each sample was normalized by the expression level of GAPDH,
and shown as a relative amount when the expression level in iPS
cells cultured under conditions for maintaining

undifferentiated state is defined as 1 for comparison of BESTI1,
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MITF or RAX expression levels (lower in the figure,
“undifferentiated”).

Fig. 19 shows photographs of 6-well culture plates after
43 days of culture containing iPS cell (1231A3)-derived retinal
pigment epithelial (RPE) cells produced by a production method
comprising an MEK inhibitor or FGF receptor inhibitor treatment
step using “StemFit®” AKO3N medium (right in the figure, MEKi
(PD0325901), FGFRi (PD173074)), and results of confirmation of
the expression of retinal pigment epithelium markers RPE65,
BEST1 and CRALBP, and an endogenous control GAPDH after 43 days
of culture by RT-PCR method (left in the figure, MEKi
(PD0325901), FGFRi (PD173074)). For comparison, photographs of
6-well culture plates after 43 days of culture containing iPS
cell-derived differentiated cells produced by a production
method without an MEK inhibitor and/or FGF receptor inhibitor
treatment step (right in the figure, untreated), and results of
RT-PCR for RPE65, BEST1, CRALBP and GAPDH are also shown (left
in the figure, untreated). A primary human RPE was used as a
positive control (left in the figure, hRPE), and iPS cells
cultured under conditions for maintaining undifferentiated
state were used as a negative control (left in the figure,
undifferentiated i1iPSC) for the RT-PCR method.
[Description of Embodiments]
[0010]
1. definition

In the present invention, “pluripotent stem cell” means a
cell having self-renewal ability and pluripotency, a stem cell
capable of being cultured in vitro and having an ability to
differentiate into all of cell lineages belonging to three germ
layers (ectoderm, mesoderm, endoderm) (pluripotency).
[0011]

Examples of the pluripotent stem cell include embryonic
stem cell (ES cell), induced pluripotent stem cell (iPS cell)
and the like. The pluripotent stem cells to be used in the

present invention are mammalian pluripotent stem cells,
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preferably pluripotent stem cells of rodents or primates, more
preferably human pluripotent stem cells. As the mammal here,
primates such as human, monkey and the like, rodents such as
mouse, rat, hamster, guinea pig and the like, and other canine,
cat, swine, bovine, goat, horse, sheep, rabbit and the like can
be mentioned.

[0012]

Embryonic stem cells can be produced by, for example,
culturing an inner cell mass present in the blastocyst stage
embryo before implantation on a feeder cell or in a medium
containing LIF. Specific production methods of embryonic stem
cells are described in, for example, WO 96/22362, WO 02/101057,
Us 5,843,780, US 6,200,806, US 6,280,718 and the like.
Embryonic stem cells are available from given organizations, or
a commercially available product can be purchased. For example,
human embryonic stem cells, KhES-1, KhES-2 and KhES-3, are
available from Kyoto University’s Institute for Frontier
Medical Sciences. EBS cell, which is a mouse embryonic stem
cell, is available from Incorporated Administrative Agency
RIKEN, and D3 cell line, which is a mouse embryonic stem cell,
is available from ATCC.

[0013]

Nuclear transfer ES cell (ntES cell), which is one of the
ES cells, can be established from a clone embryo produced by
transplanting the nucleus of a somatic cell into an enucleated
egg.

[0014]

The “induced pluripotent stem cell” is a cell induced to
have pluripotency by reprogramming a somatic cell by a known
method and the like. Specifically, a cell induced to have
pluripotency by reprogramming somatic cells such as fibroblast,
skin cell, peripheral blood mononuclear cell and the like by
the introduction of any combinations of a plurality of
reprogramming factors selected from genes such as Oct3/4, Sox2,

K1f4, Myc (c-Myc, N-Myc, L-Myc), Glisl, Nanog, Sall4, 1in28,
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Esrrb and the like can be mentioned. Examples of preferable
combination of reprogramming factors can include (1) Oct3/4,
Sox2, Kl1f4, and Myc (c-Myc or L-Myc), and (2) Oct3/4, Sox2,
K1f4, Lin28 and L-Myc (Stem Cells, 2013; 31:458-466).

Induced pluripotent stem cell was first established by
Yamanaka et al. in mouse cell in 2006 (Cell, 2006, 126(4),
pp.663-676) and also established in human fibroblast in 2007
(Cell, 2007, 131(5) pp.861-872; Science, 2007, 318(5858)
pp.1917-1920; Nat. Biotechnol., 2008, 26(1) pp.101-106).
Various improvements have thereafter been made in the induction
method of induced pluripotent stem cells and a specific
production method of, for example, a mouse induced pluripotent
stem cell is described in Cell. 2006 Aug 25; 126(4):663-76, and
that of a human induced pluripotent stem cell is described in
Cell. 2007 Nov 30; 131(5):861-72 and the like.

Besides the production method based on direct
reprogramming by gene expression, induced pluripotent stem cell
can also be obtained from somatic cell by the addition of a
compound and the like (Science, 2013, 341, pp. 651-654).

It is also possible to obtain established induced
pluripotent stem cell and, for example, human induced
pluripotent cell lines established by Kyoto University such as
201B7 cell, 201B7-Ff cell, 253Gl cell, 253G4 cell, 1201C1 cell,
1205D1 cell, 1210B2 cell or, 1231A3 cell and the like are
available from Kyoto University and iPS Academia Japan, Inc.

As the established induced pluripotent stem cell, for example,
Ff-I01 cell and Ff-I14 cell and QHJIOl cell established by
Kyoto University are available from Kyoto University.

[0015]

While the somatic cell used for obtaining induced
pluripotent stem cell is not particularly limited, fibroblast,
blood-lineage cell (e.g., peripheral blood mononuclear cell or
T cell, cord blood-derived cell) and the like can be
specifically mentioned. As the fibroblast, those derived from

dermis and the like can be mentioned.
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[0016]

When induced pluripotent stem cell is produced by
reprogramming by the expression of several kinds of
reprogramming factors, the means for gene expression is not
particularly limited. A gene transfer method or a direct
injection method of protein, which are well known to those of
ordinary skill in the art, can be used. Specific examples of
the aforementioned gene transfer method include an infection
method using a virus vector (e.g., retrovirus vector,
lentivirus vector, Sendaivirus vector, adenovirus vector,
adeno-associated virus vector), a calcium phosphate method,
lipofection method, RetroNectin method, electroporation method,
each using a plasmid vector (e.g., plasmid vector, episomal
vector) or RNA vector, and the like.

[0017]

An induced pluripotent stem cell can be produced in the
presence of a feeder cell or in the absence of feeder cells
(feeder-free). When an induced pluripotent stem cell is
produced in the presence of a feeder cell, the induced
pluripotent stem cell can be produced by a known method in the
presence of a factor for maintaining undifferentiated state.
While a medium to be used for producing an induced pluripotent
stem cell in the absence of feeder cells i1s not particularly
limited, a known maintenance medium for embryonic stem cells
and/or induced pluripotent stem cells, and a medium for
establishing induced pluripotent stem cell under feeder-free
can be used. Examples of the medium for establishing an
induced pluripotent stem cell under feeder-free conditions can
include feeder-free media such as Essential 8 medium (ES8
medium), Essential 6 medium, TeSR medium, mTeSR medium, mTeSR-
E8 medium, Stabilized Essential 8 medium, StemFit (tradeﬁark
registration) and the like. When an induced pluripotent stem
cell is produced, for example, it can be produced by gene
transfer of 4 factors of Oct3/4, Sox2, Kl1f4, and Myc into

somatic cell by using a Sendaivirus vector in the absence of
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feeder cells.
[0018]

The pluripotent stem cell to be used in the present
invention is preferably induced pluripotent stem cell of
rodents or primates, more preferably human induced pluripotent
stem cell.

[0019]

While those of ordinary skill in the art can perform
maintenance culture or expansion culture of pluripotent stem
cells by a well-known method, pluripotent stem cells are
preferably subjected to maintenance culture or expansion
culture under serum-free conditions and in the absence of
feeder cells from the aspects of the safety of graft cell
production and the like.

[0020]

Genetically-modified pluripotent stem cells can be
produced by using, for example, a homologous recombination
technique. Examples of the gene on the chromosome to be
modified include a cell marker gene, a histocompatibility
antigen gene, a gene related to a disease due to a disorder of
pigment epithelial cell and so on. A target gene on the
chromosome can be modified using the methods described in
Manipulating the Mouse Embryo, A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory Press (1994); Gene
Targeting, A Practical Approach, IRL Press at Oxford University
Press (1993); Biomanual Series 8, Gene Targeting, Making of
Mutant Mouse using ES cell, YODOSHA CO., LTD. (1995); and so on.
[0021]

To be specific, for example, the genomic DNA comprising
the target gene to be modified (e.g., cell marker gene,
histocompatibility antigen gene, disease-related gene ahd SO
on) 1s isolated, and a targeting vector used for homologous
recombination of the target gene is produced using the isolated
genomic DNA. The produced targeting vector is introduced into

stem cells and the cells that showed homologous recombination
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between the target gene and the targeting vector are selected,
whereby stem cells having the modified gene on the chromosome
can be produced.

[0022]

Examples of the method for isolating genomic DNA
comprising the target gene include known methods described in
Molecular Cloning, A Laboratory Manual, Second Edition, Cold
Spring Harbor Laboratory Press (1989), Current Protocols in
Molecular Biology, John Wiley & Sons (1987-1997) and so on.

The genomic DNA comprising the target gene can also be isolated
using genomic DNA library screening system (manufactured by
Genome Systems), Universal GenomeWalker Kits (manufactured by
CLONTECH) and so on. A polynucleotide encoding the target
protein can also be used instead of genome DNA. The
polynucleotide can be obtained by amplifying the corresponding
polynucleotide by the PCR method.

[0023]

Production of targeting vector used for homologous
recombination of the target gene, and efficient selection of a
homologous recombinant can be performed according to the
methods described in Gene Targeting, A Practical Approach, IRL
Press at Oxford University Press (1993); Biomanual Series 8,
Gene Targeting, Making of Mutant Mouse using ES cell, YODOSHA
CO., LTD. (1995); and so on. As the targeting vector, any of
replacement type or insertion type can be used. As the
selection method, methods such as positive selection, promoter
selection, negative selection, polyA selection and so on can be
used.

Examples of a method for selecting the desired homologous
recombinant from the selected cell lines include Southern
hybridization method, PCR method and so on for the genomic DNA.
[0024]

The “eye field transcription factor” in the present
invention is a gene expressed 1n the eye field region in an

early developmental stage, and ET(Tbx3), Rxl(Rax), Pax6, Six3,
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Lhx2, Tlx(Nr2el), Optx2(Six6) and the like have been identified.
These eye field transcription factors can be used as markers of
early eye formation stage.

[0025]

The “retinal pigment epithelial cell” in the present
invention means an epithelial cell present on the outside of
neural retinal tissues in retina in vivo. Whether the cell is
a retinal pigment epithelial cell can be easily confirmed by
those of ordinary skill in the art based on, for example, the
expression of cell markers (RPE65, Mitf, CRALBP, MERTK, BEST1l
etc.), presence of melanin granules (brown-black),
intercellular tight junction, characteristic polygonal,
cobblestone-like cell morphology and the like. Whether the
cell has a function of retinal pigment epithelial cell can be
easily confirmed by the secretory capacity of cytokines such as
VEGF and PEDF and the like, and the like.

[0026]

The “suspension culturing” in the present invention
refers to culturing under conditions for maintaining a state in
which cells or cell aggregates are suspended in a culture
medium. That is, culturing is performed under conditions in
which a strong cell-substratum junction is not formed between a
cell or cell aggregate and a culture vessel and the like.

The “adhesion culturing” refers to culturing under
conditions in which a cell or cell aggregate is adhered to a
culture vessel material and the like. In this case, adhesion
of cell means that a strong cell-substratum junction is formed
between a cell or cell aggregate and a culture vessel material.
That is, adhesion culturing refers to culturing under
conditions in which a strong cell-substratum junction is formed
between a cell or cell aggregate and a culture vessel material
and the like.

In a cell aggregate in suspension culture, a planar cell-
cell adhesion is formed. In cell aggregates in suspension

culture, a cell-substratum junction is hardly formed with a
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culture vessel and the like and, even if it is formed, its
contribution is small. In some embodiment, in a cell aggregate
in suspension culture an endogenous cell-substratum junction is
present inside the aggregate, but a cell-substratum junction is
hardly formed with a culture vessel and the like and, even if
it is formed, its contribution is small. The planar cell-cell
adhesion (plane attachment) means that a cell attaches to
another cell via planes. More particularly, the planar cell-
cell adhesion means that, for example, not less than 1%,
preferably not less than 3%, more preferably not less than 5%,
of the surface area of a cell adheres to the surface of another
cell. A surface of a cell can be observed by staining with a
reagent (e.g., DiI) that stains membranes, immunostaining of
cell adhesion molecules (e.g., E-cadherin and N-cadherin).
[0027]

A culture vessel used for adhesion culturing is not
particularly limited as long as “adhesion culturing” can be
performed, and those of ordinary skill in the art can
appropriately select a culture vessel suitable according to the
culture scale, culture conditions and period for the culturing.
Examples of such culture vessel include tissue culture flasks,
culture dishes, tissue culture dishes, multi-dishes,
microplates, micro-well plates, multi-plates, multi-well plates,
chamber slides, schale, tubes, trays, culture bags,
microcarriers, beads, spinner flasks and roller bottles. To
enable adhesion culturing, these culture vessels are preferably
cell-adhesive. Cell-adhesive culture vessels include culture
vessels whose surfaces have been artificially treated to
improve cell adhesiveness, and specifically, a culture vessel
whose inside is coated with a coating agent can be mentioned.
Examples of the coating agent include extracellular matrix such
as laminin [including laminin o5B1yl (hereinafter laminin 511),
laminin olflyl (hereinafter laminin 111) and the like and
laminin fragment (laminin 511E8 etc.)], entactin, collagen,

gelatin, vitronectin, Synthemax (Corning Incorporated),
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Matrigel and the like, or polymer such as polylysine,
polyornithine and the like, and the like. It is also possible
to use a culture container whose surface is processed by a
positive electric charge treatment and the like. More
preferably, a culture vessel coated with laminin 511E8 is used
since stable and efficient induction of retinal pigment
epithelial cells can be performed (WO 2015/053375). As laminin
511E8, a commercially available product (e.g., iMatrix-511,
Nippi) can be used.

[0028]

The culture vessel to be used when performing suspension
culturing is not particularly limited as long as it enables
“culturing in suspension” and those of ordinary skill in the
art can appropriately determine same. Examples of such culture
vessel include flask, tissue culture flask, dish, petri dish,
tissue culture dish, multidish, microplate, microwell plate,
micropore, multiplate, multiwell plate, chamber slide, schale,
tube, tray, culture bag, spinner flask, roller bottle and so on.
To enable suspension culturing, these culture vessels are
preferably non-cell-adhesive. Non-cell-adhesive culture
vessels include culture vessels whose surfaces have not
undergone an artificial treatment for improving the cell
adhesiveness (e.g., coating treatment with extracellular matrix
such as laminin, entactin, collagen, gelatin etc., and the like,
or with polymer such as polylysine, polyornithine etc. and the
like or surface processing such as positive electric charge
treatment and the like), and the like. As a non-cell-adhesive

culture vessel, culture vessels whose surfaces have been

artificially treated to decrease adhesiveness to the cells

(e.g., superhydrophilic treatment with MPC polymer and the like,
protein low adsorption treatment etc.) and the like can be used.
[0029]

The medium to be used for culturing cells in the present
invention can be prepared from a medium generally used for

culturing animal cells as a basal medium. Examples of the
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commercially available basal medium include media that can be
used for culturing animal cells such as BME medium, BGJb medium,
CMRL 1066 medium, Glasgow MEM (GMEM) medium, Improved MEM Zinc
Option medium, IMDM medium, Medium 199 medium, Eagle MEM medium,
oMEM medium, DMEM medium, F-12 medium, DMEM/F-12 medium,
IMDM/F12 medium, Ham medium, RPMI 1640 medium, Fischer’s medium
and the like. A single medium or a combination of two or more
kinds thereof can be used, but the medium is not limited
thereto.

[0030]

The “serum medium” in the present invention means a
medium containing unadjusted or unpurified serum. While a
serum derived from any animal can be used, a serum derived from
mammals such as bovine, human and the like can be preferably
used. When performing culture aiming at autologous
transplantation is performed, the patient’s own serum can also
be used.

The concentration of the serum is not particularly
limited as long as it can efficiently induce differentiation of
retinal pigment epithelial cells. For example, it can be
appropriately set in the range of about 0.5% - 30%(v/v). The
concentration may be constant or may be changed in steps.

[0031]

The “serum-free medium” means a medium not containing an
unadijusted or unpurified serum. In the present invention, a
medium containing purified blood-derived components and animal
tissue-derived components (e.g., growth factor) is also
included in the serum-free medium unless unadjusted or
unpurified serum is contained therein.

The “serum-free conditions” means conditions free of
unadjusted or unpurified serum, specifically, conditions using
a serum-free medium.

[0032]
The serum-free medium may contain a serum replacement.

Examples of the serum replacement include one appropriately
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containing albumin, transferrin, fatty acid, collagen precursor,
trace element, 2-mercaptoethanol or 3’ thiolglycerocl, or
equivalents of these etc., and so on. Such serum replacement
may be prepared by, for example, the method described in WO
98/30679. The serum replacement may be a commercially
available product. Examples of such commercially available
serum replacement include Knockout™ Serum Replacement (Life
Technologies, hereinafter sometimes to be indicated as KSR),
Chemically Defined Lipid Concentrate (manufactured by Life
Technologies) and Glutamax™ (manufactured by Life
Technologies), B27 {(manufactured by Life Technologies), N2
(manufactured by Life Technologies).

[0033]

To avoid complicated preparation, a serum-free medium
added with an appropriate amount (e.g., about 0.5% to about 30%,
preferably about 5% to about 20%) of commercially available KSR
(manufactured by Life Technologies) (e.g., Glasgow MEM medium
added with KSR in the above-mentioned concentration range) may
be used as such serum-free medium.

[0034]

The medium to be used in the present invention may
appropriately contain a fatty acid or lipid, amino acid (e.g.,
non-essential amino acids), vitamin, growth factor, cytokine,
antioxidant, 2-mercaptoethanol, pyruvic acid, buffering agent,
inorganic salts and so on.

[0035]

The medium to be used in the present invention optionally
contains, in addition to those mentioned above, a ROCK (Rho-
associated coiled-coil forming kinase/Rho-associated kinase)
inhibitor to suppress cell death (apoptosis) of the pluripotent
stem cells. As the ROCK inhibitor, Y-27632, Fasudil or H-1152
can be mentioned. The concentration of the ROCK inhibitor can
be appropriately set by those of ordinary skill in the art.

For example, i1t can be set within a concentration range showing

a ROCK inhibitory activity corresponding to about 50 nM - 200
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uM of Y-27632.
[0036]

To avoid contamination with a chemically-undefined
component, a medium to be used in the present invention is
preferably a medium whose components are chemically-defined
(Chemically defined medium; CDM).

[0037]

In the present invention, the culturing is preferably
performed under xeno-free conditions. The “xeno-free” means
conditions eliminating components (protein etc.) derived from
species different from that of the cell to be cultured.

[0038]

In the present invention, the “medium containing
substance X” and “in the presence of substance X” refer to a
medium supplemented with an exogenous substance X or a medium
containing an exogenous substance X, or in the presence of an
exogenous substance X. That is, when the cells present in the
medium endogenously express, secrete or produce substance X,
the endogenous substance X i1s distinguished from the exogenous
substance X, and a medium free of exogenous substance X is
understood to fall outside the category of the “medium
containing substance X”, even when it contains endogenous
substance X.

For example, a “medium containing a FGF signal
transduction pathway agonist” i1s a medium supplemented with an
exogenous FGF signal transduction pathway agonist or a medium
containing an exogenous FGF signal transduction pathway agonist.
[0039]

In the present invention, a “feeder cell” refers to a
cell other than a pluripotent stem cell that co-exists when
culturing the stem cell. Examples of the feeder cells used for
culturing pluripotent stem cells while maintaining
undifferentiated state include mouse fibroblasts (MEF), human
fibroblasts, SNL cells and the like. As the feeder cells,

feeder cells that underwent a growth suppression treatment is

23



10

15

20

25

30

35

preferable. Examples of the growth suppression treatment
include treatment with a growth inhibitor (e.g., mitomycin C),
gamma irradiation and the like. Feeder cells used for
culturing pluripotent stem cells while maintaining
undifferentiated state contributes to the maintenance of
undifferentiation state of pluripotent stem cell by secretion
of a humoral factor (preferably factor for maintaining
undifferentiated state), or production of a scaffold for cell
adhesion (extracellular substrate).

[0040]

In the present invention, in the absence of feeder cells
(feeder-free) means culturing in the absence of feeder cells.
As the absence of a feeder cell, for example, conditions not
added with a feeder cell or substantially free of a feeder cell
(e.g., the ratio of number of feeder cells relative to the
total number of cells is not more than 3%) can be mentioned.
[0041]

2. Production method of retinal pigment epithelial cells

The production method of the present invention is a
method for producing retinal pigment epithelial cells,
comprising the following steps (1) - (2):

(1) a first step for culturing pluripotent stem cells in a
medium containing an FGF receptor inhibitor and/or an MEK
inhibitor for a period not exceeding 30 days, and

(2) a second step for culturing the cells obtained in the first
step in the presence of a Nodal signal transduction pathway
inhibitor and/or a Wnt signal transduction pathway inhibitor to
form retinal pigment epithelial cells.

[0042]

(1) The first step

As a preferable pluripotent stem cell in the first step,
induced pluripotent stem cell, more preferably human induced
pluripotent stem cell can be mentioned. The production method
of induced pluripotent stem cells is not particularly limited,

and it can be produced by a method well known to those of
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ordinary skill in the art as mentioned above. It is also
desirable to perform a step for preparing induced pluripotent
stem cells (that is, a step of reprogramming somatic cells to
establish pluripotent stem cells) under feeder-free condition.
[0043]

Pluripotent stem cell is generally subjected to the first
step after maintenance culturing or expansion culturing. The
maintenance culturing or expansion culturing of pluripotent
stem cells can be performed by a method well known to those of
ordinary skill in the art, preferably in the absence of feeder
cells. While the maintenance and expansion culturing of
pluripotent stem cells can be performed by adhesion culturing
or suspension culturing, it is preferably performed by adhesion
culturing.

[0044]

The maintenance culturing or expansion culturing of
pluripotent stem cells in the absence of feeder cells can be
performed in a medium containing a factor for maintaining
undifferentiated state. The factor for maintaining
undifferentiated state is not particularly limited as long as
it is a substance having an action to suppress differentiation
of pluripotent stem cells. It is generally a factor for
maintaining undifferentiated state derived from a mammal.

Since the factor for maintaining undifferentiated state may
have cross-reactivity among mammal species, a factor for
maintaining undifferentiated state of any mammal may also be
used as long as the undifferentiated state of the pluripotent
stem cells to be cultured can be maintained. Preferably, a
factor for maintaining undifferentiated state of a mammal of
the same species as the cells to be cultured is used.

Examples of the factor for maintaining undifferentiated
state widely used by those of ordinary skill in the art include
a FGF signal transduction pathway agonist, a TGFR family signal
transduction pathway agonist and the like in the case of primed

pluripotent stem cells (e.g., human ES cells, human iPS cells).
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As the FGF signal transduction pathway agonist, fibroblast
growth factors (e.g., bFGF, FGF4, FGF8) can be specifically
mentioned. As the TGFB family signal transduction pathway
agonist, a TGFP signal transduction pathway agonist (e.g.,
TGFBl, TGFB2), a Nodal/Activin signal transduction pathway
agonist (e.g., Nodal, Activin A, Activin B) can be mentioned.
When human pluripotent stem cells (human ES cells, human iPS
cells) are cultured, the factor for maintaining
undifferentiated state is preferably bFGF.

[0045]

The concentration of the factor for maintaining
undifferentiated state in the medium to be used in the
maintenance culturing or expansion culturing of pluripotent
stem cells is a concentration capable of maintaining the
undifferentiated state of the pluripotent stem cells to be
cultured, and can be appropriately determined by those of
ordinary skill in the art. For example, specifically, when
bFGF is used as a factor for maintaining undifferentiated state,
the concentration thereof is generally about 4 - 500 ng/mL,

preferably 10 - 200 ng/mL, more preferably about 30 - 150 ng/mL.

- [004¢6]

As a medium containing a factor for maintaining
undifferentiated state (hereinafter sometimes to be indicated
as a feeder-free medium), a medium commercially available as a
medium for stem cell can also be used as appropriate. For
example, Essential 8 (manufactured by Life Technologies), hESF9
(Proc Natl Acad Sci U s A. 2008 Sep 9; 105(36):13409-14), S-
medium (manufactured by DS Pharma Biomedical), StemPro
(manufactured by Life Technologies), mTeSR1 (manufactured by
STEMCELL Technologies), mTeSR2 (manufactured by STEMCELL
Technologies), TeSR-E8 (manufactured by STEMCELL Technologies)
and the like are commercially available. In addition to these,
StemFit® (manufactured by Ajinomoto Co., Inc.) can be mentioned
as a feeder-free medium under development. Using these media,

maintenance culturing or expansion culturing of pluripotent
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stem cells can be performed.
[0047]

When the pluripotent stem cells that underwent:
maintenance culturing or expansion culturing are recovered,
dispersed pluripotent stem cells are prepared by a dispersion
operation. A dispersion operation of the pluripotent stem
cells may contain mechanical dispersion treatment, cell
dispersion solution treatment, and cell protecting agent
addition treatment. These treatments may be performed in
combination. Preferably, a cell dispersion solution treatment
is performed simultaneously with a cell protecting agent
addition treatment and then a mechanical dispersion treatment
is performed.

As a cell protecting agent to be used for the cell
protecting agent addition treatment, heparin, serum, or serum
replacement can be mentioned. Also, to suppress cell death
induced by dispersion (particularly, cell death of human
pluripotent stem cells), a ROCK inhibitor may be added during
dispersion. As the ROCK inhibitor, Y-27632, Fasudil (HA1l077),
H-1152 and the like can be mentioned.

As a cell dispersion solution to be used for the cell
dispersion treatment, a solution containing any of enzymes such
as trypsin, collagenase, hyaluronidase, elastase, pronase,
DNase, papain and so on, and a chelating agent such as
ethylenediaminetetraacetic acid and so on can be mentioned. A
commercially available cell dispersion solution such as TrypLE
Select (manufactured by Life Technologies) and TrypLE Express
(manufactured by Life Technologies) can also be used.

As a method of mechanical dispersion treatment, a
pipetting treatment or scraping by a scraper can be mentioned.

The dispersed pluripotent stem cells can be seeded in a
new culture container and subjected to the first step.

To suppress cell death induced by dispersion
(particularly, cell death of human pluripotent stem cells), the

pluripotent stem cells may be seeded in a new culture container,

27



10

15

20

25

30

35

maintenance culturing may be continuously performed in the
presence of a ROCK inhibitor, and the first step may be started
thereafter. While the period of the treatment with a ROCK
inhibitor is not particularly limited as long as the cell death
induced by dispersion can be suppressed, it is generally about
12 - 24 hr.
[0048]

The concentration of the pluripotent stem cells when the
first step is started can be appropriately set by those of
ordinary skill in the art. In adhesion culture, it is, for

> to 1x10° cells/cm?, preferably

example, 1.0x10%? cells/cm
2.0x10% cells/cm? to 2x10° cells/cm?, more preferably 5x10?
cells/cm? to 1x10° cells/cm® or 1x10° cells/cm® to 1x10*
cells/cm?.

[0049]

To avoid contamination with a chemically-undefined
component, a medium to be used in the first step is preferably
a medium whose components are chemically-defined.

[00501]

A medium to be used in the first step may be a serum
medium or a serum-free medium. To avoid contamination with a
chemically-undefined component, it is preferably a serum-free
medium.

[0051]

The medium used in the first step optionally contains a
ROCK (Rho-associated coiled-coil forming kinase/Rho-associated
kinase) inhibitor to suppress cell death (apoptosis). As the
ROCK inhibitor, Y-27632, Fasudil or H-1152 can be mentioned.
Only one kind of a ROCK inhibitor may be used or two or more
kinds thereof may be used in combination. While the
concentration of the ROCK inhibitor can be appropriately set by
those of ordinary skill in the art, for example, i1t can be set
within the concentration range showing a ROCK inhibitory
activity corresponding to about 50 nM - 200 uM of Y-27632.
[0052]
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The culturing in the first step may be performed in the
presence of a feeder cell. To avoid contamination of
chemically~undefined components, the culturing is preferably
performed under conditions free of a feeder cell.

[0053]

The medium used in the first step may or may not contain
a foreign factor for maintaining undifferentiated state
irrespective of whether it is culturing in the absence of
feeder cells or in the presence of a feeder cell. The first
step in the present invention is more preferably performed in a
medium containing a factor for maintaining undifferentiated
state and in the absence of feeder cells. The factor for
maintaining undifferentiated state is not particularly limited
as long as it is a substance having an action to suppress
differentiation of pluripotent stem cells. Preferably, it
contains an FGF signal transduction pathway agonist, more
preferably bFGEF.

[0054]

The concentration of the factor for maintaining
undifferentiated state in the medium to be used in the first
step may be in the concentration range of the factor for
maintaining undifferentiated state used for maintenance
culturing or expansion culturing of pluripotent stem cells.
For example, when DbFGF is used as a factor for maintaining
undifferentiated state in the absence of feeder cells, the
concentration thereof is generally about 4 - 500 ng/mL,
preferably 10 - 200 ng/mL, more preferably about 30 - 150 ng/mL.
[0055]

The medium to be used in the first step contains an FGF
receptor inhibitor and/or an MEK inhibitor. The medium can
contain a further component (e.g., any agonist or inhibitor of
signal transduction pathway) as long as the production
efficiency of retinal pigment epithelial cells by the
production method of the present invention is not markedly

decreased (e.g., the same level as or not more than the level
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of efficiency without the first step). For example, the medium
may further contain a BMP receptor inhibitor, a Sonic hedgehog
signal transduction pathway agonist or a PKC inhibitor singly
or in the combination of any of the following (1) - (4): (1)
BMP receptor inhibitor and Sonic hedgehog signal transduction
pathway agonist, (2) BMP receptor inhibitor and PKC inhibitor,
(3) Sonic hedgehog signal transduction pathway agonist and PKC
inhibitor, (4) BMP receptor inhibitor, Sonic hedgehog signal
transduction pathway agonist and PKC inhibitor.

[0056]

In the present invention, FGF receptor inhibitor is not
particularly limited as long as it is a substance capable of
suppressing signal transduction mediated by FGF, and may be any
of protein, nucleic acid and low-molecular-weight compound.

FGF here forms a family containing at least 22 species. As the
representative FGF receptor, FGFR1, FGFRZ, FGFR3, FGFR4 and the
like can be mentioned, and the FGF receptor inhibitor is a
substance that inhibits one, a plurality or all of these.
Examples of the substance include, but are not limited to, a
substance that directly acts on FGF or FGF receptor (e.g.,
antibody, aptamer etc.), a substance that suppresses expression
of a gene encoding FGF or FGF receptor (e.g., antisense
oligonucleotide, siRNA etc.), a substance that inhibits binding
of FGF receptor and FGF (e.g., soluble FGF receptor, EGF
antagonist etc.), a substance that inhibits physiological
activity caused by signal transduction by FGF receptor [for
example, low-molecular-weight compounds such as PD173074 (N-[2-
[[4- (Diethylamino)butyl]amino]-6-(3,5-
dimethoxyphenyl)pyrido[2,3-d]pyrimidin-7-y1]-N’'-(1,1-
dimethylethyl)urea), SU5402 (2-[(1l,2-Dihydro-2-oxo-3H-indol-3-
ylidene)methyl]-4-methyl-1H-pyrrole-3-propanocic acid) and the
like] that inhibit tyrosine kinase activity of FGF receptor by
ATP competition. Only one kind of the substance may be used or
two or more kinds thereof may be used in combination. PD173074

and SU5402 are known FGF receptor inhibitors, and a

30



10

15

20

25

30

35

commercially available product and the like can be obtained as
appropriate. As the FGF receptor inhibitor, preferred is, for
example, PD173074 or SU5402.

[0057]

In the present invention, the concentration of the FGF
receptor inhibitor contained in the medium is not particularly
limited as long as retinal pigment epithelial cells can be
produced by the method of the present invention, and can be
appropriately determined by those of ordinary skill in the art
according to the kind of the FGF receptor inhibitor. For
example, the concentration of the FGF receptor inhibitor is in
a concentration range showing an FGF receptor inhibitory
activity corresponding to 1 - 1000 nM, preferably 10 - 500 nM,
more preferably 25 nM - 400 nM, particularly preferably 30 -
300 nM, of PD173074. For example, a concentration range of 0.1
- 500 uM, preferably 1 - 100 puM, more preferably 5 - 20 uM, of
SU5402 can be mentioned. The concentration may be constant
through the first step or may be varied in steps as long as
retinal pigment epithelial cells can be produced by the method
of the present invention.

[0058]

In the present invention, the MEK inhibitor is not
particularly limited as long as it is a substance that inhibits
expression or activity of MEK family, and may be any of protein,
nucleic acid and low-molecular-weight compound. As the
representative MEK family, MEK1, MEK2, MEK3 and the like can be
mentioned, and the MEK inhibitor is a substance that inhibits
the expression or activity of one, a plurality or all of these
MEK families. Examples of the substance include, but are not
limited to, a substance that suppresses expression of a gene
encoding various MEK (e.g., antisense oligonucleotide, siRNA
etc.), a substance that inhibits enzyme activity of various MEK
[low-molecular-weight compounds such as PD0325901 (N-[(2R)-2,3-
Dihydroxypropoxy]-3,4-difluoro-2~[ (2-fluoro-4-
iodophenyl)amino] -benzamide), PD184352 ((2-[(2-Chloro-4-
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iodophenyl)amino] -N-cyclopropylmethoxy) -3, 4~difluorobenzamide),
PD98059 (2'-Amino-3’-Methoxyflavone), U0126 (1,4-Diamino-2,3-
dicyano-1,4~-bis[2-aminophenylthio]butadiene), MEK162 (5-[(4-
Bromo-2-fluorophenyl)amino] -4-fluoro-N-(2-hydroxyethoxy) -1-
methyl~1H~benzimidazole~6-carboxamide), SL327 (o-[Amino[ (4-
aminophenyl)thio]lmethylene] -2~
(trifluoromethyl)benzeneacetonitrile), TAK-733 ((R)-3-(2,3-
dihydroxypropyl)-6-fluoro-5-(2-fluoro-4-iodophenylamino) -8-
methylpyrido [2,3-d] pyrimidine-4,7 (3H, 8H)-dione) or AZD-8330
(2-(2-fluoro-4-iodophenylamino) -N- (2-hydroxyethoxy) -1, 5-
dimethyl—6—oxo—l,6—dihydropyridine—3—carboxémide) and the like]
and the like. Only one kind of the substance may be used or
two or more kinds thereof may be used in combination.
PD0325901, PD184352, PD98059, UOl26, MEK1l62, SL327, TAK-733 and
AZD-8330 are known MEK inhibitors, and a commercially available
product and the like can be obtained as appropriate. As the
MEK inhibitor, preferred is, for example, PD0325901, PD184352,
U0126, TAK-733 or AZD-8330.

[0059]

In the present invention, the concentration of the MEK
inhibitor contained in the medium is not particularly limited
as long as retinal pigment epithelial cells of mammals can be
produced by the method of the present invention, and can be
appropriately determined by those of ordinary skill in the art
according to the kind of the MEK inhibitor. For example, the
concentration of the MEK inhibitor is in a concentration range
showing an MEK inhibitory activity corresponding to 0.001 - 10
uM, preferably 0.00S - 5 uM, more preferably 0.1 - 4 uM, more
preferably 0.25 - 4 uM, particularly preferably 0.25 - 2 uM, of
PD0325901. For example, a concentration range of 0.01 - 20 uM,
preferably 0.1 - 10 uM, more preferably 1.5 - 6 uM, of PD184352
can be mentioned. The concentration may be constant through
the first step or may be varied in steps as long as retinal
pigment epithelial cells can be produced by the method of the

present invention.
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[0060]

In the present invention, BMP receptor inhibitor is not
particularly limited as long as it is a substance capable of
suppressing signal transduction mediated by BMP, and may be any
of protein, nucleic acid and low-molecular-weight compound. As
the representative BMP, BMP2, BMP4, BMP7, GDF7 and the like can
be mentioned. The BMP receptor (BMPR) here is present as a
heterodimer of TYPE I receptor (ALK ({(activin receptor-like
kinase)-1, ALK-2, ALK-3, ALK-6) and TYPE II receptor (ActRII,
BMPRII). Examples of the BMP receptor inhibitor include, but
are not limited to, a substance that directly acts on BMP or
BMP receptor (e.g., antibody, aptamer etc.), a substance that
suppresses expression of a gene encoding BMP or BMP receptor
(e.g., antisense oligonucleotide, siRNA etc.), a substance that
inhibits binding of BMP receptor and BMP (e.g., soluble BMP
receptor, BMP antagonist etc.), a substance that inhibits
physiological activity caused by signal transduction by BMP
receptor [low-molecular-weight compounds such as LDN193189 (4-
[6- (4-Piperazin-1l-ylphenyl)pyrazolo[l,5-alpyrimidin-3-
yllguinoline) or Dorsomorphin (6-[4-[2-(1-
Piperidinyl)ethoxy]phenyl]-3-(4-pyridinyl)-pyrazolo[1l,5-
alpyrimidine) and the like, and the like] and the like. Only
one kind of the substance may‘be used or two or more kinds
thereof may be used in combination. LDN193189 and Dorsomorphin
are known BMP TYPE I receptor inhibitors, and a commercially
available product and the like can be obtained as appropriate.
As the BMP receptor inhibitor, preferred is, for example,
LDN193189.

[0061]

The Sonic hedgehog (hereinafter sometimes to be indicated
as Shh) signal transduction pathway agonist in the present
invention is not particularly limited as long as it is a
substance capable of enhancing signal transduction mediated by
Shh, and may be any of protein, nucleic acid and low-molecular-

weight compound. Examples of the Shh signal transduction
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pathway agonist include, but are not limited to, proteins
belonging to the Hedgehog family (e.g., Shh and Ihh), Shh
receptor, Shh receptor agonist [low-molecular-weight compounds
such as Purmorphamine (9-Cyclohexyl-N-[4- (4-
morpholinyl)phenyl]-2-(l-naphthalenyloxy)-9H-purin-6-amine), or
SAG (Smoothened Agonist; N-Methyl-N’-(3-pyridinylbenzyl)-N’-(3-
chlorobenzo[b]thiophene-2-carbonyl) -1, 4-diaminocyclohexane) and
the like, and the like] and the like. Only one kind of the
substance may be used or two or more kinds thereof may be used
in combination. Purmorphamine and SAG are known Shh signal
transduction pathway agonists, and a commercially available
product and the like can be obtained as appropriate. As the
Shh signal transduction pathway agonist, preferred is, for
example, SAG.

[0062]

In the present invention, PKC inhibitor is not
particularly limited as long as it is a substance capable of
inhibiting expression or activity of protein kinase C (PKC),
and may be any of protein, nucleic acid and low-molecular-
weight compound. PKC here is a protein family constituted of
at least 10 kinds of isozymes, and the PKC inhibitor is a
substance that inhibits the expression or activity of one, a
plurality or all of these PKC families. Examples of the
substance include, but are not limited to, a substance that
suppresses expression of a gene encoding PKC (e.g., antisense
oligonucleotide, siRNA etc.), a substance that inhibits enzyme
activity of PKC [for example, low-molecular-weight compounds
such as Go6983 (3-[1-[3-(Dimethylamino)propyl]-5-methoxy-1H~-
indol-3-yl]-4-(1H-indol-3-yl)~-1H-pyrrole-2,5-dione) and the
like, and the like] and the like. Only one kind of the
substance may be used or two or more kinds thereof may be used
in combination. Go6983 is a known PKC inhibitor, and a
commercially available product and the like can be obtained as
appropriate. As the PKC inhibitor, preferred is, for example,

Go6983.
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[0063]

In the present invention, the concentration of the BMP
receptor inhibitor, Sonic hedgehog signal transduction pathway
agonist and PKC inhibitor contained in the medium can be
appropriately determined by those of ordinary skill in the art
to fall within a range capable of producing retinal pigment
epithelial cells by the method of the present invention. For
example, the concentration of the BMP receptor inhibitor is in
a concentration range showing a BMP receptor inhibitory
activity corresponding to 1 - 1000 nM, preferably 10 - 500 nM,
more preferably 30 - 300 nM, of LDN193188. The concentration
of the Shh signal transduction pathway agonist is in a
concentration range showing an Shh signal transduction action
corresponding to 1 - 2000 nM, preferably 3 - 1000 nM, more
preferably 10 - 500 nM, of SAG. The concentration of the PKC
inhibitor is a concentration range showing a PKC inhibitory
activity corresponding to 0.05 - 20 uM, preferably 0.2 - 10 uM,
more preferably 0.5 - 5 uM, of Go6983.

The concentration may be constant through the first step
or may be varied in steps as long as retinal pigment epithelial
cells can be produced by the method of the present invention.
[0064]

In the first step, the pluripotent stem cells may be
cultured under any conditions of suspension culturing and
adhesion culturing, preferably adhesion culturing.

[0065]

The culture vessel to be used for adhesion culturing
pluripotent stem cells is not particularly limited as long as
it enables adhesion culturing of cells. It is preferably a
cell-adhesive culture vessel. As the cell-adhesive culture
vessel, a culture vessel artificially treated to improve cell
adhesiveness can be used, and specifically, the aforementioned
culture vessel whose inside is coated with a coating agent can
be mentioned. Examples of a preferable coating agent include

extracellular matrix such as laminin [including laminin o5B1y1l
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(laminin 511), laminin «olflyl (laminin 111) and the like and
laminin fragment (laminin 511E8 etc.)], entactin, collagen,
gelatin, vitronectin, Synthemax (Corning Incorporated),
Matrigel and the like, and the like or polymers such as
polylysine, polyornithine and the like, and the like, with
laminin 511E8 being more preferred (WO 2015/053375). Laminin
511E8 can be a commercially available product (e.g., iMatrix-
511, Nippi).

[0066]

The culture vessel to be used for suspension culturing
pluripotent stem cells is not particularly limited as long as
it enables culturing of cells in suspension. It is preferably
non-cell-adhesive.

[0067]

The culture conditions such as culture temperature, and
CO, concentration in the first step can be appropriately
determined. While the culture temperature is not particularly
limited, it is, for example, about 30°C to 40°C, preferably
about 37°C. The CO; concentration is, for example, about 1% to
about 10%, preferably about 5%.

[0068]

The medium can be exchanged in the middle of the first
step. The method of medium exchange is not particularly
limited, and the whole amount of the original medium may be
exchanged with a fresh medium or only a part of the original
medium may be exchanged with a fresh medium. When a part of
the original medium is exchanged with a fresh medium, the final
concentrations of the substances (MEK inhibitor, FGF receptor
inhibitor etc.) contained in the first step are first
calculated, and then a fresh medium containing the substances
at concentrations corresponding to the ratio of the medium to
be exchanged is prepared and exchanged with the medium. The
final concentrations of the substances contained in the first
step may be changed during the culturing.

While the tool used for the medium exchange operation is
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not particularly limited, for example, pipetter, micropipette,
multichannel micropipette, continuous dispenser, and the like
can be mentioned. For example, when a 96 well plate is used as
a culture vessel, a multi-channel Pipetman may be used.

[0069]

The number of days of the first step is not particularly
limited as long as it is within the period when the cells
produced by exposure of pluripotent stem cells to the above-
mentioned FGF receptor inhibitor and/or MEK inhibitor and the
like maintain differentiation potency into retinal pigment
epithelial cells. The pluripotent stem cells in the first step
are cultured for a period not exceeding 30 days. The period
may vary according to the line of the pluripotent stem cells to
be used and the like. It is generally not less than 2 days,
preferably not less than 3 days, more preferably not less than
4 days. In the first step, pluripotent stem cells are more
preferably cultured for 2 days - 13 days or 2 days - 6 days,
further preferably 4 days - 6 days.

[0070]

The number of days of the first step may also be
determined using, as an index, a particular marker expressed in
the pluripotent stem cells treated with the above-mentioned FGF
receptor inhibitor and/or MEK inhibitor. Specifically, for
example, the culturing of the first step is performed for a
period sufficient to induce expression of markers in the early
stage of eye formation such as PAX6 (Paired box protein 6),
LHX2 (LIM homeobox 2) and SIX3 (SIX homeobox 3) and the like,
specifically, at least one gene of the eye field transcription
factors, and then the second step can be performed. That is,
examples of the “period not exceeding 30 days” in the first
step include “a period sufficient for inducing expression of at
least one marker in the early stage of eye formation,
specifically, eye field transcription factor and of not more
than 30 days” and “a period sufficient for inducing gene

expression of at least one of PAX6, LHX2 and SIX3 and of not
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more than 30 days”. In these embodiments, the upper limit of
the culture period is, for example, a period not exceeding 30
days, a period not exceeding 13 days, or a period not exceeding
6 days or the like.

Whether a given culture period under given culture
conditions is “a period sufficient for inducing expression of
at least one marker in the early stage of eye formation,
specifically, eye field transcription factor” or “a period
sufficient for inducing gene expression of at least one of PAX6,
LHX2 and SIX3” can be determined by confirming whether
expression of at least one of these genes can be significantly
detected as compared to the untreated control, in a cell
population after culturing for the period under the conditions.
Those of ordinary skill in the art can detect expression of
these genes by a method such as Northern blot, RT-PCR,
microarray and the like.

[0071]

PAX6, LHX2 and SIX3 are genes encoding an eye field
transcription factor expressed in the eye field region in an
early developmental stage and respectively specified as Genbank
Accession No.:NM 001127612, Genbank Accession No.:NM 004789,
Genbank Accession No.:NM 005413 as human genes. These genes in
other animal species such as mouse and the like can be easily
specified by those of ordinary skill in the art, and can be
specified from, for example, base sequences of genes recited in
http://www.ncbi.nlm.nih.gov.

[0072]

That is, in one embodiment of the present invention, a
production method of retinal pigment epithelial cells including
the following steps is provided.

(1) a first step for culturing a pluripotent stem cell in a
medium comprising an FGF receptor inhibitor and/or an MEK
inhibitor for a period sufficient for inducing gene expression
of at least one eye field transcription factor, and

(2) a second step for culturing the cell obtained in the first
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step in the presence of a Nodal signal transduction pathway
inhibitor and/or a Wnt signal transduction pathway inhibitor to
form a retinal pigment epithelial cell.

[0073]

That is, in another embodiment of the present invention,
a production method of retinal pigment epithelial cells
including the following steps is provided.

(1) a first step for culturing a pluripotent stem cell in a
medium comprising an FGF receptor inhibitor and/or an MEK
inhibitor for a period sufficient for inducing gene expression
of at least one of PAX6, LHX2 and SIX3, and

(2) a second step for culturing the cell obtained in the first
step in the presence of a Nodal signal transduction pathway
inhibitor and/or a Wnt signal transduction pathway inhibitor to
form a retinal pigment epithelial cell.

[0074]

When the first step is performed by adhesion culture,
cells can also be recovered by dissociating the cells from the
culture vessel.

[0075]

A method for dissociating the cells from the culture
vessel 1s not particularly limited as long as it is generally
known as a method for dissociating cells. A cell dissociation
solution containing enzyme such as trypsin and the like can be
used. Also, a commercially available cell dissociation
solution [TrypLE select (Life Technologies) and the like] can
also be used. The dissociated and recovered cells are
generally washed with PBS (Phosphate Buffered Saline) and/or a
medium used in the second step, and then used in the second
Step.

[0076]

The cells obtained in the first step can be passaged
(maintenance culture), stored as an intermediate for production
of retinal pigment epithelial cells, or subjected to other

treatment as long as their differentiation state and survival
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state are maintained. A method for cryopreserving the cells
obtained in the first step/is not particularly limited as long
as it is generally known as a method for cryopreserving cells.
For example, the cells obtained in the first step may be
suspended in a medium containing a cryoprotective agent such as
DMSC or glycerin and the like and cryopreserved. In addition,
a commercially available cell cryopreservation solution
[StemCellBanker (Zencaq)] can also be used.

[0077]

(2) The second step

The second step in which the cells obtained in the first
step are cultured in the presence of a Nodal signal
transduction pathway inhibitor and/or a Wnt signal transduction
pathway inhibitor to form a retinal pigment epithelial cell 1is
explained below.

[0078]

The concentration of the cells when the second step is
started can be appropriately set by those of ordinary skill in
the art. It is, for example, 1.0x10? cells/cm® to 2x10°
cells/cm?, preferably 3x10? cells/cm® to 1x10° cells/cm?, more
preferably 1x10° cells/cm? to 2x10° cells/cm?, further
preferably 2x10° to cells/cm® to 4x10* cells/cm?, in the case of
adhesion culture.

[0079]

The medium to be used in the second step is not
particularly limited as long as it is as described in the
above-mentioned section of definition. The medium to be used
in the second step may be a serum-containing medium or serum-
free medium. To avoid contamination of chemically-undefined
components, a serum-free medium is preferably used in the
present invention. To avoid complicated preparation, for
example, a serum-free medium supplemented with an appropriate
amount of a commercially available serum replacement such as
KSR and so on (e.g., Glasgow MEM medium supplemented with KSR

at a concentration range of 0.5% to 30%) can be used.
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[0080]

The medium to be used in the second step may optionally
contain a ROCK (Rho-associated coiled-coil forming kinase/Rho-
associlated kinase) inhibitor to suppress cell death (apoptosis).
As the ROCK inhibitor, Y-27632, Fasudil or H-1152 can be
mentioned. The concentration of the ROCK inhibitor can be
appropriately set by those of ordinary skill in the art. For
example, it can be set within the concentration range showing a
ROCK inhibitory activity corresponding to about 50 nM - 200 uM
of Y-27632.

[0081]

In the method of the present invention, the Nodal signal
transduction pathway inhibitor is not particularly limited as
long as it can suppress signal transduction mediated by Nodal,
and may be any of protein, nucleic acid and low-molecular-
weight compound. The signal mediated by Nodal is transduced
via a Nodal receptor. The Nodal receptor is present as a
heterodimer of TYPE I receptor (ALK (activin receptor-like
kinase) -4, ALK-5, ALK-7) and TYPE II receptor (ActRII).
Examples of the Nodal signal transduction pathway inhibitor
include, but are not limited to, a substance that directly acts
on Nodal or Nodal receptor (anti-Nodal antibody, anti-Nodal
receptor antibody etc.), a substance that suppresses expression
of a gene encoding Nodal or Nodal receptor (e.g., antisense
oligonucleotide, siRNA etc.), a substance that inhibits binding
of Nodal receptor and Nodal (Lefty-A, Lefty-B, Lefty-1, Lefty-2,
soluble Nodal receptor etc.), a substance that inhibits
physiological activity caused by signal transduction by Nodal
receptor [low-molecular-weight compounds such as SB-431542
(SB431542) (4-[4-(1,3-Benzodioxol-5-yl)-5-(pyridin-2-yl)-1H-
imidazol-2-yl]lbenzamide) that inhibits kinase activity of TYPE
I receptor by ATP competition and the like, and the like] and
the like. SB-431542 is a known Nodal signal inhibitor and is
appropriately available as a commercially available product and

the like. As the Nodal signal inhibitor, preferred is, for
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example, SB-431542.
[0082] ,

In the method of the present invention, the Wnt signal
transduction pathway inhibitor is not particularly limited as
long as it can suppress signal transduction mediated by Wnt,
and may be any of protein, nucleic acid, low-molecular-weight
compound and the like. The signal mediated by Wnt is
transduced via a Wnt receptor present as a heterodimer of
Frizzled (Fz) and LRP5/6 (low-density lipoprotein receptor-
related protein 5/6). Examples of the Wnt signal transduction
pathway inhibitor include, but are not limited to, a substance
that directly acts on Wnt or Wnt receptor (anti-Wnt antibody,
anti-Wnt receptor antibody etc.), a substance that suppresses
expression of gene encoding Wnt or Wnt receptor (e.g.,
antisense oligonucleotide, siRNA etc.), a substance that
inhibits binding of Wnt receptor and Wnt (soluble Wnt receptor,
dominant negative Wnt receptor etc., Wnt antagonist, Dkkl,
Cerberus protein etc.), a substance that inhibits physiological
activity caused by signal transduction by Wnt receptor [low-
molecular-weight compounds such as casein kinase I inhibitors
CKI-7 (N-(2-Aminoethyl)-5-chloroisoquinoline-8-sulfonamide) and
D4476 (4-[4-(2,3-Dihydro-1,4-benzodioxin-6-yl)-5-(2-pyridinyl)-
1H-imidazol-2-yl]lbenzamide), IWR-l-endo (IWRle) (4-

[ (3aR,4S,7R,7a8)-1,3,3a,4,7,7a-hexahydro-1, 3-dioxo-4, 7-methano-
2H-isoindol-2-yl]-N-8-quinolinyl-benzamide) that stabilizes f-
catenin destruction complex by inhibiting metabolic turnover of
Axin, and -IWP-2 (N-(6-Methyl-2-benzothiazolyl)-2-[(3,4,6,7-
tetrahydro-4-oxo-3-phenylthieno([3,2-d]pyrimidin-2-
yl)thio]acetamide) that inactivates Porcupine (Porcn) as a

membrane-bound O-acyltransferase (MBOAT) and suppresses

palmitoylation of Wnt protein and the like, and the like] and

the like. CKI-7, D4476, IWR-l-endo (IWRle), IWP-2 and the like
are known Wnt signal inhibitors, and commercially available
products and the like are available as appropriate. A

preferable Wnt signal inhibitor is CKI-7.
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[0083]

In the second step, Nodal signal transduction pathway
inhibitor or Wnt signal transduction pathway inhibitor can be
used singly but preferably, they are used in combination.

[0084]

In the present invention, the concentrations of the Nodal
signal transduction pathway inhibitor and Wnt signal
transduction pathway inhibitor contained in the medium can be
appropriately determined by those of ordinary skill in the art
to fall within a range capable of producing retinal pigment
epithelial cells by the method of the present invention. For
example, when SB-431542 is used as the Nodal signal
transduction pathway inhibitor, the concentration thereof is
generally 0.01 - 50 uM, preferably 0.1 - 10 pM, more preferably
5 pM; when CKI-7 is used as the Wnt signal transduction pathway
inhibitor, the concentration thereof is generally 0.01 - 30 uM,
preferably 0.1 - 30 uM, more preferably 3 pM.

The concentration may be constant through the second step
or may be varied in steps as long as retinal pigment epithelial
cells can be produced by the method of the present invention.
[0085]

The culturing in the second step may be performed under

any conditions of suspension culturing and adhesion culturing,

‘preferably adhesion culturing.

[0086]

While a culture vessel used for adhesion culturing in the
second step is not particularly limited as long as adhesion
culturing of cells can be performed, a cell-adhesive culture
vessel 1s preferable. As the cell-adhesive culture vessel,
culture vessels artificially treated to improve cell
adhesiveness can be used, and specifically, the above-mentioned
culture vessel whose inside is coated with a coating agent can
be mentioned. Preferable examples of the coating agent include
extracellular matrix such as laminin [including laminin «o5p1lyl

(laminin 511), laminin olflyl (laminin 111) and the like and
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laminin fragment (laminin 511E8 etc.)], entactin, collagen,
gelatin, vitronectin, Synthemax (Corning Incorporated),
Matrigel and the like, or polymer such as polylysine,
polyornithine and the like, and the like. More preferred is
laminin 511E8 (WO 2015/053375). As laminin 511E8, a
commercially available product (e.g., iMatrix-511, Nippi) can
be used.

[0087]

The culture vessel to be used for suspension culturing in
the second step is not particularly limited as long as it
enables culturing of cells in suspension. It is preferably
non-cell-adhesive.

[0088]

The culture conditions such as culture temperature, CO,
concentration and so on in the second step can be appropriately
determined. The culture temperature is, for example, about
30°C to about 40°C, preferably about 37°C. The CO,
concentration is, for example, about 1% to about 10%,
preferably about 5%.

[0089]

The medium can be exchanged as appropriate in the middle
of the second step. The method of medium exchange is not
particularly limited, and the whole amount of the original
medium may be exchanged with a fresh medium or only a part of
the original medium may be exchanged with a fresh medium. When
a part of the original medium is exchanged with a fresh medium,
the final concentrations of the substances (Nodal signal
transduction pathway inhibitor, Wnt signal transduction pathway
inhibitor, KSR etc.) contained in the second step are first
calculated, and then a fresh medium containing the substances
at concentrations corresponding to the ratio of the medium to
be exchanged may be prepared and exchanged with the medium.

The final concentrations of the substances contained in the
second step may be changed during the culturing.

While the tool used for the medium change operation is
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not particularly limited, for example, pipetter, micropipette,
multichannel micropipette, continuocus dispenser, and the like
can be mentioned. For example, when a 96 well plate is used as
a culture vessel, a multichannel pipette may be used.

[0090]

A culture period of the second step is not particularly
limited as long as it is a period capable of inducing retinal
pigment epithelial cells of interest. As an example of such
culture period, retinal pigment epithelial cells can be
produced generally on days 14 - 40 calculating from the start
of the second step.

Those of ordinary skill in the art can confirm the
generation of retinal pigment epithelial cells based on the
expression of a cell marker (RPE65 (retinal pigment epithelial
cells), Mitf (retinal pigment epithelial cells) BEST1 (retinal
pigment epithelial cells), CRALBP (retinal pigment epithelial
cells) and the like), presence of melanin granules (brown-
black), intercellular tight junction, characteristic polygonal
or cobblestone-like cell morphology and the like, and the
culture period can also be determined by confirming them.
[0091]

After the completion of the second step, it is preferable
to exchange the medium with a maintenance medium for retinal
pigment epithelial cells (hereinafter sometimes to be indicated
as RPE maintenance medium) and further culture same. As a
result, a melanin dye-deposited cell population and a polygonal
flat cell population adhered to the basal lamina can be
observed more clearly. Culturing in an RPE maintenance medium
is not limited as long as a colony of retinal pigment
epithelial cells can be formed. For example, the cells are
further cultured for about 5 - 20 days while exchanging the
total amount of the medium is exchanged at a frequency of not
less than once in 3 days.

[0092]

As the maintenance medium for retinal pigment epithelial

45



10

15

20

25

30

35

cells, for example, those described in IOVS, March 2004, Vol.
45, No. 3, Masatoshi Haruta, et. al., IOVS, November 2011, Vol.
52, No. 12, Okamoto and Takahashi, J. Cell Science 122 (17),
Fumitaka Osakada, et. al., IOVS, February 2008, Vol. 49, No. 2,
Gamm, et. al. can be used, which are constituted of a basal
medium, a serum and/or a serum replacement, and other
components.

The basal medium is not particularly limited as long as
it is as described in the above-mentioned section of definition.
As the serum, a serum derived from a mammal such as bovine,
human and the like can be used. In the present invention, a
serum replacement is preferably used, and B27, which is a serum
replacement for nerve cells, is particularly preferable from
the aspect of quality management of the cell of interest.
Examples of other components include L-glutamine, penicillin
sodium, streptomycin sulfate and the like.

[0093]

A highly pure retinal pigment epithelial cell can be
obtained by a concentration or purification operation after
completion of the second step. The concentration or
purification method is not particularly limited as long as it
is generally known as a method of concentrating/purifying cells
and, for example, methods such as filtration (e.g., WO
2015/053376), centrifugation, perfusion separation, flow
cytometry separation, trap separation by antibody immobilized
carrier and the like can be used.

[0094]

The production method of the present invention may
contain a step for amplifying retinal pigment epithelial cells
after completion of the second step. For example, retinal
pigment epithelial cells can be expanded by the method
described in WO 2015/053375. According to the expansion method
described in WO 2015/053375, cells insufficient in the
differentiation induction which is contained in the cultured

cells and the like can be eliminated by selection, and
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byproducts other than the retinal pigment epithelial cells can
be relatively decreased. Therefore, the expansion step can
also be a purification step of the retinal pigment epithelial
cells.

[0095]

When retinal pigment epithelial cells are produced by
suspension culture in the second step, the retinal pigment
epithelial cells can be recovered as single cells and can be
utilized after preparing as a suspension.

When retinal pigment epithelial cells are produced by
adhesion culture in the second step, the retinal pigment
epithelial cells can be adhered to each other to form a sheet-
like structure. Therefore, a sheet of retinal pigment
epithelial cells that can be transplanted to patients can be
produced. The sheet of retinal pigment epithelial cells is
particularly useful as a cell population to be used as a cell
transplantation therapeutic drug for the treatment of retinal
diseases. It is also possible to dissociate the retinal
pigment epithelial cells produced by adhesion culture by the
above-mentioned method, recover the retinal pigment epithelial
cells as independent single cells, and suspend them in a
physiological aqueous solvent (saline, buffer, serum-free
medium etc.) to give a suspension.

[0096]
3. Toxicity, efficacy evaluation method

The retinal pigment epithelial cells produced by the
production method of the present invention can be utilized as a
normal or disease model cell for screening for and efficacy
evaluation of therapeutic drugs for retinal diseases and -
therapeutic drug for diseases of other complications such as
diabetes and the like, or prophylactic drug thereof, safety
test of chemical substances and the like, stress test, toxicity
test, side effect test, infection/contamination test. On the
other hand, they can also be utilized for toxicity study,

toxicity test and the like of phototoxicity unique to retinal
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cells, retinal excitotoxicity and the like. The evaluation
method thereof includes stimulation and toxicity tests such as
apoptosis evaluation and the like, as well as tests for
evaluation of influence on normal differentiation from
progenitor cell into retinal pigment epithelial cell and
photoreceptor (RT-PCR of various gene markers, analysis of
protein expressinon by ELISA of cytokine, phagocytic capacity
test and the like), toxicity test of phototoxicity and the like,
retinal electric potential and transepithelial impedance on
visual function, cytotoxicity test caused by autoimmune
reaction and the like. As a cell material for these tests, not
only retinal pigment epithelial cells but also progenitor cells
thereof can be used and, for example, a plate on which cells
are adhered by seeding, a cell suspension, a sheet or compact
thereof can be provided. They can be used as an extrapolation
test of human and animal tests.

[0097]

4, Pharmaceutical composition

The present invention provides a pharmaceutical
composition containing an effective amount of retinal pigment
epithelial cells produced by the production method of the
present invention.

[0098]

The pharmaceutical composition contains an effective
amount of retinal pigment epithelial cells produced by the
production method of the present invention and a
pharmaceutically acceptable carrier.

[0099]

As a pharmaceutically acceptable carrier, a physiological
aqueous solvent (saline, buffer, serum-free medium etc.) can be
used. Where necessary, in a transplantation therapy, a
medicament containing a tissue or cells to be transplanted may
contain conventionally used preservative, stabilizer, reducing
agent, isotonizing agent and the like.

The pharmaceutical composition of the present invention
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can be produced as a suspension by suspending retinal pigment
epithelial cells produced by the production method of the
present invention in an appropriate physiological aqueous
solvent. Where necessary, the composition may be added with a
cryopreservative, cryopreserved with liquid nitrogen and the
like, thawed when in use, washed with buffer, and used for a
transplantation therapy.

The retinal pigment epithelial cells obtained by the
production method of the present invention may also be cut in
an appropriate size with tweezers and the like to give a sheet
preparation.

Cells obtained by the production method of the present
invention may also be subjected to adhesion culturing in the
second step for differentiation induction to give cells in the
form of a sheet to provide a sheet preparation.

[0100]

The pharmaceutical composition of the present invention
is useful as a therapeutic drug for a disease based on (caused
by) a disorder of retinal pigment epithelial cells.

[0101]
5. Therapeutic drug and treatment method for retinal diseases

The retinal pigment epithelial cells (including retinal
pigment epithelial cells that underwent the above-mentioned
concentration and amplification operation and the like)
produced by the production method of the present invention can
be used as a cell transplantation therapeutic drug to be
transplanted in the form of a suspension or sheet to living
organisms for the treatment of retinal diseases. The present
invention also provides a treatment method comprising
administering the therapeutic drug to patients. Retinal
disease here is an ophthalmic disease relating to the retina
and also includes complications with other diseases such as
diabetes and the like. The retinal disease in the present
invention includes, for example, diseases based on disorders of

retinal pigment epithelial cells, such as age-related macular
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degeneration, retinal pigment denaturation, diabetic
retinopathy or retinal detachment and the like. That is, the
retinal pigment epithelial cells produced by the production
method of the present invention can be used for supplementing
the damaged site of retinal pigment epithelial cells in
patients.

[0102]

In transplantation therapy, rejection due to the
difference in histocompatibility antigens often poses a problem.
The problem can be solved by using pluripotent stem cells (e.g.,
induced pluripotent stem cells) established from the somatic
cell of others who are immunologically compatible with the
recipient (e.g., compatible in part or all of HLA type and MHC
type), or pluripotent stem cells (e.g., induced pluripotent
stem cells) established from the somatic cells of the
transplantation recipient.

That is, in a preferable embodiment, as pluripotent stem
cells in the method of the present invention, allogenic retinal
pigment epithelial cells or tissues containing same are
produced from the pluripotent stem cells established from the
somatic cells of other people whose immunity is compatible with
that of the recipient, and they are transplanted to the
recipient. Alternatively, pluripotent stem cells (e.g.,
induced pluripotent stem cells) established from the somatic
cells of the recipient are used to produce a retinal pigment
epithelial cell, which is immunologically self for the
recipient, or a tissue containing same and it is transplanted
to the recipient.

[0103]

All reference documents cited in the present
specification, including publications, patent documents,
description of patent applications and the like, are hereby
incorporated in their entireties by reference, to the extent
that they have been disclosed herein.

[Examples]
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[0104]

The present invention is explained in detail in the
following by referring to Examples, which are not to be
construed as limited thereto.

[0105]

In the following Examples and Comparative Examples, 1iPS
cell (201B7, Kyoto University) derived from human dermal
fibroblast, and iPS cells (1231A3, Ff-I01, QHJIOl) derived from
mononuclear cells derived from human peripheral blood
established by Kyoto University from ePMBC® of Cellular
Technology Limited were used.

[0106]
Example 1: Highly efficient production of retinal pigment

epithelial cells including MEK inhibitor treatment step and

using human iPS cell

Culture for maintaining undifferentiated state of human
iPS cells (201B7 line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AK03 medium (Ajinomoto Co., Inc.)
(hereinafter AKO3 medium) or Essential 8 medium (Life
Technologies) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor treatment step was performed as
follows. 1iPS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select
(mixture of equal amounts of TrypLE select (Life Technologies))
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 6-well
culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cm?) at
1.2 x 10% cells per 1 well, and cultured in an AKO3 medium or
Essential 8 medium containing a ROCK inhibitor [10 uM Y-27632
(Wako Pure Chemical Industries, Ltd.)] under 37°C, 5% CO,
conditions. On the next day of seeding, PD0325901 (SIGMA) as
an MEK inhibitor was added to the AKO3 medium at a final
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concentration of 1 uM or Essential 8 medium at a final
concentration of 0.03 uM (start of the first step) and the
cells were exposed thereto for 6 days (completion of the first
step). Thereafter, the cells were treated with 0.5 x TrypLE
select, dissociated using a cell scraper, dispersed to single
cells by pipetting, seeded in a 6-well culture plate coated
with iMatrix-511 (0.5 pg/cm?) at 2.0 x 10° cells per 1 well
when AKO03 medium was used and at 5.0 x 10° cells when Essential
8 medium was used, and cultured under 37°C, 5% CO, conditions
(start of the second step). On the first day of culture, AKO3
medium or Essential 8 medium added with ¥-27632 (final

>concentration 10 uM), SB-431542 (Wako Pure Chemical Industries,

Ltd.) (final concentration 5 uM) as Nodal signal transduction
pathway inhibitor, and CKI-7 (SIGMA) (final concentration 3 uM)
as Wnt signal transduction pathway inhibitor was uséd; from 2
to 5 days of culture, a basal medium [GMEM medium (SIGMA), 0.1
mM MEM non-essential amino acid solution (Life Technologies), 1
mM sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 ug/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), ¥Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM) and CKI-7 (final
concentration 3 uM) was used; from 6 to 9 days of culture, the
basal medium added with 15% KSR, Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 10 to 13 days of culture,
the basal medium added with 10% KSR, Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM),
CKI-7 (final concentration 3 uM) was used; from 14 to 30 days
of culture, the basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance
medium [67% DMEM low glucose (SIGMA), 29% Fl12 (SIGMA), 1.9% B-
27 supplement (Life Technologies), 1.9 mM L-glutamine, 96 U/ml
penicillin-96 ug/ml streptomycin] was used. The whole amount

of the medium was exchanged every day.
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The culture plate was observed from 38 to 42 days of
culture. As a result, when the both media of AKO03 medium and
Essential 8 medium were used, emergence of a brown-black cell
population could be confirmed over a wide area in the both
lines of 201B7 line and 1231A3 line (Fig. 1). By microscopic
observation, the cells showed typical characteristics of RPE
cell such as a brown-black, polygonal, cobblestone-like
morphology (Fig. 2).

[0107]

Comparative Example 1: Production of retinal pigment epithelial

cells not including MEK inhibitor treatment step and using

human iPS cell

Culture for maintaining undifferentiated state of human
iPS cells (201B7 line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®”’ AK03 medium (Ajinomoto Co., Inc.)
(hereinafter AKO3 medium) or Essential 8 medium (Life
Technologies).

Production of retinal pigment epithelial (RPE) cells not
including an MEK inhibitor treatment step was performed as
follows. 1PS cells under for maintaining undifferentiated
state were treated with 0.5 x TrypLE select, dissociated using
a cell scraper, dispersed to single cells by pipetting, seeded
in a 6-well culture plate coated with iMatrix-511 (Nippi) (0.5
ng/cm?) at 2.0 x 10° cells per 1 well when AKO3 medium was used
and at 5.0 x 10° cells when Essential 8 medium was used, and
cultured under 37°C, 5% CO; conditions. On the first day of
culture, AKO03 medium or Essential 8 medium added with Y-27632
(Wako Pure Chemical. Industries, Ltd.) (final concentration 10
uM) as a ROCK inhibitor, SB-431542 (Wako Pure Chemical
Industries, Ltd.) (final concentration 5 uM) as Nodal signal
transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway

inhibitor was used; from 2 to 5 days of culture, a basal medium
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[GMEM medium (SIGMA), 0.1 mM MEM non-essential amino acid
solution (Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1
mM 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2
mM L-glutamine (SIGMA), 100 U/ml penicillin-100 pg/ml
streptomycin (Life Technologies)] added with 20% KSR (Life
Technologies), Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM) and CKI-7 (final concentration 3 uM)
was used; from 6 to 9 days of culture, the basal medium added
with 15% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 10 to 13 days of culture, the basal medium added
with 10% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 14 to 30 days of culture, the basal medium added
with 10% KSR alone was used; and from 31 days and thereafter of
culture, RPE maintenance medium [67% DMEM low glucose (SIGMA),
29% F12 (SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9
mM L-glutamine, 96 U/ml penicillin-96 pg/ml streptomycin] was
used. The whole amount of the medium was exchanged every day.
The culture plate was observed from 38 to 42 days of
culture. As a result, only a few cells could be confirmed to
show typical charactéristics of RPE cell such as a brown-black,
polygonal, cobblestone-like morphology (Fig. 3).
[0108]
Example 2: Highly efficient production of retinal pigment

epithelial cells including FGF receptor inhibitor treatment

step and using human iPS cell

Culture for maintaining undifferentiated state of human
iPS cells (201B7 line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AK03 medium (Ajinomoto Co., Inc.)
(hereinafter AKO3 medium) or Essential 8 medium (Life
Technologies).

Production of retinal pigment epithelial (RPE) cells
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including an FGF receptor inhibitor treatment step was
performed as follows. 1PS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select
(mixture of equal amounts of TrypLE select (Life Technologies))
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 6-well
culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cm®) at
1.2 x 10* cells per 1 well, and cultured in an AKO3 medium or
Essential 8 medium containing a ROCK inhibitor [10 uM Y-27632
(Wako Pure Chemical Industries, Ltd.)] under 37°C, 5% CO,
conditions. On the next day of seeding, PD173074 (SIGMA) as an
FGF receptor inhibitor was added to the AKO03 medium or
Essential 8 medium at a final concentration of 100 nM (start of
the first step), and the cells were exposed thereto for 6 days
(completion of the firét step). In one embodiment, to study
the effect of the FGF receptor inhibitor in a medium free of a
factor for maintaining undifferentiated state (bFGF), StemSure
hPSC Medium A (Wako Pure Chemical Industries, Ltd.)
(hereinafter StemSure hPSC Medium A w/o bFGF) not added with
bFGF was used. That is, PD173074 (SIGMA) as an FGF receptor
inhibitor was added to StemSure hPSC Medium A w/o bFGF at a
final concentration of 100 nM (start of the first step), and
the cells were exposed thereto for 6 days (completion of the
first step). Thereafter, the cells were treated with 0.5 x
TrypLE select, dissociated using a cell scraper, dispersed to
single cells by pipetting, seeded in a 6-well culture plate
coated with iMatrix-511 (0.5 ug/cm®) at 2.0 x 10° cells per 1
well when AKO3 medium or StemSure hPSC Medium A w/o DFGF was
used and at 5.0 x 10° cells when Essential 8 medium was used,
and cultured under 37°C, 5% CO, conditions (start of the second
step). On the first day of culture, AKO3 medium, Essential 8
medium or StemSure hPSC Medium A w/o bFGF added with Y-27632
(Wako Pure Chemical Industries, Ltd.) (final concentration 10
uM) as a ROCK inhibitor, SB-431542 (Wako Pure Chemical

Industries, Ltd.) (final concentration 5 uM) as Nodal signal
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transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway
inhibitor was used; from 2 to 5 days of culture, a basal medium
[GMEM medium (SIGMA), 0.1 mM MEM non-essential amino acid
solution (Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1
mM 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2
mM L-glutamine (SIGMA), 100 U/ml penicillin-100 upg/ml
streptomycin (Life Technologies)] added with 20% KSR (Life
Technologies), Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM) and CKI-7 (final concentration 3 uM)
was used; from 6 to 9 days of culture, the basal medium added
with 15% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 10 to 13 days of culture, the basal medium added
with 10% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 14 to 30 days of culture, the basal medium added
with 10% KSR alone was used; and from 31 days and thereafter of
culture, RPE maintenance medium [67% DMEM low glucose (SIGMA),
29% F12 (SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9
mM L-glutamine, 96 U/ml penicillin-96 ug/ml streptomycin] was
used. The whole amount of the medium was exchanged every day.
The culture plate was observed from 38 to 42 days of
culture. As a result, when the AKO3 medium, Essential 8 medium
or StemSure hPSC Medium A w/o bFGF was used, emergence of a
brown-black cell population could be confirmed over a wide area
in 201B7 line and/or 1231A3 line (Fig. 4). By microscopic
observation, the cells showed typical characteristics of RPE
cell such as a brown-black, polygonal, cobblestone-like
morphology (Fig. 5).
[0109]

Comparative Example 2: Production of retinal pigment epithelial

cells not including FGF receptor inhibitor treatment step and

using human iPS cell

Culture for maintaining undifferentiated state of human
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iPS cells (201B7 line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”.
“StemFit®” AK03 medium (Ajinomoto Co., Inc.) (hereinafter AKO3
medium) or Essential 8 medium (Life Technologies) was used.
Production of retinal pigment epithelial (RPE) cells not
including an FGF receptor inhibitor treatment step was
performed as follows. 1PS cells under culture for maintaining
undifferentiated state or iPS cells cultured in StemSure hPSC
Medium A w/o0 bFGF (Wako Pure Chemical Industries, Ltd.) for 6
days were treated with 0.5 x TryplLE select, dissociated using a
cell scraper, dispersed to single cells by pipetting, seeded in
a 6-well culture plate coated with iMatrix-511 (Nippi) (0.5
ug/cm?) at 2.0 x 10° cells per 1 well when AKO3 medium or
StemSure hPSC Medium A w/o bFGF was used and at 5.0 x 10° cells
when Essential 8 medium was used, and cultured under 37°C, 5%
CO, conditions. On the first day of culture, AKO3 medium,
Essential 8 medium or StemSure hPSC Medium A w/o bFGF added
with Y-27632 (Wako Pure Chemical Industries, Ltd.) (final
concentration 10 uM) as a ROCK inhibitor, SB-431542 (Wako Pure
Chemical Industries, Ltd.) (final concentration 5 uM) as Nodal
signal transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway
inhibitor was used; from 2 to 5 days of culture, a basal medium
[GMEM medium (SIGMA), 0.1 mM MEM non-essential amino acid
solution (Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1
mM 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2
mM L-glutamine (SIGMA), 100 U/ml penicillin-100 pg/ml
streptomycin (Life Technologies)] added with 20% KSR (Life
Technologies), Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 puM) and CKI-7 (final concentration 3 uM)
was used; from 6 to 9 days of culture, the basal medium added
with 15% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)

was used; from 10 to 13 days of culture, the basal medium added
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with 10% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 14 to 30 days of culture, the basal medium added
with 10% KSR alone was used; and from 31 days and thereafter of
culture, RPE maintenance medium [67% DMEM low glucose (SIGMA),
29% F12 (SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9
mM L-glutamine, 96 U/ml penicillin-96 ug/ml streptomycin] was
used. The whole amount of the medium was exchanged every day.
The culture plate was observed from 38 to 42 days of
culture. As a result, only a few cells could be confirmed to
show typical characteristics of RPE cell such as a brown-black,
polygonal, cobblestone-like morphology (Fig. 6).
[0110]
Example 3: Highly efficient production of retinal pigment

epithelial cells including combined treatment step of MEK

inhibitor and/or FGF receptor inhibitor and various inhibitors,

signal transduction pathway inhibitor or signal transduction

pathway agonist and using human iPS cell

Culture for maintaining undifferentiated state of human
iPS cells (201B7 line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AKO3 medium (Ajinomoto Co., Inc.)
(hereinafter AKO3 medium) .

Production of retinal pigment epithelial (RPE) cells
including a combined treatment step of MEK inhibitor and/or FGF
receptor inhibitor, and various inhibitors, signal transduction
pathway inhibitor or signal transduction pathway agonist was
performed as follows. 1PS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select,
dissociated using a cell scraper, dispersed to single cells by
pipetting, seeded in a 6-well culture plate coated with
iMatrix-511 (Nippi) (0.5 pg/cm?) at 1.2 x 10? cells per 1 well
and cultured in a ROCK inhibitor [10 uM Y-27632 (Wako Pure

Chemical Industries, Ltd.)]-containing AKO3 medium under 37°C,
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5% CO; conditions. The next day of cell seeding, PD0325901
(SIGMA) (final concentration 1 uM) as an MEK inhibitor,
PD173074 (SIGMA) (final concentration 100 nM) as an FGF
receptor inhibitor, LDN19318% (STEMGENT) (final concentration
100 nM) as a BMP receptor inhibitor, SAG (Enzo Life Sciences)
(final concentration 30 nM) as an Shh signal transduction
pathway agonist, and Go6983 (SIGMA) (final concentration 2 uM)
as a PKC inhibitor in the combination shown in Fig. 7 were
added to the medium (start of the first step) and the cells
were exposed thereto for 6 days (completion of the first step).
Thereafter, the cells were treated with 0.5 x TrypLE select,
dissociated using a cell scraper, dispersed to single cells by
pipetting, seeded in a 6-well culture plate coated with
iMatrix~511 (0.5 pg/cm?) at 2.0 x 10° cells per 1 well and
cultured under 37°C, 5% CO, conditions (start of the second
step). On the first day of culture, AKO3 medium added with Y-
27632 (Wako Pure Chemical Industries, Ltd.) (final
concentration 10 uM) as a ROCK inhibitor, SB-431542 (Wako Pure
Chemical Industries, Ltd.) (final concentration 5 uM) as Nodal
signal transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway
inhibitor was used; from 2 to 5 days of culture, a basal medium
[GMEM medium (SIGMA), 0.1 mM MEM non-essential amino acid
solution (Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1
mM 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2
mM L-glutamine (SIGMA), 100 U/ml penicillin-100 upg/ml
streptomycin (Life Technologies)] added with 20% KSR (Life
Technologies), Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 puM) and CKI-7 (final concentration 3 uM)
was used; from 6 to 9 days of culture, the basal medium added
with 15% KSR, Y-27632 (final concentration 10 uM), SB-431542
(final concentration 5 uM), CKI-7 (final concentration 3 uM)
was used; from 10 to 13 days of culture, the basal medium added
with 10% KSR, Y-27632 (final concentration 10 uM), SB-431542

(final concentration 5 uM), CKI-7 (final concentration 3 uM)
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was used; from 14 to 30 days of culture, the basal medium added
with 10% KSR alone was used; and from 31 days and thereafter of
culture, RPE maintenance medium [67% DMEM low glucose (SIGMA),
29% F12 (SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9
mM L-glutamine, 96 U/ml penicillin-96 pg/ml streptomycin] was
used. The whole amount of the medium was exchanged every day.
Simultaneously, the experiment was also performed under the
conditions of Example 1 containing an MEK inhibitor treatment
step, Comparative Example 1 not containing an MEK inhibitor
treatment step, Example 2 containing an FGF receptor inhibitor
treatment step, and Comparative Example 2 not containing an FGF
receptor inhibitor treatment step.

The culture plate was observed from 38 to 47 days of
culture. As a result, only a few cells were found to show
typical characteristics of RPE cell such as a brown-black,
polygonal, cobblestone-like morphology under the conditions of
Comparative Example 1 and Comparative Example 2 (Fig. 7,
untreated). In contrast, under production conditions of
Example 1 containing an MEK inhibitor treatment step,
production conditions of Example 2 containing an FGF receptor
inhibitor treatment step, and production conditions containing
a combined treatment step of an MEK inhibitor and/or an FGF
receptor inhibitor, and various inhibitors, a signal
transduction pathway inhibitor or a signal transduction pathway
agonist, emergence of RPE cells showing typical characteristics
of RPE cell such as a brown-black, polygonal, cobblestone-like
morphology could be confirmed (Fig. 7). The proportion of the
RPE cells in the whole well was judged by visual observation
and classification into 6 grades of 0 to 5 was performed
according to the proportion (Fig. 8A). Under all compound
combination treatment conditions shown in Figs. 8B and 8C,
emergence of RPE cells at a higher ratio than that under
untreated condition could be confirmed (Figs. 8B and 8C).

[0111]
Example 4: Highly efficient production of retinal pigment

60



10

15

20

25

30

35

epithelial cells including MEK inhibitor or FGF receptor

inhibitor treatment step and using human iPS cells Ff-IO01,

QHJIO1

Culture for maintaining undifferentiated state of human
iPS cells (Ff-I01 line and QHJIO1 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AKO3N medium (Ajinomoto Co., Inc.)
(hereinafter AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGF receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm?)
at 2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3N medium under 37°C, 5% CO, conditions. On the
next day of seeding, PD0325901 (SIGMA) (final concentration 1
uM) as an MEK inhibitor or PD173074 (SIGMA) (final
concentration 100 nM) as an FGF receptor inhibitor was added to
the AKO3N medium (start of the first step) and the cells were
exposed thereto for 6 days (completion of the first step).
Thereafter, the cells were treated with 0.5 x TrypLE select,
dissociated using a cell scraper, dispersed to single cells by
pipetting, seeded in a 6-well culture plate coated with
iMatrix-511 (0.5 ug/cm?®) at 2.0 x 10° cells per 1 well and
cultured under 37°C, 5% CO, conditions (start of the second
step). From day 1 to day 4 of culture, a basal medium [GMEM
medium (SIGMA), 0.1 mM MEM non-essential amino acid solution
(Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1 mM 2-
mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2 mM L-
glutamine (SIGMA), 100 U/ml penicillin-100 pg/ml streptomycin
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(Life Technologies)] added with 20% KSR (Life Technologies), Y-
27632 (final concentration 10 uM), SB-431542 (Wako Pure
Chemical Industries, Ltd.) (final concentration 5 uM) as Nodal
signal transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway
inhibitor was used; from 5 to 8 days of culture, the basal
medium added with 15% KSR, Y-27632 (final concentration 10 uM),
SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 9 to 12 days of culture, the
basal medium added with 10% KSR, Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 13 to 30 days of culture,
the basal medium added with 10% KSR alone was used; and from 31
days and thereafter of culture, RPE maintenance medium [67%
DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-27 supplement
(Life Technologies), 1.9 mM L-glutamine, 96 U/ml penicillin-96
pg/ml streptomycin] was used. The whole amount of the medium
was exchanged every day. Simultaneously, the experiment was
also performed under the conditions of Comparative Example 1
not containing an MEK inhibitor treatment step (provided that
AKO3 medium was changed to AKO3N medium) and Comparative
Example 2 not containing an FGF receptor inhibitor treatment
step (provided that AKO3 medium was changed to AKO3N medium) .
The culture plate was observed on day 43 of culture. As
a result, there was found almost no cell that showed typical
characteristics of RPE cell such as a brown-black, polygonal,
cobblestone-like morphology under the conditions of Comparative
Example 1 and Comparative Example 2 (Fig. 9, untreated). On
the other hand, when exposed to the MEK inhibitor and FGF
receptor inhibitor, emergence of a brown-black cell population
could be confirmed over a wide area in the both lines of Ff-IO1
line and QHJIO1 line (Fig. 9, MEKi, FGFRi).
[0112]

Example 5: Consideration of number of days of exposure of each

inhibitor in MEK inhibitor or FGF receptor inhibitor treatment
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step

Culture for maintaining undifferentiated state of human
iPS cells (QHJIO1l line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGF receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cm%
at 2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3N medium under 37°C, 5% CO, conditions. On the
next day of seeding, 2 days later, 3 days later, 4 days later,
5 days later or 6 days later, PD0325901 (SIGMA) (final
concentration 1 pM) as an MEK inhibitor or PD173074 (SIGMA)
(final concentration 100 nM) as an FGF receptor inhibitor was
added to the AKO3N medium (start of the first step) and the
cells were exposed thereto for 6 days, 5 days, 4 days, 3 days,
2 days or 1 day (completion of the first step). Thereafter,
the cells were treated with 0.5 x TrypLE select, dissociated
using a cell scraper, dispersed to single cells by pipetting,
seeded in a 6-well culture plate coated with iMatrix-511 (0.5
ug/cm?) at 2.0 x 10° cells per 1 well and cultured under 37°C,
5% CO; conditions (start of the second step). From day 1 to
day 4 of culture, a basal medium [GMEM medium (SIGMA), 0.1 mM
MEM non-essential amino acid solution (Life Technologies), 1 mM
sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethancl (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technologies)] added

63



10

15

20

25

30

35

with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB—431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 uM) as Nodal signal transduction pathway
inhibitor, and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor was used; from 5 to 8
days of culture, the basal medium added with 15% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
M), CKI-7 (final concentration 3 uM) was used; from 9 to 12
days of culture, the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM), CKI-7 (final concentration 3 uM) was used; from 13 to 30
days of culture, the basal medium added with 10% KSR alone was
used; and from 31 days and thereafter of culture, RPE
maintenance medium [67% DMEM low glucose (SIGMA), 29% F12
(SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9 mM L~
glutamine, 96 U/ml penicillin-96 ug/ml streptomycin] was used.
The whole amount of the medium was exchanged every day.

The culture plate was observed on day 48 of culture. As
a result, in the both treatments with the MEK inhibitor and FGF
receptor inhibitor, brown-black cell populations increased by
exposure for not less than 2 days, and the proportion of cells
that developed color in the whole well increased as the number
of exposure day increased up to 6 days of exposure (Fig. 10).
Particularly, a remarkable increase in the brown-black cell
population was seen in 4 days — 6 days of exposure.
[0113]

Example 6: Consideration of MEK inhibitor exposure period in

MEK inhibitor treatment step

Culture for maintaining undifferentiated state of human

iPS cells (1231A3 line) under feeder-free conditions was

performed according to the method described in “Nakagawa, M. et.

al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AK03 medium (Ajinomoto Co., Inc.) (hereinafter AKO03
medium) .

Production of retinal pigment epithelial (RPE) cells
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including an MEK inhibitor treatment step was performed as
follows. 1PS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select
(mixture of equal amounts of TryplE select (Life Technologies)
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 6-well
culture plate coated with iMatrix-511 (Nippi) (0.5 ng/cm?®) at
1.2 x 10% cells per 1 well and cultured in a ROCK inhibitor [10
UM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-containing
AKO3 medium under 37°C, 5% CO, conditions. On the next day of
seeding, 4 days later or 6 days later, PD0325901 (SIGMA) (final
concentration 1 puM) as an MEK inhibitor was added to the AKO03
medium (start of the first step) and the cells were exposed
thereto for 6 days, 3 days or 1 day (completion of the first
step). In addition, cells exposed to MEK inhibitor for 6 days
were treated with 0.5 x TrypLE select, dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cm?)
at 0.8 x 10* cells per 1 well and further cultured for 7 days
in AKO3 medium containing Y-27632 (final concentration 10 uM)
and PD0325901 (final concentration 1 uM) under 37°C, 5% CO;
conditions, whereby the cells were exposed to the MEK inhibitor
for 13 days (completion of the first step). Thereafter, the
cells were treated with 0.5 x TrypLE select, dissociated using
a cell scraper, dispersed to single cells by pipetting, seeded
in a 6-well culture plate coated with iMatrix-511 (0.5 pg/cm?)
at 1.2 x 10° cells per 1 well and cultured under 37°C, 5% CO,
conditions (start of the second step). On day 1 of culture,
AKO3 medium added with Y-27632 (final concentration 10 uM), SB-
431542 (Wako Pure Chemical Industries, Ltd.) (final

concentration 5 pM) as Nodal signal transduction pathway

-inhibitor, and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt

signal transduction pathway inhibitor was used; from 2 to 5
days of culture, a basal medium [GMEM medium (SIGMA), 0.1 mM

MEM non-essential amino acid solution (Life Technologies), 1 mM
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sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 pM) and CKI-7(final
concentration 3 uM) was used; from 6 to 9 days of culture, the
basal medium added with 15% KSR, Y-27632 (final concentration
10 pM), SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 10 to 13 days of culture,
the basal medium added with 10% KSR, Y-27632 (final
concentration 10 pM), SB-431542 (final concentration 5 uM), -
CKI-7 (final concentration 3 uM) was used; from 14 to 30 days
of culture, a basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance
medium [67% DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-
27 supplement (Life Technologies), 1.9 mM L-glutamine, 96 U/ml
penicillin-96 pg/ml streptomycin] was used. The whole amount
of the medium was exchanged every day. Simultaneously, RPE
cells were also produced under the conditions of Comparative
Example 1 not containing an MEK inhibitor treatment step.

The culture plate was observed on day 37 of culture. As
a result, there was found almost no cell that showed typical
characteristics of RPE cell such as a brown-black, polygonal,
cobblestone-like morphology under the Conditions of Comparative
Example 1 and exposure to MEK inhibitor for one day (Fig. 11,
untreated, MEKi 1 day). On the other hand, emergence of a.
brown-black cell population could.be confirmed over a wide area
by exposure to the MEK inhibitor for 3 days and 6 days (Fig. 11,
MEK1 3 days, 6 days), and sufficient emergence of colored cell
population was also confirmed similary by exposure for 13 days
(Fig. 11, MEKi 13 days).
[0114]

Example 7: Gene expression on completion of MEK inhibitor or

FGF receptor inhibitor treatment step

Culture for maintaining undifferentiated state of human
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iPS cells (Ff-I01 line and QHJIO1l line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AKO03N medium (Ajinomoto Co., Inc.)
(hereinafter AKO3N medium).

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGF receptor inhibitor treatment
step was performed as follows. 1iPS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cm?)
at 2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3N medium under 37°C, 5% CO, conditions. On the
next day of seeding or 4 days later, PD0325901 (SIGMA) (final
concentration 1 puM) as an MEK inhibitor or PD173074 (SIGMA)
(final concentration 100 nM) as an FGF receptor inhibitor was
added to the AKO3N medium (start of the first step) and the
cells were exposed thereto for 6 days or 3 days (completion of
the first step). Thereafter, the cells were treated with 0.5 x
TrypLE select, dissociated using a cell scraper, dispersed to
single cells by pipetting, the cells other than those to be
transferred to the second step were used for RNA extraction as
a sample for microarray, the cells to be transferred to the
second step were seeded in a 6-well culture plate coated with
iMatrix-511 (0.5 pg/cm®) at 2.0 x 10° cells per 1 well and
cultured under 37°C, 5% CO, conditions (start of the second
step). On day 1 of culture, AKO3 medium added with Y-27632
(final concentration 10 uM), SB-431542 (Wako Pure Chemical
Industries, Ltd.) (final concentration 5 uM) as Nodal signal
transduction pathway inhibitor, and CKI-7 (SIGMA) (final
concentration 3 pM) as Wnt signal transduction pathway

inhibitor, or a basal medium [GMEM medium (SIGMA), 0.1 mM MEM
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non-essential amino acid solution (Life Technologies), 1 mM
sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pug/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 uM) and CKI-7 (SIGMA) (final concentration 3
uM) was used. When the AKO3 medium (containing Y-27632, SB-
431542 and CKI-7) was used on day 1 of culture, a basal medium
[GMEM medium (SIGMA), 0.1 mM MEM non-essential amino acid
solution (Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1
mM 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2
mM L-glutamine (SIGMA), 100 U/ml penicillin-100 upg/ml
streptomycin (Life Technologies)] added with 20% KSR (Life
Technologies), Y-27632 (final concentration 10 uM), SB-431542
(Wako Pure Chemical Industries, Ltd.) (final concentration 5
uM) and CKI-7 (SIGMA) (final concentration 3 uM) was used from
2 to 5 days of culture; from 6 to 9 days of culture, the basal
medium added with 15% KSR, Y-27632 (final concentration 10 uM),
SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 10 to 13 days of culture,
the basal medium added with 10% KSR, Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM),
CKI-7 (final concentration 3 uM) was used; from 14 to 30 days
of culture, the basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance
medium [67% DMEM low glucose (SIGMA), 29% Fl12 (SIGMA), 1.9% B~
27 supplement (Life Technologies), 1.9 mM L-glutamine, 96 U/ml
penicillin-96 pg/ml streptomycin] was used. When a basal
medium (containing 20% KSR, Y-27632, SB-431542 and CKI-7) was
used on day 1 of culture, from 2 to 4 days of culture, a basal
medium added with 20% KSR (Life Technologies), Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM) and
CKI-7 (final concentration 3 uM) was used; from 5 to 8 days of

culture, a basal medium added with 15% KSR, Y-27632 (final
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concentration 10 uM), SB-431542 (final concentration 5 uM) and
CKI-7 (final concentration 3 uM) was used; from 9 to 12 days of
culture, a basal medium added with 10% KSR, Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM) and
CKI-7 (final concentration 3 uM) was used; from 13 to 30 days
of culture, a basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance
medium was used. The whole amount of the medium was exchanged
every day. Simultaneously, recovery of sample for microarray
and production of RPE cell were also performed under the
conditions of Comparative Example 1 not containing an MEK
inhibitor treatment step (AKO3 medium was changed to AKO3N
medium) .

RNeasy Mini Kit (QIAGEN) was used for extraction of RNA,
and microarray analysis was performed using GeneChip Human
Genome U133 Plus 2.0 Array (Affymetrix). For microarray
analysis, entrusted analysis by KURABO INDUSTRIES LTD. was
utilized.

Based on the observed images of culture plates on day 43
of culture and according to Fig. 8A, the results of the
determined proportion of RPE cells in the whole well by visual
observation (scored in 6 grades of 0 to 5 according to the
proportion of RPE cells) and expression values (Signal) and
flag (Detection) of markers in the early stage of eye formation
PAX6, LHX2, SIX3 on completion of the first step, which are the
microarray analysis results, are summarized in Table (Fig. 12).
The flag expresses the reliability of the expression value, P
means high reliability and A means low reliability. From these
results, a correlation was found between the proportion of RPE
cells in the whole well and the expression values of PAX6, LHX2,
and SIX3 on completion of the first step. Therefore, it was
found that the transition time to the second step can be
determined based on the expression of these genes.

[0115]

Example 8: Consideration of various inhibitor concentrations in

69



10

15

20

25

30

35

MEK inhibitor or FGF receptor inhibitor treatment step

Culture for maintaining undifferentiated state of human
iPS cells (QHJIO1l line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGF receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm?)
at 2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3N medium under 37°C, 5% CO; conditions. On the
next day of seeding, PD0325901 (SIGMA) at a final concentration
of 0.25 uM, 0.5 uM, 1 uM, 2 uM or 4 uM as MEK inhibitor and
PD173074 (SIGMA) at a final concentration of 25 nM, 50 nM, 100
nM, 200 nM or 400 nM as FGF receptor inhibitor were added to
the AKO3N medium (start of the first step) and the cells were
exposed thereto for 6 days (completion of the first step).
Thereafter, the cells were treated with 0.5 x TrypLE select,
dissociated using a cell scraper, dispersed to single cells by
pipetting, seeded in a 6-well culture plate coated with
iMatrix-511 (0.5 npg/cm?) at 2.0 x 10° cells per 1 well and
cultured under 37°C, 5% CO, conditions (start of the second
step). From day 1 to day 4 of culture, a basal medium [GMEM
medium (SIGMA), 0.1 mM MEM non-essential amino acid solution
(Life Technologies), 1 mM sodium pyruvate (SIGMA), 0.1 mM 2-
mercaptoethanol (Wako Pure Chemical Industries, Ltd.), 2 mM L-
glutamine (SIGMA), 100 U/ml penicillin-100 pg/ml streptomycin
(Life Technologies)] added with 20% KSR (Life Technologies), Y-
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27632 (final concentration 10 uM), SB-431542 (Wako Pure
Chemical Industries, Ltd.) (final concentration 5 uM) as Nodal
signal transduction pathway inhibitor and CKI-7 (SIGMA) (final
concentration 3 uM) as Wnt signal transduction pathway
inhibitor was used; from 5 to 8 days of culture, the basal
medium added with 15% KSR, Y-27632 (final concentration 10 uM),
SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 9 to 12 days of culture, the
basal medium added with 10% KSR, Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 13 to 30 days of culture,
the basal medium added with 10% KSR alone was used; and from 31
days and thereafter of culture, RPE maintenance medium [67%
DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-27 supplement
(Life Technologies), 1.9 mM L-glutamine, 96 U/ml penicillin-96
png/ml streptomycin] was used. The whole amount of the medium
was exchanged every day. Simultaneously, production of RPE
cell were also performed under the conditions of Comparative
Example 1 not containing an MEK inhibitor treatment step (AK03
medium was changed to AKO3N medium) and the conditions of
Comparative Example 2 not containing an FGF receptor inhibitor
treatment step (AKO3 medium was changed to AKO3N medium) .

The culture plate was observed on day 36 and day 49 of
culture. As a result, there was found almost no cell that
showed typical characteristics of RPE cell such as a brown-
black, polygonal, cobblestone-like morphology under the
conditions of Comparative Example 1 and Comparative Example 2
(Fig. 13, untreated). On the other hand, emergence of a brown-
black cell population could be confirmed over a wide area at
all MEK inhibitor concentrations (0.25 - 4 uM) and FGF receptor
inhibitor concentrations (25 - 400 nM) studied (Fig. 13, MEKi:
0.25 - 4 uM, FGFRi: 25 - 400 nM).

[0116]

Example 9: Consideration of seeded cell number in transition of

first step to second step
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Culture for maintaining undifferentiated state of human
iPS cells (QHJIO1 line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium).

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGEF receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm%
at 2.0 x 10% cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3N medium under 37°C, 5% CO, conditions. On the
next day of seeding, PD0325901 (SIGMA) (final concentration 1
uM) as MEK inhibitor or PD173074 (SIGMA) (final concentration
100 nM) as FGF receptor inhibitor was added to the AKO3N medium
(start of the first step) and the cells were exposed thereto
for 6 days (completion of the first step). Thereafter, the
cells were treated with 0.5 x TrypLE select, dissociated using
a cell scraper, dispersed to single cells by pipetting seeded
in a 6-well culture plate coated with iMatrix-511 (0.5 pg/cm?)
at 0.2, 0.4, 0.6, 1.0, 2.0 or 4.0 x 10° cells (0.2, 0.4, 0.6,
1.0, 2.0 or 4.0 x 10 cells/cm?) per 1 well and cultured under
37°C, 5% CO; conditions (start of the second step). From day 1
to day 4 of culture, a basal medium [GMEM medium (SIGMA), 0.1
mM MEM non-essential amino acid solution (Life Technologies), 1
mM sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
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concentration 5 uM) as Nodal signal transduction pathway
inhibitor and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor was used; from 5 to 8
days of culture, the basal medium added with 15% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM), CKI-7 (final concentration 3 uM) was used; from 9 to 12
days of culture, the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM), CKI-7 (final concentration 3 uM) was used; from 13 to 30
days of culture, the basal medium added with 10% KSR alone was
used; and from 31 days and thereafter of culture, RPE
maintenance medium [67% DMEM low glucose (SIGMA), 29% F12
(SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9 mM L-
glutamine, 96 U/ml penicillin-96 pg/ml streptomycin] was used.
The whole amount of the medium was exchanged every day.

The culture plate was observed on day 49 of culture. As
a result, emergence of a brown-black cell population could be
confirmed over a wide area at all seeded cell number (0.2, 0.4,
0.6, 1.0, 2.0, or, 4.0 x 10* cells/cm?) studied (Fig. 14).
[0117]
Example 10: Consideration of MEK inhibitors PD184352, U0126,

TAK-7331, AZD-8330 in first step

Undifferentiated maintenance culture of human iPS cells
(OQHJIO1 line and 1231A3 line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit® AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor treatment step was performed as
follows. 1PS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TryplLE select
(mixture of equal amounts of TrypLE select (Life Technologies)
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,

dispersed to single cells by pipetting, seeded in a 6-well

73



10

15

20

25

30

35

culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm?) at
2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor [10
UM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-containing
AKO3N medium under 37°C, 5% CO, conditions. On the next day of
seeding, PD0325901 (SIGMA) (final concentration 1 uM), PD184352
(SIGMA) (final concentration 1.5 uM, 3 uM, 6 uM), U0126 (SIGMA)
(final concentration 5 uM, 10 uM), TAK-7331 (Selleck) (final
concentration 0.3 uM) or AZD-8330 (Selleck) (final
concentration 0.3 uM) as MEK inhibitor was added to the AKO3N
medium (start of the first step) and the cells were exposed
thereto for 6 days (completion of the first step). Thereafter,
the cells were treated with 0.5 x TryplE select, dissocciated
using a cell scraper, dispersed to single cells by pipetting,
seeded in a 6-well culture plate coated with iMatrix-511 (0.5
pg/cn@) at 2.0 x 10° cells per 1 well and cultured under 37°C,
5% CO,; conditions (start of the second step). From day 1 to
day 4 of culture, a basal medium [GMEM medium (SIGMA), 0.1 mM
MEM non-essential amino acid solution (Life Technologies), 1 mM
sodium pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure
Chemical Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 uM) as Nodal signal transduction pathway
inhibitor and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor was used; from 5 to 8
days of culture, the basal medium added with 15% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM), CKI-7 (final concentration 3 uM) was used; from 9 to 12
days of culture, the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM) , CKI-7 (final concentration 3 uM) was used; from 13 to 30
days of culture, the basal medium added with 10% KSR alone was
used; and from 31 days and thereafter of culture, RPE

maintenance medium [67% DMEM low glucose (SIGMA), 29% F12
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(SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9 mM L-
glutamine, 96 U/ml penicillin-96 ug/ml streptomycin] was used.
The whole amount of the medium was exchanged every day.
Simultaneously, RPE cells were also produced under the
conditions of Comparative Example 1 not containing an MEK
inhibitor treatment step (AKO3 medium was changed to AKO3N
medium) .

The culture plate was observed on day 49 and day 50 of
culture. As a result, there was found almost no cell that
showed typical characteristics of RPE cell such as a brown-
black, polygonal, cobblestone-like morphology under the
conditions of Comparative Example 1 (Fig. 15, untreated). On
the other hand, emergence of a brown-black cell population
could be confirmed over a wide area in all MEK inhibitors
(PD0325901, PD184352, UOl26, TAK-7331, AZD-8330) studied (Fig.
15, PD0325901, PD184352, U0126, TAK-733, AZD-8330).

[0118]
Example 11: Consideration of FGF receptor inhibitor SU5402 in

first step

Culture for maintaining undifferentiated state of human
iPS cells (QHJIO1l line and 1231A3 line) under feeder-free
conditions was performed according to the method described in
“Nakagawa, M. et. al., Sci. Rep. 2014 Jan 8; 4: 3594”. The
medium used was “StemFit®” AKO3N medium (Ajinomoto Co., Inc.)
(hereinafter AKO3N medium).

Production of retinal pigment epithelial (RPE) cells
including an FGF receptor inhibitor treatment step was
performed as follows. 1iPS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select
(mixture of equal amounts of TrypLE select (Life Technologies)
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 6-well
culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm?) at
2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor [10
BM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-containing
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AKO3N medium under 37°C, 5% CO, conditions. On the next day of
seeding, PD173074 (SIGMA) (final concentration 100 nM) or

SU5402 (SIGMA) (final concentration 5 uM, 10 uM, 20 uM) as FGF
receptor inhibitor was added to the AKO3N medium (start of the
first step) and the cells were exposed thereto for 6 days
(completion of the first step). Thereafter, the cells were
treated with 0.5 x TrypLE select, dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (0.5 ug/cm®) at 2.0
x 10° cells per 1 well and cultured under 37°C, 5% CO,
conditions (start of the second step). From day 1 to day 4 of
culture, a basal medium [GMEM medium (SIGMA), 0.1 mM MEM non-
essential amino acid solution (Life Technologies), 1 mM sodium
pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure Chemical
Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pug/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 puM) as Nodal signal transduction pathway
inhibitor and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor was used; from 5 to 8
days of culture, the basal medium added with 15% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM), CKI-7 (final concentration 3 uM) was used; from 9 to 12
days of culture, the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM)., CKI-7 (final concentration 3 pM) was used; from 13 to 30
days of culture, the basal medium added with 10% KSR alone was
used; and from 31 days and thereafter of culture, RPE
maintenance medium [67% DMEM low glucose (SIGMA), 29% Fl2
(SIGMA), 1.9% B-27 supplement (Life Technologies), 1.9 mM L-
glutamine, 96 U/ml penicillin-96 ug/ml streptomycin] was used.
The whole amount of the medium was exchanged every day.
Simultanecusly, RPE cells were also produced under the

conditions of Comparative Example 2 not containing an FGF
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receptor inhibitor treatment step (AKO3 medium was changed to
AKO3N medium) .

The culture plate was observed on day 49 of culture. As
a result, there was found almost no cell that showed typical
characteristics of RPE cell such as a brown-black, polygonal,
cobblestone-like morphology under the conditions of Comparative
Example 2 (Fig. 16, untreated). On the other hand, emergence
of a brown-black cell population could be confirmed over a wide
area in all FGF receptor inhibitors (PD173074, SU5402) studied
(Fig. 16, PD173074, SU5402).
[0119]

Example 12: Consideration of differentiation induction effect

of exposure of Nodal signal transduction pathway inhibitor and

Wnt signal transduction pathway inhibitor alone in second step

Culture for maintaining undifferentiated state of human
iPS cells (QHJIO1l line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor treatment step was performed as
follows. 1iPS cells under culture for maintaining
undifferentiated state were treated with 0.5 x TrypLE select
(mixture of equal amounts of TrypLE select (Life Technologies)
and 0.5 mM EDTA/PBS(-)), dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 6-well
culture plate coated with iMatrix-511 (Nippi) (0.5 ug/cm?) at
2.0 x 10% cells per 1 well and cultured in a ROCK inhibitor [10
uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-containing
AKO3N medium under 37°C, 5% CO, conditions. On the next day of
seeding, PD0325901 (SIGMA) (final concentration 1 uM) as MEK
inhibitor was added to the AKO3N medium (start of the first
step) and the cells were exposed thereto for 6 days (completion

of the first step). Thereafter, the cells were treated with
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0.5 x TrypLE select, dissociated using a cell scraper,
dispersed to single cells by pipetting, seeded in a 12-well
culture plate coated with iMatrix-511 (0.5 pg/cm?) at 0.8 x 10°
cells per 1 well and cultured under 37°C, 5% CO, conditions
(start of the second step). In the second step, the following
3 kinds of media were used. From day 1 to day 12 of culture, a
basal medium [GMEM medium (SIGMA), 0.1 mM MEM non-essential
amino acid solution (Life Technologies), 1 mM sodium pyruvate
(SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure Chemical
Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 upg/ml streptomycin (Life Technologies)] added
with 10% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 puM) as Nodal signal transduction pathway
inhibitor and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor (Fig. 17, NODALi+WNTi),
the basal medium added with 10% KSR, Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM) (Fig.
17, NODALi), or the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM) and CKI-7 (final concentration 3
uM) (Fig. 17, WNTi) was used. From 13 to 30 days of culture,
the basal medium added with 10% KSR alone was used; and from 31
days and thereafter of culture, RPE maintenance medium [67%
DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-27 supplement
(Life Technologies), 1.9 mM L-glutamine, 96 U/ml penicillin-96
ng/ml streptomycin] was used. The whole amount of the medium
was exchanged every day.

The culture plate was observed on day 43 of culture. As
a result, emergence of cells showing the same level of typical
characteristics of RPE cell such as a brown-black, polygonal,
cobblestone-like morphology could be confirmed under both
treatment conditions of Nodal signal transduction pathway
inhibitor and Wnt signal transduction pathway inhibitor
(NODALi+WNT1i) and single agent treatment conditions of Nodal

signal transduction pathway inhibitor (NODALi) was confirmed
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(Fig. 17, NODALi+WNTi, NODALi). By a single agent treatment of
Wnt signal transduction pathway inhibitor (WNTi), the brown-
black area in the whole well decreased; however, emergence of a
sufficient number of cells showing the typical characteristics
of RPE cell could be confirmed (Fig. 17, WNTi). From the above

results, it could be confirmed that the presence of either

Nodal signal transduction pathway inhibitor or Wnt signal

transduction pathway inhibitor in the second step is sufficient.
[0120]

Example 13: Relationship between area ratio of brown-black cell

in whole well and expression of retinal pigment epithelial cell

marker gene

Culture for maintaining undifferentiated state of human
1PS cells (201B7 line) under feeder-~free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3 medium (Ajinomoto Co., Inc.) (hereinafter AK03
medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor and BMP receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 pg/cmz)
at 1.2 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-
containing AKO3 medium under 37°C, 5% CO, conditions. When the
MEK inhibitor was to be exposed for 6 days and the BMP receptor
inhibitor was to be exposed for 1 day, PD0325901 (SIGMA) (final
concentration 1 uM) as an MEK inhibitor was added to the AKO03
medium on the next day of seeding (start of the first step),
and LDN193189 (STEMGENT) (final concentration 100 nM) as a BMP
receptor inhibitor was added to the AKO3 medium 6 days after
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the seeding, whereby the cells were exposed to the MEK
inhibitor and the BMP receptor inhibitor for 6 days and 1 day,
respectively (completion of the first step). When both the MEK
inhibitor and the BMP receptor inhibitor were to be exposed for
6 days, PD0325901 (final concentration 1 uM) and LDN193189
(final concentration 100 nM) were added to the AKO3 medium the
next day of seeding (start of the first step) and the cells
were exposed thereto for 6 days (completion of the first step).
Thereafter, the cells were treated with 0.5 x TrypLE select,
dissociated using a cell scraper, dispersed to single cells by
pipetting, seeded in a 6-well culture plate coated with
iMatrix-511 (0.5 pg/cm?®) at 2.0 x 10° cells per 1 well and
cultured under 37°C, 5% CO, conditions (start of the second
step). On day 1 of culture, AKO03 medium added with Y-27632
(final concentration 10 uM), SB-431542 (Wako Pure Chemical
Industries, Ltd.) (final concentration 5 uM) as Nodal signal

. transduction pathway inhibitor, and CKI-7 (SIGMA) (final
-concentration 3 uM) was used; from 2 to 5 days of culture, a
basal medium [GMEM medium (SIGMA), 0.1 mM MEM non-essential
amino acid solution (Life Technologies), 1 mM sodium pyruvate
(SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure Chemical
Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technologies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM) and CKI-7(final
concentration 3 uM) was used; from 6 to 9 days of culture, the
basal medium added with 15% KSR, ¥Y-27632 (final concentration
10 uM), SB-431542 (final concentration 5 uM), CKI-7 (final
concentration 3 uM) was used; from 10 to 13 days of culture,
the basal medium added with 10% KSR, Y-27632 (final
concentration 10 uM), SB-431542 (final concentration 5 uM),
CKI-7 (final concentration 3 uM) was used; from 14 to 30 days
of culture, a basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance

medium [67% DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-
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27 supplement (Life Technologies), 1.9 mM L-glutamine, 96 U/ml
penicillin-96 ug/ml streptomycin] was used. The whole amount
of the medium was exchanged every day. Simultaneously, RPE
cells were also produced under the conditions of Comparative
Example 1 not containing an MEK inhibitor treatment step.

After observation on day 39 of culture, the cells were
collected, RNA was extracted and real-time RT-PCR was performed.
RNeasy Mini Kit (QIAGEN) was used for RNA extraction and
QuantiTect Probe RT-PCR Kit (QIAGEN) was used for real-time RT-
PCR. The primers and probes for BEST1 (Hs00188249 ml), MITF
(Hs01117294 ml), RAX (Hs00429459 ml), GAPDH (Hs02758991 gl)
were purchased from Applied Biosystems. The expression levels
of BEST1, MITF and RAX of each sample were normalized by the
expression level of GAPDH and represented as a relative value
to the expression level of iPS cells (undifferentiated)
cultured under conditions for maintaining undifferentiated
state as 1.

Based on the observed images of culture plates on day 39
of culture and according to Fig. 8A, the proportion of RPE
cells in the whole well was determined by visual observation.
As a‘result, untreated condition was “1”, MEK inhibitor 6 days
+ BMP receptor inhibitor 1 day exposure was “3”, and MEK
inhibitor 6 days + BMP receptor inhibitor 6 days exposure was
“57” (Fig. 18, upper side, cell photograph). The expression
levels of BEST1, MITF as retinal pigment epithelial cell
markers and RAXas a marker of early eye formation stage were
compared by a real time RT-PCR method between these samples and
the sample of iPS cells (undifferentiated) under continuous
culturing for maintaining undifferentiated state. As a result,

a correlation was found between the area of brown-black cells

~and the expression levels of the marker genes described above

(Fig. 18, lower side, graph). From the above results, it was
suggested that brown-black cells express retinal pigment
epithelial cell marker gene and marker gene of early eye

formation stage. In addition, production of RPE cells by this
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production method was also verified by checking these gene
expression levels.
[0121]

Example 14: Confirmation of expression of marker gene of RPE

cell produced by production method including MEK inhibitor or

FGE receptor inhibitor treatment step

Culture for maintaining undifferentiated state of human
iPS cells (1231A3 line) under feeder-free conditions was
performed according to the method described in “Nakagawa, M. et.
al., Sci. Rep. 2014 Jan 8; 4: 3594”. The medium used was
“StemFit®” AKO3N medium (Ajinomoto Co., Inc.) (hereinafter
AKO3N medium) .

Production of retinal pigment epithelial (RPE) cells
including an MEK inhibitor or FGF receptor inhibitor treatment
step was performed as follows. 1PS cells under culture for
maintaining undifferentiated state were treated with 0.5 x
TrypLE select (mixture of equal amounts of TrypLE select (Life
Technologies) and 0.5 mM EDTA/PBS(-)), dissociated using a cell
scraper, dispersed to single cells by pipetting, seeded in a 6-
well culture plate coated with iMatrix-511 (Nippi) (0.5 ng/cm?)
at 2.0 x 10* cells per 1 well and cultured in a ROCK inhibitor
[10 uM Y-27632 (Wako Pure Chemical Industries, Ltd.)]-

‘containing AKO3N medium under 37°C, 5% CO, conditions. On the

next day of seeding, PD0325901 (SIGMA) (final concentration 1
uM) as MEK inhibitor or PD173074 (SIGMA) (final concentration
100 nM) as FGF receptor inhibitor was added to the AKO3N medium
(start of the first step) and the cells were exposed thereto
for 6 days (completion of the first step). Thereafter, the
cells were treated with 0.5 x TrypLE select, dissociated using
a cell scraper, dispersed to single cells by pipetting, seeded
in a 6-well culture plate coated with iMatrix-511 (0.5 pg/cm?)
at 2.0 x 10° cells per 1 well and cultured under 37°C, 5% CO;
conditions (start of the second step). From day 1 to day 4 of
culture, a basal medium [GMEM medium (SIGMA), 0.1 mM MEM non-

essential amino acid solution (Life Technologies), 1 mM sodium
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pyruvate (SIGMA), 0.1 mM 2-mercaptoethanol (Wako Pure Chemical
Industries, Ltd.), 2 mM L-glutamine (SIGMA), 100 U/ml
penicillin-100 pg/ml streptomycin (Life Technﬁlogies)] added
with 20% KSR (Life Technologies), Y-27632 (final concentration
10 uM), SB-431542 (Wako Pure Chemical Industries, Ltd.) (final
concentration 5 uM) as Nodal signal transduction pathway
inhibitor and CKI-7 (SIGMA) (final concentration 3 uM) as Wnt
signal transduction pathway inhibitor was used; from 5 to 8
days of culture, the basal medium added with 15% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM) and CKI-7 (final concentration 3 uM) was used; from 9 to 12
days of culture, the basal medium added with 10% KSR, Y-27632
(final concentration 10 uM), SB-431542 (final concentration 5
uM) and CKI-7 (final concentration 3 uM); from 13 to 30 days of
culture, the basal medium added with 10% KSR alone was used;
and from 31 days and thereafter of culture, RPE maintenance
medium [67% DMEM low glucose (SIGMA), 29% F12 (SIGMA), 1.9% B-
27 supplement (Life Technologies), 1.9 mM L-glutamine, 96 U/ml
penicillin-96 pg/ml streptomycin] was used. The whole amount
of the medium was exchanged every day. Simultaneously, the
experiment was also performed under the conditions of
Comparative Example 1 not containing an MEK inhibitor treatment
step (AKO03 medium was changed to AKO3N medium).

After observation on day 43 of culture, the cells were
collected, RNA was extracted and RT-PCR was performed. RNeasy
Micro Kit (QIAGEN) was used for RNA extraction, 0ligo(dT)iz-1s
Primer (Invitrogen) and SuperScript III Reverse Transcriptase
(Invitrogen) were used for reverse transcription reaction, and
Blend Tag-Plus- (TOYOBO) was used for PCR. The primer
sequences of RPE65, BEST1, CRLBP, GAPDH are as described below.
RPE65-F: TCCCCAATACAACTGCCACT (SEQ ID NO: 1), RPE65-R:
CCTTGGCATTCAGAATCAGG (SEQ ID NO: 2), BEST1-F:
TAGAACCATCAGCGCCGTC (SEQ ID NO: 3), BESTI-R:
TGAGTGTAGTGTGTATGITGG (SEQ ID NO: 4), CRALBP-F:
GAGGGTGCAAGAGAAGGACA (SEQ ID NO: 5), CRALBP-R:
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TGCAGAAGCCATTGATTTGA (SEQ ID NO: 6), GAPDH-F':
ACCACAGTCCATGCCATCAC (SEQ ID NO: 7), GAPDH-R:
TCCACCACCCTGTTGCTGTA (SEQ ID NO: 8). The number of cycles of
the PCR reaction was 30 cycles for RPE65, BEST1, GAPDH, and 35
cycles for CRALBP. PCR products were detected as a single band
by agarose gel electrophoresis at near 369 bp for RPE65, near
261 bp for BEST1, near 341 bp for CRALBP, and near 452 bp for
GAPDH. As a positive control, primary human RPE (hRPE) was
used and, as a negative control, iPS cells (undifferentiated
iPSC) cultured under conditions for maintaining
undifferentiated state were used.

The culture plate was observed on day 43 of culture. As
a result, only a few cells could be confirmed to show typical
characteristics of RPE cell such as a brown-black, polygonal,
cobblestone-like morphology under the conditions of Comparative
Example 1 (Fig. 19, right side, cell photograph, untreated).
On the other hand, when exposed to MEK inhibitor and FGF
receptor inhibitor, emergence of a brown-black cell population
could be confirmed over a wide area (Fig. 19, right side, cell
photograph, MEKi, FGFRi). As a result of RT-PCR, the bands of
retinal pigment epithelial cell markers RPE65, BEST1, CRALBP
were very thin under the conditions of Comparative Example 1
(Fig. 19, left side, electrophoretic pattern, untreated). On
the other hand, clear bands could be confirmed in the samples
exposed to the MEK inhibitor and FGF receptor inhibitor (Fig.
19, left side, electrophoretic pattern, MEKi, FGFRi). From the
above results, highly efficient production of RPE cells by the
production method including an MEK inhibitor and FGF receptor
inhibitor treatment step was also verified by checking these
gene expression levels.
[Industrial Applicability]
[0122]

The production method of the present invention enables
highly efficient production of retinal pigment epithelial cells

from pluripotent stem cells.
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[0123]
This application is based on a patent application No.
2015-176896 filed in Japan (filing date: September 8, 2015),

the contents of which are incorporated in full herein.
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Claims

1. A production method of a retinal pigment epithelial cell
comprising the following steps:

(1) a first step for culturing a pluripotent stem cell in a
medium comprising an FGF receptor inhibitor and/or an MEK
inhibitor for a period of not more than 30 days, and

(2) a second step for culturing the cell obtained in the first
step in the presence of a Nodal signal transduction pathway
inhibitor and/or a Wnt signal transduction pathway inhibitor to

form a retinal pigment epithelial cell.

2. The production method according to claim 1, wherein the

first step is performed in serum-—-free conditions.

3. The production method according to claim 1 or 2, wherein the

first step is performed in the absence of feeder cells.

4. The production method according to any one of claims 1 to 3,

-wherein the medium in the first step further comprises a factor

for maintaining undifferentiated state.

5. The production method according to claim 4, wherein the
factor for maintaining undifferentiated state is an FGF signal

transduction pathway agonist.

6. The production method according to claim 5, wherein the FGF

signal transduction pathway agonist is bFGF.

7. The production method according to any one of claims 1 to 6,
wherein the FGF receptor inhibitor is at least one kind

selected from the group consisting of PD173074 and SU5402.

8. The production method according to any one of claims 1 to 7,

wherein the MEK inhibitor is at least one kind selected from
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the group consisting of PD0325901,

AZD-8330.

PD184352, U0126, TAK-733 and

9. The production method according to any one of claims 1 to 8,

wherein the Nodal signal transduction pathway inhibitor is an

Alk4, 5 or 7 inhibitor.

10. The production method according to claim 9, wherein the

ALK4, 5 or 7 inhibitor is

SB431542.

11. The production method according to any one of claims 1 to

10, wherein the Wnt signal transduction pathway inhibitor is

CKI-T7.

12. The production method according to any one of claims 1 to

11, wherein the pluripotent stem cell is a primate pluripotent

stem cell.

13. The production method according to any one of claims 1 to

12, wherein the pluripotent stem cell is a human pluripotent

stem cell.
14. The production method
13, wherein the medium in

comprising a BMP receptor

15. The production method

BMP receptor inhibitor is

16. The production method

according

the first

inhibitor.

according

an ALK2/3

according

ALK2/3 inhibitor is LDN193189.

17. The production method

16, wherein the medium in

according

the first

to any one of claims 1 to

step 1s a medium further

to claim 14, wherein the

inhibitor.

to claim 15, wherein the

to any one of claims 1 to

step further comprises a

Sonic hedgehog signal transduction pathway agonist.
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18. The production method according to claim 17, wherein the

Sonic hedgehog signal transduction pathway agonist is SAG.

19. The production method according to any one of claims 1 to
18, wherein the medium in the first step further comprises a

PKC inhibitor.

20. The production method according to claim 19, wherein the

PKC inhibitor is Go6983.

21. The production method according to any one of claims 1 to
20, wherein the culture period in the first step is for 2 days

to 13 days.

22. The production method according to any one of claims 1 to
21, wherein the culture period in the first step is for 4 days

to 6 days.

23. A reagent for evaluating toxicity or efficacy of a test
substance comprising a retinal pigment epithelial cell produced

by the production method according to any one of claims 1 to 22.

24. A method of evaluating toxicity or efficacy of a test
substance comprising contacting a retinal pigment epithelial
cell produced by the production method according to any one of
claims 1 to 22 with the substance, and assaying the effect of

the substance on the cells.

25. An agent for treating a disease based on disorder of
retinal pigment epithelial cells, comprising a retinal pigment
epithelial cell produced by the production method according to

any one of claims 1 to 22.

26. A method of treating a disease based on disorder of retinal
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pigment epithelial cells, comprising transplanting into a
subject in need thereof an effective amount of retinal pigment
epithelial cells produced by the production method acceording to

any one of claims 1 to 22.

27. A retinal pigment epithelial cell produced by the
production method according to any one of claims 1 to 22 for
use in the treatment of a disease based on disorder of retinal

pigment epithelial cells.
28. A pharmaceutical composition comprising a retinal pigment

epithelial cell produced by the production method according to

any one of claims 1 to 22 as an active ingredient.
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