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DESCRIPTION
Title of the Invention: METHOD OF PRODUCING RETINAL PIGMENT
EPITHELIAL CELL
Technical Field
[0001]

The present invention relates to a method of efficiently
producing retinal pigment epithelial (RPE) cells from human
pluripotent stem cells, a method of stably culturing retinal
pigment epithelial cells, and the like.

Background Art
[0002]

As a method for producing retinal pigment epithelial
cells from pluripotent stem cells, a method called SFEB method
including culturing ES cells as a floating aggregate in a
serum-free medium (patent document 1 etc.), a method including
inducing differentiation of pluripotent stem cells in the
presence of a differentiation-inducing factor on a culture
substrate coated with a weakly cell adhesive coating agent and
the like (non-patent document 1 etc.) are known. However, due
to the low differentiation induction efficiency, these methods
require plural steps combining adhesion culture and floating
culture to obtain a highly concentrated cell population of
retinal pigment epithelial cells, and have problems such as the
required presence of a purification step with a high workload
and a long time, which includes selectively picking up a colony
of pigment cells under an optical microscope. Moreover, these
methods have a problem of easy cell loss during passage culture.
Therefore, a method capable of stably affording highly pure
retinal pigment epithelial cells by a simple and easy method
has been demanded.

[0003]

For maintenance culture of human pluripotent stem cells,
a method using an extracellular matrix instead of a feeder cell
has been widely used. Among others, laminin is being

preferably used and, for example, non-patent document 2 reports
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successful maintenance culture of human ES cell on laminin-511
for a long term. As for E8 fragment known as an altered
laminin having an improved cell adhesion activity, for example,
patent document 2 and non-patent document 3 disclose culture
methods of human pluripotent stem cells, which use E8 fragment
of human laminin-o«5plyl (laminin-511E8, hereinafter indicated
in the same manner) and human laminin-322E8. Non-patent
document 4 describes that laminin-511E8 maintains binding
activity to «b6Bfl integrin, which is of the same level as that
of full-length laminin-511, and patent document 2 describes
that, by using said laminin-511E8, pluripotent stem cells-can
be stably immobilized on a culture dish, as a result of which
the cells, while maintaining differentiation pluripotency, can
be subjected to maintenance culture. However, no report has
documented utilization of such E8 fragment of laminin for other
than culture of pluripotent stem cells, for example,
differentiation induction of pluripotent stem cells and the
like.

[0004]

On the other hand, as a method of inducing
differentiation of human pluripotent stem cells into retinal
pigment epithelial cells in the absence of a feeder cell, a
method using laminin is known. For example, non-patent
document. 5 describes that the differentiation induction
efficiency into retinal pigment epithelial cells markedly
increased by adhesion culture of pluripotent stem cells on
laminin-111 and Matrigel. However, no report has documented
use of the EB8 fragment of laminin for the induction of
differentiation of pluripotent stem cell into retinal pigment
epithelial cell.

[Document List]

Patent Documents

(0005]

patent document 1: WO 2005/123902
patent document 2: WO 2011/043405
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[non-patent documents]

(0006]

non-patent document 1: PLoS One. 2012; 7(5): e37342.
non-patent document 2: Nature Biotech. June 2010; 28(6): 611-5
non-patent document 3: Nat. Commun. 3:1236 doi:
10.1038/ncomms2231

non-patent document 4: J Biol Chem. 284:7820-7831, 2009
non-patent document 5: J. Tissue Eng Regen Med 2013; 7: 642-653
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007]

An object of the present invention is to provide a
production method of retinal pigment epithelial cell that
improves differentiation induction efficiency of pluripotent
stem cell into retinal pigment epithelial cell, and can provide
highly pure retinal pigment epithelial cell by a simple and
easy operation in a short period, a culture method of retinal
pigment epithelial cell that can stably grow and culture a cell,
a toxicity/efficacy evaluation method using a retinal pigment
epithelial cell useful for transplantation therapy, and a
therapeutic drug for a retinal disease.

Means of Solving the Problems
[(0008]

The present inventors have conducted intensive studies in
an attempt to achieve the above-mentioned objects and found
that, when human pluripotent stem cells are cultured on a
culture substrate coated with laminin-E8, the seeded
pluripotent stem cells rapidly adhere to the culture substrate,
a large amount of pigment cell is generated from early stages,
the yield of retinal pigment epithelial cells can be markedly
improved, cells are not easily lost during medium exchange, the
purification step can be simplified, and a highly pure cell
population can be obtained in a short period. As a result, the
operability and economic efficiency, which are the problems in

inducing differentiation of pluripotent stem cells into retinal
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pigment epithelial cells, can be markedly improved, and the
retinal pigment epithelial cells of interest can be produced
stably and efficiently, which resulted in the completion of the
present invention.
[0009]

That is, the present invention relates to the following.
[1] A production method of retinal pigment epithelial cells,
comprising a step of adhesion culture of human pluripotent stem
cells on a culture substrate coated with a laminin-E8 fragment.
[2] The method of [1], wherein the laminin-E8 fragment is
laminin-511E8 fragment.
[3] The method of [1] or [2], wherein the step of adhesion
culture is performed in the presence of a differentiation-
inducing factor.
{4] The method of any of [1] - [3], wherein the human
pluripotent stem cells are human iPS cells.
[S] A retinal pigment epithelial cell produced by adhesion
culture of human pluripotent stem cells on a culture substrate
coated with a laminin-E8 fragment.
[6] A retinal pigment epithelial cell sheet produced by
adhesion culture of human pluripotent stem cells on a culture
substrate coated with a laminin-E8 fragment.
[7] An amplification method of retinal pigment epithelial cells,
comprising a step of adhesion culture of retinal pigment
epithelial cells on a culture substrate coated with a laminin-
E8 fragment.
[8] A purification method of retinal pigment epithelial cells,
comprising a step of adhesion culture of retinal pigment
epithelial cells on a culture substrate coated with a laminin-
E8 fragment.
[9] A therapeutic drug for a retinal disease, comprising
retinal pigment epithelial cells produced by the method of any
of [1] - [4], or retinal pigment epithelial cells cultured by
the method of [7].
Effect of the Invention
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[0010]

According to the present invention, retinal pigment
epithelial cells can be produced in a high yield from
pluripotent stem cells. In addition, differentiation induction
efficiency is improved, and a cell population containing
retinal pigment epithelial cells at a high concentration can be
obtained, and highly pure retinal pigment epithelial cells can
be produced by a simple and easy purification operation.
According to the present invention, moreover, since retinal
pigment epithelial cells can be stably adhered, the cells are
not easily lost during medium exchange, and can be stably
passaged.

Brief Description of the Drawings
[0011]

Fig. 1 is a schematic showing of the structure of
laminin-ES8.

Fig. 2 shows expression of RPE-related genes by RPE cells
induced from human iPS cells (201B7).

Fig. 3 shows the cell adhesion state on days 1, 2 and 3
after the start of differentiation induction of iPS cells
seeded on a substrate coated with laminin-511 E8, Matrigel or
laminin-511 full-length in Comparative Example 3.

Fig. 4 shows cell populations on days 15 and 40 after the
start of differentiation induction of iPS cells seeded on a
substrate coated with laminin-511 E8, Matrigel or laminin-511
full-length in Comparative Example 3.

Description of Embodiments
[0012]
1. Production method of retinal pigment epithelial cells

The present invention is a production method of retinal
pigment epithelial cells, comprising a step of adhesion culture
of human pluripotent stem cells by using a culture substrate
coated with a laminin-E8 fragment (hereinafter to be referred
to as “the production method of the present invention”).

[0013]
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The “pluripotent stem cell” in the present invention
means a stem cell having self-replication competence and
differentiation pluripotency, and is not particularly limited.
For example, embryonic stem cells (ES cell), induced
pluripotent stem cells (iPS cell) and the like are widely
utilized. Preferably, human ES cells or human iPS cells are
utilized and, more preferably, human iPS cells are utilized.
[0014]

The “iPS cell” in the present invention means a cell that
artificially acquired self-replication competence and
differentiation pluripotency by contacting a nuclear
reprogramming factor with somatic cells (e.g., fibroblast, skin
cell, lymphocyte etc.). The production method of iPS cells in
the present invention is not particularly limited.

[0015]

The “retinal pigment epithelial cell” in the present
invention refers to an epithelial cell constituting the retinal
pigment epithelium, and a progenitor cell thereof. Whether a
retinal pigment epithelial cell or not can be confirmed by, for
example, expression of cell markers (RPE65, CRALBP, MERTK,
BEST1 etc.), cell forms (intracellular melanin dye deposition,
polygonal and flat cell form, formation of polygonal actin
bundle etc.) and the like. The progenitor cell of retinal
pigment epithelial cell means a cell directed to be induced to
differentiate into retinal cell, and whether a progenitor cell
or not can be confirmed by expression of cell markers (Mitf,
Pax6, Rx, Crx etc.) and the like. Functional evaluation of
retinal pigment epithelial cell can be confirmed using, for
example, secretability, phagocytic capacity and the like of
cytokine (VEGF, PEDF etc.) as an index. These functional
evaluation and confirmation operations can be performed by
those of ordinary skill in the art by setting appropriate

conditions.

' [0016]

The “laminin” in the present invention is a heterotrimer
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molecule consisting of o, B, y chains, and is an extracellular
matrix protein containing isoforms having different subunit
chain compositions. Specifically, laminin has about 15 kinds
of isoforms including heterotrimers of combinations of 5 kinds
of o chain, 4 kinds of B chain and 3 kinds of y chain. The
number of each of o chain (ol - o5), B chain (Bl - P4) and vy
chain (yl - ¥3) is combined to determine the name of laminin.
For example, a laminin composed of a combination of ol chain,
B1 chain, vyl chain is named laminin-111, a laminin composed of
a combination of o5 chain, Pl chain, vyl chain is named laminin-
511, and a laminin composed of a combination of o5 chain, B2
chain, vyl chain is named laminin-521. As laminin, for example,
a laminin derived from a mammal can be used. Examples of the
mammal include mouse, rat, guinea pig, hamster, rabbit, cat,
dog, sheep, swine, bovine, horse, goat, monkey and human.
Human laminin is preferably used when retinal pigment
epithelial cells are produced for the purpose of transplanting
to human, and the like. At the present stage, human laminin is
known to include 15 kinds of isoforms.

[0017]

Laminin-E8 fragment was originally one of the fragments
obtained by digesting mouse laminin-111 with elastase, and
identified as a fragment having strong cell adhesion activity
(EMBO J., 3:1463-1468, 1984., J. Cell Biol., 105:589-598,
1987.). When digested with elastase, the presence of a
fragment corresponding to the E8 fragment of mouse laminin-111
is assumed in laminin other than mouse laminin-111. However,
separation and identification of E8 fragment by digestion of
laminin other than mouse laminin-111 with elastase has not been
reported heretofore. Therefore, laminin-E8 fragment to be used
in the present invention is not required to be an elastase
digestion product of each laminin, but may be a recombinant as
long as it is a fragment of laminin having a cell adhesion
activity similar to that of each corresponding laminin and

having a structure corresponding to that of E8 fragment
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digested with elastase. That is, the “laminin-E8 fragment
(hereinafter sometimes to be indicated as “laminin-E8”)” in the
present invention refers to a molecule constituting a
heterotrimer in each C-terminal region of o chain, B chain and
vy chain, maintaining a binding activity to integrin, as well as
maintaining a cell adhesion activity. Laminin-E8 shows
integrin binding specificity that varies for each laminin
isoform, and can exert a strong adhesion activity to a cell
that expresses the corresponding integrin.
[0018]

When concretely explained, laminin-E8 in the present
invention is a laminin fragment having,
(1) functionally, cell adhesion activity at least equivalent to
that of full-length laminin, and at least equivalent integrin
binding activity, and
(2) structurally, a structure corresponding to that of mouse
laminin-E8, specifically, a structure corresponding to a region
from coiled-coil C-terminal region of laminin trimer to 1st -
3rd of G domain. It is explained in more detail in the
following from the (1) functional aspect and (2) structural
aspect.
[0019]
(1) Function of laminin-ES8

Examples of the laminin-E8 in the present invention
include a molecule showing binding specificity to at least one
of the integrins expressed on the surface of human pluripotent
stem cell and/or human retinal pigment epithelial cell,
preferably, a molecule showing binding specificity to an
integrin expressed on the surface of both human pluripotent
stem cells and human retinal pigment epithelial cells, and an
integrin expressed on the surface of human retinal pigment
epithelial cells are preferably used. Examples of the integrin
expressed on the surface of human pluripotent stem cell include
a6pl integrin and the like, and examples of the integrin

expressed on the surface of human retinal pigment epithelial
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cell include a6fl integrin, o3fl integrin, o7fl integrin and
the like.
[0020]

Laminin-E8 in the present invention shows binding
specificity to integrin at least equivalent to each laminin.
Laminin-E8 showing particularly strong affinity to integrin is
preferably used. “Laminin-E8 showing particularly strong
affinity to integrin” is one showing a significantly low
dissociation constant as measured by a known method and, for
example, the dissociation constant measured by, for example,
the method shown in Table 1 of The Journal of Biological
Chemistry (2009) 284, pp.7820-7831 is not more than 10 nM.
[0021]

As laminin-EB8 in the present invention, one having a
strong cell adhesion activity is preferably used. The
“laminin-E8 having a strong cell adhesion activity” is one
showing a significantly strong adhesion activity in a cell
adhesion test with measurement by a known method and shows an
adherent cell number of not less than 400 cells/mm® at a
coating concentration of laminin-E8 of not more than 10 nM when,
for example, the cell adhesion assay described in The Journal
of Biological Chemistry (2007) 282, pp. 11144-11154 is
performed.

[0022]

In the present invention, as laminin-E8, one showing
binding specificity to «6Bl integrin, capable of stably
adhering pluripotent stem cells in the initial stage of
differentiation induction, and capable of stably adhering
retinal pigment epithelial cells in the latter stage of
differentiation induction or progenitor cells thereof is
preferably used. From such aspect, particularly, laminin-511
EB is highly preferable among laminin-E8, since it has binding
specificity to a3f1 integrin and «7f1 integrin in addition to
abfl integrin, and can contribute to the improvement of

differentiation induction efficiency of pluripoctent stem cells
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into retinal pigment epithelial cells, or stabilization of
maintenance culture of retinal pigment epithelial cells, by
improving the adhesion activity to retinal pigment epithelial
cells.

[0023]

(2) Structure of laminin-ES8

The laminin-E8 in the present invention is, as mentioned
above or shown in Fig. 1, a laminin fragment structurally
corresponding to a fragment having a cell adhesion activity (E8
fragment) in an elastase digestion product of mouse laminin-111.
That is, it maintains a part of domain II (triple-stranded
coiled-coil domain) of full-length laminin (E8 fragment
depicted in Fig. 1 deoes not show such manner but actually
maintains a coiled-coil structure), and forms a short coiled-
coil structure on the N terminal side of E8 with a
corresponding fragment of B chain and a corresponding fragment
of y chain. On the C-terminal side of E8, the Gl - G3 domain
structure of a chain is maintained. The f chain and y chain
are bonded to each other by forming a disulfide bond via a
cysteine residue on each C-terminal side.

[0024]

As described above, laminin-E8 in the present invention
may be an enzyme-treated product obtained by treating natural
laminin with elastase, or a recombinant produced by gene
recombination. When the laminin-E8 in the present invention is
a recombinant, a tag may be bonded to the N terminal for the
purpose of purification and the like as long as the binding
activity of the corresponding full-length (natural) laminin to
integrin is maintained, and the cell adhesiveness is not
impaired. Such tag is not particularly limited and, for
example, His tag, Flag tag, HA tag and the like can be
mentioned. Also, the sequence of the linker region between the
tag and laminin-E8 is not particularly limited as long as the
binding activity of the corresponding full-length (natural)

laminin to integrin is maintained, and cell adhesiveness is not
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impaired.
[0025]

In the laminin-E8 in the present invention, a part of the
amino acid sequence may be deleted, added, or substituted as
long as the binding activity of the corresponding laminin to
integrin is maintained, and the cell adhesiveness thereof is
not impaired.

While E8 fragment generally lacks two G domains (G4 and
G5) on the a chain C-terminal side, the G4, G5 domains may be
partly or entirely contained in the laminin-E8 in the present
invention as long as the binding activity of the corresponding
full-length (natural) laminin to integrin is maintained, and
cell adhesiveness thereof is not impaired. For example, the G4,
G5 domains may be partly or entirely contained in the laminin-
511 E8 as long as the binding activity to integrin o681 of the
equivalent level as laminin-511 is maintained, and the cell
adhesion activity is not impaired.

Like full-length laminin, B chain and vy chain of laminin-
E8 are bonded via cysteine on the C-terminal side of the
coiled-coil part. Since the cysteine influences the integrin
binding activity, it is desirably not substituted or deleted.
Furthermore, since the C-terminal side amino acid following
said cysteine in the y chain also influences the integrin
binding activity, it is desirably at least not deleted (J Biol
Chem. 2007 Apr 13; 282(15):11144-54.).

[0026]

Specific examples of such laminin-E8 include rhIM511ES8
produced in Example (3) of WO 2011/043405. Said laminin-511ES8
can be preferably utilized as the laminin-E8 in the present
invention.

[0027]

The “culture substrate” to be used in the present
invention can be produced by coating a surface of an incubator
with the laminin—-E8 in the present invention. As used herein,

“coating” a surface of an incubator means adsorption of
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laminin-E8 to the surface of the incubator by some interaction
between laminin-E8 and the incubator surface, where the
orientation of the laminin-E8 does not pose a particular
problem in affording the effect of the present invention. The
incubator is not particularly limited as long as it can be used
for cell culture and, for example, dish (also referred to as
culture dish), petri dish and plate (microtiter plate,
microplate, deep well plate etc. of 6 well, 24 well, 48 well,
96 well, 384 well, 9600 well and the like), flask, chamber
slide, tube, Cell Factory, roller bottle, spinner flask, hocllow
fiber, microcarrier, bead and the like can be mentioned. The
culture substrate in the present invention may be applied with
an appropriate surface treatment as long as the cell adhesion
property by laminin-E8 is not impaired.

[0028]

The “adhesion culture” in the present invention means
culture in a state where the cells of interest are adhered to
the bottom of the incubator via laminin-E8, and do not float in
the culture medium even when the incubator is gently shaken
during culture. Since laminin-E8 to be used in the present
invention shows extremely superior cell adhesiveness, the cells
after cell seeding are preferably uniformly dispersed by a
method including rapidly trembling the incubator and the like.
The cells of interest may be subjected to floating culture in
an incubator containing laminin-E8 before and after the
adhesion culture, as long as the object of the present
invention can be achieved.

[0029]

The medium is constituted of a basal medium, a serum
and/or a serum replacement, and other components. As the basal
medium, one or plural kinds of synthetic media generally used
for culturing mammalian cells can be used in combination and,
for example, commercially available products such as DMEM, GMEM
and the like can be obtained.

[0030]
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As the serum, a serum derived from a mammal such as
bovine, human and the like can be used. The serum replacement
is a low-protein replacement that replaces serum such as FBS
and the like used for the cell culture, and commercially
available products such as Knockout Serum Replacement (KSR),
Chemically-defined Lipid concentrated (manufactured by Gibco),
Glutamax (manufactured by Gibco) and the like, as well as N2,
B27 and the like which are serum replacements for nerve cell
culture can be obtained. In the present invention, a serum
replacement is preferable, and KSR is particularly preferable
from the aspect of quality management of the cell of interest.
[0031]

The concentration of serum or serum replacement can be
appropriately set within the range of, for example, 0.5 -
30%(v/v). The concentration may be constant, or gradually
changed. For example, the concentration may be lowered in
stages at intervals of about 1 - 3 days (preferably 2 days).
For example, serum or serum replacement can be added at 3
stages of concentration of 20%, 15% and 10%.

[0032]

As other component constituting the medium, a Rho kinase
inhibitor such as Y-27632 and the like can be used to suppress
cell death of human pluripotent stem cells dispersed in a
culture medium. A Rho kinase inhibitor may be added in the
period of a part or the whole period of the differentiation
induction step. For example, unnecessary cells that did not
differentiate into the cell of interest can be removed by cell
death by using a medium free of a Rho kinase inhibitor in the
latter period of the differentiation induction step.

[0033]

The medium can contain other components generally used
for culturing mammalian cells, besides those mentioned above.
[0034]

The concentration of human pluripotent stem cells to be

used in the production method of the present invention is not
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particularly limited as long as pluripotent stem cells can be
uniformly seeded, and adhesion culture is possible. For
example, when a 10 cm dish is used, it is 1x10® - 1x10°% cells,
preferably 2x10% - 5x107 cells, more preferably 5x10° - 9x10°
cells, per 1 dish.

[0035]

The adhesion culture in the production method of the
present invention can also be performed in the presence of a
differentiation-inducing factor. As the differentiation-
inducing factor, a factor known as a factor promoting
differentiation induction into the cell of interest can be
utilized. Since the production method of the present invention
includes differentiation induction into retinal pigment
epithelial cells, a differentiation-inducing factor into
retinal pigment epithelial cells is desirably used. Examples
of the differentiation-inducing factor into retinal pigment
epithelial cells include Nodal signal inhibitor, Wnt signal
inhibitor, Sonic hedgehog signal inhibitor, and Activin signal
promoter and the like.

[0036]

The Nodal signal inhibitor is not particularly limited as
long as it can suppress signal transduction mediated by Nodal,
and protein, nucleic acid, low-molecular-weight compound and
the like can be used. Examples of the Nodal signal inhibitor
include protein, peptide or nucleic acid such as Lefty-A,
soluble Nodal receptor, anti-Nodal antibody, Nodal receptor
inhibitor and the like; low-molecular-weight compound such as
SB-431542 and the like, and the like. Particularly, a low-
molecular-weight compound such as SB-431542 and the like which
is easily available and shows less difference between lots is
preferable.

[0037]

The Wnt signal inhibitor is not particularly limited as

long as it can suppress signal transduction mediated by Wnt,

and protein, nucleic acid, low-molecular-weight compound and
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the like can be used. Examples of the Wnt signal inhibitor
include protein, peptide or nucleic acid such as Dkkl, Cerberus
protein, Wnt receptor inhibitor, soluble Wnt receptor, Wnt
antibody, casein kinase inhibitor, dominant negative Wnt
protein and the like; and low-molecular-weight compound such as
CKI-7 (N-(2-aminoethyl)-5-chloro-isoquinoline-8-sulfonamide),
D4476 (4-{4-(2,3-dihydrobenzo[1l,4]dioxin-6-yl)-5-pyridin-2-yl-
1H-imidazol-2~yl}benzamide), IWR-1l-endo(IWRle), IWP-2 and the
like. Particularly, a low-molecular-weight compound which is
easily available and shows less difference between lots is
preferable. Among others, a low-molecular-weight compound
having an activity to selectively inhibit casein kinase I is
preferable and, for example, CKI-7, D4476 and the like can be
utilized.

[0038]

Examples of the Activin signal promoter include protein
belonging to the Activin family, Activin receptor, Activin
receptor agonist and the 1like.

[0039]

The concentration of these differentiation-inducing
factors can be appropriately selected according to the kind of
the differentiation-inducing factor. Specifically, when SB-
431542 is used as a Nodal signal inhibitor, the concentration
is, for example, 0.01 - 50 pM, preferably 0.1 - 10 pM, more
preferably 5 uM; when CKI-7 is used as a Wnt signal inhibitor,
it is added at the concentration of 0.01 - 30 uM, preferably
0.1 - 30 uM, more preferably 3 uM.

[0040]

In the production method of the present invention, a
combination of a Nodal signal inhibitor (e.g., SB-431542) and a
Wnt signal inhibitor (e.g., CKI-7) is preferably used as a
differentiation-inducing factor.

[0041]
Culture according to the aforementioned method induces

differentiation of pluripotent stem cells into retinal pigment
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epithelial cells, whereby retinal pigment epithelial cells can
be generated generally on day 25 - 45 from the seeding of
pluripotent stem cells. Generation of retinal pigment
epithelial cell can be confirmed according to the
aforementioned method. When generation of retinal pigment
epithelial cells is confirmed, the medium is exchanged with a
maintenance medium for retinal pigment epithelial cells and,
for example, the cells are preferably further cultured for 5 -
10 days while exchanging the total amount of medium at a
frequency of not less than once in 3 days. As a result, a
melanin dye deposition cell population and a polygonal flat
cell population adhered to the basal lamina can be observed
more clearly.

[0042]

As the maintenance medium for retinal pigment epithelial
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. As the basal medium, one or plural kinds of
synthetic media generally used for culturing mammalian cells
can be used in combination and, for example, commercially
available products such as DMEM, GMEM and the like can be
obtained.

As the serum, a serum derived from a mammal such as
bovine, human, swine and the like can be used. The serum
replacement is a low-protein replacement that replaces serum
such as FBS and the like used for the cell culture, and
commercially available products such as Knockout Serum
Replacement (KSR), Chemically-defined Lipid concentrated
(manufactured by Gibco), Glutamax (manufactured by Gibco) and
the like, as well as N2, B27 and the like which are serum

replacements for nerve cell culture can be obtained. In the
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present invention, a serum replacement is preferable, and B27
is particularly preferable from the aspect of quality
management of the cell of interest.

Examples of other components include L-glutamine,
penicillin sodium, sulfuric acid streptomycin and the like.
[0043]

The production method of the present invention may
further contain a step of purifying retinal pigment epithelial
cells by a concentration operation. Since the production
method of the present invention markedly improves the
differentiation induction efficiency, a highly pure retinal
pigment epithelial cell can be obtained in a short production
period by a simple and easy operation. A method of
concentrating retinal pigment epithelial cells is not
particularly limited as long as it is generally known as a
method of concentrating cells and, for example, methods such as
filtration, centrifugation, perfusion separation, flow
cytometry separation, trap separation by antibody immobilized
carrier and the like can be used. Preferably, a method such as
filtration using nylon mesh and the like can be utilized.
[0044]

According to the production method of the present
invention, human pluripotent stem cells can be rapidly adhered
to an incubator via laminin-E8 superior in cell adhesion, and
culture in an immobilized state markedly improves
differentiation induction efficiency and, moreover, cell loss
during medium exchange can be suppressed. Therefore, cell
population of retinal pigment epithelial cells at a high
concentration can be obtained in a large amount. Furthermore,
cell purification can be performed by a simple and easy
operation, the time necessary for a purification step can be
shortened, and retinal pigment epithelial cells can be produced
extremely efficiently. In addition, according to the
production method of the present invention, retinal pigment

epithelial cells can be adhered to each other to form a sheet-
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like structure. Therefore, a sheet of retinal pigment
epithelial cells can be produced by the production method of
the present invention. The sheet of retinal pigment epithelial
cells is useful as a cell population to be used as a cell
transplantation therapeutic drug for the treatment of retinal
diseases, as described in detail below in 3.

[0045]

2. Bmplification method of retinal pigment epithelial cell

The present invention also relates to an amplification
method of retinal pigment epithelial cells, comprising a step
of adhesion culture of retinal pigment epithelial cells by
using a culture substrate coated with laminin-E8 (hereinafter
to be referred to as “the amplification method of the present
invention”). According to the amplification method of the
present invention, retinal pigment epithelial cells can be
easily grown by a convenient method.

[0046]

As the retinal pigment epithelial cell in the
amplification method of the present invention, retinal pigment
epithelial cells derived from a mammal can be used. Examples
of the mammal include mouse, rat, guinea pig, hamster, rabbit,
cat, dog, sheep, swine, bovine, horse, goat, monkey and human.
Human retinal pigment epithelial cell is preferably used when
retinal pigment epithelial cells are produced for the purpose
of transplanting to human, and the like.

[0047]

The retinal pigment epithelial cell in the amplification
method of the present invention refers to epithelial cells
constituting retinal pigment epithelium, and progenitor cells
thereof. Examples thereof include retinal pigment epithelial
cell derived from a living organism; retinal pigment epithelial
cell induced to differentiate from an undifferentiated cell
(pluripotent stem cell, precursor of retinal pigment epithelial
cell etc.); retinal pigment epithelial cell transdifferentiated

from a differentiated cell or a precursor of a cell other than

18




10

15

20

25

30

35

retinal pigment epithelial cell etc., preferably a retinal
pigment epithelial cell induced to differentiate from an
undifferentiated cell, more preferably a retinal pigment
epithelial cell induced to differentiate from a pluripotent
stem cell, which is obtained by the above-mentioned production
method of the present invention.

[0048]

The concentration of the retinal pigment epithelial cells
used for the amplification method of the present invention is
not particularly limited as long as uniform adhesion culture of
retinal pigment epithelial cells is possible. For example,
when a 10 cm dish is used, it is 1x10° - 1x10° cells,
preferably 2x10° - 5x107 cells, more preferably 5x10° - 1x10’
cells, per 1 dish.

[0049]

The laminin-E8 fragment in the amplification method of
the present invention is similar to that mentioned above, and a
coating method of a culture substrate is also similar.
Therefore, by culturing the retinal pigment epithelial cells
obtained by the above-mentioned production method of the
present invention on the same incubator coated with the
laminin-E8 fragment, the obtained retinal pigment epithelial
cells can be directly amplified in situ and can be obtained in
large amounts. According to the amplification method of the
present invention, moreover, the cells contained in the
differentiation-induced retinal pigment epithelial cells, which
could not be induced to differentiate can be relatively reduced.
Therefore, the amplification method of the present invention
can also be used as a purification method of retinal pigment
epithelial cells.

[0050]

As the laminin-E8 to be used in the amplification method
of the present invention, particularly, laminin-511 EB8 is
preferable among laminin-E8, since it has binding specificity

to a3p1l integrin and o7f1l integrin in addition to a6fl integrin,
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and can contribute to the stabilization of maintenance culture
of retinal pigment epithelial cells and cell proliferation, by
improving the adhesion activity to retinal pigment epithelial
cells.

[0051]

According to the amplification method of the present
invention, since retinal pigment epithelial cells are rapidly
fixed on an incubator via laminin-E8 superior in cell
adhesiveness, cell loss during medium exchange can be
suppressed, and deformation of cell form due to passage can be
suppressed, the maintenance culture and culture growth of
retinal pigment epithelial cells can be performed stably.
According to the amplification method of the present invention,
moreover, a membranous retinal pigment epithelial cell group
can also be utilized directly or after recovery by separation
from the culture substrate, as a therapeutic drug for retinal
diseases shown below.

[0052]
3. Retinal pigment epithelial cell

The retinal pigment epithelial cells obtained by the
production method or amplification method of the present
invention are cultured on laminin-E8, particularly laminin-511
E8. Therefore, they can be easily recovered by separation from
the culture substrate singly as cells, or as a sheet, and have
superior property.

[0053]

4. Therapeutic drug for retinal diseases

The retinal pigment epithelial cells produced by the
production method of the present invention, and the retinal
pigment epithelial cells amplification by the amplification
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. Retinal disease is an ophthalmic disease

relating to the retina and also includes complications with
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other diseases such as diabetes and the like.

[0054]

5. Toxicity, efficacy evaluation drug

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 therapeutic
drugs for retinal diseases and therapeutic drug for diseases of
other complications such as efficacy evaluation 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 cells, retinal
excitotoxicity and the like. The evaluation method thereof
includes stimulation, 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 visual cell (expressed
protein analysis and phagocytic capacity test by RT-PCR of
various gene markers, ELISA of cytokine and the like), toxicity
test of phototoxicity and the like, retinal electric potential
and transepithelial impedance on visual function, cell injury
test caused by autoimmune reaction and the like. As a cell
material for these tests, not only retinal pigment epithelial
cells but also precgenitor 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.
[0055]

The contents disclosed in any publication cited in the
present specification, including patents and patent
applications, are hereby incorporated in their entireties by
reference, to the extent that they have been disclosed herein.
[0056]

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

Examples

[0057]

Example 1 Production of RPE cell derived from iPS cell
Reagents

‘differentiation induction basic medium (GMEM medium
(Invitrogen), KSR (Invitrogen), 0.1 mM MEM non-essential amino
acid solution (Invitrogen), 1 mM pyruvic acid sodium (SIGMA),
0.1 M 2-mercaptoethanol (Wako Pure Chemical Industries, Ltd.),
100 U/ml penicillin-100 pg/ml streptomycin (Invitrogen))

« primary differentiation induction medium (differentiation
induction basic medium containing 20% KSR, 10 pM Y-27632 (Wako
Pure Chemical Industries, Ltd.), 5 pM SB431542 (SIGMA), 3 uM
CKI-7(SIGMA))

- secondary differentiation induction medium (differentiation
induction basic medium containing 15% KSR, 10 uM Y-27632 (Wako
Pure Chemical Industries, Ltd.), 5 pM SB431542 (SIGMA), 3 uM
CKI-7(SIGMA))

« tertiary differentiation induction medium (differentiation
induction basic medium containing 10% KSR, 10 uM Y-27632 (Wako
Pure Chemical Industries, Ltd.), 5 pM SB431542 (SIGMA), 3 uM
CKI-7(SIGMA))

- quaternary differentiation induction medium (differentiation
induction basic medium containing 10% KSR)

+ RPE maintenance medium (67% DMEM low glucose (SIGMA), 29% F12
(SIGMA), 1.9 mM L-glutamine (Invitrogen), 1.9% B-27 supplement
(Invitrogen), 96 U/mL penicillin sodium, 96 upg/mL streptomycin
sulfate)

[0058]

Production of retinal pigment epithelial cell (differentiation

induction)
iPS cells (1120C7, provided by Kyoto University) derived
from human peripheral blood (mononuclear cell) were seeded in a

laminin-coated culture dish (manufactured by Sumitomo Bakelite
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Co., Ltd.) at 9x10° cells/9 cm dish. The laminin-coated
culture dish was produced by coating a 9 cm culture dish (BD
FALCON) with a 0.5 ng/cm® aqueous solution of laminin-511 ES8
fragment (protein disclosed in Example (3) of WO 2011043405.
(manufactured by Nippi (iMatrix-511, NIP-8920-02))) at 37°C for
not less than 1 hr. 1iPS cells rapidly adhered on the culture
dish, and formation of floating aggregate was not confirmed.

The above-mentioned differentiation induction was
performed according to the following timeline, and
differentiation induction in the Examples and Comparative
Examples in the present specification followed this timeline.
With the first day of culture as Day 0, the total amount of the
medium was exchanged every day from the start of the culture
(Day 1) to around Day 40 when pigment cell was confirmed. The
composition of the medium was changed in stages as shown below.
That is, the primary differentiation induction medium (20% KSR)
was used for Day 1-4, the secondary differentiation induction
medium (15% KSR) was used for Day 5-8, the tertiary
differentiation induction medium (10% KSR) was used for Day 9-
12, and the quaternary differentiation induction medium (10%
KSR) was used from Day 13 to around Day 40 when pigment cells
are confirmed.

After around Day 40 when pigment cells were confirmed,
the total amount of the medium was exchanged with RPE
maintenance medium up to Day 47 at not less than once per 3
days. As the culture proceeded, the cell pigment became darker,
and on Day 47, many cell groups containing dark pigments were
observed. On Day 47, a cell population containing pigment
cells was recovered.

Using laminin-511 E8 fragment as a coating agent, seeded
iPS cells rapidly adhered to the culture dish at a high density,
and stably maintained an adhesion state even during culture
period in a differentiation induction medium. Therefore, the
cell loss could be suppressed low even when the total amount of

medium was repeatedly exchanged. Furthermore, the rate of
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generation of pigment cells was drastically improved and the
differentiation induction efficiency was markedly improved as
compared to when the iPS cells were seeded on an incubator
coated with collagen.

[0059]

Example 2 Production of RPE cell (other iPS cell)

By a method similar to that of Example 1 except that 1PS
cells (201B7, provide by Kyoto University) derived from human
skin (fibroblast) were used instead of iPS cells (1120C7,
provide by Kyoto University) derived from human peripheral
blood (mononuclear cell) were used, pigment cells were obtained.

As a result, like Example 1, the rate of generation of
pigment cells relative to the seeded iPS cells was drastically
improved and the differentiation induction efficiency was
markedly improved.

[0060]
Example 3 Amplification of RPE cell derived from iPS cell

The cell population containing pigment cells on Day 47,
which underwent adhesion culture in the culture dish in Example
1 and Example 2, was treated with 0.01% Trypsin-0.53 mM EDTA
and cell aggregates were detached from the culture dish. Then,
adhesion between the cells was detached by mild pipetting.
Protease liquid and residual impurities thereof in the cell
mixture were removed together with the supernatant by
centrifugation, then, unnecessary cells were separated by
filtration separation through a cell strainer (DB Falcon Cell
Strainer 40 pm Nylon), and a cell population containing RPE
cells was recovered {(Day 48).

The obtained cells were seeded in RPE maintenance medium
described in Example 1 in the same 5 culture dishes coated with
laminin-511 E8 as in Example 1 at 9x10° cells/9 cm dish, and
standing culture was performed until around Day 50 when
adhesion of the RPE cell colony was confirmed.

From Day 51 to Day 71, the total amount of the medium was

exchanged with RPE maintenance medium not less than once in 3
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days for 3 weeks, then subjected to filtration separation using
a filter, seeded in each of the same 5 culture dishes coated
with laminin-511 E8, and similarly cultured for 2 weeks. As a
result, retinal pigment epithelial cells were amplified to the
yield of 25 dishes (10 cm dish) from any cell populations of
Example 1 and Example 2. The purity (n=4) of the obtained cell
populations was 96.4%, 100%, 98.6% or 99.6%.

As one example, the purity calculation data of a dish

with 98.6% purity is shown.
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[0062]

As for purity, immunostaining for Pax6 and Bestrphin was
performed, and when either was stained, the cell was judged to
be an RPE cell. When fluorescence was not observed, the
presence or absence of intracellular melanin pigment was
examined, and the cell was judged to be an RPE cell based on
the confirmation of the pigment (since some pigments inhibit
fluorescence observation, cell was judged to be RPE cell in the
presence of pigment even when fluorescence was not observed).
The purity was determined by a method including adding each as
positive cells.

This Example afforded similar results even when iPS cells
of a different line (201B7) were used.

[0063]
Comparative Example 1

By a method similar to that of Example 1 except that, in
the differentiation induction step of Example 1, floating
culture was performed using a non-adhesive culture dish (Nunc)
treated with MPC (2-methacryloxylethyl phosphoryl choline)
instead of adhesion culture using a culture dish coated with
laminin-511 E8 (BD FALCON), a differentiation induction step
was performed.

As a result, almost all pigment cells were lost during
medium exchange in the differentiation induction step, pigment
cell could not be recovered on Day 47.

{0064]
Comparative Example 2

By a method similar to that in Example 1 except that, in
the differentiation induction step of Example 1, adhesion
culture was performed using a culture dish coated with poly-D
lysine and gelatin instead of a culture dish coated with
laminin-511 E8, differentiation induction was performed.

The adhesiveness of the cell to the poly-D

lysine/gelatin-coated culture dish was weak as compared to the
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laminin-511 E8-coated culture dish, and the cells were easily
lost during medium exchange. Therefore, the rate of the
pigment cells on Day 47 after the start of the culture was not
more than 1/20 of Example 1 by visual observation of the number
of pigment cells relative to the total cells in the culture
dish, and differentiation induction efficiency was also
markedly low.

[0065]

(Evaluation 1) Expression of RPE cell marker

The pigment cells obtained in Examples 1 - 3 were
subjected to RT-PCR analysis using primers having the following
sequences, according to the method described in Journal of Cell
Science 2009 Sep 1 122 3169-79. As a result, expression of RPE
cell specific genes (RPE65, CRALBP, MERTK, BESTl) was found,
similar to commercially available human RPE cell lines, thus
confirming RPE cells.

RPE65-F TCC CCA ATA CAA CTG CCA CT (SEQ ID NO: 1)
RPE65-R CCT TGG CAT TCA GAA TCA GG (SEQ ID NO: 2)
CRALBP-F GAG GGT GCA AGA GAA GGA CA (SEQ ID NO: 3)
CRALBP-R TGC AGA AGC CAT TGA TTT GA (SEQ ID NO: 4)
MERTK-F TCC TTG GCC ATC AGA AAA AG (SEQ ID NO: 5)
MERTK-R CAT TTG GGT GGC TGA AGT CT (SEQ ID NO: 6)
BEST1-F TAG AAC CAT CAG CGC CGT C (SEQ ID NO: 7)
BEST1-R TGA GTG TAG TGT GTA TGT TGG (SEQ ID NO: 8)
[0066]

This Example afforded similar results even when iPS cells
of a different line (201B7) were used. As a representative
Example, the results obtained using RPE65 are shown in Fig. 2.
[C067]

(Evaluation 2) Cytokine secretional capacity

The pigment cells cobtained in Examples 1 - 3 were
detected for the production amount of PEDF by ELISA according
to the method described in I0VS. 2006 47 612-3624. As a result,
it was confirmed that they similarly had cytokine secretional

capacity like the RPE cells of adult retina (Table 2).
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[0068]
Table 2

PEDF secretion amount

days concentration (ng/mL)
after Example 1 | Example 2 | Example 3 mean standard
passage error
7 945.2 998.8 993.3 9791 17:0
10 1266.1 1263.1 1288.0 1272.4 7.9
12 1574.3 1567.0 1616.3 1585.8 15.4
14 1542.0 1622.4 1524.3 1562:9 30.2
17 1621.2 1533.5 1482.9 1545.8 40.4
19 1727.7 1752, 1842.8 1774.4 35.0
21 1504.8 1581.0 1570.6 155821 23,8
[0069]

This Example afforded
of a different line (201B7)

[0070]

(Evaluation 3)

were used.

Phagocytic capacity

similar results even when iPS cells

The pigment cells obtained in Examples 1 - 3 were

analyzed for the phagocytic capacity according to the method

described in J Cell Sci. 1993 104 37-49, and using FluoSpheres

(registered trade mark)

F13081) .

As a result,

fluorescence microsphere (Invitrogen,

it was confirmed that the cells had

phagocytic capacity of the same level as commercially available

human RPE cell line.

This Example afforded similar results

even when iPS cells of a different line (201B7) were used. In

addition,

similar results were obtained even when the

phagocytic capacity was analyzed using iPS cells of a different

line

(201B7)

and pHrod Green E.

coli BioParticles (registered

trade mark) Conjugate for Phagocytosisb (Molecular Probes,

P35366), according to the method described in The Lancet 2012
379 713-720.

[0071]

Comparative Example 3

By a method similar to that in Example 1 and using iPS

cells
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skin (fibroblast) in the same manner as in Example 2 and a
culture dish coated with any of the following 1) - 3),
differentiation induction was performed. A test including
simultaneously subjecting 3 substrates to differentiation
induction was performed twice, and a supplemental test was
performed once for each substrate.

1) Laminin-511 E8 (molecular weight 150,000) (iMatrix511:
manufactured by Nippi, NIP-8920-02) was used for coating at 0.5
ng/cm’.

2) Human recombinant laminin-511 full-length (molecular weigh t
776,000) (sold by: VERITAS Corporation ({procduced by:

BioLamina) /BLA-LN511) was used for coating at 2.59 pg/cm?’.

3) Matrigel {(manufactured by BD, 354230 (total protein
concentration: 9-12 mg/ml)) (basal lamina matrix, soluble basal
lamina preparation derived from mouse Engelbreth-Holm-Swarm
(EHS) sarcoma, containing major molecules of basal lamina, type
IV collagen, nidogen, perlecan, laminin-111) is dissolved
overnight at 4°C, and used in the cold state for coating a
culture container at 10 mL/57 cm® (0.175 ml/cm?).

The state of cell adhesion on day 1, day 2 and day 3 from
the start of differentiation induction is shown in Fig. 3. In
the case of a laminin-511 E8-coated substrate, from the next
day of seeding, the cells grew while uniformly adhering to the
whole surface of the dish, and rapidly entered the
differentiation induction process. In the case of a matrigel
(laminin-111) ~coated substrate, cell adhesion was inconsistent,
with a part invading into the gel, and eventually failed to
form a whole surface layer. In the case of a laminin full-
length-coated substrate, adhesion was weak and the cells partly
formed a colony on the next day of seeding. It took 4 - 5 days
for the cells tc grow and spread over the entire surface of the
dish. Therefore, the differentiation induction process became
uneven to leave a part where differentiation induction did not
proceed.

The state of cell population on day 15 from the start of
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differentiation induction and before the filtration separation
step of the cells (around day 40) is shown in Fig. 4. 1In the
case of a laminin-511 E8-coated substrate, cells were spread on
the entire surface around day 15, layered cells were
accumulated thick, and melanin color development was observed.
Around day 40, cells were layered uniformly and thick, and
breakage or delamination of the basement was not found. Clear
melanin-containing cell aggregates were found on the top part
of the multilayer. In the case of a matrigel-coated substrate,
a uniform layer of adherent cells was not found around day 15,
and the cells were drawn into the inside of the gel. Around
day 40, a clear céllular membrane in a single layer was not
formed on the basement side, and melanin color development was
not observed. In the case of a laminin full-length-coated
substrate, around day 15, adherent cells were observed on the
whole surface, but differentiation induction did not proceed in
many parts, and breakage or delamination of the adhesion
surface layer was sometimes found in other lots. 1In addition,
poorly-layered cells were found on the upper part, and melanin
color development was extremely weak. The layered cells
gradually fell off from around day 20, and the cellular
membrane on the basement side was remarkably broken around day
40.

From the above, growth failure and differentiation
induction failure were observed in thé case of a matrigel-
coated substrate, and a decrease in the adherent cell number
and vulnerability in the number of layered cells were
remarkably shown, efficiency of RPE cell appearance shown by
melanin color development, and differentiation induction rate
thereof were markedly low, and the yield of finally-obtained
RPE cells was low in the case of a laminin full-length-coated
substrate. Therefore, it was clarified that a culture
substrate coated with laminin-E8 fragment in the present
invention can produce retinal pigment epithelial cells

extremely efficiently.
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Industrial Applicability
[0072]

According to the production method of the present
invention, retinal pigment epithelial cells can be produced
efficiently by a simple and easy method using a culture
substrate coated with laminin-E8 fragment. The production
method of the present invention is superior in the
differentiation induction efficiency and can purify retinal
pigment epithelial cells by a simple and easy operation, and
can produce retinal pigment epithelial cells in a high yield by
suppressing cell loss during the step. The retinal pigment
epithelial cells produced by the method of the present
invention are useful not only for the treatment of retinal
diseases but also as normal and disease model cells.

[0073]

This application is based on a patent application No.

2013-212345 filed in Japan (filing date: October 9, 2013), the

contents of which are incorporated in full herein.
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Claims

1. A production method of retinal pigment epithelial cells,
comprising a step of adhesion culture of human pluripotent stem

cells on a culture substrate coated with a laminin-E8 fragment.

2. The method according to claim 1, wherein the laminin-E8

fragment is laminin-511E8 fragment.

3. The method according to claim 1 or 2, wherein the step of
adhesion culture is performed in the presence of a

differentiation-inducing factor.

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

the human pluripotent stem cells are human iPS cells.

5. A retinal pigment epithelial cell produced by adhesion
culture of human pluripotent stem cells on a culture substrate

coated with a laminin-E8 fragment.

6. A retinal pigment epithelial cell sheet produced by adhesion
culture of human pluripotent stem cells on a culture substrate

coated with a laminin-E8 fragment.

7. An amplification method of retinal pigment epithelial cells,
comprising a step of adhesion culture of retinal pigment
epithelial cells on a culture substrate coated with a laminin-

E8 fragment.

8. A purification method of retinal pigment epithelial cells,
comprising a step of adhesion culture of retinal pigment

epithelial cells on a culture substrate coated with a laminin-

E8 fragment.

9. A therapeutic drug for a retinal disease, comprising retinal
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pigment epithelial cells produced by the method according to
any one of claims 1 to 4, or retinal pigment epithelial cells

cultured by the method according to claim 7.
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