DESCRIPTION

Title of Invention: PROCESS FOR PRODUCTION OF BIOARTIFICIAL

ORGAN

TECHNICAL FIELD

[o001] The present invention relates to a method for
inducing the differentiationof stemcells to tissue cellsusing
cultured cells. The present inventionalso relates toamethod
for producing a bicartificial organ comprising
differentiation-induced tissue cellg, and further relateg to
a material for medical purposes comprising the obtained
biocartificial organ.

BACKGROUND ART

[0002] In recent years, tissue engineering has received
attention where a function is recovered and an organ and tissue
are regenerated in the organ and the tissue whose functions
were lost or reduced due to disease or accident, etc. Culture
conditions and factors for allowing stem cells and
undifferentiated cells to proliferate and differentiate into
cbjective cells have been studied in this tissue engineering
field. Tissue engineering generally requires three elements,
that is, a cell, a growth factor and an anchorage on which the
cell can be engrafted. An attempt has been made that cells

are cultured on the anchorage and the growth factor is bound



to construct a regenerated tissue.

[0003] Chemically synthesized articles such as polymers
are used as the anchorage of cell proliferation for
morphologically reconstructing the organ and the tissue in
tissue engineering, and are also referred to as a “scaffold.”
Methods have oftenbeen reported that objective cells are seeded
on this scaffold and cultured under an appropriate environment
in vitro to proliferate and differentiate them into required
cells and that the cells are proliferated in a three dimensional
structure to regenerate adesiredorganby grafting the scaffold
inadefect of anorganor tissue tobe regenerated toproliferate
and differentiate the objective cells into the required cells
in vivo (Patent Literatures 1 and 2). However, it is very
difficult to proliferate the cells in a three dimensional
structure without using such an anchorage. Further, the
chemically synthesized scaffold has a drawback that it cannot
regenerate the organ and the tissue even though it can mimic
the three dimensional construction intrinsic to living bodies.
Under actual conditions, even though a bicartificial organ is
constructedusing the scaffold, the functionof the organ cannot
be elicited sufficiently and that it is difficult to construct
the biocartificial organ itself regardless of the presence or

absence of the scaffold.



[0004] An embryonic stem cell (hereinafter also simply
referred toasg an "ES cell”) is anundifferentiated cell induced
from an early embryo referred to as a blastocyst, and is a cell
that has totipotency for self-replicationanddifferentiation.
The ES cell can differentiate into all types of cells including
germ cells only by culturing as an assembly mass invitro. When
the ES cells are differentiated into functional cells required
for regenerative medicine such as a cell therapy, first it is
necessary to form an embryoid body having the three dimensional
structure. Methods of culturing the ES cells for forming the
embryoid body include a hanging drop method (Non-Patent

Literature 1}, a suspension culture, a culture in a semisolid

medium containing methylcellulose, etc., and combinations
thereof.
[0005] The number of patients with chronic renal failure

has increased in recent years. Inchronic renal failure, renal
disorder caused by a renal disease or a disease in an organ
other than a kidney progresses, functions that a normal kidney
hag, such as the function of removing urinary toxins contained
in blood, an endocrine function and a regulatory function and
the like are lost. When chronic renal failure progresses,
functions of a normal kidney are lost, and thus each organ in

the body is affected to cause uremia. Specifically, central



nervous disorders, peripheral nervous disorders,

cardiac/cardiovascular disorders, gastrointestinal disorders,
visual and ocular disorders, blood coagulation disorders,

immunological disorders, endocrine disorders, cutaneous
disorders, bone and joint disorders, electrolyte disorders,

acid-base balance disordersg and the like are caused. Chronic
renal failure i1s progressive and its cure i1s impossible.

Therefore, treatment has focused on a conservative treatment
that delays the speed of losing renal functions, and finally
requires treatment such as artificial dialysis and kidney
transplantation, whichalternates renal functions (for example,
Patent Literature 3).

[o006] However, it 1is difficult to perform kidney
transplantation because the number of kidneys to be provided
ig absolutely insufficient. Artificial dialysis is broadly
classified into hemodialysis and peritoneal dialysis. 1In
hemodialysis, althoughurinary toxins in the blood are removed,

treatment cannot be carriecdout toreplace theendocrine function
and the regulatory function, etc. The patient is required to
undergo hemodialysis about three times a week, etc., which is
a great burden on the patient. Peritoneal dialysis can be
managed by the patient by himself, and thus the patient can

reduce the frequency of visits to a clinic, but problems occur



such as the patient easily undergoes a metabolic disorder and
the burden on the peritoneum becomes great.

[0007] Concerningakidney, it hasbeendisclosed that renal
stem cells/precursor cells capable of high proliferation were
isolated from a rat kidney and the rKS (rat kidney stem cell
line) 56 cell line established from these was acquired (Patent
Literature 4). In Patent Literature 4, it has been disclosed
that the rKsS56 cell line is capable of self-proliferation and
when cultured in a system containing a culture medium with
support cells (feedercells), avascularendothelial cellmarker
was detected to suggest the possibility of differentiating into
vascular endothelial cells. It has also been disclosed that
the rKS56 cells canbe differentiated into a loop of Henle cells,
proximal convoluted tubularcellsandcollectingduct (CD) cells.
However, the method is not reported that the rKS56 cells were
differentiated in the system not containing a support cell
(feeder cells). It is also not reported that a biocartificial
organ composed of a three dimensional structure was produced
using the above differentiatedcells. The disclosure of Patent
Literature 4 (Japanese Published Unexamined Patent Application
No. 2004-275079) 1is incorporated herein by reference.
RELATED ART REFERENCES
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[0008] Patent Literature 1: Japanese Published Unexamined

Patent Application No. 2008-049146

Patent Literature 2: Japanese Published Unexamined Patent

Application No. 2009-039401

Patent Literature 3: Japanese Published Unexamined Patent

Application No. 6-142193

Patent Literature 4: Japanese Published Unexamined Patent
Application No. 2004-275079
Non-Patent Literature
[0009] Non-Patent Literature 1: J. Cell Biol., 126 (3):
701-711 (1994) .
SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0010] It is an object of the present invention to provide
a method for inducing the differentiation of stem cells into
tissue cells and provide a biocartificial organ comprising the
obtained tissue cells. It is another object of the present
invention to provide amaterial for medical purposes comprising
the produced biocartificial organ.
MEANS FOR SOLVING PROBLEMS
[0011] As a result of extensive study for achieving the
above objects, the present inventors have found that stemcells

can be differentiated into tissue cells by culturing stem cells



in a culture medium containing fetal calf serum, a hepatic cell
growth factor, a glial cell line-derived neurotrophic factor,
a basic fibroblast growth factor, a bone morphogenetic protein
7 and an epithelial cell growth factor in a base medium in the
presence of a three dimensional scaffold, and completed the
present invention.

[0012] That is, the present invention relates to the method
forinducingthedifferentiationof stemcellsintotissuecells,
and the above method for inducing the differentiation is
characterized in that stem cells are cultured in a three
dimengional manner in the culture medium containing the hepatic
cell growth factor (EGF), the glial cell line-derived
neurotrophic factor (GDNF), the basic fibroblast growth factor
(b-FGF), the bone morphogenetic protein 7 (BMP7) and the
epithelial cell growth factor (EGF) in the base medium in the
presence cof the three dimensional scaffold.

[0013] Here, in one embodiment of the method for inducing
the differentiation of the present invention, it is preferable
that the three dimensional culture comprises a first step of
culturing stem cells in the culture medium containing HGF, GDNF
and b-FGF and a second step of culturing in a culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF after 0 to 10 days

have passed from the start of the culture in the first step.



[0014] In one embodiment of the method for inducing the
differentiation of the present invention, it is preferable to
culture under a condition where HGF, GDNF, b-FGF and BMP7 in
a concentration each independently selected from 100 to 500
ng/mL and EGF in a concentration selected from 300 to 700 ng/mL
are contained in the culture medium. Also, in one embodiment
of the method for inducing the differentiation of the present
invention, it is preferable to further contain the serum in
the culture medium. In the method for inducing the
differentiation of the present invention, the stem cell is
preferably a renal stem cell.
[0015] One embodiment of the method for inducing the
differentiation of the present invention is the method for
inducing the differentiation comprising

1) a step of forming a three dimensional cell mass from
the stem cells, and

2) a step of culturing the cell mass in a three dimensional
manner in the culture medium containing HGF, GDNF, b-FGF, BMP7
and EGF in the presence of the three dimensional scaffold.
[0016] Here, the above step 2) can comprise the first step
of culturing the cell mass in the three dimensional manner in
the culture medium containing HGF, GDNF and b-FGF in the presence

of the three dimensional scaffold (Step 2A) and the second step



of culturing in the three dimensional manner in culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF after 0 to 10 days
have passed from the start of the culture in the first step
(Step 2B).

[0017] In the above step 1), it is preferable that the cell
mass is formed by the hanging drop method.

[o018] According to another embodiment of the present
invention, thepresent inventionrelatestoatissuecell induced
and formed by the above method for inducing the differentiation.
[0019] Here, the tissue cell induced and formed by the above
method for inducing thedifferentiationof thepresent invention
can be a renal tissue cell in one embodiment.

[0020] According tostill another embodiment of the present
invention, the present invention relates to the biocartificial
organ comprising the above tissue cells.

[0021] According tostill another embodiment of the present
invention, the present invention relates to the material for
medical purposes comprising the biocartificial organ.

[0022] According tostill another embodiment of the present
invention, the present invention relates to a method for
producing the biocartificial organ, and the method is
characterized by comprising

1) a step of forming a cell mass of stem cells,



2) astepof seeding the obtained cell mass on the scaffold,
and

3) a step of culturing the cell mass in the culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF on the scaffold.
[0023] Here, the artificial organ of the present invention
can be a biocartificial kidney in one embodiment.
[0024] Also according to still another embodiment of the
present invention, the present invention relates to a method
for inducing the differentiation of the stem cells into tissue
cells having a polycystic kidney-1like morphological feature,
and themethod for inducingthedifferentiationischaracterized
by comprising

1) a step of forming a three dimensional cell mass from
the stem cells; and

2) a step of culturing the obtained three dimensional
cell mass from the stem cells in a three dimensional manner
in the culture medium containing BMP7 and EGF and not containing
at least one of GDNF, b-FGF or HGF in the presence of the three
dimensional scaffold.
[0025] In the method for inducing the differentiation into
the tissue «cells having the polycystic kidney-like
morphological feature, it is preferable that the culture medium

in the step 2) contains BMP7 and EGF and contains none of GDNF,
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b-FGF or HGF in one embodiment.

[0026] Also according to still another embodiment of the
present invention, the present invention relates to the tissue
cells which are induced and formed by the method for inducing
the differentiation into the tissue cells having the polycystic
kidney-1likemorphological feature andwhichhave the polycystic
kidney-like morphological feature.

EFFECTS OF THE INVENTION
[0027] By the method for inducing the differentiation of
the stem cells into the tissue cells of the present invention,
it was possible to induce the differentiation of the
undifferentiated cells into the tissue cells and further
congtruct a three dimensional structure. Specifically,
according to the methods of the present invention, it was
possible todifferentiate the renal stemcells/precursor cells
intodistal convoluted tubule cells, glomerular cells, proximal
convoluted tubule cells, and the 1like of the kidney, and further
it was posgible to reconstruct a kidney-1like structure invitro.
BRIEF DESCRIPTION OF DRAWINGS
[0028] FIG. 1 is a schematic view showing a structure of
a kidney.

FIG. 2 is an outline view showing the method for inducing

the differentiation of the present invention (Example 1).
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FIG. 3 is a photographic view showing a cultured
morphological featureonDay 21 of the threedimensional culture.
(a) shows the morphological feature of the rKS cell mass on
Day 21 of the three dimensional culture, (b) shows the
morphological feature of a metanephric mesenchymal stem cell
on Day 21 of the three dimensional culture, and (c) shows the
morphological feature of ureteric bud cells on Day 21 of the
three dimensional culture (Examples 1 and 2).

FIG. 4 1s a photographic view showing cultured
morphological features of rKS cells on Day 21 of the three
dimensgional culture. A shows a state where no lumen structure
was observed, B shows a state where no assembled calices-1like
structure was observed and a glomerulus-like structure plus
a urinary duct-like structure was observed, and C shows a state
where all of the glomerulus-like structure, the urinary
duct-like structure and the calices-like structure were
observed (Example 3).

FIG. 5 is a view showing a ratio of each morphological
feature, which changed depending on the number of cells used
upon producing the rKS cell mass, on Day 21 of the three
dimensional culture of the rKS cells. Descriptions of A, B
and C are the same as described in FIG. 4 (Example 3).

FIG. 6 1ig a photographic view showing the cultured

12



morphological features of the of rKS cell on Day 1, Day 7 and
Day 21 of the three dimensional culture when the number of cells
was changed upon producing the rKS cell mass (Example 3).

FIG. 7 1is a photographic view showing the cultured
morphological features of the rKS cell on Day 21 of the three
dimensional culture in each culture condition. The cultured
morphological feature on Day 4 of the three dimensional culture
is shown in m (Example 4).

FIG. 8 is a photographic view showing the cultured
morphological features of the rKS cell on Day 4 of the three
dimensional culture (Example 5).

FIG. 9 is a photographic view showing surface markers
on the cultured cells on Day 4 of the three dimensional culture
of the rKS cells (Example 1).

FIG. 10 is a photographic view showing the morphological
features of rKS cells after the three dimensional culture for
two weeks (Example 6) .

FIG. 11 is a photographic view showing the morphological
features of rKS cells after the three dimensicnal culture for
three weeks (Example 6).

FIG. 12 is a photographic view showing the morphological
features of the of rKS cells after the three dimensional culture

for three weeks (Example 6).
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FIG. 13 is micrographs showing the morphological feature
of adigstal convolutedtubuleafter the threedimensional culture
of the rKS cells for three weeks. The arrow in the figure
indicates primary cilla (Example 6).

FIG. 14 is micrographs showing the morphological feature
of the glomerulus after the three dimensional culture of the
rKS cells for three weeks (Example 2).

FIG. 15 is micrographs showing the morphological feature
of a proximal convoluted tubule after the three dimensiocnal
culture of the rKS cells for two weeks (Example 6).

MODES FOR CARRYING OUT THE INVENTION

[0029] The present invention relates to the method for
inducing the differentiationof the stemcells intoorgancells.
In the present invention, the stemcell refers to a cell capable
of differentiating into a specific cell when directed to change
into a specific cell. The stem cell is classified into an
embryonic stem cell (ES cell), an adult stemcell, an embryonic
germcell, andthelike, andthe stemcell of thepresent invention
may be any of these cells. Considering the ease in handling,
it is suitable to use the adult stem cell or the embryonic germ
cell.

[0030] The adult stem cell refers to a cell collected from

the tissue in a living body and before being differentiated.
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Undifferentiated cells, i.e., stem cells as well as already
differentiated mature cells are included in the tissue. The
adult stem cell can produce any individual cells to be present
by being differentiated in the tissue as well as being capable
of replicating and producing the same cell as itself. The stem
cell or the precursor cell isolated from the tissue in the living
body by a conventionally well-known method can be used as the
stem cell that can be used in the present invention.
Specifically, forexample, thestemcell of thepresent invention
includes the renal stemcell/precursor cell described in Patent
Literature 4. The description of the “stem cell” herein and
claims in the present application is a concept construed in
a broad sense and including not only the stem cells but also
the precursor cells. The description of the “stem
cell/precursor cell” is appropriately used for meaning “stem
cell” in the broad sense.

[0031] The culture medium for a three dimensional culture
used for the method for inducing differentiation of stem cells
into tissue cells of the present invention is characterized
by comprising fetal calf serum (hereinafter, “FCS”), thehepatic
cell growth factor (hereinafter, “HGF”), the glial cell
line-derived neurotrophic factor (hereinafter, “GDNF”), the

basic fibroblast growth factor (hereinafter, “b-FGF”), the bone
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morphogenetic protein 7 (hereinafter, “BMP7”) and the
epithelial cell growth factor (hereinafter, “EGF”) in the base
medium. A concentration of FCS contained in the culture medium
can be about 10%v/v. HGF can be contained in a concentration
selected from 10 to 500 ng/mL and preferably 200 to 400 ng/mL,
and more preferably in a concentration of 250 ng/mL. GDNF can
be contained in a concentration selected from 100 to 500 ng/mL
and preferably 200 to 400 ng/mL, and more preferably in a
concentration of 250 ng/mL. Also, b-FGF can be contained in
a concentration selected from 100 to 500 ng/mL and preferably
200 to 400 ng/mL, and more preferably in a concentration of
250 ng/mL. BMP7 can be contained in a concentration selected
from 100 to 500 ng/mL and preferably 200 to 400 ng/mL, and more
preferably inaconcentrationof 250ng/mL. EGFcanbe contained
ina concentration selected from 300 to 700 ng/mL and preferably
400 to 600 ng/mL, and more preferably in a concentration of
500 ng/mL.
[0032] As describedabove, inthe embodiments, inthemethod
for inducing the differentiation of the present invention
comprising

1) a step of forming the three dimensional cell mass from

the stem cells; and

2) astepofculturingthecellmassinthe threedimensional
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manner in the culture medium containing HGF, GDNF, b-FGF, BMP7
and EGF in the presence of the three dimensional scaffold, when
the above step 2) comprises the first step (step 2A) of culturing
the cell mass in the three dimensional manner in the culture
medium containing HGF, GDNF and b-FGF in the presence of a three
dimensional scaffold and the second step (step 2B) of culturing
the cell mass in the three dimensional manner in the culture
medium containing HGF, GDNF, b-FGF, BMP7 and EGF after 0 to
10 days have passed from the start of the culture in the first
step, for example, the preferable concentrations of each
component in the culture medium in the first and second steps
can be get up as follows. That is, the culture medium in the
first step is prepared by combining FCS, HGF, GDNF and b-FGF
so that the above preferable concentrations are realized. The
culture medium in the second step can also be prepared by adding
BMP7 and EGF into the culture medium in the first step so that
the preferable final concentrations are realized.

[0033] Here, it is preferable to use the DMEM/F12 medium
as the base medium for the culture medium. However, the base
medium is not limited thereto, and a base medium well-known
in the art can also be used. Further, antibiotics such as
penicillin and streptomycin can appropriately be added to the

culture medium as needed.
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[0034] The induction of the differentiation of the stem
cells into the tissue cells of the present invention can be
achievedby the threedimensional cultureusingthe above culture
medium in the presence of the three dimensional scaffold. When
the three dimensional culture is performed, it is suitable to
first comprise the step of forming the three dimensional cell
mass from the stem cells.

More specifically, the following steps are included:

1) a step of forming the three dimensional cell mass from
the stem cells; and

2) a step of culturing the obtained cell mass in the three
dimensional manner in the culture medium containing FCS, HGF,
GDNF, b-FGF, BMP7 and EGF in the presence of the threedimensional
scaffold.
[0035] In the above, the method for producing the three
dimengional cell mass 1s not particularly limited, and for
example, the three dimensional cell mass can be produced by
the hanging drop method. The hanging drop method includes a
method, for example, in which a cell suspension containing the
stem cells of the present invention prepared by using the
solution shown below for producing the three dimensional cell
mass is placed on a 1id, etc., of a culture plate and cultured

upside down so that the placed cell suspension is hung down.
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Specifically, it is possible to prepare the cell suspension
containing 1x10* to 1x10° cells, preferably 5x10* to 5x10° cells
and more preferably 1x10° to 2x10° cells in 50 pL of the solution
for producing the cell mass. A culture time for forming the
cell mass 1g suitably about 6 to 10 hours. When the culture
time is shorter than é hours, a sufficient cell mass cannot
be obtained. When it is longer than 10 hours, the formed cell
mass breaks up. Thus, it is preferable to culture for 6 to
10 hours at 37°C. The cell mass produced by the hanging drop
method can become an embryoid body when the stem cell is an
ES cell. Here, the embryoid body refers to an embryo formed
to induce the differentiation of the ES cells into various
tissues. The formation of the embryoid body is a first step
of inducing the differentiation of the ES cells in vitro. It
is considered that the formation of the three dimensional cell
mass allows intercellular signals for cell differentiation to
act to differentiate the stem cells more easily.

[0036] When the three dimensional cell mass is produced
in the above, for example, it is preferable to use a solution
containing FCS, insulin, transferrin, selenium, dexamethasone,
HGF and b-FGF in the base medium. Here, it is preferable to
use a DMEM/F12 medium as the base medium. However, the base

medium is not limited thereto, and a base medium well-known
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in the art can also be used. A commercially available ITS-mix
(manufactured by Gibco) can also be used as the solution
containing dinsulin, transferrin and selenium. The
concentration of serum (for example, FCS) contained in the
solution can be about 10%v/v. Also, insulin can be contained
in a concentration of 1 to 10 g/mL and more preferably about
5 g/mL. Also, transferrin can be contained in a concentration
of 1 to 5 g/ml and more preferably about 2.75 g/mL. Also,
selenium (sodium selenite) can be contained in a concentration
of 1 to 5 ng/mL and more preferably about 3.35 ng/mL. Also,
dexamethasone can be contained in a concentration of 1 to 10x107®
M and more preferably 5x10°® M. Also, HGF can be contained in
a concentration of 1 to 100 ng/mL and more preferably 5 ng/mL.
Also, b-FGF can be contained in a concentration of 1 to 100
ng/mL and more preferably 25 ng/mL. Antibiotics such as
penicillin and streptomycin can also appropriately be added

to this solution as needed.

[0037] In the method for inducing the differentiation of
the stem cells into the tissue cells of the present invention,
the stem cells can be cultured in the above culture medium for
the three dimensional culture in the presence of the three
dimensional scaffold. More preferably, the three dimensional

cell mass formed from the above stem cells can be cultured using
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the aforementioned culture medium for the three dimensional
culture.

[0038] The three dimensional culture can be performed in
the above-described culture medium of stem cells, i.e., the
culture medium containing FCS, HGF, GDNF and b-FGF, as well
as BMP7 and EGF, or can be performed by dividing the three
dimensional culture into two stages, i.e., culturing in advance
in the culture medium containing FCS, HGF, GDNF and b-FGF in
the above concentrations and further culturing under the
conditions containing BMP7 and EGF in the above concentrations
in addition to the culture medium containing FCS, HGF, GDNF
and b-FGF after 0 to 10 days have passed. When the three
dimensional culture is divided into the two stageg, the second
step (step 2B) of culturing in the culture medium containing
FCS, HGF, GDNF, b-FGF, BMP7 and EGF can be performed after
preferably 1 to 8 days and more preferably 4 to 7 days have
passed from the start of the first step (step 2A) of culturing
in the culture medium containing FCS, HGF, GDNF and b-FGF. A
rate of inducing the differentiation canbe improved by changing
from the culture medium in the first step to the culture medium
in the second step in the above preferable period. The
concentrations of BMP7 and EGF to be added can also be gradually

increased in a gradient manner so as to finally reach the
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concentrations shown above. For example, the culture medium
containing HGF, GDNF and b-FGF is added in a lower section of
a double chamber for culture, the culture medium containing
BMP7 and EGF is added in an upper section thereof, and includes
methods suchas a concentrationgradient canbemade by gradually
transferring the culture medium containing BMP7 and EGF in the
upper section to the lower section with culturing the
aforementioned stem cells in the culture medium in the lower
section.

[0039] Ag the serum contained in the culture medium used
for the method for inducing the differentiation of the stem
cells into the tissue cells, FCS is mainly described herein,
but the serum used in the base medium is not limited to FCS,
and it is possible to use sera, such as other bovine serum,
human serum, and the like, which are capable of serving the
desired roles and well-known in the art.

[0040] A material for the three dimensional scaffold used
in the present invention is not particularly limited as long
as they are publicly known in the art, and for example,
collagen-based materials, polymer-based materials such as
polycaprolactone and polyglycolic acid, or composites thereof
canbeused. Itsmorphological featureisalsonotparticularly

limited, and includes, for example, a sponge-shaped structure,
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etc. The three dimensional scaffold may be those using samples
derived from the living body (for example, extracellular matrix
and basal membrane, etc.) as the materials. Specifically,
Matrigel™ (Becton, Dickinson and Company), type I collagen gel
and type IV collagen gel and the like can be included.
[0041] The present invention also extends to the tissue
cells obtained by the method for inducing the differentiation
of the stem cells into the tissue cells, and also extends to
thebiocartificial organ formedby the tissuecells. Forexample,
when the stem cell used is the renal stem cell/precursor cell,
the obtained tissue cell is a renal cell, and the bicartificial
organ formed from the tissue cells is a bicartificial kidney.
The method for acquiring the renal stem cell/precursor cell
is not particularly limited, and the renal stem cell/precursor
cell can be acquired according to the method described in Patent
Literature 4, for example. The present invention also extends
to the material for medical purposes comprising the
bicartificial organ produced in this way.

EXAMPLES

[0042] Hereinafter, the present invention is specifically
described with reference to Examples for promoting better
understanding, but it is a matter of course that these do not

limit the scope of the present invention.

23



[0043] Two kidneys are present in a dorsal side of a
peritoneal cavity in a human, each of which has a urinary duct
extending toaurinarybladder, producing and secreting hormones
and producing urine, and mainly having an excretion function,
anendocrine functionandaregulatory function. Approximately
a million of the basic structures referred to as nephron are
present inthekidney, and comprise theglomerulus that filtrates
water including waste from blood to produce primitive urine.
The primitive urine produced in the glomerulus is carried to
a urinary duct through a proximal convoluted tubule, a loop
of Henle, a distal convoluted tubule and a collecting tubule.
Sodium and water, etc., are reabsorbed and erythropoietin and
vitamin D3 are activated in the proximal convoluted tubule (S1:
segment 1, S2: segment 2 and S3: segment 3), the loop of Henle
and the distal convoluted tubule. The nephron ig surrounded
with interstitial cells, etc. The primitive urine is
concentrated to about 100 times until being carried to the
urinary duct, then carried to the urinary bladder through the
urinary duct, and excreted from the urinary bladder out of the
body (see FIG. 1).

[0044] The kidney is developed from intermediate mesoderm,
and formed through three stages, i.e., pronephros, mesonephros

and metanephrog. Inmammalian animals, the pronephros and the
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mesonephros are subsequently nearly degenerated, and the kidney
is mainly formed from the metanephros. Mesenchymal cells
assemble around processes referredtoasuretericbuds developed
on the most tail gide of the mesonephros to form the metanephros.
The ureteric buds are interacted with the mesenchymal cells
and the mesenchymal cells are epithelized to form a sigmoid
body, thereby developing the glomerulus, the proximal
convoluted tubule, the loop of Henle and the distal convoluted
tubule. The collecting tubule and urinary duct epithelial
cells and the like are differentiated from the ureteric buds.
[0045] (Example 1) Three dimensional culture using renal
stem cells/precursor cells

The three dimensional culture was carriedout by culturing
renal stem cells/precursor cells by a hanging drop method and
culturing the obtained cell mass in a scaffold composed of
Matrigel™ (see FIG. 2).
[0046] 1) Renal stem cells/precursor cells

Cells were isolated from the S3 region of the proximal
convoluted tubule according to the method described in Patent
Literature 4, andan SV40 gene was incorporated into the obtained
cells capable of high proliferation by a lipofection method
to establish a cell line. The obtained cell line is composed

of the renal stem cells/precursor cells of the present Example
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and is hereinafter referred to as an rKsS56 cell.
[0047] 2) Production of cell mass of rKsS56 cells

A solution containing FCS (final concentration: 10%v/v),
ITS-mix (manufactured by Gibco) (200 puL), dexamethasone (final
concentration: 5x10°® M), HGF (final concentration: 5 ng/mL),
and b-FGF (final concentration: 25 ng/mL) in DMEM/F12 medium
was prepared. A cell suspension containing about 1x10° rKS56
cells in 50 uL of the above solution was prepared, placed on
an inner surface of a 1id of a 96-well microplate, and the 1lid
was taken back on the microplate to perform the hanging drop
culture. The cells were cultured at 37°C for 6 to 10 hours to
produce a cell mass of the rKS56 cells (see FIG. 3).
[0048] 3} Three dimensional culture of rKS56 cells

A culture medium containing FCS (final concentration:
10%v/v), HGF (final concentration: 250 ng/mL), GDNF ((final
concentration: 250 ng/mL) and b-FGF (final concentration: 250
ng/mL) in a solution obtained by mixing a DMEM/F12 medium and
Matrigel™ (Becton, Dickinson and Company) at 1:1 was prepared.
First, as the first step (Step 2A) of the three dimensional
culture, one cell mass produced in 2) above was seeded in one
well of a 24-well Transwell (Corning, Cat# 3470) using the above
culture medium containing Matrigel™ as the scaffold, and

cultured at 37°C for 5 to 7 days. Subsequently, as the second
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step (step 2B) of the three dimensional culture, the cell mass
was cultured at 37°C for about 4 weeks in the culture medium
additionally containing BMP7 (final concentration: 250 ng/mL)
and EGF (final concentration: 500 ng/mL) in the culture medium
containing FCS, HGF, GDNF and b-FGF. Asone Example, theculture
medium in the first step (step 2A) was changed to the culture
medium in the second step (step 2B) by adding 2 uL of a BMP7
high-concentration solution at 50 pg/mL and 2 uL of an EGF
high-concentration solution at 100 pg/mL in each well of the
24-well Transwell containing 400 pL of the culture medium
containing FCS, HGF, GDNF and b-FGF. A cultured morphological
feature on Day 21 of the three dimensional culture is shown
in FIG. 3a.
[0049] (Example 2) Three dimensional culture using renal
stem cells/precursor cells

Metanephric megsenchymal stem cells or ureteric bud cells
were used in place of the rKS56 cells, and cultured in the same
manner as in Example 1. The cultured morphological features
on Day 21 of the three dimensional culture are shown in FIGs.
3b and 3¢, respectively.
[0050] (Example 3) Morphological features of cultured
cells depending on cell number used for producing a cell mass

of rKS56 cells
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The rKS56 cells were cultured in the same manner as in
Example 1, except that the number of cells upon producing the
cellmassof therKsSs56 cellswerevariously changed. A frequency
of various cell morphological features that appeared at that
time was confirmed. In FIG. 4, no lumen structure was observed
in A, no assembled caliceg-like structure was observed and a
glomerulus-like structure plus a urinary duct-like structure
was obsgserved in B, and all of the glomerulus-like structure,
the urinary duct-1like gstructure and the calices-1like structure
were observed in C.

As a result of the above and as shown in FIG. 5, the more
sufficient differentiation-inducing property into renal
tissues could be confirmed as the number of the cells used upon
producing the cell mass of the rKS56 cells was increased whereas
the sufficient differentiation frequency into the renal tissue
is low when the number of cells is low.

Specifically, the morphological features of the cells
shown in FIG. 6 were confirmed. In FIG. 6, the number of cells
upon producing the rKS56 cell mass was 6.25x10° in a), g) and
m), 1.25x10* inb), h) andn), 2.5x10% inc), i) and o), 5.0x10*
in d), j) and p), 1.0x10° in e), k) and q), and 2.0x10° in f),
1) and r). The morphological features on Day 1 of the culture

are shownina), b), ¢), d), e) and £}, themorphological features

28



on Day 7 of the culture are shown in g), h), 1), j), k) and
1), and the morphological features on Day 21 of the culture
are shown in m), n), o), p), gq) and x).
[0051] (Example 4) Morphological features of cultured
cells when culture condition in three dimensional culture was
changed

The morphological features of the various cells were
confirmed when the cell mass of the rKS56 cells produced in
the same manner as of the cell mass described in Example 1 was
cultured in a two dimensional manner or cultured in a three
dimensional manner by changing the composition of the culture
medium.

The culture was carried out under the following condition
a) top). Penicillin and streptomycin (1%) were added to each
culture medium. In this Example, the two dimensional culture
using no scaffold was carried out when the cells were cultured
in the culture medium a). The three dimensional culture was
carried out when the cellsg were cultured in the culture medium
other than a). The two dimensional culture and the three
dimensional culture of the cell mass were not divided into two
stages, andwere carried out using the culture mediumcontaining
all the various compositions from the start of the culture.

[0052] 1) Each culture media
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a) DMEM/F12 + 10% FCS + GDNF (250 ng/mL) + b-FGF (250
ng/mL) + HGF (250 ng/mL) + EGF (500 ng/mL) + BMP7 (250 ng/mL)

b) DMEM/F12 + 10% FCS

c¢) DMEM/F12 + 10% FCS + GDNF (250 ng/mL)

d) DMEM/F12 + 10% FCS + b-FGF (250 ng/mL)

e) DMEM/F12 + 10% FCS + HGF (250 ng/mL)

f) DMEM/F12 + 10% FCS + GDNF (250 ng/mL) + b-FGF (250
ng/mL) + HGF (250 ng/mL)

g) DMEM/F12 + 10% #CS + EGF (500 ng/mL), change in this
medium

h) DMEM/F12 + 10% FCS + BMP7 (250 ng/mL)

i) DMEM/F12 + 10% FCS + EGF (500 ng/mL) + BMP7 (250 ng/mL)

j) DMEM/F12 + 10% FCS + GDNF (250 ng/mL) + b-FGF (250
ng/mL) + HGF (250 ng/mL) + EGF (500 ng/mL) + BMP7 (250 ng/mL)

k) DMEM/F12 + 10% FCS + activin (250 ng/mL)

1) DMEM/F12 + 10% FCS + follistatin (250 ng/mL)

m) DMEM/F12 + 10% FCS + EGF (1000 ng/mL) + BMP7 (250 ng/mL)

n) DMEM/F12 + 10% FCS + HGF (250 ng/mL) + activin (250
ng/mL)

o) DMEM/F12 + 10% FCS + LIFsRo (250 ng/mL)

p) DMEM/F12 + 10% FCS + nephronectin (250 ng/mL)
[0053] 2) Results of morphological features on Day 21 of

culture
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The observation result on Day 21 of the culture under
various conditions are shown below (see FIG. 7). Under the
condition of m), the ocbservation result on Day 4 of the culture
is shown because of logistics.

Under the culture condition of a), it i1s shown that
morphogenesisdidnot occurunless the three dimensional culture
was carried out (the morphological feature of the cells was
changed, suggesting that the cells were differentiated).

Under the culture condition of b), it is confirmed that
the morphogenesis did not occur if no growth factor was added.

Under the culture condition of c¢), it is confirmed that
several long lumen structures were formed when GDNF alone was
added.

Under the culture condition of d), it is confirmed that
a thick lumen structure was formed when b-FGF alone was added.

Under the culture condition of e), it is confirmed that
a lumen structure and the like was formed but its morphological
feature was insufficient when HGF alone was added.

Under the culture condition of f£), it is relatively
confirmed that the morphogenesis occurred in the culture medium
containing HGF, GDNF and b-FGF. It is also confirmed that it
was unclear whether the lumen structure was thick or thin and

that those closer to the normal kidney were more easily formed
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when the cells were cultured in the subsequent culture medium
containing EGF and BMP7.

Under the culture condition of g), it is confirmed that
a bended lumen structure tended to be formed when EGF alone
was added.

Under the culture condition of h), it is confirmed that
many glomerulus-like structures were formed on tips.

Under the culture condition of i), it is confirmed that
cystic structures were formed in the mass, and a polycystic
kidney-like morphological feature is confirmed.

Under the culture conditionof j), amorphological feature
close to a morphological feature of the kidney was confirmed.

Under the culture condition of k), it is confirmed that
there was no change at all.

Under the culture condition of 1), a bended thick lumen
structure was confirmed (no glomerulus-like structure).

Under the culture condition of m), it is confirmed that
cystic structures were formed in the mass, and a clearer
morphogenesis than the polycystic kidney-like morphological
feature in i) was confirmed.

Under the culture condition of n), it is confirmed that
the lumen structure could be partially formed in the culture

medium containing HGF and activin.
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Under the culture condition of o), it is confirmed that
there was no change at all.

Under the culture condition of p), it is confirmed that
there was no change at all,

Ag described above, it was confirmed that the degree of
the morphogenesis was different depending on the condition.
In particular, in i) and m), the morphological feature such
as a polycystic kidney could be confirmed. The tissue cells
having such a morphological feature like the polycystic kidney
are useful as a pathological lesionmodel. Suchapathological
lesion model can be practically applied as a biocassay tool in
a site to be defected in vitro before testing a new drug in
renal lesion, etc., by administration invivo, and is available
as a material for screening and assay of a novel drug as a
therapeutic drug, etc., for the treatment of the polycystic
kidney, for example.

[0054] (Example 5) Confirmation of morphological features
on Day 4 of the three dimensional culture and confirmation of
various markers

When the cells were cultured in the same manner as in
Example 1, the cellg were cultured under the condition for
forming the polycystic kidney-like structure or the condition

for forming the kidney-1like structure as the culture condition
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in three dimensional culture. As a result, ureteric bud cells

(UB) and metanephric mesenchymal cells (MM) around the UB could

be observed onDay 4 of the culture (see FIG. 8). AnMMcondition
refers to the condition for forming the kidney-1like structure,
and a UB condition refers to the condition for forming the
polycystic kidney-like structure. Various markerson the cell
surface of UB and MM were confirmed using the RT-PCR technique.

Primers for performing RT-PCR for various markers are shown

in Table 1.

[0055] Table 1

Gene name primer F primer R

aquaporin-1 CCTCCAGGCACAGTCTTCTC (SEQ | CAGTGGCCTCCTGACTCTTC (SEQ
ID NO 1) ID NO 2)

Na-Ca TGGAAGCTGGTCTGTCTCCT (SEQ | TGATGACATCAAGAAGGTGGTGAAG

trangporter ID NO 3) {SEQ ID NO 4)

nephrin GCTCCCACCATCCGTGC (SEQ ID | GACTATGTCCACACAACCCCCA
NO 5) (SEQ ID NO 6)

pax-2 AGGGCATCTGCGATAATGAC (SEQ | CTCGCGTTTCCTCTTCTCAC (SEQ
ID NO 7) ID NO 8)

gdnf CCCGAAGATTATCCTGACCA (SEQ | TAGCCCAAACCCAAGTCAGT (SEQ
ID NO 9) ID NO 10)

ret GCGTCAGGGAGATGGTAAAG (SEQ | CATCAGGGAAACAGTTGCAG (SEQ
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ID NO 11) ID NO 12)

ncam ACGTCCGGTTCATAGTCCTG (8SEQ | CTATGGGTTCCCCATCCTTT (SEQ
ID NO 13) ID NO 14)

Wt-1 ACCCAGGCTGCAATAAGAGA (SEQ | GCTGAAGGGCTTTTCACTTG (SEQ
ID NO 15) ID NO 16)

AQP-2 GTGGCTGCCCAGCTGCTGGG (SEQ | AGCTCCACCGEACTGCCGCCG (SEQ
ID NO 17) ID NO 18)

bf-2 AGGAGACAGACATCGACGTG (SEQ | TGACGAAGCAGTCGTTGAG  (SEQ
ID NO 19) ID NO 20)

gapdh TGATGACATCAAGAAGGTGGTGAAG | TCCTTGGAGGCCATGTAGGCCAT
(SEQ ID NO 21) (SEQ ID NO 22)

[0056] Aguaporin (AQP) 1is a protein present on cell

membranes and having fine pores, 13 types of aquaporin have
been known in mammalian animals, and 6 of them are present in
the kidney. Among them, AQP-1 is the marker of the proximal
convoluted tubule, and AQP-2 is the marker of the distal
convoluted tubule. Nephrin is a protein localized in the
glomerular epithelial cells. The above markers were detected
in the cells on Day 4 of the culture, suggesting that the rKS56
cellscouldbedifferentiated intovarious tissues of the kidney

by the above culture (FIG. 9).

[0057] (Example 6) Observation of cultured morphological
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feature

1) Cells cultured for two weeks

The morphological feature of a biocartificial kidney
cultured in the three dimensional manner for two weeks in the
same culture procedure as described in Example 1 was observed
under a microgcope.

Many lumen structures like the convoluted tubule formed
from the cultured cell mass were observed, and such a structure
was constructed by cells having polarity. A spherical
structure like the glomerulus was observed on the tip of the
lumen structure (FIG. 10)}.

[0058] 2) Cells cultured for three weeks

The morphological feature of a biocartificial kidney
cultured in the three dimensional manner for three weeks in
the above culture procedure was observed under a microscope.
A change was observed in the lumen structure. The lumen
structures that were similar but different in thickness and
bended lumen structures, etc., were observed. The thick and
bended lumen structure like the proximal convoluted tubule in
the kidney, and the straight and thin lumen structures like
the structures of the loop of Henle and the distal convoluted
tubule were observed (FIG. 11).

[0059] 3) Cells cultured for three weeks (observation of
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sphere-like structure)

The morphological feature of the biocartificial kidney
cultured in the three dimensional manner for three weeks in
the above culture procedure was further observed. Depending
on the condition, a sphere-like structure was observed on the
tip followedby the lumenstructure, andthese graduallyassemble
andgather intoacalices-like structure toproduceakidney-like
structure. It is considered that this structure is similar
to the nephron that is the basic structural unit of the kidney
and plurality of such structures assemble to exhibit the
organ-like structure (FIG. 12).

[0060] 4) Cells cultured for three weeks (observation of
distal convoluted tubule structure)

The morphological feature of the distal convoluted tubule
(lumen structure) in the biocartificial kidney cultured in the
three dimensional manner for three weeks in the above culture
procedure was observed under an electron microsgcope. Lumen
cells with primary cilla were observed, and it is considered
that the cells were present with polarity, and the cells did
not simply take the lumen structure, but had polarity and
confirmed their location of one another to exist and function

(FIG. 13).

[0061] 5) Cells cultured for three weeks (observation of
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Bowman’s capsule-like structure)

The morphological features of the glomerulus in the
biocartificial kidney cultured in the three dimensional manner
for three weeks in the above culture procedure was observed
under an electron microscope. In the sphere-like structure
at the tip of the lumen, Bowman'’s capsule-like structure was
constructed on an outer side and the glomerulus-1like structure
having the lumen structure was observedthereinunderanelectron
microscope (FIG. 14).

[0062] 6) Cells cultured for three weeks (cbservation of
proximal convoluted tubule structure)

The morphological feature of the proximal convoluted
tubule (lumen structure) in the biocartificial kidney cultured
in the three dimensional manner for three weeks in the above
culture procedure was observed under an electron microscope.

Further, the same structure as the proximal convoluted
tubule structure havingmany villi was observed in similar Iumen
structures at an electron microscopic level (FIG. 15).
INDUSTRIAL APPLICABILITY
[0063] Asg described in detail above, the differentiation
of the cells can be induced by the method for inducing the
differentiation of the stem cells into the tissue cells of the

present invention. Specifically, the renal stem
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cells/precursor cells could be differentiated into the distal
convoluted tubule, the glomerulus, the proximal convoluted
tubule, and the 1ike of the kidney, and the kidney-1like structure
could be reconstructed in vitro. This can produce the
bicartificial organ, and can further provide the material for
medical purposes comprisging the biocartificial organ.

[0064] Using the biocartificial organ, it is possible to
analyze what segment of a renal lesion a drug effectively acts
upon or perform screening or an assay for a novel drug regarding
a renal disorder therapeutic drug. By removing the stem
cells/precursor cells from an adult, it becomes possible to
produce an autologous biocartificial organ specific to the
patient himself. The bicartificial organ and the material for
medical purposesof thepresent inventionareveryuseful because
they can be provided for a disease to which only an organ
transplant could Dbe conventionally applied. Further,
autologous bicartificial organs and materials for medical
purposes are also excellent in safety because no rejection

occurs.
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CLATIMS

1. A method for inducing differentiation of stem cells into
tissue cells, wherein the stem cells are cultured in a three
dimensional manner in a culture medium containing a hepatic
cell growth factor (HGF), aglial cell line-derivedneurotrophic
factor (GDNF), a basic fibroblast growth factor (b-FGF), a bone
morphogenetic protein 7 (BMP7) and an epithelial cell growth
factor (EGF} in a base medium in the presence of a three
dimensional scaffold.

2. The method for inducing the differentiation according
toclaiml, wherein said culture in the three dimensional manner
comprises a first step of culturing said stemcells in a culture
medium containing HGF, GDNF and b-FGF and a second step of
culturing said stem cells in a culture medium containing HGF,
GDNF, b-FGF, BMP7 and EGF after 0 to 10 days have passed from
the start of the culture in the first step.

3. The method for inducing the differentiation according
toclaiml or 2, wherein the cells are cultured under a condition
containing HGF, GDNF, b-FGF and BMP7 in a concentration each
independently selected from 100 to 500 ng/mL and EGF in a
concentration selected from 300 to 700 ng/mL in the culture

medium.

4. The method for inducing the differentiation according
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to any one of claims 1 to 3, wherein serum is further contained
in said culture medium.

5. The method for inducing the differentiation according
to any one of claims 1 to 4, wherein said serum is FCS.

6. The method for inducing the differentiation according
to any one of claims 1 to 5, wherein said stem cell is a stem
cell in a kidney.

7. A method for inducing differentiation of stem cells into

tissue cells comprising;

1) a step of forming a three dimensional cell mass from
the stem cells; and

2) astepof culturingsaidcell mass ina three dimensional
manner in a culture medium containing HGF, GDNF, b-FGF, BMP7
and EGF in the presence of a three dimensional scaffold.
8. The method for inducing the differentiation according
to claim 7, wherein said step 2) comprises a first step of
culturing said cell mass in the three dimensional manner in
a culture medium containing HGF, GDNF and b~FGF in the presence
of the three dimensional scaffold, andasecond step of culturing
the cell mass in the three dimensional manner ina culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF aftexr 0 to 10 days
have passed from the start of the culture in the first step.

9. The method for inducing the differentiation according
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toclaim7 or 8, wherein the cells are cultured under a condition
containing HGF, GDNF, b-FGF and BMP7 in a concentration each
independently selected from 100 to 500 ng/mL and EGF in a
concentration selected from 300 to 700 ng/mL in the culture
medium.
10. The method for inducing the differentiation according
to any one of claims 7 to 9, wherein serum is further contained
in the culture medium in said step 2).
11. The method for inducing the differentiation according
to any one of claims 7 to 10, wherein said cell mass is formed
by a hanging drop method in said step 1).
12. A method for producing a bicartificial organ comprising;

1) a step of forming a cell mass of stem cells;

2) a step of seeding the obtained cell mass on a scaffold;
and

3) a step of culturing said cell mass in a culture medium
containing HGF, GDNF, b-FGF, BMP7 and EGF on the scaffold.
13. Themethod for producing thebiocartificial organaccording
toclaim 12, wherein the bicartificial organ is a bicartificial
kidney.
14. A method for inducing differentiation of stem cells into
tissue cells having a polycystic kidney-like morphological

feature, comprising;
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1) a step of forming a three dimensional cell mass from
the stem cells; and

2) a step of culturing the obtained three dimensional
cell mass of the stem cells in a three dimensional manner in
a culture medium containing BMP7 and EGF and not containing
at least one of GDNF, b-FGF or HGF in the presence of a three
dimensional scaffold.
15. The method for inducing the differentiation according
to claim 14, wherein the culture medium in said step 2) contains

BMP7 and EGF and contains none of GDNF, b-FGF or HGF.
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