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ABSTRACT
A method for producing a mesenchymal stem cell from a

biological cell sample containing mesenchymal stem cells is
provided by the present invention, which includes the following

5 steps:
(1) a step of culturing the biological cell sample containing
mesenchymal stem cells in a serum-free medium in the presence of
vitronectin or a partial peptide thereof capable of adhering
mesenchymal stem cells,

10 (2) a step of collecting a cell aggregate of the mesenchymal stem

cells.
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[DESCRIPTION]

[Title of Invention]

METHOD FOR PRODUCING MESENCHYMAL STEM CELLS FROM LIVING BODY-
DERIVED CELL SAMPLE CONTAINING MESENCHYMAL STEM CELLS
[Technical Field]

[0001]

The present invention relates to a method for producing a
mesenchymal stem cell from a biological cell sample containing
mesenchymal stem cells, including a step of culturing the
biological cell sample containing mesenchymal stem cells in a
serum-free medium or a xeno-free medium in the presence of
vitronectin or a partial peptide thereof capable of adhering
mesenchymal stem cells.

[Background Art]
[0002]

In recent years, the development of pharmaceutical products
using biological cells or tissues and the research on regenerative
medicine have progressed and are attracting attention. Of these,
research using embryonic stem cells and induced pluripotent stem
cells provided with pluripotency as organ regeneration technique or
drug discovery screening tool is accelerating. However, the
production of embryonic stem cells requires the destruction of
embryos developed from fertilized eggs, which poses an ethical
problem. Induced pluripotent stem cells are obtained by
reprogramming somatic cells, and the above-mentioned problems do not
occur. However, there is a concern that cancer cells may be
generated from induced pluripotent stem cells due to the use of c-
myc as a reprogramming factor, random gene transfer into chromosomes
by a retrovirus vector, undifferentiated cells remaining after
differentiation, and the like. On the other hand, mesenchymal stem

cells have pluripotency permitting differentiation into not only
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multiple cells of mesenchymal lineage (osteoblast, adipocyte,
chondrocyte) but also cells of non-mesenchymal lineage (neural
progenitor cell, hepatocyte), and are free of problems caused by
embryonic stem cells or induced pluripotent stem cells. Thus, they
are expected to be used as a cell source for regenerative medicine
and cell therapy.

[0003]

Mesenchymal stem cells can be produced not only from tissues
of adults such as bone marrow, fat, synovial membrane, alveolar bone,
periodontal ligament, and the like but also from various tissues
such as placenta, umbilical cord blood, and umbilical cord, and can
be cultured and amplified in vitro. As a conventional method for
obtaining mesenchymal stem cells, since bone marrow mononuclear
cells produced from bone marrow contain a small amount of
mesenchymal stem cells, the mesenchymal stem cells were produced by
culturing bone marrow mononuclear cells produced from bone marrow in
a medium containing bovine fetal serum (FBS), and utilizing the
adhesiveness of the mesenchymal stem cells to a culture container.
However, when mesenchymal stem cells are used as a cell source for
regenerative medicine, contamination of the mesenchymal stem cells
with xenogeneic components was inconvenient. Therefore, a method
for culturing mesenchymal stem cells using a serum-free medium has
been devised (Patent Literature 1). However, in order to achieve
proliferation of mesenchymal stem cells, it is necessary to produce
mesenchymal stem cells from bone marrow mononuclear cells containing
mesenchymal stem cells, and a method for efficiently producing
mesenchymal stem cells from bone marrow mononuclear cells
containing mesenchymal stem cells by using a serum-free medium has
not yet been developed.

[Citation List]

[Patent Literature]
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[0004]

[PTL 1]

WO 2011/111787
[Summary of Invention]
[Technical Problem]
[0005]

An object of the present invention is to provide a method
for efficiently producing a mesenchymal stem cell from a
biological cell sample containing mesenchymal stem cells.
[Solution to Problem]

[0006]

The present inventors have conducted intensive studies in an
attempt to achieve the above-mentioned object and succeeded in
producing cell aggregates formed by mesenchymal stem cells adhered
to a culture container via vitronectin, by culturing bone marrow
mononuclear cells containing mesenchymal stem cells in a serum-
free medium on a culture container coated with vitronectin. The
produced aggregate was dissociated to obtain a population of
single mesenchymal stem cells. Then, the obtained mesenchymal
stem cells were cultured again in the serum-free medium in the
presence of vitronectin, and it was confirmed that the number of
cells was remarkably higher than that of mesenchymal stem cells
cultured under the same conditions except that fibronectin was
used instead of the first vitronectin. It was also confirmed that
the TGFP receptor inhibitor further increases the production
efficiency of mesenchymal stem cells. Furthermore, it was found
that mesenchymal stem cells can be produced from adipocytes
containing mesenchymal stem cells by using vitronectin and a TGF(
receptor inhibitor. From the above findings, the present
invention has been completed.

[0007]
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Accordingly, the present invention provides the following.
[1] A method for producing a mesenchymal stem cell from a
biological cell sample comprising mesenchymal stem cells,
comprising the following steps:

(1) a step of culturing the bioclogical cell sample
comprising mesenchymal stem cells in a serum-free medium in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells,

(2) a step of collecting a cell aggregate of the mesenchymal
stem cells.

[2] The method of [1], wherein the culture in the presence of
vitronectin or a partial peptide thereof capable of adhering
mesenchymal stem cells is performed by culturing on a culture
container on which vitronectin or a partial peptide thereof
capable of adhering mesenchymal stem cells has been immobilized.
[3] The method of [1] or [2], further comprising the following
steps:

(3) a step of dissociating the collected cell aggregate,

(4) a step of culturing the dissociated mesenchymal stem
cells in a serum-free medium in the presence of an extracellular
matrix protein or a partial peptide thereof capable of adhering
mesenchymal stem cells,

(5) a step of collecting the mesenchymal stem cells
proliferated on the culture container via the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells.

[4] The method of [3], wherein the culture in the presence of the
extracellular matrix protein or a partial peptide thereof capable
of adhering mesenchymal stem cells is performed by culturing on a
culture container on which the extracellular matrix protein or a

partial peptide thereof capable of adhering mesenchymal stem cells
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has been immobilized.

[5] The method of any one of [1] to [4], wherein the partial
peptide of vitronectin comprises an RGD domain.

[6] The method of [5], wherein the partial peptide of vitronectin

5 further comprises a somatomedin B domain.

[7] The method of [6], wherein the partial peptide of vitronectin
is a polypeptide consisting of amino acid Nos. 1 - 379 of the
amino acid sequence shown in SEQ ID NO: 1.

[8] The method of any one of [1] to [7], wherein the serum-free

10 medium in step (1) comprises a TGF-B receptor inhibitor.

[9] A method for producing a mesenchymal stem cell from a
biological cell sample comprising mesenchymal stem cells,
comprising the following steps:

(1) a step of culturing the bioclogical cell sample

15 comprising mesenchymal stem cells in a xeno -free medium in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells,

(2) a step of collecting a cell aggregate of the mesenchymal
stem cells.

20 [10] The method of [9], wherein the culture in the presence of
vitronectin or a partial peptide thereof capable of adhering
mesenchymal stem cells is performed by culturing on a culture
container on which vitronectin or a partial peptide thereof
capable of adhering mesenchymal stem cells has been immobilized.

25 [11] The method of [9] or [10], further comprising the following
steps:

(3) a step of dissociating the collected cell aggregate,
(4) a step of culturing the dissociated mesenchymal stem
cells in a xeno-free medium in the presence of an extracellular

30 matrix protein or a partial peptide thereof capable of adhering

mesenchymal stem cells,
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(5) a step of collecting the mesenchymal stem cells
proliferated on the culture container via the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells.

[12] The method of [11], wherein the culture in the presence of
the extracellular matrix protein or a partial peptide thereof
capable of adhering mesenchymal stem cells is performed by
culturing on a culture container on which the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells has been immobilized.

[13] The method of any one of [9] to [12], wherein the partial
peptide of vitronectin comprises an RGD domain.

[14] The method of [13], wherein the partial peptide of
vitronectin further comprises a somatomedin B domain.

[15] The method of [14], wherein the partial peptide of
vitronectin is a polypeptide consisting of amino acid Nos. 1 - 379
of the amino acid sequence shown in SEQ ID NO: 1.

[16] The method of any one of [9] to [15], wherein the xeno-free
medium in step (1) comprises a TGF- receptor inhibitor.

[17] The method of any one of [9] to [16], wherein the xeno-free
medium comprises an allogeneic serum.

[18] The method of [17], wherein the allogeneic serum is an
autologous serum.

[19] The method of any one of [1] to [18], wherein the biological
cell sample comprising mesenchymal stem cells is a bone marrow-
derived cell.

[20] The method of [19], wherein the number of the cells derived
from bone marrow and to be cultured is 0.5x10° - 25x10° cells/cm?.
[21] The method of [19] or [20], wherein the cells derived from
bone marrow are cultured for a period of 4 days to 14 days.

[22] The method of any one of [1] to [18], wherein the biological
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cell sample comprising mesenchymal stem cells is a cell derived
from adipose tissue.

[23] The method of [22], wherein the number of the cells derived
from adipose tissue and to be cultured is 1x103 - 1x10° cells/cm?.
[24] The method of [22] or [23], wherein the cells derived from
adipose tissue are cultured for a period of 1 day to 14 days.
[Advantageous Effects of Invention]

[0008]

Mesenchymal stem cells can be efficiently produced from a
biological cell sample containing mesenchymal stem cells by
culturing the biological cell sample containing mesenchymal stem
cells in a serum-free medium or a xeno-free medium in the presence
of vitronectin or a partial peptide thereof. By adopting this
method, the obtained mesenchymal stem cells can be directly used
as a cell source in regenerative medicine.

[Brief Description of Drawings]
[0009]
[Fig. 1]

Fig. 1 shows photographs of MSC aggregates 5 days after MNC
seeding.
[Fig. 2]

Fig. 2 shows the measurement results of the number of cells
13 days after MNC seeding.

[Fig. 3]

Fig. 3 shows photographs of cells 13 days after MNC seeding.
[Fig. 4]

Fig. 4 shows the measurement results of the number of MSC 13
days after MNC seeding when different Vitronectin was used.

[Fig. 5]
Fig. 5 shows the measurement results of the number of MSC 12

days after MNC seeding when different Vitronectin was used.
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[Fig. 6]

Fig. 6 shows the measurement results of the number of MSC 15
days after MNC seeding when a TGFP inhibitor was used.
[Fig. 7]

Fig. 7 shows the measurement results of the number of MSC 12
days after MNC seeding when a different TGF@ receptor inhibitor
was used.

[Fig. 8]

Fig. 8 shows the measurement results of the number of cells
isolated from mouse adipose tissue and at 5 days after seeding.
[Fig. 9]

Fig. 9 shows photographs of cells isolated from mouse
adipose tissue and at 5 days after seeding.

[Description of Embodiments]
[0010]

The present invention provides a method for producing a
mesenchymal stem cell from a biological cell sample containing
mesenchymal stem cells (hereinafter, the production method of the
present invention).

[0011]

In the present specification, the bioclogical cell sample
containing mesenchymal stem cells is a cell sample separated from
a biological tissue containing mesenchymal stem cells. As the
biological tissue containing mesenchymal stem cells, tissues of
bone marrow, fat, synovium, alveolar bone, periodontal membrane,
placenta, cord blood, umbilical cord and the like can be mentioned.
[0012]

In the present specification, the cell sample is a cell
population contained in a biological tissue. The cell population
means two or more cells of the same type or different types. 1In

addition, the cell population also means a clump (mass) of cells
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of the same or different types. The cell population may be a
primary cell directly separated from a biological tissue, or may
be a cell that is passage cultured from the primary cell. As used
herein, directly means not going through the step of culturing
and/or proliferating in vitro.

[0013]

In the present specification, the mesenchymal stem cell is a
somatic stem cell derived from a mesodermal tissue (mesenchyma).
The mesenchymal stem cell expresses positive markers on the cell
surface and does not express negative markers. By detecting both
markers on the cell surface, whether or not the cell is a
mesenchymal stem cell can be determined. Positive markers include
CD73, CD90, and CD105. Negative markers include CDl1lb, CD14, CD19,
CD34, CD45, CD79%a, HLA-Class II(DR). The expression of these
markers can be examined by a known immunological method (e.g.,
flow cytometry using an antibody) or the like.

[0014]

In one embodiment, the production method of the present
invention includes the following steps:

(la) a step of culturing the biological cell sample containing
mesenchymal stem cells in a serum-free medium in the presence of
vitronectin or a partial peptide thereof capable of adhering
mesenchymal stem cells (step (la) of the present invention),

(2a) a step of collecting a cell aggregate of the mesenchymal stem
cells (step (2a) of the present invention).

In another embodiment, the production method of the present
invention includes the following steps:

(1b) a step of culturing the biological cell sample containing
mesenchymal stem cells in a xeno-free medium in the presence of
vitronectin or a partial peptide thereof capable of adhering

mesenchymal stem cells (step (1lb) of the present invention),
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(2b) a step of collecting a cell aggregate of the mesenchymal stem
cells (step (2b) of the present invention).
[0015]

In steps (la) and (lb) of the present invention, culture is
performed in the presence of vitronectin or a partial peptide
thereof capable of adhering mesenchymal stem cells (hereinafter to
be referred to as “the partial peptide of vitronectin”).

Vitronectin may be, for example, a protein isolated and
purified from the cells of mammals (e.g., human, mouse, rat,
rabbit, sheep, swine, bovine, horse, cat, dog, monkey, chimpanzee
and the like), or any tissue or organ in which those cells are
present. In addition, it may also be a protein chemically
synthesized or biochemically synthesized by a cell-free
translation system, or a recombinant protein produced from a
transformant into which a nucleic acid having a base sequence
encoding vitronectin has been introduced.

[0016]

The amino acid seguence of vitronectin is disclosed in a
known database, and for example, NP 000629 (human vitronectin),

NP 035837 (mouse vitronectin) and the like are disclosed as NCBI
Reference Seguence Nos. Since the mesenchymal stem cells produced
by the production method of the present invention preferably do
not contain xenogeneic components, the vitronectin is preferably
derived from a living body from which the cell sample to be
cultured is derived. Therefore, when the cell sample to be
cultured is derived from human, the vitronectin used in the
production method of the present invention is preferably a protein
containing the same or substantially the same amino acid sedquence
as SEQ ID NO: 1.

[0017]

Examples of the amino acid sequence substantially the same
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11

as the amino acid sequence shown in SEQ ID NO: 1 include amino
acid sequences having a homology of not less than about 60%,
preferably not less than about 70%, further preferably not less
than about 80%, particularly preferably not less than about 90%,
with the amino acid sequence shown in SEQ ID NO: 1, and the like.
As used herein, the “homology” means the proportion (%) of the
same amino acid residues and similar amino acid residues relative
to the total overlapping amino acid residues, in an optimal
alignment (preferably, the algorithm is capable of considering
introduction of gap into one of or both of the sequences for
optimal alignment), when two amino acid sequences are aligned
using a mathematical algorithm known in the technical field.

The homology of the amino acid sequences in the present
specification can be calculated using homology calculation
algorithm NCBI BLAST (National Center for Biotechnology
Information Basic Local Alignment Search Tool) and under the
following conditions (expectancy =10; gap allowed; matrix
=BLOSUM62; filtering=0FF).

More preferably, an amino acid sequence substantially the
same as the amino acid sequence shown in SEQ ID NO: 1 is an amino
acid sequence having identity of not less than about 60%,
preferably not less than about 70%, further preferably not less
than about 80%, particularly preferably not less than about 90%,
with the amino acid sequence shown in SEQ ID NO: 1.

[0018]

As the protein containing an amino acid sedquence
substantially the same as the amino acid seguence shown in SEQ ID
NO: 1, for example, a protein containing an amino acid sequence
substantially the same as the aforementioned amino acid sequence
shown in SEQ ID NO: 1 and having activities substantially

equivalent to those of a protein containing the amino acid
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sequence shown in SEQ ID NO: 1 and the like is preferable.
[0019]

Examples of the substantially equivalent activity include
mesenchymal stem cell adhesion activity. Being “substantially
equivalent” means that the activities thereof are qualitatively
(e.g., physiological or pharmacologically) the same. Therefore,
while the mesenchymal stem cell adhesion activity is preferably
equivalent (e.g., about 0.5- to about 2-fold), the levels of these
activities, and quantitative factors such as molecular weight of
protein, and the like may be different.

[0020]

The human vitronectin also encompasses, for example,
proteins containing (1) an amino acid sequence resulting from
deletion of one or two or more (preferably 1 - about 10) amino
acids from the amino acid sequence shown in SEQ ID NO: 1, (2) an
amino acid sequence resulting from addition of one or two or more
(preferably 1 - about 10) amino acids to the amino acid seduence
shown in SEQ ID NO: 1, (3) an amino acid seguence resulting from
insertion of one or two or more (preferably 1 - about 10) amino
acids in the amino acid sequence shown in SEQ ID NO: 1, (4) an
amino acid sequence resulting from substitution of one or two or
more (preferably 1 - about 10) amino acids with other amino acids
in the amino acid sequence shown in SEQ ID NO: 1, (5) an amino
acid sequence which is a combination thereof, and the like.

As mentioned above, when the amino acid sequence is inserted,
deleted, or substituted, the position of the insertion, deletion,
or substitution is not particularly limited as long as the
activity of the protein is maintained.

[0021]
The partial peptide of vitronectin is a peptide having the

above-mentioned partial amino acid sequence of vitronectin, and
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may be any as long as it has activity substantially egquivalent to
that of vitronectin. As used herein, the “substantially
equivalent activity” has the same meaning as described above. The
“substantially equivalent activity” can be measured in the same
manner as in the case of vitronectin. Such partial peptide of
vitronectin includes proteins containing the RGD domain. More
preferably, the partial peptide of vitronectin is a protein
containing a somatomedin B domain and an RGD domain.

Specifically, as the somatomedin B domain, for example, the
region shown by amino acid No. 1 - 40 in the amino acid sequence
shown in SEQ ID NO: 1 is used. As the RGD domain, for example,
the region shown by amino acid No. 41 - 52 in the amino acid
sequence shown in SEQ ID NO: 1 is used. The size of the partial
peptide of vitronectin is not particularly limited as long as it
has mesenchymal stem cell adhesion activity. It preferably
contains not less than 100 partial amino acid sequences, more
preferably not less than 200 partial amino acid sequences, further
preferably not less than 300 partial amino acid sequences. The
partial amino acid sequence may be one continuous partial amino
acid sequence, or may be a plurality of discontinuous partial
amino acid sequences linked together. The most preferable partial
peptide of vitronectin satisfying such conditions includes a
polypeptide consisting of amino acid Nos. 1 - 379 of the amino
acid sequence shown in SEQ ID NO: 1.

In addition, as the partial peptide of vitronectin, a
commercially available partial peptide of vitronectin may be used.
Examples of the commercially available partial peptide of
vitronectin include Vitronectin (20-398 aa) (wako), Vitronectin
(VIN-N, 62-478 aa) (manufactured by Thermo Fisher Scientific),
Vitronectin (Full length, 20-478 aa) (Sigma), synthemax II

(manufactured by Corning Incorporated), and the like.
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[0022]

In step (la) or (1lb) in the present invention, the
biological cell sample containing mesenchymal stem cells is
cultured in the presence of vitronectin or a partial peptide of

5 wvitronectin by any method that brings mesenchymal stem cells into
contact with vitronectin or a partial peptide of vitronectin. For
example, a method of culturing in a state where vitronectin or a
partial peptide of vitronectin is present in a culture medium or
the surface of a culture container can be mentioned. The presence

10 of vitronectin or a partial peptide of vitronectin in a culture
medium means an embodiment in which it is directly contained in
the culture medium. When vitronectin or a partial peptide of
vitronectin is contained in a culture medium, the concentration of
the vitronectin or the partial peptide of vitronectin in the

15 culture medium is 0.1 pg/ml - 4.0 pg/ml, preferably 1.0 pug/ml -
4.0 pg/ml.

[0023]

The presence of vitronectin or a partial peptide of

vitronectin on the surface of a culture container means an

20 embodiment in which it is immobilized on the surface of the
culture container. When vitronectin or a partial peptide of
vitronectin is immobilized on the surface of a culture container,
for example, a container or a carrier (microbeads, etc.) used for
cell culture is used as the culture container. As the culture

25 container, any material with any shape can be used as long as it
does not inhibit maintenance, survival, differentiation,
maturation, and self-replication of the cells. Examples of the
material of the culture container include glass, synthetic resin
including non-woven fabric, natural resin, metal and the like.

30 The shape of the culture container includes polygonal prisms such

as triangular prism, cube, cuboid and the like, polygonal pyramids
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such as circular cylinder, triangular pyramid, dquadrangular
pyramid and the like, arbitrary shapes such as circular cone,
gourd and the like, globular shape, hemisphere shape, circular
shape, ellipse shape, semicircle shape, and the like.
Commercially available culture flask, culture dish (culture dish),
culture bag, hollow thread type culture device, and the like can
also be used. A culture bag having gas permeability is preferred.
When a large number of cells is required, a large fermenter may
also be used.

The culture can be performed in either an open system or a closed
system. When the purpose is to administer the obtained
mesenchymal stem cells to human or the like, it is preferable to
perform the culture in a closed system.

[0024]

Vitronectin or a partial peptide of vitronectin can be
immobilized in a culture container based on a known means. For
example, vitronectin or a partial peptide of vitronectin is
dissolved in a solvent (e.g., sterile distilled water, buffer,
saline, etc.), added to a culture container, and then allowed to
stand overnight at 4°C, whereby vitronectin or partial peptide of
vitronectin can be immobilized on a culture container. When
vitronectin or a partial peptide of vitronectin is immobilized on
a culture container, those of ordinary skill in the art can
appropriately determine the concentration of a vitronectin or
partial peptide of vitronectin solution. For example, the
concentration may be set such that 0.5 pg - 10.0 pg of vitronectin
or a partial peptide of vitronectin is generally immobilized per
unit area of the culture container.

[0025]
The culture container on which vitronectin or a partial

peptide of vitronectin is immobilized can be stored at a low
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temperature, for example, 4°C until use. Immediately before use, a
solution containing vitronectin or a partial peptide of vitronectin
is removed by suction from these culture containers, washed once
with PBS and then once with a culture medium, and then subjected to
culture.

[0026]

In step (la) of the present invention, the serum-free medium
is not particularly limited as long as it does not contain serum.
Therefore, as long as serum is not contained, the serum-free medium
may contain a component derived from the same species as the species
from which the biological cell sample containing mesenchymal stem
cells to be cultured is derived (allogeneic component) or a
component derived from a different species (xenogeneic component).
Examples of the allogeneic component include platelet lysate, serum-—
derived protein (e.g., albumin, etc.), and the like. Examples of
the xenogeneic component include animal-derived lipid, and the like.
[0027]

In step (1b) of the present invention, the xeno-free medium
is not particularly limited as long as it does not contain a
xenogeneic component. Therefore, as long as a xenogeneic component
is not contained, the xeno-free medium may contain an allogeneic
serum. As the allogeneic serum, an autologous serum is preferred.
As used herein, the autologous serum, and the below-mentioned
autologous plasma respectively mean serum and plasma obtained from
blood collected from the same donor as the biological cell sample to
be cultured.

[0028]

Since plasma contains serum components, a medium containing
autologous plasma may be used. Preferably, inactivated autologous
plasma is added to the medium. For example, cells are cultured in a

culture medium containing not more than 10%(V/V), preferably not
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more than 5% (V/V), further preferably not more than 2%(V/V), of
inactivated autologous plasma. By using autologous plasma,
xenogeneic components are excluded from the production method of the
present invention, and a highly safe method for producing
mesenchymal stem cells is provided.
[0029]

A serum-free medium or xeno-free medium can be prepared
using a medium generally used for culturing animal cells as a
basal medium. Examples of the basal medium include, but are not
limited to, Dulbecco’s Medium (e.g., IMDM), Eagle’s medium (e.g.,
DMEM, EMEM, BME, MEM, oMEM), Ham’s medium (e.g., F10 medium, F12
medium), RPMI medium (e.g., RPMI-1640 medium, RPMI-1630 medium),
MCDB medium (e.g., MCDB104, 107, 131, 151, 153 medium), Fischer’s
medium, 199 medium, culture medium for primate ES cell (culture
medium for primate ES/iPS cell, Reprocell), medium for mouse ES
cell (TX-WES culture medium, Thromb-X), serum—-free medium (mTeSR,
Stemcell Technologies), ReproFF, StemSpan (registered trade mark)
SFEM, StemSpan (registered trade mark) H3000, StemlineII, ESF-B
medium, ESF-C medium, CSTI-7 medium, Neurobasal medium (Life
Technologies, Inc.), StemPro-34 medium, StemFit (registered trade
mark) (e.g., StemFit AKO3N, StemFit AKO2N) and the like.
Furthermore, these media can be mixed as necessary and used and,
for example, DMEM/F12 medium and the like can be mentioned. As a
serum—-free medium or a xeno-free medium, a known medium or a
commercially available medium may be used as it is or after
modification. As the commercially available xeno-free medium, for
example, DEF-CS500 XF (manufactured by Cellartis) or DXF
(manufactured by PromoCell) can be used.
[0030]

In step (la) or (lb) in the present invention, a serum-free

medium or a xeno-free medium may contain a TGF-f receptor
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inhibitor. TGF-( is a peptide factor that is secreted as a non-
active form from almost all normal cells, activated under specific
conditions, and exhibits various functions such as suppression of
the proliferation of epithelial cells and lymphocytes, and the
like. Furthermore, osteogenic factor (BMP) that induces
differentiation of osteoblast, activin that promotes secretion of
follicle-stimulating hormone and differentiation of erythrocyte,
and the like can be mentioned as TGF-p family molecules having a
structure similar to TGF-f. In the present specification, TGF-f
also includes TGF-p family molecules. Specifically, as TGF-8B,
TGF-B, activin, Nodal, BMP, GDF (growth/differentiation factor),
AMH (anti-Mollerian hormone), and MIS (Mullerian inhibitory
substance) can be mentioned, with preference given to TGF-p. The
TGF-B receptor is composed of type I and type II receptors present
on the cell membrane. Both type I and type II receptors have
serine/threonine kinase activity, and the substrate for type II
receptor is type I receptor. When the TGF-f family molecule binds
to TGF-B receptor, type I receptor is phosphorylated by type IT
receptor, and the activated type I receptor further phosphorylates
intracellular signal transduction molecule Smad, and transmits
signals into the cell. Specifically, as the combination of type I
receptor and type II receptor of TGF-( receptor, a combination of
TGF-p type I receptor (TGFBR1l, activin receptor-like kinase
(ALK5)) or ALK1l, and TGF-B type II receptor (TGFBR2) can be
mentioned for TGF-(; a combination of ALK4 or ALK7, and ActR-II or
ActR-IIB can be mentioned for activin, Nodal; a combination of
ALK2, ALK3 or ALK6, and BMPR-II can be mentioned for BMP; a
combination of ALK2, ALK3 or ALK6, and ActR-II or ActR-IIB can be
mentioned for GDF; and a combination of ALK2, ALK3 or ALK6, and
ActR-II or ActR-IIB can be mentioned for AMH or MIS. As a

preferable combination of type I receptor and type II receptor of
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TGF-p receptor, a combination of ALKS5 or ALK1l, and TGFBR2 can be
mentioned. The above-mentioned inhibitor of TGF-( receptor may be
any as long as it suppresses the above-mentioned functions of the
TGF-B receptor and, for example, a substance that inhibits
formation of TGF-B and TGF-{ receptor complex, and the like can be
mentioned.

[0031]

To be specific, as the TGF-{ receptor inhibitor, for example,
neutralizing antibodies against TGF-f receptor can be mentioned.
The antibody may be either a polyclonal antibody or a monoclonal
antibody. These antibodies can be produced according to a
production method of antibody or antiserum known per se. While
the isotype of the antibody is not particularly limited, IgG, IgM
or IgA is preferred, and IgG is particularly preferred. The
antibody is not particularly limited as long as it has at least a
complementarity determining region (CDR) for specifically
recognizing and binding to a target antigen, and may be a complete
antibody molecule, a fragment such as Fab, Fab’, F(ab’), or the
like, a genetically engineered conjugate molecule such as scPv,
scFv-Fc, minibody, diabody or the like, a derivative thereof
modified with a molecule having a protein stabilizing action such
as polyethylene glycol (PEG) or the like, or the like. Since the
neutralizing antibody is a neutralizing antibody contained in a
serum-free medium or a xeno-free medium, when the biological cell
sample is derived from human, it is preferable to (i) obtain a
human antibody by immunizing a human antibody-producing animal
(e.g., mouse), (ii) produce a chimeric antibody, humanized
antibody or complete human antibody, or (iii) obtain a human
antibody by combining ex-vivo immunization method and cell
immortalization by virus, human-human (or mouse) hybridoma

production technique, a phage display method, and the like. The
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concentration of a neutralizing antibody against TGF-[ receptors
in a serum-free medium or a xeno-free medium is not particularly
limited as long as it can inhibit intracellular signal
transduction of the TGF-p receptor, and is, for example, 0.01
ug/mL - 10 pg/mL, preferably 0.05 ug/mL - 5 ug/mL, more preferably
0.1 pg/mL - 2.5 ug/mL.

[0032]

In another preferred embodiment, the TGF-B receptor
inhibitor is a low-molecular-weight compound showing an antagonist
activity against TGF-p receptors. As used herein, the “antagonist
activity” means an activity to bind to TGF- receptor to inhibit
the binding between TGF-p and TGF-p receptor. Examples of such
compound include SB431542 (Stemgent), sc-203294, RepSox,
Vactosertib (TEW-7197), SB525334, GW788388, SB505124, SD-208, LDN-
193189, Galunisertib (LY2157299), LY2109761, 1Y364947, K02288,
LDN-214117, ML347, LDN-212854, DMH1, Pirfenidone, LY 3200882,
Alantolactone, SIS3, Hesperetin, A-83-01 and the like. The
concentration of a low-molecular-weight compound showing an
antagonist activity against TGF-p receptors in a serum-free medium
or a xeno-free medium is not particularly limited as long as it
can inhibit intracellular signal transduction of the TGF-p
receptor, and is, for example, 0.1 uM - 100 uM, preferably 1 uM -
50 uM, more preferably 5 uM - 25 uM.

[0033]

The serum-free medium or xeno-free medium may be further
appropriately supplemented with insulin, transferrin, selenium,
various vitamins, L-glutamine, various amino acids such as non-
essential amino acid and the like, 2-mercaptoethanol, various
cytokines (interleukins (IL-2, IL-7, IL-15 etc.), SCF (Stem cell
factor), activin and the like), wvarious hormones, various growth

factors (Leukemia inhibitory factor (LIF), basic fibroblast growth
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factor (bFGF), etc.), antibiotics such as penicillin/streptomycin,
puromycin and the like, pH indicator such as phenol red and the
like, and the 1like.

[0034]

The biological cell sample containing mesenchymal stem cells
which is cultured in step (la) or (lb) of the present invention is
not particularly limited as long as it is a cell sample containing
mesenchymal stem cells. In one embodiment of the present
invention, the biological cell sample containing mesenchymal stem
cells is a bone marrow-derived cell. The method for separating
the cell derived from bone marrow may follow a known means. For
example, it can be performed by removing interstitial cells from
the collected bone marrow fluid by a density gradient
centrifugation method using a separation medium with adjusted
density. Specifically, a layer of bone marrow-derived cells
containing mesenchymal stem cells and mononuclear cells at the
interface between the separation medium and the cerebrospinal
fluid can be obtained by layering a bone marrow fluid diluted with
physiological saline on the upper part of the separation medium in
a tube and centrifuging same. The thus-obtained bone marrow-
derived cells contain a trace amount of mesenchymal stem cells.
The proportion of the mesenchymal stem cells contained in the bone
marrow—-derived cells is not particularly limited, and is about
0.01% - about 1%, preferably about 0.01% - about 0.1%, of the
number of cells derived from the bone marrow.

[0035]

The number of the bone marrow-derived cells including the
mesenchymal stem cells cultured in step (la) or (lb) of the
present invention is not particularly limited, and may be
generally 0.5x10°% cells/cm? - 25x10° cells/cm?, preferably 2x10°

cells/cm? — 13x10° cells/cm?, per a culture container.
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[0036]

The culture conditions for the bone marrow-derived cells
containing mesenchymal stem cells are not particularly limited,
and general cell culture conditions can be adopted. While the
aforementioned culture conditions include culturing at temperature
37°C, humidity 95%, and CO, concentration 5%, but the present
invention is not limited to such conditions. For example,
culturing at temperature 30 - 40°C, humidity 90 - 98%, CO.
concentration 3 - 7% is exemplified. However, as long as
proliferation of desired cells can be achieved, temperature,
humidity, and CO, concentration outside the ranges mentioned above
may also be employed.

[0037]

It is preferable to change the medium at appropriate intervals
during the culture. The exchange of the medium includes the
exchange of the whole amount of the medium, the exchange of a part
of the medium, the addition of the medium, a combination thereof,
and the like. In a preferred embodiment of the present invention,
the whole amount of the medium is exchanged with a medium having the
same composition the day after the start of the culture, and the
cells are cultured with the addition of 20% of the medium on day 3
and day 5 from the start of the culture.

[0038]

The culture period is, for example, 4 to 14 days, preferably
7 days. By this culture, mesenchymal stem cells contained in bone
marrow—-derived cells can be selectively adhered onto a culture
container via vitronectin or a partial peptide of vitronectin.
Adhered mesenchymal stem cells form cell aggregates. Here, the
cell aggregate includes any cell populations of a cell population
that has proliferated so as to spread parallel to the adhesive

surface of the culture container, a cell population that has
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proliferated so as to vertically overlap the adhesive surface of
the culture container, and a cell population having the
characteristics of the both. When the culture period is less than
4 days, the number of cell aggregates that can be formed is small,
and the number of cells for culturing in step (4) in the present
invention to be described later cannot be secured. Furthermore,
when the culture period exceeds 14 days, the cell aggregates
collapse and the number of cells decreases. As a result, the
number of cells for culturing in step (4) in the present invention
cannot be secured.

[0039]

In another embodiment, the biological cell sample containing
mesenchymal stem cells which is cultured in step (la) or (lb) of
the present invention is a cell derived from an adipose tissue.
The method for separating the cell derived from an adipose tissue
from the adipose tissue may follow a known means. For example, as
a method for separating adipose tissue-derived cells including
mesenchymal stem cells from adipose tissue, the collected adipose
tissue is shredded, incubated in a collagenase solution, and
filtered with a mesh sheet, whereby adipose tissue-derived cells
including mesenchymal stem cells can be obtained. The thus-
obtained cell derived from the adipose tissue contains a trace
amount of mesenchymal stem cells. The proportion of the
mesenchymal stem cells contained in the cells derived from the
adipose tissue is not particularly limited, and is about 0.01% -
about 1%, preferably about 0.1% - about 1%, of the number of cells
derived from the adipose tissue.

[0040]

The number of adipose tissue-derived cells including the

mesenchymal stem cells cultured in step (la) or (lb) of the

present invention is not particularly limited, and may be
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generally 1x103 cells/cm? - 1x10° cells/cm?, preferably 1x104
cells/cm? — 1x10° cells/cm?, per a culture container.
[0041]

The culture conditions for the adipose tissue-derived cells
containing mesenchymal stem cells are not particularly limited,
and culture conditions similar to those for bone marrow-derived
cells containing mesenchymal stem cells can be adopted.

[0042]

It is preferable to change the medium at appropriate intervals
during the culture. The exchange of the medium includes the
exchange of the whole amount of the medium, the exchange of a part
of the medium, the addition of the medium, a combination thereof,
and the like. In a preferred embodiment of the present invention,
the whole amount of the medium is exchanged with a medium having the
same composition the day after the start of the culture and on day 2.
[0043]

The culture period is, for example, 1 to 14 days, preferably
5 days. By this culture, mesenchymal stem cells contained in
adipose tissue-derived cells can be selectively adhered onto a
culture container via vitronectin or a partial peptide of
vitronectin. Adhered mesenchymal stem cells form cell aggregates,
particularly, a cell population that has proliferated so as to
spread parallel to the adhesive surface of the culture container.
[0044]

The cell aggregate that is formed by mesenchymal stem cells
adhered onto a culture container via vitronectin or a partial
peptide of vitronectin in step (2a) or (2b) in the present
invention can be collected by a known means. For example, cells
other than the mesenchymal stem cells contained in the biological
cell sample do not adhere onto a culture container via vitronectin

or a partial peptide of vitronectin. Therefore, they are removed
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from the culture container together with the serum-free medium or
xeno-free medium by total amount medium change. As a result, cell
aggregates of mesenchymal stem cells remain in the culture container
in the culture after total medium exchange. The cell aggregates of
mesenchymal stem cells adhere to the culture container via
vitronectin or a partial peptide of vitronectin. However, the cell
aggregates also show weak cell-cell adhesion and easily separate
from the cell aggregates and float in the medium. Therefore, the
recovery of cell aggregates of mesenchymal stem cells may contain
2 steps of (i) recovery of cell aggregates of mesenchymal stem cells
suspended in a serum-free medium or a xeno-free medium and (ii)
recovery of cell aggregates of mesenchymal stem cells adhered on the
culture container. The (i) recovery of cell aggregates of
mesenchymal stem cells suspended in a serum-free medium or a xeno-
free medium can be performed, for example, by recovering the entire
amount of the serum-free medium or xeno-free medium and centrifuging
same. The (ii) recovery of cell aggregates of mesenchymal stem
cells adhered on the culture container can be performed, for
example, by easily detaching the aggregates from the culture
container only by pipetting, collecting the entire amount together
with the medium or PBS, and centrifuging same. In another
embodiment, for the recovery of cell aggregates of mesenchymal stem
cells adhered on the culture container, adhesion between
vitronectin or a partial peptide of vitronectin, and the cell
aggregates of mesenchymal stem cells is decomposed by a treatment
with a detaching agent, and monocelled mesenchymal stem cells can
be recovered. As the detaching agent, a mixed solution of trypsin
and EDTA (generally 0.001-0.5% trypsin/0.1-5 mM EDTA, preferably
about 0.1% trypsin/l mM EDTA) may also be used, or a commercially
available product (e.g., TrypLE (Thermo Fisher Scientific)) may

also be used.
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[0045]

Vitronectin and a partial peptide of vitronectin show high
adhesion activity to mesenchymal stem cells as compared with other
extracellular matrices, and can efficiently adhere to mesenchymal
stem cells contained in biological cell samples. Therefore,
mesenchymal stem cells can be efficiently produced from a
biological cell sample by doing as described above. However, when
the cell aggregates of the mesenchymal stem cells adhered in step
(la) or (1lb) in the present invention are continuously cultured for
a long period of time, the proliferation of the mesenchymal stem
cells is not observed depending on the origin of the cell sample.
For example, when bone marrow-derived cells are cultured in step
(la) or (lb) in the present invention and cell aggregates of adhered
mesenchymal stem cells are continuously cultured for a long period
of time, proliferation of the mesenchymal stem cells is not observed.
On the other hand, when the adipose tissue-derived cells are
cultured in step (la) or (lb) in the present invention, the cell
aggregates of the adhered mesenchymal stem cells show confirmed
proliferation. This is considered to be due to the presence of
cells in the bone marrow-derived cells that prevent the
proliferation of mesenchymal stem cells. Thus, when a large amount
of mesenchymal stem cells is desired to be produced from biological
cell samples containing mesenchymal stem cells by steps (la) and
(2a) or steps (1lb) and (2b) in the present invention, it is
preferable to re-seed the produced mesenchymal stem cells,
proliferate them, and recover them again. Therefore, the production
method of the present invention may further contain the following
steps.

That is, a production method containing steps (la) and (2a)
of the present invention may further contain the following steps:

(3a) a step of dissociating the collected cell aggregate (step
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(3a) of the present invention),

(4a) a step of culturing the dissociated mesenchymal stem cells in
a serum-free medium in the presence of an extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells (step (4a) of the present invention),

(5a) a step of collecting the mesenchymal stem cells proliferated
on the culture container via the extracellular matrix protein or a
partial peptide thereof capable of adhering mesenchymal stem cells
(step (5a) of the present invention).

In addition, a production method containing steps (1b) and (2b) of
the present invention may further contain the following steps:

(3b) a step of dissociating the collected cell aggregate (step
(3b) of the present invention),

(4b) a step of culturing the dissociated mesenchymal stem cells in
a xeno-free medium in the presence of an extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells (step (4b) of the present invention),

(5b) a step of collecting the mesenchymal stem cells proliferated
on the culture container via the extracellular matrix protein or a
partial peptide thereof capable of adhering mesenchymal stem cells
(step (5b) of the present invention).

[0046]

In step (3a) or (3b) in the present invention, the
dissociation of the recovered cell aggregate is performed by a
known means. Since cell aggregates show weak cell-cell adhesion,
for example, cell-cell adhesion of cell aggregates can be easily
eliminated by pipetting alone, and a cell population of single
mesenchymal stem cells can be prepared. Alternatively, it can
also be performed by treating with the above-mentioned detaching
agent.

[0047]
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In step (4a) or (4b) in the present invention, the culture
container used for culturing, serum-free medium, xeno-free medium,
the mode of contact between mesenchymal stem cells and
extracellular matrix proteins during culture, and the like may be
the same as those in step (la) or (1lb) in the present invention.
[0048]

In step (4a) or (4b) in the present invention, culture is
performed in the presence of an extracellular matrix protein or a
partial peptide thereof capable of adhering mesenchymal stem cells
(hereinafter to be indicated as “partial peptide of extracellular
matrix protein”). The extracellular matrix protein is not
particularly limited as long as it can cause adhesion of
mesenchymal stem cells to a culture container. Examples of such
extracellular matrix protein include vitronectin, fibronectin,
laminin, collagen and the like. 1In addition, examples of the
partial peptide of an extracellular matrix protein include
iMatrix-511 (partial peptide of laminin-511) and the like.

[0049]

Like vitronectin, the extracellular matrix protein may be
any of a protein isolated and purified from mammalian cells, etc.,
a biochemically-synthesized protein, and a recombinant protein
produced from a transformant incorporating a nucleic acid having a
base sequence encoding an extracellular matrix protein.

[0050]

In addition, the partial peptide of the extracellular matrix
protein may be any as long as it is a peptide having a partial
amino acid sequence of the extracellular matrix protein and has
mesenchymal stem cell adhesion activity. Examples of such partial
peptide of extracellular matrix protein include proteins
containing at least one domain selected from the group consisting

of RGD domain and heparin binding domain.
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[0051]

The tissue from which the mesenchymal stem cells seeded in
step (4a) or (4b) in the present invention is derived is not
particularly limited. In step (la) or (lb) in the present
invention, a tissue in which mesenchymal stem cells of cell
aggregates do not grow sufficiently is preferred. Examples of
such tissue include bone marrow, cord blood and the like. Even
when the mesenchymal stem cells of the cell aggregates proliferate
in step (la) or (1b) of the present invention, mesenchymal stem
cells may be cultured in step (4a) or (4b) in the present
invention for the purpose of further increasing the number of
mesenchymal stem cells.

[0052]

The number of the mesenchymal stem cells seeded in step (4a)
or (4b) in the present invention is not particularly limited, and
may be generally 2x10° cells/cm? - 26x10° cells/cm?, preferably
8x10° cells/cm? — 13x10° cells/cm?, per a culture container.

[0053]

The culture conditions for the mesenchymal stem cells are
not particularly limited, and may be the same as those for the
biological cell sample containing mesenchymal stem cells. General
cell culture conditions can be adopted.

[0054]

It is preferable to change the medium at appropriate intervals
during the culture. The exchange of the medium includes the
exchange of the whole amount of the medium, the exchange of a part
of the medium, the addition of the medium, a combination thereof,
and the like. In a preferred embodiment of the present invention,
the whole amount of the medium is exchanged with a medium having the
same composition every 2 or 3 days from the day when the culture

was started.
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[0055]

The culture period is, for example, 1 to 14 days, preferably
1 to 8 days. By this culture, mesenchymal stem cells start to
proliferate.

[0056]

The mesenchymal stem cells that have proliferated on a
culture container via an extracellular matrix protein or a partial
peptide of the extracellular matrix protein in step (5a) or (5b)
in the present invention are collected by a known means. The
means of collection may be the same as the method described in
step (2a) or (2b) in the present invention.

[0057]

The present invention is explained in more detail in the
following by referring to Examples. These are mere
exemplifications and the present invention is not limited thereby.
[Example]

[0058]
Example 1: Study of mesenchymal stem cell (MSC) production
promoting effect by Vitronectin

Due to the limitations of purification techniques, bone marrow
mononuclear cells (MNC) separated from bone marrow are slightly
contained with mesenchymal stem cells (MSC). In this Example, a
method for producing MSC from MNC by using a serum-free medium is
verified. Bone marrow mononuclear cells (MNC) (Lonza) were thawed
using the following medium for seeding. The above-mentioned cells
were seeded at a concentration of 2.6x10% cells/well in a 24-well
plate coated with Fibronectin (Sigma) or Vitronectin (wako) each at
a concentration of 1.5 pg/cm?, and cultured under the conditions of
37°C, 5% CO,. The next day of seeding, the entire amount of the
medium in the plate was replaced with a medium for seeding, and the

medium for seeding in an amount corresponding to 20% of the amount

Date Recgue/Date Received 2022-02-24



10

15

20

25

30

CA 03152505 2022-02-24

31

of the medium in the plate was further added on day 3 and day 5
after seeding.
Medium for seeding: StemFit (registered trade mark) AKO3N medium
(Ajinomoto Co., Inc.) SOLUTION A, StemFit (registered trade mark)
AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL bFGF
(peprotech), 10 uM SB431542 (Stemgent), 1/100 Lipid Concentrate
(Life Technologies), 10 nM Dexamethasone (Sigma-Aldrich), 10 ng/mL
PDGF-BB (FUJIFILM Wako Pure Chemical Industries, Ltd.), 1 mM
Lithium Chloride (Sigma-Aldrich)

Fig. 1 shows photographs of the cells on day 5 after seeding.
More cell aggregates were formed in a well plate coated with
Vitronectin than in a well plate coated with Fibronectin.

Aggregates were collected day 7 after seeding and the cells
were re-seeded using the following medium for proliferation.
Specifically, after collecting the culture supernatant, DPBS
(Nacalai Tesque) was added to the plate, and the aggregates were
detached from the plate by pipetting, and all aggregates were
collected together with DPBS. Thereafter, the collected culture
supernatant and DPBS were combined and centrifuged, and only the
aggregates were collected. The aggregates were dissociated into
single cells by re-suspending the collected aggregates in the
proliferation medium. Using Fibronectin (Sigma), Vitronectin
(wako) and iMatrix-511 (Nippi, Inc.), the entire amount of the
collected cells was seeded in 24-well plates coated with
Fibronectin or Vitronectin at a concentration of 1.5 ug/cm?, or
iMatrix-511 at a concentration of 0.5 pg/cm?, and cultured under
the conditions of 37°C, 5% CO,. Thereafter, the entire amount of
the medium in the plate was replaced with the medium for
proliferation every 2-3 days until the cells became sub-confluent.
Medium for proliferation: StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
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trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION C, 1/100 Lipid Concentrate (Life Technologies), 10 nM
Dexamethasone (Sigma-Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako
Pure Chemical Industries, Ltd.), 1 mM Lithium Chloride (Sigma-
Aldrich)

After confirming that the cells became sub-confluent, the
cells were passaged on day 13 after seeding, and the number of cells
was measured. Fig. 2 shows the measurement results of the cell
number. In addition, Fig. 3 shows photographs of the cells. It was
found that the difference in the extracellular matrix for coating
the culture container in re-seeding does not affect the number of
cells obtained.

From the above results, it was found that the number of cell
aggregates obtained and the number of cells obtained by the
subsequent re-seeding were larger when a culture container coated
with Vitronectin was used at the time of seeding of the cells than
when a culture container coated with Fibronectin was used.

Furthermore, the cells detached from the plate coated with
Vitronectin were expansion cultured, and surface antigen analysis
was performed. Using FACS, surface antigen analysis of 3 kinds of
MSC positive markers (CD105, CD90, CD73) and 2 kinds of MSC negative
markers (CD45, CD34) was performed. Table 1 shows the analysis
results. It could be confirmed that the obtained cells were
positive for CD105, CD90, CD73, negative for CD45, CD34, and were
MSCs.

[0059]
[Table 1]

MSC isolated with serum-free
. . . general MSC
medium + Vitronectin
CD105 + +

CD9O + +

MSC markers

Date Recgue/Date Received 2022-02-24



10

15

20

25

CA 03152505 2022-02-24

33

CD73 + +
blood cell CD34 - -
markers CD45 - -

[0060]
Example 2: Study of difference in MSC production promoting effect
by the kind of Vitronectin

MNC (Lonza) was thawed using the following medium for seeding
(serum-free). The above-mentioned cells were seeded at a
concentration of 2.6x10¢ cells/well in 24-well plates coated with
Vitronectin (20-398 aa) (wako) (corresponding to amino acid Nos. 1
- 379 of SEQ ID NO: 1), Vitronectin (VTIN-N, 62-478 aa) (Life
Technologies) (corresponding to amino acid Nos. 43 - 459 of SEQ ID
NO: 1) or Vitronectin (Full length, 20-478 aa) (Sigma)
(corresponding to SEQ ID NO: 1) at a concentration of 1.5 ug/cm?,
and cultured under the conditions of 37°C, 5% CO.. In addition,
the cells were seeded at a concentration of 1.6x10° cells/well in a
24-well plate coated with Vitronectin (20-398 aa) (wako) or
Synthemax IT (CORNING) at concentrations of 1.5 ug/cm? and 5.0
ug/cm?, respectively, and cultured under the conditions of 37°C, 5%
CO,. Synthemax II is a vitronectin-based synthetic peptide
containing RGD motif and flanking sequence. The next day of
seeding, the entire amount of the medium in the plate was replaced
with a medium for seeding, and the medium for seeding in an amount
corresponding to 20% of the amount of the medium in the plate was
further added on day 3 and day 5 after seeding.
Medium for seeding: StemFit (registered trade mark) AKO3N medium
(Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered trade
mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL bFGF
(peprotech), 10 uM SB431542 (Stemgent), 1/100 Lipid Concentrate
(Life Technologies), 10 nM Dexamethasone (Sigma-Aldrich), 10 ng/mL
PDGF-BB (FUJIFILM Wako Pure Chemical Industries, Ltd.), 1 mM
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Lithium Chloride (Sigma-Aldrich)

Aggregates were collected day 7 after seeding and the cells
were re-seeded using the following medium for proliferation.
Specifically, after collecting the culture supernatant, DPBS
(Nacalai Tesque) was added to the plate, and the aggregates were
detached from the plate by pipetting, and all aggregates were
collected together with DPBS. Thereafter, the collected culture
supernatant and DPBS were combined and centrifuged, and only the
aggregates were collected. The aggregates were dissociated into
single cells by resuspending the collected aggregates in the
proliferation medium. the entire amount of the collected cells
was seeded in a 24-well plate, and cultured under the conditions
of 37°C, 5% CO,. Thereafter, the entire amount of the medium in
the plate was replaced with the medium for proliferation every 2-3
days until the cells became sub-confluent.

Medium for proliferation: StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION C, 1/100 Lipid Concentrate (Life Technologies), 10 nM
Dexamethasone (Sigma-Aldrich), 10 ng/mlL PDGF-BB (FUJIFIIM Wako
Pure Chemical Industries, Ltd.), 1 mM Lithium Chloride (Sigma-
Aldrich), 0.2 pg/mL iMatrix 511 (Nippi, Inc.)

After confirming that the cells became sub-confluent, the
cells were passaged on days 12 and 13 after seeding, and the number
of cells was measured. Fig. 4 shows the measurement results of the
cell number when Vitronectin (20-398 aa) (wako), Vitronectin (VIN-
N, 62-478aa) (Life Technologies) or Vitronectin (Full length, 20-
478 aa) (Sigma) were used. While MSC could be produced using any
vitronectin when seeding MNC, Vitronectin (20-398 aa) (wako) could

produce MSC most efficiently from MNC. Fig. 5 shows the
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measurement results of the cell number when Vitronectin (20-398
aa) (wako) or Synthemax ITI (CORNING) were used. MSC could be
efficiently produced from MNC even when Synthemax II (CORNING) was
used when seeding MNC.
[0061]
Example 3: Study of MSC production promoting effect by TGFR
receptor inhibitor

MNC (Lonza) was thawed using the following medium for
seeding (1) or (2). The above-mentioned cells were seeded at a
concentration of 2.6x106 cells/well in a 24-well plate coated with
Vitronectin (VIN-N, 62-478 aa) (Life Technologies) at a
concentration of 1.5 ng/cm?, and cultured under the conditions of
37°C, 5% CO2. The next day of seeding, the entire amount of the
medium in the plate was replaced with a medium for seeding (1) or
(2), and the medium for seeding in an amount corresponding to 20% of
the amount of the medium (1) or (2) in the plate was further added
on day 3 and day 5 after seeding.
Medium for seeding (1) (TGFB inhibitor (-)): StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION A, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION B, 3 ng/mlL bFGF (peprotech), 1/100 Lipid Concentrate
(Life Technologies), 10 nM Dexamethasone (Sigma-Aldrich), 10 ng/mL
PDGF-BB (FUJIFILM Wako Pure Chemical Industries, Ltd.), 1 mM
Lithium Chloride (Sigma-Aldrich)
Medium for seeding (2) (TGFB inhibitor (+)): StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION A, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION B, 3 ng/mL bFGF (peprotech), 10 uM SB431542 (Stemgent),
1/100 Lipid Concentrate (Life Technologies), 10 nM Dexamethasone
(Sigma-Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako Pure Chemical
Industries, Ltd.), 1 mM Lithium Chloride (Sigma-Aldrich)

Date Recgue/Date Received 2022-02-24



10

15

20

25

30

CA 03152505 2022-02-24

36

Aggregates were collected day 7 after seeding and the cells
were re-seeded using the following medium for proliferation.
Specifically, after collecting the culture supernatant, DPBS
(Nacalai Tesque) was added to the plate, and the aggregates were
detached from the plate by pipetting, and all aggregates were
collected together with DPBS. Thereafter, the collected culture
supernatant was combined and centrifuged, and only the aggregates
were collected. The aggregates were dissociated into single cells
by resuspending the collected aggregates in the proliferation
medium. The entire amount of the collected cells was seeded in a
24-well plate, and cultured under the conditions of 37°C, 5% COs.
Thereafter, the entire amount of the medium in the plate was
replaced with the medium for proliferation every 2-3 days until
the cells became sub-confluent.

Medium for proliferation: StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION C, 1/100 Lipid Concentrate (Life Technologies), 10 nM
Dexamethasone (Sigma-Aldrich), 10 ng/mlL PDGF-BB (FUJIFIIM Wako
Pure Chemical Industries, Ltd.), 1 mM Lithium Chloride (Sigma-
Aldrich), 0.2 pg/mL iMatrix 511 (Nippi, Inc.)

After confirming that the cells became sub-confluent, the
cells were passaged on day 15 after seeding, and the number of cells
was measured. Fig. 6 shows the measurement results of the cell
number. MSC could be efficiently produced from MNC when the medium
for seeding contained a TGFB inhibitor at the time of seeding MNC.
[0062]

Example 4: Study of difference in MSC production promoting effect
by the kind of TGFR receptor inhibitor

MNC (Lonza) was thawed using the following medium for seeding
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(1), (2) or (3). The above-mentioned cells were seeded at a
concentration of 2.6x10° cells/well in a 24-well plate coated with
Vitronectin (20-398 aa) (wako) at a concentration of 1.5 ug/cm?,
and cultured under the conditions of 37°C, 5% CO,. The next day of
seeding, the entire amount of the medium in the plate was replaced
with a medium for seeding (1), (2) or (3), and the medium for
seeding (1), (2) or (3) in an amount corresponding to 20% of the
amount of the medium in the plate was further added on day 3 and day
5 after seeding.

Medium for seeding (1): StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL
bFGF (peprotech), 10 uM SB431542 (Stemgent), 1/100 Lipid
Concentrate (Life Technologies), 10 nM Dexamethasone (Sigma-
Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako Pure Chemical Industries,
Ltd.), 1 mM Lithium Chloride (Sigma-Aldrich)

Medium for seeding (2): StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL
bFGF (peprotech), 0.5 uM A-83-01 (wako), 1/100 Lipid Concentrate
(Life Technologies), 10 nM Dexamethasone (Sigma-Aldrich), 10 ng/mL
PDGF-BB (FUJIFILM Wako Pure Chemical Industries, Ltd.), 1 mM
Lithium Chloride (Sigma-Aldrich)

Medium for seeding (3): StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL
bFGF (peprotech), 0.5 uM LDN-193189 (Stemgent), 1/100 Lipid
Concentrate (Life Technologies), 10 nM Dexamethasone (Sigma-
Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako Pure Chemical Industries,
Ltd.), 1 mM Lithium Chloride (Sigma-Aldrich)

Aggregates were collected day 7 after seeding and the cells
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were re-seeded using the following medium for proliferation.
Specifically, after collecting the culture supernatant, DPBS
(Nacalai Tesque) was added to the plate, and the aggregates were
detached from the plate by pipetting, and all aggregates were
collected together with DPBS. Thereafter, the collected culture
supernatant and DPBS were combined and centrifuged, and only the
aggregates were collected. The aggregates were dissociated into
single cells by resuspending the collected aggregates in the
proliferation medium. the entire amount of the collected cells
was seeded in a 24-well plate, and cultured under the conditions
of 37°C, 5% CO,. Thereafter, the entire amount of the medium in
the plate was replaced with the medium for proliferation every 2-3
days until the cells became sub-confluent.

Medium for proliferation: StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, StemFit
(registered trade mark) AKO3N medium (Ajinomoto Co., Inc.)
SOLUTION C, 1/100 Lipid Concentrate (Life Technologies), 10 nM
Dexamethasone (Sigma-Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako
Pure Chemical Industries, Ltd.), 1 mM Lithium Chloride (Sigma-
Aldrich), 0.2 pg/mlL iMatrix 511 (Nippi, Inc.)

After confirming that the cells became sub-confluent, the
cells were passaged on day 12 after seeding, and the number of cells
was measured. Fig. 7 shows the measurement results of the cell
number. MSC could be efficiently produced from MNC by using any of
TGFB receptor inhibitors SB431542 (ALK5 inhibition), A-83-01 (ALK4,
ALK5, ALK7 inhibition) and LDN-193189 (ALK2, ALK3 inhibition).
[0063]

Example 5: Study of MSC production from adipose tissue

Adipose tissue surrounding epididymis collected from

C57BL/6J mice (ll-week-0ld, male) was treated with collagenase,
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and cells were obtained using the following medium for seeding (1)
or (2). The above-mentioned cells were seeded at a concentration of
6.0x10% cells/well in a 24-well plate, and cultured under the
conditions of 37°C, 5% CO;. A 24-well plate coated with Vitronectin
(VIN-N, 62-478 aa) (Life Technologies) at a concentration of 1.5
ug/cm? was used for the cells seeded in medium for seeding (1).

The next day of seeding and day 2 after seeding, the entire amount
of the medium in the plate was replaced with medium for seeding (1)
or (2).

Medium for seeding (1) : StemFit (registered trade mark) AKO3N
medium (Ajinomoto Co., Inc.) SOLUTION A, 1/4 StemFit (registered
trade mark) AKO3N medium (Ajinomoto Co., Inc.) SOLUTION B, 3 ng/mL
bFGF (peprotech), 10 uM SB431542 (Stemgent), 1/100 Lipid
Concentrate (Life Technologies), 10 nM Dexamethasone (Sigma-
Aldrich), 10 ng/mL PDGF-BB (FUJIFILM Wako Pure Chemical Industries,
Ltd.), 1 mM Lithium Chloride (Sigma-Aldrich)

Medium for seeding (2): DMEM medium (sigma), 10% fetal calf serum
(Life Technologies)

After confirming that the cells became sub-confluent, the
cells were passaged on day 5 after seeding, and the number of cells
was measured. Fig. 8 shows the measurement results of the cell
number. Fig. 9 shows photographs of the cells. MSC could be
efficiently produced from adipose tissue by using a medium
containing a TGFP receptor inhibitor and vitronectin.

[Industrial Applicability]
[0064]

Mesenchymal stem cells can be efficiently produced from a
biological cell sample by culturing the biological cell sample
containing mesenchymal stem cells in a serum-free medium or a
xeno—-free medium in the presence of vitronectin or a partial

peptide thereof capable of adhering mesenchymal stem cells. By
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adopting this method, the obtained mesenchymal stem cells can be
directly used as a cell source in regenerative medicine.
This application is based on a patent application No. 2019-
156537 filed in Japan (filing date: August 29, 2019) and a patent
5 application No. 2020-012333 filed in Japan (filing date: January

29, 2020), the contents of which are incorporated in full herein.
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CLAIMS
[Claim 1]

A method for producing a mesenchymal stem cell from a
biological cell sample comprising mesenchymal stem cells,
comprising the following steps:

(1) a step of culturing the bioclogical cell sample
comprising mesenchymal stem cells in a serum-free medium in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells,

(2) a step of collecting a cell aggregate of the mesenchymal
stem cells.

[Claim 2]

The method according to claim 1, wherein the culture in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells is performed by culturing on a
culture container on which vitronectin or a partial peptide
thereof capable of adhering mesenchymal stem cells has been
immobilized.

[Claim 3]

The method according to claim 1 or 2, further comprising the
following steps:

(3) a step of dissociating the collected cell aggregate,

(4) a step of culturing the dissociated mesenchymal stem
cells in a serum—free medium in the presence of an extracellular
matrix protein or a partial peptide thereof capable of adhering
mesenchymal stem cells,

(5) a step of collecting the mesenchymal stem cells
proliferated on the culture container via the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells.

[Claim 4]
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The method according to claim 3, wherein the culture in the
presence of the extracellular matrix protein or a partial peptide
thereof capable of adhering mesenchymal stem cells is performed by
culturing on a culture container on which the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells has been immobilized.

[Claim 5]

The method according to any one of claims 1 to 4, wherein
the partial peptide of vitronectin comprises an RGD domain.
[Claim 6]

The method according to claim 5, wherein the partial peptide
of vitronectin further comprises a somatomedin B domain.
[Claim 7]

The method according to claim 6, wherein the partial peptide
of vitronectin is a polypeptide consisting of amino acid Nos. 1 -
379 of the amino acid sequence shown in SEQ ID NO: 1.

[Claim 8]

The method according to any one of claims 1 to 7, wherein
the serum-free medium in step (1) comprises a TGF-{ receptor
inhibitor.

[Claim 9]

A method for producing a mesenchymal stem cell from a
biological cell sample comprising mesenchymal stem cells,
comprising the following steps:

(1) a step of culturing the bioclogical cell sample
comprising mesenchymal stem cells in a xeno-free medium in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells,

(2) a step of collecting a cell aggregate of the mesenchymal
stem cells.

[Claim 10]
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The method according to claim 9, wherein the culture in the
presence of vitronectin or a partial peptide thereof capable of
adhering mesenchymal stem cells is performed by culturing on a
culture container on which vitronectin or a partial peptide
thereof capable of adhering mesenchymal stem cells has been
immobilized.

[Claim 117

The method according to claim 9 or 10, further comprising
the following steps:

(3) a step of dissociating the collected cell aggregate,

(4) a step of culturing the dissociated mesenchymal stem
cells in a xeno-free medium in the presence of an extracellular
matrix protein or a partial peptide thereof capable of adhering
mesenchymal stem cells,

(5) a step of collecting the mesenchymal stem cells
proliferated on the culture container via the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells.

[Claim 12]

The method according to claim 11, wherein the culture in the
presence of the extracellular matrix protein or a partial peptide
thereof capable of adhering mesenchymal stem cells is performed by
culturing on a culture container on which the extracellular matrix
protein or a partial peptide thereof capable of adhering
mesenchymal stem cells has been immobilized.

[Claim 13]

The method according to any one of claims 9 to 12, wherein
the partial peptide of vitronectin comprises an RGD domain.
[Claim 14]

The method according to claim 13, wherein the partial

peptide of vitronectin further comprises a somatomedin B domain.
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[Claim 15]

The method according to claim 14, wherein the partial
peptide of vitronectin is a polypeptide consisting of amino acid
Nos. 1 - 379 of the amino acid sequence shown in SEQ ID NO: 1.

5 [Claim 16]

The method according to any one of claims 9 to 15, wherein
the xeno-free medium in step (1) comprises a TGF-p receptor
inhibitor.

[Claim 17]

10 The method according to any one of claims 9 to 16, wherein
the xeno-free medium comprises an allogeneic serum.
[Claim 18]

The method according to claim 17, wherein the allogeneic
serum is an autologous serum.

15 [Claim 19]

The method according to any one of claims 1 to 18, wherein
the biological cell sample comprising mesenchymal stem cells is a
bone marrow-derived cell.

[Claim 20]

20 The method according to claim 19, wherein the number of the
cells derived from bone marrow and to be cultured is 0.5x10%> -
25x10% cells/cm?.

[Claim 21]

The method according to claim 19 or 20, wherein the cells

25 derived from bone marrow are cultured for a period of 4 days to 14
days.

[Claim 22]

The method according to any one of claims 1 to 18, wherein
the biological cell sample comprising mesenchymal stem cells is a

30 cell derived from adipose tissue.

[Claim 23]
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The method according to claim 22, wherein the number of the
cells derived from adipose tissue and to be cultured is 1x10° -
1x10% cells/cm?.

[Claim 24]
5 The method according to claim 22 or 23, wherein the cells
derived from adipose tissue are cultured for a period of 1 day to

14 days.
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