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(57) ABSTRACT

It is to provide a practical method for producing efficiently a
large amount of MOMC, which is a multipotent cell which is
very suitable for cell transplantation for organ regeneration. It
was found that by culturing peripheral blood monocytes in
vitro on fibronectin in the presence of SDF-1, MOMC can be
produced more efficiently, and the present invention has been
completed. Specifically, it is a method for producing MOMC
by culturing in vitro peripheral blood monocytes expressing
CD14 on fibronectin, wherein the in vitro culture is per-
formed in the presence of SDF-1.
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METHOD FOR EFFICIENT PRODUCTION OF
MONOCYTE-DERIVED MULTIPOTENT
CELL (MOMC)

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing a monocyte-derived multipotent cell (MOMC), and to
an agent for inducing differentiation into MOMC.

BACKGROUND ART

[0002] The big problem remaining in modern medicine is
said to overcome deficiency of organs due to disease or exter-
nal injuries, and functional impairment. The only method that
can be practiced today for treating such condition is organ
transplantation. However, there are still many difficulties for
spreading as an actual therapeutic method, due to problems
such as brain-death diagnosis or supply from donors. On the
other hand, regenerative medicine intending regeneration of
organs draws attention with the recent development of stem
cells and developmental biology, and is expected as the direc-
tion of the medicine to advance in the 21st century. In animal
experiment level, functional recoveries of organs by trans-
plantation of embryonic stem cells (ES cells) have been
reported, while at present, the application in human is coming
up against a brickwall due to rejection or ethical problems of
the use of ES cells. Further, as various adult tissue stem cells
(mesenchymal, blood vessels, liver etc.) are extremely few in
vivo, the isolation thereof'is technically difficult, and it is hard
at the present time to obtain sufficient amount of cells for
transplantation. Therefore, there are many problems to be
solved before the regenerative medicine using ES cells or
tissue stem cells can be applied to the actual medicine. Par-
ticularly, it is essential to have a stable supply of cells having
differentiation potential so that regenerative medicine by cell
transplantation becomes a reality.

[0003] The present inventors have found first in the world,
that human peripheral blood monocyte-derived cells have a
potential to differentiate into bone, cartilage, skeletal muscle,
fat, cardiac muscle, vascular endothelial and neurons under a
particular culture condition (nonpatent documents 1 to 4,
patent document 1), and have named this novel cell as mono-
cyte-derived multipotent cell (MOMC). As monocytes can be
easily collected from peripheral blood largely non-invasively,
it can be obtained in a relatively simple manner. Further, as it
represents about 20% of peripheral blood mononuclear cells,
cells can be provided stably in a necessary and sufficient
amount. Further, as MOMC can be produced from monocytes
from a subject to be administered, there are no problems for
securing donors or of rejection, and there are almost no ethi-
cal problems. Specifically, it can be said that MOMC is a
multipotent cell that is very suitable for cell transplantation,
for actual organ regeneration. Patent Document 1 filed by the
present inventors describes a method for producing MOMC
by inducing differentiation of peripheral blood monocytes
into MOMC by using CD14~ cells. By utilizing the present
method, differentiation induction from monocytes into
MOMC can be conducted simply, rapidly and at a low cost,
without using a particular device. Further, the present inven-
tors have previously found that it is necessary to coculture
with platelets and not with lymphocytes for inducing MOMC
from peripheral blood monocytes (Nonpatent Document 5).

[0004] On the other hand, Patent Document 2 discloses a
method for forming P stem cells comprising transforming
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mononuclear cells to P stem cells with protein kinase C bII of
activated mononuclear cell, and also describes to use GM-
CSF, SDF or a combination thereof as protein kinase C con-
ditioner. Patent document 2 further describes that P stem cell
can be differentiated into cartilage cells, neurons or osteo-
cytes. Moreover, P stem cell is a cell that can be obtained by
a culture on either collagen or fibronectin (see “specific
example 3 of Example 1 of Patent Document 2).

[0005] Moreover, SDF-1 (Stromal Derived Factor 1) is one
kind of cytokine that performs growth, differentiation and
functional expression of cells (nonpatent document 6).
Cytokines include a large variety of proteins, and the follow-
ings are well known: interleukin (IL), colony stimulating
factor (CSF), stem cell factor (SCF), tumor necrosis factor
(TNF), interferon (IFN), transforming growth factor (TGF),
bone morphogenic protein (BMP), epidermal growth factor
(EGF), keratinocyte growth factor (KFG), fibroblast growth
factor (FGF), insulin-like growth factor (IGF), platelet-de-
rived growth factor (PDGF), hepatocyte growth factor
(HGF), vascular endothelial growth factor (VEFG), mac-
rophage inflammatory protein (MIP), monocyte chemotactic
protein (MCP), and RANTES. Among these, those that have
been found as a series of cytokines dominating the migration
activity and activation of a specific leukocyte subset are par-
ticularly called chemokines. Chemokines contain conserved
cysteine residues (Cys) in the molecule, and are classified into
four subfamilies (CXC, CC, C, CX3C) based on their position
in the molecule structure. SDF-1 is a CXC-type chemokine,
and SDF-1 receptor is known to be CXCR4, which is one of
the CXC chemokine receptors.
[0006] Asitis stated in the above, the method for producing
MOMC was known from patent document 1, while a more
useful method for producing MOMC with a higher MOMC
differentiation efficiency was awaited. However, it has not
been known at all whether SDF-1 affects the differentiation-
inducing efficiency from peripheral blood monocytes into
MOMC.
[0007] Patent Document 1: Japanese Patent No. 3762975
[0008] Patent Document 2: Japanese Published Patent
Application No. 2006-333866
[0009] Nonpatent Document 1: J Leukoc Biol, 2003, 74,
833-45
[0010] Nonpatent Document 2: Stem Cell Dev, 2005, 14,
676-86
[0011] Nonpatent Document 3: Immunol Cell Biol, 2006,
84, 209-17

[0012] Nonpatent Document 4: Stem Cells, 2006, 84,
2733-43
[0013] Nonpatent Document 5: The Japanese Society of

Inflammation and Regeneration, Abstracts W-7-4, “Inves-
tigation on the induction process of human monocytes
derived-multipotent cells”, Published on July 2007

[0014] Nonpatent Document 6: Science, 1993, 261, 600-
603
DISCLOSURE OF THE INVENTION
Problem to be solved by the Invention
[0015] The object of the present invention is to provide a

useful method for producing MOMC, which is a multipotent
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cell being very suitable for cell transplantation for organ
regeneration, with high efficiency, and in a large amount.

Means to solve the Problem

[0016] The present inventors had knowledge that it is nec-
essary to coculture with platelets and not with lymphocytes
for inducing MOMC from peripheral blood monocytes (non-
patent document 5). Thus, they searched for substances hav-
ing differentiation-inducing activity into MOMC among a
large number of cytokines known to be produced by platelets.
However, no substance having the intended activity was
found. Thus, they made a keen study by expanding the subject
of the search to cytokines, etc. released with platelet activa-
tion, even not produced by platelets. They finally found out
that by using SDF-1, MOMCs can be efficiently produced
from peripheral blood monocytes. The present invention has
been thus completed.

[0017] Specifically, the present invention relates to (1) a
method for producing monocyte-derived multipotent cell
(MOMC) comprising culturing in vitro a peripheral blood
monocyte expressing CD14 on fibronectin, wherein the in
vitro culture is performed in the presence of SDF-1; (2) the
method for producing MOMC according to (1), further com-
prising using a monocyte highly expressing CXCR4 as
peripheral blood monocyte expressing CD14.

[0018] Further, the present invention relates to (3) an agent
for promoting differentiation induction into monocyte-de-
rived multipotent cell (MOMC) comprising SDF-1 as active
ingredient.

[0019] Moreover, the present invention relates to (4) a
method for screening a substance promoting differentiation
induction into monocyte-derived multipotent cell (MOMC),
comprising a step of measuring a CXCR4 expression level in
a monocyte obtained by culturing peripheral blood monocyte
expressing CD14 in the presence of a test substance; and a
step of assessing the CXCR4 expression level obtained by
measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG.11tis a figure showing the results of compara-
tive examination on MOMC differentiation potential of type
I collagen and fibronectin.

[0021] FIG. 2 It is a figure showing the results of compara-
tive examination on MOMC differentiation potential of type
I collagen and fibronectin.

[0022] FIG. 3 It is a figure showing the types of integrin
family being adhesion molecules, and their property.

[0023] FIG. 4 It is a figure showing the results of compara-
tive examination on MOMC differentiation potential, when
integrin of a monocyte is blocked with an anti-CD49d anti-
body, anti-CD49e antibody, or anti-CD49c¢ antibody.

[0024] FIG. 5 It is a figure showing the structure of
fibronectin.
[0025] FIG. 6 It is a figure showing the change in MOMC

differentiation efficiency, when a peptide competing with
RGD or CS-1 domain of fibronectin is added.

[0026] FIG. 7 It is a figure showing the MOMC-like
spindle-shaped cells which have appeared by a culture using
SDF-1, and that the appearance frequency increases depend-
ing on the concentration of the added SDF-1.

[0027] FIG. 81tis a figure showing the investigation results
on MOMC inducing activity of PDGF-AA, PDGF-AB, bFGF
and EGF.
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[0028] FIG.9 Itisa figure showing the investigation results
on MOMC inducing activity of 1L-7, TGF-, ENA78, and
GRO-a.

[0029] FIG. 10 It is a figure showing the investigation
results on MOMC inducing activity of IL-8, MIP-1a,, NAP-2,
and PF-4.

[0030] FIG. 11 It is a figure showing the investigation
results on MOMC inducing activity of MCP-3 and IARC.
[0031] FIG.12Itis a figure showing the comparison results
of the CD14 and CD34 expressions in MOMC-like spindle-
shaped cells produced by SDF-1 with the expressions in
MOMC produced by a conventional method.

[0032] FIG. 13 It is a figure showing the examination
results of multidifferentiation potential of MOMC-like
spindle-shaped cells produced with SDF-1.

[0033] FIG. 14 It is a figure showing the investigation
results of CXCR4 expression in CD14™ monocyte popula-
tion.

[0034] FIG. 15 It is a figure showing the results of com-
parative examination on differentiation efficiency of CD14*
CXCR4*" cells and CD14*CXCR4"" cells into MOMC.
[0035] FIG. 16 It is a figure showing the results of com-
parative examination on differentiation efficiency of CD14*
CCR1%" cells and CD14*CCR1"#" cells into MOMC.
[0036] FIG. 17 It is a figure showing the results of com-
parative examination on differentiation efficiency of CD14*
CCR5"" cells and CD14*CCR5"#" cells into MOMC.
[0037] FIG. 18 It is a figure showing the results of com-
parative examination on differentiation efficiency of CD14*
CX3CR17* cells and CD14*CX3CR1%" cells into MOMC.
[0038] FIG. 19 It is a figure showing the results of com-
parative examination on differentiation efficiency of CD14*
LNGFR™" cells and CD14*"LNGFR"*#" cells into MOMC.

BEST MODE OF CARRYING OUT THE
INVENTION

[0039] The method for producing monocyte-derived mul-
tipotent cell (MOMC) of the present invention (hereinafter
also referred simply as to “the production method of the
present invention”) is a method for producing MOMC by
culturing in vitro peripheral blood monocytes expressing
CD14 on fibronectin, wherein the in vitro culture is per-
formed in the presence of SDF-1. Herein, in the presence of
SDF-1 means to add SDF-1 or a composition containing
SDF-1 to the medium used in the in vitro culture. It is pre-
ferred to add SDF-1 to the medium, as the SDF-1 concentra-
tion can be specifically increased according to need. The
concentration of SDF-1 in the medium is not particularly
limited, while it is preferably 10 to 200 ng/ml, and more
preferably 50 to 200 ng/ml.

[0040] The origin of the peripheral blood monocytes
expressing CD14 (hereinafter referred to as “CD14-positive
peripheral blood monocyte”) is not particularly limited, and
examples include mouse, rat, dog, pig, monkey and human,
and human is preferred. As for human monocyte, it can be a
monocyte from a donor, while an autologous one is particu-
larly preferred. These peripheral blood monocytes can be
isolated by common methods from venous blood of the ani-
mal to be the origin. Further, the method for separating the
CD14-positive peripheral blood monocytes from peripheral
blood monocytes is not particularly limited, and CD14-posi-
tive peripheral blood monocytes can be easily separated from
peripheral blood monocytes, for example by using anti-CD14
antibody binding magnetic beads.
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[0041] As CD14-positive peripheral blood monocytes used
in the present invention, it is more preferred to use CD14-
positive peripheral blood monocytes highly expressing
CXCR4. Specifically, it is preferred to use the top 70% mono-
cytes in which expression number of CXCR4 is large among
the collected CD14-positive peripheral blood monocytes, and
more preferred to use the top 50% monocytes. The expression
number of CXCR4 can be easily measured by for example
using labeled anti-CXCR4 antibody and flow cytometry, and
monocytes in which expression number of CXCR4 is high
can be selected.

[0042] Further, the method of the above-mentioned in vitro
culture is not particularly limited as long as it is a method to
culture CD14-positive peripheral blood monocytes in vitro in
the presence of SDF-1 on fibronectin. However, the following
method can be suitably exemplified: a method of culturing
CD14-positive peripheral blood monocytes on a fibronectin-
coated plastic plate in the presence of SDF-1 at 37° C., with
5% CO, in a humidified atmosphere, at a density of 10* to
107/ml, for example at 2x10%ml, and depleting non-adherent
cells and supplementing a fresh medium every 2 to 4 days,
particularly preferably every 3 days, preferably for 5 to 14
days, and particularly preferably for 7 to 10 days, and collect-
ing MOMC. Thus obtained MOMC:s of the present invention
can be proliferated in culture by maintaining their original
phenotype for up to 5 passages.

[0043] The medium used in the above-mentioned in vitro
culture is not particularly limited as long as it is a medium for
culturing cells containing SDF-1, and platelets culture super-
natant containing SDF-1 (a low glucose Dulbecco’s modified
Ealge’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS)) can be suitably exemplified. SDF-1
used in the present invention is not particularly limited, and a
commercialized product can be used. As for the source of
SDF-1, it is preferred to use SDF-1 of the same species as the
source according to the source of CD14-positive peripheral
blood monocytes to be cultured, and for example, it is pre-
ferred to use human-derived SDF-1 when using human-de-
rived CD14-positive peripheral blood monocytes.

[0044] Further, the medium can contain other optional
components such as cytokines other than SDF-1, as long as
differentiation induction into MOMC can be performed. A
medium containing cytokines having an activity to inhibit
induction into MOMC, such as TGF-f3, PDGF-AA, PDGF-
AB and bFGF, as cytokines other than SDF-1 can be used.
However, it is preferred that the concentration of any one or
more of these cytokines in the medium is 1 ng/ml or less, more
preferably 100 pg/ml or less, even more preferably 10 pg/ml,
and further more preferably 1 pg/ml or less.

[0045] It can be readily determined whether the cells
obtained by the production method of the present invention
are MOMC:s or not by confirming the following properties of
MOMCs.

[0046] MOMC is a spindle-shaped cell or cell population
derived from monocyte expressing CD14, that expresses
CD14, CD34, CD45 and type I collagen. The above CD14
and CD 45 are known as a monocyte- or monocyte-derived
cell-marker, CD34 as stem cell marker, and type I collagen as
mesenchymal cell marker. It is preferred that MOMC of the
present invention expresses CD105 and Sca-1 as stem cell
marker, type I1I collagen and fibronectin as mesenchymal cell
marker, and VE cadherin and Flt-1 as vascular endothelium
marker. Such MOMC is a cell different from monocyte, mac-
rophage or dendritic cell, from the view point of the expres-
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sion pattern of the above proteins, and it can be said to be a cell
population having the properties of mesenchymal cell, vas-
cular endothelium cell and stem cell in combination.

[0047] Theagent for promoting differentiation induction of
the present invention is characterized by containing SDF-1 as
active ingredient. By adding the agent for promoting differ-
entiation induction of the present invention to the medium for
culturing CD14-positive peripheral blood monocytes in vitro
on fibronectin, the induction efficiency into MOMC
increases, which enables to produce MOMC:s at a lower cost.
[0048] The concentration of SDF-1 contained in the agent
for promoting differentiation induction of the present inven-
tion is not particularly limited as long as it can increase the
induction efficiency into MOMC by adding SDF-1 to the
above-mentioned medium. Further, the agent for promoting
differentiation induction of the present invention can contain
only SDF-1, while it can contain an optional ingredient other
than SDF-1 as long as it does not inhibit MOMC induction.
Examples of such optional ingredients include solvents such
as water, culture components of monocytes such as carbon
source and nitrogen source, and MOMC differentiation-in-
ducing substances other than SDF-1.

[0049] The dosage form of the agent for promoting differ-
entiation induction of the present invention is not particularly
limited, and it may be in a solid dosage form such as powder,
or a liquid dosage form such as liquid.

[0050] The method for screening a substance for promoting
differentiation induction into MOMC of the present invention
(hereinafter also referred to as “the screening method of the
present invention™) is characterized by comprising the step
(A) of measuring the CXCR4 expression level of a monocyte
obtained by culturing peripheral blood monocytes expressing
CD14 in the presence of a test substance; and the step (B) of
assessing the CXCR4 expression level obtained by the mea-
surement. As CD14-positive peripheral blood monocytes
whose CXCR4 expression level is high have a high induction
efficiency into MOMC compared to those whose CXCR4
expression level is low, it is assumed that the substance
enhancing the CXCR4 expression level promotes also the
differentiation induction into MOMC.

[0051] The above-mentioned step (A) is not particularly
limited as long as it is a step of measuring the CXCR4 expres-
sion level of a monocyte obtained by culturing peripheral
blood monocytes expressing CD14 (CD14-positive periph-
eral blood monocytes) in the presence of a test substance. The
method for measuring the CXCR4 expression level of mono-
cytes in the above step is not particularly limited, and for
example, it can be easily measured by using labeled anti-
CXCR4 antibody and flow cytometry.

[0052] The above-mentioned step (B) is not particularly
limited as long as it is a step of assessing the CXCR4 expres-
sion level obtained by measurement. For example, when the
CXCR4 expression level of monocytes obtained by culturing
CD14-positive peripheral blood monocytes in the absence of
atest substance is used as a standard, and the expression level
is higher when the culture is performed in the presence of the
test substance, it can be assessed that the test substance is a
substance promoting differentiation induction into MOMC.
[0053] MOMC produced by the above-mentioned produc-
tion method of the present invention is multipotent. Multipo-
tency of MOMC can be exemplified by the multipotency that
enables differentiation into mesodermal cell under the induc-
ing condition which is known to differentiate mesenchymal
stem cell (MSC) into mesodermal cells; and more specifi-
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cally, the followings can be suitably exemplified: multipo-
tency that allows differentiation into mesenchymal cells such
as osteoblast cells, skeletal myoblasts, cartilage cells and
adipose cells by a culture under a condition inducing differ-
entiation into mesenchymal cells, multipotency that allows
differentiation into myocardial cells by a culture under a
condition inducing differentiation into cardiac muscle, such
as a coculture with cultured myocardial cells; multipotency
that allows differentiation into vascular endothelial cells by a
culture under a condition inducing differentiation into vascu-
lar endothelium, such as a culture under a condition main-
taining vascular endothelial cells; as well as multipotency that
allows differentiation into neurons that are ectodermal cells,
by a culture under a condition inducing differentiation into
nerve, such as a coculture with cultured neuron.

[0054] By administering MOMCs of the present invention,
and/or the mesodermal progenitors, mesodermal cell and/or
mesodermal tissues, the neural progenitors, neurons and/or
nerve tissues which have been induced to differentiate from
MOMCs, for example by injecting them directly to the
impaired or defective site, or in the proximity thereof, or by
administering them to the peripheral blood, congenital dis-
eases, degenerative diseases or external injury of the above
tissues can be treated. It is preferred to determine appropri-
ately either of MOMCs or MOMCs that have been treated for
inducing differentiation are suitable as a therapeutic agent,
according to the type of cells or diseases, or administering
method. Further, as MOMC is a cell to which gene can be
introduced relatively easily, it can be used for tissue regener-
ating therapy, etc. by introducing a particular gene prior to the
cell transplantation to human. For example, when there is an
impairment to bone formation due to a certain congenital
disease, it is possible to transplant MOMC after modifying
the gene, or to prepare it so that it generates a particular
protein (cytokine, growth factor, hormone, etc.).

[0055] As described above, MOMC:s of the present inven-
tion are very useful as a source of cells for tissue regenerating
therapy for the above-mentioned tissues. For instance, as for
disease or pathology to be the object of the therapeutic agent
or therapeutic method using MOMC of the present invention,
examples include osteoclast due to degenerative disease such
as dysostosis, fracture and rheumatoid arthritis; rheumatoid
arthritis disrupting cartilage or osteoarthrosis, or amyotrophy
due to congenital disease such as dystrophy or acquired dis-
ease such as myositis; myocardial disease due to myocardial
infarction or cardiomyopathy, brain disorder such as brain
infarction and Parkinson disease; external injury such as spi-
nal cord damage, or angiopathy due to arteriosclerosis or
connective tissue disease. Moreover, aesthetic plastic surgery
such as breast augmentation is encompassed in the object of
the therapeutic agent or therapeutic method of the present
invention for convenience. In cell therapy using MOMCs or
MOMC:s that have been treated for inducing differentiation,
there are considerable advantages over currently proposed
regenerative treatment, etc. using tissue-specific stem cells
and ES cells. In other words, as a large number of monocytes
can be obtained from patients by collecting their blood, a
minimally invasive procedure, circulating monocytes could
be a relatively easily obtainable source of autologous cells.
Furthermore, the generation of MOMCs from monocytes is
technically easy and quick, and the ethical dilemma of using
ES cells can be bypassed.
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[0056] In the following, the present invention is explained
in detail by referring to the Examples, while the technical
scope of the present invention is not limited to these exem-
plifications.

Example 1

[0057] MOMC is a cell having multidifferentiation poten-
tial which is induced by culturing CD14-positive peripheral
blood monocytes (CD14* monocytes in peripheral blood) in
vitro, which phenotype is CD14*CD45*CD34* type I col-
lagen*. In the conventional method for producing MOMC
(Japanese Patent No. 3762975), it was required that CD14™
monocytes adhere to solid-phase fibronectin in the step of
inducing differentiation from CD14* monocytes in periph-
eral blood into MOMC, and that a liquid factor derived from
CD14" monocytes is present in the culture solution. Further,
in Example 19 of the specification of Japanese Patent No.
3762975, it has been revealed that not all of the peripheral
blood CD14* monocytes differentiate into MOMC, but only
some of the cells have a differentiation potential. Further, the
present inventors have previously found out that it is neces-
sary to coculture with platelets and not with lymphocytes for
inducing MOMC from peripheral blood monocytes (non-
patent document 5). The present inventors have specified the
“adhesion factor” and “liquid factor” essential for MOMC
differentiation induction, and investigated the properties of
monocytes that are suitable for producing MOMC in order to
establish an efficient method for producing MOMC.

Example 2

Identification of Adhesion Factor Associated with
MOMC Differentiation Induction

[0058] First, the MOMC differentiation-inducing potential
of fibronectin and type I collagen was compared. Venous
blood obtained from healthy adult donor was subjected to
density-gradient centrifugation to isolate peripheral blood
monocytes (PBMC). Further, CD14* monocytes were sepa-
rated from PBMC by using anti-CD14 antibody binding mag-
netic beads. The obtained CD14™ monocytes were suspended
into platelet culture supernatant containing SDF-1 (low glu-
cose Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS)), and cultured on
a fibronectin- or type I collagen-coated plate for 7 to 10 days.
As a result, in cells obtained from the culture on type I
collagen, a significant increase was observed in the number of
adhered cells compared to those obtained on fibronectin (FIG.
1A). However, as a result of a flow cytometry analysis, CD34
expression which is one of the characteristic phenotypes of
MOMC was not observed (FIG. 1B). Further, while the num-
ber of cells cultured on fibronectin (MOMC) increases up to
at least 6™ passage, the number of cells produced with type I
collagen decreased by each passage (FIG. 2A). Further, as a
result of analyzing the expression of various marker genes by
RT-PCR method, it has been revealed that cells cultured on
type I collagen do not express CD34, which is different from
MOMC, and that expression of type I collagen and type 111
collagen was higher compared to MOMC (FIG. 2B). Further,
by using a known culturing method that induces differentia-
tion of MOMC into other cells to investigate the differentia-
tion potential of cells cultured on type I collagen, it was
shown that the cells produced with type I collagen did not
differentiate into any cell (FIG. 2C), and it has been revealed
that these cells have properties different from that of MOMC.
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From these results, it was shown that type I collagen does not
have a MOMC differentiation-inducing potential, and that
not only adhesion of cells to a culture plate, but a stimulation
by a domain specific to fibronectin is necessary for differen-
tiating CD14" monocytes into MOMC.

[0059] By considering that P stem cells that are taught in
Patent Document 2 described in the Background Art are cells
that can also be obtained from a culture on both collagen and
fibronectin (see “Specific Example 3 of Example 1”” of Patent
Document 2), MOMC that cannot be at all obtained from a
culture on collagen can be said to be an apparently different
cell from P stem cell.

Example 3

[0060] Next, identification of adhesion molecule on mono-
cytes associated with MOMC induction was attempted.
[0061] It is known that cell adhesion molecules binding
with fibronectin are VLA-3, VLA-4 and VLA-5 of the inte-
grin family. Among these, VLA-4 and VL A-5 are expressed
in peripheral blood monocytes, while VL.A-3 is not expressed
(FIG. 3). Integrin is a heterodimer consisting of 2 subunits of
o chain and § chain, VLLA-4 consists of 3 chain (§1) and o
chain (CD49d), and VLA-5 consists of §§ chain (1) and
chain (CD49e). Thus, antibodies against CD49d and CD49e
which are o chains constituting VLA-4 and VL A-5, respec-
tively, were used to perform blocking, and adhesion molecule
on monocytes associated with MOMC induction was identi-
fied. As a control, an antibody against CD49¢ which is the o
chain of VL A-3 which is not expressed in monocytes was
used.

[0062] Venous blood obtained from healthy adult donor
was subjected to density-gradient centrifugation to isolate
peripheral blood monocytes (PBMC). Then, the contaminat-
ing platelets were completely removed by using anti-CD61
antibody binding beads, and CD14* cells were isolated by
using anti-CD14 antibody binding beads. The obtained
CD14" monocytes were suspended on platelet culture super-
natant containing MOMC differentiation-inducing factors,
and inoculated on a fibronectin coated-plate at a cell density
of 1x10%ml. The culture solution was added with anti-
CD49d antibody (Beckman Coulter), anti-CD49e antibody
(Beckman Coulter) or anti-CD49c¢ antibody (Beckman
Coulter) so that it becomes 20 pg/ml, respectively, and was
cultured for 7 to 10 days. By counting and comparing the
number of adhered cells on each plate at the end of the culture,
the effect of various antibodies on MOMC differentiation
induction was studied. As a result, when VL A-5 was blocked
with anti-CD49e antibody, the induction of MOMC was sig-
nificantly inhibited, and it has been revealed that the cell
adhesion molecule associated with MOMC differentiation
induction by fibronectin was VLA-5 (FIG. 4). On the other
hand, as for cultured cells in which VLLA-4 was blocked with
anti-CD49d antibody, no difference was observed between
the section added with anti-CD49c¢ antibody as negative con-
trol, and it was shown that VLLA-4 was not associated with
MOMC induction (FIG. 4).

Example 4

[0063] Next, the fibronectin domain associated with
MOMC induction was identified. As it is shown in FIG. 5,
among the fibronectin domains, two domains, RGD and CS-1
were thought to be able to bind with VLA-5. Thus, competi-
tive peptides against these RGD domain and CS-1 domain
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were added to the culture solution inducing MOMC, and the
effect on MOMC induction was studied. As negative control,
peptides wherein one amino acid of each competitive peptide
was substituted to another amino acid were used (shown in
SEQ ID NOs: 1 to 4).

[0064] Venous blood obtained from healthy adult donor
was subjected to density-gradient centrifugation to isolate
peripheral blood monocytes (PBMC). The contaminating
platelets were removed completely from the PBMC using
anti-CD61 antibody binding beads, and CD14" monocytes
were isolated by using anti-CD14 antibody binding beads.
The obtained CD14* monocytes were suspended into platelet
culture supernatant containing MOMC differentiation-induc-
ing factors, and inoculated on a fibronectin-coated plate at a
cell density of 1x10%ml. The culture solution was added with
RGD peptide (GRGDSP; SEQ ID No: 1), CS-1 peptide
(EILDV; SEQ ID No: 2), control peptide against RGD pep-
tide (GRGESP; SEQ ID No: 3) or control peptide against
CS-1 peptide (EILAV; SEQ ID No:4) so it becomes 500
ng/ml, and was cultured for 7 to 10 days. At the end of the
culture, the number of adhered cells was counted, and by
comparing the number of adhered cells added with competi-
tive peptide and the number of adhered cells added with
control peptide, the effect of each competitive peptide on
MOMC differentiation induction was studied. As a result,
almost no effect was observed when a peptide competing with
CS-1 domain was added, while MOMC induction was sig-
nificantly inhibited compared to control peptide when a pep-
tide competing with RGD domain was added (FIG. 6). From
these results, it has been revealed that RGD domain of
fibronectin was associated with MOMC induction. More spe-
cifically, it has been suggested that RGD domain of fibronec-
tin is deeply associated with the binding of VLA-5 and
fibronectin, and that the binding of VL A-5 and fibronectin is
inhibited in the presence of a competitive peptide of RGD
domain and thus MOMC induction is inhibited.

Example 5

Identification of Liquid Factor Associated with
MOMC Differentiation Induction

[0065] The present inventors have previously found out that
it is necessary to coculture with platelets and not with lym-
phocytes for inducing differentiation of peripheral blood
monocytes into MOMC (nonpatent document 5). The present
inventors investigated the differentiation-inducing activity of
15 regulating factors (PDGF-AA, PDGF-AB, bFGF, EGF,
IL-7, TGF-B, ENA78, GRO-a, IL-8, MIP-1c., NAP-2, PF-4,
MCP-3, TARC, SDF-1). Among these 15 regulating factors,
those other than SDF-1 are known as a regulating factor
produced by platelets.

[0066] Venous blood obtained from healthy adult donor
was subjected to density-gradient centrifugation to isolate
peripheral blood monocytes (PBMC). Then, CD14* mono-
cytes were isolated from the PBMC using anti-CD14 anti-
body binding magnetic beads. The obtained CD14* mono-
cytes were suspended on a low glucose Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), and inoculated on a fibronectin-coated
plate at a cell density of 2x10°/ml. Each test substance was
added to the culture solution so that it becomes a concentra-
tion of 0 to 100 ng/ml, and the mixture was cultured for 7 to
10 days. As a result, as it is shown in FIG. 7, it has been
revealed that when 100 ng/ml of SDF-1 (R&D Systems) was
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added, MOMC-like spindle-shaped cells appeared at a high
frequency (FIG. 7A), and that the induction activity into
MOMC-like cells was concentration dependent (5, 10, 50,
100, 200 ng/ml) (FIG. 7B). On the other hand, any of the 14
regulating factors other than SDF-1 did not exert a differen-
tiation-inducing activity into MOMC-like cells, and TGF-f3,
PDGF-AA, PDGF-AB and BFGF rather showed an activity of
inhibiting induction into MOMC (FIGS. 8 to 11).

Example 6

Properties Identification of Spindle-Shaped Cells
Induced by SDF-1

[0067] Itwas investigated whether the spindle-shaped cells
which have been induced to differentiate by SDF-1 in
Example 5 are MOMC:s or not. First, the phenotype of the
spindle-shaped cells was analyzed by flow cytometry and was
shown to be CD14*CD45*CD34™", and it has been clarified
that the expression intensity of these molecules was equiva-
lent to that of MOMCs induced by a conventional method
(FIG. 12). Further, to confirm whether the spindle-shaped
cells obtained by the present culturing method (using SDF-1
as inducing substance) were MOMCs having multidifferen-
tiation potential or not, differentiation induction into cells
shown in the following was performed.

[0068] Spindle-shaped cells produced with SDF-1 were
cultured according to the known culturing method for induc-
ing differentiation of mesenchymal stem cells into osteoblast
cells, cartilage cells and adipose cells, and the known cultur-
ing method for maintaining vascular endothelial cells (Arthri-
tis Rheum 2001, 44, 1928-42; Circulation 2003, 108, 2511-
16). After 1 week of culture, the morphology of the cultured
cells was studied, and the expression of marker genes specific
to each cell and CD45 was investigated by immunostaining
method. The results are shown in FIG. 13. As marker genes
used for assessing differentiation into each cell, PEBP20A
was used for osteoblast cells, SOX9 for cartilage cells, PPARy
for adipose cells, and eNOS and Tie-2 were used for vascular
endothelial cells.

(1) Under a condition for differentiation into osteoblast cells,
cells showed a generally round shape, and expression of
PEBP2a A gene which is a specific transcriptional factor to
osteoblast cells was observed after 1 week of culture. (FIG.
13A)

(2) Under a condition for differentiation into cartilage cells,
cells were rich in cytoplasm, and showed a relatively large
and generally round shape in morphology, and expression of
Sox9 gene which is a specific transcriptional factor to carti-
lage cells was observed after 1 week of culture. (FIG. 13B)
(3) Under a condition for differentiation into adipose cells, fat
droplets appeared, and expression of PPARY2 gene which is a
specific transcriptional factor to adipose cells was observed
after 1 week of culture. (FIG. 13C)

(4) When the MOMC-like spindle-shaped cells were cultured
under a known condition for maintaining vascular endothelial
cells, they showed a polymorphism with small projections,
and expression of eNOS gene and Tie-2 gene specific to
vascular endothelial was confirmed (FIGS. 13D and E).
[0069] From the above results of (1) to (4), it has been
revealed that the spindle-shaped cells induced by SDF-1 have
a differentiation potential into osteoblast cells, cartilage cells,
adipose cells, and vascular endothelial cells.
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[0070] From the experimental results of Examples 5 and 6,
it has been revealed that cells induced from CD14* mono-
cytes by SDF-1: (1) display a spindle-shaped morphology, (2)
are CD14*CD45*CD34*, and (3) have a multidifferentiation
potential. As these properties are in accordance with those of
MOMC, it has been revealed that SDF-1 is a liquid factor
having a MOMC differentiation-inducing potential.

Example 7

Effect of CXCR4 Expression Level in Peripheral
Blood Monocytes on MOMC Differentiation Poten-
tial

[0071] SDEF-1 receptor is known to be a transmembrane-
type chemokine receptor CXCR4. Thus, the present inventors
studied whether the expression level of 4 chemokine recep-
tors including CXCR4 and 1 cytokine receptor (LNGFR) on
monocyte membrane affects the MOMC differentiation-in-
ducing efficiency. The following chemokine receptors have
been studied:

CXCR4 (SDF-1 receptor)

CCR1 (MIP1a, RANTES, MCP3, and MCP4 receptor)
CCRS (MIP1a, MIP1B, RANTES, and MCP2 receptor)
CX3CRI1 (Fractalkine receptor)

LNGFR (low affinity nerve growth factor receptor)

[0072] Venous blood obtained from healthy adult donor
was subjected to density-gradient centrifugation to isolate
PBMC. Then, CD14* monocytes were separated from the
PBMC by using anti-CD14 antibody binding magnetic beads.
The expression levels of CD14 in the obtained peripheral
blood monocytes and each of the above-mentioned chemok-
ine receptors were assessed by flow cytometry. As represen-
tative results, the results of flow cytometry assessment of
CXCR4 expression are shown in FIG. 14.

[0073] Further, by using flow cytometry, the above-men-
tioned CD14™ monocytes were separated into a CD14* mono-
cyte population with high expression of each of the above-
mentioned chemokine receptors and a CD14" monocyte
population with low expression of those chemokine recep-
tors. Further, as a control, CD14*CD11b* cell population was
separated from the above-mentioned CD14* monocytes by
using flow cytometry. Each cell population (cell cluster) was
suspended into low glucose DMEM medium supplemented
with 10% FBS, and then cocultured with platelets on a
fibronectin-coated plate. After 7 to 10 days of culture, the
number of spindle-shaped cells in each cell population was
counted, and the differentiation potential into MOMC was
compared. Concerning CXCR4 receptor, in the CD14"CX-
CR™" cell population, the number of spindle-shaped cells per
0.1 mm* was similar to that of the control cell population
(6.0+0.6), and was 5.7+0.4 (FIG. 15). However, the CD14*
CXCR4"&" cell population showed a significantly high level
of 11.5£0.9 (FIG. 15). On the other hand, as it is shown in
FIGS. 16 to 19, for chemokine receptors other than CXCR4,
there was no relationship showing that MOMC differentia-
tion potential is increased where these chemokine receptors
are highly expressed. For example, for CCR1 and LNGFR,
the MOMC differentiating potential was almost the same for
the cells with a high expression of these chemokine receptors
and the cells with a low expression of the same. For CCR5 and
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CX3CR1, cells with high expression of these chemokine
receptors showed rather a low MOMC differentiation poten-
tial (not significant; P>0.05).

[0074] These results show that the MOMC differentiation
potential of monocytes depends on the CXCR4 expression
level, and supports that SDF-1/CXCR4 signal has a critical
role in the MOMC induction by platelet-derived liquid factor.
[0075] From these results, it has been shown that 1) RGE
domain in fibronectin is essential as adhesion factor; and 2)
SDF-1 is essential as liquid factor, for inducing differentia-
tion from peripheral blood monocytes into MOMC. Further,
it has been revealed that 3) CD14" monocytes with high
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expression of CXCR4 have a high MOMC differentiation
potential, and are cells that are suitable for producing
MOMCs.

INDUSTRIAL APPLICABILITY

[0076] By using the method of the present invention,
MOMCs can be produced more efficiently from peripheral
blood monocytes, and it is possible to produce MOMC:s at a
lower cost. By inducing differentiation of the produced
MOMC:s into intended cells, it is possible to ensure stably
cells for transplantation, and can greatly contribute to
progress of regenerative medicine.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Gly Arg Gly Asp Ser Pro
1 5

<210> SEQ ID NO 2

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Glu Ile Leu Asp Val
1 5

<210> SEQ ID NO 3

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3
Gly Arg Gly Glu Ser Pro

1 5

<210> SEQ ID NO 4

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Glu Ile Leu Ala Val
1 5
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1. A method for producing monocyte-derived multipotent
cell (MOMC) comprising culturing in vitro a peripheral
blood monocyte expressing CD14 on fibronectin, wherein the
in vitro culture is performed in the presence of SDF-1.

2. The method for producing MOMC according to claim 1,
further comprising using a monocyte highly expressing
CXCR4 as peripheral blood monocyte expressing CD14.

3. An agent for promoting differentiation induction into
monocyte-derived multipotent cell (MOMC) comprising
SDF-1 as active ingredient.
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4. A method for screening a substance promoting differen-
tiation induction into monocyte-derived multipotent cell
(MOMC), comprising a step of measuring a CXCR4 expres-
sion level in a monocyte obtained by culturing peripheral
blood monocyte expressing CD14 in the presence of a test
substance; and a step of assessing the CXCR4 expression
level obtained by measurement.



patsnap

LT RBFROF) BREFEZMARITENZEEMM (MOMC ) 5%
NIF(2E)E US20100261202A1 K (2E)R 2010-10-14
HiEs US12/738997 FiEH 2008-10-22
FRIEFB(ERB)AGR) ZFRGEAKRBNE
i (E R AGR) KRR KZ
L HRBEMNR)ACGE) KUK
[#R1 &% BB A KUWANA MASATAKA
KATO TAKASHI
SETA NORIYUKI
MIYAZAKI HIROSHI
KA KUWANA, MASATAKA
KATO, TAKASHI
SETA, NORIYUKI
MIYAZAKI, HIROSHI
IPCH %S GO01N33/53 C12N5/0786 C07K14/435 A61K35/14 A61K35/15 A61K38/00 A61K38/18 A61K38/19
A61P43/00 C12N5/07 C12N5/0789 GO1N33/15 GO1N33/50
CPCHk5 A61L27/3834 A61L27/3895 CO7K14/522 C12N2501/20 C12N2501/21 C12N5/0668 C12N2533/52
GO01N33/5023 G01N33/5047 GO1N33/5073 GO1N33/6863 C12N2506/11 A61P19/00 A61P25/28
£ £ 2007275461 2007-10-23 JP
H 2N FF 2k US8216838
SNEBEEE Espacenet USPTO
BE(R) e 1

ARERRET —REREFT KAEMOMCHEASZE , MOMCR—Ffh £ 4L
4ifE , FEEEHRBERATREEBRE. RIBEIESDFAFETEL
EEALAENEFAELEZAE , TAEERMEFMOMC , HEE
RTALH. B, CRESEFEER LEFRIECD14MNEANAE
mE AR~ EMOMCHI 3% , P EAEFRESDF-1MFET#
7o

W1 W D %

relaive proportion of el number to ftvonectn

0

type | collagen

fibronectintype | colagen



https://share-analytics.zhihuiya.com/view/8f0c445d-9ec0-433b-bb77-3c297e4af324
https://worldwide.espacenet.com/patent/search/family/040579236/publication/US2010261202A1?q=US2010261202A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100261202%22.PGNR.&OS=DN/20100261202&RS=DN/20100261202

