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Fig. 4
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Fig. 7-4
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Fig. 8-2
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Fig. 9-1
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Fig. 10a
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Fig. 10b
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Fig. 14
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Fig. 15-4
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Fig. 16-1
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Fig. 16-3
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Fig. 17-1
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Fig. 18-2
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Fig. 20
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Fig. 22-3
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Fig. 23-1
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PLURIPOTENT STEM CELL THAT CAN BE
ISOLATED FROM BODY TISSUE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to body tissue-derived
Pluripotent stem cells.

[0003] 2. Background Art

[0004] Planarians and newts can regenerate their entire
bodies even after their bodies have been cut. Such high regen-
erative capacity depends on the presence of pluripotent stem
cells existing in the mesenchymal tissues. However, in the
case of higher organisms such as humans, the tissue regen-
erative capacity is far lower than that of those animals. An
inner cell cluster (or ICM: inner cell mass) in a mammalian
blastocyst is recognized as a collection of pluripotent stem
cells thatis capable of differentiating into cells of ectodermal,
mesodermal, and endodermal cell lineages. However, such
pluripotency becomes limited as development proceeds, fol-
lowed by cell differentiation for specialization resulting in
each type of tissue.

[0005] Inrecent years, adult stem cells or tissue stem cells
that can contribute to tissue regeneration have been attracting
attention. However, it has remained unknown whether or not
pluripotent stem cells are present in mature mammalian bod-
ies, as in the case of planarians or newts.

[0006] Bone marrow stromal cell (MSC) fractions having
the ability to differentiate into bone, cartilage, adipocytes,
neuronal cells, skeletal muscles, and the like have been
reported as cells obtained from an adult having differentiation
potency (see Non-Patent Documents 1 and 2). However, bone
marrow stromal cells (MSCs) are comprised of various kinds
of cell populations. The differentiation potency of MSC
population is varied, but the main body thereof is not clearly
understood. Furthermore, it requires stimulation with a spe-
cific compound, gene transfer, or the like for differentiation
into specific cells. Specifically, there is a need to construct a
system for inducing differentiation.

[0007] Furthermore, iPS cells (induced pluripotent stem
cells) (see Patent document 1, Patent document 2, Non-patent
document 3, and the like) have been reported as adult-derived
pluripotent stem cells. However, establishment of iPS cells
requires an induction operation using a specific substance,
such as introduction of a specific gene into a dermal fibroblast
fraction (dermal fibroblast) that is a mesenchymal cell popu-
lation or introduction of a specific compound into somatic
cells.

[0008] Patent document 1 JP Patent No. 4183742

[0009] Patent document 2 JP Patent Publication (Kokai)
No. 2008-307007 A

[0010] Non-patent document 1 M. DEZAWA et al., The
Journal of Clinical Investigation, 113, 12, pp. 1701-1710,
(2004)

[0011] Non-patent document 2 M. DEZAWA et al., SCI-
ENCE, 2005 Jul. 8, 309, pp. 314-317, (2005)

[0012] Non-patent document 3 Okita K. et al. SCIENCE,
2008 Nov. 7, 322 (5903), pp. 949-953

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide a
method for directly obtaining pluripotent stem cells from
body tissue and pluripotent stem cells obtained by the
method.

Mar. 24, 2011

[0014] The present inventors have discovered that in the
research process concerning bone marrow stromal cell
(MSC: bone marrow stromal cell) fractions, characteristic
cell clusters are formed at extremely low frequency from
untreated (naive) human MSC cells. The appearance of initial
cell clusters closely resembles that of ES cells. However, the
cell clusters do not undergo infinite growth, unlike ES cells.
They stop growth when they reach a size within a certain
period and then they form heterogeneous populations con-
taining various cells such as hair cells and pigment cells. Also,
immunocytochemistry was performed for such cell clusters,
so that different cells positive for ectodermal, endodermal,
and mesodermal markers, respectively, were detected in a cell
cluster. The present inventors considered from the results the
possible presence of cells equivalent to pluripotent/multipo-
tent cells in untreated (naive) human MSC cell fractions that
are generally maintained and cultured. The present inventors
then further intensively studied the matter.

[0015] Itis known that when a body is exposed to stress or
injured, tissue stem cells in a dormant state are activated,
contributing to tissue regeneration. The present inventors
have provided stimulation stress to mesenchymal cells such
as bone marrow stromal cell (MSC) fractions and dermal
fibroblast fractions while culturing them according to various
methods (e.g., serum free culture, culture using Hank’s Bal-
anced Salt Solution (HBSS), low oxygen culture, a total of 3
hours of intermittent short-time trypsin culture, and 8 or 16
hours of long-time trypsin incubation), collected surviving
cells, and then performed suspension culture in methylcellu-
lose (MC)-containing medium (called “MC culture”). As a
result, formation of various sizes of embryoid body-like cell
clusters (up to a maximum diameter of 150 um) was con-
firmed. In particular, embryoid body-like cell cluster forma-
tion was confirmed at the highest frequency in human dermal
fibroblast fractions and human MSC fractions subjected to
long-term trypsin incubation.

[0016] The present inventors have examined the properties
of cells in the thus obtained embryoid body-like cell clusters,
and thus they have discovered that such cells have the prop-
erties of pluripotent stem cells. The present inventors have
further discovered that cells in the obtained embryoid body-
like cell clusters had properties that pluripotent/multipotent
stem cells which have been conventionally reported do not
have. The present inventors have further examined proteins
expressed by cells in the obtained cell clusters, and thus they
have discovered that the cells exert expression patterns dif-
fering from those exerted by conventionally reported pluri-
potent stem cells such as ES cells and iPS cells.

[0017] The present inventors have further discovered that
SSEA-3 is expressed as a surface antigen of the above pluri-
potent stem cells and that the above pluripotent stem cells can
also be isolated from body tissue using SSEA-3 expression as
an marker.

[0018] The present inventors have also discovered that the
above pluripotent stem cells are novel type of pluripotent
stem cells that differ from conventionally reported pluripo-
tent stem cells such as ES cells and iPS cells. Specifically, the
present inventors have discovered that the pluripotent stem
cells can be directly obtained from body tissue without any
induction operation. Thus, the present inventors have com-
pleted the present invention. The present inventors have des-
ignated the pluripotent stem cells Muse cells (Multilineage-
differentiating Stress Enduring cells).
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[0019] The present invention is as follows.

[1] A SSEA-3-positive pluripotent stem cell, which can be
isolated from body tissue.

[0020] The pluripotent stem cells can be isolated from a
culture product of body tissue such as cultured fibroblasts and
myeloid stem cells and can also be isolated in the form of
single cells.

[2] The pluripotent stem cell according to [1], which is posi-
tive for CD105.

[3] The pluripotent stem cell according to [1] or [2], which is
negative for CD117 (c-Kit) and negative for CD146.

[4] The pluripotent stem cell according to [1] or [2], which is
negative for CD117, negative for CD146, negative for NG2,
negative for CD34, negative for vWF, and negative for
CD271.

[5] The pluripotent stem cell according to [1] or [2], which is
negative for CD34, negative for CD117, negative for CD146,
negative for CD271, negative for NG2, negative for vWF,
negative for Sox 10, negative for Snail, negative for Slug,
negative for Tyrpl, and negative for Dct.

[6] The pluripotent stem cell according to any one of [1] to
[5], which has low or no telomerase activity.

[7] The pluripotent stem cell according to any one of [1] to
[6], which is capable of differentiating into the three germ
layers.

[0021] The pluripotent stem cells of the present invention
are capable of differentiating into the three germ layers
through in vitro adherent culture. Specifically, the pluripotent
stem cells can differentiate into cells representative of the
three germ layers, skin, liver, nerve, muscle, bone, fat, and the
like through in vitro induction culture. Also, the pluripotent
stem cells are capable of differentiating into cells character-
istic of the three germ layers when transplanted in vivo into
the testis. Furthermore, the pluripotent stem cells are capable
of surviving and differentiating into organs (e.g., skin, spinal
cord, liver, and muscle) when transplanted to the damaged
organs via intravenous injection into a living body.

[8] The pluripotent stem cell according to any one of [1] to
[7], which does not undergo neoplastic proliferation.

[0022] The pluripotent stem cells of the present invention
have a property such that they grow at a growth rate of about
1.3 days/cell division by suspension culture but stop the
growth within about 10 days and also have a property such
that when transplanted into the testis, they do not become
cancerous for at least a half year.

[9] The pluripotent stem cell according to any one of [1] to
[8], which has self-renewal capability.

[0023] The pluripotent stem cells of the present invention
can be grown through repetition of suspension culture and
adherent culture. Also, the pluripotent stem cells of the
present invention undergo asymmetric division as in the case
of other somatic stem cells.

[10] The pluripotent stem cell according to any one of [1] to
[9], which is resistant to stress.

[11] The pluripotent stem cell according to any one of [1] to
[10], which has high phagocytic ability.

[12] The pluripotent stem cell according to any one of [1] to
[11], which is positive for at least one of the 22 following
odorant receptors:

olfactory receptor, family 8, subfamily G, member 2
(OR8G2);

olfactory receptor, family 7, subfamily G, member 3
(OR7G3),

Mar. 24, 2011

olfactory receptor, family 4, subfamily D, member 5
(OR4D5);

olfactory receptor, family 5, subfamily AP, member 2
(OR5AP2),

olfactory receptor, family 10, subfamily H, member 4
(OR10H4);

olfactory receptor, family 10, subfamily T, member 2
(OR10T2);

olfactory receptor, family 2, subfamily M, member 2
(OR2M2);

olfactory receptor, family 2, subfamily T, member 5
(OR2TS);

olfactory receptor, family 7, subfamily D, member 4
(OR7D4);,

olfactory receptor, family 1, subfamily L, member 3
(ORI1L3);

olfactory receptor, family 4, subfamily N, member 4
(OR4N4),

olfactory receptor, family 2, subfamily A, member 7
(OR2A7);

guanine nucleotide binding protein (G protein), alpha activat-
ing activity polypeptide, olfactory type (GNAL);

olfactory receptor, family 6, subfamily A, member 2
(OR6A2),

olfactory receptor, family 2, subfamily B, member 6
(OR2B6);

olfactory receptor, family 2, subfamily C, member 1
(OR2C1);

olfactory receptor, family 52, subfamily A, member 1
(OR52A1);

olfactory receptor, family 10, subfamily H, member 3
(OR10H3);

olfactory receptor, family 10, subfamily H, member 2
(OR10H2);

olfactory receptor, family 51, subfamily E, member 2
(ORS51E2);

olfactory receptor, family 5, subfamily P, member 2 (OR5P2);
and

olfactory receptor, family 10, subfamily P, member 1
(OR10P1).

[13] The pluripotent stem cell according to any one of [1] to
[12], which is positive for at least one of the 5 following
chemokine receptors:

chemokine (C-C motif) receptor 5 (CCRS);

chemokine (C-X-C motif) receptor 4 (CXCR4);

chemokine (C-C motif) receptor 1 (CCR1);

Duffy blood group, chemokine receptor (DARC); and
chemokine (C-X-C motif) receptor 7 (CXCR7).

[14] The pluripotent stem cell according to any one of [1] to
[13], which is derived from mesodermal tissue or mesenchy-
mal tissue.

[15] A cell cluster or a cell fraction, which contains the
pluripotent stem cell according to any one of [1] to [14].
[16] A method for isolating a pluripotent stem cell or a pluri-
potent cell fraction from body tissue, which uses at least one
of the following properties (i) to (vi) as an index:

(1) being positive for SSEA-3;

(i1) being positive for CD105;

(iii) being negative for CD117 and negative for CD146;

(iv) being negative for CD117, negative for CD146, negative
for NG2, negative for CD34, negative for vWF, and negative
for CD271;

(v) being negative for CD34, negative for CD117, negative for
CD146, negative for CD271, negative for NG2, negative for
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vWE, negative for Sox10, negative for Snail, negative for
Slug, negative for Tyrpl, and negative for Dct; and

(vi) having low or no telomerase activity.

[17] A method for isolating a pluripotent stem cell or a pluri-
potent cell fraction, which comprises exposing body tissue-
derived cells to cellular stress and then collecting surviving
cells.

[18] The method for isolating a pluripotent stem cell or a
pluripotent cell fraction according to [17], wherein cellular
stress is selected from among protease treatment, culture
under low-oxygen conditions, culture under low phosphate
conditions, culture under serum starvation conditions, culture
in a sugar starvation state, culture under exposure to radiation,
culture under exposure to heat shock, culture in the presence
of atoxic substance, culture in the presence of active oxygen,
culture under mechanical stimulation, and culture under pres-
sure treatment.

[19] The method for isolating a pluripotent stem cell or a
pluripotent cell fraction according to [18], wherein the cellu-
lar stress is trypsin incubation.

[20] A pluripotent stem cell, which is a cell derived or induced
from the pluripotent stem cell according to any one of [1] to
[14].

[0024] Examples of the derived cell or the induced cell
include cells induced by gene transfer or addition of a com-
pound. Another example thereof is an iPS cell from the stem
cell of the present invention.

[21] A differentiated cell, which is a cell derived or induced
from the pluripotent stem cell according to any one of [1] to
[14].

[22] A pharmaceutical composition, which comprises the
pluripotent stem cell according to any one of [1] to [14] and
[20].

[23] A pharmaceutical composition, which comprises the
differentiated cell according to [21].

[0025] The specification includes part or all of the contents
as disclosed in the specifications and/or drawings of U.S.
Provisional Application No. 61/213,788 and U.S. Provisional
Application No. 61/290,159, which are priority documents of
the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1-1 shows the relationship among mesenchy-
mal cell fractions, Muse cells, and M-clusters (Muse cell-
derived embryoid body-like cell clusters). As shown in FIG.
1, SSEA-3-positive cells are directly separated and then cul-
tured by suspension culture without exposure to long-term
stress, so that M-clusters can be obtained.

[0027] FIG. 1-2 shows a method for causing the growth of
Muse cells in large amounts.

[0028] FIG. 2 shows factors, the ratio of the expression
level thereof in a M-cluster to that in a naive cell fraction was
high.

[0029] FIG. 3 shows factors, the ratio of the expression

level thereof in a M-cluster to that in human ES cells was high.
[0030] FIG. 4 shows protocols for MACS sorting.

[0031] FIG. 5 shows photos (stained images) showing the
removal of dead cells when human fibroblast (H-fibroblast)
fractions were subjected to 16-hr-long trypsin incubation
(FIG. 5a), 3 minutes of vortexing at 1800 rpm-2200 rpm/
minute (FIG. 5b), and then trypan blue staining.

[0032] FIG. 6 shows photos of various cells. FIG. 6a shows
a single cell (Bar=10 um) in a Muse-enriched cell fraction,
FIG. 65 shows a human ES cell-derived embryoid body cell

Mar. 24, 2011

cluster (Bar=25 pm), FIG. 6¢ shows a M-cluster (Bar=25 pum)
with a diameter of about 25 um, FIG. 64 shows a human
ES-derived cell cluster (on day 4) stained by alkaline phos-
phatase staining (Bar=25 um), and FIGS. 6e-g show immu-
nologically stained images of Oct3/4(e), Sox2(f), and PAR4
(g) in M-clusters.

[0033] FIG. 7-1 shows photos showing the characteristics
of cell clusters from H-fibroblast fractions and human MSC
(H-MSC) fractions. FIGS. 7-1 a and b show cell clusters
(Bar=100 um) spontaneously formed by general adherent
culture for naive human MSC fractions. FIGS. 7-1 ¢ and d
show the state of an H-fibroblast-1 fraction on day O (¢) and
day 7 (d) subjected to long-term trypsin incubation followed
by MC culture (Bar=100 pm). An arrow head in FIG. 7-1 4
indicates a M-cluster. FIGS. 7-1e¢ and f show M-clusters
formed from an H-fibroblast-1 fraction on day 7 of MC cul-
ture (Bar=50 pum).

[0034] FIG. 7-2 shows photos showing the characteristics
of cell clusters from H-fibroblast fractions and human MSC
(H-MSC) fractions. FIGS. 7-2 g-/ show the results of immu-
nostaining; that is, show the localization of Nanog (FIGS. 7-2
g and j), Oct3/4 (FIGS. 7-2 1), SSEA-3 (FIG. 7-2 i), PAR4
(FIG. 7-2 k), and Sox2 (FIG. 7-2 ) in M-clusters (FIGS. 7-2
g i, and k) formed from H-fibroblast fractions and M-clusters
(FIGS.7-2 h, j, and /) formed from H-MSC fractions (Bar=50
pm).

[0035] FIG. 7-3 shows photos showing the characteristics
of cell clusters from H-fibroblast fractions and human MSC
(H-MSC) fractions. FIGS. 7-3 m-o show the results of alka-
line phosphatase staining for human ES cells (FIG. 7-3 m),
M-clusters (FIG. 7-3 r) from H-fibroblast fractions, and naive
H-fibroblast-1 fractions (FIG. 7-30) (Bar=50 um).

[0036] FIG. 7-4 shows electron micrographs showing the
characteristics of cell clusters from H-fibroblast fractions and
human MSC(H-MSC) fractions. FIGS. 7-4 p-r show electron
microscopic images of human ES cell embryoid bodies (FIG.
7-4 p, on day 3 of MC culture), H-fibroblast-1 fraction-de-
rived M-clusters (FIGS. 7-4 ¢ and r, on day 5 of MC culture)
(Bar=5 um).

[0037] FIG. 8-1 shows the clonality and self-renewal of
M-clusters. Specifically, FIG. 8-1 shows the outline of an
experiment conducted for determination of the clonality and
self-renewal of Muse cells.

[0038] FIG. 8-2 shows the growth rate of suspended Muse
cells.
[0039] FIG. 8-3 shows a normal karyotype of cells clonally

expanded from a single M-cluster (H-fibroblast-1-derived, 1*
generation (cycle)).

[0040] FIG. 9-1 shows the differentiation of M-clusters.
FIGS. 9-1 a-c¢ show immunologically stained images show-
ing the localization of o smooth muscle actin and neurofila-
ments (FIGS. 9-1a¢ and b) and a-fetoprotein (FIG. 9-1¢) in
differentiated cell clusters from an H-fiboroblast-1 fraction
(Bar=500 um in FIG. 9-1a; Bar=50 um in FIGS. 9-16 and ¢).
Arrow heads in FIG. 9-1a indicate adhered M-clusters.

[0041] FIG. 9-2 shows the results of RT-PCR analysis for
a-fetoprotein (a-FP) expression, GATA6 expression, MAP-2
expression, and Nkx2.5 expression in cell populations pre-
pared by culturing a naive cell fraction, and 1°’-generation
and 3"%-generation M-clusters from H-fibroblast fractions on
gelatin so as to induce spontaneous differentiation. As posi-
tive controls, human fetus liver was used for a.-FP and whole
human embryos were used for GATA6, MAP-2, and Nkx2.5.
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[0042] FIGS. 9-3 e-/ show the testes of immunodeficient
mice to which a Muse-enriched cell fraction was adminis-
tered. FIG. 9-3¢ shows a control intact testis, a testis obtained
via administration of mouse ES cells (mES cells) (week 8), a
testis obtained via administration of MEF (feeder cells)
(week 8), a testis obtained via administration of a M-cluster
(M-clusters) (month 6), and a testis obtained via administra-
tion of a Muse-enriched cell fraction (Muse) (month 6).
FIGS. 9-3/-i show immunostained images of neurofilament
M (FIG. 9-3f, stained green in the photo), a-fetoprotein (FIG.
9-3g, stained green in the photo), and smooth muscle actin
(FIG. 9-3A, stained red in the photo) in testicular tissue
obtained via administration of Muse-enriched cell fractions
or M-clusters (Bar=50 pm). Three panels in FIG. 9-3/ show
double-stained images of human mitochondria (stained
green) and smooth muscle actin (stained red) (Bar=20 pm).
FIGS. 9-3j-/ show images of testicular tissue obtained via
administration of Muse-enriched cell fractions (FIGS. 97 and
k). The tube-like structure as observed in FIG. 9% is stained
with an antibody against human mitochondria (Bar=500 pm
in FIG. 9-3/; Bar=50 pm in FIGS. 9-3%4-/).

[0043] FIG. 10a shows the results of quantitative PCR for
factors involved in pluripotency and undifferentiated cell
states of H-fibroblasts (Fibro-1 and Fibro-2) and H-MSCs
(MSC-1 and MSC-2) (No. 2). Each pattern given in a column
in FIG. 10a indicates the result of comparing the gene expres-
sion level in Muse-enriched cell fractions or M-clusters (day
7) with the same in naive cell fractions. A white pattern
indicates that the ratio of the gene expression level in the
Muse-enriched cell fractions or the M-clusters to the same in
naive cell fractions is greater than %5 (1:3) but is lower than 3
(3:1). A gray pattern indicates that the ratio of the gene
expression level in the Muse-enriched cell fractions or the
M-clusters to the same in naive cell fractions is greater than 3
(3:1). A pattern of oblique lines indicates that the ratio of the
gene expression level in the Muse-enriched cell fractions or
the M-clusters to the same in naive cell fractions is lower than
15 (1:3).

[0044] FIG. 105 shows the telomerase activity of H-MSC-
derived naive cell fractions (Naive), Muse-enriched cell frac-
tions (Muse), and M-clusters (day 7). Heat-inactivated
samples (Heat) were used as negative controls.

[0045] FIG. 11 shows the results of DNA microarray analy-
sis for H-fibroblast fraction- and H-MSC fraction-derived
naive cell fractions, Muse-enriched cell fractions, and
M-clusters.

[0046] FIG. 12 shows photos showing embryoid body-like
cell clusters formed by MC culture of Muse cells directly
collected as SSEA-3/CD105 double positive cells from a
mononuclear cell component of human bone marrow. FIG.
12a shows M-clusters formed by performing MC culture (8
hr-hBM-MC, 7 days) for mononuclear cell fractions isolated
from human bone marrow and then subjected to 8 hr-long
trypsin incubation (Bar=100 um). FIG. 125 shows an alkaline
phosphatase-stained image of M-clusters formed by 8 hr-
hBM-MC (7 days) (Bar=50 um).

[0047] FIG. 13 shows the results of RT-PCR analysis for
a-fetoprotein (a-FP), GATA6, MAP-2, and Nkx2.5 in cell
populations prepared by culturing on gelatin M-clusters
formed from naive H-MSC-1 fractions (naive 1), naive
H-MSC-2 fractions (naive 2) (both fractions were negative
controls), and human bone marrow-derived mononuclear cell
fractions (8 hr-hBM) subjected to 8 hours of trypsin incuba-
tion or human bone marrow-derived mononuclear cell frac-
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tions (naive hBM) not subjected to trypsin incubation, so as to
induce spontaneous differentiation thereof.

[0048] FIG. 14 shows the results of FACS analysis for
H-fibroblast fractions (naive cells) and H-MSC fractions (na-
ive cells).

[0049] FIG. 15-1 shows photos showing: a stained image of
SSEA-3 (+) cells (left in 15-1a) in naive cell fractions; and a
stained image of SSEA-3 (+) cells (right in 15-1a) that
clonally expanded from single M-clusters from SSEA-3 (+)
cells collected by FACS sorting. Each bar in this figure indi-
cates 100 um.

[0050] FIG. 15-2 shows photos of stained images showing
the localization of Numblike (green) that is a factor involved
in asymmetric division during cell division of Muse cells
(H-fibroblasts). Each bar in this figure indicates 100 p.m.
[0051] FIG. 15-3 shows electron micrographs showing
H-fibroblast-derived SSEA-3 (-) cells (FIG. 15-3¢) and
SSEA-3 (+) cells (FIG. 15-3d). Each bar in this figure indi-
cates 5 p.m.

[0052] FIG. 15-4 shows photos of stained images showing
Oct3/4 (green) (FIG. 15-4e), Sox2 (green) (FIG. 15-4f), and
SSEA-3 (red) (FIG. 15-4g) in H-fibroblast-derived Muse
cells.

[0053] FIG. 16-1 shows photos showing the differentiation
of GFP-labeled SSEA-3 (+) Muse cell fractions in damaged
tissue of severely immunodeficient mice (Nog mice). FIGS.
16-1N and O show GFP (+) cells of a spinal cord damaged due
to compression (4 weeks later), expressing neurofilaments
(red) and human golgi complexes (white). FIG. 16-1 O shows
an enlarged image of a part enclosed by a square in FIG. 16-1
N. FIG. 16-1P shows GFP (+) target cells of a damaged liver
(4 weeks later), expressing human albumin (red) and human
golgi complexes (white).

[0054] FIG. 16-2 shows photos showing the expression of
human albumin in the liver into which SSEA-3 (+) Muse cells
were transplanted, as examined by RT-PCR.

[0055] FIG. 16-3 shows photos showing the differentiation
of GFP-labeled SSEA-3 (+) Muse cell fractions in damaged
tissue of severely immunodeficient mice (Nog mice). Specifi-
cally, the photos show GFP (+) cells of muscle (3 weeks later)
expressing human dystrophin (red).

[0056] FIG. 17-1 shows photos showing the differentiation
of cells grown from M-clusters formed from single Muse
cells. FIGS. 17-1 A-D show the results of neutralization. FIG.
17-1A shows the thus formed spheres. Furthermore, as immu-
nostaining data for spheres, FIG. 17-1B shows the expression
of nestin, FIG. 17-1C shows the expression of Musashi, and
FIG. 17-1D shows the expression of NuroD. FIG. 17-1E
shows MAP-2 (+) cells obtained by further causing these
spheres to differentiate into neural cells. FIGS. 17-1F-G show
the results of bone cell induction and specifically show the
expression of osteocalcin (F) and ALP (G). FIGS. 17-1H and
I show the results of adipocyte induction. FIG. 17-1H shows
cells containing lipid droplets and FIG. 17-11 shows the result
of oil red staining. FIGS. 17-1J shows the result of hepatocyte
induction; that is, a-fetoprotein (+) cells.

[0057] FIG. 17-2 shows photos showing the expression of
human albumin and human a-fetoprotein in cells induced by
hepatocyte induction, as examined by RT-PCR.

[0058] FIG. 18-1 shows photos showing the expression of
Sox10, Snail, Slug, Tyrp1, and Dctin SSEA-3 (+) Muse cells,
as examined by RT-PCR.

[0059] FIG. 18-2 shows the expression of NG2, CD34,
vWE, CD117, CD146, and CD271, as analyzed by FACS. In
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naive human dermal fibroblasts, NG2 that is a pericyte marker
and CD34 and vWF that are endothelial progenitor cell mark-
ers were found to be negative. They were also found to be
negative in SSEA-3 (+) cells. Few naive human dermal fibro-
blasts were found to be positive for CD117 that is a melano-
blast marker, CD146 that is a pericyte marker, and CD271 that
is a NCSC marker (0.2%, 0.2%, and 0.8%, respectively), but
were not thought to be Muse cells since they were SSEA-3 (-)
cells.
[0060]
rite.
[0061] FIG. 19 shows photos showing the formation of iPS
cells prepared from Muse cells. FIG. 19a shows a state of
human iPS cells induced from dermal fibroblast (NHDF)-
derived Muse cells. FIGS. 1956-f show the expression of pluri-
potent cell markers (“b” shows the expression of Nonog, “c”
shows the expression of Oct3/4, “d” shows the expression of
Sox2, “e” shows the expression of SSEA-3, and “f”” shows the
expression of Tra-1-60).

[0062] FIG. 20 shows photos showing the results of immu-
nohistochemical analysis for Nonog (E), Oct3/4 (F), Sox2
(G), and Tra-1-81 (H).

[0063] FIG. 21 shows photos showing the expression of
pluripotency markers in colonies ((-)-1 and (-)-2) that grew
from Muse-derived iPS cells (Mi-1 and Mi-2) and SSEA-3
(=) cells, as examined by RT-PCR.

[0064] FIG. 22-1 shows photos showing the results of Tra-
1-81 immunostaining of colonies formed by SSEA-3 (+) and
(=) cells on day 30 after culturing on MEF feeder cells fol-
lowing introduction of Oct3/4, Sox2, K1f4, and c¢-Myc with
retrovirus. Human ES cells were used as controls. Colonies
(al) from SSEA-3 (+) cells and human ES cells (a2) were
positive for Tra-1-81, but all colonies from SSEA-3 (-) cells
were negative for the same.

[0065] FIG. 22-2 shows photos showing the expression of
pluripotency markers (endogenous Oct3/4 (endo Oct),
endogenous Sox2 (endo Sox2), Nanog, endogenous Klf4
(endo K1f4), Rex1, and UTF1) for SSEA-3 (+) and (-) cells at
a stage after 30 days of culture on MEF as in 22-1. In the
SSEA-3 (-) cell population, no Sox2 and Nanog signals were
observed.

[0066] FIG. 22-3 shows photos showing colonies (FIGS.
22-3D and D1) that grew from iPS cells (Muse cell-derived
iPS cells) (FIGS. 22-3C and Cl) induced from Muse cells and
from SSEA-3 (-) cells.

[0067] FIG. 23-1 shows photos showing in vitro differen-
tiation of iPS cells induced from dermal fibroblast (NHDF)-
derived Muse cells. FIG. 23-1i shows the expression of o.-fe-
toprotein (green) that is an endodermal marker and smooth
muscle actin (red (blue indicates DNA)) that is a mesodermal
marker. FIG. 23-1j shows the expression of neurofilament
(green) that is an ectodermal marker.

[0068] FIG. 23-2 shows the results of RT-PCR analysis for
in vitro differentiation of iPS cells induced from Muse cells.
FIG.23-2 specifically shows the expression of markers for the
3 germ layers.

[0069] FIG.23-3 shows photos showing tissue structures of
teratomas formed from iPS cells induced from dermal fibro-
blast (NHDF)-derived Muse cells. FIG. 23-3 specifically
shows differentiation of iPS cells into various types of tissue,
as revealed by HE (Hematoxylin and eosin) staining. FIG.
23-3m shows cartilage, FIG. 23-3% shows muscle, FIG. 23-30
shows neural epithelium, FIG. 23-3p shows pigmented epi-
thelium, and FIG. 23-3¢ shows columnar epithelium.

FIG. 18-3 shows that a Muse cell phagocytized fer-
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[0070] FIG. 24 shows the results of bisulfite (hydrogen-
sulfite) sequencing for the Nanog gene and the Oct3/4 gene of
SSEA-3 (=) cell fractions, M-clusters, and Muse-derived iPS
cells. The numerical value in each column indicates the posi-
tion of CpG downstream of the transcription start site (TSS).
An open circle indicates unmethylated cytosine and a filled
circle indicates methylated cytosine.

[0071] FIG. 25 shows the results of quantitative PCR for
factors involved in the cell cycle of naive fibroblasts (Naive),
M-clusters, and iPS cells. Among columns denoted with
“/Naive,” open columns indicate that the ratio of Muse frac-
tions or M-clusters to naive cells is less than 2 (2:1) and higher
than 2 (1:2). Also, filled columns indicate that the same ratio
is higher than 2 (2:1). Columns shaded with oblique lines
indicate that the same ratio is lower than %4 (1:2). Among
columns denoted with “/iPS,” Symbol “*” indicates that the
gene expression level in M-clusters is higher than that in iPS
cells. Symbol “**” indicates that the gene expression level in
iPS cells is higher than that in M-clusters.

[0072] FIG. 26 shows the results of quantitative PCR for
factors involved in pluripotency and the undifferentiated cell
state of naive fibroblasts (Naive), M-clusters, and iPS cells.
The meaning of each column is as defined in FIG. 25.
[0073] FIG. 27 shows the summary of a research report
concerning the induction efficiency of iPS cell lines prepared
in human and mouse models. FIG. 27 shows combinations of
transcription factors inducing nuclear reprogramming.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0074] The present invention will be described in detail as
follows.
[0075] The present invention relates to pluripotent stem

cells or pluripotent stem cell fractions that can be directly
obtained from body tissue of a living body (in vivo), a method
for isolating the pluripotent stem cells or the pluripotent stem
cell fractions, and the body tissue-derived pluripotent stem
cells or pluripotent stem cell fractions obtained by the
method. The pluripotent stem cells of the present invention
are referred to as Muse cells (multilineage-differentiating
stress enduring cells).

[0076] In the present invention, the term “cell fraction”
refers to a cell population containing at least a given amount
of a cell to be isolated. For example, the term “pluripotent
stem cell fraction” refers to a cell population containing a
pluripotent stem cell in an amount corresponding to 1% or
more thereof, 10% or more thereof, 30% or more thereof,
50% or more thereof, 70% or more thereof, 90% or more
thereof, or 95% or more thereof. Examples thereof include
cell clusters obtained via culture of pluripotent stem cells and
cell populations obtained via enrichment of pluripotent stem
cells. Also, the cell fraction may also be referred to as a
substantially homogenous cell fraction.

[0077] Theterm “living body” refers to aliving mammalian
body, and it specifically refers to an animal body that under-
goes development to some extent. In the present invention,
examples of such living body do not include fertilized eggs or
embryos at development stages before the blastula stage, but
include embryos at development stages on and after the
blastula stage, such as fetuses and blastulae. Examples of
mammals include, but are not limited to, primates such as
humans and monkeys, rodents such as mice, rats, rabbits, and
guinea pigs, cats, dogs, sheep, pigs, cattle, horses, donkeys,
goats, and ferrets. The pluripotent stem cells of the present
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invention are clearly distinguished from embryonic stem cells
(ES cells) or embryonic germ stem cells (EG cells) in that
they are from living body tissue.

[0078] The term “mesodermal tissue” refers to tissue of
mesodermal origin that appears in the course of initial devel-
opment of an animal. Examples of mesodermal tissue include
tissue of the muscular system, connective tissue, tissue of the
circulatory system, tissue of the excretory system, and tissue
ofthe genital system. For example, the pluripotent stem cells
of the present invention can be obtained from bone marrow
fluid or skin tissue such as dermis connective tissue.

[0079] Theterm “mesenchymal tissue” refers to tissue such
as bone, cartilage, fat, blood, bone marrow, skeletal muscle,
dermis, ligament, tendon, and heart tissue. For example, the
pluripotent stem cells of the present invention can be obtained
from the bone marrow or skin. Also, the pluripotent stem cells
can also be obtained from the umbilical cord.

[0080] The expression “cells can be directly obtained from
tissue” means that cells can be isolated from tissue without
any artificial induction operation such as introduction of a
foreign gene or a foreign protein or treatment with a com-
pound (e.g., administration of a compound). Such foreign
gene may be, but is not limited to, a gene capable of repro-
gramming the nucleus of a somatic cell, for example.
Examples of such foreign gene include Oct family genes such
as an Oct3/4 gene, KIf family genes such as a KIf gene, Myc
family genes such as a c-Myc gene, and Sox family genes
such as a Sox2 gene. Also, examples of a foreign protein
include proteins encoded by these genes and cytokines. Fur-
thermore, examples of a compound include a low-molecular-
weight compound capable of inducing the expression of the
above gene that can reprogram the nucleus of a somatic cell,
DMSO, a compound that can function as a reducing agent,
and a DNA methylating agent. The pluripotent stem cells of
the present invention are clearly distinguished from iPS cells
(induced pluripotent stem cells) and ES cells in that the pluri-
potent stem cells of the present invention can be directly
obtained from living bodies or tissue. In addition, in the
present invention, cell culture, isolation of a cell or a cell
fraction using a cell surface marker as an index, exposure of
cells to cellular stress, and provision of a physical impact on
cells are not included in examples of artificial induction
operation. Also, the pluripotent cells of the present invention
may also be characterized in that they can be obtained without
requiring reprogramming or induction of dedifferentiation.

[0081] The pluripotent stem cells of the present invention
are thought to be present in mesodermal tissue or mesenchy-
mal tissue, or the like of a living body. In the present inven-
tion, cells or cell fractions existing in these types of tissue are
isolated. The pluripotent stem cells of the present invention
are present in the bone marrow, for example, so that they may
be supplied from the bone marrow to each tissue of a living
body via blood or the like. Hence, the pluripotent stem cells
can be isolated from the bone marrow, each tissue of a living
body, such as skin, and even blood.

[0082] The term “pluripotent stem cell(s)” refers to cells
having pluripotency and having the following properties.
(1) The pluripotent stem cells express pluripotency markers
such as Nanog, Oct3/4, SSEA-3, PAR-4, and Sox2.

(2) The pluripotent stem cells exhibit clonality by which they
expand from a single cell and keep producing clones of them-
selves.

(3) The pluripotent stem cells exhibit self-renewal capability.
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(4) The pluripotent stem cells can differentiate in vitro and in
vivo into the three germ layers (endodermal cell lineage,
mesodermal cell lineage, and ectodermal cell lineage).

(5) The pluripotent stem cells differentiate into the three germ
layers when transplanted into the testis or subcutaneous tissue
of a mouse.

(6) The pluripotent stem cells are found to be positive through
alkaline phosphatase staining.

[0083] The pluripotent stem cells of the present invention
are clearly distinguished from adult stem cells and tissue stem
cells in that pluripotent stem cells of the present invention
have pluripotency. Also, the pluripotent stem cells of the
present invention are clearly distinguished from cell fractions
such as bone marrow stromal cells (MSC) in that pluripotent
stem cells of the present invention are isolated in the form of
a single cell or a plurality of cells having pluripotency.
[0084] Moreover, the pluripotent stem cells of the present
invention have the following properties.

(i) The growth rate is relatively gentle and the division cycle
takes 1 day or more, such as 1.2-1.5 days. However, the
pluripotent stem cells do not exert infinite proliferation in a
manner similar to ES cells or iPS cells.

(i1) When transplanted into an immunodeficient mouse, the
pluripotent stem cells differentiate into an endodermal cell
lineage, a mesodermal cell lineage, and an ectodermal cell
lineage. The pluripotent stem cells are characterized in that
they do not become cancerous for a half year or longer, unlike
ES cells or iPS cells, whereby teratomas become cancerous
within a short time period.

(iii) The pluripotent stem cells form embryoid body-like cell
clusters as a result of suspension culture.

(iv) The pluripotent stem cells form embryoid body-like cell
clusters as a result of suspension culture and stop growth
within about 10 days. Subsequently, when the clusters are
transferred for adherent culture, they start to grow again.

(v) Asymmetric division is associated with growth.

(vi) The karyotypes of the cells are normal.

(vii) The pluripotent stem cells have no or low telomerase
activity. The expression “ . . . have no or low telomerase
activity” refers to no or low telomerase activity being detected
when such activity is detected using a TRAPEZE XL telom-
erase detection kit (Millipore), for example. The term “low
telomerase activity” refers to a situation in which cells have
telomerase activity to the same degree as that of human fibro-
blasts or have telomerase activity that is ¥5 or less and pref-
erably Yio or less that of Hela cells.

(viil) Regarding methylation state, methylation levels in
Nanog and Oct3/4 promoter regions are low in iPS cells
induced from Muse cells.

(ix) The pluripotent stem cells exhibit high phagocytic ability.
(x) The pluripotent stem cells exhibit no neoplastic growth.
Here, the expression “. . . cells exhibit no neoplastic growth”
refers to a situation in which, when suspension culture is
performed, the cells stop their growth at the time when their
clusters reach a predetermined size and do not undergo infi-
nite growth. Moreover, such expression refers to a situation in
which, when such cells are transplanted into the testis of an
immunodeficient mouse, no teratoma is formed. In addition,
the above (i) to (iv) and the like also relate to the fact that the
relevant cells (clusters) do not undergo neoplastic growth.
[0085] Specifically, the cells of the present invention are the
following pluripotent stem cells, for example:

(A) pluripotent stem cells that are obtained from mesodermal
tissue, mesenchymal tissue, or the like of a living body and
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can be directly obtained without introduction of a chemical
substance, a foreign gene, or a foreign protein into such cells;
(B) pluripotent stem cells having the property of (1) above,
wherein mesodermal tissue or mesenchymal tissue of a living
body is selected from the group consisting of bone marrow,
skin, blood, umbilical cord, and fat;

(C) the pluripotent stem cells of (A) or (B) above that can be
obtained without reprogramming or induction of dedifferen-
tiation;

(D) the pluripotent stem cells of (A) or (B) above that do not
become cancerous at least within half a year after being
transplanted into the testis;

(E) the pluripotent stem cells of (A) or (B) above that do not
undergo infinite growth, unlike ES cells and iPS cells; or
(F) pluripotent stem cells from mesodermal tissue or mesen-
chymal tissue of a living body, which survive when treated
with protease and thus are resistant to protease.

[0086] Moreover, the pluripotent stem cells of the present
invention can be isolated by placing cellular stress on the cells
of mesodermal tissue or mesenchymal tissue of a living body
and then collecting surviving cells. Here, the term “cellular
stress” refers to external stress. Specifically, cells are exposed
to such stress via protease treatment, culture under low-oxy-
gen conditions, culture under low phosphate conditions, cul-
ture under serum starvation conditions, culture in a sugar
starvation state, culture under exposure to radiation, culture
under exposure to heat shock, culture in the presence of a
toxic substance, culture in the presence of active oxygen,
culture under mechanical stimulation, culture under pressure
treatment, or the like. Of these examples, protease treatment,
and specifically, culture in the presence of protease, is pre-
ferred. Protease is not limited. Serine protease such as trypsin
and chymotrypsin, aspartic protease such as pepsin, cysteine
protease such as papain and chymopapain, metalloprotease
such as thermolysin, glutamic protease, N-terminal threonine
protease, and the like can be used. The concentration of
protease to be added for culture is not limited. In general,
concentrations to be employed for removal of adherent cells
that are cultured in petri dishes or the like may be employed
herein. The pluripotent stem cells of the present invention can
be said to be stem cells having resistance to the above-men-
tioned external stresses, such as cells having resistance to
trypsin.

[0087] Examples of mesodermal tissue and mesenchymal
tissue of a living body include, but are not limited to, bone-
marrow mononuclear cells, fibroblast fractions such as skin
cells, pulp tissue, eyeball tissue, and hair root tissue. As cells,
both cultured cells and cells collected from tissue can be used.
Among these cells, bone marrow cells and skin cells are
desired. Examples of such cells include a human bone mar-
row stromal cell (MSC) fraction and a human dermal fibro-
blast fraction. A bone marrow stromal cell (MSC) fraction
can be obtained by culturing a bone marrow aspirate for 2 to
3 weeks.

[0088] Most cells of tissue subjected to the various above
stresses will die. Surviving cells include the pluripotent stem
cells of the present invention. After stress is placed on cells,
dead cells should be removed. However, when protease is
used, these dead cells are lysed via the effects of protease.
[0089] Also, after stress is placed on cells, a physical
impact is provided to the cells to make them become easily
disrupted, and then the cells may be removed. A physical
impact can be provided by rigorous pipetting, rigorous stir-
ring, vortexing, or the like.
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[0090] Cellular stress is placed on cells, a physical impact s
provided if necessary, and then the resulting cell populations
are subjected to centrifugation. The resulting surviving cells
are obtained and collected as pellets, so that the pluripotent
stem cells of the present invention can be isolated. Also, from
the thus obtained cells, the pluripotent stem cells or pluripo-
tent cell fractions of the present invention can be isolated
using the following surface markers as indices.

[0091] The pluripotent stem cells or pluripotent cell frac-
tions of the present invention can also be isolated by culturing
mesodermal tissue, mesenchymal tissue, or the like (in vivo)
of'abody subjected to stress such as trauma or a burn and then
collecting cells that have migrated. Cells of damaged tissue
are exposed to stress. Hence, in the present invention, the
expression “culture of mesodermal tissue or mesenchymal
tissue (in vivo) of a damaged body” also refers to placing
cellular stress on cells of mesodermal tissue, mesenchymal
tissue, or the like of a living body.

[0092] Asanexample, amethod for treating such cells with
trypsin is as described below. The concentration of trypsin at
this time is not limited. For example, in general culture of
adherent cells, the concentrations of trypsin may be concen-
trations that are employed for removal of adherent cells
adhering to a culture vessel, ranging from 0.1% to 1% and
preferably ranging from 0.1% to 0.5%, for example. For
example, cells can be exposed to external stress by incubating
cells (100,000-500,000 cells) from mesodermal tissue, mes-
enchymal tissue, or the like of a living body in 5 ml of a
trypsin solution with the above concentration. The time for
trypsin incubation ranges from about 5 to 24 hours and pref-
erably ranges from about 5 to 20 hours. In the present inven-
tion, 8 or more hours of trypsin incubation, such as 8 hours or
16 hours of treatment, is long-term trypsin incubation.
[0093] After trypsin incubation, a physical impact is desir-
ably provided by pipetting, stirring, vortexing, or the like, as
described above. This is performed to remove dead cells or
dying cells.

[0094] When suspension culture is performed after trypsin
incubation, incubation is desirably performed in gel such as
methylcellulose gel, in order to prevent cell-to-cell aggrega-
tion. Also, a cell culture vessel is desirably coated in advance
with poly(2-hydroxyethyl methacrylate) or the like in order to
prevent adhesion of cells to the culture vessel and maintain
the state of suspension.

[0095] When cells exposed to external stress, collected by
centrifugation, and then cultured, cells form cell clusters. The
size of such a cell cluster ranges in diameter from about 25 pm
to 150 pm. The pluripotent stem cells (Muse cells) of the
present invention are included in an enriched state within a
cell population that has survived after exposure to external
stress. Such cell population is referred to as Muse-enriched
cell fractions (Muse enriched populations). The percentage of
Muse cells in such a Muse-enriched cell fraction differs
depending on method of stress treatment.

[0096] The fact that the pluripotent stem cells or the pluri-
potent stem cell fractions of the present invention survive
after exposure to stress suggests that the pluripotent stem cells
or the pluripotent stem cell fractions of the present invention
are resistant to such stress.

[0097] Regarding the medium to be used for culturing cells
from mesodermal tissue, mesenchymal tissue, or the like of a
living body and culture conditions, any medium and culture
conditions generally used for culturing animal cells may be
employed. Also, a known medium for culturing stem cells
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may be used. A medium may be appropriately supplemented
with serum such as fetal calf serum, antibiotics such as peni-
cillin and streptomycin, and various bioactive substances.

[0098] Furthermore, the present invention also encom-
passes pluripotent stem cells which are derived cells or
induced cells of the pluripotent stem cells of the present
invention that can be directly obtained from the mesodermal
tissue, mesenchymal tissue, or the like of a living body. The
term “derived cells or induced cells” refers to cells or cell
populations obtained by culturing the pluripotent stem cells
or cells obtained by subjecting the pluripotent stem cells to an
artificial induction operation such as introduction of a foreign
gene. Progeny cells are also included herein. In addition, it is
said that iPS cells that had been reported at the time of the
present invention are induced from pluripotent stem cells as a
result of reprogramming (e.g., introduction of a foreign gene
into differentiated cells in body tissue, such as dermal fibro-
blasts). Cells obtained by subjecting cells (that can be directly
obtained from the tissue of the present invention and already
have properties as pluripotent stem cells) to an artificial
induction operation such as introduction of a foreign gene are
distinguished from iPS cells.

[0099] Embryoid body-like (EB body-like) cell clusters are
obtained through suspension culture of the pluripotent stem
cells of the present invention. The present invention also
encompasses such embryoid body-like cell clusters and cells
contained in such embryoid body-like cell clusters. Embryoid
bodies are formed as cell clusters through suspension culture
of the pluripotent stem cells of the present invention. At this
time, in the present invention, such an embryoid body
obtained by culturing the pluripotent stem cells of the present
invention is also referred to as a M-cluster (Muse cell-derived
embryoid body-like cell cluster). Examples of a method for
suspension culture for the formation of embryoid body-like
cell clusters include culture using medium containing a water
soluble polymer such as methylcellulose (Nakahata, T. et al.,
Blood 60, 352-361 (1982)) and hanging drop culture (Keller,
J. Physiol. (Lond) 168: 131-139,1998). The present invention
also encompasses embryoid body-like cell clusters obtained
via self-renewal from the embryoid body-like cell clusters,
cells contained in such embryoid body-like cell clusters, and
pluripotent stem cells. Here, the term “self-renewal” refers to
a situation in which cells contained in embryoid body-like
cell clusters are cultured so as to cause the formation of
embryoid body-like cell clusters again. Self-renewal may be
performed by repeating a cycle once to several instances.
Also, the present invention also encompasses cells and tissue,
which differentiate from either the above embryoid body-like
cell clusters or cells contained in such embryoid body-like
cell clusters.

[0100] FIG. 1-1 shows the relationship among mesenchy-
mal cell (human fibroblast, human bone marrow stromal cell
(MSC), and fresh bone marrow fluid) fractions, Muse cells,
and M-clusters. When stress stimulation (e.g., long-term
trypsin incubation (LTT)) is imposed upon mesenchymal
cell-like cell clusters, Muse cells are enriched, and then cell
fractions containing many Muse cells (referred to as a Muse-
enriched cell fraction) are obtained. Through suspension cul-
ture of Muse cells in the cell fraction, an embryoid body-like
cell cluster (M-cluster) is obtained. When embryoid body-
like cell clusters are cultured in a culture dish coated with
gelatin, cells differentiate into cells of the 3 germ layers. Also,
as shown in FIG. 1-1, SSEA-3 (+) cells are directly separated
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and then suspension culture is performed without exposing
cells to long-term stress, so that M-clusters can be obtained.
[0101] When the growth of Muse cells is stopped once via
suspension culture, Muse cells initiate growth when trans-
ferred for adherent culture. Through repetition of separation
using suspension culture-adherent culture-SSEA-3 expres-
sion as an index, Muse cells can be grown in large amounts
(FIG. 1-2).

[0102] Furthermore, the pluripotent stem cells or pluripo-
tent cell fractions of the present invention can also be directly
isolated from body tissue without exposure to cellular stress.
Specifically, the pluripotent stem cells or the pluripotent stem
cell fractions of the present invention can be isolated from
mesodermal tissue, mesenchymal tissue, or the like ofa living
body by the following method without an induction operation
such as introduction of a foreign gene.

[0103] Examples of body tissue include, but are not limited
to, mesodermal tissue and mesenchymal tissue of a living
body such as bone marrow, skin, and umbilical cord tissue.
‘When bone marrow is used, amononuclear cell fraction of the
bone marrow can be used. Isolation can be performed using a
cell surface marker that is expressed richly on the surface of
Muse cells. For example, isolation can be performed using
SSEA-3 expression as an index. The pluripotent stem cells of
the present invention may also be referred to as SSEA-3 (+)
Muse cells. Moreover, Muse cells express CD105, which is a
pluripotent stem cell marker. Muse cells are positive for
SSEA-3, and positive for CD105. Therefore, Muse cells can
be isolated using the expression of both SSEA-3 and CD105
as an index. With the use of these cell surface markers, the
pluripotent stem cells of the present invention can be isolated
in the form of'single cells. The thus isolated single cells can be
grown by culture. In addition, the present invention encom-
passes pluripotent stem cells that can be isolated from body
tissue of a mammal other than a human using a marker cor-
responding to SSEA-3.

[0104] Meanwhile, Muse cells are negative for NG2,
CD34, vWF (von Willebrand factor), c-kit (CD117), CD146,
and CD271 (NGFR). Moreover, Muse cells are negative for
Sox10, Snail, Slug, Tyrp1, and Dct.

[0105] Whether or not cells are negative for surface anti-
gens such as NG2, CD34, vWEF, CD117, CD146, and CD271
or whether or not the expression thereof is weak can be
determined by microscopically observing whether or not
cells are stained with antibodies (against these antigens)
labeled with a chromogenic enzyme, a fluorescent com-
pound, or the like. For example, cells are immunostained with
these antibodies, so that the presence or the absence of a
surface antigen can be determined. The presence or the
absence of the same can also be determined using antibody-
conjugated magnetic beads. Also, the presence or the absence
of a surface antigen can be determined using FACS or a
flowcyte meter. As a flowcyte meter, FACSAria (Becton
Dickinson), FACS vantage (Becton Dickinson), FACS Cali-
bur (Becton Dickinson), or the like can be used, for example.
[0106] Regarding transcription factors such as Sox10,
Snail, Slug, Tyrpl, and Dect, the expression thereof can also
be examined by a technique such as RT-PCR.

[0107] The expression “. .. are negative for these surface
antigens” refers to that a situation in which, when FACS
analysis is conducted as described above, cells are not sorted
as positive cells or when expression is examined by RT-PCR,
no expression thereof is confirmed. Even if such surface
antigens are expressed to a degree such that they are unde-
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tectable by such techniques, cells are designated as negative
in the present invention. Also, at the same time, measurement
is performed with cells such as hematopoietic stem cells
known to be positive for the above markers. When almost no
expression is detected or the expression level is significantly
lower compared with such positive cells, cells may be desig-
nated as negative.

[0108] Cells of the present invention can be isolated based
on the properties of the aforementioned cell surface antigens.
[0109] As described above, Muse cells can be isolated
using “being positive for SSEA-3” as an index. Moreover,
Muse cells can be isolated using the expression of CD105 as
anindex. Muse cells can be further isolated using non-expres-
sionofatleast 1,suchas2,3,4,5,6,7,8,9, 10, or 11, markers
selected from the group consisting of NG2, CD34, vWF (von
Willebrand factor), c-kit (CD117), CD146, CD271 (NGFR),
Sox10, Snail, Slug, Tyrp1, and Dct, as an index. For example,
isolation is possible using non-expression of CD117 and
CD146. Furthermore, isolation can be performed using non-
expression of CD117,CD146,NG2,CD34, vWEF, and CD271
as an index. Furthermore, isolation can be performed using
non-expression of the above 11 markers as an index.

[0110] When isolation is performed using a surface marker
(s), 1 or a plurality of pluripotent stem cells of the present
invention can be directly isolated from mesodermal tissue,
mesenchymal tissue, or the like of a living body without
culture or the like. Also, the pluripotent stem cells of the
present invention can be identified and isolated by visually
observing the cell morphology using a microscope or the like.
[0111] After provision of a cellular stress to mesodermal
tissue, mesenchymal tissue, or the like of a living body, iso-
lation may also be performed from a surviving cell group
using a surface marker.

[0112] Also, the pluripotent stem cells or the pluripotent
cell fractions of the present invention can be characterized by
high-level expression of another specific factor, in addition to
the use of the above markers.

[0113] Muse cells that are the pluripotent stem cells of the
present invention can be obtained from naive bone marrow
stromal cell (MSC) fractions or dermal fibroblast fractions.
Muse cells are further cultured, so that Muse cell-derived
embryoid body (EB)-like cell clusters are obtained. Through
comparison and examination of factors expressed in Muse
cells, naive cells, Muse-derived embryoid body-like cell clus-
ters, and human ES cells, a factor expressed at high levels in
Muse cells can be detected. Examples of such factors include
gene transcription products, proteins, lipids, and saccharides.
[0114] FIG. 2 shows factors for which the ratio of the
expression level in M-clusters to the same in naive cells is
high. In particular, the ratio is high for the following 18
factors.

(i) SSEA-3

[0115]
homolog
(iii) solute carrier family 16, member 6 (monocarboxylic acid
transporter 7)

(iv) tyrosinase-related protein 1

(v) Calcium channel, voltage-dependent, P/Q type, alpha 1A
subunit

(vi) chromosome 16 open reading frame 81

(vii) chitinase 3-like 1 (cartilage glycoprotein-39)

(viii) protease, serine, 35

(ix) kynureninase (L-kynurenine hydrolase)

(i) v-fos FBJ murine osteosarcoma viral oncogene
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(x) solute carrier family 16, member 6 (monocarboxylic acid
transporter 7)

(xi) apolipoprotein E

(xii) synaptotagmin-like 5

(xiii) chitinase 3-like 1 (cartilage glycoprotein-39)

(xiv) ATP-binding cassette, sub-family A (ABC1), member
13

(xv) angiopoietin-like 4

(xvi) prostaglandin-endoperoxide synthase 2 (prostaglandin
G/H synthase and cyclooxygenase)

(xvii) stanniocalcin 1

(xviii) coiled-coil domain containing 102B

[0116] The pluripotent stem cells or the pluripotent stem
cell fractions of the present invention are characterized in that
atleast2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,0r 18
factors above are expressed at high levels. Hence, the pluri-
potent stem cells or the pluripotent stem cell fractions can be
isolated using high-level expression of at least 2 factors as an
index.

[0117] FIG. 3 shows factors for which the ratio of the
expression level in M-clusters to the same in human ES cells
is high. In particular, the ratio is high in the following 20
factors.

(a) matrix metallopeptidase 1 (interstitial collagenase)

(b) epiregulin

(c) chitinase 3-like 1 (cartilage glycoprotein-39)

(d) Transcribed locus

(e) chitinase 3-like 1 (cartilage glycoprotein-39)

() serglycin

(g) mRNA full length insert cDNA clone EUROIMAGE
1913076

(h) Ras and Rab interactor 2

(1) lumican

(j) CLCA family member 2, chloride channel regulator

(k) interleukin 8

(1) Similar to LOC166075

[0118] (m) dermatopontin

(n) EGF, latrophilin and seven transmembrane domain con-
taining 1

(o) insulin-like growth factor binding protein 1

(p) solute carrier family 16, member 4 (monocarboxylic acid
transporter 5)

(q) serglycin

(r) gremlin 2, cysteine knot superfamily, homolog (Xeropus
laevis)

(s) insulin-like growth factor binding protein 5

(t) sulfide quinone reductase-like (yeast)

[0119] The pluripotent stem cells or the pluripotent stem
cell fractions of the present invention are characterized in that
atleast2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 factors above are expressed at high levels. Hence,
the pluripotent stem cells or the pluripotent stem cell fractions
can be isolated using high-level expression of at least 2 factors
as an index.

[0120] Furthermore, in the pluripotent stem cells or the
pluripotent stem cell fractions of the present invention, at
least 2 of the above factors (i)-(xviii) and at least 2 of the
above factors (a)-(t) may be simultaneously expressed at high
levels. Hence, the pluripotent stem cells or the pluripotent
stem cell fractions can be isolated using high-level expression
of these genes as an index.

[0121] Furthermore, the pluripotent stem cells or the pluri-
potent stem cell fractions of the present invention are charac-
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terized in that: factors of an odorant receptor (olfactory recep-
tor) group and factors of a chemokine receptor group, other
than pluripotency markers, are expressed; that is, they are
positive for specific odorant receptors or chemokine recep-
tors.

[0122] Examples of odorant receptors that are expressed in
the pluripotent stem cells or the pluripotent stem cell fractions
of the present invention include the following 22 receptors.

olfactory receptor, family 8, subfamily G, member 2
(OR8G2);
olfactory receptor, family 7, subfamily G, member 3
(OR7G3);
olfactory receptor, family 4, subfamily D, member 5
(OR4D5);
olfactory receptor, family 5, subfamily AP, member 2
(OR5AP2);
olfactory receptor, family 10, subfamily H, member 4
(OR10H4);
olfactory receptor, family 10, subfamily T, member 2
(OR10T2);
olfactory receptor, family 2, subfamily M, member 2
(OR2M2);
olfactory receptor, family 2, subfamily T, member 5
(OR2T5);
olfactory receptor, family 7, subfamily D, member 4
(OR7D4);
olfactory receptor, family 1, subfamily L, member 3
(OR1L3);
olfactory receptor, family 4, subfamily N, member 4
(OR4N4);
olfactory receptor, family 2, subfamily A, member 7
(OR2A7);

guanine nucleotide binding protein (G protein), alpha activat-
ing activity polypeptide,

olfactory type (GNAL);

olfactory receptor, family 6, subfamily A, member 2
(OR6A2);

olfactory receptor, family 2, subfamily B, member 6
(OR2B6);

olfactory receptor, family 2, subfamily C, member 1
(OR2C1);

olfactory receptor, family 52, subfamily A, member 1
(OR52A1);

olfactory receptor, family 10, subfamily H, member 3
(OR10H3);

olfactory receptor, family 10, subfamily H, member 2
(OR10H2);

olfactory receptor, family 51, subfamily E, member 2
(ORS51E2);

olfactory receptor, family 5, subfamily P, member 2 (OR5P2);
and

olfactory receptor, family 10, subfamily P, member 1
(OR10P1)

[0123] Examples of a chemokine receptor that is expressed
in the pluripotent stem cells or pluripotent stem cell fractions
of the present invention include the 5 following receptors.

chemokine (C-C motif) receptor 5 (CCRS5);
chemokine (C-X-C motif) receptor 4 (CXCR4);
chemokine (C-C motif) receptor 1 (CCR1);

Dufty blood group, chemokine receptor (DARC); and
chemokine (C-X-C motif) receptor 7 (CXCR7).
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[0124] The pluripotent stem cells or the pluripotent stem
cell fractions of the present invention express at least one of
the above olfactory receptors or express at least one of the
above chemokine receptors.

[0125] Because of the effects of these odorant receptors or
chemokine receptors and migratory factors that bind to the
receptors, the pluripotent stem cells of the present invention
migrate to damaged tissue and then survive and differentiate
at the tissue. For example, when the liver, skin, spinal cord, or
muscle is damaged, a specific migratory factor and an odorant
receptor expressed on the cell surfaces function to cause the
pluripotent stem cells to migrate to the relevant tissue, survive
atthe tissue, and then differentiate into liver (endoderm), skin
(ectoderm), spinal cord (ectoderm), or muscle (mesoderm)
cells, so that the tissue can be regenerated.

[0126] In a Muse-enriched cell fraction richly containing
Muse cells that are the pluripotent stem cells of the present
invention, Rexl, Sox2, KLF-4, c¢-Myc, DPPA2, ERAS,
GRB7,SPAGY, TDGF1, and the like are upregulated. Ina cell
cluster of Muse cells, DAZL, DDX4, DPPA4, Stella, Hoxbl1,
PRDM1, SPRY2, and the like are upregulated.

[0127] Also, in pluripotent stem cells or the pluripotent
stem cell fractions of the present invention, the expression of
CD34 and CD117 hematopoietic stem cell markers is never
observed or is observed at an extremely low level.

[0128] The present invention encompasses not only Muse
cells, but also a cell population resulting from enrichment of
Muse cells, a cell population resulting from growth of Muse
cells, and a cell population resulting from differentiation of
Muse cells.

[0129] The present invention further encompasses a
research kit, a cell chip, and a therapeutic device containing
Muse cells or cells derived from Muse cells.

[0130] The pluripotent stem cells of the present invention
have pluripotency and thus are able to differentiate into all
types of tissue. The pluripotent stem cells or the pluripotent
cell fractions can be used for regeneration medicine and the
like. For example, such cells and cell fractions can be used for
regeneration of various types of tissue, various organs, and
the like. Specific examples thereof include skin, cerebro-
spinal cord, liver, and muscle. The pluripotent stem cells or
the pluripotent stem cell fractions of the present invention are
administered directly to or to an area in the vicinity of injured
or damaged tissue, organs, and the like, so that the pluripotent
stem cells enter the tissue or organ and differentiate into cells
unique to the relevant tissue or organ. In this manner, the
pluripotent stem cells can contribute to the regeneration or
reconstruction of tissue and organs. Also, the systemic
administration of the pluripotent stem cells or pluripotent
stem cell fractions is possible by intravenous administration
or the like. In this case, the pluripotent stem cells are directed
by homing or the like to a damaged tissue or organ, reach and
enter the tissue or organ, and then differentiate into cells of the
tissue or organ, so as to be able to contribute to tissue or organ
regeneration and reconstruction.

[0131] Administration can be performed via parenteral
administration such as subcutaneous injection, intravenous
injection, intramuscular injection, and intraperitoneal injec-
tion, oral administration, or intrauterine injection into an
embryo, for example. Also, local administration or systemic
administration may be performed herein. Local administra-
tion can be performed using a catheter, for example. The dose
can be appropriately determined depending on an organ to be
regenerated, a tissue type, or a size.
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[0132] Examples of an organ to be regenerated include, but
are not limited to, bone marrow, spinal cord, blood, spleen,
liver, lungs, bowel, eyes, brain, immune system, circulatory
system, bone, connective tissue, muscle, heart, blood vessel,
pancreas, central nervous system, peripheral nervous system,
kidney, bladder, skin, epithelial appendages, breast-mam-
mary gland, adipose tissue, and mucous membranes of
mouth, esophagus, vagina, and anus, for example. Also,
examples of diseases to be treated therein include, cancer,
cardiovascular disease, metabolic disease, hepatic disease,
diabetes mellitus, hepatitis, haemophilia, blood system dis-
ease, degenerative or traumatic neurologic disorder such as
spinal cord injury, autoimmune disease, genetic defects, con-
nective tissue disease, anemia, infectious disease, graft rejec-
tion, ischaemia, inflammation, and damage to skin or muscle.

[0133] Cells may be administered with a pharmaceutically
acceptable base material. Such base material may be made of
a substance with high bio-compatibility, such as collagen or a
biodegradable substance. They may be in the form of par-
ticles, plates, tubes, vessels, or the like. Cells may be admin-
istered after binding thereof to a base material or after causing
a base material to contain cells therein.

[0134] Also, in vitro differentiation induction is performed
for pluripotent stem cells of the present invention, tissue is
constructed using cells that have further differentiated, and
then the differentiated cells or tissue may be transplanted.
Since the pluripotent stem cells of the present invention do not
undergo tumorigenic transformation, a probability of can-
ceration of the cells is low and can be said to be safe, even
when the undifferentiated pluripotent stem cells of the
present invention are contained in the above transplanted
differentiated cells or tissue. To prevent rejection of trans-
planted cells or tissue by a recipient in such regeneration
medicine, it is desired that mesodermal tissue, mesenchymal
tissue, or the like is collected from a patient to be subjected to
regeneration medicine, and then pluripotent stem cells or
pluripotent cell fractions of the present invention are isolated
from the relevant tissue for use. Furthermore, the pluripotent
stem cells or the pluripotent stem cell fractions of the present
invention can be used for treatment of diseases due to tissue
degeneration or dysfunction. In this case, for example, the
pluripotent stem cells or the pluripotent stem cell fractions of
the present invention are enriched ex vivo, grown, or caused
to differentiate and then returned into the body. For example,
the pluripotent stem cells are caused to differentiate into
specific tissue cells and then the cells are transplanted into
tissue to be treated. Also, in situ cell therapy can be performed
by transplantation of such cells. In this case, examples of
target cells include hepatic cells, neural cells such as neuronal
cells or glial cells, skin cells, and muscle cells such as skeletal
muscle cells. The pluripotent stem cells of the present inven-
tion are caused to differentiate into these cells, the differen-
tiated cells are transplanted, and then treatment can be per-
formed in situ. Through such treatment, Parkinson’s disease,
brain infarction, spinal cord injury, myodystrophy, and the
like can be treated, for example. Since the pluripotent stem
cells of the present invention do not undergo tumorigenic
transformation, they unlikely become cancerous and safe
even if used for such treatment.

[0135] Also, the pluripotent stem cells of the present inven-
tion are caused to differentiate to form blood or blood com-
ponents, so that blood or blood components can be formed ex
vivo or in vitro. Examples of such blood components include
erythrocytes, leukocytes, and blood platelets. The thus
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formed blood or blood components can be used for autolo-
gous transfusion or cross transfusion.

[0136] As described above, when the pluripotent stem cells
or the pluripotent stem cell fractions of the present invention
are used for treatment, their differentiation may be caused ex
vivo, in vivo, or in vitro. The pluripotent stem cells of the
present invention differentiate into osteoblasts, chondrocytes,
adipocyte, fibroblasts, bone-marrow stroma, skeletal muscle,
smooth muscle, myocardium, eyes, endothelium, epithelium,
liver, pancreas, hematopoietic system, glia, neuronal cells, or
oligodendroglial cell, for example. Differentiation of the
pluripotent stem cells of the present invention can be achieved
by culturing them in the presence of a differentiation factor.
Examples of a differentiation factor include a basic fibroblast
growth factor (bFGF), a vascular endothelium growth factor
(VEGF), a dimethyl sulfoxide (DMSO), and isoproterenol; or
a fibroblast growth factor 4 (FGF4) and a hepatocyte growth
factor (HGF). The present invention also encompasses cells
that have differentiated from the pluripotent stem cells of the
present invention.

[0137] When the pluripotent stem cells of the present
invention are used for treatment, a gene encoding a protein
antitumor substance, a bioactive substance, or the like may be
introduced. Therefore, it can be said that the pluripotent stem
cells of the present invention have a function for the delivery
of a therapeutic agent. Examples of such substance include
antiangiogenic agents.

[0138] The present invention encompasses materials for
cell transplantation therapy or compositions for cell trans-
plantation therapy, or materials for regeneration medicine or
compositions for regeneration medicine, which contain Muse
cells, embryoid body-like cell clusters formed of Muse cells,
and cells or tissue/organs obtained via differentiation from
Muse cells or the above embryoid body-like cell clusters.
Such a composition contains a pharmaceutically acceptable
buffer, diluent, or the like in addition to Muse cells, an embry-
oid body-like cell cluster formed of Muse cells, or cells or
tissue and/or organ obtained through differentiation from
Muse cells or the above embryoid body-like cell cluster.
[0139] Moreover, cells are collected from a patient, Muse
cells are isolated, and then the Muse cells can be used for
various diagnoses. For example, a patient’s genes are col-
lected from Muse cells and then the gene information is
obtained, so that precise diagnosis reflecting the information
becomes possible. For example, cells of each tissue and/or
organ having the same characteristics (e.g., genetic back-
ground) as those of a subject can be obtained by causing
differentiation of patient’s cell-derived Muse cells. Hence,
regarding disease diagnosis, elucidation of pathological con-
ditions, diagnosis for the effects or adverse reactions of drugs,
or the like, appropriate diagnosis can be made according to
the characteristics of each subject. Specifically, Muse cells,
embryoid body-like cell clusters formed of Muse cells, and
cells or tissue and/or organs obtained through differentiation
of Muse cells or the above embryoid body-like cell clusters
can be used as diagnostic materials. For example, the present
invention encompasses a method for diagnosing the disease
or the like of a subject using Muse cells isolated from the
subject or using tissue or an organ (obtained via differentia-
tion from the Muse cells) having the same genetic back-
ground as that of the subject.

[0140] Also, somatic cells can be obtained in large amounts
via differentiation of Muse cells. Hence, basic research such
as elucidation of a disease mechanism, development of a



US 2011/0070647 A1l

therapeutic agent, screening for the effects of a drug or tox-
icity, drug evaluation, and the like can be performed. Specifi-
cally, Muse cells, embryoid body-like cell clusters formed of
Muse cells, and cells or tissue and/or organs obtained through
differentiation of Muse cells or the above embryoid body-like
cell clusters can be used as materials for drug evaluation or
drug screening. For example, the present invention encom-
passes a method for screening for a drug or evaluating a drug,
comprising causing differentiation and/or growth of Muse
cells, obtaining somatic cells, administering a candidate drug
to the somatic cells, and then examining the response of
somatic cells.

[0141] Also, a Muse cell bank is constructed by construct-
ing a library of various (e.g., various types of HLA) Muse
cells, so that a system capable of providing Muse cells to
Muse cell application sites according to need can be realized.
For example, in addition to the above listed purposes, provi-
sion of cells with no (or little) rejections to urgently required
cell transplantation therapy can be performed, for example.
Specifically, the present invention encompasses a method for
constructing a Muse cell library; that is, a Muse cell bank,
having different genetic properties, comprising isolating and
collecting Muse cells having various genetic properties. Also,
a library or a bank can also be constructed using not only
Muse cells, but also an embryoid body-like cell cluster
formed from Muse cells, and cells or tissue and/or organ
obtained through differentiation from Muse cells or the above
embryoid body-like cell clusters. In the present invention,
libraries or banks that are constructed by obtaining embryoid
body-like cell clusters formed of these Muse cells, and cells
or tissue and/or organs obtained through differentiation of
Muse cells or the above embryoid body-like cell clusters are
also referred to as cell libraries or cell banks. The present
invention encompasses the thus constructed cell libraries or
cell banks. Such cell libraries or cell banks comprise vessels
such as a plurality of tubes containing cells and the like having
different genetic characteristics. Such cells may also be fro-
zen. For example, when tissue or an organ is transplanted into
a subject or regeneration thereof'is required, cells appropriate
in terms of genetic background or the like of the subject are
selected from the above cell library or cell bank. Thus, trans-
plantation or regeneration therapy can be performed using the
cells.

[0142] The present invention encompasses a therapeutic
method, comprising administering, for treatment ofa disease,
a therapeutically effective dose of the pluripotent stem cells,
a cell fraction thereof of the present invention, or cells derived
or induced from such cells to a patient who needs treatment.
The effective dose can be specified based on the number of
cells to be administered, for example, and appropriately
determined depending on disease types or severity. In the
above therapeutic method, the pluripotent stem cells of the
present invention do not form any teratoma, so that no ter-
atoma is formed in a patient. Also, when autologous cell-
derived Muse cells are administered, there is no need to cause
bone marrow dysfunction by subjecting a patient to radiation
exposure, chemotherapy, or the like. When Muse cells that are
not autologous cells are used, the above treatment is per-
formed.

[0143] Furthermore, Muse cells can be a source of iPS cells
(induced pluripotent stem cells). Efficiency for preparation of
iPS cells using Muse cells as a source is much higher (at least
higher by 25 or more folds) than that of a case of using another
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type of cells (e.g., dermal fibroblasts not fractioned using
SSEA-3 expression as an index) as a source.

[0144] iPS cells can be prepared by introducing a specific
gene or a specific compound into Muse cells so as to alter
cytoplasms. Alterations of cytoplasms include reprogram-
ming or canceration, for which currently known methods or
all methods that will be established in the future can be
employed.

[0145] For example, a gene is introduced into Muse cells
according to the description of JP Patent No. 4182742 or the
description in FIG. 27, so that iPS cells can be established
from Muse cells. Also, in addition to the method described in
FIG. 27, it can be said that iPS cells can be established
through introduction of a chemical substance, a foreign gene,
or a foreign protein. Establishment of iPS cells from Muse
cells can be performed by methods described in Examples
described later, for example.

[0146] The iPS cells obtained as described above from
Muse cells may also be referred to as “Muse-derived iPS cells
(Muse-iPSC).” The present invention encompasses such
Muse-derived iPS cells. Muse-derived iPS cells can be said to
be pluripotent stem cells having Muse cell-derived prolifera-
tive ability.

[0147] Hereafter, the present invention is described in
greater detail with reference to the following examples,
although the present invention is not limited to these
examples

Example 1

Preparation and Characterization of Muse-Enriched
Cell Fractions and M-Clusters

Materials and Methods

[0148] The following cells are used in Examples.

[0149] Two strains of human dermal fibroblast fractions
(H-fibroblasts) and four strains of human MSC (bone marrow
stromal cell) fractions (H-MSC fractions) were used as mes-
enchymal cells. Human fibroblast fractions were (1) H-fibro-
blast-1 (normal human fibroblast cells (NHDF), Lonza), and
(2) H-fibroblast-2 (adult human dermal fibroblasts (HDFA,
ScienCell, Carlsbad, Calif.)). Human MSC fractions,
H-MSC-1, -2 and -3 were obtained from Lonza, and
H-MSC-4 was obtained from ALLCELLS. Human MSC
fractions are specifically described in Pittenger, M. F. et al.
Science 284, 143-147 (1999); Dezawa, M. et al. J Clin Invest
113, 1701-1710 (2004); and Dezawa, M. et al. Science 309,
314-317 (2005).

[0150] Cells were cultured at 37° C. in a-MEM (alpha-
minimum essential medium) containing 10% FBS and 0.1
mg/ml kanamycin with 5% CO,. Cells cultured directly after
their shipment were considered to be the 1°* culture. When
cells reached 95% confluence, cells were expanded at a ratio
of'1:2 (cell culture solution: medium). In this study cells from
the 4” to 107 subcultures were used.

[0151] Human ES cells (hESC) used herein were kyoto
hESC-1 (KhES-1) obtained from Kyoto University.

[0152] Mouse ES cells (TT2 cells) and human ES cells
(KhES-1) were maintained on mouse embryonic feeder
(MEF) cells established from 12.5-day embryos of C57BL/6
mice.
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[0153]
methods.

Experiments were conducted by the following

1. Stress Conditions for Mesenchymal Cells

[0154] To perform exposure to stress conditions including
culture under poor nutrition, culture under low serum, culture
under low O,, repetitive-trypsin incubations and long-term
trypsin incubation, the following six conditions were
employed:

1) culture in non-serum containing medium (STEMPRO
MSC SFM, Invitrogen) for 2 days (serum free);

2) culture in Hanks’ Balanced Salt Solution (HBSS) buffer
(Invitrogen) for 2 days (HBSS);

3) culture in 10% FBS in o-MEM combined with low O, (1%
0,) for 2 days (10% FBS+Low O,);

4) three consecutive 1-hr incubations (a total of 3 hours of
trypsin incubation) (Try 3x1 hr) in trypsin (0.25% trypsin-
HBSS);

5) long-term trypsin-incubation (LTT) for 8 hrs (LTT 8 hr);
and

6) LTT for 16 hrs (LTT 16 hr).

[0155] For negative controls, human peripheral mono-
nuclear cell fractions were used.

[0156] For conditions 4), 5) and 6), approximately 1x10° to
5x10° cells were suspended in 5 ml trypsin solution, and
incubated. Cells from stress conditions 1) through 3) were
collected by a 5-min trypsin incubation, and cells from stress
conditions 4) to 6) were transferred directly to tubes.

[0157] Large numbers of dead cells resulting from stress
conditions were disrupted by vortexing. Specifically, 5 ml
medium containing a maximum of 500,000 cells was trans-
ferred into a 15-ml Falcon tube, followed by 3 min of vortex-
ing at 1800-2200 rpm/min using a vortex mixer (IKA Works,
Inc.). Centrifugation was performed at 2000 rpm for 15 min,
so as to remove the supernatant. Collection efficiency of live
cells after vortexing ranged from approximately 70% to 80%.

2. MC Culture

[0158] Inthe Examples, cells were subjected to suspension
culture in methylcellulose-containing medium. Culture in
methylcellulose-containing medium is referred to as “MC
culture.” MC culture is as described in Nakahata, T. et al.,
Blood 60, 352-361 (1982).

[0159] Culture dishes were first coated with poly-HEMA
(poly(2-hydroxyethyl methacrylate)) to avoid attachment of
cells to the bottom of the dish. In brief, 600 mg of poly-
HEMA (SIGMA) was dissolved in 40 ml of 95% EtOH by
stirring at 37° C., added to the dish (e.g., 40 pl/well for
96-well culture dish and 200 pl/well for 12-well culture dish),
and the dish was air-dried overnight.

[0160] MC (MethoCult H4100, StemCell Technologies)
was suspended in 20% FBS+o-MEM to a final concentration
of 2%. The cell concentration in the semisolid MC medium
was adjusted to be 8x10° cells/ml at this concentration, so that
the cell-to-cell distance was sufficiently large to minimize
cell aggregation. Cells and MC medium were mixed thor-
oughly by gentle pipetting, and the mixture was transferred to
a polyHEMA -coated dish. To prevent drying, a volume equal
to one tenth of the initial MC culture of 10% FBS in a-MEM
was gently added to the dish every 3 days.

[0161] Cell clusters (referred to as Muse cell-derived
embryoid body-like cell cluster=M-clusters since cell clus-
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ters were clusters from the pluripotent stem cells, Muse cells,
of the present invention) were cloned on day 7. 0.01 M PBS
was added to the medium, the cells centrifuged at 2000 rpm
for 20 min, and the supernatant discarded. This procedure was
repeated three times to wash the cells. The collected cell pellet
was finally suspended in 10 pl of 0.01 M PBS containing
Trypan Blue, applied to a glass slide, and the entire area was
automatically imaged using phase contrast microscopy. Only
multicellular clusters larger than 25 um that were negative for
Trypan Blue and had an appearance similar to hES cells were
counted as M-clusters. The frequency of M-cluster formation
was calculated as the number of M-clusters divided by the
number of all live cells (all the Trypan Blue-negative cells).
Since determination of the precise number of cells in each
M-cluster was difficult, each aggregate was counted as one
cell, irrespective of its size.

[0162] For making cell clusters from hES cells, they were
carefully isolated from feeder cells so as not to include feeder
cells, transferred to MC culture as described above, and
imaged by phase contrast microscopy on day 3 of culture.

3. Single-Cell Suspension Culture

[0163] A 96-well dish was coated with polyHEMA as
described above. Following a limiting dilution of cells with
10% FBS in a-MEM, single cells were plated into each well.
After plating, the actual number of cells deposited in each
well was determined by visual inspection using a phase con-
trast microscope. Empty wells or wells with more than one
cell were marked and excluded from the analysis. The calcu-
lation of M-cluster formation was performed on day 10 of
culture. The frequency of M-cluster formation was calculated
from 3 experiments for each strain with a minimum of 250
wells per experiment.

4. Alkaline Phosphatase Staining

[0164] M-clusters from H-fibroblast fractions and H-MSC
fractions were washed several times with a sufficient volume
of saline. Staining was performed using the Leukocyte Alka-
line Phosphatase kit (Sigma).

5. In Vitro Differentiation of M-Cluster

[0165] After 7 to 10 days of MC culture or single-cell
suspension culture, single M-clusters from H-fibroblast frac-
tions and H-MSC fractions were picked up with a glass
micropipette and transferred onto a gelatin-coated culture
dish or cover glass. After another 7 days of incubation, cells
were dispersed from cell clusters. Cells were subjected to
immunohistochemical and RT-PCR analyses to determine the
presence or the absence of differentiation of the cells.

6. Immunohistochemistry

[0166] Cells were fixed with 4% paraformaldehyde in 0.01
M PBS. Muse-enriched cell fractions and M-clusters both
from H-fibroblasts and H-MSC fractions were collected by
centrifugation, embedded in OCT compound, and 8 pum thick
cryo-sections were cut. Cell clusters were fixed on gelatin-
coated cover glasses and then subjected to immunohis-
tochemical analysis.

[0167] The following primary antibodies against: Nanog
(1:500, Chemicon), Oct3/4 (1:800, kindly provided by Dr. H.
Hamada, Osaka University, Japan), Sox2 (1:1000, Abcam),
PAR4 (1:100, Santa Cruz), SSEA-3 (1:20, DSHB), smooth
muscle actin (1:100, Lab Vision), neurofilament M (1:200,
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Chemicon), a-fetoprotein (1:100, DAKO), mouse Numblike
(1:500, kindly provided by Dr. Yuh-Nung Jan, University of
California San Francisco) and type 1 collagen (1:20, Southern
Biotech) were sued. Alexa 488- or Alexa 568-conjugated
anti-rabbit IgG, anti-mouse 1gG or anti-mouse IgM antibod-
ies (Molecular Probes, Carlsbad, Calif.) were used as second-
ary antibodies for immunohistochemical analysis.
IRREOBRE B2 A0 TIE?

7. Determination of Karyotypes

[0168] Karyotypes ofcells clonally expanded from M-clus-
ters (obtained through repetition (1 to 3 times) of a cycle of
collecting single cells from M-clusters and then causing cells
to form cell clusters again) both from H-fibroblast fractions
and H-MSC fractions were determined by quinacrine-Ho-
echst staining.

8. Injection of Cells into the Testes of Immunodeficient Mice
[0169] Naive cell fractions and Muse-enriched cell frac-
tions and M-clusters both from H-fibroblast fractions and
H-MSC fractions were used. Muse-enriched cell fractions
were prepared by adding serum to the cells after LTT and
followed by three washes with 0.01 M PBS. M-clusters were
collected from MC cultures and also washed three times with
PBS. 1x10° cells were suspended in PBS and injected using
glass microtubes into the testes of NOG mice (Registered
trademark, mouse NOD/Shi-scid, IL-2RyKO Jic, 8 weeks
old, International Council for Laboratory Animal Science
(ICLAS) Monitoring Center Japan). The average volume of
the cells in M-clusters was measured using the 3D-graphic
analysis software provided with the laser confocal micro-
scope (50 M-clusters were measured and the total volumes of
the clusters were divided by the number of nuclei), which
resulted in 1.5x10° cells per 1 pl volume of collected M-clus-
ter pellet. Each testis of a NOG mouse was then injected with
the volume corresponding to 1x10° cells, and the mice were
subjected to the experiment for analysis 6 months after the
injection.

[0170] As controls, 1x10° mouse ES cells (for positive con-
trol, n=3) and mitomycin C-treated MEF cells (mouse embry-
onic feeder cells for negative control, n=3) were injected into
SCID mice testes, and the mice were subjected to the experi-
ment 8 weeks after the injection.

9. High-Resolution Analysis of Cells by Optical Microscope

[0171] Muse cells and M-clusters from H-fibroblast frac-
tions and H-MSC fractions were observed using a stable
high-resolution optical microscope for cell types such as
human MSC, fibroblasts, and neuronal cells.

10. Ultrathin Sectioning for Electron Microscopy

[0172] M-clusters, SSEA-3(+) and SSEA-3(-) cells both
from H-fibroblast fractions and H-MSC fractions as well as
cell clusters formed by hES cells were centrifuged. The pel-
lets were fixed with 2.5% glutaraldehyde in 100 mM phos-
phate buffer (pH 7.2) for 30 min. The fixed samples were
embedded in 1% agar. The embedded samples were trimmed
to 1 mm?, washed with PBS, and stained with 2% OsO,, in 100
mM phosphate buffer (pH 7.2) for 10 minutes at 4° C. The
samples were washed with distilled water and then stained
with 5 drops of 2% uranyl acetate (UA) for 20 min at 4° C.
After washing with distilled water, the stained samples were
incrementally dehydrated with 50%, 70% and 90% ethanol
for 10 min each at4° C., and then completely dehydrated with
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three exchanges of 100% ethanol. The samples were incu-
bated with propylene oxide for 5 min (for exchange) and
embedded in 50% epoxy resin in propylene oxide for 60 min,
followed by embedding in 100% epoxy resin and hardening at
60° C. overnight. Ultrathin sections were cut with a thickness
of 70-80 nm and observed in a 100 kV electron microscope
using a CCD camera.

11. Growth Rate of M-Clusters

[0173] To calculate the population doubling time for cells
in the M-clusters from both H-fibroblast fractions and
H-MSC fractions, the clusters were each transferred to
96-well plates and treated with trypsin for 15 min followed by
pipetting with a glass micropipette. The number of cells in
each well was counted. At least 20-30 M-clusters were ana-
lyzed at predetermined time points (day 1, 3, 5,7, 9, 10, 11,
12, 13 and 14).

12. RT-PCR

[0174] Naive cell fractions (about 10,000 cells per well of a
24-well plate) and cells in vitro differentiated from single
M-clusters (1 to 3 cycles) both from H-fibroblast fractions
and H-MSC fractions (about 10,000 cells per well of a
24-well plate) were used. Total RNA was extracted and puri-
fied using NucleoSpin RNA XS (Macherey-Nagel). First-
strand cDNA was generated using the SuperScript VILO
c¢DNA Synthesis Kit (Invitrogen). The PCR reactions were
performed using appropriate primers designed and Ex Taq
DNA polymerase (TaKaRa Bio Inc.). The used primers were
as follows.

[0175] Total RNA was extracted and purified using
NucleoSpin RNA XS (Macherey-Nagel). First-strand cDNA
was generated using the SuperScript VILO cDNA Synthesis
Kit (Invitrogen). The PCR reactions were performed using
appropriate primers designed and Ex Taq DNA polymerase
(TaKaRa Bio Inc.). As positive controls, human fetal liver
(Clonetech) was used for a-fetoprotein primers and human
complete embryos were used for others.

13. Quantitative-PCR (Q-PCR)

[0176] Total RNA was collected from naive cell fractions,
Muse-enriched cell fractions and M-clusters from H-fibro-
blast-1, H-fibroblast-2, H-MSC-1, and H-MSC-2 using the
RNeasy Mini Kit (Qiagen GmbH) and cDNA was synthe-
sized using the RT First Strand Kit (SA Biosciences). Cus-
tomized primers were purchased from SA Biosciences and
the DNA was amplified by quantitative PCR with the 7300
real-time PCR system (Applied Biosystems). The data were
processed using the AAC, method (Livak K J et al., Methods
25: 402-408, 2001).

14. DNA Microarray Analysis

[0177] Naive cell fractions, Muse-enriched cell fractions
and M-clusters from H-fibroblast-1, H-fibroblast-2, H-MSC-
1, and H-MSC-2, as well as the mixture of human peripheral
mononuclear cells obtained from 4 healthy volunteers were
used. Total RNA was collected using the RNeasy Mini Kit
(Qiagen) and analyzed by DNA microarray (TaKaRa Bio
Inc.). Array signals were processed and normalized using the
Affymetrix Expression Console V1.1 software. Pathway Stu-
dio 6.0 (Ariadne Genomics) was used to assign the differen-
tially expressed genes to functional categories in the Gene
Ontology. Hierarchical clustering was performed at a Euclid-
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ean distance based on differentially expressed genes with
average linkage clustering by MeV4 (Saeed A I et al., Bio-
techniques 34(2): 374-378, 2003).

15. Detection of Telomerase Activity

[0178] Muse-enriched cell fractions and M-clusters from
H-fibroblast fractions and H-MSC fractions, and Hela cells
were used. Telomerase activity was detected using the TRA-
PEZE XL telomerase detection kit (Millipore) and Ex Taq
polymerase (TaKaRa Bio Inc.). Fluorescence intensity was
measured with a micro plate reader (Tecan).

16. Bisulfite Sequencing

[0179] Genomic DNA (1 pg) from naive cell fractions,
Muse-enriched cell fractions, or M-clusters from H-fibroblast
fractions and H-MSC fractions was treated using CpGenome
DNA modification kit (Chemicon). DNA was purified using a
QIAquick column (Qiagen). The promoter regions of human
Oct3/4 and Nanog genes were amplified by PCR and then the
PCR products were subcloned into pCR2.1-TOPO. Up to 10
clones of each sample were verified by sequencing using M13
universal primers, so that the methylation in each promoter
region was detected. Primers described in Shimazaki T et al.,
EMBO J, 12:4489-4498, 1993 were used for PCR amplifica-
tion.

17. M-Cluster Formation from Human Bone Marrow Aspi-
rates

[0180] Three human bone marrow aspirates from healthy
donors were purchased from ALLCELLS. Mononuclear cell
fractions were collected using the Lymphoprep Tube (Axis-
Shield PoC AS) and subjected to MC culture directly (without
trypsin incubation) or after 8 hr-LTT as described above.
M-clusters were counted on day 7.

18. MACS Sorting

[0181] Mononuclear cell fractions from human bone mar-
row aspirates of three healthy donors (ALLCELLS) were first
reacted with microbeads-conjugated anti-CD105 antibody
and sorted using MS Columns (Miltenyi Biotech). CD105(+)
cells were collected as Fraction 1 (mesenchymal cell popu-
lation). CD105(-) cells were incubated with a mixture of
anti-CD34 and anti-CD117 antibodies conjugated to micro-
beads and sorted again to obtain CD34(+)/CD117(+) cells
(Fraction 2 corresponding to a hematopoietic stem cell popu-
lation) and CD105(-)/CD34(-)/CD117(-) cells (Fraction 3)
(FIG. 4). The thus collected samples were subjected to 8
hr-LTT and then the formation of M-clusters was determined.

19. Immunohistochemistry

[0182] Mice testes were fixed with 4% paraformaldehyde
in 0.02 M PBS, and a cryostat was used to cut 10 pm-thick
sections. Samples were washed with 0.02 M PBS, incubated
with 20% BlockAce (Yukijirushi)-containing buffer for
blocking and then incubated with primary antibodies for
immunohistochemical analysis. The primary antibodies used
were: smooth muscle actin antibody (1:200, Lab Vision),
anti-MAP-2 antibody (1:200, Biogenesis), and anti-o.-feto-
protein antibody (1:10, DAKO).

[0183] Anti-rabbit IgG antibodies conjugated with
Alexad88 or Alexa568 and anti-mouse IgG antibodies con-
jugated with Alexa568 used as secondary antibodies were
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incubated in the presence of DAPI. Samples were inspected
with a Clsi Nikon confocal microscope system (Nikon Cor-
poration).

20. Flow Cytometry and Cell Sorting

[0184] Cells were incubated with phycoerythrin-labeled
antibodies against CD11lc, CD29, CD34, CD44, CD45,
CDA49f, CD54, CD71, CD90, CD105, CD166, CD271 or
vWEF (Becton Dickinson) or with anti-SSEA-3 antibodies
(Millipore). In the case of labeling with the anti-SSEA-3
antibody, cells were further incubated with FITC-conjugated
anti-rat [gM antibodies. Calcium and magnesium-free 0.02 M
PBS supplemented with 2 mM EDTA and 0.5% bovine serum
albumin was used as the FACS antibody diluents. Data were
acquired and analyzed using FACSCalibur (Becton Dickin-
son) and the CellQuest software or using FACSAria and the
DIA software. For cell sorting, cells were incubated with
anti-SSEA-3 antibody in the FACS antibody diluents and
sorted by FACSAria (Becton Dickinson) using a low stream
speed and in the 4-way purity sorting mode.

21. Statistical Analysis

[0185] Data are expressed with average+SEM. Data were
compared via paired comparison according to the Bonferroni
method using ANOVA.

Results

A. Stress Conditions for H-Fibroblast Fractions and H-MSC
Fractions

[0186] Examples of the results of exposure of H-fibroblast
fractions and H-MSC fractions to stress conditions are shown
in Table 1.

[0187] After exposing the cells to stress conditions and
vortexing, Trypan Blue staining was used to count the number
of live cells, from which the survival rate was calculated. The
surviving cells were collected and grown in MC culture for 7
days. Stress conditions 2) resulted in a large number of dead
cells and low efficiency for collecting surviving cells. It was
therefore not possible to accurately determine the number of
formed M-clusters, and the number of M-clusters for stress
conditions 2) is thus denoted as ND (not determined) in Table
1.

[0188] Among the 6 stress conditions tested, the 16 hr-
trypsin incubation was most effective for H-fibroblast frac-
tions and the 8 hr-trypsin incubation for H-MSC fractions.
When this experiment was repeated using two strains of H-fi-
broblast fractions and four strains of H-MSC fractions, the
same trend was observed. M-clusters could not be recognized
in the negative control using human peripheral mononuclear
cells. Examples of typical observed values are shown in Table
1.

TABLE 1

Survival rates after exposure to stress conditions
and M-cluster formation in MC culture in H-fibroblasts,
H-MSCs and human peripheral mononuclear cells.

Cell cluster
Survival formation in MC

Start cell after culture (>25 pm)
number  stress (%) (% to survived cells)
H-fibroblast-1

1 Non-serum 30,000 75 7

2 HBSS 2,000,000 6 ND

3 10% FBS + LowO2 30,000 99 8
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TABLE 1-continued

Survival rates after exposure to stress conditions
and M-cluster formation in MC culture in H-fibroblasts,
H-MSCs and human peripheral mononuclear cells.

Cell cluster

Survival formation in MC
Start cell after culture (>25 pm)
number  stress (%) (% to survived cells)
4 Tryp 3 x 1 hr 2,000,000 0.3 6
5 LTT 8 hr 2,000,000 1 15
6 LTT 16 hr 500,000 5 20
H-MSC-1
1 Non-serum 30,000 44 5
2 HBSS 2,000,000 2 ND
3 10% FBS + LowO2 300,000 99 8
4 Tryp3x1hr 380,000 0.9 9
5 LTT 8 hr 380,000 10 21
6 LTT 16 hr 500,000 3 14
Human peripheral mononuclear cells

LTT 8 hr 300,000 2 0
6 LTT 16 hr 300,000 1 0

ND (not determined): M-clusters could not be calculated accurately, because the final
fraction contained a large number of dead cells and efficiency for collecting surviving cells
was low.

[0189] Among the 6 stress conditions tested, the 16 hr-
trypsin incubation (H-fibroblast fractions) and the 8
hr-trypsin incubation (H-MSC fractions) were the most effec-
tive for the formation of M-clusters. A series of procedures
including 16 hr- or 8 hr-trypsin incubation followed by vor-
texing at 1800-2200 rpm/min for 3 min and centrifugation at
2000 rpm for 15 min was termed “Long-Term Trypsin incu-
bation (LTT)” and used for the enrichment of Muse cells.
Collection efficiency of live cells after vortexing ranged from
approximately 70% to 80% (FIG. 5).

B. Criteria for M-Clusters

[0190] Inthe Examples, criteria for M-clusters were estab-
lished. The average diameter of single cells in Muse-enriched
cell fractions both from H-fibroblast fractions and H-MSC
fractions was 10-13 um (FIG. 6a). When these cells were
transferred to MC culture, the cells started to divide. The size
of the individual cells became smaller after cell division, and
the gradually forming multicellular clusters comprised cells
of 8-10 pm in diameter (FIGS. 7e and 7f). The size and
appearance of the cells were similar to those of human ES
cells subjected to MC culture (FIGS. 65 and 6¢). On day 7,
most of the multicellular clusters became larger than 25 um,
having a diameter of 100-150 um. The cell clusters had an
appearance very similar to cell clusters formed by ES cells.
Cell clusters larger than 25 pm were collected using (D25 pm
filters (FIG. 65) and then analyzed (up to 100 M-clusters each
from H-fibroblast fractions and H-MSC fractions) by immu-
nocytochemistry. Most of M-clusters were positive for the
pluripotency markers Nanog, Oct3/4, Sox2, PAR4 and
SSEA-3 and also positive for alkaline phosphatase staining
(FIGS. 6e-g). Pluripotency markers could be detected or not
detected in cell clusters smaller than 25 pm, but their local-
ization was sometimes atypical and the appearance of the
cells was more similar to that of cells in Muse-enriched cell
fractions.

[0191] Based on these findings, only multicellular clusters
larger than 25 pm in diameter were counted as M-clusters.

Mar. 24, 2011

C. Analysis of Cell Clusters Generated from Human Mesen-
chymal Cell Fractions

[0192] 1t is well known that dormant tissue stem cells are
activated when the tissue is exposed to stress, burdens or
damages. In the Examples, H-MSC fractions and H-fibroblast
fractions were exposed to stress conditions by various meth-
ods. Specifically, the stress conditions tested were: treatment
with non-serum medium; treatment with Hanks’ Balanced
Salt Solution (HBSS); treatment with low O, concentration;
and long-term trypsin incubation (LTT) for a total of 3, 8, or
16 hours. Cells that had survived the stress conditions were
collected and then suspended in methylcellulose (MC)-con-
taining medium (referred to as MC culture), followed by 7
days of MC culture at a density of 8000 cells/mL (FIG. 7-1d).
Each condition gave rise to cell clusters with sizes up to 150
um in diameter (FIGS. 7-1e and f). FIG. 7-1¢ shows MC
culture of H-fibroblast-1 fractions on day 0, FIG. 7-1d4 shows
MC culture of the same on day 7. Formation of the highest
number of cell clusters were observed in H-fibroblast frac-
tions subjected to 16-hr LTT and in H-MSC fractions sub-
jected to 8-hr LTT. FIGS. 7-1e and f show cell clusters
(M-clusters) formed from H-fibroblast-1 fractions. FIG. 7-1e
shows MC culture on day 7 and FIG. 7-1f'shows suspension
culture of single cells on day 10. Cell clusters were sorted
using filters with different pore-sizes according to their size,
so that immunocytochemical analysis was performed. The
cell clusters with a diameter larger than 25 pum contained cells
positive for the pluripotent stem cell markers Nanog, Oct3/4,
SSEA-3, PAR-4 and Sox2 (FIGS. 7-2g-/) and positive for
alkaline phosphatase staining (FIGS. 7-3 m-o0). Electron
microscopy revealed that cell clusters generated from H-fi-
broblast fractions and H-MSC fractions had the same char-
acteristics as clusters formed by ES cells. The cells showed a
similar nucleus/cytoplasm ratio, fewer organelles, and pres-
ence one or two big nucleoli in the nucleus (FIGS. 7-4 p-r).

[0193] Cells capable of forming cell clusters positive for
pluripotency markers and alkaline phosphatase staining by
suspension culture were found from the H-MSC fractions and
H-fibroblast fractions of a living body. The present inventors
named these cells “Muse cells” (multilineage differentiating
stress enduring cells). Cell populations formed from H-fibro-
blast fractions subjected to 16 hr-LTT and H-MSC fractions
subjected to 8 hr-LTT are referred to as “Muse-enriched cell
fractions (Muse-enriched cell populations).” Single cells
obtained from the cell populations were subjected to suspen-
sion culture. Formation of M-cluster was observed in
9%-10% of Muse-enriched cell fractions. This indicates that
the muse-enriched cell fractions contained about 9%-10%
Muse cells.

[0194] The growth of Muse cells isolated was examined.
Cells began to divide after 1-2 days in MC culture and kept
dividing at a rate of approximately 1.3 days/cell division until
day 10 (FIG. 8-2). However, cell growth gradually slowed
down by days 11-12 and seized by around day 14, with cell
clusters that reached a maximum size of 150 pm in diameter.
When the formed M-clusters were directly dissociated into
single cells by a 5-min trypsin incubation and returned to
single-cell suspension culture, the cells remained alive but
divided very slowly (5-7 days/cell division) or sometimes not
at all (FIG. 8-1 (1)). Thus, once their proliferation has been
limited (or once their growth rate has been lowered), Muse
cells do not re-accelerate their proliferation as long as they are
maintained in suspension culture. However, transfer of single
M-clusters to adherent culture reinitiated cell proliferation.
After 5-7 days, when relatively small-scale cell populations,
at a stage of 3,000 to 5,000 cells, were dissociated by 5
minutes of trypsin incubation and subjected to MC culture,
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40% of the cells formed new cell clusters (FIG. 8-1 (2)).
When the clonally expanded cell populations were allowed to
reach a scale of about 5-10x10* cells and then subjected to
LTT to produce Muse cells (2¢ cycle) again, nearly 10% of
these cells formed M-clusters (FIG. 8-1). This culture cycle
was repeated five times, consisting of LTT-suspension cul-
ture-adherent culture, so that every cell generation showed
the similar behavior and frequency of M-cluster formation.
The 5% generation M-clusters (at the 57 cycle) were still
positive for pluripotency markers and alkaline phosphatase
staining.

[0195] To confirm that these phenomena were not due to
abnormal cells that had undergone mutation or the like,
karyotypes of cells were determined. The karyotypes of most
cells clonally expanded from M-clusters were normal and did
not show detectable chromosomal abnormalities (FIG. 8-3).
These results demonstrate that the phenomena resulted from
normal cells.

[0196] These results demonstrate the capacity of Muse
cells for self-renewal and clonal expansion. Muse cells grow
through the series of cycle, “Muse cells—M-cluster—clonal
expansion.” It might be possible to obtain large numbers of
Muse cells from mesenchymal cell populations.

D. Differentiation of M-Cluster into the Three Germ Layers
[0197] To confirm differentiation ability, single M-clusters
were transferred onto gelatin-coated dishes and analyzed for
differentiation. On day 7, a-smooth muscle actin (mesoder-
mal marker), desmin (mesodermal marker), neurofilament-M
(ectodermal marker), a-fetoprotein (endodermal marker), or
cytokeratin-7 (endodermal marker) were detected (FIG. 9-1
a-¢). RT-PCR confirmed that 1°" and 3 generation M-clus-
ters (1% to 3’ cycles) expressed a.-fetoprotein and GATAG
(endodermal marker), microtubule-associated protein-2
(MAP-2) (ectodermal marker), and Nkx2.5 (mesodermal
marker) while no differentiation was observed in naive H-fi-
broblasts or MSC populations cultured on gelatin-coated
dishes (FIG. 9-2).

[0198] Muse-enriched cell fractions, M-clusters, or ES
cells were injected into the testes of immunodeficient mice, so
as to confirm teratoma formation (FIG. 9-3¢). Histological
examination of the testes revealed that within 8 weeks all
mice injected with ES cells developed teratomas. However,
remaining transplanted human cells and differentiation into
various cell species were detected in the testes of 10 out of 13
mice injected with Muse-enriched cell fractions and 10 out of
11 mice injected with M-clusters as shown in FIG. 9-3e.
Teratoma formation was never detected until at least 6 months
in groups to which Muse cell-enriched cell fractions or
M-clusters had been transplanted. Transplanted human cells
were labeled with an anti-human mitochondria antibody.
These cells were simultaneously confirmed to express ecto-
dermal-(neurofilament), endodermal-(c-fetoprotein) and
mesodermal-(smooth muscle actin) markers (FIG. 9-3f-i).
[0199] These data suggest that H-fibroblast fraction-, and
H-MSC fraction-derived Muse cells, and M-clusters are
capable of differentiating into the 3 germ layers both in vitro
and in vivo.

E. Quantitative PCR

[0200] Expression of markers relating to pluripotency and
differentiation state is shown in FIG. 10. The expression
levels of Nanog were not so high in Muse-enriched cell frac-
tions and cell clusters, compared with naive cells. Some pluri-
potent stem cells did not express Nanog at high levels (Chou
Y Fetal., Cell 135, 449-461 (2008)); Bui H T et al., Devel-
opment. 135(23):3935-3945 (2008)). Similar to Nanog,
Oct-4 was expressed at a low level in reprogramming somatic
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cells compared with mouse ES cells, as determined by
Q-PCR (Bui H T et al., Development. 135(23): 3935-3945
(2008)). Therefore, the expression levels of Nanog and other
pluripotency markers are not so important for pluripotency.

F. Gene Expression in Muse-Enriched Cell Fractions and
M-Clusters

[0201] It was found by using quantitative PCR that some
markers for pluripotency and an undifferentiated cell state
were up-regulated to various degrees in both Muse-enriched
cell fractions and M-clusters. Muse-enriched cell fractions
merely contained 9%-10% Muse cells as described above.
However, compared to naive cell fractions, the genes showed
tendency of higher-degree or moderate up-regulation in
Muse-enriched cell fractions: Rex1 (ZFP42), Sox2, KLF-4,
c-Myc, DPPA2 (developmental pluripotency associated 2),
ERAS, GRB7 (growth factor receptor-bound protein 7),
SPAGY (sperm associated antigen 9), and TDGF1 (teratocar-
cinoma-derived growth factor 1). The genes showed tendency
of higher degree or moderate up-regulation in M-clusters
were: DAZL (azoospermia-like), DDX4 (VASA), DPPA4
(developmental pluripotency associated 4), Stella, Hoxb1,
PRDM1, and SPRY?2 (sprouty homolog 2) (FIG. 10a) com-
pared with naive cells.

[0202] Overall gene expression in H-fibroblast fraction-
and H-MSC fraction-derived naive cell fractions, Muse-en-
riched cells fractions, and M-clusters was compared with that
in a human peripheral mononuclear cell fraction as a control.
As a result, fluctuations in expression patterns of some genes
were observed in naive cell fractions, Muse-enriched cells
fractions, and M-clusters (FIG. 10a).

[0203] Muse-enriched cell fractions and M-clusters
showed low telomerase activity, suggesting that telomerase
activity is not strongly related to the proliferation activity of
Muse cells (FIG. 105).

G. DNA Microarray Analysis of Global Gene Expression

[0204] Pearson correlation analysis of 108 probes was per-
formed for human peripheral blood mononuclear cells (as
negative control), naive cell fractions, and the Muse-enriched
cell fractions and M-clusters from H-fibroblast fractions and
H-MSC fractions (FIG. 11).

[0205] Also, odorant receptors and chemokine receptors
expressed were picked up by DNA microarray analysis.

H. Muse Cells Exist In Vivo

[0206] The experiments described so far were performed
with stable cultured cells, which may have acquired charac-
teristics that differ from cells in situ when they are obtained
froman adult body and then cultured. Hence, a possibility that
Muse cells or M-clusters are artifact products cannot be
denied. Therefore, we attempted to directly obtain M-clusters
from ahuman body; that is, human bone marrow cells without
culture. The mononuclear cell fractions were isolated from
human bone marrow aspirates and either cultured directly on
MC (naive hBM-MC) or subjected to 8 hr-LTT prior to MC
culture (8 hr-hBM-MC; the survival rate of mononuclear cells
after LT'T was about 3.5%). After 7 days, the cultures were
tested for M-cluster formation. 8 hr-hBM-MC formed
M-clusters at a frequency of about 0.3%, approximately 75
times higher than that of naive hBM-MC (about 0.004%)
(FIG. 12a). The M-clusters were positive for alkaline phos-
phatase staining (FIG. 125). RT-PCR of cells clonally
expanded from single M-clusters both from naive hBM-MC
and 8 hr-hBM-MC showed expression of o-fetoprotein,
GATA6, MAP-2 and Nkx2.5 (FIG. 13). These results prove
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that Muse cells exist in vivo in human bone marrow, that they
can be enriched by 8 hr-LTT and that they can form M-clus-
ters. It was also confirmed that, among many cell types in
bone marrow, the majority of Muse cells belong to the CD105
(+) mesenchymal cell fractions.

[0207] As described above, Naive hBM-MC formed
M-clusters at an extremely low frequency of about 0.004% in
mononuclear cell fractions directly isolated from the human
bone marrow aspirate. Since it is conceivable that culturing
cells changes the composition of the cell population, cells in
stable culture may have a different propensity to form
M-clusters compared with naive mononuclear cells isolated
from the bone marrow. To confirm this possibility, a human
bone marrow aspirate was cultured to collect primary MSCs
and then the cells were directly subjected to MC culture. This
protocol resulted in a much higher frequency of M-cluster
formation of about 0.2%. When these primary MSCs were
further cultured, to the 2”¢ and 5 subculture, the frequency of
M-cluster formation increased by about 0.5% and about
1.0%, respectively, with respect to naive cell fractions. Con-
sistent with this finding, about 1.2% of naive H-fibroblast
fractions and H-MSC fractions formed M-clusters. These
results suggest that Muse cells have high stress tolerance and
can endure in vitro culture environment such as subculture
procedures. Stable subcultured cell fractions thus showed a
higher frequency of M-cluster formation than mononuclear
cell fractions isolated directly from the bone marrow aspirate.
[0208] Bone marrow contains many cell types of mono-
nuclear cells including MSCs, hematopoietic lineage cells,
and endothelial cells. To determine which fraction contains
the Muse cells, mononuclear cell fractions were isolated from
a human bone marrow aspirate and then directly subjected to
MACS sorting using antibodies against CD34, CD117 (mark-
ers for hematopoietic cells) and CD105 (marker for MSCs).
The fractions were then treated with 8 hr-LTT, and the cells
were grown in MC culture for 7 days. Almost no M-clusters
were detected in the CD34+/CD117+ fraction, but the
CD34-/CD117-/CD105+ fraction contained 50 times more
cell clusters than the CD34-/CD117-/CD105- fraction. This
result suggests that the majority of Muse cells belong to the
CD105(+) mesenchymal cell fraction.

1. MACS Sorting

[0209] The three fractions from mononuclear cells from
bone marrow contained the following percentages of total
cells: Fraction 1 (CD105+ fraction): 1.8%; Fraction 2
(CD34+4/CD117+ fraction): 8.5%; and Fraction 3 (CD34-/
CD117-/CD105- fraction): 89.7%. The frequencies of cell
cluster formation in Fractions 1, 2, and 3 were 0.5%, 0% and
0.01%, respectively. The formation of cell clusters in Fraction
1 was thus about 50 times higher than that in Fraction 3.

J. FACS Sorting

[0210] As an example, FACS sorting was performed using
SSEA-3 as a marker. For both H-fibroblasts and H-MSCs,
SSEA-3(+) and SSEA-3(-) cells were separated by FACS
sorting and subjected to single-cell suspension culture.
Approximately 50%-60% of the SSEA-3(+) cells generated
M-clusters, while only few M-clusters were formed from
SSEA-3(-) cells.

K. Characteristic Features of Muse Cells

[0211] FACS analysis revealed that naive H-fibroblast frac-
tions and H-MSC fractions contained fractions positive for
CD44, CD491, CD54, CD90, and CD105 expressed in mes-
enchymal cells, but were negative for CD11c, CD34, CD45,
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CD71, CD166, CD271, and von Willebrand (vWF) factors.
Muse-enriched cell fractions contained about 0.7%-1.9%
SSEA-3 (+) fractions (negative for CD44 and CD54) (FIG.
14).

[0212] SSEA-3 is one of the known markers for pluripo-
tency. In naive H-fibroblast fractions and H-MCS fractions,
the frequency of M-cluster formation (about 1.2%) and the
frequency of Muse-enriched cell fraction formation (9%-
10%) were similar to the relevant percentage of SSEA-3(+)
cells (naive cell fraction: about 0.7%-0.9%; and Muse-en-
riched cell fraction: 7%-8.3%). Such percentage of SSEA-3
(+) cells may indicate a state of Muse cells. Immunohis-
tochemical analysis revealed that the percentage (number) of
SSEA-3(+) cells in naive H-fibroblast fractions and H-MSC
fractions was less than 1%. SSEA-3(+) cells were then sorted
from Muse-enriched cell fractions derived from H-fibroblast
fractions and H-MSC fractions and then subjected to single-
cell suspension culture. As a result, 50%-60% of the SSEA-
3(+) cells generated M-clusters. This result is about 6-7 times
higher than that of M-cluster formation in Muse cell-enriched
cell fractions and about 60 times higher than that of M-cluster
formation in naive cell fractions. Meanwhile, M-cluster for-
mation was not observed in SSEA-3 (-) cell fractions. Of
note, in clonally expanded cells (3000 to 5000 cells) from a
single cell cluster derived from a FACS-sorted SSEA-3(+)
cell fractions, about 45% of the cells were SSEA-3(+) (FIG.
15-1a). This finding suggested that asymmetric cell division
is involved in M-cluster formation and that this can also be
said in clonal expansion of a single M-cluster. Actually
Numblike (known to be involved in asymmetric cell division)
exists in only one of the two daughter cells after cell division
(FIG. 15-2b). These results suggest that asymmetric cell divi-
sion is involved in the growth of Muse cells.

[0213] Electron microscopy revealed the presence of
nuclear deformities and vacuoles in the cytoplasm in SSEA-3
(=) cells from H-fibroblast fractions and H-MSC fractions
sorted after LTT, indicating cell damage. Electron micros-
copy did not reveal clearly recognizable morphological dif-
ferences between SSEA-3 (=) and SSEA-3(+) cells (FIG.
15-3¢ and d). SSEA-3 (-)

[0214] The importance of SSEA-3 (+) cells was also dem-
onstrated in the transplantation experiments. When SSEA-3
(=) cell fractions were transplanted, very small number of
cells were positive for the tissue markers compared to
SSEA-3 (+) cell fraction transplantation.

[0215] The majority of SSEA-3(+) cells in Muse-enriched
cell fractions expressed both Oct3/4 and Sox2, which were
detected in the cytoplasm (FIG. 15-4e and g), and a very small
number of cells expressed in the nucleus (FIG. 15-40. This
result indicates that SSEA-3 can be a good marker for Muse
cells. In contrast, in cells in M-clusters, Oct3/4 and Sox2
predominantly localized to the nucleus (FIGS. 7-2/ and /). It
is possible that this difference in the intracellular localization
of the two markers reflects a difference in the cell status.

[0216] The possibility remains that Muse cells are artifi-
cially induced by LTT. As described above, the majority of
Muse cells exist in the bone marrow’s CD105(+) cell fraction.
Furthermore, SSEA-3(+) cells also showed Muse cell prop-
erties. We therefore attempted to directly obtain Muse cells
from adult human bone marrow aspirates by isolating them as
SSEA-3/CD105 double-positive cells. Double-positive cells,
which constituted 0.025% to 0.05% of bone marrow-derived
mononuclear cells, were directly subjected to single-cell sus-
pension culture without LTT. After 7 days, 11.4%=%1.2% of
the cells (corresponding to 0.003% to 0.005% of the mono-
nuclear cells) formed M-clusters, which were ALP(+). Single
M-clusters were then again expanded by adherent culture to
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3000 cells and subsequently subjected to single-cell suspen-
sion culture. Of these cells, 33.5%=3.1% cells formed 27¢
generation M-clusters, and RT-PCR of'the cells that expanded
from a single M-cluster on gelatin-coated dishes indicated the
expression of a-fetoprotein, GATA6, MAP-2, and Nkx2.5,
suggesting that cells with properties consistent with those of
Muse cells reside in adult human bone marrow.

[0217] As described above, non-stem cells were removed
by exposure to stress conditions, so that stem cells could be
enriched. Muse cells could be efficiently collected by LTT
and the following sorting of SSEA-3 (+) cells. Muse cells
expressed pluripotency markers, were positive for alkaline
phosphatase staining, and formed M-clusters capable of dif-
ferentiating into ectodermal, mesodermal, and endodermal
cells. Also, Muse cells have no characteristics relating to
tumorigenic proliferation and no telomerase activity, as
revealed by measurement of the growth rate. This suggests
that Muse cells have a multi-layered safety system that pre-
vents a burst in proliferation. Such non-tumorigenic property
of Muse cells was also confirmed by an experiment wherein
Muse cells were injected into mouse testes. This property is
convenient for maintaining the balance of biofunctions.
Absence of such property may destroy a living body due to
abnormal growth or dysplasia, resulting in tumorigenesis or
teratoma formation.

[0218] The pluripotency of Muse cells did not become
obvious in an adherent culture system, but was observed in
suspension culture.

[0219] In general, it is thought that Muse cells are in a
dormant state, but are activated in response to signals related
to an acute crisis or to continued stressful conditions such as
a severe injury, starvation, or ischemia. Upon activation,
Muse cells may contribute to tissue regeneration, intercellular
interactions, and thus tissue organization.

Example 2

Characterization of Muse Cells Isolated Using
SSEA-3

[0220] Examinationin Example 1 revealed that SSEA-3 (+)
cell fractions obtained by FACS had the properties of pluri-
potent stem cells; that is, they were Muse cells (J, K, and the
like above). Furthermore, in vitro differentiation ability and
in vivo differentiation ability were examined using isolated
SSEA-3 (+) cells and then Muse-derived iPS cells were estab-
lished.

1. Examination of In Vivo Differentiation Ability by Trans-
plantation of Cells into Damaged Tissues

[0221] SSEA-3 (+) Muse cells labeled with GFP (green
fluorescent protein)-lentivirus were isolated and then trans-
planted via intravenous injection into immunodeficient mice
(NOG mice) with damaged spinal cord (Crush injury of spi-
nal cord), damaged liver (intraperitoneal injection of CCL,,
fulminant hepatitis model), or damaged gastrocnemius
(muscle) (cardiotoxin injection). Human skin cell-derived
Muse cells were labeled with GFP (green fluorescent pro-
tein)-lentivirus (Hayase M et al., J Cereb Blood Flow Metab.
29(8): 1409-20, 2009) and then it was confirmed using GFP
that M-clusters were derived from the labeled cells. Crush
injury of spinal cord was performed at the level of Th9 (Fa-
rooque M et al., Acta Neuropathol., 100; 13-22, 2000) for
NOG mice. Cardiotoxin was injected into the gastrocnemius
(muscle) of the NOG mice to induce muscle degeneration.
Carbon tetrachloride was administered to NOG mice by peri-
toneal injection to induce liver degeneration. 1x10° Muse
cells were transplanted by intravenous injection 2 days after
for the muscle and liver and 7 days after for the spinal cord.
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Six mice were used for each condition. Intact mice that
received intravenous injection of GFP-labeled MEC popula-
tion were used as controls. At 3 or 4 weeks after transplanta-
tion, mice were fixed with 4% paraformaldehyde and then
subjected to immunohistochemical analysis and confocal
laser microscopic observation.

[0222] After 4 weeks, in mice with spinal cord injury, it was
found that: cells positive for GFP and human Golgi complex
expressed neurofilaments (FIG. 16-1N and O); and that in
mice with liver damage, cells positive for GFP and human
Golgi complex (in regenerated liver) expressed human albu-
min (FIG. 16-1P). RT-PCR further confirmed the expression
of human albumin in Muse cell-transplanted NOG mice liver
(FIG. 16-2). GFP(+) cells injected into the regenerating
muscle and at 3 weeks expressed human dystrophin (FIG.
16-3). In contrast to these results, transplantation of SSEA-3
(=) human dermal fibroblast fractions resulted in a signifi-
cantly smaller number of integrated cells and fewer cells that
were positive for the respective tissue markers. These findings
suggest that Muse cells have an ability to integrate into dam-
aged tissues and also to differentiate in vivo into ectodermal-,
endodermal-, and mesodermal-lineage cells.

2. Differentiation of Expanded Cells Derived from M-Cluster
Generated from Single Muse Cells

[0223] It was examined whether an induction system is
effective for regulation of differentiation of Muse cells.
Single SSEA-3(+)-Muse cell-derived M-clusters were trans-
ferred individually to adherent culture for expansion.
Expanded cells derived from a single Muse cell were col-
lected, divided into four populations, and then each subjected
to neural, osteocytes, adipocytes and hepatocyte inductions
(n=5).

[0224] For neural induction, cells at a density of 1.0x10°
cells/ml were cultured in NEUROBASA1 medium (Gibco)
supplied with B-27 Supplement in poly-HEMA coated dish
and cultured for 7 days for sphere formation. For differentia-
tion, spheres were transferred onto poly-L-Lysin-coated
glass, and incubated in 2% FBS supplied with 25 ng/ml FGF
and 25 ng/ml BDNF for 10 days.

[0225] For osteocyte induction, cells at a density of 4.2x10?
cells/cm® were incubated with osteocyte induction medium of
Human Mesenchymal Stem Cell Functional Identification
Kit (R&D Systems, SC-006) for 14 days.

[0226] For adipocyte induction, cells at a density of 2.1x
10* cells/cm® were incubated with adipocytes induction
medium of the human mesenchymal stem cell functional
identification kit (R&D Systems) and incubated for 14 days.
[0227] For hepatocyte induction, cells at a density of 2.0x
10* cells/cm?® were incubated with DMEM (+10% FBS,
10xITS (GIBCO) supplied with 10 nM dexamethasone and
100 ng/ml HGF, 50 ng/ml FGF4) on collagen-coated dish for
14 days.

[0228] Neural induction generated spheres containing cells
positive for neural stem cell markers nestin, Musashi and
NeuroD (FIGS. 17-1A-D), which further differentiated into
MAP-2- or GFAP-positive cells when cultured in differentia-
tion medium (FIG. 17-1E; 89+5.7% positive either for
MAP-2 or GFAP). Osteocyte induction produced cells posi-
tive for osteocalcin (97+3.5%) and alkaline phosphatase
(FIGS. 17-1F-G). Adipocyte differentiation produced cells
with lipid droplets that stained with oil red (90+4.9%) (FIGS.
17-1H-I). Hepatocyte induction generated cells positive for
human o-fetoprotein (FIG. 17-1J; 87+7.6%), and RT-PCR
confirmed the expression of human albumin and a-fetopro-
tein (FIG. 17-2). These results demonstrate that Muse cells
can be regulated (via induction) to differentiate into cells of
three lineages with very high efficiency.
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3. Collection of SSEA-3 (+) Cells from the Adult Human Skin
[0229] It was attempted to directly isolate Muse cells from
adult human skin without incubation of cultured cells or
formation of M-clusters.

[0230] Human skin from healthy donors (n=3) was
obtained from BIOPREDIC

[0231] International. The epidermis and fat tissues were
carefully removed to separate the dermis, and the dermis was
incubated with Collagenase/Dispase in o.-MEM containing
10% FBS for 36 hrs at 37° C. Cells were collected by filtering
digested dermis, and were subjected to centrifugation at 1500
rpm for 20 min, washed with a-MEM and incubated with
0.25% trypsin-HBSS for 5 min. Cells were further washed
with FACS buffer, and incubated with SSEA-3 for collecting
SSEA-3 (+) cells by cell sorting using FACS. From about 7
cm? of the skin tissue, 1.3x0.3x10* single cells could be
finally collected. SSEA-3(+) cells accounted for 1.7+0.2% of
these collected single cells.

[0232] 21.0+1.7% of SSEA-3(+) cells formed M-clusters
within 7 days of single-cell suspension culture by limiting
dilution. The M-clusters were positive for ALP staining, and
RT-PCR showed that cells expanded from a single M-cluster
on gelatin-coated dishes expressed MAP-2, Brachyury,
Nkx2.5, GATA6, and a-fetoprotein. These findings suggest
that adult human dermis contains cells with the same proper-
ties as those of Muse cells as in the case of adult human bone
marrow aspirates.

[0233] Human adult dermis contains several types of stem
or progenitor cells, such as SKPs (skin-derived progenitor
cells), NCSCs (neural crest stem cells), melanoblasts (MBs),
perivascular cells (PCs), endothelial progenitors (EPs) and
adipose-derived stem cells (ADSCs). To rule out a possibility
that Muse cells are identical to one of these known stem cells,
Muse cells were analyzed for expression of Snail (markers
for SKPs), Slug (markers for SKPs), Sox10 (markers for
NCSCs), CD271 (markers for NCSCs), Tyrpl (markers for
MBs), Det (markers for MBs), CD117 (markers for MBs),
CD146 (markers for PCs and ADSCs), NG2 (markers for
PCs), CD34 (markers for EPs and ADSCs), and von Will-
ebrand Factor (markers for EPs). None of these markers were
detected in SSEA-3(+) cells by FACS or RT-PCR analysis
(FIG. 18-1 and FIG. 18-2), suggesting that Muse cells differ
from these stem or progenitor cells known to be present in
adult human dermis.

[0234] Phagocytic activity of Muse cells was determined
using ferrite particles. Muse cells easily incorporated ferrite
particles, suggesting that Muse cells have high phagocytic
activity (FIG. 18-3).

4. BEstablishment of Muse-Derived iPS Cells (Muse-iPSC)

[0235] iPS cells are prepared by introduction of Oct3/4
gene, Sox2 gene, KIf4 gene, c-Myc gene, Nanog gene, and
Lin28 gene, for example. Muse cells have properties analo-
gous to iPS cells in that they express pluripotency markers
and can differentiate into ectodermal, mesodermal, and endo-
dermal cells. It was examined if Muse cells could be good
materials for iPS cells.

[0236] A method employed for this purpose is as follows.
[0237] Four factors (Nanog, Oct3/4, KLF4, and c-Myc)
were introduced into SSEA-3(+) cells and SSEA-3 (-) cells
from H-fibroblast fractions using retroviral vectors according
to the description of Takahashi et al., Cell, 131, 861-872
(2007) and then cultured. The method is specifically
described as follows.

Establishment of Plasmid

[0238] The open reading frames of human Oct3/4, Sox2,
K1f4, and c-Myc were inserted into the pMXSs retroviral vec-
tors (Cell Biolabs).
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Infection with Retrovirus and Establishment of iPS Cells

[0239] PLAT-A cells were seeded at a density of 5x10° cells
per 100-mm dish and then cultured overnight. On the next
day, transfection was performed using Fugene HD. At 24
hours after transfection, medium exchange was performed.
Supernatants were collected after 3 days and then filtered
through a 0.45-um filter. Polybrene (4 png/ml) was then added.
NHDFs (Normal Human Dermal Fibroblasts) seeded at a
density of 1x10° cells per 60-mm dish were infected with a
virus solution. 24 hours later, the medium was exchanged
with new medium containing no virus. Cells were removed
using trypsin on day 4 after viral infection and then seeded on
MEF (feeder cells) at a density of 3x10* cells. On the next
day, the medium was exchanged with Primate ES medium
supplemented with 4 ng/ml bFGF. After 2 days, medium
exchange was performed once every other day. After 30 days,
colonies were picked up and then seeded over a 24-well plate.

PCR Analysis

[0240] RNA was purified using an RNeasy mini kit
(QIAGEN). RNA (500 ng) was reverse transcribed using
SuperScriptll. Endogenous Oct, Sox2, K1f4, Myc, and Nanog
primers, PCR conditions, and the like are as described in
Takahashi et al., Cell, 131, 861-872 (2007).

In Vitro iPS Cell Differentiation

[0241] iPS cells were collected using collagenase. Cell
clusters were placed on dishes coated with Poly-HEMA and
then cultured in DMEM/F12 medium containing 20%
Knockout serum replacement (Invitrogen), 2 mM
L-Glutamine, 1x10~*M nonessential amino acid, 1x10™*M
2-mercaptoethanol (Nacalai), and 0.5% Penicillin/Strepto-
mycin. Medium was exchanged once every other day. 7 days
later, embryoid bodies were seeded on gelatin-coated dishes,
followed by 1 week of culture in the same medium.

Formation of Teratomas

[0242] iPS cells in a 60-mm diSh were treated with a Rock
inhibitor, collected using Accutase (registered trademark) in a
tube, subjected to centrifugation, and then suspended in PBS.
These cells were injected into the testis of an NOG mouse
(registered trademark) (Central Institute for Experimental
Animals). After 12 weeks, the resultants were fixed with 4%
paraformaldehyde. Paraffin sections were subjected to HE
(Hematoxylin & Eosin) staining.

[0243] The following results were obtained.

[0244] Four factors, Nanog, Oct3/4, KLLF4 and c-Myc were
introduced into H-fibroblast fraction-derived SSEA-3(+) and
(=) cells using retroviral vectors according to the method
described by Takahashi et al, Cell, 131, 861-872 (2007). Cells
were seeded again on MEF after 5 days, and then cultured.
Immediately before colony pickup; that is, on day 30 of
culture on MEF, the generated colonies in SSEA-3 (-) cells
were non-ES cell-like colonies and none of them were posi-
tive for Tra-1-80 (ES cell marker). In contrast, many SSEA-
3(+) cells formed colonies about sevenfold the number of
colonies formed by SSEA-3(-) cell populations, which were
positive for Tra-1-80. Importantly, genes tightly related to
pluripotency, such as Nanog and Sox2 were all negative in
SSEA-3 (=) cells (all colonies and cells not forming colonies
were collected) even immediately before colony pickup on
day 30 on MEF, as determined by RT-PCR. Meanwhile,
SSEA-3(+) cells showed up-regulation of endogenous Oct3/
4, KLF4, and Rexl and expressed Nanog and Sox2. As
expected, SSEA-3(+) cells were subjected to colony pickup
and then transferred onto new MEF (feeder cells), iPS cells
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could be successfully generated at efficiency about 30 times
higher than that of naive H-fibroblast fraction cells. These iPS
cells exhibited up-regulation or new appearance of Tra-1-60,
Tra-a-80, Rex1, UTF-1, telomerase reverse transcriptase
(TERT) and factors expressed in human ES cells, as revealed
by immunocytochemistry, RT-PCR, and Q-PCR (FIGS. 19
and 21). Furthermore, Nanog, Oct3/4, Sox 2, and TRA-1-81
were expressed in the thus obtained Muse cell-derived iPS
cells (FIG. 19). RT-PCR revealed that Nanog, Oct3/4, and
Sox 2 were expressed in Muse cell-derived iPS cells, but not
expressed in SSEA-3 (-) cell-derived colonies (FIG. 21).
[0245] The efficiencies for transduction of Oct3/4 gene,
Sox 2 gene, K1f4 gene, and c-Myc gene were almost identical
for the SSEA-3(+) and SSEA-3(-) cell fractions. Transduced
cells with above four factors were then transferred onto and
cultured on mouse feeder cells at a density of 1x10° cells per
dish. The generation of colonies were observed in both popu-
lations, but SSEA-3(+) cell fractions formed seven times
more colonies than the SSEA-3 (=) cells. Furthermore, in
contrast to those derived from the SSEA-3(+) cell fractions,
none of the colonies derived from the SSEA-3 (-) cell frac-
tions were found to be positive for the human pluripotent stem
cell marker TRA-1-81 even on day 30 of culture immediately
before colony pickup (FIG. 22-1). RT-PCR revealed that
endogenous Sox2 and Nanog were only expressed in SSEA-
3(+)cell-derived fractions but not in SSEA-3(-) cell fractions
(FIG. 22-2).

[0246] All colonies generated from SSEA-3(+) and
SSEA-3 (-) cell fractions were picked and passaged in indi-
vidual wells to establish iPS cell lines. After 3 passages, all
colonies exhibiting human ES cell-like morphology (flat
colonies) were individually subjected to RT-PCR (FIGS.
22-3C and C1). Colonies expressing all three factors (endog-
enous Oct3/4, endogenous Sox2 and Nanog) were counted
iPS colonies. This analysis revealed that only colonies origi-
nating from SSEA-3(+) cells generated iPS cells and the
efficiency was 0.03%, while none of the colonies originating
from SSEA-3 (-) cells generated iPS cells (FIG. 22-3D and
D1).

[0247] Furthermore, iPS cells established from Muse cells
differentiated into ectodermal, mesodermal, and endodermal
cells, and formed teratomas in mice testes (FIGS. 23-1 to
23-3).

[0248] The proliferation activity of Muse cells was not so
high in terms of growth rate and telomerase activity. Consis-
tently, while Muse cells differentiated into triploblastic cells
in the mice testes, they did not develop into teratomas. This
may be reasonable because if Muse cells are maintained in
adult human tissue such as in skin and bone marrow, their
proliferation should be strictly regulated, otherwise they
would easily develop into tumors in virtually every part of the
body. Moreover, even pluripotent cells do not always show
teratoma formation since epiblast stem cells cultured under
certain conditions were demonstrated not to form teratomas
in mice testes (Chou et al., Cell, 135, 449-461 (2008)). As
Muse cells originally showed some of the characteristics of
pluripotent cells such as pluripotency marker expression and
their differentiation ability, it is suggested that Muse cells
could easily become iPS cells solely by an elevation of pro-
liferative activity and formed teratoma in the mice testes. The
induction mechanism of iPS is not yet clarified, but procure-
ment of tumorigenic proliferation in Muse cells among mes-
enchymal cell population might be one of the possibilities.
[0249] iPS cells could be established at efficiency of about
0.001% from naive human dermal fibroblast fractions. This
agrees with the report of K. Takahashi et al., Cell 131, 861
(2007). Therefore, iPS cell preparation efficiency from
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SSEA-3 (+) cells was 30 times higher than that from naive
fibroblasts. This suggests that Muse cells mainly contribute to
iPS cell generation.

[0250] Immunohistochemical analysis and RT-PCR analy-
sis of embryoid bodies that developed from Muse-derived iPS
cells showed that cells differentiated into ectodermal cells
expressing neurofilament and MAP-2, mesodermal cells
expressing SMA, Brachyury and Nkx2.5, and endodermal
cells expressing a-fetoprotein and GATA-6 in vitro. Further-
more, injection of Muse-derived iPS cells into testes of immu-
nodeficient mice resulted in teratoma formation. In contrast,
testes injected with M-clusters did not develop teratomas for
up to 6 months, and most were not significantly larger than
control testes that were injected with inactivated MEFs. How-
ever, cells positive for human mitochondria, and for SMA,
a-fetoprotein and neurofilament were identified. These
results show that unlike Muse-derived iPS cells, original
Muse cells do not form teratoma, but differentiate into meso-
dermal, ectodermal, and endodermal lineage cells in immu-
nodeficient mice.

[0251] M-clusters and Muse-derived iPS cells were sub-
jected to quantitative-PCR (Q-PCR). The results are shown in
FIGS. 25 and 26. The expression patterns of genes related to
cell cycle regulation differed substantially. Genes related to
cell cycle progression were mostly down-regulated in
M-clusters but up-regulated in Muse-derived iPS cells.
Expression of genes related to pluripotency and an undiffer-
entiated cell state were similar in M-clusters and Muse-de-
rived iPS cells, but the expression levels of Nanog, Oct3/4 and
Sox2 were much lower in M-clusters than in Muse-derived
iPS cells. Furthermore, cytosine guanine dinucleotides
(CpGs) in the promoter regions of Nanog and Oct3/4 genes
were less methylated in Muse-derived iPS cells than in
M-clusters, and the promoter region of Nanog gene showed a
lower CpG methylation level in M-clusters than in naive
SSEA-3 (=) cell fractions (FIG. 24). This result may partly
explain the differences in the expression level of pluripotency
markers between Muse cells and Muse-derived iPS cells.

INDUSTRIAL APPLICABILITY

[0252] According to the present invention, pluripotent stem
cells can be obtained from body tissue without using any
germ cells or early embryos and without using an artificial
induction operation such as foreign gene transfer or introduc-
tion of a specific compound. The pluripotent stem cells of the
present invention can be efficiently prepared without using an
artificial operation such as foreign gene transfer, so that they
can be safely used when applied for treatment. Also, the
pluripotent stem cells of the present invention can be used for
regeneration medicine and treatment for dysfunctional tissue
or the like, and they can be further used for research into cell
division or tissue regeneration, for example.

[0253] All publications, patents, and patent applications
cited in this specification are herein incorporated by reference
in their entirety.

What is claimed is:

1. A SSEA-3 (+) pluripotent stem cell, which can be iso-
lated from body tissue.

2. The pluripotent stem cell according to claim 1, which is
positive for CD105.

3. The pluripotent stem cell according to claim 1, which is
negative for CD117 and negative for CD146.

4. The pluripotent stem cell according to claim 1, which is
negative for CD117, negative for CD146, negative for NG2,
negative for CD34, negative for vWF, and negative for
CD271.
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5. The pluripotent stem cell according to claim 1, which is
negative for CD34, negative for CD117, negative for CD146,
negative for CD271, negative for NG2, negative for vWF,
negative for Sox10, negative for Snail, negative for Slug,
negative for Tyrp1, and negative for Dct.

6. The pluripotent stem cell according to claim 1, which has
low or no telomerase activity.

7. The pluripotent stem cell according to claim 1, which is
capable of differentiating into the three germ layers.

8. The pluripotent stem cell according to claim 1, which
does not exhibit neoplastic proliferation.

9. The pluripotent stem cell according to claim 1, which has
self-renewal capability.

10. The pluripotent stem cell according to claim 1, which is
resistant to stress.

11. The pluripotent stem cell according to claim 1, which
has high phagocytic ability.

12. The pluripotent stem cell according to claim 1, which is
positive for at least one of the 22 following odorant receptors:

olfactory receptor, family 8, subfamily G, member 2

(OR8G2);

olfactory receptor, family 7, subfamily G, member 3
(OR7G3);

olfactory receptor, family 4, subfamily D, member 5
(OR4D5);

olfactory receptor, family 5, subfamily AP, member 2
(OR5AP2);

olfactory receptor, family 10, subfamily H, member 4
(OR10H4);

olfactory receptor, family 10, subfamily T, member 2
(OR10T2);

olfactory receptor, family 2, subfamily M, member 2
(OR2M2);

olfactory receptor, family 2, subfamily T, member 5
(OR2T5);

olfactory receptor, family 7, subfamily D, member 4
(OR7D4);

olfactory receptor, family 1, subfamily L, member 3
(OR1L3);

olfactory receptor, family 4, subfamily N, member 4
(OR4N4);

olfactory receptor, family 2, subfamily A, member 7
(OR2A7);

guanine nucleotide binding protein (G protein), alpha acti-
vating activity polypeptide,

olfactory type (GNAL);

olfactory receptor, family 6, subfamily A, member 2
(OR6A2);

olfactory receptor, family 2, subfamily B, member 6
(OR2B6);

olfactory receptor, family 2, subfamily C, member 1
(OR2C1);

olfactory receptor, family 52, subfamily A, member 1
(OR52A1);

olfactory receptor, family 10, subfamily H, member 3
(OR10H3),

olfactory receptor, family 10, subfamily H, member 2
(OR10H2);

olfactory receptor, family 51, subfamily E, member 2

(OR51E2);
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olfactory receptor, family 5, subfamily P, member 2
(ORS5P2); and

olfactory receptor, family 10, subfamily P, member 1
(OR10P1).

13. The pluripotent stem cell according to claim 1, which is
positive for at least one of the 5 following chemokine recep-
tors:

chemokine (C-C motif) receptor 5 (CCRS);

chemokine (C-X-C motif) receptor 4 (CXCR4);

chemokine (C-C motif) receptor 1 (CCR1);

Dufty blood group, chemokine receptor (DARC); and

chemokine (C-X-C motif) receptor 7 (CXCR7).

14. The pluripotent stem cell according to claim 1, which is
derived from mesodermal tissue or mesenchymal tissue.

15. A cell cluster or a cell fraction, which contains the
pluripotent stem cell according to claim 1.

16. A method for isolating a pluripotent stem cell or a
pluripotent cell fraction from body tissue, which uses at least
one of the following properties (i) to (vi) as an index:

(i) being positive for SSEA-3;

(i1) being positive for CD105;

(iii) being negative for CD117 and negative for CD146;

(iv) being negative for CD117, negative for CD146, nega-
tive for NG2, negative for CD34, negative for vWF, and
negative for CD271;

(v) being negative for CD34, negative for CD117, negative
for CD146, negative for CD271, negative for NG2,
negative for vWF, negative for Sox10, negative for
Snail, negative for Slug, negative for Tyrpl, and nega-
tive for Dct; and

(vi) having low or no telomerase activity.

17. A method for isolating a pluripotent stem cell or a
pluripotent cell fraction, which comprises exposing body tis-
sue-derived cells to cellular stress and then collecting surviv-
ing cells.

18. The method for isolating a pluripotent stem cell or a
pluripotent cell fraction according to claim 17, wherein cel-
lular stress is selected from among protease treatment, culture
under low-oxygen conditions, culture under low phosphate
conditions, culture under serum starvation conditions, culture
in a sugar starvation state, culture under exposure to radiation,
culture under exposure to heat shock, culture in the presence
of'a toxic substance, culture in the presence of active oxygen,
culture under mechanical stimulation, and culture under pres-
sure treatment.

19. The method for isolating a pluripotent stem cell or a
pluripotent cell fraction according to claim 18, wherein the
cellular stress is trypsin incubation.

20. A pluripotent stem cell, which is a cell derived or
induced from the pluripotent stem cell according to claim 1.

21. A differentiated cell, which is a cell derived or induced
from the pluripotent stem cell according to claim 1.

22. A pharmaceutical composition, which comprises the
pluripotent stem cell according to claim 1.

23. A pharmaceutical composition, which comprises the
pluripotent stem cell according to claim 20.

24. A pharmaceutical composition, which comprises the
differentiated cell according to claim 21.
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