
MULTIPOTENT STEM CELLS DERIVED FROM HUMAN ADIPOSE
TISSUE AND CELLULAR THERAPEUTIC AGENTS COMPRISING THE
SAME 5 TECHNICAL FIELD  The present invention relates
to multipotent adult stem cells derived from human 10
adipose tissue, and more particularly, to human
breast adipose tissue-derived multipotent adult stem
cells, which can be maintained in a
non-differentiated state for a long period of time by
forming spheres and have high proliferation rates.
Also, the present invention relates to a method for
isolating and maintaining the adult stem cells, a
method for differentiating the adult stem cells into
nerve cells, fat 15 cells, cartilage cells,
osteogenic cells and insulin-releasing pancreatic
beta-cells, a cellular therapeutic agent for treating
osteoarthritis, osteoporosis and diabetes, and a
cellular therapeutic agent for forming breast tissue.
BACKGROUND ART 20 21st biotechnology presents the
possibility of new solutions to the food, environment
and health problems, with the ultimate object of
promoting human prosperity. In recent years, the
technology of using stem cells has been considered as
a new way to treat incurable diseases. Formerly,
organ transplantation, gene 25 therapy, etc., were
presented for the treatment of incurable human
diseases, but their efficient use has not been made
due to immune rejection, a short supply of organs, an
insufficient development of vectors, and an
insufficient knowledge of disease genes.  



that totipotent stem cells having the ability to form
all the organs by proliferation and differentiation
can not only treat most of diseases but also
fundamentally heal organ injuries. Also, many
scientists have suggested the applicability of stem
cells for the regeneration of all the organs and the
treatment of incurable diseases, 5 including
Parkinson's disease, various cancers, diabetes and
spinal damages. Stem cells refers to cells having not
only self-replicaiton ability but also the ability to
differentiate into at least two cells, and can be
divided into totipotent stem cells, pluripotent stern
cells, and multipotent stem cells. 10 Totipotent stem
cells are cells having totipotent properties capable
of developing into one perfect individual, and these
properties are possessed by cells up to the 8- cell
stage after the fertilization of an oocyte and a
sperm. When these cells are isolated and transplanted
into the uterus, they can develop into one perfect 15
individual. Pluripotent stem cells, which are cells
capable of developing into various cells and tissues
derived from the ectodermal, mesodermal and
endodermal layers, are derived from an inner cell
mass located inside of blastocysts generated 4-5 days
20 after fertilization. These cells are called
"embryonic stem cells" and can differentiate into
various other tissue cells but not form new living
organisms. Multipotent stem cells, which are stem
cells capable of differentiating into only cells
specific to tissues and organs containing these
cells, are involved not only in 25 the growth and
development of various tissues and organs in the
fetal, neonatal and adult periods but also in the
maintenance of homeostasis of adult tissue and the
function of inducing regeneration upon tissue damage.
Tissue-specific rnultipotent cells are collectively
called "adult stem cells". 



developing the cells into stem cells and are
characterized in that they differentiate into only
specific tissues. However, recently, experiments for
differentiating adult stem cells into various
tissues, including liver cells, were dramatically
successful. 5 The multipotent stem cells were first
isolated from adult marrow (Jiang et aL, Nature,
418:41, 2002), and then also found in other various
adult tissues (Verfaillie, Trends Cell BioL, 12:502,
2002). In other words, although the marrow is the
most widely known source of stem cells, the
multipotent stem cells were also found in the skin,
blood vessels, muscles and brains (Tomas et aL, Nat.
Cell Biol., 3:778, 2001; 10 Sampaolesi et at,
Science, 301:487, 2003; Jiang et at, Exp. Heinatot,
30:896, 2002). However, stem cells in adult tissues,
such as the marrow, are very rarely present, and such
cells are difficult to culture without inducing
differentiation, and so difficult to culture in the
absence of specifically screened media. Namely, it is
very difficult to maintain the isolated stem cells in
vitro. 15 Recently, adipose tissue was found to be a
new source of multipotent stem cells (Cousin et aL,
BBRC., 301:1016, 2003; Miranville et at, Circulation,
110:349, 2004; Gronthos et at, J. Cell Physiol.,
189:54, 2001; Seo et aL, BBRC., 328:258, 2005).
Namely, it was reported that a group of
undifferentiated cells is included in 20 human
adipose tissue obtained by liposuction and has the
ability to differentiate into fat cells, osteogenic
cells, myoblasts and chondroblasts (Zuk et al.,
Tissue Eng., 7:211, 2001; Rodriguez et at, BBRC.,
315:255, 2004). This adipose tissue has an advantage
in that it can be extracted in large amounts, and
thus, it receives attention as a new source of stem
cells, which overcomes the existing shortcomings. 25
Also, recent studies using animal model experiments
indicate that adipose tissue-derived cells have the
abilities to regenerate muscles and to stimulate the
differentiation of nerve blood vessels. Thus, these
adipose tissue-derived cells have attention as a new
source of stem cells. 30  Adipose tissue-derived stem
cells known till now include human adipose-derived
adult stem cells that can differentiate into
epithelial cells (Brzoska et al., BBRC, 330:142,
2005), human adipose-derived adult stem cells that
can differentiate into osteogenic and fat cells (Cao
et al., BBRC, 332:370, 2005), human adipose-derived 5
adult stem cells that can differentiate into nerve
cells (Safford et at, BBRC, 294:371, 2002), rat
adipose-derived stem cells that can differentiate
into fat cells (Ogawa et at, BBRC, 319:511, 2004),
rat adipose-derived stem cells that can differentiate
into osteogenic and chondrogenic cells (Ogawa et at,
BBRC, 313:871, 2004), human adipose-derived stem
cells that can differentiate into cartilage cells
(Biomaterials, 



10 25:3211, 2004), rat adipose-derived stem cells
that can differentiate into nerve cells (Fujimura et
at, BBRC, 333:116, 2005), and adipose-derived stem
cells that can differentiate into bone cells,
cartilage cells, nerve cells or muscle cells (US
Patent No. 6,777,231). 15 However, most of
adipose-derived stem cells known till now are stem
cells derived from the adipose tissue of animals
other than human beings. Even if they are stem cells
derived from human adipose tissue, they have been
limited to those derived from tissues obtained by the
liposuction of abdominal fat, and the kind of cells
differentiated from the stem cells has also been
limited. Particularly, isolated stem 20 cells have
low proliferation rates and are difficult to maintain
in an undifferentiated state for a long period of
time, and thus, have been limited in application.
Accordingly, the present inventors have made
extensive efforts to develop multipotent adult stem
cells, which have high proliferation rates, can be
maintained 25 in a undifferentiated state for a long
period of time by forming spheres and can
differentiate into more various cells, as a result,
found that multipotent stem cells isolated from human
adipose tissue can differentiate into various cells,
including osteogenic cells, chondrogenic cells, nerve
cells, astrocytes, fat cells, and insulin- releasing
pancreatic beta-cells, have a very high proliferation
rate and can be  maintained in an undifferentiated
state for a long period of time by forming spheres,
thereby completing the present invention. SUMMARY OF
THE INVENTION 



Therefore, it is an object of the present disclosure
to provide a method for producing adult stem cells,
comprising culturing human adipose tissue-derived
pellets in a medium containing N-acetyl-L-cysteine
(NAC) and then collecting the cultured cells, or
culturing the adult stem cells collected in a medium
containing CORM-2 so as to form spheres, the adult
stem cells being characterized by: (a) showing
positive immunological responses to all of CD73,
CD90, CD29, CD44 and CD 105, and negative
immunological responses to all of CD33, CD34, CD45,
CD4, CD31, CD62p, CD14 and HLA-DR; (b) growing
attached to a plastic material, showing
spindle-shaped morphological features, and forming
spheres in a medium containing CORM-2 so as to be
able to be maintained in an undifferentiated state
for a long period of time; and (c) having the ability
to differentiate into mesoderm-derived cells, nerve
cells, astrocytes, and insulin-releasing pancreatic
beta-cells. It is also an object of the disclosure to
provide human adipose tissue-derived multipotent
adult stem cells, which have high proliferation rates
and can be maintained in an undifferentiated state
for a long period of time by forming spheres, as well
as a production method thereof. Another object of the
present disclosure is to provide a method for
differentiating said multipotent stem cells into
nerve cells, astrocytes, cartilage cells, osteogenic
cells, fat cells and insulin-releasing pancreatic
beta-cells, as well as cellular therapeutic agents
containing said differentiated cells or adult stem
cells. To achieve the above objects, in one aspect,
the present disclosure provides a method for
producing adult stem cells, comprising culturing
human adipose tissue-derived pellets in a medium
containing N-acetyl-L-cysteine (NAC) and then
collecting the cultured cells, the adult stem cells
being characterized by: (a) showing positive
immunological responses to all of CD73, CD90, CD29,
CD44 and CD105, and negative immunological responses
to all of CD33, CD34, CD45, CD4, CD31, CD62p, CD14
and HLA-DR; (b) growing attached to a plastic
material, showing spindle-shaped morphological
features, and forming spheres in a medium containing
CORM-2 so as to be able to be maintained in an
undifferentiated state for a long period of time; and
(c) having the ability to differentiate into
mesoderm-derived cells. In the present disclosure,
the NAC-containing medium additionally contains
ascorbic acid, calcium, rEGF, BPE, insulin and
hydrocortisone.  In another aspect, the present
disclosure provides a method for maintaining adult
stem cells in an undifferentiated state, the method
comprising culturing adult stem cells prepared by
said method in a medium containing CORM-2 so as to
form spheres. In the present disclosure, the
CORM-2-containing medium is preferably a serum-free
medium, which additionally contains antibiotic
antimycotic solution, hydrocortisone, insulin, rEGF,
FGF, B27 and (3-mercap ethanol. In still another
aspect, the present disclosure provides adult stem
cells produced by said method and characterized by:
(a) showing positive immunological responses to all
of CD73, CD90, CD29, CD44 and CD105, and negative
immunological responses to all of CD33, CD34, CD45,
CD4, CD31, CD62p, CD14 and HLA-DR; (b) growing
attached to a plastic material, showing
spindle-shaped molphological features, and forming
spheres in a medium containing CORM-2 so as to be
able to be maintained in an undifferentiated state
for a long period of time; and (c) having the ability
to differentiate into mesoderm-derived cells. In the
present disclosure, the adult stem cells are
preferably cultured in an undifferentiated state for
at least 16 passages, and the mesoderm-derived cells
are preferably cartilage cells, osteogenic cells,
nerve cells, astrocytes, fat cells and
insulin-releasing pancreatic beta-cells. In still
another aspect, the present disclosure provides a
method for differentiating adult stem cells into
nerve cells, the method comprising the steps of: (a)
preincubating the adult stem cells in a DMEM medium
containing BME and FBS; and (b) treating the
preincubated broth with DMSO and BHA so as to induce
differentiation into nerve cells. Also, the present
disclosure provides a cellular  



therapeutic agent for treating nerve disease, which
contains said differentiated nerve cells as active
ingredients. In still another aspect, the present
disclosure provides a method for differentiating
adult stem cells into cartilage cells, the method
comprising culturing the adult stem cells in an a-MEM
medium containing TFG-131, L-ascorbate-2-phosphate
and insulin. Also, the present disclosure provides a
cellular therapeutic agent for treating
osteoarthritis, which contains said differentiated
cartilage cells as active ingredients. In still
another aspect, the present disclosure provides a
method for differentiating adult stem cells into
osteogenic cells, the method comprising mixing the
adult stem cells with tricalcium phosphate (TCP) and
isotransplanting the mixture. Also, the present
disclosure provides a cellular therapeutic agent for
treating bone deficiency, which contains said
differentiated osteogenic cells as active
ingredients. In still another aspect, the present
disclosure provides a method for differentiating
adult stem cells into fat cells, the method
comprising culturing the adult stem cells in an aMEM
medium containing dexamethasone, indomethacin,
insulin and IBMX. Also, the present disclosure
provides a cellular therapeutic agent for forming
breast tissue, which contains said differentiated fat
cells as active ingredients. In still another aspect,
the present disclosure provides a method for
differentiating adult stem cells into
insulin-releasing pancreatic beta-cells, the method
comprising the steps of: (a) culturing the adult stem
cells in low-glucose DMEM medium containing
nicotinamide, 0-mercaptoethanol and FBS for 12-72
hours; and (b) culturing the cultured cells in
high-glucose DMEM medium containing nicotinamide,
13-mercaptoethanol and FBS for 4-7 days. Also, the
present disclosure provides a cellular therapeutic
agent for treating diabetes, which contains said
differentiated insulin-releasing pancreatic
beta-cells as active ingredients.  In still another
aspect, the present disclosure provides a cellular
therapeutic agent for treating nerve disease
containing the adult stem cells having the ability of
differentiation into nerve cells, as active
ingredients. In still another aspect, the present
disclosure provides a cellular therapeutic agent for
treating diabetes containing the adult stem cells
having the ability of differentiation into
insulin-releasing pancreatic beta-cells, as active
ingredients. In still another aspect, the present
disclosure provides a cellular therapeutic agent for
treating osteoarthritis containing the adult stem
cells having the ability of differentiation into
cartilage cells, as active ingredients. In still
another aspect, the present disclosure provides a
cellular therapeutic agent for treating bone
deficiency containing the adult stem cells having the
ability of differentiation into osteogenic cells, as
active ingredients. In still another aspect, the
present disclosure provides a cellular therapeutic
agent for forming breast tissue containing the adult
stem cells having the ability of differentiation into
fat cells, as active ingredients. The above and other
objects, features and embodiments will be more
clearly understood from the following detailed
description and the accompanying claims. BRIEF
DESCRIPTION OF DRAWINGS 



FIG 1 shows photographs taken at 100x magnification
for human adipose tissue-derived multipotent stem
cells according to the present invention.  FIG 2
shows the cumulative population doubling level (CPDL)
of human adipose tissue-derived multipotent stem
cells according to the present invention. A-1 and
A-2: human adipose tissue-derived multipotent stem
cells according to the present 5 invention; and B and
C: adipose-derived stem cells according to the prior
art. FIG. 3 shows photographs taken at 200x
magnification for spheres formed at 7 days after
culturing human breast adipose tissue-derived
multipotent stem cells according to the present
invention. 10 FIG 4 is a photograph taken at 200x
magnification for the shape of a sphere formed by the
proliferation of a stem cell in agar. HG. 5
illustrates photographs taken at 100x magnification,
which show the 15 expression of Nestin, Oct4, SH2,
SB3/4 in the inventive human adipose tissue-derived
multipotent stem cells, which were sphere-cultured in
a CORM-2- containing MEBM medium and then
immunostained.     FIG. 6 shows that human adipose
tissue-derived multipotent stem cells according to 20
the present invention were differentiated into nerve
cells and astrocytes. FIG. 7 shows photographs taken
at 200x magnification for fat cells differentiated
from human adipose tissue-derived multipotent stem
cells according to the present invention. A:
differentiated phase contrast; and B: stained by oil
red 0 staining. 



25 FIG. 8 shows photographs taken at 100x
magnification for cartilage cells differentiated from
human adipose tissue-derived multipotent stem cells
according to the present invention. A: differentiated
phase contrast; and B: Alcian blue staining results
showing differentiation into cartilage cells. 30
FIG. 9 shows osteogenic cells differentiated from
human adipose tissue-derived multipotent stem cells
according to the present invention. A: a group
treated with TCP alone; B: a group treated with a
mixture of TCP and marrow stem cells; and C: a group
treated with a mixture of TCP and adipose-derived
stem cells. 5 FIG. 10 shows immunostaining results
for insulin-releasing pancreatic beta-cells
differentiated from human adipose tissue-derived
multipotent stem cells according to the present
invention. 10 DETAILED DESCRIPTION OF THE INVENTION,
AND PREFERRED EMBODIMENTS    The present invention
relates to multipotent stem cells isolated from human
breast 15 adipose tissue. In the present invention,
multipotent stem cells were first isolated and
purified from human breast adipose tissue in the
following manner. The isolated human adipose 



tissue was washed with PBS, and finely cut and then
digested in a DMEM medium 20 supplemented with
collagenase type 1 (1 mg/ml), at 37C for 2 hours.
After washing with PBS, the tissue was centrifuged at
1000 rpm for 5 minutes. The supernatant was suctioned
off, and the pellets remaining on the bottom were
washed with PBS and then centrifuged at 1000 rpm for
5 minutes. The resulting pellets were filtered
through a 100-fiat mesh to remove debris, followed by
washing with 25 PBS. Then, the pellets were incubated
in a DMEM medium (10% FBS, 2mM NAC, 0.2mM ascorbic
acid). After one overnight period, unattached cells
were washed off with PBS, and the remaining cells
were cultured in a K-NAC media (Keratinocyte-SFM
media + 2 tnNI NAC + 0.2 mM ascorbic acid + 0.09 mM
calcium+ 5 ng/ml rEGF + 50 fig /ml BPE + 5 jig hnl
insulin + 74 ng/ml 30 hydrocortisone) while the media
were replaced at two-day intervals, thereby  



obtaining human breast adipose tissue-derived
multipotent stem cell solution. The proliferation
rate of the isolated human breast adipose
tissue-derived multipotent stem cells was examined,
as a result, it was found that CPDL was 5 gradually
increased up to a passage number of 16, indicating
that the stem cells have high proliferation rates.
Meanwhile, for the sphere culture of stem cells,
5x104-1x105 cells/ml of the isolated adipose
tissue-derived multipotent stem cells were seeded
into each well of a 6-well 10 plate, which contains
MEBM medium (10 i.t.M CORM-2
(tricarbonyldichlororuthenium(II) dimer), B27, 5 ml
antibiotic antimycotic solution (100X), lfig/m1
hydrocortisone, 5fig/m1 insulin, 20 ng/m1 EGF, 40
ng/ml FGF and 113-mercaptoethanol), as a result, they
started to form spheres from 3 days after the
seeding. This suggests that the stem cells have high
proliferation rates while being 15 maintained in an
undifferentiated state. Methods of obtaining
multipotent stem cells expressing the desired surface
antigens from the human adipose tissue-derived stem
cell broth obtained above include a FACS method using
a flow cytometer with sorting function (Int. Immunot,
20 10(3):275, 1998), a method using magnetic beads,
and a panning method using an antibody specifically
recognizing multipotent stem cells (./. Intmunot,
141(8):2797, 1998). Also, methods for obtaining
multipotent stem cells from a large amount of culture
broth include a method where antibodies specifically
recognizing molecules expressed on the surface of
cells (hereinafter, referred to as "surface
antigens") are 25 used alone or in combination as
columns. 



Flow cytometry sorting methods may include a water
drop charge method and a cell capture method. In any
of these methods, an antibody specifically
recognizing an antigen on the cell surface is
fluorescently labeled, the intensity of fluorescence
30 emitted from an antibody bonded with the molecule
expressed on the surface of the  cell is converted to
an electric signal whereby the expressed amount of
the antigen can be quantified. It is also possible to
separate cells expressing a plurality of surface
antigens by combination of fluorescence types used
therefor. Examples of fluorescences which can be used
in this case include FITC (fluorescein 5
isothiocyanate), PE (phycoerythrin), APC
(allo-phycocyanin), TR (Texas Red), Cy 3, CyChrome,
Red 613, Red 670, Till-Color, Quantum Red, etc. FAGS
methods using a flow cytometer include: a method
where the above stem cell broth is collected, from
which cells are isolated by, for example,
centrifugation, and 10 stained directly with
antibodies; and a method where the cells are cultured
and grown in a suitable medium and then stained with
antibodies. The staining of cells is performed by
mixing a primary antibody recognizing a surface
antigen with a target cell sample and incubating the
mixture on ice for 30 minutes to 1 hour. When the
primary antibody is fluorescently labeled, the cells
are isolated with a 15 flow cytometer after washing.
When the primary antibody is not fluorescently
labeled, cells reacted with the primary antibody and
a fluorescent tabled secondary antibody having
binding activity to the primary antibody are mixed
after washing, and incubated on ice water for 30
minutes to 1 hour. After washing, the cells stained
with the primary and secondary antibodies are
isolated with a flow 20 cytometer. Various surface
antigens may include hematopoietic-associated
antigens, the 



surface antigens of mesenchyrnal cells, and antigens
specific to nervous system neurons. The
hematopoietic-associated antigens include CD34, CD45,
etc., the 25 surface antigens of mesenchymal cells
include SH-2, SH-3, etc., and the antigens specific
to nervous system neurons include NSE, GFAP, etc. The
single or combined use of antibodies recognizing the
above-described surface antigens allows the desired
cells to be obtained.  analyzed using a flow
cytometer, as a result, showed positive responses to
CD73, CD90, CD29, CD44, and CD105. Also, the
multipotent stem cells showed negative immunological
responses to all of CD33, CD34, CD45, CD4, CD31,
CD62p, CD14 and HLA-DR. 5 In addition, it was found
that the isolated multipotent adult stem cells
according to the present invention are multipotent
stem cells, which can differentiate into nerve cells,
astrocytes, osteogenic cells, cartilage cells, fat
cells and insulin-releasing pancreatic beta-cells. 10
Examples  Hereinafter, the present invention will be
described in more detail by examples. It is to be
understood, however, that these examples are for
illustrative purpose only 15 and are not construed to
limit the scope of the present invention. Example 1:
Isolation of multipotent stem cells from adipose
tissue Adipose tissue was isolated from women's
breast tissue distributed by Breast 20 Cancer Center,
Seoul National University, and washed with PBS and
then finely cut. 



The cut tissue was digested in DMEM media
supplemented with collagenase type 1 (1mg/m1), at 37C
for 2 hours. The digested tissue was washed with PBS
and then centrifuged at 1000 rpm for 5 minutes. The
supernatant was suctioned off, and the pellets
remaining on the bottom were washed with PBS and then
25 centrifuged at 1000 rpm for 5 minutes. The
resulting pellets were filtered through a 100f.tm
mesh to remove debris, followed by washing with PBS.
The resulting cells were incubated in a DMEM medium
(10% FBS, 2 mM NAC, 0.2 mM ascorbic acid). After one
overnight period, unattached cells were washed with
PBS, and cultured in Keratinocyte-SFM media
(containing 2 rnM NAC, 0.2 mM ascorbic acid,  0.09 mM
calcium, 5 mg/ml rEGF, 50 fig,./m1 BPE, 5 fig/m1
insulin and 74 ng/ml hydrocortisone) while the media
were replaced at two-day intervals, thus isolating
multipotent stem cells. FIG. 1 shows photographs
taken at 100x magnification for the human adipose
tissue-derived multipotent stem cells isolated as
described above. 5 Example 2: Examination of
proliferation rate of adipose tissue-derived stem
cells  



Adipose tissue was obtained from each of different
human breast tissue samples according to the
isolation method as described in Example 1. In order
to examine 10 the proliferation rate of multipotent
stem cells derived from the isolated human breast
adipose tissue, 2x105 of the cells were seeded into a
T-75 flask and then measured for CPDL (cumulative
population doubling level) and expressed as a
function of passage number. CPDL is an index
indicative of the proliferation rate of cells and
expressed as the following equation. 15 CPDL =
In(Nf/N011n2, wherein Ni: the initial number of
seeded cells; and NE the final number of cells.   As
a result, as shown in "A-1" and "A-2" of FIG. 2, the
adult stem cells (hMAD20 MCS1 and hMAD-MCS2)
according to the present invention showed a CPDL
value of about 50 at a passage number of 16.
Meanwhile, "B" and "C" of FIG. 2 show the CPDL values
of the prior human adipose tissue-derived stem cells
(Lin et aL, Stem Cells and Development, 14:92, 25
2005; Zuk et aL, Tissue Eng., 7:211, 2001) as a
function of passage number. As shown in FIG. 2, the
CPDL values of the cells were 30-35 and 21 at passage
numbers of 7 and 13, respectively.    These results
suggest that the adult stem cells according to the
present invention 30 have very high proliferation
rates.  Example 3: Immunological characteristics of
adipose-derived multipotent stem cells  The adipose
tissue-derived multipotent stem cells obtained in
Example 1 were 



5 washed with PBS and treated with trypsin. The
treated cells were collected and centrifuged at 1000
rpm for 5 minutes. The supernatant was discarded and
then washed with a mixture of 2% FBS and PBS,
followed by centrifugation at 1000 rpm for 5 minutes.
The supernatant was discarded, and the cells were
suspended in PBS, and 1x105 cells for each sample
were dispensed into a well plate. An 10 antibody
(R-phycoerythrin-conjugated mouse anti-human
monoclonal antibody) was placed into each well and
incubated on ice for 40 minutes. After the
incubation, the medium was centrifuged at 1000 rpm
for 5 minutes. The supernatant was removed and the
cells were washed with PBS and centrifuged at 1000
rpm for 5 minutes. Once again, the supernatant was
removed, and the cells 15 were washed with PBS and
centrifuged at 1000 rpm for 5 minutes. After removing
the supernatant, the cells were fixed with 1%
paraformaldehyde and analyzed using a flow cytometer.
Table 1: FACS analysis of surface antigens of
adipose-derived stem cells Antigen AD-MSCs CD73  CD90
CD29 + CD44 



+ CD105 + CD33 - CD34 - CD45  CD4  CD31 - 



CD62p - CD14 - TILA-DR -  20  WO 2007/058404PC
T/K112005/004383 As a result, as shown in Table 1,
the adipose tissue-derived adult stem cells according
to the present invention showed positive responses of
91% to CD73, 97% to CD90, 96% to CD29, 83% to CD44,
and 80% to CD105. Also, the inventive stem cells
showed negative immunological responses to all of
CD33, CD34, CD45, 5 CD4, CD31, CD62p, CD14 and
HLA-DR. Exam e 4: S here formation of adi ose
tissue-derived multi 0 ell stem cells 



5 x104-1 xi 05/m1 of the human breast adipose
tissue-derived multipotent stem cells 10 obtained in
Example 1 were seeded into each well of a 6-well
plate containing a serum-free MEBM medium containing
10 itM CORM-2, 5 ml antibiotic antimycotic solution
(100X), 1 jug/m1 hydrocortisone, 5 fig/nal insulin,
20 ng/ml EGF, 40 ng/ml FGF, B27 and
13-mercaptoethanol. As a result, the cells started to
form the shape of spheres from 3-7 days after the
seeding, and as shown in FIG. 3 15 and FIG. 4, the
cells proliferated to form spheres even at 7-10 days
after the seeding. Also, the stem cells according to
the present invention were cultured in agar. As a
result, as shown in FIG. 4, the cells formed spheres.
20 Meanwhile, 5 x104 stem cells obtained in Example 1
were seeded into each well of a 24-well plate and
measured for the number of spheres at each passage
number (see Table 2). As a result, as shown in Table
2, the cells maintained spheres, indicating that the
cells can be proliferated and maintained for a long
period of time. Also, as shown in FIG. 5, Oct4 was
positively expressed, indicating that the cells have
a high 25 proliferation rate while being maintained
in an undifferentiated state. Table 2 Passage number
Number of spheres 



270  260 3 271  Example 5- Immunostaining analysis of
adipose tissue-derived stem cells The adipose
tissue-derived stem cell spheres obtained in Example
4 were washed 5 three times with PBS and fixed with
4% paraformaldehyde-containing PBS for 30 minutes.
After washing three times with PBS, the spheres were
permeated with PBS containing 0.1% Triton-X100 for 10
minutes. After being washed three times with PBS, the
spheres were allowed to react with 10% NGS for 1 hour
and then with PBS containing a primary antibody
overnight. After washing three times 10 with PBS, the
spheres were allowed to react with a secondary
antibody in a dark room for 1 hour. After being
washed three times with PBS, the spheres were
mounted. As a result, as shown in FIG. 5, the
multipotent stem cell spheres according to the 15
present invention showed positive responses to all of
Nestin, which can be regarded as a marker of nerve
progenitor cells, Oct4, which can be regarded as a
marker of undifferentiated cells, and SH2(CD105) and
SH3/4(CD73), which are markers of mesenchymal stem
cells. 



20 Example 6: Differentiation of adipose-derived
multipotent stem cells into nerve cells and
astrocytes  The adipose tissue-derived multipotent
stem cells obtained in Example 1 were preincubated in
a DMEM medium supplemented with 1 mM BME and 10% FBS,
25 for 24 hours. After the preincubation, the stem
cells were incubated in a medium for inducing nerve
cell differentiation, containing 1% DMSO and 100 LtM
BHA (butylated hydrxyanisole), for 90 minutes, so as
to induce differentiation into nerve cells, followed
by immunostaining (FIG. 6). As a result, as shown in
FIG. 6, the human adipose tissue-derived multipotent
stem cells according to the present 30 invention
showed positive responses to GFAP (glial fibrillary
acidic protein), which  is an antigen specific to
astrocytes in the nervous system, and MAP2
(naicrotubuleassociated protein2), which is a nerve
cell-specific substance. Photographs on the first
line in FIG. 6 show results for a negative control
group, 5 which indicate that differentiated cells do
not show the fluorescence of FITC and TRITC by
themselves. The MAP2 photograph at the left side of
the second line shows the red fluorescence of TRITC,
indicating that MAP2 was expressed. From the phase
contrast photograph and the Merge photograph, it was
found that the red fluorescence was a fluorescence
emitted from cells in which MAP2 was expressed. 



10 Also, the GFAP photograph at the left side of the
third line showed the green fluorescence of FITC, and
from the phase contrast photograph and the Merge
photograph, it was seen that the green fluorescence
was a fluorescence emitted from cells in which GFAP
was expressed. These results suggest that the human
adipose-derived multipotent stem cells according to
the present invention 15 differentiate into nerve
cells and astrocytes. Example 7: Differentiation of
adipose-derived multmotent stem cells into fat cells
The adipose tissue-derived multipotent stem cells
obtained in Example 1 were 20 incubated in an a-MEM
medium containing 5% FBS, 1 pM dexamethasone, 200 gM
indomethacin, 10 jig /rn1 insulin and 0.5 rnM IBMX
(3-isobuty1-1- methylxanthine) for 2 weeks to induce
differentiation into fat cells and then analyzed
using an oil red 0 staining method. As a result, as
shown in FIG. FIG. 7, it was observed that the human
adipose tissue-derived multipotent stem cells were 25
differentiated into fat cells. Exams le 8:
Differentiation of adi ose-derived multi  otent stem
cells into cartila e cells  Example 1 were dispensed
into each center of a 24-well plate in an amount of
10 pi Then, the cells were incubated in an a-MEM
medium containing 5% PBS, long/m1 1FG-I31, 50gM
L-ascorbate-2-phosphate and 6.25fig/m1 insulin for 2
weeks so as to induce differentiation into cartilage
cells. Then, whether the 5 multipotent stem cells
were differentiated into cartilage cells was analyzed
using the Alcian blue staining method. As a result,
as shown in FIG. 8, the human adipose tissue-derived
multipotent stem cells were differentiated into
cartilage cells.     Example 9: Differentiation of
adipose-derived multipotent stem cells into 10
osteogenic cells  107 cells/ml of the adipose
tissue-derived adult stem cells obtained in Example 1
were mixed with TCP (tricalcium phosphate) and
isotransplanted subcutaneously 



into dogs. After 14 days, the tissue was treated and
analyzed using the H&E stain 15 method. As a result,
as shown in FIG. 9, a group (A) treated with TCP
alone showed the permeation of inflammatory cells
into a portion around TCP, and a group (B) treated
with a mixture of TCP and marrow stem cells showed
inflammatory responses remaining intact around TCP.
However, in a group (C) treated with a mixture of TCP
and adipose-derived stem cells, most of TCP was 20
absorbed, and typical initial osteogenesis was
observed, and osteoblast-like cells, multinuclear
osteoclast-like cells and bone matrixes were also
observed. These results indicate that the human
adipose tissue-derived multipotent stem cells were
differentiated into osteogenic cells. 25 Example 10:
Differentiation of adipose-derived multipotent stem
cells into insulin-releasing pancreatic beta-cells
The adipose tissue-derived multipotent stem cells
obtained in Example 1 were incubated in low-glucose
DMEM medium containing 10 mmol/L nicotinamide, 1 30
mmol/L 13-mercaptoethanol and 10% FBS for 24 hours,
and then incubated in high-  glucose DMEM medium
containing 10 mmol/L nicotinamide, 1 mmoUL
pmercaptoethanol and 5% PBS for 5 days, so as to
induce differentiation into insulin-releasing
pancreatic beta-cells. After inducing the
differentiation, the cells were analyzed by
immunostaining, and the results are shown in FIG. 10.
As shown in 5 FIG. 10, C-peptide and insulin were
present in the cells. As known in the art,
proinsulin, which is divided into insulin and
C-peptide, is produced in insulin-releasing
pancreatic beta-cells. Thus, the above results
indicate that the adipose tissue-derived multipotent
stem cells according to the present invention were
differentiated into insulin-releasing pancreatic
beta-cells. 10 Although the present invention has
been described in detail with reference to the
specific features, it will be apparent to those
skilled in the art that this description is only for
a preferred embodiment and does not limit the scope
of the present invention. Thus, the substantial scope
of the present invention will be defined by 15 the
appended claims and equivalents thereof. 



INDUSTRIAL APPLICABILITY 20 As described in detail
above, although the multipotent stem cells according
to the present invention are adult stem cells, they
can differentiate into more various kinds of cells
than those differentiated from the prior
adipose-derived adult stem cells. Particularly, the
inventive adult multipotent stem cells have the
ability to differentiate into nerve cells,
astrocytes, fat cells, chondrogenic cells, osteogenic
cells, or insulin-releasing pancreatic 25 beta-cells,
and are effective in treating osteoporosis,
osteoarthritis, nerve disease, diabetes, etc., and
also useful for the formation of breast tissue. Also,
the inventive adult stem cells form spheres in a
serum-free medium, so that they can be isolated with
high purity, maintained in an undifferentiated state
for a long period of time and have a high
proliferation rate. Thus, the inventive adult stem
cells are useful as cellular therapeutic 30 agents.
THE CLAIMS: What is claimed is: 1. A method for
producing adult stem cells, comprising culturing
human adipose tissue-derived pellets in a medium
containing N-acetyl-L-cysteine (NAC) and then
collecting the cultured cells, or culturing the adult
stem cells collected in a medium containing CORM-2 so
as to form spheres, the adult stem cells being
characterized by:  (a) showing positive immunological
responses to all of CD73, CD90, CD29, CD44 and CD105,
and negative immunological responses to all of CD33,
0D34, CD45, CD4, CD31, CD62p, CD 14 and EILA-DR;  (b)
growing attached to a plastic material, showing
spindle-shaped morphological features, and forming
spheres in a medium containing CORM-2 so as to be
able to be maintained in an undifferentiated state
for a long period of time; and  (c) having the
ability to differentiate into mesoderm-derived cells,
nerve cells, astrocytes, and insulin-releasing
pancreatic beta-cells. 2. The method for producing
adult stem cells according to claim 1, wherein the
NAC-containing medium additionally contains ascorbic
acid, calcium, rEGF, BPE, insulin and hydrocortisone.
3. The method according to claim 1, wherein the
CORM-2-containing medium is a serum-free medium which
additionally contains antibiotic antimycotic
solution, hydrocortisone, insulin, rEGF, FGF, B27 and
6-mercaptoethanol. 4. Adult stem cells produced by
the method of claims 1 or 2 and characterized by: 



(a) showing positive immunological responses to all
of CD73, CD90, CD29, CD44 and CD105, and negative
immunological responses to all of CD33, CD34, CD45,
CD4, CD31, CD62p, CD 14 and HLA-DR;  (b) growing
attached to a plastic material, showing
spindle-shaped morphological features, and forming
spheres in a medium containing CORM-2 so as to be
able to be maintained in an undifferentiated state
for a long period of time; and  (c) having the
ability to differentiate into mesoderm-derived cells,
nerve cells, astrocytes, and insulin-releasing
pancreatic beta-cells. 5. The adult stern cells
according to claim 4, wherein the adult stem cells
are cultured in an undifferentiated state for at
least 16 passages 6. A method for differentiating the
adult stem cells produced by the method according to
claim 1 into nerve cells, the method comprising the
steps of:  (a) preincubating the adult stem cells
according to claim 4 or 5 in a DMEM medium containing
BME and FBS; and  (b) treating the preincubated broth
with DMSO and BHA so as to induce differentiation
into nerve cells. 7. A cellular therapeutic agent for
treating nerve disease, which contains nerve cells
differentiated by the method of claim 6, as active
ingredients.  8. A method for differentiating the
adult stem cells produced by the method according to
claim linto cartilage cells, the method comprising
culturing the adult stem cells according to claim 4
or 5 in an a-MEM medium containing TFG-I31,
L-ascorbate-2-phosphate and insulin.  9. A cellular
therapeutic agent for treating osteoarthritis, which
contains cartilage cells differentiated by the method
of claim 8, as active ingredients.  10. A method for
differentiating the adult stem cells produced by the
method according to claim 1 into osteogenic cells,
the method comprising mixing the adult stem cells
according to claim 4 or 5 with tricalcium phosphate
(TOP) and isotransplanting the mixture. 



11. A cellular therapeutic agent for treating bone
deficiency, which contains osteogenic cells
differentiated by the method of claim 10, as active
ingredients.  12. A method for differentiating the
adult stem cells produced by the method according to
claim linto fat cells, the method comprising
culturing the adult stem cells according to claim 4
or 5 in an a-MEM medium containing dexamethasone,
indomethacin, insulin and IBMX.  13. A cellular
therapeutic agent for forming breast tissue, which
contains fat cells differentiated by the method of
claim 12, as active ingredients.  14. A method for
differentiating the adult stem cells produced by the
method according to claim 1 into insulin-releasing
pancreatic beta-cells, the method comprising the
steps of: (a) culturing the adult stem cells
according to claim 4 or 5 in low-glucose DMEM medium
containing nicotinamide, 13-mercaptoethanol and FBS
for 12-72 hours; and (b) culturing the cultured cells
in high-glucose DMEM medium containing nicotinamide,
8- mercaptoethanol and FBS for 4-7 days.  15. A
cellular therapeutic agent for treating diabetes,
which contains insulin- releasing pancreatic
beta-cells differentiated by the method of claim 14,
as active ingredients.   16. A cellular therapeutic
agent for treating nerve disease containing the adult
stem cells according to claim 4 or 5, which have the
ability of differentiation into nerve cells, as
active ingredients.  17. A cellular therapeutic agent
for treating diabetes containing the adult stem cells
according to claim 4 or 5, which have the ability of
differentiation into insulin-releasing pancreatic
beta-cells, as active ingredients.  18. A cellular
therapeutic agent for treating osteoarthritis
containing the adult stem cells according to claim 4
or 5, which have the ability of differentiation into
cartilage cells, as active ingredients.  19. A
cellular therapeutic agent for treating bone
deficiency containing the adult stem cells according
to claim 4 or 5, which have the ability of
differentiation into osteogenic cells.  20. A
cellular therapeutic agent for forming breast tissue
containing the adult stem cells according to claim 4
or 5, which have the ability of differentiation into
fat cells, as active ingredients 


