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Adult stem cells hold great promise for use in tissue repair and regeneration, and the delivery of autologous progenitor cells into ischemic tissue is emerging as a novel therapeutic option. We and others have recently demonstrated the potential impact of adipose tissue-derived stromal cells (ADSC)
on regenerative cell therapy for ischemic diseases. The main benefit of ADSC is that they can be easily harvested from patients by a simple, minimally invasive method and also easily cultured. Cultured
ADSC can be induced to differentiate into not only adipocytes, but also bone, neurons or endothelial cells in certain conditions. Interestingly, they secrete a number of angiogenesis-related cytokines,
such as vascular endothelial growth factor (VEGF) and hepatocyte growth factor (HGF), which
might be suitable for regenerative cell therapy for ischemic diseases. In the ischemic mouse hindlimb,
the angiogenic score was improved in the ADSC-treated group. Moreover, recent reports demonstrated that these ADSC can also be induced to differentiate into cardiac myocytes. These adipose tissuederived cells have potential in angiogenic cell therapy for ischemic disease, and might be applied for
regenerative cell therapy instead of bone marrow cells in the near future.
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Introduction
Adult stem cells hold great promise for use in tissue repair and regeneration, and there has been continuing interest in both the biology and potential therapeutic applications of adult stem cells from bone
marrow 1, 2), referred to as either mesenchymal stem
cells or marrow stromal cells (MSC). MSC are the
most extensively characterized, and can differentiate
into multiple cell phenotypes, including bone, fat, cartilage, muscle, epithelium, and neural progenitors 3-5).
In recent years, interest has rapidly grown in the developmental plasticity and therapeutic potential of
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stromal cells isolated from adipose tissue 5, 6). Adipose
tissue represents an abundant, practical, and appealing
source of donor tissue for autologous cell replacement.
Characteristics of Adipose Tissue-Derived
Stromal Cells (ADSC)
Several groups have demonstrated that mesenchymal cells within the stromal-vascular fraction of
subcutaneous adipose tissue display multilineage developmental plasticity 6, 7). These cells have alternatively been referred to as processed lipoaspirate cells (PLA),
adipose-derived stem cells, adipose-derived stromal
cells, and adipose-derived mesenchymal progenitor
cells. It is also likely that cells previously considered
preadipocytes are essentially the same population.
These names reflect a lack of consensus and an evolving knowledge base with regard to the anatomic origin, phenotype, and function of these cells. We have
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Fig. 1. Typical images of cultured ADSC (left panel) and oil red staining of cultured ADSC in phase
contrast microscopy. Before oil staining. ADSC were stimulated with 10% FBS DMEM containing 0.5 mM IBMX, 1μM dexamethasone, 10μM insulin, and 200μM indomethacin.

called these cells adipose tissue-derived stromal cells
(ADSC), which clearly reflects their origin and character 8).
There are obvious similarities between ADSC
and MSC. Both represent the stromal cell fraction isolated from an adipose depot (subcutaneous tissue for
the former, bone marrow for the latter) on the basis of
adherence to tissue culture plastic. While an extensive
body of work exists pertaining to the phenotypic characterization of MSC, the phenotypic characterization
of ADSC is in its infancy. In our analysis of stem cellrelated surface markers, Sca1(ly-6A/E) and CD44 antigen were expressed, but not c-kit, Lin, CD11b,
CD31, CD34, or CD45 in ADSC obtained from
C57Bl/6 mice 8). In a recent report, MSC obtained
from C57Bl/6 mice showed high levels of Sca1 and
CD34, but not c-kit, Lin, CD11b, CD31, or CD45 9).
This suggests that ADSC include a similar population
of mesenchymal stem cells, but no hematopoietic stem
cells from bone marrow. Of importance, these characteristics of ADSC surface markers were conserved after several passages of cell expansion. As shown in
Fig. 1, these cells look like fibroblasts and can differentiate into not only adipocytes, but also chondrogenic and osteogenic lineages in vitro, as described previously.
As adipose tissue is known to secrete a number of
cytokines, we focused on the secretion of angiogenesis-related cytokines from ADSC. In an analysis using
the quantitative real time PCR method, we observed
relatively high levels of HGF (hepatocyte growth factor), VEGF (vascular endothelial growth factor), PGF
(placental growth factor) and TGF (transforming
growth factor)-β, moderate expression of FGF (fibroblast growth factor)-2 and Ang (angiopoietin)-1, and
a low level of Ang-2 in ADSC, and it was also demon-

strated that ADSC secreted multiple angiogenic
growth factors, such as VEGF and HGF, at levels that
are bioactive 10, 11). Katz et al. recently used microarrays
to evaluate genes relating to angiogenesis and the extracellular matrix in undifferentiated human ADSC
isolated from three separate donors 7). The most highly
transcribed genes related to functional groupings such
as cell adhesion, matrix proteins, growth factors and
receptors, and proteases, and the transcription in
ADSC had many similarities to the profile of bone
marrow mesenchymal stem cells. Of importance, a recent study suggests that the very exposure of ADSC to
plastic and their duration in culture (i.e., time on plastic) and the culture medium used significantly change
the cell surface phenotypic profile of each cell. Another group demonstrated that human ADSC contain
distinct cell populations expressing three stem cell
markers, CD34, CD133 - commonly used as a hematopoietic stem cell or endothelial progenitor cell marker, and ABCG2 - recently described as identifying
primitive stem cells, and FACS analysis showed that
more than 90% of ADSC were positive for CD34 12).
These results suggest that freshly isolated ADSC contain significant numbers of cells positive for markers
of hematopoietic lineages and endothelial cells (e.g.,
CD45, CD14, CD144, CD34), which notably decreased after 3-5 days in culture. This emerging picture is a primary reason why we incorporate adherence
into the description of these cells, so as to distinguish
them from freshly isolated cells from adipose tissue
that have not been exposed to plastic and which have
a significantly different cell surface phenotypic profile.
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Fig. 2. Schema of ADSC-based angiogenic therapy. ADSC to be injected are prepared from
adipose tissue and proliferate rapidly. The injected cells can secrete a number of growth
factors to promote local angiogenesis in the ischemic area.

Clinical Application in Autologous
Cell Therapy
Therapeutic angiogenesis, a strategy to treat tissue ischemia by promoting the proliferation of collateral vessels, has emerged as one of the most promising
therapies developed to date 13, 14). Therapeutic potential
of various angiogenic molecules has been reported in
animal models and humans with ischemic disease 15, 16).
Recently, autologous transplantation of bone marrow
(BM) stromal cells or endothelial cell (EC) progenitors has been shown to enhance angiogenesis or peripheral blood flow, and these cells were incorporated
into sites of angiogenesis after tissue ischemia of the
limb, retina, and myocardium 17). However, it has also
been suggested that bone marrow mononuclear cells
possess various characteristics of stem cells for mesenchymal tissues 18) and secrete a broad spectrum of angiogenic or anti-angiogenic cytokines, such as interleukin-1β, which would play a role in the process of
angiogenesis 19).
We and others generated a mouse ischemic
hindlimb model and evaluated the therapeutic effect
of injected ADSC in comparison to bone marrow
cells. The angiogenic score was improved in the ADSC-treated group, in which blood flow was evaluated
by laser Doppler imaging and capillary density by immunostaining with anti-CD31 antibody, compared to
that in the control group. There was no significant
difference between injected ADSC and bone marrow

cells. Moreover, in rodents, the presence of hematopoitic stem cells among ADSC has been suggested,
and the presence of a cell population expressing the
stem cell marker CD34 has been shown in ADSC
from human adipose tissue 20). These cells could differentiate into endothelial cells and participate in the formation of vessels, and interestingly, administration of
adipose tissue-derived cells could potentially affect revascularization to a degree similar to the administration of BM-MNC 12). These results suggest that both
hematopoietic and mesenchymal stem cells from adipose tissue can restore blood flow in the ischemic
hindlimb on direct injection, but their mechanisms
may be different. A proportion of hematopoietic stem
cells can be induced to differentiate into vascular cells,
leading to the involvement of neovessel formation,
and the majority of injected mesenchymal stem cells
can upregulate the expression of angiogenic cytokines
by autocrine and paracrine actions in the ischemic
area. We speculate that the injection of cells does not
strictly mimic the natural course of infused cells, and
stem cells cultured under special conditions can undergo changes in terms of their capacity to be incorporated into the target tissue (Fig. 2).
Recent reports demonstrated that these ADSC
can be induced to differentiate into cardiac myocytes,
similar to bone marrow cells 21), which could be excellent for regenerative cell therapy for severe heart failure patients. However, the true in vivo differentiation
capacity of adult BM stem cells and their possible con-
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tribution to non-hematopoietic cells and tissues including cardiac myocytes remain controversial. We
need to carefully observe whether the surviving cells
represent “differentiation” or “fusion”, and how long
these injected cells can function in the heart. We have
to judge whether stem cell transplantation is “regenerative cell therapy” or “cell-based cytokine therapy”.
Advantage of ADSC Compared to MSC
Despite their promising potential for regenerative applications, the fundamental scarcity of endothelial progenitor cell populations in the hematopoietic
system constitutes an important limitation of primary
endothelial progenitor cell transplantation. It was reported that ex vivo expansion of endothelial progenitor cells cultured from the peripheral blood of healthy
human volunteers yielded about 5.0×10 6 cells per
100 ml of blood, while heterologous transplantation
requires 0.5 〜 2.0×10 4 human endothelial progenitor
cells per gram of body weight (of the recipient mouse)
to achieve satisfactory reperfusion of the ischemic
hindlimb 22). In fact, the amount of autologous BM
blood aspirated for therapeutic neovascularization was
approximately 500 ml per person (i.e., 0.1% of body
weight) 1). This suggests a practical limitation of endothelial progenitor cell transplantation; namely, the volume of blood required to extract an adequate number
of endothelial progenitor cells for autologous transplantation. The main benefit of our ADSC is that
they can be easily harvested from patients by a simple,
minimally invasive method and also easily cultured (1
×10 5 cells from one mouse and 20 ml of lipoaspiration from a human). Moreover, cultured populations
of ADSC can be expanded more rapidly (more than
10 times within one week), and long-term cultured
cells after some passages still retain their mesenchymal
pluripotency, with expression of Sca1 and CD44. This
suggests that ADSC could be a good candidate as a
novel source of cell therapy in cardiovascular disease.
In the field of translational research, a preclinical
project using ADSC has already started at MCTR
(Medical Center for Translational Research) at Osaka
University. The project involves not only therapeutic
angiogenesis, but also other forms of regenerative
medicine. We have developed an ADSC culture system from human white adipose tissue in the Cell Processing Center at MCTR, which can be regulated under the control of GMP. The protocol of our projects
using ADSC has been approved by the evaluation
committee of MCTR, and one of the projects is now
in the early phase of clinical trials to evaluate safety
and efficacy. We believe that ADSC will be a good op-

tion for regenerative cell-based medicine in the near
future.
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