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Abstract

Adipose stem cells (ASCs) represent a cell population with great potential for tissue engineering
applications. Several articles have been published showing the proliferation and differentiation
potential, the markers and the wide range of potential applications of these cells. In the majority
of these studies the ASCs are isolated using a basic enzymatic procedure, which results in a quite
heterogeneous cell population that compromises their proliferation and differentiation. This paper
reports the development and optimization of a new isolation/purification method that allows
populations of ASCs to be obtained, which significantly reduces (and eventually eliminates) the
‘contamination’ of other cell types. This method is based on the use of immunomagnetic beads
coated with specific antibodies. The first part of the study described here analysed the expression of
marker genes for stem cells and the colony-forming unit (CFU) capacity of the cells isolated, while
the second part is dedicated to the osteogenic differentiation potential of the isolated cells. The
results showed that, using the isolation method based on immunomagnetic beads, it was possible to
obtain ASCs and also underline the existence of several subpopulations of stem cells in the adipose
tissue. Copyright  2008 John Wiley & Sons, Ltd.
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Adipose tissue presents great potential as a stem cell
source for tissue-engineering applications, mostly due
to the high availability of this tissue as compared
to the other sources, such as the bone marrow. In
fact, adipose tissue can be obtained as a ‘waste’ from
a number of surgical procedures and/or harvested
from humans through liposuction, which is considered
a common and safe (minimally invasive) surgical
procedure. Furthermore, adipose stem cells (ASCs) have
good differentiation potential, as shown in several studies
that have demonstrated the ability of these cells to
differentiate into osteoblasts, chondrocytes, endothelial
cells and neuronal cells (Castro-Malaspina et al., 1984;
Fraser et al., 2006; Goh et al., 2007). The major drawback
of adipose tissue as a source of stem cells is contamination
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by other types of cells. In fact the adipose stromal
fraction is composed by a heterogeneous variety of
cells, such as immune cells, haematopoietic stem cells,
adipocytes, endothelial cells and fibroblasts (Tholpady
et al., 2006), which can negatively affect the proliferation
and/or differentiation potential of the ASCs (Quarto and
Longaker, 2006; Solchaga et al., 2005).

Most articles found in the literature regarding the use
of ASCs describe an isolation technique based on an
enzymatic digestion with collagenase, followed by the
seeding of the heterogeneous cell populations, which
does not solve the problem of ‘contamination’ as the
principle of this isolation method is the property of
the ASCs to adhere to the plastic of the culture flasks
(Rodbell, 1964, 1966a, 1966b; Van and Roncari, 1977;
Van et al., 1976; Marin et al., 1992). The aim of this
study was to develop a new isolation method based
on immunomagnetic beads that allows the isolation of
ASCs, reducing the contamination by other cell types. For
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this purpose, a cell suspension obtained after digestion
of rat adipose tissue with collagenase was purified using
immunomagnetic Dynal M-450 Epoxy beads (Dynabeads)
coated with a different antibody marker for mesenchymal
stem cells (patent pending: Rada, Gomes and Reis 2008).
Briefly, the beads were coated with either anti-CD49d
Ab (Biogenesis, UK), anti-STRO-1 Ab (Invitrogen, USA)
or anti-p75 NGFr Ab (Abcam, UK) antibody, using a
concentration of 4 µg/1 × 107 Dynabeads. The pellet
obtained by the enzymatic digestion was resuspended
in 0.1% BSA (Sigma-Aldrich, Germany) in PBS. The
Ab-coated Dynabeads were then mixed with the cell
suspension and incubated for 30 min at 4 ◦C under gentle
stirring. Subsequently, the cell suspension and beads
mixture was washed with PBS and BSA and the cells
bonded to the Ab-coated Dynabeads were separated from
the remainder of the cell suspension using the Dynal MPC
magnet (Dynal Biotech, USA). Finally the cells bonded
to the Ab-coated Dynabeads were seeded in 75 cm3 cell
culture flasks.

Real-time RT–PCRs for CD44, STRO-1, CD105 and
CD90 and CFU test were peeformed to characterize
the cells isolated using this methodology. Additionally,
osteogenic differentiation was studied, culturing the
isolated cells for 4 weeks using osteogenic medium.
Cells were stained with Alizarin red and osteocalcein
and osteopontin gene expression were quantified using
real-time RT–PCR.

The results obtained showed that all the cells isolated
with immunomagnetic beads coated with the different
Abs had colony-forming (CFU) capacity and all expressed
CD44, STRO-1, CD105 and CD90 (Table 1). Regarding
the osteogenic differentiation, all the rat ASCs isolated
expressed osteopontin and osteocalcein (Table 2) and
stained positive to Alizarin red.

It was also found that the levels of gene expression and
the osteogenic differentiation potentials were different
between the different cells isolated with different
antibodies. In fact, the subpopulation isolated using
immunomagnetic beads coated with STRO-1 was the
one that showed the highest stem cell marker gene
expression and the highest osteogenic differentiation
potential. Using the immunomagnetic beads isolation

Table 1. Gene expression of the cells isolated with the different
methods compared to the reference sample (cells isolated
with the enzymatic method) used to calculate the !!Ct
(mathematical method to calculate the gene expression); the
symbol +) stands for expression levels higher than the reference
sample (>1); and the symbol −) stand for expression levels lower
than the reference sample (< 1)

Gene expression

Isolation methods CD105 CD44 CD90 STRO-1

STRO-1 + + + +
CD49d − + + +
NGFr − − + −

Table 2. Gene expression for osteopontin and osteocalcein of
the cells isolated with the different methods compared to the
reference sample (cells cultured with basal medium) used to
calculate the !!Ct (mathematical method to calculate the gene
expression); the symbol +) stands for expression levels higher
than the reference sample (>1); and the symbol −) stand for
expression levels lower than the reference sample (<1)

Gene expression

Isolation methods Osteocalcein Osteopontin

CD49d − +
NGFr − +
STRO-1 + +
Enzymatic method − +

method, it was possible to isolate rat ASCs with minor
contamination by other cell types, as compared to cells
isolated using the enzymatic method. In this study,
combination of the isolation method described with the
use of different antibody markers for mesenchyamal stem
cells allowed us to conclude that the stem cells from
adipose tissue constitute a complex population, formed
of several subpopulations that present different stem
cell marker gene expressions and different osteogenic
differentiation potentials.
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