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Abstract Adipose tissue contains a stroma that can be
easily isolated. Thus, human adipose tissue presents an
source of multipotent stromal cells. In order to determine
the implication of hematopoietic markers in adipocyte
biology, we have defined part of the phenotype of the
human adipose tissue-derived stromal cells, and com-
pared this to fully differentiated adipocytes. Flow
cytometry demonstrates that the protein expression
phenotype of both cell types are similar and includes the
expression of CD10, CD13, CD34, CD36, CD55, CD59
and CD65. No significant difference between subcuta-
neous and omental adipose tissue could be demonstrated
concerning the expression of these markers. However,
the expression of CD34, CD36 and CD65 is cell-depen-
dent. While the expression of CD36 and CD65 doubled
between stromal cells and mature adipocytes, the
expression of CD34 decreased, despite this protein being
present on the mature adipocyte. As CD34 is described as
a stem cell marker and it being unlikely to be expressed
on differentiated cells, this result was confirmed by im-
munostaining and western blot. The clear function of this
protein on the adipocyte membrane remains to be

determined. The characterization of new proteins on
mature adipocytes could have broad implications for the
comprehension of the biology of this tissue.
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Introduction

The adipose cell plays a major role in the appearance of
obesity. Thus, a great deal of research has been directed
towards the study of this particular cell, using primary
cultures of preadipocytes or human adipocytes, derived
in general from lipoaspirations. The isolated cell pre-
cursors are able in an adapted medium, to differentiate
into mature adipocytes, thus providing a model of
choice for the study of the mechanisms of differentia-
tion, as well as for the study of adipocyte metabolic
regulation (Bornstein et al. 2000; Bouloumie et al. 2001;
Tiraby et al. 2003). In addition, characteristics of iso-
lated mature adipocytes in vitro are, without doubt,
more physiologically relevant than murine immortalized
cell lines (Fain et al. 2003, 2004; Motoshima et al. 2002).
However, the short-survival time of adipocytes in cul-
ture does not make it possible to study long-term phe-
nomena.

A number of studies have also been carried out in
order to compare subcutaneous and deep (omental)
adipose tissue in humans. These studies show in partic-
ular that omental fat has a higher lipid turnover than
subcutaneous fat (Marin et al. 1996; Martin et al. 1991).
Moreover, omental adipocytes express more glucocor-
ticoid receptors (Rebuffe-Scrive et al. 1990). Among
certain very obese individuals, these adipocytes express
lower rates of lipoprotein lipase (LPL) than subcutane-
ous adipocytes (Fried et al. 1993). Lastly, it has been
shown that the rates of expression of leptin mRNA were
higher in subcutaneous adipose tissue than in omental
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Service de Biologie, Centre Hospitalier Départemental Félix
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J. J. Hoarau
Brain Inflammation and Immunity Group, University of Wales
College of Medicine, Cardiff, UK

Histochem Cell Biol (2005) 124: 113–121
DOI 10.1007/s00418-005-0014-z



adipose tissue (Montague et al. 1997; van Harmelen
et al. 2002), while contradictory results were observed
with adiponectin (Lihn et al. 2004; Motoshima et al.
2002). There do not seem, however, to be major differ-
ences (except for leptin) with regard to gene expression
rates (Montague et al. 1998) nor even to the capacity for
differentiation of cells from subcutaneous and omental
origins (Shahparaki et al. 2002; van Harmelen et al.
2002).

As more and more studies considered adipose cells
(precursors or mature adipocytes) as immune cells, we
wanted to determine the evolution of the expression of
around 20 characteristic surface markers for hemato-
poietic cells, both on precursor cells (stromal vascular
fraction, SVF) and isolated mature adipocytes, from
subcutaneous or omental adipose tissue, derived from
normal or slightly overweight women. We have shown
that the cell precursors express very strongly CD34,
CD13, and CD59, while mature adipocytes express
CD34 on their surface, usually described as being spe-
cific to stem cells. CD36 and CD59 are also highly ex-
pressed on the surface membrane of mature adipocytes.
Whatever the origin of the adipose tissue, the expression
of the various surface markers tested does not seem to
differ.

Materials and methods

Subjects

Subcutaneous and omental tissue specimens of white
human fat were obtained from normal weight or slightly
overweight human subjects (exclusively females, body
mass index <26 kg/m2) undergoing abdominal surgery
(aged between 40 years and 65 years, mean 55 years) or
liposuction (aged between 35 years and 50 years, mean
42 years). Indications for surgery were colon cancer,
pancreatic cancer, gastric cancer or inguinal hernia. A
total of 13 samples (seven subcutaneous and six omen-
tal) were obtained from 13 patients. The study was ap-
proved by the Ile de la Réunion ethics committee for the
protection of persons undergoing biomedical research.

Tissue preparation and cell isolation

Liposuction tissue or visceral tissue (after having been
cut into small pieces) samples were incubated for 10 min
at room temperature in Blood Lysis Buffer (BLB).
Samples were then digested for 45 min at 37�C on a
rotating shaker in Ringer-Lactate buffer containing
1.5 mg/ml collagenase (NB4, SERVA, Germany, PZ
activity 0.170 U/mg). The dispersed tissue was filtered
through an 80 lm nylon mesh (for stromal vascular
fraction) or directly centrifuged for 1 min at 200 g (for
mature adipocytes). The floating adipocytes (mature
adipocytes) were collected, resuspended in Krebs-Ringer
and rinsed twice, then resuspended in PBS. For stromal

vascular fraction, after filtration, the tissue was re-cen-
trifuged for 10 min at 600 g. Sedimented cells were
resuspended in BLB and incubated for 10 min at room
temperature. After 10 min at 600 g, the cells were wa-
shed twice with PBS and resuspended in the same buffer
(stromal vascular fraction, SVF).

Flow cytometry analysis

Mature adipocytes and SVF cells (approximately
3·104 cells) were incubated with 10 ll of individual
IOTest monoclonal primary antibodies (Immunotech
Beckman Coulter, Marseille, France, Table 1), coupled
to either phycoerythrin [PE] or fluorescein isothiocya-
nate [FITC] (Table 2), in 50 ll PBS for 30 min in the
dark and at room temperature. Cells were then washed
twice with 1 ml PBS (cells were centrifugated and
resuspended with PBS for SVF, or recuperation of
floating cells for mature adipocytes) and diluted in
150 ll PBS and analyzed with a FACScan flow cytom-
eter (Becton Dickinson). We resuspended adipocytes in
a low volume (150 ll) in order to facilitate the aspiration
of floating adipocytes for analyzing in the FACScan.
Cells incubated with anti-CD20 and anti-CD38 were
used as negative controls for PE and FITC, respectively.
CD20 and CD38 were used for negative controls as they
are typical human B-lymphocyte surface molecule
(Shubinsky et al. 1997; Tedder et al. 1988). Moreover,
we failed to effectively find their expression in SFV or in
mature adipocytes (immunocytochemistry and flow
cytometry) from more than 20 patients (personal re-
sults). Results were analyzed with WinMDI version 2.8
software.

Table 1 Monoclonal antibodies used

Antigen Clone Application Source

CD3 UCHT1 FCM BC
CD4 13B8.2 FCM BC
CD5 BL1a FCM BC
CD8 B9.11 FCM BC
CD10 ALB1 FCM BC
CD13 SJ1D1 FCM BC
CD14 RM052 FCM BC
CD15 80H5 FCM BC
CD19 J4.119 FCM BC
CD20 (control) B9E9 FCM BC
CD31 WM59 FCM EB
CD34 BIRMAK3 IM DAKO
CD34 QBEnd10 W, FCM, IM BC
CD36 FA6.152 FCM BC
CD38 (control) T16 FCM BC
CD55 JS11KSC2.3 FCM BC
CD59 BRIC229 W, IM IBGRL
CD59 P282E FCM BC
CD65 88H7 FCM BC

FCM flow cytometry, BC Beckman coulter, W western blot, IM
immunohistochemistry or immunocytochemistry, IBGRL Interna-
tional Blood Group Reference Laboratory, EB eBioscience
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Immunohistochemistry and immunocytochemistry

Fat tissue

Formalin-fixed white fat tissue, from subcutaneous or
omental origins were sectioned (7 lm), deparaffinized
and unmasked by using heat treatment in sodium citrate
buffer (10 mM) at 95�C for 15 min. Sections were
preincubated with 5% BSA and exposed to a 1:50
dilution of monoclonal mouse anti-human CD34 anti-
body (Kindly provided by Dr P. Gasque, University of
Wales College of Medicine, Cardiff, UK). Sections were
then incubated with the secondary antibody (1/200
coupled to FITC), washed and mounted with Fluoprep
(bioMerieux, Lyon, France) mounting medium.

Mature adipocytes

Mature adipocytes were incubated with 10 ll of indi-
vidual primary antibodies (Immunotech Beckman
Coulter, Marseille, France, Table 1), coupled to either
phycoerythrin [PE] or fluorescein isothiocyanate [FITC]
(Table 2), in 50 ll PBS for 30 min in the dark at room
temperature. Cells were then washed twice with 1 ml
PBS (recuperation of floating cells) and diluted in 150 ll
PBS. An amount of 5 ll of the agitated suspension were
collected, put on a plastic culture flask, and analyzed
with a TE200-U inverted microscope (Nikon, Champi-
gny-sur-Marne, France). Mature adipocytes are visual-
ized at the top of the PBS drop.

SVF cells

Cells isolated from the SVF were plated on a glass slide
in a tissue culture flask at a concentration of 30,

000 cells/cm2 in 199 medium supplemented with 10%
fetal bovine serum (FBS) (PAN Biotech, France),
100 U/ml penicillin, 100 lg/ml streptomycin, 25 ng/ml
amphotericin B and 100 ng/ml transferin. The primary
cells were cultured for 2 days on glass coverslips, fixed
with 0,4% paraformaldehyde (Sigma, Saint Quentin
Fallavier, France) and washed three times in PBS. Cells
were pre-incubated with 5% BSA and then exposed to a
1:50 dilution of monoclonal mouse anti-human CD34
antibody. After washing, cells were incubated with the
secondary antibody (1/100 coupled to FITC), washed
and mounted with Fluoprep mounting medium (bio-
Merieux, Lyon, France).

Western-blot

In order to avoid non-adipocyte cell contamination,
floating mature adipocytes were rinsed three times in
PBS (centrifugation 200 g) before protein extraction.
Whole protein extracts (Laemmli buffer, 50 lg per lane)
were subjected to SDS-polyacrylamide gel electropho-
resis (7.5% acrylamide) and transferred to a nitrocellu-
lose membrane (Bio-Rad, France). The membrane was
then blocked with 1% (w/v) FBS in TBS/Tween 20
buffer (250 mM Tris buffer, pH 7.5; 1.37 M NaCl; 0.1%
(v/v) Tween 20) for 1 h at room temperature and incu-
bated with mouse anti-human CD34 antibody (Immu-
notech Beckman Coulter, Marseille, France, Table 1)
for 2 h at room temperature. Protein detection was
performed by incubating the nitrocellulose membrane
for 1 h with an appropriate Horseradish peroxidase
anti-mouse IgG antibody (Amersham Bioscience, Orsay,
France) and immunoreactivity revealed by exposing the
membrane to the ECL detection reagent (Amersham
Bioscience, Orsay, France) according to the manufac-
turer’s instructions.

Statistical analysis

Statistical analysis was performed using Microsoft Excel
software. Percentage differences between SVF cells and
mature adipocytes were tested for significance (P<0.001
and P<0.01) by the unpaired Student’s t test.

Results

Many membrane proteins are defined as being charac-
teristic of cells derived from the stromal vascular frac-
tion. In order to characterize the expression of these
proteins (Table 1 and 2) on the surface of cells derived
from human (female) subcutaneous and omental adi-
pose tissue, a number of different techniques were em-
ployed.

Initially, in order to identify protein expression at the
surface of cells derived from subcutaneous tissue, a
sensitive flow cytometric technique was used. Cells of the

Table 2 Percentage of stained cells related to antibodies used

Antigen Conjugate Mean percentage of posi-
tive

SVF cells Adipocytes

CD3 FITC 4±1.2 0
CD4 FITC 3±1.4 0
CD5 PE 0 0
CD8 PE 2±0.6 0
CD10 FITC 33±6.3 21±1.9
CD13 PE 86±4.4 60±13.3
CD14 PE 3±0.2 3±0.1
CD15 FITC 3±0.2 0
CD19 FITC 0 0
CD20 (control) PE 2.5±1 2.5±1.5
CD31 FITC 19±4.5 3±0.4
CD34 PE 82±7.6 57±14.9
CD36 FITC 42±11 84±9.7
CD38 (control) FITC 2.5±1.3 2.5±0.8
CD55 PE 24±1.4 14±2.5
CD59 FITC 91±1.4 85±6.5
CD65 FITC 29±2.34 51±5.3

Data are the mean ± SD of n=7 donors
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vascular stroma and mature adipocytes were incubated
with various antibodies conjugated to FITC or PE, and
were then analyzed. Figures 1 and 2 show the marked
expression of the following proteins: CD59 (complement
protectin), CD55 (Decay Accelerating Factor), CD65
(Poly-N-acetyllactosamine), CD10 (common acute
lymphocytic leukemia Ag, CALLA), CD36 (fatty acid
translocase), CD13 (aminopeptidase N) and CD34
(sialomucin). Whereas, CD10, CD59, CD13 and CD55
are expressed in a relatively homogeneous way at the
same time on cell precursors and mature adipocytes, the
expression of CD65, CD36 and CD34 varies. Thus
(Table 2, Figs. 1, 2, 4), CD36, implicated in lipid
metabolism and the transport of fatty acids, is very
strongly expressed on the surface of mature adipocytes
(intensity of fluorescence 100 times superior, Fig. 1),
whereas, the rate of expression on the membrane of the
SVF cells is very low. Moreover, there is a two-fold
difference in the number of labeled cells between the two
cellular types (84% versus 42%, Fig. 2). With regard to
CD34, it has been reported in the literature that the
protein is highly expressed at the surface of precursor
cells (Berenson et al. 1991; Katz et al. 1985). However,
contrary to established thought, CD34 is also present at
the surface of mature cells (Figs. 1, 2, 4). Our results
were similar when identical experiments were carried out
on omental adipose tissue (data not shown). Indeed, no
difference in terms of the percentage of labeled cells
could be determined between subcutaneous adipose tis-
sue and omental tissue, whatever the cellular type (SVF
cells or mature adipocytes).

It should also be noted that there the number of
CD65 labeled cells are almost double among the mature
adipocytes compared to the SVF cells (51% versus 29%,
Fig. 2). There is also a two-fold difference in the inten-
sity of fluorescence between the two cell types when
using this labeling method (data not shown).

The expression of CD3, CD4, CD14, CD15, CD19,
and CD31 on mature adipocytes was also investigated.
The results obtained are presented in Fig. 3 and do not
show any labeling by the various antibodies. These re-
sults are representative of the purified cells of all of the
subjects tested and are valid for mature adipocytes of
subcutaneous or omental origins. The results of identical
labeling experiments carried out on cells of the SVF are
presented in Table 2. It is interesting to note that in this
study, we obtained approximately 20% CD31+ cells in
the SVF (Table 2).

In order to confirm the expression of CD34 on the
surface of fully differentiated adipose cells, we used
immunohistochemical and immunocytochemical tech-
niques on cells derived from adipose, subcutaneous and
omental tissue, as well as directly on tissue sections.
The results of these labeling experiments are presented
in Fig. 4. It should be noted that the cells resulting
from the SVF, in culture (J2), are strongly labeled by
the anti-CD34 antibody, which is in agreement with the
findings of other groups (Aust et al. 2004; Gronthos
et al. 2001; Young et al. 1999). However, this labeling

is visible both at the level of mature adipocytes as well
as in intact adipose tissue, and is independent of the
origin (subcutaneous or omental) (Fig. 4) (data not
shown). As adipose tissue (like almost all tissue) is
usually widely contaminated with endothelial cells
(CD34+), our more convincing result is provided by
the labeling of pure mature adipocyte cells (Fig. 4e).
Immunolabeling of CD36 is shown as positive control
for mature adipocytes. The labeling intensity of CD34
and CD36 (Fig. 4) is in accordance with results obtain
by flow cytometry (Fig. 1). THP-1 cells (human
immortalized monocyte cell line, mature cells) were
used as a negative control for CD34 immunostaining
and effectively not shown any staining (Fig. 4i). Day 0
SVF cells were used as positive control (Fig. 4k) in
agreement with the results of previous studies (Aust
et al. 2004; Gronthos et al. 2001; Young et al. 1999),
which demonstrated a strong CD34 staining of these
cells.

Last, to determine the total expression of these pro-
teins within SVF cells and adipocytes resulting from
subcutaneous and omental tissue (from the same pa-
tient), we carried out a western blot (Fig. 5). Thus, the
expression of CD34 on cells resulting from the SVF as
well as on fully differentiated adipocytes can be con-
firmed. We find that the expression of CD34 seems to be
greater in cells derived from the SVF than fully differ-
entiated adipocytes, in line with the results from flow
cytometric analysis. Prior membrane staining with
Ponceau red, did not detect any differences in the
quantity of proteins loaded on the gel (data not shown).

The origin of the adipose tissue (subcutaneous or
omental), had no significant difference upon the
expression of CD34 among patients analyzed.

Discussion

The results that we present in this study add to our
understanding of the role and function of the adipocyte
cell. We are indeed the first group to characterize in a
differential way the expression of functionally significant
proteins on the surface of SVF cells and mature adipo-
cytes from two locations (subcutaneous and omental
adipose tissue). Among the six samples of omental adi-
pose tissue, three came from patients treated for hernia
(close to normal situation), and three came from patients
treated for cancer (pathologic situation). However, it
does not seem that this particular point interfered in our
study as amongst all the CD analyzed on SVF cells and
mature adipocytes, we could not detect significant dif-
ference between the normal and the pathological situa-
tion.

With regards to the expression of the proteins
investigated in this study, no significant difference could
be determined between cells from subcutaneous or
omental adipose tissue. However, it is clear that these
results do not call into question functional differences
already demonstrated in other studies (Lundgren et al.
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2004; Marin et al. 1996; Martin et al. 1991; Montague
et al. 1997; van Harmelen et al. 2002).

The labeling of mature adipocytes enables us to
clearly visualize the physiology of expressed proteins in

human tissue in a way that is very close to the situation
in vivo. The absence of labeling for CD3, CD19, and
CD15 (Fig. 3) demonstrates that the cells used in this
study are not contaminated (or very little) by immune
cells. Our results are also in agreement with the results of
previous studies on undifferentiated cells in culture,
which showed the expression of CD10, CD13, CD34,
CD55, and CD59 (Aust et al. 2004; Gronthos et al. 2001;
Young et al. 1999).

We, on the other hand, have not been able to
demonstrate the membrane expression of certain pro-
teins such as CD4 or CD14 (Fig. 3). With regards to
CD4, our results do not agree with the study by Hazan
et al. (2002) that demonstrated the expression of the
CD4 receptor on the surface of adipocytes differenti-
ated in culture as well as the immunolabeling of the
protein in subcutaneous adipose tissue. The work by
Hazan et al. proposed a link between the expression of
CD4 and the entry of the HIV virus into adipocytes.
The differences observed can certainly be explained by
two deciding factors. Certain experiments were carried
out upon differentiated cells in vitro, which does not

Fig. 1 Flow cytometric analysis of stromal vascular fraction (left
side) and mature adipocytes (right side) from subcutaneous human
adipose tissue. Cells from a representative individual donor were
stained with monoclonal antibodies directed against: (a) CD59;
(0b) CD10 or CD36; coupled to fluorescein isothiocyanate (FITC)
or against: (c) CD13 or (d) CD34 and coupled to phycoerythrin
(PE). Monoclonal antibodies directed against CD38 or CD20
served as a control for FITC or PE, respectively (grey area). M1
zone corresponds to positive cells (102<M1)

Fig. 2 Graphical representation of mean percentage of positive
cells stained for various proteins after flow cytometric analysis. M1
zone (Fig. 1) define positive cells (>102). Stromal vascular fraction
cells or mature adipocytes were stained with monoclonal antibodies
directed against CD10, CD36, CD59 or CD65 and coupled to
fluorescein isothiocyanate (FITC) or against CD13, CD34 or CD55
and coupled to phycoerythrin (PE). Data are the mean ± SD of
n=7 donors. Monoclonal antibodies directed against CD38 or
CD20 served as a negative control for FITC or PE. respectively.
**P<0.001% versus SVF cells. *P<0.01% versus SVF cells
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necessarily reflect the actual situation in vivo. In
addition, subsequent confirmation of CD4+ labeling
was carried out on adipose tissue sections. It is possible
that positive labeling occurred as a result of the pres-
ence of another cellular type (lymphocytes for CD4 and
endothelial cells for CXCR4 and CCR5) (Gupta et al.
1998). Whatever the reason, our results do not show
any CD4+ labeling, in either subcutaneous or omental
SVF cells, or adipocytes, as confirmed by the use of

two different antibodies (clone 13B8.2 and
SFCI12T4D11 (data not shown)).

With regards to CD14 (LPS receptor), our results do
not support the findings of Sewter et al. (1999), who
demonstrated the expression of the CD14 messenger in
human adipocytes. Thus, Sewter et al. explained an in-
crease in TNFa in response to stimulation with LPS by
the presence of CD14 on the cell surface. We have only
been able to demonstrate approximately 3% of cells

Fig. 3 Flow cytometric analysis
of mature adipocytes from
subcutaneous human adipose
tissue. Cells from a
representative individual donor
were stained with monoclonal
antibodies directed against: (a)
CD38 (negative control); (c)
CD3; (d) CD15; (f) CD19 and
(h) CD31, coupled to
fluorescein isothiocyanate
(FITC) or against (b) CD20
(negative control); (e) CD4 and
(d) CD14, coupled to
phycoerythrin (PE)
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expressing CD14, whatever the cellular type or the origin
of the tissue investigated. This, as well as the low
intensity of fluorescence given by fluorometry, does not
enable us to validate the presence of this protein on the
surface of the adipocytes. Therefore, the effect of LPS on
the adipocyte cannot be directly related to the presence
of CD14 on its membrane. However, it is possible that
this effect occurs via the secretion of CD14 by the adi-
pose cell (Su et al. 1999), or possibly as a result of an-
other receptor (Frleta et al. 2003; Heine et al. 2003). The
expression of CD55 on the mature adipocyte would
seem to agree with this hypothesis. It has also been
demonstrated that the presence of CD14 is not necessary
for activation by LPS (Lynn et al. 1993).

The expression of CD36 on the surface of adipocytes
as well as its implication in many cellular processes
(scavenger receptor functions, lipid metabolism, fatty
acid transport) have already been largely described in
rodents as well as in the 3T3-L1 and 3T3-F442A cell
lines (Febbraio et al. 1999; Kuniyasu et al. 2002, 2003;
Sfeir et al. 1999). Recently, a link has been established
between insulin resistance, the expression of CD36 on
the surface of macrophages, as well as its function as a
scavenger receptor (Liang et al. 2004), whereas, its

deficiency had previously been incriminated in the
development of insulin resistance (Miyaoka et al. 2001).
We show here for the first time the expression of CD36
on the surface of cell precursors (SVF) and on isolated
human adipocytes. This expression is dependent upon
differentiation and is thus highly pronounced on mature
adipocytes (strong labeling intensity, Fig. 1). The
expression of CD36 undoubtedly reflects its very sig-
nificant role in the function of the adipose cell. Looking
beyond its implication in the transport of fatty acids,
this new data enables us to postulate that the adipose
tissue could play a major role in the elimination of LDL
oxidized within the human body (Kuniyasu et al. 2002;
Stanton et al. 1997; Zhao et al. 2004). Thus, CD36 can
be regarded as a very good marker of differentiated
adipocyte (Teboul et al. 2001).

The most interesting and surprising result in this
study relates to the expression of CD34 on the surface of
mature adipocytes derived from subcutaneous or
omental adipose tissue. Indeed, this receptor is generally
regarded as a marker of cell lines or juvenile cells (Ber-
enson et al. 1991; Katz et al. 1985), while its expression
on the surface of differentiated cells remains limited
(Delia et al. 1993; Drew et al. 2002; Fina et al. 1990).

The use of three different visualization techniques as
well as two distinct antibodies in this study greatly
supports the validity of our results. Moreover, the fact
that various CD markers of immune cells (CD19: plas-
mocytes; CD3: T cells; CD15: macrophages) or of
endothelial cells (CD31) are not found in the mature
adipocyte preparations used in this study demonstrates
that these preparations are not contaminated by other
cell types generally found within adipose tissue. The
absence of these markers could not be due to collagenase
digestion as we could find them in the SVF. Moreover,
differential expression of CD36 between SVF cells (very
low staining) and mature adipocytes (very strong stain-
ing) show, without ambiguity, that mature adipocytes
preparation are not contaminated with cells from the
SVF as no cell of the SVF show such a strong staining.

Despite the results of experiments undertaken within
our laboratory as well as what is currently known from
the literature, we are unable to explain the function of the
CD34 receptor on the surface of adipocytes. However,
CD34 has been implicated in cellular adhesion (Healy
et al. 1995; Majdic et al. 1994) and more particularly in
lymphocyte recruitment by endothelial cells (Baumhu-
eter et al. 1994). Indeed, in endothelial cells, the CD34
receptor, a ligand of L-selectins, is highly expressed
(Baumhueter et al. 1994). Thus, it is possible that this
function also exists within adipose tissue. Our results
agree with a recent study showing that adipocytes and
endothelial cells share a common precursor (Planat-Be-
nard et al. 2004). Moreover, mature adipocytes are able
to undergo dedifferentiation acquiring an endothelial
phenotype (Planat-Benard et al. 2004). Thus, it is not
surprising to find identical proteins expressed on the
membranes of these two cell types. Last, we have dem-
onstrated the expression of CD65, a ligand for E-selec-

Fig. 4 Immunostaining of stromal vascular fraction cells after
2 days of culture (a, b,·200), tissue sections (c, d, ·200) or mature
adipocytes (e, f, ·200; g, h, ·400) from human subcutaneous
adipose tissue. THP-1 cells (human monocyte cell line) were used as
negative control for CD34 (i, ·200). CD13 is used as positive
control for THP-1 cells (j, ·200). SVF cells (0 day of culture) were
used as positive control for CD34 (k, ·200). FACS analysis of
negative and positive control are shown (i, j and k). a and c samples
were exposed to mouse anti-human CD34 antibody and stained
with FITC-linked secondary antibody; b and d samples were
exposed to FITC-linked secondary antibody alone (control); e
mature adipocytes were incubated with mouse anti-human CD34
antibody coupled to PE; f mature adipocytes were incubated with
mouse anti-human CD20 antibody coupled to PE (negative
control); g mature adipocytes were incubated with mouse anti-
human CD36 antibody coupled to FITC; h mature adipocytes were
incubated with mouse anti-human CD38 antibody coupled to
FITC (negative control); i and j THP-1 cells (negative control) were
incubated with mouse anti-human CD34 or CD13 antibody
coupled to PE; k day purified SVF cells (positive control) were
incubated with mouse anti-human CD34 antibody coupled to PE

b

Fig. 5 Western blot analysis of CD34 protein expressed by omental
and subcutaneous human mature adipocytes and SVF cells. 50 lg
of total protein was separated by SDS-PAGE. Protein detection
wasperformed by the ECL Plus western blotting detection reagent.
Panel A: molecular weight ladder; Panel B: proteins of SVF cells
from subcutaneous tissue; Panel C: proteins of mature adipocytes
from subcutaneous tissue; Panel D: proteins of SVF cells from
omental tissue; Panel E: proteins of mature adipocytes from
omental tissue
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tins (Noguchi et al. 2001), on mature adipocytes. This
result consolidates the hypothesis that adipocytes are
implicated in leucocyte recruitment via CD34 and CD65.

The study of the expression of adipocyte surface
proteins highlights the potential existence of various
processes controlling and modeling the cellular interac-
tions within the adipose tissue (omental or subcutane-
ous). However, the interactions between immunizing
cells, endothelial cells, and adipocytes remains to be
more clearly determined.

Lastly, the results obtained from mature adipocytes
extracted directly from adipose tissue make it possible to
highlight specific characteristics of the human adipocyte
that are not revealed in primary cultures or cell lines.
Thus, the use of this particular in vitro model should help
us in elucidating certain functions of adipocytes in vivo.
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