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Abstract To investigate the expression of the endoc-
annabinoid 1 and 2 receptors by human adipocyte cells
of omental and subcutaneous fat tissue, as well as to
determine whether these receptors are functional. The
expression of CB1 and CB2 receptors on human
adipocytes was analyzed by western blotting, immuno-
histology and immunocytology. We also investigated
intracytoplasmic cyclic AMP level modulation following
CB1 and CB2 receptor stimulation by an enzymatic
immuno assay. All mature adipocytes, from visceral
(epiploon) and subcutaneous fat tissue, express CB1 and
CB2 on their plasma membranes. We also demonstrate
in this study that adipocyte precursors (pre-adipocytes)
express CB1 and CB2 on their plasma membranes and
that both receptors are functional. Activation of CB1
increases intracytoplasmic cyclic AMP whilst CB2 acti-
vation leads to a cyclic AMP decrease. Here we dem-
onstrate, for the first time, that adipocytes of human
adipose tissue (mature adipocytes and pre-adipocytes)
express functional plasma membrane CB1 and CB2
receptors. Their physiological role on the adipose tissue
is not known. However, their major involvement in the
physiology of other tissues leads us to suppose that they
could play a significant role in the homeostasis of the
energy balance and/or in the regulation of adipose tissue
inflammation.
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Introduction

The first recorded medicinal use of cannabis deriva-
tives was found in Chinese and Egyptian texts dating
back to several centuries before Jesus Christ. The
beneficial effects of the active ingredients of marijuana
(Cannabis sativa) have been known for millennia, with
them being used to treat pain, spasms, nausea,
insomnia and especially lack of appetite. The identifi-
cation and characterization of the principal active
ingredient of C. sativa, D9-tetrahydrocannabinol (D9-
THC), is a recent discovery dating back to 1964
(Gaoni and Mechoulam 1964). Recent rapid progress,
due in part to the power of molecular biology tech-
niques, has made it possible to characterize and clone
the D9-THC receptors, thus raising the crucial question
as to the identity of the endogenous ligands. The
endogenous cannabinoid ligands or endocannabinoids
were identified a few years after the discovery of the
first receptor and include the two principal ligands:
arachidonylethanolamide (still called anandamide, fatty
acid amide) (Devane et al. 1992) and 2-arachidonoyl-
glycerol (2-AG, fatty acid ester) (Mechoulam et al.
1995). Two receptors isolated from rat brain were
identified and named CB1 and CB2 (Matsuda et al.
1990). CB1a, a splicing variant truncated at the
N-terminal region of the receptor, exhibiting 98%
identity, was characterized and was shown to have the
same distribution as CB1 (Shire et al. 1995). During
this period, a second receptor called CB2 was isolated
from myelocyte cells (Munro et al. 1993). The two
receptors, CB1 and CB2 exhibit approximately 44%
homology as well as some differences in the distribu-
tion of their expression. CB1 is mainly expressed,
throughout the central nervous system, equally well by
neurons as it is by glial cells (Matsuda et al. 1990;
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Herkenham et al. 1990). Nevertheless it is also ex-
pressed at a very much lower level in peripheral tissue,
including the testicle, the uterus, the intestine, the
bladder, retinal cells, endothelial cells and certain cells
of the immune system (Bouaboula et al. 1993).
Expression of CB1 has also been demonstrated in rat
adipose tissue as well as in primary fat cell cultures
(Bensaid et al. 2003). At present, the precise function
of the CB1 receptor within peripheral tissue is not well
understood (Bouaboula et al. 1993; Bensaid et al.
2003; Cota et al. 2003a; Galiegue et al. 1995; Liu et al.
2000). Studies on the nervous system have elucidated
the mechanism of action of the CB1 receptor and
made it possible to understand the action of endoge-
nous or exogenous ligands on the physiological func-
tions governed by the central nervous system, in
particular the psychotropic effects of cannabis and the
regulation of food intake (orexigenic effect of the en-
docannabinoids) (Cota et al. 2003b; Howlett et al.
1990; Berry and Mechoulam 2002; Martinez-Gonzalez
et al. 2004). The expression of the CB2 receptor is
primarily restricted to cells of the immune system, al-
though certain studies have demonstrated its presence
in the lung, the uterus and the pancreas (Bouaboula
et al. 1993; Galiegue et al. 1995). Here we report, for
the first time the existence of two new cellular loca-
tions of protein expression:

• Expression of the functional CB1 receptor by human
adipocytes.

• New expression of the functional CB2 receptor by
adipose cells (highlighted in our study on humans).

Materials and methods

Origin of adipose tissue samples

Human abdominal subcutaneous adipose tissue samples
were obtained from men and women undergoing lipo-
suction in the Department of Plastic Surgery, Centre
Hospitalier Départemental Félix Guyon, Saint Denis,
La Réunion. The mean age (years) and BMI (kg/m2) for
women were 39±8.9 and 26±3, respectively, and for
men were 45±5.4 and 27±3.5, respectively. Human
omental (epiploon) adipose tissue samples were obtained
from women and men undergoing intestinal surgery in
the Department of Digestive Surgery, Centre Hospitalier
Départemental Félix Guyon, Saint Denis, La Réunion.
The mean age (years) and BMI (kg/m2) for women were
51±6.9 and 24±2.3, respectively, and for men were
57±6.4 and 26±4.5, respectively. The presence of an
inflammatory syndrome was considered to be a non-
inclusion criterion. All patients gave their consent to the
gift and the study was approved by the regional
CCPPRB (committee for the protection of persons
undergoing biomedical research).

Isolation and purification of pre-adipocytes and mature
adipocytes

Samples of human adipose tissue were rapidly processed
after surgery. Twenty-five milliliters of adipose tissue
were incubated with 25 ml Ringer-lactate buffer con-
taining 1.33 or 1 mg/ml of collagenase NB4 (Coger,
France), respectively, for pre-adipocyte and mature
adipocyte purification, for 30 min at 37�C.

For pre-adipocyte purification, digested tissue was
filtered through an 80 lm nylon mesh to eliminate
undigested fragments, followed by centrifugation at
1,000g for 10 min. The cell pellet (SVF, Stromal Vas-
cular Fraction) harvested after centrifugation was
resuspended and incubated twice for 10 min in BLB
(blood lysis buffer pH 7, NH4Cl 155 mM, KHCO3

10 mM, Na2EDTA 1 mM) to eliminate red blood cells.
After centrifugation at 1,000g for 10 min, cells were
resuspended in 199 medium (PAN Biotech, France). Cell
number and viability were assessed by trypan blue dye
exclusion.

For mature adipocyte purification, filtration was not
carried out; mature adipocyte cells were carefully har-
vested by pipetting from the higher phase of the sus-
pension after centrifugation at 200g for 20 s. Mature
adipocyte were then rinsed with Ringer-lactate buffer.

Immunohistology of omental and subcutaneous adipose
tissue

Formalin-fixed normal subcutaneous or omental fat
tissue was sectioned on a microtome (7 lm), deparaffi-
nized and unmasked by the use of heat treatment in
sodium citrate buffer (10 mM) at 95�C for 15 min.
Sections were pre-incubated with 5% bovine serum
albumin (BSA) and exposed to a 1:50 dilution of poly-
clonal anti-human CB1 antibody (101500 CB1 Receptor
Polyclonal Antibody, Cayman Chemical Company,
USA) or polyclonal anti-human CB2 antibody (101550
CB2 Receptor Polyclonal Antibody, Cayman Chemical
Company). Sections were then incubated with the
secondary antibody (1/200 coupled to FITC or Alexa
Fluor 594�), washed and mounted with Fluoprep
(bioMerieux, France) mounting medium. Sections were
examined on a fluorescent microscope (TE 2000-U,
Nikon).

Immunocytotology of pre-adipocytes and mature
adipocytes

Cells isolated from the SVF were plated on glass cover
slips in culture flasks at 20,000 cells/cm2 in 199 medium
supplemented with 10% FBS (PAN Biotech), 100 U/ml
penicillin, 100 lg/ml streptomycin, 25 ng/ml amphoter-
icin B and 100 ng/ml transferrin. Medium was changed
every 2 days. Cells were cultured for 16 h (D0), 40 h
(D1) and 88 h (D3) on glass cover slips, fixed with 0.4%
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paraformaldehyde (Sigma, France) and washed three
times in PBS. Cells were pre-incubated with 5% BSA
and then exposed to a 1:50 dilution of polyclonal anti-
human CB1 antibody (101500 CB1 Receptor Polyclonal
Antibody, Cayman Chemical Company) or polyclonal
anti-human CB2 antibody (101550 CB2 Receptor
Polyclonal Antibody, Cayman Chemical Company).
After washing, cells were incubated with the secondary
antibody (1/200 coupled to FITC or Alexa Fluor 594�),
washed and mounted with Fluoprep (bioMerieux)
mounting medium. Cells were examined on a fluorescent
microscope (TE 2000-U, Nikon).

Mature adipocytes isolated from tissue were incu-
bated with the same primary antibodies as described
above and at the same concentrations. Cells were washed
with PBS and centrifuged at 200g for 10 s. As above, the
cells were then incubated with the same secondary anti-
body followed by washing. Cells were examined on a
fluorescent microscope (TE 2000-U, Nikon).

Protein extraction

Proteins were extracted with 300 ll of lysis buffer
[50 mM Tris–HCl pH 7.4, 150 mM NaCl, 1% triton,
1 mM EDTA, 1/20 (v/v) anti-protease cocktail (Sigma)]
per culture plate. Protein extraction was quantified by
the Bradford dosage assay using BSA as a standard.

Western blot analysis

Sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according to the
Laemmli protocol (1970). SDS-PAGE was carried out
under reductive conditions with 12.5% running gels and
4% stacking gels. Gels were blotted onto a nitrocellulose
membrane (Millipore, France). Membranes were soaked
for 30 min in Tris buffered saline (TBS) buffer (138 mM
NaCl, 15 mM Tris-base) containing 0.05% (v/v) Tween
20.

Human CB1 protein was visualized with the rabbit
polyclonal anti-human CB1 antibody at a 1/500 dilution
(101500 CB1 Receptor Polyclonal Antibody, Cayman
Chemical Company). Human CB2 protein was visual-
ized with the rabbit polyclonal anti-human CB2 anti-
body at a 1/500 dilution (101550 CB2 Receptor
Polyclonal Antibody, Cayman Chemical Company).
The membranes were incubated in TBS-Tween 20 con-
taining 5% non-fat milk with the primary antibody for
2 h at room temperature. The membranes were washed
three times for 10 min in TBS-Tween 20 buffer. This was
followed by incubation with alkaline phosphatase-con-
jugated polyclonal anti-rabbit immunoglobulin (1/5,000)
(Promega, France) in TBS-Tween 20/non-fat milk for
1 h at room temperature. After four washes of 5 min
with TBS buffer, development was completed with an
enzymatic assay consisting of a mixture of 5-bromo-4-
chloro-3-indolyl phosphate and nitroblue tetrazolium

salt in TBS buffer, pH 9.5 (100 mM Tris–HCl, 100 mM
NaCl).

Detection of intracellular cyclic AMP level

Pre-adipocytes were cultivated in 60 mm culture plates
until confluence (D7) following the same culture proto-
col as that used for the preparation of cells for the im-
munocytology assays. For CB1 stimulation, cells were
treated for 7 min with 2-arachidonoylglycerol (2-AG)
(Cayman Chemical Company) at 1, 2 and 5 nM con-
centrations as well as 5 nM 2-AG with 50 or 75 nM
AM251 (Cayman Chemical Company). Cells treated
with 0.1% ethanol were used as controls.

For CB2 stimulation, cells were pre-incubated for
10 min with 1 lM forskolin (Sigma) followed by treat-
ment for 7 min with palmitoylethanolamide (PEA)
(Cayman Chemical Company) at 20, 50, 100 lM con-
centrations as well as 100 lM PEA with 10 lM SR
144528 (Sanofi-Synthelabo company gift). Cells treated
with 1 lM forskolin alone were used as controls. Fol-
lowing incubation, the medium was removed and 250 ll
of 0.1 M HCl was added to each plate and incubated for
20 min at room temperature. Cells were removed with a
cell scraper and a homogenous suspension obtained by
repeated pipetting. This was centrifuged at 1,000g for
10 min. The cyclic AMP concentration in the superna-
tant was quantified by use of an Enzymatic Immuno
Assay kit (Cayman Chemical Company) in accordance
with the manufacturer’s instructions.

Mature adipocytes isolated from adipose tissue were
cultured in 24 well plates (50,000 cells per well) without
FBS for 18 h in the same culture medium as that used
for the pre-adipocytes. The CB1 and CB2 stimulation
protocol was carried out as described above.

Following stimulation, 200 ll of 0.1 M HCl was ad-
ded to each well and incubated for 20 min at room
temperature. The mixture was pipetted to obtain a
homogeneous suspension and centrifuged at 1,000g for
10 min. The cyclic AMP concentration in the superna-
tant was quantified as above.

RNA preparation and reverse transcription

Cells from each 60 mm plate were extracted with 500 ll
of TRIzol� reagent (Invitrogen, France). Total RNA
was isolated and precipitated according to the manu-
facturer’s instructions. Five micrograms of total RNA
was reverse transcribed using random heptamer primers
(Eurogentec, Belgium) with SuperscriptTM II (Invitro-
gen) according to the manufacturer’s instructions.

Real-time PCR

One microliter of reverse-transcribed RNA was ampli-
fied on an ABI PRISM 7000 thermal cycler (Applied
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Biosystems, France) using the Taqman� Master Mix
Kit (Eurogentec) in a 25 ll reaction volume. The prim-
ers used are indicated below. The 18S ribosomal RNA
(rRNA) gene was used as an internal standard. Real-
time amplifications were then analyzed using Sequence
Detector software 1.1 (Applied Biosystems) and quan-
tification of target mRNA was carried out by compari-
son of the number of cycles required in order to reach
the reference point (DDCT method).

Results

Expression of CB1 and CB2 receptors genes
in pre-adipocytes and mature adipocytes

We have used real-time PCR to demonstrate expression
of CB1 and CB2 on pre-adipocytes and mature adipo-
cytes at mRNA level. These two cellular types, pro-
ceeding whether from omental or subcutaneous tissue,
or from male or female subjects, express both messages
(representative results shown in Fig. 1, panel A).

We have determined, by real-time RT-PCR, CB1 and
CB2 mRNA level in adipose cells isolated from fat
subcutaneous tissue. CB1 and CB2 mRNA levels were,
respectively, 130- and 61-fold higher in mature adipo-
cytes than in pre-adipocytes (Fig. 1, panel B). We have
also determined that CB2 expression was higher than
those of CB1. Expression level was, respectively,
approximately 8- and 4-fold higher in pre-adipocyte and
in mature adipocyte.

Expression of CB1 and CB2 receptors protein on mature
adipose cells

In this study, an immunohistological assay was used to
demonstrate protein expression of CB1 and CB2 recep-
tors on native adipocyte plasma membranes. Figure 2
shows a positive staining profile throughout the plasma
membrane of mature adipocytes. Immunocytological
labeling of isolated mature adipocytes from adipose
tissue was carried out in order to verify the existence of
CB1 and CB2 on these cells. Figure 3 shows, as for the
immunohistological assay, a positive staining profile
throughout the plasma membrane of isolated mature
adipocytes. In both labeling assays, the binding speci-

ficity of the secondary antibody was assured by the ab-
sence of a positive signal following incubation with the
secondary antibody alone.

Staining was carried out on two types of fat tissue
(omental and abdominal subcutaneous fat) derived from
male and female subjects. Three omental and four sub-
cutaneous samples were analyzed from the two sexes (14
samples). In all cases, CB1 and CB2 receptors were
shown to be present on the plasma membrane of mature

adipocytes (representative staining of one sample from
each origin was shown, Figs. 2, 3). In order to verify
that the antibodies used for the recognition of CB1 and
CB2 were specific for the ligands, western blotting was
carried out on isolated mature adipocyte proteins iso-
lated from tissue by collagenase treatment. A single
band of the expected size (45 kDa for CB1, 55 kDa for
CB2) was revealed following incubation with the poly-
clonal anti-human CB1 and CB2 antibodies used for the
immunohistology and immunocytology assays (Fig. 4).
We have also carried out immunostaining on cells which
expressed both receptors CB1 and CB2 (leucocytes,
Fig. 6a). We have verified that positive staining obtained
was CB1 and CB2 presence specific by realizing the same
staining on cells which do not express cannabinoid
receptors (blood red cells, Fig. 6b).

We are thus able to confirm that mature human
adipocytes, whether from omental or subcutaneous tis-
sue, or from male or female subjects, express, on their
surface, CB1 and CB2 cannabinoid receptors.

Expression of CB1 and CB2 receptors protein
on pre-adipocytes

Immunocytology on pre-adipocytes was also carried out
in order to investigate the presence of cannabinoid
receptors in these cells isolated from fat tissue (staining
was not visible by immunohistology as the size and
quantity of pre-adipocytes compared to the total num-
ber of cells investigated is too small). Labeling was
carried out 16 h (D0) and 88 h (D3) after seeding cells
on glass cover slips so as to allow the cells to adhere.
Flow cytometric analysis of the cell population (SVF)
was carried out at 16 and 88 h in order to ascertain the
proportion of the various cell types present (Festy et al.
2005). Cells of the SVF possessing the CD34+ and

CB1 (quantity used for one reaction volume: primers 10 pmol, probe 15 pmol)
Primer (5¢) 5¢-CAC AGC CAT CGA CAG GTA CAT ATC-3¢
Primer (3¢) 5¢-ACG GCG ATC ACA ATG GCT AT-3¢
Probe 5¢- FAM-ATT GTC ACC AGG CCC AAG GCC G -TAMRA-3¢
CB2 (quantity used for one reaction volume: primers 10 pmol, probe 10 pmol)
Primer (5¢) 5¢-ATCCTGAGTGGTCCCCAGAAG-3¢
Primer (3¢) 5¢-GTGGGAGGACAGGATCAGATAGAG-3¢
Probe 5¢-FAM-TGC TAA GTG CCC TGG AGA ACG TGG C -TAMRA-3¢
18 S (quantity used for one reaction volume: primers 5 pmol, probe 5 pmol)
Primer (5¢) 5¢-CAT TCT TGG CAA ATG CTT TC-3¢
Primer (3¢) 5¢-CGC CGC TAG AGG TGA AAT TCT-3¢
Probe 5¢-JOE-ACC GGC GCA AGA CGG ACC AGA-TAMRA-3¢
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CD31- phenotype have been characterized as being the
only cells able to differentiate into adipocytes and thus
are considered to be the cellular precursors of adipocytes
(Sengenes et al. 2005). After 88 h of incubation (D3)
almost all of the cells display this phenotype as well as
positive labeling for the presence of CB1 and CB2
(Fig. 5, 6). At D0, 7–15% of the cells expressed the
leukocyte specific surface antigen CD45, with approxi-
mately half being identified as lymphocytes (CD3+) and
the rest as macrophages (CD14+ and/or CD15+). In
addition 20% of the cells presented the endothelial cell
specific surface antigen CD31, with around 65% of the
remaining cells possessing the CD34+ and CD31�

phenotype. At D0, a very large proportion of the cells
exhibit positive labeling for the CB1 and CB2 receptors
(more than 70%, data not shown). Thus, the majority of
the cells labeled by immunofluorescence are pre-adipo-
cytes. This can be assumed with certainty as the con-
taminant population represents no more than 35% of
the total cells extracted from the SVF and thus cannot
be the origin of the uniform labeling observed.

The presence of CB1 and CB2 receptors is therefore
not due to an expression artifact resulting from cell
culture. As for the mature adipocytes, proteins of cells
derived from the SVF were extracted and analyzed by
western blotting. A single band of the expected size was
revealed following incubation with the polyclonal anti-
human CB1 and CB2 antibodies (Fig. 4). Labeling was
carried out on the 14 fat tissue samples already described
and showed in all cases that pre-adipocytes were posi-
tively labeled for CB1 and CB2. Thus, we can conclude
that irrespective of sex or tissue origin, all pre-adipocytes
express on their surface the CB1 and CB2 receptors.

Functionality of CB1 and CB2 receptors expressed on
adipose cells

In order to demonstrate that the two receptors, CB1 and
CB2, are functional, we tested the action of two agonists
upon the production of the cyclic AMP second mes-
senger. The experiment was carried out with both types

Fig. 1 CB1 and CB2 gene
expression in pre-adipocyte and
mature adipocyte. Panel A
Analyze of RT-PCR products
was performed on 4% agarose
gel. Only results obtained from
subcutaneous tissue were
shown. Same results were
obtained with pre-adipocyte
and mature adipocyte isolated
from omental fat tissue. Lane 1
amplification obtained using
specific CB1 primers with pre-
adipocyte. Lane 2 amplification
obtained using specific CB1
primers with mature adipocyte.
Lane 3 amplification obtained
using specific CB2 primers with
pre-adipocyte. Lane 4
amplification obtained using
specific CB2 primers with
mature adipocyte. Lane 5
molecular weight. Panel B CB1
and CB2 gene relative
expression in cells isolated from
subcutaneous fat tissue. Same
legends were attributed that
above. Results were expressed
comparatively to CB1 gene
expression arbitrary fixed to 1.
Values are expressed in
arbitrary units as means with
SD in vertical bars (n=9). Filled
diamond and filled circle denotes
P<0.01 compared with CB1
gene expression by Student’s t
test
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of cellular adipocytes (mature adipocytes and pre-
adipocytes). In both cases, the results obtained are
similar and lead us to the same conclusions. As such, in
order to reduce the number of similar results presented,
only data relating to the pre-adipocytes will be dis-
cussed.

2-AG increases the production of intracytoplasmic
cyclic AMP (Fig. 7). The production of cyclic AMP was
1.5, 1.8 and 2.2-fold higher than the control with,
respectively, 1, 2 and 5 nM of 2-AG. This effect is dose
dependent even though the difference between 1 and
2 nM, as well as between 2 and 5 nM is not significant
with P £ 0.05. The difference between the results ob-
tained with doses of 1 and 5 nM is significant with
P<0.01. It was demonstrated in vitro that 2-AG could
act as a ligand for the CB1 and CB2 receptors, with
three times greater affinity for CB1 than for CB2 (Ki 58
and 1,400 nM, respectively, for CB1 and CB2; Ben-
Shabat et al. 1998). In order to verify that the CB1
receptor is in effect responsible for the augmentation of
cyclic AMP by 2-AG, we wanted to inhibit this effect
with a receptor specific antagonist. AM 251 is an
antagonist with an affinity for CB1 1,000 times greater
than for CB2 (Ki 12 and 13,200 nM, respectively, for
CB1 and CB2) (Felder and Glass 1998; Rinaldi-Car-
mona et al. 1994). AM 251 functions by blocking, in a
dose dependent manner, the increase in the production
of cyclic AMP by 2-AG. In effect, AM 251 at doses of 50
and 75 nM results in a reduction in 2-AG induced

Fig. 2 Plasma membrane
expression of CB1 and CB2
receptors by mature adipocytes
in omental and subcutaneous
fat tissue. Immunohistology
was performed on 7 lm thick
tissue sections with polyclonal
anti-human CB1 or polyclonal
anti-human CB2 antibodies.
Panel A omental adipocyte
staining with 1/50 anti-
CB1 + 1/200 FITC conjugated
secondary antibody; Panel B
tissue with 1/200 FITC
conjugated secondary antibody
only; Panel C subcutaneous
adipocyte staining with 1/50
anti-CB1 + 1/200 FITC
conjugated secondary antibody;
Panel D omental adipocyte
staining with 1/50 anti-
CB2 + 1/200; Panel E tissue
with 1/200 Alexa Fluor 594�
conjugated secondary antibody
only; Panel F subcutaneous
adipocyte staining with 1/50
anti-CB2 + 1/200 Alexa Fluor
594� conjugated secondary
antibody. Magnification 250·

Fig. 3 Plasma membrane expression of CB1 and CB2 receptors by
mature adipocytes isolated from omental and subcutaneous fat
tissue. Immunocytology was performed on mature adipocytes
isolated from omental and subcutaneous fat tissue.Panel AOmental
mature adipocyte staining with 1/50 anti-CB1 + 1/200 FITC
conjugated secondary antibody; Panel B omental mature adipocyte
with 1/200 FITC conjugated secondary antibody only; Panel C
omental mature adipocyte staining with 1/50 anti-CB2 + 1/200
Alexa Fluor 594� conjugated secondary antibody; Panel D omental
mature adipocyte with 1/200 Alexa Fluor 594� conjugated second-
ary antibody only. Same staining was obtained with mature
adipocyte isolated from subcutaneous fat tissue.Magnification 100·
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production of cyclic AMP of 14 and 42%, respectively.
Thus, 2-AG increases in a significant dose dependent
way the level of intracytoplasmic cyclic AMP and is
characterized by the activation of CB1 receptors.

The action of PEA alone does not modify the levels
of intracytoplasmic cyclic AMP (same level as the con-
trol, data not shown). In order to demonstrate its effect,
we investigated the inhibitory action of PEA compared
to the stimulation of cyclic AMP production by fors-
kolin, a strong activator of adenylyl cyclase. Incubation
with 1 lM forskolin gives rise to an intracytoplasmic
cyclic AMP level 3-fold higher than the control assay
(Figs. 7, 8). PEA inhibits the production of cyclic AMP
induced by forskolin, with 14% inhibition observed with
50 lM of PEA and 25% inhibition with 100 lM. There
is a large consensus of opinion that PEA does not
interact with CB1 and that a part of their effects are
mediated by CB2 (Devane et al. 1992; Felder et al. 1993;
Facci et al. 1995). In this study, we have used PEA
concentrations between 20 and 100 lM in order to
demonstrate that the effect PEA has upon the inhibition
of the production of cyclic AMP is effectively mediated
by the CB2 receptor. The specific CB2 receptor antag-
onist, SR 144528 was chosen to investigate this effect
(Rinaldi-Carmona et al. 1998). SR 144528 at a concen-
tration of 100 lM reverses the PEA-induced inhibition
of cyclic AMP production by 72% (25% of inhibition
without SR 144528 vs. 6.5% with SR 144528, Fig. 8).
Thus, CB2 is a functional receptor in human adipocytes
with activation inducing an inhibition of the production
of cyclic AMP.

Discussion

The work of a number of research groups on the
expression of murine CB1 adipocyte receptors has lead
to some controversy. Certain studies have reported the
expression of CB1 on mature murine adipocytes (Ben-
said et al. 2003; Cota et al. 2003a). However, in recent
work, Nieri et al. have suggested that cannabinoid
receptors are not present in the epididymal rat adipocyte
while fat cells respond to cannabinoid agonists (Nieri
et al. 2003). In this study, we demonstrate without
ambiguity and for the first time that human mature
adipocytes, as well as their cell precursors (pre-adipo-
cytes) of visceral and subcutaneous adipose tissue of
male and female subjects, express type 1 cannabinoid
receptors (CB1). We also show that this receptor is
functional and that its activation brings about an in-
crease in the intracytoplasmic cyclic AMP level. The
relationship between CB1 receptor stimulation and the
modification of cAMP levels is not new. In a number of
studies it has been shown that CB1 activation could,
respectively, stimulate or inhibit adenylate cyclase via
the proteins Gs or Gi/o (Glass and Felder 1997; Rhee
et al. 1998). The function of the CB1 receptor within
adipose tissue is not known. In recent years, the physi-
ological role of the endogenous cannabinoid system has

Fig. 4 Western blot analysis of CB1 and CB2 receptors
expressed by human omental and subcutaneous mature adipo-
cytes and pre-adipocytes. In each lane 50 lg total protein was
separated by SDS-PAGE. Staining was performed with anti-CB1
(lane A–E) and anti-CB2 (lane F–J) antibodies. Lane A pre-
adipocyte protein from omental tissue; Lane B mature adipocyte
protein from omental tissue; Lane C pre-adipocyte protein from
subcutaneous tissue; Lane D mature adipocyte protein from
subcutaneous tissue; Lane E extracted brain cell protein (positive
control). Lane F pre-adipocyte protein from omental tissue; Lane
G mature adipocyte protein from omental tissue; Lane H pre-
adipocyte protein from subcutaneous tissue; Lane I mature
adipocyte protein from subcutaneous tissue; Lane J Jurkat cell
protein (positive control). No staining was obtained with
secondary antibodies alone (data not shown)

Fig. 5 Plasma membrane expression of CB1 and CB2 receptors
by pre-adipocytes. Immunocytology was performed with poly-
clonal anti-human CB1 or polyclonal anti-human CB2 antibod-
ies. Panel A omental pre-adipocyte staining with 1/50 anti-
CB1 + 1/200 FITC conjugated secondary antibody; Panel B
omental pre-adipocyte staining with 1/200 FITC conjugated
secondary antibody only; Panel C omental pre-adipocyte staining
with 1/50 anti-CB2 + 1/200 Alexa Fluor 594� conjugated
secondary antibody; Panel D omental pre-adipocyte staining
with 1/200 Alexa Fluor 594� conjugated secondary antibody
only. The same staining experiment was performed with pre-
adipocytes isolated from subcutaneous fat tissue, with identical
results obtained (positive staining for CB1 and CB2, data not
shown). Magnification 250·
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been implicated in appetite control, highlighting CB1 as
a novel and promising drug target (Cota et al. 2003a, b;
Martinez-Gonzalez et al. 2004). Some studies would
suggest that the endocannabinoids have a direct effect
upon adipocyte metabolism (Gomez et al. 2002). The
presence of CB1 receptors on adipocytes could be an
explanation for the understanding of the peripheral ef-
fect of physiological adipocyte modification by direct
endocannabinoid action on fat tissue. It is possible to
imagine that the activation of cannabinoid receptors
may modulate fat storage by regulating the adipogene-
sis/adipolysis balance. However, as is also the case in the
murine model, this hypothesis remains to be confirmed.

Secondly, we demonstrate for the first time that hu-
man mature adipocytes, as well as their cell precursors
(pre-adipocytes) of visceral and subcutaneous adipose
tissue of male and female subjects, also express the CB2
cannabinoid receptor. This is certainly the most original
discovery of this study, as we have uniquely demon-
strated the expression of CB2, something that has not
been reported by any other group, irrespective of the
species studied. The expression of this receptor has
previously been associated with cells of the immune
system (Bouaboula et al. 1993). The CB2 receptor on

adipocytes is functional, with its activation bringing
about the inhibition of cyclic AMP production. Several
studies have already demonstrated a link between CB2
and the inhibition of adenylate cyclase via a Gi/o protein
(Vogel et al. 1993; Felder et al. 1992). It has also been
reported that the endocannabinoid system has an
immunomodulatory role, in particular in leukocytes,
both at the whole organism as well as at the cellular level
(Klein et al. 2004; Cabral and Fischer-Stenger 1994;
McCoy et al. 1999; Massa et al. 2004). The function of
CB2 receptors in adipose tissue is at the present time
unknown, but could be related to adipose tissue
inflammation. Excessive weight gain can lead to func-
tional disturbances in the adipose tissue, which result in
dysfunction of other peripheral organs (regrouped as
metabolic syndromes) (Hubert et al. 1983; Yanovski and
Yanovski 2002). During the expansion of the adipose
tissue, secretion of leptin, resistin and pro-inflammatory
molecules such as TNFa and IL6 are increased (Wellen
and Hotamisligil 2003; Xu et al. 2003). Recently, it has
been shown that this inflammatory state was largely
maintained by macrophage infiltration in the adipose
tissue (Weisberg et al. 2003). The limitation or even
control of this deleterious inflammatory state could lead

Fig. 6 a CB1 and CB2 staining positive control. Immunocytology
was performed on blood-isolated leucocytes with polyclonal anti-
human CB1 or anti-human CB2 antibodies used for adipocyte
staining. Panel A leucocyte staining with 1/50 anti-CB1 + 1/200
FITC conjugated secondary antibody; Panel B leucocyte staining
with 1/200 FITC conjugated secondary antibody only; Panel C
leucocyte staining with 1/50 anti-CB2 + 1/200 Alexa Fluor 594�
conjugated secondary antibody; Panel D leucocyte staining with 1/
200 Alexa Fluor 594� conjugated secondary antibody only.
Magnification 400·. b CB1 and CB2 staining negative control.

Immunocytology was performed on blood-isolated red cells with
polyclonal anti-human CB1 or anti-human CB2 antibodies used for
adipocyte staining. Panel A red cells staining with 1/50 anti-
CB1 + 1/200 FITC conjugated secondary antibody; Panel B red
cells staining with 1/50 anti CD36 + 1/200 FITC conjugated
secondary antibody; Panel C red cells staining with 1/50 anti-
CB2 + 1/200 Alexa Fluor 594� conjugated secondary antibody;
Panel D red cells staining with anti CD36 + 1/200 Alexa Fluor
594� conjugated secondary antibody only. Magnification 400·
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to a limitation in weight related morbidity. As in leu-
kocytes, the presence of CB2 in adipose cells, whilst their
exact function remains to be determined, provides ex-

tremely promising therapeutic targets for the downre-
gulation of adipose tissue inflammation (Piomelli et al.
2000).

Fig. 8 Decrease in intracytoplasmic cyclic AMP production by
PEA. Fat tissue isolated mature adipocytes were treated for 7 min
with 1 lM forskolin either alone (control), or with palmitoyle-
thanolamide (PEA) at 20, 50 and 100 lM or 100 lM PEA plus
10 lM SR 144528. CAMP concentration values are expressed as

means (pmol cAMP/104 cell) with SD in vertical bars (n=9).
Double asterisks denote P<0.01 compared with control by
Student’s t test; single asterisk denotes P<0.05 compared with
control by Student’s t test; filled star denotes P<0.05 compared
with control by Student’s t test

Fig. 7 Increase in intracytoplasmic cyclic AMP production by 2-
AG. Pre-adipocyte cells were cultivated until confluence (D7).
Then, cells were treated for 7 min with 2-arachidonoylglycerol (2-
AG) at 1, 2 and 5 nM concentrations. In order to be sure that the 2-
AG was effectively acting upon the CB1 receptor, the cells were
treated with 5 nM 2-AG with 50 or 75 nM of the specific CB1
receptor antagonist, AM 251. Cells treated with 0.1% ethanol were

used as controls. CAMP concentration values are expressed as
means (pmol cAMP/104 cell) with SD in vertical bars (n=9).
Double asterisks denote P<0.01 compared with control by
Student’s t test; filled circle denotes P<0.05 compared with 2-AG
5 nM by Student’s t test; and Double filled circle denotes P<0.01
compared with 2-AG 5 nM by Student’s t test
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Conclusion

Here, we demonstrate for the first time that mature
human adipocytes, as well as their cell precursors, the
pre-adipocytes, express the CB1 and CB2 cannabinoid
receptors. Expression of these receptors occurs both on
adipocytes from visceral (epiploon) tissue as well as
adipocytes from subcutaneous tissue from male and fe-
male subjects. These two cannabinoid receptors are
functional with the activation of CB1 and CB2 bringing
about, respectively, an increase and decrease in the levels
of intracytoplasmic cyclic AMP.
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