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Respective degree of expression of fh-, P2- and fJ3-adrenoceptors
in human brown and white adipose tissues

*Chengiun Deng, *Ariane Paoloni-Giacobino, *Frangoise Kuehne, *Olivier Boss, *Jean-Pierre
Revelli, *Madelaine Moinat, 1tMichael A. Cawthorne, *Patrick Muzzin & 2*Jean-Paul Giacobino

*Department de Biochimie Medicale, Centre Medical Universitaire, 1211 Geneve 4, Switzerland. tDepartment ofVascular Biology,
SmithKline Beecham Pharmaceuticals, Epsom, Surrey KT18 5XQ, U.K.

1 The possible existence of a fJ3-adrenoceptor in human brown and white adipose tissues was
investigated by mRNA expression and binding studies.
2 The relative amounts of fil-, f2- and f3-adrenoceptor mRNA, as determined by total RNA Northern
blot analysis in newborn brown adipose tissue, were 28, 63 and 9% respectively of the total ,B-
adrenoceptor mRNA.
3 The fl/f2-adrenoceptors of human brown adipose tissue plasma membranes were characterized using
[3H]-CGP 12177 as a ligand. Their Kd and Bm.,, values were 1.9 nM and 156 fmol mg-' of membrane
proteins, respectively. The fl3-adrenoceptor was characterized by use of the new specific radioligand [3H]-
SB 206606. The binding of this ligand was stereospecifically displaced by the active R,R- or the inactive
S,S-enantiomer of BRL 37344 up to a concentration of about 10 gm. The Kd and Bm values of the
brown adipose tissue membrane fl3-adrenoceptors were 87 nM and 167 fmol mg-' of proteins,
respectively. A low affinity [3H]-CGP 12177 binding site population was also detected in these
membranes.
4 In human omental white adipose tissue, no fi3-adrenoceptor mRNA could be detected in total RNA
Northern blots and the #I- and fi2-adrenoceptor mRNAs represented 9 and 91%, respectively of the total
,B-adrenoceptor mRNA, and no specific binding of [3H]-SB 206606 could be measured.
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Introduction

Before the fl3-adrenoceptor was identified, the JJ-adrenoceptor
population of the rodent brown adipose tissue had been re-
ported to consist mostly of the fB-adrenoceptor subtype
(Rothwell et al., 1985; Levin & Sullivan, 1986; Muzzin et al.,
1988) and that of the white adipose tissue, i.e. of the mature
3T3-L1 adipocyte and of the human abdominal subcutaneous
fat, mostly of the fi2-adrenoceptor subtype (Lai et al., 1982;
Mauriege et al., 1988).

The gene for the fi3-adrenoceptor was first cloned from a
human genomic library (Emorine et al., 1989) and then from
rat brown adipose tissue cDNA (Muzzin et al., 1991; Gran-
neman et al., 1991) and mouse genomic (Nahmias et al., 1991)
libraries. In the rodents, the 113-adrenoceptor was found to be
strongly expressed in brown and white adipose tissues (Muzzin
et al., 1991; Granneman et al., 1991; Nahmias et al., 1991),
suggesting that it might represent a fat cell-specific fi-adreno-
ceptor subtype. It was also identified in gut tissues both from
functional (Arch & Kaumann, 1993) and molecular biology
(Bensaid et al., 1993) studies. The observation that, in fact,
three fi-adrenoceptor subtypes were co-existing in the adipo-
cyte membrane was an incitement to quantify the relative
amount of each fi-adrenoceptor subtype in terms of mRNA
and receptor protein. In mature 3T3-L1 adipocytes and in rat
brown adipose tissue, the fi3-adrenoceptor was found, by
binding studies, to be the predominant f3-adrenoceptor subtype
(Feve et al., 1991; Muzzin et al., 1992). The same finding was
made in rat epididymal white adipose tissue (unpublished ob-
servation). The level of the l3-adrenoceptor mRNA was, like
that of the f3-adrenoceptor protein, reported to predominate
in rat brown adipose tissue (Muzzin et al., 1991; Granneman &
Lahners, 1992).

The question of whether the f3-adrenoceptor is expressed in
human tissue was until recently unanswered. In 1993 Krief et
al., using reverse transcription polymerase chain reaction (RT-
PCR) analysis, detected fi3-adrenoceptor mRNA in infant
perirenal brown adipose tissue, in various deposits of adult
white adipose tissue and in gallbladder. Studies in our la-
boratory (Revelli et al., 1993) and in that of Granneman et al.
(1993), using the same technique, confirmed the existence of f3-
adrenoceptor mRNA in adult human white adipose tissue. The
existence of f3-adrenoceptor mRNA signal(s) was also re-
vealed in infant brown adipose tissue by Northern blot (Krief
et al., 1993) and by nuclease protection (Granneman, 1995). In
none of these studies, however, was an attempt made to
quantify the relative amount of the fl3-adrenoceptor mRNA as
compared to those of the /,B- and fi2-subtypes.

Functional studies measuring the lipolytic response of hu-
man white adipose tissues to f3-adrenoceptor agonists have
produced conflicting results (Giacobino, 1995). A recent paper
of Enocksson et al. (1995) shows a clear lipolytic response to
the specific fi3-adrenoceptor agonist, CGP 12177, of human
subcutaneous abdominal adipose tissue in vivo.

Concerning binding studies, attempts were made using the
classical P-adrenoceptor radioligand ['25I]-iodocyanopindolol
(ICYP) in human white adipose tissue membranes, but the
results could not be interpreted because the non-specific
binding was too high (Langin et al., 1991; L6nnqvist et al.,
1993). Experiments performed with another ,B-adrenoceptor
ligand [3H]-CGP 12177 (Revelli et al., 1993) allowed the de-
tection in adult omental fat membranes of low affinity [3H]-
CGP 12177 binding sites different from the f1/fl2 binding sites,
which were hypothesized to be fl3-adrenoceptors. Recently, the
R,R-enantiomer of the fi3-adrenoceptor agonist, BRL 37344
was tritiated and the new radioligand obtained, [3H]-SB
206606, was characterized (Muzzin et al., 1994). The Kd values
for [3H]-SB 206606 binding and the Ki values for various fl-
adrenoceptor agonists and antagonists were found to be quite
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comparable in membranes from Chinese hamster ovary KI
cells transfected with the rat f13-adrenoceptor and from rat
brown adipose tissue. These similarities were interpreted as
indicating that, in a complex membrane system, [3H]-SB
206606 is a valuable ligand for measurement of specific inter-
actions with the fl3-adrenoceptor (Muzzin et al., 1994).

The first aim of the present study was to determine by
Northern blot analysis, the respective levels of the three fi-
adrenoceptor subtype mRNAs in human brown and white
adipose tissues and the second was, using both [3H]-CGP
12177 and the new P3-adrenoceptor radioligand, [3H]-SB
206606, to quantify the fl3-adrenoceptor in human brown and
white adipose tissue membranes.

Methods

Human tissue

Pieces of human omental adipose tissue weighing between 10
and 40 g were obtained during intra-abdominal surgery and
immediately frozen in liquid nitrogen. The patients were men
below the age of 65 and were operated on for cancer, in-
flammatory bowel disease or cholecystectomy. Their body mass
index was 23 +1 kg m2, i.e. in the normal range. No patient
had any identified metabolic or endocrinological disorder.
Pieces of perirenal brown adipose tissue weighing about 1.5 g
were obtained during renal surgery from male or female pa-
tients (mean age: 3 months). Subjects had been fasted for at
least 12 h; general anaesthesia was obtained with isoflurane or
enflurane. The project had been approved by the Ethics Com-
mission of the Department of Surgery of the Geneva Faculty of
Medicine. For some binding assays, perirenal brown adipose
tissue obtained from autopsies was used with the authorization
of the Department of Pathology of the Geneva Faculty of
Medicine (mean age: 1 month; mean post mortem time: 8 h).
No difference in binding parameters could be observed between
tissue obtained during surgery or from autopsy.

Northern blots

Total human omental adipose tissue RNA was isolated by the
caesium/trifluoroacetic acid gradient method of Okayama et
al. (1987). Total RNA (20 yg) was electrophoresed in a 1%
agarose gel containing formaldehyde, as described by Lehrach
et al. (1977), and transferred to Hybond N membranes by
capillary blotting. Human fi2-adrenoceptor cDNA (Chung et
al., 1987) and human genomic fI- and f33-adrenoceptor probes
(Revelli et al., 1993) with sizes of 1.2, 1.2 and 0.9 kb, respec-
tively, were labelled by random priming with [(X-32P]-dCTP to a
specific radioactivity of approximately 1 x 109 d.p.m. Mg`
DNA. RNA blots were hybridized for 1 h at 68'C in Quik-
Hyb, then washed in a solution of 0.1 x SSC (1 x SSC is
150 mM NaCl, 15 mM sodium citrate, pH 7.0)/0.1% sodium
dodecyl sulphate at 60°C for 15 min and exposed to Kodak X-
AR film at - 70°C. Size estimates for the RNA species were
established by comparison with an RNA ladder. Densitometric
analysis of autoradiograms was performed with a high-re-
solution laser-beam densitometer. In all densitometric mea-
surements, the amount of RNA electrophoresed was within a
range in which the intensity of the bands were found to in-
crease linearly with the amount of RNA. Student's unpaired t
test was used to determine statistical significance.

Adipocyte membrane preparation and binding studies

Isolated adipocytes of human omental adipose tissues were
prepared according to the method of Rodbell (1964). Im-
mediately after fat cell isolation, adipocyte ghosts were pre-
pared by lysis as described by Hollenga et al. (1991) and the
crude membranes obtained by centrifugation at 105,000 g for
1 h. Newborn brown adipose tissue plasma membranes were
prepared as previously described (Giacobino, 1979). Protein

concentrations were determined by the method of Lowry et al.
(1951) with BSA used as standard. The conditions chosen to
study the binding of [3H]-CGP 12177 and [3H]-SB 206606 to
human adipocyte membranes were those determined in a
previous study with rat brown adipose tissue (Muzzin et al.,
1994). Briefly, the membranes were incubated for 30 min at
370C in 50 mM Tris-HCl, pH 7.4, 10 mM MgCl2 (total volume
0.5 ml) containing the indicated concentrations of [3H]-SB
206606. GTP (50 tM) was systematically added to the in-
cubation medium in order to obtain only one conformational
state of the receptor. The binding of the radioligand to the
membranes was determined by filtration using a Brandel M-24
R apparatus. Each assay was performed in duplicates. Specific
binding was defined as described under Results. Ki, Kd and
Bma,, values were calculated by Scatchard analysis using the
LIGAND programme (Munson & Rodbard, 1980).

Chemicals

All organic and inorganic chemicals were of analytical or
molecular biology grade and were purchased from Merck
(Darmstadt, Germany), Sigma (St-Louis, MO., U.S.A.), Fluka
(Buchs, Switzerland), Gibco BRL (New York, NY, U.S.A.) or
Boehringer (Mannheim, Germany). ((-)-4-(3-t-Butylamino-2-
hydroxypropoxyl)-[5,7-3H]benzimi-dazol-2-one) i.e. (-)- [3H]-
CGP 12177 (30 Ci mmol-'), [U-32P]-dCTP (3000 Ci mmol-')
and Hybond N membranes were purchased from Amersham
(Bucks., U.K.). The Quik-Hyb hybridization mix was from
Stratagene (La Jolla, CA, U.S.A.) and Ready Protein scintil-
lation cocktail from Beckman (Paolo Alto, CA, U.S.A.). R,R-
and S,S-enantiomers of BRL 37344 (methyl-2,6-diiodo-4-[(2-
(2-(3-chlorophenyl)-2-hydroxyethyl) amino) propyl] phenoxy
acetate) (BRL 44092A and 45182A, respectively) and [3H]-SB
206606 ((RR)-4-[(2-2-(3-chlorophenyl)-2-hydroxyethyl) ami-
no)-propyl[3H]phenoxyacetate) were gifts from SmithKline
Beecham Pharmaceuticals (Epsom, U.K.).

Results

Analysis of Northern blots performed with total RNA and
hybridized with PI-, #2- and #3-adrenoceptor DNA probes al-
lowed for the semi-quantification of the relative amount of the
three different fl-adrenoceptor subtypes in human adipose tis-
sue. It can be seen in Figure 1 that, in newborn perirenal brown
adipose tissue, the intensities of the mRNA signals are
2> fI > P3-adrenoceptor. In adult omental adipose tissue, the

fl2-adrenoceptor mRNA signal is largely predominant over the
Pladrenoceptor mRNA signal, and the f33-adrenoceptor
mRNA signal is not detectable. The sizes of the transcripts are,
as previously described (Revelli et al., 1993), of 3.1 and 2.1 kb
for #I- and 2-adrenoceptor mRNA, respectively and 2.3 and
2.8 kb for the fl3-adrenoceptor mRNA. Analysis of the auto-
radiograms by densitometry allowed the determination of the
respective amount of each subtype (Table 1). It can be seen
from the standard errors that the results were quite re-
producible. The fl3-adrenoceptor was found to be 7 times, and
at least 100 times less expressed than the fl2-adrenoceptor in
brown and white adipose tissue, respectively. In brown adipose
tissue the intensity of the 2.3 kb #3-adrenoceptor signal was
41% that of the 2.8 kb signal. It is noteworthy that in a pre-
vious study using more sensitive techniques, i.e. RT-PCR and
poly (A)+ RNA Northern blots (Revelli et al., 1993), a ,B3-
adrenoceptor mRNA could be detected in human omental
adipose tissue.

Figure 2 shows a saturation kinetic analysis of [3H]-CGP
12177 binding to newborn brown adipose tissue plasma
membranes. Scatchard analysis of individual saturation iso-
therms using the LIGAND programme (Munson & Rodbard,
1980) indicated the presence of two populations of binding
sites (inset of Figure 2). The Kd and BmS, values of the high
affinity [3H]-CGP 12177 binding sites, which might represent
the fl/f2-adrenoceptor population, and of the low affinity [3H]-

930



C. Deng et al P-Adrenoceptor subtypes in human fat

CGP 12177 binding sites are shown in Table 2. Figure 3 shows
a saturation kinetic analysis of [3H]-SB 206606 binding to
newborn brown adipose tissue plasma membranes. The non-

a

Kb

7.5-

4.4-

2.4-

pi 02 13

1.4-

specific binding value was measured for each concentration of
[3H]-SB 206606 by adding a concentration of R,R-BRL 37344
200 fold that of the labelled ligand as determined from com-
petition studies (Figure 4). Scatchard analysis of individual
saturation isotherms using the LIGAND programme (Munson
& Rodbard, 1980), indicated the presence of one population of
binding sites (inset of Figure 3) the Kd and Bma,, values for
which are shown in Table 2.

Competition studies were then performed with a con-
centration of [3H]-SB 206606 close to the Kd value determined
by saturation kinetic analysis (Table 2), i.e. 50 nm and in-
creasing concentrations of the active R,R or the inactive S,S-
enantiomers of BRL 37344. As shown in Figure 4, [3H]-SB
206606 binding to newborn brown adipose tissue plasma
membranes is displaced stereospecifically by BRL 37344 up to
a concentration of about 10 JgM i.e. 200 fold that of the la-
belled ligand. At higher concentrations, [3H]-SB 206606 bind-
ing is further displaced but non-stereospecifically by BRL
37344. The specific binding of [3H]-SB 206606 to newborn
brown adipose tissue plasma membranes can be defined as the
part of the total binding which can be displaced stereo-
specifically. The inset of Figure 4 shows that in human omental
white adipose tissue membranes, it was not possible to detect
any specific binding of [3H]-SB 206606.

Table 1 Relative amounts of PI-, P2- and fl3-adrenoceptor
(AR) mRNA in human newborn perirenal brown adipose
tissue and adult omental white adipose tissue determined by
Northern blot analysis

mRNA level (% of total)
Brown fat White fat

Pi-AR
P2-AR
P3-AR

b
pi 12 1

Kb

7.5-

4.4 -

2.4-

1.4 -

28 ±4 (6)
63 ± 5 (6)
9±2 (6)

9±3 (6)
91 ± 3 (6)

ND

Total RNA (20 gig) was electrophoresed, transferred to
membrane filters and hybridized with 32P-labelled human
PI-, P2- and P3-AR DNA probes of similar specific activities
for the same period of time. Autoradiograms were analyzed
by densitometry as described under Methods. The results are
expressed as percentage of the sum of the 3 #-AR subtype
signals. The values are the mean ± s.e. of the results obtained
from the number of patients indicated in parentheses. ND
= non detectable.
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Figure 1 P-Adrenoceptor (1)-AR) subtype mRNA signals in human
adult omental adipose tissue (a) and in newborn perirenal brown
adipose tissue (b): 20pg of total RNA was electrophoresed,
transferred to membrane filters and hybridized with 32P-labelled
human flI-, 12- and F-AR DNA probes of similar specific activities.
The figure shows representative autoradiograms from the same

patient. The duration of exposure of hybridized Northern blots to
Kodak X-AR films was 2-4 days. The positions of molecular size
markers are shown in Kb (0.24-9.5Kb RNA ladder).

Figure 2 Specific binding of [3H]-CGP 12177 to human newborn
brown adipose tissue plasma membranes as a function of increasing
concentrations of the ligand. The specific binding values shown are
the difference between the total binding value obtained in the
absence of competing ligand and the non-specific binding value
obtained in the presence of (-)-propranolol (100-500.sM). The
results illustrated are the mean+ s.e. of 3 experiments, each
corresponding to a different patient, and are expressed as fmol of
ligand bound mg-' of cell membrane proteins. Inset: Scatchard
analysis of the data of a representative experiment.

931



C. Deng et al /1-Adrenoceptor subtypes in human fat

80

0)
E
-5 60

4-

.: 40
CD

C)4
! 20
0

0.
(I)

0

100

a
cVc 80-

CD

o) 60
cDco
0

(NI

c 40-

I

20-
I-o

I
0 10 20 30 40 50 60 70

[3H]-SB 206606 (nM)

Figure 3 Specific binding of [3H]-SB 206606 to human newborn
brown adipose tissue plasma membranes as a function of increasing
concentrations of the ligand. The specific binding values shown are
the difference between the total binding value obtained in the absence
of competing ligand and the non specific binding value obtained in
the presence of concentration of R,R- BRL 37344 200 fold those of
[3H]-SB 206606. The results illustrated are the mean + s.e. of 4
experiments and are expressed as fmol of ligand bound mg-i of cell
membrane proteins. Inset: Scatchard analysis of the data of a
representative experiment.

If it is considered that in human brown adipose tissue the high
affinity [3H]-CGP 12177 binding sites represents the fl/f2-
adrenoceptors and the [3H]-SB 206606 binding sites the Pf-
adrenoceptor, it can be calculated that the P3-population
amounts to 52% of the total fl-adrenoceptors in this tissue.
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Figure 4 Displacement of [3H]-SB 206606 50 nM binding to newborn
brown adipose tissue plasma membranes by increasing concentrations
of the R,R- (M) or S,S- (0) enantiomer of BRL 37344. The results
illustrated are the means+s.e. of 5 experiments and are expressed as
a percentage of the total binding value in the absence of competitor.
Inset: Displacement of [3H]-SB 206606 50 nm binding to human
omental fat adipocyte membranes by increasing concentrations of the
R,R- or S,S-enantiomer of BRL 37344. The results are the
means+s.e. of 4 experiments; *P<0.025; **P<0.01 as compared
to the values obtained in the presence of S,S-BRL 37344.

Table 2 Saturation kinetics of [3H]-CGP 12177 and [3H]-
SB 206606 binding to human brown adipose tissue mem-
branes

[3H]-CGP 12177
Kd(nM) Bma,(fmol mg-)

High affinity sites
Low affinity sitesDiscussion

1.9 + 0.6 (3)
29+ 12 (3)

156± 13 (3)
483 + 78 (3)

In rodents, the f33-adrenoceptor is the predominant fl-adreno-
ceptor subtype in brown adipose tissue (Muzzin et al., 1991).
In newborn human brown adipose tissue the predominant f3-
adrenoceptor mRNA is, as in white adipose tissue (Mauriege
et al., 1988), that of the #2-adrenoceptor and the f3-adreno-
ceptor mRNA amounts to 9% of the total fl-adrenoceptor
mRNA.

The results of the binding study performed in human
newborn brown adipose tissue plasma membranes, using [3H]-
CGP 12177, are very similar to those obtained in human
omental fat membranes (Revelli et al., 1993). In the latter
study, two populations of binding sites with Kd values of 1.7
and 22 nM and Bmax values of 124 and 402 fmol mg-' of
proteins, respectively, were identified (Revelli et al., 1993). The
[3H]-CGP 12177 high affinity binding sites would represent the
B/3/2-adrenoceptors and the low affinity binding sites the /33-

adrenoceptor (Revelli et al., 1993). To test the latter hypoth-
esis, binding studies with the new f3-adrenoceptor agonist
[3H]-SB 206606, were performed. In human white adipose tis-
sue membranes, where a large population of [3H]-CGP 12177
low affinity binding sites was described, no [3H]-SB 206606
binding could be detected. In human newborn brown adipose
tissue plasma membranes comparison of the Bmax values in
Table 2 shows that the interaction of the [3H]-SB 206606 with
the 33-adrenoceptor is only 35% of the low affinity [3H]-CGP
12177 binding value. These results suggest that the low affinity
[3H]-CGP 12177 binding sites of human adipose tissue cannot
be considered to consist only of P3-adrenoceptors.

The Kd of [3H]-SB 206606 binding to human newborn
brown adipose tissue plasma membranes is similar to that of
38 nM reported in rat brown adipose tissue (Muzzin et al.,
1994). It is 17 fold lower than the Ki of BRL 37344 measured
by Liggett (1992) in CHO cells transfected with the human f3-

adrenoceptor for the displacement of [125I]-iodocyanopindolol.
Thus, the species (rodent-human) differences in the affinity of

[3H]-SB 206606
Kd(nM) Bmax(fmol mg')

87±6 (4) 167+25 (4)

The values are the mean ± s.e. of the number of experiments
in parentheses. The inhibition affinity constants (K1) are
expressed in nM and the total number of sites (Bmax) in fmol
of ligand bound per mg of cell membrane proteins.

BRL 37344 for the P3-adrenoceptor seems much less marked
than previously claimed (Liggett, 1992) with transfected cells.
The relatively low affinity of BRL 37344 for the /33-adreno-
ceptor reported by Liggett (1992) might be due to the use of
transfected cells or of [125I]-iodocyanopindolol which is a re-
latively poor ligand to measure an interaction with the /33-
adrenoceptor. Surprisingly, despite the fact that the fl3-adre-
noceptor mRNA represents only 9% of the total fl-adreno-
ceptor mRNA in human brown adipose tissue, the density of
P3-adrenoceptors is rather high, i.e. 52% of the total fl-adre-
noceptors in this tissue and only 2.8 fold lower than that re-
ported in rat brown adipose tissue (Muzzin et al., 1994). The
difference in the relative levels of the fl3-adrenoceptor mRNA
and of the receptor protein might be due to a high turn-over
rate of the mRNA as compared to that of the receptor protein.
The biological importance of the P3-adrenoceptor in human
.brown adipose tissue, in particular its coupling efficiency and
its functional role in the lipolytic and thermogenic responses to
catecholamines deserves further study.

It should be stressed that the use of [3H]-SB 206606 to study
the f3-adrenoceptor in cell membranes has more limitations in
human than in rat adipose tissue. In the rat the non-specific
[3H]-SB 206606 binding value in interscapular brown adipose
tissue plasma membranes is 52% of the total binding value
(Muzzin et al., 1994), whereas in human newborn brown adi-
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pose tissue plasma membranes it amounts to 85% of the total
binding value. Furthermore, in human brown adipose tissue
plasma membranes, contrary to what was observed in the rat
(Muzzin et al., 1994), the non-specific binding can be displaced
non stereoselectively by high concentrations of BRL 37344.
The specific binding value has therefore to be defined strictly as
the part of the total binding which is displaced stereo-
selectively.

It has been shown in bovine perirenal tissue that the con-
version ofbrown into white-adipose tissue is characterized by a
dramatic decrease in the f3-adrenoceptor mRNA expression
after the age of 3 months (Casteilla et al., 1994). The present
study also shows that the adult white adipocyte is character-
ized by a low expression of the fl3-adrenoceptor. The results of
this study suggest that the fl-adrenoceptor subtype distribution
pattern and its developmental change in human brown and
white adipose tissues differ from what was reported in rodents.
It must be kept in mind that a direct comparison of the same
fat depot in newborn and adult human was not performed.
The omental fat is indeed practically absent in newborn and
therefore could not be studied. It is noteworthy that in a recent
study Granneman (1995) could not detect by nuclease pro-
tection assay any fl3-adrenoceptor in infant omental white fat.

It has been reported that BRL 37344 has no or a very low
lipolytic effect on human isolated white adipocytes (Langin et
al., 1991; Lonnqvist et al., 1993). This is in agreement with the

finding of the present study that the fl3-adrenoceptor is ex-
pressed in human white adipose tissue at a level which is in-
sufficient to allow for its detection by Northern blot analysis of
total RNA or by binding studies. On the other hand, a lipolytic
effect of CGP 12177 has been demonstrated in human isolated
white adipocytes (L6nnqvist et al., 1993, 1995; Enocksson et
al., 1995). The present study demonstrates the existence of low
affinity [3H]-CGP 12177 binding sites in human omental fat
membranes. It could be speculated that these sites are in fact
those involved in the mediation of the lipolytic effects of CGP
12177. Further work is needed to support this hypothesis.
A significant level of expression of the fl3-adrenoceptor was

demonstrated in human brown adipose tissue, suggesting that
this receptor might play an important role in the biological
response of this tissue to catecholamines.
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Lecoultre, and to Dr S. Widgren and their groups at the
Departments of Surgery, Paediatrics and Pathology of the Geneva
Faculty of Medicine for their invaluable help in obtaining human fat
tissue. This work was supported by a grant (No 32-33779.92) from
the Swiss National Science Foundation and by a grant in aid from
Sandoz-Stiftung zur F6rderung der medizinisch-biologischen Wis-
senschaften.
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