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Summary--Binding of androgens to adipocytes has previously been evaluated using cytosol 
fractions without taking into account nuclear binding, although the latter is suggested to be 
close to the physiological site of action. In the present study, performed in differentiated fat 
pad adipose precursor cells, we describe a simple, reliable and reproducible androgen binding 
assay in a system with intact cells. Tritiated and unlabeled methyltrienolone (R 1881) were used 
to define specific and unspecific androgen binding. Triamcinolone acetonide was added to 
prevent the binding of R1881 to other types of receptors. Differentiated adipose precursor cells 
contain a homogeneous class of high affinity androgen binding sites, and binding is saturable 
and reversible. Binding apparently occurs at one site, with a Kd in the range of physiological 
androgen concentration (about 4 nM). Competition studies indicate that the receptor is specific 
for R1881, testosterone and dihydrotestosterone, which have approximately the same affinity, 
while progesterone, estradiol and dexametasone show much lower affinity. Androgen binding 
was markedly enhanced after cellular exposure to R1881 and testosterone but not dihy- 
drotestosterone, and this increase was dependent on protein synthesis, suggesting the 
formation of new receptors by these androgens. 

In conclusion, fully differentiated adipocytes contain a specific, high affinity receptor, the 
density of which is dependent on androgens. 

INTRODUCTION 

Sex hormones appear to play a role in the 
distribution of body fat, with males having a 
greater proportion of upper body fat and fe- 
males a greater proportion of lower body fat. 
Adipose tissue represents an important target 
for androgens. Recent studies have shown that 
administration of testosterone (T) to male ham- 
sters [1, 2], middle-aged men [3], male or female 
rats [4-6] induces profound changes in adipose 
tissue metabolism. In culture conditions, we 
have demonstrated that testosterone effect is 
mediated by a direct action on adipose precur- 
sor cells [7]. All these effects require the binding 
to specific intracellular receptor proteins, since 
testosterone effects are shown even in the pres- 
ence of aromatase inhibitors [7]. The interaction 
of androgen receptor-steroid complexes with 
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specific chromatin acceptor sites in the nucleus 
leads to gene transcription and subsequent 
translation of mRNAs into biologically active 
proteins. To our knowledge, only cytosol recep- 
tors have been described in isolated adipocytes 
[8], or in cultured adipose precursor cells [7], 
but the cytosol assay has the inconvenience 
of understimating the receptor density (Bm~) 
[9, 10]. Many studies in the rat suggest that the 
androgen receptor is located predominantly in 
the nucleus[l 1]. Androgen binding has been 
recently shown in a whole cell assay system in 
culture canine prostatic epithelial cells [12] or in 
genital skin fibroblasts[13, 14], and a specific 
binding for glucocorticoids has been described 
in adipose precursor cells [15]. The whole cell 
binding assay presents the advantage to ensure 
cellular and functional homogeneity and avoids 
any loss of receptors during the cell disruption. 
For these reasons, and in order to better 
understand the effects of androgens, it seemed 
useful to define androgen receptor (AR) binding 
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in a whole adipocyte assay, which gives the 
possibility of measuring the total number of 
sites (Cytosolic and nuclear). For this purpose, 
we performed this study in differentiated male 
rat adipose precursor cells, which constitute 
an in vitro model of adipocyte differen- 
tiation [7, 16, 17], and where specific binding for 
other steroid hormones has been shown [7, 18]. 
Moreover, when these cells are differentiated to 
mature adipocytes, they enable the study of 
the regulation of adipocyte function [7, 19-22]. 
Since little is known about the mechanisms 
controlling the androgen receptor concentration 
in adipocytes, the aim of the present study was 
first to define the binding parameters of AR in 
whole adipose precursor cells, and second, to 
evaluate the effect of androgens on the receptor 
number. 

EXPERIMENTAL 

Animals 

Male Sprague-Dawley rats weighing 
100-200 g (Alab Stockolm, Sweden) were used 
as cell donors. They were housed under con- 
trolled conditions at constant temperature 
(24--26°C), humidity (50-60%), and with a 
12 h light-darkness cycle. The animals were 
given tap water and pellet food containing 
22.5% protein, 72.5% carbohydrate, 5% fat 
and sufficient vitamins and minerals (Ewos, 
Sodertalje, Sweden). 

Cell culture 

Rats were decapitated, and epididymal fat 
pads were removed asceptically. Cells for pri- 
mary culture were then liberated by collagenase 
and separated from adipocytes and remaining 
tissue fragments by flotation, filtration, and 
sedimentation procedures, as described in detail 
previously[l@ Cells were then cultured in 
multi-well dishes (1.6cm in diameter) at 
an inoculation density of 40,000cells/cm 2. 
Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 0.1 mg/ml cephalotin and 
100pU/ml insulin, 33mM biotin, 200pM tri- 
iodothyronine (T3) and 10% charcoal treated 
fetal calf serum was used as culture medium. 
Charcoal-treated serum (steroid-free serum) was 
prepared as previously reported [7]. Media were 
changed every other day. 

Androgen receptor binding assay 

General protocol. Experiments were per- 
formed after 7 days culture, with confluent 

differentiated cells [7, 16]. A synthetic androgen 
methyltrienolone (R 1881), was chosen as ligand, 
because of its high affinity to cytosolic androgen 
receptors in adipose precursor cells [7] and stab- 
ility to metabolic conversion [23]. After 7 days 
culture, medium was removed with a suction 
pump and the monolayer washed 3 times with 
medium 199. Cells were then incubated (in 
duplicate) at 37°C in medium 199, in the pres- 
ence of labeled and/or unlabeled R1881. 10 # M 
triamcinolone acetonide was added to all incu- 
bation tubes, since R1881 has some affinity for 
progesterone and glucocorticoid receptors [24], 
and is highly specific for androgen receptors 
when triamcinolone acetonide is included in the 
assay [25]. The non-specific binding was deter- 
mined by dilution of the isotope in the presence 
of an excess (20 # M) of non-radioactive R 1881. 
After 60 rain incubation, the binding medium 
was removed and the monolayers were washed 
5 times in order to remove all free steroids. The 
cells were then solubilized in 1.0 ml of 0.20 M 
NaOH. The solution was transferred into 
scintillation vials and 10ml of toluene-based 
scintillation fluid were added. Radioactivity was 
counted in a LKB 1211 Rack-beta liquid scintil- 
lation counter (LKB Beckman, Stockholm, 
Sweden). Specific binding was calculated as the 
difference between total binding and non- 
specific binding, and expressed as femtomoles of 
steroid bound per milligram protein. Parallel 
wells of the same culture dish were used for 
determination of total cellular proteins, 
measured according to the method of Lowry et 
al.[26], following their solubilization with 
0.2 NaOH from the monolayers. 

Saturation curves and determination of the 
binding parameters. Binding sites were saturated 
in the presence of increasing concentrations 
(0.5-30nM) of [3H]RI881. The results were 
analyzed according to the method of 
Scatchard[27], permitting the calculation of 
affinity (Kd) and total number of sites (Bma x) by 
linear regression. 

Competition studies. Cells were incubated at 
37°C for l h with 10nM [3H]RI881 in the 
absence or presence of different concentrations 
of radioinert competitors. In addition, all incu- 
bations contained radioinert 10#M triam- 
cinolone acetonide. 

Time-course for up-regulation of androgen 
receptor. Confluent monolayers were incubated 
for 24h with 10nM radioinert androgens: 
R1881 or testosterone or dihydrotestosterone 
(DHT). In dose-response curve experiments, 
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cells were incubated for 24 h with increasing 
concentrations (from 10nM to 1/zM of 
testosterone. At the end of every incubation, 
wells were washed with medium 199 and 
androgen binding was assayed. In time-course 
experiments, monolayers were incubated for 
different time periods (1--48h) with 10nM 
testosterone. The further procedure was as 
described above. 

Effect of cycloheximide on androgen receptor 
up-regulation. In three series of experiments, 
cells were exposed for 24 h to 10 nM testoster- 
one, both in the presence or in the absence of 
10/~g/ml cycloheximide. Androgen binding was 
then performed. 

Chemicals and reagents. Collagenase (type 1), 
charcoal (Norit-A), triiodothyronine, biotin, tes- 
tosterone, dihydrotestosterone, triamcinolone 
acetonide, estradiol, progesterone, dexametha- 
sone, cycloheximide were all purchased from 
Sigma Chemical Co. 17-~[methyl-3H]methyl - 
trienolone (R1881; SA 81.8 Ci/mmol) an methyl- 
trienolone were from New England Nuclear 
(Dreieich, West Germany). Insulin (Actrapid) 
was supplied by Novo Laboratories (Copen- 
hagen, Denmark). Medium 199 was obtained 
from Statens Bakteriologiska Laboratorium 
(Stockolm, Sweden). Dulbecco's modified 
Eagle's medium was purchased from Gibco 
(Paisley, Scotland) and cephalotin from Eli Lilly 
(Fergersheim, France). Fetal calf serum was 
purchased from Flow Laboratories (England). 

Statistical method. The significance of 
differences were calculated with analysis of 
variance by using the Scheffe T-test. Results are 
expressed as the mean + SEM. 

100- 

s0 

i . 
~e 
-t- 

en 
40 a 

Z 
Z) 
0 
m 20 

...4l 

1 0  2 0  3 0  4 0  SO 6 0  

TIME (minutes) 

Fig. l. Determination of  time-dependence of  [3H]R1881 
binding to differentiated adipose precursor cells. Cells were 
incubated at 37°C with 10nM [3H]RI881. After different 
times, incubation was stopped and binding analysed as 
described in Materials and Methods. All values represent 
the percent of  specific binding at equilibrium in 1 out of  3 

representative experiments. 

RESULTS 

Determination of equilibrium conditions: stability 
and reversibility of specific binding 

Figure 1 shows an association experiment 
performed at 37°C. The plateau of specific 
binding was achieved rapidly, within 30 min and 
maintained at least 60min. A monophasic 
kinetic curve was also observed in dissociation 
experiments, with total deplacement within 
30 min (not shown). 

Specificity of binding 

Figure 2 shows the competition of various 
non-radioactive steroids for [aH]R1881 binding. 
R1881 was replaced by other androgens 
(testosterone and dihydrotestosterone), but only 
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Fig. 2. Specificity of  binding. Differentiated adipose precursor cells were incubated 60 min at 37°C in the 
presence of  10 nM [3H]RI881 and increasing concentrations of  non-radioactive steroids. Specific binding 
in the presence of  these steroids is expressed relative to the specific binding of  [3H]RI881 alone. Means 

of  3 experiments are represented and the SEM of  each point was not over 5%. 



556 GZOVANNI DE PERGOLA et al. 

slightly affected by other types of steroids (pro- 
gesterone, estradiol and dexamethasone). The 
order of affinity was: R1881 > testosterone > 
dihydrotestosterone > progesterone > estradiol 
> dexamethasone. 

Saturation curves 

Figure 3a represents a typical saturation 
curve, analyzed according to the method of 
Scatchard (Fig. 3b). The level of non-specific 
bound hormone progressively increased with 
the increase of radiolabeled concentration, and 
it ranged between 15 and 40%. 

Effect of androgens on R1881 binding 

Androgen receptor binding progressively 
increased during 1 day exposure to androgens, 
reaching the plateau at 24h (Fig. 4). 
The up-regulation was induced by R1881 
and testosterone, but not by dihydro- 
testosterone (Fig. 5). The receptor sensitivity 
to testosterone was dose-dependent (Fig. 6). 
Cycloheximide totally abolished the androgen- 
induced receptor up-regulation (Fig. 7). 
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Fig. 3. Saturation (a) and Scatchard (b) plots of specific 
[3H]RI881 binding to intact differentiated adipose precursor 

cells. One out of 3 representative experiments. 
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Fig. 4. Time-dependence of effect of testosterone on 
[3H]R1881 to differentiated adipose precursor cells. Cells 
were incubated 60 min at 37°C in the presence of 10 nM 
[3H]R1881 after incubations for the indicated time periods 
in the presence of 10 nM testosterone. One out of 3 represen- 

tative experiments. 

DISCUSSION 

This report describes the application of a 
simple, reliable and reproducible whole cell 
androgen receptor assay in differentiated 
adipose precursor cells. The finding of a specific 
cellular androgen binding in adipose precursor 
cells from male rats is in agreement with our 
previous study, where androgen binding was 
described in cytosol [7]. Compared to the earlier 
study, the receptor capacity and affinity in intact 
cells were very similar to that found in cytosol, 
thus suggesting that during the cellular prep- 
aration most of the nuclear receptors might 
leave the nuclei and appear in the cytosol prep- 
aration, as previously suggested [28]. The Kd 
here found is in the range of physiological 
androgen concentration [7]. 

Radioinert androgens were very effective 
as inhibitors of radiolabeled androgen binding, 
in contrast to other steroids (progesterone, 
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Fig. 5. Effects of androgens on [3H]RI881 binding to 
differentiated adipose precursor cells. Cells were incubated 
for 60rain at 37°C in the presence of 10nM [3H]R1881 
after exposure for 24 h to 10 nM testosterone, 10 nM R 1881 
or 10nM dihydrotestosterone (DHT). The values are 
the means + SEM of three experiments. *P < 0.05 and 
**P <0.01 represent the significance of the statistical 

difference with control. 



Up-regulation of androgen binding in adipose 557 

A 
c 200. 

~ 1 ~ '  

o 
E 

0 i,n 

i 
Iz: 

-1-- 
" i 

-T- 

o 8 7 

TESTOSTERONE (- log M) 

Fig. 6. Effects of different testosterone concentrations 
on [3H]R1881 binding to differentiated adipose precursor 
cells. Cells were incubated 60 min at 37°C in the presence 
of 10nM [3H]RI881 after exposure for 24h to the indi- 
cated concentrations of testosterone. The values represent 
the means + SEM of five experiments. *P < 0.05 and 
***P < 0.001 represent the significance of the statistical 

difference with control. 

number is induced by cell exposure to testoster- 
one but not to dihydrotestosterone [7], strongly 
suggest that testosterone effects do not require 
conversion to dihydrotestosterone and are medi- 
ated by an increase in androgen receptor binding. 

In summary, the present study demonstrates 
high affinity, specific, saturable and reversible 
androgen binding in intact adipose cells. More- 
over, it shows for the first time that the androgen 
receptor number in adipocytes is increased by the 
exposure to androgens. The quantitative binding 
assay described here seems to allow future inves- 
tigations on the relationship between androgen 
binding and metabolism in adipocytes. 

R E F E R E N C E S  

estradiol and dexamethasone), demonstrating a 
high specificity of receptor. 

Recent reports have shown that androgen 
target cells have the ability to autoregulate their 
androgen receptor concentrations by regulating 
both the stability of receptors and the induction 
of new receptor synthesis[13,29-33]. In this 
study, testosterone and R1881, but not dihy- 
drotestosterone produced a significant increase 
in receptor levels. This effect was already appar- 
ent after 4 h and reached a maximal effect within 
24 h. Moreover, it required synthesis of proteins, 
suggesting that the effect was due to the 
formation of new receptors, rather than receptor 
availability for binding. Dihydrotestosterone 
also showed less capacity than testosterone 
in competing with specific binding of R1881. 
These results, combined with our previous 
results showing that an increase in isoproterenol- 
stimulated lipolysis and in fl-adrenergic receptor 
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Fig. 7. Effects of testosterone (T) and cycloheximide (C) on 
[3H]R1881 binding to differentiated adipose precursor cells. 
Cells were incubated 60 rain at 37°C in the presence of 
I0 nM [3H]RI881 after exposure for 24 h to I0 nM testoster- 
one, in the presence or in the absence of 10#g/ml cyclo- 
heximide. The values represent the means :t: SEM of three 
experiments. ***P < 0.001 represents the significance of the 

statistical difference with control. 
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