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Incubation of MCF 7 cel ls  with 5 ~-dihydrotestosterone (DHT) at 37°C led 
to a 70% increase in the Bmax of androgen receptor, as compared to the 
values measured at 2°C, without detectable changes in equi l ibr ium dis-  
sociation constants. When MCF 7 cel ls  were incubated with hormone at 2°C, 
to reach steady-state levels of androgen-receptor complex, a subsequent 
temperature sh i f t  to 37°C induced a rapid (t~=3 min) cycloheximide-in- 
sensi t ive increase in DHT binding to androgen receptor. MCF 7 cel l '  
treatments at 37°C either before or af ter incubation with DHT at 2°C 
showed that up-regulation of binding capacity of androgen receptor could be 
observed only i f  hormone is present during incubation at physiological 
temperature. © 1991 Academzc Press, Inc. 

Steroid hormone receptors represent trans-act ing t ranscr ip t ion factors 

whose normal function is s t r i c t l y  dependent on the i r  association with 

ligand ( I ) .  Hormone binding capacity of receptor proteins could then 

represent a potential target of control mechanisms involved in t issue 

responsiveness and modulation of steroid hormone action (2). This concept 

was proposed after evidence accumulated on the existence of a very rapid 

(t~=3-5 min) turnover of steroid binding capacity of glucocort icoid (3-5), 
2 

and androgen 6) receptors in in tact  ce l ls .  S t i l l ,  a d i rect  proof of the 

existence of signals which control the binding capacity of steroid 

receptors in ntact ce l ls  has not been obtained. We here report that the 

binding capacity of androgen receptors in in tact  MCF 7 cel ls  is rapid ly 

increased upon hormone treatment at physiological temperatures through 

act ivat ion of preexist ing receptor proteins. 
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EXPERIMENTAL PROCEDURES 

Materials. 5~-d ihydro~ ,2 ,4 ,5 ,6 ,7 -3H(N~tes tos te rone  (I18.5 Ci/mmol) was 
purchased from New England Nuclear. All other reagents were of analyt ical 
grade. 
Cell culture condit ions. MCF 7 cel ls  were grown in 5% carbon dioxide in a i r  
at 37°C in Petri dishes with a cul ture medium composed of Dulbecco's 
Modified Eagle Medium containing ant ib io t ics  (I00 units/ml pen ic i l l i n ,  I00 

~g/ml streptomycin, and 25 ~g/ml gentamicin), I% non essential amino 
acids, 6 ng/ml bovine insul in  and 10% foetal cal f  serum. Four days before 
the experiment, ce l ls  were seeded in the culture medium lacking phenol red 
and containing 10% charcoal-str ipped (7) foetal cal f  serum. On the day of 
the experiment, cel ls  were harvested by treatment for 5 min at room 
temperature with 0.25% t ryps in ,  5 mM EDTA in 20 mM phosphate buffer, pH 7.4 
containing 0.15 M NaCI (PBS). 
Measurement of binding capacity of androgen receptors in MCF 7 ce l ls .  Cells 
were washed twice by suspension in PBS and centr i fugat ion for 8 min at 
600xg, and were dispersed in Dulbecco's Modified Eagle Medium lacking 
phenol red and containing 50 mM HEPES buffer,  pH 7.3. Cell suspensions were 
then incubated as specif ied in the text  with the indicated concentrations 
of t r i t i a t e d  DHT and in the presence or absence of a 200-fold molar excess 
of nonradioactive DHT as competitor. At the end of the incubations, ce l ls  
were brought to 2°C and washed three times by suspension in PBS and 
centr i fugat ion for 8 min at 600xg. Cells were then lysed by suspension in 1 
ml of 20 mM Tris-HCl, pH 7.5 at 2°C, 1.5 mM MgCI 2, I0 mM NaCI, containing 3 
mg/ml of d ig i ton in ,  and incubation for 30 min at 2°C with occasional 
vortexing. The homogenates were then brought to a f ina l  0.6 M NaCl 
concentration, and ce l lu la r  androgen-receptor complexes were extracted by 
incubation for 45 min at 2°C (6) and centr i fugat ion for  30 min at 16,000xg. 
The supernatants of th is  centr i fugat ion were then treated for  I0 min at 2°C 
with a dextran-coated charcoal pel let  (8) to remove free steroid, and 
al iquots were taken for  measurements of bound rad ioac t i v i t y  (6). Specific 
DHT binding to androgen receptors was determined by subtraction of binding 
obtained in the presence of competitor from that found in i t s  absence. 

RESULTS AND DISCUSSION 

In preliminary experiments we performed analyses of DHT binding to 

androgen receptors in in tact  MCF 7 cel ls  at 2 and 37°C (Fig. I ) .  Scatchard 

transformation of specif ic binding data revealed the presence of androgen 
-9 

receptor whose K D was 1.5 + 0.5 and 1.2 + 0.3 x I0 M (n=3) when cel ls  

were incubated at 2 and 37°C, respect ively.  In spite of almost ident ical  

equi l ibr ium dissociat ion constants, the B measured at 37°C (489 + 189 
max 

fmol/mg DNA, n=3) was 70% higher than that found at 2°C (293 + lO0 fmol/mg 

DNA, n=3). 

We then considered the possibi l i ty that the increased levels of 

androgen-receptor complex measured at 37°C, as compared to 2°C, might have 

been due the fact that steady-state levels of binding were not attained at 
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Figure I. Analysis of DHT binding in intact MCF 7 cells at 2 and 37°C. MCF 
7 cell suspensions received increasing amounts of t r i t i a ted  DHT either in 
the presence or absence of a 200-fold molar excess of unlabeled DHT as 
competitor, and samples were incubated for 1.5 hr at 2°C followed by 30 min 
at either 2 (0) or 37°C (O). Specific DHT binding to androgen receptor was 
determined, and data were subjected to Scatchard transformation (9). 

low temperature in the 2 hr incubation we have performed. This did not 

appear to be the case, however, as maximal binding was reached wi th in 30 

min of ce l l  incubation with t r i t i a t e d  DHT at 2°C (Fig. 2), and we could 

,conclude that MCF 7 ce l l  incubation with hormone at 37 °C leads to an in-  

crease in the Bma x of androgen receptor without changes in i t s  K D. 

In order to ascertain whether the increase in DHT binding upon ce l l  

incubation at 37°C might depend on ongoing synthesis of androgen receptor, 

we treated ce l l  suspensions with 5 nM t r i t i a t e d  DHT e i ther  in the presence 

or in the absence of a cycloheximide concentration which i nh i b i t s  protein 

synthesis by at least 95% (6), and measured the time-course of steroid 

binding to androgen receptor at 37°C. The resu l ts  we obtained (Fig. 3) 

showed that the temperature s h i f t  induced a rapid (t~=3 min) increase in 
2 

DHT binding to androgen receptors, which was not suppressed by 

cycloheximide. We could then conclude that incubation of MCF 7 ce l l s  at 

37°C resulted in the ac t iva t ion  of steroid binding capacity of preexis t ing 

androgen receptor molecules. 

We had then to consider the p o s s i b i l i t y  that  in the course of ce l l  

harvesting, a temporary impairement of normal energy supply might have 

induced a pa r t i a l  i nac t i va t ion  of androgen receptors, whose binding 

capacity was recovered upon ce l l  incubation at 37°C (6). In order to 
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Figure 2. Time-course of DHT binding to androgen receptors in MCF 7 ce l ls  
at 2°C. Cell suspensions were incubated at 2°C with 5 nM t r i t i a t e d  DHT 
ei ther in the presence or absence of a 200-fold molar excess of 
nonradioactive DHT. At the indicated times al iquots were taken and 
processed to determine speci f ic DHT binding to androgen receptors. 

Figure 3. Time-course of DHT binding to androgen receptors in MCF 7 ce l ls  
upon a temperature sh i f t  from 2 to 37°C. Cell suspensions were preincubated 
for  1.5 hr at 2°C with 5 nM t r i t i a t e d  DHT ei ther in the presence or absence 
of a 200-fold molar excess of nonradioactive DHT, and with (M) or without 
(0) 1 mM cycloheximide. At the end of the preincubation, samples were 
incubated at 37°C, and at the indicated times al iquots were taken and 
processed to determine speci f ic DHT binding to androgen receptors, which 
has been expressed as the percentage of that found in ce l l  suspensions 
maintained for  2 hr at 2°C. 

d i r e c t l y  t es t  t h i s  p o s s i b i l i t y ,  the b ind ing capac i ty  of androgen receptors 

was evaluated in  MCF 7 c e l l s  which were t rea ted  at 37°C e i t h e r  before or 

a f t e r  add i t i on  of  t r i t i a t e d  DHT. The r e s u l t s  we obta ined,  showed tha t  the 

b ind ing  capac i ty  of androgen receptors measured when DHT was present dur ing 

c e l l  t reatment  at 37°C was 144.2 + 5.1% (n=3) of tha t  found in c e l l s  

maintained at 2°C (cont ro l  c e l l s ) .  I f  paired c e l l  suspensions were 

incubated at 37°C in the absence of hormone, ins tead,  the b ind ing capac i t y  

of  androgen receptor  was 110.4 ~ 4.0% (n=3) of  the l eve l s  found in con t ro l  

c e l l s .  

These observat ions are cons i s ten t  w i th  the ex is tence of post-  

- t r a n s l a t i o n a l  mechanisms which up- regu la te  androgen receptors ava i l ab le  to  

hormone b ind ing  in  ta rge t  t i s sues .  

A hormone-dependent a c t i v a t i o n  of s te ro id  b ind ing capac i ty  of estrogen 

receptor  has been obtained under c e l l - f r e e  cond i t i ons  ( I 0 ) ,  and i t  has been 

shown to i nvo l ve  phosphory la t ion  of  receptor  p ro te ins  ( I 0 , I I ) .  Thus, in  the 

l i g h t  of our o r i g i n a l  observat ions (6) ,  and a recent  repor t  on the rap id  
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hormone-dependent phosphorylation of androgen receptors in intact cells 

(12), i t  could be speculated that up-regulation of binding capacity of 

androgen receptors in MCF 7 cells involves phosphorylation of receptor 

proteins. Although available evidence on phosphorylation of steroid 

receptors in intact cells (10-15) would favour the analogy among di f ferent 

receptor systems, the concept of modulation of binding capacity of steorid 

hormone receptors mediated by phosphorylation deserves further scrutiny, as 

binding capacity of progesterone receptors does not appear to depend on 

receptor phosphorylation (16). Thus, i t  cannot be excluded that the 

activation of binding capacity of steroid receptors might actually depend 

on int racel lu lar  concentrations of low molecular weight components (17,18). 

While we have no information with regard to the molecular mechanism(s) 

involved in the phenomenon we have described, i t  should be pointed out that 

i t  requires both DHT supply and a physiological temperature. The f i r s t  

characteristic implies that the process is controlled by the hormone 

i t se l f ,  which may act through i ts  receptor or some other as yet 

unidentified component(s). For instance, as the increase in binding 

capacity of androgen receptor depends on a temperature-sensitive step, we 

cannot exclude that some enzyme(s) might be involved in this process 

through modifications of receptor proteins themselves, or the production of 

a modulator of binding capacity of androgen receptors. The post- 

- translat ional,  homologous up-regulation of active androgen receptors, in 

any case, shows that 5~-dihydrotestosterone can modulate the binding ca- 

pacity of i ts  own receptors by non-transcriptional events in target cel ls.  
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