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Steroid hormones and temperature induce changes of binding parameters 
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Abstract When MCF-7 cells were treated with 17/3-estradiol, 
dexamethasone, or promegestone at 37°C, the Ko of receptors for 
their cognate ligands was found to decrease as compared to that 
measured at 2°C. Cell incubation with hormone at 37°C did not 
affect the Bmx of glucocorticoid and progesterone receptors, but 
caused a 40% increase of that of estrogen receptor. This increase 
required the presence of ligand, was insensitive to cycloheximide, 
and was completed within 10 min of cell incubation at physiolog- 
ical temperature. We conclude that an early step of estrogen 
action is the recruitment of pre-existing receptor molecules 
through activation of their binding capacity. 
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I. Introduction 

Steroid hormones trigger physiological responses by binding 
to their cognate receptors in target cells [1]. The formation of  
steroid-receptor complexes is considered a key step controlling 
the functional properties of  receptor proteins and their capacity 
to modulate  the expression of  specific genes in target tissue [1], 
so that the mechanisms controlling the cellular levels of  recep- 
tors have been extensively investigated. One intriguing conclu- 
sion which has been obtained in several studies is that steroid 
receptors can exist in forms unable to bind their cognate ligand 
[2-11], and that steroid binding capacity of  receptors can go 
through cycles of  inactivation reactivation in intact cells 
[3-6,12 14]. 

In a previous investigation we found that the binding capac- 
ity of  androgen receptor (AR) is post-translationally up-regu- 
lated by the ligand in MCF-7  cells [11]. We then thought  it was 
important  to extend this study to other steroid receptors ex- 
pressed in the same cells, and in this report we show that steroid 
hormones induce an increase in the Bm,x of  estrogen (ER) but 
not glucocorticoid (GR) or progesterone (PR) receptors under 
physiological conditions. 

2. Experimental 

2.1. Materials 
5cc-Dihydro[l,2,4,5,6,7-3H(N)]testosterone (118.5 Ci/mmol), 17fl- 

[2,4,6,7-3H(N)]estradiol (104 Ci/mmol), [6,7-3H(N)]dexamethasone (44 
Ci/mmol), and [17~-methyl-3H]promegestone (R-5020; 86 Ci/mmol) 
were purchased from DuPont NEN. All other reagents were of analyt- 
ical grade. 

2.2. Cell culture conditions 
MCF-7 cells were grown in Petri dishes, as previously described [11]. 

*Corresponding author. 

Four days before the experiment, cells were seeded in the culture me- 
dium lacking phenol red and containing 10% charcoal-stripped [15] 
foetal calf serum. On the day of the experiment, cells were harvested 
with trypsin, and were washed twice by suspension in 20 mM phosphate 
buffer, pH 7.4, 0.15 M NaCI (PBS) and centrifugation for 8 min at 
600 xg. 

2.3. Measurement of binding capacity of steroM hormone receptors in 
MCF- 7 cells 

Cells were dispersed in Dulbecco's MEM lacking phenol red and 
containing 50 mM HEPES buffer, pH 7.3. Cell suspensions were then 
incubated as specified in the text with the indicated concentrations of 
tritiated ligand and in the presence or absence of a 200-fold molar 
excess of nonradioactive ligand as competitor. When binding capacity 
of PR was measured, the incubation medium included 1/.tM nonradio- 
active cortisol, to prevent R-5020 binding to GR [16]. At the end of the 
incubations, cells were washed three times with PBS, and were then 
homogenized with a Dounce homogenizer, after a 30 min swelling at 
2°C in 1 ml of 20 mM Tris-HC1, pH 7.5 at 2°C, 1.5 mM MgCIz, 10 mM 
NaC1. The homogenates were then brought to a final 0.6 M NaCI 
concentration, and cellular hormone-receptor complexes were ex- 
tracted by incubation for 45 min at 2°C, and centrifugation for 30 min 
at 16,000 × g. The supernatants of this centrifugation were then treated 
for 10 min at 2°C with a dextran-coated charcoal pellet [17] to remove 
free steroid, and aliquots were taken for measurements of bound radi- 
oactivity. Specific ligand binding to hormone receptors was determined 
by subtraction of binding obtained in the presence of competitor from 
that found in its absence. 

2.4. Sucrose density gradient analysis of steroid receptor complexes 
Linear 5-20% (w/v) sucrose gradients in a solution composed of 20 

mM Tris-HCl, pH 7.5 at 2°C, 1.5 mM EDTA, 5% (v/v) glycerol, 0.3 
M NaCI, were employed to analyze steroid-receptor complexes. Cell 
extracts were layered on the top of the gradients, and centrifugations 
were performed with a Beckman SW-60 rotor in a Beckman L8-80 
ultracentrifuge for 18 h at 50,000 rpm, as previously described [17]. 

3. Results and discussion 

MCF-7  cells represent a useful experimental system to study 
different steroid hormone receptors in a single cell type, as they 
express ER,  PR, G R  and A R  [16]. 

Our initial experiments were thus performed to evaluate 
whether the levels of  binding capacity of  those receptors varied 
when cells are incubated at 2 and 37°C with their cognate 
ligand. By measurement  of  the specific binding sedimenting at 
about  4 S in sucrose density gradients (Fig. 1), it was found that 
the levels of  steroid receptor complexes measured after cell 
incubation at 37°C are higher than those found if cells are 
maintained at 2°C. As already established in the case of  A R  
[11], the temperature-dependent increase in binding capacity of  
ER, G R  and PR did not depend on new receptor synthesis, as 
cell incubation with cycloheximide did not  prevent the phenom- 
enon (Fig. 1). Furthermore,  these observations were not  due to 
uncomplete attainment of  the equilibrium in the binding reac- 
tion at 2°C, as steady-state levels of  steroid-receptor complexes 
were already reached within 60 min of  incubation at low tem- 
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Fig. 1. Analysis of AR, PR, ER and GR from MCF-7 cells by sucrose density gradient centrifugation. Analysis of AR (panel A), PR (panel B), ER 
(panel C), and GR (panel D) were performed by incubation of MCF-7 cells with tritiated 5~-dihydrotestosterone (5 nM), R-5020 (10 nM), 
17fl-estradiol (5 nM), or dexamethasone (50 nM), respectively, and in the presence (open symbols) or in the absence (closed symbols) of a 200-fold 
molar excess of nonradioactive ligand. The incubation medium also contained (A) or not (©, o, ;n, m) 1 mM cycloheximide. Cells were incubated for 
90 min at 2°C followed by 30 rain at either 2 (0, o) or 37°C ([], i ,  A). At the end of the incubation, cells were processed to prepare extracts, which 
were subjected to sucrose density gradient centrifugation. The sedimenting position of bovine serum albumin (4.4 S) is indicated by an arrow. 

perature (not shown). When the time-course of  the phenome- 
non was evaluated at physiological temperature, instead, we 
found that upon shifting the temperature of  cell incubation 
from 2 to 37°C, new steady-state levels of  steroid hormone 
binding were obtained within 10 min (Fig. 2). 

We then determined the binding parameters of  ER, G R  and 
PR (Table 1), and found that MCF-7 cell incubation with 
hormone at 37°C led to a decrease (about three-fold) of  the Kr, 
for their ligand. Interestingly, a temperature-dependent in- 
crease of  the B,n,x measured for these receptors could be consis- 
tently found only in the case of  ER. Thus, the highest level of  
glucocorticoid and progestin binding observed at 37°C in deter- 
minations performed with a single hormone concentration 
(Figs. 1 and 2) could be explained by an increase of  affinity of  
receptors for their cognate ligand. In the case of  ER, instead, 
new binding sites were actually unmasked upon cell incubation 
with hormone at physiological temperature. This increase of 
estrogen binding sites depended on both ligand and tempera- 
ture. When MCF-7  cells were treated for 30 min at 37°C in the 
absence of  ligand and were then incubated with 17fl-estradiol 
at 2°C, in fact, binding levels detected in soluble extracts essen- 
tially coincided with those measured in extracts from untreated 
cells (Table 2). 

These findings complement those obtained with A R  [11], and 
support the conclusion that steroid hormones induce post- 
translational changes of  binding parameters of  their cognate 
receptor proteins. Our data show that the phenomenon in- 
volves activation of  binding capacity of  pre-existing inactive 

Table 1 
Determination of binding parameters of ER, GR, and PR in MCF-7 
cells at 2 and 37°C 

Bma x (pmol/mg DNA) K D (× 10 -9 M) 

2°C 37°C 2oc 37oc 

ER 2.1 + 0.2 2.9 + 0.4 1.2 + 0.5 0.5 _+ 0.1 
GR 1.2 + 0.2 1.3 + 0.2 20.3 + 3.8 8.5 + 3.1 
PR 4.9 + 1.6 4.8 + 1.3 12.9 + 2.3 3.8 _+ 0.6 

Measurements were performed by incubation of cell suspensions with 
increasing concentrations of tritiated 17fl-estradiol (ER), dexam- 
ethasone (GR), or R-5020 (PR), either in the presence or in the absence 
of a 200-fold molar excess of nonradioactive ligand as competitor. In 
the case of PR measurements, all samples also received 1 pM nonradi- 
oactive cortisol. Cells were incubated for 90 min at 2°C, followed by 
treatment of paired samples for 30 min at either 2 or 37°C. Specific 
binding was determined, and data were subjected to Scatchard transfor- 
mation [18]. Values represent means + S.D. of data obtained from three 
separate experiments. 
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receptor molecules in the case of ER (Fig. 1 and Table 1) and 
AR [11], whereas this could not  be detected with G R  and PR. 
As several groups have reported the existence of inactive forms 
of both G R  and PR [3 5,7,9], and it has been also established 
that binding capacity of steroid hormone receptors follows 
rapid cycles of inactivation/reactivation in intact cells [3,5 7], 
we cannot  exclude that activation of G R  and PR might be 
compensated and masked by inactivation under  our experimen- 
tal conditions. 

While the hormone-dependent  regulation of binding capacity 
of GR and PR in MCF-7  cells remains to be clarified, the 
results we obtained regarding AR [11], GR,  PR, and ER (this 
paper) in a single cell line, indicate the existence of specific 
patterns of  control of  binding parameters of  these receptors. 
Indeed, the existence of some form of selectivity among differ- 
ent hormone and receptor systems is indicated by our findings 
that the binding capacity of ER measured at 2°C was unaf- 
fected after MCF-7 cells had been pretreated with the natural  
androgen. 5~-dihydrotesterone for 30 rain at 37°C, and the 
same results was obtained when this type of experiment was 
carried out measuring the binding capacity of AR after cell 
treatment with cortisol (Table 3). As the phenomenon we have 
observed depends on both ligand and temperature, and displays 
selectivity among steroid receptor systems, it can be concluded 
that its control involves hormonal  recognition by target cells. 

The molecular mechanism(s) responsible for such selective 
recognition of hormonal  signal and fast cellular response is 
(are) presently unknown.  If classic receptors are involved, 
hormone binding would stimulate some 'activator '  of receptors 
themselves. Evidence that this can indeed occur has been ob- 
tained with ER under cell-free conditions, when the reactivat- 
ing reaction has been shown to consist of  phosphorylation of 
receptor proteins [19 21]. Although it is known that hormone- 
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Table 2 
Effect of ligand and temperature on binding capacity of ER in MCF-7 
cells 

Treatment at 370C ER binding 

None 100 
After 17fl-estradiol addition 155.5 + 13.8 
Before 17fl-estradiol addition 98.0 + 5.9 

MCF-7 cells were preincubated for 30 min at either 2 or 37°C, were 
brought to 2°C, and were then incubated for 90 min at 2°C with 5 nM 
tritiated 17fl-estradiol either in the presence or in the absence of a 
200-fold molar excess of nonradioactive competitor. At the end of the 
incubation, samples which had been preincubated at 2°C were further 
incubated for 30 min at 370C, and those pretreated at 37°C were 
maintained at 2°C. Paired control samples were maintained at 2°C both 
before and after ligand addition. The specific binding has been ex- 
pressed as the percentage of that measured in control samples, and 
represent means _+ S.D. of data obtained from four separate experi- 
ments. 

Table 3 
Effect of MCF-7 cell treatment with steroid hormones on binding 
capacity of heterologous steroid hormone receptors 

Hormone treatment ER AR 

None 100 100 
5~-Dihydrotestosterone 105.2 2 3.4 N.D. 
Cortisol N.D. 105.7 + 2.6 

MCF-7 cells were treated for 30 min at 37°C with nonradioactive 
hormone, either 5 nM 5~-dihydrotestosterone or 50 nM cortisol, or 
without any addition. Samples were then brought to 2°C, and specific 
binding to ER and AR was determined by cell incubation for 2 h at 2°C 
with 5 nM tritiated 17fl-estradiol or 5~-dihydrotestosterone, respec- 
tively, and in the presence or in the absence of a 200-fold molar excess 
of nonradioactive competitor. The specific binding has been expressed 
as the percentage of that measured in samples which were pretreated 
at 37°C without any addition, and values represent means + S.D. of 
data obtained from four separate experiments. N.D., not determined. 
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Fig. 2. Time-course of ligand binding to ER, GR, and PR in MCF-7 
ceils upon a temperature shift from 2 to 37°C. Cell suspensions were 
preincubated for 90 min at 2°C with 5 nM tritiated 17/J-estradiol 
(5 nM), R-5023 (10 nM), or dexamethasone (50 nM), either in the 
presence or in the absence of a 200-fold molar excess of nonradioactive 
competitor. At the end of the preincubation, samples were incubated 
at 37°C, and at the indicated times aliquots were taken and processed 
to determine specific ligand binding to ER (o), PR (A), and GR (g), 
which has been expressed as the percentage of that found in paired cell 
suspensions maintained for 2 h at 2°C. 

induced phosphorylation of steroid receptors is involved in 
eliciting cellular responses, the reaction has been related to 
optimal modulat ion of gene transcription, rather than to activa- 
tion of binding capacity of preexisting receptor molecules [1]. 

If  hormone recognition and stimulation of the supposed ac- 
tivator involve some other type of receptorial component(s),  
the phenomenon we have detected would represent a non-  
classical hormone action. This interpretation should be consid- 
ered because the hormone-dependent up-regulation of binding 
capacity of AR and ER we have observed, displays several 
features of nonclassical steroid hormone action [22], namely: 
the effect takes place within few minutes, is not blocked by 
inhibition of protein synthesis, and is specific with regard to 
hormone and molecular target (the classical steroid receptor 
systems). Questions should then be raised regarding the charac- 
teristics of the component(s) playing the receptorial role in 
eliciting this action. While the existence of plasma membrane 
receptors for steroid hormones has been already reported [22], 
including the case of ER in MCF-7 cells [23], our study cannot  
provide insights regarding the involvement of membrane- 
bound receptors in the phenomenon we have described, be- 
cause the extracts we have evaluated for hormone binding in- 
cluded only soluble steroid hormone receptors (Fig. 1). 

Taken together, our data show that the earliest steps of 
steroid hormone action involve a hormone-induced change of 
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binding parameters of classical receptors in target cells, leading 
to increased affinity of receptors for their cognate ligand and, 
at least in the case of AR and ER, recruitment of preexisting 
receptor molecules through activation of their binding capacity. 
Thus, this phenomenon could be related to the control of  opti- 
mal responsive potential to hormonal  stimuli in target cells [14]. 
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