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SUMMARY

Changes in total cytoplasmic estrogen receptor (E,-R¢) concentrations were compared to changes in
rates of protein synthesis after steroid treatment in uterine tissue of long-term castrate Sprague Dawley
rats. Animals were treated with estradiol 178 (E,) alone or with progesterone (P,) after 24 h of E,
“priming”. E,-Rc concentration was “modulated” by E, (0.1 ug LP.) in two distinct temporal phases:
(A) Short term depletion with restoration to basal E;-Rc/mg DNA occurred by 20 h after E, treatment.
(B) Increases in E,-R¢ above basal levels were seen after 20-24 h. Twenty-four h after E, treatment,
the administration of P, (1.0 mg, s.c.) caused the elevated concentration of total E,-R¢ to decrease
to base line levels within 2 h. As determined from E,-Rc decay experiments, modulation of E,-R¢
by E, or P, was not caused by activation of some soluble cytoplasmic receptor precursor nor by
degradation (through proteolytic enzymes) of functional E,-R¢. Uterine protein synthesis was monitored
by pulse-labeling with [3*S]-methionine under the same treatment schedule as used for E,-Rc quanti-
tation. Both E, and P, stimulated incorporation of [**S]-methionine into ribosomal, cytoplasmic and
nuclear fractions. Increases in rates of [>S]-methionine incorporation were interpreted as a demon-
stration of “hypertrophy”. Since hypertrophy accompanied treatment with both estradiol and progester-
one, and since differential modulation of E,-R. followed treatment with these steroids, the increase
in E,-R¢ concentration following E, treatment appears to be a specific event which is distinct from
hypertrophy.

It is proposed that estrogen mediated increases in E;-R¢ concentration represent a mechanism of
molecular amplification which contributes in part to the cascading growth observed in the uterus.
Conversely, progesterone antagonizes estrogen stimulation by depleting E,-R¢ concentration (in some
unknown manner) thereby providing a biochemical “brake” to estrogen stimulation.

INTRODUCTION short term “replenishment”, long term increases

above control levels, as well as decreases in E,-R¢
concentration mediated by progesterone [8,9,22].
Since several laboratories have shown that progester-
one (P,) antagonizes estrogen stimulation of uterine
endometrial cells [10-12] it is important to correlate
this antagonism with the steroid—receptor interaction.
Because neither competitive inhibition nor a negative
cooperative influence on steroid binding[8,9] can
explain the effect of progesterone on the apparent
E,-R¢ concentration, this report focuses on those
phenomenon which might mediate real changes in
E,-R¢ concentration.

In this report steroid mediated modulation of
E,-Rc concentrations over a 48-h period is de-
scribed. Both E,-Rc activation and degradation dur-
ing modulation were examined. Experiments were
designed to compare modulation of E,-R¢ concen-
tration with steroid mediated changes in rates of pro-
tein synthesis. Pulse labeling with [33S]-methionine
was performed in order to establish whether increases

Uterine tissue contains a high affinity estrogen bind-
ing protein which is reported to be invoived in the
mechanism of steroid hormone action. Following
exposure to estradiol 178 (E,), the E, passes across
the cell membrane, binds to a specific uterine cyto-
plasmic protein (E,-Rc) and eventually moves as a
“steroid-receptor” complex into the nucleus [1,2]. As
a result, the concentration of “available” E,-R¢ de-
clines and is gradually restored to the initial level
of receptor concentration approximately 20h after
treatment. Such short-term restoration is termed “re-
plenishment” [3-7]. Continuation of replenishment
results in E,-R¢ concentrations clearly elevated above
basal levels after 24-72h. These later changes in
E,-R¢ concentration are examined in this report.
Hence, “modulation” of E,-R¢ concentration denotes
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in E,-R¢ concentration, mediated by estradiol, occur
as part of a wide spectrum of protein synthesis
changes or if these increases in E,-R. are specific
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phenomena which are selectively distinct from hyper-
trophy.

MATERIALS AND METHODS

Sprague-Dawley rats (150-180g) were bilaterally
ovariectomized and used four weeks post-operatively.
These “long term castrate” females all received an in-
jection of estradiol 178 (Sigma, 0.1 ug/0.5ml saline)
intraperitoneally (i.p.) at t = 0. Some animals received
progesterone (Sigma, 1.0 mg/0.5ml propylene glycol)
subcutaneously (s.c.) at t = 24 h. Animals were killed
by cervical dislocation while under light ether anes-
thesia. Uterine horns were dissected free of oviduct,
vagina, fat and connective tissue and placed in Hank’s
calcium free media (CFM) at 0-2 C. Uteri were diced
into 1-2mm fragments and washed twice in CFM.

Pulse labelling. Uterine fragments were incubated
in Hank’s minimal essential media (MEM, GIBCO)
containing [3S]-methionine (10 uCi/ml, 381.2Ci/
mmol, New England Nuclear Corp.) for 30 min at
37°C under an atmosphere of 95%, O, and 5%, CO,
(Fig. 1). Incubation was terminated by chilling
(0-2°C). Fragments were immediately washed (4 x)
with Hank’s CFM (4 ml) at 0-2°C and homogenized
in TEMK buffer containing Tris (pH 7.4, 40 mM),
EDTA (1.5mM), f-mercaptoethanol (14 mM) and
KCl (50mM). A tissue/buffer ratio of 4 uterine
horns/ml was maintained. The homogenate was cen-
trifuged at 800 g for 15 min (0-2°C) and the nuclear-
myofibrillar pellet assayed for DNA [13].

This low speed supernatant was recentrifuged at
106,000 g for 90 min in a Beckman fixed angle rotor
yielding a ribosomal pellet and a high-speed superna-
tant or “cytosol” fraction. The ribosomal pellet was
washed twice with TEMK buffer in order to reduce
potential contamination by soluble protein and free
[35S]-methionine. This washing was sufficient to sub-
stantially reduce counts due to free [3*S]-methionine,
[33S]-methionine-tRNA, and aminoacyl transferase
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Fig. 1. Flow diagram for pulse labelling experiments with
[35S]-methionine.

charged with [*°S]-methionine. The washed pellet
was solubilized in 0.5 M NaOH at 50°C. Following
a 1:1 dilution with TEMK buffer, the ribosomal pro-
tein was precipitated with 10%, perchloric acid (PCA)
onto glass filters (Whatman GF/A) and washed 4
times with 4 ml of 10%, PCA. The filters were then
transferred into liquid scintillation vials containing
22%, Triton X100 (Rohm-Haas) and PPO-POPOP-
toluene fluor (2,5 diphenyloxazole [4 g], and 1.4 bis
[2<(5 phenyloxazole)] benzene [0.5gm] in 1 liter
toluene).

Preparation of acid insoluble protein. The soluble
proteins in the cytosol fraction were precipitated with
an equal vol. of 20%, PCA at 0-2 C. The precipitates
were collected on GF/A glass fiber filters (Whatman
Industries), washed four times with 4 ml 10%, PCA
and counted directly in liquid scintillation vials. Pro-
tein determinations were made on samples redis-
solved in 0.5M NaOH [14]. Duplicate experiments,
in which soluble protein was precipitated with 20%
trichloroacetic acid (TCA), washed twice with 20°%,
TCA and three times with ether, gave isotope incor-
poration data which were indistinguishable from the
PCA precipitation. [**S]-methionine could easily be
distinguished during scintillation counting from
[®H]-estradiol because of its higher energy emission
(0.167 and 0.018 MeV respectively).

Preparation of the “nuclear” fraction. The nuclear-
myofibrillar pellet, obtained by low speed centrifuga-
tion at 800¢g, was resuspended in 0.5M PCA and
precipitated by centrifugation at 0-2°C. The pellet
was then washed 1 x 4 ml with 95° ethanol 1 x 4 ml
ethanol-ether (3:1 v/v), and 2 x 4ml 109, PCA. DNA
was hydrolyzed by heating at 80°C for 45 min and
assayed according to Burton[13]. The acid insoluble
material was resuspended in 0.25 M NaOH and sam-
pled for [*3S]-methionine incorporation into protein.

Assay of estrogen cytosolic receptors. High speed
cytosol fractions were assayed for E,-R¢ concen-
trations using the “batch™ hydroxylapatite (HTP)
method [9, 15]. Aliquots of cytosol (225 jd) were in-
cubated with saturating amounts of [?H]-estradiol
17B(80-100 Ci/mmol, New England Nuclear Corp.,
4.0 x 10~ mol [*H}-E, per 225 ul of cytosol). Incu-
bation (0-2°C) was terminated after 10 h by the addi-
tion of 1.2ml of hydroxylapatite suspension [10g
DNA grade hydroxylapatite (BioRad Industries) per
100 ml TEMK]. Adsorption of E,-R. to HTP was
allowed to proceed at 0-2°C for 45 min. HTP with
E,-Rc adsorbed was then centrifuged, washed
5 x 1 ml with TEMK, the bound [*H]-E, extracted
2 x 1 ml with 100%, ethanol.

Liquid scintillation counting of the ethanol extract
was performed with a tritium counting efficiency of
30-40%. Quench correction was determined for each
vial with an external standard. Correction for non-
specific binding was routinely made by subtracting
[*H]-E, bound in the presence of a 1000-fold excess
of diethylstilbesterol (DES). All points were run in
replicates of four [9].
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Rates of decay of estrogen receptors. The three ex-
perimental treatment groups contained 18 rats each
(Fig. 2). Group A (control) was injected with 0.5ml
saline (i.p.), Group B received 0.1 ug E, in 0.5ml
saline (i.p.) at t = 0, and Group C received 1000 ug
P, in 0.5 ml propylene glycol (s.c.) at t = 24 h in addi-
tion to estradiol at t = 0. All animals were killed after
36 h. Mixed groups designated AB, BC and AC were
formed by combining equal portions (1:1, v/v) of
cytosol fractions from A, B or C respectively. Homo-
genization was performed in 10ml of TEMK at
0-2°C followed by centrifugations at 800 g, and at
106,000 g as described (Fig. 1). The high speed cytosol
fraction was diluted to 37 ml with TEMK and deli-
vered into individual assay tubes. Incubation with
saturating amounts of [*H]-estradiol 178
(2 x 10712 mol per 225-ul cytosol) was performed for
12h at 0-2°C.

The six experimental cytosols were then tested for
potential activation or degradation of E,-R¢ at 0°C
and at 22°C. Control cytosols were included in the
experimental design during all temperatures and
times in order to compensate for the expected rate
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Fig. 2. Changes in estrogen cytoplasmic receptor concen-
tration following treatment with E; or E; plus Py. At ¢t =0
long-term castrate rats received 0.1 ug estradiol 178 in
saline (solid line). At ¢ = 24 h a second group of long-term
castrate rats received 1000 ug progesterone (s.c.) in propy-
lene glycol {dashed line) marked by the arrows (+P). Rep-
licates of four were performed for each determination and
expressed + % S.E.M. (a) Shows E,-R¢ per mg protein in
the cytosol fraction. Control values (at zero h) approxi-

mately 3.5 + 0.3 pmol E,-R¢/mg protein. (b) Shows E;-R¢

per mg DNA. Control values (at zero h) were approxi-
mately 40.8 + 3.3 pmol E,-Rc/mg DNA.

of E,-R¢ decay (T,;,; = 56 days[3]) during the
course of the experiment. All points were run as repli-
cates of four and completed within + 10s per experi-
mental time category. A post-experimental period
(0-2C for 12h) was included to reestablish equilib-
rium between free steroid and receptor. Therefore,
receptor bound activity did not reflect accelerated dis-
sociation caused by elevated temperatures. Lowry
assay for protein was performed as described else-
where [14].

RESULTS

E;-R¢ modulation by estradiol and its opposition by
progesterone

Comparisons between the time course of estradiol
stimulation and P, mediated opposition to these
changes in E,-R¢ concentration are presented in Fig.
2(a) and 2(b). Because protein and DNA concen-
tration are changing differentially in the uterus fol-
lowing initial E, stimulation, results were normalized
for both parameters.

E,-R¢ concentration per mg protein (Fig. 2a)
remained below control levels for 24 h in animals
treated with estrogen alone and became maximal
3640 h after E, treatment. Protein concentration in-
creased signficantly after 6 h of E, treatment, and this
increase continued for 48 h. For the first 24 h follow-
ing E, treatment E,-R. concentration increased in
parallel with protein concentration but following this
period E,-R¢ concentration increased more rapidly
than protein concentration. Finally 42h after E,
treatment, the specific activity of E,-R¢ began to de-
cline due to increases in uterine soluble protein. In
animals, “primed” with E, and then treated with P,
at t = 24 h, E,-R¢/mg protein failed to increase.

E,-Rc per mg DNA in rats injected with E, alone
rose above control levels within 20 h. After P, treat-
ment (at t = 24 h) E,-R/mg DNA declined to below
control levels within 4 h. This rapid decrease in avail-
able E,-R. concentration may be due to several fac-
tors including (a) decreased E,-R¢ synthesis, (b) de-
creased E,-R¢ replenishment, (c) decreased activation
of a “percursor” molecule, or (e) increased E,-R¢
degradation (Fig. 2b).

Estrogen receptor activation or degradation

Receptor activation might explain long term E,-R¢
increases and E,-Rq degradation may explain pro-
gesterone mediated decreases in E,-R¢ concentration.
Estrogen receptor turnover was therefore explored
as a process potentially responsible for modulation.

If inactive E,-R¢ precursors exist, cytosols from
estrogen treated animals might also be capable of
activating these receptor “precursors” in control cyto-
sols. Conversely, cytosols from P, treated animals
might demonstrate increased degradation of E,-Rc
when mixed with cytosols from control or estrogen
treated animals. Hence mixing or “combinational” ex-
periments were performed.
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Table 1. Baseline parameters for rat uterine cytosol fractions used in receptor decay determination

I
Cytosol fraction

In vivo treatment ug protein/ml + SEM.

d.p.m.*/225 ul + SEM.

11 I
E;-R¢ S.A. E,-Re
d.p.m.*/mg protein + S.E.M.

A. Control 496 + 16

B. Estrogen 885+ 9

C. Estrogen and 1024 + 53
Progesterone

49,660 + 1066
102,300 + 1617
70,080 + 415

419,800 + 9013
538,400 + 8506
303,900 + 1798

A. Saline control, 0.5 ml/rat (i.p.), 18 animals/group.

B. Animals were injected with 0.1 ug estradiol 178 at ¢ = 0 and sacrificed after 36 h.
C. Animals were injected with 0.1 ug estradiol 17§ at t = 0, received 1000 pug progesterone at 24 h and were sacrificed

at 36 h.

* d.p.m. refers to specifically bound [*H]-estradiol (E,-R¢) after correction for non-specific binding using 1000 x excess

DES: + SEM. = standard error of the mean (N = 4).

Based on the information in Fig. 2, an experiment
was designed to terminate after 36 h of steroid treat-
ment when differences in E,;-Rc/mg DNA or
E,;-R¢/mg protein were greatest. Both E, mediated
increases as well as P, mediated decreases in E,-R¢
(d.pm./225 4l or d.p.m./mg protein) were apparent
(Table 1). Thus modulation was occurring when this
system was examined at 36 h.

Cytosol fractions from control (A), estrogen
treated (B) and estrogen—progesterone treated (C) ani-
mals were examined individually as well as when
combined in 1:1 proportions. All fractions were
examined for changes in the rate of E,-R¢ decay.
Cytosols were either held for varying periods of time
at 22°C, rapidly cooled and equilibrium re-established
at 0-2°C for 12h, or cytosols were kept at 0-2°C
and assayed for E,-R¢ after varying intervals of time.
The results of these experiments were subjected to
linear regression analysis and are expressed as the
linear equation: Y = bx + a, where b = “rate of
decay” and a = “initial activity” (Table 2).

Long term decay rates (0°C, 10h) for E,-R¢ did
not differ significantly between cytosols from any of
the treatment groups (Y,, Yz or Y;) as judged by least
squares regression analysis of the reaction slopes,
(Table 2A). In fact, the P, treated group showed the
slowest rate of E,-R¢ decay (Y, = —4.2 d.p.m./min).

Short term decay rates (22°C, 30min) of E,-R¢
showed no detectable differences in decay between
cytosols from any treatment group. In fact, the least
square slope is slightly positive for all groups at 22°C
and reflects the fact that no decay was detectable
(Table 2).

In the combinational experiments performed at
22°C, no increase in E,-R¢ decay could be detected
(Fig. 3). A numerical reduction in least squares slope
occurred for all groups at 22°C: however, this value
changed the least for “P, + E,” (Yg) and for
“control + P,” (Y,c) combinations. None of the
combinations yielded significantly different decay
rates (Table 2C, mixtures as judged by t comparison
criteria).

These results in Fig. 3 indicate that soluble factors
mediating activation or degradation were not func-
tionally detectable. Hence, cytosols from progesterone
treated animals did not detectably increase degrada-
tion of E,-R¢ in either control or cytosols from E,
treated animals. Control aliquots maintained 0-2°C
for the duration of the experiment showed only small
decreases in E,-R¢ which could be explained by the
expected rate of receptor decay (¢t,,, = 5-6 days[3]).
Therefore receptor degradation does not appear to
be responsible for the rapid decrease in E,-R¢ concen-
tration observed after progesterone treatment.

Table 2. Rate of Decay [d.p.m./min + S.EM.]

Mixtures
Incubated at 0-2°C Incubated at 22°C incubated at 22°C

In vivo treatment (df = 14) (df = 14) (df = 14)
A. Saline control -11.4 + 544 146.1 + 93.6 12.7 + 46.7 (=AB)
t test A vs B=0.719 A vs B = 0.001 AB vs BC = 0.286
B. Estrogen —-229 + 150 1454 + 531.5 46.2 + 107.2 (=BC)
t test B vs C = 1.205 B vs C=0.155 BC vs AC = 0.077
C. Estrogen and —-42 + 4.1 2322 + 1747 37.2 £ 472 (= AQ)

progesterone

t test Avs C= 1074 A vs C=0434 AB vs AC = 0.368

Treatment groups were the same as in Table 1. Rates of decay were obtained from linear regres-
sion analysis of mean d.p.m. specifically bound to receptor at different periods of time. Combina-
tional cytosols are designated AB, BC, AC. Students ¢ comparisons were made as indicated, and
no comparison was found to be significantly different at F > 0.90; P < 0.1 (df = degrees of freedom).
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Fig. 3. Receptor decay determination. Decay rates for
E,-R¢ following 36 h in vivo steroid treatment. Group A
received saline only, Group B received 0.1 ug E, (i.p.) in
saline, and Group C received 0.1 ug E, (i.p.) at Oh and
1000 ug P4 (s.c.) at 24 h. Groups designated AB (open cir-
cles = control + E,),- AC (crosses = control + P,), BC
(solid circles = E, + P,) are 1:1 combinations of Groups
A, B, or C at 22°C. Decay was examined at 0°C (data
not graphed) as well as 22°C. Equilibrium was re-estab-
lished following exposure at 22°C for periods of time
shown on the X axis. Linear regression analysis was per-
formed on all data points and is fitted to the equation
shown. Compensation for the normally expected decay of
E;-R¢ over the course of the experiment was made by
including paraliel reference cytosols which were not subject
to temperature manipulations. Data is expressed as a mean

E;-Rc dpm. x 1073 + SEM. (N = 4).

Effect of estrogen and progesterone treatment on trans-
lation

Ribosomal incorporation. Pulse-label incorporation
of [**S]-methionine into the ribosomal fraction began
increasing 24 h after E, treatment, continued to a
maximum by 24 h, and then declined to control rates
by 30h (Fig. 4). Progesterone treatment prolonged
the elevated rate of [3°S]-methionine incorporation
into the ribosomal fraction. The group treated with
E, and P, showed an extended high level of incorpor-
ation and returned to control rates only after 42 h.
Changes in synthetic activity very likely reflect
changes in numbers of ribosomes, rates of polysome
formation, or changes in functional capacity mediated
through increased mRNA availability as has already
been reported after E, treatment [16-19].

These data show that incorporation into the ribo-
somal fraction increases to a constant maximal level
which is maintained for 24 h after E, treatment. P,
treatment at 24 h rapidly prolonged a maximal utili-
zation of the available ribosomal translational com-
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Fig. 4. Rate of incorporation of [3*S]-methionine into

uterine ribosomal fraction. The in vivo animal treatment

was described in Fig. 2 for 48 h. Specific incorporation

[3*S]-methionine into the ribosomal fraction is expressed
as c.p.m. ribosomal protein + S.EM. (N = 4).

ponents. Since an early lag did occur in response to
E, treatment but not after P,, it is likely that all
translational components were not initially available
for utilization.

Incorporation into soluble protein. Examination of
the rate of incorporation of [3S]-methionine into
uterine acid precipitable cytoplasmic protein showed
an increase by 8 h after E, treatment when norma-
lized per mg protein (Fig. 5a) and also when norma-
lized per mg DNA (Fig. 5b). In addition, for the first
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Fig. 5. Rate of incorporation of [*5S]-methionine into acid

precipitable cytoplasmic uterine proteins. In vivo animal

treatment was described in Fig. 2. (a) Results were

expressed as c.p.m./mg protein + SEM. (N =4). (b)

Results were expressed as c.p.m/mg DNA + SEM.
(N =4
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Fig. 6. Rate of incorporation of [**S]-methionine into the

“nuclear” fraction. In vivo animal treatment was described
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4 h following estradiol treatment, rates of protein syn-
thesis were below saline control levels (=100%) as
has already been reported [20,21]. This correlates
well with an initial fall following E, stimulation in
the relative rate of synthesis of uterine “induced pro-
tein” reported recently by Katzenellenbogen[7].

Following P, treatment at 24 h, a sharp increase
in the rate of incorporation into cytosol proteins
occurred within 2h. While progesterone decreased
E,-R¢ concentration, it concomitantly mediated an
increase in the rate of incorporation of labelled [3°S]-
methionine into soluble protein. Hence, decreases in
E,-R¢ concentration which are mediated by P, are
coordinated with increased rates of protein synthesis.

Incorporation into the “nuclear” fraction. The rate
of incorporation of [**S]-methionine into the uterine
“nuclear” fraction appeared similar to the incorpor-
ation into cytosol protein. Increased incorporation
was seen by 8 h after E, treatment and within 2h
following the P, treatment at 24 h (Fig. 6). This “nuc-
lear” preparation was not purified to homogeneity;
however, incorporation can be attributed primarily
to proteins associated with the nuclear and mem-
braneous fractions. The effects of E, treatment on the
rate of synthesis of nuclear proteins are similar to
those reported by Means and Hamilton[20].

As with soluble cytosol proteins, the proteins of
the particulate fraction showed increased rates of syn-
thesis after either E, or P, stimulation.

DISCUSSION

Progesterone (P4) has been shown to decrease or
oppose long-term estrogen (E,) mediated increases in
cytoplasmic estrogen receptor concentration in the rat
uterus [8, 9, 22, 32, 33]. This opposition could not be
attributed to competitive inhibition or to negative
cooperative effects on the estrogen binding site [15].
This report describes the temporal sequence of
“modulation” of E,-R¢ as well as changes in the rate
of uterine protein synthesis monitored via pulse-label-
ng.
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Total E,-R¢ concentration during the early replen-
ishment period showed maximum depletion within
2-6h after E, treatment. This was followed by a
return to control E,-Rc/mg DNA levels by approxi-
mately 18-20h (Fig. 2b) which is consistent with the
data reported by Sarff and Gorski[3]. Cidlowski and
Muldoon[5] and Hsueh et al[32]. After 24 h of E,
stimulation in vivo the concentration of E,-R norma-
lized to either protein or DNA (Fig. 2a and 2b) was
well above control values. P, rapidly opposed these
increases in E,-R¢ concentration. The effect of P, was
particularly convincing since it occurred when con-
centrations of E,-R. were clearly above saline in-
jected control levels.

The modulation of uterine E,-R¢ concentration is
apparently comprised of an early restoration phase
(“replenishment™) as well as a later phase in which
E,-R concentration is increased above control levels.
The replenishment phase, which occurred in the first
0-20 h after E, treatment, has been shown to be sensi-
tive to cycloheximide [3-6]. While work with inhibi-
tors suggests that E,-R. synthesis must occur during
early replenishment, it is also conceivable that syn-
thesis of some other protein(s) is required to recycle
existing receptor already involved in mediation of
estrogenic signals [6]. Little information exists as to
what extent excess non-radioactive estradiol from the
“priming” treatment dilutes the specific activity of the
[3H]-estradiol in the assay during the early phases
of replenishment. Considering these complexities it is
particularly difficult to inquire about molecular
events in the early replenishment phase of E,-R¢
modulation. This investigation focused, therefore,
on the later phase of modulation where increased
concentrations of E,-Rc were clearly above control
levels.

Progesterone might have opposed E, mediated in-
creases in E,-R¢ by accelerated degradation of E,-Rc.
Experiments were designed to measure degradation
rates of E,-R¢ and also to inquire whether replenish-
ment resulted from activation of existing stores of
“receptor precursor”. Such a hypothetical activation
should not be confused with recycling of existing
E,-R¢ which was not studied in this experimental
design.

Since E,-R¢ concentrations reached maximal levels
by 36h after initial E, treatment, experiments per-
formed at this time point do not implicate receptor
turnover in the modulation process. This evidence
suggests that E, mediated increases in E,-R¢ concen-
tration may primarily reflect increased synthesis of
the binding protein. Because E, and P, both promote
hypertrophy in terms of increased rates of protein
synthesis, the correlation of P, with decreased E,-Rc
concentration supports a model where increases in
E,-Rc concentration are independent of uterine
hypertrophy. Hence, increases in E,-Rc concen-
trations are not merely part of a spectrum of synthetic
events associated with increases in total protein syn-
thesis.
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Since cytoplasmic estrogen receptors  are specifi-
cally increased by estradiol and selectively decreased
by progesterone, estrogen mediated modulation may
represent a mechanism of molecular amplification
which contributes in part to the cascading growth
observed in the uterus. It has been suggested that
progesterone may mediate its antagonism to E,
stimulation [2, 11, 12, 23-27, 32, 33] by selectively de-
creasing the synthesis of the binding protein. How-
ever, it is evident that P, does not limit all transla-
tional (and/or transcriptional) processes since rates of
general protein synthesis increase concomitantly with
decreases in E,-R. concentration.

Pulse labelling studies were performed with
[3*S]-methionine since it has a high rate of incorpor-
ation into uterine tissue [28, 31]. Rates of incorpor-
ation into the ribosomal fractions support a model
in which both E, and P, can stimulate a maximal
utilization of ribosomes. Our data are consistent with
the reports of increased ribosome formation 4-12h
after E, treatment by Moore and Hamilton{16] in-
creased polyribosome formation by Teng and Hamil-
ton[17], increased capacity by Greenman and
Kenny[ 18], and increased rate of peptide chain initia-
tion by Suvatte and Hagerman [19] following E,
treatment.

The fact that synthetic rates in the ribosomal frac-
tion do not mirror synthetic rates in the cytosol or
“nuclear” fraction suggests that ribosomes represent
a limited capacity component which is maximally
utilized and that protein synthesis may be limited by
transcriptional controls (Figs. 4 and 5). It also sug-
gests that there is an early uneven distribution of
newly synthesized protein between cytosol, ribosomes
and nucleus.

An alternative speculation, to decreased synthesis
of E,-R mediated by P,, is that P, promotes sequest-
ration of E,-R¢ in the nucleus [29] or elsewhere.
However, other researchers have shown that nuclear
bound estradiol (E,R,) is exponentially reduced in
vivo to approximately 109 of cytoplasmic estrogen
receptor capacity by 16h after treatment with
E, [3,6]. In the present studies P, was used at 24 h,
well after the 16 h point at which nuclear activity is
maximally reduced (Fig. 2b); and in addition [3H]-
estradiol was bound in vitro to the high speed super-
nate after removal of the nuclei. If progesterone could
prolong nuclear binding or “sequestration” of what
little E,-R,, remained at 24 h, this amount of E,-R,
would not be sufficient to explain the magnitude of
decreased cytoplasmic receptor observed. Under the
conditions employed, here a sequestration hypothesis
would be more tenable for the trapping of binding
protein which is not associated with [3H]-estradiol.
To date there is no evidence that P, can physically
interact with the “uncharged” estrogen binding pro-
tein and promote nuclear retention, or that P, in-
fluences nuclear interaction so that the “uncharged”
binding protein is retained in a nuclear position inac-
cessible to E,.

Evidence does exist that P, promotes binding of
E,-R, to purified rabbit uterine chromatin [30]. How-
ever, the experiments reported here were designed so
that levels of nuclear E,-R. were well reduced, and
the cytoplasmic binding protein was separated from
the nuclear fraction prior to in vitro equilibrium bind-
ing with.[*H]-estradiol. While P, may enhance nuc-
lear binding parameters for E,-R,, this enhancement
alone does not explain the P, induced depletion of
E,-R..

Both E, and P, increased the rates of [33S]-meth-
ionine incorporation in the cytosol fraction (Fig. 5a
and b) and in the nuclear fraction (Fig. 6). Incorpor-
ation into nuclear protein was consistent with the
depression of nuclear protein synthesis (0-2h after
E, treatment) and subsequent increase (after 4h)
reported by Means and Hamilton[20].

In summary, the kinetics of amino acid incorpor-
ation into uterine soluble protein following E, treat-
ment were reconfirmed [20, 21] and extended to in-
clude progesterone treatment. Both estrogen and pro-
gesterone were shown to stimulate an increase in rates
of general protein synthesis; however, E,-R¢ concen-
tration was increased by treatment with estrogen and
decreased by treatment with progesterone. Possible
changes in the rate of degradation of E,-R¢ by cyto-
plasmic factors were not found and cannot explain
the E,-Rc depletion observed. While it appears likely
that estrogen receptor synthesis may be influenced
positively by estradiol and in a negative sense by pro-
gesterone, it is now necessary to directly determine
whether synthesis of E,-Rc is increased by estrogen
and reduced by progesterone. Such evidence must be
obtained by experiments which pulse-label the
estrogen receptor directly.
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