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SUMMARY: The density-shift method was used to study the effect of the
synthetic progestin, R5020, (17,21-dimethyl-19-nor-4,9-pregnadiene-3,20-

dione) on the turnover and synthesis of nuclear estrogen receptor in hamster
decidual cells. Newly-synthesized receptor was labeled with dense [2H, 13C,

N] amino acids and separated from pre-existing receptor by density-gradient

centrifugation., Progestin increased receptor turnover within 3 h of treatment
and blocked estradiol-induced receptor synthesis at 6 h and 9 h. Thus,
progestin down regulates estrogen receptor by increasing receptor turnover and
inhibiting estrogen-induced receptor replenishment., o 1986 Academic Press, Inc.

INTRODUCTION: It is well known that estrogen action is modulated by
progesterone in target cells of the female reproductive system (1), but the
underlying mechanism responsible for progesterone-induced changes in estrogen
action is unknown. It is perhaps pertinent that progesterone down regulates
the Rel system (2), and the site of progesterone action appears to reside in
the target cell nucleus (3,4). Recently, we found that progesterone mediates
a selective loss of the occupied form of Re from the uterine cell nucleus (5),
and our studies with the estrogen-primed rodent uterus (6,7) suggest that
progesterone may promote nuclear Re turnover by a process involving a receptor

regulatory factor (ReRF) which causes Re release from nuclear acceptor sites

*To whom correspondence should be addressed. This work was supported by NIH
grants HD18711 and HD18712.

1 ABBREVIATIONS: Re, estrogen receptor; ReRF, estrogen receptor-regulatory
factor; R562? I7,21-dimeth¥1-19-nor-4,9-pregnadiene-3,20-dione; Es, 175
estradiol; [ 25IJ-Eg, [160-1251)-iodoestradiol; PLP, pyridoxal-5"'~phosphate;
DCC, dextran-coated charcoal; HBSS, Hanks' balanced salt solution; DME,

Dulbecco's modified Eagle's medium; NAA, normal amino acid; DAA, dense amino
acid.
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(8). In order to test the hypothesis that progestin controls Re turnover, it
is necessary to evaluate both Re synthesis and degradation. Recent studies on
the receptors for several hormones (9-13) have demonstrated the utility of the
density-shift technique for monitoring receptor protein dynamics. Thus, we
have employed the density-shift method to determine whether the synthetic
progestin, R5020, controls Re turnover and/or synthesis in monolayer cultures
of hamster decidual cells.

Decidualization of the rodent uterus is a progesterone-dominated process
in which endometrial stromal cells are converted to decidual cells during
early pregnancy. We have recently developed conditions for growing hamster
decidual cells in primary culture (14), and these cells contain Re in addition
to progesterone receptor when cultured in the absence of steroid hormones (15).
In the present study, we show that R5020 down regulates nuclear Re by

increasing receptor turnover in decidual cells.

METHODS: Materials. [1251]-E, (2000 Ci/mmol) and R5020 were purchased from
New England Nuclear (Boston, MA{. Algal amino acid mixture enriched in the
dense isotopes [2H, 13¢, and 15N3 (98, 90 and 99%, respectively) was obtained
from Merck, Sharp and Dohme (Montreal, Canada). Tissue culture media and
horse serum were purchased from Gibco (Grand Island, NY). Other chemicals
were of the highest purity available from commercial sources. The tissue
culture medium was Ham's F12/DME (1/1, v/v) supplemented with 5% DCC-stripped
horse serum, insulin (10 ug/mi), transferrin (10 ug/m1) and selenium (10
ng/ml). NAA medium contained complete HBSS, 100 U/ml penicillin, 100 ug/ml
streptomycin, 10 mM HEPES, 9.1 mM NaHCO3, non-essential amino acids (Flow
Laboratories, MclLean, VA), 60 ug/ml L-glutamine, insulin, transferrin,
selenium and 5% DCC-treated horse serum as above. Horse serum was dialyzed
against HBSS to remove amino acids. DAA medium contained the same ingredients
as NAA medium except that non-essential amino acids were replaced with 0.5
mg/ml [2H, 13c, 15NJ-amino acids, 30 ng/ml L-cystine and 10 ug/ml
L-tryptophan. Barbital buffer was 20 mM barbital, 5 mM dithiothreitol and 10%
glycerol, pH 8.0. PTG buffer was 5 mM sodium phosphate, 10 mM
monothioglycerol and 10% glycerol, pH 7.4. Saline (0.15 M NaCl) was buffered
with 10 mM Tris-HC1 (pH 7.4).

Cell-culture Conditions. Decidual cells were isolated from the endometrium of
decidualized hamster uferi by collagenase digestion as previously_ described
(14). Dispersed cells were washed, counted and plated at 1.7 X 107 cells/dish
in #3003 Falcon tissue culture dishes. Two hours later, non-adherent cells
were removed by changing the medium, leaving a homogeneous population of
decidual cells attached to the dish,

Density Shift Method. Decidual cells were grown in Ham's F12/DME for 2 days.
Prior to DAA Tabeling, cells were pre-treated with NAA medium supplemented
with 1 nM Ep for 1 h at 37°C to charge the unfilled Re sites at the beginning
of the experiment. Then, NAA medium was replaced with DAA medium supplemented
with either 1 nMEj or 1 nM Ep plus 10 nM R5020 and incubation was continued
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for 3, 6 and 9 h. After DAA labeling, cells were washed twice with
Tris-saline and scraped from the dish. Cells were collected by centrifugation
and homogenized in 300 pul of barbital buffer with a Polytron Pt-10
homogenizer., The homogenate was centrifuged at 800 xg for 10 min, and the
nuclear pellet was washed twice with barbital buffer., Nuclear Re was
extracted with 200 ul of 10 mM PLP in barbital buffer for 1 h with vortexing
every 10 min (16). Then, nuclear Re extract was obtained by centrifugation
at 170,000 xg for 1 h An aliquot (160 u1) of the PLP-extracted nuc]rgiar Re
was labeled with 5 nM [1251] Es for 1 h at 37°C. After removing free [

Es by DCC treatment (32 pl), an aliguot (130 u1) was layered on a 5- 20%
sucrose gradient prepared in D20 with PTG buffer and 0.4 MKC1. The gradient
was centrifuged at 368,000 xg for 38 h in a Beckman SW56 rotor. Two-drop
fractions were collected from the top of the gradient and counted in a Beckman
model 5500 gamma-counter at 74% counting efficiency. The amount of Re was
estimated from the peak height after the gradient profile baseline had been
corrected for nonspecific binding as determined using parallel Re samples
competed with a 100-fold molar excess of unlabeled Eo. DNA was determined
according to Burton (17) using calf thymus DNA as standard, and Re is
expressed on a DNA basis.

RESULTS: Decidual cells were first cultured in Ham's F12/DME medium without
steroid hormones for 2 days and then exposed to 1 nM Ey for 1 h at 37°C before
DAA Tabeling. Preliminary experiments showed that this E» pretreatment caused
a significant accumulation of occupied Re in the nuclear fraction, whereas no
significant Re peak was observed upon sucrose-density gradient centrifugation
without this treatment (data not shown). At time 0, cells were switched to
DAA medium supplemented with either Eo alone or Ep + progestin., After
incubation for 3,6 and 9 h, newly-synthesized nuclear Re labeled with DAA was
separated from pre-existing Re of normal density by sucrose gradient
centrifugation, At time 0, the pre-existing nuclear Re from decidual cells
sedimented as a single 4S peak on sucrose gradients containing 0.4 M KC1 (Fig.
1). With time of incubation, the 4S5 peak of normal density decreased and a
second peak of DAA-labeled Re appeared as a faster-sedimenting component with
a sedimentation coefficient of 65 (Fig. 1). In Ep + R5020-treated cells, both
normal and heavy Re peaks were smaller than those of Ep-treated cells, and

this difference became greater with increasing time of incubation (Fig. 1).

The sum of normal and heavy Re peaks provided an estimate of total
nuclear Re at each time of incubation. Ejp treatment had no effect on total
nuclear Re during the first 3 h of incubation, but thereafter nuclear Re

levels increased significantly (P<0.05) from 6 h to 9 h of E; treatment (Fig.

100



Vol. 135, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

2000, —

BSA ’
| o ESTRADIOL

+—+ ESTRADIOL1
+ R5020

1500+

o
o
[+

300}

w
E g
[
o

1000 o—0 ESTRADIOL

[*1] ESTRADIOL (DPM/FRACTION)

a
g E 40’- +—e ESTRADIOL + R5020
500} ssswee? kS
Z 3o}
e
1500 2 *
220
3
1000} s
@ 10}
F
500t &
- 1 1 L — j oy o A 1 T 1
10 15 20 25 30 35 40 2 4 6 8 10
ToP BoTTOM HOURS OF INCUBATION
FRACTION NUMBER

Figure 1: Sedimentation profiles of pre-existing and newly synthesized
nuclear Re using the density shift technique. Decidual cells were cultured in
Ham's F12/DME medium for 2 days. Prior to DAA labeling, cells were exposed to
1 nM Ep for 1 h at 37°C to charge the unfilled Re. Then cells were switched
to DAA medium supplemented with either 1 nM Ep (O) or E» + 10 nM R5020 (@).

After 3, 6 and 9 h of incubation, cells were harvested and nuclear Re was
extracted with 10 mM PLP. Nuclear Re was labeled with 5nM [1251]-E5 and free
steroid was removed by DCC treatment. Normal and heavy density forms of
nuclear Re were separated by centrifugation in 5-20% sucrose-density gradients
(containing 0.4 MKC1 in Dp0) at 340,000 xg for 38 h in a SW56 rotor, Bovine
serum albumin (BSA) was used as a sedimentation marker (4.6 S}. Only the
bottom 30 fractions are shown.

Figure 2: Effect of Ep and Es + progestin treatment on nuclear Re levels.
Decidual cells were grown in DAA medium with either 1 nM E) or Eg + 10 nM
R5020 for 3, 6 and 9 h, and nuclear Re peaks were quantified as shown in Fig.
1, Each point represents the sum of normal and DAA-labeled Re peaks (mean +
SEM). *P < 0.05 versus Es groups.

2). In contrast, combined treatment with Ey + R5020 significantly (P<0.05)
down regulated nuclear Re at 3 h as compared to the Ep control group, and
nuclear Re levels failed to recover during subsequent incubation from 3-9 h,
The disappearance pattern of the normal density Re is shown in Fig., 3A.
The half-life (t}) of pre-existing Re in decidual cells treated with Ep alone
was 3.9 h (n= 16, r = 0.95), and progestin treatment caused a marked
shortening of the half-life of nuclear Re from 3.9 to 2.1 h (n= 15, r= 0.97).
Statistical analysis of the Re values at each incubation time showed that
R6020 started to stimulate the degradation of nuclear Re as early as 3 h after

treatment and this effect persisted until 9 h.

101



Vol. 135, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ZOL A o—o ESTRADIOL
e—e ESTRADIOL
w* +R 5020

3

s I 1. ]
205L

~N

=

o

(=]

g —
g B

g

' 4

5 1
“7s5

g

(4]
o

2 4 €& 8 10
HOURS OF INCUBATION

Fi%ure 3: Effect of Eg and E» + progestin treatment on Re turnover and
synthesis in decidual cells., A. The half-life of nuclear Re was extrapolated
from the lines obtained by linear regression analysis of the values for the
normal density peak when cells were cultured with 1 nM E» or E; + 10 nM R5020.
The half-1ife (t4) of nuclear Re was 3.9 h {n =16, r = 0.95) for cells
incubated with Ep. R5020 treatment shortened the ti of Re to 2,1 h (n =15, r
= 0.97). B. Synthesis of nuclear Re was calculated from the values of the
heavy density peak according to the method of Schimke (18) as described in the
text. The mean + SEM Re synthesis (Ks - t) is plotted. Synthesis rates (Ks)
are given in Table 1. *P < 0.05 versus Es group.

The synthesis of nuclear Re was determined from the height of the heavy
Re peak labeled with DAA (Fig. 3B). Since this heavy Re degrades at the same
rate as the Re of normal density and R5020 stimulated Re degradation (Fig.
3A), it was necessary to correct Re synthesis for differences in Re
degradation (18) using the formula: Ks =Kd - Rt/ (l-e-Kdt), where Ks is the
synthesis rate, K4 = 0.693/t4, and Rt is the Re value (DPM/ug DNA) at time "t".
With this approach, the corrected synthesis (Ks « t) of nuclear Re was
caiculated (Fig. 3B), and there were no significant differences in Re
synthesis comparing Es and Ep + progestin treatments at 3 h. Subsequently,
from 3 h to 9 h Ep increased the Re synthesis rate from 2.9 + 0.2 to 7.9 + 1.3
DPM/ug DNA/h, respectively (Table I), and R5020 treatment blocked the

Eo-induced stimulation of Re synthesis (Fig. 3B).
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Table I: Synthesis rates of Re in decidual cells as influenced by Ep and
R5020 treatment

TREATMENT Synthesis Rate (DPM [1251] estradiol/ug DNA/h)
3h 6 h 9 h
E» (control) 2.9 + 0.2 5.1+ 0.9 7.9 + 1,32
Eo + R5020 2.8 + 0.1 1.9 +0.10 2.0 + 0.1b

The Re synthesis rate (Kg) was calculated from the height of the
faster-sedimenting Re peak resulting from incorporation of dense amino acids,
using the formula, Kg = Kgq « Rt/(1 - e-Kdt) a5 explained in the text. Each
value represents the mean + SEM for 3-5 observations. a) P<0.05 versus 3 h
value. b) P<0.05 versus E control.

DISCUSSION: The present report demonstrates that decidual cells can serve as
a useful paradign for studying how progestin controls the Re system. Other
workers have shown recently that steroid hormones influence the turnover of
their own receptors. Glucocorticoids (19) and estrogens (13) both enhance the
turnover rate of their respective receptors, while androgens have the opposite
effect (20). We have shown that the synthetic progestin, R5020, can affect
the dynamics of the receptor for estrogen.

Using the density-shift method to measure Re turnover and synthesis in
uterine decidual cells, new features of the molecular mechanism responsible
for progestin-induced down regulation of nuclear Re were revealed. R5020
markedly stimulated the turnover of preexisting nuclear Re within 3 h, and the
synthesis of new Re from DAA was inhibited subsequent to the change in Re
turnover. Thus, these results demonstrate there is a rapid primary effect of
progestin on nuclear Re processing followed by a secondary inhibition of
Eg-induced Re replenishment. We suggest that progestin-induced Re turnover
may be responsible for the down regulation of uterine Re under physiological
conditions such as pregnancy where progesterone action predominates over that
of estrogen. Progesterone not only suppresses Re but also inhibits other
Ego-induced uterine proteins including the oxytocin receptor until the time of
parturition (21,22). However, nuclear Re and Ey-dependent proteins can

recover rapidly upon progesterone withdrawal (22,23) showing that the
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inhibitory action of progesterone on nuclear Re retention is readily
reversible., Thus, the stimulation of nuclear Re turnover may represent a

fundamental mechanism responsible for progesterone modulation of Eo action.
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