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Estrogen Receptors in the Rat Uterus. Retention of 
Hormone-Receptor Complexes+ 

Joe V. Juliano and George M.  Stancel* 

ABSTRACT: The retention pattern and biochemical charac- 
teristics of estrogen receptors in the nuclei of uterine cells 
were studied as a function of time after the in vivo injection 
of estradiol (E2) to immature female rats. One hour after 
the injection of 0.1 kg of tritiated E2, approximately 0.20 
pmol per uterus of receptor bound hormone is retained in 
uterine nuclei. This dose of E2 produces a maximal utero- 
trophic response. Six hours after E2 administration, uterine 
nuclei retain 0.04-0.08 pmol of hormone per uterus. Hor- 
mone receptor complexes extracted from uterine nuclei 1, 3, 
and 6 h after in vivo injection of hormone have similar 
structural and binding characteristics. Receptors extracted 

T h e  initial event in the action of a steroid hormone with a 
target tissue is thought to be the formation of a complex be- 
tween the hormone and a specific cytoplasmic receptor pro- 
tein. Following hormone-receptor interaction in the cyto- 
plasm, the complex appears to migrate to the nucleus of the 
target cell, where it is bound to nuclear components, or nu- 
clear acceptor sites. This nuclear localization of the recep- 
tor-hormone complex is thought to stimulate transcription, 
and thus initiate a sequence of biochemical events which 
ultimately culminate in the overall physiological changes 
produced by the hormone (Gorski, 1973; Williams, 1974; 
Jensen and DeSombre, 1973). A number of different ste- 
roid hormones studied to date appear to exert their effects 
via this general type of “cascade” mechanism (Jensen and 
DeSombre, 1972; O’Malley et al., 1971). 

One system which has been extensively studied is the 
stimulation of the immature rat  uterus by estrogens. Nu-  
merous studies with this system have focused on the charac- 
terization of estrogen receptors (Puca et al., 1972; Stance1 
et al., 1973a,b; Jensen et al., 1971), the nuclear localization 
of estrogen receptors (Shymala and Gorski, 1969; Jensen et 
a].,  1968; Puca et al., 1974), and the effects of estrogen 
treatment on uterine R N A  synthesis (O’Malley and Means, 
1974; Hamilton, 1971; Glasser et al., 1972; Gorski, 1964). 
In this communication we present the results of studies on 
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a t  all three times sediment a t  5s in high salt gradients and 
have a dissociation binding constant of approximately 3 n M  
for E2. The wash-out curves of receptors as a function of 
salt concentration are identical for uterine nuclei from ani- 
mals treated for 1 or 6 h with estradiol, suggesting that the 
nature of the nuclear binding of receptors is not altered dur- 
ing this time interval. Experiments utilizing the injection of 
unlabeled estradiol, followed by an in vitro exchange proce- 
dure with tritiated estradiol, indicated that the total nuclear 
estrogen receptor sites, Le., filled and vacant, decreased 
similarly. 

the nuclear retention patterns of estrogen receptors in uter- 
ine nuclei and characteristics of estrogen receptors present 
in uterine nuclei a t  various times after hormone administra- 
tion. 

Our interest in this area was stimulated by a provocative 
series of reports which raised the interesting possibility that 
different physiological responses of the uterus to estrogens 
might result from the nuclear interactions of estrogen re- 
ceptors a t  different times after hormone administration 
(Anderson et al., 1972a, 1973, 1975). It therefore seemed 
important to us to attempt to define the nuclear retention 
patterns of uterine estrogen receptors, and to determine if 
receptors were modified in uterine nuclei. 

Materials and Methods 
Animals. Immature female rats (20-21 days old) were 

obtained from Texas Inbred Mice Co., Houston, Texas. Tri- 
tiated estradiol (48 Ci/mmol, New England Nuclear) or 
unlabeled estradiol (Schwarz/Mann) were given intraperi- 
toneally in a volume of 0.5 ml of saline containing 5% etha- 
nol. At  the indicated times the animals were sacrificed by 
decapitation and the uterus removed and stripped of adher- 
ing fat and mesentery. 

Isolation of Nuclei. Uteri were homogenized in 0.01 M 
Tris, p H  7.4, containing 1.5 m M  EDTA’ (TE buffer) using 
a ground-glass homogenizer. Crude nuclear-myofibrillar 
pellets were then obtained by centrifugation a t  800g for 10 
min. For the studies of total nuclear content of radioactive 

’ Abbreviations used are: E2, estradiol; EDTA, ethylenediamine- 
tetraacetic acid; T E  buffer, Tris-EDTA. 
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estradiol (E*), each uterus was homogenized in 2.0 ml of 
T E  buffer, and the nuclear pellets were washed three times 
with 3.0 ml of T E  buffer. The pellets were then extracted 
with 3.0 ml of EtOH and the extracts counted for tritium 
content. 

The nuclear exchange assay was performed as described 
by Anderson et al., (1972b). For each determination two 
uteri were homogenized in 2.0 ml of TE  buffer, and the nu- 
clear pellet obtained after centrifugation was washed three 
times with 1.5 ml of T E  buffer. The washed pellet was sus- 
pended in 2.0 ml of T E  buffer, and duplicate aliquots (0.25 
ml) were assayed for estrogen receptor content by the addi- 
tion of 100 p1 of a stock tritiated estradiol solution (45.5 
nM) in T E  buffer. This yielded a final tritiated estradiol 
concentration of 13 nM. The samples were then incubated 
at 37 OC for 30 min and nuclei collected by centrifugation 
a t  0 OC. After three washes with cold T E  buffer, the pellets 
were extracted with 2.0 ml of EtOH, and the extract was 
counted for tritium content. Nonspecific estradiol binding 
was monitored by incubating aliquots of the nuclear suspen- 
sions with 13 nM tritiated estradiol plus a 100-fold excess 
of unlabeled diethylstilbestrol. The data presented in the 
Results section have all been corrected for this nonspecific 
binding. 

Sucrose Gradients. Groups of six uteri were homoge- 
nized in 5.0 ml of TE  buffer, A crude nuclear-myofibrillar 
pellet was then prepared by centrifugation a t  800g for 10 
min and washed three times with 3.0 ml of T E  buffer. The 
volume of the final pellet was estimated, and an equal vol- 
ume of T E  buffer containing 0.8 M KCI was added. After a 
30-min incubation at 0 OC, the samples were centrifuged at 
100 OOOg for 30 min. Following centrifugation 200-pl ali- 
quots of the supernatant were layered on linear 5-20% su- 
crose gradients. 

The gradients were prepared in T E  buffer containing 0.4 
M KCl as previously described (Stance1 et al., 1973a). The 
samples were centrifuged at 0-4 OC for 16 h at 50 000 rpm 
in a Beckman S W  50.1 rotor. 14C-labeled ovalbumin was 
used as a marker and run on a separate gradient in the same 
rotor. 

Salt Wash-Out Curves. Groups of four uteri were ho- 
mogenized in 5.0 ml of T E  buffer and the nuclear pellets 
prepared and washed as above. The pellets were then sus- 
pended in 5.5 ml of TE  buffer. One-milliliter aliquots of the 
suspended nuclei were pelleted by centrifugation, and the 
pellets obtained were then suspended in 1 .O ml of TE  buffer 
containing the indicated concentrations of KCl, and the sus- 
pensions were incubated at 0 O C  for 20 min. The nuclei 
were then centrifuged at 800g for 10 min and washed three 
times with 3.0 ml of TE buffer. The washed pellets were 
then extracted with 3.0 ml of EtOH and extracts counted 
for tritium content. 

Results 

The studies performed in this work were done following 
an injection of 0.1 pg of estradiol to immature female rats. 
This dose was chosen since it produces a maximum or near- 
maximum increase in uterine growth measured 24 h after 
hormone treatment. Uterine growth was measured in the 
following manner. Animals were injected with various doses 
of estradiol and sacrificed 24 h later. Uterine weights and 
the in vitro incorporation of tritiated thymidine into DNA 
of surviving uteri were then measured. In both cases a max- 
imum response was obtained between 0.05 and 0.2 pg of es- 
tradiol. 

, NUCLEAR BOUND E2 

1 HR. 6 HR 

FIGURE 1: Nuclear bound estradiol 1 and 6 h after hormone treat- 
ment. Animals were injected with 0.1 fig of 3H-E2 (open bars) or 0.1 
fig of 3H-E2 plus 10 fig E2 (solid bars). Radioactivity in uterine nuclei 
was determined 1 and 6 h after hormone injections. Values represent 
means and the bars indicate SEM. The number of animals in  each de- 
termination is given in parentheses. 

After the administration of 0.1 pg of tritiated estradiol, 
the retention pattern of labeled hormone was observed in 
uterine nuclei; this is illustrated in Figure 1. One hour after 
administration approximately 0.2 pmol of hormone per 
uterus was localized in the uterine nuclei, but 6 h after 
treatment uterine nuclei contain only 30% of this amount 
(Figure 1). The open bars in Figure 1 illustrate the radioac- 
tivity present in the nuclear fraction per uterus following 
the administration of 0.1 pg of tritiated estradiol alone. The 
closed bars represent the radioactivity per uterus after ad- 
ministration of 0.1 pg of tritiated estradiol plus a 100-fold 
excess of unlabeled estradiol, and indicate that only negligi- 
ble nonspecifically bound hormone is present in uterine nu- 
clei. These studies indicate that the amount of nuclear re- 
ceptor-hormone complex decreased between 1 and 6 h 
after hormone administration. That is, we measured only 
those receptors labeled with bound tritiated estradiol, rath- 
er than the total amount of receptors present, Le., receptors 
with filled or vacant hormone binding sites. We therefore 
studied the retention of total receptor sites using the nuclear 
exchange assay (Anderson et al., 1972b), which should 
measure both filled and vacant receptor sites. 

In these studies, animals were injected with unlabeled es- 
tradiol and sacrificed a t  different times after treatment, and 
nuclei were isolated. The isolated nuclei were then incubat- 
ed a t  37 OC with tritiated estradiol which exchanges with 
any bound estradiol. The tritiated estradiol would also be 
expected to bind to any vacant hormone binding sites. The 
results of such an experiment are illustrated in Figure 2. 

Animals were injected with 0.1 pug of unlabeled estradiol 
or saline alone and the quantity of receptors in the nuclear 
fraction at 1 and 6 h after treatment was determined by the 
nuclear exchange assay (Anderson et al., 1972b). These 
values are given in panel A, Figure 2. Uterine nuclei from 
control animals which did not receive estrogen treatment 
appear to contain some estrogen (sample C). This has been 
repeatedly observed in studies using the nuclear exchange 
assay (Anderson et al., 1972a, 1973, 1975) and presumably 
reflects low levels of circulating estrogens. The values for 
the 1- and 6-h time points were therefore corrected for this 
control level and are illustrated in Figure 2, panel B. The 
results shown in this figure have been corrected for nonspe- 
cific binding as described in the Materials and Methods 
section. 
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NUCLEAR EXCHANGE ASSAY 

FIGURE 2: Total nuclear estradiol receptors measured by exchange 
assay. (A) Animals received 0.1 pg of unlabeled E2 1 or 6 h prior to 
sacrifice. Control animals (C) did not receive hormone. After sacrifice, 
specific nuclear binding of E2 was measured by the exchange assay 
(Methods and Materials). Vertical bars indicate SEM and the number 
of determinations is given in parentheses. Two animals were used for 
each determination. (B) The 1-  and 6-h time points have been correct- 
ed for the control value. 

These results obtained with the exchange assay (Figure 
2, panel B) are similar to those obtained following direct in- 
jection of labeled estradiol (Figure 1). The amount of 
bound hormone measured by the exchange procedure is ap- 
proximately 0.2 pmol per uterus 1 h after treatment, with a 
decline to 20% of this value within 6 h. These results thus 
suggest that the total number of nuclear receptor sites is es- 
sentially the same as the number of receptor-hormone com- 
plexes a t  1 and 6 h after estrogen treatment. 

To ensure that our values in the studies described above 
actually represented hormone bound to nuclear estrogen re- 
ceptors, we next studied the retention patterns of the recep- 
tor by using sucrose gradients, rather than merely extract- 
ing the isolated nuclei. In these experiments animals were 
injected with 0.1 pg of tritiated estradiol and sacrificed 1, 3, 
or 6 h later. Nuclei were then isolated, washed, and extract- 
ed with 0.4 M KCl since this treatment extracts the recep- 
tor from the uterine nuclei (Shymala and Gorski, 1969; 
Jensen et al., 1968). The amounts of receptor-hormone 
complex in the nuclear extracts were then analyzed on su- 
crose gradients containing 0.4 M KCl. The results for the 1- 
and 6-h samples are illustrated in Figure 3. The 3-h sample, 
which sedimented in approximately the same position but 
with a peak height intermediate between the 1- and 6-h 
samples, is omitted for clarity. These peaks of radioactivity 
seen in the 5 s  region of the gradients were completely abol- 
ished if the animals were treated with 0.1 pg of tritiated es- 
tradiol plus a 100-fold excess of unlabeled estradiol. 

When the areas under the three peaks obtained a t  1, 3, or 
6 h after hormone treatment were quantitated, it was found 
that the nuclei contained 0.24,0.12, and 0.08 pmol per uter- 
us of receptor-hormone complex, respectively. These values 
are  in good agreement with the values illustrated in Figures 
1 and 2, and again indicate that the loss of receptor-hor- 
mone complexes from the nucleus is an exponential-like 
process. In  addition, the results illustrated in Figure 3 
suggest that the receptor does not undergo any major struc- 
tural change in the nucleus between 1 and 6 h after hor- 
mone treatment since the receptors extracted a t  various 
times sediment in approximately the same position. 

In order to further study the possible modification of re- 
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FIGURE 3: Analysis of nuclear estradiol receptors by sucrose gradient 
centrifugation. Groups of six animals were injected with 0.1 r g  of 
3H-E2 per animal and sacrificed at  the indicated times. Nuclei were 
extracted with 0.4 M KCI and the extracts analyzed on 5-20% sucrose 
gradients as described in Methods and Materials. 

ceptors in the nucleus, we examined the affinity of nuclear 
receptors for estradiol a t  various times after hormone treat- 
ment. The results of these experiments are illustrated in 
Figure 4. Animals were treated with 0.1 pg of unlabeled es- 
tradiol and sacrificed 1, 3, or 6 h after treatment. Nuclei 
were then prepared, and aliquots of nuclei from each time 
point were assayed by the nuclear exchange procedure a t  
different estradiol concentrations. Nonspecific binding was 
measured by parallel incubations with a 100-fold excess of 
unlabeled diethylstilbestrol a t  each estradiol concentration 
used. The data points in Figure 4 thus represent specific es- 
tradiol binding. The results of these studies are presented in 
the form of a Scatchard plot (Scatchard, 1949) and illus- 
trate that the affinity of the nuclear receptor is not appre- 
ciably changed as a function of time since the slopes of the 
lines are  essentially parallel. The values of the dissociation 
constants obtained from the plots are  3.12, 2.56, and 2.46 
nM for the 1-, 3-, and 6-h samples, respectively. As expect- 
ed, however, the total amount of nuclear bound hormone 
decreases between 1 and 6 h. 

The above dissociation constants are  similar to the value 
of 1.3 n M  obtained in other work using the exchange assay 
(Anderson et  al., 1972b) and are in the general range of 
values obtained using other techniques (Jensen and DeSom- 
bre, 1972). While our values are thus in general agreement 
with those of others, more accurate values would certainly 
be obtained using methods with a larger number of binding 
sites, and greater ratios of bound/free hormone. Therefore, 
the observation that the values obtained a t  different times 
are  essentially identical is of more significance to these par- 
ticular studies than the numerical values themselves. 

In addition to the studies on sedimentation profiles and 
binding affinities, we also sought to investigate any possible 
nuclear modification of estrogen receptors by examining the 
salt wash-out curves of the nuclear receptor a t  various times 
after hormone administration. In these studies, animals 
were treated with 0.1-pg doses of tritiated estradiol and sac- 
rificed 1 or 6 h later. The nuclei were then prepared, 
washed and extracted with various concentrations of KC1 
(Figure 5). The amount of bound hormone removed by the 
various salt concentrations was normalized to a percent 
basis using the total amount of bound estradiol (Le., ethanol 

918 B I O C H E M I S T R Y ,  V O L .  1 5 ,  N O .  4 ,  1 9 7 6  



N U C L E A R  R E T E N T I O N  O F  E S T R O G E N  R E C E P T O R S  

N U C L E A R  E2 BINDING 
I 

0.05 1 
I 1 HR 

1 3 HR. \ 
k 0.03 

0.02 

0.01 

- 

I k 
0.67 1.31 2.01 2.68 

BOUND E2 X 10” 

FIGURE 4: Binding of estradiol by nuclear estrogen receptor. Animals 
were injected with 0.1 fig of unlabeled E2 and sacrificed at  the indicat- 
ed times. Nuclei were analyzed for E2 binding by the exchange assay 
(Methods and Materials) a t  varying concentrations of 3H-E2. The re- 
sults are expressed as the ratio of bound to free E2 (B/F) vs. the 
amount of bound E2 (X M). 

extractable) a t  each time point as 100%. The 100% values 
were 6184 cpm and 1327 cpm per uterus for the 1- and 6-h 
time points, respectively. This value for the 1-h time point 
represents 0.21 pmol of estradiol per uterus, in gaod agree- 
ment with previous measurements. It is clearly seen (Figure 
5) that the two wash-out curves are essentially identical 
which again suggests that the receptor is not modified be- 
tween l and 6 h in uterine nuclei. 

Discussion 
Our initial interest in studying possible receptor modifi- 

cation was stimulated by a series of reports from Clark’s 
laboratory (Anderson et al., 1972a, 1973, 1975), which 
pointed out a number of apparent contradictions to  the 
“cascade” or “domino” theory of estrogen action. Such 
theories have postulated that a single (or limited number) 
of early interactions between the hormone-receptor com- 
plex and nuclear acceptor sites would trigger a chain of bio- 
chemical events that would ultimately produce a f l  the es- 
trogen-induced uterine responses. Clark’s group, however, 
raised the possibility that estrogens worked via a “sustained 
input” mechanism that required a long-term (approximate- 
ly 6-8 h) nuclear retention of estrogen receptor complexes. 
Further studies by Gorski’s group also supported such a 
“sustained input” type of mechanism (Gorski and Raker, 
1974). It has thus become increasingly difficult to explain 
the many effects of estrogens on the basis of a simple “cas- 
cade” mechanism. 

If, as seems likely, estrogens produce their overall effects 
on the uterus via a sustained type of input, it is important to 
assess the characteristics and retention patterns of nuclear 
estrogen receptor complexes as a function of time after hor- 
mone treatment. These studies should help clarify the rela- 
tionship between the presence of receptor-hormone com- 
plexes in the nucleus, and subsequent physiological re- 
sponses, and should indicate whether nuclear receptors are 
modified during the course of estrogen action. Furthermore, 
nuclear acceptor sites are normally studied by their interac- 
tions with receptors, and a knowledge of the nature of nu- 
clear receptors is therefore necessary to meaningfully study 
possible differences in nuclear acceptor sites. 

Our results suggest that all estrogen-induced uterine re- 
sponses are mediated by the classical “5s”  nuclear estrogen 
receptor (Jensen et al., 1971; Giannopoulos and Gorski, 
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FIGURE 5 :  Extraction of nuclear E2 receptors. Animals were injected 
with 0.1 fig of 3H-E2 and sacrificed 1 or 6 h later. The amount of re- 
ceptor removed by extraction of nuclei with the indicated concentra- 
tions of KCI was determined as described in Methods and Materials. 
The data points represent extraction of specific binding which has been 
corrected for nonspecific binding by parallel experiments using uterine 
nuclei from animals injected with 0.1 fig of 3H-E2 plus 10 fig of unla- 
beled E2. 

1970; Stance1 et al., 1973b). This suggestion is supported by 
the observations that the sedimentation profiles, affinities 
for estradiol, and salt wash-out curves of nuclear estrogen 
receptors are similar a t  different times after hormone ad- 
ministration. The observation that the salt wash-out curves 
(Figure 5) are similar at different times after hormone ad- 
ministration might also suggest that the receptors are 
bound to similar nuclear acceptor sites a t  different times. 
However, more extensive studies are certainly required to 
prove or disprove this point. 

The nuclear retention patterns we have observed agree 
with reports from several other laboratories as to the 
amount of hormone bound and loss of nuclear hormone- 
receptor complexes between 1 and 6 h after estrogen treat- 
ment (Gorski and Raker, 1974; Sarff and Gorski, 1971; 
Jensen and Jacobsen, 1960). The results obtained in this 
work from a number of different experiments utilizing sev- 
eral different types of measurements all agree quite well 
and indicate that approximately 0.2-0.3 pmol of nuclear 
bound estrogen per uterus are present 1 h after the adminis- 
tration of a “physiological” dose of hormone. At longer 
times after estrogen treatment there appears to be an expo- 
nential-like loss of receptor-hormone complexes from the 
nuclear fraction of the uterus. While the acute administra- 
tion of a hormone such as estradiol, which undergoes natu- 
ral fluctuations, certainly cannot be considered physiologi- 
cal, the 0.1-pg dose we have employed produces a maxi- 
mum or near-maximum physiological response. 

It is interesting to note that the results obtained by direct 
injection of labeled estradiol (Figure 1) are similar to the 
results using the exchange procedure (Figure 2). This indi- 
cates that nuclei contain few, if any, receptors with vacant 
hormone binding sites, in agreement with previous observa- 
tions (Giannopoulos and Gorski, 1970). A likely explana- 
tion of this observation is that the hormone and the receptor 
are lost from the nucleus a t  the same rate, either separately 
or as a complex. On the other hand we cannot exclude the 
possibility that the receptor somehow becomes inactivated 
in the nucleus so that it cannot bind the hormone, and the 
hormone is then lost from the nucleus. The agreement be- 
tween the results obtained by the exchange assay and by the 
other methods also supports the concept that the exchange 
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assay (Anderson et al., 1972b) accurately measures the 
binding of hormone to nuclear receptor sites. 

The results of our retention studies differ somewhat, 
however, from those obtained in other studies following the 
injection of an identical dose (0.1 bg) of estradiol to imma- 
ture animals (Anderson et al., 1972a, 1973). In these stud- 
ies the amount of nuclear receptor-estrogen complexes re- 
mained essentially unchanged between 1 and 6 h after hor- 
mone treatment, although the amount observed at  1 h was 
quantitatively similar to the amount we observe, between 
0.2 and 0.3 pmol per uterus. Initially we thought these dif- 
ferences might be due to differences in the route of hor- 
mone administration since we routinely administer estradiol 
intraperitoneally (IP) and these investigators administered 
the hormone subcutaneously (Anderson et al., 1972a, 
1973). This does not appear to be the case, however, since 
we have recently determined that subcutaneous injection of 
tritiated estradiol yields a retention pattern that is similar 
to that seen following IP  treatment (unpublished observa- 
tions). 

While we have no explanation for this apparent discrep- 
ancy at present, it is probably more important to note that 
all studies to date, including our own, illustrate that uterine 
nuclei contain significant amounts of estradiol a t  relatively 
long times after administration, e.g., 6 h. Such long-term 
nuclear retention of hormone is necessary for postulating a 
“sustained input” model of hormone action, and our reten- 
tion studies would therefore be in accord with such a gener- 
al model. Our results further indicate that it is the “5s” 
form of the estrogen receptor which is retained in an un- 
modified form in nuclei, and that there is only one type or 
one pool of this receptor present in uterine nuclei. 

The major difficulty with all studies of this nature is that 
it has never been conclusively proved that the “5s” nuclear 
receptor or the observed acceptor sites of nuclear receptor 
binding are directly involved in mediating hormonal re- 
sponses. The evidence for the role of receptors and accep- 
tors in steroid hormone action is impressive, but circum- 
stantial in nature (Gorski, 1973; Williams, 1974; Jensen 
and DeSombre, 1973; Jensen and DeSombre, 1972). Conse- 
quently, it could be that only a very small population of re- 
ceptors and/or acceptors is involved in mediating hormonal 
responses, and these “specific” populations may be too 
small to observe with current techniques. While further 
studies are needed to investigate these possibilities, it never- 
theless seems reasonable to expect that the receptors and 
acceptors currently being studied play a role in steroid hor- 
mone action. 

Acknowledgment 
We wish to express our appreciation to Dr. J. H. Clark, 

Department of Cell Biology, Baylor College of Medicine, 
for helpful discussions concerning the nuclear exchange 
assay used in this work. 

References 

Anderson, J .  N., Clark J.  H., and Peck, E. J .  (1972a), Bio- 

Anderson, J .  N.,  Clark, J .  H., and Peck, E. J .  (1972b), Bio- 

Anderson, J .  N., Peck, E. J., and Clark, J .  H. (1973), En- 

Anderson, J. N.,  Peck, E. J., and Clark, J .  H. (1975), En- 

Giannopoulos, G., and Gorski, J .  (1970), J .  Biol. Chem. 

Glasser, S .  R., Chytil, F., and Spelsberg, T. C. (1972), Bio- 

Gorski, J .  (1964), J .  Biol. Chem. 239, 889. 
Gorski, J .  (1  973), in Handbook of Physiology-Endocrinolo- 

gy,‘ Vol. 11, Part I, Greep, R. O., Ed., Baltimore, Md., 
Williams and Wilkins, p 525. 

chem. Biophys. Res. Commun. 48, 1460. 

chem. J .  126, 561. 

docrinology 92, 1488. 

docrinology 96, 160. 

246, 2524. 

chem. J .  130, 947. 

Gorski, J., and Raker, B. (1974), Gynecol. Oncol. 2, 249. 
Hamilton, T.  H .  (1971), in  The Biochemistry of Steroid 

Hormone Action, Smellie, R. M. S., Ed., London, Aca- 
demic Press, p 49. 

Jensen, E. V., and DeSombre, E. R. (1972), Annu. Reu. 
Biochem. 41, 203. 

Jensen, E. V., and DeSombre, E. R. (1973), Science 182, 
126. 

Jensen, E. V., and Jacobsen, H. I. (1960), in Biological Ac- 
tivities of Steroids in Relation to Cancer, Pincus, G. and 
Vollmer, E. P., Ed., New York, N.Y.,  Academic Press, p 
161. 

Jensen, E. V., Numata, M., Brecher, P. I . ,  and DeSombre, 
E. R. (1971), in The Biochemistry of Steroid Hormone 
Action, Smellie, R. M. S., Ed., London, Academic Press, 
p 133. 

Jensen, E. V., Suzuki, T., Kawashima, T., Stumpf, W. E., 
Jungblut, P. W., and DeSombre, E. R. (1968), Proc. 
Natl. Acad. Sci. U. S. A. 59, 632. 

O’Malley, B. W., and Means, A. R. (1974), Science 183, 
610. 

O’Malley, B. W., Toft, D. V., and Sherman, M. R. (1971), 
J. Biol. Chem. 246, 11 17. 

Puca, G. A., Nola, E., Sica, V., and Bresciani, F. (1972), 
Biochemistry 11. 4157. 

Puca, G. A, ,  Sica, V., and Nola, E. (1974), Proc. Natl. 
Acad. Sci. U. S .  A. 71, 979. 

Sarff, M., and Gorski, J. (1971), Biochemistry 10, 2557. 
Scatchard, G.  (1949), Ann. N.Y. Acad. Sci. 51, 660. 
Shymala, G., and Gorski, J. (1969), J .  Biol. Chem. 244, 

Stancel, G.  M., Leung, K. M. T., and Gorski, J. (1973a), 

Stancel, G. M., Leung, K. M. T., and Gorski, J .  (1973b), 

Williams, D. L. (1974), LifeSci. 15, 583. 

1097. 

Biochemistry 12, 21 30. 

Biochemistry 12, 21 37. 

920 B I O C H E M I S T R Y ,  V O L .  1 5 ,  N O .  4 ,  1 9 7 6  


