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SUMMARY 

Competition of [‘HI-estradiol (E2), estetrol (E4) and ethynyl estradiol (EE) for binding to estrogen 
receptors in human endometrial cytosol was studied at various competitor/estradiol (C/E,) ratios. The 
fraction of E, that remains bound to the receptor in the presence of competitor (f) was measured 
at different concentrations of the competitor. Straight lines were obtained by plotting (1 -f)/j vs 
C/E,, a result that would be expected if E2, E4 and EE compete for the same set of binding sites 
in endometrial cytosol. The relative values of association constants of E2, EE and Eq, estimated from 
the slopes of the regression lines, were 100:70:1.5. Scatchard analysis of binding of each of these 
labeled compounds yielded values for relative association constants which were in agreement with 
those from competition studies. Similar concentrations of specific binding sites were obtained using 
labeled E2, Ed, and EE. 

These results indicate that previously published data on competition of E, and Ez for nuclear binding 
in human endometrium, interpreted to reveal heterogeneity in estrogen binding sites in the nucleus, 
are not due to heterogeneity in cytosolic Ez receptors. 

INTRODUCTION 

Results of in vitro studies on the competition of estra- 
diol (E2) and estetrol (1,3,5-10 estratriene, 3,15a, 16c(, 
17gtetro1, E4) for saturable binding in human endo- 
metrium have been previously reported [l]. The pub- 
lished report described the observation that incuba- 
tion of tissue slices with mixtures of E, and E4 in 
various proportions yielded the same amount of 
receptor-bound estrogen (E2 + E4) in the nuclei. The 
proportion of E2 and E* bound to receptors in the 
nucleus depended on their relative concentration in 
the medium. An unexpected result from those studies 
was that about 35% of the estradiol binding sites in 
the nucleus was clearly more resistant to competition 
by E, than the other 65%. In contrast, ethynylestra- 
dial tested in similar experiments displaced all nuclear 
bound E,, following kinetics characteristic of ‘compe- 
tition for a single class of binding sites. 

to receptors in endometrial cytosol, in order to deter- 
mine whether the heterogeneity in binding sites, evi- 
dent after interaction of the estrogen-receptor 
complex with nuclear acceptors, might already exist 
at the cytoplasmic receptor level. 

MATERlALS AND METHODS 

Tissue. Human endometrium specimens, obtained 
after dilatation and curettage or from excised uteri, 
were immediately transported to the laboratory, 
cleaned under cold saline, and frozen at -80°C for 
the preparation of cytosol. All endometria studied 
were proliferative and histologically normal. 

It was then suggested that the observed differences 
in competitiveness of E, and Ez at various Ed/E2 
ratios were due to a heterogeneity in the nuclear bind- 
ing of El. Great interest in such a possibility derives 
from the observation that the amounts of E, needed 
to obtain maximal binding to receptors in rat uterus 
in vivo are higher than those needed for maximal bio- 
logical effect [2]. It is possible that disproportion in 
binding and biological action may correlate with het- 
erogeneity in nuclear estradiol binding sites. 

Labeled and unlabeled steroids. Labeled steroids, 
[6,7-‘H] E2 (S.A.: 48 Ci/mmol), [6,7-3H] EE (S.A.: 
40.9 Ci/mmol), and [2,4-3H] E., (S.A. : 52 Ci/mmol), 
were purchased from New England Nuclear Corp. 
Their radiochemical purity was ascertained by mixing 
aliquots with authentic standards and measuring 
specific activities before and after t.1.c. or dystalliza- 
tion. 

Crystalline E, was purchased from the Lamar 
Research Group, E2 was supplied by Steraloids, EE 
and diethylstilbestrol (DES) by Sigma Chemical Corp. 
High pressure liquid chromatography of 5Opg of E4 
carried out on a microporasil column (Waters Associ- 
ates) using chloroform, indicated that this compound 
was free (<O.l%) of estrone or estradiol. 

The main purpose of the present study was to Preparation of cytosol. The frozen endometrium 
examine the competition of E2 and E4 for binding was pulverized with a Thermavac apparatus, and 
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homogenized at 4°C in an all-glass tissue grinder in 
4 volumes of 10 mM Tris, 1.5 mM EDTA, 0.5 mM 
dithiothreito~ buffer (TED), adjusted to pH 7.4 at 
25°C. The homogenate was centrifuged at 100,UOOg 
for 45min. The supernatant was separated and 
treated with dextran-coated charcoal (5 mg/ml cyto- 
sol) for 15 min at @4”C. in order to reduce the con- 
centration of endogenous estrogens. After centrifuga- 
tion at 2000 g for 10 min, the cytosol was diluted with 
TED buffer to obtain a protein concentration of 
about 55lOmg/ml. Protein levels were measured by 
the method of Lowry [33. 

Comp~~i~io~ 0s E2, E4, and EE for birding in cytosol. 
Solutions of [‘HI-Er in TED buffer (1.92 x lo6 
d.p.m./ml; 18.4 pmoi/ml) were used in the com~tition 
experiments. Unlabeled competitors (E, or EE) were 
added to obtain the ratios indicated in Table 1. Cyto- 
sol (0.2 ml) and TED buffer solution (0.2 ml), contain- 
ing either C3H]-Ez or [3H]-Ez plus competitor, were 
incubated for 3 h at 23°C. Time studies have indicated 
that maximum labeling is achieved under these condi- 
tions. At the end of this period. 0.6 ml of the dextran- 
coated charcoal suspension (2.5 mg/ml Norit A, 
0.25mg/ml dextran T-70 in TED buffer) was added, 
and the mixture was occasionally shaken for 15 min 
at WC. The charcoal was separated by centrifuga- 
tion at 2000g for 10min. An ahquot of the superna- 
tam (0.5 ml) was transferred to a counting vial and 
10ml of toluene-based scintillation fluid was added. 
The mixture was shaken in a Vortex mixer to extract 
the steroid into the organic phase. 

Each incubation was carried out in parallel with 
another in which unlabeled E, was present at a 
100.fold higher concentration than C3H]-Ez. The 
amount of radioactivity bound, corresponding to 
non-specific binding, was subtracted from the bound 
radioactivity in the tube to which only E3HJ-E, was 
added. This difference was considered to correspond 
to saturable (specific) binding of Ez to cytoplasmic 
receptors. 

Each assay was conducted in duphcate. 
Binding of C3H]-E4 (S.A.: 115,000 d,p.m./pmol) or 

c3HJ-EE (84,800 d.p.m./pmol) was determined by the 
same procedures, using about 364,000 d.p.m. per tube. 
Samples containing r3H]-E,+ were counted in Scinti- 
verse (Fisher Scientific Co.). 

Evaluation of competition data; relative values of as- 
sociation constants. Since the amounts of Ez used in 
these experiments were in large excess in relation to 
the available estrogen receptor, the sum of the con- 
centration of receptor bound to Ez ([E*R]) and to 
the competitor ([CR]) was considered to equal the 
concentration of totai receptor available, i.e. 

EEzRl + WI = Cbl 

where [Rr] is the total concentration of receptor 
determined by incubations with C3H]-Ez in the 
absence of competitor. 

As previously described [l J, competition for a 

single set of binding sites implies that 

K,c tCR1 EEzl --= 
Knt* EE,RICCI 

where KIc and Kat, are the constants of association 
of C and E, to the receptor. 

Under the experimental conditions used. in which 
the receptor is saturated by the ligands. 

CW CM - CE,RI -=: 
CWI CE,RI 

or 

1 - fraction of E, retained 1 -s 
= 

= -.- 
fraction of E2 retained _f 

Fraction of EZ displaced 1 -f =p 
Fraction of E2 retained f 

where (C/E2) is the ratio of concentrations of com- 
petitor and E, in the assay mixture. 

A plot of (1 - f)/f vs (C/E,) served to test the 
assumption of competition of E4 or EE with E, for 
a single set of binding sites. which would require that 
a straight line were obtained. The slope of such a 
regression line would indicate the relative value of 
the constants of association of Ez and the competitor 
to the receptor. 

Cytosol binding saturation anaiysis, Scatchard plot. 
In order to determine association constants of E,, 
E4 and EE to estrogen receptors in cytosol and the 
maximum number of binding sites available, aliquots 
of cytosol were incubated separately with various 
amounts of each of the tritiated compounds. The pro- 
cedure described above was used for the incubations, 
separation of bound and unbound (-free”) steroid, 
and correction for non-specific binding. The amount 
of high specific activity labeled estrogens used ranged 
from 42,400 to 424,000 d.p.m. (0.40-4.0 pmol) for Ez. 
39,400 to 394,000 d.p.m. (0.34-3.4 pmol) for E,, and 
42,000 to 424,000 d.p.m. (0.37-3.7pmol) for EE. The 
ratios of specifically bound to unbound labeled 
estrogen (B/F) and the corresponding concentrations 
of receptor-bound ligand (B, as pmol/ml of assay 
solution) were plotted in linear coordinates. Binding 
of the estrogen to a set of sites characterized by a 
constant of association K,, would result in a linear 
function B/F = -K,B + nK, where n is the concen- 
tration of specific binding sites. The slope of this line 
corresponds to -K,‘and the intercept with the abs- 
cissa (B/F = 0) corresponds to n. This value can be 
referred to the protein content in the assay solution 
and is usually expressed as fmol of ligand/mg cytosol 
protein. 

RESULTS 

Table 1 presents the results of experiments of com- 
petition of E4 and E2, or EE and Ez, for saturable 
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Table 1. Competition of estetrol (E4) and ethynylestradiol (EE) with estradiol (EJ for binding to receptors in cytosol 
of proliferative human endometrium 

EW 
NO. Competition data 

TOtal Regression line 
receptor 

concentration 
I-/_ C+h 

I ‘I E2 Correlation ‘5 
(fmollml protem) a h coefficient K< 

E,IE2 (moljmol) 
I El displaced (“,,I 

(1 -fu/ 

LIE, (mollmol) 
2 EL displaced (“,,I 

II -/IV 

E&/E, (molimol) 
3 E2 displaced (“,j 

(1 -of 

4a 
E&/E? (molimol) 9 I8 

E2 displaced (” <, I IS 23 

(1 -/)d 0.22 0.3 

4b 
EEiEl (mol,imol) 0.18 0.46 
E, displaced (“,I IO 29 

(1 -fW 0.1 I 0.40 

0.92 1.8 
38 62 

0.61 1.6 

EE/E2 (molimoll 0.23 0.46 0.92 1.8 
5 E2 displaced (“,,I I2 I6 34 49 

II - IIN 0.14 0.19 0.52 0.96 

4.5 
4 
0.04 

9 
20 

0.25 

9 
5 
0.05 

9 I3 I8 
IO 14 20 
0.11 0.16 0.25 

I8 45 89 
27 51 65 

0.37 1.0 1.9 

45 89 
31 49 I90 0.01 I 0.016 099 95 

0.45 0.96 

I80 
77 230 0.018 0.130 0.99 55 
3.3 

I8 36 67 89 I80 
I8 34 48 55 61 81 0.020 0.048 0.99 50 
0.22 OS2 0.92 I.2 2.1 

45 89 
46 61 

0.85 I.6 
80 0.016 0.350 0.97 60 

80 0.902 - 0.078 098 I.1 

55 0.542 -0.010 0.99 I.8 

binding in endometrial cytosol. Each experiment in- 
volved assays conducted at various relative ratios of 
unlabeled competitor and C3H]-E2 using aliquots of 
cytosol from a single specimen of proliferative tissue. 
The concentrations of C3H]-Et were maintained con- 
stant and above the levels needed for saturation of 
the receptor present in the sample. The total receptor 
concentration in each cytosol preparation, expressed 
as fmol/mg protein and shown in the table, was deter- 
mined by measuring the binding of C3H]-Ez in the 
absence of competitor. This value was taken as unity 

I I I I I I 

E4 nucleus 

Competitor/E, 

Fig. I. Competition of binding of C3H]-E2 to estrogen 
receptors in nuclei and cytosol of human proliferative 
endometrium by estetrol (Ed) and ethynylestradiol (EE). 

and the amount of specifically bound C3H]-Ez in the 
presence of competitor was expressed as “fraction of 
E, retained”(f). As described above, (1 -f)Kshould 
be proportional to the ratio of concentrations of com- 
petitor and Ez if these compounds compete for a 
single set of binding sites. The table shows the values 
of slopes and intercepts of the regression lines best 
fitting the experimental points by the least-square 
method. The correlation coefficients indicate linearity 
and, consequently, competition of E,, EE and E4 for 
a single set of binding sites. The relative values of 
association constants of E2 and E4 to the receptor 
were in the range of 50-95 with an average of 65. In 

contrast, K,,, was only 1.1-1.8 times greater than 

K,,,. 
The regression lines corresponding to experiments 

3 and 4b are shown in Fig. 1. This figure includes, 
for purposes of comparison, data previously 
reported Cl], obtained by incubations of endometrial 
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K ,,EZ= 30 nM-’ 

“EZ = 105 fmolhq prot 

1 K aE.= 0.36 nM_’ 
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0 0. I 0.2 0.3 0.4 0.5 0.1 
1 0 

6 07 
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Fig. 2. Specific binding of estradiol (EJ and estradiol (E4) 
in endometrium cytosol. 
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slices with mixtures of [“H+Er and E* or E3H]-E2 
and EE and m~emenr of nu&ar con~n~a~~ons 
of spec&caff~ bound C3H]-EP Lack of linearity is 
noted onb in the nuctear data corresponding to the 
~Qrn~~tion between E2 and E,. 

The results presented in Tabb 1 and Fig, i can 
be interpreted to indicate that Ez, EE and E, bind 
to the same set of sites in endometrial cytosol with 

relative association constants of 100:70: 1.5. Specific 

binding of E, and EE in the nvcleus also appears 

to reflect competition for a single Set 0f sites. In con- 

trast, ~rn~~~0n of E2 and E, for m&ear binding 

appears to r&kt heterogeneity in nucfear sites, viz. 

the relative ass~at~on constants of El and Ej are 
IQ@:16 for about 65% of the sites and 1OO:IS for 
the other 35%. 

the in nuclei t&m in q&sol when measured at intra- 
c&Mar E&E8 concentration ratios bctow IS (relative 
association constants N&16 from nuclear data and 
f00:1,5 from cytosof data). This finding may re&zt 
a differencls? in binding properties of the estragens to 
the receptor in cytosof and to the receptor on 
chromatin acceptor sites. In contrast, the slope of the 
competition curve for E2 and E, in cytosol is WN. 
different from the slope of the competition curve for 
nuclear binding at intracellular EJE, ratios greater 
than IS. The relative values of the association con- 
stants of Ez and EE are IS in cytosol and 3 in nu&i; 
this difference, however, may not be stat~s~ca~ly sig- 
nificant. 

The association cor&ants of cyxosot receptor5, 
dtiermined by anaQses of Scatchard plots From 

several endometrial specimens, varied from 2 to 
30 nM- ‘. Figure 2 presents tha results of one experi- 
ment in which binding of [%I]-E, and r3HJ-E4 was 
studied in different aliquots of cytosol of the same 
endometrial specimen. The ratio of association can- 
stants of c~ytosol receptor for E3 md El in this 
exampie was fW1.2 (KaE2 = 3OnW’, Kpe+ = 0.36 
nM_‘). The ~o~~ntration of binding sites in cytosol 
were about ~~~oI~g protein, Zo”i, Iower for E, 
than for EP %mih~ agreement was found in the other 
t&e experiments. Scatchard pl~&s of data on binding 
of E, and EE to receptors ia ~~~~~~~ d cyytoyol 
sampies usA in experiment 5 (Table t) indicated a 
ratio KaE21KaEE = 1.3 and total concentrations of 
binding sites of 55 and 63 fmol/mg protein for Ea and 
EE, respectively. 

The two sfopes in the curve of Gom~tit~on of E, 
and E* for n&ear binding differ by a factor d 10 
(Fig. 1). The existence of these two types of E, binding 
sites in the nucleus may reflect different receptor- 
acceptor ~~~~~~tions or different iocation of the 
complexes on the chromatin. 

Martucci and Fishman [6] reported lack of ut~ro- 
tropic activity of Eql a finding that would tend to 
support the possibility that the n&ear e&dial 
receptors w&h are hardly exchangeabk with E, may 
be responsible for biologimt action. Chang et rrL fun- 
pubIished) faited to see es~~en~~ or ant~~tr~~nic 
actions OF E, injected in rats at levels of S ~~~day 
for 4 days, as evaluated by the rate of ovum tubal 
transport. On the other hand, Ho&&a and Curpide 
(Biocrt. Reprod.. in press) co&d detect e%ets of E, an 
uterine weight ;md alkafine phosphatase activity when 
high doses of EJ (lo-50 p&/day) were injected into 
immature rats for 1 or 2 days. 

The heterog~~t~ of estradiol binding in the nuclei 
of uterine tissue has been previously suggested on the 
basis of results from experiments in which the labeled 
steroid was extracted from nuc&ar preparations with 
salt sofutions of various ~~~~tra~vns~2~ or in the 
presence of intercalating agents [SE& a&though the sig- 
nificanee of the results from d~~~~~tia~ extraction cx- 

periments has been questioned [5]. Differences in the 

extractability of E, and nafoxidine were also inter- 
preted to reflect heterogeneity in nuclear binding 
sites [4$ 

The results from the series of experiments reported 
here are consistent with binding of E,, Ee and EE 
to a sin&e set of tires in human e~domet~al cytosoL 
Therefore, the heterogeneity we have observed during 
competition of E, and E, for nuclear binding does 
not seem to be due to ~tero~~ity in cytosol recap 
t0rs. 
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