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SUMMARY

The progesterone binding capacity of human endometrial 20,000 ¢ supernatant has been determined dur-
ing the menstrual cycle. Hyperplastic endometrium had a significantly higher progesterone binding capa-
city than proliferative or secretory phase endometrium (P < 0-01). The concentration of high-affinity bind-
ing sites was 2-3 + 0-3 pmol/mg supernatant protein (mean + S.E.) in the eight secretory phase endomen-
trial supernatants studied and 4-3 + 0-8 pmol/mg protein in five supernatants from hyperplastic endome-
trium. The concentration of endogenous progesterone in six secretory phase endometrial supernatants was
0-62 + 015 pmol/mg supernatant protein (mean + S.E.). In the five proliferative phase samples the con-
centration of endogenous progesterone was below the limit of detectability of the radioimmunoassay
method used. The association constant of the endometrial progesterone receptor was ~09 x [0°M ™!
at +6°C when determined by equilibrium dialysis.

The relative affinity of seven synthetic progestins for the endometrial receptor was also determined.
From this study it was concluded that an intact 3-keto-4-ene structure is essential for steroid binding to
the receptor. Whereas the nature of the substituents at C-17 may be varied without considerable effect.

INTRODUCTION

Progesterone receptors are known to exist in the uteri
of several mammals [1-3]. It has been shown that
these receptors are subject to endocrine control as the
progesterone binding capacity of myometrium varies
during the estrous cycle [2,4] and can be increased by
estrogen priming [2,5-7]. Estrogen receptors in
human myometrium and endometrium have been in-
vestigated by several authors [8-13] whereas the
nature of the progesterone receptor known to exist in
the human endometrium [14,15] is less well estab-
lished.

Endometrium is a target organ whose functional
state is highly dependant on estrogen and progester-
one. The concentration of the oestradiol receptor in
human endometrium varies during the menstrual cycle
[9, 10, 13]. However, the concentration of the cytoplas-
mic progesterone receptor in human endometrium has
not been measured during the different phases of the
menstrual cycle.

The aim of the present study was to determine the
amount of high-affinity progestérone binding in
human endometrium during the menstrual cycle. The
relative affinities of several synthetic progestins for this
endometrial progesterone receptor was also studied.
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MATERIALS AND METHODS
Chemicals

The chemicals used were the same as described pre-
viously [17]. Analytical grade petroleum ether, b.p.
30-60°C (Mallinckrodt Chemical Works, St. Louis,
Mo., U.S.A)) was used without distillation. Analytical
grade acetone, diethylether and ethyl acetate (Merck,
Germany) were distilled before use. The preparation of
tissue samples and the binding experiments were done
in a medium containing 25 mM Tris-HCI, 1-25 mM
EDTA and 250 mM sucrose, pH 7-4 (TES buffer).

Steroids

[1.2.6.7-*H}-Progesterone (S.A. §1-1 Ci/mmol) was
obtained from New England Nuclear Corporation,
U.S.A. The purity of the radioactive progesterone was
checked by tlc. (chloroform-acetone 9:1 v/v). The
purity was 94-96% and did not change during use.

Progesterone (4-pregnene-3,20-dione), 17-hydroxy-
progesterone (17-hydroxy-4-pregnene-3,20-dione} and
oestradiol-178 (1,3,5(10)-oestratriene-3,178-diol) were
obtained from Ikapharm, Ramat-Gan, Israel. Testos-
terone (178-hydroxy-4-androsten-3-one) was obtained
from Steraloids, Inc.,, Pawling, NY,, U.SA. 20x-Hyd-
roxy-4-pregnen-3-one was obtained from N.Y.
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Organon. OSS, Holland. Cortisol was purchased from
the Sigma Chemical Co.. St. Louis. Missouri, U.S.A.
Megestrol acetate  (6-methyl-3.20-dioxo-~4,6-pregna-
dien-17-yl-acetate) was obtained from BDH Chemicals
Ltd., England and medroxyprogesterone acetate (6x-
methyl-3,20-dioxo-4-pregnen-17-yl-acetate) from the
Upjohn Co. Kalamazoo, Mich., U.S.A. Dr. Theodore
Jackanicz (The Population Council, Biomedical Divi-
sion, The Rockfeller University. N.Y., U.SA)) kindly
supplied the following synthetic steroids: norethister-
one (17x-cthynyl-17f-hydroxy-4-estren-3-one), noreth-
androlone {17x-ethyl-175-hydroxy-4-gstren-3-one),
norethynodrel 17xz-ethynyl-174-hydroxy-5(10)-estren-
3-one), R-5020 (17,21-dimethyl-19-nor-4,9-pregna-
diene-3,20-dione), R-2323 (13-ethyl-17x-ethynyl-175-
hydroxy-4,9,11-gonatrien-3-one). We wish to thank
Roussel-Uclaf (France) for the last two steroids
mentioned. The purity of the non-radioactive standards
was checked by glc. on two different liquid phases.
These standards were used without purification.

Tissue samples

The endometrium samples were obtained from the
uteri of 31 patients undergoing hysterectomy, the indi-
cations for operation being endometriosis or uterine
myomata. The patients were between 35 and 45-yr-old.
The endometrium was scraped from the uterine cavity
immediately after the removal of the uterus. The tissue
was washed with cold 0-9%, NaCl, a piece was taken for
histological examination and the rest of the specimen
wasg kept in an ice-box until processed, within [ h.

Preparation of endometrium supernatants

The endometrial sample was weighed and then
washed with ice-cold TES buffer pH 7-4 until all blood
had been removed. The sample was homogenized in a
glass homogenizer with a Teflon pestle using 1-0ml of
TES buffer per 100 mg of tissue wet weight. The homo-
genate was centrifuged at 20.000 g for 20 min at +2°C
and the supernatant thus obtained was used in the pro-
gesterone binding studies. The supernatants were
stored at —20°C. Binding studies were performed
within 3 days of preparation of the samples.

Protein assay

Protein was determined using the method of Lowry
etal [16].

Equilibrium dialysis

The progesterone binding capacity of four endome-
trial supernatants was determined at +6°C by an
equilibrium dialysis method the principles of which
have been described in detail previously [15]. Albumin
was added to the outer phase to reduce progesterone
binding of low affinity and the dialyzing time was 19 h.
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The results obtained using the 19 h dialyzing period
differed only minimally for those using a 40 h period
and inactivation of the rcceptor at +6 'C was avoided
by employing the shorter 19h dialysis. From the
results obtained a Scatchard plot was constructed for
the determination of the association constant.

Determination of progesterone binding capacity

The progesteronc binding capacity of the remainder
of the endometrial supernatant preparations was
determined using a competitive protein binding assay
{(CPBA) method which has been described previously
[17]. However, the following modifications were used:
the incubation time at + 6 C was 2 h and the reaction
time with dextran-coated charcoal 10 min. The binding
of [*H]-progesterone was measured at a [H]-proges-
terone concentration of 0-:2nM in the absence and
presence of 100 nM cortisol. Cortisol was added to eli-
minate binding by contaminating plasma corticoster-
oid binding globulin which was thought to be respon-
sible for the progesterone binding abolished in part by
the addition of cortisol. A cortisol concentration of
100 nM was used. This concentration was found to be
optimal in reducing nonspecific binding without abo-
lishing specific binding. The effect of cortiso! on reduc-
ing the amount of (-2 nM [*H]-progesterone bound
was not linear and only at a concentration of 200 nM
(1000-fold excess relative to [PH]-progesterone) did
cortisol begin to compete with [*H]-progesterone for
the endometrial progesterone binding sites.

The binding at a [*H]-progesterone concentration
of 0-2 nM was measured at least in duplicate and for 19
of the 31 samples a CPBA curve was obtained by
adding nonlabelled progesterone in increasing con-
centrations (from 1'7nM to 1-7 uM) to the binding
medium. Results are expressed as fmol of [*H]-proges-
terone bound per mg of supernatant protein in the
absence (total binding) and presence of 100 nM corti-
sol (specific binding). The binding site concentration of
the supernatant was calculated by the reduced Scat-
chard plot method [8, 18]

The relative affinity of the progesterone receptor for
various steroids was determined using the method of
Korenman [19].

Radioimmunoassay (R1A)

The RIA method for progesterone determination
was modified from a CPBA method {20]. Diethyl-
ether -ethyl acetate (2:1. v/v} was used for extraction
and progesteronc was estimated by RIA instcad of
CPBA. The antibody (batch no. 8.257 2) used was
obtained from Dr. G. E. Abraham, University of Cali-
fornia, Los Angeles, U.S.A. The concentration of pro-
gesterone in the endometrial 20.000 g supernatant was
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Fig. 1. Correlation between the two methods for measuring
progesterone binding capacity of human endometrial
20,000 g supernatant. Ordinate: concentration of high-

affinity binding sites determined from Scatchard plots as de-

scribed in the text. Abscissa: binding of [*H]-progesterone
at a fixed steroid concentration of 0-2 nM. The protein con-
centration varied between 0-5-1-8 mg/ml. @: [*H]-proges-
terone 0-2 nM (total binding); M: [*H}-progesterone (-2 nM
and cortisol 100 nM (specific binding). The correlation coef-
fictent has been calculated for the concentration of binding
sites and the binding of [*H]-progesterone in the presence
of excess cortisol.

determined in different endometrium samples than the
binding site concentration.

Measurement of radioactivity

Radioactivity was determined in a Wallac liquid
scintillation counter 81,000 (LKB Wallac Inc., Turkuy,
Finland) using Insta-Gel (Packard Instrument Co., IIL.,
U.S.A.} as the scintillation solution. The counting effi-
ciency was 30%.

RESULTS

The capacity of individual samples of human endo-
metrium 20,000 g supernatant to bind progesterone
was measured using two different methods. The results
are shown in Fig. 1. The correlation coefficient for the
estimation of binding site concentration and the bind-
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Fig. 2. The concentration of high-affinity binding sites for
progesterone and concentration of endogenous progester-
one in human endometrial 20,000 g supernatant during the
menstrual cycle, The results are expressed as pmoles per mg
of supernatant protein (mean + S.E). The progesterone
concentration has been determined from different endome-
trium samples than the binding site concentration.

ing of 02 nM [*H]}-progesterone in the presence of
excess cortisol was 0-86. Thus the correlation between
the methods used was positive but not exact.

The amount of [*H]-progesterone bound by endo-
metrial supernatant is shown in Table 1. In the pres-
ence of 100 nM cortisol the amount of [*H]-progester-
one bound was reduced in half of the samples. The
amount of high-affinity progesterone binding in the
human endometrial supernatant could not be eva-
luated over the entire proliferative phase as only seven
proliferative phase samples were obtained and of these
three showed hyperplastic charactistics on histological
examination. Hyperplastic endometrium showed a
greater progesterone binding capacity per mg of super-
natant protein than proliferative or secretory phase
endometrium. The difference in binding capacity
between secretory and hyperplastic endometrium was
significant (P < 0-01) both in the absence and presence
of excess cortisol.

In Fig. 2 progesterone binding in the different phases
of the menstrual cycle is depicted as the high-affinity

Table 1. Binding of [*H]-progesterone by human endometrium 20,000 g supernatant at a [*H]-progesterone concentration

of 0-2 nM in the absence (total binding) and presence of 100 nM cortisol (specific binding). The protein concentration varied

between 0-5-1-8 mg/ml. The binding was determined with a CPBA method described in the text. The results are given as
fmoles of [*H]}-progesterone bound per mg of supernatant protein; {mean + S.D)

n Total binding Specific binding
Proliferative phase 3 86 £ 19 86 + 19
Secretory phase 9 94 + 32 78 + 42%
Hyperplasia 6 153 4 26* 145 + 23%
*P <001

TP < (01,
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binding of [*Hl-progesterone at the 02 aM level
The hyperplastic endometria contained the highest
receptor  concentration, 43 + 0-8 pmol/mg  protein
{mean + S.E.}. The binding site concenirations in the
proliferative and secretory phasc supernatants were
19 4 11 and 2:3 + -3 pmol/mg protein, respectively.
The difference in the binding site concentration
between secretory and hyperplastic endometrium
(P < 0-03y was not as significant as the difference in the
binding of PHl-progesterone at the 02 nM level
shown in Table 1.

The concentration of endogenous progesterone i
the secretory phase supernatant preparations was
always distinctly lower than the receptor con-
centration being 0-62 + 015 pmol/mg protein (mean-
+ S.E.}. The concentration of endogenous progester-
onc in all proliferative phase samples studied was
below the limit of detectability of the RIA method used
(0-16 pmol/mg protein),

The association constant of the progesterone recep-
tor in human endometrium was 005 + 03 x 10°M ™!
{mean + S} when calculated from the results
obtained using the CPRA and 09 + 03 x 10°M™7}
when calculated from the equilibrium  dialysis
measurements.

The endometrial supernatant prepared in TES
buffer pH 74 was stable enough to stand freezing for
at least 4 days. Under these conditions there was no
foss of progesterone binding capacity. However, the
receptor was not stable at +6°C and 35%, of the bind-
ing capacity was lost during storage for 3 nights.

The steroid specificity of the receptor studied is out-
lined in Table 2. The low relative affinities of the phy-
siological steroids tested cmphasize the high specificity
of the receptor for progesterone. Of the synthetic pro-
gestins studied. all, except norethynodrel had relative

affinities greater than 707, (progesterone 100°,). Nor-
cthynodrel has a nonconjugated double bond between
carbon atoms Sand 10 whereas all the other progesting
studied have a 3-keto-d-ene structure in ring A The
side chains at C-17 may be varied 10 & much greater
degree without affecting ligand binding to the endome-
trial receptor.

In the 19-nor steroids the progesterone side chain at
C-17 could be replaced without effect by a 17x-ethynyl-
178-hydroxy group {norethisterone, R-2323} or by a
17a-ethyl-178-hydroxy group {norethandrolone). The
relative affinity of R-2323 was close to that of nore-
thisterone. However, R-2323 has an additional methyl
group at C-18 and two additional double bonds at -9
and C-11. Pregnenc derivatives methylated at C-6 with
a4 }Tz-acetate group were also bound by the receptor.
The double bond at C-6 i megestrol acctate had no
effect on binding. The 17.21-dimethy! derivative of 19-
nor progesterone also had a high relative affinity for
the receptor.

DISCUSSION

[n the present study the capacity of human endome-
trial 20,000 g supernatant to bind progesterone was
cstimated as the high-affinity binding site con-
centration and as the ability of the supernatants to
bind [*H]-progesterone at a concentration of 02 nM.
The correlation between the methods was not exact,
the correlation coefficient being 0-86. However. this
finding was to be expected as the human endometrium
samples are usually very scanty. and the number of
determinations possible with cach sample is limited.
Combined samples could have been used but then
denaturation of the receptor during storage could not
have been assessed reliably,

Table 2. The relative affinity of the human endometrial progesterane receptor for various steroids. The values were deter-
mined as described in the text and rel no. 19

Relative
affinity
Trivial name Systematic name Ul

Progesterone 4-Pregnene-3,20-dione 1000
Norethisterone 17«-Ethynyl-17f8-hydroxy-4-estren-3-one 1000
Norethandrolone 1 7x-Ethyl-17f-hydroxy-4-estren-3-one 100-0
Medroxyprogesterone acetate 62-Methyl-3.20-dioxo-4-pregnen- 1 7-yl-acetate 830
Megestrol acetate 6-Methyl-3.20-dioxo-4,6-pregnadien- 1 7-yl-acetate 8O0
R-53020 17.21-Dimethyl-19-nor-4.9-pregnadiene-3.20-dione 770
R-2323 13-Ethyl-l To-ethynyl-17f-hydrosay-4.9, 1 I-gonatrien-3-one 730
i 7-Hydroxyprogesterone 17-Hydroxy-4-pregnene-32.20-dione 3-8
Norethynodrel 175-Lthynyvl-17f-hydroxy-S(10)-estren-3-one 40
Testosterone 178-Hydroxy-4-androsten-3-one 23
20x-Dihydroprogesterone 20x-Hydroxy-4-pregnen-3-one 09
Cortisol 118.17%,21-Trihydroxy-4-pregnene-3.20-dione Ot
Oestradiol 1.3.5(10)-Qestratriene-3.175-diol o1
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Progesterone receptors in myometrium are known
to be subject to endocrine control. Estrogen priming
increases the myometrial receptor conceniration in
animals [2,5-7]. The estrogen receptors of human
myometrium and endometrium have also been
reported to vary in concentration during the menstrual
cycle [9, 10, 137, According to Robertson et al. [10] the
oestradiol receptor concentration is highest during
mid-cycle. Limpaphayom et al. {9] found a higher
receptor concentration on day 21 than on day 8 of the
oculatory cycle whereas Trams er al. [13] have
reported the concentration of the oestradiol receptor
in human uterus to be higher during the proliferative
phase than during the secretory phase of the cycle.
These somewhat conflicting results can probably be
explained on the basis of part saturation of the high-
affinity binding sites in the tissue samples studied by
endogenous oestradiol. The concentration of spare
oestradiol receptors in the human uterus has been
reported to be inversely correlated to the con-
centration of free estrogen in the blood [13].

In our studies, hyperplastic endometrium, a conse-
quence of estrogen excretion, had a higher binding
capacity than secretory or simple proliferative phase
endometrium indicating that the progesterone recep-
tor of human endometrium is under estrogen control
as are the progesterone receptors in the myometrium
of several mammals [2,4-7].

The progesterone binding capacity of individual
endometrial samples with a similar histological pattern
showed great variation (Fig. 2). However, as the
measurements in early and late proliferative and secre-
tory phase have not been grouped separately, the range
of values in each characteristic phase is probably not
as wide as shown in Fig. 2. Using a different technique
the progesterone binding capacity of endometrium has
been shown to increase from early to late proliferative
phase [15].

The endogenous progesterone in human endome-
trial 20,000 g supernatant was determined in the sam-
ples prepared carefully in the cold for the measurement
of receptor content. After preparation in this way the
concentration of endogenous progesterone in the sam-
ples was lower than the receptor content indicating
that the binding sites were not saturated in the secre-
tory phase endometrial supernatants. However, the
endogenous progesterone concentration was still high
enough to interfere with the binding studies in a few
secretory phase samples thus leading to erroneously
low levels of binding at a [*H]-progesterone con-
centration of 0-2 nM. The complex situation of recep-
tor determination in the presence of endogenous ster-
oid has been discussed in detail recently by Milgrom
etal [217].
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The endogenous progesterone in four human men-
strual cycle endometrium homogenates has been mea-
sured by Nilsson [22]. The present values are similar
if expressed as pg/mg of protein.

The relative displacement potency of various endo-
genous steroids for the progesterone receptor in
human endometrium has been studied by Wiest and
Rao [14]. In agreement with their findings, the relative
affinities of the physiological steroids tested in the
present study were low reflecting the high specificity of
the receptor for progesterone.

From the relative affinities of the synthetic proges-
tins tested it could be concluded that the 3-keto-4-ene
structure of these steroids was essential for steroid
binding to the endometrial progesterone receptor. The
side chain at C-17 of the progesterone molecule is not
essential for ligand binding and can be replaced by ser-
veral substituents. In addition to the other progestins,
norethandrolone, which has strong anabolic and weak
progestational activity [23], is bound by the receptor
as well as progesterone.

In the present study human endometrial superna-
tant was used without purification. This endometrial
preparation seems to be a suitable model for the study
of the binding properties of synthetic steroids in an
attempt to find steroids which bind to the receptor
without exerting the biological activity of the physiolo-
gical hormone. In endometrium such blockage of the
receptor would probably lead to impairment of im-
plantation or to premature menstruation. With such a
mechanism of action the synthetic steroid would be
behaving as an interceptive, a term proposed by
Warren [24].
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