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Abs t rac t - -The  binding of two synthetic progestins, R-5020 and 0RG-2058 and a 
natural progestin, progesterone to progesterone receptors of human myometrium is 
examined. The receptor, which sediments at 4S in a sucrose density gradient, binds all 
three progestins with high affinity (K D values for R-5020, 0RG-2058 and 
progesterone are 4.1 x 10-10, 1.2 x 10 -1° and 3.8 x 10-10 mole/1 respectively). 
However, competition studies using various concentrations of unlabelled steroids indicate 
that the synthetic steroids bind to the progesterone receptor with higher specificity than 
does progesterone itself. 

It is suggested that because of its high specific activity, its similar receptor binding 
kinetics to the natural hormone and its higher specificity for the progesterone receptor, 
R-5020 is the most suitable of the three progestins for use in progesterone receptor 
assays. 

I N T R O D U C T I O N  

MANY laboratories assay estrogen receptors in 
human breast cancers in order to determine 
an appropriate form of therapy for the pa- 
tient. Of  those women with estrogen receptors 
in their tumours 60% will respond to en- 
docrine manipulative therapy, while in the 
absence of receptors the response rate is less 
than 10~,0 [1]. To improve the discrimination 
between hormone-sensitive and hormone- 
insensitive breast cancers, the use of other 
hormone receptor assays has been suggested 
[2]. Early results suggest that the progesterone 
receptor assay may achieve this [3], but this 
assay has the problem of considerable non- 
specific binding. However, this problem may 
be overcome either by using the natural hor- 
mone, progesterone, in combination with ex- 
cess cortisol [4], or by using synthetic steroids 
which are claimed to have greater specificity 
for the receptor protein [3, 5]. 

This study examines the binding properties 
of progesterone and of two synthetic pro- 
gestins, R-5020 and ORG-2058, to the pro- 
gesterone receptor protein of human myomet- 
rium. In addition to these kinetic studies, 
progesterone and R-5020 are used to mea- 
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sure progesterone receptors in human 
myometrium. 

MATERIALS AND M E T H O D S  

The labelled progesterone used in this study 
was 1, 2, 6, 7-3H-progesterone (Amersham 
Searle; SA 85 Ci/mmole). Labelled and 
unlabelled ORG-2058 (17-ethyl-21-hydroxy- 
19-norpregn-4-ene-3,20-dione ; S A =  19.2 
Ci/mmole) was kindly supplied by the 
Organon Company, Oss, The Netherlands. R- 
5020 (17,21-dimethyl-19-nor-4,9-pregnadiene- 
3, 20-dione; S A = 8 6  Ci/mmole) was obtained 
from New England Nuclear. 

Premenopausal myometrium was obtained 
fresh from the operating theatre, immediately 
chilled on ice, sectioned into 500mg aliquots 
and snap-frozen in liquid nitrogen for storage 
for up to 2 weeks at - 7 0 ° C .  At the time of 
assay the tissue was again placed in liquid 
nitrogen and powdered in a chilled stainless 
steel chamber by sudden percussion. The 
powder, with 3ml Tris-buffer (Tris, 10mM; 
EDTA, 1.5 mM; pH 7.4) was homogenized at 
4°C with an Ultra Turrax homogenizer 
(Janke and Kunkel) with 4 x 15 sec runs with 
45 sec of cooling between runs. After centri- 
fugation of the homogenate at 20,000rev/min 
for 1 hr, the supernatant cytosol fraction was 
separated off with a Pasteur pipette and as- 
sayed within 3 hr. Protein concentration of the 
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cytosol ti~action was measured by the method 
of Lowry et al. [6]. 

Assays for progesterone receptor using 3H- 
progesterone were based on the method of 
Pichon and Milgrom [4]. Assays using BH-R- 
5020 and 3H-ORG-2058 were as described by 
Janne  et al. [5]. In the assays using synthetic 
progestins, a 100-fold excess of unlabelled 
ORG-2058 was used to distinguish between 
specific and non-specific binding. 

To assess the effectiveness of dextran-coated 
charcoal (charcoal 2.5g; dextran T-70, 
250mg; glycerol, 50ml; Tris-buffer, 450ml)  
in removing unbound hormone from solution, 
cytosol ti~action (100pl) was incubated for 4 hr 
at 4°C with each progestin (in 100/d Tris- 
buffer containing 20°i~ glycerol). At the end 
of the incubation, 200~11 of the charcoal so- 
lution was added. After various incubation 
times at 4°C, the mixture was centrifuged and 
a 200/d aliquot of the supernatant counted 
for tritium. 

Several concentrations of competitors were 
used to assess the binding specificity and 
affinity of the various progestins. The com- 
petitors used were estradiol-17fi (E2), diethyl- 
stilboestrol (DES), dihydrotestosterone (17fl- 
hydroxy-5e-androstan-3-onc, DHT),  testos- 
terone (T), progesterone (P), 17-hydroxyprog- 
esterone (17-P), 20fi-hydroxy-4-pregnen-3-one 
(20-P), hydrocortisone (C) and ORG-2058 
(ORG).  The unlabelled steroid in ethanol was 
added to each incubation tube and evap- 
orated under a stream of nitrogen. To this 
was added 100#1 of cytosol fraction and 
100/d of the labelled progestin in Tris-buffer 
containing 20°'o glycerol to give a final con- 
centration of the unlabelled steroid of 10, 50, 
100, 500, or 1000nM. After 16hr at 4°C, the 
reaction was stopped by addition of dextran- 
coated charcoal. Following centrifugation, an 
aliquot of the supernatant was counted tbr 
tritium. 

Rates of association and dissociation of each 
progestin with the progesterone receptors were 
estimated using the technique outlined by 
Janne  el a[. [7]. 

Sedimentation properties of the 3n- 
progestin-receptor complexes incubated with 
and without a 100-fold excess of unlabelled 
progestin were analysed in a 5-20q}~ gradient 
of sucrose in Tris-glycerol buffer. Gradients 
were centrithged for 18hr at 4°C in an 
SW4OTi rotor on a Beckman L5-50 ultracen- 
trifuge. Using top-harvesting (by displacement 
with 40(Io sucrose solution), 25 fractions of 12 
drops each were collected and counted for 
tritium. 

RESULTS 

l. f~Jiciency of dextran-charcoal in removing un- 
bound hormone 

Dextran-coated charcoal effectively removes 
unbound progestin from cytosol fractions wi- 
thin 5min at 4°C (Fig. 1). However over a 
2 hr incubation with charcoal, progesterone is 
stripped from its binding sites indicating that 
careful timing is required in progesterone re- 
ceptor assays using both progesterone and 
charcoal. Over the 2 hr incubation period, the 
synthetic steroids remained bound to receptor 
protein. 
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charcoal addition and centriffbgation. 

2. Specifidty ~" receptor-binding 

In order to assess specificity of binding to 
the receptor, each 3H-progestin was incubated 
with myometrial cytosol fraction in the pre- 
sence of" various concentrations of other ste- 
roids. For the synthetic steroids (Fig. 2a), and 
for progesterone (Fig. 2b), low concentrations 
of progesterone were not as effective as ORG-  
2058 in competing for receptor sites. At con- 
centrations of 1000nM, they were equally 
competitive. At low concentrations, none of 
the other steroids tested were effective com- 
petitors tbr binding of R-5020 or ORG-2058 
to the receptor sites. 

The relatively weak affinity of 3H- 
progesterone for receptor sites was apparent 
since a low concentration (10 nM) of 
estradiol-17fl, diethylstilboestrol, 20fl-hydroxy- 
4-pregnen-3-one and dihydrotestostcrone 
was able to compete for binding to the receptor 
protein. 
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3H-progestin bound after charcoal treatment. 

3. Association and dissociation rates 

Results of association and dissociation stu- 
dies of each progestin with progesterone re- 
ceptor obtained from human myometrium are 
shown in Fig. 3. Association and dissociation 
rate constants calculated from Fig. 3(b) and 
(d) respectively are summarized in Table 1. 
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The values obtained for association and 
dissociation constants are in good agreement 
with those obtained by Janne, Kontula and 
Vikko [5]. They indicate that the synthetic 
progestin R-5020 more closely approximates 
the binding kinetics of the natural hormone 
than does ORG-2058. This latter steroid ap- 
pears to have a very high association rate 
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Fig. 3. Association and dissociation characteristics o]" the three progestins 
progesterone (P), R-5020 (R) and 0RG-2058(0). Association results were 
obtained by incubating 600 fmole of each 3H-progestin with myometrial cytosol 

fraction at 4°C for various times before addition of dextran-coated charcoal and 
centrifugation. An aliquot of supernatant was counted to determine bound 
progestin. Dissociation results were obtained by incubating 3H-progestin with 
cytosol fractions for t6 hr at 4°C, removing unbound hormone with charcoal, 
adding a lO0-fold excess of the unlabelled progestin and incubating at 4°C 

for various times. Addition of dextran-coated charcoal stopped the reaction. 
After centrifugation an aliquot of the supernatant was counted to determine 
bound progestin in each tube. T =  total hormone added (nM); S 
=concentration of binding sites (nM); B =  bound 3H-progestin at each time 

interval (nM); F=free 3H-progestin at each time interval (nM). 
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Table 1. Summary o/ binding kinetics for the three progestins 

R-5020  O R G - 2 0 5 8  Proges te rone  

Assoc N rate  e l /mole  sec -1  ) 
Dissoc N rate  (sec 1) 
Assoc N cons t an t  (1 /mole)  
Dissoc N cons t an t  (mole /1)  

5.95 x I (#  26.6 × 104 1.92 x 104 
2 . 4 5 x 1 0  5 3 . 1 2 x 1 0  -5  7 . 3 3 × 1 0  -6  

2.4 x 109 8.5 x 109 2.6 x 109 
4 . 1 x 1 0  l0 1 . 2 x 1 0  10 3 . 8 x 1 0  10 

E x p e r i m e n t a l  detai ls  are  ou t l ined  in the  text.  Values  were ob ta ined  ti 'om Fig. 3(b)  and  (d). 

constant compared with that of the other two 
progestins. 

4. Sucrose density gradient ultracentrifugation 

The binding of each progestin to the pro- 
gesterone receptor of premenopausal human 
myometrium was [urther characterised th- 
rough sucrose density gradient centrifugation. 
For each progestin, the receptor sedimented at 
4S, the binding in this peak being inhibited 
by addition of a 100-fold excess of unlabelled 
hormone. Only results t~)r progesterone bind- 
ing are shown in Fig. 4 as results for the 
synthetic progestins are similar. 

Scatchard plots [8], from which both binding 
site numbers and dissociation constants could 
be calculated (Fig. 5b). For one such cytosol 
fraction, the 3H-progesterone assay measured 
404 finole 3H-progesterone bound/mg cytosol 
protein, with a dissociation constant of 4.16 
× 10 -9 mole/1. Using 3H-R-5020 for the same 

cytosol fraction, values of 417fmole 3H-R- 
5020 bound/mg cytosol protein, and 8.91 
x 10 t0 mole/1 were obtained. The two assays 

consistently measure similar levels of receptor 
sites in the same cytosol fraction, but give 
dissociation constants which are higher than 
those obtained in the kinetic studies. This 
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Fig 4. Sucrose demity gradient centr~hgation oJ~Orogesterone receptor. 
O'tosol and 3H-progesterone (600 tinole) were incubated either with 
( ©  (2)) or without ( 0 - - - 0 )  a lO0-~bld exces~f o f  unlabelled 
progesterone. Following incubation with a charcoal pellet and 
centrifugation, 300 #1 t f  the supernatant was layered on a 5 -20  % sucrose 
density' gradient and centriJuged 18 hr  at 4°C on a S W  4 0  T i rotor at 

40,000 rev /min .  Bovine serum albumin was run as a standard. 

5. Progesterone receptor assay of human myometrium 

Because of its low specific activity 
(19.2 Ci/mmole), ORG-2058 was not used for 
assays of progesterone receptor. Tissues were 
therefore assayed for progesterone receptors 
using 3H-progesterone and all-R-5020. Assays 
of human plasma showed no specific binding 
sites for either R-5020 or progesterone (Fig. 
5a), suggesting that both assays discriminate 
well between specific and non-specific binding 
of the progestin. 

Assays of premenopausal human myomet- 
rial cytosol fraction found specific proges- 
terone receptors, allowing the construction of 

unexplained observation has been madc by other 
workers [5]. 

DISCUSSION 

The three progestins R-5020, ORG-2058 
and progesterone bound to the specific re- 
ceptor for progesterone in human myometrial 
cytosol fraction, the receptor sedimenting 
characteristically for premenopausal myomet- 
rium at 4S in a sucrose density gradient [5]. 
However, the kinetics studies indicated that 
ORG-2058 had the fastest rates of association 
with and dissociation from the receptor, while 
progesterone had the slowest rates. 
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Fig. 5. Scatchard plots/or progestin binding in human J'emale plasma and human myometrial cytosol 
fraction. Incubation conditions are described in the text. Results were obtained using 3H-pr0gester0ne ( 0 ) or 
3H-R-5020 (O). B = bound 3H-progestin (fmole/mg cytosol protein), U= unbound 3H-progestin 

(fmole/mg cytosol protein). 

Competition studies between the radio- 
labelled progestins and various concentrations 
of unlabelled steroids revealed that the syn- 
thetic progestins bound to the receptor with 
higher specificity than did the natural hor- 
mone. At low concentrations (10nM), only 
the synthetic hormone or the natural hormone 
were able to compete significantly with either 
R-5020 or ORG-2058. However, at the same 
concentration (10nM), estradiol-17fl, diethyl- 
stilboestrol, dihydrotestosterone, and 20fl- 
hydroxy-4-pregnen-3-one were able to com- 
pete significantly with 3H-progesterone. At 
higher concentrations of competitor, the dis- 
placement of 3H-progesterone from the bind- 
ing sites was even greater. Binding of synthetic 
progestins was affected much less by changes 
in concentrations of competing steroids. 

Both the synthetic hormone, R-5020 and 
the natural hormone, progesterone have been 
used successfully in the measurement of pro- 
gesterone receptors in human myometrium. 
The values obtained with either hormone are 

comparable. However, in using the natural 
hormone it is necessary to include an excess of 
cortisol in each assay tube to overcome non- 
specific binding [4]. 

These studies indicate that the synthetic 
progestins are preferable to the natural hor- 
mone, progesterone, in assays for progesterone 
receptor. Both are more stable in their bind- 
ing to receptor during charcoal incubation, 
and their receptor binding is affected less by 
other steroids. Of  the two synthetic progestins, 
ORG-2058 and R-5020, R-5020 is preferable 
because of its higher specific activity and its 
similar binding kinetics to the natural 
hormone. 

The synthetic steroid, 3H-R-5020 now is 
being used routinely in this laboratory to 
assay for progesterone receptors in human 
mammary gland tumours. 
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