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Ef f i c i en t  a n t i m i n e r a l o c o r t i c o i d  s e l e c t i o n  r e q u i r e s  a r e l i a b l e ,  d i s c r i m i n a t i n g  a n d  e a s y  a s s a y  f o r  
m o n i t o r i n g  b i o l o g i c a l  a c t i v i t y  o f  no t  on ly  t he  spec i f i c  r e c e p t o r ,  b u t  a l so  c lose ly  r e l a t e d  r e c e p t o r s  s u c h  
as g l u c o c o r t i c o i d  a n d  p r o g e s t i n .  T h e s e  r e l a t e d  a c t i v i t i e s  s h o u l d  be  as low as p o s s i b l e  to  o b t a i n  spec i f i c  
a n t i m i n e r a l o c o r t i c o i d  c o m p o u n d s .  In  th i s  p a p e r ,  we d e s c r i b e  two  c e l l u l a r  m o d e l s  u s e d  f o r  e a s y  a n d  
spec i f i c  m e a s u r e m e n t  o f  m i n e r a l o c o r t i c o i d  a n d  p r o g e s t i n  ac t iv i t i e s .  T h e s e  m o d e l s  i nvo lve  t he  
i n d u c t i o n  o f  f i re f ly  l u c i f e r a s e  u n d e r  h o r m o n a l  c o n t r o l  m e d i a t e d  b y  a c h i m e r i c  r e c e p t o r .  T h e  f i r s t  
m o d e l  c o m p r i s e s  t r a n s i e n t l y  t r a n s f e c t e d  M C F - 7  cells,  w h e r e a s  t he  s e c o n d  uses  s t a b l y  t r a n s f e c t e d  
H e L a  cells.  G l u c o c o r t i c o i d  a c t i v i t y  was  a s s a y e d  w i t h  t he  c lass ic  t y r o s i n e - a m i n o t r a n s f e r a s e  i n d u c t i o n  
m e t h o d  in H T C  cells .  Six  c o m p o u n d s  o f  a n e w  f a m i l y  o f  1 1 / ] - s u b s t i t u t e d - 1 7 - s p i r o l a c t o n e  s t e r o i d s  
w e r e  t h u s  s t u d i e d  a n d  c o m p a r e d  to  c o n t r o l  c o m p o u n d s .  F ive  o f  t h e m  s h o w e d  a n t i m i n e r a l o c o r t i c o i d  
a c t i v i t y  a n d  one  was  a c t i v e  a t  a c o n c e n t r a t i o n  l o w e r  t h a n  t h a t  o f  m e s p i r e n o n e .  
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I N T R O D U C T I O N  

Mineralocorticoids are involved in the regulation of 
electrolyte balance, and disorders of  their synthesis 
may cause hypertension by increasing sodium and 
water retention. Antimineralocorticoids are therefore 
used in the t reatment  of  diseases with sodium/ 
potassium imbalance. Because antimineralocorticoids 
such as spironolactone do not only interact with the 
renal mineralocorticoid receptor (MR),  the use of such 
drugs, especially at high doses and/or for long-term 
treatment,  becomes limited due to endocrine side 
effects [1, 2]. Data  in the literature show the existence 
of cross-reactions with receptors for other steroid hor- 
mones,  for example progestins and glucocorticoids 
[3, 4]. These  cross-reactions reflect the very similar 
chemical structure of  these hormones,  leading to a 
relatively high affinity of  these hormones for other 
receptors. Recently, a second type of possible cross-talk 
was revealed for the receptors themselves. These  recep- 
tors show marked sequence identity and have indistin- 
guishable D N A  binding sites [4]. These  similarities 
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underly the recognition of the same response element 
[4-6] and transcription activation of the same genes. 

Therefore ,  as reported by Sutanto and de Kloet  [2], 
" ideal"  aldosterone antagonists are those that interact 
with M R  with high affinity, but  show no affinity 
for other steroid receptors. Development  of  such po- 
tent and specific antagonists require several specific 
test-systems, such as evaluation of the affinity of  test- 
compounds  for the MR,  evaluation of their mineralo- 
corticoid and/or antimineralocorticoid activities and 
evaluation of their secondary (anti)progestin and 
(anti)glucocorticoid activities. T h e  objectives of  this 
paper  are firstly to describe quick and easy in vitro 
test-systems that reliably measure mineralocorticoid 
(and progestin) activities for screening new synthetic 
compounds,  and secondly to describe the in vitro 
biological activities of  a series of six tes t -compounds  
developed for potential antimineralocorticoid activity 
[7-9]. Given the various levels of  cross-talk between 
hormones and receptors, and in order to per form a 
Structure-Activi ty Relationship (SAR) study on a 
series of  molecules able to specifically bind the MR,  we 
chose for a quick and easy "f irs t"  screening study, to 
test the specificity and activity of  compounds  rather 
than to test their closeness to a typical physiological 
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behavior (a physiological behavior is often multi-  
faceted, varying with the nature of the response stud- 
ied, the target organ, the animal species). Also, we 
decided to create a highly specific cellular study model 
with a "minimal  receptor"  responsible for the most 
important  functions: ligand binding, nuclear localiz- 
ation, dimerization, transactivation of a reporter  gene. 
Fur thermore ,  in order to evaluate the intrinsic M R  
mediated responses without any specific influence from 
a target tissue or cell [10] (e.g. steroid metabolism), the 
cell lines used in this study were chosen from those 
known not to be targets for mineralocorticoids. T h e  use 
of  this model, therefore, will require a second screening 
study and a physiological study to be performed on 
natural target organs or cells or with standard pharma-  
cological techniques [11, 12], but only with the most 
interesting compounds.  

Molecular cloning of mineralocorticoid, progestin 
and glucocorticoid receptors cDNAs enabled the 
identification of structural and functional domains in 
the receptor proteins [4, 13-16]. Apart  f rom the D N A -  
binding domains (DBD or C region) where the marked 
sequence identities led receptors to recognize the same 
response elements on genes, the C-terminus (D, E, F 
regions) was shown to be responsible not only for 
hormone binding, but also for nuclear localization and 
for interactions with other proteins such as heat shock 
proteins, transcription factors and the receptor itself in 
the dimerization process. The  N- te rminus  (A/B region) 
of the protein, although containing a region involved in 
transcriptional activation, has a function less well un- 
derstood: in transient transfection experiments [17] 
where the M R  amino-terminus was entirely deleted, it 
was shown that the corresponding zXMR had activity 
not significantly different from that of  the wild-type 
MR,  suggesting that this A/B domain is essentially 
neutral in this assay. These data led us to develop a 
cellular model to study mineralocorticoid activity, 
where the chimeric "minimal  receptor"  is able to 
specifically bind the ligand, and to stimulate or inhibit 
a response that cannot be otherwise stimulated by the 
various endogenous receptors. Such a receptor was 
constituted by the C-terminus domain (D, E, F re- 
gions) of MR,  and the heterologous D B D  of the highly 
specific yeast transcription factor GAL4.  This  D B D  is 
able to stimulate heterologous transcription in mam-  
malian cells [18], and avoids the use of the natural 
M R - D B D  responsible for several natural side effects. 
This  principle was also applied to the development of  
a model responding to progestins. 

Biological responses obtained with these models 
reflect the natural hormonal or antihormonal  activities 
of control-compounds.  Surprisingly, we also showed 
that this in vitro test developed to study mineralocorti-  
coid activity seems to discriminate between mineralo- 
corticoid and glucocorticoid hormone molecules. 
Finally, we described the biological behavior of six 
steroidal 17-spirolactones substituted in the l l f i  pos- 

ition, developed for their potential antimineralocorti-  
coid activity [7-9]. The  relationship between the nature 
of the 11 fi arm of these compounds and their affinity for 
cytosolic M R  and glucocorticoid receptor (GR) has 
been discussed recently [19]. The i r  antimineratocorti-  
cold action observed in the present study confirmed the 
hypothesis of a "hydrophobic  pocket"  located in the 
M R  region, corresponding to the 11// position. How- 
ever, progestin and antiglucocorticoid activities [the 
latter being measured by evaluation of tyrosine-amino- 
transferase ( T A T )  induction in H T C  cells] exhibited 
by these molecules requires their specificities to be 
improved further. 

E X P E R I M E N T A L  

Chemicals, materials, cell culture 

All the tested cell lines were cultured in Dulbecco 's  
modified essential medium ( D M E M )  with phenol red, 
supplemented with 5% fetal calf serum (FCS) and 
maintained in a 5°° CO2 atmosphere,  95% humidity,  
at 37°C. Aldosterone, estradiol, progesterone, dexa- 
methasone, testosterone and luciferin were purchased 
from Sigma Chemical (St Louis, MO).  Neomycin  
(geneticin, G418) was from Gibco /BRL (Sarl). R U  486 
and R5020 were gifts from Dr  D. Philibert at Roussel 
Uclaf  (Romainville, France). Spironolactone and 
mespirenone (A ~- 15//, 16//-methylene-spironolactone) 
were gifts from Schering Aktiengesellschaft (Berlin and 
Bergkamen, Germany) .  A single photon-count ing cam- 
era (ARGUS-100)  from H amamatsu Photonics (Hama-  
matsu, France) was used to select stable G418 resistant 
clones. Detection of luciferase activity on cell-free 
extracts was done using an L K B  Wallac 1251 lumi- 
nometer  (Sundyberg,  Sweden). 

Plasmid constructions 

D N A  constructions were performed using standard 
procedures [20]. The  670-984 M R  fragment  (amino 
acids of the D, E, F regions) was obtained by PCR 
amplification of the corresponding 945 bp fragment  of  
the h M R  cDNA,  using primers in which restrictions 
sites ( X h o I - K p n I )  were added. The  plasmid p G a l - M R  
was constructed by inserting this X h o I - K p n I  fragment  
into the expression vector pGal4 (1-147)ER region F 
[21]. The  expression vector pGal4-hPR(E)  has been 
described previously [22, 23]. These  plasmids encoding 
for chimeric mineralocorticoid or progesterone recep- 
tors are used to stimulate specific chimeric genes: as 
shown in previous studies [18] the yeast G A L 4  protein 
can be expressed in mammalian cells, and stimulate 
transcription after binding to a gene promoter  contain- 
ing a GAL4-b ind ing  site (17M: a 17bp  sequence, 
5 ' - C G G A G T A C T G T C C T C C G - 3 ' ) .  The  plasmid 
p(17M)5- / /Glob-Luc  was constructed by ligation of 
the Sa l I -Bg l I I  fragment of (17M)5-/ /Glob (which con- 
tains 5 repeats 17M and the //-globin promoter)  up- 
stream of the luciferase gene [24] used as a reporter 
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gene [25]. All constructions were checked by restriction 
enzyme analysis. The  MR D N A  fragment amplified by 
PCR was sequenced according to the Sanger method. 

Transient and stable transfections 

Transient  transfection experiments were performed 
in MC F - 7  cells by the previously described calcium 
phosphate procedure [20]. The  stable transfected 
H G P L  cells presented in this paper were obtained by 
cotransfection of H e L a  cells with plasmid pAG-60 [26] 
for resistance to neomycin (or G418), reporter plasmid 
p(17M)5-f lGlob-Luc and expression plasmid pGal-  
hPR(E). Cotransfection was carried out by the calcium 
phosphate precipitation technique. Transfected cells 
were then selected according to their neomycin resist- 
ance (usually 1 to 2 days after transfection): cells were 
cultured for 3 weeks in routine medium containing 
1 mg/ml of G418 and then cultured in the routine 
medium alone. A second selection of the various G418 
resistant clones was carried out by measuring the 
inducible luciferase as described previously [27]: cells 
were incubated for 24 h with medium containing vari- 
ous effector concentrations, while controls received 
only 0.2% EtOH and the luciferase was then assayed 
in whole cells using the single photon counting camera. 
After localization, the luminescent clones were har- 
vested, spread out and grown in T25 culture flasks. 

Luciferase assay in whole cell- and in cell free-conditions 

Selection of positive stable transfected cells was 
performed using a photon-counting camera coupled 
with an imaging analysis system. After incubation of 
the clones with hormones, the medium was replaced by 
a medium containing 0.2 m M  of the substrate luciferin. 
Luminescence values were read after 5 to 10min 
integration. The  luminescent clones were localized as 
described previously [27]. 

The  luciferase assays in cell free conditions were 
performed in 6-well multidishes to screen the hormone 
activities with the cellular models described above. At 
the end of the cell incubation with test-compounds,  
cells were washed with 2 x 2.5 ml of cold luminescence 
buffer (15 m M  potassium phosphate, 8 r a m  MgC12, 
pH 7.4), and scraped in 1 ml of the same buffer 
containing 2 m M  A T P  harvested and disrupted by 
sonication. Luciferase activity was determined on an 
aliquot fraction (150 ~1 plus 50 #1 of 3% Tr i ton  X-100 
solution) luminescence was measured (integration time 
15s), after injection of 100~tl solution containing 
6 × 10 -4 M luciferin and 6 x 10 -4 M coenzyme A. Pro- 
tein assays were performed according to Lowry 's  
method [28] on an aliquot fraction (0.1 ml) of the 
cellular homogenate. Results were expressed as arbi- 
trary luminescence units per mg of proteins. 

T,4 T assay 

T A T  induction was performed by incubating H T C  
cells in duplicate on 6-well culture tissue plates with 

serum-free medium, containing 1% ethanol (final con- 
centration) with or without steroids at concentrations 
as described in the figures. After 16-19 h incubation, 
the cells were scraped, harvested and disrupted by 
sonication. Th e  specific T A T  enzyme activities and 
protein contents in the cell lysates were determined as 
described previously [29, 30]. 

RESULTS 

Steroid specificity of the chimeric G a l - M R  

After transient cotransfection in M C F - 7  cells, with 
pGa l -MR and p(17M)5-f lGlob-Luc,  and incubation 
with steroids, the response was evaluated by measuring 
the luciferase activity. In the absence of added com- 
pound, the basal luciferase activity was very low. After 
exposure to the agonist mineralocorticoid (aldoster- 
one), luciferase was expressed in a dose-dependent 
manner (Fig. 1). Th e  maximum response obtained at 
1 0 n M aldosterone showed a >100-fold increase in 
luciferase induction. 

The  biological effects of two potent aldosterone 
antagonists, spironolactone and mespirenone [31-33], 
were then analyzed (Fig. 1). The i r  antimineralocorti- 
coid activity was investigated by measuring their ca- 
pacity to block aldosterone-induced luciferase activity. 
At 10 nM concentration, they significantly decreased 
luciferase activity induced by 10nM aldosterone. At 
concentrations of 1 #M,  they were able to block the 
expression of aldosterone-induced luciferase activity. 
Evaluation of their inhibitory activities in the presence 
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Fig. 1. D o s e - d e p e n d e n t  s t i m u l a t i o n  b y  a l d o s t e r o n e  o f  luci-  
f e ra se  i n d u c t i o n  in t r a n s i e n t l y  t r a n s f e c t e d  M C F - 7  cells. 
T r a n s f e c t e d  cells w e r e  i n c u b a t e d  f o r  20 h wi th  v a r i o u s  a ldos-  
t e r o n e  c o n c e n t r a t i o n s  (A) ,  wi th  v a r i o u s  m e s p i r e n o n e  con-  
c e n t r a t i o n s  in the  p r e s e n c e  (O)  or  in the  a bse nc e  of  10 n M  
a l d o s t e r o n e  (O) ,  o r  w i t h  v a r i o u s  s p i r o n o l a c t o n e  concen-  
t r a t i o n s  in the  p r e s e n c e  ( l l )  o r  in the  absence  of  1 0 n M  
a l d o s t e r o n e  ([Z). M a x i m u m  i n d u c t i o n  was  o b t a i n e d  wi th  
10 n M  a ldos t e rone .  L u m i n e s c e n c e  va lues  were  e x p r e s s e d  as a 
m e a n  p e r c e n t a g e  o f  m a x i m u m  act iv i ty  o b t a i n e d  in t h r e e  
e x p e r i m e n t s  p e r f o r m e d  in dupl ica te .  The  0% va lue  was  the  
l u m i n o m e t e r  b a c k g r o u n d  value  o b t a i n e d  in the  absen ce  o f  

cells. 
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Fig.  2. Spec i f i c i ty  o f  t h e  m i n e r a l o c o r t i c o i d  r e s p o n s e .  L u c i -  
f e r a s e  a c t i v i t y  was  d e t e r m i n e d  as  d e s c r i b e d  for  Fig. 1. T r a n s -  
f e c t e d  c e l l s  w e r e  i n c u b a t e d  w i t h  t e s t - c o m p o u n d s  a t  i n d i c a t e d  
c o n c e n t r a t i o n s .  A g o n i s t i c  ef fec ts  w e r e  e x p r e s s e d  as  a m e a n  
p e r c e n t a g e  o f  m a x i m u m  r e s p o n s e  o b t a i n e d  w i t h  a l d o s t e r o n e .  
T h e  0% v a l u e  was  t h e  l u m i n o m e t e r  b a c k g r o u n d  v a l u e  ob-  
t a i n e d  in  t h e  a b s e n c e  o f  cel ls .  S t a n d a r d  d e v i a t i o n s  w e r e  

c a l c u l a t e d  f r o m  t h r e e  e x p e r i m e n t s  p e r f o r m e d  in d u p l i c a t e .  

of  1 0 n M  a ldos te rone  show that  sp i rono lac tone  
(ICs0 = 40 -50  n M )  was i nh ib i t o ry  at a 2 .7- fo ld  grea te r  
concen t ra t ion  than  m e s p i r e n o n e  (IC50 = 15-20 nM) .  
As seen in Fig.  1, they  d id  not  show any agonis t  
act ivi ty ,  s ince no i nduc t i on  of  luci ferase  ac t iv i ty  was 
o b s e r v e d  in the absence  of  a ldos te rone .  

C o n c e r n i n g  the o the r  classes of  ho rmones ,  Fig.  2 
shows tha t  p roges t e rone ,  R5020 and  tes tos te rone ,  
which  are k n o w n  to have no mine ra loco r t i co id  ac-  
t ivi ty,  d id  not  induce  luci ferase  act ivi ty.  G l u c o c o r t i -  
colds,  such as d e x a m e t h a s o n e  and cor t isol ,  are full  
agonis ts  for M R  in cell cu l tu re  and b ind  wi th  r ecom-  
b inan t  h M R  in vitro with  a re la t ive ly  high affinity 
(more  than  20°,i, that  o f  a ldos te rone)  [34-36].  In  the  
p resen t  ce l lu lar  mode l ,  we obse rved  that  these s teroids  
i nduced  luci ferase  ac t iv i ty  in a d o s e - d e p e n d e n t  m a n -  
ner,  wi th  h igh  concen t ra t ions  of  dexame thaso ne  re-  
qu i r ed  to s t imula te  luci ferase  induc t ion .  As shown in 
Fig .  2, the response  to 100 n M  cor t isol  was 60% of  
tha t  ob t a ined  wi th  1 0 n M  a ldos te rone ,  whi le  dexa-  
m e t h a s o n e  r equ i r ed  even h igher  concen t ra t ions ,  s ince 
at 1 # M  luciferase ac t iv i ty  i nduced  by  dexame th a sone  
was only  2 0 - 3 0 %  of  the  m a x i m u m  level ob t a ined  wi th  
a ldos te rone .  T h e  same resul ts  were  ob t a ined  for incu-  
ba t ions  in the  p resence  of  ca rbenoxo lone ,  an i nh ib i t o r  
of  the  l l f l - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  (data  not  
shown) .  

Steroid specificity of the chimeric Gal -PR 

As shown in Fig .  3, in p roges t e rone  respons ive  
H e L a - d e r i v e d  H G P L  cells, t r e a t m e n t  wi th  the  syn-  
the t ic  agonis t  R5020 resu l ted  in d o s e - d e p e n d e n t  in-  
duc t ion  o f  firefly luciferase.  T h e  m a x i m u m  response  
was r eached  at 1 0 0 n M  R5020 and the  p resence  of  
R5020 i nduced  a more  than  100-fold increase  in 
luci ferase  induc t ion .  At  all tes ted  concen t ra t ions  

(1-1000 nM) ,  RU486 ,  a syn the t ic  p roges t e rone  an tag-  
onis t  [37], was unab le  to s t imula te  luciferase induc t ion  
in the H G P L  ceils bu t  can inh ib i t  the R5020- induced  
response:  the effects of  10 n M  R5020 were comple t e ly  
inh ib i t ed  by  1 0 n M  RU486 ,  showing  that  in this 
mode l  R U 4 8 6  was a full an tagonis t .  As shown in 
T a b l e  1, h o r m o n e s  of  the o the r  classes ( tes tos te rone ,  
cor t isol ,  a ldos te rone)  d id  not  induce  luciferase,  thus  
showing  the specif ic i ty  of  this  cell l ine for p roges t in  
act ivi ty.  

Mineralocorticoid activity of lift-substituted steroids 

T h e  mine ra loc o r t i c o id  or  a n t im ine ra loc o r t i c o id  ac-  
t iv i ty  of  a series of  six new s tero ida l  11/3-subst i tu ted  
sp i ro lac tone  der iva t ives  was tes ted  in the t r ans ien t ly  
t r ans fec ted  M C F - 7  cell model .  T h e i r  syntheses  and 
re la t ive  b i n d i n g  affinities for M R  were recent ly  de-  
sc r ibed  e l sewhere  [19]. F o r  all of  these  c o m p o u n d s ,  
rn inera locor t i co id  ac t iv i ty  was inves t iga ted  by  m e a s u r -  
ing the capac i ty  of  these c o m p o u n d s  to induce  luci-  
ferase act ivi ty.  In  any case, no s t imula t ion  was 
obse rved ,  showing  tha t  they  do not  have any m e a s u r -  
able  mine ra loco r t i co id  act ivi ty.  T h e y  were  able to 
ful ly inh ib i t  luciferase i nduc t i on  by  10 n M  a ldos te rone  
in a d o s e - d e p e n d e n t  m a n n e r  (Fig.  4). T h e i r  b iological  
efficiencies eva lua ted  by  the i r  ICs0 s at 10 n M  a ldos te r -  
one concen t ra t ion  are given in T a b l e  2. T h e  com-  
p o u n d s  were able  to inh ib i t  a l d o s t e r o n e - i n d u c e d  
luciferase ac t iv i ty  by  half  in the 4 to 100 n M  concen-  
t ra t ion  range.  As expec ted  f rom ano the r  s tudy  [19], 
one of  t hem ( F H  61), which  has no affinity for the 
r abb i t  M R ,  had  no effect. A m o n g  the o thers ,  the 
1 l f l - a l l e n y l - 3 - o x o -  19 nor -  17-pregna-4 ,9  d iene-21 ,17-  
ca rbo lac tone  der iva t ive  ( F H  151) i nh ib i t ed  luciferase 
ac t iv i ty  at lower  concen t ra t ions  than  no ted  wi th  po ten t  
an t imine ra loco r t i co id s  m e s p i r e n o n e  or  sp i ronolac tone .  

1 0 0  

~ 81) 

• ~= 60 

40 

5 2O 

0 
1 1 - I 0 - 9  S - 7  - 6  

- L o g  (Effector)  

Fig. 3. Dose-dependent stimulation by R5020 of luciferase 
induction in HGPL cells. Stably transfected cells were incu- 
bated for 20 h with various R5020 concentrations ((3) or with 
various RU486 concentration in the absence (A) or in t h e  
presence of 10 nM R5020 ([~). Maximum induction was ob- 
tained with 100nM R5020. Luminescence values were ex- 
pressed as a mean percentage of maximum activity obtained 
in three experiments performed in duplicate. The 0% value 
was the luminometer  background value obtained in the 

absence of cells. 
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Table 1. Effects of various steroids on chimeric PR in HGPL cells 

Progestin activity 

Compound ECs0 % of activation ICs0 % of inhibi t ion 

Aldosterone - -  N D  ~ 1000 nM ~ 50 
Dexamethasone 6-7 n M  30 ~ 1000 nM ~ 50 
Cortisol - -  N D  ~ 1000 n M  ~ 50 

Testosterone - -  N D  ~ 1000 nM ~ 50 
Progesterone - -  100 

R5020 5 nM 100 
RU486 - -  N D  1 nM 100 
Mespirenone - -  N D  > 1000 nM 30 

The  effective (ECs0) and inhibi tory (ICs0) concentrations giving 50 % of the max imum 
response were determined in two separate experiments.  % of inhibi t ion was the 
value determined in the presence of 10 nM R5020 and 1000 nM of effector. % of 
activation was the value determined in the presence of 1000 nM effector alone. The  

100% activation value was obtained in the presence of 1000 nM R5020. ND:  not 

detectable. 

Progestin activities of  test-compounds 

We analyzed the chimeric progestogenic response of 
compounds displaying antimineralocorticoid activity. 
The i r  progestin potencies (ECs0s) are presented in 
Table  2. FH61,  which had no antimineralocorticoid 
effect, showed progestin activity of < 1%. Compounds 
which displayed antimineralocorticoid activity also had 
progestogenic potencies (35-80%) with ECs0 s of about 
2-20 nM. Since these compounds are only partial ago- 
nists they partially antagonize the luciferase activity 
induced by 10 nM R5020, with ICs0s about 5-100 n M 
(data not shown). By comparison, mespirenone, an 
efficient aldosterone antagonist, displayed no progestin 
activity and only inhibited 20-30% of progesterone-in- 
duced luciferase. 

Glucocorticoid activities of  test-compounds 

The  glucocorticoid activities of the test-compounds 
were evaluated by classical induction of T A T  in H T C  
cells. As shown in Table  2, two (FH151 and FH165) 
showed partial glucocorticoid activity (50 and 40%, 
respectively) and corresponding antiglucocorticoid ac- 
tivity, while three others (FH157, FH164 and AR126) 

Table 2. Effects of test compounds on chimeric M R  in 
HGPL cells and on TA 

were mainly antiglucocorticoid. Th e  last compound 
(FH61) was inactive. 

DISCUSSION 

One of the objectives of this study was to develop 
cellular models for the specific measurement of hor- 
monal activities, even when these hormones show 
natural cross-reactivity in other receptor systems. Re- 
cent developments in molecular biology [4, 13-16] have 
made it possible for us to build various chimeric 
"minimal receptors" adapted to studies on ligand func- 
tions and specificities. It is important  to note that not 
all of the natural receptor is taken into account in this 
type of construction, particularly the N-terminal  re- 
gion, the function of which is still poorly understood. 
As discussed below, this may be responsible for dis- 
crepancies between these results, and results obtained 
using an entire receptor. 

Th e  results confirmed the functionality of these 
chimeric receptors as hormone-dependent  activators 
of transcription. They  showed that these miner- 
alocorticoid- or progestin-specific cellular systems, 
gave specific responses to hormonal stimuli. Control 

transiently transfected M C F -  7 cells, on chimeric PR in 
T induction in H T C  cells 

Antimineralocort icoid Antiglucocort icoid Progestin 

activity activity activity 

Compound  IC50 % of inhibi t ion ICs0 % of inhibi t ion ECs0 % of activation 

AR 126 100 nM 80 170 nM 100 N T  N T  
FH 61 - -  N D  - -  N D  - -  < 1 
FH 151 4-5 n M  100 40 nM 50 3 nM 35 
FH 157 30-40 n M  100 100 nM 80 10-20 nM 55 
FH 164 30--40 nM 100 80-100 nM 80 4-5 nM 45 
FH 165 20 nM 100 70 nM 50--60 2-3 nM 70--80 

°/o of inhibi t ion was determined in the presence of 10 nM of either aldosterone or dexamethasone for antimineralocor-  
t icoid or antiglucocort icoid activities, respectively and was expressed for 1000 nM of test-compounds.  % of activation, 
ECso and ICs0 were determined as described in legend of Table  1. The  100% activation of the progestin activity was 
obtained in the presence of 1000 nM R5020. ND:  not detectable. NT:  not tested. 
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Fig. 4. Antimineralocorticoid and mineralocorticoid effects of test-compounds. Trausfected cells were 
incubated with test-compounds at indicated concentrations. Maximum activity was obtained with 10 nM 
aldosterone. Inhibition of aldosterone induced luciferase (D) and luciferase activity in the absence of 
aldosterone ( I )  were plotted as a function of test-compound concentrations. The results were expressed as 

described for Fig. 1. 

compounds ,  k n o w n  for their  agonist  or antagonis t  
activity in terms of in v ivo  cellular  responses,  s t imu-  
lated or inh ib i ted  the i nduc t ion  of luciferase activity 
wi th in  these cellular models  as expected. Steroids such 
as testosterone,  progesterone,  p romeges tone  (R5020) 
and  mifepr i s tone  (RU486) ,  which have no minera locor -  
t icoid effects, showed no agonist ic  activity. Progester-  
one, which is known as a mineralocort icoid antagonist  
[38], showed ant imineralocort icoid activity in this study. 
While  they are fully agonist in the presence of an entire 
recombinan t  receptor [4, 35], glucocorticoids such as 
cortisol and dexamethasone showed only partial miner -  
alocorticoid activities at concentrat ions of 10-100 n M  in 

this model. Th i s  "aldosterone selectivity" is not  due 
to l l f l -hydroxysteroid  dehydrogenase ( l l - H S D )  ac- 
tivity in M C F - 7  cells, since we checked that (a) no 
conversion of tritiated cortisol to trit iated cortisone was 
observed in a cellular homogenate  in the presence of 
N A D ( P )  +, (b) carbenoxolone did not  modify the miner -  
alocorticoid activity of these glucocorticoids, and (c) in 
assays of glucocorticoid activity, in t ransient ly trans-  
fected M C F - 7  cells, a classic glucocorticoid response 
was obtained with either cortisol, corticosterone or 
dexamethasone,  showing that there is probably  little, if 
any, metabol ism of these steroids. Therefore ,  this dis- 
crepancy may result f rom the fact that the chimeric 
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r e c e p t o r  G A L - M R  does  n o t  possess  t h e  A / B  r e g i o n  o f  

t h e  n a t u r a l  r e c e p t o r ,  as a l r e a d y  o b s e r v e d  by  C a t o  et al. 

[39] u s i n g  a t r u n c a t e d  r e c e p t o r .  A s t u d y  is n o w  u n d e r  

i n v e s t i g a t i o n  to  u n d e r s t a n d  th i s  d i s c r i m i n a n t  p r o p e r t y  

a s soc i a t ed  w i t h  t h e  M R  a m i n o - t e r m i n u s  r eg ion .  

T h e  H G P L  cel l  m o d e l  s h o w e d  t h e  e x p e c t e d  spec i f i -  

c i ty  fo r  ( a n t i ) p r o g e s t i n  ac t iv i t i e s ,  s ince  R 5 0 2 0  a n d  

p r o g e s t e r o n e  w e r e  t h e  o n l y  m o l e c u l e s  to  i n d u c e  t h e  

r e s p o n s e  w h i l e  R U 4 8 6  was  a p u r e  a n t a g o n i s t .  T h e  

ce l l u l a r  m o d e l  was  u s e d  to  s t u d y  the  p o t e n t i a l  a n t i m i n -  

e r a l o c o r t i c o i d  ef fec t  o f  1 l f l - s u b s t i t u t e d  s t e ro id s  o f  t h e  

3 - o x o - A 4 - 1 7 - s p i r o l a c t o n e  ser ies .  T h e i r  aff ini t ies  fo r  t h e  

r a b b i t  M R  h a d  b e e n  e s t a b l i s h e d  p r e v i o u s l y  [19]. F i v e  

o f  t h e  c o m p o u n d s  ( A R  126, F H 1 5 1 ,  F H 1 5 7 ,  F H 1 6 4  

a n d  F H 1 6 5 )  g a v e  i n h i b i t i o n  o f  a l d o s t e r o n e - i n d u c e d  

l uc i f e r a se  fo r  ICs0s in  t h e  4 - 1 0 0  n M  r a n g e  in  r e l a t i o n  

to  t h e i r  aff ini t ies .  T h e s e  r e su l t s  c o n f i r m  tha t  t he  p r e s -  

e n c e  o f  t he  s p i r o l a c t o n e  f u n c t i o n  is c o r r e l a t e d  w i t h  t he  

a n t i m i n e r a l o c o r t i c o i d  a c t i v i t y  fo r  th is  ser ies  o f  c o m -  

p o u n d s  as fo r  t he  c lass ic  a n t i m i n e r a l o c o r t i c o i d  ser ies .  

H o w e v e r ,  t h e  n a t u r e  o f  t h e  11 /3 - subs t i t u t i on  was  s h o w n  

to be  i m p o r t a n t  in t h e  e f f i c iency  o f  t h e  t e s t - c o m p o u n d s :  

t h e  1 l f l - a l l e n y l  d e r i v a t i v e  (FI-I151) ,  w h i c h  was  the  bes t  

l i g a n d  fo r  t h e  c y t o s o l i c  r a b b i t  M R ,  was  e f f ec t ive  as an  

a n t i m i n e r a l o c o r t i c o i d  at a 10 - fo ld  l o w e r  c o n c e n t r a t i o n  

t h a n  tha t  o f  t he  o t h e r  s t e r o i d a l  s p i r o l a c t o n e s  o f  t he  

ser ies  w i t h  a d i f f e r e n t  l i B - s u b s t i t u t i o n ,  a n d  at a 2 - f o l d  

l o w e r  c o n c e n t r a t i o n  t h a n  t h a t  o f  t he  p o t e n t  a n t i m i n e r -  

a l o c o r t i c o i d ,  m e s p i r e n o n e .  S u c h  an e n h a n c e m e n t  c o u l d  

be  a t t r i b u t e d  to  t h e  n p o t e n t i a l  o f  t he  l l f t - a l l e n i c  

m o i e t y  a n d  the  o r i e n t a t i o n  o f  th is  s ide  c h a i n  as d e t e r -  

m i n e d  b y  p r e c i s e  X - r a y  d e t e r m i n a t i o n  o f  t he  c rys ta l  

a n d  m o l e c u l a r  s t r u c t u r e  o f  th i s  c o m p o u n d  ( R a m b a u d ,  

D e c l e r c q  a n d  A u z o u :  u n p u b l i s h e d  data) .  A t  h i g h  c o n -  

c e n t r a t i o n s ,  h o w e v e r ,  th is  c o m p o u n d  s h o w e d  s o m e  

a g o n i s t / a n t a g o n i s t  ac t iv i t i e s  in  t e r m s  o f  g l u c o c o r t i c o i d  

a n d  p r o g e s t i n  r e s p o n s e s .  F u r t h e r  m o d i f i c a t i o n s  in t h e  

c h e m i c a l  s t r u c t u r e s  o f  t he se  c o m p o u n d s  a re  t h e r e f o r e  

n e c e s s a r y  to f ind  a l i g a n d  f r o m  th is  ser ies  w i t h  h i g h  

spec i f ic  a n t i m i n e r a l o c o r t i c o i d  a c t i v i t y  a n d  low 

s e c o n d a r y  ef fec ts  m e d i a t e d  by  the  o t h e r  r e c e p t o r s .  

T h e  p r e p a r a t i o n  o f  n e w  l i f t - d e r i v a t i v e s  is c u r r e n t l y  

u n d e r w a y .  

U s i n g  g e n e  t r a n s f e r  e x p e r i m e n t s ,  we  h a v e  s h o w n  tha t  

c h i m e r i c  r e c e p t o r s  can  be  u s e d  to  s c r e e n  p o t e n t  an -  

t i m i n e r a l o c o r t i c o i d  m o l e c u l e s .  A s tab le  t r a n s f e c t a n t  cel l  

l ine  was  u s e d  to assay p r o g e s t i n  ac t iv i ty ,  b u t  d i f f icu l t i es  

w e r e  e n c o u n t e r e d  in a t t e m p t i n g  to o b t a i n  s tab le  t r a n s -  

f ec t an t s  e x p r e s s i n g  l uc i f e r a se  u n d e r  t he  c o n t r o l  o f  

m i n e r a l o c o r t i c o i d s  o r  g l u c o c o r t i c o i d s ,  in  t h a t  e x -  

p r e s s i o n  r a p i d l y  b e c a m e  h o r m o n e - i n d e p e n d e n t .  A t  t he  

p r e s e n t  t ime ,  we  a re  a t t e m p t i n g  to a c h i e v e  i n d u c t i o n  o f  

a s t ab le  r e s p o n s e  in s u c h  t r a n s f e c t a n t s .  
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