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The  syn the t ic  an t ig lucocor t i co id  RU486 has mu l t i p l e  effects  on the i m m u n e  sys tem.  We have 
r ecen t ly  r e p o r t e d  tha t  RU486 suppresses  n o r m a l  l y m p h o c y t e  p r o l i f e r a t i o n  and  downregu la t e s  
in te r leuk in-2  r e c e p t o r s  (IL-2R) by decreas ing  the a c c u m u l a t i o n  of  the  /~-chain IL-2R m R N A  in 
n o r m a l  h u m a n  l y m p h o c y t e s  in cu l tu re .  To f u r t h e r  exp lore  the  m e c h a n i s m  of  the  i m m u n o r e g u l a t o r y  
act ions  of  RU486, in the p r e sen t  s tudy,  we inves t iga ted  the  effects  o f  this molecu le  on the re lease  of  
l y mphok ine s  f r o m  p h y t o h e m a g g l u t i n i n  ( P H A ) - a c t i v a t e d  n o r m a l  h u m a n  p e r i p h e r a l  b lood l y m p h o -  
cytes (NPBL)  in cu l tu re .  We have found  t ha t  RU486 d i f fe ren t i a l ly  regu la tes  the re lease  of  l ymphok i -  
nes f r o m  P H A - a c t i v a t e d  NPB lymphocy te s .  Specif ical ly,  RU486 (at concen t r a t i ons  o f  1-100 nM) 
exer t s  pu re  an tagon is t  ac t ions  by a lmos t  comp le t e ly  r eve r s ing  the i nh ib i t o ry  effects  o f  the g lucocor -  
t icoid  d e x a m e t h a s o n e  (Dex) on the re lease  of  m o n o c y t e / m a c r o p h a g e s - d e r i v e d  lymphok ines ,  such as 
IL-1, IL-6, IL-8 and  t u m o r  necros is  f a c t o r - a l p h a  (TNF-~).  Dex dec reased  in a d o s e - d e p e n d e n t  
m a n n e r  the re lease  o f  the  above fou r  lymphokines ,  with an IDs0 of  0.9 +_ 0.1, 4.76 +_ 0.4, 9.8 +_ 1.8, and  
1.16 +_ 0.2 nM for  IL-1, IL-6, IL-8 and  TNF-~, respect ive ly .  Converse ly ,  RU486 exhibi ts  bo th  agonis t  
and  an tagon is t  effects  on the re lease  of  T - l y m p h o c y t e - d e r i v e d  lymphokines .  RU486 given alone, 
exer t s  agon i s t /g lucocor t i co id  effects,  by decreas ing  in a dose -dependen t  m a n n e r  the  re lease  of  IL-2 
and  -3. The  m a x i m a l  i nh ib i t o ry  effect  o f  RU486 was obse rved  at  10 nM and was 64.5 _+ 4.3% of  the 
con t ro l  value,  (n = 6, P < 0.02) fo r  IL-2 and  59.2 _ 6.3% (n = 6, P < 0.02) for  IL-3. The  IDs0 of  RU486 
for  the  re lease  of  IL-2 and  -3 were  14.6 + 2.0 and  11.6 _ 1.9 nM, respect ive ly ,  i.e. a lmos t  s imi l a r  with 
those of  Dex. In te res t ing ly ,  when high doses of  RU486 (1/IM) were  c o m b i n e d  with Dex RU486 
exh ib i t ed  an tagon is t  act ions by s ignif icant ly  coun t e r ac t i ng  the inh ib i to ry  effects  of  Dex on IL-2 and  
-3 release.  In conclusion,  the an t ig lucocor t i co id  RU486 exhibi ts  complex  r e g u l a t o r y  act ions on 
l y m p h o k i n e  secre t ion,  d e p e n d e n t  upon  the type  o f  the l y m p h o k i n e - p r o d u c i n g  cell. A pu re  an tagonis t  
ef fect  was obse rved  on the  re lease  o f  m o n o c y t e - d e r i v e d  IL-1, IL-6, IL-8 and  TNF-~t. However ,  when 
RU486 was given alone it ac ted  as a g lucocor t i co id  agonis t  on the secre t ion  of  T - l y m p h o c y t e - d e r i v e d  
IL-2 and  -3, while c o m b i n e d  with the agonis t  (Dex) it exhibi ts  an tagonis t  effects  on the re lease  of  
the above lymphok ines .  This  molecu le  still r e m a i n s  u n e x p l o r e d  as an i m m u n o r e g u l a t o r y  agent.  
F u r t h e r  s tudies  a re  needed  in o r d e r  to assess its r e levance  on p h a r m a c o l o g i c a l  i n t e rven t i on  in the  
i m m u n e  sys tem.  
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INTRODUCTION 

RU486 [ 17fl-hydroxy- 11 fl-(4-dimethylaminophenol) 
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17ct- (prop-l-ynyl) estra-4,9-diene-3-one] binds with 
high affinity to glucocorticoid and progesterone recep- 
tors [1-4]. It has recently been proposed as a contrages- 
tire agent, as well as for the pharmacological 
management of Cushing's syndrome [5, 6]. RU486 
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has also been tested, at high doses, for the treatment of 
advanced and tamoxifen-resistant breast cancer 
[4, 7, 8]. Recently it was reported that RU486 at high 
concentrations, (1-10 #M)  could suppress lymphocyte 
thymidine incorporation in vitro [9]. These  results 
suggest that at serum concentrations of 1 #M,  achieved 
in women taking the compound as an abortifacient or 
as an antineoplastic agent [10], RU486 could exert 
immunosuppressive effects. However,  the mechanism 
of the immunomodulatory  actions of  this molecule is 
unknown. Such inhibitory effects of RU486 could be 
attributed, at least partly, to a decreased expression of 
interleukin-2 receptors (IL-2R).  The  IL-2R is ex- 
pressed in B and T lymphocytes after antigenic or 
mitogenic stimulation and represents a key molecule in 
the pathway of the immune response, since it mediates 
the action of IL-2,  a lymphokine known to promote the 
proliferation of T cells. Indeed, we have recently 
reported that RU486 downregulates the IL-2R by 
decreasing the expression of the/3 chain IL-2R gene in 
normal human lymphocytes in culture [11]. 

Another  site of action of RU486 as an immunomod-  
ulator could be the release of lymphokines which are 
known to act in a paracrine/autocrine manner as me- 
diators and coordinators of the immune cells. The i r  
most prominent  effect is to stimulate proliferation of 
immune cells, amplifying the initial antigen-specific 
response. Lymphokines are also involved in general, 
non-specific defence mechanisms, such as inflammation 
and immunosurveillance of tumor  formation. IL-1,  
IL-6,  IL-8  and tumor necrosis factor-alpha (TN F -~ )  
derive mainly from monocytes/macrophages,  whereas 
IL-2  and -3 are mainly produced by antigen-activated 
T- lymphocytes  [12]. The  aim of the present study was 
to further explore the immunomodulatory actions of 
RU486. We investigated the effects of RU486 on the 
release of lymphokines (IL-1,  IL-2,  IL-3,  IL-6,  IL-8  
and T N F - e )  from phytohemagglutinin (PHA)-acti- 
vated human peripheral blood lymphocytes (NPBL)  in 
culture. 

EXPERIMENTAL 

Cell cultures 

Peripheral blood lymphocytes (PBL) were isolated 
from freshly obtained heparinized venous blood of 
healthy volunteers, by Ficoll-Paque density gradient 
centrifugation. Cells (106/ml) were resuspended in 
complete medium R P M I  1640 supplemented with 
10% heat-inactivated fetal calf serum (Flow Labs, 
Irvine, Scotland), 2g/1 sodium bicarbonate, 2 m M  
L-glutamine, 1.5 mg/ml of PHA,  lng/ml of PMA (Flow 
Labs), penicillin (100 U/ml) and streptomycin 
(100mg/ml).  Cell cultures were performed in 5% 
CO2/95% air at 37°C in the presence of various concen- 
trations of  RU486 or dexamethasone (Dex) 
(1-1000 nM) and combinations of these reagents. All 
cell cultures were carried out for 48 h, since at this time 

the maximal PHA-induced activation of lymphocytes is 
achieved [13]. 

Measurement of lymphokines 

All culture media for lymphokine determination 
were stored at - 8 0 ° C  until assayed. The  levels of 
different lymphokines (IL-1,  IL-2,  IL-3,  IL-4,  IL-6,  
IL-8  and T N F - ~ )  in the culture medium were 
measured by enzyme-linked immunoassays, specific for 
its lymphokine, using a 'sandwich' method (Quan- 
tikine, Rand D Systems, U.S.A.). The  results were 
expressed as pg of the respective lymphokine per mg of 
total cellular protein, which were determined on whole 
cellular homogenates by the Bradford method [14] 
using bovine serum albumin as standard. 

Statistical analysis 

Following the calculation of the concentration of 
lymphokines in the culture media (in pg per mg of total 
cellular protein), the data were finally expressed as 
percentages of the control, i.e. levels of the correspond- 
ing lymphokine in the absence of any steroid. To  
evaluate the dose-response curve of each steroid and 
their combination we used two non-parametric statisti- 
cal methods (Wilcoxon and Kruskal-Wallis) since the 
levels of lymphokines for its steroid concentration were 
normalized to the respective controls. Absolute concen- 
tration of the respective controls are given in the legend 
of each figure. 

RESULTS 

Effects of RU486 on monocyte/macrophage-derived 
lymphokines 

Relative levels of IL-1,  IL-6,  IL-8  and of T N F - ~  
were measured in the culture medium of blasts acti- 
vated for 48 h with PHA in the absence and presence 
of RU486 or Dex at various concentrations 
(1-1000 nM) and Dex plus 1 # M  RU486 (Table 1). 
Results were expressed as percentage of the control (i.e. 
cells cultured in the absence of any steroid). As ex- 
pected, Dex decreased the release of all four lympho- 
kines in a dose-dependent manner. The  maximal 
inhibitory effect of Dex was observed at 10nM. 
Specifically, in N P B L  cells incubated with 10 nM of 
Dex, the concentration of these lymphokines in the 
culture medium was as follows: IL-1,  21 + 2% of the 
control value, ( m e a n +  SEM, n = 6, P < 0 . 0 0 1 )  
[Fig. I(A)]; IL-6,  49.6 + 3.1% (n = 6, P <  0.03); IL-8: 
54.9___4% (n = 6, P <  0.03) (Fig. 3); and TNF-c~, 
60.3 __+ 3.7% (n = 6, P < 0.04) (Fig. 4). RU486 given 
alone at concentrations of 1-100 nM did not show a 
statistically significant effect on the release of these 
lymphokines. However,  RU486 at 1 # M  almost com- 
pletely reversed the inhibitory effect of Dex on IL-1 
[Fig. I(A)], IL-6  and IL-8  (Fig. 3) and T N F - ~  (Fig. 4). 
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Steriod IL-1 IL-2 IL-3 IL-4 TNF-a IFN-v 

Dex 1 ~  ~!~ ~1~ NE ~1} ~ 0  
0.9___0.1" 12.9±2.1 3.8± 1.2 9 .8± 1.8 1.16±0.2 

RU486 NE ~l) ~ NE V NE 
(agonist) (agonist) 
14.6 _+ 2 11.6 _+ 1.9 

Dex + RU486 1) NE 1~ 
(antagonist) (antagonist) (antagonist) 

NE, no significant effect; ~, decrease; *IDso in nM ± SEM, n = 6. 

Effects of RU486  on T-lymphocyte-derived lymphokines 

NP B  lymphocytes were activated for 48 h with P H A  
in the absence and presence of RU486 or Dex at various 
concentrations (1-1000 nM), then the levels of IL-2  
and -3 were measured in the culture media. Th e  results 
were expressed as percentage of the control (i.e. cells 
cultured in the absence of any steroid). Dex decreased 
the release of IL-2  and -3, in a dose-dependent  manner  
[Figs 1 (B) and 2(A), respectively]. The  maximal inhibi- 
tory effect of Dex was observed at 100 nM, showing an 

IDs0 for the release of IL-2  and -3 of  12.9-!-_ 2.1 and 
3 . 8 _  1.2 nM, respectively. RU486 exhibited agonist 
effects on monocyte-derived IL-1,  IL-6,  IL-8  and 
T N F - ~  release. Th e  maximal inhibitory effect of 
RU486 was observed at 10 n M and was 64.5 _+ 4.3% of 
the control value for IL-2  (mean___ SEM, n = 6 ,  
P < 0.02) [Fig. I(B)] and 59.2 _ 6.3% for IL-3  (n = 6, 
P < 0 . 0 2 )  [Fig. 2(A)]. Th e  ID50 of RU486 was 
14.6 _+ 2.0 an~  11.6 +_ 1 .9nM for the release of IL-2  
and -3, respectively, i.e. similar to those of Dex. 
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Fig. 1. Effect  of  RU486 on the  release of IL-1 and -2. NPB 
l y m p h o c y t e s  were incuba ted  for  48 h wi th  PHA in the  absence 
and p resence  of  var ious  concen t ra t ions  of  RU486 (A),  Dex 
(r3) and  Dex plus 1 ~M RU486 (©). Resul ts  a re  expressed  as 
p e r c e n t a g e  o f  c o n t r o l  ( m e a n _ _  SEM, n = 6). The absolute  
values of  cont ro l  for IL-1 and  -2 were  212 ± 12 and 816 ± 34 

p g / m g  o f  p r o t e i n ,  r e s p e c t i v e l y .  *P < 0.05. 
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Fig. 2. Effect  of  RU486 on t h e  r e l e a s e  of IL-3 and -4. NPB 
l y m p h o c y t e s  were  incuba ted  for  48 h wi th  PHA in the absence 
and presence  of  various concen t ra t ions  of  RU486 (A),  Dex 
(rT) and  Dex plus 1 #M RU486 (©). Resul ts  a re  expressed  as 
pe rcen tage  of  cont ro l  (mean  + SEM, n =6) .  T h e  a b s o l u t e  
values of  cont ro l  for  IL-3 and  -4 were  121 ± 11 and  89_+ 3 

p g / m g  of  prote in ,  respectively.  *P < 0.05. 
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Fig.  3. E f f e c t  o f  R U 4 8 6  o n  the  r e l e a s e  o f  IL-6 a n d  -8. N P B  
l y m p h o c y t e s  w e r e  i n c u b a t e d  f o r  48 h w i t h  P H A  in  the  a b s e n c e  
a n d  p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  R U 4 8 6  ( A ) ,  D e x  
([3) a n d  D e x  p l u s  1 /aM R U 4 8 6  (O) .  R e s u l t s  a r e  e x p r e s s e d  as 
p e r c e n t a g e  o f  c o n t r o l  ( m e a n  + S E M ,  n = 6). A b s o l u t e  v a l u e s  
o f  c o n t r o l  for  IL-6 a n d  -8 w e r e  21 + 11 a n d  89___ 3 p g / m g  o f  

p r o t e i n ,  r e s p e c t i v e l y .  * P  < 0.05. 

However,  when RU486 ( I # M )  was combined with 
Dex (1-1000nM), it significantly reversed the inhibi- 
tory effects of the latter on the release of IL-2  and -3, 
thus exerting antagonist effects [Figs I(B) and 2(A), 
respectively]. 

DISCUSSION 

Our data show that RU486 has multiple effects on 
PHA-act ivated human lymphocytes. Specifically it ap- 
pears that RU486 (a) exerts pure antagonist actions on 
the release of monocyte-derived lymphokines IL-1,  
IL-6,  IL-8  and T N F - ~  by significantly reversing the 
inhibitory effects of Dex and (b) when given alone 
exhibits agonist-glucocorticoid effects by decreasing 
the release of T- lymphocyte-der ived  lymphokines IL-2  
and -3, while combined with Dex acts as an antagonist. 

It is known that glucocorticoids have multiple and 
complex effects on the immune system. Most of these 
effects appear to be mediated by the inhibition of the 
synthesis and release of  several lymphokines, including 
IL-1 [15-18], IL-2  [19], IL-3  [20], IL-6,  IL-8  [21, 22] 
and T N F - ~  [23]. Our data confirm these observations 

and also show that the above inhibitory effects of 
glucocorticoids can be counteracted by the antagonist 
RU486. However,  this molecule possess glucocorti- 
coid-like agonist properties on the release of IL-2  and 
-3. These  observations further demonstrate the agonist 
activity of RU486 and could be explained by the high 
affinity of its binding to glucocorticoid receptors. The  
possibility that RU486 has agonist effects on glucocor- 
ticoid receptors has been addressed recently. Indeed 
several studies have demonstrated the weak glucocorti- 
coid activity of RU486 in the hypothalamo-pitui tary 
axis in vitro and in vivo [3, 6]. Our findings support 
these agonist actions of RU486 in the immune system, 
suggesting that this compound at high concentrations 
may display immunosuppressive effects. However,  we 
have found that when lymphocytes were exposed to a 
combination of Dex plus RU486, the latter almost 
completely prevented the inhibitory effect of the for- 
mer, thus acting as an antagonist. This  intriguing effect 
of RU486 in the presense of the agonist has already 
been described in another system. Indeed, in human 
endometr ium RU486 exerts agonist effects on DNA 
polymerase activity, thus mimicking the inhibitory 
effects of progesterone, then when it is combined with 
progesterone it reverses the effects of the latter, acting 
as an antagonist [3]. The  mechanism of this phenom- 
enon remains unclear. However,  a possible explanation 
is that homodimers of glucocorticoid receptors (GR) 
(or progesterone receptors) which are composed of one 
molecule of the GR-agonist  complex and one molecule 
of the GR-antagonist  complex behave differently than 
homodimers which are 'homogenous' ,  i.e. contain two 
molecules of GR bound exclusively to the agonist or 
antagonist. It is interesting to note that in the case of 
progesterone receptors (PR), homodimers which con- 
tain one molecule of PR-agonist  and one molecule of 
PR-RU486  have lower affinity for the D N A  [16]. 

Th e  finding that RU486 clearly exerts agonist actions 
in T- lymphocytes  while in monocytes/macrophages 
these actions are minimal or absent suggests that there 
is a cell-specific action of RU486 on immune cells. The  
mechanisms on which these differences depend are 
unclear. For instance, there is not enough information 
on the properties of glucocorticoid receptors in differ- 
ent immune cell types. On the other hand, factors 
interfering with RU486 regulation of lymphokine gene 
expression might at present be dependent upon im- 
mune cell type. Indeed, it has recently been reported 
that in immature routine lymphocytes, RU486 acted as 
a glucocorticoid agonist only in T-cells with highly 
active protein kinase A activity, while in the absence of 
this enzyme RU486 exhibits antagonist actions [24]. 
Additionally, in murine T-cells, RU486 in the presence 
of cAMP exerts agonist actions on cell apoptosis by a 
mechanism independent of receptor transformation, 
most probably by promoting an interaction between 
G R and other cAMP-dependent  gene-specific regulat- 
ory proteins [24]. Moreover,  it has been shown that the 
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Fig.  4. E f f e c t  o f  R U 4 8 6  on  the  r e l e a s e  o f  TNF-~t. N P B  l y m p h o c y t e s  w e r e  i n c u b a t e d  for 48 h w i t h  P H A  in the  
a b s e n c e  a n d  p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  R U 4 8 6  ( A )  a n d  D e x  ( [ ] ) .  R e s u l t s  are  e x p r e s s e d  as p e r c e n t a g e  
o f  c o n t r o l  ( m e a n  _+ S E M ,  n = 6). A b s o l u t e  v a l u e s  o f  c o n t r o l  for  T N F - a  w e r e  81 _+ 4 p g / m g  o f  p r o t e i n .  * P  < 0.05. 

i m m u n o s u p p r e s s o r  F K 5 0 6  inh ib i t s  the an tagonis t  
act ions of  R U 4 8 6  on  mouse  f ibroblasts  in  cul ture  [25]. 
F K 5 0 6  is specifically recognized by  heat shock 
p ro te in  p59 which seems to be a c o m p o n e n t  of 
G R  th rough  its b i n d i n g  to hsp90 [26, 27]. I t  is poss- 
ible that  regula tory  factors of glucocort icoid actions,  
such as p59, may  be p resen t  in  a specific i m m u n e  cell 

type,  while miss ing  on  others,  thus  expla in ing  the 
differences be tween  monocy tes /macrophages  and  T -  
cells. 

Recent ly ,  a r ich ne twork  of u te r ine  lymphok ines ,  
such as IL -1 ,  in ter feron-y ,  T N F - ~ ,  g ranu locy te -  
macrophage  colony s t imula t ing  factor, and  colony 
s t imula t ing  factor have been  described,  These  

lymphok ines  are ma in ly  synthes ized  f rom endo-  
metr ia l  s t romal  or epi thel ial  cells and  they affect blas to-  
cyst a t t achmen t  and  implan ta t ion ,  t rophoblas t  ou t -  
g rowth  or m e n s t r u a t i o n  [28, 29]. T h u s ,  it is p laus ib le  
to th ink  that  the regula tory  effects of R U 4 8 6  on  
l ymphok ine  secret ion could also take place wi th in  
the u te r ine  cavity and  that  at least par t  of  the 
act ion of R U 4 8 6  on h u m a n  e n d o m e t r i u m  migh t  be 
due to its in ter ference  wi th  the synthesis  or secret ion of 
u t e r ine  lymphokines .  I n  addi t ion ,  the ant iprol i fera t ive  
effects of R U 4 8 6  in  ho rmone - r e s i s t an t  breast  cancer  
cells migh t  be par t ly  a t t r ibu ted  to its possible local 
i m m u n o r e g u l a t o r y  effects at the t u m o r  level. 

I n  conclus ion ,  the ant ig lucocor t ico id  R U 4 8 6  exhibi ts  
complex  i m m u n o r e g u l a t o r y  act ions which  can be at- 
t r i bu t ed  to its regula tory  effects on  l ymphok ine  se- 
cre t ion as well as on  l y m p h o k i n e  receptor  expression.  
T h i s  molecule  still remains  unexp lo red  as an im-  
m u n o m o d u l a t o r y  agent.  F u r t h e r  s tudies  are needed  in  
order  to assess its re levance in  the pharmacologica l  
i n t e rven t ion  of the i m m u n e  system, for example  its 
usefulness  in  specifically revers ing  some of the im-  
m u n o r e g u l a t o r y  effects of glucocort icoids.  
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