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A n d r o g e n  b i n d i n g  s i tes  h a v e  b e e n  i d e n t i f i e d  in c i r c u l a t i n g  h u m a n  m o n o n u c l e a r  l e u k o c y t e s  o f  h e a l t h y  
d o n o r s  o f  b o t h  sexes .  Cel ls  w e r e  s e p a r a t e d  f r o m  b l o o d  s a m p l e s  on  a F ico l l  g r a d i e n t  a n d  i n c u b a t e d  
w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  [ 3 H ] t e s t o s t e r o n e  in t he  p r e s e n c e  o r  a b s e n c e  o f  a 400- fo ld  excess  o f  
u n l a b e l l e d  t e s t o s t e r o n e .  B i n d i n g  d a t a  w e r e  d e r i v e d  f r o m  S c a t c h a r d  a n a l y s i s .  T h e  b i n d i n g  s i tes  fulf i l  
t he  r e q u i r e d  c r i t e r i a  f o r  spec i f i c  s t e r o i d  b i n d i n g  s i tes  h o w e v e r  d i f fe r  s o m e w h a t  f r o m  the  c lass ic  
a n d r o g e n  r e c e p t o r s  f r o m  g e n i t a l  sk in  f i b r o b l a s t :  in f e r t i l e  a d u l t  m a l e s  (n = 20) the  b i n d i n g  s i tes  
s h o w e d  (1) a h i g h  a f f in i ty  f o r  t e s t o s t e r o n e  (1.32 + 0.49 nM;  m e a n  + SD) ,  (2) a s a t u r a b l e  c a p a c i t y  
(184 + 52 b i n d i n g  s i tes  p e r  cell;  m e a n  + SD) ,  a n d  (3) a c h a r a c t e r i s t i c  c o m p e t i t i v e  b i n d i n g  p r o f i l e  
f o r  o t h e r  s t e r o i d  h o r m o n e s  ( r e l a t i v e  b i n d i n g  aff in i t ies :  t e s t o s t e r o n e - - d i h y d r o t e s t o s t e r o n e >  
17 f l - e s t r ad io l  > p r o g e s t e r o n e ,  w h e r e a s  a l d o s t e r o n e ,  1 7 - h y d r o x y - p r o g e s t e r o n e  a n d  co r t i so l  d id  no t  
c o m p e t e  a p p r e c i a b l y ) .  F u r t h e r m o r e  the  n u m b e r  o f  b i n d i n g  s i tes  d e t e r m i n e d  u s ing  [ a H ] d i h y d r o -  
t e s t o s t e r o n e ,  [3H]RU-1881,  o r  [ 3 H ] t e s t o s t e r o n e  w e r e  c o m p a r a b l e .  T h i s  r a i s e s  t he  p o s s i b i l i t y  t h a t  
a n d r o g e n  r e c e p t o r s  in p e r i p h e r a l  m o n o n u c l e a r  l e u k o c y t e s  d i f f e r  f r o m  those  in g e n i t a l  sk in  f i b r o -  
b l a s t s .  T h e r e  was  no  a p p a r e n t  c o r r e l a t i o n  b e t w e e n  s e r u m  t e s t o s t e r o n e  c o n c e n t r a t i o n s  a n d  a n d r o g e n  
b i n d i n g  si tes .  In  f e r t i l e  w o m e n  r e m a r k a b l e  c h a n g e s  in a n d r o g e n  b i n d i n g  s i tes  w e r e  s een  in the  c o u r s e  
o f  t he  m e n s t r u a l  cycle ,  w i t h  a s i g n i f i c a n t  i n c r e a s e  in t he  i m m e d i a t e  p r e o v u l a t o r y  p e r i o d .  T h e  
p r e s e n c e  o f  a n d r o g e n  r e c e p t o r s  in p e r i p h e r a l  m o n o n u c l e a r  l e u k o c y t e s  p r o v i d e s  f o r  t he  f i r s t  t i m e  t h e  
e x p e r i m e n t a l  ba s i s  f o r  a n  h y p o t h e s i s  o f  d i r ec t ,  r e c e p t o r - m e d i a t e d  ef fec ts  o f  a n d r o g e n s  on  m a t u r e  
i m m u n o c o m p e t e n t  cells.  T h e  i m m u n o l o g i c a l  i m p l i c a t i o n s  o f  t h e s e  r e s u l t s  a r e  d i s cus sed .  
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I N T R O D U C T I O N  

Androgen binding sites have been extensively studied 
in classical androgen target cells such as genital skin 
fibroblasts [1, 2] and in tissues of  the male accessory 
sex organs [3-5]. More  recently, androgen binding 
sites were identified in human blood cells i.e. in 
erythroblasts [6] and leukaemic cells [7]. 

Several lines of  evidence f rom experimental  
investigations in animals and humans  suggest that 
sex hormones  considerably influence cellular and 
humoral  immuni ty  (for detailed reviews see Refs 
[8-10]), causing gender differences in the immune  

*U. Kuhnle is currently on leave at the National University of 
Malaysia, 50300 Jalan Raja Muda Abdul Aziz, Kuala Lumpur, 
Malaysia. 

]'Correspondence to M. Meurer at the Dermatologische Univer- 
sit~itsklinik, Thalkirchnerstrasse 48, 80337 M/inchen, Germany. 

Received 10 June 1993; accepted 8 Nov. 1993. 

r e sponse s [ l l ,  12]. Females show higher immuno-  
globulin titres than males [13, 14], and estrogens en- 
hance immunoglobul in  synthesis in vitro, whereas 
androgens show the opposite effect [15, 16]. In un-  
treated hypogonadal  males with low testosterone levels 
the concentration of T-he lpe r  cells is significantly 
higher than in androgen treated patients [17]. This  
may in part  explain why the incidence of auto- 
immune diseases like systemic lupus erythematosus 
(SLE) [18, 19], myasthenia gravis [20] and auto- 
immune  thyroiditis [21] shows a female predominance.  
With regard to cellular immunity ,  androgens seem to 
influence immuni ty  via an enhancement  of  suppressor 
activity [22, 23]. Th is  is supported by clinical studies 
which have shown, that the helper T /suppressor  T cell 
ratio decreases following androgen t reatment  [24, 25], 
conversely to estrogens [26]. 

The  underlying mechanisms whereby sex steroids 
modulate  immunological  responses are still not 
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completely understood. It is widely accepted that ster- 
oid hormones interact with the target cell via specific 
nuclear receptors. Therefore  it would be anticipated 
that hormone binding sites exist in immunological cells 
and tissues. Indeed, in recent years, steroid receptors in 
peripheral mononuclear leukocytes (PML) have been 
identified for estrogens [27-29], progesterone [30], and 
mineralocorticoids [31 ]. Corresponding attempts, how- 
ever, to establish the presence of androgen binding sites 
in P M L  have failed in previous studies [27, 29, 31], 
whereas the existence of specific androgen binding 
sites has already been widely demonstrated in mam- 
malian [33-35] as well as in both human [36, 37] thymic 
tissue and maturing human thymocytes [32]. 

We have been able to identify and characterize 
high-affinity androgen binding sites in P M L  in 
humans, indicating that circulating immunocompetent  
cells are androgen target cells. Furthermore,  this 
method provides a test for repeated quantitative 
receptor measurements in intact circulating cells which 
are easily available from blood samples, so that this 
whole-cell assay can determine the androgen binding 
capacity under  various physiological and clinical situ- 
ations. In the present study we have evaluated the 
binding sites for androgens in P M L  of healthy, fertile 
males and females. In addition we describe apparent 
cycle-dependent changes of androgen binding sites. 
The  immunological implications of our findings are 
discussed. 

MATERIALS AND METHODS 

Fasting healthy male and female adult volunteers 
were recruited from the hospital staff. Care was taken 
to study P M L  only from fertile subjects. Blood samples 
(10-15 ml) for receptor and hormone determinations 
were drawn at 9 a.m. and heparinized. Serial hormone 
and receptor determinations were performed in 
women during a single menstrual cycle while they were 
participating in a study to evaluate natural birth 
control. In every case, ovulation was determined by 
ultrasound. 

Androgen binding studies 

Cell preparation. Human mononuclear leukocytes 
were isolated from peripheral blood according to the 
method described previously [38]. Briefly, platelet-rich 
plasma was removed by low-speed centrifugation; 
the remaining blood was diluted 1:10 with platelet- 
poor plasma, layered on a Ficoll gradient (Pharmacia, 
Uppsala, Sweden), and centrifuged at 400 g for 20 min. 
The  mononuclear cell layer was removed and the cells 
in the interphase were washed three times with saline 
(0 .15M NaC1, pH7 .2 )  at room temperature. The  
resulting cell suspension was free of granulocytes. 
The  ratio of P M L  to thrombocytes is 2:1. This  dilu- 
tion does not interfere with PML-specific binding, 
inasmuch as platelets have been shown not to bind 
androgens. The  ratio of lymphocytes to monocytes 
was about 10:1. Cell viability checked by Trypan  

blue exclusion was 98% both prior to and after 
incubation. 

Binding studies. After isolation of mononuclear 
leukocytes by gradient centrifugation, the cells were 
resuspended in RPMI-1640 incubation medium 
[purchased from Serva, Heidelberg, Germany,  sup- 
plemented with 700mg/1 L-glutamine (Bio-M6rieux, 
Lyon,  France) and 20 nM HEPES,  pH 7.4] at a con- 
centration of 5-8 x 10 6 cells/ml. A 500pl  aliquot of 
the cells (3 × 106) was incubated in the presence of 
increasing amounts of [3H]testosterone, (from New 
England Nuclear Corp., Boston, MA, U.S.A., sp. act. 
85 Ci/mmol) for 90 min at a constant temperature of 
37°C. Specificity of the androgen binding was assessed 
by the inhibition of labelling in samples containing the 
same number of cells incubated in the presence of a 
400-fold excess of radio-inert testosterone (obtained 
from Sigma, St Louis, MO, U.S.A.). At the end of the 
incubation period, the reaction was stopped by the 
addition of 2 ml cold phosphate buffered saline (0.15 M 
NaC1 and 6.7 m M  phosphate, pH 7.2). The  suspension 
was then centrifuged at 600 g for 3 rain at 4°C and the 
supernatant discarded. 

Thereaf ter  cells were washed three times in 2 ml of 
the same buffer, resuspended in 200#1 0.15 NaC1, 
transferred into scintillation vials and counted in a 
Beckmann LS 1801 scintillation counter at 60°/0 
efficiency using the scintillation cocktail "Qicksafe A"  
of Zinser Analytic Ltd,  Maidenhead, England. 
The  binding characteristics, binding capacity (Bmax) 
and binding affinity (Ka) of the androgen binding 
sites were derived from Scatchard plots [39]. The  
results were calculated as number  of binding sites 
per cells, by determining the amount of bound 
[3H]testosterone per aliquot containing a known 
number  of cells. In addition binding sites were deter- 
mined using [3H]dihydrotestosterone and [3H]RU- 
1881 as ligand (kindly supplied by Roussel -UCLAF,  
Paris, France). 

To  determine the specificity of androgen binding 
sites in P ML,  competition assays with various 
steroid hormones were performed. Cells were incu- 
bated with [3 H]testosterone at a concentration of 5 nM 
under the same conditions described above, in the 
presence or absence of three different concentrations 
(5, 25 or 50 nM) of dihydrotestosterone or 50, 250 
or 500 nM of 17/~-estradiol, progesterone, aldosterone, 
17-hydroxy-progesterone and cortisol, respectively 
(Table 1). 

Hormonal measurements 

Serum testosterone (T), dihydrotesterone (DHT) ,  
1 7 / ~ - e s t r a d i o l  (E2)  , progesterone (P), aldosterone 
(Aldo), 17-hydroxy-progesterone (17-OH-P) cortisol 
(F) and gonadotropin concentrations were measured 
with commercially available radioimmunoassay kits. 
Sex hormone binding globulin (SHBG) has been 
measured in the incubation volume of the radioreceptor 
assay using a commercially available IRMA-assay. 
(We would like to thank Dr  Lupa,  Clinical Chemistry 
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Laboratory,  Kl inikum Grosshadern,  for per forming 
this assay for us.) 

RESULTS 

Mononuclear  cell preparat ions were investigated 
for specific androgen binding sites in a whole cell 
assay, and binding data represented as Scatchard plots. 
A representative plot of  [3H]testosterone binding to 
androgen binding sites in P M L  is shown in Fig. 1: a 
rectilinear Scatchard plot was obtained in all cases, 
indicating that [3H]testosterone binds to a single class 
of  receptor with high affinity and limited capacity. 

In  healthy adult men (n = 20) the binding capacity, 
expressed as number  of saturable binding sites per 
P M L ,  ranged f rom 124 to 262 sites per cell, with a 
mean of 184 + 52 (SD). These  results were obtained 
after a 90 min incubation; prolonged incubation period 
did not increase binding. In  individual men the andro-  
gen binding sites varied only slightly. T h e  interassay 
coefficient of  variation (5 consecutive receptor assays 
in 1 male subject, over the course of  4 months)  was 
12.5%. There  was no apparent  correlation between 
androgen binding sites in P M L  and baseline total 
serum testosterone concentration (r = - 0 . 0 2 )  or 
binding affinity (r = -0 .22 ) .  

S H B G  was never measurable in the incubation 
volume of the radioreceptor assay with and without 
sonification of P M L  (n = 5). 

T h e  affinity of  testosterone binding to the andro-  
gen binding sites was found to be 1 . 3 + 0 . 5 n M  
(mean + SD; n = 20). T h e  relative binding affinity of  
various steroid hormones  for androgen binding sites 
is depicted in Table  1: T and D H T  bound almost 
equally (97%) followed by E 2 (12%) and P (6%); other 
hormones examined as competi tors  (Aldo, 17-OH-P,  
and F) bound with affinities that were <0 .001% of T.  

Table 1. Relative affinity of various steroids 
to the androgen binding sites in peripheral 

human mononuclear cells 

Steroid Relative affinity (%) 

T 100 
D H T  97.3 + 15.9 
E 2 14.4 + 9.3 
P 4.6 ___ 2.3 
Aldo < 0.001 
17-OH-P <0.001 
F < 0.001 

Steroids measured  for binding affinity in this 
assay were besides testosterone (T): dihy-  
drotestosterone (DHT) ,  17fl-estradiol (E2) , 
progesterone (P), aldosterone (Aldo), 17-hy- 
droxy-progesterone (17-OH-P)  and cortisol 
(F). Aliquots of  P M L  (3 x 106 cells) were 
incubated with [3H]T (in the presence of 
a 400-fold excess of  unlabelled T)  with 
increasing concentrat ions (5, 25, and 50 nM)  
of a nonradioactive competi tor  at 37°C for 
90min .  Specific b inding of [3H]T is set at 
100%. A total of  5 studies were done and 
results are given as mean + SD. 
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Fig.  1. S c a t c h a r d  a n a l y s i s  o f  b i n d i n g  da ta  o f  [3H]T to b i n d i n g  
s i tes  in P M L  in  a w h o l e  cell  a s s a y  on  m o n o n u c l e a r  ce l l s  
o b t a i n e d  f r o m  a h e a l t h y  2 8 - y e a r - o l d ,  m a l e .  A f t e r  a 90 m i n  
i n c u b a t i o n  o f  P M L  (3 × 106 cel ls  in  500/~1 i n c u b a t i o n  m e d i u m  
at 37°C, p H  7.4) in  the  p r e s e n c e  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  
o f  [3H]T (0.5-15 n M )  wi th  or  w i t h o u t  a 400-fo ld  e x c e s s  o f  
u n l a b e l l e d  T, ce l l s  w e r e  w a s h e d  a n d  r a d i o a c t i v i t y  d e t e r -  
m i n e d .  M a x i m u m  b i n d i n g  c a p a c i t y  a n d  aff in i ty  w e r e  c a l c u -  
l a t ed  f r o m  the  S c a t c h a r d  plot .  On  the  absc i s sa :  c o n c e n t r a t i o n  
o f  r e c e p t o r - b o u n d  [3H]T; on the  ord inate :  the  b o u n d  [~H]T to 

f ree  [3H]T ra t i o  (B/F) .  

Using [ 3 H ] D M T  or [3H]RU 1881 as ligands, binding 
sites in P M L  were similar to the amount  measured with 
[~HIT. 

In healthy adult females the number  of  binding sites 
for T varies considerably over the course of the 
menstrual  cycle, with a characteristic pat tern (Fig. 2). 
T receptor levels during the preovulatory and late 
luteal phase are comparable to those found in men, and 
just before ovulation these binding sites are markedly 
increased. This  cyclic change is highlighted by serial 
hormone measurements  over a single menstrual  cycle 
(Fig. 3) which show increased androgen binding sites 
prior to the gonadotropin rise, and the subsequent  
estrogen and progesterone elevation. Over the whole 
study period plasma T concentrations remained at or 
below assay sensitivity. 

DISCUSSION 

T h e  results of  the kinetic assays performed show 
the presence of androgen binding sites in circulating 
human mononuclear  leukocytes recovered from per- 
ipheral blood by Ficoll gradient preparation.  T h e  P M L  
preparat ion contains 70-80% T- lymphocytes ,  5% 
B-lymphocytes ,  about 10-25% monocytes and some 
dendritic cells. The  high affinity, saturable capacity and 
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Fig.  2. C h a n g e s  in  t h e  level  o f  a n d r o g e n  b i n d i n g  s i t e s  in  P M L  d u r i n g  m e n s t r u a l  cyc les  in  h e a l t h y  w o m e n .  
O v u l a t i o n  was  ve r i f i ed  by  u l t r a s o u n d .  R e c e p t o r  a s s a y s  w e r e  c a r r i e d  o u t  a t  cyc le  d a y  1-3, 14-17 a n d  22-27. T h e  
m e a n  v a l u e  ( h o r i z o n t a l  b a r )  o f  b i n d i n g  s i t e s  in  t h e  i m m e d i a t e  p r e o v u l a t o r y  p e r i o d  is s i g n i f i c a n t l y  h i g h e r  
(P  < 0.05) t h a n  t h e  m e a n  levels  in  t h e  e a r l y  p r e o v u l a t o r y  a n d  la te  l u t e a l  p h a s e  as  wel l  as  t he  m e a n  levels  

m e a s u r e d  in  P M L  o f  h e a l t h y  a d u l t  m a l e s  (n  = 20). 

limited specificity of the androgen binding sites fulfil 
the criteria required for specific hormone receptors. 
It is, however, noteworthy that T binds with the same 
high affinity as D H T ,  although in other tissues D H T  
is found to have a higher affinity for androgen binding 
sites than T [40]. 

The  affinity of T for androgen binding sites in P M L  
as well as the hierarchy of relative binding affinities for 
various steroid hormones is comparable to the andro- 
gen binding sites in other human tissues [7, 32, 36, 41], 
though in particular in testicular fibroblasts [41] D H T  

shows a higher affinity for androgen binding sites 
than T. E 2 and P are less effective competitors, and 
glucocorticoids show negligible affinity. 

There  is no evidence for hormonal regulation of 
cellular androgen binding sites by T. In our study no 
correlation between peripheral T levels and cellular 
androgen binding sites of both sexes was seen. In 
females androgen binding sites corresponded during 
the first half of the menstrual cycles to those found in 
men, although over a wider range. In the second half 
of the ovulating cycle binding sites were double those 
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Fig.  3. A n d r o g e n  b i n d i n g  s i t e s  p e r  cell  (b /c)  a n d  h o r m o n e  v a l u e s  in  t h e  c o u r s e  o f  a n  i n d i v i d u a l  m e n s t r u a l  
cyc le  o f  a h e a l t h y  f e m a l e  (E2 = 17f l -es t rad io l ,  P = p r o g e s t e r o n e ,  F S H = f o l l i c l e  s t i m u l a t i n g  h o r m o n e ,  
L H = l u t e i n i z i n g  h o r m o n e ) .  D u r i n g  t h e  s t u d y  p e r i o d  t h e  T c o n c e n t r a t i o n  r e m a i n e d  a t  o r  b e l o w  a s s a y  

s ens i t i v i t y .  
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irl, males .  T h e  obv ious  lack o f  re la t ion  be tween  s e r u m  
T and  ce l lu lar  a n d r o g e n  b i n d i n g  sites is cons i s t en t  wi th  
f ind ings  in cells f rom h u m a n  k idney  [42] and  skin  [43]. 
H o w e v e r ,  o the r  inves t iga to r s  f o u n d  h ighe r  t h y m i c  
a n d r o g e n  r e c e p t o r  concen t r a t i ons  in male  than  in 
female  mice  [43] and  a s ignif icant  decrease  in a n d r o g e n  
r e c e p t o r  levels af ter  cas t ra t ion  [44-46] .  M o r e o v e r  in 
ear ly  p u b e r t y  the  a m o u n t  o f  a n d r o g e n  r ecep to r s  in 
geni ta l  skin  increases  s ignif icant ly ,  f rom low levels in 
c h i l d h o o d  to a m a x i m u m  in late p u b e r t y ,  in para l le l  
wi th  the  r ise o f  T concen t r a t ion ,  t h o u g h  it shou ld  be  
no ted  tha t  the  to ta l  a m o u n t  of  a n d r o g e n  b i n d i n g  sites 
in geni ta l  skin f ib rob las t s  is m u c h  h ighe r  than  the 
n u m b e r s  f o u n d  in P M L  [47]. 

T h i s  s tudy  es tab l i shes  the  p resence  o f  a n d r o g e n  
b i n d i n g  s i tes  in in tac t  P M L  of  hea l thy  adu l t s  o f  bo th  
sexes.  T h i s  m e t h o d  p rov ides  a non invas ive  t e c h n i q u e  
for  e x a m i n i n g  a n d r o g e n  b i n d i n g  sites in in tac t  cells,  
thus  m i n i m i z i n g  the in t e r fe rence  caused  by  t i ssue  
h o m o g e n i z a t i o n  and  p r o l o n g e d  cell  cu l ture .  T h e  in te r -  
assay coefficient  o f  va r i a t ion  is less than  in geni ta l  skin  
f ib rob las t s  [41]. I n  con t ras t  to geni ta l  skin  f ib rob las t s  
wh ich  are  cha rac t e r i zed  by  a h ighe r  affini ty for  D H T  
than  for  T the  b i n d i n g  affinities for  D H T  and  T are 
a lmos t  equal  in P M L .  T h i s  raises  the  poss ib i l i t y  tha t  
a n d r o g e n  r ecep to r s  in P M L  differ  f rom those  in geni ta l  
skin f ib rob las t s  wh ich  fu r the r  indica tes  tha t  these  
r ecep to r s  i ndeed  do have d i f ferent  func t ions .  W h i l e  
v i r i l i za t ion  o f  the  ex te rna l  geni ta l ia  is d e p e n d e n t  on  the  
p re sence  o f  D H T  in the  geni ta l  t rac t  wh ich  or ig ina tes  
f rom c i rcu la t ing  T t h r o u g h  the ac t ion  o f  the  enzyme  
5 ~ - r e d u c t a s e  it seems to be tha t  the  i m m u n o l o g i c a l  
func t ions  of  a n d r o g e n s  are m e d i a t e d  t h r o u g h  T itself.  
W h e t h e r  P M L  con ta in  5 ~ - r e d u c t a s e  ac t iv i ty  at all,  
wh ich  w o u l d  enable  t h e m  to syn thes ize  D H T  f rom T ,  
is no t  k n o w n  (E. S tone r ,  pe r sona l  c o m m u n i c a t i o n ) .  
H o w e v e r  it  seems reasonab le  to specula te  that ,  the  
i m m u n o l o g i c a l  func t ions  o f  and rogens  are m e d i a t e d  by  
T ra the r  than  D H T .  

U n t i l  now it has not  been  clear  w h e t h e r  a n d r o g e n  
b i n d i n g  sites are p r e sen t  in all m o n o n u c l e a r  leucocytes  
or  are conf ined  to a specific s u b p o p u l a t i o n .  Ana logous  
s tudies  on P M L  have shown tha t  e s t rogen  r ecep to r s  
can be d e m o n s t r a t e d  on ly  in O K T 8 - p o s i t i v e  l y m p h o -  
cytes ,  a ce l lu lar  subse t  wh ich  inc ludes  p r e d o m i n a n t l y  
s u p p r e s s o r  and  cy to tox ic  l y m p h o c y t e s  [27]. 

T h e  i m m u n o l o g i c a l  imp l i ca t i ons  of  the  iden t i f i ca t ion  
of  a n d r o g e n  b i n d i n g  sites in in tac t  c i r cu la t ing  P M L  
are  tha t  a n d r o g e n s  m a y  in te rac t  d i r ec t ly  wi th  
i m m u n o c o m p e t e n t  p e r i p h e r a l  cells.  I n  p rev ious  s tudies  
a n d r o g e n  b i n d i n g  sites were  ident i f ied  in t h y m i c  
h o m o g e n a t e s  [36, 37] and  [32] t h y m o c y t e s ,  bu t  not  in 
c i r cu la t ing  l y m p h o c y t e s  [27, 29, 32], sugges t ing  tha t  
a n d r o g e n s  m i g h t  act on the  i m m u n e  sys tem on ly  d u r i n g  
m a t u r a t i o n  o f  l y m p h o c y t e s  in the  t h y m u s .  A n d r o g e n  
w i t h d r a w a l  ce r t a in ly  causes  t h y m i c  h y p e r t r o p h y  and  
a n d r o g e n  subs t i t u t i on  the  oppos i t e  effect [48]. Besides  
poss ib le  m o d u l a t o r y  effects on the  m a t u r a t i o n  and  
d i f fe ren t i a t ion  o f  t h y m o c y t e s  [24, 49] and  the  release o f  
i n t e r l euk in  2 [32] in t h y m i c  re t i cu la r  t issue,  and rogens  

m a y  c lear ly  act d i r ec t ly  on m a t u r e  l y m p h o c y t e s  i f  
t hey  con ta in  a n d r o g e n  receptors .  T h i s  is o f  special  
in te res t  in the  l ight  o f  the  f r e que n t l y  o b s e r v e d  p re -  
m e n s t r u a l  aggrava t ion  of  a u t o i m m u n e  diseases  [50, 51 ]; 
w h e t h e r  the  changes  in a n d r o g e n  b i n d i n g  sites d u r i n g  
the  m e n s t r u a l  cycle  p r o v i d e  an exp lana t ion  for  th is  
p h e n o m e n o n  r ema ins  to be p roven .  

H o r m o n a l  inves t iga t ion  o f  pa t i en t s  wi th  S L E  shows 
a l t e red  a n d r o g e n  and  es t rogen  m e t a b o l i s m ,  l ead ing  to 
a s igni f icant ly  lower  a n d r o g e n / e s t r o g e n  ra t io  [19]. I t  
has been  shown tha t  in pa t i en t s  wi th  S L E  a n d r o g e n  
a d m i n i s t r a t i o n  resul t s  in an increase  o f  the  l owered  
p e r i p h e r a l  s u p p r e s s o r  T - c e l l  ac t iv i ty ,  and  in c l in ical  
i m p r o v e m e n t .  I n  this  l ight  it  is o f  in te res t  tha t  in 
pa t ien t s  wi th  K l ine f e l t e r ' s  s y n d r o m e ,  of ten  assoc ia ted  
wi th  subgonada l  T levels [22], the  inc idence  o f  S L E  is 
inc reased  [51, 52], poss ib ly  in pa r t  due  to pe r s i s t en t  
e s t rogen ic  s t i m u l a t i o n [ 5 3 ] .  I n t e r e s t i ng ly  a n d r o g e n  
r ecep to r s  are low in mos t  pa t ien t s  wi th  K l ine f e l t e r ' s  
s y n d r o m e  [54]. T o  wha t  ex ten t  a n d r o g e n  ac t ion  via 
a n d r o g e n  r ecep to r s  in i m m u n o l o g i c a l l y  re levant  t i ssues  
such as P M L  is invo lved  in these  responses  r ema ins  to 
be e luc ida ted .  
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