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Abstract: The presence and possible sex differences of androgen receptor in peritoneal macrophages 
was investigated using immunomagnetic beads. Macrophages were incubated with different 
concentrations of [3H]-5�DHT in the presence or absence of a 100 fold excess of unlabelled 5�-DHT. 
Labelled cells were separated from unbound steroid by immunomagnetic beads coated with anti-rat 
macrophage antibody. The binding identified in the rat macrophages was highly selective towards 
androgenic compounds. The dissociation constant (kd) value for the receptor was calculated to be 
3.3X10-9M and 5X10-9M for macrophages of male and female rat respectively. The number of 
receptors in each cell was 792±3 and 120±1 for male and female respectively. Indicating a sex 
differences in androgen receptor (p<0.001). Taken together it can be concluded that part of sex 
differences in immune responses and also auto-immune disease could be related to sex differences in 
androgen receptor in macrophages.    
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INTRODUCTION 

 
 The macrophage system has emerged as cell 
playing a central role in the overall immune reaction in 
host defence, as well as expression of immune based 
chronic inflammatory disease[1,2]. Macrophages are 
distributed in large numbers throughout the body, 
responding to various stimuli in a number of different 
ways which include secretion of some hundred different 
substances[3-6] which in turn enhance, suppress or 
modulate the other cell types involved in the immune 
response.  
 Sex steroid receptors have been found in many 
lymphoid tissues and cells[7-9]. The reticuloendothelial 
cells of the thymus have been reported to contain 
receptors for estradiol, dihydrotestosterone, 
progesterone and cortisol while the reticuloendothelial 
cells of the bursa have been shown to have receptor for 
estradiol, dihydrotestosterone and progesterone[10]. 
Many attempts have been made to discover sex steroid 
receptors in other immune cells, leading to the 
discovery of such receptors in some of the cell subsets 
while not in others. This gave some indication of how 
these steroids might regulate the immune response by 
selectively acting on some cells[11,12]. Receptors for 
estrogens have also been reported in human peripheral 
blood mononuclear cells[13] and in macrophages[14,15]. 
Receptors for androgen has also been reported in 
human peripheral leukocyte containing 70-80%  T-
lymphocytes, 5% B-lymphocytes, about 10-25% 
monocytes and some dendritic cells[16].  

 The possible presence of sex steroid receptors on 
the antigen-presenting cells, was suggested by Stumpf, 
in 1976[17]. After that, it was suggested that sex 
hormones may influence the presentation of antigen and 
production of important cytokines[18-26]. This theory was 
later supported by the finding of estrogen receptor on 
macrophages[14] and androgen receptor on macrophage 
like synoviocyte[27]. Further evidence is provided by 
observation made by Mizuno et al.[28] who reported the 
identification of androgen receptor in mouse osteoclast-
like multinucleated cells. Baranao et al.[29] 
demonstrated that female sex hormones regulate the 
macrophage function, thus both decrease or absence of 
these steroids leads to impaired function of cells. It is 
suggested that sex steroid hormone may also play a 
pivotal role in the regulation of the activity of surface 
receptors involved in phagocytosis[30,31]. 
 Now a significant difference between the immune 
systems  of the male and the female has been 
accepted[7, 32,33]. The immune reactivity is regarded to 
be greater in females than males and there is also a 
greater incidence of auto immune disease in 
females[32,33]. Female have higher immunoglobulin 
levels, stronger immune responses, reduced incidence 
of tumours and greater resistance to a variety of bac-
terial, viral and parasitic infections[34,35]. Females also 
have a much greater susceptibility to immune 
disease[33,36]. For example, the ratios of female to male 
susceptibility to SLE and RA are 9:1 and 4:1, 
respectively[37]. 
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 Macrophages are believed to possess many 
immunoregulatory functions and steroid hormones have 
been shown to have numerous effects on the 
macrophage[24,38,39]. Thus, many of the male/female 
immune differences could be due partly to the effects of 
selected sex hormones acting selectively on the 
macrophage[40,41]. Other studies have stabilised that sex 
hormones directly or indirectly affect T, B and 
macrophages by manipulating the production of 
lymphokines and cytokines[42].  
 This project was designed to find out whether 
androgen receptors could be found in macrophages of 
female as well as male rat. It was also attempted to 
discover whether the macrophages of male and female 
mice show differences in term of androgen receptor. 
 

MATERIALS AND METHODS 
 
Preparation  of   resident peritoneal macrophages 
(Mφφφφ): Male and female Sprague-Dawley Rat (8W old) 
were killed by cervical dislocation and the peritoneal 
cells were extracted immediately by washing with 50 
ml ice-cold PBS. Cells were kept at 2-8oC ice cold to 
avoid non specific attachment and were washed at 4oC 
for 2-3 times (1500 rpm for 5 minutes) with cold 
medium. Cells then counted and resuspended in 
complete RPMI 1640 medium.  
Immunomagnetic method 
 The immunomagnetic method was used to capture 
macrophages for the receptor binding assay and to 
permit rapid washing of cells. Previously macrophages 
were obtained by allowing them to adhere to the plastic, 
however leaving the possibility of contamination by 
other cells. The immunomagnetic method, also 
simplified the separatation of the labelled cells from 
unbound steroid. Monoclonal antibody to Rat 
macrophages (Serotec) was used as first Ab and Dyna 
bead � M-450 sheep anti IgG as a second Ab.  
 
Macrophage isolation: Peritoneal macrophages were 
extracted as already described. Cells were kept on ice to 
avoid non-specific attachment. The anti Rat Mφ was 
diluted in 1/10 (as instructed) in complete medium. 50 
µl of diluted Ab was used to label 5x106 cells (in a 
final volume of 0.2 ml). The heterogeneous cell 
suspension with the primary Ab was incubated for 30-
60 minutes on ice and gently vortexed every 5 minutes. 
Treated cells were collected by centrifugation at 2000 
rpm for 10 minutes. The supernatant was discarded, the 
pellet resuspended and washed 2 times with Hank's 
balanced salt solution (HBSS), PH 7.4 to remove 
unbound antibody. 
 The target cells then captured using Dyna-beads 
M-450 coated with sheep anti IgG. 7.5 µl of antibody 
coated Dyna beads M-450 (~4x108beads/ml) was used 
to isolate 5x106 cells, as specified by Dynal. Cells were 

kept on ice for 20-30 minutes. For isolation, the test 
tubes were placed in the Dynal MPC-6 magnet and 
allowed to remain there for 2-4 minutes. During this 
time cells rosetted with immunomagnetic beads 
(Dynabeads M-450 coated with antibodies) were 
attracted to the wall of the test tubes by the magnetic 
field. The magnetic isolation was enhanced by 
occasional gentle shaking of the Dynal MPC-6. 
Supernatants were removed while the beads were held 
in place by the Dynal MPC-6. After discarding the 
supernatant, tubes were removed and HBSS solution 
added carefully along the wall of the test tubes, where 
the rosetted cells were attached. The cells resuspended 
gently and tubes reinserted in the Dynal MPC-6 
washing repeated 5 times until the wash fluid was clear.  
 
Receptor binding assay: Cells isolated as above were 
counted in a hemocytometer and diluted in the desired 
volume of complete medium. Cells in a volume of 0.2 
ml (5x106 cells/ml) were placed in tubes and incubated 
for 1 h at 37oC with 1mM protease inhibitor (phenyl 
methyl sulfonyl fluoride, PMSF-Sigma Co.) and 
increasing concentrations (2.5x10-9M to 2.5x 10-8M) 
of the [3H]-5αDHT with or without a one hundred fold-
excess of unlabelled 5α-DHT (to measure total and non 
specific binding respectively) (Amersham Co.). The use 
of protease inhibitor was based on a study by Sadi et 
al.[43] who showed that androgen receptor steroid 
binding was higher in the presence of a protease 
inhibitor. After incubation, tubes were replaced in the 
MPC-6 magnet as previously described washed 3 times 
with ice cold HBSS containing 0.1% (v/v) Triton x-100 
(Sigma Co.) and 1mM PMSF at 4oC to remove 
unbound steroid. Finally, the cells were resuspended in 
100 µl HBSS, transferred to a 5 ml tube and 1ml 
scintillation fluid (ULTIMA GOLD TMMW Packard 
Company 6013159) added before transfer to the liquid 
scintillation counter. 
 
Competition studies: Assay was performed to examine 
the binding of 17β-E2 and triamcinilone acetonide to 
androgen receptor of peritoneal Mφ. 5x106cells/tube 
was incubated with 1x10-9M [3H]-5αDHT in the 
presence of unlabelled competitors over the range of 
1x10-9M to 1x10-6M. Cells were then incubated at 
37oC for 1h, washed 3 times with ice-cold HBSS 
containing 0.1% Triton x-100 and 1mM PMSF using 
magnet as above. The percentage of binding inhibition 
by each concentration of competing ligand was 
determined in each case and compared with percentage 
inhibition induced by 100 fold DHT as reference for 
specific binding. 
 
Statistical analysis: The results are expressed as the 
mean of experiments (n=6) ± the standard error (S.E) 
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means or ± the standard deviation (S.D) means. An 
unpaired student t-test was used to determine the 
probability (p) of two sets of data from experiments 
being different from each other. 
 

RESULTS 
 
 Saturation binding analysis over a wide range of 
[3H]-5αDHT concentrations with whole cells separated 
magnetically revealed a straight line slope indicating 
high affinity for [3H]-5αDHT in macrophages of both 
sexes. The Scatchard plots is shown in Fig. 1 and 2. The 
graph appears to indicate the presence of one type of 
binding site with a Kd of 3.3x10-9M and 5X10-9M for 
male and female macrophages respectively. The 
number of receptors per cell obtained in this study was 
792±3 for macrophages of male and 120±1 for female 
rat.  
 Competition assay using 17β-estradiol and 
synthetic glucocorticoid triamcinolone-acetonide were 
performed to determine the nature of androgen binding 
sites in peritoneal macrophages (Fig. 3 and 4). These 
ligands did not inhibit specific binding, supporting our 
suggestion that the androgen binding was highly 
specific. 
 

DISCUSSION 
 
 After showing the presence of androgen binding 
site in macrophages[44,45], the next step was searching 
for sex differences in Kd value and the number of 
receptors.  In this study the presence of an androgen 
binding species in rat macrophages has been identified 
and characterised. The reason that androgen receptors 
in macrophages have not been previously identified 
might be due to the method applied in the assay. The 
use of techniques normally employed for steroid 
hormone assays proved to be unsuccessful. These 
techniques included cytosol and whole cell radio 
receptor assay[14] and also study involved experiments 
in which oil mixture (16% mineral oil/ 84% silicon oil) 
was used in an attempt to separate bound from free 
steroid in non-activated peritoneal macrophages 
(unpublished data). 
 Data presented here demonstrated a specific 
androgen receptor in macrophages of both sexes. It was 
found that macrophages from male showed greater 
receptor in each cell and lower kd than equivalent cells 
from female. Thus, Fruhman,(46) reported that 
macrophages themselves might not be inherently 
different in males and females. However, this is in 
agreement to previous study in thymus by 
McCruden,[47] who reported a higher binding capacity 
for androgen in females compared to males. Indeed, 
McCruden[47] suggested that higher androgen 
concentrations in male circulation would lead to a 
higher level of receptor occupancy in all androgen  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Scatchard analysis of [3H]-5�DHT binding to 

peritioneal macrophages of male Sprague-
Dawley rat. (kd=3.3x10-9) M and number of 
receptor/cell 792±3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Scatchart analysis of [3H]-5�DHT binding to 

peritoneal macrophages of female Sprague-
Dawley rat (kd=5x10-9 M and number of 
receptor/cell 120±1) 

 
responsive tissue. This, in turn, would leave fewer 
cytosol receptor molecules available for radiolabelling 
in the assay. He also suggested that if female thymus 
possesses a high number of androgen and possibly a 
larger number of androgen responsive cells, therefore 
this might be important in the differences in 
immunological responsiveness between sexes. 
Moreover, greater expression of [

3
H]-5α-DHT in male 

macrophage in this experiment is in agreement with 
study by McCrohon[7], who stated greater expression of  
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Fig. 3: Displacement of [3H]-5�DHT binding by 

nonlabelled 5�-DHT, 17beta estradiol and 
triamcinilone acetonide (macrophages of male 
rat) 

 

0

20

40

60

80

100

120

1n
M

5n
M

10
nM

50
nM

10
0n

M

50
0n

M

10
00

nM

Concentration of steroid 
(nM).

%
 In

hi
bi

tio
n 

of
 [3

H
]-

5a
D

H
T

 b
in

di
ng

.

5a-DHT

Estradiol

Triamcinilone

 
Fig. 4: Displacement of [3H]-5�DHT binding by 

nonlabelled 5�-DHT, 17beta esstradiol and 
triamcinilone (macrophages of female rat) 

 
androgen receptor in macrophages of female donor than 
macrophages of male counterpart.  
 With regard to androgen receptor expression in 
macrophages of both sexes, Cutolo et al[27] found that 
most males were positive for androgen receptor and 
most females were negative in a healthy population. 
Indeed, Cutolo et al.[27] found no androgen receptors in 
the soluble fraction of synovial samples from healthy 
females, whereas androgen receptors have been shown 
in both the soluble and the nuclear fractions from 
female RA patient samples.  

Meanwhile, Wang[41] found no testosterone receptor in 
macrophages using RT PCR and Carruba[18] reported 
that testosterone in contrast to estrogen do not have 
effect on apoptosis of U937 cells. However, it seems 
that androgen receptor detected here in macrophages 
might not be as classic receptor. Confirming our 
suggestion, Benten[48] found no androgen receptor on 
cell line IC-21 and Raw 264.6 cells, but stated a rapid 
effect of androgen in macrophage that might be related 
to nongenomic pathway. It means that there is no 
intracellular and regular receptor but there is surface 
receptor which is coupled to phospholipase-C[49]. 
Recently, Wounder[50] also demonstrated a non-
genomic action of testosterone on macrophages[42].       
 Immunomagnetic beads used in our experiments 
had two important implications; capturing peritoneal 
macrophages from other cells and also helping to 
separate labelled cells from unbound steroid. Results 
obtained by the binding assay using magnetic beads 
confirmed the results obtained in autoradiographic 
experiments in which specific binding for androgen in 
peritoneal macrophages was demonstrated[44].  
 Scatchard analysis of receptor-binding data for 
androgens showed a straight line for peritoneal 
macrophages (Fig. 1 and 2). This indicates that there 
are androgen binding sites. It also indicates that [3H]-5
αDHT binds to a single class of receptor with a high 
affinity and low capacity. It is, also in accordance with 
androgen receptor data in other tissues reported by 
other workers. The nature of androgen binding site in 
addition of sex differences in macrophage (Kd 3.3X10-

9M and 5X10-9M) seems also to be different from other 
tissues. Gulshan et al.[14] demonstrated the presence of 
two different estrogen binding species with Kd of 
1.4x10-10M and 3.3x10-9M in rat peritoneal 
macrophages. These data suggest a difference in 
receptors found in different tissues. 
 The results obtained were highly significant and 
very much in accord with the results obtained by other 
workers of the differential effects of androgens on the 
macrophage and on the immune response in general. 
The number of androgen receptors found in 
macrophage of female rat is relatively low (120±1) 
compared to the male (792±3 per cell) in these cells and 
also androgen receptors in human mononuclear 
leukocytes (184±5)[16]. Moreover, with reference to 
competition experiment, it can be concluded that the 
binding identified in the rat macrophages is highly 
selective towards androgenic compounds. Little 
competition was seen from estradiol (17β-E2) and 
synthetic glucocorticoid (Triamcinolone acetonide). It 
has been demonstrated that triamcinolone acetonide 
would competitively inhibit the binding of R1881 
(synthetic androgen) to the progesterone receptor 
without blocking binding to the androgen receptor[51].  
 This affinity of 5α-DHT for androgen binding sites 
in peritoneal macrophage as well as the degree of 
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relative binding affinities for various steroid hormones 
is comparable to the androgen binding sites in other 
cells[52-54]. These experiments are also comparable to 
work described by Kuhnle et al.[16] who demonstrated 
high affinity (1.3 nM) androgen binding sites in 
peripheral mononuclear leukocytes (PML). While, 
genital skin fibroblasts characterised by a higher 
affinity for DHT than for testosterone, the binding 
affinities for DHT and testosterone were reported to be 
equal in human peripheral blood mononuclear 
leukocytes (PML)[16].  
 In conclusion, it is conceivable from the findings 
reported in this study that the immunomodulatory 
action exerted by androgen and also sex differences in 
many disease might be at least partially realised through 
their interactions with respective receptors in 
macrophages. However, an interesting area remains to 
be investigated which could reveal a great deal of 
information on the central role macrophages play in the 
overall immune response. Also, further research on the 
androgen receptors in macrophage is required to 
establish whether the receptors are similar to the 
androgen receptor reported in other tissue or shows 
tissue variation as seen with estrogen[14]. 
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