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Summary

Background: The finding of sex steroid receptor protein in non classical reproductive tissues suggested the pos-
sibility that sex steroids may have a relevance to the immune system.

Material/Methods: | The J111 cells were maintained in RPMI 1640 complete medium at 37°C in 5% CO, in air. Cells
were resuspended at 1x10°ells in 0.2 ml complete medium in 1.5 ml eppendorf tubes. A single
saturating concentration 1x10™ M of [*H]50-DHT was added to the cells suspension. Unlabelled
steroids (50-DHT, 17-beta estradiol, or the synthetic glucocorticoid triamcinolone acetonid) were
added over the range 1x10-® to 1x10 M. Duplicate tubes were incubated at 37°C for 1h. For au-
toradiography, the supernatant was discarded and the pellet resuspended in 0.2 ml medium. For
binding assay, Labeled cells were separated from unbound steroid by immunomagnetic bead us-
ing anti-CD68 antibody.

Results: In autoradiography, a population of approximately 96% of J111 cells that contain receptors for
androgen has been demonstrated. The results of immunomagnetic showed that binding identi-
fied in the J111 cells was modest selective towards androgenic compounds. Schatchard analysis of
data showed the KD value of 2.5x10~ M and the number of receptor in each cell was found to be
257+1. Little competition was seen from 17 beta estradiol or the synthetic glucocorticoid triamci-
nolone acetonid.

Conclusions: These data indicate that androgen binding in J111 cells is of modest affinity and specific, due to
the inability of 100-fold molar excess of estradiol to displace bound [*H]-5aDHT.
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BACKGROUND

Recently attention has focused on the effect of sex and sex
steroid hormones on the immune responses [1-7]. One of
the points involved in the regulation of the immune system
by steroid hormones could be the monocyte macrophage
system. The mechanism by which steroid hormones exert
their function on macrophages is generally thought to be
mediated by the binding of hormone to specific intercel-
lular proteins that may be termed receptor. Unlike peptide
hormones, which have receptors on the cell membranes,
the steroid hormones’ receptors located in the nucleus and
to some extent in the cytoplasm but not in the cell mem-
brane [8-10].

In general, it is believed that testosterone exerts its effects
through a common androgen receptor(AR) by transloca-
tion of cell-specific genes [11]. However, some evidences
show that testosterone can act, after aromatization to estra-
diol, through the estrogen receptor (ER) [12]. In recent
investigations, it has been shown that testosterone does ex-
ert its immunosuppressive activity neither through the ER
nor through the classical AR responses [13,14].

While some evidences demonstrate that androgen aroma-
tized to estradiol acts through the estrogen receptor in lym-
phocytes [12], Benten et al. concluded that androgens do
not exert their immunosuppressive effect via the ER [14].
They demonstrated that testosterone-induced immuno-su-
pression can not be abolished by ER blockers when used
in sufficient concentrations to prevent the suppressive ef-
fect of estradiol. Secondly, two different aromatize inhibi-
tors cannot prevent the immunosuppressive action of tes-
tosterone. Also, treatment of mice with testosterone does
not cause any significant increase in circulating estradiol.
Thirdly, testosterone induced changes in spleen cells are
totally different from those induced by estradiol. For ex-
ample, testosterone leaves the percentage production of
CD,' T cells unaffected but induces an increase in CD,'T
cells (15). Fourthly, the immunosuppressive effect of tes-
tosterone can be transferred adoptively by splenic T-cells,
whereas T-cells cannot confer the estradiol-induced immu-
no-suppression. Therefore, it seems that androgens (tes-
tosterone) do not exert their immunosuppressive activi-
ty through the ER.

In addition, finding that there are no significant numbers of
AR in T cell populations suggests that the immunosuppres-
sive activity of testosterone, at least at high concentrations,
is primarily a non-genomic effect [16]. However, Kuhnle
etal. [17] reported the presence of a high affinity (Kd=1.3
nM) binding site for androgen in blood mononuclear cells
containing 70% T-cells. Therefore, it appears that the im-
munosuppressive activity of androgens is a direct effect in
contrast to what reported by Benten et al. [15]. There is
now ample information indicating that steroid hormones
and their metabolites can act in a variety of tissues via non-
genomic mechanisms of action. The evidences supporting
the non-classical actions of steroid hormones includes rap-
id effects and action in which entry into the cell and nucle-
ar interaction has been precluded [18]. Brann et al. [19]
reported a non-classical action of progesterone and its me-
tabolites that occur within seconds or minutes and also ac-
tions which take place in an hour or longer but in a non-

classical manner. There is evidence regarding steroid action
which does not involve entry of the steroid into cells. Drouva
etal. [20] showed that progesterone conjugated to bovine
serum albumin (BSA), is still capable of stimulating LHRH
release from hypothalamic in vitro. Rapid membrane effects
of estrogens, androgens, glucocorticoid and vitamin D me-
tabolite have also noted in a number of different sites with-
in the brain [19,20].

Therefore, these proposed potential non-classical mecha-
nisms of action of steroid hormones should be viewed not
as a challenge to the classical mechanism of action but rath-
er as an additional complementing layer of diversity. It is
perhaps not surprising that such diverse modes of action
for steroid hormones may exist as they confer the ability to
mount rapid and/or prolonged responses depending upon
the specific stimuli and/or challenge presented. The inte-
gration of these divers of action of steroids ultimately allows
for a fine-tuned multi dimensional regulation of cellular,
tissue and organ responses.

The aim of the present study was to investigate whether
there is an androgen binding site in human monocyte\mac-
rophage leukemia J111 cell line using autoradiography and
also to identify the Kd value and the number of receptor by
immunomagnetic bead.

MATERIAL AND METHODS

RPMI 1640, penicillin, streptomycin, glutamine, sodium
bicarbonate solution, trypsin, the 17 beta estradiol (17
E2) and 5 alpha dihydrotestosterone (5-DHT) and Feta
calf serum (FCS were purchased from sigma Chemical
Co.). [*H]-5a0 DHT (250 ci/mMol), were purchased from
Amersham. Liquid scintillation (Ultima TM MW 6013151)
from packard. Kodak NTB photographic emulsion from
Kodak, AGFA G33C X-ray fixer from AGFA, D19 Developer
from X-ray itd. Depex mounting medium from Merk co.
Giemsa’s staining from BDH. Anti CD68 monoclonal anti-
body from (Biocare Medical) and Dyna bead® M-450 sheep
anti IgG from Dynabead. All other chemicals were from
Sigma Chemical Co, and BDH.

The J111 cells were maintained in RPMI 1640 complete me-
dium at 37°C in 5%CO, in air. The cells were kept in the
log phase of growth by passaging every week. Cells were
then washed once with PBS to remove medium before
adding 0.25% (W\V) trypsin and further 10 minutes incu-
bation at 37°C. The cells were washed twice with fresh me-
dium and plated into fresh flask at 1x10° cells per 25 cm?
flask or 2-3x10° cells per 75 cm? flask. Stocks of J111 cells
(1x105 cells/well) were kept in liquid nitrogen in freez-
ing medium.

Sample of cell suspension was mixed with an equal volume
of 0.4% (W/V) Trypan blue in PBS and incubated for 10
minutes. The cells failing to exclude the dye were counted
and expressed as a percentage of the total cells present.

Cells were prepared as described above and resuspended at
1x10° cells in 0.2 ml complete medium in 1.5 ml eppendorf
tubes. Cells were treated with *H-5aDHT (9.25 MBq) in the
range of 1x107 to 1x10~ M with and without a 100-fold ex-
cess of the corresponding non-radioactive steroid to correct
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Figure 1. Cell autoradiography of J111 cell Line Cells were incubated
with 1 nmol [*H]-5aDHT as described in material and
method. Slides were develop and stained with Giemsa and
mounted in Depex. The slide was photographed at 40
magnification.

for non specific binding. Cells were incubated for 2 hours at
4°C. At the end of incubation period, cells were washed three
times and finally resuspended in 0.05 ml complete medium
before smearing on a microscope slide, air dried and fixed
in 100% methanol for 5 seconds. Slides were then dipped in
Kodak NTB photographic emulsion at 45°C in a dark room
and allowed to dry in a vertical position. Slides were sealed
in light proof boxes over silica gel and left at 4°C for 6 weeks.
Slides were warmed in room temperature, and developed for
5 minutes in Kodak D19 developer (8%W/V in water), washed
in water for 1 minute, fixed in AGFA G33c x-ray fixer contain-
ing aditan hardener (2.5%V/V) for 5 minutes, washed in wa-
ter for a further 5 minutes. After air drying, slides were stained
with geimsa and then mounted in depex(BDH, company,
England) and viewed with light microscope [21,22].

The radioactivity was measured by a method based on Chase
and Rabinson [22]. They determined the amount of radio-
activity by light microscope observation. A 96 percent confi-
dence level has achieved at 1700 cells counts. Similarly, when
alabelled cell was considered as a single event, the percent-
age of labelled cells is determined by counting labelled and
unlabelled cells until a total of 1700 labelled cells were to-
taled. This method was based on photometric estimation, in
fact the intensity of the auto radiographic label determined
by estimating the intensity of the blackening of the emulsion
overlying cells [23]. After counting the labelled cells under
light microscope, the cells were photographed.

Cells in a volume of 0.2 ml (5x10° cells/ml) were placed
in tubes and incubated for 1 h at 37°C with 1 mM protease
inhibitor (phenyl methyl sulfonyl fluoride, PMSF) and in-
creasing concentrations (2.5x10 M to 2.5x10* M) of the
[*H]-5aDHT with or without a one hundred fold-excess of
unlabelled 50-DHT (to measure total and non specific bind-
ing respectively). The use of protease inhibitor was based on
a study by Sadi et al. [24] who showed that androgen recep-
tor was higher in the presence of a protease inhibitor. After
incubation, the immunomagnetic method was used to cap-
ture J111 cells for the receptor binding assay and to permit
rapid washing of cells. The immunomagnetic method, also
simplified the separation of the labelled cells from unbound
steroid. Monoclonal antibody to CD68 (Biocare Medical) was

Figure 2. Cell autoradiography of J111 Cell Line Cells were incubated
with 1 nmol [*H]-5aDHT in the presence of 100 fold
excess of non labeled 5a-DHT as described in material and
method. Slides were develop and stained with Giemsa and
mounted in Depex. The slide was photographed at 40
magpnification.

used as first Ab and Dyna bead® M-450 sheep anti IgG as a
second Ab. Tubes were replaced in the MPC-6 magnet, cells
washed 3X with ice cold HBSS containing 0.1% (v/v) Triton
x-100 and 1 mM PMSF at 4°C to remove unbound steroid.
Finally, the cells were resuspended in 100 pl HBSS, trans-
ferred to a 5 ml tube and 1ml scintillation fluid (ULTIMA
GOLD TMMW Packard company 6013159) added before
transferring to the liquid scintillation counter.

Assay was also performed to examine the binding of
17B-Estradiol and triamcinilone acetonide to androgen re-
ceptor of J111 cells. 5x10° cells/tube was incubated with
110~ M [*H]-50DHT in the presence of unlabelled com-
petitors over the range of 1x10~ M to 1x1075 M. Cells were
then incubated at 37°C for 1h, then washed 3 times with ice-
cold HBSS containing 0.1% Triton x-100 and ImM PMSF us-
ing magnet method. The percentage of binding inhibition
by each concentration of competing ligand was determined
in each case and compared with percentage inhibition in-
duced by 100x DHT as reference for specific binding.

Statistical analysis

The results are expressed as the mean of experiments (n=6)
+the standard error (S.E) means or +the standard deviation
(S.D) means. An unpaired student t-test was used to deter-
mine the probability (p) of two sets of data from experi-
ments being different from each other.

RESULTS

In our quantitative study, based on published methods the
higher grain density over cell nuclei was counted as positive
for androgen binding [25, 26]. This was in comparison with
negative and control and slides also containing a 100-fold
excess of unlabelled 50-DHT (Figures 1,2). The percentage
of labelled cells was calculated according to the published
method by counting the labelled and unlabelled cells un-
til a total of 1700 cells have been tailed [22].

In our evaluation, the occurrence of 50-DHT receptor in the
J111 cells a population of approximately 96% of J111 cells
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Figure 3. J111 cells were incubated with different concentrations
of [*H]-5aDHT ranging between 2.5x10~* M to 1x10-* M
in the presence of 100 fold excess of non labelled 5a-DHT.
Scatchard analysis of [*H]-5aDHT binding indicated
Kd=2.5x10-° M. The number of receptors in each cell was
25741,

that contain receptors for androgen has been demonstrat-
ed (Figure 1). Saturation binding analysis over a wide range
of [*H]-5aDHT concentrations with whole cells separated
magnetically revealed a straight line slope indicating modest
affinity for [*H]-5aDHT in J111 cells. The Scatchard plot is
shown in Figure 3. The graph indicates the presence of one
type of binding site with a Kd value of 2.5x10 M (Figure 3).
The number of receptors per cell obtained in this study was
257+1 for J111 cells. Competition assay using 17B-estradiol
and synthetic glucocorticoid triamcinolone acetonid were
performed to determine the nature of androgen binding
sites in J111 cells (Figure 4). These ligands did not inhibit
specific binding, supporting binding for androgen.

DiscussION

Several in vitro methods have been developed for determi-
nation of androgen receptor-binding activity. Most investi-
gators have utilised dextran-coated charcoal to separate la-
belled cells from unbound steroid when assaying cytosolic
androgen receptors. However, Kliman et al. [27] developed
a receptor assay which utilised anti-bo-DHT Ab linked to
sepharose in order to separate labelled cells from unbound
steroid. Verhoeven et al. [28] used ammonium sulphate
(35%) to precipitate androgen receptors. Similarly, Liao et
al. [29] designed a rapid, economical and sensitive assay for
androgen receptors that utilised hydroxylapatite adsorption
of the radioactive steroid-receptor complex and washing of
adducts on membrane filters instead of using tubes. In con-
trast to these biochemical assays of androgen-binding activi-
ty, autoradiographic methods for localization and quantita-
tion of androgen receptors have been developed. Moreover,
as with other classes of steroid hormone receptors, mono-
clonal Abs to the androgen receptor are now commercially
available which allows extensive study of the structure and
regulation of the receptor and its gene.

We previously demonstrated the presence of estrogen re-
ceptor in J111 cells but were unable to detect androgen re-
ceptor, which could be due to the limitation of the tech-

100 7

—— 50-DHT
904  —— Estradiol
—e— Triamcinolone

% inhibition of *H]-5aDHT binding

50 nM
100 nM
500 nM

1000 nM

Different concentrations of non labelled steroid (nm)

=

Figure 4. 111 Cell Line were incubated with 1 n.mol [*H]-5a-DHT in
the presence of unlabelled competitors (5a-DHT, 17beta
estradioland Triamcinolone) over the range of 1 n.mol to
1000 n.mol. The percentage of binding inhibition by each
concentration of competing ligand was determined in each
case and compared with percentage inhibition induced by
100 X DHT as reference for specific binding.

nique used [30]. Immunomagnetic beads used in our
experiments had the important implications in helping to
separate labelled cells from unbound steroid. Results ob-
tained by the binding assay using magnetic beads were in
line with results obtained from autoradiographic experi-
ments in which specific binding for androgen in J111 cells
was demonstrated.

Scatchard analysis of receptor-binding data for androgens
showed a straight line for J111 cells (Figure 3) which indi-
cates presence of androgen binding sites. It also indicates
that [*H]-5aDHT binds to a single class of receptor with a
modest affinity. This is in accordance with data for andro-
gen receptor in other tissues reported previously. Our data
support previously reports of presence of androgen bind-
ing site in human synoviocyte [31], human leukaemic cells,
non Hodgkin’s Lymphoma cells and human leukocytes [20].
McCruden [30] also reported a different pattern of bind-
ing between thymus and prostate. The nature of androgen
binding site in J111 cells (Kd=2.5x10- M) seems also to be
different from other tissues. Gulshan et al. [30] demonstrat-
ed the presence of two different estrogen binding species
(type Aand B). In J111 cells, type A estrogen receptors were
found to have a Kd value of 8.7x10™"" M with 280 receptors
per cell, while the Kd for type B was 2.5x10™ M with 1130
receptors per cell. These data suggest a difference in recep-
tors found in different tissues.
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Our results are in accord with the results obtained by oth-
er investigators of the differential effects of androgens on
the macrophage and on the immune response in general
[32-37]. The number of androgen receptors found in J111
cells is relatively low compared to the both type A and B of
estrogen receptors (280 and 1130 per cell) in these cells(30)
but it was higher than androgen receptors in human mono-
nuclear leukocytes (184+52) [19]. Moreover, with reference
to competition experiment, it can be concluded that the bind-
ing identified in J111 cells is selective for androgenic com-
pounds. Little competition was seen from estradiol (173-E2)
and synthetic glucocorticoid (Triamcinolone acetonide).

This affinity of 56-DHT for androgen binding sites in CD68
positive cells as well as the degree of relative binding affini-
ties for various steroid hormones is comparable to the andro-
gen binding sites in other cells [38-42]. These experiments
are also comparable to work described by Kuhnle et al. [20]
who demonstrated high affinity (1.3 nM) androgen binding
sites in peripheral mononuclear leukocytes (PML).

The presence of androgen binding site in J111 cells (Human
monocyte- macrophage) for the first time, provides the ex-
perimental basis for an hypothesis of direct receptor-mediat-
ed effects of androgens on mature immunocompetent cells.
This method provides a test for repeated quantitative recep-
tor measurements in intact cells which are easily available, so
that this whole cell assay can determine the androgen binding
capacity under various physiological and clinical situations.
The high or modest affinity, saturable capacity and specifici-
ty of the androgen binding sites fulfill the criteria for specif-
ic hormone receptors. Indeed, this method provides a non
invasive technique for examining androgen binding sites in
intact cells, thus minimising the interference caused by tissue
or cell homogenisation or prolonged cell culture.

In Favor of these results, Brann et al. [19] reported a non-
classical action of progesterone and its metabolites that oc-
cur within seconds or minutes and also actions which take
an hour or longer but in a non-classical manner. There is
evidence regarding steroid action which does not involve
entry to cells. Willmer [43], proposed that steroids could be
inserted vertically in the phospholipid bilayers of the mem-
branes which would alter the fluidity of the membrane and
block membrane ionic channels. Thus, while steroids may
indeed alter membrane fluidity, it is unclear to what degree,
if any, this effect would contribute to the overall biological
action of these hormones.

CONCLUSIONS

Iit is conceivable from the findings reported in this study
that the immunomodulatory action exerted by androgens
may be at least partially realised through their interactions
with respective receptors in macrophages. Also, further re-
search on the androgen receptors in macrophage is re-
quired to establish whether the receptors are similar to the
androgen receptor reported in other tissue or shows tissue
variation as seen with estrogen [30].
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