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Sensitive in vitro test systems to determine
androgenic/antiandrogenic activity
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We report on the establishment of one transgenic and two endogenous reporter gene assays to deter-
mine androgenic/antiandrogenic activity. A transient transactivation assay was developed in COS-7
African green monkey kidney cells. Three plasmids were co-transfected by electroporation: the
human androgen receptor expression vector pSG5AR, the reporter gene vector pMamneoLuc, expres-
sing luciferase under the control of the mouse mammary tumor virus (MMTV) promotor containing
4 hormone responsive elements (HREs), and the control plasmid pSVb. Transcriptional activation
was measured by luciferase-mediated chemoluminescence. In T47D human breast cancer cells two
endogenous reporter gene systems were established: one based on the androgen-induced expression
of prostate-specific antigen (PSA), the other based on the androgen-repressed expression of testoste-
rone repressed message 2 (TRPM-2). PSA protein was measured by enzyme-linked immunosorbent
assay (ELISA), TRPM-2 m-RNA by reverse transcriptase polymerase chain reaction (RT-PCR). All
three test systems were validated using the physiological androgen dihydrotestosterone (DHT) as ago-
nist and the established antiandrogens hydroxyflutamide and p,p9-dichlorodiphenylethene (p,p9-DDE)
as antagonists. The PSA assay was the most sensitive test system with an EC50 of 0.7 nM for DHT-
induced response. The transient transactivation assay in COS-7 cells was less sensitive with an EC50

of 9.7 nM DHT. In the PSA assay hydroxyflutamide was a more potent antagonist (IC30 = 0.02 lM)
than p,p9-DDE (IC30 = 0.9 lM). In the transient transactivation assay in COS-7 cells, both compounds
elicited about 30% of the agonistic response induced by 100 nM DHT, thus showing partial agonistic
properties. In summary, three highly sensitive and complementary in vitro test systems, together
achieving enhanced specificity for detection and assessment of androgenic/antiandrogenic activity
have been established and validated.
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1 Introduction

Worldwide scientific and public awareness of the potential
endocrine effects of certain environmental chemicals has
been triggered by observations about disturbances of wild-

life fertility as a consequence of anthropogenic contamina-
tion of ecosystems by certain pesticides [1, 2]. Hints from
epidemiological studies have further stimulated the scien-
tific and public debate on whether human exposure to such
environmental contaminants might also adversely influence
the hormonal balance of humans and hence might have det-
rimental health effects. Especially critical periods of uro-
genital tract and nervous system development in utero and
during early post-natal life might be sensitive to hormonal
disruption [3, 4]. For example, the reported increase in testi-
cular cancer [5] and other disorders of the male reproduc-
tive tract like chryptorchidism and hypospadia [6] have
been discussed within this context.

At an early stage, attention has primarily been focused on
environmental estrogens. More recent investigations have
shown, however, that some pesticides and/or their metabo-
lites, such as, e.g., the DDT metabolite p,p9-dichlorodiphe-
nylethylene (p,p9-DDE) [7], metabolites of the fungizides
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vinclozolin [8] and procymidone [9], the fungizide pro-
chloraz [10] or the herbizide linuron [11] display antiandro-
genic properties. These compounds have been found to
compete with androgens for the androgen receptor (AR)
and thereby to alter androgen-dependent gene expression in

vitro and in vivo. Exposure to environmental androgen
antagonists during critical windows of fetal and postnatal
development has been discussed to inhibit male sexual
development by blocking expression of androgen-depend-
ent genes [12].
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Figure 1. (A) Transient transactivation assay in COS-7 cells, (B) PSA/TRPM-2 assay in T47D cells. (A) The plasmids pMamneoLuc,
pSG5AR and pSVb were cotransfected by electroporation in COS-7 cells. (B) A transfection is not necessary: AR is expressed by
T47D cells. (A + B) Ligands enter the cell and bind to the free receptor. The ligand activated receptor dimerizes, is translocated to
the cell nucleus and binds to HREs in the promotor upstream of the target gene. Transcription is induced. (A) After cell lysis, the
luciferase activity can be measured by chemiluminescence detection. (B) PSA protein is secreted into the culture medium and meas-
ured by ELISA. TRPM-2 m-RNA is measured by RT-PCR.
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Therefore, in addition to rapid screening systems to detect
estrogenic/antiestrogenic effects, reliable functional test
systems to identify androgenic/antiandrogenic activities
also are urgently needed. Estrogenic activity has been
assayed earlier in vitro using proliferation assays in hor-
mone-dependent cell lines, such as the so-called E-screen
assay carried out in the human mammary carcinoma line
MCF-7, as a measure for estrogenic/antiestrogenic potential
[13]. However, assays measuring just effects on prolifera-
tion of hormone-dependent cells do not provide the func-
tional specificity displayed by reporter gene systems. More-
over, for the detection of potentially androgenic/antiandro-
genic effects no cell system is available yet based on andro-
gen dependent proliferation. Prostate cell lines such as the
established line LNCaP grow rather slowly and express a
mutated form of the androgen receptor. In these cells estab-
lished antiandrogens were found to induce androgenic
rather than antiandrogenic effects [14].

In recent years, the development of assay systems to meas-
ure androgenic/antiandrogenic activity based on transgenic
or endogenous androgen-regulated reporter gene systems
has been pursued by several groups [15–19]. We here
report the establishment of one transgenic and two endo-
genous reporter gene assays that can be used in parallel as
highly sensitive, complementary in vitro systems to identify
androgens/antiandroges thereby achieving enhanced speci-
ficity (Figs. 1A and B).

The transient reporter gene assay was developed in COS-7
African green monkey kidney cells that do not contain
receptors for steroid hormones [20]. For transfection with a
steroid hormone receptor expression vector, we used the
human expression vector pSG5AR, constitutively express-
ing the AR under the control of the SV-40 promotor. The
androgen-dependent reporter gene vector pMamneoLuc
and the control vector pSVb were cotransfected. The
pMamneoLuc contains the mouse mammary tumor virus
(MMTV) promotor with four androgen-, corticoid-, and
progestin-dependent hormone responsive elements (HREs)
[21, 22]. In the cotransfected control vector pSVb, b-galac-
tosidase is constitutively expressed under the control of the
SV-40 promotor. This allows correction for differences in
transfection efficiency and cell preparation.

Furthermore, two endogenous reporter gene assays were
established in T47D mammary cancer cells. One assay
measures androgen stimulated expression of prostate-
specific antigen (PSA). The second assay is based on mea-
suring androgenic effects on testosterone repressed prostate
message 2 (TRPM-2). By virtue of their endogenous
expression, these test systems do not require transfection.
They therefore more closely reflect the normal physiologi-
cal background situation. Moreover, they also offer the per-
spective of being utilized in vivo and therefore allow direct

in vitro, versus in vivo, comparisons. PSA is a serine pro-
tease expressed in epithelium cells of the prostate and in the
breast glands [23, 24] under the control of the physiological
human PSA promotor. This promotor contains two andro-
gen-responsive elements and an androgen-responsive
region [25, 26]. One physiological role that is known for
PSA is the liquefaction of semen [24]. PSA is expressed by
T47D cells in the presence of androgens and progestins and
is secreted into culture medium [15, 27–29]. Antiandro-
genic activity therefore can be determined by inhibition of
androgen-induced PSA expression.

TRPM-2 or clusterin is a multifunctional protein that has
been implicated in homeostatic control of lipoprotein meta-
bolism, tissue repair and remodeling, sperm maturation,
inhibition of complement-mediated cell lysis, and epithelial
cell differentiation. TRPM-2 is induced de novo during the
regression of the prostate and other hormone-dependent tis-
sues after hormone ablation. Furthermore, it is overex-
pressed in several human neurodegenerative diseases,
including Alzheimer’s disease and epilepsy [30, 31]. A
number of potential regulatory sequences is present in the
TRPM-2 gene, including four androgen response element
(ARE) half-sites. These regions either alone or in combina-
tion appear of relevance in androgen-induced repression of
TRPM-2 gene expression [32]. In T47D cells TRPM-2 is
constitutively produced in the absence of the physiological
hormone dihydrotestosterone (DHT), whereas in the pres-
ence of androgen, the expression of TRPM-2 is abrogated.
In contrast, antiandrogens inhibit the repression and, there-
fore, increase TRPM-2 concentration. This test system
therefore allows detection of a positive response induced by
antiandrogens. We demonstrate here that all three test sys-
tems represent highly sensitive and reliable tools for identi-
fying androgens/antiandrogens in vitro.

2 Materials andmethods

2.1 Materials

DHTand p,p9-DDEwere from Sigma Chemicals (Deisenho-
fen,Germany),hydroxyflutamidewasobtainedasagenerous
gift fromScheringAG(Berlin,Germany).Thehumanandro-
gen receptor expression vector pSG5-AR was kindly pro-
vided by Dr. Andrew Cato, Forschungszentrum Karlsruhe,
InstituteofToxicologyandGenetics,Germany.The reporter-
gene vector pMamneoLuc and the b-galactosidase control
vector pSVbwere fromClontech (PaloAlto,CA,USA).

2.2 Cell culture

COS-7 cells (DSMZ, Deutsche Sammlung von Mikroorga-
nismen und Zellkulturen GmbH) and T47D cells (ATCC,
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American Type Culture Collection) were grown in RPMI
1640 medium with phenol red, supplemented with 10%
fetal calf serum (FCS) and 100 U/mL penicillin/streptomy-
cin (Gibco, Life Technologies, Grand Island, NY, USA).
Cells were grown at 378C with 5% CO2 in a humidified
incubator. For all hormone treatments, cultures were grown
in Dulbecco’s medium without phenol red, containing 10%
charcoal-dextran-stripped fetal calf serum (CDFCS), sup-
plemented with 1.6 mM L-glutamine and 100 U/mL penicil-
lin/streptomycin.

2.3 Transient transactivation assay in COS-7 cells

Confluent 80% COS-7 cells were harvested by trypsiniza-
tion, centrifuged (1500 rpm about 5min) and resuspended in
ice-cold PBS (pH 7.4). The cell suspension was counted and
diluted to 8000 cells/lL. In each of three sterile genepulse
chambers, 46106 cells were mixed with 10 lg each of the
plasmids pSG5-AR, pMamneoLuc, and pSVb. Cells were
exposed to a controlled electrical field of 1000lFat 330Vin
an Invitrogen electroporator. Each electroporation sample
was diluted in 1 mL of serum containing medium. Contents
of the three genepulse chambers were mixed and evenly dis-
tributed into 58 mm culture dishes. Cells were incubated in
normal medium for ca. 18 h, then hormones were added for
24 h in CDFCS medium. After an additional period of
growth (ca. 24h) inCDFCSmedium, cellswere lysed in lysis
buffer (Promega, Madison, WI, USA). Luciferase and b-
galactosidase activities of the lysateweremeasured in a plate
luminometer (BMG LABTECH GmbH, Offenburg, Ger-
many) using luciferase assay reagent (Promega) or, respec-
tively, b-gal substrate (Clontech), as indicated by the manu-
facturer.Values obtained for luciferase activitywere normal-
ized tob-gal activity.

2.4 PSA assay in T47D cells

The assay according to Rosenberg et al. [15] was slightly
modified. In brief, T47D cells were seeded into 24-well tis-
sue culture plates (50 000 cells/well), using CDFCS med-
ium and were grown for 24 h. Cells were stimulated by add-
ing DHT in DMSO (1 lL) at various concentrations so as to
provide a concentration range of 100 nM to 0.01 nM DHT in
0.1% DMSO per well. After 5 days incubation, the tissue
culture supernatants were removed for PSA analysis. For
detection of antiandrogenic activity, cells were incubated
(i) with DHT alone at a final concentration of 1 nM and
(ii) first with the test compound for 4 h at final concentra-
tions of 10 lM to 10 nM before DHT (1 nM) was added.
Appropriate multiple positive controls (with stimulating
steroids) and negative controls (only 0.1% DMSO) were
included in each experiment. PSAwas measured in the tis-
sue culture supernatants (undiluted) with the PSA-Immulite

third generation Assay (DPC Biermann, Bad Nauheim,
Germany) on an Immulite Analyzer (DPC Biermann), as
indicated by the manufacturer. The determination limit of
this assay is 0.003 ng/mL and higher. To control for cyto-
toxicity, effects on cell growth were measured by the sulfor-
hodamin B (SRB) test [33]. Briefly, after incubation for
5 days, cells were fixed with trichloroacetic acid (50%) and
cellular protein was stained with sulforhodamin B (0.4% in
1% acetic acid). After resolubilization with Tris buffer
(10 mM, pH 10.5), absorption was measured at 564 nm in
an UV-Vis-photometer thus providing a direct measure of
cell numbers.

2.5 TRPM-2 assay in T47D cells

2.5.1 Generation of the exogenic internal standard

A 556 bp PCR amplification strand of the TRPM-2 gene
(primer: 59-AAT CCC TCC AGG TCG CTG AGA-39 and
59-TTC CCATGAGCAGAG TCG-39) was amplified from
T47D cells. The amplification strand was again amplified
to generate HindIII and XbaI restriction-interfaces (primer:
59-ATC AAG CTTAAT CCC TCC AGG TCG CTG AGA-
39 and 59-TTC CCATGAGCAGAG TCG TCTAGAGGA-
39). These amplification strands and the pUC18-vector
(Amersham Pharmacia Biotech, Uppsala, Sweden) were
restricted by HindIII and XbaI (Amersham Pharmacia Bio-
tech) and ligated using T 4 DNA Ligase (MBI Fermentas).
This modified Vector was transformed by heat shock into
the Escherichia coli DH5a strain and amplified. The
obtained plasmid was digested using the restriction enzyme
PstI (Amersham Pharmacia Biotech) that provided two cuts
within a distance of 96 bp. The shortened DNA-construct
was ligated, transformed into E. coli and amplified. The lin-
earized shortened plasmid-DNAwas used as exogenic inter-
nal standard.

2.5.2 Isolation and amplification ofmRNA

T47D cells were incubated for 20 h in serum free medium
with DHT and the test compounds. RNAwas isolated using
the RNeasym Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instruction and stored at –808C.
RT-PCRs were performed using the Qiagenm OneStep RT-
PCR Kit. TRPM-2 was measured by competitive RT-PCR
using 1 lg template mRNA, 40 ng of the linearized deletion
mutant described above as a synthetic internal standard, and
the following oligonucleotides as primers: 59-AAT CCC
TCC AGG TCG CTG AGA-39 and 59-TTC CCATGAGCA
GAG TCG-39. The conditions of the Qiagenm OneStep RT-
PCR Kit were adapted as follows: After a reverse transcrip-
tion step at 508C for 30 min, the resultant cDNA underwent
an initial PCR step at 958C for 15 min, followed by 10
cycles consisting of 30 s denaturing at 948C, 1 min anneal-
ing at 558C and 1 min extension at 748C. The next 15 cycles
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consisted of 30 s denaturing at 948C, 1 min annealing at
558C and 1 min + 5 s per cycle extension at 728C. A final
extension for 10 min completed the amplification. Amplifi-
cation products were detected using agarose gel electro-
phoresis and ethidium-bromide staining. Intensities of the
ethidium-bromide stains at 556 bp (sample) and 460 bp
(standard) were quantified using a Lumi-Imager (Boehrin-
ger, Mannheim, Germany). Results were normalized by
dividing light units detected for the sample by light units
detected for the standard. The value obtained for control
samples was set as reference point (value 1.0). All other
values were evaluated relative to the reference point.

2.6 Evaluation

Dose-response curves: Data were plotted in a semilogarith-
mic scale. The sigmoidal dose-response curve was fitted to
the experimental data using

Y ¼ A1� A2

1þ ðX=X0Þp
þ A2 ð1Þ

where Y equals the term for the sigmoidal dose response.
A1 is the lower response plateau (receptor not activated),
A2 is the upper response plateau (saturation of the receptor),
P is the power (slope), X0 is the x-value at 50% activity
(inflection point), and X is the mean value of luciferase
activity at a given concentration l standard deviation (SD).

3 Results

3.1 Transient transactivation assay in COS-7 cells

African green monkey kidney COS-7 cells do not express
steroid hormone receptors. Cells were therefore transiently
cotransfected with an expression vector for the human
androgen receptor (pSG5AR), the MMTV-promotor con-
trolled luciferase reporter vector (pMamneoLuc), and a
b-gal control vector (pSVb). The test system allows for the
determination of both, androgenic and antiandrogenic activ-
ity. The physiological ligandDHTinduced a dose-dependent
reporter responsewith anEC50 of 9.7 nM (Fig. 2).

To validate the assay for the detection of antiandrogenic
effects, the established antiandrogens p,p9-DDE and hydro-
xyflutamide were used. AR-mediated transcriptional activ-
ity induced by 100 nM DHT was significantly inhibited to
about 50% inhibition at 1 lM p,p9-DDE and down to about
70% at 10 lM (Fig. 3). At 10 lM, the onset of an androgenic
response by p,p9-DDE became apparent reaching about 30%
of the activity induced by 100 nMDHT (Fig. 3). This is indi-
cative that p,p9-DDEacts as a partialAR-agonist.

The active metabolite of flutamide, hydroxyflutamide,
exhibited slightly less potent antagonistic efficacy as com-

pared to p,p9-DDE, reducing DHT-induced response by
about 40% at 1 lM and by about 50% at 10 lM (Fig. 4).
Again, partial agonistic activity, comparable to that of p,p9-
DDE, became apparent at rather high concentration
(Fig. 4).

3.2 PSA assay in T47D cells

In T47D mammary carcinoma cells the physiological
androgen DHT induced PSA expression in a concentration-
dependent manner (Fig. 5). Compared to the transient trans-
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Figure 2. Transient transactivation assay in COS-7 cells.
Androgen (DHT) induced reporter gene response: normalized
graph (n = 6, mean lSD; 100 nM DHT was the reference point
for each experiment and set as 100%). The EC50 value was
9.7 nM. SD, standard deviation.

Figure 3. Assay of antiandrogenic efficacy of p,p9-DDE in
COS-AR-Luc cells. p,p9-DDE acts as a potent antiandrogen,
abrogating concentration-dependently DHT-induced reporter
gene activity and showing partial agonism at high concentra-
tion (n = 3, mean lSD, values for p,p9-DDE alone: n=4, mean l
SD).
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activation assay in COS-7 cells the PSA assay is consider-
ably more sensitive, resulting in an EC50 value at 0.7 nM
DHT, as compared to 9.7 nM in the former system. Since
the concentration-response curve is shifted to a lower con-
centration range, a DHT concentration of 1 nM, about
equivalent to the EC50 value of 0.7 nM, was chosen for inhi-
bition experiments.

p,p9-DDE and hydroxyflutamide inhibited DHT-induced
PSA expression in a concentration-dependent manner.
However, in this test system, p,p9-DDE was found to be a
less potent antiandrogen than hydroxyflutamide, both in
terms of potency (IC30) and efficiency of inhibition (Fig. 6).

In contrast, PSA expression was completely inhibited at
1 and 10 lM concentrations by hydroxyflutamide (Fig. 6).
No cytotoxic effects were detected by the SRB test for both
compounds (data not shown).

The response to a steroidal gestagen and to a corticoid was
also tested. The progestin norgestimate displayed an ago-
nistic response in a dose-dependent manner with an EC50 at
5 nM, reaching a plateau at 60% of DHT-induced response.
Dexamethasone, a glucocorticoid receptor (GR)-agonist,
induced weak response in a dose-dependent manner.
Cotreatment with hydroxyflutamide reduced norgestimate-
induced PSA expression to some extent, however, no com-
plete reduction could be achieved (data not shown).

3.3 TRPM-2 assay

In T47D mammary carcinoma cells DHTwas found to inhi-
bit the expression of TRPM-2 m-RNA in a concentration-
dependent manner. Figure 7 shows the stains for samples
and standards (A) and the normalized results (B). Evalua-
tion of an IC50 value by logistic fit was not possible in this
case because the upper and lower response plateaus were
not reached. However, the data clearly indicate a dose-
dependent repression of TRPM-2 m-RNA. The antiandro-
gens p,p9-DDE and hydroxyflutamide indeed induced a
dose-related increase of TRPM-2 m-RNA (Fig. 8).

4 Discussion

In vitro test systems to identify androgenic and, especially,
antiandrogenic activity have been established and com-
pared using transgenic and endogenous reporter gene sys-
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Figure 4. Assay of antiandrogenic efficacy of hydroxyflutamide
in COS-AR-Luc cells. Hydroxyflutamide acts as a potent anti-
androgen, concentration-dependently abrogating DHT-
induced reporter gene activity and showing partial agonism at
high concentration (n = 3, mean lSD, values for hydroxyflut-
amide alone: n = 4, mean lSD).

Figure 5. PSA assay for antiandrogenic activity: validation
with DHT. DHT induced PSA expression: normalized graph
(n = 4, mean lSD). The EC50 value was 0.7 nM.

Figure 6. PSA assay for antiandrogenic activity. Concentra-
tion-dependent inhibition of DHT (1 nM) induced PSA expres-
sion by p,p9-DDE and hydroxyflutamide (n = 3, mean lSD).
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tems. The respective advantages and disadvantages of the
test systems are summarized in Table 1.

Specific identification of androgenic potential can be
achieved when using a cell line which exclusively expresses
the androgen receptor. In this situation, other steroid hor-
mone receptors, such as glucocorticoid and progesterone
receptors, are absent. Those receptors are known also to
bind to HREs in the respective promotors and, thereby, to
cause transcriptional activation [34]. We have achieved this
aim of selective response by transient transfection of the
steroidhormone receptor negative African green monkey
kidney cell line COS-7 with a human androgen receptor
expression vector (pSG5AR). As a reporter gene vector the
androgen-controlled pMamneoLuc was cotransfected

together with a control vector (pSVb). The pMamneoLuc
vector contains the MMTV promotor including 4 HREs
which can bind androgen-activated AR. A constitutively
expressed androgen-independent control vector (pSVb)
was cointroduced to obtain a measure for transfection effi-
ciency and for variations in individual preparation. Our
results show that this transient transactivation assay in
COS-7 cells allows the determination of both androgenic
and antiandrogenic potential at high sensitivity. However,
one disadvantage of this transient transactivation system
lies in the fact that for every experiment it requires a new
transfection. Furthermore, as a consequence of transfection
with three vectors and the usage of monkey kidney cells, the
system is relatively artificial. Test systems that more closely
simulate the physiological situation make use of endogen-
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Table 1. Comparison of the established in vitro test systems

Advantages Disadvantages

Transient transactivation assay
(COS-AR-Luc)

* Specific
* Selective expression of AR

* Monkey kidney cells
* Transfection necessary:

– time consuming,
– more artificial

PSA assay * Human mammary carcinoma cells
(T47D)

* PSA is secreted into the culture
medium

* Determination at protein level
* Antiandrogenic effects specifically
measured

* Coexpression of other steroid hormone receptors
* Specific measurement of androgenic effects may re-
quire additional refinement by appropriate receptor
blocking agents to correct for potential cross sensitivity

TRPM-2 assay * Human mammary carcinoma cells
(T47D)

* Positive response indicated by
antiandrogens

* Coexpression of other steroid hormone receptors
* Specific measurement of androgenic effects may re-
quire additional refinement by appropriate receptor
blocking agents to correct for potential cross sensitivity

* Determination at m-RNA level, not at protein level

(A) (B)

Figure 7. TRPM-2 assay in T47D cells. (A) Results of agarose gel electrophoresis after ethidium bromide staining. Stains of sam-
ples (556 bp) and standard (460 bp) are indicated. Intensities of the ethidium-bromide stains were quantified using a Lumi-Imager
(Boehringer). Results were normalized by dividing light units detected for the sample by light units detected for the standard.
(B) DHT induced the reduction of TRPM-2 m-RNA in a dose-dependent manner (n = 5, mean lSD). The value obtained for control
samples was set as reference point (value 1.0). All other values were evaluated relative to the reference point.
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ous reporter gene systems in human cell lines expressing
the androgen receptor. When using this approach one needs
to take into consideration that the response will not be
totally androgen specific, because available cell lines
express not only the AR.

As an example, the T47D human breast cancer cell line
which was utilized in our experiments contains not only
ARs but also PRs and GRs [35]. In our feasibility experi-
ments, we established two endogenous reporter gene sys-
tems, one utilizing the androgen-inducible protein PSA,
and the other the androgen-repressed protein, TRPM 2.
These systems need validation of agonistic response, e.g.,
by using appropriate receptor blocking agents in order to
correct for potential agonistic cross sensitivity mediated by
progesterone or glucocorticoid receptors. Norgestimate and
dexamethasone also were found to induce PSA expression
in T47D cells. Attenuation of norgestimate-induced
response by the antiandrogen hydroxyflutamide indicates
that this gestagen behaves as a partial AR-agonist in this
system. Other progestins such as medroxyprogesterone
acetate (MPA) have also been reported to have some AR-
agonist activity [19]. Studies with selective PR antagonists
will be needed for further mechanistic insight.

In the present study antagonistic activity towards the andro-
gen receptor was selectively assayed by measuring test
compound mediated reduction of DHT-induced PSA pro-
tein and induction of DHT-reduced TRPM-2 message. An
advantage of the PSA assay lies in the fact that PSA is
secreted into the culture medium, and thus can be deter-
mined directly in the medium. Furthermore, PSA is deter-
mined at the protein level via ELISA, whereas TRPM-2 is
to be measured via RT-PCR at the m-RNA level. Thus,
potential post-transcriptional modifications would not be
detected in the TRPM-2 assay. At present, however, the

TRPM-2 assay, to our knowledge, is the only approach
allowing detection of a positive response induced by anti-
androgens.

All three test systems were validated with the physiological
hormone dihydrotestosterone and with the established anti-
androgens p,p9-DDE and hydroxyflutamide. The EC50 and
respective IC30 values are summarized in Table 2. The PSA
assay represents the most sensitive assay with an EC50 value
obtained from the DHT concentration-response curve about
one order of magnitude lower than the EC50 value measured
in the transient transactivation assay (0.7 nM versus 9.7
nM). In the PSA assay, which is considered to more closely
reflect the physiological situation, hydroxyflutamide
revealed more potent antiandrogenic activity than p,p9-
DDE, as reflected by IC30 values differing by about one
order of magnitude. This contrasts with the findings in the
transient transactivation assay and in the TRPM-2 assay,
where both established antiandrogens elicited about equiva-
lent antiandrogenic activity with similar IC30 values.

Androgenic activity was determined using the transient
transactivation assay in COS-7 cells. Both, p,p9-DDE and
hydroxyflutamide, clearly displayed partial androgenic
potential at higher concentrations. Thus, according to
results of our in vitro test system, they appear to represent
partial agonists. It has previously been reported that some
androgen antagonists like hydroxyflutamide or the vinclo-
zolin metabolite M2 can act as agonists in a concentration
dependent manner, depending on the presence of compet-
ing natural ligands [8, 19]. Our results are in good agree-
ment with these studies.

In conclusion, three in vitro test systems, one transgenic and
two endogenous test systems, have been established and
validated. The three approaches complement each other and
together offer highly useful and sensitive tools for identify-
ing potential androgens/antiandrogens. Studies with a spec-
trum of recently identified antiandrogens are planned to
further establish specificity and sensitivity of these assays.

We wish to thank A. Cato for providing the androgen recep-
tor expression vector pSG5AR; Schering AG, Berlin, for
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Figure 8. TRPM-2 assay in T47D cells. p,p9-DDE and hydroxy-
flutamide inhibited the DHT-induced reduction of TRPM-2 in a
concentration-dependent manner (p,p9-DDE: n = 6, hydroxyflu-
tamide: n = 4, means lSD).

Table 2. Comparison of the effects of DHT, p,p9-DDE, and
hydroxyflutamide in the different test systems

DHT
EC50 (nM)a)

p,p9-DDE
IC30 (lM)b)

hydroxy-
flutamide
IC30 (lM)b)

COS-AR-Luc 9.7 0.47 0.62
PSA assay 0.7 0.9 0.02
TRPM-2 assay – EC30 = 4.8b) EC30 = 3.3b)

a) Evaluated by logistic fit
b) Evaluated by linear regression between two values
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providing hydroxyflutamide and the laboratory of the
Westpfalz Hospital, Kaiserslautern, for providing the Immu-
lite unit. This investigation was supported by Baden-W�rt-
temberg, a federal state of Germany, project life foundation
of the environment and its preservation, grant BWB 99002.
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