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Androgens Induce Divergent Proliferative
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Cell Lines
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Although the majority of primary human breast cancers express the androgen receptor (AR), the
role of androgens in breast cancer growth and progression is poorly understood. We have investi-
gated the effects of the naturally occurring androgen, dihydrotestosterone (DHT), and a synthetic
non-metabolizable androgen, mibolerone, on the proliferation of six human breast cancer cell lines.
The anti-proliferative and proliferative effects of androgens were only observed in cell lines that
expressed the AR. Two of the AR-positive cell lines, T47-D and ZR-75-1 were growth inhibited in
the presence of either DHT or mibolerone, while the proliferation of MCF-7 and MDA-MB-453 cells
was increased by both androgens. Co-incubation of cultures with 1 nM DHT and a 100-fold excess
of the androgen receptor antagonist, hydroxyflutamide, resulted in reversal of both inhibitory and
stimulatory effects of DHT on T47-D, MCF-7 and MDA-MB-453 cell proliferation, indicating that
DHT action is mediated by the AR in these lines. Hydroxyflutamide only partially reversed the
DHT-induced growth inhibition of ZR-75-1 cultures, which suggests that growth inhibition of these
cells may be mediated by non-AR pathways of DHT (or DHT metabolite) action. Mibolerone action
on breast cancer cell growth was similar to that of DHT, with the exception that growth stimulation
of MCF-7 and MDA-MB-453 cells was only partially reversed in the presence of a 100-fold excess
of hydroxyflutamide. Anandron, another androgen receptor antagonist, was able to reverse all
inhibitory and stimulatory actions of the androgens. AR antisense oligonucleotides reduced the level
of immunoreactive AR expression in MDA-MB-453 and ZR-75-1 cells by more than 609, but only
reversed the growth inhibitory action of mibolerone in ZR-75-1 cultures. The results suggest that
androgen action in breast cancer cell lines may not be solely mediated by binding of androgen to
the AR. For example, metabolites of DHT with oestrogenic activity, or androgen binding to receptors
other than the AR, may explain the divergent responses to androgens observed in different breast
cancer cell lines.
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INTRODUCTION

The proliferation of breast cancer is regulated by a
complex interplay of steroid hormones including
oestrogens [1], progestins [2] and androgens [3, 4].
Approximately 60-70%, of primary breast tumours
express oestrogen receptor (ER) and progesterone re-
ceptor (PR) which is usually indicative of a well differ-
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entiated breast tumour amenable to hormonal therapy
[5,6]. In addition, approx. 75%, of primary breast
cancers are immunoreactive for the androgen receptor
(AR) [7]. In a recent study, specific binding of
[*H]methyttrienolone ([*H]R1881) was detected in
85%, of 852 primary breast cancers, while ER and PR
were expressed in 71 and 61°, of the tumours, respect-
ively [8]. In contrast to ER and PR, the functional
significance of AR expression in human breast cancer
is poorly understood. The high frequency of AR ex-
pression observed in a study of Lea er al. [8] implies
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that androgens may influence the growth and func-
tional activity of breast tumours. This may be of
clinical significance, since epidemiological studies indi-
cate that low urinary androsterone and serum free
testosterone levels are strongly related to early onset of
breast cancer, a much higher relapse rate after diagno-
sis and a worse response to endocrine therapy [9, 10a].
Recent data from our laboratory suggests that the
duration of response to medroxyprogesterone acetate
(MPA) 1n patients with metastatic breast cancer is
related to the level of AR in primary breast tumours
[10b]. Since MPA is a synthetic progestin with andro-
gen agonist activity [11], the association between AR
and response to MPA observed in our study suggests
that MPA may act via the AR to inhibit breast cancer
cell growth in advanced breast cancer.

Androgens such as fluoxymestrone [12] have been
used in the treatment of advanced breast cancer in both
pre- and post-menopausal women. A higher response
rate and a longer time to disease progression are
observed when androgens are combined with an anti-
oestrogen compared to treatment with anti-oestrogen
alone [12, 13]. In addition, studies using animal models
have demonstrated that androgens can inhibit breast
cancer cell growth. Both the growth of human breast
cancer cell lines in nude mice [14] and dimethyl
benzanthracine-(DMBA)-induced mammary tumours
in rats [15] are inhibited by dihydrotestosterone
(DHT) [16]. Since these breast cancer cell lines and the
DMBA-induced tumours express AR, and growth in-
hibition is specifically reversed by the AR antagonist,
hydroxyflutamide, it appears that androgens inhibit
breast tumour growth via an AR-mediated mechanism.

There is limited data available regarding the effect of
androgens on the growth of breast cancer cells in vitro.
The most extensively studied breast cancer cell line is
ZR-75-1 which expresses ER, PR and AR [17]. Andro-
gens inhibit the proliferation of this cell line to 409, of
untreated controls and growth inhibition is reversed by
a saturating concentration of hydroxyflutamide [18].
The inhibitory effect of DHT is more prominent when
cell proliferation has been stimulated by prior treat-
ment with oestradiol [18]. In contrast, proliferation of
EFM-19 (3], EVSA-T [19] or MCF-7 [3] breast cancer
cell lines is stimulated by physiologically equivalent
doses of testosterone and DHT to a maximum of 1409,
of untreated controls. The aim of the present study was
to examine the effects of the more active metabolite of
testosterone, DHT, and a synthetic non-metabolized
androgen, mibolerone on the proliferation of six human
breast cancer cell lines, and to investigate which of
these effects are mediated by the androgen receptor.

EXPERIMENTAL
Chemicals

All chemicals unless otherwise
obtained from Sigma Chemical

indicated were
Co. (St Louis,
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MO, U.S.A). 7x,17a-dimethyl-19-nortestosteronc
(mibolerone) was kindly provided by Upjohn Pharma-
ceuticals,  RU23908  [5,5-dimethyl-3-{4-nitro-3-
(trifluoromethyl)phenyl}-2,4-imidazolinedione (anan-
dron)] was kindly provided by Dr J. P. Raynaud of
Roussel-Uclaf, Romainville, France. [>H]methyl-
trienolone ([*H]R1881) (126 Ci/mmol) was supplied by
Amersham (Sydney, Australia).

Cell culture

Six human breast cancer cell lines were obtained
from the American Type Culture Collection
(Rockville, MD, U.S.A.). Cells were cultured in RPMI
1640 medium supplemented with 5%, foetal bovine
serum (FBS), 4nM glutamine, 1 ug/ml insulin,
100 ng/ml streptomycin, 100 ng/m! penicillin (Com-
monwealth Serum Laboratories, Melbourne, Aus-
tralia). Prior to confluence, cells were replated into
96-well tissue culture plates (Corning, Crown Scien-
tific, Moorebank, Australia) in phenol red-free
DMEM/F12 medium supplemented with 109%, dex-
tran-coated charcoal treated FBS (DCC-FBS) [20],
4mM glutamine, 100ng/ml streptomycin and
100 ng/m] penicillin (i.e. steroid-free medium).

Ligand-binding assays

Receptor content was measured in whole cells using
a radioligand binding exchange assay [20]. Cells were
grown as monolayers in 12-well tissue culture plates
(Corning, Crown Scientific), washed with phenol red-
free DMEM/F12 culture medium containing 1% w/v
bovine serum albumin, then incubated with 0.2-5 nM
[PH]JR1881 for 1.5h in the presence or absence of
a 200-fold excess of unlabelled R1881 to determine
total and non-specific binding, respectively. Assays
were performed in the presence of a 500-fold excess
of triamcinolone acetonide to eliminate binding of
[PH]JR1881 to PR or glucocorticoid receptor (GR).
Following incubation, monolayers were washed in
ice cold PBS/0.5% BSA (2 x S5min) to remove
unbound label. Specifically bound radioactivity was
extracted with 1ml ethanol (2 x 30min, room
temperature). Scatchard plots and linecar regression
analysis were used to calculate the concentration of
hormone binding sites per cell, and the dissociation
constant (Ky).

Androgen receptor immunohistochemistry

Immunohistochemical staining of the AR was per-
formed as previously described [21,22] using an
affinity-purified rabbit anti-peptide antibody that rec-
ognizes an epitope in the NH,-terminal 21 amino acids
of the human AR (designated U402). The anti-serum
was generously provided by Drs Carol M. Wilson,
Michael J. McPhaul and Jean D. Wilson, Department
of Internal Medicine, University of Texas Southwest-
ern Medical Centre, Dallas, TX.
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Quantitative analysis of AR immunocyrochemistry

The immunostained sections were examined using
an Olympus BH-2 microscope ( x 200 magnification)
coupled to a computer aided colour video image analy-
sis (VIA) system (Video Pro 32®, Leading Edge Pty
Ltd, Adelaide, South Australia, and Leica Australia
Pty Ltd) as previously described [22]. AR positive
nuclei were stained brown with 3,3’-diaminobenzidine
tetrahydrochloride (DAB) and AR negative nuclei were
counterstained with weak Lillie Mayers haematoxylin.
VIA measurements were made of the following features
of AR staining for each cell line: (i) the mean area of
AR staining per field, which is an estimate of the
number of nuclei positively stained; and (ii) the inte-
grated optical density (IOD) per field, which is pro-
portional to the total amount of AR staining. The
following parameters were derived from the primary
measurements of AR staining: (i) the mean optical
density, MOD (i.e. IOD/area of AR staining) which is
a measure of the average concentration of AR in the
positively stained nuclei, and (ii) the percentage of AR
positive nuclei (i.e. [area DAB/area of DAB + area of
haematoxylin staining] x 100).

VIA measurements were made for at least 20 fields
per section, the exact number of fields being deter-
mined by the cumulative quotient principle [23] to
achieve variance below 59, for the mean number of
tumour nuclei stained.

Isolation of RNA

Cells were plated into 175 cm? culture flasks at
2—-4 x 10* cells/cm? in steroid-free DME/F12 medium.
After 3 days in culture the cells were recovered by
trypsinization, centrifuged and stored as a pellet at
—70°C. Total cellular RNA was isolated as previously
described [24]. The cell pellet was thawed in denatur-
ing solution (4 M guanidinium thiocyanate, 25 mM
sodium citrate pH 7.0, 0.5%, sarcosyl, and 0.1 M (-
mercaptoethanol) and homogenized using an Ultratur-
rax (IKA-Werk, Germany) homogenizer for 2 x 15 s
bursts. RNA was extracted with water-saturated phe-
nol and precipitated with isopropanol. The RNA pellet
was washed twice in 759%, ethanol to remove guani-
dinium salts, dissolved in water treated with 0.1%,
diethyl pyrocarbonate (DEPC) and the concentration
of RNA determined by measuring the absorbance at
260 nm. This method typically yielded 5 pug of total
RNA from 10° cells.

cRNA probe synthesis

pBSKM13 + plasmids containing segments of the
human AR cDNA (713 bp HindII1-EcoR1 fragment)
or f-actin cDNA (247 bp EcoR1-BamH1 fragment)
were linearized with an appropriate restriction endonu-
clease (HindIII for AR and BamH]1 for (f-actin), and
in wvitro transcription performed as described pre-
viously using T3 and T7 RNA polymerases, respect-
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ively [24, 25]. For synthesis of the hAR ¢cRNA probe,
the in vitro transcription mixture contained the lin-
earized DNA template (250-500ng), 0.5mM un-
labelled CTP, ATP and GTP, 5 uM unlabelled UTP
and 2.5 uM [**P)JUTP (specific activity 800 Ci/mmol;
Bresatec, Adelaide, SA, Australia). The f-actin cRNA
probe was labelled with one-fifth the amount of
[**P]UTP while maintaining the same total UTP molar
concentration used for synthesis of the human AR
cRNA probe. After a 1 h incubation at 30°C, the DNA
template was digested with RNase-free DNase (RQ1
DNase, Promega Corp., Sydney, Australia) and unin-
corporated nucleotides were removed by ammonium
sulphate precipitation.

RNase protection assay

RNase protection assays were performed as de-
scribed previously [24, 25]. Samples of total RNA, and
the AR (6 x 10° cpm) and B-actin (1 x 10* cpm) cRNA
probes were resuspended in 25 ul of hybridization
buffer (0.4 M NaCl, 40 mM PIPES, 4 mM EDTA and
609%, deionized formamide (Clontech, Palo Alto, CA)),
denatured at 80°C for 2 min and then hybridized for
16 h at 45°C. Following hybridization, the samples
were digested with a combination of RNase A
(20 ug/ml) and RNase T1 (2 pg/ml) for 40 min at 30°C.
Digestions were terminated by addition of 2 ul protein-
ase K (25 mg/ml) and 109, SDS. Samples were then
extracted with phenol:chloroform (1:1 v/v), ethanol
precipitated twice, and resuspended in loading buffer
containing 90%, formamide, 0.01%, bromophenol blue
and 0.01%, xylene cyanol. The AR and f-actin pro-
tected fragments were separated by electrophoresis on
a denaturing 5%, polyacrylamide gel containing 8 M
urea and the protected bands were visualized using a
Phosphor Imager (Molecular Dynamics Pty Ltd, Vic-
toria, Australia). The amount of radioactivity present
in the protected fragments was determined using Image
Quant software (Molecular Dynamics Pty Ltd).

Cell proliferation

The effect of steroid hormones on breast cancer cell
number was determined using a modification of a
methylene blue whole cell binding assay as previously
described [26,27]. Stock cells were plated
(2.0-4.0 x 10 cells/well) in 96 well plates in steroid-
free DME/F12 medium. Cells were allowed to adhere
to the culture surface prior to the addition of DHT
(0.1-10 nM) or mibolerone (0.1-10 nM) on day 3. In
some experiments, the breast cancer cell lines were also
cultured in the presence of the androgen receptor
antagonists, hydroxyflutamide, anandron or antisense
AR oligonucleotides (see below). Control cell cultures
contained vehicle (0.01°; ethanol) alone.

At designated times, the cell monolayers were fixed
with 10%, (v/v) formaldehvde in normal saline for
30 min prior to staining with 19, (w/v) methylene blue
in 0.01 M borate buffer (pH 8.5). The excess dye was
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removed by 4 successive washes in 0.01 M borate
buffer (pH 8.5) and bound dye was eluted in 1:1 (v/v)
ethanol and 0.1 M HCI solution. The absorbance of the
eluate was measured at 650 nm in a plate-reading
spectrophotometer (Bio-Rad model 450, Bio-Rad,
Australia) and cell number was determined from a
standard curve generated for each cell line.

AR antisense oligonucleotides

The AR antisense oligonucleotides were designed to
include the initiation methionine codon of the AR gene.
Random sense and specific antisense phosphorothioate
AR oligonucleotides (5'-CTGCACTTCCATCCT-3")
designed according to the sequence described by Tilley
et al. [28] were synthesized using phosphoramidite
chemistry on a model 280B Applied Biosystems
oligonucleotide synthesizer. The oligonucleotides were
purified according to the method described by Sizeland
and Burgess [29].

Statistical analysis

Data are expressed as mean + SEM. One-way analy-
sis of variance was used to determine statistical signifi-
cance between control and treatment groups. Cell
number at specific timepoints was used to compare
dose response data and statistical significance was ac-
cepted at the P < 0.05 level.

RESULTS
AR expression in breast cancer cell Iines

The six human breast cancer cell lines used in this
study varied widely in their level of AR expression
(Table 1). Two of the cell lines examined, MDA-MB-
231 and BT-20, demonstrated no detectable levels of
specific P’ H]R1881 binding. The remaining cell lines
specifically bound [PH]JR1881, with calculated AR
levels ranging from 12,200 to 69,540 sites per cell for
the MCF-7 and MDA-MB-453 cell lines, respectively.
Although radioligand binding studies indicated that the
MDA-MB-231 cell line was AR-negative, video
image analysis of AR immunocytochemistry indicated
that 59, of MDA-MB-231 cells were weakly stained
for AR. Immunocytochemical analysis of the percent-
age of cells stained positively for AR varied from
5% in the MDA-MB-231 cell line to 88.19, in the
MDA-MB-453 cell line (Table 1). In the cell lines
with demonstrable AR immunostaining, the MOD
(i.e. cellular concentration of receptor) varied more
than 20-fold, from 1.8 arbitrary units for MDA-MB-
231 to 42.0 arbitrary units for MDA-MB-453. The
high level of AR expression in MDA-MB-453 cells
was similar to that observed in the prostate cancer
cell line, LNCaP (Table 1). Heterogeneity of AR
staining within individual breast cancer cell lines
was reflected by the variance of the MOD, which was
lowest in the MDA-MB-231 and MDA-MB-453 cell
lines (MOD variance = 5.5 and 5.4, respectively) and

Table 1. Measurement of androgen receptor levels in breast and prostate cancer (LNCaP) cell lines by radioligand binding and colour video

image analysis of immunostained cells

MDA-MB-231

MDA-MB-453 LNCaP

ZR-75-1

T47-D
450 + 2134
221428

MCEF-7

BT-20

Cell line

455 + 2111

78,

69,540 + 2634

030 + 2216
3564+1.7

19, 45,

200 + 1321

12,

Androgen receptor level*

379
94.0+6.5

457+ 1.1

5.4
88.1+2.5

420+ 1.6

20.3
75.7+7.5

175+ 2.1

1.8+0.5

0

Mean optical density (MOD)t

Variance of MOD

18.1
295+6.4

15.2

240171

5.5
50+1.0

Percentage of AR positive nucleif

*Specific *'HIR1881 binding sites per cell; values are the mean (+SEM) for 3 independent determinations using a whole cell binding assay.

TValues arc mean (+ SEM) determined by video image analysis for 20 random fields of cells immunostained with AR antibody, U402, as described in

the text.
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greatest in the ZR-75-1 cell line (MOD vari-
ance = 20.3) (Table 1).

Steady-state AR mRNA levels were also determined
for each of the cell lines using an RNase protection
assay. A low level of AR mRNA was detected in the
MDA-MB-231 cell line (Fig. 1). The level of AR
mRNA in the other cell lines was related to the level of
AR protein detected by both radioligand binding and

immunocytochemistry (Fig. 1, Table 1).

Effects of androgens on breast cancer cell proliferarion

Standard curves generated for each of the breast
cancer cell lines using the methylene blue assay pro-
duced linear optical densities between 0 and 8 x 10*
cells per well (results not shown). Culture in 96 well
plates in medium containing 10%, DCC-FBS resulted
in cell growth with a doubling time for all cell lines of
3—4 days between days 3 and 12 of culture.

Effect of DHT. Three distinct proliferative responses
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to DHT were observed: (i) stimulation of proliferation
of the MDA-MB-453 and MCF-7 cell lines, with
maximum growth equal to 122 and 1159%, of controls,
respectively; (ii) no effect on the proliferation of MDA-
MB-231 or BT-20 cells; and (iii) inhibition of the
proliferation of the T47-D and ZR-75-1 cell lines to 88
and 719%, of controls, respectively [Fig. 2(A)]. DHT
effects on proliferation were not observed until 6 days
following addition of the steroid to the culture medium,
and the magnitude of the stimulatory and inhibitory
effects on breast cancer cell proliferation was similar
with all concentrations of DHT used (i.e. 0.1, 1.0 and
10.0 nM (P > 0.05)) [Fig. 2(B)]. With the exception of
the ZR-75-1 cell line, co-incubation of cells with a
100-fold excess of the AR antagonist, hydroxyflu-
tamide, completely reversed the effects of DHT on
breast cancer cell proliferation [Fig. 2(C)]. All stimu-
latory and inhibitory proliferative responses were re-
versed by a 100-fold excess of the androgen antagonist,

40 —

30 —]

20

AR RNA (% B-actin)

AN

AR probe

B-actin probe 9

e B-actin

Fig. 1. RNAse protection assay. Androgen receptor mRNA expression in breast cancer cell lines determined
using RNase protection assay. Levels of AR mRNA were calculated as a percentage of the f-actin internal
control.
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Fig. 2. (A) Growth of MDA-MB-453 (@), MCF-7 (@), MDA-
MB-231 (A), BT-20 ( x ), T-47D (<) and ZR-75-1 (Hl) breast
cancer cell lines in the presence of 1 nM DHT, expressed as
9, of untreated controls. Results are the mean of 2 indepen-
dent experiments showing 12 observations per time point.
SEM < 3.5. (B) Growth of MDA-MB-453 and ZR-75-1 with the
addition of 0.1 nM (A and A), 1nM (@ and Q) and 10 nM (1
and []) DHT respectively, expressed as 9 of untreated
controls. The mean of two independent experiments showing
12 observations per time point are shown. SEM <2.5. (C)
Growth of MDA-MB-453 (@), MCF-7 (), MDA-MB-231
(A), BT-20 ( x), T-47D (<) and ZR-75-1 (H) with the ad-
dition of 1 nM DHT and 100 nM hydroxyflutamide, expressed
as % of untreated controls. The mean of two independent
experiments showing 12 observations per time point are
shown. SEM < 2.6. (D) Growth of MDA-MB-453 (@), MCF-7
(¢), MDA-MB-231 (A), BT-20 ( x ), T-47D ($) and ZR-75-1
(H) in the presence of 1nM DHT and 100 nM anandron,
expressed as 9% of untreated controls. The mean of two
independent experiments showing 12 observations per time

point are shown. SEM < 2.2.

anandron [Fig. 2(D)]. Neither hydroxyflutamide nor
anandron alone had a significant effect on cell prolifer-
ation (data not shown).

Effect of mibolerone. Qualitatively similar effects to
those of DHT were observed when breast cancer cell
lines were incubated with 0.1, 1.0 and 10.0 nM mi-
bolerone (Fig. 3). Mibolerone stimulated the prolifer-
ation of the MDA-MB-453 and MCF-7 cell lines to
130 and 1219, of controls, respectively [Fig. 3(A)]. No
effects on proliferation of MDA-MB-231 or BT-20
cells were observed, and the T47-D and ZR-75-1 cell
lines were growth inhibited to a maximum of 80 and
709, of controls, respectively [Fig. 3(A)]. No signifi-
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Fig. 3. (A) Growth of MDA-MB-453 (@), MCF-7 (#), MDA-
MB-231 (A), BT-20 ( x ), T-47D (<) and ZR-75-1 () with the
addition of 1nM mibolerone, expressed as 9% of untreated
controls. The mean of two independent experiments showing
12 observations per time point are shown. SEM <2.1. (B)
Growth of MDA-MB-453 and ZR-75-1 respectively, with the
addition of 0.1 nM (A and A), 1 nM (@ and Q) and 10 nM (Il
and []) mibolerone expressed as % of untreated controls. The
mean of two independent experiments showing 12 obser-
vations per time point are shown. SEM < 2.8. (C) Growth of
MDA-MB-453 (@), MCF-7 (¢), MDA-MB-231 (A), BT-20
(%), T-47D (&) and ZR-75-1 (M) with the addition of 1nM
mibolerone and 100 nM hydroxyflutamide, expressed as % of
untreated controls. The mean of two independent exper-
iments showing 12 observations per time point are shown.
SEM <2.4. (D) Growth of MDA-MB-453 (@), MCF-7 (@),
MDA-MB-231 (A), BT-20 ( x ), T-47D () and ZR-75-1 (H)
with the addition of 1 nM mibolerone and 100 nM anandron,
expressed as 9% of untreated controls. The mean of two
independent experiments showing 12 observations per time
point are shown. SEM <2.9.

cant differences in proliferation were evident between
the three concentrations of mibolerone tested
(P > 0.05) [Fig. 3(B)]. While co-incubation of T47-D
and ZR-75-1 cells with 1 nM mibolerone and a 100-
fold excess (i.e. 100 nM) hydroxyflutamide resulted in
reversal of the growth inhibitory effects of this concen-
tration of mibolerone, the growth stimulatory effects of
1 nM mibolerone on MDA-MB-453 and MCF-7 cell
cultures were only partially reversed in the presence of
100 nM hydroxyflutamide [Fig. 3(C)]. In contrast,
100 nM anandron completely abolished mibolerone
effects on the growth of all breast cancer cell lines
[Fig. 3(D)].
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Effects of AR antisense oligonucleotides on androgen
action

Incubation of both ZR-75-1 and MBA-MD-453 cell
lines with 10 mM AR antisense oligonucleotides re-
sulted in a 62 and 61.3%, reduction of AR expression,
respectively, as measured by video image analysis of
immunostained cells (Fig. 4). Addition of 10 mM AR
antisense oligonucleotides completely reversed the
growth inhibitory effects of 1 nM mibolerone on ZR-
75-1 cells (Fig. 5). In contrast, enhanced proliferation
of MDA-MB-453 cells cultured in the presence of
1 nM mibolerone was not reversed by the addition of
10 mM AR antisense oligonucleotides to the medium
(Fig. 5). Culture of either cell line with 10 mM AR
antisense oligonucleotides or 10 mM random sense
oligonucleotides alone had no effect on cell
proliferation (data not shown).

DISCUSSION

We have examined the effects of an endogenous
androgen, DHT and a synthetic non-metabolizable
androgen, mibolerone, on the proliferation of six hu-
man breast cancer cell lines. The effects of DHT and
mibolerone on breast cancer cell proliferation were
qualitatively similar. Both androgens stimulated the
proliferation of MDA-MB-453 and MCF-7 cells, and
inhibited the proliferation of ZR-75-1 and T47-D
breast cancer cells. These divergent proliferative re-
sponses to androgens were not related to the level of
AR expression in individual breast cancer cell lines.
Nevertheless, AR expression appeared to be an essen-
tial requirement for the modulation of breast cancer cell
growth by androgens, since the proliferation of the cell
lines MDA-MB-231 and BT-20, which expressed very
low or undetectable levels of AR, was not affected by
androgens. Possible explanations for the observed di-

Mean Optical Density

ZR-75-1

MDA-MB-453

Fig. 4. Androgen receptor expression in ZR-75-1 and MDA-
MB-453 cells cultured in the presence of 10 uM random sense
(@) or 10 uM AR antisense (l) oligonucleotides. Cells were
cultured in 96 well plates as for proliferation assays. Oligonu-
cleotides were replenished daily for 3 days and cells were
trypsinized, cytospun and stained with U402 AR antibody as
described in the text. Mean optical density (MOD) of staining
was determined using VIA. Results represent mean + SEM of
2 separate experiments.
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Fig. 5. Growth of MDA-MB-453 and ZR-75-1 in presence of

1 nM mibolerone (@ and W) and 1 nM mibolerone with 10 uM

antisense AR oligonucleotides (O and [1]), expressed as 9%, of

untreated controls. The mean of two independent exper-

iments showing 12 observations per time point are shown.
SEM < 2.2.

vergent effects of androgens on breast cancer cell
proliferation may include clonal variation in the cell
lines, differences in media conditions, different plating
densities, and cellular metabolism of the steroid addi-
tives. In the present studies, with the exception of
clonal variation of cell lines used by different investi-
gators, we have been able to eliminate these variables
by the use of a microplate assay to facilitate simul-
taneous examination of the effects of DHT and the
non-metabolizable androgen, mibolerone, on multiple
breast cancer cell lines cultured under identical
conditions.

Metabolism of androgens by iz vitro cultured cells
has been reported previously. Although DHT does not
undergo aromatization, it has been shown that oestro-
gen-treated MCF-7 cells are able to glucuronidate
DHT, resulting in the formation of various metabolites
[30]. The biological activity of these metabolites is
poorly understood. Recent data suggest that one of the
metabolites of DHT, Sx-androstane-38,178-diol, in-
creased proliferation of the MCF-7 cell line via inter-
action with the ER [31]. In addition, the proliferation
of the breast cancer cell line MFM-223, which is
inhibited by androgens, was also inhibited by physio-
logical concentrations of this DHT metabolite [31].
Thus the growth stimulatory and inhibitory actions of
DHT on the breast cancer cell lines may be mediated
directly by DH'T interaction with the AR. Alterna-
tively, androgenic action may be mediated via inter-
action of DHT metabolites with AR, and in the
MCF-7, ZR-75-1 and T47-D cell lines, via interaction
of DHT metabolites with ER, which is expressed in
these cells. In the present study we have used the
non-metabolized androgen, mibolerone, to demon-
strate that stimulation of MCF-7 and MDA-MB-453
cell growth, and inhibition of growth of ZR-75-1 and
T47-D cell growth are due to the action of the parent
compound.

Hydroxyflutamide completely blocked the inhibitory
effect of mibolerone on the proliferation of the ZR-75-1
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and T47-D cell lines, and the inhibitory action of DHT
on T47-D cells. However, hydroxyflutamide only par-
tially reversed the inhibitory effect of DHT on the
growth of ZR-75-1 cells, indicating that DHT action
may in part be mediated by pathways that are indepen-
dent of the AR. The incomplete reversal of DHT
effects by hydroxyflutamide was similar to data of
Poulin et al. [18], at equivalent DHT and hydroxyflu-
tamide concentrations. In contrast to hydroxyflu-
tamide, all stimulatory and inhibitory effects of DHT
and mibolerone on breast cancer cell proliferation were
completely reversed by co-incubation with the AR
antagonist, anandron. Differences in the binding sites
and binding affinities of the two AR antagonists to the
AR and other cellular proteins (e.g. steroid hormone-
binding proteins and other steroid receptors) may
account for the observed variation in the androgen
antagonist activity of these compounds.

Anti-sense oligonucleotides to the AR were used to
determine whether both the inhibitory and stimulatory
effects of androgens on the proliferation of the breast
cancer cell lines were mediated by the AR. We have
developed an immunohistochemical technique for
measurement of cellular AR levels using computer-as-
sisted video image analysis [32]. Using this method, we
were able to demonstrate that co-incubation with
10 uM AR anti-sense oligonucleotides, but not sense
oligonucleotides, resulted in a significant reduction of
AR protein expression in both MDA-MB-453 and
ZR-75-1 cells. The same concentration of AR antisense
oligonucleotides completely reversed the growth in-
hibitory effect of 1 nM mibolerone on ZR-75-1 cells. In
contrast, co-incubation with 10 uM AR antisense
oligonucleotides did not alter the growth stimulatory
effect of 1 nM mibolerone on MDA-MB-453 cells.
These observations raise the possibility that the stimu-
latory effects of DHT and mibolerone on MDA-MB-
453 cell growth are not mediated solely by the AR. It
is also possible that the AR in MDA-MB-453 and
MCF-7 cells is structurally altered such that hydroxy-
flutamide does not bind to AR in the normal manner
required for antagonist activity. Although variant
forms of the ER have been reported in breast cancer
cell lines such as BT-20 [33], mutations in the AR gene
in breast cancer cell lines have not been reported. The
ER variant in breast cancer cell lines which has a
deletion of exon 3, has also been demonstrated in breast
tumour biopsies [34]. Overexpression of this variant
form has been proposed to result in aberrant activation
of wild type ER [34]. A point mutation in the ligand
binding domain of the AR gene in the human prostate
cancer cell line, LNCaP has been described [35]. This
point mutation results in altered biological activity of
pure antiandrogens, such as hydroxyflutamide, which
act as AR agonists and enhance proliferation of LNCaP
cells. While similar structural abnormalities of the AR
gene in breast cancer cell lines have not been described,
a single base change resulting in a critical amino acid
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substitution in the DNA binding domain of the AR
gene has been found in males who develop breast
cancer and have clinical evidence of androgen resist-
ance [36].

In summary, our studies demonstrate that androgen
action in breast cancer cell lines is cell type-specific and
can result in either stimulation or inhibition of prolifer-
ation. Furthermore these effects on proliferation could
not be attributed to differences in cell culture media
conditions or plating densities. Androgens appear to
regulate the proliferation of T47-D and ZR-75-1 cells
via an interaction with the AR. However, in the case of
MDA-MB-453 and MCF-7 breast cancer cells, both
AR-mediated and AR-independent growth regulatory
pathways may be involved in androgen-induced stimu-
lation of proliferation. Activation of AR-independent
pathways could result from the action of active metab-
olites of DHT that have oestrogenic-like actions [31].
Alternatively, androgen binding to receptors other than
the AR may explain the divergent responses to andro-
gens observed in different breast cancer cell lines.
Thus, while it is clear that the expression of the AR is
necessary for androgens to modulate the growth of
breast cancer cells in vitro, additional cellular factors,
and the structure of the AR itself, may determine
whether cell proliferation will be stimulated or
inhibited in the presence of androgens.
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