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Abstract

Epidemiological studies suggest that precursor steroids are implicated in the aetiology of breast cancer. However, our understanding
of the role of precursor steroids in breast cancer is complicated by fact that there are many precursor steroids, which are metabolically
inter-related and have divergent proliferative activities on the growth of breast cancer cell lines. In this study the proliferative affects of
5a-dihydrotestosterone and 5-androstepet3s-diol, which may be considered true metabolites acting at a tissue level, on MCF7, T47D
and MDAMB231 breast cancer cell lines have been examined by a flow cytometric technique. DNA cell cycle analysis demonstrates that
5-androstenef8173-diol stimulates the proliferation of hormone-dependent cell lines at physiological levels by an oestrogen receptor me-
diated mechanism whereas-8lihydrotestosterone does not affect the proliferation of MCF7 and T47D cell lines at physiological levels over
short (48 h) incubations. Botlsdihydrotestosterone and 5-androstegel33-diol stimulate proliferation of hormone-dependent cell lines
at pharmacological levels via and interaction with the oestrogen receptor. In long (6—9 days) incubationsdibtfiEotestosterone and
5-androstenef8173-diol inhibit the 1B3-oestradiol induced proliferation of MCF7 and T47D cell lines, howewerdhydrotestosterone
inhibits while 5-androsteneg3Ll7-diol stimulates basal proliferation. These cell line studies suggest a model for the role of precursor
steroids in pre- and postmenopausal breast cancer.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Breast cancer; Androgens; 5-Androsterfei3B-diol; 5a-Dihydrotestosterone; MCF7; T47D; MDAMB231 breast cancer cell lines

1. Introduction (a) by the sulfatase enzymes to 5-androstepé#B-diol a
metabolite with high affinity for the oestrogen receptor;

Several lines of evidence now implicate precursor steroids (b) via androstenedione and testosterone dedbydro-

in the aetiology of breast cancer. Epidemiological studies  testosterone which has high affinity for the androgen

have established that serum precursor steroids are elevated receptor;

in postmenopausal women who develop breast cad&3r (c) by the aromatase enzymes to oestrogens.

and subnormal in premenopausal women who develop breast The gvary and the adrenal cortex both contribute to cir-

cancer(4,5]. _ . _ culating levels of precursor steroids. However, neither pro-
Our understanding of the mechanism of action of pre- qce significant quantities of eithea&linydrotestosterone

cursor steroids, however, has been hindered by the find-,, 5-androstenef8178-diol. 5a-Dihydrotestosterone and 5-

ings that precursor steroids are metabolically inter-related gnqrostene8,17p-diol may be considered true metabolites,

and they can inhibit or stimulate the proliferation of \yhich actat the tissue levig]. In the present study, we have
hormone-dependent breast cancer through different mechayyerefore examined the actions ok-8ihydrotestosterone

nisms and this activity depends on the nature of the precursoryng 5-androsteneg317p-diol on breast cancer cell lines.
steroids, its concentration, the hormone receptor profile of Tpe oestrogenic actions of androgens are established and
the breast cancer and the endocrine status of the pgient 516 the subject of a review by Rochefort and Gaigh

The metabolism of precursor steroidsg. 1) is illustrated Much attention has centred on 5-androstepet33-diol,

below. Precursor steroids are metabolised: an androgen termed “hermaphrodiol” due to its relatively
high affinity for the oestrogen and androgen recefi¢].
"+ Corresponding author. Fax:44-191-222-8514. 5-Androstene-8,178-diol induces the secretion of a 46 K
E-mail address: sebaspinall@tiscali.co.uk (S.R. Aspinall). oestrogen-dependent protein and stimulates the proliferation
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Fig. 1. The metabolism of precursor stero{d$.

of MCF7[10-12]and ZR75113] breast cancer cell lines at

5a-Dihydrotestosterone, an androgen with high affinity

physiological concentrations. This action has been demon-for the androgen receptor and low affinity for the oestrogen
strated to occur via a direct interaction with the oestrogen receptor[7] has also been shown to have anti-oestrogenic

receptor{14].

In addition to its oestrogenic actions, at physiolog-
ical levels 5-androstene33L73-diol antagonises the
oestrogen-induced proliferation of MCF7 cells by an an-
drogen receptor mediated mechanifdrh,12]

5-Androstene-83,173-diol is formed by peripheral con-
version of DHEA, which is in equilibrium with DHEAS
thus providing a buffer to maintain levels of its metabolites
[8]. In contrast to 5-androsteng®3 73-diol, DHEA has a
very low and DHEAS a negligible affinity for the oestrogen
receptor{7]. However, DHEAS and DHEA have both been

activity at physiological levels in the MCF7 cell line
[19]. In steroid free medium physiological levels of
5a-dihydrotestosterone inhibit the proliferation of T47D,
ZR751 and MFM223 breast cancer cell lines via an in-
teraction with the androgen recept{20-22] Although
5a-dihydrotestosterone stimulates the proliferation of MCF7
and MDAMBA453 cell lines at physiological levels this may
be due to the activation of androgen receptor-independent
pathways by active metabolites with oestrogenic activity
[21,23] At pharmacological levels,cedihydrotestosterone
has been shown to stimulate the proliferation of MCF7 cells

shown to stimulate the proliferation of hormone-dependent via the oestrogen receptf#4,25].

cancer cell lines, the former at physiological levgls,15]

In general it appears that androgen receptor mediated

and to be elevated in the serum of postmenopausal womermechanisms in breast cancer inhibit growth. The mechanism

who develop breast cancfr-3].
The mechanism of action of DHEAS was unknown.

of this action is unknown. However, recently it has been
suggested that this effect may he mediated by the produc-

However, it has been shown that sulfatase inhibitors block tion of one or more proteins, which prevent entry of the tar-

the DHEAS-stimulated growth of MCF7 cel[d6]. This

get cell into the cell cycle. These proteins have been termed

suggests that the mitogenic affect of DHEAS on breast androcyclone-1[26]. The aim of the present study was there-
cancer cell lines is mediated in part via its metabolism fore to examine the affects of 5-androsterfigdIB-diol and

to 5-androstenef817B-diol. This pathway is of clini-

5a-dihydrotestosterone on cell cycle and proliferation using

cal significance as it enables the ongoing stimulation of a flow cytometric technique. The hormone-dependent cell
hormone-dependent breast cancers by adrenal androgens ilines MCF7 and T47D have been examined as well as the

patients on aromatase inhibitors.
The interim findings of the Arimidex, Tamoxifen, alone
or in combination (ATAC) trial[17] demonstrate that aro-

hormone-dependent cell line MDA231.

matase inhibitors are superior to tamoxifen as the adjuvant2. Materials and methods

therapy postmenopausal women with breast cancer. In light

of these findings the evidence-base for the routine use of aro-2.1. Cell line studies

matase inhibitors in clinical practice is currently being estab-

lished[18]. The properties of 5-androsten@;27B-diol are
therefore of particular significance and it is timely therefore
to examine the effects 5-androster@13/3-diol on breast
cancer growth.

Cell lines were used as an in vitro model to assess the
effects of m-dihydrotestosterone (Sigma—Aldrich, Poole,
UK), 5-androstene{3173-diol (Sigma-Aldrich, Poole,
UK) and I7B-oestradiol (Sigma—Aldrich, Poole, UK) on
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cell cycle and cell proliferation. The study of synchronous
populations of cells allows steroid induced changes in the

cell cycle to be quantified. The breast cancer cell lines used

are all epithelial cells, which grow as a monolayer. They
were the MCF7 cell line (European Collection of Animal
Cell Cultures, ECACC, Salisbury, Wiltshire, UK), which
was established from a pleural effusion obtained from
a 69-year-old femalg27]: the T47D cell line (ECACC)
which was established from a 54-year-old female with an
infiltrating ductal carcinoma of the breaf28] and the
MDA-MB-231 cell line CACC) which was established from
the pleural effusion of a 51-year-old female with breast
carcinomg29].

To achieve synchronous cell populations, cells were cul-
tured in Dulbecco’s modified Eagle medium (DMEM) with
1000 mg/l glucose and without sodium pyruvate (GIBCO
Life Technologies, Paisley, UK) supplemented with 10%
heat-inactivated foetal calf serum (Sigma, Poole, UK), 1%
L-glutamine (GIBCO) and 0.5% gentamycin (GIBCO) in
75cn? flasks (Corning Ltd, High Wycombe, UK) at 3T
in a humidified atmosphere containing 5% £i@ air. Cells

were passaged every 3—4 days when they had grown to 8o

confluence, when they were harvestec 1rypsin/EDTA
(GIBCO Life Technologies, Paisley, UK).

The cells were then pelleted by centrifugation and re-
suspended in stripped medium containing DMEM with
1000 mg/I glucose and without phenol red or sodium pyru-
vate (GIBCO) supplemented with 10% charcoal/dextran
treated foetal calf serum (HyClone, Perbio Science UK
Ltd, Cheshire, UK), 1%.-glutamine (GIBCO) and 0.5%
gentamycin (GIBCO). Cells were seeded in 12-well culture
plates (Corning) for cell cycle studies and 6-well plates
(Corning) for proliferation studies. The cells were allowed
to adhere to the wells for 24 h. At this point, DNA cell cycle
analysis or cell proliferation was determined, as outlined
below. The stripped medium was aspirated from the remain-
ing wells and replaced with stripped medium supplemented
with steroids containing 0.01% ethanol (BDH Chemicals,
Poole, UK). Wells were aspirated and fresh steroid medium
was added every 48 h.

2.2. Staining and analysis of DNA

The DNA content of a cell cycle determined by flow
cytometry provides information on aneuploidy (i.e. an ab-
normal amount of DNA) and gives a static estimate of the
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Fig. 2. Dot plot of fluorescence-2 area vs. width with gate to exclude
doublet, triplet, etc. molecules.

added to the cell suspension. Analysis was performed on a
Becton Dickinson FACScan using LYSYS Il software with
re-stored settings.

Permeabilisation of the cell membrane with the detergent
Triton X-100 was required to allow the dye propidium io-
dide access to the DNA. RNAse was required to remove
RNA to which the propidium iodide would otherwise bind.
Propidium iodide is a nucleic acid dye, which intercalates
between the bases in double stranded nucleic acids. When
excited by a 488 nm laser, propidium iodide fluoresces at
620 nm, which can be detected by fluorcscence-2.

Data files were converted from HP to PC format using HP
disk (Applied Cytometry Systems, South Yorkshire, UK).
DNA data analysis was then performed using Multicycle
software (Phoenix Flow Systems, San Diego, USA). This
software uses algorithms to decouvolute the DNA histogram
and fit a cell cycle model. The DNA is identified on a dot
plot of fluorescence-2 area against fluorescence-2 width and
gated to exclude doublet, triplet moleculésg. 2).

A fluorescence-2 histogram of these gated events displays
the DNA profile, and the Multicycle was then used to fit
the three phases of the cell cycle and calculate the percent-
age of cells within each phasgig. 3). A DNA histogram
exhibiting more or less than one GO/1 peak is classified as
aneuploid[30].

2.3. Cdl proliferation studies

percentage of cells present in each phase of the cell cycle

(i.e. GO/1, S and G2/M).

The following method was used to prepare and stain cell
lines for DNA analysis. Cultured cells were harvested with
1xtrypsin/EDTA and pelleted by centrifugation at 2500 rpm
for 5min. The cell pellet was resuspended in 5@f full
medium and incubated for 5min at 3Z. One hundred mi-
crolitres of 0.25 mg/ml propidium iodide (PI, Sigma, Poole,
UK) containing 5% Triton X-100 (BDH Chemicals, Poole,
UK) and 50ul of 1 mg/ml RNAse (Sigma, Poole, UK) was

To assess the effect of steroids on the proliferation of cul-
tured cells, the following method was followed. Cultured
cells were harvested from 6-well plates by ttypsin/EDTA
and pelleted by centrifugation at 2500 rpm for 5 min in fal-
con tubes. The cells were then resuspended inpB5dd
strip medium and incubated for 5min at 32. Forty mi-
crolitres of 1 mg/ml propidium iodide (Sigma, Poole, UK)
and 10ul of flow count fluorospheres (Coulter, Bedford-
shire, UK) were added. Analysis was performed on a Becton
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Dickinson FACScan using LYSYS Il software on pre-stored

settings. Fig. 4. Dot plot of forward scatter (FSC) against side scatter (SSC)
The incubation step prior to adding propidium iodide was with cells gated R1 and fluorospheres gated R2. Fluorescence-2 against

necessary, as harvesting witk frypsin/EDTA damages the  fluorescence-1 dot plot of events within R1 and R2 gates, quadrants have

cell membrane rendering the cell leaky to small molecules been set to distinguish live from dead cells and fluorospheres.

such as propidium iodide. The incubation step enabled the

cells to repair the cell membrane allowing all viable cells 3. Results

to remain impenetrable to propidium iodide. Therefore, pro-

pidium iodide was excluded from viable cells with an intact 3.1. Analysis of steroid hormone receptor expression of

cell membrane, but intercalated with DNA from dead cells breast cancer cell lines

with a leaky cell membrane. Flow count fluorospheres con-

sist of 10um polystyrene fluorescent particles in an aque-  The cell lines used in this study, namely MCF7, T47D

ous solution at a known concentration per microlitre. They and MDAMB231 express different levels of steroid recep-

are excited by laser light at 488 nm and have an emissiontors [31]. MCF7 and T47D cells have been reported to ex-

spectrum of 525-700 nm. press oestrogen and androgen receptors, though the reported
Cells were analysed on a dot plot of FSC against SSC |evel of steroid receptor expression differs between studies

and a R1 gate set around cells to exclude debris and an R2

gate set on the fluorospheres. A dot plot of fluorescence-1
Androgen receptor and oestrogen receptor alpha

against fluorescence-2 was constructed for all events within expression of MCF7, T47D and MDAMB231 cell
the R1 and R2 regiond-{g. 4). Dead cells took up pro- lines determined by flow cytometry
pidium iodide staining with higher fluorescence-2 intensity, . 7000
and therefore could be easily identified. Quadrants were set % 8 6000 -
so that the upper left area contained the dead cells, the = S 5000 1 OAR
lower left area the live cells and the upper right area the §g 4000 EER
fluorospheres. § “72 3000
Using the number of events in each quadrant the 3 S 2000
number of live cells was calculated using the following 5 8 1000
formula: = 0- ‘
MCF7 T47D MDAMB231
number of events in lower left Breast cancer cell line

x fluorospheres patl

number of events in upper right . )
PP 9 Fig. 5. Androgen and oestrogen receptor alpha expression of MCF7, T47D
x volume of fluorospheres added to sampl® and MDAMB231 cell lines.
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[21,23,28,32]MDAMB231 cells do not express steroid re- the determination of cytoplasmic and nuclear antigés.
ceptors[31]. Methods for the determination of oestrogen receptor alpha
The steroid receptor expression of the cell lines used in theand androgen receptor expression in breast cdAd¢have
present study has been determined using a flow cytometricbeen established in our laboratory. Details of the method for
technique. Flow cytometry is an established technique for determination of oestrogen receptor alpha expression are in-
cluded in the above publication. The method for androgen
%MCF?7 cells in G0/1 during 48hour incubation with 10-6 to receptor follows a similar method USing an andr()gen recep-
10-9M 5alpha dihydrotestosterone tor antibody AR 441 (DAKO, Cambridge, UK) The steroid
receptor profile is illustrated iRig. 5.

100
% GO/1 during 48 hour incubation of T47D with 10-6M
80 to 10-9M
5-alpha dihydrotestosterone
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Fig. 6. Percentage of MCF7 cells in GO/1, S and G2/M on incuba- Fig. 7. Percentage of T47D cells in GO/1, S and G2/M on incuba-
tion with 107° to 10°*M S5a-dihydrotestosteronenDHT = 107" M tion with 10° to 10°°M S5a-dihydrotestosteronenDHT = 107" M
5a-dihydrotestosterone, ETOH 0.01% ethanol). 5a-dihydrotestosterone, ETOH 0.01% ethanol).



42 SR. Aspinall et al./Journal of Seroid Biochemistry & Molecular Biology 88 (2004) 37-51

to 108 M concentrations) to phamacological levels (10

to 10°M). Fig. 6 illustrates that pharmacological levels
of Sa-dihydrotestosterone resulted in a fall in the per-
centage of cells in GO/1 arid a rise in the percentage of

MCF7, T47D and MDA231 breast cancer cell lines cells in S phase within 24h. These findings would be
were incubated over 48h with a range of concentrations interpreted as a stimulation of proliferation. Likewise,
of 5a-dihydrotestosterone. The percentage of cells in each 10~8 M 5a-dihydrotestosterone stimulated the proliferation
phase of the cell cycle GO/1, S and G2/M was determined
at 0, 24 and 48 h as outlined Bection 2

MCF7 Cells were incubated with a range of concentra-
tions of Sx-dihydrotestosterone from physiological (f0

3.2. Analysis of DNA cell cycle during 48-h incubation of
MCF7, T47D and MDA231 with 5¢-dihydrotestosterone
+/— faslodex

%MCF7 cells in G0/1, S phase and
G2/M after 24 hours incubation with
physiological levels of 5alpha-
dihydotestosterone

%MDA231 cells in G0/1 during 48 hour 100
incubation with 5alpha
dihydrotestosterone and 5-androstene- 80 -
3beta,17beta-diol PR e— ETOH
S —8—DHTS
100 ® 40 .\ DHT9
80 1 —e—ETOH 20
- 60 W ——DHT-6 0
3 DHT-8 ' '
X2 40 ADIOL-6 GO0M S G2/M
20 A —¥—ADIOL-8
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Fig. 9. Percentage of MCF7, T47D and MDA231 cells in GO/1, S
and G2/M on incubation with 1@ and 108 M 5a-dihydrotestosterone
(nDHT = 10" M 5a-dihydrotestosterone, ETOH 0.01% ethanol).

Fig. 8. Percentage of MDA231 cell lines on incubation with
108 and 16°®M 5a-dihydrotestosterone and 5-androstefiei3p-diol
(nDHT = 107" M 5a-dihydrotestosterone, ETOH 0.01% ethanol).
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%G0/1 48 hour incubation MCF7 with 10-7M 5-alpha

%G0/1 48 hour incubation MCF7 with 10-6M 5-alpha dihydrotestosterone +/- faslodex

dihydrotestosterone +/- faslodex

hours

hours

Fig. 10. Percentage of MCF, T47D cells in GO/1, S phase on incubation withtd(.0~® M 5a-dihydrotestosterone and 1M faslodex ¢DHT = 10" M

5a-dihydrotestosterone, ETOH 0.01% ethanol, fas= 10-%M faslodex).
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Fig. 10. (Continued)

of MCF7 cells, whereas 10 M 5a-dihydrotestosterone did  and 5-androstene317p-diol which express low or zero
not affect proliferation over a 48-h period. The effect on amounts of oestrogen receptors, no significant effect on
the progression of all breast cancer cells to G2/M was less proliferation was observed. These results are illustrated in
consistent. Figs. 7 and 8

Similar results were obtained with T47D cells. Phar-  In order to look at the action of physiological levels of
macological doses of dbdihydrotestosterone stimulated 5a-dihydrotestosterone in more detail the following graphs
the proliferation of T47D cells over 48 h, however, phys- are presented ifrig. 9. These illustrate the percentage of
iological doses did not affect the proliferation of this cells in each phase of the cell cycle following 24-h incu-
cell line. Again the effect on progression of cells to bation. These graphs clearly illustrate that apart from the
G2/M was inconsistent. On incubating the MDA231 action of 108 M 5a-dihydrotestosterone, which stimulates
cell lines with 10° to 10°M S5a-dihydrotestosterone  the MCF7 cell line, physiological levels of androgens do not
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affect the proliferation of breast cancer cell lines over this
time period.

MCF7 and T47D cell lines were incubated with
5a-dihydrotestosterone and the anti-oestrogen 1

faslodex. The percentage of cells in each phase of the cell
cycle GO0/1, S and G2/M was determined at 0, 24 and 48 h,

as previously.Fig. 10 demonstrates that the proliferation
of MCF7 cells by x-dihydrotestosterone was inhibited
by faslodex confirming that &>dihydrotestosterone stim-
ulates proliferation in the MCF7 cell line via interaction
with the oestrogen receptor. However, faslodex failed to
inhibit the proliferation of T47D cells, suggesting that
Sa-dihydrotestosterone stimulates proliferation in T47D
cell line via a pathway other than the oestrogen receptor.

3.3. Cdl proliferation of MCF7 and T47D cell lines
during 9-day incubation with 5«-dihydrotestosterone

MCF7 and T47D cells were incubated for 9 days
with physiological levels of &-dihydrotestosterone and

9 day incubation of MCF7 cells with 10-8M 5alpha-
dihydrotestosterone +/- 10-9M 17beta-oestradiol
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I7B-oestradiol (10° M). Fig. 11illustrates that physiologi-
cal levels of :-dihydrotestosterone inhibit the baseline and
oestrogen-induced proliferation of MCF7 and T47D breast
cancer cell lines.

3.4. Analysis of DNA cell cycle during 48-h
incubation of MCF7 and MDA231 cell lines with
5-androstene-38,178-diol +/— faslodex

MCF7 and MDA231 breast cancer cell lines were in-
cubated over a 48-h period with physiological levels of
5-androstene{8173-diol (10-° to 10-°M). The percent-
age of cells in each phase of the cell cycle G0/1, S and G2/M
was determined at 0, 24 and 48 h as outline&éttion 2

Figs. 12 and 13llustrate that both physiological and
pharmacological levels of 5-androsten@:B7B-diol re-
sulted in a fall in the percentage of cells in GO/1 and a
rise in the percentage of cells in S phase at 24 h. Again
the progression of cells to G2/M was less consistent. It can
be interpreted from these results that physiological levels

9 day incubation T47D with 10-8M 5alpha-
dihydrotestosterone +/- 10-9M 17beta-oestradiol
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Fig. 11. Proliferation of MCF7 and T47D breast cancer cell lines during 9-day incubation with physiological levelsdifyBrotestosterone and
17B-oestradiol ¢DHT = 10" M 5« dihydrotestosterone, e2 178-oestradiol, ETOH= 0.01% ethanol).
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%MCF7 cells in G0/1 during 48hour 3.5. Cdl proliferation of MCF7 and T47D cell lines
incubation with 10-6 to 10-9M after 6-day incubation with physiological levels of 5
androstenediol androstene-38,17p-diol and 178-oestradiol
100
80 MCF7 and T47D cell lines were incubated for 8 days

] —e— ETOH . . . ;

m/%q ADIOLG with physiological levels of oestradiol and 5-androstefe-3
RN A 17B-diol. Cell numbers were determined after 6 and 8 days
e ADIOL? . . .

R 40 - ADIOLS by the methods outlined above. As illustratedFiy. 14
20 physiological levels of 5-androsteng,3 73-diol stimulated
. —%— ADIOL9 ) S : . )
baseline and inhibited oestrogen-induced proliferation of
0 ‘ ‘ MCF7 and T47D cells.
0 20 40 60
hours
%MCF7 cells in Sphase during 48hour 4. Discussion
incubation with 10-6 to 10-9M
androstenediol 4.1. Actions of 5x-dihydrotestosterone on proliferation of
breast cancer cell lines
—e— ETOH . . .
g ADIOLB Th.IS stl_de has observgd that over 8-9-day incubations
% ADIOL7 physiological concentrations of o&dihydrotestosterone
0 ADIOLS inhibit the proliferation of MCF7 and T47D cell lines. Phys-
° ADIOLS iological levels of -dihydrotestosterone have previously
been reported to either stimulgtl,35] or not affect[24]
‘ ‘ the proliferation of MCF7 cells and inhibit the prolifera-
0 20 40 60 : )
tion of T47D breast cancer cells via an androgen receptor
hours mediated mechanisfi21].
%MCF?7 cells in G2/M during 48hour MCF?7 cells have been shown to metabolisecﬁhydrote_:-
incubation with 10-6 to 10-9M androstenediol stosterone to androsten@;®p-diol, an androgen with
8 oestrogenic propertie$36]. This may account for the
7| _a stimulatory affect of &-dihydrotestosterone observed
6] —e—ETOH in MCF7 cells, in contrast to the inhibitory action of
s5 —=-ADIOL] 5a-dihydrotestosterone observed in other breast cancer cell
S 41 ADIOL7 lines [21,36] The MCF7 cell line used in this study has
X 3] ADIOLE been passaged several hundred times. It is not known how
2 —¥—ADIOLS this affects glucuronyltransferase activity. It may be that
11 repeated passages result in downregulation or loss of glu-
0 ; ; curonyltransferase expression in MCF7 cells, which may

0 20 40 60 account for the inhibitory affect of physiological concentra-

hours tions of Sx-dihydrotestosterone observed in this study.

In addition to the inhibition of MCF7 and T47D cell lines
Fig. 12. Percentage of MCF7 cells in GO/1, S and G2/M dur- demonstrated in this studyx&dihydrotestosterone has been
'ZQDI‘C‘)’T_'“ incubation with 10° to 109M 5-androstene 8,17-diol observed to inhibit the oestrogen-induced proliferation of
¢ n = 107 MS-androstene 8 17B-dicl, ETOH = 0.01% ethanol). MCF7 and T47D cell lines. These findings are consistent
with previous studies on MCF[19] and ZR751 cell lines

of 5-androstene{8178-diol stimulate the proliferation of ~ [20] by a mechanism, which was mediated via the androgen
MCF7 cell line. In addition, stimulation increased up to a receptor.
concentration of 100 nm 5-androsten@-B73-diol, but no Over 48 h 10° M 5a-dihydrotestosterone does not affect
additional stimulation was observed at greater concentra-the progression of MCF7 or T47D cells through the cell
tions. No significant affect on proliferation of the MDA231  cycle. Likewise, 108 M 5a-dihydrotestosterone does not
cell line was observed (sddg. 3). affect the proliferation of T47D cells during over 48-h incu-

On co-incubating MCF7 cells with 5-androsteng-3  bation, however, 16® M 5a-dihydrotestosterone stimulates
17B-diol and faslodex it can be seen froRigs. 12 and the proliferation of MCF7 cells via an oestrogen receptor
13 that faslodex completely inhibits the stimulatory affect mediated mechanism.
of physiological doses of 5-androsteng;B73-diol and Cell cycle progression in breast cancer is regulated by
partially inhibits the stimulation of pharmacological doses a series of cyclin-dependent kinases and cyclin-dependent
of 5-androstene{3173-diol. kinase inhibitors [37,38] These proteins control the
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Fig. 13. Percentage of MCF7 cells in GO0/1, S and G2/M during 48-h incubation with 5-androftdrfg-8iol and faslodex (ADIOk = 107" M
5-androstene{8173-diol, fas= 10~% M faslodex, ETOH= 0.01% ethanol).

transition through checkpoints between different cell cy- inhibitor p27 is also of importance in prostate cancer

cle states occurring, for example, at the initiation of DNA [40].

replication (S phase) and cell division (mitosis). Andro-  How androgens regulate cellular proliferation in breast

gens have been shown to upregulate expression of thecancer remains poorly understood. Szelei et al. using a
cyclin-dependent kinases CDK2 and CDK4 and down- synthetic non-metabolised androgen R1881 and MCF7
regulate expression of the cyclin-dependent kinase in- cells transfected with androgen receptor observed these
hibitor CKlp16 in the androgen-dependent prostate cancerMCF7-ARL1 cells were arrested in GO/1 phase of the cell

cell line LNCaP. Thereby stimulating the cell to enter S cycle after 24-h incubation with androgen. It was pos-

phase of the cell cycle and enhancing proliferat[88]. tulated that this effect was due to androgens inducing
Androgen regulation of another cyclin-dependent kinase the synthesis of a gene product, termed androcyclone-Il,
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Fig. 13. (Continued)

which prevented entry of target cells into the cell cycle
[26].

In the present study, despitexlihydrotestosterone in-
hibiting the proliferation of MCF7 and T47D breast cancer
cell lines over longterm incubations no affect on progres-
sion of cells through the cell cycle was observed over 48 h.
These findings are consistent with those of Poulin 28l
and Birrell et al.[21] who observed that the inhibitory ac-
tions of Sx-dihydrotestosterone on breast cancer cell lines
were not observed until 6 days incubation with androgen.

receptor, and in particular whether they affect the expression
of cyclin-dependent kinases and cyclin-dependent kinase
inhibitors in breast cancer cell lines.

The present study demonstrates that pharmacological lev-
els of Sx-dihydrotestosterone stimulate MCF7 and T47D
cells to enter the S phase and enhance proliferation. In MCF7
cells this action is blocked by co-incubation with faslodex
implying an oestrogen receptor mediated mechanism, con-
sistent with previous observatioi24,25] Faslodex does
not block this action in T47D cells, suggesting an alternative

Further studies are necessary to determine how andro-pathway is involved in mediating the proliferation of T47D
gens affect the growth of breast cancer via the androgencells by pharmacological levels oftv&dihydrotestosterone.
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Fig. 14. Proliferation of MCF7 and T47D cell lines after 6-day incubation with physiological levels @foggtradiol and 5-androsten@;373-diol
(ADIOLn = 107" M, 5-androstene{3,173-diol, e2= 108 M 17B-oestradiol, ETOH= 0.01% ethanol).

4.2. The actions of 5-androstene-33,178-diol on the dependent breast cancer cells at physiological levels. The
proliferation of breast cancer cell lines net affect of precursor steroids in vivo seems likely to be
a balance between the stimulatory and inhibitory affects of
Several previous studies have reported that 5-androstenetheir metabolites. The findings by several groups that serum
3B,17p-diol stimulates the proliferation of hormone-respon- precursor steroids are elevated in postmenopausal women
sive breast cancer cell lines via interaction with the oestro- who develop breast cancer suggest that the net activity in
gen receptor at physiological leve]$0-15} The present  Vivo is stimulatory.
study demonstrates that within 24 h 5-androstefg-33 In premenopausal women, the hormonal milieu is
diol stimulates MCF7 cells to enter S phase of the cell cy- rich in ovarian oestrogens. In the present study, both
cle thereby enhancing cell proliferation. Furthermore, this 5a-dihydrotestosterone and 5-androstefgt3p-diol an-
affect was blocked by co-incubation with faslodex, confirm- tagonise the oestrogen-induced proliferation of breast cancer
ing that this action is mediated via the oestrogen receptor. cells. Elevated levels of precursor steroids in premenopausal
5-Androstene-B,17p-diol is a steroid, which has affinity =~ women by antagonising the oestrogen-induced proliferation
for both the oestrogen and androgen receptor and has thereof hormone-dependent breast cancer may therefore protect
fore been termed “hermaphradidB,9]. Consistent with its ~ against the development of breast cancer. This mechanism
affinity for the androgen receptor the present study confirms may underlie the observations of Bulbrook and Hayward
previous findings demonstrating that 5-androstepg-23- [4] and others that premenopausal women who develop
diol like 5a-dihydrotestosterone inhibits the oestrogen- breast cancer have subnormal androgen levels.
induced proliferation of hormone-dependent breast cancer The observation that 5-androsten@:B/3-diol stimulates

cell lines[11,12,41] the proliferation of hormone-dependent breast cancer cell
lines at physiological levels has implications for patients on
4.3. Implications for the role of androgens in breast cancer aromatase inhibitors, as this pathway provides a mechanism

for the ongoing stimulation of hormone-dependent breast

Precursor steroids are metabolised to substrates, whichcancer. Evidence that this pathway may have importance in
inhibit (5a-dihydrotestosterone) or stimulate (5-androstene- vivo is suggested by a recent study, which has found that
3B,178-diol, oestrogens) the proliferation of hormone- elevated levels of serum dehydroepiandrosterone sulphate
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predict breast cancer progression in postmenopausal womeim7] M. Baum, The ATAC (Arimidex, Tamoxifen, Alone or in

on aromatase inhibitorg2]. Combination) adjuvant trial in postmenopausal women, Breast Cancer
Res. Treat. 69 (2001) 210.
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