Breast Cancer Research and Treatment 17: 197-210, 1990.
© 1990 Kluwer Academic Publishers. Printed in the Netherlands.

Report
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activities of steroids

Richard Poulin, Denis Baker, Donald Poirier and Fernand Labrie
Medical Research Council Group in Molecular Endocrinology, CHUL Research Center and
Laval University, Quebec G1V 4G2, Canada

Key words: progestins, steroid receptors, breast cancer, androgens, estrogens, glucocorticoids, ZR-75-1 cells
Abstract

This study was designed to assess the multiple steroid receptor mediated activities of a series of synthetic
‘progestins’ on breast cancer cell growth, using the human ZR-75-1 cell line which possesses functional
estrogen (ER), androgen (AR), and glucocorticoid (GR) receptors as well as progesterone (PgR) receptors.
Four 17-hydroxyprogesterone derivatives (chlormadinone acetate, CMA; cyproterone acetate, CPA; me-
droxyprogesterone acetate, MPA; and megestrol acetate, MGA) and two 19-nortestosterone derivatives
(norethindrone, NRE, and norgestrel, NRG) were thus investigated.

Based on the requirement of estrogens for PgR-mediated antiproliferative effects and the reversal of
PgR-mediated action by insulin, it was found that although all ‘progestins’ could inhibit ZR-75-1 cell growth
through the PgR at low concentrations, the relative contribution of this receptor in cell growth control is
highly variable between compounds. The quantitative importance of PgR-mediated inhibition of cell
proliferation was inversely related to the amplitude of the androgenic effects induced by the compounds, the
AR-mediated effects increasing in the order CPA < MGA < CMA < NRE < NRG < MPA. The specifici-
ty of these androgenic effects is further supported by their reversal upon addition of the antiandrogen
hydroxyflutamide. In addition, the 17-hydroxyprogesterone derivatives, but not the 19-nortestosterone
derivatives, had glucocorticoid activities at high (micromolar) concentrations, as shown by reversal of
growth inhibition by the antagonist RU486 in the presence of saturating concentrations of Sa-dihydro-
testosterone. All ‘progestins’ tested, except MPA and NRE, also had some antiglucocorticoid activity, NRG
being the most potent in this respect. Finally, NRE and NRG exerted a marked mitogenic effect in
estrogen-free medium which was clearly mediated through the ER as shown by the competitive reversal of
their action by the steroidal antiestrogen EM-139,

The present results show that growth measurements of the human breast cancer cells ZR-75-1 permit, with
the appropriate steroid additions, the assay of progestin, androgen, estrogen, and glucocorticoid agonistic as
well as antagonistic activities of test compounds. The present study shows, somewhat surprisingly, that while
the AR is almost completely responsible for the action of MPA at low concentrations, the majority of the
action of NRE, NRG, and MGA is also exerted through AR, while the androgenic action of CPA plays a
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lower role in the growth inhibition induced by this compound. Such a model should be of great help in
designing more specific steroid drugs and in better understanding the role of the different steroid classes
which can be used to control the growth of hormone-sensitive cancer. The present data also indicate that
‘progestin’ is an inappropriate name for MPA, NRE, NRG, MGA, CMA, and CPA, which all possess other
and sometimes more potent steroidal activities than those related to interaction with the progesterone
receptor.

Abbreviations: CMA — chlormadinone acetate [17a-acetoxy-6-chloropregna-4, 6-dien-3, 20-dione|, CPA —
cyproterone acetate [17a-acetoxy-6-chloro-1a,2a-methylene-pregna-4, 6-dien-3, 20-dione], DEX - dexa-
methasone [9-fluoro-11p, 17, 21-trihydroxy-16a-methyl-pregna-1, 4-dien-3, 20-dione], DHT - 5Sa-dihydro-
testosterone [17B-hydroxy-5a-androstan-3-one], E, —estradiol [estra-1, 3, 5 (10)-trien-3, 173-diol], EM 139 -
[N-n-butyl-N-methyl-11-(16a-chloro-3, 17f-dihydroxyestra-1, 3, 5 (10)-triene-7a-yl) undecanamide], MGA
- megestrol acetate [170-acetoxy-6-methylpregna-4, 6-dien-3, 20-dione], MPA — medroxyprogesterone
acetate [17a-acetoxy-6-methylpregn-4-en-3, 20-dione], NRE - norethindrone [17f3-hydroxy-19-nor-17a-
pregn-4-en-20-yn-3-one|, NRG - norgestrel [13(-ethyl-173-hydroxy-18, 19-dinor-17a-pregn-4-en-20-yn-3-
one], OHF — hydroxyflutamide (SCH 16423) [a, a, a-trifluoro-2-methyl-4’-nitro-m-lactotoluidide], R1881 -
methyltrienolone [17f-hydroxy-17a-methyl estra-4, 9, 11-trien-3-one], R5020 — promegestone [17a, 21-
dimethyl-19-norpregna-4, 9-dien-3, 20-dione], RU486 - [178-hydroxy-11B-(4-dimethylaminophenyl)-17a-
(1-propynyl)-estra-4, 9-dien-3-one], triamcinolone acetonide — [9-fluoro-11f3, 21-dihydroxy-16a., 17(1-me-

thylethylidenebis < oxy>) pregna-1, 4-dien-3, 20-dione]

Introduction

Much attention has been given during the last dec-
ade to the use of synthetic ‘progestins’, especially
megestrol acetate (MGA) and medroxyprogester-
one acetate (MPA) (Fig. 1), for the treatment of
advanced breast cancer. In fact, the 30% to 40%
response rates obtained with the various ‘prog-
estins’ [1] compare favorably with those reported
for other endocrine therapies, especially tamoxi-
fen, the most widely used agent in the management
of breast cancer [2].

There is little information available, however,
on the mechanism(s) of action of progestins in
breast cancer tissue. In vivo studies with carcino-
gen-induced mammary tumors in the rat have
shown a growth-promoting effect of low doses of
progesterone [3-5], probably in synergism with es-
trogens [6]. On the other hand, conflicting results
have been obtained on the role of progestins in
human breast cancer models in culture, either mi-
togenic [7, 8] or antiproliferative effects [8-10] hav-
ing been reported. In the ZR-75-1 human breast
cancer cell line [11], the synthetic progestin R5020
exerts a progesterone receptor-specific inhibition

of cell proliferation only in the presence of estro-
gens, a phenomenon which is reversed by the addi-
tion of physiological concentrations of insulin [12].

On the other hand, it is now well established that
in addition to binding to progesterone receptors
(PgR), most synthetic progestational agents bind
with significant affinity to androgen (AR) and glu-
cocorticoid (GR) receptors, and induce biological
actions specifically determined by these individual
receptor systems [13-19]. A better understanding
of the multiple endocrine activity of synthetic
‘progestins’ is required not only for their more
rational use in the therapy of breast and endo-
metrial cancers, but also to evaluate the conse-
quences of the long-term use of oral contraceptives
on the etiology and pathophysiology of gynecologic
malignancies [20].

Precise analysis of the biological actions of syn-
thetic ‘progestins’ having affinity for many steroid
receptors would ideally require the selection of in
vitro models possessing functional receptors for all
major classes of steroids. In the present study, we
have chosen the ZR-75-1 human breast cancer cell
line, which possesses functional receptors for estro-
gens, androgens, progesterone, and glucocorti-



coids [11], in order to compare the relative contri-
bution of the different steroid receptor systems in
the control of cell proliferation by synthetic ‘prog-
estins’. While estrogens are strongly mitogenic in
ZR-75-1 cells [21] and specifically regulate the ex-
pression and/or the secretion of several proteins
[22], androgens [23], glucocorticoids [Hatton A-C,
Labrie F, unpublished results; 24] as well as ‘prog-
estins’ [25], inhibit their proliferation through spe-
cific interactions with their respective receptors.

On the basis of these characteristics, we have
recently demonstrated that MPA strongly inhibits
ZR-75-1 cell proliferation mainly through its inter-
action with the AR, the contribution of PgR-specif-
ic effects on cell growth being significant only at
subnanomolar concentrations [17]. We now extend
the investigation of this approach by comparing the
effect of MPA on cell growth with three other
170-hydroxyprogesterone (17-OHP) derivatives,
namely megestrol acetate (MGA), chlormadinone
acetate (CMA), and cyproterone acetate (CPA),
and also two 19-nortestosterone (19-NT) deriv-
atives used as oral contraceptives in women, name-
ly norethindrone (NRE) and norgestrel (NRG)
(Fig. 1). Furthermore, we have compared the po-
tency and specificity of the ER-, PgR- and AR-
mediated action of these compounds on ZR-75-1
cell proliferation with their ability to compete for
the specific binding of the appropriate radioligands
in intact cell monolayers. The aim of this study was
to assess with precision the different steroid recep-
tor-mediated activities of the above-mentioned
synthetic ‘progestins’ using the regulation of
ZR-75-1 human breast cancer cell growth as the
specific parameter of response.

Materials and methods
Chemicals

Dexamethasone (DEX), triamcinolone acetonide,
diethylstilbestrol, and the synthetic ‘progestins’
CMA, MGA, MPA, NRE, and NRG were pur-
chased from Sigma, while CPA was a gift from Dr,
F. Neumann (Schering AG, Berlin). Estradiol (E,)
and 5a-dihydrotestosterone (DHT) were obtained

‘Progestins’ stimulate multiple steroid receptors 199

¢=0 c=0
<0 ~C—CH, 0 —C—CH,
J I
0~ ; o”
CH, CH,
MEDROXYPROGESTERONE ACETATE MEGESTROL ACETATE
(MPA) (MGA)

CH,
|
CH, OH

OH
; J:---c-cu ; fn-c-cu
o/ o/

NORETHINDRONE NORGESTREL

(NRE) (NRG)
C:'l: CH,
C=0 (|3 =0
“'-0—(I:—CH, CH, *0—C—CH,
[
o/ o/
=] (=}

CHLORMADINONE ACETATE CYPROTERONE ACETATE
(CMA) (CPA)

Fig. 1. Structure, trivial name, and abbreviations used for the six
synthetic ‘progestins’ studied.

from Steraloids (Pawling, NY). The non-steroidal
antiandrogen hydroxyflutamide (OHF) [26, 27]
was generously provided by Drs. J. Nagabushin
and R. Neri (Schering Corporation, Kenilworth,
NJ). The antiprogestational, antiglucocorticoid,
and antiandrogenic steroid RU486 {28, 29] was a
gift from Roussel-UCLAF (Romainville, France),
while the steroidal antiestrogen EM-139 was syn-
thesized in our laboratory [30].

[2, 4, 6, 7 H]estradiol-178 ([*H]E,) (sp. act.
101 Ci/mmol) was purchased from Amersham (Ar-
lington Heights, IL). [17a-methyl-*H]R1881 (sp.
act. 87 Ci/mmol) and [17a-methyl-*H] R5020 (sp.
act. 86.5 Ci/mmol) as well as unlabeled R1881 and
R5020 were obtained from New England Nuclear
(Lachine, Québec, Canada).

Maintenance of stock cell cultures

All media and supplements for cell culture were
from Sigma, except for fetal bovine serum (FBS)
which was obtained either from HyClone (Logan,
UT) or Flow Laboratories. ZR-75-1 human breast
cancer cells were obtained from the American
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Type Culture Collection (Rockville, MD) at their
83rd passage and routinely grown in phenol red-
free [31] RPMI 1640 medium supplemented with
10nM E,, 2 mM L-giutamine, 1 mM sodium pyru-
vate, 15mM Hepes, 100IU penicillin per ml,
100 ug streptomycin sulfate per ml, and 10% (v/v)
FBS as described [23]. Cell cultures used in the
present study were between passages 88 and 100
and were subcultured weekly.

Cell growth experiments

ZR-75-1 cell cultures in the late exponential growth
phase were harvested with 0.05% trypsin/0.02%
EDTA (w/v) (Sigma) and resuspended in phenol
red-free RPMI 1640 medium supplemented with
2 mM L-glutamine, 1 mM sodium pyruvate, 15 mM
Hepes, and antibiotics as described above, plus 5%
(v/v) dextran-coated-charcoal-treated calf serum
(SD medium) and, where indicated, 500 ng of bo-
vine insulin per ml. Cells were then plated in Lin-
bro 24-well plastic culture plates (2 cm?well) at a
final density of 4 X 10° cells/cm? and allowed to
adhere to substrate for 48h. Steroids and steroid
antagonists were then added from 1000 X to
10,000 X concentrated stock solutions in 99% re-
distilled ethanol to fresh SD medium, and cells
were incubated for 12 or 15 days with the indicated
additions, with medium changes every other day.
At the end of the incubation period, cell cultures
were trypsinized and cell number was determined
with a Coulter counter (model ZM).

Competition studies of estrogen, androgen, and
progestin specific uptake

The specific uptake of [*H]E,, [*H]R1881, and
[F(HJR5020 by intact ZR-75-1 cells in the presence
of various competitors for determination of their
relative binding affinity for estrogen, androgen,
and progestin specific binding sites, respectively,
was measured essentially as described [21, 23, 32].
Briefly, ZR-75-1 cells were grown to near con-
fluence in 24-well culture plates in SD medium
supplemented with 1nM E, for the determination

of progesterone specific binding sites, or otherwise
without steroid addition. Cell monolayers were
then incubated in triplicate for 60 min with 500 ul of
phenol red-free RPMI 1640 supplemented as for
SD medium, except that serum was replaced by
0.1% (w/v) fatty acid-free bovine serum albumin
(Sigma), plus either [*H]E, (3nM), [PH]R1881
(6 nM), or [°’H]R5020 (6nM), and increasing con-
centrations (0.25 1M to 25 uM) of selected compet-
itors. Triamcinolone acetonide (4.5 uM) and dexa-
methasone (500nM) were included in the incuba-
tion medium used for the determination of
[PH]JR1881 and [PH]R5020 specific uptake, respec-
tively, in order to block radioligand binding to PgR
(R1881) and GR (R5020). The subsequent proce-
dure for the extraction of specifically bound radio-
ligand at the end of the incubation period was
performed as described [32], except that the 30-min
incubation step with sucrose buffer was omitted.

Calculation and statistical analysis

Apparent ICs, values were calculated using an iter-
ative least-square regression [33], while apparent
inhibition constants (Ki) were measured according
to Cheng and Prusoff [34]. The apparent dissocia-
tion constant (Kd) of the different competitors for
radioligand specific uptake in intact cells was calcu-
lated as recommended by Munson and Rodbard
[35]. All data are presented as means (symbols)
SEM (bars) of triplicate determinations from rep-
resentative experiments. When SEM was smaller
than the symbol used, only the symbol is shown.

Results
PgR activity

As mentioned above, the addition of insulin com-
pletely reverses the inhibition due to the interac-
tion of R5020 with PgR in ZR-75-1 cells [12]. More-
over, the antiproliferative effect of R5020 is ob-
served only under E,-stimulated conditions [12].
These characteristics of ZR-75-1 cell growth al-
lowed us to study the contribution of PgR in the
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effect of the six selected progestins by evaluating
the effect of insulin and/or estrogen addition on the
growth response measured at the end of a 15-day

Table 1. Relative contribution of PgR-mediated growth inhib-
ition in the action of synthetic ‘progestins’ on ZR-75-1 cell
proliferation

Compound Insulin-reversible effect
(% of total growth inhibition)

CMA 36*

CPA 66

MPA 0

MGA 50

NRE 12

NRG 9

* Calculated as 100 x (1-[(Nci— Npi)/(N¢-Np)]), where Nc, Np,
Neci, and Npi are cell number values determined in the presence
of E; (1nM) only, of E, + progestin (at 30nM), E, + insulin
(500 ng/ml), and E, + insulin + progestin, respectively. Data
are those presented in Fig. 2.
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Fig. 2. Effect of E, and bovine insulin (INS) on the growth
response of ZR-75-1 human breast cancer cells to increasing
concentrations of the synthetic ‘progestins’ (A) CMA, (B)
CPA, (C) MPA, (D) MGA, (E) NRE, and (F) NRG. Cells
were incubated for 15 days in SD medium with the indicated
concentrations of ‘progestins’ in the absence (control, O) or
presence of 1 nM E, (@), 500 ng/m! INS (O0), or both hormones
(W). Other details are given in ‘Materials and methods’ and in
the main text.

incubation of ZR-75-1 cells with the test com-
pounds.

Asshown in Fig. 2 (A to F), the 6 ‘progestins’ had
very different patterns of effects on the prolifer-
ation of ZR-75-1 cells. In the absence of both E,
and insulin, growth rate was very slow and only
MPA (Fig. 2C) and the two 19-NT derivatives
(NRE and NRG, Fig. 2E, F) decreased cell num-
ber at low concentrations (p < 0.01). NRE and
NRG behaved very differently from MPA, their
effect being growth-inhibitory up to about 3 to
10nM while a stimulatory effect was observed at
higher concentrations ranging between 10 and
1000 oM (Fig. 2E, F).

The addition of insulin to incubation media in-
creased cell proliferation by about 2-fold, while not
changing significantly the pattern of inhibition in-
duced by the ‘progestins’ in the absence of E,.
Insulin, on the other hand, had little or no signif-
icant effect on maximal cell number values ob-
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Fig. 3. Reversal of the mitogenic effect of NRE and NRG by the
pure steroidal antiestrogen EM-139 in ZR-75-1 human breast
cancer cells. Cells were incubated for 12 days in insulin- and
estrogen-free SD medium with the indicated concentrations of
NRE (O, @) or NRG (LI, W) in the absence (light symbols) or in
the presence (dark symbols) of EM-139 (300 nM).

tained in ZR-75-1 cells incubated with E, (1nM),
which increased cell growth by about 8.5- and 4.5-
fold relative to insulin-free and insulin-induced
cells, respectively. The effect of insulin on cell
growth was most striking with the 6-chloro-17-
OHP derivatives (CMA and CPA; Fig. 24, B) and
with MGA (Fig. 2D), thus indicating the value of
their PgR-mediated action (Table 1, Fig. 2). In
fact, the PgR-mediated inhibitory effect was calcu-
lated in the following order of potency: CPA >
MGA > CMA > NRE> NRG> MPA. In the
presence of E, alone, growth inhibition induced by
the CPA, MGA, and CMA reached an intermedi-
ary plateau between 1-3 nM and 1 uM, while high-
er concentrations (> 1 uM) abruptly decreased cell
number.

The important reversal by insulin or growth in-
hibition induced by CPA, MGA, and CMA clearly
indicates that a substantial part of the antiprolifer-
ative action of these ‘progestins’ is mediated through
interaction with the PgR. Nevertheless, the revers-
al by insulin was only partial and low concentra-
tions of these steroids were still inducing significant
growth inhibition in the presence of insulin, thus
indicating participation of additional steroid recep-
tor systems in their biological action. There was
also a small but significant reversal by insulin of
growth inhibition induced by all concentrations of
the oral contraceptives NRE and NRG (Fig. 2E, F).

ER activity

The contribution of the other steroid receptor sys-
tems in the regulation of ZR-75-1 cell growth by the
synthetic ‘progestins’ was next assessed. Since
none of the compounds studied had previously
been reported to have any significant affinity for
the ER [14], we were intrigued by the observation
of a marked mitogenic effect induced by the 19-NT
derivatives in the absence of estrogens. In fact,
only estrogens had previously been found to have
trophic effects in ZR-75-1 cells under the condi-
tions used in the present studies. As illustrated in
Fig. 3, the growth stimulation observed with NRE
and NRG in an estrogen- and insulin-free medium
is likely due to an activation of the ER, since the
addition of the antistrogen EM-139 completely re-
versed the stimulatory effect of both compounds.

AR and GR activity

In order to analyze the interactions of the synthetic
‘progestins’ with the AR and GR in their inhibitory
action on cell growth, we took advantage of the
additivity of the anti-proliferative effects of andro-
gens and glucocorticoids in this cell line [23; Hatton
AC, Labrie F, unpublished data). Thus, one can
saturate AR with 5a-dihydrotestosterone (DHT)
and then measure the effect on cell proliferation
resulting from the addition of a putative glucocorti-
coid. On the other hand, the effect of a putative
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androgen can similarly be measured following sat-
uration of GR by dexamethasone (DEX). The
specificity of the growth-inhibitory activity thus ob-
served with the test compound can also be further
assessed by its reversibility using the appropriate
antagonist (i.e. antiglucocorticoid or antiandro-
gen). The potent antiglucocorticoid RU486 could
not reliably be used alone as a measure of GR-
mediated effects, since it is also a potent antiprog-
estin and a moderately active antiandrogen [28,
29]. However, as shown previously [28], RU486
can nevertheless be used for measurement of anti-
glucocorticoid activity in the presence of the sat-
urating concentration of the androgen used in this
study.

Thus, in the presence of excess androgen (1 uM
DHT) in the presence of E, and insulin, glucocorti-
coid effects can be assessed with precision and with
no interference by the other receptors. The same
applies to study of the role of AR when the cells are

‘Progestins’ stimulate multiple steroid receptors 203

id
i
o
s
=
=
-
par )
W
o
x
2
=l
-0 3uM DEX
@—¢ 3uM DEX+3uM OHF
-0 1uMDHT

8 1M DHT+300 nM RU486
s-~a 10nM DHT+3uM DEX
a—a 30nM DEX+1uM DHT

10 -9 -8 -7 -6 -5 -0 -9 -8 -7 -6 -5
NRE (LOG M) NRG (LOG M)

Fig. 4. Androgenic, glucocorticoid, antiandrogenic, and anti-
glucocorticoid activities of synthetic ‘progestins’ in ZR-75-1 hu-
man breast cancer cells. Cells were incubated for 12 days in SD
medium supplemented with E, (1nM) and bovine insulin
(500 ng/ml) in the presence of the indicated concentrations of
(A) CMA, (B) CPA, (C) MPA, (D) MGA, (E) NRE, and (F)
NRG. In addition, medium contained the indicated combina-
tion of DHT, DEX, OHF, and/or RU486.

incubated in the presence of excess glucocorticoid
(3 uM DEX), in the presence of E, and insulin. As
demonstrated by detailed kinetic studies, 1uM
DHT and 3 uM DEX exert maximal inhibitory ef-
fects on the AR and GR, respectively.

In addition, the possible antagonistic activities of
‘progestins’ mediated through the AR and GR
were determined by saturating both receptor sys-
tems with DHT and DEX with one ligand being in
far greater excess than the other, in order to allow
reversal through a single chosen receptor at a time.
The results obtained using this approach are sum-
marized in Fig. 4 (A-F) and Table 2. All experi-
ments were performed with ZR-75-1 cells grown in
E,-supplemented media containing insulin in order
to prevent the PgR-mediated effect of ‘progestins’
on cell growth.

Androgenic activity. In the presence of a maximal
concentration of DEX (3 uM), increasing concen-
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trations of all ‘progestins’ tested further decreased
cell number to variable degrees (Fig. 4), an effect
which was competitively reversed by addition of
the pure non-steroidal antiandrogen hydroxyfluta-
mide (OHF) [26, 27], thus indicating mediation by
the AR. As shown in Table 2, the amplitude of the
androgenic inhibitory activity relative to that of a
maximally effective concentration of DHT (10 nM),
indicates that MPA and NRG behave as complete
and near-complete full androgen agonists, respec-
tively, while the other steroids have submaximal
agonistic activities in this system with the following
decreasing order of potency: NRE> CMA ~
MGA > CPA. However, all ‘progestins’ exerted
half-maximal androgenic effects at similar ICs; val-
ues (0.2-3nM).

Glucocorticoid activity. The glucocorticoid inhib-
itory activity of the ‘progestins’ studied was as-
sessed by measuring the effect of each compound in
the presence of a concentration of DHT (1 uM)
which, by itself, maximally inhibited cell growth
through the AR while preventing any demonstra-
ble antiandrogenic action in the range of progestin
concentrations used. Under these conditions,
MPA, MGA, CPA, and CMA significantly inhib-
ited cell proliferation at high concentrations (=
100 nM) in decreasing order of potency. Only MPA
was able to inhibit cell proliferation to the same
extent as 30nM DEX in the range of concentra-
tions used. The addition of RU486 (300 nM), while
having by itself no effect on growth inhibition in-
duced by DHT, potently reversed the antiprolifer-
ative effect of MPA and of the other less potent
‘progestins’. At the concentration used, NRE and
NRG had no demonstrable glucocorticoid effect.
Thus, in addition to their AR-mediated effects on
cell growth, MPA, and to a much lesser extent high
concentrations of MGA, CMA, and CPA, behave
as glucocorticoid agonists in the regulation of
ZR-75-1 cell growth.

Antiandrogen activity. In the presence of high DEX
(3uM) and low DHT (10nM) levels, increasing
concentrations of CPA, CMA, MGA, and NRE
stimulated cell growth significantly in order of in-
creasing potency. MPA and NRG, on the other

hand, had no significant effect on cell number up to
about 3 uM under the same conditions. Interest-
ingly, the cell number values obtained with in-
creasing concentrations of CPA, CMA, MGA, and
NRE were almost superimposable on those ob-
tained by the androgenic action of the same ste-
roids (in the absence of DHT and presence of 3 uM
DEX). Thus, the concentration-dependent in-
crease in cell number induced by CPA, CMA,
MGA, and NRE in ZR-75-1 cells incubated with
DEX and DHT in a 300:1 ratio is most likely due to
a partial antiandrogenic activity of these com-
pounds, while MPA and NRG show no antiandro-
genic action.

Antiglucorticoid activity. On the other hand, when
the concentrations of DHT and DEX were in-
creased and decreased, respectively, by a factor of
100 in order to detect a possible antiglucocorticoid

Table 2. ICs; and apparent inhibition constant (Ki) values of the
AR-mediated growth inhibition by synthetic ‘progestins’ and
their relative agonistic/antagonistic activities in ZR-75-1 human
breast cancer cells

Compound AR-mediated activity
ICy Maximal Ki Antagonistic**
(nM) agonistic* (nM) (% of maximal
(% of DHT effect)
maximal
DHT effect)
CMA 3 65 3 35
CPA ~0.3 27 1.5 59
MPA 0.3 100 - 0
MGA 0.2 58 0.9 47
NRE 0.8 79 1.4 21
NRG 0.5 100 - 0

* The relative agonistic AR-mediated activity of a progestin was
calculated according to: 100 X [(n.-n,)/(n.-ng)] wWhere n., n,,
and ng, are the mean cell number values measured in ZR-75-1
cells incubated with DEX (3 uM) only, DEX + 10nM prog-
estin, and DEX + 10nM DHT, respectively, as determined in
Fig. 4.

** The relative antagonistic AR-mediated activity of a progestin
was calculated as follows: 100 X (ngy + p— ane)/ (N — Nay,) ] Where
Ngpe -+ p 18 the maximal mean cell number value obtained when
increasing concentrations of ‘progestins’ were added to ZR-75-1
cells incubated with DEX (3 uM) + DHT (10 nM) (see preced-
ing note for the definitions of Ny, and n.).



effect, MGA, CMA, CPA, and NRE had partial
effects while NRE completely reversed the effect
of 30nM DEX at high concentrations. A strong
indication is thus provided by the present data that
MPA and NRG behave as pure glucocorticoid ago-
nist and antagonist, respectively, while CMA,
CPA, and especially MGA have mixed glucocorti-
coid-antiglucocorticoid activities.

Receptor affinities

In order to better define the various receptor-medi-
ated activities of synthetic ‘progestins’ on ZR-75-1
cell proliferation, we determined the apparent af-
finities of the compounds studied for estrogen, an-
drogen, and progesterone specific binding sites us-
ing specific radioligand uptake in intact cell mono-
layers [21, 32]. Attempts to determine the gluco-
corticoid specific binding sites present in the
ZR-75-1 cells [11] using the same technique yielded
inconsistent results which are probably due, at least
in part, to a high level of non-specific binding of
SH-labelled DEX. The apparent dissociation con-
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stants of the ligands studied towards ER, AR, and
PgR present in intact ZR-75-1 cells, as well as the
relative agonistic and antagonistic activities of the
synthetic ‘progestins’ on a highly specific param-
eter of glucocorticoid action, namely the inhibition
of CRF-induced ACTH secretion in rat pituitary
corticotrophs, are shown in Table 3.

Only MGA and NRG, at high concentrations,
were able to significantly compete for the specific
uptake of [PH]E,, with relative binding affinities
about 0.01 to 0.02% that of E,. On the other hand,
all synthetic ‘progestins’ displayed a high affinity
for androgen and progesterone specific binding
sites, although CPA was less potent. Except for
CPA, there was reasonably good agreement be-
tween the observed IC,, values of ‘progestin’-in-
duced growth inhibition through interaction with
the AR and the potency to compete for the specific
uptake of [’H]R1881. However, it should be men-
tioned that the effect on proliferation was mea-
sured after 12-day incubation period, while steroid
uptake studies were performed after only 12h in
order to minimize steroid-induced changes in re-
ceptor levels. It is likely that some metabolites

Table 3. Apparent dissociation constants (Kd) of selected synthetic ‘progestins’ for the ER, AR, and PgR present in intact ZR-75-1 cells,
as well as ICs5y and apparent inhibition constant (Ki) values of their action on CRF-induced ACTH secretion in rat pituitary

corticotrophs in culture

Steroid ZR-75-1 cells Rat pituitary (ACTH secretion) ®

ER AR PgR ICs, (agonistic Ki (antagonistic
action) (nM) action) (nM)

Kd* (nM) Kd* (nM) Kd? (nM)

CMA 150,000 2.8 31 > 1,000 200

CPA 150,000 13 14 100,000 300

MPA > 150,000 2.2 2.9 100 >300

MGA 5,300 8.1 3.0 900 400

NRE > 150,000 32 32 100,000 0

NRG 3,660 1.7 3.6 0 300

E, 0.60¢ - - - -

R1881 - 0.7¢ - - -

R5020 - - 3.3¢ - -

2 Calculated from the ICs, value observed for the displacement of [PH]E,, [PH]R1881, and [*H]JR5020 by the indicated competitors from
estrogen (ER), androgen (AR), and progesterone (PgR) specific binding sites, according to Munson PJ and Rodbard D [335].

® From Raynaud J-P ez al. [14]

¢ From Poulin R and Labrie F [21].
4 From Poulin R ez al. [23].

¢ From Poulin R and Labrie F [12].
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formed during the 12-day incubation could be re-
sponsible for discrepancies between uptake and
cell proliferation studies. It should be mentioned
that the above-mentioned potency of the ‘prog-
estins’ to inhibit cell proliferation at high concen-
trations through an apparently GR-mediated
mechanism was parallel to the inhibitory action of
the same compounds on CRF-induced ACTH se-
cretion in rat pituitary corticotrophs. MPA was the
most potent in this respect, while CPA and the two
19-NT derivatives were essentially inactive. Like-
wise, all ‘progestins’ studied, with the exception of
NRE and MPA, displayed quite potent antigluco-
corticoid activity on ACTH secretion, in keeping
with our observations on the reversal of DEX-
induced inhibition of growth in ZR-75-1 cells (Fig. 4).

Discussion

The present data show that while all the synthetic
‘progestins’ studied possess variable degrees of
growth-inhibitory activity in breast cancer cells,
their overall effect on cell proliferation results from
interactions with up to four steroid receptor sys-
tems. Moreover, the present data demonstrate that
for some compounds, the main inhibitory action is
exerted through the androgen and not through the
progesterone receptor.

Since no monospecific progesterone antagonist
is available, we used an indirect but precise param-
eter, namely the reversal by insulin of PgR-de-
pendent growth inhibition, to assess the contribu-
tion of PgR to the effect of synthetic ‘progestins’ on
cell proliferation. Comparison of the relative im-
portance of PgR- (Table 1) and AR- (Table 2)
mediated action on ZR-75-1 cell growth for the
series of compounds under study suggests an in-
verse relationship between the two activities (r =
—0.9644 at a concentration of 30nM for both an-
drogens and ‘progestins’). This raises the interest-
ing possibility that androgens might inhibit PgR-
mediated action through a specific interaction with
the AR. Since androgens are also known to specifi-
cally suppress the expression of both ER [36] and
PgR [37] in breast tumor cells, it would be in-
teresting to study the possible AR-mediated down-

regulation of these steroid receptors by androgenic
‘progestins’, as a potential mechanism for the ap-
parent domination of AR- over PgR-dependent
regulation of ZR-75-1 breast cancer cell growth. In
fact, although MPA clearly possesses high affinity
for the PgR, it is clear from Fig. 2C and 4C that at
low and intermediate concentrations (1-100nM),
the inhibitory effect of the ‘progestin’ is mediated
almost exclusively through the AR.

A somewhat unexpected finding from the pre-
sent study is the significant estrogenic activity of
the two 19-NT derivatives, namely NRE and NRG,
on ZR-75-1 cell proliferation. The most likely ex-
planation for this discrepancy is provided by the
recently reported estrogenic activity of the 5a-re-
duced metabolites of NRE in ovariectomized fe-
male rats [38, 39]. These authors have found that
17a-ethinyl-5a-estran-3(3, 17p-diol was more po-
tent than its 3a-epimer, and that both metabolites
could be recovered following incubation of estro-
gen target tissues with radiolabelled NRE [38]. In
fact, both ring A-reduced metabolites of NRE have
been found in the plasma [40, 41] and milk [42] of
women following the administration of NRE.
These observations coupled with the finding of 5a-
reductase as well as 3a- and 3f-hydroxy-5a-steroid
dehydrogenase activities in ZR-75-1 cells [43; Thé-
riault C, Poulin R, Labrie F, unpublished observa-
tions], strongly suggest that NRE is likely to act as
an estrogen in ZR-75-1 cells following its metabo-
lism into 3(a,B), Sa-reduced derivatives. Based on
the affinity for ER reported for the most potent
NRE metabolite (i.e. its 3f,50-reduced form) in
rat uterine cytosol (Kd = 46nM; [39]), it would
appear that NRE is very extensively metabolized in
ZR-75-1 cells, since the EC;; value of its mitogenic
effect is observed at about 125nM (Fig. 2). The
same explanation may also hold for NRG [44],
although no direct information is available on the
bioactivity of its ring A-reduced metabolites. To
our knowledge, this is the first report of the estro-
genic activity of NRE and NRG in a human target
tissue.

It is clear from the evidence herein presented
that all synthetic ‘progestins’ studied exhibit andro-
genic activity on ZR-75-1 breast cancer growth.
Similar conclusions had previously been obtained



for some of these compounds using the rat ventral
prostate weight [13, 15, 16], ornithine decarboxy-
lase induction [16], prostatic binding protein
mRNA levels [19], mouse Shionogi tumor growth
[18], or mouse kidney B-glucuronidase [45] as end-
points of androgen action. However, the signif-
icant partial antiandrogenic activity of ‘progestins’
such as CMA and MGA has not always been ob-
served [15, 16], possibly as a result of tissue or
endpoint differences in androgen sensitivity. Other
explanations for the divergent findings on the anti-
androgenic effect of MGA, CMA, and MGA
might pertain to in vivo metabolic conversion of
these compounds [46], while 6-substituted, 17-
OHP-derived synthetic ‘progestins’ appear to be
metabolically stable in breast cancer cells in culture
[47].

The AR-mediated activities demonstrated for a
series of synthetic ‘progestins’ on ZR-75-1 cell pro-
liferation illustrate in its simplest form the concept
of ‘impeded’ agonists. Thus, weak androgens such
as CPA, CMA, and MGA likely exert their anti-
androgenic action in virtue of their incomplete acti-
vation of the AR, as shown by the convergence of
their action on cell growth when measured in the
absence (e.g. agonistic activity) and in the presence
(eg. antagonistic activity) of DHT. In keeping with
such an explanation, ‘progestins’ such as MPA and
NRG, which induced as potent AR-mediated
growth inhibition as DHT, did not exhibit any anti-
androgenic activity in the presence of the latter
steroid. It seems logical to suggest that maximal
inhibitory effects on breast cancer cell growth will
be obtained with pure agonistic compounds.

The fact that GR-mediated growth inhibition by
synthetic ‘progestins’ was demonstrable only at
concentrations exceeding 100nM prevented the
precise characterization of their relative glucocorti-
coid-antiglucocorticoid behavior. This finding is in
keeping with the high dissociation rates of synthetic
‘progestins’ from the GR, these compounds show-
ing a decreasing affinity for GR in a time-depend-
ent manner [14, 48]. While the glucocorticoid activ-
ity of MPA has been well documented in a number
of target tissues [13, 14, 16], including man [49],
information on the agonistic and/or antagonistic
effect of the other ‘progestins’ is more scanty.
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There is, however, a good parallelism between the
relative glucocorticoid/antiglucorticoid character-
istics of these compounds measured in rat pituitary
cells [14] and in ZR-75-1 cells.

The present results indicate that, in addition to
indirect systemic effects, especially inhibition of
gonadotropin secretion, the growth-inhibitory ac-
tion of synthetic ‘progestins’ at the breast cancer
cell level can be mediated directly through the AR
and GR, as well as the PgR. The relative contribu-
tion of each receptor system in the in vivo anti-
tumor action of these agents is difficult to predict.
However, the assumption that the therapeutic effi-
cacy of ‘progestins’ at the breast tumor cell level is
correlated with their progesterone-like activity [1,
3, 49] should be revised to include the androgenic
and potentially the glucocorticoid actions of these
steroids [17, 23]. Interestingly, while most clinical
trials have failed to find a significant correlation
between objective response to progestin therapy
and PgR status and/or content [1, 50-52], others
have reported that only AR and ER contents were
significantly associated with response rates and du-
ration of remission [53]. In fact, as mentioned earli-
er, the present data indicate that the AR-mediated
action (especially for compounds like MPA) is
largely predominant over PgR-mediated effects
[17].

That the information presented above about in-
teraction of synthetic ‘progestins’ with AR applies
to the current therapy of breast cancer is well sup-
ported by the plasma concentration of ‘progestins’
measured in patients treated with these com-
pounds. Thus, serum levels of MPA measured
4-6 h after a morning dose of 500 mg were at 142 ng/
ml (370nM) (54). In patients who received meg-
estrol acetate (160 mg), the serum levels were on
average 355ng/ml (795nM). Since, as shown in
Fig. 2C and 2D and Table 2, the half-maximal
inhibitory effect of MPA and megestrol acetate
mediated by AR is exerted at approximately
0.3nM, the high doses used of the two steroids
exert maximal androgenic effects. Moreover, the
serum levels of MPA and MGA in women treated
with these compounds are within the range of the
GR-mediated inhibitory effects on cell growth (Fig.
4C and 4D) as well as ACTH secretion (Table 3).
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The interaction of such doses of MPA with GR is
also well supported by the usually complete inhib-
ition of serum cortisol in patients receiving daily
oral doses of 1500 mg MPA (55).

Our finding that NRG and NRE can exert local

estrogenic stimulation of breast cancer cell growth
at moderately high concentrations (30-1000nM),
an effect which is likely exerted following extensive
metabolism to ring A-reduced metabolites, de-
serves careful consideration in view of the use of
high doses (up to 80 mg/day) of NRE (in its acety-
lated form) in the progestin therapy of breast can-
cer [50, 56].
In conclusion, the present data show that synthetic
‘progestins’ derived from either 17-OHP or 19-NT
can inhibit breast cancer cell growth through a
combination of AR-, PgR-, and GR-mediated ac-
tivities, according to the compound used. In addi-
tion, many of these compounds behave as pure or
partial androgen and/or glucocorticoid antag-
onists, a behavior reflected by different maximal
amplitudes of growth inhibition. Moreover, this
study clearly illustrates that the ZR-75-1 cell line is
avery useful model for assessing the complex inter-
actions of steroids with ER, AR, GR, and PgR,
and should help further understanding of the func-
tion of these receptors in the regulation of breast
cancer.

Acknowledgements

The authors are grateful to Ms. Elaine Leclerc for
her help in the preparation of this manuscript. This
work has been supported in part by grants from the
Medical Research Council of Canada (MRC Group
grant in Molecular Endocrinology), the Fonds de la
Recherche en Santé du Québec (FRSQ), and Endo-
recherche Inc.

References

1. Haller DG, Glick JH: Progestational agents in advanced
breast cancer: an overview. Semin Oncol 13 (suppl): 2-8,
1986

10.

11.

12.

13.

14.

15.

16.

Furr BJA, Jordan VC: The pharmacology and clinical uses
of tamoxifen. Pharmacol Ther 25: 127-205,, 1984

. Horwitz KB, Wei LL, Sedlacek SM, d’Arville CN: Prog-

estin action and progesterone receptor structure in human
breast cancer: a review: Rec Progr Horm Res 41: 249-316,
1985

. Huggins C, Yang NC: Induction and extinction of mam-

mary cancer. Science 137: 257-262, 1962

. Jabara AG: Effects of progesterone of 9,10-dimethylbenz-

(a)anthracene in Sprague-Dawley rats. Br J Cancer 27:
63-71, 1973

. Asselin J, Kelly PA, Caron MG, Labrie F: Control of

hormone receptor levels and growth of 7,12-dimethylbenz-
(a)anthracene-induced mammary tumors by estrogens,
progesterone, and prolactin. Endocrinology 101: 666-671,
1977

. Leung BS, Potter AH, Qureshi S: Interactions of prolactin,

estrogen, and progesterone in a huran mammary carcino-
ma cellline, CAMA-I-I. Cell growth and thymidine uptake.
J Steroid Biochem 15: 421-427, 1981

. Hissom JR, Moore MR: Progestin effects on growth in the

human breast cancer cell line T-47D possible therapeutic
implications. Biochem Biophys Res Commun 145: 706-711,
1987

. Vignon F, Bardon S, Chalbos D, Rochefort H: Antiestro-

genic effect of R5020, a synthetic progestin human breast
cancer cells in culture. J Clin Endocrinol Metab 56: 1124
1130, 1983

Horwitz KB, Freidenberg GR: Growth inhibition and in-
crease of insulin receptor in antiestrogen-resistant T47D,,
human breast cancer cells by ‘progestins’: implications for
endocrine therapies. Cancer Res 45: 167-173, 1985

Engel LW, Young NA, Tralka TS, Lippman ME, O’Brien
SJ, Joyce MI: Establishment and characterization of three
new continuous cell lines derived from human breast carci-
nomas. Cancer Res 38: 3352-3364, 1978

Poulin R, Dufour JM, Labrie F: Progestin inhibition of
estrogen-dependent proliferation in ZR-75-1 human breast
cancer cells: antagonism by insulin. Breast Cancer Res
Treat 13: 265-276, 1989

Labrie F, Ferland L, Lagacé L, Drouin J, Asselin J, Aza-
dian-Boulanger G, Raynaud JP: High inhibitory activity of
R5020, a pure progestin, at the hypothalamic-adenohy-
pophyseal level on gonadotropin secretion. Fertil Steril 28:
1104-1112, 1977

Raynaud JP, Ojasoo T, Labrie F: Steroid hormones ago-
nists and antagonists. In: Lewis GP, Grisburg M (eds)
Mechanisms of Steroid Action. MacMillan Press, London
1981, pp 145-158

Poyet P, Labrie F: Comparison of the antiandrogenic/an-
drogenic activities of flutamide, cyproterone acetate, and
megestrol acetate. Mol Cell Endocrinol 42: 283-288, 1985
Labrie C, Cusan L, Plante M, Lapointe S, Labrie F: Analy-
sis of the androgenic activity of synthetic ‘progestins’ cur-
rently used in the treatment of prostate cancer. J Steroid
Biochem 28: 379-384, 1987



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Poulin R, Baker D, Poirier D, Labrie F: Androgen and
glucocorticoid receptor-mediated inhibition of cell prolifer-
ation by medroxyprogesterone acetate in ZR-75-1 human
breast cancer cells. Breast Cancer Res Treat 13: 161-172,
1989

Luthy IA, Bégin DJ, Labrie F: Androgenic activity of syn-
thetic progestins and spironolactone in androgen-sensitive
mouse mammary carcinoma (Shionogi) cells in culture. J
Steroid Biochem 31: 845-852, 1988

Labrie C, Simard J, Zhao HF, Pelletier G, Labrie F: Syn-
thetic progestins stimulate prostatic binding protein mess-
enger RNAs in the rat ventral prostate. Mol Cell Endocri-
nol 68: 169-179, 1990

Pike MC, Chilvers C: Oral contraceptives and breast can-
cer: the current controversy. J Royal Soc Health 105: 5-10,
1985

Poulin R, Labrie F: Stimulation of cell proliferation and
estrogenic response by adrenal C-A’-steroids in the
ZR-75-1 human breast cancer cell line. Cancer Res 46:
4933-4937, 1986

Dickson RB, Lippman ME: Estrogenic stimulation of
growth and polypeptide growth factor secretion in human
breast carcinoma. Endocr Rev 8: 29-43, 1987

Poulin R, Baker D, Labrie F: Androgens inhibit basal and
estrogen-induced cell proliferation in the ZR-75-1 human
breast cancer cell line. Breast Cancer Res Treat 12: 213~
225, 1988

Osborne CK, Monaco ME, Kahn CR, Huff K, Bronzert D,
Lippman ME: Direct inhibition of growth and antagonism
by glucocorticoids in human breast cancer cells in culture.
Cancer Res 39: 2422-2428, 1979

Sutherland RL, Hall RE, Pang GYN, Musgrove EA, Clar-
ke CL: Effect of medroxyprogesterone acetate on prolifer-
ation and cell cycle kinetics of human mammary carcinoma
cells. Cancer Res 48: 5084-5091, 1988

Neri R, Peets E, Watnick A: Antiandrogenicity of fluta-
mide and its metabolite SCH16423. Biochem Soc Trans 7;
565~-569, 1979

Simard J, Luthy I, Guay J, Bélanger A, Labrie F: Charac-
teristics of the interaction of the antiandrogen Flutamide
with the androgen receptor in various target tissues. Mol
Cell Endocrinol 44: 261-270, 1986

Philibert D: RU38486: an original multifaceted antihor-
mone in vivo. In: Agarwal MK (ed) Adrenal Steroid Antag-
onism. Walter de Gruyter, Berlin, 1984, pp 77-101
Danhaive PA, Rousseau GG: Binding of glucocorticoid
antagonists to androgen and glucocorticoid hormone recep-
tors in rat skeletal muscle. J Steroid Biochem 24: 481-487,
1986

Lévesque C, Mérand Y, Dufour JM, Labrie C, Labrie F:
Synthesis and biological activity of new halosteroidal anti-
estrogens. J Med Chem, 1991, in press.

Hubert JF, Vincent A, Labrie F: Estrogenic activity of
phenol red in rat anterior pituitary cells in culture. Biochem
Biophys Res Commun 141: 885-891, 1986

Taylor CM, Blanchard B, Zava DT: A simple method to

‘Progestins’ stimulate multiple steroid receptors

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

209

determine whole cell uptake of radiolabeled estrogens and
progesterone and their subcellular localization in breast
cancer cell lines in monolayer cultures. J Steroid Biochem
20: 1083-1088, 1984

Rodbard D: Apparent positive cooperative effect in cyclic
AMP and corticosterone production by isolated adrenal
cells in response to ACTH analogues. Endocrinology 94:
1427-1437, 1974

Cheng Y, Prusoff WH: Relationship between the inhibition
constant (Ki) and the concentration of inhibitor which caus-
es 50% inhibition (ICs) of an enzymatic reaction. Biochem
Pharmacol 22: 3099-3108, 1973

Munson PJ, Rodbard D: An exact correction to the ‘Cheng-
Prusoff’ correction. J Receptor Res 8: 533-546, 1988
Poulin R, Simard J, Labrie C, Petitclerc L, Dumont M,
Lagacé L, Labrie F: Down-regulation of estrogen receptors
by androgens in the ZR-75-1 human breast cancer cell line.
Endocrinology 125: 392-399, 1989

Maclndoe JH, Etre LA: An antiestrogenic action of andro-
gens in human breast cancer cells. J Clin Endocrinol Metab
53: 836-842, 1981

Vilchis F, Chavez B, Pérez AE, Garcia GA, Angeles A,
Pérez-Palacios G: Evidence that a non-aromatizable me-
tabolite of norethisterone induces estrogen-dependent pi-
tuitary progesterone receptors. J Steroid Biochem 24: 525-
531, 1986

Larrea F, Vilchis F, Chavez B, Pérez-Palacios G: The me-
tabolism of 19-nor contraceptive ‘progestins’ modulates
their biological activity at the neuroendocrine level. J Ste-
roid Biochem 27: 657-663, 1987

Braselton WE, Lin TJ, Ellegood JD, Mills TM, Mahesh
VB: Accumulation of norethindrone and individual metab-
olites in human plasma during short-term and long-term
administration of a contraceptive dosage. Am J Obstet
Gynecol 133: 154-169, 1979

Sahlberg BL, Landgren BM, Axelson M: Metabolic pro-
files of endogenous and ethynyl steroids in plasma and urine
from women during administration of oral contraceptives. J
Steroid Biochem 26: 609-617, 1987

Sahlberg BL: The characterization of sulfated metabolites
of norethindrone in human milk after oral administration of
contraceptive steroids. J Steroid Biochem 26: 481485, 1987
Perel E, Daniilescu D, Kharlip L, Blackstein ME, Killinger
DW: The relationship between growth and androstene-
dione metabolism in four cell lines of human breast carcino-
ma cells in culture. Mol Cell Endocrinol 41: 197-203, 1985
Gerhards E, Hecker W, Hitze H, Nicuweboer B, Bellman
O: Zum Stoffwechsel von Norethisteron (17a-Athinyl-4-
Ostren-17p-ol-3-on) und diesowie D-Norgestrel (18-me-
thyl-17a-Athinyl-4-6stren-17-0l-3-on) beim Menschen.
Acta Endocrinol (Copenh) 68: 219-248, 1971

Bullock LP, Bardin CW, Sherman MR: Androgenic, anti-
androgenic, and synandrogenic actions of ‘progestins’: role
of steric and allosteric interactions with androgen recep-
tors. Endocrinology 103: 17681782, 1978

Sandberg AA, Kirdani RY: Metabolism of natural and



210

47.

48.

49.

50.

51.

R Poulin et al.

synthetic steroids used in cancer treatment. Pharmac Ther
36: 263-307, 1988

Horwitz KB, Pike AW, Gonzalez-Allen C, Fennessey PV:
Progesterone metabolism in T47D,, human breast cancer
cells. II. Intracellular metabolic path of progesterone and
synthetic progestins. J Steroid Biochem 25: 911-916, 1986
Raynaud JP, Bouton MM, Moguilewsky M, Ojasoo T,
Philibert D, Beck G, Labrie F, Mormon JP: Steroid hor-
mone receptors and pharmacology. J Steroid Biochem 12:
143-157, 1980

Blossey HC, Wander HE, Kobberling I, Nagel GA: Phar-
macokinetic and pharmocodynamic basis for the treatment
of metastatic breast cancer with high-dose medroxyproges-
terone acetate. Cancer 54: 1208-1215, 1984

Clavel B, Pichon MF, Pallud C, Milgrom E: Estradiol and
progesterone receptors content and response to norethiste-
rone treatment in advanced breast cancer. Eur J Cancer
Clin Oncol 18: 821-826, 1982

Alexieva-Figusch J, Blankenstein MA, Hop WCJ, Klijn
JGM, Lamberts SWJ, de Jong FH, Docter R, Adlercreutz
H, Van Gilse HA: Treatment of metastatic breast cancer

52.

53.

54.

55.

56.

patients with different dosages of megestrol acetate: dose
relations, metabolism and endocrine effects. Eur J Cancer
Clin Oncol 20: 33-40, 1984

Ettinger DS, Allegra J, Bertino JR, et al: Megestrol acetate
vs. tamoxifen in advanced breast cancer: correlation of
hormone receptors and response. Semin Oncol 13: 9-14,
1986

Alexieva-Figusch J, Teulings FAG, Hop WCJ, Blonk-van
der Wijst J, van Gilse HA: Steroid receptors in megestrol
acetate therapy. Rec Results Cancer Res 91: 253-258, 1984
Lundgren S, Kvinnsland S, Utaaker E: Oral high-dose
progestins as treatment for advanced breast cancer. Acta
Oncol 28: 811-816, 1989

Wanger HE, Blossey Ch, Kobberling J, Nagel GA: Hoch-
dosiertes Medroxyprogesteronacetat beim metastasieren-
den Mammakarzinom: Beziehung zwischen Krankheits-
verlauf und Hormonprofilen. Klin Wochenschr 61: 553
560, 1983

Earl HM, Rubens RD, Knight RK, Hayward JL: Norethis-
terone acetate in the treatment of advanced breast cancer.
Clin Oncol 10: 103-109, 1984



