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ABSTRACT

7a-Substituted 4-androstene-3,17-diones are effective inhibitors of
ammalasi- in vitro. The microsomal P-450 enzyme complex has a greater
affinity for several of these inhibitors than for the substrate androstene-
dione, with 7a-(4'-amino)phenylthio-4-androstene-3,17-dione (7Â«-

APTA) being the most potent competitive inhibitor of the series. The
effects of 7or-APTA were examined in MCF-7 human mammary carci
noma cell culture. 7Â«-AITAinhibited animatasi' activity in the MCF-7

human mammary carcinoma cell line with an Kl)Â«ivalue of 25.07 HM
(Â±7.71). The inhibitor did not bind to the estrogen receptor of the MCF-
7 cells in vitro. In addition, 7a-APTA did not stimulate growth of the
MCF-7 cells when compared with controls. No induction of progesterone
receptors was observed in MCF-7 cultures grown in the presence of
inhibitor at concentrations ranging from 10 pM to 1 MM.Thus, the steroid
7a-APTA is an effective inhibitor of animatasiÂ»in intact MCF-7 cells.

Furthermore, it does not demonstrate any significant hormonal effects on
the cells nor does this agent produce any general lexicological effects.

INTRODUCTION

Aromatase is the cytochrome P-450 enzyme complex respon
sible for estrogen biosynthesis in vivo. Inhibitors of this enzyme
complex may be useful in controlling reproductive processes
and in treating estrogen-dependent disease states such as breast
and endometrial cancer. These agents may be particularly effec
tive in treating hormone-dependent breast cancer in postmen-
opausal patients since estrogen production would be suppressed
by these agents in all tissues including peripheral sites. The
therapeutic efficacies of aromatase inhibitors such as 4-hydrox-
yandrostenedione and aminoglutethimide are being investigated
and these agents have been shown to cause regression of hor
mone-dependent breast tumors in both rats (1-3) and humans

(4, 5).
7a Substitution of androstenedione results in inhibitors of

enhanced affinity for aromatase (6-10), with 7a-APTA3 being

among the most potent competitive inhibitors produced to date
(6). In microsomal enzyme preparations from human term
placenta, these compounds exhibit apparent A, values ranging
from 1 to 20 UM.with an apparent A",,,for the substrate andro

stenedione of approximately 50 HM. Evaluation of the la-
substituted steroids in cell culture systems and /// vivo is critical
for development of these compounds as potential therapeutic
agents.

The MCF-7 human cancer cell line has been utilized exten
sively as a model system for studying the regulation of breast
cancer cell growth by steroids (11-13). Aromatase activity has
been identified in these cell cultures (14) and comparative
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studies on several aromatase inhibitors have been performed
(15). This report describes the evaluation of 7a-APTA in the
MCF-7 cell culture system for its aromatase inhibitory activity,
for its effects on estrogenic responses in these cells, and for any
hormonal activities of 7a-APTA itself.

MATERIALS AND METHODS

Steroids were obtained from Steraloids (Wilton, NH) and checked
for purity by melting point and thin layer chromatography. [1,2-3H]4-
Androstene-3,17-dione and [l,2,6,7-3H]testosterone were purchased
from New England Nuclear (Boston, MA) and purity checked by thin-
layer chromatography. [l-3H]Androstene-3,17-dione was prepared as
previously described (16). MCF-7 cells were obtained from the Ohio
State University Cell Culture Service. A modified Eagle's MEM sup

plemented with essential amino acids (l.Sx), vitamins (1.5x), nonessen-
tial amino acids (2x) and i.-glutuni ine (Ix) was obtained in powdered
form from GIBCO (Long Island, NY). The sterilized liquid media was
prepared by the Ohio State University Cell Culture Service by dissolving
the powder in water containing sodium chloride (0.487 g/liter), pyruvic
acid (0.11 g/liter), sodium bicarbonate (1.5 g/liter) and phenol red
(0.01%), and the pH adjusted to 6.8. Fetal calf serum was obtained
from K. C. Biological (Lenexa, KS). Steroids were removed from the
fetal calf serum by two treatments with dextran-coated charcoal (17).
Tissue culture flasks and supplies were obtained from Corning Glass
Works (Corning, NY). Biochemicals were purchased from Sigma
Chemical Co. (St. Louis, MO). Radioactive samples were detected with
a Beckman LS-6800 scintillation counter using Formula 963 (New
England Nuclear) as the counting solution. Reversed-phase high-pres
sure liquid chromatography was performed using an Altex I 'Unisphere
ODS column (4.5 x 250 mm) on a Beckman 421 gradient HPLC
system.

Inhibition of MCF-7 Aromatase Activity by 7o-APTA

Product Isolation Assay. MCF-7 mammary cells were grown in ISO-
cm2 plastic flasks at 37'C in a modified Eagle's MEM culture media

(20 ml) containing 10% fetal calf serum. The aromatase inhibitors were
added to cultures that were 90% confluent (approximately 1 x IO7

cells) at concentrations of 10 pM to l Â¿IMin 10 p\ etnano I. For all cell
culture studies, experiments were carried out using triplicate flasks.
Aromatase activity was determined by measuring the conversion of
[l,2,6,7-3H]testosterone to [l,2,6,7-3H]estradiol. For aromatase inhi
bition, [l,2,6,7-3H]testosterone (30 n\i, 10 *tCi)and unlabeled estradici

(10 n.M.estrogen trap) were dissolved in 10 p\ 95% ethanol and added
to the cultures at the same time as the inhibitor. Control cultures
received [3H]testosterone, unlabeled estradici, and no inhibitor. Blank
samples contained [3H]testosterone and unlabeled estrudiÂ»!in media

only (no cells). At 6 h, the flasks were removed from the incubator. An
aliquot of [4-uC]estradiol (15,000 dpm) was added to the media as an

internal standard for the determination of the efficiency of isolation. A
solution of cold 30% trichloroacetic acid (10 ml) was added to the
media to precipitate proteins and the media were extracted three times
with ethyl acetate (30 ml each time). The ethyl acetate layers were dried
(Nu'SO4), evaporated under nitrogen, and the residue dissolved in 70%
acetonitrile in water (1.0 ml). The isolation of ['M lestradio! from each

sample was accomplished by reversed-phase HPLC of the aqueous
acetonitrile solution, with unlabeled estradici and testosterone added
for copuriflcation. HPLC separation of an aliquot (500 n\) was accom
plished on a reversed-phase column eluting with 40% acetonitrile in
water. Fractions (0.5 ml) were collected and counted by LSC. The
amount of [MC]- and [3H]estradiol isolated was determined by liquid
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scintillation counting and the total estradici produced in the cultures
calculated. The percentage of inhibition was determined by dividing the
total amount of estradici formed in the particular inhibition sample by
the amount of estradici formed in the uninhibited (control) samples.

3H2O Assay. Cells were cultured as described above. Aromatase
activity was determined by measuring the conversion of [l-3H]andro-
stenedione to 3H2O and unlabeled estrone. For aromatase inhibition,
[l-3H]androstenedione (30 n\i, 2 Â¿Â¿Ci)and was dissolved in 10 ^1 95%

ethanol and added to the cultures at the same time as the inhibitor.
Control cultures received [3H]androstenedione, unlabeled estradiol, and
no inhibitor. Blank samples contained [3H]androstenedione and unla

beled estradiol in media only (no cells). At 6 h the flasks were removed
from the incubator. The medium were extracted three times with ethyl
acetate (20 ml each time). An aliquot (1.0 ml) of the aqueous media
layer was added to Formula 963 (4.0 ml) and the gel counted by LSC
to determine the amount of radioactivity. The percentage of inhibition
was determined by dividing the total amount of 'H:O formed in the
particular inhibitor sample by the amount of 3H2O formed in the

uninhibited (control) samples.

MCF-7 Estrogen Receptor Affinity of 7a-APTA

The binding affinity of 7<*-APTA for cytosolic estrogen receptors in
the MCF-7 cells was determined. MCF-7 mammary cells were grown
in ISO-cm2 plastic flasks at 37*C in a modified Eagle's MEM culture

media containing 10% fetal calf serum. Cells from 90-100% confluent
cultures were harvested by treatment with a 0.01% trypsin solution and
the washed cell pellet resuspended in 0.01 M I r is-HCl buffer, pH 7.4,
containing 1.5 m\t EDTA and 1 mM dithiothreitol to a concentration
of IO7 cells/ml. The cells were homogenized in a glass tissue grinder
with a Teflon pestle and the cytosolic fraction isolated by ultracentri-
fugation. Estrogen receptor assays were performed by incubating ali-
quots of cytosol (0.1 to 0.2 mg protein, total volume of 250 n\) at 4*C
for 18 h with either 0.1 to 60 nM [2,4,6,7-3H]estradiol only (total
binding) or containing [3H]estradiol and 1 n\i unlabeled estradiol

(nonspecific binding). Following incubation, the tubes were placed on
ice, 0.66% dextran-coated charcoal in Tris-HCl buffer was added (500
//I), and solutions allowed to stand for 15 min. The bound ligand was
isolated by centrifugal ion at 2000 x g at 4Â°C.The supernatant (bound

fraction) was mixed with Formula 963 and counted by LSC. The
specific binding was determined by subtracting the total binding from
the nonspecific binding. The estrogen receptor affinity and concentra
tion was then determined by analysis of the data on a Scatchard plot.
The competition of 7o-APTA with [3H]estradiol for the estrogen recep
tor was determined by incubating the cytosol with 2 nM [3H]estradiol

alone (control), with increasing concentrations of aromatase inhibitor
or with additional unlabeled estradiol (10 pM to 1 MM).The data was
plotted as % [3H]estradiol bound versus log inhibitor concentration.

Induction of MCF-7 Progesterone Receptors by 7.Â«-AITA

MCF-7 cells (50-60% confluent) in modified Eagle's MEM culture

media containing 10% charcoal-stripped fetal calf serum were incubated
in the presence or absence of increasing concentrations (10 pM to 1
U.M)of inhibitor or estradiol (positive effector) in 10 Â¿il95% ethanol for
4 days. Control flasks received only 10 Â¿il95% ethanol. The cells were
then harvested, counted, and lysed as described above. Cytosols were
prepared by ultracentrifugation and the concentration of progesterone
receptors determined using [3H]R5020 (15). In this procedure, a single-
saturating dose of 20 nM [3H]R5020 was added to cytosolic aliquots

(approximately 1 mg cytosolic protein) for determination of total
binding. Nonspecific binding was determined by addition of 10 Â¿IM
unlabeled R5020. The samples were incubated for 19 h at 4'C and the

bound ligand-receptor complex was isolated as previously described for
the estrogen receptor. A log dose-response curve for the induction of
progesterone receptors (percentage of specific binding of R5020 com
pared to control) was plotted for estradiol and the 7a-APTA.

Effects of 7a-APTA on MCF-7 Cell Growth

MCF-7 cells were plated on day 0 in 16-mm wells at a concentration
of approximately 8000 cells/well in modified Eagle's MEM culture

media. On day 1, media was unchanged to modified Eagle's MEM
culture media containing 10% charcoal-stripped fetal calf serum. 7a-
APTA (1 MM,10 ill 95% ethanol) was added on day 1 to the treated
wells, while control wells received only ethanol and no steroid. Media
was removed, fresh media containing charcoal-stripped fetal calf serum
changed, and fresh steroid solutions added daily. Plates were removed
from the incubator on days 1 to 6, the media removed, and the plates
placed in the freezer. DNA content was measured by a modified
diphenylamine assay (18).

RESULTS

Inhibition of MCF-7 Aromatase Activity by 7a-APTA. Aro
matase activity in the MCF-7 cell culture system was measured
using two radiotracer assays. The first assay examined the
extent of conversion of [l,2,6,7-3H]testosterone to [1,2,6,7-3H]

estradiol (15). Unlabeled estradiol was also added to the cul
tures to serve as an estrogen trap and to minimize further
metabolism of the [3H]estradiol formed. Following incubation
for 6 h at 37Â°C,the media was removed, proteins precipitated,

and the steroids extracted from the media. Estradiol was iso
lated by reversed-phase HPLC using a mobile phase of 40%
acetonitrile in water. The isolation efficiency for ['"CJestradiol
with this procedure was 80-90%. The amount of estradiol
formed in control cultures (no inhibitor) was found to be 23.73
pmol (Â±7.10)/flask/6 h or approximately 2.37 pmol/106 cells/
6 h. 7a-APTA was examined at concentrations of 10 pM to 1
MM.The inhibitor effectively inhibited MCF-7 aromatase activ
ity and demonstrated a classical dose-response curve (Fig. 1)
with an EDÂ«,of 25.07 nM (Â±7.71).Aromatase activity in MCF-
7 cells was also determined by measuring the amount of 3HzO
released from [l-3H]androstenedione. The amount of product

formed in control cultures (no inhibitor) in 6 h was found to be
13.26 pmol (Â±4.94)/flask/6 h. Again, 7a-APTA effectively
inhibited MCF-7 aromatase activity (Fig. 1).

MCF-7 Estrogen Receptor Affinity of 7a-APTA. The ability
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Fig. 1. Inhibition of MCF-7 aromatase activity by 7a-APTA. MCF-7 cells in

1SOcm2 flasks were incubated for 6 h at 37'C with radiolabeled substrate (30 nM)
and 7a-APTA at concentrations ranging from 10 P.Mto l Â¡IM.Aromatase activity
was measured by isolating the [3H]estradiol product (â€¢)or by measuring the
amount of 3H2O released (O). 7a-APTA inhibited this enzymatic activity in a
dose-dependent fashion with an EDÂ»*of 25.07 nM (Â±7.71).Points, average of

three determinations. The value for 100% estradiol formation in control cultures
(no inhibitor) was 23.73 pmol (Â±7.10)/150-Â«m2flask/6 h for the [3H]estradiol
isolation procedure and 13.26 pmol (Â±4.94)/150 cm2/flask/6 h for the 3H2O
assay.
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of 7o-APTA to bind to the estrogen receptor present in MCF-
7 cells was evaluated. The cytosolic MCF-7 estrogen receptor
was isolated from cells by ultracentrifugation. The apparent KÂ¿
value for estradici was found to be 1.1 x IO"9 M and the

concentration of estrogen receptors was 86 fmol/mg cytosolic
protein (Fig. 2). These values are similar to those reported by
Maclndoe (19). The ability of 7a-APTA to compete for binding
sites on the estrogen receptors was measured and compared to
the data obtained using unlabeled estradiol. As shown in Fig.
3, unlabeled estradiol displaced radiolabeled estradiol from the
binding sites in a dose-dependent fashion, with an approximate
I--1)-,,.of 2 nM. 7a-APTA does not displace radiolabeled estradiol

from these high affinity binding sites at concentrations up to 1
MM(Fig. 3).

Induction of MCF-7 Progesterone Receptors by 7c*-APTA.
The effect of 7Â«-APTAon progesterone receptor levels in the
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Fig. 2. Scatchard plot of estradiol binding to MCF-7 cytosolic estrogen

receptors. MCF-7 cytosolic preparations (0.1-0.2 mg protein) were incubated
with [3H]estradioI at concentrations of 0.1-60 nM. Specific binding was deter
mined as described in the "Materials and Methods."
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Fig. ÃŒ.Competition of 7a-APTA with estradiol for MCF-7 estrogen receptors.

The binding of 7n-APTA to the MCF-7 cytosolic estrogen receptors was deter
mined by examining the competition of 7a-APTA (0) or unlabeled estradiol (â€¢)
with [3H]estradiol (2 nM) at concentrations of 10 pM to l Â¡IM.Unlabeled estradiol
was examined over the same concentration range for comparison.

MCF-7 cells was then examined. MCF-7 cells were treated for
4 days with varying concentrations of inhibitor or estradiol.
Cells were then harvested and homogenized, cytosols isolated
by ultracentrifugation, and progesterone concentrations deter
mined with [3H]R5020 (15). These levels were then compared

to those in control samples that received no steroid treatment.
The amount of R5020 bound to the progesterone receptors
isolated in the cytosol of cells from the control flasks during
the course of these studies ranged from 22.7 to 79.3 fmol/mg
protein, with the average being 58.2 fmol/mg protein. Estradiol
increased the levels of progesterone receptor in a dose-depend
ent fashion, with a maximum 2.4-fold increase at 0.1 pM
concentration (Fig. 4). 7a-APTA did not induce the production
of progesterone receptors above control levels over the concen
tration range of 10 pM to l MM.

Effects of 7a-APTA on MCF-7 Cell Growth. The effects of
7a-APTA on MCF-7 cell growth was examined in order to
determine if the inhibitor exhibited any toxic effects on the cells
themselves. Cells were plated in 16-mm wells at a concentration
of approximately 8000 cells/well. 7Â«-APTAwas added to the
cultures at a concentration of 1 MM,and the effects on growth
were examined daily for 6 days. Cell growth was monitored by
measuring DNA content, as determined by a modified diphen-
ylamine assay (18). 7a-APTA did not inhibit nor enhance cell
growth compared to control flasks (Fig. 5). Similarly, no differ
ences in the growth curves were observed in phenol red-free
media.

DISCUSSION

7Â«-Substituted androstenediones are very effective aromatase
inhibitors when examined in human placenta! microsomes (6-
8). Evaluation of the potent inhibitor, 7Â«-APTA, in MCF-7
cells has provided further information on the efficacy of this
compound and on its potential as a medicinal agent for the
treatment of estrogen-dependent cancers.

The biosynthesis of estrogens by aromatase present in MCF-
7 cells can be quantitated either by measurement of the I'll]
estradiol product or by measurement of 3H2O released from [1-
3H]androstenedione. 7a-APTA inhibited this enzymatic activity
in MCF-7 cells in culture in a dose-dependent fashion (Fig. 1),
with an ED50 of 25.07 nM (Â±7.71).This ED50 value is similar

log [steroid] (mol/L)
Fig. 4. Induction of MCF-7 progesterone receptors for 7a-APTA. MCF-7

cells were incubated in the presence or absence of increasing concentrations (10
p\i to 1 Â«M) of inhibitor (â€¢)or estradiol (â€¢)for S days. Control flasks received
no steroid. The concentration of cytosolic progesterone receptors were determined
using a single-saturating dose of [3H]R5020 (20 nM) as described in the "Materials
and Methods." Points, average of three determinations based on percentage of

control levels. The average amount of R5020 bound to progesterone receptors in
control flasks was 58.2 fmol/mg cytosolic protein.
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Fig. 5. Effects of 7a-APTA on MCF-7 cell growth. MCF-7 cells were plated

on day 0 in 16mm wells at a concentration of approximately 8000 cells/well, la-
APTA at 1 MM(â€”â€¢â€”)was added on day 1, while control wells (--A--)
received no steroid. Cell growth was monitored by measuring DNA content.
Points, average of three determinations.

to the apparent A, value of 18 DM from human placenta!
microsomes (6). In comparison, the two steroidal aromatase
inhibitors, 4-hydroxyandrostenedione and 10-(2-propynyl)-4-
estrene-3,17-dione (MDL 18,962), were reported to exhibit
ED50 values of 0.1 and 0.05 nM, respectively, in MCF-7 cell
culture (15). 7a-APTA is more effective than the nonsteroidal
inhibitor aminoglutethimide, which exhibited an EDso value of
400nM(15).

The MCF-7 cell culture system is a valuable model for
examining hormonal effects of natural and synthetic com
pounds. Estrogen receptors are present in these cells (11-13,
19) and estrogenic responses, particularly, the induction of
progesterone receptors following estrogen exposure, are ob
served. 7Â«-APTAwas examined for its ability to displace triti-
ated estradici from high-affinity binding sites on the estrogen
receptor, and it was found not to bind to these receptors (Fig.
3). Furthermore, 7a-APTA does not induce the production of
progesterone receptors at concentrations up to 1 fiM (Fig. 4).
Thus, this aromatase inhibitor does not bind to cytosolic estro
gen receptors nor induce estrogenic responses. Additionally,
these results suggest that 7a-APTA is not converted in the
cultures to an estrogenic metabolite, which would be capable of
inducing progesterone receptors. Other hormonal activities of
7a-APTA in MCF-7 cells, such as antiestrogenic, androgenic,
or progestational, remain to be investigated.

Finally, 7a-APTA does not enhance the growth of MCF-7
cells in culture (Fig. 5) when compared to controls. Since the
aromatase activity in MCF-7 cells is not essential for cell
viability, inhibition of this enzyme by 7a-APTA would not be
expected to alter cell growth. Also, no general toxicity to MCF-
7 cells or inhibition of cell growth was observed. These growth
studies were performed in media containing 0.01% phenol red,
which has recently been demonstrated to be weakly estrogenic
(20). Administration of 7a-APTA to MCF-7 cells in phenol
red-free media did not affect the growth curves.

Thus, the aromatase inhibitor 7a-APTA is an effective inhib

itor of aromatase in intact MCF-7 cells. Furthermore, it does
not demonstrate any significant hormonal effects on the cells
nor does this agent produce any general toxicological effects,
as evidenced in cell growth studies. These studies encourage
further development of this group of medicinal agents for the
treatment of estrogen-dependent mammary carcinoma.
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