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Summary—Androstenedione analogs containing 7a-substituents have proven to be potent
inhibitors of aromatase both in vitro and in vivo. Several of these agents have exhibited higher
affinity for the enzyme complex than the substrate. In order to examine further the interaction(s)
of 7-substituted steroids with aromatase, biochemical and pharmacological studies were
performed on 7a-thiosubstituted androstenediones and 7-substituted 4,6-androstadiene-3,17-
diones. Potent inhibition of aromatase activity in human placental microsomes has been
observed with several new 7a-thiosubstituted androstenediones. 7-Benzyl- and 7-phenethyl-4,6-
androstadiene-3,17-diones effectively inhibited microsomal aromatase, with apparent Ks
ranging from 61 to 174nM. On the other hand, 7-phenyl-4,6-androstadiene-3,17-dione
exhibited poor activity, with an apparent K; of 1.42 M. Similar inhibitory activity was observed
with reconstituted, purified cytochrome P450,,,., preparations. Additionally, these agents were
evaluated for inhibition of aromatase activity in two human carcinoma cell lines, the MCF-7
human mammary cancer line and the JAr choriocarcinoma line. The 7a-thiosubstituted
androstenediones and 7-substituted 4,6-androstadiene-3,17-diones produced dose-dependent
inhibitions of aromatase activity in the ceil cultures. The most effective inhibitors were the
7o -substituted androstenediones, with ECs, values ranging from 7.3 to 105 nM. Finally, the
JAr cell culture system exhibited prolonged inhibition of aromatase activity following exposure
to 7a-APTADD, suggesting enzyme inactivation by this inhibitor. Thus, these agents are
effective aromatase inhibitors, and the results encourage further development of this group of
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medicinal agents for the treatment of estrogen-dependent mammary carcinoma.

INTRODUCTION

Several 7a-thiosubstituted derivatives of an-
drostenedione have demonstrated enhanced
affinity for aromatase and produced very effec-
tive inhibition of aromatase activity present in
human placental microsomes [1-7]. This group
of inhibitors includes competitive, affinity,
photoaffinity, and enzyme-activated irreversibie
inhibitors. 7a-(4’-Amino)phenylthio-4-andros-
tene-3,17-dione (7a¢-APTA, 1, Fig. 1), is one of
the most potent competitive inhibitors, with an
apparent K; of 18 nM [1]. This inhibitor has also
demonstrated effectiveness in inhibiting aroma-
tase in cell cultures{7, 8] and in treating hor-
mone-dependent rat mammary tumors [7,9].
Affinity labeling derivatives of 7x-APTA pro-
duced inactivation of aromatase, with a “C-
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analog demonstrating covalent binding to
aromatase [2, 3).

Androstenedione derivatives with extended
linear conjugation in ring A and/or B produced
effective inhibition of aromatase [10]. Further-
more, the introduction of an additional double
bond in the A-ring resulted in inhibitors that
inactivated aromatase by an enzyme-catalyzed
process [11-13]. Introduction of a 7a-sub-
stituent on 1,4-androstadiene-3,17-dione yielded
a potent mechanism-based irreversible inhibitor
of aromatase, 7x-(4’-amino)phenylthio-1,4-an-
drostadiene-3,17-dione (7a-APTADD, 2, Fig.
1). This compound exhibited an apparent K, of
9.9 nM and has a half-time of inactivation (T;)
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Fig. 1. Aromatase inhibitors—72-ATPA and 7a-ATPADD.
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of 1.38 min, the most rapid rate of inactivation
of aromatase reported to date [6].

The introduction of substituents at C, of
4,6-androstadiene-3,17-dione may lead to en-
hanced affinity of these analogs for the aroma-
tase complex. In addition, replacement of the
carbon-sulfur bond with a carbon—carbon bond
would yield analogs with similar lipophilic char-
acter and eliminate potential metabolic oxi-
dation of the thioether linkage. Compounds
with both features (extended linear conjugation
in ring A and/or B and a carbon-carbon bond
at C,) have recently been prepared and exhibit
good aromatase inhibition [14].

Current research activities by our laboratory
have focused on the design of new 7-substituted
C,, steroids for further examination of the struc-
tural requirements of the active site of aroma-
tase and development of more effective
medicinal agents. This manuscript summarizes
recent biochemical and pharmacological evalu-
ations of potent 7a-substituted androstene-
diones and 7-substituted 4,6-androstadiene-
3,17-diones. Investigations have included en-
zyme inhibition studies with human placental
microsomal preparations and with reconsti-
tuted, purified cytochrome P450,,, prep-
arations. Additionally, these agents have also
been studied for aromatase inhibition in two
human carcinoma cell lines—the MCF-7 human
mammary cancer line and the JAr choriocar-
cinoma line.

BIOCHEMISTRY

Studies with placental microsomes

Several 7-substituted 4,6-androstadiene-3,17-
diones were evaluated in vitro by enzyme kinetic
studies using human placental microsomes.
These compounds included 7-phenyl-, 7-benzyl-,
and 7-phenethyl-4,6-androstadiene-3,17-diones,
compounds 3-9, as shown in Table 1[14].
Aromatase activity in human placental micro-
somes was assayed by the radiometric method in
which the tritium in [18-*H]4-androstene-3,17-
dione was transferred into water during aroma-
tization. The amount of *H, O released was used
as an index of estrogen formation. All the
inhibitors were evaluated at concentrations
ranging from 0 to 600 nM in initial velocity
studies performed under limiting enzyme con-
centrations. The results of the studies were
plotted in a typical Lineweaver—Burk or double-
reciprocal plot as 1/velocity vs 1/substrate. The
apparent K; of the inhibitor is an index of the

ROBERT W. BRUEGGEMEIER ¢! al.

Table 1. Aromatase inhibition by various 7-substituted 4,6-androsta-
dienediones

0

d (CHz)u )R

Compound n R K; (nM) Inhibition
3 7-phenyl-ADD 0 —H 1424 Competitive
4 7-benzyl-ADD 1 —H- 61 Competitive
5 7-phenethyl-ADD 2 —H 174 Competitive
6 7-nitrobenzyl-ADD 1 —NO, 94 Competitive
7 7-aminobenzyl-ADD I —NH, 88 Competitive
8 7-nitrophenethyl-ADD 2 —NO, 95 Competitive
9 7-aminophenethyll ADD 2 —NH, 88 Competitive

K, for androstenedione = 51 nM (SE = 9 nM).

affinity of the enzyme for the inhibitor and is
determined by a weighted regression analysis
computer program [15]. The apparent K;s for
7-substituted 4,6-androstadiene-3,17-diones 3-9
ranged from 61 nM to 1.42 uM (Table 1); the
apparent K,, for the substrate androstenedione
was 51 nM. Each inhibitor demonstrated com-
petitive inhibition, as determined from the
Lineweaver—Burk plots and V,,, intercepts.
Thus, the 7-benzyl and 7-phenethyl analogs
were effective aromatase inhibitors while the
7-phenyl compound was a poor inhibitor. The
low inhibitory activity of this latter derivative
may be that the 7-phenyl substituent can only
adopt a pseudo-f position relative to the planar
steroid nucleus, whereas the 7-benzyl and 7-
phenethyl groups of 4,6-androstadiene-3,17-
diones have increased structural flexibility and
can protrude in the 7a pocket.

Numerous effective 7x- and 7-substituted
steroidal aromatase inhibitors have phenyl sub-
stitutents at the 7-position. Incorporation of
other aryl moieties, such as fluorescent aromatic
groups, would provide potentially new aroma-
tase inhibitors with unique characteristics. A
dinitrophenyl derivative of 7¢-APTA (10) and
two 7a-naphthylthio derivatives of androstene-
dione (11 and 12) were prepared in high yields
and demonstrated good to excellent inhibition
of placental microsomal aromatase, as shown in
Table 2 [16]. Compounds 11 and 12, the naph-
thylthio derivatives, exhibit high affinity for
aromatase, as demonstrated by the excellent
apparent K;s of 24.1 and 38.9 nM. These results
indicated that 7«-substituents with bulky, pla-
nar functionalities can interact effectively at the
active site of aromatase. Additionally, as evi-
denced by the higher K, and lower affinity of
compound 10, modifications that extend the
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Table 2. Fluorescent 7a-substituted aromatase inhibitors
R K;(nM)
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Ta-substituents away from the steroid nucleus
lead to a decrease in affinity for the enzyme
complex.
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Studies with purified aromatase protein

Evaluation of the enzyme kinetics of 7«- and
7-substituted steroidal aromatase inhibitors
with reconstituted preparations containing
purified cytochrome P450,,,, protein has re-
cently been initiated in our laboratories. The
aromatase protein (cytochrome P450,.,) was
purified following the procedures of Kellis and
Vickery [17]. Briefly, the enzyme was extracted
with sodium cholate, fractionated by am-
monium sulfate precipitation, and subjected to
column chromatography in the presence of sub-
strate androstenedione and the nonionic deter-
gent, Nonidet NP-40. This procedure yielded a
highly purified and active cytochrome P450, ..,
with an overall protein yield of 5% and a
specific content of 13.0nmol of cytochrome
P450 per mg of protein.

Table 3. Enzyme kinetics of 7-substituted steroidal aromatase inhibitors. Placental microsomes vs purified
cytochrome P450,,,.,

Microsomes Purified

Apparent K,
Apparent V..

Apparent K,
]
7a-APTA
0 "s-@-m,
0
& Ta-APTADD
0 “s -O-NH 2
0
7-phenyl-ADD
0
0

O,

Androstenedione
Androstenedione

& 7-phenethyl-ADD
oy oty <)

52nM
0.23 nmol/mg- min

82 oM
1.90 nmol/mg- min

18 nM 11 nM
10 nM 17 M
1424 nM 846 nM
174 nM 136 aM
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Reconstitution of this cytochrome P450,,.,
with NADPH-cytochrome P450 reductase and
phospholipid resulted in complete conversion of
[18-*H]androstenedione to *H, 0, exhibiting an
apparent K, of 82 nM. The aromatase inhibi-
tors 7¢-APTA, 70-APTADD, and several 7-
substituted 4,6-androstadiene-3,17-diones were
evaluated under initial velocity conditions in
this reconstituted aromatase system (Table 3).
The apparent Ks for these inhibitors varied
from 10 to 850 nM. In general, the affinities of
the various steroidal inhibitors examined with
the purified protein more closely approximate
the affinity of the substrate androstenedione.
Inhibitors with high affinity in the microsomal
preparations (e.g. 7a-APTA and 7a-APTADD)
exhibit similar affinity with the purified protein.
On the other hand, inhibitors with weaker
affinity in the microsomal preparations (e.g.
7-phenyl-4,6-androstadiene-3,17-dione) exhibit
increased affinity with the purified protein.
These results indicate that specificity of the
active site of aromatase is diminished upon
removal of the cytochrome P450,,,, protein
from the native membrane environment.

CELL CULTURE INVESTIGATIONS

MCF-7 human mammary carcinoma

The MCF-7 human mammary cancer cell line
has been utilized extensively as a model system
for studying the regulation of breast cancer cell
growth by steroids [18-20]. Aromatase activity
has been demonstrated in these cell cul-
tures [8, 21] and studies on several aromatase
inhibitors have been performed 8, 22]. Inhi-
bition of aromatase activity present in MCF-7
human mammary carcinoma cell culture was
determined by measuring the conversion of
[18-*H]androstenedione to *H,O and unlabeled
estrone. The level of aromatase activity present
in these MCF-7 cell cultures was 0.975 (+£0.36)
pmol product formed per 10° cells per h, or
approximately 53 pmol per T-150 flask in 24 h.

The enzyme-activated irreversible inhibitor
70-APTADD was evaluated for aromatase
inhibition and compared to 7x-APTA, 4-hy-
droxyandrostenedione (4-OHA), and amino-
glutethimide (AG). The three steroidal
inhibitors produced similar dose-response
curves (Fig. 2), with ECgs ranging from 25 to
91 nM, while the nonsteroidal AG was less
effecitve with an EC, value of 1.79uM
(Table 4). Thus, these investigations of aroma-
tase inhibitors in the MCF-7 cell culture system
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Fig. 2. Inhibition of aromatase activity in MCF-7 cell
cultures. MCF-7 cells in 150 cm? flasks were incubated for
24 h at 37°C with radiolabeled substrate (30 nM) and 7a-
APTADD [H], 72-APTA [@], 4-OHA [}, or AG [Q] at
concentrations ranging from 10 pM to 100 uM. Aromatase
activity was determined by measuring the amount of *H,0
released. Each point represents the average of three determi-
nations, with variation of less than 15%. The value for
100% estradiol formation in control cultures (no inhibitor)
was 0.975 (+0.36) pmol product formed per 10° cells per h,
or 53 pmol per flask in 24 h.

provide data on the effectiveness of these agents
in intact cells.

JAr trophoblast choriocarcinoma

The efficacies of 7a-APTADD and 7a-APTA
to inhibit aromatase activity in JAr trophoblas-
tic choricarcinoma cells were also evaluated.
This cell line has high levels of aromatase
activity in the cells [23-25) and has been used in
evaluation of an aromatase inhibitor [26]. In
these studies, smaller numbers of cells, less
media, and shorter incubation times in measur-
ing enzymatic activity are used. Aromatase
activity was determined by measuring the con-
version of [18-*H]androstenedione to *H,O and
unlabeled estrone. The level of aromatase
activity present in these JAr cell cultures was
6.31 (+2.17) pmol product formed per 10° cells
per h, or approximately 44.15 pmol per 9.2 cm?

Table 4. ECy;s of aromatase inhibitors in human carci-
noma cell cultures

MCF-7 human mammary carcinoma cell cultures

7¢-APTA 25nM
7¢-APTADD 91 nM
4-OH-A 46 nM
Aminoglutethimide 1792 nM
JAr human trophoblast carcinoma cell cultures
72-APTA 105 nM
Ta-APTADD 7naM
4-OH-A 4nM
Aminoglutethimide 13,129 nM
7-Benzyl-ADD 600 nM
7-Phenethyl-ADD 660 nM
7-Nitrobenzyl-ADD 1237nM
7-Aminobenzyl-ADD 490 nM
7-Nitrophenethyl-ADD 4500 nM
7-Aminophenethyl-ADD 1246 nM
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Fig. 3. Inhibition of aromatase activity in JAr cell cultures.
JAr cells in 9.4 cm? wells were incubated for 2 h at 37°C with
radiolabeled substrate (30 nM) and 7«-APTADD (W), 7a-
APTA [@], 4-OHA [0}, or AG [O] at concentrations
ranging from 10pM to 10 xM. Aromatase activity was
determined by measuring the amount of *H,0 released.
Each point represents the average of three determinations,
with variation of less than 10%. The value for 100%
estradiol formation in control cultures (no inhibitor) was
6.31 (£2.17) pmol product formed per 10 cells per h, or
44.15 pmol per well in 2 h.

well in 2 h. 7a-APTADD and 7a¢-APTA inhib-
ited aromatase activity in JAr cells in dose-
dependent fashions (Fig. 3), with ECy’s of 7.3
and 105 nM, respectively (Table 4). 4-OHA and
AG were also examined in these cultures. 4-
OHA had a similar EC,, value to that of
7a-APTADD (3.5 nM), while that for AG was
greatly higher at 13.1 uM. Several 7-substituted
4,6-androstadiene-3,17-diones were also evalu-
ated in these cells and exhibited ECys ranging
from 490 nM to 4.5 uM (Table 4).

Thus, high levels of aromatase were detected
and enzyme inhibition was observed in the JAr
cell culture system. Furthermore, the assay
methods employing smaller cell numbers and
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Fig. 4. Inactivation of aromatase activity in JAr cell cul-
tures. JAr cells in 9.4 cm? wells were incubated for 20 min
at 37°C with 7a-APTADD AT 5nM (@], 7a-APTADD at
50 nM [}, or 7a-APTADD at 50 nM [A]. The media was
removed, cells washed, and fresh media added. Aromatase
activity was measured at 0, 6, 12, 24, 36 and 48 h using the
radiometric assay. Each point represents the average of 4
determinations.
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shorter incubation times enable more rapid
and quantitative determinations of inhibitory
activity when examining potential aromatase
inhibitors. On the other hand, the difference in
EC,, values for 7a-substituted C, steroids ob-
tained in JAr cells from those values in MCF-7
cells suggest that cellular environments of
membrane-bound aromatase may be different
between these cells derived from two different
tissue sources.

Ta-APTADD was also evaluated for its abil-
ity to produce long-term inhibition of aroma-
tase in JAr cells. This enzyme-activated
irreversible inhibitor was examined at a concen-
tration of 50 nM and was incubated with JAr
cells for a 2-h period. The media was then
removed from the JAr cell cultures, the cells
washed with phosphate-buffered saline, and
fresh media added. The resultant aromatase
activity was monitored for the next 2 days
by radiometric assays performed over 20-min
incubation periods. The competitive inhibitor,
T7a-APTA, was examined under the same con-
ditions at an inhibitor concentration of 50 nM
and serves as a competitive inhibition control.
The results were compared to control flasks
which received no inhibitor, with the data pre-
sented as % control aromatase activity (Fig. 4).
Immediately after removing the media contain-
ing inhibitor and washing of the cells, the
aromatase activity in all the inhibitor-treated
cultures was approximately 10-20% of the
activity in control cultures. The aromatase
activity in cultures treated with 7a-APTADD at
50 nM increased only gradually over the next
36 h to control levels. On the other hand, the
aromatase activity in cultures treated with 7u-
APTA at 50 nM increased rapidly over the next
12h and returned to control levels by 24 h.
Thus, the JAr cells exposed to 7a-APTADD for
2 h needed an additional 36 h in culture in order
to return aromatase activity to normal levels.
The results from cultures treated with 7¢-APTA
at 50nM demonstrated a rapid increase in
aromatase activity over 12h and a return to
control levels by 24 h, Therefore, a prolonged
suppression of aromatase activity in JAr cells
treated with 7¢-APTADD suggests that enzyme
inactivation is occurring in cultures. Addition-
ally, the difference in the results between 7a-AP-
TADD and 7a-APTA, two steroids with very
similar structures and chemical properties, indi-
cate that the prolonged suppression produced
by 7¢-APTADD is not due to clearance of the
compound from the cultures.
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CONCLUSION

The introduction of bulky substitutions at the
C-7 position of the B-ring of androstenedione
has provided several very potent aromatase
inhibitors. 7¢-APTA is a very effective competi-
tive inhibitor, with an apparent K; of 18 nM.
An effective mechanism-based inhibitor of
aromatase, 7a~(4’-amino)phenylthio-1,4-an-
drostadiene-3,17-dione (7a-APTADD) with an
apparent K; of 9.9 nM, was also developed and
has the most rapid rate of inactivation reported
to date. Recent results from inhibitory studies of
various 7-substituted 4,6-androstadiene-3,17-
dione derivatives suggest that only those deriva-
tives that can project the 7-aryl substituent into
the 7¢ pocket are effective inhibitors. Overall,
the most effective B-ring modified aromatase
inhibitors are those with 7a-aryl derivatives,
with several analogs having 2-10 times greater
affinity for the enzyme than the substrate. These
structure—activity relationships suggest that
additional interactions occur between the
phenyl ring at the 7a-position and amino
acids at or near the enzymatic site of aromatase
to result in enhanced affinity of the inhibitors.

In addition, these 7a-substituted and 7-sub-
stituted C,, steroids inhibit aromatase activity
present in both MCF-7 mammary carcinoma
cells and in JAr choriocarcinoma cells. 7a-
APTADD and 7«-APTA were the most effec-
tive inhibitors of these analogs; similar inhi-
bition was observed with another potent
steroidal agent, 4-OHA. In JAr cell cultures,
7a-APTADD and 4-OHA demonstrated the
greatest efficacy. Furthermore, 7¢-APTADD
produced prolonged suppression of aromatase
activity in the JAr cell culture system, suggesting
enzyme-mediated inactivation of aromatase.
Thus, these microsomal and cell culture studies
of several potent 7a-substituted and 7-substi-
tuted C,, steroidal aromatase inhibitors encour-
age further development of this group of
medicinal agents for the treatment of estrogen-
dependent mammary carcinoma.

Acknowledgements—This research work was supported in
part by NIH Grant RO1 DK-40255 and American Cancer
Society Grant BC-482.

REFERENCES

1. Brueggemeier R. W., Floyd E. E. and Counsell R. E.:
Synthesis and biochemical evaluation of inhibitors of
estrogen biosynthesis. J. Med. Chem. 21 (1978)
1008-1011.

2. Brueggemeier R. W., Snider C. E. and Counsell R. E.:

14.

18.

19.

20.

ROBERT W. BRUEGGEMEIER et al.

Substituted C,q steroid analogs as inhibitors of aroma-
tase, Cancer Res. 42 (1982) 3334s5-3337s.

. Snider C. E. and Brueggemeier R. W.: Covalent modifi-

cation of aromatase by a radiolabeled irreversible in-
hibitor. J. Steroid Biochem. 22 (1985) 325-330.

. Brueggemeier R. W., Snider C. E. and Kimball J. G.:

A photoaffinity inhibitor of aromatase. Steroids 40
(1982) 679-689.

. Darby M. V., Lovett J. A., Brueggemeier R. W.,

Groziak M. P. and Counsell R. E.: 7a-Substituted
derivatives of androstenedione as inhibitors of estrogen
biosynthesis. J. Med. Chem. 28 (1985) 803-807.

. Snider C. E. and Brueggemeier R. W.: Potent enzyme-

activated inhibition of aromatase by a 7a-substituted
C,, steroid. J. Biol. Chem. 262 (1987) 8685-8689.

. Brueggemeier R. W., Li P. K., Snider C. E., Darby

M. V. and Katlic N. E.: 7x-Substituted androstene-
diones as effective in vitro and in vive inhibitors of
aromatase. Steroids 50 (1987) 163-178.

. Brueggemeier R. W. and Katlic N. E.: Effects of the

aromatase inhibitor 7x-(4’-amino)thiophenyl-4-andros-
tene-3,17-dione in human mammary carcinoma cell
culture. Cancer Res. 47 (1987) 4548-4551.

. Brueggemeier R. W. and Li P. K.: Effects of the

aromatase inhibitor 7x-(4’-amino)thiophenyl-4-andros-
tene-3,17-dione on 7,12-dimethylbenz(a)anthracene-
induced mammary carcinoma in rats. Cancer Res. 48
(1988) 6808—6810.

. Schwarzel W. C., Kruggel W. G. and Brodie H. J.:

Studies on the mechanism of estrogen biosynthesis.
VIII. The development of inhibitors of the enzyme
system in human placenta. Endocrinology 92 (1973)
866-880.

. Brodie A. M. H., Garrett W., Hendrickson J. R.,

Tsai-Morris C.-H., Marcotte C. H. and Robinson
C. H.: Inactivation of aromatase in vitro by 4-hydrox-
yandrostenedione and 4-acetoxyandrostenedione and
sustained effects. Steroids 38 (1981) 693-702.

. Covey D. F. and Hood W. F.: Enzyme-generated

intermediates derived from 4-androstene-3,6,17-trione
and 1,4,6-androstatriene-3,17-diine cause a time-depen-
dent decrease in human placental aromatase activity.
Endocrinology 108 (1981) 1597-1599.

. Covey D. F. and Hood W. F.: Aromatase enzyme

catalysis is involved in the potent inhibition of estrogen
biosynthesis caused by 4-acetoxy and 4-hydroxy-4-
androstene-317-dione. Molec. Pharmac. 21 (1982)
173-180.

Li P. K. and Brueggemeier R. W.. Synthesis and
biochemical studies of 7-substituted 4,6-androstadiene-
3,17-diones as aromatase inhibitors. J. Med. Chem. 33
(1990) 101-105.

. Cleland W. W.: Statistical analysis of enzyme kinetic

data. Meth. Enzym. 63 (1979) 103-138.

. Chen H. H. and Brueggemeier R. W.: Synthesis and

biochemical studies of fluorescent 7x-substituted 4-an-
drostene-3,17-dione aromatase inhibitors. Steroids 55
(1990) 123-127.

. Kellis J. T. Jr and Vickery L. E.. Purification and

characterization of human placental aromatase cyto-
chrome P-450. J. Biol. Chem. 262 (1987) 4413-4420.
Horwitz K. B., Costlow M. E. and McGuire W. L.
MCEF-7: a human breast cancer cell line with estrogen,
androgen, progesterone, and glucocorticoid receptors.
Steroids 26 (1975) 785-795.

Horwitz K. B, Koseki Y. and McGuire W. L.: Estrogen
control of progesterone receptor in human breast can-
cer: role of estradiol and antiestrogen. Endocrinology
103 (1975) 1742-1751.

Lippman M. E., Bolan G. and Huff K.: The effects of
estrogens and antiestrogens on hormone-responsive hu-
man breast cancer in long-term tissue culture. Cancer
Res. 36 (1976) 4595-4601.



21,

22

23.

24,

Steroidal aromatase inhibitors

Mclndoe J. H.: Estradiol formation from testosterone
by continuously cultured human breast cancer cells.
J. Clin. Endocr. Metab. 49 (1979) 272-277.

MaclIndoe J. H,, Woods G. R., Etre L. A. and Covey
D. F.: Comparative studies of aromatase inhibitors in
cultured human breast cancer cells. Cancer Res. 42
(1982) 3378s-3381s,

Schut T. A. J. and Townsley J. D.: Estrogen formation
from C,q precursors in human choriocarcinoma in cul-
ture. Acta Endocr. (Copenh.) 84 (1977) 633-641.

Story M. T., Hussa R. O. and Patillow R. A.: Indepen-
dent dibutyryl cyclic adenosine monophosphate stimu-

25.

26.

385

lation of human chorionic gonadotropin and estrogen
secretion by malignant throphoblast in vitro. J. Ciin.
Endocr. Metab. 39 (1974) 877-881.

Bellino F. L., Hussa R. O. and Osawa Y.. Estrogen
synthetase in choriocarcinoma cell culture. Stimulation
by dibutyryl cyclic adenosine monophosphate and
theophylline. Steroids 32 (1978) 37-44.

Johnston J. O., Wright C. L. and Metcalf B. W.:
Tissue-dependent inhibition of aromatase in tropho-
blast tumor cells in tissue culture. J. Steroid Biochem. 20
(1984) 1221-1226.



