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Abstract Although there is a growing body of evidence that 17B-hydroxysteroid oxidoreductase plays a role in the
regulation of steroid levels in epithelial tumors of the endometrium and breast, our knowledge of its role in other
gynecologic tumors is limited. In this investigation, the 17B-hydroxysteroid oxidoreductase activity of cell lines derived
from two ovarian tumors (OVCAR-3, CAOV-3) and an epidermoid tumor of the vulva (A431) was assayed under
conditions which differentiate between 178-hydroxysteroid oxidoreductase type 1, a cytosolic isoform highly specific
for estradiol, and type 2, a membrane bound isoform reactive with both estradiol and testosterone. On the basis of
estradiol/testosterone activity ratios, all three cell lines appear to have type 2-like activity, with the specific activity of
A431 markedly greater than that of the other cell lines. Estradiol, progesterone, or EGF, alone or in combination, were
without effect on the enzymatic activity of OVCAR-3 cells. EGF decreased the activity of CAOV-3 cells slightly. In
contrast, EGF stimulated A431 17p-hydroxysteroid oxidoreductase activity 7-8-fold over a 5-day exposure. Estradiol or
progesterone, singly or in combination, also did not effect the enzymatic activity of A431 cells. However, progesterone
inhibited the increase in activity seen in the presence of EGF. With EGF, estradiol, and progesterone together, the
increase in enzymatic activity was comparable to that with EGF alone. The effects of estradiol and progesterone appear
to result from steroid actions following binding of EGF to low-affinity receptors on A431 cells.  « 1995 Wiley-Liss, Inc.
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17B-Hydroxysteroid oxidoreductase (17-HOR,
E.C. 1.1.1.62) catalyzes pyridine nucleotide-
dependent oxidation and reduction at the C-17
position of various C,g and Cyg steroids, and by
so doing can influence intracellular levels of the
biologically active 17B-hydroxysteroids, estra-
diol (E2) and testosterone (T), and their rela-
tively inactive 17-keto forms, estrone (E1) and
androstenedione (A). There is now a large body
of evidence not only that 17-HOR plays an impor-
tant role in steroid-producing organs such as
ovary, testis, and placenta, but that one or more
isoforms may regulate steroid levels in steroid-
responsive peripheral tissues and tumors as well
[Reed, 1991].
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There is also evidence of an end-effect cou-
pling between 17-HOR levels and the regulation
of cell proliferation by E2 and progesterone (P)
in some tissues. Early studies by Tseng and
Gurpide [1974, 1975] showed that the level of
17-HOR activity in uterine endometrium was
subject to regulation by P. Their findings led to
the concept of an antiestrogenic action of P-
induced 17-HOR whereby the conversion of E2
to E1, catalyzed by 17-HOR, terminates the
proliferation-inducing action of E2 on cells of
the glandular epithelium [Tseng et al., 1977].
Thus in endometrial cells, there is a coupling
between the two E2-end effects, stimulation of
cell proliferation and synthesis of P receptor.
Evidence of a similar coupling of E2 and P
end-effects on cell proliferation and 17-HOR
activity in normal and neoplastic mammary tis-
sue has been presented [Liibbert and Pollow,



410 Blomquist et al.

1978; Fournier et al., 1985; Mauvais-Jarvis et
al., 1987].

Recently, however, results from a number of
laboratories have demonstrated the complexity
of the 17-HOR enzymology of human breast
glandular and adipose tissue, as well as breast
tumors [Tait et al., 1989; Mann et al., 1991]. It
has also been shown that 17-HOR of a number
of cell lines derived from breast tumors can be
modulated in vitro by various steroids and non-
steroidal growth factors [Adams et al., 1988;
Malet et al., 1991; Couture et al., 1993]. These
findings have raised questions about the general
applicability of the uterine model to other nor-
mal tissues or tumors [Horwitz, 1993].

In particular, although E2 and P receptors
and 17-HOR activity have been detected in vari-
ous gynecologic tumors, a strong correlation
between receptor content and 17-HOR activity
is not readily apparent [Vierikko et al., 1983].
Additionally, information about interactions be-
tween E2, P, and growth factors, such as epider-
mal growth factor (EGF), in regulating the
growth and differentiation of gynecologic tu-
mors, aside from being very limited, is sugges-
tive, in some cases, of a discordance among
steroid end-effects.

Growth of the gynecologic tumor cell lines
OVCAR-3 and CAOV-3 of ovarian origin and the
A431 cell line derived from an epidermoid carci-
noma of the vulva can be regulated by EGF and
steroids [Gill and Lazar, 1981; Kawamoto et al.,
1984; Kamata et al., 1986; Nash et al., 1989;
Zhou and Leung, 1992], but there are also obser-
vations consistent with an uncoupling of steroid
end-effects in these cell lines. For example, Nash
et al. [1989] reported that although E2 stimu-
lated the formation of P receptors in OVCAR-3
cells, it had no effect on cell growth.

This investigation was undertaken (1) to char-
acterize the 17-HOR activity of OVCAR-3 cells,
in which E2 stimulates the formation of P recep-
tor but does not stimulate growth [Nash et al.,
1989], CAOV-3 cells, which also contain recep-
tors for E2, P, and EGF [Zhou and Leung,
1992], (Leung, unpublished data) and A431 cells,
which over-express EGF receptor [Fabricant et
al., 1977]; and (2) to test the applicability of the
uterine model for 17-HOR function by examin-
ing the effects of E2, P, and EGF on 17-HOR
activity with E2 and T.

MATERIALS AND METHODS
Materials

Reagents and supplies were purchased from
the following sources: [6,7-H]E2 (1.5 TBg/
mmol, 40 Ci/mmol), Amersham Corp., Arling-
ton Heights, IL; [1,2-3H]T (1.9 TBq/mmol, 52.5
Ci/mmol), Dupont NEN Products, Boston, MA;
unlabeled steroids, Steraloids, Inc., Wilton, NH;
Bicine (N,N-bis{2-hydroxyethyllglycine), Hepes
(N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid), bovine serum albumin, calf thymus
DNA, bis-benzimide trihydrochloride (Hoechst
33258), insulin, mouse EGF, Sigma Chemical
Co., St. Louis, MO; fetal bovine serum, Biologos,
Naperville, IL; NAD, Boehringer Mannheim, In-
dianapolis, IN; silica gel HL plates, Analtech,
Inc., Newark, DE; Ecolume, ICN Schwarz Mann,
Cleveland, OH, NIH:OVCAR-3, CAOV-3, A431
cells, American Type Culture Collection, Rock-
ville, MD.

Methods

Cell culture. Monolayer cultures of tumor
cell lines were maintained in a humified incuba-
tor at 37°C with an atmosphere of 95% air and
5% carbon dioxide. Growth media were as fol-
lows: CAOV-3 and A431 (Dulbecco’s modified
Eagle’s medium); OVCAR-3 (RPMI 1640). Fetal
bovine serum was added to 10% for CAOV-3 and
A431 cells and to 20% for OVCAR-3 cells. Peni-
cillin (100 U/ml), streptomycin (100 pg/ml),
L-glutamine (2 mM), and Hepes (15 mM) were
included in all media. Insulin was added (10
pg/ml) to the OVCAR-3 cultures as well.

Preparation of cell homogenates and
sonicates. Cells were harvested from monolay-
ers by gentle scraping and washed twice with
Dulbecco’s phosphate buffered saline. The result-
ing pellets were suspended in ice-cold buffer
containing 20% (v/v) glycerol, 10 mM 2-mercap-
toethanol and 40 mM potassium phosphate, pH
7.0, and homogenized by hand in an all-glass
Dounce homogenizer. Alternatively, the suspen-
sions were sonicated for 5 min at room tempera-
ture in a water-bath type sonicator (Heat Sys-
tems Ultrasonics, Farmingdale, NY). All
preparations were stored at 4°C.

17-HOR activity. 17-HOR specific activity
was measured as described previously [Blom-
quist et al., 1993]. Briefly, a 10 ul aliquot of
sample was combined with 10 wl of reaction
mixture containing 1.0 mM NAD and 2.0 pM
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[HIE2 or [3HIT in 0.08 mM Bicine, pH 9.0.
Assays were run at 37°C for time intervals giv-
ing linear rates of product formation. At the end
of the incubation, reaction mixtures were trans-
ferred in total to the preadsorbant layer of silica
gel plates and, after the addition of unlabeled
carriers, fractionated by thin layer chromatogra-
phy with benzene:acetone (4:1) as the solvent.
Steroids were located by a light spraying with
water. The plates were air dried and steroid-
containing spots scraped into 10 ml of Ecolume
for liquid scintillation counting. Product forma-
tion was quantitated in terms of cpm in product
as percent of total cpm in substrate and product
and specific activity expressed as nmol prod-
uct/mg protein or DNA - 30 min [Blomquist et
al., 1984]. Modifications of this assay in particu-
lar experiments are indicated in the figure leg-
ends.

Protein and DNA quantitation. Protein
was quantitated by the method of Markwell et
al. [1981] with bovine serum albumin as the
protein standard. DNA was quantitated fluoro-
metrically by the method of Labarca and Paigen
[1980]. Calf thymus DNA was used as the stan-
dard.

Data analysis. Multiple means were com-
pared by analysis of variance in combination
with the Newman-Keuls multiple comparisons
test. When Bartlett’s test indicated a non-
Gaussian distribution of values, the Kruskal-
Wallis non-parametric test was used. Paired
means were compared by ¢-test. Apparent Micha-
elis constants and maximum velocities were esti-
mated graphically by the method of Eisenthal
and Cornish-Bowden [1974], as described previ-
ously [Blomquist et al., 1984].

RESULTS

17-HOR Specific Activity of OVCAR-3, CAOV-3,
and A431 Cells

Human ovary contains two forms of 17-HOR,
which are also present at high levels in placenta
[Blomquist et al., 1994]. One, 17-HOR type 1, is
a cytosolic activity highly specific for E2 and E1,
with a low affinity for T [Tremblay et al., 1989).
A second activity, associated with microsomes,
is reactive with both E2 and T [Blomquist et al.,
1984; Pittaway et al., 1983; Barbieri, 1992].
This latter form of the enzyme is referred to as
17-HOR type 2 [Wu et al., 1993]. Aside from
differences in subcellular localization, the two
enzyme forms differ markedly in their E2/T

activity ratios. When assayed at pH 9.0 with E2
or T at 1.0 pM, the E2/T activity ratio for
purified 17-HOR type 1 is approximately 200,
that for 17-HOR type 2 of washed microsomes is
approximately 2 [Blomquist et al., 1984, 1985].
The assay used in this investigation specifically
differentiates between the two forms on the
basis of this difference. As shown in Table I,
activity with both E2 and T was detected in all
three cell lines. Activity with E2 or T of A431
cells was greater than that of either CAOV-3 or
OVCAR-3 cells. However, the E2/T activity ra-
tios for the three cell lines did not differ signifi-
cantly and are comparable to the ratios for other
17-HOR type 2-containing tissues [Blomquist et
al., 1985, 1994].

Effects of E2, P, and EGF on 17-HOR Activity

Exposure of uterine, proliferative-phase endo-
metrium to P in vitro results in an approxi-
mately 10-fold increase in 17-HOR type 2-like
activity within 48-72 h [Tseng, 1978]. A stimu-
latory effect of P on 17-HOR activity of normal
breast epithelial cells in culture has been re-
ported [Prudhomme et al., 1984]. In contrast
with those observations, when CAOV-3,
OVCAR-3, and A431 cells were exposed to E2
(10 nM) or P (5.0 uM), alone or in combination,
at steroid levels shown previously to stimulate
ovarian cancer cell proliferation and P receptor
formation [Nash et al., 1989; Wimalasena et al.,
1992] or the 17-HOR activity of endometrial
tissue in organ culture [Tseng, 1978], we were
unable to detect any statistically significant
changes in 17-HOR activity over 5-day incuba-
tions.

In a previous investigation in this laboratory,
it was observed that EGF stimulated cell growth
and DNA synthesis in OVCAR-3 cells but inhib-
ited both growth and DNA synthesis in CAOV-3

TABLE 1. 17-HOR Activities of CAOV-3,
OVCAR-3, and A431 Cells

17-HOR activity?®

Cell line E2 T E2/T
CAOV-3 0.13+0.01 0.11 +0.04 1.24 =0.27
OVCAR-3 0.05+0.03 0.03+0.01 1.79 =0.09
A431 4.04 + 0.53 2.50+=0.51 164 +0.15

aThe values for specific activity (nmol/mg protein - 30 min)
and the E2/T ratio are the mean + SE of 2-3 experiments in
which triplicate cultures were combined and assayed in
duplicate.
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Fig. 1. Effect of EGF exposure on 17-HOR specific activity.
Log-phase cultures were exposed to EGF (10 ng/ml) for 120 h.
Triplicate cultures were combined and assayed in duplicate.
The values are the mean = SE of 2—3 separate experiments. 2
< 0.001, different from cultures not exposed to EGF.

cells [Zhou and Leung, 1992]. 1t has also been
shown that EGF at low concentrations stimu-
lates the proliferation of A431 cells but inhibits
cell growth at higher concentrations [Gill and
Lazar, 1981; Kawamoto et al., 1984; Kamata et
al., 1986]. On the basis of this variation in EGF
effects, as well as the steroid receptor content of
these cell lines, it was felt to be of interest to
examine the effect of EGF alone and in combina-
tion with steroids on 17-HOR activity.

Exposure of OVCAR-3 cells to EGF for up to 5
days had no effect on 17-HOR activity. In simi-
lar experiments with CAOV-3 cells, small de-
creases in activity with E2 and T were noted. In
marked contrast, exposure of A431 cells to EGF
at 10 ng/ml stimulated 17-HOR activity 7- to
8-fold during a 5-day period (Fig. 1). Stimulation
required levels of EGF (5-10 ng/ml) shown previ-
ously [Gill and Lazar, 1981; Kamata et al., 1986)
to inhibit proliferation of A431 cells (Fig. 2).

In time-course experiments, little change in
17-HOR activity was detected during the initial
16 h of exposure. However activity began to
increase at approximately 16 h, and increased 3-
to 4-fold by 48 h (Fig. 3).
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Fig. 2. Dependence of A431 17-HOR on EGF levels. Triplicate
cultures were exposed to the indicated levels of EGF for 120 h,
combined, and the homogenates assayed for activity with E2
and T as indicated under Materials and Methods. The values are
the mean = SE of duplicate assays; °P < 0.001,°P < 0.01,P <
0.05, different from cultures not exposed to EGF.
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Fig. 3. 17-HOR activity of A431 cells exposed to EGF for
different periods of time. Cells were cultured for 48 h. Qver this
time period, EGF (10 ng/ml) was added to the medium at intervals
such that cells were exposed to the growth factor for 0 (EGF not
added), 16, 24, 36, or 48 h. After the 48-h culture period,
triplicate cultures at each exposure time were combined and
assayed for 17-HOR activity with E2 and T. The values are the
mean + SE of duplicate assays with each substrate. 2P < 0.001,
bP < 0.01, °P < 0.05, different from cells not exposed to EGF.

The delay in the increase in 17-HOR activity
suggested enzyme biosynthesis was being af-
fected rather than enzyme modulation by a
mechanism such as a change in phosphorylation
state. To examine this question further, cells
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Fig. 4. Effects of actinomycin D and cycloheximide on 17-
HOR activity of EGF-treated cells. Cells were cultured in tripli-
cate for 48 h with or without EGF (10 ng/ml). When added,
actinomycin D was at 1.0 uM and cycloheximide at 2.0 pM.
The values are the mean = SE of duplicate assays with each
substrate. ?P < 0.01, PP < 0.05, different from controls.

were exposed to EGF in the presence of actino-
mycin D or cycloheximide. As shown in Figure 4,
the EGF-stimulated increase in 17-HOR specific
activity was inhibited by both agents.

The possible roles of E2 and P as modulators
of EGF action is a subject of much current
interest. This led us to examine the possibility
that E2 or P, singly or in combination, could
either affect the susceptibility of OVCAR-3 or
CAOQV-3 cells to stimulation by EGF or modu-
late the magnitude of the change in 17-HOR
activity in A431 cells. The lack of an effect of
EGF on 17-HOR activity of OVCAR-3 cells and
the decrease in activity in CAOV-3 cells were not
influenced by E2 or P (data not shown), and as
indicated above, the steroids had no effect on the
17-HOR activity of A431 cells. However, steroid
effects were observed in cultures of A431 cells
exposed to EGF (Fig. 5). E2 alone had a signifi-
cant enhancing effect on the increase in 17-HOR
activity seen in the presence of EGF. In con-
trast, P alone inhibited the increase by 50-70%.
When both E2 and P were present, along with
EGF, the increase in 17-HOR activity approxi-
mated that seen with EGF alone.

Properties of 17-HOR

An E2/T activity ratio of approximately 2 is
characteristic of 17-HOR type 2 of ovary, endo-
metrium, and placenta [Blomquist et al., 1984,
1985; Tseng et al., 1981]. The constancy of the
ratio among the cell types suggested that all
three lines contain a 17-HOR type 2-like activ-
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Fig. 5. Effects of EGF, E2 and P on 17-HOR activity of A431
cells. Cells were cultured in duplicate for 120 h in the presence
or absence of EGF (10 ng/ml), E2 (10 nM), and P (5.0 uM),
singly or in combination, as indicated. The values are the mean
+ SE of duplicate assays with E2 and T. ?Different from EGF(—),
P < 0.001; bdifferent from EGF(+), E2(—) and EGF(+), E2(+),
P < 0.001; <different from EGF(+), E2(+), P(+), P < 0.001.

ity. Because of the particularly high level in
A431 cells, the 17-HOR activity of these cells
was characterized further.

When A431 cells were fractionated by centrifu-
gation into cytosol and a particulate fraction
enriched in microsomes, over 90% of the total activ-
ity with either E2 or T was microsomal, charac-
teristic of the type 2 enzyme (data not shown).

To examine the possibility that EGF might be
stimulating the formation of an isoform of 17-
HOR different from that in unstimulated cells,
the Michaelis constants for E2 and T were deter-
mined for 17-HOR activity of cells cultured in
the presence or absence of EGF. Sonicates were
assayed in duplicate at pH 9.0 with 0.5 mM NAD
and 0.5, 1.0, 1.5, and 2.0 uM E2 or T. As shown
in Figure 6, maximum velocities for both sub-
strates were increased with no change in Micha-
elis constants. Michaelis constants for E2 were
0.37 pM, minus EGF, 0.47 uM, plus EGF; for T
the values were 0.75 uM, minus EGF, 0.68 pM,
plus EGF. Maximum velocities (nmol/mg pro-
tein - 30 min) for E2 were 4.4, minus EGF, 31.8,
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Fig. 6. Plots of (A) v vs. [S] and (B) v vs. v/[S] for A431 activity
with E2 (open circles) and T ( filled circles) of untreated cells
(solid line) and cells exposed to EGF for 120 h (dashed line). The
lines and intercepts were estimated by the linear graphical
procedure of Eisenthal and Cornish-Bowden [1974] as indi-
cated under Materials and Methods. The values are the mean of
duplicate cultures combined and assayed in duplicate.

plus EGF; for T the values were 3.6, minus
EGF, 27.0, plus EGF. There was no change in
the E2/T activity ratio.

In contrast with 17-HOR type 1, which is
reactive with both NAD and NADP, 17-HOR
type 2 is highly specific for NAD [Wu et al.,,
19931. When NAD and NADP were compared in
assays of A431 cell sonicates, the Michaelis con-
stant for NAD with 1.0 uM steroid substrate
was 0.18 mM. Activity with NADP was at the
limit of detection (data not shown).

Because of their differing substrate specifici-
ties, 17-HOR types 1 and 2 can also be differen-
tiated on the basis of the ability of Cyy 17B-
hydroxysteroids such as T to inhibit reaction
with E2 [Blomquist et al., 1984, 1985]. When
A431 cell sonicates or microsomes were assayed
with 3H-E2 as substrate and the C,q steroids T,
A, and dehydroepiandrosterone (DHEA) as puta-
tive inhibitors, activity was inhibited by T, but
was insensitive to inhibition by the 17-ketoste-
roids, E1 and A. Similarly, activity with T was
inhibited by E2 but not by E1 or A. A partial
inhibition of activity with either substrate was
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Fig. 7. [Inhibition of A431 17-HOR of EGF-treated cells by
various steroids. Reaction mixtures (20 wl) contained micro-
somes (3.2 mg protein/ml), 0.5 mM NAD, 1.0 pM 3H-E2 or
3H-T, and 100 pM unlabeled E2, T, E1, A, or DHEA. The values,
shown as percent of controls without added steroid, are the
mean + SE of duplicate assays. Activities in the absence of
putative inhibitors were 10.35 nmol/mg protein - 30 min with
E2 as substrate and 5.07 nmol/mg protein - 30 min with T.

observed with the 3B-hydroxy,17-ketosteroid
(DHEA) (Fig. 7). This inhibitor specificity is
characteristic of 17-HOR type 2 [Blomquist et
al., 1984].

DISCUSSION

Ovarian cancer cell lines have been shown to
respond to and produce a variety of growth
factors [Berek and Martinez-Maza, 1994]. Infor-
mation on their capacity for steroid production
and metabolism is limited [Thompson et al.,
1988; Wimalasena et al., 1991]. This investiga-
tion was designed to characterize the 17-HOR
activity of OVCAR-3, CAOV-3, and A431 cells
and to examine the applicability to these cell
lines of gynecologic tumor origin of the uterine
model in which P stimulates 17-HOR type 2
formation.

Three forms of 17-HOR have now been cloned
and sequenced. 17-HOR type 1 is a soluble en-
zyme highly specific for E2 and E1 [Tremblay et
al., 1989]. It occurs at high levels in E2-produc-
ing placental syncytiotrophoblast and granulosa
cells of the ovary [Tremblay et al., 1989; Blom-
quist et al., 1994]. 17-HOR type 2 is a membrane-
bound form reactive with E2, T, and 20«-
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dihydroprogesterone [Wu et al., 1993]. It is
particularly enriched in placental microsomes
[Blomquist et al., 1994], and appears also to be
the P-dependent form present in glandular epi-
thelium of the endometrium [Tseng et al., 1981]
and normal breast [Prudhomme et al., 1984].
17-HOR type 3 is a reductase reactive with
17-ketosteroids and localized to the testis
[Geissler et al., 1994].

The 17-HOR specific activity of OVCAR-3 and
CAOV-3 cells (Table I) is comparable to that of
primary ovarian tumors of epithelial origin [Vi-
erikko et al., 1983] and to that of human ovarian
stroma/theca [Blomquist et al., 1994], as is the
E2/T activity ratio, suggesting that these cells
contain a 17-HOR type 2-like activity. The lack
of an effect of E2 or P alone or in combination
suggests further that the uterine model is not
applicable to these cell lines. Thus although
17-HOR may influence the relative levels of Cyg
and C,9 17B-hydroxysteroids and 17-ketoste-
roids within these cells, it appears unlikely that
progestins or antiprogestins would be able to
effect cell proliferation or differentiation by alter-
ing 17-HOR activity. However because the cell
lines used in these studies are not primary cul-
tures, the general applicability of this conclu-
sion to primary ovarian or vulvar epithelial tu-
mors will require further study.

In marked contrast with the ovarian tumor
cell lines, A431 cells have a level of 17-HOR
activity comparable to that of proliferative endo-
metrium exposed to progestins. And after expo-
sure to EGF, the level exceeds that reported
previously for normal endometrium [Tseng,
1978]. The low E2/T activity ratio, comparable
to that of CAOV-3 and OVCAR-3 cells, as well as
the comparable Michaelis constants for £2 and
T, the specificity for NAD, the low affinity for
17-ketosteroids, and the localization of activity
to membrane fractions suggest A431 cells also
contain 17-HOR type 2 or an isoform very simi-
lar to type 2 in its kinetic properties.

Although the 17-HOR type 2-like activity of
A431 cells is similar in its properties to that in
human endometrium [Tseng et al., 1981] and
normal breast glandular epithelium [Prud-
homme et al., 1984], both of which can be stimu-
lated by progestins in vivo [Kokko et al., 1982]
and in vitro [Tseng, 1978; Prudhomme et al.,
1984], we were unable to detect an affect of
either E2 or P, singly or in combination, on
17-HOR after exposure of cells to steroid for up
to 5 days. It is of interest in this regard that

endometriosis lesions, which are similar to endo-
metrial glandular epithelium in many of their
properties, and which have 17-HOR type 2-like
activity at a level comparable to normal endome-
trium, do not show an increase in enzymatic
activity in response to P or medroxyprogester-
one acetate [Vierikko et al., 1985].

The basis for the marked stimulatory effect of
EGF on the 17-HOR activity of A431 cells re-
mains to be clarified. The A431 cell line was
derived from an epidermoid carcinoma of the
vulva. The cells are hypotetraploid with 78 chro-
mosomes [Shimizu et al., 1984] and are particu-
larly enriched in EGF receptors [Fabricant et
al., 1977]. Cell proliferation is stimulated at
concentrations of EGF of 0.1 ng/ml or less,
while growth is inhibited by EGF at 1.0 to 10.0
ng/ml [Gill and Lazar, 1981; Kamata et al.,
1986]. It has been proposed that this dual effect
reflects the presence of two classes of receptors
differing in affinity for EGF [Gill and Lazar,
1981; Kawamoto et al., 1984]. The findings of
this investigation suggest the increase in 17-
HOR results from occupation of the low affinity
receptors.

The relatively slow time-course of the in-
crease in 17-HOR, as well as its sensitivity to
inhibition by actinomycin D and cycloheximide,
are consistent with an indirect response not
mediated by the rapid, tyrosine kinase-mediated
events immediately following exposure to EGF.
Our results suggest, instead, that exposure to
EGF slowly induces a cellular state in which
17-HOR activity is subject to modulation by
both P and E2. In these experiments the levels
of E2 (10 nM) and P (5.0 wM) to which the cells
were exposed, and the much lower levels which
would be remaining in extracts of washed cells
at the time of assay, are well below those gener-
ally observed to affect 17-HOR types 1 and 2 at
the level of catalysis [Blomquist et al., 1978,
1984]. Our findings are more consistent with a
mechanism in which the actions of E2 and P
occur as part of a sequence of events affecting
17-HOR activity at the level of de novo mRNA
and protein synthesis.
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