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Effect of a 4-Methyl-4-Aza Steroid on
Androgen Metabolism by Rat Ventral
Prostate Epithelial and Stromal Cell
Cultures: Selective Inhibition of
5a-Reductase Activity
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The effect of a potent steroid metabolic inhibitor, 17B-N,N-diethylcarbamoyl-4-methyl-4-
aza-Sa-androstan-3-one (DMAA), on androgen metabolism was investigated in primary
monolayer cultures of rat ventral prostate epithelial and stromal cells. Using testosterone (T)
as substrate, Sa-reductase (Sa-R) activity in both cell types was inhibited by greater than
98% at an inhibitor concentration of 1000 nM. The concentrations required to produce a
50% inhibition (ICsp) were 7.4 and 9.0 nM for epithelial and stromal cells, respectively. To
examine the specificity of this compound, its effect on other steroid-metabolic enzymes was
examined. DMAA at a concentration of 1,000 nM had no effect on 3wo-hydroxysteroid
oxidase (3a-HSORox), 3-ketosteroid reductase (3a-HSORred), and 6/7-hydroxylase (6/7-
HSH) activities in both cell types; 178-hydroxysteroid oxidase (173-HSORox) activity,
located primarily in epithelial cells, also was not influenced by DMAA. In contrast,
epithelial 3B-hydroxysteroid oxidase (3B-HSORox) and 3-ketosteroid reductase (3(3-
HSORred) activities were inhibited by 65% (P < .001) and 58% (P > .05), respectively,
albeit the latter result was not statistically significant. Stromal 3B-HSORox and 3f-
HSORred activities were negligible; hence the effect of the inhibitor on these enzymes
could not be assessed. In conclusion, DMAA is a relatively selective and potent inhibitor
of 5a-R activity in primary cultures of rat ventral prostate epithelial and stromal cells and
should be a useful compound for antagonizing androgen-mediated actions in the prostate
and other androgen target tissues.
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INTRODUCTION

Androgen-mediated actions in the prostate are dependent on the formation of
Sa-dihydrotestosterone (Sa-DHT) [1]; Sa-DHT is the androgen which binds to the
androgen receptor. In vivo, Sa-DHT formation occurs mainly by the irreversible
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reduction of testosterone (T) by the enzyme A*-5a-reductase (5a-R); Sa-R activity
can therefore play a key role in the regulation of prostate growth and function [2].

In recent years there has been considerable evidence from tissue recombinant
experiments demonstrating an important role for epithelial-stromal cellular interac-
tions in rat prostate morphogenesis, growth, and cytodifferentiation [3,4]. These
studies indicate that the presence of the stroma is required for the development and
maintenance of the rodent urogenital sinus epithelium. The stroma requires the
presence of androgen, or more specifically Sa-DHT, for this inductive effect. A
similar intercellular interreiationship has been suggested for the human prostate [5,6].
For example, human prostate epithelial-stromal cellular interactions have implicated
the androgen-dependent stroma in the pathogenesis of human benign prostate
hyperplasia (BPH) [5]. Human BPH stroma has been reported to have elevated levels
of 5a-R activity compared to normal stroma [7]. Whether this leads to elevated
prostate Sa-DHT concentrations is unclear. Also, it is not known whether Sa-DHT
plays a casual or permissive role in the development of BPH. Regardless of its role
in the disease process, reduction in the levels of intracellular prostatic 5a-DHT,
particularly in the stroma, should reduce or prevent further abnormal growth of
androgen-sensitive prostate tissue. This suggests that 5a-R should be a reasonable
target for therapeutic agents.

Recently a 4-methyl-4-aza steroid, 178-N,N-diethylcarbamoyl-4-methyl-4-aza-
Sa-androstan-3-one (DMAA; also referred to as 4-MA), has been shown to be a
potent inhibitor of Sa-R activity both in vivo [8,9] and in vitro [10,11] as well as
being an inhibitor of prostate growth. To date, no studies have been reported on the
direct effect of DMAA on androgen metabolism by separated prostate epithelial and
stromal cells. Understanding the effectiveness of DMAA in inhibiting androgen
actions in both cell types may be important to understanding its role as a therapeutic
agent. This report examines the effects of DMAA on androgen metabolism in primary
cultures of ventral prostate epithelial and stromal cells derived from immature rats.

MATERIALS AND METHODS
Animals

Experiments were performed by using immature male Sprague-Dawley rats
(2122 d old) obtained from Canadian Breeding Farms and Laboratories Ltd.
(Montreal, Quebec). All animals were housed in an animal room with a controlled
environment and a regulated light cycle (14-h light: 10-h darkness). Rats were fed tap
water and Purina Rat Chow ad libitum.

Steroids

[1,2-3H]T (59 Ci/mmol), [1,2-°H] 5a-DHT (59 Ci/mmol), {1,2-°H] 5a-
androstane-3a, 17B-diol (3a-Adiol) (30.1 Ci/mmol), (4-'*C]T(57.5 mCi/mmol),
and [4-"*C]5a-DHT (57.5 mCi/mmol) were obtained from New England Nuclear
Corp. (Lachine, Quebec) and were purified prior to use by paper chromatography as
described by Bush [12]. [4-'*C]3a-Adiol was prepared in our laboratory from
[4-1*C]5a-DHT by using rat lung cytosol as the source of 3a-hydroxysteroid
oxidoreductase. [1,2°H] 5B-androstane-38,17B-diol (38-Adiol) and [4-1“C]3B-Adiol
were prepared from the corresponding labeled S5a-DHTs by reduction with NaBH, as
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previously described [13]. Both “C- and *H-labeled 3a- and 3B-Adiol were purified
by thin-layer chromatography on silica gel G in chloroform:methanol (98.2) followed
by paper chromatography in the Bush B3 system. All radiolabeled steroids were at
least 97% pure as determined by thin-layer and paper chromatography. ['“C]-steroid
recovery standards were prepared in methanol and contained 5,000 dpm of the
['4C]-steroid and 25 pg radioinert steroid per 100 pl. Radioinert steroids were
obtained from Steraloids, Inc. (Wilton, NH) and Sigma Chemical Co. (St. Louis,
MO). DMAA was obtained through the courtesy of Dr. E.H. Cordes, Merck, Sharp
& Dohme Research Laboratories (Rahway, NJI).

Beef pancreatic DNase I collagenase, type IV (140 units/mg), Hepes, insulin,
transferrin, retinoic acid, dexamethasone, and highly polymerized calf thymus DNA
were obtained from Sigma Chemical Co. (St. Louis, MO). Percoll was purchased
from Pharmacia Fine Chemicals (Montreal, Quebec). Fetal bovine serum, chicken
serum, trypan blue exclusion dye, F12 medium, and DME medium without sodium
bicarbonate were purchased from Flow Laboratories Ltd. (Mississauga, Ontario).
Lyophilized penicillin (10,000 units/ml), streptomycin (10,000 wg/ml), fungizone
(250 g/ml), trypsin (1:250 ‘‘Difco’’ certified), and 0.05% trypsin:0.02% EDTA
solution were obtained from Grand Island Biological Co. (New York, NY).
HPLC-grade acetonitrile and methanol were purchased from Fisher Scientific Co.
Hoechst 33258 stain was purchased from Calbochem-Behring (La Jolla, CA).

Cell Separation and Culture of Epithelial and Stromal Cells

Ventral prostates were aseptically removed from immature rats, minced, and
dissociated into cells with a mixture of collagenase, trypsin, and chicken serum as
previously described [14,15]. The cells were then separated into epithelial- and
stromal-cell-enriched fractions by using preformed, continuous isopycnic Percoll
gradients [14] with modifications described previously [15]. The cells were cultured
in F12/DME medium containing 10% fetal bovine serum, 20 mM Hepes, 10 mM
NaHCQs;, insulin (Spug/ml), transferrin (Spg/ml), 50 sM T, penicillin (100 U/ml),
streptomycin (100 g/ml), and fungizone (1 g/ml). The medium for the epithelial cells
also contained 50 nM dexamethasone and 500 nM retinoic acid. Other culture details
are given in reference [15]. Cultures reached confluency in 5-7 d. Cells were
monitored daily and photomicrographs were prepared by using a Leitz (Wetzlar)
inverted phase-contrast light microscope. Representative cultures used for photomi-
crographs were fixed in 100% methanol for 5 min and stained with 2% Giemsa stain
for 5-30 min.

Studies on Androgen Metabolism

Androgen metabolism was studied in confluent cultures as previously described
{15]. The culture medium was removed from confluent cultures and replaced with
serum-free and steroid-free medium for 24 h. The medium was then replaced with
fresh serum-free F12/DME medium containing 50 nM >H-androgens and varying
concentrations of DMAA. Following a further 6 h in culture, medium and cells were
removed and extracted with methylene chloride; 14C. labelled steroids were added
prior to extraction to monitor losses. The extracts were filtered through anhydrous
sodium sulphate and evaporated to dryness under nitrogen. The labelled steroids in
the extracts were analyzed by utilizing HPLC. The direct extracts were chromato-

85UBD17 SUOLIWIOD BAIR1D a|qed||dde ay) Aq peusenob ae sapie YO ‘8sn Jo Sajni J0j ARelqiauljuQ A3]IM UO (SUONIPUOD-pUe-SULLIBY WD B 1M AReiq 1)Ul |Uo//Sdny) SuoRIpuoD pue swi L 8y 88S *[£20z/c0/0g] uo Ariqiauljuo A8 ‘Ariqi Aiseaun 1189 Aq #0r0ET0662'S01d/200T OT/10p/Wod A IM Ariqjuljuo//sdny wolj papeojumod ‘v ‘886T ‘Sy00L60T



292 Orlowski and Clark

TABLE I. Summary of Steroid Activities Assayed Indicating the Substrates Used and the
Metabolites Measured

Metabolites summed (+) to calculate
total steroid enzyme activity

Steroid enzyme  *H-substrate

activity (50 nM) 50-DHT 3a-Adiol 3p-Adiol Sa-A  An  IsoAn  5a-Ci504
5-R T + + + + + + +
3a-HSORox 3a-Adiol + — + + — + +
33-HSORox 3B3-Adiol + + - + + _ _
17B-HSORox S5a-DHT - - - + + + 2
3a-HSORred Sa-DHT - + — — + _ _
3B-HSORred 5a-DHT - - + - _ + +
6/7-HSH 3B-Adiol — - — - — _ +

*Refers only to 17-oxo-5a-C;90; metabolites (i.e., 6a- and 7a-Adiol-17-one).

graphed on a Beckman reverse-phase ultrasphere-ODS column (4.6 min I.D. X 250
mm) with 5-pm spherical packing by using an isocratic mobile phase of acetonitrile-
methanol-water (1:3:3) [16]. 3H and '*C in the effluent were monitored and measured
with a Flo-one/Beta radioactivity continuous flow detector (model IC; Radiomatic
Instruments and Chemical Co. Inc., Tampa, FL). The *H counts in the peaks were
corrected for procedural losses by using the *C counts. This column system separates
T, androstenedione, and their Sa-reduced products [Sa-DHT, 3a-Adiol, 33-Adiol,
Sa-androstane-3, 17-dione, androsterone (Sa-androstane-3a-ol-17-one), isoandroste-
rone (Sa-androstane-3(3-ol-17-one), and several hydroxlyated products. Based on

the work of others [17,18], the hydroxylated products are presumed to be hydroxy-
lated at the 6 and 7 positions. By studying the metabolism of T, 5a-DHT, 3a-Adiol,
and 3B-Adiol one obtains measures of 5a-R and 3a- and 3@-hydroxysteroid
oxidoreductases in the oxidative (3o-HSORox and 3B-HSORox) and reductive
(3a-HSORred and 33-HSORred) and 17B-hydroxyesteroid oxidoreductase in the
oxidative direction (17B-HSORox) and hydroxylase (6/7-HSH) activities. Table I lists
the enzyme activities measured and indicates the substrates utilized and the metab-
olites measured. Enzyme activities are expressed as picomoles metabolites formed/6
h/ig DNA. DNA concentrations were measured by the method of Labarca and
Paigen [19] by utilizing the enhancement of fluoresence of a bisbenzimide compound
(Hoechst 33258 stain). Statistical analysis was performed by using the Student’s t-test
(n = 30).

RESULTS
Cell Culture Characteristics

Light microscope photomicrographs of primary monolayer cultures of rat
ventral prostate epithelial and stromal cells are presented in Figure la and 1b,
respectively. Morphologically, the epithelial cells are polygonal in shape and closely
associated with each other, which is characteristic of this cell type in culture. In
contrast, the stromal cells are elongated, spindle-shaped, and loosely associated with
each other. This is characteristic of fibroblast-type cells in culture. The appearance of
both cell types was similar whether they were grown in the absence or presence of T.
A previous study [15] has demonstrated that both cell types retain differentiated cell
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Fig. 1. Light microscope photomicrographs of primary monolayer cultures of rat ventral prostate (a)
epithelial and (b) stromal cells after 7 d in culture at X 80 magnification.
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Fig. 2. Effect of DMAA concentration on Sa-reductase activity in rat ventral prostate epithelial cell
culture. Results are expressed as the mean * SD (n=3).

functions characteristic of the prostate, i.e., the ability to metabolize androgens. The
epithelial cells also synthesize secretory acid phosphatase.

Effect of DMAA Concentration on 5x-Reductase Activity

To assess the effect of DMAA concentration on Sa-R activity, confluent
monolayer cultures of rat vental prostate epithelial and stromal cells were co-
incubated with [*H]T (50 nM) and increasing concentrations of DMAA (1-1,000
nM); Sa-R activity was expressed as picomoles Sa-reduced metabolites formed from
T per 6 h per pg DNA. The inhibition curves for epithelial and stromal cell cultures
are shown in Figures 2 and 3 respectively. In both cell types, prostatic Sa-R activity
was inhibited by greater than 98% at an inhibitor concentration of 1,000 nM. The
concentrations required to produce 50% inhibition (ICsq) were 7.4 nM and 9.0 nM for
epithelial and stromal cells, respectively.

Effect of DMAA on Other Prostate Steroid-Metabolizing Enzyme Activities

To further investigate the effect of DMAA on other enzymes involved in
androgen metabolism by primary cultures of rat ventral prostate epithelial and stromal
cells, 50 nM 3H—androgens (T, 5a-DHT, 3a-Adiol, and 3B-Adiol) were incubated
separately in the absence and presence of a single concentration of DMAA (1,000
nM). The distribution of androgen metabolites was analyzed following a 6-h
incubation period and relative enzyme activities were determined.

The results are presented in Table II. DMAA had some effect on epithelial
33-HSORox and 3B-HSORred activities. The 33-HSORox and 3B-HSORred were
inhibited by 65% (P < .001) and 58% (P > .05), respectively, albeit the latter effect
was not statistically significant. DMAA had no effects on other major androgen-
metabolizing enzymes—3oa-HSORox, 3a-HSORred, or 6/7-HSH in both cell types
or 173-HSORox in the epithelial cells.

DISCUSSION

Our laboratory has been developing primary cultures of rat ventral prostate
epithelial and stromal cells as a model system for studying androgen-mediated actions
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Fig. 3. Effect of DMAA concentration on Sa-reductase activity in rat ventral prostate stromal cell
cultures. Results are expressed as the mean = SD (n=3).

TABLE I1. Effect of DMAA on Steroid-Metabolic Enzyme Activities in Rat Ventral Prostate
Epithelial and Stromal Cell Cultures

Epithelial Stromal

Steroid enzyme Substrate —DMAA +DMAA —DMAA +DMAA
S5a-R T 3.22 + 0.44 ND 0.52 £ 0.10 ND
3a-HSORox 3a-Adiol 5.34 £ 0.07 5.42 £ 0.07 4.63 * 0.68 3.80 = 0.60
3B-HSORox 38-Adiol 0.80 = 0.10 0.28 *+ 0.07* ND ND
3a-HSORred S5a-DHT 0.15 £ 0.04 0.16 = 0.09 0.13 = 0.06 0.20 = 0.10
3B-HSORred 5a-DHT 0.24 = 0.04 0.14 + 0.08 ND ND
17B-HSORox 5a-DHT 2.39 £ 0.25 2.66 + 0.32 ND ND

6/7 -HSH 33-Adiol 3.83 +£0.29 4.34 +0.20 12.36 = 0.27 11.95 = 0.59

Enzyme activities were determined as described in Table I and are expressed as picomoles metabolites
formed/6 h/jug DNA. Results are expressed as the mean = SD (n=3). ND = not detected.
*P < .001.

in the prostate. The relevance of using this system for preliminary investigation on the
effectiveness of DMAA as a potential therapeutic agent for humans is supported by
the recent finding that this inhibitor is equipotent in inhibiting Sa-R activity in rat and
human prostate homogenates (K;j; 5.3 nM and 8.3 nM, respectively) but only 5% as
potent an inhibitor of the canine enzyme [20]. The apparent K,, values of T for
prostatic Sa-R in rats and humans are similar, being 2.4 pM and 3.3 pM,
respectively [21]. Assessing the effectiveness of DMAA in epithelial and stromal cell
cultures is important for a number of reasons: 1) both cell types can form S5a-DHT and
2) both cell types are androgen-sensitive and appear to make interactive contributions
to overall prostate growth and function.

The results of this study indicate that inhibition of Sa-reduced metabolite
formation from T was directly proportional to the concentration of DMAA in both cell
types. The concentration of DMAA needed to inhibit formation of Sa-reduced
metabolites from T by 50% (ICsp) was similar in both cell types (7.4 nM and 9.0 nM,
respectively). This suggests that the Sa-R enzymes in both cell types are similar. The
ICs, values are very similar to the reported apparent K; values (K;, 5.3 nM) of DMAA
for rat prostatic 5a-R with whole tissue. In contrast to the inhibition of 5a-R activity,
DMAA has no effect on the other steroid-metabolic enzyme activities with the
exception of 3B-HSOR oxidative and reductive activities. The effect on the latter
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enzymes in the prostate must be considered of lesser importance because even at the
high DMAA concentration used, the 33-HSOR activities were inhibited by only
approximately 60%.

A previous study [10] using whole tissue preparations of rat ventral prostate has
reported that DMAA has two modes of action. It has a high affinity for 5a-R (K|, 5.3
nM) and a moderate affinity for the androgen receptor (K4, 3.0 pM). The apparent
K., value of T for rat prostatic Sa-R is 2.4 pM and the affinity of DHT for the
androgen receptor is 3.0 nM. Thus DMAA has a 500-fold greater affinity for Sa-R
than T but a 1,000-fold lower affinity for the androgen receptor than 5-DHT. DMAA
was shown to be a competitive inhibitor with T for Sa-R [10]. There are reports that
DMAA inhibits seminal vesicle and prostate growth in Sa-DHT-replaced immature
castrate rats [8] and PC-82 tumor (human androgen-dependent tumor line) growth in
both T- and 5a-DHT-replaced mice [20]. The authors of the latter paper raised the
possibility of a DMAA metabolite competing for the androgen receptor in view of the
low affinity of DMAA itself for the receptor. They [20] also raise the possibility of
a direct tumoricidal effect of DMAA.

The effectiveness of DMAA as an antiandrogen has been confirmed in recent in
vivo studies in rats [8] and dogs [9]. In both species, high pharmacologic concen-
trations of DMAA administered to intact animals decreased total intracellular andro-
gen levels as well as prostatic weight.

In conclusion, the present study confirms and extends previous studies using
whole prostate tissue preparations [8-10,21] to show that DMAA is a strong,
relatively specific inhibitor of Sa-R activity in primary cultures of rat ventral prostate
epithelial and stomal cells. Furthermore, the results confirm the use of this cell culture
system as a preclinical model for drug evaluation. The effectiveness of this
antiandrogen in antagonizing androgen-dependent parameters such as epithelial
secretory function has been demonstrated (unpublished results). Its effectiveness as
an inhibitor of epithelial and stromal cell proliferation in culture is being investigated.
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