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The purpose of this study was 2-fold: (1) to identify the Sx-reductase (52-R) isozyme(s) present in
DU 145 cells, a human cell-line of low androgen sensitivity derived from a cerebral metastasis of
an epithelial prostate cancer; and (2) to compare the inhibitory potencies of three compounds on
the ‘basic’ Sa-R isozyme expressed in a baculovirus-directed insect cell system. Conversion of
testosterone (T) into Sx-dihydrotestosterone (DHT) in DU 145 cells was measured by HPLC coupled
to a Flo-one HP radioactivity detector. DU 145 cells exhibited 5«-R activity (21 pmol DHT/min/mg
protein) at pH 7.4 which disappeared at pH 5.5 suggesting that, of the two genomically distinct
human isozymes identified so far, type 1 5¢-R is expressed in DU 145 cells. This was confirmed by
at least two observations: first, 52-R activity in DU 145 cells was inhibited with much higher potency
by 4-MA than by finasteride which is known to be a very poor competitor of the ‘basic’ enzyme
(IC5s = 2.8 £ 0.2 and 264 + 55 nM, respectively). Second, only the type 1 5¢-R ¢cDNA and not type 2
52-R cDNA hybridized with DU 145 RNA. A high potency differential was also recorded for the
inhibition of ‘basic’ type 1 52-R expressed in a baculovirus-directed-insect cell system by these two
compounds, 4-MA being considerably more active than finasteride (K;=8.4 + 2.3 and 330 + 9 nM,
respectively). This inhibition was competitive. On the other hand, inhibition by an n-hexane
lipid/sterol extract of Serenoa repens (LSESr) was non-competitive and, when expressed in terms
of recommended therapeutic doses, was 3-fold greater for LSESr than for finasteride. These studies
suggest that LSESr might exert a regulatory inhibitory activity due to its specific lipid/sterol
composition.
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INTRODUCTION is directly converted into Sa-dihydrotestosterone (Se-
DHT), one of several factors regulating normal and
pathological prostate cell growth, and indirectly into
other 5a-reduced metabolites, Sa-androstanedione and
Sx-androstanediols [1, 2]. It has been long thought that
there may be at least two 5a-R isoforms [3-5] and this

has been recently confirmed by cloning and expressing

The enzyme Sa-reductase (5x-R), present in the
prostate, seminal vesicles, sebaceous glands, brain and
other tissues, reduces steroids at the 5 position using
NADPH as a cofactor. In the prostate, testosterone (T)
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two isozymes, type 1 [6] and type 2 [7, 8], from human
prostate [9]. The type 1 isozyme has a neutral-basic pH
optimum (7.0-8.0) and the type 2 isozyme an acidic pH
optimum (5.0).

The first aim of the present study was to characterize
the enzyme isoform present in the DU 145 cell-line.
This cell-line is derived from a brain metastasis of an
epithelial human prostate carcinoma [10]. Its growth is
generally, but not always [11], considered to be insen-
sitive to androgen and its androgen receptor (AR)
status to be negative. Nevertheless, these cells contain
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5a-R. Recently, they have been used to compare the
action of several 4-azasteroids [12], designed princi-
pally with the treatment of benign prostate hypertro-
phy (BPH) in mind, even though their epithelial origin,
malignant nature and AR-negativity detract somewhat
from their relevance as a model for BPH. Contrary to
the conclusion of this study [12], our results will show
that DU 145 cells only express the ‘basic’ type 1 and
not ‘acidic’ type 2 isozyme.

We have recently produced the ‘basic’ type 1 human
enzyme in an eukaryotic expression system, the bac-
ulovirus-directed insect cell system, which provides
high yields of biologically active and stable protein [13].
The second aim of our study was therefore to compare
inhibition of the type 1 enzyme by different agents,
namely, two aza-steroids [4-MA and finasteride (MK-
906)] [14-18] and the n-hexane extract of the fruit of
the dwarf american palm Serenoa repens (LSESr).
LSESr is a mixture of free fatty acid and sterol
components which inhibits 5-R activity and AR bind-
ing in rat prostate tissue [19, 20] and in cultured human
foreskin fibroblasts [21]. The present study establishes
that, unlike the 4-azasteroids, LSESr is a non-
competitive inhibitor of type 1 5x-R indicating that it
belongs to a new class of inhibitors with a regulatory
mode of action. Recent investigations have suggested
that overspecific and stringent 5«-R inhibition in
prostate may be clinically counterproductive because of
the formation of high tissue concentrations of biologi-
cally active T in spite of much reduced 5¢-DHT levels
[22, 23]. It is known that T has an affinity for AR that
is about 80%, of that of 5«-DHT [24] and that high
concentrations can exert a growth-promoting action
like 5a-DHT (25, 26].

MATERIALS AND METHODS
Chemicals

[1,2,6,7->H]Testosterone (97 Ci/mmol) was pur-
chased from Amersham (UK). Diethyl ether (Prolabo,
France) was of analytical grade. Methanol and tetra-
hydrofuran (Prolabo) were glass distilled in our labora-
tory. Deionized water was triple glass distilled. Un-
labeled steroids were purchased from Sigma (France)
and NADPH (621706) from Boehringer (Mannheim,
Germany). 4-MA and finasteride were synthesized at
the Research Laboratories of Farmitalia Carlo Erba
(Milan, Italy). LSESr (lipid/sterol extract from
Serenoa repens fruit, batch HC 2513) was from Pierre
Fabre Médicament (Castres, France).

Cell cultures

The human prostatic carcinoma cell-line DU 145
(ATCC, HTB 81) [10] was maintained at 37°C in a
humidified atmosphere of 95% air and 5% CO, in
75 cm? cell culture flasks (Corning, Staffordshire, Eng-
land). Cells were routinely cultured in RPMI-1640
medium with 109, fetal calf serum, 100 U/ml peni-
cillin, 100 mg/ml streptomycin, 1 mM sodium pyru-
vate, 2mM L-glutamine (all from Gibco, Middlesex,
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England). They were trypsinized and replated into
fresh medium every 5 days. Assays were performed on
cells between passages 10-20.

Spodoptera frugiperda (Sf9) insect cells (ATCC,
CRL 1711) were maintained at 27°C in Grace’s insect
medium supplemented with 109, fetal calf serum
(FCS), 3.3 g/I lactalbumin hydrolysate, 3.3 g/l yeasto-
late (all from Gibco/BRL), 50 mg/ml gentamycin sul-
fate and 2.5 mg/ml amphotericin B (Sigma).

Assay of 5a-R activity tn DU 145 cells

DU 145 cells (ca. 2 x 10°) were plated in 35 mm
wells of 6-well cluster plates (Corning) in RPMI-1640
containing 19, heat-inactivated calf serum depleted of
steroids by dextran-coated charcoal (DCC) treatment,
2mM L-glutamine, 100 U/ml penicillin, 100 mg/ml
streptomycin, and 1 nM sodium pyruvate. After 3 days,
the medium was replaced by 1 ml fresh medium con-
taining 0.1 uM T, 0.6 x 10 cpm [*H]T and various
concentrations of inhibitor. After incubation for 1 to
6 h, the medium was removed and stored at —20°C.
The cells were harvested by trypsination and counted
in a Coulter counter (Coultronics, France).

The pH specificity of 5x-R activity was determined
as follows. Subconfluent cultured DU 145 cells in six
150 cm? flasks were washed twice with phosphate-
buffered saline. After centrifugation at 1000 g for
10 min, the cell pellet was suspended in 50 mM
Tris—=EDTA buffer of different pH strengths and son-
icated at 4°C for 30s at 2/3rds of maximal power
(Ultrasons Annemasse, France). The BCA protein
assay reagent (Pierce, Rockford, IL, U.S.A.) was used
to determine cytosolic protein concentration. A 50 ul
aliquot of cell homogenate containing 2 mg/ml protein
was then added to the reaction mixture (250 ul) con-
taining: 1uyM T, 0.6 x 10°cpm [*H]T and 5mM
NADPH. After 10min at 37°C, the reaction was
stopped by immersion of the tube in liquid nitrogen.
The sample was stored at —20°C until steroid assay.

Analysis of T metabolism

Radioactive T and DHT were measured as described
previously [27]. They were extracted from the incu-
bation medium twice with 3 ml diethyl ether. The
solvent was evaporated and the residue taken up in
200 pl of methanol-tetrahydrofuran—water (40:13:47,
by vol). A 100 ul sample was injected into an automated
system combining an HPL.C apparatus with an in-line
radioactivity detector (Flo-one, Radiomatic Instru-
ments, LLa Queue-Lez-Yvelines, France).

RNA extraction and Northern blot analysis

The DU 145 cell-line was cultured in two 75 cm?
flasks as described above and plated in RPMI-1640
with 19, DCC. After 48 h, total cellular RNA was
isolated by the acid guanidinium thiocyanate—
phenol—chloroform method [28], analyzed (20 ug) on
denaturing formaldehyde—19, agarose gels, and capil-
lary transferred to nylon Hybond-N filters (Amersham,
UK). Filters were baked for 2 h at 80°C, prehybridized
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for 6 h at 42°C and hybridized for 24 h at 42°C with
1-1.5 x 10° cpm of random primed *P human types 1
and 2 5¢-R ¢cDNA per ml of hybridization solution.
Washed filters were exposed for 18 h (type 1) to 4 days
(type 2) to X-ray films at —80°C (Hyperfilm-MP,
Amersham, UK).

Construction of recombinant baculovirus

The ¢cDNA corresponding to human type 1 5a-R
mRNA was isolated from a ph5x45 plasmid vector
(kindly provided by Professor D. W. Russell, Dallas,
TX) as described previously [13]. The 1.95 kb EcoRI
fragment was inserted into the baculovirus transfer
vector pEV55[29] at the EcoRI cloning site to yield
pEVS55-type 1 5a¢-R plasmid. Transfer of the type 1
52¢-R cDNA next to the polyhedrin gene promoter in
the AcNPV genome was accomplished following cal-
cium phosphate cotransfection of pEV55-type 1 5a-R
and wild-type AcNPV DNA into Sf9 insect cells [30].

Assay of type 1 5u-R activity expressed in the baculo-
virus -directed insect system

Sf9 cells (0.5-1 x 10% cells/ml) were infected with
recombinant baculovirus at a multiplicity of infection
of 5-10, cultured in 75 cm? flasks (Costar) at 27°C, and
harvested 4 days post-infection by centrifugation. The
pellet was suspended in 50 mM Tris—HCIl, 50 mM
EDTA (Tris~EDTA buffer), pH 7.4. Cells were then
lysed using a pestle B Dounce homogenizer and soni-
cated for 30 s (Ultrasons Annemasse, France).

An aliquot of 20-50 ul of cell homogenate (ca.
0.15 x 106 cells), to which 1 uM T and 0.6 x 10° cpm
[*H]T were added, was made up to a final volume of
250 ul. The reaction, performed at 37°C, was started by
introducing SmM NADPH and was stopped after
10 min by immersing the reaction tube in liquid nitro-
gen. The tube was stored at — 20°C until steroid assay.
A Lineweaver—Burk plot was obtained by incubation
with a range of substrate concentrations (0.1-10 uM
T). Inhibition of enzyme activity was determined after
incubation with a wide range of inhibitor concen-
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Fig. 1. Time-course of 5«-R activity in DU 145 cells. Sub-

confluent DU 145 cells were incubated with 0.1yM T and

0.6 x 10° cpm [*H]T. Each point is the mean of at least three
experiments.
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Fig. 2. pH-dependence of 5a-R activity in the DU 145 cell-line.

Enzyme activity was assayed as indicated in Materials and

Methods. The above plot is typical of the results obtained in
two separate experiments.

trations: 4-MA (1-500 nM); finasteride (10-3000 nM)
and LSESr 1-100 ug/ml. Data were analyzed by the
program of Chou and Chou (‘““Dose-effect analysis with
microcomputers’’, Biosoft, Cambridge, England).

RESULTS
Characterization of 5a-R activity in DU 145 cells

On incubation of DU 145 cells with [*H]T, S«-R
activity remained stable from 1 h onwards (Fig. 1). A
1 h incubation time was therefore selected in all sub-
sequent experiments. Measurement of 5x-R activity in
DU 145 cells as a function of pH (Fig. 2) revealed a
narrow enzyme activity peak with a maximum at
pH 7.4, thus suggesting that the ‘basic’ isoform of the
enzyme is functional in these cells.

Two types of experiments were performed to
confirm the presence of ‘basic’ type 1 5x-R activity in
the DU 145 cell-line. The first experiment yielded
indirect evidence and involved the use of specific
inhibitors of 5x-R activity as molecular probes. 4-MA
and finasteride, when added to the DU 145 cell culture
medium, led to a concentration-dependent reduction in
5¢-DHT (Fig. 3). A 509, decrease was obtained with
2.8+ 0.2 nM of 4-MA and 264 + 55 nM of finasteride.
This 90-fold difference in activity is in agreement with
published results for inhibition of the ‘basic’ type 1
enzyme by these two inhibitors [6]. In the second set
of experiments, total RNA content from cells cultured
for 48 h in serum-free medium was examined in North-
ern blots. Only the presence of the mRNA for ‘basic’
type 1 5x-R was detected (Fig. 4).

‘Basic’ type 1 50-R expressed in Sf9 insect cells

The activity of ‘basic’ type 1 5x2-R expressed in the
baculovirus-directed insect cell system decreased
rapidly with time whatever the NADPH concentration
(not shown). Conditions of 10-min incubation with
5mM NADPH were considered to be the most appro-
priate for subsequent experiments since these curtailed
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Fig. 3. Inhibition of 5z -R activity in DU 14S cells by 4-MA and
finasteride. Cells were incubated with 0.1 1M T, 0.6 x 10° cpm
[*H]T, and inhibitor. Results are expressed as percent control
(without inhibitor). Each point is the mean of 6 experiments.

NADPH degradation and provided a relatively high
level of enzyme activity. Activity was recorded at
pH 7.5-7.8 but not at pH 5.0.

The type 1 5x2-R expressed in the baculovirus-
directed insect cell system was inhibited more
markedly by 4-MA than by finasteride (ICgs =
9.25 + 2.58 nM and 400 + 100 nM, respectively) [Fig.
5(A)], the activity ratio being similar (90-fold) to that
recorded above in DU 145 cells. The n-hexane extract
of Serenoa repens fruit (ILSESr) also inhibited type 1
Sa-R. Its ICs, was 4 + 1 ug/ml but cannot be expressed
in nM terms because of the presence in the extract of
components (free fatty acids and sterols) of different
molecular weight. To circumvent this problem,
another team [41] adjusted the inhibition curves com-
paring finasteride and LLSESr in the rat as a function of
the therapeutic dose recommended by the manufactur-
ers in the pharmacopeia for the treatment of BPH

288 —»

~4+—24kb
18S —»

Fig. 4. Northern blot analysis of total RNA from DU 145 cells

performed as described under Materials and Methods. The

positions of 18 and 28S rRNA are indicated on the left-hand
side.
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Fig. 5. Inhibition by (A) 4-MA and finasteride and (B) by

finasteride and LSESr of ‘basic’ type 1 5«-R activity ex-

pressed in infected Sf9 cells. In B, concentrations have been

adjusted to the recommended doses for BPH treatment
(5 mg/day finasteride, 320 mg/day LSESr).

(5 mg/day finasteride, 320 mg/day LSESr). On per-
forming a similar adjustment in our studies, LSESr
proved to be a 3-fold more potent competitor [Fig.
5(B)]. Lineweaver—-Burk plots of enzyme activity vs
substrate concentration in the presence or absence of
10 nM 4-MA and 500 nM finasteride established that
these 4-azasteroids are competitive inhibitors with K,
values of 8.4 + 23 and 330 + 9 nM, respectively (Fig.
6). On the other hand, the LSESr inhibition plot was
non-Michaelian and reflects a different mechanism of
inhibition of type 1 5«-R.

DISCUSSION

The present study has, first of all, established that
DU 145 cells preferentially express only one of the two
5¢-R isozymes so far identified and that this is the
‘basic’ type 1 isoform. The evidence for the presence of
this isozyme was 4-fold. (a) Enzyme activity was de-
tected at a basic pH only; (b) blot analysis of RNA
revealed the presence of type 1 enzyme mRNA which
hybridized with the cDNA of type 1 5¢-R only; (c) in
tests with 5«-R inhibitors used as probes, a low inhibi-
tory potency was recorded for finasteride compared to
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of ‘basic’ type 1 Sa-R activity expressed in infected Sf9 cells.

4-MA, which was a 90-fold more potent inhibitor, in
line with the potency ratio already recorded for these
4-azasteroids with regard to inhibition of the ‘basic’
type 1 human isozyme [6]; (d) 4-MA was a more potent
inhibitor of the type 1 5a-R expressed in a baculovirus-
directed insect cell system than finasteride. If one
compares the absolute IC,, values of finasteride for the
enzyme expressed in our insect cells and in simian
COS-M6 cells [6], one notes IC,ys of 400 and 900 nM,
respectively and K;s of 330 and 230 nM, respectively.

In a previous study performed on BPH homogen-
ates, we recorded an optimum acidic pH for 5x-R
activity in line with the work of several teams but not
with the practice of 5x-R activity measurement by
others (reviewed in [32, 33]). In a recent paper [9], it
has been hypothesized that a second 5x-R subunit or
protein could explain the absence of an enzyme with a
neutral to basic pH optimum in BPH extracts, despite
the fact that this tissue contains the mRNA from which
the cDNA was derived. To us, this second subunit or
protein hypothesis seems most attractive since we have
in the past shown that BPH and prostate cancer 5¢-R
can exert a hysteretic non-Michaelian regulatory be-
havior [5, 34]. At the time, we offered the following
speculative explanation for this behavior: “a slow as-
sociation/dissociation process in a polymeric enzyme or
slow association or dissociation of a modifier on the
enzyme” [5] as being the most common mechanisms
underlying slow transients and apparent cooperativity
in hysteretic enzymes [35] and suggested that it might
be of physiological relevance in regulating tissue DHT
concentrations in response to wide oscillations in circu-
lating T. Deregulation of 5x-R activities by environ-
mental cellular changes might thus account for high
intratissular DHT levels in BPH in spite of apparently
unmodified mean 5a-R activity compared to normal
tissue. This therefore begs the question whether BPH
treatment necessitates an inhibitor or regulator of 5¢-R
isozymes.

Using the human recombinant ‘basic’ type 1 5a-R,
the present study has established that, of the 4-azas-
teroids, 4-MA is a more effective competitive inhibitor

than finasteride but has also revealed that, at concen-
trations adjusted to the recommended doses for BPH
treatment, LSESr (320 mg/day) is a 3-fold more effec~
tive inhibitor than finasteride (5 mg/day). Interestingly,
however, inhibition by LSESr is non-competitive indi-
cating that its action is more in line with the notion of
enzyme regulation as outlined in our previous kinetic
studies [5].

An analysis of the literature strongly suggests that
this inhibitory-cum-regulatory action of LSESr might
be partly explained by its lipid components. 5x-R is an
enzyme located in the nuclear membrane [36, 37]
whose solubilization requires lipid [38]. In investi-
gations on brain 5a-R, the androgen metabolite profile
in the white matter was considered to be influenced by
the amount of lipid {39] and in our studies differences
were found in the metabolite recorded after enzyme
inhibition by LSESr and 4-azasteroids (unpublished
data). Phospholipids (phosphatidyl-serine, -choline,
-ethanolamine and -inositol) with acyl chains of differ-
ent lengths (C8 to C18) exert a range of stimulatory/
inhibitory activities on Sx-R in testicular microsomes
[40]. Finally, certain specific aliphatic unsaturated fatty
acids, such as, for instance, y- and «-linolenic, arachi-
donic, palmitoleic and oleic acids, as well as extracts
besides LSESr from other palmettos are inhibitors of
Sa-R [41]. The potency of the latter varies substantially
with the method of extraction [42].

Acknowledgements—This work was supported in part by grants from
Pierre Fabre Médicament (Castres, France) and Farmitalia Carlo
Erba (Milan, Italy). We are extremely grateful to Dr D. W. Russell
(Dept of Molecular Genetics, South-Western Medical Center, Dal-
las, TX) for providing the cDNAs for human types 1 and 2 5«-R.

REFERENCES

1. Martini L., Celotti, Lechuga M. J., Melcangi R. C., Motta M.,
Negri-Cesi P., Poletti A. and Zoppi S.: Androgen metabolism in
different target tissues. In Steroid Formation, Degradation, and
Action in Peripheral Tissues (Edited by L. Castagnetta, S.
d’Aquino, F. Labrie and H. L. Bradlow). Ann. N.Y. Acad. Sci.
595 (1990) 184-198.

2. Hudson R. W. and Wherrett D.: Comparison of the nuclear
Sa-reduction of testosterone and androstenedione in human



352

10.

11.

13.

16.

18.

19.

20.

21.

22.

Sylvie Délos

prostatic carcinoma and benign prostatic hyperplasia. ¥. Steroid
Biochem. 35 (1990) 231-236.

. Rennie P. S., Bruchovsky N., McLoughlin M. G., Batzold F. H.

and Dunstan-Adams E. E.: Kinetic analysis of 5x-reductase
isoenzymes in benign prostate hyperplasia (BPH). J. Steroid
Biochem. 19 (1983) 169-173.

. Martini L., Zoppi S. and Motta M.: Studies on the possible

existence of two Sa-reductases in the rat prostate. J. Steroid
Biochem. 24 (1986) 177-182.

. Le Goff J. M., Martin P. M., Ojasoo T. and Raynaud J. P.:

Non-michaelian behaviour of 5x-reductase in human prostate.
. Steroid Biochem. 33 (1989) 155-163.

. Andersson S. and Russell D. W.: Structural and biochemical

properties of cloned and expressed human and rat steroid
Sa-reductases. Proc. Nain. Acad. Sci. U.S.A. 87 (1990)
3640-3644.

. Andersson S., Berman D. M., Jenkins E. P. and Russell D. W.:

Deletion of steroid Sx-reductase 2 gene in male pseudo-
hermaphroditism. Nature 354 (1991) 159-161.

. Labrie F., Sugimoto Y., Luu-The V., Simard J., Lachance Y.,

Bachvarov D., Leblanc G., Durocher F. and Paquet N.: Struc-
ture of human type II S«-reductase gene. Endocrinology 131
(1992) 1571-1573.

. Jenkins E. P., Andersson S., Imperato-McGinley J., Wilson

J. D. and Russell D. W.: Genetic and pharmacological evidence
for more than one human steroid 5a-reductase. §. Chn. Invest.
89 (1992) 293-300.

Stone K. R., Mikey D. D., Wunderli H., Mikey G. H. and
Paulson D. F.: Isolation of a human prostate carcinoma cell line
(DU145). Int. J. Cancer 21 (1978) 274-281.

Castagnetta L., Carruba G., Granata O. M., Lo Casto M,,
Arcuri F., Mesiti M. and Pavone-Macaluso M.: Prostate long-
term epithelial cell lines. Biological and biochemical features. In
Steroid Formation, Degradation, and Action in Peripheral Tissues
(Edited by L. Castagnetta, S. d’Aquino, F. Labrie and H. L.
Bradlow). Ann. N.Y. Acad. Sci. 595 (1990) 149-164.

. Lopez I., Cété J. and Luu-The V. Characterization of Sua-

reductase activity in the DU-145 prostatic cancer cell line. In
Abstracts, 74th A. Meet. Endocrine Soc. San Antonio, TX (1992)
Abstr. N° 1001, p. 302.

Iehlé C., Délos S., Filhol O. and Martin P. M. : Baculovirus-
directed expression of human prostatic steroid 5x-reductase 1 in
an active form. ¥. Steroid Biochem. Molec. Biol. 46 (1993)
177-182.

. Brooks J. R., Baptista E. M., Berman C., Ham E. A., Hichens

M., Johnsron D. B. R, Primka R. L., Rasmusson G. H.,
Reynolds G. F., Schmitt S. M. and Arth G. E.: Response of rat
ventral prostate to a new and novel Sa-reductase inhibitor.
Endocrinology 109 (1981) 830-836.

. Liang T., Cascieri M. A., Cheung A. H., Reynolds G. F. and

Rasmusson G. H.: Species differences in prostatic 5« -reductase
of rat, dog and human. Endocrinology 117 (1985) 571-579.
Vermeulen A., Giagulli V. A., de Schepper P., Buntinx A. and
Stoner E.: Hormonal effects of an orally active 4-azasteroid
inhibitor of S5a-reductase in humans. The Prostate 14 (1989)
45-53.

. Rasmusson G. H., Reynolds G. F., Steinberg N. G., Walton E.,

Patel G. F., Liang T., Cascieri M. A., Cheung A. H., Brooks
J. R. and Berman C.: Azasteroids: Structure-activity relation-
ships for inhibition of Sx-reductase and of androgen receptor
binding. ¥ Med. Chem. 29 (1986) 2298-2315.

McConnell J. D., Wilson J. D., George F. W., Geller J., Pappas
F. and Stoner E.: Finasteride, an inhibitor of 5x-reductase,
suppresses prostatic dihydrotestosterone in men with benign
prostatic hyperplasia. ¥. Clin. Endocr. Metab. 74 (1992) 505-508.
Briley M., Carilla E. and Roger A.: Inhibitory effect of Permixon
on testosterone 5a-reductase activity of the rat ventral prostate.
Br. ¥. Pharmac. 83 (1984) 401.

Carilla E., Briley M., Fauran F., Sultan C. and Duvilliers C.:
Binding of Permixon, a new treatment for prostatic benign
hyperplasia, to the cytosolic androgen receptor in the rat
prostate. ¥. Steroid Biochem. 20 (1984) 521-523.

Sultan C., Terraza A., Devillier C., Carilla E., Briley M., Loire
C. and Descomps B.: Inhibition of androgen metabolism and
binding by a liposterolic extract of “Serenoa Repens B’ in
human foreskin fibroblasts. J. Steroid Biochem. 20 (1984)
515-519.

Imperato-McGinley J., Sanchez R. S., Spencer J. R., Yee B. and
Vaughan E. D.: Comparison of the effects of the Sa-reductase
inhibitor Finasteride and the antiandrogen Flutamide on

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

et al.

prostate and genital differentiation: Dose-response studies.
Endocrinology 131 (1992) 1149-1156.

Geller ]J.: Effect of finasteride, a Sx-reductase inhibitor on
prostate tissue androgens and prostate-specific antigen. ¥. Clin.
Endocr. Metab. 71 (1990) 1552-1555.

Ojasoo T. and Raynaud J. P.: Design and activity of nonsteroid anti-
androgens. In Receptor-mediated Antisteroid Action (Edited by
M. K. Agarwal). Walter de Gruyter, Berlin (1987) pp. 329-371.
Grino P. B, Griffin J. E. and Wilson J. D.: Testosterone at high
concentrations interacts with the human androgen receptor
similarly to dihydrotestosterone. Endocrinology 126 (1990)
1165-1172.

Lamb J. C., English H., Levandoski P. L., Rhodes G. R,,
Johnson R. K. and Isaacs J. T.: Prostatic involution in rats
induced by a novel Sa-reductase inhibitor, SK&F 105657: Role
for testosterone in the androgenic response. Endocrinology 130
(1992) 685-694.

Le Goff J. M. and Martin P. M.: Totally automatic combined
system comprising an HPLC apparatus and on-line radiodetec-
tor (flo-one) for routine analysis of prostatic enzyme activities.
Progr. HPLC 3 (1988) 79-91.

Chomezynski P. and Sacchi N.: Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Analyt. Biochem. 162 (1988) 127-129.

Miller D. W., Safer P. and Miller L. K.: An insect baculovirus
host-vector system for high-level expression of foreign genes. In
Engineering (Edited by J. K. Setlow and A. Hollander). Plenum,
New York, Vol. 8 (1986) pp. 277-298.

Summers M. D. and Smith G. E.: A manual of methods for
baculovirus vectors and insect cell culture procedures. Texas
Agricultural Experiment Station Bulletin 1555 (1987).

Rhodes L., Primka R. L., Berman C., Vergult G., Gabriel M.,
Pierre-Malice M. and Gibelin B.: Comparison of finasteride, a
Sa-reductase inhibitor, and various commercial plant extracts in
in vitro and in vivo Sa-reductase inhibition. The Prostate 22
(1993) 43-51.

Martin P. M., Le Goff J. M., Brisset J. M., Ojasoo T., Husson
J. M. and Raynaud J. P.: Uses and limitations of hormone,
receptor and enzyme assays in prostate cancer. In Prostate
Cancer Part A: Research, Endocrine Treatment and Histopathol-
ogy, Prog. Clin. Biol. Res., Vol. 243A (Edited by G. P. Murphy,
S. Khoury, R. Kiiss, C. Chatelain and L. Denis). Alan R. Liss,
New York (1987) pp. 111-140.

Martin P. M., Le Goff J. M., Ojasoo T., Raynaud J. P. and
Magdelenat H.: Relevance of steroid hormone receptor and
enzyme assays in prostate cancer. In Steroid Receptors and
Disease: Cancer, Autoimmune, Bone and Circulatory Disease
(Edited by P. J. Sheridan, K. Blum and M. C. Trachtenberg).
Marcel Dekker, New York (1988) pp. 467—490.

Raynaud J. P., Fiet J., Le Goff J. M., Martin P. M,
Moguilewsky M. and Ojasoo T.: Design of antiandrogens and
their mechanisms of action: A case study (Anandron). Horm. Res.
28 (1987) 230-241.

Ainslie G. R. Jr, Shill J. P. and Neet K. E.: Transients and
cooperativity. §. Biol. Chem. 247 (1972) 7088-7096.

Moore R. J. and Wilson J. D.: Localization of the reduced
nicotinamide adenine dinucleotide phosphate: 4-3-ketosteroid
Sx-oxidoreductase in the nuclear membrane of the rat ventral
prostate. J. Biol. Chem. 247 (1972) 958-967.

Houston B., Chisholm G. D. and Habib F. K.: Evidence that
human prostatic 5a-reductase is located exclusively in the
nucleus. FEBS Lert. 185 (1985) 231-235.

Sargent N. S. E. and Habib F. K.: Partial purification of human
prostatic  5x-reductase  (3-oxo-So-steroid: NADP + 4-ene-
oxido-reductase; EC 1.3.1.22) in a stable and active form. J.
Steroid Biochem. Molec. Biol. 38 (1991) 73-77.

Poletti A., Celotti F., Melcangi R. C., Ballabio M. and Martini
L.: Kinetic properties of the 5x-reductase of testosterone in the
purified myelin, in the subcortical white matter and in the
cerebral cortex of the male rat brain. ¥. Steroid Biochem. 35
(1990) 97-101.

Ichihara K. and Tanaka C.: Partial characterization of testoster-
one Sa-reductase solubilized from rat testicular microsomes.
5. Steroid Biochem. 33 (1989) 1249-1251.

Liang T. and Liao S.: Inhibition of steroid Sa-reductase by
specific aliphatic unsaturated fatty acids. Biochem. §. 285 (1992)
557-562.

Diiker E. M., Kopanski L. and Schweikert H. U.: Inhibition of
Sx-reductase activity by extracts from Sabal serrulata. Planta
Medica (Suppl. Sept) (1989) Abstr. L.2-2, p. 5.



