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The present study describes the independent expression of the type 1 and 2 isoforms of human
Sx-reductase in the baculovirus-direcred insect cell expression system and the selectivity of their
inhibidon. The catalytic properties and kinetic paramecters of the recombinant isozymes were
consistent with published data. The type 1 isoform displayed a ncutral (range 6-8) pH optimum and
the type 2 isoform an acidic (5-6) pH optimum. The type 2 isoform had higher affinity for
testosterone than did the type 1 lsoform (K_,=0.5 and 2.9 xM, respectively). Finasteride and
turosteride were selective inhibitors of the type 2 isoform (K| (type 2) = 7.3 and 21.7 oM compared
to K| (type 1) = 108 and 330 nM, respectively). 4-MA and the lipido-sterol extract of Sarenoa repens
(LSESr) markedly inhibited both isoxymes (K, (type 1) = 8.4 aM and 7.2 xg/ml, respectively; K| (type
2)=7.4nM and 4.9 gg/m], respectively). The three azasteroids were competitive inhibitors vs
substrate, whereas LSESr displayed non-competitive inhibition of the type 1 isozyme and uncompet-
itive inhibition of the type 2 isozyme. These observations suggest that the lipid component of LSESr
might be responsible for its inhibitory effect by modulating the membrane environment of
Sa-reductase. Partially purified recombinant Sx-reductase type 1 activity was preserved by the
presence of lipids indicating that lipids can exert either stimulatory or inhibitory effects on human
Sa-reductase.
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vancer. [nhibiting .5z-reductase should cause a signifi-
vant decrease in crculadng and intratissular DHT.
Over recent years therefore, considerable efforts have
been directed towards the development of inhibitors
of this enzyme in order to offer new treatment options.
To date, severu] clagses of both inhibitors and modu-
lators have been described including steroidal and
non-steroidal compounds as well as lipids and plant
cxtracts.

In order 1o characterize these compounds inter-
fering with 5x-reductase function fully, in particular
in order to evaluate their true selectivity and potential

INTRODUCTION

Human steroid Sa-reductase is a membrane-bound
enzyme which camalyzes the NADPH-dependent re-
duction of testosterone (1) into dihydrotesicstcrone
(DHT) in androgen target tissues and which plays
a central role in several endocrine disorders such
as benign prostatic hyperplasia (BPH) and prostate
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therapeutic use, it i necessary to perform relevant
preclinical in vitre studies. Two distinct Sa-reductase
isozymes, designated type 1 and type 2, have been
characterized in the human [1, 2). They display maxi-
mal activity at different pHs (neutral-basic for type 1
and acidic for type 2), arc encoded by two different
genes [3-5], and display different sensitivity toward
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inhibitora [6]. In liver and skin, the type 1 isozyme
appears © predominate (7). In the prostate, there is
evidence for the expression of both isoforms [8, 9] but
their matio, individual physiological role and contri-
bution toward DHT production in the gland remain
unelucidated.

The difficulty in obtaining and manipulating human
tissue coupled with the low activity levels of the two
isozymes in the prostate have so far limited information
concerning the mode of action of potent inhibitors. In
the present study, we therefore decided to express both
isozymes in a cukaryotic expression system in order to
produce sufficient stocks of each to allow us o system-
atically compare the cfflects of various inhibitors. We
chose the baculovirus-directed insect cell expression
system rather than a bacterial, yeast or mammalian
system because it produces an abundance of recombi-
nant proteins which are in many cases antigenically,
immunogenically, and functionally similar to their
authentic counterparts [10]. In addition, unlike mam-
malian systems, baculoviruses are not pathogenic o
vertebrates or plants and do not employ transformed
cells or ansforming clements.

Since we have already described the expression of
humaa steroid type | Sa-reductase in the baculovirus-
directed insect cell expression system (11, 12], we shall
focus in the present study on the expression of the type
2 human isozyme. We shall then compare the abilities
of three szasreroids (4-MA [13], finasteride {14], and
turosteride [15, 16]) and of the lipido-sterol extract of
Serenoa repens (LSESr) (17, 18} to inhibit each of these
independently expressed isozymes.

MATERIALS AND METHODS
Chemicals

(1,2,6,7-*HIT (90-101 Ci/mmel) and [«-?P]dCTP
(3000 Ci/mmol) werc purchased from Amersham
(U.K.). Unlabelled steroids were purchased from
Sigma (France). The Sa-reductase inhibitors, 4-MA,
finasteride (MX906) and turosteride (FCE 26073),
were synthesized at the Research Labararories of Far-
mitalia Carlo Erba (Milan, Iraly). LSESr was supplicd
by Pierre Fabre Médicament (Castes, Prance).
NADPH was from Boehringer Mannheim (Germany).
Restriction enzymes and other DNA modifying en-
zymes were from New England Biolabs (U.K.) and
Bocehringer Mannhein (Germany).

Transfected cells

Spodoptera frugiperda (Sf9) (ATCC, CRL1711) cells
were maintained at 27°C in Grace’s insect medium
supplemented with 10°, fetal calf serum, 3.3g/
yeastolate, 3.3 g/l lactalbumin hydrolysate (all from
Gibco/BRL)," SO ug/ml gentamycin sulfate and
2.5 ug/ml amphotericin B (Sigma, France). The celis
were transfected with Autographa californica nuclear
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polyhedrosis virus (ACNFV) DNA (Invitrogen Ca.,
CA, U.S.A.) to obtain wild-type viral stocks.
Production and isolation of recombinant baculoviruses

This step has been previously detailed for SaR1 {11].
The ¢DNA corrcsponding to the coding region of
human 52R2 mRNA was inserted into the pVL.1392
baculovirus traosfer vector (Iovitrogen Co., CA,
U.S.A.) 0 yield pVL1392-5aR2 plasmid. This plasrid
was kindly provided by Professor Van Luu-Thé (Que-
bec, Canada). Transfer of the hS¢R2 cDNA next 1o the
promoter of the palyhedrin genic in the AcNPV genome
was accomplished by calcium phosphate cotransfection
of pVL1392-5aR2 and wild-type AcNPV DNA into
Sf9 insect cells 28 described by Summers and Smith
[19]. Supernatants collected 6 days post-transfection
were screened for recombinant baculovirus by dot-blot
hybridization with a 365bp fragment of the 5aR2
cDNA and enriched by limiting dilution screening for
three rounds.

Expression of S¢Rl and 5zR2 protcins by the
selected recombinant baculoviruses, designated C5
for SaR1 and HS for S2R2 and pure of polyhedra,
was comfirmed by Sa-reductase activity assays as
described below.

Sa-reductass activity assays

ST9 cells (0.5~1 x 10° cells/ml) were infected with the
CS5 or HS recombinant baculovirus (at 2 multplicity of
infection of 5-10 plaque forming units) and cultured in
75 cm? Falcon flasks at 27°C.

The pH optimum of enzyme activity was determined
as follows. Cells were harvested by cenrrifugation 3
days postinfection and the pellets were resuspended in
50 mM Tris-EDTA buffer of different pH strengths,
Cells were lysed using a Dounce homogenizer pestel B
and sonicated at 4°C for 30's at 2/3 of maximal power
(Ultrasons Annemasse, France). A typical activity assay
was performed at 37°C for 10 min with 20 ul of cell
homogenate (corresponding to about 150,000 5aR1-
expressing cells or 20,000 SeR2-cxpressing cells) in
50 mM Tris-EDTA buffer of different pH strengths
containing substrate (1 gM testosterone and 6 x
10° cpm [*H]T) and cofactor (SmM NADPH) mixed
to a final volume of 250 ul. The reaction was started by
addition of homogenate and was stopped by immersion
of the tube into liquid nitrogen. Steroids were extracted
twice with ether and the organic phase was evaporated.
The Sa-reduced steroids produced were scparated
from T by HPLC [20] in a methanol-tetrahydro-
furan—water (40:13:47) solvent mixture. A Flo-Onc
HP radioactivity detector (Radiomatic Instruments,
France) was used for In-line monitoring of the HPLC
cffluent.

The time-course of enzyme activity was determined
as follows. Cells were harvested by centrifugation every
24h during S days postinfection. Cell pellets were
resuspended in S0mM Tris=EDTA (pH 7.4) for
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saR1 or 40 mM misodium citrate (pH 5.5) for 5aR2 6 30
(optimum pH for cach enzyme). Enzyme activity was 5 1 type 1
assayed as described above. -3 7 P4 —;g

The effects of potential isozyme inhibitors (4-MA, i 4 3
finssteride, mrosteride and LSESr) were smdied by ,_E 1 type2 2 g%
adding various cancentrations of these compounds to g] 3] \ 3
the assay medium. The assays were performed at % ] 9.%
optimum pH and on homogenate from cells that had £ 2. 10 g»
been harvesred on the day of maximal enzyme pro- = gg
duction. Inhibitor selectivity was assessed by determin- £ 1. 5
ing first an [Cy, value, i.e. the compound concentration 3~ =4
required for 50% inhibition in the presence of 1M o C—— v - — 0
testosterone, and, second, an apparent K by varying 3 4 5 6 7 8 9
the testosterone concentratdon (0.1-10 uM) in the pH

abhsence or the presence of test-compound at the
ICy valuc. Kincric constants were detcrmined from
Lineweaver—Burk plots.

All sssays were performed under conditions ensuring
less than 15% conversion of substrate and cofactor.
The “Dosc—cffect analysis with microcomputers™
(Biosoft, Cambridge, U.K.) software way used to
determine the kinetic parameters of the enzymes.

Partial purification of recombinont Sx-reductase |

S€9 cells infected with the 5aR1 expressing bac-
ujovirus were harvested 4 days postinfection and hom-
ogenized in 2 high jonic strength buffer (100 mM Tris,
pH 7.2, 100 mM sodium citrate, 100 mM KCl, 5mM
DTT, 1mM EDTA, 20°%, glycerol) (Buffer A) con-
taining 10 gg/ml apronnin, 10 pg/m! leupeptin, and
10 pg/ml TAME, as previously described {21, 22]. The
cell pellet obtained on centrifugation of the homogen-
ate for 1 h a 105,000 g and 4°C was resuspended in
buffer A containing | uM testosterone and SmM
NADPH to obmin a microsomal preparation. A
methanol—chloroform solution (2:1! of bovine brain
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Fig. 1. pH-dependence of types 1 snd 2 S«-reductase activity

cxprosscd in the buculevinis/Sf9 ccll system. Aliquots of

infected czll homogenates were incubated for 10 mia at 37°C

in the pr of 34 M testosteronc snd S oM NADPH at the
indicated pHs

phospholipids (Sigma, France) was cvaporated to dry-
ness in vacuo, resuspended with sonication in a solution
of n-octyl f-p-glucopyranoside, and then added di-
recdy o the microscmal preparation to give a final
concentration of § mg/ml lipids and 0.8% w/v octyl
glucoside. The mixture was kept on ice for 90 min,
sticred from timc to time, and then dialysed agminst
3.51 of Buffer A at 4°C for 3 days (molecular weight
cut-off of Spectrapor tubing = 12,000-14,000). The
resulting preparation (liposome cntrapped 5xR1) was
used as a source for enzyme kinetic studies. SaR1
activity was measured in the initial cell pellet and after
liposome entrapment as described above. Protein con-
centration was mecasured using the BCA method
(Pierce, IL, U.S.AL).
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l'l;T 1. Se-reductase activity in Sf9 cella. Sf9 celis were infected with the CS5 or HS baculovirus contrining,

respectively, the type 1 and type 2 5¢R cDNA. After 4 days (5«R1) or 3 days (5aR2) of infection, cell

homogenates were sasayed for enxyme sctivity in the presence of (A) the indicated concentrations of T and

5mM NADPH or (B) the indicstzd concentrations of NADPH and 1 gM T. 5«R1 activity was messared st
pH 7.4 and S«R2 activity at pH 5.5, Each value reprocnts the mean of three cxperiments.
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Table 1. Characterization in vitro of human Sx-reductases expressed in the bagalovirus expression system

Sa-reductase type 1 acuiviry

Sa-reductase type 2 activity

(s pH7.4) (st pH 5.5)
v Ve
Ky (nmoif1C* K, 1Cy Koy (nmol/10* K IC,
(M) celiarminy) nM) (nM) &M) oclisfenin) (nM) (aM)
Substrate [cofactor
Testosverone 29-08 42+14 05+02 57.6+199
NADPH 2147 6.7+£0.7
Comperitive imjubitors .
4-MA 84123 93%256 74+34 $2+1
Finssteride 330+9 400 + 100 73128 107 £03
Turosteride 108 + 12 183 + 15 21,7443 183 +0.6
Modulaior .
LSESr 7.2¢ 0.7 4+1° 49+ 1.2* 7x2*

Mean (+SD) of at least throe experiments. *Vahues expressed in ugiml; the a-hexane extract of Sersnoa repeer fruit (LSESr) cannot
be expressed in nM units because of the presence of components (free fatty ecids aad sterols) of different molecular weight,

RESULTS.
Characterization of recombinant enzyms actviry

In homogenates of infected Sf9 cells, the type 1
isozyme displayed a neutral pH optimum in the range
of 68 whereas the type 2 isozyme had an acidic pH
optimum in the range of 5-6 (Fig. 1).

Maximal activity was displayed on the third and
fourth days postinfection for the type 2 (data not
shown) and type 1 [11] isozymes, respectively. These
were the duradons postinfection selected in all
subsequent experiments.

Higher levels of enzyme activity were recorded using
the virus expressing the type 2 (pH 5.5) than type |
(pH7.4) isozyme (V/ ., =576 and 4.2nmol of
DHT/10* cells/min, respectively). No activity was de-
tected in uninfected cells or in cells infected with the
wild type baculovirus as previously described (11}
The type 2 isozyme exhibited a higher affinity for
substrate (T) and cofactor (NADPH) than did the
type 1 isozyme (Fig. 2, Tablc 1.

Inhibitor selectivity and type of inhibition

A 509, decresse in type ! isozyme actvity was
obtained with 183 nM turosteride compared o 400 nM
finasteride [Fig. 3(A)] indicating that turosteride is
a2 more potent inhibitor of this isozyme than
finasteride. On the other hand, finasteride (10.7 nM)
appeared t be a fractionally better inhibitor

than turosteride (18.3nM) of the type 2 isozyme

{Fig. XB)). 4-MA was the most potent inhibitor of
both type 1 and 2 isozymes (ICys of 93 and 5.3 nM,
respectively). The n-hexane extract of Serenmoa repens
fruit (LSESr) inhibited both Isoforms with about the
same [Cgs (4 ug/ml for type 1 and 7 ug/ml for type 2)
(Fig. 4).

The three szasteroids are competitive inhibitors of
both isoforms [Fig. S(A, C)] whereas inhibition of
the typc | isozyme by LSESr was non-competitive
{panc] B) and of the type 2 isozyme uncorpetitive
(panel D). Kinetic parameters and inhibition constants
arc summarized in Table 1.

Sa-reductase type 1 Sa-reductase typs 2
100 A
€ 80 |
3
E 80 |
3
3 40/
2 204
0 e . - R ~
01 1 10 100 1000 0.1 1 10 100 1000 10000
inhibitor (nkf)

Fig. 3. Inhibition of Se~-reductase type 1 (A) and type 2 (B) activity expressed in S09 cefis. Bnxyme activity in

the presence of LaM T but im the absence of inhibitor is defined as 100% activity (0.7-2nmol of

DHT/10* cella/min for the type 1 isoxyme; 34-38 nmol of DHT/10* celis/min for the type 2 isoxyme). Revults are
the mean (=SD) of three experiments.
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Fig. 4. Inhibition by LSESr of Sa-rcductase type 1 and type
2 mctivity expressed in Sf9 ceils. (For further details, sce
legead to Fig. 3.)

Partial purification of the cype | isoxyme by hipid entrap-
ment

Liposome entrapment of the type 1 isoryme pre-
served activity and affinity and led 1o modest purifi-
cation. The entrapped isozyme had an apparent K of
1.8 uM and a specific activity of 6.5 nmol/mg pro-
tein/min compared to 2.9 M and 2.4 nmol/mg pro-

tein/min before entrapment, i.e. a slight but not
significant fall in X, and 2 near 3-fold increase in

specific activity.
DISCUSSION

In the present study, we produced human 5z-
reductase isoforms ! and 2 in a baculovirus-directed
insect cell expression system. When the pellets of
infected -Sf9 cells were stored at —80°C, these
enzyme isoforms remained stable and active for more
than 1 y. Our object was to obmain sufficient quantities
of human isozymes to perform systematic and com-
paradve in uitro studies on the binding affinities of
various potential inhibitors in order to predict selec-
tivity of action alchough, in the absence of further
data, there is no resson, vet, to presumc that it may
not be nccessary to inhibit both isozymes simul-
uncously to uear endocrine disorders involving DHT
overproduction.

The type 2 isozyme proved to be the more actve of
the two isozymes but this observation on recombinant
proteins may not apply to a biological situation. The
type 1 isozyme displayed a neurral (range 6-8) pH
optimum and the type 2 isozyme an acidic (mnge 5-6)
pH optimum. These results are in agreament with
those previously reported using cell lysates from
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_ transiently transfected 293 cells [2). In addition, the pH
optimum for the type 2 isozyme was identical to that
measured using the microsomal fraction of human BPH
tissuc [23].

Three compounds and one plant extract were
screened for inhibition of the activiry of each isozyme.
We confirmed that 4-MA is the most potent inhibitor
of both isoforms whereas finasteride inhibits the type 2
isozyme as effectively as 4-MA bur is a poor inhibitor
of the type 1 isoform. Turosteride, a more recent
compound, inhibited the type 1 isozyme better than
finasteride but remained neverthcless 12 times less
efficient than 4-MA._ All three compounds had equival-
ent activity toward the type 2 isozyme and all three
were competitive inhibitors of both isozymes. The
plant extract, LSESr, displayed distinctive behaviour
because its inhibition of the type 1 isoryme was non-
competitive and of the type 2 isozyme uncompetitive.
However, insofar as it inhibited both isozymes w0
similar extents, it can be most likened to 4-MA.
Another analogy that is of interest is with epristeride,
a steroid acrylate, that has recently been found to be a
specific uncompetitive inhibitor of the type 2 isozyme
[24].

The inhibitory action of LSESr can doubtless be
partly artributed to a modulatory action of its lipid
component on the environment of the enzyme. S5x-
reductase is a nuclear membranc-associated enzyme
and many fatry acids are essential component of mam-
malian membranes. Specific aliphatic fatty acids can
inhibit Sa-reductase activity {25] whereas phospho-
lipids such as phosphatidylserine and phosphatidyl-
choline can either stimulate or inhibit acrivicy [25, 26).
As previously described {22] and confirmed by this
study, partial purification of 5x-reductase requires the

_presence of lipids to recover and swbilize enzyme
activity. Furthermore, as suggested by the experiments
with LSESr, both 52-reductase isoforms appear highly
sensidive to their environmenr. Enzyme access ta its
cofactor depends on the conformational state of the
protein which in turn depends upon membrane compo-
sition. This observation could explain the discrepancies
in affinity of the enzymes for NADPH recorded by
different authors [this study, §, 6, 24] which seem to
vary with the expression system used.
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