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Inhibition of So-Reductase in
Rat Prostate Reveals Differential Regulation
of Androgen-Response Gene Expression by
Testosterone and Dihydrotestosterone
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The growth and development of some of the male sex accessory organs such as the prostate requires the conver-
sion of testosterone to dihydrotestosterone (DHT) by So-reductase. To provide insights into the role of testoster-
one versus DHT in the prostate, we studied the impact of finasteride, a potent and specific inhibitor of 5o
reductase, on the expression of prostatic androgen-response genes in testis-intact rats and in 7-day castrated rats.
Finasteride inhibition of the conversion of testosterone to DHT was confirmed by measuring serum and intrapros-
tatic androgens. As expected, finasteride treatment caused a reduction in the wet weight of the prostate in the
testis-intact rats and inhibited the testosterone-stimulated prostatic regrowth in the 7-day castrated rats. Although
finasteride treatment had little or no effect on the expression of the surveyed androgen-response genes in testis-
intact rats, its administration enhanced the expression of many androgen-response genes during the testosterone-
stimulated regrowth of the regressed prostate in castrated rats. These observations suggest that testosterone is
more potent than DHT in stimulating the expression of many androgen-response genes in the regressed prostate.
The expression of androgen-response genes is mainly prostate specific and thus is likely to be associated with
androgen-dependent prostatic differentiation. Therefore, testosterone is more potent than DHT in inducing differ-
entiation and weaker in stimulating proliferation during prostate regrowth. The fact that testosterone is a strong
inducer of prostatic differentiation has potential clinical implications.

S5o-Reductase Testosterone

Androgen-response genes

Dihydrotestosterone

THE most biologically active androgens are testoster-
one and dihydrotestosterone (DHT) (12). Testoster-
one is synthesized in the testis and secreted into
bloodstream circulation. Testosterone is converted
into DHT by So-reductase in target organs, including
the prostate (5,6). From previous studies by others, it
is clear that DHT is the active form of androgens in
many male sex accessory tissues. Inactivation of 5o
reductase in humans leads to pseudohermaphrodit-
ism, a disease characterized by undervirilization of
the external genitalia and prostate (14,31). Attempts
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have been made to determine the functional differ-
ences between testosterone and DHT, despite that
both testosterone and DHT bind to the same androgen
receptor (AR). DHT has a higher binding affinity to
the AR relative to testosterone (15,19,34). This obser-
vation suggested that the only difference between tes-
tosterone and DHT is relative potency (11,15). Ex-
cessive testosterone can compensate for the lack of
DHT, and the conversion of testosterone to DHT is
merely a metabolic amplification step that enhances
androgen action. This is further supported by the
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observation that the maximum activation of the
MMTV-CAT reporter gene by testosterone and DHT
was the same, although the kinetics of activation by
testosterone was slower than that by DHT (9). Other
studies suggest that DHT and testosterone play differ-
ent roles in androgen action. DHT is required for
prostatic cell proliferation (22,25). Testosterone is in-
capable of stimulating proliferation, although it can
attenuate apoptosis (26,36). Testosterone and DHT
have been shown to differentially regulate the expres-
sion of some genes, including So-reductase, TDDS5,
and other novel genes (2,13,20). The functional dif-
ferences between testosterone and DHT could be due
to different conformations of the liganded AR.

Finasteride is a potent So-reductase inhibitor de-
veloped for the treatment of benign prostatic hyper-
plasia (BPH) (24,29). Because of its clinical signifi-
cance, the effect of finasteride has been studied
extensively in animal models. Inhibition of 5o-reduc-
tase by finasteride can reduce both serum and intra-
prostatic DHT to castration levels (10,11,23,25).
Thus, finasteride decreases the size of the prostate in
the rat (16,23,25-27,37).

Because the androgen receptor is a ligand-depen-
dent transcription factor that regulates the expression
of androgen-response genes, the impact of both tes-
tosterone and DHT on the prostate is mediated
through the expression of androgen-response genes,
either directly or indirectly (21,30,33,38). If func-
tional differences between testosterone and DHT ex-
ist, they are likely to be mediated through differential
regulation of androgen-response genes. Using a PCR-
based cDNA subtraction method, we have identified
more than 20 androgen-response genes on the basis
of their induction by androgens in the regressed rat
ventral prostate (32,33). These genes were induced in
the presence of both testosterone and DHT because
the injected testosterone propionate can be converted
to DHT by endogenous So-reductase in the rat pros-
tate. This gene collection permitted us to test whether
testosterone and DHT differentially regulate the ex-
pression of androgen-response genes in the rat ventral
prostate.

MATERIALS AND METHODS
Materials

DSL-4000 ACTIVE Testosterone (T) and DSL-
9600 Dihydrotestosterone (DHT) Radioimmunoassay
Kits were from Diagnostic Systems Laboratories, Inc.
(Webster, TX). Leupeptin, pepstatin, phenylmethyl-
sulfonyl fluoride (PMSF), antifoam B, and crystalline
testosterone propionate and DHT were from Sigma
Chemical Co. (St. Louis, MO). Phosphate-buffered
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saline (PBS) was from Gibco. Ethyl alcohol and n-
hexane were from Fisher Scientific (Pittsburgh, PA).
Methoxyflurane (Metofane) was from Schering-
Plough Animal Health. Finasteride was generously
provided by Merck Research Laboratories.

Experimental Animals

Adult Sprage-Dawley male rats, weighing 250-
300 g each, were purchased from Harlan Laboratories
(Indianapolis, IN) and fed with normal chow (Teklad
1521-1512, Harlan Teklad) ad libitum. Castration of
the rat was performed through a single scrotal inci-
sion while the animals were under methoxyflurane
anesthesia. Androgen replacement of 7-day castrated
rats was conducted by implanting the animals with
silastic tubes filled with crystalline testosterone or
DHT. These implants were made by filling testoster-
one or DHT into silastic tubing with inner diameter
of 0.07 in. and outer diameter of 0.125 in. (Dow-
Corning, Midland, MI) for various lengths and plug-
ging the ends with wood sticks and adhesive clear
silicone (Dow Corning) (8). Finasteride treatment
was carried by daily subcutaneous injection of 1 ml
vehicle (10% ethanol in sesame oil) supplemented
with finasteride at a dose of 40 mg/kg or 12 mg/rat
for appropriate times depending upon the experiment
(25). For the 7-day castrated rats, a daily dose of car-
rier alone or finasteride was administrated beginning
1 day prior to the androgen implantation. The sacri-
fice of the anesthetized rats was carried out by thora-
cotomy followed by withdrawing blood via cardiac
puncture for measuring serum testosterone and DHT
levels. Dissection of seminal vesicles, ventral, lateral,
and dorsal prostate lobes was performed as pre-
viously described (17). The dissected tissues from all
animal groups were weighed and immediately frozen
in liquid nitrogen for RNA isolation and measure-
ment of testosterone and DHT levels in the tissues.

RNA Preparation and Northern Blot Analysis

Total RNA was isolated from the right lobe of the
ventral prostate using the guanidinium/CsCl gradient
method (7). Purified RNA samples were fractionated
on a 1% agarose-formaldehyde gel. Ten micrograms
of total RNA sample was loaded in each lane, electro-
phoresed, and transferred to nylon membrane for
Northern blot hybridization. The probes for Northern
blot were prepared using the cDNAs of various pros-
tatic androgen-response genes from the rat ventral
prostate (33). The intensity of Northern blot hybrid-
ization bands was determined by either phosphoimag-
ing or by Kodak Digital Science 1D image analysis.
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Serum and Prostate Extract Preparation

The blood samples collected by cardiac puncture
were centrifuged at 2500 rpm for 5 min to obtain
serum. Serum samples from two to three animals
were pooled for androgen measurement. The left ven-
tral prostate lobes were homogenized in a homoge-
nate buffer (HB) consisting of 1x PBS, 100 mM
EDTA, 100 uM PMSF, 10 uM leupeptin, 1 uM peps-
tatin, and antifoam B emulsion (150 pl per 50 ml of
HB) using the tissue homogenizer (Ultra-Turrax T25)
at top speed. The homogenized samples were centri-
fuged at 3700 rpm for 20 min at 4°C and the superna-
tants collected. Equal amounts of the ventral prostate
lobes from two to three animals were pooled to
achieve an 80 mg/ml tissue extract concentration for
androgen measurement.

Measurement of Testosterone Concentration

To measure testosterone concentration in serum or
tissue extract, testosterone standards and controls
(provided in DSL-4000 kit) were reconstituted indi-
vidually in 0.5 ml deionized water. Fifty microliters
of serum, tissue extract, control, or standard was pi-
petted to the bottom of each anti-testosterone-coated
tube (provided in DSL-4000 kit) in duplicate. Imme-
diately, 500 ul testosterone (I-125) reagent was added
to each blue tube. The contents were mixed by gentle
vortexing at low speed. All tubes were incubated at
37°C for 60—70 min. After incubation, the contents
were decanted into a radioactive waste receptacle,
and the tubes were left to drain on an absorbent paper
towel for 2 min. All tubes were measured for bound
testosterone (I-125) using a gamma counter for 1 min
per tube. Because every testosterone measurement
was done in duplicates, the results were expressed as
average bound radioactive counts per minute (cpm).
A testosterone standard curve was constructed for ev-
ery experiment to determine the testosterone concen-
tration in serum or in tissue extract. The coefficiency
of intra-assay variation is 7.9-9.6% and the coeffi-
ciency of interassay variation is 8.4-9.1%.

Measurement of DHT Concentration

The first step to measure DHT concentration in
serum or tissue extract is the organic extraction of
DHT. DHT standards and controls (provided in DSL-
9600 kit) were reconstituted separately in 1.0 ml de-
ionized water. In duplicates, 200 pl of unknown
sample or control was transferred to a 15 ml polypro-
pylene tube and 250 pl of the oxidation solution (pro-
vided by the kit) was added to each tube. The con-
tents were thoroughly vortexed and incubated at
room temperature (~25°C) for 15 min. Each oxi-

dized sample was extracted by adding 2 ml n-hexane
(98% hexane: 2% ethanol) and vortexing for 1 min.
Twenty-five microliters of DHT sample buffer (pro-
vided by the kit) was added to vortexed samples and
mixed gently by inverting capped tubes 3—4 times.
The mixed contents were centrifuged at 2500 rpm at
2-8°C for 15 min. A volume of 1.25 ml upper or-
ganic layer was transferred to an Eppendorf tube. The
samples were completely dried in a speed-vac assem-
bly with heating. Prior to DHT detection with RIA,
the dried material was reconstituted with 125 pl DHT
sample diluent and vortexed for 1 min.

To measure DHT concentration in the extracted
and reconstituted samples, 100 pl reconstituted mate-
rial, control, or DHT standard was pipetted to the bot-
tom of each anti-DHT-coated tube (provided in DSL-
9600 kit) in duplicate. Immediately, 500 ul DHT
(I-125) reagent was added to the bottom of each tube.
The contents were mixed by gentle vortexing on low
setting. All tubes were covered and incubated at room
temperature (~25°C) with shaking at 180 rpm for 2
h. After incubation, the contents were decanted into
a radioactive waste receptacle and the tubes were left
to drain on an absorbent paper towel for 2 min. All
tubes were measured for bound DHT (I-125) using a
gamma counter for 1 min per tube. Because every
DHT measurement was done in duplicate, the results
were expressed as average bound radioactive counts
per minute (cpm). A DHT standard curve was con-
structed for every experiment to determine the DHT
concentration in tissue extract. The coefficiency of
intra-assay variation is 3.1-6.2% and the coefficiency
of interassay variation is 2.3—8.5%.

Calculations and Statistical Analysis

The concentration of free androgen in serum or
tissue extract samples was calculated using GraphPad
Prism by GraphPad Software Incorporated. Results
were verified by two different investigators.

The statistical significance of differences in results
of prostate weights was evaluated with Kruskal Wal-
lis nonparamentric test, followed by Mann Whitney
tests when significant differences were detected
(SPSS statistic software package). All data were ex-
pressed as the means = SEM of the samples exam-
ined, and values of p < 0.05 were considered signifi-
cant.

RESULTS

Finasteride Inhibits the Regrowth of the Prostate in
the 7-Day Castrated Rats

To explore the role of testosterone versus DHT on
the proliferation of prostatic cells, we studied the im-
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pact of finasteride on the regrowth of the ventral
prostate in 7-day castrated rats. The regrowth of the
regressed prostate was induced by implanting the rats
7 days after castration with silastic tubing filled with
0.375, 0.75, or 1.5 cm of testosterone propionate. The
results in Figure 1 show that the wet weight of the
prostate 7 days after the implantation of testosterone
was significantly increased and the extent of the wet
weight increase was greater with longer silastic tub-
ing. Finasteride treatment caused a significant reduc-
tion in the wet weight of the regrown ventral prostate
in the castrated rats treated with testosterone. In the
animals implanted with 0.375 cm testosterone tubing,
the wet weight of the ventral prostate in the absence
of finasteride was 285 + 19 mg and was reduced to
185 £ 10 mg by the administration of finasteride. The
difference was statistically significant (p = 0.021). In
animals implanted with 0.75 cm testosterone tubing,
the wet weight of the ventral prostate in the absence
of finasteride was 323 + 21 mg and was reduced to
193 + 14 mg in the presence of finasteride. The dif-
ference was statistically significant (p=0.021). In an-
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Figure 1. The effect of finasteride on the wet weight of the ventral
rat prostate. The ventral prostate was dissected from the following
groups of rats: Normal =testis intact; C7=7-day castrated;
C7T7(0.375) =7-day castrated followed by additional 7-day im-
plantation with silastic tubing containing 0.375-cm length of tes-
tosterone with vehicle; C7T7(0.375)+F = 7-day castrated followed
by additional 7-day implantation with silastic tubing containing
0.375-cm length of testosterone and treatment with finasteride;
C7T7(0.75) =7-day castrated followed by additional 7-day im-
plantation with silastic tubing containing 0.75-cm length of testos-
terone with vehicle; C7T7(0.75)+F = 7-day castrated followed by
additional 7-day implantation with silastic tubing containing 0.75-
cm length of testosterone and treatment with finasteride;
C7T7(1.5) = 7-day castrated followed by additional 7-day implan-
tation with silastic tubing containing 1.5-cm length of testosterone
with vehicle; C7T7(1.5)+F =7-day castrated followed by addi-
tional 7-day implantation with silastic tubing containing 1.5-cm
length of testosterone and treatment with finasteride. The finaster-
ide treatment was initiated 1 day prior to the implantation of the
silastic tubing.
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imals with 1.5-cm testosterone tubing, the wet weight
of the ventral prostate in the absence of finasteride
was 331 = 26 mg and was reduced to 250 £ 19 mg in
the presence of finasteride. However, the difference
was not statistically significant.

We further tested the inhibitory effect of finaster-
ide on prostate regrowth by implanting the 7-day cas-
trated rats with 0.75-cm testosterone tubing for 2 or
7 days either in the presence or absence of finaster-
ide. The 0.75-cm testosterone tubing was chosen in
this study because the wet weight of the ventral pros-
tate exhibited the biggest reduction in the finasteride-
treated rats relative to the controls in animals im-
planted with the 0.75-cm tubing (Fig. 1). As expected,
the results in Figure 2 show that the wet weight of the
ventral prostate was reduced by finasteride relative to
the controls at both 2 and 7 days after the testosterone
implantation. The wet weight of the ventral prostate
at day 2 in the absence of finasteride was 90 £ 5 mg
and was reduced to 80 £ 3 mg in the presence of fi-
nasteride. This reduction was not statistically signifi-
cant. At day 7 after the implantation, the wet weight
of the ventral prostate was 240 + 16 mg in the ab-
sence of finasteride and 168 = 10 mg in the presence
of finasteride. This reduction was dramatic and was
statistically significant (p = 0.04). The finasteride in-
hibition on the lateral and dorsal lobes of the prostate
is virtually identical to that of the ventral prostate.
The impact of finasteride on the seminal vesicles was
found to be similar to that of the prostate (results not
shown).

Although the regrowth of the castrated prostate
was significantly inhibited by finasteride treatment,
the wet weight of the ventral, lateral, and dorsal pros-
tate in the animals treated with both testosterone and
finasteride was substantially higher relative to the
castrated prostate at day 7 after testosterone implanta-
tion. The difference was statistically very significant
for both the ventral and lateral prostate (p =0.001)
and significant for dorsal prostate (p = 0.01), suggest-
ing that testosterone can support the regrowth of the
regressed prostate. However, we cannot rule out the
potential proliferative effect of very low levels of
prostatic DHT in the presence of finasteride.

Finasteride Inhibits the Conversion of Exogenous
Testosterone to DHT in Rats

Serum testosterone and DHT were measured using
the commercially available kits as described in Mate-
rials and Methods. To explore the applicability of the
kits for measuring testosterone and DHT in prostatic
tissue, we first determined whether prostatic extracts
interfered with the assay for the detection of testoster-
one and/or DHT. The protein homogenates were pre-
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Figure 2. The effect of finasteride on the regrowth of the ventral,
lateral, and dorsal rat prostate. The ventral, lateral, and dorsal pros-
tate were dissected from the following groups of rats: C7 = 7-day
castrated; C7T2 = 7-day castrated followed by additional 2-day im-
plantation with silastic tubing containing 0.75-cm length of testos-
terone and treatment with vehicle without finasteride; C7T2+F =
7-day castrated followed by additional 2-day implantation with si-
lastic tubing containing 0.75-cm length of testosterone and treat-
ment with finasteride; C7T7 = 7-day castrated followed by addi-
tional 7-day implantation with silastic tubing containing 0.75-cm
length of testosterone and treatment with vehicle without finaster-
ide; CTT7+F =7-day castrated followed by additional 7-day im-
plantation with silastic tubing containing 0.75-cm length of testos-
terone and treatment with finasteride. The finasteride treatment
was initiated 1 day prior to the implantation of the silastic tubing.

pared from the normal prostate or regressed prostate
as described in Materials and Methods. Our experi-
ments showed that the presence of various amounts
of prostatic tissue homogenates did not interfere with
the measurement of testosterone and DHT standards,
respectively (results not shown). We then measured
both intraprostatic and serum androgens and the re-
sults are shown in Figure 3. The intraprostatic testos-
terone and DHT were determined in the left lobes of
the ventral prostate.

Finasteride treatment caused a reduction in serum
DHT levels (Fig. 3A). In 7-day castrated rats im-
planted with testosterone, finasteride reduced the cir-
culating DHT from 0.86 = 0.12 to 0.13 + 0.003 ng/ml
and from 0.41 £ 0.02 to 0.11 £ 0.001 ng/ml at 2 and 7
days after the testosterone implantation, respectively.
The serum DHT levels in the presence of finasteride
were very similar or identical to the castration serum
DHT level, which was 0.10 £ 0.03 ng/ml. Finasteride
also caused a marked reduction in intraprostatic DHT
levels (Fig. 3B). In 7-day castrated rats implanted
with testosterone, finasteride reduced the intrapros-
tatic DHT from 14.55 £0.72 to 1.35 £ 0.09 ng/g and
from 13.95 £2.33 to 1.58 £ 0.09 ng/g at 2 and 7 days
after the testosterone implantation, respectively. The
intraprostatic DHT levels in the presence of finaster-
ide were very similar to the intraprostatic DHT level
in the castrated rats, which was 0.87 = 0.03 ng/g.

In the castrated rats implanted with testosterone,
finasteride treatment had little or no detectable effect
on the circulating testosterone (Fig. 3C). However,
finasteride treatment caused a marked elevation in in-
traprostatic testosterone levels (Fig. 3D). In 7-day
castrated rats implanted with testosterone, finasteride
elevated the intraprostatic testosterone from 3.06
0.09 to 18.02+1.00 ng/g and from 3.25+0.42 to
20.48 £ 0.45 ng/g at 2 and 7 days after the testoster-
one implantation, respectively.

The above results indicated that the inhibition of
So-reductase by finasteride treatment was highly ef-
fective in castrated rats. In the presence of finasteride,
both serum and intraprostatic DHT levels in testis-
intact rats or castrated rats with testosterone implants
are very similar, if not identical, to that in the cas-
trated rats. Our results on serum and intraprostatic
testosterone and DHT are very similar to previously
reported results by others (11,25,26).

Finasteride Enhances the Induction of Some
Androgen-Response Genes in the Regressed
Prostate by Testosterone Replacement

To investigate whether testosterone and DHT dif-
ferentially regulate the expression of androgen-
response genes in the prostate, we extracted the total
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Figure 3. Effect of finasteride on DHT in serum (A), DHT in prostatic tissue (B), testosterone in serum (C), and testosterone in prostatic
tissue (D). The measurement of serum and intraprostatic DHT and testosterone was described in Materials and Methods. The animals used

in the study are from the same groups of rats illustrated in Figure 2.

RNA from the right lobes of the ventral prostate for
Northern blot analysis. Examples of the Northern
blots are shown in Figure 4. Interestingly, finasteride
caused further upregulation of some androgen-
response genes during the testosterone-stimulated re-
growth. Figure 4 shows that finasteride reproducibly
caused further upregulation of prostatein C3, calreti-
culin, adrenomedullin, spermidine synthase, and U17
during the androgen-stimulated regrowth of the cas-
trated prostate (33). The extent of finasteride upregu-
lation varies for different genes. The most significant
reproducible upregulation, about two- to threefold,
was observed for prostatein C3 and U17. Not all the
androgen-response genes were further upregulated by
finasteride during the regrowth of the prostate. Some
of the androgen-response genes, such as Ul6 and
U23, were not influenced by finasteride (results not
shown) whereas others, such as U25 and FPP syn-
thase, were slightly downregulated by finasteride
(Fig. 4). U16, U17, U23, and U25 are novel genes
upregulated by androgen in the prostate (33).

As a control experiment, we tested the effect of
finasteride on DHT-induced gene expression in the
prostate. The expression of androgen-response genes
was not influenced at day 2 after the implantation of

DHT in 7-day castrated rats. Figure 5 shows several
examples of finasteride’s effect on DHT-induced an-
drogen-response gene expression. This result implies
that the impact of finasteride on the expression of
androgen-response genes induced by the implantation
of testosterone is mediated through the inhibition of
the conversion from testosterone to DHT by So-
reductase.

The Effect of Finasteride on the Prostate in the
Testis-Intact Rats

We also studied the effect of finasteride adminis-
tration on the normal prostate of testis-intact rats. The
results in Table 1 showed that finasteride treatment
for 96 h results in a reduction in the wet weight of the
ventral prostate in testis-intact rats. The wet weight of
the prostate in the untreated animals was 347 + 20
mg. The wet weight of the ventral prostate treated
with finasteride for 96 h was 283 * 46 mg, which rep-
resents an 18% reduction relative to the normal pros-
tate, and the reduction was statistically significant
(» =0.03).

In testis-intact rats, finasteride reduced the circu-
lating serum DHT from 0.22 +0.02 to 0.11 £ 0.003
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Figure 4. The effect of finasteride on the expression of androgen-response genes in the rat ventral prostate. Northern blot analysis was used
to detect the expression of androgen-response genes. In the left panel, total RNA was extracted from the prostate samples described in
Figure 1. In the right panel, total RNA was extracted from the prostate samples described in Figure 2. The expression of indicated androgen-
response genes is shown. U16, U17, U23, and U25 are novel androgen-response genes (33). The total RNA loaded in the gels was visualized
by staining the transferred membrane with methylene blue. The expression of GAPDH was also included in the left panel as a control.

ng/ml and the intraprostatic DHT from 6.54 £ 1.73 to
1.02 £ 0.01 ng/g at 96 h after the treatment in these
animals. The levels of serum and intraprostatic DHT
in finasteride-treated animals were similar to that ob-
served in the castrated rats. On the other hand, finast-
eride treatment elevated the serum testosterone levels
in testis-intact animals (Table 1) from 2.63 = 0.76 to
4.60 £ 0.41 ng/ml and the intraprostatic testosterone
from 3.01 £0.07 to 17.56 = 1.48 ng/g at 96 h after
the treatment. These observations are consistent with
the result from other laboratories that significant se-
rum testosterone elevation is induced by finasteride
(11,25).

Although finasteride had significant impact on the
wet weight of the prostate and inhibited the conver-
sion of testosterone to DHT in testis-intact rats, no
significant alterations in the expression of various an-
drogen-response genes was observed by finasteride
administration (Fig. 6). Only the expression of calret-
iculin, adrenomedullin, and U25 appears to be
slightly inhibited by finasteride in the testis-intact an-

imals. In our experiment, finasteride did not affect
the expression of prostatein C3 in testis-intact rats,
which is consistent with previous finding by Rittmas-
ter et al. (25). The influence of finasteride on andro-
gen-response gene expression in fully grown prostate
appears to be different from that in regressed pros-
tate.

DISCUSSION

The present article addresses one of the critical
questions in androgen action: whether or not testos-
terone and DHT differentially regulate the expression
of androgen-response genes in the prostate. Our ex-
periments showed that finasteride treatment in testis-
intact rats induced moderate regression of the pros-
tate and inhibited the conversion of testosterone to
DHT (Table 1). However, finasteride had little or no
influence on the expression of androgen-response
genes (Fig. 6). These findings are consistent with the
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Figure 5. The effect of finasteride on the expression of androgen-
response genes in the DHT-stimulated ventral prostate regrowth in
7-day castrated rats. A total of eight castrated rats were implanted
with silastic tubing containing 3-cm DHT powder for 2 days. Four
of the rats were treated with finasteride daily beginning 1 day prior
to the implantation, whereas the other four were treated with vehi-
cle as controls. Northern blot analysis was used to detect the ex-
pression of indicated androgen-response genes, including adre-
nomedullin, FPP synthase, spermidine synthase, and U17 novel
gene (33). The total RNA loaded in the gels was visualized by
staining the transferred membrane with methylene blue.

previous findings by others (25,36) that inhibition of
So-reductase by finasteride reduced the wet weight
of the prostate in testis-intact animals without influ-
encing the expression of androgen-response genes,
including prostatein C3.

We also studied the impact of finasteride on the
regrowth of the prostate in 7-day castrated rats. Our
studies showed that finasteride inhibited the conver-
sion of exogenous testosterone to DHT very effec-
tively and significantly reduced the wet weight of the
regrown prostate, which is consistent with previously
reported findings (27,35). Wright et al. (35) reported

DADRAS ET AL.

that the wet weight changes correlated with DNA
content changes during the regrowth of the regressed
prostate either in the presence or absence of finaster-
ide. Although the inhibition of the regrowth by finast-
eride is obvious, prostatic regrowth did occur at a
slower rate in the presence of finasteride (Figs. 1 and
2) (35). These results suggest that testosterone is mi-
togenic in the 7-day castrated ventral prostate. The
dorsal and lateral lobes of the prostate responded to
finasteride treatment in the same way as was seen in
the ventral prostate (Fig. 2). The extent of the wet
weight reduction for the dorsal and lateral prostate
resembles that of the ventral prostate during their re-
growth from a regressed state in the castrated ani-
mals. Also, the response of the wet weight of the
seminal vesicles to finasteride treatment is very simi-
lar to that of the prostate (results not shown). There-
fore, the differential action of testosterone and DHT
is involved in regulating the regrowth of various
lobes of the prostate and seminal vesicles in adult
rats.

The observation that elevated testosterone is not
mitogenic for the prostate in the testis-intact animals
but is mitogenic for the regressed prostate can be rec-
onciled by considering the differences between the
regressed prostate and the fully grown prostate. An-
drogens do not stimulate the proliferation of a fully
grown prostate, although they are required for the
maintenance of the structural and functional integrity
of the prostate (4). In contrast, androgens stimulate
rapid and massive proliferation of a regressed pros-
tate. Cells in the regressed prostate of a 7-day cas-
trated rat respond to androgens very differently from
cells in the fully grown prostate of a testis-intact rat.

The impact of finasteride on the expression of an-
drogen-response genes during the regrowth of the
prostate in 7-day castrated rats is different from its
impact in the testis-intact animals (Figs. 4 and 6).
Although the expression of various androgen-
response genes was not influenced by finasteride in
the testis-intact rats, the expression of some of these
genes was upregulated by finasteride during the re-

TABLE 1
SUMMARY OF THE EFFECT OF FINASTERIDE ON THE WET WEIGHT OF THE VENTRAL PROSTATE,
SERUM TESTOSTERONE (T) AND DHT, AND INTRAPROSTATIC T AND DHT IN TESTIS-INTACT RATS

Serum Prostate
T (ng/ml) DHT (ng/ml) T (ng/g) DHT (ng/g) Weight (mg)
Normal 2.6310.76 0.22+0.02 3.01 £0.07 6.54+1.73 347 +20
Finasteride 4.60+0.41 0.11+0.003 17.56 +1.48 1.02+0.01 283 £ 46
Castrated 0.04 £0.002 0.10 £ 0.004 0.86 £ 0.04 0.87 £0.06 97+4.4

The rats were treated with finasteride for 96 h. The 7-day castrated rats were included to provide a

reference.
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Figure 6. The effect of finasteride on the expression of androgen-
response genes in the ventral prostate of testis-intact rats. Four
experimental groups of rats were following: N40Oh = treated with
vehicle for 40 h; N40Oh+F = treated with finasteride for 40 h; N96h =
treated with vehicle for 96 h; and N96h+F = treated with finaster-
ide for 96 h. Four animals were used in each group. Northern blot
was used to detect the expression of various androgen-response
genes and the patterns of representative genes were shown. The
total RNA loaded in the gels was visualized by staining the trans-
ferred membrane with methylene blue. The expression of GAPDH
gene was also included as a control.

Total RNA

growth of the regressed prostate. It is also interesting
that one of these genes, U25, was downregulated by
finasteride during prostate regrowth. The differential
response of androgen-response genes to finasteride
treatment between testis-intact rats and 7-day cas-
trated rats suggests that differentiation status of the
prostate could influence the effects of testosterone
and DHT on androgen-response genes. Abundant evi-
dences exist in literature for the differences in differ-
entiation status between the fully grown prostate and
regressed prostate. Morphologically, the epithelial
cells in regressed prostate are cuboidal or low-colum-
nar, whereas the epithelial cells in fully grown pros-
tate are tall-columnar in shape (18). Their responsive-
ness to androgen manipulation is also different.
Androgen replacement only stimulates proliferation
in regressed prostate but not in fully grown prostate

(4). Finally, some prostate-specific genes, such as
prostatein C3, are considered differentiation markers
and only expressed in the fully grown prostate but
not in the castrated prostate (Fig. 4, right panel) (28).

The androgen-response genes that are upregulated
by finasteride require testosterone for their full acti-
vation. Elevated levels of testosterone in the finaster-
ide-treated animals enhanced their expression, sug-
gesting that these genes may be more responsive to
testosterone relative to their response to DHT. In con-
trast, the genes that are downregulated by finasteride
are likely to require DHT for their full activation.
Testosterone alone can activate their expression but
not to the maximum levels. For androgen-response
genes that are not influenced by finasteride, their
maximum activation can be stimulated by either tes-
tosterone or DHT.

At the level of androgen-response gene expres-
sion, our results suggested that testosterone and DHT
have overlapping but different biological functions
during prostate regrowth. The mechanism of differen-
tial activation of some androgen-response genes by
testosterone and DHT is not clear. One possible ex-
planation is that the interactions between AR and
some AR associated factors may be influenced by the
bound ligand, which in turn can affect the transcrip-
tion of various androgen-response genes. This possi-
bility is consistent with the fact that some of the an-
drogen-response genes that are influenced by
finasteride, prostatein C3 and calreticulin, for exam-
ple, are direct androgen-response genes (28,39,40).
However, our study cannot rule out the possibility
that finasteride may influence the posttranscriptional
regulation of some androgen-response genes. Al-
though our data did not address the mechanism by
which finasteride influences the expression of andro-
gen-response genes, the results showed that finaster-
ide can enhance the expression of these genes at the
mRNA level. This finding is important because gene
expression is commonly regulated at the level of tran-
scription initiation.

It is novel and unexpected that inhibition of the
conversion from testosterone to DHT can lead to in-
creased expression of androgen-response genes in
vivo during the regrowth of the regressed prostate.
Although the affinity of testosterone to AR is lower
than that of DHT, testosterone appears to be more
potent than DHT in stimulating the expression of
these genes. The androgen-dependent expression of
these genes appears to be prostate specific and could
serve as markers for androgen-dependent prostate dif-
ferentiation (33). The association of the higher level
expression of many androgen-response genes with
the inhibition of the regrowth in the presence of fi-
nasteride also suggests that these androgen-response
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genes (i.e., prostatein C3) are associated with differ-
entiation rather than proliferation during the re-
growth. Thus, our studies suggest that testosterone,
compared with DHT, is a more potent inducer of dif-
ferentiation with a weaker influence on proliferation.

The measurement of intraprostatic testosterone
and DHT showed that finasteride inhibited the con-
version of testosterone to DHT and had little effect
on the total amount of androgens in the regrowing
prostate of castrated rats (Fig. 3). The concentration
of androgens in the finasteride-treated prostate was
about 19-22 ng/g, with testosterone at about 18-20
ng/g and DHT at 1.3—1.5 ng/g. The concentration of
androgens in the absence of finasteride was about
17.5 ng/g, with testosterone at 3.0-3.5 ng/g and DHT
at 14.0-14.5 ng/g. This result further suggests that
testosterones is more potent than DHT, at similar mo-
lar concentrations, in the induction of many andro-
gen-response genes in castrated prostate.

The concept that testosterone is a potent inducer
of differentiation relative to DHT during prostate re-
growth may have a potential clinical application for
enhancing the intermittent androgen ablation therapy
of prostate cancer. The cycling of androgens during
such therapy is thought to stimulate differentiation of
prostate cancer cells, which is beneficial to patients
in terms of life quality and/or survival (1). According
to the present study, it would be advantageous if the
cycling androgen is testosterone, without DHT, re-
sulting in strong differentiation and weak prolifera-
tion responses. Elevated levels of testosterone can be
achieved by treating patients with Sa-reductase in-
hibitor during the off-treatment part of the therapy
cycles when testicular function is recovering. The
fact that the finasteride may prolong the off-treatment
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interval in some patients undergoing intermittent an-
drogen ablation therapy encourages further explora-
tion of this approach in conjunction with finasteride
administration (3). Also, the differential action of tes-
tosterone and DHT on gene expression raises the pos-
sibility of developing novel androgen analogues that
stimulate efficient differentiation with little or no mi-
togenic activity.

In summary, our studies indicate that the expres-
sion of many androgen-response genes induced by
testosterone is greater when compared with that in-
duced by DHT during the regrowth of a regressed
prostate, although testosterone is less potent than
DHT in stimulating regrowth of prostate. The finas-
teride-induced upregulation of androgen-response genes
appears to be associated with differentiation rather
than proliferation of prostatic cells. The recognition
that testosterone is a potent differentiation inducer
has potential clinical significance.
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