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Summary

Prolactin (PRL) is implicated in prostate growth and in the
development and regulation of benign prostatic hypertrophy
(BPH) and prostate cancer (PCa). PRL may exert its effects on
prostate in synergism with androgens. The most active andro-
gen in the prostate is the Sa-dihydrotestosterone (DHT)
obtained from testosterone by the Sa-reductase (5x2-R) enzyme,
which is expressed in the prostate as two isozymes, 5a-R1 and
S5a-R2. In this study, sulpiride, a prolactin-secretion inductor,
was administered to male rats. mRNA levels of 5«-R1 and Sa-
R2 were measured in prostate of controls and sulpiride-treated
rats, using one-step quantitative RT-PCR coupled with laser-
induced fluorescence capillary electrophoresis (LIF-CE). Results
demonstrated that sulpiride-induced hyperprolactinemia is asso-
ciated with an increase in mRNA levels of both 5«-R1 and 5a-
R2 in prostate of adult rats. Although a direct effect of sulpir-
ide on prostate gland cannot be ruled out, hyperprolactinemia
may be a factor to be considered in aging males, in whom
prostatic diseases such as BPH and PCa are more frequent.
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INTRODUCTION

The growth, differentiation, and programmed cell death of
prostate cells are regulated by androgens (/—4). For this reason,
treatments currently used in hormonotherapy for prostate disease
are aimed only at inhibiting the effect of androgens on prostate
cell growth (5). It is well established that the most active andro-
gen in the stimulation of prostate cell proliferation is the 5o-dihy-
drotestosterone (DHT) (6) obtained from testosterone by S5o-
reductase (50-R) enzyme (7). 5a-R is expressed as two isozymes,
S50-R1 and 50-R2, and it has been demonstrated that both iso-
zymes are present in rat prostate by our group and other investiga-
tors (8, 9). Other hormones besides androgens are also implicated
in prostate growth, for example, estrogens (/0).

It is becoming clear that prolactin (PRL) is implicated in
prostate growth (//—15) and in the development and regulation
of BPH and prostate cancer (/6-20). Some authors reported
that PRL may promote the growth and proliferation of prostate
cells in synergism with androgens (2/), whereas others sug-
gested that PRL has an independent action on prostatic growth
and metabolism (22-24). We previously reported that stress hor-
mones such as ACTH and CRH increase 3o,5¢-reduced neuro-
steroids levels in plasma and brain of rats (25), and 5o-R
enzyme plays a key role in the biosynthesis of these steroids.
We also recently observed (unpublished data) that stress situa-
tions increase transcription of 5xz-R genes in brain. PRL is
another hormone secreted in stress situations (26, 27). There-
fore, it is reasonable to speculate that the 5x¢-R enzyme may
also mediate the action of PRL in the prostate gland.

The aim of this study was to investigate the effects of sulpiride-
induced hyperprolactinemia, a specific D2 inhibitor (28, 29), on
mRNA levels of 5a-R1 and 5a-R2 in prostate of adult rats.

MATERIALS AND METHODS

Animals
Adult male Wistar rats weighing 260-280 g were housed in an
air-conditioned room with fluorescent lights on from 7:00 a.m. to
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7.00 p.m. and given standard laboratory pellet chow and water ad
libitum. Experiments were made strictly in accordance with the
NIH guide for the “Care and Use of Laboratory Animals.”

Chronic hyperprolactinemia was induced by daily intraperito-
neal (i.p.) injections of 40 mg/kg aqueous sulpiride solution
(Sigma) according to Van Coppenolle et al. (30). The rats were
always injected at 9:00 a.m. At 30 min, after the final injection,
the rats were euthanized by decapitation to avoid possible
adverse effects of anesthesia. Blood samples were collected in
heparinized tubes. The blood was centrifuged at 2000 rpm for
10 min. The plasma was separated and stored at —20°C until
hormonal measurements were performed. The prostate was
removed, weighed, frozen in liquid nitrogen, and stored at
—80°C until analysis was performed on the whole prostate.
Each study group (sulpiride-treated and controls) comprised
10 animals.

Hormone Assays

Plasma PRL levels were measured by ELISA using an
enzyme immunoradiometric kit (Milenia, Rat Prolactin, Ger-
many). All samples were assayed in duplicate and in the same
assay. Intra-assay coefficient of variation was 4.3%, and the
sensitivity was 0.6 ng/ml.

Plasma testosterone (T) concentrations were measured using
a radioimmunoassay (RIA) kit (Sorin, Milan, Italy). All samples
were assayed in duplicate and in the same assay. Intra-assay
coefficient of variation was 7.4%, and the sensitivity was
0.05 ng/ml.

Oligonucleotides Used for Amplifications

Sequences of rat 5a-R (EC 1.3.99.5) isozymes were obtained
from GeneBank™ (JO5035, M95058), and the sequence of plas-
mid pEGFP-C1 was obtained from the Clontech web page.
These sequences were used to design the primer pairs. All for-
ward primers were end labeled with 6-carboxy-fluorescein (6-
FAM). Oligonucleotides were synthesized by PE-Applied Bio-
systems (Warrington, UK). Primer sequences (5'-3’) and PCR
product sizes were obtained as previously described (37).

Construction of Internal Standard Templates

Two synthetic internal standard (IS) DNAs of 300 bp were
synthesized from the sequence of plasmid pEGFP-C1 (Clontech,
Palo Alto, CA) as previously described (37). Briefly, both com-
petitive molecules, IS-1 (competitor DNA of 5z-R1) and IS-2
(competitor DNA of 5x-R2), were obtained after two consecu-
tive amplifications from pEGFP-C1, with 5’ and 3’ ends modi-
fied to contain the same nucleotide sequences as SRD5A1 or
SRD5A2 (31).

Reverse Transcription-Polymerase Chain Reaction

Total RNA was extracted from 25 mg of rat prostate tissues
by acid-guanidinium thiocyanate-phenol-chloroform (32). The
RNA was resuspended in diethyl pyrocarbonate (DEPC)-treated

water and spectrophotometrically quantitated for analysis. First-
stranded cDNA was carried out according to Torres and Ortega
(31). The PCR profile was as follows: denaturing, 94°C for 30
seconds; annealing, 55°C for 30 seconds; and extension, 72°C
for 30 seconds. The number of cycles was 35 in all cases. PCR
was carried out in a PerkinElmer 2400 Thermal Cycler.

Analysis of PCR Products

A capillary electrophoresis (CE) system with laser-induced
fluorescence (LIF) detection (ABIPRISM 310 Genetic Analyzer,
Applied Biosystems) was used to characterize RT-PCR prod-
ucts. CE conditions were used as previously reported (37).

Fluorescence ratios of both 50-R/IS were plotted against the
amount of the appropriate competitive DNA, and the concentra-
tion of target DNA in the sample was calculated following
Torres and Ortega (31).

Statistical Analysis

SPSS (version 13) software package was used for the statisti-
cal analysis. Comparison between groups was studied by means
of Student’s ¢ test. Data are expressed as mean * SE.

RESULTS

Plasma Hormone Levels

Plasma PRL levels were significantly higher in sulpiride-
treated rats than in control rats (Fig. 1A). There was no signifi-
cant difference in plasma T levels between sulpiride-treated and
control rats (Fig. 1B).

Effects of Hyperprolactinemia on
Wet Weight of Prostate

The wet weight of the prostate was measured after 30 days
of sulpiride treatment and was significantly higher in sulpiride-
treated rats than in controls (Fig. 2).

Quantitation of 5x-R1T mRNA Levels in Prostate

The amount of mRNA was expressed as number of mRNA
copies per micrograms of total RNA. After the cDNA was gen-
erated from total RNA by RT reaction, it was co-amplified in
the presence of decreasing amounts of competitive DNA (64 X
10° — 0.5 X 10° molecules). 50-R1 ¢cDNA and competitive-
standard DNA IS-1 were co-amplified using the same pair of
primers. With decreasing amounts of competitive DNA, the rel-
ative intensity of amplified product of target DNA increased.
The ratio of fluorescence of 50-R1 /IS-1 was plotted against the
amount of competitive DNA IS-1.

As shown in Fig. 3, 5¢-R1 mRNA levels were significantly
higher in prostate of sulpiride-treated rats versus controls.

Quantitation of 5¢-R2 mRNA Levels in Prefrontal Cortex
Likewise, 5a-R2 cDNA and competitive-standard DNA 1S-2
were co-amplified using the same pair of primers. With decreas-
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Figure 1. A: Plasma prolactin levels in controls and sulpiride-
treated rats. *p < 0.001 versus control. B: Plasma testosterone
levels in controls and sulpiride-treated rats. No significant dif-
ferences were found.
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Figure 2. Effects of hyperprolactinemia on prostate weight (g)
of controls and sulpiride-treated rats. *p < 0.01 versus control.

ing amounts of competitive DNA, the relative intensity of the
amplified product of target DNA increased. The ratio of fluores-
cence of 50-R2 /IS-2 was plotted against the amount of compet-
itive DNA IS-2.

As shown in Fig. 3B, 5¢-R2 mRNA levels were significantly
higher in prostate of sulpiride-treated rats versus controls.

DISCUSSION

The results of this experiment clearly demonstrated that the
administration of sulpiride is associated with an increase in
mRNA levels of both 50-R1 and 50-R2 isozymes. These effects

Figure 3. A: Effects of hyperprolactinemia on steroid Seo-reduc-
tase type 1 (52-R1) mRNA levels in prostate of controls and
sulpiride-treated rats. *p < 0.001 versus control. B: Effects of
hyperprolactinemia on steroid So-reductase type 2 (50-R2)
mRNA levels in prostate of controls and sulpiride-treated rats.
*p < 0.001 versus control.

of sulpiride on prostate gland may be exerted via sulpiride-
induced hyperprolactinemia, although a direct effect of sulpiride
on 5x-R isozyme mRNA cannot be ruled out because sulpiride
is a specific inhibitor of dopamine D2 receptor (28, 29), present
in rat prostate gland (33). It has long been known that PRL
promotes the growth and proliferation of prostate cells (//-15),
and sulpiride-induced hyperprolactinemia has been associated
with increased prostatic weight (34). Likewise, ovine PRL
administration enhanced prostatic weight and 5o-R activity (35),
indicating a direct effect of PRL on prostate gland.

PRL may exert its effects on the prostate independently of
androgens, as was demonstrated in in vitro models of the pros-
tate of PRL-transgenic mice (/3, 16, 22-24, 36). PRL may
also act in prostate via androgens (2/). PRL augments free ste-
roid concentrations in blood and testosterone uptake in pros-
tate cells (37). Other investigators demonstrated that hyperpro-
lactinemia affected prostate enlargement in T-treated castrated
animals but not in similar untreated animals (30), demonstrat-
ing that androgens mediate the effects of PRL on prostate
growth.

The main androgen in the prostate gland is 5¢-DHT, pro-
duced from T by 50-R enzyme (7). The prostate gland
expresses both 5z-R isozymes (5a-R1 and 50-R2), as previously
demonstrated by our group and other researchers (8, 9). In
stress situations, PRL is hypersecreted (26, 27), and there is an
increase in both 5¢-R isozymes in rat brain (unpublished obser-
vations). Hence the effects of PRL on prostate growth may be
exerted by an increase in both 5«-R isozymes in this gland,
among other factors. Our group previously reported that both
50-R isozymes may contribute to the increased DHT in prostate,
which acts in both an autocrine and a paracrine manner in the
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prostate, stimulating its differentiation and growth (8). The
demonstration by Van Coppenolle et al. (30) that hyperprolacti-
nemia is effective to induce prostate enlargement in castrated
DHT-implanted animals is not contradicted by the present find-
ings. Besides, augmenting the amount of prostatic DHT by
increasing both 5¢-R isozymes, PRL probably enhances the
effects of DHT in this gland.

Several animal and human studies have indicated that
hyperprolactinemia is related to plasma-androgen concentra-
tions, although findings are controversial (38—40). Because
both 50-R1 and 5¢-R2 genes are positively regulated by T,
the most abundant androgen (4/), we measured plasma T
levels in controls and sulpiride-treated rats. The lack of a
significant difference between these groups rules out T as
responsible for the increased mRNA levels of 5¢-R isozymes
in sulpiride-treated rats.

This study offers new data on the effects of sulpiride-
induced hyperprolactinemia on the prostatic gland, including an
increase in the mRNA levels of both 50-R isozymes. Increased
50-R1 is associated with PCa, and increased 50-R2 is associated
with PCa and BPH, which are highly frequent diseases in devel-
oped countries (42). Therefore, high-PRL levels in ageing males
may be considered as a new risk factor for prostatic diseases.
Thus, Yatani et al. (43) showed an association between elevated
PRL levels and PCa in humans.
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