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BACKGROUND. Themajority ofmenwill develop symptoms of benignprostatic hyperplasia
(BPH) after 70 years of age. Various studies indicate that antagonists of LHRH, such as
cetrorelix, exert direct inhibitory effects on BPHmediated by specific LHRH receptors. Our aim
was to investigate the mRNA for LHRH and LHRH receptors and the expression of LHRH
receptors in specimens of human BPH.
METHODS. The expression of mRNA for LHRH (n¼ 35) and LHRH receptors (n¼ 55) was
investigated by RT-PCR in surgical specimens of BPH, using specific primers. The character-
istics of binding sites for LHRH on 20 samples were determined by ligand competition assays.
The LHRH receptor expression was also examined in 64 BPH specimens by immunohis-
tochemistry.
RESULTS. PCR products for LHRH were found in 18 of 35 (51%) BPH tissues and mRNA for
LHRH receptors was detected in 39 of 55 (71%) BPH specimens. Eighteen of 20 (90%) samples
showed a single class of high affinity binding sites for [D-Trp6]LHRHwith ameanKd of 4.04 nM
andameanBmax of 527.6 fmol/mgmembraneprotein. LHRHantagonist cetrorelix showedhigh
affinity binding to LHRH receptors in BPH. Positive immunohistochemical reaction for LHRH
receptors was present in 42 of 64 (67%) BPH specimens.
CONCLUSION. A high incidence of LHRH receptors in BPH supports the use of LHRH
antagonists such as cetrorelix, for treatment of patientswith lower urinary tract symptoms from
BPH. Prostate 71: 445–452, 2011. # 2010 Wiley-Liss, Inc.
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INTRODUCTION

Benign prostatic hyperplasia (BPH), the most com-
mon age-related disease of the male, occurs clinically
in a majority of all men over 70 years of age [1].
Improvement in the quality of life of patients suffering
from BPH is an important issue in the medical
management of this condition. Clinical BPH refers to
lower urinary tract symptoms (LUTS), associated with
benign prostatic enlargement and leading to bladder
outlet obstruction. The pathophysiology, epidemiol-
ogy, etiology, and natural history of BPH and the
mechanism of progression from histologic to clinical
BPH are incompletely understood [2,3]. Aging and
chronic exposure to dihydrotestosterone (DHT) are
required for the development of BPH [2,3]. However,
the actions of androgen alone do not explain the
hyperplastic process or the progression of the disease
[4,5]. Other hormones and a variety of growth factors
including epidermal growth factor (EGF), transform-
ing growth factor-a (TGF-a) [6], members of the
fibroblast growth factor (FGF) gene family [7], and
other peptide growth factors have also been implicated
in the pathogenesis and development of BPH [8]. Thus,
the overall disease process that leads to the production
of symptomatic BPH is very complex. Today, medical
therapy is the preferred first-line approach to treating
BPHbecause of the probability of clinical improvement
and the patients’ concern about surgery or other
invasive treatments. Alpha1 adrenergic receptor block-
ers and 5-a reductase inhibitors are the two classes of
drugs currently approved by the FDA for the treatment
of symptomatic BPH, but these drugs do not offer long-
term remission of LUTS after discontinuation and can
be used only in a selected population of patients [9].
Other hormonal treatments, such as anti-androgens or
LHRH agonists are either poor or associated with
unacceptable side effects of medical castration such as
hot flushes, decrease of potency and libido, and the risk
of a deleterious effect on bone density [10]. In contrast,
the use of LHRH antagonists can provide a dose-
dependent submaximal blockade of testosterone and
DHT avoiding the effects ofmedical castration [10–12].
Cetrorelix is one of the potent modern LHRH antago-
nists that induce an immediate inhibition of the
pituitary–gonadal axis [13–15] and is the only LHRH
antagonist that has been extensively studied in men
with BPH [10–12,16,17]. Accumulating clinical experi-
ence with cetrorelix in men with BPH has shown that
this drug is associatedwith adose-dependent improve-
ment of International Prostate Symptom Score (IPSS)
and a reduction in prostate volume [10–12,16,17].
Recent studies show that the action of cetrorelix on
BPH is likely mediated through LHRH receptors and
involves inhibitory effects on growth factors as well as
down-regulation of a1A adrenergic receptors and

LHRH receptors [18]. Human prostate and prostate
cancer specimens have been shown to express LHRH
receptors [11,19]. These observations indicated the
need for a more thorough investigation of LHRH
receptors in surgical specimens of human BPH. To
address this issue, in the present study we evaluated
the expression of mRNA for LHRH receptors and the
localization and characteristics of the LHRH receptor
protein in 55 BPH specimens obtained from surgery
or transurethral resection (TUR). We also examined
64 BPH tissues by immunohistochemistry. In addition,
we investigated the expression of mRNA for LHRH as
well as its incidence.

MATERIALS ANDMETHODS

Peptides andChemicals

LHRH antagonist [D-Trp6]LHRH (REF) was supplied
by Debiopharm S.A. (Lausanne, Switzerland). LHRH
antagonist, cetrorelix, first synthesized in our labora-
tory [13], was made by Aeterna Zentaris GmbH
(Frankfurt amMain,Germany).Radioisotope 125I-labeled
sodium was purchased from Amersham Pharmacia
Biotech (Piscataway, NJ). All other chemicals were ob-
tained from Sigma (St. Louis, MO), Bachem (Torrance,
CA), R&D Systems (Minneapolis, MN), or California
Peptide Research, Inc. (Napa, CA).

Tissue Samples FromPatients

HumanBPHspecimenswere obtained frompatients
50–83 years of age at the time of initial open surgical
treatment or TUR at Veterans Affairs Medical Center,
New Orleans, LA; Department of Urology, University
of Debrecen, Debrecen, Hungary and Department of
Urology, University of Miami, Miami, FL. The local
Institutional Review Boards approved the collection
and use of these specimens for the current study. All
analyses were first conducted to meet the primary
clinical requirement for patient management, and only
residual tissue was used for this study. After surgical
removal, select portions of the prostate tissues were
flash-frozen in liquid nitrogen and transported on dry
ice. Histopathological examination of each specimen
was undertaken to confirm the presence of BPH before
the receptor studies. The intact specimens and their
membrane fractions were stored at �808C until
analyses of LHRH binding sites and molecular biology
studies were carried out.

The clinicopathological characteristics of the group
of patients used for receptor binding studies are shown
in Table I.

RNAIsolation

Tissue samples were homogenized and RNA was
extracted with Nucleospin Total RNA and Protein
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Isolation Kit (Macherey-Nagel, Germany). RNA con-
centration and purity were determined using the
Nanodrop ND-1000 UV Spectrophotometer (Nano-
drop Technologies, Wilmington, DE).

RT-PCR

cDNA was reverse transcribed from 150–250 ng
total RNA using Oligo (dT)15 primer (Promega Corpo-
ration, Madison,WI) with MMLV Reverse Transcrip-
tase (Promega. Co.,) according to the manufacturer’s
instructions. For amplification from first-strand
cDNAs, gene-specific primers for LHRH-R: sense 50-
GAC CTT GTC TGG AAA GAT CC-30, antisense 50-
CAG GCT GAT CAC CAC CAT CA-30, for LHRH:
sence 50-CTACTGACTTGGTGCGTGGA-30 and anti-
sence: 50-CTGCCCAGTTTCCTCTTCAA-30 and for b-
actin housekeeping gene: sense 50-GGCATCCTCACC
CTG AAG TA-30, antisense 50-GGG GTG TTG AAG
GTC TCA AA-30 were used as described earlier [19].
After reverse transcription (RT), 2 ml of the reaction
products were subjected to PCR amplification. The
reaction mix contained 2 ml cDNA, 1.5mM MgCl2,
0.5 mM of each primer (Invitrogen), 1� PCR buffer,
200 mM of each dNTP, and 1U Taq Polymerase
(Invitrogen) in a final volume of 25 ml. After denatura-
tion (3min at 948C) cDNA was amplified for 45 cycles
(45 sec at 948C; 30 sec at 608C; and 1min 30 sec at 728C).
b-actin was amplifiedwith 30 cycles. A final elongation

step at 728C for 10minwas then applied. PCR products
were separated electrophoretically on 1.5% agarose gel
and stained with ethidium bromide. To avoid genomic
deoxyribonucleic acid (DNA) contamination, all sam-
ples were subject to DNase treatment before RT-PCR.

Preparation ofMembranes and
Radioligand Binding Studies

Preparation of membranes for receptor studies
was performed as described previously [19]. Briefly,
the samples were thawed and cleaned, and then
homogenized in 50mM Tris–HCl buffer (pH 7.4),
supplemented with protease inhibitors (0.25mM phe-
nylmethylsulfonyl fluoride, 0.4% (v/v) aprotinin, and
2 mg/ml pepstatin A) using an Ultra-Turrax tissue
homogenizer (IKAWorks,Wilmington,NC)on ice. The
homogenate was centrifuged at 500g for 10min at 48C
to remove nuclear debris and lipid layer. The super-
natant containing the crude membrane fraction was
ultracentrifuged (Beckman L8-80M) twice at 70,000g
for 50min at 48C after resuspending in fresh buffer.
The final pellet was resuspended in homogenization
buffer and stored at �808C until assayed. Protein
concentration was determined by the method of
Bradford using a Bio-Rad protein assay kit (Bio-Rad
Laboratories, Hercules, CA).

Radioiodinated derivatives of [D-Trp6]LHRH were
prepared by the chloramine-T method and purified by
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TABLE I. Clinicopathological Data, Expression of mRNA and Binding Characteristics of
Receptors for LHRH(LHRH-R) in 20HumanBenign ProstaticHyperplasia Specimens

Patient
no.

Patient age
(year)

PSA-value
(ng/ml)

b-actin
mRNA

LHRH-R
mRNA

Bmax

(fmol/mg protein)
Kd

(nM)

1 53 3.53 þ þ 425.3 1.28
2 62 2.57 þ þ 344.7 2.71
3 79 0.98 þ þ 495.1 6.03
4 65 3.41 þ þ 352.9 3.95
5 81 6.42 þ þ 721.8 5.02
6 64 1.67 þ þ 581.6 4.09
7 72 8.15 þ — — —
8 55 2.53 þ þ 900.2 3.61
9 69 1.86 þ þ 733.4 7.26
10 71 2.32 þ þ 482.9 1.63
11 58 0.35 þ þ 640.7 6.26
12 75 0.83 þ þ 474.8 2.17
13 57 4.77 þ þ 600.5 4.00
14 74 2.26 þ þ 398.3 1.37
15 69 4.06 þ þ 415.2 4.77
16 52 0.75 þ þ 364.6 1.09
17 73 3.86 þ þ 483.7 6.20
18 66 0.49 þ � � �
19 80 6.17 þ þ 623.9 6.26
20 76 3.78 þ þ 458.0 5.05
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reverse-phase HPLC in our laboratory [19]. LHRH
receptor binding assays were carried out as reported
[19] using in vitro ligand competition assays based on
binding of [125I][D-Trp6]LHRH as radioligand to BPH
membrane fractions. This radioligand has been well-
characterized previously and showshigh-affinity bind-
ing to human and rat pituitaries and human breast,
prostate, and other cancers [15,19]. In brief, membrane
homogenates containing 50–160 mg protein were incu-
bated in duplicate or triplicate with 60–80,000 cpm
[125I][D-Trp6]LHRH and increasing concentrations
(10�12–10�6M) of non-radioactive peptides as compet-
itors in a total volume of 150 ml of binding buffer. At
the end of the incubation, 125 ml aliquots of suspension
were transferred onto the top of 1ml of ice-cold bind-
ing buffer containing 1.5% bovine serum albumin in
siliconized polypropylene microcentrifuge tubes
(Sigma). The tubes were centrifuged at 12,000g for
3min at 48C (Beckman J2-21M). Supernatants were
aspirated and the bottoms of the tubes containing the
pellet were cut-off and counted in a gamma counter
(Micromedic System, Huntsville, AL). Preliminary
experiments were performed with membrane protein
concentrations ranging from 20–250 mg/tube in order
todetermine theminimal amount of protein required to
assess specific binding at a satisfactory level. Our work
showed that accurate results can be obtained over a
range of 40–180 mg membrane protein in an incubation
volume of 150 ml.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues from
prostatectomy or TUR specimens were used for
immunohistochemistry (n¼ 64). Three micron paraffin
sections were stained by hematoxylin and eosin to
confirm the presence of BPH. Adjacent serial sections
were utilized for immunoperoxidase procedure fol-
lowing standard protocols. Briefly, the paraffin was
melted at 378Covernight and cleared in a bath of xylene
for 10min. The slides were then rehydrated in
decreasing grades of ethanol (10min each) andwashed
in phosphate-buffered saline solution. The antigen
retrievalwasperformed in apressure cookerwithDako
Target Retrieval Solution (S1968; Dako, Carpinteria,
CA) at 908C for 15min (pH 9.0). Antibodies to LHRH
receptor (NCL-GnRHRA9E4;Novocastra Laboratories
Ltd, Newcastle upon Tyne, United Kingdom and
GnRHR-N20, Santa Cruz Biotechnology, Santa Cruz,
CA) were added to the slides and incubated for 30min
at room temperature. NCL-GnRHR is a monoclonal
antibody raised inmouse and targets the humanLHRH
receptor extracellular region. The GnRHR N20 is an
affinity-purified goat polyclonal antibody raised
against a peptide, which maps near the N-terminus of
human LHRHR.

Following the addition of the detection system,
the reaction was visualized using diaminobenzidine
(DAB) in the presence of hydrogen peroxide. The slides
were counterstained with hematoxylin, mounted and
examined using an Olympus DP50 microscope (Olym-
pus, Hamburg, Germany). Human pituitary glands
(anterior lobe) obtained fromautopsy (n¼ 4)were used
as positive controls.

DataAnalysis

Specific ligand-binding capacities and affinities
were calculated by the Ligand-PC computerized
curve-fitting program of Munson and Rodbard [20].
To determine the type of receptor binding, equilibrium
dissociation constants (Kd values), and the maximal
binding capacity of receptors (Bmax), LHRH binding
data were also analyzed by the Scatchard method [21].

RESULTS

Molecular BiologyAnalysis

To investigate whether high-affinity binding sites
for LHRH, present in the membranes of human BPH
tissue, are the products of mRNA expression of LHRH
receptors, we performed RT-PCR analysis on all
samples collected for the study. Negative controls
yielded no detectable signals, indicating that PCR
products were generated from cDNA and not from
genomic DNA. PCR amplification with b-actin-specific
primers produced a single product from all samples,
confirming that there was no degradation in the RNA
preparation (Fig. 1A; Table II).

In 39 of 55 specimens examined (71%), RT of RNA
followed by PCR amplification with specific primers
produced a fragment of expected size (319 bp) for
LHRH receptors (Fig. 1B; Table II).

To examine the mRNA expression of LHRH ligand,
we also performed RT-PCR analyses on 35 samples of
human BPH obtained from theUniversity of Debrecen.
In 18 of 35 specimens examined (51%), RT of RNA
followed by PCR amplification with specific primers
produced a fragment of expected size (230 bp) for
LHRH (Fig. 1C; Table II).

Immunohistochemistryof LHRHReceptors
in Benign ProstaticHyperplasia

Altogether 64 human BPH specimenswere obtained
and examined by immunohistochemistry. A positive
reaction in the form of brown granules was observed
with both antibodies in the smooth muscle stroma
and in the epithelial cells of BPH (Fig. 2). The
immunoreaction with the NCL antibody, however,
was more pronounced in the stromal smooth muscle
cells (Fig. 2A), while the Santa Cruz antibody identified
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an epitope primarily in the epithelial cells (Fig. 2B).
Among the immuno-positive BPH specimens, the
majority stained strongly positive for LHRH receptors,
whereas some specimens expressed the receptor at a
moderate level. Overall, the positive reaction for LHRH
receptor was present in 42 of 64 BPH specimens (67%)
(Table II). The positive immuno-staining of LHRH

receptors in BPH specimens was not related to the
patients’ age or other clinical andpathological findings.

Radioligand Binding Studies

The presence of specific LHRH binding sites
and characteristics of binding of [125I][D-Trp6]LHRH
to membrane receptors on human BPH tissue were
determined using ligand competition assays. Of the
20 specimens examined, 18 showed LHRH receptor
binding (90%; Tables I and II). Analyses of the typical
displacement of radiolabeled [D-Trp6]LHRH by the
same unlabeled peptide revealed that the one-site
model provided the best fit, indicating the presence of
one class of high-affinity LHRH receptors in crude
membranes derived from human BPH specimens. The
computerized nonlinear curve-fitting and the Scatch-
ard plot analyses of the binding data in 18 receptor-
positive BPH specimens indicated that the single class
of binding sites had a mean dissociation constant (Kd)
of 4.04 nM (range, 1.09–7.26 nM) with a meanmaximal
binding capacity (Bmax) of 527.6 fmol/mg ofmembrane
protein (range, 344.7–900.2 fmol/mgprotein). Bio-
chemical parameters essential to establish the identity
of specific binding sites were also determined. Thus,
the binding of [125I][D-Trp6]LHRH was found to be
reversible, time- and temperature-dependent, and
linear with protein concentration in human BPH
specimens examined (data not shown). The specificity
of LHRH binding was demonstrated by competitive
binding experiments using several peptides structur-
ally related or unrelated to LHRH. The binding of
radiolabeled [D-Trp6]LHRH was completely displaced
by increasing concentrations (10�12–10�6M) of LHRH
agonist buserelin and LHRH antagonist cetrorelix
(Fig. 3). Cetrorelix displaced radiolabeled [D-Trp6]LHRH
with an IC50 value of 0.94� 0.07 nM indicating its high-
affinity binding to LHRH receptors expressed in BPH
tissues (Fig. 3). None of the structurally and function-
ally unrelated peptides tested such as somatostatin-14,
human growth hormone-releasing hormone, EGF,
[Tyr4]bombesin and insulin-like growth factor-I inhib-
ited the binding of [125I][D-Trp6]LHRH at concentra-
tions as high as 1 mM (Fig. 3).
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TABLE II. Expression Patternof LHRHandLHRHReceptors inHumanBPHSpecimens

Positive/total no. of
cases examined % Positive

Age range of positive
cases (year)

LHRH mRNA 18/35 51 54–79
LHRH receptor mRNA 39/55 71 51–82
b-actin 55/55 100 51–83
LHRH receptor binding 18/20 90 52–81
LHRH receptor immunostaining 42/64 67 50–83

Fig. 1. Expression ofmRNA for LHRH, receptors for LHRHand
b-actin in human BPH specimens as revealed by RT-PCR. PCR
products were separated electrophoretically on1.5% agarose gels
andstainedwithethidiumbromide.TheintegrityofRNAextracted
was testedby PCR amplification of human b-actin cDNA from the
same RTreaction.The PCR products were of the expected size of
203bp for b-actin (panel A), 319bp for LHRH receptors (panel B),
and 230bp for LHRH (panel C). Lane M, molecular marker (50-bp
DNA ladder); Lane P, positive control (human pituitary tissue);
Lane N, no template control; Lanes 1^ 4, representative human
BPHspecimens.
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The expression of mRNA for LHRH receptors was
accompanied by ligand binding in all samples exam-
ined (Table I). Two of 20 BPH specimens did not exhibit
mRNA expression for LHRH receptors, or show ligand
binding; conversely, all receptor-positive specimens
expressed a detectable amount of the receptor gene
(Table I). There was no correlation between receptor
binding characteristics or mRNA expression and
clinical and pathological findings.

DISCUSSION

BPH is a condition that will affect most men should
they live long enough [1,4,5]. BPH is defined histolog-
ically by hyperproliferation of stromal and epithelial
cells of the prostate, caused by complex cellular
alterations including changes in proliferation, differ-
entiation, and apoptosis [1,2]. However, the patho-
genesis and the complex mechanism of evolution of
BPH are still incompletely understood. Medical ther-
apy is usually recommended first because of the
probability of clinical improvement and the patients’
concern about surgery or other invasive treatment.
Inhibitors of 5a-reductase or a1-adrenergic receptor
antagonists do not offer long-term remission of urinary
symptoms after discontinuation and can be used only
in a selected population of patients [9–11,14].

The clinical application of LHRH agonists in the
treatment of human prostatic carcinoma is based on
their ability to suppress testosterone secretion through
the desensitization of the gonadotropes, down-
regulation of LHRH receptors in the pituitary, and a
reduction in the levels of their mRNA [11,15]. A
repeated administration of LHRH agonists is required
to continue the suppression of LH and FSH release and
the reduction in the levels of sex steroids. This is
clinically achieved by the periodic administration of
depot preparations of LHRH agonists [11,15]. The
initial testosterone ‘‘flare’’ may be prevented by
pretreatment with estrogens or antiandrogens [9–11].
The side effects of LHRH agonists, including hot
flashes, loss of libido, and erectile dysfunction, are
acceptablewhenLHRHagonists are used for treatment
of metastatic prostate cancer [11]. LHRH agonists were
tested as a treatment for BPH, but the initial shrinkage
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Fig. 2. Expression of receptors for LHRHin surgically removedhuman BPH specimens.The tissuewas stainedby immunohistochemistry
with mouse LHRH receptor monoclonal antibody (clone A9E4; Novocastra) (panel A, magnification 20�) or with affinity-purified goat
polyclonalantibody(N20;SantaCruz;panelB,magnification50�).

Fig. 3. Representative displacement of [125I][D-Trp6]LHRH bind-
ing to membrane fractions of human BPH specimens by increasing
concentrations of Cetrorelix (!) and Buserelin (*). Other
unrelatedpeptides, like EGF (^), somatostatin (^), [Tyr4]BN (^),
humangrowthhormonereleasinghormone (^), and IGF-I (^) did
not displace the radioligand.One hundred percent specific binding
is defined as the difference between binding in the absence and in
the presence of10�5M [D-Trp6]LHRH.Each pointrepresentsmean
of triplicatedeterminations.
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of the prostate, and improved urinary flow were
reversed by 6 months after cessation of treatment
[10,22,23]. Poor efficacy and unacceptable side effects
also discouraged the use of LHRH agonists for treat-
ment of BPH.

The advantage in the use of LHRH antagonists for
the treatment of both prostate cancer and BPH is based
on direct inhibition of LHRH receptors and their ability
to thus lower LH, FSH, and sex steroid secretion
immediately after a single injection, thereby reducing
the time to the onset of therapeutic effect andavoiding a
flare in disease [11,15]. A crucial therapeutic edge in
the use of LHRH antagonists instead of agonists for the
treatment of BPH is the capability to better control the
level of testosterone suppression. In a clinical setting,
low doses of cetrorelix or other LHRH antagonists,
released from depot preparation induce only a partial
and transient inhibition of the pituitary-gonadal axis
without a marked down-regulation of pituitary LHRH
receptors avoiding medical castration [24].

Cetrorelix, a highly activemodern LHRHantagonist
is the only LHRH antagonist that has been extensively
evaluated in men with BPH. The principles of effective
treatment of patients with BPH have been obtained
from various uncontrolled and controlled clinical trials
[10,16–17,25] using daily injections of cetrorelix ace-
tate. Gonazales-Barecena et al. [16] reported an open-
label study of 11 men with BPH who received 0.5mg
cetrorelix acetate s.c. twice daily for 28 days. A
significant reduction inmeanprostate volume, inLUTS
and in mean peak urinary flow rate was observed [16].
These clinical outcomes were maintained well beyond
the 1-month active treatment phase. Similar results
were obtained in a second open-label study on BPH
demonstrating, by subjective and objective parameters,
including a lowering in IPSS, the long-term benefits
of cetrorelix [17]. Lepor et al. [26] reported the first
multicenter, randomized, placebo-controlled clinical
trial evaluating the safety and efficacy of cetrorelix
acetate in men with symptomatic BPH. Debruyne et al.
[12] recently reported the results of another multi-
center, randomized, double-blind, placebo-controlled
study of cetrorelix gluconate in men with BPH.
All active-treatment groups experienced significant
improvements in the mean AUA symptom score and
mean peak flow rate relative to placebo at 12 weeks.
Debruyne also carried out a study with cetrorelix
pamoate in BPH patients and obtained significant
loweringof IPSSwithcetrorelix, butnotwithplacebo [27].

The mechanism for cetrorelix-mediated improve-
ment in LUTS associatedwith benign prostatic enlarge-
ment is incompletely understood. This is due in part to
the fact that the pathophysiology of LUTS in the aging
male is poorly understood. Ongoing studies on the
mechanism of action of cetrorelix in BPH indicate that

its effects aremediated through theLHRHreceptor and
involve inhibition of growth factors and their receptors
as well as a1A adrenergic receptors [18].

In the present study, we investigated the expression
of mRNA for LHRH receptors in 55 BPH specimens.
Our results show that 71% of human BPH specimens
display mRNA for LHRH receptors. Furthermore,
using ligand competition assay we examined the
binding of [125I][D-Trp6]LHRH to membrane prepara-
tions of 20 BPH specimens. We found that 90% of
human BPH samples investigated possessed specific
LHRH receptors with a mean Kd of 4.04 nM and with
a mean Bmax of 527.6 fmol/mg membrane protein.
Cetrorelix displaced radiolabeled [D-Trp6]LHRH with
an IC50 value of 0.94� 0.07 nM indicating its high
affinity binding to LHRH receptors expressed in BPH
tissues. It is also important to note that all receptor-
positive specimens expressed a detectable amount of
the receptor gene. The receptor protein encoded by
mRNA for LHRH receptors was also demonstrated by
immunohistochemistry in 42 of 64 BPH specimens. The
difference between the immunoreactivity of the two
LHRH receptor antibodies is most likely a reflection of
the recognition of different epitopes in formalin-fixed,
paraffin-embedded tissue. The lack of receptor protein
in some specimens may be related to the heat damage
caused by the mechanism of TUR from which source
some of our samples were obtained.

In the current study, we were also able to demon-
strate that 18 of the 35 BPH samples investigated (51%)
expressed mRNA for LHRH ligand. The presence of
both LHRH and its receptor in human BPH implies the
existence of an autocrine mitogenic loop in accord with
other findings [11,15].

CONCLUSIONS

The results of our study demonstrate, for the
first time, that human BPH specimens obtained from
surgery express LHRH and its receptors. Our findings
that a high percentage of human BPH specimens
express receptors for LHRH support the view that
LHRH antagonists could be used for an effective
treatment of BPH.

Since the LHRH receptors and mRNAs for receptor
subtypes and transcript forms are variably expressed in
BPH, a precise determination of LHRH receptors in
samples of human BPH is necessary before therapy
with LHRH analogs. Some BPH specimens may not
haveLHRHreceptors and thereforewould not respond
to therapy with an antagonistic analog such as
Cetrorelix. The response of individual patients with
BPHs to LHRH analogs might be predicted by
evaluating the LHRH receptors in their specimens.
Thus, biopsy samples of BPH should be subjected to
ligand competition assays for protein or RT-PCR
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analyses for mRNA expression of receptors for LHRH.
A rational therapy with LHRH antagonistic analog
could be then implemented. The receptors could also
be monitored during therapy to detect any changes in
their levels and expression.
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