
The Prostate 71:736 ^747 (2011)
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BACKGROUND. Recent findings suggest that BPH has an inflammatory component. Clinical
trials have documented that therapy with LHRH antagonist Cetrorelix causes a marked and
prolonged improvement in LUTS in men with symptomatic BPH. We investigated the
mechanism of action and effect of Cetrorelix in a rat model of BPH.
METHODS. Adult male Wistar rats were used. BPH was induced in rats by subcutaneous
injections of TE 2mg/day for 4 weeks. Control animals received injections of corn oil. After
induction of BPH, rats received depot Cetrorelix pamoate at the doses of 0.625, 1.25, and
12.5mg/kg on days 1 and 22 and TE-control rats received vehicle injections. Whole prostates
were weighed and processed for RNA and protein. Real-time RT-PCR assays for numerous
inflammatory cytokines and growth factors were performed. Quantitative analyses of prostatic
LHRH receptor, LHRH, androgen receptor (AR) and 5a-reductase 2 were done by real-time
RT-PCR and immunoblotting; serum DHT, LH, PSA, and IGF-1 by immunoassays.
RESULTS. mRNA levels for inflammatory cytokines IFN-g, IL-3, IL-4, IL-5, IL-6, IL-8, IL-13,
IL-15, and IL-17 and for growth factors EGF, FGF-2, FGF-7, FGF-8, FGF-14, TGF-b1, andVEGF-A
were significantly reduced by Cetrorelix 0.625mg/kg (P< 0.05). Prostate weights were also
significantly lowered by any dose of Cetrorelix.
CONCLUSIONS. This study suggests that Cetrorelix reduces various inflammatory cytokines
and growth factors in rat prostate and, at doses which do not induce castration levels of
testosterone, can lower prostate weights. Our findings shed light on themechanism of action of
LHRH antagonists in BPH. Prostate 71: 736–747, 2011. # 2010 Wiley-Liss, Inc.
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INTRODUCTION

Benign prostatic hyperplasia is extremely common
and is clinically characterized by prostate enlargement
and lower urinary tract symptoms. Despite the enor-
mous burdenofBPHonpublic health, thepathogenesis
of BPH is incompletely understood [1,2]. Age-related
systemic/local hormonal and vascular changes appear
to represent the predominantmechanism.However, an
emerging body of evidence suggests that inflammation
may play a key role in the development and pro-
gression of BPH [3,4]. Clinically, several cross-sectional
studies have proposed that a relationship exists
between the presence of inflammatory infiltrates and
an increase in prostate volume. Di Silverio et al. [5]
reported that presence of chronic inflammation
increased as prostate volume augments, from 9% in
prostates of 30–39ml to more than 60% in prostates of
80–89ml. A minor correlation was observed between
presence of prostatic inflammation and lower urinary
tract symptoms (LUTS) in participating men in the
Reduction by Dutasteride of Prostate Cancer Events
(REDUCE) trial [6]. This minor correlation between
prostatic inflammation and presence of LUTS may
be expected given the relatively modest correlations
that have been found between prostate volume and
LUTS [7]. Additionally, in a Wistar rat model, admin-
istration of an immunostimulator resulted in epithelial
proliferation [8].

Recent reviews of the pathogenesis of BPH high-
lighted the differential expression of cytokines and
growth factors in BPH tissue suggesting a role for
inflammation in the propagation of BPH [9,10]. An up-
to-date outline of the current state of knowledge in
regard to the impact of inflammation on the patho-
genesis of BPH was reported by Kramer et al. [4].
Chronic inflammatory infiltrates, mostly composed of
activated T cells andmacrophages, are often associated
with BPH nodules [11,12]. Infiltrating T cells and
macrophages are responsible for the production of
cytokines (IL-2 and IFNg), which are believed to
support fibromuscular growth through cascades of
proinflammatory cytokines and growth factors [13–
15], leading to LUTS [16]. Migration of T cells into the
area is accomplished by increased production of
proinflammatory cytokines such as IL-6, IL-8, IL-15,
and IL-17 [4,10,17,18]. Subsequently, surrounding cells
are killed by unknown mechanism and are replaced
by fibromuscular nodules [19].Various growth factors
such as FGF-2, FGF-7, IGF-I, IGF-II, TGFb, and VEGF,
are also involved in the pathogenesis of BPH [15,20].

Cetrorelix, a luteinizing hormone-releasing hor-
mone antagonist, was shown to inhibit the growth of
human prostatic and other cancers xenografted into
nudemicewith suppression of growth factors EGF and

IGF-2 [21]. Therapy with Cetrorelix causes a marked
and protracted improvement in LUTS, reduction in
prostate volume and increase in urinary peak flow
rate in men with BPH without impairment of gonadal
function [22–24]. Improvement in LUTS could be due
to direct inhibitory effects of Cetrorelix on the prostate
exerted through prostatic LHRH receptors or to alter-
ations in levels of proinflammatory cytokines and
growth factors.

It is well known that enlargement of the prostate
occurs in the presence of androgens [25] and that
anabolic steroids increase prostatic volume and reduce
urine flow, leading to increased urinary frequency [26].
Maggi et al. [27] described amodel inmale ratswherein
BPH was produced by repeated injections of testoster-
one. The model described by Maggi et al. has been
adapted for several studies [28–31]. Given that the
mechanism of prostate growth is complex and hetero-
geneous in different species and the testosterone-
inducedmodels of BPH show an epithelial hyperplasia
[31,32], the androgen-induced models of BPH have
limitations. These include the fact that inflammation
was not described as a main characteristic, but rather
was incidental [31].

In this present studyweused a testosterone-induced
rat model of BPH based on the reports of Maggi et al.
[27] andScolnik et al. [31].We estimated the therapeutic
effect of LHRH antagonist Cetrorelix. We also inves-
tigated the mechanisms of action of Cetrorelix, includ-
ing its in vivo effects on the expression of inflammatory
cytokines and growth factors.

MATERIALS ANDMETHODS

Drugs andChemicals

Testosterone enanthate (TE) (Watson Pharmaceut-
icals, Corona,CA) and corn oil vehicle (Sigma–Aldrich,
St. Louis, MO) were used. Depot formulation of LHRH
antagonist Cetrorelix (Ac-D-Nal (2)1,D-Phe(4Cl)2,D-Pal
(3)3,D-Cit6,D-Ala-10)LHRH,was supplied by AEterna/
Zentaris GmbH (Frankfurt, Germany) as Cetrorelix
pamoate (D20762) and contained Cetrorelix peptide
base, pamoic acid (in a molar ratio of 2:1) andmannitol
suspended in distilled water [33]. This depot prepara-
tion can be injected every 21–30 days.

Animals

Adult maleWistar rats weighing 225–250 g (Charles
River Laboratories,Wilmington,MA)were housed in a
climate-controlled environment with a 12-h light/dark
cycle and were fed standard laboratory diet, water
ad libitum. The Institutional Animal Care and Use
Committee approved the protocol. Body weights were
determined weekly.
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StudyDesign

After 7 days acclimatization, rats were randomly
divided into four experimental groups and one
negative control group of ten animals each (Fig. 1).
BPH was induced in experimental groups by daily
subcutaneous injection in the right flank of long acting
testosterone enanthate (2mg/day), dissolved in corn
oil from Day �28 to Day 0 (induction phase). Negative
control animals received subcutaneous injections of
corn oil alone on the same schedule. The dosage and
duration of testosterone treatment were based on the
reports byMaggi et al. [27]. and Scolnik et al. [31]. Based
on previous clinical [23,24] and experimental [34]
reports, animals were administered subcutaneous
injections of the LHRH antagonist Cetrorelix (0.625,
1.25, and 12.5mg/kg body weight) in the left flank
ondays 1and22after BPH induction (day�28 today0).
Experimental groups consisted of: (1) TE only, (2) TE/
Cetrorelix 0.625mg/kg, (3) TE/Cetrorelix 1.25mg/kg,
and (4) TE/Cetrorelix 12.5mg/kg body weight. TE
only positive control animals were injected with
mannitol instead of Cetrorelix on the same schedule.
Venous blood samples were collected before the
experiment and on the last day of the experiment
(day 42). Serum was separated by centrifugation and
stored at �808C. Rats were weighed and sacrificed
under anesthesia on the morning of day 42; whole
prostates were immediately removed, weighed and
snap frozen. Alternate prostrate lobes were immersed
in phosphate-buffered 10% formalin (pH 7.4) and em-
bedded in paraffin for histological analysis.

Histological Procedures and
Morphological Analysis

Serial 5 mm-thick sections from each fixed tissue
specimenwere prepared, mounted on glass slides, and
stained with hematoxyline-eosin for morphological
analysis. The sections were analyzed with a Nikon
Eclipse 90i microscope with a built-in digital camera.
The digitalized images of ventral prostatic lobes,
obtained by using NIS-Elements BR 3.00 for Windows
image analyzer software, were used for stereological-
morphometric analysis. Themean epithelial heightwas
determined from a total of 500 random interactive
measurements with 40� objective at 10 different points
on 10 different fields from five different individual
ventral prostate sections. Measurements were taken
from the intermediate to distal regions of the prostate
lobe ducts, which represent the major portions of the
prostatic lobes [35].

Total RNAIsolation/Real-TimeRT-PCR

Total RNA was isolated from �30mg of prostate
tissue for each sampleusingNucleoSpin kit (Macherey-
Nagel, Germany). Three prostate samples from each
groupwere analyzed. Quality control of RNA samples,
synthesis of cDNAs for various rat genes (Table I) and
target gene amplification with real-time reverse tran-
scriptase-polymerase chain reaction (RT-PCR) were as
described [36]. Sequences for forward and reverse rat
specific primers and thermal cycling conditions are
shown in Table I. Pfaffl’s method was used to evaluate
the relative expression ratio for all genes normalized to
b-actin [37].

RT2 Prof|lerTMPCRArrays

Rat Inflammatory Cytokines and Receptors and
Growth Factors RT2 ProfilerTM PCR arrays (SABio-
sciences, Frederick, MD) were used to examine the
mRNA levels of 168 genes related to inflammatory
response and growth factors. Total RNA extraction
was as described. Quality control of RNA samples,
synthesis of cDNA and its amplification by real-time
RT-PCR arrays were performed per manufacturer
(SABiosciences). Fold-changes in gene expressionwere
calculated using the DDCt method. Normalization
was performed using five housekeeping genes on the
arrays.

Western Blot

Prostate tissue was homogenized with Mikro-Dis-
membrator (Goettingen, Germany). Protein was iso-
lated with NucleoSpin Kit (Macherey-Nagel) and
sonicatedwith Branson Sonifier (Danbury, CT). Protein
lysates were adjusted to equal concentrations. Western

The Prostate

Fig. 1. Scheme of the study. Induction phase included daily
injections of 2mg TE s.c. per rat for 28 days. In the treatment
phase, different doses of a depot preparation LHRH antagonist
Cetrorelix pamoate (0.625,1.25, or12.5mg/kg) were administered
s.c. on days 1 and 22. Study groups were as follows: Control, TE,
Cetrorelix 0.625mg/kg, Cetrorelix 1.25mg/kg and Cetrorelix
12.5mg/kg. BPH, benign prostatic hyperplasia; LHRH, luteinizing
hormone-releasing hormone; s.c., subcutaneous;TE, testosterone
enanthate.

738 Ricket al.



blot analyses were as described [38]. Primary anti-
bodies for LHRH-R, LHRH, AR and 5a-reductase-2
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA).

Radioimmunoassay (RIA) and ELISA

SerumDHTwas determined byRIAusingDSL-9600
kit (Diagnostic Systems Laboratories,Webster, TX) and
serum LH by 29-AH-R002 RIA kit (Alpco Diagnostics,
Salem, NH). For quantitative serum PSA and IGF-1
we used ELISA kits DSL-9700, DSL-10-2800. All im-
munoassays were done according to manufacturers’
instructions.

LigandCompetitionAssay

Receptors for LHRH on rat prostate tissues were
characterized by ligand competition assay. Radioligand
binding studies were performed as described [39].

Statistical Analysis

For statistical evaluation, SigmaStat 3.0 software
(Sytat Software, San Jose, CA) was used. Results are
expressed as mean� SE. One-way analysis of variance
(ANOVA) followed by Bonferroni t-test or a two-tailed
Student’s t-test were used where appropriate, and
significance was accepted at P< 0.05.

RESULTS

Effect of LHRHAntagonist Cetrorelixon Rat
ProstateWeight

All animals remained healthy throughout the
experiment. Bodyweights at sacrificewere not affected
by CetrorelixþTE compared to TE-only treated rats
(Table II). Corn oil-injected control prostates (negative
control) weighed 264.8� 9.6mg/100 g rat (Fig. 2);
while in TE controls prostates were enlarged by
40.52% to 372.1� 25.3mg/100 g rat (P< 0.001; Fig. 2).
Cetrorelix pamoate 0.625mg/kg significantly lowered
prostate weights by 17.88% (P¼ 0.02). This decrease
was similar to that obtainedwith 1.25mg/kgCetrorelix
(18.65% reduction [P¼ 0.01]); further reduction occurred
but smaller than with 12.5mg/kg Cetrorelix (35.17%
reduction [P< 0.001]).

Morphology andMorphometry

Macroscopically, no visible lesions were present
in the prostates of Wistar rats in the different
experimental groups, except for the obvious enlarge-
ment observed among TE-induced BPH rats.

In the ventral prostates of negative control rats, we
noted normal histology [31] distinguished by mono-
layered low columnar epithelium with round-shaped
nuclei adjacent to the intact basal membrane and

The Prostate

TABLE I. Oligonucleotide PrimersUsed forQuantitative Real-Time PCR

Gene
Accession

no. Forward (50–30) Reverse (50–30)

IGF-1 NM_178866 GGCATTGTGGATGAGTGTTG CGATAGGGGCTGGGACTT
IGF-2 NM_133519 CGCACCCACAGAGAAATAAAA TCCGAGCACCTTCCTAACAC
TGF-a NM_012671 GCCTTCTTGCTAACCCACAC GATGTTTCCCCTTGTCCATTT
TGF-b1 NM_021578 CGCAATCTATGACAAAACCAAA ACAGCCACTCAGGCGTATC
TGF-b2 NM_031131 CGCATCTCCTGCTAATGTTG TTCGGGGTTTATGGTGTTGT
EGF NM_012842 CCCGTGTTCTTCTGAGTTCC TGTAACCGTGGCTTCCTTCT
FGF-2 NM_019305 CTGTCTCCCGCACCCTATC CTTTCTCCCTTCCTGCCTTT
KGF/FGF-7 NM_022182 TCCACCTCGTCTGTCTTGTG CCTTTCACTTTGCCTCGTTT
IL-1b NM_031512 GTCACTCATTGTGGCTGTGG GGGATTTTGTCGTTGCTTGT
IL-6 NM_012589 GCCAGAGTCATTCAGAGCAA CATTGGAAGTTGGGGTAGGA
VEGF-A NM_031836 GACACACCCACCCACATACA ACATCCTCCTCCCAACTCAA
LHRH-R NM_031038 GGGGCTGAGCATCTATAACACC TGCTAACCTCTGGACAGGGATC
LHRH NM_012767 GGCTTTCACATCCAAACAGAA GCCTTCCAAACACACAGTCAA
AR NM_012502 CAAAGGGTTGGAAGGTGAGA GAGCGAGCGGAAAGTTGTAG
5a-reductase 2 NM_022711 GCAAAGTTTCTGTGGAGGA AAGCAACTGGAATAACAAGAGA
b-Actin NM_031144 GGGTTACGCGCTCCCTCAT GTCACGCACGATTTCCCTCTC

Rat specific primers were designed according to the following criteria: (1) a product-size range of 70–180 bases, (2) a primer size range of
18–22 bases, (3) a Tm difference of 38C, and (4) a GC content of 30–80%. The mRNA sequences used for the design of the primers were
taken from the NCBI Reference Sequences. The primers were tested for sequence similarity to other genes with NCBI Basic Local
Alignment Search Tool (BLAST). The thermal cycling conditions for each set of primers comprised an initial denaturation step at 958C
for 3min and then 35–40 cycles of two-step PCR including 958C for 30 sec and 608C for 1min. Data were collected during the
608C annealing step and were further analyzed by the iCyclerTM iQ Optical system software (Bio-Rad). Real-time PCR melting curve
analyses revealed a single product for each primer set.
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regular acini surrounded by variable amounts of
fibromuscular stroma. The acinar lumen contains only
a small number of papillary folds (Fig. 3 and Table II).

Induction of BPH by testosterone resulted in hyper-
plastic acinar morphology in the ventral prostates
characterized by high columnar epithelial cells with
round nuclei placed near to the intact basal
membrane, secretory vacuoles at the apical zone,
numerous intraluminal papillary folds and variable
amounts of stroma (Fig. 3). These changes in acinar
morphology after treatment with testosterone corre-
spond to the observations of Scolnik et al. [31]. We also
found a 75% increase in the epithelial cell height
compared to control (Table II).

After treatment with Cetrorelix 0.625mg/kg, the
ventral prostatic acinarmorphology showed character-
istics similar to that of normal rats (Fig. 3). The acini
were lined with low columnar epithelium with round
basal nuclei. The acinar lumina had only a small degree
of infolding. Cetrorelix 0.625mg/kg significantly
decreased the epithelial height by 36% compared to
TE-induced BPH controls (Table II). The amount of
fibromuscular stroma was seemingly not affected by
treatment with Cetrorelix at a low dose.

In addition to the primary pathological lesions of
the prostatic acini, incidental inflammatory reactions
including lymphocyte andmast cell infiltration, edema
and blood congestion, were also observed in all
experimental groups (Fig. 4). In some instances of TE-
induced BPH, we found intraluminal infiltration as
well (Fig. 4). These inflammatory infiltrates in the
ventral prostates of Wistar rats are consistent with
the observations of inflammatory exudates that have
been previously reported for this model [31].

EffectofTEandCetrorelix 0.625mg/kgonExpression
of InflammatoryCytokine/growth FactormRNA

Using real-time PCR arrays for rat inflammatory
cytokines/receptors and growth factors on control, TE-
inducedBPHcontrol andTE-inducedBPH treatedwith
Cetrorelix 0.625mg/kg (¼lowest dose), we identified
important functional molecules affected by treatment
with Cetrorelix and selected genes potentially related
to prostate shrinkage. More than 30 genes were
significantly altered after treatment with TE and
Cetrorelix (P< 0.05; Table III). Cytokines including
IL-3, IL-5, IL-6, IL-13, IL-15, IL-17b, and lymphotoxin-A
(LTA) were upregulated by induction of BPH with TE,
by 2.95-, 4.54-, 1.98-, 4.47-, 4.17-, 1.95-, and 4.62-fold,
respectively. Treatment with Cetrorelix significantly
downregulated cytokines IFN-g, IL-1a, IL-3, IL-4, IL-5,
IL-6, IL-13, IL-15, IL-17b and LTA by 2.35-, 3.96-, 4.06-,
4.14-, 2.03-, 2.73-, 4.09-, 2.68-, 5.35-, and 3.78-fold,

The Prostate

Fig. 2. EffectofTEandtreatmentwithLHRHantagonistCetror-
elixatdosesof0.625,1.25,and12.5mg/kgonrelativeprostateweight,
evaluated42days after the startof treatmentwithCetrorelix. Stat-
istical analysis was performed by one-way ANOVA, followed by
Bonferroni t-test. Significant differences are marked by asterisks
(*P< 0.05and***P< 0.001).CTR,negativecontrol;CET,Cetrorelix;
ANOVA,analysisofvariance.

TABLE II. Effectof LHRHAntagonist Cetrorelix atDifferentDoses onMorphological Parameters

Body weight (g) Day 42

Day �28 Day 42 Prostate weight (g) Epithelial height (mm)

Control 255� 3 481� 9 1.27� 0.05 11.65� 0.11
TE 257� 7 445� 20 1.64� 0.10{ 20.43� 0.39§

TE/Cetrorelix 0.625mg/kg 258� 4 446� 15 1.36� 0.06* 13.15� 0.14***
TE/Cetrorelix 1.25mg/kg 258� 3 449� 10{ 1.35� 0.04* 14.62� 0.17***
TE/Cetrorelix 12.5mg/kg 254� 2 445� 12{ 1.06� 0.05*** 12.57� 0.15***

Mean� SE.
{P< 0.05, {P< 0.01 and §P< 0.001 as compared to control, *P< 0.05, ***P< 0.01 as compared to TE. Statistical analysis was performed
by one-way ANOVA, followed by Bonferroni t-test.
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respectively. Among chemokines and chemokine
receptors, expression of C5, CCL25, SPP1, CCR4,
CCR9, and BLR-1/CXCR5 was significantly decreased
by Cetrorelix by 3.07-, 4.06-, 2.33-, 3.76-, 12.30-, and

2.87-fold, respectively. Levels of FGF-2, FGF-7, FGF-8,
and FGF-14 were significantly reduced by Cetrorelix
by 2.02-, 2.07-, 4.72-, and18.90-fold, respectively. Levels
of mRNA for TGF-b superfamily members, TGF-b1
and BMP-7, showed 1.79- and 1.75-fold decrease after
Cetrorelix. The level of VEGF-A was 1.83-fold lower
after Cetrorelix.

Evaluating our PCR array data, we used real-time
RT-PCR to analyze selected proinflammatory and
growth factor genes (Fig. 5). We found that levels of
mRNA for EGF, FGF-2, FGF-7, and VEGF-A were
significantly elevated in TE-induced BPH by 2.17-,
2.67-, 2.53-, and 2.20-fold, respectively (P< 0.05).
Treatment with Cetrorelix 0.625mg/kg significantly
decreased expression of EGF (4.37-fold [P< 0.01]),
TGF-b1 (1.89-fold [P< 0.01]), TGF-b2 (1.46-fold
[P< 0.05]), FGF-2 (2.11-fold [P< 0.05]), FGF-7
(2.75-fold [P< 0.05]), VEGF-A (2.39-fold [P< 0.001]),
IL-1b (1.64-fold [P< 0.001]), and IL-6 (1.76-fold
[P< 0.05]).

Effectof Cetrorelix 0.625mg/kgon
Expression of LHRH-R,LHRH,AR,
and 5a -reductase 2 in Rat Prostate

mRNA for LHRH-R and LHRH-R protein and its
LHRH ligand were detected in rat prostate (Fig. 6.1,2).

The Prostate

Fig. 3. Morphological evaluation of ventral prostate sections fromcontrol rats (A,D,G), ratswith testosterone-induced BPH (B,E,H) and
rats treatedwithCetrorelix 0.625mg/kg (C,F,I).Compared to control, induction of BPHby testosterone decreased luminal area, promoted
epithelial folds (F) and increased the epithelial height (ep).Treatmentwith Cetrorelix 0.625mg/kg increased the luminal area of the ducts (L),
diminished the epithelial folds and reduced epithelial height, as compared toTE-induced BPH animals. Bars indicate100mm (G,H,I). Arrows
indicate fibromuscular stroma, while fine arrows indicate intact basal membrane. Histomorphology is shown at 10� (A^C), 20� (D^F),
and40� (G,H,I)magnification(hematoxylin-eosinstaining).

Fig. 4. Inflammatory infiltrate in ventral prostate of testoster-
one-inducedBPHrats.Inadditiontotheprimarypathologicallesions
of the prostatic acini, we observed incidental inflammatory reac-
tions in the stroma, including lymphocytes (fine arrowhead), mast
cells (finearrow), edema, andbloodcongestion (arrow).This inflam-
matory infiltrate seemed tobepresentin the adjacent acinar lumen
(arrowhead) aswell.Wenotedinflammatoryinfiltratesin all experi-
mentalgroups.Hematoxylin-eosin staining,40�magnification.
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TABLE III. GeneExpressionofRat InflammatoryCytokinesandReceptorsandGrowthFactorsinProstatesHarvestedFrom
TETreatedandCetrorelix 0.625mg/kgTreated Rats 42 DaysAfter Startof TreatmentWithCetrorelix

Gene

Fold change

Description
TE vs.
control

TE/Cetrorelix
0.625mg/kg vs. TE

Cytokine genes
IFN-g 1.29 �2.35 Interferon gamma, induction of proliferation of BPH stromal cells [13,19]
IL-1a 1.41 �3.63 Interleukin 1 alpha, stimulates the production of epithelial growth promoting

FGF-7 in fibroblastic stromal cells [45]
IL-1b 1.56 �1.47 Interleukin 1 beta, important mediator of the inflammatory response [18,19]
IL-2 1.14 �1.27 Interleukin 2, stimulation of growth of stromal cell clones [13]
IL-3 2.95 �4.06 Interleukin 3, secreted by activated T cells to support growth and differentiation

of T cells in an immune response [46]
IL-4 1.12 �4.14 Interleukin 4, inhibition of proliferation of slowly growing stromal cell clones,

stimulation of growth of fibroblasts [13,19]
IL-5 4.54 �2.03 Interleukin 5, produced by T helper-2 cells and mast cells, stimulates B cell

growth and increase immunoglobulin secretion
IL-6 1.98 �2.73 Interleukin 6, stimulates epithelial cell growth [13]
IL-f6 4.49 �4.02 Interleukin 1 family, member6, function unknown
IL-13 4.47 �4.09 Interleukin 13, a central mediator of the physiologic changes induced by allergic

inflammation in many tissues
IL-15 4.17 �2.68 Interleukin 15, a growth factor for BPH memory T cells [18,19]
IL-17b 1.95 �5.35 Interleukin 17B, a potent inductor of IL-6 and IL-8 production by

prostate epithelial and stromal cells [17]
LTA 4.62 �3.78 Lymphotoxin A, produced by lymphocytes, mediates a large variety

of inflammatory, immunostimulatory, and antiviral responses
Cytokine receptors
IL-5Ra 4.51 �4.15 Interleukin 5 receptor alpha, receptor for IL-5

Chemokines
C5 1.04 �3.07 Complement component 5, a protein involved in the complement system
CCL25 4.42 �4.06 Chemokine (C–C motif) ligand 25, chemotactic for macrophages
CXCL2 3.89 �1.43 Chemokine (C–X–C motif) ligand 2, chemotactic for polymorphonuclear

leukocytes [42,43]
SPP1 2.75 �2.33 Secreted phosphoprotein 1 or osteopontin (OPN), immunmodulator and

adhesion protein, involed in chemotaxis and wound healing
Chemokine receptors
CCR4 1.04 �3.76 Chemokine (C–C motif) receptor 4, a receptor for certain CC chemokines
CCR9 1.20 �12.30 Chemokine (C–C motif) receptor 9, the specific ligand of this receptor is CCL25
BLR-1/
CXCR5

2.08 �2.87 Chemokine (C–X–C motif) receptor 5, plays an essential role in B cell
migration [47]

Growth factors
EGF 3.93 �2.47 Epidermal growth factor, potent mitogenic growth factor for prostatic epithelial

cells [20]
IGF-1 1.52 �1.45 Insulin-like growth factor 1, a mitogen for prostatic epithelial cells [15]
IGF-2 �1.15 1.12 Insulin-like growth factor 2, the predominantmitogenic IGFproduced chiefly by

prostatic stromal cells [15,20]
FGF-2 2.64 �2.02 Fibroblast growth factor 2, a potent growth factor for prostatic epithelial and

stromal cells [15]
FGF-7 1.41 �2.07 Fibroblast growth factor 7, a potent mitogen for prostatic epithelial cells [15]
FGF-8 8.07 �4.72 Fibroblast growth factor 8, a FGF family member possessing broad mitogenic

and cell survival activities
FGF-9 1.32 �1.25 Fibroblast growth factor 9, a potent mitogen for both prostatic epithelial and

stromal cells
FGF-14 24.25 �18.90 Fibroblast growth factor 14, involved in cell growth, morphogenesis, tissue

repair, tumor growth and invasion

742 Ricket al.



Therewereno significant changes in themRNAand the
protein levels of LHRH-R in TE-induced BPH and also
after treatment with Cetrorelix (Fig. 6.1A,B). Expres-
sion of LHRH was elevated after Cetrorelix; this is
significant compared to control (Fig. 6.2B). There were
no significant changes in the expression of prostatic
androgen receptor (AR) in TE-induced BPH, while
Cetrorelix significantly downregulated mRNA for
AR and AR protein levels (Fig. 6.3A,B [P< 0.001 and

P< 0.05, respectively]). Prostatic 5a-reductase 2protein
increased after TE treatment compared to control
(P< 0.01); Cetrorelix significantly lowered 5a-reduc-
tase 2 mRNA and protein levels (Fig. 6.4A,B [P< 0.01
and P< 0.05, respectively]).

BindingAssay for LHRHReceptors in Rat Prostate

Receptor analyses revealed a single class of high
affinity binding sites for LHRH in rat prostate

The Prostate

TGF-b superfamily
BMP5 4.29 �1.36 Bone morphogenetic protein 5, function unknown in the prostate
BMP7 4.00 �1.75 Bone morphogenetic protein 7, function unknown in the prostate
TGF-b1 1.23 �1.79 Transforminggrowth factor beta 1, inhibition of stromal cell growthby induction

of differentiation and angiogenesis [13,15,19]
TGF-b2 1.16 �1.41 Transforminggrowth factor beta 2, inhibition of stromal cell growthby induction

of differentiation and angiogenesis [13,15,19]
Angiogenic factors
VEGF-A 1.75 �1.83 Vascular endothelial growth factor A, angiogenesis
VEGF-B �2.64 �1.27 Vascular endothelial growth factor B, angiogenesis
VEGF-C �1.07 �1.03 Vascular endothelial growth factor C, angiogenesis

Multiple genes related to inflammatory response and growth factors were evaluated for expression using real-time PCR via RT2

ProfilerTM PCRArray system. The table lists the genes of interest evaluated and their fold increase or decrease in prostates obtained from
TE treated and TE/Cetrorelix 0.625mg/kg treated rats 42 days after the start of treatmentwith Cetrorelix. Data represent fold differences
of individual gene expression between study groups TE and control prostate or TE/Cetrorelix 0.625mg/kg andTE. Positive valuesmark
upregulation of individual genes, while negative values mark downregulation. Three experiments were run for each study group. The
data were evaluated by two-tailed Student’s t-test. Boldface depicts significant changes (P< 0.05).

Fig. 5. Real-timePCRquantification of variousgrowth factors involvedinprostatic growth and function.Barsrepresent folddifferences of
individual gene expression between prostate samples from (A) TE and CTR (negative control) groups or (B) Cetrorelix 0.625mg/kg and TE
groups. Positive values (>1.00)markupregulation of individual genes, while negative values (<1.00)markdownregulation.Data are shown as
mean� SE.Asterisksindicatea significantdifference (*P< 0.05; **P< 0.01; and***P< 0.001Student’st-test).

TABLE III. (Continued)

Gene

Fold change

Description
TE vs.
control

TE/Cetrorelix
0.625mg/kg vs. TE
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with dissociation constant (Kd of 0.82� 0.12 nM) and
a mean Bmax (maximal receptor binding capacity)
value of 143.0� 3.81 fmol/mg membrane protein.
Non-significant changes were found in Kd or Bmax

values in TE-induced BPH. Bmax for LHRH was
significantly (P< 0.01) reduced to 68.9� 8.28 fmol/mg
membrane protein after Cetrorelix (12.5mg/kg), com-
pared with control; but Kd remained unchanged.

Effect of Cetrorelixon SerumDHT,LH,IGF-1,
and PSA

In TE-induced BPH there was a 10-fold increase
in the serum DHT as compared to control at day 42
(328.52� 44.51 pg/ml [P< 0.001]), while serum DHT
was lowered after all doses of Cetrorelix. A significant

reduction inDHTwas observedwith 1.25 and 12.5mg/
kg doses of Cetrorelix only (146.97� 28.24 and
134.06� 21.73 pg/ml, respectively [P< 0.05]), but not
with 0.625mg/kg. TE markedly decreased serum LH
as compared to control (0.22� 0.02 ng/ml [P< 0.001]).
Cetrorelix caused an additional decrease in serum
LH, however, significant changes were only seen
with the highest dose (0.15� 0.01 ng/ml [P< 0.05]).
Serum PSA and IGF-1 changes were not significant
(Table IV).

DISCUSSION

Clinical data have demonstrated that therapy with
LHRH antagonist Cetrorelix resulted in long-lasting
improvement in LUTS [22,23]. This improvement,

The Prostate

Fig. 6. A: Real-time PCR and B: Western blot analysis of LHRH-R (1), LHRH (2), AR (3) and 5-alpha-reductase 2 (4) in rat prostate after
inductionofBPHwithTEandtreatmentwithCetrorelixatlowdosesof0.625mg/kg.A:Real-timePCRanalysis of individualgenes.Barsrepre-
sent fold differences of individual gene expression between prostate samples fromTE and control groups or Cetrorelix 0.625mg/kg and TE
groups. Positive values (>1.00) markupregulation of individual genes, while negative values (<1.00)markdownregulation.Data are shown as
mean� SE.Asterisksindicatea significantdifference(*P< 0.05;**P< 0.01; and***P< 0.001byStudent’st-test).B:Westernblotanalysisof indi-
vidual proteins showing immunoblot images (a) and corresponding signal intensity values (b).Representative blots are presented and include
60kDa internal standard a-tubulin.Molecularmasses are shown.Data arepresented asmeanof scaled signal intensity values� SE. Asterisks
indicatea significantdifference (*P< 0.05and**P< 0.01byStudent’st-test).
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including reduction in prostate volume and increase in
urinary peak flow rate, appears to be superior to that
produced by a-blockers or 5a-reductase inhibitors [24].
Low doses of Cetrorelix used in recent clinical trials
cause only a partial suppression of pituitary-gonadal
axis and testosterone levels.

In the present study, we have shown that Cetrorelix
significantly reduced prostate weights by 18% in non-
castrating doses of 0.625mg/kg [34]. Histological
observations in our rat model of BPH revealed marked
hyperplastic morphological changes in the prostates of
testosterone-treated BPH animals, while treatment
with a low dose of Cetrorelix (0.625mg/kg) caused an
involution of these hyperplastic changes resulting
in a morphology similar to that of normal animals.
Although inflammation is not a main characteristic of
the BPH model used in this study, we also observed
incidental inflammatory infiltrates in all experimental
groups.

The presence of LHRH and LHRH-R in rat prostate
was demonstrated by real-time PCR andWestern blot.
Furthermore, ligand competition assay detected spe-
cific high affinity receptors for LHRH in rat prostate.
Cetrorelix 0.625mg/kg significantly lowered prostatic
AR and 5a-reductase 2 levels, however, serum DHT
and LH were only slightly decreased. Changes in
serum PSA were not significant after treatment with
Cetrorelix at 0.625mg/kg. Moreover, the expression of
LHRH and LHRH-R and direct antiproliferative effects
of LHRH and its analogs have been demonstrated in
many malignant human tumors [21,40]. Recently we
showed that Cetrorelix inhibits the proliferation of
human prostate epithelial BPH-1 cell line in vitro [41].
These findings suggest that low doses of Cetrorelix did
not impair gonadal function in rats as was also shown
by experimental [34] and clinical findings [22–24].
Prostate shrinkage is a result of direct inhibitory
effects of Cetrorelix exerted through prostatic LHRH

receptors, implies the presence of an LHRH-based
autocrine regulatory system.

Herein, we used real-time PCR arrays to investigate
the beneficial molecular mechanisms of Cetrorelix in a
BPH-model. The analyses showed several proinflam-
matorypathways andgrowth factorswereupregulated
in control animals with induced BPH and markedly
downregulated in Cetrorelix-treated animals. Verify-
ing PCR array results and more precisely determining
changes in gene expression, we studied the expression
of selected proinflammatory and growth factor encod-
ing genes by real-time RT-PCR. Of the 11 genes
analyzed, 9 (IGF-1, EGF, TGF-b1 and-b2, FGF-2, FGF-
7, VEGF-A, IL-1b, and IL-6) showed the same change
pattern as in the PCR arrays, that is, upregulation after
TE treatment and downregulation after Cetrorelix.
These insulin-like, transforming and fibroblast growth
factors and downstream effector molecules as well as a
variety of interleukins, can lead to abnormal stromal
and epithelial prostate cell growth [13,15,17].

Our observation of the transcriptional activation of
inflammatory chemokine ligands (e.g., C5, CCL25, and
CXCL2) and interleukins (e.g., IL-3, IL-5, IL-6, IL-13, IL-
15, and IL-17) in the prostate of rats with induced BPH
is consistent with clinical findings [42] and with
experimental findings in rats [43]. Chemokines pro-
mote neutrophil recruitment and T-lymphocyte infil-
tration and the subsequent progression of the
inflammation associated with BPH. We found that
Cetrorelix significantly lowered transcriptional expres-
sion of several chemokines including C5 and CCL25.

Low doses of Cetrorelix caused a marked reduction
in cytokinemRNA levels for IFN-g, IL-1a, IL-3, IL-4, IL-
5, IL-6, IL-13, IL-15, and IL-17. These cytokines are part
of an inflammatory network in BPH including several
growth factors [4,14,44]. IFN-g, producedby infiltrating
T-cells, is a natural antagonist of growth inhibiting
TGF-b; FGF-2 stimulates growth [13]. IFN-g also

The Prostate

TABLE IV. Effectof TreatmentWithCetrorelixon SerumLevels of DHT,LH,PSA, and IGF-1

DHT (pg/ml) LH (ng/ml) PSA (ng/ml) IGF-1 (ng/ml)

Day �28 Day 42 Day �28 Day 42 Day �28 Day 42 Day �28 Day 42

Control 39.75� 5.61 36.11� 7.84 0.36� 0.02 0.35� 0.02 0.62� 0.21 0.55� 0.35 3.35� 0.53 4.40� 0.22
TE 39.89� 2.03 328.52� 44.51{ 0.35� 0.01 0.22� 0.02{ 0.53� 0.30 0.50� 0.23 4.21� 0.25 4.84� 0.77
TE/Cetrorelix

0.625mg/kg
35.74� 6.40 227.37� 41.63 0.34� 0.03 0.18� 0.01 0.48� 0.18 0.34� 0.06 3.67� 0.27 5.05� 0.49

TE/Cetrorelix
1.25mg/kg

40.44� 7.52 146.97� 28.24* 0.36� 0.02 0.16� 0.01 0.46� 0.25 0.30� 0.14 5.58� 0.25 3.75� 0.33

TE/Cetrorelix
12.5mg/kg

38.62� 4.72 134.06� 21.73* 0.32� 0.05 0.15� 0.01* 0.51� 0.11 0.29� 0.05 4.93� 1.13 4.06� 0.50

Mean� SE.
{P< 0.001 as compared to control; *P< 0.05 as compared to TE. The data were evaluated by two-tailed Student’s t-test.
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stimulates IL-15, thereby augmenting increased influx
of T-lymphocytes [18]. These T-cells further produce
lymphokines such as IL-4 and IL-13, facilitating
formation of active androgens and estrogens by
inducing 3b-hydroxydehydrogenase/isomerase. T-cell
derived IL-17 fine tunes immune response, stimulating
IL-6, IL-8, and IL-1a and b [14,17–19].

In summary, our wide-range analysis of gene
expression in the prostate of rats with testosterone-
induced BPH revealed the transcriptional activation
of several genes including those for proinflammatory
interleukins, chemokines and prostatic growth factors.
The expression of these genes was suppressed in
Cetrorelix-treated animals. These findings suggest
that Cetrorelix exerts its beneficial effects on BPH by
suppressing proinflammatory cytokines and growth
factors at the transcriptional level.

CONCLUSIONS

The results of this study indicate that the reduction
in prostate volume could be due to direct inhibitory
effects of Cetrorelix exerted through prostatic LHRH
receptors as well as transcriptional suppression of
proinflammatory cytokines and growth factors. These
findings shed light on the mechanism of action of
LHRH antagonists in BPH and also suggest a role for
LHRH as a locally acting growth factor in BPH. It is
possible that LHRH antagonists could be clinically
used for therapy of BPH in combination with other
agents.
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