
Abstract. Cutaneous melanoma represents the leading cause
of skin cancer deaths. The prognosis of highly aggressive,
metastatic melanoma is still very poor, due to the resistance of
the disseminated tumor to existing therapies. The clarification
of the molecular mechanisms regulating melanoma growth
and progression might help identify novel molecular targets
for the development of new therapeutic interventions. We
previously showed that gonadotropin-releasing hormone
(GnRH) receptors are expressed in melanoma cells; activation
of these receptors by means of GnRH agonists significantly
reduces cell proliferation. In the current study, we first showed
that GnRH agonists significantly reduced the metastatic
behavior of melanoma cells in terms of both cell motility
(haptotactic assay using laminin as the chemoattractant) and
invasiveness (cell invasion assay evaluating the capacity of the
cells to invade a reconstituted extracellular matrix barrier). On
the basis of this observation, we then investigated the
molecular mechanisms underlying the antimetastatic activity
of GnRH agonists. We found that, in melanoma cells, a) the
activity of the α3 integrin subunit is crucial for the migratory
behavior of the cells; b) GnRH agonists significantly reduced
α3 integrin expression (Western blotting and immuno-
fluorescence studies); c) GnRH agonists significantly reduced
MMP-2 expression (comparative RT-PCR) and activity
(zymographic analysis performed on cell culture media).
These data indicate that GnRH agonists, in addition to the
previously reported antiproliferative effect, elicit a strong
inhibitory activity on the migratory/invasive behavior of
melanoma cells expressing GnRH receptors. These compounds
reduce the metastatic potential of melanoma cells by
interfering with the expression/activity of cell adhesion
molecules (α3 integrin) and matrix metalloproteinase
(MMP-2). 

Introduction

Cutaneous melanoma, the most malignant tumor of the skin,
still represents the leading cause of skin cancer deaths (1,2).
The tumor initially starts with a radial-growth phase (RGP)
which can rapidly progress to a vertical-growth phase (VGP).
In this last stage, melanoma cells are characterized by a high
proliferation rate and by a strong ability to give rise to
metastases (3,4). Although early detection and improved
surgical techniques have led to an absolute increase in patient
survival, the prognosis of highly aggressive, metastatic
melanoma is still very poor, due to the resistance of the
disseminated tumor to existing therapies (5-8). A better
understanding of the molecular mechanisms underlying
melanoma growth, invasiveness and metastatic dissemination
might help identify novel molecular markers for the develop-
ment of new targeted therapeutic interventions. 

The progression of melanoma has been shown to be
associated with changes in the expression and/or activity of
cell adhesion molecules such as integrins and cadherins (9-12)
as well as of enzymes involved in the remodeling of the
extracellular matrix such as matrix metalloproteinases
(MMPs) and urokinase-type plasminogen activator (uPA)
(13,14). Endogenous growth factors known to regulate tumor
vascularization, such as VEGF, have also been shown to play
a crucial role in the acquisition of proangiogenic and metastatic
properties by melanoma cells (11,15,16). However, the
regulation of the synthesis and/or activity of these molecules
is still unclear. Endogenous factors produced either by host
cells or by tumor cells themselves have been proposed to be
deeply involved in these processes (17).

Gonadotropin-releasing hormone (GnRH) is the well
known master regulator of reproductive functions. After being
secreted by hypothalamic neurons into the pituitary portal
vessels, GnRH binds to specific receptors on gonadotropes
and stimulates gonadotropin synthesis and secretion, thus
regulating gonadal functions (18). GnRH agonists, when
administered continuously and at high doses, suppress gonadal
steroid secretion through the desensitization of pituitary GnRH
receptors. On the basis of this activity, GnRH agonists are
successfully utilized for the treatment of hormone-dependent
pathologies, such as steroid-dependent cancers (19-22). GnRH
receptors have been also reported to be expressed in tumors of
the reproductive tract (i.e., prostate, breast and endometrial
cancer), and their activation has been shown to be coupled
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with a significant reduction in tumor cell proliferation and
metastatic behavior (23-27). Thus, it is now believed that,
when utilized for the treatment of hormone-related cancers,
in addition to their suppressive action on the pituitary-
gonadal axis, GnRH agonists might also exert an additional,
specifically targeted, antitumor activity.

In a previous study, we showed that receptors for GnRH
are expressed in human melanoma cells (a tumor classically
unrelated to the endocrine system), and activation of these
receptors by means of GnRH agonists significantly decreased
cell proliferation and motility behavior. These effects are
specific, since they are completely abrogated by GnRH
antagonists (28). On the basis of these observations, the
present experiments were performed to clarify the molecular
mechanisms underlying the antitumor activity of GnRH
agonists on melanoma cells.

Materials and methods

Materials. The GnRH agonist Goserelin acetate (Zoladex, D-
Ser(tBu)6Aza-Gly10-GnRH; GnRH-A) and laminin were
purchased from Sigma Chemical Co. (St. Louis, MO). Mouse
function-blocking antibody against human α3 integrin (MAB
1952Z) and goat polyclonal primary antibody against human
α3 integrin (sc-6592; for Western blotting and immuno-
fluorescence analysis) were from Chemicon (Temecula, CA)
and from Santa Cruz Biotechnology (Santa Cruz, CA),
respectively.

Cell cultures. The human melanoma BLM cell line,
possessing a high proliferative and metastatic potential (29),
was kindly donated by Dr G.N.P. van Muijen (Department of
Pathology, University Hospital Nijmegen, The Netherlands).
BLM cells were cultured in DMEM medium (Seromed,
Biochrom KG, Berlin, Germany), supplemented with 10%
fetal bovine serum (FBS; Gibco, Paisley, Scotland), glutamine
(1 mM), antibiotics (100 IU/ml penicillin G sodium, 100 μg/
ml streptomycin sulfate) and sodium pyruvate (100 nM) in
a humidified atmosphere of 5% CO2/95% air.

Haptotactic assays. To evaluate the motility of BLM cells
towards a chemoattractant, haptotactic assays were conducted
using 48-well Boyden chambers (Neuroprobe, Cabin John,
MD) in which each pair of wells were separated by poly-
vinylpyrrolidone-free polycarbonate porous membrane (8 μm
pore size), as previously described (30). In preliminary
experiments, we found that BLM cells actively migrated
towards laminin (1.5 μg/cm2) (data not shown). This protein of
the extracellular matrix was previously shown to specifically
interact with α3 integrin in melanoma cells (9). Thus, laminin
was utilized in the subsequent experiments. The dose of
GnRH-A utilized throughout all the experiments (10-6 M) was
selected on the basis of previously published observations
(28,30).

Experiment 1. BLM cells were grown for 5 days in
complete medium, either in the absence (controls) or in the
presence of GnRH-A (10-6 M) (28). Cells were then placed in
the open-bottom wells of the upper compartment of a Boyden
chamber (2x105 cells/well) in which the lower surface had
been precoated with laminin (1.5 μg/cm2 membrane). The

lower compartments of the chambers were filled with serum-
free medium. The chambers were kept in the cell culture
incubator for 4 h. Cells that had migrated through the pores
and found adherent to the underside of the membrane were
fixed, stained (DiffQuick kit; Dade, Dudingen, CH) and
mounted onto glass slides. Six random objective fields of
stained cells were counted for each well (eight wells per
experimental group), and the mean cell number of migrating
cells/mm2 was calculated. The effects of GnRH-A on cell
migration cannot be explained by decreased cell proliferation
since the haptotactic assay period is too short (4 h) for detecting
a possible antiproliferative effect (28).

Experiment 2. To clarify the role of α3 integrin in BLM
cell migration, cells were cultured for 1 h in complete medium,
either in the absence (controls) or in the presence of a function-
blocking antibody against α3 (10 μg/ml). Cells were then
harvested and seeded in the open-bottom wells of the upper
compartment of a Boyden chamber (2x105 cells/well) in
which the lower surface had been precoated with laminin
(1.5 μg/cm2 membrane). The experiment was then performed
as described above.

Each experiment was repeated three times. Data were
analyzed by one-way ANOVA followed by Bonferroni's test.

Invasion assay. Cell invasion experiments were conducted
using the QCP™ 24-well Cell Invasion Fluorimetric Assay
(Chemicon) with ECMatrix™-coated inserts, according to the
manufacturer's instructions. This assay provides an efficient
system for a quantitative evaluation of the invasion of tumor
cells through a basement membrane model. BLM cells were
grown, for 5 days, in complete medium, either in the absence
(controls) or in the presence of GnRH-A (10-6 M). At the end
of the treatment, cells were suspended in serum-free medium
and seeded (2.5x105 cells/250 μl) in each insert of a multi-
well plate chamber. In the lower chamber, culture medium
supplemented with 10% FBS was added as the chemo-
attractant. After a 48-h incubation period at 37˚C, the non-
invading cells were removed from the top of the inserts.
Next, the inserts were placed into a well containing a pre-
warmed cell detachment solution (225 μl) and incubated at
37˚C for 30 min. The inserts were removed from the wells,
and a lysis buffer/dye solution was added to the medium
containing the detached cells for 15 min at room temperature.
The mixtures were then read with a fluorescence plate reader
using a 485/515 nm filter set. Fluorescence measurements
were reported as RFU (relative fluorescence unit) values. As
underlined for the haptotactic assay (Experiment 1), the
effects of GnRH-A on cell invasiveness cannot be explained
by decreased cell proliferation since the invasion assay period
is too short (48 h) for detecting a possible antiproliferative
effect (28).

Western blotting. To clarify whether GnRH agonists could
affect the levels of α3 integrin protein, BLM cells were
grown in complete medium for 5 days, either in the absence
(controls) or in the presence of GnRH-A (10-6 M). Cells were
then washed with PBS and lysed with RIPA buffer [50 mM
Tris-HCl (pH 7.7), 150 mM NaCl, 0.8% Triton X-100, 0.8%
sodium deoxycholate, 0.08% SDS, 10 mM EDTA, 100 μM
Na3VO4, 50 mM NaF, 0.3 mM PMSF, 5 mM iodoacetic acid]
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containing leupeptin and aprotinin (1 μg/ml). The extracts
were centrifuged to remove insoluble materials. Protein
contents were determined using the BCA method. Equal
amounts of proteins (60 μg) for each experimental sample
were resuspended in sample buffer, separated by 7.5% SDS-
PAGE polyacrylamide gels, and transferred onto nitrocellulose
membranes. Membranes were blocked in 5% BSA before
incubation at room temperature for 1 h with the primary anti-
α3 antibody (sc-6592; 1:1,000). Detection was carried out
using a horseradish peroxidase-conjugated reagent
(Supersignal Chemiluminescence Detection System, Pierce
Biotechnology Inc., Rockford, IL). The experiment was
repeated three times.

Immunofluorescence analysis. BLM cells were seeded
(15x103 cells/coverslip) on 13-mm glass coverslips coated
with laminin (1.5 μg/cm2) and grown for 5 days in complete
medium either in the absence (controls) or in the presence or
GnRH-A (10-6 M). Cells were then fixed with 3% para-
formaldehyde in 2% sucrose PBS for 10 min and incubated
with the unlabeled anti-α3 primary antibody (sc-6592;
1:100), followed by TRITC-conjugated rabbit anti-goat
secondary antibody (Alexa Fluor 488). Labeled cells were
examined under a Zeiss Axiovert 200 microscope with a
63x1.4 objective lens. Images were captured using the
Metavue program and analyzed using Adobe Photoshop 6.0.
Each staining was repeated three times for three different
preparations for each group.

RT-PCR analysis. BLM cells (2x105/well) were plated in 10-
well plastic dishes and after 2 days were grown, either in the
absence (controls) or in the presence of GnRH-A (10-6 M) for
different time intervals (6, 12, 24, 36, 48 and 72 h). Total
RNA from BLM cells was prepared with the use of the RNeasy
mini kit (Qiagen, Chatsworth, CA), according to the
manufacturer's instructions. Reverse transcription (RT) was
performed on 2 μg of total RNA, and cDNA synthesis was
performed using the Gene AMPkit (Perkin Elmer Cetus,
Norwalk, CT) with an oligo(dT)16 as a primer. For MMP-2
cDNA amplification, PCR was performed for 25 cycles
(94˚C for 45 sec, 59˚C for 1 min, 72˚C for 90 sec) in the
presence of the following primers: upstream primer 5'-GTG
CTGAAGGACACACTAAAGAAGA-3' (2 pmol) and
downstream primer 5'-TTGCCATCCTTCTCAAAGTTGT
AGG-3' (2 pmol) (31). For TIMP-2 cDNA amplification,
PCR was performed for 25 cycles (94˚C for 45 sec, 59˚C for
1 min, 72˚C for 90 sec) in the presence of the following
primers: upstream primer 5'-AAACGACATTTATGGCAA
CCCTATC-3' (2 pmol) and downstream primer 5'-ACAGG
AGCCGTCACTTCTCTTGATG-3' (2 pmol) (31). ß-actin
was amplified using specific sets of primers. After PCR, the
amplified cDNA products were separated on 1.5% agarose
gels stained with ethidium bromide and visualized under
ultraviolet light. The experiments were repeated three times.

Zymographic analysis. BLM cells were seeded in flasks at a
density of 8.5x105 cells/flask. After 2 days, serum-free
medium was added to the culture flasks, and cells were grown
either in the absence (controls) or in the presence of GnRH-A
(10-6 M) for different time intervals (24-72 h). The activity of

MMP-2 in the conditioned medium was assessed by
zymography. The conditioned media, from control and treated
cells, were collected, centrifuged at 8,000 rpm for 10 min at
4˚C and resuspended in non-reducing SDS-polyacrylamide
gel electrophoresis sample buffer. Samples were separated on
7.5% polyacrylamide gels containing 1 mg/ml gelatin. After
electrophoresis, gels were washed three times in 2.5% Triton
X-100 for 10 min, two times in substrate buffer (1X) containing
50 mM Tris-HCl (pH 7.5), 5 mM CaCl2, 200 mM NaCl,
0.02% Brij-35 (Bio Rad), and incubated in the same buffer at
37˚C overnight. Gels were stained for 60 min in 40% methanol/
10% glacial acetic acid containing 0.1% Coomassie Brilliant
Blue R250 and destained in the same solution without
Coomassie Brilliant Blue. MMP-2 activity was visualized in
the gelatin-containing zymograms as clear bands against a
blue background and quantified by densitometric analysis of
zymographic bands. Zymography was performed three times
for each sample.

Results

GnRH agonists reduce melanoma cell migratory and invasive
behavior. In a previous study (28) we showed that GnRH
agonists reduced the motility (chemotactic assay against an
aspecific stimulus, FBS) and the invasive capacity of
melanoma cells, when grown in a Matrigel preparation
(Matrigel gel assay). Experiments were performed to confirm
these observations, by means of different, and more accurate,
experimental techniques. First, we utilized a haptotactic assay
to study the effects of GnRH-A on the ability of BLM cells
to migrate towards laminin. Laminin is a protein of the extra-
cellular matrix, which has been shown to regulate melanoma
cell motility, through its specific binding to the α3 integrin
subunit (9). We observed that pretreatment of BLM cells
(5 days) with GnRH-A significantly reduced their migratory
behavior (Fig. 1A). The effects of GnRH agonists on the
invasive capacity of melanoma cells were investigated by
means of a fluorimetric cell invasion assay, which analyzes
the ability of the cells to invade a reconstituted extracellular
matrix barrier. This method allows a quantitative evaluation
of the effect and, therefore, a statistical analysis of the results.
We found that, when serum-free medium was placed in the
lower compartment of the wells, the invasive properties of
the cells were very low (data not shown). In the presence of
10% FBS-supplemented medium, the cells actively invaded
the extracellular matrix preparation to migrate towards the
chemoattractant; pretreatment of the cells with GnRH-A
significantly reduced their invasive capacity (Fig. 1B).

GnRH agonists reduce α3 integrin expression in melanoma
cells. It was previously shown that different integrins, through
their interaction with proteins of the extracellular matrix, are
deeply involved in melanoma cell motility (9). We performed
preliminary experiments to clarify the role of the α3 integrin
subunit in the control of the migratory behavior of BLM cells,
as previously described for other melanoma cell lines (9). By
means of a haptotactic assay, using laminin as the chemo-
attractant, we demonstrated that, when BLM cells were
grown in the presence of a function-blocking antibody against
α3, the ability of these cells to migrate towards laminin was

INTERNATIONAL JOURNAL OF ONCOLOGY  33:  405-413,  2008 407

405-413  1/7/08  15:43  Page 407



significantly reduced (Fig. 2A and B). Thus, this integrin
subunit, through its binding to the extracellular matrix protein
laminin, plays a crucial role in BLM cell motility. Based on
this observation, we investigated whether GnRH agonists
might exert their antimotility effect by modulating the
expression of this integrin. First of all, immunofluorescence
staining for α3 integrin was performed in BLM cells pretreated
(5 days) with GnRH-A. Fig. 3A shows that, in untreated
control cells, α3 integrin was highly expressed, mainly
localizing at the level of the cell surface; treatment of the cells
with GnRH-A substantially reduced α3 immunofluorescence
staining. In agreement with this observation, we further
demonstrated that GnRH-A, at the same time interval,
significantly decreased α3 integrin expression at the protein
level, as evaluated by Western blot analysis (Fig. 3B).

GnRH agonists reduce MMP-2 expression and activity in
melanoma cells. The matrix metalloproteinases (MMPs) have

been widely shown to play a crucial role in melanoma
progression to metastases (13,14). BLM cells, in particular,
express MMP-2 and its specific tissue inhibitor TIMP-2
(13,31). Experiments have been performed to clarify whether
GnRH agonists might exert their in vitro antimetastatic activity
by affecting the expression and/or activity of the MMP-2/
TIMP-2 system. By comparative RT-PCR, we demonstrated
that GnRH-A substantially reduced MMP-2 expression,
starting at 24 h, with a maximum inhibitory effect at 36 h of
treatment (Fig. 4, upper panel). In the same experimental
conditions, the GnRH agonist did not affect the expression of
TIMP-2 (Fig. 5, upper panel). In both experiments, the
expression of the housekeeping control gene ß-actin was not
modified by GnRH-A (Figs. 4 and 5, lower panels). By
zymographic analysis, we then evaluated whether GnRH
agonists might also reduce the activity of MMP-2 in the
culture media of BLM cells. The densitometric analysis of
the data obtained revealed that GnRH-A significantly reduced
the amount of functionally active MMP-2, with a maximum
effect at 72 h of treatment (Fig. 6 A and B). Thus, activation
of GnRH receptors in melanoma cells exerts a significant
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Figure 2. Effects of a function-blocking antibody against α3 integrin on the
migratory behavior of melanoma cells. BLM cells were treated for 1 h with
a function-blocking antibody against α3. Cells were then seeded in the open-
bottom wells of the upper compartment of a Boyden chamber, for which the
lower surface had been precoated with laminin (chemoattractant). (A)
Stained cells migrating towards the underside of the wells. (B) Statistical
evaluation of the results. Data are expressed as the mean cell number of
migrated cells/mm2 ± SE. *P<0.05 vs. C, controls.

Figure 1. Effects of GnRH-A on melanoma cell migratory (A) and invasive
behavior (B). (A) BLM cells were treated for 5 days with GnRH-A (10-6 M).
Cells were then seeded in the open-bottom wells of the upper compartment
of a Boyden chamber for which the lower surface had been precoated with
laminin (chemoattractant) for the haptotactic assay. Data are expressed as
the mean number of migrated cells/mm2 ± SE. (B) BLM cells were treated
for 5 days with GnRH-A (10-6 M). The invasive ability of the cells was then
evaluated using the QCP Cell Invasion Fluorimetric Assay with ECMatrix-
coated inserts, according to the manufacturer's instructions. Fluorescence
measurements, corresponding to the number of cells that invaded the
Matrigel preparation, were reported as RFU (relative fluorescence unit)
values ± SE. *P<0.05 vs. C, controls.
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inhibitory effect on both the expression and the activity of
MMP-2. 

Discussion

We previously reported that GnRH receptors are expressed in
melanoma cells (BLM and Me15392), and their activation,
achieved by means of GnRH agonists, significantly inhibits
cell proliferation (28). In addition, we showed that these
compounds also reduced the metastatic behavior of melanoma
cells, as evaluated in terms of cell motility and invasive
capacity (data here reported; 28). On the basis of these
observations, experiments were performed to clarify the
molecular mechanisms that might underlie the antimetastatic
effect of GnRH agonists on BLM melanoma cells.  

It is well known that tumor cell invasion and metastases
largely depend on both adhesion (such as integrins) and
proteolytic (such as matrix metalloproteinases, MMPs)

molecules. Therefore, in BLM melanoma cells, we investigated
the effects of the GnRH agonist GnRH-A on integrin and
MMP expression/activity. First, we demonstrated that a
function-blocking antibody against the α3 integrin subunit
significantly reduced the ability of BLM melanoma cells to
migrate towards laminin, a protein of the extracellular matrix.
Thus, α3 integrin, by interacting with laminin, is deeply
involved in the regulation of BLM cell motility, as previously
shown for A375 and Mewo melanoma cells (9). On the basis
of these preliminary observations, we then investigated
whether the expression of α3 integrin might be affected by
GnRH agonists. We demonstrated that GnRH-A substantially
decreased α3 integrin expression, as evaluated by Western
blotting and by immunofluorescence analysis. Among the
different proteolytic enzymes known to degrade the extra-
cellular matrix components, MMP-2 has been specifically
reported to play a crucial role in the regulation of the
metastatic behavior of melanoma cells (14,32). Over-
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Figure 3. Effects of GnRH-A on α3 integrin expression in melanoma cells. BLM cells were treated for 5 days with GnRH-A (10-6 M). The expression of α3
integrin was then analyzed by (A) Western blotting or (B) by immunofluorescence. (A) C, controls. (B) For negative controls, staining was performed in the
absence of the primary antibody against α3 integrin. C, controls.
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expression of MMP-2 has been shown to be associated with
tumor progression in human melanocytic tumors (33-35).
More recently, on the basis of clinical observations, Vaisanen
and coworkers (36) proposed that MMP-2 expression might
represent a strong prognostic marker for melanoma-related
death. In the present study, we demonstrated that, in BLM
melanoma cells, the GnRH agonist GnRH-A significantly
decreased intracellular MMP-2 expression as well as the
MMP-2 gelatinolytic activity in the culture media of the
cells. 

Our results demonstrated that GnRH agonists exert a
significant inhibitory action on both the motility and the
invasive behavior of melanoma cells by reducing the
expression/activity of cell adhesion molecules (α3 integrin)
and of MMP-2. These data, together with the previously
observed antiproliferative effect of GnRH-A on BLM cells
(28), strongly indicate that GnRH agonists may inhibit both
the growth and the metastatic behavior of melanoma cells
expressing the GnRH receptor.

In line with our observations, Keller and coworkers (37)
reported the presence of GnRH receptors in human melanoma
cell lines, as well as in human melanoma specimens derived
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Figure 4. Effects of GnRH-A on MMP-2 expression in melanoma cells.
BLM cells were treated with GnRH-A (10-6 M) for different time intervals
(6-72 h). MMP-2 mRNA levels were analyzed by RT-PCR (upper panel).
The housekeeping gene ß-actin was used as a standard (lower panel). C,
controls. One out of three experiments performed is shown.

Figure 5. Effects of GnRH-A on TIMP-2 expression in melanoma cells.
BLM cells were treated with GnRH-A (10-6 M) for different time intervals
(6-72 h). TIMP-2 mRNA levels were analyzed by RT-PCR (upper panel).
The housekeeping gene ß-actin was used as a standard (lower panel). C,
controls. One out of three experiments performed is shown.

Figure 6. Effects of GnRH-A on MMP-2 activity in the culture media of
melanoma cells. (A) BLM cells, grown in serum-free medium, were treated
with GnRH-A (10-6 M) for different time intervals (24-72 h). The conditioned
media from the cells were collected, and the activity of MMP-2 was
analyzed by zymography. One out of three experiments performed is shown.
(B) Statistical evaluation of the densitometric analysis of the bands obtained
from the zymographic analyses. C, controls.
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from melanoma primary tumors or metastases. However,
these authors did not directly address the specific role of
these receptors in the control of melanoma growth and
metastatic progression. In their study, Keller and coworkers
(37) considered GnRH receptors in melanoma cells as a
molecular target for conjugated compounds consisting of a
GnRH agonist [D-Lys6]GnRH linked to cytotoxic radicals
(doxorubicin or its derivative 2-pyrrolidino-doxorubicin).
Thus, in their studies, these authors utilized the GnRH agonist
as a carrier molecule which, through its binding to GnRH
receptors on melanoma cells, can specifically direct cyto-
toxic compounds to the tumor. Keller and coworkers (37)
demonstrated that the cytotoxic conjugates significantly
inhibit the growth of melanoma xenografts in nude mice.
Their study also demonstrated that the GnRH agonist, when
administered as a single drug, did not exert any significant
effect on tumor growth. However, it must be emphasized that,
in these studies, nude mice bearing melanoma xenografts
were treated only twice with the GnRH analogue (on days 1
and 15 of the experiment), before being sacrificed on day 29.
In a prevous study, in which we addressed the effect of GnRH
agonists on the growth of prostate cancer xenografts in nude
mice, we showed that a continuous release of the compound
from osmotic minipumps, for up to 14 days, was required to
obtain a significant inhibitory action on tumor growth (38).

The presence of GnRH receptors, and their possible role
as molecular targets for GnRH analogue-based antitumor
therapeutical approaches, have been previously shown for
tumors of the reproductive system, both male and female. In
our laboratory, we demonstrated that GnRH receptors are
expressed in prostate cancer cells and that GnRH agonists
significantly reduce both proliferation and the metastatic
behavior of these cells (30,38-42). These compounds exert
their effect by interfering with the growth-promoting and
prometastatic activity of growth factors, such as EGF and
IGF-I (30,43,44). In line with our experimental results, a
direct antitumor activity of GnRH agonists on prostate cancer
is supported by recent clinical observations (45). A direct
antiproliferative and antimetastatic activity of GnRH agonists
was also demonstrated for breast cancer cells (46-48). Yet,
contrasting results have been reported for ovarian cancer.
While it is widely accepted that activation of locally expressed
GnRH receptors significantly decreases ovarian tumor cell
proliferation (24,49,50), a recent study by Cheung et al (51)
seems to suggest that GnRH agonists may stimulate, rather
than inhibit, the motility and the invasiveness of these cells,
through activation of MMP-2 and -9. At present, the reason
for this discrepancy is unclear; however, we believe that the
specific experimental conditions adopted in the different
studies might be responsible (cell lines, dose of GnRH
agonists, length of the treatments).

Finally, in line with our results, GnRH receptors have also
been detected in tumors unrelated to the reproductive system,
other than melanoma (52-54). In particular, van Groeninghen
and coworkers (55) reported the presence of GnRH-binding
sites in biopsies from glioblastoma patients. In light of this, it
must be noted that both glial cells and melanocytes share the
same neuroectodermal origin.

In conclusion, the data reported in this study, together with
our previous observations (28), indicate that GnRH agonists,

through the activation of specific receptors, reduce, not only
the proliferation, but also the migratory/invasive behavior of
melanoma cells. Thus, we suggest that the GnRH receptor
might represent a novel molecular target for the development
of new target-directed therapeutic interventions in melanoma.
As previously mentioned, the prognosis of metastatic
melanoma is still very poor due to its resistance to existing
therapies. Cytotoxic compounds, such as dacarbazine, have
been reported to be associated with a modest anti-tumor
activity but with significant side effects (5,6,56). Immuno-
therapy, performed by both active (vaccination) and passive
(adoptive) approaches, as well as the use of cytokines
(interferon-α, IL-2) have demonstrated only a limited clinical
outcome (7,57). Novel therapeutical approaches, based on the
combination of standard chemotherapy and immunotherapy,
have been proposed and are at present under evaluation (8).
On the basis of these unsatisfactory results, oncologists are
now concentrating their efforts on the development of novel
molecular therapies, based on agents that might interfere with
the biological mechanisms involved in melanoma growth and
progression (56,58-60). Therefore, preclinical studies with
nude mice are currently underway in our laboratory to further
support the possible role of GnRH receptors as novel
biological targets for the improvement of therapeutical
approaches for melanoma.
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