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Summary. Growth hormone releasing hormone receptor
(GHRH-R) mRNA and protein was first localized to the
anterior pituitary gland, consequent with the action of its
ligand on GH synthesis and release. Subsequent studies
found GHRH-R also expressed in the hypothalamus and
in systemic tissues including those of the reproductive
system. In the present work, we studied the distribution
of GHRH-R in human reproductive system of males and
females by immunohistochemical method. GHRH-R
immunostaining was localized in male reproductive
system: Leydig cells, Sertoli and basal germ cells of the
seminiferous tubules and prostate secretory cells.
GHRH-R immunostaining was also demonstrated in the
ovary: oocytes, follicular cells, granulosa, thecal and
corpus luteum cells. Endometrial glands, placenta and
normal mammary glands also showed GHRH-R
immunostaining. Our results demonstrate the
localization of GHRH-R in the reproductive system,
which may mediate the direct action of GHRH in these
tissues. Moreover, GHRH-R was demonstrated in
prostate and breast carcinomas, opening a variety of
possibilities for the use of GHRH antagonists in the
treatment of prostatic and mammary tumors.
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Introduction

The hypothalamic peptide growth hormone releasing
hormone (GHRH) stimulates GH gene transcription,
synthesis and secretion by somatotropes. GHRH also
acts on somatotropic cells to stimulate their proliferation
during development (Mayo et al., 2000; Zeitler and
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Siriwardana, 2000). GHRH may have direct actions in
fetal and placental development, reproduction and
immune function as well. These direct effects may be
achieved by hypothalamic or extrahypothalamic GHRH
(Campbell and Scanes, 1992).

GHRH receptor (GHRH-R) belongs to the
secretin/glucagon/vasoactive intestinal peptide B-III
subfamily of G-protein coupled receptors (Laburthe et
al., 1996; Mayo et al., 1996). In the pituitary gland, its
expression was demonstrated in rat somatotropes (Morel
et al., 1999). Nevertheless, GHRH-R mRNA has also
been demonstrated in different extrapituitary rat tissues
by RT-PCR (Guarcello et al., 1991; Bagnato et al., 1992;
Matsubara et al., 1995; Takahashi et al., 1995; Mayo et
al., 1996), pituitary and kidney (medulla and renal
pelvis) showing the highest GHRH-R expression
(Matsubara et al., 1995).

GHRH-R was also demonstrated in human anterior
pituitary (Morel et al., 1999) and pituitary adenomas
(Lopes et al., 1997; Matsuno et al., 2000). Although
GHRH-R was localized in somatotropes, its expression
seems not to be restricted to GH secreting pituitary
tumors (Hashimoto et al., 1995; Tang et al., 1995; Lopes
et al., 1997; Matsuno et al., 2000). Moreover, Fujinaka et
al. (1996) demonstrated GHRH-R in human kidney but
they did not find any expression in other tissues
including liver, ovary or placenta.

Effects of GHRH on reproductive tissues under
physiological conditions were described. (e.g. granulosa
cell differentiation and oocyte maturation, testosterone
production). GHRH acts on granulosa cells to promote
differentiation and oocyte maturation (Moretti et al.,
1990). On the other hand GHRH act in the modulation
of spermatogonia maturation exerted by Sertoli cells
(Fabbri et al., 1995). It also increases Leydig cell
sensitivity to the gonadotropin stimulation of cAMP and
testosterone production (Ciampani et al., 1992). On the
other hand, GHRH antagonists inhibit the proliferation
of various reproductive tumors including prostatic



698

GHRH receptor in reproductive system

(Jungwirth et al., 1997; Lamharzi et al., 1998; Rekasi et
al., 2000b, 2001), ovarian (Kahan et al., 2000;
Chatzistamou et al., 2001b,c), endometrial (Kahan et al.,
2000) and breast carcinomas (Kahan et al., 2000;
Chatzistamou et al., 2001a).

The aim of the present work was to study the
localization of GHRH-R in human male (testis and
prostate), and female (ovary and uterus) reproductive
systems, as well as in mammary gland, by
immunohistochemical methods using a specific antibody
against GHRH-R. Immunoreactivity for GHRH-R was
investigated in prostate and mammary carcinomas.
Moreover, GHRH-R mRNA expression was also studied
in uterus, mammary and prostate glands, prostate and
mammary carcinomas.

Materials and methods

Normal human and tumor specimens were collected
from the files of the Clinical University Hospital of
Santiago de Compostela (Prof. J. Forteza). The local
internal review board approved the collection and use of
these specimens. Testis, prostate, breast, ovary and
uterus (endometrium at the proliferative and secretory
stage, and atrophic endometrium) (n=6 each) were
collected from recent autopsies (less than 8 h
postmortem) and healthy margins of surgical specimens
(men aged 20-67 and women from newborn to 65 years
old). Surgical samples of prostatic adenocarcinoma
(n=6), and breast carcinomas: ductal carcinoma (in situ
and invasive) and lobular carcinoma (n=6) were also
collected. Moreover, adult rat (Wistar) ovaries were also
obtained in order to study the expression of GHRH-R
during the development of the ovarian follicles.

Tissues were immersion fixed in 10% buffered
formalin for 24 h, dehydrated and embedded in paraffin.
Sections 4 pm thick were collected on Histobond
adhesion microslides (Marienfeld, Landa-K&nigshofen,
Germany).

The GHRH-R polyclonal antibody was produced
and tested as previously described (Boulanger et al.,
1999) and recognizes the specific amino acid sequence
392-404 of the rat pituitary GHRH-R. This C-terminal
intracellular region of the rat GHRH-R exhibits 85%
sequence identity with the human GHRH-R. For
immunohistochemical staining, sections were
consecutively incubated with: 1) 8.85 mg/mL anti-
GHRH-R (392-404) polyclonal antibody in 100 mM
mono-di-phosphate buffered saline 150 mM NaCl, pH
7.4 (PBS) overnight at 4°C; 2) H,0, 3% for 10 min; 3)
horseradish peroxidase-conjugated dextran polymer
system containing anti-rabbit secondary antibodies
(Envision, Dako, Glostrup, Denmark) for 30 min; 4)
0.1% 3,3’-diaminobenzidine tetrahydrochloride (Dako)
for 10 min. Between steps, the sections were washed
twice for 10 min periods in PBS, and after step 4 with
distilled water. Counterstaining was done with
haematoxilin 30 s.

Controls included: 1) preadsorption of GHRH-R

antibody with the homologous antigen (peptide segments
392-404 of rat GHRH-R), 2) substitution of the primary
anti-GHRH-R antibody with normal rabbit serum at the
same concentration as the primary antibody; 3) alternate
use of PBS in place of each essential step of the
technique. Liver was used as negative tissue control.

Probes

To detect human GHRH-R mRNAs two 30
oligodeoxyribonucleotide probes were synthesized
(Eurobio, Les Ulis, France). The probes were
complementary to nucleotides 402-431 (GAG AAG
TAA GAT TCC TCC TCA GCC AGC AGC), and 1305-
1334 (GAT GAG GCA GCC TAG CAC ATA GAT GTC
AGC) according to the reported GHRH-R
complementary DNA sequence (NM 000823). The
probes were 3’ end-labeled with digoxigenin-11-dUTP
(Roche, Meylan, France) and purified as previously
described (Reecher et al., 2001).

In situ hybridization

Deparaffinized and rehydrated sections were
digested with 3 mg/mL proteinase K (Roche) in a Tris
(20 mmol/L)—CaCl2 (2 mmol/L) buffer for 15 min at
37°C and postfixed in paraformaldehyde for 10 min. The
slides were dehydrated in ethanol series and air-dried.
Sections were then covered with hybridization buffer
containing 50% deionized formamide, 10% dextran
sulfate, 4X standard saline citrate (SSC) (1X SSC =0.15
mol/L. NaCl, 0.03 mol/L sodium citrate, pH 7.0), 1X
Denhardt’s solution (50X Denhardt’s solution = 1%
BSA, 1% Ficoll 400, 1% polyvinylpyrolidone), 250
pg/mL yeast transfer RNA, and labels probes (30
pmol/mL of hybridization buffer). In situ hybridization
was performed overnight at 40°C. Sections were washed
twice in 2X SSC for 30 min at room temperature.
Immunodetection of the hybrids was performed with
alkaline phosphatase-conjugated anti-digoxigenin
(Roche) and using NBT-BCIP as chromogen (Roche).
No counterstain was performed. Controls of specificity
of the in situ hybridization included: 1) hybridization
with an excess of unlabeled probe at a ratio of 200:1;
and 2) hybridization with a labelled oligonucleotidic-
sense probe.

Results

GHRH-R immunoreactivity was demonstrated in
different cells of the human reproductive system (Table
1). Human testis (Fig. la) showed GHRH-R
immunoreactivity in the interstitial Leydig and Sertoli
cells. Immunoreactive cells of spermatogenic series were
also observed in the base of seminiferous tubules.
Controls led us to confirm the specificity of the primary
antibody and the technique, i.e. no positive
immunoreaction was observed in the negative controls
(Fig. 1b) or in the negative tissue control (liver) (not
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shown). In the normal prostate gland, secretory cells
displayed a nuclear GHRH-R immunostaining (Fig. 1c).
Prostatic carcinomas studied were positive for GHRH-R.
Immunoreactivity was localized not only in the nuclei
but also in the cytoplasm of tumor cells (Fig. 1d).

Human ovary showed GHRH-R immunostaining in
the oocytes and follicular cells of primordial and primary
follicles (Fig. 2a, b). Granulosa lutein and theca lutein
cells of the corpus luteum were also intensely
immunostained (Fig. 2c). Primordial, primary and
secondary follicles of the rat ovary were positive for
GHRH-R as well (Fig. 3a,b). Immunostaining was
intense in the cytoplasm and nuclei of rat oocytes
throughout all follicular development. As well as in the
human ovary, GHRH-R immunoreactivity was intense in
the rat corpus luteum (Fig. 3c).

GHRH-R immunoreactivity was demonstrated in the
cytoplasm of uterine proliferative endometrial glands
(Fig. 4a). A weak immunostaining was also found in the

nuclei of connective cells of the lamina propria and
myometrium cells. Immunostaining was very weak in
the secretory endometrium (not shown). Moreover,
GHRH-R immunoreaction could be seen in glandular
epithelia of gestational endometrium (Fig. 4b) and it was
absent in atrophic endometrium (Fig. 4c).

First and third trimester placenta showed GHRH-R
immunoreactivity in trophoblast; sincytiotrophoblast and
cytotrophoblast, at the first trimester (Fig. 5a), and
cytotrophoblast at the third trimester (Fig. 5b).
Moreover, immunostained cells were observed in the
stroma of the villi and endothelial cells of capillaries.
Intense cytoplasmic labelling was shown in decidual
cells with nuclear envelope reinforcement (Fig. 5c).

Normal human mammary glands showed GHRH-R
labelling in ductal epithelium, myoepithelial cells and
fibroblasts of lobular loose connective tissue. Positive
reaction at the ductal epithelium was localized in the
cytoplasm and nuclei (Fig. 6a). All breast carcinomas

Table 1. Summary of the GHRH-R immunohistochemical results, its cellular distribution and a relative intensity of immunoreaction. In situ hybridisation

is compared with immunohistochemistry.

IMMUNOHISTOCHEMISTRY

IN SITU HYBRIDIZATION

Testis Spermatogonia C +++ Spermatogonia
Sertoli C +++ Sertoli
Leydig (¢} +++ Leydig
Prostate gland Secretory cells C/IN -/ +++ Secretory cells
Prostate adenocarcinoma Prostatic adenocarcinoma C/IN ++ /[ ++ Prostatic adenocarcinoma
Ovary Oocytes (human) Oocytes
Primordial C +++ Primordial
Primary C +++ Primary
Corpus luteum
Granulosa lutein cells C/IN +++/+
Theca lutein cells C/IN +++/+
Uterus Endometrial glands: Endometrial glands:
Proliferative C +++ Proliferative
Secretory (¢} +
Atrophic -
Gestational (¢} +
Placenta Decidua C/IN +4++/++ Decidua
Villi Sincytiotropholblast of
First trimester third trimester placenta
Cytotrophoblast C/IN ++/+++
Syncitiotrophoblast C/N +H/+++
Third trimester
Syncitiotrophoblast C/N ++/+
Mammary gland Secretory cells C/N +H+++ Secretory cells
Myoepithelial cells C + Myoepithelial cells
Mammary carcinomas Lobular carcinoma C/N +H+H++ Ductal carcinoma
Ductal carcinoma C/IN ++/ +++

C: cytoplasmic GHRH-R immunostaining; N: nuclear GHRH-R immunostaining.
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showed strong GHRH-R immunostaining. No
differences can be observed concerning the intensity of
immunoreactivity between the different histological
types of breast carcinomas (Fig. 6b,c). Some cases
showed a cytoplasmic immunostaining pattern (Fig. 6b)
but immunoreactivity, in other cases, was primarily
nuclear (Fig. 6¢). Fibroblasts and endothelial cells were
positive in both normal tissues and tumors studied.

In order to ascertain the specificity of the
immunohistochemical findings, in situ hybridization
techniques were performed. The results were in good
agreement with those found by immunohistochemical
techniques. GHRH-R mRNA expression was observed
in all tissues studied (some examples were shown in Fig.
7). GHRH-R mRNA was demonstrated in the cytoplasm
of secretory cells of mammary (not shown) and prostatic
glands (Fig. 7a). Uterine glands and fibroblasts of
proliferating (Fig. 7b) and secretory (not shown)
endometrium also showed the blue NBT deposit that
indicates the GHRH-R expression. Prostatic and

mammary tumors, like normal tissue and as before the
immunohistochemistry expressed GHRH-R mRNA,
although the positive reaction was localized in the
cytoplasm of prostatic and mammary carcinoma cells
(Fig. 7c).

Discussion

GHRH-R have been previously demonstrated in
different rat and human tissues by Matsubara et al.
(1995) and Mayo et al. (1996) but to our knowledge this
is the first demonstration of GHRH-R expression in
human reproductive system by two complementary
morphological techniques (immunohistochemical
methods and in situ hybridization). GHRH-R
immunostaining observed in testis was localized in
Leydig cells, Sertoli cells and spermatogonia. Our
results agree with previous data obtained in rats by
Monts et al. (1996) since they demonstrated that GHRH-
R were expressed in all testicular cell types (Leydig,

Fig. 1. a. Male reproductive system. Normal human testicle (21 years old) immunostained for GHRH-R that shows the intense immunoreaction in the
interstitial Leydig cell (L). In the seminiferous tubules Sertoli cells (S) are also immunostained as well as small round cells localized in the basal
compartment (spermatogonia) (arrowheads). b. Preabsorption control in a human testicle that shows no immunostaining. ¢. Normal human prostate
gland immunostained for GHRH-R. Immunoreaction is mainly found in the nuclei of epithelial cells. d. GHRH-R immunoreactivity in an adenocarcinoma
of the prostate. Note that immunohistochemical reaction is localized both in nuclei and cytoplasm of tumour cells. x 300



Fig. 2. Human ovary. a. Micrograph of a human ovary (from a newborn) that shows GHRH-R immunoreaction in the cytoplasm of oocytes and follicular
cells of primordial follicles. Oocytes of primary follicles (b, 14 years old) as well as granulosa lutein (G) and theca lutein (T) cells of corpus luteum cells
(c, 45 years old) also show GHRH-R immunoreactivity. In both cell types immunoreactivity was preferentially localized in the cytoplasm, although some
nuclei show a positive reaction. x 300

Fig. 3. Rat ovary immunostained for GHRH-R. a. Multilaminar primary follicle. Note the intense immunoreactivity of the oocyte (cytoplasm and nuclei).
Some follicular cells also present cytoplasmic immunoreactivity. b. Secondary follicle of a rat ovary displays intense immunostaining in the oocyte
(nuclei and cytoplasm) as well as in the cytoplasm of granulosa and theca cells. ¢. Rat corpus luteum immunostained for GHRH-R. Note the intense
cytoplasmic immunoreaction of the granulosa lutein cells. x 300

Fig. 4. Human uterus (a, ¢ non pregnant, b pregnant human uterus). Proliferative endometrium (a) shows GHRH-R immunostaining in the endometrial
glands and stromal cells. Human gestational endometrium (b) shows a moderate immunoreaction in the cells of endometrial glands. Atrophic
endometrium (c, 65 years old) was not positive for GHRH-R. a, x 150; b, ¢, x 300
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Fig. 5. Normal human placenta. GHRH-R immunostaining in the villi of a human first trimester placenta is localized both in sincytiotrophoblast and
cytotrophoblast (a). Immunoreactivity is stronger in the nuclei than in the cytoplasm. Syncitiotrophoblast of the third trimester placenta is also
immunoreactive (b). GHRH-R immunoreactivity is demonstrated in placental decidual cells. Note the intense cytoplasmic staining and the nuclear
envelope reinforcement (c). a, b, x 300; ¢, x 150

Fig. 6. a. Normal human mammary gland. GHRH-R immunostaining is localized in the glandular epithelium, myoepithelial cells and lobular connective
tissue. b. Ductal carcinoma in situ of breast. Note the intense GHRH-R immunoreaction of neoplastic cells that show cytoplasmic and nuclear pattern.
c. Invasive ductal carcinoma of breast . GHRH-R immunostaining is mainly cytoplasmic. a, x 50; b, ¢, x 300
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Sertoli and germ cells) using RT-PCR on cell fractioning
and cultures. GHRH immunoreactivity and GHRH
mRNA were also found in rat and human testis (Berry et
al., 1992; Srivastava et al., 1993; Fabbri et al., 1995;
Matsubara et al., 1995; Monts et al., 1996). GHRH
might act through its receptor by a paracrine mechanism
exerting a modulatory effect on the gonadotrophin action
over the testosterone synthesis induction by Leydig cells
(GHRH increases the sensitivity of Leydig cells to the
LH/hCG stimulation of cAMP and testosterone
production) and in the modulation of spermatogonia
maturation exerted by Sertoli cells (Ciampani et al.,
1992; Fabbri et al., 1995).

Secretory cells of human prostate showed intense
nuclear GHRH-R immunoreactivity and cytoplasmic
GHRH-R mRNA expression. Mayo et al. (1995) did not
find GHRH-R mRNA in rat prostate using RT-PCR, but
splicing variants of human GHRH-R were identified in
normal prostate and in different human cancer cell lines
including prostatic carcinoma by binding assays and
nucleotide sequence analysis (Rekasi et al., 2000a,b).
Co-expression of GHRH-R and GHRH was also
demonstrated in different prostatic carcinoma cell lines
suggesting that GHRH could have a local
autocrine/paracrine role (Chopin and Herington, 2001).
Moreover, GHRH antagonists inhibit in vivo and in vitro
tumor cell proliferation probably reducing tumor
production of IGF-II (Schally and Varga, 1999; Halmos
et al., 2000; Kahan et al., 2000; Kineman, 2000).

Prostatic carcinoma showed GHRH-R immunostaining
not only in the nuclei but also in the cytoplasm of
tumour cells, showing a distinct immunostaining pattern
from normal secretory prostatic cells.

Human and rat ovary showed GHRH-R
immunoreactivity in the follicles throughout all stages of
development. Oocytes, granulosa and thecal cells were
immunostained. GHRH expression and synthesis was
also reported in rat and human ovary (Brar et al., 1989;
Bagnato et al., 1992; Matsubara et al., 1995). GHRH act
on granulosa cells to promote maturation by amplifying
the stimulatory action of FSH on cAMP production and
granulosa cell differentiation (Moretti et al., 1990).
Gonadotrophins promote the GHRH binding to
granulosa cells and stimulate cAMP production in a
dose-dependent manner (Bagnato et al., 1991). GHRH-R
immunostaining in granulosa and theca cells suggest that
GHRH action is mediated by its specific receptor.
Moretti et al. (1990) and Mayo et al. (1996)
demonstrated GHRH-R mRNA expression using RIA
and RT-PCR in rats, although Matsubara et al. (1995)
reported different results with RT-PCR and Southern blot
hybridization. Such contradictory results may be due to
the number of PCR cycles used in cDNA amplification
as was discussed by Mayo et al. (1996) since the
transcript is present at extremely low levels.

In the endometrial mucosa GHRH-R showed a
differential expression related to menstrual cycle.
GHRH-R immunoreactivity and in situ hybridization

Fig. 7. In situ hybridization in human tissues. Prostatic glands (a), proliferative endometrial glands (b), and invasive ductal carcinoma (c) showed an
intense signal (arrows). The labelling pattern is similar to that obtained by immunohistochemical techniques (compare with figures 1c, 4a, and 6¢
respectively). x 300
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labelling was intense in the proliferative phase both in
glands and stromal cells. Gestational endometrium and
decidual cells also showed intense GHRH-R
immunostaining, although it was nearly absent in
atrophic endometrium. Our results in human uterus
differ from those of Mayo et al. (1996) since they have
not found GHRH-R expression in rat uterus with RT-
PCR. Such discrepancies may be due to differences
interspecies and/or different methods employed. GHRH
was demonstrated in endometrial tumors of the
endometroid type (Chatzistamou et al., 2002). GHRH
immunoreactivity was mainly localized in the cytoplasm
although three cases also had strong nuclear
immunoreaction. These authors also suggest a paracrine
or autocrine role for GHRH in the development of the
disease.

The demonstration of GHRH-R in human placenta is
consistent with the findings of Mayo et al. (1996) in rat
placentas where they have found GHRH-R mRNA using
RT-PCR. On the other hand, Matsubara et al. (1995) and
Fujinaka et al (1996) did not detected GHRH-R mRNA
in rat placenta. This may be due, as was discussed by
Fujinaka et al. (1996), to the probe used that would not
detect all the possible regions of GHRH-R.

GHRH-R was localized in human mammary gland
(epithelial glandular cells and myofibroblasts, and in
lobular stromal cells). We have also demonstrated using
in situ RT-PCR the expression of the hGH in the
epithelial cells and some fibroblasts of the mammary
gland (Raccurt et al., 2002). In agreement with the
results of Mol et al. (1995a,b), we observed a more
prominent signal for hGH mRNA in the neoplastic
epithelial cells than in normal mammary tissue. We
hypothesized that locally produced hGH, per se, or
increase in the local concentration of hGH may alter the
proliferative behaviour of mammary epithelial cells.
Although an anti-apoptotic effect of GH as was
demonstrated by other groups in different cancer cell
lines including carcinoma cell lines (Graichem et al.,
2002). The role of autocrine produced hGH in mammary
carcinoma was studied by stable transfection of the hGH
gene or a translation deficient gene into MCF-7 cells
(designated MCF-hGH and MCF-MUT respectively).
Indeed, we observed a marked increase in MCF-hGH
cell number in both free serum and serum containing
media in comparison to MCE-MUT cells (Kaulsay et al.,
1999). Interestingly the increase in cell number observed
in the MCF-hGH cell line is achieved with extremely
low concentrations of hGH of around 100 pM under the
experimental conditions utilized. Conversely, GHRH
antagonists inhibit the growth of human breast
carcinoma cells and diminish the metastatic potential of
cancer cells (Chatzistamou et al., 2001). Using RT-PCR
these authors demonstrated the expression of mRNA for
GHRH-R splice variant-1 in breast cancer cells. This
effect could be due to inhibition of autocrine hGH
production.

In the present study, the receptors for GHRH were
found not only in the cytoplasm but also in the nuclei.

The cytoplasmic and nuclear GHRH-R immunostaining
was not surprising because other membrane receptors
showed similar immunostaining patterns. GH and PRL
receptors show cytoplasmic and nuclear staining
(Mertani et al., 1995, 1998; Lincoln et al., 1998; Garcia-
Caballero et al., 1996, 2000). An internalization process
may explain GHRH-R immunoreactivity in the
cytoplasm and nuclei. In fact, such internalization has
been demonstrated for GHRH (Morel, 1994; Veyrat-
Durebex et al., 2005). Internalization of human GHRH
(1-29)NH, (Fluo-GHRH) is clathrin-dependent, while in
the rat is caveolin-depended. Upon internalisation
GHRH is mainly directed to lysosomes. De novo
synthesis and recycling maintain the optimal
concentration of functional concentration at the plasma
membrane level (Veyrat-Durebex et al., 2005).
Moreover, GHRH-R was localized, by ultrastructural
immunocytochemistry, in the secretory granules, cytosol
and nucleus of somatotrope cells (Morel et al., 1999).
Nevertheless, the GHRH-R role as a putative nuclear
import signal for GHRH will deserve further
investigation.

Antagonists of growth hormone-releasing hormone
(GHRH) inhibit the proliferation of various human
cancers (Schally et al., 2001), including prostatic
(Jungwirth et al., 1997; Lamharzi et al., 1998; Rekasi et
al., 2000b, 2001), ovarian (Kahan et al., 2000;
Chatzistamou et al., 2001b,c), endometrial (Kahan et al.,
2000) and breast carcinomas (Kahan et al., 2000;
Chatzistamou et al., 2001a), in vitro and in vivo.
Apparently GHRH antagonists act directly through
specific binding sites expressed on tumor cells that differ
from pituitary human GHRH-R (Rekasi et al., 2000a)
and rat renal medulla (Boulanger et al., 2002). Similarly,
GHRH antagonists inhibit the growth of UCI-107
ovarian cell carcinoma via a direct effect on the cancer
cells (Chatzistamou et al., 2001b). Because of the
structural homologies between the sequences of GHRH
and VIP peptides and their receptors, analogs of GHRH
usually bind to both GHRH-R and VIP receptors
although with different affinities. Rekasi et al (2000b, c)
reported antagonists (e.g. JV-1-36) that have
predominant GHRH antagonistic effect. JV-1-36 was
demonstrated to significantly decrease the tumour
growth, the IGF-II concentration in tumours, and the
tumorigenicity of UCI-107 cells (Chatzistamou et al.,
2001b). Moreover, different reports (Rekasi et al.,
2000a; Halmos et al., 2002; Plonowski et al., 2002) have
recently demonstrated that cell lines of human prostate
cancer express splice variants 1 and 2 of GHRH-R.
Among these truncated forms of GHRH-R, the splice
variant 1 displays the greatest similarity to the pituitary
GHRH-R and is predominantly detected in the human
experimental cancer models, including prostate, and
mammary carcinomas (Rekasi et al., 2000a; Halmos et
al., 2002) as well as in primary endometrial carcinoma
(Kiaris et al., 2003). Nevertheless, the GHRH-R
localization using different techniques, not only
immunohistochemistry but also in situ hybridisation,
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with similar results supports the presence of the GHRH-
R in peripheral tissues of the reproductive system.

In conclusion, we have shown by immunohisto-
chemical and in situ hybridization the presence of
GHRH-R in normal reproductive system and in
carcinomas of prostate and breast. These results suggest
a direct action of GHRH-R on these tissues and could
raise the possibility of new therapeutic strategies in these
tumours.
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