
G
c

K
A
M
E
a

b

c

d

e

f

g

a

A
R
R
1
A
A

K
G
R
N
H
B
C

1

d
c
t
i
m
d

d

0
h

Peptides 42 (2013) 15–24

Contents lists available at SciVerse ScienceDirect

Peptides

j ourna l ho me pa ge: www.elsev ier .com/ locate /pept ides

onadotropin-releasing  hormone  neuropeptides  and  receptor  in  human  breast
ancer:  Correlation  to  poor  prognosis  parameters

alliopi  Pazaitou-Panayiotoua,  Christina  Chemonidoub, Aliki  Poupib, Maria  Kouretab,
thina  Kaprarab,  Maria  Lambropoulouc,  Theodoros  C.  Constantinidisd,  Grammati  Galaktidoua,
aria  Koffae,  Anastasia  Kiziridoua,  Stylianos  Kakolyris f, George  Koliosb,  Alexandros  Kortsarisg,

katerini  Chatzakib,∗

Department of Endocrinology – Endocrine Oncology, “Theagenio” Cancer Hospital, Thessaloniki, Greece
Laboratory of Pharmacology, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece
Laboratory of Histology-Embryology, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece
Laboratory of Hygiene and Environmental Protection, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece
Laboratory of Cellular and Molecular Biology, Department of Molecular Biology and Genetics, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece
Department of Oncology, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece
Laboratory of Biochemistry, Faculty of Medicine, Democritus University of Thrace, Alexandroupolis, Greece

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 4 September 2012
eceived in revised form
4 December 2012
ccepted 17 December 2012
vailable online 31 December 2012

eywords:
onadotropin releasing hormone
eceptor
europeptide
uman

a  b  s  t  r  a  c  t

Expression  of  the two  gonadotropin-releasing  hormone  homologue  peptides  GnRHI  and  GnRHII and  their
receptor GnRHR  has  been  demonstrated  in a number  of  malignancies.  In hormone-dependent  breast  can-
cer, GnRH  analogs  are  used  for therapy  in  premenopausal  women.  Gene  expression  of  GnRHI,  II and  R
was  studied  in breast  biopsies  from  primary  breast  adenocarcinoma  obtained  from  the  tumor  and  the
adjacent  benign  tissue.  Levels  were  evaluated  by a multiplex  real-time  RT-PCR.  GnRHI  transcripts  were
detected  in  14.7%  of the  benign  and  29.4%  malignant  biopsies  and  GnRHII  in  21.2%  benign  and  44.1%
malignant  biopsies.  GnRHR  was also  more  frequent  in  the  malignant  (54.2%)  than  in  the  benign  (24.0%)
biopsies,  at  similar  expression  levels.  No transcripts  were  detected  in  biopsies  from  healthy  individuals.
There  was  a  strong  correlation  between  the  presence  of GnRHI  and  GnRHII  transcripts  and  their  receptor
in  the  benign  and the  malignant  biopsies.  GnRHI,  II and  R  expression  correlated  significantly  with  poor
prognosis  pathological  parameters.  Immunohistochemistry  for GnRHR  revealed  expression  in  malignant
reast
ancer

cells  and  in  epithelial  cells  of mammary  ducts  of the  adjacent  area  with  pre-cancerous  features.  In con-
trast,  GnRH  I  and  II peptides  were  rarely  expressed  at low  levels  in  breast  cancer  cells.  In  conclusion
GnRH  peptides  and  receptor  are  expressed  more  frequently  in breast  tumors  than  in the  adjacent  mam-
mary  tissue,  representing  a malignant  feature.  Their  expression  correlated  to  tumor  characteristics  of
poor prognosis  and  was  therefore  related  to  more  aggressive  malignancies.  Concomitant  expression  of
peptides  and  receptor  supports  an  autocrine/paracrine  regulating  role.
. Introduction

Gonadotropin-releasing hormone (GnRH) is a decapeptide pro-
uced in the hypothalamus [10]. It interacts with a G-protein
oupled receptor (GnRH R) in the anterior pituitary [23], controlling
he gonadal function in both sexes. Two human isoforms have been

dentified, namely GnRH-I and GnRH-II. The first is the hypothala-

ic  isoform responsible for the secretion of LH and FSH. The second
iffers by three amino acids [6,27] and is widely distributed in
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the central and peripheral nervous system. It is also expressed at
significantly higher than GnRH I levels outside the brain and it has
been shown to act as a neuromodulator in the behavioral compo-
nents of reproduction [16,27,28].

GnRH peptides and GnRH R have been found in extra-
pituitary tissues and tumors of the reproductive and other systems
[4,20,29,34,2]. Extrapituitary GnRH binding sites are often asso-
ciated with many novel cellular responses [7]. Furthermore,
expression of GnRH R seems to be related with advanced cancer
stage in ovarian carcinomas [8].
The GnRH system has been reported to play an
autocrine/paracrine role in the inhibition of cellular growth and
metastatic potential in breast cancer cell lines [24,35], and breast
tumor regression in nude mouse [14,26].  However, its expression
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as associated with a protective effect on the chemotherapeutic
rug-produced apoptosis [30]. As GnRH agonists (or antagonists)
how clinical benefit when used as adjuvant pharmacotherapy in
remenopausal breast cancer patients [13], the study of the GnRH
ystem of neuropeptides and receptor in breast tumors remains
merging.

In the present study, the expression of the two GnRH neuro-
eptide genes (GnRH I, II) and their receptor was evaluated in

 series of biopsies from primary breast cancers in a quantita-
ive manner by multiplex real-time RT-PCR. Transcript levels from
he malignant tissues were compared to these from the adjacent
on-neoplastic tissue and tissues without malignancy, and were
orrelated to multiple clinicopathological and demographic param-
ters and clinical output in order to reveal potential prognostic
r diagnostic value. Finally, histological mapping of peptide and
eceptor expression in breast cancer biopsies was done by immuno-
istochemistry, to reveal specific target cellular types.

. Materials and methods

.1. Tissues

Patients newly diagnosed with primary breast adenocarcinoma
n the “Theagenio” Cancer Hospital, Thessaloniki, Greece were
nrolled in the study. Biopsies were obtained from the tumor and
he adjacent non-neoplastic tissue. Diagnosis was  confirmed by
he histological examination in all patients. Full medical history,
ollow-up and histopathological data were available. Patients have
ot been receiving any hormonal treatment chemotherapy or radi-
tion. Patients with previous or present neoplastic disease at any
ther site were excluded from the study. Biopsies without signs of
alignancy or other pathology obtained for diagnostic use were

lso used. Human term placenta was obtained by the Obstetrics
nd Gynecology Department of the General University Hospital
n Alexandroupolis. The project was approved by the local Ethical
ommittee. Consent has been obtained from each patient after full
xplanation of the purpose and nature of all the procedures used,
n accordance to the Helsinki Declaration. Tissue samples were
tored in RNAlater (Invitrogen, Carlsbad, CA) at −80 ◦C until used for
T-PCR. Breast cancer tissue sections were also taken from paraffin-
mbedded archival files and used for immunohistochemistry.

.2. Cell culture

The human breast cancer cell lines MDA  MB231, MCF7 and
47 were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
upplemented with 10% fetal calf serum (FCS) and 1% peni-
illin/streptomycin (all purchased from Invitrogen, UK), at 37 ◦C in

 5% CO2 humidified atmosphere. Cells were plated at a concentra-
ion of 2 × 105 cells/ml and were harvested for total RNA extraction
hen they had reached approximately 80% confluence.

.3. Multiplex real-time quantitative RT-PCR

Total RNA was extracted from biopsies using Trizol Reagent,
ccording to the manufacturer’s instructions. Reverse transcrip-
ion (RT) was performed using the SuperScript Preamplification
ystem (Invitrogen) and random hexamers in a total volume of
0 �l. Two microliter of the same RT product was used as a tem-
late for each gene, amplified by PCR using 2 mM MgCl2, PCR buffer,
.2 mM of sense and antisense primers, 0.2 mM dNTPs and 2.5 U
aq Polymerase (Invitrogen) in a final reaction volume of 50 �l.

uantitative PCR was performed using the Light Cycler MX3005P

Stratagene, La Jolla, CA) with the following cycling parameters:
 pre-amplification cycle (denaturation for 10 min  at 95 ◦C), 40
ycles of amplification (denaturation for 30 s at 95 ◦C, annealing
eptides 42 (2013) 15–24

for 40 sec at 53 ◦C, 54 ◦C, 50 ◦C for GnRH I, GnRH II and GnRH R
respectively, and extension for 50 s at 72 ◦C), and a final dissocia-
tion cycle (1 min  at 95 ◦C, 40 s at 57 ◦C and 30 sec at 95 ◦C). Primers
were designed according to the GenBank published sequences as
follows: for human GnRH R sense 5′-CCTTGTCTGGAAAGATCCGA-
3′ and antisense 5′-GGAGCGGTCCAGGCTGAT-3′ [33], for human
GnRH I sense 5′-CTACTGACTTGGTGCGTGGA-3′ and antisense 5′-
CTGCCCAGTTTCCTCTTCAA-3′ and for human GnRH II sense 5′-TCC-
TGCTGCTGCTGACTG-3′ and antisense 5′- CTAAGGGCATTCTGGG-
GAT-3′ [25]. Product sizes were 319, 240 and 119 bp for GnRH
R, GnRH I and GnRH II respectively. Reactions in duplicate were
carried out using the SYBER Green MM QPCR Brilliant mix (Strata-
gene), 0.4 �M of each primer, 2 mM MgCl2 and 0.5 �L of cDNA in a
final volume of 20 �L. Results were calculated using MaxPro QPCR
Software Version 4.0 (Stratagene) using the comparative threshold
cycle method. Analysis of relative gene expression data was per-
formed according to the 2−��CT method [21] using �-actin as a
reference gene and RNA from human placenta as a positive control.
Results are expressed as the mean from duplicate values of gene
expression in relation to �-actin in the same RNA preparation. Sam-
ples with poor �-actin gene amplification were excluded from the
study. Negative control samples, where no RT enzyme was added
(no RT) or without DNA template (no DNA), were included in every
assay in order to exclude the possibility of genomic or other DNA
contamination.

2.4. Immunohistochemistry

Immunohistochemistry was conducted as previously described
[32]. Briefly, tissue specimens were fixed in formalin and embed-
ded in paraffin. Sections (4 �m)  were deparaffinized, rehydrated,
and treated with 0.3% H2O2 for 5 min  in methanol. Slides were
incubated for 75 min  with primary mouse monoclonal antibodies
for human GnRH R (ab22168, Abcam, UK), GnRH I (HU11B, San-
taCruz Biotechnology Inc., CA, USA) and GnRH II (D-9, SantaCruz
Biotechnology Inc.) diluted 1:250, 1:100 and 1:100 respectively
in 10% normal mouse serum in PBS. Negative control slides were
incubated for the same period with normal mouse serum IgG.
Immunostaining was detected by the Kwik Kit (Thermo Shan-
don, Pittsbutgh, PA, USA). Finally, bound antibody complexes were
stained for 10 min  with 0.05% diaminobenzidine, counterstained
with Mayer’s hematoxylin, mounted and examined under an Olym-
pus BX40 microscope.

2.5. Statistical analysis

All measurements were done in duplicate. Statistical signifi-
cance was assessed by Mann–Whitney U–Wilcoxon Rank Sum W
Test, using the SPSS 17.0 statistical software (SPSS Inc., Chicago,
IL, USA). Group differences were assessed by chi square test. Sig-
nificance was  set at a p value < 0.05. Analysis of the data in pairs
of benign and malignant biopsies from the same patient was  per-
formed by the McNemar test. Kaplan Meier survival analysis was
also performed.

3. Results

3.1. Patient and tumor information

Thirty-five women with primary breast cancer were enrolled in
the study, with mean age 61 ± 13 years, mean BMI  28.9 ± 5.4 kg/m2

and mean age of menarche 13 ± 1.3 years. At the time of diagno-

sis, 27/35 (71.4%) were menopausal with mean age of menopause
48.5 ± 3.9 years. Two of them did not report any history of
pregnancy, whereas for the rest the mean number of full-term preg-
nancies was  1.9 ± 0.8, with mean age of first pregnancy 25.1 ± 4.3
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Table  1
Patient’s histopathological findings.

Characteristic No. of patients Percentage

Tumor size
<2 cm2 14/35 40.0
>2 cm2 21/35 60.0
Type
Duct and other 30/35 85.7
Lobular 5/35 14.3
Grade
I  6/35 17.1
II 18/35 51.4
III  8/35 22.9
IV 3/35 8.6
Infiltration
No  19/35 54.3
Yes  16/35 45.8
Lymph nodes
0 15/35 42.9
1  6/35 17.1
>2 14/35 40.0
Metastasis
no 32/35 91.4
yes  3/35 8.6
Estrogen receptors
(+) 25/35 71.4
(−)  10/35 28.6
Progesterone receptors
(+) 22/35 62.8
(−)  10/35 27.2
c-erbB2
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(+)  12/35 34.2
(−)  23/35 65.8

ears and mean duration of lactation for all children 11.2 ± 12.8
onths. Mean value for pregnancy terminations was  0.8 ± 1.0. One

f them (2.85%) reported alcohol consumption (≤250 ml/day of
rink with 5–10% alcohol) and 4/35 (11.4%) had been adminis-
ered contraceptive pills (0.25–2 years). Their education level was
t 21/35 (60.0%) basic, 10/35 (28.5%) high-school and 4/35 (11.4%)
niversity. 17/35 (48.5%) had family history of malignancy and 5/35
14.2%) in breast. 3/35 (8.5%) had been previously diagnosed with
enign breast disease. None of the patients had received radiation
or any reason or had history of other malignancy or syndrome.

The clinicopathological findings of the tumors by patholog-
cal examination based on the TNM system of the American
oint Committee on Cancer, used in the study are shown in
able 1.

Follow-up for 24–68 months showed disease relapse in 4/32
12.5%) cases. In 3 patients follow-up was not possible. One patient
eveloped endometrial adenocarcinoma 36 months after initial
iagnosis, and exacerbation was reported in the patient with liver
etastasis. At the completion of the study, 26/32 (81%) patients
ere disease-free, 4/32 (13%) still had disease and 2/32 (6%) died.

.2. Levels of gene expression of GnRH neuropeptides and
eceptor in breast cancer biopsies

GnRH I, II and R gene expression was examined by comparative
eal-time RT-PCR in human breast cancer biopsies and in the adja-
ent non-malignant tissue. PCR products were denaturating at the
ame temperature as the product from human term placenta used
s positive control.

GnRH I gene transcripts were found twice as frequently in the
alignant (10/34, 29.4%) than the benign biopsies (5/34, 14.7%)

xamined. Transcript levels did not differ between benign and

alignant biopsies in a statistically significant manner, being

2 × 10−3 ± 60 × 10−3 and 129 × 10−3 ± 95 × 10−3, respectively.
hen analysis was performed in pairs of benign and malignant

iopsies from the same patient, it was found that in 18/26 (69.2%)
eptides 42 (2013) 15–24 17

cases both biopsies were negative, in 4/26 (15.4%) only the malig-
nant biopsy was positive, in 2/26 (7.7%) only the benign biopsy was
positive and in 2/26 (7.7%) both biopsies were positive (Fig. 1).

GnRH II transcripts were found in 7/33 (21.2%) of the benign
biopsies examined and in 15/34 (44.1%) of the malignant biopsies
and this difference was  statistically significant (p = 0.04). Transcript
levels, as compared to the expression levels found in human term
placenta, did not differ between benign and malignant biopsies in
a statistically significant manner, being 17 × 10−3 ± 11 × 10−3 and
55 × 10−3 ± 30 × 10−3 respectively. When analysis was performed
in pairs of benign and malignant biopsies from the same patient,
it was  found that in 12/24 (50.0%) cases both biopsies were nega-
tive, in 7/24 (29.2%) only the malignant biopsy was positive, in 3/24
(12.5%) only the benign biopsy was positive and in 2/24 (8.3%) both
biopsies were positive (Fig. 2).

GnRH R gene expression was found to be more frequent in the
malignant biopsies (13/24, 54.2%) compared to the benign biopsies
(6/25, (24.0%), in a statistical significant manner (p = 0.05). GnRH
R transcript levels, expressed in relation to human term placenta,
were also higher in the malignant tissues (430 × 10−3 ± 365 × 10−3)
in comparison to the benign (91 × 10−3 ± 54 × 10−3) although this
difference was not statistically significant. When analysis was per-
formed in pairs of malignant and benign biopsies from the same
patient, the following pattern was revealed regarding GnRH R
expression; in 8/16 (50.0) patients GnRH R transcripts were absent
in both biopsies, in 4/16 (25.0%) were present in both biopsies, in
4/16 (25.0%) GnRH R was expressed only in the malignant tissues,
whereas in none (0.0%) of the patients transcripts were found in
the benign but not in the malignant biopsy (Fig. 3).

Interestingly, statistical analysis revealed a correlation between
GnRH R gene expression in the tumor biopsy and in the correspond-
ing adjacent area (p = 0.021). No such significant correlation was
found for the two  neuropeptide genes. However, receptor expres-
sion in the benign tissue correlated positively with the presence of
GnRH I (p = 0.019) but not GnRH II transcripts (p = 0.062) in the same
tissues. In addition, receptor expression in the malignant biopsies
correlated positively with the presence of GnRH I (p = 0.008) and
also GnRH II transcripts (p = 0.001). Finally, there was a strong sta-
tistically significant correlation (p < 0.0001) regarding the presence
of GnRH I and GnRH II transcripts in both the benign and the malig-
nant biopsies. Breast biopsies from 5 patients that were diagnosed
to have no malignancy where found to express none of the three
genes.

Statistical analysis was  performed in order to reveal significant
correlations of GnRH neuropeptide and receptor expression and
expression levels with any of the patient histopathological char-
acteristics, including tumor size, type, grade, infiltration, lymph
nodes, metastasis, estrogen or progesterone receptors and c-erbB2.
Detection of GnRH I in the cancer biopsies correlated significantly
with the size of the tumor (p = 0.04), while detection and increased
expression levels correlated with infiltration (p = 0.02). Expres-
sion levels of GnRH I in the adjacent benign biopsies correlated
significantly with the absence of PR (p < 0.001) and presence c-
erbB2 (p = 0.05) in the tumor, whereas expression levels of GnRH
II correlated with absence of ER. In addition, the levels of GnRH
R expression were correlated with infiltration (p < 0.001), whereas
the presence of GnRH R correlated with higher BMI  (p = 0.04).

No other statistical correlation was  found between the expres-
sion of the three genes and the histopathological characteristics of
the tumors as well as with age, weight, height, BMI, age of menar-
che, children birth, age of first pregnancy, duration of lactation,
age of menopause, abortions, alcohol use, education level, famil-

ial breast history, familial cancer history and benign breast disease
of the patients. Finally, no correlation was found between GnRH I
and II and GnRH R expression in both benign and malignant tissues
with disease relapse and patient survival (Kaplan Meier analysis).
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Fig. 1. Detection of GnRH I gene transcripts in malignant and adjacent benign biopsies from breast tumors by real-time PCR following reverse transcription of total RNA
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xtracts. (A) Presence of GnRH I transcripts and percentages of positive tissues. (B
ars  the standard deviation between measurements. (C) Expression in malignant b

.3. Levels of gene expression of GnRH neuropeptides and
eceptor in breast cancer cell lines

Expression of the three genes was also examined in the human
reast cancer cell lines MDA  MB231, MCF7 and T47. All cell

ines expressed low levels of GnRH I (0.50 × 10−3, 0.06 × 10−3 and
4.70 × 10−3 units in relation to human placenta, respectively) and
nRH II (0.60 × 10−3, 0.05 × 10−3 and 16.70 × 10−3 units in relation
o human placenta, respectively), whereas GnRH R was  found in
DA  MB231 and MCF7 (3.4 × 10−3 and 0.2 × 10−3 units in relation

o human placenta, respectively), but not in T47.
ls of gene expression. Bars represent means between all positive tissues and error
s in relation to their adjacent benign tissue.

3.4. Expression of GnRH peptides and GnRH R protein in breast
cancer biopsies

Immunohistochemical analysis was  used in order to detect
GnRH peptides and GnRH R protein expression in 16 human breast
tumor biopsies and to localize it at histological and cellular level.
Immunoreactivity for GnRH I was  found in breast cancer cells
in 5 out of 16 tissues (31.25%), localized in perineural invasions,

implants and macrophages (Fig. 4). Similarly, the majority of the
tumors were negative for GnRH II. Immunoreactivity was  found in
5 out of 16 tissues, being also positive for GnRH I, in breast cancer
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Fig. 2. Detection of GnRH II gene transcripts in malignant and adjacent benign biopsies from breast tumors by real-time PCR following reverse transcription of total RNA
e ) Leve
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xtracts. (A) Presence of GnRH II transcripts and percentages of positive tissues. (B
ars  the standard deviation between measurements. (C) Expression in malignant b

ells and in cancer implants, and in infiltrating macrophages
Fig. 5). Epithelial cells of cancerous implants of a mucinous
arcinoma studied were positive for both GnRH I (Fig. 4C) and II
Fig. 5C). Immunoreactivity in all cases was cytoplasmic and mild,
ot uniform in all areas of the tissue section but rather occasional.
he adjacent to the tumor area showed no immunoreactivity for
oth antibodies. Human term placenta, used as a positive control,
howed strong cytoplasmic immunoreactivity (Figs. 4E and 5E). No
pecific staining was found in any cell type after replacement of

he primary antibody by non-specific mouse IgG (negative control
n placenta and breast cancer, Figs. 4F and 5F respectively).

Tissue sections were also stained using monoclonal antibod-
es against the N-terminus of human GnRH R. Representative
ls of gene expression. Bars represent means between all positive tissues and error
s in relation to their adjacent benign tissue.

areas of the sections are presented in Fig. 6. Positive GnRH R
staining was localized in malignant cells of the tumor which var-
ied in size and shape (A–C) and in the cancerous implants of
ductal in situ carcinoma of solid type with (B) or without (A)
inflammation (aggregates of periductal mononuclear inflamma-
tory cells), and in macrophages scattered in a negative stroma.
Immunostaining was clearly membranic but also cytoplasmic (C).
In the adjacent to the tumor area, epithelial cells of mammary
ducts presenting features of atypia, lack of polarity, enlarged

nuclei, prominent nucleoli and numerous mitosis, showed some
immunoreactivity for the GnRH receptor, mainly cytoplasmic
(B). Finally, cancer cells of perineural invasions were negative
(D).
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Fig. 3. Detection of GnRH R gene transcripts in malignant and adjacent benign biopsies from breast tumors by real-time PCR following reverse transcription of total RNA
extracts. (A) Presence of GnRH R transcripts and percentages of positive tissues. (B) Levels of gene expression. Bars represent means between all positive tissues and error
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. Discussion

The two GnRH neuropeptides (GnRH I and II) and their receptor
re key players of the nervous system control on the reproduc-
ive function. Their expression however has also been clearly
stablished in many extra-pituitary organs in reproductive and
on-reproductive tissues and tumors arising there, breast cancer
eing one of the first reported [7].  Ectopic expression of neu-
opeptides is frequently found in endocrine cancers. Their role

eems to contribute to the cancer biology via activation of locally
xpressed receptors in an autocrine manner or a paracrine dia-
og in the tumor microenvironment between the tumor cells and
he nearby located cells, such as stroma, immune cells or by
s in relation to their adjacent benign tissue.

innervating autonomic neurons. Breast cancer tumors are known
to express multiple neuropeptides and their receptors such as CRF,
GHRH and somatostatin along with GnRH, firstly studied in breast
cancer by immunohistochemistry [9].  We  have recently reported
the expression of both CRF receptors in breast cancer and the
respective benign adjacent tissue, which could serve as targets of
endogenous ligands regulating cancer growth [15]. In the present
study we quantify gene expression of GnRH I and II along with
GnRH R in human breast tumors. It is important that two biop-

sies were collected by the same patient, one from the breast cancer
tissue and one from the adjacent benign tissue and results in the
actual tumor were compared with those from its pre-cancerous
milieu.
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Fig. 4. Immunohistochemical analysis of GnRH I peptide expression in human breast tumor biopsies. Tissue sections were stained using a monoclonal antibody and repre-
sentative fields are presented. Mild cytoplasmic immunoreactivity was localized in breast cancer cells of perineural invasions in some tissues (A, arrows) but not in others
(D),  in cancer implants (B, arrows), in macrophages (B, diamonds) and in malignant epithelial cells of cancerous implants in mucinous matrix of a mucinous carcinoma
s  cytop
r ficatio
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b
m
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tudied  (C, arrows). Human term placenta, used as a positive control, showed strong
eplacement of the primary antibody by non-specific mouse IgG (F). Original magni

GnRH I and GnRH II gene transcripts were found approxi-
ately twice as frequent in the malignant than in the benign

iopsies, implying that they present a characteristic accompanying
alignant transformation. Transcript levels showed no statistically

ignificant differences between malignant and benign biopsies
or either gene. This is in accordance with previous findings of

emi-quantitative determinations of GnRH I mRNA in a small num-
er of tissues [19]. Chen et al., 2002 [5] however, reported higher

evels of GnRH I and GnRH II in the malignant biopsies of breast

ig. 5. Immunohistochemical analysis of GnRH II peptide expression in human breast
epresentative fields are presented. Mild cytoplasmic immunoreactivity was  localized in
acrophages (B, arrows) and in malignant epithelial cells of cancerous implants in muc

sed  as a positive control, showed strong cytoplasmic immunoreactivity (E). No specific s
y  non-specific mouse IgG (F). Original magnification 200×.
lasmic immunoreactivity (E). No specific staining was  found in placental cells after
n 200× (A, B, D, F, E), 400× (C).

in comparison with the adjacent benign tissue, as detected in 6
breast cancer patients by semi-quantitative RT-PCR, attributed to
the overall high protein expression and enhanced transcription
machinery that exist in cancer cells. The great variability found in
the expression levels between the positive samples might have pro-
hibited statistically significant differences to emerge in our study,

which however employs a strictly quantifying method correcting
for the total protein content (using actin as a house-keeping gene)
and a much larger number of tissues.

 tumor biopsies. Tissue sections were stained using a monoclonal antibody and
 cells of malignant implants in some tissues (A, arrows) but not in others (D), in

inous matrix of a mucinous carcinoma studied (C, arrows). Human term placenta,
taining was found in breast cancer cells after replacement of the primary antibody
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Fig. 6. Immunohistochemical analysis of GnRH R expression in human breast tumor biopsies. Tissue sections were stained using a monoclonal antibody against the N-
terminus of the receptor. Representative fields of malignant cells (A and C), cancerous implants with (B) or without (A) inflammation, mammary ducts in the adjacent to
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he  tumor area (B) and perineural invasion (D) are shown. Positive membranic and
egative. Original magnification 100× (B), 200× (A and D), 400× (C).

At the peptide level, GnRH I and II were expressed rarely by
reast cancer cells, as shown by immunohistochemical analysis
sing monoclonal antibodies. Low cytoplasmic immunoreactivity
as found in 31.25% of the samples, a percentage similar to the
RNA positive tissues. Antigen was localized in some breast can-

er cells of perineural invasions, implants and macrophages (Fig. 4).
hese results are in agreement to the study of Chen et al., 2002,
howing GnRH I and II peptide immunoreactivity in 8 out of 14
reast cancer biopsies using polyclonal anti-serums. The adjacent
o the tumor area showed no immunoreactivity for both antibod-
es. It is possible that post-transcriptional regulation mechanisms
revent peptide expression at the benign tissue. In fact, this was
lso the case in endometrial tissues and cell lines [4],  in which
nRH transcripts were abundant but no secreted peptide was found
y RIA. These mechanisms must be altered in certain malignant
ransformed cells, where peptides can be traced.

GnRH R transcripts were also found at higher frequency the
alignant (54.2%) than the benign biopsies examined (24.0%), and

t higher levels. Interestingly, in all cases found positive in the
enign tissue, this was accompanied by transcript presence in the
orresponding malignant biopsy, indicating that it could represent

 pre-malignant feature of the mammary tissue. Indeed, GnRH R in
he tumor biopsy correlated significantly to its presence in the cor-
esponding adjacent area. GnRH R expression was also studied at
he protein level by immunohistochemistry. Receptor was  localized
n the membranes but also in the cytoplasm of malignant cells of
he tumor and in the cancerous implants of ductal in situ carcinoma
f solid type, in accordance with previous reports [1,22].  Perineural
nvasions were negative. Adjacent to the tumor area, epithelial cells
f mammary ducts presenting pre-cancerous characteristics were
lso positive, further supporting an early tumorigenesis event. Dif-
erential expression of GnRH R by different cell types within the

umor could explain the great variability in gene expression levels
stimated by real-time RT-PCR. Mammary samples from patients
ithout any malignancy were negative for both GnRH peptide and

eceptor gene expression.
lasmic receptor staining was localized in cancer cells, whereas stroma was mainly

GnRH I expression correlated significantly with the size and
infiltration of the tumor in the cancer biopsies, while in the
adjacent benign biopsies it correlated with absence of proges-
terone receptors and c-erbB2 positivity of the tumor. GnRH II
was expressed more frequently than GnRH I in the same tis-
sues, and its expression levels correlated with absence of ER. In
addition, levels of GnRH R correlated with infiltration and higher
patient BMI. All these parameters are negative biomarkers of breast
cancer and therefore correlate GnRH system expression to more
aggressive and poorer prognosis disease. Our results imply that
GnRH system expression could hold a clinical prognostic potential
for breast cancer. Fortunately, only 3 patients from our sam-
ple deceased and 6 developed metastasis in a 5-year follow up,
making survival analysis in relation to GnRH gene expression
inconclusive.

Specific binding sites for GnRH were demonstrated in human
breast carcinomas but not in non-neoplastic breast tissue by ligand
immunoblotting back in 1985 [18]. The percentage of GnRH R pos-
itive tissues here (54.2%) is in line with previous reports detecting
binding sites by a multipoint assay [11]. Our study confirms that
they represent the protein product of this gene. Similarly, the low
affinity GnRH-binding sites described in human breast cancer cell
lines (ZR-75-1, MDA-MB-231, Sk Br 3, MDA-MB-157 and MCF-7)
[18] obviously represent the GnRH R gene product detected here
in MDA-MB231 and MCF7 but not in T47 human breast cancer cell
lines. The high GnRH neuropeptide levels detected in T47 might
down-regulate receptor expression. The levels of gene expression
in all the cell lines were lower that these detected in the breast
cancer biopsies, but no direct comparisons can be done, due to
the great variability between tissues and the heterogeneity and
complexity of the cellular types in tissues (i.e. epithelial, stromal,
macrophages etc. in the biopsies) vs. an epithelial cancer cell clone

in the cell lines. This however might not be reflected at the transla-
tional level, as GnRH peptide expression has been shown before in
MCF7 cells and extensively characterized with multiple approaches
(HPLC, confocal microscopy) [5].
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Co-expression of GnRH peptide and receptor in human breast
issues support an autocrine/paracrine role in human mammary
land. This is further supported by our analysis showing that recep-
or expression in the benign and malignant tissues correlated
ositively with the presence of GnRH neuropeptide transcripts.

n addition, there was a strong correlation between the presence
f GnRH I and GnRH II transcripts in both the benign and the
alignant biopsies, indicating the concomitant expression of both

europeptide isoforms in breast, confirmed also by immunohisto-
hemistry. Overall, it seems that the full neuropeptide and receptor
ystem is simultaneously expressed in some tissues and this could
e the result of inter-activation between the genes of the system,
lthough this does not seem to be the case at least for the pep-
ides [3].  Alternatively, co-activation of the three genes could be a
oncurrent response to the same stimulant. Several studies have
hown differential regulation of the GnRH-I and GnRH-II genes by
onadotrophs and steroid hormones in extrapituitary sites. How-
ver, other effectors and factors should be examined for their ability
o transcriptionally activate GnRH genes [17] and breast cancer cell
ines reported here to express both peptides and receptor could
erve as a convenient in vitro model for such studies.

. Conclusions

Growth effects of GnRH analogs on breast cancer cells depend
n the amount of GnRH at cell surfaces and on receptor function-
lity [12,31], therefore quantification of expression levels holds a
pecific interest to predict cellular responses. Furthermore, GnRH
eceptors may  contribute to the breast tumor responsiveness
o pharmacotherapy with GnRH analogs and thus estimation of
xpression levels could define a more sensitive patient subpopula-
ion. Our results add to the pathophysiological significance of the
nRH system in breast cancer biology possibly by contributing to

he dialog between benign and malignant cell types, and imply that
ts quantification could complement the clinicopathological profil-
ng of breast cancer with potential clinical exploitation in prognosis
nd treatment.
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