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Abstract. The estrogen receptor α (ERα)-mediated pathway 
plays a critical role in breast cancer development and 
progression. KiSS1 was previously described as a metastasis 
suppressor gene in certain carcinomas. However, the role of 
KiSS1/GPR54 in breast cancer remains controversial. Whether 
the function of the KiSS1/GPR54 system depends on estrogen 
signaling in the breast cancer cell remains to be determined. 
This study aimed to determine the expression profiles of the 
KiSS1/GPR54, ERα, ERβ, aromatase and cyclin D1 genes in 
human breast cancer tissues, and to identify a possible link 
between the expression levels of the studied genes and the 
selected clinical and pathological features. The study subjects 
comprised 59 females treated surgically for primary breast 
cancer. Total RNA was extracted from frozen breast cancer 
tissues, and expression levels were examined to determine any 
correlations. We observed strong positive correlations between 
the expression levels of the studied genes. The expression of 
ERα correlated positively with progesterone receptors (PRs), 
and in these tumors we also observed positive correlations 
between KiSS1, GPR54 and cyclin D1 mRNAs and the ERα 
protein. ER-positive breast tumors exhibited higher KiSS1 
and GPR54 levels than the ER-negative tumors. The expres-
sion levels of the ERα and GPR54 transcripts were higher in 
the moderately differentiated tumors (G2) compared to the 
poorly differentiated high-grade (G3) cancers. We also found 
that HER-2/neu status in breast cancer is negatively associ-
ated with GPR54 mRNA expression. Decreasing GPR54 
mRNA expression levels in HER-2/neu (+) tumors may be 
associated with the deregulation of the classical estrogen-
mediated signaling pathway in breast tumors, and therefore, 
with promotion of tumor invasiveness. Our findings indicate 

that genes involved in the KiSS1/GPR54 system, as well as in 
the estrogen signaling pathway, may be utilizable molecular 
factors in pathogenesis studies of breast cancer.

Introduction

Recent studies have focused attention on the KiSS1/GPR54 
system in tumor biology, particularly concerning the regula-
tion of progression and metastasis processes. The majority 
of cancer mortalities are due to complications resulting from 
tumor cell metastasis rather than primary tumor growth. Cancer 
research has focused on identifying metastatic suppressors and 
blocking the metastatic process in the early stages. The first 
described role for KiSS1 was associated with its metastasis 
inhibitory potential in melanoma (1,2). KiSS1 has also been 
suggested as a potential metastasis suppressor in breast cancer 
cells, regulating events downstream of cell-matrix adhesion, 
without affecting tumorigenicity (3).

The physiological and biological functions of KiSS1 have 
recently been examined. KiSS1 and GPR54 play a pivotal role 
in reproduction and puberty, regulating the hypothalamic- 
pituitary-gonadal axis (4,5). The KiSS1/GPR54 system is also 
involved in the placentation and trophoblast invasion, an essen-
tial process for fetal development, which closely mimics the 
invasion of cancer cells (6,7). Binding of kisspeptin to GPR54 
triggers a few intracellular signaling pathways resulting in 
arachidonic acid release, and ERK1/2 and p38 activation (8). 
Binding of KiSS1 to GPR54 may downregulate their expres-
sion via a feedback mechanism (7). Notably, despite activation 
of the ERK signaling pathway, kisspeptins markedly inhibit 
the proliferation rate of cells expressing GPR54; however, the 
pathway responsible for this proliferation rate remains to be 
elucidated (8).

The estrogen receptor α (ERα)-mediated pathway is 
known to play a key role in the genesis and progression of 
breast cancer. Moreover, the ERα level is a prognostic marker 
for breast tumors and a predictive factor of the response to 
endocrine therapy (9). Marot et al studied human breast cancer 
tumors and hypothesized that KiSS1 and GPR54 are estrogen-
regulated genes, and that their expression levels in these tumors 
should be analyzed, taking into account the expression profile 
and status of ERα (10). However, the precise mechanism, 
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explaining the role of KiSS1/GPR54 in breast cancer cells 
and their loss or overexpression during metastasis, remains 
unknown. Upon cancer cells acquiring metastatic potential, 
expression levels of various genes contributing to the cell cycle, 
tumor cell invasion and migratory properties are altered. Genes 
commonly found to be upregulated in breast tumors, including 
aromatase, cyclin D1, c-myc and matrix metalloproteinase-9 
mediate the behavioral and proliferative changes that stimu-
late oncogenesis (11-15). Data from the ovine hypothalamus 
suggest that estradiol (E)2, through ERα, is capable of exerting 
a direct effect on kisspeptin-immunoreactive cells (16). 
Whether the function of the KiSS1/GPR54 system depends on 
estrogen signaling in breast cancer cells remains to be eluci-
dated. This study aimed to determine the expression profiles of  
KiSS1/GPR54, ERα, ERβ, aromatase and cyclin D1 genes 
in human breast cancer tissues, and identify a possible link 
between the expression levels of the studied genes and the 
selected clinical and pathological features.

Materials and methods

Patients and samples. Breast cancer samples were collected 
from 59 females following surgical treatment, frozen in liquid 
nitrogen and maintained at -80˚C until molecular analysis 
was performed. Tumor samples were also fixed in 10% (v/v) 
buffered formaldehyde solution for 48 h and then embedded 
in paraffin blocks at 56˚C according to standard procedures.

Tumor samples were cut into 5-µm sections and stained 
with hematoxylin and eosin. Histopathological examination 
was based on the WHO and pTN classification of breast 
tumors (17). The study comprised invasive ductal carcinomas, 
representing G2 (32 patients) and G3 (18 patients) grades, and 
lobular carcinomas (9 patients). Histopathological grading 
(G) was performed according to the Bloom and Richardson 
system (18). Patients had not received any preoperative  
chemo- or hormonotherapy. The present study was approval 
by the Ethics Committee for Human Studies of the Medical 
University of Bialystok, Poland. All of patients were informed 
of this study and consented to participation.

RNA extraction and cDNA synthesis. Total RNA was 
extracted from frozen breast cancer tissues according to the 
Chomczynski and Sacchi method (19). RNA integrity was veri-
fied using electrophoresis in 1.5% (w/v) agarose gel,  staining 
with ethidium bromide, and amplification of the housekeeping 
gene, 18s rRNA. RNA was quantified spectrophotometrically 
at 260 nm. Total RNA (1 µg) was used to prepare the cDNA. 
cDNA synthesis was performed in 50 mM Tris-HCl (pH 8.3), 
75 mM KCl, 3 mM MgCl2, 10 mM DTT, 1 mM dNTP mix 
(Promega, Madison, WI, USA), 2.5 µM oligo dT15, 20 units 
RNasin ribonuclease inhibitor (Promega) and 100 units 
MMLV reverse transcriptase (Promega) at a final volume of 
40 µl using an MJ Research thermal cycler (Model PTC-200, 
Watertown, MA, USA). For reverse transcription, the mixtures 
were incubated at 42˚C for 60 min and then heated to 95˚C for 
5 min and finally rapidly cooled to 4˚C.

Quantitative-real-time-PCR (Q-RT-PCR). To determine the 
expression levels of KiSS1, GPR54, ERα, ERβ, aromatase and 
cyclin D1, standard curves for each gene were constructed sepa-

rately using serially diluted PCR products. PCR products were 
obtained by amplification of cDNA from MCF-7 cells using 
specific primers (Table I). PCR was conducted in a final volume 
of 50 µl using 25 pmol of each of the primers, 40 µM of each 
of dNTPs, 1.5 units Taq polymerase (Finnzymes, Finland), 5 µl 
10-fold PCR buffer and 5 µl cDNA. PCR was conducted under the 
following conditions: 5 min at 95˚C, 1 min denaturation at 95˚C, 
1 min annealing at 60˚C, 1 min extension at 72˚C for 40 cycles, 
with an additional 10 min extension for the last cycle. Amplified 
products were separated on a 2% (w/v) agarose gel, extracted 
and purified from agarose slices using a DNA gel extraction kit 
(Millipore, Billerica, MA, USA), quantified by the use of One  
Dscan/Zero Dscan software (Scanalytics Inc., Rockville, MD, 
USA), and then serially diluted in sterile water.

To determine the mRNA levels of the studied genes, we 
used an Assays-on-Demand Gene Expression Assay mix 
(Applied Biosystems, Carlsbad, CA, USA). The Q-RT-PCR 
reactions were performed using an ABI Prism 7700 Sequence 
Detection System (Applied Biosystems). For each PCR run, 
a master mix was prepared using 10 µl 2X TaqMan Gene 
Expression PCR Master mix (Applied Biosystems), 1 µl 20X 
Assays-on-Demand Gene Expression Assay mix (Applied 
Biosystems), 5 µl cDNA and sterile water at a final volume 
of 20 µl. The relative quantification was given by the ratio 
between the mean value of the target gene and the mean value 
of the reference gene (18s rRNA) for each sample.

Evaluation of ER, progesterone receptor and HER-2/neu status. 
For evaluation of the ER, progesterone receptor (PR) and 
HER-2/neu status, two representative sections from each breast 
cancer tissue were selected. The procedure was conducted 
according to the Ventena Medical System, CONFIRM, and 
was applied as a routine diagnostic tool (Ventena Medical 
System, Tucson, AZ, USA). The ER, PR and HER-2/neu stains 
were conducted under the conditions recommended by the 
manufacturer. The following systems were used: CONFIRM 
anti-ER (SP1) for the estrogen receptor α, CONFIRM anti-PR 
(1E2) for the progesterone receptor and PATHWAY HER-2/neu  
(4B5) for the evaluation of the c-erbB02 oncoprotein.

Statistical analysis. The mean values ± standard deviation (SD) 
were calculated. The normal distribution was verified using the 
Kolmogorov-Smirnov test with correction by the Lilliefors test 
and the Shapiro-Wilk test. To compare the differences between 
the two populations, the Mann-Whitney U test was used. The 
Spearman's rank correlation coefficient was also estimated. The 
analysis was performed using the statistical software package 
StatSoft Statistica 8.0, with p<0.05 indicating a statistically 
significant difference.

Results

Expression profiles of KiSS1, GPR54, ERα, ERβ, aromatase 
and cyclin D1. To evaluate the level of KiSS1, GPR54, ERα, 
ERβ, aromatase and cyclin D1 mRNA expression, Q-RT-PCR 
with manually prepared curves was used. The results obtained 
(in fg or attg for aromatase) were converted to fmol/attmol of 
transcript per µg of total RNA, and then normalized by the 
level of 18s rRNA. All of the studied tumors expressed ERα, 
KiSS1 and cyclin D1 mRNAs. Only 1 of 59 tumors did not 



ONCOLOGY LETTERS  3:  930-934,  2012932

demonstrate ERβ mRNA expression and 2 of 59 tumors did 
not express the GPR54 transcript. The studied samples demon-
strated the highest values of ERα and cyclin D1 transcript levels 
(mean 1495.7 ± SD 2310.8; mean 1160.4 ± SD 1372.0, respec-
tively). ERβ transcripts for the breast tissue samples presented 
a 100-fold lower level (mean 15.9 ± SD 65.2) compared to the 
ERα expression level. Aromatase was expressed at the lowest 
transcriptional attomolar level compared to the other studied 
genes expressed at the femtomolar levels (mean 5.7 ± SD 17.9 
attomolar level).

We also observed marked positive correlations between  
analyzed transcript levels (Table Ⅱ).

Correlations of KiSS1, GPR54, ERα, ERβ, aromatase and 
cyclin D1 expression with selected clinical and pathological 
features. ERα expression at the mRNA level correlated posi-
tively with the age of the patients (p<0.03, R=0.3). Statistically 
negative correlations were found between the tumor size 
(pT) and the levels of KiSS1, ERβ and cyclin D1 transcripts 
(p<0.02, r=-0.3; p<0.02, r=-0.3; p<0.002, r=-0.4, respectively). 
No association was detected between the studied genes expres-
sion levels and the lymph node status (pN). However, the 

expression of ERα and GPR54 was found to be associated with 
tumor differentiation (G) (p<0.008; p<0.02, respectively). We 
observed statistically significant differences in the ERα and 
GPR54 expression levels between the G2 and G3 ductal tumors 
(n=50). The expression levels of these two transcripts were 
higher in the moderately differentiated tumors (G2) compared 
to the poorly differentiated high-grade (G3) cancers (Fig. 1A).

Correlations of KiSS1, GPR54, ERα, ERβ, aromatase and 
cyclin D1 expression with ER, PR and HER-2/neu status. 
The ER-positive breast tumors exhibited higher KiSS1 and 
GPR54 levels than the ER-negative tumors (Fig. 1B). KiSS1, 
GPR54, ERα and cyclin D1 were positively correlated with 
ER status (p<0.01, r=0,3; p<0.001, r=0.4; p<0.000001, r=7; 
p<0.004, r=0.4, respectively). Positive correlations were 
found between the KiSS1, GPR54, ERα and cyclin D1 
mRNA levels and the PR status (p<0.03, r=0.3; p<0.007, 
r=0.3; p<0.000001, r=6; p<0.003, r=-0.3, respectively). 
GPR54 mRNA levels negatively correlated with the  
HER-2/neu status (p<0.01, r=-0.3). The GPR54 level was 
significantly higher in the HER-2/neu (-) tumors compared to 
the HER-2/neu (+) tumors (Fig. 1C).

Discussion

At present, the molecular profiles of primary breast tumors 
examined have demonstrated that there is a vast diversity 
between individual breast cancer tissues. Moreover, breast 
tumor biology has been revealed to be under hormonal regula-
tion; this intratumoral hormonal environment could uniquely 
regulate the genes expressed in breast tissue. Following tumor 
progression and the acquisition of the malignancy and metastatic 
potential of cancer cells, the metastatic cascade is triggered. In 
light of recent data, metastasis suppressors play a key role as 
intermediaries between environmental signals and the tumor 
cell response to these stimuli, leading to metastasis (20).

Data from KiSS1/GPR54 system studies in the reproduc-
tive axis and hepatocellular and breast cancers have provided 
evidence that the function of this system is sensitive to steroid 
control (3,5,21,22).

In the present study, the molecular profiles of the breast 
cancer tissues were examined and the expression levels of 
ERα, ERβ, aromatase, KiSS1/GPR54 and cyclin D1 were 
assessed. The positive correlations noted between the analyzed  

Table I. Primers used for construction of the standard curves according to the Q-RT-PCR method.

Gene name Forward primers Reverse primers

KiSS1 5'TGAACTCACTGGTTTCTTGGC3' 5'CAGCCTGGCAGTAGCAGCT3'
GPR54 5'ATCTACGTCATCTGCCGCCAC3' 5'TCACGTACCAGCGGTCCACAC3'
ERα 5'TGCTTCAGGCTACCATTATGGAGTCTG3' 5'GTCAGGGACAAGGCCAGGCTG3'
ERβ 5'TTTAAAAGAAGCATTCAAGGACATAATG3' 5'CGGTGAAGGGCGCACTG3'
Aromatase 5'GCCACTGAGTTGATTTTAGC3' 5'CCAAATGGCTGAAAGTACC3'
Cyclin D1 5'GTCGCTGGAGCCCGTGAAAA3' 5'ACGAAGGTCTGCGCGTGTTTG3'
18s rRNA 5'CGTCTGCCCTATCAACTTTCG3' 5'CGCGGTCCTATTCCATTATTC3'

Q-RT-PCR, quantitative-real-time-polymerase chain reaction.

Table Ⅱ. Analysis of the correlations between the studied  
transcripts in 59 breast tumor samples using the Spearman's 
rank correlation test.a

Analyzed genes n r P-value

ERα and ERβ 59 0.4 0.0004
ERα and KiSS1 59 0.6 0.000003
ERα and GPR54 59 0.6 0.000001
ERα and cyclin D1 59 0.7 0.000000
ERα and aromatase 59 0.3 0.03
ERβ and KiSS1 59 0.7 0.000000
ERβ and cyclin D1 59 0.6 0.000002
ERβ and aromatase 59 0.5 0.000005
KiSS1 and cyclin D1 59 0.6 0.000000
KiSS1 and aromatase 59 0.5 0.000009
GPR54 and cyclin D1 59 0.3 0.007
Cyclin D1 and aromatase 59 0.5 0.0002

aP<0.05. n, number of samples; r, Spearman's rank correlation coefficient.
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transcripts (Table Ⅱ) support the hypothesis that the genes 
coding KiSS1/GPR54, aromatase and cyclin D1 exhibit similar 
factors and/or estradiol regulations.

It has been well established in E2-elevated KiSS1 mRNA 
expression in ER (+) GT1-7 hypothalamic cell lines that high 
estradiol levels activate ERα and the SP protein complex, which 
in turn bind to the KiSS1 promoter region leading to KiSS1 
upregulation (23). However, the question arises as to whether 
the same regulation is possible in breast cancer. It is well known 
that estrogen synthesis in breast cancer tissues in postmeno-
pausal women is due to in situ tumor aromatase expression. 

Using Q-RT-PCR, the presence of the aromatase transcript  
was detected in all analyzed breast tumors. Moreover, the 
KiSS1 and GPR54 expression levels were higher in the 
ER-positive compared to in the ER-negative tumors. These 
data do not confirm the results of a study conducted by 
Marot et al, in which KiSS1 expression was negatively asso-
ciated with ERα status (10). These authors also concluded 
that a high KiSS1 expression in ERα (+) breast tumors cells 
with poor prognosis may reflect hormonal resistance to E2. 
No associations between the KiSS1 expression level and the 
tumor grade were observed, in contrast to the findings by 

Figure 1. Results of the Mann-Whitney U test show the differences between the G3 and G2 grade tumors at a statistically significant level. (A) The expression 
levels of the ERα and GPR54 transcripts are lower in the poorly differentiated high-grade (G3) cancers compared to the moderately differentiated tumors (G2). 
(B) Higher KiSS1 and GPR54 expression levels were found in ER (+) breast tumors compared to the ER (-) tumors. (C) The GPR54 level is significantly higher 
in the HER-2/neu (-) tumors compared to the HER-2/neu (+) tumors.

  A

  B

  C
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Martin et al who found that the KiSS1 level increased with 
tumor progression, and GPR54 expression increased in the 
invasive ductal tumor (24). However, in our study, in the 
ductal breast cancers (n=50) group, higher levels of ERα 
and GPR54 mRNAs were observed in the G2-differentiated 
tumors compared to the G3 cancers. The role of GPR54 in 
breast cancer biology and metastasis phenotype has been 
difficult to determine. There are certain conflicting data 
disputing the role of GPR54 as a mediator responsible for an 
antimetastatic effect. Nash et al hypothesized that KiSS1 was 
capable of suppressing metastasis in the apparent absence of 
GPR54 in tumor cells, suggesting the existence of additional 
KiSS1 metastasis suppressor receptors and signaling path-
ways (25). Another study conducted by Zajac et al suggested 
that KiSS1/GPR54 signaling is pro-migratory and invasive 
in breast cancer cells. Furthermore, these authors maintained 
that GPR54 signaling through EGFR cross-talk was able to 
positively regulate breast cancer cell invasiveness (26). The 
results from this in vitro study do not confirm data from the 
present study. A lower GPR54 mRNA expression level was 
observed in the HER-2/neu-positive tumors compared to the 
HER-2/neu-negative tumors. Our study is not in accordance 
with certain results based on isolated in vitro systems used 
for evaluating the role of KiSS1/GPR54 signaling in metas-
tasis in breast carcinomas. It appears that individual tissues 
of breast cancer are a greatly heterogeneous group to study, 
with increased intratumoral environmental components and 
varying hormonal regulation compared with that of in vitro 
cell lines. The possible correlation between estrogen status and 
KiSS1/GPR54 expression in breast cancer has revealed new 
possibilities of finding increased targeted therapies, in order 
to, in the future, modify the most systemic therapies in breast 
cancer based on blockage of the ER-dependent pathway.
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