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KiSS-1-mediated suppression of the invasive ability
of human pancreatic carcinoma cells is not dependent
on the level of KiSS-1 receptor GPR54
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Abstract. The onset of local invasion and lymphatic metas-
tasis in pancreatic cancer limits survival following surgical
intervention and additional therapies. Reduced expression
of KiSS-1 in pancreatic cancer is associated with cancer
metastasis. Previous studies have indicated that kisspeptin,
the KiSS-1 peptide, is able to bind to its receptor-GPR54
(hOT7T175) and suppress the migration of PANC-1 pancre-
atic cancer cells. Whether the metastatic suppression of
KiSS-1 is dependent on the levels of GPR54 in pancreatic
cancer cell lines remains unclear. Human BxPC-3 pancreatic
carcinoma cells are highly differentiated without exhibiting
metastasis, however PANC-1 pancreatic carcinoma cells
are poorly differentiated and exhibit local and lymph node
metastasis. Compared with primary cultured trophoblasts,
BxPc-3 and PANC-1 cells were observed to express low levels
of KiSS-1 mRNA and protein, measured using reverse tran-
scription-quantitative polymerase chain reaction and western
blotting, respectively. However, greater mRNA and protein
expression levels of GPR54 were observed in PANC-1 cells
compared with BxPc-3 cells. An MTT assay was used to
investigate the effect of KiSS-1 on BxPc-3 and PANC-1
cell proliferation. There were no significant differences in
proliferation following transfection with KiSS-1 in BxPc-3
and PANC-1 cells compared with the controls (P>0.05). A
Transwell assay with chambers coated with Matrigel was
used to evaluate the in vitro invasive ability of BxPc-3
and PANC-1 cells, with the invasion index of BxPc-3 and
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PANC-1 cells significantly reduced following 48 h of KiSS-1
overexpression (P<0.05). The mRNA and protein expression
levels of KiSS-1 were significantly increased in BxPc-3 and
PANC-1 cells 48 h subsequent to transfection with KiSS-1
(P<0.05), while GPR54 expression was not altered (P>0.05).
KiSS-1 is a metastasis suppressor gene of pancreatic cancer,
and this suppression is not dependent on the expression levels
of GPR54. Therefore, KiSS-1 is potentially a novel target for
gene therapy.

Introduction

Pancreatic cancer is a major cause of mortality in China, and
its incidence has increased in the last decade, with incidence
approaching that of Western countries. At present, pancreatic
cancer remains the fourth leading cause of cancer-associated
mortality in the USA, and the 5-year relative survival rate is
approximately 7.2% (all stages included) (1,2).

If the tumor is resectable, surgical resection is the only
definitive option for treatment of pancreatic cancer (3).
Pancreatic cancer is characterized by insidious onset, high
local invasiveness and early metastasis (4). Greater than 90%
of patients with pancreatic cancer present with local invasion
and overt metastasis at the time of the occurrence of clinical
symptoms and diagnosis (5). These are the key factors for
the failure of treatment aiming to prevent recurrence and
cancer-associated mortality (5). The 1-year survival rate
of patients who suffer from metastatic pancreatic cancer is
lower than 20% and the majority of patients do not live for
longer than 2 years following diagnosis (6). The survival
rate has not improved substantially during the last 40 years,
despite the use of surgery, chemotherapy and radiation
therapy (7). Therefore, understanding the metastatic mecha-
nisms of pancreatic cancer and targeted gene therapy for
metastasis is important. Previous studies have investigated
the expression of KiSS-1 and its peptide, metastin/kisspeptin,
in pancreatic cancer. It has been observed that KiSS-1 and
kisspeptin are expressed in normal pancreatic tissue, and
the reduced expression levels of KiSS-1 and kisspeptin are
negatively correlated with TNM stage, invasion and metas-
tasis of pancreatic cancer (8-11). Studies have indicated that
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kisspeptin binds to its receptor GPR54 (hOT7T175) and
suppresses the migration of PANC-1 pancreatic cancer cells,
and activates ERK1 (9,11-14). However, the mechanism of
KiSS-1-mediated suppression of metastasis in pancreatic
cancer remains unclear. In previous studies, eukaryotic
expression plasmids of KiSS-1 were cloned and constructed
from human pancreatic tissue (15,16). The present study
aimed to investigate whether the metastatic suppression of
KiSS-1 on pancreatic cancer cells was dependent on the
GPR54 expression levels in pancreatic cancer cell lines.

Materials and methods

Materials and reagents. The pancreatic cancer cell lines,
BxPC-3 and PANC-1, were obtained from the American
Type Culture Collection (Manassas, VA, USA). Dulbecco's
modified Eagle's medium (DMEM; cat. no. 41965-062),
DMEM/F12 (cat. no. 11320-082), fetal bovine serum (FBS;
cat. no. 26140-079), TRIzol® Reagent (cat. no. 15596-018),
SuperScript® IT Reverse Transcriptase (cat. no. 18064-014) and
Lipofectamine® 2000 Transfection Reagent (cat. no. 11668-019)
were obtained from Invitrogen Life Technologies (Beijing,
China). The iQ SYBR® Green Super mix (cat. no. 1708882)
was purchased from Bio-Rad Laboratories, Inc. (Shanghai
,China), bicinchoninic acid (BCA) protein assay kit
(cat. no. 23227) was obtained from Thermo Fisher Scientific
(Shanghai, China); polyclonal goat anti-human GPR54 (N-14)
(cat. no. sc-48219) and goat anti-rabbit IgG (cat. no. sc-2004)
and donkey anti-goat IgG (cat. no. sc-2005) horseradish peroxi-
dase-labeled secondary antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). Polyclonal rabbit
anti human metastin/kisspeptin (1-54) (cat. no. G-048-59) was
purchased from Phoenix Pharmaceuticals, Inc. (Burlingame,
CA, USA). Polyclonal rabbit anti-B-actin (cat. no. ab8227)
was purchased from Abcam (Pak Shek Kok, Hong Kong).
Pierce Enhanced Chemiluminescence (ECL) Western
Blotting kit (cat. no. 32109) was obtained from GE Healthcare
Bio-Sciences (Pittsburgh, PA, USA). The Vectastain® Elite
ABC kit (cat. no. PK-6200) was obtained from Vector
Laboratories (Burlingame, CA, USA) and BioCoat™
Matrigel™ invasion chambers in two 24-well plates (8 ym
pore-size) were purchased from BD Biosciences (San Jose,
CA, USA). The pcDNA3 vector was obtained from Invitrogen
Life Technologies (Carlsbad, CA, USA) and pcDNA3/KISS-1
was produced as previously described (15).

Cell culture and transfection. The PxPC-3 and PANC-1
pancreatic cancer cell lines were cultured in DMEM supple-
mented with 10% FBS, 1% penicillin and 1% streptomycin.
Human trophoblast cells were obtained from legal abortions
(6-12 weeks of gestational age), with the approval of the
local ethical committee (in compliance with the Helsinki
Declaration) and the consent of the participating patients.
Trophoblast cells were isolated as described previously (17,18).
The primary trophoblast cells were cultured in DMEM/F12
medium supplemented with 20% FBS, 1% penicillin and
1% streptomycin. Cells were cultured at 37°C in a humidi-
fied incubator with 5% CO,. The primary trophoblast cells
were used as the control for the relative mRNA expression of
KiSS-1 and GPR54.
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At 12 h prior to transfection, cells were seeded into 6-well
plates at a density of 5x10° cells/well. Cells were transfected
when plate confluence had reached 80-90%. The cells were
transfected with 3.3 ug/well PcDNA3.1-KISS-1 vector using
45 ul Lipofectamine® 2000. Following 6 h of incubation at
37°C, the plasmid containing medium was replaced with
normal cell culture medium. Cells were transfected with the
empty pcDNA3 vector as a negative control. All transfections
were performed in triplicate for each time point.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). RT-qPCR was conducted
as previously described with minor modifications (18).
Briefly, total RNA was extracted from untransfected and
transfected BxPC-3, PANC-1 and trophoblast cells using
TRIzol® Reagent. RNA (500 ng) was converted to cDNA
using SuperScript® IT Reverse Transcriptase. RT-qPCR anal-
ysis was performed using the ABI PRISM® 7700 Sequence
Detector (Applied Biosystems Life Technologies, Foster City,
CA, USA). RT-qPCR was conducted using the reagents and
instructions of the iQ SYBR Green Super mix. The PCR
primers for human genes KiSS-1 (NM_002256), GPR54
(NM_032551) and the internal control -actin (NM_001101)
are as previously described (18): KiSS-1, forward ACTCAC
TGGTTTCTTGGCAGCT and reverse CAGAGGCCACCT
TTTCTAATGG; GPR54, forward CGACTTCATGTGCAA
GTTCGTC and reverse CACACTCATGGCGGTCAGAG;
B-actin, forward ACCAACTGGGACGACATGGAGAAAA
and reverse TACGGCCAGAGGCGTACAGGGATAG. The
PCR was performed for 60 sec at 95°C followed by 40 cycles
of 15 sec denaturation at 95°C and 60 sec annealing at 60°C.
The RT-qPCR reaction was conducted in triplicate in a final
volume of 25 ul with 100 ng cDNA. The quantity of cDNA
for each experimental gene was normalised to the quantity of
[B-actin cDNA in each sample. Relative expression was deter-
mined using the AACt (threshold cycle) method according to
the manufacturer's instructions.

Western blot analysis. Western blotting was conducted
as described previously (18). Briefly, protein extracts were
prepared from cells by adding modified RIPA lysis buffer
supplemented with protease inhibitor cocktail tablets
(Roche Diagnostics, Basel, Switzerland). Protein concentra-
tions were quantified using the BCA protein assay. Protein
samples (30 ug) were migrated on a 15% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
onto a polyvinylidene difluoride membrane (GE Healthcare
Bio-Sciences). The membrane was blocked with blocking
buffer (Tris-buffered saline with Tween 20 with 5% non-fat
milk) and incubated with the primary antibody. The
following primary antibodies were used: Rabbit anti-human
metastin/kisspeptin (1-54) (1:800), goat anti-human GPR54
(N-14) (1:500) and polyclonal rabbit anti-p-actin (1:1,000).
Endogenous B-actin expression served as an internal control.
Primary antibody binding was detected using the following
secondary antibodies: Anti-rabbit IgG and anti-goat IgG
antibody conjugated to horseradish perioxidase (1:10,000;
Santa Cruz Biotechnology). Detection was achieved using
the ECL Western Blotting kit (GE Healthcare Bio-Sciences)
and X-ray film (Kodak, Shanghai, China).
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Cell proliferation assay. This method provides a
quantitative measurement of the number of cells with
metabolically active mitochondria and is based on the mito-
chondrial reduction of a tetrazolium bromide salt [MTT assay;
3-(4,5-dimethylthiazol-2)-2, 5-diphenyltetrazolium bromide;
cat. no. M5655, Sigma-Aldrich, St. Louis, MO, USA]. Cells
were seeded at a density of 3x10? cells/well in a 96-well plate
and cultured in the presence of 10% FBS for 0, 1,2, 3,4, 5 and
6 days. The cells were pulsed with MTT 20 ul/well (5 mg/ml
in phosphate-buffered saline for 4 h. The purple-blue MTT
formazan precipitate was dissolved in 100 ul of dimethyl
sulfoxide and agitated for 10 min. Absorbance was measured
at 490 nm with a Beckman-DU 640 Spectrophotometer
(Beckman Coulter, Inc., Brea, CA, USA). Experiments were
repeated six times.

Invasion assays. For the invasion assays, BioCoat™
Matrigel® invasion chambers in two 24-well plates with
polycarbonate filters (8 ym) were used. Cells (5x10* cells/ml)
in 500 ul complete medium were seeded into the upper
chamber. Next, 600 ul complete medium was added to the
lower chamber, and the plate was incubated at 37°C in a
5% CO, incubator for 48 h. Cells on the lower surface of
the filter were stained with hexamethylpararosaniline
and counted under a light microscope (Nikon Eclipse
Ci-S; Nikon Instruments Inc., Shanghai, China). Each
group of cells, which included BxPC-3 (blank control),
BxPC-3/vector (negative control), BxPC-3/pcDNA3/KiSS-1,
PANC-1 (blank control), PANC-1/vector (negative control)
and PANC-1/pcDNA3/KiSS-1, was seeded in three wells
and the experiment was performed in triplicate for these
two different cell lines. Invaded cells were counted in five
randomly selected fields for each filter under a light micro-
scope with 100x magnification (Nikon Eclipse Ci-S). The
invasion index was defined as follows: (Number of cells that
migrated through the 8 um pores of the filter in the experi-
mental group/number of cells that migrated through the filter
in the blank control group) x100.

Statistical analysis. All experiments were conducted
a minimum of three times. Within each experiment, a
minimum of three replicates were used. Data are presented
as the mean + standard deviation. Data were analyzed using
SPSS software, version 16.0 (SPSS, Inc., Chicago IL, USA).
Analysis of variance was conducted followed by Student's
t-test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of KiSS-1 and its receptor GPR54 in human
pancreatic cancer cell lines. The human pancreatic
ductal adenocarcinoma cell lines BxPc-3 (CRL-1687) and
PANC-1 (CRL-1469) were obtained from the American
Type Culture Collection and were grown as recommended.
BxPc-3 cells were originally derived from a 61-year-old
Caucasian female with a well differentiated pancreatic carci-
noma without any evidence of metastasis. PANC-1 cells were
derived from a primary pancreatic ductal adenocarcinoma
in a 56-year-old Caucasian male that extended to involve the
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duodenal wall and had metastasized to one peripancreatic
lymph node.

To determine the expression levels of KiSS-1 and its
receptor GPR54 in pancreatic ductal adenocarcinoma, the
levels of KiSS-1 and GPR54 mRNA were measured using
RT-qPCR in cultured pancreatic ductal adenocarcinoma cells.
Compared with the primary cultured human trophoblast cells,
KiSS-1 mRNA was expressed at reduced levels in BxPc-3
and PANC-1 cells, and the relative expression of KiSS-1
mRNA was 10% of that in human trophoblast cells (Fig. 1A).
The protein levels of kisspeptin and GPR54 were measured
using western blotting. The expression level of kisspeptin was
observed to be low in BxPc-3 and PANC-1 cells compared
with trophoblast cells (Fig. 1B and C). GPR54 mRNA
expression was reduced in BxPc-3 cells, with levels 15.9%
of that in human trophoblasts. However, the expression of
GPR54 mRNA in PANC-1 cells was 92.7% of that in human
trophoblast cells, 5.83 fold higher than in BxPc-3 cells
(Fig. 1A). The protein expression level of GPR54 was signifi-
cantly higher in PANC-1 cells than that in BxPc-3 cells, as
detected by western blotting (Fig. 1D).

Transfection of KiSS-1 increases expression of KiSS-1 with no
significant alterations in GPR54 expression. Following trans-
fection of BxPc-3 and PANC-1 cells with pcDNA3-KiSS-1,
an increase in the expression levels of KiSS-1 mRNA
(Fig. 2A and C) and kisspeptin (Fig 2B and D) was observed
(P<0.05; Fig. 2).

The expression of GPR54 in BxPc-3 and PANC-1 cells
transfected with pcDNA3-KiSS-1 was not altered compared
with control cells (P>0.05; Fig. 2).

Overexpression of KiSS-1 does not alter cellular prolif-
eration in BxPc-3 and PANC-1 cells. The effect of KiSS-1
overexpression on the proliferation of pancreatic cancer cells
was investigated. Following transfection, the absorbance
values (490 nm) of pcDNA3-KiSS-1-transfected BxPc-3
and PANC-1 cells did not differ from those of control cells
(P>0.05). These results indicate that KiSS-1 overexpression
had no effect on the proliferation of BxPc-3 and PANC-1 cells
(Fig. 3).

Overexpression of KiSS-1 suppresses cell invasion. The
invasive ability of BxPc-3 and PANC-1 cells was measured
by counting the number of cells that digested Matrigel and
migrated through the 8 ym pores in the filter. The invasion
of BxPc-3 and PANC-1 cells was observed to be significantly
reduced by overexpression of KiSS-1, with invasion indices
of 50.8+4.1% and 48.3+4.3%, respectively (P<0.05; Fig. 4).
These data indicate that overexpression of KiSS-1 is capable
of inhibiting the invasion of BxPc-3 and PANC-1 cells
(Fig. 4).

Discussion

The onset of local invasion and lymphatic metastasis of
pancreatic cancer limits the survival rate following surgical
intervention and other therapies (19,20). The majority of
cases of pancreatic cancer-associated mortality are due to
complications resulting from tumor metastasis rather than as a
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Figure 1. Expression of KiSS-1 and GPR54 in human pancreatic ductal adenocarcinoma cell lines. (A) Reverse transcription-quantitative polymerase chain
reaction analysis and (B-D) western blot analysis of KiSS-1 and GPR54 expression in human pancreatic ductal adenocarcinoma cell lines (BxPC-3 and
PANC-1) compared with the control (primary cultured human trophoblast cells). (A) BxPC-3 and PANC-1 cells expressed low to undetectable levels of KiSS-1
mRNA. The metastatic pancreatic cancer cell line (PANC-1) expressed greater levels of GPR54, whereas the non-metastatic BxPC-3 cells expressed low
levels of GPR54. Levels of the indicated mRNAs (normalized against $-actin mRNA) from the primary cultured human trophoblast cells were arbitratily
set as 1. (B) Representative western blot analysis of kisspeptin and GPR54 protein expression in BxPC-3, PANC-1 and primary cultured human trophoblast
cells. Lane 1, BxPC-3 cells; lane 2, PANC-1 cells; lane 3, trophoblast cells. Total proteins (30 ug) were separated on a 10% SDS-PAGE gel and f-actin was
used as a loading control. (C and D) Densitometric analysis of kisspeptin and GPR54 protein expression in BxPC-3, PANC-1 and the primary cultured human
trophoblast cells subsequent to normalization to $-actin. Data represent the mean + standard deviation (n=9) following normalization to f3-actin. ‘P<0.05 vs.

primary cultured trophoblasts.

consequence of the original tumor growth. There is increasing
interest in understanding the metastatic mechanisms of
pancreatic cancer in order to identify possible ways to inhibit
local invasion and metastatic cancer progression.

Previous studies have demonstrated that the expression
levels of KiSS-1 mRNA in pancreatic cancer are lower
compared with normal pancreatic tissue (8,10). Additionally,
there are correlations between KiSS-1 mRNA expression
levels and clinical stage, metastasis and nerve invasion,
without any correlation with histological classification (10).
The pancreatic cancer cell line BxPC-3 is highly differ-
entiated without any metastasis whilst PANC-1 is poorly
differentiated with local and lymph node metastasis. Based
on their different differentiation degrees and metastatic
potential, BxPC-3 and PANC-1 cells were selected for the
current study.

The mRNA and protein expression levels of KiSS-1
and its receptor GPR54 were measured in BxPc-3 and
PANC-1 cells. Numerous previous studies have indicated that
KiSS1 and its receptor hOT7T175/GPR54 are expressed in
human placental and pancreatic tissues (21-23). Previously,
studies have investigated the mRNA and protein expression
of KiSS-1 in trophoblasts and the placentas of normal and
pre-eclamptic pregnancies, and observed that KiSS-1 is
highly expressed (17,18). Therefore, primary cultured tropho-
blasts were selected as the control for the present study. In

the present study, the expression level of KiSS-1 mRNA was
observed to be low in BxPc-3 and PANC-1 cells. However,
the expression of GPR54 mRNA was higher in PANC-1,
with levels comparable to those of human primary cultured
trophoblasts, while the expression levels of GPR54 mRNA
were low in BxPC-3 cells. Consistent with these results,
Masui et al (12) observed low levels of KiSS-1 mRNA
expression in BxPC-3, Capan-2, CFPAC-1 and PANC-1 cells,
whilst PANC-1 cells demonstrated high expression levels of
hOT7T175/GPR54 mRNA

In the present study, the protein levels of KiSS-1 and
GPR54 in the BxPC-3 and PANC-1 pancreatic cancer cell
lines were investigated using western blotting. This demon-
strated that kisspeptin expression was minimal in BxPC-3
and PANC-1 cells. However, the protein level of GPR54 was
increased in PANC-1 cells and reduced in BxPC-3 cells.
Nagai et al (24) analyzed 53 cases of pancreatic ductal
carcinoma and observed that kisspeptin and GPR54 expres-
sion was significantly correlated with tumor size, recurrence
and survival of patients, however was not correlated with the
degree of tissue differentiation. This indicated that kisspeptin
may serve a role in the metastasis of pancreatic cancer. In the
current study, BxPC-3 cells were selected as a representative
cell line with low expression of KiSS-1 and GPR54, whilst
PANC-1 cells were a representative cell line with low expres-
sion of KiSS-1 and high expression of GPR54. In the current
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Figure 2. Transfection of the KiSS-1 gene increased expression of KiSS-1 however did not alter GPR54 expression. pcDNA3/KiSS-1 or empty vectors were
transfected into (A and B) BxPC-3 or (C and D) PANC-1 cells. Proteins and RNA were extracted 48 h post-transfection and levels were determined by
(A and C) reverse transcription-quantitative polymerase chain reaction and (B and D) western blotting. (A and C) Expression levels of kisspeptin increased
3.2- and 3.5-fold following KiSS-1 overexpression. Expression levels of (A and C) GPR54 mRNA and (B and D) protein were not altered. P<0.05 vs. vector

transfection.

study, overexpression of KiSS-1 had no effect on cellular
proliferation in BxPC-3 and PANC-1 cells, which is consistent
with previous studies in melanoma and breast cancer (25,26).
As Masui et al (12) reported, the addition of kisspeptin had
no effect on the proliferation of BxPC-3 and PANC-1 cells.
Together, this suggests that KiSS-1 and kisspeptin do not
affect the proliferative capacity of human pancreatic cancer
cell lines.

In the current study, it was demonstrated that the invasive
ability of pancreatic cancer cells was significantly reduced
following the overexpression of KiSS-1, whilst the empty
vector had no effect. It was observed that overexpression
of KiSS-1 did not have differential effects upon the two
pancreatic cancer cell lines, suggesting that the inhibitory
effect on invasion of pancreatic cancer is not dependent on
the degree of differentiation. Shirasaki er al (26) observed
that the expression of KiSS-1 was lost during the progres-
sion of melanocytic tumors in vivo. Jiang et al (27) reported
that restoring KiSS-1 expression was able to significantly
suppress the metastasis of ovarian cancer and melanoma.
The MDA-MB-435 ductal breast carcinoma cell line is meta-
static and does not express KiSS-1, however when full-length
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Figure 3. Overexpression of KiSS-1 did not alter cell proliferation in human
pancreatic ductal adenocarcinoma cell lines. The proliferation rates were ana-
lyzed by growth curves for cells: BxPC-3/vector, BxPC-3/pcDNA3/KiSS-1,
PANC-1/vector and PANC-1/pcDNA3/KiSS-1. The cell proliferation rates
of BXPC-3 and PANC-1 cells transfected with pcDNA3/KiSS-1 were not
significantly altered. OD, optical density.

KiSS-1 cDNA was transfected into MDA-MB-435 cells
and injected into the mammary fat pads of athymic nude
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Figure 4. Inhibitive effect of KiSS-1 on the invasion of BxXPC-3 and PANC-1 cells in vitro. Invasion index of BxPC-3 and PANC-1 cells transfected by the vector

and pcDNA3/KiSS-1. "P<0.05 vs. vector transfection.

mice, lung metastasis was significantly suppressed and
the incidence of regional lymph node metastasis was
reduced (25). Masui et al (12) examined the effect of exog-
enous kisspeptin on pancreatic cancer cell proliferation in
AsPC-1 and PANC-1 cells, and observed that the migra-
tion of AsPC-1 cells was not altered by kisspeptin, while
PANC-1 cells were significantly inhibited by kisspeptin.
Furthermore, the effect of exogenous kisspeptin on the inva-
sion of these cell lines was associated with the expression
level of GPR54/hOT7T175 (12). In a model of melanoma,
secretion of KiSS-1 was required for metastasis suppressor
activity (28). When KiSS-1 was transfected into a metastatic
subclone of the SUIT-2 pancreatic adenocarcinoma cell
line, S2VP10, and injected into the tail of the pancreas of
severe combined immunodeficiency mice, mice with KiSS-1
expression developed fewer liver and lung metastases than
the controls (29). Furthermore, it was observed that the
re-expression of KiSS-1 in S2VP10 without expression of
GPR54 resulted in suppression of invasion. These obser-
vations indicate the existence of an intracrine signaling
loop for KiSS-1. Consistent with the results reported by
McNally et al (29), the current study also demonstrated that
the expression of KiSS-1 mRNA andkisspeptinin BxPC-3 and
PANC-1 cells increased following transfection with KiSS-1,
whilst the expression level of GPR54 mRNA and protein was
unaltered. In the current study, GPR54 was observed exhibit
greater expression in PANC-1 cells and lower expression
in BxPC-3 cells. Following transfection with KiSS-1, the
invasive ability of these cell lines was suppressed, however
the proliferative ability was not altered. This suggests that
the suppression of invasion mediated by KiSS-1 overexpres-
sion was not dependent on the receptor expression levels.

In the intracrine signaling loop, certain cytokines exert
their biological function by binding to their receptor in the
cytoplasm without the requirement to be secreted out of
the cell (30). In this way, certain chemokines and peptide

hormones serve an important role in cell apoptosis, migra-
tion, invasion and metastasis (30,31). Previous studies have
indicated that intracrine signaling occurs in pancreatic
adenocarcinoma (29,32,33). Alternatively, there is a possi-
bility that other peptide fragments of KiSS-1, which do not
bind GPR54, are released to the extracellular space, however
further studies investigating this are required. In an electro-
phoretic mobility shift assay, KiSS-1 was demonstrated to
inhibit the binding of nuclear factor-xB and the matrix metal-
loproteinase-9 (MMP-9) promoter, thereby reducing MMP-9
gene transcription and the level of MMP-9, inhibiting the
mobility, chemotaxis and invasion of tumor cells (34). It was
additionally identified that KiSS-1 gene transfection signifi-
cantly inhibited MMP-9 gene transcription, and reduced the
expression of MMP-9 protein. It is suggested that KiSS-1
suppression of the pancreatic cancer metastasis mechanism
is predominantly associated with the inhibition of MMP-9
transcription and the intracellular autocrine loop (34).

In conclusion, the current study demonstrated that
increases in KiSS-1 expression suppressed the invasion
of pancreatic cancer cells without impacting cellular
proliferation. Therefore, targeted gene therapy to increase
the expression levels of KiSS-1 and its peptides may be a
potential therapeutic strategy for the treatment of pancreatic
cancer metastasis.
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