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Kisspeptin is an antimetastatic agent in some cancers that has also been associated with lymphoid cell apoptosis, a phenom-

enon favoring metastases. Our aim was to determine the association of kisspeptin with lymphocyte apoptosis and the presence
of metastases in colorectal cancer patients. Blood was drawn from 69 colon cancer patients and 20 healthy volunteers. Tissue
specimens from healthy and pathological fissue were immunohistochemically analyzed for kisspeptin and endothelial monocyte
activating polypeptide Il (EMAP-I) expression. Blood EMAP-II and soluble Fas ligand (sFasl) levels were examined by an enzyme-
linked immunosorbent assay method. The kisspeptin and EMAP-Il expression and secretion levels in the DLD-1 and HT-29 colon can-
cer cell lines were examined by quantitative real-time polymerase chain reaction, Western analysis and enzyme-linked im-
munosorbent assay, whereas lymphocyte viability was assessed by flow cytometry. The effect of kisspeptin on the viability of colon
cancer cells was examined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). Exogenous, synthetic and natu-
rally produced, kisspeptin induces through the G-protein-coupled receptor 54 (GPR54; also known as the kisspeptin receptor) the
EMAP-II expression and secretion in colon cancer cell lines, inducing in vitro lymphocyte apoptosis, as verified by the use of an
anti-EMAP-II antibody. These results were reversed with the use of kisspeptin inhibitors and by kisspeptin-silencing experiments.
Tumor kisspeptin expression was associated with the tumor EMAP-II expression (p < 0.001). Elevated kisspeptin and EMAP-II ex-
pression in colon cancer tissues was associated with lack of metastases (p < 0.001) in colon cancer patients. These data indicate
the antimetastatic effect of tumor-elevated kisspeptin in colon cancer patients that may be mediated by the effect of kisspeptin
on EMAP-II expression in colon cancer tumors in patients with normal serum EMAP-II levels. These findings provide new insight info

the role of kisspeptin in the context of metastases in colon cancer patients.
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INTRODUCTION

Colorectal cancer displays a large per-
centage of possibility to metastasize to
the liver, if left untreated. Possible treat-
ments include surgery, chemotherapy
and radiotherapy as well as adjuvant
therapy. Colon cancer patients with

metastases (stage IV) have a 6% 5-year
survival rate (1-5). The communication
and interaction mechanisms between
cancer cells and the patient’s organ sys-
tems seem to be of critical importance in
determining both the pathogenesis and
the prognosis of the disease. The
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tumor’s displayed ability to concur-
rently evade immunological response
and metastasize is attributed not only to
disturbances in the longevity of im-
munocytes, but is also due to the cancer
cells releasing mediator molecules that
promote immunosuppression (6,7).

In systemic circulation, cancer-allo-
cated increased apoptosis of circulating
lymphocytes is the most common cancer-
associated symptom in patients with ma-
lignant neoplasms. Recent evidence sug-
gests that tumor secretion of molecules
that are implicated in promoting apopto-
sis (soluble Fas ligand [sFasL], endothe-
lial monocyte activating polypeptide II
[EMAP-II]) in the patients” blood may re-
sult in increased apoptosis of peripheral
lymphocytes (8,9).



The most common apoptosis-associated
molecule, Fas-L, possesses a regulating
function in the immunological system and
induces apoptosis in the lymphocytes that
carry its receptor. Patients with different
kinds of malignant neoplasms, colorectal
cancer among them, have displayed in-
creased levels of sFasL in systemic circula-
tion (8,10). Recently, a new factor was
identified: EMAP-II. This proinflamma-
tory cytokine with antiangiogenic proper-
ties has been suggested to be a chemoat-
tractant for monocytes/macrophages and
neutrophils and to suppresses tumor
growth (11-13). In addition, tumor-pro-
duced EMAP-II can be immunosuppres-
sive by inducing lymphocyte apoptosis.
Recent evidence suggests that EMAP-II
upregulation is associated with an upreg-
ulation of tumor necrosis factor—receptor
1 (TNF-R1) in endothelial cells in vitro.
This result may be a possible explanation
for the EMAP-II-induced tumor necrosis
factor sensitivity (14,15), a factor that ex-
erts pleiotropic effects in immunity, in-
flammation, cell proliferation, differentia-
tion and apoptosis (16).

It has also been suggested that EMAP-II
is implicated in the lymphocyte apoptosis
mechanism in colorectal cancer patients.
However, its exact function in the interac-
tion between cancer cells and immuno-
cytes is still largely undefined (12-14).

It seems that cancer-induced apoptosis
of lymphocytes is a particularly important
factor of a nonfavorable prognosis: metas-
tasis (17). One more critical factor that is
possibly implicated in the metastasis
mechanism is kisspeptin protein expres-
sion. Kisspeptin is a hydrophobic
145-amino acid polypeptide that is gener-
ated by the Kiss1 gene. This precursor is
then cleaved to 54 amino acids in length,
which can be further truncated to 14—, 13—
or 10-amino acid carboxyl terminal frag-
ments. Kisspeptins act as an endogenous
ligand to a G protein—coupled receptor,
the G-protein-coupled receptor 54 (GPR54;
also known as the kisspeptin receptor).
Studies have displayed the implication of
the kisspeptin protein (metastin) in mela-
noma and other tumors, suggesting its
possession of antimetastatic activity (18).
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Table 1. Clinicopathological characteristics of patients.

Individuals with Healthy
benign condition  volunteers
Patients of the colon (blood only)
Demographical or characteristic variable (n=69) (n=20) (n=20)
Age (years) (median (range)) 69.2 (47-85) 65.7 (65-85) 66.2 (48-80)
Tumor size/cm
<2 24
=2<5 34
=5 11
Histological grade
| 21
I 38
Il 30
Stage TNM
| 12
I 20
Il 20
Y 17
Metastasis 17
Kisspeptin tissue expression (moderate 44° 0
to high)
EMAP-II tissue expression (high) 44° 0
EMAP-II serum (ng/mL)
0-0.5ng/mL 50 8 3
High (>0.6 ng/mL) 190 0

°The same patients that presented increased tissue kisspeptin levels presented increased

tissue EMAP-II levels.

PElevated plasma EMAP-Il was observed in a total of 19 patients out of 69, and 16 of these
patients were diagnosed with distant metastases.

Furthermore, kisspeptin expression has
also been associated with apoptosis of
GPR54/kisspeptin receptor—expressing
lymphocytes, via activation of GPR54, re-
sulting in the extracellular signal-regulated
kinase (ERK)-dependent expression of
tumor necrosis factor-o and FasL in lym-
phoid cell lines, the latter being the main
trigger of apoptosis (18-22).

The aim of this study was to deter-
mine the direct and/or indirect effect of
tumor kisspeptin in peripheral lympho-
cyte cell death in colon cancer patients
(through EMAP-II or sFasL secretion)
and to determine if the tumor-expressed
kisspeptin possesses an antimetastatic
action in the same patients.

MATERIALS AND METHODS

Patients
Blood was collected, 1 wk before and
1 wk after surgery, from 69 colon cancer

patients and from 20 individuals with be-
nign condition of the colon who went
under surgery. Blood was also collected
from 20 age-matched healthy volunteers.
A total of 17 of 69 patients presented
metastases synchronous with the disease
(Table 1). Blood samples were processed
immediately after their collection, and
they were stored at —80°C for 15 d at the
most. Eligibility for the study required
histologically confirmed colon cancer or
benign condition of the colon, including
patients of all stages with a World Health
Organization performance status of 0-2
(Table 1). The protocol was approved by
the ethics committee of the Hippokrateion
General Hospital, and informed consent
was signed by all the patients and healthy
volunteers participating in the study.

Cell Lines
The prostate cancer cell line PC-3 and
the colon cancer cell lines HT-29 and
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DLD-1 were obtained by the American
Type Culture Collection (ATCC, Be-
thesda, MD, USA). Cells were main-
tained in a 5% CO, incubator at 37°C.
The culture medium for the PC-3 cell
lines was Dulbecco’s modified Eagle me-
dium (DMEM), for the DLD-1 cells was
RPMI, and for the HT-29 cells, McCoys’
5A, supplemented with 2 mmol/L
L-glutamine and 15% fetal bovine serum
(all available at Life Technologies, Carls-
bad, CA, USA).

Lymphocyte Isolation

Peripheral blood mononuclear cells
were isolated by using the Ficoll-Paque
Plus (STEMCELL Technologies Inc.,Van-
couver, BC, Canada) according to the
manufacturer’s instructions. Briefly,
10 mL phosphate-buffered saline (PBS) +
2% fetal bovine serum was added in
10 mL blood to make a total of 20 mL;
this mixture was then gently added on
top of 15 mL Ficoll-Paque. Centrifuga-
tion followed at 400g for 30 min.

Lymphocyte Characterization

Flow cytometry was applied on
healthy living lymphocytes by using
CD45-CD3 and CD45-CD20 antibody
combinations, to ascertain the effective-
ness of our lymphocyte isolation method.
CD45 binds to all hematopoietic cells
with a nucleus, CD20 binds to the sur-
face of B-lymphocytes and CD3 binds to
the surface of T-lymphocytes.

Western Analysis

EMAP-II expression of the cancer cell
lines was carried out after protein precip-
itation (radioimmunoprecipitation assay
buffer with the addition of protease and
phosphatase inhibitors; Sigma-Aldrich,
St. Louis, MO, USA) by Western analysis
using an anti-EMAP-II mouse anti-
human antibody (Thermo Scientific
[Thermo Fisher Scientific Inc., Waltham,
MA, USA]), both at a dilution of 1/500.
Western blots were assessed by using
60 ug proteins/sample, which were
loaded in a 12% sodium dodecyl sulfate
acrylamide gel. The secondary antibody
was a horseradish

peroxidase—conjugated goat anti-mouse
antibody at 1:2,000 dilution (Santa Cruz
Biotechnology, Santa Cruz, CA, USA).
Detection was carried out by using the
Supersignal West Pico Chemiluminescent
substrate (Thermo Scientific).

Quantitative Real-Time Polymerase
Chain Reaction

The expression levels of kisspeptin
and EMAP-II was assessed by quantita-
tive real-time polymerase chain reaction
(qQRT-PCR) as previously described (23).
Briefly, RNA extracts were obtained by
using the TRIzol reagent (Life Technolo-
gies) (23). Each reverse transcription (RT)
reaction was carried out by using 1.5 mg
RNA mixed with 10 mmol/L ANTP
(New England Biolabs, Ipswich, MA,
USA) and 3 mg/mL random hexamer
primers (Life Technologies). The reaction
was then heated at 65°C for 5 min and
quick chilled on ice. The RT Mix contain-
ing 200 U/uL M-MuLV ProtoScript II Re-
verse Transcriptase, 5x ProtoScript I RT
Reaction buffer, 0.1 mol/L DTT and
murine RNAse inhibitor (40 U/uL) (all
available at New England Biolabs) was
then added, and the reactants were incu-
bated at 42°C for 50 min and 70°C for
20 min. Each reaction was obtained in
25 uL by using 12 uL SYBR green Super-
mix (Bio-Rad, Hercules, CA, USA),
0.5 ug/mL oligo dTs (Fermantas/
Thermo Fisher Scientific Inc.), 2 uL.
¢DNA, and 0.3 umol/L primers for in-
sulin receptor (IR) and insulinlike
growth factor 1 receptor (IGF-1R)
(primers: EMAP-II, forward: TGAGG
CAGTGACAGAGCGATTACTA; reverse:
ACCTTGGCTGACTTGGCTCGC [25];
kisspeptin: forward, TGCCCACCCT
CTGGACATTC; reverse, TACGCAACAT
TTCTTTTATTGCCTC; B-actin: forward,
CCTCGCCTTTGCCGA; reverse, TGGTG
CCTGGGGCG [26]). The PCR conditions
were the same in both cases: 95°C for
30 s x 1 cycle; 94°C for 20 s, 60°C for 30 s
and 72°C for 30 s for 35 cycles; and 72°C
for 5 min.

The products obtained from EMAP-II
and kisspeptin primers were verified by
sequencing.
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Kisspeptin Receptor Blockade

The effect of kisspeptin and the in-
volvement of the kisspeptin receptor in
the EMAP-II expression in HT-29 and
DLD-1 colon cancer cell lines were fur-
ther assessed by blocking the kisspeptin
receptor by using a kisspeptin receptor
blocking peptide (Kisspeptin 234; Tocris
Bioscience, Bristol, UK) according to the
manufacturer’s instructions. Briefly, cells
were treated with 0.5% serum for 24 h
before kisspeptin treatment. Then 500 ng
of the inhibitor was introduced into the
cell lines and allowed to interact for
30 min. Administration of 1,000 ng
kisspeptin followed. Cells were collected
24 h after the kisspeptin administration.

Assessment of Cell Death

Lymphocyte apoptosis was examined
by flow cytometric analysis by using fluo-
rescein isothiocyanate (FITC)-labeled an-
nexin and propidium iodide. Peripheral
blood mononuclear cells were assessed
for early (FITC-labeled annexin) and late
(propidium iodide) apoptosis after ad-
ministration of the conditioned media
from DLD-1 and HT-29 cell lines. Apopto-
sis was measured in lymphocytes 24 and
48 h after human full-length kisspeptin
(Abcam, Cambridge, UK) or concentrated
PC-3 (wild type and with the kisspeptin
gene silenced) media administration. As a
positive control of apoptosis, we adminis-
tered 50 nmol/L docetaxel to the cells.

Silencing of Kisspeptin Expression
PC-3 prostate cancer cells are known to
express and secrete high levels of
kisspeptin (22). Before determining the ef-
fects of naturally occurring kisspeptin on
colon cancer cell lines, we used the media
of wild-type PC-3 cells and of PC-3 cells
that had their kisspeptin gene silenced.
Kisspeptin was silenced in PC-3 cells by
using the psiRNA-h7SKneo G1 kit
(Sigma-Aldrich) according to the manu-
facturer’s instructions. Complementary
oligonucleotides compatible with the Bbsl
restriction enzyme before their insertion
into the psiRNA-h7SKneo vector were de-
signed by using siRNA Wizard software
(www.sirnawizard.com; InvivoGen, San
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Figure 1. Exogenous kisspeptin effect on lymphocytes. (A) Characterization of the lymphocytes isolated fromn human blood with flow cyfometry.
Human lymphocytes were isolated and characterized by using CD45-CD3 and CD45-CD20 antibody combinations, CD45 binds to all
hematopoietic cells with a nucleus, CD20 binds to the surface of B-lymphocytes and CD3 binds to the surface of T-lymphocytes. Out of all the
hematopoietic enucleated cells isolated, 90% were lymphocytes (76% T-lymphocytes and 14% B-lymphocytes). Lymphocyte apoptosis levels
after the exogenous administration of different amounts of kisspeptin were examined at 24 h. (B) Lymphocyte apoptosis without the addition
of kisspeptin; 98.6% of the cells are viable. (C) Lymphocyte apoptosis after the administration of 250 ng/mL kisspeptin; 98.05% of the cells are vi-
able. (D) Administration of 500 ng/mL kisspeptin; 98.3% of the cells are viable. (E) As a positive control, we used docetaxel. Administration of
50 nmol/L docetaxel resulted in the increase of lymphocyte death (60.8%) and a decrease in viable cells (39.2%). (F) Summary of the results
of the effects of kisspeptin on lymphocytes obtained by flow cytometry af 24 h. Lymphocyte apoptosis levels affer the exogenous administra-
tion of different amounts of kisspeptin were also examined at 48 h. (G) Lymphocyte apoptosis without the addition of kisspeptin; 77.4% of the
cells are viable. (H) Lymphocyte apoptosis after the administration of 250 ng/mL kisspeptin; 92.23% of the cells are viable. (I) Administration of
500 ng/mL kisspeptin; 91.9% of the cells are viable. () Summary of the results of the effects of kisspeptin on lymphocytes obtained by flow cy-
tfometry af 48 h. It can be seen that kisspeptin does not directly induce lymphocyte apoptosis at 24 or 48 h at concentrations up to 500 ng/mL.
Continued on next page
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Figure 1. Continued.

Diego, CA, USA). Three pairs of oligonu-
cleotides were examined for their ability
to silence the kisspeptin production. The
pair used was as follows: forward:
ACCTCAGAAGGACCTGCCGAACTAC
ATCAAGAATGTAGTTCGGCAGGTCC
TTCTTT; reverse: CAAAAAAGAA
GGACCTGCCGAACTACATTCTTGAT
GTAGTTCGGCAGGTCCTTCTG.

The siRNA insertion was confirmed by
enzyme digest with Spel and by bidirec-
tional sequencing by using the primers
provided in the kit (forward OL559 and
reverse OL408).

Inhibition of EMAP-II Action on
Lymphocytes

DLD-1 and HT-29 cells were treated
with kisspeptin (500 ng/mL) for 24 h.
These media were then collected and
treated with anti-EMAP-II antibody for
30 min at room temperature and intro-
duced into freshly isolated lymphocytes.
Lymphocyte apoptosis was measured
24 h after media introduction.

Enzyme-Linked Immunosorbent Assay
Determination of the human serum
Fas-L and EMAP-II was carried out by
enzyme-linked immunosorbent assay
(ELISA) (Life Technologies and Antigenix

America, respectively) according to the
manufacturer’s instructions. All samples
were measured in duplicate. The immu-
noassay was carried out in two different
samples of the colon in colon cancer
patients—one that was collected before
surgery and the other that was collected 1
wk after surgery.

MTT

HT-29 and DLD-1 cells were prepared
for standardized MTT [3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide;
Applichem, Omaha, NE, USA] assays.
Briefly, the cells were plated in 96-well
plates at a concentration of 500 cells/well.
At 48 h after plating, human kisspeptin
full-length protein (Abcam) was intro-
duced to these cells at different concentra-
tions (50, 100, 250, 500 and 1,000 ng/mL).
After 24 and 48 h, the MTT was adminis-
trated into each well. The absorbance was
determined at 570 nm by a microplate
reader (Versamax; Molecular Devices LLC,
Sunnyvale, CA, USA). Each approach was
replicated six times and repeated twice
with similar results (24).

Immunohistochemistry
Immunohistochemistry was carried
out in cancerous and noncancerous tis-
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sues for full-length kisspeptin with a rab-
bit anti-human polyclonal antibody at a
dilution 1/150 (1.3 ug/mL), as previ-
ously described (27); as a positive con-
trol, we used human placenta.

For EMAP-II, we used a rabbit anti-
human polyclonal antibody at a concen-
tration of 1/500 (1 ug/mL) (Santa Cruz
Biotechnology); as a positive control, we
used colon cancer samples (suggestion of
the company). Formaldehyde-fixed
prostate samples were paraffin wax—
embedded and processed for paraffin sec-
tions. Microtome sections of 3 um were al-
lowed to adhere to glass slides, dried at
37°C overnight, dewaxed in xylene and
rehydrated in serial dilutions of ethanol.
The sections were then incubated with the
primary antibody diluted in PBS
overnight at 4°C. Secondary biotinylated
goat anti-rabbit IgG antibody (Dako Real
EnVision, Dako, Glostrup, Denmark) was
then added, and tissue sections were visu-
alized under light microscopy, while neg-
ative control staining procedures were
also included in all immunohistochemical
analyses, as described elsewhere (23).

Statistical Analysis
Data are expressed as mean + 1 stan-
dard deviation for continuous variables
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A Detection of the kisspeptin levels in cell lines by qRT-PCR. C EMAP-II detection in the media of cell lines before and after the effect of human kisspeptin.
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Figure 2. Effect of kisspeptin on EMAP-II expression. (A) Characterization of the kisspeptin expression levels in the colon cancer cell lines and in
the PC-3 prostate cancer cell line by gRT-PCR; both colon cancer cell lines produce low kisspeptin expression. As expected (22), the PC-3
cells expressed high kisspeptin amounts. (B) PC-3 cells were stably transfected with kisspeptin siRNA, creating a kisspeptin KD PC-3 cell line. The
siRNA-mediated kisspeptin inactivation led to a >80% decrease in the kisspeptin levels. Three different stable kisspeptin KD PC-3 clones were
generated. (C) EMAP-II detection by ELISA in the media of colon cancer cell lines affer the exogenous administration of kisspeptin, PC-3
media or PC-3 Kiss1 KD media. It was determined that both colon cancer cell lines used in this study secrete EMAP-II in their media and
EMAP-II secretion increases with the exogenous introduction of kisspeptin (HT-29: secreted EMAP-II = 0.232 + 0.05 ng/mL, HT-29 freated with
1 ug/mL kisspeptin: secreted EMAP-II = 1.230 ng/mL (p < 0.001), DLD-1: secreted EMAP-II = 0.3 + 0.03 ng/mL, and DLD-1 freated with kisspeptin
(1 ug/mL): secreted EMAP-Il = 2.150 + 0.1 ng/mL (o < 0.001)). It can be observed that EMAP-Il secretion from HT-29 and DLD-1 cell lines is in-
duced in the presence of kisspeptin and in the presence of PC-3 media. This result is reversed when the cells were treated with the PC-3 Kiss]
KD media. (D) The 80% confluent HT-29 and DLD-1 cells were starved for 24 h and then treated with 0.5 and 1 ug/mL kisspeptin for 24 h. RNA
extraction was followed by DNase freatment and gRT-PCR for EMAP-IIl. EMAP-II expression was significantly increased in both cases and
showed a positive correlation between kisspeptin dosage and EMAP-II expression. HT-29 cells were more sensitive to exogenous kisspeptin ad-
ministration than DLD-1 cells. EMAP-II expression from unfreated HT-29 and DLD-1 cell lines, respectively, was set as the baseline in both cases.
(BE) EMAP-II detfection by Western analysis. The 37-kDa band corresponds to the p43/proEMAP-I, whereas the 24-kDa band corresponds o the
mature EMAP-II form. Both kisspeptin freatments showed a marked increase in total EMAP-II expression. EMAP-II expression in both untreated
colon cancer cell ines may be associated with the expression of kisspeptin. (E, F) HT-29 cells separately treated with concentrated PC-3 or
PC-3 Kiss1 KD media for 24 h. The PC-3 media radically increased EMAP-II expression in HT-29 cells, but the PC-3 KISS KD media showed no ef-
fect. (G) HT-29 and DLD-1 cell lines have been freated with 1,000 ng kisspeptin, which lead fo an elevation of EMAP-II expression. Treatment of
these cell lines with a kisspeptin receptor-blocking peptide reversed the kisspeptin effect on EMAP-Il as shown by gRT-PCR.

Contiunued on next page
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E EMAP-II protein detection in colon cancer cell lines after the effect of kisspeptin.
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Figure 2. Continued.

and as frequency (percentage) for
categorical data. The normality of the
distributions was assessed with the
Kolmogorov-Smirnov test and graphical
methods. Comparisons of continuous
variables were performed by using the
Student f test, Mann-Whitney U test and
nonparametric test, as appropriate. Cate-
gorical data were compared by the
test, or Fisher exact test, as required. In
cases of multiple group nonparametric
testing, the Kruskal-Wallis test was used.
Comparisons between two related val-
ues were performed by using the non-
parametric Wilcoxon signed rank test.
Pearson correlation coefficient and
Spearman rho were calculated to exam-
ine linear relationships between vari-
ables. Normalization of continuous vari-
ables for covariates and subsequent
comparisons were performed with anal-
ysis of covariance and multivariate anal-
ysis of variance.

In cases of multiple hypothesis testing,
the post hoc Bonferroni-Holmes test was
used to assess between-group differ-
ences, as well as to control family-wise
error to <0.05.

All tests were two-sided. Differences
were considered as statistically signifi-
cant if the null hypothesis could be re-
jected with >95% confidence (p < 0.05).
The statistical package used was the IBM
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SPSS Statistics, version 20 (IBM Corpora-
tion, Armonk, NY, USA) .

RESULTS

Kisspeptin Effect on Lymphocytes
Direct kisspeptin effects on lympho-
cyte cell death. Recent evidence suggests
that kisspeptin can induce lymphocyte
apoptosis. The signaling of GPR54 (the
kisspeptin receptor) is sufficient to trigger
ERK-dependent apoptosis via the FasL
and sFasL pathway in epithelial and lym-
phoid cell lines (19,22). Lymphocyte apo-
ptosis is a known factor that is associated
with metastases in colon cancer patients
(6). On the basis of this finding, we exam-
ined the direct effects of exogenous
kisspeptin on normal lymphocytes for 24
and 48 h. Fresh lymphocytes were isolated
from a healthy donor and characterized by
using the markers CD-3, CD-45 and CD-20
(Figure 1A). The lymphocytes, under the
effect of different kisspeptin concentra-
tions, were then analyzed by flow cytome-
try, to detect the levels of apoptosis and
necrosis (annexin-propidium iodide stain-
ing) at 24 h (Figures 1A-F) and at 48 h
(Figures 1G-J). As a positive control, we
administer docetaxel to the lymphocytes
(Figure 1E). It was determined that
kisspeptin did not present any direct
apoptotic effect on normal lymphocytes.
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Indirect kisspeptin effects on lympho-
cyte cell death. Whole human kisspeptin
was introduced to two colorectal cancer
cell lines (DLD-1 and HT-29) for 24 h. Be-
cause we used the whole kisspeptin pep-
tide for exogenous administration, the
HT-29 and DLD-1 colon cancer cell lines
were treated again for 24 h with concen-
trated media from wild-type PC-3 cells, a
prostate cancer cell line, which is known
to express and secrete kisspeptin (29)
(Figure 2A) and from PC-3 kisspeptin
knockdown (KD) cells (Figure 2B). The
media from the colon cancer cell lines
after the treatment were then collected
and examined for the presence of sFasL
and EMAP-II (ELISA). A statistical signif-
icant increase was observed in the se-
creted EMAP-II in the media of both
colon cancer cell lines (p < 0.001 for both
cell lines) (Figure 2C). Although both cell
lines secreted significant amounts of
EMAP-II, they did not secrete sFasL.

The kisspeptin effects on EMAP-II
were also verified by qRT-PCR and West-
ern blot analysis (Figures 2D, E). The ef-
fect of the PC-3 media on EMAP-II ex-
pression on the Ca colon cell lines was
similar to the one obtained after
kisspeptin administration. This effect was
abolished when the colon cancer cell lines
were treated with concentrated media de-
rived from stably transfected siRNA
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Figure 3. Effect of EMAP-II secreted by colon cancer cell lines on lymphocytes. Lymphocyte
apoptotic response 24 h after the infroduction of concentrated DLD-1 or HT-29 media and
of concentrated media of DLD-1 or HT-29 cells tfreated with 500 ng/mL kisspeptin. (A)
Freshly isolated lymphocytes (86% viable cells). (B) Concentrated media of DLD-1 cells was
infroduced fo lymphocytes; a significant increase in lymphocyte apoptosis was observed
(63% viable cells). (C) Kisspeptin has been infroduced to DLD-1 cells for 24 h; the media
were then collected, concentfrated and infroduced to lymphocytes. A significant increase
in cell death was observed (29.7% viable cells), in comparison o the control and o the
lymphocytes that were administered with the untreated DLD-1 media. (D) Unfreated lym-
phocytes. (E) Lymphocytes freated with HT-29 media (89.7 viable cells); a significant in-
crease in cell death was observed (73.8% viable cells). Infroduction of kisspeptin in the two
colon cancer cell lines and treatment of lymphocytes with the obtained media lead to a
statistically significant increase in cell death compared with the lymphocytes treated with
the media from colon cancer cell lines that were not subjected to kisspeptin administration.
Contiunued on next page
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kisspeptin KD PC-3 cells (Figures 4E, F).
Furthermore, blocking of the kisspeptin
receptor in the colon cancer cell lines re-
versed the kisspeptin effect on EMAP-II
expression in these cell lines (Figure 2G).

The effect of the EMAP-II secreted by
the colon cancer cell lines after
kisspeptin treatment, on lymphocytes,
was examined by introducing the media
from the HT-29 and DLD-1 cells after
kisspeptin treatment for 24 h, into freshly
isolated lymphocytes. These lympho-
cytes presented a statistically significant
increase of cell death in 24 and 48 h com-
pared to the lymphocytes treated with
media from DLD-1 (p = 0.02) and HT-29
(p = 0.001) cells that were not exposed to
kisspeptin (Figures 3A-F).

The administration of the media ob-
tained from PC-3—treated, HT-29 and
DLD-1 cells to lymphocytes lead to an
increase in cell death. This effect was re-
versed when the HT-29 cells were
treated with media from PC-3 cells that
had their kisspeptin (Kiss1) gene si-
lenced (Figures 3G, H). Furthermore,
when kisspeptin-treated DLD-1 and
HT-29 media were incubated with an
anti-EMAP-II antibody and was then in-
troduced to lymphocytes, the observed
effect of the media from the kisspeptin-
treated colon cancer cell lines, on lym-
phocyte viability, was diminished (p <
0.001 for both cell lines) (Figures 3 1, J).
All these results are summarized in
Figure 3K.

From the data obtained up to this
point, it seems that kisspeptin induces
EMAP-II expression and EMAP-II in-
duces lymphocyte apoptosis. Therefore,
the effects of various kisspeptin concen-
trations in cancer cell viability were ex-
amined, on HT-29 and DLD-1 colon can-
cer cell lines by MTT assays. It was
determined that although kisspeptin in-
duces the EMAP-II expression in both
cell lines, it is not associated with colon
cancer cell apoptosis in these cells.

EMAP-II Expression in Solid Tumors
All the tissues that presented elevated

kisspeptin presented elevated EMAP-II

levels too. Normal colon and metastatic
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H Lymphocytes + HT-29 media after treatment with PC-3
Kiss-1 KO, media.

G Lymphocytes + HT-29 media after treatment
with PC-3 media.
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Figure 3. Continued. Furthermore, infroduction of media from the two colon cancer cell
lines after treatment with PC-3 media (PC-3 cells express and secrete kisspeptin) pre-
sented a statistically significant decrease of living cells compared with the controls.
These results were reversed when media from kisspeptin-tfreated HT-29 and DLD-1 cell
lines was incubated with the anti-EMAP-II antibody and when the lymphocytes were
freated with media from HT-29 cells after freatment with PC-3 kisspeptin KD cells media.
(F) Kisspeptin was infroduced to HT-29 cells for 24 h and the media were then collected,
concentrated and introduced to lymphocytes. An even further increase in cell death
was observed (61.4% viable cells). (G) To determine the effects of naturally occurring
and secreted kisspeptin, we administer concentrated media from PC-3 cells to HT-29
cells. HT-29 media were then infroduced intfo lymphocytes for 24 h. A significant increase
in cell death was observed (69.01% viable cells) in comparison to the untreated lym-
phocytes (89.7% viable cells) and to the lymphocytes infroduced with untreated HT-29
media (73.8%). (H) These results were reversed when the lymphocytes were adminis-
tered with HT-29 media after treating them with the PC-3 kisspeptin KD cells (viable cells
77.4%). (1) Media from kisspeptin (600 ng/mL)-treated HT-29 cells and DLD-1 cells (J)
were freated with anti-EMAP-II antibody and were then infroduced to human lympho-
cytes for 24 h (viable cells 77.39% and 89.24%, respectively). (K) Lymphocyte cell death
assessment after freatment with HT-29 and DLD-1 media, after infroduction of media
from both colon cancer cell lines after treatment with kisspeptin (HT29+KISS, DLD1+KISS),
after infroduction of media from HT-29 cells freated with PC-3 media (HT-29+PC-3), after
infroduction of media from HT-29 cells treated with media from the PC-3 kisspeptin KD
cells (HT-29+PC-3 KO) and after infroduction of media from both colon cancer cell lines
after freatment with kisspeptin and incubation with anti-EMAP-II antibody for 30 min
(HT-29+KISS Ab treat, DLD-1+KISS Ab treat). Concentrated media from both cell lines
HT-29 and DLD-1 present a statistical significant increase in cell death compared with
the untreated lymphocytes. It has been shown that both cell lines express low levels
of kisspeptin and this is associated with the expression and secretion of low levels of
EMAP-II.

Contiunued on next page
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colon cancer tissues express low-to-
moderate levels of EMAP-II with no sta-
tistically significant difference among
them. Elevated kisspeptin levels were
significantly associated with elevated
EMAP-II levels in the tumors (p < 0.001).
In addition, similarly to kisspeptin,
EMAP-II expression in the tumor was
associated with the absence of metastasis
(p < 0.001) (Fig. 4).

Kisspeptin Expression in Solid Tumors
From the results presented up to this
point it seems that kisspeptin leads to
EMAP-II elevation and secretion in colon
cancer cell lines; therefore, one would ex-
pect to be associated with worse progno-
sis in colon cancer, since EMAP-II is as-
sociated with lymphocyte cell death and
it is not affecting the viability of colon
cancer cells in vitro. Immunohistochemi-
cal analysis for kisspeptin suggests that
kisspeptin expression was low to moder-
ate in healthy tissues. Increased kiss-
peptin expression in the colon cancer tis-
sues was observed in tumors of lower
grade compared with the normal colon,
and it was found to be negatively associ-
ated with metastases, stage and grade
(tumors of low stage and grade pre-
sented higher kisspeptin expression) (p <
0.001 for both cases) and to be positively
associated with nonmetastatic disease
(p < 0.001) in colon cancer patients
(Fig. 5). Absence of kisspeptin expression
was evident in 16 of 17 (94%) patients
that presented metastases (p < 0.001), in-
dicating that tumor kisspeptin expression
is negatively associated with metastatic
disease. From the rest of the patients ex-
amined (with no metastasis), 44 of 52
(84.5%) expressed moderate to high
kisspeptin expression (Figure 5, Table 1).
Serum of the patients and healthy con-
trols was examined for the presence of
sFasL. and EMAP-II, two molecules that
have been associated with lymphocyte
apoptosis, by using ELISAs. There was
not any statistically significant correlation
between the sFasL concentration in the
serum of colon cancer patients either with
the presence of metastases nor with the
kisspeptin levels observed in the tissues
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Figure 3. Continued.

of colon cancer patients and of individu-
als with benign conditions of the colon.

Colon cancer patients with no metas-
tases presented similar serum EMAP-II
levels (before and after surgery) with the
healthy individuals. Elevated plasma
EMAP-II levels (>0.6 ng/mL) were
found to be associated with distant
metastases (16 of 19 patients, 84%, p <
0.001) in colon cancer patients. Further-
more, elevated EMAP-II levels in the
serum were statistically significantly as-
sociated with tumor stage (p < 0.001)
(Table 1). In the majority of the cases,
serum EMAP-II levels after surgery var-
ied from 0 to 0.375 ng/mL (mean = 0.17),
similarly to the levels observed in nor-
mal individuals (0 to 0.224 ng/mL,
mean = 0.12) and to levels measured in
colon cancer patients without metastases
(0 to 0.465 ng/mL, mean = 0.21).

DISCUSSION

The host immune system functions as
a guardian against tumor development.
It has been demonstrated that cytotoxic
T-lymphocytes inhibit or delay human
colorectal cancer development and
metastases. The determination of a possi-
ble association of EMAP-II- or sFasL-
induced lymphocyte apoptosis in the
plasma of the patients suggests associa-

tion with an increased metastatic rate
(14,15,28).

Kisspeptin was first discovered to be
an antimetastatic factor in cancer tissues.
However, since then, data have been var-
ied and at times contradictory. In many
cancer tissues, kisspeptin has been posi-
tively correlated with increased patient
survival, whereas, in others, kisspeptin
has been correlated with the exact oppo-
site (18). In contradiction, it has been
suggested that kisspeptin induces apo-
ptosis in lymphocytes through the
GPR54 or kisspeptin receptor (19), sug-
gesting that increased tumor kisspeptin
levels should be associated with an in-
creased metastatic rate.

The data presented in this study re-
sulting from the introduction of different
kisspeptin concentrations at different
time intervals on freshly collected lym-
phocytes did not present a significant de-
crease in lymphocyte viability, suggest-
ing that kisspeptin is not directly
associated with lymphocyte cell death.

It is known that kisspeptin is produced
in many tumors, and its presence has
been associated with the expression of
FasL, a strong apoptotic factor. sFasL is
generated by cleaving membrane-bound
FasL at a conserved cleavage site by the
external matrix metalloproteinase MMP-7,
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and it has been found to induce lympho-
cyte apoptosis in colon cancer patients
(28-31). In addition, another tumor-se-
creted molecule that is associated with
lymphocyte apoptosis is the EMAP-II
(15). Therefore, to determine if kisspeptin
exerts an indirect apoptotic effect on pe-
ripheral lymphocytes, we introduced dif-
ferent kisspeptin concentrations for dif-
ferent time intervals into two colon
cancer cell lines (HT-29, DLD-1). Both
cell lines produce and secrete EMAP-II
but not sFasL.

The correlation between kisspeptin
and EMAP-II levels was also verified by
the immunohistochemical analysis of
our tumor samples that suggested the
proportional concision of kisspeptin and
EMAP-IIL. To determine whether the
antimetastatic action of kisspeptin,
which seems to be generated through
EMAP-II, has to do with the EMAP-II or
the kisspeptin effect on the tumor di-
rectly, the apoptosis levels and survival
of colon cancer cell lines were examined
under the influence of kisspeptin and
PC-3 media. PC-3 is a prostate cancer
cell line known to express and secrete
kisspeptin. Both factors (kisspeptin and
PC-3 media) have been found to gener-
ate an increase in the EMAP-II expres-
sion and secretion in the colon cancer
cell lines that was reversed when the
same cells were treated with the media
from the kisspeptin KD PC-3 cell lines
and with the inhibitor of the kisspeptin
receptor. From these series of experi-
ments, it was determined that exoge-
nous kisspeptin leads to an increase of
EMAP-II expression in colon cancer cell
lines through its receptor and that nei-
ther kisspeptin nor EMAP-II present any
effects on colon cancer cell apoptosis or
cell cycle arrest. These data suggest that
kisspeptin does not present a direct ef-
fect on colon cancer cell viability or
through the expression of EMAP-IL

Furthermore, similarly to the
kisspeptin, EMAP-II expression in the
tumor was negatively associated with
distant metastases and with grade. It was
also determined that the media from the
kisspeptin-treated colon cancer cell lines,
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Figure 5. Immunohistochemical detection of kisspeptin expression in colon cancer sam-
ples. Images show noncancerous tissue in a malignant tumor of the colon that was asso-
ciated with distant metastases and in a malignant ftumor of the colon that came from a
patient has been disease and metastases free for >8 years. Metastatic tumors of the
colon, in their majority, presented low kisspeptin expression similar to the healthy tissue.
Nonmetastatic tumors presented elevated kisspeptin levels. Human placental tissue was
used as a positive control and omission of the primary anfibody as a negative confrol.

which presented elevated EMAP-II secre-
tion, induced lymphocyte apoptosis. This
effect was reversed when the media were
treated with an anti-EMAP-II monoclonal
antibody, suggesting that EMAP-II secre-
tion from colon cancer cells induces lym-
phocyte apoptosis; therefore, it would be
expected that elevated EMAP-II in the
serum of colon cancer patients is corre-
lated with the presence of metastases.
This result seems contradictory to the
kisspeptin antimetastatic effect in colon
cancer patients previously observed.

In cancer, it has been suggested that
EMAP-II clinical value is to inhibit an-
giogenesis and suppress the growth of
primary and secondary tumors with no
effect on normal tissues. Recent studies
presented evidence that EMAP-II causes
a dose-dependent inhibition of prolifera-
tion and triggering of apoptosis in lym-
phocytes; therefore, lymphocytes are tar-
gets of the cytotoxic activity of EMAP-II
(9,14,15).

Examination of the sera of colon cancer
patients suggested a direct relationship
between elevated EMAP-II and establish-
ment of distant metastases and grade.
EMAP-II is found at high levels (>0.6
ng/mL) in colon cancer patients that
present metastases. Although this was
the case, it was determined that elevated
serum EMAP-II was not associated in our
study group with elevated tissue EMAP-
IT and kisspeptin expression in the tumor.
sFasl. was also examined in the serum of
our patients. We did not find any correla-
tion with the sFasL in the serum of pa-
tients and tissue kisspeptin, nor with the
serum sFasL and metastases.

What should be discussed at this point
is the fact that EMAP-II levels in the
serum did not coincide with the levels
presented in the tumors by the immuno-
histochemical analysis (EMAP-II pres-
ence or absence), suggesting the involve-
ment of another mechanism that has to
do with EMAP-II secretion in the circula-
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tion. The anti-EMAP-II antibody used in
this study interacts with both aminoacyl
tRNA synthetase complex-interacting
multifunctional protein 1 (AIMP1;
EMAP-II precursor) and with the mature
EMAP-II. High concentrations of arginyl
aminoacyl t-RNA synthetase (retinoid
acid receptors [RARS]) in tumors impair
the secretion of EMAP-II, through the
formation of a RARS-AIMP1 complex
(AIMP1 is the EMAP- II precursor).
Moreover, proteosome inhibition impairs
AIMP1 cleavage to produce EMAP-II
(32). These data suggest that reduced
EMAP-II secretion from tumor cells may
be associated to RARS overexpression
and/or to reduced activity of the multi-
catalytic protease (proteosome inhibi-
tion), which is involved in the generation
of the mature cytokine EMAP-II.

CONCLUSION

Overall, the results of this study sug-
gest that kisspeptin induces the EMAP-II
expression in vitro in colon cancer cell
lines and colon cancer tissue. Although
EMAP-II in the circulation induces lym-
phocyte apoptosis and is associated with
metastases, its secretion is irrelevant to
the EMAP-II or kisspeptin levels in the
tumor. In addition, kisspeptin seems to
inhibit the metastatic ability of the colon
cancer, possibly exploiting the antitumor
effects of EMAP-II. Further research on
this aspect is required before shedding
light on the mechanisms that render
kisspeptin an antimetastatic factor in
colon cancer.
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