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Summary

Purpose: Kisspeptins, which are derived from the gene
KISS1, supress tumor progression. We intended to investi-
gate the production of KISS1 and its receptor (KISSR) in
gastric cancer.

Methods: The expression of KISS1 and KISSIR in both
normal and cancer tissue was examined with immunohisto-
chemistry in tissue specimens of 40 cases of gastric adeno-
carcinoma.

Results: KISS1 expression in normal gastric mucosa was
much higher than in malignant mucosa. KISS1 expression
was higher in early stages (stage I or II) than in advanced
stages (stage III or IV), in tumors with intestinal histologi-
cal type than in those with diffuse histological type, in tu-
mors without lymphovascular invasion than in those with

Introduction

The direct product of KISSI gene is a pro-
tein consisted of 145 amino acids that undergoes
cleavage into smaller peptides called kisppeptins,
namely Kkisspeptin-10, kisspeptin-13, kisspep-
tin-14 and kisspeptin-54 (or metastin). Their re-
ceptor is a transmembrane protein that belongs
to the Gg/11 family, the KISS1-derived peptide
receptor (KISS1R) or G protein-coupled receptor
54 (GPR54) [1-12]. Kisspeptins stimulate GnRH
release and trigger puberty onset and they are in-
volved in the placenta formation by regulating the
trophoblast invasion [2-7,10,11]. They also inhibit
migration of malignant cells [1-12] and cell pro-

and in cancers of older patients (=70 years) than in younger
patients. No significant differences were found regarding
other clinicopathological parameters. There was no KISSIR
expression in cancer tissues, while only low levels of KISSIR
were detected in normal gastric epithelium.

Conclusions: KISS1 expression is decreased during car-
cinogenesis in gastric mucosa. More advanced tumors and
more aggressive histological types produce lower KISS1 lev-
els. In addition, no KISSIR is produced in malignant gas-
tric epithelium, while KISSIR is only weakly expressed in
normal gastric epithelium.
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liferation [1,3,4,6-10,12], suppress tissue invasion
[1-10,12], angiogenesis [3,7,10] and promote apop-
tosis [3,5,7,10,11].

The role of kisspeptins has been investi-
gated in many types of malignancies, such as
thyroid, endometrial, ovarian, breast, hepatocel-
lualr, pancreatic, esophageal, bladder and lung
cancer, melanoma, osteosarcoma, pheochromo-
cytoma and choriocarcinoma [1-7,10-12]. Regard-
ing KISSI production in gastric cancer, there are
few studies. In this study, we have studied KISS1
and KISSIR expression in gastric cancer with
immunohistochemistry.
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Methods

Patients and tissue samples

Included were 40 patients with gastric adenocar-
cinoma (18 women and 22 men, mean age: 64.4 years,
range: 32-85 years) who had been subjected to gastrec-
tomy in our department in a period of 56 months. Ex-
clusion criteria were the presence of another type of
gastric cancer, history of previous cancer (either gas-
tric adenocarcinoma or another type) and the admin-
istration of neoadjuvant treatment. Two blocks were
obtained, fixed with formalin and embedded in paraffin
for each patient, one containing normal gastric tissue
and the other one containing malignant gastric tissue.
Slides from each block were cut, examined after stain-
ing with hematoxylin and eosin and processed for im-
munohistochemical analysis.

The classification of cancers was done according to
the guidelines of World Health Organization [13] and
their staging according to the 7t edition of TNM clas-
sification of malignant tumors of UICC (International
Union Against Cancer) [14]. Table 1 shows patient and
disease characteristics.

This study was approved by the Ethics Committee
of “Laiko” General Hospital (date: June 11t 2010, refer-
ence number: ES 344) and conformed to the Helsinki
Declaration of 1975, as revised in 2000.

Immunohistochemistry

The fixation of surgical specimens was done with
10% formalin solution. A series of alcohols, xylene and
paraffin was applied on the tissue samples within the
first 24 hrs. Four pm thick sections were cut from the
blocks and xylene was used for deparaffinization and
a graded series of alcohols for rehydration. Antigens
were retrieved by applying a citrate buffer with pH 6.0
at 96°C for 30 min in a microwave oven. Afterwards,
3% hydrogen peroxide was added for 5 min and then
a serum-free protein block (Dako, Glostrup, Denmark)
for 30 min. Overnight incubation of the slides at 4°C
followed using a rabbit polyclonal antibody against hu-
man KISS1 (SC-15400, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or a goat polyclonal antibody against
human KISS1R (SC-48220, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), in a dilution of 1:100 using se-
rum-free protein block. Drops of Link, Streptavidin and
3,3 ‘diaminobenzidine (DAB) were applied on the slides
on the next day for 30 min each, consecutively. Sub-
sequently, hematoxylin was added for 5 min and the
slides were immersed 10 times in a wash bath. Appli-
cation of a wash solution followed all the previously
described steps. Finally, an aqueous-based medium was
used for mounting and coverslipping the slides. Human
placenta was used as positive control, whereas the pri-
mary antibody was omitted for negative control.

Image analysis

One month following immunohistochemistry, im-
age analysis was performed. We selected 4-6 represent-
ative optical fields of gastric mucosa from each slide
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Table 1. Patient and disease characteristics

Parameters n
Gender

Male 22

Female 18
Age, years

<70 23

>70 17
Maximum tumor diameter (cm)

<4 19

>4 21
Stage

I 8

II 10

111 16

v 6
T

T1

T2 6

T3 17

T4 13
N

NO 13

N1 9

N2 5

N3 13
M

MO 34

M1 6
Grade

High grade 24

Low grade 16
Lauren’s classification

Diffuse type 17

Intestinal type 23
Lymphovascular invasion

No 21

Yes 19
Perineural invasion

No 32

Yes 8

T:primary tumor infiltration, N:infiltrated regional lymph
nodes, M:distant metastasis

(normal or malignant) that were photographed under
400x magnification with a digital camera (Nikon DS-2
MW, Nikon, Tokyo, Japan) that was connected with
a light microscope (Nikon Eclipse 80i, Nikon, Tokyo,
Japan). The obtained images were saved in the form
of JPEG (Joint Photographic Experts Group) files and
analyzed with the software Image Pro Plus 5.1 (Me-
dia Cybernetics, Bethesda, MD, USA). Concerning DAB
staining, brown color indicated presence of KISS1 or
KISSIR expression, whereas blue color of hematoxylin
counterstain indicated its absence. Homogeneous in-
tensity of DAB staining was detected in all sections of
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normal gastric mucosa, whereas homogeneous or het-
erogeneous intensity of DAB staining was detected in
sections of cancer gastric mucosa. Four optical fields
(400x magnification) were chosen when there was ho-
mogeneous intensity and 6 when there was heterogene-
ous intensity. The average levels of intensity of brown
color [on a linear scale from O (for black) to 255 (for
white)] and the average percentage of extent of brown
color were taken into consideration for each slide.

The following equation for estimating KISS1 and
KISSIR expression was used:

Protein expression= (255-average intensity
levels of brown color) x average percentage of
extent of brown color.

The mean value of intensity levels and the mean val-

ue of percentages of extent of brown color for the select-
ed optical fields were the average values for each slide.

Statistics

The normality of data distribution was assessed
with the Shapiro-Wilk test. The t-test or the Mann-Whit-
ney U test were applied for the comparisons between
two groups in case of normal or not normal data distri-
bution, respectively. Analysis of variance (ANOVA) with
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the Bonferroni correction was used when three or more
groups were compared. The Spearman’s rank correlation
coefficient was used for the estimation of correlations
between two quantitative variables. All the tests were
two-tailed. Results were considered significant if p<0.05.
The SPSS software (version 22.0, IBM Corporation, Ar-
monk, NY, USA) was used for the statistical analyses.

Results

Normal versus malignant gastric mucosa in regards
to KISS1 expression

KISS1 was found in the cytoplasm of the gas-
tric epithelial cells and several stromal cells (Fig-
ure 1). Normal gastric mucosa produced much
more KISS1 than malignant mucosa in each pa-
tient (p<0.00001) (Figure 1).

KISS1 expression in normal gastric mucosa

There were no significant differences between
male and female patients (p=0.623) or older (=70
years) and younger (<70 years) patients (p=0.988)
regarding KISS1 levels in normal gastric mucosa.

0, S5

Figure 1. 3,3 diaminobenzidine (DAB) staining to show KISS1 production in normal gastric mucosa (A: left figure,
B: lower left part) and gastric cancer (A: right figure, B: upper right part). DAB staining is weaker for gastric cancer
(A: original magnification x400, B: original magnification x100).
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KISS1 expression in gastric adenocarcinoma

KISS1 levels were higher in tumors from
older (=70 years) than from younger patients (<70
years) (p=0.015), while there were no significant
differences when male and female patients were
compared (p=0.59). Furthermore, KISS1 produc-
tion was greater in early cancers (stages I/II) than
in advanced cancers (stages I1I/IV) (p=0.043), in in-
testinal type tumors than in diffuse ones (p=0.03)
(Figure 2) and in cases without lymphovascular
invasion than in those with (p=0.042). On the con-
trary, no significant differences concerning KISS1
expression in malignant tissue were found be-
tween smaller (<4 cm in diameter) and larger (=4
cm in diameter) tumors (p=0.638) or between low
grade and high grade cancers (p=0.11). Moreover,
the extent of the infiltration of the primary tumor
(T) (p=0.532), the presence of infiltrated lymph
nodes (p=0.273) or their number (N) (p=0.662),
the presence of distant metastases (M) (p=0.054)
and the presence of perineural invasion (p=0.055)

seemed not to influence significantly KISS1 levels
in malignant tissue.

Difference between normal and malignant tissue in
regards to KISS1 expression

The difference between normal and malignant
tissue in regards to KISS1 expression seemed not
to be significantly affected by age (=70 vs. <70
years) (p=0.22), gender (p=0.519), tumor size (=4
vs. <4 cm in diameter) (p=0.9306), stage of cancer
(p=0.445), T (p=0.748), N (p=0.719), M (p=0.925),
tumor grade (high grade vs. low grade) (p=0.479),
histological type (intestinal vs. diffuse) (p=0.285),
presence of lymphovascular invasiosn (p=0.995)
and presence of perineural invasion (p=0.241).

KISSIR expression

No KISSI1R production was found in malig-
nant gastric cells, whereas only weak expression
of KISS1R was found in the basal layer of normal
gastric epithelium (Figure 3).

Figure 2. 3,3'diaminobenzidine (DAB) staining to show KISSl expression in intestinal hlstologlcal type (left) and
diffuse histological type (right). DAB staining is stronger in intestinal histological type (original magnification x400).

Figure 3. Low KISS1R production in normal gastric mucosa (left) and absence of KISS1R production in gastric cancer
(right) (original magnification x400, 3,3 ‘"diaminobenzidine (DAB) staining).
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Discussion

This study demonstrated that KISS1 levels are
much higher in the normal gastric mucosa as com-
pared with the malignant one. It was also found
that gastric cancers with more advanced stage
(stages IIT and IV), lymphovascular invasion and/
or diffuse histological type, produce less KISS1
than gastric cancers with earlier stage (stages I
and II), intestinal histological type and/or without
lymphovascular invasion. In addition, gastric can-
cers in older patients (=70 years) seem to express
higher KISS1 levels than in younger patients
(<70 years).

There are a few studies that have examined
KISS1 expression in gastric cancer. Dhar et al. [15]
showed that low KISS1 expression in gastic can-
cer is associated with distant metastasis, venous
invasion, tumor recurrence and worse disease-free
and overall survival. Furthermore, Guan-Zhen et
al. [16] studied the immunohistochemical staining
for KISS1 in primary gastric cancers and metasta-
ses in lymph nodes and the liver and reported that
metastatic lesions produce less KISS1 in compari-
son with primary tumors. Yao et al. [17] used in situ
hybridization for the detection of KISS1 expres-
sion in gastric cancers and pericancerous tissues
and observed that gastric cancers had lower KISS1
levels than pericancerous tissues. They also found
that malignant tumors with deeper infiltration (T3
or T4), second or third group lymph node metas-
tasis and distant metastasis produced less KISS1
than malignant tumors with less infiltration depth
(T1 or T2), without or with only first group lymph
node metastasis and without distant metastasis.
Moreover, Wang et al. [18] reported that the im-
munohistochemical staining for KISS1 was less
intense in gastric cardia cancers with lymph node
metastasis and advanced stage, but there was no
correlation with the differentiation of malignant
tissue. Zheng et al. [19] also pointed out an ab-
errant expression of KISS1 in association with
lymph node metastasis. On the other hand, Ergen
et al. [20] showed that kisspeptin-54 levels were
higher in cases of gastric cancer as compared with
healthy controls, but without association with any
clinicopathological parameter. Regarding some in
vitro studies in gastric cancer cell lines, Yamash-
ita et al. [21] detected methylation of KISSI and
KISSIR genes and Lee et al. [22] and Li et al. [23]
noticed that KISS1 suppressed metalloprotein-
ase-9 expression, inhibiting the proliferation and
invasion of malignant gastric cells by activating
the p38 MAP kinase signaling pathway.

In this study, we found that KISS1 levels were
much higher in normal gastric mucosa than in gas-

tric cancer, meaning that normal gastric epithelial
cells produce much more KISS1 than malignant
cells. This leads to the conclusion that KISS1 ex-
pression is downregulated during the malignant
transformation of gastric mucosa. This conforms
to the already known tumor suppressive actions
of kisspeptins. Furthermore, we showed that more
advanced gastric cancers (stages III and IV) and
gastric cancers with the diffuse histological type,
which are more aggressive and have worse prog-
nosis than the intestinal histological type [24], as
well as those tumors with lymphovascular infil-
tration, which are those ready to metastasize, pro-
duce less KISS1 than the others. These findings
suggest that, as gastric cancer progresses, and
especially in its more aggressive types, KISS1 ex-
pression is downregulated, leading to enhanced
infiltrative and metastatic potential of malignant
cells. Finally, the fact that no significant associa-
tions were detected concerning the difference of
KISS1 production between normal gastric epithe-
lium and gastric cancer possibly implies that the
former levels of KISS1 production in normal gas-
tric mucosa from which gastric cancer originates
do not affect its expression by malignant cells as
the tumor progresses.

Regarding KISSI1R, no expression was detect-
ed in malignant gastric cells, whereas only a weak
expression of KISSIR was found in the basal layer
of normal gastric epithelium. These findings may
suggest that either there is another not identified
receptor of kisspeptins in gastric mucosa or that
kisspeptins are produced in the stomach in order
to act in other sites, as for example the liver, which
produces both KISS1 and KISS1R [2-4,6-8,11], re-
ceives blood from the gastrointestinal tract via
the portal circulation and is the most frequent and
usually the first metastatic site of malignancies of
the gastrointestinal tract [25].

Certain limitations should be acknowledged
in this study. First, the number of participants was
relatively small (n=40). Moreover, only one kind
of samples, formalin-fixed, paraffin-embedded tis-
sues, was used. KISS1 and KISSIR levels might
also be assessed in fresh tissues and peripheral
blood and correlated with their levels in fixed tis-
sues. Furthermore, only one method, immunohis-
tochemistry, was used for the assessment of KISS1
and KISSI1R expression. Other methods, such as
reverse transcriptase-polymerase chain reaction
(RT-PCR) in fresh tissues and enzyme-linked im-
munosorbent assay (ELISA) in peripheral blood,
might also be used for this purpose. Finally,
KISS1 and KISS1R levels might also be estimated
in metastatic sites, either nodal or distant, apart
from the primary sites. Despite these limitations,

JBUON 2018; 23(1): 83



84

KISS1/KISS1R expression in gastric cancer

this study provides a reliable assessment of KISS1
and KISS1R production in gastric cancer.

In conclusion, the expression of KISSI is de-
creased during carcinogenesis in gastric mucosa,
resulting in reduced KISSI1 production by malig-
nant gastric cells when compared with normal
ones. Moreover, KISS1 expression is further re-
duced as gastric cancer progresses, and especially
in its more aggressive types, and therefore more
advanced tumors and more aggressive histologi-
cal types produce lower KISSI1 levels than ear-
lier stage tumors and less aggressive histologi-
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