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Abstract

Purpose Uveal melanoma (UM) is the most

common primary malignant intraocular

tumour in adults. Forty-five percent of UM

patients develop metastasis within 15 years of

initial diagnosis. KISS1, a human metastasis

suppressor gene, has been reported to play a

role in various human malignancies. The

purpose of this study was to investigate the

expression of KISS1 in UM and its potential

value as a prognostic marker.

Methods Thirty-seven cases of paraffin-

embedded human UM specimens were

immunostained with a KISS1 antibody.

Clinical–pathological data were obtained. The

relationship between the clinical–pathological

data and the expression of KISS1 was

evaluated. Moreover, the survival rates of the

patients were also assessed. Five UM cell lines

(92.1, OCM-1, MKTBR, UW1 and SP6.5) were

assayed for KISS1 expression. In addition,

real-time PCR was used to determine mRNA

levels of KISS1 and its receptor GPR54 in these

cell lines.

Results The immunohistochemical results of

KISS1 expression displayed cytoplasmic

staining in 84% of UM specimens. Low KISS1

expression was associated with a higher risk of

metastatic disease (Po0.05). Furthermore, we

found that KISS1 was expressed in all five UM

cells lines. Real-time PCR analysis confirmed

the presence of both KISS1 and its receptor

GPR54 in all five human UM cell lines.

Conclusions To the best of our knowledge,

this is the first time that KISS1 has been

characterized in UM. The correlation

between KISS1 expression and UM

survival rate suggests an important role for

KISS1 as a prognostic marker in this particular

tumour.
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Introduction

Uveal melanoma (UM) is the most common

primary intraocular malignant tumour in adults

and encompasses nearly 85% of all ocular

melanoma.1 The worldwide incidence of UM is

5–7 cases per million people, comprising

approximately 4.25% of all melanomas.1 Despite

progress in early diagnosis and treatment of the

ocular tumour, UM mortality rates have

remained relatively unchanged during the last

25 years.1 Tumour-related death is mainly due

to liver metastasis, which is usually detected

several years after the diagnosis and treatment

of the primary tumour. Approximately 45% of

UM patients develop metastasis within 15 years

of initial diagnosis.2 Unfortunately, when liver

metastases are diagnosed, treatment options are

limited and life expectancy is short. There is no

staging for UM and screening tests fail to detect

subclinical micro-metastasis. After the first

evidence of liver disease, the median survival is

less than 6 months.3

Tumour metastasis in UM is due solely to

haematogeneous dissemination. When tumour

cells reach the target organ, they can proliferate

and form metastases or stay dormant.4

Clinically, dormancy has long been recognized,

particularly in melanoma, breast and prostate

cancers,5–7 referring to the prolonged survival of

single cells or small micro-metastases without

apparent progression. KISS1 and MKK4 are

metastasis suppressor genes (MSGs) thought to

be involved in the dormancy phase.7

Identification of MSGs provided an

unexpected series of insights into tumour

biology; MSGs suppress the formation of

spontaneous, macroscopic metastases without

affecting the growth rate of the primary tumour.8
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The KISS1 gene has been reported to be a metastasis

suppressor gene in human skin melanoma and breast

cancer cells.8 Nash et al were the first to show that the

introduction of KISS1 into highly metastatic human

melanoma cell lines C8161 and MelJuSo suppressed

in vivo metastases to the lung by more than 95%.9,10

Interestingly, introduction of KISS1 into a metastatic

breast cancer cell line MDA-MB-435 also showed a

495% suppression of metastases to the lung.11 It was

also demonstrated that loss of KISS1 mRNA expression

correlates with conversion from the benign to the

malignant phenotype of cutaneous human melanoma.12

These data strongly suggest that KISS1-mediated

metastasis suppression might be pertinent in different

tumours, a conclusion that surfaced in subsequent

studies.13–18 Moreover, reduced KISS1 expression became

a strong prognostic marker in patients with urinary

bladder cancer14 and gastric carcinoma.16 In general, loss

or reduction of KISS1 expression in several different

tumour types negatively affects survival.19

KISS1 encodes a 145 amino-acid residue peptide that is

further processed. One of the products, a 54 amino-acid

peptide, is called Metastin or Kisspeptin-54 and is a

natural ligand to a G-coupled receptor known as

GPR54.20 Its mechanisms of action remain elusive but

experimental evidence shows that KISS1 secretion is

required for multiple organ metastasis suppression and

for maintenance of disseminated cells in a dormant

state.21

Despite the obvious clinical importance of cancer

metastasis, the process remains incompletely

characterized at the molecular level. Therefore, a better

understanding of these processes is essential to develop

novel and specific drugs to prevent and treat UM

metastasis. However, to date, characterization of KISS1

expression in melanoma has only been undertaken in

skin melanoma19 and remains to be investigated in UM.

This study aims to evaluate the immunohistochemical

expression of KISS1 in UM cell lines with different

metastatic potential. In addition, characterization of the

immunohistochemical expression in tissues of patients

with primary UM and its possible association with

survival are assessed.

Materials and methods

Immunocytochemistry

Cytospins of the five human UM cell lines with different

metastatic potentials (92.1, SP6.5, OCM-1, UW-1, and

MKT-BR) were made using a Cytospin3 machine

(Shandon Scientific Limited, Astmoor, UK). Cells from

culture were diluted to a concentration of 250 000 cells

per ml, and a 300 ml solution at that concentration was

used for each spin to be evenly plated on each slide.

All slides were then immunostained with primary

antihuman monoclonal antibody against KISS1 (M05,

Abnova Corporation, Heildelberg, Germany) using the

Ventana Benchmark LT fully automated machine

(Ventana Medical Systems Inc., Tucson, AZ, USA)

programmed to use a standard avidin–biotin complex

method.

The UM cell lines 92.1, SP6.5, and MKT-BR were

established by Dr Jager (University Hospital Leiden, The

Netherlands), Dr Pelletier (Laval University, Quebec,

Canada), and Dr Belkhou (CJF INSERM, France),

respectively. Dr Albert (University of Wisconsin-

Madison, USA) established the OCM-1 and UW-1 cell

lines.22,23

RNA extraction

Total cellular RNA was extracted from the five human

UM cell lines using the Qiagen RNeasy kit (Qiagen,

Mississauga, Ontario, Canada) as per the manufacturer’s

recommendations. Briefly, cells were disrupted and

homogenized using the included lysate buffer and

ground with a 20 G (half) syringe, as per the

manufacturer’s instructions. The lysate was then

centrifuged to remove any insoluble material. One

volume of 70% ethanol was added to the lysate and

mixed before the solution was added to the included

RNeasy mini column. Following centrifuging the

columns were then washed twice using the included

buffer solutions. Total cellular RNA was then eluted

using RNase-free water.

Expression levels of KISS1 mRNA and GPR54 mRNA

were then determined by real time-PCR using QuantiTect

one-step SYBR Green PCR method (Qiagen) as per the

manufacturer’s instructions. A Chromo4 thermocycler

(MJ Research, Waltham, MA, USA) was used for all

experiments and all results were analysed using the

GeneEx software. QuantiTect primer assay pairs (Qiagen)

for KISS1 and GPR54 were used. Beta-actin levels were

assessed in all experiments for the purposes of

normalization.

Patients

Thirty-seven patients diagnosed with choroidal

melanoma at the Henry C Withelson Laboratory, Royal

Victoria Hospital, McGill Health Cancer Centre were

studied. Their medical charts and Cancer registry entries

were reviewed to provide information on the

development of distant metastasis.

UM specimens obtained by enucleation were formalin-

fixed, paraffin-embedded, and each specimen contained

sufficient material for hematoxylin and eosin and
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immunohistochemistry. Tumours presenting extensive

necrosis that precluded an appropriate evaluation of

histopathological features were excluded.

Immunohistochemistry

Protein expression was performed using the monoclonal

anti-KISS1 antibody, in the Ventana Benchmark LT fully

automated machine. The pathway KISS1 staining module

was used according to the protocol and instructions

provided by Ventana Medical System Inc.

The fully automated process of bar coding labelled

slides including baking of the slides, solvent-free

deparaffinization, and cell conditioning 1 (Tris–EDTA

buffer pH 8.0) antigen retrieval for 30 min. Slides were

incubated with the mouse monoclonal antibody against

KISS1 at a dilution of 1 : 50 for 30 min at 371C, followed

by application of biotinylated secondary antibody (8 min,

371C), then an avidin–streptavidin enzyme conjugate

complex (8 min, 371C). Finally the antibody was detected

by Fast Red chromogenic substrate and counterstained

with hematoxylin. As a positive control, sections of

placenta were used, and for negative controls the

primary antibody was omitted.

The immunostaining was evaluated in a

semiquantitative method based on the percentage of

viable cells showing positive expression (0¼no staining;

1¼ staining of o40% of the tumour; 2¼ staining of

440% of the tumour) and intensity (0¼no staining;

1¼weak staining; 2¼moderate staining; 3¼ strong

staining). Two pathologists, who were unaware of the

follow-up of each patient, performed the analysis. Total

score was obtained by the sum of extent and intensity and

finally organized: group 0¼ 0–1–2 and group 1¼ 3–4.

Statistical analysis

The incidence of metastasis was assessed using the

Kaplan–Meier survival analysis test and log-rank test. A

P-value of less than 0.05 was considered to be statistically

significant. Calculations were computer-based (SPSS 11.5;

SPSS Inc., Chicago, IL, USA). All data accumulation was

in accordance with country and provincial laws, and the

tenets of the Declaration of Helsinki.

Results

Staining of the human UM cell lines was cytoplasmatic in

all five cell lines. The staining intensity was ranked as

equivalents in all cell lines, with exception of UW-1, the

least aggressive of the cell lines (Figure 1a), which had

the strongest immunoexpression.

Figure 1 (a) Cytospin of UW-1 showed the strongest immunoexpression of KISS1 (original magnification � 400). (b) Weak expression
of KISS1 in an epithelioid-cell type uveal melanoma (UM) (original magnification � 400). (c) Strong expression of KISS1 in a spindle
cell type UM (original magnification � 400). (d) Spindle cell type UM displaying nuclear staining for KISS1 (original magnification
� 400).
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Real-time PCR analysis revealed that KISS1 and GPR54

were expressed in all five cell lines.

Eighty-four percent of the paraffin-embedded slides

were positive for KISS1 (31 of 37 slides). All positive

specimens had cytoplasmatic staining with only one

exception, which had nuclear staining (Figure 1b–d).

In the high staining group, no cases of metastasis were

found (12 specimens). Conversely, in the low staining

group, 13 cases of metastasis were observed in a total of

25 cases. There was a statistically significant association

between the immunoexpression levels of KISS1 and

survival rate of UM patients. (Kaplan–Meier; log-rank

test Po0.0001) (Figure 2).

Regarding non-neoplastic ocular tissues, KISS1 stained

normal optic nerve and all layers of the retina. The non-

pigmented epithelium of the ciliary body was also

positive for KISS1. The muscular fibres of the ciliary body

showed a positive reaction, albeit with less intensity. No

immunostaining of any other ocular structure was seen.

Discussion

To the best of our knowledge, this is the first time that the

MSG KISS1 has been identified in UM, since all previous

melanoma studies regarding this gene have been focused

on skin melanoma. Owing to the significance of the

metastatic process, identification of molecular targets and

their mechanisms of action are essential. Therefore,

targets that can possibly prevent the proliferation of

metastases once they have already disseminated will be

most advantageous in the treatment of patients with

metastatic disease.

MSGs suppress the formation of metastasis, as they act

in different pathways and sites.24 KISS1 and MKK4 are

genes thought to be involved in the dormancy phase.7

KISS1 should be included in the list of targets that can

maintain cells in a dormant state and have an immediate

impact on patient survival. It is potentially of even

further interest due to the fact that it encodes a secreted

peptide, which interacts with a G-coupled receptor.

Our study demonstrated that KISS1 is expressed in

human UM cell lines as well as UM human tissue.

Measurements of the mRNA of KISS1 and its receptor

GPR54 were performed in all five human UM cell lines

and showed the presence of both of these genes,

validating the immunocytochemical results.

Of significant interest was the strong correlation

between patient survival rate and immunoexpression

levels of KISS1 (Figure 2). KISS1 immunoreactivity was

significantly associated with a lower risk of metastatic

disease. However, further studies should be considered

with larger sample sizes to assess the reproducibility

of KISS1 expression in UM and its role as a prognostic

factor.

Some structures of the normal eye showed positive

immunostaining, including the optic nerve and retina.

This might be due to the fact that the product of the

KISS1 gene is secreted and processed to produce

polypeptides, termed kisspeptins. Careful examination

of the sequence revealed that KISS1 has characteristics in

common with neuropeptides, which include a secretion

signal, several dibasic cleavage sites and a cleavage

amidation site.19 Structures derived from the neuronal

system, such as the optic nerve and retina, may present

cross reactivity.

The mechanism of action of KISS1 is still unknown.19

Experimental evidence to date suggests that KISS1 may

suppress metastatic proliferation at the secondary site in

several ways. One of the mechanisms suggests that

secreted kisspeptins, or stromal peptides induced by

kisspeptins, may deposit in the extracellular matrix

altering its organization, structure, or composition in

such a way that it provides an antiproliferative signal

to adjacent metastatic cells.19 This mechanism may, in

part, be explained by the way KISS1 interacts with

metalloproteinases (MMPs).

MMP-9 expression has been shown to be upregulated

in tumour cells and is correlated with invasion and

metastasis.25,26 Regarding UM, MMP9 was associated

with significantly worse prognosis.27 KISS1 is able to

diminish MMP9 expression by reducing nuclear factor-

kB binding to its promoter,28 and it has been suggested

that MMPs may serve as negative regulators of KISS1.29

Our findings that demonstrate an inverse relationship

between KISS1 expression and prognosis support the

concept that KISS1 and MMP9 may somehow be related.

In conclusion, there is a need for new prognostic

factors in UM and for new molecular targets concerning

metastasis. Since downregulation of KISS1 seems to play

Figure 2 Kaplan–Meier test of uveal melanoma patients
(Po0.0001). Group 0 (low immunostaining of KISS1) and group
1 (high immunostaining of KISS1).
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a role in the dormancy phase of the metastatic cascade,

further studies are needed to prove KISS1 as a probable

prognostic factor in UM and as a potential therapeutic

target.
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