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Abstract
Tumor suppressors are cellular proteins typically expressed in normal (non-cancer) cells that not only regulate such cellular
functions as proliferation, migration and adhesion, but can also be secreted into extracellular space and serve as biomarkers for
pathological conditions or tumor progression. KISS1, a precursor for several shorter peptides, known as metastin (Kisspeptin-
54), Kisspeptin-14, Kisspeptin-13 and Kisspeptin-10, is one of those metastasis suppressor proteins, whose expression is
commonly downregulated in the metastatic tumors of various origins. The commonly accepted role of KISS1 in metastatic
tumor progression mechanism is the ability of this protein to suppress colonization of disseminated cancer cells in distant organs
critical for the formation of the secondary tumor foci. Besides, recent evidence suggests involvement of KISS1 in the mechanisms
of tumor angiogenesis, autophagy and apoptosis regulation, suggesting a possible role in both restricting and promoting cancer
cell invasion. Here, we discuss the role of KISS1 in regulatingmetastases, the link between KISS1 expression and the autophagy-
related biology of cancer cells and the perspectives of using KISS1 as a potential diagnostic marker for cancer progression as well
as a new anti-cancer therapeutics.
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Abbreviations
AR androgen receptor
BMP bone morphogenetic protein
CXCR4 C-X-C chemokine receptor type 4
CXCL12 o r
SDF1

The stromal cell-derived factor 1 (SDF1), also
known as C-X-C motif chemokine 12
(CXCL12)

ER estrogen receptor
GEO Gene Expression Omnibus (GEO), a database

repository

GFAP Glial fibrillary acidic protein
HER2 a member of the human epidermal growth fac-

tor receptor (HER/EGFR/ErbB) family
NFkB Nuclear Factor Kappa B
PDGFRb Platelet Derived Growth Factor Receptor Beta
PR Progesterone Receptor
WASF3 WAS Protein Family Member 3

1 Introduction

Cancer progression is a “cascade” of biological events leading
to the disease spread that is developed in its early stage and
generally may not associate with the development of its clin-
ical symptoms until later stages of progression. Metastatic
development has been long recognized as a complex process
of cancer propagation controlled by elaborate regulatory
mechanisms of cell behavior. The onset of metastasis com-
monly involves an essential stage of organ-associated coloni-
zation of circulating tumor cells (CTC) shed from primary
tumors into the blood stream and lymphatic system, although
more direct mechanisms of metastatic cancer spread via body
cavities, not involving circulation, have been noted (e.g. ovar-
ian cancer) [1]. However, the mechanisms, whereby coloniza-
tion of CTCs, their survival and formation of new cancer foci
occur, remain largely unknown. This is particularly important,
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since most small molecule-based anti-cancer drugs function
by suppressing some of the cancer-promoting programs, but
not necessarily the metastatic process itself or clinical symp-
toms of cancer spreading, and therefore are unable to effec-
tively cure the disease [2]. Besides, metastatic cancer dissem-
ination is extremely difficult to diagnose in patients due to a
poorly defined pathogenesis [3], which renders understanding
the biology of cancer progression extremely important from
the clinical standpoint.

Development of metastases requires a multistep process,
where each step is essential for the survival of cancer cells at
distant foci [4]. Regardless of their organ distribution patterns,
all types of metastases fall under the so-called “seed and soil”
concept. In order for disseminating cells to progress into dis-
tant foci (brain, bones, lymph nodes and other remote sites),
they need to be proficient in all capabilities associated with the
metastatic cascade, i.e. invasion, intravasation, survival in cir-
culation, penetration through the blood-brain-barrier(BBB)
[5], extravasation, metastatic niche formation, adaptation sup-
port [6] and colony progression. In addition, disseminated
cancer cells must be able to survive at the sites of spread [7],
which greatly depends on their interactions with the new en-
vironment that promote seeding. Since heterogeneity of most
tumors alone cannot explain priming of metastatic cancer cells
for specific sites and organs, accumulation of genetic muta-
tions, altering expression of certain genes [8], could greatly
affect distribution of metastatic cells in cancer patients.

The focus of this review is regulatory mechanisms of can-
cer progression and the role of regulatory (metastasis suppres-
sor) factors, particularly KISS1, in breast cancer metastatic
spread to the brain, which represents the classical example
of disseminated cancer with the deadliest outcome. KISS1
was initially identified as a human melanoma metastasis sup-
pressor gene by using a subtractive cDNA hybridization ap-
proach [9, 10]. In line with that discovery, transfection of
KISS1 into metastatic human melanoma cell lines suppressed
metastasis in athymic nude mice by 50–95% [9]. Besides,
KISS1 has been mapped to chromosome 1q32-q41, which is
frequently deleted in late stage human breast carcinomas,
while its regulators are encoded by chromosome 6, lost in
more than 50% of melanoma metastases [11].

Under physiological conditions, a 145 amino acid KISS1
precursor peptide undergoes post-translational modification
and then is processed into shorter products: among them,
kisspeptins 10, 13, 14 and 54 [12], which signal through the
G protein-coupled receptor GRP54, also known as the KISS1
receptor (KISS1R), implicated in regulating neurosecretory
activity of gonadotropin-releasing hormone (GnRH) [13]
and neurotransmitters [14]. Besides the long-known involve-
ment of kisspeptins in the onset of puberty, sexual maturity,
and pregnancy (through direct regulation of gonadotropin re-
lease by the hypothalamus) the peptide has also some other
important regulatory roles. Those include modulation of

doxorubicin resistance in ERα-negative and triple negative
breast cancer (TNBC) cells as well as multiple roles, proposed
particularly for KISS1/KISS1R complex, in both tumor and
metastasis development mechanisms. Although the latter
functions of KISS1 are currently quite controversial, here we
discuss the emerging evidence implicating KISS1 in regula-
tion of the process of metastatic breast cancer survival and
colonization in the brain environment.

The complexity of KISS1 interactions with important can-
cer cell survival-related signaling pathways has been exten-
sively reviewed in the literature. Some of the most recent
review papers also discuss the role of KISS1 in cancer pro-
gression [15–17]. In some excellent reviews leading authori-
ties discuss signaling pathways, believed to be activated upon
KISS1 interaction with its cognate KISS1R receptor, and the
relevance of that interaction to expression of tumor-associated
markers. In contrast to previous review articles on KISS1, a
main goal of our review is to discuss the emerging evidence
for the relationship between KISS1 expression and induc-
tion of apoptosis or autophagy. In addition, here we overview
the latest evidence linking KISS1 protein with activation of its
downstream targets viatranscription-dependent or
transcription-independent mechanisms. Finally, we discuss
whether KISS1 expression can be artificially modulated and
whether KISS1 can be used as a clinical biomarker for assess-
ment of tumor progression or even as a potential anti-cancer
therapeutic, specifically suppressing metastatic progression in
cancer patients.

2 Autophagy and metastases

Autophagy is a network of catabolic pathways that support
cellular homeostasis by digesting cytoplasmic components
and damaged cellular organelles inside the cytoplasmic vesi-
cles, called lysosomes. Autophagy can play both cancer-
promoting and cancer-suppressing roles, depending on the
stage of cancer progression. In many types of cancer, especial-
ly in the early stage of the disease, autophagy plays a
cytoprotective role by clearing organelles and misfolded pro-
teins from unhealthy cells as well as preventing cells from
DNA damage and genomic instability. In line with that notion,
Gu et al. [18] carried out bioinformatics analysis of several
datasets (GSE21653, GSE3494 and GSE7390) from the Gene
Expression Omnibus (GEO), database for autophagy-related
gene expression in breast cancer tissue specimens in order to
define autophagy prognostic signature. This study demon-
strated association of expression of several autophagymarkers
(BCL2, BIRC5, EIF4EBP1, ERO1L, FOS, GAPDH, ITPR1
and VEGFA) with steroid receptor levels and metastasis-free
survival of breast cancer patients. Consistent with the obser-
vation that reduction in autophagy levels promotes oxidative
stress and stimulates cancer progression from precancerous to
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malignant state, the level of autophagy marker Beclin-1
mRNA was much higher in the normal breast tissue than in
the tissue, undergoing malignant transformation. Interestingly,
no correlation between expression of autophagy siganture and
estrogen receptor (ER), progesterone receptor (PR) or HER2
was observed in that study, suggesting regulation of those
genes by independent pathways.

On the other hand, cancer progression is associated with
upregulation of autophagy-related genes [19], improving the
survival capacity of cancer cells under stress conditions due to
activation of recycling mechanisms and utilization of endog-
enous resources. Sivridis et al. analyzed expression of LC3A
autophagy marker protein implicated in autophagosome for-
mation during autophagy in breast cancer specimens and dem-
onstrated a direct association between elevated levels of the
cytoplasmic form of LC3A and expression of both estrogen
(ER) and progesterone (PR) receptors [20], as well as its cor-
relation with metastatic state of the cells, indicating that an
excessive autophagic response is associated with high-grade
tumors and poor disease prognosis. In line with that, later Kim
et al. showed that expression of Beclin-1 and P62 was greater
in the androgen-rich(AR) subtype of triple-negative breast
cancer (TNBC) (p = 0.008), which suggested high autophagic
activity in those cancer cells [22]. While in this study expres-
sion of LC3A and LC3B showed no difference between the
molecular subtypes of TNBC, overall high expression of au-
tophagy adaptor p62 [21] in certain TNBC subtypes was sig-
nificantly associated with longer disease-free and overall sur-
vival of the breast cancer patients [22]. Similar data were
obtained by Choi et al., who also analyzed expression of au-
tophagy proteins in various subtypes of breast cancer. They
found that cytoplasmic Beclin-1 as well as p62, LC3A and
LC3B exhibited the highest expression levels in TNBC tu-
mors and the lowest levels in stroma. Moreover, direct corre-
lations between cytoplasmic levels of p62, ER, PR and HER2
receptor, expression levels of LC3B marker and ER or PR
and, finally, cytoplasmic level of Beclin-1 and that of ERwere
found in breast cancer tumors, in contrast to benign neoplasms
[23]. Finally, a study by Zhao et al. showed a direct correlation
between expression of LC3B autophagy marker and the de-
velopment of TNBC breast cancer metastases [24]. Whether
autophagy induction is a risk factor for the development of
metastases is yet to be clarified. However, considering that
breast cancer cells express various tumor suppressors, the re-
cently discovered relationship between KISS1 expression and
autophagy downregulation in breast cancer brain metastatic
cells [25] deserves a special attention and may suggest a
unique role for this regulatory gene in brain metastases sup-
pression mechanism(s).

Importantly, KISS1 represents a kind of metastasis sup-
pressor that is capable of modulating behavior of some cancer
cells by suppressing their proliferation probably via induction
of autophagy and apoptosis [26]. On the other hand, its

expression in some tumors is elevated relative to normal cells
[27–29]. Under stress conditions KISS1 expression has been
reported to be a subject for various modes of regulation [30,
31], suggesting multiple mechanisms of cellular adaption to
hypoxia. As a tumor suppressor, KISS1 mainly plays an in-
hibitory role in metastatic cancer spreading through downreg-
ulation of NFkB signaling [32], pro-invasive factor MMP9
[25] and its other downstream targets. By using animal
models, it has been shown that neurons activate KISS1 ex-
pression in response to various internal stress-promoting stim-
uli [33], suggesting a new role for KISS1 in cell stress man-
agement. It is yet to be determined how KISS1 controls phys-
iological stress, but in healthy cells under in vitro- or
in vivo-simulated stress conditions, KISS1 has been shown
to mediate suppression of both cell proliferation [34, 35] and
invasion [31]. Although some data indicate that KISS1 protein
may exert no effect on cell proliferation [37] or invasion [38],
to date, suppression of the above cellular activities is com-
monly accepted as the main function of KISS1 in cancer
control.

Tumor dormancy and cell adaptation [36] represent yet
another stage in the process of metastatic focus formation by
spreading tumor cells/CTCs. The above states in disseminat-
ing tumor cell behavior are usually pending significant chang-
es that occur in distal (organ) compartments and may provide
favorable conditions for successful cell seeding and coloniza-
tion. Specifically, interaction of cancer cells with organ paren-
chyma could induce profound physiological changes affecting
survival rate of CTCs/spreading tumor cells. As first demon-
strated by Kim S.J. et al. [39] and later by Kaverina N. et al.
[30], interaction of tumor cells with astrocytes in the brain
compartment can promote brain metastatic transformation of
CTCs. It appears that astrocyte-CTC interaction is required to
overcome growth arrest in cancer cells and boost their survival
at the distant foci via inhibition of KISS1 expression. Yet an-
other example was provided by an earlier study performed by
Nash et al. [40], where the Kisspeptin-54 peptide expressing
melanoma cells demonstrated strong propensity to skin while
remaining dormant in the lung. Furthermore, physiological
changes taking place in cancer cells after their interaction with
the organ environment are beneficial for their subsequent sur-
vival, biodistribution and seeding in the tissue (Table 1).

3 KISS1 interplays with cellular signaling
beyond migration: in silico evidence

A global gene expression analysis can offer an important re-
source for systematization of genetic interactions and reveal
new interplays between cancer signaling and expression of
tumor suppressors, such as KISS1. In this regard, recently
our laboratory undertook a computational analysis of cell
survival-affecting signaling pathways that are regulated by
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ATG5, ATG7, p62/SQSTM1 and BECN1 genes, assuming
that metastatic cells have the ability to survive at the sites of
dissemination prior to initiating their proliferation and inva-
sion into the brain tissue. We analyzed KISS1 expression by
using eight GEO-deposited arrays obtained from metastatic
tissues resected from primary specimens that represented met-
astatic cells grown in their native environment. In the array
described by Zhang et al. the authors, using lung, brain and
bone metastases developed from primary breast cancer tumor
(GSE14020/GPL570), observed no changes in KISS1 expres-
sion between the groups (ANOVA, p value <0.05) as well as
no correlation (p < 0.05) between expression of ATG5, ATG7,
P62 or BECN1 and that of KISS1. Given the complexity of
KISS1 protein’s functional interactions, we also attempted to
validate our earlier findings regarding the KISS1-regulated
autophagy and apoptosis by analyzing GEO-deposited arrays.
An inverse correlation was observed between the averaged
I D s f o r K I S S 1 a n d S Q S TM 1 / p 6 2 m RNA s
(GSE14020_GPL96, r = −0.38, p = 0.023) or KISS1 and
ATG7 mRNA (GSE14020_PL570, r = −0.43, p = 0.021) or
KISS1 and Beclin1 mRNA (GSE14020_GPL96, r = −0.5,
p = 0.0021 and GSE19184_6568, r = −0.38, p = 0.005)
Fig. 1). While a direct correlation between ATG5 and KISS1
mRNAs levels was observed in two-gene array datasets
GSE2603 (r = 0.19, p = 0.037) and GSE19184_GPL6102
(r = 0.4, p = 0.0057), no significant correlation (p < 0.05) was
noted in GSE14020_PL570, GSE12276 (not shown),
GSE2034 (no t shown) , GSE3141 (no t shown) ,
GSE19184_GPL6102, and GSE19184_GPL6568 datasets

(Fig. 1). Some of those correlations have been further validat-
ed in a subsequent follow-up study [49]. Although the clus-
tering analysis of gene signatures associated with high and
low levels of KISS1 gene expression (GSE14020_PL570)
suggests a role for KISS1 in protein synthesis and metabolic
stress response (Fig. 2A and B), it remains to be investigated
how overexpression of KISS1 in CTCs allows maintaining
their metastatic phenotype and viability without killing the
cells [30] [50]. Taking into account that KISS1 is implicated
in all stages required for the development and maintenance of
a cancer metastatic phenotype, including primary tumor
growth and its subsequent invasion of secondary foci, dissem-
inated cancer cell dormancy and ultimate colonization, we
believe that KISS1 might be involved in modulating primary
and metastatic tumor cell survival through an autophagy-
mediated signaling. Below, we will briefly discuss the most
recent evidence for the role of tumor suppressor KISS1 in
regulating autophagy- and apoptosis-related gene expression
[30] in metastasizing cancer cells (Figure 3).

4 Does KISS1 expression trigger a new
signaling?

Previous studies revealed that the KISS1-mediated signaling
occurs through KISS1R. While a discrepancy has been noted
between KISS1R expression levels and KISS1-mediated me-
tastasis suppression [40], the involvement of autocrine or
paracrine mechanisms activated even by low levels of

Table 1 Involvement of KISS1
suppressor in cancer progression Tumor progression/

Metastatic event
Cancer type KISS1 peptide

responsibility
Reference

1 Tumor proliferation Hepatocelluar carcinoma,
renal cell carcinoma

No cell proliferation [37, 41]

Colorectal carcinoma Inhibit cell proliferation [32]

2 Early dissemination

Tumor adhesion Hepatoclluar carcinoma Suppress adhesion [37, 41,
42]

3 Tumor Invasion Gastric cancer,

Renal cell carcinoma,

Esophageal squamous
carcinoma,

Breast adenocarcinoma,

Colorectal cancer,

Suppress invasion [41,
43–45]

4 Intravasation

5 CTC circulation/survival

6 Extravasation

7 Dormancy/support
adaptation/Micrometastas-
is

Breast cancer Regulates autophagy;
Maintain dormancy

[30, 46]

8 Colonization Melanoma, breast cancer,
ovarian cancer

Block colonization [9, 10, 40,
47, 48]
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GRP54 receptor has been proposed [10]. In support of that
hypothesis, inhibition of intracellular calcium (Ca2+) mobili-
zation, induced by the SDF-1/CXCL12 ligand, was observed
in response to treatment of melanoma [40] or cervical carci-
noma [51] cells with KP-10. Whether the KISS1-mediated
signaling exhibits cell and/or organ specificity still needs to
be elucidated. It has been demonstrated that KISS1-mediated
signaling activates MAPK, AKT and ERK pathways [52].
Interaction of KISS1 with CXCR4 and gonadotropin-
releasing hormone (GnRH) receptors suggest its broad effect
on and interconnection with various signaling pathways in-
cluding the ones modulating autophagy and apoptosis.

Autophagy in metastatic brain tumor cells is activated by a
variety of stimuli, such as brain environment and pharmacolog-
ical stress. Given the crosstalk between apoptotic and autophagy
signaling pathways, there is always a fine line between induction
of apoptosis and autophagy activation. To elucidate the mecha-
nism whereby suppression of KISS1 promotes autophagy, our
laboratory recently identified a number of proteins downregulat-
ed in response to induced overexpression of KISS1 [53], which
include transcription factors GATA4 and SOX9. As shown in the
latter study [54], translocation of nuclear transcription factor
SOX9 to the cytoplasm in some breast cancer cell lines is asso-
ciated with abrogation of growth arrest response in those cancer
cells, leading to their uncontrolled proliferation, as well as with
the development of metastases [55] and poor survival of breast
cancer patients [56]. In contrast to KISS1 mRNA that shows a
direct correlation with estrogen receptor ESR2 levels, the level of
SOX9 mRNA inversely correlates with ESR2 expression
(p < 0.001). This observation implies an inverse relationship

between KISS1 and SOX9 on the one hand, and autophagy, on
the other. Although the revealed association between KISS1 ex-
pression and the intracellular status of the ESR2 receptor may
seem highly contradictory [57–59], activation of known down-
stream targets of KISS1 (such as GATA4, regulating inflamma-
tion and senescence [60], or SOX9, known to modulate WNT
[61], cAMP [62] and TGFβ [63] signaling pathways) through
interaction with its cognate receptor (GRP54/KISS1R), suggests
a new potential role for KISS1 beyond suppression of metastases
[53].

5 KISS1 as a candidate blood-basedand/or IHC
biomarker of cancer progression

KISS1 could potentially serve as a potent biomarker for can-
cer disease progression, since its expression is detectable not
only in hard tissues, but also in the blood [64, 65]. Expression
level of KISS1 in brain metastases or other metastatic lesions
of melanoma was found to be lower than in primary tumor
specimens. We and others have reasoned that the reduced
expression levels of KISS1 in metastatic tissues might in-
versely correlate with accumulation of certain kisspeptin
(KP) peptide(s) in the blood [66] and may account for low
retention of the tumor suppressor in metastatic cancer tissues.
It has indeed been reported that kisspeptin 54 (KP-54) was
detectable in plasma of patients with progressed gestational
trophoblastic disease [67]. This intriguing clinical study data
raises questions about the source of the peptide, considering
its abundant expression in healthy placenta as a known source

Fig. 1 Comparative correlation of autophagy-related genes with
KISS1 using GEO-deposed mRNA arrays. The relative expression
levels of KISS1, ATG5, ATG7, BECLIN1 and SQSTM1/P62 mRNAs

in brain metastases of breast cancer and their correlation analyzed by
using various mRNA platforms and data arrays deposed to GEO
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of KISS1 production. In this regard, it should be noted that the
KISS1/KISS1R signaling system plays an important role in
repressing trophoblast invasion [68], and has been implicated
in controlling normal puberty [69] and preeclampsia in
humans. However, it turns out that the normal placental level
of KISS1 is much lower than that observed during malignant
transformation, suggesting that blood level of KISS1 could
reflect cancer progression. In support of this notion, KISS1
blood levels were found to be decreasing as a result of che-
motherapy treatment [70]. However, further assessment of
KISS1 in the plasma during the development of clinical symp-
toms of non-small lung [71] or prostate [72] cancers revealed
no correlation of KISS1 blood levels with cancer progression,

although in some (pancreatic and gastric) cancer patients the
level of KISS1 was significantly higher as compared to
healthy patients [73]. In contrast, colon cancer progression
to the lymph nodes exhibited a strong direct correlation with
KISS1 levels in the cancer patient’s plasma [74]. Nonetheless,
the existing clinical evidence altogether fails to unambiguous-
ly support the utility of KISS1 as a potential blood-based
biomarker, although in many cases accumulation of KISS1
in cancer tissues could be definitively observed.

Deregulation of ErbB2/Her2 (Her2/neu), PR or ER are
the most common cellular signaling abnormalities in me-
tastasizing breast adenocarcinomas. Although, other reper-
t o i r e s o f s i gna l i ng de f e c t s may con t r i bu t e t o

Fig. 2 A map of functional
interactions (interactome) of
KISS1 with various brain
metastatic cellular proteins.
Previously reported interactions
are shown by solid lines, whereas
potential or predicted interactions
are indicated by dashed lines.
Subnetworks of upregulated (top)
KISS1-interacting proteins (with
expression profiles directly
correlating with that of KISS1)
are presented by 3 distinct cohorts
grouped by color, each
representing protein networks
implicated in the following
cellular functions: mechanisms of
protein synthesis (red spheres),
cellular metabolism involving
mitochondrial proteins (green
spheres), and cellular invasion
mechanism (blue spheres).
Downregulated proteins with
expression profiles inversely
correlating with that of KISS1
(bottom) do not fall into any
distinct functional (color-
grouped) cohorts and also exhibit
a very few experimentally-
evidenced/established functional
links.
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adenocarcinoma progression, the role of cell signaling
through the above receptors in metastatic dissemination
of lung and breast carcinomas is well established. Current
data regarding expression of the main cancer signaling re-
ceptors, including the primary KISS1 receptor GRP54, ER
alpha and PR show a positive correlation with KISS1
mRNAs [75] as well as an association between HER2 and
the GRP54 expression. Earlier our group observed a direct
correlation between KISS1 and PR expression (Spearman
correlation, p = 0.023) [58], but the lack of any significant
association of KISS1 levels with those of HER2 or ER,
indicating that hormone-sensitive cancer cells expressing

KISS1 might respond to some endocrine therapy, such as
Tamoxifen (ER-independent adjuvant effect) [76].
Furthermore, the relationship between ER, KISS1R and
KISS1, investigated by Papaoiconomou et al. [59], indicat-
ed no correlation between KISS1R and ER expression
levels in breast cancer cells. However, no statistical signif-
icance was observed for those findings. Interestingly, a
weak correlation between KISS1 expression and the abun-
dance of its receptor KISS1R (P < 0.05) on the cell surface
was observed as well, suggesting a variable distribution of
both markers in different cancers. The discordance found
between cell invasiveness and KISS1/GRP54 abundance

Fig. 3 Ingenuity Pathway Analysis (IPA) for KISS1-regulated
network. KISS1-regulated network is associated with proteins, ions,
RNA molecules and chemical compounds. KISS1 is positioned in the
center of the protein network. The interacting proteins are depicted as
various geometric shapes, each representing a particular functional class
of proteins, whereas their position with regard to two horizontal solid
lines reflects their compartmentalization properties/ intracellular

localization, i.e. in the nucleus, cytoplasm or extracellular space.
Proteins with unknown localization are positioned inside the vertical
box on the right (“unknown”). The length and type of each protein-
connecting line reflects either predicted (dashed line) or experimentally
evidenced/published (solid line) interactions. Data were analyzed through
the use of IPA (Ingenuity® Systems, http://www.ingenuity.com)
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on the surface of mammalian pancreatic cancer cells [77]
and trophoblasts [78] may suggest an alternate biological
role for KISS1.

It has been demonstrated that the abundance of KISS1R/
GRP54 exhibits a direct correlation with ER alpha (ERα)
levels in breast cancers [79]. Furthermore, high levels of
KISS1 and KISS1R/GRP54 expression found in estrogen
receptor-positive tumors correlate with poor disease prognosis
for breast cancer patients. It is well established that in a frac-
tion of cases, one can identify a dramatic difference between
primary and metastatic cells with regard to expression of ste-
roid hormone receptors, such ERα, PR, AR or human epider-
mal growth factor receptor 2 (HER2/neu). This difference
often arose from autocrine/paracrine regulatory loop mecha-
nisms and might contribute to cancer progression and induc-
tion of hormone therapy resistance. A recent study by Nauroth
et al. [80] provided an evidence for such drug therapy-
mediated receptor status “conversion” in metastatic breast
cancer cells with regard to the loss of ER, PR or HER2 ex-
pression levels relative to primary tumors. Given the potential
variability in each receptor’s status, dependent upon such fac-
tors as cell distribution, tumor heterogeneity and prior drug
therapy, it would be of interest to further explore correlation
between KISS1 and KISS1R/GRP54 surface marker expres-
sion in those cases.

6 Can KISS1 expression be therapeutically
modulated?

KISS1 represents an attractive candidate target for cancer ther-
apy applications, since it plays an important role in suppress-
ing cancer metastases by controlling cell apoptosis [26, 81],
tumor angiogenesis [82], invasion [77, 83] and colonization
[40]. These functions, in particular, dictate potential therapeu-
tic applications of KISS1 based on its ectopic overexpression,
induced upregulation or indirect modulation of its activity in
tumor cells via a drug therapy treatment.

6.1 Targeting cancer cells by a vector for delivery
and ectopic expression of KISS1

It has previously been shown that breast cancer metastatic
nodules express lower levels of KISS1 [58] than the parental
primary tumor tissues, suggesting that reversing KISS1 down-
regulation may suppress the associated induction of cancer
cell spreading and seeding. The latter approach has obvious
limitation related to the efficacy and specificity of vector-
mediated KISS1 delivery. Additionally, some recent data
show a positive correlation between KISS1 expression and
the aggressiveness of TNBC [84] or hepatocellular carcinoma
[85]. These contradictory findings indicate that the kisspeptin/
KISS1R signaling function could be tissue- or tumor context-

specific and its role in cancer progression requires further
investigation before KISS1/ kisspeptins can be implicated
for use either as biomarkers or anticancer therapeutics.

McNally et al. were the first to explore the gene therapy
approach aimed at suppressing pancreatic cancer metastases
by using a plasmid-based delivery and ectopic expression of a
truncated form of KISS1 devoid of the leader peptide sequence
[86], required for the protein secretion. Delivery of truncated
KISS1 significantly reduced lung and liver metastases in
S2VP5 pancreatic cancer model in nude mice. Most recently,
secretion of bioactive kisspeptin by lactic acid bacteria inhibited
proliferation and migration of HT29 human colon cancer cells
in vitro [87]. Thus, changes in the cell proliferation activity
directly correlated with induction of apoptosis and expression
of MMP9, as one of the pro-invasive markers. This was con-
sistent with the data from our group obtained by transducing
brain metastatic clones of MDA-MB-231Br breast cancer cells
with replication-competent adenoviral vector encoding KISS1
[30]. Given that KISS1 expression induces apoptotic signals,
overexpression of KISS1 in the target cells could be a promis-
ing approach for treating metastatic breast cancers.

6.2 WASF3-KISS1 interplay as a model for KISS1
upregulation

The crosstalk between KISS1 and anti-apoptotic/survival re-
sponse signaling pathways indicates that pharmacological in-
duction of KISS1 expression could be beneficial against a va-
riety of cancer types. It is obvious that the mechanisms of can-
cer cell invasion and proliferation are complex and their
targeting with chemical drugs requires high degree of specific-
ity. For instance, theWiskott-Aldrich Syndrome Protein Family
Member 3 (WASF3) [88] and WAVE3 genes, responsible for
cell invasion and motility in vitro [89] and in vivo [90], is
activated in metastatic breast cancer cells, thereby accounting
for their invasive phenotype. It has also been noted that inacti-
vation of WASF3 results in elevated IκBα (NF-κB inhibitor)
levels in the cytoplasm and the concomitant inhibition of
NF-κBp65/50 subunits in the nucleus. This effect is similar to
that of KISS1 overexpression, which is also known to inhibit
NF-kB signaling and nuclear accumulation of p65/50 subunits.

6.3 Dual targeting of cancer cells and cancer cell
vicinity

Although KISS1 gene transfer/delivery strategies are concep-
tually straightforward, in clinical settings KISS1 gene delivery
may be associated with a substantial activation of immune
response against the delivery vehicle (vector)and/or the re-
stricted permeability of the brain compartment. Considering
that brain environment cooperates with invading cancer cells
via production of chemokines, cytokines, exosomes etc., sup-
pressing tumor cell-tumor environment communication could
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potentially be used to augment the anti-cancer effect of thera-
peutic interventions. Earlier, honokiol derivatives [91] and
later honokiol itself [92], a small-molecule biphenol isolated
fromMagnolia spp. bark that has been shown to be a potential
anticancer agent involved in multiple facets of signal trans-
duction, were demonstrated to suppress neuroinflammation
via interaction with cannabinoid receptors. Expression of
those receptors on the surface of neuroglial cells and astro-
cytes [93] offers a potential application of honokiol for treat-
ment of metastatic cancers. In line with this notion, simulta-
neous blocking of cancer cell proliferation, invasion and pos-
sibly chemokine production by honokiol demonstrated a
strong dose-dependent suppression of cancer invasion and
colony formation in 786–0 renal cell carcinoma (RCC) cell
line [83]. However, not all invasion-and/ormigration-
suppressing anti-metastatic drugs affect expression of metas-
tasis suppressor KISS1. It has been reported by Curtis et al.
that hydroxyflutamide, gefitinib or resveratrol do not affect
expression of KISS1 upon treatment of LNCaP, DU145 or
PC3 prostate cancer cells in vitro [72], despite the well-
known ability of those drugs to target tumor cells [94] and
tumor environment [95]. Unlike honokiol, hydroxyflutamide,
gefitinib and resveratrol interfere with either ER- [96] or an-
drogen receptor (AR) [97] dependent signaling pathways. The
latter may be critical for transmission of KISS1 expression-
modulating signals and activation of autophagy-mediated cell
death [98] that inversely correlates with KISS1 expression
[30].

7 Concluding remarks

Cancer metastasis to the distant organs such as brain is based
on genetic, metabolic and phenotypic changes in cancer cells
that prompt their extravasation to circulation, followed by
dissemination, intravasation into the brain parenchyma and
subsequent colonization. For each potential therapeutic ap-
proach involving metastasis targeting strategy it remains un-
clear whether increasing “tumor vulnerability” alone is going
to be sufficient for achieving therapeutic efficacy in clinical
settings, especially considering the nature of the tumor-
surrounding environment. The benefit of using KISS1-based
cancer therapies lies in the multiple roles this molecule plays
in cancer progression including tumor angiogenesis, cancer
cell invasion and autophagy-mediated survival of cancer as
well as non-cancer cells. The study of Terasaka et al. [99],
showing that the expression of kisspeptin-induced gonadotro-
pin-releasing hormone (GnRH) can be suppressed by bone
morphogenetic protein (BMPs) and especially by metastasis
suppressor BMP-4 [100] via reducing ERK signaling activity,
amply illustrates the complexity of KISS1-mediated molecu-
lar interactions involved in GnRH regulation. The finding that
BMPs suppress expression of kisspeptin receptor KISS1R/

GRP54 is not surprising in light of the fact that treatment with
BMP4 or other BMPs [101] is known to regulate cell sensi-
tivity to drugs and other biological molecules such as somato-
statin. This study also indicates that KISS1-mediated induc-
tion of GnRH occurs through KISS1R/GRP54 signaling,
which is antagonized by BMPs. Several experimental data
point out that the response to KISS1 is dose-dependent with
pro-cancerous effect on cells in vitro achieved at concentra-
tions of about 100 nM [102, 103]. In that regard, any cells
expressing KISS1 should have developed a molecular “rheo-
stat”-like mechanism to maintain their homeostasis.

KISS1 upregulation-based strategies could be more effica-
cious in combination with induction of cancer cell vulnerability
via suppression of their interaction with cancer cell-reactive as-
trocyte, mentioned above. To date, attempts to identify or isolate
molecular inhibitors of such biological interaction between tu-
mor cells localized to the brain and healthy cells of the brain
environment, such as astrocytes, has not yet been successful.
Although no clinically proven anti-metastatic treatment is avail-
able yet, several potential metastatic inhibitors have been tested
in vitro by using cervical [104], small cell lung [105], metastatic
renal carcinoma [106] and prostate [107] cancer models. Those
include miRNA inhibitors as well as antagonist compounds ca-
pable of suppressing C-X-C chemokine receptor type 4
(CXCR4)-mediated signaling involving CXCR4, a cognate re-
ceptor for CXCL12/SDF-1 ligand. CXCR4 is known to be
overexpressed in and abundant on the surface of brainmetastatic
cells of renal carcinoma [108] and non-small cell lung carcino-
ma [109]. While CXCL12-CXCR4 signaling is also implicated
in the mechanism of breast cancer metastasis to the brain [110],
strategies based on CXCR4 inhibition could be as effective in
treatment breast cancer metastases as the ones involving inacti-
vation of miRNAs that target or could potentially target KISS1
mRNA during brain invasion and colonization of circulating
breast cancer cells [30].

Safety is one of the cornerstones of drug specificity
reflected in its selective toxicity towards cancer cells and a
lack thereof for normal cells. Therefore, the risk of modulating
KISS1 expression may be associated with the risk of cancer
outcome since KP-10, but not other kisspeptins, has been
identified as a novel paracrine/endocrine regulator with a
fine-tuning role in trophoblast invasion [111]. The most recent
study demonstrated that blocking KiSS1 with a specific small
peptide antagonist (p234) impairs TGFβ-mediated cell inva-
sion and MMP9 induction, thereby establishing the essential
role of KiSS1 in mediating the pro-invasive effects of TGFβ
as a downstream target of the canonical TGFβ/Smad2 signal-
ing pathway. In this regard, to determine conditions for appli-
cation of anti-cancer drugs in clinical settings, dose escalation
studies for KISS1 and KISS1-inducers, such as TGFβ1,
TNFα etc., as well as prolonged treatment with the
clinically-relevant doses thereof should be conducted by using
both normal and cancer cells in parallel.
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Highlights Development of metastases is a property of malig-
nant tumors characterized by the ability of tumor cells to
spread across the hematological barrier and develop second-
ary nodes in distant organs.

The effectiveness of therapies suppressing or preventing
distant metastases depends on the cancer stage at diagnosis.
Early detection and resection of a primary tumor sometimes
allows preventing its metastatic spread.

Metastatic tumor suppressor protein KISS1 regulates be-
havior of cancer cells beyond invasion and proliferation.

Restoration of metastasis suppressor KISS1 expression in
KISS1-deficient metastatic tissue can either induce or sup-
press metastatic progression depending on its dose, the
presence/abundance of KISS1R, ER or PR on the cell surface
and the pressure of the tumor environment. Therefore, it
should be taken into account that utilization of KISS1 in gene
therapy applications may pose a serious safety concern.

KISS1 tumor suppressor represents an integral part of cell
signaling, exerting either direct or indirect effect on cancer cell
survival, behavior via autocrine or paracrine regulatory
mechanisms.
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