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Abstract

Kisspeptins (KP), peptide products of the kisspeptin-1 (KISS[) gene are the endogenous ligands for
a G protein-coupled receptor (GPCR) — KP receptor (KISSIR). KISSIR couples to the Ga
signaling pathway. KISS/ is a metastasis suppressor gene and the KP/KISSIR signaling has an-
ti-metastatic and tumor-suppressant effects in numerous human cancers. On the other hand,
recent studies indicate that KP/KISSIR pathway plays detrimental roles in breast cancer. In this
review, we summarize recent developments in the understanding of the mechanisms regulating

KP/KISSIR signaling in breast cancer metastasis.
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Introduction

The metastasis of cancer cells hinges upon a se-
ries of successive events; hence, interrupting any one
step could halt the process. Metastasis suppressors,
defined by their abilities to inhibit metastasis without
blocking orthotopic tumor growth, are attractive
agents to treat metastasis[1]. Over a decade ago, a new
metastasis suppressor gene was identified and named
KISS1 in reference to its place of discovery - Hershey,
Pennsylvania, the home of the famous Hershey Kiss-
es[2]. The KISS1 gene encodes a 145-amino acid pro-
tein, which is subsequently cleaved into a 54-amino
acid fragment (named metastin), this in turn is
cleaved into even shorter, biologically active peptides
(10, 13, 14 amino acids long), collectively referred to as
kisspeptins (KPs)[3-5]. KP-10 is the smallest active
peptide comprised of the last ten amino acids of the
full 145-amino acid peptide[6]. In humans, reverse
transcription polymerase chain reaction revealed
KISS1T mRNA to be expressed at high levels in the
brain, breast, pancreas, placenta, testis, liver, heart

and small intestine[5, 7-9].

Although the sequence for the KISSI gene has
been known since its initial discovery, it was not until
2001 that the peptide products of the KISS1 gene were
identified as the endogenous ligands for the KP re-
ceptor (KISSIR; formerly known as AXOR12, GPR54
or hOT7T175) by three independent groups[3, 5, 8].
KISSIR mRNA displays similar tissue distribution as
its ligand, with high levels expressed in the placenta,
pituitary gland, pancreas, breast and spinal cord[3, 5,
8, 9]. KISSIR mRNA is also present in the heart, skel-
etal muscle, kidney, liver, placenta and central nerv-
ous system([3, 8, 10]. Radioligand binding of 1%I-KP-14
was detected in aorta, coronary artery and umbilical
vein[4], suggesting expression of the KISSIR in the
vasculature.

Kisspeptin/KISS1R Signaling
KISSIR is a G protein-coupled receptor (GPCR)
that shares high sequence identity with the galanin
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receptor[3, 5, 8]. KISS1IR couples to the Gog/11 signal-
ing pathway and activates the primary effector
phospholipase C (PLC). Activation of the PLC results
in the formation of inositol-(1,4,5)-trisphosphate (IP)
and diacylglycerol, mobilization of calcium and acti-
vation of protein kinase C (PKC) and extracellular
signal-regulated kinases 1 and 2 (ERK1/2)[11-13] (Fig.
1). These secondary messengers are associated with
KISSIR signaling in a variety of cell types and may be
ubiquitous components of the KP/KISS1R signaling
system[3, 5, 8]. Other secondary effectors of the
KP/KISSIR signaling pathway which may prove to
regulate KISSIR signaling in a cell-specific manner
include p38, phosphatidylinositol-3-kinase (PI3K),
Akt and arachidonic acid[3, 8, 14, 15] (Fig. 1). Notably,
emerging findings are showing that KISSIR activates
a plethora of signaling molecules that have the poten-
tial to regulate a diverse array of biological processes,
and that is in fact being observed and will be dis-
cussed later.

One of the principal mechanisms for switching
off GPCR signaling is homologous desensitization, a
process that involves the co-ordinated actions of two
families of proteins, the GPCR kinases (GRKs) and
[B-arrestins[16, 17]. For the prototypical GPCR, such as
the a-adrenergic receptor, the ligand-bound receptor
undergoes GRK-dependent phosphorylation at resi-
dues on its intracellular loops and carboxyl terminus.
Phosphorylation of the receptor promotes the
high-affinity binding of P-arrestins-1 and -2 to the
receptor, which physically blocks further coupling to
G proteins[16, 17]. P-arrestins also target many
GPCRs for internalization in clathrin-coated vesicles;
once internalized, the receptor is either directed for
degradation via lysosomes or recycling back to the cell
surface via recycling endosomes[16, 17].

KISS1R has been shown to be constitutively as-
sociated with GRK2 and {-arrestins-1 and -2, and as
noted for many GPCRs, these interactions are medi-
ated through residues in the second intracellular loop
and cytoplasmic tail of KISS1R[12]. KISSIR undergoes
GRK2-dependent desensitization, however, this oc-
curs in a phosphorylation independent manner[11].
The G protein-uncoupled receptor then undergoes
B-arrestin-dependent  internalization wvia  clath-
rin-coated pits[12]. Recent studies have shown that
the bulk of internalized KISSIR is rapidly recycled
back to the cell surface with little being targeted for
degradation[18]. This led to the recognition that
through rapid recycling, the cell maintains an active
pool of KISSIR at the cell surface permitting pro-
longed KP-dependent signaling in the presence of
continuous receptor desensitization[11]. This finding
is crucial to the future development of any KP-based
therapy.

For a number of GPCRs, P-arrestins also act as
molecular adapters and recruit signaling proteins to
the agonist-occupied GPCR[19]. Thus, in their own
right, B-arrestins also act as signaling molecules. Re-
cently, members of our group have demonstrated that
KISSIR also undergoes [-arrestin-dependent signal-
ing in several cell types including breast cancer
MDA-MB-231 cells[12, 13]. Specifically, in the
MDA-MB-231 cell line, they demonstrated that p ar-
restin-2 mediates a robust activation of ERK1/2[12].
Importantly, it is now demonstrated that KISS1IR ac-
tivates ERK1/2 wvia both Gog/m and p-arrestin-2;
hence, ERK1/2 represents a major regulator of the
KP/KISSIR signaling[12]. In many human cancers,
ERK1/2 activity is dysregulated and this altered ac-
tivity is often implicated in tumorigenesis and re-
sistance to anticancer therapies[20].
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Fig 1. Established and putative signaling pathways coupled to KISSIR. KISSIR is a Gy ,-coupled receptor, resulting in the activation of the
primary effector phospholipase C (PLC) and associated secondary effectors such as protein kinase C (PKC) and ERKI/2. KISSIR can also signal via G
protein-independent (B-arrestin-dependent) pathway to also activate ERK1/2. KISSIR activates several secondary effectors including p38, phosphatidyl-
inositol-3-kinase (PI3K) but it is not yet known through which pathway they are activated.
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The functional roles of the KP/KISSIR system
have been extensively reviewed[9,21]. Physiological-
ly, the KP/KISS1R signaling system potently triggers
gonadotropin-releasing hormone release, thereby,
acting a major regulator of the neuroendocrine re-
productive axis[22, 23]; negatively regulates tropho-
blast migration and invasion, thereby, being proposed
as a major regulator of placentation and fetal devel-
opment[24]. In less investigated roles, the KP/KISSIR
signaling system has also been proposed as a regula-
tor of insulin secretion, cardiovascular function and
kidney development (reviewed in[9, 25]). The rest of
this review article will focus on the roles of KPs in
regulating breast cancer biology. In many cancers,
KP/KISSIR signals as a metastasis suppressor.
However, we will focus on some controversial find-
ings in breast cancer, where the role of KP/KISSIR
has been difficult to discern and discuss the latest
findings that shed light on the mechanisms by which
KISSIR regulates breast cancer metastasis. Since
KISS1R is emerging as a GPCR of widespread clinical
importance, understanding the molecular mecha-
nisms that regulate KISS1R signaling upon receptor
activation is necessary to evaluate its potential as a
therapeutic target.

Roles of KP/KISS1R as a Metastasis Sup-
pressor

To date, the metastasis suppressor activity of
KPs have been identified in numerous cancers, in-
cluding melanomal[2,7,26-28], thyroid[29,30],
ovarian[31-34], bladder[35,36], gastric[37,38], esoph-
ageal[39], pancreatic[40], lung[41] and pituitary[42]
cancers. The anti-cancer roles of KP/KISS1R have
been recently discussed in excellent reviews[9,43-45].
For several of these cancers, a unified emerging
mechanism underlying KP/KISS1R-dependent meta-
static suppression is the repression of matrix metal-
loproteinase (MMP)-9 activity and subsequent inhibi-
tion of cancer cell migration and invasion[44, 46, 47].
Increased activation of focal adhesion kinase (FAK),
leading to the formation of excessive focal adhesions
and stress fibre formation have also been observed
and believed to further contribute to reduced cancer
cell motility[3, 48].

Clinically, a reduction in KISS1 and/or KISSIR
expression has been shown to be associated with poor
prognosis in cancer patients and consequently, the
expression of KISS1 and/or KISSIR could potentially
prove to be powerful prognostic markers in clinical
settings[7, 28, 32, 37-39, 41, 49-56]. Studies have also
emerged that indicate that the KP/KISS1R signaling
promotes tumorigenesis. For instance, in hepatocel-
lular cancers, overexpression of KISS1 and KISSIR has
been observed and correlates with cancer

progression[57-59]. Furthermore, KISS1 expression
level in hepatocellular carcinoma correlated with
worsened clinical outcome, as an independent prog-
nostic marker for the aggressiveness of hepatocellular
carcinoma[57-59]. Additionally, KP/KISSIR signaling
appears to have detrimental effects in breast cancer.

KP/KISSI1R Signaling in Breast Cancer
Metastasis

Initially, KISS1 was thought to functions as a
metastasis suppressor gene in human breast cancer,
similar to its anti-metastatic roles observed in mela-
noma[60]. However, this study was done using hu-
man ‘breast’ cancer MDA-MB-435 cells, which have
been shown to have gene expression profile more
closely resembles that of melanoma cell lines, rather
than that of other breast tumor cell lines[61]. Thus
studies performed using this cell line must be inter-
preted with caution[62].

A recent landmark study established a role for
KP/KISSIR signaling in regulating breast cancer me-
tastasis using a mouse mammary tumor Vi-
rus-polyoma virus middle T antigen (MMTV-PyMT)
model[63]. In this model, the transformation of the
mammary epithelium leads to the development of
multifocal mammary adenocarcinomas and metastat-
ic lesions in the lymph nodes and in the lungs. Cho
and colleagues showed that Kiss1r haploinsufficiency
(Kiss1r*~) delayed PyMT-induced breast tumor initia-
tion, latency, growth and metastasis[63]. Orthotopic
injection of isolated mouse primary breast cancer
MMTV-PyMT/Kisslrt/~ cells into NOD.SCID/NCr
immunocompromised mice showed reduced primary
tumor growth, compared to mice injected with
MMTV-PyMT/Kisslr*/* cells, indicating that reduced
expression of the receptor inhibits tumor growth in
vivo. Additionally, the authors showed that KISSIR
plays a vital role in Ras-induced MCF10A cell tu-
morigenesis signaling via RhoA GTPase downstream
of Goyq activation. Although the authors did not pro-
vide any evidence that KISSIR regulates metastasis
using a xenograft mouse model, this study clearly
establishes that KISSIR positively regulates tumor-
igenesis and metastasis although the underlying mo-
lecular mechanism remain to be deciphered.

KISS1 Expression in Human Breast Tu-
mors

The first evidence that KISS1 expression is ele-
vated in patient breast tumors was shown in a study
by Martin and colleagues[64]. They demonstrated that
KISS1 mRNA expression was elevated in
node-positive tumors, compared to node-negative
ones and that KISS1 mRNA and protein expression
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increased with tumor grade as determined by quan-
titative-PCR analysis and immunohistochemistry,
respectively. Moreover, they found that patients with
metastatic disease had elevated levels of KISSI ex-
pression compared to healthy individuals, and that
this associated with poor patient prognosis. A rise in
KISSIR mRNA expression in node-positive tumors
was observed, although this was not statistically sig-
nificant. This study also showed that the
over-expression of KISS1 in MDA-MB-231 human
breast cancer cells increased their invasiveness and
decreased their adhesive property using Mat-
rigel-coated transwell chamber invasion assays, thus,
providing evidence that KISS1 may not be functioning
as a metastasis suppressor in breast cancer cells[64].

In sharp contrast to the study by Martin and
colleagues[64], other reports indicate that KISSI
mRNA and protein expression is absent in
node-positive tumors, and found a significant nega-
tive correlation with axillary lymph node involve-
ment[52, 65, 66]. No association of KISS1 expression
was found with genes that regulate cell-cycle and
proliferation such as HER2, VEGF and p53[52]. KISS1
mRNA and protein expression was also found to be
significantly higher in primary breast cancer com-
pared with breast tumors that metastasized to the
brain[67, 68]. In fact, a significant down-regulation of
KISS1 expression has been reported in brain meta-
static lesions, compared to primary ductal carcinomas
and this correlated with immunohistochemical analy-
sis of KISS1 protein levels[64]. This suggests that a
loss of KISS1 may contribute to the formation of dis-
tant metastases, since there was a down-regulation of
KISS1 expression in the metastases compared to pri-
mary tumors [67]. Thus, these studies support the
anti-metastatic role of KISS1[52, 67].

The reason for these contradictory results remain
unclear; however, with the analysis of patient sam-
ples, factors have to be taken into consideration such
as whether the patients had received chemotherapy,
the age of the women (pre- versus post-menopausal)
and the genetic diversity of the patient population.
These factors are not always considered or included
as part of the analysis. Interestingly, these later stud-
ies did not examine KISSIR association with axillary
lymph node involvement and thus, further studies are
necessary to better understand changes in the expres-
sion profile of KISS1 and KISSIR in patients at the
gene and protein level. Furthermore, recent studies
have shown that the estrogen receptor (ER) status of
breast tumors has to be taken into consideration since
expression and function of both KISS1 and KISSIR are
modulated by estrogen.

Regulation of KISS1 and KISS1R Expres-
sion by Estrogen in Breast Cancer

The steroid hormone estrogen plays a critical
role in the development of the mammary epithelium
during puberty[69-72]. Estradiol (Ez) acting through
ERa is required for the normal growth and develop-
ment of the mammary ductal network[71,73]. ERa
activation is mitogenic in normal and transformed
cells, but is able to suppress processes such as epithe-
lial-mesenchymal transition (EMT)[69, 73].

It is well established through studies using mice
and rats, that in the hypothalamus, KISST mRNA level
is directly regulated by Ex[74, 75]. ERa-mediated
pathways play a crucial role in breast carcinogenesis;
moreover, ERa is an important prognostic indicator in
breast cancer and of the response to endocrine thera-
pyl76, 77], with breast tumors typically categorized as
being ER-positive or ER-negative[71]. In a 2007 study,
Marot and colleagues investigated whether the ex-
pression of KISS1 and KISS1R is regulated by estrogen
and whether this is clinically relevant. They found
that KISS1 and KISSIR expression was negatively
regulated by E>. Furthermore, among
post-menopausal women with ERa-positive tumor
samples who had been treated with the ER antagonist,
tamoxifen, patients with shorter relapse-free survival
had elevated expression of KISS1 and KISSIR mRNA
compared to tumors expressing low mRNA levels of
these genes. They reported that KISST mRNA levels
were high in breast tumors, compared to normal
mammary tissue, whereas KISSIR mRNA levels were
high in invasive tumors compared to normal
tissue[78]. In contrast to this study, Jarzabek and oth-
ers reported that ER-positive tumors exhibited higher
KISS1 and KISSIR levels than ER-negative
tumors[50]. This study also revealed that KISS1R ex-
pression is negatively associated with HER2 status in
breast cancer[50]. Thus the expression profile and
roles of KISS1 and KISSIR in breast cancer has been
difficult to discern and this might simply reflect the
great heterogeneity among breast tissue, in addition
to the fact that mRNA levels may not necessarily cor-
relate to protein levels.

To further study the regulation of KP/KISSIR by
ERa, ERa was over-expressed in the ERa-negative
MDA-MB-231 breast cancer cells[78, 79]. Treatment
with Ex-induced a decrease in KISST mRNA levels as
well as KISSIR protein levels, compared to
controls[78,79]. The expression of ERa (in the absence
of E) inhibited KP-10-stimulated cell migration and
invasion, and KP-10-stimulated epidermal growth
factor receptor (EGFR) transactivation, compared to
vector control cells[79]. However, KP-10 did not in-
crease cell migration, invasion and motility, or stim-
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ulate EGFR transactivaton in the ERa-positive T47D
and MCF7 breast cancer cells[79]. Thus, in the pres-
ence of ERa, KP/KISSIR may function in an an-
ti-metastatic capacity. In fact, Olbrich and others have
shown that KP-10 inhibits bone-directed migration of
KISS1R-positive MCF7 cells by down-regulating the
expression of chemokine receptor CXCR4 and its lig-
and stomal derived factor (SDF)-1[80]. Thus, one can
speculate that in normal healthy mammary epithelia,
estrogen signaling through ERa is responsible for
maintaining normal breast epithelial growth and
function, hence maintaining KP/KISSIR signaling in
check through transcriptional regulation of KISS1[81],

and/or KISSIR (Figs. 2, 3). However, in certain can-
cers, where ERa expression is lost or silenced via DNA
methylation as is the case in ERa-negative cancers[82,
83], the brake keeping KP/KISSIR signaling in check
is removed. As a result, this disinhibition results in
increased transcription of KISS1 and/or KISSIR, and
consequently increases signaling through KISS1R
leading to the induction of EMT, ultimately allowing
for the mammary epithelial cells to acquire a more
migratory and invasive phenotype[79] (Fig. 3). Over-
all, these studies have established that the ERa status
of breast epithelia critically regulates the ability of
KISSIR signaling to stimulate invasiveness.
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Fig 2. Novel KP/KISSIR signaling pathways in breast cancer cells lacking the estrogen receptor, ERa. ERa has been found to negatively
regulates KISSIR expression. KISSIR activation in these cells leads to epidermal growth factor (EGFR) transactivation via B-arrestin 2- and
IQGAP|-mediated pathways. KISSIR activation can induce epithelial-mesenchymal transition (EMT), resulting in a decrease in E-cadherin expression and
acquisition of a mesenchymal phenotype, characterized by actin cytoskeleton re-organization and stress fiber formation. Expression of mesenchymal
markers (Snail/slug, N-cadherin, Vimentin) also increases. KP/KISSIR pathway can also activate RhoA. Blue solid lines represent KISSIR interacting
proteins; black dashed lines represent EGFR interacting proteins.
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Fig 3. Proposed model for ERa-dependent KP/KISSIR signaling in breast epithelia. In normal healthy mammary epithelia, estrogen signaling
through ERa is responsible for maintaining normal breast epithelial growth and function, keeping KP/KISSIR signaling in check through transcriptional
regulation of KISS and/or KISSIR. However, in breast cancer, when ERQ expression is lost or silenced, this results in increased transcription of KISS| and/or
KISSIR, and increased receptor signaling and the induction of EMT, allowing epithelial cells to acquire a more migratory and invasive phenotype.
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The mechanistic details by which ERa decreases
KISSIR expression in breast cancer cells are currently
unknown. A few studies have investigated how ERa
regulates KISS1. In melanoma, activator protein 2
alpha (AP-2a) has been described as a possible posi-
tive transcriptional regulator of KISS1 in melanoma
cells via interaction with the transcription factor,
specificity 1 protein (SP1)[84]. However, in
MDA-MB-231 breast cancer cells stably expressing
ERa, E; down-regulated the transcriptional activity of
the KISS1 promoter independent of the ER element
and SP1 by modulating the binding of the active RNA
polymerase II at the KISS1 promotor[81]. Clearly,
more studies are required to better understand how
ERa exerts its regulatory action in breast cancer cells
(ERo-positive versus negative), compared to its effects
in some other cancers, where KISSI functions as a
metastasis-suppressor gene.

Molecular Mechanisms Regulating
KISSI1R Signaling in Breast Cancer

Currently, plasma KP levels in breast cancer pa-
tients are unknown. However, KP-10 immunoreac-
tivity has been shown in aggressive MDA-MB-231
human breast cancer cells that are triple-negative
(lacking ER, progesterone receptor and HER?2), indi-
cating that breast cancer cells can produce KPs. KISS1
mRNA expression in these cells has also been
demonstrated[78]. The clinical data thus far suggests
that KISS1 may be preferentially expressed in primary
tumors, whereas KISSIR levels are higher in metas-
tases[64, 78]. If this is the case, then the question arises
as to how the receptor signals, independent of the
ligand. One possibility is that KISSIR display consti-
tutively activity[12, 85], and this has been previously
described in breast cancer cells[86].

The mechanisms by which KP/KISSIR regulates
breast cancer cell migration and invasion, two pro-
cesses required for metastasis remain largely un-
known. KP-10 can stimulate breast cancer cell migra-
tion and invasion of the ERa-negative MDA-MB-231
and Hs578T that endogenously express KISSIR, via
transactivation of the EGFR[86]. EGFR is a
well-known clinical target that is upregulated in nu-
merous cancers, including breast cancer[87]. KP-10
stimulates EGFR transactivation and MMP-9 secretion
and activity via a P-arrestin 2-dependent pathway
[86]. In contrast, in HT-1080 human fibrosarcoma
cells, where KP/KISSIR signaling is anti-invasive,
KISS1 expression reduces MMP-9 production[88].
B-arrestins have emerged as important regulators of
KISSIR signaling, cancer progression, invasion and
metastasis[89, 90]. Currently we do not know if
KISSIR activity regulates EGF secretion; nevertheless,
EGEFR can also be activated independently of its lig-

and[91]. Furthermore, KISSIR is able to directly asso-
ciate with EGFR, and stimulation of breast cancer cells
with either KP-10 or EGF can regulate the endocytosis
of both receptors[86], providing evidence of receptor
crosstalk. One can speculate that KISS1R binds to
EGEFR and promotes ligand-independent activation of
EGEFR, and this may positively regulate breast cancer
cell invasiveness (Fig. 3).

Tumor cell extravasation is a key pre-requisite
step during metastasis. Exogenous expression of
KISSIR in ERo-negative SKBR3 cells stimulates the
extravasation of tumor cells, using the chick chori-
oallantoic membrane assay, providing the first evi-
dence that KISSIR signaling regulates breast cancer
invasion in vivo[79]. KISS1R-mediated EGFR transac-
tivation and migration of breast cancer cells was in-
hibited by the KISS1R antagonist, P-234, implicating a
role for KISSIR activation in these processes[79]. The
actin cytoskeletal scaffolding protein IQGAP1 has
been identified as a KISSIR binding partner and is
necessary for KISS1R-mediated transactivation of the
EGEFR in breast cancer cells[79]. IQGAP1 plays a role
in tumorigenesis and is considered to be an
oncogene[92-94]. IQGAP1 is over-expressed in
trastuzumab-resistant human breast epithelial cells
and contributes to resistance to anti-HER2
therapies[93]. IQGAP1 binds to a diverse array of
signaling and structural proteins regulating multiple
processes such as cell polarization, motility, invasion,
maintenance of cytoskeletal architecture, and
E-cadherin-mediated cell-cell adhesion[94]. Endoge-
nous KISSIR 1is co-localized with endogenous
IQGAP1 in lamellipodia of motile breast cancer cells
and regulates breast cancer cell motility[79]. IQGAP1
also interacts with B-arrestin 2, and both proteins can
facilitate the scaffolding of the MAPK signaling
components[95]. Thus, the association of pB-arrestin 2
and IQGAP1 may bring together individual signaling
complexes within the same area of the cell to allow for
the spatial regulation of multiple processes including
cell migration.

Thus far, studies indicate that KISSIR signaling
may correlate positively with breast tumor progres-
sion and metastatic potential[63, 78, 96]. However, it
appears that KP-10 does not affect proliferation of
breast epithelial or breast cancer cell lines expressing
the receptor endogenously or exogenously[79, 97].
The effects of KISSIR signaling on non-malignant
breast epithelia are not clear. KISSIR has been shown
to be expressed in normal breast tissue[5], neverthe-
less, the role of KISSIR in the physiological develop-
ment of mammary tissue is unknown. Recently, the
effect of KP signaling in the immortilized,
non-transformed mammary epithelial cell line
MCF10A was examined. MCF10A cells form acinar
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structures in three-dimensional (3D) basement mem-
brane cultures that retain characteristics of the glan-
dular epithelium in vivo[98]. Interestingly, these cells
are ERoa-negative[99] and endogenously express
KISSIR [63]. Treatment with KP-10 significantly
stimulated MCF10A cells to form invasive structures
compared to untreated cells in 3D Matrigel
cultures[79]. Furthermore, stable expression of
KISSIR in MCF10A cells significantly stimulated in-
vasiveness independent of exogenous KP-10 and in-
duced a mesenchymal phenotype[81]. Hence, it is
possible that under pathological conditions such as
breast cancer and upon loss of ERa, there is an up-
regulation of KP and/or KISSIR. This would stimu-
late the mammary epithelial cells to undergo
EMT-like events, acquiring mesenchymal-like phe-
notypes and ultimately resulting in enhanced migra-
tion and invasion and thereby promoting metastasis
(Fig. 2, 3)[100].

Lastly, two recent papers have shown there is an
inverse relationship between the expression of KISS1
functioning as a metastasis suppressor and WASF3,
an oncogene and a member of the Wiskott-Aldrich
family of proteins[101, 102]. WASF3 promotes inva-
sion and metastasis in breast cancer cells, which have
undergone EMT[101-103]. Overexpression of WASE3
in non-invasive MCF7 and T47D human breast cancer
cells, which typically do not exhibit an EMT-like
phenotype, increases their invasiveness as a result of
increased ZEB1/2 levels, which specifically sup-
presses  the  anti-invasion  chromosome 1
miR-200a/200b/429 cluster[102]. This study showed
that the upregulation of ZEB1/2 by WASF3 occurs
due to a decreased expression of KISS1[102]. On the
contrary, knockdown of WASE3 in breast cancer cells
leads to reduced ZEBI levels and increased miR-200
and E-cadherin levels, resulting in the loss of invasion
potential with concomitant loss of matrix MMP-9 ac-
tivity[101, 102]. Therefore, the loss of KISS1 which has
been observed clinically in regional or distant breast
cancer metastases[52,65,66] could result wvia
WASF3-mediated ZEB1/2 upregulation, resulting in
increased metastasis, implying that this signaling
pathway may be a potential target to suppress inva-
sion of breast cancer cells.

Conclusions

In this review article, we provide information as
to the state of our current knowledge on the role of
KP/ KISSIR signaling pathway in breast cancer. The
complexity and tissue specificity of this signaling
pathway remains a challenge for understanding and
targeting this pathway. Emerging evidence clearly
suggests that KISS1R plays critical roles in regulating
signaling cascades that are involved in cell migration,

invasion and metastasis, as in the case for breast can-
cer. The conflicting data for the role of the KISS1 and
KISSIR in tumorigenesis could possibly be due the
existence of an alternately spliced form(s) of these
genes or possibly due to the epigenetically regulation
of these genes. Currently, the methylation status of
KISS1/KISSIR in breast cancer is unknown but this
might potentially explain differences in expression
patterns observed in the difference studies. A better
understanding of the underlying mechanisms by
which KISS1R signaling regulates cell invasiveness,
cross-talks with other receptors such as growth factor
receptors and the influence of the ERa status of breast
epithelia on KISSIR signaling, could shed light on
whether or not targeting KISSIR in breast cancer is a
potentially useful therapy.
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