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Abstract
Tumor necrosis factor-alpha (TNFα) induces cancer development and metastasis, which is
prominently achieved by nuclear factor-kappa B (NF-κB) activation. TNFα-induced NF-κB
activation enhances cellular mechanisms including proliferation, migration, and invasion. KiSS1,
a key regulator of puberty, was initially discovered as a tumor metastasis suppressor. The
expression of KiSS1 was lost or down-regulated in different metastatic tumors. However, it is
unclear whether KiSS1 regulates TNFα-induced NF-κB activation and further tumor cell
migration. In this study, we demonstrate that KiSS1 suppresses the migration of breast cancer cells
by inhibiting TNFα-induced NF-κB pathway and RhoA activation. Both KiSS1 overexpression
and KP10 (kisspeptin-10) stimulation inhibited TNFα-induced NF-κB activity, suppressed TNFα-
induced cell migration and cell attachment to fibronectin in breast cancer cells while KP10 has
little effect on cancer cell proliferation. Furthermore, KP10 inhibited TNFα-induced cell migration
and RhoA GTPase activation. Therefore, our data demonstrate that KiSS1 inhibits TNFα-induced
NF-κB activation via downregulation of RhoA activation and suppression of breast cancer cell
migration and invasion.
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Introduction
Increasing evidence indicates that TNFα is important for cancer malignancy [Balkwill,
2006; Hacker and Karin, 2006; Karin, 2006]. The TNFα signaling cascade includes TNFα
receptors, which promotes a recruitment of multiple adaptor proteins such as TRADD and
TRAF [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. Chronically produced TNFα
induces tumor cell motility and invasion via the activation of NF-κB and its target genes,
resulting in cancer progression and metastasis [Balkwill, 2006; Hacker and Karin, 2006;
Karin, 2006]. Abnormally and constitutively active NF-κB is implicated in cancer
progression and metastasis [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. NF-κB
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consists of five subunits named RelA (p65), RelB, cRel (Rel), p50 (NF-κB1), and p52 (NF-
κB2) that form homo- or heterodimers and tightly bind to their inhibitors, IκBs at the
cytoplasm in the resting state [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. Upon
diverse stimulation, IKKs (IκB kinases) phosphorylates IκBs, inducing the 26S proteasomal
degradation of IκBs and liberating NF-κB to translocate into the nucleus and function as a
transcriptional factor [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. Given the
importance of TNFα induced NF-κB pathway in cancer development and metastasis,
discovery of agents (peptides or chemical compounds) against TNFα-induced NF-κB
pathway is crucial for cancer treatment [Balkwill, 2006; Hacker and Karin, 2006; Karin,
2006].

KiSS1, initially identified as an anti-metastatic gene, produces truncated forms of peptides
named kisspeptins (KP), including KP10, KP13, KP14, and KP54 [Fernandez-Fernandez et
al., 2006; Lee et al., 1996; Lee and Welch, 1997; Mead et al., 2007b; Nash et al., 2007; Nash
and Welch, 2006; Ohtaki et al., 2001; Popa et al., 2008; Stafford et al., 2002]. Recent studies
have provided various functions of KiSS1 in normal and disease conditions [Fernandez-
Fernandez et al., 2006; Mead et al., 2007b; Nash and Welch, 2006; Popa et al., 2008]. In
normal physiology, KiSS1 is implicated in the regulation of puberty, reproduction, and
homeostasis [Fernandez-Fernandez et al., 2006; Mead et al., 2007b; Popa et al., 2008]. In
tumorigenesis, the function of KiSS1 as one of metastasis suppressor genes was supported
by both experimental and clinical data [Mead et al., 2007b; Nash and Welch, 2006].
Furthermore, KiSS1 gene products target atherosclerotic vessels, indicating its function in
cardiovascular system [Mead et al., 2007a; Mead et al., 2007b]. However, a mechanism by
which KiSS1 regulates cancer progression and metastasis remains yet to be resolved
although the role of KiSS1 in cancer biology was first revealed and confirmed [Fernandez-
Fernandez et al., 2006; Lee et al., 1996; Lee and Welch, 1997; Mead et al., 2007b; Nash et
al., 2007; Nash and Welch, 2006; Ohtaki et al., 2001; Popa et al., 2008; Stafford et al.,
2002]. Kisspeptins transiently stimulate the formation of focal adhesion complex and stress
fiber in CHO cells overexpressing GPR54, the endogenous KiSS1 receptor [Ohtaki et al.,
2001]. KiSS1 overexpression also suppresses migration and invasion in MDA-MB-435
breast cancer cells [Lee and Welch, 1997] and inhibits MMP-9 expression via
downregulating NF-κB activation in HT-1080 fibrosarcoma cells [Yan et al., 2001].
Inversely, MMPs suppress the function of kisspeptins by cutting kisspeptin’s C-terminus
[Takino et al., 2003].

In different cancer cells, active RhoA promotes cell migration, invasion, and metastasis
[Brantley-Sieders et al., 2008; Fromigue et al., 2008; Gadea et al., 2007; Gumireddy et al.,
2007; Joshi et al., 2008; Lee et al., 2008; Loberg et al., 2007; Martin et al., 2007; Sun et al.,
2007; Zhu et al., 2007]. Furthermore, RhoA induces NF-kB activation, which is required for
tumor progression [Benitah et al., 2003; Debidda et al., 2005; Perona et al., 1997]. However,
it is still unclear whether KiSS1 regulates cell migration and invasion by regulating RhoA
activation and its downstream signaling pathways. In this study, we demonstrate that KiSS1
suppresses breast cancer cell migration and invasion by suppressing RhoA-mediated TNFα-
induced NF-κB activation.

Materials and methods
Cell culture and reagents

MDA-MB-231, MCF-7, and 293T cells were cultured in DMEM supplemented with 10%
FBS and 1% antibiotics. C-terminal amidated Kisspeptin-10 (KP10) was prepared in
distilled water with 0.005% DMSO, stored at −20°C and then diluted as needed in the cell
culture medium. TNFα (kindly provided by Dr. Aggarwal) was stocked in distilled water
with 0.01% DMSO.
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Cell proliferation assay
Cell proliferation was monitored using CellTiter 96® Aqueous Non-Radioactive Cell
Proliferation Assay kit according to the manufacturer’s protocol (Promega, Madison, WI).

Flow cytometry analysis
3×106 cells were fixed with 70% ethanol, stained with propidium iodine (PI), and then
subjected to flow cytometry analysis. 5000 cells were gated and PI-stained cells were
counted. Experiment was performed in triplicate.

Electrophoretic mobility shift assay
Nuclear extract sampled from MDA-MB-231 cells were incubated with 32P-end-labeled
45mer double-stranded oligonucleotide (10μg of protein with 5fmol of DNA), 5′-
TTGTTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAGGCGTGC-3′ (the bold
indicates NF-κB binding sites), for 10 min at RT. The DNA-protein complex formed was
separated from free oligonucleotide on 6% native polyacrylamide gels.

Chromatin immunoprecipitation (ChIP) assay
MDA-MB-231 cells were cross-linked with formaldehyde and then nuclear extracts were
sonicated. After washed three times, the chromatin was immunoprecipitated with 5μg of NF-
κB p65 antibody and protein A/G beads and then heated to reverse the cross-linking. DNA
was purified and analyzed by PCR using the primers specific for the NF-κB binding site of
MMP-9 promoter. Primers used were as following: 5′-GACCAAGGGATGGGGGATC-3′
and 5′-CTTGACAGGCAAGTGCTGAC-3′. DNA purified from the sonicated nuclear
fraction was directly analyzed by general PCR using the same primers and then used for the
input control.

Western blot
30μg of total protein was resolved on SDS-PAGE, transferred to PVDF membranes and
probed with specific antibodies. The blots were washed, exposed to HRP-conjugated
secondary antibodies (Pierce, Rockford, IL), and detected by chemiluminescence reagents.
Antibodies against pIKKα/β, IKKα, NF-κB p65, and IκBα were kindly provided by Dr.
Aggarwal. Antibody against RhoA, Rac1, or Cdc42 was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA).

Rho GTPases activity assay
For detecting active RhoA, GST pull-down was performed. In brief, Rhotekin-RBD (Rho
binding domain) purified from E. Coli was incubated with 20μl of 50% Glutathione-bead
slurry and 500μg of whole cell lysates for 12hr at 4°C. Active RhoA binding to RhoA-RBD
was detected using RhoA antibody. For detecting active Rac1 or Cdc42, protein samples
mixed with GST-PAK PBD (Pak binding domain) were pulled-down.

Luciferase assay
Cells were transiently transfected with pNF-κB-luc (Stratagene, La Jolla, CA) and/or
plasmids shown in figures. 5hr after transfection, fresh medium was added; cells were
treated with KP10 for another 20hr, and then harvested for luciferase assay. To obtain the
basal level of NF-κB activity, cells were incubated with medium containing 0.2% serum for
20hr, and then assay. Data was normalized using β-gal assays.
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Chemotatic cell migration assay
Cells were cultured in the upper chamber of the Boyden Chamber precoated with gelatin,
and the bottom chamber precoated with gelatin was filled with medium containing TNFα to
induce chemotatic migration. To examine KiSS1 effect, different concentrations of KP10
were added in the upper chamber. 24hr after cell culture, cells attached on the bottom were
stained with crystal violet (2% v/v) and counted. To verify cell counting, crystal violet was
eluted and read using a microplate reader at 490mm. To visualize and confirm cell
migration, scratching assay was performed. Cells were cultured on 6 well plates and
scratched using a 1000μl tip, washed three times with PBS, and cultured for 24hr after
treatment with KP10 and/or TNFα. Images were obtained using a Nikon invert microscope.
Experiments were performed four times and data was analyzed by the two-tailed student t-
test.

Cell attachment assay
Cells were trypsinized with 0.1% Trypsin/EDTA, washed with PBS, incubated in medium
containing 0.01% DMSO or KP10 for 30 min. at 37°C, and then poured into fibronectin-
precoated wells. After 10 min, cells were washed with PBS and stained with 0.2% crystal
violet. Cells that were attached were eluted with 1% SDS and then an absorbance of elutes
was counted using a spectrometer plate reader at 490nm.

Immunofluorescence
Cells were cultured on coverslips precoated with poly-L-lysine and then treated with the
molecules indicated in figures. Cells were fixed with 3.7% formaldehyde for 15min and then
permeablized with 0.1% Triton X-100 for 10min, and blocked with 1% bovine serum
albumin (BSA) for 30 min. For p65 intracellular localization, cells were incubated with anti-
p65 antibody for 1hr and then incubated with Texas red-conjugated secondary rabbit
antibody for 30 min. Images were acquired using Nikon microscope.

Results
KiSS1 suppresses TNFα-induced tumor cell migration, invasion, and matrix-attachment

Since TNFα is highly expressed in the tumor microenvironment and induces cancer
malignancy [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006], we investigate the roles
of KiSS1 on breast cancer cell behavior induced by TNFα treatment. To determine how
KiSS1 affects TNFα-activated tumor cell migration and invasion, we performed wound
healing assays. As shown in Figure 1A, TNFα increased the migration of MDA-MB-231
cells by ~61% compared with none-treated cells (Figure 1A). Addition of KP10 at 1μM
significantly inhibited TNFα-induced cell migration in MDA-MB-231 cells by 40% (Figure
1A). Similar data were obtained for the inhibition of TNFα-induced invasion in both MCF7
and MDA-MB-231 cells by KP10 using Boyden chamber assays. TNFα increased an
invasiveness of both MCF7 and MDA-MB-231 cells by ~40 % (Figure 1B). However, 1μM
of KP10 blocked TNFα-induced cell invasion (Figure 1B).

To examine whether KiSS1 affects TNFα-induced cell attachment to extracelluar matrices,
MDA-MB-231 cells were platted on fibronectin-coated culture dishes and then TNFα-
induced cell attachment to the matrix was measured by spectrometer at 490nm. As shown in
Figure 1C, incubation of 1μM of KP10 with breast cancer cells for 30 min significantly
inhibited TNFα induced MDA-MB-231 cell attachment to fibronectin (Figure 1C).
Together, our data indicate that KiSS1 inhibited TNFα-mediated breast cancer cell migration
and matrix-attachment, suggesting a possible inhibitory function of KiSS1 against TNFα-
enriched tumor microenvironment.
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Since TNFα-induced NF-κB pathway regulates tumor cell proliferation and survival
[Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006], we further examined how KiSS1
regulated tumor cell proliferation in presence of TNFα. KP10 did not affect MDA-MB-231
(Figure 1D) or MCF7 (data not shown) cell proliferation in the presence or absence of
TNFα, when we performed the cell proliferation assays. On the other hand, KiSS1 has been
revealed to arrest MDA-MB-436S cells at G2/M phase [Becker et al., 2005]. However,
KP10 did not affect cell cycle in the presence or absence of TNFα, when MDA-MB-231 and
MCF7 cells were subjected to the flow cytometry (Figure 1E). In sum, KiSS1 affects TNFα-
mediated cell motility but not proliferation.

KiSS1 blocks NF-κB transcriptional activity by inhibiting DNA binding of NF-κB
To determine whether KiSS1 inhibits TNFα-induced NF-κB activation in breast cancer cells,
we first examined the transcriptional activation of NF-κB in MDA-MB-231 cells either
overexpressed with KiSS1 or treated with KP10. When MDA-MB-231 cells were treated
with different concentration of TNFα (0.1 to 10nM), NF-κB transcriptional activity was
increased with the increase of TNFα in a dose-dependent manner (Figure 2A).
Overexpression of KiSS1 gene in the cell inhibited TNFα-induced NF-κB activation even at
10nM concentration of TNFα (Figure 2A), suggesting a role of KiSS1 in TNFα-mediated
NF-κB activation. Furthermore, we examine whether KP10, a 10-amino acid peptide derived
from KiSS1, can inhibit TNFα-induced NF-κB transcriptional activation. As shown in figure
2B, KP10 at 1 to 10μM also decreased TNFα-induced NF-κB activation in MDA-MB-231
cells stimulated with TNFα. However, the inhibitory effect of KP10 on TNFα-induced NF-
κB activation was weaker than that induced by KiSS1 overexpression (Figure 2B).

To confirm our observation that KiSS1 and KP10 inhibit TNFα-induced NF-κB activation,
we examined the DNA binding activity of NF-κB using electrophoresis gel mobility-shift
assays (EMSA). As shown in figure 2C, KP10 at 0.1μM significantly inhibited TNFα
induced DNA binding of NF-κB in MDA-MB-231 cells (Figure 2C). To further investigate
the KiSS1-inhibitory function in TNFα-induced DNA binding of NF-κB in vivo, we
examined whether KiSS1 affects DNA binding of NF-κB on MMP-9 promoter in TNFα-
induced MDA-MB-231 cells using chromatin immunoprecipitation (ChIP) assays. DNAs
from MDA-MB-231 cells treated with control buffer, TNFα alone, or TNFα plus KP10, or
from cells overexpressing KiSS1 and treated with TNFα were extracted, precipitated with
anti-NF-κB p65 antibody, and then subjected to PCR using MMP-9 promoter specific
promoters in the chromatin immunoprecipitation (ChIP) assays. As shown in figure 2D,
KiSS1 gene overexpression or treatment of KP10 peptide strongly suppressed TNFα—
induced DNA binding of NF-κB on MMP-9 promoter (Fig. 2D, lane 3 and lane 4,
respectively). Therefore, our data consistently demonstrate that KiSS1 inhibits TNFα—
induced DNA binding of NF-κB.

KiSS1 blocks TNFα-induced NF-κB nuclear translocation and IκBα degradation
To understand the mechanism of KiSS1 inhibition of NF-κB activation, we examined
whether KP10 inhibits TNFα-induced NF-κB nuclear translocation, an upstream event of
NF-κB DNA binding [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006] . As shown in
figure 3A, addition of TNFα induced the nuclear translocation of p65 NF-κB subunit in
nuclear extracts of MDA-MB-231 cells (Fig. 3A). However, treatment of the cells by KP10
at 1 μM blocked the nuclear translocation of p65 NF-κB subunit (Figure 3A).

To confirm the inhibition of NF-κB nuclear translocation by KP10, we performed
immunofluorescence assays using the anti-NF-κB p65 antibody. In MDA-MB-231 cells, p65
NF-κB subunit was located at the cytosol without stimulation (Fig. 3B, left top panel, none).
1 μM KP10 alone did not alter the cytosol localization of p65 NF-κB in the resting status
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(Fig. 3B, left bottom panel, KP10). When the cells were stimulated with TNFα, p65 was
activated and translocated into the nucleus (Fig. 3B, right top panel). Addition of 1 μM
KP10 significantly blocked TNFα-induced nuclear translocation of p65 NF-κB (Fig. 3B,
right bottom panel). Together, these data suggest that KP10 inhibit TNFα-induced NF-κB
activation by blocking the nuclear translocation of NF-κB.

We next examined whether KP10 affects TNFα-induced IκBα degradation, as IκBα
degradation liberates NF-κB from IκBα/NF-κB complex, resulting in NF-κB nuclear
translocation [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. MDA-MB-231 cells
were stimulated with TNFα in the presence or absence of KP10 for different time points, and
then the cytosolic fraction was subjected for the analysis of IκBα degradation. In MDA-
MB-231 cells, TNFα induced IκBα degradation at 5 min, which was completed at 15 min
(Fig. 3C). Treatment of IκBα degradation KP10 inhibited TNFα-induced IκBα degradation
when cytosolic IκBα was probed for 60 min (Fig. 3C).

KiSS1 blocks NF-κB transcriptional activity by inhibiting IKK phosphorylation
IκBα degradation and NF-κB nuclear translocation resulted from IKK phosphorylation of
IκBα, which is sequentially promoted by phosphorylation of IKKs [Balkwill, 2006; Hacker
and Karin, 2006; Karin, 2006]. To further understand the mechanism of KiSS1 inhibition on
TNFα-induced NF-κB, we examined whether KP10 inhibits IKK phosphorylation. In MDA-
MB-231 cells, TNFα induced phosphorylation of IKKα/β at 15 min, which was prolonged
for 30 min (Fig. 4A). However, treatment of the cells by 1 μM KP10 suppressed TNFα-
induced IKKα/β phosphorylation (Fig. 4A), suggesting that KP10 inhibit TNFα-mediated
NF-κB activation by regulating IKKα/β phosphorylation.

In the TNFα-induced NF-κB pathway, TNFα receptor signaling complex mediates
phosphorylation of IKKs [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006]. To
investigate KP10-target molecules upstream of IKKs in TNFα-induced NF-κB pathway,
MDA-MB-231 cells were transfected with NF-κB reporter gene combined with TNFRI,
TRADD, TRAF2, NIK, IKKα, and p65, respectively. The cells were then stimulated with
KP10 for 24hr, and subjected to the luciferase assays. As shown in figure 4B, KP10 blocked
NF-κB transcriptional activation induced by molecules including TNFRI, TRADD, TRAF2,
NIK, and IKKα, but not p65.

KiSS1 inhibition of RhoA activation results in the inhibition of TNFα-induced cell migration
RhoA drives cell motility in terms of dynamics of Rho GTPases and is known to regulate
TNFα-induced NF-κB activation [Debidda et al., 2005; Hodge et al., 2003; Perona et al.,
1997; Urbinati et al., 2005]. To understand the mechanism of KiSS1 inhibition of TNFα-
induced cell migration, we examined RhoA activation in MDA-MB-231 cells treated with
TNFα alone or TNFα plus KP10. As shown in figure 5A, TNFα-induced RhoA activation
was blocked by KP10 at 0.1 to 10 μM (Fig. 5A). Thus, our data indicate that KP10 target
RhoA in TNFα-induced NF-κB activation.

Since RhoA regulates tumor cell migration [Brantley-Sieders et al., 2008; Fromigue et al.,
2008; Gadea et al., 2007; Gumireddy et al., 2007; Joshi et al., 2008; Lee et al., 2008; Loberg
et al., 2007; Martin et al., 2007; Sun et al., 2007; Zhu et al., 2007] , we next examined
whether KP10 inhibits RhoA-dependent migration. MDA-MB-231 cells were transfected
with dominant active RhoA (RhoA G14V) and then examined cell migration in the presence
or absence of KP10. Compared with cells transfected with empty vector, cells
overexpressing RhoA G14V showed increased cell migration (Fig. 5B). However, KP10
treatment inhibited RhoA-enhanced cell migration (Fig. 5B). To confirm RhoA-induced cell
migration and KP10 inhibition of RhoA-mediated cell migration, MDA-MB-231 cells were
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transfected with dominant negative RhoA (RhoA T19N), and then examined for cell
migration in the presence or absence of TNFα. Cells overexpressing RhoA T19N migrated
slightly slower than cells transfected with empty vector. However, TNFα-induced MDA-
MB-231 cell migration was significantly inhibited by RhoA T19N (Fig. 5B, fourth and fifth
bars). Thus, our data indicate that TNFα-induced cell migration requires RhoA activity and
KP10 targets RhoA in cell migration.

KiSS1 inhibits TNFα-induced NF-κB activation through RhoA GTPase
Next, we examined whether RhoA is KP10-target molecule in the KP10 inhibition of TNFα-
induced NF-κB activation. To examine RhoA requirement in TNFα-induced NF-κB
activation, MDA-MB-231 cells were transfected with wild type RhoA, stimulated with
TNFα, and then subjected to the luciferase assays to monitor NF-κB reporter gene activity.
Wild type RhoA induced NF-κB transcriptional activation, which was enhanced by TNFα
(Figure 6A, left three bars). To confirm RhoA activation of NF-κB transcriptional activity,
we transfected the cells with active RhoA G14V or inactive RhoA T19N, and then
performed the same luciferase assays. Consistent with our experiments, RhoA G14V
induced NF-κB transcriptional activity while RhoA T19N inhibited NF-κB activity (Fig. 6A,
fifth and eighth bars, respectively).

To further investigate the role of RhoA in TNFα-induced NF-κB pathway, MDA-MB-231
cells were transfected with RhoA T19N combined with TNFRI, TRADD, TRAF2, and
IKKα, respectively. RhoA T19N repressed NF-κB transcriptional activity induced by
TNFRI, TRADD, TRAF2 (Figure 6A, tenth to twelfth bars). However, RhoA T19N partially
repressed IKKα-induced NF-κB transcriptional activation (Figure 6A, ninth bar), suggesting
RhoA is upstream of IKKs in TNFα-induced NF-κB activation.

We next analyzed whether KiSS1 inhibits RhoA-mediated NF-κB activation upon TNFα
stimulation. Compared with NF-κB transcriptional activity in cells transfected with RhoA
wild type and stimulated with TNFα, the activity in cells co-transfected with KiSS1 and
RhoA wild type, and stimulated with TNFα, was significantly reduced (Figure 6A, third and
fourth bars). In addition, NF-κB transcriptional activity was reduced in cells co-transfected
with KiSS1 and RhoA G14V when compared to that in cells transfected with RhoA G14V
alone (Figure 6A, fifth and sixth bars), suggesting KiSS1 inhibit RhoA-mediated NF-κB
activation.

To confirm KiSS1 inhibition of RhoA-mediated NF-κB activation, we performed EMSA to
examine DNA binding of NF-κB in MDA-MB-231 cells overexpressing RhoA G14V in the
presence of different concentrations of KP10. RhoA G14V induced DNA binding of NF-κB,
which was significantly inhibited by KP10 at 1μM (Figure 6B). Furthermore, we performed
ChIP assays to confirm KiSS1 inhibition of RhoA-mediated DNA binding of NF-κB in vivo.
In MDA-MB-231 cells overexpressing RhoA G14V, DNA binding of NF-κB on MMP-9
promoter was enhanced. However, KP10 inhibited the active RhoA-induced DNA binding
of NF-κB on MMP-9 promoter in a dose-dependent manner (Figure 6C). Together, our data
demonstrate that KiSS1 suppresses breast cancer cell migration and invasion by targeting
RhoA and inhibiting TNFα-induced NF-κB transcriptional activation.

Discussion
TNFα-induced NF-κB pathway is one of the well known molecular targets for cancer
treatment [Balkwill, 2006; Hacker and Karin, 2006; Karin, 2006; Naugler and Karin, 2008].
In tumor microenvironment, the active NF-κB in immune cells highly produces TNFα,
resulting in the NF-κB-dependent expression of MMPs in tumor cells [Deryugina and
Quigley, 2006; Nyberg et al., 2008]. In this study, we demonstrate that KiSS1 inhibits breast
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cancer cell migration by suppressing RhoA activation and TNFαinduced NF-κB activation
(Fig. 7).

We found that KiSS1 inhibits TNFα-induced breast cancer cell migration. Recently, two
groups found that KiSS1 is highly expressed in breast tumors compared with normal breast
tissues [Marot et al., 2007; Martin et al., 2005], although a loss of KiSS1 expression in
invasive breast cancer cell lines was proven [Lee et al., 1996; Lee and Welch, 1997;
Mitchell et al., 2006]. Thus, it is possible that KiSS1 has an autocrine role in non-invasive
breast tumor cells and a paracrine path of kisspeptins blocks a motility of invasive breast
cancer cells in TNFα-enriched tumor environment, as our data show that KiSS1 targets both
MCF7 and MDA-MB-231 breast cancer cells. However, we cannot exclude another
paracrine path of kisspeptins in tumor environment as suggested by Nash et al. in tumor
microenvironment [Nash et al., 2007]. Our lab previously reported that KiSS1 inhibits the
proliferation and migration of NIH3T3 fibroblast overexpressing GPR54 [Stafford et al.,
2002]. In addition, Mead et al. found that KP10 targets atherosclerotic vessels [Mead et al.,
2007a]. Therefore, the exact role of KiSS1 in tumor microenvironment needs to be
elucidated in vivo.

RhoA activity is implicated in cancer cell migration, invasion, and cytoskeletal re-
organization [Brantley-Sieders et al., 2008; Fromigue et al., 2008; Gadea et al., 2007;
Gumireddy et al., 2007; Joshi et al., 2008; Lee et al., 2008; Loberg et al., 2007; Martin et al.,
2007; Sun et al., 2007; Zhu et al., 2007] . In TNFα-stimulated cells, RhoA activation
mediates NF-κB activation and further induces cell migration [Debidda et al., 2005; Hodge
et al., 2003; Perona et al., 1997; Urbinati et al., 2005]. Our study demonstrates KiSS1
inhibited TNFα-induced RhoA activation and further RhoA-mediated tumor cell migration.
Moreover, we also found that KiSS1 blocked RhoA-mediated NF-kB activation. However,
KiSS1 alone induced stress fiber formation, which was mediated by RhoA in ACHN and
Caki-1 renal carcinoma cell lines [Shoji et al., 2008]. Considering studies by Shoji et al. and
us, KiSS1-targeted RhoA appears to determine cell fate [Gumireddy et al., 2007; Shoji et al.,
2008]. Thus, KiSS1-mediated signaling may be pleotrophic in different biological
conditions. This is consistent with recent studies that KP10 inhibits CXCL12/CXCR4-
induced calcium mobilization [Navenot et al., 2005] but KP10 alone increases intracellular
calcium level [Bilban et al., 2004; Brailoiu et al., 2005]. Therefore, it will be interesting to
understand a functional relationship between KiSS1-induced GPR54 signaling and the
TNFα-TNFR-mediated proinflammatory cytokine-mediated signaling in our future research.

Direct GPCR regulation of NF-κB pathway is also crucial for normal and disease conditions
[Ye, 2001]. Intracellular signaling mediators such as PKCs and CARMAs are important for
GPCR activation of NF-κB pathway [Wegener and Krappmann, 2007]. KiSS1-induced
GPR54 activates Gαq/11 and PLCβ, and affects phosphorylation of PKCs and the
intracellular calcium level [Jiang et al., 2005;Nash et al., 2007;Niida et al., 2006;Stafford et
al., 2002]. In HT-1080 cells, KiSS1 overexpression induced IκBα expression, resulting in
the inhibition of NF-κB activation [Yan et al., 2001]. Likewise, KP10 stimulation also
induced NF-κB-dependent IκBα expression in MDA-MB-436S cells in the DNA microarray
[Becker et al., 2005]. In ovarian cancer cells, KiSS1 increased intracellular Ca2+ level,
induced NFAT-dependent expression of MCIP1 (myocyte-enriched calcineurin interacting
protein 1; an inhibitor of calcineurin), and then inhibited NFAT nuclear translocation
[Stathatos et al., 2005]. MCIP1-dependent negative feedback mechanism in the intracellular
Ca2+-mediated signaling pathway is implicated in cancer biology and vascular biology
[Arron et al., 2006;Rothermel et al., 2003;Ryeom et al., 2008;Stathatos et al., 2005;Vega et
al., 2003]. However, KiSS1 inhibited PKCα, the upstream molecule of NFAT, in ovarian
cancer cells [Jiang et al., 2005]. Thus, together with our study, KiSS1-induced GPR54
signaling seems to gain complexity under different biological conditions.
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In conclusion, our study demonstrates that KiSS1 suppresses the activation of TNFα-RhoA-
NF-κB signaling, resulting in the suppression of NF-κB-mediated gene transcription, cell
migration and invasion (Fig. 7). Therefore, a loss of KiSS1 expression in invasive breast
cancer cells fails to suppress TNFα-RhoA-NF-κB activation, resulting in an increase of
tumor cell invasiveness [Mead et al., 2007b;Nash and Welch, 2006]. However, both direct
molecular targets of KiSS1 in TNFα-stimulated tumor cells and KiSS1-target cell types in
tumor microenvironment remain to be determined.
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Figure 1.
KiSS1 inhibits breast cancer cell migration and attachment but not proliferation. (A) Cell
migration was determined using scratching assays. TNFα-induced migration of MDA-MB-
231 cells was downregulated by KP10 at 1 to 10μM. Mean and standard deviations represent
data from triplicate experiments (*, p<0.01 vs.TNFα alone). (B) Cell invasion was examined
using Boyden chamber assays. In MCF7 and MDA-MB-231 cells, TNFα-stimulated cell
invasiveness was inhibited by KP10 at 1 to 10μM. Mean and standard deviations represent
data from eight independent experiments (*, p<0.01 vs. TNFα alone). (C) TNFα-induced
cell attachment to fibronectin was inhibited by KP10 treatment (1μM of KP10). Mean and
standard deviations represent data from triplicate experiments (*, p<0.05 vs. TNFα-treated).
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(D) Cell proliferation was not affected by KP10, when cells were stimulated by KP10 or
TNFα for 24hr. (E) Cell cycle was analyzed using flow cytometry. KP10 and/or TNFα did
not affect cell cycle at 24hr after stimulation.
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Figure 2.
Inhibition of NF-κB activation by KiSS1 and KP10. (A) KiSS1 overexpression blocks a
basal and TNFα-induced NF-κB activation. Mean and standard deviations represent data
from triplicate experiments (*, p<0.05 vs.TNFα-treated samples). (B) TNFα-induced NF-κB
promoter activity is downregulated by KiSS1 overexpression and KP10 (at 1 to 10μM).
Mean and standard deviations represent data from triplicate experiments (*, p<0.05 vs.
TNFα-treated samples). (C) KiSS1 blocks TNFα-induced DNA binding activity of NF-κB in
EMSA assays. Cells were treated with 1μM of KP10 for 24hr and then stimulated by 10nM
of TNFα for 6hr. (D) KiSS1 inhibits TNFα-induced DNA binding activity of NF-κB on
MMP-9 promoter in ChIP assays. DNA from cells stimulated with the indicated agents was
cross-linked with formaldehyde, isolated, and then precipitated with anti-NF-κB p65
antibody. Immunoprecipitates were analyzed with PCR using primers specific for MMP-9
promoter region. For the input control, DNA purified from sonicated chromatins was
directly subjected to the PCR using primers used.
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Figure 3.
KiSS1 inhibits NF-κB nuclear translocation by blocking IκBα degradation. (A) KP10 (1 to
10μM) inhibits nuclear translocation of p65. Nuclear fraction of cell extracts was used to
examine nuclear population of p65. PCNA was used as a loading control. (B) p65
translocation was confirmed by immunofluorescence. KP10 blocked TNFα-induced p65
nuclear translocation. (C) KP10 blocked IκBα degradation that is required for the release of
NF-κB. Cytosolic fraction of cell extracts was used for examination of IκBα degradation.
Actin was used for a loading control.
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Figure 4.
KiSS1 inhibits NF-κB transcriptional activation by inhibiting IKK phosphorylation. (A)
KP10 inhibited IKK phosphorylation. Cells treated with KP10 and/or TNFα were sampled
for Western blot at the times indicated. IKK phosphorylation was examined with anti-IKKα/
β antibody. (B) KiSS1 downregulates NF-κB activation mediated by TNFRI, TRADD,
TRAF2, NIK, or IKKα. Mean and standard deviations represent data from triplicate samples
(*, p<0.05 vs. KP10-untreated).
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Figure 5.
KiSS1 inhibited RhoA activation (GTP-bound RhoA) and RhoA-mediated cell migration.
(A) Cells treated with KP10 and/or TNFα for 24hr and then subjected to the RhoA activity
assays. TNFα-induced RhoA activity (GTP-bound RhoA) was inhibited by different
concentrations of KP10. (B) Cells were transfected with empty vector, RhoA G14V, or
RhoA T19N for 24hr, transferred to the upper chamber precoated with gelatin, and then
stimulated with control peptide or KP10 for another 24hr. TNFα was added in the bottom
chamber for 24hr in order for the chemotatic attractance. Mean and standard deviations
represent data from triplicate experiments (*, p<0.05).
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Figure 6.
KiSS1 inhibited RhoA-mediated NF-κB activation. (A) NF-κB transcriptional activity was
examined in cells transfected with the indicated plasmids. Luciferase assays were performed
at 36hr after transfection. In the case of TNFα, cells were sampled 6hr after treatment. Mean
and standard deviations represent data from triplicate experiments (*, p<0.05). (B) DNA
binding activity of NF-κB was examined in the conditions as indicated in EMSA. A
dominant active RhoA (Rho G14V) enhanced NF-κB binding onto DNA, but was reduced
by different concentrations of KP10. (C) KiSS1 inhibits RhoA-induced DNA binding of NF-
κB on MMP-9 promoter. DNA from cells stimulated with the indicatives was isolated, and
then precipitated with anti- NF-κB p65 antibody. Immunoprecipitates were subjected to the
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PCR using primers specific for MMP-9 promoter region. For the input control, DNA
purified from sonicated chromatins was directly subjected to the PCR using primers used.
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Figure 7.
Schematic model for KiSS1 inhibition of TNFa-mediated NF-kB activation. TNFa-activated
TNFR complex leads to the activation of NF-kB via IKK activation. In addition, TNFa-
activated TNFR complex activates RhoA, which also induces IKK-mediated NF-kB
activation. Upon kisspeptin-10 stimulation, KISS1 signaling via GPR54 inhibits TNFa-
induced RhoA activation, which results in the suppression of TNFa-induced NF-kB
activation.
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