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ABSTRACT

Bradykinin (BK) is an inflammatory mediator, and shows elevated levels in regions of severe injury and inflammatory diseases. BK has
recently been shown to be involved in carcinogenesis and cancer progression. In this study, we found that BK increased the migration and the
expression of a2 1 integrin in human chondrosarcoma cells. We also found that human chondrosarcoma tissues had significantly higher
expression of the B1 and B2 receptors comparing to normal cartilage. BK-mediated migration and integrin up-regulation was attenuated
by B1 and B2 BK receptor siRNA or antagonist. Activations of phospholipase C (PLC), protein kinase Cd (PKC3), and NF-«kB pathways
after BK treatment was demonstrated, and BK-induced integrin expression and migration activity was inhibited by the specific inhibitor of
PLC, PKC®, and NF-«B cascades. Taken together, our results indicated that BK enhances the migration of chondrosarcoma cells by
increasing a2 1 integrin expression through the BK receptors/PLC/PKC3/NF-«B signal transduction pathway. J. Cell. Biochem. 109: 82-92,
2010. © 2009 Wiley-Liss, Inc.
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C hondrosarcoma is the second most common malignancy of
bone with a poor response to chemotherapy or radiation
treatment currently used, making the management of chondro-
sarcomas a complicated challenge [Terek et al., 1998; Scully et al.,
1999]. Clinically, surgical resection remains the primary mode of
therapy for chondrosarcoma. In the absence of an effective adjuvant
therapy, this mesenchymal malignancy has a poor prognosis and
therefore, it is important to explore a novel and adequate drug [Yuan
et al., 2005].

Chondrosarcoma is a highly malignant tumor with a potent
capacity to invade locally and distant metastasis [Berend et al.,
1998; Schneiderbauer et al., 2004]. An approach to decreasing the
ability of invasion and metastasis may facilitate the development of
effective adjuvant therapy. The invasion of tumor cells is a complex,
multistage process. To facilitate cell motility, invading cells need to
change the cell-cell adhesion properties, rearrange the extracellular
matrix (ECM) environment, suppress anoikis and reorganize their
cytoskeletons [Woodhouse et al., 1997]. Integrins are a family of
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transmembrane adhesion receptors comprising 19« and 8 subunits
that interact noncovalently to form up to 24 different heterodimeric
receptors [Giancotti and Ruoslahti, 1999; Humphries, 2000]. The
combination of different integrin subunits on the cell surface allow
cells to recognize and respond to a variety of different ECM proteins
including fibronectin, laminin, collagen and vitronectin [Giancotti
and Ruoslahti, 1999; Humphries, 2000]. Activation and elevated
expression of integrin-coupled signaling effectors have been
implicated in the induction of a wide variety of human cancers,
including those of the breast, colon, prostate, and ovaries [White
et al., 2004]. In addition, the expression of integrin has been shown
to correlate with poor prognosis in cancers of the lung, pancreas and
cutaneous melanoma [Bottger et al., 1999; Muller-Klingspor et al.,
2001; Nikkola et al., 2004; Oshita et al., 2004; Yao et al., 2007].
Integrin has also been implicated in metastasis of lung, breast,
bladder and colon cancers [Takenaka et al., 2000; Heyder et al.,
2005; Seales et al., 2005].

Bradykinin (BK) is rapidly generated following inflammation or
injury [Proud and Kaplan, 1988]. The release of BK is known to
mediate multiple proinflammatory effects including smooth muscle
contraction, vasodilation, increased vascular permeability, eicosa-
noid synthesis, and neuropeptide release [Proud and Kaplan, 1988;
Hall, 1992]. The effects of BK are mediated via two G-protein-
coupled receptors, B1 and B2, which have been pharmacologically
characterized and defined by molecular cloning [Regoli and Barabe,
1980; Menke et al., 1994]. BK receptors have been implicated in
tumorigenesis. For example, the B1 receptor was up-regulated in
malignant prostate [Taub et al., 2003] and the B2 receptor was
overexpressed in human gliomas [Zhao et al., 2005] and was
detected in gastric, duodenal, lung, and hepatic cancers [Wu et al.,
2002]. Most of the biological actions of BK are mediated through the
B2 receptor, which signals via Gy, protein leading to an increase in
[Ca*']; and protein kinase C (PKC) activation in different cell types
[Enomoto et al., 1995; Ankorina-Stark et al., 1997; Wiernas et al.,
1998]. However, the expression of BK receptors in various cancers
has not been fully investigated, and the precise role of BK in the
development and promotion of cancer remains unknown. We
hypothesized that BK might be capable of regulating the migration
of chondrosarcoma cells. In this study, we found that BK increased
the migration and the expression of integrin in human chondro-
sarcoma cells. In addition, BK receptor, phospholipase C (PLC), PKC3
and NF-kB signaling pathways may be involved in increasing
integrin expression and cell migration by BK.

MATERIALS

Protein A/G beads, anti-mouse and anti-rabbit IgG-conjugated
horseradish peroxidase, rabbit polyclonal antibodies specific for
IkBa, IKKaf, p65, PLCA3 and PKCS, siRNA against B1, B2 BK
receptor and PKC8 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA). Mouse monoclonal antibody specific for a2, a5,
B3, a2B1, avB3, and a5B 1 integrin were purchased from Chemicon
(Temecula, CA). Rabbit polyclonal antibody specific for PLCR3
phosphorylated at Ser®*”, IKKa phosphorylated at Ser'®®'®! and
p65 phosphorylated at Ser?’® were purchased from Cell Signaling

and Neuroscience (Danvers, MA). U73122, GF109203X, Rottlerin,
PDTC and TPCK were purchased from Calbiochem (La Jolla, CA). B1
receptor antagonist (Lys-(Leu8)des-Arg9-BK) and B2 receptor
antagonist HOE140 were obtained from Tocris Bioscience (Ellisville,
MO). The NF-«B luciferase plasmid was obtained from Stratagene
(La Jolla, CA). The IKK«a(KM) and IKKB(KM) mutants were gifts from
Dr. H. Nakano (Juntendo University, Tokyo, Japan). pSV-B-
galactosidase vector, luciferase assay kit was obtained from
Promega (Madison, MA). All other chemicals were obtained from
Sigma-Aldrich (St. Louis, MO).

CELL CULTURE

The human chondrosarcoma cell line (JJ012) was kindly provided by
Dr. Sean P Scully (University of Miami School of Medicine, Miami,
FL). The cells were cultured in DMEM/a-MEM supplemented with
10% Fetal Bovine Serum (FBS) and maintained at 37°C in a
humidified atmosphere of 5% CO,.

PATIENTS AND SPECIMEN PREPARATION

Upon approval by the local ethics committee, specimens of tumor
tissue or normal cartilage tissue were obtained from patients, who
have been pathologically diagnosed with chondrosarcoma or knee
osteoarthritis and have undergone surgical resection at the China
Medical University Hospital. Tissue specimens were ground and then
sonicated in a TRIzol kit. The mRNA level was analyzed using RT-
PCR analysis.

MIGRATION ASSAY

The migration assay was performed using Transwell (Costar, NY;
pore size, 8-pm) in 24-well dishes. Before performing the migration
assay, cells were pretreated for 30 min with different concentrations
of inhibitors, including the U73122, GF109203X, Rottlerin, PDTC,
TPCK or vehicle control (0.1% DMSO0). Approximately 1 x 10 cells
in 200 pl of serum-free medium were placed in the upper chamber,
and 300 pl of the same medium containing BK were placed in the
lower chamber. The plates were incubated for 24h at 37°C in
5% CO,, and cells then were fixed in 1% formaldehyde for 5 min and
stained with 0.05% crystal violet in PBS for 15 min. Cells on the
upper side of the filters were removed with cotton-tipped swabs, and
the filters were washed with PBS. Cells on the underside of the filters
were examined and counted under a microscope. Each clone was
plated in triplicate in each experiment, and each experiment was
repeated at least three times. The number of invading cells in each
experiment was adjusted by the cell viability assay to correct for
proliferation effects of the BK treatment (corrected number of
invading cells = counted number of invading cells /percentage of
viable cells) [Tan et al., 2009].

FLOW CYTOMETRIC ANALYSIS

Human chondrosarcoma cells were plated in six-well dishes. The
cells were then washed with PBS and detached with trypsin at 37°C.
Cells were fixed for 10 min in PBS containing 1% paraformaldehyde.
After being rinsed in PBS, the cells were incubated with mouse anti-
human antibody against integrin (1:100) for 1h at 4°C. Cells were
then washed again and incubated with fluorescein isothiocyanate-
conjugated goat anti-rabbit secondary IgG (1:100; Leinco Tec. Inc.,
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St. Louis, MO) for 45 min and analyzed by flow cytometry using
FACS Calibur and CellQuest software (BD Biosciences) [Huang et al.,
2007].

WESTERN BLOT ANALYSIS

The cellular lysates were prepared and proteins were then resolved
on SDS-PAGE and transferred to Immobilon polyvinyldifluoride
(PVDF) membranes. The blots were blocked with 4% BSA for 1h at
room temperature and then probed with rabbit anti-human
antibodies against PLC, PKC3, p-IKK, IKK, p-p65 or p65 (1:1,000)
for 1h at room temperature. After three washes, the blots were
subsequently incubated with a donkey anti-rabbit peroxidase-
conjugated secondary antibody (1:1,000) for 1h at room tempera-
ture. The blots were visualized with enhanced chemiluminescence
using Kodak X-OMAT LS film (Eastman Kodak, Rochester, NY).

PKC KINASE ACTIVITY ASSAY

PKC activity was assessed by PKC Kinase Activity Assay Kit
according to manufacturer’s instructions (Assay Designs, Ann
Arbor, MI). PKC activity kit is based on a solid-phase ELISA that uses
a specific synthetic peptide as a substrate for PKC and a polyclonal
antibody that recognized the phosphorylated form of the substrate.

QUANTITATIVE REAL-TIME PCR

The quantitative real-time PCR (qPCR) analysis was carried out
using Tagman®™ one-step PCR Master Mix (Applied Biosystems,
Foster City, CA). One hundred nanogram of total cDNA were added
per 25-pl reaction with sequence-specific primers and Tagman™
probes. Sequences for all target gene primers and probes were
purchased commercially (GAPDH was used as internal control)
(Applied Biosystems). Quantitative RT-PCR assays were carried out
in triplicate on StepOnePlus sequence detection system. The cycling
conditions were 10-min polymerase activation at 95°C followed by
40 cycles at 95°C for 15s and 60°C for 60s. The threshold was set
above the non-template control background and within the linear
phase of target gene amplification to calculate the number of cycles
at which the transcript was detected (denoted as Cq).

REPORTER ASSAY

The chondrosarcoma cells were transfected with reporter plasmid
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to
the manufacturer's recommendations. Twenty-four hours after
transfection, the cells were treated with inhibitors for 30 min, and
then BK or vehicle was then added for another 24 h. Cell extracts
were then prepared, and luciferase and -galactosidase activities
were measured [Yeh et al., 2008; Tang et al., 2008a].

STATISTICS

For statistical evaluation, Mann-Whitney U-test for non-Gaussian
parameters and Student’s t-test for Gaussian parameters (including
Bonferroni correction). The difference is significant if the P value is
<0.05

BK-DIRECTED CHONDROSARCOMA CELL MIGRATION INVOLVES
a2B1 INTEGRIN UP-REGULATION

BK has been reported to stimulate migration and invasion of human
cancer cells directionally [Wu et al., 2002; Taub et al., 2003]. The role
of BK in chondrosarcoma cell migration was examined using the
Transwell assay with correction of BK-induced proliferation effects
on human chondrosarcoma cells [Tang et al, 2008b].
Figure 1A shows that BK enhanced the migration of human
chondrosarcoma cells (JJO12 cells) in a dose-dependent manner.
Previous studies have shown significant expression of integrins in
human chondrosarcoma cells [Huang et al., 2007; Yeh et al., 2008].
We therefore, hypothesized that integrins may be involved in BK-
directed chondrosarcoma cell migration. Flow cytometry analysis
showed that BK induced the cell surface expression of 231 and a2
but not a581, avp3, B3 and o5 integrin in JJO12 cells (Fig. 1B). To
confirm this finding, expression of mRNAs for the integrins in
response to BK was analyzed by qPCR. Treatment of JJO12 cells with
BK induced the mRNA expression of a2 and B1 integrins (Fig. 1C).
Pretreatment of cells for 30min with anti-a231 monoclonal
antibody (mAb) (3 pg/ml) markedly inhibited the BK-induced cell
migration (Fig. 1D). Therefore, the a231 integrin plays important
role in BK-induced migration in human chondrosarcoma cells.

INVOLVEMENT OF BK RECEPTORS IN BK-MEDIATED MIGRATION OF
CHONDROSARCOMA CELLS

BK exerts their effects through interaction with specific BK receptors
(Bl and B2) [Regoli and Barabe, 1980; Menke et al., 1994]. However,
little is known about the expression of B1 and B2 receptor in human
chondrosarcoma cells. We examined human chondrosarcoma
patients for the expression of the BK receptors using qPCR.
Expression of mRNA levels of B1 and B2 in chondrosarcoma
patients (Fig. 2A, lines 4-6) were significantly higher than those in
normal cartilage (Fig. 2A, lines 1-3). Stimulation of cells with BK
also increased the mRNA expression of B1 and B2 receptors
(Fig. 2B). We next examined which BK subtype receptors were
involved in the BK-mediated cell migration in chondrosarcoma
cells. Transfection of JJO12 cells with B1 and B2 receptors siRNA
reduced B1 and B2 protein expression, respectively (Fig. 2C). On the
other hand, B1 and B2 receptors siRNA blocked BK-mediated cell
migration (Fig. 2D). To confirm the role of BK receptors-dependent
signaling in the regulation of cell migration in chondrosarcoma
cells, cells were pretreated with the B1 receptor (Lys-(Leu8)des-
Arg9-BK) and B2 receptor HOE140 antagonist reduced BK-mediated
migration activity (Fig. 2E). In addition, B1 and B2 receptor
antagonist also reduced BK-mediated integrin up-regulation
(Fig. 2F). These data suggest that B1 and B2 BK receptors play a
key role in migration of chondrosarcoma cells.

THE SIGNALING PATHWAYS OF PLC AND PKCS§ ARE INVOLVED IN
THE POTENTIATING ACTION OF BK STIMULATION

Previous studies have demonstrated that BK binds to BK receptors
which induces the activation of PLC, triggering PI turnover and
activation of PKC [Chen et al., 1995]. To study the intracellular
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“P< 0.05 compared with control; P < 0.05 compared with BK-treated group.

signaling pathway involved in BK-induced cell migration, JJO12
cells were pretreated for 30 min with PI-PLC inhibitor, U73122. It
was found that U73122 antagonized BK mediated cell migration and
integrin expression (Fig. 3B,C). In addition, treatment of JJO12 cells
with BK also induced the phosphorylation of PLCB3 time-
dependently (Fig. 3A). Transfection of cells with PLCB siRNA
reduced protein expression of PLCB (Fig. 3B; upper panel). In
addition, transfection of cells with PLCB siRNA reduced BK-
mediated cell migration and integrin up-regulation (Fig. 3B,C). As
BK-induced cell migration was inhibited by U73122, indicating
involvement of the PI-PLC pathway, which increases diacylglycerol
levels leading to the activation of PKC. The PKC inhibitor
GF109203X was thus used to examine whether PKC is involved
in the action of BK. Pretreatment with GF109203X inhibited the
enhancement effect of BK (Fig. 4A). It has been reported that PKC3
activation is implicated in the control of MMP and IL-6 expression
via BK [Hsieh et al., 2008; Lee et al., 2008]. To further explore
whether PKC8 might plays a crucial role in BK-induced cell

migration and integrin expression, the selective PKC8 inhibitor,
rottlerin, was used. It was demonstrated that treatment with rottlerin
antagonized BK mediated cell migration and integrin expression
(Fig. 4D,E). Stimulation of cells with BK also increased PKCS
phosphoylation and kinase activity time-dependently (Fig. 4B,C).
Transfection of cells with PKC8 siRNA reduced protein expression of
PLC3 (Fig. 4D; upper panel). In addition, transfection of cells with
PKCd siRNA reduced BK-mediated cell migration and integrin up-
regulation (Fig. 4D,E). Based on these results, it appears that BK acts
through the BK receptors, PI-PLCB3- and PKC3-dependent signaling
pathway to enhance cell migration and integrin up-regulation in
human chondrosarcoma cells.

NF-xB SIGNALING PATHWAY IS INVOLVED IN BK-MEDIATED
INTEGRIN UP-REGULATION AND MIGRATION ACTIVITY

As previously mentioned, NF-kB activation is necessary for the
migration and invasion of human cancer cells [Boukerche et al.,
2007; Tang et al., 2008b]. To examine whether NF-«B activation is
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involved in BK-induced cancer migration, an NF-«B inhibitor,
PDTC, was used. Figure 5A shows that chondrosarcoma cells
pretreated with PDTC (10 pM) inhibited the BK-induced migration
of chondrosarcoma cells. Furthermore, cells pretreated with TPCK
(3wM), an IkB protease inhibitor, also reduced BK-induced
migration of cancer cells (Fig. 5A). In addition, treatment of cells
with PDTC or TPCK also antagonized BK-induced expression of
«2B1 integrin (Fig. 5B). Therefore, involvement of NF-kB pathway
in BK induced migration of chondrosarcoma cells. We further
examined the upstream molecules involved in BK-induced NF-«B
activation. Stimulation of cells with BK induced IKKa/B phosphor-
ylation in a time-dependent manner (Fig. 6A). Furthermore,
transfection with IKKa or IKKB mutant markedly inhibited the
BK-induced cell migration and integrin up-regulation (Fig. 6B,C).
These data suggest that IKKa/ activation is involved in BK-induced
the migration activity of human chondrosarcoma cells. Treatment of
chondrosarcoma cells with BK also caused IkBa phosphorylation in
a time-dependent manner (Fig. 6A). Previous studies showed that
p65 Ser’*® phosphorylation increases NF-xB transactivation
[Madrid et al., 2001], and the antibody specific against phosphory-
lated p65 Ser”® was employed to examine p65 phosphorylation.
Treatment of cells with BK for various time intervals resulted in p65
Ser>*® phosphorylation (Fig. 6A). To directly determine NF-«kB
activation after BK treatment, chondrosarcoma cells were transi-
ently transfected with kB-luciferase as an indicator of NF-kB
activation. As shown in Figure 6D, BK treatment of chondrosarcoma

cells for 24 h caused increase in kB-luciferase activity. In addition,
U73122, rottlerin, PDTC and TPCK reduced BK-mediated NF-kB
activity (Fig. 6D). Moreover, co-transfection of cells with PLC and
PKC siRNA or IKKa and IKKB mutant also abolished BK-induced
NF-kB promoter activity (Fig. 6E,F). Pretreatment of cells with
U73122 and rottlerin reduced BK-mediated p65 phosphorylation
(Fig. 6G). Taken together, these data suggest that activation of BK
receptors, PLC and PKC8 pathway is required for BK-induced NF-«xB
activation in chondrosarcoma cells.

It is estimated that chondrosarcoma accounts for 3.6% of the annual
incidence of all primary bone malignancies in USA, after multiple
myeloma and osteogenic sarcoma [Schneiderbauer et al., 2004]. The
distant metastatic potential of chondrosarcoma has previously been
reported [Berend et al., 1998; Schneiderbauer et al., 2004]. Patients
who develop metastatic chondrosarcoma has poor prognosis [Klein,
2009]. Although past research has shown that BK and BK receptors
expression enhanced tumorigenesis and metastasis of human cancer
cells, its role in chondrosarcoma invasion was not elucidated
[Enomoto et al., 1995; Molina et al., 2009]. This study shows for the
first time that BK mediates migration of human chondrosarcoma
cells. BK mediated o231 integrin expression and cell migration
through BK receptor, PLC, PKC3 and NF-«kB pathways.
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Two types of BK receptors have been defined and cloned: B1 and
B2 BK receptors [Hall, 1997]. However, the expression of the BK
receptor isoforms in human chondrosarcoma cells are mostly
unknown. Using qPCR analysis, we found that primary chondro-
sarcoma cells express both B1 and B2 BK receptor isoforms. It has
been reported that B1 is almost absent but is increased in
pathological conditions [Wu et al., 2002; Taub et al., 2003]. Our

data also confirm these results that B1 receptor increased in
pathological condition of chondrosarcoma. Previous reported that
B2 receptor is activated by BK, the B1 receptor is activated by des-
Arg-BK [Su, 2006; Chen and Johnson, 2007]. In this study, BK
induced cell migration and integrin up-regulation was reduced by
B1 and B2 receptor-specific antagonist and siRNA. Therefore, B1
receptor also involved in BK-mediated cell functions. The similar
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function has also been reported in the migration of microglial,
which involved BK-induced B1 receptor signaling [Ifuku et al.,
2007]. In this reported, the inhibition of either of the BK receptors
produced the same effects on migration and integrin expression.
These data indicated that BK receptors were compensative the
inhibition of BK receptors. It has been postulated by Mareau that
while BK increases the expression of B1 receptor, it decreases the
expression of B2 receptor [Marceau and Regoli, 2004]. In our study,
treatment of BK only slightly increased B1 receptor expression
(~1.7-fold). Furthermore, BK strongly increased B2 receptor (~3.0-
fold). Therefore, B2 receptor is much more important in BK-induced
motility, although the role of B1 receptor cannot be ruled out.

Integrins link the extracellular matrix to intracellular cytoskeletal
structures and signaling molecules and are implicated in the
regulation of a number of cellular processes, including adhesion,
signaling, motility, survival, gene expression, growth and differ-
entiation [Giancotti and Ruoslahti, 1999; Humphries, 2000]. Using
flow cytometry analysis, we found that BK increased «231 but not
a5B1, avB3, B3, and a5 integrin expression, which plays an
important role during tumor metastasis. Furthermore, BK also
increased the mRNA levels of a2 and B2 integrins. In the present
study, we used a2f31 integrin antibody to determine the role of «2(31
integrin and found that it inhibited BK-induced cancer migration.
Therefore, o231 integrin is mostly important in BK-mediated
induction of cancer migration.

Several isoforms of PKC have been characterized at the molecular
level and these have been found to mediate several cellular
molecular responses [Steinberg, 2008]. We demonstrated that PKC
inhibitor GF109203X antagonized the BK-mediated enhancement
of cell migration, suggesting that PKC activation is an obligatory
event in BK-induced migration activity in these cells. In addition,
rottlerin (a specific PKC3 inhibitor) also inhibited BK-induced cell
migration and integrin up-regulation. This was further confirmed by

the result that the PKC8 siRNA inhibited the enhancement of cell
migration and integrin up-regulation by BK. Incubation of cells with
BK also increase PKCd phosphorylation and kinase activity. To
examine whether the others PKC isoforms are involved in BK-
mediated migration, the specific siRNA were used. We also found
that transfection of cells with PKCa, PKCB or PKCe siRNA did not
affect BK-mediated cell migration (Supplemental Data, Fig. S1).
Therefore, PKC3 is major PKC isoform in BK-mediated migration
activity and integrin expression. Whether other PKC isoforms are
involved needs further investigation. It has been reported that BK
stimulates PLC and results in the activation of PKC [Chen et al.,
1995; Lee et al., 2008]. The PI-PLC inhibitor U73122 inhibited the
increase in cell migration by BK, suggesting that the PI-PLC pathway
is involved in PKC activation by BK. In addition, BK also increased
the phosphorylation of PLCB3. These data suggest the BK receptors,
PLC and PKC8 pathway is required for BK-induced cell migration
and integrin up-regulation. To examine whether the others PLC are
involved in BK-mediated migration, the specific siRNA was used.
We also found that transfection of cells with PLCy siRNA did not
affect BK-mediated cell migration (Supplemental Data, Fig. S1).
Therefore, PLCB is major PLC isoform in BK-mediated migration
activity and integrin expression. Whether other PLC isoforms are
involved needs further investigation.

The prognosis chondrosarcoma distant
metastasis is generally considered very poor, hence, preventing
human chondrosarcoma metastasis is an important issue nowadays.
Our study observes that BK increases the expression of «a2f1
integrin via the BK receptors, PLC, PKC3, IKK«a/B, and NF-kB-
dependent pathway and enhances migration of human chondro-
sarcoma cells. Furthermore, the discovery of BK-mediated signaling
pathway helps us understand the mechanism of human chondro-
sarcoma metastasis and may lead us to develop effective therapy in
the future.

of patients with
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Fig. 6. IKK and p65 activation are involved in BK-mediated cell migration in human chondrosarcoma cells. JJ012 cells were incubated with BK (3 nM) for indicated time
intervals, and p-IKKa/B, p-IkBa and p-p65 expression was determined by Western blot analysis (A). JJO12 cells were transfected with dominant negative mutant of IKKa or
IKKB for 24 h followed by stimulation with BK (3 nM), and in vitro migration (B) and cells surface «2f31 integrin (C) were measured with the Transwell and flow cytometry after
24 h. 1J012 cells transiently transfected with kB-luciferase plasmid for 24 h and then pretreated with U73122, rottlerin, PDTC and TPCK for 30 min (D) or co-transfection with
PLC and PKC siRNA (E) or IKKa and IKKB mutant (F), before incubation with BK (3 nM) for 24 h. Luciferase activity was measured, and the results were normalized to the 3-
galactosidase activity. Cells were pretreated with U73122 or rottlerin for 30 min followed by stimulation with BK (3 nM) for 60 min, and p-p65 expression was examined by
Western blot analysis (G). Results are expressed as the mean - SEM. *P < 0.05 compared with control; P < 0.05 compared with BK-treated group.
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