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ABSTRACT:

Cell migration is an essential step in cancer invasion and metastasis. A humber of
orchestrated cellular events involving tyrosine kinases and signaling receptors enable
cancer cells to dislodge from primary tumors and colonize elsewhere in the body. For
example, activation of the Src and Abl kinases can mediate events that promote
tumor cell migration. Also, activation of the Robol receptor can induce tumor cell
migration. However, while the importance of Src, Abl, and Robol in cell migration
have been demonstrated, molecular mechanisms by which they collectively influence
cell migration have not been clearly elucidated. In addition, little is known about
mechanisms that control Robol expression. We report here that Src activates Abl to
stabilize Robo1l in order to promote cell migration. Inhibition of Abl kinase activity by
siRNA or kinase blockers decreased Robol protein levels and suppressed the
migration of transformed cells. We also provide evidence that Robol utilizes Cdc42
and Racl GTPases to induce cell migration. In addition, inhibition of Robo1l signaling
can suppress transformed cell migration in the face of robust Src and Abl kinase
activity. Therefore, inhibitors of Src, Abl, Robol and small GTPases may target a
coordinated pathway required for tumor cell migration.

INTRODUCTION

Tumor cell migration leads to metastasis, which is
responsible for about 90% of deaths caused by cancer
[1]. Signaling by a number of different growth factors,
including EGF and PDGF, can activate the Src and Abl
kinases in order to promote tumor cell invasion and
metastasis [2,3]. Src and Abl are nonreceptor tyrosine
kinases, that can inturn phosphorylate a variety of
substrates, including Cas, Crk, and paxillin, to initiate
cell spreading and migration [4-6]. Src phosphorylates
ADI [2], which associates with actin and the Rho family

of GTPases to modify effectors including N-WASP to
promote cytoskeletal reorganization and cell motility
[3,7,8]. However, Src also relies on parallel pathways
to induce tumor cell growth and migration [9,10].

The ADbl kinase can phosphorylate the Robol
receptor [11]. Robol is a transmembrane receptor of
the immunoglobulin family [7,12]. Upon binding to its
ligand, Slit2, Robol works with the Abl kinase to
rearrange the actin cytoskeleton and induce cell
migration [13,14]. Indeed, cell migration can be
inhibited by blocking Robol receptor activity with a
monoclonal antibody to the extracellular domain of the
protein [14]. Hence, the Abl kinase provides a link
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between Robol and the actin cytoskeleton. However,
the role of Src kinase activity in this pathway has not
been defined.

Here, we describe a molecular relationship between
Src, Abl, and Robol that promotes tumor -cell
migration. Our data indicate that Src activates the Abl
kinase, which in turn, stabilizes the expression of
Robol and increases GTPase activity to promote tumor
cell These results demonstrate how
monoclonal antibodies and kinase inhibitors may be
used to target specific components of the
Src/Abl/Robol pathway to prevent tumor cell
migration at multiple steps.

migration.

RESULTS

Src augments Robol production in transformed
cells

The Src kinase activates a variety of pathways that
promote cell migration [9,10]. For example, data from
previous experiments indicate that Src induces the

expression of Slit2 [15] which binds to its receptor,
Robol, to promote cell migration [13,14,19,22]. We
utilized expression microarrays to further investigate
the effect of Src kinase activity on Slit2 mRNA
expression. As shown in Figure la, these data indicate
that Src transformed cells expressed over 4 times more
Slit2 mRNA than nontransformed cells.

As stated above, Slit2 is a secreted protein that
binds to the Robol receptor [13,14,19,22]. Upon Slit2
binding to Robol the activity of the Rho GTPases are
regulated to rearrange the actin cytoskeleton and
induce cell motility [7]. Therefore, if Slit2 were
promoting tumor cell migration, Src may also be
expected to increase Robol expression in transformed
cells. However, Affymetrix microarray data indicate
that Src transformed cells contained less Robol mRNA
than nontransformed cells (Figure 1a). The suppression
of Robol mRNA expression by Src was also confirmed
by qRT-PCR as shown in Figure 1b.

Src phosphorylates Cx43 to block gap junctional
communication between transformed cells [23,24].

Fig. 1: Src reduces Robol mRNA levels, but increases Robol protein levels.
(@) mRNA was extracted from nontransformed and Src transformed Cx43Ko cells and examined by microarray
analysis. Expression values of Affymetrix probe sets representing Slit2 and Robo1 are shown (mean+SEM, n=2).
(b) Robo1 mRNA expression was examined by gRT-PCR analysis of RNA purified from nontransformed and Src
transformed cells obtained from wild type embryos (WT) or homozygous null Cx43 knockout embryos (Cx43Ko)
as indicated. Data are shown as the percent of nontransformed cells (mean+SEM, n=2). (c) Western blotting was
used to compare the expression of Robo1, total Src, active Src, Cx43, Slit2, and p-actin in nontransformed and
Src transformed cells. Robo1 protein expression was quantitated from Western blot analysis of nontransformed
and Src transformed cells and shown as percent of nontransformed cells (mean+SEM, n=3). Single and triple
asterisk indicate p values less than 0.5 and 0.005, respectively (by t-test).
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Indeed, Cx43 can act as a tumor suppressor in a
number of cell types including mammary carcinoma
[25,26] and glioma cells [27-29]. In contrast, Robol
activity can promote glioma cell migration [30] and
metastasis of breast cancer cells to the brain [31]. Thus,
we sought to analyze the role of Robol in the
migration of wild type mouse embryonic fibroblasts
that express Cx43, as well as brain cells from Cx43
knockout mice (Cx43Ko cells). Cx43 did not affect the
ability of Src to decrease Robol expression at the
mRNA level. As shown in Figure 1b, results from
qRT-PCR revealed that both Src transformed Cx43Ko
and wild type cells expressed less than half as much
Robol mRNA as nontransformed cells. However, in
contrast to mRNA expression, Src appeared to augment
Robol protein expression in both Cx43Ko and wild
type cells by about 2 fold (Figure 1c-1d).

Taken together, qRT-PCR and protein analyses
indicate that Src decreased Robol mRNA levels while

increasing Robol protein levels (Figure la-1c). These
data suggest that Src can stabilize Robol protein in
transformed cells. To investigate this, we measured the
effects of the protein synthesis inhibitor cyclohexamide
on the stability of Robol in nontransformed and Src
transformed cells. After 24 hours of cyclohexamide
treatment, about 75% of Robol remained in Src
transformed cells compared to about 40% in
nontransformed cells (Figure 2a). Thus, Src appeared
to increase Robol protein stability in transformed cells
by about 2 fold.

As shown in Figure 2b, Robol was found at the
membrane of Src transformed cells where it may act as
a functional receptor to promote tumor cell migration
and invasion. In addition, a Robol-GFP fusion
construct was also utilized to examine the location of
Robol in nontransformed and Src transformed cells.
As seen in Figure 2c, this Robol-GFP protein was
found mostly at the plasma membrane of Src

Fig. 2: Src stabilizes Robo1 protein which localizes to the plasma membrane.

(a) Protein from cyclohexamide treated nontransformed cells, Src transformed cells, and Src transformed cells
treated with the Abl kinase blocker GNF-2 were analyzed by Western blotting to evaluate the effects of Src and
Abl on Robo1 protein stability. Data are shown as the percent of Robo1 protein after 24 hours of cyclohexamide
treatment compared to untreated controls (mean+SEM, n=2). (b) Immunofluorescence microscopy was used to
visualize Robo1 (green) and nuclei (blue) in Src transformed cells. DIC images and merged images are also
shown as indicated (bar = 20 microns). (c) GFP tagged Robo1 was visualized by fluorescence microscopy in
nontransformed cells, Src transformed cells, and Src transformed cells treated with GNF-2. DIC images are also
shown as indicated (bar = 20 microns). Double asterisks indicate p values less than 0.01 compared to controls
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transformed cells. In contrast, Robol-GFP was found
more  diffusely through the cytoplasm in
nontransformed cells and transformed cells treated with
an Abl kinase blocker (GNF-2), as discussed below.

Src transformed Cx43Ko and wild type cells
achieved similar levels of anchorage independence (see
Figure 3a and 3b). In addition, Src significantly
increased the motility of both Cx43Ko and wild type

cells. Src transformed Cx43Ko and wild type cells
migrated about 3 fold and 6 fold more than
nontransformed cells, respectively (Figure 3c and

Src utilizes Robol to promote cell migration

Fig. 3: Src utilizes Robol to promote cell migration.

Cells obtained from wild type (WT) or homozygous null Cx43 knockout (Cx43Ko) mouse embryos were
transfected with v-Src or the empty parental vector and plated (10,000 per well) were plated on standard or ultra
low attachment culture dishes to evaluate (a) anchored and (b) nonanchored cell growth. Cell numbers were
determined by Coulter counter at the indicated time points for anchored cells or at 7 days for nonanchored cells.
Data are shown as number of cells per well at the indicated time points (mean+SEM, n=3). (c) Cell migration
was examined by a wound healing assay on nontransformed cells and Src transformed cells treated with IgG
control antiserum, R5 antiserum to block Robo1 activity, or GNF-2 Abl kinase blocker. Migration was quantitated
as the number of cells that entered a 1.8 mm? area of the wound during 24 hours (mean+SEM, n=5). (d) Src
transformed cells were treated with R5 antibody or control antiserum and analyzed by Western blotting for
Robo1, active N-WASP (p-N-WASP), or p-actin. N-WASP activity was then quantitated and shown as percent of
untreated control cells (mean+SEM, n=2). Experiments were performed with Cx43Ko and WT cells, with results
from Cx43Ko cells shown in panel d. Double and ftriple asterisk indicate p values less than 0.01 and 0.005
compared to controls, respectively (by t-test).
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Supplementary Figure S1).

As mentioned above, Slit2/Robol signaling can
promote glioma cell migration [30] and metastasis of
breast cancer cells to the brain [31]. We utilized a
neutralizing antibody (R5 Ab) to examine the effects of
Robol on the motility of Src transformed cells. This
monoclonal antibody targets the first immunoglobulin
domain of Robol to block activation of Robol
signaling [14,19]. As described above, Src significantly
increased the migration of Cx43Ko and wild type cells.
As shown in Figure 3c, application of R5 Robol
antiserum suppressed the migration of these Src
transformed cells by at least 2 fold. As shown in Figure
lc, in contrast to mRNA levels, Src transformed cells
actually  expressed less Slit2  protein than
nontransformed cells. In addition, conditioned medium
from Src transformed cells did not affect the migration
of nontransformed cells, indicating that Slit2 induction
was not sufficient to account for the increased
migration of Src transformed cells (see Supplementary
Figure S2). Thus, these data indicate that Src
augmented Robol, but not Slit2, production to promote
tumor cell migration. However, the data also clearly
indicate that Robol induced migration in a Slit2
dependent manner.

Src activates Abl to augment Robol expression and
GTPase activity.

Many axon guidance receptors, including Robol,
regulate the Rho family of GTPases to affect cell
motility. N-WASP is an effector through which Rho
GTPases regulate the actin cytoskeleton [7]. Effects of
R5 antiserum are also evident on N-WASP activity.
Application of the RS antiserum reduced N-WASP
activity by over 60% (Figure 3d).

Robol interacts with the Abl kinase to initiate
cytoskeleton rearrangement [11,32].
contrast to this proposed role of Abl as a Robol
effector, we hypothesized that Src activates Abl to
stabilize Robol expression in transformed cells. As
seen in Figure 4a, although Abl protein expression
levels were similar in both Src transformed and
nontransformed cells, Src increased the activity of Abl
in transformed cells by several fold.

Results from immunoprecipitation studies indicate
that Robol and Abl associate with each other and that
Robol is phosphorylated on tyrosine in Src
transformed cells. Lysates from Src transformed and
nontransformed cells were immunoprecipitated with
anti-Robol antiserum and immunoblotted with anti-

However, in

Abl antibody. Reciprocal experiments were also
performed; lysates were immunoprecipitated with anti-
ADbl antibody and immunoblotted with anti-Robol. As
shown in Figure 4b, results from these experiments
indicate that Robol and Abl associated with each other
in both Src transformed and nontransformed cells.
However, as shown in Figure 4b, phosphotyrosine
residues were detected in Robol from transformed
cells, but not nontransformed cells. These data suggest
that Src or Abl can phosphorylate Robol in
transformed cells.

We utilized siRNA and a chemical kinase blocker
to determine if Src utilized Abl to augment Robol
protein expression. As shown in Figure 5, Abl siRNA
effectively silenced Abl protein expression and kinase
activity in Src transformed cells by about 70% and
40%, respectively. This resulted in a similar decrease
in Robol expression. Moreover, treatment of Src
transformed cells with the Abl kinase blocker GNF-2
did not affect Abl protein levels, but reduced Abl
kinase activity by over 90% and, consequently reduced
Robol expression by about 50% (Figure 5).

Cyclohexamide treatment shown in Figure 2a also
indicates that Src utilized Abl to stabilize Robol at the
protein level. After 24 hours of cyclohexamide
treatment, about 75% of Robol remained in Src
transformed cells compared to about 40% in
nontransformed cells or transformed cells treated with
the Abl blocker GNF-2 (Figure 2a). As shown in
Figure 2c, inhibition of Abl kinase activity by GNF-2
also resulted in intracellular cytoplasmic Robol
localization similar to that seen in nontransformed
cells, as opposed to plasma membrane localization seen
in Src transformed controls. These data suggest that
Abl may stabilize Robol at the plasma membrane. It
should be noted that GNF-2 is highly specific for the
ADI kinase [33], having no detectable effect on Src
kinase activity at the concentrations used here (see
Figure 5a). Thus, Robol expression at the cell
membrane appeared to depend on Abl kinase activity
in Src transformed cells.

The effects of abrogating Abl kinase activity on cell

migration were also examined. As shown in Figure 3¢
and Supplementary Figure S1, these data indicate that
Abl kinase activity promoted the migration of Src
transformed cells. Src transformed cells treated with
GNF-2 migrated about 5 fold less than control cells.
Taken together, these data indicate that Src activated
Abl to induce Robol expression in order to increase
migration of transformed cells as illustrated in Figure
6.

Abl kinase activity has been implicated in the
progression of non small cell lung cancer [34].
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Fig. 4: Src associates and activates Abl in transformed cells.
(a) Western blotting was used to compare the expression of Abl, active Abl, and B-actin in nontransformed and
Src transformed Cx43Ko or wild type (WT) cells. Abl kinase activity was quantitated and shown as percent of
nontransformed cells (mean+SEM, n=2). (b) Protein from nontransformed and Src transformed cells was
immunoprecipitated with either anti-Abl or anti-Robo1 antibody, and analyzed by Western blotting with
antiserum specific for Robo1, Abl, or phosphotyrosine as indicated. Triple asterisks indicate p values less than

0.005 compared to controls (by t-test).
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As shown in Figure 7a, NCI-H28 mesothelioma cells
exhibited robust Abl activity and Robol protein
expression which were reduced by over 80% and 40%,
respectively, by treatment with GNF-2. As shown in
Figure 7b, GNF-2 and RS5 antiserum reduced NCI-H28
cell migration by about 50% and 75%, respectively
(also see Supplementary Figure S3). These studies
indicate that the Abl kinase can augment Robol protein
levels to promote the migration of mesothelioma cells.

Robol modulates Rho GTPase activity to affect the
actin cytoskeleton. In particular, Cdc42 and Racl
associate with N-WASP to regulate actin remodeling
leading to filopodia and lamellipodia movement
required for cell migration [7,31]. As shown in Figure
3d, Robol appeared to activate N-WASP in Src
transformed cells. We therefore, sought to determine if
Cdc42 or Racl activity were affected during Robol
mediated migration of Src transformed cells. As shown
in Figure 8, while total Cdc42 and Racl protein levels
were not affected, R5 antiserum reduced levels of GTP
bound Cdc42 and Racl by approximately 50%. These
data are consistent with a role for Cdc42 and Racl in
tumor cell migration mediated by Robol.

DISCUSSION

Src and Abl are non-receptor tyrosine kinases that
play critical roles in tumor cell migration leading to
invasion and metastasis [5,34]. Activities of these
kinases have been associated with many types of
human cancers, including tumors of the colon, breast,
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Fig. 6: Schematic diagram illustrating how Src
activates Abl to stabilize Robo1 expression in
order to promote cell migration. This pathway can
be suppressed by reagents that target Abl
production (siRNA), Abl activity (GNF-2), or Robo1
activation (R5 Ab).

pancreas, lung, blood, and brain [34,35]. Indeed, Src
and Abl kinase inhibitors may serve as
chemotherapeutic medicines [36-39].

Studies have implicated Robol in liver, breast, and
brain cancers [30,31,40,41]. Moreover, Robol
signaling can augment tumor angiogenesis [13,22].
Plattner ef al. have reported that Src activates the Abl
kinase to promote cell migration [2]. In addition,
studies suggest that the Abl kinase associates with

Fig. 7: Src activates Abl to promote Robol expression and migration of human mesothelioma

cells.

(a) Western blotting was used to compare the expression of active Abl, Robo1, and B-actin in NCIH28
mesothelioma cells treated with R5 antiserum to block Robo1 activity or GNF-2 Abl kinase blocker. Abl kinase
activity and Robo1 levels were quantitated and shown as percent of nontransformed cells (mean+SEM, n=2).
(b) Cell migration was examined by a wound healing assay on NCIH28 cells treated with GNF-2 or R5 antibody,
as well as controls, as indicated. Migration was quantitated as the number of cells that entered a 1.8 mm? area
of the wound during 24 hours (mean+SEM, n=5). Double and triple asterisk indicate p values less than 0.01 and

0.005, respectively (by t-test).
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Robol [11,32,42]. However, actual mechanisms by
which Src, Abl, and Robol work together to promote
cell migration have not been defined. Here, we provide
evidence that Robol plays an important role in tumor
cell migration induced by Src and Abl.

Many axon guidance receptors including Robol
regulate the Rho family of GTPases to effect changes
in motility. Rho GTPases are members of the Ras
superfamiliy. There are over 20 mammalian Rho
GTPases [43]. When bound to GTP, these GTPases
target effectors to modify the actin cytoskeleton. In
particular, 3 Rho GTPases, Rho, Rac, and Cdc42
activate members of the Wiskott-Aldrich syndrome
proteins (WASPs) and WASP verprolin homologous
proteins (WAVEs) which, in turn, activate actin
polymerization factors, including Arp2/3 and formin,
to cause elongation and branching of actin fibers [44-
46]. Our data indicate that Slit2 binds to Robol in

order to activate Cdc42 and Racl GTPases, which
leads to N-WASP activation.

Previous studies suggest that Abl can inhibit Robol
signaling [11], and that Robol can decrease Cdc42
activation during axon guidance and neuronal
migration [7]. However, in contrast to previous
observations from studies in developing drosophila and
mouse embryos [7,11], results from our studies
demonstrate that Src activates the Abl kinase, which in
turn stabilizes Robol protein to increase Cdc42 and
Racl GTPases activity to promote transformed cell
migration. Indeed, suppression of Abl activity (with
siRNA or GNF-2) decreased Robol protein levels and
inhibited the migration of transformed cells. In
addition, inhibition of Robol signaling by monoclonal
antiserum inhibited tumor cell migration without
affecting Abl kinase activity. As illustrated in Figure 6,
these studies suggest that monoclonal antibodies and

Fig. 8: Robol signaling activates Rho GTPases in transformed cells.

Src transformed cells were treated with R5 antibody or control antiserum (IgG) and examined for total and
activated Cdc42 and Rac1 GTPases in panels a and b, respectively. Western blotting was performed to detect
active (GTP bound) Cdc42 and Rac1, total Cdc42 and Rac1, and GST. Levels of active Cdc42 and Rac1 were
quantitated and shown as the percent of untreated control cells (mean+SEM, n=3). Experiments were performed
with Cx43Ko and wild type cells, with results from Cx43Ko cells shown. Single and triple asterisks indicate p

values less than 0.5 and 0.005, respectively (by t-test).
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kinase inhibitors may be used to target specific
components of the Src/Abl/Robol pathway to prevent
tumor cell migration at multiple steps.

Our data indicate that the induction of cell
migration by Robol is highly regulated. Suppression of
Robol mRNA production by Src, coupled with the
need for Abl to stabilize Robol protein at the plasma
membrane ensure that cell migration results from a
response to a combination of appropriate stimuli. Thus,
two oncogenic kinases, Src and Abl, must work
together to promote Robol-mediated cell migration.

MATERIALS AND METHODS
Cells and treatments

Cells obtained from wild type (WT) or homozygous
null Cx43 knockout (Cx43Ko) mouse embryos were
transfected with v-Src or the empty parental vector and
cultured as described [15-18]. For some experiments,
nontransformed and Src transformed Cx43Ko cells
were transfected with a Robol-GFP expression vector,
which was generated by cloning the entire coding
region of Robol (accession #: AF040990) into the
Nhel-Sacl sites of pEGFP-N1 (Clontech). NCIH28
mesothelioma cells were obtained from the ATCC. For
some experiments, cells were treated overnight with 50
pg/ml cyclohexamide (Sigma, C7698), 60 nM R5
antibody to the extracellular region of Robol, 60 nM
control IgG antibody [14,19], or 40 uM GNF-2 Abl
kinase inhibitor (Calbiochem, 197221).

Expression microarrays

Gene expression in nontransformed and Src
transformed Cx43Ko examined by
microarray analysis with Mouse Genome 430 2.0
Arrays  (Affymetrix) as previously described
[15,16,18]. These arrays contain approximately 45,000
probe sets which represent over 30,000 genes. Affected
probe sets displayed a difference of at least 4 fold
between transformed and nontransformed cells, or at
least a 2 fold change with p<0.05 by t-test with n=2.
All comparisons were done with cells from parallel
cultures to control for variability in reagents or
experimental conditions. Expression analysis was
performed with Vector Xpression software 4.0
(Invitrogen).

cells was

siRNA transfection

Small interference RNA (siRNA) targeted to Abl
(Santa Cruz Biotechnology, SC29844) or siCONTROL
nontargeting siRNA (Dharmacon D00120613) were
transfected into cells at a final concentration of 100 nM
with Lipofectamine 2000 (Invitrogen, 12252-011).

qRT-PCR

Total RNA was extracted from cells using TRI
RNA Isolation Reagent (T9424, Sigma). cDNA was
then synthesized using Protoscript first strand cDNA
synthesis Kit (E6500S, BiolLabs). Quantitative RT-
PCR amplification of Robol and Actin cDNA was
performed with iQ SYBR Green Supermix (BioRad)
using primers for Actin (5-CCCAGAGCAAGAGAGG-3'
and 5-GTCCAGACGCAGGAT-3") and Robol (5’-
GAGGTAGCTATACTACGGGATGAC-3  and 5’-
CAGATGTAGTAGCCGACATCAGAC-3’). SYBR
green emission intensities were measured during the
amplification reaction with an iCycler detection system
(Applied Biosystems 7800).

Western blotting and Immunoprecipitation

For co-immunoprecipitation studies, cells were
lysed in CSK buffer (100mM NaCl, 1.5mM MgCl,,
10mM pipes pH 6.8) containing 0.5% Triton-X-100,
ImM sodium vanadate (Sigma, S6508), ImM PMSF
(Sigma, P7626), 50mM NaF (Sigma, S7920) and 1%
Protease inhibitor cocktail for mammalian cells
(Sigma, P2417). For phosphotyrosine studies, cells
were lysed in 20 mM Tris-HCI (pH 6.9) containing 125
mM NaCl, ] mM EDTA, 1 mM EGTA, 0.75% Triton
X-100, 1 mM B-glycerolphosphate, 50 mM NaF, 1 mM
Na;VOy, ImM PMSF and 10 pg/ml proteinase
inhibitor mixture (Sigma, catalog number P2714).
Lysates were clarified by centrifugation and incubated
with either Robol (Santa Cruz Biotechnology, 16612)
or Abl (Santa Cruz Biotechnology, SC 23) at 4°C
overnight. Protein A/G (Santa Cruz) or protein G
(Pierce, 20398) were added and the reaction was
incubated for an additional 2h. Immune complexes
were washed with lysis buffer, and eluted by boiling
the samples in sample buffer (7.5% SDS, 80mM DTT,
0.25M  Tris pH6.8, 8.25% glycerol, 0.01%
bromophenol blue). Total protein was obtained from
cells lysed in buffer containing 62.5mM Tris-HCl
(pH6.8), 50mM DTT, 2% SDS and 10% glycerol.
Proteins resolved by gel electrophoresis,
transferred to Immobilion-P membranes (Millipore
IPVHO00010), and subjected to immunoblotting with

were
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antisera specific for Robol (Abcam, ab7279), active
Src kinase (phosphorylated at Y416) (Cell Signaling
Technology, 2101), v-Src (Upstate Biotechnologies,
05-185), Cx43 (BD Transduction Laboratories,
610061), Abl (Cell Signaling Technologies, 2862),
active Abl kinase (phosphorylated at Y245) (Cell
signaling Technologies, 2861S), active N-WASP
(phosphorylated at S484 and S485) (Chemicon
International, AB1964), Cdc42 (Abcam, ab41429),
Racl (BD Transduction Laboratories, 610650), elF4E
(Cell Signaling Technologies, 9742), Slit2 (Millipore,
094813), B-actin (Sigma, A1978), phosphotyrosine
(Cell Signaling Technology, 9411), or glutathione S-
transferase (GST). Signal was detected with
appropriate HRP conjugated secondary antibodies and
ECL reagents (Millipore), and quantitated with ImageJ
software (NIH, version 1.38x).

Immunofluorescence microscopy

Cells were fixed with 3.7% paraformaldehyde in
PBS, permeabilized with acetone in PBS, blocked with
BSA, incubated with anti-Robol antibody (Abcam),
stained with a FITC conjugated goat anti-rabbit
antibody (Invitrogen, Alexa 488, A-11008), rinsed in
PBS, and then immersed in PBS containing lug/ml
Hoechst 33258 for 1 min. Images were obtained with a
Carl Zeiss LSMS510 meta confocal microscope
equipped with a Plan-Apochromat 63X objective.
Argon (ex:488nm), and UV (ex:364nm) lasers were
used with appropriate band pass filters (BP:505-530,
BP:420-480) to detect Alexa 488 and Hoechst 33342
respectively.

Cdc42/Rac activity assays

Cdc42 activation was measured by affinity
precipitation of cellular GTP-bound form of Cdc42 as
described [20]. Cells were untreated or treated with
60nM IgG or R5 antibody for 8 hours. Cells were lysed
(50 mM Tris, pH 7.4, 1% Triton X-100, 150 mM NacCl,
10 mM MgCl,, 0.5% sodium deoxycholate, 0.1 %
sodium dodecyl sulfate (SDS), 10% glycerol, 10 pg/ml
each of leupeptin and aprotinin, and 0.1 mM PMSF)
and incubated with GST fused to the Cdc42/Rac (p-
21)-binding domain of PAK bound to glutathione-
coupled agarose beads (GST-PBD) for 90 minutes at
4°C. The fusion protein beads with bound proteins
were then washed three times in lysis buffer, eluted in
sample buffer and analyzed by western blotting.

Cell growth and migration assays

Cells (10,000 per well) were plated in standard
tissue culture treated 12-well plates (Falcon, 3043) or
in ultra low attachment 24-well plates (Corning, 3473)
to assay anchored and nonanchored growth,
respectively, as previously described [15,16,18]. Cell
numbers were determined by Coulter counter at the
indicated time points. Cell migration was measured by
a wound healing assay in which confluent layers were
scratched with a plastic pipette tip, washed with fresh
medium, and cultured for 24 hours. The number of
cells entering the wound were counted from phase-
contrast images obtained with a digital camera
(AxioCam MRm) attached to a Zeiss microscope
(Axiovert 40 CFL) equipped with Axiovision 4.5
software as described [21].

CONFLICT OF INTEREST
The authors declare they have no conflict of interest.
ACKNOWLEDGEMENTS

This work was supported by grants from the United
States National Institutes of Health CA88805 and the
Research Foundation of UMDNJ to GSG, and by a
Grant-in-Aid for Scientific Research on Priority Areas
from the Ministry of Education, Culture, Sports,
Science and Technology of Japan to HI.

REFERENCES

1.  Weigelt, B., Peterse, J. L., 't Veer, L. J. Breast cancer
metastasis: markers and models. Nat.Rev.Cancer 2005;
5:591-602.

2. Plattner, R., Kadlec, L., DeMali, K. A., Kazlauskas, A.,
Pendergast, A. M. c-Abl is activated by growth factors
and Src family kinases and has a role in the cellular
response to PDGF. Genes Dev. 1999; 13: 2400-2411.

3. Srinivasan, D., Plattner, R. Activation of Abl tyrosine
kinases promotes invasion of aggressive breast cancer
cells. Cancer Res. 2006; 66: 5648-5655.

4. Goldberg, G. S., Alexander, D. B., Pellicena, P., Zhang,
Z. Y., Tsuda, H., Miller, W. T. Src phosphorylates Cas
on tyrosine 253 to promote migration of transformed
cells. J.Biol.Chem. 2003; 278: 46533-46540.

5. Yeatman, T. J. A renaissance for SRC. Nat.Rev.Cancer
2004; 4: 470-480.

6. Antoku, S., Saksela, K., Rivera, G. M., Mayer, B. J. A
crucial role in cell spreading for the interaction of Abl

www.impactjournals.com/oncotarget

207

Oncotarget 2010; 1: 198-209



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

PxxP motifs with Crk and Nck adaptors. J.Cell Sci.
2008; 121: 3071-3082.

Wong, K., Ren, X. R., Huang, Y. Z., Xie, Y., Liu, G,
Saito, H., Tang, H., Wen, L., Brady-Kalnay, S. M., Mei,
L., Wu, J. Y., Xiong, W. C., Rao, Y. Signal transduction
in neuronal migration: roles of GTPase activating
proteins and the small GTPase Cdc42 in the Slit-Robo
pathway. Cell 2001; 107: 209-221.

Van Etten, R. A., Jackson, P. K., Baltimore, D., Sanders,
M. C., Matsudaira, P. T., Janmey, P. A. The COOH
terminus of the c-Abl tyrosine kinase contains distinct F-
and G-actin binding domains with bundling activity.
J.Cell Biol. 1994; 124: 325-340.

Ingley, E. Src family kinases: regulation of their
activities, levels and identification of new pathways.
Biochim.Biophys.Acta 2008; 1784: 56-65.

Frame, M. C. Newest findings on the oldest oncogene;
how activated src does it. J.Cell Sci. 2004; 117: 989-
998.

Bashaw, G. J.,, Kidd, T., Murray, D., Pawson, T.,
Goodman, C. S. Repulsive axon guidance: Abelson and
Enabled play opposing roles downstream of the
roundabout receptor. Cell 2000; 101: 703-715.

Zallen, J. A., Yi, B. A., Bargmann, C. I. The conserved
immunoglobulin superfamily member SAX-3/Robo
directs multiple aspects of axon guidance in C. elegans.
Cell 1998; 92: 217-227.

Legg, J. A., Herbert, J. M., Clissold, P., Bicknell, R.
Slits and Roundabouts in cancer, tumour angiogenesis
and endothelial cell migration. Angiogenesis. 2008; 11:
13-21.

Wang, B., Xiao, Y., Ding, B. B., Zhang, N., Yuan, X.,
Gui, L., Qian, K. X., Duan, S., Chen, Z., Rao, Y., Geng,
J. G. Induction of tumor angiogenesis by Slit-Robo
signaling and inhibition of cancer growth by blocking
Robo activity. Cancer Cell 2003; 4: 19-29.

Alexander, D. B., Ichikawa, H., Bechberger, J. F.,
Valiunas, V., Ohki, M., Naus, C. C., Kunimoto, T.,
Tsuda, H., Miller, W. T., Goldberg, G. S. Normal cells
control the growth of neighboring transformed cells
independent of gap junctional communication and SRC
activity. Cancer Res. 2004; 64: 1347-1358.

Shen, Y., Jia, Z., Nagele, R. G., Ichikawa, H., Goldberg,
G. S. SRC uses Cas to suppress Fhll in order to promote
nonanchored growth and migration of tumor cells.
Cancer Res. 2006; 66: 1543-1552.

Shen, Y., Khusial, P. R., Li, X., Ichikawa, H., Moreno,
A. P., Goldberg, G. S. Src utilizes Cas to block gap
junctional communication mediated by connexin43.
J.Biol.Chem. 2007; 282: 18914-18921.

Li, X., Jia, Z., Shen, Y., Ichikawa, H., Jarvik, J., Nagele,
R. G., Goldberg, G. S. Coordinate suppression of Sdpr
and Fhll expression in tumors of the breast, kidney, and
prostate. Cancer Sci. 2008; 99: 1326-1333.

Wang, L. J., Zhao, Y., Han, B., Ma, Y. G., Zhang, J.,
Yang, D. M., Mao, J. W., Tang, F. T., Li, W. D., Yang,
Y., Wang, R., Geng, J. G. Targeting Slit-Roundabout

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

signaling inhibits tumor angiogenesis in chemical-
induced squamous cell carcinogenesis. Cancer Sci.
2008; 99: 510-517.

Sander, E. E., van Delft, S., ten Klooster, J. P., Reid, T.,
van der Kammen, R. A., Michiels, F., Collard, J. G.
Matrix-dependent Tiaml/Rac signaling in epithelial
cells promotes either cell-cell adhesion or cell migration
and is regulated by phosphatidylinositol 3-kinase. J.Cell
Biol. 1998; 143: 1385-1398.

Li, X., Shen, Y., Ichikawa, H., Antes, T., Goldberg, G.
S. Regulation of miRNA expression by Src and contact
normalization: effects on nonanchored cell growth and
migration. Oncogene 2009.

Fujiwara, M., Ghazizadeh, M., Kawanami, O. Potential
role of the Slit/Robo signal pathway in angiogenesis.
Vasc.Med. 2006; 11: 115-121.

Lampe, P. D., Lau, A. F. The effects of connexin
phosphorylation on gap junctional communication.
Int.J.Biochem.Cell Biol. 2004; 36: 1171-1186.

Pahujaa, M., Anikin, M., Goldberg, G. S.
Phosphorylation of connexin43 induced by Src:
Regulation of gap junctional communication between
transformed cells. Exp.Cell Res. 2007.

Hirschi, K. K., Xu, C. E., Tsukamoto, T., Sager, R. Gap
junction genes Cx26 and Cx43 individually suppress the
cancer phenotype of human mammary carcinoma cells
and restore differentiation potential. Cell Growth Differ.
1996; 7: 861-870.

Shao, Q., Wang, H., McLachlan, E., Veitch, G. 1., Laird,
D. W. Down-regulation of Cx43 by retroviral delivery
of small interfering RNA promotes an aggressive breast
cancer cell phenotype. Cancer Res. 2005; 65: 2705-
2711.

Zhu, D., Caveney, S., Kidder, G. M., Naus, C. C.
Transfection of C6 glioma cells with connexin 43
cDNA: analysis of expression, intercellular coupling,
and cell proliferation. Proc.Natl.Acad.Sci.U.S.A 1991,
88: 1883-1887.

Goldberg, G. S., Bechberger, J. F., Tajima, Y., Merritt,
M., Omori, Y., Gawinowicz, M. A., Narayanan, R., Tan,
Y., Sanai, Y., Yamasaki, H., Naus, C. C., Tsuda, H.,
Nicholson, B. J. Connexin43 suppresses MFG-E8 while
inducing contact growth inhibition of glioma cells.
Cancer Res. 2000; 60: 6018-6026.

Fu, C. T., Bechberger, J. F., Ozog, M. A., Perbal, B.,
Naus, C. C. CCN3 (NOV) interacts with connexin43 in
C6 glioma cells: Possible mechanism of connexin-
mediated growth suppression. J.Biol.Chem. 2004; 279:
36943-36950.

Mertsch, S., Schmitz, N., Jeibmann, A., Geng, J. G.,
Paulus, W., Senner, V. Slit2 involvement in glioma cell
migration is mediated by Robol receptor. J.Neurooncol.
2008; 87: 1-7.

Schmid, B. C., Rezniczek, G. A., Fabjani, G., Yoneda,
T., Leodolter, S., Zeillinger, R. The neuronal guidance
cue Slit2 induces targeted migration and may play a role

www.impactjournals.com/oncotarget

Oncotarget 2010; 1: 198-209



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

in brain metastasis of breast cancer cells. Breast Cancer
Res.Treat. 2007; 106: 333-342.

Rhee, J., Mahfooz, N. S., Arregui, C., Lilien, J.,
Balsamo, J., VanBerkum, M. F. Activation of the
repulsive receptor Roundabout inhibits N-cadherin-
mediated cell adhesion. Nat.Cell Biol. 2002; 4: 798-805.
Adrian, F. J., Ding, Q., Sim, T., Velentza, A., Sloan, C.,
Liu, Y., Zhang, G., Hur, W., Ding, S., Manley, P.,
Mestan, J., Fabbro, D., Gray, N. S. Allosteric inhibitors
of Ber-abl-dependent cell proliferation. Nat.Chem Biol.
2006; 2: 95-102.

Lin, J., Arlinghaus, R. Activated c-Abl tyrosine kinase
in malignant solid tumors. Oncogene 2008; 27: 4385-
4391.

Irby, R. B., Yeatman, T. J. Role of Src expression and
activation in human cancer. Oncogene 2000; 19: 5636~
5642.

Jallal, H., Valentino, M. L., Chen, G., Boschelli, F., Alj,
S., Rabbani, S. A. A Src/Abl kinase inhibitor, SKI-606,
blocks breast cancer invasion, growth, and metastasis in
vitro and in vivo. Cancer Res. 2007; 67: 1580-1588.
Azam, M., Nardi, V., Shakespeare, W. C., Metcalf, C.
A., 111, Bohacek, R. S., Wang, Y., Sundaramoorthi, R.,
Sliz, P., Veach, D. R., Bornmann, W. G., Clarkson, B.,
Dalgarno, D. C., Sawyer, T. K., Daley, G. Q. Activity of
dual SRC-ABL inhibitors highlights the role of
BCR/ABL kinase dynamics in drug resistance.
Proc.Natl.Acad.Sci.U.S.A 2006; 103: 9244-9249.
Johnson, F. M., Saigal, B., Talpaz, M., Donato, N. J.
Dasatinib (BMS-354825) tyrosine kinase inhibitor
suppresses invasion and induces cell cycle arrest and
apoptosis of head and neck squamous cell carcinoma
and non-small cell lung cancer cells. Clin.Cancer Res.
2005; 11: 6924-6932.

Nam, S., Kim, D., Cheng, J. Q., Zhang, S., Lee, J. H.,
Buettner, R., Mirosevich, J., Lee, F. Y., Jove, R. Action
of the Src family kinase inhibitor, dasatinib (BMS-
354825), on human prostate cancer cells. Cancer Res.
2005; 65: 9185-9189.

Ito, H., Funahashi, S., Yamauchi, N., Shibahara, J.,
Midorikawa, Y., Kawai, S., Kinoshita, Y., Watanabe,
A., Hippo, Y., Ohtomo, T., Iwanari, H., Nakajima, A.,
Makuuchi, M., Fukayama, M., Hirata, Y., Hamakubo,
T., Kodama, T., Tsuchiya, M., Aburatani, H.
Identification of ROBOI as a novel hepatocellular
carcinoma antigen and a potential therapeutic and
diagnostic target. Clin.Cancer Res. 2006; 12: 3257-
3264.

Minn, A. J., Gupta, G. P., Siegel, P. M., Bos, P. D., Shu,
W., Giri, D. D., Viale, A., Olshen, A. B., Gerald, W. L.,
Massague, J. Genes that mediate breast cancer
metastasis to lung. Nature 2005; 436: 518-524.

Rhee, J., Buchan, T., Zukerberg, L., Lilien, J., Balsamo,
J. Cables links Robo-bound Abl kinase to N-cadherin-
bound beta-catenin to mediate Slit-induced modulation
of adhesion and transcription. Nat.Cell Biol. 2007; 9:
883-892.

43.

44.

45.

46.

Aspenstrom, P., Fransson, A., Saras, J. Rho GTPases
have diverse effects on the organization of the actin
filament system. Biochem.J. 2004; 377: 327-337.
Fernando, H. S., Kynaston, H. G., Jiang, W. G. WASP
and WAVE proteins: vital intrinsic regulators of cell
motility and their role in cancer (review). Int.J.Mol.Med.
2009; 23: 141-148.

Etienne-Manneville, S., Hall, A. Rho GTPases in cell
biology. Nature 2002; 420: 629-635.

Jaffe, A. B., Hall, A. Rho GTPases: biochemistry and
biology. Annu.Rev.Cell Dev.Biol. 2005; 21: 247-269.

www.impactjournals.com/oncotarget

209

Oncotarget 2010; 1: 198-209




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


