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In multiple myeloma (MM), malignant plasma cells reside in the bone marrow, where they accumulate in
close contact with stromal cells. Chemotaxis of malignant plasma cells and stromal cells in the
surrounding microenvironment is an essential component of tumour dissemination during progression
and metastasis. The mechanisms responsible for the chemotaxis of malignant plasma cells in the bone
marrow are still poorly understood. Thus, in the present study, we investigated the mechanisms
involved in the chemotaxis of U266 MM cell line. U266 cells strongly expressed CCR9, CXCR3 and
CXCR4 chemokine receptors, but only migrated toward CXCL12 (the sole ligand for CXCR4). To clarify
the signaling pathways involved in the regulation of MM cell chemotaxis, we therefore analyzed the
effect of various inhibitors targeting intracellular effector proteins on the CXCL12-mediated chemotaxis
of U266 using flow cytometry and Western blot analysis. Using flow cytometry, we observed that the
chemotaxis of U266 cell towards CXCL12 was completely abrogated by adding AMD (CXCR4
antagonist), PTX (G-protein coupled receptor inhibitor) and U73122 (Phospholipase C inhibitor).
Moreover, CXCL12-mediated U266 chemotaxis was partially inhibited by 1 uM wortmannin (WM, Class Il
PI3K inhibitor), SH5 (AKT inhibitor), Y27632 (RhoA inhibitor), SN50 (NFkB inhibitor) and PD98059
(ERK1/2 MAPK inhibitor). Similar results were obtained using Western blot analysis where we observed
that triggering of CXCR4 by CXCL12 resulted in the activation of PLCB3, AKT, RhoA, NFkB and ERK1/2.
Taken together, our results revealed that PLCB3, PISK/AKT, RhoA, NFkB and ERK1/2 are crucial
effectors for CXCL12-mediating MM cell chemotaxis.
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INTRODUCTION

Multiple myeloma (MM) is a plasma cell malignancy
characterized by an uncontrolled expansion and
accumulation of monoclonal plasma cells in the bone
marrow (BM), secretion of paraprotein in serum,
development of osteolytic bone lesions and angiogenesis

Abbreviations: BM, Bone marrow; CXCL12, CXC chemokine
ligand 12; ERK1/2, extracellular signal-regulated kinases 1 and
2; IkBa, inhibitory kappa B alpha; MM, multiple myeloma; PI3K,
phosphatidylinositol-3 kinase; PKB/AKT, protein kinase A; PLC,
phospholipase C; RhoA, Ras homolog gene family member A.

in the BM. The bone marrow micro-environment provides
MM cells with survival and growth signals (Van Riet and
Van Camp, 1993). To be able to receive these signals,
MM cells must first enter and/or spread and migrate
through the bone marrow. This process of extravasation
from the vascular to the extravascular compartment of
the bone marrow is called homing or chemotaxis, and
has been thoroughly described for lymphocytes (Butcher
and Picker, 1996). The available therapy for MM is
restricted on the chemotherapy. Moreover, the available
data about the mechanisms of survival and metastasis of
the disease is still poor and controversial.
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Chemokines are small chemoattractant cytokines that
bind to specific G-protein-coupled 7-span transmembrane
receptors present on the plasma membranes of target
cells (Luster, 1998). Chemokines play a central role in
lymphocyte trafficking and homing in primary and
secondary lymphoid organs as well as inflamed tissues
(Nakayama et al., 2003). Most importantly, chemokines
have been shown to play essential roles in circulation,
survival, growth and metastasis of cancer cells (Tanaka
et al.,, 2005; Murooka et al., 2005). One of the most
extensively studied chemokines in leukocyte migration is
the stromal cell derived factor-1 alpha (SDF-1a) and its
receptor, CXCR4 (Kucia, 2004). SDF-la is primarily
produced by stromal cells, while its specific receptor
CXCRA4 is expressed on the surfaces of normal cells,
such as hematopoietic stem cells, T and B lymphocytes
as well as on malignant cells, such as breast cancer cells
and lymphoid malignancies (Barbieri et al., 2006; Florio et
al., 2006; Mowafi et al., 2008). The new nomenclature of
SDF-1a is CXCL12 because it belongs to the CXC
subfamily of chemokines and binds to its unique receptor
CXCR4, a seven transmembrane G protein-coupled
receptor (Rossi and Zlotnik, 2000). CXCL12 was firstly
cloned from mouse bone marrow stromal cells (Balkwill,
2004), and was initially identified as a growth factor for B-
cell progenitors and as a chemotactic factor for T cells
(Nagasawa et al., 1994). It has been shown that CXCL12
plays an important role in the homing and accumulation
of both hematopoietic progenitor cells and mature plasma
cells in the bone marrow (Lataillade et al., 2002).
Moreover, several published data have demonstrated the
involvement of CXCL12 in the maintenance and survival
of MM cells both in vivo and in vitro models. Chemokines
act as growth and survival factors for various tumors,
generally in an autocrine manner. CXCL12/CXCR4
signaling is the most well-studied chemokines signaling
axis that has direct pro-tumor growth effects on tumor
cells.

Up-regulation of CXCR4 is prevalent in various cancers,
including colon carcinoma, lymphoma, breast cancer,
glioblastoma, leukemia, multiple myeloma, prostate
cancer, oral squamous cell carcinoma and pancreatic
cancer (Chan et al., 2003; Floridi et al., 2003; Koshiba et
al., 2000; Moller et al.,, 2003; Uchida et al., 2003;
Zeelenberg et al., 2003). CCR2 is a chemokine receptor
that is expressed on peripheral blood monocytes, as well
as activated T cells, B cells and immature dendritic cells
(Frade et al., 1997; Vecchi et al., 1999). Gene-targeted
mice lacking CCR2 (CCR2/ mice) exhibit defects in
monocyte/macrophage trafficking to sites of inflammation
(Kurihara et al., 1997; Boring et al., 1998; Peters et al.,
2000). The known ligands for CCR2 include the
monocyte chemotactic proteins (MCPs) MCP-1, -2 and -3
belonging to the family of CC chemokines (Mellado et al.,
1998). They act as potent activators and
chemoattractants for monocytes, basophils, eosinophils,
T-lymphocyte subsets, dendritic cells and endothelial
cells, but not neutrophils (Baggiolini et al., 1994; Salcedo

et al., 2000). In addition, MCP-1 and -3 have shown
antitumour activity by chemokine gene transfer in mouse
models (Hoshino et al., 1995; Fioretti et al., 1998). MCP-
1 has also been implicated in angiogenesis (Salcedo et
al., 2000). Broek et al. (2003) reported the involvement of
CCR2 and the MCPs in the BM homing of human MM
cells. It was demonstrated that CCL5-mediated T cell
chemotaxis and polarization were dependent on PI3K
activation (Turner et al., 1995). Subsequent studies have
shown that other chemokines, namely CCL2 and
CXCL12, stimulate wortmannin-sensitive chemotaxis of
various cell types (Sotsios et al., 1999). Certainly, studies
have shown that the Class IA p85/p110 hetero-dimer
contributes to the signals that determine optimal
chemotactic migration towards CCL5 and CXCL12 in T
cells (Curnock et al.,, 2003). There is evidence that
chemokines have anti-apoptotic properties. CCL3, CCL4
and CCL5, either individually or in combination, reduce
anti-CD3-induced apoptosis of T cell blasts. These
chemokines do not affect CD3 or Fas cell surface
expression levels, suggesting that they reduce activation-
induced cell death (AICD) downstream of Fas (Pinto et
al., 2000). Nevertheless, the role of chemokines and the
involved mechanisms in the chemotaxis of MM cells are
still poorly defined. Therefore, in the present study, we
determined the important chemokines which are
responsible for MM cell chemotaxis and clarify the
underlying mechanisms.

MATERIALS AND METHODS
Multiple myeloma cell line (U266)

U266 human myeloma cell line was obtained in our laboratory from
the Veterinary Serum and Vaccine Research Institute (VSVRI,
Cairo, Egypt). Tests for mycoplasma, bacteria and fungi were
negative. These MM cells were routinely maintained in RPMI 1640
containing 10% foetal calf serum (FCS; Biowittaker, Walkersville,
MD and 1% L-glutamate) and cultures were established at 5 x 10°
viable cells/ml. Maximum cell density at 1-2 x 10° cell/ml.

Flow cytometry

Cell surface antigen expression was determined by single-parameter
fluorescence-activated cell sorter (FACS) analysis using the following
monoclonal antibodies (mAbs): PE-conjugated anti-CCR1, anti-CCR3,
anti-CCR5 (clone 45531.111, IgG2b), anti-CCR7 (clone 150503,
IgG2a), anti-CCR6 (clone 53103.111, 1gG2b), anti-CXCR3, anti-CXCR4
(clone 44717.111, 1gG2b), anti-CXCR5 and CD38 mAbs from R&D
Systems. FITC-conjugated and PE-conjugated mouse isotype-matched
control mAbs were purchased from BD Bioscences. A FACSCalibur
flow cytometer was used for data acquisition, with Diva software (BD
Biosciences) for data analysis. After gating on viable cells, 15,000
events per sample were analyzed. For each marker, the threshold of
positivity was defined beyond the nonspecific binding observed in the
presence of a relevant control mAb.

In vitro chemotaxis assay

The chemokine-dependent migration of MM cells was measured by
an in vitro 2-chamber migration assay (using 24-well plates, Costar,
Cambridge, MA) followed by flow cytometry. Assays were



performed in pre-warmed migration buffer (RPMI 1640 containing
10 mM HEPES and 1% FCS). Migration buffer (600 pl) containing
no chemokine or CCL2, CCL3, CCL5, CCL19, CCL20, CCL21,
CCL25, CXCL9, CXCL10, CXCL13 (all at 500 ng/ml) or CXCL12 (at
250 ng/ml) chemokines (all from R&D Systems) was added to the
lower chamber and myeloma cells were loaded onto the inserts at a
density of 0.1 x 10° cells/100 pl. Plates were incubated for 3 h at
37°C, and the number of cells migrating into the lower chamber was
determined by flow cytometry. Cells from the lower chamber were
centrifuged and fixed in 300 pl of 1 x PBS, 1% formaldehyde and
were counted with the FACscan™ apparatus for 60 s, gating on
forward and side light scatters to exclude cell debris. The number of
live cells was compared with a 100% migration control in which 100
ul of cell suspension (0.1 x 10° cells) was treated in the same
manner. The percentage of cells migrating to the medium without
chemokine was subtracted from the percentage of cells migrating to
the medium with chemokines, to calculate the percentage specific
migration.

In some experiments, myeloma cells were incubated with 5 pg/ml
AMD 3100 (CXCR4 antagonist), 100 nM or 1 pM wortmannin (WM,
PI3K/P14K inhibitor), 10 uM PD98059 (PD, MEK1/2 inhibitor), 100
nM U73122 (PLC inhibitor) or its inactive control (U73343), 1 uM
SN50 (inhibitor of NF-kB nuclear translocation), 100 ng/ml PTX (all
from Calbiochem, San Diego, CA), 5 pM SH5 (PDK1 inhibitor,
Alexis, Coger France) or dimethyl sulfoxide (DMSO) as a control,
for 1 h before being subjected to the chemotaxis assay. We blocked
RhoA functions with 50 pg/ml Y27632 (from Calbiochem, San
Diego, CA).

Western blots

U266 cells were resuspended at a density of 5 x 10° cells/ml in pre-
warmed RPMI 1640 without fetal calf serum (FCS), and were
stimulated for 2 min at 37°C with medium or 250 ng/ml CXCL12.
Lysates were prepared as previously described (Badr et al., 2008).
Equal amounts of total cellular protein were subjected to sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis and were

analyzed by western blotting. Antibodies recognizing phospho-
PKB/AKT (S473), PKB/AKT, phospho-ERK1/2 (T202/Y204),
phospho-IkBa-S32/36), IkBa (all from New England Biolabs,
Beverly, MA) or ERK1/2 (Santa Cruz Biotechnology, Santa Cruz,
CA) were used with horseradish peroxidase-conjugated secondary
antibodies. Protein bands were detected by enhanced
chemiluminescence (ECL, Supersignal Westpico chemilumiscent
substrate, Perbio, Bezons, France) reagents. The ECL signal was
recorded on ECL Hyperfilm. To quantify band intensities, films were
scanned, saved as Tagged Image File Format (TIFF) files and
analyzed with National Institutes of Health (NIH) Image software.

For GTPase assay, cells (5 x 10° per condition) were starved for
2 h in pre-warmed RPMI 1640 without FCS and were stimulated for
2 min at 37°C with medium or 250 ng/ml CXCL12, and were
solubilized in 200 pl of lysis buffer, as previously reported. After
centrifugation, aliquots (15 pl) from the supernatant were kept for
total lysate samples. The remaining supernatant (185 pl) was
incubated for 16 h at 4°C with GST-C21 (Badr et al., 2005)
precoupled to glutathione-agarose beads (Sigma, France). The
beads and proteins bound to the fusion protein were washed in an
excess of lysis buffer, eluted in Laemli sample buffer, and were
analyzed for bound active RhoA by SDS-PAGE, followed by
western blotting using anti-RhoA (Santa Cruz Biotechnology, Santa
Cruz, CA) mAb.

Statistical analysis

Data were analyzed using SPSS software version 16 and are
expressed as means = SEM., differences between groups were
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assessed using One way Analysis of Variance (ANOVA), because
the percentage of MM cell chemotaxis in the presence of several
inhibitors was compared. Data were considered significant, if P
values are < 0.05.

RESULTS
Expression of chemokines receptors on U266 cells

We firstly investigated by flow cytometry the surface
expression of chemokine receptors on U266 cells. From
the literature, we targeted the chemokine receptors that
were previously described to play important roles in the
functions of B- and plasma cells. Mean fluorescence
intensity (MFI) of specific staining of each receptor (gray
histograms) minus IgG isotype control (open histograms)
was calculated for each chemokines receptor expression.
From the investigated chemokine receptors on U266
cells, high MFI values were observed for the expression
of CXCR3 and CXCR4 versus low MFI values for the
expression of CCR1, CCR3, CCR5, CCR7, CCR9 and
CXCRS5, but these cells were negative for CCR6 (Figure
1).

Chemokines-mediated U266 cell chemotaxis

To analyze further the functionality of the chemokine
receptors expressed on U266 cells, we performed a
chemotaxis assay in which U266 cells were evaluated for
their ability to migrate towards 500 ng/ml CCL3, CCL4,
CCL5 (CCR1, CCR3 and CCRS5 ligands), CCL19, CCL21
(CCRY7 ligands), CCL20 (CCR6 ligand), CCL25 (CCR9
ligand), CXCL9, CXCL10 (CXCR3 ligands), CXCL13
(CXCRS5 ligand) and 250 ng/ml CXCL12 (CXCR4 ligand).
We found that U266 cells exhibited a specific unique
migratory response to CXCL12. The percentage specific
migration of U266 cells to CXCL12 was 26 + 2.5 (Figure
2A). Input and migrated U266 cell populations were
stained with CD38-PE and CD138-FITC. Dot plots of
input cells and transmigrated cells to medium (without
chemokine) versus medium containing CXCL12 are as
shown in Figure 2B (one representative experiment is
shown).

CXCL12-mediated U266 cell chemotaxis via CXCR4
requires PLCRB3, PI3K, RhoA, NF-kB and ERK1/2

We analyzed the effects of various inhibitors on the
CXCL12-mediated U266 chemotaxis. Migration of U266
cells towards CXCL12 was strongly inhibited by 5 pg/ml
AMD, 100 ng/ml PTX and 100 nM U73122 (93 + 7.5, 95 %
8.2 and 45 + 4.5%, respectively), but less strongly
inhibited by 1 uM wortmannin (WM), 5 uM SH5, 50 pg/mi
Y27632, 1 uM SN50 and 10 uM PD98059 (42 + 4.4, 35 +
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Figure 1. Surface expression of chemokine receptors on
U266 cells. Surface expression of chemokines receptors:
CCR1, CCR5, CCR6, CCR7, CCR9, CXCR3, CXCR4 and
CXCRS5 wad analyzed by flow cytometry on U266 cells. U266
cells were stained for 30 min at 4°C with mAbs directly
labeled with PE against CCR1, CCR5, CCR6, CCR7, CCR9,
CXCR3, CXCR4, CXCRS5 or isotype control. MFI of specific
staining of each receptor (gray histograms) minus IgG isotype
control (open histograms) was calculated using flow cytometry
analysis. Data are representative of 5 separate experiments.

3.2, 28,5 + 25, 32 + 3.1 and 25 * 2.2, respectively)
(Figure 3). In all experiments, the addition of DMSO
(control), 100 nM WM and 10 uM SB had no effect on the
CXCL12-mediated chemotaxis of MM cells. Furthermore,
the addition of 100 nM U73343, the inactive form of the
PLC inhibitor U73122, did not inhibit MM cell chemotaxis.

CXCL12 strongly enhances the phosphorylation of
PLCB3, PI3K/AKT, |kBa and ERK1/2 as well as the

activation of RhoA

To provide further evidence about the molecular
mechanisms by which CXCL12 induces chemotaxis of
MM cells, we investigated the effects of CXCL12 on the
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Figure 2. Chemotactic response of U266 cells. (A)
Migratory responses of U266 cells to the indicated
chemokines were determined in Transwell plates. After
incubation for 3 h at 37°C, input cells and cells migrated
into lower wells were washed and fixed in 300 pl of 1 x
PBS, 1% formaldehyde. The chemotactic response to
CCL2, CCL3, CCL4, CCL5, CCL19, CCL20, CCL21,
CCL25, CXCL9, CXCL10, CXCL13 (all at 500 ng/ml) or
CXCL12 (at 250 ng/ml) was determined by flow cytometry.
The experiment was performed in triplicate and results are
expressed as the mean percentage of specific migration +
SEM in response to each chemokine. *P < 0.05. (B) Input
and migrated U266 cell populations were stained with
CD38-PE and CD138-FITC. Dot plots of input cells and
transmigrated cells to medium (without chemokine) versus
medium  containing CXCL12 are shown (one
representative experiment of five is shown).

activation of various effectors downstream CXCRA4.
Preliminary experiments showed that the CXCL12-
induced phosphorylation of ERK1/2, |kBg and AKT was
maximal between 1 and 5 min in U266 cells (data not
shown). As previously demonstrated in chemotaxis assay
that the CXCL12-mediated MM cells chemotaxis via



120

*% ** U266

100 4

80 A

60 1

40 1

20 -

Specific migration (% inhibition)

V2777777272722

0-

d RE) ~ S
¥ 9 TN D NI
-~ v \'.N\\ \\\ ~ Q\ g\%

Q/

Figure 3. Signaling pathways underlying CXCL12/CXCR4 in
U266 cells. U266 cells were incubated for 1 h at 37°C with
medium, DMSO or various inhibitors before being subjected
to the chemotaxis assay in the presence of medium or 250
ng/ml CXCL12. These inhibitors are known to inhibit mature B
chemotaxis. The experiment was performed in triplicate and
results are expressed as the mean percentage of inhibition of
specific migration £ SEM. *P < 0.05

CXCR4 requires PLCP3, PI3K, RhoA, NF-kB and
ERK1/2, we therefore investigated by western blot the
phosphorylation of PLCB3, AKT, |kBa ERKL1/2 and P38
as well as the activation of RhoA after stimulation for 2
min with CXCL12. PLCB3 was already phosphorylated in
U266 cells before CXCL12 stimulation, whereas CXCL12
increased the phosphorylated PLCB3. The effect of
CXCL12-induced increase in phosphorylated PLCB3 was
abolished by AMD3100 and U73122, but partially
decreased by PTX (Figure 4). The addition of 100 nM
U73343, the inactive form of the PLC inhibitor U73122,
had no effect (data not shown). To confirm whether PI3K
is involved in the mechanisms responsible for MM cell
chemotaxis, we analyzed the phosphorylation of PI3K
substrate protein (protein kinase B; PKB/AKT). We found
that CXCL12 strongly induced AKT phosphorylation. The
CXCL12-induced increase in phosphorylated AKT was
abolished by AMD3100, WM and SH5.

The phosphorylation of |kBq, already detectable in MM
cells prior to chemokine stimulation. This phosphorylation
was increased in the presence of CXCL12 and was
abolished by the addition of AMD and WM. While addition
of SH5 prior to CXCL12 partially decreased the
phosphorylation of |kBg. CXCL12 strongly induced

ERK1/2 phosphorylation, but the addition of AMD, PD
and WM  abolished CXCL12-induced ERK1/2
phosphorylation. In contrast, CXCL12 did not affect P38
phosphorylation. We next evaluated the active form of
RhoA (RhoAgtp; an important protein for the adhesion of
MM cells) after CXCL12 stimulation of MM cells. RhoAgtp
was already present in U266 cells, while CXCL12
strongly enhanced the quantity of RhoAgrp after 2 min.
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Figure 4. CXCL12 via CXCR4 induces phosphorylation
of PLCB3, AKT, ERK1/2, IkBa and activation of RhoA in
U266 cells. U266 cells were incubated for 1 h at 37°C
with medium or various inhibitors and were then
stimulated for 2 min with 250 ng/ml CXCL12 or without
stimulation. Phosphorylation of PLCB3, ERK1/2, AKT
and IkBa as well as activation of RhoA was corrected for
total actin protein on stripped blots. A representative blot
for each downstream effector from 5 representative
experiments is shown.

The addition of AMD, WM and Y27632 abolished
CXCL12-mediated the activation of RhoAgte.

DISCUSSION

Multiple myeloma cells migrate from an area to another
within the bone marrow where they get their requirements
of cytokines and growth factors secreted by the bone
marrow stromal cells (Vande Broek et al., 2008).
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Chemotaxis of malignant plasma cells and stromal cells
in the surrounding microenvironment is an essential
component of tumour dissemination during progression
and metastasis (Evanthia et al., 2011). To date, the exact
mechanisms by which multiple myeloma cells migrate
throughout the bone marrow are still not well defined or
controversial. In the current study we tried to investigate
the chemokines that is responsible for MM cell
chemotaxis as well as to clarify the underlying
mechanisms. To detect which chemokine could promote
MM cells migration, we used U266 multiple myeloma cell
line that was used successfully for several studies (Feng
et al., 2010; Lee et al.,, 2010; Urbinati et al., 2009)
concerning this disease. We firstly had to determine the
surface expression of some chemokine receptors on
U266 cells before doing the chemotaxis assay. As
plasma cells are known as terminally differentiated B
cells, we focused to detect the surface expression of
chemokine receptors that well known to be expressed on
normal mature B cell, on the U266 cells.

From the investigated chemokine receptors on U266 cells,
these cells were found to strongly express both CXCR3 and
CXCR4. The expression of CCR1, CCR3, CCR5, CCRY,
CCR9 and CXCRS5 on U266 cells was moderate to low
level, but these cells were negative for the surface
expression of CCR6. Previous studies to identify the
expression of chemokine receptors in MM have
demonstrated controversial results (Van de Broek et al.,
2006; Diamon et al., 2009.). Large variations were
reported in CXCR4 expression on MM cells, ranging from
10 to 100 % (Moller et al., 2003). Other data have
revealed that the in vitro migration of MM cells was
directly dependant on the expression level of CXCR4 on
the MM cells (Van de Broek et al., 2006). From our
results, U266 cells exhibited a specific migratory
response to only CXCL12. The specific migration of U266
cells to CXCL12 was 26 + 25. Our result is in agreement
with those found by Hideshima et al. (2002) who reported
that CXCL12 via CXCR4 attracts human MM cells to the
endothelial border, as well as 5T33MM cells expressing
CXCR4 attracted to SDF1a (Menu et al., 2006).

The mechanisms of migration and SDF-1-dependent
signaling differed according to cell types and differed
between malignant and normal cells (Spiegel et al.,
2004). Therefore, the signaling pathways involved in
CXCL12 mediate MM cells chemotaxis remain to be fully
elucidated and the available data is controversial. We
therefore analyzed the effects of panel of inhibitors
targeting different cellular signaling pathways on the
CXCL12-mediated U266 chemotaxis. These inhibitors
are known to alter the signaling transduction of
chemokines/chemokines receptor interaction as well as
modulate mature B cell chemotaxis (Badr et al., 2005).
Therefore, addition of such inhibitors prior to the
chemotaxis assay and flow cytometry analysis clarify and
determine the signaling pathway involved in CXCL-12-
mediated U266 cell chemotaxis. Migration of U266 cells
towards CXCL12 was strongly abrogated by the addition

of AMD3100, PTX and U73122. Similar observations
have been demonstrated by Alsayed et al. (2007) who
demonstrated that AMD3100 and PTX significantly
inhibited the homing of MM cells to bone marrow niches.
Moreover, migration of U266 cells was also inhibited by
the addition of wortmannin (WM), SH5, Y27632, SN50
and PD98059. Nevertheless, addition of SB, U73343
(negative control of U73122) or DMSO (negative control
for all DMSO dissolved inhibitor) did not affect the
CXCL12-mediated U266 cell chemotaxis. These results
strongly clarified that PLCB3, PI3K/AKT, NFkB, ERK1/2
and RhoA, but not of P38MAPK, are involved in CXCL12-
mediated U266 cell chemotaxis. Previous studies
demonstrated that ERK/MAPK was downstream of PI3K
in MM and that p38 MAPK did not regulate migration of
MM cells (Alsayed et al., 2007; O-charoenrat et al.,
2004). To ensure the signaling pathways underlying
CXCL12 that regulate U266 cell chemotaxis, western blot
analysis of U266 cell-stimulated with CXCL12 in the
presence or absence of the same inhibitors was done.
We visualized on nitrocellulose membranes that CXCL12
enhances the phosphorylation of PLCB3, AKT, IkBa,
ERK1/2 as well as the activation of RhoA, but not the
phosphorylation of P38MAPK. Previous studies in acute
lymphoblastic leukemia have demonstrated that p38
MAPK is a critical regulator of migration, again
highlighting the differences in signaling between
malignant cells types (Bendall et al., 2005).

In conclusion, our data explore the molecular
mechanisms of how CXCL12 mediated chemotaxis of
myeloma cells. CXCL12, via its cognate receptor CXCR4,
mediates chemotaxis of U266 myeloma cells by
triggering the activation of intracellular effector proteins:
PLCB3, PISK/AKT, RhoA, NFkB and ERK1/2.

ACKNOWLEDGEMENTS

The authors extend their appreciation to the Deanship of
Scientific Research at King Saud University for funding
this work through research group no RGP- VPP -078.

REFERENCES

Alsayed Y, Ngo H, Runnels J, Leleu X, Singha U (2007). Mechanisms
of regulation of CXCR4/SDF-1 (CXCL12)-dependent migration and
homing in multiple myeloma. Blood, 109: 2714-2715.

Badr G, Borhis G, Treton D, Moog C, Garraud O, Richard Y (2005). HIV
type 1 glycoprotein 120 inhibits human B cell chemotaxis to CXC
chemokine ligand (CXCL) 12, CC chemokine ligand (CCL) 20, and
CCL21.J. Immunol., 175(1): 302-10.

Badr G, Borhis G, Lefevre EA, Chaoul N, Deshayes F, Dessirier V,
Lapree G, Tsapis A, Richard Y (2008). BAFF enhances chemotaxis
of primary human B cells: a particular synergy between BAFF and
CXCL13 on memory B cells. Blood, 111(5): 2744-54.

Baggiolini M, Dewald B, Moser B (1994). Interleukin-8 and related
chemotactic cytokines- CXC and CC chemokines. Adv. Immunol., 55:
179-197.

Balkwill F (2004). The significance of cancer cell expression of the
chemokine receptor CXCR4. Semin. Cancer Biol., 14, 171-179.

Barbieri F, Bajetto A, Porcile C, Pattarozzi A, Massa A, Lunardi G,


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diamond%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15972662
http://www.ncbi.nlm.nih.gov/pubmed/15972662
http://www.ncbi.nlm.nih.gov/pubmed/15972662
http://www.ncbi.nlm.nih.gov/pubmed/15972662
http://www.ncbi.nlm.nih.gov/pubmed/15972662
http://www.ncbi.nlm.nih.gov/pubmed/18172003
http://www.ncbi.nlm.nih.gov/pubmed/18172003
http://www.ncbi.nlm.nih.gov/pubmed/18172003
http://www.ncbi.nlm.nih.gov/pubmed/18172003
javascript:AL_get(this,%20'jour',%20'Blood.');

Zona G, Dorcaratto A, Ravetti JL, Spaziante R (2006). CXC receptor
and chemokine expression in human meningioma: SDF1/CXCR4
signaling activates ERK1/2 and stimulates meningioma cell
proliferation. Ann. N Y Acad. Sci., 1090, 332-343.

Bendall LJ, Baraz R, Juarez J, Shen W, Bradstock KF (2005). Defective
p38 mitogen-activated protein kinase signaling impairs chemotactic
but not proliferative responses to stromal-derived factor-1 in acute
lymphoblastic leukemia. Cancer Res., 65:3290-3298.

Boring L, Gosling J, Cleary M, Charo | (1998). Decreased lesion
formation in CCR2/ mice reveals a role for chemokines in the
initiation of atherosclerosis. Nature, 394: 894 —897.

Broek I, Asosingh K, Vanderkerken K, Straetmans N, Van Camp B, Riet
| (2003). Chemokine receptor CCR2 is expressed by human multiple
myeloma cells and mediates migration to bone marrow stromal cell
produced monocyte chemotactic proteins MCP-1, -2 and -3. British J.
Cancer, 88: 855 - 862.

Butcher EC, Picker LJ (1996). Lymphocyte homing and homeostasis.
Science, 27260-27266.

Chan CC, Shen D, Hackett JJ, Buggage RR, Tuaillon N (2003).
Expression of chemokine receptors, CXCR4 and CXCRS5, and
chemokines, BLC and SDF-1, in the eyes of patients with primary
intraocular lymphoma. Ophthalmology, 110: 421-426.

Diamond P, Labrinidis A, Martin SK, Farrugia AN, Gronthos S, To LB,
Fujii N, O'Loughlin PD, Evdokiou A, Zannettino AC (2009). Targeted
disruption of the CXCL12/CXCR4 axis inhibits osteolysis in a murine
model of myeloma-associated bone loss. J. Bone Miner. Res., 24
(7):1150-61.

Evanthia T. Roussos, John S. Condeelis and Antonia Patsialou (2011).
Chemoaxis in cancer. Nature Rev. Cancer., 11: 573-587.

Feng X, Yan J, Wang Y, Zierath JR, Nordenskjéld M, Henter JI, Fadeel
B, Zheng C (2010). The proteasome inhibitor bortezomib disrupts
tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
expression and natural killer (NK) cell killing of TRAIL receptor-
positive multiple myeloma cells. Mol. Immunol., 47(14): 2388-96.

Fioretti F, Fradelizi D, Stoppacciaro A, Ramponi S, Ruco L, Minty A,
Sozzani S, Garlanda C, Vecchi A, Mantovani A (1998). Reduced
tumoricity and augmented leukocyte infiltration after monocyte
chemotactic protein-3 (MCP-3) gene transfer: perivascular
accumulation of dendritic cells in peritumoral tissue and neutrophil
recruitment within the tumor. J. Immunol., 161: 342—-346.

Floridi F, Trettel F, Di Bartolomeo S, Ciotti M. T, Limatola C (2003).
Signaling pathways involved in the chemotactic activity of CXCL12 in
cultured rat cerebellar neurons and CHP100 neuroepithelioma cells.
J. Neuroimmunol., 135, 38-46.

Florio T, Casagrande S, Diana F, Bajetto A, Porcile C, Zona G, Thellung
S, Arena S, Pattarozzi A, Corsaro A (2006). Chemokine stromal cell-
derived factor lalpha induces proliferation and growth hormone
release in GH4CL1 rat pituitary adenoma cell line through multiple
intracellular signals. Mol. Pharmacol., 69, 539-546.

Frade JM, Mellado M, Del Real G, Gutierrez-Ramos JC, Lind P,
Martinez AC (1997). Characterization of the CCR2 chemokine
receptor: functional CCR2 receptor expression in B cells. J Immunol
159: 5576-558.

Hideshima T, Chauhan D, Hayashi T (2002). The biological sequelae of
stromal cell-derived factor-la in multiple myeloma. Mol. Cancer
Ther., 1: 539-44.

Hoshino Y, Hatake K, Kasahara T, Takahashi Y, Ikeda M, Tomizuka H,
Ohtsui T, Uwai M, Mukaida N, Matsushima K (1995). Monocyte
chemoattractant protein-1 stimulates tumor necrosis and recruitment
of macrophages into tumors in tumor-bearing nude mice: increased
granulocyte and macrophage progenitors in murine bone marrow.
Exp. Hematol., 23: 1035-1039.

Koshiba T, Hosotani R, Miyamoto Y, Ida J, Tsuji S, Nakajima S,
Kawaguchi M, Kobayashi H, Doi R, Hori T (2000). Expression of
stromal cell-derived factor 1 and CXCR4 ligand receptor system in
pancreatic cancer: a possible role for tumor progression. Clin. Cancer
Res., 6, 3530-3535.

Kucia M, Jankowski K, Reca R (2004). CXCR4- SDF-1 signaling,
locomotion, chemotaxis and adhesion. J. Mol. Histol., 35: 233-245.
Kurihara T, Warr G, Loy J, Bravo R (1997). Defects in macrophage
recruitment and host defense in mice lacking the CCR2 chemokine

receptor. J. Exp. Med., 186: 1757-1762.

Badr 2511

Lataillade JJ, Clay D, Bourin P, Herodin F, Dupuy C, Jasmin C (2002).
Stromal cell-derived factor 1 regulates primitive hematopoiesis by
suppressing apoptosis and by promoting G (0)/G (1) transition in
CD34 (+) cells: evidence for an autocrine/paracrine mechanism.
Blood, 99: 1117-29.

Lee CK, Wang S, Huang X, Ryder J, Liu B (2010). HDAC inhibition
synergistically enhances alkylator-induced DNA damage responses
and apoptosis in multiple myeloma cells. Cancer Lett., 296(2):233-40.

Luster AD (1998). Chemokines—chemotactic cytokines that mediate
inflammation. N. Engl. J. Med., 338: 436-445.

Mellado M, Rodriguez-Frade JM, Aragay A, Del Real G, Martin AM,
Vila- Coro AJ, Serrano A, Mayor F, Martinez C (1998). The
chemokine monocyte chemotactic protein 1 triggers Janus Kinase 2
activation and tyrosine phosphorylation of the CCR2B receptor. J.
Immunol., 161: 805- 813.

Menu E, Asosingh K, Indraccolo S (2006). The involvement of stromal
derived factor 1a in homing and progression of multiple myeloma in
the 5TMM model. Haematologica, 91: 605-12.

Moller C, Stromberg T, Juremalm M, Nilsson K, Nilsson G (2003).
Expression and function of chemokine receptors in human multiple
myeloma. Leukemia, 17: 203-210.

Mowafi F, Cagigi A, Matskova L, Bjork O, Chiodi F, Nilsson A (2008).
Chemokine CXCL12 enhances proliferation in pre-B-ALL via STAT5
activation. Pediatr. Blood Cancer, 50: 812-817.

Murooka TT, Ward SE, Fish EN (2005). Chemokines and cancer.
Cancer Treat. Res., 126, 15-44.

Nagasawa T, Kikutani H, Kishimoto T (1994). Molecular cloning and
structure of a pre-B-cell growth-stimulating factor. Proc. Natl. Acad.
Sci. USA; 91: 2305- 9.

Nakayama T, Hieshima K, Izawa D, Tatsumi Y, Kanamaru A, Yoshie O
(2003). Cutting edge: profile of chemokine receptor expression on
human plasma cells accounts for their efficient recruitment to target
tissues. J. Immunol., 170: 1136-1140.

O-charoenrat P, Wongkajornsilp A, Rhys-Evans PH, Eccles SA (2004).
Signaling pathways required for matrix metalloproteinase-9 induction
by betacellulin in head-and-neck squamous carcinoma cells. Int. J.
Cancer, 20; 111(2): 174-83.

Peters W, Dupuis M, Charo IF (2000). A mechanism for the impaired
IFNgamma production in C-C chemokine receptor 2 (CCR2)
knockout mice: role of CCR2 in linking the innate and adaptive
immune responses. J. Immunol., 165: 7072—7077.

Pinto LA, Williams MS, Dolan MJ, Henkart PA, Shearer GM (2000).
Beta-chemokines inhibit activation-induced death of lymphocytes
from HIV-infected individuals. Eur. J. Immunol., 30, 2048-2055.

Rossi D, Zlotnik A (2000). The biology of chemokines and their
receptors. Annu. Rev. Immunol., 18: 217-42.

Salcedo R, Ponce ML, Young HA, Wasserman K, Ward JM, Kleinman
HK, Oppenheim JJ, Murphy WJ (2000). Human endothelial cells
express CCR2 and respond to MCP-1: direct role of MCP-1 in
angiogenesis and tumor progression. Blood, 96: 34—40.

Sotsios Y, Whittaker GC, Westwick J, Ward SG (1999). The CXC
chemokine stromal cell-derived factor activates a Gi-coupled
phosphoinositide 3-kinase in T lymphocytes. J. Immunol,, 163: 5954-
5963.

Spiegel A, Kollet O, Peled A (2004). Unique SDF-1- induced activation
of human precursor-B ALL cells as a result of altered CXCR4
expression and signaling. Blood, 103: 2900-2907.

Tanaka T, Bai Z, Srinoulprasert Y, Yang B, Hayasaka H, Miyasaka M
(2005). Chemokines in tumor progression and metastasis. Cancer
Sci., 96: 317-22.

Turner L, Ward SG, Sansom D, Westwick J (1996). A role for RANTES
in T lymphocyte proliferation. Biochem. Soc. Trans., 24, 93S.

Uchida D, Begum NM, Almofti A, Nakashiro K, Kawamata H, Tateishi Y,
Hamakawa H, Yoshida H, Sato M (2003). Possible role of stromal-
cell-derived factor-1/CXCR4 signaling on lymph node metastasis of
oral squamous cell carcinoma. Exp. Cell Res., 290: 289-302.

Van de Broek I, Leleu X, Schots R (2006). Clinical significance of
chemokine receptor (CCR1, CCR2 and CXCR4) expression in
human myeloma cells: the association with disease activity and
survival. Haematologica, 91: 200-206.

Van de Broek |, Vanderkerken K, Van Camp B, Van Riet | (2008).
Extravasation and homing mechanisms in multiple myeloma. Clin


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diamond%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Labrinidis%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin%20SK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farrugia%20AN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gronthos%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22To%20LB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujii%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Loughlin%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Evdokiou%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zannettino%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20542572
http://www.ncbi.nlm.nih.gov/pubmed/20542572
http://www.ncbi.nlm.nih.gov/pubmed/20542572
http://www.ncbi.nlm.nih.gov/pubmed/20542572
http://www.ncbi.nlm.nih.gov/pubmed/20542572
http://www.ncbi.nlm.nih.gov/pubmed/20447761
http://www.ncbi.nlm.nih.gov/pubmed/20447761
http://www.ncbi.nlm.nih.gov/pubmed/20447761
http://www.ncbi.nlm.nih.gov/pubmed/20447761
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O-charoenrat%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wongkajornsilp%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rhys-Evans%20PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eccles%20SA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Int%20J%20Cancer.');
javascript:AL_get(this,%20'jour',%20'Int%20J%20Cancer.');
http://www.ncbi.nlm.nih.gov/pubmed/17952614

2512 Afr. J. Pharm. Pharmacol.

Exp. Metastasis., 25(4): 325-34.
Van Riet I, Van Camp B (1993). The involvement of adhesion molecules
in the biology of multiple myeloma. Leuk. Lymphoma., 9: 441-52.
Vecchi A, Massimiliano L, Ramponi S, Luini W, Bernasconi S, Bonecchi

R, Allavena P, Parmentier M, Mantovani A, Sozzani S (1999).

Differential responsiveness to constitutive vs. inducible chemokines

of immature and mature mouse dendritic cells. J. Leukoc. Biol., 66:

489-494.
Zeelenberg IS, Ruuls-Van Stalle L, Roos E (2003). The chemokine

receptor CXCR4 is required for outgrowth of colon carcinoma
micrometastases. Cancer Res., 63: 3833-3839.

Urbinati G, Audisio D, Marsaud V, Plassat V, Arpicco S, Sola B, Fattal
E, Renoir JM (2009). Therapeutic potential of new 4-hydroxy-
tamoxifen-loaded pH-gradient liposomes in a multiple myeloma
experimental model. Pharm. Res., 27(2): 327-339.


http://www.ncbi.nlm.nih.gov/pubmed/20033476
http://www.ncbi.nlm.nih.gov/pubmed/20033476
http://www.ncbi.nlm.nih.gov/pubmed/20033476

