Journal of Cellular Biochemistry 112:2574-2584 (2011)

EBP50 Is Involved in the Regulation of Vascular Smooth
Muscle Cell Migration and Cytokinesis

Nicolas Baeyens,1 Carole de Meester,? Xavier Yerna,' and Nicole Morel ™
"Laboratory of Cell Physiology, Institute of Neuroscience, Université Catholique de Louvain, Avenue Hippocrate 55,
1200 Brussels, Belgium

?Division of Cardiology, Institut de Recherche Expérimentale et Clinique, Université Catholique de Louvain,
Avenue Hippocrate 55, 1200 Brussels, Belgium

ABSTRACT

Ezrin, Radixin, Moesin binding phosphoprotein 50 (EBP50) is a scaffold protein that possesses two PDZ interacting domains. We have shown
that, in isolated artery stimulated with noradrenaline, EBP50 interacts with several elements of the cytoskeleton. However, the contribution of
EBP50 to the organization of the cytoskeleton is unknown. We have used primary cultured vascular smooth muscle cells to investigate the
involvement of EBP50 in the regulation of cell architecture, motility and cell cycle, and to identify its target proteins and subsequent action
mechanism. The results showed that depletion of EBP50 by siRNA transfection induced changes in cell architecture and increased cell
migration. The same phenotype was induced by inhibition of myosin Ila and this effect was not additive in cells depleted for EBP50. Moreover,
a larger proportion of binucleated cells was observed after EBP50 depletion, indicating a defect in cytokinesis. The identification, after co-
immunoprecipitation, of a direct interaction of EBP50 with both tubulin and myosin Ila suggested that EBP50 could regulate cell
migration and cytokinesis by linking myosin Ila fibers and microtubule network. Indeed, depletion of EBP50 also dismantled myosin
Ila fibers and induced the formation of stable microtubules in lamellae expansions and Racl activation. This signaling cascade leads
to the formation of lamellipodia, trailing tails and decrease of focal adhesion formation, triggering cell migration. J. Cell. Biochem.

112: 2574-2584, 2011. © 2011 Wiley-Liss, Inc.
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s ; ascular smooth muscle cells (VSMC) in the arterial wall are
characterized by a contractile, non-proliferating and non-
migratory phenotype. During vascular development in response to
growth factors, and in response to various stimuli like mechanical
stress, vascular injury or inflammation, VSMC undergo a change to
a migratory and proliferative phenotype [Gerthoffer, 2007]. Several
components of the cell cytoskeleton are involved in triggering cell
migration: on one hand, acto-myosin and focal adhesions [Gardel
et al., 2008; Pasapera et al., 2010], and, on the other hand,
microtubules [Waterman-Storer et al., 1999; Etienne-Manneville
and Hall, 2002], forming dynamic interacting networks regulated by
multiple associated proteins.
We have shown that, in noradrenaline-stimulated rat mesenteric
arteries, Ezrin, Radixin, Moesin binding phosphoprotein 50 (EBP50)
interacts with several components of the non-contractile cytoskel-

eton and modulates the contractile properties of the artery [Baeyens
et al.,, 2010], suggesting that this protein could be an important
regulator of the cytoskeleton. EBP50 is a scaffold protein containing
two different PDZ domains and a C terminal sequence that binds to
the N terminal FERM domain of Ezrin, Radixin, and Moesin proteins
(ERM) [Reczek et al., 1997]. EBP50 is mainly reported to interact
with membrane proteins such as CFTR, B,-receptor, or NHE3
[Weinman et al., 1995; Short et al., 1998; Cao et al., 1999]. This
protein is also known under the name of NHERF1, due to its
interaction with the NHE exchanger.

Recently, depletion of EBP50 has been reported to decrease the
F-actin content in human bronchial epithelial cells [Favia et al.,
2010] and to cause a strong defect in epithelium microvilli
formation, a structure enriched in ezrin and acto-myosin and
anchored to a myosin II terminal web [Garbett et al., 2010].
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Moreover, Sip1, the Drosophila ortholog of EBP50, is involved in
adherens junction and actin architecture stabilization [Hughes et al.,
2010], in agreement with a role for EBP50 in cytoskeleton
modulation. In addition, EBP50 is over-expressed in injured
arteries, indicating that EBP50 could play an important role in
vascular pathologies [Song et al., 2010].

In a previous study, we have identified the binding of EBP50 to
tubulin and to myosin Ila in noradrenaline-stimulated rat
mesenteric artery [Baeyens et al., 2010]. Recent studies have
highlighted the inhibitory role of non-muscular myosin Ila in
migration. Inhibition of myosin Ila evokes a marked increase in cell
migration associated with the formation of lamellipodia and
filopodia, microtubule stabilization in the lamellipodia and the
activation of the small Rho-GTPase Racl [Katsumi et al., 2002;
Even-Ram et al., 2007; Lee et al., 2010]. The contractile tension
mediated by myosin and its actin cross-linking activity act
synergistically to promote the formation of actin filaments bundles
and the maturation of focal adhesions [Choi et al., 2008]. These
results indicate that myosin Ila is required for the maintenance of the
equilibrium between the acto-myosin and microtubule networks
that controls cell motility.

These observations led us to further investigate the involvement
of EBP50 in cytoskeleton modulation, and the mechanism of EBP50
contribution to cell migration and cell cycle regulation in migratory,
proliferative primary VSMC obtained from rat aorta. EBP50
expression was inhibited by transfection of a specific siRNA. The
results indicate that EBP50 is involved in the control of VSMC
migration and cytokinesis through a myosin Ila-dependent
mechanism.

CELL CULTURE AND REAGENTS

Male Wistar rats (150-200 g) were anesthetized with diethyl ether
and killed by decapitation in accordance with international
guidelines and with the approval of the local ethic committee for
animal experiments.

Rat aorta was cleaned from adherent tissue, and endothelium
denuded. Pieces of aorta (2mm?) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS), penicillin, streptomycin, and 2 mM glutamine
in an incubator at 37°C with humidified 5% CO,. Cells migrated from
the pieces of aorta after 2-3 days. Aortic pieces were then removed
and VSMC were left to proliferate. They were used between the third
and the sixth passage.

Vinblastine, inhibitor of microtubule polymerization was
purchased from Sigma-Aldrich. Blebbistatin, inhibitor of myosin
II was purchased from Tocris Bioscience.

siRNA TRANSFECTION

Cells were cultured in DMEM supplemented with FBS 10% and
without antibiotics for 24 h and then transfected with 5nM siRNA
(Stealth siRNA, Invitrogen) by using RNAIMAX Lipofectamine,
following manufacturer’s instructions (Invitrogen). Sequence for
each siRNA was:

EBP50 siRNA (1): GACAAGGAAACAGAUGAGUUCUUUA & UAA-
AGAACUCAUCUGUUUCCUUGUC.

EBP50 siRNA (2): GAGAAAGGCAAGGUGGGCCAGUUUA & UAA-
ACUGGCCCACCuuGCccuuucuc.

Myosin Ila siRNA: AAAUGUGGAAGGUUCUUUCCUCCUU & AAG-
GAGGAAAGAACCUUCCACAUUU.

Cells were cultured for 96h to allow a maximal inhibition of
protein expression. Knock-down efficiency was assessed by Western
blotting. Proteins were extracted with a non-denaturating extrac-
tion buffer: Igepal CA-630 0.5%, dithiothreitol 1 mM, Hepes 50 mM
(pH 7.6), and Halt protease/phosphatase 1% (ThermoFischer).
Protein concentration was determined by the BCA (bicinchoninic
acid) method (Thermoscientific). For myosin Ila, a better extraction
was achieved with a denaturating buffer containing urea 9.5M,
Igepal CA-630 2%, B-mercaptoethanol 5%, pharmalytes (pI: 3-10)
1%, Halt proteases/phosphatases 1% (Thermoscientific). Proteins
were resolved by SDS-PAGE (NuPAGE 4-12% MOPS, Invitrogen)
and blotted onto PVDF membrane (iBlot, Invitrogen). Membranes
were probed with anti-nherf1 (1/1,000, Sigma) or anti-myosin Ila
(1/1,000, Cell Signaling) antibodies and anti-actin (1/1,000, Santa
Cruz) antibody as loading control. IRDye conjugated fluorescent
secondary antibodies (680 and 800 nm) were used to detect primary
antibodies. Bands were detected and quantified with an Odyssey
infrared imaging system (Li-Cor).

MICROSCOPY

Cells grown on glass coverslips were washed with PBS, fixed with
4% PFA for 10 min and permeabilized with Triton 0.5% for 5 min (F-
actin visualization kit, Cytoskeleton). Cells stained for tubulin were
fixed with cold methanol 100% for 5min at —20°C. Cells were
incubated for 1h with StartingBlock blocking buffer (Thermo-
scientific) and stained with primary antibodies of interest: anti-
nherf1 (1/200, Sigma), anti-myosin IIa (1/200, Cell Signaling), anti-
vinculin (1/200, Sigma), anti-tubulin (1/400, Cytoskeleton), or
rhodamine-phalloidin (20 nM, F-actin visualization kit, Cytoskele-
ton) and thereafter probed with the corresponding secondary
antibodies: Alexa 488- or 594-labeled donkey anti-rabbit, -mouse,
or -sheep antibodies (Invitrogen). Cells were mounted on the
coverslips with Prolong Gold antifade reagent (Invitrogen) and
nuclei were stained with DAPI. Cells were observed with a Zeiss
Axiovert S-100 microscope (Carl Zeiss, Inc) and individual images
were acquired with a Zeiss Axiocam camera and a 20x objective
(Zeiss Fluar, 0.75 NA) at room temperature. Images were analyzed
with ImageJ software, background signal was reduced using the
“subtract background” tool (ball radius: 100-200 pixels).

CELL MIGRATION

Cells were transfected with corresponding siRNA and grown to
confluence for 96 h. FBS was removed from the culture medium 24 h
before experiment. Cell layer was scratched with a sterile pipette tip.
Cells were fixed and colored with hemalun-eosin staining solution
after 0, 18, or 24 h of culture in FBS-free DMEM culture medium.
Scratch line was imaged with a 4x objective (Zeiss Achroplan, 0.10
NA) at room temperature. Image analysis and estimation of the

JOURNAL OF CELLULAR BIOCHEMISTRY

2575

ROLE OF EBP50 IN CELL MIGRATION



refilling of the wound were done using the software Tscratch (CSE
Laboratory, ETH Zurich, Switzerland) [Geback et al., 2009].

CO-IMMUNOPRECIPITATION

Proteins were extracted with the non-denaturating extraction
buffer. Protein concentration was determined by the BCA method.
Co-immunoprecipitation was performed as described [Baeyens et al.,
2010]. Membranes were probed with anti-myosin IIa (Cell Signaling)
or anti-tubulin antibodies (Cytoskeleton) (1/1,000). Bands were
detected as described above. Controls with protein extract incubated
with protein A sepharose without antibody and antibody bound to
protein A sepharose incubated without protein extract were
included.

PHOSPHORYLATION ANALYSIS

Proteins were extracted with the non-denaturating buffer. Protein
concentration was determined by the BCA method. Protein extracts
were resolved by SDS-PAGE and blotted onto PVDF membrane as
described above. Membranes were probed with anti-MLC, (Cell
Signaling), anti-phospho MLC,, (Sigma), anti-actin (Santa Cruz),
anti-Akt (Cell Signaling), and anti-phospho Akt (Cell Signaling) at a
1/2,000 concentration and were detected with Odissey infrared
Imaging system as described above. Protein expression was
normalized to actin level.

CELL CYCLE ANALYSIS

To perform cell cycle analysis, cells transfected for 96 h either with
scramble or EBP50 siRNA were trypsinized, centrifuged, and
incubated with a PSS solution containing 20 pg/ml propidium
iodide (Sigma), 0.1% Triton, and 200 pwg/ml RNAseA (Sigma). Cells
were analyzed on a FACScan (Becton Dickinson) flow cytometer.
Data were analyzed with FlowJo software.

Rac1-GTP G-LISA

For measurement of Racl activation, the Rac G-Lisa Activation
Assay Biochem kit (Cytoskeleton) was used according to the
manufacturer’s recommendations. Total Racl protein level was
measured by Western blot analysis with Rac1 antibody (Cytoskele-
ton) and normalized to the expression of actin.

DATA ANALYSIS

Data are expressed as mean + SEM from at least three determina-
tions. Statistical analysis was made using a two-way ANOVA with a
Bonferroni post-test or by using a non-paired t-test to evaluate
treatment differences (Prism, GraphPad software). P<0.05 was
considered to be significant.

EBP50 DEPLETION INDUCES STRUCTURAL CHANGES IN

VASCULAR SMOOTH MUSCLE CELL ARCHITECTURE
Immunostaining of EBP50 in primary cultured VSMC revealed the
distribution of this protein along thick filaments crossing the entire
cell (Fig. 1A). The pattern of distribution was similar to that of actin
(Fig. 1C). This localization suggests that EBP50 could interact with
actomyosin bundles. In order to study the involvement of EBP50 in

the modulation of the cell cytoskeleton, we transfected VSMC with
two different siRNAs targeting EBP50. Controls were transfected
with a scramble siRNA. After 96h of culture, EBP50 protein
expression was inhibited by 99 4 0.5% and 97 + 0.5% (n = 6), after
transfection with the first and second anti-EBP50 siRNA,
respectively (Fig. 1B). The inhibition was lower when cells were
cultured for less than 96 h after transfection (EBP50 expression was
inhibited by 54%, 87%, and 94% at 24, 48 and 72 h, respectively,
after siRNA transfection).

Cells transfected with a scramble siRNA contained a central
nucleus and numerous thick actin bundles (Fig. 1C). They seemed to
develop a strong social behavior with many cell-cell interactions.
Vinculin staining showed the presence of large focal adhesions all
over the cell, and microtubules spread uniformly over the cell from
the perinuclear region. Depletion in EBP50 drastically changed the
cell morphology (Fig. 1C). Actin bundles were disassembled and
cells formed lamellipodia and elongated trailing tails. The nuclei
were rejected at cell periphery. Cells appeared isolated, and cell-cell
interactions were suppressed. The area and the number of focal
adhesions markedly decreased. Microtubule tubulin staining was
prominent in membrane lamellae projections and weaker around the
nucleus. Two different siRNAs directed against EBP50 were used and
induced similar changes in cell architecture.

CELLS DEPLETED IN EBP50 DEVELOP MIGRATORY PROPERTIES AND
PRESENT A DEFECT IN CYTOKINESIS

We assessed the migratory properties of VSMC by a wound healing
test. In serum-free medium and in the absence of any stimulation,
cells transfected with a scramble siRNA exhibited a constitutive
ability to migrate and to refill the wound (Fig. 2A). By comparison,
cells transfected with a siRNA directed against EBP50 were able to
refill the wound more rapidly, showing faster migration rate than
control cells. The two anti-EBP50 siRNA produced a similar increase
in cell migration, dismissing the possibility of an off-target effect
(Fig. 2A).

DAPI staining of the nuclei revealed an increase in the proportion
of binucleated cells among EBP50-depleted cells compared to
control cells (Fig. 2B). Only 54+ 1% of binucleated cells were
observed in cultures of cells transfected with scramble siRNA, while
19£0.5% and 214 1% of binucleated cells were observed in
cultures of cells transfected with the first and second siRNA against
EBP50, respectively (n=4, P<0.05 vs. control). No abnormal
mitotic cells or apoptotic cells were observed. The data obtained by
counting binucleated cells were confirmed by estimating the cell
DNA content. FACS analysis of propidium iodide stained nuclei
indicated that 6 £0.5% of control cells and 16 & 2% of the cells
transfected with EBP50-targeted siRNA were in G2/M phase (n =3,
P <0.05; Fig. 2C), suggesting that EBP50 is a key player in
cytokinesis.

DEPLETION OF MYOSIN lla SHARES SIMILAR STRUCTURAL
CHANGES WITH EBP50 DEPLETION IN VASCULAR SMOOTH
MUSCLE CELLS

In a previous study, we identified myosin Ila as a partner of EBP50 in
noradrenaline-stimulated arteries [Baeyens et al., 2010]. To confirm
this observation in VSMC, we first determined the expression and
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Knock-down of EBP50 alters vascular smooth muscle cell architecture. A: Immunostaining of EBP50 (green) in primary VSMC. The nuclei were stained with DAPI (blue).

B: Western blot of protein extracts from cells transfected either with a scramble siRNA or two different anti-EBP50 siRNA (5nM). Membrane was immunoblotted with
antibodies against EBP50 and actin, used as loading control and IRDye conjugated secondary antibodies (680 nm for actin in red and 800 nm for EBP50 in green). Signals were
visualized and analyzed with an Odyssey infrared imager. After 96 h of culture, EBP50 protein expression was inhibited by 99 + 0.5% with EBP50 siRNA #1 and 97 = 0.5% with
EBP50 siRNA #2 (mean + SEM, n = 6). C: Representative images of VSMC stained for F-actin (phalloidin), focal adhesions with anti-vinculin antibody, tubulin (anti-a and -8
tubulin) and myosin lla after transfection of scramble or anti-EBP50 siRNA. Nuclei were stained with DAPI. Scale bars: 50 um.

the localization of myosin Ila in VSMC by immunolabeling,.
Figure 3A illustrates the localization of myosin Ila in actin-based
thick filaments, showing the same pattern of localization as EBP50.
Knock-down of myosin Ila by specific siRNA transfection produced
98 £ 1% inhibition of myosin Ila expression after 96 h of culture
(Fig. 3B). Two different bands were identified after Western blotting
with anti-myosin Ila antibody: one at 140kDa and the second at
230kDa. Both bands disappeared after transfection of the myosin
[Ta-targeted siRNA, suggesting the existence of an alternative
spliced variant of myosin Ila in rat VSMC. Depletion of myosin Ila in
VSMC strongly affected actin bundles and cell architecture (Fig. 3C),
in agreement with previous reports in other cell types [Even-Ram
et al., 2007; Pasapera et al., 2010]. Lamellae with trailing tails
appeared in myosin Ila-depleted cells. Nuclei were rejected towards
the cell periphery and cell-cell interactions disappeared. The area

and the number of focal adhesions decreased. Moreover, cells
depleted for myosin Ila exhibited microtubule expansions into
lamellae. This phenotype was similar to that of EBP50-depleted
VSMC. EBP50 immunostaining in cells depleted in myosin Ila
revealed a partial disorganization that could be related to the
disruption of actin bundles (Fig. 3C).

EBP50 INTERACTS WITH MYOSIN lla AND IS INVOLVED IN THE
ALTERATION OF CELL MIGRATION INDUCED BY THE INHIBITION OF
MYOSIN Ila IN VASCULAR SMOOTH MUSCLE CELL

To explain the similarity of the effects of myosin Ila and EBP50
depletion in VSMC, we investigated the potential interaction
between the two proteins by co-immunoprecipitation (Fig. 4A).
Western blot analysis of the proteins immunoprecipitated by an
anti-EBP50 antibody revealed a large band at 230kDa, after
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Fig. 2. Knock-down of EBP50 promotes cell migration and impairs cytokinesis. A: Upper panels: Representative images of cell migration after wound healing. Cells were
transfected with scramble or anti-EBP50 siRNA and serum starved for 24 h before the test. Lower panels: Mean values of wound area expressed as percentage of total image area
after 0, 18, and 24 h of cell migration (mean + SEM, n = 8 independent experiments for anti-EBP50 siRNA #1 and n =5 independent experiments for anti-EBP50 siRNA #2,
*P < 0.05 versus scramble siRNA transfected cells). B: Histogram represents the mean values of the proportions of binucleated cells in cultures transfected with two different
anti-EBP50 siRNA compared to cells transfected with a scramble siRNA (mean + SEM, n = 4 independent experiments with at least 200 cells, “P < 0.05 versus scramble siRNA
transfected cells). C: FACS analysis of the cell cycle in cells transfected with scramble or anti-EBP50 siRNA. The x-axis represents the fluorescence of propidium iodide and the
y-axis represents the number of cells. Data are summarized in the lower panel: diploid cells are in GO/G1 phase while tetraploid cells are in G2/M phase (mean 4 SEM, n=3,

*P< 0.05 versus scramble siRNA transfected cells).

membrane probing with anti-myosin Ila antibody. This is in line
with the interaction of EBP50 with myosin Ila, previously shown in
noradrenaline-stimulated arteries [Baeyens et al., 2010]. Interest-
ingly, the 140 kDa band, detected in the whole protein extract was
absent in the EBP50 immunoprecipitated protein extract.

In agreement with these observations, the inhibition of myosin
Ila, either by myosin Ila-targeted siRNA transfection or with
blebbistatin, a myosin II inhibitor that does not discriminate Ila and
IIb isoforms, increased VSMC migration (Fig. 4B,C). Interestingly,
blebbistatin did not enhance migration of cells transfected with a
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Myosin lla-depleted cells share similar architectural changes with cells depleted for EBP50. A: Immunostaining of myosin Ila (green) in VSMC. The nuclei were stained

with DAPI (blue). B: Western blot of protein extracts from cells transfected for 96 h either with a scramble siRNA or an anti-myosin lla siRNA. Membrane was immunoblotted
with antibodies against myosin lla and actin, used as loading control and IRDye conjugated secondary antibodies (680 nm for actin in red and 800 nm for myosin Ila in green).
Signals were visualized and analyzed with an Odyssey infrared imager. C: Representative images of VSMC stained for F-actin, vinculin, tubulin (anti-« and - tubulin) or EBP50
after transfection with scramble or anti-myosin Ila siRNA. Nuclei were stained with DAPI. Scale bars: 50 pm.

siRNA directed against EBP50 (Fig. 4C), indicating that inhibition of
EBP50 and myosin Ila were not additive. This result suggested that
EBP50 mediated its inhibitory effect on cell migration through the
modulation of myosin Ila. This was confirmed by the observation
that the depletion in EBP50 changed myosin Ila distribution from a
fibrillar organization to a more diffuse localization (Fig. 1C). To
reject the hypothesis that EBP50 depletion could affect the
expression of myosin Ila, we measured the expression of myosin
IIa in EBP50-depleted cells. Cell transfection with an anti-EBP50
siRNA or a scramble siRNA did not change the expression of myosin
ITa (Supplemental Fig. 1).

EBP50 DEPLETION DOES NOT ACTIVATE THE PI3K PATHWAY BUT
DRASTICALLY DECREASES BASAL MLC,, PHOSPHORYLATION
LEVELS

A previous study has attributed a potential role to EBP50 in the
modulation of PI3K pathway after stimulation with PDGF

[Takahashi et al., 2006]. To determine whether PI3K pathway could
be involved in the increased migration observed in EBP50-depleted
cells, we measured Akt phosphorylation level in control cells and in
cells transfected with anti-EBP50 siRNA. There was no difference in
Akt phosphorylation between control and EBP50-depleted cells
(Fig. 5A). As expected, PDGF-BB stimulation (20 ng/ml for 30 min)
increased the phosphorylation of Akt, but the level of phosphory-
lated Akt was not different in control and EBP50-depleted cells. This
indicates that PI3K pathway is not involved in the migration process
resulting from EBP50 depletion.

To further investigate the potential role of EBP50 in the
modulation of myosin Ila activity, we measured MLC,, phosphory-
lation level in control cells and in cells depleted for EBP50, in the
absence of stimulation. As shown in Figure 5B, depletion of EBP50
decreased the expression of total MLC,, (P =0.008, n = 3) but also
drastically diminished the phosphorylation level of MLC,q
(P=0.002, n=3).
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Fig. 4. EBP50 interacts with myosin Ila. A: Western blot analysis of protein extract immunoprecipitated with anti-EBP50 antibody and detected with anti-myosin lla antibody
(middle lane). Controls with antibody only without protein extract (first lane) or with protein extract incubated with sepharose beads without antibody (last lane) are shown.
B: Migration analysis of cells transfected for 96 h with scramble or myosin Ila siRNA. Mean values of wound area expressed as percentage of total image area after 0, 18,and 24 h
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EBP50 IS A LINKER BETWEEN ACTO-MYOSIN AND
MICROTUBULE NETWORK

Co-immunoprecipitation revealed that EBP50 interacted with
o~ and B-tubulin in VSMC (Fig. 6A). The inhibition of microtubule
polymerization with vinblastine blocked cell migration in control
cells and impaired the enhanced cell migration evoked by
EBP50 depletion (Fig. 6B), suggesting that microtubule polymeri-
zation is a major mechanism in the control of migration by
EBP50.

As shown in Figures 1C and 3C, EBP50 and myosin Ila depletion
drastically changed the organization of the microtubule network:
there was a loss of staining around the nucleus while huge
microtubule projections were visible in lamellae ruffling. To
determine whether such ruffling reflected an elevated level of
active Rac1 [Siegrist and Doe, 2007], we measured Rac1-GTP level in
VSMC depleted in EBP50. Rac1-GTP level significantly increased
in cells transfected with an anti-EBP50 siRNA compared to control
cells transfected with scramble siRNA (Fig. 6C). We also observed
a significant reduction in total Racl level in EBP50 depleted
cells compared to control cells. The ratio of Racl-GTP versus
total Racl was markedly increased after EBP50 depletion,
indicating that EBP50 is a negative regulator of Racl activity in
VSMC.

The present study shows that EBP50 is required for the control of cell
migration and cytokinesis. This important function of EBP50 is
related to its contribution to the organization of myosin Ila fibers
and microtubule network in VSMC.

Depletion of EBP50 in VSMC drastically changed cell morpholo-
gy as shown by the decrease in actin bundles, the loss of focal
adhesion, and the increase in microtubules localized in membrane
lamellae. This observation is consistent with recent reports showing
that EBP50 modulates cell architecture [Favia et al., 2010; Garbett
et al., 2010; Hughes et al., 2010]. The particular cell architecture of
EBP50-depleted cells is suggestive of a switch to a migratory
phenotype characterized by the appearance of structures involved in
cell migration, like lamellipodia [Etienne-Manneville, 2004;
Saunders et al., 2006; Nemethova et al., 2008]. In agreement with
the change in cell morphology, cells depleted for EBP50 exhibited a
faster migration suggesting that EBP50 acts like a molecular brake to
restrain migration. This property could be of particular importance
in VSMC: in the vessel wall most VSMC have a contractile,
non-migratory phenotype, but they undergo a change to a non-
contractile migratory phenotype during development or under the
influence of growth factors activated by pathological conditions
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like atherosclerosis or post-injury stenosis. Further studies should
determine the contribution of EBP50 in the pathogenesis of these
vascular diseases.

Another consequence of the inhibition of EBP50 expression in
VSMC was the increased number of binucleated cells suggesting a
marked defect in cell division. This was confirmed by FACS analysis,
showing a larger proportion of cells in the G2/M phase in EBP50-
depleted cells compared to control. The inhibition of cytokinesis was
not associated with apoptosis. Further studies should be conducted
to investigate more deeply the role of EBP50 in this cellular process.

A common feature of migration and cytokinesis, two events that
were shown in the present study to be regulated by EBP50, is the
contribution of myosin Ila. Myosin IIa (encoded by the MYH9 gene)
is a member of the myosin II family, which also includes skeletal,
cardiac, and smooth muscle isoforms. Recent studies have reported
the inhibitory role of myosin Ila in cell migration [Katsumi et al.,
2002; Even-Ram et al., 2007; Vicente-Manzanares et al., 2007 ; Conti
and Adelstein, 2008; Lee et al., 2010; Pasapera et al., 2010].
Cytokinesis is impaired by the pharmacological inhibition of myosin
Ila with blebbistatin [Straight et al., 2003] and requires the
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coordinated positioning of myosin Ila contractile ring and
microtubule at cleavage furrow [Barr and Gruneberg, 2007].

We have detected the expression of alternative spliced isoforms of
myosin Ila in VSMC. Although theoretically alternative-spliced
variants of myosin Ila could exist, no experimental evidence has
been published so far [Li et al., 2008; Vicente-Manzanares et al.,
2009]. The consequence of myosin Ila depletion on VSMC
morphology was similar to what has been described in other cell
types [Even-Ram et al., 2007; Pasapera et al., 2010], and,
interestingly, was similar to the changes induced by the depletion
of EBP50. In addition, the inhibition of EBP50 expression led to the
disassembly of myosin Ila fibers, while myosin Ila expression was
not affected, suggesting that EBP50 could help to maintain the
myosin [la organization that is required for the control of migration.
This was confirmed by the observation that the inhibition of myosin
IIa with blebbistatin did not affect migration of cells depleted for
EBP50. We have also observed a decrease in the phosphorylation
level of MLC,4 in unstimulated EBP50-depleted cells compared to
control cells, which is consistent with the disassembly of myosin Ila
fibers observed in EBP50-depleted cells [Watanabe et al., 2007]. The
interaction of EBP50 with myosin Ila in VSMC was demonstrated by
co-immunoprecipitation, in agreement with the identification of
myosin Ila as a binding partner of EBP50 in intact mesenteric artery
[Baeyens et al., 2010]. However, only one alternative spliced isoform
of myosin Ila was detected in proteins immunoprecipitated with
EBP50 in VSMC.

The inhibition of EBP50 expression also induced a profound
change in the organization of the microtubule network, which
shifted from the perinuclear region to the lamellae expansions.
Microtubules are essential players in the regulation of cell
contraction [Cai et al., 2010], polarization [Slattum et al., 2009],
migration [Even-Ram et al., 2007], and cytokinesis [Vale et al.,
2009].

The interaction of EBP50 and tubulin has already been
documented in airway epithelial cell line and in intact mesenteric
artery [Auerbach and Liedtke, 2007; Baeyens et al., 2010] but the
physiological function of this interaction was unknown. It was
confirmed in VSMC, where the simultaneous binding of EBP50 to
tubulin and myosin Ila suggests that EBP50 could be a linker
between acto-myosin and microtubule networks. The inhibition of
EBP50 expression could affect cytokinesis by disturbing the
formation or the positioning of the myosin Ila ring following the
disorganization of myosin Ila and/or the alteration of its interaction
with the microtubule furrow. Further specific studies would be
required to precisely determine the mechanism of EBP50 action.

The depletion of EBP50 or myosin Ila increased cell migration and
promoted microtubule polymerization. Microtubule polymerization
is required for Rac1 activation by its GEFs [Waterman-Storer et al.,
1999], leading to cell migration through the reorganization of actin
stress fibers and the formation of lamellipodia [Ridley and Hall,
1992; Ridley et al., 1992]. Interestingly, myosin Ila inhibition
increases the level of active Rac1 [Even-Ram et al., 2007; Lee et al.,
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2010]. Activation of Rac1 has been shown to result from the release
of myosin-bound GEFs after the disassembly of myosin filaments
[Conti and Adelstein, 2008; Lee et al., 2010], and is also described
after inhibition of myosin phosphorylation and cell tension
[Katsumi et al., 2002].

The present results indicated that EBP50 depletion resulted in
increased Rac1 activation, suggesting that the disorganization of the
microtubule-myosin Ila network after EBP50 depletion could lead
to microtubule polymerization, Racl activation, formation of
lamellipodia, and then cell migration.

In conclusion, the present results suggest that EBP50 could act as
a molecular brake that links acto-myosin and the microtubule
networks to control their distribution within the cell. EBP50 could be
involved in the coupling between the myosin Ila contractile ring and
microtubule in the cleavage furrow during cytokinesis. Depletion of
EBP50 dismantles myosin Ila fibers and induces the formation of
stable microtubules in lamellae expansions and Racl activation,
leading to the formation of lamellipodia, trailing tails, and decrease
of focal adhesion formation. These disturbances alter cell
cytokinesis and trigger cell migration.
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