Mol Cell Biochem (2013) 374:105-111
DOI 10.1007/s11010-012-1509-2

S100A10 is required for the organization of actin stress fibers

and promotion of cell spreading
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Abstract Dynamic remodeling of the actin cytoskeleton
is crucial for biological processes such as cell migration
and cell spreading. SIO0A10 is a member of the S100
protein family and is involved in intracellular trafficking
and cell migration. In this study, we examined the role
of SIO0AI10 in actin cytoskeletal organization and cell
spreading. Depletion of S100A10 induced disruption of
stress fiber formation and delay in cell spreading. Racl
activation during spreading was suppressed by S100A10
knockdown, and exogenous expression of active Racl
restored the ability of cells to spread in the absence of
S100A10. Our results demonstrate the crucial role of
S100A10 in actin dynamics promoting cell spreading via
Racl activation.
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Introduction

Remodeling of the actin cytoskeleton is critical for fun-
damental biological functions such as cell migration and
cell spreading. During cell migration, membrane protrusions
called lamellipodia originate in the direction of movement
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[1]. Lamellipodia consist of dynamically reorganized bran-
ched or unbranched actin filaments and generate the traction
forces that are necessary for cell migration [2, 3]. Robust
formation of membrane protrusions along the periphery of
cells is also observed during cell spreading. Upon their
adhesion to the extracellular matrix, cells form focal com-
plexes to attach to the matrix and then initiate the formation
of lamellipodia to facilitate spread. Accumulating evidence
has shown that a small GTPase, Racl, plays a crucial role
in the dynamic reorganization of the actin cytoskeleton
to promote membrane extension [4]. A number of pathways
that activate Racl have been identified. We previously
reported that the ILK-PINCH1-Rsul pathway was required
for the activation of Racl during spreading [5]. However,
it is still unknown whether additional factors are also
involved in Racl activation and subsequent actin cytoskel-
eton remodeling for cell migration and spreading.
S100A10, also known as pl1, is a member of the S100
protein family, which generally modulates the functions of
target proteins in response to intracellular Ca** signals [6].
S100 proteins are composed of an N-terminal and a
C-terminal EF-hand Ca*"-binding motif separated by a
linker region; and through their interactions with numerous
proteins are involved in a variety of cellular functions such
as proliferation, differentiation, apoptosis, energy metabo-
lism, and migration [7—10]. In contrast to other S100 proteins,
S100A10 is Ca*'-insensitive because of the amino acid
replacement in the Ca®*-binding loops and thus remains in a
permanently active state [11, 12]. SI00A10 is found to be
higher in some cancer tissues and is thought to be involved in
the promotion of cell invasion and migration [13—17]. The
majority of SI00A10 remains tightly associated with the
membrane-binding protein annexin A2 (ANX2) [18, 19].
The ANX2-S100A10 complex is a heterotetrameric complex
in which a central SI00A10 dimer interacts with two ANX2
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chains [20]. ANX2 has been shown to be a critical protein
involved in membrane transport events such as endocytosis
and exocytosis [21, 22]. ANX2 is also an actin-binding pro-
tein and is capable of bundling actin filaments [23, 24].
Previous studies have shown that ANX?2 is required for actin
dynamics to promote cell migration and spreading [25], but
whether S100A10 is necessary for dynamic remodeling of the
actin cytoskeleton still remains elusive.

In order to gain more insight into the role of SI00A10
in actin dynamics, we used RNA interference to deplete
S100A10 in cells. In this study, we show that SI00A10 is
required for actin stress fiber formation and Racl activation
to promote cell spreading.

Materials and methods
Cells, antibodies, and DNA constructs

HeLa and MDA-MB-231 cells were maintained in DMEM
supplemented with 10 % FBS. Antibodies for S100A10
and B-actin were obtained from Sigma (St. Louis, MO),
and anti-Racl and anti-Rho antibodies were purchased
from BD Biosciences (San Jose, CA). Plasmids encoding
wild type and active Racl were generously provided by
Dr. Kaibuchi (Department of Cell Pharmacology, Nagoya
University Graduate School of Medicine).

Generation of cell lines

293T cells were transfected with pQCXIH (Clontech;
Mountain View, CA) vector encoding either wild type or
active Racl together with pVPack-GP and pVPack-Ampho
vector (Stratagene, Tokyo, Japan). After 48 h, the cell
supernatant was added to HeLa cells in the presence of
2 ug/ml of polybrene (Sigma). Infected cells were selected
for hygromycin resistance, and polyclonal cell lines that
constitutively expressed each gene were generated.

Immunoblot analysis

Cells were lysed with Laemmli sample buffer (20 % glyc-
erol, 135 mM Tris—-HCI pH 6.8, 4 % SDS, 10 % 2-mercap-
toethanol, 0.003 % BPB) and boiled for 5 min. The protein
concentration of each lysate was measured using the RC-DC
Protein Assay (Bio-Rad Laboratories, Hercules, CA). Equal
amounts of protein from each cell lysate were separated on
SDS—polyacrylamide electrophoresis (SDS-PAGE) gels
and transferred onto PVDF membranes (Millipore, Billerica,
MA). The membranes were blocked with 1 % nonfat milk,
incubated with each primary antibody for 1 h, washed with
TBS-T buffer (10 mM Tris—=HCl pH 7.4, 150 mM NaCl,
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0.05 % Tween 20), and incubated with the secondary anti-
bodies. The proteins were visualized using enhanced
chemiluminescence (GE Healthcare BioSciences, Uppsala,
Sweden).

siRNA transfection

The sequences of the siRNAs used to knock down S100
A10 were 5'-CCUCACCAUUGCAUGCAAUTT-3 (siRNA#1)
and 5-GAGAUGGCAAAGUGGGCUUTT-3 (siRNA#2). The
control siRNA sequence targeting the luciferase gene was 5'-CU
UACGCUGAGUACUUCGATT-3'. siRNAs were obtained
from Sigma. Cells were transfected with 20 nM of siRNA
using Lipofectamine RNAIMAX (Invitrogen; Carlsbad, CA)
according to the manufacturer’s instructions.

Rho and Rac activity assay

Cells were lysed with pull-down lysis buffer [25 mM Tris—
HCl, pH 7.4, 150 mM NaCl, 10 % glycerol, 1 % NP40,
5 mM MgCl,, protease inhibitor cocktail (Roche, Basel,
Switzerland), and 1 mM PMSF] and incubated with
GST-PAK-PBD or GST-Rhotekin-RBD protein bound to
glutathione-agarose beads (Sigma) for 1 hat4 °C. The beads
were washed four times with pull-down buffer and then
subjected to western blot analysis. Total protein was detected
by immunoblotting whole cell lysates.

Cell spreading assay

Cells were seeded at a density of 2.0 x 10 cells per well ina
48-well plate coated with fibronectin and fixed 30 or 60 min
later. Spread and non-spread cells were counted in five
randomly selected fields. Non-spread cells were defined as
small, round cells with few or no membrane protrusions,
whereas spread cells were defined as large cells with
extensive visible lamellipodia. The data are presented as the
average of results from three independent experiments.

Results

In order to gain further insight into the role of SI00A10 in
actin cytoskeleton organization, we used two different
siRNAs to deplete S1I00A10 in cells. HeLa cells were
transfected with control or SI0O0A10 siRNAs, and 72 h
later the cells were lysed and expression of SI00A10 was
determined. Both siRNAs targeting S100A10 efficiently
suppressed its expression (Fig. 1a). Interestingly, ST00A10
knockdown cells became more round compared to control
siRNA-transfected cells (Fig. 1b). Using these siRNAs, we
examined the effects of S100A10 depletion on actin
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cytoskeleton organization. Cells cultured on fibronectin-
coated glass coverslips were transfected with either control
or SI00A10 siRNAs, and 72 h later were fixed and
immunostained for F-actin using rhodamine-conjugated
phalloidin. Actin stress fiber organization was found to be
disrupted in the S100A10-knockdown cells (Fig. 1c). Since
the formation of focal adhesion is dependent on actin stress
fiber formation, we also immunostained cells for vinculin,
which is a major component of focal adhesions. Consistent
with the disruption of stress fiber formation, disorganiza-
tion of focal adhesions was evident in the absence of
S100A10 expression (Fig. 1c). These results suggest that
S100A10 is required for the organization of stress fibers
and the formation of focal adhesions. Next, we determined
whether SI00A10 knockdown diminished the activity of
RhoA, a small GTPase essential for stress fiber formation
[26]. HeLa cells transfected with control or SI00A10 siRNA
were lysed and affinity precipitated with GST-Rhotekin-RBD
to determine the amount of active RhoA in cells. As shown
in Fig. 1d, the activity of RhoA was not suppressed by the
depletion of S100A10.

Dynamic remodeling of actin organization is crucial
for the promotion of cell spreading. We tested whether
cell spreading was delayed in the absence of S100A10.
HeLa cells transfected with siRNAs were resuspended in

Fig. 1 Depletion of SI00A10
disrupts actin stress fiber
formation. a HeLa cells were A Q;\%Q‘
transfected with the indicated W~
siRNAs, and cells were lysed

and immunoblotted with anti- kDa : '
S100A10 antibody 72 h later. 10 ——_——
The arrow indicates ST00A10. =

b HeLa cells were transfected 30 | a=- -

with the indicated siRNAs, and
pictures were taken to visualize 20 | e
cellular morphology 72 h later.

¢ HeLa cells cultured on

fibronectin-coated glass

coverslips were transfected with

the indicated siRNAs. At 72 h
post-transfection, cells were

fixed and immunostained with C
rhodamine-conjugated
phalloidin and anti-vinculin
antibody. d HeLa cells were
transfected with the indicated
siRNAs, and cells were lysed
and affinity precipitated by
GST-Rhotekin-RBD bound to
glutathione-agarose beads 72 h
later. The immunoprecipitates
were blotted with anti-RhoA
antibody
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serum-free medium and seeded onto a fibronectin-coated
surface. At 30 or 60 min post-seeding, the cells were fixed,
and the ratio of spread cells was evaluated. Approximately
50 % of control siRNA-transfected cells were spread
30 min after seeding, whereas only 15 % of the S1I00A10-
depleted cells showed spread morphology (Fig. 2). A signif-
icant difference in the ratio of spread cells between control
and S100A10 siRNA-transfected cells was also observed
60 min after seeding (Fig. 2). These results suggest that
S100A10 is required for the promotion of cell spreading.
Previous studies have shown that activation of the small
GTPase, Racl, is essential for the promotion of cell
spreading [27, 28]. We determined the activity of Racl in
control and S100A10 siRNA-transfected cells during
spreading. siRNA-transfected cells were resuspended and
seeded onto a fibronectin-coated surface, and 30 min later
the cells were lysed and affinity precipitated with GST-
PAK-PBD bound to glutathione beads. In this assay, the
active form of Racl is preferentially affinity precipitated.
During cell spreading, the amount of active Racl was
significantly lower in SI00A10-knockdown cells compared
to control cells (Fig. 3a). We next tested whether exoge-
nous expression of active Racl could overcome the
spreading defect induced by S100A10 depletion. HeLa
cells constitutively expressing either wild type (WT-Rac)
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Fig. 2 S100A10 knockdown suppresses cell spreading. siRNA-trans-
fected HeLa cells were resuspended and seeded onto the fibronectin-
coated surface. At 30 and 60 min post-seeding, the cells were fixed and
pictures were taken. Representative pictures are shown. Spread and

S100A10

A

Active rac

Cc

Wt-Rac

\

: A
Ctrl siRNA ‘\ ~

siRNA #1

S100A10
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Fig. 3 S100A10 regulates Racl activity during cell spreading.
a siRNA-transfected HeLa cells were resuspended and seeded onto
the fibronectin-coated surface. After 30 min, the cells were lysed and
affinity precipitated by GST-PAK-PBD bound to glutathione-agarose
beads. The immunoprecipitates were blotted with anti-Racl antibody.
b HeLa cells constitutively expressing wild type (Wt-Rac) or active
Racl (Ac-Rac) were generated by retrovirus infection. Levels
of active Racl were measured by affinity precipitation using
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% of spread cells

S100A10
30 min

S100A10
60 min

non-spread cells were counted in five randomly selected fields and three
independent experiments were performed. The graph shows the ratio of
spread cells (mean £+ SD; *P < 0.05)

Active Rac |-

% of spread cells

Wt Ac Wit Ac Wi Ac
Ctrl siRNA siRNA #1 siRNA #2
S100A10

GST-PAK-PBD. ¢ Wt-Rac and Ac-Rac cells were transfected with
the indicated siRNAs, and cells were resuspended and seeded onto the
fibronectin-coated surface 72 h later. After 30 and 60 min, the cells
were fixed and subjected to imaging. Representative images are
shown. Spread and non-spread cells were counted in five randomly
selected fields and three independent experiments were performed.
The graph shows the ratio of spread cells (mean + SD; *P < 0.05)
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Fig. 4 S100A10 regulates A
stress fiber formation and

spreading in MDA-MB-231

cells. a MDA-MB-231 cells

cultured on fibronectin-coated

surface were transfected with

the indicated siRNAs. After

72 h, the cells were fixed and
immunostained with
rhodamine-conjugated

phalloidin and anti-vinculin

antibody. b siRNA-transfected
MDA-MB-231 cells were

seeded onto the fibronectin-

coated surface and fixed 30 min

and 60 min later. Spread and
non-spread cells were counted

in five randomly selected fields

and three independent

experiments were performed.

The graph shows the ratio of

spread cells (mean £ SD;

*P < 0.05). ¢ siRNA-

transfected MDA-MB-231 cells B
were suspended and seeded onto
the fibronectin-coated surface.
After 30 min, the cells were
lysed and affinity precipitated
using GST-PAK-PBD bound to
glutathione-agarose beads. The
immunoprecipitates were
blotted with anti-Racl antibody
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or active Rac (Ac-Rac) were generated by retrovirus
infection. Results from the pull-down assay clearly showed
an increase in active Racl levels in Ac-Rac cells compared
to WT-Rac cells (Fig. 3b). These cells were transfected with
either control or SI00A10 siRNAs, and cell spreading was
evaluated 72 h later. As shown in Fig. 3c, the expression of
active Racl significantly restored ability of cells to spread.
These results indicate that SIO0A10 controls cell spreading
via Racl activation.

In order to further confirm the requirement of SI00A10
for cell spreading, we used another cell line, MDA-
MB-231, in our assays. As observed in HeLa cells,
silencing of S100A10 induced the disruption of stress fiber
and focal adhesion formation in MDA-MB-231 cells

60 min

(Fig. 4a). We also examined cell spreading in the absence
of S100A10. As shown in Fig. 4b, cell spreading was
significantly delayed upon S100A10 knockdown. In addi-
tion, Racl activation during cell spreading was suppressed
by S100A10 depletion (Fig. 4c). These results further con-
firm the crucial role of SIO0A10 in actin cytoskeleton
organization and cell spreading.

Discussion
In this study, we showed that depletion of SI00A10 using

two different siRNAs induced the disruption of actin stress
fiber and focal adhesion formation in HeLa and MDA
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-MB-231 cells. Actin organization is regulated by a diverse
set of signaling proteins. One of the major players is a
small GTPase, RhoA [26]. Activated RhoA promotes the
activation of downstream effectors such as ROCK and
induces actin filament formation [29]. Inhibition of RhoA
activation is known to induce disorganization of stress fiber
formation. We tested whether the disruption of stress fiber
formation by S100A10 depletion was mediated by RhoA
inactivation, but did not observe any decrease of RhoA
activity in the absence of S100A10 expression. For the
organization of actin stress fibers, SI00A 10 may be required
for the activation of a signaling pathway downstream of
RhoA. Alternatively, SI00A10 may regulate stress fiber
formation independent of RhoA. Stress fibers are composed
of 10-30 actin filaments, and numerous actin-binding
proteins are required for actin bundling [30]. Previously,
ANX2 has been shown to be an actin-binding protein that is
critical for the regulation of actin dynamics [24]. Although
further analysis is necessary, it is reasonable to hypothesize
that SI00A 10 is required for ANX2 to maintain actin stress
fiber organization.

We found that S100A10 is involved in the process of
cell spreading. In the absence of S100A10, cell spreading
was delayed in both HeLa and MDA-MB-231 cells. Upon
cell adhesion to the extracellular matrix, a number of sig-
naling pathways are triggered to activate Racl for the
induction of actin reorganization at the periphery of cells to
promote membrane extension [28]. We observed that
activation of Racl during cell spreading was suppressed in
the absence of S100A10. In addition, the expression of
active Racl restored the ability of cells to spread. These
results suggest that delayed cell spreading by S100A10
knockdown is mediated by the suppression of Racl acti-
vation. It has been demonstrated previously that SI00A10
depletion suppresses cell migration [16]. Activation of
Racl is crucial for the membrane extension to promote
migration [4]. Since common regulatory mechanisms are
utilized in the generation of membrane protrusions during
cell spreading and migration, it is possible that SIO0A10
may also be required for Racl activation during cell
migration.

In summary, we have shown that SI00A10 is required
for the organization of actin stress fibers and the formation
of focal adhesions. In addition, we have demonstrated that
S100A10 is required for the activation of Racl to promote
membrane extension for cell spreading. Our results suggest
that SI00A 10 contributes to the dynamic remodeling of the
actin cytoskeleton by modulating the activity of Racl.
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