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Osteopontin (OPN) is a secreted glycoprotein that is expressed in various tissues, including brain, and mediates a wide range of cel-
lular activities. In a previous study; the authors observed the robust neuroprotective effects of recombinant OPN and of RGD and
SLAYGLR-containing OPN-peptide icosamer (OPNpt20) in an animal model of transient focal ischemia, and demonstrated anti-
inflammatory and pro-angiogenic effects of OPNpt20 in the postischemic brain. In the present study, we investigated the effects of
OPNpt20 on the motility and phagocytic activity of BV2 cells (a microglia cell line). F-actin polymerization and cell motility were
significantly enhanced in OPNpt20-treated BV2 cells, and numbers of filopodia-like processes increased and lamellipodia-like
structures enlarged and thickened. In addition, treatment of cells with either of three mutant OPN icosamers containing mutation
within RGD, SLAY, or RGDSLAY showed that the RGD and SLAY motifs of OPNpt20 play critical roles in the enhancement of cell
motility, and the interaction between exogenous OPNpt20 and endogenous av and o4 integrin and the activations of FAK, Erk, and
Akt signaling pathways were found to be involved in the OPNpt20-mediated induction of cell motility. Furthermore, phagocytic
activity of microglia was also significantly enhanced by OPNpt20 in a RGD and SLAY dependent manner. These results indicate
OPNpt20 containing RGD and SLAY motifs triggers microglial motility and phagocytic activity and OPNpt20-integrin mediated

signaling plays a critical role in these activities.
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INTRODUCTION

Osteopontin (OPN) is a glycoprotein expressed in macrophages/
microglia and reactive astrocytes in the CNS [1, 2], and under
pathological conditions, its up-regulation has been reported to
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have protective and anti-inflammatory effects. For example, in the
subarachnoid hemorrhagic brain, recombinant OPN prevented
cerebral vasospasm by inducing MAPK phosphatase (MKP)-1
(an endogenous MAPK inhibitor) and decreasing the apoptotic
response [3]. OPN is also expressed in substantia nigra, and in
an animal model of Parkinsons disease and its interactions with
av, B3 and 1 integrin and CD44 receptors had neuroprotective
effects [4]. Protective effects of OPN have also been reported in
animal models of stroke, for example, in a photothrombotic stroke
model, a transient middle cerebral artery occlusion (MCAO)
model, and a neonatal model of hypoxic-ischemic brain injury [5-
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7]. Although, OPN deficient mice exhibited retrograde degenera-
tion of the ipsilateral thalamus but no increase in infarct volume
in a photothrombotic stroke model [5], the administration of ex-
ogenous OPN reduced infarct volumes and improved long-term
neurological functions in a neonatal model of hypoxic-ischemic
brain injury [6]. We have also observed the robust neuroprotective
effects of recombinant OPN in a rat MCAQO model, and reported
its neuroprotective potency was markedly enhanced when recom-
binant OPN was delivered encapsulated in biodegradable gelatin
microspheres [7].

OPN has two specific integrin binding motifs, that is, an argi-
nine-glycine-aspartic acid (RGD) and a serine-leucine-alanine-
tyrosine-glycine-leucine-arginine (SLAYGLR) motifs. Its RGD
motif binds to avf3, avP5, avfl, and a8f1 [8] and its SLAYGLR
motif, which is exposed by thrombin cleavage, binds to a9p1 and
a4p1 [9, 10]. Doyle [11] found that 20- or 10-amino acid OPN-
peptides containing the RGD and SLAYGLR motifs had robust
neuroprotective effects in a MCAO animal model, and Iczkiewicz
[12] showed that a 15-amino acid RGD-containing peptide had
neuroprotective properties in an animal model of Parkinsons dis-
ease. In a previous study, we also showed a 20 amino acid OPN-
peptide containing the RGD and SLAYGLR motifs (OPNpt20)
had robust neuroprotective effects in the ischemic rat brain [13]
and that its anti-inflammatory and pro-angiogenic effects might
underlie these effects [13, 14]. In our previous studies, the impor-
tance of the RGD and SLAYGLR motifs were confirmed by com-
paring the protective effects of three mutant peptides, in which
RGD, SLAY, or RGDSLAY motifs were replaced by RAA, SLAA,
or RAASLAA, respectively [13, 14].

Microglia are key mediators of immune surveillance and inflam-
matory response in the central nervous system (CNS) [15]. Under
pathological conditions, microglia secrete anti-inflammatory
cytokines and neurotrophic factors, but they also secrete pro-
inflammatory cytokines that cause secondary damages in brain
tissue due to neurotoxin accumulation and subsequent neurode-
generation [15, 16]. Although under normal conditions, microglia
are motile and perform immune surveillance role [16], when ac-
tivated, they are markedly more motile and numbers and lengths
of filopodia- and lamellipodia-like structures are much increased
[17]. Under pathological conditions, ramified microglia migrate
to regions of injury and remove pathogens and dead cell debris by
recognizing phosphatidylserine on their membranes [1]. OPN-
mediated cell migration and phagocytosis have been reported in
different cell types, in particular, OPN remarkably enhanced neu-
trophil and macrophage migration via an integrin/FAK and CD44
signaling pathway [18, 19]. Schack [20] found OPN-coated syn-
thetic beads were phagocytosed by monocytes via axp2 integrin
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pathways, and Heilmann [21] showed the impaired phagocytosis
of macrophages from OPN-deficient mice was rescued by recom-
binant OPN treatment.

In the present study, we investigated whether OPNpt20 is also
able to induce the motility and phagocytic activity of microglia
and examined the molecular mechanism responsible using the
above-mentioned three mutant peptides.

MATERIALS AND METHODS

Cell culture

BV2 cells, a murine microglia cell line, were grown in Dulbeccos
modified Eagles medium (DMEM; Gibco, Carlsbad, CA), supple-
mented with 1% penicillin and streptomycin (Gibco, Carlsbad,
CA) and 5% fetal bovine serum (FBS) (Gibco, Carlsbad, CA) at
37°C in a 95% air/5% CO, humidified atmosphere. Cells were pre-
pared in 24-well tissue culture plates (Corning, Corning, NY) at
2x10" cells/well.

Peptide treatment

BV2 cells were incubated with OPN-peptide icosamer (OPNpt20)
(0.5 or 1 pg/ml; Peptron, Daejon, South Korea) or three mu-
tant OPNpt20 peptides (OPNpt20-RAA, OPNpt20-SLAA and
OPNpt20-Db) (1 pg/ml; Peptron, Daejon, South Korea) for 6 hrs
at 37°C. Fibroblast growth factor (FGF) (1 pg/ml; Sigma Aldrich,
St. Louis, MO) and recombinant human OPN (rhOPN) (1 p/ml;
Atgen, Seongnam, South Korea) were used as positive controls,
and cytochalasin B (CytB) (1 pug/ml; Sigma Aldrich, St. Louis, MO)
was used as a negative control. For inhibition assays, BV2 cells
were incubated with 1 pg/ml of OPNpt20 for 6 hrs in the presence
or absence of 0.2 uM wortmannin (pharmacological inhibitor of
Erk; Calbiochem, San Diego, CA) or 20 pM PB98059 (pharmaco-
logical inhibitor of Akt; Calbiochem, San Diego, CA). Cell images
were examined by live cell imaging system or confocal microscopy

at the indicated time points.

Live cell imaging analysis

To observe cell morphologies and motilities, time-lapse images
were recorded using the Juli stage (NanoEnTek Inc., Seoul, South
Korea), according to the manufacturer’s instructions. Mean migra-
tion distances and speeds were obtained using the Image ] pro-

gram.

Phalloidin staining

After treatment with each peptide for 6 hrs, cells were washed
with sterile PBS, fixed using 4% paraformaldehyde for 10 min,
washed twice, and stained by adding FITC-labeled phalloidin
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(Thermo Fisher Scientific, Waltham, MA) in sterile PBS for 40
mins. Cells were then mounted with Vectashield mounting me-
dium containing DAPI (Vector Laboratories, Burlingame, CA)
and images were obtained by confocal microscopy (Zeiss LSM 510
Meta, Jena, DE). Fluorescence intensities and cell areas were mea-

sured using the Image J program.

Phagocytosis assay

For phagocytic assays, BV2 cells were stimulated with FITC-
labeled zymosan particles (Molecular Probes, Eugene, OR) and
time-lapse images were recorded by live cell imaging system.
Phagocytosis was assessed as percentages of phagocytic cell and
of phaogocytosed particles, and mean numbers of particle per cell
by counting 10 different fields of photomicrographs at indicated
times after peptide treatment.

Immunoblot analysis

Cells were lysed with RIPA bufter (50 mM Tris-HCI (pH 7.4), 1%
NP40, 0.25% sodium-deoxycholate, 150 mM NaCl) containing
complete Mini protease inhibitor cocktail tablet (Roche diagnos-
tics, Basel, Switzerland) and phosphatase inhibitor cocktail tablet
(Roche diagnostics, Basel, Switzerland). Lysates were centrifuged
at 14,000 g for 15 mins at 4°C, and proteins (20 pg) were separated
in 10% sodium dodecyl sulfate-polyacrylamide gels. After block-
ing the membranes so obtained with 5% non-fat milk for 1 hr,
they were incubated with primary antibodies diluted 1:1000 for
anti-FAK, anti-pFAK (Santa Cruz Biotechnology), anti-Erk, anti-
pErk, and anti-Akt, or 1:2000 for anti-pAkt (Cell Signaling, Dan-
vers, MA) and anti-a-tubulin (1:2000, Millipore, Billerica, MA)
overnight at 4°C. Blots were detected using a chemiluminescence
kit (Roche, Basel, Switzerland) using anti-rabbit and anti-mouse
HRP-conjugated secondary antibodies (1:5000, Santa Cruz Bio-
technology).

Pull-down assay

Biotin pull-down assays were performed using 20 ul (50% slurry)
of streptavidin-agarose beads (Pierce, Rockford, IL). Biotinylated
OPNpt20 (1 pg/ml; Peptron, Daejon, South Korea) was incubated
with BV2 whole cell proteins for 6 hrs at 4°C with rotation, and
then streptavidin-agarose beads were added and incubated for
1 hr. After centrifuging at 6,000 g for 1 min, washing 3 times, the
analysis was performed by immunoblotting with anti-integrin
alpha v (1:2000, Abcam, Cambridge, UK), anti-integrin o4 (1:1000,
Santa Cruz Biotechnology), and anti-a-tubulin (1:5000, Millipore,
Billerica, MA) antibodies.
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Statistical analysis

Two-sample comparisons were performed using the Students
t test and multiple comparisons by one-way analysis of variance
(ANOVA) followed by Newmane-Keuls post hoc test. Results are
presented as means+SEMs and statistical difference was accepted
at the 5% level.

RESULTS

RGD-containing osteopontin-peptide icosamer enhanced
microglia motility

BV2 cells (a microglial cell line) were treated with rhOPN (1 pg/
ml) and monitored for motility over 6 hrs using a live cell imaging
system. Mean total migration distance of BV2 cells treated with
rhOPN was found to be significantly greater than that of PBS-
treated controls, but slightly less than that of cells treated with FGF
(1 pg/ml; a well-known inducer of cell migration) [22] (Fig. 1B~D,
J and Movie S1). When cells were treated with osteopontin-peptide
icosamer harboring RGD and SLAYGLR motifs (OPNpt20, 1 pg/
ml; Fig. 1A) for 6 hrs, mean total migration distance increased to
176.3+6.1% of that of PBS-treated controls (Fig. 2E, ] and Movie
§2). While a moderate motility increase was detected in OPNpt20-
RAA (1 pg/ml, RGD replaced with RAA) or OPNpt20-SLAA (1
ug/ml, SLAY replaced with SLAA)-treated cells (134.9+5.4 and
145.4+7.2%, respectively), no such increase was observed for
OPNpt20-Db (1 pg/ml, RGDSLAY replaced with RAASLAA)-
treated cells (Fig. 2F~H, ]). In addition, mean speeds for each hour
from 1 to 6 hrs after treating cells with OPNpt20 were significantly
greater than those of PBS-treated controls and those of cells
treated with the three mutant peptides (Fig. 1K). Induction of cell
motility of microglia was further confirmed by primary microglial
cultures (Supplement Fig. 1 and Movie S3). However, mean total
distances migrated and mean speeds of CytB (1 pg/ml)-treated
BV2 cells were significantly less than those of PBS-treated controls
(Fig. 11~K). These results show OPNpt20 induced microglial cell
motility and that the RGD and SLAY motifs of OPNpt20 contrib-
uted to this process.

OPNpt20 increased F-actin polymerization and distribution

The observed OPNpt20-mediated induction of BV2 cell motil-
ity prompted us to examine the effects of OPNpt20 on F-actin
polymerization and morphological changes in BV2 cells. Cells
were incubated with OPNpt20 (0.5 or 1 ug/ml) or OPNpt20-Db
(1 pg/ml) for 6 hrs and then stained with FITC-labeled phalloidin,
which has been widely used to visualize F-actin. Under normal
culture conditions, BV2 cells were round and displayed many
filopodia-like processes and long protrusions (Fig. 2A), but after
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Fig. 1. Induction of microglial cell motility by OPNpt20. (A) Sequences of OPNpt20 and of the three mutant peptides. (B~I) BV2 cells were treated with
FGEF (C, 1 pg/ml), thOPN (D, 1 ug/ml), OPNpt20 (E, 1 ug/ml), three mutant peptides (F~H, 1 pg/ml each), or CytB (I, 1 pug/ml) and cell motilities were
monitored using a live cell imaging analyzer every 10 min for 6 hrs. Motile trajectory of each cell for 6 hrs are presented (B~I) and mean total migration
distances over 6 hrs (J) and mean hourly migration speeds (K) are presented as means+SEMs (n=20). **p<0.01 versus PBS-treated controls, “p<0.01,

*p<0.01,“p<0.01 between indicated groups. Scale bars represent 125 um.

rhOPN treatment (1 pg/ml, 6 hrs), cells became amoeboid like,
numbers of filopodia-like processes increased, and lamellipodia-
like structures were enlarged and thickened (Fig. 2C). Interestingly,
similar morphological changes were observed in OPNpt20 (0.5 or
1 pg/ml)-treated cells but not in OPNpt20-Db (1 pg/ml)-treated
cells (Fig. 2D and E). In addition, mean F-actin intensities and F-
actin-positive areas were significantly increased by OPNpt20 (1
ug/ml), to 184.3+12.0% and 175.2+19.1%, respectively, versus PBS-
treated controls, which were 70.7+8.3% and 74.2+7.7% of those of
rhOPN (1 pg/ml)-treated cells (Fig. 2H and I). Significant increases
in mean F-actin intensities and F-actin-positive areas were also
observed in FGF (1 pg/ml)-treated cells but not in OPNpt20-Db
(1 pg/ml)- or CytB (1 pg/ml)-treated cells (Fig. 2B, F~I). Together
these results indicate OPNpt20 alters BV2 cell morphology and
induces F-actin polymerization, and that the RGD and SLAYGLR
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motifs play important roles in these processes.

OPNpt20-integrin interaction is involved in OPNpt20-
mediated motility induction of BV2 cells

To identify the signaling pathways underlying OPNpt20-me-
diated motility and morphological changes in BV2 cells, we first
examined the interaction between OPNpt20 and endogenous av
integrin. When pull-down assays were conducted after treating
BV2 cells with biotinylated-OPNpt20, it was found exogenous
OPNpt20 interacted with endogenous av integrin (Fig. 3A). Simi-
larly, interaction between exogenous OPNpt20 and endogenous
a4 integrin was also observed (Fig. 3B). To confirm the impor-
tance of integrin, BV2 cells were incubated with OPNpt20 in the
presence of anti-av antibody or soluble avp3 integrin. Induction
of cell motility by OPNpt20 was significantly suppressed in anti-
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Fig. 2. Induction of F-actin polymerization by OPNpt20. BV2 cells were incubated with FGF (B, 1 pg/ml), thOPN (C; 1 pg/ml), OPNpt20 (D, E; 0.5 or
1 pg/ml), OPNpt20-Db (F; 1 pug/ml), or CytB (G; 1 pg/ml) for 6 hrs and then immunostained with FITC-labeled phalloidin. Fluorescence intensities (H)

and microglial cell areas (I) were measured using Image ] software, and results are presented as means+SEMs. Arrows indicate filopodia-like processes

and arrowheads indicate lamellipodia-like structures. **p<0.01 versus PBS-treated controls and “p<0.01, *p<0.01 between indicated groups. Scale bars

represent 50 um.

av antibody and soluble avp3 integrin co-treated cells (Fig. 3C~G
and Movie $4), indicating a crucial role of avp3 integrin.

OPNpt20 activated FAK-Erk and Akt signaling pathways
Next, we examined the downstream signal pathways involved in
OPNpt20-integrin interaction. After 1 hr of OPNpt20 treatment,
phosphorylated-FAK, -Erk, and -Akt levels were significantly
higher but these were not observed after treatment with OPNpt20-
Db, suggesting the activations of these signaling pathways might
be involved in OPNpt20-mediated cell changes (Fig. 4A~C).
Furthermore, increased F-actin polymerization by OPNpt20 was
significantly suppressed by co-treating cells with PD98059 or

https://doi.org/10.5607/en.2017.26.6.339

wortmannin (pharmacological inhibitors of Erk and Akt, respec-
tively) (Fig. 4D~H). In addition, increased total migration distance
by OPNpt20 was also significantly suppressed by co-treating
PD98059 or wortmannin (Fig. 4I~M and Movie S5). Together
these results indicate that OPNpt20 enhanced BV2 cell motility by
interacting with integrin(s) and subsequent activations of FAK-
Erk and Akt signaling pathways.

OPNpt20 enhanced zymosan-induced phagocytosis

Since cell motility is an essential requirement for phagocyto-
sis, we examined whether OPNpt20 enhanced the phagocytic
activity of BV2 cells. When cells were stimulated with FITC-
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Fig. 3. OPNpt20 binding to av integrin in BV2 cells. (A, B) Biotinylated-OPNpt20 (1 pg/ml) was incubated with whole cell lysate of BV2 for 6 hrs and
pull-down assays were performed using streptavidin agarose beads. Levels of av integrin (A) or a4 integrin (B) were assessed by immunoblotting. (C~G)
BV2 cells were incubated with OPNpt20 for 6 hrs in the presence of anti-av integrin antibody (0.5 pg/ml) or soluble avp3 integrin (0.5 pug/ml). Cell mo-
tilities were measured every 10 minutes for 6 hrs by live cell imaging (C~F) and total migration distances were measured using Image J software (G). Re-
sults are presented as means+SEMs. **p<0.01 versus PBS-treated controls and “p<0.05 versus OPNpt20-treated cells. Scale bars represent 125 pm (C~F).
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Fig. 4. Activations of FAK, Erk, and Akt pathways by OPNpt20. (A~C) BV2 cells were stimulated with OPNpt20 (1 pg/ml) or OPNpt20-Db (1 pg/ml)
for 1 hr,and levels of phosphorylated or total FAK, Erk, and Akt were assessed by immunoblotting. (D~M) BV2 cells were incubated with OPNpt20 for 6
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image analysis using a confocal microscope (D~G) and cell motilities were measured every 10 minutes for 6 hrs by live cell imaging (I~L). Fluorescence
intensities (H) and total migration distances (M) were measured using Image ] software and results are presented as means+SEMs. *p<0.05, *p<0.01
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labeled zymosan particles, which are microbial particles used to
study phagocytic function, after 5 min of stimulation, zymosan
particles were rapidly internalized. Numbers of internalized par-
ticles continuously increased throughout the 6 hrs observation
period (Fig. 5A~G), and numbers of zymosan-positive cells and
of zymosan particles per cell also significantly increased (Fig.
5H~I). When BV?2 cells were incubated with thOPN (1 pg/ml) or
OPNpt20 (1 pg/ml) in the presence of zymosan particles for 1 hr,
internalized zymosan particles numbers increased to 146.9+8.9%
or 132.4+11.5%, respectively, of that of PBS controls (Fig. 6A~E
and Movie S6), and similarly, numbers of zymosan particles per
cell also increased to 131.5+10.6% or 113.3+3.4%, respectively
(Fig. 6A~C, F, G and Movie S6). However, these increases were
not observed in OPNpt20-Db-or CytB-treated cells (Fig. 6D~G
and Movie S6). Together these results show OPNpt20 enhanced
phagocytosis by BV2 cells.
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DISCUSSION

In previous studies, we reported OPNpt20 has robust neuropro-
tective and anti-inflammatory effects in the postischemic brain
[13] and promote angiogenesis in HUVECs and in the postisch-
emic rat brain [14]. In the present study, we found OPNpt20 in-
duces the motility and phagocytic function of microglia. Although
the induction of cell migration by OPN has been reported in vari-
ous pathophysiological conditions, such as, in glioblastoma, breast
cancer, acute lung injury, and stroke [2, 18, 23, 24], this is the first
study to report that a 20-amino acid peptide of OPN containing
RGD and SLAY motifs induces microglial phagocytotic activity in
a RGD and SLAY motif-dependent manner.

Microglia are resident immune cell in the CNS, and under
normal condition, they exert surveillance function for monitor-
ing brain parenchyma and maintaining tissue homeostasis [16].
Under pathologic conditions, for example, in infectious diseases,
microglial cells are activated and migrate to affected tissues to

Zymosan particle
fcell

1.0
0.5
0

01 2 6
zymosan treatment (hrs)

2 6

Fig. 5. Phagocytosis of zymosan particles by BV2 cells. BV2 cells were incubated with FITC-labeled zymosan particles and monitored by live cell imag-
ing system for 12 hrs. Phagocytosis of zymosan particles was monitored every 5 minutes for 12 hrs (A~H), and percentages of internalized zymosan
particles (I), zymosan positive cells (J), and numbers of zymosan particles per cell (K) were determined by counting 10 photographic fields at 0, 1, 2, 6,
and 12 hrs and results are presented as means+SEMs. Arrows indicate internalized zymosan particles. *p<0.05 versus PBS-treated control and “p<0.01,
*p<0.01 between indicated groups. Scale bars represent 125 pum (A) or 50 pm (B~E).
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Fig. 6. Enhancement of zymosan phagocytosis by OPNpt20 in BV2 cells. BV2 cells were incubated with thOPN (B; 1 pug/ml), OPNpt20 (C; 1 pg/ml),
OPNpt20-Db (D; 1 ug/ml), or CytB (E; 1 pg/ml) for 1 hr in the presence of FITC-labeled zymosan particles and phagocytosis of zymosan particles was
monitored every 5 minutes by live cell imaging analyzer. Percentages of internalized zymosan particles (F) and numbers of zymosan particles per cell (G)
at 6 hrs after zymosan stimulation were quantified by counting 10 photographic fields. Results are presented as means+SEMs. *p<0.05, **p<0.01 versus
zymosan-treated controls. “p<0.05 versus OPNpt20-treated control. Scale bars represent 50 um.

phagocytose infectious agents or cellular debris [16]. Similarly,
in neurological diseases, such as, multiple sclerosis, Alzheimers
disease, and brain ischemia, activated microglia migrate to sites
of injury and clear damaged neurons [25, 26]. Accordingly, under
pathological conditions, microglia must be motile to reach dam-
aged areas [16], and this activation has been shown to be triggered
by various chemoattractants, such as, small molecules, nucleotides,
and bioactive lipids [27, 28]. In the present study, OPNpt20 was
found to enhance the motility and phagocytic activity of microg-
lia, although slightly less than rOPN (87.6+3.0% and 90.1+7.8% of
rhOPN, respectively), which is known to induce the phagocytic
activities and migrations of many cell types, including endothelial
cells, neuroblasts, neutrophils and macrophages [2, 18, 19, 29].
The importance of the phagocytic activity of microglia has been
reported in the postischemic brain, in which the phagocytosis of
dead neurons is crucial for recovery and promotes axon regenera-
tion and restoration of the microenvironment [30]. Therefore,
it can be speculated that induction of phagocytic activity of mi-
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croglia might contribute to the robust neuroprotective effect of
OPNpt20 shown in our previous report [13].

The RGD motif has been well documented to participate in vari-
ous cellular functions, such as, migration, angiogenesis, and neuro-
protection [12, 13, 31],and the SLAY motif has also been reported
to have protective effects in animal models of heart failure [32] and
myocardial fibrosis [33]. In the present study, OPNpt20-RAA- or
OPNpt20-SLAA-treated cells had comparable cell motilities, which
were slightly, though significantly, lower than those of OPNpt20-
treated cells (Fig. 2). These results indicate that in the absence of
a SLAY motif, RGD in OPNpt20 acts to induce cell motility in
microglia, and that in the absence of the RGD motif, SLAY acts in
a similar manner, but that when both motifs are present they act
in an additive manner. Interestingly, the effects of the RGD and
SLAY motifs of OPNpt20 are cell types and context-dependent, for
example, SLAY appeared to play more important roles in the in-
ductions of cell motility and phagocytic activity of microglia than
in the induction of anti-inflammatory effects [13]. Although, we
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observed endogenous «, integrin bound to OPNpt20 to exert anti-
inflammatory and pro-angiogenic effects [13, 14] and endogenous
a, and a, and integrins bound to OPNpt20 to exert inductions of
cell motility (Fig. 3A and B), it is quite possible other integrin also
bind to OPNpt20, and that different downstream signaling path-
ways might be responsible for the different effects of this peptide.

The potential therapeutic applications of OPN have been in-
vestigated in various pathological contexts, and exogenously ad-
ministered recombinant OPN protein has been reported to have
protective effects in a mouse model of transient focal ischemia
[5], in intracerebral hemorrhage mouse model [3], and in animal
models of Parkinsons disease [4],and a neonatal hypoxia-ischemia
induced brain injury [6]. Recently, we reported recombinant OPN
(rOPN) protein had robust neuroprotective effects in the postisch-
emic brain, and that this effect was enhanced by delivering rOPN
in biodegradable gelatin microspheres [7]. Gilbert [34] reported
that a 21-amino-acid OPN peptide harboring hydroxyapatite
binding domain and a RGD motif mediated a, integrin adhe-
sion in melanoma cells. Furthermore, Doyle [11] found that a 20-
or even a 10-amino-acid OPN peptide containing the RGD and
SLAYGLR motifs had neuroprotective effect in an animal model
of transient focal ischemia and Mizuno [35] reported a 7-amino-
acid OPN peptide harboring the SVVYGLR sequence improved
cardiac function in a hamster model of dilated cardiomyopathy.
These reports consistently suggest short OPN-derived peptides
containing the RGD motif and the SLAYGLR sequence have neu-
roprotective effects.

In the present study, we reported OPNpt20 is a multifunctional
peptide by adding its phagocytosis-inducing activity to two func-
tions previously shown, which are anti-inflammatory [13] and
pro-angiogenic effects [14]. In view of the multifunctionality of
OPN, it would be interesting to determine whether OPNpt20 has
additional functions, especially functions associated for OPN,
such as the scavenging of excess Ca”". It appears OPNpt20 has
considerable potential in the context of treating diseases related to

above-mentioned functions.
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Supplementary Figure 1. Induction of cell motility by OPNpt20 in primary

microglial culture

Primary microglia cells were incubated with thOPN (B, 1 pg/ml), OPNpt20 (C, 1
ug/ml), or OPNpt20-Db (D, 1 pg/ml) for 6 hrs and cell motilities were monitored using
a live cell imaging analyzer at every 6 min. Motile trajectory of each cell after 6 hrs are
presented (A-D) and mean total migration distances over 6 hrs (E) are presented as
means=SEMs (n=10). *p < 0.05, **p < 0.01 versus PBS-treated controls, # p < 0.05

versus OPNpt20-treated controls. Scale bars represent 125 um.



