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ABSTRACT

Distinct modes of cell migration contribute to diverse types of cell movements. The
mesenchymal mode is characterized by a multistep cycle of membrane protrusion, the
formation of focal adhesion, and the stabilization at the leading edge associated with the
degradation of extracellular matrix (ECM) components and with regulated extracellular
proteolysis. Both a,-Macroglobulin (a;M) and its receptor, low density lipoprotein
receptor-related protein 1 (LRP1), play important roles in inflammatory processes, by
controlling the extracellular activity of several proteases. The binding of the active form
of oM (0,M*) to LRP1 can also activate different signaling pathways in macrophages,
inducing extracellular matrix metalloproteinase-9 (MMP-9) activation and cellular
proliferation. In the present study, we investigated whether the o, M*/LRP1 interaction
induces cellular migration of the macrophage-derived cell line, Raw264.7. By using the
wound-scratch migration assay and confocal microscopy, we demonstrate that a,M*
induces LRPIl-mediated mesenchymal cellular migration, characterized by the
production of enlarged cellular protrusions, MT1-MMP distribution to these leading
edge protrusions, actin polymerization, focal adhesion formation, and increased
intracellular LRP1/B1-integrin colocalization. Moreover, the o,M*-stimulated cellular
protrusions were fully blocked by the presence of calphostin-C. This indicates that the
PKC activation is involved in the cellular motility of Raw264.7 cells. These findings
could constitute a therapeutic target for inflammatory processes with deleterious

consequences for human health, such as rheumatoid arthritis, atherosclerosis and cancer.
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Alpha,-Macroglobulin (a;M) is a plasma protease inhibitor with broad specificity.
Structurally, it is a tetrameric protein composed of two noncovalently associated dimers
of disulfide-linked identical subunits (=180 kDa). The a,M structure is characterized by
a proteolysis-sensitive bait sequence and an internal B-cysteinyl-y-glutamyl thiol ester
bond per subunit. The bait region is susceptible to cleavage by proteases, whereas thiol
ester bonds are a target for nucleophilic attack by monoamines [Chu and Pizzo, 1994].
Consequently, o,M undergoes a conformational change upon complex formation with
proteases, and thus becomes an activated form, known as o,M*. This activated form
specifically binds to the receptor low-density lipoprotein (LDL) receptor-related protein
1 (LRP1), a member of the LDL receptor gene family. However, a,M* only recognizes
LRP1 among the LDL receptor members [Hussain et al., 1999]. Alpha,M* is
internalized by LRP1 through -clathrin-dependent endocytosis and degraded in
lysosomes, which is a protease debugging mechanism from extracellular space [Herz
and Strickland, 2001]. In addition, the a;M* binding to LRP1 activates different
intracellular signaling pathways in Miiller glial cells [Barcelona et al., 2011], Schwann
cells [Mantuano et al., 2011], and macrophages [Bonacci et al., 2007; Caceres et al.,

2010].

LRP1 is a cell surface glycoprotein synthesized as a precursor protein of 600 kDa. It is
proteolytically cleaved by furin into two subunits: a large subunit of 515 kDa (LRP1-a),
containing the extracellular binding domain, and one of 85 kDa (LRP1-B), which
comprises membrane spanning and cytoplasmatic domains. These subunits are
associated through noncovalent interactions [Herz and Strickland, 2001]. LRPI is a
typical scavenger receptor that interacts with and internalizes many different ligands in

addition to o,M*. However, these ligands do not compete with each other for binding to
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the receptor, with the exception of the receptor-associated protein (RAP). RAP is a
chaperon protein that binds to and blocks the binding of all known ligands to the
receptor. After receptor-mediated endocytosis, certain ligands follow a lysosomal
degradation pathway, such as a,M* and RAP [Herz and Strickland, 2001], whereas
others, such as apolipoprotein E (ApoE), are re-secreted following a non-degradation
pathway [Laatsch et al., 2012]. However, regardless of the ligand interacting with
LRP1, this receptor is internalized and accumulated mainly in the early endosomes
[Herz and Strickland, 2001]. Finally, endocytosis and intracellular trafficking of LRP1
play a key role in regulating other plasma membrane receptors, such as the platelet-
derived growth factor receptor 3 (PDGFRp) [Boucher and Herz, 2011], the urokinase-
plasminogen activator receptor (WPAR) [Gonias et al., 2011], membrane type 1-MMP
(MT1-MMP) [Barcelona et al.,, 2013] and Pl-integrin [Rabiej et al., 2016], thus

controlling the cellular migration of normal and malignant cells.

Both ;M and LRP1 play important roles in inflammatory processes by controlling the
extracellular activity of several proteases, cytokines and growth factors [Chu and Pizzo,
1994]. Moreover, the binding of a;M* to LRP1 can also activate the ERK/MAPK
signaling pathway and the nuclear transcription factor, NF-kB, in macrophages, thereby
inducing MMP-9 activation and cellular proliferation [Bonacci et al., 2007; Caceres et
al., 2010]. Similarly, the a,M*/LRP1 interaction promotes the glial fibrillary acidic
protein (GFAP) expression in the Miiller glial cell line, MIO-M1, mediated by
JAK/STAT pathway activation [Barcelona et al., 2011]. On the same cell line, we have
established that a,M* increased the LRP1 and MT1-MMP accumulation in early

endosomes, followed by endocytic recycling and intracellular distribution of MT1-

4
John Wiley & Sons, Inc.

Page 4 of 33



Page 5 of 33

©CoO~NOUTA,WNPE

Journal of Cellular Biochemistry

MMP toward cellular protrusions, thus increasing the cellular motility of these glial

cells [Barcelona et al., 2013].

In general, distinct modes of migration contribute to diverse types of cell movements,
ranging from the movement of single cells to collective cell migration [Friedl and Wollf,
2009]. The movement of individual cells is described as either "amoeboid" or
"mesenchymal". Amoeboid migration is characterized by gliding and rapid migration;
these cells exert relatively weak integrin-mediated traction forces on the surrounding
substrate and can even be integrin-independent [Friedl and Wolf, 2009]. Mesenchymal
cell migration is characterized by single cell motility and a multistep cycle of membrane
protrusion, formation of focal cell adhesion, and stabilization at the leading edge
followed by cell body contraction, focal adhesion release and rear detachment
[Huttenlocher and Horwitz, 2011]. Mesenchymal migration in three-dimensional tissues
is associated with the degradation of ECM and a regulated extracellular proteolysis.
This mode of cellular migration is characteristic of fibroblasts, macrophages, and tumor
cells, and it is directly associated with several inflammatory disorders and cancer

[Frittoli et al., 2011].

Against this background, we hypothesize that, besides LRP1 intracellular signaling and
endocytosis, 0o,M* also induces the cellular migration of macrophages, which in turn
could regulate the function of other membrane proteins involved in cellular adhesion
and migration, such as MT1-MMP and B1-integrin. Thus, in the present work we
investigate whether the o,M*/LRP1 interaction induces cellular migration of the

macrophage-derived cell line, Raw264.7.

MATERIALS AND METHODS
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Cell cultures and reagents. Mouse Raw264.7 macrophage-derived cells were cultured
in DMEM high glucose medium supplemented with 10% fetal bovine serum (FBS),
penicillin (50 U/ml), and streptomycin (50 mg/ml) at 5% CO2, 95% humidity, and 37
°C. Alpha;M was purified from human plasma following a procedure described
previously [Chiabrando et al., 1997]. The activated form of a,M (a;M*) was generated
by incubating purified o,M with 200mM methylamine—HCIl for 6 h at pH 8.2, as
previously reported [Chiabrando et al., 2002]. An expression construct encoding RAP as
a glutathione S-transferase (GST) fusion protein (GST-RAP) was kindly provided by
Dr. Guojum Bu (Washington University, St. Louis, MO). GST-RAP was expressed and
purified as described elsewhere [Bu et al., 1995] and used without further modification.
In this work, 400 nM GST-RAP was used to inhibit the binding of a,M* to LRPI,
whereas we previously demonstrated that the use of GST (400 mM) alone has no
inhibitory effects [Sanchez et al., 2001]. Immunofluorescences were performed with the
following primary antibodies: mouse monoclonal anti-f3 subunit of LRP1 (clone 5A6);
rabbit monoclonal anti-B subunit of LRP1 (EPR3724); mouse monoclonal anti-MT]1-
MMP; mouse monoclonal anti-phosphorylated FAK; mouse monoclonal anti-FAK;
rabbit polyclonal anti-GM130; and rabbit monoclonal anti-f1-integrin, all of which
were purchased from Abcam (Cambridge, MA, USA). Alexa Fluor-594- or 488-
conjugated phalloidin, as well as secondary antibodies raised in goat anti-rabbit IgG
conjugated with Alexa Fluor 647, 594 or 488 and anti-mouse IgG conjugated with
Alexa Fluor 594 or 488 were from Invitrogen (Buenos Aires, Argentina). Calphostin-C
(PKC inhibitor) was obtained from Sigma—Aldrich (St. Louis, MO), prepared as a stock
solution (1 mM) in dimethyl sulfoxide (DMSO) and diluted to a final concentration of
100 pM with DMEM; with this dilution the DMSO proportion did not affect cell

viability (data not shown).
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Cell migration assays. Cell migration activities were examined by a two-dimensional
wound-scratch assay in six-well plates coated with collagen type I (10 pg/cm?; Sigma-
Aldrich). Raw264.7 cells (5x10° cells/well) were cultured for 48 h at 37°C in DMEM-
high glucose containing 10% FBS with 5% CO2, followed by overnight serum
depletion. In each well, a straight lesion was created in the center of the Raw264.7 cell
monolayer with a sterile 10-ul pipette tip. This technique produced a consistent wound
devoid of cells, =35 mm long x 400 pm wide. The wells were then rinsed twice with
serum-free medium to remove any cell debris and 2 ml of DMEM-high glucose without
red phenol was added. Cells were treated with 60 nM o,M* for 12 h. To block
oxM*/LRP1 binding, cells were previously treated with 400 nM GST-RAP for 30 min,
and then the a,M* stimulation step was performed in the presence of 400 nM GST-
RAP. Cellular migration was measured following the procedure described previously
[Liang et al., 2007]. Briefly, at selected times (0 and 12 h), three random images of the
wound per condition were acquired using a charge-coupled device (CCD) camera
(Nikon) on a bright-field microscope (Nikon TU-2000 inverted microscope; Nikon,
Tokyo, Japan) with a X10 objective (0.3 NA). Each image defined an average area of
the wound equivalent to 5x10°+1x10* pm? recorded to t-0 h. Cells invading this area

were counted to t=12 h and results were expressed as cells per area.

Confocal microscopy. To visualize the protein cellular localization, Raw264.7 cells
were grown on glass coverslips coated with collagen type I (10 pg/cm?) before being
stimulated or not with a,M* (60 nM) for 1 h. These cells were washed with PBS 1X,
fixed with 4% paraformaldehyde, and incubated with a quenching solution (50 mM
NH4CI). The cells were then permeabilized with 0.1% (v/v) Triton X-100, blocked with
2% BSA, and incubated with the respective primary antibody (diluted from 1/50 to

1/200) followed by incubation with a secondary antibody conjugated with Alexa Fluor

7
John Wiley & Sons, Inc.



©CoO~NOUTA,WNPE

Journal of Cellular Biochemistry

(diluted 1/800). For actin polymerization, cells were incubated with Alexa Fluor 594- or
488-phalloidin (diluted 1/150). Finally, they were washed with PBS 1X and mounted on
glass slides with Mowiol 4-88 reagent from Calbiochem (Merck KGaA, Darmstadt,
Germany). To evaluate the colocalization between different proteins and LRPI,
fluorescent images were obtained with an Olympus FluoView FV300 or Olympus
FluoView FV1000 confocal laser scanning biological microscope (Olympus, New
York, NY, USA). Whole cells were scanned, and optical sections were gathered in 0.25-
um steps perpendicular to the z axis. Lastly, images were processed using FV10-ASW

Viewer 3.1 (Olympus) and ImagelJ software.

Statistical treatment of data. For cellular migration assays, results are expressed as
mean + standard error of mean (S.E.M) of independent experiments; a one-way
ANOVA was used for comparisons. Differences from the control were considered
significant at p < 0.05. For microscope quantifications of the level of colocalization, a
JACoP plug-in from Imagel software was used [Bolte and Cordelieres, 2006]. At least
50 cells/condition were analyzed. Then, the averages of the vesicle percentages
containing both proteins were calculated from the Manders' coefficients and compared

using the Student's t-test. Values of p < 0.05 were considered significant.

RESULTS

The o,M*/LRPI interaction induces intracellular signaling activation, MMP-9
expression and cellular proliferation in macrophages [Bonacci et al., 2007; Caceres et
al., 2010]. However, the effect of a,M* on macrophage migration has been poorly
explored. A macrophage-derived cell line, Raw264.7, was thus cultured in the presence
of a,M* (60 nM) for 12 h at 37 °C on collagen type-I-coated plates, and the cellular
migration was evaluated using a wound-scratch migration assay. Figure 1 shows
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representative images (panel A) and the quantitative analysis (panel B) of cell migration
assays which demonstrate that a,M* induced a significant single cellular migration of
Raw264.7 cells compared with the control condition (vehicle cell culture medium
without a,M*). This single migratory effect induced by a,M* was abrogated by the
presence of GST-RAP (400 nM), an inhibitor of the ligand-LRP1 binding. On the other
hand, GST-RAP alone had no effect on cell motility, denoting that the migratory effect
is induced by the a,M*/LRP1 interaction. Moreover, a,M*-stimulated cells invading
the area of the wound revealed the formation of cellular protrusions (Figure 1, insets).
By contrast, cells invading the wound area that were pretreated with GST-RAP or non-
stimulated with a,M* showed no evident development of cellular protrusions. These
data suggest that ap,M*, mediated by its LRP1 interaction, induces a mesenchymal

mode of cellular migration in Raw264.7 cells.

Many extracellular proteases expressed in mammalian cells, including matrix
metalloproteases (MMPs), play a pivotal role in determining cell migratory processes by
degrading ECM [Frittoli et al., 2011]. The subcellular localization and polarized
distribution of MT1-MMP at the plasma membrane are key events for cellular migration
with mesenchymal mode [Strongin, 2010]. In addition, we have previously reported that
the a;M*/LRP1 interaction can induce the MT1-MMP sorting to the plasma membrane,
promoting the cellular motility of Miiller glial cells [Barcelona et al., 2013].
Considering these antecedents, we examine the a,M* effect on the cellular distribution
of MT1-MMP in Raw264.7 cells by immunostaining and confocal microscopy. Figure 2
and Supplementary Figure S1 illustrate that the MTI-MMP showed a punctate
perinuclear distribution under non-stimulated conditions; under o,M* stimulation (60

nM for 1 h), though, MT1-MMP was peripherally distributed in structural vesicles
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localized in cellular protrusions. In addition, LRP1 also showed punctate perinuclear
distributions under non-stimulated conditions, and this receptor was evidently
distributed to cellular protrusions under a,M* stimulation. Finally, visualization and
quantification of colocalization between MT1-MMP and LRP1 were not significant
under ap,M* stimulation with respect to the control (10£2% vs. 9+2%; p>0.05). Thus,
these results suggest that a;M* induces the MT1-MMP and LRPI1 traffic to cellular
protrusions through different intracellular routes in Raw264.7 cells. Moreover, these
cellular distributions of LRP1 and MT1-MMP induced by a,M* was selective for these
membrane proteins, because GM130 (a specific marker of Golgi network) was
unaffected by the a,M* stimulus with respect to non-stimulated cells (Supplementary
Figure S2). Finally, treatment of Raw264.7 cells with cycloheximide did not abrogate
cellular distributions of MT1-MMP and LRP1, indicating that this trafficking to cellular
protrusions is not attributable to protein synthesis under the o,M* stimulus (data not

shown).

During cellular migration with the mesenchymal mode, cells adopt a motility type
characterized by cytoskeleton remodeling with actin polymerization (F-actin) in
elongated cell protrusions [Frittoli et al., 2011]. Considering these data, we examine
LRP1 and F-actin in a,M*-stimulated Raw264.7 cells by using LRP1 immunostaning
and AlexaFluor 488-conjugated phalloidin, and then they were visualized by confocal
microscopy. Figure 3 and Supplementary Figure S3 exhibit representative images where
F-actin presented a peripheral cell surface distribution in o,M*-untreated cells, together
with punctuate perinuclear distribution of LRP1. Under a,M* stimulation (60 nM for 1
hour), F-actin is detected in cellular protrusions, denoting that cytoskeleton remodeling

is underway. In addition, merge images show that the a,M*-induced LRP1 distribution
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to cellular protrusions were not colocalized with actin polymerization sites.
Furthermore, the quantitative analysis of oxM*-induced cellular protrusions
demonstrate that =80% of Raw264.7 cells undergo these events (Figure 3, bar graphs),
which were significantly abrogated by the presence of GST-RAP. In previous studies
we proved that the a,M*/LRP1 interaction implied PKC activation and intracellular
calcium mobilization in J774 and Raw264.7 macrophage-derived cells [Caceres et al.,
2010], and considering that PKC is involved in cytoskeleton remodeling during cellular
motility [Friedl and Wolf, 2009], we examine herein the effect of calphostin-C, a broad
PKC inhibitor, on the formation of cellular protrusions induced by a,M* stimulation in
Raw?264.7 cells. Figure 3 clearly exhibits that a,M*-induced cellular protrusions were
fully blocked by calphostin-C, thereby revealing that PKC activation is involved in the
formation of this membrane event. Calphostin-C thus also inhibited the a,M*-induced

cellular migration of Raw264.7 cells (data not shown).

Integrins regulate cell migration as well as other cellular functions by coupling with
multiple cytoskeletal and signaling molecules, many of which co-cluster with integrins
at focal adhesions in adherent cells [Huttenlocher and Horwitz, 2011]. Focal adhesion
kinase (FAK), a non-receptor tyrosine kinase, is one of the most prominent signaling
molecules among these proteins [Huttenlocher and Horwitz, 2011; Zhao and Guan,
2011]. Hence, we hypothesize that the a,;M*/LRP1 interaction could induce cellular
protrusions associated with an increased phosphorylation of FAK at this point of cell
adhesion. Raw264.7 cells were thus stimulated with a,M* (60 nM for 1 h) and the
phosphorylated FAK (p-FAK) was examined by immunostaining together with LRP1
and F-actin. Figure 4 illustrates that p-FAK was detected in cellular protrusions of

ooM*-stimulated Raw264.7 cells, which reveals that focal adhesions occur in the same
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region where the leading edge of cellular migration is taking place. On the other hand,
p-FAK was distributed in multiple and perinuclear focal adhesions in o,M* non-
stimulated cells, which may be associated with high adherence and low motility under
this condition. Moreover, the merge images show a low colocalization level between
LRP1 and p-FAK at focal adhesion sites, which remains unchanged after a,M*
stimulation (10+£2% vs. 11+2%; p>0.05). Like p-FAK distribution, the constitutive
protein FAK was immunodetected at cellular protrusion regions in Raw264.7 cells

stimulated with a,M* (Supplementary Figure S4).

Previous reports have demonstrated that LRP1 interacts with B1-integrin [Lillis et al.,
2005; Ranganathan et al., 2011] and, through LRP1 endocytosis, it regulates integrin
internalization, cell surface activity and intracellular signaling [Rabiej et al., 2016].
However, the a,M* effect on this intracellular LRP1/B1-integrin function has not been
established. Therefore, we hypothesize that LRP1 endocytosis induced by a,M* could
influence 1-integrin internalization and promote cell migration. In this way, Raw264.7
cells were cultured in the presence of a,M* (60 nM for 1 h) and the colocalization level
of LRP1 and B1-integrin was analyzed by confocal microscopy. Figure 5-A shows that
LRP1 and Bl-integrin presented a very similar punctuate distribution both at the
perinuclear region in a,M*-non stimulated cells and at cellular protrusion in o,M*-
stimulated cells. However, the colocalization analysis between LRP1 and (1-integrin
(Figure 5-B) reveals that o,M* stimulation increased the mean percentage of
colocalization with respect to non-stimulated cells (55£5% vs. 10+2%; p<0.05).
Moreover, when the colocalization analysis was calculated at the perinuclear versus
protrusion regions in a,M*-stimulated cells (Figure 5-C), a higher percentage was

obtained at protrusion with respect to perinuclear regions (58+6% vs. 38+4%; p<0.05).
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Finally, these levels of colocalization between LRP1 and [1-integrin strongly
diminished when cells were incubated with GST-RAP prior to a,M* stimulus (10£2%
vs. 12£3%; p>0.05), thereby indicating that the intracellular LRP1/B1-integrin

association is induced by the a;M*/LRP1 interaction in Raw264.7 cells.

DISCUSSION

It is well established that a,M and LRPI1 are involved in inflammatory processes by
their ability to control several extracellular proteases and pro-inflammatory factors
contributing to the cellular proliferation and migration of the innate immunity, in
particular macrophages [Chu et al., 1994; Chu and Pizzo, 1994; Gaultier et al., 2008;
Ranganathan et al., 2011]. In addition, LRP1 is highly expressed in macrophages during
chronic inflammatory disorders, such as atherosclerosis [Boucher and Herz, 2011;
Costales et al., 2013]. In macrophages, the a,M*/LRP1 interaction induces intracellular
signaling activation, which has been associated with intracellular calcium mobilization,
cellular proliferation and MMP-9 expression [Caceres et al., 2010]. In the present study,
we have demonstrated that the aoM*/LRPI1 interaction can also induce macrophage
migration with a mesenchymal mode, which is mainly characterized by cellular
enlarged protrusions, MT1-MMP and LRP1 distribution to these leading edge
protrusions, actin polymerization, focal adhesion formation and increased intracellular

LRP1/B1-integrin colocalization.

Several MMPs, principally MMP-9, MMP-2, and MT1-MMP have been involved in the
cellular migration of normal and malignant cells [Strongin, 2010]. We have previously
demonstrated that o,M* induced cell migration and pro-MMP-2 activation in a human
Miiller glial cell line, MIO-M1, which was mediated by an increased LRP1 and MT1-
MMP accumulation in early endosomes, followed by endocytic recycling and

13
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intracellular distribution of MT1-MMP toward cellular protrusions [Barcelona et al.,
2013]. In Raw264.7 cells a,M* also induced a distribution of MT1-MMP and LRP1 to
cellular protrusions, but molecular colocalization between both membrane proteins was
not observed in endosome vesicles, suggesting that MT1-MMP trafficking to the
plasma membrane in macrophages does not involve a direct molecular association with
LRP1. Another difference is that a;M* induces the synthesis of MMP-9 but not MMP-2
in macrophages [Caceres et al., 2010], whereas a,;M* promotes the activation of pro-
MMP-2 without affecting the production of MMP-9 in glial cells [Barcelona et al.,
2013]. It has been demonstrated that MMP-9 plays a key role in ECM remodeling
during inflammatory processes and cancer, which promotes cellular migration through
the contact of the surface cell with modified components of ECM [Song et al., 2009]. In
this way, MT1-MMP can be trafficked to the plasma membrane by an exocytic route
from biosynthetic storage compartments, which is induced by cell-MEC contact [Bravo-
Cordero et al., 2007]. However, additional studies are needed in order to evaluate the

oM* effect on the MT1-MMP function in Raw264.7 cells.

Cell migration requires the dynamic interaction between a cell and the substratum on
which it is attached and over which it migrates. Distinct modes of migration contribute
to diverse types of cell movements; they range from the movement of single cells to
collective cell migration [Friedl and Wolf, 2009]. In the present study, we demonstrated
that a,M* increases the single motility of Raw264.7 cells with evident formation of
cellular protrusions. This type of migration, also termed mesenchymal cell migration, is
generally characterized by a multistep cycle of protrusions, formation of cell adhesions,
and stabilization at the leading edge, which is associated with degradation of ECM and
regulation of the extracellular proteolysis [Huttenlocher and Horwitz, 2011]. At the
leading edge of cell protrusions, dynamic events of adhesions mediated by different
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intracellular signaling pathways occur, including Rho GTPases, PI3 kinase, PTEN and
PKC activation, which lead to the actin polymerization at lamellipodium [Friedl and
Wolf, 2010]. We observed in this study that a,M* promotes actin polymerization at
cellular protrusions, which was abrogated by RAP and calphostin C, indicating that it is
mediated by LRP1 and PKC activation. Previous reports have shown that the
op,M*/LRP1 interaction can activate intracellular signaling in macrophages, including
PKC activation [Caceres et al., 2010], which suggests that this signaling pathway can

mediate the cytoskeleton remodeling during the cell motility induced by a,M*.

Integrins are transmembrane proteins with the ability of assembling to heterodimeric
cell adhesion receptors involved in cell migration, cell adhesion and tumor development
[Hynes, 2002]. Binding of integrins to ECM induces a conformational change to active
integrin and thus connects the cytoskeleton to the ECM, whereby signal can be
transduced either outside-in or inside-out [Huttenlocher and Horwitz, 2011]. In
migrating cells, the binding of integrins to ECM proteins results in focal adhesion
assembly at the leading edge, a process involving B1-integrin endocytosis in a clathrin-
dependent manner [Chao and Kunz, 2009]. Our study shows that a,M* induces focal
adhesions in cellular protrusions of Raw264.7 cells with activation of FAK, one of the
signaling and adaptor protein of the large complexes linked to actin cytoskeleton, which
plays a key role in cell-matrix adhesion processes [Friedl and Wolf, 2010]. However,
the absence of molecular localization between FAK and LRP1 in this focal adhesion
sites suggest that LRP1 is not involved in the molecular complexes directly associated

with focal adhesions.

A recent report has demonstrated that LRP1 endocytosis is a regulator of B1-integrin

endocytosis and endocytic recycling in MEF cells, which involves [1-integrin
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interaction with the distal NPxY motif of the LRP1 B-subunit, followed by LRP1-B1-
integrin internalization through a clathrin-mediated endocytosis [Rabiej et al., 2016].
Our study demonstrates that a,M* increases localization between LRP1 and B1-integrin
in endosome vesicles distributed in cell perinuclear and protrusion regions, which
suggests that a,M* induces higher activity of endocytosis and endocytic recycling of
Bl-integrin mediated by an increased internalization of LRP1. We have previously
shown the ability of the a,M*/LRP1 interaction to regulate the expression and function
of MT1-MMP, which play a key role in the cellular migration of Muller glial cells
[Barcelona et al., 2013; Gonias et al., 2011]. Thus, a,M* can act as an inductor of these
migratory processes mediated by its interaction with LRP1 in different types of cells,
which may be related with several disorders, such as retinal neurodegeneration, chronic
inflammation and cancer. It is hence known that blood native o;M undergoes
extravasation to interstitial spaces during these disorders and interacts with proteases
delivered in these altered sites, forming o,M-protease complexes or a;M* [Chu and
Pizzo, 1994]. This a,M* acquires the ability to recognize LRP1 and from its interaction
down-stream it activates intracellular signaling, cell motility, cellular proliferation and
MMP activation [Bonacci et al.,, 2007; Caceres et al., 2010]. These findings taken
together could constitute a therapeutic target for inflammatory processes, such as

rheumatoid arthritis and atherosclerosis, and cancer.
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LEGENDS

Figure 1: a,M* induces single Raw264.7 cell migration through LRP1. Cells were
cultured for 12 h in serum-free DMEM, in the absence or presence of a,M* (60 nM). A)
Wound-scratch assay of Raw264.7 cells cultured in plates coated with collagen type-I.
For blocking the a,M* binding to LRP1, cells were pre-treated with GST-RAP (400
nM) for 30 min and then incubated with coM* (60 nM) plus GST-RAP (400 nM) for 12
h. The overlaid images (Insets) are magnifications of cells invading the wound area
(boxes) under each experimental condition. B) Mean values of the cell number invading
the wound area (cells/area) in the absence (Control) or presence of a,M* (60 nM); pre-
treated with GST-RAP (400 nM) prior to stimulation or not with a,M* (60 nM). The
wound-scratch assay is detailed in Materials and Methods. Three independent
experiments were performed in triplicate. Values are expressed as mean + S.E.M. *p <

0.05 vs. control.

Figure 2: a,M* induces intracellular distribution of LRP1 and MT1-MMP toward
cellular protrusions. Confocal microscopy images of LRPl1 and MTI-MMP in
Raw264.7 cells treated with serum-free DMEM (Control) or a,M* (60 nM) for 1 h. For
the immunodetection procedure, a rabbit monoclonal antibody anti-f subunit of LRP1
(green) and a mouse monoclonal anti-MT1-MMP antibody (red) were used. The
overlaid images (Inset) are magnifications of cellular regions for LRP1 and MT1-MMP
colocalization (boxes). Details of confocal microscopy and experiments are reported in

Materials and Methods. All results are representative of three independent experiments.
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Figure 3: o,M*/LRP1 interaction induces actin polymerization and cellular
protrusions mediated by PKC activation. A) Confocal microscopy of the LRP1
immunodetection and F-actin detected by AlexaFluor 488-conjugated phalloidin (green)
in Raw264.7 cells treated with serum-free DMEM (control) or c,M* (60 nM) for 1 h.
For the immunodetection procedure, a rabbit monoclonal anti-f3 subunit of LRP1 (red)
was used. The overlaid images (Inset) are magnifications of cell regions for LRP1 and
F-actin (boxes). For blocking the a;M* binding to LRP1 or PKC inhibition, cells were
pre-treated with GST-RAP (400 nM) or calphostin C (100 uM) for 30 min and then
stimulated with aoM* (60 nM) for 1 h. Scale bars =10 um. B) Mean values of the
percentage of cells with cellular protrusions (activated cells) in the absence (Control) or
presence of a,M* (60 nM), pre-treated with GST-RAP (400 nM) or calphostin C (100
uM). A cellular protrusion was defined as a projection of cell surface whose length
exceeds at least once cell soma [Ridley et al., 2003]. Details of experiments are reported
in Materials and Methods. Three independent experiments were performed in triplicate.

Values are expressed as mean + S.E.M. * p <0.05 vs. control.

Figure 4: o,M* induces p-FAK activation to cellular protrusions. Confocal
microscopy of p-FAK and LRP1 immunodetection as well as F-actin detected by
AlexaFluor 594-conjugated phalloidin (red) in Raw264.7 cells treated with serum-free
DMEM (Control) or a,M* (60 nM) for 1 h. For the immunodetection procedure, a
rabbit monoclonal anti-B subunit of LRP1 (green) and a mouse monoclonal anti-pFAK
antibody (revealed with Alexa Fluor 647-conjugated secondary antibody - pseudocolor

in blue) were used. The overlaid images (Insets) are magnifications of cell regions for p-
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FAK (boxes). Scale bars =10 um. Details of experiments are reported in Materials and

Methods. Three independent experiments were performed in triplicate.

Figure 5: o;M* increases intracellular colocalization between LRP1 and B1-
integrin. A) Confocal microscopy of the LRP1 and 1-integrin immunodetection using
specific monoclonal antibodies as well as F-actin detected by AlexaFluor 594-
conjugated phalloidin (pseudocolor in blue) in Raw264.7 cells treated with serum-free
DMEM (control) or a,M* (60 nM) for 1 h. For the immunodetection procedure, a
mouse monoclonal anti-f subunit of LRP1 (green) and a rabbit monoclonal anti-p1
integrin antibody (red) were used. The overlaid images (Inset) are magnifications of cell
regions for LRP1, Bl-integrin and phalloidin (boxes). Binary images (white structural
vesicles) of LRP1 and (1-integrin colocalization are also shown. Scale bars =20 um. B)
Mean percentage of total colocalization between LRP1 and B1-integrin in the absence
(control) and presence of c,M* (60 nM). C) Mean percentage of colocalization between
LRP1 and B1-integrin discriminated in cellular perinuclear and protrusion regions in the
absence (control) and presence of a,M* (60 nM). Details of confocal microscopy and
experiments are reported in Materials and Methods. All results are representative of
three independent experiments. Values are expressed as mean + S.EM. * p < 0.05 vs.

control.
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LEGENDS OF SUPPLEMENTARY FIGURES

Supplementary Figure S1: a,M* induces intracellular distribution of LRP1 and
MT1-MMP toward cellular protrusions. Raw264.7 cells cultured in glass coverslips
coated with collagen type I and then treated with serum-free DMEM (Control) or a,M*
(60 nM) for 1 h. Representative image of confocal microscopy for: A) LRP1
immunodetection using a mouse monoclonal anti-f subunit of LRP1 revealed with
Alexa Fluor 488-conjugated secondary antibody; and B) MT1-MMP immunodetection
using a mouse monoclonal anti-p MT1-MMP revealed with Alexa Fluor 488-conjugated
secondary antibody. In these experiments, each primary antibody was individually
processed and non-combined between them. The overlaid images (Inset) are
magnifications of cell regions for LRP1 and MT1-MMP colocalization analysis (boxes).
Details of confocal microscopy and experiments are reported in Materials and Methods.

All results are representative of three independent experiments.

Supplementary Figure S2: a,M* induces intracellular distribution of LRP1, but
not GM130, toward cellular protrusions. Confocal microscopy of the LRP1 and
GM130 immunodetection as well as actin polymerization by AlexaFluor 594-
conjugated phalloidin (red) in Raw264.7 cells cultured in glass coverslips coated with
collagen type I and then treated with serum-free DMEM (control) or a,M* (60 nM) for
1 h. For the immunodetection procedure, a mouse monoclonal anti-f subunit of LRP1
revealed with Alexa Fluor 488-conjugated secondary antibody (green) and a rabbit
monoclonal anti-GM130 antibody revealed with Alexa Fluor 647-conjugated secondary

antibody (pseudocolor in blue) were used. The overlaid images (Insets) are
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magnifications of cell regions for LRP1 and GM130 (boxes). Details of confocal

microscopy and experiments are reported in Materials and Methods.

Supplementary Figure S3: a,M* induces actin polymerization and intracellular
distribution of LRP1 toward cellular protrusions. Confocal microscopy of the LRP1
immunodetection and actin polymerization (F-actin) detected by AlexaFluor 488-
conjugated phalloidin (green) in Raw264.7 cells cultured in glass coverslips coated with
collagen type I and then treated with serum-free DMEM (control) or c,M* (60 nM) for
1 h. For immunodetection a rabbit monoclonal anti-f subunit of LRP1 revealed with
Alexa Fluor 594-conjugated secondary antibody (red) was used. The overlaid images
(Inset) are magnifications of cell regions for LRP1 and F-actin (boxes). Details of

experiments are described in Materials and Methods.

Supplementary Figure S4: o;M* induces constitutive protein FAK distribution
towards cellular protrusions in Raw264.7 cells. A) Confocal microscopy of FAK and
LRP1 immunodetections as well as actin polymerization (F-actin) detected by
AlexaFluor 594-conjugated phalloidin (red) in Raw264.7 cells cultured in glass
coverslips coated with collagen type I and then treated with serum-free DMEM
(control) or a,M* (60 nM) for 1 h. The overlaid images (Insets) are magnifications of
cell regions for LRP1, FAK and F-actin (boxes). For immunodetection, a rabbit
monoclonal anti-f subunit of LRP1 revealed with Alexa Fluor 488—conjugated
secondary antibody (green) and a mouse monoclonal anti-FAK antibody revealed with
Alexa Fluor 647-conjugated secondary antibody (pseudocolor in blue) were used. Scale
bars =10 um. B) Mean values of the percentage of colocalization between LRP1 vs. F-
actin and LRP1 vs. FAK in cellular protrusions in the absence (control) or presence of
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oaxM* (60 nM). Details of experiments are reported in Materials and Methods. Three

independent experiments were performed in triplicate.
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