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Mauricio Barbugiani Goldfeder a,c, and Ana Marisa Chudzinski-Tavassia,b

aLaboratory of Molecular Biology, Butantan Institute, São Paulo, SP, Brazil; bDepartament of Biochemistry, Federal University of São Paulo,
São Paulo, SP, Brazil; cCentre of Excellence in New Target Discovery, Butantan Institute, São Paulo, SP, Brazil

ABSTRACT
In a tumor microenvironment, endothelial cell migration and angiogenesis allow cancer to spread
to other organs causing metastasis. Indeed, a number of molecules that are involved in
cytoskeleton re-organization and intracellular signaling have been investigated for their effects
on tumor cell growth and metastasis. Alongside that, Amblyomin-X, a recombinant Kunitz-type
protein, has been shown to reduce metastasis and tumor growth in in vivo experiments. In the
present report, we provide a mechanistic insight to these antitumor effects, this is, Amblyomin-X
modulates Rho-GTPases and uPAR signaling, and reduces the release of MMPs, leading to disrup-
tion of the actin cytoskeleton and decreased cell migration of tumor cell lines. Altogether, our
data support a role for Amblyomin-X as a novel potential antitumor drug.

Abbreviations: Amb-X: Amblyomin-X; ECGF: endotelial cell growth factor; ECM: extracellular
matrix; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; HUVEC: human umbilical vein
endothelial cell; LRP1: low-density lipoprotein receptor-related protein; MMP: matrix metallopro-
teinase; HPI-4: hedgehog pathway inhibitor 4; PAI-1: plasminogen activator inhibitor 1; PMA:
phorbol 12-myristate-13-acetate; TFPI: tissue factor pathway inhibitor; uPA: urokinase plasmino-
gen activator; uPAR: uPA receptor.
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Introduction

Cell migration is a necessary event in many biological
processes, including embryo development, angiogen-
esis, immunological mechanisms, and wound healing
[1]. In human pathology, migration of cancer cells

favors metastatic growth to distant organs via lympha-
tic and blood vessels dissemination [2,3]. Cell migra-
tion depends on proteolytic enzymes, receptors and
other molecules involved in extracellular matrix
(ECM) degradation, rearrangement of cytoskeleton,
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cell adhesion and detachment[4]. For this reason,
cellular and molecular targets of different migration/
invasion systems have been considered as potential new
treatment strategies. For instance, tissue factor pathway
inhibitor 2 (TFPI-2) has been shown to have antiangio-
genic and antitumor properties [5,6] due to its inhibi-
tory properties on serine proteases, matrix
metalloproteinases (MMPs), and other molecules
involved in the degradation of ECM [7–9]. In a similar
fashion, the Kunitz-type inhibitor bikunin was reported
to hinder tumor invasion and metastasis by suppressing
plasmin activity and expression of urokinase plasmino-
gen activator (uPA) and its receptor (uPAR) [10,11].

Tumor and endothelial cells of the tumor micro-
environment express higher amounts of uPAR than
normal cells, thus favoring uPA proteolysis and cell
migration [12,13]. The uPA/uPAR system induces
cell migration through plasmin generation that
degrades directly the ECM or by activation of
MMPs. However, uPAR may also activate intracel-
lular signaling pathways related to Rho-GTPases, a
family of small G proteins (mainly Rho, Rac and
Cdc42)[14]. These proteins are involved in tran-
scriptional regulation of many genes, thereby regu-
lating cell size, polarity and mobility[15]. RhoA, for
example, is responsible for the induction of focal
adhesion, cell contraction, and formation of actin
filaments, whereas Cdc42 and Rac induce filopodia
and lamelipodia formation, respectively. In addition,
uPAR in association with LRP1, integrins, caveolin
and vitronectin regulates cytoskeleton reorganiza-
tion, formation of new focal adhesion and migration
[16–19]. Binding of uPA in complex with its inhi-
bitor (plasminogen activator inhibitor 1: PAI-1), can
activate intracellular signaling by inducing the inter-
nalization of the complex uPA/uPAR/PAI-1/LRP1/
integrin [18,20,21]. Therefore, the functional inhibi-
tion of uPAR in tumor cells by Kunitz-type inhibi-
tors may regulate cell cytoskeleton and migration,
thereby controlling metastasis.

Amblyomin-X is a Kunitz-type inhibitor identi-
fied in the transcriptome of the salivary glands from
the adult Amblyomma sculptum tick. A recombinant
form of this protein was shown to have strong pro-
apoptotic activity in various murine and human
tumor cells via endoplasmic reticulum stress (ER
stress), proteasome inhibition, blockage of autop-
hagy, cell cycle arrest, and aggregosome formation
[22–24]. In vivo, we have shown that this inhibitor
induces tumor regression and reduction of metasta-
sis[25]. Furthermore, Amblyomin-X has no toxicity
in normal cells and presents low toxicity in healthy
animals [22,24,26]. Herein, we demonstrate that

Amblyomin-X alters the formation of the actin
cytoskeleton and reduces the migration of tumor
cells via modulation of Rho-GTPases and uPAR
signaling and reduction of the release of MMPs,
giving further insights on its mode of action.

Results

Amblyomin-X reduced the viability and migration
of tumor cells

First, the cytotoxic effect of Amblyomin-X upon tumor
and normal cells was evaluated. Amblyomin-X treatment
considerably decreased the viability of SK-MEL-28
(45.51%) and MIA PaCa-2 (51.50%) as shown in Figure 1
(a). In contrast, HUVECs treated with Amblyomin-X
remained viable up to 48 h. As expected, bortezomib,
stauroporine and MG-132 reduced the viability of all
healthy and tumor cell lines tested (Figure 1(a)). In agree-
ment, ERK activation were observed only in HUVECs, but
not in human tumor cells (Supplementary Figure 1).

Next, the effect of Amblyomin-X on cytoskeleton orga-
nization was investigated and compared to treatment with
PMA (phorbol 12-myristate-13-acetate, known to cause
changes in the cytoskeleton structure). A mild disorgani-
zation of actin filaments was observed in SK-MEL-28 and
MIA PaCa-2 after Amblyomin-X treatment (Figure 1(b))
and no alterations were observed in the formation of
stress fibers in HUVECs. PMA induced F-actin redistri-
bution and actin epical edge loss mainly in HUVEC and
SK-MEL-28 cells. Bortezomib altered the cytoskeletal for-
mation and the morphology of both tumor cells and
endothelial cells (Figure 1(b)).

Migration assays in time lapse are presented in Figure 2
and in the supplementarymaterial (Movies S1-S6). In SK-
MEL-28, motility was reduced after Amblyomin-X treat-
ment. In this case, an increased amount of cellular exten-
sions was observed (black arrows in Figure 2), which
appeared after longer monitoring times. In addition,
cells became thinner and longer (circle in Figure 2 and
Supplementary material; Movies S3-S4). MIA PaCa-2
cells are small and have rounder morphology compared
to other cell type studied. Its motility profile was already
slower than other cells and become even slower when
treated with Amblyomin-X. This treatment also induced
cells to elongate (black arrow in Figure 2 and
Supplementary material; Movie S5-S6).

On the other hand, HUVECs were not affected by
Amblyomin-X treatment, presenting large cell membrane
movement, large lamellipodia and characteristic motility
profile (Figure 2 and Supplementary material; Movies
S1-S2).
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Amblyomin-X modulated molecules involved in the
regulation of cytoskeleton and cell migration

Comparisons with known molecules that have some
similarity (multiple sequence alignment, structure ana-
lysis, effects, target, etc.) have been supported many
studies to highlighted new targets or pathways. [9–13]
Thereby, as many Kunitz-type inhibitors trigger their
antitumor and anti-metastatic effects by modulation of
uPAR, MMPs and Rho-GTPases, experiments were
conducted in order to verify whether Amblyomin-X

effects are associated with these pathways. uPAR-
related pathway was investigated with cells previously
treated, or co-treated with an anti-uPAR antibody, par-
tialy blocking this receptor prior to the treatments.

uPAR-related pathway is involved in the cytotoxic
effect of amblyomin-X
Cell viability assays showed that pre-treatment with anti-
uPAR reduced Amblyomin-X cytotoxic in SK-MEL-28
cells (Amblyomin-X: 45.51; anti-uPAR + Amblyomin-X:
80.51%), but did not interfere in the reduction of viability

Figure 1. Cytotoxic activity and modulation of the cytoskeleton by Amblyomin-X. (A) All cells types were incubated with
Amblyomin-X at the indicated concentrations or PMA (200 nM) and bortezomib (100 nM) for 48 h, and cell viability was assessed
as described in Materials and Methods. Positive controls staurosporine (5 μM) and MG-132 (3 μM) were evaluated during the same
period of treatment. (B) Representative images of F-actin cytoskeleton of HUVEC, SK-MEL-28 and MIA PaCa-2. After 24 h of treatment
with Amblyomin-X (20 μM), PMA (200 nM) or bortezomib (100 nM), cells were fixed and stained. Red represents F-actin labeling with
phalloidin and blue represents the nucleus stained with DAPI. Image visualized in 100x, bar 20 μm. Values are mean± SD of three
independent experiments. *p ≤ 0,05; **p ≤ 0,01 e *** p ≤ 0,001.
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of MIA PaCa-2 cells (Amblyomin-X: 51.5; anti-uPAR
+ Amblyomin-X: 44.4%). Of note, anti-uPAR treatment
promotes a significant reduction of HUVECs viability
that was reversed by Amblyomin-X treatment (anti-
uPAR: 66.05%; anti-uPAR + Amblyomin-X: 91. 42%)
(Figure 3(a)).

uPAR-related pathway is associated to cytoskeleton
organization and migration profile induced by
Amblyomin-X

SK-MEL-28 treated with anti-uPAR displayed pro-
nounced fragmentation of F-actin, which was reverted
by Amblyomin-X treatment (Figures 3(b) and 4;
Supplementary material, Movie S09-S10). However,
we did not observe changes in the morphology and
migration profile of MIA PaCa-2 (Figures 3(b) and 4;
Supplementary material, Movie S11-S12). Reduction of
HUVECs motility by anti-uPAR treatment was rescued
by Amblyomin-X (Figures 3(b) and 4; Supplementary
material, Movie S7-S8).

Modulation of uPAR and rho-gtpases by Amblyomin-X
Amblyomin-X treatment reduced simultaneously the pro-
duction of uPAR and small GTPases only in tumor cells
(Figure 5). However, the combination with anti-uPAR
treatment partially recovered their expression. Similarly,
in HUVECs, treatment with Amblyomin-X induced
changes in the protein level of uPAR, but it was possible
to identify an upper band that may correspond to the
complexed form with co-receptors (Figure 5).

PMA and bortezomib showed distinct effect between
all cells types.

Regulation of MMPs by Amblyomin-X
Metalloproteinase profiles were evaluated following the
same experimental conditions previously described. In
SK-MEL-28 cells, Amblyomin-X reduced the amount
of MMP-9, but did not alter secretion of MMP-2
(Figure 6). However, when anti-uPAR were co-applied
with Amblyomin-X, there was an increase of active
MMP-9. In contrast, treatment of MIA PaCa-2 cells
with Amblyomin-X induced a decrease of secretion of

Figure 2. Modulation of cellular migration by Amblyomin-X. Cell migration assays were performed in time lapse (In Cell Analyzer
2200) during 24 hours of treatment with 20 μM Amblyomin-X. The arrows highlight cell extensions and circles emphasize the change
in cell morphology. Movies are available in the supplementary material.
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MMP-2 and MMP-9. In HUVECs, we observed that
treatment with Amblyomin-X induced only a reduction
in MMP-2 levels, but did not affect MMP-9 (Figure 6).

PMA treatment caused a slight increase in both
MMPs in MIA PaCa-2 and HUVECs, while bortezomib
increased those MMPs only in both tumor cells.

Discussion

The current study describes cellular effects induced by
Kunitz-type inhibitor associated with distinct cell motility
and proteolysis pericellular biological processes in tumor
and endothelial cells. We have demonstrated before that

Amblyomin-X has antitumor, antithrombotic and anti-
metastatic activity [25–28]. Interestingly, no cytotoxic
effect was reported in non-tumor cells, such as fibroblasts.
Previously, we have reported that reduction of cell viabi-
lity induced by Amblyomin-X is associated with pro-
apoptotic stimuli induced by Amblyomin-X, i.e. protea-
some inhibition, endoplasmic reticulum stress, cell cycle
disruption, mitochondrial dysfunction and caspase acti-
vation [22,26,29]. Herein, we have demonstrated that
Amblyomin-X reduces cell viability of tumor cells, in
agreement to our previous reports, and show for the
first time its involvement on the motility reduction and
cytoskeletal disorganization. Notably, Amblyomin-X did

Figure 3. Interference of uPAR blockade in Amblyomin-X activity. All cell types were treated with anti-uPAR 1:50 (30 min), followed
by treatment with 20 μM Amblyomin-X. (A) Cell viability measured by MTT (48 h of treatment). (B) Representative image of F-actin
cytoskeleton of HUVEC, SK-MEL-28 and MIA PaCa-2 (24 h of treatment). Red represents F-actin stained with phalloidin and blue
represents the nucleus stained with DAPI. Bar 20 μm. Values are mean± SD of three independent experiments. *p ≤ 0,05; **p ≤ 0,01
e *** p ≤ 0,001. Significance was compared among treated and control (untreated cells) or between the couple of treatments (not
shown).
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not alter the viability, organization of cytoskeleton or cell
motility of HUVECs. Therefore, our findings differentiate
Amblyomin-X from other Kunitz-type inhibitors such as
TFPI-1 and TFPI-2, which inhibit proliferation, migra-
tion and adhesion in both tumor and normal endothelial
cells, [10,11,30,31] this is, lack specificity for tumor cells,
unlike Amblyomin-X.

Many Kunitz-type inhibitors regulates uPA and
uPAR [10,11], which are involved in several biological
processes, such as actin filament formation, migration
and cell adhesion [13,19]. Therefore, we investigated
the effect of Amblyomin-X in uPAR signaling. In
human melanoma cells (SK-MEL-28), pretreatment

with anti-uPAR reduced the cytotoxic effect of
Amblyomin-X. Interestingly, Amblyomin-X reduced
the modification of the actin filaments caused by
the anti-uPAR. Also, Amblyomin-X slightly decreased
the protein levels of RhoA and Rac-1, which could be
associated with cytoskeletal modifications and inhibi-
tion of migration. Previously, we have reported that
Amblyomin-X leads the connection Rho-GEF to
dynein or, in other words, its inactivation. [24]

Furthermore, in MIA PaCa-2 cells, blocking of
uPAR did not affect the cytotoxic activity, cytoskeletal
disorganization or cell migration inhibition promoted
by Amblyomin-X. However, we observed reduction of

Figure 4. Analysis of Amblyomin-X activity in the migration of cells subjected to uPAR blockade. Cells were incubated with anti-
uPAR 1:50 (30 min), followed add of Amblyomin-X (20 μM). The arrows highlight cell extensions and circles emphasize the change in
cell morphology. Movies are available in the supplementary material.

Figure 5. Reduction Rho GTPases protein levels by Amblyomin-X. Cells were treated with anti-uPAR 1:50 (30 min), followed by
incubation with 20 μM Amblyomin-X (24 h). Treatments with 200 nM PMA or 100 nM bortezomib for 24 h were used as comparative.
After the treatment period, cells were lysed with RIPA buffer and 30 µg of total protein was used for the assays. Western blot of the
samples obtained were performed using anti-uPAR, anti-RhoA, anti-Rac-1 and anti-GAPDH antibodies as endogenous control (see
experimental procedures). Densitometry analysis of protein bands (numbers below the figures) were evaluate using ImageJ analysis
program and values are mean± SD of three independent experiments. Significance was compared among the treated and control
(untreated cells) or between the couple of treatments (not shown). uPar Ab+: co-treament with Amblyomin-X.
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uPAR and Rho-GTPases protein levels as well as rever-
sion of all the changes promoted by anti-uPAR in Rho-
GTPases levels. Thereby, similar to melanoma cells,
Amblyomin-X modulates these pathways, but further
signaling is needed to induce viability reduction and
cell migration induced in this cell type.

Interestingly, endothelial cells are not affected by
Amblyomin-X. In contrast, this molecule reduced
effects induced by anti-uPAR (cytotoxic, cell migration
inhibition and Rac-1 reduction) and induced com-
plexation of uPAR with co-receptors as shown in
immunoblot experiments in HUVECs. Taken all these
results together, we hypothesized that the complexed
form of uPAR is associated with survival pathways.

Overall, we observed significantly reduced levels of
the activated MMP-9 in tumor cell lines (MIA PaCa-2
and SK-MEL-28) treated with Amblyomin-X compared
to their corresponding controls. Such type of effect on
MMP9 was not observed in HUVECs treated with
Amblyomin-X. Somehow, in both tumor cells
Amblyomin-X altered the protein levels and uPAR
activity and it was supported by reduced levels
MMP-9 (MMPs are activated via uPAR-uPA → plas-
min → MMP). These findings further strengthen our
concept of Amblyomin-X influence on uPAR signaling.
Also, all differences when Amblyomin-X and anti-
uPAR were co-treated suggest that Amblyomin-X acts
synergistically with inhibitor to modulated transmem-
brane partner, signaling and regulators of uPAR in all
cell types.

Considering all these findings, it is relevant to men-
tion that Amblyomin-X is not a trypsin inhibitor.
Indeed, this molecule is a substrate for plasmin and
trypsin. [27] Also, as suggested previously Amblyomin-
X is different from Kunitz-type inhibitors that bind to

the active site and strongly inhibit serine proteases.
Probably it binds to an exosite of factor Xa and this
might be the reason why Amblyomin-X functions as a
noncompetitive inhibitor for factor Xa and a substrate
for trypsin and plasmin. Thereby, we believe that uPA/
uPAR signaling modulation by Amblyomin-X is differ-
ent from others Kunitz-type inhibitors, for example,
with no suppression ERK in human tumor cells (sup-
plementary Figure 1) as shown for bikunin. [32] Thus,
Amblyomin-X studies could bring new findings regard-
ing uPAR signalling regulation, as well as selectivity for
tumor cells.

Finally, all results present in this study shown that
Amblyomin-X and bortezomib act distinctively.
Bortezomib is used as chemotherapeutic in the treat-
ment of different types of cancer, but it effects are not
restricted to tumor cells and triggers several side effects
[33–36]. Indeed, in our experients we observed that,
bortezomib induced: (i) cytotoxicity and cytoskeleton
disorganization of both tumor cells and endothelial
cells; (ii) modulates MMPs in all cells types; (iii)
increased RhoA in HUVECs, SK-MEL-28 and MIA
PaCa-2 cells, which could facilitate the metastasis and
tumor angiogenesis during cancer treatment [37–39].
On the other hand Amblyomin-X induces death speci-
fically in tumor cells, preserves endothelial cells i.e. do
not affects normal cells and reverts many effects of
uPAR blockage, which are indeed highly valued advan-
tages of this molecule over bortezomib.

In conclusion, we demonstrate an additional novel
mechanism for Amblyomin-X for the control tumor
cell growth and metastasis, i.e., modulation uPAR sig-
naling and Rho-GTPase and reduces the release of
MMPs, leading to disruption of the actin cytoskeleton
and decreased cell migration. Notably, negligible effect

Figure 6. Modulation of MMPs release by Amblyomin-X. All cell types were preincubated 30 min with anti-uPAR (1:50), followed by
incubation with Amblyomin- X (20 μM) for 24 h at 37°C. PMA (200 nM) and bortezomib (100 nM) for 24 h were also evaluated . After
the treatment period, the cell supernatants collected were submitted to the zymography test as discussed in experimental
procedures. Densitometry analysis of protein bands (numbers below the figures) were evaluate using ImageJ analysis program
and values are mean± SD of three independent experiments. Significance was compared among treated and control (untreated
cells) or between the couple of treatments (not shown).
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in HUVECs and protection from disturbances on
cytoskeleton and migration, suggest that Amblyomin-
X may be a potential safety antitumor and open new
avenues in cell motility and proteolysis pericellular.

Materials and methods

Amblyomin-X production

Recombinant Amblyomin-X was expressed and puri-
fied from E. coli, as reported elsewhere[40].

Cell lines and culture conditions

Human melanoma (SK-MEL-28) and pancreatic adeno-
carcinoma (MIA PaCa-2) cells were obtained and cul-
tured according to instructions from the American Type
Culture Collection (ATCC, Manassas, VA). Endothelial
cells were obtained from human umbilical veins
(HUVECs), as previously described[41], with a few mod-
ifications. . The study received prior approval from
Ethics Committee in Research of Heliopolis Hospital,
São Paulo, Brazil (CAAE 48,984,915.3.0000.5449,
NUMBER 1.404.230) and written informed consent
was obtained from women donors. HUVECs were
seeded onto T75 flasks previously covered with 2% gela-
tin and were grown in RPMI, supplemented with 10%
fetal bovine serum, L-glutamine (2 mM), streptomycin
sulfate (100 mg/ml), penicillin (100 U/ml), sodium pyr-
uvate (100 mM), 2-mercaptoethanol (10 mM), ECGF
(10 mg/mL) and heparin (45 µg/mL), pH 7.4. In all
experiments, HUVECs were used in second or third
passage. All cell types were routinely grown in a humi-
dified 5% CO2 incubator at 37°C.

Cell viability

Cell viability was measured by MTT assay as described
elsewhere [24]. In order to investigate uPAR signaling,
HUVECs and SK-MEL-28 and Mia-PaCa-2 cells were
seeded in 96-well plates (10 [4] cells/well) and pre-
incubated with an anti-uPAR antibody (10 µM) for
30 min. Bortezomib (100 nM) and PMA (200 nM)
were used for comparative purpose. Beside, staurospor-
ine (5 µM) and MG-132 (3 µM) were used as positive
control.

F-actin visualization by fluorescence microscopy

After treatments, cells were fixed and permeabilized in
PHEM-glycine buffer (2mM HEPES, 10 mM EGTA,
2 mM MgCl2, 60 mM Pipes, 100 mM glycine, pH 6.9)
and supplemented with paraformaldehyde (4%), Triton

X-100 (0.25%) and sucrose (146 mM) for 15 min. Then,
Rhodamine-conjugated phalloidin (Invitrogen, USA)
was used to stain actin filaments. Cells were washed
with PHEM-glycine buffer before imaging and cell
nuclei was stained with DAPI in Vectashield mounting
medium (Vector Labs, USA). Fluorescence signals were
imaged using an Olympus BX51 inverted fluorescent
microscope using appropriate filters.

Real-time cell analysis

To analyze cell migration, a real-time assay was per-
formed using InCell-Analyzer 2200 (GE, EUA). Briefly,
cells were grown in 24-well plates until approximately
30% confluence. Cells were then treated with
Amblyomin-X (20 μM) for 2 h, followed by 24 h incu-
bation in the cell analyzer equipment. The images were
acquired with 40x objective and analyzed using the
InCell Investigator software V1.6.1 (GE, USA).
Bortezomib (100 nM) and PMA (200 nM) were used
as controls. Also, to investigate uPAR signaling, cells
were pre-incubated with an anti-uPAR antibody
(10 µM) for 30 min.

Zymography of cell supernatants

Proteins in cell supernatants (30 µL) from HUVECs,
SK-MEL-28 and MIA PaCa-2 cells treated as previously
described in the absence of fetal bovine serum, were
separated on 15% SDS-PAGE containing 0.1% gelatin
in the separating gel[42]. Gels were carefully transferred
to 100 mL of renaturing solution (2.5% v/v Triton
X-100 in water) and incubate for 30 min at room
temperature with gentle agitation. The gels were
washed twice with 300 mL of water and gels were
incubate at room temperature in 100 mL of developing
buffer (50 mM Tris-HCl, pH 7.8, 200mM NaCl, 5 mM
CaCl2 and 0.2%) with gentle agitation. After 30 min,
fresh developing buffer was added and the gels were
incubated overnight at 37°C. The developing buffer was
decanted and the gels were stained for 1h with
Commassie blue staining. Gels were then destained in
10% ethanol and 5% acetic acid until clear bands of
gelatinolytic activity appeared over the blue back-
ground. ImageJ software (National Institute of Health,
USA) was used for quantification of the bands.

Western blot analysis

HUVEC, SK-MEL-28 and MIA PaCa-2 were treated as
described previously for 24h. Cells lysates were obtained
with RIPA buffer (1% deoxycholate, 150 mM NaCl, 1%
SDS, 10 mM NaF, 1% TritonX-100, 50 mM Tris-HCl,

136 M. C. B. SCHMIDT ET AL.



2 µg/mL aprotinin, 1 mM PMSF, 1 mM orthovanadate)
and submitted to 15% SDS-PAGE. Proteins were trans-
ferred onto nitrocellulose membranes, which were
blocked for 2 h with TBST containing 1% (w/v) BSA.
Membranes were incubated with primary antibodies
(1:2500) in TBST containing 0.1% (w/v) BSA for 2 h
and with secondary antibodies for 1 hour (1:5000; con-
jugated with horseradish peroxidase), following develop-
ment with ECL substrate. Primary antibodies against
anti-uPAR, anti-RhoA, and anti-GADPH were pur-
chased from Santa Cruz Biotechnology Inc. (TX, USA)
and anti-Rac-1 was purchased from Abcam (CAM, RU).
ImageJ suite (National Institute of Health, USA) was
used for quantification of the bands.

Statistical analysis

Comparisons were carried out by using Two-way
ANOVA analysis followed by Tukey’s Post Hoc test
or tTest, employing the GraphPad Prism 5.0 software
(GraphPad Software Inc., San Diego, CA). The criteria
for statistical significance were set up as *p ≤ 0.05;
**p ≤ 0.01 and ***p ≤ 0.001.
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