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ABSTRACT

Malignant mesotheliomas (MMs) are highly aggressive mesenchymal tumors
that originate from mesothelial cells lining serosal cavities; i.e., the pleura,
peritoneum, and pericardium. Classically, there is a well-established link between
asbestos exposure, oxidative stress, release of reactive oxygen species, and chronic
inflammatory mediators that leads to progression of MMs. MMs have an intermediate
phenotype, with co-expression of mesenchymal and epithelial markers and
dysregulated communication between the mesothelium and the microenvironment.
We have previously shown that the organization and function of key cytoskeletal
components can distinguish highly invasive cell lines from those more indolent. Here,
we used these tools to study three different types of small-molecule inhibitors, where
their common feature is their influence on production of reactive oxygen species.
One of these, imipramine blue, was particularly effective in counteracting some key
malignant properties of highly invasive MM cells. This opens a new possibility for
targeted inhibition of MMs based on well-established molecular mechanisms.

INTRODUCTION

Histological analysis has distinguished three
phenotypic variants of MMs: epithelioid, sarcomatoid, and

Living organisms are formed by a number of
cell types that work together to maintain normal tissue
homeostasis. This neatly organized collaboration is lost in
cancers, primarily because several cell-types responsible
for correct tissue homeostasis change their behavior [1].
These changes are associated with alterations in cell
morphology and cell migration, which are regulated by
the cytoskeleton [2]. Malignant mesotheliomas (MMs)
are rare but highly aggressive cancers, and they primarily
originate from the pleura, peritoneum and pericardium
[3]. There is a well-established link between asbestos
exposure, release of reactive oxygen species (ROS)
and inflammatory mediators, which collectively lead
to malignant transformation of mesothelial cells and
progression of MMs. However, there is also a significant
number of cases with unknown etiology, in particular with
peritoneal MMs [4].

biphasic. Although all three of these are highly malignant,
the epithelioid subtype has indications of better prognosis,
whereas the sarcomatoid subtype is more fibroblast-like,
which is considered a hallmark of poor prognosis [5, 6].
Direct invasion of the surrounding tissues is the main
feature of MMs, which is caused by a dysfunctional
communication between the mesothelium and the
microenvironment. This communication is dependent on
the dynamic organization of the cytoskeleton [2].

We have recently developed new tools for in-vitro
analysis of cytoskeletal dynamics that correlate to tumor
cell differentiation, which remains to date the only reliable
predictive marker of malignant MM aggressiveness.
These cytoskeletal features and dynamic rearrangements
can potentially be used to monitor MM behavior. The
three cytoskeletal filament systems are actin filaments,
intermediate filaments and microtubules, and these are all
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critical for the control of cell morphogenesis, contraction,
cell migration, and intracellular transport of vesicles and
organelles [7]. The actin filament system is of particular
importance for regulation of cell migration in health and
disease [8]. In cancers, the organization and function of
key cytoskeletal components are altered, and we have
shown that careful analysis of these changes can provide
clues to the malignancy grade of MMs. Early diagnosis
of MMs and new diagnostic tools are urgently needed to
effectively treat patients with MMs.

Asbestos is known to trigger inflammation
and generation of ROS, which, in turn, can induce
hypermethylation of tumor-suppressor genes. MMs tend
to have high levels of NADPH oxidases, which generate
superoxide, and which, in turn, inactivate p53, PTEN
and IkB, thus leading to AKT and NFkB activation
[9]. To this end, we investigated whether three types of
compounds can counteract the malignant behavior of MM
cells: imipramine blue (IB), honokiol (HKL), and Tris-
dibenzylideneacetone-dipalladium (TDBA). The common
denominator of these compounds is their known targeting
of various aspects of ROS turnover [10—12]. STAV-FCS,
STAV-AB, and ZL34 cells were all derived from pleural
effusions of patients with MMs. Based on their overall
morphology, STAV-AB cells have been classified as
epithelioid, and STAV-FCS and ZL34 cells have been
classified as biphasic [13]. Molecular profiling of these
STAV-cell sublines has revealed profound molecular
differences and dependencies on redox regulation [14—16].

We have previously shown that ZL34 cells are
highly migratory and invasive in two-dimensional (2D)
and 3D migration assays, whereas STAV-FCS cells show
low migratory and invasive behaviors [Keller et al.,
submitted]. STAV-AB cells have a high 2D migratory
potential, but they have a capacity for invasive growth
between those of the ZL34 and STAV-FCS cells. For these
reasons, we focused our study here on these three cell
lines.

RESULTS

Effects of inhibitors on actin organization and
cell morphology

Previously, we carried out systematic analysis of
the differences in cytoskeletal organization and dynamics
in eight MM cell lines representing different histological
subtypes along the epithelial-to-sarcomatoid axis [Keller
et al., submitted]. For the present study, we focused
on three cell lines, which differed in their malignant
properties. We tested three small-molecule inhibitors, 1B,
HKL, and TDBA, each of which has been shown to reduce
cellular effects mediated by ROS production [10—-12].
After testing a range of concentrations and time points
(data not shown), the following working conditions were
used for these MM cell lines: 0.5 pM 1B, 20 pM HKL, and

1 uM TDBA. After 20 h of these treatments, the cells were
fixed and their F-actin organization and cell morphology
were analyzed (Figure 1 and Supplementary Figure 1).

Z1.34 cells treated with DMSO only (as vehicle) had
an abundance of small condensed lamellipodia (70.3% of
cells) and stress fibers were common (27.7% of cells); in
addition, actin dots were seen in the centers of the cells
(Figure 1A). Treatment with 0.5 pM IB resulted in a
loss of stress fibers (69.0% of cells) and actin dots, and
decreased formation of small lamellipodia (22.0% of
cells). Treatment with 20 uM HKL had no major impact
on formation of small lamellipodia, but it resulted in stress
fiber loss (31.1% of cells). Cells treated with 1 uM TDBA
differed markedly from the control cells, as they showed
more epithelial-like properties, such as broad lamellipodia
and actin arcs, and they were more circular in appearance
(Figure 1A and Supplementary Figure 1C).

The inhibitors had less prominent effects on the cell
morphology and the actin organization in STAV-AB cells
(Figure 1B and Supplementary Figure 1E—1H). Treatment
with 0.5 uM IB resulted in a small shift from the formation
of broad lamellipodia to small lamellipodia in STAV-
AB cells, while treatments with 20 uM HKL and 1 uM
TDBA only marginally affected their actin organization
(Figure 1B).

In contrast to STAV-AB cells, treatment with 0.5 uM
IB had substantial effects on STAV-FCS cell adhesion, as
this resulted in widespread rounding up of the cells (55.0%
of cells) and loss of stress fibers. Here, stress fiber content
in the STAV-FCS cells decreased from the DMSO control
treatment (93.5% of cells) to the IB treatment (21.0% of
cells). However, treatments with 20 uM HKL or 1 uM
TDBA had only marginal effects on the actin dynamics in
these cells (Figure 1C).

Effects of inhibitors on adhesion complex size

We next analyzed the distribution and size of the
cell:substrate attachment points in these three cell lines
after treatment with these inhibitors. To this end, the cells
were stained with an antibody against phosphotyrosine
(PY99), which produces distinct staining of the adhesive
structures. These are predominantly the well-developed
focal adhesions (FAs), although focal contacts can also
be visualized. The staining revealed that these MM cell
lines had FAs at the ends of stress fibers and at the cell
periphery (Figure 2A-2C). The sizes of the adhesion
complexes were measured from microscopy images using
the ImagelJ software.

Treatment of ZL.34 cells with 20 uM HKL did not
lead to significant changes in FA size, but, interestingly, the
FAs in the cells treated with 1 uM TDBA developed larger
and more elongated FAs (control 0.80 vs. 0.94 pm?), which
were similar to FAs in epithelioid MMs (Figure 2A and 2D)
[Keller et al., submitted]. Treatment with 0.5 uM IB also
led to an increase in FA size (0.80 vs. 0.86 pm?).
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The FAs in STAV-AB cells treated with 0.5 uM 1B small, but significant, increase in FA sizes (0.82 vs. 0.89

were significantly larger than those in the control cells um?), whereas 1 uM TDBA did not produce any visible

(0.82 vs. 0.97 um?), which was probably a reflection alterations in FA size (Figure 2B and 2E).

of the loss of broad lamellipodia in these cells (Figure The FAs in STAV-FCS cells treated with 0.5 pM

2B and 2E). Treatment with 20 uM HKL resulted in a IB decreased significantly in size (1.01 vs. 0.88 pum?;
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Figure 1: Effects of the inhibitors on organization of actin filaments. Representative images for filamentous actin (F-actin)
visualized with TRITC-conjugated phalloidin in ZL34 (A), STAV-AB (B) and STAV-FCS (C) cells treated with 0.2% DMSO (vehicle
control), 0.5 uM imipramine blue (IB), 20 uM honokiol (HKL) or 1 uM Tris-dibenzylideneacetone-dipalladium (TDBA) for 20 h. Scale
bar, 20 pm. Analysis for actin organization, with pie charts showing relative effects on each aspect, as indicated. One hundred cells were
examined per cell line, according to the dominant phenotype for each cell type, with the experiments performed three times.
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Figure 2: Effects of the inhibitors on organization of focal adhesions and focal contacts. (A-C) Representative images
for filamentous actin (F-actin) visualized with TRITC-conjugated phalloidin, and for adhesion complexes stained with the mouse anti-
phosphotyrosine (PY99) antibody followed by an AlexaFluor488-conjugated anti-mouse antibody. ZL34 (A), STAV-AB (B) and STAV-
FCS (C) cells were treated with 0.2% DMSO (vehicle control), 0.5 pM imipramine blue (IB), 20 uM honokiol (HKL) or 1 pM Tris-
dibenzylideneacetone-dipalladium (TDBA) for 20 h. Scale bar, 20 um. (D-F) Quantification of focal adhesion sizes for ZL34 (D), STAV-AB
(E) and STAV-FCS (F) cells treated as in (A—C), as assessed from microscopy images using ImagelJ. ZL34 cells: DMSO (n =2720), IB (n =
1941), HKL (n = 3897), TDBA (n = 3563); STAV-AB cells: DMSO (n =2707), IB (n = 1979), HKL (n = 2469), TDBA (n = 3070); STAV-
FCS cells: DMSO (n =2426), IB (n = 1097), HKL (n = 1690), TDBA (n = 1570). Data are means =+ standard error of the means. "p < 0.05;
“p<0.01; ""p<0.001; ""p <0.0001 (Student’s t-tests), versus relevant DMSO control. n.s. not significant.
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Figure 2C and 2F). This would appear to be a result of
the decrease in stress fibers and decreased adhesion of
these cells, as shown in Figure 1C. In contrast the 20 pM
HKL treatment increased FA size in STAV-FCS cells (1.01
vs. 1.16 um?), whereas the FAs were refractory to 1 pM
TDBA treatment (Figure 2C and 2F).

Effects of inhibitors on vimentin localization

The subcellular localization and organization of
vimentin filaments were previously shown to be altered
in cancers [17]. We therefore studied the impact on the
organization of vimentin by these inhibitors.

The most obvious effects on vimentin organization
was in ZL34 cells treated with 0.5 pM IB. In DMSO-
treated cells the vimentin filaments appeared in an aster-
like organization, and the filaments appeared to be in
bundles that stretched out to the cell periphery (Figure
3A). The estimated area occupied by vimentin for this
control was just over a third (38.3%) of the total cell area
(Figure 3A and 3D). In contrast, cells treated with 0.5
uM IB showed very different organization of vimentin
filaments: instead of the aster-like bundles, individual
vimentin filaments appeared to fill most of the cytoplasm,
and there was a significant increase in the area occupied
by vimentin (54.6%) (Figure 3A and 3D). The treatments
with 20 uM HKL and 1 pM TDBA did not significantly
affect the vimentin organization (Figure 3A and 3D).

In STAV-AB cells, vimentin filaments were
essentially organized in the perinuclear area, and they
occupied a smaller area of the cells (32.0%) (Figure 3B
and 3E) compared to ZL34 cells. None of the treatments
with the three inhibitors visibly affected this vimentin
organization.

In control STAV-FCS cells, vimentin filaments
occupied a similar area (39.2%) (Figure 3C and 3F) to ZL34
cells. Here, treatment with 0.5 uM IB resulted in decreased
area of vimentin (29.9%) (Figure 3C and 3F). For the 20
uM HKL and 1 uM TDBA treatments, there were small
but significant effects on the vimentin organization (45.0%,
32.3%, respectively) (Figure 3C and 3F).

Effects of inhibitors on YAP nuclear localization

Several lines of evidence link the Hippo pathway to
dysfunction of the YAP transcription factor to cancers [18,
19]. We have previously seen that MM cells with higher
migratory and invasive capacities have larger fractions
of nuclear YAP [Keller et al., submitted]. To this end,
we sought here to investigate the effects on YAP nuclear
localization by these treatments with IB, HKL and TDBA.

The treatments had some variable effects on YAP
nuclear localization. In particular, treatment of ZL.34 cells
with 0.5 uM IB resulted in a decrease in the fraction of
nuclear YAP (46.7% vs. 40.0%) (Figure 4A and 4D). For
the other inhibitors, the effects were milder, although with

some significant changes seen: a small decrease for ZL.34
cells with 1 uM TDBA (46.7% vs. 44.1%) (Figure 4A and
4D); a small increase for STAV-AB cells with 0.5 uM 1B
(27.8% vs. 30.7%) (Figure 4B and 4E); and variable for
STAV-FCS cells, with a small decrease for 0.5 uM IB
(22.8% vs. 20.0%) and a small increase for 20 uM HKL
(22.8% vs. 25.1%) (Figure 4C and 4F).

Effects on the microtubule organization and
cell:cell contacts

We next analyzed the effects in these MM cell
lines of the inhibitors in terms of the organization
of microtubules and cell:cell contacts. Microtubule
organization has been shown to differ in cancers [20].

However, there were no major effects in these cells
of the inhibitors on microtubules, with the exception
of one condition: ZL34 cells treated with 0.5 pM IB
(Supplementary Figure 2). Generally, in all of the control
cells with all of the treatments, the microtubules were
more prominent in the area around the microtubule
organizing center; in contrast, in these IB-treated Z1.34
cells, the microtubules were more evenly spread through
the cytoplasm (Supplementary Figure 2A).

Alterations in the function and localization of
B-catenin have also been linked to cancers previously
[21, 22]. Here, an antibody against B-catenin showed
cell:cell contact areas in all three of these cell-lines
(Supplementary Figure 3, DMSO). When they were
treated with 0.5 uM IB, these cells all showed decreased
cell:cell contact areas, with the most pronounced effect in
Z1.34 cells, where the cell:cell contacts all but disappeared
(Supplementary Figure 3A). None of the cells under 20
uM HKL treatment showed any notable differences
compared to their controls, although the cells exposed to
1 uM TDBA had markedly thinner cell:cell contact points
(Supplementary Figure 3).

Effects of the inhibitors on cell migration

Next, we investigated these MM cell lines for effects
of these inhibitors on wound closure. In this case, an
imaging system (IncuCyte) was used to produce wounds
of the same size and shape, and to monitor the wound
closure over extended periods of time (i.e., up to 5 days).

Compared to ZL.34 and STAV-AB cells, STAV-FCS
cells showed slower wound closure (Figure 5A). The
wound closure of Z1.34 cells was decreased by all three
inhibitors, where the effects of 0.5 uM IB and 20 pM HKL
were less pronounced to the effect of 1 uM TDBA, which
thus showed the greatest slowing of wound closure (Figure
5B). For the STAV-AB cells, the treatments with the
inhibitors showed little or no slowing of wound closure
(Figure 5C). Finally, the STAV-FCS cells showed marked
slowing of wound closure with 0.5 uM IB, but were less
affected by 20 uM HKL and | uM TDBA (Figure 5D).
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Figure 3: Effects of the inhibitors on the organization of vimentin filaments. (A-C) Representative images for vimentin
intermediate filaments visualized with a mouse anti-vimentin antibody followed by an AlexaFluor488-conjugated anti-mouse antibody.
Filamentous actin visualized with TRITC-conjugated phalloidin. ZL34 (A), STAV-AB (B) and STAV-FCS (C) cells were treated with 0.2%
DMSO (vehicle control), 0.5 M imipramine blue (IB), 20 uM honokiol (HKL) or 1 pM Tris-dibenzylideneacetone-dipalladium (TDBA)
for 20 h. Scale bar, 20 um. (D-F) Quantification of cell areas occupied by vimentin filaments for ZL34 (D), STAV-AB (E) and STAV-FCS
(F) cells treated as in (A—C), as assessed by microscopy imaging. Ten images from three independent experiments for each cell line were
analyzed using ImagelJ. Data are means + standard deviation. "p < 0.05; ™'p < 0.001; ***p < 0.0001 (Student’s #-tests), versus relevant
DMSO control. n.s. not significant.
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DISCUSSION

The number of drugs that can be used in the clinic
for treatment of patients with MMs is currently very
limited. The first-line chemotherapy approved by the
US Food and Drug Administration is cisplatin together
with an antifolate, such as pemetrexed or ralitrexed [23].
Similar effects can be obtained by combining carboplatin,
liposomized doxorubicin and gemcitabine [24].
Identification of new treatments is very much needed,
as each patient has an individual set-up of molecular

alterations that are potentially targetable based on
molecular phenotyping and by functional assays, such as
those presented above [6]. A precision medicine approach
is highly motivated for the most aggressive sarcomatoid
phenotype, as the life expectancy for patients diagnosed
with this subtype is particularly short. It is also of specific
interest to search for potential novel drugs outside the
common panel of chemotherapeutics, as surgery is
contraindicated for the sarcomatoid subtype and the
current chemotherapy regimens can only prolong patient
life by about 3 months [23].
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Figure 4: Effects of the inhibitors on the YAP nuclear localization. (A—C) Representative images for YAP nuclear localization
analyzed by immunofluorescence microscopy after visualization with a mouse anti-YAP antibody followed by an AlexaFluor488-
conjugated anti-mouse antibody. ZL34 (A), STAV-AB (B) and STAV-FCS (C) cells were treated with 0.2% DMSO (vehicle control), 0.5
UM imipramine blue (IB), 20 uM honokiol (HKL) or 1 pM Tris-dibenzylideneacetone-dipalladium (TDBA) for 20 h. Scale bar, 20 um.
(D-F) Quantification of proportions of nuclear YAP over the total cellular YAP in ZL34 (D), STAV-AB (E) or STAV-FCS (F) cells treated
as in (A—C), as assessed from microscopy images using ImageJ. Data are means + standard deviation. "p < 0.05; **p < 0.0001 (Student’s

t-tests) versus relevant DMSO control. n.s. not significant.
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Oxidative stress is a known factor for development
of MMs, particularly on the basis that iron in asbestos
fibers has been suggested to catalyze the generation of free
radicals [9]. This is one of the reasons why we sought to
test compounds that can attack the production of ROS in
MMs. To this end, three compounds were tested: 1B, HKL,
and TDBA. These compounds have been investigated for
other cancers, but not for patients with MMs, with the
exception of HKL [25].

Of these three agents, IB had the strongest effects on
these MM cells. One reason for this appears to be because
IB is an inhibitor of NADPH oxidase, and thereby it can
have a direct negative impact on the production of ROS.
IB has previously been used to impede glioma invasion
[12]. In the present study, we show that IB had an impact
on all MM cell lines tested, with its greatest effects on
Z1.34 cells. Treatment of these highly aggressive Z1.34
cells with 0.5 uM IB for 20 h altered cell morphology,
and reduced stress fiber content, lamellipodia formation,
and 2D migration (i.e., delayed wound healing). 1B
treatment also resulted in increased FA size, altered
vimentin filament organization, and reduced YAP nuclear
localization, which are indicative of reduced malignant
stage of these Z1.34 cells. In contrast, for the STAV-AB
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cells, IB treatment did not have any significant effects.
However, for STAV-FCS cells, IB also led to reduced
stress fiber content, FA size, and 2D migration. This is in
line with studies on glioma, where IB treatment resulted in
loss of stress fibers [12]. Interestingly, similar differential
effects in the more aggressive STAV-FCS cell line have
been reported for selenite, a trace element with antioxidant
and anticancer properties, where redox regulatory
mechanisms were also involved [26].

Honokiol has been described as an activator of
the mitochondrial histone deacetylase activator Sirtuin 3
(SIRT3) [11]. Treatment of ZL.34 cells with 20 uM HKL
for 20 h resulted in decreased actin bundles and reduced
2D migration, but had no effects on vimentin organization
or YAP localization. STAV-AB and STAV-FCS cells
were, however, not affected by this HKL treatment.
Our data indicate that SIRT3 is not a key factor in the
development of MMs. However, HKL has been shown
previously to affect cell-cycle progression, which was
seen as an increase in the sub-G1 population in a MM cell
line. This cell-cycle effect was associated with suppressed
expression of specificity protein 1 (Spl) [25].

Tris-dibenzylideneacetone-dipalladium has been
characterized as an inhibitor of N-myristoyltransferase-1

w

100
80
60
40

20

Wound closure (percentage)

20 30 40

Time (Hours)

O

STAV-FCS

100
80
60
40

20

(Wound closure (percentage)

2 3
Time (Days)

Figure 5: Effects of the inhibitors on the migratory properties. (A-D) Wound closure measures for migratory properties of Z1L34
(A, B), STAV-AB (A, C) and STAV-FCS (A, D) cells for 80 h in the absence of treatments (A) and for 48 h in the presence (B-D) of 0.2%
DMSO (vehicle control), 0.5 uM imipramine blue (IB), 20 uM honokiol (HKL) or 1 uM Tris-dibenzylideneacetone-dipalladium (TDBA),

as assessed using an imaging device (IncuCyte).
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[10, 27]. This enzyme catalyzes the transfer of myristate
to a number of target substrates, including the Src family
kinases. Treatment of ZL.34 cells with 1 uM TDBA for 20
h resulted in relocalization of actin filaments from stress
fibers to actin arcs, and the cells appeared more rounded
and epithelial-like. The sizes of their FAs increased, and
appeared more similar to FAs associated with epithelioid
MM cells. TDBA also decreased 2D migration of Z1.34
cells. In contrast, the STAV-AB and STAV-FCS cells was
more or less refractory to TDBA treatment, with the only
significant effect seen for vimentin organization in STAV-
FCS cells.

The data presented here show that IB, and to a lesser
extent TDBA, can influence the malignant properties and
behavior of MM cells. This was of particular significance
for the highly malignant ZL34 MM cell line, but was
also apparent for STAV-FCS cells. Collectively, our data
indicate that these different MM cells are differentially
responsive to compounds that have negative influences
on oxidative stress. IB appears to be the most effective
of these to counteract the malignant properties of the
MM cells, although these cells at different stages of
malignancies responded differentially to the treatments,
where ZL.34 cells were the most responsive. Inhibitors
that act in the same way as IB have the potential to slow/
inhibit/ block cell transformation, which thus indicates
their potential use for cancer therapies for patients with
MMs. As well as the need for ex-vivo evaluation of
cytotoxic drug responses in patient-derived MM cells
[28, 29], such inhibitors of cytoskeletal dynamics will be
tested further as a promising new class of agents that can
modulate tumor aggressiveness, and can thus potentially
improve survival of patients with MMs.

MATERIALS AND METHODS

Antibodies, reagents, and constructs

The following commercial antibodies and
reagents were used: mouse monoclonal anti—o-tubulin
(T9026); mouse monoclonal anti-vimentin (V6630);
tetramethylrhodamine isothiocyanate (TRITC)-conjugated
phalloidin (P1951) (Sigma-Aldrich); mouse monoclonal
anti—f-catenin (#610153; BD Biosciences); mouse
monoclonal anti-YAP (SC-101199) and mouse monoclonal
anti-phosphotyrosine (PY99; SC-7020) (Santa Cruz);
AlexaFluor 488-conjugated donkey anti-mouse (A21202)
(Invitrogen-Molecular Probes). The following small-
molecule compounds were used: IB, HKL, and TDBA,
dissolved in dimethylsulfoxide (DMSO) [10-12].

Cell culture, transfection, and
immunofluorescence

For the human MM cell lines, the Z1.34 and STAV-
FCS cells were cultured in RPMI medium supplemented

with 5% fetal bovine serum and 5% bovine serum, and
the STAV-AB cells in RPMI medium supplemented with
10% human AB serum. All cultures were maintained at
37 °Cin 5% CO,. For immunofluorescence analysis, the
cells were fixed in 3% paraformaldehyde in phosphate-
buffered saline (PBS) for 25 min at 37°C, and then washed
in PBS. The cells were then permeabilized in 0.2% Triton
X-100 in PBS for 5 min, washed in PBS, and incubated
in PBS with 5% fetal bovine serum for 30 min at room
temperature. The primary and secondary antibodies were
diluted in PBS with 5% fetal bovine serum. The cells were
incubated with the primary and secondary antibodies for
1 h for each, with washing in PBS. The coverslips were
mounted on object slides using Fluoromount-G (Southern
Biotechnology Associates). The cells were photographed
under the microscope (AxioVert 40 CFL; Zeiss), which
was equipped with a digital camera (AxioCAM MRm,;
Zeiss), and the AxioVision software was used.

Single-cell migration with the scratch wound
assay

Wound closure was monitored using the scratch
wound assay (IncuCyte Zoom; Essen Bioscience). Here,
the scratches were introduced using a wound maker, which
creates wounds of equal width. Images were acquired
under the microscopy every 2 h using a 10x phase-contrast
objective. The scratch-wound analysis software (IncuCyte)
allowed quantification of the increasing cell confluence
inside the wound.
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