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Abstract

Exposure to particulate matter (PM) has been related to the onset of adverse health effects including lung cancer, but the
underlying molecular mechanisms are still under investigation. Epithelial-to-mesenchymal transition (EMT) is regarded as a
crucial step in cancer progression. In a previous study, we reported EMT-related responses in the human bronchial epithelial
cell line HBEC3-KT, exposed to Milan airborne winter PM2.5. We also found a strong modulation of SERPINB?2, encoding
for the PAI-2 protein and previously suggested to play an important role in cancer. Here we investigate the role of SERPINB2/
PAI-2 in the regulation of EMT-related effects induced by PM exposure in HBEC3-KT. PM exposure (up to 10 pg/cm?)
increased SERPINB? expression, reduced cell migration and induced morphological alterations in HBEC3-KT. Changes in
actin structure and cadherin-1 relocalization were observed in PM-exposed samples. Knockdown of SERPINB2 by siRNA
down-regulated the CDHI gene expression, as well as PAI-2 and cadherin-1 protein expression. SERPINB2 knockdown also
increased cell migration rate, and counteracted the PM-induced reduction of cell migration and alteration of cell morphology.
SERPINB2 was found to be greatly down-regulated in a HBEC2-KT transformed cell line, supporting the importance of this
gene in the regulation of EMT. In conclusion, here we show that PAI-2 regulates CDHI gene/cadherin-1 protein expres-
sion in bronchial HBEC3-KT cells, and this mechanism might be involved in the regulation of cell migration. SERPINB2
down-regulation should be considered part of EMT, and the over-expression of SERPINB2 in PM-exposed samples might
be interpreted as an initial protective mechanism.
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Background

but the molecular mechanisms underlying the development
of these diseases are still under investigation. With regard

Exposure to particulate matter (PM) has been related to the
onset of adverse health outcomes, including pulmonary and
cardiovascular diseases, and lung cancer (Lewtas 2007),
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to lung cancer, PM is suggested to function as an initiator
in the carcinogenic process because of its DNA-damaging
potential, leading to oxidative damage and the formation of
bulky adducts (Valavanidis et al. 2013; Cassee et al. 2013).
Besides, chemical compounds in the particles, such as
PAHs, are known to be complete carcinogens, contributing
to cancer promotion and progression by affecting physiologi-
cal processes that modulate cell growth, division, prolifera-
tion (Liu et al. 2015). Epithelial-to-mesenchymal transition
(EMT) is regarded as a crucial step in cancer progression
(Xiao and He 2010a). This process involves morphological
and phenotypic cellular changes, including loss of cell—cell
adhesion, polarized epithelial morphology, and acquisition
of a motile and invasive phenotype. The most typical molec-
ular changes include loss of cell-cell adhesion protein cad-
herin-1 (CDH1 gene) expression, and enhanced cadherin-2
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(CDH?2 gene) and intermediate filament protein vimentin
(VIM gene) expression (Xiao and He 2010b).

Several recent in vitro studies reported alterations in cell
migration and invasion, and in EMT markers expression
(Yue et al. 2015; Yang et al. 2017; Wei et al. 2017) and
cell transformation after 3 months exposure to PM (Luanpit-
pong et al. 2014). It has been suggested that the mechanisms
underlying these changes involve the extracellular matrix
(ECM) degradation pathway (Yue et al. 2015). In lung can-
cer cells exposed to PM, Yang and colleagues reported the
regulation of vimentin and cadherin-1, involved in mecha-
nisms regulating cell-cell adhesions, mobility and prolif-
eration of epithelial cells (Yang et al. 2017). In this case,
metals in particles were held responsible for this effect. The
mechanisms involved in PM-induced EMT are likely to be
multiple and diverse according to the chemical composition
and properties of particles.

Using HBEC3-KT cells, we previously reported that
a low dose (2.5 pg/cm?) of Milan airborne winter PM2.5
(WPM2.5) is capable of inducing EMT-related effects (Long-
hin et al. 2016b), such as reduced migration and morpho-
logical changes starting from 72 h of exposure, and reduced
cadherin-1 expression after 2 weeks of exposure. HBEC3-
KT may constitute a suitable model for studying molecular
carcinogenic pathways in normal lung cells. HBEC3-KT
has been immortalized from normal bronchial epithelium
in the absence of viral oncoproteins, by stable transfection
of the h”TERT and Cdk4 genes. HBEC3-KT do not generate
colonies in soft agar or tumors in nude mice, retain an intact
TP53 signaling pathway, and their gene expression pattern
clusters with normal non-immortalized bronchial epithelial
cells and not with lung tumor cells (Ramirez et al. 2004).

The alterations on migration and morphology induced
by particles exposure on HBEC3-KT were compared with
modulation of genes that are relevant for several biological
processes, including response to xenobiotics and oxidative
stress, inflammatory processes and EMT (Longhin et al.
2016b). Among the affected genes we found a strong and
early up-regulation of SERPINB?2, coding for the plasmino-
gen activator inhibitor type-2 protein PAI-2. The role of this
serpin has long been enigmatic, but it has been previously
suggested to play an important role in cancer (Croucher
et al. 2008). High levels of PAI-2 have been related to inhi-
bition of metastasis in mice (Schroder et al. 2014), while low
expression was associated with reduced survival from lung
adenocarcinoma in humans (Ramnefjell et al. 2017). In vitro,
PAI-2 has been reported to inhibit proliferation and migra-
tion in pulmonary arterial smooth muscle cells (Zhang et al.
2015). The mechanisms of these effects are not yet fully
elucidated. In the extracellular environment, serpins inhibit
the urokinase plasminogen activator (uPA), preventing the
conversion of plasminogen to plasmin, which participates
in the breakdown and remodelling of the ECM, facilitating
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invasion and metastasis. This function has primarily been
attributed to serpinE1l (PAI-1), PAI-2 being approximately
tenfold slower than PAI-1 at inhibiting uPA, and is usually
not detectable in human plasma under physiological condi-
tions (Croucher et al. 2008). Thus, other mechanisms might
link PAI-2 to cell proliferation and migration. Taking into
account the prevalence of the cytosolic form of this protein
over the released form, intracellular functions have been
suggested. However, due to conflicting results and specific
responses in different cell types, the exact function of intra-
cellular PAI-2 remains unclear (Croucher et al. 2008).

We hypothesized that SERPINB2/PAI-2 may play a role
in the regulation of migration induced by PM exposure in
HBEC3-KT, and possibly in other EMT-related effects.
To test this hypothesis, we further exposed these cells to
Milan PM and we used small interfering RNA (siRNA) for
SERPINB? gene expression knockdown. Cell migration and
morphology, and the expression of EMT-related genes and
proteins were thus assessed.

Methods

PM sampling and preparation for biological
experiments

PM2.5 samples were collected during winter 2011-2012 at
Torre Sarca, a site of urban background for atmospheric pol-
lution in Milan. Samplings were performed by a low volume
gravimetric sampler (FAI Instruments, Rome, Italy) on Tef-
lon filters, which were replaced every 24 h and then stored at
—20 °C until extraction. Samples were pooled and particles
were extracted as previously described (Longhin et al. 2013).
Briefly, filters were put in a glass vial with 2 mL of sterile
water and underwent 20 min sonication in an ultrasound
bath (SONICA, Soltec). Four sonication cycles were per-
formed and the extraction water was collected and replaced
every time. The volumes obtained from the four cycles were
put together to obtain a homogeneous sample. Particle sus-
pension was aliquoted in sterile vials, dried in a desiccator,
weighed and stored at —20 °C. The resulting pellets were
resuspended in sterile water (2 pg/uL) just prior to use.

Data on the PM chemical composition and physical
properties have been published previously (Mantecca et al.
2012).

Cells culture and exposure

The hTERT and Cdk4 immortalized human bronchial epi-
thelial cell lines HBEC3-KT and HBEC2-KT were a kind
gift from Dr. John D. Minna (Ramirez et al. 2004). During a
previous study, transformed cell lines were established from
HBEC2-KT after long-term exposure to a cigarette smoke
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condensate (Bersaas et al. 2016). The cell line code T2KT-
CSC-H, referred to as transformed HBEC2-KT, was used
in this study.

Cells were maintained on collagen-coated dishes in
LHC-9 medium at 37 °C with 5% of CO,. For the mainte-
nance of transformed HBEC2-KT, 10% FBS was added to
the medium.

HBEC3-KT cells were used for PM exposure and knock-
down experiments. They were seeded at a concentration of
3 x 10° cells/well in 6-well plates and treated the day after
with 2.5 or 10 pg/cm? of wPM2.5. The cellular responses
were examined after 6, 24, 48 and 72 h of exposure and the
results compared to untreated cells (control).

HBEC2-KT and transformed cells were used to investi-
gate SERPINB?2 gene expression levels in cells that already
underwent the EMT process versus normal cells.

RNA interference

HBEC3-KT cells for RNA interference were seeded at a
concentration of 2 x 10° cells/well in 6-well plates. After
24 h, the cells were incubated with LHC-9 plus transfec-
tion media (4:1), containing a combination of three dif-
ferent SERPINB?2 specific siRNAs (1:1:1 of HSS107572,
HSS107573, HSS107574, Thermo Fisher, final concentra-
tion 5 nM; sequences are reported in Additional file 1) or
negative control siRNA (Stealth RNAi Negative Control
Medium GC Duplex, Thermo Fisher, final concentration
5 nM), according to the manufacturer’s forward transfec-
tion protocol. Transfection media were prepared by dilut-
ing lipofectamine RNAiMAX (Thermo Fisher) and siRNA
(or negative control siRNA) in Opti-MEM reduced serum
medium (Thermo Fisher), and incubated at room tempera-
ture for 5 min prior to transfection.

After 24 h of incubation, transfection media were
removed and cells were exposed to 10 ug/cm? of wPM2.5
for 48 h. The PM concentration and time point were selected
after screening of the effects induced at the screening condi-
tions described in paragraph 2.2. The cells were then used
for the different biological analyses as described below.

For migration assays on SERPINB2 knockdown studies, a
reverse transfection protocol was used. After trypsinization,
the cells were directly resuspended in LHC-9 plus transfec-
tion media and seeded (2.5 x 10* cells/well) in a collagen-
coated ImageLock 96-well plate (Essen Bioscience), so that
seeding and transfection occurred at the same time for 24 h.
Then the cells were exposed to 10 pg/cm? of wPM2.5 for
48 h, and the scratch wound was performed.

Gene expression

Total RNA was extracted from samples by the RNA-Solv
Reagent (Omega Bio-tek) and reverse transcribed using

gScript cDNA Synthesis kit (Quanta Biosciences). Meas-
urement of gene expression was performed by real-time PCR
on a StepOne Plus Real-Time PCR system (Applied Biosys-
tems), using the PerfeCTa SYBR Green FastMix (Quanta
Biosciences) and the following program: initial denaturation
at 95 °C for 30 s, then 40 cycles of 95 °C for 3 s and 60 °C
for 30 s, followed by a melting curve. The amount of target
cDNA in each sample was established by determining a frac-
tional PCR threshold cycle number (Ct), and estimated by
interpolation from a standard curve. The standard curve was
made from known amounts of the corresponding product
with the same primer sets and was run on each PCR plate.
The expression levels of target genes were normalized to the
expression of 18S. Primers sequences for investigated genes
SERPINB2, CDH1, VIM and 18S are reported in Additional
file 2.

Cell migration

A scratch wound closure assay was used for migration analy-
sis. For the experiments involving PM exposure (Fig. 1b),
cells were seeded (2 x 10* cells/well) in a collagen-coated
ImageLock 96-well plate (Essen Bioscience). After 24 h,
cells were exposed to PM for 48 h. Scratch wound was per-
formed by use of the WoundMaker tool (Essen BioScience)
and migration was followed for 24 h and determined by an
IncuCyte Zoom Live Cell Imaging microscope and associ-
ated software (Essen BioScience).

For migration experiments involving SERPINB2 knock-
down (Fig. 4), the seeding and transfection steps were per-
formed simultaneously for 24 h, as described in paragraph
2.3.

Cell morphology and immunocytochemistry

Cell morphology was inspected after PM exposure by a
Nikon ECLIPSE TS100 inverted microscope, and digital
images were acquired. Cells for immunocytochemical detec-
tion of proteins were prepared following common fluores-
cence microscopy techniques. Briefly, cells were grown on
cover slips and treated as described above. After exposure,
cells were washed in PBS and fixed with 4% paraformal-
dehyde for 15 min at 4 °C. Permeabilization and blocking
were performed in PBS, 5% BSA, 0.1% Triton X-100 for
60 min at room temperature. Cells were then immunocy-
tochemically labelled with primary antibodies in PBS, 3%
BSA overnight at 4 °C (cadherin-1 1:300 dilution; vimen-
tin 1:150; PAI-2 1:500; Thermo Fisher). Cover slips were
then incubated with appropriate Alexafluor 488 secondary
antibodies (1:500 dilution; Thermo Fisher) for 1 h at room
temperature. Actin was labelled with rhodamine phalloidin
(1:40 dilution, Thermo Fisher) in PBS/1% BSA for 20 min at
room temperature. Slides were mounted with ProLong Gold
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Fig.1 PM effects on HBEC3-KT cells. a SERPINB2 expression was
measured after exposure to 2.5 and 10 ug/cm? of PM, from 6 to 72 h.
*Statistically significant difference from untreated cells (Ctrl), ¢ test
p<0.05. b Effects on migration were investigated after 48 h of PM
exposure. *Statistically significant difference from untreated cells

antifade reagent (Thermo Fisher), which included DAPI for
the cell DNA counterstaining. Slides were observed under
the inverted microscope AxioObserver Z1 Cell Imaging sta-
tion (Carl-Zeiss Spa, Germany) and images were acquired
by a MRcS digital camera and elaborated with the dedicated
software AxioVision Rel. 4.8.

Western blotting

Cells were scraped and lysed on ice with sample buffer
(60 mM Tris pH 6.8, 1.5% SDS, protease inhibitors,
12.5 mM DTT added to the cell solution). The total pro-
tein content was evaluated by the bicinchoninic acid assay
(Thermo Fisher) according to the manufacturer’s instruc-
tion. Equal amounts of proteins were loaded onto precast
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PM

Mini-PROTEAN Stain-Free Protein Gels (Bio-Rad), sepa-
rated and transferred onto nitrocellulose membranes. Actin
staining was used for assessment of equal protein load-
ing. The membranes were then blocked overnight (Tris
buffered saline, TBS, 0.2% Tween20, 3% (w/v) Bovine
Serum Albumin, BSA) and incubated at 4 °C overnight
with specific primary antibody diluted according to data-
sheets (PAI-2 dil. 1:3000, cadherin-1 dil. 1:10,000, p-actin
dil. 1:10,000, Thermo Fisher). The day after, membranes
were washed in TBS and incubated with specific HRP-
linked secondary antibodies for 1 h at RT (anti-rabbit or
mouse IgG, 1:10,000, Cell Signaling). After detection
with chemiluminescent peroxidase substrate (Thermo
Fisher), digital images were taken by a luminescence
reader (Amersham Imager 600) and densitometry analysis
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performed with dedicated software (Amersham Imager
600 Analysis Software Version 1.0).

Statistical analyses

Mean and standard deviation (SD) of at least three inde-
pendent experiments are reported. Statistical analyses were
performed by Sigma Stat 3.1 software, using ¢ test. Values of
p <0.05 were considered statistically significant. Cell migra-
tion was analyzed by a linear mixed model (Stata, Stata-
Corp LP). An interaction term between treatment and time
allowed us to estimate the difference over time between the
transformed cell lines and the control cell line. To take into
account the dependency in the data, random effects were
added for wells, while a random slope for time accounted for
different individual slopes of the curve for each well. Finally,
an autoregressive (AR) structure of order 2 was assumed for
the residuals.

Fig.2 Actin, cadherin-1 and
vimentin analyses by immu-
nocytochemistry. Cells were
exposed for 48 h to 10 ug/cm?
of PM and stained for actin
(red), cadherin-1 or vimentin
(green), and DNA (blue)

Actin

Cadherin-1

Vimentin

Results

We have previously reported reduced migration and altered
morphology starting from 72 h of exposure, and reduced
cadherin-1 expression after 2 weeks of exposure to a low
dose (2.5 ug/cmz) of Milan wPM2.5 (Longhin et al. 2016b).
A time course and dose response screening was performed
on SERPINB?2 expression in HBEC3-KT cells exposed to
PM to select optimal conditions for the siRNA studies. The
strongest induction was detected after 48 h of exposure to
the dose 10 ug/cm? (Fig. 1a). At this exposure condition,
migration of cells was reduced (Fig. 1b) and morphology
was altered, with higher presence of elongated spindle-like
structures (Fig. 1c, arrows).

Morphological alterations were further investigated
by fluorescence microscopy, by marking the cytoskeletal
proteins actin and vimentin, and the membrane cell-cell
adhesion protein cadherin-1. Alteration in actin structure,
consisting in loss of stress fibers and increased membrane
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ruffling, was observed (Fig. 2), as previously reported in
BEAS-2B cells exposed to Milan winter PM2.5 (Longhin
et al. 2016a). As expected, cadherin-1 localized at junctions
between adjacent cells in control samples, while a less spe-
cific and more diffuse staining was observed in the cyto-
plasm of PM-exposed cells (Fig. 2). Less distinct alterations
in vimentin were observed.

To investigate the role of PAI-2 on migration and other
EMT markers, knockdown experiments with SERPINB2
siRNA were carried out. At the time point studied, the down-
regulation of SERPINB2 was highly effective (Fig. 3). Nega-
tive siRNA control (siNEG) did not affect SERPINB2 levels
with respect to control cells or PM-exposed samples (Ctrl
and PM).

The expression of EMT-related genes CDHI, CDH2 and
VIM was thus measured. PM exposure did not significantly
affect the expression of these genes at the time point investi-
gated. Very interestingly, SERPINB2 knockdown statistically
significantly down-regulated CDH1 expression; fold change
in not exposed and PM-exposed samples was reduced by
87 and 85%, respectively, compared to siNEG control cells.
No significant effects were observed on the other genes here
investigated (Fig. 3).
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Fig.3 Gene expression analysis after SERPINB2 knockdown. Cells
were incubated for 24 h with siRNA against SERPINB2 (siSER-
PINB2) or negative siRNA control (siNEG), and then exposed for
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SERPINB?2 knockdown induced increased cell migra-
tion rate in HBEC3-KT cells, while transfection with
siNEG had no effect (Fig. 4a). Moreover, knockdown of
SERPINB? partly counteracted the PM-induced reduction
of cell migration (Fig. 4b).

Knockdown of SERPINB?2 also inhibited the PM-
induced alterations of cell morphology, reducing the pres-
ence of elongated spindle-like structures (Fig. 5). Nega-
tive siRNA control did not alter PM-induced effects on
morphology.

Fluorescence microscopy was again used to investigate
the effect of SERPINB2 knockdown on proteins of inter-
est. Cadherin-1 was marked to assess the effect of CDHI
down-regulation at protein level, while actin was marked to
investigate possible effects on the morphological alteration
observed after PM exposure. Cadherin-1 relocalization after
PM exposure was confirmed in cells treated with negative
siRNA control (Fig. 6). Cadherin-1 fluorescence intensity
was greatly reduced in samples in which SERPINB2 was
knocked down, supporting CDHI down-regulation. Altera-
tions of actin induced by PM did not appear to be affected
by SERPINB?2 knockdown, as membrane ruffling and loss of
stress fibers were still evident in these cells (Fig. 6).
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Fig.4 Analysis of cell migration after SERPINB2 knockdown. a
Cells were seeded, and after 24 h, incubated for additional 24 h with
siRNA against SERPINB2 (siSERPINB2), negative siRNA control
(siNEG), or fresh medium (Ctrl). Scratch wound healing assay was
then carried out. Statistically significant difference from * untreated
cells (Ctrl), # negative siRNA control (siNEG), linear mixed model
p<0.05. b Cells were seeded and simultaneously incubated with
siRNA against SERPINB2 (siSERPINB2) or negative siRNA control
(sINEG) for 24 h, and then exposed for 48 h to 10 pg/cm? of PM.
Scratch wound healing assay was then run. *Statistically significant
difference from siNEG Ctrl (gray asterisks refer both to siSERPINB2
Ctrl and siSERPINB2 PM), *Statistically significant difference of siS-
ERPINB2 PM from siSERPINB2 Ctrl. Linear mixed model p <0.05

Effects of SERPINB2 knockdown on PAI-2 and cad-
herin-1 proteins were confirmed by Western blotting
(Fig. 7). As expected, PAI-2 was induced by PM, and
expression was almost completely abrogated after SER-
PINB?2 knockdown. Small alterations in actin protein lev-
els may be apparent in PM-exposed cells (Fig. 7).

Finally, as a further indication of the importance of
SERPINB? in the regulation of EMT, we measured its
expression in a previously established in vitro transformed
cell line (transformed HBEC2-KT). Very interestingly,

SERPINB? is greatly and statistically significantly down-
regulated in the transformed cell line, compared to the
original untransformed HBEC2-KT (Fig. 8). The expres-
sion of EMT-related genes CDHI, CDH2 and VIM was
here measured and reported to confirm the maintenance
of the typical gene expression pattern of transformed cell
lines that have gone through EMT. As expected, CDHI
down-regulation, and CDH2 and VIM up-regulation were
present (Fig. 8).

Discussion

PM exposure has been related to lung cancer and develop-
ment of EMT, but the mechanisms underlying these out-
comes are still poorly understood. The primary aim of this
work was to investigate the importance of SERPINB2/PAI-2
in the EMT process induced by PM exposure in HBEC-3KT
cells. Previously, we reported that diesel exhaust particles
and winter Milan PM2.5 induce SERPINB2 expression
and delayed migration in this cell model (Longhin et al.
2016b). Moreover, high PAI-2 levels have been related to
reduced migration of pulmonary arterial smooth muscle
cells in vitro, while knockdown of PAI-2 has been shown
to increase proliferation and migration (Zhang et al. 2015).
Here we confirm these observations in a normal bronchial
epithelial cell line (HBEC3-KT), showing that knockdown
of SERPINB? induces increased cell migration rates in con-
trol and PM-exposed cells, counteracting the delayed migra-
tion induced by PM.

To investigate the mechanisms of the observed correlation
between SERPINB2 and migration, we analyzed other EMT
markers and possibly related effects. Although increased
migration is a typical hallmark of EMT, decreased or delayed
cell migration has also been described in post-EMT human
epithelial cells (Schaeffer et al. 2014). The same effect was
reported in murine lung epithelial cells exposed to diesel
particles (LaGier et al. 2013). In this last case, the authors
found decreased cytoskeletal anchoring, along with altered
Golgi polarity, modified focal adhesions, and thus relating
the delay in cell migration to these cytoskeletal alterations.

Interestingly, PM exposure resulted in altered cell mor-
phology, with an increased number of elongated spindle-
like structures, modified actin structure, loss of stress fibers
and increased membrane ruffling. In addition, Cadherin-1
was found to relocalize after PM exposure, moving from
the cell-cell contact region to the cell’s cytoplasm. A
few papers reported similar effects in PM-exposed cells.
Actin alterations were reported in A549 cells exposed to
PM10, although in this case stress fibers were increased
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Fig.5 Cell morphology after Ctrl
SERPINB?2 knockdown. Cells
were incubated for 24 h with
siRNA against SERPINB2
(siSERPINB2) or negative
siRNA control (siNEG), and
then exposed for 48 h to 10 pg/
cm? of PM. Arrows indicate
elongated spindle-like cellular
structures

siNEG

siSERPINB2

after particle exposure (Chirino et al. 2017). In HUVECs
exposed to diesel particles, Tseng et al. (2015) reported vas-
cular endothelial (VE-)cadherin relocation, moving from the
cell membrane to the interior and intracellular submembrane
regions, though maintaining unaffected protein levels.

Brandhagen et al. (2013) reported similar morphologi-
cal changes in cell morphology, including loss of cortical
actin and stress fibers, and gain of peripheral membrane
ruffles in SKOV-3 ovarian carcinoma cells exposed to the
synthetic steroid mifepristone. These alterations of the over-
all architecture of the cytoskeleton were associated with
poor cell adhesion (Brandhagen et al. 2013) and might be
partly responsible of the reduced migration in PM-exposed
cells. In particular, a high frequency of ruffle formation has
been associated with inefficient cell adhesion and migration
(Borm et al. 2005).

Knockdown of SERPINB2/PAI-2 resulted in increased
migration rate. However, it did not appear to have any effect
on PM-induced structural modification of actin, since loss of
stress fibers and increased membrane ruffles are still evident
in PM-exposed samples. Nevertheless, the cell morphol-
ogy appeared to be affected, since the elongated spindle-
like structures present in PM-exposed samples were almost
completely absent after PAI-2 knockdown. To our knowl-
edge, this is the first study to report effects of PAI-2 on cell
morphology.

Interestingly, PAI-2 knockdown greatly reduced the
expression of cadherin-1 at the gene and protein level.
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Cadherin-1 is a relevant cell-cell adhesion protein that
plays a key role in establishing adherens junctions. Loss
of cadherin-1 is a hallmark of EMT, and it has been pre-
viously correlated with increased cell migration, through
the WT1 pathway (Wu et al. 2013). Loss of cadherin-1
is likely a mechanism linking PAI-2 down-regulation to
increased cell migration in our model. On the contrary,
the role of cadherin-1 in reduced migration after expo-
sure to PM is less clear. PM exposure induced cadherin-1
relocalization from the membrane to the cytosol, with-
out significantly altering the protein level. In addition to
down-regulation of cadherin-1 expression, deregulation
of exocytic and endocytic pathways has been reported,
with consequences for protein turnover, recycling,
sequestration, and degradation (Melo et al. 2017). For
example, abnormal activation of proto-oncogenes such
as EGFR, c-Met, and Src results in increased phospho-
rylation of tyrosine residues in the cadherin-1/catenin
complex, which leads to protein internalization (Melo
et al. 2017). In addition, constitutive activation of Arf6,
which is involved in protein trafficking, endocytic recy-
cling and cytoskeleton remodelling, was found to lead to
cadherin-1 cytoplasmic accumulation (Figueiredo et al.
2011). Cadherin-1 is known to interact with actin fila-
ments, as well as other cytoskeleton structures (Izaguirre
and Casco 2016). The effects of cadherin-1 relocation and
actin alterations induced by PM might thus be correlated,
but this hypothesis needs further investigations.
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Fig.6 Actin and cadherin-1 analyses by immunocytochemistry
after SERPINB2 knockdown. Cells were incubated for 24 h with
siRNA against SERPINB2 (siSERPINB2) or negative siRNA control
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Fig.7 PAI-2, cadherin-1 and actin protein levels by Western blot-
ting after SERPINB2 knockdown. Cells were incubated for 24 h with
siRNA against SERPINB2 (siSERPINB2) or negative siRNA control
(siNEG), and then exposed for 48 h to 10 ug/cm? of PM. Images are
representative of two independent experiments

(siNEG), and then exposed for 48 h to 10 pg/cm? of PM. Cells were
then stained for actin (red), CDH1 (green), and DNA (blue)

To conclude, SERPINB2/PAI-2 down-regulation induces
increased migration, counteracting the effects of PM expo-
sure. PAI-2 also regulates CDH1 gene/cadherin-1 protein
expression in normal bronchial HBEC3-KT cells, a mecha-
nism that might be involved in the regulation of cell migra-
tion. Finally, the observations performed on a transformed
cell line suggest that SERPINB2 down-regulation could be
considered part of EMT. In this case, the over-expression of
SERPINB? in PM-exposed samples might be interpreted as
an initial protective mechanism.
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