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Abstract

The human respiratory syncytial virus (hRSV) is the most common cause of severe lower respiratory tract diseases
in young children worldwide, leading to a high number of hospitalizations and significant expenditures for health
systems. Neutrophils are massively recruited to the lung tissue of patients with acute respiratory diseases. At
the infection site, they release neutrophil extracellular traps (NETs) that can capture and/or inactivate different
types of microorganisms, including viruses. Evidence has shown that the accumulation of NETs results in direct
cytotoxic effects on endothelial and epithelial cells. Neutrophils stimulated by the hRSV-F protein generate NETs
that are able to capture hRSV particles, thus reducing their transmission. However, the massive production of
NETs obstructs the airways and increases disease severity. Therefore, further knowledge about the effects of
NETs during hRSV infections is essential for the development of new specific and effective treatments. This study
evaluated the effects of NETs on the previous or posterior contact with hRSV-infected Hep-2 cells. Hep-2 cells
were infected with different hRSV multiplicity of infection (MOI 0.5 or 1.0), either before or after incubation with
NETs (0.5-16 pg/mL). Infected and untreated cells showed decreased cellular viability and intense staining with
trypan blue, which was accompanied by the formation of many large syncytia. Previous contact between NETs
and cells did not result in a protective effect. Cells in monolayers showed a reduced number and area of syncytia,
but cell death was similar in infected and non-treated cells. The addition of NETs to infected tissues maintained a
similar virus-induced cell death rate and an increased syncytial area, indicating cytotoxic and deleterious damages.
Our results corroborate previously reported findings that NETs contribute to the immunopathology developed
by patients infected with hRSV.
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Resumo

O virus sincicial respiratério humano (hRSV) é a causa mais comum de doengas graves do trato respiratorio inferior
em criangas pequenas em todo o mundo, resultando em grande niimero de hospitalizagdes e gastos significativos
para os sistemas de satde. Neutréfilos sdo recrutados em massa para o tecido pulmonar de pacientes com doengas
respiratdrias agudas. No local da infecgdo, eles liberam armadilhas extracelulares de neutréfilos (NETs) que podem
capturar e/ou inativar diferentes tipos de microrganismos, incluindo virus. Evidéncias demonstraram que o acimulo
de NETs resulta em efeitos citotoxicos diretos nas células endoteliais e epiteliais. Os neutréfilos estimulados
pela proteina F do virus sincicial respiratério (hRSV-F) geram NETs que sdo capazes de capturar particulas virais,
reduzindo assim sua transmissdo. No entanto, a producdo maci¢a de NETs obstrui as vias aéreas e aumenta a
gravidade da doenca. Assim, um maior conhecimento sobre os efeitos das NETs durante as infec¢des por hRSV é
essencial para o desenvolvimento de novos tratamentos especificos e eficazes. Este estudo avaliou os efeitos das
NETs no contato prévio ou posterior a infec¢do de células Hep-2 com hRSV. As células Hep-2 foram infectadas com
diferentes quantidades de hRSV (multiplicidade de infec¢ao ou MOI 0,5 ou 1,0), antes ou ap6s a incubag¢ao com NETs
(0,5-16 ng/mL). Células infectadas e ndo tratadas mostraram reducao da viabilidade celular e intensa coloragao com
azul de tripano, que foi acompanhada pela formacdo de sincicios numerosos e grandes. O contato prévio entre as
NETs e as células ndo resultou em efeito protetor. As células em monocamadas mostraram um ndmero e area de
sincicios reduzidos, mas a morte celular foi semelhante aquela apresentada por células infectadas e ndo tratadas.
A adigdo de NETs aos tecidos infectados manteve taxa de morte celular e formagdo de sincicios semelhantes
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aqueles induzidos pelo virus em células ndo tratadas, indicando danos citotéxicos e deletérios. Nossos resultados
corroboram achados relatados anteriormente de que as NETs contribuem para a imunopatologia desenvolvida

por pacientes infectados com hRSV.

Palavras-chave: infec¢do viral, imunidade inata, virus sincicial respiratério humano, neutrdfilos, NETs.

1. Introduction

The human respiratory syncytial virus (hRSV) was first
described in 1957 as the agent responsible for bronchiolitis
in children, especially those under five years of age (Hall,
2001). hRSV infections affect people of all ages, but mostly
children and the elderly. Co-infections with respiratory
viruses, including hRSV, result in high mortality and
morbidity (Bawage et al., 2013). To date, treatments for
hRSV are only palliative and there is no vaccine available.

The inflammatory process induced by hRSV in the
airways of infants with bronchiolitis is dominated by
an intense influx of neutrophils (Everard et al., 1994;
Smith et al.,, 2001). The F-protein, located on the hRSV
surface, activates the release of neutrophil extracellular
traps (NETs) from neutrophils in the infected tissue
(Funchal et al., 2015). NETs were first described in 2004;
their release is stimulated by several inflammatory
mediators and pathogens (Brinkmann et al., 2004). These
traps are composed of nuclear/mitochondrial DNA and
proteins from the nucleus, cytoplasm, and cytoplasmic
granules (Fuchs et al., 2007; Urban et al., 2009), and
have a microbicidal and viricidal role (Jenne et al., 2013;
Saitoh et al., 2012; Brinkmann et al., 2004). In vitro, NETs
induce death in pulmonary epithelial cells and endothelial
cell lines (Saffarzadeh et al., 2012), suggesting that they
have a toxic effect on the alveolar-capillary barrier. In
some chronic respiratory diseases, such as cystic fibrosis
(CF), asthma, and chronic obstructive pulmonary disease
(COPD), airway obstruction by a dense mass of DNA and
protein-rich mucus is a pathological marker (Dubois et al.,
2012; Manzenreiter et al., 2012; Papayannopoulos et al.,
2011; Wright et al., 2016).

During hRSV infections, NETs trap hRSV particles,
thereby limiting the spread of the virus (Cortjens et al.,
2016). On the other hand, the dense mass of NETs found
in the airways and lungs of children with severe hRSV
infection impairs their respiratory capacity and contributes
to the aggravation of the disease (Cortjens et al., 2016).
Although several studies have proposed the adverse effects
of neutrophil responses in hRSV infections (Stokes et al.,
2011; Stokes et al., 2013; Stoppelenburg et al., 2014),
whether the presence of NETs during hRSV infections is
more beneficial or detrimental for the host has yet to be
determined.

Studies on the microbicidal role of NETs in bacteria
are common and continue to increase (Papayannopoulos,
2018). However, there is a lack of knowledge regarding the
effects of NETs on viruses, and more research is necessary
to elucidate the benefits or drawbacks of interactions
between NETs and virus. Here, we evaluated the effects of
NETs during the course of an hRSV infection in vitro. For this
purpose, epithelial cells were pre- and post-treated with
NETs and infected with hRSV. They were then evaluated
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for cell viability and the presence of syncytial formation,
a morphologic characteristic of replicating hRSV.

2. Material and Methods

2.1. Ethics statement

The experimental procedures involving human blood
were approved by the Local Ethics Committee on Human
Research of the Faculdade de Ciéncias e Letras de Assis
- FCL UNESP (42048315.5.0000.540), Assis, Sdo Paulo
state (SP), Brazil. Written informed consent, which was
suggested and approved by the Committee, was obtained
from each participant before beginning the investigation
procedures.

2.2. Cellular culture

Hep-2 cells (oropharyngeal carcinoma) were purchased
from the Bank of Cells of Rio de Janeiro (BCR], Rio de
Janeiro, Brazil) and expanded in 75 cm? culture flasks
(Corning Glass Works, New York, NY, USA). They were
grown in a humidified incubator at 37 °C and 5% CO, in
DMEM-F12 medium (Sigma-Aldrich, Saint Louis, MO, USA)
supplemented with 10% fetal bovine serum (FBS; Cultilab,
Campinas, SP, Brazil), antibiotics, and antimycotics (Gibco,
Life Technologies, Gaithersburg, MD, USA).

2.3. Viral stock

The hRSV long strain, provided by Prof. Dr. Eurico
de Arruda Neto (Medical School of Ribeirao Preto, USP,
Ribeirdo Preto, SP, Brazil), was amplified in Hep-2 cells.
Viral stocks were prepared in serum-free DMEM-F12
medium, and aliquots were subsequently frozen at -80°C
in DMEM supplemented with 10% trehalose (Gupta et al.,
1996). The viral titer was established through a plaque
assay, as previously described (McKimm-Breschkin, 2004),
and confirmed using the TCID,, method (Rasmussen et al.,
2011).

2.4. Isolation and stimulus of human neutrophils for NET
production

We collected 10 mL of peripheral blood from healthy
volunteers, both female and male individuals (> 18
years old) were included and individuals using anti-
inflammatory drugs were excluded. The blood was placed
itin BD Vacutainer® tubes (BD Biosciences, Franklin Lakes,
NJ, USA) containing sodium citrate and was processed
in a double density gradient (Histopaque 1119 and
1077, Sigma-Aldrich) according to the manufacturer’s
instructions. NETs were generated following the protocol
described by Brinkmann et al. (2010), with modifications
(Najmeh et al., 2015; Saffarzadeh et al., 2012). Briefly, the
isolated neutrophils were diluted in serum-free RPMI
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medium supplemented with 25 nM phorbol myristate
acetate (PMA), and seeded in a 6-well plate (1.8x106 cells/
well). The medium was discarded after incubation (3 h,
37 °C, 5% CO,) and the NETs were collected by washing
with serum-free RPMI and incubated in a water bath
(24 h at 40 °C) (Souza et al., 2018). Next, samples were
centrifuged (800xg, 5 min) and the supernatant was
stored at -20 °C in a freezer. The DNA concentration of
the samples was measured with a Qubit® 2.0 Fluorometer
using the PicoGreen dsDNA Assay Kit (Invitrogen, Inc.,
Grand Island, NY, USA).

2.5. Evaluation of the anti-hRSV effect of NETs

The anti-hRSV properties of human PMA-induced NETs
were assayed for their pre- and post-treatment effects on
hRSV-infected Hep-2 cells as described by Bettega et al.
(2004). Cell viability was estimated using a colorimetric
MTT [1-(4,5-Dimethylthiazol-2-yl)-3,5-Diphenylformazan
thiazolyl blue formazan] assay and trypan blue dye
incorporation assay. Multinucleated cells (syncytia) were
identified and counted, and their areas were calculated
as described below.

Pre-treatment assay: Confluent Hep-2 monolayers
(5%10* cells/well) were incubated with NETs (0.5-16 pug/mL)
for2 hat 37 °Cin a 96-well plate. Next, the NET supernatant
was replaced with a viral inoculum with different
multiplicity of infection (MOI 0.5 or 1.0). Following infection
(2 h,37°C), the viral suspension was replaced with serum-
free DMEM-F12 medium. The cells were incubated for three
days at 37 °C and 5% CO,,. Cellular control (CC, untreated
and uninfected cells) and viral control (VC, untreated and
infected cells) were included in the assay. Analyses were
performed on the third day after infection.

Post-treatment assay: Confluent Hep-2 monolayers
(5%10% cells/well) were infected with viral inoculum (MOI
0.5 or 1.0) for 2 h at 37 °C in a 96-well plate. The viral
suspension was replaced with NETs (0.5-16 ng/mL) diluted
in serum-free DMEM-F12 medium. Cells were incubated
for three days at 37 °C and 5% CO,. CC and VC were also
included in this assay. Analyses were performed on the
third day after infection.

2.6. Syncytium evaluation

Three days after infection, cells were analyzed
microscopically for the presence of syncytia. The number
of syncytia was counted through microscopic observation
using the well diameter as a parameter (from top to base).
After counting, images from each well were captured using
a camera attached to a Nikon eclipse TS 100 microscope
(Nikon, Tokyo, Japan). These images were processed using
an algorithm developed and carried out using the MATLAB®
software (Pasieka et al., 2003; Matkowskyj et al., 2000;
Larsen, 1998). In brief, the image files were segmented
to isolate the syncytium from the background. A binary
matrix was obtained in which the number zero (0)
represented the background pixels, and the number one
(1) represented syncytium pixels (object). The syncytial
area was estimated by converting the pixels to mm? using
an area limit of 0.01 mm?.
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2.7. MTT assay (cellular viability)

The protective effect of NETs against infected cells,
pre- or post-treatment, was indirectly assessed using
a colorimetric MTT assay following the manufacturer’s
recommendations (Sigma-Aldrich). This colorimetric
assay evaluates the cell viability based on the ability of
cells to reduce the MTT salt to formazan crystals using
the succinic dehydrogenase enzyme. The metabolism
of the salt is directly proportional to the metabolic rate,
meaning that cellular viability can be calculated from
the measured absorbance. Following treatment (3-day
incubation), we replaced the culture medium with the
MTT solution (0.5 mg/mL) and incubated the cells for 2 h
at 37 °C. Subsequently, the MTT solution was replaced with
50 pL/well dimethylsulfoxide (DMSO, Sigma-Aldrich) to
dissolve the formazan crystals. Absorbance at 560 nm was
recorded using a Multiskan™ FC Microplate Photometer
(Thermo Fisher Scientific, Waltham, MA, USA) and the
values were converted to the percentage of viable cells.
Cellular control (untreated and uninfected cells) and viral
control (untreated and infected cells) represented 100%
and 0% cellular viability, respectively. The cellular viability
percentage was obtained for each tested condition using
a protection equation (Equation 1) as follows:

Cellularviability(%)=M*100 (1)
ODcc-ODyc

where:

0D is the optical density at 560 nm;

ODT-0D, is the optical density of the treatment — optical
density of the viral control;

OD..- 0D, is the optical density of the cell control - optical
density of the viral control.

2.8. Trypan blue staining

Cell viability was also evaluated based on trypan
blue incorporation. At the end of each treatment, we
administered a 0.4% trypan blue solution to each well
for 30 s and then carefully washed it with phosphate
buffered saline. Blue stains indicate regions of cell death,
as evaluated using visual analysis.

2.9. Statistical analysis

All assays were repeated three or five times and were
performed using triplicate samples. Experimental data
were processed using Microsoft Excel (version 16.33) or
GraphPad Prism 6 and evaluated using Wilcoxon test. A
level of significance of p < 0.05 was used.

3. Results

3.1. Effects of pre-treatment with NETs on the hRSV-
infected Hep-2 cells

Hep-2 cells were incubated with different concentrations
of NETs (0.5-16 pg/mL) for 2 h and then infected with the
virus at different MOIs (0.5 or 1.0). The following parameters
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were observed after infection: cell viability, the presence/
absence of syncytia, and the number and area of syncytia.

The results of the treatment with viral inoculum at
a MOI of 0.5 demonstrated that previous contact of the
cells with NETs did not result in total protection from
hRSV infection, although it resulted in a reduction in the
number and area of syncytia (Figure 1). We observed
that only NET concentrations of 8 and 16 pg/mL showed
trend to reducing number of syncytia, but that was not
statistically significant compared with non-treated cells
(Figure 1A, left). Meanwhile, the cells treated with NETs
showed a decreasing syncytial area in a dose-dependent
manner (Figure 1A, center). The area of the syncytium was
smaller than the detection limit of the algorithm used in the
calculation for NET concentrations of 8 and 16 pg/mL. Cell
viability was also evaluated (Figure 1A, right). Data from
the MTT assay did not reveal any protective effects of NETSs,
as the viability of the treated cells was similar to that viral
control (VC). These observations were complemented and
corroborated by the trypan blue assay results (Figure 1B,
bottom panel). Trypan blue is not a permeable dye; as
such, the incorporation of trypan blue into cells occurs
when there is cell membrane damage, resulting in dead
cells being stained blue. Trypan blue staining revealed
intense cell damage in all infected cells, both treated and
non-treated (Figure 1B; bottom panel). The morphology
of cells (Figure 1B, top panel) confirmed the presence

A

Syncytium count

Syncytium size (mm?)

of syncytia and elongated cells among the VC following
infection. Infected cells that were treated with NETs
showed an elongated morphology (at 2 and 4 pg/mL)
and detachment (at 8-16 pg/mL). Together, these results
demonstrate that pre-treatment of hRSV-infected cells
with NETs reduces the presence of cellular syncytia but
does not protect the tissue from cell damage.

Treatment with the inoculum of higher MOI (1.0) showed
similar results to those obtained using an inoculum with
a MOI of 0.5, with none of the tested NET concentrations
inducing significant levels of protection (Figure 2). Prior
contact with NETs (8 and 16 pg/mL) resulted in an apparent
decrease in the syncytium count (Figure 2A, left), and all
NET concentrations resulted in a reduction in syncytium
area (Figure 2A, center). Despite this reduction in syncytium
number and area, cell viability remained low, as determined
by the MTT assay. The cell viability of infected and treated
cells was close to that of the VC (Figure 2A, on the right). The
incorporation of trypan blue was intense in infected cells,
treated with or without NETSs (Figure 2B, bottom panel). Cell
morphology analysis confirmed the presence of syncytia
in infected cells (Figure 2B, top panel). The cells treated
with NETs showed an elongated morphology (2-8 ng/mL)
and detachment from the culture vessel (16 ug/mL). The
results obtained with MOI 1.0 repeated the findings from
the MOI 0.5 replicates, that prior contact with NETs did
not protect the tissue from damage.

Cellular viability (%)
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Figure 1. Effects of pre-treatment with NETs on hRSV-infected cells (MOI 0.5). Hep-2 cells were pre-treated with different concentrations
of NETs (0.5-16 pg/mL) and infected with hRSV (MOI 0.5). On the third day of culture, cells were evaluated for (A) syncytium number and
area and cellular viability via the MTT assay, and (B) morphology and cell viability through trypan blue incorporation (TB incorporation).
Graphs and images are representative of three independent experiments performed in triplicate. They show the mean of obtained
values * standard deviation. Human respiratory syncytial virus (hRSV); neutrophil extracellular traps (NETs)
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Figure 2. Effects of pre-treatment with NETs on hRSV-infected cells (MOI 1.0). Hep-2 cells were pre-treated with different concentrations
of NETs (0.5-16 pg/mL) and infected with hRSV (MOI 1.0). On the third day of culture, cells were evaluated for (A) syncytium number and
area and cellular viability via the MTT assay, and (B) cell morphology and viability through trypan blue incorporation (TB incorporation).
Graphs and images are representative of three independent experiments performed in triplicate. They show the mean of obtained
values * standard deviation. Human respiratory syncytial virus (hRSV); neutrophil extracellular traps (NETs)

3.2. NET post-treatment effects on hRSV-Hep-2 infected
cells

Hep-2 cells were incubated with the virus at different
MOIs (0.5 or 1.0) for 2 h. After incubation, the cell
monolayers were maintained for three days in the presence
of different concentrations of NETs (0.5-16 ng/mL).

hRSV infection at MOI 0.5 induced syncytium formation
and cellular death (Figure 3). The syncytium count was
reduced when the cells were post-treated with NETS,
particularly at higher concentrations (8 and 16 pg/mL;
Figure 3A, left). We also analyzed the area of the syncytia
(Figure 3A, center), which remained at similar levels to that
of the control at NET concentrations of 0.5-2 nug/mL, but
was reduced at higher NET concentrations (4-16 pg/mL).
Morphological data confirmed the presence of syncytia
and the cells were distant from each other (Figure 3B,
top panel). Cells post-treated with NETs showed a
similar morphology to infected control cells, including
a reduction in the number of attached cells. The data
showed that NETs did not provide a protective effect at
concentrations of 0.5-2 pg/mL (Figure 3A, right). There
was a trend toward improved results for treatment with
NET concentrations of 4-16 pg/mL, although this was not
statistically significant (p > 0.05). The presence of cells
dying was confirmed through the trypan blue assays
(Figure 3B, bottom panel). All infected cells, even those
that were treated with NETs, showed large blue-colored
regions, indicating cellular death.

Brazilian Journal of Biology, 2023, vol. 83, 248717

Hep-2 cells were also post-treated with NETs after being
infected with a higher viral inoculum (MOI 1.0) (Figure 4).
All NET concentrations tested resulted in a reduction in
the syncytium count in the infected cells (Figure 4A, left).
On the other hand, NET concentrations of 0.5-4 pg/mL
induced an increase in the area of the syncytia, while
the cells treated with NETs at 8 and 16 pg/mL showed
a reduced syncytium area (Figure 4A, center). These
morphological changes can be seen in the images captured
from the cell monolayer (Figure 4B, top panel). The CC
showed cellular confluency. The presence of syncytia
gradually decreased with increasing NET concentrations.
It is important to note that there was a reduced number of
attached cells after treatment with NETs at concentrations
of 8-16 pg/mL. Cellular viability results did not improve
with NET treatment (Figure 4A, right). Trypan blue was
incorporated in both treated and non-treated infected
cells (Figure 4B, bottom panel), indicating cell damage.
The lowest number of attached cells was observed in the
wells treated with 16 pg/mL NETs. Our data demonstrate
that the post-infection contact of hRSV-infected cells with
NETs does not protect them from cellular damage.

4. Discussion

In hRSV-infected lung tissue, leukocyte recruitment
occurs after the pathogens arrive in the tissue. Neutrophils
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Figure 3. Effects of post-treatment with NETs on hRSV-infected cells (MOI 0.5). Hep-2 cells were infected with hRSV (MOI 0.5) and
subsequently cultured in the presence of different NET concentrations (0.5-16 pg/mL). On the third day of culture, cells were evaluated
for (A) syncytium number and area and cellular viability via the MTT assay, and (B) cell morphology and viability through trypan blue
incorporation (TB incorporation). Graphs and images are representative of three independent experiments performed in triplicate. They
show the mean of obtained values * standard deviation. (*p < 0.001, **p < 0.0005 compared to the viral control, VC). Human respiratory
syncytial virus (hRSV); neutrophil extracellular traps (NETs)
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Figure 4. Effects of post-treatment with NETs on hRSV-infected cells (MOI 1.0). Hep-2 cells were infected with hRSV (MOI 1.0) and
subsequently cultured in the presence of different NET concentrations (0.5-16 pg/mL). On the third day of culture, cells were evaluated
for (A) syncytium number and area and cellular viability via the MTT assay, and (B) cell morphology and viability through trypan blue
incorporation (TB incorporation). Graphs and images are representative of three independent experiments performed in triplicate. They
show the mean of obtained values + standard deviation. (**p < 0.01, ***p < 0.001, ****p<0.0001 compared to viral control, VC). Human
respiratory syncytial virus (hRSV); neutrophil extracellular traps (NETs)
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are attracted by inflammatory mediators secreted by
infected cells and other resident leukocytes (Nuriev and
Johansson, 2019). Once they arrive at the site of infection,
they are exposed to an environment with infected and
non-infected cells, as well as extracellular viral particles.

Neutrophil accumulation in the respiratory tract
tissues of patients infected with hRSV is well-documented
(Smith et al., 2001; Everard et al., 1994). The contact
between neutrophils and hRSV leads to several
inflammatory responses, including the release of NETs via
Toll-like receptors (TLRs) (Funchal et al., 2015). Although
NETs have a microbicidal effect, their presence in tissues
has also been reported to be associated with deleterious
effects in various infections (Massberg et al., 2010;
Narasaraju et al., 2011; Papayannopoulos et al., 2011).
Thus, we aimed to investigate the role of NETs during
hRSV infections in both infected and non-infected cells,
using pre- and post-treatment protocols.

The NETs generated in this study were stimulated by
PMA in the absence of FBS, since the latter contains DNAse
that could break down traps (Zimmer et al., 2001). We
analyzed the role of NETs during hRSV infection using
two different protocols, pre- and post-treatment, in
which cells were treated with NETs before or after a viral
infection, respectively. In both treatments, NETs did not
provide any protective effects. In the pre-treatment trials,
there was reduction in the number and area of syncytia,
but the rate of cell death was maintained. Post-treatment
trials, in which Hep-2 cells were first infected and then
underwent cultivation with NETs, showed a general trend
of NETs aggravating the course of infection, mainly when
they were treated with a viral inoculum of MOI 1.0.

Both pre- and post-treatments with NETs interfered
with the number and size of syncytia in cells infected
with hRSV. The term “respiratory syncytial virus” is based
on the fact that infections generate syncytia as a result
of the fusion of infected cells, leading to the formation of
multinucleated cells. Studies indicate that a syncytium
promotes an efficient and rapid viral cell-cell dissemination
mechanism (Dutch et al., 2000; Pastey et al., 2000). We
have not found any previous work that reported the
interference of NETs with the size and number of syncytia,
but it is known that the F-protein is a central mediator
for the optimal induction of syncytia formation among
viral proteins (Techaarpornkul et al., 2001). Although
there is no correlation between the relative quantity of
F-protein mRNA and the number or size of the syncytia
(Gagliardi et al., 2017), it is interesting to note that there are
some correlations between NETs and F-protein. F-protein
stimulates neutrophils to produce NETs (Funchal et al.,
2015), and in silico assays suggests that NETs can interact
with F-protein (Souza et al.,, 2018). Future studies may
answer whether the reduction in the number and size of
syncytia induced by cellular treatment with NETs interferes
with viral dissemination in tissue.

Kotelkin et al. (2003) demonstrated that hRSV infections
sensitize cells to apoptotic cell death by modulating the
expression of caspases and pro-apoptotic factors of the
Bcl-2 family, as well as anti-apoptotic factors, such as Mcl-1.
Saffarzadeh et al. (2012) observed cell death after in vitro
incubation of endothelial and epithelial cells with NETs. The
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authors described that the cytotoxic effects of NETs were
mediated by histones and myeloperoxidase. Souza et al.
(2018) reported the antiviral effects of NET, where virus
particles trapped by NETs were not able to infected and to
kill the cells. Complementary, we demonstrated that the
previous or posterior contact of cells with NETs did not
protect against death induced by free virus particules. We
conclude that NETs have a beneficial effect in capturing
and reducing the number of infected cells, but they do not
interfere with the cytopathic effect induced by the free
viral particles that were able to infect the tissue.”

In vivo strategies to inhibit or degrade NETs have yielded
positive results (Caudrillier et al., 2012; Rossaint et al.,
2014; Thomas et al., 2012). In these studies, DNAse or
histone-blocking antibodies were used to reduce lung
endothelial injury and protect mice from acute lung injury.

Here, we demonstrated that the contact of NETs with
cells in two different stages of in vitro hRSV infection
interferes with the number and size of syncytia while
maintaining a constant rate of cell death. Our results
reinforce the delicate and balanced action of NETs during
hRSV infection when viral dissemination mechanisms, as
syncytia, can be reduced in the presence of NETs, but the
damage tissue is maintained in parallel. These aspects
are important, and they need to be considered when
designing new and specific pharmacological strategies
against hRSV infection.
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