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Abstract. – OBJECTIVE: Neutrophils play a key 
role in immunity and are known to respond to exog-
enous threats by releasing neutrophil extracellular 
traps (NETs) through NETosis, a process involving 
the release of neutrophils nuclear DNA decorated 
with proteins into the extracellular space. 

In this study, attention has been focused on 
the ability of differently charged molecular sys-
tems polyhedral oligomeric silsesquioxanes 
(POSS) to induce NETosis.

MATERIALS AND METHODS: NETs formation 
was induced by phorbol myristate acetate (PMA) 
(positive control) and POSS treatment and visu-
alized by confocal microscopy. Moreover, NETs 
production was quantified by Sytox green stain-
ing. Oxidative stress, autophagy as well as endo-
cytosis involvement in the observed phenomena 
was evaluated by a specific inhibitory approach.

RESULTS: Results obtained in this study 
demonstrate a POSS time and dose-dependent 
ability in inducing NETs release irrespectively to 
their charge. POSS induced NETosis is a conse-
quence of their internalization, as demonstrated 
by the strong reduction in NETs formation after 
endocytosis inhibition. Moreover, POSS induced 
NETosis involves both an increase in superox-
ide anion generation and autophagy pathway ac-
tivation as demonstrated by the protective effect 
displayed by sodium azide and wortmannin.

CONCLUSIONS: Data presented in this study 
indicate that nanomaterials and molecular sys-
tems could have a role in the onset of inflamma-
tory phenomena.
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Introduction

Granulocytes play a pivotal role in the innate 
immune response. Pathogen invasion activates 

neutrophils, a subclass of granulocytes, inducing 
the production of neutrophil extracellular traps 
(NETs) through a mechanism defined NETosis1-3.

In recent years NETs formation has been wi-
dely investigated. In vitro experiments demon-
strated that neutrophils activation resulting in 
NETs formation induces nuclear and granular 
membrane dissolution, leading to nuclear content 
decondensation into the cytoplasm. Then, plasma 
membrane rupture results in the release of the 
neutrophil nuclear content into the extracellular 
space. The NET scaffold is therefore composed 
of decondensed chromatin fibers with a 15-17 nm 
diameter, decorated with DNA and granular, as 
well as cytoplasmic proteins4-6. 

NETs formation is a very quick process, occur-
ring in only few minutes when induced by bacterial 
lipopolysaccharide-stimulated platelets under condi-
tions of flow or few hours when induced by phorbol 
myristate acetate (PMA), Staphylococcus aureus or 
Candida albicans stimulation3,4,7. Even if the mole-
cular mechanisms underlying NETs formation are 
still not fully elucidated, there is evidence suggesting 
both reactive oxygen species (ROS) and autophagy 
involvement. Neutrophils’ activation is known to be 
closely related to ROS production as such highly re-
active molecules act as signaling molecules able to 
direct granulocyte physiology, thus playing a key role 
in the first step of NETs formation1,4,6,8. Moreover, it 
has been observed that PMA-induced NETs forma-
tion is associated with autophagy induction and that 
such event is strictly dependent on the concomitant 
increase in the superoxide anion generation9. 

In addition to be induced by pathogen invasion, 
NETs formation could be also induced by nano-
particles (NPs), as such compound are known to 
trigger granulocyte activation10,11. 
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NPs are widely used as a model platform to pre-
pare hybrid organic/inorganic materials of great 
interest for drug and gene delivery, biosensing and 
bioimaging applications12. NPs in the bloodstre-
am quickly activate monocytes and neutrophils 
based on their physical-chemical characteristics. 
In fact, it is well known that NPs shape and size, 
along with their charge, are important players in 
determining their interaction with the cell surface 
and intracellular fate after endocytosis13-15. 

In the last years, polyhedral oligomeric silse-
squioxanes (POSS) emerged as promising mate-
rials for different biomedical applications12,16-21. 

POSS are fascinating nanodimensional, easily 
synthesizable molecular compounds22-24. Their 
well defined structure is composed by an inorganic 
cage of silicon and oxygen atoms and by organic 
functionalities with tunable reactivity, attached to 
the apexes of the silica core. Typically, POSS mole-
cules exhibited high thermal stability, outstanding 
chemical versatility and good compatibility with 
hydrophilic and hydrophobic environments. 

Despite their emerging role as promising bio-
medical tools, to the best of our knowledge, ex-
tensive studies on POSS toxicity and interactions 
with cells was marginally investigated.

On the light of these considerations, the aim of 
this study was to investigate the effect of POSS 
bearing in their structure either positive groups 
(octa-ammonium POSS, POSS-NH3+) or negati-
ve functionalities (octa-maleamate POSS, POSS-
COO-) (Figure 1) in inducing human neutrophil 
activation and NETs release.

Materials and Methods

POSS-NH3+ Synthesis
The octa-ammonium POSS (POSS-NH3+) 

was synthesized by using Gravel and coworkers 
[25] synthetic procedure. Briefly, 20 mL of ami-
nopropyl triethoxysilane were dissolved in 160 
mL of methanol containing 27 mL of hydrochlo-
ric acid (37 wt%). The solution was maintained 
at 298 K under stirring for ten days. The reaction 
carried out for a long time promoted the forma-
tion of a white product that was separated and dri-
ed in an oven at 323 K for few hours.

POSS-COO- Preparation
The carboxylate POSS (POSS-COO-) was 

obtained by deprotonation of the commercial 
octa-maleamic acid POSS (Hybrid Plastics Com-
pany). In detail, 1 g of octa-maleamic acid POSS 
was dispersed in 10 mL of water. The solution 
was corrected to pH 9.0 by adding drop-by-drop 
1M sodium hydroxide solution. The suspension 
was stirred at 298 K for 1 h in order to promo-
te the complete deprotonation of carboxylic arms 
linked to the POSS cage.

OSS Characterization Techniques
1H and 29Si NMR spectra were obtained by 

dissolving the samples in 600 μL of deuterated 
dimethylsulphoxide ( 0.1 M POSS). The analy-
ses were carried out at 300 K by using a Jeol 
Eclipse Plus spectrometer equipped with an 8 
T magnet.

Figure 1. POSS structure. Chemical structure of POSS-NH3+ (a) and POSS-COO- (b).
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Infrared spectra were collected with Bruker 
Equinox 55 spectrometer with resolution of 4 
cm-1 and in the range 4000-400 cm-1. The sam-
ples were dispersed in potassium bromide matrix 
(10 wt%).

Zeta potential (ξ -potential) analyses were per-
formed on POSS water solution with a Zetasizer 
NanoZS (Malvern,UK), equipped with a laser 
He-Ne (λem = 633 nm) working in a particle size 
range of 0.6 nm-6 μm.

Plasma and Granulocytes Separation 
Human peripheral venous blood (40 ml) was 

obtained from 5 healthy donors (30-40 years) 
using Lithium/Heparin (Vacutainer, Becton Di-
ckinson, Franklin Lakes, NJ, USA) as anticoa-
gulant. Blood specimen to isolate granulocyte 
fraction have been obtained after informed con-
sent by healthy donors which blood have been 
collected for routine hematologic tests. There-
fore, the entire procedure has been considered 
exempt from the need to obtain the Ethical Com-
mittee approval.

Blood was diluted 1:1 with phosphate buffer 
(PBS, pH=7.4) and separated onto Lympholyte-H 
(Cedarline, Burlington, Canada) cell separation 
medium. Erythrocytes were lysed using ammo-
nium chloride lysis solution in ice. Isolated granu-
locytes were washed in sterile PBS, counted and 
suspended at a concentration of 1 x 106 cells/ml 
in RPMI 1640 medium supplemented with 10% 
heat inactivated fetal bovine serum (FBS) (Carlo 
Erba Reagents srl, Cornaredo, Italy).

Granulocytes Incubation with POSS
POSS aqueous solutions were prepared dis-

solving POSS-NH3+ and POSS-COO- in PBS. 
Granulocytes were incubated in the presence or 
absence of different amounts of POSS (0.05-1 mg/
ml) for 240 min in a humidified atmosphere con-
taining 5% CO2 at 310 K 25. As positive control 
some samples were incubated, in the same con-
ditions, with 100 nM PMA (Sigma Aldrich, St. 
Louis, MO, USA). 

To evaluate NETs production kinetics, in some 
experiments granulocytes were incubated with 
PMA (100 nM) or POSS (1 mg/ml) for different 
times (5, 15, 30, 60, 120, 180, 240 min).

Inhibition Studies
To test the effect of clathrin vesiles and macro-

pinocytosis inhibition, cells were incubated for 30 
min with chlorpromazine (40 µM) or amiloride (1 
mM) before POSS stimulation26.

The role of ROS generation and autophagy in 
NETosis was evaluated by pre-incubating gra-
nulocytes for 30 min with sodium azide (NaN3, 
1 mM) or wortmannin (WRT, 10 µg/ml) (Sig-
ma-Aldrich, St. Louis, MO, USA) respectively9. 

NETs Quantification 
NETs were quantified according to Vong and 

coworkers’ protocol26. Briefly 1x105 cells/well 
were seeded in HBSS buffer and stimulated with 
PMA 100 nM (to activate NETs formation), Tri-
ton X-100 (to evaluate total DNA content) or left 
untreated (control and DNase digested samples). 
After 2 hours 5U DNAse were added to all the 
wells (excluding controls and Triton X-100 trea-
ted samples). 45 min after DNAse addition, Sytox 
Green dye (Thermo Fisher Scientific, Waltham, 
MA, USA) was added to each well and the plate 
was incubated for further 15 min. Fluorescence 
(λex504 nm/λem523 nm) was then quantified 
using a microplate reader (Victor X4, Perkin El-
mer, Waltham, MA, USA). Extracellular DNA 
content was expressed as percentage of total DNA 
obtained by subtracting the fluorescence intensity 
of the DNase containing wells from the compa-
rative control and dividing the obtained result by 
the fluorescence intensity of Triton X-100 contai-
ning wells.

NETs Confocal Microscopy Visualization
For confocal microscopy visualization 5 x 

103 cells were seeded on poly-lysine coated mi-
croscope slides and treated with POSS (0.05-1 
mg/ml) in the presence or absence of amiloride 
(1 mM) chlorpromazine (40 µM) sodium azide 
(1 mM) and wortmannin (10 µg/ml) as previou-
sly described. 

At the end of the experiments, cells were 
fixed overnight at 277 K in the dark using a 
3.7% formaldehyde, 3% sucrose solution in PBS 
and observed using a Leica DMIRE2 confocal 
microscope (Leica, Wetzlar, Germany) opera-
ting in fluorescence with an Ar/HeNe laser (488 
nm). 

Statistical Analysis
Each experiment was performed in triplicate to 

assure statistical significance. One-way ANOVA 
followed by Bonferroni’s post-hoc tests were done 
for statistical analysis. Statistical procedures were 
performed with the Prism 4.0 statistical softwa-
re (GraphPad Software Inc., La Jolla, CA, USA). 
Probability values of p<0.05 were considered sta-
tistically significant.
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Results

Two condensed polyhedral oligomeric silse-
squioxanes, functionalized with positive ammo-
nium groups (POSS-NH3+) and negative car-
boxylate units (POSS-COO-) were selected for 
this study (Figure 1). 

The first one was synthesized by adopting a 
procedure reported in the literature [24] [25]. 
The quality of the sample was monitored by 
NMR spectroscopy applied to 1H and 29Si nu-
clei. 1H NMR spectrum collected in deuterated 
dimethylsulphoxide, showed different peaks 
at 0.72 (SiCH2), 1.72 (SiCH2CH2CH2NH3+), 
2.77 (SiCH2CH2CH2NH3+) and 8.27 ppm (Si-
CH2CH2CH2NH3+), assigned to the protons of 
methylene and –NH3+ groups of the ammonium-
propyl bound to POSS cage. 29Si NMR spectrum 
is particularly indicative of the purity of the pro-
duct. In fact, the spectrum was characterized by 
one defined peak at -65.9 ppm, attributed to the 
eight equivalent silicon nuclei composing the 
POSS cage (Figure 2A). 

The charge density of POSS-NH3+ was esti-
mated in water, by dissolving 10 mg of the sample 
in 1 mL of pure water. This parameter was de-
termined by Zeta potential (ζ-potential) analysis. 
The solution showed a very positive ζ-potential 
of +15 mV, promoted by the presence of -NH3+ 
groups bound to the POSS cage.

The deprotonation of the carboxylic groups of 
the commercial octa-maleamic acid POSS was 
monitored by infrared spectroscopy. IR spectrum 
collected at room temperature and under air con-
ditions for the sample diluted in potassium bromi-
de (Figure 2B) showed along with the absorptions 

typical of the siloxane cage (i.e. the peak at 1110 
cm-1 is attributed to the stretching mode of the Si-
O-Si bonds and the bands in the 3070-2860 cm-1 
range are assigned to the stretching modes of the 
C-H groups) a very strong absorption at 1570 cm-1 
which can be attributed to the stretching modes of 
the COO- moieties. 

Furthermore, a confirmation of the POSS de-
protonation is provided by the Zeta potential 
(ζ-potential) analysis. The POSS-COO- charge 
density, estimated in water (10 mg of sample in 1 
mL of water) was of -40 mV.

Effect of POSS Stimulation on NETs 
Formation

NETosis is the result of a strong granulocyte 
activation. As shown in Figure 3, granulocyte sti-
mulation with PMA, a potent tumor promoter, re-
sults in a great increase in extracellular DNA con-
tent (27.9% ± 1.14%). In order to evaluate if POSS 
were able to activate granulocyte NETosis, cells 
were stimulated with growing concentrations of 
both positively and negatively charged POSS. Fi-
gure 3 shows that both POSS molecules were able 
to induce extracellular DNA production, even if 
with a lower efficiency compared to PMA. POSS 
induced NET formation was dose-dependent, ir-
respectively of their charge. Interestingly, NET 
quantification showed that low concentrations 
(0.05-0.5 mg/ml) of negatively charged POSS 
were able to induce a stronger granulocyte activa-
tion compared to positively charged POSS. Such 
charge dependent effect disappeared when cells 
were stimulated with the higher POSS concentra-
tion (1 mg/ml), finally resulting in an extracellu-
lar DNA content of 12.6% ± 2.98% and 16.48% 

Figure 2. POSS chemical characterization. A) 29Si NMR spectrum collected in deuterated dimethylsulphoxide of POSS-NH3+. 
B) FT-IR spectrum of POSS-COO- diluted in potassium bromide matrix. The analysis was performed at room temperature, in air. 
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± 2.15% after positively and negatively charged 
POSS stimulation respectively.

The different ability of the two differently 
charged POSS in inducing NETs formation was 
confirmed also by confocal microscopy analysis 
(Figure 3B). Fluorescence images, in fact, showed 
a greater increase in NET formation after negati-
vely charged POSS stimulation.

In order to better elucidate the mechanism un-
derlying POSS induced NET formation, kinetics 
studies were performed by stimulating human 
granulocytes with POSS concentration resulting 

in the higher extracellular DNA production (1 
mg/ml).

Figure 4 shows a time-dependent increase in 
NET production after each stimulation. PMA in-
duced extracellular DNA production reached a pla-
teau value starting from 60 min stimulation. Ne-
gatively charged POSS induced extracellular DNA 
production grew with time until reaching a plateau 
value starting from 120 min stimulation. On the 
other hand, positively charged POSS showed a 
different kinetic profile, inducing an extracellular 
DNA accumulation increasing linearly with time.

Figure 3. POSS induced NETs formation. Granulocytes were stimulated with increasing POSS concentrations for 240 min 
and fixed in 3.7% formaldehyde, 3% sucrose solution in PBS before DNA staining with sytox green dye. A) Extracellular DNA 
quantification. PMA 100 nM (black bar) represents the positive control. White bars represent positively charged POSS while 
gray bars represent negatively charged POSS. **p<0.01, ***p<0.001 positively charged POSS vs. negatively charged POSS. B) 
Representative confocal images of POSS induced NET production. White arrows indicate NETs (40 X). 
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Inhibition Studies
It has been supposed that POSS induced NE-

Tosis depends on their internalization: for this 
reason, endocytosis inhibition studies were per-
formed using chlorpromazine and amiloride as 
blocking agents. In particular, chlorpromazine 
was used to inhibit clathrin vesicle-mediated in-
ternalization while amiloride was used to inhibit 
macropinocytosis. As shown in Figure 5, granu-
locyte pre-treatment with the inhibitors strongly 
decreased extracellular DNA accumulation. In 
control conditions (cells without pre-treatment), 
NET production pattern was similar to that de-
scribed in Figure 3. When the clathrin vesicle 
production was inhibited by chlorpromazine 
pre-treatment, POSS induced NET production 
was strongly reduced. Moreover, also macropi-
nocytosis inhibition by amiloride showed a simi-
lar effect. Interestingly, endocytosis inhibition re-
sulted in a strong reduction of extracellular DNA 
content independently of POSS chemical nature 
(Figure 5A, B).

The observed reduction in POSS induced NET 
formation after endocytosis inhibition was confir-
med also by morphological evaluation on confo-
cal microscopy images (Figure 5C).

In addition to POSS endocytosis involvement 
in NETosis, a key role for autophagy and oxida-
tive stress was also speculated. In order to verify 
such hypothesis, cells were incubated with wort-
mannin (an autophagy pathway inhibitor) or so-
dium azide (a superoxide anion scavenger) before 
POSS stimulation. 

As shown in Figure 6, PMA and POSS alone 
showed an extracellular DNA accumulation profile 
similar to that observed in Figure 3. Autophagy inhi-
bition by wortmannin resulted in a strong reduction 
in NET production after positively or negatively 
charged POSS stimulation. NETs formation was 
strongly reduced also after sodium azide pre-treat-
ment, irrespectively of POSS charge (Figure 6A, B).

Such reduction in POSS induced NET formation 
was confirmed also by morphological evaluation 
on confocal microscopy images (Figure 6 C, D).

Discussion

Human immune system is composed of a com-
plex network of cells and molecules whose main 
function is to protect the organism from invading 
pathogens and noxious compounds. For long time, 
neutrophils have been considered only a down-
stream player of immune response, mainly acting 
through phagocytosis and release of antimicro-
bial agents by degranulation3,8. In the last decade, 
growing evidence revealed also a third neutrophils’ 
mode of action, represented by NETs formation3,4,6. 

NET antimicrobial activity is mediated by their 
ability to provide high local concentration of an-
timicrobial molecules effectively killing invading 
pathogens. Moreover, they play a pivotal role in 
protecting the organism from invading agents too 
large to be effectively phagocytosed6.

Another interesting hallmark of NET is repre-
sented by their ability to act as signaling com-

Figure 4. POSS induced NETs formation kinetics. PMA 100 nM (dashed line) represents the positive control. POSS were 
tested at 1 mg/ml concentration. Dotted line represents positively charged POSS while full line represents negatively charged 
POSS. ***p<0.001 positively charged POSS vs. PMA; °°p<0.01, °°°p<0.001 negatively charged POSS vs. PMA; ##p<0.01 
POSS positive vs. POSS negative.



M. Rizzi, F. Carniato, S. Tonello, M. Migliario, M. Invernizzi, V. Rocchetti, L. Marchese, F. Renò

7064

Figure 5. POSS induced NETs formation inhibition by uptake inhibitors. Granulocytes were stimulated with increasing POSS 
concentrations for 240 min and fixed in 3.7% formaldehyde, 3% sucrose solution in PBS before DNA staining with sytox green 
dye. Extracellular DNA production was quantified after positively (a) and negatively (b) charged POSS treatment in the presence 
or absence of chlorpromazine (chlor, 40 µM) and amiloride (amil, 1 mM). PMA 100 nM (black bar) represents the positive con-
trol. White bars represent positively (panel a) or negatively (panel b) charged POSS. Light gray bars represent chlorpromazine 
pre-treatment while dark gray bars represent amiloride pre-treatment. **p<0.01, ***p<0.001 chlorpromazine referred to POSS 
alone; °°p<0.01, °°°p<0.001 amiloride referred to POSS alone. c) Representative confocal images of POSS (1 mg/ml) induced 
NET production in the presence or absence of chlorpromazine and amiloride. White arrows indicate NETs (40 X).
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pounds modulating inflammatory responses, as 
they are very abundant at inflammatory sites, as 
observed in human appendicitis and in an experi-
mental model of shigellosis3,6.

Although the first experimental evidence pla-
ced NET formation within the context of innate 
immune response to infections, growing evidence 
suggests a strong involvement of these structures 
in the pathogenesis of several diseases, acting as 
a putative source of immune effectors and proin-
flammatory mediators4. Recently, NET release 
acquired a growing interest in autoimmunity4. 
The evidence that several molecules decorating 

chromatin scaffold are recognized as autoanti-
gens supports the hypothesized involvement of 
NET in autoimmune response in predisposed 
individuals. Moreover, it has been observed that 
autoimmune responses are initiated or exacer-
bated following microbial infections, condition 
triggering NET production4,6. On the other hand, 
alterations in NET clearance machinery may also 
be associated with autoimmune disease onset6,28. 
Even if NETs production is many often associa-
ted to a “bad” role, exacerbating inflammatory 
responses, in some circumstances they could 
also have a positive role, favoring inflammation 

Figure 6. POSS induced NETs formation inhibition by azide and wortmannin. Granulocytes were stimulated with increasing 
POSS concentrations for 240 min and fixed in 3.7% formaldehyde, 3% sucrose solution in PBS before DNA staining with sytox 
green dye. Extracellular DNA production was quantified after positively (a) and negatively (b) charged POSS treatment in the 
presence or absence of sodium azide (NaN3, 1 mM) and wortmannin (WRT, 10 µg/ml). PMA 100 nM (black bar) represents the 
positive control. White bars represent positively (panel a) or negatively (panel b) charged POSS. Light gray bars represent WRT 
pre-treatment while dark gray bars represent NaN3 pre-treatment.**p<0.01, ***p<0.001 wortmannin referred to POSS alone; 
°°p<0.01, °°°p<0.001 NaN3 referred to POSS alone. c) Representative confocal images of PMA, NaN3 and Wortmannin induced 
NET production.White arrows indicate NETs (40 X). d) Representative confocal images of POSS induced NET formation in the 
presence or absence of NaN3 and WRT. White arrows indicate NETs (40 X).
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resolution, as demonstrated in the case of gouty 
arthritis, a pathological condition in which mono-
sodium urate crystals are seen by circulating gra-
nulocytes as a potentially noxious compound and 
therefore entrapped in NETs network, in order to 
protect the surrounding tissues8,29. Recent advan-
ces in nanotechnological field resulted in a great 
increase in human organism exposure to nanoma-
terials. By definition, nanomaterials dimensions 
are similar to that of physiological molecules such 
as proteins and nucleic acids and, for this reason, 
have been widely exploited for various biomedi-
cal applications. Material bulk properties change 
considerably at the nanoscale level, resulting in 
nanomaterials displaying superior mechanical, 
thermal, electrical, magnetic and optical proper-
ties of great interest in biomedicine. Among na-
nomaterials, particles with a diameter of less than 
100 nm are called nanoparticles and represent a 
very interesting class of compounds10,20. 

It is well known that NPs rapidly activate im-
mune response and that charged functionalities 
exposed on their surface directly affects their 
uptake mechanism. Moreover, NPs administra-
tion has been described to be able to specifically 
activate neutrophils, finally inducing NETs for-
mation10,13,16.

POSS are three-dimensional, cage-like na-
nostructures characterized by the possibility of 
easy chemical modification. Moreover, POSS de-
rivatives have been shown to physically resist to 
a variety of thermal and chemical experimental 
conditions, thus suggesting a high in vivo stability 
along with good compatibility with hydrophilic as 
well as hydrophobic environments30,31.

Due to their high water solubility, low cyto-
toxicity and high biocompatibility, POSS can be 
used to build novel nanocomposites for biomedi-
cal imaging, drug delivery and tissue engineering 
applications16-21, representing an interesting alter-
native to the multifunctional nanocarriers repor-
ted in the literature12,32,33. 

To the best of our knowledge, POSS possible 
toxicity and the role of charged functionalities 
on their surface in mediating POSS-cells inte-
ractions was marginally investigated.

Results presented in this paper show that hu-
man granulocyte stimulation with POSS, either 
positively or negatively charged, is able to induce 
NETs formation in a dose-dependent manner. As 
surface charged functionalities are known to de-
eply influence NPs/cell interactions, attention has 
been focused on POSS chemical nature, showing 
that negatively charged POSS induced a greater 

release of extracellular DNA compared to positi-
vely charged ones.

In order to better understand the observed pheno-
menon, attention has also been focused on NET rele-
ase kinetics. The different NETs formation inducing 
ability of differently charged POSS was reflected 
also in the extracellular DNA release kinetics. 

POSS small size and high charge density fa-
cilitate their uptake by both tissues and cells30. 
Uptake inhibition studies performed using chlor-
promazine34-36 and amiloride34 as endocytosis 
inhibitors showed a reduction in POSS induced 
NET release, thus suggesting a possible involve-
ment of POSS internalization in initiating NETs 
formation. Both inhibitors reduced, quite at the 
same extent, POSS induced NET production, thus 
suggesting that there is not a preferred uptake me-
chanism for such molecular systems when indu-
cing NETs formation.

Results also highlight that POSS not only in-
duce NET release after internalization, but can 
also act through a different mechanism, by incre-
asing superoxide anion generation and by acti-
vating autophagy pathway. ROS involvement in 
NETosis initiation has been confirmed by cells 
pre-treatment with sodium azide, a well-known 
superoxide anion scavenger, finally resulting in a 
strong reduction in extracellular DNA release. On 
the other hand, autophagy involvement has been 
confirmed by granulocytes pre-treatment with 
wortmannin, an autophagy blocker, resulting in a 
strong reduction in NET release. Wortmannin is 
a Phosphatidylinositol-4,5-bisphosphate 3-kina-
se (PI3K) inhibitor that rules the mTOR pathway 
and the autophagy process9,37,38.

These data are in agreement with Remijsen 
et al9 results, showing that a combination of au-
tophagy and superoxide production is necessary 
for PMA induced NETs formation.

Conclusions 

Data presented in this study indicate a possible 
involvement of NPs and molecular systems in the 
onset of inflammatory phenomena as well as in its 
resolution, highlighting the necessity of an even in-
creasing attention to their biomedical applications.
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