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Abstract: In spite of the numerous studies on chronic obstructive pulmonary disease (COPD),
the cellular and molecular basis of the disease’s development remain unclear. Neutrophils and
eosinophils are known to be key players in COPD. Recently, neutrophil extracellular trap cell death
(NETosis), a mechanism due to decondensation and extrusion of chromatin to form extracellular
traps, has been demonstrated in COPD. However, there is limited knowledge about eosinophil
extracellular trap cell death (EETosis) and its role in the pathogenesis of COPD. The aim of this
study was to evaluate EETosis in stable COPD. Induced sputum obtained from healthy smokers
and low exacerbation risk COPD A or B group patients or high exacerbation risk COPD C or
D group patients were included. Samples were examined using electron microscopy and immu-
nofluorescence. Healthy smokers (n=10) and COPD A (n=19) group exhibited neutrophilic or
paucigranulocytic phenotypes, with NETosis being absent in these patients. In contrast, COPD B
(n=29), with eosinophilic or mixed phenotypes, showed EETosis and incipient NETosis. COPD C
(n=18) and COPD D groups (n=13) were differentiated from low exacerbation rate-COPD group
by the abundant cellular debris, with COPD C group having an eosinophilic pattern and numerous
cells undergoing EETosis. A hallmark of this group was the abundant released membranes that often
appeared phagocytosed by neutrophils, which coincidentally exhibited early NETosis changes. The
COPD D group included patients with a neutrophilic or mixed pattern, with abundant neutrophil
extracellular trap-derived material. This study is the first to demonstrate EETosis at different stages
of stable COPD. The results suggest a role for eosinophils in COPD pathophysiology, especially
at the beginning and during the persistence of the disease, regardless of whether the patient quit
smoking, with EETosis debris probably triggering uncontrolled NETosis. The main target of these
findings should be young smokers with the potential to develop COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is currently the third cause of death
worldwide,' as well as being a significant factor in terms of direct and indirect lost
productivity. Although the current COPD epidemic is in part due to smoking, an
important pathophysiological aspect is that not all smokers develop COPD, and the
cellular and molecular basis to predict which smokers will develop the disease is com-
pletely unknown. Furthermore, the reason for the lack of achieving an attenuation of
inflammatory signs, even years after having discontinued smoking, is still far from being
clarified, thereby representing a real challenge for research related to this field.
COPD is characterized by the chronic inflammation of the airways as a result of
exposure to inhaled irritants and the consequent epithelial damage. Neutrophils are
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considered to be the principal cell responsible for orches-
trating COPD, with several reports having pointed out
that excessive proteolytic activity of neutrophil elastase
contributes to the tissue damage observed in the airways of
COPD.? However, this does not appear to be a major trigger
of other clinical or pathophysiologic abnormalities in COPD.?
Furthermore, Singh et al* observed a high prevalence of
eosinophils in the blood and sputum of patients with COPD,
but without any clinical relevance having been shown.

The death of inflammatory cells and their removal are critical
events in affected tissues. Neutrophils usually die by apoptosis, a
process that occurs by cleavage of DNA into oligonucleosomal
size fragments, chromatin condensation, and the formation
of apoptotic bodies, leading to phagocytosis by neighboring
cells, thus preventing inflammation.’ Recently, an alternative
mechanism of death was described for neutrophils,®” in which
the cell releases its DNA forming neutrophil extracellular traps
(NETs).® This original neutrophil extracellular trap cell death
(NETosis) process, referred to as “NETosis” by Steinberg and
Grinstein, is distinct from apoptosis and necrosis’ and allows a
complete neutrophil microbicidal function. NETs then need to
be removed quickly to prevent further tissue damage or autoim-
mune phenomena, which have been described in pathologies
that occur with alterations in the NETs resolution.'®

The occurrence of NETosis has been described in many
inflammatory conditions of the lung, including cystic fibrosis,
which is an aggravating factor of airway obstruction.!!2
A recent study has demonstrated the presence of sterile NETs
in the sputum of patients with stable and exacerbated COPD,
which correlated with the severity of airflow limitation.!?
As different cell types such as eosinophils, mast cells, and
macrophages can also die by a similar mechanism, the pro-
cess was renamed “ETosis,” meaning cell death with release
of extracellular traps (ETs).'*'> However, there is no evidence
demonstrating the occurrence of eosinophil extracellular trap
cell death (EETosis) or its contribution in COPD. Therefore,
the aim of this study was to evaluate the occurrence of
eosinophil death by EETosis in stable COPD.

Materials and methods

Subjects

Ex-smokers who had quit smoking for 6 months or longer,
COPD and healthy patients with a smoking history of =20
pack/year, of both genders and of age over 60 years, were
enrolled for this study after being admitted to the Inpatient
Service of Pneumonology of the Sanatorio Allende and
the Centre of Smoking Cessation of the Nuevo Hospital
San Roque of Cérdoba, Argentina. To be included, COPD
patients had to fulfill requirements of a forced expiratory

volume in one second (FEV,) <80% and FEV /forced vital
capacity (FVC) <70% following inhalation of a bronchodi-
lator. In addition, only healthy ex-smokers with no respira-
tory symptoms and normal lung function tests (FEV /FVC
=70%) were included. The COPD patients were classified
as low exacerbation risk (LER) or high exacerbation risk
(HER) groups according to the criteria and classification
established by the Global Initiative for Chronic Obstructive
Lung Disease (GOLD)."1¢

Patients with a history of infectious disease during the six
weeks prior to the enrollment and those with bronchial asthma
in childhood and/or adolescence were excluded. In addition,
subjects with chronic respiratory diseases other than COPD,
gastroesophageal reflux diseases, obesity (body mass index
=30), cardiovascular diseases, cancer, collagen diseases, drugs
abuse or known pneumotoxic or pulmonary occupational
exposure risks, and unconscious patients or those who declined
to participate were excluded. Patients who had had COPD
exacerbations treated with systemic or inhaled corticosteroids
during the past six weeks were also excluded. HER COPD
patients were treated with a maintenance therapy according to
the GOLD guidelines for the management of stable COPD.!
Written informed consent was obtained from all subjects, and
the study and protocol were approved by the Medical Ethics
Committee of Sanatorio Allende (Nueva Coérdoba).

Study design

This was a cross-sectional study. After admission, individual
patients were subjected to lung function examinations,'” and
samples of induced sputum (IS) were obtained.

IS and sample processing

To obtain an IS sample, 200 mg of salbutamol by inhala-
tion with a metered-dose dispenser was administered to the
patients ten minutes before sputum induction. Nebulization
was carried out with NaCl saline solutions in increasing
concentrations (3%, 4%, and 5%) for 7 minutes, with a
5 minute interval between each dose. Before attempting
expectoration, patients were asked to remove nasal secretions
and rinse the mouth and throat with running water; they were
then asked to cough energetically to expectorate bronchial
secretions. Before and after each nebulization, the peak
expiratory flow (PEF) was measured; if it decreased to less
than 10%, patients were exposed to the next salt concentra-
tion. Conversely, if PEF fall was 10%-20%, nebulization
was prolonged for 7 minutes before continuing with the next
hypertonic concentration. The protocol was interrupted if
the patient evidenced symptoms of respiratory distress or
demonstrated a PEF less than 20% of baseline.
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Expectorated sputum was processed immediately or
kept at 4°C for a period no longer than 2 hours. The total
volume of sputum obtained was weighed, and the mucous
fraction different from the saliva was selected. This por-
tion was dissolved in a volume of 1% dithiothreitol (DTT)
(Sputolysin® Reagent Cat No 560000 Calbiochem, EMD
Millipore, Billerica, MA, USA) equivalent to four times the
weight of the selected fraction. The mixture was stirred for
15 seconds and transferred to a water bath for 15 minutes
with continuous stirring. Then, 0.1 M phosphate-buffered
saline (PBS) was added in equal volume to DTT used and
filtered with 48 mm thick gauze. The filtrate was centrifuged
at 1,500 rpm for 10 minutes and the supernatant stored in
Eppendorf tubes at —70°C for future biochemical analysis.
For the cytological exam, the cellular pellet was suspended
in 0.5 mL of PBS. The viability of the cells was determined
with the Trypan blue exclusion technique. A sample qual-
ity was considered acceptable if cell viability was equal
to or greater than 60%. Cells were counted in a Neubauer
chamber and resuspended in PBS to a final concentration of
0.75x10%-1x10° cells/mL. Cell monolayers (cytospins) were
prepared with 50 UL aliquots on glass slides, and these were
centrifuged at 500 rpm for 4 minutes in a cytocentrifuge
(Giumelli®; Giumelli, Buenos Aires, Argentina).

After air drying, cytospins were stained with May
Griinwald-Giemsa stain to enable differential cell counts,
including a count of neutrophils, eosinophils, and mac-
rophages, with the percentages based on a minimum of
200 nonbronchial squamous cells. In order to characterize the
cellular inflammatory pattern, we further classified patients
according to the predominant cells in the cytospins of the
IS as eosinophilic (=3%), neutrophilic (=67%), mixed
(Eosinophilic and neutrophilic predominance), or pausig-
ranulocytic (neither eosinophilic nor neutrophilic).'®

Electron microscopy

Fresh sputum plugs were fixed in a mixture of 4% formalde-
hyde and 2% glutaraldehyde, omitting the DTT treatment, and
embedded in Araldite (Electron Microscopy Sciences, Hatfield,
PA, USA) for ultrastructural analysis. Thin sections were then
mounted on nickel grids for observation in a Zeiss LEO 906
E Electron Microscope (Carl Zeiss, Oberkochen, Germany).
Some samples were also embedded in LR-White (Electron
Microscopy Science), a hydrophilic resin, in order to perform
DAPI staining to evaluate the extracellular DNA traps.

Immunofluorescence
Immunofluorescence to analyze NETosis/EETosis occur-
rence was performed on unprocessed freshly collected plugs

of IS that had been fixed for 5-10 minutes to slides without
poly-L-lysine and then fixed in 4% paraformaldehyde. After
permeabilization with 0.25% Triton X-100, slides were
treated for 1 h with 5% PBS-BSA to block nonspecific
binding and incubated overnight at 4°C in a humidified
chamber with a rabbit polyclonal anti-neutrophil elastase
antibody (1/100; Abcam, Cambridge, MA) or a mouse mono-
clonal anti-human eosinophil major basic protein antibody
(1/100; Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Afterwards, the slides were washed three times with PBS
and further incubated with Alexa 594-conjugated goat anti-
rabbit polyclonal antibody or conjugated to rabbit anti-mouse
polyclonal antibody (Thermo Scientific, Waltham, MA,
USA) for 1 h and mounted using a fluoromount containing
DAPI (4, 6-diamidino-2-phenylindole). Images were then
obtained using an inverted confocal laser scanning micro-
scope, FluoView FV 1000 (Olympus; Tokyo, Japan).

Extracellular traps quantification at

epifluorescence microscopy level

In order to quantify extranuclear DNA, 0.5—1 um semithin
LR-White-embedded IS sections were obtained at three dif-
ferent levels, and at least 10 pictures were taken at each level
after DAPI staining. ImageJ (NHI, Bethesda MD, USA) was
used to detect and quantify DNA utilizing home-built plugins.
The amount of extranuclear/extracellular DNA was obtained
by calculating the difference between the total DAPI stain
and the well-recognized nuclear DAPI signal.

Extracellular trap quantification at

electron microscopy level
Thin sections (80 nm) from three different regions of
araldite-embedded IS samples were mounted on copper
grids; to avoid repeated counting, only one section per
grid was mounted. A total of 20 photographs, taken at
4,600x, were evaluated from each region. The mean area
of extracellular DNA was calculated using the ImagelJ soft-
ware in each picture. Extracellular DNA originating from
eosinophils (EETosis) was recognized as compact structures
with sharp borders and punctiform content, frequently
associated with preserved eosinophil secretory granules or
adhered debris. Another distinctive feature was the leftover
condensed regions at the periphery or in the interior of the
cells, with the presence of abundant cell membrane debris
near the extracellular DNA material being the most distinct
evidence of EETosis.

By contrast, extracellular nets originating from neutrophils
were distinguishable by the presence of small secretory gran-
ules, organelles, lipid droplets, and small membranous vesicles
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associated with the chromatin material. In COPD D patients, the
abundant extracellular nets were almost devoid of organelles;
in this case, they were characterized by their irregular shapes
and baggy borders. Neutrophils undergoing NETosis (NETotic)
could appear homogenously decondensed or could still preserve
thin linear condensations without associated secretory granules
(Figures 1, 2 and 3 for representative images).

Statistical analysis

Results are expressed as mean =+ standard error of the mean.
The data are presented as relative frequency differences
between groups, examined using the Mann—Whitney U-test
and analysis of variance-Tukey’s test for nonnormality and
the independent unpaired #-test for normally distributed data.
The Infostat statistical software package (Infostat, FCA-UNC,

Figure | Morphology of inflammatory cells in induced sputum of healthy smokers and patients with low exacerbation rates.

Notes: (A) An example of normal Neu in healthy smokers. (B) Apoptotic-like morphology of Neu from a patient in the COPD A group. (C—F) Normal Neu in healthy
smokers. An eosinophil undergoing EETosis (Eo) is devoid of the plasma and nuclear membranes, with the nuclear chromatin being highly decondensed and surrounded
by crystal-containing secretory granules (arrowheads; C). A Neu undergoing NETosis is shown in D, displaying a decondensed nucleus surrounded by typical, small
electron-dense secretory granules (arrows). Panel E shows an apoptotic Neu, while in F, a normal Neu is seen in contact with granule (arrows and arrowheads)-associated
extracellular traps (*¥) derived from NETosis and EETosis.

Abbreviations: COPD, chronic obstructive pulmonary disease; Ma, macrophages; NETosis, neutrophil extracellular trap cell death; Neu, neutrophils; EETosis, eosinophil
extracellular trap cell death.
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Figure 2 Morphology of inflammatory cells in IS from HER groups.

Notes: (A—C) IS from an eosinophilic patient of COPD C group; eosinophil undergoing EETosis nuclei (*) appear associated to free granules (arrowheads in A and C), with
abundant cell debris and abundant membranes (arrows in B) that have been partially phagocytosed by a macrophage. A Neu undergoing early NETosis changes, determined by
the loss of the nuclear lobulation and high decondensation, is closely associated with abundant extracellular membranes (arrows) and is shown in C. (D) IS from a neutrophilic
patient of the COPD D group showing a normal Neu contacting with a large decondensed nuclear material (*¥) associated with few remaining secretory granules (arrowheads).
Abbreviations: IS, induced sputum; HER, high exacerbation rate; COPD, chronic obstructive pulmonary disease; Ma, macrophages; NETosis, neutrophil extracellular trap cell

death; Neu, neutrophils; EETosis, eosinophil extracellular trap cell death.

Coérdoba, Argentina) was used for the analysis, and a
P-value <0.05 was considered statistically significant.

Results

Patient’s characteristics
Table 1 exhibits the demographic features of 89 patients.
A significant difference in group age was found, with

the severe HER group being the oldest compared to the
remaining groups. The percentage of the eosinophils and
macrophages as well as the inflammatory patterns (eosino-
philic, neutrophilic, mixed, or pausigranulocytic) were
significantly different among patient subgroups. As shown
in Figure 4, group A was the only one that did not include
patients with an eosinophilic phenotype. Surprisingly,
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Figure 3 Ultrastructural features of EETosis and NETosis in COPD patients and HS.

Notes: (A) Quantification at ultrastructural level of extracellular traps originating from eosinophils or Neu in HS and COPD A, B, C, and D groups. Panels B-G show the
ultrastructural parameters used to identify different degrees of EETosis (B—-D), or NETosis progression (E-G). Eosinophil granules (arrowheads); Neu granules (arrows);
*: extracellular traps. **P=0.001. Original magnification: 4,600Xx.

Abbreviations: COPD, chronic obstructive pulmonary disease; HS, healthy smokers; EETosis, eosinophil extracellular trap cell death; NETosis, neutrophil extracellular
trap cell death; Neu, neutrophils.

Table | Patients’ demographic characteristics

Characteristics HS LER (n=48) HER (n=31)

group COPD A group COPD B group COPD C group COPD D group P-values
Patients, n 10 19 29 18 13
Age, years 62 (3) 63 (3) 53 (14) 60 (9) 70 (3) 0.001
Gender, M (F), n 2(3) I8 15 (14) 14 (4) 11 (2) 0.004
Pack-years 27 (6) 32 (10) 42 (16) 38 (13) 40 (10) NS
FVC, % 90 (8) 88 (10) 78 (9) 70 (10) 0.04
FEV,, % 88 (18) 67 (2) 66 (3) 53 (4) 44 (9) 0.002
FEV /FVC, % 81 (9) 66 (2) 59 (6) 52 (3) 48 (16) 0.04
Change, BD % 2(0.2) 703) 15 (8) 11 (3) 10 (4) NS
Eosinophils, % 1.2 (1.5) 0.75 (0.5) 16 (8) 10 (2) 54) 0.0001
Neutrophils, % 35(29) 57 (30) 37 (20) 39 (5) 68 (15) 0.002
Macrophage, % 43.4 (13) 35 (20) 33 (15) 31 (6) 17 (9) 0.0l
Epithelial, cells % 2.38 (1.4) 0.6 (0.2) 5(2) 2(1) 1 (0.5) 0.01

Notes: Data are expressed as mean * SD. The categorical data are presented as proportions.
Abbreviations: BD, bronchodilator; COPD, chronic obstructive pulmonary disease; F, female; FEV , forced expiratory volume in the first second; FVC, forced vital capacity;
HER, high exacerbation risk; HS, healthy smokers; LER, low exacerbation risk; M, male; SD, standard deviation.
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Figure 4 Relationship between cellular phenotype proportions and patient clinical
classification.
Notes: Clinical classification according to GOLD category,’ A: COPD A group;
B: COPD B group; C: COPD C group; D: COPD D group. The value of P<0.005 indicates
a relationship between cellular phenotype and clinical classification. Cellular phenotypes:
W eosinophilic (=3%), M mixed (eosinophilic and neutrophilic predominance), Wl
neutrophilic (=65%), and ' pausigranulocitic (neither eosinophilic nor neutrophilic).
Abbreviations: COPD, chronic obstructive pulmonary disease; HS, healthy
smokers.

HS group included similar proportions of patients with
paucigranulocytic and eosinophilic patterns. On the other
hand, in the COPD B group, all patients exhibited elevated
percentages of eosinophilic and mixed patterns. The HER
groups also showed eosinophilic patients, but in contrast with
LER group B, the neutrophilic phenotype was strong.

Morphological analysis by electron
microscopy and DNA labeling

In order to study the incidence of NETosis or EETosis in the
different groups of COPD patients, an ultrastructural study of
plugs isolated from IS without DTT treatment was performed.
Neutrophils and eosinophils from HS mostly revealed a nor-
mal morphology when evaluated by immunofluorescence
(Figure 5). On electron microscopy, neutrophils exhibited
normal ultrastructure with numerous secretory granules
(Figure 1A). In LER patients, most neutrophils of the COPD
A group exhibited nuclear characteristics compatible with
apoptosis, including margination of dense masses of chroma-
tin beneath the nuclear membrane and sharp areas separated
from the diffuse chromatin (Figure 1B); no evidence of NETo-
sis was found. DAPI staining on semithin sections showed
that neither HS nor COPD A patients exhibited extracellular
DNA (Figure 6A and B); some apoptotic-like neutrophils
were clearly visualized, which was in agreement with the
ultrastructural findings in COPD A (Figure 6B).

An interesting observation in the LER-COPD B group,
which exhibited the eosinophilic phenotype, was the
presence of EETosis. This could be identified by the pres-
ence of eosinophil-like secretory granules associated with

Figure 5 Analysis of NETosis and EETosis by immunofluorescence.

Notes: DAPI-positive (blue) material associated to the eosinophil MBP (A-D in red) or to the neutrophil elastase (E-H in red). Preserved eosinophils in healthy smokers (A)
and disrupted eosinophils in COPD B group (B and C), appearing free or associated to extracellular traps (arrowheads) are shown. Neutrophils are negative for MBP (arrows
in B and C). Released-MBP immunolabeling can be seen associated to extracellular DNA in a COPD C group patient (* in D). Elastase labels neutrophils in the cytoplasm in
healthy smokers (E) while NETotic neutrophils in COPD B group (F) start to colocalize with DNA (arrows). Panels G and H show extensive NETs (0) in COPD D group
patients associated with neutrophils (arrows) and disrupted neutrophils associating their DNA to extracellular traps (* in H). Original magnification: 400x.

Abbreviations: COPD, chronic obstructive pulmonary disease; DAPI, 4, 6-diamidino-2-phenylindole; EETosis, eosinophil extracellular trap cell death; MBP, major basic

protein; NETosis, neutrophil extracellular trap cell death.
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Figure 6 DAPI staining of LR-white semithin sections of induced sputum plugs.

Notes: Polymorphonuclear nuclei and extranuclear DNA in HS (A), and the four COPD groups evaluated: COPD A (B), COPD B (C), COPD C (D), and COPD D (E)
patients. Apoptotic images (arrows). (C) The extracellular DAPI positive-material (arrowheads) appears polymorphic in COPD C and net-like in COPD D. Original
magnification 400X; insets 600x. (F) Quantification of extranuclear DNA showing a remarkable increase in COPD C and COPD D patients. Each dot represents an analyzed
slice from at least n=3 patients per group. *P=0.05, **P=0.01, ***P=0.001. The insets refer to the area labeled with an arrow within each panel.

Abbreviations: COPD, chronic obstructive pulmonary disease; DAPI, 4, 6-diamidino-2-phenylindole; HS, healthy smokers.
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the nucleus, which exhibited decondensed chromatin, and it
was already denudated of the nuclear membrane (Figure 1C).
EETosis occurrence was confirmed by immunofluorescence,
with typical images of extruded DNA, associated in part with
the major basic protein (MBP) (Figure 5B and C). The typical
morphology of NETosis could also be detected in the IS of
COPD B, clearly recognized by the presence of neutrophil
secretory granules associated with decondensed nuclear
material (Figure 1D). By immunofluorescence, neutrophil
elastase was found to be colocalized with DNA in some
pre-NETotic or NETotic neutrophils (Figure 5E), together
with the presence of some extracellular DNA intermingled
with inflammatory cells (Figure 6C). However, extracel-
lular traps forming classical NETs were rarely seen in the
COPD B group. However, this group appeared to be quite a
heterogeneous group with regard to its neutrophil morphol-
ogy and functional state. Some patients of this group mainly
exhibited numerous apoptotic cells (Figure 1E), while others
displayed highly preserved and active neutrophils, coexisting
with the typical morphology of cell death by NETosis and
EETosis (Figure 1F).

There were clear differences between HER and LER
patients regarding the presence of abundant cellular debris
in their IS, with some of these variations depending on the
cellularity. In the HER COPD C group that included patients
with an eosinophilic inflammatory pattern (Table 1), numer-
ous burst eosinophils were observed with signs of EETosis
as expelled nuclei still associated with eosinophil secretory
granules. However, in contrast with NETosis, nuclei did not
seem decondensed to the same extent as in neutrophils and
instead appeared as round masses (Figure 2A) or as irregular
DAPI-stained structures in semithin sections (Figure 6D).
A significant observation was that the higher the number
of eosinophils that underwent EETosis, the higher the
presence of cell debris, especially in the form of numerous
free membranes and some detached cilia (Figure 2B), with
macrophages being observed to phagocyte small portions
of nuclear decondensated material and free membranes
(Figure 2B). The neutrophils in these patients frequently
seemed to be pre-NETotic as indicated by the chromatin
decondensation and the loss of nuclear poly-lobulation, both
events that precede the extrusion of the nuclear material,
but still preserving their nuclear and plasma membranes
(Figure 2C). Also, pre-NETotic neutrophils could often be
seen incorporating cell debris (chromatin and membranes)
by phagocytosis.

In HER COPD D patients with a neutrophilic inflam-
matory pattern, normal neutrophils frequently appeared

associated with NET-like structures that could be identified
by the presence of abundant decondensed nuclear material,
with a few remaining electron-dense granules and small
membrane-limited vesicles (Figures 2D and 5G and H).
We next quantified the proportion of EETosis and NETosis
at the ultrastructural level. The analysis confirmed that
EETosis is predominant in COPD B and C, whereas NETosis
is particularly abundant in COPD D (Figure 3).

These findings were then confirmed by immunofluores-
cence (Figure 5F). DAPI staining revealed that extracel-
lular traps appeared to gather as fibers with a NET-like
distribution (Figure 6E), with the analysis of IS by DAPI
staining making it possible to identify the LER and HER
groups based on the different quality—quantity patterns of
the extracellular nuclear material. Quantification of the
DAPI signal revealed a significant increase in COPD C and
D patients (Figure 6F).

Discussion

This study focuses on aspects of inflammation that could be
associated with the early symptoms and disease progression
of COPD. Here, we demonstrated the occurrence of eosino-
phil death by EETosis in stable LER symptomatic COPD B
and in HER patients with eosinophilic or mixed patterns.
Furthermore, in high-exacerbation COPD patients, abundant
extracellular traps were observed, thereby indicating an
increase in NETosis and EETosis occurrence.

To date, most of the research has addressed the neutrophil
in COPD. For instance, the ECLIPSE study has evaluated
the relationship between sputum neutrophils and FEV , but
only found a weak association.! This is in agreement with
our study in that the neutrophil percentage did not change
significantly among different groups of patients. Recently,
Grabcanovic-Musija et al”® concluded that the severity of
lung functions in COPD was associated to neutrophil death
by NETosis. However, they only evaluated neutrophils and
included patients with both exacerbated and stable stages
of the disease.

Our study confirms the occurrence of NETosis but sug-
gests that eosinophils might also play an important role in
COPD. This was evidenced by the fact that the asymptomatic
COPD A group, which lacked eosinophils, did not exhibit
NETosis. Conversely, all LER symptomatic COPD B patients
with eosinophilic or mixed cellular phenotypes showed an
early presence of EETosis, thus revealing a factor that prob-
ably contributes to triggering the disease symptoms. In agree-
ment, Singh et al* claimed that eosinophils are a common
cause of chronic cough in middle-aged patients, associated
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with variable airflow obstruction or airway hyperresponsive-
ness, accelerated decline in FEV, and COPD development.

The HER COPD subset exhibited either combined
eosinophil and neutrophil extracellular traps or only those
derived from neutrophils. However, when eosinophils and
EETosis coexisted in HER patients, IS showed abundant
free organelles and membranes, indicative of greater cellular
damage.

Several reports have focused on clarifying the beginning
of the “burning” process of COPD.' Our observations have
led us to place eosinophils not only at the triggering of the
COPD disease, but probably in its maintenance as well, in
spite of smoking cessation, as a consequence of the prolonged
accumulation of eosinophils and their debris in the airways.!°
Therefore, cell debris of eosinophils undergoing EETosis, espe-
cially chromatin, accumulates in airways and could become
a chemotactic stimulus for sterile inflammation by recruiting
neutrophils to phagocytose cell debris. In this way, the process
of NETosis could be started and self-perpetuated over the long
time period of disease evolution in the COPD D subset, even if
EETosis is no longer present, as occurs in many other chronic
diseases.?'*? Even though a longitudinal study is needed to dem-
onstrate such a progression, it is supported by Agusti et al,”® who
concluded, based on the cohort study ECLIPSE, that severity
of disease progressed in COPD B and C patients.

Although patients with less than 10 years history of
smoking were reported to have normal lung function,?
the presence of eosinophils in their IS samples (shown in
the present study) indicates the importance of evaluating
inflammatory cells in the IS of HS and LER patients in
order to initiate a specific anti-inflammatory treatment in the
early stages of the disease. Therefore, we hypothesize that
eosinophils may be implicated in the early development of
COPD and that the presence of eosinophils might indicate the
smokers who are most at risk of developing the disease.

It is well known that the smoke induces a complex
microenvironment containing over 4,000 toxins and lead-
ing to proinflammatory cytokine induction in macrophages.
In addition, thousands of reactive oxygen species (ROS) are
produced in the burning cigarette, and these are able to dam-
age the epithelial cells lining the airways.? ROS also activate
intracellular signaling cascades leading to inflammatory gene
activation (IL-8 and TNF-o) that promote chronic immune
cell recruitment and inflammation. Therefore, EETosis induc-
tion in COPD patients, as described in this study, probably
is a secondary feature in genetically predisposed patients to
have eosinophils in airways. According to our observations,
eosinophils would be very sensitive to these toxins and

respond widely by triggering EETosis, as indicated by the
lack of preserved eosinophils.

The cytotoxic effects of eosinophils may favor a more
symptomatic disease and also contribute to increased
exacerbations, and therefore faster progression. Free
destroyed eosinophil secretory granules can be aggressive
for the epithelium and endothelium as the proteins they
contain, contribute to tissue damage and dysfunction.?>*” In
addition, eosinophil histone release, either from nuclei or
from mitochondrial DNA, has been demonstrated to have
a killing activity on pathogens and mammalian cells.?
Extracellular DNA extrusion from eosinophils was veri-
fied in Crohn disease, where IL-5 or IFNy, followed by
lipopolysaccharide, induced these cells to release mito-
chondrial DNA independently of cell death.* In our study,
a different methodology was used and eosinophil death was
observed with typical ultrastructural changes that precede
EETosis, as has been described before by many authors (for
example, Fuchs et al”) for neutrophils. Cigarette-smoking-
induced microenvironment in COPD airways may explain
the difference as it does trigger cell death.

Although the inhaled corticosteroid is the recommended
treatment for HER, we showed that a significant number of HER
patients still had elevated percentages of eosinophils in spite
of corticosteroids. In line with this, other authors reported that
inhaled corticosteroids failed to suppress inflammation in COPD
patients.** Our observations by electron microscopy raise doubts
about the efficiency of corticosteroids to induce eosinophil con-
trol once they are destroyed by EETosis, thereby strengthening
the importance of early pharmacological intervention.

In summary, we demonstrated, for the first time, the
presence of EETosis, in parallel with NETosis, in COPD
at different stages in subjects at risk and with stable disease
status. EETosis was useful to explain the eosinophil role in
the pathophysiology, especially at the beginning and during
COPD progression, regardless of whether the patient quit
smoking. It is not necessary, however, to evaluate its pres-
ence in the clinical practice, as it is sufficient to study the
occurrence of eosinophils in the IS of young healthy smokers
without any spirometric changes since this might predict the
development of COPD and be a guide for effective early
treatment. Finally, our findings contribute by characterizing
clear differences among groups, which is in agreement with
their clinical manifestations. These results could contrib-
ute to prevention of the development of COPD in young
smokers with a predisposition to develop the disease, with
novel therapeutic techniques still being needed to treat the
advanced disease.
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