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Abstract: Chronic obstructive pulmonary disease (COPD) is a complex condition in which systemic
inflammation plays a role in extrapulmonary manifestations, including cardiovascular diseases:
interleukin (IL)-6 has a role in both COPD and atherogenesis. The 2011 GOLD document classified
patients according to FEV1, symptoms, and exacerbations history, creating four groups, from A
(less symptoms/low risk) to D (more symptoms/high risk). Extracellular vesicles (EV) represent
potential markers in COPD: nevertheless, no studies have explored their value in association to both
disease severity and inflammation. We conducted a pilot study to analyze circulating endothelial-(E)
and monocyte-derived (M) EV levels in 35 COPD patients, who were grouped according to the
2011 GOLD document; the relationship between EV and plasmatic markers of inflammation was
analyzed. We found a statistically significant trend for increasing EEV, MEV, IL-6, from group A to D,
and a significant correlation between EEV and IL-6. The associations between both EEV and MEV
and disease severity, and between EEV and IL-6, suggest a significant interplay between pulmonary
disease and inflammation, with non-respiratory cells (endothelial cells and monocytes) involvement,
along with the progression of the disease. Thus, EV might help identify a high-risk population for
extrapulmonary events, especially in the most severe patients.

Keywords: chronic obstructive pulmonary disease; extracellular vesicles; systemic inflammation;
endothelium

1. Introduction

Irreversible airflow limitation represents the defining characteristic of chronic obstruc-
tive pulmonary disease (COPD) [1]. However, this functional abnormality is no longer
regarded as the sole component of the disease, and COPD is now considered a complex
condition that involves several manifestations, both pulmonary and extrapulmonary, be-
sides airflow limitation. In this case, “complex” means that these different elements display
nonlinear interactions [2], and the final result has been considered a syndrome rather than
a disease [3]. Lung function measurement is essential for diagnosis, and Forced Expiratory
Volume in the 1st second (FEV1) has been used as the only parameter for COPD man-
agement for many years [4]. However, FEV1 is obviously not sufficient to describe such
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complexity. The 2011 version of the GOLD document has added for the first time symptoms
and exacerbation history in patient classification, thus creating four groups, from A (milder
symptoms and low risk, defined as FEV1 > 50% predicted and no frequent/severe exac-
erbations) to D (more severe symptoms and high risk, with either FEV1 < 50%, a history
of frequent/severe exacerbations or both) [5]. More recently, several tools, including a
“COPD control panel”, endo-phenotyping, and treatable traits characterization have been
proposed to better manage COPD patients according to precision medicine objectives [6];
nevertheless, a widely accepted approach to COPD complexity is lacking [7].

COPD is characterized by systemic inflammation, which likely plays a role in biologi-
cally linking pulmonary and extrapulmonary manifestations [8]; interestingly, low-grade,
systemic inflammation is also a well-known risk factor for future cardiovascular events
in the general population [9] through its pro-atherogenic action [10]. Among the several
cytokines involved in systemic inflammation, interleukin-6 has a relevant role both in
COPD and atherogenesis [8-10].

The endothelium represents the pivotal element in atherogenesis and cardiovascular
diseases [11], but it is currently viewed also as an important player in COPD pathogenesis
through several purported mechanisms (transendothelial leukocyte migration, cell apopto-
sis or senescence, endothelial dysfunction) [12]; moreover, endothelial injury represents a
common feature between pulmonary and systemic manifestations in COPD [13].

Cell-derived extracellular vesicles (EV) are small vesicles, released by virtually all
eukaryotic cells into the bloodstream, where they play pleiotropic roles in intercellular
communication, both in pulmonary and cardiovascular diseases [14,15], through several
mechanisms, including microRNA [16] and mitochondria cargo [17]. Moreover, circulating
EV (in particular endothelial-derived and monocyte-derived EV—EEV and MEYV, respec-
tively) have been implied in conditions characterized by systemic inflammation, such as
chronic respiratory and cardiovascular diseases [18,19]. Lastly, EEV have been recognized
as markers of endothelial dysfunction [20].

Although a previous study found a significant, direct relationship between increasing
plasmatic EEV levels and severity of airflow limitation [21], no studies have so far explored
the value of EV in a multidimensional evaluation of COPD, or their possible relationships
with systemic inflammation. Therefore, we conducted a pilot observational study to
analyze circulating EEV and MEV levels in COPD patients grouped according to the
2011 GOLD classification, which incorporates three main domains (airflow limitation,
symptoms, exacerbations) together in a single panel. Based on the result from both the
aforementioned study [21] and other works suggesting a role for EV as biomarkers in
COPD [14], we would expect increasing EV levels along with the progression of disease
burden, from group A to D. Moreover, we evaluated the relationships between both types
of EV (EEV and MEV) and markers of systemic inflammation in this population.

2. Materials and Methods
2.1. Study Design, Subjects, and Procedures

We enrolled patients with stable COPD diagnosed according to the 2011 GOLD
document [5], with the following exclusion criteria: chronic respiratory failure; recent
(within 6 weeks) COPD exacerbation, acute coronary syndrome or pulmonary embolism;
history of asthma; active cancer. We recorded symptoms using both the modified Medical
Research Council scale and the COPD Assessment Test (CAT) [5]; all patients performed
complete pulmonary function tests (PFTs), according to current indications [22] and after a
24 h withdrawal of inhaled therapy.

On a subsequent day, patients underwent blood tests for common biochemistry
markers of cardiovascular injury (N-terminal pro-brain natriuretic peptide—NT-proBNP—
and troponin), which are commonly used circulating markers of systemic inflammation
(white blood cells count, C reactive protein, fibrinogen, interleukin-6—IL-6—and tumor
necrosis factor-«, TNF-«) [23] and EV enumeration. All blood samples have been drawn
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from an antecubital vein, and all patients were in fasting conditions; active smokers were
asked to refrain from smoking the day of sample collection.

2.2. EV Characterization and Analysis of Cytokine Concentration

The following monoclonal antibodies were used: anti-CD62E (allophycocyanin la-
beled, Clone 68-5H11, Mouse IgG1 k, BD Bioscience, Franklin Lakes, NJ, USA), anti-
CD31 (phycoerythrin labeled, Clone L133.1, Mouse IgG1, k, BD Bioscience), anti-CD14
(phycoerythrin-Cyanine? labeled, Clone M5E2, Mouse IgG2a, k BD Bioscience), Mouse
IgG1, « Isotype Control (phycoerythrin labeled, BD Bioscience), Mouse IgG1, « Isotype
Control (allophycocyanin labeled, clone MOPC-21, BD Bioscience), Mouse IgG2a, « Isotype
Control (allophycocyanin labeled, BD Bioscience), and Annexin V (Peridinin-Chlorophyll-
Protein -Cy™S5.5 labeled, Clone Annexin V, BD Bioscience).

For EV measurement, blood (4 mL) was drawn into tubes containing sodium citrate
(0.38% w/v final concentration). Platelet-poor plasma (PPP) was obtained by two subse-
quent centrifugations: 1500 g for 15 min and 16,000 g for 5 min at 4 °C. PPP was stored
at —80 °C until use. EV analysis was performed in 200 uL of PPP by multiparametric flow
cytometry, as described by us and others [21,24], with some modifications. Briefly, prior to
flow cytometry, the EV suspension is incubated in the dark for 30 min at room tempera-
ture with 5 pL of fluorescent-conjugated monoclonal antibodies against cell-type specific
antigens or isotype-matched controls and 5 pL of Annexin V. Then, EV are discriminated
by size, using calibration beads (Megamix, Stago, Milan, Italy), as events conforming to a
light scatter distribution within the 0.5-0.9 um range in an SSc vs. FSc window and further
labeled with annexin V to identify medium-large EV expressing phosphatidylserine [25].
Positivity to CD31 and CD62E was used to identify EV of endothelial origin. CD14 pos-
itivity was used to identify EV of monocytic origin. Flow cytometry was performed on
a FACS-CANTO™ (Becton Dickinson, Franklin Lakes, NJ, USA). EV were numbered as
events/min in a low flow setting.

Plasma concentrations of IL-6 and TNF-a were measured by a sandwich ELISA kit (Kit-
Elisa-Ready-SET-Go!, Affimetrix, Santa Clara, CA, USA) with a microplate reader (iMark™
Microplate Absorbance Reader, Bio-Rad, Milan, Italy) according to the manufacturer’s
instructions. Routine laboratory parameters were evaluated in venous blood samples
collected according to standard laboratory techniques by the Pisa University Hospital
clinical laboratory.

2.3. Statistical Analysis

Data are presented as median values and interquartile ranges [IR]; non-parametric
Jonckheere-Terpstra tests for independent samples (with post-hoc pairwise test) or (when
appropriate) Mann-Whitney tests were used for comparisons among groups; correlations
were assessed using Spearman’s rank correlation coefficient. IBM SPSS® 20.0 was used for
statistical analysis. The study was approved by the local Ethic Committee in compliance
with the Declaration of Helsinki; all participants signed a written informed consent.

3. Results

Thirty-five patients (male/female: 25/10; age (median (IR)) 71.0 [6.0] years) completed
the aforementioned study protocol. They were all current or former smokers and were
divided according to the 2011 GOLD document [5] as follows: group A = 4 subjects; group
B = 8 subjects; group C = 9 subjects; group D = 14 subjects. Four more patients were
excluded from the final analysis: two because of exacerbation occurrence, one for consent
withdrawal, and one for inadequate EV sampling. All patients who completed the study
were on regular inhalation treatment; that was not stopped (except a 24 h withdrawal
before PFTs) nor modified. Table 1 reports the main anthropometric, functional, and clinical
data of the study population. No statistically significant differences were observed among
the four groups; we have not performed statistical analysis on FEV1 values, mMRC, and
CAT scores, because they differ by definition among the four groups, since the 2011 GOLD
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document specifically divides COPD patients according to FEV1 and symptoms (mMRC
and CAT) values [5].

Table 1. Anthropometric and functional characteristics of patients as a whole and divided according to the 2011 GOLD
document (median (interquartile range)).

p (Jonckheere-

All (n = 35) GroupA(n=4) GroupB(n=8 GroupCm=9) GroupD (n=14) Terpstra)
Age, yrs 71.0 (6.0) 74.5 (10.0) 70.0 (10.0) 67.0 (13.0) 71.0 (3.0) n.s.
male/female 25/10 4/0 6/2 8/1 7/7 n.s.
Smoking status n.s.
Current/former 8/27 1/3 4/4 0/9 3/11
Pack-years 50.0 (27.0) 39.0 (60.0) 52.5 (16.8) 50.0 (56.5) 48.5 (38.8) n.s.
Dyspnea, mMRC 1.0 (1.0) 1.0 (1.0) 1.5 (1.0) 1.0 (0.0) 2.0 (1.0) n.a.
CAT 11.0 (8.0) 7.5(2.5) 10.5 (4.5) 7.0 (8.5) 15.5 (9.8) n.a.
BMI, Kg/m? 28.2 (8.3) 26.7 (10.3) 31.4 (13.5) 28.7 (6.8) 26.9 (7.3) n.s.
FEV1, L 1.28 (0.67) 1.52 (0.59) 1.74 (0.63) 1.34 (0.46) 0.97 (0.45) n.a.
% pred. 52.0 (17.0) 62.5 (30.0) 62.0 (12.3) 45.0 (18.5) 49.5 (16.5) n.a.
FEV1/FVC % 47.0 (16.0) 52.0 (17.5) 52.5(12.3) 39.0 (20.0) 45.0 (15.5) n.s.
DLCO, mL/min*mmHg
% pred 15.9 (8.2) 16.9 (9.7) 16.8 (7.8) 23.8 (9.2) 14.6 (8.6) n.s.
64.0 (29.0) 84.0 (59.5) 54.0 (27.3) 93.0 (43.5) 59.5 (16.0) n.s.
Therapy
LAMA 1 1
LABA-LAMA 15 3 5 3 4
LABA-ICS 3 1 1 1
LAMA-LABA-ICS 15 1 2 3 9
LABA 1 1

n.s.: not significant; n.a.: not applicable. mMRC: modified Medical Research Council; CAT: COPD Assessment Test; BMI: Body Mass Index;
FEV1: Forced Expiratory Volume in the 1st second; FVC: Forced Vital Capacity; DLCO: diffusing capacity of the lung for CO; LAMA:
long-acting antimuscarinics; LABA: long-acting beta2-agonists; ICS: inhaled corticosteroids.

In Table 2, we reported the results of cardiac and inflammatory markers in the four
groups: we did not find any significant differences (including in routine blood biochemistry,
data not shown) except for IL-6, which shows a significant trend for increasing levels from
group A to D (p for trend <0.05, by Jonckheere-Terpstra test, Table 2).

Table 2. Cardiac and inflammatory markers among the four groups (median (interquartile range)).

Group A (n=4) Group B (n = 8) GroupC(m=9) GroupD (n=14) p (Jonckheere-

Terpstra)
NT-proBNP, pg/mL 173 (157) 132 (95) 49 (151) 82 (174) n.s.
Troponin, ng/L 17 (9) 16 (13) 14 (15) 11 (9) ns.
White blood cells, 103 /mm3 7.81 (2,84) 7.18 (3.79) 6.27 (2.28) 6.10 (2.42) ns.
CRP, mg/dL 0.23 (0.18) 0.31 (0.64) 0.61 (0.77) 0.22 (0.14) ns.
Fibrinogen, mg/dL 354 (137) 362 (57) 327 (119) 373 (112) n.s.
IL-6, pg/mL 5.80 (4.86) 7.33 (2.08) 6.23 (2.93) 9.81 (6.07) 0.01
TNF-«, pg/mL 21.21 (5.23) 32.27 (26.24) 30.88 (24.16) 30.59 (17.35) ns.

NT-proBNP: N-terminal pro-brain natriuretic peptide; CRP: C reactive protein; IL-6: interleukin-6; TNF-«: tumor necrosis factor-a; n.s.:
not significant.

When analyzing EV values, we found a significant trend for increasing EEV levels,
from group A to D (p for trend <0.001, by Jonckheere-Terpstra test); the post hoc pairwise
analyses revealed significantly (p < 0.05) higher values in group D than in groups A and B
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(Figure 1A). We observed the same behavior for MEV with significantly increasing levels
from group A to D (p for trend <0.001), and higher values in group D than in A and B
(p < 0.05) (Figure 2A).
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Figure 1. Total EEV according to 2011 GOLD group (A) and to FEV1 (B) (*: p < 0.001 for trend; | and #: p < 0.05 for group D
versus group A and B, respectively; Jonckheere-Terpstra test). Correlation between total EEV and plasma IL-6 (C). EEV:
endothelial-derived extracellular vesicles; FEV1: Forced Expiratory Volume in the 1st second; IL-6: interleukin-6.
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Figure 2. Total MEV according to 2011 GOLD group (A) and to FEV1 (B) (*: p < 0.001 for trend;  and #: p < 0.05 for group
D versus group A and B, respectively; Jonckheere-Terpstra test). Correlation between total MEV and plasma IL-6 (C). MEV:
monocyte-derived extracellular vesicles; FEV1: Forced Expiratory Volume in the 1st second; IL-6: interleukin-6.

Then, we analyzed, by using the Mann-Whitney test, EEV and MEV levels after
dividing patients in two groups, exclusively according to lung function, using a FEV1 cut-
off value of 50% predicted (the same identified as clinically meaningful by the 2011 GOLD
document [5]): no significant difference was found (Figures 1B and 2B). Lastly, we found
a significant correlation between EEV and IL-6 (rtho = 0.35; p = 0.04; Figure 1C), while
there was only a weak, not statistically significant trend between MEV and IL-6 (p = 0.07,

Figure 2C).

We did not find any difference in EEV or MEV levels when the whole population was
divided according to birth sex (not shown).
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4. Discussion

To our knowledge, our results show for the first time a significant increase in circulat-
ing endothelial- and monocyte-derived extracellular vesicles (EEV and MEYV, respectively)
levels along with COPD progressive stages, defined by a multidimensional approach,
including airflow limitation, symptoms, and exacerbations history [5]. Moreover, we
found that IL-6, a well-known marker of systemic inflammation in COPD [23] and in
atherogenesis [9], increases from group A to D and directly correlates with EEV levels.

We decided to divide patients according to the 2011 GOLD document, since it probably
represents a reasonable compromise for COPD evaluation in clinical practice, with respect
to both previous and subsequent versions. Indeed, until 2011, COPD management relied
only on FEV1 values [4], but it is well known that FEV1 shows only a weak correlation
with some important patient-centered outcomes, such as symptoms or exacerbations [26].
On the other hand, the current GOLD document suggests considering FEV1 measurement
only for diagnosis, but its role in the further management of COPD has been downsized [1];
nevertheless, FEV1 measurement and its decline over time still represent relevant parame-
ters in a comprehensive approach to COPD patients [27]. Actually, each of the three main
domains simultaneously used by the 2011 GOLD document has been proposed to represent
a specific feature of COPD: airflow obstruction expresses the severity, symptoms express
the impact, and exacerbations represent the activity of disease [7]. Moreover, it has been
demonstrated that the 2011 classification retains a significant prognostic value, since it
captures the clinical relevance of symptoms and comorbidities (especially cardiovascular
diseases) in these patients [28]. Anyway, the best way to approach COPD complexity is
still debated [6].

In this scenario, EV can represent one of the possible tools helping clarify COPD
complexity in order to shed light on its pathological processes as well as to provide a
personalized approach to patients affected by this disease. Our data, showing an association
between both EEV and MEV and disease burden, and a correlation between EEV and IL-6,
are consistent with the systemic and complex nature of COPD. Specifically, the identical
behavior of both EV and IL-6 levels from group A to D suggests the presence of a significant
interplay between pulmonary disease and inflammation, with non-respiratory cells (in
particular, endothelial cells and monocytes) involvement. In a previous study, some
authors found significantly increasing EEV levels along with airflow obstruction severity in
COPD patients [21]; we did not find this behavior in our population when analyzing EEV
and MEV levels only according to FEV1 values; moreover, in the aforementioned study,
no markers of inflammation were evaluated. Our results on the relationships between
EEV and IL-6 are partly consistent with previously published data [29]; however, the
cited study focused on exosomes, which are smaller vesicles, isolated and characterized
with different approaches compared to EV, which represent the focus of our research;
furthermore, the cellular origin of exosomes was not clearly specified by the authors. As
already said, endothelium is now regarded as a main actor in COPD extrapulmonary
manifestations [13]: thus, the EEV behavior we have observed in our population suggests a
progressive endothelial involvement with increasing COPD severity, and the biological link
is probably represented by inflammation and specifically by IL-6. Indeed, high circulating
IL-6 levels are associated to cardiovascular risk in the general population [9,30], and the
specific modulation of IL-6 signaling has already been proposed to reduce cardiovascular
events in at-risk populations [31]. Moreover, IL-6 persistent elevation is associated with
both a poor prognosis and an excess of cardiovascular events in a large population of COPD
patients, such as the one recruited in the ECLIPSE (Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints) cohort [23].

The role of monocytes in persistent inflammation, both in COPD [32] and in atheroscle-
rosis [15], is well known: increased levels of MEV have been detected in bronchoalveolar
fluid of smokers with COPD, with respect to both smokers without COPD and non-
smokers [33]. Moreover, in a study by Chiva-Blanch et al., MEV correlate with long-term
prognosis after acute myocardial infarction, particularly for cardiovascular-specific mor-
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tality [34]. Therefore, the progressive increase in MEV we have found in our population
(Figure 2A) can be viewed in this biological framework of systemic inflammation, linking
pulmonary and extrapulmonary manifestations in COPD.

Of course, our study has some limits: first and foremost, the small sample size and
the cross-sectional design do not allow general conclusions; furthermore, the patients’
distribution across the four groups is quite inhomogeneous, since group A is poorly
represented, even though this can be expected, since the present study has been conducted
in a university clinic for respiratory disease, and these less symptomatic patients are known
to rarely seek specialist consult.

Since we have chosen a double labeling with CD31 (usually expressed on endothe-
lial cells, including during the apoptotic process) and CD62E (expressed on “activated”
EEV) [21], to be sure to identify endothelial-derived EV [35], we cannot be sure about
the main origin of EEV (endothelial apoptosis or activation); however, the direct relation-
ship we found between EEV and IL-6 suggests the release of EEV upon an inflammatory
stimulus. Moreover, we found that among the inflammatory markers, only IL-6 shows
significant differences across the four groups. We might have expected a similar increase in
other markers as CRP, which is known to be biologically linked to IL-6. However, previous
longitudinal studies on large cohorts [23] showed that a stable association of two or more
inflammatory markers is present only in a minority (less than 20%) of COPD patients.

Lastly, we know that flow cytometry does not recognize smaller vesicles, since the
laser beam of the flow cytometer does not resolve light scattered by particles smaller than
300nm [36], although no other method has been proven ideal for EV detection [37], and
this approach has been successfully used in previous similar studies [21].

5. Conclusions

In conclusion, we found that circulating endothelial- and monocyte-derived extracellu-
lar vesicles increase along with COPD severity, which was defined by using a multidimen-
sional system that is probably more suitable to capture the disease complexity; furthermore,
the relationship among EEV and IL-6 suggests a biological link between inflammation and
endothelial activation/damage.

Since both IL-6 and endothelial activation are thought to contribute to cardiovascular
morbidity in COPD, EEV and MEV might help identify a high-risk population for future
cardiovascular events, especially in the most severe patients. In this light, our data, though
preliminary, represent a starting point for larger, longitudinal studies in the field.

Author Contributions: D.N., M.D., PP.,, A.C. and T.N. conceived and designed the research; S.L.,
S.S., G.D.C. and T.N. performed experiments; D.N., M.D., A.C. and T.N. analyzed data; D.N., M.D.,
E.B., B.V, M.G.C,, M.S,, PP, A.C. and T.N. interpreted the results of experiments; A.C. prepared
the figures; D.N., A.C. and T.N. drafted the manuscript; D.N., M.D,, EB,, B.V, M.G.C.,, M.S,, PP,
A.C. and T.N. edited and revised the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the local Ethics Committee (approval code n. 1088, 15
June 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available from the corresponding author on request.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 5014 80of9

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Vogelmeier, C.F; Criner, G.J.; Martinez, FJ.; Anzueto, A.; Barnes, PJ.; Bourbeau, J.; Celli, B.R.; Chen, R.; Decramer, M.; Fabbri,
L.M,; et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease 2017 Report.
GOLD Executive Summary. Am. J. Respir. Crit. Care Med. 2017, 195, 557-582. [CrossRef]

Faner, R.; Agusti, A. Multilevel, Dynamic Chronic Obstructive Pulmonary Disease Heterogeneity. A Challenge for Personalized
Medicine. Ann. Am. Thorac. Soc. 2016, 13, S466-5470. [CrossRef]

Celli, B.R.; Agusti, A. COPD: Time to improve its taxonomy. ER] Open Res. 2018, 4, 00132-2017. [CrossRef]

Rabe, K.E; Hurd, S.; Anzueto, A.; Barnes, PJ.; Buist, S.A.; Calverley, P.; Fukuchi, Y.; Jenkins, C.; Rodriguez-Roisin, R.; van Weel,
C.; et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease: GOLD
executive summary. J. Respir. Crit. Care Med. 2007, 176, 532-555. [CrossRef] [PubMed]

Vestbo, J.; Hurd, S.S.; Agusti, A.G.; Jones, PW.; Vogelmeier, C.; Anzueto, A.; Barnes, P].; Fabbri, L.M.; Martinez, E].; Nishimura,
M.; et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease: GOLD
executive summary. J. Respir. Crit. Care Med. 2013, 187, 347-365. [CrossRef]

Houben-Wilke, S.; Augustin, LM.; Vercoulen, ].H.; Van Ranst, D.; De Vaate, E.B.; Wempe, ].B.; Spruit, M.A.; Wouters, E.F,;
Franssen, EM. COPD stands for complex obstructive pulmonary disease. Eur. Respir. Rev. 2018, 27, 180027. [CrossRef]

Singh, D.; Roche, N.; Halpin, D.; Agusti, A.; Wedzicha, ].A.; Martinez, EJ. Current Controversies in the Pharmacological Treatment
of Chronic Obstructive Pulmonary Disease. |. Respir. Crit. Care Med. 2016, 194, 541-549. [CrossRef]

Miller, J.; Edwards, L.D.; Agusti, A.; Bakke, P; Calverley, PM.; Celli, B.; Coxson, H.O.; Crim, C.; Lomas, D.A.; Miller, B.E.; et al.
Comorbidity, systemic inflammation and outcomes in the ECLIPSE cohort. Respir. Med. 2013, 107, 1376-1384. [CrossRef]
Kaptoge, S.; Seshasai, S.R.; Gao, P.; Freitag, D.F.; Butterworth, A.S.; Borglykke, A.; Di Angelantonio, E.; Gudnason, V.; Rumley,
A.; Lowe, G.D.O,; et al. Inflammatory cytokines and risk of coronary heart disease: New prospective study and updated
meta-analysis. Eur. Heart J. 2014, 35, 578-589. [CrossRef] [PubMed]

Libby, P. Inflammation in atherosclerosis. Arter. Thromb Vasc. Biol. 2012, 32, 2045-2051. [CrossRef] [PubMed]

Gimbrone, M.A.; Garcia-Cardefia, G. Endothelial Cell Dysfunction and the Pathobiology of Atherosclerosis. Circ. Res. 2016,
118, 620-636. [CrossRef] [PubMed]

Green, C.E.; Turner, A.M. The role of the endothelium in asthma and chronic obstructive pulmonary disease (COPD). Respir. Res.
2017, 18, 20. [CrossRef]

Polverino, F; Celli, B.R.; Owen, C.A. COPD as an endothelial disorder: Endothelial injury linking lesions in the lungs and other
organs? (2017 Grover Conference Series). Pulm Circ. 2018, 8, 2045894018758528. [CrossRef] [PubMed]

Nieri, D.; Neri, T,; Petrini, S.; Vagaggini, B.; Paggiaro, P.; Celi, A. Cell-derived microparticles and the lung. Eur. Respir. Rev. 2016,
25,266-277. [CrossRef] [PubMed]

Boulanger, C.M.; Loyer, X.; Rautou, PE.; Amabile, N. Extracellular vesicles in coronary artery disease. Nat. Rev. Cardiol. 2017,
14, 259-272. [CrossRef] [PubMed]

Carpi, S.; Polini, B.; Nieri, D.; Dubbini, N.; Celi, A.; Nieri, P; Neri, T. Expression Analysis of Muscle-Specific miRNAs in
Plasma-Derived Extracellular Vesicles from Patients with Chronic Obstructive Pulmonary Disease. Diagnostics 2020, 10, 502.
[CrossRef]

Puhm, E; Afonyushkin, T.; Resch, U.; Obermayer, G.; Rohde, M.; Penz, T.; Schuster, M.; Wagner, G.; Rendeiro, A.; Melki, L; et al.
Mitochondria Are a Subset of Extracellular Vesicles Released by Activated Monocytes and Induce Type I IFN and TNF Responses
in Endothelial Cells. Circ. Res. 2019, 125, 43-52. [CrossRef] [PubMed]

Letsiou, E.; Bauer, N. Endothelial Extracellular Vesicles in Pulmonary Function and Disease. Curr. Top. Membr. 2018, 82, 197-256.
[PubMed]

Hosseinkhani, B.; Kuypers, S.; van den Akker, N.M.S.; Molin, D.G.M.; Michiels, L. Extracellular Vesicles Work as a Functional
Inflammatory Mediator Between Vascular Endothelial Cells and Immune Cells. Front. Immunol. 2018, 9, 1789. [CrossRef]
[PubMed]

Lekakis, J.; Abraham, P; Balbarini, A.; Blann, A.; Boulanger, C.M.; Cockcroft, ].; Cosentino, F.; Deanfield, J.; Gallino, A.; Ikonomidis,
L; et al. Methods for evaluating endothelial function: A position statement from the European Society of Cardiology Working
Group on Peripheral Circulation. Eur. ]. Cardiovasc. Prev. Rehabil. 2011, 18, 775-789. [CrossRef] [PubMed]

Takahashi, T.; Kobayashi, S.; Fujino, N.; Suzuki, T.; Ota, C.; He, M.; Yamada, M.; Suzuki, S.; Yanai, M.; Kurosawa, S.; et al.
Increased circulating endothelial microparticles in COPD patients: A potential biomarker for COPD exacerbation susceptibility.
Thorax 2012, 67, 1067-1074. [CrossRef] [PubMed]

Graham, B.L.; Steenbruggen, I.; Miller, M.R.; Barjaktarevic, I.Z.; Cooper, B.G.; Hall, G.L.; Hallstrand, T.S.; Kaminsky, D.A.;
McCarthy, K.; McCormack, M.C; et al. Standardization of Spirometry 2019 Update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. J. Respir. Crit. Care Med. 2019, 200, e70-e88. [CrossRef] [PubMed]

Agusti, A.; Edwards, L.D.; Rennard, S.I.; MacNee, W.; Tal-Singer, R.; Miller, B.E.; Vestbo, J.; Lomas, D.A.; Calverley, PM.A.;
Wouters, E.; et al. Persistent systemic inflammation is associated with poor clinical outcomes in COPD: A novel phenotype. PLoS
ONE 2012, 7, €37483. [CrossRef] [PubMed]

Neri, T.; Tavanti, L.; De Magistris, S.; Lombardi, S.; Romei, C.; Falaschi, F.; Paggiaro, P.; Celi, A. Endothelial Cell-Derived
Extracellular Vesicles as Potential Biomarkers in Chronic Interstitial Lung Diseases. Ann. Clin. Lab. Sci. 2019, 49, 608-610.
[PubMed]


http://doi.org/10.1164/rccm.201701-0218PP
http://doi.org/10.1513/AnnalsATS.201605-372AW
http://doi.org/10.1183/23120541.00132-2017
http://doi.org/10.1164/rccm.200703-456SO
http://www.ncbi.nlm.nih.gov/pubmed/17507545
http://doi.org/10.1164/rccm.201204-0596PP
http://doi.org/10.1183/16000617.0027-2018
http://doi.org/10.1164/rccm.201606-1179PP
http://doi.org/10.1016/j.rmed.2013.05.001
http://doi.org/10.1093/eurheartj/eht367
http://www.ncbi.nlm.nih.gov/pubmed/24026779
http://doi.org/10.1161/ATVBAHA.108.179705
http://www.ncbi.nlm.nih.gov/pubmed/22895665
http://doi.org/10.1161/CIRCRESAHA.115.306301
http://www.ncbi.nlm.nih.gov/pubmed/26892962
http://doi.org/10.1186/s12931-017-0505-1
http://doi.org/10.1177/2045894018758528
http://www.ncbi.nlm.nih.gov/pubmed/29468936
http://doi.org/10.1183/16000617.0009-2016
http://www.ncbi.nlm.nih.gov/pubmed/27581826
http://doi.org/10.1038/nrcardio.2017.7
http://www.ncbi.nlm.nih.gov/pubmed/28150804
http://doi.org/10.3390/diagnostics10070502
http://doi.org/10.1161/CIRCRESAHA.118.314601
http://www.ncbi.nlm.nih.gov/pubmed/31219742
http://www.ncbi.nlm.nih.gov/pubmed/30360780
http://doi.org/10.3389/fimmu.2018.01789
http://www.ncbi.nlm.nih.gov/pubmed/30131806
http://doi.org/10.1177/1741826711398179
http://www.ncbi.nlm.nih.gov/pubmed/21450600
http://doi.org/10.1136/thoraxjnl-2011-201395
http://www.ncbi.nlm.nih.gov/pubmed/22843558
http://doi.org/10.1164/rccm.201908-1590ST
http://www.ncbi.nlm.nih.gov/pubmed/31613151
http://doi.org/10.1371/journal.pone.0037483
http://www.ncbi.nlm.nih.gov/pubmed/22624038
http://www.ncbi.nlm.nih.gov/pubmed/31611203

J. Clin. Med. 2021, 10, 5014 90f9

25.

26.
27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

Théry, C.; Witwer, KW.; Aikawa, E.; Alcaraz, M.]J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer, F;
Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): A position statement of the
International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750.
[CrossRef] [PubMed]

Agusti, A.; Celli, B. Natural history of COPD: Gaps and opportunities. ER] Open Res. 2017, 3, 00117-2017. [CrossRef]

Lange, P.; Halpin, D.M.; O’'Donnell, D.E.; MacNee, W. Diagnosis, assessment, and phenotyping of COPD: Beyond FEV. Int. |.
Chronic Obstr. Pulm. Dis. 2016, 11, 3-12.

Lange, P.; Marott, J.L.; Vestbo, J.; Olsen, K.R.; Ingebrigtsen, T.S.; Dahl, M.; Nordestgaard, B.G. Prediction of the clinical course of
chronic obstructive pulmonary disease, using the new GOLD classification: A study of the general population. J. Respir. Crit. Care
Med. 2012, 186, 975-981. [CrossRef]

Tan, D.B.A.; Armitage, J.; Teo, T.H.; Ong, N.E.; Shin, H.; Moodley, Y.P. Elevated levels of circulating exosome in COPD patients
are associated with systemic inflammation. Respir. Med. 2017, 132, 261-264. [CrossRef] [PubMed]

Zhang, B.; Li, X.L.; Zhao, C.R;; Pan, C.L.; Zhang, Z. Interleukin-6 as a Predictor of the Risk of Cardiovascular Disease: A
Meta-Analysis of Prospective Epidemiological Studies. Immunol. Investig. 2018, 47, 689-699. [CrossRef]

Ridker, PM.; Libby, P.; MacFadyen, J.G.; Thuren, T.; Ballantyne, C.; Fonseca, F; Koenig, W.; Shimokawa, H.; Everett, B.M.; Glynn,
R.J. Modulation of the interleukin-6 signalling pathway and incidence rates of atherosclerotic events and all-cause mortality:
Analyses from the Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS). Eur. Heart ]. 2018, 39, 3499-3507.
[CrossRef]

Barnes, PJ. Inflammatory endotypes in COPD. Allergy 2019, 74, 1249-1256. [CrossRef]

Bazzan, E.; Radu, C.M.; Tine, M.; Neri, T.; Biondini, D.; Semenzato, U.; Casara, A.; Balestro, E.; Simioni, P.; Celi, A.; et al.
Microvesicles in bronchoalveolar lavage as a potential biomarker of COPD. Am. |. Physiol. Lung Cell. Mol. Physiol. 2021,
320, 1.241-1.245. [CrossRef]

Chiva-Blanch, G.; Bratseth, V.; Ritschel, V.; Andersen, G.; Halvorsen, S.; Eritsland, J.; Arnesen, H.; Badimon, L.; Seljeflot, I.
Monocyte-derived circulating microparticles (CD14", CD14*/CD11b* and CD14*/CD14,%) are related to long-term prognosis for
cardiovascular mortality in STEMI patients. Int. ]. Cardiol. 2017, 227, 876-881. [CrossRef] [PubMed]

Takahashi, T.; Kubo, H. The role of microparticles in chronic obstructive pulmonary disease. Int. ]. Chronic Obstr. Pulm. Dis. 2014,
9, 303-314.

Campos-Silva, C.; Suarez, H.; Jara-Acevedo, R.; Linares-Espinés, E.; Martinez-Pifieiro, L.; Yafiez-Mo, M.; Valés-Gomez, M. High
sensitivity detection of extracellular vesicles immune-captured from urine by conventional flow cytometry. Sci. Rep. 2019, 9, 2042.
[CrossRef] [PubMed]

Hromada, C.; Miihleder, S.; Grillari, J.; Redl, H.; Holnthoner, W. Endothelial Extracellular Vesicles-Promises and Challenges.
Front. Physiol. 2017, 8, 275. [CrossRef] [PubMed]


http://doi.org/10.1080/20013078.2018.1535750
http://www.ncbi.nlm.nih.gov/pubmed/30637094
http://doi.org/10.1183/23120541.00117-2017
http://doi.org/10.1164/rccm.201207-1299OC
http://doi.org/10.1016/j.rmed.2017.04.014
http://www.ncbi.nlm.nih.gov/pubmed/28476471
http://doi.org/10.1080/08820139.2018.1480034
http://doi.org/10.1093/eurheartj/ehy310
http://doi.org/10.1111/all.13760
http://doi.org/10.1152/ajplung.00362.2020
http://doi.org/10.1016/j.ijcard.2016.11.302
http://www.ncbi.nlm.nih.gov/pubmed/27915085
http://doi.org/10.1038/s41598-019-38516-8
http://www.ncbi.nlm.nih.gov/pubmed/30765839
http://doi.org/10.3389/fphys.2017.00275
http://www.ncbi.nlm.nih.gov/pubmed/28529488

	Introduction 
	Materials and Methods 
	Study Design, Subjects, and Procedures 
	EV Characterization and Analysis of Cytokine Concentration 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

