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3 Who Drives the Chronic Obstructive Pulmonary Disease Bus?
Protease-Rich Extracellular Vesicles in Cigarette Smoke—-associated

Alveolar Damage

Chronic obstructive pulmonary disease (COPD), a disease of lung
airways and alveoli, is the third leading cause of death worldwide
(1, 2). Once the disease is established, COPD cannot be reversed,
though in many cases its progression can be slowed by avoiding
certain environmental toxins. Risk factors that contribute to the
airway remodeling and emphysema seen in COPD include tobacco
smoke, air pollutants, genetics, age, infections, sex, and adverse
socioeconomic factors (3). Cigarette smoking (CS) is the greatest risk
factor among all, and new studies suggest that most chronic smokers
will develop some form of airway impairment caused by COPD,
much more than the initially estimated 15% of smokers (4). Prior
research has uncovered that extracellular vesicles (EV's) are impacted
by CS and play an important role in COPD pathophysiology (5).
EVs are nanosized particles enclosed in a membrane of lipid
bilayers and serve as biochemical messengers in the extracellular
space (6). They may be generated and secreted by nearly any cell type
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in the body and alter the function of the neighboring or far-off
recipient cells (5). EV cargo can include nucleic acids, proteins, lipids,
and other biomolecules. In this issue of the Journal, Madison and
colleagues (pp. 1115-1125) report the link between CS and the
production of EVs armed with surface-bound proteases: neutrophil
elastase (NE) and macrophage metalloelastase, also known as matrix
metalloproteinase-12 (MMP-12), that are well known to cause
alveolar destruction (emphysema), inflammation, and increased
airway mucin production in COPD (7, 8, 9). This research comes
from an outstanding team of scientists who have made significant
contributions to the study of NE and EVs in COPD and CS-induced
pulmonary conditions. The study expands on their previous findings
that activated polymorphonuclear neutrophils release NE-positive
EVs into the airways of individuals with COPD, which cause
significant alveolar tissue damage when introduced to the lungs of
naive mice (10). In the present study, the authors compared EVs from
human BAL fluid (BALF) of patients without COPD (n = 24), defined
as FEV{/FVC >0.7 on pulmonary function tests, who were stratified
by smoking status (current, former, and never). EVs from BALF were
isolated using differential ultracentrifugation and injected
intratracheally into mice to see the effects on the lungs. The authors
observed that airway EV's from smokers without COPD can cause
alveolar damage, and this is caused by the additive effect of NE and
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Figure 1. Potential cigarette smoke (CS) exposure-mediated alveolar changes. CS disrupts the normal function of alveolar macrophages and
neutrophils and releases NE- and MMP-12-loaded EVs in the airways, which can damage the airway wall, resulting in chronic obstructive
pulmonary disease-like emphysematous changes. EVs = extracellular vesicles; MMP-12 = matrix metalloproteinase-12; NE = neutrophil elastase.

MMP-12 present on these EVs. Interestingly, EVs from former
smokers also had the capacity to elicit lung pathology in naive mice,
although at a relatively lower level.

The authors also exposed mice to cigarette smoke for increasing
durations from 1 week to 6 months and found that just 2 weeks of CS
exposure in mice was enough to induce increased production of
protease-containing small-sized EVs in their airways. These protease-
rich airway EVs from CS-exposed mice had the ability to cause
emphysematous changes in the lungs of naive syngeneic mice. This
pathogenic capacity of EV's increased with a longer duration of CS
exposure of donor mice, as observed by an increase in airway
resistance and development of right ventricular hypertrophy in mice
receiving airway EV's from mice exposed to CS for 3 months. The
gene knockout and pharmacological inhibitor studies suggested that
the major emphysematous effects were caused by NE and MMP-12
proteases. It remains to be seen whether blocking NE and MMP-12
signaling would also reverse the CS EV-mediated right ventricular
hypertrophy and airway resistance.

Fascinatingly, after 2 weeks of CS exposure, BALF EV's from
CS-exposed mice caused considerably more alveolar damage in naive
mice than when given to CS-exposed mice. The authors suggest that
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there is a protective mechanism(s) against alveolar damage caused
by protease-containing EVs in the CS-exposed airways that were
not present in the CS-naive airways. This new insight into the
protective response pathway of CS EV's remains up for investigation.
Furthermore, the authors showed that the EV preparation from
CS-exposed mice mostly comprised macrophage- and neutrophil-
derived EVs, with both types contributing roughly equally to the
total EV pool. However, the involvement of other MMPs and

EVs from other cell types, such as epithelial cells, in CS-induced
emphysematous changes as reported earlier (11) cannot be ruled
out. Notably, they also observed a decrease in the percentage of
macrophages in BALF from CS-exposed mice compared with
air-exposed mice, whereas neutrophils increased. To better
understand the relative contribution of macrophage- and neutrophil-
derived EVs, studies comparing cell-specific EVs from mice exposed
to varying lengths of CS exposure will be needed.

A logistical challenge with conventional CS exposure preclinical
models is that it can take weeks to months of CS exposure before
emphysematous changes are observed in the alveoli of mouse lungs.
The ability of EVs from CS-exposed mice to recapitulate the matrix
degradation associated with COPD in naive mice within weeks has
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potentially created a novel model to study CS-induced lung damage,
although conventional CS exposure models are still required to isolate
EVs. The solution presented to this by the authors is cryopreserving
EV:s for future use with EV's from one CS mouse that are enough to
cause disease in numerous naive mice. Although EVs can be
preserved at —80°C, there remain questions regarding the long-term
integrity of NE and MMP-12 activity linked to EVs during
cryopreservation. Studies suggest that the integrity of EV surface and
membrane proteins, EV size, and EV zeta potential are all affected by
cryopreservation over time (12, 13). This is especially important to
consider here, because NE and MMP-12 are surface bound, and, in
addition to protein function being affected, changes in EV size and
electrostatic potential may impact the function of these proteases and
consequently their ability to cause pathological changes in mice.

Overall, the study by Madison and colleagues suggests that CS
alone has the capacity to generate airway EVs rich in NE and MMP-
12 proteases that can initiate phenotypic changes in lungs similar to
COPD (Figure 1). This provides us with a strong leap forward not
only in our understanding of COPD pathophysiology but also in our
understanding of EV contributions to chronic lung disease. Although
generally safe, bronchoscopy may cause mechanical trauma to the
airway (14). A follow-up study may include investigating if protease-
containing EVs derived from polymorphonuclear neutrophils or
macrophages can be captured from the bloodstream or respiratory
secretions and correlate with COPD symptoms and disease severity,
because this would be a much less invasive and translatable way to
conduct future EV-based diagnostic studies.

Author disclosures are available with the text of this article at
www.atsjournals.org.
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