
Statins reduce the burden of ambient
particulate matter and inflammatory
cells within the lung tissues of smokers
with and without COPD

To the Editor:

Previous studies from our laboratories have shown retention of particulate matter (PM) in lung tissues of
subjects with chronic obstructive pulmonary disease (COPD), with increased retention in more severe
COPD, potentially contributing to the persistent lung inflammation and remodelling of lung tissue in
COPD [1]. Epidemiological studies have shown that 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors (statins) reduce morbidity and mortality in subjects with COPD [2], possibly via their
well-known pleiotropic anti-inflammatory properties [3, 4]. In an animal model we have shown that
statins reduce lung inflammation induced by ambient PM exposure in part by reducing the retention of
PM in lung tissues by promoting their removal via the lymphatic system to regional lymph nodes [5, 6].
We postulated that statins reduce the burden of PM retention in the lung tissues of subjects with COPD,
and thereby reduce downstream lung inflammatory responses.

We quantified the burden of PM in lung tissues (from the lung tissue registry at the Centre for Heart Lung
Innovation, Vancouver, BC, Canada) of smokers with and without COPD, who used statins for ⩾3 months
for comorbid hyperlipidaemia, prior to their lobectomy or pneumonectomy for a small peripheral lung
tumour. Lung tissues were processed as described in detail previously [7]. We used standard morphometric
methodology previously described [1] to quantify the burden of PM in different lung compartments (total
PM burden in all lung tissues and PM burden in alveolar walls, macrophages, blood vessel walls and
lymphoid tissues). To determine the effect of statins on the downstream inflammatory response in the lung
we quantified neutrophils and macrophages, two pivotal innate immune effector cells in COPD
pathogenesis, in the same lung tissues. Using immunohistochemistry, neutrophils were labelled with
neutrophil elastase primary antibody (Dako Laboratories, Glostrup, Denmark) and all lung macrophages
were labelled using a double immunostaining technique using anti-CD68 (Dako). Anti-CD206 (GeneTex,
Irvine, CA, USA) was used to identify a subpopulation of M2 macrophages. Morphometric methods (point
counting) were used to quantify neutrophils and macrophages present in lung tissues [1, 7].

Samples from 21 subjects who used statins and 43 subjects not using statins prior to surgery were selected to
determine the burden of PM in lung tissues. Demographic parameters between the groups were not
significantly different with regards to sex, smoking history (pack-years) or severity of COPD (forced expiratory
volume in 1 s (FEV1) and FEV1/forced vital capacity (FVC) ratio). The statin group was slightly older that the
nonstatin group (mean±SD age 70.3±5.1 years versus 63.1±10.1 years, p<0.01). Atorvastatin, rosuvastatin and
simvastatin were the three statins most commonly used by the study subjects. The total PM burden was higher
in lung tissues of COPD subjects versus subjects with normal spirometry. The total PM burden in lung tissues
in the statin users was lower (figure 1a; p=0.0058) and this decrease was predominantly due to a decrease in
PM in alveolar walls (figure 1b; p=0.0304) and alveolar macrophages (figure 1c; p=0.0341). The most striking
difference was in the vasculature, where statins reduced the PM volume fraction in blood vessel walls (figure 1d;
p<0.0001), and this reduction was observed in smokers with and without COPD (p=0.0032 and p=0.0037,
respectively). The volume fractions of lymphoid tissues in both groups were not significantly different. Lung
inflammatory cells were quantified in a subset of 16 statin users and compared to 14 subjects not using statins,
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matched for severity of COPD. In statin users, the volume fraction of neutrophils in the lung tissues was
significantly reduced compared to subjects not using statins (p=0.04) and this reduction was predominantly
observed in the airway wall tissues (p=0.012). In statin users the volume fraction of CD206-negative
macrophages (M1 skewed) in the lung tissues was reduced compared to subjects not using statins (p=0.012).
There was a significantly negative correlation between the burden of PM in lung tissues and the FEV1/FVC
ratio, as well as the magnitude of smoking exposure (pack-years), and statins attenuate these correlations.

This study shows that statin treatment reduces the burden of PM in the lung tissues of smokers with and
without COPD. We have previously quantified the PM burden in lung tissues of subjects with COPD [1],
showing that the PM burden increases with COPD severity, suggesting that diseased lungs have a reduced
ability to clear PM from the lung and postulating that retained PM in lung tissues could potentiate
inflammatory responses in the COPD lung [1, 8]. In human studies, statins are known to be associated with
reduced morbidity and mortality in variety of chronic inflammatory lung conditions, including COPD [2, 9],
effects thought to be due to their well-known pleiotropic or anti-inflammatory properties impacting lung
inflammatory responses [3, 4]. We have shown in animal studies that statins reduce the burden of PM
retained in lung tissues, in particular in lung macrophages, and increase PM burden in regional lymphoid
tissues. This suggests that one potential mechanism for the reduction of PM burden in lung tissues by statins
might be enhanced removal of PM-loaded macrophages to regional lymph nodes [5]. In addition, in these
animal studies we showed that statins reduced lung inflammatory response, predominantly neutrophil
recruitment into airspaces and lung tissues, induced by the exposure to ambient PM. Here we showed
decreased neutrophil inflammation in lung tissues in statin-using smokers with and without COPD, which
supported our observations in animal studies. In addition, we showed skewing of macrophages towards an
M1 phenotype in the lung tissues of statin users. Both neutrophils and macrophages are immune cells
strongly implicated in the pathogenesis and progression of COPD [7, 10–12].

The retention of PM in lung tissues, in macrophages in particular, impairs their phagocytic ability to clear
foreign material, including PM, bacterial pathogens and apoptotic cells from the lung in COPD [12, 13],
which could contribute to the persistence of lung tissue inflammation that characterises COPD [1]. Statins
enhance macrophage efferocytosis [3] and thereby promote clearance of apoptotic debris and cells (such as
neutrophils) within lung tissues; they also accelerate the processing and clearance of PM particles from lung
tissues and thereby reduce lung inflammation. Augmenting macrophage functional properties in COPD
would provide a novel therapeutic pathway that could reduce lung inflammation and progression of COPD.

Changes in pulmonary vessels are an important component in the pathogenesis of COPD progression [14, 15],
and our study showed a dramatic reduction of the volume fraction of PM in the pulmonary blood vessel walls,
both in smokers with normal lung function as well as subjects with COPD. This effect of statins on blood
vessel PM burden suggests that this class of anti-inflammatory intervention could possibly also attenuate
vascular remodelling in COPD through reducing deposits of PM around lung vessels. Together, our study
suggests that statins promote the processing and removal of PM from the lung tissues, and we speculate that
this reduced burden of PM in lung tissues results in an attenuated inflammatory response within the lung
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FIGURE 1 Statins reduce particulate matter (PM) burden in lung tissues. a) Statins significantly lower the total PM burden when compared to the
nonstatin treatment. The lung tissue compartments that showed the most significant reduction in PM volume fractions (Vv) were b) alveolar walls,
c) alveolar macrophages and d) blood vessel walls. e) In blood vessel walls the burden of PM was equally reduced in non-chronic obstructive
pulmonary disease (COPD) versus COPD subjects. The Vv of f ) all macrophages in lung tissues was not different between groups, but g) M1
skewed macrophages and h) neutrophils were lower in statin users. Data are presented as mean±SE.
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(supported by our findings of fewer neutrophils and pro-inflammatory macrophages in lung tissues). Clearly,
further mechanistic studies are needed, but our results support the notion that statin treatment could be a
potential therapeutic strategy to slow the progression of COPD.
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