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Air pollution-derived PM2.5 impairs mitochondrial function in healthy and 
chronic obstructive pulmonary diseased human bronchial epithelial cells 
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a b s t r a c t

In order to clarify whether the mitochondrial dysfunction is closely related to the cell homeostasis
maintenance after particulate matter (PM2.5) exposure, oxidative, inflammatory, apoptotic and mito-
chondrial endpoints were carefully studied in human bronchial epithelial BEAS-2B, normal human
bronchial epithelial (NHBE) and chronic obstructive pulmonary disease (COPD)-diseased human bron-
chial epithelial (DHBE) cells acutely or repeatedly exposed to air pollution-derived PM2.5. Some modi-
fications of the mitochondrial morphology were observed within all these cell models repeatedly
exposed to the highest dose of PM2.5. Dose- and exposure-dependent oxidative damages were reported
in BEAS-2B, NHBE and particularly COPD-DHBE cells acutely or repeatedly exposed to PM2.5. Nuclear
factor erythroid 2-p45 related factor 2 (NRF2) gene expression and binding activity, together with the
mRNA levels of some NRF2 target genes, were directly related to the number of exposures for the lowest
PM2.5 dose (i.e., 2 mg/cm2), but, surprisingly, inversely related to the number of exposures for the highest
dose (i.e., 10 mg/cm2). There were dose- and exposure-dependent increases of both nuclear factor kappa-
B (NF-kB) binding activity and NF-kB target cytokine secretion in BEAS-2B, NHBE and particularly COPD-
DHBE cells exposed to PM2.5. Mitochondrial ROS production, membrane potential depolarization,
oxidative phosphorylation, and ATP production were significantly altered in all the cell models repeat-
edly exposed to the highest dose of PM2.5. Collectively, our results indicate a cytosolic ROS over-
production, inducing oxidative damage and activating oxygen sensitive NRF2 and NF-kB signaling
pathways for all the cell models acutely or repeatedly exposed to PM2.5. However, one of the important
highlight of our findings is that the prolonged and repeated exposure in BEAS-2B, NHBE and in particular
sensible COPD-DHBE cells further caused an oxidative boost able to partially inactivate the NRF2
signaling pathway and to critically impair mitochondrial redox homeostasis, thereby producing a
persistent mitochondrial dysfunction and a lowering cell energy supply.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Nowadays, air pollution is still a risk factor for both the

development and the worsening of many forms of lung diseases
and cancers (Beelen et al., 2013; Hamra et al., 2014; Jerrett et al.,
2016; Raaschou-Nielsen et al., 2016; Loomis et al., 2013). Howev-
er, despite the international research effort, the scientific commu-
nity is still far from having a detailed mechanistic explanation of
the causal relation between air pollution-derived particulate mat-
ter (PM) inhalation and harmful lung effects clearly suggested by
epidemiological evidence.
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§ Better knowledge of the critical role of
mitochondrion in PM2.5-induced toxicity

§ Mitochondrial ROS overproduction
activates NRF2 and NF-kB signaling
pathways

§ Inactivated NRF2 signaling pathway
impairs mitochondrial redox
homeostasis
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