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RELAZIONE:  
 
Background. Environmental pollution as well as lifestyle, primarily cigarette smoking, have been widely 
described as the major etiological risk factors associated with airway diseases (1). In the sole USA, 
∼443,000 adults died (from 2000–2004) due to cigarette smoking-related diseases including lung cancer 
(125,522), chronic obstructive pulmonary disease (COPD) and other airway obstructive diseases (78,988) 
(2). Lung cancer and COPD may be different aspects of the same disease; COPD could be a driving factor in 
lung cancer, by increasing oxidative stress and the resulting DNA damage, ensuing chronic pro-
inflammatory cytokines release, repression of the DNA repair mechanisms and increased cellular 
proliferation. About 50-80% of patients with COPD develop lung cancer (3). It has been suggested that 
chronic inflammation in the lower respiratory tract of COPD patients, is associated to pro-neoplastic 
mutations, proliferation and resistance to apoptosis (4-6). Emerging evidence suggest that the 
inflammasome, an intracellular multimeric complex associated to pro-inflammatory cytokines release, may 
be involved in COPD pathogenesis (7). Therefore, understanding the mechanisms that drive these 
processes in primary cells from patients with airway diseases is essential for the development of new 
therapy and to improve life expectancy of these patients. 

In our previous studies we found that the exposure of peripheral blood mononuclear cells (PBMCs) from 
healthy subjects to environmental ultrafine pollutants, induced the activation of the inflammasome, in that 
IL-1-like cytokines were higher released (8). In particular, the treatment with environmental ultrafine 
pollutants at very low concentrations (pg/ml), was able to rise an inflammatory process that was 
responsible for IL-1α, IL-18 and IL-33 release. This effect was more pronounced in PBMCs isolated from 
blood of smokers subjects, confirming that these individuals were especially susceptible to inflammatory-
based airway diseases once exposed to air pollution, compared to non-smokers subjects (8). Therefore, the 
main goal of this study was to investigate the role of the inflammasome related to mitochondrial-
dependent oxidative stress after the exposure to ultrafine particles.  
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Hypothesis. Our hypothesis was that the exposure of smoker/COPD-derived PBMCs to environmental 
ultrafine pollutants was associated to an increased activation of the inflammasome due to increased levels 
of oxidative stress radicals, coming from an impaired DNA repair process in favor of mitochondrial oxidative 
DNA damage which may play a crucial role in tumorigenesis. 
 
 
Experimental plan. The experimental protocol was performed in accordance with the guidelines and 
regulations provided and accepted by the Ethical Committee of the “Monaldi-AORN-Ospedale dei Colli” 
Hospital (approval number 1254/2014). For our purpose, we used peripheral blood mononuclear cells 
(PBMCs) from non-chronic obstructive pulmonary disease (non-COPD) and COPD patients. All COPD 
patients were smokers or former smokers, non-COPD subjects were divided in smokers and non-smokers. 
We used smokers and COPD-derived PBMCs because it is well reported that smoking and COPD are at high-
risk for lung cancer establishment, besides the fact that this pathology is induced by smoking (9). All 
subjects were 60±10 (mean±S.E.M.) years of age and had no history of allergic diseases.  
 
Isolation of human PBMCs. Blood was collected and used within 24 hours. PBMCs were isolated according 
to Ficoll’s protocol (8). Briefly, blood (5 ml) was mixed with cell medium (5 ml) supplemented with sole 
antibiotics and Ficoll medium (Life Sciences, Italy). PBMCs layer was collected and platelets were separated 
by centrifugation at 150 g for 10 minutes. PBMCs were then collected in cell medium, plated and treated 
with Nanoparticles of Organic Carbon (NOC, 50-100pg/ml) to mimic the exposure to environmental 
ultrafine pollutants, at different experimental time points (1-3-5h).  
 
Cytokine measurements. 8-hydroxy-2-deoxyguanosine (8-OHdG), a well-known marker for DNA damage 
derived from oxidative stress (10), was measured in the PBMCs cytosolic extract after the treatment of 1h 
with NOC (Elabscience, USA).  
The release of pro-inflammatory cytokines, IL-18 and IL-33, was measured in cell-free supernatants after 5h 
treatment with NOC, using commercially available ELISA kits (eBioscience, CA, USA). 
  
RT-PCR. 8-oxoguanine DNA glycosylase 1 (OGG1) gene expression was measured by real-time polymerase 
chain reaction (RT-PCR), after 3h of treatment with NOC (100 pg/ml). Thermal cycling conditions were as 
follow: 5 min at 95°C, followed by 45 cycles of 30s at 95°C, 60s at 54°C, 30 s at 60°C. Primer pairs were 
OGG1 Forward 5’-GACAAGACCCCATCGAATGC-3’ and OGG1 Reverse 5’-AGCTTCCTGAGATGAGCCTC-3’. 
 
Calcium measurement. To understand the molecular mechanism driving the effect of environmental 
ultrafine pollutants, we measured the capability of PBMCs to release calcium from intracellular stores. 
PBMCs were incubated at 37°C for 1h with NOC, and Fura 2-AM hydrolysis was allowed in calcium-free 
medium. Intracellular Ca2+concentrations ([Ca2+]i) were measured as previously reported (11).  
 
Flow cytometry. Healthy non smoker-, smoker- and COPD-derived PBMCs were stained for flow cytometry 
analysis (BD FacsCalibur Milan, Italy) for MitoSOX Mitochondrial Superoxide Indicator as indicated in the 
manufacturer’s guide (Life Technologies, USA). 
 
 
Results. In order to understand the effect of the environmental pollutants exposure and cigarette smoke on 

the human health, we measured the levels of 8-OHdG in the cytosolic extract of non-smokers-, smokers- 

and COPD-derived PBMCs after the treatment with ultrafine particles, NOC (100 pg/ml), that mimic the 

environmental pollution. We observed that the addition of NOC, at very low concentration (50-100pg/ml), 

significantly increased the release of 8-OHdG in both non-smokers and smoker-derived PBMCs. Similarly, 

we found that NOC induced high levels (four times higher than smokers) of 8-OHdG in COPD-derived 

PBMCs. According to these data all the three type of cohorts were subjected to DNA damage, although it 

was much more evident in COPD patients than healthy non-smokers and smokers. Therefore, we went on 

to analyze the levels of a repairing enzyme, OGG1, highly important to avoid mitochondrial DNA damage 

following oxidative stress (12). The administration of NOC significantly increased the levels of OGG1 mRNA 

in PBMCs obtained from non-smokers, but this effect was not observed in smokers- and COPD-derived 

PBMCs, implying that the DNA damage pursued in smokers and COPD compared to healthy subjects.  
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Starting from these observations and to demonstrate the involvement of the mitochondria, we measured 
mitochondria homeostasis after environmental ultrafine pollutants treatment. The exposure to NOC of 
PBMCs from non-smokers and smokers increased the release of Calcium (Ca2+) from mitochondria only 
after an external stimulus (carbonyl cyanide p-trifluoromethoxy-pyhenylhydrazone, FCCP) during the 
measurement/detection, implying that NOC treatment did not alter mitochondrial calcium stores. In 
contrast, the measurement of Ca2+ stores in the mitochondria of COPD-derived PBMCs were lower than 
those observed in non-smokers and smokers NOC treatment, implying that the stimulation of PBMCs with 
these particles had already induced the release of Ca2+ from the mitochondria in COPD-derived PBMCs. 

It is known that the release of mtROS and the presence of 8-OHdG are able to induce the activation of 
NLRP3 inflammasome (12), therefore we went on by analyzing the molecular mechanism underlying the 
release of IL-1-like cytokines after ultrafine particles exposure. 

COPD-derived PBMCs released higher levels of IL-18 and IL-33 after NOC exposure (50-100 pg/ml). 
Noticeably, NOC did not induced IL-18 release from PBMCs obtained from non-COPD subjects (smokers and 
non-smokers). Similarly, the exposure of COPD-derived PBMCs to NOCs increased IL-33 release. However, 
healthy and smoker-derived PBMCs were able to release similar levels of this cytokine. In addition, we were 
not able to detect IL-1β and IL-1α after NOC exposure. 
To understand the molecular mechanism underlying the release of IL-18 and IL-33 from COPD-derived 
PBMCs after NOCs exposure, we carried on evaluating the role of NLRP3 inflammasome, modulating the 
activity of the enzyme involved in this complex.  
PBMCs were treated with a pharmacological inhibitor of caspase-1 (inflammasome canonical activation-
dependent enzyme), ac-Y-Vad (Y-Vad, 1µg/ml), an inhibitor of NLRP3 inflammasome, glybenclamide (Gly, 
1µM) and of caspase-8 (inflammasome non-canonical activation-dependent enzyme), z-IETD-fmk (IE, 
0.5µg/ml) together with NOC. The pharmacological inhibition of caspase-1 by means Y-Vad, or NLRP3 by 
means of Gly, or caspase-8 by means of IE, did not alter the levels of IL-18 and IL-33 from COPD-derived 
PBMCs after NOC exposure.  
To note, in our previous studies we found that the exposure of PBMCs of non-COPD non-smokers and 
smokers subjects were more susceptible to the activation of the NLRP3 inflammasome in that IL-1-like 
cytokines were higher released (8). Instead, here we found that COPD-derived PBMCs were more 
susceptible to release IL-1-like cytokines after the exposure to NOC, but, this effect was not associated to 
the activation of the NLRP3 inflammasome, implying a non-inflammasome or a non-canonical involvement 
of the inflammasome in the release of IL-1-like cytokines in these patients.  
 
 
Conclusion. COPD and lung cancer are devastating pathologies that share many common pathways. It is 

likely that the chronic inflammation in COPD is a potent driver of lung cancer development and that 

oxidative stress derived from both exogenous and endogenous sources may be key regulator to drive COPD 

to lung cancer. In our study, we showed that ultrafine particles, such as NOC, which are sub-10nm particles 

in size, typical of environmental pollution, are able to induce mitochondria-derived oxidative stress, which 

is not countered by OGG1, enzyme involved in repairing mitochondria-derived oxidative stress, in smokers- 

and COPD-derived PBMCs compared to non-smoker individuals. This phenomenon was associated with the 

release of IL-18 and IL-33 from PBMCs obtained from COPD patients in a NLRP3/caspsase-1/caspase-8 

independent manner. Because in our unpublished data, we observed that this effect was similar in PBMCs 

from lung cancer patients, further studies will be needed to evaluate whether the inflammasome is at the 

cross-talk between smoking/COPD and lung cancer. Nevertheless, these data provide new perspectives for 

the role of inhaled combustion particles that, together with other pulmonary insults, such as cigarette 

smoke, can lead to the release of IL-1-like cytokines in a non-canonical manner, at the base of lung 

pathologies such as cancer.  
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