Effect of particulate matter exposure on dendritic cell responses in asthma
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Introduction. Air pollution, particularly particulate matter with a diameter <2.5µm (PM2.5), is a significant environmental threat to human health, contributing to the increased incidence and severity of respiratory diseases, like asthma. Dendritic cells (DCs) play important roles in the activation and differentiation of naïve T cells into the Th2 cells that underpin allergic asthma. However, it is unknown how PM2.5 affects DC function, whether this interaction increases the DC response to antigens, and what impacts this has on the development and increased severity of asthma. Aims. To develop a novel mouse model to explore the relationship between chronic low-dose Sydney air pollution exposure and the development and severity of asthma, with a focus on DC responses. Methods. Female wild-type BALB/c mice (n=8/group) were administered PM2.5 (or saline control) i.n. daily for 3 weeks. On day 4, the mice were systemically sensitised to ovalbumin (Ova) via i.p. injection, followed by i.n. Ova re-challenge on days 16-19 to induce experimental asthma. Endpoint analysis (day 20) included in vivo invasive plethysmography to measure airway hyperresponsiveness to methacholine challenge, airway inflammation via bronchoalveolar lavage, and detection of DCs using flow cytometry. Results. Mice exposed to PM2.5 and with experimental asthma (Ova/PM2.5) showed increased airway hyperresponsiveness compared to those with experimental asthma alone (Ova/PBS) and the PM2.5 exposure control (Sal/PM2.5; P<0.0001). Ova/PM2.5 mice also had increased airway inflammation (2.70.3 x105 cells/mL) compared to Sal/PM controls (0.360.04 x105 cells/mL; P<0.0001). DC responses were amplified in Ova/PM2.5 compared to PM2.5 alone (P<0.05), with notable increases in plasmacytoid DCs and antigen-presenting plasmacytoid DCs, compared to PM2.5 alone (P<0.05). Discussion. Chronic low-dose exposure to Sydney PM2.5 exacerbates asthma features, including increased airway hyperresponsiveness, airway inflammation and enhanced DC-mediated allergic sensitisation, contributing to greater asthma severity. These findings highlight future directions for targeted therapeutic strategies to mitigate the respiratory health impacts of air pollution.
