Editorial: Could protecting the Immunoproteasome reduce exacerbations in COPD?
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Exacerbations of chronic obstructive pulmonary disease (COPD) are not only debilitating to the patient in the short term, but also contribute to increased rate of decline of lung function and increased morbidity and mortality. Understanding why these patients exhibit increased symptoms and prolonged time to recovery from viral infections is not clear, however a study by Kammerl et al, in this issue of the journal, may have identified a potential mechanism that could explain these observations. They performed a number of in vitro and in vivo experiments demonstrating that cigarette smoke suppresses immunoproteasome expression and function. This is important as the immunoproteasome processes viral particles for presentation by MHC class I to CD8+ cells thereby generating a robust antiviral response, thus failure to mount this response could lead to prolonged viral loads and subsequent bacterial infections that are associated with COPD exacerbations (1, 2).
Proteasomes are multi-protein complexes that are required for degradation of intracellular proteins and are constitutively expressed in all cells. This process occurs via targeting of the target protein by ubiquitination and subsequent degradation to peptides and amino acids. The proteasome is a barrel-shaped complex comprising a 20S core with two 19S capping proteins. The 20S core consists of two pairs of outer α rings and two pairs of inner β rings, each with seven subunits. Three of the β subunits, β1, β2 and β5 have an inherent proteolytic activity. However, the immunoproteasome differs in cellular distribution and is expressed by immune cells constitutively, particularly those involved in antigen presentation. However, components of the immunoproteasome can be induced under inflammatory conditions, for example following stimulation with cytokines including tumor necrosis factor (TNF)α and interferon (IFN)γ, in structural cells including those of the lung.  The immunoproteasome differs from the proteasome as the catalytic β subunits are replaced by three distinct subunits termed iβ1 or large multifunctional peptidase (LMP)2, iβ2 or LMP10/ multicatalytic endopeptidase complex-like (MECL)-1, iβ5 or LMP7, and the 19S capping complex by an 11S complex comprising proteasome activator (PA)28α, and PA28β (3). It is this immunoproteasome that processes intracellular viral particles. The resultant peptides are then transported to the endoplasmic reticulum, loaded onto major histocompatibility complex (MHC)-1 and eventually expressed as antigen at the cell surface. These molecules are then recognised by CD8+ cells via the T cell receptor leading to cellular activation (Fig. 1), thus a fully functioning immunoproteasome and MHC-1 are crucial in maintaining an adaptive immune response to viral infection. Previous work by this group had already demonstrated that cigarette smoke could suppress expression of the proteasome and the present study by Kammerl et al., now extends this finding to the immunoproteasome. 
In this elegant study, they compared mRNA expression of the catalytic units of the immunoproteasome in bronchoalveolar lavage cells from COPD patients and controls and showed that these subunits were substantially reduced in COPD.  Similar data was also apparent in cells taken from smokers with idiopathic pulmonary fibrosis (IPF) but not in cells from non-smoking severe asthmatics, suggesting a link to smoking per se and not chronic lung disease. However, immunoproteasome components were not suppressed in healthy smokers suggesting an additional susceptibility in COPD and IPF. Analysis of pre-existing publically available expression data, also confirmed suppression of MHC-1 expression in COPD. Taken together, these results suggested that COPD cells could be defective in generating viral antigens for presentation to CD8+ cells. Therefore, in order to determine whether these observations reflected changes in the activity of the immunoproteasome and/or the ability of cells to present antigen, a series of experiments were performed that investigated the effects of cigarette smoke extract on alveolar macrophages. Here they showed a substantial reduction in cell surface expression of MHC-1 and suppression of LMP-7 activity. Next they established an in vitro antigen presentation assay with murine antigen presenting cells (CD11c+), and showed that MHC-1 antigen presentation required immunoproteasome activity and that this was impaired by cigarette smoke extract exposure. Taken together, these data clearly demonstrated that cigarette smoke impacts upon immunoproteasome function and antigen presentation.  
There are limitations to these approaches, not least being the relevance of cigarette smoke extract to cigarette smoke exposure in the lung. Therefore, to further substantiate their findings, Kammerl et al., utilised in vivo cigarette smoke exposure model in mice. An acute, 3 day exposure of C57BL/6 mice to cigarette smoke increased immunoproteasome activity that declined with 10 day exposure which correlated with antigen presentation in this system. However, when a more chronic, emphysematous model, of cigarette smoke exposure was examined, there were no changes in expression of any of the immunoproteasome components. Similarly, there were no changes in expression in end stage COPD lung tissue either, however there were measurable reductions in both standard proteasome and immunoproteasome activity compared with donor controls confirming previous reports on expression of the immunoproteasome by this group and others (4, 5). This may reflect differences between disease state and animal models and suggests that the animal exposure models should be viewed with caution with respect to immunoproteasome functions.
[bookmark: _GoBack]Nevertheless, Kammerl et al., for the first time have revealed a mechanism that could explain how smoking alters responses to infections and may could impair the link between innate and adaptive immune responses to viral infection. Their mechanism proposes cigarette smoke mediated suppression expression and activity of immunoproteasome catalytic units as well as cell surface expression of MHC-1. This leads to both failure to generate antigenic peptides and presentation at the cell surface such that the cytotoxic effects of CD8+ cells are not initiated in response to virus (Fig. 1).  Importantly, this study suggests that, protecting the immunoproteasome against the effect of cigarette smoke or targeting activation of this complex directly, could improve anti-viral responses and reduce the impact of exacerbations in debilitating diseases such as COPD.
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Figure legend
Figure 1. Diagram of immunoproteasome function in healthy and COPD cells
In healthy cells, viral particles can be processed by the immunoproteasome generating antigenic peptides that are transported to the endoplasmic reticulum and presented to MHC-1. This complex is process and presented at the cell surface where it can engage with T-cell receptors (TCR) on the surface of CD8+ cells. In COPD, cigarette smoke can suppress expression of MHC-1 and catalytic subunits of the immunoproteasome (red) together with their catalytic activity. This results in no viral antigens being processed and presented on the cell surface, thereby reducing a CD8+ mediated anti-viral response.
