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Asthma is described as a` heterogeneous’  disease with chronic inflammation of the airways in association with  structural changes of the airway wall involving the participation  of both infiltrating and resident cells(1).  A number of underlying mechanisms have been proposed    for the asthmatic inflammatory response. Of these, the CD4  T-helper cell type 2 (Th2)-mediated pathway is characterised by eosinophillic inflammation and elevated levels of  type 2 cytokines, such as IL-4, IL-5 and IL-13(2) within the airway and  the majority of patients with the so-called  Th2high endotype have an allergic phenotype. Lung IgE production  and sensitization to perennial allergens such as house dust mite are associated  with asthma(3) and in this regard the majority of  Th2 patients present with  specific IgE to aeroallogens(4).  The airway epithelial layers represent the first-line physical barrier and play a primary role in mucosal immunity(5).  Exposure of the mucosal surface to inhaled particles is thought to initiate type 2 innate and acquired immunity(6).   Barrier dysfunction, including aberrant epithelial responses and disruption of cell-cell apical junctions, is thought to constitute key events for chronic immune responses to environmental antigens. IgA is the most abundantly expressed immunoglobulin in secretions and is the primary humoral defense factor in mucosal tissues including the airways.  IgA is  involved in the   immune exclusion of inhaled antigens or pathogens  and performs this role by binding  to noxious antigens and preventing adherence of   bacteria  to the epithelial  surface. It is produced as dimeric IgA (d-IgA)  allowing   binding to the polymeric immunoglobulin  receptor  (pIgR). IgA is translocated  by pIgR  to the apical surface of epithelial cells where  d-IgA   is released following endoproteolytic cleavage of the receptor releasing IgA and the extracellular part of pIgR, renamed  secretory component (SC),  to generate secretory (S-) IgA(7).  

In this issue of the Journal  Ladjemi  and colleagues investigated the role and regulation of secretory (S-) IgA in mucosal immunity, in the airways of  asthma patients with  and its potential regulation by Th2/eosinophilic inflammation. A strength of this study were the  bronchial biopsies obtained from well-characterised  mild-to moderate and severe asthma patients and control subjects,   providing  samples   for  analysis by  immunohistochemistry, gene  array and qPCR and  as well as bronchial epithelial cells (BEC)  for ex vivo air liquid interface (ALI)-BEC    cultures. Immunostaining of bronchial biopsies from asthma patients revealed, irrespective of allergic status, reduced pIgR expression in the epithelium of  both asthma groups as compared to controls; pIgR expression was moderately correlated with FEV1. However, no detectable change in pIgR expression, SC release or d-IgA transcytosis was observed ex vivo  by ALI-BEC  cultures from asthma patients compared to those from controls. These data, the authors suggested, may be the result of the ex vivo model lacking the in vivo microenvironment and in particular airway mucosal inflammation. Co-culture with activated eosinophils (MBP/PRG2+) and Th2 (GATA-3+) cells up to 48 hours, again, did not affect SC release or d-IgA expression.  In contrast, exposure of ALI-BEC cultures to exogenous IL-13 or IL-4, from both asthma groups, for 2 to 4 weeks, but not short-term cultures for 48 hour, significantly inhibited SC release and pIgR expression and  epithelium treated with IL-13 for 2 weeks had a lower capacity to transcytose d-IgA.  The  authors subsequently reasoned that  i) the effect was likely  mediated through the IL-4Rα shared by both IL-4 and IL-13   and  ii) the  kinetics of IL4/IL-13  effects involved changes in broncho-epithelial differentiation. To investigate this, Th2-related signatures were firstly confirmed in ALI-BEC exposed to IL-13  (induction of eotaxin-3 mRNA and release of periostin): treatment with  IL-13 did not favour goblet or ciliated cell differentiation but a trend for a global reduction in muco-ciliary differentiation and an increase in p63+ basal cells suggesting Th2 mediated “de-differentiation”.   Further RNA-sequencing analysis of ALI-BEC  cultures  treated with IL-4 or IL-13 revealed upregulation of p63 and KRT6a and KRT16 and down-regulation of TNF-α, BIRC5, KAT2B/PCAF and the transcription factor SOX2 which is known to regulate broncho-epithelial differentiation(8). Overall, the top hits of the RNA-Seq analysis highlight down regulation of genes involved in reprogramming of broncho-epithelial differentiation and polarity which may lead to pIgR downregulation.

Investigations into molecular mechanisms underlying IL-4 or IL-13  mediated down-regulation of pIgR, started with the role of the TGF superfamily.   Exogenous IL-13 induced expression of both TGF-α and TGF-β2 in ALI-BEC  cultures.  When ALI-BEC were stimulated by TGF-β2  (or TGF-β1) for 2 to 4 weeks, pIgR/SC production was almost completely abrogated while inhibition with TGF-α  reduced expression by  50% at 4 weeks.   Subsequent, neutralization experiments to assess the contribution of TGF-β and TGF-α/EGFR pathways  during  IL-4 or IL-13 driven pIgR down-regulation showed that blockade of TGF-β almost completely abolished SC release and pIgR expression whereas the EGFR-TK-inhibitor  erlotinib achieved ∼50% inhibition.  An inhibitor of  STAT6   abrogated the IL-13 and IL-4 effects on pIgR/SC production and   IL-13 and  was shown to  downregulate the expression of  USF1, USF2 and AP2  known to be required  for the constitutive expression of pIgR. In summary,  these data indicate that IL-13 and IL-4 inhibit pIgR expression by activating the IL- 4Rα/STAT6 signalling pathway and by affecting the differentiation state of the airway epithelium through autocrine TGF-β and, to a lower extent, TGF-α/EGFR pathways.


This study reports an overall reduction in the expression of pIgR  in asthma, compared to controls, which may characterise an intrinsic  pathological response of the asthmatic  airway epithelium irrespective of  disease severity. Attenuated pIgR expression would result in reduced transport of IgA across the epithelium limiting the recognition of inhaled pathogens  and  compromise the protective function of S-IgA to neutralise  inhaled antigens in the airway mucosa.  The combined effects of barrier disruption and impaired immune exclusion will increase the passage on inhaled pathogens into the airway wall and reduce mucosal immunity. There are a number questions arising from the findings of this study. Firstly, is there a correlation in severe asthma between pIgR expression and exacerbation frequency? Interrogation  of severe asthma ‘omic databases such as the  U-BIOPRED(9, 10) and ADEPT(11) may reveal an  asthma endotype related to relative pIgR expression levels and provide additional guidance  for precision  medicine in severe asthma(12). Secondly, could the inability of biologics directed against IL-13  such as lebrikizumab(13)  to show consistent reduction in exacerbations  rates in uncontrolled asthma be related to  reduced pIgR  expression levels? Thirdly, could expression of pIgR in sputum  provide a biomarker anti-IL-4/Il-13 therapy?   Recent studies have shown that TGF-β2  can attenuate baseline and IL-13-induced  MUC5AC and MUC5B in human bronchial epithelial cells(14)  and  reduce proliferation of  epithelial cells from patients with severe asthma(15). The study  by Ladjemi  and colleagues  now  increases  our knowledge  on the remodelling effects attributable to   TGF-β2 where down-regulation of pIgR results in de-differentiation of the epithelium.   Thus targeting mucosal immunity through modulation of pIgR expression may provide a new therapeutic target for asthma, at the level of  reducing the risk of exacerbations.
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