In asthma, change is the only constant
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Variability is a hallmark of asthma, whether that be in morning and evening peak flow, the seasonality of exacerbations or responsiveness to treatment 1


( ADDIN EN.CITE )
.  The drivers of disease variation are manifold, but are particularly troublesome when it comes to the responsiveness to corticosteroid treatment, our mainstay of disease control. A lack of corticosteroid responsiveness is a characteristic of severe asthma 2


( ADDIN EN.CITE )
, significantly impacting patients’ mortality and morbidity, particularly in relation to exacerbation frequency.  The presence of eosinophils in blood or sputum are linked to a steroid-sensitive T2-driven inflammation and the presence of these cells are often used to guide the use of corticosteroids as well as biologic therapies 3


( ADDIN EN.CITE )
.  In contrast, sputum neutrophils are linked to activation of steroid-insensitive T1-pathways 4


( ADDIN EN.CITE )
, but the drivers and stability of these pathways are not well understood. Further understanding of the mechanisms that lead to this corticosteroid resistance are therefore required to allow targeted treatment of these steroid unresponsive pathways to bring patient benefit.  In this issue of the Journal, Fahy and colleagues provide insight into these disease mechanisms using RNA Sequencing data derived from the sputa of asthma patients in the SARP-3 study collected longitudinally 5()
. Additionally, sputa from a subcohort of patients was analysed following intramuscular injection of the corticosteroid, triamcinolone acetonide (TA).

Firstly, using a whole gene co-expression network analysis of the RNASeq data generated from 782 sputum samples from both healthy adults and those with asthma, Fahy et al identified 42 co-expressed gene networks 5()
.  Both T1 and T2 networks were identified and this tracked with the presence of sputum neutrophils or eosinophils respectively.  However, using consensus hierarchical clustering to cluster the data using high and low expression of these T1 and T2 networks they identified distinct disease endotypes. Patients who were low in both T1 and T2 (T1-L/T2-L) had the best disease control in terms of lung function parameters and exacerbation frequency. Those who were high in both pathways (T1-H/T2-H) not only had more severe disease but also the longest duration of disease.  

The authors next investigated the impact of the TA-treatment on these networks.  TA-treatment had a much stronger impact on T2-network expression than on T1-network expression.  However, when looking at the clinical impact of TA-treatment using FEV1, only the T1-L/T2-H group were responsive to therapy, but not those assigned to the T1-H/T2-H group. Expression of T1 pathways may therefore blunt the usual responsiveness of the lung function of T2-H individuals to steroid-treatment.  

The authors next focused on the question of endotype stability using the longitudinal samples collected after 1 and 3 years of initial sputum capture.  Whilst logistic regression modeling indicated that patients who were T1-H or T2-H at the first visit were more likely retain those characteristics, there was a substantial amount of variability in endotype over time.  Indeed the most persistent endotypes were being T1-L (58%) or T2-L (50%) with only approximately 3% of individuals being persistently T1-H and 10% being persistently T2-H across all 3 time points.  This high level of variability in endotype suggests that environmental exposures may be responsible for driving endotype expression.  Since the T1-response is an archetypal anti-viral program 6()
, Fahy et al performed viral metagenomic analysis on the longitudinal dataset.

Virus was detected in approximately a quarter of asthma sputum samples with a surprisingly similar proportion being detected in sputum from healthy volunteers.  The amount of virus as assessed by read count had a small but significant association with the proportion of sputum neutrophils but not eosinophils or lymphocytes.  Further analysis of the viral read counts indicated a virus-high and a virus-low group as well as a non-viral group. T1-network expression was significantly increased in the virus-high but not virus-low group compared to the non-viral group.  However, the presence of virus did not fully explain the T1-expression, as only 23% of T1-H samples were also virus-high with 16% being virus-low.  Despite this low concordance, those patients who were T1-H and virus-high had significantly lower lung function than those who were T1-H that had low or no viral carriage.  

These data clearly indicate that expression of both T1 and T2 networks in sputum is associated with worse disease control and response to steroid treatment, which along with the significant amount of data generated are clear strengths of this work.  The authors are also to be commended for their nuanced interpretation of some very complex analyses.  That is not to say that the work is without its limitations, with only a relatively small healthy population from one site being used as a comparator group.  Further information regarding the season in which the sputum samples were collected would also have been useful to contextualize the viral carriage data.  In addition, as with all studies using sputum, the conclusions can only be applied to those patients who can routinely produce such samples.  Finally, it remains to be seen whether the response to all steroids, particularly inhaled corticosteroids, would be similarly blunted in those expressing the T1-H network or whether this is limited to TA/systemic corticosteroids.

Particularly intriguing is the observation that viral infection can explain some but not all of the T1-expression observed.  Perhaps another infective agent is involved? Recent evidence suggests that intracellular infection of airway macrophages with non-typeable Haemophilus influenzae (NTHi) may upregulate similar T1-associated genes and be associated with increased airway neutrophil 7


( ADDIN EN.CITE )
.  Furthermore, the presence of intracellular NTHi was also associated with longer disease duration, possibly suggesting that the longer disease duration may create niches for viral or bacterial colonization, whether as a result of increased damage to or remodeling of the airways remains to be investigated.  Application of bacterial metagenomics to the extensive data set generated by Fahy et al might reveal the role of bacteria in driving these pathways.  In the meantime, the SARP-3 investigators are leading the way in revealing novel pathways and potential therapeutic targets that will hopefully lead to a positive change for the treatment of asthma patients.  
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