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The most recent definition of asthma is that it is a heterogeneous disease, usually characterised by chronic
airway inflammation, defined by a history of chronic respiratory symptoms that vary over time, both in
frequency and intensity, and associated with variable airflow limitation [1]. Admittedly, asthma is used as
an umbrella term, like anaemia, arthritis and cancer. This highlights the importance of taking an
individualised approach to a patient’s diagnosis and management, using genomics, proteomics, and
“humanomics” as emphasised in the GINA guidelines [2]. The vague definition reflects our poor
understanding of the underlying mechanisms of the disease, particularly of its more severe expressions. In
the guidelines, they are included in steps 4 and 5 of treatment. This might imply that so-called severe
asthma is at the extreme of a continuum of severity, something which has never been demonstrated in
prospective studies. In contrast to this concept are the observations that: 1) the vast majority of asthmatics
(>95%) are treatable [1] and have little if any excessive risk of progression or death [3]; 2) severe
asthma improves through intervention on modifiable risk factors [4], particularly because of its
undertreatment [1, 5]; and 3) mortality for asthma is not increased nor increasing [6, 7]. Nonetheless,
severe asthma is a major health and social burden, even in childhood and adolescence [1, 8].

Notably, several international panels and reviews have provided definitions of severe asthma [9–13], all
pointing to one main characteristic: severe refractory asthma remains active and requires all anti-asthma
medications recommended for steps 4 and 5, including systemic corticosteroids and anti-IgE [1, 10, 11].

A major problem in the studies of so-called severe asthma is the heterogeneity of the disease and the
difficulty in defining different clinical asthma phenotypes, which has so far hindered the collection of
adequate information on underlying mechanisms. There is also significant overlap across clinical clusters,
inflammatory profiles, and inflammatory mechanisms [1, 14–18]. Severe asthma is likely to represent
several endotypes (subtypes of disease defined by a molecular mechanism), each associated with distinct
clinical features, divergent underlying molecular mechanisms, and individual treatment responses –
endotypes that still need to be defined. Furthermore, although severe asthma can be classified into
different phenotypes based on age of onset, atopy, and other parameters determined by clinical,
immunological and molecular assessments [1, 12, 15–18], the stability and natural history of these clinical
phenotypes are poorly understood. In some cases, severe asthma seems to be severe from the beginning,
both in children and adults, while in other cases an event such as viral infection changes a mild asthma
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phenotype to a much more severe one. Long-term progression from mild to severe asthma seems to be
uncommon.

KUO et al. [19], authors of a paper published in this issue of the European Respiratory Journal, have
examined subjects recruited with the entry criteria for Unbiased Biomarkers for the Prediction of
Respiratory Disease Outcomes (U-BIOPRED), a pan-European public–private collaboration funded by the
European Commission’s Innovative Medicines Initiative [10, 18]. Although the authors have already
reported clinical and pathological clustering analyses [15], and found four phenotypes not much different
from those previously reported [20, 21], they reasoned that clustering severe asthma using clinical features
may not only not provide a precise definition of severe asthma, but may even preclude the collection of
adequate information on the underlying mechanisms of each phenotype. Indeed, significant overlap of
inflammatory profiles and inflammatory mechanisms is present across clinical clusters.

Thus, KUO et al. [19] tried a new approach to the study of possible endotypes, exploring the driving
mechanisms of the various inflammatory profiles by clustering differentially expressed genes in the sputum
cells of eosinophilic versus noneosinophilic moderate-to-severe asthmatics from the U-BIOPRED cohort.
With this approach they were able to define three transcriptome-associated clusters (TACs): TAC 1, an
interleukin (IL)-13/T-helper (Th)2-high predominantly eosinophilic cluster; and TAC 2 and TAC 3, both
non-Th2 phenotypes characterised by association with interferon (IFN)/tumour necrosis factor-α
(TNF-α)/inflammasome (TAC 2) and metabolic and mitochondrial pathways (TAC 3). Not surprisingly,
eosinophilic asthma was almost exclusively present in TAC 1 (but also significantly present in TAC 3),
whereas neutrophilic asthma was predominantly associated with TAC 2, and paucigranulocytic asthma was
mainly present in TAC 3. In addition to overlapping sputum eosinophilia, biomarkers such as exhaled
nitric oxide (eNO) and periostin were no different in the three TACs [22, 23].

These results shed further light on the molecular phenotypes of severe asthma. The findings are indeed
novel: KUO et al. [19] have identified two molecular phenotypes that contain non-Th2 signatures and one
that contains Th2 signatures. Also, they showed that molecular phenotypes are characterised not only by
one pathway but by several.

While this approach is new and interesting, KUO et al. [19] acknowledge that it has limitations. Because of the
size and selection of the subpopulation of asthmatics (only those capable of producing readable sputum), the
limited number of control subjects, and the lack of correlation with multiple clinical, biological and
translational data and pathological features, the study should be considered exploratory and hypothesis
generating. In particular, the results must be considered specific for the type of patients examined, because in
some respects they are a selected subgroup of the U-BIOPRED cohort [15, 18]. The study could possibly be
extended by separately analysing, e.g., smokers and nonsmokers, considering the importance of overlap
between asthma and chronic obstructive pulmonary disease [24], selecting patients with different ages of onset,
or simply comparing gene profiles in adult-onset severe asthma with those in childhood-onset severe asthma.

As the study compared eosinophilic to noneosinophilic subjects, it will eventually mainly reveal Th2 and
non Th2 genes. It would be important to revisit the clinical phenotype recently identified from the
U-BIOPRED cohort [15] and assess the consistency/concordance with the transcriptomic clusters reported
here and evaluate their clinical relevance. A possible validation would be to show differences in outcomes
among the three TAC groups in a validation set. Ideally, because of the sophisticated bioinformatic
approaches to the identification of gene and protein expression, it would be interesting to perform a
similar bioinformatic analysis of the clinical features to identify the even fewer subjects in whom the
profiles match precisely. The lesson from recently advanced therapies has clearly showed us that some
monoclonal antibodies (e.g., anti-IL-5) work only in highly selected subgroups and only for selected
outcomes (e.g., exacerbations, not symptoms or lung function) [25–27].

A Th2 pattern and eosinophilia may be present in mild, moderate and severe asthma, but the underlying
mechanisms could be potentially very different, particularly if the subjects respond differently to treatment
[28–30]. One of the limitations of the KUO et al. [19] study is that the clustering of differentially expressed
genes was conducted by pre-selecting genes in eosinophilic versus noneosinophilic sputum from both
severe and moderate asthmatics on the assumption that the mechanisms of eosinophilia could be the
same. As shown in the study (e.g. figure 3), there is still significant overlap in Th2 and Th1 gene
signatures, even within the eosinophilic TAC 1 group. Possibly, it is the association with factors and
cytokines working with and potentiating the Th2 profile that makes the difference between clusters with
overlapping gene expression. Th1 and other factors may potentiate IL-4, IL-5, and IL-13, thus promoting
asthma severity and steroid resistance [28, 29]. This would make it possible for Th2 cytokines in severe
asthma to be synergised with other cytokines and mediators, which would affect other target cells such as
mast cells, eosinophils, epithelial cells and smooth muscle and result in poor lung function, disease
severity, and, more importantly, treatment resistance, a feature not seen in milder disease.
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The pattern of multiple activation reported by KUO et al. [19] is reminiscent of the presence of a potential
“master regulator,” as recently described by CALIFANO and ALVAREZ [31] in cancer literature. This approach
seems to be working for cancer, a disease with a complex genetic background. Thus, it might work for other
diseases, such as asthma, in which a multiplicity of genetic signals would have to be coordinated by such
master regulators to prompt these proteins to work together to produce a complex effect, as is plausibly
occurring in severe asthma. It could be speculated that multiple pathogenic pathways could be triggered by
the so-called master regulators that could direct asthma cell behaviour, as they might do in cancer, and
provide the starting point for a different approach to drug development. The final aim, of course, is to
identify specific clinical and molecular characteristics that could be targeted with specific treatments.
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