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Asthma is a chronic inflammatory disease of the airways that causes bronchial hyperreactivity, mucus over-
production, airway remodelling and narrowing. Allergic asthmatic patients generally present a predisposition
toward T helper (Th) 2 inflammation that is maintained by allergen-driven innate factors and downstream
activation of Th2 cells. In this regard, Notch signalling activates the key Th2 transcription factor Gata-3.
In fact, Notch is considered as a master regulator of Th cells to terminally differentiate into Thl, Th2,
Th17 lineages by directly inducing the respective transcription factors and cytokines.! The latest findings
by Harb et al. further report how Notch signalling enables an inflammatory response in the allergic airways
by altering T-regulatory (Treg) cells into effector Th2 and Th17 cells.?

The Notch family is formed by 4 transmembrane protein receptors (Notch1-4) which regulate different cell
signalling pathways.! Notch4 is involved in a number of cell fate decisions, and its dysregulation has been



associated with several diseases, such as cancer. However, its role in airway inflammation in asthma is less
known.? By analysing single nucleotide polymorphisms in different asthma clusters, Li et al . identified
that the Notch4 receptor gene was significantly associated with lung function in asthma.* Furthermore,
Xia et al . explored cellular and molecular mechanisms of allergic airway inflammation. They found that
the presence of pollutant ultrafine particles (UFPs) increased inflammation by promoting a Jagl-Notch4-
dependent interaction between alveolar macrophages (AMs) and allergen-specific CD4 T cells, thus increasing
Th cell differentiation.’

Harb et al . focused on identifying Notch4-mediated immune tolerance disruption mechanisms that cause
tissue inflammation in allergic asthma.? They studied the impact of Notch4 dysregulation on immune tole-
rance in the context of allergic airway inflammation. First, they found that Notch4 is expressed on Treg cells
in allergic airway inflammation. They discovered that the deletion of Notch4 in Treg cells in mice suppressed
ovalbumin-specific IgE production along with lung tissue Th2 and Th17 cell responses. Further, the infiltrati-
on of T cells and eosinophils into the lung tissues was attenuated. They also observed that the Hippo and the
Wnt pathway promoted Th17 and Th2 responses, respectively, in an in vitromodel. Additionally, to analyse
the role of each of the Hippo and Wnt pathways in Treg cells, they performed a combined deletion of Yap1 ,
Whnirl (Hippo pathway) and Ctnnbl (Wnt pathway) genes. In this case, they observed a suppression of Th2
and Th17 cell responses. Of note, this effect did not occur when the deletion was performed individually,
demonstrating that the disruption of immune tolerance is dependent upon both pathways being affected
concurrently.? This may be construed as the reason why therapies targeting only Th17 pathway in asthma
have not been clinically relevant.®

Notch4 expression also reduced the capacity of lung Treg cells to supress type 2 innate lymphoid cells (ILC2s)
and activated the Wnt—cytokine growth and differentiation factor 15 (GDF15) axis, demonstrating an im-
portant role of the latter in promoting airway inflammation. These results support the critical role of Notch
regulating ILC2 cell secretion of Th2 cytokines. Interestingly, Notch4 expression analysis in peripheral blood
mononuclear cells of asthmatics revealed a differential increased expression in the Treg population, that was
associated with clinical severity.2 The role of Tregs cells is perhaps more clinically relevant in immune tole-
rance and autoimmune responses in severe allergic asthma than in patients with mild allergic asthma. Indeed,
dysregulation of Tregs in eosinophilic airways may underlie susceptibility and progression into autoinflam-
matory pathology, as observed in one-third of eosinophilic asthmatics.” Moreover, autoantibodies against
eosinophil cationic proteins, such as eosinophil peroxidase, can induce ILC2 to release Th2 cytokines via ac-
tivation of death receptors.® Taken together, the Notch4-GDF15 axis may be the transcriptional switch for
this mechanism, warranting further investigation. Indeed, this signalling axis may be more clinically relevant
in the severe patients in whom ILC2 cell biology may play a prominent role.

The authors also identified IL-6 as an inducer of Notch4 expression in the inducible Treg cells in the lung
tissue, during allergen-specific differentiation (Figure 1 ). Interestingly, treatment with an anti-IL-6 receptor
(IL-6R) monoclonal antibody suppressed Notch4 expression in a patient with severe asthma. This is consis-
tent with anecdotal evidence from Etsy et al. where treatment with tocilizumab, a humanized anti-IL-6R
monoclonal antibody, showed clinical improvement in two patients with severe asthma.? The activation of
cell types with no or low expression of membrane IL-6R depend on IL-6 trans-signalling.!? In this regard,
increased IL-6R trans-signalling may increase airway eosinophilia by inducing IL-33 expression, which is a
potent activator of mature eosinophils.'® These data suggest that IL-6 targeting might be effective in selected
patients with IL-4R polymorphism and a pleotropic airway cellular response.

With their findings, Harb et al . uncover the activation of the Notch4d-Wnt—GDF15 axis in Treg cells,
demonstrating that this axis acts by dysregulating its immunomodulatory function and promoting inflam-
mation in allergic asthma.? In brief, once the UFPs enter the airway, they are absorbed by the AMs causing
IL-6 release, which ultimately promotes Notch4-receptor expression on Treg cells. Notch4 signalling activates
the Hippo and Wnt pathways which can modify Treg cells leading into the activation of the Th2 and Th17
pathways. Furthermore, the Wnt pathway permits the release of GDF15 which promotes IL-13 production
by ILC2, thus contributing to the inflammatory response (Figure 1 ).3 Harbet al . provide novel insights



about the Notch4-Wnt—GDF15 axis in Treg cells functioning for the understanding of the pathogenesis of
airway tissue inflammation, particularly the mechanisms involved in severe asthma. This may lead to new
therapeutic strategies being explored that target Notch4 to restore immune tolerance in allergic asthma.
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Figure 1. The Notch4-Wnt-GDF15 axis in Treg cells. The UFPs and HDM (house dust mite)
allergens enter the airway and are removed by the AMs, which causes a release of IL-6 that promotes the
expression of Notch4 receptor on Treg cells. Notch4 signalling activates the Hippo and Wnt pathways, which
can modify Treg cells leading to the activation of the Th2 and Th17 pathways. This modification produces
the dysregulation of the immune tolerance. The Wnt pathway may cause the release of GDF15, promoting
IL-13 release by the ILC2, which in turn contributes to the inflammatory response in allergic asthma.



