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Editorial on the Research Topic

Type I and Type III Interferon Immune Responses in Asthma

Asthma is a chronic inflammatory disease of the airways and causes a major global health burden
affecting over 260million people. It is the most common chronic condition in children, which principally
manifests as allergic asthma, a pathological immune response to otherwise innocuous agents (1).
Childhood asthma and allergy develop from the interaction between the genetic background of the child
and early pre- and post-natal environmental exposures which also influence the maturation of the
immune system (2, 3). Air pollution is one of the greatest environmental risks to health in general and to
respiratory diseases in particular (4). Virus infections, especially rhinovirus (RV) infections, on the other
hand, are significant triggers of asthma attacks (5, 6).

Interferons (IFNs) have a major role in mediating early antiviral responses—especially type I
(IFN-a/b) and type III (IFN-ls) IFNs. High virus infection rates were detected in acute wheezing
episodes and exacerbations of childhood asthma (up to 100% and 90% respectively). In addition, an
association between RV-induced early wheezing episodes and subsequent development of school-
age asthma has been reported (odds ratio up to 45 in subjects with aeroallergen sensitization).
Altogether these findings have led to the hypothesis that impaired IFN responses may actually have
an important role in the development of asthma (6–8). In agreement, knockout mouse models have
demonstrated the importance of IFN-a/b in controlling virus replication (9), while studies with
IFN-ls report that they suppress both virus replication (10) and allergic airway inflammation (11).

In this topic Makrinioti et al. discussed how clinical data are contradictory on the role of IFNs in
asthma development after bronchiolitis. The issue may be partly technical and related to the sampling
site (upper vs lower airway) as well as timing of sampling in relation to the onset of infection.

Current thinking is that people with wheezing/asthma that is not optimally controlled have
deficient and delayed early IFN responses upon virus infection, which leads to greater early virus
loads, which then drive subsequent exacerbation severity. In addition, this dysregulated early IFN
response leading to greater early virus loads therefore results in subsequent greater IFN
concentrations when measured later during virus-induced wheezing episodes (12).
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The integrity of the epithelial barrier is also of great importance
(13). Viruses, antigens and other environmental particles represent
a continuous insult for the respiratory epithelium. A healthy
respiratory epithelium fends off those triggers by limiting their
cellular and peri-cellular entrance. This is achieved by maintaining
an integrity at the cell to cell level. In fact, there are ultrastructural
components known as tight junctions that contribute to effective
cell-cell epithelial connections that can be disrupted by insults such
as infections and allergic airway inflammation (14).

These tight junctions are connected to components of the
cytoskeleton, which, along with Toll-like Receptor (TLR) sensor
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mechanisms, contribute to selective epithelial transmigration,
thus constituting a tight barrier. In fact, continuous insults of the
respiratory epithelium like virus infections result in damage to
these inter-epithelial cell tight junctions thus impairing the
integrity of the epithelial barrier to external insults. These
environmental triggers are also recognized by resident airway
mucosal dendritic cells (DCs). Antigen presentation by DCs
leads to an initial activation and expansion of antigen-specific
T cells. Alveolar macrophages (AMs) contribute to mucosal
homeostasis via phagocytosis and sequestration of incoming
molecular triggers. Both DCs and AMs can produce anti-viral
A B

FIGURE 1 | The integrity of the epithelial respiratory barrier is important to protect from environmental triggers. (A) Innocuous antigens, environmental particles and
viruses damage the integrity of the mucosal epithelium barrier. The respiratory mucosal epithelium barrier must facilitate selective transport as well as restrict free
exchange across the para-cellular spaces. These functions are facilitated by the tight junctions (TJs), which are molecular structures between cells allowing closest
cell to cell contact. They regulate the permeability of ions, (macro) molecules and cells via the paracellular pathway. Virus-infected epithelial cells are an important
immediate source of IFNs, as well as later production by dendritic cells (DCs) and alveolar macrophages (AMs). (B) In contrast, lack of exogenous triggers maintains
an intact respiratory epithelial barrier. This figure was created using Servier Medical Art templates, which are licensed under a Creative Commons Attribution 3.0
Unported License; https://smart.servier.com.
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IFNs, as well as the bronchial epithelial cells themselves (1,
10) (Figure 1).

In this topic, we focused on the immune response to RV
infection, in the presence or not of air pollution. Here we asked if
a polluted microenvironment would promote RV infection and
reduce IFN antiviral immune responses in children. The review
from Yang et al. summarizes recent literature on the expression of
type I IFNs in association with RV infection in asthma. Here the
mechanism of RV infection in asthma and the associated IFN
response, especially the type I response, were interpreted. The
authors pointed out their view on the important functional role of
type I IFNs in response to RV infection (15). Additionally, the
authors gave readers an overview on the cellular mechanisms in
innate/adaptive immunity and cytokine secretion during RV
infection based on recently advanced studies. This review opens
the avenue to new therapeutic applications in the treatment of
asthma and asthma exacerbations associated with RV infection.

Consistent with a key role of type I IFNs in antiviral immune
responses, the manuscript from Bonato et al. in this topic
addressed experimentally the important issue of the impact of
air pollution in the airways of children with asthma. Here, the
authors found that acute exposure to PM10 and NO2 was
negatively associated with RV-A16-induced IFN-b mRNA. No
significant associations were detected between IFN-lmRNA and
NO2 or PM10. Increasing levels of NO2 (but not PM10) were
found to be associated with increased RV-A16 replication. This
manuscript thus indicates that air pollution could exacerbate
childhood asthma due to inhibition of type I IFN anti-viral
immune responses in the airway epithelial barrier.

Bronchiolitis is usually defined as a virus-induced inflammation
of small bronchioles and their surrounding tissue in infants. The
airway inflammation consequently causes airway edema, mucus
hyper-production and bronchial smooth muscle contraction,
making it more difficult to breathe (5, 6). In this issue, Makrinioti
et al. discuss the role of IFNs in driving susceptibility to asthma
following bronchiolitis. Innate type I & III IFNs may play an
important role in regulating the development of asthma following
bronchiolitis in infancy. There are, however, several knowledge
gaps, and future research can help address these. Themain research
gaps include the understanding of IFN kinetics following
respiratory viral infection in children of different ages and the use
of IFNs as markers of bronchiolitis severity or susceptibility to
asthma. Future research can highlight whether IFNs could be used
as treatment in severe bronchiolitis with potential disease
modifying effect. Connecting methodological development
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(mathematical modeling) with biological data could further drive
problem solving in asthma development following bronchiolitis.

Finally, in the review from Krammer et al., the authors
summarize knowledge on the expression, regulation and function
of IFN-ls. An important part is also the regulation of interferon-l-
receptor (IFN-lR) by TLR agonists like R848. Krammer et al.
discuss the interesting possibility to use TLR-7/8 agonists as
modulators of IFN-lR expression, to increase responsiveness to
IFN-ls. Furthermore, they show the importance of providing
further research on soluble forms of IFN-lR and the role of IFN-
ls in new infectious diseases like SARS-CoV-2. Taken together, this
review provides a comprehensive view on the role of IFN-ls and
their receptor during different stages of asthma disease as well as
outside the scope of asthma.

In conclusion, this topic highlights the importance of an
intact epithelial barrier releasing type I and type III IFNs at the
interface between the environment and the child’s inner tissues.
Moreover, the effect of type III IFNs can be modulated by
antiviral TLR agonists inducing the IFN-lR in peripheral
blood cells. Combined with recent literature, these new fields
of investigation highlight the possibility to prevent the
development and exacerbation of asthma by activating
preventive actions by modulating the environment of the child.
In addition, in a therapeutic setting, physiologically upregulating
type I and III IFNs and their receptors should provide a more
rapid and more potent antiviral immune response to protect
children from virus-induced wheezing illness. These findings
warrant further studies on factors modulating innate IFN
responses among young wheezing children who are prone to
develop asthma, and thereby, help to improve primary and
secondary prevention strategies for asthma.
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