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Is IL-1b a Target for Reducing Hospitalization of Infants Infected with
Respiratory Syncytial Virus?

Each year, respiratory syncytial virus (RSV) causes acute
respiratory tract infections in an estimated 64 million infants and
is responsible for 160,000 deaths globally (1). Children younger
than 1 year are at the greatest risk for complications and
hospitalizations (2). However, RSV also causes severe illness in
immunocompromised elderly patients or those who have
preexisting conditions (3).

IL-33, a member of the IL-1 cytokine family, is a key mediator of
chronic airway disease driven by type 2 immune pathways (4) with
relevance for chronic lung disease, such as asthma (5), chronic
obstructive pulmonary disease (COPD) (6), and respiratory viral
infections (4). Human data have suggested that elevated respiratory
IL-33 levels are responsible for RSV-induced immunopathogenesis
and that the effects of IL-33 during neonatal RSV infection are
mediated by the innate lymphoid cells (ILC2) and adaptive T-helper 2
(Th2) cells (7). Although some studies suggest that IL-1b negatively
regulates the expression of IL-33 (8), others indicate that IL-1b
enhances the expression of pulmonary IL-33 to exacerbate asthma
and COPD (9). Therefore, the effects of IL-1b on IL-33 remain
unclear.

Recent studies using a mouse model have improved our
understanding of RSV-induced immunological and
pathophysiological phenotypes typically seen in human infants with
severe RSV infection (10). In this issue of the Journal, Vu and
colleagues (pp. 312–322) used this mouse model of RSV infection to
provide new insight into the effects of IL-1b on IL-33–expressing
cells during early life (11). They found that IL-1b boosted IL-33
mRNA and protein levels and increased IL-33–producing cells in the
lungs and confirmed their previous reported finding that IL-33
responses to RSV were more robust in neonates than adults (12).
Their previous study also showed a significant positive correlation
between IL-33 and IL-1b levels in nasal aspirates of RSV-infected
infants (13).

The authors now report that elevated levels of IL-1b enhanced
the IL-33–induced effect on pulmonary ILC2 when neonates were
treated with IL-1b at 1 day after RSV infection. However, contrary to
the Tc2 response they observed in IL-1b–treated mice, the
frequencies of Th1 (IL-4negIFN-gposIL17AnegCD4

1) and Tc1 (IL-
4negIFN-gposIL17AnegCD8

1) in lungs of IL-1b–treated mice were
significantly reduced at 6 days after RSV infection, resulting in a
skewed ratio of Th2/Th1 and Tc2/Tc1, indicating type 2–biased
responses. Blocking IL-1b signal before RSV infection did not affect
IL-33 levels, implying that IL-1b positively correlates with IL-33
expression only in RSV-infected neonates. Similarly, IL-1b in the
absence of RSV infection did not cause mucus production, suggesting

that RSV infection must make cells susceptible to IL-1b–induced
mucus production.

The main contribution of the study by Vu and colleagues is their
investigation of the mechanism by which IL-1b enhances IL-33 levels.
They show that although exogenous IL-1b promotes the activation of
caspase-1 in neonates at 1 day after infection (14), IL-1b did not
mediate RSV-induced IL-33 expression in a caspase-dependent
manner. Importantly, IL-33 and active caspase-1 in the neonatal mice
had distinct cellular origins; IL-33 was primarily expressed by
leukocyte common antigen-negative epithelial cellular adhesion
molecule-positive (CD45-EpCAM1) airway epithelial cells (AECs),
whereas active caspase-1–positive cells were CD642 granulocytes and
myeloid subsets, including alveolar and interstitial macrophages, and
CD641monocyte-derived dendritic cells. They found that exogenous
IL-1b induces a significant expansion of IL-33–expressing cells,
including EpiSPC and AEC-II, rather than promoting IL-33
expression per cell. Interestingly, most IL-33–expressing cells were in
the G1 phase of the cell cycle, with IL-1b–treated pups showing
higher frequencies of IL-331 EpCAM1 cells in the G1 phase than
vehicle-treated pups. These data suggest that IL-1b promotes the
proliferation of IL-33–producing epithelial cells.

However, in adult mice, RSV infection showed no
IL-1b–dependent increase of pulmonary IL-33, and exogenous IL-1b
did not alter the abundance of IL-331 EpCAM1, IL-331CD451, and
IL-331CD311 cells. Previous studies had shown constriction in IL-
331 lung epithelial cells in adulthood during alveolarization in mice
and that IL-33 peaked during postnatal alveolarization and gradually
declined in adulthood (15). Their data indicated distinct
CD24lowEpiSPC capable of producing IL-33 in neonatal but not in
adult mice.

The study by Vu and colleagues has several limitations. First,
what are the conditions in infants that cause elevated IL-1b levels,
and can one identify a translational relevance for the animal model
that is studied? Second, although this study identified IL-1b as a
regulator of IL-33 in RSV-infected neonatal mice, it is premature to
conclude that IL-1b is the only cytokine enhancing the effect of IL-33.
Could other inflammatory cytokines trigger RSV-induced elevation
in IL-33 by the samemechanism described? Third, the role of
IL-1b–activated cells in regulating IL-33 in RSV-infected neonates
remains to be determined using lineage tracing studies in IL-33 and
Pro-SpC reporter mice to clarify whether IL-1b in RSV-infected
neonates plays a role in the differentiation of IL-331CD24lowEpiSPC
into IL-331CD24hi AEC-II. Such studies may better define the
difference between neonates and adults. Finally, whether the role of
IL-1b in regulating IL-33 is specific to RSV-infected neonates or
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whether it also applies to elderly people with preexisting conditions or
to immunocompromised people infected with other respiratory viral
diseases, such as influenza, is not clear.

Of major interest would be an investigation of whether the
IL-1b–mediated expansion of IL-331 EpiSPC during RSV infection
in early life leaves a permanent mark to predispose these individuals
to the development of lung diseases such as COPD and asthma later
in life. Other studies have shown that IL-33 exerts nuclear control of
cell-cycle activation and cell survival and may affect epigenetic
changes that can outlast the virus (16). Similar studies could help
determine the importance of IL-1b or other cytokines as a potential
target for treatment of RSV-infected infants and
immunocompromised individuals.�
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