
The Journal of Clinical Investigation   C O M M E N T A R Y

4 0 8 9jci.org   Volume 129   Number 10   October 2019

Revealing the molecular signaling pathways of mucus 
stasis in cystic fibrosis
Susan E. Birket and Steven M. Rowe

Gregory Fleming James Cystic Fibrosis Research Center, University of Alabama at Birmingham, Birmingham, Alabama, USA.

The mucoinflammatory 
cascade in cystic fibrosis
While complete airway occlusion and 
mucus plugging are most commonly 
associated with late-stage cystic fibrosis 
(CF) disease, evidence collected over the 
last decade has demonstrated that these 
events begin at a young age. Neonatal 
CFTR–/– piglets show evidence of air trap-
ping prior to bacterial exposures (1), cor-
responding to similar findings detected in 
patients with CF in the first few years of 
life (2). More recent data suggests that the 
mucoobstructive phenotype that results 
in bronchiectasis and pulmonary function 
decline is present and damaging even in 
the absence of overt infection (3). Patients 
at the earliest stages of the disease have 
evidence of neutrophil influx, neutrophil 
elastase, and increased mucin concen-
trations (4). In a ferret model of CF, these 
events occur despite aggressive bacterial 
eradication (5), suggesting that infection 

control alone will not prevent progression 
of lung disease. Cell culture, animal tissue, 
and human studies have shown that air-
way dehydration, a contributor to mucus 
hyperconcentration, is an important factor 
in mucus stasis, compounding the effects 
of elevated mucus viscosity that may be 
inherent to CF mucus (6–8). Taking these 
data together, it is evident that the mucoin-
flammatory cascade is sufficient to cause 
structural airway damage and therefore an 
attractive potential target for CF therapy.

IL-1, a family of cytokines predom-
inant in the proinflammatory immune 
response, has previously been associated 
with both airway inflammation (9) and 
mucus obstruction (10) in CF; however, the 
specific pathways that underlie increased 
mucin secretion were poorly understood. 
In this issue, Chen and colleagues used 
complementary human cell and animal 
models to identify the respective roles of 
IL-1R1, SPDEF, and ERN2 in the regula-

tion of mucins MUC5B and MUC5AC, to 
reveal molecular pathways with potential 
treatment opportunities (11).

Previously, the supernatants of airway 
mucopurulent secretions (SAMS) from peo-
ple with CF were used to induce mucin 
secretion in human bronchial epithelial  
(HBE) cells (12). Chen et al. targeted 
IL-1β as a major driver of mucin secretion 
because it is highly expressed in SAMS 
(12) and showed that treatment of non-CF 
HBE cells with IL-1β stimulates MUC5B 
and MUC5AC upregulation. Likewise, CF 
HBE cells overexpressed mucin, an effect 
predominated by MUC5B. Interesting-
ly, IL-1β, but not IL-13 (a TH2 cytokine 
prevalent in asthma that predominantly 
increases MUC5AC secretion), caused an 
increase in the solid content of the apical 
secretions only from CF HBE cells. As a 
compliment of previous reports that apical 
secretions from CF HBE contain increased 
solid content (12), Chen et al. showed 
that the solid component is dominated by 
elevated MUC5B. In normal mice, IL-1β 
treatment as well as SAMS administration 
to the airways reproduced mucin upreg-
ulation. Conversely, mucin secretion was 
abrogated in murine models lacking either 
IL-1R1 or SPDEF, a key mediator in Muc5b 
expression (13). These results indicate that 
IL-1β increases Muc5b via SPDEF signaling. 
Chen and colleagues went on to show that 
ERN2 expression decreased in Spdef–/– mice 
treated with IL-1β, suggesting that SPDEF 
in turn regulates ERN2. Finally, MUC5B, 
IL1B, SPDEF, and ERN2 mRNA expres-
sion were confirmed in lung explant tissue 
derived from individual patients with CF, 
and each marker was detected throughout 
the airway into the distal regions of the 
lung; however, these markers were largely 
absent in non-CF lung tissue.

These studies provide key pathways 
that serve to initiate and perpetuate mucus 
obstruction. While the complementary 
nature of the findings in the models used, 
ranging from airway cell culture mono-

  Related Article: p. 4433

Conflict of interest: The authors have declared that no conflict of interest exists.
Copyright: © 2019, American Society for Clinical Investigation.
Reference information: J Clin Invest. 2019;129(10):4089–4090. https://doi.org/10.1172/JCI131652.

Mucus obstruction is a hallmark of cystic fibrosis (CF) airway disease, 
leading to chronic infection, dysregulated inflammation, and progressive 
lung disease. As mucus hyperexpression is a key component in the initiation 
and perpetuation of airway obstruction, the triggers underlying mucin 
release must be identified and understood. In this issue of the JCI, Chen et al. 
sought to delineate the mechanisms that allow IL-1α/IL-1β to perpetuate the 
mucoinflammatory environment characteristic of the CF airway. The authors 
demonstrated that IL-1α and IL-1β stimulated non-CF human bronchial 
epithelial (HBE) cells to upregulate and secrete both MUC5B and MUC5AC in 
a dose-dependent manner, an effect that was neutralized by the inhibition 
of the IL-1α/IL-1β receptor (IL-1R1). Further experiments using mouse models 
and excised lung tissue identified contributors that drive a vicious feedback 
cycle of hyperconcentrated mucus secretions and persistent inflammation in 
the CF airway, factors that are likely at the nidus of progressive lung disease.
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tion. Certainly antiinflammatory targeting 
has had mixed success in CF therapeutics, 
due likely to overlapping mechanisms 
(20), a theme seen also in other lung dis-
eases. We would expect targeting the IL-1β 
signaling pathway in the more complex 
and infected environment of the CF lung 
to present similar treatment challeng-
es. Nevertheless, even partially reducing 
mucus burden within the CF lung is likely 
to have therapeutic value and could act in 
concert with other mucolytic therapies.

As summarized at the ATS President’s 
Symposium this year, a decade ago, the 
lung community began to transition from 
an emphasis on physiology to one on the 
molecular pathways (21). Data presented 
by Chen and colleagues identify a signal-
ing pathway that underlies the plaguing 
problem of mucus obstruction, a disease 
phenotype that is present in many airway 
diseases. As the pulmonary field continues 
to link molecular discoveries to the next 
era of physiologic assessments of the lung, 
there is potential for providing impactful 
mechanistic insights that increase the like-
lihood of developing successful therapies.
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layers to genetically altered mice, clearly 
invoke pathways relevant to obstruction at 
the airway surface, a crucial aspect of CF 
pathogenesis and particularly relevant to 
the small airways, it should also be noted 
that these systems lack widespread sub-
mucosal glands, which contribute a signif-
icant quantity of MUC5B in larger airways. 
Submucosal glands are an important facet 
of human lung disease that may operate 
under distinct mechanisms (13–15). Deter-
mining whether these pathways also drive 
gland obstruction events and their relative 
contribution to lung pathology in the small 
or large diameter airways should be a high 
priority for CF research.

These studies also have implications 
beyond CF lung disease and could yield 
insights into additional obstructive airway 
diseases plagued by mucus occlusion. Future 
experiments to identify inconsistencies in 
the effects of IL-13 administration on both 
MUC5B and MUC5AC from cell to animal 
models may reveal other mucus obstruction 
events in asthma. Given commonalities in 
mucus-overexpression phenotypes and their 
underlying contributors, chronic bronchi-
tis and other forms of smoking related lung 
disease are a high priority (16, 17). Whether 
elevated MUC5B expression associated with 
idiopathic pulmonary fibrosis is related to 
mucus stasis also deserves exploring (18, 19).

Preventing mucus 
accumulation
The study by Chen et al. has clear thera-
peutic implications, demonstrating that 
genetic knockdown of IL-1R1 abrogated 
mucus hyperconcentration, even in the 
presence of the stimulatory effect of SAMS 
or IL-1β. Further research is warranted to 
determine whether receptor blockade by 
small molecules or expression inhibitors 
will prove similarly efficacious in pre-
venting mucus accumulation. These data 
suggest that, while the upstream targets, 
SPDEF or ERN2, may serve as alternative 
therapeutic approaches, they could also 
have broad effects on the lung that will 
require careful evaluation. Determining 
whether intervention through this signal-
ing pathway alters mucus viscosity, muco-
ciliary transport rates, or mucus stasis 
events in CF airways is a clear future direc-
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