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Mucostasis and small airway plugging lead to chronic infection, hyperinflammation, and a spiral of
progressive lung damage in cystic fibrosis (CF), ultimately causing bronchiectasis and pulmonary function
decline [1]. Even in the absence of bacterial infection, mucus accumulation can lead to inflammatory
upregulation, resulting in lung damage despite bacterial eradication [2]. Airway mucus has been postulated
to be overproduced and inefficiently transported in CF [3, 4]. In human epithelial cells as well as multiple
animal models of CF, mucus is hyperviscous and abnormally elastic [5-9]. In CF pigs, mucus is also
aberrantly tethered to the gland duct openings, a factor which may underlie the propensity for CF mucus
to spend less time in motion than in the normal condition [10]. While the mucus layer of the airway
surface liquid (ASL) contains numerous proteins, surfactants, antibacterial proteases and anti-proteases [11],
its major components are mucins [12]. Mucins are large glycopolymers that can either be tethered to the
epithelium or secreted into the lumen as gel-forming polymers, as is the case with MUC5B and MUC5AC [13].
While the roles of individual mucins, namely MUC5B and MUC5AC, have been well identified in other
disease states, such as asthma and bacterial infections, it is less well delineated how they are overproduced
or dysregulated in CF [13]. Furthermore, in CF, in the absence of adequate bicarbonate concentrations,
mucins may not exist in the appropriate conformation, a potential cause of many of these abnormalities
[14, 15]. Yet, despite all that is known about mucins and mucus in CF and other muco-obstructive
diseases, a means to correcting these abnormalities and restoring normal mucus clearance has yet to be
identified.

Despite an incomplete understanding of the detailed mechanisms which drive the mucociliary clearance
apparatus, airway clearance has been a therapeutic target for disease states such as CF for decades. Inhaled
therapies such as Pulmozyme and hypertonic saline have been in use as mucolytics [16, 17], with new
agents under development for the same purpose [18, 19], not just for CF but for other muco-obstructive
diseases [20]. However, this has been challenging, probably based on the relative lack of knowledge by
which native mucus is cleared from the airway, and how these mechanisms are disrupted in disease.
Identification of an innate mechanism by which the airway clears mucus underscores the importance of
this as a therapeutic option.

The article by ErMUND ef al. [21] in this issue of the European Respiratory Journal uses normal and CF pig
tracheobronchial explants to examine in detail the mucin bundles responsible for sweeping the airway
clean, the pharmacological mechanisms under which this process is amplified or inhibited, and the ways
by which this process becomes aberrant in disease. Importantly, these data help to make the distinction
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between the ASL and bundles of mucin, which appear to transport independently, at different rates, and
respond separately to cholinergic stimulus.

ErMUND et al. [21] showed distinct strands of mucus, which they have termed bundles, both emerging from
glands and moving across the airway surface in the normal and CF piglet trachea. These appear to be
comprised of MUCSB at the core, with a coating of MUC5AC, and sweep along the surface of the trachea.
While these bundles exhibited contact points with goblet cells in both the wild-type and CF tracheae, the
bundles are closer, and appear to have more points of attachment in CFE. Excess contact with goblet cells in
the epithelial layer is likely contributing to the delayed movement of the bundles. Importantly, the bundles
are moving separately from beads that are associated with the ASL; these are moving at faster rates and
increase their speed following cholinergic stimulus. The bundles respond oppositely to cholinergic agents;
while the addition of carbachol increased velocity of the beads in the ASL, it simultaneously decreased the
velocity of the bundles. The effect was the same in the CF trachea, although baseline speeds of both bundles
and particles associated with the ASL were moving at much slower rates than in the wild-type. The
hypothesis that the bundles are cleaning the airway was demonstrated with the addition of Pseudomonas
aeruginosa to the trachea. In WT pigs, bacteria were quickly bound to the mucin bundles and cleared from
the airway surface. By contrast, bacteria added to CF pig tracheae were localised to both the bundles and
the epithelial surface. Retention of the bundles allowed for retention of the bacteria in the CF condition.

Interestingly, in the normal trachea the inhibitory effect of carbachol on mucin bundle velocity was
reversible. In the presence of carbachol, mucus bundles in the normal pig trachea were slowed
dramatically. When the normal trachea was pre-treated with ipratropium bromide, and thereby subjected
to anticholinergic effects, mucin bundles exhibited some restoration of velocity, although they did not
reach pre-carbachol speeds, and the effect was temporary; after 45 min the movement of the bundles had
slowed again. In the CF condition, however, pre-treatment with ipratropium did not increase mucin
bundle velocity, suggesting that blocking the cholinergic pathway cannot compensate for the other
differences noted in the CF mucin bundles, such as increased contact with the epithelium.

The novel finding that cholinergic stimulus has separate and opposite effects on the ASL and the mucin
bundles is important, and may have significant effects on novel therapeutics. While the hydration and
ionic composition of the ASL is indeed important, it remains to be answered whether correction of these
deficiencies in disease states such as CF or chronic obstructive pulmonary disease (COPD) will affect the
mucin bundles, i.e. by decreasing excess contact with the epithelium to restore transport along the airway
surface, and, consequently, increase bacterial clearance. Given the likely abundance of cholinergic stimulus
in muco-obstructive disease states, as the host attempts to clear excess airway irritants by increasing gland
secretions and ciliary beating, anti-cholinergic therapies may have some use [22]. While untested in a
COPD disease model, the hypothesis that ipratropium bromide may benefit this patient population by
increasing clearance of mucin bundles from the airway suggests a more complicated picture of mucus
clearance than originally thought. While the effects of ipratropium bromide on transport in the ASL
compartment were untested, and the transport—restoration phenomenon did not occur in the CF trachea,
this warrants future investigation. The benefits of anticholinergic therapy to target mucus clearance, while
on the surface counter-intuitive, may be targetable to specific states of disease.

The authors posit that slowing the mucin bundles in response to cholinergic stimulus allows for capture of
bacteria for the purpose of clearance from the airway. While this physiological mechanism may be
effective in the normal lung, slowing of the mucus bundles in CF may result in abnormal attachment to
the epithelial goblet cells, and could be a target for pharmacological correction. This mechanism may also
highlight the difference between mucus and the mucin compartment inside the mucus, and point to a
need for more detailed analysis, and more targeted therapeutics.
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