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Mucus hypersecretion: a common symptom, a common mechanism?

D.J. Shale, A.A. Ionescu

The secretion of mucus is an inherent part of the defence of
the airways with the amount of mucus secretion varying with
a range of stimuli, including bacteria, particles and chemical
irritants [1]. Hypersecretion occurs in many disease states, but
is a major clinical and pathological feature in cystic fibrosis
(CF) related bronchiectasis, nonCF bronchiectasis, chronic
obstructive pulmonary disease and asthma, which are all
associated with the considerable activation of the host
inflammatory response [2]. In these disorders there is an
expansion of the goblet cell population derived from the
airways epithelium. Indeed, this response can be seen as an
epithelial cell adaptation to injury, which constitutes a limb of
the local host defences of the airway, with epithelial cell
proliferation, differentiation into goblet cells and the produc-
tion of pro-inflammatory mediators and growth factors [3–6].

In CF the quantity and nature of the mucus produced is
altered and there are additional effects of the mucopolysac-
charide alginate secreted by mucoid strains of Pseudomonas
aeruginosa, and host derived inflammatory cells and their
contents adding substantially to the raised viscosity of the
airways secretions. These changes provide a favourable
environment for bacterial growth, shelter for bacteria from
the host inflammatory response and may reduce the response
to systemic antibiotics in patients with chronic pulmonary
infection. Therefore, it is of interest that in this issue of the
European Respiratory Journal HAUBER et al. [7] report on
mechanisms linking mucus hypersecretion and airways
inflammation in CF. The authors report in bronchial biopsies
an increased expression of Interleukin-9 (IL-9), IL-9 receptor
and human calcium activated chloride channel-1 (hCLCA1)
in bronchial epithelial cells of patients with CF compared
with those of healthy subjects. Using a combination of
immunocytochemistry and in situ hybridisation the authors
demonstrated co-localisation of IL-9, IL-9 receptor, hCLCA1
and mucus glycoproteins to epithelial cells in the bronchial
mucosa. They also showed that there was over expression of
these products in the mucosa and submucosal glands in the
CF patients. The validity of these findings is supported by an
earlier report of the co-localisation of increased expression of
IL-9, IL-9 receptor and hCLCA1 in mucus producing cells in
nasal polyps and in nasal and sinus mucosal biopsies from
patients with CF compared with healthy subjects [8]. These
findings are similar to those in the airways in asthma, both in
animal models and patients [3, 6, 9–13].

These findings raise the question of the role of IL-9 and
hCLCA1 in mucus hypersecretion and airways inflammation
in CF. IL-9 is a T helper (Th) 2 cell derived cytokine and
shares some overlapping actions with IL-4 and IL-13, as well

as being part of the asthma/atopy associated gene cluster
5q31–q33 on chromosome 5. This area of the genome codes
for the production of an heterogeneous group of cytokines,
growth factors and receptors with relevance to allergy and
includes IL-3, IL-4, IL-5, IL-9, IL-13 and the b-chain of IL-
12, the glucocorticoid receptor, the b2-adrenergic receptor
and granulocyte-macrophage colony stimulating factor [14].
It is interesting to speculate on the basis of these associations
that there are common underlying mechanisms in disease
states with mucus hypersecretion as a major feature. The
mechanism underlying the action of IL-9 is possibly through
increased expression of the hCLCA1 gene and protein
product, which in turn appears to be linked to the
upregulation of the MUC5AC gene. The relevance of this
observation is that among the eight mucin genes expressed in
the adult human lung, the products of MUC5AC and
MUC5B occur at a high concentration in airways mucus,
though MUC2 and MUC5AC are upregulated by IL-9
directly in human primary lung epithelial cell cultures [3,
15]. There is a range of experimental evidence to support a
link between IL-9 and mucus hypersecretion. In mice a similar
channel mCLCA3 is expressed in the lungs of the IL-9
transgenic mouse, which constitutively expresses high levels of
IL-9 in the lung, and is increased dramatically following the
intra-tracheal installation of IL-9 in nontransgenic animals
[16]. In human bronchial cell lines expression of hCLCA1,
which shares extensive amino acid homology with mCLCA3,
is associated with upregulation of MUC5AC [16]. Supporting
these observations in patients with CF, in vitro studies
and in animals, hCLCA1 has also been related to mucus
production in the bronchial epithelium of patients with
asthma [9].

Based on the findings of HAUBER et al. [7] it may be
speculated that in CF, IL-9 may have an isolated mucus
hypersecretory effect separate from atopy related mucus
hypersecretion, which is considered to have overlapping
mechanistic components due to the common mucus hyper-
secretory effects of IL-9, IL-4 and IL-13. Could IL-9 be acting
in an isolated fashion? This is an important question as it may
explain the hypersecretory components of nonallergic airways
diseases. There is no certain answer at present other than
direct stimulation studies where IL-9 has a direct effect
independent of IL-4, IL-13 and tumour necrosis factor-a [3, 4,
13]. A simple answer is complicated by the fact that IL-9
causes multiple effects on bronchial epithelial cells, including
hypertrophy, switching to a goblet cell phenotype, induction
of T-cell chemotaxins and possibly the induction of IL-4 and
IL-13, effects that can be reversed by anti-IL-9 antibodies in
animal models of allergy [3–6, 13, 17]. The complexity of
cytokine network effects can be judged from asthma where
the Th2 cytokines IL-4, IL-5, IL-9 and IL-13 have been
implicated in the induction of airways hyperresponsiveness
and eosinophilia, and the upregulation of mucin genes, which
enhances the hypersecretory state. In a mouse model there
appears to be a dissociation of the different cytokines in
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respect of these effects, with IL-9 still inducing increased
mucus production after blockade of IL-4, but not in the
presence of IL-13 blockade, suggesting that in the intact
animal cooperative activity between these Th2 cytokines is
needed for the full phenotypic expression of their effects in the
airways [13]. However, goblet cell hyperplasia and mucus
hypersecretion induced by IL-9 was particularly intense after
mechanical injury to the asthmatic lung [18]. Persistent
airways surface infection with an intense inflammatory
response in CF may provide similar injury effects and drive
the injury-repair-IL-9-goblet cell hyperplasia pathway in a
similar fashion to that in asthma.

Hence, in the context of the current understanding of the
regulatory process underlying mucus hypersecretion, the
findings of HAUBER et al. [7] support the possibility that
similar mechanisms regulating the increased secretion of
mucus are active in both asthma and cystic fibrosis. However,
this view remains speculative and awaits confirmation and
extension of these findings, but it does move forward the
understanding of mucus hypersecretion in the human airways
in a further disease state. In terms of cystic fibrosis these
findings indicate a potentially important component of the
host airways defences involved in clinical features and the
pathophysiology of cystic fibrosis lung disease. In cystic
fibrosis the possible utilisation of alternative chloride
channels to cystic fibrosis transmembrane conductance
regulator in the airways has been raised previously, but as
HAUBER et al. [7] speculate the upregulation of the human
calcium activated chloride channel-1 gene may not be
advantageous in cystic fibrosis, though precise knowledge of
the control of mucus hypersecretion may lead to new and
innovative treatments in cystic fibrosis, asthma and chronic
obstructive pulmonary disease.
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