J c I The Journal of Clinical Investigation

Mucus in chronic airway diseases: sorting out the sticky details
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Mucous hypersecretion is a major cause of airway obstruction in asthma, chronic obstructive pulmonary disease, and
cystic fibrosis. EGFR ligands and IL-13 are known to stimulate mucous induction, but the detailed mechanisms of
epithelial mucous regulation have not been well defined. In this issue of the JCI, Tyner et al. show, in a mouse model of
chronic mucous hypersecretion, that ciliated epithelial cell apoptosis is inhibited by EGFR activation, allowing IL-13 to
stimulate the differentiation of these cells into goblet cells, which secrete mucus. In defining this coordinated, 2-step
process, we can consider the therapeutic effects of blocking mucous production. This begs the question, Is it possible to
reduce airway obstruction in chronic lung disease by inhibiting EGFR activation and/or by inhibiting IL-137?
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tigators injected a single, large dose of an
autoantibody that recognizes mouse rbcs to
generate their cross-talk model system. The
quantity of antibody used decreased the
hematocrit from 50% to 25% in 4 days, even
in FcyR/~ animals. Thus, C activation and
rbe destruction took place via intravascular
lysis and receptor-mediated extravascular
sequestration (7). Complement activation
occurs rapidly (within seconds) in this model
and would provide another source of C5a to
enhance FcyR mRNA expression; this may be
the most likely C5a source in vivo. Second,
the authors do not establish the mechanism
for generating C5a. They hypothesize thata
protease cleaves C5. Third, while they dem-
onstrate upregulation of FcyRI and FcyRIIT
mRNA expression, they do not document an
increased number of FcyRs on Kupffer cells
invitro or in vivo. Fourth, the authors nicely
establish that FcyRII (the FcyR that sends a
negative or antiinflammatory signal) plays
no role in their observations. The reason
here is simple: Kupffer cells do not express
this receptor, although FeyRII was expressed
on sinusoidal cells.

Immunopathologic reactions
As a final comment, in their study, Kumar
et al. (1) refer to their model as an anti-

body-dependent type Il autoimmune reac-
tion. Antibodies of this type are directed
at cell-bound targets (in the case of auto-
immune hemolytic anemia) or matrix
proteins (in the case of Goodpasture syn-
drome). The most up-to-date immunol-
ogy textbooks still all have tables show-
ing the Gell and Coombs classification
system of immunopathologic reactions
(8). I first learned about this system, as
did many aspiring immunologists of my
generation, at the NIH, where we were so
fortunate to have Bill Paul as our teacher
in the immunology course. I have now
been teaching this same classification sys-
tem for 30-plus years to students at Wash-
ington University School of Medicine.
Students and senior immunologists still
find it a useful scheme to classify immune
reactions that we would like to be able to
better control. Hopefully, insights pro-
vided by studies like those of Gessner’s
group will eventually provide us with the
tools to accomplish this goal.
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Mucous hypersecretion is a major cause of airway obstruction in asthma,
chronic obstructive pulmonary disease, and cystic fibrosis. EGFR ligands
and IL-13 are known to stimulate mucous induction, but the detailed mecha-
nisms of epithelial mucous regulation have not been well defined. In this
issue of the JCI, Tyner et al. show, in a mouse model of chronic mucous
hypersecretion, that ciliated epithelial cell apoptosis is inhibited by EGFR
activation, allowing IL-13 to stimulate the differentiation of these cells into
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peutic effects of blocking mucous production. This begs the question, Is it
possible to reduce airway obstruction in chronic lung disease by inhibiting
EGFR activation and/or by inhibiting TL-13?
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In the respiratory tract, mucus is a critical
component of the innate host defense sys-
tem. On the airway epithelial cell surface,
the sticky gel layer traps particles and the
sol layer, which is predominantly water, con-
tacts the surface of ciliated cells and permits
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moving of the gel out of the lower airways
like an escalator so that it can ultimately be
cleared by coughing or swallowing. Mucus
also contains antibacterial agents to aid in
its defense function. Pathogens and harm-
less proteins we inhale are thus removed
from the respiratory tract and have a limited
encounter with other immune components.
In the bronchial airways, mucus is produced
by surface epithelial cells with secretory fea-
tures and a classical goblet shape, called
goblet cells. Goblet cells produce mucins
that are complexed with water in secretory
granules and are released into the airway
lumen. In the large airways, mucus is also
produced by mucous glands. Under basal
conditions, the columnar epithelial surface
comprises a small percentage of goblet cells
and a majority of ciliated cells. This struc-
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Transdifferentiation

Ciliated cell differentiation into goblet cells requires 2 signals. Tyner et al. (7), using a mouse model of Sendai virus infection, propose that the
induction of a chronic mucus-producing airway epithelium requires 2 signals. Signal 1 activates the EGFR on ciliated cells and induces EGFR
phosphorylation and activation of PI3BK/Akt. This pathway leads to inhibition of ciliated cell apoptosis. Ciliated cells that survive can respond
to signal 2: IL-13 binding to its receptor. Upon IL-13 receptor (IL-13R) activation and STAT6 signaling, ciliated cells begin to produce mucins
(including those encoded by MUC5AC), which are contained within mucous secretions, and lose their ciliated cell surface, taking on features
of mucus-producing goblet cells. It also appears that other epithelial cells, such as Clara cells, can differentiate into goblet cells. Thus, the air-
way epithelium is driven to become a mucus-producing organ, presumably to enhance host defense. In some diseases, such as asthma, this
response may be misdirected. Airway tissue from human asthmatics exhibits EGFR activation on ciliated cells, and mucus appears to be induced
by IL-13, suggesting that this may also be an important pathway for mucous induction in humans, yet it remains unclear whether other pathways
of mucous induction are active in chronic airway diseases.

ture provides adequate mucus to capture
particles and remove them in the huge
volumes of air we breathe. After infection
or toxic exposure, the airway epithelium
upregulates its mucous secretory ability,
and we cough and bring up sputum. Sub-
sequently, the airway epithelium recovers
and returns to its normal state, goblet cells
disappear, and coughing abates.

Mucous hypersecretion is a hallmark of
chronic airway diseases, including asthma,
chronic obstructive pulmonary disease
(COPD), and cystic fibrosis, and goblet cell
hyperplasia and persistence are characteristic
pathologic features. In asthmatics, 20-25%
of airway epithelial cells are goblet cells, even
in mild disease (1, 2). All of these diseases
have distinct etiologies and different inflam-
matory responses that drive mucous hyper-
secretion. In asthma, inflammation appears
to be mediated by allergen-specific Th2 cells,
leading to eosinophilia, while in COPD, the
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inflammatory response is neutrophilic and
may be induced by infection or components
in cigarette smoke (3). Controlling inflam-
mation is at the root of treatment through
the use of corticosteroids and/or antibiot-
ics, yet despite therapy, airway obstruction
remains the cause of morbidity and mortal-
ity. Mucous secretions in the airways in asth-
ma and COPD appear to be a major cause
of airway obstruction, ventilation-perfusion
mismatching, and hypoxemia, leading to
wheezing and dyspnea (4-6). Can and should
we be doing more to control mucus?

Two-step model that leads to

chronic mucous production

In this issue of the JCI, Tyner et al. pres-
ent a novel mechanism of chronic mucous
hypersecretion in an asthma-like model and
show a coordinated sequence of events that
controls a conversion of normal epithelium
into a chronic mucous secretory organ (7).
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This progression clarifies how blockade of
certain pathways might affect mucous pro-
duction. Past studies by other groups iden-
tified 2 cytokine-mediated mechanisms of
mucous induction, 1 activated by engage-
ment of EGFR and the other dependent on
IL-13 and STATS6 signaling (8-12). Tyner
et al. (7) show for the first time that both
of these signals are necessary for mucous
production to occur. EGFR phosphoryla-
tion on ciliated cells inhibits apoptosis,
and this allows the second signal, IL-13, to
stimulate ciliated cells to differentiate into
goblet cells (Figure 1). This logical sequence
of events ensures that barrier function is
maintained after an insult to the airway.
Multiple ligands released after airway dam-
age, including EGF, TNF-a, and reactive
oxygen species (13), activate the promiscu-
ous EGFR. If an appropriate signal, such as
IL-13, is provided, the epithelium can be
converted to a mucus-producing organ that

February 2006 307



commentaries

will sweep away pathogens and debris. Gob-
let cell differentiation does not occur in all
immune responses, particularly those rich
in IFN-y (14), so it appears to be closely reg-
ulated, yet the need for regulating mucous
secretion is not clear.

In the model presented here (7), chronic
mucous production follows Sendai virus
infection in mice after viral clearance due
to constitutive activation of EGFR in the
absence of obvious inflammation. This
effect is unique to 1 strain of mice and sug-
gests a strain-specific response to the virus
that leads to constitutive EGFR phosphor-
ylation. After Sendai virus infection, mice
exhibit an “abnormally programmed” epi-
thelium, while in human airway diseases,
mucous hypersecretion is most likely a nor-
mal response of the epithelium to inflam-
mation. In these patients, airway inflam-
mation provides an abundance of EGFR
ligands to turn on EGFR (15, 16).

IL-13 stimulates mucus in asthma
and possibly other airway diseases
IL-13 is a potent stimulator of mucus in
vivo, and its effects extend beyond the clas-
sical Th2 lymphocyte response. After Send-
ai virus infection, mucous hyperproduction
is driven by IL-13, and this occurs in the
absence of a visible airway inflammatory
response. Likewise, mucous production is
IL-13 dependent in non-Th2 driven airway
inflammation when IL-13 levels are very
low in the airways (17). Furthermore, many
cytokine-driven models of airway inflam-
mation result in mucous hypersecretion,
yet each has been shown to do this through
the production of IL-13 (18). Other fac-
tors can also induce mucus. For example,
LPS can stimulate low-level mucous pro-
duction in IL-13-deficient mice (17), and
many studies have shown a role for human
neutrophil elastase in mucous produc-
tion (19, 20). Even in light of the seminal
studies of mucin gene expression by Carol
Basbaum (21, 22), there is only a rudimen-
tary understanding of how these mediators
stimulate mucins, the contribution of dif-
ferent mucins to the protective response,
and which pathways are active in human
disease. IL-13 is likely to play a critical role
in mucous induction in asthma, and it
may prove to be an important stimulus for
mucous production in other chronic airway
diseases, despite their diverse inflammation
profiles, as IL-13 levels in the respiratory
tract are often elevated (23, 24). In addi-
tion to its role in mucin gene expression,
IL-13 induces other components of the
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secretory machinery, further supporting
its identification as a master regulator of
the goblet cell (25). Other candidates for
the second stimulus have not been studied
in such depth. They are lined up, and it is
hoped they will be tested in this model by
the Tyner and Holtzman laboratory.

Does inhibition of mucus lead

to clinical improvement

in airway diseases?

Inflammation in asthma results from an
exuberant inflammatory response to aller-
gens that pose no threat to the individual;
therefore, reducing mucous production in
response to these agents should improve
patient symptoms. Blockade of mucus may
be problematic if its overproduction facili-
tates removal of damaged cells. Inhaled ste-
roids are effective in quelling both inflamma-
tion and mucous production in asthma, but
even during this treatment, some inflamma-
tion persists, and when disease exacerbations
occur, there is a swift increase in mucus. Clin-
ical trials of inhibitors of IL-13, TNF-a, and
EGFR offer potential solutions to control
airway obstruction and are on the horizon.
Blocking the production of mucus in COPD
has more potential to be detrimental since
normal mucus helps to eliminate bacteria
from the airways. It is unknown whether the
mucus in these distorted airways inhibits or
even promotes bacterial growth. Given the
high prevalence of COPD, it may be worth
defining a balance point that separates effec-
tive and pathologic mucous production.
Since inhaled steroids have limited effec-
tiveness in chronic bronchitis, therapeutic
targeting of IL-13, TNF-o, and EGFR offers
a potential way to limit mucous production
and improve lung function.
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