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Primary ciliary dyskinesia (PCD) is a
multiorgan disease with symptoms related

to ineffective or absent beating of motile

cilia in different body systems (1). It typically
presents early in life with unexplained
respiratory distress in the first 24 hours after
birth; other cardinal symptoms include
chronic productive cough and persistent
rhinosinusitis, both usually beginning during
infancy (1). Lung disease in people with PCD
is characterized by impaired mucociliary
clearance, recurrent bacterial infection,

and pulmonary exacerbations resulting in
progressive obstructive lung disease and
bronchiectasis (1, 2).

Neutrophil-dominated inflammation of
the airways with elevated levels of neutrophil
chemoattractants is well documented in
PCD (3-5). Airway epithelial cells respond
to inhaled bacteria by producing
proinflammatory cytokines to recruit
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neutrophils and other immune cells to

the site of infection (6). The antibacterial
response of neutrophils is essential to
contain infection and includes phagocytosis,
neutrophil extracellular trap formation, and
the release of reactive oxygen species and
proteases (7). In healthy subjects, the
inflammatory response is usually restrained
and resolved by antiinflammatory cytokines,
but it tends to persist in chronic airway
diseases, including PCD and cystic fibrosis
(CF) (3). There is also evidence to suggest
that abnormal mucus clearance can initiate
and potentially maintain airway
inflammation independent of infection (8).
The link between inflammation and the
subsequent course of lung disease has been
studied extensively in CF (9, 10), but data are
currently lacking for PCD.

In this issue of AnnalsATS, Sagel and
colleagues (pp. 67-74) present the findings of
the first multicenter observational study on
airway inflammation in pediatric patients
with PCD (11). Sputum inflammatory
markers such as neutrophil elastase (NE),
interleukin (IL)-1B, IL-8, and tumor necrosis
factor-a concentrations correlated positively
with abnormal computed tomography
findings and negatively with lung function
(11). No significant difference was found
between the different groups of ciliary
defects, but sputum NE, IL-1B, and tumor
necrosis factor-a concentrations were higher
in those with positive sputum cultures for
common bacterial pathogens.

The finding of persistent neutrophilic
inflammation in PCD is consistent with
previous single-center studies that evaluated
differences in airway inflammation between
patients with PCD and patients with CF. Bush

and colleagues demonstrated that IL-8 sputum
concentrations are higher in PCD than CF,
although some of the measurements were
performed during pulmonary exacerbations
(5). We had previously assessed airway
inflammation in a small group of patients with
PCD at the time of clinical stability, during
pulmonary exacerbations, and after treatment
in comparison with patients with CF infected
with similar bacterial pathogens (4). Sputum
neutrophil counts were elevated in patients
with stable PCD, and, at the time of
exacerbation, absolute neutrophil counts were
significantly higher in PCD than in CF, even
though bacterial density was higher in the CF
group. Markers of airway inflammation
improved with treatment in both groups, but a
significant decrease in NE activity after the
antibiotic course was only seen in patients with
PCD. Therefore, although both diseases are
characterized by neutrophilic inflammation,
differences exist, especially during pulmonary
exacerbation and in the response to antibiotic
treatment, which need to be explored further
to better understand the specifics of airway
inflammation in both diseases.

Higher sputum neutrophil counts in
patients have previously been linked to
clinical severity, as reflected by increased
cough frequency (12), but the study by Sagel
and colleagues is the first to demonstrate that
measurements of airway inflammation are
associated with impaired lung function and
structural damage. These findings show a
linkage to disease progression and could
serve as possible markers for disease
trajectories and severity. Although the
findings reported by Sagel and colleagues
do not necessarily prove causation, such
measurements may help to further our
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understanding of how lung damage occurs
in PCD. Longitudinal studies are needed
to better delineate the predictive role of
biomarkers of airway inflammation for the
subsequent course of lung disease.
Genotype-phenotype relationships
in PCD have emerged over recent years,
linking different genetic variants and
ultrastructural defects to disease severity
(13). Sagel and colleagues have assessed
the airway inflammatory response by
comparing two main groups divided on
the basis of their ciliary defect: the outer
dynein arm defect group and the inner
dynein arm defect and microtubular
disorganization group. They did not find
significant differences between the two
groups regarding the inflammatory
response. This may be related to the small
number of patients in each group and the
fact that other genetic mutations with
different electron microscopy findings
were underrepresented in this cohort, and it
does not preclude the possibility that
genotype-phenotype correlations exist if
assessed in larger patient populations.
Understanding airway inflammation in
PCD lung disease is important because it

opens the possibility for targeted therapies
addressing specific components of the
inflammatory response. Defining specific
biomarkers of inflammation could thus play
a significant role in the development of
antiinflammatory therapies for PCD lung
disease. So far, only one interventional
study has explored this avenue in PCD. The
macrolide azithromycin, in addition to

its bacteriostatic effects, has known
antiinflammatory properties (14), and

a recent multicenter, double-blind,
randomized, placebo-controlled trial
demonstrated that azithromycin decreased
the rate of respiratory exacerbations in
patients with PCD (15). Although not
systematically assessed in that study, the
effect of azithromycin on the inflammatory
response has previously been documented
in CF, where treatment was associated with
a significant reduction in serum
inflammatory markers (16). Almost one-
fourth of the children in the study by Sagel
and colleagues were treated with
azithromycin as chronic maintenance
therapy, raising the question of whether
some of the findings were impacted by
azithromycin therapy. Although sputum

markers of inflammation offer the
possibility to directly assess the
inflammatory response in the airways,
studies using serum biomarkers could also
be pursued to assess the effect of therapies
on the inflammatory response.

To summarize, Sagel and colleagues
have extended our understanding of
airway inflammation in PCD and have
provided convincing evidence for a
correlation between increased
inflammatory markers and structural
lung damage as well as decreased lung
function. Although these measurements
are unlikely to be performed in most
clinical settings, inflammatory markers
could potentially serve as biomarkers in
PCD. These markers may help to assess
the efficacy of targeted antiinflammatory
therapies in clinical trials. The study by
Sagel and colleagues is an important step
toward a better understanding of the
pathophysiology of PCD along the path
to specific therapies that can be used in
clinical care. M
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