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KEY POINTS

e Injury of the epithelium is important in the development of exercise-induced bronchocon-
striction (EIB).

e Airway injury in elite athletes may relate to the large volumes of air inspired during training.

Dysregulation of water movement and balance in the airways may contribute to the pa-
thology of EIB.

Mast cells, eosinophils, and sensory nerve cells are all likely to be involved in EIB.

e Cysteinyl leukotrienes are the major mediators of EIB with prostaglandins (PGs) likely to
play a role in attenuating (PGE,) or enhancing (PGD,) the response.

Refractoriness after exercise may relate to desensitization of airway receptors rather than
depletion of mediators.

o New and more sensitive technologies for assaying mediators and measuring changes in
pulmonary function are becoming available and will improve our understanding of EIB.

Continued

Conflict of Interest: T.S. Hallstrand has received research grants from the NIH, American Lung
Association, has served as a consultant for Amgen and TEVA pharmaceuticals, and has received
lecture fees from Merck & Co.

@ Division of Pulmonary and Critical Care, University of Washington, Department of Medicine,
1959 NE Pacific Street, Box 356166, Seattle, WA 98195-6522, USA; © Centre for Sports Medicine
& Human Performance, Brunel University, Kingston lane, Uxbridge, Middlesex UB8 3PH, UK;
¢ Lung and Allergy Research, Division of Respiratory Medicine and Allergy, Department of
Medicine, Karolinska Institutet, Karolinska University Hospital, Huddinge, Stockholm, Sweden;
9 Faculty of Sport sciences, Université Lille Nord de France (Lille 2 University of Health and
Law), E.A. 4488, 59790, France; € Department of Pediatrics, Medisch Spectrum Twente,
Enschede 7513 ER, The Netherlands; Department of Sports Medicine, Tjongerschans Hospital,
Heerenveen, The Netherlands; ¢ Department of Respiratory & Sleep Medicine, Westmead Hos-
pital, University of Sydney, Westmead, New South Wales 2145, Australia

* Corresponding author.

E-mail address: tealh@uw.edu

Immunol Allergy Clin N Am 33 (2013) 423-442
http://dx.doi.org/10.1016/j.iac.2013.02.010 immunology.theclinics.com
0889-8561/13/$ - see front matter © 2013 Elsevier Inc. All rights reserved.


mailto:tealh@uw.edu
http://dx.doi.org/10.1016/j.iac.2013.02.010
http://immunology.theclinics.com

424

Hallstrand et al

Continued
o Mild EIB may represent a different phenotype than more severe EIB and involve different
mechanisms.

e EIBin children has faster onset and recovery compared with adults and the mechanism for
this may relate to remodeling.

WHAT IS THE ROLE OF INJURY OF THE EPITHELIUM IN EXERCISE-INDUCED
BRONCHOCONSTRICTION?

In recent years, a concept has emerged placing an abnormal airway epithelium at
the center of asthma development and progression.? In asthmatic patients, prop-
erties of the epithelial barrier are believed to be impaired as a result of both intrinsic
(eg, genetic polymorphisms)® and environmental factors (such as respiratory vi-
ruses, cigarette smoke, pollution, and allergens).*~” Susceptibility of the epithelium
to damage by environmental agents followed by incomplete repair is believed to
lead to a dysregulated repair process, with secretion of biologically active sub-
stances that drive the structural and inflammatory changes characteristic of
asthma.® In vitro studies have recently confirmed that (1) the bronchial epithelial
barrier in asthma is compromised (facilitating penetration of allergens and other
noxious airborne particles) and (2) bronchial epithelial cells from asthmatic patients
are inherently dysfunctional in their ability to repair wounds.®'° Whether these path-
ologic changes can be observed specifically in the airways of patients with
exercise-induced bronchoconstriction (EIB) is not known; however, the number of
ciliated epithelial cells shed into the airway lumen is higher in patients with asthma
who have EIB.""

Although 10% of the population have EIB, this percentage is higher in elite athletes,
making it one of the most common morbidities in this group.'? High minute ventilation
in conditions with dry air and a high pollen count may be factors that increase the inci-
dence of EIB."35 There is a connection between the incidence and the number of
training years and intensity of the sport'® suggesting that repetitive injury may play
a role. It has been proposed that repetitive epithelial injury and the repair process
that follows in elite athletes contributes to the development of EIB, possibly as a result
of a change in contractile properties of the bronchial smooth muscle.!”"'8

Previous investigations in vivo based on indirect measures of airway epithelial integ-
rity (ie, the concentration of columnar epithelial cells in induced sputum) suggest that
injury to the airway epithelium is a key susceptibility factor for asthma with EIB.™®
Animal-based?®?" and human-based studies''?>?* suggest that exercise hyper-
pnoea can lead to a transient loss of the integrity of the airway epithelial barrier. How-
ever, confirmation is required on whether the airway epithelium of patients with EIB
(with and without asthma) is structurally and functionally abnormal.

Support for a central role of injury of the airway epithelium in EIB is important in
that it may prompt a novel therapeutic approach to treatment. Whereas the cur-
rently recognized treatments for EIB (eg, inhaled B,-agonists and inhaled cortico-
steroids [ICS]) act mainly downstream from the airway injury (regulating the
inflammatory process, mucus secretion, and airway hyperresponsiveness), drugs
that help to restore normal epithelial function could potentially prevent the inception
of the disease and/or alter its course. New therapeutic agents possibly include
drugs such as epidermal and keratinocyte growth factors that enhance the ability
of the epithelium to withstand environmental challenge and/or to restore the barrier
functions.2526
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