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Abstract

Airway Hyperresponsiveness (AHR) is one of the key features of asthma and chronic obstructive pulmonary
disease (COPD), where the airway sensitivity is increased. The research suggested that there is a relation between
inflammatory state and severity of hyperresponsiveness of the airway, though the causative agents and
consequences are different in asthma and COPD. However, before estimating hyperresponsiveness, there is a need
to understand the consequences of airway inflammation, which are different in asthma and COPD. Over the past
decades, there was an increased interest in unfold the multidimensional link between airway inflammation and
hyperresponsiveness. This raises the hope for the future in development of diagnosis and treatment options for
AHR. This short note intends to summarize the clinical correlation between airway inflammation and
hyperresponsiveness and the significance of measurement of hyperresponsiveness.
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Airway Hyperresponsivness and Clinical Correlation

Asthma is a chronic inflammatory disorder, which is associated with
airway obstruction and airway hyperresponsiveness. Research over the
past decades suggested that there might be a relationship between
airway inflammation and hyperresponsiveness. Airway inflammation
process affects the central areas of the lung in asthma patients, whereas
the peripheral airway wall is affected in CODP. The asthmatic airways
are hyperresponsive to the variety of stimuli; therefore, one
inflammatory cell may not be a central cause for the pathogenesis
[1-3]. To improve the understanding of asthma, AHR has to be
categorized into structural and inflammatory changes in the airway
wall; therefore, the correlation between AHR and airway inflammation
could be measured [4]. Previous studies suggested that there is no
strong correlation between AHR and inflammation. In allergic airway
disease (asthma), the inflammation and AHR are two independent
processes, AHR being derived from independent factors that are
modulated by inflammatory factors but not caused by inflammation
directly [5]. In another study, it was showed that chronic airway
inflammatory factors may be responsible for structural changes in the
airway, but there is no interference of airway inflammation
measurement in AHR estimation [2]. According to the recent research,
it is accepted that there is an “Asthmatic Airway Remodeling”, which is
associated with AHR. In this airway-remodeling concept, airway is
denser than that of normal airway. It is believed that vascular
endothelial growth factor (VEGF) expressions are associated with
bronchial asthma and AHR. A study reported that there is higher
expression levels of sputum VEGF in asthmatic children, which is
believed to be a potential pathogenic agent and a biomarker for airway

inflammation [6]. Another study by Yimaz et al. evaluated the
relationship between bronchial hyperreactivity (BHR) and VGEF-A in
allergic rhinitis patients and reported that BHR is associated with
vascular component of remodeling (angiogenesis) [7]. However, in a
recent study, Avdalovic et al. reported in rhesus macaque model of
asthma that either increased vascular density or expression VEGF are
not primary responsible factors for increased AHR [8].

Some reports proved that steroids, expression levels of various
cytokines, food supplements such as vitamins, and other causative
factors are  correlated with airway inflammation and
hyperresponsiveness. Kim et al. reported that increased mRNA
expressions of IL-13 and IL-25 play a key role in house dust mite
mediated skin inflammation [9]. Li et al. reported that expression of
IL-25 is increased in asthmatic airway. Furthermore, they reported that
budesonide, a steroid medication, reduces type 2 cytokine induced
inflammation and prevent AHR [10]. There are evidences suggesting
that COPD and asthma might have similar genetic factors, but most of
them failed to provide consistent results. A study conducted in a
Japanese population reported the role of gene polymorphism of IL-13,
IL-17A and mast cell chymase gene (CMAI) and concluded that the
genetic variations might have a significant role in COPD and asthma
[11]. Mickleborough and Lindley reported the role of fish oil and
vitamin C in airway inflammation and hyperpnea-induced
bronchoconstriction. In their study, individuals were tested for
combining effect of fish oil and vitamin C, and the conclusion was that
the combination does not provide greater anti-inflammatory effects or
suppression in bronchoconstriction, whereas individually both are
effective [12].

Previously, few studies suggested that various immune system
components are associated with airway inflammation and
hyperresponsiveness. Mehlhop et al. reported IgE- independent
mechanisms correlated with airway inflammation and BHR [13],
Griinig et al. reported the role of IL-10 in suppression of Th2-like lung
response [14], and Corry et al. reported that CD4+ T cells effectively
mediate the pathophysiologic changes that occur in asthma by various
mechanisms that are dependent from IL-4 and independent from IL-5,
IgE and both [15]. In addition, recent review summarized that
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regulatory T cells plays a key role in reducing the Th2 cell proliferation
by which significantly reduce the airway associated diseases such as
asthma [16].

Environmental factors are one of the major causative agents of
allergy and asthma. Exposure to different environmental factors has
different impact in airway inflammation and hypersensivity.
Occupational asthma is one of the most reported airway disorder
induced by specific substance within a work place. Brooks conducted a
study on irritant-induced asthma and reactive airways dysfunction
syndrome and concluded that inhaled steroids are effective in reducing
the AHR [17]. Another study by Wu et al. reported the role of
sidestream tobacco smoke in AHR. Comparing the results with their
previous studies [18,19] they concluded that exposure to the
sidestream tobacco smoking (early postnatal period) can induce acute
AHR and airway inflammation, which is considerably significant [20].

Measurement, Diagnosis and Treatment

There are many models introduced to understand the allergic
airway diseases. However, ovalbumin (OVA) in one of them was not
effective to all the allergens, since it required an adjuvant for
sensitization. To overcome these issues, alternative models such as
pollen and fungal derived models were introduced, and the data
obtained suggested that there is no need of adjuvant [13-15]. The
observations suggested that these allergens are predominant sources of
exogenous proteinases and that utilizing these protease depended
models provide new insights in the development of new therapeutic
strategies for AHR [21-23]. Mindin is an extracellular matrix protein
which could effectively modify the severity of the allergic airway
diseases after sub-acute exposure to fungal associated proteases. Tighe
et al. concluded that mindin could be a bridge between innate and
adaptive immune responses [24]. Actually, the understanding of
various inducers, suppressors and inhibitors of airway inflammation
and hyperresponsiveness may provide new approaches for advanced
diagnosis and treatment applications. Over the past decade, research
showed that the chemokine-like factor 1 (CKLF 1) is at the center
which promotes the inflammatory cell trafficking to inhibit airway
inflammation. The discovery and characterization of CKLF 1 is one of
the groundbreaking events, which could help in exploring new novel
genes for further understanding [25].

Caveolin-1 (cav-1) is another hallmark protein, which is abundantly
expressed in the lung and has a great clinical relevance in airway
inflammation and AHR. It is important to know how cav-1 is involved
in development of lung injury. Unfolding this question may open the
doors for the development of next generation therapies for AHR and
inflammation [26].

Another issue remains to be investigated to understand the airway
diseases such as asthma that concerns the role of phenotypes and their
changes. It was believed that eosinophils are predominant in asthma,
but also the role of neutrophils in asthma is accepted. It has been
proved that the majority of the asthmatic patients are noneosinophilic,
whereas a direct correlation was reported between neutrophils and
severity of asthma [27-30]. Riesenfeld et al. reported variations of
phenotypes of AHR in mouse models and believed that a better in
understanding of asthma in humans is needed as well. Indeed, further
studies on high numbers of patients are warranted to meet such need
[30].

Measurement of airway responsiveness helps in developing safe,
quick and reproducible diagnostic methods for asthma. The degree of

airway responsiveness could be assessed by employing several tests that
are either direct or indirect depending on the activation of airway
smooth muscle (ASM). Direct tests stimulate the airway smooth
muscle via surface receptors, whereas in indirect tests ASM is activated
via mediators released by the host cell [31,32].

Conclusion

Asthma and related clinical complications such as AHR and airway
inflammation are very common since the availability of causative
agents. On the other hand, AHR is complex because many cells, tissues
and molecules are involved and it is difficult to find out the
predominant candidates. Therefore, developing new diagnostic and
treatment approaches is complicated. As discussed above, there are
many individual systems involved in AHR, this might be one of the
major reasons for unfolding the disease so far. However, genomic
studies, translational approaches and bioinformatics tools may
improve the clinical understanding of AHR, thereby, important novel
therapeutic targets, biomarkers and treatment methods could be
provided for airways diseases.
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