COIMMU-1010; NO. OF PAGES 7

&
ol e

SR

ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Current Opinion in

Immunology

New insights into asthma pathogenesis and treatment
Stanley J Szefler' and Azzeddine Dakhama?

Although national asthma guidelines help organize standards
for asthma care, current asthma management is still primarily
symptom based. Recent reports provide insights on how to
improve asthma management through steps to better
understand the natural history of asthma, individualize asthma
care, reduce asthma exacerbations, manage inner city
asthma, and some potential new ways to use available
medications to improve asthma control. Despite many
significant gains in managing asthma, we must now find
improved strategies to prevent asthma exacerbations, alter
the natural history of the disease, and to reduce health
disparities in asthma care. Perhaps new directions in
personalized medicine including a systems biology approach,
along with improved health care access and communication
will lead to better methods to alleviate the burden of asthma.
This review will discuss the benefits and limitations of the
current approach to asthma management, new studies that
could impact new directions in asthma management, and new
insights related to mechanisms of asthma and allergic airways
inflammation that could eventually lead to improved asthma
control.
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Introduction

Asthma affects approximately 25 million people in the
United States including 7 million children. This review
will highlight asthma management principles and present
new information that impacts our understanding of
asthma and a personalized approach to asthma care.
Collaboration of researchers, clinicians, patients, health
care providers, and federal agencies should advance
asthma care.

Current status of asthma management

The approach to management is directed at asthma
control [1°°,2,3]. While clinicians use a patient-centered
approach to select a medication, dose and delivery sys-
tem, they do not currently utilize patient characteristics,
biomarkers, and genetics to select and adjust treatment.
Targets have been set to reduce hospitalizations and
urgent care utilization by developing a systemic approach
to managing asthma. New tools to monitor disease
activity, including biomarkers and epigenetic markers,
hold promise for identifying gaps in disease management
and should prompt the development of immunomodu-
lator therapy [4]. Considerable work remains to be done to
reduce the burden of disease [1°°].

New insights from recent clinical studies

In young children with recurrent wheeze, the benefits of
asthma therapies need to be balanced with assessment of
risk [5]. A translational research approach based on longi-
tudinal symptom patterns combined with a systems
biology approach may prove useful [6]. Prenatal factors
might predispose an infant to develop asthma. Maternal
contact with different farm animal species and barns and
consumption of farm-produced butter during pregnancy
can enhance the production of pro-inflammatory cord
blood cytokines, whereas maternal consumption of
farm-produced yogurt results in significantly lower levels
of interferon-gamma and interferon-alpha in umbilical
blood [7].

Controversy continues to rage over the role of acetami-
nophen on either causing or exacerbating asthma in
children. However, confounding factors are difficult to
control in observational studies related to acetaminophen
because the allocation to treatment groups does not take
place randomly [8,9].

Genetic testing is not ready for application to predict the
natural history of asthma [10]. CD14 is a pattern-recog-
nition receptor for environmental lipopolysaccharide.
CD14 methylation increases significantly from age 2 to
10 years, and the level of methylation is inversely corre-
lated with sCD14 levels at 10 years of age [11]. This age-
related change could play a role in differential influence
of gene polymorphisms on gene transcription and sub-
sequent disease.

Infection plays a significant role in asthma morbidity.
Most studies have focused on viral infections including
rhinovirus [12,13]. Interest in other microbiota has
also been enhanced by new techniques to measure bac-
teria composition. The composition of bronchial airway
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microbiota is associated with bronchial hyperresponsive-
ness among patients with suboptimally controlled asthma
[14].

Information continues to evolve regarding the role of the
environment in the development of asthma (Figure 1).
Certain genes are involved in the development and
function of regulatory T cells, specifically IL2RA,
TLR2, TGFBR2, and FOXP3, and are associated with
atopy and asthma by gene—gene interaction [15]. Mod-
eling of multiple gene—gene interactions should unravel
genetic susceptibility to atopy and asthma. In addition,
children living on farms are exposed to a wider range of
microbes and this exposure explains a substantial frac-
tion of the protective effect on asthma [16°]. Common
genetic polymorphisms are unlikely to moderate the
protective influence of the farming environment but
rare variants may do so [17]. Based on research findings
related to microbiota in the gut, interventional
approaches might create a healthy microbiota that con-
fers maximum tolerogenic immunomodulatory effects

[18].

The Asthma Predictive Index (API) is a useful clinical
checklist to identify children at risk for asthma [19].
Remitting, periodic, and persistent asthma in adolescence
was recently reported from a long-term study of childhood
asthma [20°]. Remission is infrequent and not affected by
previous anti-inflammatory controller therapy.

On the road to personalized medicine

The Commissioner of the Food and Drug Administration
and the Director of the National Institutes of Health have
focused attention on personalized medicine [21]. Key
studies from two NHLBI asthma networks identified
variable response to several long-term controller thera-
pies, specifically inhaled corticosteroids (ICS) and leuko-
triene receptor antagonists (L'TRA) [22]. Patient
characteristics including age and allergic status and bio-
markers are associated with response to ICS and L'TRA.

Exhaled nitric oxide, a biomarker of allergic airway
inflammation, can now be easily obtained. Multiple-trig-
ger wheezers are more likely to have abnormal pulmonary
function and increased fraction of exhaled nitric oxide
(FeNO) than episodic (viral) wheezers [23]. High FeNO
identifies those patients with severe asthma characterized
by the greatest airflow obstruction and hyperinflation and
most frequent use of emergency care [24]. In addition,
high urinary L'TE4/FeNO ratios are associated with a
better response to montelukast than fluticasone propio-
nate in children with mild-to-moderate asthma [25].

A recent study evaluated step-up therapy in school-age
children with asthma uncontrolled on low-dose ICS [26°].
Nearly all children demonstrated differential responses,
with best response more than one-and-a-half times as

likely with long-acting B-adrenergic agonist (LABA) step-
up. However, many children demonstrated their best
response to ICS or L'TRA step-up. The biomarkers
and genetics evaluated in this study were not helpful
in selecting the participants most probably to respond to
one of the three treatment choices.

Developing a systematic approach for studying disorders
such as asthma will depend on well-characterized cohorts
with in-depth phenotyping, including lung imaging, and
assessment of gene expression to introduce systems
biology-based management [27]. Additional tools such
as epigenetics will define the interplay between genetic
and environmental factors that result in disease pro-
gression [28°]. Severe asthma in children is characterized
by a distinct airway molecular phenotype that does not
have a clear TH1 or TH2 pattern [29,30]. Identification of
genes associated with loss of lung function in this popu-
lation, such as hedgehog interacting protein on chromo-
some 4q31, will be important to verify [31].

Respiratory infection is the most common cause of acute
asthma exacerbations [32]. The primary risk factor for
atopic asthma is sensitization to perennial aeroallergens
resulting from a failure to generate protective immuno-
logic tolerance [33]. Perturbation of the balance between
innate and adaptive immune pathways is believed to be
the basis for disease expression, and in the specific case of
atopic asthma, the prototypic example of this is acute
exacerbations triggered by viral infections.

Human rhinovirus infections are nearly universal in chil-
dren with asthma during common cold seasons. Illnesses
associated with viruses have greater duration and severity
and atopic asthmatic children experience more frequent
and severe virus-induced illnesses. Bronchial epithelial
cells from asthmatics are more susceptible to rhinovirus
infection owing to deficient interferon- production, and
normal antiviral response can be restored in these cells
with exogenous interferon-f [34]. A recent report noted
that susceptibility to recurrent acute asthma exacer-
bations is associated with an O-secretor mucin glycan
phenotype [35°°].

Asthma exacerbations, especially in children, are associ-
ated with the fall season. Treatment with omalizumab,
anti-IgE, significantly attenuates seasonal peaks in
asthma exacerbations in inner-city children [36°]. Even
at relatively low ambient concentrations, ozone and
primary pollutants from traffic sources independently
contribute to the burden of emergency department visits
for pediatric asthma [37].

Asthma in inner-city children is prevalent, has increased
severity, and is often difficult to control. A key goal is to
define mechanisms of immune system deviation and
immune tolerance [38]. A systematic guidelines-based
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Interacting Factors in Asthma Development and Persistence.

Asthma may originate early in life, determined by complex gene-environment interactions. The perinatal phase is a crucial window of susceptibility
because the lung is still developing and the immune system lacks the ability to adequately respond to the environment. Infection of the lower
respiratory tract with viruses during infancy trigger an inflammatory response that may persist longer with allergies and subsequently progress to
clinical asthma in early childhood. Once established, asthma may persist and becomes heterogeneous with various environmental exposures.
Interventions early in life may alter the natural history of asthma, and better control of symptoms, especially asthma exacerbations, may help prevent

its progression into more severe forms of the disease.

approach improves asthma control significantly [39]. The
future challenges for improving management of asthma in
inner city children include further studies on defining the
cause of asthma, assessing the role of specific allergens,
and interrupting the interaction of viral infections with
the atopic phenotype.

Opportunities to improve asthma control

Over the past 20 years we have seen a significant reduction
in asthma mortality, the introduction of new medications,
and less steroid-requiring asthma, especially in children
[1°°]. Now we must look at methods to improve overall
asthma control. Tiotropium bromide, a long-acting antic-
holinergic therapy, was evaluated in a crossover trial in
adult asthma patients inadequately controlled on low dose
ICS [40]. It improved symptoms and lung function and its
effects appeared to be equivalent to salmeterol and
exceeded higher dose ICS therapy.

Dietary insufficiency, including vitamin D, has a potential
relationship to childhood asthma. Low serum 25-hydro-
xyvitamin D levels have been associated with increased
risk for rhinovirus, respiratory syncytial virus and virus co-
infections [41]. Vitamin D insufficiency is common in
North American children with mild-to-moderate persistent
asthma and is associated with higher odds of severe exacer-
bations [42]. Corticosteroid use and worsening airflow
limitation is associated with lower vitamin D serum levels
in asthmatic patients [43]. Vitamin D enhances glucocor-
ticoid action in PBMCs from asthmatic patients and also
enhances the immunosuppressive function of dexametha-
sone. Prospective studies along with carefully developed
mechanistic components are needed to validate the
benefits of vitamin D in asthma management.

A novel nutritional formula (NNF) enriched in eicosa-
pentaenoic (EPA) and gamma-linolenic fatty acids and
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antioxidants was evaluated in asthmatic children [44].
The NNF-treated group had reduced biomarkers of dis-
ease activity and studies are needed to evaluate the role of
NNF in improving asthma control. Another recent direc-
tion has been to reduce the requirement for daily long-
term controller therapy. In those children who are well
controlled on low-dose ICS therapy, a reasonable step-
down approach is to combine intermittent ICS use with
rescue bronchodilator use as needed. This strategy is
more effective than stepping down to rescue bronchodi-
lator use alone in preventing asthma exacerbations [45°].

New insights into biologic mechanisms
Asthma is increasingly recognized as a heterogeneous
disease with respect to clinical phenotypes, immuno-
pathology and response to therapy, which calls for better
understanding of the disease and improved therapies [46].
Clinically, based on the presence or absence of IgE to
common allergens, asthma may be divided into allergic
and non-allergic subtypes, which share many similarities
providing evidence against classification under distinct
immunopathological entities [47].

While allergens are known to play a significant role in
driving allergic airway inflammation, little is known about
non-allergic asthma. Asthma is considered a Th-2 cell-
mediated airways inflammatory disorder with tissue eosi-
nophilia, remodeling and altered airway function. Other
T' cell phenotypes including Th-17, iNK-T cells, and
nuocytes (non-T non-B helper T cells) also contribute to
the pathogenesis of asthma [48°°].

The hallmark feature of asthma is airway hyperresponsive-
ness (AHR), defined by excessive airway narrowing,
usually reversed with bronchodilators that relax airway
smooth muscle (ASM). Itis not clear if this altered response
is due to abnormal smooth muscle or to a normal smooth
muscle operating in an abnormal airway tissue environ-
ment [49°°]. Nonetheless, there is a general agreement that
the total amount of smooth muscle is increased in the
airways of asthmatics, which may lead to increased force-
generating contraction, and early computational models
predicted that thickening of ASM is the primary cause of
excessive narrowing seen in the asthmatic airway [50].

Asthma is characterized by airway wall remodeling, which
appears to correlate with severity but not duration [51°°].
However, not all aspects of airway remodeling are deleter-
ious [52]. For example, the stiffening of airway wall that
occurs in asthma as a result of increased extracellular matrix
deposition could limit airway narrowing and excessive
mucosal folding. Other aspects of remodeling such as
airway wall thickening with edema have little effect on
airway narrowing [53]. Bronchoconstriction, in the absence
of inflammation could induce airway remodeling,
suggesting that repeated stress on the airway could have
a long-term effect [54°].

The origin of asthma can be traced to early onset wheez-
ing during the first 3 years of life, most commonly
triggered by repeated viral lower respiratory tract infec-
tions [55-58]. Thickening of the RBM can occur at 1-3
years of age in children with documented wheezing [59°].
Airway remodeling can develop independent of atopy in
preschool children with multi-trigger wheezing [60].
Whether viral infections are truly the cause or simply a
marker of the disease remains to be determined [13,61].

Asthma can develop in the absence of atopy and only a
minority of allergic subjects develops asthma. Similarly,
viral respiratory tract infections occur frequently but not
all children will develop asthma, suggesting that common
host susceptibility determines asthma independent of
atopy. Perhaps an altered airway innate immune response
could be a link connecting early life viral infection and
subsequent development of persistent asthma [62]. If so,
interventions aimed at minimizing the impact of early
viral infections may alter the natural course of asthma in
susceptible children.
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