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UNIT NO. 1

ASTHMA AND INFLAMMATION

Dr Adrian Chan Kwok Wai

ABSTRACT

Asthma is a chronic inflammatory airway disease, for which
the cornerstone of asthma therapy is inhaled corticosteroids.
However, long term clinical outcomes are variable, and not all
patients respond optimally to corticosteroids. Underpinning
this observation is that asthma is a heterogeneous disease
consisting of phenotypes that are driven by different
inflammatory pathways. In this article, we will discuss the
different inflammatory mechanisms of asthma to better define
patient characteristics and help improve patient outcomes
with newer specific-targeted asthma therapies.
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INTRODUCTION

The Global Initiative for Asthma (GINA) defines asthma as a
syndrome characterised by variable expiratory airflow limitation,
airway hyper-responsiveness and chronic airway inflammation.'
Poorly controlled or severe asthma places a significant burden
on clinical outcomes and utilisation of healthcare resources.
Although effective therapy in the form of inhaled corticosteroids
is widely available, it is increasingly recognised as a "one size
fits all" treatment approach that does not work for asthma, with
a significant proportion of asthma patients not responding
optimally to corticosteroids, even after accounting for non-
adherence to treatment and asthma triggers. A key reason is that
certain inflammatory types are steroid resistant. Thus, there is a
recent emphasis on determining the inflammatory mechanisms
of asthma, known as endotyping, to accurately predict disease
outcomes and tailor appropriate therapies for each individual
patient.?

Previously, one approach to classify asthma was based on the
atopic or allergic status of a patient.> With greater understanding
of asthma inflammation, asthma has been broadly classified as
possessing type 2 (T2) high or T2-low inflammation, based on
the dominant CD4+ T-cell response. More recently, in severe
corticosteroid-dependent asthmatics, four patterns of cellular
inflammation have been reported in the airways: eosinophilic,
neutrophilic, and mixed inflammatory (neutrophils and
eosinophils both increased) and pauci-granulocytic (eosinophils
and neutrophils not elevated).* In the following sections, we will
describe in more detail the various types of inflammation and
their impact on disease outcomes and therapy.
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ASTHMA AND T2-HIGH INFLAMMATION

T2-high asthma is currently the best understood inflammatory
endotype. In response to exposure to a trigger (e.g. allergens,
viruses, pollutants), antigen-presenting cells induce a T-helper
cell type 2 (Th2) differentiation. Th2 cells secrete cytokines
such as interleukins 4, 5 and 13 (IL-4, IL-5 and IL-13)which
drive the downstream recruitment of effector cells (mast cells,
eosinophils, basophils) and facilitate the isotype switching of B
cells-secreted immunoglobulins to Immunoglobulin E (IgE).
IL-4 and IL-13 exert direct effects on the airway by promoting
subepithelial fibrosis and airway remodelling, the latter also
increases goblet cell hyperplasia, mucus hypersecretion and
airway hyper-reactivity.® Another immune cell, known as the
type 2 innate lymphoid cells (ILC2s), was recently discovered to
propagate similar immune responses by producing IL-5 and IL-
13.7 Thus, T2-high asthma is characterized by increased levels of
eosinophils, exhaled fraction of nitric oxide (a marker of 1I-13
driven inflammation in the airway), serum Immunoglobulin E
(IgE) and type 2 cytokines in the blood and/or airway.

Relating to clinical phenotypes, T2-high inflammation has been

described in several groups:

a) early-onset allergic asthma, seen in younger patients and is
associated with positive skin allergy tests or serum specific
IgE,

b) late-onset eosinophilic asthma, seen in older patients without
evidence of atopy and is surprisingly steroid-resistant.

c) aspirin-exacerbated respiratory disease (AERD) arising from
dysregulated arachidonic acid (AA) metabolism and cysteinyl
leukotrienes production, which produces a clinical syndrome
of severe asthma and nasal polyposis.

ASTHMA AND T2-LOW INFLAMMATION

Up to 50 percent of patients may not possess eosinophilic airway
inflammation, and in severe asthmatics, about 63 percent of
patients do not possess Th-2 high inflammation.®’ These patients
may be termed as having T2-low asthma. In contrast to T2-high
asthma, T2-low asthma is less understood and is likely to involve
different immune mechanisms. One hypothesis is a distinct
inflammation driven by a different class of T lymphocytes
known as Th17 cells, which secrete cytokines such as IL-17. IL-
17 has been demonstrated in animal models to increase airway
hyper-responsiveness, and is also associated with neutrophilic
inflammation and corticosteroid resistance.!® Patients with T2-
low asthma are more likely to have an adult-onset disease with
no prior childhood allergy features."!

In pauci-granulocytic asthma, the primary pathogenetic

mechanism is likely to be airway smooth muscle dysfunction
that induces airway hyper-responsiveness.'?
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EVALUATION AND MANAGEMENT

Evaluating asthma inflammatory mechanisms using biomarkers
is important to distinguish between different asthma phenotypes
and identify patients suitable for specific-targeted therapies.
Currently available investigations for allergic or eosinophilic
asthma include FENO, peripheral blood eosinophilia and
determining the inflammatory cellular profile of induced sputum
and/or bronchioalveolar lavage. However, to date, specific
biomarkers of type 2-low asthma have not been described.

T2-high asthma appears to be responsive to steroid therapy.
Selected T2-high asthmatics may have relative steroid resistance
and may be candidates for add-on biologic therapy. Currently,
anti-IgE and anti-IL-5 are available in Singapore. Patients with
neutrophilic asthma tend to be resistant to corticosteroids and
may benefit from other forms of anti-inflammatory therapy,
such as long-term macrolide therapy.” Despite the severity of
their disease, currently, there are no proven effective treatment
options for patients with mixed inflammatory asthma.
Asthmatics with pauci-granulocytic inflammation are less likely
to respond to anti-inflammatory therapy.'” They may instead
benefit from therapies targeting smooth muscle dysfunction
such as bronchial thermoplasty, a bronchoscopic procedure that
delivers controlled thermal energy to the airway wall to reduce
airway smooth muscle bulk.*
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LEARNING POINTS

e Asthma is a heterogeneous disease characterised by different inflammatory mechanisms.

e Asthma canbe broadly classified into T2-high asthma and T2-low asthma. However, with a greater understanding
of biologic pathways and the immune cells involved, the aim is to accurately characterise asthma characteristics

and lead to targeted therapeutic approaches.

* Patients with T2-high asthma are more likely to be corticosteroid responsive and may benefit from newer
biologic therapy. In contrast, T2-low asthma tends to demonstrate corticosteroid resistance.
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