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Abstract

The discovery that eosinophilia and steroid responsiveness are
dominant signals in patients with asthma led to the conclusion that
inflammation characterized by up-regulation of the type 2 cytokines
thatmediate eosinophilia (IL -4, -5, and -13) (type 2 inflammation) is
central to asthma pathogenesis in all patients and resulted in a
singular emphasis on animal models of type 2 inflammation to
unravel disease mechanisms. This in turn led to great progress in
identifying drug targets and in developing inhibitors of type 2
inflammation. Despite this significant and clinically important
progress, there has been a growing bodyof evidence that airway type 2
inflammation is not a ubiquitous pathologic feature of asthma and a

growing acceptance that the type 2–centric asthmaparadigmhasheld
back understanding of mechanisms of disease in patients who do
not have type 2 inflammation (helper T-cell type 2 [Th2]-low
asthma). This “tyranny of the dominant paradigm” effect means that
asthma clinicians have no effective controller treatments to offer their
many patients with Th2-low asthma. It also means that asthma
researchers are struggling to understand the mechanisms of disease
that operate in Th2-low asthma and how these mechanisms might
be modeled in vitro and in vivo to identify novel drug targets and
provide a broader range of asthma treatments.
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Airway eosinophilia has long been known to be
a pathologic feature of asthma, and the strong
association between asthma and other allergic
diseases such as allergic rhinitis, eczema, and
eosinophilic esophagitis led to the solidification
of a disease paradigm in which asthma has
been considered a disease of type 2
inflammation. Type 2 inflammation occurs
when upstream regulators such as IL-33, IL-25,
or thymic stromal lymphopoietin activate
innate or adaptive immune cells to secrete type
2 cytokines (IL-4, -5, and -13), which cause
accumulation of inflammatory cells such
as eosinophils, mast cells and basophils
and remodeling of the airway epithelium and
submucosa (mucous cell metaplasia and
subepithelial fibrosis). This mechanism of

disease was relatively easy to model in mice
because mice develop typical asthma pathology
(airway eosinophilia, goblet cell metaplasia, and
peribronchial fibrosis) when sequentially
sensitized and challenged with aeroallergens.
Experiments in this mouse model have
provided a detailed map of the molecular
regulators of type 2 inflammation in the airway
(1). We now have multiple drugs targeting
these molecules in the type 2 pathway,
including inhibitors of thymic stromal
lymphopoietin and IL-4, -5, and -13. Apart
from mepolizumab (an inhibitor of IL-5), none
of these drugs are yet approved for treatment
of asthma, but early-phase clinical trial data
have consistently demonstrated their efficacy
(2). At the moment, corticosteroids are the

mainstay controller therapy for asthma because
steroids improve outcomes of asthma control
(symptoms, lung function, and susceptibility to
exacerbations) in many patients. Consequently,
asthma treatment guidelines around the world
all consistently recommend that inhaled steroid
be used to treat all but the mildest forms of
asthma and that they be used in high doses to
treat severe disease (3).

Asthma Was Talking, But We
Weren’t Listening: Missed or
Ignored Signals

While the type 2 asthma disease paradigm
was solidifying and controlling the research
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agenda in asthma, the emerging ability
to target type 2 inflammation with
precision, using protein therapeutics,
provided an impetus to look more closely at
the prevalence of airway eosinophilia and
other markers of type 2 inflammation in
patients. These studies showed that airway
eosinophilia in asthma is heterogeneous
(4, 5) and that a large subgroup of patients
have persistent absence of eosinophils in
their airways (Figure 1) (6). Although this
heterogeneity in airway eosinophilia has
been apparent for decades (asthma was
talking), the research community was
slow to acknowledge (listen to) it. The
community began to pay more attention
when upstream regulators of airway
eosinophilia such as IL-13 were shown to
be active in some subjects with asthma, but
not in others (Figure 2) (7). This finding
led to the concept of helper T-cell type
2 (Th2)–high asthma and Th2-low
asthma, labels that describe patients with
or without airway type 2 inflammation,
and which explicitly acknowledge
heterogeneity of disease mechanism in
asthma.

Another way in which asthma has
been “talking” is in the area of treatment
response to corticosteroids. Although it had
been clear for decades that treatment
responses to corticosteroids in subjects with
asthma are heterogeneous, the fact that
many patients derive little if any benefit
from corticosteroid treatment has not been
acknowledged (listened to) in treatment
guidelines for asthma. Instead, these
guidelines promote a one-size-fits-all
approach with recommendations to treat
patients with more severe disease with
higher doses of corticosteroids. Implicit in
these guidelines is the dominance of the
type 2 paradigm and the idea that a higher
dose of type 2 inflammation demands a
higher dose of corticosteroids to suppress it.
But persistence of type 2 inflammation is
not the only mechanism for severe asthma
that is refractory to low- or medium-dose
steroid treatment; at least as important
is the possibility that lack of responsiveness
to steroids is because of a lack of type 2
inflammation in the airways. Although
prospective trials are needed to fully
establish the efficacy of corticosteroids in

Th2-low asthma, available evidence
suggests that steroids have limited efficacy
in this disease endotype (Figure 3) (6–8). It
is hoped that future guidelines for asthma
management will recommend
corticosteroids only for patients who
benefit from them. In fact, as an asthma
community we should reexamine our
relationship with corticosteroids to ensure
that the many risks of corticosteroids
are balanced by improvement in
asthma control for individual patients.
In particular, restraint in dosing
corticosteroids should be shown for
patients who have no markers of type 2
inflammation in their airways.

Tyranny of the Dominant
Paradigm: Fealty to Dogma
Can Impede Progress

The type 2 inflammatory pathway is a
central mechanism of disease in many
patients with asthma, and the identification
of many molecules in this pathway that can
be targeted with drugs is a success story of
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Figure 1. A large subgroup of patients has persistent absence of eosinophils in their airways. Two to four measures of eosinophil percentage in induced
sputum from subjects with asthma were made over a period as long as 1 year. The subjects with asthma were not taking inhaled corticosteroids for
disease management. The graph reveals three subgroups of subjects with asthma: (1) those with persistently eosinophilic asthma whose sputum
eosinophil percentage is greater than or equal to 2% on every occasion it was measured; (2) those with intermittently eosinophilic asthma whose sputum
eosinophil percentage is greater than 2% on at least one occasion but can be less than 2% on some occasions; and (3) a third subgroup whose
sputum eosinophil percentage is persistently less than 2% on all occasions measured. Note that the number of subjects varies at each time point.
Reproduced by permission from Reference 6.
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which the asthma community can be proud.
Nevertheless, it is clear that it is perilous to
allow a disease paradigm to dominate the
field. Type 2 inflammation dominated

research activity because asthmatic patients
with type 2 inflammation in their airways
represented a large subgroup of patients,
and signals from this large subgroup drove

summary descriptions of data, especially
when data were summarized in mean
statistics. A lesson here is the importance at
looking at data ranges, not just means, so
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Figure 2. Helper T-cell type 2 (Th2)-high and Th2-low asthma endotypes. Expression levels of three IL-13–induced genes in the airway epithelial
brushings from subjects with asthma and healthy control subjects define two subgroups of patients with asthma. The heatmap depicts unsupervised
hierarchical clustering (Euclidean complete) of POSTN, CLCA1, and SERPINB2 expression levels in bronchial epithelium across all subjects at baseline.
Reproduced by permission from Reference 7.
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Figure 3. Effects of asthma treatments in eosinophilic and noneosinophilic asthma: Change in FEV1 in a subgroup of the inhaled corticosteroid-negative
group that received a period of intense combined therapy (PICT) for 10–14 days. The PICT consisted of 0.5 mg of prednisone/kg/day, 800 mg of
budesonide twice per day, and 20 mg of zafirlukast twice per day. Prebronchodilator FEV1 was measured before and after the PICT. In addition, maximal
bronchodilator reversibility (Max Rev) was measured after the PICT and involved measures of spirometry after up to 720 mg of inhaled albuterol. The data
represent means and standard error. Reproduced by permission from Reference 6.
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that subgroups other than the dominant
subgroup can be identified and investigated
for mechanism. Failure to do this is to
succumb to the tyranny of the dominant
paradigm, in which signals other than the
one conforming to the dominant view of the
disease are ignored.

Beyond the Dominant
Paradigm: Rethinking
Concepts of Disease
Pathogenesis in Asthma

Because induction of type 2 inflammation in
the airways of mice causes an asthma-like
lung phenotype, it has been conceivable
that type 2 inflammation in the airway
causes asthma and that treating type 2
inflammation will effectively cure asthma.
Although this remains possible in theory,
available evidence argues strongly against it
(9–17). The key physiological features of
asthma are excessive tone in airway smooth

muscle and exaggerated smooth muscle
response to nonspecific agonists such as
methacholine. Both of these physiological
measures are not markedly improved by
treatment with type 2 cytokine inhibitors
or anti-IgE, and even corticosteroids have
relatively limited effects in improving
measures of airflow and bronchial
hyperactivity. Type 2 cytokine inhibitors,
anti-IgE, and corticosteroids have much
greater effects on susceptibility to asthma
exacerbation (2–4). This raises the
possibility that airway smooth muscle
dysfunction in asthma is not caused by
type 2 inflammation, but is a fundamental
disease abnormality that is independent
of type 2 inflammation. In this
conceptualization of asthma the core
smooth muscle dysfunction is modified
by type 2 inflammation to make asthma
worse, and especially to make
exacerbations more frequent. This concept
would account for the findings that
decreasing type 2 inflammation improves

asthma control without large effects on
airway smooth muscle outcomes. This
concept also allows for other disease
modifiers to operate (Figure 4) (2). At
present, these modifiers are relatively
poorly understood, but there is a growing
recognition of the role of systemic
inflammation associated with obesity in
worsening asthma (18).

Summary

Type 2 inflammation is now recognized to
be heterogeneous in asthma, and failure
to acknowledge the heterogeneity in
disease mechanisms in asthma has
brought us to a place where we have
multiple options to treat Th2-high asthma
but few options to treat Th2-low asthma.
As important as it has been to understand
the details of type 2 inflammation in
asthma and to bring novel type 2–specific
treatments to many patients, there are
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Figure 4. Asthma as a core disease of smooth muscle that is modified by inflammation. Lessons learned from clinical trials of inhibitors of
type 2 inflammation suggest a conceptualization of asthma as a disease with a core abnormality in airway smooth muscle function that can be
modified by inflammation to worsen disease severity and to promote susceptibility to asthma exacerbations. Although type 2 inflammation
has been shown to be an important disease modifier by the effects of its inhibition in clinical trials, these same clinical trials also highlight
that additional types of inflammation must contribute to certain forms of asthma. These non–type 2 inflammatory pathways are not well
understood but may include those associated with obesity, infection, or neutrophilia. Th2 = helper T-cell type 2. Reproduced by permission
from Reference 2.
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also important lessons to be learned about
how failure to acknowledge heterogeneity
of disease mechanism can slow
personalized treatment for patients. A
priority for the future will be mechanism-
oriented studies in patients with Th2-low

asthma. On the one hand, these studies
could use unbiased and powerful
“-omic”-based technologies to uncover
unsuspected disease mechanisms; on the
other hand, investigators could use clues
from clinical traits associated with more

severe forms of asthma (e.g., obesity) to
point them toward disease mechanisms,
including how systemic inflammation can
worsen lung function. n
Author disclosures are available with the text
of this article at www.atsjournals.org.
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