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Abstract  

Asthma is a complex respiratory disorder characterized by marked heterogeneity in individual patient 

disease triggers and response to therapy. Several asthma phenotypes have now been identified, 

each defined by a unique interaction between genetic and environmental factors, including 

inflammatory, clinical and trigger-related phenotypes. Endotypes further describe the functional or 

pathophysiologic mechanisms underlying the patient’s disease. Type 2-driven asthma is an emerging 

nomenclature for a common subtype of asthma and is characterized by the release of signature 

cytokines IL-4, IL-5 and IL-13 from cells of both the innate and adaptive immune systems. A number 

of well-recognized biomarkers have been linked to mechanisms involved in Type 2 airway 

inflammation, including fractional exhaled nitric oxide, serum IgE, periostin, and blood and sputum 

eosinophils. These Type 2 cytokines are targets for pharmaceutical intervention, and a number of 

therapeutic options are under clinical investigation for the management of patients with uncontrolled 

severe asthma. Anticipating and understanding the heterogeneity of asthma and subsequent 

improved characterization of different phenotypes and endotypes must guide the selection treatment 

to meet individual patients’ needs. 
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Introduction 

Asthma is a complex respiratory disorder with marked heterogeneity in etiology, symptom triggers, 

clinical characteristics and responses to therapy [1–3]. Research that embarked on better 

understanding this heterogeneity has led to increasing recognition and improved characterization of 

various asthma phenotypes that describe the outward manifestation of an individual’s airway 

inflammation and that may be useful for predicting responsiveness to specific treatments [4]. In 

contrast to these recognizable clinical features in patients, the term ‘endotype’ has recently been 

introduced in relation to asthma heterogeneity to describe “a subtype of a condition defined by a 

unique or distinctive functional or pathophysiological mechanism” [5,6]. As opposed to phenotypes, 

which may change with time or in response to treatment, endotypes are relatively stable subgroups 

defined by underlying distinct genetic or molecular characteristics [7]. 

Biologic heterogeneity is present throughout the entire asthma spectrum, but is most evident in 

severe disease [8], which is defined by the International ERS/ATS Guidelines on Definition, 

Evaluation and Treatment of Severe Asthma as asthma “which requires treatment with high-dose 

inhaled corticosteroids [ICS] plus a second controller [and/or systemic corticosteroids] to prevent it 

from becoming “uncontrolled” or which remains “uncontrolled“ despite this therapy” [9]. The current 

“one-size-fits-all” approach to asthma treatment does not target specific mechanisms that can drive an 

individual patient’s disease and, therefore, has varying degrees of success.  

 

The emerging knowledge of the pathophysiology of asthma 

Historically, the earliest applied approach to classify asthma has been the assessment of the atopic 

status of an individual, with atopy referring to the patient’s sensitization to allergens and consequent 

predisposition to developing asthma symptoms (extrinsic or allergic asthma) upon exposure [10]. 

Allergic asthma is diagnosed based on symptoms triggered by allergen exposure, and atopy can be 

confirmed by testing skin prick reactivity to common or specific allergens and/or by measuring the 

serum levels of specific immunoglobulin E (IgE) [1,10], which plays a major role in sustaining the 

allergic cascade in asthma [11]. Although thought as being rather distinct forms of asthma, atopic and 

non-atopic (non-allergic or intrinsic) asthma phenotypes are highly overlapping in their clinical 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

presentation and in the underlying inflammatory processes, including increased T-helper type 2 (Th2) 

cells, mast cell activation and eosinophilic airway infiltration [12–14]. 

Another approach to classify the disease pathophysiology has focused on the patterns of cellular 

inflammation and sequestration, particularly eosinophils and neutrophils, in the asthmatic lung. Four 

distinct subtypes of asthma based on the inflammatory cell count in induced sputum have been 

proposed, namely, eosinophilic asthma (eosinophils > 1.9%–3%), mixed eosinophilic and neutrophilic 

asthma (mixed granulocytic asthma; neutrophils and eosinophils both increased), neutrophilic asthma 

(neutrophils > 61% and total cell count greater than 10 million cells/g) and paucigranulocytic asthma 

(neutrophils and eosinophils both within normal range) [15,16]. Eosinophilic asthma is characterized 

by a higher number of eosinophils measured in sputum, bronchoalveolar lavage or blood. In patients 

with symptomatic asthma, eosinophilic inflammation (which was defined as > 2.5% eosinophils in 

sputum) has been reported in 70% to 80% of corticosteroid-naïve patients and 50% of corticosteroid-

treated asthmatics [17], can occur in both allergic and non-allergic patients [14,18], and presence of 

eosinophils in sputum or lung biopsies is observed across the severity spectrum [15,19].  

Further heterogeneity exists among patients with non-eosinophilic asthma, with some of these having 

also increased numbers of neutrophils in the airways [16]. Neutrophilic asthma is rare, but may be 

seen in patients with severe disease and it may be less responsive to corticosteroid treatment than 

eosinophilic asthma [3,20]. It is not clear if the neutrophil involvement of this phenotype is contributing 

to asthma pathobiology or severity or if it is simply a reflection of the level of corticosteroid therapy 

used to suppress the poorly corticosteroid-responsive non-neutrophilic inflammation or of an altered 

airway microbiome perhaps secondary to abnormalities of innate immunity [21–24]. Strategies such 

as inhibiting the CXCR2 receptor to decrease airway neutrophils are not associated with improved 

asthma control [25,26], bringing the role of neutrophils in severe asthma into question. When 

associated with an eosinophilic bronchitis (i.e. mixed granulocytic), this may indicate airway infections 

that may be contributing to relative steroid insensitivity [27]. 

By discovering two distinct types of T helper clones in mice in 1986, which could be distinguished 

based on their cytokine secretion profile, Mosmann et al. [28] not only advanced the understanding of 

adaptive immunity, but also provided the foundation for a new classification of asthma [29]. The Type 

1 and Type 2 helper cell immune response paradigm describes defined immune responses that are 
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mediated by subpopulations of CD4
+
 T-cells. Th1 cells secrete mainly interleukin (IL)-2, interferon-γ 

and lymphotoxin-α [30], which orchestrate the defence against intracellular pathogens (e.g. bacteria 

and viruses). Th2 cells predominantly secrete cytokines IL-4, IL-5, IL-9 and IL-13, which play a central 

role in the inflammatory process directed against helminths and extracellular bacteria, and also in the 

pathophysiology of asthma [29,30]. In 1992, the predominance of a Th2-population of cells in the 

bronchoalveolar lavage from atopic asthmatics was shown [31]. Subsequent gene expression 

analyses (using epithelial [32] or sputum signatures [33]) suggest asthma can also be divided into at 

least two distinct molecular phenotypes based on the degree of Th2 inflammation; these have been 

described as Th2 “high” and Th2 “low”. Whether the Th2 low phenotype is a consistent and different 

type of asthma from Th2 high, or results from suppression of Th-2 inflammation by corticosteroids, 

remains to be established. These Th2 high and low phenotypes may show differential responses to 

available therapies, whereby patients with non-Th2-driven asthma may be less responsive to steroids 

compared with a predominantly Th2-high disease [32].  

Recently, the nomenclature of asthma has evolved beyond the original Th2 concept to acknowledge 

that the cytokines associated with Type 2 helper lymphocyte polarization are broadly secreted by 

numerous cell types beyond the originally described Type 2 helper cell population. These include 

invariant T-cells, natural killer (NK) cells, eosinophil/basophil progenitor cells and Th1 cells under 

certain conditions [34], and Type 2 innate lymphoid cells (ILC2s) (for review please see [35]). ILC2s 

are part of the innate immune system, where antigen interaction and recognition are not required to 

elicit Type 2 cytokine secretion. Tightly regulated, they are an integral part of epithelial barrier 

immunity, involved in the pathophysiology of asthma [36], atopic dermatitis [37] and food allergy [38].  

 

Type 2 inflammation has emerged as a pivotal disease mechanism that allows identifying patients 

with a distinct, Type 2-high endotype [29,32]. Type 2-low asthma, on the other hand, probably 

comprises several disease endotypes, each affecting relatively small subgroups of patients. For 

instance, recently a pathway that involves Th17 cells and that promotes, via the release of IL-17, 

neutrophil recruitment for the clearance of bacterial and fungal infections [39–41], has been 

described. The relative importance of this different inflammatory pathway may vary depending on the 

severity of asthma.  
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This review aims to summarize the current knowledge regarding Type 2 asthma, including the 

relevant cytokine pathways and biomarkers, and to identify areas of gaps in knowledge requiring 

future research. The focus on ‘Type 2’ rather than ‘Th2’ asthma reflects the important contribution of 

ILC2s and other of non-classic Th2 cells (CD4+ cells), in addition to Th2 cells, to the Type 2 cytokine 

milieu. We will consider how information on Type 2-high and Type 2-low involvement may be utilized 

by physicians to guide treatment decisions and what the relative contribution of the different 

inflammatory pathways might mean to patients in terms of the clinical endpoints. 

 

Type 2 pathway of airway inflammation 

For many years, asthma was considered to be mediated predominantly by an adaptive immune 

response; however, there is increasing recognition that innate immunity also plays an important role in 

asthma pathophysiology, with cross-talk between the innate and adaptive immune systems [42,43]. 

Type 2 immune responses in asthma are initiated by cytokines such as IL-25, IL-33 and thymic 

stromal lymphopoietin (TSLP), termed ‘alarmins’, all of which are released following exposure to an 

insult (e.g. pollutants, viral infection and allergens). These epithelial-cell-derived cytokines activate 

antigen-presenting cells (dendritic cells and NK cells) to induce a Th2 adaptive immune response. 

Naïve T cells (Th0) are activated through antigen exposure and subsequently differentiate into a Th1 

or Th2 phenotype, depending on a range of co-stimulatory factors, including the dose of antigen 

presented and the presence of local cytokines (particularly IL-4) [43,44]. The expression of IL-4 is key 

to Th2 polarization in vitro, although it has been demonstrated that Th2 cell differentiation can occur in 

the absence of IL-4 in vivo [44,45]. Th2 cells migrate to the airway epithelium and to the subepithelial 

mucosa, where they secrete the Type 2 cytokines IL‑5 and IL‑13, which play a central role in the 

disease pathophysiology and contribute to many of the hallmarks of asthma, including mucus 

production, IgE synthesis, subepithelial fibrosis, bronchial remodelling and airway 

hyperresponsiveness (AHR) [46,47]. In addition to this adaptive response leading to T helper cell 

polarization, IL-25, IL-33 and TSLP also directly activate ILC2s to secrete large amounts of IL-5 and 

IL-13 [48] . Interestingly, pulmonary ILC2s may also produce small amounts of IL-4 following in vivo 
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stimulation with IL-25 and IL-33 [49], but it is yet unclear whether this represents an active interface 

between innate and adaptive immune mechanisms.   

Type 2 cytokines drive the recruitment of effector cells (mast cells, basophils and eosinophils) and 

mediate isotype switching of B-cell-secreted Igs to IgE upon exposure to antigens (Figure 1) 

[29,50,51]. Eosinophilic inflammation and IgE synthesis are, therefore, encompassed in Type 2 

asthma. The precise effector functions of the various Type 2 cytokines and their involvement in 

different disease endpoints are subjects of considerable interest and clinical relevance. 

IL-4, which acts as a regulatory cytokine upstream from Type 2 effector cytokines [77], binds to the IL-

4R receptor [78] that is broadly expressed on T helper cells, eosinophils, mast cells, B cells, 

bronchial epithelium, endothelium and airway smooth muscle cells. For signalling, the IL-4R receptor 

needs to form a heterodimer with one of two additional surface receptors: IL-2c or IL-13R1 [79]. By 

engaging with either one of these complexes to form a heterodimer, the type of the signal is defined 

[52]. Heterodimerization with the IL-2c complex triggers a regulatory signal (Type I signal), 

modulating Th0 differentiation to Th2 and Treg proliferation. In contrast, the heterodimerization 

between IL-4R and the IL-131 receptor elicits the same signal as IL-13 binding this ligand, and 

inducing heterodimerization with IL-4R (Type II signal).   

IL-13 has been described as a key effector cytokine [53] due to the multifunctional role that it plays in 

many aspects of asthma pathogenesis, including B-cell isotype switching, mucus hypersecretion, 

goblet cell hyperplasia, subepithelial fibrosis and AHR [54,55]. IL-13 and IL-4 mediate subepithelial 

fibrosis and airway remodelling [51,56,57]. Exogenous administration of IL-13 in T-cell-deficient mice 

induces AHR and airway inflammation, and anti-IL-13 treatments block the late asthmatic response in 

allergen challenge models [46,54,58,59]. IL-13 signals through the IL4R/IL13R1 heterodimer, 

triggering overlapping responses to those initiated by IL-4 binding IL13R1, and inducing the clinical 

hallmarks of asthma across a range of functional cells [54]. IL-13 also binds to a second receptor, 

IL13R2, which is thought to function predominantly as a decoy receptor [54] for excess IL-13. 

However, IL13R2 may have the capacity to mediate IL-13 signalling under certain circumstances 

[56,60]. By binding to IL-131 as a common receptor component, IL-13 and IL-4 utilize shared 

signalling pathways, including Janus kinases (JAKs) 1 and 3, to initiate signalling and activate signal 
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transducer and activator of transcription-6 (STAT6), which is an essential transcription factor for many 

of their biologic functions, and a variety of other signalling molecules [61]. 

IL-13 receptors are expressed on airway smooth muscle cells and airway epithelial cells, and IL-13 

has been shown to enhance cholinergic-induced contractions of smooth muscle cells in vitro [62,63] 

and to promote goblet cell hyperplasia and mucus hypersecretion [64,65]. IL-13 induces a number of 

chemokines, leading to the recruitment and retention of eosinophils in inflamed airway tissue [54,66]. 

Thus, IL-4 and IL-13 share many activities: a key difference is that T cells do not bind IL-13 so that 

only IL-4 drives Th2 development [67]. 

IL-5 is predominantly produced by Th2 cells, ILC2 cells, mast cells, NK cells, NK T cells and 

eosinophils [68–70]. It exerts its effects by binding specifically to the alpha chain of the IL-5 receptor 

(IL-5R) and, once complexed to the chain shared with IL-3 and granulocyte macrophage colony-

stimulating factor, signals via the JAK-2/STAT-5 pathway [71]. IL-5 mediates its effects mostly via 

controlling eosinophil development, maturation and activation in the bone marrow, as well as 

subsequent mobilization and survival [68,72–77]. IL-5 also modulates the development and function 

of mast cells and basophils [51]. 

IL-9, secreted by mast cells, Th2 cells and ILC2 cells, stimulates the proliferation of activated T cells 

and promotes the proliferation and differentiation of mast cells [35,78,79]. IL-9 also increases 

production of IgE by B cells and seems to prime mast cells to respond to allergens via increased cell 

surface expression of FcεRI receptors [80,81]. With regard to clinical manifestations, there is evidence 

from both human and murine studies that IL-9 is associated with increased predisposition to AHR 

[78,82,83]. In addition, IL-9 induces mucus hypersecretion and IL-13-dependent regulation of 

epithelial cell genes [78,80,84]. 

 

Type 2 inflammatory biomarkers 

Biomarkers can be employed in several ways to aid treatment decisions: (i) identification of activated 

pathways or the pathogenesis of disease, (ii) prediction of response to specific treatments, (iii) 

monitoring success of a selected treatment option, or (iv) the assessment of the risk of disease 

progression.  
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Therefore, in parallel with ongoing research to better understand the Type 2 pathways in asthma 

pathogenesis, there is growing interest in a number of biomarkers of Type 2 inflammation that have 

potential utility for distinguishing Type 2-high and Type 2-low phenotypes and for predicting 

responsiveness to Type 2 cytokine-targeted therapy [29,85]. These include fractional exhaled nitric 

oxide (FeNO), serum IgE, blood or sputum eosinophils, and serum periostin [86].  

Measuring FeNO in exhaled breath is a simple, non-invasive method that can be used as an indicator 

of IL-13 driven inflammation and of corticosteroid-responsive airway inflammation in symptomatic 

patients [87]. The release of IL-13 results in the activation of inducible nitric oxide synthase, leading to 

increased production of FeNO in the airway [88]. FeNO levels can be used for the assessment of 

asthma severity and to guide treatment [87,89]. FeNO actually represents a biomarker of Type 2 

activity rather than asthma itself [90]; however, several other factors are thought to influence 

measurements, including age, ethnicity, diet, current smoking and concurrent viral infection [87,91]. 

Allergen-specific IgE antibodies are central to inflammatory processes in atopic asthma and are useful 

for the diagnosis of atopy. For the purpose of diagnosing allergies, measurements of specific IgE as 

opposed to total IgE are recommended [1,92]. The two main clinical applications of this biomarker are 

(i) to estimate the optimal dosage of the anti-IgE antibody omalizumab [93] for add-on treatment in 

cases of severe allergic asthma, when necessary, and (ii) in addition to other evaluation methods 

such as imaging, for screening for allergic bronchopulmonary aspergillosis, a condition associated 

with difficult-to-treat asthma that is often accompanied by very high serum total IgE [94].  

Eosinophils are pivotal cellular effectors in the Type 2 inflammatory pathway and are thought to play a 

major role in maintaining long-term inflammation in asthma [95]. As mentioned above, there is no 

standardized cut-off for eosinophilic inflammation, but studies have used a sputum eosinophil cell 

count above 2–3% of the total cell count or blood eosinophil count of around 300 cells/μL [96–99]. 

Eosinophils can be measured in peripheral blood, lung tissue and airway lumen (sputum) using 

various techniques; however, invasive procedures such as tissue biopsies and assessment in induced 

sputum are not available for routine clinical practice except in very few academic centres [95].  

In one study, eosinophilic airway infiltration, when defined as ≥ 4% eosinophils in sputum, was shown 

to be associated with around 50% of severe asthma exacerbations [100]. Several studies have shown 

that sputum eosinophil-guided asthma management can reduce frequency of exacerbations [20,100–
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102], with a cut-off of > 3% sputum eosinophils suggested as a sensitive and reliable biomarker to 

guide treatment [103]. In addition, increased eosinophil counts in sputum or peripheral blood in 

patients with severe asthma are associated with fixed airway obstruction [104–106] and peripheral 

blood eosinophil count may provide a mortality signal [107]. Eosinophils contribute to the modulation 

of the immune response and to the induction of AHR and remodelling, which are characteristic 

features of asthma, and can therefore be considered as key effector cells in asthma pathogenesis 

[108], with IL-5 as well as IL-4 and IL-13 and other inflammatory mediators – synergistically 

contributing to their accumulation in the lung.  

The specific compartment in which eosinophils are measured may also be important as there can be 

discordance between sputum, tissue and systemic eosinophil count, whereby a high sputum 

eosinophil count does not necessarily correlate with elevated blood eosinophil numbers and vice 

versa [103,109,110]. Eosinophil dynamics across these compartments vary, and it is noteworthy that 

low numbers of blood and sputum eosinophils may be due to corticosteroid treatment rather than a 

non-eosinophilic phenotype [95,109]. Thus, there is greater chance for a discordance between blood 

and sputum eosinophils in patients with more severe asthma who are likely to be on higher doses of 

inhaled (or systemic) corticosteroids [111–113].  

Periostin is an IL-13 and IL-4-inducible matricellular protein that is basolaterally secreted by bronchial 

epithelial cells and can be detected in peripheral blood [114–116]. Periostin has been implicated to 

play an integral role in several pathogenic processes in asthma, including airway remodelling, 

subepithelial fibrosis, eosinophil recruitment and regulation of mucus production from goblet cells 

[47,115–118]. Some reports have suggested that serum levels of periostin could be a clinically useful 

predictor of Type 2 eosinophilic airway inflammation in patients with uncontrolled, moderate-to-severe 

asthma [114]. Serum periostin is currently being evaluated as a predictive biomarker to identify 

patients who are most likely to respond to anti-IL-13 treatment (e.g. lebrikizumab) [119,120]. However, 

more needs to be known about serum periostin levels in healthy individuals and patients with asthma 

and other diseases. Whilst age beyond adolescence does not appear to affect the reference range of 

serum periostin, further research is needed to clarify the effect of ethnicity [121]. 
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Given the complexity of inflammatory pathways in asthma, there is likely to be considerable overlap in 

these biomarkers in each of the asthma phenotypes and consequently, there be more than one 

dominant biomarker. Comparison of biomarkers used in different studies is also complicated by the 

use of varying techniques; for example, multiple enzyme-linked immunosorbent assays have been 

used in studies of periostin in asthma, and methods of sputum induction and processing to assess the 

contribution of eosinophils and different inflammatory cells are difficult to reproduce across 

laboratories [86,95,114,122]. 

 

Type 2-low asthma 

There is evidence suggesting that, in addition to the Type 2 pathway, a distinct pathway driven by 

Th17 cells may form the basis of a clinically relevant asthma phenotype [123]. Th17 cells are 

characterized by secretion of IL-17A, IL-17F, IL-21 and IL-22 and have been identified in bronchial 

biopsies from patients with severe asthma [124–126]. Elevated levels of IL-17 are associated with 

corticosteroid resistance and are thought to contribute to AHR, mucus hypersecretion and airway 

obstruction [127]. Levels of Th17-derived IL-17 in the airway and peripheral blood are also positively 

correlated with disease severity [123,127,128]. A recent study showed an IL-4R polymorphism 

associated with severe asthma drives conversion of regulatory T cells to Th17 cells [129]. Studies in 

mice and humans suggest that Th17 cells promote neutrophilic infiltration via the release of IL-17, 

particularly in severe asthma [130–132], although some evidence has shown that severe non-

eosinophilic asthma does not respond to anti-IL-17 treatment [133]. A recent gene expression 

analysis using endobronchial tissue samples from patients with asthma of varying severity found a 

reciprocal relationship between Type 2 cytokines and Th17-related activity but that neutralization of 

both IL-13 and IL-17 protected mice from a range of inflammatory and airway responses [134]. 

To date, biomarkers of Type 2-low or neutrophilic asthma have not been described. However, as for 

Type 2 asthma, better understanding of the biological processes underlying this phenotype and 

subsequent identification of biomarkers will help guide treatment decisions and potentially develop 

novel targeted therapies [86]. Differential cell counts may be used to measure the relative numbers of 

eosinophils and neutrophils in the airway, although eosinophilic and neutrophilic asthma are not 
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mutually exclusive subtypes. The nature of inflammation may change in the same patient over time 

[135]. Several studies have found no inverse relationship between sputum eosinophil and neutrophil 

numbers [136], and eosinophils may be present in excess in addition to neutrophilic accumulation in 

the airways of patients with severe airway obstruction [136]. Inducing sputum is an invasive 

technique, so measuring sputum neutrophils may not be suitable for routine clinical practice [95]. 

However, unlike blood eosinophil counts and derived ratios, which can predict eosinophilic asthma, 

blood neutrophil parameters are poor surrogates for the proportion of neutrophils in the sputum 

[112,137]. 

One blood-based biomarker that could potentially be used to identify patients with neutrophilic asthma 

is the chitinase-like protein YKL-40, although conflicting reports exist. In one study, YKL-40 was 

shown to be increased in the serum and lungs of adult asthma patients and to be correlated with 

disease severity [138]. Serum levels of YKL-40 were higher in children with treatment-resistant 

asthma than in healthy children and were correlated with blood neutrophils [139]; however, this was 

challenged by another study [140]. An association between YKL-40 levels and blood eosinophils in 

asthmatic patients has also been described [77], meaning that the usefulness of YKL-40 as a 

biomarker for neutrophilic asthma is not confirmed. Clinical parameters that might suggest 

involvement of Type 2-low inflammation could include poor response to corticosteroid treatment. A 

combination of these approaches may provide the most reliable strategy for defining Type 2-low-

driven asthma. One such study, the UK Refractory Asthma Stratification Programme (RASP-UK), 

aims to: identify Type 2-high patients when adherent to high-dose ICS, as candidates for Type 2-

targeting biologic therapy; optimize corticosteroid treatment, avoiding excessive corticosteroid 

exposure; and will facilitate a better understanding of Type 2-low patients who are not responsive to 

corticosteroid therapy [141].  

It is important to consider that the Type 2-high pathway and Type 2-low responses are likely to play a 

dynamic role in asthmatic inflammation, with the role of different T-cell subpopulations predominating 

in different phases of the disease [40]. The identification of a novel subset of T cells that can secrete 

both IL-4 and IL-17 (Th17/Th2 cells) also supports the hypothesis that different inflammatory 

phenotypes can co-exist in one patient [142]. 
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Inflammation in childhood asthma 

Special consideration needs to be given to childhood asthma. To adequately cover this topic is 

beyond the scope of the current review, but it should be noted that, although chronic atopic asthma 

does exist in childhood, the majority of children do not suffer from chronic airway inflammation 

between episodes of wheezing [143]. Biomarker studies have found that a heterogeneous pattern of 

airway inflammation, including increased cysteinyl leukotriene production, eosinophil activation, and 

neutrophil activation, exists during episodes of wheezing [143]. Whilst anti-inflammatory treatments 

have only limited effect in reducing preschool wheeze, azithromycin has been found to reduce the 

duration of wheeze episodes, probably due to a close association between viral and bacterial 

infections and childhood asthma-like symptoms [144]. Furthermore, non-inflammatory childhood 

asthma phenotypes have been described [145] and how similar these are to adult Type 2-low asthma 

requires further investigation. Unlike in adults, most of the exacerbations in children are not 

associated with a Type 2 inflammatory process and this may have relevance to selecting therapy for 

such exacerbations in severe asthma [146].  

 

Therapeutic implications 

Type 2 cytokines have a pivotal role in asthma pathogenesis, and, as such, a number of targeted 

agents have been investigated as potential treatments, including antibodies that target IL-4, IL-5 or IL-

13 pathways. Along with clinical parameters, biomarkers that reflect Type 2 cytokine involvement are 

currently being used for patient selection or stratification in clinical trials of a number of these 

treatments. A summary of biomarker-guided investigative treatments is provided in Table 1.  

Similar to the distinct Type 2 cytokine pathways, the relative importance of predominant biomarkers 

may vary depending on the clinical endpoint. High levels of FeNO or blood eosinophils may indicate 

the potential for corticosteroid responsiveness in asthmatic patients [87,147,148]. Total serum IgE 

may also be predictive of steroid responsiveness, although limited data are available [91,148]. The 

omalizumab EXTRA trial demonstrated that high blood eosinophil counts are associated with an 

increased rate of exacerbations. In this study, high levels of FeNO and periostin were also predictive 

of the risk of future exacerbations in the placebo arm [149]. Results from the LUTE/VERSE 

lebrikizumab studies indicated that higher periostin levels may also predict greater risk of future 
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exacerbations [120]. 

Several studies suggest that Type 2 biomarkers could be used to predict AHR in patients with asthma. 

FeNO has been shown to provide a sensitive biomarker for predicting AHR following mannitol 

challenge [150]. Serum periostin levels correlate with AHR to methacholine and mannitol in asthmatic 

children [151] and periostin is required for maximal AHR after allergic sensitization in mice [152]. A 

potential link between eosinophils and AHR is controversial, with mouse models suggesting AHR is 

dissociated from eosinophil infiltration [153,154]. In parallel, there was no improvement in AHR noted 

during a trial of mepolizumab, as measured with direct challenge after 50 weeks of treatment [155]. 

Ideally, classification of a Type 2-high asthma phenotype could be achieved using one simple 

biomarker test; however, in reality, determination of Type 2 involvement is likely to be based on a 

number of observations over time. These may include clinical parameters, such as responsiveness to 

steroids or the presence of early-onset disease, allergic phenotype, as well as Type 2 biomarkers 

(including sputum or blood eosinophils, serum periostin, FeNO and serum IgE) alone or in 

combination. FeNO and periostin may be employed to assess the response to biological agents 

inhibiting IL-13. Blood eosinophils can predict response to treatment with anti-IL-5 antibodies [149], 

and most recently an anti-IL-13 antibody [120]. Therapy with anti-IL-5 reduces blood eosinophils but 

not FeNO; anti-IL-13 therapy reduces FeNO and has been associated with raised blood eosinophils. 

An oral prostaglandin D2 receptor antagonist has recently been shown to reduce eosinophilic 

inflammation within the airways, but with no effect on peripheral blood eosinophil levels [156]. A panel 

of two or three biomarkers in combination may provide higher confidence in the identification of Type-

2 driven asthma. In addition, other potential analytics for asthma classification are being evaluated 

and may become more widely available in the future. These include metabolomic approaches, such 

as nuclear magnetic resonance spectroscopy for measuring various urinary metabolites [157]. 

The underlying inflammatory pathways that contribute to asthma pathogenesis in individual patients 

have clear implications on the optimal choice of treatment. By establishing what is driving a patient’s 

asthma it may be possible to identify patients most likely to be uncontrolled with existing treatments, 

and intercept with targeted therapies earlier. An improved understanding of the underlying 

mechanisms in asthma pathophysiology may also help in predicting clinical responses of different 

patient subgroups to new therapies, thereby providing more personalized treatment options and 
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potentially improving future asthma care [5].  

In the future, biomarker tests such as differential blood cell counts and measures of serum periostin, 

FeNO and total and specific IgE may also be included in initial patient evaluations during routine 

practice, in addition to clinical asthma assessments. If there is a subgroup of asthmatics with evidence 

of predominantly Th1 or Th17-mediated inflammation, biomarkers and targeted therapeutics can 

potentially be developed for these patients [133]. For instance, there was no treatment effect with an 

antibody targeting IL-17 receptor signalling (brodalumab) in the full study population of subjects with 

inadequately controlled moderate-to-severe asthma taking regular ICS with asthma [133]. This is very 

likely because a good biomarker of IL-17 activity was not identified and bronchodilator reversibility, 

which was used as a selection criterion for patients entering the clinical trial, is not specific for IL-17 

biology. In contrast, studies that selected patients based on persistent sputum or blood eosinophilia 

and prednisolone response consistently report a response to anti-IL5 therapy, indicating that 

persistent eosinophilia is a good biomarker for anti-IL-5 therapy [158].  

Finally, given the crossover of T-cell-mediated inflammation to other inflammatory disorders and 

autoimmune diseases, the overarching concept of targeting inflammatory cytokines has implications 

for numerous non-asthma indications. The effects of Type 2 cytokine-targeted treatments are already 

being investigated in conditions such as eosinophilic oesophagitis and atopic dermatitis [159,160]. 

 

Conclusions and further research needs 

Understanding what drives a patient’s asthma is important for the patient and the treating physician. A 

crucial approach in this process may be to observe biomarkers to determine whether, or to what 

extent, their disease is mediated by Type 2 inflammatory pathways. The identification of different 

phenotypes and endotypes may help us to better understand the underlying mechanisms, inform 

studies to unveil endotype-specific causality, guide effective prevention and aid in routine clinical 

decision-making, ultimately improving the overall standard of asthma management. 

To fully exploit the potential of predictive biomarkers, adaptive population-enrichment designs should 

be incorporated to validate novel therapies for asthma in addition to randomized controlled trials [161]. 
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Such trial designs could allow for all participants to undergo randomization but for population 

enrichment to occur, eliminating non-performing subgroups (e.g. biomarker low) and enriching well-

performing populations (e.g. biomarker high). With the help of an interim analysis, it could be 

established whether the biomarker-positive patients benefit differentially from the therapy compared 

with the biomarker-negative patients [162]. Alternatively, a broadening the population could occur by 

adding parallel groups of more ‘real-world’ patients following confirmation of the risk-benefit profile in a 

highly selected group. In both these approaches power calculations and biomarker cut off points 

would need careful consideration.  

A number of unresolved issues related to asthma classification still remain. These include the need to 

understand what drives disease in those patients who do not show evidence of Type 2 inflammation 

and develop effective treatments. Even within Type 2-mediated asthma, there is uncertainty as to 

whether all cases of Type 2-high asthma are the same. The existence of atopic (IgE-driven) and non-

atopic Type 2 asthma indicates they may not be. There could also be differences in the source and 

relative contribution of different cytokines in Type 2 asthma, so targeting one cytokine over another 

may affect more, or different, endpoints. In this respect, the potential use of one or more biomarkers 

might help physicians to select the most appropriate treatment. Together, improving understanding of 

Type 2-high and Type 2-low mechanisms and biomarkers may help to advance treatment options for 

many patients with asthma who remain uncontrolled despite use of current standard of care. 
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Figure legends 

Figure 1: Overview of a Type-2 driven asthma response: Type 2 cytokines drive the recruitment of 

effector cells (e.g. eosinophils) and mediate class switching of B cells to secrete IgE upon exposure to 

antigens. They are also central to many of the hallmarks of asthma, including mucus production, 

subepithelial fibrosis, bronchial remodelling and airway hyperresponsiveness 
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Table 1: Overview of biologic approaches currently in development for Type 2 asthma management 

Target patient 
population 

Studied/ 
potential 
biomarker(s) 

Biologic  
(drug name) 

Drug type Manufacturer Development 
phase 

Main effects  References 

Moderate-to-
severe, persistent; 
allergic asthma; 
GINA stage 5 

Serum IgE  
 Omalizumab 
(Xolair®) 

Anti-IgE 
mAb 

Genentech/ 
Novartis 

Approved 
Reduced exacerbation rates 
and OCS use 

[1,11,163–
165] 

Moderate-to-
severe, persistent 
asthma 

Eosinophils > 
400/µL (TBC) 

Reslizumab 
Anti-IL-5 
mAb 

Teva Approved 

Improved lung function 
(FEV1); 
Improved asthma control 
(ACQ score) 

[166–168] 

Severe, 
uncontrolled, 
refractory asthma 

Blood eosinophil 
counts of  
≥ 150 cells/µL at 
screening, or ≥ 
300 cells/µL in the 
past year (TBC) 

Mepolizumab 
Anti-IL-5 
mAb 

GlaxoSmithKline Approved 

Reduced exacerbation rates 
Oral steroid reduction 
Improved lung function 
Improved QOL  

[169,170] 

Moderate-to-
severe, 
uncontrolled 
asthma  

Eosinophils  
> 400/µL (TBC) 
 

Benralizumab 
Anti-IL-5R 
mAb 
 

AstraZeneca/ 
MedImmune 

III Reduced exacerbation rates  [171–173] 

Moderate-to-
severe, 
uncontrolled 
asthma 

Serum periostin ≥ 
50 ng/mL (TBC) 

Lebrikizumab 
Anti-IL-13 
mAb 

Genentech/ 
Roche 

III 

Improved lung function 
(FEV1); 
Trend for reduced 
exacerbation rates  

[119,120,174] 

Moderate-to-
severe, persistent, 
uncontrolled 
asthma 

Sputum IL-13, 
blood eosinophils, 
periostin, DPP-4 
(TBC) 

Tralokinumab 
Anti-IL-13 
mAb 

AstraZeneca/ 
MedImmune 

IIb 
Trend for reduced 
exacerbation rates 

[175] 

Moderate-to-
severe asthma 

Blood eosinophils 
≥ 300 cells/µL or 
sputum 
eosinophils ≥ 3% 
(TBC) 

Dupilumab 
Anti-IL-4Rα 
mAb  

Sanofi/ 
Regeneron 
Pharmaceuticals 

IIb 

Reduced exacerbation rates;  
Improved lung function 
(FEV1); 
Improved asthma control 
(ACQ score) 

[176,177] 

ACQ, Asthma Control Questionnaire; FEV1, forced expiratory volume in 1 second; mAb, monoclonal antibody; OCS, oral corticosteroid; TBC, to be confirmed, 

QOL quality of life scores 
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