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Asthma is a chronic inflammatory disease of the airways and there are no preventions or cures. Inflammatory cells through
the secretion of cytokines and pro-inflammatory molecules are thought to play a critical role in pathogenesis. Type 2 CD4+

lymphocytes (Th2 cells) and their cytokines predominate in mild to moderate allergic asthma, whereas severe steroid-resistant
asthma has more of a mixed Th2/Th1 phenotype with a Th17 component. Other immune cells, particularly neutrophils,
macrophages and dendritic cells, as well structural cells such as epithelial and airway smooth muscle cells also produce
disease-associated cytokines in asthma. Increased levels of these immune cells and cytokines have been identified in clinical
samples and their potential role in disease demonstrated in studies using mouse models of asthma. Clinical trials with
inhibitors of cytokines such as interleukin (IL)-4, -5 and tumour necrosis factor-a have had success in some studies but not
others. This may reflect the design of the clinical trials, including treatments regimes and the patient population included in
these studies. IL-13, -9 and granulocyte-macrophage colony-stimulating factor are currently being evaluated in clinical trials or
preclinically and the outcome of these studies is eagerly awaited. Roles for IL-25, -33, thymic stromal lymphopoietin,
interferon-g, IL-17 and -27 in the regulation of asthma are just emerging, identifying new ways to treat inflammation. Careful
interpretation of results from mouse studies will inform the development and application of therapeutic approaches for
asthma. The most effective approaches may be combination therapies that suppress multiple cytokines and a range of
redundant and disconnected pathways that separately contribute to asthma pathogenesis. Astute application of these
approaches may eventually lead to the development of effective asthma therapeutics. Here we review the current state of
knowledge in the field.
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Introduction

Asthma is a prevalent and serious chronic inflammatory
airway disease that affects 300 million people word wide. The
mechanisms of pathogenesis are incompletely understood
and there are no preventions or cures. In the mid-1980s a
paradigm emerged that type 2 CD4+ lymphocytes (Th2 cells)
were important in the pathogenesis of allergic asthma (Kay
et al., 1991; Robinson et al., 1992) based on the observations
that specific Th2 subtypes existed (Mosmann et al., 1986;

Parish and Luckhurst, 1982). This paradigm has dominated
asthma research for the past 30 years. However, asthma is now
increasingly being recognized as a heterogeneous disorder and
roles for Th1, Th2, and more recently Th17 and regulatory T
cells have been identified (Figure 1) (Thorburn and Hansbro,
2010). Innate immune cells such as neutrophils, macrophages,
natural killer (NK) and natural killer T (NKT) cells and den-
dritic cells and structural cells including epithelial and airway
smooth muscle (ASM) cells release T-cell polarizing and other
cytokines. Many cytokines released by T cells, innate and
structural cells contribute to the different pathogenetic

BJP British Journal of
Pharmacology

DOI:10.1111/j.1476-5381.2011.01219.x
www.brjpharmacol.org

British Journal of Pharmacology (2011) 163 81–95 81© 2011 The Authors
British Journal of Pharmacology © 2011 The British Pharmacological Society



features of asthma. Therefore, specific anti-cytokine therapies
may be effective in some subsets of asthmatics but not others.
Thus, there is a need to better segregate asthma patients into
subgroups that differ in the likely cause of the lung disorder. In
addition, it might be necessary to block the expression and/or
bioactivity of more than one cytokine to obtain significant
therapeutic benefits in an asthma patient. Here we review the
identification of the proposed roles of specific cytokines in
asthma pathogenesis and their potential as therapeutic

targets. Although we recognize their importance, due to space
restraints we have not included detailed discussions of studies
that have used cultured human cells to elucidate the mecha-
nistic contribution of cytokines to asthma pathogenesis or of
endogenous factors that control the half lives and catabolism
of cytokines that are likely to be important in asthma. Further-
more, due to space limitations we quote a number of detailed
reviews to direct the reader to the primary literature and our
focus is a broad contemporary overview of the field.

Figure 1
Subtypes of asthma. The respiratory epithelium can interact bi-directionally with cells from the innate immune system to release a variety of
cytokines that are responsible for initiating the differentiation of the various T helper (Th) cell subsets. These innate cytokines include interleukin
(IL)-1, IL-6 and TGF-b, which induce Th17 cells, IL-12 and interferon (IFN)-g that promote Th1 cell development, and IL-4, IL-25, IL-33 and thymic
stromal lymphopoietin (TSLP), which drive Th2 cell differentiation. These Th cell subsets then secrete a variety of subset specific mediators that
activate unique cellular responses. These cells either directly produce and/or induce the production of IL-17A and F, tumour necrosis factor (TNF)-a
(Th17), IFN-g, IL-27 and TNF-a (Th1), or IL-4, -5, -9, -13 and granulocyte-macrophage colony-stimulating factor (GM-CSF) (Th2). Th1 and Th17
cell responses in the lung contribute to predominantly neutrophil or mixed (neutrophils and lower proportions of eosinophils) granulocytic
inflammation and neutrophilic or mixed granulocytic asthma. By contrast, Th2 cell responses induce predominately eosinophil, basophil and mast
cell infiltration of the airways and promote IgE-mediated responses and allergic or eosinophilic asthma. These subtypes of asthma have the
hallmark clinical features of disease including inflamed airways, mucus hypersecretion and bronchoconstriction, even though they are induced
through different mechanisms. Neutrophilic asthma is largely steroid-resistant, hence this subtype often leads to severe asthma and involves
TNF-a, IFN-g, IL-17 and IL-27. Eosinophilic asthma is steroid-sensitive and can be effectively controlled by corticosteroid treatment and most
patients experience stable mild-moderate disease. Patients with both subtypes of asthma can experience acute exacerbations induced by a variety
of triggers, particularly infection that are associated with TNF-a, IL-8, GM-CSF and reduced type I IFNs.
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Asthma pathogenesis
Mild to moderate allergic asthma is generally characterized by
acute on chronic airway inflammation consisting of acti-
vated Th2 lymphocytes and eosinophil infiltrates in associa-
tion with IgE production, mucus secreting cells (MSC)
hyperplasia and metaplasia, remodelling of the airway wall
and airway hyperresponsiveness (AHR) (Figure 1) (Bochner
et al., 1994; Wills-Karp, 2004). Airway remodelling involves
a thickening of the airway epithelium, MSC hyperplasia/
metaplasia, subepithelial fibrosis, collagen deposition and
smooth muscle hypertrophy (Temelkovski et al., 1998). The
AHR is characterized by enhanced responsiveness and con-
striction of the airways to non-specific spasmogenic stimuli,
such as methacholine. These hallmark pathological features
of asthma are thought to underpin the clinical symptoms of
disease such as airway obstruction, coughing, dyspnoea and
wheezing. In particular, Th2 cells through the secretion
of their cytokines [interleukin (IL)-3, -4, -5, -9, -13,
granulocyte-macrophage colony-stimulating factor (GM-
CSF), thymic stromal lymphopoietin (TSLP)] are thought
contribute to various pathological features of disease (Par-
ronchi et al., 1991; Durham et al., 1992; Hansbro et al.,
2008; Kaiko et al., 2008). For example, IL-5, -9 and -13 regu-
late eosinophilia, mastocytosis and mucus hypersecretion
respectively (Townsend et al., 2000; Kibe et al., 2003; Yang
et al., 2003). Many studies have identified a central role for
IL-13 in the pathogenesis of allergic inflammation and
asthma. The cause of the increased numbers of Th2 cells in
the airways remains unknown but may be related to the
dysregulation of the activities of Th1 cells [interferon (IFN)-g
production] or regulatory T cells (IL-10 production) that can
provide a counterbalance (Thorburn and Hansbro, 2010). In
recent years, the innate immune cytokines IL-25, -33 and
TSLP have gained prominence for their potent Th2-inducing
capacity (Saenz et al., 2008). The activity of cytokines leads
to the influx and activation of Th2 cells, mast cells and
eosinophils that release their own mediators and promote
chronic allergic airway inflammation (Flood-Page et al.,
2003a).

Severe asthma has different pathological features to mild to
moderate allergic asthma and is characterized by a mixed
Th2/Th1 phenotype with a possible contribution from Th17
cells (Figure 1) (Cho et al., 2005; Alcorn et al., 2010). Tumour
necrosis factor (TNF)-a, IFN-g, IL-17 and -27 are elevated and
may induce the influx of neutrophils (rather than eosino-
phils) or a mixed granulocytic airway infiltrate that is char-
acteristic of this subtype of asthma. Notably, patients with
this asthma subtype are refractory to glucocorticoid treat-
ment and bacterial and viral infections are implicated in the
induction and progression of disease (Hansbro et al., 2004;
2008; Wang et al., 2010; Horvat et al., 2010a).

Asthma exacerbations. Airway obstruction, coughing, dys-
pnoea and wheezing contribute to exacerbations that are
precipitated by allergens and infections (Hansbro et al., 2004;
2008). Exacerbations are mediated by eosinophils or in more
common and severe cases by neutrophils, are driven by dif-
ferent cytokines and are steroid resistant (Figure 1). TNF-a,
IL-8 and GM-CSF are implicated in more severe exacerbations
that are steroid resistant and TNF-a in particular is likely to
play a pivotal role (Berry et al., 2006; Ito et al., 2008).

Infection-induced exacerbations may be related to reduced
levels of type I IFNs (IFN-a’s and -b) (Wark et al., 2005).

Steroids and combination therapies with long-acting
b-agonists are the mainstay of asthma treatment and effec-
tively suppress cytokine expression and acute inflammatory
symptoms (Eklund et al., 1997). However, they do not
prevent, reverse or treat the underlying causes of disease.
These treatments require constant monitoring and are asso-
ciated with side-effects and resistance. Therefore, there is an
urgent need for new and more effective treatments and cytok-
ines have been extensively investigated as potential therapeu-
tic targets.

Anti-cytokine therapies

Established clinical targets
The following investigations and human trials employing
inhibitors of cytokines and pathways have been performed:

Anti-IL-4/IL-4-Ra. IL-4 is produced by Th2 cells, activated
mast cells and eosinophils, is required for Th2 cell differen-
tiation and expansion, and suppresses Th1 cell development
(Figure 1) (Kaiko et al., 2008). It promotes isotype switching
of B cells to IgE production (Finkelman et al., 1988), the
growth and development of mast cells (Madden et al., 1991)
and eosinophil recruitment (Schleimer et al., 1992). IL-4
contributes to maintaining the inflammatory response to
antigens, the production of eotaxins and the development
of MSC and AHR (Temann et al., 1997; Hogan et al., 1997b).
Inflammation is enhanced by IL-4-induced increases in vas-
cular cell adhesion molecule (VCAM)-1 expression that pro-
motes the migration of T cells and inflammatory cells into
the lung. IL-4 also induces collagen and fibronectin synthe-
sis and may contribute to airway remodelling (Büttner et al.,
1997). Both IL-4 and -13 induce their effects by signalling
through the IL-4 receptor a/IL-13Ra1 (Hart et al., 1999). An
alternatively spliced transcript of IL-4 lacking exon 2 has
been identified and may be a natural inhibitor of IL-4 and
may have a potential as an asthma therapy (Sorg et al.,
1993). Both anti-IL-4 and anti-IL-4Ra have been investigated
for their capacity to suppress the induction and reverse
asthma.
Mouse studies. The administration of IL-4 to mice did not
induce cellular influx into the airways or AHR (Corry et al.,
1996; Gavett et al., 1997). IL-4-trangenic (Tg) mice have
increased serum IgE and mucus production (Tepper et al.,
1990; Temann et al., 1997).

IL-4- and IL-4R-deficient (-/-) mice have been assessed in
animal models of allergic airway disease (AAD) designed to
recapitulate many of the hallmark features of asthma. The
induction of acute AAD in IL-4-/- mice was associated with
reduced eosinophil recruitment into the airways, MSC hyper-
plasia and IgE and IgG1 responses. However, the degree of
neutrophil and lymphocyte recruitment, blood eosinophilia
and airway damage were not affected (Brusselle et al., 1994;
Hogan et al., 1997b; Grünig et al., 1998). AHR was suppressed
in some studies but not others and Brusselle et al., showed
that IL-4 may suppress AHR in the absence of inflammation
(Brusselle et al., 1994). The attenuation of hallmark features
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of AAD was greater in IL-4R-/- mice, which results from inhib-
iting the activity of both IL-4 and -13.

In chronic models of asthma IL-4-/- mice had reduced
airway inflammation but increased epithelial hypertrophy,
subepithelial fibrosis and AHR (Foster et al., 2000) and IL-4R-/-

mice had reduced epithelial hypertrophy and MSC hyperpla-
sia but airway inflammation, fibrosis and AHR were unaf-
fected (Kumar et al., 2002). These studies indicate that IL-4
does not play a significant role in chronic airway
inflammation.

Nevertheless, models of AAD in mice have demonstrated
beneficial effects of suppressing IL-4 activity. Administration
of anti-IL-4 during allergen sensitization suppressed eosino-
phil infiltration into the airways and inhibited IL-5 release
from T cells, IgE production and AHR (Coyle et al., 1995; Corry
et al., 1996). However, administration before or during aller-
gen challenge had no effect. In another study inhibition of
IL-4 reduced but did not inhibit IL-13 production from lymph
nodes, which may explain why AHR persisted (Webb et al.,
2000). By contrast, antibody blockade of the IL-4R before
antigen challenge significantly reduced eosinophil airway
influx, allergen-specific IgE production, VCAM-1 expression,
numbers of MSC and AHR (Renz et al., 1996; Gavett et al.,
1997; Henderson et al., 2000). The effects on eosinophil
recruitment may occur by down-regulation of VCAM-1 and
very late antigen-4 (Nakajima et al., 1994). Blockade of the
IL-4R may also inhibit receptors on B cells or mast cells. The
expression or production of cytokines were either unaffected
(IL-5, IFN-g) or increased (IL-4) after treatment. This suggests
that IL-4 is not required to sustain cytokine release from Th2
cells and that IL-4R blockade occurs on cells other than T cells
and may prevent the uptake of IL-4 by T cells.

A mutated IL-4 that blocks IL-4 and -13 signalling
through the IL-4Ra/IL-13Ra1 has also been tested. Adminis-
tration during sensitization reduced IgE, eosinophil airway
infiltration, IL-4 and -5 levels, MSC numbers and AHR (Hahn
et al., 2003; Yang et al., 2004). However, the inhibitor was not
effective in suppressing AAD after sensitization had occurred.

Taken together these studies showed that IL-4 is necessary
but not sufficient for the development of AAD, while block-
ade of the IL-4R may suppress some pathological features of
asthma.
Human studies. A humanized anti-IL-4 neutralizing anti-
body (pascolizumab) was generated and shown to inhibit IL-4
bioavailability to human-derived cell lines and was well tol-
erated in monkeys (Hart et al., 2002). However, clinical trials
of IL-4-specific antagonists for asthma have failed (Wenzel
et al., 2007). This has led to the concept that targeting IL-4
alone may be too selective and that alternative approaches
that suppress the activity of both IL-4 and -13 may be more
beneficial (O’Byrne et al., 2004).

A soluble IL-4Ra has been trialled for efficacy in inhibiting
IL-4 activity and moderate persistent asthma in adults after
corticosteroid withdrawal (Borish et al., 2001). Treatment was
well tolerated and lacked side effects and prevented reduc-
tions in FEV1 and increases in asthma symptom scores com-
pared to placebo.

A human monoclonal anti-IL-4Ra antibody (AMG 317)
that blocks both IL-4 and -13 signalling has recently been
developed and tested as an asthma therapy (Corren et al.,
2010). Treatment did not have clinical efficacy with no

improvements in the control of stable asthma, b-agonist use
or lung function. However, treatment did suppress exacer-
bations, particularly in patients with higher asthma scores
and reversibility. Increasing the dose, treatment duration or
application to specific asthma phenotypes may be more
effective.

Piktrakinra is a recombinant variant of human IL-4 that
potently inhibits the binding of both IL-4 and -13 to the
IL-4Ra/IL-13Ra1 complex. Therapeutic administration of pik-
trakinra protected allergic monkeys from airway eosinophil
influx and AHR after allergen challenge (Tomkinson et al.,
2010). In humans, treatment of atopic asthmatics with pik-
trakinra, significantly improved FEV1 upon allergen challenge
and reduced spontaneous asthma attacks requiring rescue
medication (Wenzel et al., 2007).

Anti-IL-4 treatments appear to be ineffective in estab-
lished disease. However, targeting IL-4 during sensitization or
in combination with anti-IL-5 treatment may be effective in
asthma. Blocking IL-4 may have long-term benefits by sup-
pressing Th2 development and the downstream effects of Th2
responses including IL-3, -13 and GM-CSF release, eosinophil
influx, mucus hypersecretion and airway remodelling. The
use of soluble IL-4R seems to be the most effective approach.
Interfering with the IL-4Ra would also attenuate the effects of
IL-13 and remains a therapeutic possibility for clinical benefit
in asthma.

Anti-IL-5. IL-5 is increased in bronchial biopsies and is asso-
ciated with increased numbers of eosinophils in asthmatics,
which correlate with disease severity (Figure 1) (Azzawi et al.,
1990; Hamid et al., 1991). IL-5 signals through the IL-5Ra and
is critical for the growth, maturation and activation and sup-
presses apoptosis of eosinophils and is implicated in the
induction of AHR (Hogan et al., 1997b). Indeed, inhalation of
IL-5 by asthmatic patients induced eosinophil influx into the
airways and AHR (Leckie et al., 2000). IL-5 also regulates its
own receptor expression on eosinophils during their devel-
opment. Eosinophils are considered to play an important role
in asthma pathogenesis. Upon activation they degranulate
and release lipid mediators cytokines, cytotoxins, leukot-
rienes, and platelet activating factor (PAF) and pro-fibrogenic
factors such as TGF-a, TGF-b, platelet-derived growth factor
(PDGF) and matrix metalloproteinase (MMP)-9 that induce
airway narrowing and remodelling, and AHR (Trifilieff et al.,
2001; Flood-Page et al., 2003a; Tanaka et al., 2004). These
observations suggest that IL-5-induced eosinophils may con-
tribute to mucus hypersecretion, airway remodelling and
AHR.
Mouse studies. Increased IL-5 in the airways of wild-type
(WT) or IL-5-Tg animals induces eosinophilic influx into the
airways and structural changes in the lung (Van Oosterhout
et al., 1995; Lee et al., 1997; Trifilieff et al., 2001). In IL-5-/-

mice, eosinophil (but not other leukocyte) influx into the
airways, numbers of MSC, airway damage, the early stages of
airway remodelling and AHR were abrogated in acute models
of AAD (Foster et al., 1996; Trifilieff et al., 2001). Increased
numbers of eosinophils and AHR were restored by transfer of
IL-5-producing vaccinia virus (Foster et al., 1996). In a model
of subchronic AAD in IL-5Ra-/- mice, eosinophil influx into
the airways, TGF-b levels in bronchoalveolar lavage (BAL),
and airway fibrosis were also inhibited (Tanaka et al., 2004).
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These factors were enhanced upon the induction of AAD in
IL-5-Tg mice (Tanaka et al., 2004).

Other studies using IL-5-/- mice and a model of chronic
allergic asthma showed that IL-5 plays a pivotal role in the
development of eosinophilic and chronic inflammation as
well as AHR but was not required for epithelial and fibrotic
changes (Foster et al., 2000). Collectively these studies con-
firmed the importance of IL-5 and eosinophilic inflammation
in mediating inflammation and AHR in AAD of mice.

Anti-IL-5 neutralizing antibodies (TRFK-5) have potent
suppressive effects on eosinophils. A single-dose inhibits
eosinophil influx into the airways and their release from
bone marrow when administered 8–12 weeks before allergen
sensitization and challenge of mice (Garlisi et al., 1999). Pre-
treatment also inhibited eosinophil infiltration into the
airways but did not affect AHR (Corry et al., 1996). Admin-
istration of anti-IL-5 in acute or subchronic models of AAD
suppressed the development of eosinophilic inflammation
(in airways, blood and bone marrow), MSC and AHR and
prevented airway fibrosis (Hogan et al., 1997a; Hamelmann
et al., 1999; Blyth et al., 2000; Tanaka et al., 2004) but did
not affect B-cell antibody or T-cell cytokine production or
mast cell function (Hamelmann et al., 1999). Delivery of
anti-IL-5 to IL-4-/- mice abolished the influx of eosinophils
into the airways, lung damage and AHR (Hogan et al.,
1997b). This indicates that cooperative pathways are impor-
tant in the pathogenesis of asthma and that combination
therapies that target multiple factors may be more effective
than single therapies.

In models of chronic allergic asthma, anti-IL-5 delivered
once lesions had developed, suppressed airway inflammation
and remodelling but had no effect on AHR (Mathur et al.,
1999; Kumar et al., 2004). These studies indicate that reduc-
ing eosinophils may not suppress symptoms of chronic
asthma and additional strategies to suppress AHR may be
required.

Collectively, these observations suggest that IL-5 has an
important role in regulating eosinophil influx into the
airways, airway remodelling and AHR and indicated that anti-
IL-5 may be beneficial in asthma.
Human studies. The efficacy of TRFK-5 has been tested in a
non-human primate model of asthma (Mauser et al., 1995).
Treatment almost completely suppressed the influx of eosi-
nophils into the airways and AHR for up to 3 months. This
led to the development of humanized anti-IL-5 monoclonal
antibodies (mepolizumab, SCH55700), which block the
binding of IL-5 to the IL-5Ra. Efficacy and safety of mepoli-
zumab studies in a primate asthma model showed it had
minimal adverse effects and suppressed eosinophil infiltra-
tion into the airways and blood but did not alter eosinophil
precursors in the bone marrow or allergic bronchoconstric-
tion (Hart et al., 2002).

In three small safety and efficacy clinical trials in mild and
severe asthma, anti-IL-5 mAbs [mepolizumab (Leckie et al.,
2000; Flood-Page et al., 2007) or SCH55700 (Kips et al., 2003)]
had similar effects to those observed in chronic models of
asthma in mice. Mepolizumab was safe and effectively
reduced eosinophil numbers in the airways and blood, and
the expression extracellular matrix (ECM) proteins, but did
not suppress AHR, asthma symptoms or late phase reactions
to allergen provocation or improve lung function (Leckie

et al., 2000; Kips et al., 2003; Flood-Page et al., 2007). Mepoli-
zumab suppressed late but not early eosinophil differentia-
tion in the bone marrow and did not completely abrogate
eosinophil influx (Leckie et al., 2000). Tissue infiltration of
eosinophils was only reduced by 50% and there was no effect
on degranulation (Flood-Page et al., 2003b). Nevertheless,
even the modest reduction in tissue eosinophils correlated
with significant decreases in airway TGF-b levels (which was
predominantly produced by eosinophils) and deposition of
some ECM (tenascin, lumincan) proteins (Flood-Page et al.,
2003a).

There are several potential reasons for the lack of efficacy:
(i) treatment regimes employed were short term and did not
sufficiently reduce eosinophils and longer-term treatment
may be required; (ii) studies were not sufficiently powered to
detect clinically efficacy; (iii) patients were selected on clini-
cal and physiological parameters rather than eosinophilic
inflammation and eosinophilic outcomes were not the
primary measures; (iv) eosinophils may be bystanders in the
disease process or other cytokine-progenitor pathways may
mediate disease; (v) anti-IL-5 suppresses IL-5Ra expression
and therefore eosinophils become less responsive, which may
promote eosinophil survival; and (vi) early differentiation of
eosinophils may be mediated by IL-3 and GM-CSF through
the IL-3/IL-5/GM-CSF bc-receptor (Asquith et al., 2008) and
eosinophil influx may be induced by eotaxins and C-C
chemokine receptor type 3 (CCR3) as well as IL-5 (Foster
et al., 2002). Further work is needed to clarify these issues.

To address some of these issues, two more recent studies
have trialled mepolizumab in asthmatics with elevated
numbers of sputum eosinophils, airway symptoms and severe
exacerbations that were refractory to corticosteroid treatment
and over longer treatment periods (Haldar et al., 2009; Nair
et al., 2009). Mepolizumab was well tolerated over 12
months, and reduced blood and sputum eosinophils, airway
wall thickness and remodelling, corticosteroid use and
asthma exacerbations and improved FEV1 (in one study) and
quality of life in these patients. These results are supported by
others that show efficacy in suppressing other eosinophil
mediated diseases (Haldar et al., 2009; Nair et al., 2009) and
that adjusting inhaled steroid treatment according to sputum
eosinophil counts resulted in a dramatic decrease in exacer-
bations (Green et al., 2002; Jayaram et al., 2006). These
studies confirm predictions from mouse models that IL-5
suppresses eosinophilic inflammation and airway remodel-
ling in asthma. They demonstrate that anti-IL-5 treatment is
effective in severe asthma with exacerbations where eosino-
phils have a pathogenetic role. Other studies show that eosi-
nophilic inflammation is delineated from changes in lung
function and AHR that may be treated with other therapies
(e.g. steroids) that suppress pathogenesis through different
mechanisms (Haldar et al., 2009).

Anti-TNF-a. TNF-a is increased in BAL and bronchial biopsy
specimens from severe asthma patients and its expression is
refractory to steroid treatment (Howarth et al., 2005). TNF-a
is produced by Th1 cells and macrophages and to as lesser
extent mast cells in ASM, which may induce AHR (Figure 1).
TNF-a directly alters the contractility of ASM probably
through alterations in calcium flux and bronchoconstrictor
sensitivity (Anticevich et al., 1995).
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Mouse studies. TNF-a can mediate the recruitment of neu-
trophils and eosinophils into the airways in antigen-driven
airway inflammation in mice potentially via up-regulation of
epithelial and endothelial adhesion molecules (Lukacs et al.,
1995). It also directly promotes T-cell activation (Scheurich
et al., 1987). TNF-a also uniquely suppresses glucocorticoid
responsiveness in monocytes and up-regulates the pathways
involved in chronic airway remodelling and subepithelial
fibrosis (Franchimont et al., 1999; Sullivan et al., 2005).
Human studies. Several humanized anti-TNF-a neutralizing
antibodies (infliximab, adalimumab and golimumab) are
available (Desai and Brightling, 2009). Infliximab improved
some lung function measures (diurnal variation in peak expi-
ratory flow) but not others (morning peak expiratory flow,
AHR) and reduced exacerbations in moderate asthmatics
(Erin et al., 2006; Morjaria et al., 2008). The largest study used
long-term treatment with golimumab for severe asthma;
however, the trial was terminated early due to a large number
of adverse events (Wenzel et al., 2009).

A soluble fusion protein (etanercept) that binds and neu-
tralizes TNF-a has been developed and used with some prom-
ising results. Treatment reduced airway histamine levels and
AHR and improved lung function and quality of life in
patients with difficult to manage asthma. Airway eosinophil
or neutrophil numbers were not altered (Howarth et al., 2005;
Berry et al., 2006). Efficacy closely correlated with TNF-a
mRNA expression and receptor expression on monocytes.
However, the improvements were relatively modest and other
studies in moderate-severe asthma have been negative.
Serious concerns remain over the safety of TNF-a blockade,
which may enhance susceptibility to respiratory infection
(Berry et al., 2006).

Novel asthma therapies
Although there is significant experimental support for the
potential targeting of the following cytokines in asthma,
human trials are in their infancy.

Anti-IL-13. IL-13 expression is increased after antigen chal-
lenge of the airways of asthmatics (Huang et al., 1995). It is
produced by activated Th2 cells, mast cells and dendritic cells
(Figure 1) (Wills-Karp et al., 1998) and signals through the
IL-4Ra/IL-13Ra1 complex, although IL-4Ra-independent sig-
nalling also occurs (Kumar et al., 2002).
Mouse studies. IL-13 induces B cells to release IgE, increases
VCAM-1 expression (Wills-Karp et al., 1998) and is important
in the recruitment of eosinophils into airway tissue. IL-13
can also stimulate fibroblasts to proliferate, induce MSC
hyperplasia and mucus production, airway remodelling
and AHR in animal models of AAD (Grünig et al., 1998;
Wills-Karp et al., 1998; Kumar et al., 2004; Horvat et al.,
2010b). Some of these effects may occur in IL-4Ra-dependent
and T-cell independent processes; however, IL-13+ T cells
alone can induce eosinophil influx, and AHR independently
of the IL-4Ra (Mattes et al., 2001). The effects of IL-13 on
AHR may be directly on ASM but other factors, potentially
mast cells in the ASM, may also be involved (Brightling et al.,
2003; Shore and Moore, 2002). Naïve IL-13-Tg mice have
elevated baseline mucus production, airway remodelling
and AHR (Zhu et al., 1999) and after challenge have

increased IgE, mucus and susceptibility to anaphylaxis
(Fallon et al., 2001).

IL-13-/- mice have suppressed MSC numbers and may or
may not have AHR in acute AAD (Webb et al., 2000; Walter
et al., 2001). These conflicting results may be explained by
the involvement of different cells and cytokines in different
models, and the development of AHR in IL-13-/- mice may
result from compensatory mechanisms. These studies also
show that the mechanisms of induction of mucus produc-
tion and AHR may be dissociated. IL-13-/- mice show a pro-
nounced pulmonary eosinophilic inflammation, which
indicates that targeting this molecule alone will not have
pronounced anti-inflammatory effects. However, depletion
of IL-4 in IL-13-/- mice inhibited pulmonary eosinophil
infiltration and AHR, although blood eosinophilia was still
present (Webb et al., 2000). The impairment of eosinophil
influx into the lung may occur by suppressing IL-4 and -13-
induced adhesion molecules (e.g. VCAM-1) and chemokines
(e.g. eotaxins) and eosinophil activation. Neutralization of
IL-5 in IL-13-/- mice inhibited AHR (Webb et al., 2000).
These studies showed that IL-13 has a modulatory role
during sensitization but is pro-inflammatory during
challenge.

In a model of chronic asthma IL-13-/- mice have reduced
infiltration of eosinophils and inflammatory cells in the
airways and decreased MSC, epithelial hypertrophy and sub-
epithelial fibrosis although modest AHR was still present
(Kumar et al., 2002). These results are in striking contrast to
those produced using IL-4Ra-/- mice, which had no changes
in the infiltration of eosinophils or other inflammatory
cells compared to WT mice. Collectively studies indicate
that IL-13 contributes to eosinophil accumulation in the
airways and airway remodelling in chronic asthma but that
targeting of other factors in combination may also be
required.

Anti-IL-13 treatment during allergen challenge in acute
models of AAD suppressed airway inflammation, mucus pro-
duction and AHR (Grünig et al., 1998; Wang and McCusker,
2005; Wills-Karp et al., 1998). Humanized anti-IL-13 also sup-
pressed eosinophil influx into the airways, MSC and reduced
AHR that were induced my administration of human IL-13 to
mice (Blanchard et al., 2005). IL-13 can also be selectively
depleted using soluble IL-13Ra2-Fc fusion protein (Grünig
et al., 1998). This is a naturally occurring soluble receptor that
lacks signalling capabilities and silences IL-13 activity (Yasu-
naga et al., 2003). Treatment with sIL-13Ra2-Fc during aller-
gen challenge of sensitized mice attenuated eosinophil (but
not neutrophil) infiltration into the airways in some studies
but not others, suppressed mucus hypersecretion and com-
pletely inhibited AHR (Grünig et al., 1998; Wills-Karp et al.,
1998). Treatment of sensitized sheep with sIL-13Ra2-Fc or
humanized anti-IL-13 before challenge abrogated bronchial
constriction and AHR (Kasaian et al., 2007). There is a second
IL-13 receptor (designated as IL-13Ra2) that inhibits IL-13/
IL13Ra1 dependent signaling events and may have potential
therapeutic use in anti-IL-13 treatment of asthma patients
although this has not yet been tested.

Anti-IL-13 delivered in a model of established chronic
allergic asthma suppressed cytokine/chemokine and IgE pro-
duction, the accumulation of eosinophils and inflammatory
cells in the airway, increases in airway MSC and remodelling
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but had limited effects on AHR (Blease et al., 2001; Kumar
et al., 2004; Yang et al., 2004; 2005).

Collectively these studies indicate that antagonizing IL-13
may have potential as a therapy for chronic asthma but
additional suppression of eosinophilic inflammation would
be required.
Human studies. Human IL-13 neutralizing antibodies (IMA-
638, CAT-354 and AMG 317) have been developed that are
high affinity, long lasting and are safe and well tolerated in
adults with asthma (Singh et al., 2010). Further studies are
eagerly awaited.

Anti-IL-9. IL-9 was originally described as a Th2 cytokine
promoting T-cell growth and mastocytosis. IL-9 may control
the phenotype of mast cells and other cell types in the
human lung (Figure 1) (Eklund et al., 1993). IL-9-producing T
cells have now been identified as being a distinct subset from
Th2 cells and differentiate in response to IL-4 and TGF-b
(Veldhoen et al., 2008; Staudt et al., 2010).
Mouse studies. Adoptive transfer of Th9 cells generates
allergic airway inflammation in mice, which was reversed by
IL-9 neutralization (Staudt et al., 2010). Tg lung-specific over-
expression of IL-9 increases airway inflammation, MSC
hyperplasia and AHR whereas blocking the function of IL-9
suppressed eosinophilic airway inflammation and AHR
(Temann et al., 1998; Cheng et al., 2002).
Human studies. Anti-IL-9 safety trials have been completed
in humans and efficacy trials for moderate-severe asthma are
underway (Antoniu, 2010; Desai and Brightling, 2009).

Anti-GM-CSF. GM-CSF is produced by Th1 and Th2 cells,
macrophages, eosinophils and epithelial cells (Yamashita
et al., 2002) and is increased in the airways of asthmatics
(Robinson et al., 1992). Early eosinophil differentiation may
be mediated by IL-3 and GM-CSF through the IL-3Ra,
GM-CSFRa and IL-3/IL-5/GM-CSF common b (bc)-receptors
(Figure 1) (Asquith et al., 2008). GM-CSF is critical for eosino-
phil survival, enhances their chemotaxis, degranulation and
cytokine production (Owen et al., 1987) and is essential for
the activation of antigen presenting cells (Zhou and Tedder,
1996). Exposure of mature eosinophils to IL-5 or local airway
allergen challenge results in a down-regulation of the IL-5
receptor and reduced responsiveness to IL-5 (Gregory et al.,
2003). Therefore, eosinophil development and airway tissue
eosinophils may not respond to IL-5 but may rely on IL-3 or
GM-CSF, which operate through receptors unaffected by anti-
IL-5 treatment.
Mouse studies. Over-expression of GM-CSF in mice
enhances allergic sensitization, airway inflammation and
fibrosis (Xing et al., 1996; Stämpfli et al., 1998). Anti-GM-CSF
antibodies administered during allergen challenge of sensi-
tized mice inhibited airway inflammation, mucus production
and suppressed AHR (Yamashita et al., 2002).
Human studies. Phase 1 clinical safety and pharmacological
trials are underway with a human neutralizing antibody for
GM-CSF (MT203).

Emerging asthma targets
The following cytokines have been recently identified as new
regulators of allergic inflammation and are emerging targets
for clinical trials.

Anti-IL-25 (IL-17E). IL-25, -33 and TSLP are newly discov-
ered cytokines that are critical for the initiation of Th2
inflammatory responses and associated airway lesions
(Figure 1). They are released from the airway epithelium in
response to protease allergens. Therapeutic inhibition of
these molecules may reduce the progression of asthma early
in disease development.

IL-25 and its receptor (IL-17RB) are up-regulated in asth-
matic airway biopsies. It is released by epithelial cells, baso-
phils and eosinophils and possibly by Th2 cells. IL-25 drives
allergic inflammatory responses by activating NKT cells and
inducing Th2 cell differentiation (Angkasekwinai et al., 2007;
Wang et al., 2007; Terashima et al., 2008; Stock et al., 2009).
Mouse studies. IL-25 is expressed during AAD in mice and
promotes the development of Th2 cells (Sharkhuu et al.,
2006; Angkasekwinai et al., 2007; Wang et al., 2007). IL-25
administration induces Th2 responses including IL-4, -5 and
-13 expression, increased serum IgE, airway eosinophil influx,
mucus production and epithelial cell hyperplasia (Fort et al.,
2001). Monoclonal antibody neutralization of IL-25 reverses
Th2-associated pathology in the lungs through a signal trans-
ducer and activator of transcription 6 (STAT6) and Th2 cell-
dependent mechanism (Fort et al., 2001; Sharkhuu et al.,
2006; Tamachi et al., 2006).

Anti-IL-33. IL-33, an IL-1 family cytokine, is increased in
ASM and epithelial cells from asthmatics and this increase
positively correlates with asthma severity (Prefontaine et al.,
2009; 2010). IL-33 binds to T1/ST2 receptors on Th2 cells,
enhances the secretion of IL-5 and -13 and promotes chemo-
taxis of these cells. It may also contribute to the dendritic cell
(DC)-induced development of Th2 cells and induces tryptase
accumulation and cytokine release from mast cells (Schmitz
et al., 2005; Komai-Koma et al., 2007; Rank et al., 2009;
Kaieda et al., 2010). IL-33 can act alone or in concert with
TSLP to accelerate the maturation and cytokine release of
human mast cells. Similarly, IL-3 and -33 synergistically
promote IL-4, -5, -8 and -13 production from human baso-
phils and eosinophils (Pecaric-Petkovic et al., 2009). IL-33
also activates NK and NKT cells to secrete IFN-g (Smithgall
et al., 2008; Bourgeois et al., 2009) indicating that it may
contribute to multiple different subtypes of asthma.
Mouse studies. IL-33 and its’ soluble receptor are highly
up-regulated early after allergen challenge in models of acute
AAD in mice (Hayakawa et al., 2007). Treatment of the
airways of mice with recombinant IL-33 induces a Th2-like
inflammatory response in association with increased tissue
eosinophil influx, MSC and lung epithelial cell hyperplasia
and heightened IgE. Monoclonal antibody blockade of the
IL-33R attenuates hallmark features of AAD (Kurowska-
Stolarska et al., 2008; Kearley et al., 2009). Furthermore, the
stimulatory actions of IL-33 on Th2 cells can be preventing by
blocking with anti-T1/ST2 antibodies and this approach may
be an alternative for inhibiting IL-33-induced inflammation.

Anti-TSLP. Like IL-33 the levels of TSLP are elevated in
airways cells from asthmatics and this positively correlates
with disease severity. TSLP is released by airway epithelial
cells and may function early in innate immune activation to
promote Th2 immune responses (Ying et al., 2005).
DC-induced Th2 cell differentiation and Th2 cell chemotaxis
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is induced by TSLP. Furthermore TSLP can promote the
release of cytokines such as IL-4, -5 and -13 from T cells and
mast cells indicating that this molecules can promote the
effector arm of allergic inflammation (Soumelis et al., 2002;
Allakhverdi et al., 2007; Rochman et al., 2007).
Mouse studies. Lung specific TSLP-Tg mice develop severe
Th2 cytokine-mediated inflammation (Zhou et al., 2005),
whereas TSLP receptor-/- mice are less susceptible to the
induction of acute AAD (Al-Shami et al., 2005). Notably,
antibody-mediated blockade of the TSLP receptor suppresses
AAD by inhibiting DC migration to the airways and CD4+ T
cell priming (Shi et al.,2008).

Anti-IFN-g. In severe asthma, which is often steroid insensi-
tive, other cytokines such as IFN-g, IL-17 and -27 may con-
tribute to pathogenesis and thus be possible treatment targets
(Figure 1). These cytokines are associated with Th1 and Th17
immunity rather than allergic Th2 responses, which reflects
the emerging paradigm of mixed T helper cell responses pro-
moting severe asthma.

IFN-g is the archetypal Th1 cytokine and is implicated in
both acute severe and chronic stable asthma. IFN-g is
increased in asthmatic airways and IFN-g-producing T cells
are increased in the blood (Magnan et al., 2000) and BAL
(Krug et al., 1996; Brown et al., 2003), particularly in severe
asthma (Cho et al., 2005). High serum levels predict deterio-
ration in lung function in stable asthmatics (Litonjua et al.,
2003). Non-specific stimulation of BAL cells leads to increased
IFN-g production (Krug et al., 1996; Brown et al., 2003), and
IFN-g also up-regulates cysteinyl leukotriene receptors on
ASM cells that increases smooth muscle contractility (Amrani
et al., 2001).
Mouse studies. IFN-g has been implicated in the pathogen-
esis of AHR (Hessel et al., 1997). Depletion of Th1 cells during
allergen sensitization and challenge in mice decreased levels
of IFN-g in BAL and suppressed the development of AHR
(Fleming et al., 2001). In a model of chronic asthma IFN-g and
IFN-g-producing CD4+ T cells were increased (Foster et al.,
2003), and AHR was independent of Th2 cytokines (Foster
et al., 2000; Kumar et al., 2002).

Anti-IFN-g attenuates lymphocyte accumulation that may
suppress inflammatory mediators of AHR (Issekutz et al.,
1988). Anti-IFN-g treatment during repeated Ova challenges
in acute AAD prevented the development of AHR, although
eosinophilic airway inflammation was not affected (Hessel
et al., 1997). Anti-IFN-g administered during established
disease substantially reduced the influx of chronic inflamma-
tory cells into the airways and IFN-g-producing CD4+ T cells
and effectively inhibited AHR but did not alter eosinophil
influx or airway remodelling (Kumar et al., 2004).

Taken together these studies show that IFN-g may be an
important mediator of AHR in chronic asthma. However,
anti-IFN-g has not yet been assessed in human clinical trials
for asthma.

Anti-IL-17. IL-17 is released by alveolar macrophages, Th17
and gdT cells, is associated with Th1 and Th17 immunity and
may play a critical role in the mixed T-cell response and
pathogenesis of severe asthma. Serum and airway IL-17 levels
are elevated in severe compared to mild asthma (Bullens
et al., 2006; Agache et al., 2010). IL-17 plays a crucial role in

driving neutrophil influx into the airways and is implicated
in fibrosis and airway remodelling (Chakir et al., 2003). Bac-
terial infections may induce IL-17 responses that promote the
development of neutrophilic AAD (Horvat et al., 2010a).
Mouse studies. The precise role of IL-17 in AAD in mice
remains controversial (Laan et al., 1999). IL-17 release by gdT
cells may be important in the resolution of inflammation in
AAD in mice (Murdoch and Lloyd, 2010). Administration of
recombinant IL-17A during allergen challenge had a suppres-
sive effect (Schnyder-Candrian et al., 2006), whereas delivery
after challenge exacerbated inflammation and AHR (Wilson
et al., 2009). Pulmonary over-expression of IL-17F enhanced
AHR in both the presence and absence of airway inflamma-
tion (Oda et al., 2005). These results suggest that the temporal
expression of the IL-17 inflammatory response will determine
its’ effects on disease. Notably, IL-17-/- mice develop equiva-
lent airway inflammation and AHR as WT mice during acute
AAD (Nakae et al., 2002).

Anti-IL-27. Increased levels of IL-27, a member of the IL-6
family of cytokines, are present in the induced sputum of
steroid-refractory asthmatic patients (Li et al., 2010).
Mouse studies. Recently a unique role for IL-27 in cooper-
ating with IFN-g to induce steroid-resistant AHR has been
demonstrated in a mouse model of severe asthma (Li et al.,
2010). Induction of AHR was dependent on MyD88-
signalling in alveolar macrophages but was not associated
with airway neutrophil influx. Notably, treatment with IL-27
and IFN-g inhibited dexamethasone-induced translocation of
the glucocorticoid receptor into the nucleus of pulmonary
macrophages.

Cytokine therapies

Administration of several cytokines (IFN-g, -a and -b and
IL-12), have been trialled in attempts to suppress Th2
responses in asthma but these have been largely disappoint-
ing with lack of efficacy and adverse effects. Treatment of
mild allergic asthmatics with IL-12 reduced blood and airway
eosinophil numbers but had no significant effect on AHR or
the late asthmatic response (Bryan et al., 2000). Two small
trials of long-term IFN-a (IFN-acon-1 or IFN-a 2a) adminis-
tration suppressed Th2 cytokine production from peripheral
blood mononuclear cells in severe asthmatics and improved
lung function, medication requirements, asthma symptoms
and hospitalizations (Simon et al., 2003; Kroegel et al., 2006).

New anti-inflammatory approaches
and combination therapies

The concept of treating asthma by targeting a single molecule
has had limited success. Indeed, steroid therapy, which is
currently the mainstay therapy, is thought to act by suppress-
ing a range of pro-inflammatory pathways. The emergence of
subtypes of asthma and the complexity of the diseases
process where many different inflammatory mediators,
cytokines, chemokines and cells are dysregulated further
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highlights that new ways to treat disease are required.
Molecular redundancy and the existence of pathways that
operate in parallel are also significant therapeutic hurdles for
the treatments of inflammatory disease such as asthma. Many
studies show that airway inflammation, remodelling and
AHR are dissociated and may be mediated by different mecha-
nisms under different conditions. New anti-inflammatory
approaches that suppress critical factors that promote the
activation of inflammatory networks such as microRNA may
be beneficial (Mattes et al., 2009). Alternatively, combination
anti-cytokine therapy may be a more effective therapeutic
approach for asthma.

Contributions of studies using mouse
models to the field

Collectively mouse models of asthma have demonstrated the
regulatory complexity of allergic inflammation and that tar-
geting single-cytokines/inflammatory molecules will not be
effective for the resolution of allergic inflammation. For
example, many studies have demonstrated inflammation
and AHR persist in the absence of IL-4, -5, IL-4Ra, IL-13, -9,
eotaxin or IgE. Thus, blocking a single-cytokine pathway may
be insufficient to reverse features of human asthma. Deple-
tion of a single cytokine may also induce compensatory
effects that may induce features of asthma through other
pathways. In some studies, anti-IL-5 treatment suppressed
eosinophil influx into the airways but increased neutrophil
and lymphocyte recruitment (Mathur et al., 1999) and in the
absence of both IL-4 and IL-13, levels of IL-5 and blood
eosinophilia were enhanced (Webb et al., 2000). The pro-
inflammatory properties of IL-13 during allergen challenge
are independent of IL-4, which suggests that common target-
ing may be needed for therapeutic efficacy. Indeed, cytokine
deficient mice have been used to demonstrate the coordi-
nated activity of IL-4, -5 and -13 will need to be targeted to
suppress airway inflammation and AHR (Webb et al., 2000).
Targeting receptors such as the IL-4Ra/IL-13Ra1 or the IL-3/
IL-5/GM-CSF bc-receptor (Asquith et al., 2008) may attenuate
the activity of multiple cytokines and cells (e.g. Th2, eosino-
phils and neutrophils) and may be more effective than block-
ing a single pathway. Th2/Th1 responses and IFN-g are
important in AHR in severe and chronic asthma and so tar-
geting combinations of these cytokines (e.g. IL-5 and IFN-g)
may be more effective in these asthma subtypes (Kumar et al.,
2004). Although, information from animal models is highly
valuable it needs to be interpreted within the context of the
experimental system and the complexity of the diseased
state.

Future studies

Improved understanding of the role of cytokines in asthma
would facilitate the development and application of anti-
cytokine therapies. Asthma is a heterogeneous syndrome and
future studies of tailored application of anti-cytokine thera-
pies need to be trialled in individuals with subtypes of asthma
that would be responsive to these specific treatments. Mild to

moderate allergic asthma that is underpinned by aberrant
Th2 and eosinophilic responses may benefit from therapies
such as combinations of anti-IL-5/-13 and/or common recep-
tors such as the IL-4Ra/IL-13Ra1, or the IL-3/IL-5/GM-CSF
bc-receptor that target multiple arms of the pathways
involved. Severe asthma that may be mediated by TNF-a,
IFN-g, IL-17 and -27 may respond to therapies that target
these cytokines. Severe asthma exacerbations that are driven
by TNF-a may be most responsive to anti-TNF-a treatment
and infection-induced exacerbations that result from defi-
ciencies in type I IFNs may potentially be treated with these
cytokines. The optimization of dose, route of delivery and
treatment duration may also be critical and combination
and/or anti-receptor therapies may be more effective that
single-mediator treatments. However, these approaches need
to be carefully tested in well-designed and tailored trials in
appropriate cohorts. These cytokines have specific immune
functions and care must be taken not to induce susceptibility
to infections or cancer, and the challenge may be to reduce
effector cytokine to normal levels. Genetic polymorphisms in
cytokine genes may have important biological significance
and studies are required to determine the effects of point
mutations on cytokine bioactivity and/or turnover. For
example, an inspection of the single nucleotide polymor-
phism (SNP) database at GenBank for the human IL-4
gene (http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId
=3565) revealed missense mutations that alter amino acids
27, 53, 59, 101 and 120 in the translated protein. An impor-
tant future area of investigation will be to compare the bio-
activities of recombinant IL-4 isoforms that differ at these five
residues.

Conclusions

Clinical and basic research has identified many possible
therapeutic cytokine targets for asthma and the need to fully
elucidate the contributions of these factors to disease.
Soluble IL-4R and anti-IL-5 have inhibited asthma progres-
sion and reduced exacerbations. It is likely that earlier and
longer-term interventions may be more effective and have
sustained effects on asthma pathogenesis particularly persis-
tent airway inflammation and remodelling that may moder-
ate other features of disease. The soluble TNF-a receptor has
produced some promising results in patients with difficult to
manage asthma and may be important in severe steroid-
resistant asthma. Recent studies on IL-25, -33 and TSLP show
that they are important in the initial priming of Th2
responses that may promote the development of asthma.
Therefore, we may be able to better identify infants who are
susceptible to the development of Th2 responses and asthma
and utilize targeted anti-cytokine treatments against IL-25,
-33 and TSLP to intervene in disease progression early in life.
Combination therapies hold great potential for the future.
Results of human studies highlight the absolute need for
clinical studies to use appropriate patient groups and disease
subtypes, which may otherwise confound the field. If these
issues are taken into account there is substantial promise for
the use of anti-cytokine therapies for the effective treatment
of asthma.
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