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Abstract: Current therapies for asthma are aimed at controlling disease symptoms and for the majority of patients inhaled
glucocorticoid anti-inflammatory therapy is both effective and well-tolerated. However, concerns remain about the ad-
verse effects of glucocorticoids while a subset of asthmatic patients remains symptomatic despite optimal treatment
thereby creating a clear unmet medical need. There is considerable evidence that implicates eosinophils as important ef-
fector cells and immunomodulators in the inflammation characteristic of asthma. Numerous in vitro and animal studies
have demonstrated essential roles for cell adhesion molecules in eosinophil adhesion and transendothelial migration in-
cluding the selectins, ICAM-1, VCAM-1 together with many of the Bl and B2 integrins. A large body of evidence has
also implicated several cytokines and chemokines in the selective recruitment of eosinophils to sites of asthmatic inflam-
mation. Biopharmaceutical approaches have been used to identify inhibitory molecules that target key elements in the
processes controlling eosinophil accumulation in asthma. This review will summarise the problems and successes regard-
ing recent developments in therapeutic strategies aimed at reducing eosinophil-mediated inflammation in the asthmatic

lung.

INTRODUCTION

Despite remarkable advances in diagnosis and long-term
management, asthma remains a serious public health prob-
lem worldwide. Asthma pathology includes reversible air-
way obstruction, hyperresponsiveness of the airways to nor-
mally harmless stimuli and airway inflammation. The latter
is characterised by infiltration of the airways by activated
lymphocytes and eosinophils; damage to, and loss of, the
bronchial epithelium; mast cell degranulation; mucous gland
hyperplasia; and collagen deposition in the epithelial sub-
basement membrane area. Eosinophil accumulation in the
lungs is a well defined feature of the inflammatory processes
underlying allergic asthma even in mild forms of the disease
[1]. Eosinophils contain cationic granule proteins, including
major basic protein (MBP), eosinophil cationic protein
(ECP), eosinophil-derived neurotoxin (EDN), eosinophil
peroxidase (EPO), together with membrane derived lipid
mediators. They have also been shown to synthesise up to 28
cytokines, chemokines and growth factors, many of which
are stored in their crystalloid granules. These well defined
characteristics have led to the paradigm that eosinophils are
major effector cells in the inflammatory process underlying
much of the pathogenesis of asthma and other allergic dis-
eases [2]. Eosinophils are also thought to contribute to the
pathophysiology of airway remodelling primarily through
the release of substances, particularly TGFp, involved in
ECM deposition leading to sub-epithelial membrane thicken-
ing [3]. This view is further reinforced by a study showing
that TGFB2, secreted primarily by tissue eosinophils, is the
predominant isoform in severe asthma and is associated with
augmented profibrotic responses [4]. Eosinophil deficient
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mouse models (PHIL), though yielding differing results,
have provided strong support for eosinophil involvement in
asthma [5, 6]. It has been suggested that divergence between
the models may have reflected differing mouse backgrounds
i.e. Balb/c versus B6 mice. However, a recent study demon-
strated that genetic ablation of eosinophils occurs in both
C57BL/6J or BALB/cJ mice. Furthermore, irrespective of
background strain the loss of eosinophils resulted in the at-
tenuation of key allergen-induced lung pathologies including
decreased eosinophil numbers and reductions in airway hy-
per reactivity and remodelling [7].

From the forgoing it can be seen that eosinophils are usu-
ally considered as degranulating end-stage effector
cells. However, in addition to their pro-inflammatory role in
mediating asthmatic inflammation it is becoming apparent
that eosinophils also play an important role in the orchestra-
tion of immune responses in the asthmatic lung. For exam-
ple, eosinophils have a demonstrable role in presenting aller-
gen to stimulate CD4+ T-helper (Th) cells [8, 9], while EDN
has been shown to be a potent chemoattractant for dendritic
cells thereby enhancing specific immunity by promoting
antigen uptake, processing and presentation [10]. These find-
ings have been recently extended to demonstrate that EDN
activates myeloid dendritic cells through triggering of the
Toll-like receptor (TLR)2-myeloid differentiation factor 88
signalling pathway that may result in preferential enhance-
ment of antigen-specific Th2 immune responses [11]. Other
recent evidence from mouse models of asthma suggests that
eosinophils may be critical in the regulation of Th2 immune
responses in the lung following allergen provocation. For
example, ovalbumin (OVA)-sensitised/challenged eosinophil
deficient PHIL mice had reduced airway levels of Th2 cyto-
kines compared with to the OVA treated wild type mice.
These findings correlated with a reduced ability to recruit
effector T cells to the lungs of OVA-challenged PHIL mice
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suggesting an important role for eosinophils in this process
[12].

A considerable body of research over many years has
been aimed at of furthering our understanding of the inter-
related events that control eosinophil accumulation in the
asthmatic lung. This a complex process involving eosinophil
maturation in and release from the bone marrow, adhesion to
and transmigration through the post-capillary endothelium,
followed by their chemotaxis to and activation/degranulation
at inflammatory foci [13]. This review will summarise recent
developments in therapeutic strategies aimed at preventing or
blunting eosinophil accumulation in the asthmatic lung.

TARGETING EOSINOPHIL ADHESION

Asthma pathology is characterised by excessive leuko-
cyte infiltration that leads to tissue injury. Cell adhesion
molecules i.e. selectins, integrins and members of the immu-
noglobulin superfamily control leukocyte extravasation, mi-
gration within the interstitium, cellular activation, and tissue
retention. Numerous animal studies have demonstrated es-
sential roles for these cell adhesion molecules in lung in-
flammation including L-selectin, P-selectin, and E-selectin,
ICAM-1, VCAM-1 together with many of the Bl and B2
integrins [14]. These families of adhesion molecules have
therefore been under intense investigation to inform the de-
velopment of novel therapeutics.

Selectins

Selectins are responsible for the early “rolling” adhesive
events between leukocytes and the endothelial cells lining
the post-capillary venules. The small molecule Bimosiamose
(TBC1269) is a synthetic computer-designed antagonist,
targeted against all three selectins, which has proven to be
efficacious in mouse, rat, rabbit, guinea pig and sheep mod-
els of allergic asthma [15]. For example, in a sheep model of
asthma inhaled TBC1269 potently inhibited allergic airway
responses, histamine levels in BAL and tissue kallikrein and
neutrophilic inflammation [16]. In patients with asthma a
single intravenous dose of TBC1269 had only a minor effect
on sputum eosinophils or inhaled allergen-induced late
asthmatic reactions [17]. In contrast, inhaled TBC1269 sig-
nificantly reduced antigen-induced late-phase asthmatic reac-
tions by approximately 50% compared with placebo in mild
asthmatic subjects [18]. Thus, the inhaled route of TBC1269
may offer advantages over systemic delivery in terms of both
efficacy and safety. Since selectins are also vital in early
adhesive neutrophil interactions with the endothelium
TBC1269 may also prove an effective therapy for COPD.

Integrins

There is good evidence from animal models that a4f1
(VLA-4) is a viable drug target for asthma. Monoclonal anti-
bodies (mAb) against the a4 subunit of VLA-4 have proven
efficacious in asthma models in five different species. For
example, in a mouse model of asthma intravenously admin-
istered anti-o4 mAb eliminated eosinophilia but did not ef-
fect AHR. In contrast, when delivered intranasally, the mAb
blocked both airway inflammation and AHR [19]. The
small-molecule VLA-4 antagonist (2S)-3-(4-Dimethylcarba-
moyloxyphenyl)-2-{[(4R)-5,5-dimethyl-3-(1-methyl-1H-pyr-
azole-4sulfonyl)thiazolidine-4-carbonyl]amino} propionic acid
(WAY103) was assessed for its effects on eosinophil VLA-
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4-dependent functions, including adhesion, migration, respira-
tory burst, and degranulation. WAY103 inhibited eosinophil
adhesion to VCAM-1, transendothelial migration and VCAM-
1-stimulated eosinophil superoxide generation. However, it
also enhanced cytokine-activated eosinophil-derived neuro-
toxin degranulation raising concerns that it might promote
eosinophil activation in certain circumstances [20]. More re-
cently, a potent and selective, small molecule VLA-4 inhibi-
tor, (2S)-3-(2',5"-dichlorobiphenyl-4-y1)-2-({[1-(2-methoxybe-
nzoyl)piperidin-3-yl]carbonyl}amino) propanoic acid, blocked
VLA-4 dependent functions on a variety of cell types and also
dose-dependently inhibited eosinophil infiltration by up to
80% in an air pouch mouse model [21]. Although other small-
molecule integrin a4f1 antagonists have been developed by
pharmaceutical companies, the majority of these have proved
to be ineffective in preventing the clinical symptoms of
asthma. However, a recent clinical trial of an oral a4p1 an-
tagonist valategrast demonstrated significant positive effects
on lung function and rates of exacerbation in asthma patients
who had their inhaled GC therapy withdrawn prior to treat-
ment with valategrast [22].

Pharmacological Inhibition of Eosinophil Adhesion Un-
der Flow

Another important aspect of inhibition of eosinophil ac-
cumulation has been the discovery of anti-inflammatory ef-
fects on their adhesion by drugs aimed at radically different
pathways, namely H1 receptor antagonists and cysteinyl leu-
kotriene receptor-1 (cysLT1R) antagonists. Histamine has a
prominent and diverse role in the pathophysiology of allergic
disease, therapeutic intervention is therefore commonly fo-
cused on blocking its interaction with H1-receptors. The H1-
histamine receptor is a heptahelical transmembrane molecule
that transduces extracellular signals to intracellular second
messenger systems via G proteins. Hl-antihistamines act as
inverse agonists that combine with the H1-receptor, stabilis-
ing it in the inactive form and shifting the equilibrium to-
ward the inactive state [23]. While effective in the treatment
of allergic rhinitis, the use of first-generation antihistamines,
such as chlorpheniramine and promethazine, was associated
with unwanted side effects, particularly sedation and impaired
psychomotor activity. In contrast, the second-generation his-
tamine H1 receptor antagonists are highly effective and well-
tolerated treatments for allergic disease and are amongst the
most frequently prescribed drugs in the world [24]. More re-
cently, a number of novel antihistamines including
fexofenadine, desloratadine and levocetirizine have been
developed which are either metabolites of active drugs or
enantiomers with improved potency, duration and onset of
action together with increased predictability and safety.

Many antihistamines have additional anti-inflammatory
effects that appear independent of H1 receptor antagonism,
with particular effects on the accumulation and activation of
diverse cells responsible for the manifestations of allergic
disease [25]. For example levocetirizine, a potent, oral his-
tamine H1 receptor antagonist for the symptomatic treatment
of allergic rhinitis and chronic idiopathic urticaria, has been
shown to have a number of anti-inflammatory effects on
eosinophil accumulation, activation and mediator release
[26]. In this regard, we have shown inhibition of eotaxin-
induced eosinophil transendothelial migration through
monolayers of human dermal or lung microvascular endothe-
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lial cells in vitro by levocetirizine at concentrations equal to
or lower than those achieved in the clinical setting [27]. We
further demonstrated that physiologically-relevant concentra-
tions of levocetirizine also inhibited both resting and GM-
CSF-stimulated eosinophil adhesion to vascular cell adhe-
sion molecule-1 (VCAM-1) under flow conditions using a
novel microflow system (Cellix VenaFlux™) as an in vitro
model of the post-capillary venules [28]. Real time imaging
revealed that the effect of levocetirizine on post-adhesion
behaviour (detachment, flatness) contributed to its inhibitory
action on eosinophil adhesion to thVCAM-1. These in vitro
observations are complimented by a randomised placebo-
controlled clinical study that examined the effect of levoceti-
rizine on symptoms, quality of life and nasal inflammatory
parameters in patients with persistent rhinitis with or without
asthma [29]. In addition to significantly improving both
symptoms and quality of life measures over the two week
study period, levocetirizine but not placebo decreased
eosinophil and neutrophil numbers in nasal scrapings,
suggesting an in vivo affect on the tissue accumulation of
these granulocytes. Other studies have also demonstrated in
vitro anti-inflammatory effects by levocetirizine at therapeu-
tically meaningful drug concentrations. These include inhibi-
tion of eotaxin production by endothelial cells [30] or inhibi-
tion of ICAM-1 and major histocompatability complex
(MHC) class I expression by IFN-y-stimulated keratinocytes
together with modulation of histamine-dependent release of
GM-CSF and chemokines by these cells [31]. Furthermore,
histamine-induced VCAM-1 expression by nasal polyp-
derived human fibroblasts was also inhibited by levocetiriz-
ine [32]. In contrast, levocetirizine has no enhancing effect
on the rate of apoptosis-induction in eosinophils either in the
presence or absence of viability-enhancing cytokines [33].
These studies demonstrate in vitro anti-inflammatory effects
by levocetirizine at low, physiologically-relevant concentra-
tions on diverse cell types. However, an obvious question is
the extent to which these anti-inflammatory properties for a
given antihistamine have any clinical impact in addition to
that given by H1-receptor blockade.

The cysteinyl leukotriene cysLT1 receptor (cysLTIR)
antagonists are the first new class of anti-asthma drugs to be
introduced in the last 30 years. Overall, they are less effec-
tive than steroids but some asthmatic subjects show a strik-
ing improvement and a steroid-sparing effect has been dem-
onstrated [34-36]. The cysLT1R is present on the eosinophil
cell surface [37] and may have a role in eosinophil adhesion,
since stimulation of the receptor by leukotriene D4 was
shown to upregulate eosinophil binding to recombinant hu-
man (rh) VCAM-1 [38]. cysLTIR antagonists also appear to
have additional inhibitory effects on eosinophil adhesion. In
this regard, montelukast [39, 40] and pranlukast [41] inhib-
ited the transmigration of eosinophils across human endothe-
lial umbilical vein endothelial cells (HUVEC) under static
conditions. Antagonism of the cysLTIR also blocked B2-
integrin avidity and P2-integrin mediated eosinophil adhe-
sion to ICAM-1 [42]. Other in vivo studies have shown that
montelukast blocked plasma protein extravasation and eosi-
nophil accumulation in small intra-parenchymal bronchi in-
duced by OVA challenge of sensitised guinea pigs [43]
while in a mouse model of asthma montelukast reversed al-
lergen-induced airway remodelling [44].
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In a recent study, we again used the Cellix VenaFlux™
platform to investigate the effects of montelukast on eosino-
phil adhesion under flow, demonstrating that physiologically
relevant concentrations (10nM and 100nM) inhibited both
resting and GM-CSF-stimulated eosinophil adhesion to
VCAM-1 under flow conditions [45]. This effect appeared
specific for montelukast as the analogue MK571 had no sig-
nificant effect on eosinophil adhesion. The possibility that
LTC4 released from unstimulated or GM-CSF-treated eosi-
nophils contributed to their adhesion to VCAM-1 was ex-
cluded as the leukotriene biosynthesis inhibitor MK886 had
no inhibitory effect and exogenously added LTC4 did not
enhance eosinophil adhesion. In contrast, LTD4, enhanced
eosinophil adhesion to VCAM-1; an effect blocked by mon-
telukast. Inhibition of both resting and GM-CSF stimulated
adhesion was observed at low, physiologically relevant con-
centrations of montelukast and was also observed at shear
stress levels similar to that found in inflamed post-capillary
venules i.e. 1-2 dyn cm® Although antagonism of the
cysLTIR likely explains the majority of the anti-
inflammatory properties of leukotriene antagonists some
effects may be independent of receptor blockade.

TARGETING EOSINOPHIL-ACTIVE CYTOKINES
AND CHEMOKINES

Interleukin-5

Interleukin (IL)-5 is crucial to the development and re-
lease of eosinophils from the bone marrow, their enhanced
adhesion to endothelial cells lining the post-capillary venules
and their persistence, activation and secretion in the tissues.
Several animal models of asthma including the use of pri-
mates have provided good evidence that inhibiting the ef-
fects of IL-5 using specific mAb inhibited eosinophilic in-
flammation and AHR [46]. Given its central role in regulat-
ing eosinophil development and function IL-5 was therefore
chosen as a potentially attractive target to prevent or blunt
eosinophil-mediated inflammation in patients with asthma.
However, several clinical trials have reported disappointing
clinical outcomes following treatment of asthmatic patients
with an anti-IL-5 mAb. The first study was designed to vali-
date the safety of the humaniszd anti-IL-5 mAb mepolizu-
mab [47] leading to criticism of lack of power [48] and the
validity of patient selection [49]. A later placebo-controlled
study [50] found that treatment of mild asthmatic patients
with mepolizumab abolished circulating eosinophils, reduced
airway and bone marrow eosinophils but reported no signifi-
cant improvement of clinical measures of asthma. Critically
lung biopsy samples from the treatment group contained
intact tissue eosinophils together with large quantities of
eosinophil granule proteins, findings that likely explain the
lack of clinical benefit following mepolizumab treatment.
Similar findings were reported with the anti-IL-5 mAb
SCH55700 in patients with severe asthma who had not been
controlled by inhaled corticosteroid use. These authors re-
ported profound reduction in circulating eosinophils, but no
significant improvement in either asthma symptoms or lung
function [51]. Importantly, compared with placebo, treat-
ment of mild atopic asthmatics with mepolizumab signifi-
cantly reduced the expression of the extracellular matrix pro-
teins tenascin, lumican, and procollagen III in the bronchial
mucosal reticular basement membrane together with signifi-
cant reductions in both airway eosinophils expressing
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mRNA for TGF-f1 and the concentration of TGF-B1 in
bronchoalveolar lavage (BAL) fluid [52]. TGF-B1 is impli-
cated in airway remodelling in asthma and eosinophils are
important sources of this growth factor, thereby contributing
to tissue remodelling processes in asthma by regulating the
deposition of ECM proteins. Mepolizumab may prove useful
in preventing this. An alternative to the use of humanised
anti-IL-5 mAD is the use of molecular modelling of the IL-5
receptor o—chain to develop specific receptor antagonists.
Recently, such a compound (YM-90709) has been shown to
be a relatively selective inhibitor of the IL-5R [53] and intra-
venous injection of YM-90709 inhibited infiltration of eosi-
nophils into the BAL fluid of allergen-challenged BDF1
mice [54].

Interleukin-4

Another cytokine important in eosinophil accumulation is
IL-4 and, together with its close relative IL-13, it is impor-
tant in IgE synthesis by B cells. Both cytokines signal
through a shared surface receptor, IL-4Ra, which then acti-
vates the transcription factor STAT-6 [55]. Studies with
soluble IL-4R given in a nebulised form demonstrated that
the fall in lung function induced by withdrawal of inhaled
corticosteroids was prevented in patients with moderately
severe asthma [56]. However, despite these promising find-
ings subsequent trials have not been as successful and con-
sequently this treatment is no longer being developed. Other
approaches for blocking the IL-4 receptor include admini-
stration of antibodies against the receptor and mutant 1L-4
proteins. For example, a peptide-based vaccine for blocking
IL-4 was recently developed by antigenic prediction and
structure analysis of the IL-4/receptor complex. Vaccine
construction involved a truncated hepatitis B core antigen as
carrier with the peptide inserted using gene engineering
methods. Compared with control animals, allergen-
challenged OVA-sensitised mice immunised with IL-4-
peptide vaccine had significant reductions in IgE, eosinophil
accumulation in BAL, goblet cell hyperplasia, tissue in-
flammation and methacholine-induced respiratory responses
[57].

Interleukin-13

IL-13 is thought to be a key mediator of asthma; for ex-
ample it was significantly elevated in BAL following aller-
gen provocation of asthmatic subjects, which strongly corre-
lated with the increase in eosinophil numbers while mRNA
expression for IL-13 was detected in bronchial biopsies from
both allergic and non-allergic asthmatic subjects. In animal
models, IL-13 mimics many of the pro-inflammatory
changes associated with asthma [58, 59]. It is therefore an-
other potential therapeutic target for the resolution of airway
inflammation. Two receptors for IL-13 have been described -
IL-13Ral and IL-13Ro2. The latter exists in soluble form
and has a high affinity for IL-13 and can thus “mop up” se-
creted IL-13; in mice IL-13R0o2 blocked the actions of IL-
13, including IgE production, pulmonary eosinophilia and
AHR [60]. A humanised IL-13R02 is now in clinical devel-
opment as a novel therapy for asthma [59]. Another mouse-
based study reported that intratracheal administration of hu-
man IL-13 induced leukocyte infiltration in the lung, AHR,
and goblet cell metaplasia with allergic eosinophilic inflam-
mation in the oesophagus. An anti-human IL-13 IgG4 mAb
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(CAT-354) significantly reduced many of these parameters
[61]. In contrast, another study using mice sensitised by in-
tranasal application of ovalbumin as a model of
asthma/allergy found that the inhibition of the IL-4/IL-13
system efficiently prevented the development of the asth-
matic phenotype, including goblet cell metaplasia and airway
responsiveness to methacholine, but had little effect on es-
tablished asthma [62]. A humanised anti-IL-13 mAb —
IMAG638 - significantly reduced eosinophils, neutrophils,
eotaxin and RANTES in BAL fluid following segmental
antigen challenge of cynomolgus monkeys sensitised to As-
caris suum, compared with levels seen in control animals
[63]. IMA-638 also gave dose-dependent inhibition of the
antigen-induced late responses and airway hyperresponsive-
ness in a sheep model of allergic asthma that utilised animals
with natural airway hypersensitivity to Ascaris suum antigen
[64].

Interleukin-9

Another TH2 cytokine, IL-9, and its receptor are found in
asthmatic airways in increased levels [65]. IL-9 has several
pro-inflammatory effects on eosinophils, including en-
hancement of eosinophil IL-5 receptor expression, differen-
tiation in the bone marrow and prolonged survival through
inhibition of apoptosis [66]. Transgene expression of IL-9 in
the lungs of mice resulted in lymphocytic and eosinophilic
infiltration of the lung, airway epithelial hypertrophy with
mucus production, mast cell hyperplasia and production of
IL-4, IL-5 and IL-13 [67]. One study examined the effect of
anti-IL-9 antibody in OVA-sensitised BALB/c mice given
30 minutes before an aerosolised OVA-challenge. Compared
with a control antibody, IL-9 antibody treatment was associ-
ated with reductions in BAL levels of eosinophils, AHR and
IL-4, IL-5 or IL-13 [68].

Eotaxin

Chemokines are a family of small, secreted proteins that
control migration of monocytes, lymphocytes, neutrophils,
eosinophils, and basophils. Eotaxin, an inducible, secreted
chemokine that promotes selective recruitment of eosino-
phils from the blood into inflammatory tissues was first de-
scribed in 1993 when intradermal injection of naive guinea
pigs with BAL fluid from antigen-challenged guinea pigs
resulted in the recruitment of eosinophils [69]. Uniquely, the
major characteristic of eotaxin is its selective ability to act on
eosinophils. CCR3, a seven-transmembrane-spanning G pro-
tein-coupled receptor for eotaxin-1, is highly expressed on
eosinophils and also mediates the biological effects of other
eosinophil chemokines, such as eotaxin-2, eotaxin-3, MCP-
3, MCP-4, and RANTES. Furthermore, CCR3 is expressed
not only on eosinophils but also on basophils [70], mast cell
subpopulations [71] and activated Th2 cells [72], which
might explain the coordinated recruitment of these cell types
to sites of allergic inflammation. CCR3 is also expressed by
airway epithelial cells [73], and although the bronchial epi-
thelium consists of structural non-migratory cells, expression
of the CCR3 receptor may represent an auto-regulatory feed-
back mechanism to monitor chemokine production. Fur-
thermore, eotaxin produced by the epithelium may be se-
questered by the CCR3 receptor and presented to infiltrating
cells thereby enhancing their activation, a phenomenon ob-
served with IL-8 and its receptor. Several clinical studies
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Table 1. Key Targets for Inhibition of Eosinophil Accumulation
Compound Target Animal or In Vitro Studies Clinical Outcome in Asthma
. . . Minor effect on sputum eosinophils and LAR
TBC 1269 Pe.m-s.el.ectm Mouse, rat, rabbit, GP and sheep models of allergic asthma (intravenous) [17]. Inhaled - reduced LAR ~ 50%
inhibitor [15,16] [18]
4Bl (VLA-4) . Mouse, rat, rabbit, GP and sheep models of allergic asthma Ora! SMA Valgtegrast - positive effects on LF and
. Integrin ER in asthmatics whose inhaled GC withdrawn
mAb; SMA [19-21] [22]
L Hl-receptor | No animal studies —significant inhibitory effect on human Improveq symptoms, QO].“ and rt_aduced r_lasal
Levocetirizine . . . . eosinophils in rhinitis patients with or without
antagonist eosinophil adhesion and TEM [27, 28]
asthma [29]
LTIR Reduced eosinophils in GP lungs; reversed allergen-induced Some asthmatic subjects show a striking im-
Montelukast cyts st AR in sensitised mice [43, 44]. Inhibited eosinophil TEM [39, | provement and a steroid-sparing effect has been
antagonis 40] and adhesion to VCAM-1 under flow [45] demonstrated [34-36]
. . s . T . No significant improvement of clinical measures
Antl.-IL-S IL-5 .Spem.ﬁc mAb mhlblted_ eosinophilic inflammation and AHR of asthma [47-51]. May prevent AR in asthmatics
mAb; SMA in animals including primates [52]
Anti-IL-4 IL-4-peptide vaccine reduced, BAL eosinophils, goblet cell Nebulised IL-4R positive effects on LF in moder-
mADb; anti-IL-4R; IL-4 hyperplasia, inflammation and AHR in challenged OVA- ately severe asthmatics whose inhaled GC with-
mutant proteins sensitised mice [57] drawn [56]
Humanised mAbD effective in mouse asthma models [60, 61]
Anti-IL-13 L-13 reduced BAL eosinophils, eotaxin and RANTES in cynomol- Humanised IL-13Ra2 in clinical development
mAb; gus monkeys sensitised to Ascaris suum [63]. Reduced LAR [59]
in sheep model of allergic asthma [64]
CCR3 antagonism inhibited eotaxin-induced eosinophil Ca2+
influx, chemotaxis and degranulation [75-77]. Inhibited eosi-
Eotaxin CCR3 nophil infiltration into cynomolgus monkey airways after
SMA eotaxin bronchoprovocation [77]. Reduced eosinophils, AHR
and AR in lungs of aerosol-challenged mice chronically sensi-
tised with OVA [78].

Abbreviations: SMA: small molecule antagonist LAR: late asthmatic reaction; LF: lung function; ER: exacerbation rate; AR: airway remodelling; GP: guinea pig; GC: glucocorti-

coid; QoL: quality of life; OVA: ovalbumin.

have suggested a pivotal role for CCR3 ligands/CCR3 in the
eosinophilic inflammation characteristic of atopic dermatitis,
asthma, and allergic rhinitis, thus blockade of this receptor
may have pronounced beneficial effects in these diseases
[74]. A number of small molecule CCR3 antagonists have
been described. In this regard N-(ureidoalkyl)-
benzpiperidines have been identified as potent CCR3 an-
tagonists, inhibiting eosinophil chemotaxis and calcium mo-
bilisation in the micro- to nanomolar concentration range
[75]. The small molecule selective CCR3 antagonist, YM-
344031, potently inhibited the binding of eotaxin-1 and
RANTES to human cells transfected with CCR3, ligand-
induced Ca®" flux and chemotaxis together with inhibition of
eotaxin-1-induced eosinophil shape change. Furthermore,
both immediate- and late-phase allergic skin reactions in a
mouse model were significantly inhibited by orally adminis-
tered YM-344031 [76]. Another small molecule selective
CCR3 antagonist YM-355179 inhibited eotaxin-induced
intracellular Ca2+ influx, chemotaxis, and eosinophil de-
granulation. It also inhibited eosinophil infiltration into air-
ways of cynomolgus monkeys after segmental bronchopro-
vocation with eotaxin [77]. The effect of a low-molecular-
weight CCR-3 antagonist on chronic experimental bronchial
asthma was examined using BALB/c mice intraperitoneally
sensitised with OVA subsequently chronically challenged
with OVA aerosol to induce chronic airway inflammation
and airway remodelling. CCR-3 antagonist treatment re-
sulted in a marked reduction of eosinophils in the bronchoal-

veolar lumen and in airway wall tissue, whereas infiltration
of lymphocytes or macrophages remained unchanged. Fur-
thermore, antagonising CCR-3 reduced AHR, goblet cell
hyperplasia and airway remodelling as defined by subepithe-
lial fibrosis and increased accumulation of myofibroblasts in
the airway wall of chronically challenged mice. Therefore,
antagonising CCR-3 may represent a novel approach to a
promising asthma or allergy therapy [78]. Furthermore, there
is evidence from animal models that IL-5 and eotaxin may
work in a synergistic fashion to promote the release of ma-
ture eosinophils from the bone marrow [79]. Thus it might
be that combination therapies of CCR3 antagonist and hu-
manised anti-IL-5 mAb might prove an effective approach to
limit or prevent eosinophil toxicity in the asthmatic lung.

CONCLUSION

Our understanding of the complex processes controlling
eosinophil accumulation is now considerable and this
knowledge has informed the development of several strate-
gies aimed at blunting eosinophil accumulation. Overall
there have been a considerable number of disappointing out-
comes as several new therapies had little or no impact on
clinical asthma despite the great initial promise seen in ani-
mal models of asthma. The recent positive outcomes in
Phase 1II clinical trials in asthmatic patients with the small-
molecule selectin antagonist (bimosiamose) or integrin 041
small-molecule antagonist (valategrast) do provide evidence
that novel strategies to treat asthma may yet be forthcoming.
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However, one important consideration is that potential side
effects of targeting adhesion pathways as therapeutic ave-
nues should always be considered as demonstrated by the
recently reported series of fatal central nervous systems in-
fections occurring during systemic treatment with the odf1
antagonist natalizumab [80].
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