
Available online at www.sciencedirect.com

ARTICLE IN PRESS
www.elsevier.com/locate/tvjl

The Veterinary Journal xxx (2007) xxx–xxx

The
Veterinary Journal
Review

Equine recurrent airway obstruction and insect bite
hypersensitivity: Understanding the diseases and uncovering

possible new therapeutic approaches

Fiona M. Cunningham *, Bettina Dunkel

Department of Veterinary Basic Sciences, The Royal Veterinary College, Hawkshead Lane, North Mymms, Hertfordshire AL9 7TA, UK

Accepted 3 October 2007
Abstract

Recurrent airway obstruction (RAO) and insect bite hypersensitivity (IBH) are allergic conditions that are commonly encountered in
the horse. Whilst complete allergen avoidance is an effective management strategy for both diseases, this may not be achievable in all
cases and treatment options are therefore required. The inflammatory response is the main therapeutic target for glucocorticoids given
to horses with RAO and severe cases of IBH, whilst the bronchodilators used in RAO primarily target airway smooth muscle. Such drugs
are effective in most but not all individuals and there may be unwanted adverse effects. This article will review how knowledge of drug
action and the pathogenesis of RAO and IBH can be utilised to identify potential targets for novel therapeutic agents that, in the longer
term, may be safer and/or more effective in managing the allergic horse.
� 2007 Elsevier Ltd. All rights reserved.
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Introduction

Equine allergic disease is most effectively managed by
complete allergen avoidance but it is unlikely that this will
be achievable in all cases. Therefore, safe and effective
drugs are required for the treatment of common conditions
such as recurrent airway obstruction (RAO), a term
encompassing the chronic obstructive pulmonary condition
seen on stabling or exposure of susceptible animals to sum-
mer pasture, and insect bite hypersensitivity (IBH), also
known as ‘sweet itch’ or ‘summer eczema’.

The clinical signs of RAO, which can range from cough
and exercise intolerance to severe respiratory distress, are
caused by a hypersensitivity to inhaled organic dust. The
presence of histamine and raised antigen-specific immuno-
globulin (Ig)E in the airways or serum of affected animals is
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suggestive of a Type 1 hypersensitivity, despite the absence
of an immediate response to allergen challenge (McGorum
et al., 1993; Schmallenbach et al., 1998; Deaton et al., 2007;
Künzle et al., 2007). The inflammatory response resulting
from antigen exposure is largely responsible for the altera-
tions in airway smooth muscle structure and function and
is characterised by recruitment and activation of neutro-
phils and T lymphocytes, together with mucus hypersecre-
tion (Robinson et al., 1996; Franchini et al., 1998, 2000;
Lavoie et al., 2001; Robinson, 2001; Beadle et al., 2002;
Giguère et al., 2002; Marr et al., 2002; Ainsworth et al.,
2003, 2006; Léguillette, 2003; Cordeau et al., 2004; Desjar-
dins et al., 2004; Brazil et al., 2005; Debrue et al., 2005;
Horohov et al., 2005; Marinkovic et al., 2007).

IBH is an intensely pruritic, seasonally recurrent, hyper-
sensitivity disorder to, as yet uncharacterised, allergens
found largely in the saliva of biting midges (Foster and
Cunningham, 1998a; Wilson et al., 2001; Althaus et al.,
2004; Hellberg et al., 2006). As in RAO, histamine and
IgE have been implicated in the pathogenesis of IBH,
quine recurrent airway obstruction and insect bite ..., The Ve-
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although the delayed response to intradermal allergen in
some animals is suggestive of a Type 4, in addition to a
Type 1, reaction (Riek, 1955; Anderson et al., 1991; Van
der Haegen et al., 2001; Wagner et al., 2006a). The presence
of antigen(s) in the skin of affected animals induces inflam-
matory cell infiltration, with early eosinophil accumulation
followed by T cell recruitment. The T cell cytokine profile
in IBH lesions has not been extensively studied although
Marti et al. (2007) have recently described increased inter-
leukin (IL)-4, IL-5 and IL-3 mRNA expression in acute
lesions and increased chemokine (CCL11 and CCL2)
mRNA expression has been reported in established lesions
(Benarafa et al., 2002a). Increased expression of IL-1b
mRNA has also been detected although this may be due
to mechanical trauma incurred when affected animals rub
their skin to relieve the pruritus (Homey et al., 2006; Kolm
et al., 2006). Such self-excoriation may also be, in part,
responsible for the structural changes such as lichenifica-
tion that are evident in chronically affected animals (Foster
and Cunningham, 1998a).

Although clearly different conditions, affecting (primar-
ily) disparate organ systems, equine RAO and IBH have in
Table 1
Summary of potential new therapeutic approaches to the management of RA

Potential therapy Comments

Low dose theophylline Several weeks treatment lik
Lipoxins The role of anti-inflammato
Cytokine/chemokine inhibitors (IL-4, IL-13,

TNFa, IFNc, CXCL8)
The role of individual cytok
Blockade of the effects of a
be of significant benefit in s

Transcription factor inhibitors (NFjB) Adverse effects may limit u

Inhibitors of intracellular enzymes

PDE (PDE4/7) PDE4 inhibition has not bee
and PDE7 has not yet been

p38 MAPK p38 MAPK inhibition has b
exposure (Lavoie et al., 200
May be difficult to achieve

Anti-IgE therapy The involvement of IgE ha

Table 2
Summary of potential new therapeutic approaches to the management of IBH

Potential therapy Comments

H4 receptor antagonists Unlikely to succeed if use
H4 receptor involvement i
There are a large number

Leukotriene inhibitors The role of arachidonic a
Cytokine/chemokine inhibitors (IL-4, IL-5,

IL-13, TNFa, IFNc, CCL11)
The role of individual cyt
Blockade of the effects of
to be of significant benefi

Inhibitors of intracellular enzymes

Calcineurin Cyclosporine is effective in
systemic administration in
Treatment will be expensi

PDE (PDE4, PDE4/7) The role of PDE4 in IBH
cells

Mycobacterium based vaccine Trials ongoing with repor
Anti-IgE therapy Some success in the treatm
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common the development of an antigen-induced local
inflammatory response, thought to be largely responsible
for the subsequent short and long term structural and func-
tional changes in the lungs or skin, in which lymphocytes
appear to play a key role and which involves recruitment
and activation of circulating granulocytes. This being the
case, it is not surprising that allergen avoidance or admin-
istration of drugs with a broad profile of anti-inflammatory
actions such as glucocorticoids are found to be effective
approaches in managing both conditions. As current
understanding of the molecular events regulating key
inflammatory processes in the horse increases, the extent
to which compounds with more selective anti-inflammatory
properties will be effective in RAO and/or IBH will become
increasingly apparent.

This review will first summarise the main drug classes
currently used for these conditions and the ways in which
they might be improved and then discuss some potential
new therapeutic targets that studies of disease pathogenesis
in the horse have suggested could be of interest. A sum-
mary of potential new therapeutic approaches to the man-
agement of RAO and IBH is given in Tables 1 and 2.
O

ely to be required before any anti-inflammatory effect is observed
ry lipoxins in RAO is unknown
ines and chemokines in RAO is not yet fully understood

single cytokine/chemokine in established disease has not yet been shown to
imilar complex clinical conditions in man
se

n shown to be of benefit in RAO (Rickards et al., 2003; Lavoie et al., 2006)
identified in equine cells
een shown to be of some benefit but only if administered prior to antigen
4)
an acceptable therapeutic window and adverse effects may limit use
s not been conclusively demonstrated

d as sole therapy
n pruritus has not been established in the horse
of potential pruritogens in addition to histamine

cid metabolites in IBH is unknown
okines and chemokines in IBH is not yet fully understood
a single cytokine/chemokine in established disease has not yet been shown
t in similar complex clinical conditions in man

canine atopic dermatitis but drug pharmacokinetics and toxicity following
horses are unknown

ve
has not been investigated and PDE7 has not yet been identified in equine

ts of improvement in some individuals
ent of human atopic eczema
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Current therapeutic options for RAO and IBH

The inflammatory events taking place in the lungs or skin
of horses with RAO or IBH are the broad therapeutic target
for glucocorticoids which are the drugs of choice for mainte-
nance therapy when management strategies are insufficient.
However, whilst they may be regarded as ‘the drugs to beat’,
in view of the pleiotropic effects of the glucocorticoid-receptor
complex, their use can be associated with unwanted effects
(Barnes, 2006a). In the horse there is a particular concern
about the onset or exacerbation of laminitis although the asso-
ciation has yet to be proved (Bailey and Elliott, 2007). Prophy-
lactic administration of sodium cromoglycate is another
approach to controlling the inflammatory response in RAO
but the drug is not used commonly in equine or human allergic
airway disease (Thomson and McPherson, 1981; Larsson
et al., 2001; Crompton, 2006). In IBH, histamine (H)1 receptor
antagonists have been used therapeutically but with variable
success (Foster and Cunningham, 1998a).

Although bronchoconstriction in RAO is largely due to
the inflammatory events taking place in the airways, bron-
chodilator therapy is still an important part of disease man-
agement. The most commonly used bronchodilators target
beta (b)2 or muscarinic receptors on airway smooth muscle,
although b2 agonists have some, additional, anti-inflamma-
tory properties (Broadley, 2006; Laan et al., 2006a; van den
Hoven et al., 2006). Clenbuterol, the only b2 agonist
authorised for use in horses, is not effective in all patients
(Léguillette, 2003) which may be due, in part, to the reduc-
tion in b2 receptor density associated with administration of
this class of drug. Receptor numbers and the efficiency of
receptor coupling to adenylate cyclase have also been
reported to be reduced in RAO horses (Abraham et al.,
2002, 2006). The muscarinic receptor antagonist atropine
is an effective bronchodilator, but, as it is non-selective in
its action on receptor sub-types, systemic use may lead to
reduced gastrointestinal tract motility and other unwanted
effects (Léguillette, 2003; Gosens et al., 2006). These may
be limited by using inhaled ipratropium bromide, another
muscarinic antagonist (Duvivier et al., 1997).

Theophylline is used clinically as a bronchodilator in
man and in other domestic species but not routinely in
horses due to the tachycardia and excitement that occur
within the therapeutic range (McKiernan et al., 1990).
The mechanism by which theophylline produces its bron-
chodilator effect is not fully understood but adenosine
receptors and phosphodiesterase (PDE) in airway smooth
muscle have been suggested as targets for drug action. It
is additionally recognised that theophylline can exert
anti-inflammatory effects at lower doses than required for
bronchodilation (Barnes, 2002; see later).

Improving existing therapeutic agents for equine RAO or

IBH

From the discussion above, it is clear that there are suit-
able therapeutic options for RAO and IBH but there are
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some limitations to their use. Advances in knowledge of
their pharmacodynamics and pharmacokinetics have led
to suggestions about how existing drugs could be
improved.

Glucocorticoids

At a molecular level the anti-inflammatory effects of glu-
cocorticoids are mediated primarily by trans-repression of
gene transcription, leading to a reduction in the formation
of a range of inflammatory proteins, including many cyto-
kines and chemokines, adhesion molecules, enzymes and
receptors. Through trans-activation there is also increased
expression of anti-inflammatory peptides and b2 adreno-
ceptors are also up-regulated (Barnes, 2006a). Many of
the unwanted effects are due to trans-activation and hence
steroidal and non-steroidal glucocorticoid receptor ago-
nists have been developed that show selectivity for trans-
repression and should, therefore, have an improved safety
profile (Schäcke et al., 2002, 2004). Species differences in
the trans-activation response have been reported which
may need to be taken into account if drugs with selective
trans-repressor action are to be identified for use in the
horse (Tanigawa et al., 2002).

Methylxanthines

The inhibitory effects of theophylline on inflammatory
cell accumulation and activation in human asthmatics
referred to earlier occur at lower plasma concentrations
than are required for bronchodilation in horses (Button
et al., 1985; Sullivan et al., 1994). However, several weeks
of oral therapy are necessary before the anti-inflammatory
effects become evident (Culpitt et al., 2002; Kobayashi
et al., 2004). Thus, although it is of interest that Cesarini
et al. (2006) reported the lack of any beneficial effect of
low dose oral theophylline in horses with RAO, the ani-
mals were only treated for 7 days and, as no indices of
inflammation were reported, the dose or duration of treat-
ment may have been insufficient.

The mechanism by which theophylline exerts its anti-
inflammatory action is not yet fully understood but
enhanced activity of histone deacetylase (HDAC) in vitro
and ex vivo following 4 weeks treatment with low dose the-
ophylline has been demonstrated (Ito et al., 2002; Cosio
et al., 2004). HDACs are co-repressor proteins that deacet-
ylate core histones, thereby suppressing inflammatory gene
expression. If a similar action can be demonstrated in the
horse, and inhibitory effects on leucocyte accumulation
and activation observed, it may prove possible to use the-
ophylline safely and effectively in RAO.

Histamine receptor antagonists

More than 50 years ago, Riek (1955) provided evidence
that histamine was involved in the pathogenesis of IBH. H1

receptor antagonists may act in part by reducing pruritus
quine recurrent airway obstruction and insect bite ..., The Ve-
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and, in part, by inhibiting histamine-induced swelling and
leucocyte recruitment (Molet et al., 1997; Foster and Cunn-
ingham, 1998a,b; Foster et al., 1998; Bailey and Cunning-
ham, 2001a). Recently, studies using knock out mice have
suggested that histamine induces pruritus largely through
activation of H4 receptors and, as H4 receptor antagonists
also have anti-inflammatory properties (Dunford et al.,
2007), this may be a more appropriate therapeutic target
in IBH than the H1 receptor. Moreover, given the number
of pruritogens that have now been identified (Paus et al.,
2006), it seems likely that other innovative approaches to
reducing pruritus will be developed.

Although histamine has been recovered from the lungs
of symptomatic RAO horses, targeting H1 receptors has
not proved an effective strategy in this condition (McGo-
rum et al., 1993; Robinson, 2001). Some benefit has been
reported following administration of second generation
H1 receptor antagonists to human patients with mild to
moderate asthma, although higher than conventional doses
were required (Nelson, 2003). If second or third generation
drugs with favourable pharmacokinetics can be identified
for use in the horse (Olsén et al., 2006), it could be worth
evaluating their use as sole agents or as part of a combina-
tion therapy in RAO.

Muscarinic antagonists

Tiotropium bromide is a muscarinic receptor antagonist
that shows ‘pharmacokinetic selectivity’, in that it dissoci-
ates slowly from M3 and M1 receptor sub-types (Disse
et al., 1999). It is an effective bronchodilator in obstructive
lung disease in man when given once daily by inhalation
and reduces the decline in lung function changes in patients
with chronic obstructive pulmonary disease (Gosens et al.,
2006). If the favourable pharmacokinetic and pharmacody-
namic properties demonstrated in man are observed in the
RAO horse, this drug may prove to be superior to ipratro-
pium bromide as an inhaled therapy.

Potential novel therapeutic targets for RAO and IBH

Studies of allergic inflammation and diseases such as
asthma and atopic eczema in man have yielded a plethora
of potential therapeutic targets, some or all of which may
be applicable to the horse (Adcock et al., 2006; Barnes,
2006b; Boswell-Smith et al., 2006; Homey et al., 2006; Paus
et al., 2006; Pua and Barnetson, 2006; Yamagata and Ichi-
nose, 2006; Baumer et al., 2007). IBH shares features with
atopic eczema (Foster and Cunningham, 1998a; Bog-
uniewicz and Leung, 2006) and RAO is sometimes referred
to as ‘equine asthma’, although the disease also has similar-
ities to hypersensitivity pneumonitis and a contribution to
lung inflammation and injury from lipopolysaccharide and
inhaled particles must also be acknowledged (Pirie et al.,
2003a,b; Ghio et al., 2006; Ismail et al., 2006).

Although differences between the pathogenesis of IBH
and RAO and analogous conditions in other species exist
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terinary Journal (2007), doi:10.1016/j.tvjl.2007.10.005
and treatment protocols and drug pharmacodynamics
and pharmacokinetics may differ in the horse, which could
influence the outcome of any novel therapeutic strategy, it
nevertheless seems reasonable to suggest that much of the
knowledge gained from animal models of human disease
and in patient studies will be applicable to the equine con-
ditions. This review will focus on those targets that studies
of disease pathogenesis in the allergic horse have suggested
could be of potential interest.
Arachidonic acid metabolites

Despite leukotrienes (LTs) having been implicated in
bronchoconstriction and airway neutrophilia in RAO, nei-
ther antagonism of the LTD4 receptor, nor 5-lipoxygenase
inhibition, were found to be of benefit although the study
on monteleukast is inconclusive as the authors did not
show inhibition of LTD4 at the dose used and the pharma-
cokinetic data suggested poor oral bioavailability (Marr
et al., 1998a,b,c; Lavoie et al., 2002; Kolm et al., 2003;
Lindberg et al., 2004). Taken together, these findings do
not encourage further investigation of leukotriene inhibi-
tion in RAO although it may be worth noting that in some
European countries LTD4 antagonists are approved as an
add-on therapy in asthma when glucocorticoids are insuffi-
cient or for prophylactic use in exercise-induced broncho-
constriction in asthmatics (Dahlen, 2006). The role of
arachidonic acid metabolites has not been studied in IBH
and there is some evidence for therapeutic improvement
in human atopic eczema following administration of
LTD4 receptor antagonists (Pua and Barnetson, 2006).
Whether these, or 5-lipoxygenase inhibitors, would prove
useful in treating allergic skin disease in the horse remains
to be established.

Whilst inhibition of pro-inflammatory eicosanoids may
not be an effective therapeutic strategy, the anti-inflamma-
tory lipoxins may represent a potential target. Lipoxins are
short lived tri-hydroxy eicosanoids produced by transcellu-
lar synthesis involving 5-lipoxygenase (LOX) and, primar-
ily, 15-LOX. Lipoxins, which activate formyl peptide
receptor like-1 (FPRL1) receptors, reducing inflammatory
and epithelial cell activation (Parkinson, 2006), have been
detected in bronchoalveolar lavage (BAL) from patients
with inflammatory lung disease and production by leuco-
cytes from asthmatic subjects is reported to increase in mild
disease. However, in severe cases where there is persistent
inflammation, a significant reduction has been identified
(Bonnans et al., 2004; Levy et al., 2007). Lipoxins have
not been studied in RAO but the report of raised 15-HETE
in symptomatic horses is compatible with increased 15-
LOX activity and, potentially, lipoxin formation (Gray
et al., 1992). It would be of interest to determine whether
there is an imbalance between the production of pro- and
anti-inflammatory eicosanoids in RAO that is associated
with disease severity, as has been observed in the severe
asthmatic and in cows with persistent mastitis (Boutet
quine recurrent airway obstruction and insect bite ..., The Ve-
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et al., 2003), and if drugs that mimic the actions of lipoxins
might be beneficial therapeutically.

Cytokines and chemokines

Cytokines and chemokines are key mediators in orches-
trating the immune response and, as such, represent a
rational therapeutic target in the allergic patient (Homey
et al., 2006; O’Byrne, 2006; Pua and Barnetson, 2006;
Woodfolk, 2006; Yamagata and Ichinose, 2006). There
have been a number of studies describing increased mRNA
expression for a range of cytokines and chemokines in
bronchoalveolar lavage (BAL) cells, epithelium or lympho-
cytes from RAO horses and in the lesional skin of IBH
horses (Franchini et al., 1998; Lavoie et al., 2001; Beadle
et al., 2002; Benarafa et al., 2002a; Giguère et al., 2002;
Ainsworth et al., 2003, 2006; Cordeau et al., 2004; Desjar-
dins et al., 2004; Debrue et al., 2005; Horohov et al., 2005;
Kleiber et al., 2005; Kolm et al., 2006; Marti et al., 2007).

Determining whether or not such changes are reflected
by an increase in expressed protein is currently hampered
by the lack of suitable reagents and, to date, only an
increase in CXCL8 (IL-8) in BAL fluid from RAO horses
has been reported when compared to healthy controls
(Franchini et al., 2000; Giguère et al., 2002). Nevertheless,
the increase in mRNA expression, together with the docu-
mented properties of the chemokines and cytokines, pro-
vides a sufficient basis for suggesting that the effects of
selective blockade warrant investigation in the allergic
horse.

IL-4

The recent report linking the region of chromosome 13
containing the IL-4 receptor a gene to RAO, together with
the multiple immunoregulatory effects of the cytokine in
allergic disease and the increased mRNA expression
reported both in the lesional skin of horses with IBH
and, in some studies, in BAL cells from symptomatic
RAO horses, suggests that inhibiting IL-4 may be worth
investigating in these conditions (Lavoie et al., 2001; Bea-
dle et al., 2002; Giguère et al., 2002; Jackson et al., 2004;
Horohov et al., 2005; Homey et al., 2006; O’Byrne, 2006;
Pua and Barnetson, 2006; Wagner et al., 2006b; Woodfolk,
2006; Yamagata and Ichinose, 2006; Jost et al., 2007; Marti
et al., 2007). However, studies with monoclonal antibodies
and an IL-4 soluble receptor in human asthma have yielded
disappointing results, with only modest beneficial effects
being reported. Whether early intervention, rather than in
established disease, might be of greater benefit remains to
be established (O’Byrne, 2006).

IL-5

Eosinophils play a role in the pathogenesis of human
asthma but, although blocking IL-5 reduced eosinophil
accumulation and blood eosinophilia, no improvement in
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airway function was observed suggesting that targeting
IL-5 is not a useful approach in this condition (O’Byrne,
2006; Yamagata and Ichinose, 2006). The cytokine is of
less interest as a therapeutic target in RAO because of
the limited involvement of eosinophils (Robinson et al.,
1996; Robinson, 2001; Léguillette, 2003) although
increased expression of IL-5 mRNA in BAL cells from
symptomatic RAO horses has been reported in some stud-
ies (Lavoie et al., 2001; Giguère et al., 2002; Cordeau et al.,
2004) and IL-5 receptors may be present on neutrophils
from these animals (Dewachi et al., 2005). In contrast to
RAO, early eosinophil recruitment to the skin is a feature
of IBH (Foster and Cunningham, 1998a). Equine eosino-
phil adherence in response to IL-5 is increased to a signif-
icantly greater extent in ponies with IBH and IL-5 mRNA
is increased in acute IBH lesions (Bailey and Cunningham,
2001b; Cunningham et al., 2003; Marti et al., 2007). How-
ever, as in asthma, anti-IL-5 therapy has not proved to be
of significant benefit in human atopic eczema (Oldhoff
et al., 2005). Thus, at present, IL-5 does not appear to be
an attractive target for blockade in equine allergic disease.

Tumour necrosis factor (TNF)a

TNFa mRNA is increased in BAL cells from symptom-
atic RAO horses, although no change in the level of
expressed protein was detected (Giguère et al., 2002; Laan
et al., 2006b). Preliminary reports on blockade of TNFa in
asthma and atopic eczema appear promising and this
approach could prove to be beneficial in equine RAO or
IBH (Jacobi et al., 2005; Erin et al., 2006; O’Byrne, 2006;
Yamagata and Ichinose, 2006). Inhibition of TNFa con-
verting enzyme (TACE), which cleaves the cytokine from
the cell surface, is an alternative mechanism by which the
actions of TNFa can be modulated and a TACE inhibitor
has been shown to modulate cytokine release by equine
macrophages (Wijnker et al., 2004; Lombart et al., 2007).

Interferon (IFN)c

Subcutaneous administration of IFNc is associated with
clinical improvement in both human and canine patients
with atopic dermatitis (Iwasaki and Hasegawa, 2006; Pua
and Barnetson, 2006). Whether IFNc is also a rational tar-
get in equine IBH remains to be established in light of the
recent finding that expression of IFNc mRNA is not
altered in the skin of IBH horses (Marti et al., 2007). IFNc
mRNA expression has been reported to be decreased in
BAL cells from RAO horses in some studies (Lavoie
et al., 2001; Cordeau et al., 2004) and increased in others
(Beadle et al., 2002; Giguère et al., 2002; Ainsworth
et al., 2003; Horohov et al., 2005), something which may
be explained by differences in sampling times and the clin-
ical stage of the study animals (Horohov et al., 2005).
Thus, as in human asthma and equine IBH, it is not yet
clear if IFNc administration would be a useful approach
in RAO (Yamagata and Ichinose, 2006).
quine recurrent airway obstruction and insect bite ..., The Ve-
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IL-13

IL-13 is thought to play a key role in the pathogenesis of
allergic disease (Wills-Karp, 2004; Homey et al., 2006;
Yamagata and Ichinose, 2006) and administration of an
IL-13 monoclonal antibody has been found to reduce the
response to antigen challenge in primates (Bree et al.,
2007). With evidence of increased IL-13 mRNA expression
in BAL cells from RAO horses (Horohov et al., 2005) and
in acute IBH lesions (Marti et al., 2007), blocking the
effects of this cytokine may prove beneficial, although a
recent study in mice suggests that dual IL-4/IL-13 inhibi-
tion could be more effective (Perkins et al., 2006).

CXCL8 (IL-8)

Increased CXCL8 and mRNA expression have been
reported in epithelial cells and BAL fluid from symptom-
atic RAO horses (Franchini et al., 2000; Giguère et al.,
2002; Ainsworth et al., 2003, 2006) and this neutrophil acti-
vating chemokine has been implicated in causing airway
neutrophilia. There has been some interest in examining
the impact of CXCL8 inhibition in chronic obstructive pul-
monary disease in man but the beneficial effect obtained
was very limited (Chung, 2006). As neutrophil accumula-
tion can be dissociated from lung function changes in
RAO (Fairbairn et al., 1993), targeting up-stream cyto-
kines responsible for the release of CXCL8 may be a more
effective strategy (Debrue et al., 2005; Ainsworth et al.,
2006).

CCL11 (eotaxin) and CCR3

Targeting CCR3, the receptor for CCL11, which is a
potent eosinophil and T cell chemoattractant (Benarafa
et al., 2002b; Weston et al., 2006a), is an approach that is
of potential interest in the treatment of allergic skin disease
in man, although there are, as yet, no published studies
describing the effects of CCR3 antagonists in clinical
patients (De Lucca, 2006). CCL11 mRNA is increased in
equine fibroblasts stimulated with IL-4 and in the lesional
skin of IBH horses when eosinophils are present (Benarafa
et al., 2000, 2002a). Studies of the chemokine and its recep-
tor will be facilitated by the partial sequencing and conse-
quent design of primers against equine CCR3 (Weston
et al., 2006b).

Mycobacterium spp.

It is recognised that bacterial antigens modulate immune
cell function, promoting Th1 cytokine-dependent responses
and suppressing IgE synthesis (Renz and Herz, 2002;
Camporota et al., 2003). An ongoing study of a mycobac-
terium based vaccine in IBH is reported to be showing
promising results (Stanford, 2007) and investigating such
a vaccine in RAO could be of interest as a single intrader-
mal injection of Mycobacterium vaccae was reported to
Please cite this article in press as: Cunningham, F.M., Dunkel, B., E
terinary Journal (2007), doi:10.1016/j.tvjl.2007.10.005
reduce the late phase response following bronchial provo-
cation in human asthmatics (Camporota et al., 2003).

Transcription factors

Activation of transcription factors is a necessary step in
the synthesis of inflammatory proteins including cytokines
and chemokines and inhibiting those that are activated or
over-expressed in disease represents a potential target,
although adverse effects may limit the use of this approach
as an anti-inflammatory therapy (Adcock et al., 2006;
Barnes, 2006b). Increased expression of a p65 homodimeric
form of nuclear factor-jB (NFjB) has been reported in
BAL and epithelial cells from symptomatic RAO horses
(Bureau et al., 2000; Sandersen et al., 2001). Low molecular
weight inhibitors of IKK2, the isoenzyme that is important
for activation of NFjB by inflammatory stimuli, have been
produced and shown to reduce cytokine and chemokine
synthesis by human pulmonary epithelial cells (Newton
et al., 2007). Such compounds have yet to be tested in aller-
gic patients.

Intracellular enzymes

Calcineurin

The nuclear factor of activated T cells (NF-AT) regu-
lates mRNA transcription of cytokines, and inhibitors of
the phosphatase calcineurin, e.g. cyclosporine, will prevent
dephosphorylation of the cytoplasmic component of NF-
AT, thereby reducing cytokine production. In addition,
cyclosporine reduces mediator release by mast cells and
basophils (Pua and Barnetson, 2006).

Cyclosporine is authorised for use in canine atopic der-
matitis and could be of benefit in severe cases of IBH,
although expense is likely to limit its use in the horse.
Moreover, whilst topical cyclosporine is used in equine
ophthalmology, drug toxicity would need to be evaluated
in this species if systemic administration was envisaged
(Gilger et al., 2005; Steffan et al., 2006).

Kinases

P38 MAPK is a family of four serine threonine protein
kinase isoenzymes involved in regulating many cellular
responses and selective inhibition of p38 MAPK activation
has been shown to be effective in animal models of human
asthma and COPD (Adcock et al., 2006; Barnes, 2006b).
Lavoie et al. (2004) have reported some beneficial effects
in horses with RAO after administration of a p38 MAPK
inhibitor prior to antigen exposure, with clinical signs being
reduced in severity and delayed in onset. Moreover, there
was a reduction in airway neutrophilia to which inhibition
of LPS-induced p38 MAPK activation in leucocytes may
have contributed (Pirie et al., 2003a,b; Brooks et al.,
2007). Inhibition of intracellular signalling molecules
involved in transducing signals from multiple extracellular
quine recurrent airway obstruction and insect bite ..., The Ve-
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inflammatory stimuli is an attractive concept. However,
given that kinases, such as p38 MAPK, play an important
regulatory role in so many different cellular events, com-
pounds that are highly selective in action are likely to be
required in order to achieve an acceptable therapeutic
index and administration by inhalation may also be neces-
sary to limit unwanted effects.

Phosphodiesterase (PDE)

PDE catalyses the breakdown of intracellular cAMP
and identification of a family of at least 11 isoenzymes with
over 50 isoforms that are differentially expressed in almost
all mammalian tissues, again offers the potential for selec-
tive inhibition (Boswell-Smith et al., 2006). As in other spe-
cies, PDE4 is the main isoenzyme found in equine
lymphocytes and neutrophils (Rickards et al., 2000, 2004a).

The activity of PDE isoenzymes, including PDE4, was
similar in cells from RAO and healthy horses, although
some differences in the control of lymphocyte PDE3 and
PDE5 activity were identified (Rickards et al., 2000,
2004b), and inhibition of PDE4 was not associated with
any improvement in airway function or inflammation in
symptomatic animals, suggesting that targeting PDE4
may not be worthwhile (Rickards et al., 2003; Lavoie
et al., 2006). PDE4 inhibition has been associated with
anti-inflammatory effects in animal models of allergic skin
inflammation where suppression of cytokine formation has
been demonstrated, and in early clinical trials of atopic
eczema in man (Baumer et al., 2007). In addition, Ferrer
et al. (1999) have reported improvement equivalent to that
observed with prednisolone in canine atopic dermatitis.
Thus, PDE4 inhibitors may be worthy of evaluation in
IBH. Moreover, PDE7 is also present in inflammatory cells
and combined inhibition of PDE4 and PDE7 may be a
more effective strategy (Boswell-Smith et al., 2006).

IgE

Wagner et al. (2006a) have demonstrated a role for IgE
in mediating Type 1 hypersensitivity reactions in the horse.
There is also evidence for IgE involvement in the pathogen-
esis of IBH and, perhaps less convincingly, in RAO (Schm-
allenbach et al., 1998; Van der Haegen et al., 2001; Wilson
et al., 2006; Künzle et al., 2007). Anti-IgE therapy, which
has been attempted with some success in human asthma
and atopic eczema (Chang et al., 2007) may warrant inves-
tigation in the allergic horse.

Conclusions

Although studies of the pathogenesis of RAO and IBH
have identified a variety of potential therapeutic targets
worthy of evaluation, it is clear that there is still much to
be learnt about the mediators and mechanisms underlying
the inflammatory response and the associated structural
and functional changes in these diseases. Current evidence
Please cite this article in press as: Cunningham, F.M., Dunkel, B., E
terinary Journal (2007), doi:10.1016/j.tvjl.2007.10.005
suggests that, in many cases, blocking individual mediators
may only lead to limited improvement, whereas achieving a
broader anti-inflammatory action by, for example, target-
ing transcription factors or intracellular signalling mole-
cules, could ultimately be unsuccessful if an acceptable
therapeutic window cannot be achieved. Whilst such novel
approaches are being investigated, optimising the use of
existing groups of drugs through a better understanding
of their actions at the cellular and molecular level could
be of benefit in treating RAO and IBH.
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