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EDITORIAL

Do anti-leukotriene agents inhibit asthmatic inflammation?

Introduction

The 1982 Nobel Prize in Medicine or Physiology was awarded
for the discovery that slow reacting substance, a contractile
bioactivity long thought to be important in asthmatic bronch-
ospasm, was comprised of a mixture of arachidonic acid
S-lipoxygenase (5-LO) metabolites, leukotrienes (LTs) Cy4, Dy,
and E4. Because all three of these lipids contain the amino acid
cysteine, they are now collectively termed the ‘cysteinyl LTs’
(cysLTs). The recent development of drugs that inhibit the
synthesis or actions of LTs (‘anti-LT agents’ or ‘LT modifiers’)
represents a landmark bench-to-bedside triumph.

Although these drugs are currently used by millions of asth-
matics world-wide, our knowledge of their pathophysiologic
actions is still rapidly evolving. As 30 years worth of inhaled
corticosteroid use has not been sufficient to address all conceiv-
able questions about this class of agent, it cannot be surprising
that we know far less about anti-LT agents. Of the many areas
of uncertainty, one which has been regarded as pivotal, in view
of the central importance of inflammation in asthma, is whether
anti-LT agents are in fact anti-inflammatory. An article in this
issue of Clinical and Experimental Allergy provides new insights
into this question. The discussion that follows seeks to place
these new findings into the evolving context of our understand-
ing of the role played by LTs (and the effects of anti-LTs) in
asthmatic inflammation.

Leukotriene synthesis and receptors: the basics

Biological effects of LTs require both the synthesis of these lipid
mediators and the expression of receptors mediating their
actions (see Fig. 1). LTs are synthesized primarily by inflamma-
tory cells. Importantly, LT generation is amplified, via up-
regulation of enzymes in their biosynthetic pathway, by many
other mediators implicated in the pathogenesis of asthma and
allergic disease (reviewed in [1]); such mediators include IFN-y,
IL-4 and IL-5, granulocyte macrophage colony-stimulating
factor (GM-CSF), eotaxin, endothelin, and TGF-p. It has re-
cently been demonstrated that the adipocyte hormone leptin
also increases LT biosynthesis [2]; since leptin is secreted in
relation to body fat stores, this mechanism could contribute to
the increased incidence of asthma that is associated with
obesity. Two G protein-coupled receptors for cysLTs have
been characterized, cysLT1 and cysLT2. CysLT1 is the best
understood of these and is the target for the cysLT receptor
antagonists (LTRAs) now in widespread clinical use, including
montelukast, zafirlukast, and pranlukast. Another important
concept to have recently emerged is that expression of cysLT1
can also be up-regulated by cytokines, including IL-4, IL-5, and
IFN-y (reviewed in [3]). Thus, these observations help to explain
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the involvement of cysLTs in both Th1 (e.g. viral infections) and
Th2 (e.g. allergen exposure) predominant states.

Leukotrienes in inflammation, remodeling, and immune
responses

What about the actions of LTs relevant to asthmatic inflam-
mation? A wealth of clinical evidence supports the conclusion
that anti-LT agents abrogate the eosinophilic inflammation so
characteristic of allergic asthma. The paper by Wu and co-
workers in the March issue of Clinical and Experimental Allergy
[4] extends our understanding of how this occurs. They exam-
ined the effects of a 3-day pre-treatment with once-daily intra-
venous montelukast on the inflammatory response to inhaled
ovalbumin in antigen-sensitized BALB/c mice. Using a dose of
montelukast that attenuated antigen-induced eosinophil
numbers in lavage fluid by >90%, they observed significant
reductions in lung levels of IL-4, IL-5, IL-13, and eotaxin, in
serum IL-5 and IgE levels, and in lung vascular expression of
vascular cell adhesion molecule-1 (VCAM-1). By integrating
data from both in vivo animal studies such as this one as well
as in vitro studies, we can now conclude that cysL.Ts modulate
eosinophils by both direct and indirect mechanisms (Fig. 1).

First among the direct effects, the LTs promote differenti-
ation of eosinophilic precursors in the bone marrow [5]. Second,
they promote eosinophilic recruitment to the airways via effects
on both chemotaxis [6] and expression of adhesion molecules on
eosinophils [7] as well as vessels [8]. Third, they inhibit eosino-
phil apoptosis [9], thereby prolonging the survival of those cells
that reach the airways. The indirect effects of cysLTs reflect
their ability to up-regulate gene expression for and/or release of
various cytokines/chemokines that themselves promote eosino-
phil production, recruitment, and survival; these include IL-4,
IL-5, IL-13, eotaxin, and GM-CSF [1]. Furthermore, these
effects of cysLTs appear to exhibit some specificity for Th2
cytokines, as LT blockade or deficiency either fails to inhibit
Thl cytokines such as IFN-y, or actually increases them
[10-12].

Repeated antigen challenge to the rodent airway over a
period of at least 8 weeks results not only in inflammation, but
in structural changes such as mucus gland hyperplasia, base-
ment membrane thickening, increased smooth muscle cell mass,
and subepithelial fibrosis. These changes resemble those identi-
fied in the airways of human asthmatics and are commonly
termed ‘remodeling.” A possible role for cysLTs in airway re-
modeling (Fig. 1) is suggested by animal studies demonstrating
that chronic administration of cysLT antagonists abrogate all
of these alterations [13, 14]. The recent report that 5-LO null
mice are significantly protected from pulmonary parenchymal
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fibrosis [10] adds further credence to the possibility that LTs are
causal participants in tissue remodeling responses. Such a role
could reflect their well-known effects on inflammatory cells as
well as their less recognized effects on mesenchymal cells [15].
Whether anti-LT agents can abrogate airway remodeling
in human asthmatics is not yet known, but is of crucial
importance.

Moving from the airways to a more proximal step in the
development of allergic inflammation, certain findings support
a role for cysLTs in the initiation of immune responses (Fig. 1).
Serum IgE levels reflect the magnitude of the systemic immune
response to antigen, and it is intriguing that 5-LO null mice [16]
as well as montelukast-treated mice [4] exhibit far less of an
increase in serum IgE levels following antigen sensitization and
challenge than control animals do. Dendritic cells are the pro-
fessional cells responsible for antigen processing and presenta-
tion to lymphocytes, and they express 5-LO and its activating
protein and synthesize LTs [17]. It has also been shown that
dendritic cell trafficking to lymph nodes is, under some condi-
tions, dependent on cysLT signalling [18]. Although the clinical
applicability and significance of these findings have yet to be
established, a potential role for LTs in initiating immune
responses would have implications well beyond asthma.

Intracellular events

In addition to expanding the repertoire of LT effects, recent
research has also delved into the intracellular mechanisms by
which these mediators act (Fig. 1). A variety of intracellular
signals have been shown to be activated in response to LTs.
These include increases in intracellular calcium levels and react-
ive oxygen species, actin reorganization, and activation of ki-
nases including protein kinase C, mitogen-activated protein
kinase, and phosphatidylinositol 3-kinase [19-21]. The ability
of anti-LT drugs to suppress gene expression for cytokines and
other mediators, discussed above, likely reflects their interrup-
tion of LT-induced signalling to the nucleus. A significant body
of literature has implicated endogenous 5-LO metabolites as
enhancers of the activation of such transcription factors as
nuclear factor-kB (NF-kB), NF-IL6, and AP-1 [22,23],
known to be crucial determinants of cytokine gene transcrip-
tion. However, although compelling evidence links LTB, to
such activation, no evidence as yet implicates cysLTs
themselves in this process.
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Fig. 1. Synthesis and actions of cysteinyl
leukotrienes. CysLTs are synthesized by
eosinophils, mast cells, and macrophages.
Upon interaction with cysLT receptor(s),
intracellular signals are generated in target
tissues, which result in a variety of acute and
chronic responses relevant to the
pathophysiology of asthma. By inhibiting
cysLT synthesis or antagonizing cysLT
receptors (LTRA), anti-LT agents can modify
these responses.
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In this issue of Clinical and Experimental Allergy, Tomari and
colleagues [24], studying antigen-stimulated peripheral blood
monocytes in vitro, present the first evidence that a cysLT1
LTRA, pranlukast, inhibits activation (i.e. nuclear transloca-
tion) of NF-kB. This effect was associated with a parallel
inhibition of TNF-a production. Moreover, pranlukast and
low-dose dexamethasone exhibited additive inhibition of these
processes. These results certainly extend the repertoire of
LTRAs, but a few caveats must be raised. First, these effects
of pranlukast are quite modest, and their biological significance
is uncertain. At the same time, however, one can imagine that
the amplifying effects of cysLTs on transcription factor acti-
vation might be more impressive in cell types with a greater
capacity for cysLT synthesis, such as mast cells or eosinophils.
The second important caveat relates to the conclusions drawn
regarding the mechanism of action of pranlukast in this experi-
mental model. Because exogenous LTD, alone failed to lead to
nuclear translocation of NF-kB, the authors concluded that
pranlukast may be acting through pathways distinct from
cysLT1 antagonism. Of course, any drug has the potential to
exert unexpected and non-mechanism-based actions, and the
5-LO inhibitor zileuton has been recently reported to unexpect-
edly act as a scavenger of peroxynitrite [25]. However, the
suggestion of a cysLTl-independent mechanism is at this
point premature. First, other LTRAs were not examined.
Second, LTD, may not be sufficient to activate NF-«kB, but
could still prime cells for enhanced antigen-induced activation.
In a recent in vivo study, instillation of LTD, alone into the
airways of mice was without effect, but when co-administered
with antigen, it amplified both antigen-induced eosinophil
numbers and airway hyper-responsiveness [26]. It will surely
be important to build upon these observations in order to clarify
the role of cysLTs and of anti-LT agents in transcription factor
activation in relevant experimental systems. Indeed, many other
aspects of the intracellular receptors and mechanisms by which
LTs act await further study [27].

Controversies and conundrums regarding
anti-leukotriene agents (and asthma)

The incorporation of anti-LT agents into asthma treatment has
not been without controversy. In particular, concerns about
anti-inflammatory actions, therapeutic potency, and the
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interindividual heterogeneity of efficacy warrant some examin-
ation and challenge us to consider what this therapeutic class
has taught us about asthma.

Do anti-LT agents inhibit asthmatic inflammation? Although
I think the evidence is overwhelmingly positive, it must be
acknowledged that there are pieces of data to the contrary.
For example, these drugs have been noted in certain studies to
not inhibit eosinophilic inflammation [28], IL-5 expression [26],
and airway hyper-responsiveness [13], despite exerting other
salutary effects in those same studies. These discrepancies may
reflect the lack of correlation among various biomarkers of
asthma, as discussed below. Moreover, it is hardly surprising
that studies employing different types of subjects, species, cell
types, or experimental conditions would yield discrepant
results. Many negative findings can likewise be identified amidst
the largely positive in the literature on inhaled corticosteroids.
The real problem here is the term ‘inflammation’, which is no
longer sufficiently precise to be very useful as we seek to better
understand the pathophysiology of asthma. We will be better
served by focusing on the effects of pharmacologic agents on
specific biomarkers.

Finally, the study by Wu et al. [4] raises the intriguing possi-
bility that current dosing of anti-LT agents may be inadequate
for patients with severe chronic asthma or acute exacerbations.
With the higher levels of both cysLTs and their receptors that
are expected under such conditions, it would seem reasonable to
re-examine dosing of a drug with as generous a safety margin as
montelukast.

Since asthma is characterized by a complex network of cells
and mediators, it is hardly surprising that intense scepticism
surrounded the early development of a therapeutic approach
targeting just one of these mediators. Why are these drugs, in
fact, more effective than many would have predicted? Certainly,
part of the answer lies in the capacity of LTs to modulate such
a wide range of features central to the pathophysiology of
asthma. These include actions that we have known about for
decades — bronchospasm, airway oedema, and mucus secretion
—as well as actions such as those discussed in this editorial. One
of the most far-reaching principles to emerge from recent re-
search is that an interplay exists between LTs and other medi-
ators, such as cytokines. LTs both drive cytokine production
and mediate certain cytokine actions. Such convergence of
seemingly distinct biological circuits also provides a measure
of optimism for other anti-mediator approaches to asthma
therapy, including many that are currently in development.

While the basis for the heterogeneity of responsiveness to
anti-LT therapy among individual patients requires further
investigation, we can certainly speculate that it reflects the
inevitable downside of a single mediator blockade approach in
a multi-mediator disease. On the other hand, this phenomenon
has also served to emphasize the heterogeneity of asthma itself.
We now increasingly recognize that individual patients exhibit
variable responsiveness even to inhaled corticosteroids [29] and
inhaled B-adrenergics [30]. Furthermore, the clinical manifest-
ations (e.g. symptoms, pulmonary function abnormality, bron-
chial hyper-responsiveness, and exacerbations) of asthma also
vary among patients and the degree to which specific manifest-
ations correlate with each other in any given patient is, at best,
imperfect. This heterogeneity has profound implications for
how we both treat and study the syndrome of asthma.
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