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Cysteinyl leukotrienes antagonists as a treatment
for children with asthma
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Abstract . Children have the highest prevalence of asthma, an obstructive lung disease characterized by
bronchoconstriction, persistent airway inflammation and airway remodeling. Inhaled corticosteroids and B2-agonists add-on
therapies are used to treat these children but these medications are not always effective, and inappropriately high doses of
corticosteroid may lead to serious side effects such as osteoporosis, growth retardation, and glaucoma. Oral anti-
leukotrienes are new treatments for children suffering from asthma that work by antagonizing leukotrienes and inhibiting their
synthesis. Leukotrienes are lipids synthesized from arachidonic acids in the 5-lipoxygenase pathway by mast cells,
eosinophils, and alveolar macrophages in the lungs. Leukotrienes are involved in the asthmatic response by binding to the
CysLT1 receptor on the airway smooth muscles, causing bronchoconstriction. Recent studies have shown that the cysteinyl-
leukotrienes may mediate subepithelial collagen deposition and smooth muscle hypertrophy and hyperplasia, causing
irreversible airway remodeling and airway obstruction. Experimental studies and preliminary clinical reports on pediatric
patients have shown that the leukotriene antagonist montelukast may prevent airway remodeling and reduce asthmatic
symptoms when used as an add-on treatment to reduce the intake of corticosteroids and B2-agonists. However, the efficacy
of anti-leukotrienes drugs still needs to be confirmed by randomized, double-blind and multicenter clinical trials.
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In the recent Workshop Report published by the from O to 30 percent in different populations, with Aus-

Global Initiative for Asthma ( GINA) , it is stated that tralia, New Zealand and United Kingdom having the

(-

the prevalence of asthma symptoms in children varies highest prevalences Asthma is a complex obstruc-
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tive airway disease characterized by bronchoconstric-
tion, airway inflammation, and airway remodeling.
These responses, associated with allergies, exercise,
and cold temperatures, can be life threatening if not

"'}, Symptoms of asthma

treated promptly and properly
include cough (usually worse at night), wheezing,
dyspnea, activity limitation, and nighttime waking due
to shortness of breath'"".

Based on the 2004 GINA guidelines'"’ | the clas-
sification of asthma in children over 5 years old is
based primarily on the frequency and severity of symp-
toms; intermittent (less than once a week) ; mild per-
sistent ( more than once a week but less than once a
day) ; moderate persistent ( daily symptoms that affect
activity and sleep) ; severe persistent ( daily symptoms
that limit physical activity) .

While no daily medication is recommended for
children with intermittent asthma, children with more
severe symptoms are recommended to be placed on a
daily controller therapy, primarily based on inhaled
corticosteroids plus long-acting 32-agonists ( for moder-
ate and severe persistent asthma) , with increasing dos-
ages with increasing symptom severity[l]. However,
high doses of corticosteroid may lead to serious side
effects such as osteoporosis, growth retardation, and
glaucoma ' ?!.

Anti-leukotrienes represent the newest type of
asthma medications. However, large-scale, controlled
clinical trials are still needed to confirm their efficacy
in asthma. Therefore, anti-leukotrienes are currently
only considered as add-on therapeutic agents. Over 50
chemical messengers have been found to mediate
asthma"®’ and one of these mediators is the Slow Reac-
ting Substance of Anaphylaxis ( SRS-A )™, which
causes sustained bronchoconstriction. In 1979, it was
discovered that SRS-A is comprised of LTC,, LTD,,
and LTE, cysteinyl-leukotrienes'*’. Twenty years later,
anti-leukotriene medications, which may potentially
antagonize leukotrienes and inhibit their synthesis, be-
came clinically available, though for now their useful-
ness is only supported by animal studies and clinical
studies of limited extent.

This article will examine the biochemistry of
cysteinyl leukotrienes, their role in asthma-induced
bronchoconstriction and airway remodeling, and the
potential usefulness of their inhibitors as treatments for

pediatric asthma.
Biosynthesis of cysteinyl leukotrienes

Cysteinyl-leukotrienes are synthesized from arachi-

donic acid, a membrane phospholipid derived from
lineolic acid, in the 5-lipoxygenase pathway ( Figure
1). This pathway is initiated in mast cells, eosino-
phils, and alveolar macrophages with C, synthase,
when they are induced by stimuli such as IgE binding
to FeeRI receptors, hyperventilation, aspirin (in aspi-
rin intolerant individuals ), hypoxia, hyperoxia, and
exposure to platelet activating factor'”). The result is
that arachidonic acid is cleaved from the cell membrane
by cytosolic phospholipase A,. The arachidonic acid is
sequentially metabolized to leukotriene LTA,, LTB,,
LTC,, LTD, and LTE, by the lipoxygenase enzyme
cascade'®’. A variety of anti-leukotriene medications
(e. g. zileuton) work by inhibiting the synthesis of
cysteinyl leukotrienes through the 5-lipoxygenase path-
way''.
Arachidonic acid
Arachidonic acid
5-HPETE
Lipoxygenase
Leukotriene A,

Glutathione-S-

hydrolase
Y transferase

Leukotriene C,

v-Glutanyl
transpeptidace

LTD*

Leukotriene B,

LTE*

Figure 1 The formation of leukotrienes through the 5-li-
poxygenase pathway. Adapted from Reference 5

Cysteinyl leukotrienes mediate bronchocon-
striction

Initial research concerning cysteinyl-leukotrienes
investigated their role in mediating prolonged contrac-
tions of airway smooth muscle. Asthmatic and non-
asthmatic patients inhaling aerosolized leukotrienes,
LTC, and LTD,, show a significant decrease in their
forced expiratory flow (FEV, ), caused by a broncho-
constriction that lasts from 20 to 30 minutes®’. A
concentration of the cysteinyl-leukotrienes 3 000 times
less than that of histamine is sufficient to initiate this
response, suggesting that the cysteinyl-leukotrienes are
very potent mediators of bronchoconstriction'”. Assays
of LTE, in excreted urine, used as indicators of cystei-
nyl leukotriene production, have shown elevated levels
in adult asthmatics'"".

The cysteinyl-leukotriene receptor CysLT, on
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airway smooth muscle is currently recognized to medi-
ate the effects of the bronchoconstriction'"". CysLTl is
a 7-transmembrane G-protein coupled receptor that
binds preferentially to LTD, > LTC, > LTE,""’. Nev-
ertheless, the expression of the CysLTl receptor in
asthmatic and non-asthmatic patients is not significantly
different, which suggests that asthma is not related to
an altered expression of CysLT, "',

CysLT, is another cysteinyl-leukotriene receptor
expressed on pulmonary vascular endothelium "'
although it does not seem to play roles in bronchocon-

striction.

Montelukast as a treatment for pediatric
asthmatics

Chewable montelukast is the leukotriene antago-
nist that is most commonly prescribed for pediatric
patients.

Safety of montelukast

Montelukast has been found to be well tolerated in
children aged 2-14 years. During 4 clinical trials, with
one lasting as long as 1. 8 years, adverse side effects

compared against the placebo treatment were found not
[14-17

to be significantly different *. A decrease in the re-
sponse to repeated administrations of montelukast was
not evident in an 80-week trial period with patients
aged 6 to 14 years '*

The response to accidental overdose of medication
is another important issue to consider for pediatric
patients. No symptoms were observed in two cases of
unintentional overdose ingestion of 80 mg montelukast
in a 3-year-old asthmatic child and 135 mg montelukast
in a 5-year-old asthmatic child '), Doses <4.5 mg/
kg in children are considered minimally toxic """/

Churg-Strauss syndrome ( CSS) is a potentially
fatal disorder that is characterized by blood vessel in-
flammation and eosinophil proliferation. The diagnosis
of CSS is based on at least four of the following six
features ; moderate to severe asthma; peripheral blood
eosinophilia ( > 10% ) ; mononeuropathy or polyneu-
ropathy ; pulmonary infiltrates, paranasal sinus abnor-

mality ; extravascular eosinophils *'/.

Several cases of
CSS have been reported in association with therapy
with leukotriene antagonists, including montelukast
21 Each of these patients had a history of multiple
asthma exacerbations that often required systemic corti-
costeroids for control "**'. In the majority of these cases
the appearance of CSS was associated with a reduction

22]

in the corticosteroid systemic dose '**'. The occurrence

of CSS in asthmatic patients receiving leukotriene an-

tagonists appears to be related to the unmasking of an
underlying vasculitic syndrome that is initially clinically
recognized as moderate to severe asthma and treated
with corticosteroids. Therefore, montelukast does not
appear to directly cause the syndrome in these pa-
tients. So far, no pediatric or adults patients in any of
the clinical trials performed showed symptoms of blood
vessel inflammation and eosinophil proliferation that
were related to CSS '*'"). Nevertheless, this potential
risk warrants further investigation and great attention
during treatment with montelukast; thus physicians
must be especially vigilant for it in patients whose cor-
ticosteroids are tapered /.
Efficacy of pediatric montelukast use

Recent studies that have examined the effects of
montelukast on children aged 2-14 years with intermit-
tent and persistent asthma and have shown it to be

effective in reducing symptoms %'

Symptoms
considered included coughing, wheezing, dyspnea,
activity limitation, and nighttime waking due to
shortness of breath. In a trial on pediatric patients aged
2-5 years, all of these symptoms were reduced but not

: [15]
completely relieved .
performed in 2000, it was shown that the FEV, was

significantly improved in asthmatic children aged 6-14

In an 8-week clinical trial,

years taking montelukast, in comparison with those
taking a placebo 7.

However, in the authors’ opinion, comparing the
results of montelukast to placebo treatments does not
indicate that it can be used as an alternative to
corticosteroids because in a metanalysis of 14 trials,
corticosteroids were still found to be more effective at
providing rescue bronchodilation and relieving exacer-
bations .

Montelukast as an add-on therapy

As an add-on therapy, montelukast would be clin-
ically beneficial if it could reduce the use of corticoste-
roids in order to decrease the uncommon but potentially
harmful side effects ).

A 12-week trial on children with persistent asth-
ma, who were dependent on glucocorticoids, showed
that the addition of 5 mg of montelukast to regular
treatments of 200 wg of budesonide produced a signifi-
cant increase in FEV, (P =0.01, compared to place-
bo) and a decrease in B,-agonist use (P =0.01, com-

! The most relevant observation

pared to placebo)
was a 23% reduction in exacerbation days, leading the
authors to recommend that oral cysteinyl leukotriene-
receptor antagonists should be combined with inhaled

glucocorticoid therapy if the inhaled corticosteroids
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alone do not fully control the symptoms of the persistent

'») Unfortunately, there is little evidence to

asthma
suggest that montelukast therapy produces steroid-
sparing effects. A clinical trial testing this effect on
asthmatic children treated with low to moderate doses of
inhaled corticosteroids ( ICS) showed that during the
ICS tapering period, the percentage reduction in ICS
dose was not significantly different between montelukast-
treated and placebo-treated subjects (P =0.10) ',

It has, however, been shown that montelukast is a
more effective add-on treatment than the commonly
used cromolyn sulfate, a mast cell inhibitor, because it
reduced the puffs per day of albuterol, a B-agonist,
more than cromolyn sulfate. As an add-on treatment,
montelukast is therefore preferred to inhaled medication
71 A pediatric study demonstrated that parent and
patient satisfaction for montelukast was 82% compared
to 17% for cromolyn sulfate *’’. This is likely correla-
ted to the significantly higher adherence to the monte-
lukast treatment in the trial "/,

Cysteinyl leukotrienes and airway remodeling

Several recent animal reports suggest that cysteinyl
leukotrienes may be involved in long-term airway
remodeling that irreversibly decreases lung function,
although large clinical studies are still needed to con-
firm this hypothesis.

Airway remodeling is predominantly the result of
subepithelial collagen deposition and muscle hypertro-

1 This remodeling contributes

phy and hyperplasia '
to the thickening of the airway walls and enhances the
degree of lumina narrowing during smooth muscle

") Tt is debated whether hyperplasia of

contraction
mucus glands and goblet cells is associated with asthma
because there is no correlation between asthma severity

») While it is also still unclear

and this hyperplasia '
whether airway remodeling is caused by airway inflam-
mation or is a natural outcome of the disease, it
certainly results in irreversible airway obstruction ¥’
In a study conducted over 15 years, there was a signifi-
cant difference between the decrease of FEV, in adults
without asthma (22 ml/year ) compared to the
decrease in FEV, of adults with self-reported asthma
(38 ml/year) , which the Authors suggested is caused

SHAL present, there is not any

by airway remodeling
similar long-term study on pediatric patients.

Cysteinyl leukotrienes may be involved in the
airway structural remodeling in patients with persistent
asthma. In wvitro studies showed that smooth muscle
tissue taken from human lungs and incubated in

medium exhibited an increased migratory response to

platelet-derived growth factor, when incubated with
LTE, for 30 minutes . Montelukast inhibited this
response and this suggests that the response is mediated
by binding of the LTE, to the CysLT, receptor /.
Montelukast to reduce airway remodeling

Recent murine experiments, which are considered
to be appropriate models for human asthma, have
shown evidence supporting the role of cysteinyl leukot-
rienes in airway remodeling and that this remodeling
can be relieved by antagonizing the CysLT, receptor.
In one study, female BALB-C mice were treated for
6- 8 weeks with ovalbumin (OVA) , a chemical agent

31 Mice treat-

used to induce allergic asthma in mice
ed with montelukast had significantly reduced airway
remodeling and obstruction caused by airway hyperpla-

3 In another

sia, fibrosis, and mucus proliferation :
study, BP2 mice challenged with OVA were found to
respond within 15 minutes with increased cysteinyl
leukotriene levels in the bronchoalveolar lavage '**'.
Airway remodeling was blocked by epidermal growth
factor receptor ( EGFR) inhibitors, anti-leukotriene
antagonists, and 5-lipoxygenase pathway inhibitors

) This also suggests interplay between EGFR and

leukotrienes in airway remodeling '**'.

Although the evidence from these experiments
suggest that montelukast can play a role in preventing
airway remodeling, it should be noted that clinical
testing on humans confirming the results achieved in
animals have not yet been carried out. A preliminary
report from a 4-year follow-up study of 7 chronic
asthmatic pediatric patients taking montelukast and
fluticasone propionate has so far examined the effects of
leukotriene antagonists on airway remodeling. High
resolution computed tomography scan showed a
decrease in low-density areas in the children’s lungs,
which the authors referred to be suggestive of a reduc-
tion in subepithelial fibrosis due to montelukast use
) Since this is a pilot study, more reports are

necessary to confirm this finding.
Conclusions

Although the cysteinyl leukotrienes were initially
thought to be potent mediators of the asthmatic
response, pediatric clinical studies have shown that
they are not effective substitutes for corticosteroids,
downgrading them to add-on therapies to reduce the
dosages of corticosteroids. On the other hand, recent
experimental evidence on animals suggest that cysteinyl

leukotrienes may be involved in mediating airway
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remodeling and that their inhibition may significantly
inhibit this pathologic process. While the relationship
between airway remodeling and lung function is still
unclear, the abnormal airway growth of children with

persistent asthma has been shown to promote the per-

sistence and severity of the asthma in later years "',

Preventing this remodeling with anti-leukotriene medi-
cation implies the possibility to improve lung function

in these subjects, possibly even before they become

[36]

symptomatic However, the role of leukotrienes in

remodeling is still only a hypothesis that requires con-
trolled clinical studies to confirm the results that have
been achieved in animal testing. These proposed clini-
cal studies should also test the safety of the anti-leukot-

riene medication on its long-term application.
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