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Purpose of review

Markers of disease status that provide a numerical measure of disease activity,
biomarkers, have come into more routine use in medicine. This is evidenced by troponin
and brain natriuretic peptide when measuring cardiac function or glomerular filtration
rate in relation to kidney function. Similar markers to assess inflammation in the
asthmatic lung have emerged as possible tools to guide treatment. Three biomarkers,
fractional exhaled nitric oxide, sputum eosinophils and leukotriene E4 in the urine and
exhaled breath condensate, have been heavily investigated.

Recent findings

Recent literature indicates that exhaled nitric oxide, sputum eosinophils and leukotriene
E4 in the urine, and exhaled breath condensate could serve as good markers of
inflammation in the asthmatic airway. These markers, when combined with conventional
measures of lung function — forced expiratory flow in 1s, peak flow or methacholine
challenge — will be of benefit in improving asthma control in the pediatric population.
Summary

Exhaled nitric oxide and urinary leukotriene E4 are relatively easy to attain in the clinical
setting. Sputum eosinophils are an excellent tool for assessing inflammation, however
sputum induction can be challenging for a young child. Despite small limitations, all three

biomarkers are potentially valuable when used in conjunction with conventional
methods for airway control.
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Introduction

The recent update of the National Asthma Education and
Prevention Program (NAEPP) guidelines highlights the
need to assess asthma control, however, this is especially
challenging in the pediatric population. Conventional
methods for determining control (spirometry, peak flow
and clinical symptoms) have limitations in a young child.
Although asthma is an inflammatory disease of the airway,
we currently do not have a direct measure of airway
inflammation but rather the above-mentioned tests are
used as surrogate markers for inflammation in the asth-
matic airway. More recently, noninvasive markers of air-
way inflammation, such as fractional exhaled nitric oxide,
induced sputum eosinophils and urinary leukotriene E4
(L'TE4) have been studied as potential tools for assessing
airway inflammation. The goal of this review is to discuss
the correlation of these markers with clinical symptom
control and the conventional tests used to assess control.

Fractional exhaled nitric oxide
Nitric oxide is a gaseous signaling molecule that is pre-
sent in the respiratory system. It functions as a signaling
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molecule both in healthy and disease states. Nitric oxide
is produced by nitric oxide synthase (NOS); three iso-
forms of the enzyme have been identified. Recent evi-
dence supports upregulation of the NOS-2 isoform in the
asthmatic airway, leading to increased production of nitric
oxide from epithelial cells and alveolar macrophages [1].
After synthesis, nitric oxide diffuses into the airway
lumen that is essentially nitric oxide free, thus leading
to increased levels in the exhaled air of children and
adults with asthma.

Nitric oxide can be measured using a chemolumines-
cence analyzer. The child inhales to total lung capacity
('TLC) and exhales at a constant flow rate, 50 ml/s, until a
plateau of greater than 2s is reached [2]. The 2005
American Thoracic Society guidelines [3] suggest the
use of a mouthpiece that excludes nasal nitric oxide by
breathing against a resistor since the upper airway,
particularly the paranasal sinuses, can generate a high
concentration of nitric oxide. Handheld devices for
measuring nitric oxide have recently been studied.
A recent study by Menzies e al. [4°] demonstrated
good correlation between the handheld device and the
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nonportable chemoluminescence analyzer. Only one
device for measuring exhaled nitric oxide (eNO),
however, is currently approved by the US Food and
Drug Administration (FDA), the Aerocrine Niox (Solna,
Sweden).

One large study consisting of 522 school age children [5]
has helped to establish the range of normal values of
eNO. A value between 15 and 25ppb is considered
normal for children between the ages of 4 and 17.
Buchvald e a/. measured eNO in children from ages
4 to 17. They reported upper normal limits of eNO of
15ppb in young children and 25ppb in adolescents.
Their study showed an increase in eNO by 1 ppb/year
with age. Sixteen patients had eNO values of greater than
34.9 ppb; 88% of these children were older than 10 and
had symptoms of rhinitis.

A number of studies have demonstrated the increased
production of nitric oxide in the asthmatic airway and
improvement of that value with use of inhaled corti-
costeroids. One of the earliest studies was by Byrnes
and colleagues [6]; they examined nitric oxide levels in
children with and without asthma. They measured eNO
from 39 healthy children, 15 children with asthma on
bronchodilator therapy alone and 16 children on regular
use of inhaled corticosteroids. They found a statistical
difference in eNO levels between the healthy controls
and children with asthma not on a corticosteroid. The
eNO was 49.6 ppb (SD 37.4) in normal children, while
children with asthma not on a corticosteroid had a level
of 126 ppb (SD 77.1). The eNO of children with asthma
on a corticosteroid was similar to that of the normal
controls, 48.7 ppb (SD 43.3). They concluded the con-
centration of eNO was similar between the healthy
control and asthma group on corticosteroids, while it
was statistically higher in the group with asthma noton a
corticosteroid. A similar study performed by Kharitonov
et al. [7] a few years earlier had similar findings. In a
retrospective analysis, Panickar ez a/. [8] examined the
effect on eNO after a single dose of intramuscular
triamcinolone. One single injection of triamcinolone
reduced eNO values and improved symptom scores
for a period of 4 weeks.

eNO has also been correlated with asthma severity and
asthma control days. Fitzpatrick ez @/. [9°°] used nonin-
vasive markers of airway function and inflammation to
assess asthma severity. T'wenty-cight out of 75 children
were followed for a period of 6 months after baseline
characterization with methacholine challenge, eNO and
lung function testing. The children with severe asthma
had significantly higher eNO and acroallergen sensitiz-
ation. A recently published study by Miragalia ez a/. [10]
investigated nitric oxide levels in the exhaled air of
children on different combinations of formoterol, monte-
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lukast and budesonide. Their study showed a decrease
in eNO on combination therapy with montelukast and
budesonide. In a study of school age children, however,
Zeiger et al. [11°°] showed eNO improved significantly on
fluticasone. Also eNO was a good predictor of asthma
control days and differentiating asthma control days
resulting from fluticasone versus montelukast.

Strunk e a/l. [12] examined the correlation of eNO to
inflammatory markers in children with persistent asthma.
The study enrolled nearly 150 children aged 6-18 with
mild to moderate persistent asthma who were taking
albuterol as needed. eNO along with spirometry pre-
and postbronchodilator, peripheral blood eosinophil count,
serum eosinophilic cationic protein, total serum immuno-
globulin E and urinary leukotrienes were measured at the
initial visit. A repeat measurement of eNO was taken
1 week after the initial visit. In addition, a methacholine
challenge and aeroallergen skin prick testing was per-
formed. eNO correlated with peripheral blood eosinophils,
serum eosinophil cationic protein and the number of
positive aeroallergen skin test. It only weakly correlated
with the forced expiratory volume in 1s (FEV;)/forced
vital capacity (FVC) ratio, bronchodilator response and
methacholine PC20. Additionally, eNO did not correlate
with clinical characteristics, such as age, symptoms and
skin test reactivity or peak flow measurement.

eNO has shown to be correlated with eosinophilic inflam-
mation as well. Silkoff ez a/. [13] sought to examine the
relationship of persistent eosinophilia with eNO in the
adult population. They measured ¢eNO and then per-
formed endobronchial biopsy and bronchoalveolar lavage
on 24 patients with severe persistent asthma, 15 individ-
uals with moderate—mild asthma and 17 healthy controls.
The endobronchial biopsy samples were assessed for
eosinophilic infiltration (EOS+). In patients with severe
persistent asthma, eNO correlated with tissue eosinophi-
lia with a correlation coefficient of 0.54 and a significant
P value of 0.007. A similar study by Smith ¢z a/. [14]
assessed eosinophilic inflammation in relation to eNO
and steroid responsiveness. They enrolled 52 patients
with undiagnosed respiratory symptoms, age range 12—
70, in a single blind, fixed sequence, placebo-controlled
trial of inhaled fluticasone for 4 weeks. They concluded
eNO of greater than 47 ppb was associated with steroid
responsiveness in patients with undiagnosed respiratory
symptoms. A study by Pijnenburg ez a/. [15] specifically
addressed this point. They enrolled 85 children with
atopic asthma. The inhaled corticosteroid dose was titrated
by either symptoms alone or symptoms in combination
with fractional eNO level. The cohort monitored with
eNO and symptoms did not show higher use of steroids
and improved in airway hyperresponsiveness and inflam-
mation compared with the group monitored with symp-
toms alone.
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In summary, ENO is a good noninvasive marker for
eosinophilic inflammation. When considered with more
conventional measures of airway control such as FEVy, it
can be a powerful tool for improving asthma control
and treatment.

Induced sputum eosinophil count

Induced sputum, though more invasive than eNO, can be
easily attained in an appropriate setting from children
with asthma. Induced sputum is usually attained by
inhalation of hypertonic saline for no longer than
12—-15min. At 2-3min intervals the child is asked to
produce sputum, which is than collected. Close monitor-
ing for FEV and peak flow needs to be undertaken since
inhalation of hypertonic saline can cause a decrease in
pulmonary function.

Sputum eosinophils are a good marker for asthma con-
trol and their decrease in the sputum correlates well
with control. Gibson e a/. [16] recruited 146 children
with asthma and 37 healthy controls for sputum induc-
tion. The frequency of asthma episodes increased
during a 12-month period; the increase was mirrored
in the sputum eosinophils and the eosinophil cationic
protein. Zacharasiewicz ef al. [17] evaluated the use-
fulness of sputum cosinophils and eNO in initiating
step-down therapy in children with well controlled
asthma. Dose reduction was successful in all children
with zero sputum eosinophils at the time of entry to the
study. Increased eNO and number of eosinophils in
sputum were significant predictors of medication reduc-
tion failure.

The Denver branch of the Childhood Asthma Manage-
ment Program (CAMP) [18] evaluated the use of sputum
induction in asthma. Sputum induction, eNO, circulating
eosinophils counts, and eosinophilic cationic protein were
measured in 90 children after discontinuation of treat-
ment. The corticosteroid group had lower percentage
sputum eosinophils than the placebo group. Higher values
of sputum percentage eosinophils were associated with
worsening asthma control. They found that a greater
percentage of sputum eosinophils was associated with
higher bronchodilator reversibility, lower FEV,/FVC ratio,
higher eNO levels, circulating eosinophils, sputum and
serum eosinophil cationic protein, more prednisone
courses during the treatment period, and greater asthma
severity.

In summary, sputum eosinophils is a helpful marker for
asthma control. An increase in sputum cosinophils is a
marker for a possible asthma exacerbation. Sputum
induction can fairly easily be attained in an adult, how-
ever, it can be challenging for a young child, therefore an
adequate sample may be difficult to attain.

Leukotriene E4

LL'TE4 can also be considered a biomarker for asthma.
LTEA4, along with L'TC4 and L'TD4, are considered
cysteinyl leukotrienes. They are products of arachidonic
acid metabolism by the cyclooyxgenase 1/2 pathways.
L'TE4 is the stable end product of this pathway and can
be measured. A number of studies have examined the
level of L' TE4 in exhaled breath condensate and urine in
children with asthma [19,20,21].

Shibata ¢z a/. [19] evaluated the clinical utility of measur-
ing L TE4 from the exhaled breath condensate in chil-
dren with mild persistent asthma. They measured the
level of L'TE4 in 37 children with mild asthma and six
healthy controls. The asthma group was further subdiv-
ided into three groups according to time of last wheezing
episode. They found the level of L'TE4 was significantly
elevated in the asthma group versus the healthy controls.
Further, the level of LTE4 increased between wheezing
episodes. Children who were wheezing at the time of
L'TE4 measurement had higher values than the healthy
controls and children who had not wheezed for more the
6 months.

Rabinovitch ez a/. [20°] assessed the relationship between
daily urinary L'TE4 production and lung function in
children treated with an inhaled corticosteroid and
long-acting B agonist. This study found that an increase
in urinary L' TE4 correlated with decreases in FEV;.
Rabinovitch e a/. also showed leukotriene receptor ago-
nist protected against daily decreases in FEV,. The effect
of leukotriene receptor antagonist on L' TE4 production
has also been investigated by Montuschi ¢z a/. [21]. They
studied the effect of montelukast on exhaled L' TE4 in
atopic children with and without asthma. The groups
consisted of 17 and 16 children in each group, respect-
ively. The level of L'TE4 was higher in the group with
asthma; the L'TE4 levels also decreased in this group
with the addition of montelukast. Atopic children with-
out asthma did not have a change in their production of
L'TE4 upon the addition of montelukast.

In summary, emerging data indicate that cysteinyl leuko-
trienes may play an important role in the assessment of
asthma control in children. Additionally, measurement of
L'TE4 in the urine and in exhaled breath condensate may
be appropriate.

Conclusion

Asthma control assessment can be very challenging in
children. The goal of asthma management is to maximize
therapy until symptoms are controlled, thereafter treat-
ment should be decreased according to symptoms. Con-
ventional markers, FEV;, peak flow variability and
clinical symptoms assessment help in step-down therapy
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by serving as surrogate markers of airway inflammation.
Inflammatory biomarkers, eNO, sputum eosinophils and
L'TE4, however, can be of additional value to conven-
tional measurements by giving a more direct measure of
airway inflammation. Therefore, biomarkers can be used
as adjuncts to conventional tests in managing treatment
of children with asthma.
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