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Summary

Background Clusterin is a sensitive cellular biosensor of oxidative stress and has been
studied as a biomarker for inflammation-associated diseases. Clusterin levels in childhood
asthma have not been evaluated.

Objectives (1) To evaluate sputum clusterin levels in children with asthma compared to a
control group. (2) To assess the relationships between sputum clusterin levels and airway
inflammation, pulmonary function, and bronchial hyperresponsiveness.

Methods This study included 170 children aged 5-18 years with stable asthma (n = 91),
asthma exacerbation (n = 29), or no asthma (healthy controls; n = 50). Induced sputum,
pulmonary function, and methacholine challenge tests were performed. Stable asthma was
classified into two groups according to the severity. Clusterin levels in sputum were
measured using an enzyme-linked immunosorbent assay.

Results Children with stable asthma had a higher clusterin level than healthy controls
[4540 (3872-5651) pg/mL vs. 3857 (1054-4369) pg/mL, P < 0.001]. The clusterin level
was also more elevated in eosinophil-dominant sputum than in non-eosinophilic sputum
in stable asthma [5094 (4243-6257) pg/mL vs. 4110 (1871-4839) pg/mL, P = 0.0017].
Clusterin levels were associated with asthma severity. Paradoxically, clusterin levels were
lower during asthma exacerbation than in stable asthma [1838 (350-4790] pg/mL vs.
4540 (3872-5651) pg/mL, P < 0.001]. Clusterin levels were strongly correlated with the
methacholine concentration that caused a 20% decrease in the forced expiratory volume
in1s(r=—-0.617, P < 0.001); there was no significant correlation between clusterin
levels and other pulmonary function parameters.

Conclusions and Clinical Relevance Clusterin levels were altered in children with stable
asthma and asthma exacerbation because of its antioxidant and anti-inflammatory effects.
Clusterin may be a marker that reflects airway inflammation and severity of symptoms,
and it can be used in the assessment and management of childhood asthma.
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Introduction

Measurement of fractional nitric oxide (FeNO) levels in
exhaled breath has been recommended as a quantita-

Asthma is a chronic airway inflammatory disorder asso-
ciated with variable airflow obstruction and bronchial
hyperresponsiveness (BHR) and presents with recurrent
episodes of wheezing, coughing, shortness of breath,
and chest tightness [1]. There has been increasing inter-
est and trials in the non-invasive assessment of airway
inflammation, clinical asthma control, and the effect of
treatment. Conventional tests such as bronchodilator
response (BDR) or provocation tests for BHR are only
indirectly associated with airway inflammation [2].

tive, non-invasive, and safe method for the diagnosis of
eosinophilic airway inflammation [2]. However, its
applicability in children is limited owing to a lower
measurement success rate and a relatively poor accu-
racy and detection limit at low FeNO levels [3].
Clusterin is a heterodimeric glycoprotein in which o
and B chains are interconnected via five disulphide
bonds, is comprised of 449 amino acids, and has a
molecular weight of approximately 80 kDa [4-6]. It is
present in most human organs, in numerous physiologic



Sputum clusterin and childhood asthma 689

fluids, including semen, urine, breastmilk, cerebrospinal
fluid, and plasma; and in specific cell types in almost
all types of mammalian tissue [7, 8]. For example, it is
expressed in epithelial cells at tissue—fluid interfaces,
specific subpopulations of neurons, and pancreatic aci-
nar cells, and accumulates in the artery wall during the
development of atherosclerosis [9, 10]. Extracellular
clusterin synthesis is increased following disturbances
such as hypoxia, stress, cell death, or injury, and it
functions as a multi-functional cell protector that
sequesters harmful agents during tissue remodelling
and degeneration and helps with their removal [11].
Clusterin has been functionally implicated in several
physiological processes, including many pathological
conditions such as ageing, heat shock, UV radiation,
oxidative stress, diabetes, atherosclerosis, degenerative
diseases, renal disease, and tumours [6, 8]. More specifi-
cally, it protects normal human fibroblasts from cyto-
toxicity induced by UVB, human prostate cancer cells
from oxidative stress-induced DNA damage, lung
fibroblasts from cigarette smoke oxidants, and human
retinal cells from free radical damage [6]. Clusterin also
has anti-apoptotic and anti-inflammatory functions
[10], has a protective role in pancreatitis, enhances the
clearance of amyloid-f§ from the brain by accelerating
transport across the blood-brain barrier, and prevents
excessive inflammation in Alzheimer’'s disease by
inhibiting the complement system and NF-xB [12].

A few studies have investigated the relationship
between clusterin levels and oxidative stress or inflam-
matory disease [10, 12, 13]. Although there have been
many studies concerning the relationship between
specific diseases and clusterin expression in associated
tissues or body fluids; elevated clusterin in atheroscle-
rosis, pancreatitis, or type 2 diabetes [14, 15]; and
suppression of clusterin in nephrotic syndrome or
chemotherapeutic sensitive human cancer [16, 17], the
relationship with asthma has not yet been well studied.
Kwon et al. [13] was the first to demonstrate a relation-
ship between clusterin and oxidative stress in asthmatic
patients; the latter is a core feature in the pathogenesis
of asthma [18]. Therefore, clusterin may be involved in
airway inflammation.

The aim of this study was to assess the relationship
between sputum clusterin levels and childhood asthma
and to investigate the correlation of sputum clusterin
levels with airway inflammation, pulmonary function,
and BHR.

Materials and methods

Study design

We enrolled 211 children who visited the Severance
Children’s Hospital for work-up or treatment of asthma
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or routine health check-up between June 2012 and
September 2014.

Asthma was diagnosed on the basis of current episo-
dic respiratory symptoms such as recurrent cough or
dyspnoea, shortness of breath, chest tightness, and
physician’s diagnosis of asthma and airway hyperre-
sponsiveness according to the guidelines of the Ameri-
can Thoracic Society [19].

Stable asthma was defined as no asthmatic exacerba-
tion during the preceding 4 weeks the necessitated sys-
temic corticosteroids or an increased use of inhaled
corticosteroids, the use of rescue treatment < 3 times a
week, and no clinical indication for a change in
medication; asthma exacerbation was defined as a
worsening of asthma requiring the use of systemic
corticosteroids or hospitalization to prevent a serious
outcome [20-22]. Healthy controls had normal lung
function without airway hyperresponsiveness and had
never had a doctor’s diagnosis of asthma. Children with
stable asthma were also classified as having intermit-
tent-to-mild persistent asthma or moderate-to-severe
persistent asthma based on the guidelines from the
National Heart, Lung, and Blood Institute [23].

Spirometry was performed, and sputum samples were
obtained at the initial visit for evaluation of eosinophil
levels. Sputum was induced within 24 h after presenta-
tion; children who underwent sputum induction after
24 h because of insufficient post-BD FEV; were
excluded.

A methacholine challenge test was performed, and at
the second visit, total serum IgE and specific IgE levels
were measured using the Pharmacia CAP assay
(Uppsala, Sweden). A specific IgE test was performed
with six common allergens in Korea, including
Dermatophagoides  pteronyssinus, Dermatophagoides
farinae, egg white, cow’s milk, German cockroach, and
Alternaria alternata. Atopy was defined as > 0.7 KUa/L
specific IgE to more than one allergen or 150 IU/mL
total IgE.

This study was approved by the Institutional Review
Board of Severance Hospital (protocol no. 4-2004-
0036). Written informed consent was obtained from the
participants and their parents.

Sputum induction and processing

Sputum induction and processing were performed as
previously described by Yoshikawa et al. [24, 25].
Sputum induction was previously reported successful,
defined as obtaining a readable sputum cytospin, in
68-100% of children [26]. All children were
instructed to wash their mouths thoroughly with
water, after which they inhaled a 3% saline solution
nebulized in an ultrasonic nebulizer (NE-U12; Omron
Co., Tokyo, Japan) at maximum output at room
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temperature. The children were encouraged to cough
deeply at 3-min intervals thereafter. After sputum
induction, spirometry was repeated. If the FEV, was
< 80% of the post-BD baseline value, the child was
required to wait until it returned to baseline values
[27]. Sputum samples were kept at 4°C for no more
than 2 h before further processing. A portion of the
samples was diluted with a phosphate-buffered saline
(PBS) solution containing 10 mmol/L of dithiothreitol
(WAKO Pure Chemical Industries Ltd, Osaka, Japan)
for cell count and gently vortexed at room tempera-
ture for 20 min. After centrifugation at 400 g for
10 min, the cell pellet was resuspended in PBS. We
used trypan blue exclusion to ensure adequate viabil-
ity. Total cell counts were performed using a haemo-
cytometer, and slides were prepared with cytospin
(Cytospin3; Shandon, Tokyo, Japan) and stained with
May—Grunwald—Giemsa stain for differential cell
counts. Airway eosinophilia was defined as an eosino-
phil count > 3% of the total cell count [22, 28, 29].
The supernatant was then stored at —70°C for the
subsequent assay of clusterin levels.

Spirometry and methacholine challenge test

Spirometry (VIASYS Healthcare, Inc., Conshohocken,
PA, USA) was performed, and flow—volume curves were
obtained according to the American Thoracic Society
guidelines before and after BD inhalation [30]. BHR was
assessed using the methacholine challenge test accord-
ing to standardized procedures [31]. Each child inhaled
increasing concentrations of methacholine (0.075, 0.15,
0.31, 0.62, 1.25, 2.5, 5, 10, 25 and 50 mg/mL) nebulized
by a dosimeter (MB3; Mefar, Brescia, Italy) until FEV,
decreased 20% from a post-nebulized saline solution
value. The concentration of methacholine that caused a
20% decrease in FEV, (PC,,) was determined, and the
result for a challenge was considered positive if the
PC,o was < 16 mg/mL.

Measurement of clusterin levels from induced sputum

Sputum clusterin levels were measured using a com-
mercially available enzyme-linked immunosorbent
assay kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

Statistical analyses

Children were classified into three groups [control,
stable asthma (intermittent-to-mild persistent asthma
and moderate-to-severe persistent asthma), and asthma
exacerbation], and comparisons were conducted
between two of three groups: control vs. stable asthma
and stable asthma vs. asthma exacerbation.

Normally distributed data were analysed using the Stu-
dent’s f-test; non-normally distributed data were anal-
ysed using the Mann—Whitney U-test. Comparisons
among the three groups of control, intermittent-to-mild
persistent asthma, and moderate-to-severe persistent
asthma were performed with the Kruskal-Wallis test, and
multiple comparisons were conducted using Dunn’s
method. Correlations between clusterin levels and pul-
monary function parameters, PC,,, and sputum eosino-
phil percentage were evaluated using the Spearman test.

All statistical analyses were performed using SPSS 20
(IBM Corp, Armonk, NY, USA). A result was deemed
significant at P < 0.05.

Results

Characteristics of subjects with stable asthma and
healthy controls

Of the 211 children enrolled, we evaluated results for
170 children (n = 91, stable asthma; n = 29, asthma
exacerbation; n = 50, healthy controls; Appendix S1).
The median age was 9.3 years, and the male to female
ratio was 1.9 : 1.

Blood eosinophil counts were not different between
stable asthma and healthy controls. The proportion of
eosinophils in sputum was much higher in the patients
with stable asthma than in the healthy control group [2%
(0-10%) vs. 0% (0—1%), P < 0.001]. Compared with the
healthy controls, the patients with stable asthma also had
a lower percentage of FEV, FEV,/forced vital capacity
(FVC), and forced expiratory flow at 25-75% of vital
capacity (FEF,5_;s0), indicating airway obstruction, and a
greater change in FEV, after BD inhalation. They had a
much greater tendency for atopy than the healthy con-
trols [69/87 (79.3%) vs. 26/45 (57.8%), P = 0.009;
Table 1]. Of those with stable asthma, patients with mod-
erate-to-severe persistent asthma had a lower percentage
of predicted FEV, FEV,/FVC, and FEF,5 750, and a higher
BDR than the patients with intermittent-to-mild persis-
tent asthma. The sputum eosinophil percentage was
higher in moderate-to-severe persistent asthma than in
intermittent-to-mild persistent asthma, but there was no
difference in the tendency for atopy (Table 1).

Clusterin levels in stable asthma and healthy controls

Clusterin levels in the sputum supernatant were higher
in those with stable asthma than in healthy controls
[4540 (3872-5651) pg/mL vs. 3857 (1054-4369) pg/mL,
P < 0.0001; Fig. 1].

Clusterin levels were higher in patients with moderate-
to-severe persistent asthma than in those with intermittent-
to-mild persistent asthma [4903 (4503-6190) pg/mL
vs.4262(2799-5172) pg/mL, P < 0.01;Fig. 1].
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Table 1. Characteristics of the study population

Stable asthma (n = 91)

Intermittent-to-mild

Moderate-to-severe

Asthma

Characteristics Controls (n = 50) persistent asthma (n = 63) persistent asthma (n = 28) exacerbation (n = 29)
Age, years 9.8 (8.7-12.0) 8.1 (6.5-10.5) 10.9 (7.4-12.9) 8.5 (6.3-12.6)

Sex, male (%) 33 (66.0) 41 (65.1) 23 (82.1) 15 (51.7)

Blood eosinophil, /pL 310 (150-445) 365 (208-655) 390 (150-650) 195 (32.5-670)
Sputum eosinophil, % o (0-1)f 2 (0-5) 4 (0.25-16)% 0 (0-17)

Sputum neutrophil, % 65 (39-84) 55 (34-81) 32 (16-57) 53 (34-79)

Total IgE, IU/mL (n = 127)

Atopy, n (%) (n = 132)

148 (69-443)
26/45 (57.8)

259 (100-598)
49/60 (81.7)

261 (98-684)
20/27 (74.1)

299 (190-677)
21/25 (84.0)

ICS-treatment, n (%) NA 11 (17.5) 5(17.9) 5(17.2)

ICS dose* (ug) NA 216 + 94 223 + 114 284 + 1437
Systemic steroid use, n (%) NA NA NA 26/29 (90.0)
FEV,, % predicted 110.7 + 13.1F 105.9 + 14.4 88.7 + 18.7% 79.4 + 20.47
Change in FEV, after BD, % 23 + 35" 6.0 + 6.2} 10.1 + 8.6° 6.1 (1.65-19.4)
FEV,/FVC, % 89.1 + 4.7 90.2 + 6.5% 79.8 + 13.8% 78.5 + 12.47
FEF,5_ 750, % predicted 105.5 + 18.37 93.1 + 23.2% 62.5 + 31.2% 56.5 &+ 31.97

Values are presented as mean + standard deviation, median (interquartile range) or number (%).

ICS, inhaled corticosteroids; FEV,, forced expiration volume in one second; BD, bronchodilator; FVC, forced vital capacity; FEF,5 750, forced expi-
ratory flow at 25-75% of vital capacity; NA, not applicable.

*Budesonide equivalent dose.

P < 0.01, as compared with Tintermittent-to-mild persistent asthma, ‘moderate-to-severe persistent asthma, or Shealthy controls using the ANovA
or Kruskal-Wallis test and Bonferroni or Dunn’s method for multiple comparisons.
9P < 0.01, as compared with stable asthma using the Mann-Whitney U-test.

levels were weakly correlated with the percentage of

Clusterin levels and airway inflammation in stable sputum eosinophils (r = 0.250, P = 0.017; Fig, 2b).

asthma

Clusterin levels were higher in patients with eosinophi-
lic airway inflammation (induced sputum eosinophils
> 30%) than in those with non-eosinophilic stable
asthma [5094 (4243-6257) pg/mL vs. 4110 (1871
4839) pg/mL, P = 0.0017; Fig. 2a]. Moreover, clusterin

Clusterin levels and other parameters related with stable
asthma

Approximately 40% (36/91) of patients with stable
asthma showed positive results in the methacholine
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Fig. 1. Clusterin levels in supernatants of induced sputum from healthy control subjects and patients with stable asthma (intermittent-to-mild per-
sistent and moderate-to-severe persistent asthma). The Kruskal-Wallis test was conducted for comparisons among three groups (P < 0.001), fol-
lowed by multiple comparisons using Dunn’s method (P < 0.01). Clusterin levels were significantly higher in patients with stable asthma than in
healthy control subjects. Clusterin levels were lower in intermittent-to-mild persistent asthma than in moderate-to-severe persistent asthma. Box-
and-whisker plots represent the 25th and 75th percentiles, with the median line and error bars representing the 10th and 90th percentiles.
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Fig. 2. Association between sputum clusterin levels and eosinophilic airway inflammation. (a) Clusterin levels of eosinophilic sputum were higher
than that of non-eosinophilic sputum in stable asthma. Box-and-whisker plots represent the 25th and 75th percentiles, with the median line and
error bars representing the 10th and 90th percentiles. (b) Sputum clusterin levels showed a significant correlation with the percentage of sputum

eosinophils (r = 0.250, P = 0.017).

challenge (PC,y < 16 mg/mL). Clusterin levels had a
strong inverse correlation with PC,, in those with BHR
(r=-0.617, P <0.001; Fig. 3); it was not correlated
with FEV,, FEF,5 750, or BDR in patients with stable
asthma. In addition, clusterin levels were not different
between atopy and non-atopy in those with stable
asthma or healthy controls (data not shown).

Clusterin levels in asthma exacerbation

The stable asthma and asthma exacerbation groups had
no significant difference in age, sex, blood and sputum
eosinophil counts, total IgE, atopy tendency, or BDR.
The percentage of predicted FEV,, FEV,/FVC, and
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Fig. 3. Association between sputum clusterin levels and methacholine
concentration causing a 20% decrease in forced expiratory volume in
one second (PC,p) in stable asthma. Sputum clusterin showed a strong,
significant negative correlation with PC,, in stable asthma
(r=—-0.617, P < 0.001).

FEF,5 750, Were lower during asthma exacerbation than
in stable asthma (Table 1).

Unexpectedly, clusterin levels during asthma exacer-
bation were lower than during stable asthma [1838
(350-4790) pg/mL  vs. 4540 (3872-5651) pg/mL,
P < 0.001; Fig. 4].

Discussion

This study showed that sputum clusterin levels were
higher in patients with stable asthma than in healthy
controls; furthermore, the sputum clusterin levels
increased with asthma severity for patients with stable
asthma. We also found that sputum clusterin levels
were associated with eosinophilic airway inflammation
and BHR in stable asthma. However, clusterin levels
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Fig. 4. Sputum clusterin levels from children with asthma exacerba-
tion. Clusterin levels during asthma exacerbation were significantly
lower than those in stable asthma.
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were lower for patients with asthma exacerbation com-
pared with both patients with stable asthma and healthy
controls.

Sputum clusterin levels were higher in children with
asthma than in the healthy controls, which supports a
previous study that demonstrated elevated clusterin
levels in serum and sputum from adults with asthma
[13]. The elevated clusterin in childhood asthma might
also be attributed to oxidative stress, which plays an
important role in asthma pathogenesis.

Sputum clusterin levels in children were also higher
with greater asthma severity, as based on clinical symp-
toms, similar to an earlier study of adult asthma [13].
There is strong evidence that endogenous and exoge-
nous reactive oxygen and nitrogen species play a major
role in airway inflammation and are determinants of
asthma severity [32], and the presence of strong oxida-
tive stress in children with asthma also increases with
the severity of the disease [33]. Clusterin is a sensitive
cellular biosensor of oxidative stress that functions to
protect cells from the deleterious effects of free radicals
and their derivatives, and it suppressed the deleterious
effects of oxidants in several studies [6]. Based on this,
the increase in clusterin levels with asthma severity is
likely related with the oxidative stress in patients with
asthma.

Induced sputum is the most common method for
defining inflammatory phenotypes; moreover, different
inflammatory cell profiles in sputum from patients with
asthma can be identified, and these may predict
response to treatment [34]. Accordingly, sputum eosino-
phil percentages are a strong predictor of airway
inflammation [35]. In the present study, sputum
clusterin was higher in eosinophil-dominant airway
inflammation than in non-eosinophilic airway inflam-
mation; furthermore, sputum clusterin showed a weak
positive correlation with eosinophilic airway inflamma-
tion. This indicates that increased clusterin with eosino-
philic airway inflammation is a characteristic of
childhood asthma. However, sputum clusterin and atopy
were not related, despite the weak, but significant, asso-
ciation with airway eosinophils, and atopy and blood
eosinophil count did not differ among the groups
despite the significant difference in the eosinophil por-
tions of the sputum. The might be attributed to the
independence of atopy and eosinophilia based on
asthma phenotype [36], and it is possible that sputum
clusterin levels reflect selective airway eosinophilia in
asthma.

In the present study, sputum clusterin levels in asth-
matic children were not related with FEV, or FEF,5 750,
values, which represent bronchial obstruction; however,
they inversely correlated with PC,,, which represents
airway hyperresponsiveness. A number of studies have
suggested that predicted FEV, is poorly correlated with

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 46 : 688-695

asthma severity, as classified based on symptom fre-
quency or medication usage, and the degree of airway
responsiveness is linked to disease severity in children
with mild-to-moderate asthma [37-39]. The present
study showed that PC,y is inversely correlated with
clusterin levels; therefore, airway inflammation and
oxidative stress might contribute to the development of
BHR [40, 41].

In contrast, clusterin levels during asthma exacerba-
tion were lower than those in children with stable
asthma or in healthy controls. In a previous study in
which serum clusterin was measured before and after
initial inhaled corticosteroid treatment in patients with
asthma, the levels were lower after treatment than
before [13]. In the same context, clusterin levels might
also have been lower following corticosteroid treatment
in the present study because sputum was induced after
at least one administration of systemic corticosteroids
for most of the children with asthma exacerbation who
required systemic corticosteroids. Clusterin reduces
oxidative stress and prevents excessive inflammation
[12]. Studies have proposed that serum clusterin in vas-
cular diseases, such as coronary heart disease and
myocardial infarction, increases with disease-related
stress as an indicator of vascular damage; in contrast,
accumulated clusterin functions to protect against dis-
ease-related oxidative stress [9, 42]. Based on these dual
functions of clusterin, it could be also assumed that
lower clusterin levels during asthma exacerbation
are likely associated with an imbalance between the
antioxidant function of clusterin and the excessive
oxidative stress in asthma exacerbation. Lastly, rela-
tively lower levels of clusterin were observed in high-
density lipoprotein during acute influenza infection in a
study of atherosclerosis, suggesting that the influenza
virus infection attenuated clusterin expression [43, 44].
Therefore, clusterin levels could also decrease after a
viral respiratory infection that causes asthma exacerba-
tion in children.

The present study has a few limitations. First, the
study did not investigate FeNO levels. Consequently,
the usefulness of clusterin as an airway inflammatory
marker could not be compared to that of FeNO, which
serves as one of the representative markers of eosino-
philic airway inflammation. Second, systemic steroid
administration was not controlled for in patients with
asthma exacerbation. Accordingly, the relationship
between clusterin levels and asthma exacerbation with-
out the effect of steroid could not be determined. Nev-
ertheless, to our knowledge, this is the first study
showing elevated clusterin levels in childhood asthma
and suggesting that clusterin may decrease during
asthma exacerbation.

In conclusion, sputum clusterin levels were higher
in stable asthma, increased with asthma severity, but
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dropped to levels lower than that observed in stable
asthma or healthy controls during asthma exacerba-
tion. Clusterin levels were also correlated with eosino-
philic airway inflammation and BHR. These findings
suggest that sputum clusterin may be a surrogate bio-
marker for the assessment and management of asthma
in children with asthma. Increased clusterin levels with
greater asthma severity may be a protective response
against the development of oxidative stress and airway
inflammation in asthma. The functional relationship

between lower clusterin levels and asthma exacerba-

tion needs to be studied further using a clusterin

knockout asthma mouse model.

References

1

Papadopoulos NG, Arakawa H, Carlsen
KH et al. International consensus on
(ICON) pediatric asthma. Allergy 2012;
67:976-97.

Dweik RA, Boggs PB, Erzurum SC
et al. An official ATS clinical practice
guideline: interpretation of exhaled
nitric oxide levels (FENO) for clinical
applications. Am J Respir Crit Care
Med 2011; 184:602—15.

Kalliola S, Malmberg P, Rito T, Pelko-
nen AS, Makela MJ. Can we use porta-
ble nitric oxide analyzer in young
children? Pediatr Pulmonol 2011;
46:627-31.

Won JC, Park CY, Oh SW, Lee ES,
Youn BS, Kim MS. Plasma clusterin
(ApoJ) levels are associated with adi-
posity and systemic inflammation.
PLoS ONE 2014, 9:e103351.

Blaschuk O, Burdzy K, Fritz IB. Purifi-
cation and characterization of a cell-
aggregating factor (clusterin), the
major glycoprotein in ram rete testis
fluid. J Biol Chem 1983; 258:7714-20.
Trougakos IP, Gonos ES. Chapter 9:
Oxidative stress in malignant progres-
sion: the role of Clusterin, a sensitive
cellular biosensor of free radicals. Adv
Cancer Res 2009; 104:171-210.
Rosenberg ME, Silkensen J. Clusterin:
physiologic and pathophysiologic con-
siderations. Int J Biochem Cell Biol
1995; 27:633—45.

Jones SE, Jomary C. Clusterin. Int J
Biochem Cell Biol 2002; 34:427-31.
Trougakos IP, Poulakou M, Stathatos
M, Chalikia A, Melidonis A, Gonos ES.
Serum levels of the senescence bio-
marker  clusterin/apolipoprotein ~ J
increase significantly in diabetes type
II and during development of coronary

10

11

12

13

14

15

16

17

18

19

Acknowledgements

Conflict of interest

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education
(2007-0056092 and 2011-0024036) and a grant from
the Korea Health Technology R&D Project through the
Korea Health Industry Development Institute (KHIDI),
funded by the Ministry of Health & Welfare, Republic
of Korea (grant number: HI11C1404).

The authors declare no conflict of interest.

heart disease or at myocardial infarc-
tion. Exp Gerontol 2002; 37:1175-87.
Savkovic V, Gantzer H, Reiser U et al.
Clusterin is protective in pancreatitis
through anti-apoptotic and anti-
inflammatory properties. Biochem Bio-
phys Res Commun 2007; 356:431-7.
Klock G, Baiersdorfer M, Koch-Brandt
C. Chapter 7: Cell protective functions
of secretory Clusterin (sCLU). Adv Can-
cer Res 2009; 104:115-38.

Wu ZC, Yu JT, Li Y, Tan L. Clusterin in
Alzheimer’s disease. Adv Clin Chem
2012; 56:155-73.

Kwon HS, Kim TB, Lee YS et al. Clus-
terin expression level correlates with
increased oxidative stress in asthmat-
ics. Ann Allergy Asthma Immunol
2014; 112:217-21.

Miyata M, Biro S, Kaieda H et al.
Apolipoprotein J/clusterin is induced
in vascular smooth muscle cells after

vascular injury. Circulation 2001;
104:1407-12.
Kwon MJ, Ju TJ, Heo JY etal

Deficiency of clusterin exacerbates
high-fat diet-induced insulin resistance
in male mice. Endocrinology 2014;
155:2089-101.

Zhang H, Kim JK, Edwards CA, Xu Z,
Taichman R, Wang CY. Clusterin inhi-
bits apoptosis by interacting with
activated Bax. Nat Cell Biol 2005;
7:909-15.

Ghiggeri GM, Bruschi M, Candiano G
et al. Depletion of clusterin in renal
diseases causing nephrotic syndrome.
Kidney Int 2002; 62:2184-94.

Bowler RP, Crapo JD. Oxidative stress in
allergic respiratory diseases. J Allergy
Clin Immunol 2002; 110:349-56.
ATS/ERS recommendations for stan-
dardized procedures for the online and
offline measurement of exhaled lower

20

21

22

23

24

25

26

27

respiratory nitric oxide and nasal nitric
oxide, 2005. Am J Respir Crit Care
Med 2005; 171:912-30.

Li AM, Lex C, Zacharasiewicz A ef al.
Cough frequency in children with
stable asthma: correlation with lung
function, exhaled nitric oxide, and
sputum eosinophil count. Thorax 2003;
58:974-8.

Fuhlbrigge A, Peden D, Apter AJ et al.
Asthma outcomes: exacerbations. J
Allergy Clin Immunol 2012; 129:S34—
48.

Reddel HK, Taylor DR, Bateman ED
et al. An official American Thoracic
Society/European Respiratory Society
statement: asthma control and exacer-
bations: standardizing endpoints for
clinical asthma trials and clinical prac-
tice. Am J Respir Crit Care Med 2009;
180:59-99.

Expert Panel Report 3 (EPR-3): Guide-
lines for the Diagnosis and Manage-
ment of Asthma-Summary Report
2007. J Allergy Clin Immunol 2007,
120:594-138.

Yoshikawa T, Shoji S, Fujii T ef al
Severity of exercise-induced bron-
choconstriction is related to airway
eosinophilic inflammation in patients
with asthma. Eur Respir J 1998;
12:879-84.

Kim YH, Kim KW, Baek J et al. Useful-
ness of impulse oscillometry and frac-
tional exhaled nitric oxide in children
with Eosinophilic bronchitis. Pediatr
Pulmonol 2013; 48:221-8.

Gibson PG, Grootendor DC, Henry RL
et al. Sputum induction in children.
Eur Respir J Suppl 2002; 37:44s—
6s.

Covar RA, Spahn JD, Martin RJ et al.
Safety and application of induced
sputum analysis in childhood asthma.

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 46 : 688-695



Sputum clusterin and childhood asthma 695

28

29

30

3

—

32

33

J Allergy
114:575-82.
Spanevello A, Confalonieri M, Sulotto
F et al. Induced sputum cellularity.
Reference values and distribution in
normal volunteers. Am J Respir Crit
Care Med 2000; 162:1172—4.

Fowler SJ, Tavernier G, Niven R. High
blood eosinophil counts predict sputum
eosinophilia in patients with severe
asthma. J Allergy Clin Immunol 2015;
135:822—4.e2.

Miller MR, Hankinson J, Brusasco V
et al. Standardisation of spirometry.
Eur Respir J 2005; 26:319-38.

Crapo RO, Casaburi R, Coates AL et al.
Guidelines for methacholine and exer-
cise challenge testing-1999. This offi-
cial statement of the American
Thoracic Society was adopted by the
ATS Board of Directors, July 1999. Am
J Respir Crit Care Med 2000; 161:309—
29.

Sahiner UM, Birben E, Erzurum S,
Sackesen C, Kalayci 0. Oxidative stress
in asthma. World Allergy Organ J
2011; 4:151-8.

Ercan H, Birben E, Dizdar EA et al.
Oxidative stress and genetic and epi-
demiologic determinants of oxidant

Clin  Immunol  2004;

Supporting Information

Additional Supporting Information may be found in

the online version of this article:

34

35

36

37

38

39

injury in childhood asthma. J Allergy
Clin Immunol 2006; 118:1097-104.
Davies AR, Hancox RJ. Induced spu-
tum in asthma: diagnostic and thera-
peutic implications. Curr Opin Pulm
Med 2013; 19:60-5.

Hastie AT, Moore WC, Li H et al. Bio-
marker surrogates do not accurately
predict  sputum  eosinophil  and
neutrophil percentages in asthmatic
subjects. J Allergy Clin Immunol 2013;
132:72-80.

Busse WW, Lemanske RF Jr. Asthma.
N Engl J Med 2001; 344:350-62.

Kim KW, Lee KE, Kim ES, Song TW,
Sohn MH, Kim KE. Serum eosinophil-
derived neurotoxin (EDN) in diagnosis
and evaluation of severity and bron-
chial hyperresponsiveness in childhood
asthma. Lung 2007; 185:97—-103.
Bacharier LB, Strunk RC, Mauger D,
White D, Lemanske RF Jr, Sorkness
CA. C(lassifying asthma severity in
children: mismatch between symptoms,
medication use, and lung function. Am
J Respir Crit Care Med 2004; 170:426—
32.

Weiss ST, Van Natta ML, Zeiger RS.
Relationship between increased airway
responsiveness and asthma severity in
the childhood asthma management

40

4

—

42

43

44

program. Am J Respir Crit Care Med
2000; 162:50-6.

Siedlinski M, van Diemen CC, Postma
DS, Vonk JM, Boezen HM. Superoxide
dismutases, lung function and bron-
chial responsiveness in a general popu-
lation. Eur Respir J 2009; 33:986-92.
Talati M, Meyrick B, Peebles RS Jr
et al. Oxidant stress modulates murine
allergic airway responses. Free Radic
Biol Med 2006; 40:1210-9.

Mackness B, Hunt R, Durrington PN,
Mackness MI. Increased immunolocal-
ization of paraoxonase, clusterin, and
apolipoprotein A-I in the human artery
wall with the progression of
atherosclerosis. ~ Arterioscler  Thromb
Vasc Biol 1997; 17:1233-8.

Van Lenten BJ, Wagner AC, Nayak DP,
Hama S, Navab M, Fogelman AM.
High-density lipoprotein loses its anti-
inflammatory properties during acute
influenza a infection. Circulation 2001;
103:2283-8.

Tripathi S, Batra J, Cao W et al. Influ-
enza A virus nucleoprotein induces
apoptosis in human airway epithelial
cells: implications of a novel interac-
tion between nucleoprotein and host
protein Clusterin. Cell Death Dis 2013;
4:e562.

Appendix S1. Selection of stable asthma subjects.

Appendix S2. Serum clusterin levels for patients with

stable asthma and healthy controls.

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 46 : 688-695



