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ARTICLE INFO ABSTRACT

Background: Oxidative stress is thought to play a role in the pathogenesis of asthma. Clusterin is a sensitive
cellular biosensor of oxidative stress and has antioxidant properties. The function and expression of clusterin
in patients with asthma have not been fully investigated.
Objective: To investigate whether the expression of clusterin in patients with asthma is regulated by
increased oxidative burden and whether clusterin expression could be used to assess the response to inhaled
corticosteroids.
Methods: Clusterin levels in serum, induced sputum, and peripheral blood mononuclear cells of patients
with asthma were measured by enzyme-linked immunosorbent assay and western blotting and compared
with pulmonary function and levels of expression of hyperoxidized peroxiredoxins. Serum concentrations of
clusterin in treatment-naive patients were compared before and after inhaled corticosteroid use.
Results: Serum clusterin concentration was significantly elevated in patients with severe asthma and was
inversely correlated with pulmonary function. The expression of hyperoxidized peroxiredoxins was greatly
increased in peripheral blood mononuclear cells of patients with asthma and was strongly correlated with
clusterin expression. Serum clusterin concentrations in treatment-naive patients with asthma were
decreased significantly after initial treatment with inhaled corticosteroids.
Conclusion: Clusterin may be a biomarker of asthma severity and the burden of oxidative stress in patients
with asthma. Moreover, clusterin may be useful for the prompt assessment of airway inflammation.
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Introduction stress are highly complex, involving many molecules and signaling
pathways.

Clusterin (CLU), a widely distributed secretory glycoprotein, is a
very sensitive cellular biosensor of oxidative stress.” " Although
the function of CLU in oxidative stress has not been determined, it
may protect cells from oxidative injury.'>~' The expression of CLU
is increased in several diseases, including diabetes, atherosclerosis,
Alzheimer disease, and some malignancies, in which oxidative
injury is involved in disease pathogenesis.!! CLU is strongly
expressed in the airway submucosa of smokers and has been found
to protect airway fibroblasts from oxidative stress induced by
cigarette smoke extract in vitro.'”

Asthma is characterized by chronic airway inflammation, and
oxidative stress may play a role in its pathogenesis. Oxidative stress
not only results from inflammation but also may initiate or enhance
inflammation by influencing various signaling pathways.! > Clin-
ical studies have shown increased oxidative stress in patients with
asthma, and various oxidants and antioxidants have been associ-
ated with asthma.® ® The clinical significance of these findings
remains unclear because the mechanisms regulating oxidative
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To date, the expression of CLU in patients with asthma has not
been studied. The authors hypothesized that CLU expression in
these patients might be altered by the increased oxidative burden
of the disease and that CLU expression could be used to measure
the response to inhaled corticosteroids (ICSs). Therefore, the
authors measured CLU expression levels in the serum, induced
sputum, and peripheral blood mononuclear cells (PBMCs) of
patients with asthma and compared these with serum
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Table 1
Demographic characteristics of study population
Healthy control Mild asthma Moderate persistent asthma Severe persistent asthma P value
(n=33) (n = 46) (n = 68) (n = 28)
Age, mean + SD 52.1 £ 8.6 49.5 £ 13.0 513 + 144 535+ 124 NS*
Male/female 17/16 20/26 32/36 13/15 NS*®
Current/former/nonsmokers NA 4/15/27 10/20/38 3/10/15 NS*
%FEV4, mean + SD NA 89.1 + 143 82.3 +16.8 66.6 + 23.4 <.013b<
ICS beclomethasone equivalent dose (ug), mean + SD NA 181.8 + 58.4 386.8 + 138.1 746.3 + 313.1 <.012bed
ACT score, mean + SD NA 23.0+19 22.55 £ 3.2 20.17 + 3.6 <.0128¢

Abbreviations: ACT, Asthma Control Test; %FEV;, percentage of predicted forced expiration volume in 1 second; ICS, inhaled corticosteroid; NA, not applicable; NS, not

significant.

30ne-way analysis of variance or ¥ test.

bp < .01 by 1-way analysis of variance.

P < .01 for severe vs mild asthma and severe vs moderate asthma by Student ¢ test.
dp < .01 for moderate vs mild asthma by Student t test.

concentrations from treatment-naive patients before and after
treatment with ICSs.

Methods
Study Design

The patient cohort consisted of 142 randomly recruited patients
with asthma who visited the asthma clinic at Asan Medical Center
(Seoul, Korea) and participated in the Cohort for Reality and Evo-
lution of Adult Asthma in Korea study, a prospective, longitudinal,
multicenter study of Korean patients with asthma.’®'® Asthma
severity was assessed using the 2002 Global Initiative for Asthma
guidelines. As healthy controls, 33 patients who visited the health
promotion center in the same hospital were recruited.

In addition, 37 treatment-naive patients with asthma were
enrolled to assess the effects of ICS on serum CLU concentration. To
analyze CLU expression patterns in patients with asthma without
considering the effects of controller medications, CLU concentra-
tions were measured in PBMC lysates and the supernatants of
induced sputum obtained from 20 of the treatment-naive patients.
As controls, serum, induced sputum, and PBMCs were obtained
from 14 healthy subjects. This study was approved by Asan Medical
Center institutional review board.

Measurements of CLU and Hyperoxidized Peroxiredoxins in
Biologic Samples

Serum concentrations of CLU were measured using a quantita-
tive sandwich enzyme-linked immunosorbent assay kit for human
CLU (BioVendor LCC, Candler, North Carolina), according to the
manufacturer’s instructions. PBMC lysates’® and induced sputum
supernatant’’ were prepared as previously described, and CLU
expression was measured by western blotting using a commercial
rabbit antihuman CLU-«/f (H-330) polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, California). The expression of hyper-
oxidized peroxiredoxins (PRDX-SO3) in PBMCs also was measured
by western blotting using a commercial rabbit anti—PRDX-SO3
polyclonal antibody (ab16830, Abcam, Cambridge, United
Kingdom).

Statistical Analyses

All statistical analyses were performed using SPSS 12.0 (SPSS,
Inc, Chicago, Illinois). Normality of distributions was assessed by
the Kolmogorov-Smirnov test. Normally distributed data were
analyzed by 1-way analysis of variance and the Student t test; non-
normally distributed data were analyzed by the Kruskal-Wallis and
Mann-Whitney U tests. Dichotomous variables were analyzed by x>
tests. Correlations of normally and non-normally distributed data
were evaluated by the Pearson and Spearman tests, respectively.

Results

The clinical characteristics of patients with asthma and healthy
control subjects are listed in Table 1. There were no between-group
differences in age and no differences in sex between asthma
groups. Lung function (percentage of forced expiration volume
[FEV]) and Asthma Control Test score were significantly lower in
patients with severe asthma than in those with mild or moderate
asthma (P < .01). Mean ICS dose (beclomethasone equivalent) was
significantly higher with increasing asthma severity.

Serum CLU concentration was significantly higher in patients
with severe asthma than in those with mild to moderate asthma
and in healthy subjects (Fig 1). Serum CLU level was inversely
correlated with the percentage of predicted FEV in 1 second (FEV1;
r = —0.193, P = 0.024; Fig 2A) and positively correlated with age
(r=0.217, P <.01; Fig 2B) in all patients with asthma. However, CLU
concentrations did not differ by sex or smoking history (Table 2).

To investigate the relation between CLU expression and airway
inflammation, CLU expression was measured in the supernatants of
induced sputum and in PBMC lysates. CLU expression was signifi-
cantly higher in samples from patients with asthma than in those
from controls (Fig 3). The relation between CLU and oxidative stress
was assessed by measuring the expression of PRDX-SOs3, a
biomarker of cellular oxidative stress, in PMBC lysates from patients
with asthma and from healthy subjects. PRDX-SO3; expression was
significantly greater in PBMCs from patients with asthma than in
samples from healthy subjects (P <.001), with the expression levels
of PRDX-SO3 strongly correlated with those of CLU in PBMCs (Fig 4).

To test the effects of ICSs on serum CLU, its concentrations were
measured before and after initial ICS treatment in 37 treatment-
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Figure 1. Expression of clusterin in serum from patients with asthma and healthy
controls. “P <.05; **P < .01, by Mann-Whitney U tests.
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Figure 2. Correlation (A) between serum clusterin levels and percentage of pre-
dicted forced expiration volume in 1 second (FEV;) and (B) between serum clusterin
levels and age in patients with asthma. "Statistical significance of the correlations
was determined by nonparametric Spearman rank correlation.

naive patients with asthma (Figure 5). Serum CLU concentration was
significantly lower after than before ICS treatment (82.1 + 16.6 and
76.3 4 13.8 ug/mL, respectively, mean + SD; P=.016). The mean dose
of ICSs prescribed initially in steroid-naive patients was 434.6 4 217.1
ug (beclomethasone equivalent dose, mean + SD). There was no
significant correlation between the initial prescribed dose of ICSs and
changes in CLU levels after treatment (Pearson r = 0.277, P = .097).

Discussion

This study showed that CLU expression was stronger in biologic
samples from patients with asthma than in samples from control
subjects. Moreover, CLU expression was associated with cellular
oxidative stress, suggesting that CLU may be a useful biomarker of
oxidative stress in patients with asthma.

Oxidative stress is important in the pathogenesis of asthma. It
has been associated with many pathophysiologic changes in this

Table 2
Levels of clusterin according to sex and smoking history in patient with asthma
Clusterin (ug/mL)? P value
Sex NSP
Male (n = 65) 67.4 +15.8
Female (n = 77) 67.9 + 13.0
Smoking NS¢
Current smoker (n = 17) 644 + 16.3
Ex-smoker (n = 45) 70.5 + 17.5
Nonsmoker (n = 80) 67.8 + 134

Abbreviation: NS, not significant.

“Expressed as mean + SD.
bStudent t test.
“One-way analysis of variance.

f Sputum supernatants
Clusterin
250 -
*
? M 1
g 200 - . —
2
= ==
& 150 -
E 1
£ Ea
£ 100 4
=] e
5 1
50 T T
Healthy Asthma
(n=14) (n=20)
B
PBMC Clusterin
1.2 S
*%*
! !
T 1
= 1.0
g2
o E +
£ 2
g8 0.8+
2T
o e
0.6 1 e
I I
Healthy Asthma
(n=14) (n=20)

Figure 3. Expression of clusterin in (A) supernatants of induced sputum and (B)
peripheral blood mononuclear cell (PBMC) lysates from patients with asthma or
healthy subjects. Box plots indicate the median (horizontal line inside box), the
interquartile range (box), and the smallest and largest values (whiskers; not farther
away than 1.5 times the interquartile range from the first and third quartiles,
respectively). Mean is indicated (+). "P <.05; “'P < .01 by Mann-Whitney test.

disease, such as increased production of chemoattractants,
increased lipid peroxidation, stimulation of vascular permeability,
and increased airway remodeling.?” Increased oxidative stress also
has been related to the development of severe asthma refractory to
antiasthma medications.’

Despite the apparent importance of oxidative stress in asthma,
many antioxidants have limited therapeutic benefits, with at best
moderate effects on airway inflammation. These findings indicate
the need to investigate antioxidants appropriate to treat each
subtype of asthma and the ideal situations for their use based on
exact assessments of oxidative stress status in patients with
asthma. Furthermore, it is necessary to clarify the precise role of
molecules regulating oxidative stress in the pathogenesis of
asthma.

Clusterin, also called apolipoprotein J, is an extracellular chap-
erone glycoprotein composed of 2 35- to 40-kDa subunits linked by
disulfide bonds. There is a conserved 14-bp CLU-specific element
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Figure 4. Correlation of clusterin expression with oxidative stress in patients with
asthma. (A) Expression of hyperoxidized peroxiredoxins (PRX-SO3) and (B) corre-
lation between clusterin and hyperoxidized peroxiredoxins in peripheral blood
mononuclear cell lysates from patients with asthma (n = 20) or healthy controls.
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

among the regulatory elements in the CLU promoter, which is
recognized by heat-shock transcription factor-1 and is a site for
activator protein-1.'923?4 By acting in synergy, the CLU-specific
element and activator protein-1 elements can make the CLU gene
promoter particularly sensitive to even minute environmental
changes or alterations in the cellular oxidative load of free radicals
and their derivatives. Thus, increased CLU levels in biologic samples
may sensitively indicate increased oxidative stress, even at very
early stages of the inflammatory process. In fact, CLU has been
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Figure 5. Expression of clusterin in serum of inhaled corticosteroid—naive patients
with asthma before and after starting inhaled corticosteroid treatment (n = 37).
P = .016 by paired t test.

known to show cytoprotective activity because of its antioxidative
and antiapoptotic properties.'' =’

The CLU levels were higher in the sera, sputum supernatants,
and PBMCs of patients with asthma than in samples from healthy
controls. The levels of expression of CLU in PBMCs correlated
strongly with those of PRDX-SO3, another biomarker of increased
intracellular oxidative stress. These results clearly showed that
patients with asthma have high levels of oxidative stress. Moreover,
serum CLU concentrations were higher in patients with severe
asthma than in those with mild or moderate asthma. Indeed,
asthma has been associated with a high level of oxidative stress
resulting from an increase in oxidants and a decrease in the anti-
oxidant capacity of various biological samples, including plasma,
blood cells, and bronchoalveolar lavage fluid.*?>~2°

This study showed that serum CLU concentrations were nega-
tively correlated with the percentage of predicted FEV;. Airway
remodeling resulting from chronic airway inflammation and
increased oxidative stress is the main cause of morbidity in patients
with asthma. Inflammation is linked to tissue remodeling by
reactive oxygen species, which can further activate various tran-
scription factors and increase the production of major inflamma-
tory cytokines. Although the pathogenesis of an irreversible
decrease in lung function and airway remodeling is unclear,
oxidative injury is likely involved. Thus, detection of the burden of
oxidative stress in patients with asthma and protection of airways
from oxidative injury would be particularly important in the pre-
vention and treatment of severe asthma. Therefore, CLU may be
especially important in patients with severe asthma.

This study also found that initial treatment of treatment-naive
patients with asthma using ICSs decreased serum CLU concentra-
tions, perhaps by decreasing airway oxidative stress. However,
responses in individual patients differed, with some not showing a
decrease in serum CLU. Heterogeneity may be due to diverse clin-
ical responses to ICSs, encountered frequently in patients with
asthma treated with ICS. Measurements of pulmonary function,
including FEV, fraction of exhaled nitric oxide, and differential cell
counts in induced sputum, can be used to monitor the status of
airway inflammation and asthma control. Despite limitations in the
accuracy of these biomarkers, many studies using these biomarkers
have shown that decreasing airway inflammation is the most
important factor in controlling asthma. Thus, detection of persis-
tent airway inflammation and evaluation of its magnitude are
crucial for optimizing asthma treatment. The present finding that
ICS treatment decreases serum CLU concentrations in some ICS-
naive patients indicates that measuring CLU in biologic samples
may be useful in monitoring airway inflammation and oxidative
stress burden. However, further prospective longitudinal studies
are required to show that CLU is useful in assessing whether
inflammation is controlled in the airways of patients with asthma.

Reduction—oxidation homeostasis is important for maintaining
normal cellular function, and antioxidants are critical for regulating
this homeostasis. Many intracellular molecules, including the per-
oxiredoxins (PRDXs), have antioxidant activity. PRDXs can be
distinguished from conventional antioxidants by their trans-
formation into PRDX-SOs in the presence of excess H,03, a trans-
formation that is irreversible and produces functionally inactive
molecules.®? Thus, increased cellular PRDX-SO5 indicates a high
burden of cellular oxidative stress and has been associated with
asthma severity.”’ To investigate the association between CLU
expression and intracellular oxidative stress in patients with
asthma, the authors analyzed the intracellular expression of CLU
and PRDX-SO3 in PBMCs of patients with asthma and found that
they were strongly correlated, further confirming that CLU is
associated with increased cellular oxidative stress.

This study found that serum CLU concentrations increased with
aging, a finding consistent with studies showing that the CLU
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increase in elderly subjects was due to progressive failure of
homeostasis and/or to prolonged exposure to a stressful environ-
ment, which are associated with the aging process. Indeed, anti-
oxidants have been found to decrease with age.>! This decreased
antioxidant capacity may lead to increased oxidative stress in the
lungs, increasing CLU expression and airway hyper-responsiveness
and decreasing lung function. This is supported by the higher
prevalence of asthma in elderly than in younger populations,
although direct evidence of these steps is required.

There are some limitations to this study. Although there was a
positive correlation between disease activity or severity of asthma
and CLU expression levels in the biological samples, the strength of
the correlation was modest at best. Such a modest correlation could
have resulted for multiple reasons. First, asthma is a heterogeneous
disease and there are many different subtypes or endotypes with
distinct pathophysiology.'*3? Thus, it is hypothesized that there
could be some subtypes in which CLU may have a strong correlation
with disease activity and be a useful biomarker indicating the
burden of oxidative stress in those patients. Further studies are
needed to investigate the value of measuring CLU levels in each
subtype of asthma. Second, clusterin expression could have been
affected by various clinical conditions, such as inflammatory and
infectious diseases.”®> Although all patients with asthma in the
present study did not have any other active diseases, the patients
might have had other clinical conditions that could have affected
the level of CLU expression.

Altogether, the authors conclude that the increase in CLU levels
in patients with asthma and its ease of measurement in common
biologic samples suggest that CLU may be a promising biomarker of
asthma severity and oxidative stress burden in patients with
asthma. Moreover, as an early biosensor of oxidative stress, CLU
may be useful in the prompt assessment of airway inflammation
status. Further studies are required to determine additional patho-
physiologic roles of CLU in the disease process and its role as a
biomarker for assessing longitudinal asthma control.
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