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Abstract

Background—Eosinophils play a pivotal
role in asthmatic airway inflammation.
Apoptosis is thought to be critically
relevant in promoting the clearance of
inflammatory cells and the resolution of
inflammation. Bcl-2 inhibits apoptosis in
cellular systems. A study was undertaken
to determine whether bcl-2 expression in
sputum reflects the clinical severity of
patients with asthma. The relationship
between bcl-2 expression in sputum eosi-
nophils and eosinophil activation markers
such as interleukin (IL)-5 and eosinophil
cationic protein (ECP) levels in sputum
supernatant was evaluated.
Methods—Sputum was obtained from 18
patients with asthma. Fresh expectorated
sputum separated from saliva was treated
with an equal volume of dithiothreitol
0.1%, cytospun for cell differentials and
bel-2 stain, and the supernatant was
collected for biochemical assay. Bcl-2+
eosinophils were stained using immuno-
cytochemistry, ECP> was measured by
fluoroimmunoassay, and IL-5 was detected
by sandwich enzyme linked immuno-
sorbant assay.

Results—Twelve patients with severe or
life threatening asthma had more bcl-2+
eosinophils (mean difference 46.8% (95%
CI 27.0 to 66.6), p<0.01) and a higher ECP
level (p<0.01) in the sputum than those
with mild to moderate asthma (n = 6).
IL-5 was frequently detected in patients
with severe or life threatening asthma
(11/12 versus 1/6, p<0.01). There was a sig-
nificant positive correlation between
bcl-2+ eosinophils and ECP levels (r =
0.61, p<0.01) and between bcl-2+ eosi-
nophils and IL-5 levels (r = 0.83, p<0.01).
There was a significant negative correla-
tion between bcl-2+ eosinophils and FEV/
FVC (r = -0.54, p<0.05).

Conclusion—The increased expression of
bcl-2 in eosinophils from sputum of
subjects with severe asthma suggests that
bcl-2 may prolong survival and decrease
apoptosis of airway eosinophils in asthma.
(Thorax 2000;55:370-374)
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Eosinophils are known to play a pivotal role in
asthmatic airway inflammation. Infiltration of
eosinophils into the bronchial wall and respira-
tory epithelial damage are two distinctive

features of asthma.' These bronchial changes
involve four steps—namely, enhanced eosino-
phil production, recruitment of lung tissue,
activation of eosinophils, and release of media-
tors.

The prolongation of eosinophil survival is
important in the pathogenesis of asthmatic air-
way inflammation. Apoptosis plays a central
part in normal tissue homeostasis as well as
having a role in various clinical diseases
characterised by either increased or decreased
cell survival.® It is thought to be critically
important in promoting the clearance of
inflammatory cells and the resolution of
inflammation. Apoptosis of eosinophils may be
clinically relevant in asthma, promoting the
removal of airway eosinophils and contributing
to clinical improvement. Among apoptosis
suppressing genes, bcl-2 prevents apoptosis
either through altering cell cycle rates or by
activating antioxidant associated
mechanisms.”’

Interleukin (IL)-5, a cytokine that attracts,
activates, and prolongs the survival of eosi-
nophils, is important in causing eosinophilic
inflammation in the asthmatic airway and con-
tributing to eosinophil viability in the sputum
of asthmatic patients during attacks.* It inhibits
eosinophil apoptosis by upregulation of bcl-2.”

Vignola et al’ reported that bcl-2+ cells in
bronchial biopsy specimens from patients with
asthma were higher than those from control
subjects and from subjects with chronic
bronchitis; the number of bcl-2+ cells corre-
lated with the severity of the disease. Skin
biopsy specimens from patients with hyper-
eosinophilic syndrome have also been reported
to express bcl-2 protein.”

This study was undertaken to determine
whether bcl-2 expression in sputum reflects the
clinical severity of patients with asthma. The
relationship between bcl-2 expression in spu-
tum eosinophils and eosinophil activation
markers such as IL-5 and eosinophil cationic
protein (ECP) in sputum supernatant was
evaluated.

Methods

SUBJECTS

Eighteen patients with asthma were recruited
from the Division of Allergy, Department of
Internal Medicine, Seonam University and
Chonnam University Hospital between Febru-
ary and August 1999. The diagnosis of asthma
had been previously established in 13 patients
by their symptoms of recurrent episodic
wheezing, cough, and/or dyspnoea, and either
by methacholine airway hyperresponsiveness in
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10 patients or by an improvement of 15% after
salbutamol 200 pg (when the forced expiratory
volume in one second (FEV,) was <75%
predicted) in three patients. In the five remain-
ing patients the diagnosis was confirmed by an
improvement in the FEV, (15%) following
anti-asthma therapy. No subject had respira-
tory infection for four weeks before the study.
Seonam University Hospital Research Com-
mittee approved the study and all subjects
signed the informed consent forms.

STUDY DESIGN
Eosinophils and eosinophil activation markers
in sputum were measured in asthmatic pa-
tients. A questionnaire on symptoms and
medications was given to all patients and a
spirometric test was performed. Sputum was
then collected and skin prick tests and a
methacholine provocation test were per-
formed. The clinical severity of asthma was
classified according to the International Con-
sensus Report.® Asthma exacerbations were
graded by symptoms (breathlessness, talking,
and alertness), signs (respiratory rate, use of
accessory muscles, wheeze, pulse/min, and
pulsus paradoxus), and functional assessment
(peak expiratory flow rate, arterial blood gas
analysis). A person blinded to the clinical char-
acteristics of the subjects performed the
sputum measurements.

Spirometric tests were performed according
to the American Thoracic Society standards’
using a SensorMedics 2200 spirometer (Car-
diopulmonary Care Company, California,
USA). The representative values for forced
vital capacity (FVC) and forced expiratory vol-
ume in one second (FEV,) were selected
according to the Intermountain Thoracic Soci-
ety criteria’ and the reference values were
taken from the reports by Choi ez a/'' with some
modifications. Methacholine challenge tests
were carried out using a modification of the
method described by Chai ez al'* and the results
were expressed as PC,, in non-cumulative
units. Allergy skin prick tests were performed
using 55 common allergen extracts. The wheal
size was recorded at 15 minutes and scored as
follows: 0 = no different from control, + =
1-2 mm larger than control, ++ = 3-5 mm
larger than control, +++ = 6—8 mm larger than
control, ++++ = >8 mm larger than control.
The total number of pluses was added. Atopy
was defined as an atopy score of >1+.

SPUTUM INDUCTION AND PROCESSING

Sputum was induced only when it could not be
produced spontaneously. The sputum induc-
tion was performed as a modification of the
method described by Fahy ez al.”’ All subjects
were premedicated with two puffs of inhaled
salbutamol (200 pg). Subjects inhaled 3%
hypertonic saline solution aerosols generated
by an ultrasonic nebuliser (NE-U03, OMRON
Co, Tokyo, Japan) with a maximum output of
0.15-0.3 ml/min and a mass median aerody-
namic diameter of 4.5 um. Hypertonic saline
was inhaled for 15-20 minutes according to the
severity of the asthma until an adequate
volume of sputum was expectorated. Subjects
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were asked to rinse their mouth and blow their
nose to minimise contamination with saliva
and postnasal drip. They were encouraged to
cough deeply and frequently during hypertonic
saline inhalation. They were instructed to
cough the sputum into a sterile plastic
container. The sample volumes and duration of
sputum induction were recorded. FEV, was
measured before, during, and after induction of
sputum. Sputum induction was stopped if the
FEV, fell by =15%.

The appearance of the sputum was recorded
as mucoid, mucopurulent, or purulent. Spu-
tum was selected from saliva and processed
within two hours. The method of sputum
examination described by Popov er al'* was
modified.”” Sputum was treated by adding
equal volumes of 0.1% dithiothreitol (Sputa-
lysin 10%; Gibco BRL, Grandisland, New
York, USA) followed by equal volumes of Dul-
becco’s phosphate buffered saline (D-PBS).
The sample was then mixed gently and placed
in a shaking water bath at 37°C for 15 minutes
to ensure complete homogenisation. The sam-
ple was removed from the water bath periodi-
cally for further brief gentle mixing. The
suspension was filtered through gauze (1 mm
pore size), the filtrate was centrifuged at 1500
rpm for 10 minutes, and the supernatant was
aspirated and stored in Eppendorf tubes at
—70°C for later assay. The cell pellet was resus-
pended in 1000 ul D-PBS and the total
number of non-squamous cells was counted in
a modified Neubauer haemocytometer. The
cell suspension was adjusted to 0.5 x 10°/ml
and then 50 pl of cell suspension was placed in
a Sakura cytocentrifuge (Model CF-127,
Tokyo, Japan). Two coded cytospins were pre-
pared at 600 rpm for five minutes. One slide
was air dried and stained with Trypan blue
stain (GibcoBRL, Grand Island, New York,
USA) and two others were stained with
Diff-Quick (Kookje Scientific Products, Tokyo,
Japan). Another two slides prepared for immu-
nocytochemical analysis were air dried for 10
minutes, fixed in 0.25% formalin for five min-
utes at 4°C, wrapped in pairs in foil and stored
at —70°C. Cell differential counts of 400
non-squamous cells were performed on Diff-
Quick stained slides by two investigators who
did not know the subject’s clinical history, and
the results were expressed as a percentage of
the total non-squamous cell count.

IMMUNOCYTOCHEMICAL ANALYSIS OF BCL-2

Immunocytochemical analysis was performed
on sputum cytospin slides with Probe On Plus
slide (Fisher Scientific, Pittsburgh, Pennsylva-
nia, USA). All steps in the staining procedure
were done at 50°C in a Microprobe system
taking advantage of capillary gap action”
produced by two approximated Probe On Plus
slides. The primary antibody was applied for
15 minutes with anti bcl-2 antibody (Dako,
Copenhagen, Denmark). Antigen/antibody
complexes were detected with a goat anti-
mouse IgG (Sigma, St Louis, Missouri, USA)
for 10 minutes followed by avidine alkaline
phosphatase (Dako)'® for seven minutes after
blocking endogenous alkaline phosphatase
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Table 1 Characteristics of patients with asthma

Severe to life

Mild to moderate threatening asthmma
asthma (n = 6) m=12)
Age (years) 41.3 (3.2) 48.8 (5.5)
Sex (M/F) 3/3 8/4
Smoker (ex) 1(1) 3 (5
IgE (IU/ml) 252.2 (91.6) 777.3 (425.4)
PC,, (mg/ml) 2.03 (1.81) 1.11 (0.53)
FEV, (% pred) 79.2 (4.5) 63.4 (4.1)*
FVC (% pred) 75.1 (5.0) 68.1 (8.5)
FEV/,/FVC (%) 80.0 (9.6) 57.9 (3.8)*

Data are expressed as mean (SE).

PC,, = concentration of methacholine provoking a fall of 20% in
FEV, if the FEV, =75%; FEV, = forced expiratory volume in
one second; FVC = forced vital capacity.

*p<0.01.

activity in Redusol (Biomeda, Foster City,
California, USA) for two minutes. The chro-
mogen reaction consisted of Fast Red TR Salt
(Research Genetics, Huntsville, Alabama,
USA) for 10 minutes followed by 30 seconds of
haematoxylin. Bcl-2 antibodies were diluted in
primary antibody diluent (Research Genetics)
at the final concentration of 5 pg/ml. Positive
controls for bcl-2 consisted of known positive
samples of human spleen included with each
staining reaction. Negative controls consisted
of staining without the primary antibody. All
slides were examined using standard light
microscopy by two observers and scored as
percentage of positive eosinophils over total
eosinophils. The intensity of the staining reac-
tion was not quantified. The results were
expressed as percentage of positively stained
cells over total eosinophils.

ECP AND IL-5 MEASUREMENT

The concentration of ECP in 400 pl thawed
supernatant was determined by fluoroimmu-
noassay (UniCAP system, Pharmacia AB,
Uppsala, Sweden). IL-5 was measured by
quantitative sandwich enzyme immunoassay
(Quantikine; R&D System Inc). Samples were
analysed in duplicates. The limits of detection
for the ECP and IL.-5 assays were 2.0 pug/l and
3 pg/ml, respectively.

. e
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Figure 1 Sputum cells stained with Diff-Quick in (A) control and (B) asthmatic subjects
and eosinophils stained with anti-bcl-2 antibody by immunocytochemistry in negative
control from (C) asthmatic subjects without the primary antibody and (D) asthmatic
subjects. Eosinophil staining with bcl-2 antibody in asthmatic patients shows cytoplasmic

red staining.
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STATISTICAL ANALYSIS

All data were analysed using the SPSS version
7.5 for Windows. Data are expressed as mean
(SE). Inter-group comparisons were assessed
by a non-parametric method using the Mann-
Whitney U test. The correlation between vari-
ables was examined by Spearman rank correla-
tion coefficient. A p value of less than 5% was
regarded as statistically significant.

Results

The characteristics of the study subjects are
shown in table 1. Patients with severe to life
threatening asthma had significantly lower
FEV, and FEV /FVC than those with mild to
moderate persistent asthma.

DIFFERENTIAL SPUTUM COUNTS

Eighteen sputum samples from asthmatic
patients were analysed. The sputum had less
than 30% squamous epithelial cells and more
than 85% cell viability. The proportion of eosi-
nophils was significantly higher in patients with
severe or life threatening asthma than in those
with mild to moderate asthma (49.8 (6.5)%
versus 10.3 (4.1)%, p<0.01), whereas the pro-
portion of macrophages was lower (26.4
(5.5)% versus 59.5 (11.8)%, p<0.01). No sig-
nificant differences were noted between the
two groups of patients in either total cell count
(8.1 (3.4) x 10°/ml versus 5.0 (0.9) x 10°/ml) or
the absolute or relative numbers of lympho-
cytes and epithelial cells.

BCL-2+ EOSINOPHILS, ECP, AND IL-5

Positive staining eosinophils with bcl-2
antibody (fig 1) were significantly increased in
the cytoplasm of eosinophils from patients
with severe or life threatening asthma com-
pared with those with mild to moderate
asthma (49.3 (6.5)% versus 2.5 (0.5)%,
p<0.01, fig 2). The mean difference was
46.8% (95% CI 27.0 to 66.6). The sputum
level of ECP was significantly increased in
patients with severe to life threatening asthma
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Figure 2 Percentage of bcl-2+ eosinophils in the sputum of
patients with mild to moderate asthma and with severe to
Ilife threatening asthma. The results are expressed as the
percentage of bcl-2 expressing eosinophils in the sputum.
Horizontal bars indicate mean values.
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compared with that in patients with mild to
moderate asthma (1746.1 (293.0) pg/l versus
618.4 (465.7) ug/l, p<0.05). IL-5 was more
frequently detected in patients with severe to
life threatening asthma (11/12 versus 1/6,
p<0.01).

CORRELATIONS BETWEEN BCL-2+ EOSINOPHILS
AND CLINICAL FINDINGS

There was a significant positive correlation
between bcl-2+ eosinophils and ECP levels (r
= 0.61, p<0.01). The proportions of sputum
eosinophils were positively correlated with
bcl-2+ eosinophils (r = 0.58, p<0.01). There
was also a significant positive correlation
between bcl-2+ eosinophils and I1.-5 levels (r =
0.83, p<0.01, fig 3) and a significant negative
correlation between bcl-2+ eosinophils and
FEV /FVC (r = -0.54, p<0.05, fig 4). No cor-
relation was noted between bcl2+ eosinophils
in the sputum and atopy score or non-specific
airway hyperresponsiveness.

Discussion

Inhibition of eosinophil apoptosis may play an
important role in chronic airway inflammation.
In this study we found that anti-apoptotic bcl-2
protein was increased in patients with severe
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asthma compared with those with mild asthma.
The evaluation of bcl-2 expression in sputum
eosinophils may be a wuseful marker for
monitoring airway inflammation in asthma.

Asthma results from complex interactions
between inflammatory cells, mediators, and the
cells and tissues of the airways."” Eosinophils
are known to play a major part in asthmatic
airway inflammation. They are cells of granulo-
cyte lineage formed in the bone marrow which
move through the circulation and migrate into
the airways. The bone marrow transit time in
humans is about 4.3 days. In peripheral blood
the eosinophil has a half life of about 18 hours.
Recruitment from the blood to the airway
initially involves adherence of eosinophils to
endothelial cells and subsequent migration into
an inflammatory site. Inflammatory cytokines
such as IL-1, IL-4, IL-5, interferon (IFN)-vy,
and tumour necrosis factor (TNF)-a enhance
the interaction between inflammatory cells and
endothelial cells, and endothelial cells induce
increased expression of adhesion molecules
such as intercellular adhesion molecule 1 and
vascular cell adhesion molecule, and transend-
othelial migration of eosinophils to inflamed
tissues.'® ** In target lung tissue degranulation
of eosinophilic granules such as ECP, major
basic protein, eosinophil derived neurotoxin,
and eosinophil peroxidase is fundamental to
the proinflammatory role of eosinophils. These
eosinophilic granular contents damage the air-
way epithelium, stimulate the release of hista-
mine from mast cells, directly contract airway
smooth muscle, and promote airway
hyperresponsiveness.”’ *'

As previously suggested, in this study the
eosinophil activation markers IL-5 and ECP
significantly increased in patients with severe
asthma. This suggests that the higher percent-
age of eosinophils and increased levels of
eosinophil activation markers measured in
asthmatic sputum are due to recruitment of
eosinophils and degranulation of eosinophils in
target tissues.

Apoptosis or programmed cell death is an
ordered process of fundamental biological
importance which is as vital to homeostasis as
are cellular proliferation, differentiation, and
migration.”” * It is thought to be critically
important in promoting the clearance of
inflammatory cells and the resolution of
inflammation. Apoptosis of eosinophils may be
clinically relevant in asthma, promoting the
removal of airway eosinophils and contributing
to clinical improvement. IL-5, a cytokine that
attracts, activates, and prolongs the survival of
eosinophils, is very important in the pathogen-
esis of allergic inflammation and asthma.* It
has an inhibitory effect on eosinophil apoptosis
by regulating bcl-2 expression.’ Dewson et al”’
reported that cultivation of eosinophils in the
presence of 100 pg/ml IL-5 for 24 hours
significantly reduced apoptosis (p<0.01) to
10.7 (2.5)% compared with 46.8 (7.4)% in the
absence of IL-5, suggesting that survival
enhancing IL-5 modulates the expression of
bcl-2 in vitro. We found that IL-5 was
frequently detected in patients with severe to
life threatening asthma and expression of bcl-2
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protein in sputum eosinophils was related to
the severity of asthma, suggesting that IL-5
prolongs the survival of eosinophils. Over-
expression of bcl-2 has been shown to prolong
cellular survival in myeloid leukemia cell
lines® * and neutrophils,” as well as lymphoid
cell lines, by blocking apoptosis.

Assessment of apoptosis’ is performed using
methods that evaluate the physical changes of
the cell by light and electron microscopy, as
well as detection of the classical fragmentation
of intracellular DNA. Alternative approaches
include detection of DNA degradation using
flow cytometric methods and evaluation of the
expression of apoptosis genes with techniques
such as in situ hybridisation or Northern blot-
ting. In this study we used immunocytochemi-
cal staining to detect apoptosis protein. Bcl-2+
eosinophils were significantly more numerous
in the cytoplasm of sputum eosinophils from
patients with severe to life threatening asthma
than in those with mild to moderate asthma.
Other studies such as in situ hybridisation,
reverse transcriptase polymerase chain reaction
(RT-PCR), and western blotting are needed to
confirm bcl-2 expression in asthmatic sputum
eosinophils.

There was a significantly positive correlation
between bcl-2+ eosinophils and ECP levels
and the proportions of sputum eosinophils
were positively correlated with bcl-2+ eosi-
nophils. There was a significant negative corre-
lation between bcl-2+ eosinophils and FEV//
FVC. Taken together, expression of bcl-2 in the
sputum eosinophils is a marker of severity of
airway inflammation and clinical severity. The
range of the study could have been extended
either by looking at expression of bcl-2 in more
detail, by determining the relationship between
bcl-2 expressing eosinophils and apoptosis, or
by investigating other apoptosis related pro-
teins. Further studies will be required to evalu-
ate changes in eosinophil apoptosis in the spu-
tum of patients with asthma after treatment
with an anti-inflammatory agent.

In summary, we examined the expression of
bcl-2 protein in the sputum of patients with
asthma and found more bcl-2 protein in the
sputum from patients with severe asthma than
that from patients with mild asthma. These
results suggest a possible contribution of bcl-2
protein to asthmatic airway inflammation,
including inhibition of eosinophil apoptosis.

The authors thank Seog Chae Park and En Mee Park for their
excellent assistance.
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