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Background and objectives: It is known that chronic obstructive pulmonary disease (COPD)

development process is imperceptible and can be asymptomatic for 20 or more years. It is of

great importance to diagnose early inflammatory changes that can lead to COPD in young

asymptomatic cigarette smokers. The aim of our study was to analyze the cell spectrum of

induced sputum (IS) of young cigarette smokers, with emphasis on T-regulatory cells.

Materials and methods: A total of 20 healthy nonallergic smokers, 20 nonsmokers and 20

COPD patients were enrolled in the study. After lung function measurements were taken, we

performed sputum induction and analyzed sputum cells. We evaluated the cell count of

FOXP3-positive, CD4+ and CD8+ T lymphocytes by immunocytochemistry staining, and the

cell count of macrophages and neutrophils by May-Grünwald Giemsa staining.

Results: Induced sputum of smokers contained a higher absolute amount of macrophages

and neutrophils when compared to nonsmokers. FOXP3-positive cells in the sputum of

young smokers showed a statistically significant increase when compared to nonsmokers.

Induced sputum of COPD patients contained an increased absolute amount of neutrophils

and FOXP3-positive Treg cells when compared to nonsmokers. Regression analysis showed

that the amount of FOXP-3 positive cells, neutrophils and macrophages in the induced

sputum was increasing with the number of pack years.

Conclusions: This study demonstrates that young smokers have early inflammatory changes

in their airways that not only initiate nonspecific mechanisms recruiting neutrophils, but

also involve specific immune mechanisms with recruitment of T regulatory lymphocytes.

The lymphocyte response is probably adaptive.
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1. Introduction

Cigarette smoking is a major risk factor for the development of
COPD [1]. In addition, the clinical course of COPD can be
asymptomatic for 20 or more years. The clinical symptoms due
to smoking usually present themselves after approximately 40
years. The ‘‘golden standard’’ for diagnosis of COPD remains
spirometry. The early diagnosis of COPD is of particular
importance especially among young smokers [2].

There is an urgent need for identification of biological
markers for the early stage, as well as new molecular targeting
therapy for COPD. New potentially relevant biomarkers for an
early noninvasive diagnosis of COPD are of particular impor-
tance and could be used as a screening tool for the populations
at risk. Patients with COPD typically have at least a 10 pack-
year history of smoking, but only few of the heavy smokers
develop severe airflow limitation. This suggests COPD is not
dependent upon the smoke exposure alone.

It is believed that the presence of inflammation in COPD
together with the accumulation of components of innate
immune system, such as activated macrophages and neutro-
phil leukocytes, is an important signifier in the disease
development [1,3]. More recent studies have postulated that
adaptive immune response also contributes to the patho-
physiology of COPD [4]. An increased amount of neutrophils in
induced sputum is a characteristic feature in patients with
COPD [5].

Chronic cigarette smoke exposure increases numbers of
alveolar macrophages in the airways lumen of smokers.
Smokers' macrophages have an ability to inhibit effects on
proliferation of lymphocytes and activities of natural killer
(NK) cells [6].

An increased total number of circulating T-lymphocytes has
been observed in smokers [6]. It was observed that lymphocytes
and macrophages are the predominant cellular elements of the
inflammatory infiltrates within the airway walls of patients
with COPD. Other studies extended these observations by
showing that the numbers of CD8+ lymphocytes in COPD lung
were directly related to the degree of airflow limitation [7].
Similarly, in the induced sputum of COPD patients there are
higher levels of CD8+ T-lymphocytes [8]. T-lymphocytes can
cause tissue injury either by direct cytolytic activities or through
the secretion of pro-inflammatory mediators that activate other
immune cells. In addition to the generally potent pro-
inflammatory effect of CD4+ lymphocytes, a subset of these
cells also may impact the progression of COPD by up-regulating
the intensity of inflammatory cascades [9].

It is now clearly established that a forkhead box protein 3
(FOXP3) expressed by subset of CD4+ CD25+ T cells, also called
regulatory T cells, is essential for the maintenance of self-
tolerance and immune homeostasis [10].

CD4+ CD25+ T regulatory (Treg) cells are important in
realizing peripheral immunological tolerance, down-regula-
tion of persistent inflammation and prevention of autoim-
mune reactions by inhibition of other T cell responses [11].
Dysfunction of Treg cells can lead to autoimmune disease,
allergy and chronic inflammatory diseases.

We hypothesized that T regulatory cells are involved in the
pathogenesis of COPD and that assessment of the numbers of
T regulatory cells in the induced sputum could serve as a
biomarker for early diagnosis, prognosis and treatment of
COPD.

2. Materials and methods

2.1. Ethics statement

The study was approved by the Ethics Committee of the
Institute of Experimental and Clinical Medicine, University of
Latvia.

2.2. Subjects

A total of 20 healthy nonallergic current smokers (mean age,
21.5 � 2.6 years; smoking history, 3.03 � 3.0 pack-years), asked
to refrain from smoking at least 2 h before the sample
collection, in order to exclude the acute effect, 20 nonsmokers
(mean age, 22.4 � 2.6 years) and 20 COPD patients (mean age,
62.3 � 2.6 years; smoking history, 39.18 � 4.8 pack-years) gave
informed consent to participate in the study. None of the
volunteers had experienced any airway infection at least
within one month before the session.

2.3. Study design

All subjects had only one session. We performed lung function
measurements, sputum induction, sputum immunocyto-
chemistry, May-Grünwald Giemsa staining and sputum cell
analyses. All subjects filled in a questionnaire about their
smoking habits. Healthy volunteers were questioned about
any complaints or symptoms that could be related with COPD.

Before inclusion in the trial all volunteers were informed
about the study design and possible side effects, and signed an
informed consent.

2.4. Lung function

Before sputum induction, all subjects underwent spirometry
and bronchodilation test with a 200-mg salbutamol (Vento-
linTM, GlaxoSmithKline) inhalation. We used bronchodilators
to make sputum induction easier. We repeated spirometry
15 min after inhalation of salbutamol, using MIR Spirobank II
spirometer and following the American Thoracic Society (ATS)
and European Respiratory Society (ERS) Spirometry standardi-
zation recommendations [12,13]. Repeated spirometry allowed
us to ensure that none of the patients has asthma.

2.5. Sputum induction

Sputum induction was performed according to modified
protocol validated by E. Pizzichini [14]. For inhalation we used
constant concentration of 4% NaCl using an ultrasonic
nebulizer (OMRON NE-U17, OMRON Matsusaka Co., Ltd., Japan)
with a flow rate of 1 mL/min. Induction was performed for
three times, each 5 min long. After each inhalation period
volunteers were asked to rinse their mouth with water, to
minimize contamination with saliva. Then they were asked to
expectorate into a sterile container. Before each inhalation
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period FEV1 levels were evaluated with spirometer. According
to the protocol, if FEV1 drops for more than 20% of the post-
bronchodilation value, the procedure should be stopped. We
had no such cases.

2.6. Sputum processing

First sputum processing was performed according to modified
protocol validated by Efthimiadis et al. [15]. Sputum samples
were processed within 2 h after induction. The volume of
induced sputum was measured and mixed with equal volume
of 0.1% dithiothreitol (DTT, DL-dithiothreitol, minimum 99%
titration, Sigma–Aldrich, Inc., St. Louis, USA), which was
previously dissolved in Dulbecco's phosphate-buffered saline.
Solution was aspirated and dispensed several times with
disposable pipette, and then the sample incubated for 15 min
in a shaking water bath at 48C for complete homogenization.
Next, incubation sample was filtered on a 48 mg sterile nylon
mesh into a preweight tube. A small amount (20 mg) was used
to assess total cell count and viability, using tryptan blue dye
method and a standard haemocytometer. Remaining sample
was centrifuged at 790g for 10 min to separate sputum cells
from the fluid phase. Supernatants were collected and stored
at �808C. Cell suspension was diluted with phosphate-
buffered saline to obtain concentration 1 � 106 cells/mL and
doses of 100 mL were used for cytospin slides. Cytospin slides
were dried out in the air, wrapped in foil and stored at �808C
before staining.

2.7. Immunocytochemistry

Lymphocytes were stained by immunocytochemical staining,
using EnVision polymer kit (DAKO, Denmark, Glostrup).
Sections were incubated in 0.5% H2O2/PBS to quench endoge-
nous peroxidase activity. The slides were then incubated for
1 h with three different primary monoclonal mouse anti-
human antibodies against FOXP3: monoclonal mouse anti-
body (dilution 1:100, clone 236A/E7; ab 20034, AbCam, UK),
mouse monoclonal CD4 (dilution 1:100; clone IR649, M7310,
DAKO) and mouse monoclonal CD8 (dilution 1:50; clone IR623,
M7310, DAKO). EnVision kit (DAKO) was used for visualization
of bounding with the primary antibody. Slides were incubated
in a humidity chamber for 30 min with EnVision reagent and
then preceding, intervening and subsequent rinses in isotonic
buffer (pH 7.6) were applied, three times for 5 min each. 3,30-
diaminobenzidine-tetrahydrochloride (DAB) was applied as
chromogen for 7 min.

Slides were analyzed using a light microscope with a video
recorder linked to a computerized image system (Motic Image
Advanced 3.2, Xiamen, China). FOXP3-positive expression was
identified as nuclear immunolocalisation.

The cases were coded and measurements made in a
blinded fashion, without knowledge of clinical data for the
given patient specimen. The results were expressed as a
number of positive cells to a total number of 600 cells per slide.

2.8. May–Grünwald Giemsa staining

Leukocytes (macrophages and neutrophils) were stained with
the May–Grünwald–Giemsa staining. Cytospin slides after
taking out of cytospin were dried approximately for 24 h. After
that slides were fixed in methanol for 10 min and then left to
dry again for approximately 24 h or more, if needed. After
drying they were ready to stain. Slides were stained with May–
Grünwald stain for 9 min, after that washed in distilled
buffered water. Then the slides were stained with Giemsa
stain for 13 min and washed again in distilled buffered water.
Finally they were left to dry for approximately another 3 h.

The cases were coded and measurements made in a
blinded fashion, without knowledge of clinical data for the
given patient specimen. Differential cell count was performed
from the smears on glass slides. We counted 400 cells with
nuclei: leukocytes, bronchial epithelium cells and flat epithe-
lium cells.

2.9. Statistical analysis

Statistical analyses were done using Statistica 7.0 software
(StatSoft Inc., USA). We verified data consistency to a normal
(Gauss) distribution with the distribution analysis sub-module
(x2 and Kolmogorov–Smirnov tests). Where distribution was
not normal, we applied log transformation [16]. Afterwards we
ran one factor linear regression analysis between cellular
indicators and smoking history. In order to have the data in
figures in a non-logarithmic format, they were retransformed
after analysis. Since we only transformed the dependent
factor, the result was an exponential regression [17].

We considered a regression significant, if P < 0.05.
Then we compared the amount of cells in smokers and

nonsmokers. For analysis of variance tests, we used similar
transformation and normalization as for regression analysis.
We also transformed the mean and 95% confidence interval.

3. Results

Table 1 demonstrates clinical patients' characteristics (Table 1).
Smokers were on average taller and heavier, but we assumed
that this would not influence the goal of the procedure, i.e.,
evaluation of the cell spectrum in the induced sputum. Both
nonsmokers and smokers had normal lung function (FEV1, FVC,
FEV1/FVC%), but there were statistically significant differences
when compared to COPD patients. COPD patients had lower
lung function (FEV1, FVC, FEV1/FVC%) measurements (P < 0.01).
The difference in the mean age of each group (non-allergic
healthy smokers, healthy nonsmokers and COPD patients) was
also statistically significant (P < 0.01).

None of healthy volunteers had any complaints about
health changes that could be associated with COPD symptoms,
such as cough or increased sputum secretion.

3.1. Cell spectrum changes in induced sputum

Induced sputum of smokers had a higher absolute amount of
macrophages (147.63 [107.11–203.48] cells �104/mL) compared
to nonsmokers (93.48 [67.82–128.85] cells �104/mL) (P = 0.049)
(Fig. 1). Induced sputum of COPD patients showed a lower
absolute amount of macrophages (57.04 [41.38–78.61] cells
�104/mL) compared to smokers (P < 0.001) and nonsmokers
(P = 0.033) (Fig. 1). Induced sputum of smokers as well



Table 1 – Subject characteristics.

Parameter Nonallergic smokers
(n = 20)

Healthy nonsmokers
(n = 20)

COPD patients
(n = 20)

Age, years, mean � SD 21.5 � 2.6* 22.4 � 2.6* 62.3 � 2.6
Gender, M/F, n 15/5 5/15 18/2
Height, cm, mean � SD 180.6 � 4.2* 172.7 � 4.2** 172.4 � 4.2
Weight, kg, mean � SD 72.2 � 7.0 62.4 � 7.0* 80.4 � 7.0
Smoking history, pack-years, mean � SD 3.03 � 3.0 – 39.18 � 4.8
(range) (0.15–8) (9–67.5)
FEV1, % of pred (PRE-), mean � SD 112.9 � 7.6* 106.3 � 7.6* 55.8 � 7.6
FVC, % of pred, mean � SD 109.0 � 7.8* 107.8 � 7.8* 70.9 � 7.8
FEV1/FVC%, mean � SD 91.2 � 4.8* 85.8 � 4.8* 59.3 � 4.8

* P < 0.01 nonallergic smokers compared to COPD patients; healthy nonsmokers compared to COPD patients.
** P < 0.01 healthy nonsmokers compared to nonallergic smokers.
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contained a higher (P = 0.038) absolute amount of neutrophils
(78.48 [55.06–111.86], cells �104/mL), compared to non-smok-
ers (46.12 [32.36–65.75], cells �104/mL) (Fig. 2). COPD
patients had an increased absolute amount of neutrophils
Fig. 2 – Absolute amount of neutrophils in induced sputum
of nonsmokers (n = 20), smokers (n = 20) and COPD patients
(n = 20).

Fig. 1 – Absolute amount of macrophages in induced
sputum of nonsmokers (n = 20), smokers (n = 20) and COPD
patients (n = 20).
(121.12 [84.97–172.64] cells �104/mL), compared to nonsmokers
(P < 0.001), and a trend towards statistically significant
differences with smokers (P = 0.088) (Fig. 2). The amount of
FOXP3-positive Treg cells in sputum of young smokers was
significantly higher (2.78 [1.77–4.17] cells �104/mL), when
compared with nonsmokers (0.39 [0.02–0.90] cells �104/mL,
P < 0.001) (Fig. 3). COPD patients had a greater count of FOXP3-
positive Treg cells (1.85 [1.09–2.89] cells �104/mL, P = 0.002),
when compared with nonsmokers (Fig. 3).

We did not find any significant statistical differences in the
amount of CD4+ and CD8+ in the induced sputum between
young smokers and non-smokers. However, there were
statistically significant differences in the amount of CD4+

and CD8+, when compared with the COPD patients. The
amount of CD4+ T lymphocytes in COPD patients' induced
sputum was significantly higher (4.13 [2.69–6.11] cells �104/
mL) compared to smokers (1.40 [0.72–2.37] cells �104/mL,
P = 0.002) and nonsmokers (0.87 [0.33–1.61] cells �104/mL,
P < 0.001) (Fig. 4). Induced sputum of COPD patients had a
higher absolute amount of CD8+ T lymphocytes (2.93 [1.95–
4.24] cells �104/mL) compared with smokers (0.74 [0.29–1.33]
cells �104/mL, P < 0.001) and nonsmokers (0.47 [0.097–0.98]
cells �104/mL, P < 0.001) (Fig. 5).
Fig. 3 – Absolute amount of FOXP3-positive T regulatory
cells in induced sputum of nonsmokers (n = 20), smokers
(n = 20) and COPD patients (n = 20).



Fig. 4 – Absolute amount of CD4+ T lymphocytes in induced
sputum of nonsmokers (n = 20), smokers (n = 20) and COPD
patients (n = 20).

Fig. 5 – Absolute amount of CD8+ T lymphocytes in induced
sputum of nonsmokers (n = 20), smokers (n = 20) and COPD
patients (n = 20).

Fig. 6 – The correlation between the numbers of T regulatory
cells in induced sputum and smoking history in young
smokers and nonsmokers (n = 40) (P < 0.001).

Fig. 7 – The correlation between the numbers of neutrophils
in induced sputum and smoking history in young smokers
and nonsmokers (n = 40) (P = 0.040).

Fig. 8 – The correlation between the numbers of
macrophages in induced sputum and smoking history in
young smokers and nonsmokers (n = 40) (P = 0.038).

m e d i c i n a 5 1 ( 2 0 1 5 ) 1 5 9 – 1 6 6 163
3.2. Cell spectrum changes in induced sputum depending
on the duration of smoking

Our study revealed a significant correlation between the
numbers of FOXP3-positive T regulatory cells (r2 = 0.393,
P < 0.001) (Fig. 6), neutrophils (r2 = 0.107, P = 0.040) (Fig. 7),
and macrophages (r2 = 0.108, P = 0.038) (Fig. 8) in induced
sputum and smoking history in pack-years. In COPD patients,
there was no significant correlation.

4. Discussion

Our study was first to address the changes in induced sputum
cells among young smokers with a short (approximately 3
pack-years) smoking history and no symptoms of COPD
development. It has shown that despite normal lung function
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indices and lack of symptoms, young smokers have an
elevated amount of neutrophils in their induced sputum.
We also observed a significantly elevated presence of the
FOXP3-positive Treg lymphocytes. We found a positive
correlation between longer smoking history (amount of
cigarettes smoked) and absolute levels of macrophages,
neutrophils and FOXP3-positive Treg cells.

However, the determination coefficient for the above
correlations was weak. This might be due to difficulties in
obtaining a precise cell count, since sputum samples contain
also dead cells, which can be in various stages of decomposi-
tion.

Previous studies, which match with our results, have found
an elevated level of neutrophils in the induced sputum of
smokers with COPD [18,19]. Elevated levels of neutrophils are
conventionally explained with developments characteristic of
a smoking induced chronic inflammation. It is thought that
nicotine possesses direct activating and chemoattractant
effect upon inflammatory cells. It has been shown that
smoking has a direct stimulatory effect on granulocyte
production and release from the bone marrow. Induced
sputum in COPD contains mainly neutrophils at a percentage
that is almost reciprocal to that of macrophages in healthy
volunteers. These observations confirm previous studies
demonstrating an increased number of neutrophils [20]. It is
also established that smoking may increase the retention of
neutrophils in the lung [21]. Inflammatory cells are also
attracted by the free radicals – reactive oxygen species (ROS) –

present in cigarette smoke [22,23]. Both nicotine and free
radicals can activate the transcription factor NFkappa-b
[24,25], which in turn activates genes for TNF and chemokines
production [26]. Chemokines are released by alveolar macro-
phages [27], T-cells, epithelial cells, as well as the neutrophils
themselves [28]. Most important chemokines are the CXC
chemokines, for instance, IL-8 (CXCL8), that are able to attract
and activate neutrophils, which in turn degranulate, releasing
several proteases, for example, elastase, cathepsin G, protein-
ase 3 and metalloproteases [29]. Proteases consecutively cause
tissue damage and mucus hypersecretion. It has been
established that smoking diminishes antiprotease effect by
causing functional deficit of a1-antitrypsin. The amount of
neutrophils in bronchial biopsy materials and induced sputum
correlates with severity of COPD and reduced lung function
indices [30]. As mentioned before, increased neutrophil
amount in IS has been observed among COPD patients as
well as healthy smokers with a comparatively long smoking
history, such as 25.5 pack years [31]. Our study shows that
changes in cell spectrum can be observed already after a few
pack years of smoking and that there is a positive correlation
between pack years and levels of neutrophils even among
those smokers whose lung function indices are still within a
normal range. When comparing the induced sputum cell
spectrum of COPD patients with the sputum of young smokers
and non-smokers, results of our study are consistent with
results elsewhere in the literature, stating that the absolute
and relative amount of macrophages in COPD patients is
lowered [32].

Presence of intrapulmonary inflammation in COPD cases
has been a focus of research for many years, and accumulation
of active macrophages and polymorphonuclear leukocytes
(components of inherited immune system) are recognized as
an important part of the COPD development. Recent work has
concentrated on the role of adaptive immune system in COPD
pathophysiology [1]. Some studies confirm importance of T-
cells in triggering and sustaining of inflammation, by secreting
mediators and directly interacting with other involved cells [4].
Early studies by Finkelstein et al. showed an increased amount
of lymphocytes in COPD patients' airways [33,34]. Data
confirms CD8+ T lymphocytes as dominating cells of the
immune system on the walls of large airways [35], small
airways [7], and lung parenchyma of COPD patients [36,37].
Other authors later pointed out that the overall amount of
CD8+ lymphocytes in induced sputum of COPD patients is
significantly higher when compared to smokers without COPD
and non-smokers [8,32]. Rufino discovered elevated levels of
CD8+ and CD4+ lymphocytes in both IS and patients' peripheral
blood, which confirms hypothesis that COPD is a systematic
inflammation [37]. Tzanakis et al. found no significant
difference in levels of CD8+ in IS between the smoking and
non-smoking individuals with or without COPD. However, the
relative amount of CD4+ lymphocytes was significantly lower
among the COPD patients when compared to smokers and
nonsmokers without COPD (there was no difference between
the two latter groups), but absolute amount of CD4+ T
lymphocytes have a tendency to increase [8]. These results
are consistent with our results. Arnson et al. reported similar
results among the smokers with a smoking history of over 50
pack-years without COPD, observing a lesser relative amount
of CD4+ but a higher relative amount of CD8+ lymphocytes [6].
It is believed that CD8+ lymphocytes exhibit various functions
in the COPD patients' airways. One of them is serving as
defence cells in case of a viral infection, yet it is not clear why
the amount of CD8+ does not go down when the infection has
passed [37]. CD8+ secrete various cytokines that activate other
inflammation cells, for example, macrophages, or else, cause
cell death by secreting mediators such as granzymes and
perforins [38]. Activated T lymphocytes can activate CD4+ T-
cell apoptosis, reducing the CD4/CD8 ratio [39]. Along with
extensive research on the role of CD8+ lymphocytes in COPD
pathogenesis, the role of CD4+ in development of COPD has
also been studied. It is known that CD4+ lymphocytes are
responsible for cytokine secretion, thereby regulating the
responsive reaction to inflammation and attracting other cells
of immune system [40]. Previous studies show that COPD
patients have a significantly reduced CD4+/CD8+ ratio, yet
when comparing groups of smokers without COPD and non-
smokers the ratio was same [32], which is consistent with our
data. In our study, we found no significant changes in the CD4+

and CD8+ lymphocyte levels when comparing young smokers
with a short smoking history to non-smokers. COPD patients,
in comparison, had elevated amounts of these cells. In the
study by Tzanakis et al., the main differences between COPD
patients and smokers without COPD and nonsmokers were in
the amount of CD8+, and the CD4+/CD8+ ratio [8]. Similar
results were obtained by Rufino et al., who observed an
elevation of CD4+ and CD8+ lymphocytes in COPD patients [37].
The authors suggested that the disbalance between CD4+ and
CD8+ T lymphocytes might cause abnormal inflammation in
COPD. Our study shows that the CD4+/CD8+ ratio is not
changed in young smokers.
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As mentioned previously, we observed a significantly
higher amount of FOXP3-positive T lymphocytes in smokers
when compared to non-smokers, as well as a significant
positive correlation between sputum FOXP3-positive T lym-
phocytes and the smoking history. The CD4+ CD25+ T
lymphocytes express transcription factor FOXP3-positive
and are called T regulatory lymphocytes. These cells play a
major role in the maintenance of self-tolerance and immune
homeostasis [10]. FOXP3-positive Treg cells are naturally
occurring regulatory T cells that are developmentally pro-
grammed under the control of the transcription factor FOXP3-
positive [10]. FOXP3-positive expressing Treg cells are capable
of suppressing the activation, the proliferation and the effector
functions like the production of cytokines of a wide variety of
immune effector cells in vivo and in vitro including CD4+ and
CD8+ T cells, NK and NK T cells, B cells, and antigen presenting
cells, i.e., dendritic cells or macrophages [10]. In our previous
studies, our research group found that for both smokers with
and without COPD, the level of FOXP3-positive is elevated in
walls of large airways when compared to non-smokers. We
also found a positive correlation between the duration of
smoking history and the amount of FOXP3-positive in large
airways. In the small airways walls of COPD patients a lesser
amount of FOXP3-positive was found when compared to
smokers with normal lung function indices, and with non-
smokers. We found no correlation between the amount of
FOXP3-positive Treg lymphocytes and smoking pack years
[11]. Research by other scholars also shows that the bronch-
oalveolar lavage fluid (BALF) of smokers with normal lung
ventilation indices contains a higher amount of Treg lympho-
cytes in comparison to the BALF of non-smokers, and the lungs
of patients with COPD and emphysema have a lesser amount
of FOXP3-positive Treg lymphocytes [41]. Smyth et al. pointed
out that long-term cigarette smoke exposure without devel-
opment of airflow obstruction increased airway T regulatory
cell numbers [42]. Our data confirms this observation. It is
possible that T regulatory lymphocytes regulate smoking
induced changes in the airways of even recent smokers, by
reducing activity of the immune system and damages caused
by it. However, a study by Roos-Engstrand et al. reported that
there were no differences in FOXP3-positive expressions in
helper T cells. The percentage of FOXP3-positive expressions
in CD25 helper T cells was decreased in smokers when
compared to nonsmokers [43]. This suggests that the role for
FOXP3-positive T cells in regulating the immune defence in
smoking and COPD needs to be further elucidated [43].

It is still an open question, for how long one has to be a
smoker for the above described transformations to begin, and
in which smokers will it cause COPD. Not all smokers develop
COPD. It is likely that COPD development is determined by a
host–environmental interaction, combined with a genetic
predisposition. Several genes had been suggested as candi-
dates for COPD development, for instance, genes that regulate
secretion of inflammation mediators, or production of
proteases and antiproteases, etc. Since COPD is a complex
disease, discovery of separate pathogenetic transformations
does not mean a full understanding of the issue. We plan to
continue our research by increasing the amount of young
smokers and non-smokers and evaluating the suggested COPD
candidate genes in smoking and non-smoking youths, as well
as correlating the obtained indices with transformation in the
induced sputum cells.

So far we have found that as predicted by our hypothesis,
the amount of FOXP-3 positive regulatory T cells is significant-
ly higher among young smokers. We intend to expand our
research and introduce larger samples of both smokers and
nonsmokers.

5. Conclusions

Our study demonstrated that the airways of young smokers
presented the signs of persistent inflammation that not only
involved neutrophils, but also recruited Treg lymphocytes,
which most probably could be considered as an adaptive
response.

Conflict of interest

The authors state no conflict of interest.

Acknowledgment

This work was supported by the European Social Fund within
the project ‘‘Support for Doctoral Studies at University of
Latvia.’’

r e f e r e n c e s

[1] Tetley TD. Inflammatory cells and chronic obstructive
pulmonary disease. Curr Drug Targets Inflamm Allergy
2005;4:607–18.

[2] Chapman KR, Mannino DM, Soriano JB, Vermeire PA, Buist
S, Thun MJ, et al. Epidemiology and costs of chronic
obstructive pulmonary disease. Eur Respir J 2006;27:188–
207.

[3] Quint JK, Wedzicha JA. The neutrophil in chronic
obstructive pulmonary disease. J Allergy Clin Immunol
2007;119:1065–71.

[4] Monaco C, Andreakos E, Kiriakidis S, Feldmann M, Paleolog
E. T-cell mediated signalling in immune, inflammatory and
angiogenic processes: the cascade of events leading to
inflammatory diseases. Curr Drug Targets Inflamm Allergy
2004;3:35–42.

[5] Dragonieri S, Tongoussouva O, Zanini A, Imperatori A,
Spanevello A. Markers of airway inflammation in
pulmonary diseases assessed by induced sputum. Monaldi
Arch Chest Dis 2009;71:119–26.

[6] Arnson Y, Shoenfeld Y, Amital H. Effects of tobacco smoke
on immunity, inflammation and autoimmunity. J
Autoimmun 2010;34:258–65.

[7] Saetta M, Di Stefano A, Turato G, Facchini FM, Corbino L,
Mapp CE, et al. CD8+ lymphocytes in the peripheral airways
of smokers with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 1998;157:822–6.

[8] Tzanakis N, Chrysofakis G, Tsoumakidou M, Kyriakou D,
Tsiligianni J, Bouros D, et al. Induced sputum CD8+ T-
lymphocyte subpopulations in chronic obstructive
pulmonary disease. Respir Med 2004;98:57–65.

http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0220
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0220
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0220
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0225
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0225
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0225
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0225
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0230
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0230
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0230
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0235
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0235
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0235
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0235
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0235
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0240
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0240
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0240
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0240
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0245
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0245
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0245
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0250
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0250
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0250
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0250
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0250
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0255
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0255
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0255
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0255
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0255


m e d i c i n a 5 1 ( 2 0 1 5 ) 1 5 9 – 1 6 6166
[9] Rouse BT. Regulatory T cells in health and disease. J Intern
Med 2007;262:78–95.

[10] Miyara M, Gorochov G, Ehrenstein M, Musset L, Sakaguchi
S, Zmoura Z. Human FoxP3+ regulatory T cells in
systematic autoimmune disease. Autoimmun Rev
2011;10:744–55.

[11] Isajevs S, Taivans I, Strazda G, Kopeika U, Bukovskis M,
Gordjusina V, et al. Decreased FOXP3 expression in small
airways of smokers with COPD. Eur Respir J 2009;33:61–7.

[12] Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. Standardisation of spirometry. Eur Respir J
2005;26:319–38.

[13] Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, et al. General considerations for lung function
testing. Eur Respir J 2005;26:153–61.

[14] Pizzichini E, Leigh R, Djukanovic R, Sterk PJ. Safety of
sputum induction. Eur Respir J 2002;20(Suppl. 37):9–18.

[15] Efthimiadis A, Spanevello A, Hamid Q, Kelly MM, Linden M,
Louis R, et al. Methods of sputum processing for cell count,
immunocytochemistry and in situ hybridisation. Eur Respir
J 2002;20(Suppl. 37):19–23.

[16] Dupont WD. Statistical modelling for biomedical
researchers. 1st ed. Library of Congress Cataloging in
publication Data. United States of America by Cambridge
University Press; 2002. p. 325.

[17] Zar JH. Biostatical analysis. In: Skavely SL, editor. Library of
Congress Cataloging in Publication Data. 4th ed. New Jersey
07458, USA: Prentice-Hall, Inc. Simon&Schuster/A Viacom
Company; 1999. p. 275.

[18] Stanescu D, Sanna A, Veriter C, Kostianev S, Calcagni PG,
Fabbri LM, et al. Airways obstruction, chronic
expectoration, and rapid decline of FEV1 in smokers are
associated with increased levels of sputum neutrophils.
Thorax 1996;51:267–71.

[19] O'Donnell R, Breen D, Wilson S, Djukanovic R.
Inflammatory cells in the airways in COPD. Thorax
2006;61:448–54.

[20] Peleman RA, Rytila PH, Kips JC, Joos GF, Pauwels RA. The
cellular composition of induced sputum in chronic
obstructive pulmonary disease. Eur Respir J 1999;13:839–43.

[21] MacNee W, Wiggs B, Belzberg AS, Hogg JC. The effect of
cigarette smoking on neutrophil kinetics in human lungs. N
Engl J Med 1989;321(14):924–8.

[22] Rahman I, Adcock IM. Oxidative stress and redox regulation
of lung inflammation in COPD. Eur Respir J 2006;28:219–42.

[23] Rahman I. Oxidative stress in pathogenesis of chronic
obstructive pulmonary disease: cellular and molecular
mechanisms. Cell Biochem Biophys 2005;43(1):167–88.

[24] Barnes PJ, Karin M. Nuclear factor-kB: a pivotal
transcription factor in chronic inflammatory diseases. N
Engl J Med 1997;336:1066–71.

[25] Yang SR, Chida AS, Bauter MR, Shafiq N, Seweryniak K,
Maggirwar SB, et al. Cigarette smoke induces
proinflammatory cytokine release by activation of NF-kB
and posttranslational modifications of histone deacetylase
in macrophages. Am J Physiol Lung Cell Mol Physiol
2006;291:L46–57.

[26] Keatings VM, Collins PD, Scott DM, Barnes PJ. Differences in
interleukin-8 and tumor necrosis factor-alpha in induced
sputum from patients with chronic obstructive pulmonary
disease or asthma. Am J Respir Crit Care Med 1996;153:530–4.
[27] Russell RE, Thorley A, Culpitt SV, Dodd S, Donnelly LE,
Demattos C, et al. Alveolar macrophage-mediated
elastolysis: roles of matrix metalloproteinases, cysteine,
and serine proteases. Am J Physiol Lung Cell Mol Physiol
2002;283(4):L867–73.

[28] Bazzoni F, Cassatella MA, Rossi F, Ceska M, Dewald B,
Baggiolini M. Phagocytosing neutrophils produce and
release high amounts of the neutrophil-activating peptide
1/interleukin 8. J Exp Med 1991;173:771–4.

[29] Barnes PJ, Chowdhury B, Kharitonov SA, Magnussen H, Page
CP, Postma D, et al. Pulmonary biomarkers in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
2006;174:6–14.

[30] Di Stefano A, Capelli A, Lusuardi M, Balbo P, Vecchio C,
Maestrelli P, et al. Severity of airflow limitation is
associated with severity of airway inflammation in
smokers. Am J Respir Crit Care Med 1998;158(4):1277–85.

[31] Borrill ZL, Roy K, Vessey RS, Woodcock AA, Singh D. Non-
invasive biomarkers and pulmonary function in smokers.
Int J Chronic Obstr Pulm Dis 2008;3(1):171–83.

[32] Barnes PJ, Shapiro SD, Pauwels RA. Chronic obstructive
pulmonary disease: molecular and cellular mechanisms.
Eur Respir J 2003;22(4):672–88.

[33] Finkelstein R, Fraser RS, Ghezzo H, Cosio MG. Alveolar
inflammation and its relation to emphysema in smokers.
Am J Respir Crit Care Med 1995;152:1666–72.

[34] O'Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK.
Inflammation in bronchial biopsies of subjects with chronic
bronchitis: inverse relationship of CD8+ T lymphocytes
with FEV1. Am J Respir Crit Care Med 1997;155:852–7.

[35] Calabrese F, Giacometti C, Beghe B, Rea F, Loy M, Zuin R,
et al. Marked alveolar apoptosis/proliferation imbalance in
end-stage emphysema. Respir Res 2005;6:14.

[36] Saetta M, Baraldo S, Corbino L, Turato G, Bracciono F, Rea F,
et al. CD8+ve cells in the lungs of smokers with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
1999;160:711–7.

[37] Rufino R, Costa CH, Souza HS, Madi K. Induced sputum and
peripheral blood cell profile in chronic obstructive
pulmonary disease. J Bras Pneumol 2007;33(5):510–8.

[38] Kojima H, Shinohara N, Hanaoka S, Someya-Shirota Y,
Takagaki Y, Ohno H, et al. Two distinct pathways of specific
killing revealed by perforin mutant cytotoxic T
lymphocytes. Immunity 1994;1(5):357–64.

[39] Liu CC, Young LH, Young JD. Lymphocyte-mediated
cytolysis and disease. N Engl J Med 1996;335(22):
1651–9.

[40] Gadgil A, Duncan SR. Role of T-lymphocytes and pro-
inflammatory mediators in the pathogenesis of chronic
obstructive pulmonary disease. Int J COPD 2008;3(4):
531–41.

[41] Barcel B, Pons J, Ferrer JM, Sauleda J, Fuster A, Agusti AG.
Phenotypic characterization of T-lymphocytes in COPD:
abnormal CD4+CD25+ regulatory T lymphocyte response to
tobacco smoking. Eur Respir J 2008;31:555–62.

[42] Smyth LJC, Starkey C, Vestbo J, Singh D. CD4-regulatory
cells in COPD patients. Chest 2007;132(1):156–63.

[43] Roos-Engstrand E, Pourazar J, Behndig A, Bucht A, Blomberg
A. Expansion of CD4+CD25+ helper T cells without
regulatory function in smoking and COPD. Resp Respir Res
2011;12:74.

http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0260
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0260
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0265
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0265
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0265
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0265
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0270
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0270
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0270
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0275
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0275
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0275
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0280
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0280
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0280
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0285
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0285
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0290
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0290
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0290
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0290
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0295
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0295
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0295
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0295
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0300
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0300
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0300
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0300
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0305
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0305
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0305
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0305
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0305
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0310
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0310
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0310
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0315
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0315
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0315
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0320
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0320
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0320
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0325
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0325
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0330
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0330
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0330
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0335
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0335
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0335
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0340
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0345
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0345
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0345
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0345
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0350
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0350
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0350
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0350
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0350
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0355
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0355
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0355
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0355
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0360
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0360
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0360
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0360
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0365
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0365
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0365
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0365
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0370
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0370
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0370
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0375
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0375
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0375
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0380
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0380
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0380
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0385
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0385
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0385
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0385
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0390
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0390
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0390
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0395
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0395
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0395
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0395
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0400
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0400
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0400
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0405
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0405
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0405
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0405
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0410
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0410
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0410
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0415
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0415
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0415
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0415
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0420
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0425
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0425
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430
http://refhub.elsevier.com/S1010-660X(15)00042-7/sbref0430

	Increased innate and adaptive immune responses in induced sputum of young smokers
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Subjects
	2.3 Study design
	2.4 Lung function
	2.5 Sputum induction
	2.6 Sputum processing
	2.7 Immunocytochemistry
	2.8 May–Grünwald Giemsa staining
	2.9 Statistical analysis

	3 Results
	3.1 Cell spectrum changes in induced sputum
	3.2 Cell spectrum changes in induced sputum depending on the duration of smoking

	4 Discussion
	5 Conclusions
	Conflict of interest
	Acknowledgment
	References


