Taylor & Francis
Taylor & Francis Group

COPD: Journal of Chronic Obstructive Pulmonary Disease

ISSN: (Print) (Online) Journal homepage: informahealthcare.com/journals/icop20

Expression of Interleukin (IL)-10, IL-17A and
IL-22 in Serum and Sputum of Stable Chronic
Obstructive Pulmonary Disease Patients

Li Zhang, Zhenshun Cheng, Weimin Liu & Kaisong Wu

To cite this article: Li Zhang, Zhenshun Cheng, Weimin Liu & Kaisong Wu (2013) Expression
of Interleukin (IL)-10, IL-17A and IL-22 in Serum and Sputum of Stable Chronic Obstructive
Pulmonary Disease Patients, COPD: Journal of Chronic Obstructive Pulmonary Disease, 10:4,
459-465, DOI: 10.3109/15412555.2013.770456

To link to this article: https://doi.org/10.3109/15412555.2013.770456

@ Published online: 28 Mar 2013.

\]
CA/ Submit your article to this journal

||I| Article views: 1383

A
& View related articles &'

@ Citing articles: 15 View citing articles

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=icop20


https://informahealthcare.com/action/journalInformation?journalCode=icop20
https://informahealthcare.com/journals/icop20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/15412555.2013.770456
https://doi.org/10.3109/15412555.2013.770456
https://informahealthcare.com/action/authorSubmission?journalCode=icop20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=icop20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/15412555.2013.770456?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/15412555.2013.770456?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/15412555.2013.770456?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/15412555.2013.770456?src=pdf

PULMONARY DISEASE

CP JOURNAL OF CHRONIC OBSTRUCTIVE informa

COPD, 10:459-465, 2013

ISSN: 1541-2555 print / 1541-2563 online
Copyright © Informa Healthcare USA, Inc.
DOI: 10.3109/15412555.2013.770456

ORIGINAL RESEARCH

healthcare

Expression of Interleukin (IL)-10, IL-17A and IL-22 in Serum and
Sputum of Stable Chronic Obstructive Pulmonary Disease Patients

Li Zhang, Zhenshun Cheng, Weimin Liu, and Kaisong Wu

Department of Respiratory Medicine, Zhongnan
Hospital, Wuhan University, Wuhan 430070,
P.R. China

Interleukin (IL)-17, IL-22, IL-10, chronic
obstructive pulmonary disease (COPD), airway
inflammation.

Dr. Li Zhang, Department of
Respiratory Medicine, Zhongnan Hospital, Wuhan
University, Wuhan 430070, P. R. China; phone: (86) 27
67812759; fax: email: zhangcatli1979@sina.com

Abstract

Interleukin (IL)-17A, IL-22 and IL-10 have been implicated in the development
of chronic obstructive pulmonary disease (COPD), but their expression in COPD
is uncertain. Here we investigate the expression of IL-17A, IL-22 and IL-10 in
the serum and sputum of COPD patients. Blood samples and induced sputum
samples were collected from 94 patients with COPD, 23 healthy smokers, and 22
healthy control non-smokers. IL-17A, IL-22 and IL-10 were measured by enzyme-
linked immunosorbent assay (ELISA). We found that: 1) serum and sputum
IL-17A were higher in COPD compared to healthy smokers and non-smokers;
2) serum IL-17A increased with COPD stages, it was inversely correlated with
percentage of forced expiratory volume in the first second (FEV,%) reference
and positively correlated with C-reactive protein (CRP), Sputum IL-17A levels in
the severe COPD patients were positively correlated with sputum neutrophils,
and reversely correlated with sputum macraphages (p < 0.01); 3) serum and
sputum IL-22 were significantly higher in COPD and healthy smokers than those
in the non-smoker group, sputum IL-22 was similar in severe COPD (stage IlI
and IV), which were higher than those in the other groups (p < 0.05); and, 4)
serum and sputum IL-10 were similiar in COPD and healthy smokers, which were
decreased compared to non-smokers. These data suggest that the increased
level of IL-17A in serum and sputum plays important roles in the pathogenesis
of COPD. The increased sputum IL-22 might also play important roles in the
pathogenesis of COPD, while IL-10 secretion might be not only affected by COPD
but also by cigarette smoke.

Introduction

Chronic obstructive pulmonary disease (COPD), is the third largest cause
of respiratory death, accounting for more than one fifth (23%) of all respira-
tory deaths (1). However, its exact etiology and pathogenesis is not clear.
COPD is usually characterised by irreversible airflow obstruction and
chronic airway inflammation, predominantly caused by smoking. Chronic
inflammation observed in COPD is characterized by recruitment of sev-
eral inflammatory cell types to the lungs and pro-inflammatory cytokines
production.

It is now well established that T lymphocytes participate actively in the
COPD. In recent years, A distinct T-cell lineage, called T-helper (Th) 17 cells,
has been identified, which were characterized by the production of interleu-
kin (IL)-17A, IL-17F, and IL-22.
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Some previous studies (2—4) found increase of the
number of IL-17A+ immunoreactive cells in the COPD
patients compared to control non-smokers. Vargas-
Rojas et al. (5) found that the increase of Th17 response
and the lost of balance between CD4(+) T cell subsets
happened in the peripheral blood from COPD patients.
Shen et al. (6) injected anti-IL-17 antibody to tobacco-
smoke-exposed mice and found the concentration of
IL-17 in lung tissue and neutrophils in the bronchoalve-
olar lavage fluid were significantly decreased. However,
Barczyk et al. (7) measured the IL-17 levels in induced
sputum via ELISA method and found that it was not
involved in pathogenesis of stable COPD. Doe et al.
(8) found the median IL-17A+ cells/mm? submucosa
in COPD was similar to smoking control subjects and
increased IL-17A expression was not associated with
increased neutrophilic inflammation.

As to IL-22, Di Stefano found that the number of
IL-17A (+) and IL-22 (+) immunoreactive cells is increased
in the bronchial submucosa of stable COPD compared
with control non-smokers (2). However, a recent study
reported by Paats revealed that IL-22 expressed by circu-
lating CD4+ T-cells were similar in COPD patients and
healthy controls (9). It is necessary to produce a detailed
analysis of the expression of the Th17-related cytokines
IL-17A and IL-22 with stable COPD of different sever-
ity [Global Obstructive Lung Disease Initiative (GOLD)
stages] and age-matched control groups by using more
samples.

The function of IL-10 is opposite to IL-17A and IL-22.
IL-10 is an anti-inflammatory cytokine. It has the abil-

Table 1. Characteristics of all subjects

ity to suppress Thl cytokines such as IFN-y and TNF-a
and has anti-inflammatory effects on neutrophils by
inhibiting IL-8 and MIP-1 (macrophage inflammatory
protein-1) (10-12). However, the results of the produc-
tion of IL-10 in COPD was also conflicts (13-17).

It is necessary to do more researches in a large num-
ber of COPD patients, in order to increase the power of
the present analyses and detect intergroup differences
and minimize type II () errors. In this study, cytokines
IL-10, 17A, and 22 were to analysize in serum and spu-
tum. We also analysized the correlation between the
findings with COPD severity, smoking status.

Materials and Methods

Study subjects

Ninety-four COPD patients and 45 healthy volun-
teers were recruited (demographics shown in Table 1).
Recruitment of cases and controls occurred between
April 2008 and April 2012 in our outpatient pulmonary
clinic. Ethical approval for the study was granted by the
local Institutional Ethics Committee (Wuhan Zhongnan
Hospital Ethics Committee Institutional, Wuhan Univer-
sity, China), and written informed consent was obtained
from all participants.

COPD was diagnosed and severity categorized by
using Global Initiative for Chronic Obstructive Lung
Disease criteria. All COPD patients were in stable phase
and free from acute exacerbation for at least 4 weeks.
Three additional inclusion criteria were used for the
smoker group: there were all current smokers, smoking

COPD GOLD Disease Severity Scores

| Il I} vV Healthy smokers Non-smokers
Subjects () 18 28 30 18 23 22
Males/Females 14/4 20/8 23/7 14/5 17/6 17/5
Mean Age (years) 60.1 = 3.1 61.1+28 62.2+2.3 61.7+34 60.2 + 2.1 60.3+1.7
Smoking history (pack- years) 452+ 4.2 46.4 £5.2 47742 46.3+4.2 46.3 +5.6 0
FEV,% reference 841 +25 65.7 =10.8 40.8 +5.3 25717 925+4.4 93.4+43
Post-BD FEV.,/FVC (%) 70245 63.4+11.2 56.6 + 8.4 46.3+5.2 82.8+6.8 83.2+6.7
BMI (kg/m?) 25.0+£1.2 249 +1.1 249+0.8 248+1.2 25.8+09 256+1.2
CRP (mg /L) 23+02 44+13 6.6+1.4 7.0+0.8 33 2= 28 3121
Peripheral blood neutrophils (10° /L) 555+1.0 5.61 1.1 577+09 572+1.0 523+1.6 52114
Peripheral blood lymphocytes (10° /L) 2.46 +1.0 2.45+0.8 2.55+0.7 254 1.0 232+14 222+14
TCC in sputum (10%/mL) 315 = 87 405 + 93 467 = 92 475 = 82 215+ 84 178 = 85
Neutrophils in sputum (%) 53+7.2 54 +7.4 56 + 8.2 59 +8.4 34+95 25+5.7
Lymphocytes in sputum (%) 38+19 42+19 49+21 47+23 21+1.1 1.4+141
Macraphages in sputum (%) 41 +8.6 40+8.2 37+9.9 36 +8.9 62 +6.3 72 +6.2
Patients receiving ICS 0 4 28 18 0 0

Note: FEV.: 1 second forced expiratory volume. FVC: forced vital capacity. CRP: C-reactive protein. BMI: body mass index. ICS: inhaled corticosteroids. TCC: Total cells count. Healthy smokers:
current smokers with normal lung function. Nonsmokers: healthy volunteers who were not up to the standards: smoking history of at least 10 pack-years, and smoking habit of at least 10

cigarettes per day.
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Figure 1. IL-17Ain different groups. Data were presented as mean + standard deviation (SD). The left picture shows The serum level of IL-17A in non-smokers was 63.73
+ 20.37 pg/mL. The serum level of IL-17A in healthy smokers was 89.26 + 26.82 pg/mL. The serum level of IL-17A in COPD stage 1 was 107.20 + 24.45 pg/mL. The serum
level of IL-17A in COPD stage 2 was 150.30 + 32.38 pg/mL. The serum level of IL-17A in COPD stage 3 was 208.80 + 27.98 pg/mL. The serum level of IL-17A in COPD stage
4 was 229.20 + 29.52 pg/mL. The serum levels of IL-17A increased gradually from non-smoker group to COPD stage 4 group (p < 0.05). The right picture shows Sputum
IL-17A were similar in severe COPD (stage Ill and IV), which were higher than those in the other groups (p < 0.05).

history of at least 10 pack-years, and smoking habit of at
least 10 cigarettes per day in recent years.

Exclusion criteria in this study were: associated with
other diseases (such as relevant cardiopulmonary mor-
bidities, atopy diseases, autoimmune diseases, cancer);
with acute infectious disease in 4 weeks prior to enroll-
ment; refused to sign an informed consent. Sixty-two
COPD patients were dropped out for acute exacerbation
during the 4 weeks.

Laboratory methods

A detailed medical history was obtained from all par-
ticipants. All participants underwent spirometric tests
according to the international standards. Forced expi-
ratory volume in one second (FEV)) and forced vital
capacity (FVC) were measured.

All study subjects were invited to undergo the exami-
nation of the count of blood total neutrophils, total
lymphocytes, and the examination of C-reactive protein
(CRP). They were finished by the Wuhan Zhongnan
hospital’s Examination Center.

Blood samples were collected at the time of pulmo-
nary evaluation, serum was obtained and aliquots were
stored at —80°C until analysis.

Sputum was induced by inhalation of 3% sterile
hypertonic saline by a De Vilbiss Ultraneb 99 ultrasonic
nebulizer (Healthcare Inc, Somerset, PA) as previously
described (18). Sputum was processed according to the
studies. Briefly, the selected plugs were diluted with 4
volumes of phosphate-buffered saline (PBS 1*; Gibco).
Then, it was filtered through a 50-um nylon mesh to
remove any mucus and detritus without removing cells.
The resulting suspension was centrifuged at 1000 g for
20 minutes. The supernatant was collected and stored at
—80°C until analysis.

IL-22 enzyme-linked immunosorbent reaction
(ELISA) kit was purchased from BD Biosciences, USA;
IL-10 and IL-17A ELISA kits were purchased in the
United States R & D system. The sensitivity of the IL-
17A, IL-22 and IL-10 kits were 10 pg/mL, 5 pg/mL, and

www.copdjournal.com

1 pg/mL, respectively. The serum levels of interleukins
were detected, following the instructions provided by
the ELISA kits manufacturers. Each sample was detected
and duplicated, and the mean value of the two measures
was used for the analyses.

Statistical methods

Group data were expressed as mean + standard deviation
(SD) for functional data or median (range) for morpho-
logical data. Differences between groups were analysed
using analysis of variance (ANOVA) for functional data.
A p-value below 0.05 was considered statistically sig-
nificant. Correlations were assessed by Spearman rank
(rs) and Pearson (r) correlation coefficients. Statistical
analysis was performed using SPSS Software (SPSS Inc.,
Chicago, Ill., USA) and GraphPad Prism 5 (GraphPad
Software, La Jolla, California, USA).

Results

Clinical findings

The clinical characteristics of the subjects were reported
in Table 1. The three groups of subjects examined were
similar with regard to age, percentage of female, and
BMI. Smoking history was similar in different stage
COPD patients and healthy smokers. Compared with
controls, the levels of CRP were significantly higher in
COPD patients (p < 0.05). The numbers of neutrophils
and lymphocytes in peripheral blood were similar in the
different groups. The total cells counts, the percent of
neutrophils and lymphocytes in the sputum were higher
in COPD patients than those in the controls (p < 0.05).

The Detection of Cytokine IL-17A Levels

The serum levels of IL-17A were significantly higher in
COPD than those in the smoker and non-smoker group
(p <0.05, Figure 1). The serum levels of IL-17A increased
with COPD stages (p < 0.05, Figure 1) and were inversely
correlated with FEV % reference (p < 0.01, Figure 2).
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Figure 2. Correlations between serum IL-17A in subjects with COPD and FEV,
% reference. The serum levels of IL-17A was inversely correlated with FEV,%
reference (r=-0.88, p < 0.01).

Sputum IL-17A was most below the limit of detection
in the samples from COPD I and II, healthy smokers
and non-smokers. Sputum IL-17A was similar in severe
COPD stage III (28.07 + 8.62 pg/mL) and COPD stage
IV (29.94 + 10.52 pg/mL), and higher than those in the
other groups.

By correlation analysis we found that serum IL-17A
levels in the COPD patients were positively correlated
with CRP (p < 0.01, Figure 3). Because most of IL-17A
in COPD stage I and II was undetectable, we only ana-
lyzed them in the severe COPD sputum. Sputum IL-17A
levels in the COPD patients were positively correlated
with sputum neutrophils, and reversely correlated with
sputum macraphages (p < 0.01, Table 2).

The Detection of Cytokine IL-22 Levels

The serum levels of IL-22 were significantly higher in
COPD and healthy smokers than those in the non-
smoker group (p < 0.01, Figure 4). There was no difference
of IL-22 in serum among the different COPD stages and
smokers, though a little higher IL-22 observed in severe
COPD (stage III and IV). Sputum IL-22 was below the
limit of detection in the samples from all non-smokers,
5 healthy smokers, and 12 subjects with COPD (stage I

300+
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Figure 3. Correlations between serum IL-17A in subjects with COPD and CRP.

The serum IL-17A levels in the COPD patients were positively correlated with CRP
(r=0.78, p< 0.01).
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Table 2. Correlations between cytokines and inflammatory cells in sputum of
severe COPD patients

IL-17A IL-22
r?=0.2384, P=0.0004  r*>=0.0688, P=0.0783
r?=0.2002, P=0.0014  r?>=0.0401,P=0.1819
r?=0.0035, P=0.6876 r>=0.0101, P=0.5067

Characteristics

Sputum neutrophils %
Sputum macraphages %
Sputum lymphocytes %

and II). Sputum IL-22 was similar in healthy smokers
and COPD (stage I and II). Sputum IL-22 was similar in
severe COPD (stage IIl and IV), and higher than those in
the other groups. Sputum IL-22 was not correlated with
sputum inflammatory cells (p > 0.05).

The Detection of Cytokine IL-10 Levels

The serum levels of IL-10 were similiar in COPD and
healthy smokers (p > 0.05), which was lower than non-
smokers group (p < 0.01, Figure 5). Sputum IL-10 was
below the limit of detection in the 7 samples from
healthy smokers and 16 COPD. There was no significant
difference between COPD and healthy smokers. Sputum
IL-10 were significantly higher in the non-smoker group
than COPD and healthy smokers (p < 0.01). Sputum
IL-10 was not correlated with sputum inflammatory
cells.

Discussion

IL-17A was secreted by Th17. Recent studies found that
IL-17 also associated with y8T cells (19), natural killer T
cells (20), Tc17 cells (21), neutrophils. Th17 and IL-17A
has been identified to be involed in COPD inflammation
by many studies (2, 3-6, 22—-26). In our present study we
report a significant increase serum IL-17A and sputum
IL-17A in severe COPD (stage III and IV) compared to
smokers with normal lung function and non-smokers
by detecting much more samples compared to previ-
ous studies. In this study, the serum and sputum IL-17A
were similar in COPD stage III and IV.

The decline of lung function may be partly due to the
damage of lung structure as well as airway inflamma-
tion. Thus, we had the result that IL-17A was similar
in COPD stage III and IV. However, another recent
study (26) found that IL-17A was decreased in severe
COPD compared to GOLD stage 1. In that study (26),
the patients’ smoking history was shorter than those in
our study, and the macrophage inflammation was also
more than those in our study. All those might induce the
discrepancy. Meanwhile, We found that the serum levels
of IL-17A were correlated with FEV %.

Our results suggested that IL-17A might play an
important role in airway inflamation. Maybe IL-17A
secretion triggers production of numerous chemokines,
resulting in neutrophil and macrophage recruitment,
which contribute to airway inflammation. By analyzing
the correlation of IL-17A and inflammatory cells, we

Copyright © 2013 Informa Healthcare USA, Inc
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Figure 4. IL-22 in different groups. Data were presented as mean + standard deviation (SD). The left picture shows the serum levels of IL-22 were significantly higher in
COPD and smokers than those in the non-smoker group (p < 0.01). There was no difference of IL-22 in serum among the different COPD stages and smokers (p > 0.05). The
right picture shows Sputum IL-22 was below the limit of detection in the samples from all non-smokers. Sputum IL-22 was similar in severe COPD (stage lll and IV ), which

were higher than those in the other groups (p < 0.05).

found that sputum IL-17A levels in the COPD patients
were positively correlated with sputum neutrophils, and
reversely correlated with sputum macraphages.

IL-17A induces the release of CXCL1 (GRO-a),
CXCL8 (IL-8) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) from airway epithelial cells
and smooth muscle cells and thereby may orchestrate
neutrophilic inflammation (27,28). IL-17A also potently
stimulates lung microvascular endothelial cells to pro-
duce CXCLS, and induces the expression of E-selectin,
VCAM-1, and ICAM-1. Thus, IL-17A promotes neutro-
philic inflammation (29).

COPD is also a systemic inflammatory disease and
CRP is a predictive indicator to monitor COPD (30).
Thus, we studied the correlation between CRP and IL-
17A and found positive correlation. More studies need
to reveal the mechanism that IL-17A might have some
effect on the increasement of CRP.

Th17 cells also produce IL-22, which has been linked
to chronic inflammatory disease such as asthma (31,
32). Di Stefano (2) found the number of IL-22+ immu-
noreactive cells increased in the COPD patients com-
pared to control non-smokers. However, Paats (9) only
found that the proportions of IL-22+ cells in the CD4+
memory T-cell population were significantly increased

in active smokers compared to past smokers, although it
was of no significance in COPD.

Recently, a new T cells, named Th22 cells were dis-
covered (33). Thus, we were interested to study the
IL-22 in COPD. In this study, the serum IL-22 were sig-
nificantly higher in COPD and smokers compared to the
non-smokers. There was no difference of IL-22 in serum
among the different COPD stages and smokers.

Sputum IL-22 was below the limit of detection in the
samples from all non-smokers, 5 smokers with normal
lung function, and 12 subjects with COPD (stage I and
II). Sputum IL-22 was similar in severe COPD (stage III
and IV), and higher than those in the other groups. It is
therefore conceivable that cigarette smoke affect 1L-22
production and the increased sputum IL-22 might also
play important roles in the pathogenesis of COPD. Pre-
vious studies (34—36) also found cigarette smoke affect
IL-22 production via aryl hydrocarbon receptor (AHR).
Future studies should also examine Th22 in more severe
COPD and mild COPD patients to see if they can con-
tribute to disease progress.

IL-10 is an important agent in the inflammation,
which has the ability to inhibit IFN-gamma and IL-2
production in Th2 cells (36). Takanashi (13) found that
IL-10 levels and a small number of IL-10-expressing
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Figure 5. IL-10 in different groups. Data were presented as mean + standard deviation (SD). The left picture shows the serum levels of IL-10 were similiar in COPD and
healthy smokers (p > 0.05), which was lower than non-smokers group (p < 0.01). The right picture shows there was no significant difference between COPD and healthy
smokers. Sputum IL-10 was significantly higher in the non-smoker group than COPD and healthy smokers (p < 0.01).
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cells decreased in the sputum obtained from COPD
and smokers was demonstrated compared to healthy
non-smokers. Moermans et al. (14) found that sputum
IL-10 was lower in COPD compared to healthy subjects.
Pelegrino et al. (15) found that serum and induced spu-
tum concentrations of IL-10 was similar in COPD and
smokers without COPD. Hackett et al. (16) also found
IL-10 dysregulation in COPD.

On the contrary, Barcelo et al. (17) found that IL-10+
CD8+ T cells and IL-10+ CD4+ T cells in COPD alveo-
lar lavage fluid increased compared non-smokers and
smokers with normal lung function. Because IL-10 is
secreted by monocytes, macrophages, mast cells, T and
B lymphocytes, and dendritic cells (DCs). This might
be contributing to the difference results in the previ-
ous study. Our data showed that IL-10 might be mainly
affected by cigarette smoke because it was similar in
healthy smokers and different COPD patients.

In summary, the present data suggest that IL-17A and
IL-22 play an important role in COPD inflammation.
Future studies should focus on the mechenism of IL-
17A and IL-22 in COPD, and discuss the roles of IL-10+
cells in COPD.

Conclusions

These data suggest that the increased level of IL-17A in
serum and sputum plays important roles in the patho-
genesis of COPD. The increased sputum IL-22 might
also play important roles in the pathogenesis of COPD,
yet IL-10 secretion might be not only affected by COPD
but also by cigarette smoke.
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