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Abstract

Chronic obstructive pulmonary disease (COPD) is a complex systemic disorder 

characterized by both local pulmonary and systemic infl ammation. Many studies 

suggested that activation of circulating infl ammatory cells and increased 

circulating levels of infl ammatory cytokines occur in COPD. Interleukin (IL)-18 

is a unique proinfl ammatory cytokine that mediates its effects by binding to the 

IL-18 receptor (IL-18R). In the present study, the expression of IL-18 in serum 

and IL-18R on peripheral blood T lymphocytes was analyzed. Enzyme-linked 

immunosorbent assay (ELISA) was used to determine the serum levels of IL-18 and 

interferon (IFN)-γ, and high sensitivity C-reactive protein (hsCRP) were measured 

by chemiluminiscent immunoassay. Expression of IL-18R was examined using a 

three-color fl ow cytometry method. In total, 120 subjects were recruited including 

32 nonsmokers, 30 current smokers and 58 stable COPD patients. Serum levels 

of IL-18 and hsCRP were signifi cantly higher in stable COPD patients than those 

in nonsmokers and current smokers. A signifi cant negative correlation existed 

between pulmonary function and serum level of IL-18 rather than hsCRP in stable 

COPD patients. The proportions of IL-18Rα-expressing T lymphocytes and CD8+ T 

lymphocytes were signifi cantly higher in stable COPD patients than in nonsmokers 

and current smokers. The current study extended prior analyses by examining 

IL-18R expression in peripheral blood. The results suggested that IL-18/IL-18R 

system was active in peripheral blood of COPD patients.
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ISSN: 1541-2555 print / 1541-2563 online
Copyright © Informa Healthcare USA, Inc.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of chronic 
morbidity and mortality throughout the world, which is expected to be the 
third leading cause of death by 2020 (1). It is a condition characterized by an 
abnormal infl ammatory response in the lung to noxious particles or gases 
(2). Smoking is recognized as the largest risk factor for COPD, and consid-
ered to be the most pivotal factor resulted in the airway infl ammation so far 
(3). Th is specifi c infl ammation pattern is involved in increased numbers of 
CD8+ T cells, alveolar macrophages and neutrophils in the lungs of COPD 
patients, and lymphocyte infi ltration with enhanced accumulation of CD8+

T cells is a prominent fi nding (4,5). Th ese activated infl ammatory cells can 
release various mediators, including T-help cell (Th ) types 1 and 2 cytokines. 
Th e chronic infl ammation of COPD is believed to result in progressive respi-
ratory disorders and airfl ow limitation.

Although COPD aff ects the lungs, it also produces signifi cant systemic 
consequences. Th ere is increasing evidence of extrapulmonary eff ects in 
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patients with COPD. Previous studies have shown that 
circulating markers of systemic infl ammation, such as 
C-reactive protein (CRP), are elevated in patients with 
stable COPD and further increase during COPD exac-
erbations (6), which may be a key link to most COPD-
related comorbidities or systemic consequences. How-
ever, previous studies showed there was no association 
between pulmonary function test measurements (such 
as forced expiratory volume in the fi rst second) and CRP 
levels in COPD patients (7).

Interleukin-18 (IL-18) was described in 1995 as 
interferon-γ (IFN-γ) inducing factor and shown to be a 
member of the IL-1 cytokine superfamily (8–10). It is 
a proinfl ammatory cytokine produced intracellularly 
from a biologically inactivated precursor, pro-IL-18, and 
the mature IL-18 is secreted after cleavage of pro-IL-18 
by caspase-1. Pro- and mature IL-18 can be produced in 
a wide range of cells (11-12). It is a very unique cytokine 
functioning at the interface of innate and acquired immu-
nity that regulates both Th 1 and Th 2 immune responses 
(13-15). IL-18 mediates its eff ects by binding to the 
receptor (IL-18R) consists of a ligand binding α subunit 
(IL-18Rα) and a signaling β subunit (IL-18Rβ), both of 
which belong to the IL-1R family (16,17). IL-18Rα plays 
a key role in exerting responsiveness to IL-18 because 
IL-18Rα-defi cient mice fail to respond to IL-18 (16). 

IL-18R signaling has also been demonstrated to play 
a critical role in the pathogenesis of cigarette smoke-
induced infl ammation and emphysema in a murine 
modeling system (18). IL-18 proteins were signifi -
cantly increasedly expressed in alveolar macrophages 
and CD8+ T cells in the lungs of COPD patients (19). 
Th ey both also reported that patients with COPD had 
elevated levels of IL-18 in the serum (18,19). Recently, 
Freeman and coworkers used fl ow cytometry to analyze 
the expression of IL-18R on human lung CD8+ T lym-
phocytes from COPD patients and found that IL-18R 
expression showed a signifi cant correlation with disease 
severity (20). However, the expression of IL-18R on T 
lymphocytes in peripheral blood in COPD has not been 
studied yet.

In the present study, we analzsed the expression of 
IL-18 in the sera of COPD patients in order to evalu-
ate its relationship with pulmonary function. We also 
examined the expression of IL-18R on T lymphocytes in 
peripheral blood of patients with COPD.

Materials and Methods

Study subjects
A total of 58 COPD patients were recruited prospectively 
into the study from the out-patient department of Tongji 
Hospital, Tongji Medical College, Huazhong University 
of Science and Technology, Wuhan, China, between 
2010 and 2011. All COPD patients were diagnosed on 
the basis of clinical history, physical examination, chest 
radiograph and pulmonary function tests in accordance 
with the Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) clinical criteria for the diagnosis and 
severity of COPD (21). Inclusion criteria were: male 
aged from 40 to 75 years and cigarette smoking history 
of at least 20 pack-years (either current smoker or for-
mer smoker status is allowable). Exclusion criteria were: 
chronic lung conditions, such as asthma, bronchiectasis 
and interstitial lung diseases; cardiac, hepatic and renal 
failure; active tuberculosis or malignant tumor; and cur-
rent oral steroid therapy. 

All patients with COPD were examined in stable con-
dition. Lung diseases such as sarcoidosis and infectious 
diseases were carefully excluded in control subjects who 
were recruited from the health screening center of our 
hospital. Ex-smokers were carefully excluded from the 
group of nonsmokers. Th e study was approved by the 
hospital ethics committees, and all subjects gave written 
informed consent.

Pulmonary function tests
Forced expiratory volume in the fi rst second (FEV

1
) and 

forced vital capacity (FVC) were obtained from the fl ow-
volume curve using an appropriately calibrated spirom-
eter (Jaeger, Wurzburg, Germany) before and 20 minutes 
after β-agonist (salbutamol 200 mcg) inhalation. Th ree 
technically acceptable measurements were performed 
on each patient, and the highest value was selected 
and expressed as a percentage of reference values. Th e 
predicted FEV

1
 was calculated using the following pre-

diction equations and adjusted using the race/ethnic 
adjustment factor of 0.94 recommended by the ATS/
ERS Task Force 2005 (22) (Predicted FEV

1
=4.30×height 

in meters-0.029×age-2.49).

Sample collection
In all subjects, peripheral venous blood samples from 
the antecubital vein were collected in the morning into 
two test tubes, each 2 mL. One was anticoagulated with 
Ethylenediaminetetra-aceticacid (EDTA) and used for 
fl ow cytometry analysis immediately. Th e other was not 
anticoagulated, serum was separated from blood cells by 
centrifugation at 4000 cycles/min for 10 minnutes and 
stored at −70°C until analyzed.

Biochemical analysis
Serum IL-18 and IFN-γ levels were measured with com-
mercially available ELISA kits (supplied by Medical and 
Biological Laboratories Co. Nagoya, Japan for IL-18 
and eBioscience Bender MedSystems GmbH. Vienna, 
Austria for IFN-γ). Serum high sensitivity CRP (hsCRP) 
levels were measured by chemiluminiscent immunoas-
say (Tina-Quant, Roche Diagnostics GmbH. Mannheim, 
Germany). Th e analytical sensitivity of this CRP assay is 
0.1 mg/L. 

Flow cytometric analysis
Expression of IL-18Rα was examined using a three-
color fl ow cytometry method. Briefl y, 1) aliquot 
100 μl of whole blood to each tube. 2) Add three labeled 
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antibodies (20 μl of phycoerythrin(PE)-labeled anti-IL-
18Rα monoclonal antibody (mAb) (eBioscience, Cat. 
No. 12-7183), 5 μl of Peridinin Chlorophyll Protein 
Complex (PerCP)-labeled mAb against CD3 and 3 μl 
of Allophycocyanin(APC)-labeled mAb against CD8 
(Becton Dickinson, Mountain View, CA)) to cells and 
pulse vortex gently to mix. 3) Incubate for 30 minutes 
in the dark. 4) Add 2 mL of room temperature 1× Red 
Blood Cell (RBC) Lysis Buff er (eBioscience) to each tube 
and gently pipet up and pulse vortex briefl y. 5) Incubate 
in the dark at room temperature for 10 minutes. 6) Cen-
trifuge samples at 1200 cycles/min for 5 minutes, discard 
supernatant. 7) Wash the cells twice with Flow Cytom-
etry Staining Buff er (eBioscience). 8) Resuspend stained 
cells in Flow Cytometry Staining Buff er. 9) Acquire data 
on the fl ow cytometer. Immunofl uorescence analysis 
was performed on a FACS-Calibur (Becton Dickinson).

Statistical analysis
Results were expressed as mean±SEM. Data that were 
normally distributed were assessed for signifi cance 
by Student’s t-test or ANOVA as appropriate. Data 
that were not normally distributed were assessed for 
signifi cance using the Mann-Whitney U-test or the 
Kruskal-Wallis test with Dunn’s posttest for multiple 
comparisons as appropriate. Correlations were analyzed 
by simple regression. Statistical analysis was performed 
using Prism version 5 (GraphPad). A two-sided p-value 
< 0.05 was considered to be statistically signifi cant. In 
addition, PROC GLM with Tukey’s method for multiple 
comparisons was also employed to contrast the groups 
using SAS 9.2. Regression analysis was used to examine 
the relationship of age and inhaled corticosteroids (ICS) 
use to the relationship between FEV

1
 %predicted and 

expression of various markers.

Results

Subjects characteristics
Th e characteristics of subjects are presented in Table 1. 
In total, 120 subjects were recruited to the study includ-
ing 32 nonsmokers and 30 current smokers. Fifty-eight 
patients with COPD were clinically stable, of which 14 
patients were classifi ed as stage I, 15 patients were stage 
II, 16 patients were stage III and 13 patients were stage 
IV COPD. Twenty-one patients had stopped smoking 
1–20 yrs previously (mean 7.3±1.2 yrs). Only 16 patients 
had received bronchodilators and/or ICS.

Serum levels of IL-18, IFN-γ and hsCRP
Th e serum levels of IL-18, IFN-γ and hsCRP are pre-
sented in Table 2. Serum IL-18 levels in stable COPD 
patients were signifi cantly higher than those in current 
smokers (p<0.05). Th ey were signifi cantly higher in cur-
rent smokers compared with nonsmokers (p<0.05). Next, 
the 58 stable COPD patients were categorised according 
to the GOLD classifi cation of severity of COPD. Serum 
IL-18 levels in GOLD stage I (n=14), II (n=15), III(n=16) 

Table 1. Clinical characteristics of subjects in this study

Nonsmoker Smoker COPD

Subjects 32 30 58

Age yrs 57.8±1.7 58.5±1.4 63.4±1.0

Male 32(100%) 30(100%) 58(100%)

Smoking status

 Current smoker 0 30(100%) 37(64%)

  Ex-smoker n (yrs since 
quitting)

0 0 21(7.3±1.2)

 Smoking index, p.y 0 41.9±2.6 44.2±2.5

GOLD stage

 I 0 0 14

 II 0 0 15

 III 0 0 16

 IV 0 0 13

BMI kg/m2 22.1±0.3 22.2±0.4 21.4±0.4

FEV1 L 3.11±0.11 2.91±0.07 1.47±0.09*

FVC L 3.69±0.11 3.56±0.09 2.97±0.10*

FEV1/FVC% 83.9±0.8 82.2±1.1 47.6±1.8*

FEV1 % pred 105.1±2.1 102.9±2.3 55.6±3.3*

Medications

 No medication 32(100%) 30(100%) 42(72%)

 Bronchodilators 0 0 16(28%)

 Inhaled corticosteroids 0 0 9(16%)

 Systemic steroids 0 0 0

Values are numbers (%) or mean±SEM; COPD: Chronic Obstructive Pulmonary 
Disease; p.y: pack-yrs; GOLD: Global initiative for Obstructive Lung Disease; BMI: body 
mass index; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; 
% pred: % predicted. *: p<0.05 versus nonsmoker and smoker.

and IV(n=13) stable COPD patients were 246.7 ± 13.1, 
264.6 ± 12.2, 335.5 ± 17.7, and 364.6 ± 18.1 pg/mL, 
respectively. 

Serum levels of IL-18 in GOLD stage III and IV were 
signifi cantly higher than those in stage II, stage I, smok-
ers and nonsmokers (Fig. 1). Serum levels of hsCRP 
were signifi cantly higher in stable COPD patients than 
those in current smokers and nonsmokers (p<0.05). 
Th ere were no signifi cant diff erences in serum hsCRP 
levels between current smokers and nonsmokers. Serum 
levels of IFN-γ were not signifi cantly increased in stable 
COPD patients or in current smokers. Statistically simi-
lar results were obtained after adjustment for age.

Table 2. Serum levels of interleukin (IL)-18, interferon (IFN)-γ and high 
sensitivity C-reactive protein (hsCRP) in subjects

Nonsmoker Smoker COPD
Subjects n 32 30 58
Serum IL-18 pg/ml 162.8±12.6 255.5±13.6* 323.6±9.4*†

Serum IFN-γ pg/ml 1.2±0.4 1.2±0.5 1.4±0.4

Serum hsCRP mg/L 1.5±0.4 2.7±1.2 5.3±1.5 *†

Values are numbers or mean±SEM; COPD: Chronic Obstructive Pulmonary Disease; *: 
p<0.05 versus nonsmoker; †: p<0.05 versus smoker.
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Relationship between serum levels of IL-18 and FEV
1
% 

pred
Th e correlation between serum IL-18 levels and pulmo-
nary function was analyzed in stable COPD patients. 
Th ere was a signifi cant negative correlation between 
serum IL-18 levels and FEV

1
% pred (r=0.5108; Fig. 2). 

Th e strength of the correlation did not vary when 
adjusted for age and ICS use. In addition, we also ana-
lyzed the correlation between serum hsCRP levels and 
pulmonary function in stable COPD patients. Th ere 
was no signifi cant correlation between serum hsCRP 
levels and FEV

1
% pred. Statistically similar results were 

obtained when adjusted for age and ICS use.

Expression of IL-18R on T lymphocytes in peripheral blood
Th e proportions of IL-18R-expressing T lymphocytes 
and CD8+ T lymphocytes in peripheral blood were 
measured by fl ow cytometry. Figures 3–5 show the fl ow 
cytometric analysis of IL-18Rα-expressing on T lym-
phocytes and CD8+ T lymphocytes in a nonsmoker, cur-
rent smoker and stable COPD patients. In a nonsmoker, 
49.9% of T lymphocytes and 50.9% of CD8+ T lympho-
cytes were positive for IL-18α expression. 

In a current smoker, 56.1% of T lymphocytes and 
53.3% of CD8+ T lymphocytes were positive. In a stable 
COPD patient, 64.2% of T lymphocytes and 64.4% of 
CD8+ T lymphocytes were positive. Th e mean expres-
sion of IL-18Rα on T lymphocytes and 
CD8+ T lymphocytes for these 4 groups is 
shown in Table 3 and Figure 6–7. IL-18Rα 
on T lymphocytes and CD8+ T lympho-
cytes was 49.6%±1.6% and 51.4%±2.1%, 
respectively, in nonsmokers, 54.3%±1.9% 
and 51.6%±2.3%, respectively, in current 
smokers and 60.5%±1.6% and 59.3%±1.8%, 
respectively, in stable COPD patients. 

Stable COPD patients contained sig-
nifi cantly higher proportions of IL-18Rα-
expressing T lymphocytes and CD8+

T lymphocytes compared with current smokers and 
nonsmokers (p<0.05). Th ere were no signifi cant diff er-
ences between current smokers and nonsmokers. No 
signifi cant correlation was found between the propor-
tion of IL-18Rα-expressing T lymphocytes or CD8+ T 
lymphocytes and pulmonary function in stable COPD 
patients. Statistically similar results were obtained after 
adjustment for age and ICS use.

Discussion

COPD is an insidious, highly heterogeneous condition 
that primarily aff ects the lungs, and also is associated 
with signifi cant systemic infl ammation (23). Many 
studies investigating systemic manifestation of COPD 
suggested that activation of circulating infl ammatory 
cells and increased circulating levels of infl ammatory 
cytokines and acute phase proteins occurred in stable 
disease (24–26).

A previous study reported that cigarette smoke 
induced IL-18 production in the lungs of mice and that 
serum levels of IL-18 were increased in COPD patients 
(18). In the present study, we found that the levels of 
IL-18 were signifi cantly greater in the sera of patients 
with GOLD stage III and IV COPD than in current 
smokers or nonsmokers. A signifi cant correlation was 

Figure 1. Serum IL-18 levels in nonsmokers (N) (n=32), current smokers (S) 
(n=30) and stable chronic obstructive pulmonary disease (COPD) patients classifi ed 
according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage I 
(n=14), II (n=15), III (n=16) and IV (n=13). *: p<0.05 versus nonsmokers; **: p<0.05 
versus current smokers, stable patients with GOLD stage I and II COPD.

Figure 2. Correlation between serum IL-18 levels and forced expiratory volume 
in one second (FEV1) % predicted in stable chronic obstructive pulmonary disease 
patients (n=58). The gradient and intercept of the best-fi t line are −0.1799 and 
113.8, respectively (r=0.5108 and p<0.001).

Figure 3. A representative three-color fl ow cytometric analysis of IL-18Rα expression on CD3+ cells 
(T lymphocytes) and CD3+CD8+ cells (CD8+ T lymphocytes) in a nonsmoker. The number in each panel 
indicates a percentage of IL-18Rα-positive cells gated in CD3+ cells or CD3+CD8+ cells.
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However the expression of IL-18R on T lymphocytes 
in peripheral blood has not been studied yet. In the pres-
ent study, we found that stable COPD patients contained 
signifi cantly higher proportions of IL-18Rα-expressing 
T lymphocytes and CD8+ T lymphocytes compared 
with current smokers and nonsmokers. Unfortunately, 
the results showed no signifi cant correlation between 
the proportion of IL-18Rα-expressing T lymphocytes or 
CD8+ T lymphocytes and pulmonary function in stable 
COPD patients, even when adjusted for age and ICS use. 

Previous studies suggested that ciga-
rette smoke was a potent stimulator of 
IL-18 in the murine lung and this stimula-
tion was associated with IL-18 activation. 
Th e infl ammation and emphysema were 
mediated via mechanisms that involved 
IL-18Rα, and cigarette smoke induction 
of apoptosis and stimulation of caspases, 
proteases and chemokines were mediated 
by IL-18Rα-dependent pathways (18). 
In the present study, we found that both 
serum levels of IL-18 and the expression 
of IL-18Rα on peripheral blood T lym-
phocytes and CD8+ T lymphocytes were 

elevated in stable COPD patients. Th ese results sug-
gested that IL-18/IL-18R system in peripheral blood 
was active in COPD. However, further investigation is 
needed to verify the hypothesis that IL-18/IL-18R sys-
tem in peripheral blood is involved in the pathogenesis 
of systemic manifestation of COPD.

  In conclusion, serum IL-18 level was inversely related 
to pulmonary function in stable COPD patients. IL-
18R-expressing T lymphoctyes accumulated in periph-
eral blood of COPD patients. IL-18/IL-18R system was 
active in peripheral blood of patients. However, whether 
IL-18/IL-18R system in peripheral blood is involved in 
the pathogenesis of systemic manifestation of COPD 
remains uncertain. Further studies are needed to verify 
this hypothesis.
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Table 3. The proportion of interleukin (IL)-18R-expressing T lymphocytes and 
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Nonsmoker Smoker COPD

Subjects n 32 30 58

T lymphocyte % 49.6±1.6 54.3±1.9 60.5±1.6*

CD8+ T lymphocyte % 51.4±2.1 51.6±2.3 59.3±1.8*

Values are numbers or mean±SEM; COPD: Chronic Obstructive Pulmonary Disease; *: 
p<0.05 versus nonsmoker and smoker.

also found between circulating level of IL-18 and pul-
monary function in stable COPD patients. Th is fi nding 
was in line with that reported by Imaoka (19). 

However, Freeman and coworkers found no signifi -
cant relationship between IL-18 protein expression in 
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ferences between lung and peripheral IL-18 expression. 
Previous studies suggested that serum CRP levels were 
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study showed that serum levels of hsCRP in stable COPD 
patients were signifi cantly higher than those in current 
smokers and nonsmokers. However, in our study, we 
found that there was no signifi cant correlation between 
serum hsCRP levels and pulmonary function in stable 
patients. Th is was inconsistent with a previous report 
that post-bronchodilator FEV

1
 was inversely related 

to serum concentrations of CRP (27). A meta-analysis 
suggested that there were no statistically signifi cant dif-
ferences in serum CRP concentrations between healthy 
subject groups and any of the COPD stages (28). In this 
respect, IL-18 in the sera is more relevant than hsCRP 
to disease severity in COPD.

Several studies of COPD have reported 
changes in various infl ammatory cells 
including lymphocytes and neutrophils 
in peripheral blood. de Jong and cowork-
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with control subjects (29). It has been 
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IL-18R on human lung CD8+ T lympho-
cytes from COPD patients was correlated 
with disease severity (20). 
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