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The etiology of chronic obstructive pulmonary disease (COPD) remains unclear. A mechanism involving
the autoimmune reaction in the pathogenesis of COPD has been proposed but not confirmed. The aim
of this study was to investigate whether serum autoantibodies against pulmonary cellular proteins are
presentin COPD patients and to identify their autoantigens if possible. Samples from 50 COPD patients and
42 control subjects were studied. Circulating autoantibodies were detected by Western blot. Immunopre-
cipitation and matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry
were used to identify the autoantigens. Autoantibodies against pulmonary cellular antigens were found
in the sera of COPD patients. Specifically, an autoantibody against the 45-kDa human cytokeratin 18
protein was found in 76.0% of COPD patients and 23.8% of control subjects (p <0.001). Furthermore, the
cytokeratin 18 autoantibody level was positively correlated with the FEV; (L) (p=0.013) and FEV; (%pred.)
(p=0.043) values observed in COPD patients. This study identified the pulmonary epithelial cytokeratin
18 protein as a COPD-associated autoantigen and found that anti-cytokeratin 18 autoantibodies were
prevalent in COPD patients. Our results support the hypothesis that humoral autoimmunity may be

involved in the pathogenesis of COPD.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is predicted to
become the fifth most common cause of disability worldwide by
2020 [1]. COPD is characterized by progressive airflow limitation
that generally occurs due to a combination of chronic bronchi-
tis and pulmonary emphysema [2]. According to the guidelines of

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Ini-
tiative for Chronic Obstructive Lung Disease; FVC, forced vital capacity; FEV; (%),
forced expiratory volume in one second; FEV; (%pred.), predicted forced expiratory
volume in one second (%); FEV/FVC, absolute ratio of FEV; to forced vital capacity;
BMI, body mass index; CRP, C-reactive protein; SDS-PAGE, SDS-polyacrylamide gel
electrophoresis; PVDF, polyvinylidene difluoride; MALDI-TOF MS, matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry; IP, immunoprecipi-
tation; CK18, cytokeratin 18.
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the Global Initiative for Chronic Obstructive Lung Disease (GOLD),
risk factors of COPD can be classified as either host factors (e.g.,
al-antitrypsin deficiency) or environmental factors (e.g., tobacco
smoking, occupational exposure to dust, air pollution, and infec-
tions) [3]. Among these, smoking is considered to be the most
important risk factor associated with COPD development. Although
smoking has been proven to induce airway inflammation and lung
tissue destruction, these adverse effects persist even after smoking
cessation for reasons that remain unclear [4-7]. This phenomenon
suggests that pathological mechanisms other than smoking may be
involved in the development of COPD [8].

The etiology of COPD is not completely understood. Some
pathogenic mechanisms for COPD have been proposed, including
oxidant-antioxidant imbalance, protease—antiprotease imbalance,
immunological disorder, and cell repair mechanism deficiency.
However, none of them has been able to satisfactorily explain the
pathological changes of COPD [9]. An increasing number of stud-
ies have shown that adaptive immune response plays some role in
the progression of this disease [10-14]. Moreover, several studies
propose that an autoimmune mechanism may be involved in the
pathogenesis of COPD [9,15-17]. A study by Lee et al. proved that
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autoantibodies against extracellular components, such as elastin,
are present in the sera of COPD patients [18]. Furthermore, Feghali-
Btewart et al. recently reported that cytotoxic IgG autoantibodies
against pulmonary epithelium are frequently observed in COPD
patients [19].

The crucial pathologic features of COPD are chronic airway
inflammation and the destruction of alveolar structure [8]. Autoim-
munity may arise as a response to tissue injury, and unrestrained
autoimmune reaction can evoke further inflammation and cause
tissue damage [20]. Therefore, we propose that autoantibodies
might be elicited during the development of COPD and that
autoantigens might be present in airway epithelial cells. The aim of
this study is to determine whether autoantibodies against airway
epithelial cellular proteins exist in the sera of COPD patients and, if
so, to identify the corresponding cellular autoantigens.

2. Methods and methods
2.1. Subjects

A total of 92 male subjects (50 COPD patients and 42 control
subjects with normal spirometry) from Chang-Gung Memorial Hos-
pital (Taoyuan, Taiwan) and Buddhist Tzu Chi General Hospital
(Taipei, Taiwan) were enrolled. Two inclusion criteria for COPD
were used: first, the ratio of post-bronchodilator (e.g.,400 g salbu-
tamol) forced expiratory volume in one second to the forced vital
capacity (FEV;/FVC) must be smaller than 0.7, and second, forced
expiratory volume in one second (FEV{) must be less than 80%
of predicted value, as defined by GOLD [4]. Subjects with other
pulmonary diseases (such as asthma, pneumonia, and lung can-
cer) were carefully excluded from this study. As study controls,
42 male individuals, including 22 healthy smokers (HS) and 20
non-smokers (NS), were recruited. All control subjects underwent
thorough annual health examinations, had no history of airway dis-
ease, and presented normal lung function test results. All subjects
received the same clinical assessments, including physical exam-
ination, lung function tests, and chest X-ray. None of the patients
had been treated with corticosteroids during the 2 months prior
to the study. Subjects with a smoking history equal to or greater
than 10 pack-years were categorized as “smokers,” while sub-
jects who had stopped smoking equal to or greater than 2 years
before the tests were defined as “ex-smokers (ES).” Non-smokers
were defined as subjects who had never smoked. All study subjects
signed forms indicating written consent. The study protocol was
approved by the medical ethics and human clinical trial committees
of Chang Gung Memorial Hospital and Buddhist Tzu Chi General
Hospital.

2.2. Cell culture

Primary human pulmonary alveolar epithelial cells were pur-
chased from ScienCell Research Laboratories (ScienCell, CA, USA).
Cells were cultured in minimum essential medium supplemented
with 10% fetal bovine serum and antibiotics (100 U/mL penicillin
and 100 pg/mL streptomycin). The cells were maintained in an
incubator at 37 °C in a humidified atmosphere containing 5% CO,.

2.3. Pulmonary function test and chest radiography

All subjects underwent pulmonary function tests using the
Microlab 3500 spirometer (Micro Medical, UK) according to pub-
lished American Thoracic Society recommendations [21]. Chest
radiographs (posteroanterior and lateral views) were performed
at a standard 2-m focus-to-film distance according to previously
reported radiographic criteria [22].

2.4. C-reactive protein assay

Concentrations of C-reactive protein (CRP) were assayed with a
highly sensitive quantitative enzyme-linked immunosorbent assay
kit (Alpha Diagnostics, TX, USA) following the manufacturer’s
instructions.

2.5. Western blot analysis

For autoantibodies screening, the recombinant human CK18
proteins (Progen Biotechnik, Germany) were used as antigens.
Proteins were resolved by 12% SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, MA, USA). After incubation
with the individual sera, the immunoreactive bands were assessed
by two independent investigators. To control for variation in the
intensity of immunoreactive bands between batches, a reference
serum was loaded and analyzed in each batch. A serum sample was
considered positive if its immunoreactivity was equal to or greater
than that of the positive control serum [23]. The relative intensi-
ties of immunoreactive bands were further analyzed by MultiGauge
version 3.0 image analysis software (Fujifim, Japan) and quantitated
in comparison with the reference serum.

2.6. Immunoprecipitation and mass spectrometry analysis

The immunoreactive cellular autoantigens were isolated as pre-
viously described [24]. The immunoprecipitated complexes were
separated by 12% SDS-PAGE and visualized by silver staining. The
target bands were then excised and subjected to in-gel trypsin
digestion. The digested peptides were assayed with an ultraflex
MALDI-TOF mass spectrometer (Bruker Daltonics, Germany), and
the obtained mass spectral data were analyzed using the National
Center for Biotechnology non-redundant protein database [24].

2.7. Statistical analysis

Statistical analyses were conducted using SPSS (version 12.0;
IL, USA). A Chi-square test was applied to analyze characteris-
tic differences. Differences between all groups were evaluated by
the Kruskal-Wallis test, and differences between individual vari-
ables from two groups were evaluated by the non-parametric
Mann-Whitney U test. Correlation between autoantibody levels
and clinicopathological variables was calculated using Pearson cor-
relation analysis. Statistical significance was defined as p <0.05.

More detailed methods are provided in Supplementary data.

3. Results
3.1. Study subjects

The characteristics of all subjects are listed in Table 1. The mean
age of the COPD patient group (75.4+9.0; p=0.195) was simi-
lar to that of the healthy smoker group (72.8+9.3). The mean
age of the healthy smoker group was not different from that of
the non-smokers (70.8 +8.3; p=0.588). The healthy smokers had
approximate smoking history (pack-years) as COPD patients did.

3.2. Immunoscreening for anti-alveolar cellular protein
autoantibodies

The alveolar cell lysates were used as the target antigens.
Random serum specimens from the study subjects (control
group: n=13; COPD group: n=22) were examined by preliminary
immunoscreening. Fig. 1 shows that autoantibodies against cellu-
lar antigens were more frequently present in the serum of COPD
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Table 1
Characteristics of study subjects.

COPD groups (n=50)2

Control groups (n=28)

All patients (AP) Ex-smokers (ES)

Current smokers (CS) Healthy smokers (HS) Non-smokers (NS)

Number 50 22
Age (years) 75.4+9.0 76.6+7.3
GOLD stage

I 4(8%) 1(4.6%)

11 19(38%) 7(31.8%)

i 23(46%) 11(50%)

v 4(8%) 3(13.6%)
FEV; (%) predicted! 50.7 £21.9" 453+22.1°
FEV; [FVC (%) 5324121 51.8+14.0"
Smoking (pack-years) 47.9+28.6 46.9+24.9
BMI (kg/m?)f 223+4.2° 22.6+4.1

18 22 20
745+11.0 72.8+£93 70.8+8.3
3(16.7%) 0 0
8(44.4%) 0 0
7(38.9%) 0 0
0(0%) 0 0
59.8+23.3" 93.1+17.5 93.4+20.7
547+12.2" 83.7+6.0 84.7+7.1
51.1+248 46.3+249 0
218428 243428 232426

Data shown are mean + SD. GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV;: forced expiratory volume in one second; FEV, /FVC: absolute ratio of FEV; to

forced vital capacity; BMI: body mass index.

a2 Among the COPD patients, 10 were smokers with smoking cessation of less than 2 years.

" p<0.05 compared with healthy smokers (Mann-Whitney U test).
f p<0.05, between all groups (Kruskal-Wallis test).

patients than in serum from the control subjects. In the COPD group,
the molecular weight (kDa) and detection rate of the predominant
immunoreactive cellular autoantigens were 98 (14%), 86 (18%), 75
(18%), 66 (14%), 51 (40%), 45 (45%), and 31 (14%), respectively. The
detection rates of these immunoreactive bands in the control group
were 8%, 0%, 15%, 8%, 23%, 8%, and 0%, respectively.

3.3. Identification of a 45-kDa cellular autoantigen

MALDI-TOF mass spectrometry was used to further characterize
the most prevalent alveolar cellular autoantigen. The target cellular
autoantigens were extracted by immunoprecipitation (IP), sepa-
rated by 12% SDS-PAGE, and visualized by silver staining (Fig. 2).
The 45-kDa immunoprecipitated autoantigen was further digested
(in-gel) and analyzed by MALDI-TOF mass spectrometry. Accord-
ing to the results of a MASCOT search, the mass data of the 23
peptide fragments resulted from in-gel digestion matched human
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Fig.1. AWestern blot assay was used to detect anti-alveolar cellular protein autoan-
tibodies in the sera of study subjects. Immunoreactive antibodies against alveolar
cellular antigens were found more frequently in the sera of COPD patients than in
the sera of control subjects. The arrows denote the locations of the more frequently
found immunoreactive bands (98, 86, 75, 66, 51, 45, and 31 kDa). Each lane contains
a serum specimen from an individual subject. COPD lanes: serum specimens from
COPD subjects; control lanes: serum specimens from normal spirometry control
subjects; lane M: standard molecular weight marker.

CK18 (accession number Swiss-Prot: PO5783, theoretical mass
48,029 Da), and the identified peptide sequences covered 58% of the
total amino acid sequence of human CK18. The probability-based
Mowse score, expected value, and calculated pl value were 224,
6.3e—19, and 5.34, respectively (Supplementary Table 1). Further
confirmation of the 45-kDa autoantigen as human CK18 protein
was achieved by immunoblot analysis using a specific monoclonal
mouse anti-human CK18 antibody (CY-90, Sigma, MO, USA) (Fig. 3A
and B). The immunoblot results showed that both the target 45-
kDa cellular autoantigen and recombinant human CK18 protein
were recognized by the monoclonal anti-CK18 protein antibody.
The molecular weight of the immunoreactive band was also con-
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Fig. 2. Silver-stained SDS-PAGE gel of immunoprecipitation reactions. The 45-kDa
target protein isolated and identified using MALDI-TOF mass spectrometry is indi-
cated with an arrow. Lane M: molecular weight standard markers; lanes 1-5:
experimental controls; lane 6: one COPD patient serum specimen immunoprecipi-
tated with alveolar cellular antigens; + present; — absent.
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Fig. 3. Immunoscreening of anti-cytokeratin 18 (CK18) autoantibodies, identifica-
tion of the 45-kDa target autoantigen as human CK18 protein, and confirmation
of the presence of anti-CK18 autoantibodies in the sera of COPD patients. (A) SDS-
PAGE of primary human alveolar epithelial cells lysates (lane 1) and recombinant
human CK18 protein (lane 2). (B) A Western blot shows that the target 45-kDa cellu-
lar autoantigen of primary human alveolar epithelial cells (lane 1) and recombinant
human CK18 protein (lane 2) could be recognized by a mouse monoclonal anti-CK18
antibody. (C) Western blot detection of autoantibodies against recombinant human
CK18 protein in the sera of study subjects. Each lane contains a serum specimen from
an individual subject. Lane 1: positive control; lane 2: negative control; lanes 3-7:
serum specimens from COPD subjects; lanes 8-11: serum specimens from control
subjects; lane M: molecular weight standard marker.

sistent with previous results. Taken together, we confirmed that
the target 45-kDa autoantigen that reacts with the autoantibodies
in the sera of COPD patients was human CK18 protein.

3.4. The prevalence of anti-cytokeratin 18 autoantibodies

The presence of anti-CK18 autoantibodies in the sera of COPD
patients was determined by using recombinant human CK18 pro-
tein (Progen, Germany) as an antigen. Fig. 3C shows the prevalence
of anti-CK18 autoantibodies among the study subjects. Autoanti-
bodies to CK18 protein were detected more frequently in COPD
patients (38/50; 76%) than in control subjects (10/42; 23.8%;
p<0.001).

3.5. Quantification of anti-cytokeratin 18 autoantibodies

We found that the levels of anti-CK18 autoantibody were signif-
icantly higher in the COPD group (38.01 +30.73) than in controls
group (14.84+13.88; p<0.001) (Fig. 4). Among COPD patients,
there was no significant difference between the levels of anti-CK18
autoantibody in ex-smokers and current smokers (47.28 4-39.09
versus 33.54 +23.33; p=0.198). In addition, the levels of anti-CK18
autoantibody were not significantly different between healthy
smokers and non-smokers (17.19+16.04 versus 12.26 +10.85;
p=0.273).
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Fig. 4. Analysis of anti-cytokeratin 18 autoantibody levels in subdivided study
groups. Serum specimens from all COPD patients (AP), ex-smokers with COPD (ES),
current smokers with COPD (CS), healthy smokers (HS), and healthy non-smokers
(NS) were tested. The levels of anti-CK18 autoantibodies are presented as intensity
relative to a control marker. Differences between pairs of groups were compared
using the Mann-Whitney U test. Horizontal bars indicate mean values. “p <0.001
compared with healthy smokers group; fp<0.001 compared with non-smokers
group.

3.6. The correlation between anti-cytokeratin 18 autoantibody
levels and clinical parameters

In the COPD group, the levels of anti-CK18 autoantibody (i.e.,
the relative intensity of the Western blot band) were signifi-
cantly related to clinical parameters, such as FEV; (L) (rs=—0.349,
p=0.013; Fig. 5A) and FEV; (%) predicted values (rs=-0.288,
p=0.043; Fig. 5B), but were not associated with other clinical
parameters, such as age (r;=-0.073; p=0.614), smoking pack-
years (rs=—0.011; p=0.941), FEV; (%) predicted/FVC (rs=-0.211;
p=0.142), CRP levels (rs=0.004; p=0.984), or body mass index
(BMI) (rs=-0.174; p=0.271).

4. Discussion

The possibility that an autoimmune response is involved in
the pathogenesis of COPD has been proposed in several previous
studies [9,17,25,26]. According to recent reports, the extracellu-
lar matrix protein elastin and an unidentified 130-kDa protein
were discovered as autoantigens associated with COPD [18,19].
The present study aimed to test whether any pulmonary cellular
proteins are potential autoantigens associated with COPD. Intrigu-
ingly, we have successfully identified the human CK18 protein as a
45-kDa cellular autoantigen. Our results showed that the levels of
anti-CK18 autoantibody in COPD patients were significantly higher
than those in healthy controls were.

Cigarette smoking not only induces apoptosis in airway epithe-
lial cells but also exerts several other adverse effects on the host
immune system [27-29]. In order to assess the effect of smoking
status on the levels of anti-CK18 antibody, we examined serum
samples from groups with different smoking status. No significant
difference was found between non-smokers and healthy smokers
(p=0.273) or between ex-smokers and current smokers with COPD
(p=0.532). Moreover, no significant correlation has been found
between autoantibody levels and smoking history among the COPD
patients group (p=0.941) or among all smokers (i.e., the current
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Fig.5. Correlation of anti-cytokeratin 18 autoantibody levels with FEV; (L) and FEV,
(%) predicted in COPD patients. The levels of anti-CK18 autoantibodies are presented
as intensity relative to a control marker. Correlations between FEV; (L) (Fig. 5A) and
FEV; (%) predicted (Fig. 5B) with the levels of anti-CK18 autoantibodies in serum
from COPD patients were evaluated with Pearson correlation analysis.

smoker (CS), ES, and HS groups, p=0.771) (Spearman'’s rank corre-
lation coefficient). These results are consistent with the findings
of previous investigations that showed that smoking status did
not affect the prevalence of anti-epithelial antibodies [19]. Thus,
cigarette smoking may not be related to anti-CK18 autoantibody
levels.

The immunological mechanisms that drive the formation of
anti-CK18 autoantibody in COPD remain unknown. It is worth
noting that defects in apoptosis could induce inflammation and
autoimmune reactions [28,30,31]. Many studies have shown that
abnormal immune responses and apoptosis-associated defects are
present in COPD patients [4,10,28]. Further investigations were
needed to clarify that whether these defects play important roles
in autoantibodies production in COPD.

The source of cytokeratin 18 in the serum of COPD as well as
the mechanisms of release from pulmonary epithelium have long
been unclear. Recent evidence suggests that circulation cytoker-
atins are released from dying tumor cells [43,44], and CK18 have
also been used as a biomarker for monitoring of disease progres-
sion in lung cancer patients [45,46]. To eliminate the interference
from apoptotic or necrotic tumour cells, in this study, we carefully
excluded the patients with malignant and other relevant diseases.
Cytokeratins are a group of intermediate filament proteins (ker-
atins) found in the intra-cytoplasmic cytoskeleton of epithelial

tissue. Cytokeratin 18, the type I cytokeratin protein, is primarily
expressed in epithelial tissues [32,33]. Interestingly, CK18 pro-
tein was also found in pulmonary bronchial and alveolar epithelial
cells, which are the major disease sites of COPD [34]. Although
CK18 protein is normally located in the cytoplasm, CK18 neo-
epitopes may be released into circulation following epithelial cell
apoptosis (cleaved by caspase 3); the resulting antibody-antigen
interaction could significantly promote COPD pathology [35,36].
Further studies will be needed to clarify this line of reason-
ing. Moreover, CK18 protein has previously been identified as
the target autoantigen associated with several diseases, includ-
ing non-allergic bronchial asthma, idiopathic pulmonary fibrosis,
autoimmune hepatitis, and rheumatoid arthritis. This may imply
that the anti-CK18 autoantibody is not specific to COPD and may
be involved in a general response to tissue injury [37-39]. Given our
findings and the results of previous studies [18,19,40], it is plausible
that autoantibodies, at least in part, participate in the develop-
ment of COPD, as recently hypothesized [17,26]. The exact roles of
autoantibodies in the pathogenesis of COPD need to be investigated
further.

A specific autoantibody marker is helpful in determining the
prognosis and severity of the related disease [41]. In our study,
we also investigated the correlation between airway obstruc-
tion severity and anti-CK18 autoantibody levels in COPD. Our
results showed a significant negative correlation between anti-
CK18 autoantibody levels and FEV (L) and FEV, (%) predicted value.
Thus, measuring the concentration of anti-CK18 antibody could
assist in the clinical evaluation of treatment response or prognosis
of COPD.

While COPD is a complex chronic inflammatory disease of the
lungs, it also manifests itself in many systemic extrapulmonary
symptoms [6,42]. However, the relationships between elevated
anti-CK18 autoantibody levels and systemic chronic inflamma-
tion or other extrapulmonary effects in COPD patients remain
largely unknown. Currently, CRP concentration and BMI are used
to evaluate inflammation and systemic manifestation of COPD,
respectively. Therefore, the CRP concentrations and BMI values of
these COPD patients were determined to investigate whether these
two factors are associated with the levels of anti-CK18 autoanti-
bodies. Unfortunately, no significant correlation was found. This is
in contrast to previous results in which the presence of autoan-
tibodies against the unidentified 130-kDa cellular antigen was
coupled with low BMI value in COPD patients [19], suggesting
that these autoantigens may work through different systemic path-
ways.

One of the limitations of our study was our inability to precisely
determine whether the existence of the anti-CK18 autoantibody is
the “cause” or the “consequence” of lung tissue damage in COPD
patients. Further studies including the development of an animal
model for autoimmune COPD are needed to determine the role of
autoimmune responses in the pathogenesis of COPD.

In Conclusion, we reported that cytokeratin 18 is a pulmonary
cellular autoantigen associated with COPD and that circulating
anti-cytokeratin 18 autoantibodies are present in the sera of
COPD patients. Our study provides greater evidence to support
the hypothesis that autoimmune responses may participate in the
pathogenesis of COPD. These findings may prove helpful in the
development of new diagnostic and therapeutic methods for better
management of COPD.
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