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Background: Chronic obstructive pulmonary disease (COPD) is a highly prevalent disease

leading to irreversible airflow limitation and is characterized by chronic pulmonary inflam-

mation, obstructive bronchiolitis and emphysema. Etiologically, COPD is mediated by toxic

gases and particles, eg, cigarette smoke, while the pathogenesis of the disease is largely

unknown. Several lines of evidence indicate a link between COPD and autoimmunity but

comprehensive studies are lacking.

Methods: By using a protein microarray assaying more than 19,000 human proteins we

determined in this study the autoantibody profiles of COPD and non-COPD smokers. The

discovery cohort included 5 COPD patients under acute exacerbation (AECOPD) and 5 age-

and gender-matched non-COPD smokers. One putative candidate autoantibody, anti-

lactoferrin IgG, was further investigated by using immunoblotting with a large validation

cohort containing 124 healthy controls, 92 patients with AECOPD and 52 patients with

stable COPD.

Results: We show that i) autoantigens targeted by autoantibodies with higher titers in COPD

patients were enriched in extracellular regions, while those with lower titers in COPD

patients were enriched in intracellular compartments. ii) levels of IgG autoantibodies against

many neutrophil granule proteins were significantly higher in COPD patients than in non-

COPD smokers. Furthermore, increased levels of anti-lactoferrin antibodies in COPD

patients were confirmed in a cohort with a large number of samples.

Conclusion: The comprehensive autoantibody profiles from COPD patients established in

this study demonstrated for the first time a shift in the cellular localization of antigens

targeted by autoantibodies in COPD.

Keywords: chronic obstructive pulmonary disease, autoimmunity, autoantibody profile,

neutrophil granule proteins, lactoferrin

Introduction
Chronic obstructive pulmonary disease (COPD) is a disease characterized by

persistent pulmonary inflammation, obstruction of the small airways (obstructive

bronchiolitis) and structural changes of the alveoli (emphysema).1 Patients with

COPD suffer from a progressive airflow limitation and develop symptoms such as

wheezing, coughing, chest tightness and shortness of breath.1 Currently, COPD is

a major public health problem, affecting more than 300 million people worldwide
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and leading to millions of death annually.2 Although it is

widely accepted that COPD is triggered by inhaled toxic

gases and particles, the pathogenesis of COPD remains

largely unclear.1,3 Cigarette smoking (CS) is the major

etiologic factor for COPD,4,5 with more than 80% patients

with COPD being smokers.5 However, the prevalence of

COPD even after many years of smoking is only around

50%,6 suggesting that the susceptibility to smoking-

induced COPD varies considerably among smoking per-

sons. Therefore, exploring the biological differences

between patients with COPD and non-COPD smokers

could help to better understand the pathogenesis of the

disease and to delineate novel therapeutic targets.

Smoke-induced immune responses play an essential

role in the development of COPD.4,7,8 On the one hand,

it is widely believed that innate immunity is the leading

actor in the early development of pulmonary changes in

the disease and its animal models.8–12 One the other hand,

there is accumulating evidence that adaptive immunity

plays a role in the chronic phase of COPD. For example,

it has been shown that smoke cessation does not attenuate

the pulmonary inflammation once COPD,13,14 suggesting

a memory adaptive immune response to non-cigarette anti-

gens. In addition, COPD patients are featured by well-

organized lymphoid follicles around small airways and

lung parenchyma,15–17 which also implicates a role of

adaptive immunity in the disease.

Among smoke-induced adaptive immune responses,

autoimmunity is a putative candidate which has been sug-

gested to be associated with COPD.18 Since 2007, when

Lee et al reported that emphysema is characterized by the

presence of autoimmune responses against elastin,19 a large

body of evidence has been accumulated for an association

of autoimmunity with COPD.20 It has been shown that

autoantibodies against lung tissue 21,22 or single pulmonary

cell types, such as epithelial and endothelial cells 21,23–25 are

highly prevalent in sera of patients with COPD. In addition,

COPD patients with more severe disease show a higher

prevalence of anti-tissue antibodies,22,26 suggesting an asso-

ciation of anti-tissue antibodies with the severity of COPD.

In line with observations made in humans, animal models

for COPD also support a role of autoantibodies in the

pathogenesis of COPD, especially in those with emphy-

sema. For example, Taraseviciene-Stewart and colleagues

reported that immunization with human umbilical vein

endothelial cells (HUVECs) induces antibodies against

epithelial cells and emphysema in rats,27 suggesting a role

of autoimmunity against the epithelium in COPD.

Encouraged by the association between autoimmunity

and COPD, many studies aimed to identify autoantigens

with potential relevance for the development of the dis-

ease. These include autoantibodies against extracellular

matrix proteins, intracellular proteins of pulmonary epithe-

lial or endothelial, neo-autoantigens, immune molecules

and further autoantigens that are found in common auto-

immune diseases. However, the presence of autoantibodies

against those defined antigens is not always consistent

among different studies.20 These studies are frequently

limited by the very low number of autoantigens included

in their analysis. As a consequence, the whole landscape

of autoantibodies in COPD remained unexplored in these

approaches and disease-relevant autoantigens may have

been missed.

The presence of natural autoantibodies of both IgG and

IgM classes in sera is a normal phenomenon in humans

and animals,28–30 implying that those autoantibodies might

play a physiological role in maintaining tissue homeosta-

sis. Therefore, it is conceivable that autoantibody profiles

might change from physiological condition to pathological

condition, e.g. from non-COPD smokers to COPD

patients. In this study, we therefore aimed to determine

the difference in autoantibody profiles between patients

with COPD and non-COPD smokers. To reach this aim,

we performed a proteome-wide screening of autoantibo-

dies of both IgG and IgM subclasses by using protein

microarrays with more than 19,000 full-length human

proteins in a small cohort of COPD patients and non-

COPD smokers. Deregulated autoantibodies were then

validated in a large cohort of COPD patients using patients

with asthma as disease controls.

Materials and Methods
Subjects
COPD was defined and categorized according to the Global

Initiative for Chronic Obstructive Lung Disease (GOLD)

guidelines.31 Pulmonary function tests were performed

using Master Screen (Erich Jaeger GmbH) and included

post-bronchodilator FEV1, FVC, FEV1/FVC ratio, TLC,

RV and inspiratory capacity (IC). Lung function measure-

ments were expressed as percentage of predicted values.

Tests were performed according to the American Thoracic

Society/European Respiratory Society guidelines.31 Because

this study was focused on COPD-related autoimmunity, we

excluded patients who showed any of the following condi-

tions: other chronic lung diseases (e.g. bronchiectasis, cystic
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fibrosis, or idiopathic pulmonary fibrosis), heart failure, auto-

immune disease, lung cancer or metastatic cancer, HIV/

AIDS, or chronic oral prednisone use. The presence of

emphysema was assessed by using high resolution computed

tomography (HRCT) of the chest.32 Patients with asthma

were included when fulfilling the diagnostic criteria accord-

ing to the guideline proposed the Global Initiative for

Asthma.33 The normal control group was composed of

healthy subjects who received an annual routine physical

examination. All subjects were recruited from the First

Affiliated Hospital of Xiamen University. This study was

conducted in accordance with the Helsinki declaration. This

project was approved by the Ethics Committee of the First

Affiliated Hospital of Xiamen University (approval No.

5210-07/03/2018). Written informed consent was obtained

from COPD patients and healthy volunteers.

Preparation of Serum Samples
Blood samples were collected from all subjects with BD

Vacutainer Plus Plastic tubes which were coated with

silicone and micronized silica particles to accelerate clot-

ting. Samples were then centrifuged at 1500 x g for 15 min

at room temperature, and supernatants were aliquoted and

immediately stored at –80°C for further evaluation.

Detection of Autoantibodies Using

a Human Proteome Microarray
A human proteome microarray (HuProtTM v3.0, CDI Labs,

Mayaguez, PR) that contains over 19,000 recombinant

human full-length proteins in duplicates was used to pro-

file serum autoantibodies.34 Briefly, arrays were blocked

with 1% BSA at 4 oC for 3 h and probed with a total of

5 mL of diluted serum sample (1:200 diluted in Tris-

buffered saline containing 0.1% Tween 20 detergent

(TBS-T)) at room temperature for 1 h. The microarray

was then washed with 1× TBS-T and probed with Cy3-

labeled anti-human IgG and Cy5-labeled anti-human IgM

at room temperature for 1 h. Finally, arrays were washed

with TBS-T, dried in a Slide Washer (CapitalBio Inc.,

Beijing, China) at room temperature, and then scanned in

a GenePix 4200A (Molecular Devices, Sunnyvale, CA).

Signal intensities were measured by using GenePix Pro 6.0

Software (Molecular Devices, Sunnyvale, CA). The med-

ian foreground and background intensities for each spot on

the protein microarrays were obtained, and the raw inten-

sity for each spot was defined as the difference between

foreground and background median intensity.

Analysis of Autoantibody Profiles
All data analysis of protein microarray was performed using

R Studio (version 3.4.4). Background correction and quantile

normalization of all expression files were performed by using

LIMMA (Linear Models for Microarray Data) package.35

Differentially expressed autoantibodies between COPD

patients and non-COPD smokers were identified according

to the following criteria i) fold change (FC) more than 1.5

(logFC ± 0.585), ii) p value less than 0.05, and iii) absolute

difference in signal intensity more than 100.36 Redundancy

in differentially expressed autoantibodies was removed by

a homology search. Two-dimensional hierarchical cluster

analysis was performed with differentially expressed auto-

antibodies using LIMMA package. The enrichment

analysis of Gene Ontology (GO) was performed as

previously described 37 by using Database for Annotation,

Visualization and Integrated Discovery (DAVID, v6.8)

software.38 Multiple-testing adjustment was performed via

false discovery rate estimation. STRING database (version

11.0) and Cytoscape software platform were used for the

construction of co-expression network of differentially

expressed autoantibodies.

Immunoblotting Analysis
Immunoblotting was used to quantify the levels of IgG

autoantibodies against lactoferrin. Briefly, lactoferrin

(Sigma, USA) was resolved by 10% SDS-

polyacrylamide gel electrophoresis (SDS-PAGE) and

transferred onto a polyvinylidene difluoride (PVDF)

membrane. After incubation with the individual sera

(1:100 diluted) at 4°C overnight, the membrane was

incubated with DyLightTM 680-labeled goat anti-human

IgG at room temperature for 1h. Finally, the membrane

was scanned by Odyssey® CLx (LI-COR, Germany),

and fluorescence signals were quantified using Image

Studio Lite 5.2 analysis software. A mixture of several

serum samples used as an internal control was applied

on each membrane to make samples from different

membrane comparable. Signal intensities of all samples

were normalized to that of the internal control, and the

normalized signals were used for further analysis.

Statistical Analyses
Apart from microarray analysis, all other statistical ana-

lyses were performed with GraphPad Prism statistical

software (GraphPad Software Inc., version 5.01, La

Jolla, CA, USA). The Kolmogorov–Smirnov normality
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test was performed to analyze if quantitative variables

were normally distributed. To calculate the P values,

quantitative data in normal distribution were compared

using the Student’s t-test; otherwise, the Mann–Whitney

U-test was used. Pearson correlation was performed to

determine the correlation between autoantibodies and

disease-related phenotypes. P<0.05 was considered as

statistically significant.

Results
Differentially Expressed Autoantibodies

Between COPD Patients and Non-COPD

Smokers
For the detection of autoantibody profiles, we recruited 5

male COPD patients ranging from 67 to 82 years in age

who were current smokers with 10 to 20 cigarettes per day

since 30 to 50 years (Table 1). All 5 patients had severe

COPD with GOLD grade III and emphysema and were

admitted to the hospital because they experienced an acute

exacerbation. Five male non-COPD smokers were

recruited as controls, with comparable age, smoking his-

tory and numbers of cigarettes smoked per day (Table 1).

Serum samples from 5 COPD patients with acute exacer-

bation (AECOPD) and 5 non-COPD smokers were used

for the detection of autoantibody profiles using protein

microarray. Normalization of signal intensities of 10

HuProtTM v3.0 microarrays was performed to make them

comparable to each other (Supplementary Figure 1). The

microarray data were deposited into Gene Expression

Omnibus: https://www.ncbi.nlm.nih.gov/geo/info/linking.

html, with an accession number of GSE133096. Principal

component analysis (PCA) with the normalized data

demonstrated that the IgG autoantibodies, but not IgM

autoantibodies, distinguished COPD patients from

non-COPD smokers (Supplementary Figure 2). Using the

predefined selection criteria (FC>1.5, p<0.05, and differ-

ence>100), we identified 546 IgG autoantibodies (252 with

higher titer and 294 with lower titer in COPD) that were

differentially expressed between COPD patients and non-

COPD smokers (Supplementary Table 1 and Figure 1A

and B). In addition, 527 differentially expressed IgM auto-

antibodies (167 with higher titer and 360 with lower titer

in COPD) were identified between the two groups

(Supplementary Table 2 and Figure 1A and B). However,

when a multiple-testing adjustment was performed via

false discovery rate (FDR) estimation, none of the differ-

ences determined between experimental groups remained

significant. Two-dimensional hierarchical cluster analysis

of differentially expressed IgG autoantibodies (Figure 1C)

and IgM autoantibodies (Figure 1D) identified multiple

subset clusters based on the similarity of autoantibody

patterns.

Interestingly, autoantibodies against many neutrophil

granule proteins were differentially expressed between

COPD patients and non-COPD smokers (Table 2). Among

103 neutrophil specific granule proteins proposed by Rorvig

and colleagues,39 levels of IgG autoantibodies against 8 of

them were higher in COPD patients than in non-COPD

patients, including cathepsin H (CTSH), alpha-L-fucosidase

(FUCA2), LTF, matrix metallopeptidase 9 (MMP9), plasmi-

nogen activator, urokinase receptor (PLAUR), proteinase 3

(PRTN3), tissue inhibitor of metalloproteinases 2 (TIMP2)

and TNF superfamily member 14 (TNFSF14). In addition,

levels of IgM autoantibodies against vanin 1 (VNN1) and

neutrophil elastase (ELANE) were higher, while levels of

IgM autoantibodies against arginase 1 (ARG1) were lower in

COPD patients than in non-COPD smokers.

Since several autoantibodies including those against

elastin, aggrecan, cytokeratin 18, cytokeratin 19, CD80,

β2-microglobulin and collagen I, II and IV have already

been suggested to be upregulated in COPD,19,22,40–43 we

evaluated the expression of those autoantibodies in our

samples. All those autoantigens were presented on the

microarray, but no significant difference was observed

for any of those autoantibodies between COPD patients

and non-COPD smokers (Supplementary Table 3).

Table 1 Demographic and Clinical Status of Patients with COPD

and Non-COPD Smokers Used for the Detection of Autoantibody

Profiles

COPD

Patients

Non-COPD

Smokers

p-value

Number of samples 5 5 n.s.

Male/female 5/0 5/0 n.s.

Age (median, range) 69 (65–82) 67 (60–81) n.s.

Smoking years

(median, range)

40 (30–50) 40 (22–58) n.s.

Cigarette/day

(median, range)

20 (10–20) 10 (10–20) n.s.

GOLD stage (median,

range)

III (III-III) – –

Acute exacerbation All – –

Emphysema All – –

Other lung disease 1 (PAH)

Abbreviations: n.s., not significant; COPD, chronic obstructive pulmonary dis-

ease; GOLD, global Initiative for chronic obstructive lung disease; PAH, pulmonary

arterial hypertension.
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Functional Grouping and Network

Analysis of Differentially Expressed

Autoantibodies
To explore functional annotations for the differentially

expressed autoantibodies, the biological processes, cellular

components and molecular function of their autoantigens

were analyzed using GO enrichment analysis (Figure 2,

Supplementary Tables 4 and 5). According to their cellular

positions, autoantigens targeted by IgG autoantibodies

with higher titers in COPD patients were enriched in the

extracellular region, while those targeted by IgG autoanti-

bodies with lower titers in COPD patients were enriched in

intracellular region.

With regards to differentially expressed IgM autoantibo-

dies, autoantigens targeted by autoantibodies with higher titers

in COPD patients were enriched in the nucleus and function-

ally related to the regulation of smooth muscle contraction. By

contrast, those targeted by IgM autoantibodies with lower

titers in COPD patients were enriched in cytosol, cytoplasm

and nucleoplasm, and they were functionally related to

L-methionine biosynthetic process frommethylthioadenosine,

endosomal transport, negative regulation of apoptotic process,

cell-cell adhesion, protein binding, transcription coactivator

activity and signaling adaptor activity.

To further characterize the differentially expressed

autoantibodies, we determined their functional connec-

tions by using network analysis. As shown in Figure 3,

several neutrophil granule proteins such as MMP9,

TIMP2 and ELANE were on the lists of top 5 connected

autoantigens targeted by differentially expressed autoan-

tibodies (Supplementary Tables 6 and 7)

A B

C D

IgG IgM

Figure 1 Differentially expressed autoantibodies (DEA) between patients with COPD patients with acute exacerbation and non-COPD smokers. Venn diagram summarizing

numbers of autoantibodies of IgG and IgM classes with higher titers (upregulated) (A) or lower titers (downregulated) (B) in patients with COPD than in non-COPD

smokers. Two-dimensional hierarchical clustering heat map of the microarray data showing levels of IgG (C) and IgM (D) autoantibodies differentially expressed between

COPD patients and non-COPD smokers. Levels of autoantibodies are indicated on the color scale, where red indicates high levels of autoantibodies, and green indicates low

levels of autoantibodies in AECOPD patients than in non-COPD smokers. Each column represents a single subject and each row represents a single autoantibody. The

dendrogram to the left shows the clustering of individual autoantibodies with respect to their similarity in changes of expression. The similarity in autoantibody expression

patterns among subjects regardless of the group is represented by the dendrogram on the top.
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Validation of the Association of

Anti-Lactoferrin IgG with COPD
For the validation of COPD-associated autoantibodies, we

recruited 144 COPD patients, including 92 patients with

COPD with acute exacerbation (AECOPD) and 52 patients

with stable COPD, 101 patients with asthma as a disease

control, and 124 healthy controls including smokers and non-

smokers (Table 3). Given that neutrophils play an important

role in the pathogenesis of COPD 4,7 and the current study

demonstrated that IgG autoantibodies against multiple

neutrophil-specific autoantigens were upregulated in

COPD patients than in non-COPD smokers, we selected

Table 2 Differentially Expressed Autoantibodies Against Neutrophil Granule Proteins in COPD Patients Compared to Non-COPD

Smokers

Antigen Full Name COPD (n=5) Control (n=5) P value

IgG Autoantibodies CTSH Pro-cathepsin H 661.67±137.25 413.44±71.65 0.0227

FUCA2 Plasma alpha-L-fucosidase 1244.21±587.68 661.13±182.69 0.0330

LTF Lactotransferrin 1103.25±270.18 728.41±190.62 0.0340

MMP9 Matrix metalloproteinase-9 3194.80±2390.91 1148.06±412.87 0.0279

PLAUR Urokinase plasminogen activator surface receptor 377.04±61.75 268.39±47.76 0.0272

PRTN3 Myeloblastin 461.56±78.21 300.64±69.55 0.0357

TIMP2 Metalloproteinase inhibitor 2 602.00±181.65 370.73±120.24 0.0458

TNFSF14 Tumor necrosis factor ligand superfamily member 14 977.12±386.25 556.32±93.06 0.0411

IgM Autoantibodies VNN1 Pantetheinase 584.35±93.85 471.80±187.15 0.0299

ELANE Neutrophil elastase 1871.98±528.27 1069.90±425.12 0.0435

ARG1 Arginase-1 568.08±112.56 1058.56±353.39 0.0231

down

up

A C

B D

IgG IgM

Figure 2 Gene ontology (GO) enrichment of differentially expressed antibodies (DEA) in COPD patients with acute exacerbation and non-COPD smokers. GO terms

enriched in IgG autoantibodies with higher titers (A) and lower titers (B) in COPD patients than in non-COPD smokers. GO terms enriched in IgM autoantibodies with

higher titers (C) and lower titers (D) in COPD patients than in non-COPD smokers. GO categories of biological process (BP), cellular component (CC) and molecular

function (MF) are shown in red, green and blue bars, respectively. Names of the GO terms are indicated in corresponding bars, while raw p-values of the enrichment are

indicated on X-axis.
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autoantibodies against LTFwhich have been demonstrated to

be presented in multiple autoimmune diseases 44–46 for vali-

dation. Using immunoblotting, we quantified the expression

of IgG autoantibodies against LTF in sera of patients and

controls (Supplementary Figure 3). As shown in Figure 4A,

COPD patients showed significantly higher levels of IgG

autoantibodies against LTF than both healthy control and

patients with asthma. When COPD patients were divided

into subgroups according to the GOLD stages, levels of anti-

LTF IgG were significantly higher in all subgroups of COPD

patients compared with healthy controls (Figure 4B).

Moreover, when stratifying COPD patients according to the

presence or absence of emphysema, both groups were char-

acterized by significantly higher levels of anti-LTF IgG than

healthy controls. This difference was however more pro-

nounced in emphysematic patients (Figure 4C). Finally,

a corresponding effect was seen also when COPD patients

were subgrouped into AECOPD and stable COPD. Both

subgroups showed significantly higher levels of anti-LTF

IgG as compared to healthy controls (Figure 4D).

In addition, correlated analysis demonstrated that levels

of anti-LTF IgG were not correlated with sub-phenotypes of

A C

B D

Figure 3 Network analysis of differentially expressed autoantibodies between COPD patients with acute exacerbation and non-COPD smokers. Network of autoantigens

whose IgG autoantibodies with higher titers (A) or lower titers (B) in patients with COPD than in non-COPD smokers. Network of autoantigens whose IgM autoantibodies

with higher titers (C) or lower titers (D) in patients with COPD than in non-COPD smokers. Top connected autoantigens are highlighted with red cycles.
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COPD including lung function, GOLD grade, number of

hospitalizations, levels of IL-6 or body mass index (BMI).

(Supplementary Figure 4)

Therefore, these results validated the higher levels of

IgG autoantibodies against LTF in patients with COPD

than in healthy controls and patients with asthma.

Discussion
Although it is well known that COPD is associated with the

formation of autoantibodies, the landscape of autoimmunity

in the disease is still unknown. Using a protein microarray

containing more than 19,000 proteins, the current study for

the first time generated comprehensive autoantibody pro-

files from patients with COPD and non-COPD smokers.

Compared to non-COPD smokers, patients with COPD

were characterized by a distinct autoantibody profile,

whose predicted autoantigens differed considerably in

terms of cellular location and biological function.

Furthermore, with a large number of samples, we validated

the upregulation of anti-LTF IgG in patients with COPD

compared with healthy control and patients with asthma.

Interestingly, numbers of autoantibodies with higher

titers in COPD patients than in non-COPD smokers were

similar to those with lower titers, which is in contrast to

the idea that COPD is associated only with a strong gen-

eral increase in autoimmunity. Although unexpected at

first glance, this observation is not surprising as it has

been shown that healthy subjects can have even more

autoantibodies to some antigens than patients suffering

from various diseases including autoimmune diseases

such as multiple sclerosis.30 Therefore, these findings sug-

gest that the association of COPD with autoimmunity is

more due to a change in the profile of autoantibodies than

to a simple general shift in self-reactivity.

The current study demonstrates that autoantigens tar-

geted by IgG autoantibodies with high titers in COPD

patients were enriched in extracellular regions, while those

of IgG autoantibodies with lower titers were enriched in

intracellular compartments such as cytoplasm and nucleus.

Thus, low levels of IgG autoantibodies against intracellular

antigens in COPD patients might disturb tissue homeostasis.

This notion is further supported by the finding that levels of

IgM autoantibodies against intracellular antigens were also

lower in COPD patients than in non-COPD smokers. It has

been suggested that in healthy subjects one of the main

functions of natural autoantibodies, especially those against

intracellular antigens, is to clean cell debris and thus to

maintain tissue homeostasis.30,47 In addition, due to the

difference in accessibility to autoantigens, autoantibodies

against extracellular antigens are more likely to be patho-

genic than those against intracellular antigens, which is best

exemplified by neurological paraneoplastic syndrome.48,49

Thus, high levels of IgG autoantibodies against extracellular

antigens in COPD patients might increase the possibility of

autoantibody-mediated pathogenic changes, which, how-

ever, needs to be further investigated.

Maybe the most interesting result from this study is that

IgG autoantibodies against many neutrophil granule pro-

teins are upregulated in COPD patients. Among 103 neu-

trophil-specific granule proteins proposed by Rorvig and

colleagues,39 levels of IgG autoantibodies against 8 of

them were higher in COPD patients than in non-COPD

smokers, including CTSH, FUCA2, LTF, MMP9, PLAUR,

PRTN3, TIMP2 and TNFSF14. In sharp contrast, levels of

IgG autoantibodies against none of the 103 neutrophil gran-

ule proteins were lower in COPD patients. This drastic

discrepancy suggests that there are stronger autoimmune

responses against neutrophil granule proteins in patients

with COPD than non-COPD smokers. It is well known

that neutrophil-derived proteases released via degranulation

are key mediators of tissue damage in COPD.50 In addition,

some molecules involved in the recruitment and activation

of neutrophils have been shown to play an important role in

the development of experimental COPD.11,51,52 Therefore,

Table 3 Demographic and Clinical Status of COPD Patients and

Controls Used for the Validation of Differentially Expressed

Autoantibodies

COPD Asthma Controls**

Number of subjects 144 101 124

Age, year (mean ± SD) 68.7±9.0 55.6±14.1*** 73.1±7.8***

Sex (M/F) 142/2 48/53 108/16

Numbers of hospitalization

(mean ± SD)

2.0±2.3 1.6±1.5 –

IL-6 (pg/mL) (mean ± SD) 12.0±16.9 – –

FEV1/FVC% (mean ± SD) 50.6±11.0 – –

FEV1% predicted (mean ± SD) 45.4±20.0 – –

Emphysema n (%) 54 (37.5) – –

Acute exacerbation n (%) 92 (63.89%) – –

GOLD Grade*

I n(%) 3 (2.3) – –

II n(%) 27 (20.6) – –

III n(%) 68 (51.9) – –

IV n(%) 33 (25.2) – –

Notes: *133 patients with COPD were characterized with the GOLD assessment.

**Of the 124 control subjects, 34 had information of smoke status (25 smokers and

9 non-smokers), while those information of 90 control subjects were not available.

***p<0.001.
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it is conceivable that neutrophil degranulation in the lung

during disease manifestation provides granule proteins as

autoantigens, which enhances the corresponding autoim-

mune responses.

One of the main functions of natural autoantibodies in

healthy subjects is to neutralize target antigens, which is

best exemplified by autoantibodies against cytokines.53 An

interesting question is whether autoantibodies against neu-

trophil granule proteins, e.g. proteases involved in tissue

destruction in the pathogenesis of COPD, are functional and

thus regulate the development of the disease. With a large

number of samples, the current study confirmed the higher

levels of autoantibodies against LTF in COPD, but the

levels of anti-LTF antibodies were not associated with any

disease phenotypes of the disease, suggesting that the anti-

LTF antibodies have no strong effect on the development of

COPD. However, high levels of autoantibodies against three

neutrophil proteases including MMP9, CTSH and PRTN3

and one protease inhibitor, TIMP2, might be interesting

candidates, which need to be elucidated in the future.

Previously, many autoantibodies such as anti-extracellular

matrix proteins, anti-cytokeratins, anti-immune molecules

antibodies have been suggested to associate with COPD and

some of them have been shown to correlate with disease

C

A B

D

Figure 4 Validation of the association of COPD and anti-LTF antibodies. (A) Levels of autoantibodies against LTF detected by immunoblotting in healthy controls, asthma

patients and COPD patients. (B) Levels of autoantibodies against LTF in subgroups of COPD patients categorized according to the GOLD scores. (C) Levels of

autoantibodies against LTF in subgroups of COPD patients categorized according to the presence of emphysema. (D) Levels of autoantibodies against LTF in subgroups

of COPD patients categorized according to the presence of acute exacerbation. Numbers of subjects are depicted for each group. Statistically significant differences were

calculated by using one-way ANOVA test (*p<0.05, **p<0.01 and ***p<0.001).
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phenotypes,19,22,40–43 suggesting that those autoantibodies

might contribute to the development of the disease. However,

such associations have not been confirmed by others 45,54–57

and were also not observed in our study using microarray data

analysis. These findings support the notion that those potential

candidate autoantibodies might be not relevant for COPD.

Although our results provide an idea of the autoanti-

body landscape in COPD patients and non-COPD smo-

kers, some limitations in this study have to be

mentioned. First, the number of samples used for the

microarray screening is very small, which might lead to

false-positive and false-negative results. For example,

among hundreds of differentially expressed autoantibo-

dies identified between COPD patients and non-COPD

smoker controls, none of them remains significant after

multiple-testing adjustment. This suggests that differen-

tially expressed autoantibodies identified in the discov-

ery cohort of the current study might be false positives

and thus need to be validated in another cohort. Second,

only one member of the group of differentially

expressed autoantibodies has been selected for valida-

tion with a large number of samples. Third, all five

COPD patients recruited for the microarray screening

are under acute exacerbation. Since acute exacerbation

is often caused by bacterial or viral infections that will

stimulate immune system,58 the differences in autoanti-

body profiles between those COPD patients and non-

COPD smokers are not only associated with the disease

but also related to acute exacerbation. Finally, this study

lacks experimental evidence for a role of those increased

autoantibodies in the development of COPD. Further

cellular or animal experiments are required in the future

to clarify this issue.

In conclusion, this study for the first time determined

autoantibody profiles of COPD patients and non-COPD

smokers. It provides a landscape of the autoimmunity in

these two related groups, which sheds new light on the

pathogenesis of smoke-induced COPD.
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