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Background: Autoimmune processes have been implicated in the pathogenesis of chronic obstructive 
pulmonary disease (COPD). However, the relationship between airway and systemic autoantibody responses 
remains unclear. The aim of this study was to elucidate this relationship in patients with stable COPD by 
investigating the correlation patterns between sputum and serum autoantibodies.
Methods: In this cross-sectional study, sputum supernatant and serum obtained from 47 patients with 
stable COPD were assayed for the presence of IgG antibodies against ten autoantigens: Smith antigen (Sm), 
ribosomal phosphoprotein P0 (P0), Ro/Sjögren syndrome type A antigen (Ro/SSA), La/Sjögren syndrome 
type B antigen (La/SSB), DNA topoisomerase I (Scl-70), histidyl-tRNA synthetase (Jo-1), U1 small nuclear 
ribonucleoprotein (U1-SnRNP), thyroid peroxidase (TPO), proteinase-3 (PR3), and myeloperoxidase 
(MPO). A second cohort of 55 stable COPD patients was recruited for validation, and a group of 59 non-
COPD controls and a group of 20 connective-tissue disease-associated interstitial lung disease (CTD-
ILD) patients were also recruited for comparison. Hierarchical clustering and network analysis were used to 
evaluate the correlation patterns between sputum and serum autoantibody profiles.
Results: Both hierarchical clustering and network analysis showed that sputum and serum autoantibody 
profiles were distinct in either analytic COPD cohort or validation cohort. In contrast, the autoantibodies 
of the two compartments in non-COPD controls and CTD-ILD patients were inadequately distinguished 
using either hierarchical clustering or network analysis. Many autoantibodies in the sputum were found to 
have significant correlations with lung function, symptom score and frequency of prior exacerbations in 
COPD patients, but the antibodies in the serum were not.
Conclusions: We observed a dissociation between sputum autoantibodies and serum autoantibodies in 
patients with stable COPD, suggesting that airway and systemic immune status may play very different roles 
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of 
the most prevalent inflammatory lung disorders worldwide. 
The World Health Organization (WHO) predicts that the 
prevalence of COPD will rise over the next 40 years and 
there may be over 5.4 million deaths annually from COPD 
and related conditions by 2060 (1), which will impose a 
heavy economic and social burden. COPD is associated 
with local (airway) and systemic inflammation (2) and 
autoimmune processes may participate in the pathogenesis 
of the disease (3). Airway/pulmonary inflammation 
in COPD patients involves both innate (neutrophils, 
macrophages, eosinophils, and other types of immune cell) 
and adaptive (T and B lymphocytes) immunity (4). Although 
the prevailing spillover hypothesis has been challenged (5-7), 
the overflow of pulmonary inflammatory mediators into the 
circulation is still considered to be the origin of the systemic 
inflammation (8) in COPD and to account for many of 
its systemic manifestations, such as osteoporosis, skeletal 
muscle weakness, cardiovascular disease and cachexia (8,9).

Autoimmunity has been hypothesized to drive disease 
progression in COPD (3) and there is increasing evidence 
that it plays a role in the pathogenesis of this disease (10-13).  
Previous experimental research has shown a correlation 
between peripheral T cell function and the severity of 
COPD (14,15). Moreover, systemic T cell responses 
against a series of autoantigens in COPD patients have 
been demonstrated (16-18). Most previous studies focused 
on the circulating autoantibodies in COPD, and clinical 
associations of these autoantibodies were widely reported 
(19-23). However, clinical associations of the sputum 
autoantibodies were seldom reported, and the relationship 
between local/airway and systemic/circulation autoantibody 
responses in COPD patients are not yet clear.

The aim of the current study was to elucidate the 
relationship between local/airway and systemic/circulating 

autoantibody responses in COPD by quantifying 
autoantibodies in sputum and serum obtained simultaneously 
from the same individual. We also explored the potential 
associations between sputum/serum autoantibodies and 
clinical parameters such as lung function, symptom scores, 
and prior exacerbations. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-944).

Methods

Participants

The current observational, cross-sectional study was 
performed in the Guangzhou Institute of Respiratory 
Disease, First Affiliated Hospital of Guangzhou Medical 
University (Guangzhou, China) between August 2016 
and June 2018. Forty-seven patients with stable COPD 
were recruited for original analysis. A second cohort of 55 
patients with stable COPD was recruited for validation, 
and a group of 59 non-COPD controls and a group of 20 
connective-tissue-disease-associated interstitial lung disease 
(CTD-ILD) patients were also recruited for comparison. 
The inclusion criteria for COPD patients were as follows: 
(I) age over 40 years and (II) confirmed diagnosis of 
COPD with spirometry according to the criteria of Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
guideline [post-bronchodilator (post-BD) forced expiratory 
volume in 1 s (FEV1)/forced vital capacity (FVC) ratio 
<0.7]. Patients with one or more of the following criteria 
were excluded: (I) a current primary diagnosis of asthma, 
but patients with a primary diagnosis of COPD who also 
had asthma or positive bronchodilation tests were included; 
(II) diagnosis of known respiratory disorders other than 
COPD except asthma, such as active tuberculosis, idiopathic 
pulmonary arterial hypertension, and ILD; (III) history of 
significant inflammatory disease other than COPD, such as 
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inflammatory bowel disease (Crohn’s disease and ulcerative 
colitis), systematic lupus erythematosus, rheumatoid 
arthritis, and autoimmune thyroiditis; (IV) COPD 
exacerbation within 4 weeks of enrolment; (V) history of 
lung surgery; (VI) diagnosis of cancer; (VII) recipient of 
a blood transfusion within 4 weeks of enrollment; (VIII) 
inability to walk, and (IX) current participation in a blinded 
drug trial.

The inclusion criteria for control subjects were as 
follows: (I) age over 40 years and (II) without any known 
respiratory disorder or significant inflammatory disease. 
Subjects with one or more of the following criteria were 
excluded: (I) diagnosis of known respiratory disorders; (II) 
history of significant inflammatory disease; (III) diagnosis 
of cancer; (IV) recipient of a blood transfusion within  
4 weeks of enrollment; (V) inability to walk, and (VI) 
current participation in a blinded drug trial.

The inclusion criteria for CTD-ILD patients were as 
follows: (II) age over 40 years and (II) diagnosis of CTD-
ILD by multidisciplinary team (MDT). Patients with one or 
more of the following criteria were excluded: (I) diagnosis 
of known respiratory disorders other than CTD-ILD, such 
as COPD, asthma, active tuberculosis, idiopathic pulmonary 
arterial hypertension, and ILD; (II) history of significant 
inflammatory disease other than CTD; (III) infection 
within 4 weeks of enrolment; (IV) history of lung surgery; 
(V) diagnosis of cancer; (VI) recipient of a blood transfusion 
within 4 weeks of enrollment; (VII) inability to walk, and 
(VIII) current participation in a blinded drug trial. In the 
current study, we did not exclude chronic comorbidities 
such as hypertension, diabetes, coronary heart disease, 
hypercholesterolemia, and benign prostatic hyperplasia for 
participants of all groups.

Informed consent was obtained from all subjects. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and approved by the Ethics 
Committee of the First Affiliated Hospital of Guangzhou 
Medical University (approval No. 2017-22). Clinical trial 
registered with www.clinicaltrials.gov (NCT 03240315).

Clinical and functional parameters

Data collected at enrollment included patient demographics, 
pulmonary function, COPD assessment test (CAT), and 
the Modified Medical Research Council Dyspnea Scale 
(mMRC) score before sputum induction. Venous blood 
samples were obtained from all subjects. Spirometry was 
performed before sputum induction according to the 

American Thoracic Society (ATS) guidelines (24).

Blood sample collection and processing

Ve n o u s  b l o o d  s a m p l e s  w e r e  c o l l e c t e d  i n 
ethylenediaminetetraacetic acid anticoagulation tubes 
before sputum induction. A differential white blood cell 
count was carried out using a Coulter instrument (Sysmex-
XE2100, Kobe, Japan). Serum samples were stored at –80 ℃  
for subsequent detection.

Sputum induction and processing

Sputum induction was performed in accordance with the 
guidelines of the Task Force of the European Respiratory 
Society (25). A two-step procedure was used to process 
sputum to avoid the effect of dithiothreitol on subsequent 
protein analysis. Details of the protocol were reported 
previously (26). The sputum supernatant and serum samples 
were stored at –80 ℃ for further analysis. Pulmonary 
function test, venous blood sample collection, and sputum 
induction were performed from 8:30 a.m.–10:00 a.m.

Autoantibody detection

Given that the autoantibody detection in sputum is not 
performed routinely, we validated the reproducibility of 
the autoantibody measurements in sputum supernatant 
from healthy subjects and stable COPD subjects in our 
recent publication (27). Based on a search of the literature, 
we selected 10 autoantigens with known or putative 
links to COPD (19,28-30): Ro/Sjögren syndrome type A 
antigen (Ro/SSA), La/Sjögren syndrome type B antigen 
(La/SSB), Smith antigen (Sm), DNA topoisomerase I  
(Scl-70), ribosomal phosphoprotein P0 (P0), U1 small 
nuclear ribonucleoprotein (U1-SnRNP), histidyl-
tRNA synthetase (Jo-1), thyroid peroxidase (TPO), and 
myeloperoxidase (MPO), proteinase-3 (PR-3).

The levels of autoantibodies were detected using the 
Luminex platform, as we described before (31). The selected 
autoantigens (US Biological, US) were coupled to multiplex 
magnetic beads (Luminex, US) and incubated with sputum 
supernatant and serum samples diluted 1:10 and 1:180 at  
37 ℃ for 1 h. The beads were washed using a Bio-Plex ProTM 
wash station (Bio-Rad, USA), treated with biotin-conjugated 
anti-human IgG (ThermoFisher, US) at a 1:1,000 dilution 
and incubated at 37 ℃ for 1 h. Thereafter, beads were 
washed and reacted for 15 min at 37 ℃ with streptavidin-R-
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phycoerythrin (Bio-Rad, US). After the microspheres were 
washed and resuspended, the mean fluorescence intensity 
(MFI) of each encoded microsphere was measured using 
Bio-Plex 200 (Bio-Rad, US). Bio-Plex ManagerTM 6.0 
software was used to generate the result files. All resulting 
MFI were corrected for their background by subtracting the 
MFI of the blank control (beads incubated without sputum/
serum).

Statistical analysis

Data are here expressed as the mean ± standard deviation 
(SD) for continuous variables. Variables with skewed 
distribution were expressed as the median [interquartile 
range (P25–P75)]. For categorical variables, the number of 
observations and percentages in each category are reported. 
All statistical analyses were performed using SPSS software 
(version 19.0). Unbiased/unsupervised agglomerative 
(“bottoms-up”) hierarchical clustering was performed on 
the Spearman’s correlation matrix by using the uncentered 
correlation as the similarity metric (Cluster 3.0, available 
at http://bonsai.hgc.jp/~mdehoon/software/cluster/
software.htm) to identify the autoantibody modules. The 
dendrogram and resulting heatmap were visualized using 
TreeView (version 1.1.6r4, available at http://jtreeview.
sourceforge.net/) based on Java (available at https://www.
java.com/zh_CN/). An autoantibody network was then 
established using Gephi software (version 0.9.1, available at 
http://www.gephi.org/). Network clustering was conducted 
using the “fast unfolding” algorithm included in the Gephi 
software.

Results

Clinical and molecular characteristics of the patients

The demographics and clinical characteristics of the four 
study groups are shown in Table 1. The sputum and serum 
autoantibodies levels of the four groups are shown in Table 2,  
and their post-hoc comparisons are shown in Figure 1. In 
COPD groups, sputum anti-Ro/SSA and serum anti-U1-
SnRNP were significantly higher than in the control group.

Relationship between autoantibody profiles and clinical 
parameters in COPD

Of all detected autoantibodies, with adjustment for age, 
FEV1 in percentage of predicted (FEV1%pred) correlated 

negatively with the sputum anti-PR3 level, but there was no 
significant correlation with serum autoantibody levels. The 
CAT score was positively correlated with sputum anti-P0, 
anti-Ro/SSA, anti-MPO, and anti-U1-SnRNP levels but 
weakly and negatively correlated with the serum anti-TPO 
level. The number of exacerbation events in the previous 
year was found to be positively correlated with the sputum 
anti-P0, anti-Ro/SSA, anti-PR3, and anti-U1-SnRNP levels 
but negatively correlated with the serum anti-TPO level 
(Tables 3,4).

Identification of autoantibody clusters by using hierarchical 
clustering

To identify the autoantibody clusters, hierarchical clustering 
was performed on Spearman’s correlation matrix using the 
uncentered correlation as the similarity metric. In COPD 
cohorts, hierarchical clustering of the correlation matrix 
showed that sputum and serum autoantibodies could be 
distinguished perfectly in both the analysis cohort and 
validation cohort (Figure 2A,B).

In those controls and CTD-ILD patients, hierarchical 
clustering could not separate the autoantibodies into airway 
vs. circulating compartments (Figure 2C,D), suggesting 
an association between sputum and serum autoantibody 
responses.

Identification of autoantibody modules by using network 
analysis

A second approach to the identification of the autoantibody 
clusters (modules in the network) involved clustering 
applied to the autoantibody network, which was here used 
to identify two modules (Figure 3A). Module 1 (yellow) 
was composed of 11 nodes that included all of the sputum 
autoantibodies and one serum autoantibody (anti-TPO). 
Module 2 (green) was composed of nine nodes comprising 
all serum autoantibodies. In this way, only one autoantibody 
(serum anti-TPO) was misclassified from one module 
(serum) to the other (sputum), showing that network 
clustering can adequately distinguish sputum from serum 
autoantibodies.

In the COPD cohort used for validation, network 
analysis perfectly separated the autoantibodies into 
two compartments (airway and circulating) (Figure 3B). 
In the control group, network clustering identified 
four autoantibody modules, but it did not separate the 

http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm
http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm
http://jtreeview.sourceforge.net/
http://jtreeview.sourceforge.net/
https://www.java.com/zh_CN/
https://www.java.com/zh_CN/
http://www.gephi.org/
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autoantibodies into two compartments (Figure 3C). In 
CTD-ILD patients, network clustering separated the 
autoantibodies into the three modules, but it did not 
separate the autoantibodies into two compartments 
(Figure 3D).

Discussion

This is the first study to use a sensitive detection method 
to simultaneously investigate autoantibody levels in two 
compartments (airway and circulation) in COPD patients. 

Table 1 Demographics and clinical characteristics of the four groups

Characteristics
Analytic COPD 
cohort (n=47)

Validation COPD 
cohort (n=55)

Controls (n=59) CTD-ILD (n=20) P

Age, yrs† 67.13±7.66 65.89±8.49 56.61± 9.41 56.32±9.16 <0.001

Gender, M/F* 45/2 50/4 41/18 10/10 <0.001

BMI (kg/m²)† 21.74±4.30 21.96±3.98 25.14±3.33 24.85±1.97 <0.001

Smoking, n (never/ex/current)† 4/33/10 6/40/9 27/14/18 14/5/1 <0.001

Smoking intensity (pack-years) 29.14±20.81 35.15±27.53 14.32±20.1 12.65±21.38 <0.001

Pre-BD FEV1 (L)† 1.26±0.61 1.28±0.54 2.71±0.67 1.91±0.45 <0.001

Pre-BD FEV1%pred (%)† 48.47±23.67 49.50±19.56 98.04±14.12 70.57±17.70 <0.001

Pre-BD FVC (L)† 2.49±0.78 2.61±0.70 3.46±0.89 2.33±0.64 <0.001

Pre-BD FVC%pred (%) 74.62±23.57 78.87±18.95 102±14.71 64.72±17.15 <0.001

Pre-BD FEV1/FVC† 0.49±0.14 0.48±0.13 0.79±0.06 0.83±0.08 <0.001

Post-BD FEV1 (L) 1.40±0.63 1.41±0.56 ND ND 0.916

Post-BD FEV1%pred (%) 53.94±24.64 54.68±20.56 ND ND 0.865

Post-BD FVC (L) 2.68±0.70 2.78±0.75 ND ND 0.493

Post-BD FVC%pred (%) 81.3±21.46 86.19±19.32 ND ND 0.324

Post-BD FEV1/FVC 0.51±0.14 0.52±0.26 ND ND 0.710

Variation in FEV1 (L) 0.11 [0.06–0.19] 0.11 [0.04–0.19] ND ND 0.648

Variation in FEV1 (%) 10.17 [4.13–17.79] 9.88 [3.82–18.36] ND ND 0.566

CAT score 9 [5–14] 12 [7–17] NA NA 0.204

mMRC 1 [1–2] 2 [1–2] NA NA 0.324

Respiratory medications

ICS, n (%) 27 (57.4) 39 (70.9) NA NA 0.156

LABA, n (%) 28 (59.6) 38 (69.1) NA NA 0.316

LAMA, n (%) 15 (31.9) 26 (47.3) NA NA 0.115

ICS + LABA, n (%) 15 (31.9) 18 (32.7) NA NA 0.93

ICS + LABA + LAMA, n (%) 12 (25.5) 20 (36.4) NA NA 0.24

*, the P value was >0.05 among analytic COPD cohort, validation COPD cohort and controls. †, the P value was >0.05 between analytic 
COPD cohort and validation COPD cohort. Data are presented as n (%), mean ± SD or median [interquartile range], unless otherwise 
stated. COPD, chronic obstructive pulmonary disease; CTD-ILD, connective-tissue disease-associated interstitial lung disease; BMI, body 
mass index; pre-BD, pre-bronchodilator; post-BD, post-bronchodilator; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; 
FEV1%pred, forced expiratory volume in 1 s in percentage of predicted; FVC%pred, forced vital capacity in percentage of predicted; CAT, 
COPD assessment test; mMRC, modified Medical Research Council Dyspnea Scale; ICS, inhaled corticosteroids; LABA, long-acting beta 
agonist; LAMA, long-acting muscarinic antagonist; SD, standard deviation.
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In addition, two unbiased approaches were used to identify 
the autoantibody modules. The main finding of our 
study was the dissociation between airway and circulating 
autoantibody levels in patients with stable COPD. We 
then validated this result using a second COPD cohort and 
compared the results to those from healthy controls and 
CTD-ILD patients. We also found that sputum but not 
serum autoantibody levels to be positively associated with 
the risk of disease exacerbation.

In the current study, the selected autoantibodies used 
were against three types of autoantigens (including 10 

self-antigens) and were chosen for exploratory purposes 
based on a search of the literature: (I) ubiquitous self-
antigens: Sm, P0, Ro/SSA, La/SSB, Scl-70, Jo-1, and 
U1-SnRNP. These self-antigens were present in all 
nucleated cells. Noxious particles or gases stimulate an 
inflammatory response in the lung that damages the lung 
tissue. The consequent cell damage releases nucleoprotein 
complexes and exposes the self-antigens to the immune 
system, thus triggering autoimmunity (28). In addition, 
oxidative stress may lead to chemical modification of 
the above proteins, resulting in the generation of neo-

Table 2 Sputum and serum autoantibodies levels (MFI) in four groups

Autoantibodies
Analytic COPD cohort 

(n=47)
Validation COPD 

cohort (n=55)
Controls (n=59) CTD-ILD (n=20) P

Sputum

Sm 201 (100–330.5) 204 (115.5–393.5) 166 (113.5–229.5) 171.5 (61.5–239) 0.17

P0 292 (192.5–386) 301 (143.5–405.5) 190 (151–293.5) 325.5 (239–392) 0.054

Ro/SSA 448 (272.5–659.5) 449 (302.5–1,017) 256 (184–394) 375.5 (169–735.5) <0.001

La/SSB 164 (72.5–510.5) 155 (90–379) 119 (78.5–180) 140 (81–427.5) 0.24

Scl70 262 (164.5–503) 261 (141.5–466) 340 (235.5–471) 396.5 (178.5–786) 0.06

Jo1 265 (174.5–531.5) 255 (148–465) 282 (200.5–395) 248 (178–359) 0.825

TPO 261 (140–790) 252 (124–497) 206 (120–316.5) 264.5 (171.5–609) 0.444

MPO 109 (63–227.5) 107 (52–183.5) 58 (47.5–110.5) 109 (48–164.5) 0.073

PR3 484 (211.5–677.5) 479 (226–835.5) 288 (198.5–485.5) 389.5 (213.5–663.5) 0.037

U1-SnRNP 476 (288–709) 457 (260–714) 333 (227–490.5) 619 (387–939) 0.002

Serum

Sm 156 (72–351) 153 (100.5–228) 130 (103.5–208.5) 122.5 (48.5–627) 0.193

P0 163 (86–396.5) 159 (96.5–365) 175 (101–281.5) 139 (94.5–214.5) 0.589

Ro/SSA 275 (122.5–399.5) 264 (160–415.5) 199 (120.5–262.5) 184 (118.5–432) 0.111

La/SSB 99 (57.5–238) 102 (74–163) 88 (67.5–139) 96 (61.5–229) 0.542

Scl70 194 (93.5–324.5) 190 (130.5–384) 153 (116.5–221) 329 (108.5–1,494.5) 0.052

Jo1 105 (51.5–145.5) 108 (79.5–149) 140 (109.5–204) 94.5 (63.5–304.5) 0.028

TPO 303 (140.5–1,400) 304 (173–714) 222 (118.5–526.5) 287.5 (102.5–1,425) 0.428

MPO 57 (41–107) 57 (46–93.5) 50 (37.5–71) 69 (42.5–272) 0.147

PR3 154 (78–265) 155 (113–214) 126 (96–213.5) 156 (98.5–289) 0.554

U1-SnRNP 523 (295–702) 515 (373–797.5) 327 (220–473) 584 (275–1,659) <0.001

Data are presented as median (interquartile range). MFI, mean fluorescence intensity; COPD, chronic obstructive pulmonary disease; 
CTD-ILD, connective-tissue disease-associated interstitial lung disease; Sm, Smith antigen; P0, ribosomal phosphoprotein P0; Ro/SSA, 
Ro/Sjögren syndrome type A antigen; La/SSB, La/Sjögren syndrome type B antigen; Scl-70, DNA Topoisomerase I; Jo-1, histidyl-tRNA 
synthetase; U1-SnRNP, U1 small nuclear ribonucleoprotein; TPO, thyroid peroxidase; PR-3, proteinase-3; MPO, myeloperoxidase.
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antigens and the induction of an autoantibody response. 
(II) The organ-specific antigen TPO, which may not be 
involved in the pathogenesis of COPD. TPO served as an 
exploratory antigen in our study. Packard et al. reported 
that serum anti-TPO levels were lower in patients with 
emphysematous than non-emphysematous COPD (19). (III) 
The cytoplasmic neutrophil antigens MPO and PR3. There 
is abundant evidence that neutrophil degranulation releases 
a range of bioactive substances that contribute significantly 
to the tissue damage in COPD (29). Under the effect of 
neutrophil extracellular traps (30), neutrophil degranulation 
products such as MPO and PR3 may also serve as self-
antigens, triggering autoimmunity and tissue damage in the 
airways.

Previous studies evaluated the relationships between 

inflammatory markers in the airway and circulation in 
COPD patients by simultaneously monitoring the same 
mediators in the two compartments (5-7,32). These studies 
showed a lack of correlation between mediators in the 
two compartments. However, they did not examine the 
relationship between airway and circulating autoantibodies. 
We found a correlation between the presence of the same 
autoantibodies in the airway and circulation of patients 
with stable COPD and used an unbiased approach to 
discriminate the autoantibodies in one compartment vs. the 
other.

While it is widely accepted that systemic inflammation 
contributes to the systemic manifestations of COPD, little 
is known about the relationship between local and systemic 
autoimmune responses. Therefore, in the current study, we 

Figure 1 Multiple comparisons of autoantibodies in the sputum and serum of different groups. (A) Sputum anti-Ro/SSA; (B) sputum anti-
PR3; (C) sputum anti-U1-SnRNP; (D) serum anti-Jo1; (E) serum anti-U1-SnRNP. *, P<0.05; **, P<0.01; ***, P<0.001. Ro/SSA, Ro/Sjögren 
syndrome type A antigen; PR-3, proteinase-3; U1-SnRNP, U1 small nuclear ribonucleoprotein; Jo-1, histidyl-tRNA synthetase; CTD-ILD, 
connective-tissue disease-associated interstitial lung disease.
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used two unbiased approaches, hierarchical clustering based 
on the uncentered correlation similarity metric and network 
clustering based on a “fast unfolding” algorithm, to identify 

the autoantibody modules in sputum and serum and the 
possible relationship among them. Hierarchical clustering 
discriminated between serum and sputum autoantibodies, 

Table 3 Correlation coefficients between sputum autoantibody levels and clinical parameters in COPD patients (adjusted by age)

Sputum 
autoantibodies

FEV1 (%predicted) CAT mMRC
Number of exacerbations 

in the previous year

r P r P r P r P

Anti-Sm 0.101 0.504 0.182 0.226 0.026 0.864 0.115 0.448

Anti-P0 –0.045 0.766 0.421 0.004 0.190 0.205 0.370 0.011

Anti-Ro/SSA –0.005 0.973 0.338 0.022 0.191 0.203 0.382 0.009

Anti-La/SSB 0.021 0.888 –0.058 0.701 0.025 0.871 0.025 0.869

Anti-Scl70 –0.083 0.584 0.041 0.787 0.167 0.266 0.174 0.246

Anti-Jo1 –0.197 0.191 0.085 0.576 0.122 0.419 0.268 0.072

Anti-TPO 0.244 0.103 –0.118 0.435 –0.169 0.262 –0.182 0.227

Anti-MPO –0.111 0.463 0.309 0.037 0.159 0.292 0.206 0.171

Anti-PR3 –0.303 0.041 0.291 0.050 0.237 0.113 0.304 0.040

Anti-U1-SnRNP –0.006 0.969 0.352 0.016 0.157 0.298 0.367 0.012

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; CAT, COPD assessment test; mMRC, modified 
Medical Research Council Dyspnea Scale; Sm, Smith antigen; P0, ribosomal phosphoprotein P0; Ro/SSA, Ro/Sjögren syndrome type A 
antigen; La/SSB, La/Sjögren syndrome type B antigen; Scl-70, DNA topoisomerase I; Jo-1, histidyl-tRNA synthetase; U1-SnRNP, U1 small 
nuclear ribonucleoprotein; TPO, thyroid peroxidase; PR-3, proteinase-3; MPO, myeloperoxidase.

Table 4 Correlation coefficients between serum autoantibody levels and clinical parameters in COPD patients (adjusted by age)

Serum 
autoantibodies

FEV1 (%predicted) CAT mMRC
Number of exacerbations 

in the previous year

r P r P r P r P

Anti-Sm –0.009 0.951 0.016 0.918 –0.053 0.729 –0.061 0.685

Anti-P0 –0.028 0.854 0.069 0.647 0.002 0.990 0.017 0.911

Anti-Ro/SSA –0.038 0.804 0.054 0.720 0.026 0.865 –0.007 0.962

Anti-La/SSB 0.029 0.849 –0.101 0.504 0.022 0.882 –0.097 0.522

Anti-Scl70 –0.021 0.889 –0.143 0.343 –0.044 0.771 0.043 0.777

Anti-Jo1 –0.147 0.330 –0.031 0.837 0.078 0.604 0.051 0.738

Anti-TPO 0.192 0.201 –0.295 0.047 –0.282 0.058 –0.305 0.039

Anti-MPO 0.253 0.090 –0.212 0.157 –0.246 0.100 –0.137 0.363

Anti-PR3 –0.079 0.600 –0.035 0.820 –0.097 0.521 –0.119 0.429

Anti-U1-SnRNP –0.167 0.267 –0.052 0.731 –0.020 0.894 0.042 0.780

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; CAT, COPD assessment test; mMRC, modified 
Medical Research Council Dyspnea Scale; Sm, Smith antigen; P0, ribosomal phosphoprotein P0; Ro/SSA, Ro/Sjögren syndrome type A 
antigen; La/SSB, La/Sjögren syndrome type B antigen; Scl-70, DNA topoisomerase I; Jo-1, histidyl-tRNA synthetase; U1-SnRNP, U1 small 
nuclear ribonucleoprotein; TPO, thyroid peroxidase; PR-3, proteinase-3; MPO, myeloperoxidase.
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although network clustering was also effective. The 
results showed that, in patients with stable COPD, the 
autoantibody profiles in these two biological compartments 
are significantly different.

We also found that while the presence of many sputum 
autoantibodies is correlated with clinical parameters, in 
serum, this was the case only for anti-TPO. These results 

suggested that sputum autoantibodies are more clinically 
relevant than serum autoantibodies. Airflow limitation 
(FEV1%pred) was found to be negatively correlated 
with sputum anti-PR3 level, whereas the CAT score was 
positively correlated with sputum anti-P0, sputum anti-
Ro/SSA, sputum anti-MPO, and sputum anti-U1-SnRNP 
levels, but negatively correlated with serum anti-TPO. 

Figure 3 Network clustering of autoantibodies in sputum and serum of four groups. (A) Analytic COPD cohort; (B) validation COPD 
cohort; (C) non-COPD controls; (D) CTD-ILD patients. The size of each node (an autoantibody) is proportional to its weighted degree 
value. The color of each node represents the corresponding module. Correlation coefficients with P values ≥0.05 were removed. Edges 
between pairs of nodes represent statistically significant correlations (P<0.05); edges shown in red are statistically significant positive 
correlations, and edges shown in blue indicate statistically significant negative correlations. The suffix “sp” indicates autoantibodies in 
sputum; the other autoantibodies are those in serum. COPD, chronic obstructive pulmonary disease; CTD-ILD, connective-tissue disease-
associated interstitial lung disease.
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Importantly, the risk of exacerbation of COPD (number 
of exacerbation events in the previous year) was found to 
be positively correlated with sputum anti-P0, sputum anti-
Ro/SSA, anti-PR3 levels, and sputum anti-U1-SnRNP. 
Whereas the serum anti-ENA autoantibody profiles did 
not correlate with clinical parameters, in agreement with 
a previous study showing that serum ANA titers were not 
related to lung function (20). The positive correlation 
between serum anti-TPO levels and FEV1%pred was 
consistent with the results reported by Packard et al., who 
showed that serum anti-TPO levels were lower in patients 
with emphysematous than non-emphysematous COPD (19).

The current study has several main strengths. First, 
we detected autoantibody profiles in two compartments 
(airway and circulation) simultaneously and evaluated the 
relationships between serum and sputum autoantibodies 
by using two unbiased approaches: (I) hierarchical 
clustering; (II) network-based clustering, a novel approach 
recommended by many researchers (33-36). Second, 
we added a second cohort with a larger sample size to 
validate the relationships between sputum and serum 
autoantibodies in COPD, and we also compared the results 
to tests performed under other conditions i.e., non-COPD 
controls and CTD-ILD patients. Third, we evaluated this 
relationship using clinical parameters.

Our study also has several limitations. First, as an 
observational study, conclusions regarding the causal 
relationship between sputum autoantibody levels and 
the risk of COPD exacerbation could not be drawn. 
Second, the autoantibodies in the current study are not 
specific to COPD, which could be a limiting factor in 
identification of pathological autoantibodies involved in the 
mechanism underlying COPD. Third, we detected the IgM 
autoantibodies against the selected autoantigens, but most 
values were around the lower detection limits and similar 
to those of healthy controls, so we do not think the data 
are reliable enough and did not show them here. Fourth, 
most COPD patients were male. This may be because of 
the uneven sex distribution of the most important COPD 
risk factor: According to the Global Adults Tobacco Survey 
of 2018, 50.5% of males but only 2.1% of females in China 
were smokers (37). Because many more males than females 
smoke, there was a corresponding sexual bias among our 
study participants. Fifth, due to different risk factors and 
prognoses between groups, we could not match all the 
characteristics, such as gender, age, smoking status, and 
chronic comorbidities, between COPD groups and the 
other groups. However, the goal of the current study was 

to elucidate the relationship between airway and systemic 
autoantibody responses in COPD patients. In this way, this 
limitation may not affect the main conclusions of our study.

In conclusion, we observed a dissociation between 
sputum autoantibodies and serum autoantibodies in the 
context of their correlation patterns in patients with 
stable COPD, suggesting different immunopathogenic 
mechanisms. Sputum autoantibodies are more clinically 
relevant than serum autoantibodies. Therefore, focusing on 
airway autoimmunity may help improve understanding of 
the immunopathological mechanism of COPD.
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