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Background: Autoimmunity plays a role in the pathogenesis of chronic obstructive pulmonary disease
(COPD). However, the autoantibody responses and their clinical correlation patterns in COPD patients
with and without airway eosinophilic inflammation are unknown. The aim of this study was to compare
the autoantibody profiles and their clinical associations in stable COPD patients, stratified by airway
inflammatory phenotypes.

Methods: Matched sputum and serum, obtained from 62 stable COPD patients and 14 age-matched
controls, were assayed for the presence of IgG and IgM antibodies against 13 autoantigens using protein
array. A sputum eosinophil count >3% was used as cut-off value to stratify COPD patients into eosinophilic
and non-eosinophilic groups. Correlation network analysis was used to evaluate the correlation patterns
among autoantibody and clinical variables in each group.

Results: There were no significant differences of clinical parameters and autoantibody levels between the
two COPD groups. In non-eosinophilic COPD, sputum anti-CytochromeC_IgG and anti-Aggrecan_IgM
were significantly higher than those in healthy controls, and prior exacerbation was positively associated with
lung function and sputum anti-Collagen-IV_IgG. While in eosinophilic COPD, sputum/serum anti-heat
shock protein (HSP)47_IgG, serum anti-HSP70_IgG and serum anti-Amyloid-beta_IgG were significantly
lower than those in healthy controls, and no significant correlation between prior exacerbations and lung
function was found. Differences were also observed in network hubs, with the network for non-eosinophilic
COPD possessing 9 hubs comprising two lung function parameters and seven autoantibodies, compared with
eosinophilic COPD possessing 12 hubs all comprising autoantibodies.

Conclusions: Autoantibody responses were heterogeneous and differentially correlated with the
exacerbation risk and other clinical parameters in COPD patients of different inflammatory phenotypes.
These findings provide useful insight into the need for personalized management for preventing COPD

exacerbations.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
major cause of morbidity and mortality worldwide, and
is characterized by persistent respiratory symptoms and
airflow limitation that is not fully reversible due to airway
and/or alveolar lesions (1). Heterogenous and complex
immunological responses and airway inflammation play
critical roles in the pathogenesis and progression of
COPD (2). There are various patterns of airway
inflammation in COPD. Although it is generally accepted
that neutrophilic inflammation is the major inflammation
pattern in the airways during COPD, the concept of
eosinophilic airway inflammation arose in the 1990s (3,4).
Importantly, during stable COPD, sputum eosinophilia may
predict the response to inhaled corticosteroids (ICS) used to
prevent exacerbation of the disease (5-8).

The role of autoimmunity in chronic airway diseases
such as asthma and COPD has obtained attention in
recent years (9-12). Airway inflammation in COPD is
heterogeneous in nature and pattern. Similar to severe
asthma, glucocorticoid treatment of stable COPD is not as
effective at reducing airway inflammation (13). However,
ICS may reduce adaptive immune responses in stable
COPD and may be more effective in patients with increased
B-cell responses as indicated by high autoantibody titres
(14,15), while long-term withdrawal of ICS in stable COPD
cases leads to a significant increase in the number of CD3+,
CD4+ and CD8+ T cells in the airways (15). Furthermore,
eosinophilic inflammation in COPD reflects the more
general presence of type 2 inflammation, which is mediated
by both adaptive immune cells and innate immune cells
in the lung/airway (16). Eosinophilic inflammation can
lead to the release and accumulation of self-antigens,
such as collagen, elastin, cytochrome C, and danger-
associated molecular (DAMPs), and may consequently
foster a microenvironment of breaking immune tolerance
(17-20). Therefore, it is reasonable to infer that there would
be more autoantibodies involved in eosinophilic COPD
than in non-eosinophilic COPD, despite the lack of reports
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about which autoantibodies are involved in COPD patients
with different inflammation patterns.

Antibodies against a set of self-antigens were reported
in COPD serum, plasma and tissue, and their associations
with clinical parameters were also evaluated. Packard ez 4.
reported increased levels of serum autoantibodies against
collagen I, collagen II, collagen IV, elastin, aggrecan and
cytochrome C (21). The increased levels of serum anti-
collagen II, anti-cytochrome C and anti-aggrecan were
associated with emphysema phenotype of COPD. A
decreased level of anti-elastin antibody was reported to be
associated with emphysema and more severe disease (22).
Recently, Mukherjee ez a/. identified an autoimmune
endotype of severe eosinophilic asthma by the presence of
sputum autoantibodies against eosinophil peroxidase and
autologous cellular components, and also demonstrated that
airway autoantibodies were associated with clinical markers
of airway eosinophilic degranulation (11), indicating a
potential association between autoimmunity and airway
eosinophilic inflammation in COPD. However, the airway/
circulating autoantibody responses and their clinical
correlation patterns in COPD patients with and without
airway eosinophilic inflammation are unknown.

Network medicine is an integrative research approach
that is suitable for the investigation of complex diseases,
such as chronic respiratory diseases (23-26), and it is the
human counterpart of the system biology (27). Node
is a system component that, by connecting/interacting
with other nodes/components, forms a network. An edge
(link) represents the interactions between the nodes of a
network. In biological networks, nodes can denote genes,
RNA molecules, proteins, metabolites or even diseases,
and edges can be protein—protein binding interactions,
metabolic couplings or correlation coefficients between
parameters, among others (23). The degree of a node is
the sum of the edges (links) that connect to it. Hubs are
the highly connected nodes in the network. A hub node
in a network has a high degree of edges, meaning that
it interacts with many other nodes in the network, and
thus often occupies a central position (28). Grosdidier
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and colleagues used the network-based approach to
investigate the biological relationships between COPD,
comorbidities and chemical products contained in
tobacco smoke, and found that COPD shared biological
pathways, proteins and genes with its comorbidities (29).
Divo and colleagues investigated the association between
comorbidities in stable COPD patients by integrating
79 comorbidities as well as demographic, clinical and
functional parameters in the network analysis (30). They
found that the comorbidities were significantly interlinked
and formed a scale-free network in which six modules
could be identified. Faner and colleagues explored the
association between multiple comorbidities in exacerbated
COPD patients from a molecular perspective using
network analysis (31). However, no known study to date
has investigated the interrelationships among airway
and circulating autoantibody responses and clinical
parameters in different airway inflammatory phenotypes
of COPD patients. Hence, we hypothesized that COPD
patients of different airway inflammatory phenotypes
have distinct autoantibody expression and correlation
patterns both in the airways and circulatory system. In
the current study, we detected airway and circulating
autoantibody profiles in eosinophilic COPD compared
with non-eosinophilic COPD and healthy controls,
and performed a network-based approach to analyze
the integrative data (autoantibody and clinical profiles)
in each group. Based on our exploratory purpose and
information from published literature (21,22,32-38), we
selected the following 13 autoantigens with known or
putative links to COPD: (I) extracellular matrix (ECM)
proteins, i.e., collagen I, collagen II, collagen IV, aggrecan,
and elastin; (II) stress-related molecules, i.e., amyloid-
beta (AP), heat shock protein (HSP) 47, and HSP70; (I1I)
an alveolar cellular protein, i.e., cytokeratin 18; and (IV)
common intracellular antigens, i.e., centromere protein
B (CENP-B), cytochrome C, La/Sjogren syndrome type
B antigen (La), and vimentin. We aimed to (I) describe
the autoantibody profiles in different inflammatory
phenotypes of COPD; (II) compare the correlation
patterns of the autoantibody and clinical parameters of
COPD subgroups with and without eosinophilic airway
inflammation; and (III) identify the most important factors
(hubs) in each network. Our findings provide new insight
into the autoimmune responses involved in the different
inflammatory phenotypes of COPD and the need for
personalized clinical management of COPD.
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Methods
Design and patients

This is a prospective cross-sectional observational study.
Sixty-two COPD patients in the stable stage of the disease
were enrolled at Guangzhou Institute of Respiratory
Health, the First Affiliated Hospital of Guangzhou Medical
University (Guangzhou, China), between August 2017 and
January 2018. The inclusion criteria were: (I) over 40 years
of age; and (I) confirmed diagnosis of COPD according to
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines (post-bronchodilator FEV1/FVC ratio
<0.7). The exclusion criteria were: (I) diagnosis of known
respiratory disorders other than COPD; (II) history of
significant inflammatory disease other than COPD; (III)
COPD exacerbation within 4 weeks of enrolment; (IV)
history of lung surgery; (V) recent diagnosis of cancer; (VI)
received a blood transfusion within 4 weeks of enrolment;
(VII) inability to walk; and (VIII) participating in a blinded
drug trial. Informed consent was obtained from all patients.
A group of 14 non-COPD controls without known medical
conditions was also recruited for comparison. Written
informed consent was obtained from all subjects. This
study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of the
First Affiliated Hospital of Guangzhou Medical University
(approval No.: 2017-22). The current study was registered
with www.clinicaltrials.gov (NCT 03240315).

Clinical and functional parameters

Data collected at enrolment included patient demographic
characteristics, pulmonary functions, COPD assessment
test (CAT) and the modified Medical Research Council
dyspnoea scale (nMRC) of subjects before the induction
of sputum. Venous blood samples were collected from
all subjects and separated at the same visit. Spirometry
was performed before sputum induction according to the
American Thoracic Society (ATS) guidelines (39).

Blood sample collection and processing

Peripheral venous blood samples were collected in ethylene
diamine tetra-acetic acid (EDTA) anticoagulation tubes. The
differential white blood cell count was determined using a
Coulter instrument (Sysmex-XE2100, Kobe, Japan). Serum
samples were stored at -80 °C for subsequent detection.
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Sputum collection and processing

Sputum induction was performed according to the
guidelines suggested by the Task Force of the European
Respiratory Society (40). We used a two-step procedure to
process the sputum as previously reported (41,42). Selected
and weighed sputum specimens were placed in a centrifuge
tube and incubated with an 8x volume of phosphate-
buffered saline (PBS), placed on ice on a bench rocker for
15 min, then rocked for 15 s every 5 min during an ice
bath. The mixture was centrifuged at 1,000 xg for 10 min
using a low-temperature centrifuge at 4 °C. The suspension
was filtered through a 0.22-pm bacterial filter to remove
bacteria, then a 4x volume of the supernatant was aspirated
and stored in frozen storage tubes at -80 °C for subsequent
detection. Then, a 2x volume of 0.3% dithiothreitol
(DTT) was added to the remaining sputum solute for
cell dispersion. Slides were prepared for differential cell
counts staining with hematoxylin-eosin. The percentages
of neutrophils, eosinophils, macrophages and lymphocytes
were quantified respectively (43).

Autoantibody detection

As mentioned above, we selected 13 autoantigens,
which included: Collagen I, Collagen II, Collagen 1V,
Aggrecan, elastin, Ap, HSP47, HSP70, Cytokeratin 18,
CENP-B, Cytochrome C, La and Vimentin. Both IgG
and IgM antibody levels against the above autoantigens
in the sputum supernatant and serum samples were
detected in triplicate by using a customized protein
microarray (Human Autoantigen Protein Array GI;
RayBiotech, Inc. Norcross, GA, USA). Given that the
detection of autoantibodies in sputum is not a routine
test, we validated the reproducibility of the autoantibody
measurements in the sputum supernatant of healthy and
stable COPD subjects in our recent publication (42).
Briefly, the detection procedure included the following
steps: (I) equilibrating the kit to room temperature; (II)
air-drying the glass slide; (III) array blocking; (IV) sample
incubation; (V) array washing; (VI) incubation with biotin-
conjugated anti-human IgG/IgM; (VII) array washing;
(VIII) incubation with Cy3-conjugated streptavidin; (IX)
array washing and drying; (X) fluorescence detection
(laser scanning) and data extraction; (XI) data analysis.
The detailed protocol can be downloaded (https://
www.raybiotech.com/files/manual/Protein-Array/PAH-
AGN-G1.pd).
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Statistical analysis

Data are expressed as the mean = SD for continuous
variables. Variables with a skewed distribution are expressed
as the median (interquartile range). COPD airway
inflammatory phenotypes were classified using sputum
white cell counts as follows: eosinophilic COPD was
defined as >3% sputum eosinophils, and non-eosinophilic
COPD was defined as <3% sputum eosinophils (5-8).
For categorical variables, the number of observations and
percentages were given for each category. Shapiro-Wilk test
was performed to access the normality of distribution of
each continuous variable, and depending on the distribution
of the data, ANOVA or Kruskal-Wallis test were used to
compare variables among groups. Then, Fisher’s Least
Significant Difference (LSD) test or the Nemenyi test was
performed to analyse the differences between groups. All
statistical analyses were performed using the SPSS software
(version 19.0). Spearman correlation networks integrating
clinical and molecular parameters were then constructed
using Gephi software (version 0.9.1). Network topological
analysis was performed using the corresponding functions
contained in Gephi.

Results

The demographics and clinical characteristics of all subjects
are shown in 7able 1. The COPD groups had lower lung
function than the healthy control group. There were no
significant differences in body mass index (BMI), lung
function, CAT score or mMRC between the two COPD
groups.

Autoantibody levels in the three groups

When comparing autoantibody levels, just a few
autoantibodies were significantly different among groups.
Significantly higher levels of the sputum autoantibodies,
anti-CytochromeC_IgG and anti-Aggrecan_IgM, were
detected in the non-eosinophilic COPD cases than in
the controls, and significantly lower levels of the anti-
CollagenlI_IgG and anti-CollagenIV_IgG antibodies were
detected in the non-eosinophilic COPD cases than in the
controls. Anti-CollagenII_IgG and anti-HSP47_IgG levels
were also significantly lower in the eosinophilic COPD
cases than in the controls, and anti-Aggrecan_IgM levels
were significantly higher in eosinophilic COPD cases than
in the controls (7able 2 and Figure 14,B,C,D,E).
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Characteristic Controls (n=14) Eosinophilic COPD (n=42) Non-eosinophilic COPD (n=20) P
Age, years 70.07+7.21 66.25+7.34 66.03+8.95 0.205
Gender, M/F 11/3 41/1 20/0 0.010
BMI (kg/m?) 23.84+5.36 21.77+£3.77 21.48+3.98 0.146
Smoking, n (never/ex/current) 6/7/1 3/29/10 2/14/4 0.019
Pre-BD FEV1 (L) 2.34+0.49 1.21+0.59° 1.37+0.55% <0.001
Pre-BD FEV1%pred (%) 95.62+11.25 46.58+20.43" 52.62+21.77° <0.001
Pre-BD FVC (L) 2.88+0.59 2.50+0.79 2.72+0.67 0.122
Pre-BD FEV1/FVC 0.81+0.04 0.47+0.12° 0.50+0.14* <0.001
Post-BD FEV1 (L) NA 1.36+0.62 1.52+0.59 0.185
Post-BD FEV1%pred (%) NA 52.25+21.46 58.79+24.70 0.156
Post-BD FVC (L) NA 2.74+0.75 2.84+0.71 0.466
Post-BD FEV1/FVC NA 0.48+0.12 0.56+0.31 0.165
CAT score NA 11 (6-17) 10 (5-14) 0.334
mMRC NA 2(1-2) 1(1-2) 0.449
Exacerbations in the previous year NA 1(0-1) 0(0-1) 0.387
Medications
LAMA NA 17 (40.5%) 10 (50%) 0.480
LABA NA 29 (64%) 10 (50%) 0.147
ICS NA 29 (64%) 11 (65%) 0.280
Oral aminophylline NA 18 (42.9%) 7 (35%) 0.555
Oral corticosteroid NA 0 0 -

Eosinophilic COPD is defined as =3% sputum eosinophils, and non-eosinophilic COPD is defined as <3% sputum eosinophils. Data
are presented as n (%), mean + SD or median (interquartile range), unless otherwise stated. Pre-BD, pre-bronchodilator; Post-BD, post-
bronchodilator; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FEV1%pred, forced expiratory
volume in 1 s in the percentage of predicted; FVCpred%, forced vital capacity in the percentage of predicted; CAT, chronic obstructive
pulmonary disease (COPD) assessment test; MMRC, Modified Medical Research Council Dyspnea Scale. *P<0.05 vs. control group.

Regarding the levels of autoantibodies in serum, anti-
AB_IgG, anti-HSP70_IgG and anti-HSP47_IgG levels
were significantly lower in eosinophilic COPD cases than in
the controls (7zble 3 and Figure 1FG,H). Interestingly, there
was no significant difference between eosinophilic COPD
and non-eosinophilic COPD in terms of IgG and IgM
autoantibody levels (Table 3 and Figure I).

Correlation patterns of clinical and autoantibody profiles
in the three groups

Figure 2 shows the Spearman correlation networks
integrating autoantibody profiles and clinical parameters in
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the three groups, and 7ible 4 shows their comparisons with
respect to the topological properties of the networks.

In the normal controls, the forced expiratory volume
in 1 s in the percentage of predicted (FEV1%pred) only
negatively correlated with BMI and the sputum lymphocyte
count. (Figure 24 and Table 4) In eosinophilic COPD cases,
FEV1%pred positively correlated with the maximal mid-
expiratory flow (MMEF), BMI, sputum macrophage count,
sputum anti-CollagenlI_IgG and sputum anti-Elastin_IgM,
and negatively correlated with the CAT score, mMRC,
sputum neutrophil count and serum anti-HSP70_IgG.
Prior exacerbations positively correlated only with the
CAT score, and negatively correlated with sputum anti-
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Table 2 Comparison of sputum autoantibody levels among groups (MFI)
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Characteristic Controls Eosinophilic COPD Non-eosinophilic COPD P

Anti-La_IgG 3,902.95 (3,591.98-4,598.25) 3,932.6 (3,321.4-4,834.25) 3,838.8 (3,177.6-4,648.63) 0.738
Anti-Ap_lgG 87 (61.38-105.35) 76.05 (49.85-94.13) 71.45 (28.08-113.8) 0.690
Anti-HSP70_IgG 5,647.1 (4,971.73-7,300.7) 4,797.2 (4,155.95-5,519.38) 4,793.9 (4,283.2-6,739.95) 0.062
Anti-Elastin_IgG 703.65 (541.53-787.15) 603.2 (459.98-740.58) 576.75 (421.1-850.98) 0.300
Anti-CENPB_IgG 2,980.4 (2,710.78-4,263.58)  2,994.55 (2,444.63-3,537.35)  2,661.45 (2,441.18-3,364.6) 0.200
Anti-Cytokeratin18_IgG 1,500.15 (546.38-2,919.4) 748.3 (425.05-1,783.38) 724.55 (337.8-2565.48) 0.484
Anti-Collagenl_IgG 229.4 (184.9-403.18) 246.35 (211.03-339.25) 200.25 (168.85-336.88) 0.560
Anti-CytochromeC_IgG 703.25 (583.68-850.53) 805.95 (648.53-1,014.05) 908.05 (755.1-1,072.18)* 0.048
Anti-Collagenll_IgG 491.2 (275.4-873.65) 262.55 (188.43-321.33)° 228.6 (166.23-337.65)" 0.015
Anti-HSP47_IgG 352.9 (223.25-751.2) 184.65 (108.13-287.03)* 235.45 (133.9-580.85) 0.013
Anti-CollagenIV_IgG 170 (90.65-455.25) 97.15 (46.63-329.13) 45 (33.65-154.63)* 0.046
Anti-Vimentin_IgG 293.1 (247.15-599.28) 267.15 (220.45-394.4) 292.15 (163.58-394.78) 0.518
Anti-Aggrecan_IgG 524.2 (456.25-734.1) 566 (501.93-623.8) 618.9 (509.63-661.18) 0.816
Anti-La_IgM 5,384.9 (4,491.95-7,136.75) 4,748.6 (4,058.8-6,233.4) 5,390.8 (4,359.58-9,008.48) 0.347
Anti-Ap_IgM 56.6 (0-109.53) 17.65 (0.53-54.68) 26.85 (1.13-61.73) 0.501
Anti-HSP70_IgM 5,666 (4,270.83-7,225.2) 5,131.15 (4,291.88-8,496.28)  5,993.25 (4,165.58-9,503.95) 0.852
Anti-Elastin_IgM 10,041.5 (8,136.6-11,624.85)  9,209.95 (5172.88-10,604.28) 9,639.15 (7,659.4-11,446.43) 0.252
Anti-CENPB_IgM 4,046.35 (2,308.8-6,839.7) 3,725.75 (2,535.5-7,637.63) 2,915.3 (2,436.78-6,770.15) 0.880
Anti-Cytokeratin18_IgM 3,375.15 (1,333.8-4,391.28) 2,291.75 (1,092.98-7,606.2) 1,670.4 (1,090.83-6,296.05) 0.969
Anti-Collagenl_IgM 214.65 (0-348.05) 183.75 (78.28-424.2) 147.4 (14.65-388.28) 0.540
Anti-CytochromeC_IgM 8,662.8 (8,164.45-13,865.6)  8,561.15 (7,942.75-9,575.38)  8,667.05 (7,946.78-11,466.05) 0.770
Anti-Collagenll_IgM 259.5 (0-2,062.28) 503.1 (18.75-1781.8) 295 (1.2-658.73) 0.321
Anti-HSP47_IgM 240.65 (133.33-503.48) 280.8 (127.68-574.98) 287.65 (80.45-917.45) 0.758
Anti-CollagenlV_IgM 0.4 (0-51.35) 10.1 (0-210.83) 1.2 (0.25-37.65) 0.365
Anti-Vimentin_IgM 656.75 (342.2-1,374.78) 351.4 (262.35-715.95) 445.05 (265.45-980.93) 0.498
Anti-Aggrecan_IgM 0 (0-314.73) 241.5 (1.18-587.98) 413.1 (1.2-721.2)° 0.018

Eosinophilic COPD is defined as =3% sputum eosinophils, and non-eosinophilic COPD is defined as <3% sputum eosinophils. Ap:
amyloid-beta; MFI: mean fluorescence intensity; HSP47: heat shock protein 47; HSP70: heat shock protein 70; La: La/Sjégren syndrome
type B antigen; CENP-B; centromere protein B. *P<0.05 vs. control group.

CollagenIV_IgG and serum anti-Elastin_IgG (Figure 2B).
Interestingly, there was no significant correlation
between prior exacerbation and lung function parameters
(FEV1%pred and MMEF) (Figure 2B and Table 4).

In non-eosinophilic COPD, FEV1%pred positively
correlated with MMEEF, BMI, sputum macrophage count,
sputum anti-CollagenlI_IgG, serum anti- Aggrecan_IgG,
and negatively correlated with prior exacerbation, CAT

© Journal of Thoracic Disease. All rights reserved.

score, mMRC, sputum neutrophil count and serum anti-
AB_IgM. Prior exacerbation positively correlated with
CAT score, mMRC and sputum anti-CollagenIV_IgG, and
negatively correlated with FEV1%pred, MMEE, sputum
anti-Vimentin_IgG and sputum anti- CENP-B_IgG
(Figure 2C and Table 4).

The distinct correlation patterns described above
resulted in distinct topological properties in three networks,
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Figure 1 Multiple comparisons of autoantibodies in the sputum and serum of different groups. (A) Sputum anti-CytochromeC_IgG; (B)
sputum anti-CollagenlI_IgG; (C) sputum anti-HSP47_IgG; (D) sputum anti-CollagenIV_IgG; (E) sputum anti-Aggrecan_IgM; (F) serum
anti-AP_IgG; (G) serum anti-HSP70_IgG; (H) serum anti-HSP47_IgG. AP, amyloid-beta; Eos, eosinophilic COPD; Non-Eos, non-

eosinophilic COPD. *P<0.05.

as shown in 7able 4. Notable observations were that both
COPD groups had higher network densities and more hubs
than the controls, and sputum anti-HSP47_IgG, serum
anti-HSP70_IgM, sputum anti-Collagenl_IgG and sputum
anti-Vimentin_IgG were hubs in both of the COPD groups.
Lung function parameters (FEV1%pred and MMEF) were
hubs in non-eosinophilic COPD but not in eosinophilic
COPD (Tuble 4).

Discussion

To the best of our knowledge, this is the first study to
demonstrate (I) the detection of autoantibodies against
ECM proteins, DAMPs and many other autoantigens in
serum and sputum simultaneously using a high-throughput
method; (II) analysis of the correlation patterns among
autoantibodies and clinical parameters in each inflammatory

© Journal of Thoracic Disease. All rights reserved.

phenotype of COPD, as well as a comparison of the network
topological features. Our main findings were as follows:
(I) Although the clinical features were similar between
the two COPD groups, the correlation patterns between
the clinical parameters and autoantibody levels were
markedly different. (I) In non-eosinophilic COPD, prior
exacerbation was negatively associated with lung function
(FEV1%pred and MMEF) and positively associated with
CAT score, mMRC and sputum anti-CollagenIV IgG, but
in eosinophilic COPD, no significant correlation between
prior exacerbation and lung function was detected. (III)
Topological analysis identified groups of highly connected
nodes/parameters (hubs): the network of eosinophilic
COPD had 12 hubs all comprising autoantibodies, while
the network of non-eosinophilic COPD comprised two
lung function parameters and only seven autoantibodies.
Previous studies reported the relationship between
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Table 3 Comparison of serum autoantibody levels among groups (MFI)

Characteristic Controls

Eosinophilic COPD

Non-eosinophilic COPD P

Anti-La_IgG 6,221.2 (4,624.8-7,555.75)

Anti-Ap_lgG 190.55 (166.05-246.15)
Anti-HSP70_IgG 15,411.1 (14,022.68-21,512.35)
Anti-Elastin_IgG 1,225.7 (1,068-1,512.18)
Anti-CENPB_IgG 8,281.65 (3,411.08-19,562.88)
Anti-Cytokeratin18_IgG  9,021.35 (4,346.15-11,326.1)
Anti-Collagenl_IgG 483.5 (372.95-562.95)
Anti-CytochromeC_IgG  1,666.35 (1,135.68-2,959.6)
Anti-Collagenll_IgG 2,891.3 (2,231.68-4,0083.73)
Anti-HSP47_IgG 2,432.15 (1,985.73-2,853.38)
Anti-CollagenIV_IgG 2,392 (1,119.5-4,302.13)
Anti-Vimentin_IgG 637.2 (481.6-871.95)
Anti-Aggrecan_IgG 977.6 (853.35-1,132.98)
Anti-La_IgM 12,636.45 (8,738.75-18,968.43)
Anti-Ap_IgM 29.05 (0-112.85)
Anti-HSP70_IgM
Anti-Elastin_IgM 7,717.45 (5,376.68-9,516.75)
Anti-CENPB_IgM 9,855.3 (3,635.25-15,711.73)
Anti-Cytokeratin18_IgM  9,358.75 (2,772.83-23,725.4)

Anti-Collagenl_IgM 1,247.4 (670.78-2,744.75)
Anti-CytochromeC_IgM  12,505.65 (7,984.85-17,158)
Anti-Collagenll_IgM 4,853.3 (2,308.1-12,439.78)
Anti-HSP47_IgM 4,409.05 (1,305.28-6,667.53)
Anti-CollagenlV_IgM 1,813.65 (37.2-7,620.38)
Anti-Vimentin_IgM 1,762.9 (900.38-11,814.18)

Anti-Aggrecan_IgM 1.1 (0-1,389.63)

5,339.2 (4,137.63-6,964.13)
130.8 (112.48-176.05)

2,080.55 (1,528.68-2,890.25)
1,574.7 (1,260.5-2,132.43)*
1,820.25 (1,188-4,264.65)
620 (476.88-971.38)
848.65 (714.1-980.35)
16,811.5 (9,505.63-29,345)
1.2 (0-128.28)

8,761.5 (6,274.98-9,924.8)
14,348.8 (7,156.98-21,443.98)
6,341.05 (3,100.88-12,749.48)
1,190.75 (798.25-2,783.53)

13,876.55 (11,272.73-20,962.08)
4,562.25 (2,564.7-13,761.33)
2,229.75 (1,308.7-5,158.5)
1,883.65 (107.55-5,536.8)

3,049.4 (1,587.85-7,395.8)

1.2 (0-437.85)

4,438.7 (3,969.25-6,794.55) 0.496
140.75 (113.23-223.28) 0.041

11,579.4 (8,560.05-19,350.28)" 13,647.25 (10,810.45-15,869.08)  0.042

1,153.15 (966.38-1,385.28) 1,108.55 (930.68-1,404.13) 0.526
4,739.7 (2,956.08-9,470.33)  4,696.75 (2,743.3-5,707.58) 0.266
4,519.35 (2,506.8-8,855.38) 5,140.75 (1,499.5-13,820.9) 0.259
337.8 (246.2-523.68) 434.35 (299.4-510.33) 0.236
1,348.5 (972.33-2,167.98) 1,604.35 (1,265.98-2,321.7) 0.334

2,262.3 (1,521.85-5,055.28) 0.084
1,828.8 (1,188.93-2,675.7) 0.016
2,102.2 (1,196.23-2,916.65) 0.765
587.85 (449.93-1241.35) 0.898
859.95 (705.3-1,020.93) 0.115
12,625.6 (8,631.45-62,355.48) 0.537
50.85 (3.15-194.23) 0.539

21,452.3 (14,324.95-26,854.25)  26,795.85 (16,977.33-52,042.03) 23,091.25 (12,759.08-51,967.13)  0.269

9,450.95 (7,026.9-11,096.2) 0.295
12,890.65 (7,533.25-18,341.63)  0.170
7,426.05 (2,787.03-12463.63)  0.744
2,039.4 (1,019.1-3,504.98) 0.493
15,671.4 (12,190.4-25,479.4) 0.380
6,686.4 (3,398.78-14,378.85)  0.697
2419.2 (1,384.08-3,770.83) 0.495
1,842.4 (172.28-3,763.83) 0.870
5,056.6 (1,510.58-21,145.65)  0.277
0(0-32.7) 0.099

Eosinophilic COPD is defined as =3% sputum eosinophils, and non-eosinophilic COPD is defined as <3% sputum eosinophils. Ap:
amyloid-beta; MFI: mean fluorescence intensity; HSP47: heat shock protein 47; HSP70: heat shock protein 70; La: La/Sjégren syndrome
type B antigen; CENP-B; centromere protein B. *P<0.05 vs. control group.

COPD and many autoantibodies and assessed the
correlation between autoantibodies and clinical parameters,
but few studies have addressed the correlation patterns
between autoantibodies and clinical parameters in
different airway inflammatory phenotypes of COPD.
Lee and colleagues reported that anti-elastin antibodies,
but not anti-collagen antibodies, were higher in patients
with emphysema than in healthy controls (38), although

© Journal of Thoracic Disease. All rights reserved.

subsequent studies failed to show that the levels of both
anti-elastin and anti-collagen antibodies were higher in
COPD patients than in healthy controls (32,44). A lower
antibody titre of anti-elastin antibodies was reported to be
associated with emphysema and more severe disease (22).
Newkirk and co-workers reported that 85% of COPD
cases were positive for IgM anti-HSP70 autoantibody,
whereas this antibody was undetectable or present at
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Aggrecan_IgM
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CytochromeC/ IgG.sp

AB_IgM.sp
€o ger«/_lgM.sp
givi.sp
Aggrecan_ IgM.sp
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Edge weight (1)

Figure 2 Correlation networks of autoantibodies and clinical parameters. (A) Normal control; (B) eosinophilic COPD; (C) non-eosinophilic
COPD. The networks were constructed by integrating clinical parameters and autoantibodies levels. Each node represents a clinical
parameter or autoantibody. The size of each node is proportional to the sum of the edges connecting to it (degree value). Edges between two
nodes represent a statistically significant correlation (P<0.05); edges with red color indicated statistically significant positive correlation, and
edges with blue color indicated statistically significant negative correlation. The colour of each node represents the corresponding module.
Modules containing only one node are all shown in gray. The suffix “sp” indicates autoantibodies in sputum; the other autoantibodies
are those in serum. AP, amyloid-beta; HSP47, heat shock protein 47; HSP70, heat shock protein 70; La, La/Sjégren syndrome type B
antigen; CENP-B, centromere protein B; Eos, blood eosinophil count; sEos, sputum eosinophil count; CS, current smoker; sMac, sputum
macrophage count; Neu, blood neutrophil count; sNeu, sputum neutrophil count; sLym, sputum lymphocyte count; BMI, body mass
index; FEV1, forced expiratory volume in 1 s; FEV1%pred, forced expiratory volume in 1 s in the percentage of predicted; CAT, chronic
obstructive pulmonary disease assessment test; mMRC, modified Medical Research Council dyspnea scale; MMEF, maximal mid-expiratory
flow. Summary: In these figures, we focused on two clinical parameters (FEV1%pred and prior exacerbations, shown on the left sides of the
figures) and their correlated factors, including autoantibody levels and other clinical parameters. Distinct differences were found between
the eosinophilic COPD and non-eosinophilic COPD groups in the correlated factors of FEV1%pred and prior exacerbations. In the
eosinophilic COPD group (B), FEV1%pred was positively correlated (red lines) with the levels of two autoantibodies and was negatively
correlated (blue lines) with the level of serum anti-HSP70_IgG. Prior exacerbations were positively correlated (red lines) with only the
CAT score and were negatively correlated (blue lines) with the levels of two autoantibodies. In the non-eosinophilic COPD group (C), the
FEV1%pred was positively correlated (red lines) with the levels of two autoantibodies and was negatively correlated (blue lines) with prior
exacerbation and the level of serum anti-AB_IgM. Prior exacerbation was positively correlated (red lines) with the level of sputum anti-

CollagenIV_IgG and was negatively correlated (blue lines) with lung function parameters and the levels of two autoantibodies.
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Table 4 Comparison of correlation networks between healthy controls and COPD cases (non-eosinophilic and eosinophilic)

Properties Controls Eosinophilic COPD Non-eosinophilic COPD
Number of nodes 63 66 66

Number of edges 121 209 187

Average degree 3.841 6.333 5.667

Weighted average degree 0.21 0.993 0.918

Network diameter 9 5 7

Graph density 0.062 0.097 0.087

Average path length 3.585 2.601 2.861

Average Clustering coefficient 0.301 0.263 0.289

Hubs (nodes with degree =10 Sputum lymphocyte

Sputum anti-HSP47_IgG, serum anti- Sputum anti-HSP47_IgG, serum anti-

and within the top 15%) count HSP47_IgM, serum anti-HSP70_IgM, HSP70_IgM, sputum anti-Elastin_IgG,
sputum anti-HSP70_IgG, sputum anti- sputum anti-Collagenl_IgG, serum anti-
HSP70_IgM, sputum anti-Collagenl_  Collagenl_IgM, sputum anti-Vimentin_
1gG, sputum anti-Collagenll_IgG, IgG, serum anti-Aggrecan_IgG, MMEF,
serum anti-Collagenll_IgM, sputum  FEV1%pred
anti-Vimentin_IgG, sputum anti-
Vimentin_IgM, sputum anti-La_IgM,
sputum anti-CENP_B_IgM

Modularity 4174 1.133 1.412

Module number 16 6 15

FEV1%pred-correlated nodes Positive: none

Positive: MMEF, BMI, sputum anti-

Positive: MMEF, sputum anti-Collagenll_

Collagenll_IgG, sputum anti-Elastin_ IgG, sputum anti-Aggrecan_IgG
IgM, sputum macrophage count

Negative: BMI, sputum Negative: CAT, mMRC, sputum
neutrophil count, serum anti-HSP70_ neutrophil count, sputum anti-AB_IgM

lymphocyte count
1gG

AE-correlated nodes NA

Negative: serum anti-Elastin_IgG,
sputum anti-CollagenlV_IgG

Positive: CAT

Negative: AE, CAT, mMRC, sputum

Positive: CAT, mMRC, sputum anti-
CollagenlV_IgG

Negative: FEV1%pred, MMEF, sputum anti-
Vimentin_IgG, sputum anti-CENP_B_IgG

Eosinophilic COPD is defined as =3% sputum eosinophils, and non-eosinophilic COPD is defined as <3% sputum eosinophils. AB,
amyloid-beta; BMI, body mass index; CAT, COPD assessment test score; FEV1%pred, forced expiratory volume in 1 s in the percentage
of predicted; MMEF, maximal mid-expiratory flow; mMRC, modified Medical Research Council dyspnoea scores; HSP47, heat shock
protein 47; HSP70, heat shock protein 70; La, La/Sjégren syndrome type B antigen; CENP-B, centromere protein B.

minimal levels in healthy controls (37). Koji and colleagues
assessed serum autoantibody profiles and their association
with blood eosinophils in a small group of COPD patients,
but they did not find a link between serum autoantibodies
and blood eosinophils (12). In the current study, we found
that sputum differential autoantibodies exist in both
eosinophilic and non-eosinophilic COPD, and serum
differential autoantibodies only exist in eosinophilic
COPD, indicating that abnormal localized autoimmunity is

© Journal of Thoracic Disease. All rights reserved.

involved in both eosinophilic and non-eosinophilic COPD,
but abnormal systemic autoimmunity is only involved in
eosinophilic COPD. From this comparison, we found that
six autoantibodies were decreased in COPD groups: sputum
anti-HSP47_IgG, serum anti-AB_IgG, serum anti-HSP70_
IgG, serum anti-HSP47_IgG, sputum anti-CollagenIl_IgG
and sputum anti-CollagenIV_IgG. Several previous studies
reported lower levels of serum autoantibodies in COPD
patients. Wood ez 4/. demonstrated that serum anti-elastin
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autoantibody levels in COPD patients were significantly
lower than those in healthy controls or in subjects with a,-
antitrypsin deficiency (AATD) (33). Rinaldi ez 4/. found that
plasma anti-elastin autoantibody levels in COPD patients
were significantly lower than those in healthy controls (22).
Daffta er al. reported that serum anti-Collagen-1
autoantibody levels in smokers with COPD were
significantly lower than those in smokers without COPD
and those in non-smokers (35). The lower autoantibody
levels in COPD groups may indicate the abnormal
consumption of autoantibodies. This may be due to ongoing
or increasing autoantibody consumption via binding to lung
tissue or to circulating free self-antigens. In the current
study, we identified three serum autoantibodies with lower
levels in COPD patients than in healthy controls: anti-
AP_IgG, anti-HSP70_IgG, and anti-HSP47_IgG. This is
inconsistent with reports from previous studies that found
higher levels of circulating target antigens (AR and HSP70)
in patients with COPD and other chronic lung diseases as
compared with healthy controls (45-47). There are no prior
reports about HSP47 level in COPD patients, but HSP47 is
a collagen-specific molecular chaperone (48), so this could
partly explain why the lower anti-HSP47 level in COPD
shows the same trend as anti-Collagen levels. However,
there are other possibilities for the decreased autoantibody
levels: (I) the presence of proteases that degrade IgG/IgM;
(II) the presence of IgA that competes for binding but was
not detected.

The current study expands our knowledge of the
autoantibody responses and their correlation patterns
between different airway inflammatory phenotypes in
COPD, and raises several important points for discussion.
First, in eosinophilic COPD, all hubs are autoantibodies,
and most are sputum autoantibodies; based on this, it is
reasonable to assume that these patients would benefit from
ICS, which is consistent with previous clinical trials (5).
There are 12 autoantibody hubs in eosinophilic COPD
compared with only seven in non-eosinophilic COPD,
therefore, eosinophilic COPD may be more relevant to
autoimmunity than non-eosinophilic COPD. Second, lung
functions, including large airway (FEV1%pred) and small
airway (MMEF) parameters, are all hubs and negatively
correlate with prior exacerbations in non-eosinophilic
COPD, while this is not the case in eosinophilic COPD,
indicating the clinical heterogeneity between these two
COPD groups. Therefore, it is reasonable to assume that
non-eosinophilic COPD cases would gain more benefit
from bronchodilator treatment to reduce the exacerbation

© Journal of Thoracic Disease. All rights reserved.

risk. Third, many anti-HSP antibodies are hubs in both
COPD groups (Table 4), whereas this is not the case for
normal controls. This indicated that autoimmunity to HSP
may play a critical role in COPD pathogenesis, which is
supported by evidence from other inflammatory disorders
(49-51). In eosinophilic COPD, serum anti-HSP70 IgG
negatively correlated with FEV1%pred, and its level was
significantly lower than that in the healthy controls (7zble 3),
demonstrating a complex relationship between anti-HSP70
autoimmunity and lung function impairment in COPD.
Yokota and colleagues reported that murine anti-HSP70
antibody could enhance HSP-induced proinflammatory
cytokine and chemokine production via Toll-like receptor
signalling in human peripheral blood mononuclear cells
and human monocytic cells lines (49). Therefore, we
inferred that anti-HSP autoimmunity may play a role in the
pathogenesis of COPD, but that the network correlation
patterns are different in different airway inflammatory
phenotypes. Fourth, serum anti-Elastin_IgG and sputum
anti-CollagenIV_IgG negatively correlated with prior
exacerbation in eosinophilic COPD, whereas in non-
eosinophilic COPD, prior exacerbation was positively
correlated with sputum anti-Collagen-IV_IgG and
negatively correlated with sputum anti-Vimentin_IgG and
sputum anti-CENP-B_IgG, suggesting that autoantibody
responses were heterogeneous and differentially associated
with the exacerbation risk in the different airway
inflammatory phenotypes of COPD.

Because the autoantibody responses (either natural
or pathogenic) and their interrelationships in the airway
and circulation are extremely complicated, the differential
levels of autoantibody present in COPD patients do not
necessarily indicate that these autoantibodies are pathogenic
(52,53). Although the network medicine results cannot
be used to draw exact conclusions about the biological
mechanisms, they still provide insights that could help
shape future clinical practice. First, according to the
network theory, the hubs are a few highly connected nodes
in the network that usually play a key role in the network
(23,54). If a hub is damaged, the functionality of the entire
network is likely to be jeopardised (55), so these points
would be ideal candidate targets for potential treatments
(56,57). Therefore, the hubs of lung function parameters
in non-eosinophilic COPD and the hubs of autoantibodies
are plausible targets that could potentially benefit from
bronchodilator and ICS treatment, respectively. Second,
the correlation patterns in different COPD groups
will allow the identification of potential biomarkers for
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personalized predictions of the exacerbation risk, such as
the autoantibodies indicative of eosinophilic COPD and
the lung function parameters indicative of non-eosinophilic
COPD. However, these preliminary results need to be
validated by a longitudinal study with a large sample size.
The current study had two main strengths. First, we
detected many previously reported autoantibodies related
to COPD in the sputum and serum simultaneously. Second,
we used network analysis to explore the interrelationships
between autoantibodies, and cytological and clinical
parameters in each of the groups. However, several
limitations of our study should also be noted. First, it
was a cross-sectional study; therefore, we must validate
exacerbation-related factors using longitudinal cohort
data. However, previous studies showed that the type of
inflammatory responses during exacerbation may depend
on the patient phenotype during stable disease, suggesting
that patient parameters in stable disease and exacerbation
are closely related. Second, due to the invasiveness of
the procedure, we did not perform biopsies to confirm
the airway inflammatory patterns. Third, owing to
financial and sample volume constraints, the levels of IgA
autoantibody were not evaluated. Fourth, the sample size
of health control group was small, because it is difficult to
collect sufficient sputum from healthy people. However,
a convincing study with similar comparison had a smaller
sample size in control group (58), so we think that this
sample size may be acceptable. Fifth, the COPD subjects
in the present study were predominantly male, and this
skew toward more male patients may have resulted from
the uneven sex distribution of the most important COPD
risk factor. According to the Global Adults Tobacco Survey
of 2018, 50.5% of males and 2.1% of females in China
were current smokers (59). Cigarette smoking is the main
risk factor for COPD in China, although in rural southern
China the main COPD risk factor is exposure to biomass
fuel (60). Patients in the current study were recruited from
an affiliated hospital of a medical university in Guangzhou
(the largest city in southern China). Thus, cigarette
smoking would have been a major risk factor for COPD in
this population, but because many more males than females
are smokers, there was a corresponding sexual bias in our
study subjects. Sixth, the number of current smokers in our
control group is very small. It is possible that the observed
differences in autoantibody levels between the COPD
patients and controls may be due to the difference in
smoking status between these groups. However, the goal of
the current study was to compare the autoantibody profiles
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and their clinical associations in stable COPD patients with
and without eosinophilic airway inflammation. As such, we
do not think this limitation affects the main conclusions of
our study. However, avoiding this limitation will be very
important in the design of future research.

In conclusion, although the design of our study cannot
draw conclusions about the cause-and-effect of the
production of these autoantibodies in COPD patients, it
shows that (I) autoantibody responses are heterogeneous
and differentially associated with the exacerbation risk in
different airway inflammatory phenotypes of COPD; (II)
distinct correlation patterns among autoantibodies, the
exacerbation risk and lung functions in different phenotypes
provide useful insight into the need for personalized
management for preventing exacerbations of COPD.
However, further validation is needed by longitudinal study
with large sample size.
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