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Abstract

truction in the lung, the two classical clinical phenotypes of chronic
Background:Due to airway remodeling and emphysematous des
obstructive pulmonary disease (COPD) are emphysema and bronchiolitis. The present study was designed to investigate the levels of
small airway immunoglobulin A (IgA) in COPD with “emphysema phenotype.” The study also evaluated the associations between
the small airway IgA levels and the severity of disease by the extent of emphysema versus airflow limitation.
Methods: Thirty patients (20 with COPD and ten healthy smokers) undergoing lung resection surgery for a solitary peripheral
nodule were included. The study was conducted from January 2015 to December 2018 in the Shanxi Dayi Hospital. The presence of
small airway IgA expression was determined in the lung by immunohistochemistry. In vivo, Wistar rats were exposed to silica by
intratracheal instillation. Rats were sacrificed at 15 and 30 days after exposure of silica (n = 10 for each group). We also evaluated
airway IgA from rats.
Results: Small airway secretory IgA (sIgA), dimeric IgA (dIgA), and dIgA/sIgA of Global Initiative for Chronic Obstructive Lung
Disease grade 1–2 COPD patients showed no difference compared with smoking control subjects (5.15± 1.53 vs. 6.03± 0.85;
1.94± 0.66 vs. 1.67± 0.04; 41.69± 21.02 vs. 28.44± 9.45, all P> 0.05). dIgA/sIgA level in the lung of COPD patients with
emphysema showed higher levels than that of COPD patients without emphysema (51.89± 24.81 vs. 31.49± 9.28, P= 0.03). The
percentage of low-attenuation area below 950 Hounsfield units was positively correlated with dIgA/sIgA levels (r= 0.45, P= 0.047),
but not associated with the severity of disease by spirometric measurements (forced expiratory volume in the first second %pred,
P> 0.05). Likewise, in the rat study, significant differences in sIgA, dIgA, dIgA/sIgA, mean linear intercept, mean alveoli number, and
meanairway thickness of bronchioles (VVairway, allP< 0.01)wereonly observedbetween control rats and those exposed for 30days.
However, in the group exposed for 15days, although theVVairwaywashigher than that innormal rats (27.61± 2.26vs.20.39± 1.99,
P< 0.01), there were no significant differences in IgA and emphysema parameters between the two groups (all P> 0.05).
Conclusion:Airway IgA concentrations in mild andmoderate COPD patients are directly associated with the severity of COPDwith
“emphysema phenotype” preceding severe airway limitation. This finding suggests that small airway IgA might play an important
role in the pathophysiology of COPD, especially emphysema phenotype.
Keywords: Immunoglobulin A; B cell; Emphysema; Chronic obstructive pulmonary disease

Introduction defined COPD has increased to 8.6%.[3] The challenge of

treating and managing this incurable lung disease stems
Chronic obstructive pulmonary disease (COPD), as a
global chronic respiratory disease, is characterized by
progressive airflow obstruction involving emphysematous
destruction of lung parenchyma and mucus hypersecretion
with bronchiolitis.[1] With the aging of population and the
increasingly prominent problem of air pollution,[2] this
disease seriously affects the quality of life of patients and
has become a major and growing cause of morbidity and
mortality worldwide. In China, the mortality of COPD is
more serious, and the overall prevalence of spirometry-
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from a lack of disease-modifying therapies and the clear
pathogenesis.

Due to airway remodeling and emphysematous destruction
in the lung contributing to disease severity and progression,
the two classical clinical phenotypes of COPD are
emphysema and bronchiolitis.[4] COPD patients with either
the bronchiolitis-dominant or the emphysema-dominant
phenotype differ in their clinical characteristics,[5] out-
comes[6,7] as well as treatment response.[8] This may suggest
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that different phenotypes of COPD have different mecha-
nisms.

Patients and grouping

Analysis of the CT scans
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The aberrant pulmonary inflammation resulted from
repeated exposure to inhaled toxins (such as cigarette
smokingandparticulatematter [PM]2.5) is at the core of the
complex pathogenesis. This inflammation persists long after
smoking cessation,[9] suggesting aberrant self-perpetuating
immune responses similar to those in auto-immune diseases.
Studies show that this chronic lung disease, particularly the
emphysema-dominant phenotype, may originally result
from B cells related immune response.[10] B cell activation
factor of tumor necrosis factor family (BAFF),which is a key
regulator of B cell homeostasis in several autoimmune
diseases, is overexpressed and involved in the growth of
lymphoid follicles (LFs) in the lungs ofCOPDpatients.[11] In
the severe stages, the size and number of B cell rich LFs
increase.[12] Differential co-expression networks analysis of
lung transcriptomics showed that B cell-related signaling
was up-regulated in patients with emphysema phenotype,
but not in patients with bronchiolitis phenotype.[13,14] The
levels of B cell autoantibodies in blood and lung are both
higher in COPD patients.[15] In other studies on the
functional status of B cells in COPD, accumulation of
immunoglobulin A (IgA) production occurs in peribron-
chiolar LFs from severe COPD.[16] Accordingly, the
bronchial epithelium could induce B cells to switch into
IgA-producing plasma cells through the interleukin (IL)-6/
IL-6 receptor and BAFF-a proliferation-inducing ligand/
transmembrane activator and calcium modulator ligand
interactor pathways in COPD.[17]

In this study, we investigated the correlation between small
airway IgA in lung tissue from COPD patients, healthy
smokers, rats exposed to silica dust, and the extent of
emphysema vs. airflow limitation.

Methods
o

Ethical approval

In adherence to the guidelines of theDeclarationofHelsinki,
this studywas approved by theEthicsCommittees of Shanxi
Medical University (No. 2019LL090). All patients provided
written informed consent to participate in the study.

Table 1: Clinical characteristics of 20 patients with COPD and ten sm

peripheral nodule.

Parameters Smoking control (n= 10)

Sex (M/F) 8/2
Age (years) 57.80± 4.66
Smoking (Pack-years) 408.00± 381.34
FEV1%pred 104.05± 19.71
FEV1/FVC 81.46± 3.89
DLCO% 106.04± 9.42
sIgA 6.03± 0.85
dIgA 1.67± 0.04
dIgA/sIgA 28.44± 9.45

Data are presented asmean± standard deviation.
∗
F value. †t value. ‡P< 0.05,

pulmonary disease; M:Male; F: Female; FEV1: Forced expiratory volume in 1
for carbon monoxide; sIgA: Secretory immunoglobulin A; dIgA: Dimeric im
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From January 2015 to December 2018, 30 patients (20
with COPD and ten smokers without COPD) undergoing
lung resection surgery for a solitary peripheral nodule were
included in the study. All patients were current smokers,
and none of the subjects had evidence of acute exacerba-
tion or respiratory tract infection at the time of the surgery.
According to the spirometric criteria of COPD, subjects
were divided into two groups: a COPD group (forced
expiratory volume in the first second [FEV1]/forced vital
capacity [FVC] <70% and FEV1%pred >50%) and a
smoking control group (FEV1/FVC >70%). According to
the results of a computed tomography (CT) scan and
lung function test, the COPD patients were divided into
two groups: an emphysema group (diffusing capacity of
the lung for carbon monoxide [DLCO] <80% predicted
and/or CT emphysema)[16] and a no-emphysema group
(DLCO >80% predicted and absence of CT emphysema)
[Tables 1 and 2].
Two independent experts performed the analysis of the
chest CT scans. As the percentage ratio of low-attenuation
areas was below the �950 Hounsfield units threshold (%
LAA950), the Chest Imaging Platform software was used
to quantify emphysema.

Animal studies
A cross-sectional observational study demonstrated that
self-reported exposure to workplace dust and fumes is not
only associated with increased airflow limitation and
respiratory symptoms, but also with more emphysema
and gas trapping, assessed by CT scan, in both men and
women.[18] Thus, we used rats exposed to silica dust to
explore the relation of small airway IgA and emphysema.
This study was approved by the AnimalWelfare and Ethics
Committee of Shanxi Medical University. Forty adult male
Wistar rats were kindly provided by the Laboratory
Animal Center of Capital Medical University in China.
They were randomly assigned to four groups: a normal
feeding 15 day group (15 normal, n= 10), a silica dust

kers without COPD undergoing lung resection surgery for a solitary
COPD (n= 20) Statistics P values

18/2 1.19
∗

0.47
62.25± 8.30 1.57† 0.13

600.50± 341.94 1.40† 0.17
82.99± 19.23 –2.81† 0.01‡

64.44± 10.82 –4.78† <0.01‡

86.49± 23.93 –2.47† 0.02‡

5.15± 1.53 –1.69† 0.10
1.94± 0.66 1.19† 0.25

41.69± 21.02 1.89† 0.07

between healthy controls andCOPDpatients. COPD: Chronic obstructive
second; FVC: Forced vital capacity; DLCO: Diffusing capacity of the lung
munoglobulin A.
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exposed 15 day group (15 exposed, n= 10), a normal
feeding 30 day group (30 normal, n= 10), and a silica dust

optical density of secretory IgA (sIgA) and dimeric IgA
(dIgA) protein was calculated and recorded. The IgA

Table 2: Clinical characteristics of 20 COPD patients.

Parameters No-emphysema (n= 10) Emphysema (n= 10) Statistics P values

Sex (M/F) 10/0 8/2 –1.50
∗

0.15
Age (years) 57.60± 6.02 66.90± 7.82 –2.98† 0.01‡

Smoking (Pack-years) 602.00± 468.68 599.00± 161.96 0.02† 0.99
FEV1%pred 88.26 ± 17.16 77.72± 20.60 1.24† 0.23
FEV/FVC 66.87± 7.94 62.01± 13.08 1.01† 0.33
DLCO% 104.46± 15.95 68.51± 15.36 5.13† <0.01‡

%LAA950 15.00± 2.54 23.70± 5.14 –4.80† <0.01‡

sIgA 5.70± 1.84 4.59 ± 0.94 1.70† 0.11
dIgA 1.67± 0.44 2.21 ± 0.75 –1.97† 0.07
dIgA/sIgA 31.49± 9.28 51.89± 24.81 –2.44† 0.03‡

Parametric parameters were presented as mean± standard deviation.
∗
F value. †t value. ‡P<0.05, between no-emphysema and emphysema patients.

COPD: Chronic obstructive pulmonary disease; M: Male; F: Female; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; DLCO:
Diffusing capacity of the lung for carbon monoxide; %LAA950: Percentage of low-attenuation area below 950 Hounsfield units; sIgA: Secretory
immunoglobulin A; dIgA: Dimeric immunoglobulin A.
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exposed 30 day group (30 exposed, n= 10).

The rats of normal feeding group received saline, while the
rats of silica dust exposure group received silica by
intratracheal instillation.[19] The lung tissues of rats were
sampled on day 15 and day 30 after administration with
silica dust, respectively. The lung tissues were then fixed,
dehydrated, paraffin embedded, and stored at room
temperature.

Lung tissue samples and lung histology
The formalin-fixed paraffin-embedded lung sections were
collected. All lung tissues of patients at least 5 cm away
from the nodule were studied. Lungs in the different groups
of rats were equally inflated with the same volume of 4%
paraformaldehyde solution to preserve the pulmonary
architecture. Inflated right lungs of rats were fixed for
48 ho before the lungs were embedded in paraffin. The
pathological change of lung sections from patients and rats
stainedwith hematoxylin-eosin (HE) was observed under a
microscope. The images of bronchioles and emphysema in
five visual fields were collected. The mean airway wall
thickness of terminal bronchioles (VV airway) was
calculated. The extent of emphysema was assessed by
calculating the mean linear intercept (MLI) and the mean
alveoli number (MAN) in lung sections stained with HE at
the same time. MLI andMANwere quantitated by using a
light microscope (Leica DMLS, Solms, Germany) attached
to an image analysis system (Image-Pro Plus, Chengdu
Thai Union Technology Limited Company, China).

Immunohistochemistry
917
Primary antibodies were used as for anti-IgA monoclonal
antibody (ab124716 and ab97181; Abcam, Cambridge,
UK) followed by secondary anti-IgG H&L horseradish
peroxidase (HRP) (ab6721 and ab6741; Abcam). The
immunohistochemical staining was completed by auto-
matic immunohistochemical instrument. The images were
collected and imported into Image-Pro Plus software for
quantitative analysis of IgA protein, then the average

1

expressed in intra-luminal is defined as sIgA, while dIgA is
expressed in sub-epithelial.

Statistical analysis
Statistical analyses were performed by using SPSS 24.0
(SPSS Inc., Chicago, IL, USA). All study data are expressed
as the mean ± standard deviation for normally distributed
continuous variables; asymmetrically distributed variables
were described as the median (interquartile range);
categorical data are presented as numbers and percentages.
Differences between two groups in the same category were
compared by the independent samples t-test. Correlations
were assessed by Spearman rank correlation coefficient (r).
P values <0.05 were considered statistically significant.

Results
Subject characteristics

Twenty Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Grades 1–2 COPD patients and ten
smoking controls were enrolled in this study. According to
the results of CT scan and lung function test, COPD
patients were assigned to two groups of ten patients each.
Characteristics of the subjects are shown in Tables 1 and 2.
There were only considerable differences in pulmonary
function between the two groups. COPD patients had a
significantly lower FEV1% predicted (P= 0.01), FEV1/
FVC (P< 0.01), and DLCO% (P= 0.02) compared with
smoking controls. There were no significant differences of
FEV1% predicted (P= 0.23) or FEV1/FVC (P= 0.33)
between each group. Emphysema patients had lower
DLCO% (P< 0.01) and higher %LAA950 (P< 0.01)
compared with patients with no emphysema.However, the
ages of the emphysema patients were significantly higher
than those of the no-emphysema patients (P= 0.01).

Expression levels of small airway sIgA and dIgA in subjects
Small airway sIgA (P= 0.10), dIgA (P= 0.25), and dIgA/
sIgA (P= 0.07) in GOLD Grades 1–2 COPD patients

http://www.cmj.org


showed no significant difference compared with smoking
controls [Table 1 and Figure 1]. Table 2 presents the

and VV airway (P< 0.01) between exposed and control
rats [Table 4 and Figure 2]. In addition, all IgA parameters
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distribution of dIgA/sIgA in COPD patients in relation to
phenotype. Small airway dIgA/sIgA (P= 0.03) level was
significantly greater in emphysema patients than that in no-
emphysema patients. However, there was no significant
difference in sIgA (P= 0.11) or dIgA (P = 0.07). As
expected,%LAA950 and FEV1%pred correlated inversely
with each other (r= –0.57, P< 0.01), but the levels of
dIgA/sIgA (r= 0.45, P= 0.047) was only associated with
%LAA950. There was no correlation between FEV1%
pred and any parameters of IgA [Table 3].

Expression levels of small airway IgA in rats exposed silica

dust
In the mild emphysema group (15 days), although the VV
airway was higher in 15-day exposed rats than that in
normal rats, there was no difference in sIgA (P= 0.17),
dIgA (P= 0.21), dIgA/sIgA (P= 0.36),MLI (P= 0.20), and
MAN (P= 0.17) between these two groups. However, in
the severe emphysema group (30 days), there were
significant differences in sIgA (P< 0.01), dIgA (P< 0.01),
dIgA/sIgA (P< 0.01), MLI (P< 0.01), MAN (P< 0.01),
Table 3: Correlation among small airway IgA and %LAA950 and FEV1%

FEV1%pred

Parameters r P va

sIgA 0.35 0.1
dIgA 0.04 0.8
dIgA/sIgA –0.09 0.7

Correlations were assessed by Spearman rank correlation coefficient (r). P <
disease; FEV1: Forced expiratory volume in 1 s; LAA950%:%LAA950: Perce
immunoglobulin A; dIgA: Dimeric immunoglobulin A.

Figure 1: Pulmonary histology of smoking control patients and COPD patients
(hematoxylin-eosin [HE] staining, original magnification�400). Evaluation of sub-epithelial
and intra-luminal IgA accumulation in small airway of smoking control patient and COPD
patients (immunohistochemical [IHC] staining, original magnification �400). COPD:
Chronic obstructive pulmonary disease; IgA: Immunoglobulin A.

1918
were associated with MLI, MAN, and VV airway (all
P< 0.01) [Table 5].

Discussion
SIgA, together with mucociliary clearance, prevents
adherence to airway or invasion of bronchial epithelium
by bacterium and other foreign antigens, acting as
“immune exclusion.” Therefore, impaired mucosal immu-
nity could contribute to chronic and prolonged airway
inflammation in COPD patients.[20] IgA is produced as
dIgA by sub-epithelial follicular B cells in lung, which
would bind to the epithelial polymeric immunoglobulin
receptor (pIgR). The subsequent transcytosis of pIgR-IgA
complex from the basolateral to the apical side of the
mucosal epithelium is the basic mechanism of SIgA
secretion.[21] The objective of this study was to evaluate
the relationship between lung different isoforms of IgA
levels and severity of COPD patients.

This study found the levels of sIgA in lungs from GOLD
Grades 1–2 COPD patients is slightly lower, while the
levels of dIgA is higher compared with smoking subjects,
but both differences are not significant. In the study of rats,
similar to the clinical test, the levels of lung sIgA and dIgA
changed significantly in the 30-day exposed group, but not
in the 15-day exposed group. Ladjemi MZ also report IgA
was increased in COPD lung tissue, which led to its
accumulation in sub-epithelial areas.[17] Other studies
reported that the number of B cells and LFwere only higher
in severe and more severe COPD patients compared with
mild or moderate COPD patients[12] and the IgA+ B cell
numbers were increased in LF in distal lung parenchyma in
severe COPD.[22] Because all COPD patients enrolled in
this study would undergo lung resection surgery, the
spirometrically-defined severity of these patients is mild or
moderate. Thus, in this study, we could not identify the
difference of the sIgA or dIgA levels in the small airways of
COPD patients.

CT has been applied in identifying COPD sub-phenotypes,
such as bronchiolitis and emphysematous destruction; the
relative contribution of which varies from patient to
patient. CT scans could detect emphysema in patients who
do not fall under the spirometric criteria of COPD in 20%
of the smokers.[23] Therefore, the use of lung function
combined with chest CT may be able to detect early stage
emphysema. In the present study, we found that the levels
pred in COPD patients (n= 20).

%LAA950

lues r P value

30 –0.43 0.060
70 0.36 0.120
10 0.45 0.047

0.05 was considered significant. COPD: Chronic obstructive pulmonary
ntage of low-attenuation area below 950Hounsfield units; sIgA: Secretory
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of dIgA/sIgA are higher in emphysema-dominant pheno-
type compared with bronchiolitis-dominant phenotype

infiltration in the walls of terminal bronchioles and
alveolar tissue, which correlated with a reduced number

Table 4: Levels of small airway IgA in all rats.

15-day group 30-day group

Parameters 15 Normal (n= 10) 15 Exposed (n= 10) t P values 30 Normal (n= 10) 30 Exposed (n= 10) t P values

sIgA 6.82± 0.73 6.40± 0.59 1.41 0.17 7.06± 0.98 1.17± 0.61 16.10 <0.01
dIgA 1.27± 0.42 1.03± 0.40 1.31 0.21 1.11± 0.38 2.39± 0.56 –6.00 <0.01
dIgA/sIgA 18.38± 4.91 16.03± 0.61 0.95 0.36 16.17± 6.58 282.09± 197.56 –4.25 <0.01
MLI 66.20± 4.18 68.40± 3.03 –1.35 0.20 67.01± 3.56 74.41± 3.66 –4.59 <0.01
MAN 190.99± 11.62 184.53± 8.10 1.44 0.17 188.53± 9.84 168.73± 8.49 4.57 <0.01
VV airway 20.39± 1.99 27.61± 2.26 –7.59 <0.01 20.26± 1.88 40.04± 5.05 –11.61 <0.01

Normal feeding 15-day group (15 normal, n= 10), silica dust exposed 15-day group (15 exposed, n= 10), normal feeding 30-day group (30 normal,
n= 10) and silica dust exposed 30-day group (30 exposed, n= 10). MLI: Mean linear intercept; MAN: Mean alveoli number; VV airway: Mean airway
thickness of bronchioles.

Figure 2: Pulmonary histology of different rat groups (hematoxylin-eosin [HE] staining, original magnification�400). Evaluation of sub-epithelial and intra-luminal IgA accumulation in small
airway of different rat groups. In lung tissue, with the aggravation of lung damage, less IgA accumulated in intra-luminal area, while more in sub-epithelial areas (immunohistochemical [IHC]
staining, original magnification �400). IgA: Immunoglobulin A.
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COPD patients. Previous studies reported that most B
cellular parameters are significantly and strongly associat-
ed with only %LAA950, while FEV1%pred showed no
association.[10] Similarly, this study showed that the levels
of dIgA/sIgA are correlated with%LAA950, which reflects
the severity of emphysema. Interestingly, in the study of
rats, it was also found that the high expression of dIgA in
lung tissue was related to emphysema, while in the 30-day
exposed group, IgA (either dIgA or sIgA) was not only
related to the severity of emphysema, but also related to
airway wall thickness. Tanabe N also found that B cell

1

of alveolar attachments to the airway walls,[24] and
patients who have COPD with emphysema have a distinct
B-cell transcriptomic signature.[13] These results suggested
that B cells may participate in the pathology of emphysema
before significant airflow limitation.

Our study found that inmild andmoderate COPDpatients,
the level of dIgA/sIgA is correlated with LAA%, but not
FEV1%. However, Vasiliy V. found that small airway
surface sIgAwas correlatedwith FEV1% in former smokers
and COPD patients with Grade 1–2 or Grade 3–4.[25] The

http://www.cmj.org


possible reason for this difference between the two study
results is as followed. pIgR in patients with Grade 1–2

tory effects, but further basic animal research is required to
confirm this.

Conflicts of interest

1. Agustí A, Hogg JC. Update on the pathogenesis of chronic obstructive

Table 5: Correlation among small airway IgA and VV airway, MAN as well as MLI in all exposed rats (n= 20).

VV airway MLI MAN

Parameters r P values r P values r P values

sIgA –0.85 <0.01 –0.72 <0.01 0.72 <0.01
dIgA 0.79 <0.01 0.90 <0.01 –0.90 <0.01
dIgA/sIgA 0.72 <0.01 0.83 <0.01 –0.80 <0.01

Correlations were assessed by Spearman rank correlation coefficient (r). MLI: Mean linear intercept; MAN: Mean alveoli number; VV airway: Mean
airway thickness of bronchioles.
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COPD,which is not significantly down-regulated compared
with the smoking control group,[26] may slightly reduce the
transport of IgA. However, derived from bronchial
epithelium, the higher levels of IL-6 and BAFF imprint B
cells with signals promoting maturation into IgA+ plasma
cells.[17] Thus, sIgA is slightly reduced; and the correlation is
not significant. The increase of B cells immune compartment
associated with emphysemamay lead to significant increase
in dIgA/sIgA levels before significant airflow restriction.
Therefore, IgA in lung would play the effect named
“immune exclusion” in these stages of COPD (Grade 1–
2). IgA could prevent the airwaymicrobial colonization and
maintain the stable airway microenvironment.

With the progression of COPD, areas of bronchial
epithelial remodeling had reduced pIgR expression.
Localized sIgA deficiency in small airway, leading to
impaired mucosal immunity, is associated with pathogens
translocation, small airway chronic inflammation, and
airway remodeling.[27] At the same time, IgA-based
immune response against Pseudomonas aeruginosa was
low in severe COPD patients. This impaired local response
against P. aeruginosa may favor chronic colonization,
recurrent infections, and frequent acute exacerbation in
severe COPD.[28] The continuous stimulation of lipopoly-
saccharide derived from colonized bacterium in the lung
could promote the transformation of IgM + B cells to IgA +
B cells,[22] which leads to the further increase of IgA
secretion in severe COPD patients. Due to the reduced
expression of pIgR in bronchial epithelial in severe COPD
patients, dIgA could not accompany SC into the intra-
lumen. Thus, the higher levels of dIgA and the lower levels
of sIgA from lung correlated with airflow limitation in
advanced stage patients. Using mice with genetic deficien-
cies of pIgR in lacking sIgA in the airways, Richmond BW
found that airway bacteria provide the stimulus for
deleterious neutrophilic inflammation, which in turns
drives progressive emphysematous change in the lung
parenchyma.[29] While treatment with broad-spectrum
antibiotics inhibited development of both emphysema and
small airway remodeling, it can be seen that in the late
stage of COPD, chronic bacterial infectionmay become the
core of this disease. High levels of dIgAmay be coated with
bacteria to form an IgA immune complex, which
strengthens the affinity with CD89 expressed on inflam-
matory cells, and promotes the expression of inflammatory
cytokines through Syk, PI3K, and tbk1 IKK e.[30] Hence, in
this stage of COPD, IgA in lung may have proinflamma-

1

These observations may open new therapeutic pathway for
COPD patients, especially the emphysema phenotype. But
there are also some limits in this paper. First, for surgery,
there is a shortage of patients with Grade 3–4 COPD.
Second, the number of clinical samples is small. Third, in
the animal experiment, we evaluated airway IgA from rats
exposed to silica dust. This needs to be further verified in
rats exposed to tobacco smoke. Finally, it remains to be
determined whether this IgA response is protective
(immune exclusion) or harmful (proinflammatory effect).
A better understanding of the role of dIgA and sIgA in
COPD could help to define strategies to restore mucosal
immune homeostasis in this disease and lead to more
personalized therapeutic interventions which may further
alleviate the burden of COPD.
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