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Purpose: The purpose of this study was to investigate the reproducibility of fluid-phase
measurements in PBS-treated sputum supernatant, processed using the two-step method, of
healthy and stable COPD individuals.

Methods: Nine healthy subjects and 23 stable COPD patients provided sputum twice within
6 days. A two-step sputum processing method was used to obtain PBS-treated supernatant and
sputum cells. Soluble protein markers and IgG and IgM autoantibody profiles in PBS superna-
tant were analyzed using customized microarrays. Repeatability of measurements was assessed
by paired-sample testing and an intraclass correlation coefficient, then graphically reported by
Bland—Altman plot.

Results: There was no significant difference between the repeated detection of 8/10 types of
soluble protein markers, all 13 types of IgG autoantibodies, and 12/13 types of corresponding
IgM autoantibodies in PBS supernatant. The repeatability of measurements in PBS super-
natant was substantial to very good for interleukin 6 (IL6), ILS8, IL13, IL10, IL33, vascular
endothelial growth factor, soluble receptor for advanced glycation end-products, and tumor
necrosis factor-o; for IgG autoantibodies against aggrecan, centromere protein B (CENP-B),
collagen II, collagen IV, cytochrome C, elastin, heat shock protein 47 (HSP47), HSP70, and
La/Sjogren syndrome type B antigen; for IgM autoantibodies against CENP-B, collagen I,
collagen II, collagen IV, cytokeratin 18, and HSP70; and for sputum neutrophils, macrophages
and eosinophils count. Bland—Altman plots suggested good consistency within repeated measure-
ments. Stable COPD patients differed from healthy subjects in the proportion of neutrophils and
eosinophils; relative fluorescence intensity of anti-cytochrome C IgG, anti-aggrecan IgM, and
anti-cytochrome C IgM. There was a significant positive correlation for stable COPD patients
between sputum anti-collagen II IgG and post-bronchodilator FEV %.

Conclusion: We confirmed fluid-phase measurements in PBS-treated sputum supernatant by
high-throughput techniques with good repeatability. We demonstrated the presence of IgG and
IgM autoantibodies to multiple antigens in the airways of COPD patients.

Keywords: chronic obstructive pulmonary disease, soluble protein markers, autoantibody,
reproducibility, sputum

Introduction

Sputum examination is increasingly used as a noninvasive tool to assess airway disease,
especially asthma and COPD. The measurement of fluid-phase markers in sputum
can help to explore mechanisms of airway disease progression and patient response
to drugs.! The detection of cytokine levels in induced sputum (eg, interleukin 6 [IL6],
IL8, tumor necrosis factor-o. [TNFa], and vascular endothelial growth factor [VEGF])
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contributed to investigations of the effect of cigarette smoke
on chronic airway inflammation, an important pathological
feature of COPD.?* In 2003, a largely unexplored role was
suggested for the immune system in the pathogenesis of
COPD.* Recent findings indicate that autoantibody profiles
may be used to determine COPD risk and provide a diag-
nostic and prognostic tool.’ The detection of soluble protein
markers and autoantibodies in sputum may provide a basis
for exploring local immune subtypes of COPD. However,
there have been no available studies of sputum autoantibody
profiles in COPD patients.

As noted in a recent review, the production, preparation,
and dispersal of sputum all can affect the levels of fluid-phase
markers in sputum.'® In the traditional sputum processing
method, dithiothreitol (DTT) is used to break the disulfide
bonds in mucin molecules, thereby allowing the release of
cells; this is more effective in dispersing cells than PBS.”
However, as a strong reducing agent, DTT may decrease
the biological activity of cytokines, many of which rely on
disulfide bonds to provide a stable structure for bioactivity.'
DTT may also disrupt the disulfide bonds present in the
capture antibodies of immunoassays, resulting in reduced
assay sensitivity.!® Bafadhel et al proposed a “two-step”
sputum processing method for supernatant and cytospin
preparation that yielded increased recovery of mediators in
PBS-treated sputum, compared with DTT-treated sputum.’
This method has been widely used in supernatant purification,
as it involves initial PBS processing for PBS supernatant,
followed by DTT to obtain cells.!®!> This avoids interfer-
ence of DTT on soluble mediator analysis from sputum
supernatant. However, the reproducibility of fluid-phase
measurements in sputum treated with PBS and without DTT
has not yet been investigated.

In this study, we investigated the reproducibility of
fluid-phase measurements in PBS supernatant, by recruit-
ing stable COPD and healthy subjects for comparing
high-throughput measurements of soluble protein markers
and autoantibody profiles of sputum obtained within a
6-day period.

Materials and methods
Study design

This was a cross-sectional study examining soluble protein
markers and autoantibodies in the sputum supernatant of
healthy subjects and stable COPD patients. The 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 (No 201722).

The clinical trial was registered with www.ClinicalTrials.
gov (NCT 03240315).

Subjects

The study population comprised nine healthy subjects and
23 stable COPD patients. COPD was identified on the basis
of the GOLD guidelines. Medications for COPD patients
were unchanged during the study. Exclusion criteria for
COPD patients were a history of significant inflammatory
disease, a history of other lung disease, recent exacerbation
of COPD treated with antibiotics or steroid, active cancer
under treatment, enrollment in a long-term blinded drug
study. Healthy subjects were free from significant disease as
determined by history, physical examination, and screening
investigations. They had post-bronchodilator FEV /FVC
ratio >70%. Signed and dated written informed consent was
obtained from all subjects prior to participation. All consent-
ing subjects provided sputum twice within 6 days. Baseline
conditions were required to be constant (diet, time of collec-
tion, therapies, and absence of respiratory tract infection).

Sputum processing

Sputum was processed within 2 hours, in accordance with an
adaptation of previous methodology." Selected and weighed
sputum specimens were placed in an Eppendorf tube and
incubated with an 8x volume (sputum weight) of PBS,
placed on ice on a bench rocker for 15 minutes, rocked for
15 seconds every 5 minutes during ice bath. The mixture was
centrifuged at 1,000 xg for 10 minutes by a low-temperature
centrifuge at 4°C. The suspension was filtered through a
0.22-um 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 assays; this was identified as
the PBS supernatant. The remainder of the solute was treated
with a 2x volume of 0.3% DTT for cytospin preparation.
Adjusting for the specimen size, the PBS supernatant of all
subjects was examined for soluble protein markers; the PBS
supernatant of nine healthy subjects and 19 stabilized COPD
patients was used for autoantibody detection.

Microarray analysis of sputum soluble
protein markers

The levels of B-cell activation factor (BAFF), interferon-y
(INFy), IL4, IL5, IL6, IL8, IL10, IL13, IL17, IL33, IL1p,
TNFa, leptin, transforming growth factor-f3 (TGFp), soluble
receptor for advanced glycation end-products (sSRAGE),
and VEGF in sputum supernatant samples were determined
in quadruplicate, using a customized microarray (Human
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Cytokine Antibody Microarray slides; RayBiotech, Inc.,
Norcross, GA, USA).

Microarray analysis of sputum

autoantibody profiles

The levels of IgG autoantibodies and IgM autoantibodies
against elastin, aggrecan, amyloid, centromere protein B
(CENP-B), collagen I, collagen 11, collagen IV, cytochrome C,
cytokeratin 18, heat shock protein 47 (HSP47), HSP70,
La/Sjogren syndrome type B antigen (SS-B), and vimentin
in sputum supernatant samples were determined in quadru-
plicate, using a customized microarray (Human Array-COPD
Microarray slides; RayBiotech, Inc., Norcross, GA, USA).

Data analysis

We conducted statistical analysis using SPSS 19.0, MedCalc
15.8, and Origin 2017. The demographic characteristics of
subjects were presented by descriptive statistics. Categorical
variables were expressed in integers; differences between
groups were analyzed by chi-squared tests. Parametric and
nonparametric data were presented as mean and median,
respectively; while differences between groups were per-
formed by independent-samples #-test and Mann—Whitney
U test, respectively.

A paired-sample test was used to compare variables
between day 1 and day 2 to determine whether the overall
mean effects at different times were identical. Comparisons
between repeated measurements were performed using a
paired #-test if the difference between 2 days (d = day 1 —
day 2) was normally or logarithmically normally distributed,
and using a Wilcoxon matched-pair signed-rank test if d was
non-normally distributed. The repeatability of measurements
was tested by intraclass correlation coefficient (ICC) and
graphically depicted by Bland—Altman plotting.'*'® The ICC
version was defined by two-way random effects model, using
average and consistency measurement type with inter-item
correlations. According to Landis and Koch, the degree of
repeatability between 0.01 and 0.20 was deemed minor,
0.21-0.40 was fair, 0.41-0.60 was moderate, 0.61-0.80 was
substantial, and 0.81-1.00 was very good.!” The bias between
repeated measurements was estimated as the mean difference
between 2 days (d). The variation of d is described by the SD
of the difference (SD). In Bland—Altman plotting, the limits of
agreement (LoA) were estimated by 95% CI of d (c? —1.96 SD,
d+1.96 SD); adjusting for sampling error, the 95% CI of the
upper and lower bounds of LoA (LOA CI) was also shown in
the Bland—Altman plots. Outliers with z-scores of >3 or <-3
were removed to avoid distorting SD boundaries.

The correlation between variables was examined by
Spearman rank correlation coefficient; correlation (r) values
above 0.50 were considered relevant if they were significant
at the 0.05 level. Between-group comparisons and correla-
tions were examined for sputum obtained on day 1.

Results

The demographic and clinical characteristics of all subjects
are shown in Table 1. There were no significant differences
in age, sex, number of smokers, or smoking history (pack-
years) between healthy and stable COPD groups. More than
50% of the data were undetectable for BAFF, IFN-y, IL4,
IL17, leptin, and TGF; thus, these markers were removed.
All measurement results are provided in Table S1 and basic
scatter plots with the pair-wise comparisons of the two
measurements are provided in Figures S1-S4.

Reproducibility of soluble protein marker

detections in sputum
Paired -tests and Wilcoxon matched-pair signed-rank tests
showed no significant differences between the repeated

Table | Demographic and clinical characteristics of subjects

Characteristics Healthy Stable COPD | P-value
(n=9) (n=23)

Age, years® 68 (62-74) | 67 (64-71) 0.857
Sex, male 7 23 0.128¢
Smoking, n 5 21 0.068¢
Former smoking, n 4 13 0.825¢
Active smoking, n | 8 0.367¢
Smoking, pack-years® 3 (0-45) 30 (15—40) 0.213
pre-FEV , %pred 92 (85-99) | 46 (38-54) 0.000
post-FEV,, %pred® 96 (87-104) | 51 (43-59) 0.000
pre-FEV /FVC, % 83 (80-86) | 48 (44-52) 0.000
post-FEV /FVC, % 85 (81-88) | 49 (45-54) 0.000
GOLD HV, n NA

| NA 2

Il NA 9

n NA 8

v NA 4
Therapies, n NA

LAMA NA 7

LABA NA 15

ICS NA 15

Notes: *Data with normal distribution were expressed as mean and 95% Cl and
analyzed by independent-samples t-test. ®Data with non-normal distribution were
expressed as median and interquartile range (IQR) and analyzed by Mann—Whitney U
test. “Categorical variables were expressed in number and analyzed by chi-squared tests.
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease;
NA, not applicable; LAMA, long-acting muscarinic antagonists; LABA, long-acting
beta-agonists; ICS, inhaled corticosteroid.
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Table 2 Paired-samples test results

Soluble protein | P-value Autoantibodies | P-IgG P-igM Sputum cell P-value
markers counts
ILIB 0.036 Aggrecan 0.665 0.117 Neutrophils (%) 0.235
IL5 0.129 Amyloid 0318 0.600 Macrophages (%) 0.400
IL6 0.396 CENP-B 0.951 0.014 Eosinophils (%) 0.722
IL8 0.072 Collagen | 0.977 0.301 Lymphocytes (%) | 0.345
ILIO 0.213 Collagen Il 0.859 0.954
ILI3 0.152 Collagen IV 0.269 0.520
IL33 0.511 Cytochrome C 0.982 0.631
sRAGE 0.588 Cytokeratin 18 0517 0.939
TNFo 0.039 Elastin 0.106 0.754
VEGF 0.112 HSP47 0914 0.078

HSP70 0.214 0.238

SS-B 0.387 0.532

Vimentin 0.178 0.829

Notes: Day | — day 2 data with normal distribution or logarithmic normal distribution were analyzed by paired t-test. Non-normally distributed day | — day 2 data were

analyzed by Wilcoxon test.

Abbreviations: CENP-B, centromere protein B; HSP, heat shock protein; IL, interleukin; sSRAGE, the soluble receptor for advanced glycation end-products; SS-B, La/Sjogren
syndrome type B antigen; TNFo,, tumor necrosis factor-o; VEGF, vascular endothelial growth factor.

detection of IL5, IL6, IL8, IL10, IL13, IL33, sRAGE, and
VEGF; differences were detected for IL1P (P=0.036) and
TNFo (P=0.039) (Table 2; Figure S1). The repeatability of
soluble protein markers in PBS supernatant shown by ICC
was very good for IL10, IL33, and VEGF; substantial for
IL6, IL8, IL13, sRAGE, and TNFo; moderate for IL5; and
fair for IL1P (Table 3). For IL5, IL8, IL13, and VEGF in
PBS supernatant, all data points were within the LoA CI in
Bland—Altman plots (Figure 1). There was only 1/32 (3.1%)
data point outside the LoA CI for IL1B, IL6, IL10, L33,

Table 3 Intraclass correlation coefficient (ICC) assessment results

and TNFa; 2/32 (6.2%) data points were outside the LoA
CI for sRAGE (Figure 1).

Reproducibility of autoantibody
detections in sputum

There were no differences between repeated detections
for all 13 types of IgG autoantibodies (aggrecan, amyloid,
CENP-B, collagen I, collagen II, collagen IV, cytochrome C,
cytokeratin 18, elastin, HSP47, HSP70, SS-B, and vimentin)
and for 12 types of corresponding IgM autoantibodies;

Soluble protein | ICC 1gG ICC-IgG ICC-IgM Sputum cell ICC
markers counts
ILIB 0.292 Aggrecan 0.924 0.073 Neutrophils (%) 0.861
IL5 0.603 Amyloid 0.070 0.061 Macrophages (%) | 0.871
IL6 0.783 CENP-B 0.863 0.958 Eosinophils (%) 0.840
IL8 0.770 Collagen | 0.333 0.754 Lymphocytes (%) | 0.413
ILIO 0.831 Collagen Il 0.882 0.936
ILI3 0.774 Collagen IV 0.742 0.732
IL33 0.991 Cytochrome C 0.793 0.533
sRAGE 0.711 Cytokeratin 18 0.318 0.826
TNFo 0.698 Elastin 0.661 0.306
VEGF 0.903 HSP47 0.834 0.062

HSP70 0.830 0.862

SS-B 0.923 0.598

Vimentin 0.514 0.462

Abbreviations: ICC, intraclass correlation coefficient; CENP-B, centromere protein B; HSP, heat shock protein; IL, interleukin; sSRAGE, the soluble receptor for advanced
glycation end-products; SS-B, La/Sjogren syndrome type B antigen; TNFa, tumor necrosis factor-o; VEGF, vascular endothelial growth factor.
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a difference was detected for CENP-B IgM (P=0.014) in

sputum supernatant (Table 2; Figures S2 and S3).

The repeatability shown by ICC was very good for IgG
autoantibodies against aggrecan, CENP-B, collagen II,

HSP47, HSP70, and SS-B; substantial for IgGs against

cytochrome C, collagen IV, and elastin; moderate for anti-

vimentin IgG; fair for anti-collagen I and anti-cytokeratin
18 IgGs; and minor for IgG against amyloid (Table 3).
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All data points were within the LoA CI in Bland—Altman
plots for IgGs against amyloid, collagen I, cytochrome C,
cytokeratin 18, HSP70, and vimentin (Figure 2). There was
only 1/28 (3.6%) data point outside the LOA CI for the
remaining seven types of IgGs (Figure 2).

The repeatability of IgM autoantibody in PBS super-
natant, shown by ICC, was very good for [gMs against
CENP-B, collagen II, cytokeratin 18, and HSP70; substantial
for IgMs against collagen I and collagen I'V; moderate for
anti-cytochrome C, anti-SS-B, and anti-vimentin IgMs; fair
for anti-elastin IgM; and minor for IgMs against aggrecan,
amyloid, and HSP47 (Table 3). All data points were within
the LoA CI in Bland—Altman plots for IgMs against amyloid

and collagen I (Figure 3). There was only 1/28 (3.6%) data
point outside the LOA CI for the remaining eleven types of
IgM (Figure 3).

All Bland—Altman plots for fluid phase in PBS super-
natant showed that the solid line representing the mean
difference was close to the dotted line representing a mean
difference of 0. In the assessment of the distribution of data
points in Bland—Altman plots as described above, there was
a good consistency in repeated measurement.

Repeatability of sputum cell counts
There were no differences between repeated detection for
differential cell counts in sputum (Table 2; Figure S4).
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Abbreviations: CENP-B, centromere protein B; HSP47, heat shock protein 47; HSP70, heat shock protein 70; SS-B, La/Sjogren syndrome type B antigen.

The reproducibility of sputum cell counts was very good
for neutrophils (0.86), macrophages (0.87), and eosinophils
(0.84); it was moderate for lymphocytes (0.40) (Table 3).
All data points were within the LoA CI in Bland—Altman
plots for macrophages and lymphocytes (Figure 4). There
was only 1/32 (3.1%) data point outside the LoA CI for
neutrophils; 2/32 (6.2%) data points were outside the LoA
CI for eosinophils (Figure 4).

Comeparison of measurements in healthy

subjects and stable COPD

Compared with healthy subjects, stable COPD patients
showed trends for higher relative fluorescence intensity of anti-
cytochrome C IgG (665.9 vs 902.0, P=0.008) and anti-aggrecan
IgM (0.0 vs 148.5, P=0.006) in sputum; they also showed trends
for higher neutrophil percentage (53.3% vs 77.4%, P=0.001)
and eosinophil percentage (1.6% vs 3.6%, P=0.004) in sputum
(Table S2). Anti-cytochrome C IgM (11,815.6 vs 8,710.0,
P=0.036) and macrophages (51.2% vs 15.1%, P=0.001) were
lower in sputum of patients with COPD than in sputum of
healthy subjects (Table S2).

Correlations between measurements in
stable COPD patients

Correlation analysis suggested a positive correlation for
stable COPD patients between sputum anti-collagen II
IgG and post-bronchodilator FEV % (r=0.670, P=0.002),
as well as between sputum anti-collagen II IgG and spu-
tum lymphocytes (r=0.649, P=0.003); there were positive
correlations between anti-aggrecan IgG and eosinophils
in sputum (r=0.574, P=0.010), between anti-collagen IV
IgM and lymphocytes in sputum (r=0.610, P=0.006), and
between post-bronchodilator FEV % and sputum macro-
phages (r=0.519, P=0.002); there was a negative correlation
between anti-cytochrome C IgG and sputum eosinophils
(r=—-0.639, P=0.003).

Discussion

In this study, we treated selected fresh sputum with PBS,
followed by low-temperature centrifugation to obtain super-
natant; we then investigated soluble protein markers and IgG
and IgM autoantibody profiles of these PBS supernatants
by microarray analysis. We found that the measurements
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obtained twice within 6 days were highly reproducible in
healthy subjects and stable COPD patients. Notably, this
is the first assessment of the repeatability of fluid-phase
measurements in PBS-treated sputum supernatant with
high-throughput method. This study confirmed the presence
of autoantibodies in the airways of healthy subjects and
COPD patients, which can be detected by microarrays in the
analyses of sputum supernatant.

The “two-step” sputum processing method allows inves-
tigators to obtain supernatant by PBS processing and cell
lysis with DTT; notably, it avoids the destruction of soluble
media by DTT. In this study, the reproducibility of fluid-
phase measurements in PBS-supernatant and cell proportion
from sputum treated with “two-step” processing method was

good. These results suggested the validity of this method,
which may be useful in clinical analyses.

ICC and Bland—Altman plots are commonly used statis-
tical methods for consistency testing. The paired #-test can
only indicate whether the average difference between the two
measurements is equal to 0, according to the current data it
cannot fully reflect the consistency between these measure-
ments. In addition, the P-value is affected by the degree of
freedom; thus, it is not appropriate to use the paired #-test
instead of the consistency test. The result of ICC is suscep-
tible to the presence of the outliers, while the Bland—Altman
consistency analysis method is relatively more robust. For the
above reasons, a paired-samples test approach, including ICC
and Bland—Altman plots, was used to evaluate repeatability
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Figure 3 Bland-Altman plots of IgM autoantibodies in sputum supernatant. Bland—Altman plots of (A) anti-aggrecan IgM; (B) anti-amyloid IgM; (C) anti-CENP-B IgM;
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(K) anti-HSP70 IgM; (L) anti-SS-B IgM; and (M) anti-vimentin IgM.

Abbreviations: CENP-B, centromere protein B; HSP47, heat shock protein 47; HSP70, heat shock protein 70; SS-B, La/Sjogren syndrome type B antigen.

in this study. We evaluated the reproducibility of 10 soluble
protein markers that often serve as biomarkers for chronic
inflammatory airway disease. Most of these soluble protein
markers show good consistency when measured twice within
6 days. Although 96.9% of data points were inside the LoA
CI for IL1B and TNFo. in Bland—Altman plots, there was a
significant difference between the repeated measurements.
The ICC was 0.292 for IL1p and 0.698 for TNFa., indicat-
ing low to medium reproducibility, which may be because
of fluctuations that occur under physiological conditions.
We tested the detection reproducibility for IgG and IgM
autoantibody profiles by microarray analysis and confirmed
that these autoantibodies are detectable in PBS-treated
supernatant with a good reproducibility; IgG was clearly
detectable. ICC indicated that results regarding IgM autoan-
tibodies generally tended to be less reproducible than those
regarding IgG autoantibodies for aggrecan, cytochrome C,
elastin, HSP47, and SS-B. This might be because IgM is often
produced in early stages of humoral immunity, is maintained
for a short time, and then cleared rapidly. A wide variety of
natural autoantibodies (NAAs) of the IgM, IgG, and IgA

classes are present in normal individuals.'”® NAAs play an
important role in maintaining the immunological homeostasis
by participating in immune regulation, repertoire selection,
and resistance to infections. Natural IgM antibodies are
required in early effective control of bacterial and viral infec-
tions and serve to prime the ensuing IgG response.' Notably,
autoantibodies restrain the harmful consequences of inflam-
matory autoimmune conditions.? In this study, we confirmed
the existence of NAAs in normal human airway, as well as
in the airway of COPD patients. The role of autoimmune
pathology in the development and progression of COPD is
increasingly appreciated. Packard et al demonstrated that
COPD patients produce autoantibodies in serum which is
correlated with the disease phenotype.’ A case series identi-
fied antibody deficiency as a potentially treatable risk factor
for frequent COPD exacerbations.?! Collagen V-mediated
autoimmunity was increased in smoking controls and may
potentially contribute to the pathogenesis of COPD.?? Here,
we have revealed the presence of IgG and [gM autoantibodies
to multiple antigens, including collagen, in the airways of
COPD patients. Stable COPD patients differed from healthy
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Figure 4 Bland-Altman plots of sputum cell counts. Bland—Altman plots of (A) sputum neutrophils; (B) sputum macrophages; (C) sputum eosinophils; and (D) sputum

lymphocytes.

subjects in anti-cytochrome C IgG and anti-aggrecan IgM and
anti-cytochrome C IgM. We also found a significant posi-
tive correlation for stable COPD patients between sputum
anti-collagen II IgG and post-bronchodilator FEV %, as
well as between anti-aggrecan IgG and eosinophils; and a
negative correlation between anti-cytochrome C IgG and
sputum eosinophils. Further studies with larger samples are
warranted to explore the role of these autoantibodies in the
development of COPD.

Comparison of sputum measurements in healthy sub-
jects and COPD patients showed significant differences in
the proportion of neutrophils and eosinophils, the levels of
anti-cytochrome C IgG and anti-aggrecan IgM and anti-
cytochrome C IgM. The comparison and the correlation
between markers in sputum and the clinical parameters sug-
gested the validity of this method. Biomarker distributions

are often complex because of heterogeneities due to various
disease stages and endotypes. In particular, COPD is a highly
heterogeneous disease. Therefore, we believe that overlap-
ping distributions between healthy subjects and COPD
patients are logical and acceptable.

There are some limitations in this study. First, for BAFF,
IEN-y, 1L4, IL17, leptin, and TGFB, >50% of the data
were undetectable. The levels of these protein markers may
indeed be low in the airway secretions of healthy and COPD
individuals. However, this phenomenon may be related to
the reduction in soluble protein marker concentrations after
ninefold dilution in sputum processing. To clarify the cause,
further studies with high-speed centrifugation of the original
sputum, in order to obtain supernatant for detection of soluble
protein markers, can be conducted. Second, the sample size
was small, although it was comparable to that of a classic
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study with similar design.® In the future, we will expand the
sample size and evaluate the reproducibility in COPD patients
and healthy subjects.

Conclusion

The current study confirms the high repeatability of fluid-
phase measurements in PBS supernatant, using the two-step
sputum processing method. Autoantibodies of IgG and IgM
of multiple antigens were found in the airways of COPD
patients and are detected by using a high-throughput protein
chip for analyses of sputum supernatant. These results
demonstrated the potential use of the two-step sputum
processing method as a noninvasive tool for the study of
biomarkers, airway inflammation, and localized immunity
in COPD patients.
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Table S| All measurement results

Soluble protein markers Day | Day 2 P-value
LI 46.5 (27.5, 65.5) 63.0 (39.7, 86.3) 0.036
IL5 6.4 (3.5,9.2) 11.8 (4.6, 18.9) 0.129
L6 352.0 (208.2, 495.8) 337.4 (186.3, 488.5) 0.396
IL8 1,551.1 (1,076.5, 2,025.7) 1,648.1 (1,344.2, 1,951.9) 0.072
IL10° 0.4 (0.0, 1.8) 0.9 (0.3, 1.7) 0.213
IL13® 0.5 (0.2, 1.0) 0.8 (0.3, 1.4) 0.152
IL33® 1.6 (0.0, 10.1) 4.1 (0.0, 13.1) 0.511
sRAGE® 406.3 (39.3, 1,244.3) 274.6 (77.5, 1,238.4) 0.588
TNFo® 85.8 (18.8, 152.7) 109.4 (59.6, 159.2) 0.039
VEGF* 2,584.4 (2,159.1, 3,009.7) 2,869.7 (2,402.8, 3,336.6) 0.112
IgG autoantibodies

Aggrecan® 568.3 (501.5, 707.6) 556.8 (462.9, 698.9) 0.665
Amyloid® 89.2 (66.9, 111.5) 114.2 (67.9, 160.5) 0.318
CENP-B® 3,071.7 (2,490.1, 4,090.3) 3,042.8 (2,820.1, 4,063.2) 0.951
Collagen I° 278.1 (223.6, 390.4) 278.7 (207.4, 333.7) 0.977
Collagen II° 301.2 (232.0, 638.0) 311.3(198.8, 765.1) 0.859
Collagen IV® 116.9 (46.8, 344.4) 130.5 (56.1, 464.1) 0.269
Cytochrome C° 795.4 (637.4, 989.6) 883.4 (623.6, 1,016.4) 0.982
Cytokeratin 18° 933.3 (433.9, 1,920.7) 838.1 (302.5, 1,916.6) 0.517
Elastin® 761.9 (643.2, 880.7) 684.3 (617.9, 750.7) 0.106
HSP472 407.5 (253.1, 562.0) 359.0 (241.7, 476.3) 0914
HSP70° 5,369.5 (4,440.2, 6,252.3) 5,515.1 (4,684.1, 6,567.3) 0.214
SS-B b* 4,033.8 (3,545.6, 4,790.4) 4,201.5 (3,866.6, 5,156.0) 0.387
Vimentin® 365.1 (282.1, 448.1) 432.6 (306.8, 558.3) 0.178
IgM autoantibodies

Aggrecan® 84.0 (0.0, 465.1) 111.3 (0.0, 709.4) 0.117
Amyloid® 23.6 (1.0, 101.1) 18.9 (1.5, 85.9) 0.600
CENP-B® 3,885.5 (2,596.2, 8,974.4) 6,131.3 (2,557.9, 11,631.8) 0.014
Collagen I° 284.1 (183.4, 384.8) 257.0 (151.6, 362.5) 0.301
Collagen II° 463.6 (124, 1,147.2) 338.3 (8.6, 1,614.4) 0.954
Collagen IV® 9.2 (0.3,2787) 1.4 (0.0, 433.2) 0.520
Cytochrome C° 8,572.7 (7,913.6, 11,828.1) 9,157.1 (6,940.2, 10,326.5) 0.631
Cytokeratin 18* 6,480.5 (3,560.2, 9,400.8) 5,846.3 (3,456.4, 8,236.1) 0.939
Elastin® 10,074.5 (9,025.2, 11,123.7) 10,311.0 (8,986.3, 11,635.7) 0.754
HSP47° 374.2 (132.6,801.7) 508.9 (177.9, 1,043.8) 0.078
HSP70° 6,132.8 (4,592.6, 7,867.5) 6,077.0 (4,628.5, 9,365.8) 0.238
SS-B® 5,240.3 (4,630.9, 7,250.0) 5,471.9 (4,618.4, 6,972.6) 0.532
Vimentin® 815.8(510.0, I,121.5) 753.3 (477.8, 1,028.9) 0.829
Sputum cell counts

Neutrophils (%)° 75.0 (53.3, 88.6) 70.5 (53.2, 85.9) 0.235
Macrophages (%)° 19.0 (6.7, 42.5) 23.3 (9.1, 44.2) 0.400
Eosinophils (%)° 2.5 (1.3, 4.0) 2.2 (1.2,45) 0.722
Lymphocytes (%)° 1.2 (0.5, 1.7) 1.0 (0.4, 1.4) 0.345

Notes: *Day | — day 2 data with normal distribution or logarithmic normal distribution were analyzed by paired t-test. "Non-normally distributed day | — day 2 data were

analyzed by Wilcoxon test.

Abbreviations: CENP-B, centromere protein B; HSP70, heat shock protein 70; IL, interleukin; INF-y, interferon-y; SRAGE, the soluble receptor for advanced glycation
end-products; SS-B, La/Sjogren syndrome type B antigen; TNFo, tumor necrosis factor-o; VEGF, vascular endothelial growth factor.
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Figure S| Scatter plots of soluble protein markers with pair-wise comparisons of the two measurements. Scatter plots of (A) ILIf; (B) IL5; (C) IL6; (D) IL8; (E) IL10;
(F) IL13; (G) IL33; (H) sRAGE; (I) TNFoy; and (J) VEGF.
Abbreviations: IL, interleukin; sSRAGE, soluble receptor for advanced glycation end-products; TNFc, tumor necrosis factor-o; VEGF, vascular endothelial growth factor.
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Figure S2 Scatter plots of IgG autoantibodies with pair-wise comparisons of the two measurements. Scatter plots of (A) anti-aggrecan IgG; (B) anti-amyloid IgG;
(C) anti-CENP-B IgG; (D) anti-collagen | IgG; (E) anti-collagen Il IgG; (F) anti-collagen IV IgG; (G) anti-cytochrome C IgG; (H) anti-cytokeratin 18 IgG; (I) anti-elastin 1gG;
(J) anti-HSP47 IgG; (K) anti-HSP70 IgG; (L) anti-SS-B IgG; and (M) anti-vimentin IgG.

Abbreviations: CENP-B, centromere protein B; HSP47, heat shock protein 47; HSP70, heat shock protein 70; SS-B, La/Sjogren syndrome type B antigen.
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Figure S3 Scatter plots of IgM autoantibodies with pair-wise comparisons of the two measurements. Scatter plots of (A) anti-aggrecan IgM; (B) anti-amyloid IgM;
(C) anti-CENP-B IgM; (D) anti-collagen | IgM; (E) anti-collagen I IgM; (F) anti-collagen 1V IgM; (G) anti-cytochrome C IgM; (H) anti-cytokeratin 18 IgM; (I) anti-elastin IgM;
(J) anti-HSP47 IgM; (K) anti-HSP70 IgM; (L) anti-SS-B IgM; (M) anti-vimentin IgM.

Abbreviations: CENP-B, centromere protein B; HSP47, heat shock protein 47; HSP70, heat shock protein 70; SS-B, La/Sjogren syndrome type B antigen.
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Figure S4 Scatter plots of sputum cell counts with pair-wise comparisons of the two measurements. Scatter plots of (A) sputum neutrophils; (B) sputum macrophages;
(C) sputum eosinophils; and (D) scatter plots of sputum lymphocytes.

850 submit your manuscript International Journal of COPD 2019:14

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Wang et al

Table S2 Comparison of measurements between groups

Soluble protein markers Healthy Stable COPD P-value
ILIB® 22.1 (13.3,27.7) 25.8 (4.8, 101.9) 0.690
IL5® 1.3(0.2,4.7) 6.1 (0.8, 10.1) 0.153
IL6® 102.1 (21.9, 168.6) 381.8 (57.1, 797.5) 0.075
L8 1,171.2 (863.2, 1,445.0) 1,302.6 (906.3, 1,721.0) 0.463
IL10® 0.2 (0.0, 0.7) 0.6 (0.1,2.2) 0.094
ILI3® 0.6 (0.3, 1.0) 0.4 (0.1, 1.0) 0.850
IL33® 0.6 (0.0, 5.3) 2.9 (0.0, 14.4) 0.351
sRAGE® 339.6 (195.1, 3,188.6) 473.0 (164, 1,043.1) 0.201
TNFor 28.9 (0.0, 44.4) 26.7 (0.0, 104.0) 0.680
VEGP® 2,549.7 (2,326.0, 3,093.1) 2,371.8 (1,574.1, 3,308.6) 0.438
IgG autoantibodies

Aggrecan® 531.1 (474.3, 812.0) 569.6 (503.4, 622.5) 0.863
Amyloid® 86.7 (56.0, 95.2) 81.8 (38.4, 136.0) 0.825
CENP-B® 3,994.0 (2,907.8, 4,956.0) 2,847.6 (2,430.3, 3,878.2) 0.099
Collagen I* 356.8 (200.4, 513.2) 288.1 (243.9, 332.4) 0.357
Collagen II° 408.4 (293.6, 1,000.9) 263.6 (211.7, 536.9) 0.073
Collagen IV® 149.9 (41.2, 658.3) 104.8 (48.1, 172.6) 0.363
Cytochrome C* 665.9 (566.8, 763.6) 902.0 (697.4, 1,028.0) 0.008
Cytokeratin 18° 843.0 (278.0, 2,817.3) 945.3 (508.9, 1,932.7) 0.712
Elastin® 706.2 (661.3, 809.3) 742.3 (546.5, 869.0) 0.863
HSP47° 274.3 (166.0, 585.9) 206.0 (108.2, 645.3) 0.712
HSP70° 5,640.2 (4,735.5,7,712.8) 5,016.0 (4,255.8, 5,498.5) 0.176
SS-B° 3,771.4 (3,562.4, 4,298.6) 4,411.1 (3,419.8,5,113.1) 0.228
Vimentin® 295.8 (284.3, 574.1) 301.6 (221.5, 474.8) 0.313
IgM autoantibodies

Aggrecan® 0.0 (0.0, 30.8) 148.5 (1.2, 519.3) 0.006
Amyloid® 45.8 (0.0, 106.9) 13.6 (1.1, 106.9) 0.843
CENP-B® 3,659.3 (2,152.0, 6,249.1) 4,134.9 (2,908.3, 12,490.8) 0.325
Collagen I° 283.6 (95.6, 365.7) 199.1 (93.6, 383.1) 0.941
Collagen II° 463.9 (0.0, 1,252.4) 463.3 (109.0, 1,221.0) 0.336
Collagen IV® 1.2 (0.0, 321.8) 20.8 (1.1, 307.6) 0.359
Cytochrome C* 11,815.6 (9,060.0, 14,571.2) 8,710.0 (265.4,791.2) 0.036
Cytokeratin 18° 3,926.2 (1,233.7, 6,578.3) 4,046.7 (845.2, 12,122.9) 0.863
Elastin® 10,719.3 (8,817.8, 12,620.8) 9,769.0 (8,409.5, 11,128.6) 0.396
HSP47° 232.2(117.3, 930.8) 416.4 (127.0, 782.3) 0.806
HSP70° 5,364.2 (3,779.5,7,710.8) 6,418.4 (4,536.1, 7,907.4) 0.572
SS-B° 5,831.1 (4,664.5, 10,809.2) 5,000.8 (4,604.1, 6,589.2) 0.446
Vimentin® 677.7 (504.5, 1,471.3) 512.3 (278.7, 835.2) 0.268
Sputum cell counts

Neutrophils (%) 53.3 (39.3, 67.3) 774 (70.7, 84.2) 0.001
Macrophages (%)° 51.2 (30.2, 58.0) 15.1 (4.6, 23.9) 0.001
Eosinophils (%)* 1.6 (0.7, 2.5) 3.6 (2.5,4.7) 0.004
Lymphocytes (%)° 1.4 (1.1,2.0) 0.9 (04, 1.7) 0.249

Notes: *Data with normal distribution were expressed as mean and 95% CI and analyzed by t-test. ®Data with non-normal distribution were expressed as median and
interquartile range (IQR) and analyzed by Mann—Whitney U test.

Abbreviations: CENP-B, centromere protein B; HSP70, heat shock protein 70; IL, interleukin; INF-y, interferon-y; sSRAGE, the soluble receptor for advanced glycation
end-products; SS-B, La/Sjogren syndrome type B antigen; TNFo, tumor necrosis factor-o; VEGF, vascular endothelial growth factor.
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