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Background: Asthma-COPD overlap (ACO; previously referred to as asthma-COPD over-
lap syndrome) is characterized by persistent airflow limitation consistent with COPD,
together with several distinguishing features of asthma. Asthma-COPD overlap syndrome
is a condition of mixing symptoms of asthma and COPD, because of its complexity, it is
difficult to find effective diagnostic markers in clinic.

Purpose: Our aims were to detect the expression of serum cytokines in patients with
asthma, explore the diagnostic potential of differential serum cytokines in ACOS.
Patients and Methods: Ninety asthmatic patients were divided into ACOS group and
non-ACOS group according to the major and minor criteria of ACOS, 15 kinds of cytokines
including IL-3, IL-4, IL-8, IL-9, IL-13, IL-17A, VEGFA, VEGFC, VEGFD, bFGF, Fit-1 PIGF,
Tie-2 were detected by MSD, and IL-27 and TGF-beta were determined by ELISA assay.
Results: The serum levels of IL-9, VEGFA and PIGF in patients with ACOS were
significantly higher than those in non-ACOS group (P<0.05, respectively), while the level
of IL-8 and IL-17A in subjects with ACOS was lower than that in the non-ACOS group
(P<0.05, respectively). We analyzed the correlation between several difference factors and
FEV1/FVC% in the ACOS group, found VEGFA was negatively correlated with FEV1/FVC
%, while IL-8 and IL-17A were positively correlated with FEV1/FVC%. Finally, three
correlation factors were analyzed by ROC curve for the occurrence of ACOS.
Conclusion: The results suggested that IL-8 was highly sensitive and VEGFA was highly
specificity, both of which could be used as biomarkers for the diagnosis of ACOS.
Keywords: asthma, ACOS, biomarker, IL-8, VEGF-A

Introduction

Asthma and COPD are chronic inflammatory respiratory disease characterized by
inflammation and excess mucus production. Many studies have confirmed that they
have different inflammatory response, generally speaking, asthma is an eosinophil-
dominant inflammation driven by TH2 cytokines,' while COPD is a neutrophil- and
macrophage-dominant inflammatory process driven by THI cytokines.? Clinically,
a part of smokers with severe asthma associated with long-term airway obstruction,
which is characterized by airway remodeling and increased neutrophil counts.
These asthmatic patients who also manifest the symptoms of COPD are diagnosed
with asthma-COPD overlap syndrome (ACOS).>* Meanwhile, patients with COPD
with good obstruction reversibility, whereas increased eosinophil counts, can also
be classified as ACOS.” Most ACOS patients are elderly and manifest the symp-
toms of both asthma and COPD.® The literatures suggest that ACOS is associated

with more rapid decline in lung function, more frequent exacerbations, worsening
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quality of life and higher mortality rates compared with
asthma or COPD.” It is important to distinguish ACOS
from asthma or COPD. In fact, the clinical phenotypes and
mechanism of ACOS are still in a vague state. Although
several diagnostic criteria, such as the modified Spanish
criteria® and American Thoracic Society Roundtable cri-
teria, have been established for ACOS, its exact definition
has not been established.” Currently, the main criteria for
an asthmatic patient to be diagnosed with ACOS are as
follows: (a) persistence over time of airflow obstruction
(FEV1/FVC<0.7 or <LLN) and (b) exposure to noxious
particles or gases, with >10 pack-years for smokers.'’
However, there are no effective methods to distinguish
ACOS and “pure” asthma or COPD yet.

Although the concept of ACOS has been around for
a long time, the question of whether ACOS is simply the
additive result of asthma and COPD, or whether multiple
environmental factors contribute to the progression of
a single asthma/COPD patient to another disease has not
been well answered. According to the Dutch hypothesis, '’
single asthmatic/COPD patients with airway obstruction
will progress to ACOS as a result of the combined mechan-
isms of action of exogenous and endogenous factors,
including genes, gender, age, allergens, smoking, air pollu-
tion, infection and inflammation, response to treatment and
clinical course.'? However, considering that ACOS is asso-
ciated with inflammatory processes, it is significantly
important to study the roles of inflammatory cytokine levels
in the development of this disease. In this study, the expres-
sion of various inflammatory factors, VEGF family mem-
bers and other related factors in the serum of patients with
ACOS were analyzed by MSD detection to investigate the
biological mechanisms of these different factors in estab-
lishing the diagnosis of ACOS.

Patients and Methods
Subjects

Ninetyasthmatic subjects and 40 normal controls were
recruited through the Department of Respiration, The
Affiliated Hospital of Medical School of Ningbo University.
All patients provided written informed consent for their sam-
ples to be used in related approved studies, and this study was
approved by the local ethics committee (Institutional Review
Board approval number: KY20170309). All of the patients
had a clear history of asthmatic symptoms. Patients with
asthma met the definition of the Global Initiative for
Asthma.”® Based on Cataldo et al'* summarized the

classification of ACOS patients in asthma patients, and we
divided asthmatic patients into ACOS group and non-ACOS
group. The classification method included major criteria and
minor criteria. The major criteria of ACOS in an asthmatic
patient were as follows: (1) exposure to noxious gases, with
>10 pack-years for smokers. (2) airflow obstruction for over
time (FEV1/FVC<0.7 or <lower limit of normal). Meanwhile,
the minor criteria of ACOS in an asthma patient: (1) no
response on acute bronchodilator test; (2) reduced lung diffu-
sion capacity; (3) age>40 years; (4) emphysema present on
chest CT scan; (5) little variability obstruction. An asthmatic
patient who met the two major criteria and at least one minor
criterion was classified as ACOS group. Specifically, ACOS
was diagnosed if patients with asthma were older than 40 years
old, had post-bronchodilator forced FEV1/FVC <0.7, and
fulfilled at least one of the following criteria, including more
than 10 pack-years’ smoking history, less than 80% of diffus-
ing capacity of the lung for carbon monoxide (DLCO)/alveo-
lar volume, and presence of low attenuation area or
emphysema on high resolution computed tomography
(HRCT). Normal control subjects were healthy lifelong volun-
teers who had no history of lung disease. Healthy controls
were also age and gender matched with the patients.

Analysis of Cytokines

All of serum was separated from the anticoagulant blood by
centrifugation (1500rpm, 10 mins) at 4°C. A Meso Scale
Discovery system (Meso Scale Diagnostics, Rockville, MD)
was used to measure concentrations of interleukin(IL)-4,-5-8,-
9,-13,-17A (base catalog number K15067L-1 for human
assay, sensitivity of <0.6 pg/mL), and Flt-1(VEGFR-1, sensi-
tivity of <0.6 pg/mL), placental growth factor (PIGF, sensitiv-
ity of <0.6 pg/mL), TEK receptor tyrosine kinase (Tie-2,
sensitivity of <0.6 pg/mL), vascular endothelial growth fac-
tor-A, -C, -D (VEGF-A, -C, -D, sensitivity of <0.6 pg/mL,
respectively), fibroblast growth factor 2 (bFGF) (Cat numbers:
K15190G-1 for human assay, sensitivity of <0.6 pg/mL),
transforming growth factor beta 1 (TGF-betal), IL-27 were
determined by ELISA assay (Cat numbers: SEA385HU,
SEA123HU 96T, respectively, Sensitivity of <0.6 pg/mL).

Ethical Statement

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. The study was approved by The Affiliated
Hospital of Medical School of Ningbo University Ethics
Committee. This study was conducted in accordance with
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the Declaration of Helsinki, and all subjects provided
written informed consent for inclusion in the study.

Statistical Analysis

Data were analyzed with the aid of commercially available
statistical packages (SPSS Statistics software, version 19.0,
GraphPad Prism6). Enumeration data were expressed as
percentage, whereas measurement data were expressed as
mean + standard error of mean(SEM) or median with quartile
range. Between-group ANOVA (Kruskal-Wallis) was fol-
lowed by the Mann—Whitney U-test with Bonferroni correc-
tion. Correlation coefficients were obtained by the Spearman
rank-order method with correction for tied values. A receiver
operating characteristic (ROC) curves were allowed for sen-
sitivity and specificity analysis obtained by SPSS 19.0. For
all tests, P<0.05 was considered significant.

Results

Clinical Data
A total of 90 patients were enrolled in this study. According to
the diagnostic criteria, 69 patients had asthma (non-ACOS)

and 21 patients had ACOS. The clinical characteristics of the
subjects are shown in Table 1. Patient with ACOS had sign-
ificantly more tobacco smoking pack-years than patients with
non-ACOS. The frequency of cough, dyspnea and wheezing
between ACOS and non-ACOS was statistically insignificant,
while the frequency of phlegm was significantly higher in the
ACOS than that in the non-ACOS group. The total serum
immunoglobulin E(IgE) was higher in the ACOS group than
that in the non-ACOS group. We detected the VEGFA
expression in the serum and found that the mean of VEGFA
expression in asthmatic subjects (758.2pg/mL+72.31) was
significantly higher than that in the control group
(42.21pg/mL+£7.781) (P<0.0001). The median prebronchodi-
lator FEV1 (percent predicted) of asthmatic patients (Median
77.25%, range 52.36-103.2%) was lower than that in the
control group (Median 105.5%, range 79.8-110.3%)
(P<0.05). However, FEV1/FVC ratio in both groups had no
significant difference. Based on the ACOS classification
requirements, we divided asthmatic subjects into ACOS
group and non-ACOS group. In ACOS group, all of the
patients had smoking history, and the median FEV1%

Table | The General Biochemical Indicators Compared Among Control Group, ACOS Group and Non-ACOS

Subject Control (n=40) Asthma (n*°®'=90) ACOS (n=21) Non-ACOS (n=69)
Gender(F:M) 22:18 55:35 9:12 46:23

Age(y, Meant SD) 52.21%11.2 55.65% 19.6 55.65+19.4 55.65£19.2
Smoke Y:N 15:25 55:35 21:00 34:35

Year Years 10.2+5.5 13.4+7.4 14.2+3.2 11.249.3
Respiratory Symptoms, n (%)

Cough - 82 (91.1) 20 (95.2) 62 (89.9)
Phlegm - 45 (50) 20 (95.2)* 25 (36.2)
Dyspnea - 75 (83.3) 19 (90.5) 56 (81.2)
Wheezing - 77 (85.6) 18 (85.7) 59 (85.5)
Management Before Inclusion

SABA - 54(60) 12(57.1) 42(60.9)
ICS/LABA - 55(61.1) 8(38.1)* 47(68.1)
LAMA - 24(26.7) 14(66.7)* 3(4.3)
Others™ - 30(33.3) 6(28.6%) 24(34.8)
NEU(%, Meanx SEM) - 66.41+10.94 68.29+10.29 65.84+12.65
WBC (1%10%/L, Meant SEM) - 6.95+2.57 7.11£2.73 6.95+2.52
EOS (1x10%/L, Meant SEM) - 0.27+0.27 0.25+0.26 0.28+0.29
Serum IgE (IU/mL) - 240.4 (5-3660) 403.40 (7-3660)* 190.81(5-1010)
FEV1%Pred, (Median, range) 105.5+£29.32 79.25+21.32 52.36+15.67* 87.43+25.21
FEVI/FVC% (Median, range) 82.32+21.12 78.2419.34 65.15+5.54% 82.23+7.53
VEGFA(pg/mL, MeantSEM) 43.21+7.781 758.2+73.2 |k 844.4+|14.8% 561.3+58.25

Note: Data are expressed as meantSEM. *Acetyl cysteine, theophylline, and leukotriene antagonists. *P<0.05, ¥***P<0.0001.P value was calculated by Chi-square test or

Independent Samples T-test.

Abbreviations: F, female; M, male; SABA, short-acting beta-2 agonist; ICS, inhaled corticosteroid; LABA, long-acting beta-2 agonist; LAMA, long-acting muscarinic

antagonist; %pred, percentage of predicted; SEM, standard error of the mean.
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and FEV1/FVC in the ACOS group (52.36%, range
45.34-68.23%; 0.651, range 0.63-0.78) were significantly
lower than those in the non-ACOS group (87.43%, range
64.33-100.01%; 0.822, range 0.69-0.89) (P<0.05) and control
group (Median 105.5%, range 79.8-110.3%; 0.823, range
0.71-0.98) (P<0.05), respectively. The concentration of
VEGFA in asthmatic group was significantly higher than that
in the control group (P<0.0001), and the FEV1/FVC% of all
subjects in the ACOS group were lower than 70% compared
with the other groups, P<0.001 (Table 1).

Cytokines in Serum of ACOS Patients
We tested seven types of cytokines in serum of asthmatic
patients, including IL-4, IL-5, IL-8, IL-9, IL-13, IL-17A and
IL-27. As the results, IL-8 in the serum of ACOS group
was lower than that in the non-ACOS group (128.8pg/mL
+22.26 versus1028pg/mL+286) (P=0.0439). The concentra-
tion of IL-9 in the serum of ACOS group (Mean+SEM:
1.97pg/mL+0.247) was significantly higher than that in
the non-ACOS group (Meant=SEM:1.252pg/mL+0.1033)
(P=0.0023). Meanwhile, the mean of concentration of
IL-17A in the non-ACOS group was 11.88pg/mL, which
was higher than that in the ACOS group (Mean
+SEM:4.96pg/mL+0.957) (P=0.0227) (Figure 1).

Angiogenesis Related Factors of VEGFA
and PIGF Were Increased in Serum of

ACOS Patients

We choice VEGFA, VEGFC, VEGFD, bFGF, Flt-1, PIGF
and Tie-2, which were related with angiogenesis, to detect
the concentration of those in serum between ACOS
group and non-ACOS group. The result displayed the
concentration of VEGFA and PIGF in the ACOS group
were significantly higher than those in the non-ACOS
group (Mean+SEMVEGFA of non-ACOS group: 961.3pg/mL
£58.25 vs MeantSEMygGra ofacos group: 844.4pg/mL
+114.8) (P=0.0205), (Mean£tSEMpiGF of non-ACOS group:
7.438pg/ml+0.309 vs. MeantSEMpiGr of ACOS group:
9.226pg/mL+0.755) (P=0.0107), respectively (Figure 2).

Relationships Between Concentrations of
Serum VEGFA, Cytokines IL-8 and IL-17A
and FEVI/FVC%

The serum concentrations of VEGFA in the ACOS sub-
jects were correlated inversely with lung function (FEV1/
FVC1%)(all ACOS patients: VEGFA r=—0.343, P=0.017)

(Figure 3A), however, the concentration of cytokines
IL-17A and IL-8 in the ACOS group was positively
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Figure | Comparison of serum IL-4 IL-5, IL-8, IL-9, IL-13, and IL-17A between ACOS group and non-ACOS group.
Notes: (A) serum levels of IL-4, (B) serum levels of IL-5, (C) serum levels of IL-8, (D) serum levels of IL-9, (E) serum levels of IL-13, (F) serum levels of IL-|7A. Data are

graphed as mean * SEM.
Abbreviation: IL, interleukin.
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Figure 2 Comparison of serum VEGFA, VEGFC, VEGFD, bFGF, Fit-1, PIGF and Tie-2 between ACOS and non-ACOS group.
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Abbreviations: VEGF-A, -C, -D, vascular endothelial growth factor-A, -C, -D; bFGF, fibroblast growth factor 2; Flt-1,VEGFR-1; PIGF, placental growth factor; Tie-2, TEK

receptor tyrosine kinase.
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correlated with FEV1/FVC% (IL-17A r=0.304, P=0.036;
IL-8 »=0.44, P=0.002) (Figure 3B and C).

Serum IL-8 and VEGFA May Be the AOCS

Biomarkers

The sensitivity and specificity of serum IL-8 and VEGFA
as biomarkers were analyzed using the ROC curve to
confirm their ability to discriminate ACOS from non-
ACOS in total asthma (Figure 4A). The ROC curve
demonstrated by IL-8 obtained an area under the curve
of 0.676, with a cutoff value of 167.5 to discriminate
ACOS from non-ACOS. Additionally, VEGFA obtained
an area under the curve of 0.649, with a cutoff value of

909.85 (Figure 4B). IL-8 had a sensitivity of 80% and
a specificity of 58.5%, while VEGFA had a sensitivity of
60% and a specificity of 80.8%.

Discussion

Our study showed the difference between ACOS and
asthma. ACOS and asthmatic patients had similar demo-
graphic profiles; however, the frequency of phlegm in the
ACOS group was significantly higher than that in the non-
ACOS group. Similarly, asthma and COPD medications
were more frequently administered in ACOS patients than
in non-ACOS patients, but based on the results, there were
no statistically significant differences between the two
groups. Long-acting muscarinic antagonist was more
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frequently administered in ACOS patients than in non-
ACOS patients, and the inhaled corticosteroid/long-acting
beta-2 agonist (ICS/LABA) inhaler was more frequently
used by asthmatic patients than by ACOS patients. Our
results revealed significantly higher levels of total IgE in
ACOS patients compared with asthmatic patients, which
was considered an unexpected finding considering the
differences in the treatment drugs. This finding is consis-
tent with the results of Chen et al."> Another study showed
significantly higher concentrations of total IgE in asthma
compared with ACOS.'®

Compared with single asthma or single COPD, ACOS
is more complex and includes the symptoms of both
asthma and COPD. Different diseases require different
conditions to develop ACOS. For an asthmatic patient
with a long history of smoking or long-term exposure to

air pollution,'”'®

combined with pulmonary CT scan
revealing emphysema and low ventilation volume,'® the
diagnosis of ACOS is established. However, for a COPD

COPD may progress to ACOS

20,21

patient, if airway

hyperresponsiveness
2223

or airway remodeling and airway
inflammation are observed. Therefore, the definition
of ACOS is still unclear in clinical practice.

IL-8 is an effective neutrophil chemoattractant and acti-
vator that is released from macrophages, neutrophils, bron-
chial smooth muscle cells, and epithelial cells (Mio, 1997
#272). When inflammatory occurs, neutrophils are able to
enforce their own recruitment by the production of IL-8.%*
The concentration of sputum IL-8 was increased in an

established COPD, and IL-8 was associated with lung

function in COPD patients. A previous study found that
non-Th2-related cytokines such as IL-8 were higher in
ACOS compared with asthma.”> Meanwhile, Chalmers
etal (2001) found that smoking history in asthmatic patients
had a positive correlation with IL-8, and a negative correla-
tion between FEV1 and sputum IL-8 was observed.?® In our
study, we found that the serum concentration of IL-8 was
decreased in the ACOS group, and a positive correlation
between serum IL-8 and FEV1/FVC was observed.
A recent study showed that neither IL-8 nor IL-5/IL-8
produced sufficient sensitivity and specificity to accurately
identify the various diagnostic categories of asthma, COPD,
and ACOS. The area under the ROC curve was <0.7 in
every case. However, in this study, we found that serum
IL-8 had high sensitivity (80%) in the ROC curve. Although
the serum level of IL-8 in the ACOS group was lower than
that in the non-ACOS group, which was not consistent with
the hypothesis, the level of IL-8 was positively correlated
with FEV1/FVC, which was consistent with the results of
several experiments. The reason for this result had not been
studied in depth, which may be related to the small sample
size and more ACOS patients in this study had been treated
with ICS/LABA inhaler.

VEGF is a glycosylated peptide factor that belongs to the
platelet-derived growth factor family. VEGF family mem-
bers include VEGF-A, VEGF-B, VEGF-C, VEGF-E, and
PIGE.?” VEGF is generally expressed in tissues rich in blood
vessels, such as the trachea of the lung tissue.?® Meanwhile,
VEGF can be produced by inflammatory cells including
neutrophils, lymphocytes, monocytes, and eosinophils. It is
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well known that VEGF plays an important role in airway
remodeling, and several studies have shown that VEGF
expression is significantly increased in the serum of asth-
matic and/or COPD patients.”” However, based on the result
of our study, a negative correlation between serum VEGF-A
and FEVI/FVC was observed, which might be possibly
related to emphysema observed in ACOS in asthmatic
patients. It had been clearly reported that the concentration
of VEGFA and its receptor VEGFR?2 significantly decreased
in emphysema. Moreover, increased serum VEGFA had
a high specificity (80.8%) in the ACOS group.

In this study, serum IL-8 and VEGFA levels in ACOS
patients showed high specificity and sensitivity, but con-
sidering the wide expression of IL-8 and VEGF-A in most
tissues, it is necessary to identify more specific diagnostic
biomarkers of ACOS in the follow-up studies.

Conclusion

Considering that serum IL-8 has high sensitivity and
VEGF-A has high specificity, both of them could be used
as diagnostic biomarkers of ACOS.

Abbreviations

ACOS, asthma-chronic obstructive pulmonary disease
overlap syndrome; VEGF-A, -C, -D, vascular endothelial
growth factor-A, vascular endothelial growth factor-C,
vascular endothelial growth factor-D; bFGF, fibroblast
growth factor 2; Flt-1, VEGFR-1; PIGF, placental growth
factor; Tie-2, TEK receptor tyrosine kinase.
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