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Background: It can be difficult to distinguish between bronchial asthma and chronic obstructive pulmonary disease (COPD)

clinically, although these conditions are associated with different profiles of inflammatory cytokines and im-
mune cells. This study aimed to compare T-lymphocyte subsets and inflammatory cytokines in the serum and
sputum of patients with bronchial asthma and COPD who had respiratory function testing.

Material/Methods: The study included 42 patients with bronchial asthma, 48 patients with COPD, and 45 patients with bronchial
asthma complicated with COPD. The percentage predicted values of the forced expiratory volume in one sec-
ond (FEV1), the forced vital capacity (FVC), and the peak expiratory flow (PEF) rate were measured. Serum
and sputum levels of interleukin (IL)-4, IL-5, IL-9, IL-13, IL-1p, IL-6 and tumor necrosis factor-a. (TNF-ot) were
measured using an enzyme-linked immunosorbent assay (ELISA). Flow cytometry measured the CD4 and CD8
T-lymphocyte subsets, and the CD4: CD8 ratio was calculated.

Results: The FEV1, FVC, and PEF were significantly lower in patients with COPD compared with the other two patient
groups. Serum and sputum levels of IL-4, IL-5, IL-9 and IL-13 were significantly increased in the COPD patient
group, and levels of TNF-a, IL-1f and IL-6 were significantly increased in the bronchial asthma patient group.
The CD4: CD8 ratio in sputum was lowest in bronchial asthma patient group and highest in COPD patient group.

Conclusions: The detection of serum and sputum inflammatory cytokines and T-lymphocyte subsets may distinguish be-
tween bronchial asthma and COPD.
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Background

Worldwide, bronchial asthma and chronic obstructive pul-
monary disease (COPD) are two of the most frequently diag-
nosed pulmonary diseases that are associated with airway ob-
struction [1,2]. Bronchial asthma and COPD can have overlap
in their clinical symptoms and signs and the diagnosis can be
challenging in clinical practice [3]. Also, patients with bronchial
asthma may also have underlying COPD, which makes diag-
nosis and treatment even more complex [4]. However, the air-
way inflammation in bronchial asthma and COPD involve dif-
ferent inflammatory cytokines and immune cells [5]. Therefore,
detection of the changes in inflammatory cytokines and im-
mune cells in serum and sputum may assist in the diagnosis
of these two respiratory diseases.

Previous studies have shown that inflammatory cytokines,
including interleukin (IL)-4, IL-8, IL-10, and tumor necrosis
factor-o (TNF-ar) were significantly associated with COPD [6].
However, other inflammatory cytokines, such as IL-33, are
more specifically involved in the pathogenesis of bronchial
asthma [7]. T-lymphocyte cellular immune responses are com-
mon in patients with bronchial asthma and COPD [8,9]. To our
knowledge, no previous studies have compared the inflamma-
tory cytokine and T-lymphocyte subsets in these two patient
populations. Therefore, the aim of this study was to compare
T-lymphocyte subsets and inflammatory cytokines in the se-
rum and sputum of patients with bronchial asthma and COPD
who also underwent tests of respiratory function to develop
a clinical strategy to aid diagnosis.

Material and Methods

Patients

This study was approved by the Ethics Committee of the 3201
Hospital, Hanzhong City, and all patients signed an informed con-
sent to participate (date of review 2015.11.16). The patients were
divided into three groups, based on their clinical history and re-
spiratory function testing, and included patients with bronchial
asthma, patients with COPD, and patients with bronchial asthma
and COPD. The patients were diagnosed and treated in the 3201
Hospital, Hanzhong City, from January 2016 to January 2018.
Patients who had other comorbidities and patients who were
treated before admission were excluded from the study.

The study included 42 patients with bronchial asthma, 48 pa-
tients with chronic obstructive pulmonary disease (COPD), and
45 patients with bronchial asthma with COPD. No significant
differences in age and gender were found between the three
groups of patients. Table 1 shows the clinical characteristics
of the patients in the three study groups.
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Table 1. Demographic information of the three groups of

patients.
R s
Gender

"""" male 23 28 24
"""" Female 19 20 21
CAgel
"""" Agerange 3370 3067 2868
"""" Meanage 514162 49161 493172

COPD - chronic obstructive pulmonary disease.

Clinical indicators of respiratory function, serum, and
sputum testing

Clinical indicators of pulmonary function were measured on
the day of hospital admission and included the percentage
predicted values of forced expiratory volume in one second
(FEV1), the forced vital capacity (FVC), and the peak expiratory
flow (PEF) rate. Peripheral blood (5 ml) and sputum were also
collected on the day of admission. Serum was prepared from
the blood samples and sputum samples were obtained from
each patient. Levels of interleukin (IL)-4, IL-5, IL-9, IL-13, IL-1B,
IL-6, and tumor necrosis factor-at (TNF-c) in serum and spu-
tum were measured using a commercial enzyme-linked im-
munosorbent assay (ELISA) kit (R&D Systems, Minneapolis,
MN, USA). The percentage of viable T-lymphocyte subsets,
including CD4-positive cells and CD8-positive cells were mea-
sured by flow cytometry, and the CD4: CD8 ratio was calculated.

Statistical analysis

GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA) was
used for all statistical analysis. Comparisons between multi-
ple groups were performed by one-way analysis of variance
(ANOVA) and the least significant difference (LSD) test A p-value
<0.05 was considered to be statistically significant.

Results

Forced expiratory volume in one second (FEV1), forced
vital capacity (FVC), and the peak expiratory flow (PEF)
rate were significantly lower in the patient group with
chronic obstructive pulmonary disease (COPD) than in
other two groups

The forced expiratory volume in one second (FEV1), the forced
vital capacity (FVC), and the peak expiratory flow (PEF) rate
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Table 2. Comparison of the forced expiratory volume in one second (FEV1), the forced vital capacity (FVC), and the peak expiratory
flow rate (PEF) rate in the three groups of patients.

Bronchial asthma COPD Bronchial asthma + COPD
FEV1 87.34+14.22 83.12+13.34* 86.90.£17.45
v 8917s1523 80711433  8802t1432
P 6756s1298 586761022  68.09s1067

* compared with other two groups, p<0.05. FEV1 — forced expiratory volume in one second; FVC — forced vital capacity; PEF — peak
expiratory flow; COPD — chronic obstructive pulmonary disease.

Table 3. Comparison of serum inflammatory cytokines in the three groups of patients.

Bronchial asthma COPD Bronchial asthma + COPD

IL-4 (pg/ml) 181.33+28.23 251.55+30.44*# 212.23+27.33
CoLsegm) 124524228845 169823£22421% 142377422734
Cwopgm) 24124434 3551477 2764487
LB eym) 1866:723  4287+1145%  2482:802
NP pgm) 36126834 2124567 2832623
w1 86124932 4s45s678  69.11:854
C epgm) 54020488.44" 3201247323 3036645565

* Compared with the bronchial asthma + COPD group, p<0.05; # compared with the bronchial asthma group, p<0.05; * compared with
the COPD group, p<0.05. COPD — chronic obstructive pulmonary disease; TNF-o. — tumor necrosis factor-o; IL — interleukin.

were measured on the day of hospital admission. As shown in
Table 2, the FEV1, FVC, and PEF values were significantly lower
in patients in the COPD group compared with those in other two
patient groups (p<0.05). However, no significant differences in
FEV1, FVC, and PEF were found between the bronchial asthma
patient group and the bronchial asthma and COPD patient group.

Serum inflammatory cytokines showed different
expression patterns in the three groups of patients

Serum levels of interleukin (IL)-4, IL-5, IL-9, IL-13, IL-1, IL-6, and
tumor necrosis factor-o. (TNF-a) were measured by enzyme-
linked immunosorbent assay (ELISA). As shown in Table 3, the
highest serum levels of IL-4, IL-5, IL-9, and IL-13 were found in
the COPD patient group (p<0.05), while the highest serum lev-
els of TNF-a, IL-1f3 and IL-6 were found in the bronchial asthma
patient group (p<0.05). These findings showed that increased
serum levels of TNF-a and IL-6 were more diagnostic of bron-
chial asthma than COPD.

Sputum inflammatory cytokines showed different
expression patterns in the three groups of patients

Sputum levels of interleukin IL-4, IL-5, IL-9, IL-13, IL-1, IL-6,
and TNF-a in the three patient groups were consistent with
the levels found in serum, and the highest levels of IL-4, IL-5,
IL-9, and IL-13 in sputum were found in the COPD patient
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group (p<0.05), while the highest levels of TNF-a, IL-1B, and
IL-6 in sputum were found in the bronchial asthma patient
group (p<0.05) (Table 4).

The CD4: CD8 ratio was lowest in bronchial asthma patient
group and highest in COPD patient group

The percentages of viable T-lymphocyte subsets in sputum,
included CD4-positive and CD8-positive T-lymphocytes, were
measured by flow cytometry and the CD4: CD8 ratio was cal-
culated. As shown in Table 5, the lowest CD4: CDS8 ratio was
found in the bronchial asthma patient group and the highest
ratio was found in the COPD patient group (p<0.05).

Discussion

The clinical distinction between bronchial asthma and chronic
obstructive pulmonary disease (COPD) can be challenging
due to the overlap in clinical symptoms. Therefore, there is
a need to identify sensitive diagnostic indicators. The study
included 42 patients with bronchial asthma, 48 patients with
COPD, and 45 patients with bronchial asthma complicated with
COPD. The findings of the present study showed that the ex-
amination of serum and sputum for inflammatory cytokines
and T-lymphocyte subsets could distinguish between patients
with bronchial asthma and patients with COPD.
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Table 4. Comparison of the levels of inflammatory cytokines in the sputum in the three groups of patients.

Bronchial asthma

IL-4 (pg/ml) 67.43+12.72
CowLsegm) 48750102
S oLopegm) 18.34:345
LB eym) 17124390
NP pgm) 1334551387
oL 452343035
Cepgm) 3167742412

COPD Bronchial asthma + COPD
100.34+18.23*# 73.34+11.55
887008 673076
"""" 2821x456 2488456
"""" 28554598 23124645
 sso0s1044 1004451487

148.98+12.45 210.33+24.45

* Compared with the bronchial asthma + COPD group, p<0.05; # compared with the bronchial asthma group, p<0.05; * compared with
the COPD group, p<0.05. COPD — chronic obstructive pulmonary disease; TNF-o. — tumor necrosis factor-o; IL — interleukin.

Table 5. Comparison of the CD4: CD8 ratios of T-lymphocytes in the three groups of patients.

Bronchial asthma

CD4: CD8 ratio 1.28+0.41*S$

COPD Bronchial asthma + COPD

1.92+0.37** 1.5240.45%

* Compared with the bronchial asthma + COPD group, p<0.05; # compared with the bronchial asthma group, p<0.05; * compared with
the COPD group, p<0.05. COPD - chronic obstructive pulmonary disease.

The percentage predicted values of the forced expiratory vol-
ume in one second (FEV1), the forced vital capacity (FVC), and
the peak expiratory flow (PEF) rate are the three most fre-
quently used indicators to evaluate pulmonary function [10].
Patients with bronchial asthma and patients with COPD have
a progressive decline in pulmonary function, which results in
the high incidence of chronic morbidity and mortality associ-
ated with these conditions, worldwide [11,12]. However, air-
flow obstruction in patients with bronchial asthma is usually
reversible, while airflow obstruction in patients with COPD is
irreversible [13]. Therefore, the decline in pulmonary function
is usually more severe in patients with COPD than in patients
with bronchial asthma. Consistent with previous studies, the
findings in the present study showed that the FEV1, FVC, and
PEF were significantly lower in the COPD patient group when
compared with the bronchial asthma patient group. However,
in this study, the FEV1, FVC, and PEF were also significantly
lower in the COPD patient group compared with the bronchial
asthma and COPD patient group, which might be explained
by the relatively mild degree of COPD present in the com-
bined patient group.

In the three patient groups included in this study, levels of
interleukin (IL)-4, IL-5, IL-9, IL-13, IL-1 B, IL-6, and tumor ne-
crosis factor-a, (TNF-a) were measured in serum and sputum.
Bronchial asthma and COPD are both characterized by airway
inflammation [3]. Inflammatory cytokines have been reported
to be involved in the pathogenesis of both bronchial asthma
and COPD [14,15]. Increased levels of IL-1B in the airway have
previously been shown to predict future exacerbations of both
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asthma and COPD [16]. However, the nature of the underlying
chronic airway inflammation in bronchial asthma and COPD
are very different [17,18]. In the present study, the highest se-
rum and sputum levels of IL-4, IL-5, IL-9, and IL-13 were found
in the COPD patient group, while the highest serum levels of
TNF-q, IL-1P, and IL-6 were found in the bronchial asthma pa-
tient group. Therefore, measurement of the serum and spu-
tum levels of inflammatory cytokines may guide the diagnosis
of these two diseases. When compared with the preparation
of serum, the collection of sputum is an easier method that
might be preferred in clinical practice.

The CD4: CD8 ratio reflects the T-lymphocyte immune response
and a higher CD4: CD8 ratio indicates a stronger T-lymphocyte
response. In the present study, the CD4: CD8 ratio was found
to be lowest in the bronchial asthma patient group and the
highest in the COPD patient group. Therefore, measurement
of the CD4: CD8 ratio might be of value in distinguishing be-
tween bronchial asthma and COPD. Kalinina et al. reported
that the CD4: CD8 ratio was increased in patients with COPD
when compared with patients with asthma or patients with
both asthma and COPD [19], which further supports the find-
ings of the present study. Therefore, the use of the CD4: CD8
ratio might be a new diagnostic indicator of COPD. However, in
this study, the Th2-type cytokines cytokine profile was found
in patients with COPD, with higher IL-4, IL-5, and IL-13 lev-
els in both serum and sputum, compared with patients with
asthma and patients with asthma and COPD. This finding dif-
fers from the findings of Kalinina et al. [19], and may be partly
explained by the different ethnic background of participants
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in this study, who were all Han Chinese. Further limitations of
this study were that it was conducted in a single center and the
study had a small sample. Further large-scale, multicenter, con-
trolled studies are needed to support the findings of this study.
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