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Abstract
Aim  To evaluate the roles of plasma soluble cluster of differentiation 14 (sCD14) and sCD14 subtype (sCD14-ST) in the diag-
nosis of chronic obstructive pulmonary disease (COPD) and in the prediction of an acute exacerbation of COPD (AECOPD).
Methods  We quantified the levels of white blood cell count (WBC), C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR), interleukin (IL)-6, IL-8, sCD14, and sCD14-ST in patients with COPD and healthy controls. The relationships 
between sCD14 or sCD14-ST and inflammatory markers were analyzed in each group. We used receiver operating charac-
teristics (ROC) curves to evaluate the potential roles of sCD14 and sCD14-ST in the diagnosis of COPD and in predicting 
AECOPD.
Results  A total of 62 subjects were recruited, including 15 controls and 47 COPD patients, with the latter including 32 stable 
COPD and 15 AECOPD. WBC, IL-8, sCD14, and sCD14-ST were significantly higher in COPD than in the controls (all 
P < 0.05). WBC, CRP, ESR, IL-6, IL-8, sCD14, and sCD14-ST were higher in AECOPD than in the controls (all P < 0.05). 
In the COPD group, sCD14 levels were positively correlated with WBC, IL-8, and sCD14-ST (P < 0.05), and sCD14-ST 
levels were positively correlated with WBC and IL-8 (P < 0.05). In the AECOPD group, sCD14 was positively correlated 
with WBC, CRP, IL-8, and sCD14-ST (P < 0.05); sCD14-ST was positively correlated with WBC, IL-6, and IL-8 (P < 0.05). 
Discrimination between COPD and controls was tested by calculating areas under the ROC curve (AUCs) for sCD14 and 
sCD14-ST showing scores of 0.765 (95% CI 0.648–0.883) and 0.735 (95% CI 0.537–0.933) respectively. Similarly, dis-
crimination between AECOPD and controls using sCD14 and sCD14-ST showed scores of 0.862 (95% CI 0.714–1.000) and 
0.773 (95% CI 0.587–0.960), respectively.
Conclusion  Our study suggests that the inflammatory markers sCD14 and sCD14-ST might play an important diagnostic 
role in COPD and help predict AECOPD.
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sCD14	� Cluster of differentiation 14
sCD14-ST	� Cluster of differentiation 14 subtype
WBC	� White blood cell count

1  Introduction

Chronic obstructive pulmonary disease (COPD) is one of the 
most common chronic lower respiratory diseases. COPD is a 
preventable and treatable disease characterized by persistent 
airflow restriction [1]. The incidence and mortality rate of 
COPD have been increasing in recent years, largely due to 
rapid industrialization and environmental pollution. Zhong 
N et al. surveyed 20,000 adults from 7 different regions 
in China and reported a COPD incidence of 8.2% among 
females and males aged 40 and older [2]. This, in addition 
to an annual COPD-related mortality of 1 million results in 
significant economic and healthcare burdens in China [3].

Acute exacerbation of COPD (AECOPD) is character-
ized by a sudden worsening of symptoms, such as dyspnea, 
cough, and expectoration, requiring prompt changes in treat-
ment strategy [1]. AECOPD often leads to frequent inten-
sive care unit admissions and increases the risk of death 
[4]. Therefore, an early accurate diagnosis of AECOPD and 
timely intervention are critical for proper patient manage-
ment and recovery.

During a microbial infection of the lungs, many inflam-
matory cells such as neutrophils, macrophages, and lym-
phocytes, secrete inflammatory mediators that contribute 
to the emergence of COPD [1]. Cluster of differentiation 
14 (CD14), a gram-negative bacterial endotoxin lipopoly-
saccharide (LPS)-binding protein and pattern recognition 
receptor, is mainly expressed by granulocytes and mono-
cytes/macrophages. CD14 plays a key role in the response to 
gram-negative bacterial infection and leads to an inflamma-
tory cascade response [5]. CD14 has two isoforms, a mem-
brane-bound CD14 (mCD14) and a soluble CD14 (sCD14). 
Whether sCD14 is associated with COPD remains unclear. 
Hollander C et al. [6] found that in patients with COPD or 
asthma, the concentration of sCD14 was higher in serum 
than in alveolar lavage fluid and that there was no difference 
in sCD14 levels between the two diseases. Soluble CD14 
subtype (sCD14-ST) is composed of an N-terminal fragment 
of sCD14 hydrolyzed by cathepsin-D, namely presepsin [7]. 
Several studies have shown that sCD14-ST is an effective 
inflammatory marker that may signal the severity and prog-
nosis of sepsis with greater sensitivity and specificity than 
other inflammatory markers, such as procalcitonin (PCT), 
C-reactive protein (CRP), or interleukin (IL)-6 [8–13]. How-
ever, the role of plasma sCD14-ST in COPD has not been 
addressed. Therefore, we designed this study to test the util-
ity of plasma sCD14 and sCD14-ST in diagnosing COPD 
and predicting AECOPD.

2 � Methods

2.1 � Subjects

For this study, COPD patients admitted into the First Affili-
ated Hospital of Zhengzhou University and the First People’s 
Hospital of Zhengzhou from June 2018 to January 2021 
were recruited. Inclusion criteria were as follows: the diag-
nosis of COPD (stable COPD and AECOPD) met the diag-
nostic criteria of the global strategy for diagnosis, treatment 
and prevention of COPD [1]. Regardless of gender, patients 
were 18–75 years of age with forced expiratory volume in 
the first second (FEV1)/forced vital capacity (FVC) < 70% 
after inhalation of bronchodilator and negative bronchial 
dilation test. Exclusion criteria were as follows: patients with 
bronchiectasis, bronchial asthma, pulmonary tuberculosis, 
diffuse pulmonary interstitial fibrosis, lung cancer, and other 
diseases were excluded. Pregnant women and patients with 
mental disorder were also excluded. Healthy 18–75 years 
old subjects, without a history of respiratory or systemic dis-
eases, with normal chest X-ray image and normal spirometry 
values were included.

The study was approved by the Ethics Committees of the 
First Affiliated Hospital of Zhengzhou University and the 
First People’s Hospital of Zhengzhou (2018–21). Informed 
consent was obtained from each individual. All participants 
underwent spirometry and bronchodilation tests. Venous 
blood samples were obtained at 24 h following admission 
and used to quantify plasma inflammatory markers including 
white blood cell count (WBC), CRP, and erythrocyte sedi-
mentation rate (ESR), IL-6, IL-8, sCD14, and sCD14-ST.

2.2 � Spirometry Test

Spirometry test was performed before bronchodilation 
and 15 min after inhalation of salbutamol 400 µg through 
a metered-dose inhaler with a spacer using Masterscreen 
spirometers (Jaeger Co. Ltd, Hochberg, Germany) follow-
ing the American Thoracic Society recommendations [14]. 
A positive test of reversibility was defined as an increase 
in FEV1 of > 12% and > 0.2 L. Lung function parameters 
including FEV1, FVC, forced expiratory volume in the first 
second as a percentage of the predicted value (FEV1%pred), 
and post-bronchodilator FEV1 were recorded.

2.3 � Inflammatory Marker Assay

We used fasting venous blood to quantify the WBC and 
erythrocyte sedimentation rate (ESR) using routine clini-
cal laboratory tests. The plasma PCT was detected on a 
Cobas 8000 system (Roche Diagnostics, Germany) and 
the CRP by immunoturbidimetry. Additional markers were 
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quantified in plasma using enzyme-linked immunoassays 
according to the manufacturer’s instructions as follows: IL-6 
(cloud clone Corp Kit, China), IL-8 (cloud clone Corp Kit, 
China), sCD14 (cloud clone Corp Kit, China), and sCD14-
ST (Shanghai enzyme linked Biotechnology Co., Ltd Kit, 
China).

2.4 � Statistical Analyses

Statistical analyses were performed using SPSS 23.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). The values were 
presented as mean ± SD or median (interquartile range) for 
continuous variables, and as numbers for categorical vari-
ables. Categorical variables were tested using the Chi-square 
or Fisher exact tests. Group comparisons for normally dis-
tributed continuous variables were conducted by using t 
tests. Non-normally distributed continuous variables were 
compared between the two groups using the Mann–Whit-
ney U test. The correlation between sCD14 or sCD14-ST 
and other inflammatory markers was done by using Pear-
son rank correlation test for normally distributed data or the 
Spearman rank correlation test for abnormally distributed 
data. Whether sCD14 and sCD14-ST could be used to diag-
nose COPD and predict AECOPD was tested using receiver 
operating characteristics (ROC) curves. Two-tailed P values 
of < 0.05 were considered to indicate statistical significance.

3 � Results

3.1 � Clinical Characteristics

The clinical characteristics of the study cohort are shown 
in Table 1. A total of 62 individuals were recruited, includ-
ing 15 controls and 47 COPD, the latter including 32 sta-
ble COPD and 15 AECOPD. There were no significant 
differences in age, sex, BMI, and smoking status between 
COPD, stable COPD, or AECOPD and control groups, and 
between stable COPD and AECOPD groups (all P > 0.05). 
The COPD group had lower FEV1, FVC, FEV1%pred, and 
post-bronchodilator FEV1 than controls (P < 0.05). The 
stable COPD group had lower FEV1, FEV1%pred, and 
post-bronchodilator FEV1 than controls (P < 0.05). The 
AECOPD group had lower FEV1, FVC, FEV1%pred, and 
post-bronchodilator FEV1 than the controls (P < 0.05). The 
AECOPD group also had lower FEV1 than the stable COPD 
group (P < 0.05).

3.2 � Inflammatory Markers

There was no difference between COPD and control groups 
in CRP, ESR, PCT, or IL-6 levels (P > 0.05). The COPD 
group showed higher levels of WBC, IL-8, sCD14, and 
sCD14-ST than controls (P < 0.05). The stable COPD 
group had higher IL-8, sCD14, and sCD14-ST than controls 

Table 1   Clinical characteristics of the study cohort

All data are presented as mean ± SD or median (range) for continuous variables, or as numbers for categorical variables. All significance values 
are derived by using independent t tests, Mann–Whitney U tests, or Chi-square tests as indicated. P < 0.05 is considered statistically significant. 
Significant values are indicated in bold
AECOPD acute exacerbation of chronic obstructive pulmonary disease, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory 
volume in the first second, FEV1%pred first second forced expiratory volume as a percentage of the predicted value, FVC forced vital capacity
a P < 0.05 compared with control group
b P < 0.05 compared with stable COPD
*Comparison between the COPD versus control groups

Clinical characteristics Control group COPD group P* COPD

Stable COPD AECOPD

Number 15 47 – 32 15
Age (years) 58.40 ± 11.20 62.77 ± 8.90 0.126 62.91 ± 9.83 62.47 ± 6.80
Females/males 7/8 25/22 0.660 16/16 9/6
BMI (kg/m2) 23.64 ± 2.43 24.50 ± 4.20 0.454 24.68 ± 4.60 24.11 ± 3.31
Current smoking/previous smoking
/no smoking (No.)

6/2/7 26/6/15 0.485 9/5/8 7/1/17

Duration (years) – 8.90 ± 6.60 – 8.4 ± 7.00 10.37 ± 5.58
FEV1 (L) 2.75 ± 0.72 1.37 ± 0.60 0.000 1.41 ± 0.58a 0.83 (0.73–2.09)a/b

FVC (L) 3.36 ± 0.91 2.73 ± 0.93 0.025 2.81 ± 0.93 2.57 ± 0.93a

FEV1%pred 115.47 ± 12.96 52.24 ± 19.74 0.000 56.16 ± 18.94a 43.88 ± 19.39a

Post-bronchodilator FEV1 (L) 2.77 ± 0.73 1.45 ± 0.65 0.000 1.51 ± 0.61a 0.92 (0.82–2.09)a
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(P < 0.05). The AECOPD group had higher WBC, CRP, 
ESR, IL-6, IL-8, sCD14, and sCD14-ST than the stable 
COPD and control groups (P < 0.05). The levels of pre-treat-
ment inflammatory markers in the study cohort are shown 
in Table 2.

3.3 � Correlation Between sCD14 or sCD14‑ST 
and Inflammatory Markers

In COPD, sCD14 was positively correlated with WBC 
(r = 0.557, P = 0.000), IL-8 (r = 0.666, P = 0.000), and 
sCD14-ST (r = 0.594, P = 0.000); sCD14-ST was posi-
tively correlated with WBC (r = 0.552, P = 0.000) and 
IL-8 (r = 0.619, P = 0.000). In stable COPD, sCD14 was 
positively correlated with IL-8 (r = 0.662, P = 0.000) and 
sCD14-ST (r = 0.513, P = 0.003); sCD14-ST was also 
positively correlated with IL-8 (r = 0.519, P = 0.002). In 
AECOPD, plasma sCD14 was positively correlated with 
WBC (r = 0.589, P = 0.021), CRP (r = 0.631, P = 0.012), 
IL-8 (r = 0.671, P = 0.006), and sCD14-ST (r = 0.718, 
P = 0.003); plasma sCD14-ST was positively correlated with 
WBC (r = 0.726, P = 0.002), IL-6 (r = 0.611, P = 0.015), and 
IL-8 (r = 0.754, P = 0.001). The results of correlation tests 
are shown in Table 3.

3.4 � sCD14 and sCD14‑ST in Diagnosing COPD 
and Predicting AECOPD

sCD14 and sCD14-ST discriminated COPD from con-
trols, with respective sensitivities of 78.72% and 89.36%, 
and specificities of 60.00% and 66.67%. The associated 

Table 2   The levels of pre-treatment inflammatory markers in the study cohort

All data are presented as mean ± SD or median (range) for continuous variables. All significance values are derived by using independent t tests 
or Mann–Whitney U tests. P < 0.05 is considered statistically significant. Significant values are indicated in bold
AECOPD acute exacerbation of chronic obstructive pulmonary disease, COPD chronic obstructive pulmonary disease, CRP C-reactive protein, 
ESR erythrocyte sedimentation rate, IL interleukin, PCT procalcitonin, sCD14 = cluster of differentiation 14, sCD14-ST = cluster of differentia-
tion 14 subtype, WBC = white blood cell count
a P < 0.05 compared with control group
b P < 0.05 compared with stable COPD
* Comparison between the COPD versus control groups

Inflammatory index Control group COPD group P* COPD

Stable COPD AECOPD

Number 15 47 – 32 15
WBC (× 109/L) 5.80 ± 1.45 7.50 (6.00–9.80) 0.001 6.78 ± 1.89 10.02 (8.70–13.43)a/b

CRP (mg/L) 2.66 ± 1.84 3.43 (1.04–21.74) 0.155 2.29 (0.77–4.10) 87.71 ± 81.38a/b

ESR (mm/h) 8.60 ± 2.97 12.00 (6.00–39.00) 0.090 8.50 (4.25–12.00) 47.47 ± 26.20a/b

PCT (ng/ml) 0.03 (0.02–0.05) 0.04(0.03–0.06) 0.105 0.04(0.02–0.06) 0.05 (0.04–0.08)
IL-6 (pg/ml) 16.24 ± 2.09 16.52 (14.42–23.76) 0.243 17.54 ± 4.50 26.97 (16.05–32.11)a/b

IL-8 (pg/ml) 25.64 (20.70–30.58) 41.38 (30.89–60.53) 0.000 39.58 ± 13.66a 78.43 (34.28–162.72)a/b

sCD14 (ng/ml) 2.44 ± 1.17 4.58 ± 2.36 0.000 4.01 ± 2.09a 5.80 ± 2.51a/b

sCD14-ST (ng/ml) 5.98 (2.34–19.64) 18.57 (15.27–20.17) 0.007 16.89 ± 3.94a 19.57 (18.14–21.57)a/b

Table 3   Correlation between inflammatory markers and sCD14 or 
sCD14-ST in each group

To determine the relationship between inflammatory markers and 
sCD14 or sCD14-ST in COPD, stable COPD, and AECOPD groups, 
data are subjected to Pearson or Spearman rank correlation test. 
P < 0.05 is considered statistically significant. Significant values are 
indicated in bold
AECOPD acute exacerbation of chronic obstructive pulmonary dis-
ease, COPD chronic obstructive pulmonary disease, CRP C-reactive 
protein, ESR erythrocyte sedimentation rate, IL interleukin, sCD14 
cluster of differentiation 14, sCD14-ST cluster of differentiation 14 
subtype, WBC white blood cell count

Group sCD14 sCD14-ST

r P r P

COPD
 WBC (× 109/L) 0.557 0.000 0.552 0.000
 IL-8 (pg/ml) 0.666 0.000 0.619 0.000
 sCD14-ST (ng/ml) 0.594 0.000 – –
 sCD14 (ng/ml) – – 0.594 0.000

Stable COPD
 IL-8 (pg/ml) 0.662 0.000 0.519 0.002
 sCD14-ST (ng/ml) 0.513 0.003 – –
 sCD14 (ng/ml) – – 0.513 0.003

AECOPD
 WBC(× 109/L) 0.589 0.021 0.726 0.002
 CRP (mg/L) 0.631 0.012 0.477 0.072
 ESR (mm/h) 0.345 0.208 0.204 0.466
 IL-6 (pg/ml) 0.359 0.188 0.611 0.015
 IL-8 (pg/ml) 0.671 0.006 0.754 0.001
 sCD14-ST (ng/ml) 0.718 0.003 – –
 sCD14 (ng/ml) – – 0.718 0.003
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areas under the ROC curve (AUCs) were 0.765 (95% CI 
0.648–0.883) and 0.735 (95% CI 0.537–0.933), respec-
tively. sCD14 and sCD14-ST discriminated stable COPD 
from controls with respective sensitivities of 75.00% and 
87.50%, specificities of 60.04% and 66.68%, AUCs of 0.720 
(95% CI 0.575–0.864) and 0.717 (95% CI 0.509–0.925). 
sCD14 and sCD14-ST discriminated AECOPD from con-
trols with respective sensitivities of 80.00% and 86.67%, 
specificities of 73.33% and 67.00%, AUCs of 0.862 (95% 
CI 0.714–1.000) and 0.773 (95% CI 0.587–0.960). sCD14 
and sCD14-ST discriminated AECOPD from stable COPD 
with respective sensitivities of 73.33% and 73.00%, spe-
cificities of 62.50% and 65.63%, and AUCs of 0.705 (95% 
CI 0.535–0.876) and 0.714 (95% CI 0.552–0.875). Mean-
while, there was no significant difference in AUCs between 
sCD14 and sCD14-ST in discriminating between COPD, 
or stable COPD, AECOPD and healthy controls (P > 0.05). 
The results of the ROC curve analyses are shown in Fig. 1.

4 � Discussion

sCD14 is an acute-phase reactive protein that is released into 
the blood directly by monocytes/macrophages and neutro-
phils. Upon binding to the Toll-like receptor 4, sCD14 medi-
ates the endotoxin-induced signal, sequentially activating 
a series of downstream kinases, thereby inducing the pro-
duction of a variety of pro-inflammatory cytokines. These 
include tumor necrosis factor (TNF)-α, interferon-γ, IL-1, 
IL-6, and IL-8 and can stimulate an inflammatory cascade 
reaction [15, 16]. Previous studies have shown that sCD14 
is associated with lupus erythematosus [17], sepsis [18, 19], 
acute respiratory distress syndrome [20], sarcoidosis [21], 
and asthma [22]. In the circulation, sCD14-ST is produced 
by proteolytic cleavage of sCD14, beginning to increase 
around two hours after the inflammatory stimulus and peak-
ing at around three hours. In patients with infectious dis-
eases, serum sCD14-ST levels might be higher than PCT 
and CRP, and its increase can persist for around one week 
[9]. sCD14-ST, combined with other inflammatory indica-
tors such as WBC, CRP, and PCT, might provide a better 
predictor for 30-day sepsis mortality [23]. Therefore, sCD14 
and sCD14-ST are important biomarkers for predicting the 
severity of sepsis and infectious diseases.

COPD is classified into stable and acute exacerbation 
stages. Respiratory tract infections are important risk fac-
tors for COPD, and their severity closely correlates with 
COPD prognosis [24]. Previous studies have shown that 
WBC, CRP, and fibrinogen can predict the risk of AECOPD 
development, and are correlated with decreased pulmonary 
function [25, 26]. In our study, we showed that COPD had 
higher WBC, IL-8, sCD14 and sCD14-ST than controls. 
This suggests that inflammatory markers, such as those 

identified in our study, could be an important component 
of COPD pathophysiology, and that sCD14 and sCD14-ST 
might serve as new therapeutic targets. Previous studies have 
demonstrated plasma inflammatory markers IL-6 and IL-8 
were increased in patients with COPD [27–29]. Contrary to 
previous study [27], the stable COPD group did not show 
higher plasma IL-6 levels than controls. This may be related 
to the mild clinical status of the stable COPD patients. We 
also showed that sCD14 and sCD14-ST levels were signifi-
cantly higher in stable COPD than in controls and that levels 
of sCD14 and sCD14-ST were positively correlated with 
IL-8. sCD14 and sCD14-ST levels were significantly higher 
in AECOPD than in stable COPD and controls; sCD14 was 
positively correlated with WBC, CRP, IL-8, and sCD14-ST, 
and sCD14-ST positively correlated with WBC, IL-6, and 
IL-8. We also showed that in stable COPD and AECOPD 
groups, plasma sCD14 was related to sCD14-ST level; this is 
likely because sCD14-ST is a metabolite of sCD14. Finally 
we showed that plasma sCD14 and sCD14-ST could dis-
criminate stable COPD and AECOPD from controls, and 
strongly discriminated AECOPD from the stable COPD 
group with higher sensitivity but lower specificity. Together, 
our results suggest that plasma sCD14 and sCD14-ST lev-
els might be used as surrogate markers for the diagnosis of 
COPD or AECOPD.

Pulmonary function tests are important in the diagnosis 
of COPD. Levan TD et al. [30] reported that decreased pul-
monary function in agricultural workers with COPD was 
associated with sCD14. However, we found no correlation 
between pulmonary function in patients with COPD and 
sCD14 or sCD14-ST levels. It remains unknown whether 
sCD14 and sCD14-ST can be used to measure the extent of 
pulmonary impairment in COPD patients.

There were some limitations of this study. First, our mod-
eling utilized simple approaches that included inflammatory 
biomarkers but we did not attempt more complex modeling 
that included clinical parameters such as symptoms and 
lung function. Second, we believe that given the study sam-
ple size this would have resulted in model overfitting and 
such results might not have been generalizable. In addition, 
although our results have provided potentially important bio-
markers of COPD, the relatively small sample sizes require 
additional clinical verification. Finally, we did not attempt to 
longitudinally profile these inflammatory markers, especially 
before and after therapy. Therefore, future studies should 
test whether sCD14 and sCD14-ST levels are responsive to 
the usage of antibiotics, bronchodilator, and glucocorticoid 
drugs.
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5 � Conclusion

In summary, plasma inflammatory markers sCD14 and 
sCD14-ST might play an important role in the diagnosis of 
COPD and prediction of AECOPD.
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