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Background: The aim of this study was to reveal the correlations between serum concen-
tration of Clara cell secretory protein (CC16) and clinical parameters of stable chronic
obstructive pulmonary disease (COPD).

Patients and Methods: Serum concentration of CC16 was determined by enzyme-linked
immunosorbent assay (ELISA). The correlations between serum concentration of CC16 and
clinical parameters was performed by linear correlation analysis and multiple linear regres-
sion analysis. The sensitivity and specificity of serum CC16 for differential diagnosis of
COPD were determined by receiver operator characteristic curve (ROC).

Results: The serum concentration of CC16 was down-regulated in stable COPD patients
compared with healthy control group (p < 0.05). The decreased serum CC16 was negatively
related to smoking (p < 0.05), GOLD grading (p < 0.005), mMRC score (p < 0.05) and
medical history (p < 0.05) of patients, but positively correlated with pulmonary function (p <
0.05). The smoking, FEV1/FVC values, COPD grading and mMRC scores all affected the
concentration of CC16 (p < 0.05). The decreased CC16 was an independent risk factor in the
process of deterioration of lung function. The sensitivity and specificity of serum CC16 for
identifying COPD reached to 65.3% and 75%.

Conclusion: Decreased serum concentration of CC16 correlated with the disease progres-
sion of COPD, suggesting that it can be used as an indicator contributing to the diagnosis and
assessment of COPD.

Keywords: chronic obstructive pulmonary disease, COPD, Clara cell secretory protein 16,
CCl6

Introduction

Chronic obstructive pulmonary disease (COPD) is a group of respiratory diseases
characterized by chronic inflammation of the airways and incomplete reversible air-
flow limitation.! According to statistics on the incidence and mortality of COPD in the
United States, COPD is currently the fourth leading cause of death in the world and is
expected to become the third leading cause of death in the world by 2020." Although
the etiology and pathogenesis of COPD are not fully elucidated, airflow limitation is
thought to be associated with chronic inflammation of the airways, which interacts and
causes a progressive exacerbation of COPD.? Clara cell secretory protein (CC16) is
secreted by non-ciliated epithelial cells, Clara cells, on the bronchioles and terminal
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bronchioles, and has lung tissue specificity.’ As
a homodimeric structure with a molecular weight of 15.8
kDa, CC16 has been found to play an important protective
role in oxidative stress and inflammation of the respiratory
tract, thus correlating with the development and progression
of some lung diseases, including idiopathic pulmonary fibro-
sis, sarcoidosis, asthma and bronchiolitis obliterans.*
Currently, although the role of CC16 in the develop-
ment of COPD has been initially confirmed, the associa-
tion between the CC16 and COPD of different severity has
not been elucidated. In this study, we tested the serum
concentration of CC16 in patients with stable COPD and
healthy individuals to provide a reference for the value of

CC16 in diagnosis and disease assessment of COPD.

Methods

Statement for Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE)

The study consists of the following six parts: title, abstract,
introduction, method, results, discussion and other infor-
mation. The sample size and study variables were clearly
described in this study. The statistical methods used in this
study were explained in detail, and the systematic errors
and data offsets of the variables were analyzed. The key
findings of the study were carefully showed in the results
and discussion. The keywords and terms used in the text
made sure its correct indexing in electronic databases.

Ethics Statement

The study was approved by Research Ethics Committees of
research institutes (First Affiliated Hospital, Xi’an Medical
University, Xi’an, China; Jining NO.1 People’s Hospital,
Jining, China; Shenmu Hospital, Shenmu, China; Zhangye
Second People Hospital, Zhangye, China; Minle County
People’s Hospital, Minle, China; Minqin County People’s
China;
Lanzhou, ChinaGansu Provincial Hospital, Lanzhou, China).

Hospital, Mingin, Gansu Provincial Hospital,
The study was carried out in accordance with the principles of
the Declaration of Helsinki. Written informed consent was
obtained in strict accordance with the approved ethical guide-

lines before the patient’s samples and data were collected.

Objects
Ninety-eight with stable COPD between
January 2015 and January 2018 were selected as the observa-

patients

tion group, including 56 males and 42 females, aged 4477

years, with an average of 63.8 years (Patients recruited from
an indicated Ethics statement center). In the same period, 48
healthy subjects were collected from the above centers as
normal controls, including 19 males and 29 females, aged
46-76 years, with an average of 62.5 years. Clinical informa-
tion is shown in Table 1. There were no significant differences
in demographic data between the two groups (p > 0.05).

Diagnosis of COPD and Definition of
Stable COPD

The COPD patients enrolled in this study met the diagnostic
criteria of the Global Initiative for Chronic Obstructive
Pulmonary Disease (GOLD):*° (1) symptoms of cough and
dyspnea; (2) individual susceptibility factors and environ-
mental factors; (3) after inhalation of 300 to 400 pg of

Table | Clinical Information and General Data of Included Patients
(98 Cases)

Items Classification | COPD Control
Group Group
(N, %) (N, %)
Gender
Male 56 (57.1) 19 (39.6)
Female 42 (42.9) 29 (60.4)
Age (years)
<70 42 (42.9) 28 (58.3)
=70 56 (57.1) 20 (41.7)
Smoking
Yes 46 (46.9) 14 (29.2)
No 52 (53.1) 34 (70.8)
GOLD grade
| 5.1
2 19 (19.4)
74 (75.5)
mMRC score
12 (12.2)
3 44 (44.9)
42 (42.9)
Clinical history
(years)
<I0 31 (31.6)
=10 <20 28 (28.6)
=20 39 (39.8)
Notes: GOLD grade: | = the forced expiratory volume in one second (FEVI) %

predicted is more or equal to 80%, 2 = the FEV1% predicted is more or equal to
50%, but less than 80%, 3 = the FEV1% predicted is more or equal to 30%, but less
than 50%, and 4 = the FEVI% predicted is less than 30%; mMRC, modified British
Medical Research Council for dyspnea scale for symptom classification of COPD.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, global
initiative for chronic obstructive lung disease.
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salbutamol, the ratio of forced expiratory volume (FEV1) in
the first second to forced vital capacity (FVC) is less than
0.70. Definition for stable COPD: the patient’s cough, expec-
toration and shortness of breath are in stable condition or just
show mild symptoms, or the condition is basically restored to
the state before acute exacerbation.’

Severity Rating of COPD

The severity grading of COPD is classified according to
the grading standards of the Global Initiative for Chronic
Obstructive Pulmonary Disease (GOLD):”* (1) GOLD-1,
FEV1% predicted is more or equal to 80%; (2) GOLD-2,
the FEV1% predicted is more or equal to 50%, but less
than 80%; (3) GOLD-3, the FEV1% predicted is more or
equal to 30%, but less than 50%; and (4) GOLD-4, the
FEV1% predicted is less than 30%.

Inclusion Criteria

Inclusion criteria: (1) diagnosed as COPD and met the
diagnostic criteria for stable COPD;’ (2) pulmonary
function tests were performed within 7 days prior to
enrollment; (3) no antibiotics, glucocorticoids and theo-
phylline were treated within 2 weeks; (4) no purulent
sputum and fever, no increase in white blood cell count
or percentage of neutrophils, and no imaging evidence
of pneumonia.

Exclusion Criteria

Exclusion criteria: (1) acute exacerbation of COPD; (2)
with other lung diseases: asthma, interstitial lung disease,
lung malignancy, pneumonia and tuberculosis; (3) dia-
betes, coronary heart disease, hypertension, cerebrovascu-
lar, nervous system diseases or liver and kidney
dysfunction; (4) mental illness, cognitive dysfunction and

communication disorders.

Specimen Collection

On the next day after the patient was enrolled, 5 mL of
fasting elbow venous blood was taken in the morning,
centrifuged (centrifugal radius 5 cm, rotation speed 3000
r/min) for 10 min, and the supernatant was taken and
stored in a —70°C refrigerator.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The concentration of CC16 in serum was measured by
sandwich-type ELISA (Nanjing Bosijin Biotechnology

Co., Ltd, Nanjing, China) following the directions given
by the manufacturer. The steps: (1) added 100 pL of the
sample or standard to the reagent dilution and incubated
for 2 hrs at 37°C; (2) added 100 pL of the detection
antibody after washing and incubated at 37°C for 2 hrs;
(3) added 100 pL of streptavidin-HRP working dilution
after washing and incubated for 20 mins at 37°C in the
dark; (4) added 100 uL of substrate solution after washing
and incubated for 20 mins at 37°C in the dark; (5) added
50 uL of stop solution and mixed; (6) the optical density of
each well was determined using a microplate reader set to
450 nm.

Modified British Medical Research
Council (mMRC) Score

Dyspnea of patients was evaluated by the modified British
medical research council (mMRC) scale which divided
into 5 points.” 0 points: dyspnea will only occur after
excessive activity; 1 point: dyspnea will occur after rapid
walking; 2 points: dyspnea is more likely to occur during
normal walking than normal people; 3 points: stop for
breath after walking about a few minutes on level ground,
4 points: obvious breathing difficulties that affect normal
life and work.

Evaluation of Obijective Efficacy

Each patient was tested for lung function three times at
different days, the average value was taken as statisti-
cal data. The statistical items selected in this study
included FEV1/FVC and FEV1% predicted, which are
directly related to the diagnosis and classification of
COPD.

Statistical Processing of Research Data
The data of this study were analyzed by SPSS 21.0 soft-
ware. The count data were expressed by [n (%)] for chi-
square test. The measurement data were expressed as
mean = standard deviation (M£SD) and comparison
between different groups was performed using the T test
and one-way variance. The correlation analysis between
the two factors was performed using a linear correlation
analysis. The screening of risk factors was completed by
multiple linear regression analysis. The sensitivity and
specificity of serum indicator was figured out using recei-
ver operating characteristic (ROC) curves. P < 0.05 means
statistically significant.
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Table 2 Relationship Between Clinical Parameters and the Serum Concentration of CC16 in Serum of Stable COPD Patients (n=98)

Parameter Group N | Homogeneity Level of CC16 in Serum of Stable COPD Patients
Test of Variance
F value | P value | Value Degree of Statistical P value
(M*SD ng/mL) | Freedom Value
Resources
Control 48 | 1.265 0.263 111.3£17.9 144 4.839 <0.001
Stable 98 94.2+20.9
COPD
Gender
Male 56 | 0.032 0.859 9l.1£21.1 96 —-1.753 0.083
Female 42 98.5+21.3
Ages
<70 46 | 0.015 0.902 97.3+20.3 96 —1.386 0.090
=70 52 93.9+21.2
Smoking
Yes 42 | <0.001 0.985 88.0+19.7 96 3.598 0.001
No 56 102.5£20.3
GOLD grade
1-2 24 | 3.295 0.073 109.2£15.8 96 4.382 <0.001
34 74 89.4+20.2
mMRC score
2 12 ] 2.156 0.081 110.9£17.5 2 10.136 <0.001
3 44 98.3£22.9%
4 4 85.2£14.9%*
Medical history
(years)
<10 31 | 1.702 0.188 101.94£20.7 2 7.07 0.001
=10 <20 28 98.4+23.3
=20 39 85.2
E1LE Jakakel

Notes: * The patients with mMRC score of 3 showed a lower expression level of serum CC16 than those with mMRC score of 2; **The patients with mMRC score of 4
showed a lower expression of serum CC16 than those with mMRC score of 2 and 3; HAAThe expression of serum CCI6 in the patients with a longer history was down-

regulated compared to those with relatively short history.

Abbreviations: N, number; COPD, chronic obstructive pulmonary disease; CC16, Clara cell secretory protein 16; M+SD, mean * standard deviation; GOLD, global
initiative for chronic obstructive lung disease; MMRC, modified British Medical Research Council.

Results

Concentration of Serum CCI16 in Patients
with Stable COPD Is Lower Than That in
Healthy Controls

As shown in Table 2, the variance of serum CC16 value
in stable COPD and healthy controls was equal (F =
1.265 and p = 0.263). The statistical results suggested
that the concentration of serum CC16 in patients with
stable COPD (94.2+£20.9 ng/mL) was lower than that in
healthy controls (111.3£17.9 ng/mL) (t = 4.839; df = 144,
p <0.001) (Figure 1A).

Smoking Increases Concentration of
Serum CCI6 in Stable COPD Patients
As shown in Table 2, serum concentration of CC16 was
not associated with gender in stable COPD patients
(» > 0.05; Figure 1B). The variance of serum CCIl6
value in stable COPD with smoking and without smoking
was equal (F < 0.001 and p = 0.985). The statistical results
showed that the serum concentration of CC16 in stable
COPD patients with smoking (88.0£19.7 ng/mL) was
lower than that in patients without smoking (102.5+20.3
ng/mL) (p = 0.001; Figure 1C).
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Figure | Relationship between clinical parameters and serum concentration of CC16 in stable COPD patients.

Notes: (A) Serum concentration of CC16 was higher in stable COPD patients than that in healthy control group (p < 0.001). (B) Serum concentration of CC16 was not
related to the patient’s gender (p > 0.05). (C) Stable COPD patients with smoking showed an increased serum concentration of CCl6 compared to the patients without
smoking (p = 0.001). (D) Serum concentration of CC16 of patients of GOLD-3 and 4 was decreased compared with that of GOLD-1 and 2 (p < 0.001). (E) The patients
with 4 points of mMMRC scores showed a low serum concentration of CC16 compared with those with 2 and 3 points (p < 0.001). (F) Serum CCI6 concentration in the
patients with longer clinical history was decreased compared to those with short history (p = 0.001).

Abbreviations: COPD, chronic obstructive pulmonary disease; CC16, Clara cell secretory protein 16; M+SD, mean * standard deviation; GOLD, global initiative for
chronic obstructive lung disease; mMMRC, modified British Medical Research Council.

Serum CC 16 Concentration in Patients statistical results showed that the serum concentration of
with Stable COPD Is Negatively Correlated CC16 in stable COPD patients at stage of GOLD-3 to 4
with the Patient’s GOLD Grade (89.4+20.2 ng/mL) was lower than that in patients at stage

As shown in Table 2, under the premise that the variance of GOLD-1 to 2 (109.2+15.8 ng/mL) (p < 0.001;
of the two groups was equal (F =3.295 and p = 0.073), the  Figure 1D).
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Serum CC16 Concentration in Patients
with Stable COPD Is Negatively Correlated
with the Patient’s mMRC Score

As shown in Table 2, the variance of the data on the
concentration of CC16 in mMRC score was also equal
(F = 2.156 and p = 0.081). The statistical results showed
that the serum concentration of CC16 in stable COPD
patients with mMRC score of 3 (98.3£22.9 ng/mL) and 4
(85.2+£14.9 pg/mL) was lower than that in patients with
mMRC score of 2 (110.9£17.5 ng/mL) (p < 0.001;
Figure 1E).

Serum CCI16 Concentration in Patients
with Stable COPD Is Negatively
Correlated with the Patient’s Clinical
Medical History

As shown in Table 2, the overall variance of the data on
the serum concentration of CC16 in the serum of patients
with stable COPD and the patient’s clinical history was
equal (F = 1.702 and p = 0.188). The statistical results
showed that the serum concentration of CC16 in stable
COPD patients with long clinical history (85.2+15.8 ng/
mL for = 20 years) was lower than that in patients with
short history (98.4423.3 ng/mL for history = 10 < 20
years; 101.9+20.7 ng/mL for history <10 years) (p =
0.001; Figure IF).

Concentration of Serum CCI16 in
Patients with Stable COPD Is Positively
Correlated with FEVI/FVC and FEV 1%
Predicted

As shown in Table 3, the serum CC16 concentration was
positively correlated with the FEV1/FVC (r = 0.387, p =
0.002; F = 8.588; t = 2.931, p = 0.004; the regression
equation = "Y=0.26+0.02X) (Figure 2A-C) and the
FEV1% predicted (r = 0.361, p < 0.001; F = 14.4; ¢t =
3.795, p < 0.001; the regression equation = "“Y=0.03
+0.14X) (Figure 2D-F) in stable COPD patients.

Smoking, High GOLD Grade and mMRC
Score and Low FEVI/FVC are Risk Factors

for Decreased Serum Concentration of

CClé
As shown in Table 4, smoking (p = 0.003; 95% CI =
—1.057 to —0.182), high GOLD grade (p < 0.001; 95%

Table 3 Correlation Between Serum CCIl6 Concentration and
Pulmonary Function in Patients with Stable COPD (n=98)

Items Correlation Analysis
CCl6 and CCl6 and
FEVI/FVC FEVI1%
Predicted
Pearson Correlation 0.387 0.361
correlation | coefficient
P value 0.002 <0.001
R Square 0.173 0.121
Analysis of | Mean square 0.335 0.356
Variance F value 8.588 14.4
P value 0.004 <0.001
Regression | Regression 0.02 0.14
coefficient coefficients
T value 2931 3.795
P value 0.004 <0.001
95% confidence | 0.001-0.003% | 0.001-0.004%
interval
Equation AY=0.26 AY=0.03+0.14X
+0.02X

Abbreviations: CCI6, Clara cell secretory protein; FEVI, the value of forced
expiratory volume in one second; FVC, forced vital capacity.

CI = —32.582 to —16.063), high mMRC score (p =
0.006; 95% CI = —1.015 to —0.126) and the low
FEV1I/FVC (p < 0.001; 95% CI = -173.562 to
—56.131) seemed to affect the serum concentration of
CC16 in patients with stable COPD (the regression
equation = "Y=28.246-5.710X1-25.823 X2-8.976X3-
114.431X4). Subgroup analysis showed that FEV1/
—114.431) had
a greater effect on CC16 concentration than the other

FVC (partial regression analysis =

three indicators (partial regression analysis = —5.710
for smoking; —25.823 for GOLD grading and —8.976
for mMRC scores) (Figure 3A and B).

Determination of Serum CCIlé6

Concentration Contributes to the
Differential Diagnosis of COPD

As shown in Table 5, the results of ROC curve analysis
showed that the threshold for differentiating COPD
patients from healthy individuals was 99.32 ng/mL. The
sensitivity derived from this threshold was 65.3% and the
specificity was 75%. The area under the curve (AUC) was
0.739 and the standard error was 0.043 (95% confidence
interval = 0.66-0.808; Z value = 5.552; p < 0.0001)
(Figure 3D).
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Figure 2 Linear regression analysis between serum concentration of CCI16 and lung function test in stable COPD patients.

Notes: (A) The histogram of normal curve showed that the normalized residuals are normal distributions (p > 0.05). (B) The dependent variable is approximately linear with
the standardized predictive value, indicating that CC16 concentration and FEV I/FVC have a linear correlation (p > 0.05). (C) The cumulative probability plot of the observations
suggested that the two variables have a feature of normal distribution (p < 0.05). (D) The histogram of normal curve showed that the normalized residuals are normal
distributions (p > 0.05). (E) The dependent variable is approximately linear with the standardized predictive value, indicating that CCI6 concentration and FEV1% predicted have
a linear correlation (p > 0.05). (F) The cumulative probability plot of the observations suggested that the two variables have a feature of normal distribution (p < 0.05).
Abbreviations: CCl6, Clara cell secretory protein 16; FEV|I, forced expiratory volume in one second; FVC, forced vital capacity.

Discussion

Since there is a concentration gradient difference of CC16
in between the alveolar epithelial cell and peripheral
blood, CC16 can be passively diffused into the serum

through the pulmonary blood barrier. And the content of
CC16 in extrapulmonary organs is about 20 times lower
than that of lung tissue, so CCl6 in serum is almost

entirely from lung tissue.'® The destruction of tracheal

Table 4 Multiple Linear Regression Analysis to Determine the Factors That Affect the Serum Concentration of CC16 in Stable COPD (n=98)

Items Multiple Linear Regression Analysis for CC16
Unstandardized Coefficients Variance Analysis | Standardized T value | P value | 95% Confidence
Coefficients Interval for B
Partial Regression Std. F value | P value | Beta value Lower Upper
Analysis (B) Error Bound Bound
Smoking (XI) -5.710 2.246 29.528 <0.001 —0.263 —2.546 0.003 —-1.057 —0.182
GOLD grading | —25.823 4.915 —1.046 —5.253 <0.001 —35.582 —16.063
X?)
mMRC scores —8.976 3.174 —0.292 —2.828 0.006 —-1.015 —0.126
X3)
FEVI/FVC (X4) | —114.431 30.365 -0.713 -3.769 <0.001 —173.562 —56.131
Regression AY=28.246-5.710X1-25.823 X2-8.976X3-114.431X4
equation

Abbreviations: GOLD, global initiative for chronic obstructive lung disease; mMMRC, modified British Medical Research Council for dyspnea scale for symptom classification
of COPDL; CCI6, Clara cell secretory protein; FEVI, the value of forced expiratory volume in one second; FVC, forced vital capacity.

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

467

Dove


http://www.dovepress.com
http://www.dovepress.com

Rong et al Dove
Textbox
150.00 150.00 -}
125.00 125.00 %
el el
G 100.00 - G 100.00 -}
o o
75.00] 75.00%
50.00-] 50.00]
20
2.00 A0
3.5¢ 400 10 60 ’50
Smoking GOLD grading mMRC scores FEV1/FVC
Classification: diagnosis test
100~ I 100 |~
90 =
80 = 80 |-
7 I Sensitivity 65.3% |
Specificity 75% |
60 f= o 60 |-
L = B
50 g -
L 3 -
40 40 |—
30 : Area under the ROC curve (AUC) 0.739
F i Standard Error a 0.0430
20} 20 1= 95% Confidence Interval b 0.660 to 0.808
L ¥ z statistic 5.552
10 1 Significance level P (Area=0.5) <0.0001
C0-|.|..,,,, — I D AP PR B B R |
40 60 80 100 120 140 160 o 20 40 60 80 100
test Specificity

Figure 3 Analysis of factors influencing serum CCI|6 concentration in patients with COPD and diagnostic value analysis.

Notes: (A) The patient’s status of smoking and COPD grading affected the serum CC16 concentration in patients with COPD (p < 0.05). (B) The patient’s mMRC score
and FEVI/FVC affected the serum CCl6 concentration in patients with COPD (p < 0.05) and FEVI/FVC has the most significant impact on CCI6. (C) Selection of critical
value (99.32 ng/mL) of serum CC16 concentration for discerning COPD patients from healthy individuals responded a sensitivity of 65.3% and specificity of 75.5%. (D) ROC
curve of CC16 concentration for distinguishing COPD patients from healthy individuals (AUC=0.739).

Abbreviations: GOLD, global initiative for chronic obstructive lung disease; mMRC, modified British Medical Research Council; FEVI, forced expiratory volume in
one second; FVC, forced vital capacity; ROC, receiver operating characteristic curve; AUC, area under the curve.

epithelial cells and pulmonary blood barrier integrity may
cause changes in serum CC16 concentration.”'" The pur-
pose of our study was to investigate the role and clinical
significance of serum CC16 in patients with stable COPD.
We found that CC16 concentration was significantly
reduced in serum from patients with stable COPD com-
pared with healthy controls, which reflects that CC16 may
play a protective role in the development of COPD.
Impaired pulmonary blood barrier caused by acute lung
injury can lead to a transient increase in serum CC16 but
airway epithelium damage caused by chronic lung injury
can reduce the number of Clara cells and thus result in
a persistent decline of CC16.'> So, the decrease in the
number of Clara cells and CC16 secretion is the theoretical

basis for the association of COPD with CC16, and the
change in serum CC16 concentration is earlier than that of
the lung function."?

Smoking is one of the major risk factors for COPD,
and Clara cells may be one of the major targets attacked by
toxic substances in cigarette smoke. Our study showed that
stable COPD patients who smoked had significantly lower
serum concentration of CC16 than those who did not,
which suggests that the smoke toxins of cigarettes do
affect the secretory function of Clara cells. Cigarette
smoke can stimulate the body to produce a large number
of oxygen-free radicals, activate oxidative stress cell path-
ways, induce DNA damage, and thereby damage airway
Clara epithelial cells.'"* It has been reported that the
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Table 5 Criterion Values and Coordinates of the ROC Curve of Serum Concentration of CC16 for Distinguishing Between COPD

and Healthy People

Criterion Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI
<70.22 11.22 5.7-19.2 100.00 92.6-100.0 0.89

<85.21 37.76 28.2-48.1 95.83 85.7-99.5 9.06 7.0-11.8 0.65 0.2-2.5
<88.12 39.80 30.0-50.2 87.50 74.8-95.3 3.18 2442 0.69 0.3-1.5
<93.56 47.96 37.8-58.3 83.33 69.8-92.5 2.88 23-37 0.62 0.3-1.2
<97.12 55.10 44.7-65.2 77.08 62.7-88.0 2.40 1.9-3.0 0.58 0.3-1.0
<£99.32% 65.31 55.0-74.6 75.00 60.4-86.4 2.6l 2.1-3.2 0.46 0.3-0.8
<103.11 67.35 57.1-76.5 64.58 49.5-77.8 1.90 1.5-2.4 0.51 0.3-0.8
<107.22 73.47 63.6-81.9 64.58 49.5-77.8 2.07 1.6-2.6 0.41 0.2-0.7
<114.25 85.71 77.2-92.0 47.92 33.3-62.8 1.65 1.2-2.2 0.30 0.2-0.5
<125.12 92.86 85.8-97.1 16.67 7.5-30.2 111 0.6-2.1 0.43 0.2-0.9
<135.22 97.96 92.8-99.8 6.25 1.3-17.2 1.04 0.3-3.1 0.33 0.08-1.3
<159 100.00 96.3—100.0 0.00 0.0-7.4 1.00

Note:* The threshold for differentiating COPD patients from healthy individuals.

Abbreviations: ROC, receiver operating characteristic curve; CCI6, Clara cell secretory protein; COPD, chronic obstructive pulmonary disease; 95% Cl, 95% confidence;

+LR, positive likelihood ratio; —LR, negative likelihood ratio.

protein level of CC16 in the lung tissue of COPD patients
with smoking shows a decreasing trend'* compared with
non-smoking COPD."® The lung function test can be used
to determine the degree of airflow limit in patients with
COPD, our study showed that the serum concentration of
CC16 in stable COPD patients at stage of GOLD-3 to 4
was lower than that in patients at stage of GOLD-1 to 2,
indicating that the serum CCI16 concentration can reflect
the severity of COPD. Previous evidence suggests that
serum CCI16 concentration is negatively correlated with
the rate of decline in FEV1 and is associated with progres-
sion of COPD.'® It is believed that a decrease in serum
CC16 concentration can be used as a biomarker for pre-
dicting lung function decline and disease progression in
COPD patients."”

Subjective respiratory function in COPD patients shows
practical value in the evaluation of COPD disease progres-
sion. It has been proven that the mMRC rating scale is of
great value in assessing the severity of COPD, evaluating
treatment outcomes, and predicting survival.” Our data
showed that the serum concentration of CC16 in stable
COPD patients with mMRC score of 3 and 4 was lower
than that in patients with mMRC score of 2, which means
that serum CC16 can be used as an indicator to evaluate and
predict changes in respiratory function in patients with
COPD. A study suggests that serum CCI16 is inversely
related to the rate of decline in FEV1, and that low level of
CC16 is associated with velocity of decline in lung function
and progressive elevation of airflow limitation.'® We also
found that the medical history of COPD patients was

negatively correlated with the serum CC16 concentration,
which reflects a causal relationship between the process of
increasing COPD and the reduction of secretion of CC16. It
is reported that CC16 can inhibit the migration of peripheral
blood inflammatory cells and reduce the release of related
inflammatory mediators such as prostaglandins, thrombox-
ane A2, leukotrienes and platelet-activating factor, thereby
reducing lung inflammation and damage."”

Through multiple linear regression analysis, we found
that smoking, low pulmonary function and high mMRC
score all affected the serum concentration of CC16, indicat-
ing that CC16 is a crucial protective factor to patients with
COPD. Studies show that CC16 includes serine and thiol-
containing protein structures that stabilize the metabolism
of ciliated cells by binding to glycoproteins on the surface
of airway ciliated epithelial cells to maintain their cleansing
effect on the respiratory tract.>*'® To date, there is still
a lack of reliable serological indicators for the assessment
of stable COPD, the assessment of COPD is mainly based
on changes in patient’s symptoms and lung function, but
these changes usually lag behind actual pathological
changes. CC16 has been found as a protective factor on
the airway through mechanisms such as anti-oxidation and
anti-inflammatory.'®'*' In our study, the ROC curve
showed that the sensitivity and specificity of CC16 serum
concentration for differentiating COPD patients from
healthy individuals were 65.3% and 75%, respectively, the
area under the curve reached to 0.739, suggesting that CC16
can effectively reflect the changes of COPD and has a good
value for screening of COPD.
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In conclusion, serum CC16 is decreased in the stable
COPD npatients and decreased CC16 negatively correlates
with smoking, GOLD grading, mMRC score and clinical
history of patients but positively correlates with the pul-
monary function. The serum CC16 has a good sensitivity
and specificity in identifying COPD, suggesting that it
contributes to the diagnosis and assessment of COPD.
However, this study was only conducted for patients with
COPD in Chinese medical institutions. The conclusions of
this study may not necessarily reflect the relationship
between the serum expression of CC16 and its clinical
features in patients in other countries, especially different
races. Therefore, in the future, the national regions and
ethnic groups of patients should be expanded to further
confirm the relationship between CC16 and COPD.
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