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Pneumoconiosis is a systemic occupational
disease that commonly manifests as diffuse fibrosis
of the lungs caused by long-term inhalation of silica
dust in the production process. The development of
pneumoconiosis is a chronic and progressive process;
once it occurs, it is irreversible, and gradually
develops into lung injury and respiratory failure, and
can cause death regardless of exposure to dust. The
incidence of pneumoconiosis is the highest in China
and the direct and indirect economic loss as a result
of pneumoconiosis is approximately 9 billion yuan
per year.

The basic pathological changes as a result of
silicosis are the formation of silicon nodules and
diffuse interstitial fibrosis. The diagnosis of silicosis is
based on X-ray imaging, and although computed
tomography (CT) scans can detect pulmonary
nodules earlier than X-rays, they are not suitable for
routine physical examinations due to high costs. The
changes in chest films can only be reflected when
lesions reach a certain degree. Therefore, there is an
urgent need to discover serum markers that can be
used to screen for silicosis before it becomes too
advanced.

The Clara cell which is located at the terminal
bronchioles and the respiratory bronchiolar belongs
to a non-ciliated secreting epithelial cell™. Clara cell
protein 16 (CC16), a 16-kD protein, which is secreted
by the Clara cell plays an important role in immune
suppression, and it has anti-inflammatory and
anti-fibrosis properties. CC16 has been investigated
as a potential biomarker related to lung epithelial
injury in a variety of diseases, such as idiopathic
pulmonary fibrosis (IPF), chronic obstructive
pulmonary disease (COPD) and occupational lung
injury. CC16 levels in serum differ based on the
exposure to toxic occupational lung hazards. The
serum CC16 concentration significantly decreased

doi: 10.3967/bes2019.007

among asbestos-exposed subjects compared to
control subjectsm. Workers exposed to asphalt also
had a significant increase in CC16 concentrations®.
Although it has been reported that exposure to
occupational dust may lead to a reduction in cc16™,
there have been few studies focused on silica dust
exposure.

The aim of this study was to assess the effect of
silica dust exposure on the levels of serum CC16;
additionally, we aimed to determine the CC16 levels
at silicosis diagnosis in order to distinguish between
patients with and without silicosis. All the subjects
were treated at the physical examination center of
the Nanjing Prevention and Treatment Center for
Occupational Diseases in 2017. 239 male workers
were divided into three groups as follows: silicosis
group (n = 75), dust contact group (n = 75), and
control group (n = 89). All the patients in the silicosis
group were diagnosed as having phase I, II, or llI
silicosis using radiography according to the National
Diagnostic Standard (GBZ270-2002) for
Pneumoconiosis in China. The dust contact group
comprised workers with an occupational history of
silica exposure, but without abnormal findings based
on their radiographs. The control group included
healthy male volunteers without a history of silica
exposure. Blood samples were obtained by
physicians or trained study nurses from all subjects.
Serum CC16 was measured using sandwich
enzyme-linked immunosorbent assay kits.

Epidata 3.0 software was used to establish a
database and enter data. SPSS 19.0 (IBM, Chicago, USA)
software was used for statistical analysis. A receiver
operating characteristic (ROC) curve was generated to
determine the sensitivity threshold (Y axis) and
1-specificity (X axis) of CC16. The area under the curve
(AUC) was used to compare and determine the power
of discrimination of CC16 to diagnose silicosis. A
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multivariate linear regression model and Spearman
correlation was wused to assess the factors
significantly related to the serum CC16 levels.

Demographic characteristics for the 239 male
workers included in the study, stratified by group are
shown in Table 1. Subjects in the silicosis group were
older than those in the dust contact and control
groups; however, this difference was not significant
(P = 0.684). The cumulative exposure (8 h/day, 5
day/week as standard) had no difference between
silicosis group and dust contact group (P = 0.549).
There were significantly more smokers in the silicosis
group than the silica dust contact and control groups
(P =0.005).

The subjects were divided into smoking and
non-smoking groups. CC16 was significantly lower in
silicosis group when compared with dust contact and
healthy control groups (Figure 1A). In the
non-smokers, serum CC16 levels in the silicosis
group were 13.34 + 2.48 ng/mL vs. 16.32 = 2.70
ng/mL in the dust contact group and 17.87 + 0.95
ng/mL in the healthy control group. Serum CC16
levels in the dust contact group were also
significantly decreased compared with the controls.
In the smokers, serum CC16 levels in the silicosis
group were 13.99 + 1.60 ng/mL vs. 16.99 = 1.96
ng/mL in the dust contact group and 18.23 + 1.06
ng/mL in the control group. Serum CC16 levels in the

Table 1. Demographic Characteristics of the Study Subjects Stratified by Group of Enroliment

Silicosis Group (n = 75)

Dust Contact Group (n = 75)

Control Group (n = 89)

Characteristic P Value
Mean (SD) No. % Mean (SD) No. % Mean (SD) No. %
Age (years) 68.08 (7.62) 67.36 (10.15) 66.97 (6.70) 0.684°
Length of service a
32.01(5.57) 36.31(3.72) 41.91 (8.01) <0.001
(years)
Cumulative 27.47 (5.23) 25.88 (4.97) . 0.549°
exposure year
Smoking status 0.005"
Never 5 6.67 14 18.67 23 25.84
Ever 70 93.33 61 81.33 66 74.16
Drink status 0.001°
Never 9 22.00 23 30.67 9 10.23
Ever 66 88.00 52 69.33 79 89.77

Note. Abbreviations: SD, standard deviation. “ANOVA of the continuous variable differences between the
three groups. sz test for the difference in frequencies between the three groups.
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Figure 1. (A) Serum Clara cell protein 16 levels are decreased in the silicosis group both in non-smokers
and smokers; (B) Serum Clara cell protein 16 levels are decreased in the silicosis group both in
non-drinkers and drinkers. , P < 0.01; error bars, standard error.
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dust contact group were also significantly decreased
compared with the controls. In the control group,
there are no differences of serum CC16 levels in the
drink group and non-drinking group. CC16 was
significantly lower in the silicosis group when
compared with the dust contact and healthy control
groups (Figure 1B). In the non-drinkers, CC16 levels
in the silicosis group were 13.80 + 2.22 ng/mL vs.
17.22 + 2.17 ng/mL in the dust contact group and
18.04 + 0.60 ng/mL in healthy control group. Serum
CC16 levels in the dust contact group were also
significantly decreased compared with the controls.
In the drinking group, CC16 levels obtained in
silicosis group were 13.97 + 1.59 ng/mL vs. 16.71
2.09 ng/mL in the dust contact group and 18.13
1.08 ng/mL in the control group. Serum CC16 levels
in the dust contact group were also significantly
decreased compared with the controls.

ROC curve analysis was used To determine the

potential use of CC16 for silicosis diagnosis (Figure 2).

The best cut-off value for CC16 was 16.21 ng/mL and
the AUC for the diagnosis of silicosis was 0.919 (P <
0.001), suggesting that CC16 had a higher accuracy
for the diagnosis of silicosis (0.9 < AUC < 1.0
suggesting that the diagnosis accuracy was high).
The diagnostic sensitivity and specificity of CC16 for
silicosis diagnosis was 81.10%, and 92.00%; the
Kappa value was 0.731.

Factors that may affect the serum CC16 levels
including silicosis group, age, length of service within
their current place of employment, dust exposure,
and smoking and alcohol intake were included in the
linear regression model. The final factors included in
the regression equation were silicone grouping and
age (Supplementary Table S1, available in www.
besjournal.com). Increasing age led to a decrease in
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Figure 2. Receiver operating characteristic
curves to evaluate serum Clara cell protein 16
as a biomarker for silicosis diagnosis (AUC =
0.919).

the serum CC16 levels (P < 0.001); CC16 levels were
the lowest in the silicosis group, followed by the
silica dust exposure group; the CC16 levels were the
highest in control group (P < 0.001).

Silicosis is a fibrotic interstitial lung diseases
caused by inhalation of free crystalline silicon
dioxide or silica. Phagocytosis of crystalline silica in
the lungs causes lysosomal damage, activating the
NALP3  inflammasome and  triggering the
inflammatory cascade with subsequent fibrosis.
Impairment of lung function increases with disease
progression, even after the patient is no longer
exposed[S]. Growing evidence showed that CC16 has
anti-inflammatory activities in lung inflammation
diseases, such as chronic obstructive pulmonary
disease (COPD) and asthma, probably through
inhibiting phospholipase A2 (PLA2) and cytokine
production[6’7]. Furthermore, studies of both human
COPD cohorts and CCl6-gene targeted mice in
models of experimental COPD have indicated that
reduced CC16 level contributes to the development
and progression of copPD®. Molecular mechanism
research showed that CC16 inhibited LPS-induced
TNF-a, IL-6, and IL-8 expression in a
concentration-dependent manner and inhibited the
increase of nuclear NF-kB and the reduction of
cytosolic NF-Kb®.

Exposure to cigarette smoke has been shown to
be associated with a reduction in the numbers of
club cells in the bronchial epithelium and serum
CC16 concentrations in animal models. The serum
CC16 levels were reported to be lower in smokers
than in non-smokers™®. However, in this study,
there was no difference in the level of serum CC16
between smoking and non-smoking groups, which
may be due to the fact that the toxicity as a result of
smoking was not compared with the long-term
inhalation of high concentrations of dust.

This study was subject to several limitations.
First, we collected serum bio-blood samples from
the subjects for this analysis and assessment. We did
not collect data on the lung function of the subjects.
Therefore, we could not describe the relationship
between lung function and CC16 levels. Second, we
only included male subjects, because most of the
long-term exposure to dust was considered to
occur in male workers. Therefore, it was not
possible to observe the CC16 levels in serum among
female subjects. Further studies on the detailed
molecular mechanisms for silica dust exposure
resulting in the reduction of CC16 levels in serum are
warranted.
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In conclusion, long-term exposure to silica dust
may result in a reduction in CC16 levels in serum;
additionally, CC16 can be used as a blood serum
biomarker for higher accuracy in the diagnosis of
silicosis.
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Supplementary Table S1. Multinomial Linear Regression Model to Assess the Factors
Significantly Related to the Serum CC16 Levels

Variable B Standard Error P Value
Constant 15.432 0.933
Group 2.045 0.128 <0.001

Age -0.048 0.013 <0.001




