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INTRODUCTION  
 

Accumulating epidemiological, laboratory and clinical 

studies demonstrate that exposure to increased level of 

particulate matter (PM) is related to the increased 

morbidity and mortality of multiple human diseases, 

such as allergic disorders, respiratory diseases, cardiac 

diseases, and renal diseases [1ï4]. In recent years, 

PM2.5, less than 2.5 µm in diameter, has received 

significant attention. Due to the small size, PM2.5 is 

able to reach alveolar spaces, and precipitates 

throughout the whole lung, including the periphery, 

thereby triggering the biological responses and eliciting 

diseases [5, 6]. 

 

With the development of the economy, logistics based 

on the transportation industry has become a major 

service industry in the modern national economy. In the 

transport industry, diesel engines are predominantly 

used due to high efficiency and low cost. Diesel exhaust 

particles (DEPs), the fine particulate matters produced 

by diesel engines, are one of the major parts of PM2.5. 

There is growing evidence that DEPs induce or 

exacerbate the diseases involving the airway, such as 
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ABSTRACT 
 

CC16 is almost exclusively expressed in non-ciliated epithelial Clara cells, and widely used as a Clara cell marker. 
Diesel exhaust particles (DEPs), the fine particulate matters produced by diesel engines, cause or exacerbate 
airway-related diseases. Our previous study documented that DEP inhibits the CC16 expression in the 
immortalized mouse Clara cell line through methylation of /κ9.tʰ promoter. However, the molecular 
mechanism by which DEP regulates CC16 secretion is unclear. Here, we isolated CC16 containing Clara cells 
(CC16+) from human distal lung, and found that DEP inhibited CC16 secretion from CC16+ cells via methylation 
of /κ9.tʰ and inhibition of Munc18b transcription. CC16+ cell conditioned media containing different 
concentrations of CC16 was prepared and used for culture of airway epithelial cells BEAS-2B with no expression 
of CC16. A positive correlation was observed between CC16 level and DEP-induced autophagy activity, and a 
negative correlation between CC16 level and DEP-induced pro-inflammatory cytokine TNF-ʰΣ IL-6, and IL-8 level, 
suggesting that CC16 might mitigate DEP-induced inflammation via promoting autophagy in BEAS-2B cells. This 
result was further confirmed by adding recombinant CC16 to BEAS-2B cells exposed to DEP. Moreover, CC16 
level was significantly increased when CC16+ cells were cultured in BEAS-2B cell conditioned medium containing 
TNF-  hor the normal medium supplemented with recombinant TNF-ʰΣ suggesting that TNF-  h induced CC16 
production and secretion from CC16+ cells. Collectively, these data point that CC16 and TNF-  hform a negative 
feedback loop, and this negative feedback loop between Clara cells and normal airway epithelial cells protects 
against DEP exposure-induced inflammation. 
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pulmonary arterial hypertension, asthma, and chronic 

obstructive pulmonary disease (COPD) [7ï9]. 

 

Our previous in vivo and in vitro experiments also 

proposed that DEP exposure may impair lung function 

through inhibiting of CC16 expression by methylation 

of the C/EBPŬ promoter [10]. CC16, a secretory 

protein, functions after secretion from cells. However, 

the molecular mechanism by which DEP regulates the 

secretion of CC16 is uncertain. Munc18b is a limiting 

component of the exocytic machinery of the secretory 

epithelia and immune cells. Our previous study 

displayed that Munc18b knockdown significantly 

inhibited the MUC5AC secretion from bronchial 

epithelial cells [11, 12]. C/EBPŬ, a transcription factor, 

regulates the expression of multiple genes by binding to 

the promoter. By searching the Jaspar database, we 

found that the potential binding motifs exist between 

C/EBPŬ and the Munc18b promoter region in different 

species (human, rat and mouse). Given these findings, 

we further explored whether C/EBPŬ promotes CC16 

secretion via regulation of Munc18b expression. 

 

CC16, specifically expressed in distal airway Clara 

cells, is the most abundant secretory protein in the 

airway surface fluid, accounting for 5% of the total 

protein quantity recovered by bronchoalveolar lavage 

[13]. It is well known that CC16 has anti-inflammatory 

and antioxidant effects [14ï19]. The change in CC16 

level not only has a profound effect on the composition 

of the airway surface fluid, but also affects the response 

of the airway epithelium to environmental stimuli [20ï

22]. For instance, CC16 mitigates house dust mite-

induced airway inflammation and damage via regulation 

of airway epithelial cell apoptosis [20]; and CC16 level 

is also correlated with cigarette smoke exposure in 

bronchial epithelial cells, and protects against lung 

injury in smokers [21]. It has been widely reported that 

DEP causes a pro-inflammatory response in bronchial 

epithelial cells [23ï25]. However, the role of CC16 in 

bronchial epithelial cells exposed to DEP has not been 

reported. We speculated that CC16 protects against 

bronchial epithelial cell inflammation, and the lower 

CC16 secretion level from Clara cells caused by DEP 

exposure exerts the weaker protective effects in DEP-

induced bronchial epithelial cell inflammation. 

 

Additionally, TNF-Ŭ has been reported to drive CC16 

production [26]. Given these findings, it was tempting to 

speculate that DEP-induced TNF-Ŭ increase in bronchial 

epithelial cells stimulates CC16 production by Clara 

cells, and CC16 and TNF-Ŭ form a negative feedback, 

thereby inhibiting DEP exposure-induced injury. 

 

Herein, we aimed to investigate whether DEP inhibits 

CC16 secretion from Clara cells via C/EBPŬ-Munc18b 

axis, and CC16 and TNF-Ŭ form a negative feedback 

against DEP-induced bronchial epithelial cell inflam-

mation. 

 

RESULTS 
 

Characterization of the sorted cells 
 

Single cell suspensions were prepared by human distant 

normal lung tissues where Clara cells are located, and 

CC16
+
 and CC16

-
 cells were sorted directly by 

Fluorescence-activated cell sorting (FACS). The sorted 

CC16
+
 and CC16

-
 cells were cultured overnight, and 

unattached dead cells were removed from the medium. 

The CC16 mRNA and protein expression were 

subsequently detected. As shown in Figure 1A, 1B, 

CC16 mRNA and protein expression were sharply 

higher in CC16
+
 cell fraction than in CC16

-
 cells. We 

also performed immunocytochemistry staining of CC16 

in sorted cells. As evidence by Figure 1C, 98% of the 

cells in CC16
+
 sorted fraction were positive for CC16 

immunofluorescence (IF). In addition, to further 

confirm that the sorted CC16
+
 cells were distal airway 

Clara cells, the IF was performed for detection of pan-

keratin expression, the epithelial marker. The results 

showed that all cells in the CC16
+
 sorted fraction 

expressed pan-keratin (Figure 1D). These data 

suggested that CC16-containing Clara cells are success-

fully isolated. 
 

DEP exposure induces C/EBPȷ hypermethylation 

and decreases CC16 production and secretion from 

CC16
+
 cells 

 

Our previous study showed that in C22 cells, DEP 

decreases CC16 expression by methylation of the 

C/EBPŬ promoter [10]. But it is unknown whether DEP 

regulates CC16 secretion via C/EBPŬ hyper-

methylation. The level of CC16 protein released into the 

culture media represents CC16 secretion capacity. The 

CC16
+
 cells were exposed to 5 ppm SRM 1650b (the 

commercial DEP matter) in the presence of 

demethylating agent 5-aza-2ô-deoxycytidine (DAC) or 

not for 48 h. Then cells and culture supernatants were 

collected for methylation-specific polymerase chain 

reaction (MSP), RT-PCR, western blot and ELISA 

detection. The results of MSP determination showed 

that DEP treatment induced C/EBPŬ promoter 

methylation, while DAC treatment restored C/EBPŬ 

expression by demethylation of the promoter (Figure 

2A). The results of RT-PCR and western blot showed 

that DEP treatment decreased C/EBPŬ mRNA and 

protein expression, which was significantly alleviated 

by DAC treatment (Figure 2B, 2C). Changes in CC16 

level were consistent with changes in C/EBPŬ 

expression: DEP treatment significantly inhibited CC16 
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Figure 1. Characterization of sorted cells. (A, B) CC16 mRNA and protein expression in the sorted CC16+ and CC16- cell fraction are 
detected by RT-PCR and western blot assay. (C, D) Immunofluorescence (IF) staining shows that 98% of the cells in CC16+ sorted fraction 
express CC16, and all the cells in CC16+ sorted fraction show positive expression of pan-keratin, the epithelial marker (× 100). *** P < 0.001 vs. 
CC16- fraction. 
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mRNA expression and level in culture supernatants, 

which were abolished by DAC treatment (Figure 2D, 

2E). In addition, we also detected the effects of 

treatment with other concentrations of SRM 1650b (0.1, 

1, 3 and 10 ppm) on C/EBPŬ mRNA and protein 

expression, and CC16 mRNA expression and level in 

culture supernatants. This can be seen in Figure 2Fï2H 

that a dose-dependent inhibition of C/EBPŬ and CC16 

by DEP was observed in CC16
+ 
cells. Collectively, DEP 

exposure induces C/EBPŬ hypermethylation and 

decreases CC16 production and secretion in CC16
+
 

cells. 

 

C/EBPȷ regulates CC16 secretion via Munc18b in 

CC16
+
 cells 

 

Our previous study demonstrated that in C22 cells, 

C/EBPŬ regulates CC16 expression [10]. Herein, we 

 

 
 

Figure 2. 59t ŜȄǇƻǎǳǊŜ ƛƴŘǳŎŜǎ /κ9.tʰ ƘȅǇŜǊƳŜǘƘȅƭŀǘƛƻƴ ŀƴŘ ŘŜŎǊŜŀǎŜǎ //мс ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǎŜŎǊŜǘƛƻƴ ƛƴ //мс+ Cells. CC16+ 
cells are exposed to 5 ppm SRM 1650b (the commercial DEP matter) in the presence of DAC or not for 48 h, and then cells and culture 
supernatants are collected. (Aύ a{t ŀƴŀƭȅǎƛǎ ƛǎ ǇŜǊŦƻǊƳŜŘ ǘƻ ŘŜǘŜŎǘ ǘƘŜ ƳŜǘƘȅƭŀǘƛƻƴ ƻŦ /κ9.tʰ ǇǊƻƳƻǘŜǊΦ [ŀƴŜ ¦Σ ŀƳǇƭƛŦƛŜŘ Ǉroduct with 
ǇǊƛƳŜǊǎ ǊŜŎƻƎƴƛȊƛƴƎ ǳƴƳŜǘƘȅƭŀǘŜŘ /κ9.tʰ ǎŜǉǳŜƴŎŜΦ [ŀƴŜ aΣ ŀƳǇƭƛŦƛŜŘ ǇǊƻŘǳŎǘ ǿƛǘƘ ǇǊƛƳŜǊǎ ǊŜŎƻƎƴƛȊƛƴƎ ƳŜǘƘȅƭŀǘŜŘ /κ9.tʰ ǎŜǉǳŜƴce. (B, 
Cύ ¢ƘŜ Ƴwb! ŀƴŘ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴ ƻŦ /κ9.tʰ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ w¢-PCR and western blot assay. (D, E) CC16 mRNA expression and level in 
culture supernatants are detected by RT-PCR and ELISA assay. (FςH) After treatment of CC16+ cells with different concentrations of SRM 
мсрлō όлΦмΣ мΣ оΣ р ŀƴŘ мл ǇǇaύΣ /κ9.tʰ ŀƴŘ //мс Ƴwb! ŜȄǇǊŜǎǎƛƻƴΣ /κ9.tʰ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴΣ ŀƴŘ CC16 level in culture supernatants are 
determined by RT-PCR, western blot and ELISA assay. **P < 0.01 and ***P < 0.001 vs. Ctrl group; ##P < 0.01 and ###P < 0.001 vs. DEP group. 
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investigated whether and how C/EBPŬ regulates CC16 

secretion. As shown in Figure 3A, 3B, C/EBPŬ 

overexpression caused the increases in CC16 mRNA 

and protein released into the culture medium, whereas 

C/EBPŬ knockdown resulted in the decreases of CC16 

mRNA and secretion. 

Munc18b is a limiting component of the exocytic 

machinery of secretory epithelial and immune cells. By 

searching the Jaspar database, we found that the 2-kb 

region upstream of Munc18b gene contains potential 

binding motifs for transcription factor C/EBPŬ in 

different species (human, rat and mouse) (Table 1). We 

 

 
 

CƛƎǳǊŜ оΦ /κ9.tʰ ǊŜƎǳƭŀǘŜǎ //мс ǎŜŎǊŜǘƛƻƴ Ǿƛŀ aǳƴŎмуō ƛƴ //мс+ cells. After transfection of CC16+ cells with pcDNA-ctrl, pcDNA-
/κ9.tʰΣ ǇŎ5b!-/κ9.tʰҌǎƛ-Munc18b, si-ctrl, si-/κ9.tʰΣ ƻǊ ǎƛ-/κ9.tʰҌ ǇŎ5b!-CC16, cells are cultured for 48 h, and then cells and culture 
supernatants are collected. (A, Bύ ¢ƘŜ ŜŦŦŜŎǘǎ ƻŦ /κ9.tʰ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻǊ ƪƴƻŎƪŘƻǿƴ ƻƴ //мс Ƴwb! ŀƴŘ ǇǊƻǘŜƛƴ ǊŜƭŜŀǎŜŘ ƛƴǘƻ ǘƘŜ ŎǳƭǘǳǊŜ 
media are detected by RT-PCR and ELISA. (C, D) The effects of C/E.tʰ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻǊ ƪƴƻŎƪŘƻǿƴ ƻƴ aǳƴŎмуō Ƴwb! ŀƴŘ ǇǊƻǘŜƛƴ 
expression are detected by RT-PCR and western blot assay. (E, Fύ ¢ƘŜ ƛƴŎǊŜŀǎŜ ƻŦ //мс ǎŜŎǊŜǘƛƻƴ ƛƴŘǳŎŜŘ ōȅ /κ9.tʰ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƛǎ 
abolished by Munc18b knockdown, while the decrease of CC16 secreǘƛƻƴ ƛƴŘǳŎŜŘ ōȅ /κ9.tʰ ƪƴƻŎƪŘƻǿƴ ƛǎ ƴƻǘ ŀŦŦŜŎǘŜŘ ōȅ //мс 
overexpression. **P < 0.01 and ***P < 0.001 vs. pcDNA-ctrl or si-ctrl group; ##P < 0.01 vs. pcDNA-/κ9.tʰ ƎǊƻǳǇΦ 
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Table 1. The predicted binding sites between C/EBPh  and the promoter 
region of Munc18b. 

Species Matrix ID  Name Score Start End Predicted sequence 

Human MA0102.3 CEBPA 5.139 -1715 -1705 gttacaaaagg 

Human MA0102.3 CEBPA 2.555 -1415 -1405 tttacaaaaca 

Rat MA0019.1 Cebpa 10.074 -1021 -1010 ggatgcaattgt 

Mice MA0102.1 Cebpa 8.717 -274 -263 ttgcccaagctt 

Mice MA0102.1 Cebpa 6.675 -361 -350 ttacagaatgtt 

Mice MA0102.1 Cebpa 6.335 -792 -781 atgtacaacagg 

 

thus examined whether C/EBPŬ regulates the 

transcription of Munc18b. As shown in Figure 3C, 3D, 

overexpression of C/EBPŬ significantly increased the 

expression of Munc18b mRNA and protein. As 

expected, knockdown of C/EBPŬ significantly reduced 

the expression of Munc18b mRNA and protein. In 

addition, the increase of CC16 secretion induced by 

C/EBPŬ overexpression was abolished by Munc18b 

knockdown, while the decrease of CC16 secretion 

induced by C/EBPŬ knockdown was not affected by 

CC16 overexpression (Figure 3E, 3F). These data 

suggested that C/EBPŬ promotes CC16 secretion 

through upregulation of Munc18b in CC16
+
 cells. 

 

C/EBPȷ can directly bind to the promoter region of 

Munc18b 
 

Given the above findings that the upstream of human 

Munc18b gene has two putative C/EBPŬ binding sites 

(-1705 and -1405 bp), and C/EBPŬ promotes 

Munc18b expression at the transcriptional level, we 

performed dual-luciferase reporter assay and 

chromatin immunoprecipitation (ChIP) assay to 

further investigate whether C/EBPŬ activates 

Munc18b transcription by directly binding to its 

putative promoter region. The luciferase activity was 

detected in CC16
+
 cells transfected with both 

Munc18b promoter construct (-2000/200; Munc18b-

promS) or empty pGL3-basic vector (Munc18b-

vector) and C/EBPŬ plasmid or its corresponding 

empty vector for 48 h. The results showed that 

Munc18b promoter construct led to an obvious 

increase in the relative luciferase activity, which was 

further reinforced by C/EBPŬ (Figure 4A). To identify 

the exact position where C/EBPŬ could bind within 

this fragment, a ChIP test was performed. As shown 

in Figure 4B, C/EBPŬ could bind to two putative 

binding sites, site 1 and site 2 sequences. Further-

more, to further clarify the function of site 1 and site 

2, Munc18b promoter with wild-type (WT) or 

mutation of the binding motif 1 or 2, and C/EBPŬ 

plasmid were co-transfected into CC16
+
 cells. The 

results of the dual-luciferase reporter assay showed 

that in comparison with WT group, mutation of the 

binding motif 1 significantly inhibited the relative 

luciferase activity, and mutation of the binding motif 

2 had no effect on the relative luciferase activity, 

suggesting that the site 1 was a functional site 

controlling Munc18b transcription (Figure 4C). These 

results indicated that C/EBPŬ activates Munc18b 

transcription by direct binding to the sites -1715/-

1705 in Munc18b promoter. 

 

DEP induces bronchial epithelial cell autophagy and 

inflammation 
 

DEP has been widely reported to induce bronchial 

epithelial cell injury by regulation of autophagy, 

inflammation, oxidative stress, and apoptosis [27ï30]. 

Here, we investigated the effects of DEP on autophagy 

and inflammation of BEAS-2B bronchial epithelial 

cells. LC3 and p62 are two proteins vital for autophagy. 

When autophagy is activated, soluble LC3-I is 

converted into lipid bound LC3-II , followed by being 

recruited to autophagosomal membranes, and thus the 

amount of LC3-II positively correlates with the number 

of autophagosomes. Furthermore, autophagosome 

formation enhances the autophagic flux, thereby 

accelerating p62 protein degradation. As evidenced by 

Figure 5A, DEP increased the ratio of LC3-II/LC3-I, 

and decreased p62 protein expression, which suggested 

that DEP treatment activated autophagy. DEP-activated 

autophagy was further reinforced by the autophagy 

promoter rapamycin (Rap), and relieved by the 

autophagy inhibitor 3-Methyladenine (3-MA). In 

addition, autophagosomes were identified as bright 

green dots by IF. The co-treatment group with Rap and 

DEP had the largest number of green spots, followed by 

DEP group, DEP+3-MA group, and ctrl group (Figure 

5B). The effects of DEP exposure on pro-inflammatory 

cytokines were also detected. The results indicated that 

DEP exposure increased TNF-Ŭ, IL-6, and IL-8 level, 

which were relieved by Rap treatment, and aggravated 

by 3-MA treatment (Figure 5Cï5E). These data 

suggested that enhancing autophagy can mitigate DEP-

induced inflammation in BEAS-2B cells. 
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Figure 4. /κ9.tʰ Ŏŀƴ ŘƛǊŜŎǘƭȅ ōƛƴŘ ǘƻ ǘƘŜ ǇǊƻƳƻǘŜǊ Ǌegion of Munc18b. (A) CC16+ cells are transfected with both Munc18b 
promoter (-2000/200; Munc18b-promS) or empty pGL3-basic vector (Munc18b-ǾŜŎǘƻǊύ ŀƴŘ /κ9.tʰ ǇƭŀǎƳƛŘ ƻǊ ƛǘǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŜƳǇǘȅ 
vector control for 48 h, and then the cells are collected for luciferase activity detection. (B) ChIP assay is conducted in CC16

+
 cells with the 

anti-/κ9.tʰ antibody. Interaction sites are identified by PCR for two possible /κ9.tʰ binding sites in the Munc18b promoter. (C) Munc18b 
promoter with wild-type (WT) or mutation of the binding motif 1 ƻǊ нΣ ŀƴŘ /κ9.tʰ ǇƭŀǎƳƛŘ ŀǊŜ Ŏƻ-transfected into CC16+ cells used in the 
luciferase assay. ***P < 0.001 vs. pcDNA-ctrl or WT group. 
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Figure 5. DEP induces bronchial epithelial cell autophagy and inflammation. BEAS-2B cells are pre-treated with 1.5 mM 3-MA or 10 
nM Rap for 1 h, and then exposed to 5 ppm SRM 1650b. After 12 h, the cells and culture supernatants are collected. (A) Autophagy-related 
proteins LC3B and p62 expression in BEAS-2B cells are detected by western blot. (B) Autophagy induction is evaluated by LC3B 
immunostaining (× 400). Autophagosomes are identified as bright green dots. (CςE) Pro-inflammatory cytokines TNF- ,h IL-6, and IL-8 level are 
detected by ELISA. ***P < 0.001 vs. ctrl; #P < 0.05, ##P < 0.01, and ###P < 0.001 vs. DEP group. 
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CC16 secretion from CC16
+
 cells protects against 

DEP-induced bronchial epithelial cell inflammation 

 

To investigate the effects of CC16 secretion from 

CC16
+
 cells on DEP-induced bronchial epithelial cell 

inflammation, CC16+ cells were cultured in 

DMEM/F12 medium with 5 ppm SRM 1650b or not 

to prepare CC16
+
 medium and DEP-CC16

+
 medium, 

respectively. After determining CC16 level, CC16
+
 

cell conditioned medium were used to culture BEAS-

2B cells. The CC16 level within the medium of ctrl, 

DEP, DEP+CC16
+
, DEP+DEP-CC16

+ 
group was 0, 0, 

144.7 and 46.5 ng/ml, respectively. Following 

exposure to DEP, autophagy and inflammation were 

detected. As shown in Figure 6, DEP+CC16
+
 group 

has the strongest autophagy activity, followed by 

DEP+DEP-CC16
+ 

group, DEP group, and ctrl group. 

As expected, DEP induced the weakest inflammatory 

response in DEP+CC16
+
 group, followed by 

DEP+DEP-CC16
+ 

group, and DEP group. CC16 level 

was positively correlated with DEP-induced auto-

phagy activity, and negatively correlated with DEP-

induced inflammatory response, suggesting that CC16 

might mitigate DEP-induced inflammation via 

promoting autophagy in BEAS-2B cells. In order to 

further confirm that CC16
+
 cell conditioned medium 

functions in DEP-induced autophagy and inflam-

mation mainly through CC16, BEAS-2B cells were 

incubated with 5 ppm SRM 1650b, or 300 ng/ml 

recombinant CC16 (rCC16)+5 ppm SRM 1650b for 

12 h. The results showed that rCC16 increased DEP-

induced autophagy and inhibited DEP-induced 

inflammation (Figure 7). Collectively, these data 

indicated that CC16 protects against DEP-induced 

bronchial epithelial cell inflammation via regulation 

of autophagy, and DEP-inhibited CC16 secretion  

from Clara cells exerts a decreased protection  

role in DEP-induced bronchial epithelial cell 

inflammation. 

 

TNF-Ŭ released by BEAS-2B cells induces CC16 

production and secretion in CC16
+
 cells 

 

TNF-Ŭ plays a role in stimulating CC16 production 

[26]. Herein, we investigated whether BEAS-2B cell 

conditioned medium stimulates CC16 production and 

secretion mainly via TNF-Ŭ. As shown in Figure 8A, 

8B, CC16 mRNA expression and level in culture 

supernatants were significantly increased when CC16
+
 

cells were cultured in BEAS-2B cell conditioned 

medium containing 0.81 ng/ml TNF-Ŭ or the normal 

medium supplemented with 3 ng/ml recombinant TNF-

Ŭ (rTNF-Ŭ). These data suggested that CC16 and TNF-Ŭ 

form a negative feedback loop: CC16 secreted by 

CC16
+
 cells inhibits TNF-Ŭ production in BEAS-2B 

cells, and TNF-Ŭ stimulates CC16 production and 

secretion, thereby protecting against DEP exposure-

induced inflammation (Figure 8C). 

 

DISCUSSION 
 

CC16 belongs to the secretoglobin family, and is  

a small anti-inflammatory and antioxidant protein 

secreted by non-ciliated epithelial Clara cells. 

Respiratory diseases are often accompanied by varying 

degrees of damage in the structural integrity and 

function of airway epithelium, while CC16 is a useful 

biomarker of airway epithelial damages in chronic 

respiratory diseases. Increasing evidence has confirmed 

that the number of CC16-positive epithelial cells is 

significantly decreased in allergic airway diseases such 

as asthma, allergic rhinitis and chronic rhinosinusitis, 

resulting in the lower level of CC16 in airway mucosa 

and bronchoalveolar lavage fluid (BALF) [31]. The 

baseline serum CC16 level is believed to be a predictive 

biomarker of lung function, which is decreased in 

COPD patients and is also correlated with smoking 

status [32, 33]. Another study documented that CC16-

deficient mice have more severe airway inflammation 

than wild-type mice [34, 35]. In addition, the CC16 

level in BALF is lower in the silicosis group than the 

control group and may have a specific reference value 

for the early diagnosis of silicosis [36, 37]. Our 

previous study also showed that CC16 level is 

decreased in serum and BALF in mice with DEP 

exposure-induced lung injury. How does DEP exposure 

reduce CC16 level? Our previous study only confirmed 

that DEP inhibits CC16 expression in C22 cells by 

methylation of the C/EBPŬ promoter [10]. In fact, 

CC16, a secretory protein, works after release into 

extracellular environment (also called secretion), such 

as the airway surface fluid and the culture media. 

However, the molecular mechanism by which DEP 

regulates CC16 secretion is not clear. 
 

In this study, we firstly isolated CC16-containing Clara 

cells from human distal lung by a flow cytometric 

sorting method, followed by investigating the effects of 

DEP exposure on C/EBPŬ methylation, and CC16 

production and secretion. Consistent with our previous 

study, DEP exposure induces C/EBPŬ hyper-

methylation, and decreases CC16 production and 

secretion from CC16
+
 Cells [10]. Notably, further 

exploration of the mechanism displayed that C/EBPŬ 

promotes CC16 secretion via activation of Munc18b 

transcription by direct binding to the sites -1715/-1705 

in the Munc18b promoter. 
 

Airway epithelial cells with an extremely low or no 

expression of CC16 represent most of the total epithelial 

cells. How does DEP affect these cells? The BEAS-2B 

cell line is a type of human airway epithelial cells. It has 
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Figure 6. CC16 secretion from CC16+ cells protects against DEP-induced bronchial epithelial cell inflammation via activation 
of autophagy. CC16+ cell conditioned medium containing different concentrations of CC16 is prepared, and used to culture BEAS-2B cells. 
The CC16 level in the medium of Ctrl, DEP, DEP+ CC16+, DEP+ DEP-CC16+ group is 0, 0, 144.7 and 46.5 ng/ml, respectively. After 12 h of 
culture, the cells and culture supernatants are collected. (A) LC3B and p62 protein expression in BEAS-2B cells are detected by western blot. 
(B) Autophagy induction is evaluated by LC3B immunostaining (× 400). Autophagosomes are identified as bright green dots. (CςE) TNF- ,h IL-6, 
and IL-8 level in culture supernatants are detected by ELISA. ***P < 0.001 vs. ctrl; #P < 0.05, ##P < 0.01, and ###P < 0.001 vs. DEP group; and &P 
< 0.05, &&P < 0.01, and &&&P < 0.001 vs. DEP+ CC16+ group. 


