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ABSTRACT

CC1las almostexclusivelyexpressedn non-ciliated epithelial Claracells,and widely usedasa Claracell marker.
Dieselexhaustparticles (DEPs)the fine particulate matters produced by diesel engines,causeor exacerbatt
airway-related diseases Our previous study documented that DEP inhibits the CCl6expressionin the
immortalized mouse Clara cell line through methylation of / k 9 . gromoter. However, the moleculal
mechanismby which DEPregulates CCl6secretionis unclear. Here we isolated CCl&ontaining Claracells
(CC19 from humandistal lung, and found that DEPinhibited CC16secretionfrom CC16 cellsvia methylation
of / kK 9. d@nd inhibition of Munc18b transcription. CC16 cell conditioned media containing different
concentrationsof CCl6vaspreparedand usedfor culture of airway epithelial cellsBEAS2Bwith no expressior
of CC16A positive correlation was observedbetween CCl@evel and DERinduced autophagy activity, and a
negativecorrelation between CC1l6evel and DERinducedpro-inflammatory cytokine TNFh B-6, and IL-8 level,
suggestinghat CCl@might mitigate DERinducedinflammation via promoting autophagyin BEAS2B cells. This
result was further confirmed by adding recombinant CC16.0 BEAS2B cells exposedto DEP.Moreover, CC1
level was significantlyincreasedwhen CC16cellswere cultured in BEAS2B cell conditioned medium containing
TNFh or the normal medium supplementedwith recombinant TNF" Suggestingthat TNFh induced CC1
production and secretionfrom CC16 cells. Collectively,these data point that CC16and TNFh form a negative
feedbackloop, and this negativefeedbackloop between Claracellsand normal airway epithelial cells protects
againstDEPexposureinducedinflammation.

INTRODUCTION thereby triggering the biological responses and eliciting
disease$b, 6].

Accumulating epidemiological, laboratory and clinical

studies demonstrate that exposure to increased level of With the development dhe economy, logistics based

particulate matter (PM) is related to the increased on the transpeation industry has become aajor

morbidity and mortality ofmultiple humandiseases, service industry in the modern national economythin
such as allergic disorders, respiratorgedises, cardiac transport industry, diesel engines are predominantly
diseases, and renal diseagé$4]. In recent years, used due tdigh efficiency and low cost. Diesel exhaust
PM2.5, less than2.5 pum in diameter, s received particles (DEPSs), the fine particulate matters produced

significant attention Due to the small size, PM2.5 is by diesel engines, are one of the major parts of PM2.5.
able to reach alveolar spaces, and precipitates There is gowing evidence that DEPsnduce or
throughout the whole lung, inclutli the periphery, exacerbate the diseases involving the airway, such as
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pulmonary arterial hypertension, asthma, and chronic
obstructive pulmonary disea88OPD)[71 9].

Our previousin vivo and in vitro experimers also
proposedhat DEP exposurenay impair lung finction
throughinhibiting of CC16 expressiofy methylation

of the C/ EBPU p [@.nEClée m secretory
protein, functions after secretion from cells. However,
the molecular mechanism by which DEP reguldtes
secretion ofCC16 is unertain. Munc18b & a limiting
component of the exocytic machinery thie secretory
epithelia and immune cells. Our previous study
displayed that Muncl8b knockdownsignificantly
inhibited the MUCS5AC secretion from bronchial
epithelial cells[11, 12]. C/ EaBdhdtription factor,
regulates the expression of multiple genes by binding to
the promoter. By searchinthe Jaspar database, we
found that the potential binding motifs exist between
C/ EBPU and the Muncl18b
species (human, rand mouse)Given these findings,
we further
secretion via regulation of Munc18b expression.

CC16, specifically expressed in distal airway Clara
cells, is the most abundant secretory protein in the
airway surface flid, accounting for 5% of the total
protein quantity recovered by bronchoalveolar lavage
[13]. It is well known that CC16 has amtiflammatory
and antioxidant effect§l4i 19]. The changaen 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 stimJi20i

22]. For instance,CC16 mitigate house dust mite
induced airway inflammation and damage via regulation
of airway epithelial cell apoptos[20]; ard CC16 level

is also correlated with cigarette smoke exposure in
bronchial epithelial cellsand protects against lung
injury in smokerg21]. It has been widely reportebat
DEP causes gro-inflammatory response in bronchial
epithelial cells[23i 25]. 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 inflammatiorand the lower
CC16 secretiorlevel from Clara cellscaused by DEP
exposureexertsthe wealer protective effectsin DEP-
induced bronchial epithelial cell inflammation.

Additionally, TNFU has been reported tdrive CC16
production[26]. Given these findingst was tempting to
speculate that DERduced TNFUincrease in bronchial
epithelial cells stimulates CC16 production by Clara
cells,and CC16 and TNB form a negat.i
thereby inhibiting DEP exposuieduced injury.

Herein we aimed to investigate whether DEP inhibits
CC16 secretion from Clarae | | s

axis, and CCl6 and TNE f orm a negati v
againstDEP-induced bronchial epithelial cell inflam
mation.

RESULTS
Characterization of the sorted cells

Single cell suspensions were prepabgchuman distant
normal lung tisses where Clara cells are locatedand
CC16 and CC16 cells were sorted directly by
Fluorescencactivated cell sorting (FACS)he srted
CC16 and CC16 cells were cultured overnight, and
unattached dead cells were removed from the medium.
The CC16 mRNA and protein expression were
subsequentlydetected. As shown in Rige 1A, 1B,
CC16 mRNA and protein expression were sharply
higher inCC16 cell fraction than in CCI6cells. We

p r oamoperformedimemughbdcptathernistry gtainihgf GClee n t

in sorted cells. Avidence byFigure 1C, 98% of the

e X p | oproendtes@CliGe t h ecells i€ CAABJortéd fraction were positive for CC16

immunofluorescence (IF). In additionto further
confirm that the srted CC16 cells weredistal airway
Clara cellsthe IF was performed for detection jén
keratin expression the epithelial marker The results
showed thatall cells in the CC16 sorted fraction
expressed pakeratin (Figire 1D). These data
suggested that CCidgbntaining Clara cells are success
fully isolated.

DEP exposure induces tio@/ EBP)
and decreases CC16 production and secretion from
CC16' cells

Our previous study showed that in C22 cells, DEP
decreases CC16 expressidty methylation of the
C/ EBPU p[10p Butittiseimknown whetheDEP
regulates CCl6secr eti on Vi a-
methylation.The level ofCC16 protein released into the
culture media represents CC16 secretion capathig.
CC16 cells were exposed to 5 ppm SRM 165@e
commercial DEP mattgr in the presence of
demethylating agent-&za2&deoxycytidine (DAC) or
not for 48 h. Then cells and culture supernatants were
collected for methylationspecific polymerase chain
reaction (MSP), RIPCR, western blot and ELISA
detection. The results of MSP determination showed

that DEP treatment induced C/ EBP U pr omo
methylation, while DAC treatment rested C/ EBP U
expressionby demethylationof the promoter (Figire

2A). The results of RPCR and western blot showed
tvleatf ePEHBadk,eat ment decr eas:
protein expression, which was sificantly alleviated

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

level were consistent with changesy C/ EBP U

C/ EI

v iMancl8W E B Rekpression: DEP treatment significantly inhibited CC16

6ooOH-EAFA2Y

mdnno !

DLbD



k- N C A
®» 100 Kk 2 2 ® 50—
»n . “ X “ 7]
o 904 () () o 45 *kk
5 o o 5
% gg- G G % 40
d cc16 2 357
F4 — 3 304
o 50\ 2 25\
€ 20) 520\
o
5 1.5 g 1.5
O 1.0 GAPDH | 4 & S 1.0-
o
E 0.5+ g 0.5+
é 0.0- T % 0.0- T
é\o‘\ 0-\\0° 14 '.000 \'>°°
2 2 O O
¢¢ ¢ &8
NS N o
L XY & ©

CC16" fraction

CC16" fraction

DAPI pan-keratin Merge
Figure 1. Characterization of sorted cellg, B) CC16 mRNA and protein expressio the sorted CCInd CCI6cell fraction are
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MRNA expression and level in culture supernatants, exposur e induces C/ EBPU h
which wereabolishedby DAC treatment (Figure 2D, decreases CC16 production and secretion in CC16

2E). In addition, we also detected thedfects of cells.

treatment with other concentrations of SRM 1650b (0.1,

1, 3 and 10 ppm) on C/ EBEUEBMRNAr eagnud a p e ovia ddiCdi8 insecr e
expression, and CC16 mRNA expression and level in CC16' cells

culture supernatant3his can be seen iRigure 2k 2H

thata dosedependent inhibition of C/EBP a nd C C D6r previous study demonstratetiat in C22 cells,

by DEPwas observeih CC16 cells. Collectively, DEP C/ EBPU regul at e 410].CHeréo wee x pr e
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investigated whether and hMunwl88 /isEdifilhg cengondnta df ehe exDtc6

sec eti on. As shown i n F i gmachiery 8f Agcretoy Bpithdliadd iEmBuRelcells. By
overexpression caused the increases in CC16 mRNA searchingthe Jaspar database, we found that tHeb?2

and protein released into the culture medium, whereas region upstream of Muncl8b gene contains potential
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Table 1. The predicted binding sites betweel€/EBP and the promoter
region d Munc18h

Species Matrix ID Name  Score  Start End Predicted sequence
Human MAO0102.3 CEBPA 5.139 -1715 -1705 gttacaaaagg

Human MAQ0102.3 CEBPA 2555 -1415 -1405 tttacaaaaca
Rat MAO0019.1 Cebpa 10.074 -1021 -1010 ggatgcaattgt
Mice MAO0102.1 Cebpa 8.717 -274 -263 ttgcccaagctt
Mice MAO0102.1 Cebpa 6.675 -361 -350 ttacagaatgtt
Mice MAO0102.1 Cebpa 6.335 -792 -781 atgtacaacagg

thus examined whet her C/ EBPU r ehlpwuih eommadson with /T group, mutation of the

transcription of Munc18b. As shown in kig 3C, 3D, binding motif 1 signifcantly inhibited the relative

overexpression o/ E Bdiguificantly increased the luciferase activity, and mutation of the binding motif
expression of Muncl8b mRNA and protein. As 2 had no effect on the relative luciferase activity,
expected, knockdown f C / digBifitdhtly reduced suggeshg that the site 1 was a functional site

the expression of Muncl8b mRNA and protein. In controlling Munc18b transcription (Fige 4C). These
addition, the increase of CC16 secretion induced by results indicate t hat C/ EBPU actiwv
C/ EBPU overexpression was traaderiplion $yh dirdct binging b utmecsite 1.5/
knockdown, while the decrease of CC16 secretion 1705 in Muncl8b promoter.
i nduced by C/EBPU knockdown was not affected by
CC16 overexpressio (Figure 3E, 3F). These data DEP induces bronchial epithelial cell autophagy and
suggested that C/ EBPU pr dnflammmatiecn CC1 6 secretion
throughupregulation of Munc18b in CC1gells.

DEP has been widely reported to induce bronchial
C/ EBP| can directly biohd t epithelidd ecellpinjuwynby treguation efg aumphagy,

Munc18b inflammation, oxidative stress, and apoptd&3si 30].
Here, we investigated the effects of DEP on autophagy
Giventhe above findingshat the upstream of human and inflammationof BEAS-2B bronchial epithelial
Muncl8b genehaswo put ati ve C/ EB Pcells bC3and p6@ are twoi ptoteisital for autophagy.
(-1705 and -1 405 bp), and C/ E BMPdh autophagyoi$ eigated, soluble LC3 is

Muncl8b expression at the transcriptional level, we converted into lipid bound LG8, followed by being
performed dualuciferase reporter assay and recruited to autophagosomal membraresd hus the
chromatin immunoprecipitation (ChlP) assay to amount of LC3|l positively correlates with the number
further investi gat etivatesh e t di eautophagdsd@sPRUrthermore, autophagosome
Muncl8b transcription by directly binding to its formation enhancesthe autophagic flux, thereby
putative promoter region. The luciferase activity was  accelerating p62 protein degradation. é&sdenced by
detected in CCIB6 cells transfected with both Figure 5A, DEP increased the ratio of L&BLC3-I,
Munc18b promoter construct2000/200; Muncl8b and decreased p62 protein expression, which suggested
promS) or empty pGLbdasic vector (Muncl8b that DEP treatment activated autophagy. Ed€Bvated
vector) a n d C/ EBPU pl asmid o r autophagy wao ftinereranfoiced #yi theg autophagy
empty vector for 48 h. The results showed that promoter rapamycin (R3p and relieved by the

Muncl8b promoter constructed to an obvious autophagy inhibitor 3-Methyladenine (3VIA). In
increase irthe relative luciferase activity, which was addition, autophagosomes were identified as bright
furtherreinforcedb y C/ E BuReWA).(TEidegtify green dots by IF. The doeatment group with Rap and

the exact posion whereC/ EBPU coul d b iDER hadttidargesinmmbe of green spots, followed by
this fragment,a ChlP testwas performed. As shown DEP group, DEP+3/A group, and ctrl group (Figre

in Figure 4 B, C/ EBPU <could b i n &B). The effécte of DEP exp@sure on pnlammatory
binding sites, site 1 and site 2 sequences. Further cytokineswerealso detected. The results indicated that
more, to further clarify the function of site 1 and site  DEP exposure increased TNF IL-6, and Il-8 level,

2, Muncl8b pomoter with wildtype (WT) or which wererelieved by Rap treatment, and aggravated
mut ation of the binding muyt3MA treatment (Fiie 5G5EH Ti@deEdat@ U
plasmid were cdransfected into CCI6cells. The suggested that enhancing autophagy can mitigate DEP

results of the dualuciferase reporter assay showed induced inflammation in BEA2B cells.
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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 DEPinduced bronchial epithelial cell
inflammation, CC16+ cells w®&re cultured in
DMEM/F12 medium with 5 ppm SRM 1650b or not
to prepareCC16 medium and DEFCC16 medium
respectively After determiing CC16 level, CC16
cell conditioned medium were used to culture BEAS
2B cells. The CC16 levekithin the medium of ctrl
DEP, DEP+CC1§ DEP+DERCC16 group was 0, 0,
1447 and 46.5 ng/ml, respectivelyfollowing
exposureto DEP, autophagy and inflammation were
detected. As shown in Fige 6, DEP+CC16 group
has the strongest autophagy activity, followed by
DEP+DERCC16 group, DEP group, and ctrl group.
As expected, DEP induced the weakest inflammatory
response in DEP+CC16 group, followed by
DEP+DERCC16 group, and DEP group. CC16 level
was positively correlated with DERduced aute
phagy activity, and negatively cofated with DEP
induced inflammatory response, suggesting that CC16
might mitigate DEFnduced inflammation via
promoting autophagy in BEA3B cells. In order to
further confirm that CC16cell conditioned medium
functions in DEPinduced autophagy and infta
mation mainly through CC16, BEAZB 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 rCCicreasedDEP-
induced autophagy and inhibited DRIluced
inflammation (Figire 7). Collectively, these data
indicated that CC16 protects against DisBuced
bronchial epithelial cell inflammation via regulation
of autophagy, and DEmhibited CC16 secretion
from Clara cells exerts a decreased protection
role in DERinduced bronchial epithelial cell
inflammation.

TNF-U released by BEAS2B cells induces CC16
production and secretionin CC16" cells

TNF-U plays a role instimulaing CC16 production
[26]. Heren, we investigated whether BEAZB cell
conditioned medium stimulates CC16 guction and
secretion mainly via TNfL As shown in Figre 8A,

8B, CC16 mRNA expression and level in culture
supernatants were significantly increased when CC16
cells were cultured in BEASB cell conditioned
medium containing 0.81 ng/ml TN or the norral
medium supplemented with 3 ng/ml recombin@ii--
U(rTNF-U). These data suggested that CC16 and-UNF
form a negative feedback loop: CC16 secreted by
CC16 cells inhibits TNFU pr oduct i-2Bn i
cells, and TNFU st i mul ates CC1l6

secretion, thereby protecting against DEP expesure
induced inflammation (Figre 8C).

DISCUSSION

CC16 belongs to the secretoglobin family, and is
a small antinflammatory and antioxidant protein
secreted by noniliated epithelial Clara cells.
Respiratory diseases are often accompanied by varying
degrees of damage in the structural integrity and
function of airway epitheliumyhile CC16 is a useful
biomarker of airway epithelial damages in chronic
respiratory diseases. Increasingdewnce has confirmed
that the number of CC1positive 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 bronchoakolar lavage fluid (BALF)[31]. The
baseline serum CC16 levelliglievedto be a predictive
biomarker of lung function, which is decreased in
COPD patients ands also correlaté with smoking
status[32, 33]. Another study documented that CC16
deficient nice have more severe airway inflammation
than wildtype mice[34, 35]. In addition,the CC16
level in BALF is lower in the silicosis group than the
control groupand may have a specific reference value
for the early diagnosis of silicosi§36, 37]. Our
previous study also showed that CC16 level is
decreased in serum and BALIR mice with DEP
exposurenducedlung injury. How doe®EP exposure
reduce CC16 level? Our previous study only confirmed
that DEP inhibits CC16 expression in C22 cdilg
methylation & the C/ EBP U  p [10). nro fac, r
CC16, a secretory proteinyorks 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 CC16ecretion isiotclear.

In this study, we firstly isolated CCid¢bntaining Clara
cells from human distal lung by a flow cytometric
sorting methodfollowed byinvestigaing the effects of
DEP exposure on C/EBPU
production and secretion. Consistent with our previous
study, DEP exposur e -i
methylation, and decreases CC16 production and
secretion from CCI6 Cells [10]. Notably, frther
exploration of the mechanisrdisplayedt h a t
promotes CC16 secretion via activation of Muncl8b
transcription by direct binding to the sitels715£1705

in theMunc18b promoter.

Airway epithelial cells withan extremely low orno
expression of CClfepresentmost ofthetotal epithelial
icells. BHevA ®es DEP affect these cells? The BERBS
cplirlire & & type iofdwmman airwdy epithelial cells. It has
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Figure 6. CC16 secretion from CCaélls protects against DEIRduced bronchal epithelial cell inflammation via activation

of autophagy.CC16cell conditioned medium containing different concentrations of CC16 is prepared, and used to cultur2EBENS.
The CC16 level in the medium of Ctrl, DEP, DEP+, TIEFS+ DE@Cngroup is 0, 0, 144.7 and 46.5 ng/ml, respectively. After 12 h of
culture, the cells and culture supernatants are collecté).L(C3B and p62 protein expression in BER8ells are detected by western blot.
(B) Autophagy induction is evaluated by LC3B imostaining ¥ 40Q. Autophagosomes are identified as bright green d@sE( TNF, 11-6,

and I8 level in culture supernatants are detected by ELISA? £9.001 vs. ctrfP < 0.057P < 0.01and™P < 0.00s. DEP group; arftP

< 0.05%P < 0.01and***P < 0.00¥s. DEP+ CClgroup.
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