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Abstract: Mucus hypersecretion by airway epithelium and plugging of the airways are primary reasons of mortality
in asthma patients and major causes of asthma disease progression and exacerbation. MUC5AC protein is a major
component of airway mucus. MicroRNAs (miRNAs), a class of small noncoding RNAs, have emerged as moderators
of MUCB5AC production and secretion and are implicated in the pathogenesis of asthma. Recently, miR-330 has
been reported to be downregulated in the blood of asthmatic patients, acting as a biomarker for asthma. The role
of miR-330 in asthma, however, is unclear. Here, we showed that interleukin (IL)-13 induced MUC5AC secretion and
inhibited miR-330 expression in a concentration-dependent manner in human bronchial epithelial cells (HBE16).
Upregulation of miR-330 in HBE16 cells inhibited IL-13-induced MUC5AC secretion while, conversely, depletion of
endogenous miR-330 exacerbated MUC5AC secretion. Munc18b (Syntaxin-Binding Protein 2; STXBP2) is a limiting
component of the exocytic machinery of airway epithelial cells. We identified and validated that Munc18b was a
direct target of miR-330 and miR-330 regulated MUC5AC secretion in HBE16 cells by acting directly on the 3'UTR
of Munc18b mRNA. Collectively, these data reveal that miR-330 inhibits IL-13-induced MUC5AC secretion in human
bronchial epithelial cells by targeting Munc18b, encouraging us to further explore the potential of manipulating miR-

330 in treatment of airway diseases with mucus hypersecretion.
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Introduction

Asthma is a chronic airway inflammatory dis-
ease that affects an estimated 300 million
people in the world [1]. Recent epidemical stud-
ies have indicated that incidence, morbidity,
and mortality caused by asthma are increasing
worldwide despite important advances in treat-
ment of this disease [2, 3]. Airway mucus hyper-
secretion and plugging has long been observed
in patients that die from asthma [4]. Airway
mucus is a viscoelastic gel and consists of
water, ions, cellular debris, and gel-forming
mucins. Mucins, heavily glycosylated proteins
with high molecular weight, are the major mac-
romolecular components of airway mucus and
are responsible for its viscoelastic, rheological,
and clearance properties. In healthy airways,
mucus is continuously secreted at a low basal

rate and presents a first line of defense against
inhaled pathogens, particulates, and environ-
mental toxicants. When oversecreted, however,
mucus contributes significantly to mortality
related with certain human respiratory diseas-
es such as asthma. In human airways, MUC5AC
and MUCB5B are the major mucins secreted by
goblet cells of the epithelial surface and sub-
mucosal glands, respectively. MUC5B is the
principal gel-forming mucin at baseline and,
therefore, likely performs most homeostatic
clearance functions and plays a protective role
[B]. In contrast, MUC5AC is the principal gel-
forming mucin upregulated in airway inflamma-
tion and has been thought to play a pathologic
role [6]. In fact, many studies have confirmed
MUCS5AC hypersecretion in various airway dis-
eases, including asthma [4, 7, 8]. MUC5AC has
been shown to be upregulated in respiratory
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epithelial cells by various stimuli implicated in
the pathogenesis of asthma, including neutro-
phil elastase, cytokines (interleukin (IL)-13 and
IL-9), and air pollutants [9]. Mechanisms gov-
erning MUC5AC hypersecretion, nevertheless,
are not well understood.

MicroRNAs (miRNAs) are a class of small
noncoding RNAs with a length of 18-22 nucleo-
tides. It has been verified that miRNAs play
critical roles in posttranscriptional regulation of
genes, typically by base pairing to the 3’-un-
translated region (UTR) of mMRNAs and causing
MRNA degradation and/or translational inhibi-
tion [10]. miRNAs regulate a wide range of phys-
iologic and pathologic processes including
cell maintenance, proliferation, differentiation,
aging, apoptosis, immune responses, and de-
velopment [10, 11]. Over 1,000 miRNA are pre-
dicted to exist in the human genome and can
regulate as many as 30% of protein-encoding
genes, which also underscores the potential
influence of miRNAs on almost all biological
processes [12, 13]. Previous studies have also
confirmed that some miRNAs are involved in
MUCS5AC production and secretion, such as
miR-146a, miR-145, miR-218, miR-21, and
miR-143 [14-18]. miR-330, a cancer-related
mMiRNA, has been widely reported to repress ini-
tiation and development of various cancers
including cancers of the respiratory tract,
human nasopharyngeal carcinoma, and lung
cancer [19, 20]. Recently, several studies have
linked the deregulation of miR-330 to asthma.
For example, Panganiban et al. [21] found that
miR-330 was significantly decreased in the
blood of asthmatic patients compared with the
blood of nonasthmatic patients with allergic rhi-
nitis and nonallergic nonasthmatic subjects,
possibly acting as a biomarker for asthma.
However, the role of miR-330 in asthma re-
mains unclear.

In this study, we performed cell experiments to
investigate whether miR-330 functions by regu-
lating MUC5AC secretion and investigated spe-
cific molecular mechanisms.

Materials and methods
Cell culture

Human bronchial epithelial cells HBE16 were
obtained from the Institute of Biochemistry
and Cell Biology (Shanghai, China) and were
grown in DMEM supplemented with 10% fetal
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calf serum (FCS; Life Technologies, Rockville,
MD, USA), 1% weight per volume penicillin/
streptomycin (Invitrogen, Carlsbad, CA, USA),
and 2 mM L-glutamine (Invitrogen) in a 5% CO,-
humidified atmosphere at 37°C.

Cell treatment and transfection

For treatment with [L-13, HBE16 cells with
5x10° cells/well were plated in a 6-well plate
and allowed to grow to 90% confluency. Then,
the cells were incubated with different concen-
trations (O, 10, 20, 40, 60 and 80 ng/mL) of
IL-13 for 12 hours. After treatment, the cells
and culture supernatants were harvested for
gRT-PCR, Western blot, or ELISA detection.

For overexpression or knockdown of miR-330
or Munc18b, total RNA of HBE16 cells were iso-
lated with TRIzol Reagent (Invitrogen) and
reverse-transcribed into cDNA using a Rever-
se Transcription Kit (Takara, Dalian, China).
Munc18b cDNA was amplified and inserted into
pcDNA3.1 vectors (pcDNA-Munc18b). miR-330
mimic, miR-330 inhibitor, and specific small-
interfering RNAs targeting Munc18b (si-
Munc18b) and their respective controls were
purchased from Sangon Biotechnology, Co.,
Ltd. (Shanghai, China). All transfection reac-
tions were performed using Lipofectamine
2000 (Invitrogen). After transfection, cells were
directly incubated in the fresh medium with a
concentration of 60 ng/mL IL-13 for 12 hours.
Culture supernatants were collected and used
in ELISA detection.

RNA extraction and gqRT-PCR

Total RNA was prepared using TRIzol Reag-
ent (Invitrogen) under the guidance of opera-
tion instructions. First strand cDNA was syn-
thesized with a Reverse Transcription Kit (Ta-
kara, Dalian, China). Expression levels of miR-
330 were quantified by stem-loop RT-PCR and
U6 snRNA was used as a loading control. The
primer sequences for miR-330 and U6 snRNA
were as follows: miR-330 forward: 5-TTTG-
GCGATCACTGCCTCTC-3"; miR-330 reverse: 5'-
CTCTCTGCAGGCCGTG-TG-3’; U6 snRNA for-
ward: 5-CTCGCTTCGGCAGCACA-3’; and U6
snRNA reverse: 5-CTCGCTTCGGCAGCACA-3'.
gRT-PCR was carried out using SYBR Pre-
mix Dimer Eraser (Takara) on a 7500HT sys
tem. Primer sequences for Munc18b and (-
actin gene expression were as follows: Munc-
18b forward: 5-AGATCTTATGGGATGTATTAAAT-
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Figure 1. Effects of IL-13 treatment on MUC5AC se-
cretion and miR-330 expression in HBE16 cells. A:
ELISA shows that MUC5AC levels increase with IL-13
concentration increasing from 0 to 60 ng/ml, with no
difference at the concentration of 60 and 80 ng/ml.
B: qRT-PCR shows that IL.-13 suppresses miR-330 ex-
pression in a concentration-dependent manner.

CAAAAAGGAA-3’; Muncl8-b reverse: 5-CCGC
GGTCCTGGCTGCTGCTGATACTGC-3’; B-actin for-
ward: 5-TGGAATCCTGTGGCATCCATGAAAC-3’;
and B-actin reverse: 5-TAAAACGCAGCTCAG-
TAACAGTCCG-3'. Relative Munc18b mRNA level
was normalized to B-actin. Fold changes of
gene expression were calculated using 224¢t
method.

ELISA

MUCS5AC protein levels in culture superna-
tants were determined with Human MUC5-
AC ELISA kit (USCNK, Wuhan, China), accord-
ing to instructions provided by the manu-
facturer.

Western blot assay

Cells were lysed in a lysis buffer containing 50
mmol/I Tris (pH 7.4), 1 mmol/I ethylene diam-
ine tetraacetic acidsodium (EDTA), 0.2% sod-
ium deoxycholate, 1% Triton X-100, and com-
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plete protease inhibitors. Protein concentra-
tions were determined by Bio-Rad assays.
Equal amounts of cell lysate were resolved by
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to Im-
mobilon Hybond-C membranes (Thermo Fish-
er Scientific, Pittsburgh, PA, USA), and probed
with appropriate primary and secondary anti-
bodies. Blots were visualized by Pierce ECL sub-
strate Western blot detection system (Thermo
Fisher Scientific). Integrated density of the blots
was measured using Image J software (National
Institutes of Health, MD, USA). Primary antibod-
ies against Munc18b (Abcam, Cambridge, MA,
USA), B-actin (Abcam), and secondary antibody
peroxidase-conjugated anti-IgG (Abcam) were
employed in this assay.

Luciferase reporter assay

HBE16 cells were co-transfected with miR-330
mimic or mimic control and pMIR-report lucif-
erase vector containing Muncl18b gene frag-
ments with wild-type (WT) or mutant (MUT)
binding sites of miR-330 by Lipofectamine
2000, under the guidance of operation instruc-
tions. Forty-eight hours later, cells were collect-
ed and luciferase activity was determined with
a Dual Luciferase Reporter gene assay kit
(BioVision, Milpitas, CA, USA).

Statistical analysis

All statistical analyses were carried out on
SPSS17.0 software (SPSS, Chicago, IL, USA).
Values are expressed as mean + standard devi-
ation (SD). Comparisons between groups were
performed via Student’s t-test or ANOVA. P val-
ues of less than 0.05 denoted the presence of
a statistically significant difference.

Results

IL-13 treatment induces MUC5AC secretion
and inhibits miR-330 expression

To further confirm if IL-13 can induce MUC5AC
secretion, HBE16 cells were treated with differ-
ent concentrations (0, 10, 20, 40, 60 and 80
ng/mL) of IL-13 for 12 hours and then culture
supernatants were collected for MUC5AC
detection by ELISA. The results showed that
MUCB5AC levels increased with IL-13 concentra-
tion increasing from O to 60 ng/mL, with no dif-
ference at concentrations of 60 and 80 ng/mL
(Figure 1A). In addition, after 12 hours of treat-
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Figure 2. Association between miR-330 expression and MUC5AC
secretion induced by IL-13. A and B: gRT-PCR shows miR-330 ex-
pression in HBE16 cells transfected with miR-330 mimic, miR-330
inhibitor, or their respective controls. C and D: ELISA shows that
the increase of miR-330 inhibits MUC5AC secretion induced by
IL-13, while the decrease of miR-330 exacerbates IL-13-induced
MUCBAC secretion. *P < 0.05, **P < 0.01 and ***P < 0.001.

ment with different concentrations of IL-13,
cells were also collected for miR-330 detection
by qRT-PCR assay. These results showed that
IL-13 suppressed miR-330 expression in a
concentration-dependent manner (Figure 1B).
Taken together, these data suggest that 1.-13
induces MUC5AC secretion and inhibits miR-
330 expression.

miR-330 regulates MUC5AC secretion induced
by IL-13

Next, the effects of miR-330 expression on
IL-13-induced MUC5AC secretion were explor-
ed. HBE16 cells were transfected with miR-330
mimic, miR-330 inhibitor, or their respective
controls. After transfection, miR-330 levels
were detected by qRT-PCR assay. Our results
showed that miR-330 mimic transfection sig-
nificantly increased miR-330 levels compared
with mimic control and miR-330 inhibitor obvi-
ously decreased miR-330 expression com-
pared with inhibitor control, confirming effe-
ctive transfection (Figure 2A and 2B). These
transfected cells were then exposed to 1-13
(60 ng/mL) for 12 hours and culture superna-
tants were collected for MUC5AC level detec-
tion. Results showed that increase of miR-330
inhibited MUC5AC secretion induced by IL-13,
while decrease of miR-330 exacerbated IL-13-
induced MUC5AC secretion (Figure 2C and 2D).
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These data indicate that miR-330 neg-
atively regulates IL-13-induced MUC-
5AC secretion.

miR-330 targets Munc18b

To further investigate the molecular
mechanism whereby miR-330 regu-
lates IL-13-induced MUC5AC secretion,
miRNA target analysis tool TargetScan
was employed to explore potential tar-
gets of miR-330. Multiple targets were
identified. In these targets, Syntaxin-
Binding Protein 2 (STXBP2; Munc18b)
was selected for further exploration
since this gene had been reported to
be a limiting component of the exocytic
machinery of airway epithelial cells
(Figure 3A). The effects of IL-13 on
Munc18b mRNA and protein expres-
sion were determined by gRT-PCR and
Western blot assay. These results
showed that IL-13 promoted Munc18b
MRNA and protein expression in a concentra-
tion-dependent manner (Figure 3B and 3C).
Furthermore, the increase of miR-330 obvious-
ly suppressed Muncl8b mRNA and protein
expression and decrease of miR-330 signifi-
cantly enhanced Munc18b mRNA and protein
expression (Figure 3D-G). To further confirm
that miR-330 modulates Muncl18b expression
by base pairing to the 3'-UTR of its mRNA, lucif-
erase reporter assay was performed. These
results showed that overexpression of miR-330
significantly repressed luciferase activity of the
wild-type reporter gene but it had less effect on
the mutant reporter (Figure 3H). These results
indicate that miR-330 regulates Muncl8b
expression by binding to the 3-UTR of its
MRNA.

miR-330 regulates IL-13-induced MUC5AC se-
cretion by targeting Munc18b

To further explore whether miR-330 functions
by targeting Munc18b, HBE16 cells were trans-
fected with pcDNA-Munc18b, si-Munc18b, or
their respective controls. After transfection,
Munc18b mRNA and protein expression were
detected by qRT-PCR and Western blot assay.
Results showed that the si-Muncl8b group
had lower Munc18b mRNA and protein levels
than si-control group and the pcDNA-Munc18b
group had significantly higher Munc18b mRNA
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Figure 3. miR-330 targets Munc18b. A: Bioinformatics-based target prediction analysis shows that Munc18b is a
potential target gene of miR-330 and the binding site is on the 3'UTR of Munc18b. B and C: gRT-PCR and Western
blot assay show that IL-13 promotes Munc18b mRNA and protein expression in a concentration-dependent manner.
D-G: gRT-PCR and Western blot assay show that the increase of miR-330 obviously suppresses Munc18b mRNA
and protein expression and decrease of miR-330 significantly enhances Munc18b mRNA and protein expression. H:
Luciferase reporter assay shows that overexpression of miR-330 significantly represses the luciferase activity of the
wild-type reporter gene but it has less effect on the mutant reporter. *P < 0.05 and **P < 0.01.

and protein levels than pcDNA-control group,
indicating that HBE16 cells with Muncl8b
knockdown or overexpression were success-
fully established (Figure 4A-D). These cells we-
re then treated with IL-13 (60 ng/mL) for 12
hours and culture supernatants were collected
for MUCBAC detection. These results showed
that Munc18b knockdown significantly inhibit-
ed IL-13-induced MUCHAC secretion and
Munc18b overexpression obviously aggravated
MUCB5AC secretion induced by IL-13 (Figure 4E
and 4F). Collectively, these data suggest that
miR-330 inhibits IL-13-induced MUC5AC secre-
tion by targeting Munc18b.

Discussion

Excessive mucus secretion is a hallmark of
patients with chronic inflammatory airway dis-
eases such as asthma, chronic bronchitis, cys-
tic fibrosis, and chronic obstructive pulmonary
disease, causing airway obstruction and gas-
exchange impairment. In fact, it has long been
recognized that mucus hypersecretion by air-
way epithelium and plugging of the airways are
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primary reasons of mortality in asthma patients
and major causes of asthma disease progres-
sion and exacerbation. MUC5AC, a major mucin
secreted by human airway epithelial cells, has
been reported to be upregulated in various
chronic inflammatory airway diseases, includ-
ing asthma. For example, Caramori et al. [7]
reported that MUC5AC expression is increased
in bronchial submucosal glands of stable
chronic obstructive pulmonary disease pati-
ents. Henke et al. [8] reported that MUC5AC
increases in cystic fibrosis airway secretions
during pulmonary exacerbation and Groneberg
et al. [4] found that MUCBAC is the main mucin
in mild-to-moderate asthma and increases in
fatal asthma.

IL-13, the primary stimulatory factor implicated
in the pathogenesis of asthma, is the most
extensively researched cause in mucus hyper-
secretion. It has been documented that IL-13
can induce MUC5AC secretion in airway epithe-
lia [22-24]. Our previous studies have also
showed that IL-13 can induce MUC5AC produc-
tion and secretion in HBE16 cells [25]. In this

Int J Clin Exp Pathol 2018;11(7):3463-3470
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study, we further confirmed a dose-dependent
induction of MUCBHAC secretion by IL-13 in
HBE16 cells.

miRNAs have formed a novel field of biology
with increasing evidence suggesting that they
play a critical role in almost every biological pro-
cess, including MUC5AC production and secre-
tion. For example, Zhong et al. [14] reported
that miR-146a negatively regulates neutrop-
hil elastase-induced MUC5AC secretion from
HBE16 cells. Cheng et al. [15] reported that
miR-145 alleviates airway remodeling by down-
regulating MUCS5AC and inhibits cytokine ex-
pression by targeting EGFR. Lampe et al. [17]
illustrated that miR-21 decreases MUC5AC se-
cretion by downregulating expression of My-
ristoylated Alanine-Rich C Kinase Substrate, an
important regulator of airway mucin secretion.
Xu et al. [16] found that miR-218 inhibits ciga-
rette smoke extract-induced MUC5AC hyper-
production and inflammation by targeting tumor
necrosis factor receptor 1-mediated activation
of NF-kB. Liu et al. [18] reported that miR-143
inhibits 1L-13-induced inflammatory cytokine
and MUC5AC production in nasal epithelial cell
from allergic rhinitis patients partly by targeting
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330 has been widely reported
k% to be involved in various dis-
eases. For example, miR-330
regulates lipopolysaccharide
(LPS)-induced disseminated
intravascular coagulation by
targeting aquaporin 5; miR-
330 regulates proliferation of
mouse epidermal keratinocy-
tes by inhibiting Srpr expres-
sion; miR-330 suppresses cell
proliferation and invasion in
cutaneous malignant melano-
ma by regulating tyrosinase
*k and PDIA3 expression; miR-
330 is a putative modulator of
neoadjuvant chemoradiother-
apy sensitivity in esophage-
al adenocarcinoma; and miR-
330 functions as a tumor sup-
pressor by downregulating MU-
C1 mucin in pancreatic cancer
cells [26-30]. Recently, sever-
al studies have reported the
deregulation of miR-330 in
chronic airway diseases. For
example, Yang et al. [31] re-
ported that miR-330 was
decreased in serums of idiopathic pulmonary
fibrosis patients compared to healthy controls
and Panganiban et al. [21] reported that miR-
330 was significantly downregulated in the
blood of asthmatic patients and might serve as
a biomarker of asthma. Little is known about
the role of miR-330 in asthma, however. Here,
we first investigated the effects of IL-13 on miR-
330 expression and found that IL-13 inhibits
miR-330 expression in a concentration-depen-
dent manner. We then investigated the effects
of miR-330 on IL-13-induced MUC5AC secre-
tion and found that ectopic expression of miR-
330 inhibits IL-13-induced MUC5AC secretion
while, conversely, knockdown of this miRNA
causes a significant increase in MUC5AC
secretion.

pcDNA-Munc18b

pcDNA-Munci18b

Secl/Muncl8 (SM) family is a critical compo-
nent of the eukaryotic trafficking machinery. In
one model of SM-SNARE interaction, SM pro-
tein binding to the t-SNARE Syntaxin prevents
SNARE complex formation and suppresses exo-
cytosis but simultaneously induces a confor-
mational change in Syntaxin, which is neces-
sary to interaction of bopenQ Syntaxin and
other SNARE proteins. Muncl8 proteins are
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mammalian SM proteins specialized for exo-
cytosis [32]. Muncl8 has three isoforms,
Munc18a, Munc18b, and Muncl18c [33]. Kim
et al. [34] reported that Munc18b is an essen-
tial gene in mice and its expression is limiting
for secretion by airway epithelial and mast
cells. Our previous study also demonstrated
that Munc18b knockdown significantly inhibits
IL-13-induced MUCS5AC secretion in HBE16
cells [25]. In this study, we identified and con-
firmed that Munc18b is a target of miR-330 via
a series of experiments. Furthermore, we also
further confirmed the role of Munc18b that
Munc18b is limiting for IL-13-induced MUC5AC
secretion in HBE16 cells. Collectively, these
data suggest that miR-330 controls [L-13-
induced MUC5AC secretion by targeting Mu-
ncl8b in bronchial epithelial cells.

In conclusion, this study first uncovered that
miR-330 inhibits MUC5AC secretion induced by
IL-13 in human bronchial epithelial cells via
downregulation of Muncl8b. These findings
encourage us to further explore the potential of
manipulating miR-330 in treatment of airway
diseases with mucus hypersecretion.
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