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INTRODUCTION
 
Airway mucus plays a pivotal role in defense against in-

vading pathogenic microorganisms, chemicals and particles. 
The protective function of airway mucus is attributed to the 
viscoelasticity of mucins. However, any abnormality in the 
quality or quantity of mucins not only cause altered airway 
physiology but may also impair host defenses often leading 
to severe airway pathology as exemplified in chronic bronchi-
tis, cystic fibrosis, asthma, and bronchiectasis (Voynow and 
Rubin, 2009). Therefore, we suggest it is valuable to find the 
possible activity of controlling (inhibiting) the excessive mucin 
secretion (production) by various medicinal plants. We have 
tried to investigate the possible activities of some natural 
products on mucin secretion and/or prodcution from airway 
epithelial cells. As a result of our trial, we previously reported 
that several natural products affected mucin secretion and/or 
production from airway epithelial cells (Heo et al., 2007; Heo 

et al., 2009; Lee et al., 2011). According to many literatures in 
the field of natural product pharmacology, apigenin (4′,5,7-Tri-
hydroxyflavone) was reported to be a nontoxic and nonmuta-
genic flavonoid and have diverse biological activities includ-
ing antioxidative, anti-inflammatory and anticancer effects 
(Illek and Fischer, 1998; Yin et al., 2001; McVean et al., 2002; 
Paoletti et al., 2009; Zhong et al., 2010; Clere et al., 2011; 
Zhou et al., 2011). Also, apigenin was isolated as the active 
component from Selaginellae Herba (Selaginella tamariscina 
Spring, Selaginellaceae), the major medicinal plant of Pyunk-
ang-hwan (Pyunkang-tang), an herbal medicinal preparation 
used for controlling the hypersecretion of airway mucus ob-
served in bronchitis, tonsiltis and pneumonitis in folk medicine 
(unpublished data). In our previous study, we demonstrated 
that apigenin inhibited epidermal growth factor (EGF)- or phor-
bol 12-myristate 13-acetate (PMA)-induced MUC5AC protein 
and gene expression (Kim et al., 2012) and wogonin, another 
flavonoid, affected TNF-α-induced NF-κB signaling pathway 
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In the present study, we investigated whether apigenin significantly affects tumor necrosis factor-α (TNF-α)-induced production 
and gene expression of MUC5AC mucin in airway epithelial cells. Confluent NCI-H292 cells were pretreated with apigenin for 30 
min and then stimulated with TNF-α for 24 h or the indicated periods. The MUC5AC mucin gene expression and mucin protein pro-
duction were measured by reverse transcription - polymerase chain reaction (RT-PCR) and enzyme-linked immunosorbent assay 
(ELISA), respectively. Apigenin significantly inhibited MUC5AC mucin production and down-regulated MUC5AC gene expression 
induced by TNF-α in NCI-H292 cells. To elucidate the action mechanism of apigenin, effect of apigenin on TNF-α-induced nuclear 
factor kappa B (NF-κB) signaling pathway was also investigated by western blot analysis. Apigenin inhibited NF-κB activation 
induced by TNF-α. Inhibition of inhibitory kappa B kinase (IKK) by apigenin led to the suppression of inhibitory kappa B alpha 
(IκBα) phosphorylation and degradation, p65 nuclear translocation. This, in turn, led to the down-regulation of MUC5AC protein 
production in NCI-H292 cells. Apigenin also has an influence on upstream signaling of IKK because it inhibited the expression of 
adaptor protein, receptor interacting protein 1 (RIP1). These results suggest that apigenin can regulate the production and gene 
expression of mucin through regulating NF-κB signaling pathway in airway epithelial cells.
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in MUC5AC mucin producing NCI-H292 cells (Sikder et al., 
2014). However, to the best of our knowledge, there are no 
reports about the potential effect of apigenin on mucin gene 
expression and production stimulated by a proinflammatory 
cytokine, TNF-α, from airway epithelial cells. Among the twen-
ty one mucin genes which were identified, MUC5AC has been 
known as a major type of airway gel-forming mucin because 
it is highly expressed in the goblet cells (Takeyama et al., 
2000) and is regulated by proinflammatory cytokines (Song 
et al., 2003). MUC5AC gene expression and protein produc-
tion can be stimulated by treatment of TNF-α (Fischer et al., 
1999; Shao et al., 2003; Song et al., 2003). Therefore, in this 
study, we checked whether apigenin significantly affects gene 
expression and production of airway mucin induced by TNF-α 
from NCI-H292 cells, a human pulmonary mucoepidermoid 
cell line, which are frequently used for the purpose of elucidat-
ing intracellular signaling pathways involved in airway mucin 
production and gene expression (Li et al., 1997; Takeyama et 
al., 1999; Shao et al., 2003). 

MATERIALS AND METHODS

Materials
All the chemicals and reagents used in this study including 

apigenin (purity: 95.0%) were purchased from Sigma (St. Lou-
is, MO, USA) unless otherwise specified. Anti-NF-κB p65 (sc-
8008), anti-IkBα (sc-371), anti-actin (sc-8432) and anti-p84 
(sc-98783) antibodies were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Phospho-specific anti-p65 
(serine 536, #3036S) and phospho-specific anti-IκBα (serine 
32/36, #9246), anti-phospho-IKKα/β (Ser176/180, #2687) an-
tibodies were purchased from Cell signaling Technology Inc. 
(Danvers, MA, USA). Goat Anti-rabbit IgG (#401315) or Goat 
Anti-mouse IgG (#401215) was used as the secondary anti-
body (Calbiochem, Carlsbad, CA, USA).

NCI-H292 cell culture 
NCI-H292 cells, a human pulmonary mucoepidermoid car-

cinoma cell line, were purchased from the American Type Cul-
ture Collection (ATCC, Manassas, VA, USA) and cultured in 
RPMI 1640 supplemented with 10% fetal bovine serum (FBS) 
in the presence of penicillin (100 units/mL), streptomycin (100 
μg/mL) and HEPES (25 mM) at 37ºC in a humidified, 5% 
CO2/95% air, water-jacketed incubator. For serum deprivation, 
confluent cells were washed twice with phosphate-buffered 
saline (PBS) and recultured in RPMI 1640 with 0.2% fetal bo-
vine serum for 24 h. 

Treatment of cells with apigenin 
After 24 h of serum deprivation, cells were pretreated with 

varying concentrations of apigenin for 30 min and treated with 
TNF-α (10 ng/mL) for 24 h in serum-free RPMI 1640. Apigenin 
was dissolved in dimethylsulfoxide and treated in culture me-
dium (final concentrations of dimethylsulfoxide were 0.5%). 
The final pH values of these solutions were between 7.0 and 
7.4. Culture medium and 0.5% dimethylsulfoxide did not af-
fect mucin gene expression and production from NCI-H292 
cells. After 24 h, cells were lysed with buffer solution contain-
ing 20 mM Tris, 0.5% NP-40, 250 mM NaCl, 3 mM EDTA, 3 
mM EGTA and protease inhibitor cocktail (Roche Diagnostics, 
IN, USA) and collected to measure the production of MUC5AC 

protein (in 24-well culture plate). The total RNA was extract-
ed for measuring the expression of MUC5AC gene (in 6-well 
culture plate) by using RT-PCR. For western blot analysis, 
cells were treated with apigenin for 24 h and then treated with 
TNF-α for the indicated periods.

MUC5AC mucin analysis 
MUC5AC airway mucin production was measured by ELI-

SA. Cell lysates were prepared with PBS at 1:10 dilution, and 
100 mL of each sample was incubated at 42ºC in a 96-well 
plate, until dry. Plates were washed three times with PBS and 
blocked with 2% bovine serum albumin (BSA)(fraction V) for 1 
h at room temperature. Plates were again washed three times 
with PBS and then incubated with 100 mL of 45M1, a mouse 
monoclonal MUC5AC antibody (1:200) (NeoMarkers, CA, 
USA), which was diluted with PBS containing 0.05% Tween 20 
and dispensed into each well. After 1 h, the wells were washed 
three times with PBS, and 100 mL of horseradish peroxidase-
goat anti-mouse IgG conjugate (1:3,000) was dispensed into 
each well. After 1 h, plates were washed three times with PBS. 
Color reaction was developed with 3,3’,5,5’-tetramethylbenzi-
dine (TMB) peroxide solution and stopped with 1 N H2SO4. 
Absorbance was read at 450 nm. 

Total RNA isolation and RT-PCR
Total RNA was isolated by using Easy-BLUE Extraction Kit 

(INTRON Biotechnology, Inc. Kyung-Ki-do, Korea) and reve
rse transcribed by using AccuPower RT Premix (BIONEER 
Corporation, Daejeon, Korea) according to the manufactur-
er's instructions. 2 mg of total RNA was primed with 1 mg of 
oligo (dT) in a final volume of 50 mL (RT reaction). 2 mL of 
RT reaction product was PCR amplified in a 25 mL by using 
Thermorprime Plus DNA Polymerase (ABgene, Rochester, 
NY, USA). Primers for MUC5AC were (forward) 5’-TGA TCA 
TCC AGC AGG GCT-3’ and (reverse) 5’-CCG AGC TCA GAG 
GAC ATA TGG G-3’. As quantitative controls, primers for Rig/
S15 rRNA, which encodes a small ribosomal subunit protein, 
a housekeeping gene that was constitutively expressed, were 
used. Primers for Rig/S15 were (forward) 5’-TTC CGC AAG 
TTC ACC TAC C-3’ and (reverse) 5’-CGG GCC GGC CAT 
GCT TTA CG-3’. The PCR mixture was denatured at 94ºC for 
2 min followed by 40 cycles at 94ºC for 30 s, 60ºC for 30 s 
and 72ºC for 45 s. After PCR, 5 mL of PCR products were sub-
jected to 1% agarose gel electrophoresis and visualized with 
ethidium bromide under a transilluminator. 

Preparation of nuclear and cytosolic extracts
NCI-H292 cells (confluent in 150 mm culture dish) were 

pretreated for 24 h at 37ºC with 20 μM of apigenin and then 
stimulated with TNF-α (50 ng/mL) for 30 min. After the treat-
ment, the cells were harvested using 3 x trypsin-EDTA solution 
and then centrifuged in a microcentrifuge (1,200 rpm, 3 min, 
4ºC). The supernatant was discarded and the cell pellet was 
washed by suspending in PBS. The cytoplasmic and nuclear 
protein fractions were extracted using NE-PER® nuclear and 
cytoplasmic extraction reagent (Thermo-Pierce Scientific, Wa
ltham, MA, USA) according to the manufacturer’s instructions. 
Both extracts were stored at -20ºC. Protein content in extract 
was determined by Bradford method.

Preparation of whole cell extract
After the treatment of the cells with apigenin, media were 
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aspirated and the cells were washed with cold PBS. The cells 
were collected by scraping and centrifuged at 3,000 rpm for 
5 min. The supernatant was discarded. The cells were mixed 
with RIPA buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% 
NP-40, 1% sodium deoxycholate, 0.1% SDS) for 30 min with 
continuous agitation. The lysate was centrifuged in a micro-
centrifuge at 14,000 rpm for 15 min at 4ºC. The supernatant 
was used or immediately stored at -80ºC. Protein content in 
extract was determined by Bradford method.

Detection of proteins by western blot analysis 
Cytosolic, nuclear and whole cell extracts containing pro-

teins (each 20-60 mg as protein) were subjected to 7-15% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and then transferred onto the polyvinylidene 
difluoride (PVDF) membrane. The blots were blocked using 
5% skim milk and probed with appropriate primary antibody in 
blocking buffer overnight at 4ºC. The membrane was washed 
with PBS and then probed with the secondary antibody con-
jugated with horseradish peroxidase. Immunoreactive bands 
were detected by an enhanced chemiluminescence kit (Pierce 
ECL western blotting substrate, Thermo Scientific, Waltham, 
MA, USA). 

Statistics
Means of individual group were converted to percent con-

trol and expressed as mean ± S.E.M. The difference between 
groups was assessed using one-way ANOVA and Holm-Sidak 
test as a post-hoc test. p<0.05 was considered as significantly 
different.

RESULTS

Effect of apigenin on TNF-α-induced MUC5AC mucin  
production and gene expression 

Apigenin inhibited TNF-α-induced MUC5AC mucin produc-
tion. The amounts of MUC5AC mucin in the cells of apigenin-
treated cultures were 100 ± 8%, 368 ± 28%, 225 ± 13%, 153 
± 13% and 98 ± 8% for control, TNF-α 10 ng/mL only, TNF-α 
plus apigenin 5 μM, TNF-α plus apigenin 10 μM and TNF-α 
plus apigenin 20 μM, respectively (Fig. 1A). MUC5AC gene 
expression induced by TNF-α was also inhibited by pretreat-
ment with 10 μM and 20 μM of apigenin (Fig. 1B). Cell viability 
was checked by sulforhodamine B (SRB) assay and there was 
no cytotoxic effect of apigenin, at 5, 10 and 20 μM concentra-
tion (data were not shown).

Effect of apigenin on TNF-α-induced nuclear translocation 
of NF-κB p65 and phosphorylation of p65

To determine the effect of apigenin on NF-κB activation fol-
lowed by TNF-α treatment, we examined whether apigenin 
inhibits TNF-α-induced nuclear translocation of NF-κB p65. 
As shown in Fig. 2A, nuclear translocation of NF-κB p65 by 
TNF-α was inhibited by pretreatment with 20 μM of apigenin. 
In the nuclear fraction of the cells treated with TNF-α only, 
there was an increase in nuclear translocation of p65 gradu-
ally and reached optimal level at 30 min. However, in the cells 
treated with apigenin plus TNF-α, the level of p65 was gradu-
ally decreased as compared to the cells treated with TNF-α 
only. Next, transcriptional activity of p65 largely depends on its 
phosphorylation. For this reason, we investigated the effect of 

apigenin on TNF-α-induced phosphorylation of p65. As shown 
in Fig. 2B, TNF-α-induced phosphorylation of p65 was gradu-
ally increased and reached optimal level at 30 min. However, 
apigenin completely blocked the phosphorylation of p65. 

Effect of apigenin on TNF-α-induced phosphorylation of 
IκBα, degradation of IκBα and phosphorylation of IKKα/β

Apigenin appears to affect the phosphorylation and degra-
dation of IκBα which is required for NF-κB dimerization and 

Fig. 1. Effect of apigenin on TNF-α-induced MUC5AC mucin pro-
duction and gene expression. NCI-H292 cells were pretreated with 
various concentrations of apigenin (5, 10 and 20 μM) for 30 min 
and then stimulated with TNF-α (10 ng/mL) for 24 h. Cell lysates 
were collected for measurement of MUC5AC mucin production by 
ELISA. Three independent experiments were performed and the 
representative data were shown. Each bar represents a mean  ±  
S.E.M. of 3 culture wells in comparison with that of control set at 
100% (A). MUC5AC mucin gene expression was measured by 
RT-PCR. As quantitative control, Rig/S15 rRNA, which encodes 
a small ribosomal subunit protein, a housekeeping gene that was 
constitutively expressed, was used. Three independent experi-
ments were performed and the representative data were shown (B). 
*significantly different from control (p<0.05). †significantly different 
from TNF-α alone (p<0.05). (cont: control, Api: apigenin, TNF: 
TNF-α, concentration unit is mM).
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maximal activation of transcription (Fig. 3A, B). NF-κB activa-
tion involves the phosphorylation of inhibitory kappa B alpha 
(IκBα) by inhibitory kappa B kinases (IKKs), resulting in IκBα 
degradation. As a result, NF-κB subunits are released and 
translocated to the nucleus. Therefore, we investigated the 
effect of apigenin on the phosphorylation of IκBα. As shown 
in Fig. 3A, TNF-α increased the phosphorylation of IκBα to 
its maximal level at 5 min. However, preincubation of NCI-
H292 cells with apigenin prior to TNF-α exposure dramatically 
attenuated the phosphorylation of IκBα. On the other hand, 
IκBα degradation is required for the activation of NF-κB. Con-
sequently, we determined whether apigenin inhibits TNF-α-
induced NF-κB activation by inhibition of IκBα degradation. As 
shown in Fig. 3B, at 5 min after treatment, TNF-α showed the 
maximal induction of IκBα degradation. However, preincuba-
tion of NCI-H292 cells with apigenin prior to TNF-α exposure 
suppressed the degradation of IκBα. For most agents that 
activate NF-κB through a common pathway based on phos-
phorylation, proteaseome mediated the degradation of IκB. 
The key regulatory step in this pathway involves the activa-
tion of IκB kinase (IKK) complex. Activation of IKK depends on 
phosphorylation. Therefore, we investigated whether apigenin 
inhibits the TNF-α-induced activity of IKKα/β. As shown in 
Fig. 3C, TNF-α activated the IKKα/β, although apigenin sup-
pressed its activation by regulating the serine 176/180 phos-
phorylation of IKKα/β. 

Effect of apigenin on adaptor proteins of TNF receptor 
(TNFR) 1 signaling

Binding of TNF-α to TNFR1 induces receptor trimerization 
and recruitment of several downstream signaling proteins to 
their cytoplasmic domains (Hsu et al., 1995). TNFR1 interacts 
with the signaling protein TNFR1-associated death domain 
protein (TRADD), which recruits the adaptor protein, TNF re-
ceptor-associated factor 2 (TRAF2) (Hsu et al., 1996), recep-
tor interacting protein (RIP1) (Stanger et al., 1995) and Fas 
associated protein with death domain (FADD) (Chinnaiyan et 
al., 1995). Subsequently, RIP1 is mainly polyubiquitinated and 
induces the recruitment to the TNFR1 and activation of IKK 
complex. For this reason, we investigated whether apigenin 
affects the adaptor protein expression of TNFR1 signaling 
pathway. As shown in Fig. 4, it was found that apigenin af-
fected the expression of RIP1. 

DISCUSSION
 
Pathological hypersecretion of airway mucus is one of the 

major symptoms associated with severe pulmonary inflamma-
tory diseases (Voynow and Rubin, 2009). There might be dual 
ways in order to get rid of excessive mucus from the airway; 
1) removing the mucus by physical methods, i.e, aspiration 
after dilution of mucus, and 2) suppression of secretion and/or 
production of mucus by pharmacological methods. However, 

Fig. 2. Effect of apigenin on TNF-α-induced nuclear translocation of NF-κB p65 and phosphorylation of p65. NCI-H292 cells were either 
untreated or pretreated with 20 mM apigenin for 24 h at 37oC and then stimulated with TNF-α (50 ng/mL) for the indicated periods. Nuclear 
protein extracts were prepared and resolved on 10% SDS-PAGE, transferred onto a PVDF membrane, probed with antibody against p65 
(A) or phospho-specific p65 (Ser 536) antibody (B). The results shown are the representative of three independent experiments. To ensure 
equal protein loading, the membrane was reprobed with anti-p84 antibody. *significantly different from TNF-α alone at each time point (p<0.05, 
Student’s t-test) (cont: control, Api: apigenin, TNF: TNF-α).
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clinically, the physical method induces the irritation of the air-
way luminal wall and stimulates the hypersecretion of mucus 
through a reflex mechanism. 

Therefore, the pharmacological methods for regulating mu-
cin secretion and/or production have become an important ap-
proach to control the hypersecretion of airway mucus (Heo et 
al., 2007; Heo et al., 2009; Lee et al., 2011; Kim et al., 2012). 
Secretion of airway mucin can be induced by diverse com-

pounds (Voynow and Rubin, 2009). Whereas glucocorticoidal 
compounds inhibit the hyperproduction and/or hypersecretion 
of airway mucins, they have various limitations in their applica-
tion to pharmacotherapy of human diseases involving pulmo-
nary mucus hypersecretion (Sprenger et al., 2011). An alter-
native approach for controlling airway mucus hypersecretion 
is to regulate the excessive mucin secretion and/or produc-
tion using natural compounds derived from various medicinal 

Fig. 3. Effect of apigenin on TNF-α-induced phosphorylation of IκBα, degradation of IκBα and phosphorylation of IKKα/β. NCI-H292 cells 
were incubated with 20 μM apigenin for 24 h and treated with 50 ng/mL TNF-α for the indicated periods. Cytoplasmic extracts were fraction-
ated and then subjected to western blot analysis using phospho-specific IκBα (Ser 32/36) antibody (A) or antibody against anti-IκBα (B). 
NCI-H292 cells were incubated with 20 μM apigenin for 24 h and treated with 25 ng/mL TNF-α for the indicated periods. Whole cell lysates 
(100 μg) were prepared and then subjected to western blot analysis using phospho-specific IKKα/β (Ser 176/180) antibody (C). The results 
shown are the representative of three independent experiments. Equal protein loading was evaluated by β-actin levels. *significantly differ-
ent from TNF-α alone at each time point (p<0.05, Student’s t-test) (cont: control, Api: apigenin, TNF: TNF-α).
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plants that have been used in folk medicine for the manage-
ment of pulmonary inflammatory diseases. 

Modulation of inflammatory reactions would appear to be 
the most appropriate course of action for treating diverse pul-
monary diseases including asthma, cystic fibrosis and chronic 
obstructive pulmonary diseases. While it would be quite diffi-
cult to achieve this modulation with conventional drugs, flavo-
noids, a group of natural compounds found in many medicinal 
plants, appear to be uniquely fitted to this purpose based on 
their ability to affect multiple converging signaling pathways 
(Romano et al., 2013). Apigenin is a nontoxic and nonmuta-
genic flavonoid found in multitude of medicinal plants, fruits 
and vegetables and has diverse biological activities includ-
ing antioxidative, anti-inflammatory and anticancer effects 
(Illek and Fischer, 1998; Yin et al., 2001; McVean et al., 2002; 
Paoletti et al., 2009; Zhong et al., 2010; Clere et al., 2011; 
Zhou et al., 2011). On the other hand, TNF-α was reported 
to induce MUC5AC gene expression in normal human airway 
epithelial cells (Song et al., 2003) and the secretion of mucin 
from guinea pig tracheal epithelial cells (Fischer et al., 1999). 
Shao and his colleagues reported that TNF-α converting en-
zyme (TACE) provoked MUC5AC mucin expression in cul-
tured human airway epithelial cells (Shao et al., 2003). When 
airway inflammatory diseases are exacerbated, the level of 
TNF-α is increased in sputum of patients (Takeyama et al., 
1999; Cohn et al., 2002). Based upon these reports, we inves-
tigated apigenin significantly affects the production and gene 
expression of airway mucin induced by TNF-α. As can be seen 
in results, apigenin suppressed the expression of MUC5AC 
mucin gene and the production of MUC5AC mucin protein, 

induced by TNF-α (Fig. 1). This result suggests that apigenin 
can regulate mucin gene expression and production of mucin 
protein induced by TNF-α, by acting on airway epithelial cells. 
However, it is not fully elucidated how apigenin manifested 
its activity on MUC5AC production, we investigated whether 
apigenin affects TNF-α-induced NF-kB signaling in NCI-H292 
cells. 

Through binding its receptor, TNF-α activates several intra-
cellular signal transduction cascades among which the NF-κB 
pathway is of pivotal importance. NF-κB is a heterodimer com-
posed of p65, p50 and IκBα subunits present in the cytoplasm 
as an inactive state. In response to various stimuli, the IκBα 
subunit is phosphorylated and degraded, thereby facilitating 
the translocation of p50-p65 heterodimer to the nucleus. The 
p50-p65 acts as a transcription factor regulating the expres-
sion of numerous genes including MUC5AC (Li and Verma, 
2002). In the present study, we demonstrate that apigenin sup-
pressed the expression of RIP1, one of the adaptor proteins of 
TNF receptor and TNF-α-induced phosphorylation of IKKα/β. 
This, in turn, inhibits the phosphorylation and degradation of 
IκBα which is required for NF-κB dimerization and maximal 
activation of transcription. Subsequently, the phosphorylation 
and nuclear translocation of NF-κB p65 and transcriptional ac-
tivation of MUC5AC mucin gene are inhibited. Recently, simi-
lar action of apigenin on NF-κB pathway in pancreatic cancer 
cells was reported by Wu and his colleagues (Wu et al., 2014). 
However, to the best of our knowledge, this is the first report 
on the action of apigenin on TNF-α-induced airway MUC5AC 
mucin gene expression and production through affecting NF-
κB signaling pathway.

Fig. 4. Effect of apigenin on adaptor proteins of TNF receptor (TNFR) 1 signaling. NCI-H292 cells, either untreated or pretreated with 20 
μM apigenin for 24 h, were treated with 25 ng/mL TNF-α for the indicated periods. Whole cell lysates were prepared and analyzed by west-
ern blotting using antibodies against RIP1, TRAF2 and TRADD. The results shown are representative of three independent experiments. 
Equal protein loading was evaluated by β-actin. *significantly different from TNF-α alone at each time point (p<0.05, Student’s t-test) (cont: 
control, Api: apigenin, TNF: TNF-α).
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Taken together, we suggest it is valuable to find the natural 
products that have specific inhibitory effects on mucin secre-
tion, production and gene expression-in view of both basic 
and clinical sciences. Findings in this study suggest apigenin 
suppresses TNF-α-induced production of mucin through regu-
lating NF-κB signaling pathway in airway epithelial cells and a 
possibility of using apigenin as a new efficacious mucoregula-
tor for pulmonary diseases, although further studies are es-
sentially required.
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