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ABSTRACT
Background: Dietary polyphenols have been widely consumed in food, and their anti-inflammatory and anticancer activities have been recently studied.

Although the effects of dietary polyphenols on mucin hypersecretion have been studied to some extent, the effects of mucociliary movement have not been
elucidated thus far. Therefore, we investigated whether dietary polyphenols inhibit MUC5AC gene expression in NCI-H292 cells, and, if so, whether they
would have an effect on ciliary beat frequency (CBF) of human nasal mucosa.

Methods: NCI-H292 cells were pretreated with four different dietary polyphenols ([6]-gingerol, epigallocatechin gallate (EGCG), curcumin, and quercetin)
and were treated with IL-1beta (10 ng/mL). Proliferation of NCI-H292 cells was analyzed. The mRNA expression of MUC5AC was determined by real-time
polymerase chain reaction. CBF of normal nasal mucosa, which was obtained from the ethmoid sinus and treated with the polyphenols, was assessed via
inverted microscope and computerized program.

Results: Minimal inhibitory concentration (MIC) of MUC5AC expression of each polyphenol was found as follows: [6]-gingerol, 1 �M; EGCG, 20 �M;
quercetin, 40 �M; and curcumin, 10 �M. No polyphenol influenced cell proliferation at this MIC. CBF was not affected by [6]-gingerol, quercetin, or EGCG,
but ciliary movement decreased in curcumin.

Conclusion: [6]-Gingerol, quercetin, and EGCG may be considered as antihypersecretory agents because they effectively inhibit mucus secretion of
respiratory epithelial cells while maintaining normal nasal ciliary movement.

(Am J Rhinol Allergy 24, e59–e62, 2010; doi: 10.2500/ajra.2010.24.3447)
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Dietary polyphenols are contained in our daily intake and there
are many varieties of polyphenols, including[6]-gingerol; the

chief active component of ginger, EGCG; green tea extract, quercetin;
red wine extract, curcumin; curry extract, genistein, and indole-3-
carbinol; and bean extracts. Because there has been increased interest
in food, several recent studies have focused on the influence of
polyphenols such as anti-inflammatory and anticancer effects.1–5 The
effects of dietary polyphenols on nasal mucin secretion have been
studied to some extent,6–8 but the effects on mucociliary movement
have not been elucidated thus far.

Chronic rhinosinusitis (CRS) is presented when mucin genes of
MUC5AC and MUC5B are overexpressed.9 MUC5AC is well known as
the most vital secretory mucin gene among the identified mucin genes
and is clearly expressed in nasal epithelial cells, nasal polyps, and
nasal turbinates.10–13 Thus, the research on MUC5AC is essential in
antihypersecretory treatment. Although this treatment has been stud-
ied extensively, only dexamethasone and macrolide have been
proved to reduce the overexpression of mucin genes.14–16 Another
hallmark of CRS is a reduced ciliary beat frequency (CBF).17 Even
though the mucin-reducing treatment is discovered, it can cause the
reduction or acceleration of CBF, which in turn maintains CRS
status.18,19

Therefore, we first evaluated whether polyphenols inhibit the ex-

pression of MUC5AC by treating NCI-H292 cells (human lung mu-
coepidermoid cell line) with various dietary polyphenols ([6]-gin-
gerol, epigallocatechin gallate (EGCG), curcumin, and quercetin).
Second, we assessed the effects of polyphenols on mucociliary move-
ment by applying polyphenols with minimal inhibitory concentration
(MIC) of MUC5AC expression to human nasal mucosa. Through this
study, we discovered that dietary polyphenols inhibit MUC5AC ex-
pression in respiratory cells and do not influence ciliary movement of
human nasal mucosa.

MATERIALS AND METHODS

Reagents
EGCG, curcumin, and quercetin were purchased from Sigma Co.

(St. Louis, MO), [6]-gingerol was purchased from Calbiochem Bio-
chemicals (San Diego, CA), and IL-1� was purchased from R&D
Systems (Minneapolis, MN). IL-1� concentration for MUC5AC induc-
tion was adjusted to 10 ng/mL, which was established from previous
studies.6–8 [6]-Gingerol was adjusted to 0.1, 1, and 10 �M with DMSO
as solvent, and curcumin and quercetin were adjusted to 10, 20, and
40 �M with DMSO as solvent. EGCG concentration was adjusted to
10, 20, and 40 �M with H2O as solvent.

Cell Culture
NCI-H292 cell line was purchased from the American Type Culture

Collection (Rockville, MD) and cultured in RPMI-1640 (Gibco BRL,
Grand Island, NY) with 10% fetal bovine serum (Cellgro, Hemdon,
VA), 2 mM of l-glutamine, penicillin (100 �g/mL), and streptomycin
(100 �g/mL) at 37°C in a humidified chamber with 95% air and 5%
CO2. When cultures were confluent, cells were incubated in RPMI-
1640 medium containing 0.5% fetal bovine serum for 24 hours.

Real-Time Polymerase Chain Reaction (PCR) of
MUC5AC mRNA

For real-time PCR of MUC5AC mRNA, the previously published
methods were used using TaqMan probes on MUC5AC and �2-

From the 1Department of Otorhinolaryngology, National Health Cooperation Ilsan
Hospital, Gyunggi-do, Korea, 2Department of Otorhinolaryngology, Yonsei University
College of Medicine, Seoul, Korea, 3Department of Otorhinolaryngology, Ajou Univer-
sity College of Medicine, Suwon, Korea, 4Department of Otorhinolaryngology, Jeju
National University College of Medicine, Jeju, Korea, and the 5Airway Mucus Institute
and 6Human Barrier Research Institute, Yonsei University College of Medicine, Seoul,
Korea
The authors have no conflicts of interest and have not received any compensation or
commercial funds to support this study
Address correspondence and reprint requests to Kyung-Su Kim, M.D., Department of
Otorhinolaryngology, Gangnam Severance Hospital, Yonsei University College of
Medicine, 146-92 Dogok-dong, Gangnam-gu, 135-720 Seoul, South Korea
E-mail address: ydrhinol@yuhs.ac
Copyright © 2010, OceanSide Publications, Inc., U.S.A.

American Journal of Rhinology & Allergy e59

DO N
OT C

OPY



microglobulin.7 Real-time PCR was performed on an Applied Biosys-
tems ABI PRISM 7700 Sequence Detection System (PE Biosystem,
Foster City, CA). All reactions were performed in triplicate. Relative
quantities of MUC5AC mRNA were obtained using the comparative
cycle threshold method and were normalized using �2-microglobulin
as an endogenous control.

Cell Proliferation Analysis
For cell proliferation analysis, the previously published methods

were used.7 Optical density (O.D.) was measured by a spectropho-
tometer (490 nm). The mean percentage of living cells was calculated
as follows: (1-[mean O.D. of experimental group/mean O.D. of con-
trol]) � 100.

CBF Analysis
Normal nasal mucosa was collected from ethmoid sinuses of pa-

tients who underwent transsphenoidal pituitary tumor surgery, in-
tranasal biopsy, or endoscopic maxillary sinus surgery without any
inflammation in the ethmoid sinus. The tissue was collected and
cultured in culture media used in normal human nasal epithelial
cells.6 The tissue was harvested in a shape of a square the sides of
which were 1–1.5 cm. The harvested tissue was divided into two parts
and cultured at 37°C in a 5% CO2 incubation chamber for 6 hours; one
was used for the control group and the other was used for the
experiment group. Then, the tissue was treated with the polyphenols
with MIC of MUC5AC expression and was observed at specific time
points (0, 3, 6, 12, and 24 hours) under an inverted microscope
(Axiovert 40CLF; Carl Zeiss, Göttingen, Germany) at 1000� magni-
fication. Five spots presenting the most active CBF were selected and
were recorded by a microscope equipped with high-speed digital
video camera (Moticam 2000; Mikron Instruments, Inc., Oakland, NJ),
and saved on the computer. The files were reloaded, and CBF was
determined with the optical flow technique with peak detection anal-
ysis.20

Statistical Analysis
Data were expressed as mean � SD. A minimum of at least three

separate experiments were performed for each measurement. Differ-
ences between treatment groups were assessed by analysis of vari-
ance with post hoc tests, and differences were considered significant at
p � 0.05.

RESULTS

Decrease in IL-1�–Induced MUC5AC Expression by
Polyphenols

Cultured NCI-H292 cells were pretreated with various concentra-
tions of the polyphenols for 1 hour, and then they were treated with
10 ng/mL of IL-1� for 24 hours. Dose-dependent decreases of IL-1�–
induced MUC5AC expression were observed in quercetin, EGCG,
and[6]-gingerol. Curcumin, on the other hand, showed decreased
MUC5AC expression at 10 �M, but the expression increased at 40 �M
(p � 0.05). MIC of MUC5AC expression in each polyphenol was found

as follows: [6]-gingerol, 1 �M; EGCG, 20 �M; quercetin, 40 �M; and
curcumin, 10 �M (Table 1).

Suppression in Proliferation of NCI-H292 Cells by
Polyphenols

At respective MICs, [6]-gingerol, quercetin, EGCG, and curcumin
did not significantly lower cell proliferation, showing that cell prolif-
eration was uninfluenced at the studied MIC (Table 2).

Change in CBF by Treatment with Polyphenols
After treating normal nasal mucosa with polyphenols at the respec-

tive MIC, changes in CBF were evaluated. Quercetin, [6]-gingerol, and
EGCG did not show any difference between the control and experi-
ment groups at all time points, from 30 minutes to 24 hours. Cur-
cumin, however, showed a significant decrease in CBF compared
with the control group from the 1- to 24-hour period (p � 0.05;
Table 3).

DISCUSSION
Our results showed that MUC5AC expression in NCI-H292 cells

was significantly suppressed when pretreated with 1 and 10 �M of
[6]-gingerol, but cell proliferation was not influenced at either con-
centration. Pretreatment with 40 �M of quercetin and 20 �M of EGCG
decreased mucin gene expression, and cell proliferation was not
influenced at any of the concentrations. These results agree with the
suppression of MUC2 and MUC5AC expression by dexamethasone in
NCI-H292 cells14 and that of IL-1�–induced MUC2/5AC expression
and mucin production by budesonide.21,22 Our results also agree with
other studies on the suppression of the mucin gene by [6]-gingerol
and EGCG.6–8 In a previous study, EGCG on normal human nasal
epithelial cells suppressed MUC5AC expression at 50 �M in normal
human nasal epithelial cells.6 However, our study used a cell line
instead and showed the suppression at 10 �M. This can be explained
by homeostasis activity of normal cells, which tend to require higher
reagent concentrations than in cell lines.

Even though MUC5AC expression was suppressed with the treat-
ment of [6]-gingerol, quercetin, and EGCG at respective MICs, the
concentrations were different. Different MIC seems to be attributable
to chemical structure and properties of the polyphenols.1,2,4 However,
the differences in MIC will need to be studied further. Extracellular
signal–regulated kinase and p38 mitogen-activated protein kinase are
involved in the mechanism of the suppression of MUC5AC expres-
sion by polyphenols, according to our previous studies.6–8 This needs
to be further investigated as well.

Curcumin significantly suppressed expression of MUC5AC mRNA
at 10 �M, but the expression increased at 40 �M. Cell proliferation
was not influenced at 10 �M but was suppressed at 40 �M. Thus, we
used 10 �M of curcumin for CBF assessment. Curcumin, a key ingre-
dient for curry’s hot flavor, seemed to suppress mucin secretion at
low concentrations, but it stimulated mucin secretion at higher con-
centrations. Therefore, curcumin at high concentrations may act as a
stimulus, increasing mucin secretion and inhibiting cell proliferation
in NCI-H292 cells. Other studies have also reported mucin secretion

Table 1 Change of IL-1��induced MUC5AC gene expression by polyphenols

0 0.1 �M 1 �M 10 �M 20 �M 40 �M

�6�-Gingerol 4.8 � 0.7 2.7 � 0.3 1.1 � 0.4 0.8 � 0.2
Quercetin 5.1 � 0.6 3.3 � 0.5 2.4 � 0.2 1.1 � 0.3
EGCG 5.0 � 0.7 2.4 � 0.3 1.2 � 0.2 0.9 � 0.2
Curcumin 5.3 � 0.5 1.2 � 0.1 2.3 � 0.4 9.5 � 1.2

Ratio: MUC5AC expression of polyphenol-treated cells in treatment with IL-1�/MUC5AC expression of the control cells.
Value: mean � SD.

e60 March–April 2010, Vol. 24, No. 2

DO N
OT C

OPY



promoted by curcumin at 100 �M,23,24 supporting our findings. This
may be a characteristic nature of curcumin because the same phe-
nomenon can be observed in hesperidine, a major polyphenol in
citrus fruits.24

After treating human nasal mucosa with polyphenols at respec-
tive MICs except for curcumin, changes in CBF were evaluated. No
significant difference in ciliary movement was observed between
the control and polyphenols during the entire observation period,
from 30 minutes to 24 hours. Therefore, our study may be used as
the basis for further in vivo study on secure application of these
polyphenols. When pretreated with curcumin, CBF started to drop
at 30 minutes and was down by 75% at 1 hour. Then, a significant
decrease was maintained until 24 hours. Because curcumin might
cause nasal dysfunction by hindering ciliary movement, its clinical
application seems inappropriate.25 The mechanism of 10 �M of
curcumin reducing CBF is not clear and needs to be clarified by
future studies.

Our results indicated that [6]-gingerol, quercetin, and EGCG can be
clinically applied to decrease mucin secretion without influencing
normal ciliary movement. However, curcumin can not be used for the
same purpose because it hinders ciliary movement. The main draw-
back of this study is that the decrease of MUC5AC expression was
verified in NCI-H292 cells, not in normal human nasal epithelial cells.
Even though NCI-H292 cells are a good candidate to study mucin
expression, the study using normal human nasal epithelial cells
should be conducted to confirm these results.

CONCLUSION
[6]-Gingerol, quercetin, and EGCG may be considered as antihy-

persecretory agents because they effectively inhibit mucus secretion
of respiratory epithelial cells, while maintaining normal nasal ciliary
movement.
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