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Background and Objectives MUCSAC is one of the major secretory mucin genes in the
human airway epithelium. MUCSAC expression is increased by a variety of inflammatory me-
diators. Protopanaxadiol (PPD), one of the major active metabolites in ginseng, is known to have
anti-inflammatory, antitumor and antioxidant properties. However, the effects of PPD on mucin
secretion of airway epithelial cells still have not been reported. Therefore, the aim of this study
is to investigate the effect of PPD on lipopolysaccharide (LPS)-induced MUCSAC expression
in human airway epithelial cells.
Materials and Method In the mucin-producing human NCI-H292 airway epithelial cells,
the effect of PPD on MUCSAC expression was investigated using reverse transcription-poly-
merase chain reaction and enzyme immunoassay after treated with LPS. N-acetylcysteine (NAC)
as a reactive oxygen species (ROS) scavenger, and apocynin as a nicotinamide adenine dinu-
cleotide phosphate oxidase inhibitor were used to compare the inhibitory effect of PPD on LPS-
induced ROS production in human NCI-H292 cells.
Results LPS significantly increased MUC5AC mRNA expression and protein production.
LPS also increased ROS production. PPD inhibited LPS-induced MUC5AC mRNA expression
and protein production as well as ROS production. In addition, NAC and apocynin inhibited
LPS-induced MUCSAC mRNA expression and protein production.
Conclusion These results demonstrate that PPD inhibits LPS-induced MUCS5AC expression
via ROS in human airway epithelial cells and the inhibitory effect of PPD was similar to that of
NAC and apocynin. These findings indicate that PPD may be a therapeutic agent for control of
mucus secretion and oxidative stress in human airway epithelial cells.
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A 387] AYAFSF F M2 (human pulmonary
mucoepidermoid carcinoma cell line)?l NCI-H292 A3
(American Type Culture Collection, Manassas, VA, USA)
] 100 U/mL penicillin, 100 pg/mL streptomycin, 10% fe-
tal bovine serum(FBS; GIBCO, Grand Island, NY, USA)
o] 3Z5kE] RPMI 1640 v A](Invitrogen, Carlsbad, CA, USA)
= o835t 5%9] olitateta 2AstoA 37T xR
HjekalaT). 6-well plateo]] 1x10° cells/wellQ] W= = A3
£ wxato] vjerslgl o, 70~80% A= Hjeko] o]Foiz|
W AEZE 0.5% FBS7} XZ3He RPMI 1640 vjA| 2 1A|st
T 24AI7F FRE st

PPDe]l &J3F MUCSAC Y {414} Wadat chal Y4
ot 7] 934 NCI-H292 A|Eof| 7}7] 2 52| PP
(Sigma-Aldrich, St. Louis, MO, USA)E HA&|gt 3 147}
Fell 100 ng/mL 5%=2] LPS(from Pseudomonas aerugino—
sa 10, L8643, Sigma-Aldrich)& Fo5t3tt. E35t ZF PPD
o] HwojlA LPSe] 98 =H ROS ¥4 MUCSAC
Ao A a9 kil Ao gt oA Bt Bl sl
Q) A 2AAIQ] N-acetyleystein(NAC; Sigma-Al-
drich)Z} nicotinamide adenine dinucleotide phosphate 4t
3a A AAAQ apocynin(Sigma-Aldrich), PPDS 2FzF LPS
o Z=&E7] 1ARE Aol MAfe]steiet. thxt-2 0.5% FBS7F
323HEl RPMI 1640 viAJo|A] NCI-H292 A& G50 =

tlo

)

= A 3 AA} 913 (Institutional Review
Board)2] 421 Hhro} AI3YsIATHYUMC 2017-07-015).

PPDe] M| Z5/3%7}

NCI-H292 A|32E 2x10* cells/wellE 96 well culture
plateol] &3+ %, 37C, 5% CO, 2312 10% FBS7} 23}
%l RPMIo|| 24A17F &3t vjFssith. Alz27} 80~90% AHd
HjQF-8-olS A AT th-S FBS7) 228=A] 9F2 uliz]of| PPD
F= PPD2} LPS(100 ng/mL)E 4101 2} welloll 244171 &<t
#2899, 1 5 EZ-Cytox Cell Viability Assay kit(Daeil
Lab, Seoul, Korea)& ©]-85t AZ=AJH7HE Al3st o
o, HIH-S 7HeFs] Avshi, 2 welld water—soluble tetra—
zolium salt-1 €8 10 uL¥ Az2|s}e] 24|17t 59 379
A wjoFato] HH-E-A17131 450 nm P =2 SA5Hch



Reverse transcription—polymerase chain reaction ¥4}
RNA®] tfjgt 2412 Gene Amp RNA Polymerase chain
reaction(PCR) core kit2} MyCycler(Bio—Rad, Hercules,
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ternal positive control)< glyceraldehyde-3-phosphate
dehydrogenase(GAPDH)E AM-8-314t) Agof Arg-H
MUCS5AC primer®] @7ME-2 sense= 5-ATC ACC GAA
GGC TGC TTC TGT C-3;, antisense~= 5-GTT GAT GCT
GCA CAC TGT CCA G-3°]H, GAPDH®| 7-%- sense= 5’
-CCT CCA AGG AGT AAG ACC CC-3, antisensex= 5
-AGG GGT CTA CAT GGC AAC TG-3°I3ith. Agof| A}
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densityghe &2 UYERYO] relative density® VFERYSITH

Enzyme-linked immunosorbent assay 4]

MUCSAC At o] gheka Z4517] 2184 Enzyme-
linked immunosorbent assay(ELISA)E ©]-8-35}%t} NCI-
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HRP-conjugated ©|x}&}A|(Santa Cruz Biotechnology)&
2% BSAZ} &H7-E PBSTO]| 1:50002.2 8]415}+0] 2 wello]
7Vt AL, 1A7E 3o 2 well2 PBSE 33] Al|&{513ick 3.3,
5,5—tetramethyl benzidine -8H© 2 HhAI3E 3 IN-H,SO,
£ o]g3}o] FTAIFIT] ELISA reader(EL800”, BIO-TEK
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PPD &=+ PPDS} LPS &% &%) A] NCI-H292 A]3Zoj
X 9F

NCI-H292 A|2o)lA PPD %+ PPD2} LPS(100 ng/mL)
£ A Folstoles uf nX= AlZEAS ZRIsh] 9l
WSTH& o]&-5te] B7Fetelom, 20 uM 5%=9] PPD F¢
TR M| 225 /do] TAE]X] ¢Fotth(Fig. 1).
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Fig. 1. Cell viability of human NCI-H292 cells after PPD or PPD with LPS (100 ng/mL) treatment. PPD or PPD with LPS (100 ng/mL) at
low concentration did not display significant cell killing activity up to 20 uM. Images are representative of three separate experiments
performed in triplicate. Bars indicate the meanzstandard deviation of three independent experiments performed in triplicate. *p<0.05
compared with zero value. PPD: protopanaxadiol, LPS: lipopolysaccharide.
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Fig. 2. The effects of PPD on LPS-induced MUC5AC expression in human NCI-H292 cells. PPD significantly attenuated LPS-induced
MUCS5AC mRNA expression in RT-PCR (A) and glycoprotein level in ELISA (B). Images are representative of three separate experiments
performed in triplicate. Bars indicate the meanzstandard deviation of three independent experiments performed in triplicate. *p<0.05
compared with zero value, tp<0.05 compared with LPS (100 ng/mL). ELISA: enzyme-linked immunosorbent assay, LPS: lipopolysac-
charide, PPD: protopanaxadiol, RT-PCR: reverse transcription-polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate dehy-

drogenase.
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H292 A|3£o] PPD2} NAC, apocyning HAA]st & flow
cytometryS 5-8}o] £415139ck PPD} NAC, apocynine
HAAE)E WE H9olA LPSE FrE AL Aol &
Al o &2 ofu) QA skl (Fig. 3B).

NCI-H292 A|3oil4 PPD, NAC, apocynin®] LPSZ
=% MUCHAC o] u]x]= 9
NCI-H292 Ao A PPD, NAC, apocynin®] LPSZ &
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L5 MUCSAC W&ol wjA]= 93-S RT-PCR¥} ELISAR
BEA59cE NCI-H292 M2 4] LPSE S-%% MUC5AC
9] mRNA @ a} At o] Aok PPD, NAC, apoc-
yning FoI3h o+ BFo)A Ao R on|9lA Fr4d)
9t} (Fig. 4).
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Fig. 3. The effects of PPD on LPS-induced ROS production in human NCI-H292 cells. PPD significantly decreased LPS-induced ROS
production in flow cytometry (A). PPD, NAC, and apocynin significantly decreased LPS-induced ROS production (B). Images are repre-
sentative of three separate experiments performed in triplicate. Bars indicate the meantstandard deviation of three independent experi-
ments performed in triplicate. *p<0.05 compared with zero value, tp<0.05 compared with LPS (100 ng/mL). LPS: lipopolysaccharide,
NAC: N-acetylcysteine, PPD: protopanaxadiol, ROS: reactive oxygen species, FITC-A: fluorescein isothiocyanate-A.
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Fig. 4. The effects of PPD, NAC and apocynin on LPS-induced MUC5AC expression in human NCI-H292 cells. PPD, NAC, and apocynin
attenuate LPS-induced MUC5AC mRNA expression in RT-PCR (A). PPD, NAC, and apocynin decrease LPS-induced MUC5AC glyco-
protein levelin ELISA(B). Images are representative of three separate experiments performed in triplicate. Bars indicate the meantstandard
deviation of three independent experiments performed in triplicate. *p<0.05 compared with zero value. tp<0.05 compared with LPS (100
ng/mL). ELISA: enzyme-linked immunosorbent assay, LPS: lipopolysaccharide, NAC: N-acetylcysteine, PPD: protopanaxadiol, RT-PCR:
reverse transcription-polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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