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Background and Objectives Mucus hypersecretion in the airway may lead to increased
frequency and duration of infection, declined lung function, and increased morbidity and mor-
tality in inflammatory respiratory diseases. Udenafil, a phosphodiesterase (PDE) 5 inhibitor, is
an oral medication for erectile dysfunction. Recent studies show that PDES inhibitor has vari-
ous anti-inflammatory properties. However, the effect of udenafil on mucus secretion in human
airway epithelial cells is unclear. Therefore, the effect and brief signaling pathway of udenafil
on MUCS5B expression were investigated in human airway epithelial cells.

Materials and Method = We analyzed the effects and brief signaling pathway of udenafil on
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HH(mucus) L T5F7] AT FHS 91 JE BEH2ZA F A A 2077 FALULE” o] F Bu]E Hi(secretory

710 23k SAAEAT el dish vigate] daf o] mucin)?l MUC5AC, MUCSB ¥ MUC89] 427} 471 =
Ao}, =y Y @54 S-S NE Hojo] Brl Yo H= Fasieh?

7t s dojubAL T AdAto] mgtste] o] HutE ofs) Al 357] Aaj Aol N EH|E F7HA7| L A

AZ 4= Qlo] Hoo] Ak Wl wr} BH|E 2 A3t = ZAo] u> N $AR} WEHE ZA7]= AL 2= lipopolysaccharide

ZQ3}}) Holo] oy B ZollA] A (mucin)= AN & (LPS), acroleind} 72 9|3 227} interleukin(IL), platelet
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activating factor, tumor necrosis factor-o 52 AFo|E7}2l,
insulin-like growth factor-13} Z& 2R Eo0] gt}
1% LPSe 18 54 Al 2t Adwo 2 Aol A toll like
receptor(TLR)4E &4J3}5}o] mitogen activated protein
kinase(MAPK) A2E E3| QAN ZE A=A A Alo]E7}L
olS fEsto] off] @ uhe-S Aotk Udenafil-e
ol A Al FQ1 24T 78 7|5 A=A & phos-
phodiesterase(PDE)5 inhibitor® pyrazolopyramidine o]
&3t} 2| w2 Aol 4] PDES inhibitorZ} tFFel 220
A olg] 71A] G54 ARl E71RIS] W, reactive oxygen spe-
cies(ROS)®] <71, nitric oxide synthase Z}1¥a 59 9=
HHSES oAl AR BaET QoY TEu A4
557] Agtol|A PDES inhibitor7} o8 gaFS v|x]=Aof
gk H e mju|gk Aejolt.
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Hhg-oA Yefh= 83 Ao 421 5 skl MUCSB
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LPS+ Sigma(St. Louis, MO, USA)°|| A4, udenafil-& 5o}
AleF(Seoul, Korea)oll A, RPMI 1640 medium-& Invitrogen
(Carlsbad, CA, USA), fetal bovine serum(FBS)-2 Hyclone
Laboratories(Logan, UT, USA)oA] F-3}ith. MUCSB
(SC-23024) &}, anti-rabbit or anti-mouse horseradish
peroxidase(HRP)-conjugated ©]Z} 3A= Santa Cruz
Biotechnology(Santa Cruz, CA, USA)ollA] F+¢15}iT.

AZ v D XA]

At w|9] ZaHArE|oF oF A|3ES(human pulmonary mu-
coepidermoid carcinoma cell line)3] NCI-H292 A|3£(Ameri-
can Type Culture Collection, Manassas, VA, USA)S 6-well
plateo]] 1x10° cells/well?] HE &2 HE3 T 2 mM L-glu-
tamine, 100 U/mL penicillin, 100 pg/mL streptomycini}
10% FBS7} 223 RPMI 1640 vjA| & o]-8-3}o 95%2] At
229} 5%9] o] Aketeta Tt EgkE wjek7]ol A 37T RER
HjFatc U 5 70~80% A=) §E7I7F EHH NEE
0.5% fetal calf serum®] 3$He RPMI 1640 WA= wA|gt
5 24417 Bt vjoFalaL, ThA] FBS7} 4] ¢k RPMI
1640 MjA) 2 AZIgE T Aglol A1s}oih

Udenafil®] a3+& dol 7] Ysli4] NCI-H292 A|3Eef| 20,
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40, 80, 100 ng/mL =%=2] udenafile A 2|3t & A7t 5
o 100 ng/mL &&=2] LPSE 27} Folalqrt. tixa2 &
A3t A|7F FoF wjA|ol Al NCI-H292 AlZ2S THEo 2 ujof
FSict.

ofr

Reverse transcriptase—polymerase chain reaction
(RT-PCR) ¥4

GeneAmp RNA PCR core kit2} PTC-200(MJ Research
Inc., Watertown, MA, USA) PCR machine& A8l Az
ALe] BT R AJ3Y5kIth PCRO) AFHE-H oligonucleotidep-
rimer= 915]%1 @71A Dol SJaf Albetel o, 7 w32 |
L oFA] o] 2+t (internal positive control)<- glyceraldehyde—
3-phosphate dehydrogenase(GAPDH)E A&}t Also]
A% primer®] 97|81E-2 MUC5B2] 73-9- sense= 5-CAC
ATC CAC CCT TCC AAC-3, antisense= 5-GGC TCA
TTG TCG TCT CTG-30]a, TLR42] 7% senset= 5
-ACA ACC TCC CCT TCT CAA CC-3, antisense= 5
-AAC TCT GGA TGG GGT TTC CT-3°]H, GAPDHY]
73 senset= 5-CCT CCA AGG AGT AAG ACC CC-3,
antisense+= 5-AGG GGT CTA CAT GGC AAC TG-3%
ARS8t 5% mRNA AHE9] 27]= MUC5B= 245
bp, TLR4+= 201 bp, GAPDH+= 145 bplth. 2H4-& 713
i, vljokE AlZE 2% bovine serum albuming &5
3} phosphate buffered saline(PBS)2 33| A3}t & Trizol®
(Molecular Research Center, Cincinnati, OH, USA)& ©]-&
3to] & mRNAE $%319icth MUCSB mRNA®] gk PCR
2 95CollA 60%7F HA(denaturation) 2 60TClA 60
7+ A3 annealing)ih-g- 2 727004 6027t 93 (extension)
o2 33%] WHERh & 72004 2047t X QNS Al
aFlct. TLR4 mRNA®] tjgk PCRE 95Tl 4] 6027t ¥
(denaturation) 4=} 61Col| 4 60%7F A¥Hannealing)it
S 2 72ToA 6027 A% extension)|Ho2 303 HHESH
S 72ToA 20427t 2F AR AlBEHIch S5E &
A AAMHES-O] AHE-2 SYBR green®] $H3-% 1% agarose
gel& &3t A71%955 ol-§sto] Ea] skt SjlE o
(band)?] Al7]= Scion Image software(Scion Corporation,
Frederick, MD, USA)E ©|-&3}o] BP0 2 24513101,
)29 densityS 10022 3192 ) A3 density 3
B &2 UEHO] relative density® YERHSITE
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HAB A H (Immunoassay)
MUC5B2] Aol thul o] 3}ek-& =7317] 2I8)14] enzyme-
linked immunosorbent assay(ELISA)Y-& ©]-83}3ith NCI-



H292 A3zl A lysis buffer[50 mM Tris - Cl(pH 7.5), 1 mM
phenylmethylsulfonylfluoride] & @S FE3}to] s}
ek &3 T 100 uge 96-well plated]] Bl 4074
AzxE wj71x] 9FA]st & plateE PBSZE 33] Al&s4ict vl
oA Aghe HA|57| Y3) 2% bovine serum albumin®-
Al 2of|A] 1AI7F B3 AFetst & PBSol 1 : 20022 3]4]
MUCS5B YAFA| &2 Hh-g-AI it ThA] PBSE 33] A%k
% HRP-conjugated 1A 0.05% Tween 202 -3
PBS] 1 : 500022 3]43}o] Z+ wello]l A71ak¢iar, 147F
ol ZF well& PBS® 33] AlAsIGIT] 4417 £ 33, 55
—tetramethyl benzidine +H S & HPASE & ON-H,SO.&
o]-g3}0] FTAZtE ELISA reader(EL800", BIO-TEK
Instruments, Winooski, VT, USA)Z 450 nmol|A S3==
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Western blot £4]

Extracellular regulated kinasel/2(ERK1/2) % p38 MAPK
o] A EE 24317 28] Western blot BA41H-S 0]-85191
T} NCI-H292 Al £ 6-well plateol] B3l 5=0f whe} ude-
nafilsx Z|2|sto] Z}7}F ujeFstql). o] % 7+ |25 trypsin
of :=EAZl F 404 700 g¥ 229 pellet THEICH
7} pellet2 thA] lysis buffersS Azl & YAEZAIF] 1
2ar FeE AN AAN ZEsH o7 Agetlon 5
Z3F th 50 ugS 10% reducing sodium dodecyl sulfate—
polyacrylamide gel 171955+ £2]5}%1.2™ nitrocellulose
membrane = 4t} ©]& ] 5% nonfat dry milk® 2}
osto] ERK1/2 32 p38 MAPK Y34 & wheA7] &
27y 4N 7 vjeFEk the ERK1/2 32 p38 MAPK ©]2}8)
A2 AlFsto] thA] viFstInt 1A7HE2F HRP2F F3HA17]
1L enhanced chemiluminescence reagent kitE ©|-&5}o]
FAF5Fe] 1027t X-ray filmol| =ZA|F )

A

BA A&+ Windows$ SPSS version 10.0(SPSS Inc.,
Chicago, IL, USA)& ARE3HTh B A¥E pghol 0.05
njqkel A& Fost Ao 2 A3}to] Student's t-testE ©]&

shoirk
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NCI-H292 M| Z|A] udenafilo] LPSel| oJsll §5¥
MUCS5B &8l v|xl& 9F
Reverse transcriptase—polymerase chain reaction(RT-
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PCR) Z3} NCI-H292 A|3o4] LPSE $=% MUC5B
mRNA &2 udenafil& T3t oA SAXCR F9
S| AASFAHp<0.05)(Fig. 1A). 234 udenafil®] 5=
of w2 H-2I3t ZFol= §iick ELISA A} NCI-H292 A=
of| ] LPS= -2 MUCS5B <} e o] AAJ5k2 udenafil
< Fofgt wollA FASFR 0= ofu] QA HasITH(p<0.05)
(Fig. 1B). ZL&Ju} o] ®3F udenafile] H%of o= 8-9J3) 2}
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Fig. 1. The effects of udenafil on the LPS-induced MUC5B expres-
sion in human NCI-H292 cells. In NCI-H292 cells, RT-PCR revealed
an attenuation of LPS-induced MUC5B mRNA expression by pre-
treatment with udenafil, respectively (A). ELISA showed that ude-
nafil significantly decreased LPS-induced MUC5B glycoprotein
level (B). Images are representative of three separate experiments
performed in triplicate. Bars indicate the mean +SD of three inde-
pendent experiments performed in triplicate. *p<0.05 compared
with zero value, **p<0.05 compared with LPS only. LPS: lipopolysac-
charide, RT-PCR: reverse transcriptase-polymerase chain reac-
tion, ELISA: enzyme-linked immunosorbent assay, GAPDH: glyc-
eraldehyde-3-phosphate dehydrogenase.
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Fig. 2. The effects of udenafil on the LPS-induced TLR4 gene ex-
pression in human NCI-H292 cells. In NCI-H292 cells, RT-PCR
revealed an attenuation of LPS-induced TLR4 mRNA expression
by pretreatment with udenafil, respectively. Images are representa-
tive of three separate experiments performed in triplicate. Bars in-
dicate the mean = SD of three independent experiments performed
in triplicate. *p<0.05 compared with zero value, **p<0.05 compared
with LPS only. LPS: lipopolysaccharide, TLR4: toll like receptor 4,
RT-PCR: reverse transcriptase-polymerase chain reaction, GAP-
DH: glyceraldehyde-3-phosphate dehydrogenase.

NCI-H292 M| 3Zo| A udenafilo] LPSel oJ3] 5%
TLR4 &3] ujx]= 9F

RT-PCR Z3} NCI-H292 H|Zo||4] LPS& 3% TLR42)
mRNA 2L udenafilS FoJ8t wof| A 8-2]51A Uask

t} 224} udenafil®] B=ol whE §-2J3k 2lol= chp<
0.05)(Fig. 2).
NCI-H292 M Zoj|A] udenafilo] LPSe] o8] =%

ERK1/2, p38 MAPK phosphorylationol u]x]= <33k

Western blot 4] 21} LPSE §=% ERK1/2¢} p38Y]
phosphorylation- udenafil& £t 7oA SASHH o2
ou] A Aasteh 218U udenafil?] FEo] W2 o)t
2ol HATHp<0.05)(Fig. 3).

AbEre] 51k AdujAsze A HH o] HulE S7HA71AL A
N L S S7MA17 1= A== LPS, IL-1B, IL-4, pro-
tein kinase C activator 5] ojg] 7}2] &&o| ZAgch'
71 % LPSe 1% 54 Alete] 9dh RS2 Aol A LPS
Aglehilyl Agste] TLR4OA 7A]8te] MAPK 425 5
o] HAAEZE AFAIA AP E7IRIE f-iesto] ofg] ¢l Bt
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Fig. 3. The effects of udenafil on phosphorylation of LPS induced
ERK1/2 and p38 MAPKSs in human NCI-H 292 cells. In NCI-H292
cells, western blot showed that udenafil significantly decreased
the LPS-induced phosphorylated ERK, p38 level. Images are rep-
resentative of three separate experiments performed in triplicate.
Bars indicate the mean+ SD of three independent experiments per-
formed in triplicate. *p<0.05 compared with zero value, **p<0.05
compared with LPS only. LPS: lipopolysaccharide, MAPK: mitogen-
activated protein kinase, ERK1/2: extracellular regulated kinase1/2,
p-ERK1/2: phosphorylated ERK1/2, p-p38: phosphorylated p38.
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Udenafil:> 241t 738 7|54 A 2A| = pyrazolopyr-
amidineZloll 434 PDES inhibitore]th. Viagra®(Sildenafil
citrate) = == N A8 L7 X 52Aet sdgt
28 71 o' 7] A& aig Yehu e 7Hes
& o ot I 24714 HeToA PDESE A=
A cyclic guanosine monophosphate(cGMP)2] =E & =7
GA8to] g 79 protein kmasee 2/dsteto] &
94 o]g} g—g/\ﬂ&lq—oi 225 Foll A
5o 1o R dHA|e] U7)E A3k Aoltk” PDESE
=73 Qlol|% ti], A, whd, # 23] FollA F5-8 PDES
inhibitorE 7| F4 X524 #alk ope} Tk 22of|A o}
et Okﬂ oA aatE vepd 4= ISRl gk A g
sHA| ZlgiE]o], HlsW 1E o A=, AP H o2k, {9
’ﬁ%ﬁ} W), SRR = S90 S 49t 59 aE 7
Ao Hugi gk Eek 2T Aolbe F3A%A

oA ROSY| AAIE Bt FHZ5 APt BEIck” A=
Yol cGMP- PDE%} soluble guanylate cyclase(sGC)]
ofel] =d ¥t PDE| 43P} 571" cGMP= #4sH
B3l sGCsO] AT 571 cGMP+= S7FsHA| ek A%
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oA 2 U= d54 AFolE71SL, ROS, NO2| ¥
= PDEE EAISIA7|1L sGCY &ES TAAIA cGMP
g FEAZICEY o3t cGMPY] fhae F4 wlie
/d 357) Agh} B Sl A0 R FT HaEaL °1Ek2°)
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