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Background and Objectives Roflumilast, a selective inhibitor of phosphodiesterase type
4, has an anti-inflammatory property. It has been used in the treatment of chronic inflammatory
airway diseases such as chronic obstructive pulmonary disease and asthma. However, the ef-
fect of roflumilast on mucus secretion in inflammatory airway epithelial cells has not been re-
ported. Therefore, this study was aimed at investigating the effects of roflumilast on the inflam-
matory mediator-induced MUCSAC and MUCSB expression in human airway epithelial cells.
Materials and Method In human mucin-producing NCI-H292 airway epithelial cells and
primary cultures of nasal epithelial cells, the effects of roflumilast on lipopolysaccharide (LPS)-
and phorbl-12-myrsitate-13-acetate (PMA)-induced MUC5AC and MUC5B expression were an-
alyzed by reverse transcription polymerase chain reaction and enzyme-linked immunosorbent
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H]& A (secretory mucin)?l MUC5ACSF MUC5BE] 7
2} ahol| el T57] FollA] ¢ F83ht”

Arere] 357 A azo A Ho {43 HES S7HA
HeHol FulE Z7HA71= ol 7] d54 w7 iEA F pro-
tein kinase C& 2/4%}sto] HFHH-5-& F-E5k+= phorbol
12-myristate 13-acetate(PMA)L} 15 24 Alate] 2Jat A
EO = QA Wl tHAAZZE AFAIA Ao RIS A4
Sto] PFHFE-S S %3} lipopolysaccharide(LPS)7} T3
Z_'!O]E]—_4'5)

Phosphodiesterase type 4(PDE4) A A|Q] roflumilast=
A3 U] PDE4 B 48t Aglslo] AHeiz o & cyclic adenosine
monophosaphate(cAMP) 2] =& fA8t0] 5 mi7li=4
HAS Aokl S-S f-esto] A} vhy #H4)/d
HA} 22 v A58 T57] A A A= A
o ey G5E-goll ot 71l vhEe] B A rof-
lumilast”7} HHF-AA} T} 2o chaff Agof| o kS
a2 =A]of] thgt At oFA7EA] =ijoll HAare w7} gich

wheba] $57] Au|A] Q] NCI-H292 M|z et s4u} At
A|3E0) A roflumilast”F MUCSACE} MUC5B 73412 whe
I} o chul Ao o gk FeFS M R|=A] Yol Ak &
A= Al
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Roflumilasti= Selleckchem(Houston, TX, USA)OIA 4+
519112, LPS9 PMAE Sigma(St. Louis, MO, USA)ol|A -
5kt MUCSAC(MS-145-P1) U= Neomarker
(Fermont, CA, USA)IA -¢J3F% 3L, MUCSACS] anti-rab-
bit or anti-mouse horseradish peroxidase(HRP)-conjugat-
ed OJAFFA, MUC5B(SC-23024) €A1A2} HRP-conju-
gated ©]AFA|= Santa Cruz Biotechnology(Santa Cruz,
CA, USA)A -5k} EpiLife medium®} keratinocyte
growth supplementi= Cascade Biologics(Portland, OR,
USA)OA G913} 37, fetal bovine serum(FBS)-2 Hyclone
Laboratories(Logan, UT, USA)ollA F-45F3Ac

A w2 AR

Al 99 oA oF oF A|3EF=(human pulmonary muco-
epidermoid carcinoma cell line)2! NCI-H292 Al 3Z(Ameri-
can Type Culture Collection, Manassas, VA, USA)E 6-well
plated]] 1x10° cells/well®] H% 2 HZE3F 3 2 mM L-gluta-
mine, 100 U/mL penicillin, 100 ug/mL streptomycin®} 10%

FBS7} %3k RPMI 1640 iR & ©]8-3}0] 95%2] AF49}
5% olitebetart Sk uiekr]ol A 37CY REE HiY
Byt

Roflumilast®] ZIHE eFolE 7] a4 NCI-H292 A|2zo]]
0.05, 0.1, 0.2, 0.4 nM =9 roflumilast2 AX X3 3 14]
ZF FHoll 100 ng/mL 5%=2] LPS?} 10 nM 5%=2] PMAE Z¢
7} Sofsilrk, ta-S S AL FEHIIOIN NCI-H292
MEE =0 2 ujorsiqich

A A A ZE 47 fIsiA] Gl =710 ot 714
Akt 7h£2o] glar, BB HRA A (skin prick test 2 mul-
tiple simultaneous allergen testo| 4] 2AIWH3-0] U2 102
o= sho] gl AR Soll Wst= v W AEE +
A SR 229E Ak AREE sl 918 st
Atz 28 phosphate-buffered saline(PBS) 2.2 A &|3F &
905 %2t dispase(Boehringer Mannheim Biochemica, Mann-
heim, Germany)°ll ZHAIFL). J3H-8- &3 AH8-5to] 5t
HIZH7H Adute] - HiAWO], 1% PBSE F7FeF % mesh
£ Sl st ol TS Bl e shgil ek
A A ZLE-S 24-well(2.5%10° cells/well) plateo]] FZE3t &,
EpiLife medium} keratinocyte growth supplement(5/500
mL of medium)el4 wheystelch. xpuheret sge A
Lol A] roflumilast®] A5 dolH 7] ¢l 0.4 nM 5= ro-
flumilast= A& 2|5 2 1A17F Foll 100 ng/mL 5%=2] LPS
€410 nM 59| PMAS 217} Foi8l9it). t2tS 5 Uet
A7 ERF HlAI6A) TS AN T 0 2 wlersieick

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

Gene Amp RNA PCR core kit®} PTC-200(MF Research
Inc., Watertown, MA, USA) PCR 7|A1& A-&351o] A|2ALE]
AT R AJ8)SERATE. PCRoY A8 oligonucleotideprimer
= Hex A7 Gl sl AlAbergl o, ZF vEg-o] R ¢
A tjZ<(internal positive control)< glyceraldehyde-3—
phosphate dehydrogenase(GAPDH)E AF8-51tt.

Alglof| A-8-4 primere] @71HE-2 MUC5B2] 739 sense
+= 5-CAC ATC CAC CCT TCC AAC-3, antisense+ 5-
GGC TCA TTG TCG TCT CTG-3"]aL, MUC5AC®] %%
sense+= 5-TCA ACG GAG ACT GCG AGT ACA C-3), an-
tisense+= 5-CTT GAT GGC CTT GGA GCA-3°]t}. GAP-
DH] 7-¢- sense’= 5-CCT CCA AGG AGT AAG ACC CC-
3’ antisense= 5-AGG GGT CTA CAT GGC AAC TG-3'
= AHESFIT

Aol Ao} FZE mRNA AHE9] 37]= MUC5B=
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245 bp, MUC5AC 130 bp, GAPDH+= 145 bpith. o] B2
7¥eks] Argsh, vl AIEE 2% bovine serum albumin
S 3h33t PBSE 33] A3 3 Trizol” (Molecular Research
Center, Cincinnati, OH, USA)2 ©]&3}o] & mRNAE &+
319tk MUCSAC mRNA®| gt PCRE 95CellA] 6021t
AT I 60Tl A 6027 A, 72T A 6027t &
FeH-5-S 333 HhESE & 72004 2087 FF AgRSS
AJ35}913, MUCSB mRNA®] tj3t PCRE: 95Tl 603
7 HATA T 72004 6027 AIRES, 72TolA 6037t
ARHES 333 WHESE & 7204 2087 25 dAHES-
= Adskelt). S22 SRR AAMNEY] 4= SYBR
green®| S5 1% agarose gelS E38F A7|95S o]&5}¢]
2] kel 2l d(band)2] All7]+= Scion Image soft-
ware(Scion Corporation, Frederick, MD, USA)E ©]-835}]
HEgars o 2 A5 279 density S 10022 3131
2 u] A9 densitydre &= YER ] relative density
2 eI
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HAIEAH (Immunoassay)

MUCS5AC2} MUC5B] %9l whaf o] ohakg ZA4J517
34 enzyme-linked immunosorbent assay(ELISA)§H-S- ©]
S53tt AlRE A 2st uioFE A2z A lysis buffer[50 mM
Tris - Cl(pH 7.5), I mM ethylene glycol tetraacetic acid, 1%
Triton X-100, and 1 mM phenylmethylsulfonyl fluoride]=
chalg SE5to] ARFalsiairh =535 @ 100 ugs 96-well
plateo]] €17 404 AZXE w7ix] ¥2)3F & plateE PBS
& 33] A5l BlEolA Agks WAIsH] S8l 2% bovine
serum albumin® & A2 A A7} FoF Ast & PBS=
33] Al&gk th2 0.05% Tween 202 333k PBSe|| 1:2002
& 3|45 MUC5SAC2F MUCSB AR &2 WAl ThA]
PBS& 33| Mgt 3 HRP-conjugated ©|2FA|E 0.05%
Tween 202 ¢33t PBSO|| 1:50002.2 3]443}0] 7} wello||
A71sAar, 1A7E 3ol ZF well 2 PBSE 33] A5tttk 3.3,
5,5-tetramethyl benzidine -8MH© 2 HrAI3E & IN-H,SO,
£ o]g3}o] FTAIFT] ELISA reader(EL800”, BIO-TEK
Instruments, Winooski, VT, USA)Z 450 nmol|A &3 ==

23 F BERAL olgstol Bale] oF PRk

o

1o

A

EA *2]+= Windows-& SPSS version 10.0(SPSS Inc., Chi-
cago, IL, USA)S AH&-5H3lth He A2 pgho] 0.05 1wkl
A5 Fost o2 Hsto] Student’s t-testS ©]-8-5FATt
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NCI-H292 A Zoi|A roflumilast”} LPSe]| o]t
MUC5ACS}F MUC5B #&do] njx]&= 3k

NCI-H292 AlZoj|A LPSZ S-=% MUC5ACS] mRNA
Hh a} okl o] AAL poflumilast 0.1 nM 505t 29
AHE FASHE o &2 ou] QA 7r43k9ith(Fig. 1A and B).
LPSZ 4=%¥ MUC5B2] mRNA 3a} Folichulo] xjxjo
roflumilast& Foigt HE oAz SAISHH O & on] 1A
2431k (Fig. 1C and D).

NCI-H292 A ZolA roflumilast”} PMAo] ¢J5k
MUC5ACS} MUCSB 239 njx]&= 3%

NCI-H292 A Zojl A PMAR 4% MUCSAC2F MUC5B
o] mRNA #Haz} Aolrhulo] AAL roflumilastS £oI5t
TE oA BASHH o & oju] QA 7hAetcHFig. 2.

ARE 39 A 2| A roflumilast”} LPS2} PMAS]
9J$k MUCS5AC ¥ MUC5B &Hao] njx]&= 3k

AR FA9E A M| Lo A roflumilast(0.4 nM)7}F LPS2}F
PMAZ =% MUC5ACS} MUC5BS] mRNA ¥HdS 5
At o g2 ofu| QIA HAAHtHFig. 3).

o F

AFere] et Aol A Hl fAAF HES F7HIAA A
Ho] HrlE 577 95 Wi7ilEE 2= LPS, PMA, inter-
leukin(IL)-19} IL-4 F-¢] 9k o] Z LPSE 1 34 Al
2] ejuF Jro 2 Ao A LPS A9l cluster of dif-
ferentiation 142} AgF1AL toll-like receptor 404 7FA|5}0]
mitogen—activated protein kinase(MAPK) ASHE ARS
Eof| A Y SRS AFSAIA ARO|ETIRD A 5
st} P WHe= P oAA MUCS5A2F MUCSB ' d
ZIAZIEE® PMAL protein kinase C& SA43A7]1= F4
A% 9 E=4=2, MAPK 2% 53l matrix metalloprotei-
nases(MMP)-95 Z7IA1A &.87] AujoA MUCSB 2Ha<
o] o 7]}

PDE+= @A71A] 21709] f-Ax}ado] WA= AL 11709 of
o] A3} cyclic guanosine mono-phosphate(cGMP)2}
cAMP ZAo] hofsto] A|iLo] Y751t AEREeS Yo
ZIck? PDES] oFd % 44, 79, 82 cAMPo]| Algjzjo|H, 5
B, 69, 98- cGMPo]| Algi2jo] 31, b 2] o} cAMPS}
cGMP Iieof Aejxjolct® o]  PDE4E A, B, C, D3] &
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Fig. 1. The effects of roflumilast on LPS-induced MUC5AC and MUC5B expression in human NCI-H292 cells. RT-PCR and ELISA show-
ed that roflumilast significantly attenuated LPS-induced MUC5AC mRNA expression and glycoprotein level (A and B). And roflumilast sig-
nificantly attenuated LPS-induced MUC5B mRNA expression and glycoprotein level (C and D). Images are representative of three sepa-
rate experiments performed in triplicated. Bars indicate the mean+SD of three independent experiments performed in triplicate. *p<0.05
compared with zero value, 1p<0.05 compared with LPS only. LPS: lipopolysaccharide, RT-PCR: reverse transcription-polymerase chain
reaction, ELISA: enzyme-linked immunosorbent assay, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

AstaL, E570] Azt 220l def Rzt A2
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4 ¥ £47 954 587 Aol Yk wjHg

Roflumilast= PDE4 HAIA| 2 /202 i #Hajd &
E7) Akt AAe] A BAR AREE T QoY 0] roflumi-
last”} PDE4 &40} A3}sto] cAMPO] £-62H-8-2 A5}
o] A3 W] cAMPE] 5=7} 541! nuclear factor-kap-

paB, p38 MAPK®} c-Jun NH,-terminal kinase A& A|
AE Fol 2271 ", A, AL AR B

59 g5 3Eo 28517 neutrophil elastase, myelope-
roxidase, MMP-9, nitrogen oxide®} tumor necrosis factor—
0 59| RIS BA e FUSHEE S ol
ey} oFA7HA] roflumilast7F WHE #lAj ] ©57] Hghrt A
Aol A o] wu] 2-t JF54 57| iAol HoY
AR A} ol okl Ao gk dote HarE Bprt
Sl 2 Ao A= roflumilast”} LPS2F PMAY] olaf G5
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Fig. 2. The effects of roflumilast on PMA-induced MUC5AC and MUC5B expression in human NCI-H292 cells. RT-PCR and ELISA show-
ed that roflumilast significantly attenuated PMA-induced MUC5AC mRNA expression and glycoprotein level (A and B). And roflumilast
significantly attenuated PMA-induced MUC5B mRNA expression and glycoprotein level (C and D). Images are representative of three
separate experiments performed in triplicated. Bars indicate the mean+SD of three independent experiments performed in triplicate. *p<
0.05 compared with zero value, p<0.05 compared with PMA only. PMA: phorbl-12-myrsitate-13-acetate, RT-PCR: reverse transcription-
polymerase chain reaction, ELISA: enzyme-linked immunosorbent assay, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

o] ke AE Helon, o= 257 AulAlelA
MUC5AC®} MUCSB @] 2 ofdh= Ao2 Al ex-
tracellular signal-regulated kinase MAPKY p38 MAPK 4l
SHAE AAE 53519 roflumilast”} T&7] AT A LA F
o uo] Fofdtrh= A& 34 4= Ak SR roflu-
milast®] et FHHEH] AR Bt SRIsP] flsiAe =
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Al 2| 2ETFECE G e FrRoARE o IhEH] JAE
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T BAX] EF Tt Ao AFSS 5l 04 nME, Q1
Ao 4] o] FERE roflumilast X|EA] HATE 4= 9l AAL
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Fig. 3. The effects of roflumilast on LPS and PMA induced MUC5AC and MUC5B expression in human nasal epithelial cells. RT-PCR
showed that roflumilast significantly attenuated LPS- and PMA-induced MUC5AC (A) and MUC5B (B) mRNA expression. Images are rep-
resentative of three separate experiments performed in triplicated. Bars indicate the meanSD of three independent experiments per-
formed in triplicate. *p<0.05 compared with zero value, 1p<0.05 compared with LPS or PMA only. LPS: lipopolysaccharide, PMA: phorbl-
12-myrsitate-13-acetate, RT-PCR: reverse transcription-polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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