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AP-1
BSA
cAMP
cGMP
COPD
CSE
DEX
DR
EGF
EGFR
ELISA
ERK
FBS
GAPDH
GR
LDH
LPS
MAPK
MKP-1
NF-xB
PDE
PGE2
PgR
PI3K
PKA
QOL

TGF-a
TNF-a

: activator protein-1

: bovine serum albumin

: cyclic adenosine monophosphate

: cyclic guanosine monophosphate

: chronic obstructive pulmonary disease
: cigarette smoke extract

: dexamethasone

: drug repositioning

: epidermal growth factor

: epidermal growth factor receptor

: enzyme-linked immuno sorbent assay
: extracellular signal-regulated kinase

: fetal bovine serum

: glyceraldehyde-3-phosphate dehydrogenase
: glucocorticoid receptor

: lactate dehydrogenase

: lipopolysaccharide

: mitogen-activated protein kinase

: mitogen-activated protein kinase phosphatase 1
: nuclear factor kappa B

: phosphodiesterase

: prostaglandin E2

: progesterone receptor

: phosphatidylinositol-3 kinase

: protein kinase A

: quality of life

: specificity protein 1

: transforming growth factor-alpha

: tumor necrosis factor-alpha



A LR E

RAEMERPEIR S FBITXGE PN BT D RIEZ JEHE & T 2B ORI TH 5, REMRDER

TITEE S0 BB MEBAZEME iR R (COPD) AT Hav, kB L bR MRS E RIE & 5
LT OMREIRETH D, ITHE, BROESSCTA RTA OREICLVHEO = f o
—IVWAREE 72V DOB 5, KR E L TENICBIT 2AWEITEL, BENLLOLED
% & WREDOBELIL 1000 T AIZHDIED, KESNE & COPD TIXRIEDJFIAH B

EEEIEREVRH DN, EH O OFEBRITH I L TH DI DRI KIE AR O R PEA
T OIENG D, EOVERITITEKAE D, 2 EE QOL DR TIZORN D Z ENHL
NTWD, EHIZ, BIERRKGERTKOWRIEEZ B3 5881, EROBEESTHRARE
BERLT NI ENMEIN TS, FRIRE SN E TiX, SRR KB NIEI R 23
BT 52 L THAEENG R &SN, ZARNEEOHAITIINMESLDRA L 25, L ED
Z BRI B OTRRIZ BN T, KUERTRPE AR O EEEDSFEHR I h->oH D, L
L7223 5, BIEOMWREREE T, RO & 72 5 RIAEOMH & ERETE O EE Pl L

LIRS T TR Y | B2 KBRS E A OHIENIIT b Ty, flx X, K8 X
%%@%ﬁmm\H%E%HW&LT&AX?H4F%ﬁ\ﬁ%i%%%aﬁkbf&ﬁﬁ
P Y VENRHONDN DD, EIEIAEIKITIHAW SN TRV, SRR IR
BEGRFZEN D ETH D Z L1z T, BFOETERAREMZRT L ORI &0 EK
Thb, BAFOEEIGEIEII WO 7 VT 70 A& RS 5 6 0 L Xl DL -
WA T % b DK E LD, FRCRESWOMEHWER Z >t D & LT, A7 A K,
lal v v~ u T4 RRIEER EDRMBILTWD A, KaE W% B9 2 YB3
DWEITETE DL RO S LR IFBEPRD N TN D,

RIBE T, REIR & 5GE EROMEHIIZ X - T, BA LTREMAEDOMEL 72 & 0 R
W& e - PR DRI EZ V7 T U AR ENTWD, KUBIRITKDEDZ Y ILE
EL ROTHER VNI T D LT BT E LT O @SN VI il TV D, A
F 1 OHTHEIE TIEEIC MUCSAC & MUCSB 283881 L CH Y . FFlZ MUCSAC I35E 3 i

2BV TKGE EROMMROIEIN & & HIZHWRIEINT 5 Z LM b TV 5H, MUCSAC

IXEAT D2 & THIROMEZMSE2MEE b B, WHERFIZ A 5 AL 2 06 HE 722 KGE R O
—R7EEBZLNTND, SHIZITFEOHE TIE, MUCSAC BNRGEMIEROEEIZHE ST 572
T L REBRBEIED TTERTIERIE & W o TREE~DHF SN RBR SN TS, BLED X

212, MUCSAC IIXGERSIKE DI E 5 2 EFEBS TH Y | WEE~OB GRS 0T
520, ZOEADOHIENFEREREOERIZ O N 5L LTHER SN TV,



NZ o 7 VRY Y a = ZIEBFRICH TR ERAZ AL, 2 E TO®IG & 138 595
BAEFAT2R3EFIETH D, BEAAEEZFIA LI2BRIE, BAFTILD U 27 MR, —i
RERD A X% o L0 BRI 2B - 2 A FEHHITE D L Vo flmnd b, KTy 7
VRY Y a = TORINIEZ < @GSN TR Y, TFE T, BN RICES YR
U¥a=r 72T BIFROER Z RIS L, Tz BIC L CHEmIc ) my e
a = 7R FEPRRL LN TN D

1 ETIE, BRICB W TBIERERENBRE OWEK B X UM% BIRERICAENTH S Z &
DR SN TNDRARY T AT T —EHEZH, ibudilast © MUCSAC PEAIZKT 21EM % in
vitro.  invivo FEERRIZ KV T, Invitro FEEROFEARIZITMIKPEEREZ O MR MIE
<R AR NCI-H292 % FV 72, Ibudilast (% transforming growth factor-a (TGF-a) HIl## (10
ng/ml) |2 XY JCHE L 72 MUCSAC PEA Z IR EEIKAFHY (1—100 pM)IZ#71 L 72, Ibudilast 13 H>O,
(1 mM) FE721%, LPS (10 pg/ml) + Z Nl OIRGHIIZ L 5 MUCSAC FEAE S FRIERIZ
Ml L7 Z &2, ibudilast (XA 2K L 72V MUCSAC PEAEIIHIER Z# b > EE 26
72 & 52 MUCSAC mRNA JHLZ%9 2% ibudilast DVEH 277 & Z % ibudilast (100 puM)
L TGF-a #IPIZ &5 MUCSAC mRNA RO TLHEZIH L7-, F7=, MUCSAC promoter (-
3752/+68) % V7= luciferase assay (233 T ibudilast (100 pM) [ TGF-a (Z & %5 MUCSAC &
G OEEFLEZME Lz, b0 &5, ibudilast © MUCSAC P& A 1E A 1X
MUCSAC B5FOEGHGHIIC L bDEEEZX b, F£7. TGF-0 OZHEETH D
epidermal growth factor receptor (EGFR) Tiit® ERK1/2 U (k.00 MUC5AC FEHL~DEH 573
WEINTWEZZ &G, ibudilast @ ERK1/2 U UERLICxH T D1ER 2572, T OFER,
TGF-a {2 & % VU ek ERK1/2 DN % ibudilast (372 EEKIFR (1—100 pM) (ZHIHI L=, £
7=, ERK12 U V(LA D MUCSAC PEAEICZXTT B AT~ 5729, MEK-ERK [HEHK
U0126 (20 uM) OIER ZFH~7= & Z A, U0126 X TGF-a (2 X % MUCSAC FEAE D TLHE % ]
L7, 2NHDZ EDD, ibudilast 1% ERK1/2 U b O] 241 L C MUCSAC FEA % il
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AIRANOBRRX 7 UATF RIBEOREICEEG L TVWD, BKXZ LAF REN Ly 7T
S E S E MM - ABRISIZEE L TR Y . EOFEITHIRERE - ok, BE R, &
fE, TR M= A R EZIICh2 b, T, BIRX 7 VAT ROFEEICE D
% PDE 3% < OHEBOIREIRER L L THER STV 5O, &4 3 E<° COPD 72 £ O RIEME
PR g ERIZ B T, RUE SRR HIOEEM 2 B & LT, ibudilast, roflumilast, & >
FUEEEIR7: 0 PDE FREFE ST TIZ EfignTn o,

BB AR AR Y = 27 T —PILERK ibudilast 13508 MBI, IMIEERIGER L LT
b, KB IBRER, M EILEER 2R 2 ENM B TWD, ITHETIE, FH
PRIZB T DHRIEMEM 2RO Z E DS ST/ 0 | ZRMERELIE, 1B PEE R 72 &~
DRTZ 7 VRV a = TOFMERE LTHER SN THA®, 5|2, ibudilast IX1BMHEATE
RIEMEBF OWEIR B L OBRBIRERICHEZI TH D Z LIARBENTWDE®, KETIE, 20
BRARERE 225 [ibudilast 23 <GB KK O FE k5> T 5 MUCSAC O FEAZINGIT 5] & DGR
Z377C, ibudilast ® MUCS5AC FEAIKIT D 1EM & invitro, in vivo FEEGRIZ X0 F~72,



28 R LUk

W ¥

WEZEIZBR L, B L7e i34 LU ITR T,

Trypsin (BD Biosciences, NJ, USA). Penicillin-streptomycin (Gibco, MA, USA), fetal bovine serum
(FBS) (Hyclone, Little Chalfont, UK). 1 kb DNA ladder (Invitrogen, CA, USA). Blocking One-P,
Nonidet® P-40 (NP-40), 35 X O N,N,N’,N’-tetramethylethylenediamine (LA L, 747 A7, I
#B, HA). RPMI640 (H KHIEE, H, HA). Dual Luciferase Reporter Assay System,
FuGENE®HD, 3 £ O PureYield™ Plasmid Midiprep System (L4_I=, Promega, CA, USA). QIAquick
Gel Extraction kit (Qiagen, Hilden, Germany). Recombinant human TGF-a (R&D systems, MN,
USA). Bovine serum albumin (BSA), dexamethasone, lipopolysaccharide, PMA (LA L, Sigma-Aldrich,
MO, USA). PrimeScript™ RT Master Mix, RNAiso Plus, TB Green® Premix Ex Tag™ 1I (LA L, #

T T3 A, B, HAR), ibudilast (BURALEL T3, B, HA). Actinomycin D, dimethyl sulfoxide,
glutamine, Triton X-100, 35X U0126 (LA L, BT 1 L AFDEHIEE, KBk, HA)

Z O OFREE T L OB TR O Fefledn 2661 L7,

AMFFECER L. A Lehiikz LU FIORT,

Mouse monoclonal anti-mucin SAC (MUCS5AC) (Clone 45M1) (LVC, MA, USA). HRP-conjugated
rabbit anti-mouse IgG F3 X T8 HRP-conjugated sheep anti-rabbit IgG (‘& £ 7 « /L A FDEHIER).
Rabbit polyclonal anti-phospho-p44/p42 MAPK (ERK1/2) (Thr202/Thr204)33 & OX rabbit polyclonal
anti-p44/p42 MAPK (ERK1/2) (Cell signaling technology, MA, USA).



% 3 IH Primer BC%

Oligonucleotide (%, Sigma genosys fLIZH A KT L7z, AMFZEIZER L, EH L 72 primer DR
H % LL ISR T,

Human-GAPDH forward 5’- ACCATCTTCCAGGAGCGAGA-3’
Human-GAPDH reverse 5’- CAGTCTTCTGGGTGGCAGTG-3’
Human-MUC5AC forward 5’-TCCACCATATACCGCCACAGA-3’
Human-MUC5A4C reverse 5’-TGGACCGACAGTCACTGTCAAC-3’
Murine-Gapdh forward 5'-ACCATCTTCCAGGAGCGAGA-3’
Murine-Gapdh reverse 5'-CAGTCTTCTGGGTGGCAGTG-3’
Murine-MucSac forward 5'-CAGCCGAGAGGAGGGTTTGATCT-3'

Murine-MucSac reverse 5'-CAGTCTTCTGGGTGGCAGTG-3’
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B4 TH AR AR

BEERICHWEZSREFIIE T, A= 7 b—7, ®D\VITHEBREIC X 2 IREELH % it L,
WIRE O RN TR MK BUE LS (Direct-Q® 5UV, Merck Millipore) (Z & 0 k5HL L 7= #flik
ZRAWE, 72, ETOERETZSZ UV — 0 _XUOFNTERFENIZITS T2,

(1) Mk

b b RS B NCI-H292 #fifidiZ. American Type Culture Collection (VA, USA) XY
ANF LT, A 1.0x10° cells/ml & 725 X 512 10% FBS, 100 unit/ml penicillin 35 JX U8 100
ng/ml streptomycin 4 77 RPMI1640 (28 L B ML E 721317 7 A = |ZTHEFE(1.3x10% cells/cm?)
. 37°C. 5% CO, FIZH5#& L7z,

(2) KL

NCI-H292 #ifi@ % 1.8x10* cells/cm? CTHEFEL . 5 HOEEIZ LD 100% =2 > 7L MIE|
R, MEMER IS ERL L, 24 Re O BEMIE R RS . KW A GO EMIER I T, 37°C,
5% CO, 5:1F T C 24 M D EHE R R 21T 5 7,

%5 5 TH  MUCSAC protein 5y ¥4 & D R FAff

Rz BiETIC W S U7 MUCSAC protein £:13 ELISA 7412 X Y & L 7=, NCI-H292 #il
JRlZ &l 2 LB 1% . 5588 RIS 2 BE L, =L (500xg, 4°C,4min) %D BiE % EZhrv 7
& L7e, B L 7= > 7 /L % Nunc-immuno™ Plate (Z 100 ul/well THEI L, > 7V D3Rt
% F T A2°CTHE LT-, H2MEfL. 150 ul/well @ 0.05 % Tween-20 in PBS  (0.05 %-PBS-T) T3
[P L, 2% BSA in PBS % 200 pl/well isIN L, R T1 MM ~7 oy ¥ 7Lz, 7y ¥
VIR AEBRE L, 0.05 % PBS-T T 3 [BIfe 41T > 7%, 1 kHifk L L T mouse monoclonal
anti-MUCS5AC antibody (45M1, 1:200) % 100 pl/well @O0 L. s (4°C, overnight) SH7-,
FE. 0.05 % PBS-T T3 [EIWEif 21Ty, 2 kPufkL LT, HRP-conjugated rabbit anti-mouse IgG
antibody (1:10000) % 100 ul/well i L, St (ZE, 1h) S#7, 51, 0.05%PBS-T T
3 [EIPEF A 4TV, 3, 3%, 5, 5°-tetramethylbenzidine (TMB)IZ L % S a 50 (581, 30 min, %)
D, 100 p/well D 2 M FRERIATR ChUG & 15 1E & H72, 450 nm (2351 DL 2 ARVO™ X4
(Perkin elmer, NJ, USA) T#ll& L7z, NCI-H292 fifidiZ PMA (50 nM) % 4LEE L, 24 BEf#1245
LR DA EEWE L LT, IZBEREAIRL, 450nm (IZB1F 2WOCEZRIE L,
EMAER L, ZORERE D LI, & T VOWRED B RFE BIE TR OMEXE 72
MUCSAC protein &% FH L7z,
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% 6 IH  Quantitative reverse transcription-PCR (qRT-PCR)

FrE i A2 PBS Ty L7-%. RNAisoplus (Takara) Z /%, total RNA ZHiH L7=, 55
AL7= total RNA DU E X UV (260 nm) OWSLEEIZ L W B L7, 703, total RNA filitH DERIC
WS - s BT R TA— 7 L—T7 %1757, B LT total RNA 0.5 pg #8581 & L,
PrimeScript® RT Master Mix (Takara) Z J\ N TG )& (1 cycle at 37°C for 15 min, 85°C for 5
sec, 4°C)&1T - 70, fFOLNT-WHREFEY % AT, TB Green Premix Ex Tag™ II % V>, CFX
Connect™ Real-Time PCR Detection System (Bio-rad) (Z T Real-time PCR (1 cycle at 95°C for 30
sec, 40 cycle at 95°C for 5 sec, 60°C for 1 min) %1T->72, WHEEAEIZIZ GAPDH % VN, KIS D
EwAklL. HAY PCR PEM K &% &M D PCR cycle (threshold cycle (Ct)) & V72
comparative Ct method (UL F DFO)IZ TIT o 72,

Fold change = 2- (€T, X-CT, R TEST - (CT, X-CT, R) CONTROL]
CT, X: CT of the interest gene
CT, R: CT of the reference gene (GAPDH)

%5 7 I Western bloting

e A TBS T 2 [mIPei#%. 120 pl/dish O lysis buffer (150 mM sodium chloride, 50 mM
Tris-Hydrochloride, 0.5 % sodium deoxycholate, 5 mM EDTA, 50 mM phenylmethlsulfonyl fluoride,
1% SDS, 1% NP-40, | mM PMSF) Z Iz . MIRREEARIE 2 BN U7z, 15 O du 7o BRI 2 12 O
(10,000 x g, 4°C, 15 min) L. Z=® EyH 100 ul 2V 7 & Lz, BonizWd 7 i
bicinchoninate (BCA) {EIZ LV, HEHEYE & LT BSA # VW TER L-RERE D LITX v
RUPRERTER LTz, 10 ug DX 37 8L/l 7 V% 10 % polyacrylamide gel T SDS-
PAGE %175 7-t4. PVDF EIZ#5 5 L 7o, #5275 L7- PVDF B 5 % skim milk/0.1% Tween-20 in
TBS T7wy¥k 7 (%, 1h) L7, £®Df%. rabbit polyclonal anti-phospho-p44/p42 MAPK
(ERK1/2) (Thr202/Thr204), rabbit polyclonal anti-p44/p42 MAPK (ERK1/2) (1:1000) Z HWT 1
WHURE S (4°C, overnight) Z#1T-72, & 512, 0.1 % Tween-20in TBS (0.1 % TBS-T) T 3 [a]
e L7-1%. Peroxidase HRP-conjugated sheep anti-rabbit IgG (1:20000) % FVT 2 IRHUIASE

(|, 1h) Z4r-o7=, 2 WPUKREIEEIZ 0.1 % TBS-T C 3 [ml¥ei L7=#%.  SuperSignal® West
Pico PLUS Chemiluminescent Substrate (Thermo Fisher, MA, USA) (Z X ¥ PVDF & L O @& E A
REMH Lz, £72. BHIZIE ChemiDoc™ MP & 27 A (Bio-rad) % FV 7=,
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%8  EnE A KU luciferase assay
MUCSAC promoter (-3752/+68) in pGL3 [, Dr. Carol B. Basbaum X V&5 L7t 0%

7=,

(1) #EETEA

24-well plate (= NCI-H292 #ifii % 1.8x10% cells/cm® CTHEFE L. 48 Wi DE5#%#% . FuGENE HD
ZHNWT, LTo7m b a—/WiiE-> TR FEAEI{To72, 77 A F DNA & FuGENE
HD. ¥ AZh=EA1EH O pGL 4.74 [hRIuc/TK] vector (Promega) % 1 well 720 0.5 ug: 1.5 pl: 5
ng OE|E T Opti-MEM (Invitrogen) HIZTRA L7z, IBEHK A 15 BRI THE L7214,
BEFR T~ 25 pl/well TR L, 6 WefiEs#e L=k, FEBRICHW I,

(2) Luciferase {4 DI E

AR U 7oA 2 6 g 57 HC C 6 REIRGE L 7%, S ¥EW 2 & Ol jE T 24 I
MEs# 21T o 72, £ D%, 100 pl/well O Passive Lysis Buffer (Promega) % /1x, FEIRIZT 154
IR U | S 2 Vi S 7, 45 B v o MR AR 2 [ L L 120 (10,000xg, 4°C, 15 min) L,
FIE8O W AT e L, oz E b ¥ X7 B &L Bradford {512 &0 HIE
LTz, £l 70 20 ul O firefly 36 & O renilla luciferase {% 14 % Dual-Luciferase Assay System
(Promega) & /LI / A—4 —(Lumat LB9507, EG&G)Z H W THIE L7=, & 57z firefly
luciferase 15 7£ % renilla luciferase /G PEE 72135 L /87 B &IZ L o THIIEZATV, &Y 700

relative luciferase activity % % H L7z,

R i

FIRT — Z 134 CFEIMEHARERRZE TR Lo, AWFZEDOSREM O LI 31T 2 A B ZREID
XY 7 7 =7 GrapfPad Prism (MDF) % H\ ), One-way ANOVA %17\, Student-Newman-Keuls
ABRIZE Y 5% R OfERF LR > THE L AR LT,
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% 11  PDE [HZE3 ibudilast ® MUCS5AC FEAICXTT H1EH

F 97, ibudilast @ in vitro (281 H MUCSAC FEAIZKTT A IEMZR~70, FEBAIEARIZITRS
WPEAERER ot MIREIRME AR B MO E NCI-H292 % W7z, F72. MUCSAC PEA D
FEIZIXEGFR U U > R T % TGF-a Z AV % 24 RF#] O 1538 LI I2 50 S 1172 MUCSAC
% BELISA VEIZ & » THIE L 72, NCI-H292 #ifid 2 TGF-a (10 ng/ml) THIFELTHZ LI12X V|
MUCSAC PEAEIZ = br— L BED 31 fFE T L7z, 61T, T OTUHEIIGM X REED 2
7 1A R3K dexamethasone (DEX, 0.1 uM) OHHAFRIZ LY | =2 b r—/L L~YLE THIfl S 1
72 —J77C. ibudilast (1—100 uM) Z FALEE U 7-FE Tl BRI MUCSAC EEADTLTE
DIENH] S AU, 100 uM IZEB W THEZRMGEWER 2R L7e (Fig.2A) , £7-.MUC5AC FEA X TGF-
o DIRFEMRIFH) (5—100 ng/ml) [ZTCHE L, 50 ng/ml IZBW TR L 722 -7 (Fig2B) » Wi
® TGF-o #2EZ X 5 MUCSAC FEATTUHE D ibudilast (100 pM) OILALERIZ X0 il &, ek
FSH I 5 417~ TGF-a (50, 100 ng/ml) (Z3BW T HAERIMEER N b,
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A
g 4 t
g 1 -
= 0
control (-) 100 DEX
(0.1 uM)
ibudilast (uM)
TGF-a (10 ng/ml)
B
20 -
ig Il TGF-a alone
§ 15 - TGF-a+ibudiIast(100pI\frIJ3T Tt Tt
% 10 *
° Tt * ok 7 /
] R R
o s 11

0 5 10 25 50 100

TGF-a (ng/ml)

Fig. 2. Ibudilast suppressed TGF-a-induced MUCSAC production in dose-dependent manner.

(A) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and indicated dose of ibudilast or
dexamethasone (DEX, 0.1 uM) for 24 h. (B) NCI-H292 cells were co-treated with TGF-a. (5, 10, 25, 50,
or 100 ng/ml) and ibudilast (100 pM) for 24 h. Secreted MUCSAC protein in the culture media were
measured by ELISA. Results represent the mean+S.E.M. (n=3; *P < 0.05, ** P <0.01 vs treated with

indicated concentration of TGF-a alone, TP <0.05, TTP <0.01, TTTP < 0.001 vs control).
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AT MORFRHIZ & 0 3556 L7z MUCSAC FEAIZXxT 5 ibudilast OYEH 270~ 72, NCI-H292
HIRZ HaO, (1 mM) FE7-13 # "= @Y (CSE) & LPS (10 pg/ml) OIRAWIC L 0 L L.
MUCSAC FEAE %% Liz, MUCSAC FEAIE H,00 (1 mM) HIZ L0 2> ha— LB ED 2.7
f5. CSE & LPS (10 pg/ml) L TIX 315 CILEL, 2 b DT DEX (0.1 pM) D 3EAL
I L 0l Sz, —J7 T ibudilast (1—100 pM) Z AR L 7-RECTIE. £ H 50K X
% MUCSAC FEAOTLEE b IR INS S e (Fig. 3A,B) . 210D OFEFH 5 ibudilast
2N in vitro IZBW T S E S RARKIC XD MUCSAC FEADOTUHEZIIHIT 2 Z LR L N E 7

D7,
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3 Tt

(fold of control)
M
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Q.
o 1
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T9]
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D
=
0
trol (-)
B
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o
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Q
k5]
o 4]
L
<
% *kk
a 2 A
% ?,/// *kk
3 /
-]
: _Em
ontrol 100 DEX
(0.1 pM)
ibudilast (uM)

CSE + LPS (10 pg/ml)

Fig. 3. Ibudilast suppressed MUCSAC production induced by various stimuli.
NCI-H292 cells were co-treated with (A) H,O, (1 mM) or (B) Cigarette Smoke Extract (CSE) + LPS
(10 ug/ml) and ibudilast (100 uM) or dexamethasone (0.1 uM) for 24 h. Secreted MUCSAC protein in

the culture media were measured by ELISA. Results represent the mean+S.E.M. (n=3; *** P <0.001,

. . Tt
vs treated with each stimulus alone, P <0.001 vs control).
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%5 2 I8 Ibudilast |2 & 5 MUCSAC FEAEHIEF O Frfi i

Ibudilast (& & % MUCSAC PEAINHINER] O 2 i3 5 72, MUC5AC mRNA FEELIZ %t
T HIERZH~7=, 12 FEfi O TGF-a (10 ng/ml) $IZ L W MUCSAC mRNA #EliZ=> br
—VEED 59 fFETILtE L, ZOJiElT DEX (0.1 uM) (2 LY BelIcmsl Sz, — 5T
ibudilast (100 uM) % ILALEE L 7-BEICEB VT H | TGF-a 12 X 5D MUCSAC mRNA EHL D TLHEIX
B EI\CHIH S 7= (Fig. 4A), & 512, MUCSAC promoter fEf (-3752/+68) & &ie L AR— 4 —
7' A K& MW luciferase assay (2L D, MUCSAC s - DEEFIZxF9 % ibudilast D1EH
Z 7=, TGF-a (10 ng/ml) #PLIZ XV, MUCSAC i#&{n 1 DOEREIEMEIT 2> b —L#ED 4.6
fEECTIUE L, 24T DEX (0.1 uM) (2 X 0 #fill S 47z, —J7C. ibudilast (100 uM) 7% HALEE
L7CBRIZHB W TS IRBYEME O TUE A B IZHNS S 7z (Fig. 4B), 241D OFERN G | ibudilast
23 TGF-a 12X % MUCSAC mRNA FELOTTHEZMFIT 2 Z LR LMY | ZOBFH
MUCSAC & DEGMHI TH 5 2 L AREB I NT,
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Tt

*

*k*

MUCSAC mRNA (fold of control)

—

ibudilast DEX
(100 uM) (0.1 uM)

TGF-a (10 ng/ml)

control

1t

Relative Luciferase activity (fold of control)

ibudilast DEX
(100 pM) (0.1 uM)

TGF-a (10 ng/ml)

control

Fig. 4. Ibudilast repressed TGF-a-induced MUC5AC gene transcription.

(A) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and ibudilast (100 uM) or dexamethasone
(0.1 uM) for 12 h. MUC5AC mRNA were measured by qRT-PCR and normalized to GAPDH. (B) NCI-
H292 cells were transfected with luciferase reporter plasmid containing human MUCSAC promoter (-
3752/+68). Transfected cells were co-treated with TGF-o (10 ng/ml) and ibudilast (100 uM) or
dexamethasone (0.1 uM) for 12 h. Cell lysates were collected and luciferase activity was measured.
Results represent the mean+S.E.M. (n=3; *P < 0.05, ** P <0.01, *** P <0.001, vs group treated with

TGF-a alone, ™ p<0.001 vs control).
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Ibudilast |Z MUCSAC Bin - OEGIMEHER R AN Z &b BF O R Th 2 Ml
N 7 F V53 T OIEHAIC R 2EH 231~ 7-, EGFR O Tt CIX & E S Ev /s
DEMEAL E D03, MUCSAC OFEBLZIE ERK1/2 OIEMHAL DS EE 7o 2 RT3 2 L vl
ENTNHE® = Z Lk, ibudilast © ERK1/2 U (LIS 5 EA &2 f§~<7=, NCI-
H292 #Hif@ % TGF-a (10 ng/ml) (2 XV f#&3 2% &, ERK1/2 ® VU U ER{bI3flE% 1 R %2 2 —
ZWZTuE L, % 12 K E TV UMb OTUHENSHERF S L7z, — 5. ibudilast (100 pM) %
FEQUEE U 72 BE T, RIS 1, 3 B ERK1/2 U U ERBICE BT R S e o 728, K
#% 6 FEMILAREIZ I\ T, ERK1/2 OV UL HE S 7z (Fig. 5A), & 512 TGF-a fliE#4
12 BT, ibudilast (1—100 pM) OILAEZ XV | ERK1/2 O U »ER{L AN EERFAIIZBE
E X7 (Fig. 5B), M4 T, ibudilast (100 uM) |Z HyO, (1 mM) F 721X LPS (10 pg/ml) £
5 ORI XD ERK12 U UERMEHLE L7 (Fig. 5C), 26D Z D, ibudilast 1T & F
SE QR LD ERKL2 DV bz HE T2 2 L BN R o T,

S 512, ERKI1/2 U UER{bPHE D MUCSAC FEAIZ T 5% 52~ % 7-% ., MEK-ERK FH
FFU0126 D MUCSAC FEAICKTT HEHZF~72, ZOfER, MfEROMRIITRLR L
DO, ibudilast (100 pM) & [F T <, U0126 (20 uM) 1Z TGF-a (2 L 5 MUCSAC PEA D TLEE%E
HEIZHHE L7 (Fig. 6),

PLEX D ibudilast ® MUCSAC FEAMHIVEA X, MUCSAC mRNA FEEHOMH %2/ L TH
V. Z O IZ1E MUCSAC B 1 DRG] 3 L OVERK1/2 U VR L DR EN—HES 535
ZENIRBENT,
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Time (h)
ibudilast (100 pyM)
TGF-a (10 ng/ml)
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Phospho-ERK
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ibudilast (100 uM)

Phospho-ERK

H20; (1 mM) LPS (10 ug/ml)

+ - +

Toia Rk | S S S

Fig. 5. Ibudilast inhibited ERK1/2 phosphorylation induced by various stimuli.

(A) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and ibudilast (100 pM) for indicated time.
(B) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and ibudilast (1-100 uM) for 12 h. (C) NCI-

H292 cells were co-treated with ibudilast (100 uM) and H202 (1 mM) or LPS (10 pg/ml) for 12 h.

Phosphorylated-ERK1/2 and total-ERK1/2 in cell lysate were analyzed by western-blotting.

MUCSAC protein (fold of control)

15

12

Tt
*%k%k
9 4
6 -
*kk
3 1 *kk
———
control (-) ibudilast  U-0126 DEX
(100 uM) (20 um) (0.1 pM)

TGF-a (10 ng/ml)

Fig. 6. U0126, a MEK-ERK inhibitor, suppressed TGF-a-induced MUCS5AC production

NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and ibudilast (100 uM) or MEK-ERK inhibitor

U0126 (20 uM) for 24 h. Secreted MUCSAC protein in the culture media were measured by ELISA.

Results represent the mean+S.E.M. (n=3; *** P <(.001, vs treated with TGF-a alone, TTTP <0.001 vs

control).
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TH  Tbudilast ® MUCS5AC FEANHIE L OVERKL/2 VU R LPHEVEAIZ kT 5D cAMP-PKA

o

THFFEIZ I T, ibudilast & [F] U PDE PHEHDS . ML cAMP O E Z 4 5 PKA
DIEMELIZ L0 MUCSAC FEAZMRIT 5 Z ENHEN SN TNDH® 30, KIETIL, ibudilast
? MUCSAC PEAMHIEN, ERK1/2 U R bLEETITH 325 cAMP-PKA #8380 77 5 4 5
N7z, ZORER, PKA FHEZHK HR9 (10 uM) f#7E F T ibudilast (100 uM) % TGF-a (10 ng/ml)
(2 & D MUCSAC FEADTTHEZ M L7~ (Fig. 7) » £7-. ERKI1/2 U U ER{LBAEMERICERE L T
HIFEEETH D . H89 (10 uM) FE(ET % ibudilast (100 pM) (% ERK1/2 U kAR5 L7 (Fig.
8)o
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—
i
)

TTt
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TTt
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[&] 4] o
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MUCS5AC protein (fold of control)

o LI _ _
control (-) ibudilast DEX (-) ibudilast DEX
(100 pM)(0.1 puM) (100 pM) (0.1 pM)
TGF-a (10 ng/ml)
H89 (10 pM)

Fig. 7. Ibudilast suppressed TGF-a-induced MUCS5AC production in the presence of H89
NCI-H292 cells were pre-treated with H89 (10 uM) for 1 h. Then, cells were co-treated with TGF-a
(10 ng/ml) and ibudilast (100 uM) or dexamethasone (DEX, 0.1 uM) for 24 h. Secreted MUC5AC

protein in the culture media were measured by ELISA. Results represent the mean+S.E.M. (n=3; *P <

0.05, vs group co-treated with TGF-o and H89, ™ p<0.001 vs control).

TGF-a (10 ng/ml)

H89 (10 uM)
ibudilast (100 pM) - -

Phospho-ERK | — —

Total-ERK w

+

+

Fig. 8. Ibudilast suppressed TGF-a-induced ERK1/2 phosphorylation in the presence of H§9
NCI-H292 cells were pre-treated with H89 (10 uM) for 1 h. Then, cells were co-treated with TGF-a
(10 ng/ml) and ibudilast (100 pM) for 12 h. Phosphorylated-ERK1/2 and total-ERK1/2 in cell lysate

were analyzed by western-blotting.
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94T LPS ¢ 5-E7 /L~ U R|ZH1F D MUCSAC FEEIZ%T 5 ibudilast DEH]

ARIECIX ibudilast @ in vivo \Z331F 5 MUCSAC FEEIZXT T D IEA 2872, 8 Wl DI
ICR ~ 7 AT LPS (100 pg/mouse) Z#5VEWNHE G- L, 7 HRZICKE laEEii (BALF) B X
Uik 2 [ L7z, F7=. ibudilast (20 mg/kg) 3 LT dexamethasone (1 mg/kg) ILHEFENIZ
#e 5 L7- (Fig.9A), Healthy #f & bl LT, LPS #5-8£ Tk BALF 1 MUCSAC EO NN
K, WEORE L —E LT, ZO#NIT DEX #5112 X v fl Sh7-6D, —J5, ibudilast
FEHETH MUCSAC DD 3 540, DEX &5/ E L FREOE %~ L7z, (Fig. 9B) . %
7o, MRS O MucSac mRNA ZBLZBI LTI, healthy B & bhlis L C LPS # 58 C 3.3 %D
TLENRH AL, T O¥INIX DEX 52KV il Sz, —J5 T, ibudilast & 54 TH . DEX
FGHE & RFR L £ T MucSac mRNA BELMNHI S 7z (Fig. 9C) » 2RO OFER LV | ibudilast
I in vivo 128V T H MUCSAC FEAER LT MucSac mRNA FEEIHIERZ o2 & 23 50
(2787,
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Fig. 9. Ibudilast suppressed MUCSAC mRNA and protein expression in LPS-treated mice.

(A)Schematic diagram of experimental protocol. (B) MUCSAC protein in BALF were measured by
ELISA. (C) The expression level of Muc5ac mRNA in lung were measured by qRT-PCR and normalized
to Gapdh. Results represent the mean+S.E.M. (n=8-13; * P <0.05, ** P <0.01, vs vehicle administered

group, TTP <0.05, TTTP < 0.001 vs healthy).
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AR BRBIO/NE

1. Ibudilast |2 & 5 MUCSAC EASMHIVER OMFFIZEE LT

E9. ibudilast ® MUCSAC PEAIHNWEH DR E LT, TGF-a IZ &% MUC5AC pEA U
DEKRSOGZ I L, £ 0—F T TGF-a DFAMREICITHEL E X0V ) JiRZET b
%, TGF-a IZ &% MUC5SAC FE/EIE 50, 100 ng/ml TRIFEEDILELZ R L TE Y, RAKGE
ALTWD, 2 ZIT ibudilast Z 3PS5 & | 20D OFKRISITIG 7 (Fig. 2B), %
7o, AEOERIZBNT, &KHIKEE TH D TGF-a (5 ng/ml) O TIL, ibudilast & IALEE
L7#ETH MUCSAC BEATLHEDS 22 H 30T Y | ibudilast (X TGF-a DA 20 EFEFAIC X2 L
PNHDOEEZ LN, 2O ORHEA G, ibudilast XIEBEA I AT X D MUCSAC pEA
ZIHIL TV D EE X B, TGF-0 & EGFR OfES ZBiAMICET 5 X 2 RIER 2 RiT- 72
WZ ERREBE ST,

S B2, ibudilast 25 EGFR U 7> LA OFIIZ X D MUCSAC EAE S If3 5 (Fig. 3A,B)
RBRHENTHD, ZDZ LMD ibudilast OFEMRIX EGFR Tld/Ze < AR IE L TE
MWALT 2012 BE 2605, SEHAVE TGF-a, H0,, LPS | CSE (X Xt 3@ L T
ERK1/2 ZIEMALT 5 2 & D3 E ST 5623 | Tbudilast (X MUCSAC FEAEMRIER 2/~
100 uM IZB W T, W oRIlgiz L5 ERK1/2 U bz L CHILEER 2~ LT (Fig.
5B,C), Z#UUIHNZ T, MEK-ERK BHEHE U0126 73 TGF-0 |2 & 5 MUCSAC pEA=TUHE % 4] L
72 (Fig.6), 5D Z L5, ibudilast © MUCSAC FEAEMGIMER O —&1X, ERK1/2 VU g
EBEZ N L2 DO TH D EB 2 LD, 72, ibudilast 12 X 5 ERK1/2 U U ER LR EEM X
LR 6 RFRILARE CA LIV TER Y (Fig. 5SA). 1EHORELE CICKMZ T 5 Z &3 bnr5b,
ZDOZ EMND, ibudilast OYEFEFIZ. U0126 D X 9 72 ERK12 ERO > 7431 DiEME %
EREHET D LD TIEARWEEZ B, MKP-1 2 E OB Y VU EREIEER R 258 277
RIS TWNWDIEA D,

F 7=, ibudilast X TGF-a (2 & % MUCS5AC mRNA O TCHEZ INH| L (Fig. 4A). in vivo (2
BWTH LPS &5 L 0 jTiE L 7= MUCSAC mRNA 812 4] L 7= (Fig. 9C), Z 5 D/EH
X MUCSAC &/ D54 2 L7=b @ (Fig. 4B) THDH EEZHND, ERKI2 O Fif
TliX. Spl. AP-1, NF-kB 72 & OB K F25EM(L L, MUCSAC BinfOiRGIZAHh 5 Z &
NG ST H 12834309 Thudilast A3 ERK1/2 U VR{EOBREZ /- LT, BEN T O
ZEHI L CTW D ATREMENRZ 2 b D3, FEMICE LTI S LR OIMFPMETH D,



26

ALY ibudilast © MUCSAC FEAMIHIER OBEFIX, ERK12 U VB EOF L, £
IZ#E< MUCSAC BT OEGMHEZN LI bDTHL EEZX NS, £, THETICH,
ERK1/2 V Y ERLRLEVER 2 /R 9 {LE WA MUCSAC FEAEZMf 2 2 L B3HE STl v e
SN AR B Y TE X H L. MUCSAC FEARIBIORER) & LT EGFR & ERK1/2 DHE
HEREO TRBENTNDIEA S, Z£D—J7 T, EGFR, ERKI/2 [TMIROALF - HHEIZRE 5
LTSI EDLHMBRARIOERNE He->TEY, ZROHDONTEENE LI SEANTITHA
AFIE RRROBIERM Z2EC 5 Z E P ES D, —J5 T, ibudilast 1% ERK1/2 U AL EE
MzERTHO0, ERRMREETAONT, BRIK TOMBRIZBWTHHRAFIEEDREIEH
ORI EREIL RV, FD7=8, ibudilast (25D ERK1/2 U U ERLANEI O FEEIA 218 U T, 4=
Wy T2 RIEST 5 Z EnTEIUE, BITERAO D e WK BRI E A MF SO & L CiEd
HZEMTEDLNPS LIV,

2. JEATHFZE & DLk

FATHFFEIZ BT ibudilast & [FERD PDE PHEHEHKAY MUCSAC BEAMHNER 2855 2 & 23k
HEINTWD, M Mata 5% PDE4 [HEI rofulmilast 25 A549 #MifLiZFW\ T, EGF 12X 5
MUCSAC FEAZMIHIT 5 Z L2 ME L TnH®), F7-. Jiyun Lee © 13 PDE4 [HE 3K rolipram
23 B B RG#E HMEEC MIfEIZ 3T, ik L o B EREIZ LD MUCSAC FEA 24925 Z
EEHELTNDC0, Znb0HETIE, AT AR IT R 22 00, WTii
¥, PDE [HLE(C X 0 BN 5 cAMP Tt PKA KAFHIIC MUCSAC FEAEDIHI STV 5D,
—7J5C ibudilast ® MUCSAC PEASNHIMEA X PKA FLESK HR9 OFF/E F CTHiHk Lo
(Fig. 7) » F£72. ERK1/2 UV UE{LRHEMEMICEAL T, H89 {FE F THERITITHL LD
o7 (Fig. 8) » ZHHDZ &N, ibudilast OVEFITIEATAIZE & 132720 | PKA FERAFRYZR
LOTHDLEEZX LN,

F 72, ibudilast |ZFEBIRAY72 PDE FHEHKL TH Y, SEIERY 74 A 7O PDE #HEHFET S
T ENHE STV D (Table.3) ®, Ibudilast ® MUCSAC FEAIHEITER 1 1,10 uM TIEZH 5
AP, 100 pM TH STV 5, 100 uM I8V T ibudilast 1% cAMP #554972 PDE 721 T72
<. ¢GMP Iz % 54 %, PDEIA3, PDESA2, PDE9A2, PDEIOAI, PDEIIAl £\ o
T2 PDE %74 A4 7t L CHEFEEMEZRT, 2O Z A6 ibudilast DYEMIZ PDE FHEIC
£ % cGMP OHNNNEE ST 2 RN B 2 Hivd, S HIZ, cGMP 5 fRIZ% 59 % PDES,6 F
FAPLEIR sildenafil ASKEKPEAEZINHIT 5 Z & b S TR Y, ibudilast OIERIZHT 5
cGMP DFHHIZBAL TX I LR DMFADBETL L EZ BN D@,



Table 3. & k PDE (Zx%I% 3 ibudilast DPLE/EH

PDE 7 % A HE Ibudilast Ki (uM)
PDE1A3 cAMP 39.24+4.6
PDE1A3 cGMP 93.54+5.3
PDE2A3 cAMP 92.845.4

PDE3A cAMP 9.5+0.63
PDE3B cAMP 77.6+£9.9
PDE4A4 cAMP 4.1+0.19
PDE4B2 cAMP 3.3+0.44
PDE4C2 cAMP 6.3+0.94
PDE4D3 cAMP 3.7+0.27
PDESA2 cGMP 51.6+1.8
PDE7A2 cAMP 57.8+11
PDESAL cAMP 49.7+£5.8
PDE9A2 cGMP >400
PDE10A1 cAMP 2.22+0.28
PDE10A1 cGMP 1.27+0.2
PDE11A1 cAMP 8.9+1.56
PDE11A1 cGMP 43.1+6.2

27

PDE PHE IS L OB fiIEEEIZ & H 5 AN cAMP 2 I X 53 Th 5 3 . MUCSAC
FEAEITKIT 2T HAZ DWW T, iRy - REMICEH < LW SR T 2GRS TS, %
W L7- X 912, PDE [HEHIL MUCSAC FEAZIIHIT 2 L OWMENHLH, —I7 T, B2 ZBK
Z A LT IE MUCSAC PEAETUHECH AN OBz A A ] S 24 2 L 3 ST 5@
B B2 ZFRIT T =y T —EOIEMEALZ I L CTHIBEN cAMP OEIINZINZ T, B 7
VAF U EHHAEEMNT 52 & T ERK R ERRA RV 7T NV EIEMHESE L Z & liE ST
W5, £, REXMEBET L~ ACBWT B T VAF U E KRBT D ERRELENME TS
LZENMESNTND®, 2oz, B2 RIFEIZA B 5K EATTHEEMR X, Miah
CAMP O TIZRL BT LV AF U E N LT bDTH DL Z DR INTEY | Wiy
TOMETIFETDHOTIERNWEZZ LD, B2 FTMEEKIIRE SILRIEHZ b H, KEX
Wiip ELDVRIRIC B A& 2 K72 LTV D03, KOERTKPEADHIE L WO BRENHEZD L

PDEPHEHKN L VE L CWBH72A59,



28

F2IH NG

AFEOFEFR XV | PDE FLES ibudilast 23 in vitro, in vivo O £ H 5128V T H MUCSAC A

EMHIT D ERALMNE o, i, FOHFLHRERBEF T ERKI2 U CE{EOLE
& MUCSAC Bi5 T OEEMHITH 5 L5 2 b7 (Fig. 10), —JC, ibudilast ® ERK1/2 U
CIEAELFEER OBEFC. cAMP-PKA FREEA~OIAEPEIZEI L Tl S 6 R 5BEIPHETH
Do LINLZRI G, ARBFEORGEICIN 2 T, KGERIEBE OVEIEIERICEZ CTH 5 & DR
WELADETERD L. ibudilast Z5OERKPEEIHEREE LT R v 7V R a =07
TEDLWREMHEIZH2ICHD7EA 9,

Various Stimuli MUCSAC
protein

C‘ytoplasm

@ — Y.

Nucleus

MUCSAC gene transcription |

Fig. 10. Mechanism of the inhibitory effect of ibudilast on MUC5AC production
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R =

w1EN §i

SUBERTR O 5 Tdh D MUCSAC 13, RIEVERFRZRIRBIZIB VT, MR @Rk & &b
(ZE DFRBLBHENNT 5, MUCSAC IXXGERSIR OREIE 2 BN X B MRS 2 T, R g8y
DIFFE~DEG- P RIR SN TIY | RIEMEFFRER I DOTERIZIB W T, MUCSAC PEA: % il
THLIENEETHD, MUCSAC PEAZIHIT 2RI L T, BE=a LV FaA( FETH D
dexamethasone 7% MUCSAC 81x 1 DEZEHNC L D . MUCSAC FEAZINHIT 5 2 & N =
NTWVWBHED  ZD— T, IL-13 (2 XD MUCSAC FEA 1T dexamethasone (2 L U #iil] S Au7g
TENHEINTEY . AT a A NENHREEICK L THETRWEGE DFTERRE S
TWBE64D - X512, & N ES° COPD OBE OHIZIZ AT oA RMRER LWkt D
BEN—TEBFEL TR, MREHEERIZEIT S MUCSAC FEADOHIEIZAT v A R
TIEIEATHTHDLEBEZLND,

ZHIVE TOMZEIZ LY . MUCSAC PEAEDNRIEMEY A NI A > VEFEK -, ki 72 & & %
EERFIC LV IFTHET D ZEAMESNL TS, TTH, WKL 20K ETH D
EGFR (X MUCSAC F8UZ L7255 2 F7- LT Y . MUCSAC PEAERIEI O B E /RN &
EZHNTN5,

P EOEFEI B, AETIE EGFR U 7> R TGF-a #IIIZ L 5 MUCSAC sEAEAFRIE L L
AV —=v T RERNT, BEFHET A 7 U —0 5 F8l MUCSAC BEAMFISKE, FRlc AT =
A RELAOIEY %2 BHOTH L, KOERIREAEMGIEE~D Y R v a = 7 EfifkEm e L
TIETHZE2HNE LT,



31

28 R LUk

W ¥

WEZEIZBR L, B L7e i34 LU ITR T,

Desacetyl bisacodyl (Cayman Chemical, MI, USA). Trypsin (BD Biosciences, NJ, USA). Penicillin-
streptomycin (Gibco, MA, USA). Fetal bovine serum (FBS) (Hyclone, Little Chalfont, UK).
MTX—LDH ( f # # 3 | W %, H K). Nonidet® P-40 (NP-40), N,N,N’N’-
tetramethylethylenediamine (VL &, 4 7 27, FEE, HA). RPMIN1640 (H KHRSE, HET,
H A&). Recombinant human TGF-a (R&D systems, MN, USA), bovine serum albumin (BSA),
dexamethasone (LL_E, Sigma-Aldrich, MO, USA). PrimeScript™ RT Master Mix, RNAiso Plus, TB
Green Premix Ex Tag™ 11, (LA b, # 717 /514 A, HEE, HA). Bisacodyl, sodium picosulfate (24
b, HWRERR T3, HAE, HA). Actinomycin D, dimethyl sulfoxide, glutamine, triton X-100 (24
b, BT 4V AROGREEE, KBk, HA)

AMFFEICER L, A Lehiihz LU FIORT,

Mouse monoclonal anti-mucin SAC (MUCSAC) (Clone 45M1) (LVC, MA, USA), HRP-conjugated
rabbit anti-mouse IgG, HRP-conjugated sheep anti-rabbit IgG (& 1= 7 « /b A FEHIEE), rabbit
polyclonal anti-phospho-p44/p42 MAPK (ERK1/2) (Thr202/Thr204), rabbit polyclonal anti-p44/p42
MAPK (ERK1/2), rabbit monoclonal anti-Akt (pan), rabbit monoclonal anti-phospho-Akt (Ser473),
rabbit monoclonal anti-p38 MAPK, rabbit polyclonal anti-phospho-p38 (Thr180/Tyr182), (Cell
signaling technology, MA, USA)
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% 3 IH Primer BC%

gqRT-PCR (ZH\ 7= primer (X, Sigma genosys fhIZARRAMKEE L=, ABFITIZEEL, AL
primer OFELH % LI IR,

Human-GAPDH forward  5’- ACCATCTTCCAGGAGCGAGA-3’
Human-GAPDH reverse  5’- CAGTCTTCTGGGTGGCAGTG-3’
Human-MUCS5AC forward 5’-TCCACCATATACCGCCACAGA-3’
Human-MUC5A4C reverse  5’-TGGACCGACAGTCACTGTCAAC-3’

BRICHWESREHEITIE T, A= 7 b—7, HDHWIIHEIRE 12 K DI WLV A fiti L
TR O R TR MK RS (Direct-Q® 5UV, Merck Millipore) (2 X VAR L 7=k
AWz, £z, RTOERMEZ, 7V =0 _XUFHNTEEMICITo T2,

(1) HERERR DR

b ks MR B NCI-H292 #ifdiX, American Type Culture Collection (VA, USA) L ¥
ANF L7z, AR 1.0x10° cells/ml & 725 K 512 10% FBS, 100 unit/ml penicillin 35 J OY 100
pg/ml streptomycin 4 77 RPMI1640 (28 L K52 ML E 72137 7 A = |ZTHEFE(1.3%10% cells/cm?)
. 37°C. 5% CO, FITH#E L7z,

(2) I

NCI-H292 #ifid & 1.8x10* cells/em®> THEFE L, 5 HREIDOEFRIZ LY 100% = > 7L MIE]
%, MEMER IS E R U, 24 RER O M MIE R R % . SR A B T R iE sl T, 37°C,
5% CO, 5:fF T CREBEEE R 21T o 72,
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%5 5 IH MUCSAC protein 77 W & OFEAM

Rz BiE I W S 72 MUCSAC protein £:13 ELISA 7412 X Y & L 7=, NCI-H292 #il
JAlZ A RREE A AL . B RIS AR L, 30 (500%g,4°C,4min) D _LiE % BV 7 v
& L7z, [ L7z ¥ > 7 /L % Nunc-immuno™ Plate (Z 100 pl/well TN L, Y2 7 VM3 ez i
% F T A2°CTHE LT, H2lEtL. 150 ul/well @ 0.05 % Tween-20 in PBS  (0.05 %-PBS-T) T3
[FIYEY L. 2% BSA in PBS % 200 pl/well iiIL, IR CT1RR 7y X7 L, 7r vy X
VIR ERE L, 0.05 % PBS-T T3 B aiTo 7%, 1 IRFUA L L T mouse monoclonal
anti-MUCS5AC antibody (45M1, 1:200) % 100 pl/well #I0L. & (4°C, overnight) SH7=,
FE. 0.05 % PBS-T T3 [EIWEif 21Ty, 2 kPufkL LT, HRP-conjugated rabbit anti-mouse IgG
antibody (1:10000) % 100 pl/well FAN L, K (2R, 1h) S¥72, X512, 0.05%PBS-T T
3 EIPEEZITUV., 3,37, 5, 5-tetramethylbenzidine (TMB)IZ & % 246 (8, 30 min, )
D%, 100 ul/well O 2 M FRERVATR TG 2818 S872, 450 nm (28T 2 WL %2 ARVO™ X4
(Perkin elmer, NJ, USA) Cill/E€ L 7=, NCI-H292 #ifEiZ PMA (50 nM) Z4LEE L, 24 FE# 1245
DIVIEE LEEEEME S LT, ZREBRBARL, BEREIER L, ZoOmERZ b
LT, BTV OWNEE ) B 15 RIE T ORI 72 MUCSAC protein &84 & L7z,

% 6 TH  Quantitative reverse transcription-PCR (qRT-PCR)

K232 PBS Ty L7, RNAisoplus (Takara) Z /1%, total RNA Zffiti L7=, 55
AL7Z total RNA DU (T UV (260 nm) OWOLEEIZ LV R L7z, 7235, total RNA fifitH DERIC
FHWTAEE - 2 BII 2 TAH— M L —T7 %17 o7, B LT total RNA 0.5 pg #8580 & L |
PrimeScript® RT Master Mix (Takara) z Fl\ N TG & (1 cycle at 37°C for 15 min, 85°C for 5
sec, 4°C) &7 o7, 5O WHEE FEY A HV T, TB Green Premix Ex Tag™ 11 % V>, CFX
Connect™ Real-Time PCR Detection System (Bio-rad) (Z T Real-time PCR (1 cycle at 95°C for 30
sec, 40 cycle at 95°C for 5 sec, 60°C for 1 min) %47 -7, WHEAEAEIZIZ GAPDH % V™, BRGSO
E ' ki, BH PCR EMH KM L5 54D PCR cycle (threshold cycle (Ct)) % 7=
comparative Ct method (LA F OF)IZ TIT o 72,

Fold change = 2-[(CT. X-CT. Ry TEST - (CT. X-CT. R) CONTROL]
CT, X: CT of the interest gene

CT, R: CT of the reference gene (GAPDH)
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%5 7 I Western bloting

eI 4 TBS T 2 [HI¥EH#4. 120 ul/dish O lysis buffer (150 mM sodium chloride, 50 mM
Tris-Hydrochloride, 0.5 % sodium deoxycholate, 5 mM EDTA, 50 mM phenylmethlsulfonyl fluoride,
1% SDS, 1% NP-40, 1 mM PMSF) % /%, HEREEMRIE 2 B U 7o, 15 D AL7o AR A AR % i 0
(10,000 x g, 4°C, 15 min) L. £ ® EiF 100 pl 2P 7t Lz, oW 7z
bicinchoninate (BCA) EIZ LV, EHEYE L LT BSA Z AW TIERIL/-MERE b LIcX
NI REETEE Lz, 10 pg DX 7 &L DHH 7 L% 10 % polyacrylamide gel ¢ SDS-
PAGE %17 > 7-%. PVDF JRIZ#A 5 L7z, #55: L7z PVDF &3 5 % skim milk/0.1% Tween-20 in
TBS T/ myFk 7 (2, 1h) L7z, £DF, rabbitpolyclonal anti-phospho-p44/p42 MAPK
(ERK1/2) (Thr202/Thr204), rabbit polyclonal anti-p44/p42 MAPK (ERK1/2), rabbit monoclonal
anti-Akt (pan), rabbit monoclonal anti-phospho-Akt (Ser473), rabbit monoclonal anti-p38 MAPK
rabbit polyclonal anti-phospho-p38 (Thr180/Tyr182) (1:1000) % F\ T 1 IRFLIA i~ (4°C, overnight)
1772, & 512, 0.1 % Tween-20 in TBS (0.1 % TBS-T) T 3 [EI¥e% L 72# . HRP-conjugated
sheep anti-rabbit [gG (1:20000) Z T 2 IRHUALUE (iR, 1h) Z21T-o7, 2 REUKSISE
12 0.1 % TBS-T C 3 [AI¥E#E L7=%%. SuperSignal® West Pico PLUS Chemiluminescent Substrate
(Thermo Fisher, MA, USA) (2 X Y PVDF [ Lo@EEEGEREZRE Lz, 72, BHIZIE
ChemiDoc™ MP A7 A (Bio-rad)& FH\ 7=,

W8 IH BT A 7T U —%& A7 MUCSAC PEAMHIIRO 2 7 ) —=2

BRI 1L R A SRR L 0 R L WP WBEFEIR T 77 U —640 FE (2 mM
in DMSO) % FV 7=, 24-well plate (Z NCI-H292 #fifd % 1.8x10* cells/cm® THEFE L. 5 HRDE:
EIZLY 100%= 7 MIEIES, EMjEEHICER L, 24 FFEREE L, £0%,
TGF-a (10 ng/ml) & #¢5REE (0.02—2 uM, 0.1 % DMSO) % 24 B SLALE U 5538 i 2 B
L7, B3 F1EH D MUCSAC &% ELISA B2 L 0 JIE L. B 5= FxHEY MUCSAC &% %
&1 fold of control (FC) DA HLH L7, control &% =R 100 %. TGF-o B LEREE A B
FKO%E L, LLFORITHE > THEHBRID MUCSAC PEAMFIR (%) 28 L7z, £ LT,
60 %L LG L R LT b OEx ey Mege LCER L, £, MfWEHEZ RS 22
S TR OIHRIT 0% E LTHERL LT,

MUCSAC FEAIIHIZE (%) =100(1-(Sample(FC)-control(FC))/(TGF-a(FC)-control (FC))
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%5 9 LDH IEPEAfRAE & U 7o s el

24-well plate (Z NCI-H292 #lifi 2 1.8x10* cells/cm® THEFE L. 5 HEORE&EIZ LD 100% = >
Ty MCBER, MIMER I E SR L, 24 RelEs s Uiz, 0%, #BR3E%E 24 Be g
L. 858 B2 L7, 156N 7853 R+ @ LDH {EME% MTX-LDH (fi i) 4 v
THIE U, #BRE oMM 4 38m L7,

% 10 TH MUCS5AC mRNA 22 MO

MUCSAC mRNA ZZEMEI % 2 Y O/ER 13, B S IHI2E Actinomycin D % H V>, MUCS5AC
mRNA DORRRFH 723 fiR % FH~ 25 Z & TRl L7z, 12-well plate |Z NCI-H292 #fifa % 1.8x10*
cells/em® CHERE L .5 HRIOEERICL Y 100% 2> 7 /vty MMIBIER | MR s @i L,
24 552 LT-, £ D14, bisacodyl (1 uM) % 1 FFEJRTALEE L, & D% A5 L 3K actinomycin
D (5 pg/ml) ZEFEHPICHIN L, 0, 1, 3, 6 FEf]#ICFB\\ T, total RNA Z[EL L, qRT-
PCR 74(2 £ W MUCSAC mRNA F& 5.2 HI7E L7z,

%11 R

FBRT — 2132 COFAEHE R ZE TR Lo, RO ZRER O LRIZ T 2 F EEMREIC
£ 7 b7 =7 GrapfPad Prism (MDF) % V>, One-way ANOVA %17, Student-Newman-Keuls
RERIC LV 5% KR DfEREEZ R > THE L AR LT,
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%1 IE  HTH MUCSAC PEAEINHISR DR

BEAFSECRERL ST ALBW T A 777 U —640 A x5 & L, MUCSAC FEA % #0953
DR EAT o T2, FEBRIEEAIZIL NCI-H292 #ifa 2 Ay, AHifE % TGF-a (10 ng/ml 35 X OVBEER
FE (2uM) T 24 R U7z, K548 RIE IS0 S 4172 MUCSAC % ELISA VEIZ L0 &
L. ORI, SHBRED MUCSAC FEAITKT T 23R 2 5 L, 60%LL Lo #nil
RERLEBDEE Y MeS L Lz,

27 V== T OfER (Fig1l) | 640 FOBEFEOF G | BIKDK) 4% 3% 25 FE
MOLAIZ MUCSAC FEAEMIRIVER 2 R L7- (Fig. 12), b ey MEAHOW, 17 1
MAT A RERERFOILEHTHY . B S MNEAT v A RROIEM TH-T, &5
(2. AT uA FRIEEYO 17T HONFRIT, FEE VT 34 REROZEY S 12 . iR RLVE
RO Y73 2 F (algestone acetophenide, chlormadinone acetate) | 58/ CoECHE(A A 3 Fl (digoxin,
digitoxigenin, strophantine octahydrate) Td& 7= (Tabled) , £7=. IEAT A RRILEWDON
dFEIPIRAFITH -T2,
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Sample No. (1-160)
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22 )h l‘“.
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Fig. 11. Screening of 640 approved drugs for inhibitors of MUCSAC production (Sample No.
1—320)

NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and test drugs (2 uM) for 24 hr. Secreted
MUCSAC protein in the culture medium were measured by ELISA. The data represent the average value

of duplicate wells in a single experiment.
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120 H

382 393 418 466 468

100+ 403
332

80 A

40 H

Inhibition percentage (%)

20 H

|
0 p 1
Sample No. (321-480)

120 -

539 584 595 627
] 590, 609 611 | 628
100 581

80

60 -
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20 A

1T

Fig. 11. Screening of 640 approved drugs for inhibitors of MUCSAC production (Sample No.
321—640)

Sample No. (481-640)

NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and test drugs (2 uM) for 24 hr. Secreted
MUCSAC protein in the culture medium were measured by ELISA. The data represent the average value

of duplicate wells in a single experiment.



640 approved drugs

A 4

25 MUCSAC production inhibitors
(Inhibition percentage > 60 %)

/\»

17 compounds with a steroidal structure

8 compounds without a steroidal structure

Fig. 12 Summary of screening results

Table 4. 25 hit compounds classification and MUCSAC production inhibition percentage

39

Inhibition
Sample
No. percentage Compound name
(%)
176 106.8 deflazacort
189 106.1 desonide
241 105.4 isoflupredone acetate
382 102.6 dexamethasone
393 103 triamcinolone
418 103.4 fludrocortisone acetate
Glucocorticoid 466 102.8 predonisolone
Witha 468 102.8 methylpredonisolone 6-
steroidal alpha
structure 539 105.6 betame_thasone
584 106.5 hydrocortisone base
595 101.2 corticosterone
627 105.4 budesonide
Progesterone 194 101.5 algestone acetophenide
210 112 chlormadinone acetate
Cardiac 90 98 8 . (;Iigqxin .
glycosides 609 97.8 d|g|_t0X|gen|n
611 97.2 strophantine octahydrate
1 68.1 azaguanine-8
158 86.6 azacytidine-5
Anticancer drugs 332 86.3 camptothecine (S,+)
daunorubicin
Without 628 1001 hydrochloride
a steroidal anticoagulant 245 104.7 acenocoumarol
strcture drug
: : ciprofloxacin
antibacterialdrug| 256 105.8 hydrochloride
antifungal drug 403 91.8 econazole nitrate
stimulantlaxative| 581 90.9 bisacodyl

Inhibition parcentage I control #£% 100%, TGF-a BIEEZ 0% & L TR L.
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BT, By MEGMIZE D MUCSAC FEAEBIRIER O LR X OVRERIF M 2 il L
7o WE AT aA FEWEZROZAT v FRILEY 12T, EDMED S L OIREALAFH
(0.02—2 uM) 72 IHIERHZ 7~ L7z (Fig. 13) . £72. 26 DLEWIT 2 uM OIRFEIZIBV T,
BtExt R3ECT & 5 dexamethasone (0.1 uM) &Rl U<, TGF-a 24X % MUCSAC pEATLEE %
control #f & FIFEE £ TRAEIZHHI L7z, —F T, BEIERKR /LT A LSRR AD 5 FEH 20
TRERTFRY (0.02—2 puM) 12 TGF-a |2 & % MUCSAC FEAEDTLHEZ #| L 7= (Fig. 14),
B2, AT A RROMEEMIZONTIL, —HOALEY CITINHIVER O B R
NP Teb DO ZOMOILEWITZE DR AL (0.02—2 uM) IZ MUCSAC FEAE % 1]
L7= (Fig. 15),

PLE. BEAFHE 640 Tl Z IV 72 MUCSAC FEAEMIIEE A 7 ) — =2 7 OfER, 25 Dt v b
fbaha Rt L7z, bty MEEWON, AT A FRIEEMITOTALHEELR
MUCSAC PEAEZHIHI L7z, L Laeiib, AT rA NEIZX S5 MUCSAC PEAESIRIERITS
TICHE SN T Z L6, KHREORmOGRLERHA L HE2T v FRIEEWITER
Lz, Flo. AT uA RRIEEMD 5B, HFidAZE 4 FIZHOWTIRIER OBLE D B Bt
L7z, £L T, RV DIFEATrA RRILEY. acenocoumarol, ciprofloxacin hydrochloride.
econazole nitrate, bisacodyl 35 X OR/LELHERIZOW TG Z AW Ft 21T o7 (7 —4
RET), ZIHDEEMDN, bisacodyl DABFFELE < MUCSAC FEAEZ I L7=7=8,
M T bisacodyl (295 H L. ¥ O 21T - 7=,
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MUCSAC protein (fold of control)
MW &

MUCS5AC pretein (fold of contrel)
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TGF-a (10 ng/ml) TGF-a (10 ng/ml) TGF-a (10 ng/ml)
5 1 5
4 4
3 1 3
2 2
1 1 1
55 [ 1, mmll, 1mm [
comrol ) 0.02 2 DEX comn)l -) 0.02 02 2 DEX comrol -) 0.02 0.2 2 DEX
—_—  (01uM) _ (01pM) —_— (0.1pM)
Sample 382 (uM) Sample 393 (uM) Sample 418 (uM)
TGF-a (10 ng/ml) TGF-a (10 ng/ml) TGF-a (10 ng/ml)
4 4 4
3 3 3
2 2 2
| |_| ) | |_|
0 - e |_| 0 |_| 0 x e |_|
control (] 0.02 0.2 DEX contrel () 0.02 02 2 DEX control (] 0.02 0.2 2 DEX
_— (01 pM) (0.1 ph) —_—  {0.1pM)
Sample 466 (uM) Sample 468 (uM) Sample 539 (uM)
TGF-a (10 ngfml) TGF-a {10 ng/ml) TGF-a (10 ng/ml)
4 1 8
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control () 0.02 02 2 DEX control 0.02 0.2 2 DEX comrol 0 02 02 2 DEX
(0.1 pM) (0.1 pM) —_— (0.1pM)

Sample 584 (uM)
TGF-a (10 ng/ml)

Sample 595 (pM)

TGF-a (10 ng/ml)

Sample 627 (pM)

TGF-a (10 ng/ml)

Fig. 13. Concentration dependence of the hit compounds with a steroidal structure (glucocorticoid

like) on TGF-a-induced MUCS5AC production.

NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and indicated dose of test drugs or

dexamethasone (DEX, 0.1 uM) for 24 h. Secreted MUCSAC protein in the culture medium were

measured by ELISA. The data represent the average value of triplicate wells in a single experiment.
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Fig. 14. Concentration dependence of the hit compounds with a steroidal structure (not
glucocorticoid like) on TGF-a-induced MUCSAC production.

NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and indicated dose of test drugs or
dexamethasone (DEX, 0.1 uM) for 24 h. Secreted MUCSAC protein in the culture medium were

measured by ELISA. The data represent the average value of triplicate wells in a single experiment.
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Fig. 15. Concentration dependence of the hit compounds without a steroidal structure on TGF-a-
induced MUCSAC production.

NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and indicated dose of test drugs or
dexamethasone (DEX, 0.1 uM) for 24 h. Secreted MUCSAC protein in the culture medium were

measured by ELISA. The data represent the average value of triplicate wells in a single experiment.
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%2 1H  RME T A bisacodyl (2 X D MUCSAC FEAINEINER 5 Xk OV R i

£, LDH {EMEZ IR & Lotk 217V, bisacodyl OMIfuzENEZ 3N L7z, D
fE 5. bisacodyl 1K 100 pM DIEEIZBWT b FEWH R FEME 2R & o 72 (Fig. 16), D
e, AT ) ==V JHHIEIT D, bisacodyl ® MUCSAC PEAINHIVE 235 MR ME O ft 1
2 & B ATREME S HERR S T,

RIZ, BT bisacodyl  MUCSAC PEAIZT T D 1EH Z7~7-, TGF-a (10 ng/ml) HEIZ
&Y MUCSAC FEAIT control £ 93 f5E Tt L, Z DJLIET bisacodyl DHALERIT LV %
DOFEFERAFH (0.1—1 pM) ([l Sz (Fig 17A) o £72. 1 uM BT 5 MUCSAC FEAEHD
HilZI13H 80 % TH o 7=,

7o, BRI 72 MUCSAC FEAEIZ®ET 2 bisacodyl DIEH Z#H~7=, TGF-a (10 ng/ml) #i
% 18, 24 BFICE VT MUCSAC FEADOTTER AL, EH L ORFRICBIT 5Tt
bisacodyl (1 pM) OFALEZ I v )il &7~ (Fig. 17B) .

LLEDRERNG, A7V —=27 10 B &7 bisacodyl 2% TGF-a (2 & % MUCSAC AR
T 5 2 & D THER S L7,
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Fig. 16. Bisacodyl had no cytotoxicity in NCI-H292 cells.
NCI-H292 cells were treated with indicated dose of bisacodyl (0.01-100 uM) for 24 h. LDH activity

in the culture supernatant was assessed. Results represent the meantS.E.M. (n=3)
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Fig. 17. Bisacodyl suppressed TGF-a-induced MUCSAC production in dose and time-dependent
manner.

(A) NCI-H292 cells were co-treated with TGF-o. (10 ng/ml) and indicated dose of bisacodyl or
dexamethasone (DEX, 0.1 uM) for 24 h. (B) NCI-H292 cells were co-treated with TGF-o (10 ng/ml)
and bisacodyl (1 uM) for indicated time. Secreted MUCSAC protein in the culture media were measured

by ELISA. Results represent the mean+S.E.M. (n=3; ** P < (.01, *** P <0.001, vs group treated with

TGF-a alone, TTTP < 0.001 vs control).
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Bisacodyl |2 & %5 MUCSAC EAEMTHIOMT 2B 5323 5725, MUCSAC mRNA FE8LIZ%F
T HVEM &7z, TGF-a HII4IZ X D MUCSAC mRNA FBUT 12 FEf 2 B —2 & LTI L,
Z OJLHET bisacodyl (1 pM) 35 LY DEX (0.1 uM) ORLERIZ L 0 il <47z (Fig. 18A), F 7=,
TGF-a (10 ng/ml) #iE 12 B ICRWT, IREKMTEEZHER LIz, £ ORI, bisacodyl 1
MUCSAC FEAZHHI L7232 (0.1—1 pM) (2B W THEEEKFAIIZ MUCSAC mRNA FE3 %2 #])
il L7z (Fig. 18B),

I DORER G| bisacodyl 73 dexamethasone &[] U < MUCS5AC mRNA 5Lz i35
ZEDBRGMNER ST,
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O control

Bl TGF-a (10 ng/ml)

TGF-a + bisacodyl (1 pM)
O TGF-a + DEX (0.1 uM)

MUCS5AC mRNA (fold of control)

12 4

EEE

MUCS5AC mRNA (fold of control)

o L[ 1

control (-)

DEX
(0.1 uM)

bisacodyl (pM)
TGF-a (10 ng/ml)

Fig. 18. Bisacodyl suppressed TGF-a-induced MUCS5AC mRNA expression in dose and time-
dependent manner.

(A) NCI-H292 cells were co-treated with TGF-o (10 ng/ml) and bisacodyl (1 uM) or dexamethasone
(DEX, 0.1 uM) for indicated time. (B) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and
bisacodyl (1 uM) or dexamethasone (DEX, 0.1 uM) for 12 h. MUC5AC mRNA were measured by qRT-
PCR and normalized to GAPDH. Results represent the mean+S.E.M. (n=3; ** P <0.01, *** P <0.001,

vs group treated with TGF-a alone, TTTP < 0.001 vs control).
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Bisacodyl (Z &5 MUC5AC mRNA FEHUHH OBFIEH O 7=, & 7 F Vo3 Tk 5 s 8
F LU MUC5AC mRNA DZE MR 2 1EH 2~ 7z,

EGFR Tt CIEME(LT 5 ERK1/2, Akt, p38 D U L FE{LIZxd 5 bisacodyl DIER & i< 7-,
TGF-a filJft% 1 KffIZ 38T, ERK1/2, Akt 13U VER{LDTTHEN A HALT2 28, bisacodyl (1 uM)
I L THINODOnTFO U bidfl s /o7 (Fig. 19) . £72. p38 DU
{BIE TGF-a HIPL T3V VL DOFE 22 TLEIEA BT, bisacodyl O ILALERIC L 0 ¢o L ATLE
T HRERNE LN,

F 72, bisacodyl ® MUC5SAC mRNA ZZEMEICxT T H1EH %2 i85 HFE 3K actinomycin D % H
U 72 mRNA stability assay (& & ¥ X7, control # ClI#z 5 [HE 3K actinomycin D (5 pg/ml) @
WER% 1, 3. 6 B & ARRFIAYIC MUCSAC mRNA BRI 2N H LTz, Z ZIiC
bisacodyl (1 uM) % HALEE L 72725, control # & it L T MUCSAC mRNA DOZZEMENME T %
TEFRIER &> 72 (Fig. 20),

VLB AREDOFER XV bisacodyl 7% TGF-a #IlIIZ & 5 MUCSAC AT T MUC5AC mRNA
HHAZIMHT 52 ERHLMNERo72, 72, MUCSAC mRNA FEELNHOMFIZEE L T,
D7 < LB ERKL/2, Akt p38 D U S ERIKGIZXET D EZOI T Z & B L UYMUC5AC
mRNA ZEMHEDIK FIZ LD D TIERNWZ EBREB ST,
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TGF-a
(10 ng/ml)

bisacodyl

contral (-) (1 M)

Fig. 19. Effect of bisacodyl on TGF-a-induced phosphorylation of ERK1/2, Akt or p38

NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and bisacodyl (1 uM) for 1 h. Phosphorylated-

ERK1/2, Akt, p38 and total-ERK1/2, Akt, p38 in cell lysate were analyzed by western-blotting.

MUCSAC mRNA remaining (% of 0 time)
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100 H
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Time after Actinomycin D (hr)

Fig. 20. Effect of bisacodyl on MUCSAC mRNA stability

NCI-H292 cells were pre-treated with bisacodyl (1 uM) for 1 h. Then cells were co-treated with

bisacodyl (1 uM) and actinomycin D (5 pg/ml) for indicated time. MUC5SAC mRNA were measured by

gRT-PCR and normalized to GAPDH. Results represent the mean+S.E.M. (n=3)
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%3 HIEHE T A sodium picosulfate 35 X TNVE DIEMEAGHY) desacetyl bisacodyl @ MUC5AC
PEAEITRTT D1

FIECE T T & % bisacodyl 25 MUCSAC PEAMGIER 2R L7 Z L b, [RARORITRMET
FIT& % sodium picosulfate, 33 TN bisacodyl & sodium picosulfate (23589 2 IE MY
desacetyl bisacodyl (Fig. 21) O{EM %<7,

TGF-o FlIFIZ & 5 MUCSAC FEA D TLHEIZ % L T bisacodyl (0.1—1 uM) 35 X TXDEX (0.1 uM)
DINHIER 27~ L CTWA DK L, sodium picosulfate (0.1—10 puM) (ZHIEH 2 2 < RS 72
o7z (Fig. 22A) , — 5 CTHIBRTRN Z &2, EPEEI TH % desacetyl bisacodyl 13 bisacodyl
LR CRE (0.1—1 uM) ([ZBWTREEFNZ2MEIER 278 L, T OMfil=IcBE LT
bisacodyl & FIFREETdh -7 (Fig. 22B),

Sodium picosulfate |Z MUCSAC PEANHIER D BV o 7o 2 &0 6 ARVERIZRITNE
TR ILET HEATIER W Z ERH LN 572, £D—J T, desacetyl bisacodyl I
bisacodyl & [A] CIREEIZI5U T MUCSAC PEAZHIHI L, ZOMBIRGFRIRE TH -T2, 2D
&G, WA IBOIE BT 2/ LT, MUCSAC FEAEZ M L T2 FTREMEDS RIE S
nTna,
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Fig. 21. The metabolism pathway of bisacodyl and sodium picosulfate
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Fig. 22. Desacetyl bisacodyl, but not sodium picosulfate, suppressed TGF-a-induced MUC5AC
production in dose-dependent manner.

(A) NCI-H292 cells were co-treated with TGF-a (10 ng/ml) and indicated dose of bisacodyl (0.1 —1
uM) , sodium picosulfate (0.1 —10 uM) or dexamethasone (DEX, 0.1 uM) for 24 h. (A) NCI-H292 cells
were co-treated with TGF-a (10 ng/ml) and indicated dose of bisacodyl (0.1 —1 puM) , desacetyl
bisacodyl (0.1—10 uM) or dexamethasone (DEX, 0.1 uM) for 24 h. Secreted MUCSAC protein in the

culture media were measured by ELISA. Results represent the mean+=S.E.M. (n=3; * P <0.05, ** P <

0.01, vs group treated with TGF-a alone, TTP <0.01, TJrJrP < 0.001 vs control).
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AR BRBIO/NE

F1H B

AREORER, B 640 FiA R E LIz A7 V—=2 712 k0 | HliEME T A bisacodyl 737
H72 MUCSAC BEAMBIER 28> Z L #H 5 I2 L7, BLFIZ, 1. Bisacodyl 12 & 5 MUC5AC
PEAENEIEH OB, 2. Sodium picosulfate 33 & OVEMEEHY) desacetyl bisacodyl & DVER HLig
3. Bisacodyl SN D& v MEEWIZET 2B L5218~ %,

1. Bisacodyl (Z & % MUCSAC PEEMHIER OB IZE LT

Bisacodyl |% TGF-a (& X% MUCSAC FEAETUHE 2 IR B A7 (0.1—1 uM) 128l L (Fig.
17A), REROREIZIVNT, MUCSAC mRNA FELOTUHE S HIH] L T\ % (Fig. 18B), 2D Z
&6, bisacodyl @ MUCSAC PEAMGIEMIL. MUCSAC D43 Tix7e <. MUCSAC
mRNA HELOMFNC L Db D7 EE BN D,

(DBisacodyl (Z & 5 MUC5AC mRNA FEEHAMHI OMEFICRE LT

% 7", bisacodyl ® mRNA & BN VEF O ReME 72 A3 RRERT A0 720 VEF 2 3~ 72 EBRIC RV ¢
TGF- o & OIALERE 6 FREf] CHIHE 23 A HAL T D (Fig.18A), S H1IZ, bisacodyl (1 uM)
REMUALEE 1 FFIZ 3T MUCSACmRNA BELZIGIT 52 &2 AL TWD (7T —4 R
ST, ZNHDZ LD, bisacodyl DYEHIEBRFRNIIEF IZH N EB 2 Hiv, £ OERITH
BlE Ry BEBOFHENE G 2 THeMEIER < . mRNA HELUZB 53 5 KFICEBEENT 5
bLDOEEZBND,

mRNA FEELOFEETIZ1X, BERTEITESTRICBIT2E N E 2 6D, %M
DR 7B & L TIE, miRNA (2 L AEF) mRNA HMEER ST 5 b, Lo LR, K
MFFEIZ 35N T bisacodyl (Z MUCSAC mRNA ZZEME AR T S H1EH 2 Ffl- 72> 72 (Fig.20) .
S 51T, MUC5AC mRNA (¥ miRNA [Z X 2FEIZZTIC< WD 2R T 2MERH Y |
bisacodyl 75 miRNA Z 71 L T, mRNA FEHZ M L TWD AEEMHITEWEEZE X 5@, X
- C, bisacodyl IFEEFHEFMET T/ <, BHEBELARTOBEBSIT/ER A ZFF2>E B 2 bivT,

EEROREOEN L TEXLNL0N, MlaNY 7Lt Thb, AIFRETIE
MUCS5AC mRNA BB 595 7145+ ERK, Akt, p38 O U VERLICK 2 1EH %231
7=, Bisacodyl (% TGF-a #li1% 1 RffMIZ31F 5. ERK, Akt U V(LA BHE Ledv-> 72 (Fig.
19) , 2D Z L5, bisacodyl X EGFR 2°5 ERK, Akt £ TO Y7 FUTkT 5 EBEONE
ERZFi=7e\WEH 2 v, EGFR OB GIIEI RS EGFR OF 1 v v —EHEHKTIX
RN ERRIBEINTWD, —T, p38 O U UER{EIZBEI L TIE, bisacodyl (1 pM) D ILALEH
IZ &> TIEL TV 5, p38 DIEME(LI IL-1B X° TNF-a IZ & 5 MUCSAC FEA D TLHEIZ T 5L
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TEY., ZNHORBIC LD MUCSAC FEALT p38 IESIC L » Tl SN D Z & A ME &
NTWnH, Znb—FHL T, AEBRRZRD TGF-a (2 Xk 5 MUCSAC FEA D TLHEIL p38 HESK
IZ L > Tl &Sz, S 512, bisacodyl & p38 PHEFL A ILALEE L T4 MUCSAC FEAMHIE
HORIIR N oT (T—HRET) ., ZNHDZ LD, TGF-a fIKIZH VT p38
DIEPEILIZ MUCSAC FEADTLHEIZEF 5T 5 H D TH Y | bisacodyl ® MUCSAC FEAEBNHI1EH
[Zp38 DV UALTUHEERIZEE G LB 2 bivd, BLEX D bisacodyl DfEMIZ EGFR T
T 7 I N0 AL B 53 5 AR RV b D LB X B,

T, BEFRIOHEIZEAL X, =Y =x7 4 7 ARFIEIEZ 2 515, MUCSAC
[ZBA L TiE, -3718 $25-3670 @ Promoter FEIIC CpG VA FMBFEE L. AY A MMTBIT S A
FAEB LR R b H3K9 IZBIT 5 Y A F /LA mRNA EEHOMENCEET 25 Z & HVRE
ENTWVDH®), Bisacodyl AT E Y = %7 4 7 AHIHIZ L Y MUCSAC mRNA 5L 2] LT
WA RREMEN B Z BN D0, ZORICE L TS LR DMEINRHETTA S,

LLE XY bisacodyl ™ MUCSAC mRNA FEHMGIVEN OMFF I (1) FERFETER R HLT
5. (2) BEEEME TR (3) EGFR ¥ 7 F VO TRWZ LVREBENTEY . 41%IE
MUCSAC #15 7- OERGIEVES Spl, AP-1, NF-«k B &\ o 72855/ 11269 2 /EH &2 Mt
HVEDRDDHIZH D,

@Bisacodyl DIEH FRIZEET 5542

AEL BEtEXIRIE L LTV 2 dexamethasone (IR TH % glucocorticoid receptor
(GR) ~DifiH %4 L C MUCSAC 5T DG 2 ifil 95 ¢9, Bisacodyl DEf & LT GR
MEZ HIL5H D3, bisacodyl D MUCSAC PEAINMZRSL, MG IIHEE 2L F a4 FLl3fe-T
W5, 52, R TORIHIZIW T, bisacodyl 23 glucocorticoid D L 9 72 HIRIEIEH &2~
EDHEIL7, Z D72, bisacodyl % dexamethasone & [F] U GR @7 T =& [ & L )< A]
REMEIZIER ITIRWNEA 9,

LLEJ Y | bisacodyl 1, #2EHHIC L Y MUCSAC mRNA BELZ M35 Z & BRI
72o 72, D72< &1 bisacodyl 28 GR D7 T=A hTH D A[REMEITIERVL DO EE X BTz,

2. Sodium picosulfate 33 & O desacetyl Obisacodyl & O ki
FECE T A sodium picosulfate 35 X ONETEEHT) desacetyl bisacodyl © MUCSAC FEAIZ %3
HVER i~ 7= L Z A, sodium picosulfate (ZHHI1EA TR 54107, desacetyl bisacodyl (Z D #
MEER 2SN bALTe (Fig. 22A,B), & HIS, il 27 LIZIREE, &5 L OMIEH 058 & 23
bisacodyl L[RILCTH -7z, TN HDZ &5, sodium picosulfate (272 < | bisacodyl & desacetyl
bisacodyl (ZHiE T D812 L > T MUCSAC FEANINH 4D Z ENRBIN TN D,
Sodium picosulfate | L7772 K7 » 7 Th VY | KIGHEZEHROBERERT ULVALT 7 2 —8IZ



K VIR RSV, EDOERZ3ET 25 Z L5, sodium picosulfate Z D & DI JGE EE) T
HEERIEZHEY Y, bisacodyl, desacetyl bisacodyl (% Ca? KA FHIZIHE EEh A2 LS 5 Z & 3
SNTWVD@, LU s, X0E EEAIEIZI T 2H0EPN Car OEINE, KOERHK /W%
TTESE L2 Lmb. ZOHFIE MUCSAC FEEAMBERICHFE LRNLEBZZ 61D,
Bisacodyl OAfIfIN Ca* 1Zxt 2B L TiE, T 2@E b T, MRBEFE
AR AR GSLCs (23U Tld, 1IP3 &2 4K (inositol 1,4,5-triphosphate receptor) % [HE 35
& T, MEA CZED S ED ZENRBINTND, LnLanb, KERRIZEND
T, TGF- o %5 MED MUCSAC FEA I, MR Ca* % L — 3K BAPTA-AM % ALBE L C & #1iif]
ST, FE72. bisacodyl & BAPTA-AM # HALEE L CH A TR LN o7z (T —HRS
T TOTEND, RFIEFRRITHBWT, MFLA Ca? DAY bisacodyl  MUCSAC FEA I
WZHGTHAEERIMENb D EE X BND, F72, bisacodyl X, vV A~ v 77— Uil
Pk RAW264.7 a2 35\ T, prostaglandin E2 (PGE2) DFEAZIEIN S5 2 & AHE ST
D60, LinL7Z23 6. PGE2 BMHIREIZ 31T D REEPEA Z N EE 5 Z LA lESNTE D,
bisacodyl % PGE2 DA% I L C MUCSAC FEAEZ Il L TV 5 AJREME AR Z A 5 62,

LAk, bisacodyl & desacetyl bisacodyl (X [F] UJiR B35V T MUCSAC FEAEMGIER 27~ LTz
ZENDL, MEFICKBT DT OFENTRINTND, LPLARRL, ZhbDEYDOT
Hl & U COERZBET 285D 5%, MUCSAC BEEAIKICBE LS &5 2 b A A
T, RHOEFTH D Z L PRBI T,

3. Bisacodyl LIhDt » MEAMIZE LT

AHFFECIE, BEF3E 640 % 514 & L7= MUCSAC #H MUCSAC BEAMGIERDO R 7 ) —=
YT EATW, 25O v MG E R LTz, 25 ot v MEGHOHR T, 17T#RAT aA
NR{bEMTHY , WA RIEFE 2 v F a4 MeEMIX 12 i CTh 572 (Fig. 12, Tabled) , =
O 12 FOLEWIE 2 pM OIRFEEIZIBWNT, i3 100 % LLEZRLTHEY | TGF-o 12 X
% MUCSAC FEATLHEZFERIZIHEI L TWD Z B3 bnd, ZitbOfERIE, dexamethasone
28 MUCSAC FEAZIHIT 2 L WO AT —ET 2D TH Y | FE /L F oA RFiEME
HOAT A RIENIGE L T MUCSAC EAZRITIET 5 Z E B bnt ol

— TR STHOXT uA FRIEEWON, 3 FITM A, 2 FITEAERLE AHIT
o olz, HOBHEARIZIR I MUCSAC FEAZMEI L7 b oo, kbt z AW REHT
T, BORFEEEZ R L2 Ehn, A7 Y —= 7 THALNTERITEHESEIC LD DT -
TeeEZXLND,

KR IVE K| Th D algestone acetophenide, chlormadinone acetate [X, &5H 5 6 2uM 1T
WTHFE 2V F a4 R ERREIC MUCSAC EAZIH LT\ % (Fig. 14, Sample 194, 210)
WEORE T, HWKSLE R FESEE EEO MUCSB BEAMFNCEE L T\WE Z & AVRIR
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ENTNDE®, MBI OLF L OFTZA F1TES OO, HIEFLE U BAE ERICE
WTH MUCSAC OFBLZIHI L TWD AIREMEA B 2 D, Mi3EAlIT progesteron receptor
(PgR) DFFRNNT =2 FTH V| FEHEaLVTF a4 FEHITENE SN TS, £TO—J;
T, chlormadinone acetate (ZB L TiX, PgR (2%} % Ki A% 2.5nM, GR (2% 5 Ki i 16
M TH Y, w7 AZBWTHE a2 F a2, FRIEAZRT 2 ERME S TN, £E0
A7 Y —=2 7T 2uM & EREDUHEEZIT->TEY |, GR DFHFEBETE RV, ZD7
¥, algestone acetophenide, chlormadinone acetate ® MUCSAC pEAEMHIER IZ PgR, GR &5
ORTETEDICONTNIE L RDMHADMETEAS S,

F2IH NME

KREORERNG, BEFE T A T TV —2RR L LI A7 V== 71280 T, FIEPE T A
T 5 bisacodyl Z K IERHRELEMEIIKA~D R T v VRV v a = FEfilbA e L TR
L7-, F7=. bisacodyl 1T TGF-a |2 & % MUCSAC 4 F LN MUCSAC mRNA L OTLE %
FZCHHT 5 Z L #ALMNC LT, £D—J T, bisacodyl ® MUC5SAC mRNA FEBLHH] D
TERBEFFAEIA & in vivo (BT 2 A ZMEDOKEHIAHROETH D, £z, KUERGHEEAI
WL LTORMEEZL &, TAlE LTOERIZRITER & 72 %, Bisacodyl 134X 13K, 3K L
THEASNTEY., 20 OREZ T 2RAAIRLRIEEZER THIE, TAIE LTOEN
ZRET o0, KEMEEEAIHIEEE L COERORZIIfFTE 526N 5,

PLb, S IERMEITED H DD, bisacodyl % ##l MUCSAC FEAMGIFK E L TR L
T LEL ROERGEPE MBI DB SN L BE R TH D,
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% < O Ee ISR T 2 ZOB IR OMREIFE A, W ONTERAER X, & < 5 DIFELE
DR EN TV b DD, ZhE TRBIEORIEY &% 2 b, BBRERII I TPh T2
Iipolo, ITHFEOHFFRICZI Y . EHRIERA EE QOL DK TFITIZ T, PEREREDRRE &
BHERBMRICH D Z LR LN LR | KGERIREARE O BREDSEHR I h>OH D5, L
ML G, BEORIKIGFEEICENRIERHZ R T ON W, KRELTATrA R
HICEDPRIEZ B E LIRSS IR SN TS, 20— T, A7 A REIZXDHRK
JEDOIHIA LT U b RIEEE IR L TR TN Z L3S SN TR D 40, K KN,
COPD [T AT v A FEFUEDBED —EHFEL TV D, - T, RREIIER DR
FITIE, AT uA REETTIEIARTH2THY | Hile 2R RRE RN LB L E 2 5
ns,

AWFFE T, ROERKPEAEIHEEORIR 2 B4 L, KUERIKRFZR ) T H MUCSAC PE
AWZER L. SIS 2 BEAFEEDE R 2 f . KOERSRPE LI ZEA~D R T » 7 VRV v
A= EERTHZEEHNE LTEREITS T2,

F1ETIE, BRICBWTEEIERICAZI ThH D Z & /RE STV % PDE FHESE
ibudilast (235 H L. MUCSAC FEEAIZH T DAEH Zfi~7z, £ Of5R, ibudilast 23 in vitro, in
vivo IZ8B\\C MUCSAC FEAMBIER 2R3 Z L 260 Lin, £io. T OIERAKFIT
ERK1/2 U VIR{LIHEIEN & MUCSAC Bin DG Mfl TH L EEX b, EHIC
ibudilast ® MUCSAC PEAEINHIVEM X PKA IZIFHKAFRI TH 5 L Z 2 B, FATHIEIZ & DA
® PDE HEFK & 138705 RIMNOFIZ XD MUCSAC FEAEZ T2 D EE X b,

%2 B CIE, BEFHK 640 flA FV 2 MUCSAC FEAEMBISRD 2 7 ) — = 7 %47\, 25
Dty MeEHmERH L, Zhvbe y MEBHOHR T, FrcHBiER&E <. FERREMR%
7~ L7z bisacodyl (2 DWW THERIME T O 21T > 72, £ DfER, bisacodyl 25 TGF-a 12 X %
MUCSAC PEAFS LT MUCSAC mRNA FETHEZIHIT 5 Z L 2B 60 L, £ OERERT
WEREHTH D Z & &R LT-, X512, bisacodyl DIEMHERHM TH 5 desacetyl bisacodyl
IZH MUCSAC PEAMMRIER A A B v, MW 2@ T 2887728 MUCSAC 2EAEIHIEICE
535 ArREtE 2R L7z,

LI b, AHFFETIE, ibudilast, bisacodyl ¥ MUCSAC EEAMMHINER 28 52 L, KBk IR
FEAMGIZED R v 7 VRV a = 7 EMbamE LTIRB L, 2 b O RITRE~ O
IR g RS T B 4L 2 KGBE RS ORI EEA A 27 R ORI e N D EER L D Th
el
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