K FERSEHOT

0.32 1

0.1 +

Methacholine PCz0{mg/mL)

0.03 4 *e

0.01 1

* o >

T T T T T 1

0.0 25 5.0 7.5 10.012.515.017.520.0 22.525.0 27.5 30.0 32.5 35.0
Mast cells/mm? airway smooth muscle

®7 SEIEEFERCHRT D mast cell XTI KERE
HEDFER
HEHEEBETHESHMBIICEKTET D mast cell DB /mm? & Mch

PCax [Z&DBEAERT.

BEMEAE L EOHBEERLI(B7)ERBELT
W32, ZOER»LFBHMROBED A=
XIS mast cell BEET 2 Z EBRRENS,
SHESEMREA, 25— VB ICRREERE
ELEE DS, BENEOLEVINTOHED
HY, Fl2EChubiRas—r g, EREE
B, iFEEkiEE, TGF-B B BEm S
LEEWMBTRENALARVERELTY
2%  —% T Benayoun 5 {3 intermittent asth-
ma, mild-to-moderate persistent asthma, se-
vere persistent asthma 0 3 B THEE S % fE(T
L, [FERERE, MFHRERE, LERCR(EE, ERELE,
AS—FVIRBICRERRD L ofh, FER
g, RS, SHETFHEEEREEE
BT 2 EHEL TV A, K8 EET O
fbic oV TR BREE, EEE, BEAFICL
TEFTEFLMABRELVDY, —ELIRERE

G2k 29 &£ 1)

EATELT, HICHAEREORHMEV AL

ROPBCEIATOERENEEZ SN,
EREREEIWEMUNOFRBRETHIEET

BIEEMENTEY, BRHHLEEELEED

 RBECIHEEEZRD 0LV EE HILEN

Z\, —BRHETRMEEREE AL TEEE
HHEET 2 LI |EPS, BEWS CHFRXRRER
HEED 2L TICBOTDA, BEEBEOIELER
HhEhicEW O WmEMDH B,
HESCBELTR, PEE,LEERERET
BRESWHTUELTEY, $-ELREFICED
S HWIGBMETE D 5 & TE NI
HE LREENYVIEAT 2, WMEIFEOEHRAZ R
HLHETE, FHSMEROEENRDL
h, T, REEEL L HICRERBIC D
MEOEEIBEEON20~30FICET L L
whbhTus ¥,

VEGF (vascular endothelial growth factor)
PDGF (platelet-derived growth factor)

©28 (1520

FGF (fibroblast growth factor)
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mEQCY EFTY 7B LT Kuwano 5D
BN HERELEE CRME OHWRDLEMIE
LWEWIHELVHZ Y, MEHECEETIH
F & L T3 vascular endothelial growth factor
(VEGF) , angiogenin, fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF)
R ENEFSHND, Hoshino 5 IdMEBREORE
HECTIEVEGFOEZEFEETH 5 It-1, flk-1 ©
mMRNA VWV TOHEBRBLELTEY, S 5ICF
DB YMRE L IE SWEHSGHEET L mELT
VB ¥,

& b WU I

BEERED AN X LENITF—TICZE>T
SEAE, SEBRYE, JEYEF)IOBEE
b B IR Fr, BRI B B R RIS 2 O’ T
PRESRTVZ 0N, BE, BRI, BB
BRECIOEREL LY 200, $HEHE
SR TOREVEMZL, AETRIREREEL L
5 ECHIEE THBOBRESERICHEATE D
HEMHEDRE, X704 MEEEDOAH =X
LR DBEOROE %25 MBS hE,
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D H1EMBHEETLLF-H
IF BFRFRET LV F WL
IR RV ZHH KT? WA EFE  EHE HE K& FER2
AR BER? il BT RARAOERY O BA BB HE OEAY

[T& - B I REREIRERBECSTIRAXT

O 4 K inhaled corticosteroids (ICS) &ED

AFyTEy >, RIEICET 2BEKEES RN T2 HN T FRNEEREE2ERKL -
[%%] ICS100pg/ BRI THETIHALEELAL OIS hAEBEEHRELE 112800

=]
JLs

[Fi&E] x4V | A &FHER methacholine chall

enge test (MCT) %#3EM L, provocative con-

centration causing a 20% fall in FEV1 (PC20) #* 0.5mg/mL LI EDBEIC, thuk#®7 5B, 16 H B,

24 A B TEMEZEIT- /-

[#R] 24 WRETHELA 632D 5 81% 1d, MRBUTOERTHEBL, HBEIEELE

iz >7. MCTDPC20I3, 2<{RBENEDL>
7=. ICS EAHEE, mMiE IsE B ETEL & - F-.

EEAETER, ZhESTR, FEICETL

[#%%] £20> FO—JVT, MCT @ PC20 #* 0.5mg/mL L EiC&EL TWhIE, FIELTH 80%

BERRELTRAT S LHFhhoEk.

Key words: child asthma —— inhaled corticosteroids —— prospective study —— step down
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Start of I%? q
ep down
Onset “'

. 4

I
x

Discontinue of
combined drugs

Discontinue of ICS,
If MCT>0.5mg/mL

Ste‘p‘dvown
L 716

24mo
L ® @ o

Evaluation of symptom, MCT, LFT

Fig. 1. Observation schedule.
All patients were treated with adequate inhaled corticosteroids (ICS) and
step down to 100pug/day and stopped. After stopping ICS, clinical symptom
and bronchial hyperreactivity are evaluated on the 7th, 16th and 24th month.
ICS: inhaled corticosteroids, MCT: methacholine challenge test, LFT: lung

function test.

OBEI SR AFRBICBSME L EML, BK
BBICEEYE 2EROHRNETLHILEEHN
WCER L 7.

MR ETE

R BB, THER 3927 R T/AREREIWE
AREL, TUNF—EPRTT LV F-EMEIC
I DB LT & 6~26 7%, P4 12996
Bost1124 B34, KE3VE) THE —E
DEMNEWMOBE W, ARME & UTHIE LAREH#
BLTWA-ORBELY. ICS 2H1ETAIHh72D R
DEMEWZLZBREENSR L L, BREGBEH,
LICSZHEAL, MNEREIMERHREHT I FIA
VOREBRPLRITA FIA4 Vo IERET,
BEE, HEAGRLEZEDIIToTwaZ L. #
BRI ICSIC X BEEEITY, BMEHRTICS E LT
Fa¥t B I NFh v BT 100ug/ B BT Y
THELITV 3V A EMERES I L, 1BFE
(FEV1%)2570% L EH BT &, SHO%R, BEC
FAET2I 250 L NEREFOEEEIIMNE
ARELTHLOBBFRIEETH oL ENE
FERECEMIiT 5 &, BEREGRIAS 56 &, HEESHRE
2350 4, EERGHI6 HThHok ",

st BEE, 24 B EICS Z9UE L TR L X P
1) ¥ B A B # 3R Bk methacholine challenge test
(MCT) #%MiL7:. MCT TFEVL 2°20% ML BT
L7 A% a vk ASER R B provocative concen-

tration causing a 20% fall in FEV1 (PC20) 7% 05mg/
mL P LOBEICBAER L UREERICICS 2 H I
THEFHAPLEERSENAHAICICSEHILE
L7=. PC20 %% 05mg/mL K DHE 1L, FEBHEK
HAETSHEBL TV RWE W) HIBTTICSIC X
LR MRS A5 2 & RO, A

ICSHIF#IIFEFMEE L LTFHTHA, 16
J1 B, 24 % AR ECO MCT 12 & 5 PC20 & Jili#%REAR
EBIUZFOMOBRERERE L. FmieE
fEE & LT, RAYMFREERE, MG IgE ik,
¥ 48 IgE ikl E 21T o 7 (Fig. 1).

MCT i3, REWSEEFEOFE (ATSH) KK
Vv, A4 31 ¥ 0031lmg/mL, 0063mg/mL, 0.125mg/
mL, 025mg/mL, 05mg/mL, lmg/mL, 2mg/mL,
4mg/mL, 8mg/mL, 16mg/mL O&E%E, LC A7 J
4 — (PARI, BEEFKE, HE) 2L TE®
224, 5L/min. T2 2 HRAL, BMARIC2HA A 1
A—%—, AS-300 (3 MEFESR, R THEL
7z. PC20 DEHIX, FEV1 %%, RIEICZHE~RT20%
UHETLAEEdH 5 Wi i, FFREHE
BhHrEEEEEL LTHEL, PC20 % ATS &
TRESNTWRROFETEHEL, KEBE%E
DOBFEE L2,

PC20 = antilog [log C1+ (log C2—1ogCl1) (20—
R1)/(R2-R1)]

C1 =second-to-last

methacholine concentration

(concentration preceding C2).
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Table 1 Evaluation of clinical course after stopping of

inhaled corticosteroid.

Group

Clinical course description

Dropped out

=>BpRes Ml co B wil@Rlvelie

No symptom at all

Accidental attack less than 3 times/year
Intermittent (attack less than 1 time/month)
Intermittent + EIA

Mild persistent (attack less than 1 time/week)

Continued ICS, PCz0 more than 0.5mg/mL
Continued ICS, PCy less than 0.5mg/mL

C2 = final concentration of methacholine (concentra-
tion resulting in a 20% or greater fall in FEV1)

R1=percent fall in FEV1 after C1

R2=percent fall in FEV1 after C2

ICS LB DBRRIER O IE, BRI H P ERT
WICS Wik 24 H A 2 aFli & L7z iEBEHEd
DFHEIEEEL, £ WMERE, WEHF Lo 728 (A),
BEOEETE, BE WENEro7205 TLVY
YEDTFHEREMEICI Y RELE2HRYTET
B U728 (B), FCBEDS AT BREOWS,
AR THREOR (C), HKRECEDZ RN
BEEITH D), BC1EUENREEIEIS LD
2o -BERRRD Lo (BE) coBE L. BEH
WHHRORBENET H7201, ICS % —HBHAELAZ
DBRIICEZEOMO P OBBAICE Y FHE 13888
BOPTE& ko8 (F), [EBHM PC20 505
mg/mL Pl ETdh o 7 ASBEROM & HOBEH T
ICSZHIE Lt o728 (G), [EBBMED05
mg/mL R TICS 2k Laho 28 (H) 124
L7 (Table 1). HBBHEHOWA»LHEX, B
ERRE (ER) U LCho2fal LT, 202
Wiz L7z ICSIC L AR HEE L.
Wt

BRRAEBIC X 5 7V — 7538 L R R, W,
SJOEBBEHRESORENE, tREL AW

IS

ERRAER DB
24 7 AHOBRBEBRBOB T, A2 ET2ER

LM BREEEREI L-EIREL, BELL-BED
EEFEBERERNT CTHo, ICSHIE24
B ABROBREROFMIZ, £ MEREBIV
WD Ze 2r o 7o BE (A) A5 32 B, BHDLEIETIZ,
A, WBE Lo lds, TULVY Y EOFHE
RIEMSEIC L D BELE2RMUTECRI LR
(B) #1741, BXEOE (C) 2 24, HKRET
HECESZFRMALZREITE D) 234/, A
1 BB ENREDFES 5 & 917 o - IEH e
Pbto# (B) 98, BEE ) 271146, K8
B PC20 2% 05mg/mL YL ETdH o 72HICS %
ik LZedro 728 (G) 28 11 B, &AL 05
mg/mL KT ICS # ik Uz dro 728 (H) 4327
Bl TH -7 (Table2).
FHleRRELRI L BEOREDEEIZ,
HEEGTIRE Bl R 2 BB L R h o 22787,
S[ELRBERICEDS, IR RERLE,
BT T7 U035, fAELTVWAR
AT o7& Z TR %2 RO TIERNH o 72, Bk
#(F) &, ERPEERRERIICEL 2w, BE
DHWH BV, Bl OMETICS # B L7
SEB, AEEERER TR X ) BT L
7272 DI BB OHIB T ICS ZBtE L - ER S
Ihb &KaEBHEM%EPC0H05mg/mL UL kT
Hol=WICS Ik L ado 728 (G) OHEHAI,
kBRI ASEHI B BV iE, FREOEFE I
KESLdo ERAFEINS.

24 7 B TREBIE LT, HERE) 2BV
ZoRHMETIE, 24 ABEREDLTCRABLLD
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51%

M A: No symptom at alf
& B: Accidental attack
B C: Intermittent

D: Intermittent+EIA

&3 E: Mild persistent

Fig. 2. Clinical course at 24 months after stopping of inhaled

corticosteroid.
Group description refers Table 1.

Sixty-three out of 112 patients have been evaluated at 24 months after stop-
ping of inhaled corticosteroids. 81% remains as no-symptom or symptom less

than 1 time/month.

X, A~CHD81% THo7: (Fig.2).
EROEBREOHE

Frol, [aEasE2EE L 05mg/mL ML
OBBETICSEHILL, Z20#24 7B T TOE
RAEROFHE ¢ A~H BICHE L 7. ICS 2wk
T5FTORKES, WEBTHELZOBROME
IREEIRDBEVICHET 2 EROFEIZOWTIRE
L7 (Table2).

HENE, DROZDERETIZ, —BBICBRE
FE L WREFSLF LERTH o2 ICSOHIE%E
it L7- S Bl ORB B AR S OEE, BESF
ik, BEBRELETER P ok, BlAPORK
BREEOLB T, EEICEII L1572 ICS &5
BLTHS, SEAIET S T TOERBMIEE,
IFEOREED R WH LI A, B, CETIZ
1200 HYL ETH Y, BIL L7z D, E B TIZFEH 800
HUTTHHIAEEZ (p=0001) 2’dH-7z. 5H
ICS % H 1k § % F COEBIEH HIX 633 B C&H#
TOEIZ Lo,

EBROREMEDEE

T B & FRkIC, FHOMBREZ LERL .
MLiE# IgE Pk, RIEBRE BEOEWV A
B A% 486 £5511U/mL, &8 38 1% 4% 0.5mg/mL

UTThosz HEEH1856+2670IU/mL THH A
HOYEHI3IFTOIUTTHo (p=0016). ¥
RN gERBRER, SV —THTEEZEL W
THhHBETH -7, KEMIFEBEREuE, &%
ED v A BSOBICIE L CTEWEIICS
D, E+HE L ORETIRAERE (p<0.001) I2fEh -
7=,
EFROMKEEREDOHE
A~HOETOHIZBWT, ICSZHiEd b\
WL &) & LSO, FEVI% X, T
85% U btHY, BEREDEXLOED 10% MUK
THLholz. T, 0T TRBEE- -8
THIFEALEDS Ldh o7z %V50 X, Fix
80% % EBloTWwaA, E620XH20% Rited
NIEVWEFA D H 72205, FHMOZRZ2Hh o
72. %V251%, FHIE70% & LR TwW5BDS, iF
LOEN20%HIED VIERIEFASTHY, A B
FRICHAN, [REBEESTTHEL T2 H#TIE
WD H o7, %V50, %V25 L2224 B B
BBPEELREE LD 72 (Table 3).
EROREAHEOR:E
ICSEHIEHLVITHRIEL L) & LABETD
12822 TOBEDOPCHODEEZBEDORAERE
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Fig. 3. Cumulative rate of patients with bronchial hyper-reactivity of

every stages of MCT.

Each column shows rate of patient who did not react to that concentration
of methacholine. Black, grey and white columns show the rate of patients
who have had severe, moderate and mild persistent asthma respectively.

FE L PR TR U AN & A A o 7.
MCH o PC20 1%, £ 84 0063mg/mL M LT
D, ZNLDEOBRE TIIMBHICEZN LT
w7 (Fig.3). 4E@®ICSHIEE#EEL LTHRAL
72 PC20 28 05mg/mL L ED B EIZSHHTH o
7z.

ICS Z#HIEHHVITHIELE ) E LRETO
PC20 i, A BEASFY 7.69mg/mL, B #A3F3 578
mg/mL TZDHICE L RHIEOHE W A B TXES
BHEIFENERSH o7, A+BEHEE C+D+E
HCTORBTIARIIZOBROEEO LW
A+B B CTREBBEMEIES, -7 (Table 4).

ICS Hik# D A BEOREIX, 74 A TR
EEICTEL, FO®B16 A ATHEL, 24 7AT
FHRIEICHRTTEL TV 22 b h o (Ta-
bie4,Fig.4). BEB I CEDRKRIZ, PIERE
7HRC—HIZTIEL, 16 4 B, 24 7 A CE
T5bHIEHICHRTEREICTEL TV (Ta-
ble 4, Fig. 5).

£ =X

WART A FERS L OMmMBEBEIIBVTE
Rearyro—nL, REREZEELTLZE
oy, ERPOEBEERIA FI4 VTEL
BREF L LTI TYS, BAAFTOA K
BWICIDEBEHBELT, EROIY buo—uf
TETWERED 2T, BHRERIC X %5, B
B, [EBBMEHRE, MIEZ, BEFVA5
MaLsEEERHEPRESINEESA FI4
VIZHEAEINTWED, BMARTUA FEOR
&, FukICBET 2 MR IREN v,

HFARGAVIZBIBERAT Y TORAT v 7
v v, ik 2B L T, Global Initiative for
Asthma (GINA) Ti, BREEOa Y tu—5—
Tay ba—VEN—EREROBREN VLS
WHIECTEZTREESEDLLVWITZEFVAD
DEBHH 5 Y. PRREXGEIEE - EEIA
FZ 4 > 2008 (JPGL2008) Ti¥, AF v F¥o v
2RADLDIEL, HEEFIZERZW L, B2
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P=0.001
100 —
r P<0.001 . P=0.055

‘ —_P=0.001
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MCT PC2omg/mL
T

0.01 - { i 1 i
0 7 16 24

Months after stopping of inhaled corticosteroid

Fig. 4. Change of bronchial hyperreactivity in no symptom group (A) af-
ter stopping of inhaled corticosteroid.

Bronchial hyperreactivity was measured by methacholine challenge test
(MCT) followed by the method of American Thoracic Society at 0, 7, 16 and
24 months after stopping inhaled corticosteroids.

PCa0: provocative concentration causing a 20% fall in FEV1

P=0.018
100 " P<0.001
~ + P=0.002

: P=0.003

10

MCT PCzomg/mL
T

T
7

0.1 T

0.01 : : : :
0 7 16 24

Months after stopping of inhaled corticosteroid

Fig. 5. Change of bronchial hyperreactivity in group B and C after stop-
ping of inhaled corticosteroid.

Bronchial hyperresopnsiveness was measured by methacholine challenge
test (MCT) followed by the method of American Thoracic Society at 0, 7, 16
and 24 months after stopping inhaled corticosteroids.

PCar provocative concentration causing a 20% fall in FEV1
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& L-BEE, HER/NERERE, ELEE
Bty —7 UVF—ROEMIR CRABBIE
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Y RHoMEZH cHL I LD, 3EULED
HBRED L VIEHP LHERELZEEL LT
b, BEHEICEIADOTH ) ERICIIHKTX
TV, EHIIRTH o7z FED S ICS
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2008 I L -NETHIBIN, BHELICS
ZEALLCEEZ 19 E2OHBLTHE T4
Fo4 Y HR%BE, CHICERLABEETVY,
PDELZRLETCE -2 70—E=% 1) 7, BMEXK
ECOBRBHRELRELCERLZ, 2 ba—
FT—DAFTFI VL, 3HAULOEREL

BLEDS, M7UVVF—%E ofapryxy
AR, ICS L HYR MM CRlE L, &k
I ICS |/MNETH A 100ug/H T TREL /2.
o T, AEOMREL, BENLEHETTHS
AV Ma—UHPTE, HBWERICAT Yy 75
Ty TELERTH Y, HEHITDHLREERE
BRE EEFHRUEBEERPEZLETIIA+0d5
WIEHSWIHEESRBERERNIZE I YR
Wy,

WAATFOA FEERILIZHz-Tix, 34 AR
LOBRBBEEZ LEVBORAT v TF 7 v 2ffn,
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BB ICS100ug/H T3 4 B ML EfER D 22 1
TEEELILML L Thid, 4% o
WIZ EPLEMROBERICE S LDTHHH
BUE®D JPGL2008 THHEMRDOHER & LTHRA X
NTWa. AR TIE, NREFICHEERE, X
o) YIRARWREEER L C, FEV1% 2%
80% LAE, PC207%05mg/mL M EHEL TS
B2 LML L KEBHEMRBE, B
W TLAERTERVOPBIRTH 505588
BHEOYEE, JPGL2008 2B\ T b ik#E BRI
BITONTWALHHTH W HLEE L LTHRAT
HZrEL, RBBOICSHILIZHh-oTlE,
B EWLPICREBEEOBVERIZOWTI,
ICSHBROMBEFZTI LVWEWIHIE LA H
). [EBBEITE L W) HIWE, RERSEE
FEOFEETIE, PC20 2% 1.0mg/mL LT % s
BEENDHHE L TWES, PIEEOREBHER:
T2 47 2 5 728 05mg/mL BL b % ik 3k 2
LTHALE. 2029, ICSHIkizh-h, B
NOHPAETWICSHILZ2RET A L2 BE
PEIRTEBH LT L7 (GHE).

ICS PILBROBREROBIZE, 1~3 1A
DHRRZZRIIT W, MCT 3FERAT YV a— N
FLORBELTVARPOERLTEY 7 4 B,
16 A Ak, 24 WAkt ot

ICSHIL# 24  AMOBGRERD > A~E &
WALz EROBEIR, ARG EEwz7
VI F—RBICHT 2AERERE2Fo TR
T, EXMELC HEABRZRENLRETH Y
BRI FHIILTHTH, 7TVVF Y BERS T
720, [EXRICLYBEEZHERLTLE 76
ThH 5. CHEIL, JPGL2008 D EIE SO B R A
WKHYT2H0THY, BRI, BRESHEEICHY
THIDIILA BROBEER 2K &, ICS FIE
% 81% DBEFIL, MRBUT CTRBTS I LT
ETW5,

24 W RBOBREBICHELTWS ICSHIE
VHIOERE LT, ICSDEBEHEIAENC L1
T IgE BURS v 2 &, KA M IFERER B AN
W EPHEBRORBPEWI LICHEELTY
Z. L&L, BRETFUNCEL Yy b 7lEER
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DL EXTERIol. Tz, HitkEERE T
FEV1i%, &EFTHFEEENF LR TN
KR BEOHEL N5 %V50, % V25 3—H D
EFTIRETH o 7205, ZOROEAZTHT S
HFIZ % bhdof, REEBELZRT MCT
T, ICS H1k#ED PC20 45, A+BBTC+D+E
BICHRTEETHY, FRHUEOHy P T7HE
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ICS ik o EEHE ML, A~D BT,
ICS #H1E LT 7 & B I —RIC &R E BB
FoEL, 16 7 BRICIIBUEEL, 24 H BRI
OB L VKT L72ETH - 72 (Fig. 4, 5).
EROLEL TV A BRORERBMEOLEE I,
BHEBEL Lo TEBHLTWAED 24 A ARR
TIE, IR B L CEERET TR adh o 7.
—% B, CEHTIZ2U B TERIKTLTVS.
COEEIIE A DIEFTIE, 12 BEOELTD
D, BRIICEFNRIIERELREFH LITERITS
v, 160 8, 24 hACIREBNEE LI-BE L
BDLTWBIERS, THHAORET—HBEKTT
501, ICS kB OFEBEMERE %, ICS ik
%24 B EH T TERL TV AP, REDE L
T2 ICS DHEENFKR > T iERS 5. £
72, W22 9 L2 RELZEETRE, BEED ICS
PEREBEEZUECELTRBEZTRRT 5.
AREEICBWT, WBEAFT Y ba— v Ehik
WEATF Y 7y LHRIETHHEEE LTI,
PEAK study 233 & S hCw» %5 ”. PEAK study
1, ICSEHMEZ 2EMEMELZDR 1FR
ORBEBEL, 2EMORS M CIIMWEIXTL
HBLLRWERERLTYWAS, ABFEL X, BIRETY
A UHELBRDLI L, ERBOEY, EYRE
PAbiam oz, FHMliFEOECY D B AR
TRENLZ L, AR, ICSZMEAL,
REEalcay ra—V LEEH 4 4ER B E ICS
WHELITV, BYEEDAORIEREICH 58]
B, AEREZEYICITVWERLAT Y TS
7Y LT BT L TERHIZICSORPDHEHE
THBTEXREANSLIE, E6I1C, —EDE
(MCT @ PC20 %% 05mg/mL PL EeED 5 i,

ZFRUE) CREBHEEASHEL TWAEEITE,
ICSZm b LTH 80% DA LD BEMHERELLT
THRBT LI LPTE, BILEE D PHEED
rwisizwnwl tdbholz. RATOHRE
T3, Tsurikisawa 51, 374 & D HAAK AN L.
DFHEBRFRCHETL, TEFVa) ViZ&
BEEREEIYE L T CHEEATIIEREL
HBWIENHHIEERELTWS Y.
ICSOHHIcE LTI, AHFETDH ICSHIED
BZ0EHIEL X9 & LR TORERBIESD,
ICS R EMRIEMABE T3 AU LERS 2T
b, TRIEBEMERTENISCHFETSLS
L2, BIECHho THOE LR LRFTVPLET
HbH., IhFEFTICSDFRFEMHEEL LTS
Y vB7VF A HE T 100ug/ B 25— H
ThHHH, FRUTOHATOHRE H L. RIK
HHEZHETAZ LT, LVERELLAEBK
P2 MR L, quality of life 2MR7z B D THNIIK
BEAHOL L WRESHEORMITELIL
BEIhE.

Ao, BEAYEHREMERWHE BE-TL
NVE—RBETY - BEMEFEE TR 16~184F
[TV —RBOEERSTFUEFOBRIB LT
F—F— A4 FIREHEOMLICHE T 2% BXUF
B 19~21 4EE [T LV F—DF—F— A 4{ FibRE
BAA ¥4 oL ERE] iRomED s
Wiz UCTEKL .
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2) Section 3 component 4: medications. National
asthma education and prevention program.
Expert panel report 3 Guidelines for the di-
agnosis and management of asthma. Na-
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3) Chapter 3. Asthma medications, Global strat-

egy for asthma management and prevention
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PROSPECTIVE OBSERVATIONAL STUDY OF CLINICAL COURSE AFTER STOPPING
INHALED CORTICOSTEROIDS IN CHILD ASTHMA

Akira Akasawal, Tomoko Suda?, Masayuki Akashi?, Masami Narita?,
Yukihiro Ohya?, Akemi Manki?, Hiroko Watanabe?, Miyuki Kumaki?,
Kenji Matsumoto® and Hirohisa Saito®

Y Department of Interdisciplinary Medicine, National Center for Child Health and Development
2 Department of Allergy, National Center for Child Health and Development
3 Department of Allergy and Immunology, Research Center,
National Center for Child Health and Development

Background: Prospective study was carried out to observe the clinical course and find out the clini-
cal index to predict the outcome after stopping of inhaled corticosteroids (ICS).

Subjects: One hundred twelve asthmatic children (aged 12.9 = 9.6 years old) who were totally con-
trolled with 100ug/day of inhaled corticosteroids and have not experienced asthma symptom over 3
months, were enrolled.

Methods: Patients with over PC20 0.5mg/mL of methacholine challenge test (MCT) were recommended to
stop ICS therapy. Clinical course, lung function and bronchial hyperreactivity were followed at 7, 16 and 24
months after stopping of ICS.

Results: Eighty-one percent of 63 patients followed up to 24 months run on as symptom less than one time
per month without remarkable change of lung function. PC20 in group of no asthma symptom during 24
months (group A) decreased weakly. That of other groups decreased remarkably. Days using ICS and
plasma IgE antibody at stopping of ICS were different in clinical course at 24 months after stopping ICS.
Conclusion: Over 80% of totally controlled asthmatic children with MCT PC20 over 0.5mg/mL could stop
ICS therapy and run on without relapse.

©2009 Japanese Society of Allergology ~ Journal Web Site : http://jjajsaweb.jp/
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Double-Stranded RNA and TGF-a Promote MUCSAC
Induction in Respiratory Cells

Hiromi Tadaki,*" Hirokazu Arakawa,'* Takahisa Mizuno,* Tomoko Suzuki,*
Kiyoshi Takeyama,® Hiroyuki Mochizuki,* Kenichi Tokuyama,® Shumpei Yokota,"
and Akihiro Morikawa*

Viral infection is a major trigger for exacerbation of asthma and induces overproduction of mucins. We investigated whether
dsRNA could amplify the induction of mucin by TGF-a in human bronchial epithelial cells, as well as the molecular mechanisms
regulating MUCSAC expression. Human pulmonary mucoepidermoid carcinoma (NCI-H292) cells and normal human bronchial
epithelial cells were exposed to polyinosinic-cytidyric acid (poly(I1:C)) and TGF-a. Then, MUCSAC protein production, mRNA
expression, and promoter activity were evaluated. Cells were pretreated with a selective inhibitor of ERK, and phosphorylation
of ERK was examined by Western blotting, Furthermore, the expression of MAPK phosphatase 3 (MKP3) mRNA was evaluated
and the effect of MKP3 overexpression was assessed. Poly(I:C) synergistically increased MUC5AC induction by TGF-a in both
NCI-H292 and normal human bronchial epithelial cells. This increase was dependent on MUCS5AC gene transcription. A MEK1/2
inhibitor (U0126) significantly inhibited MUCSAC production. Phosphorylation of ERK was enhanced by poly(I:C). TGF-«
stimulation up-regulated MKP3 mRNA expression, while costimulation with poly(I:C) inhibited this up-regulation dose-depen-
dently. Enhanced expression of MUCSAC mRNA by poly(I:C) in wild-type cells was completely suppressed in cells transfected
with the MKP3 expression vector. dSRNA can synergistically amplify the induction of MUCSAC mucin by TGF-a. This synergistic
effect on MUCSAC production may be due to enhanced activation of ERK through inhibition of MKP3 by poly(I:C). The Journal

of Immunology, 2009, 182: 293-300.

plasia is an important feature (1). Excessive secretion of mu-

cus by hyperplastic goblet cells causes airway plugging and
contributes to morbidity and mortality in asthma patients (2, 3). To
date, 19 different mucin genes have been identified. Among these,
MUC5AC mucin is a major component of the mucus produced by
airway epithelial cells (4), and its production is regulated by epi-
dermal growth factor receptor (EGFR) signaling pathway (5, 6).
EGFR and its ligands are not only expressed in patients with ma-
lignant lung tumors, but also in those with airway inflammatory
diseases such as asthma (7). TGF-« is one of the ligands of EGFR,
and it is known to play a critical role in phosphorylation of EGFR
that leads to MUCSAC production in the airways (5).

Viral infection is a common cause of the exacerbation of
asthma. Among the many viruses that infect the airways. human
rhinovirus, respiratory syncytial virus, influenza virus, and para-
influenza virus are particularly common pathogens that induce the
hypersecretion of mucus and exacerbation of asthma (8-10).
These are RNA viruses that synthesize dsRNA during replication
in infected cells. TLR3 recognizes dsRNA and was the first anti-
viral TLR identified (11). Because dsRNA is a universal viral mol-

I n chronic airway diseases such as asthma, goblet-cell hyper-
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ecule, TLR3 has been assumed to have a central role in the host
response to infection by viruses (11). Previous studies have shown
that stimulation with a synthetic analog of viral dsSRNA (poly in-
osinic-cytidyric acid, poly(I:C))? is mediated by a pathway involv-
ing TLR3 that induces airway inflammation due to various cyto-
kines and chemokines such as IL-8, IL-6, and RANTES (12).
Despite the importance of excessive mucin production due to viral
infection in triggering the exacerbation of asthma, the mechanisms
causing such overproduction remain unknown.

We hypothesized that viral infection might synergistically am-
plify respiratory mucin gene expression and protein production
induced by growth factors that are involved in the pathogenesis of
asthma. Here, we demonstrate that a synthetic analog of viral
dsRNA (poly(I:C)) synergistically increases the induction of re-
spiratory mucin MUCSAC by TGF-« in human airway epithelial
cells, both at the level of mRNA expression and protein produc-
tion. This action depends on the activation of ERK, and the ERK
pathway is enhanced through inhibition of MAPK phosphatase 3
(MKP3) by poly(I1:C).

Materials and Methods

Cell culture and stimulation

A human pulmonary mucoepidermoid carcinoma cell line (NCI-H292) was
maintained in RPMI 1640 medium supplemented with 10% FBS, penicillin
(100 U/ml), and streptomycin (100 pg/ml) at 37°C in a humidified atmo-
sphere with 5% CO,. NCI-H292 cells were seeded into 12-well plates for
the ELISA and luciferase assay, and into 6-cm dishes for Western blotting
and mRNA analysis. Cells were grown until 70% confluence was reached,

? Abbreviations used in this paper: poly(I:C), polyinosinic-cytidyric acid; AB-PAS,
Alcian blue/periodic acid-Schiff; Cr, threshold cycle; EGFR, epidermal growth factor
receptor; MKP, MAPK phosphatase; NHBE, normal human bronchial epithelial; RT,
room temperature.

Copyright © 2008 by The American Association of Immunologists, Inc. 0022-1767/08/$2.00
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SYNERGISTIC INDUCTION OF MUC5AC BY POLY(I:C)

Table 1. Primers used for quantitative real-time PCR analysis of gene expression

Target mRNA Forward Primer (5' to 3') Reverse Primer (3' to 5")

MUCSAC TCA CAG CCG GGT ACG CGT TGG CAC AAG TGG TGC TAT TAT GCC CTG TGT AGC CAG GAC TGC
B-actin GTG GGG CGC CCC AGG CAC CA CTC CTT AAT GTC ACG CAC GAT TTC

MKP3 CAC CGA CAC AGT GGT GCT CT CTG AAG CCA CCT TCC AGG TAG

EGFR TGC GTC TCT TGC CGG AAT GGC TCA CCC TCC AGA AGG TT

and they were maintained overnight in serum-free medium before stimu-
lation. Cells were exposed to poly(I:C) (Sigma-Aldrich) at 25 pg/ml or
TGF-a (R&D Systems) at 4 ng/ml, or to a combination of both agents.

Normal human bronchial epithelial (NHBE) cells were purchased from
Lonza. NHBE cells were seeded at density of 1.3 X 10%cm? into 12-well
plates containing bronchial epithelial growth medium (Lonza) supple-
mented with defined growth factors and retinoic acid from the SingleQuot
kit (Lonza), and were incubated at 37°C in a humidified atmosphere with
5% CO,. Cells were exposed to poly(1:C) (25 pg/ml) or TGF-a (4 ng/ml),
or a combination of both agents, for 24 h.

Analysis of mucin

NCI-H292 cells were stained with Alcian blue and periodic acid-Schiff
stains (AB-PAS). MUCSAC protein was measured as described previously
(5). In brief, supernatants were collected at 24 h after stimulation and cell
lysates were prepared with PBS, and 50 ui of each sample was incubated
with bicarbonate-carbonate buffer (50 ul) at 40°C in a 96-well plate (Nunc)
overnight. Plates were washed three times with PBS and blocked with 2%
BSA for 1 h at 37°C. Plates were again washed three times with PBS and
then incubated with 50 ul of mouse monoclonal anti-MUCSAC Ab (1/100)
(Lab Vision/NeoMarkers), which was diluted with PBS containing 0.05%
Tween 20 and dispensed into each well. After 1 h, the plates were washed
three times with PBS, and 100 ul of HRP-sheep anti-mouse IgG conjugate
(1/10,000) (Amersham Biosciences) was added to each well. After 1 h, the
plates were washed three times with PBS. Color was developed with
3,3',5,5'-tetramethylbenzidine peroxidase solution (Kirkegaard & Perry
Laboratories) and the reaction was stopped with 1 M H,80,. The data were
expressed as a fold induction on the same experimental day due to various
mucin production with cell passage in NCI-H292 celis.

FIGURE 1. Synergistic effect of non
poly(I:C) .and TGF-a on MUCSAC
production. A, AB-PAS staining of
NCI-H292 cells for identification of
mucus glycoconjugates. Incubation
with poly(I:C) (25 pg/ml) and TGF-a
(4 ng/ml) for 24 h increased positive
staining. Effect of poly(I:C) (25 pg/
mil) on TGF-a (4 ng/ml)-induced
MUCSAC mucin production in NCI-
H292 cell supematant (n = 9) (B) and
cell lysate (n = 9) (C). Cells were in-
cubated with poly(I:C) and TGF-a for
24 h. Data are shown as means * SD.
++, p < 0.01 compared with non-
stimulated control cells. *, p < 0.05
and *#, p < 0.01.

TGF-a

Polyl:C

TGF-o
+Polyl:C

Real-time quantitative PCR analysis

Expression of MUCSAC, MKP3, and EGFR mRNA by NCI-H292 cells
was determined by reverse transcription (RT), followed by the real-time
quantitative PCR. Total RNA was extracted from lysates of differentiated
NCI-H292 cells using Isogen (Nippon Gene) at 12 h after stimulation. RT
was performed with I ug of total RNA and oligo(dT) primers in a 25-ul
reaction mixture according to the manufacturer’s protocol (Applied Bio-
systems). The sequences of the specific primer sets that were used for PCR
are listed in Table I (13, 14).

Real-time PCR was performed with an ABI Prism 7900HT sequence
detection system (Applied Biosystems) using SYBR Green (Applied Bio-
systemns) as a dsDNA-specific binding dye. For MUC5AC and B-actin,
initial denaturation was done at 95°C for 10 min, followed by 40 cycles of
denaturation at 95°C for 15 s and annealing and extension at 60°C for 1
min. The threshold cycle (C) was recorded for each sample to reflect the
level of mRNA expression. A validation experiment confirmed linear de-
pendence of the C;. value on the concentrations of MUCSAC and B-actin
and the consistency of AC; (mean C; for MUCSAC — mean Cq for S-ac-
tin) in a given sample at different RNA concentrations. ACy was therefore
used as an indicator of relative mRNA expression. To determine the effects
of different stimuli on MUCSAC gene expression compared with unstimu-
lated cells, AACy was calculated (AACy = ACy for stimulated cells — ACy
for unstimulated cells). MUCSAC mRNA expression was indexed to 8-ac-
tin mRNA expression by using the formula 1/(2ACy) X 100%. 2AAC was
calculated to demonstrate the fold change of MUCSAC gene expression in
stimulated cells compared with unstimulated cells.

Expression of MKP3 and EGFR mRNA by NCI-H292 cells was deter-
mined in the same manner.
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Reporter assay for the MUC5AC promoter

To investigate the regions of the MUCSAC promoter that were activated by
poly(I:C) and TGF-a, the full-length human MUCSAC promoter was
cloned into pGL3basic (a promoterless luciferase vector). This was then
serially truncated using a combination of restriction enzyme digestion and
PCR amplification to successively isolate regions of the promoter contain-
ing a large variety of potential transcription factor-binding sites (—~1330 to
-~63).

NCI-H292 (0.8 X 10°) cells were seeded into 12-well plates and grown
overnight in complete medium. At 60% confluence, cells were rinsed with
1 ml of serum-free medium and incubated for 1 h. Then the cells were
transfected using 1.3 pl of FuGENE 6 (Roche Applied Science) in 50 ul
of RPMI 1640 medium per well plus 4 ul of MUCSAC promoter-luciferase
plasmid DNA. At 1 h after transfection, cells were stimulated with
poly(I:C) (25 pg/ml) and then incubated for 12 h before stimulation with

TGF-a (4 ng/ml). Cell lysates were prepared, and reporter gene activity
was determined by using a luciferase assay kit (Promega). The total protein
concentration of samples was measured by spectrophotometry (NanoDrop
from Thermo Scientific) to adjust for variations in harvesting of cells.

Western blot analysis

Cells (3.0 X 10®) were washed with PBS and lysed in 300 ul of lysis buffer
(0.5% Nonidet P-40, 10 mM Tris-Cl (pH 7.4), 150 mM NaCl, 3 mM p-
amidinophenylmethanesulfonyl fluoride (Sigma-Aldrich), 5 mg/ml aproti-
nin (Sigma- Aldrich), 2 mM sodium orthovanadate (Sigma-Aldrich), 5 mM
EDTA). Whole-cell extracts were subjected to electrophoresis on 7.5-12%
Tris-glycine gel (XV Pantera gel; DRC) and then transferred to Sequi-Blot
polyvinylidene difluoride membranes (Immobilon-P; Millipore). Mem-
branes were blocked with 5% skim milk in Tris-buffered saline with 0.05%
Tween 20 (TBS-T (pH 7.5)) for 30 min at room temperature (RT) and
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§ 6 2500 C course of MUCSAC mRNA expression. A, Ef-
? 2 5 ] 1 2000 fect of poly(1:C) (25 pg/ml) on TGF-a (4 ng/
E i 1 1500 180 mi)-induced MUCSAC gene expression in NCI-
2 E 37 * ] - 160 H292 cells and NHBE cells. Cells were
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1 i-_ i_ E ’g é 120 Data are presented as the fold induction over the
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control TGF-a PolyL:C :flfl‘:‘é“ g § 100 the y-axis is for NCI-H292 cells and the left side
it & is for NHBE cells (1 = 6). B, Effect of the
B 3 & 60 poly(I:C) concentration on TGF-a (4 ng/ml)-in-
40 duced MUCSAC mRNA expression in NCI-
L 20 H292 cells (n = 6). Cells were incubated with
%’% 200 o » , poly(l:C) and TGF-a for 12 h. C, Effect of
go 6 12 24 poly(I:C) (25 ug/ml) on the time course of in-
g W0 o cantral Time (W) duction of MUC5S5AC mRNA expression by
g S _o_;“c;F TGF-a (4 ng/ml) in NCI-H292 cells (n = 4).
¥ E —e—pur ;‘lc Data are shown as means = SD. +, p < 0.05
50 +Bmi. and ++, p < 0.01 compared with nonstimulated
0 control cells. #, p < 0.05.
PolyL:C - - 25 715 28 78
(ng/mi) +TGF-a (dng/ml)

617 —



296

. control - }
2 i %
Tora R g
Polyl:C . E
i ¢

2 3 4 5 6 71 8 9
TGF-0+Polyl:C E
] 1 2
MUCSAC promoter activation
(fold induction)

FIGURE 4. Effect of poly(I1:C) (25 pg/ml) on TGF-a (4 ng/ml)-induced
trans-activation of the full-length (—1330) and the short-length (—63)
MUCSAC promoter in NCI-H292 cells (n = 6). Data are shown as
means * SD. %, p < 0.05.

probed with primary anti-human phospho-p44/42 MAPK (Thr?%%/Tyr*%%)
Ab and p44/42 MAPK Ab (Cell Signaling Technology) for 1 h at RT. The
membranes were then washed with TBS-T and incubated with secondary
donkey anti-rabbit Ig Ab conjugated to HRP (Amersham Biosciences) for
1 h at RT. Finally, Ab-Ag complexes were detected using an ECL chemi-
luminescent detection system according to the manufacturer’s instructions
(ECL plus Westem blot detection system; Amersham Biosciences).

Cloning of MKP3 expression vector and transfection
into NCI-H292 cells

A DNA fragment of the coding sequence of MKP3 was amplified by PCR
using ¢cDNA from poly(I:C)-treated NCI-H292 cells. The purified PCR
product was digested with BamHl and Sall and cloned into the
pAcGFP1-C1 vector (Clontech Laboratories). The plasmid was analyzed
by digestion with restriction enzymes and DNA sequencing. Plasmids for
transfection were purified with HiSpeed Plasmid Maxi kit (Qiagen). H292
cells were seeded into 6-well plates and grown to 50% confluence. Cells
were transfected with 4 pg of expression vector with 10 ul of Lipo-
fectamine 2000 (Promega) and grown in RPMI 1640 medium supple-
mented with 10% FBS, penicillin (100 U/ml), and streptomycin (100 pg/
ml). After 24 h, the medium was changed to RPMI 1640 supplemented
with 10% FBS without antibiotics. Then, the cells were exposed to
poly(I:C) (25 pg/ml), TGF-a (4 ng/ml), or a combination of both agents.
After 12 h, the expression of MUCSAC and MKP3 mRNA was evaluated.

SYNERGISTIC INDUCTION OF MUCS5AC BY POLY(I:C)

Other reagents

U0126 (a MEK1/2 inhibitor) was purchased from Sigma-Aldrich and
monoclonal anti-human CXCL8/IL-8 Ab was purchased from R&D Sys-
terns. U0126 was dissolved in DMSO, while the monoclonal anti-human
CXCLB/IL-8 Ab was dissolved in PBS. In all studies, the concentration of
DMSO was 0.02-0.06%. U0126 (20 uM) (15, 16) and the anti-IL-8 Ab (2
pg/ml) were preincubated with cells for 1 h before adding poly(I:C) and
TGF-a.

Phosphoprotein assay

Cells (3.0 X 10°/ml) were seeded into 6-cm dishes and were treated with
poly(I:C) for 1 h and then with TGF-« for 15 min. Protein lysates were
prepared by using a cell lysis kit (Bio-Rad), and phosphorylated EGFR was
detected with an EGFR (Tyr) assay kit (Bio-Rad) and a phosphoprotein
testing reagent kit (Bio-Rad) according to the manufacturer’s protocol.
Briefly, 50 ul of cell lysate (adjusted to a protein concentration of 200—400
wng/ml) was plated into a 96-well filter plate coated with EGFR Ab-coupled
beads and incubated overnight on a platform shaker at 300 rpm at RT. Total
protein was measured with a Bio-Rad DC protein assay kit.

Statistical analysis

All data are expressed as the means * SD. Results were analyzed by using
the paired Student’s ¢ test or ANOVA as appropriate. Analyses were done
with SPSS 1I software (SPSS Japan), and p values of <0.05 were consid-
ered significant.

Results
Poly(I:C) synergistically enhances MUCSAC protein production
induced by TGF-a

First, we examined the ability of TGF-a and poly(I:C) to induce
mucous glycoconjugate production assessed by AB-PAS staining
in NCI-H292 cells (Fig. 14). Twenty-four hours of incubation with
TGF-a (4 ng/ml) increased PAS-positive staining, while poly(I:C)
(25 pg/ml) alone did not affect staining. However, poly(I:C) en-
hanced the stimulatory effect of TGF-a on mucous glycoconjugate
production (Fig. 14). To quantify the MUCS5AC mucin production,
an ELISA was performed. TGF-a alone caused a 5-fold increase in
MUCSAC mucin protein in cell supernatant (Fig. 1B) and a 1.5-
fold increase in cell lysate (Fig. 1C) from NCI-H292 cells 24 h
after stimulation. Poly(I:(C) alone caused little increase in
MUCS5AC mucin protein; however, poly(I:C) strongly potentiated
the effect of TGF-a. Thereafter, we evaluated MUC5AC mucin
protein only in cell supernatant, because it was more prominent
than cell lysate.

Next, we determined effects of dose responses of poly(I:C)
(2.5-75 pg/ml) and TGF-« (0.4-12 ng/ml) on MUCS5AC mucin
production (Fig. 2, A and B). Although poly(I:C) alone did not

A ns. B
FIGURE 5. A, Relative phosphorylation of % 80000 PERK172
EGFR by poly(I:C) and TGF-a in NCI-H292 E 50000 =+ + ERK12 2 :
cells. Proteins extracted from samples collected 2o control TGF-¢ Poly:C TGF-a +
were tested for the presence of phosphorylated g g 40000 PolyEC
EGFR by a Bio-Plex phosphoprotein assay kit E § c
using the Bio-Rad Luminex machine. The val- U = 3000 2000
ues plotted show the ratios of phosphorylated “g é 1800
EGFR to total EGFR expressed as fold increase '5, 20000 1600
over control (n = 6). B, Phosphorylation of £ 1400
ERK1/2 by poly(I:C) (25 pg/m!) and TGF-a (4 A 10000 g 1200
ng/ml) in NCI-H292 cells assessed by perform- o | = 1000
ing Western blot analysis. C, Phospho-ERK was control TGEg Poly:C TGF-a + 800
expressed as the fold increase in relative inten- PolyI:C 600
sity (n = 3). Data are shown as means = SD. 400
++, p < 0.01 compared with nonstimulated 200

control cells.
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FIGURE 6. Effect of U0126 on poly(I:C)- and TGF-a-induced
MUCS5AC mucin production in NCI-H292 celis. Cells were preincubated
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before adding poly(L:C) (75 pg/mi) and TGF-a (4 ng/ml), and cells were
analyzed 24 h after stimulation (n = 6). Data are shown as means * SD.
+,p <0.05and ++,p < 0.01 compared with nonstimulated control cells.
%, p < 0.0l

significantly induce MUCSAC mucin production in every dose,
costimulation with TGF-« caused an increase in MUCSAC mucin
production with regard to poly(I:C) in a dose-dependent manner
(Fig. 2A). TGF-a alone induced a dose-dependent increase in
MUCSAC mucin production, and poly(I:C) enhanced the effect of
TGF-a (Fig. 2B). Subsequent studies were focused on the time
course of MUCS5SAC mucin production. Costimulation with
poly(I:C) (25 pg/ml) and TGF-« (4 ng/ml) caused a small increase
in MUC5AC mucin production 12 h after stimulation, with max-
imal levels of MUCSAC at 24 h (Fig. 2C). These results may
imply that poly(I:C) synergistically up-regulates MUC5AC mucin
production induced by TGF-c.

Poly(I:C) synergistically enhances MUCSAC mRNA expression
induced by TGF-«

To determine whether induction of MUC5AC mucin protein in-
duced by poly(I:C) and TGF-« was a result of increased MUCSAC

A
FIGURE 7. A, Upper, Effect of poly(I:C) (25 pg/ml)
on TGF-a (4 ng/ml)-induced MKP3 mRNA expression < 50
in NCI-H292 cells (n = 8). Lower, To verify MKP3 % 45
expression in NCI-H292 cells, expression of MKP3 af- E s
ter stimulation with poly(I:C) (25 mg/ml) and TGF-a (4 g 18
ng/ml) was examined by standard RT-PCR. In brief, 25 2
ul of reaction mixture consisted of 1 ul cDNA, 1 pmol S
MKP3 primer sets, and 12.5 ul AmpliTaq Gold PCR & 2%
Master mix (Applied Biosystems). PCR was performed S 20
by an initial denaturation step at 95°C for 5 min fol- G 15
lowed by 30 cycles with a denaturation step at 95°C for g 10
30 s, an annealing step at 60°C for 30 s, and an exten- K 5
sion step at 72°C for 30 s. B, Time course of induction 0

of MKP3 mRNA expression by poly(I:C) (25 ug/ml)
and TGF-a (4 ng/ml) in NCI-H292 cells (n = 4). C,
Effect of the poly(I:C) concentration on TGF-a (4 ng/
ml)-induced expression of MKP3 mRNA in NCI-H292
cells (n = 4). Data are shown as means = SD. +,p <
0.05 and ++, p < 0.01 compared with nonstimulated
control cells. *, p < 0.05 and **, p < 0.01.
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gene transcription, we investigated levels of MUCSAC mRNA,
determined by real-time quantitative RT-PCR in NCI-H292 and
NHBE cells. TGF-a (4 ng/ml) alone caused little increase in
MUCSAC mRNA expression in NCI-H292 cells and NHBE cells
upon 24 h of stimulation (Fig. 3A). Poly(I:C) (25 ug/ml) alone
induced a small but significant increase in MUC5AC mRNA
expression in both NCI-H292 cells and NHBE cells, and
poly(I:C) strongly potentiated the effect of TGF-« (Fig. 34). A
clear dose response was observed at 12 h following stimulation
with both poly(:C) (2.5-75 ug/ml) (Fig. 3B) and TGF-a
(0.4-12 ng/ml) (data not shown). Costimulation with poly(L:C)
and TGF-«a caused a small increase in MUCS5AC mRNA ex-
pression 6 h after stimulation, which continued to a peak at 12 h
after stimulation (Fig. 3C).

Poly(1:C) and TGF-a cause synergistic trans-activation of the
MUCS5AC promoter

We next investigated whether the MUCSAC promoter was acti-
vated by poly(I:C) and TGF-a. After 8 h, TGF-« alone induced a
small but significant activation of the full-length MUCSAC pro-
moter construct (—1330) (Fig. 4). Poly(I:C) did not activate the
full-length MUCSAC promoter construct (—1330), but poly(I:C)
strongly enhanced the activation induced by TGF-e, with 6-fold
induction over that in unstimulated transfected control cells (p <
0.05) (Fig. 4). This was observed when poly(I:C) was added 12 h
before TGF-« stimulation (Fig. 4), but not when the two agents
were added at the same time (data not shown). There was no dif-
ference in the level of activation of the short-length MUCSAC
promoter construct (—63) among TGF:g, poly(I:C), and both stim-
ulations (Fig. 4). These results indicate that the —1330 to —63
region contains the elements regulating induction of the MUCSAC
promoter by poly(I:C) and TGF-c.

Transactivation of the MUCSAC promoter by poly(1:C) and
TGF-a is mediated via an ERK signaling pathway

Since it was shown that induction of MUCSAC-specific mucin
protein by poly(IiC) and TGF-a was a result of increased
MUCS5AC gene transcription, we next investigated the upstream
signaling leading to activation of the promoter.
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First, since TGF-a induces MUC5AC mucin production
through the ligand-dependent trans-activation of EGFR in NCI-
H292 cells (5), we examined the importance of EGFR activation
for synergistic induction of MUC5AC mucin production by poly(I:
C). We evaluated EGFR mRNA expression and phosphorylation
of EGFR by RT-PCR and the Bio-Plex phosphoprotein assay, re-
spectively. As a result, we found that poly(I:C) did not up-regulate
EGFR mRNA expression upon 12 h of stimulation (data not
shown) or increase the phosphorylation of EGFR (Fig. 5A4).

Second, since previous studies have demonstrated that increased
production of MUCSAC mucin protein after activation of the
EGFR signaling pathway was exclusively MEK/ERK-dependent
(17), we investigated the requirement of ERK. Western blot anal-
ysis revealed that poly(I:C) synergistically enhanced the phosphor-
ylation of ERK by TGF-a stimulation (Fig. 5, B and C). This
finding was compatible with the result of chemical inhibition by
MEK1/2 inhibitor (U0126). U0126 inhibited the induction of
MUCSAC protein production by poly(I:C) (75 pg/ml) and TGF-«
(4 ng/ml) compared with absence of the inhibitor at 24 h after
stimulation (Fig. 6). These data suggest that trans-activation of the
MUCSAC promoter by poly(I:C) and TGF-« is mediated via an
ERK signaling pathway.

Poly(1:C) inhibits TGF-a-induced MKP3 mRNA expression

Having demonstrated that the ERK-dependent signaling was re-
quired in MUCSAC induction, still unclear is the mechanism in-
teracting between TLR3-dependent signaling stimulated by
poly(I:C) and EGFR-dependent signaling stimulated by TGF-c.
Since MKP3 is known to be a member of the phosphatase family
that inactivates ERK1/2, we examined the effect of poly(I:C) on
MKP3 mRNA expression. A real-time quantitative RT-PCR
showed that expression of MKP3 mRNA was up-regulated upon
12 h of stimulation with TGF-a, and MKP3 mRNA up-regulation
by TGF-a was inhibited by stimulation with poly(I:C) (Fig. 7A).
Stimulation with TGF-« led to a moderate increase in MKP3
mRNA expression at 6 h, followed by a decrease at 24 h (Fig. 7B).
Costimulation with poly(I:C) dose-dependently inhibited this up-
regulation, and inhibition was seen from 6 h after stimulation (Fig.
7, B and O).

Effect of the MKP3 expression vector

To further demonstrate the role of MKP3 on MUCSAC mucin
induction, we investigated the effect of MKP3 expression vector.
MKP3 mRNA levels were significantly enhanced in cells trans-

fected with the MKP3 expression plasmid cloned into the
pAcGFP1-C1 vector when compared with wild-type cells (Fig.
8A). Enhanced expression of MUC5AC mRNA was noted in wild-
type cells 12 h after coincubation with TGF-a (4 ng/ml) and
poly(I:C) (25 ug/ml), but was completely abolished in cells trans-
fected with the MKP3 expression vector (Fig. 8B). These data
suggest that the inhibition of MKP3 mRNA expression by
poly(I:C) leads to synergistic MUC5AC mucin induction.

Anti-IL-8 Ab does not inhibit poly(I:C)- and TGF-a-induced
MUCSAC mRNA expression

Poly(1:C) is known to increase the expression of mRNA for var-
ious chemokines and cytokines (18, 19). In our preliminary study,
we measured the cytokine and chemokine levels in the supernatant
after stimulation with costimulation of TGF-« and poly(I:C) by
using a Bio-Plex cytokine assay. In that study, only the IL-8 level
was synergistically high due to costimulation of TGF-a and
poly(I:C). Therefore, we chose IL-8, and to investigate the role of
11-8, NCI-H292 cells were preincubated with anti-IL-8 Ab 1 h
before stimulation with poly(I:C) (75 pg/ml) and TGF-« (4 ng/
ml). Anti-IL-8 Ab did not inhibit the increase in the expression of
MUCSAC mRNA induced by 12 h of stimulation with poly(I:C)
and TGF-a (Fig. 9).
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FIGURE 9. Effect of the anti-IL-8 Ab on poly(I:C) (75 ug/ml) and
TGF-a (4 ng/ml)-induced MUC5AC mRNA expression in NCI-H292 cells

(n = 4). Data are shown as means * SD. ++, p < 0.01 compared with
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