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TW5HH, %52 transforming growth factor-f (TGF-
B) BEEY EF v BBV T LWL Z
FBLTwBEELLRTWAE Y BHEFTIIZOY
T F IARERRENH S 2% ) TGF-B ¥ 7 F V& 1ER
WHIB L T b0 HErbroTE7 AlL, TGF-
B Y7 F MEECHHINICIER T 5 ¥ 7 v+ smad
THBEICHEBH LB ATCEF-BA2 N LHREIRI S
BV, —HFTREPIH ST GA5E) 7Y
YOWEARELTLE) L) bDTHB Y. Zhb
TGF-B ¥ 7 F Mzt LABERFERAT THML Tw
BRREARTF PR EORERE L o, 72, Al
DEFY Y ZEBRICES L Tw b 2R, 40
T4 ZERE I BOEE - BIRLERO—>TH 5508
VT Y TRRICH T B MEENRTF FOBS 2”7 H
K CRMEILY 1 b A Y TGF-BO Y 7V HIVEEB LT
TGF-B5 B 2558 & 1 5 TGF- g inducible early
gene (TIEG) #IzTRIUCRIZTTEBIZOWTIHRGE &
mz7z.
B &

MraiEE

L lE k4 OFEERIE 2 OB EMIN & v 7.

1, E¥e F&EZ MR cell line Tdh 5 BEAS-2B
% 10% FBS (fetal bovine serum) (Gibco BRL, New
York, USA) %272 DMEM (Dulbecco’s modified Ea-
gle Medium) (Nissui pharmaceutical Co., Ltd., Tokyo,
Japan) T37C, 5%CO, D&M T TRz L.

2, EHY MERE X TIEHMILcell line Td % CryoB-
SMC % P f5 Ml Be 22 5 3% 1 SmBM (Smooth Muscle
Cell Basal Medium) (Cambrex Bio Sience, Walkersville,
MD, USA) TR 2.

Real time reverse transcription-polymerase chain
reaction (real time RT-PCR)

BEAS-2B i MA, CryoBSMCEZEMIL A 5 O total
RNAHi H# 1x, TSOGEN solution (Nippon Gene, Tokyo,
Japan) % f#H L acid guanidinium - phenol-chloroform
HETIFo72. % LT complementary DNA (cDNA) A
{3 Takara RNA PCR kit (AMV) Ver.2.1 (Takara Bio
INC,, Shiga, Japan) % H\WTir- 72,

Real time RT-PCR & Taq man universal PCR mas-
ter mix (Applied Biosystems, Chiba, Japan) & #&iRko
probe & ¥ primer % A L T ABI PRISM 7000 (Ap-
plied Biosystems, Tokyo, Japan) CaMil L 7z.

5 L 7z smad 7 ® primer 1Z5 ~-GGTGCTCCCTGCT
TTTCCA-3 (sense) &5 -GCAGAGAAGCTCCCAG
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AATGG-3 (antisense) (Espec Oligo Service Co., Ltd,
Ibaraki, Japan) %, probe &5 -TTTCTCCATGGCTCC
GGCCG-3 (Applied Biosystems, Chiba, Japan) %
72. TGF-pB @ primer 135 -GCGCATCCTAGACCCTT
TCTC-3 (sense) &5 -GATGGGCGCGATCTGGTA-
3’ (antisense) (Espec Oligo Service Co., Ltd., Ibaraki,
Japan) %, probe 35 ~CTCCGACCTGCCACAGATCC
CCTATTC-3 (Applied Biosystems, Chiba, Japan) %
w72, F72, TIEGIZTIEG probe and primers mix-
ture ; Assay —on-demand Hs00194622-m1 (Gene
Bank ID : U21847) (Applied Biosystems, Foster City,
CA, USA) Z w7,

BRSO3 BTREZP (SP), —21—0
=2 A (NK-A) FI#IC&K 3 TGF-B, smad 7&GF
KW OH%ET

BEAS-2B}; #MIFBIZ B 5 TGF -4 K Fsmad 75&
EFRBICHT 2MBERTF FOREBELE T 5729
SP (substance P acetate salt hydrate, Sigma- Aldrich
Japan KK, Tokyo, Japan) (107°M, 107'M, 107°M),
NK-A (neurokinin A, Peptide Institute Inc., Osaka,
Japan) (107°M, 107"M, 107°M) TBEAS-2B ¥
AR ERIE L, TGF-B K Osmad 7O &1z F 5B %
real time RT-PCR I CHllE L 7=

EFEBRIOMI—I2 TGF-BRIEICE % TIEGEE
FREDEFHZLDOIRE

BEAS-2BR; &Ml B1) % TIEG Bz FFHBUI ST
LML A4 N A VY TGF-BOREERET T 5720,
TGF-B (recombinant human TGF-§1, Pepro Tech,
London, UK) (10ng/ml) THIEkE 3054 5 24045 @
TIEG O 15 T 531 % real time RT-PCREIZT
s L7z

EEOMO—3 TIEGEGFHERICEZASSPOD
R

TGF-BHRIBIC X 5 TIEGEIZFRHUA KT T 5720
Cryo BSMCH: 2 e & 4812401, £ 18I TCF-B
(10ng/ml) HART 1R L TIEG &5 T- %81 % real
time RT-PCREIZCTHIE L7z, SB2RHISPHIBIC L %
TIEGEBZFHRE 25 5728, Cryo BSMC B 3H1Ag
Z107"M O SP BT IEERHIM L TIEG Bz T %3 %
real time RT-PCREICCTRIE L7z, #3HEIZ TGF~ B
I X B TIEGRIZE T HRBEIIH T HSPOL-2 %
Mgt %728, Cryo BSMCR:#EMIz% TGF-B (10ng/
ml) &SP (107'M) O RIFEARZEIC TR L
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K2 BEAS-2BE:ZHMMEICBIT 297 Ay v APHIKIZ & A smad 7 ={EF 55
107°MY 7 2% > APHIEIZ & 9 smad 7EEFRBUSE BICHH SN (p<0.05, n=5,
mean = SE), Z OB IZEERANEICIIR] 5 @ & 2D 7.

TIEG &E T3 % real time RT-PCRIEIZCTHE L 72,
WAFI Th2 4 b h 4 VIRETICBIT 5 RN
DB L WET 5 HITCryo BSMCR &M% TGF -
B (10ng/ml) T1EFERILE L72#%SP (107'M) &
L C1lEE# O TIEGE = 73 % real time RT-PCR
FATHEE L 72,

MEtENBEERERTE

BT mean = SET/R L7, MEMFANE EEBREL,
WSO 72 Student’s tHRETHETL, p<0.05%3d T
FEEHH L L.

Bw R

b MRE X BRI B % TGF-B K Fsmad 71
BRI T MR TF FOREL R L7z K]

IZRF & 912, BEAS-2BRs MR 35\ T SP10 "M
BICCTGF-BosBzABEICH® LA (a¥ buo—0b
#0.68 £0.04, SP#1.00+0.09, P<001, n=5). X2
2T & D ICSPHIBUL TGF -8 ¥ &7 F WAz E W R F
THhAsmad 70#fETHRBEZ 10 MBI THEIH
#IL7 (3> bo—u#E1.53 +0.31, SPI0T°MAE0.78 =
0.06, P<0.05 n=5). #ORRIFEEERFMICET X
&2 EM % HH 7 (SP10 'MEE0.89 = 0.33, SP10™ M #
1.05+0.17, n=5). MERFF FO—>TH5NK-A
B L THABEORE 2T, 107°MB X010 "Ml
12 Csmad 7THEMERTHRELARICHF LA (32 ba—
JVEE1.53 =0.31, NK-A10""M#0.74 = 0.09, P<0.05,
NK-A10°M#:0.75 = 0.08, P<0.05, n=5) (X3). &
I TGF-BHIBIC CFHE S N5 TIEG Bz T IO
AT 5 HI T TGE - Bl ORI ZEAL 2 85T L
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4 BEAS-2BR;EMNI BT 5 TGF-BRIBIC & % TIEG BT HBORIFIZAL
10ng/ml TGF - S ##IZ T 6040 T TIEG BIZFHBITE— 27 2R L 72 (p<0.001, n =3,

mean = SE).

72. TGF- Bl 1 BRIt C TIEG @5 F R BIE R K &R
L7z (3> ba—)VBE1.16 £0.22, 1R B0 %3 4.08 +
0.36, P<0.001, n=3) (M4). K@EY =7 ¥ ZFEKIZ
BOTREFEHOMEX - BB A8 TH
5. INHFEFER (CryoBSMC ML) 12335
AFFARTF FOEBEL AT 5 B TEEBRIIZT LIV F
—HERFENT BT S Th2BRBEZ/ER LR T F Fo—
DTHDHSPORITTEEIIO>WTHE L7 (K5). TGF
-BLEF B CTTIEGE MR FRBII A RICHM® L 72
(2> ho—) 8064 +003, TGF-S#:1.39+0.04, P
<0.01, n=3). SP10" "M 1 B:fAH#12 T TIEG Iz T-1&

BECHEADHM L 72 (SPEE1.10+0.02, P<0.05, n =
3). TGF-BB X 'SP # FIMAI L 72 1B R # @ TIEG
BIET-HEBIE, av b o— VB LB LAZ IR 22
bOOTCGF-BHMA B EOEZI RSN d 572
(TGF-B - SP [FIREfI##: 1.39 = 0.01,n = 3). —7, TGF
-BC1EFRIRTALE B, SP T 1ERRIHIEL L 7= % Cl3 TGF -
B HR B, SP HUBURTEEE & IER L C TIEG # {515
BUIA I U7 (TGF- B HiALE # SPHI#EE1.01 +
0.02, P<0.058X0FP<0.002, n=23).
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K5 Cryo BSMCH:#EMAZIZ BT 5 TIEGE A F-FHHIITT 5 TCGF-FB LY 725 » 2P DF#E
TGF-BH IV 7T A% ¥ APHMIZ T TIEGHE A FRIUIABIZHMH L2 (p<0.01, p<0.05 n=3,
mean = SE). TGF-BB LU 7R ¥ » AP RKHIGUIAEN, MEEEHZEDO L, o7, TGF-BIL 3
IR ER T 72 5 Y APRET 5 &L TIEGHEEFRBISARHH & B LARICHEBRLZ: (<

0.01, n=3, mean * SE).

£ ¥

MBI BT A SERE OIS, FEEER, THIRE (5%
W Th2#ile), ARG, o7k & o2 EMRRETE, m
BR, SUE LR OFUBE, CREBE - RGEE TR L AR O
TWTHAH Y ok, iFEEER R, ) ook
R, IFHESAERG, afbEk, w2 u Ty =T EOSEM
B, BXOFE LM, A, SRS
SR RAE, I N AIRE 2 & O B S e
HLRIEVERA T4 =—F =R M AV, FEIALA VD
EEER, H50IEr0Mie, MR, s 20
LB ERIC L TRI L EE2 5N Y (BN
BREETRDOONS MBI, AR IR
MAEH A, LR PRMEEE GURBERLE), S8
5, EEHIER, RESMMEOMMLE ST 7
CEBZTH B . FERERTE) EFY VD
B IIEAICBHENTEZLDDRERYD EIEL
W, FOHFICBWTRMELT A b A4 ORENIERT
HY, BIZTGF-BIIEEY 7 ¥ I EHEICBWTE
OROIEHE R LTWSEEZLNTVSE T H
TEF TIZFOY T FIVAGEBESH LM%Y TGF-8
PZFVEEDOHERIC L ) ERICTBICHIE I TS
ST RN S o TE WY B, TGF-B ¥ 7 F VE
FEICHIHRIAYICIEH 3 % smad 7AVEENCFER L 725G E,
TGF-B &M LABBIIEI 52 v2S, —HTRANH

FENTWBEEE )7 v IERMEELTLE
IEVILDTHDH. FE MBEFCBVTETORESA
PEHIINTBY, T2 BPEFVICBVWTOEAEY
EFY) VI Z B & smad THRESIH ST
BIEMRENTWALIEY s o515
B BBEZEPEG L TWAZ ENEZLNLDS, MAFRE
MWRIENZEY) €F) Y IEK, Ty FMnEicy
OERERG LT 22EAHTH Y, ShlFkL i~
TF EWRIN ML 7 F VI EDREEE L RITL
TVDLPITDVTIRE L7z,

ARl DI A4 DFERD S SPITMAMEILT 4 b A A4~ TGF
~BORBEFET LI Db h ol ML, figERT T
FO—DSPRREAEYEFY V7RIm0 E %
LTWAIZ EARBEIN. RIZEAE, OV T7FN
fri#5 T smad DBEFRBUIH L TR 2 #D7-. €
DGR, TGF-B OWMHE > 7 V51T 5 smad 7D
B THRBEEZETEEL Doz S HITMHER
TFRKO—2THAHNK-AIZE LT REROME 2T
VWsmad 7O EETHBMET T 52 LR L. Th
5 DOFERD SMEARTF FIZTCF- DY 7 F VrES
Fsmad 7THEBEEZIHTHZLICE DU ET Y ITBK
W25 LT A TEEMEATRIB S

INFTOHED S smad THRBEFEIIZTIEGHH
BELTWwWAZ EHoNTWS, B, k3 5 Th2#
SOBERIEC L D TCF-B A EA E N TIEGH A FHE &
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1, smad 7ORBEIFIESNL E VI DD THA. 2
T, A IZRICEBETFEHBIZB VTSP A smad 758HH
{5 F TIEGEETRHLFET 2 0BT 2 MR,
SPASTIEGEZFHBLZFHFET A FE LMLz, £/
TGF-B & SPORAHEEIITZOMBRMIMEN, Zh
LHOEREE L LR T 5 Th2BAEREIC X D F
MENBHHEALT A A A > D—DTGF-B & ZDH5 R
ERIN-HGREEAEICI YV EESINZSPRZIELD
ETAMBRTF FICL ) TIEGHEE TRl FEIN
smad 7 ERFIHERVIH S N, ZORRREDORHEAL -
VBT Y TRESRES AR TRE S
FBEOMBHMIIE, 7TRLFUYBXO VT FLT
V) RERE & U TEGETEE R & i S B SRR
(7 FLFU AAR8ME), 7EFLa) v EEEWEE L
TRETER 2 U % 2 (29 Y1EEi), B
FOH T FLFY VI AESEMBEME (nona-
drenergic noncholinergic nerve ; NANC) 25EFE LT\
21978512, NANCIXAGE U 128 B PENANC
(e-NANC) fiifg L, S8 % LR S8 5 IHIENANC @
~-NANC) #2055 2% IECIE IR S H
BOMBEREVHREBICHG LD, —F, [EIZIEE
TEMRETH V(EERER VAS M (ASHHME)
&, EREMETDH VIEEEREORE ML (cliHE)
53 LT 2 % e~ NANC Mg 1 #l) 50 R R o
Zh72 B ML ELONTEY Y, cliED» bW S
%5SP, NK-A, =2—0F=yBBIUOFANI P Vi
L BE X7 F F (calcitonin gene-related peptide ;
CGRP) % EOMBFERTF FICL D EIREIMEH X h
2% SERIERZICE) oMM EZ TS, PR
WREE NS WK ERIT S (axon reflex : TR KA
YRR T F R &5 . i-NANCHifE X =
U B O BB EOCEENTAEEZONTS
D, TOMBERELOIETELFVIY &L BITMEE
BHIEE 7 F ¥ (vasoactive intestinal peptide : VIP)
L—EibEE (NO) A &N s ™, W@E g7+
FESHRLIELREBIEIERL LTRELELSD
NEP & M4 PRI S 5 ACEAEAE L TV B8, i
BCIRAELEPHEEL THWAONEPHRIS LTS
D SRESIED R T ABREEE o TW A O E DG
EIITRERAWEIETWEY, SEOK 4 OB R
I2Eh, 2oL RBREICBIMNmERE TIEES
2T EROHAMIZE Y NEPSEALSPRIE LD &F
LN TF FOREADBEML, 7T UAF—HRAEIC X
DEADPBMLTWSTh2Y A4 MAA4 oMb %
WIIHEEHEZ R T I EIZL D EHE) BF) Y IEKIC
5 LT, F72, Th2BE T IS TRETFIE

B DJMS

FACNK1 S0 BBEAFE SN, 220w - e
ENTMRERTF FAREETHI LTI ISR EL
IE % VAR L TV BT EEME DRI S 7,

O

SP, NK-AZ EDMERTF FidkEEBEAS-2B,
Cryo BSMCHifg 2 B1F 2 TGF-B D@15 T3 % Wik
L, 20y 7 F V5 T-smad 7 OEEFREEZET &
&7z, Smad 7B 53 5 TIEG 1 TGF - B Hiik
BEHROSPRIBIC CEETREASE RSN DLXDY,
FRRE M S X R RO MRS B Y 52, [l E
TV TERITGRCES L TWwA Z EAvRE N,
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Effect of Neuropeptides for Cytokine Gene Expression Associated with Airway Remodeling in Cultured

Airway Epithelial and Smooth Muscle Cell Lines
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Kumiya Sugiyama ', Sohei Makino® and Hironori Sagara
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Airway remodeling is a typical issue of asthma. Trans-
forming growth factor (TGF)-j plays an important role for
the regulation of airway inflammation and remodeling in
asthma.

The expression of TGF- in the asthmatic airways was
predominantly detected in eosinophils and fibroblasts and it
was significantly correlated with the severity of the disease,
basement membrane thickness, and submucosal fibroblast
number, thus suggesting that TGF - is involved in airway
remodeling in adult asthma. TGF -B-inducible early gene
(TIEG) is a Kruppel-like transcription factor that is rapid-
ly induced upon TGF-f treatment. TIEG promotes TGF -
B/smad signaling by down-regulating negative feedback
through the inhibitory smad 7. Among numerous peptide
mediators such as tachykinin, calcitonin gene-related pep-
tide, substance P or neurokinin A is one of the most abun-

dant molecules found in the respiratory tract. Neurogenic

inflammation might contribute to selective upregulation of
TIEG through unknown mechanisms. We therefore exam-
ine whether neuropeptides modulate TGF - and TIEG ex-
pression. In this study, we found that TIEG was significant-
ly increased in the cultured smooth muscle cells stimulating
with substance P. Furthermore, we found the synergistic
effect on TIEG expression in cultured smooth muscle cells
stimulating with substance P and pretreatment of TGF-j.
These results suggest that increased TIEG expression in
airway epithelial and smooth muscle cells might result in
increased substance P, TGF - activity and contribute to
the development of airway inflammation seen in chronic

asthma.

Key words : Bronchial asthma, TGF - signaling, smad?7,
TIEG, substance P



