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B G L Bz A RS @ trefoil factor family Z8BIC K 1F5

indomethacin @ 55 2%

BWHEER R PIREE (HILE)
UGS BE A

E B Trefoil factor family (TFF) (ZJ&$ %57 F K (TFF 1, TFF 2, TFF 3) &, AL R oo fa i v e
¥, BEBEARBICEEREHNEFRLTWLD, ZOXEBEHAHICOVTEARHOESZ . KiFETIE,
R SR AR T & 2 MKN4S Ml 2 F T, BB EORRK K T-TH 5 NSAIDs O TFF 58U § 5 2
ZYTNE A LEERT-PCRETHEN L7, MKN 458 Tid, TFF 1DOBHL NV HRLE L, KT
TFF2T& Y, TFF3DOFEB L Nk EF KA - 7. Indomethacin i2 TFF 1, TFF 3DREFIIH L TidE &L
HE A5 29, TFF 2 0RBUTEEARAFEIC LA ¢ 72, Indomethacin i X 5 TFF 2 58 I3 BiE
Mtk (AGS, JR) THiooh, 72, ) NSAIDs (aspirin, NS-398) % MKN 452 5\ C TFF 2%
B bH E€72. Z@Dindomethacin DR R II/ KD PGE 205 Tk s i dh o7z, UEOKERS,
NSAIDs i&Z @ COX IR & i3 OB L M- L CHKMK LML O TFF 2 A FEL TV 5 2 EAVREB X
1172, NSAIDs D% 512 & 5 TFF 253 L XN o LA, NSAIDs#EFEME:EHBEEEDREE %5 A RRER#EL T

WAHTIREMAZZ 5N b.
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Trefoil factor family (TFF) &, 4 FPUIH#EMN R =
DED I u—N—kiE (TFF domain) # &3 % —#f
DRTFFTH2". TFFEHLEREZZ LD E LT
BREORNERELE PRI L, 2 F &2 bICHBENE
MR CER R EEE L2 LTwEY. L MIBnT
T F TIZpS2, SP (spasmolytic polypeptide), ITF
(intestinal trefoil factor) @ 3fE D TFF X7 F FASRE X
NTWw5ED, mbEGHEHOFE—»TH i, pS2, SP, ITF
X, #NFN, TFF1, TFF2, TFF3 &R sins 2 &
o 72, WAL R I BV Tid, TFF 1, TFF 241
FICBEMEICRHLCBY, TFF 3T HELETOR
L ANLAENY,

TFF IR VBT o F v & L6 LR 7 )V D% sE
EET SO LI ETHLERBEGEXB#H L T
%57, & HICTFFICIE R M OB AR AEVERT (moto-
genic effect) 23 ) {HILE LEBEOBEZREL T

PR 1410 B 31 B, P14 F 12 A3 HZH

SURIEE SRS © ARG #E

T 321 - 0293 i AR T HRE B LA BT bk 880
BWIERRY NS QHLER)

il

DI ENHESNTHSE Y, TFF 113 405090 1 ok #i
Tz A by U FEBETELTEAINLDT
HHHS, HHE MR T TFF 18 FoRBIET 2
Nay U CEBEEsRTY, OSBRI TSR
R S LT 72wy, TFF 2, TFF 3 O 5 H kR 12
WTIE, BEICAB DG .

=77, ITHRETO BB R OBZEIC BV THL
B Td o 72 D3 prostaglandin (PG) 3 X U'PG A%
(79X FUBAATr—F) OfiEEFE T 5 cyclooxy-
genase (COX) TH5 ™™, COXIZix, (ZLA DM
R CHEEICEBR L Tw5ACOX-1&, £EMEYA b
B4 CREMEFICE D FEEIND COX-2D 2HEED
TAVT7A—aHdHY, BHETOPGEAIZFEIIHS
LTWbDIECOX-1THhA. PGIFBEHMEIZB VT,
i R, BRI EIN Z & DR % 4 L TR
RN R A o YAl DR A L | S s I g
PPi S (NSAIDs) &, BHREAO COX ZHiHI L,
PGOEREIHIT A LX) BHIEEELZHRT 5.
L% LPG, COX% & TFF & DMHBEAEAIZ D TIEfFH
ENTBELT, 7, HHETOTFF2'NSAIDs#% 5 T
X BB OVWTHRHATH S, 22 THRIEIZBY
TH AL, BRI o TFF 532 129 NSAIDs
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(indomethacin) D EIZ DWW THGE % 1TVy, NSAIDs
AR E R EORREIC BT A TFFOERIZOWT
R T o 7.

B

1. & ¥

Indomethacin & Sigma Aldrich (St. Louis, Missouri,
USA), aspirin, nordihydroguaiaretic acid (NDGA) 2
FGHsE (RBR), NS-398, prostaglandin E, (PGE.,)
{3 Cayman Chemical (Ann Arbor, Michigan, USA) X
h s A L7-. Indomethacin, aspirin# £ I’ NS-398 1%
dimethylsulfoxide (DMSO) (FIEHEZE) WML TR
by 7 AR L, EEBREHE SR DMSO & A
01%L TR X ICHELE., ZOREOHPT
DMSO BRIZEBOMRICER 2R E TSR ah o7z,

2. HEfarEE

v bR T H A5 MKN 45 Mia & w7z, —
HOEBICIZFAICE D BRERMAEKTSH 5 AGSHI
ok & CJRMBED EH L7, Th o ofilidid 10 % fetal
bovine serum (Invitrogen, California, USA) %L
72 Ham’s F-12 culture medium (Invitrogen) THhizEL
7z,

3. U7IaA LEERRT-PCR (reverse-tran-

scription polymerase chain reaction)

TRIZOL 343 (Invitrogen) % MW TEFEMB LD
total RNA % filith L 7z. You - Prime First Strand Beads
(Amersham Bioscience, Buckinghamshire, UK), oligo
(dT) primer (Invitrogen) %M\ CTHERIL%E 7w
cDNAZEHL7-. PCRAO T 74~ —iZZNnEN™
WMOBIEFHEIEHIIHRIIED O CTERET L2, ARWF%ET
FBIHLAET54 < —OFHERNIFRLICRTHED) TH
5.

V7L Y A4 AERMMRT-PCRIZ, SYBR Green PCR
reagents (Applied Biosystems, California, USA) % H
VT ABI PRISM 7700 Sequence Detection System
(Applied Biosystems) (ZCf7-72'"". PCRI295C 104
Mo, 95T 158 K56 C 1M DY A 7 )V & 40 ol
DR ¥ 4TI - 72 (two step PCR). F 72 & &MY PCR
DAY ¥ —Fid, #@HORT-PCRIZTHINL 72 PCR
FEW % Qiaquick PCR Purification Kit (Qiagen, Hilden,
Germany) (2 CHIE L, Hibx BREMICHRT 52 &
TYER L. AP ¥ —Fh—T706 %K 1LIIRT DS,
EHFICE Y ERN A Y Yy — F A — 7255 2 L8
Wi Thot. FEMIELIZAY V¥ — Fh— 7%

%1 PCR7 74 ~—BY

human TFF 1 (Gen Bank No. NM_003225)
Sence 5 - CAATGGCCACCATGGAGAAC -3
Antisence 5 - AACGGTGTCGTCGAAACAGC -3
PCR #4188 bp

human TFF 2 (Gen Bank No. NM_005423)
Sence 5'- CCAAAGCAAGACTCGGATCAG -3
Antisence 5 - CAGTCTTCCACAGACTTCGGG -3
PCR #4161 bp
human TFF 3 (Gen Bank No. NM_003226)
Sence 5-TGTCTGCAAACCAGTGTGCC -3
Antisence 5 -GCATTCTGTCTTCCTAGTCAGGG -3’
PCR %) 158 bp

human B-actin (Gen Bank No. NM_001101)
Sence 5 -TTCCTGGGCATGGAGTCCT -3
Antisence 5 - AGGAGGAGCAATGATCTTGATC -3
PCR 1 204 bp

rat TFF 1 (Gen Bank No. D 83231)
Sence 5 - GTGACCTGTGTCGCCAT -3
Antisence 5 - TTTTCCTTGCACTGCTGGG -3’
PCR 24 140 bp
rat TFF 2 (Gen Bank No. M 97255)
Sence 5’ -TGACGCCCTCCAACAGAAAG -3’
Antisence 5 - ACACATTGTTCCGACGCTTG -3
PCR % 145 bp

rat TFF 3 (Gen Bank No. M 80826)
Sence 5-TGTTGGCCTATCTCCAAGCC -3
Antisence 5'-TGCAGAGGTTTGAAGCACCA -3’
PCR &% 150 bp
rat GAPDH (Gen Bank No. AF 106860)
Sence 5'-TGCACCACCAACTGCTTAG -3
Antisence 5'- GGATGCAGGGATGATGTTC -3
PCR W 177 bp

L, ABPICEENLIHREETOIE-FEHNT 5
iz, H—#EP O B-actin DFBIZOVWTHZN
ZHORFTHE L, #ROBEILZIT- 7.

4, LR—G—BEBEF7vEA

PCRIZX DV ¥IEL 7= M TFF 2{ZFDT O E— 5 —
fEIE (- 936025+ 15bp) BNV T T —HLKR—F—
75 A 3 FpGL3 (Promega, California, USA) (ZHH A A
& (pGL3-TFF 2), L R—=¥ —#ET7 vts &2iro
7z2. pGL 3IZHA AT N/ DNABINIE Y —o 2 v ¥
FIZE DL L7, MKN4SHIE A 24 707 L — MIREEE
L, Lipofectamine 2000 (Invitrogen) % F\>T pGL3-
TFF2 & pSV - 3 - galactosidase control vector (Promega)
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K1 UTALE A LEEMRT-PCRAY ¥ — N —T7OHEMER. i #8ETI -8 GFHRFER),
il o Threshold cycle (Ct) (it 638 E DS ENCIELL 2 5 72 PCRY 4 7 V%) human TFF 1 (A),

human TFF 2 (B), human TFF3 (C),

ZREIZNT A7 22 3L, indomethacin #5-
24 BRI & B L 72, A Ao v 7 «
F—¥WEEEMNETLEELIL, FI o by — Vi
LMWEL, PF AT 27 a VRO E T 72

5. HETAIER %

T FAT I = AR TR L. 3HELLE
— T OBAZIZ 8T (ANOVA) % i1V, fEE
AYER & B 7854 14 Sheffe’s test 12 & 0 & #EM o ke
o E2E (P<0.05 ZH5%E L7

s R

1. MKN45 #if2(C &1+ 5 TFF #I18

F2IRT L9 I MKN 45 ML TIE TFF 1 o583 L X
WHRBEL, ROTTFF 2, TFF 3D TH 72, &
M5 3K TFF DA 1 2 S8 3 I % 32 2 oI5 tin S 3
W3 BELTFF1:TFF2:TFF3=617 112 1& %5
7z,

L

2. TFF R IZH T % indomethacin D& &
MEKN 45 #{ila % 572 - 7= %5 @ indomethacin D F 4
T4 A > F 2= b L, MALEREE I L 72 TFF

human fB-actin (D)

F 2 MKN 4588123513 % TFF 1, TFF2,
TFF 3 D5EH L ~v

TFF 1/ — actin 117 = 12 (%)
TFF 2/ — actin  2.24 + 0.48 (%)
TFF 3/ = actin  0.19 = 0.07 (%)

n=3§

HEMOELEY T Y A LFEEIRT-PCRIZ X Y HET
L7z, B2 ART & 912, TFF 1 D5 % 8
A 2R3 S DOFEEIZRD SN h o7z TFF 24
indomethacin 10 yM LA b D TH I HB oM %
WA, 60 UMIZTH S5 TH -7 (K2 B). TFF 3T
BHEELAVIIHEELRELERO O e h o7 (K2
C).

3. Indomethacin (& 2 TFF 2 #IHFEDZEAEZE

X3 %, MKN 45§z % indomethacin (125 uM) T
0— 24154 > F 2= L7ZBEOTFF 2588 L XL D
PAbEART-LOTH A, 6HEHEZE LD TFF 204 738
itz ile, 203 ) - XOEFETIZ24RMEBEICH
265 & o7,
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Relative TFF3 mRNA expression (%)

Indomethacin (4 M)

E2 MKN45®»TFF1 (A), TFF2 (B), TFF3 (C), %I
I 2%t 4 % Indomethacin D& (24 KA ¥ F 2 X—
Ya¥) n=4~6 *p<0.01vscontrol

*: p<0.01

0Oh 3h 6h 12h 24h

Relative TFF2 mRNA expression (%)

3 Indomethacin (125 uM) #5-1xt9 % TFF 2 33O
B ZEIL n=4~5 ,p<0.01vscontrol

4., LR—E—-BEFT7vES

TFF 2 70 E— % —BHIZMARAAIET T A I FIZX
HBLER—=F—BETT7 vEA T, K4IRTELIH
indomethacin D EERGEEIINV Y 7 2 7 —¥iGEED k-
H %%, indomethacin 23 TFF 2 Bz T OB % KR S
TV 5EZ LR EINT.

* 1 p<0.01

Relative luciferase activity (%)

0 10 125

Indomethacin ( 4 M)
B4 LFE—%—#8EFT v A THZTFF 2EHIIXT 5
Indomethacin % n=4~5 *p<0.01vs control

*:p<0.01

Relative TFF2 mRNA expression (%)

Aspirin (mM)

*: p<0.01
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Relative TFF2 mRNA expression (%)

o 30 60 125

NS-398 (M)

R5 TFF 2332803 5 Aspirin, NS-398 DE (24 B
A vFa~x—¥ar) n=4~6 *p<0.01vs control

5. TFF 2 #H X T B aspirin, NS-398 D&

K< indomethacin 144 @ NSAIDs & L T aspirin (3E
FIRM COX BHEH]), NS-398 (COX-2: IR EHAD
O TFF 2 8BUx$ 28 % /it L7z, MKN45#ifa %
aspirin 0, 1, 10 mM fF4E F T4 B4 » Fax—= 1 L,
U7V A4 LEEHMRT-PCRICEVHEIE L. R5AI
AT LI, 1, 10 mM 5 TTFF 2 O 5N % 789
72, F7:NS-398 TII5 BIZ/RT L9112, 125 uM T
HEIZTFF 2 B oM % 2 7.

6. TFF 2RI ICXT 5 PGE,, NDGA DFE
Indomethacin {2 & % TFF 2 BB FEOET 2 EL 72
O, BHELEMBTEESNLIEELRPGTH D
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§ * 1 p<0.05 s

A ¢ b
.2 g
2 . 2
% 600 S
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Z, <
% 400 é
~ 300 S
[ —
& 200 *5

=
g 100 o
= [ : 2
=2 controt PGE2 Ind125  PGE2+Ind125 T‘:
3 AGS control AGS+Ind125 JR contro) JR+Ind125

9 g
~ =

B 5§ B ¢ * : p<0.05
2 * 8
5 &
g <
< 4
Z %
g g
S £
E kg
> 2
g % AGS control AGS+Ind125 JR control  JRs+Ind125
E control NDGA Ind125 NDGA+Ind125 o

6 Indomethacin (125 uM) 2 & % TFF 2 %3 LA x4 C

% PGE, (10 uM) (A), NDGA (10 uM) (B) %)%
(C4WEWA v F2ax—Yar) n=4~6 *p<0.05vs
control

PGE, (20 uM), BEUT 5% FYBARTr—FDb )
— DD TH % lipoxygenase (LOX) DEEETH 5
NDGAD&IE M Lz, H6ITRT L9, ElTH
5 U726 PGE, X TFF 2568l LA X €5 A TH -
7225, NDGALXRAHEZEBIRD LN,
Indomethacin (125 uM) (2X % TFF 2%H O L HIZ
NOWIHEMEINEZ LR, MIZEHIZTFF 20
BHMPLHA L7

7. AGS, JRH#IFZD TFF M (Z339 % indomethacin
DEE
flaod B R Mgk O TFFRBE 2 RT3 5 720,
AGS, JRAAL % indomethacin 125 yM T 24 R £ >~ &
aNR—=bMEV TV A LERKHRT-PCRICTHEIEL 7-.
X7 BIZ/RT X 9 122 3> T indomethacin 7745 T
TTFF2RBIA R EA L.

£ =

AW TIE e P EME RSOV T 4 Lo L
T w728 MKN 45 MR Ml e & BRI b Rz e o & 7
wE LTHERL, TFF#EBIZ AT 9 indomethacin D %)
BAZOWTHE L7, MKN45#IBR TIXTFF 1D FEH L
NUVHE D E L, TFF 28 L XWVIZTFF 1D 1/50 12,
TFF 3ORBIEMETH -7 ((2). Indomethacin
(1 -250 uM) D#51ZTFF 1, TFF 3 mRNA ® 5B
MLUTIEERELREEYS 2 h - 7275 TFF 2 mRNA®

900
800
700
600
500
400
300
200
100

AGS control AGS+ind125 JR controt JR+Ind125

Relative TFF3 mRNA expression (%)

X7 AGS, JRMIFEOTFF 1 (A), TFF 2 (B), TFF 3 (C),
FBUIHF T 5 Indomethacin (125 uM) DFE (24 FER
£ Fa~N—ar) n=4~6 *p<0.05vs control

BT BEMRGEIC LRSS (K2). TFF 2 E&ZT0
LR—% —FEEFT vEALAIIBWTH I
indomethacin {2 & % TFF 23 oAl sz (K
4). MKN45#li#a CTo TFF 2 3833 K12 it @ NSAIDs
(aspirin, NS$-398) #&5H:L b 5N (K5), F/z, fu
O HFEE MMM (AGS, JR) 1284 TH indomethacin
2 & B TFF 20 5E8EE 0 b7z (M7).

TFFZE L E R R I B 5 TRERFD 12T
»Y '™ TFF 1, TFF 2, TFF3® ) & BHEIZB VT
\$TFF 1, TFF 2 A RE LR EH oL &8N p Y. 2
NH3MOTFF E a3 21 FREaAR LIt A THE
LTwa, ZORBAHIC OV TEIAADITT D%
V. R L D, BHEGEOEELEMETFTH S
NSAIDs %%, EHEHE ERMleo TFF 253l A S €5
Z EHRENT. 2 D indomethacin D 1EJAEFE 2D W
THRETL7-OBMBECEASNANENLZPCGTH S
PGE, DB % Z 7=, HEHEIZHKSG L7 PGE,i
indomethacin {2 & % TFF HEHO LA L 2o 72
(6 A). ft->T, TFF 205343, indomethacin (T &
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D COXIGEMEAIFI XN B Z L12 X DT % PG EADI
TIEDFEINLZOTEREER LN £/, 7
FEFNVBEAIAT—FDOLH 12D THSHLOXD
M E#Td A NDGA b, indomethacin {2 & 5 TFF 2 3¢
BWHEEZWH L eh o7z (K6B). TokEi,
indomethacin {2 & ) COX{GPEA I = AAHXTAY I LOX
WBREDOVER D HEER$ 5 2 &A%, TFF 2 05%H A 12028
L72OTE R 2Ry 5. DXy, ATl
® &7z indomethacin XY HE, COXEIHIMER & 1F 58
Lol:BE2 AL TV AIWREND S, K2IIRT L
2, indomethacin (= £ % TFF 2 3837581, COX#I
WCLERRE L) SRETEAPE LI L b ZOWEE
HAREL T2 Ltkyv. NSAIDs 213 COX KL
EVEOMICE < DIEHDRD 5N, in vivo, in vitro
THIZ N 5 NSAIDs DEHIZIENF-x B, AP-1,
PPAR y7% EOEBERT~ORZELZ A L-b 0, M
NOEEDF F —CIHE~OREL N LD &84
Bl hwE#EZS5NTWS?. Azarschab 5% %,
aspirin 25 B #& HRMNE kD TFF 2 88l % LA 385 &)
HLTW2Y, COXDOIFIAT 7 F F OB Ex b
A7y FF—¥CaEMNALT 5HL, TFF2
FEHAEICEE L TR EHHL TS, WTFiLCLT
& TFF 2 531259 % indomethacin DEFIEEF M L
TREL AP LEE EbI S,

T, KMETEHEREMNMCOXMHE
(indomethacin, aspirin) & T7% { COX -2 #RIHE
3 (NS-398) HTFF 2% % L H XEAZ EHREN
7z, Ziud, MKN4SHINETIEEFEEOBRTH 5
COX -2 2SFERIBLIFIC B FEBL T2 L v ) #iE™ &Y
L TWE2L Litwndy, NS-39812 X % TFF 25834
FELHEEDOPGE, THM I N2 WI L LD (data
not shown), indomethacin D34 & EH#IZ, @ COX
B 3 OEZ A L2ETh 2 b s,
BZFk 4 1%, TFFZEHUK 5 % indomethacin D& H#: %
MAEET Yy PEKELEME TR LD,
indomethacin X TFF 2123 L THE B35 27,
TFF 1 D% L XV % 15 847> (data not shown). J
v P TFF#&fZfnrux— 7% —4Hlie » TFF #{xF
DLDOEHT > TWh 7%, indomethacin D% R IZE
NHHIERARHETIIRVD, TOMBIZOVWTH #
LA MRE L b b,

HHEDEERR T, TFF 2 DR NH5E-25 8 Ml & 0k
BAMET S E VI MEND B DY, KR THD
NSAIDs (2 & 2 B A5 1B #li e T TFF 2388l L <L o

EADS, invivo THRI o T A% 51E, 8L /- TFF
2HNSAIDs IZ & % B IRIGE DL L & HHERMA L

TWATREMAYH 5. ilZ NSAIDs $% 5-: 12 TFF 2 D%
BAFEANEZ S wHE L, NSAIDsIZ X 5 B Rl E
DERENRTVITREN D% 2 5N 5, §l Farrell 57
ZTFF 2/ v 772 b= ATldindomethacin {Z & %
BRBEENL DEEICLL EMEL TV, g
NSAIDs #2 [K ¥ B R £ 1259 25 TFF 2 D% 2 7RI
T5L0OTHY, FIEORRELEBEEGNEHRTHS L
Zzbhb.
s i

R Rz A C B LY S trefoil factor family (TFF)
P 5 indomethacin O #2 % MKN 45 #ll )l %
VCRRET L 72,

1) MKN45#ifa CDTFF3BLL ~vid, TFF 1, TFF
2, TFF3DNETH - 7=.

2) Indomethacin i TFF 1, TFF 3 mRNA O 3382 x}

LT3 EREE L5 2 b > 72A%, TFF 2 mRNA D%
BRI LRSS LR—Y —R{EFT vk
4 b [k Inomethacin (2 & % TFF 2 5858 % 500
7-.
3) Indomethacin {2 & % TFF 2 3¢ ot kix, tho B
Hisk#iltk (AGS, JR) TH@H LN, F/fio
NSAIDs (aspirin, NS-398) & MKN45#lIA1® TFF 2 %
B LA sgr.

4) Indomethacin {2 & % TFF 2383 ® E 513 PGE,,
NDGA O 5-TIZEPL &N h o 7z,

PLEIZ X b, NSAIDsZ & % TFF 2 5 BLAS /I,
NSAIDs @ COX [HE/E M & id oI X H A S h
THY, 2oL, NSAIDs I & 2 B R E %
FII L T B ] REEA 7RI S 7z,

Bt OB RMeRR2H), HWheBY I L
WA S A UBIHERFRAMEILERFZESR), HERHR
TS A (BHERRFEFREMIERN) (ZE BB L
FET.
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Although trefoil factor family (TFF) peptides (TFF 1, TFF
2, and TFF 3) are assumed to play important roles in the pro-
tection of gastrointestinal mucosa, regulatory mechanisms of
TFF expression are poorly understood at present. In the pre-
sent study, we examined the effect of indomethacin, a non -
selective inhibitor of cyclooxygenase (COX), on the expres-
sion of TFF mRNA expression in MKN 45 gastric cells by
real -time quantitative RT - PCR method. In MKN 45 cells, rel-
ative expression level of TFF 1, TFF 2, and TFF 3 mRNA was
617 © 12 © 1 in the control condition. Indomethacin up -regu-
lated the expression level of TFF 2 in a dose - dependent man-

ner, whereas TFF 1 and TFF 3 expression levels were not sig-

nificantly affected. Luciferase reporter gene assay confirmed
this stimulatory effect of indomethacin on TFF 2 expression.
Other COX inhibitors, such as aspirin and NS -398, also up -
regulated TFF 2 expression and indomethacin - induced up -
regulation of TFF 2 expression was also observed in other gas-
tric cell lines, such as AGS and JR. Externally applied PGE, did
not antagonize the effect of indomethacin on TFF 2 expression.
Since TFF peptides play a critical role in gastric mucosal pro-
tection, indomethacin -induced TFF 2 may reduce the degree
of gastric mucosal damage induced by indomethacin. The pre-
sent results also suggest that the effect of indomethacin on

TFF 2 expression is COX -independent.



