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mRNARB B TFF] 72 E— 7 —{EHII#EE L 72, SOICBEEIC TFF] 7ut— 4 — s REs gL
Ry —RFRLUMRET B & TFFI BT 70 € — % — 1 TcAMP/PRKARBOEHEILIZ 9 2 DA wH T -
4565 — 3272w v S E NS, MENASHIREIZ BT, HALERIHREEE E 3 5 PGE, OB TH HEP2 L
EPADEHBAED SN, EHICPGEIC X D TFF1OFRHL ANV F LR TS 2 & bR & /2. Forskolin,
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Trefoil factor family (TFF) ~<7F Fi, 6D+ A
FA VREREBICEL RN L Z0F0 7 0 —N—FkiEiE
(trefoil domain) % 7T HWICHD2—HORTF FTH
2V TEFIZHLEHEL I Lo L LTag OREEs
ERICEBL, 2F b ICHEOEEEOMERICE
ER@EEFRLTVAY. EMIBVTIE, ThET
12 pS2, spasmolytic polypeptide (SP), intestinal tre-
foil factor (ITF) ® 3D TFFX7F FHRME STV
HHY, BEAHOK—HITbI, ZNhENTFFL,
TFF2, TFF3LMfRE D& L o72", BHBICH
WTREAPBEO 5N S DIXTFFL & TFF2TH % 75,
TFF1 7S B RE O R A g3 DRI B LT

i

T84 11 H 1 HEH, FR184E11 H29 HZH
BURIRE ARG - /it BR
T 321-0293 AR T R E AR LA BT b/ 4K 880
BEMKTE WHE (L)

WL L, TFF2OSETUIREIAME, KPRl
BB LTWAY, TEF3IE T EMLE DML I E5
BLTBY, EFEL2BEHETOREHRL NVIFEKNE, B
FERC S U728 B LA IS BT 2 Y. TFF ofF
FBBICOVTRAHOES A% 2w, TFFIE
Wiy VEBTAF Y aTERALHAEMEHL, 2F 0%
EMELHMEZEHD L L CHALEWESGEZ B L T
BEEZLNTVSEY . X 5L|ZTFF 2 EEMILO%E
EMREEHTD Y, HEEERTOBEEEZEEL T
WEIZELIMEENTVWAEY, £ TFF1IZ BHEICH
WCEBIFHEE T L LTREL TV B e RBER
w3,

AT E LTS TFFLIE, 440, FLEAiask
MCF-7CT A bus VYFEBMETELTHERIND
DTHYY, A, ¢ PTFFIBREFOTIE—F —
IR AP S VIREZ LAY MEELTWS
A%, BRI EEMRICBVW TR TFRFIS®HIZ A buy
YORAFE ST T AEWY, ERBEERY % TFFLEE
T ORBEF IOV TIERBEOHS DA, Gott &V
B LU Beck 5 1%, 1o TFE®IEZT S0 E— ¥ — 5
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L DS, 4 o (Motif T -IV) 2%, #kkE:
B2 TEF1 OFRBUIBE L TW A2 RIE L Tw
5. E£72GATA6D, B MBS TFFL®
FHE LA SELI e mESA T2 P, 2ofbicd
BADOHFD, BHEICBIT 5 TFFIORBICEELR S
2 T2, TFRIRBIOEM 42 AERH oW,
172, ZL ORHOEGTERENTVES

cAMP/protein kinase A (PKA) M't%c;t N ipes i)
BRICEEL252TWAY Y Y IRETHY Y,
FIEICBWTH, 2% I VH,ZAEKE AT 580
POOBGUWORE L L2 XL L L TEERBEIEZH
STWS, LPLRBLINhETDEZS, BRKE LR
MR BT, cAMP/PKARKATFF1IEEIZS 2 5
HEIZOWTIIRF SN TR v, 22 TARBIZICBW
T, TFF1 %33l T % 55 ARk MKN45 % H
W, PKADIEBEALDS TEF1 OFEBICE 2 5 B8 % AT
L7

B &

1. 3 &

Forskolin & Fdibutyryl cyclic AMP (DbcAMP) i
Wako (KB) &V, prostagrandin E,(PGE,) % Biomol
(Plymouth Meeting, PA) X 9 B A L7-. Forskolin it
DMSO, PGE g% —nIiZHEH» L, A by 7R
L7z, EBRREOBEORMIREIZ0I%UTTHY, 2
DREDOBFEEBRIIERORERICEEL 5 2 o T

2. HfassE

FEERIZIZ, b MR TH 2 MKN45 M &
Z v MEEBELEHROMIERTH 5 RCGM-1 % f
B U7z, MKN45#0413 10 % fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA) % i&in L 72 Ham's F-12
culture medium (Invitrogen) T, 37C, 5% CO, 7
T TR L 72, RGM-1MIH213 10 % FBS % %0 L 72 Dul-
becco’s Modification of Eagle’s Medium (DMEM) (MP
Biomedicals, Solon, OH) THisE L7z, ZEERGIAS 24 R
B & D 0.1%FBSIRMOBE#MICE X2, 0.1%FBS
BETCERET o7

3. Reverse-transcription polymerase chain reac-

tion (RT-PCR)

Trizol ;A (Invitrogen) # W THEMIE L Y total
RNA Z i L72. You-prime First Strand Beads (GE
Healthcare, Buckinghamshire, UK), oligo (dT) prim-
er (Invitrogen) #H W, #EEISIZ L D cDNA %
L7, PCRADT 54 —3E1IIRTEBYTH

%£1 @#HLEZPCR 794 <—

Human TFF1 (GenBank No. NM_003225)
Sense 5-CAATGGCCACCATGGAGAAC-3”
Antisense 5-AACGGTGTCGTCGAAACAGC-3”
PCR % 188 bp

Human GAPDH (GenBank No. 1310)
Sense 5-TGATGACATCAAGAAGGTGGTGAAG-3”
Antisense 5-TCCTTGGAGGCCATGTGGGCCAT-3”
PCREY 240 bp

Human EP1 (GenBank No. NM_001458)
Sense 5"-CCTTGGGTGTACATCCTACTGC-3"
Antisense 5" -GCCTCTGGTTGTGCTTAGAAGT-3"
PCR E%) 182 bp

Human EP2 (GenBank No. NM_002395)
Sense 5 -GAAGATCCAGCTGCCTATTGAT-3”
Antisense 5" -TTGGTTGCTTCCACATATTGAC-3"
PCR % 199 bp

Human EP3 (GenBank No. NM_002082)
Sense 5 -TTGGTTCTTGGATTTGTCCTTT-3"
Antisense 5'-AGATGAGGAATTTTGGGGAAAT-3"
PCREY 194 bp

Human EP4 (GenBank No. NM_003432)
Sense 5" -ATCCTCCTGAGAAAGACAGTGC-3”
Antisense 5'-GCAGTACATCTCAGACCCTCCT-3
PCREY 200 bp

Rat TFF1 (GenBank No. 0466)
Sense 5'-GTGACCTGTGTCCTCGCCAT-3"
Antisense 5-TTTTCCTTGCACTGCTGGG-3"
PCR % 140 bp

Rat GAPDH (GenBank No. 1186)
Sense 5- TGCACCACCAACTGCTTAG-3”
Antisense 5" -GGATGCAGGGATGATGTTC-37
PCREY 177 bp

5. WEODPCREIGIE HotStar Tag DNA polymerase
(Quiagen, Hilden, Germany) % H\:T477% - 72. PCR
EWIX2%7 Fa— 25 VELRIKE 21T, =FIv L
T A FRALCHEREL 7.

U7 N A AE=BRT-PCRIE, Absolute QPCR
SYBR Green Mix (Abgene, Epsom, UK) %\
Opticon2V) 7V % 4 A PCRIRNT > A 5 & (BIO-RAD,
Hercules, CA) 2 CTiTo7z. FEMPCRORAY v ¥ —
Fix,  #B% DORT-PCRICTH mm L 7ZPCREY # Qia-
quick PCR Purification Kit (Qiagen) (ZCHiH L, i
WEBEWICHRL CTHERL A (6x107~6x 10°
copy). FEERZT LIHEMEMMAEER L, REHICETI
5TFFI mRNAO ¥ —¥z8 B+ Edic, @—
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Control

Forskolin

DbcAMP
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Relative TFF1 mRNA expression(%)

X 1 Forskolin (10 uM, 4B 4 ¥ Fan—T 3 ¥) RO
DbcAMP (1 mM, 24BFf A4 VF 2= 3 ) #F
MEKN4S il O NP TFF1I mRNARRICE 2 5%
2% Mean =SD (n=3) *$<0.01 vs. control.

KO GAPDH mRNARBUZ D W THIREF L, iR
DIERAL TR o 72,

4, L R—4—&EGEF7v &A1

PCRIZEDWIEL 72 N TFFI @O 7T aE—%
—fEIE (— 95345 + 34) % pGL3-basic X7 ¥ — (Pro-
mega, Madison, WI) @ Smal#{7iZflAaAA (TFF1
Luc) VR—=F—BIETT v¥A 2iTholz. BT
Y=y Ly I L DR L. HEIZGeneEditor in
vitro site-directed mutagenesis system (Promega) 2
I 7oE—-F -l E BEMICRESELR—F —
ER LM 2T ko7, EEMEZ24AR 7L — M
¥ 3 L, Lipofectamine 2000 (Invitrogen) % H\» T
TFF1-Luc & phRL-TK vector (Promega) % FIEFIC b
FyA7 7 ML, REPES 24 R HE&ISHL % B
I¢ L, Dual-Luciferase Reporter Assay (Promega) %
fTofz. WI I A== FA Y « N b=V FAFZERT
FLE LBV 2 EM L 72,

5. HETIER &

F—F 3 FYE EERFETR L 3FEU ROV
—7HOEIZIE, ST (ANOVA) 247w, HE
EMAD LN HAEIE (p<0.05), Sheffe’s testiZ L
FZHEHBOLEZITY, HEZE (<005 Z2HEL:.

w R

(1) WA TFF1 mRNA 38312 81F % forskolin & O
DbcAMP ® 3%

AEYE TFF1 mRNA DI 5 PKATE LD FE

AWM T 5 720, MKN45#1A % forskolin (10 uM)

TFF 1 OFE B i 37

Control
Forskolin |
DbcAMP 4‘
0 50 100 150 200 250

Relative Luciferase activity(%)

2 Forskolin (10 uM, 248 A ' Fa -3 v) RO
DbcAMP (1 mM, 24K A4 ¥ F 22— g3 v) HF
TFF1VR—% —#fzT (TFF1-Luc) 332525
BB Mean =SD (n=3) *»<0.01 vs. control.

5 DbcAMP (1 mM) T2ARRBEEL, V7%
A LRT-PCRIC X ) TFFI mRNADFEHL XNVOEAL
PN L. MICET LD, 2y e —no
MKN45 40 & (b8 L€, TFFI mRNA D% HIL, for-
skolin AL EE TII M5, DbcAMPALHEEE TI3H1.845%
WIS 5 2 ERRD L.

(2) TFF1-LucZ Ik 5 % forskolin % U DbcAMP
) 7

Forskolin }2 " Dbc AMP DR % & HIZFERIIC AT 5
%7280, TFF1 LR — % —# (5§ (TFF1-Luc) Z1EH L
LR—F—BIETT v kA 2{Fo/ H2ITRT I,
LR—=% —BIETFT vELI2BWTYH, forskolin (10
UM, 248 A ¥ F 2 X—=1), HBHWIEDbcAMP (1
mM, 248 A v F ax—-1) oF5I12L ), TFFL -
Luc DB L NVITHEICHE®R L 7.

(3) TFFI#fEF7uE—% — LoREHEBIZoWT
DIFEHT

Forskolin & U Dbc AMP Jl##:® TFF1-Luc 58 H L X
VO LERIZERT 5 cis—element Z4FET A 720, wild-
type TFF1-Luc & ) BERERIICS M2 KRB SV K —
y—#mT (A-F) 28117 (M3). K412, for-
skolin (10 uM, 244 v FaxX—a¥) REHE
BHAOINS DL E—Y —BEFOEBALN, K5
{21ZDbcAMP (1 mM, 24K A v FaxR—3av) %
RSB E0ORK LV R—F —OBEET ORBAELER
T. WFONDEED LE—-F — ClZBW TS EIME
TLTHDY, forskolin & U DbcAMP 1253 5 I B AL,
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i

uc

c =2 s

Iil

D -146 = uc

=" } Luc

F 5 j Luc
3 Wt-TFF1-Luc D& & BRREMIC 5 RIES 2 R G S+
VR — ¥ —B{nf O E
YT A LEEHRT-PCREEIZ L % Forskolin (10 uMol),
DbcAMP (1 mM) OFEBRIELOMKE. Mean =SD (n=3)

wt
wt/Forskolin
A

A/Forskolin
B
B/Forskolin
C
C/Forskolin
D
D/Forskolin
E
E/Forskolin
F

F/Forskolin

0 100 200 300 400 5(I)0
Relative Luciferase activity(%)

4 FHVE—F —@BETORBIHT 5 forskolin (10 uM,
UWH A ¥ Fax—vay) OB (FhLEhoL R
==Y A= VREOEHL IV E100% L L7z
Y& DRR KAL), Mean =SD (n=3)

7% b5 PKA DIEMHALIC & % TFF1 #Em T O R B 5
WKEELTHEESE LTI DI, —45672 5 — 327 DFEME
THbI EIRBEEINT.

(4) PGE,\C X % TFF1%Bios

I ERBEICBY T EEMBEOPKAY 7 »
FEREMASELET & LTEPCE, S # 25n 5,
ZZT% Y, MKN4SMBLIZ BT 2 EPZ%K (EP1-4)
DOFEBR % BEDORT-PCRIETHER L. H6IZIRT LD
12, MKN45#i#8 TIZEP1, EP2, EP4Z25ED 3 IA
AOLNT. ZD) BLEP2EEP4IEGsicY) v 7 LCH
FPICAMP % F 5845 %854 %0 TY, ERICPGE,
ORMRERET L7225, AR TFFI mRNARH D
(X7), TFF1-Luc A BERAEICHERICHEET

wt
wt/DbcAMP

A
A/DbcAMP
B/DbcAME
C/DbcAM(Ig
D/DbcAMg
E/DbCAMIE

F
F/DbcAMP

0 100 200 300 400 500
Relative Luciferase activity(%)
5 BLR—F—BETOFRBIIHT 5 DbcAMP (1 mM,
{RHA Y F a2 N—va ) ORE (ThLho LR
—F =02y = VEFEOEBELVELI0%E LT
Y& DR Z1L). Mean = SD (n =3)

bp
2072

1500

600

i~  EP1 EP2

{100bp Ladder)

EP3 EP4

X 6 MKN45#IKLICB1T 5 EPLl, EP2, EP3, EP45%4A0
53 (RT-PCR#:)

52 EPRD LN

(5) RGM-1HHAZIC 1) % Mesd

B D292, 7 v MEE BRI E oMtk T
» % RGM-1#lllg 2 v 725t & 3 2 % o 72. RGM-1
MWD TFFI mRNA FBUIX9 5 forskolin (10 uM, 24
FEfA v Fax—Tay) oRERFT LA K
TRT LD, HEIHMERTLZLAEDLNA. F
72, PGE, (10 uM, 24BH A4 v Fa~—-ay) AR
ZTFF1 mRNA OFB 2RSS/ (K9).

P
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Control

PGE2

0 20 4'0 66 8I0 1(;0 120 1:'.0 160
Relative TFF1 mRNA expression(%)
7 PGE, (10 uM, 244 ' F 2 xX—3 3 ) HMKN4S
MEOPEMETFFl mRNARBRICE 2 288, "p<
0.01 vs. control.

Control
PGE2 0.1
PGE2 1

PGE2 10

0 20 40 60 80 100 120 140 160
Relative Luciferase activity(%)

8 PGE, (0.1 -10 uM, 24WeAf v Fa—¥ 3 V) h
TFF1-Luc DFEBEIE 2 58,
Mean = S.D (n=3) *p<0.01 vs. control.

£ ¥

TFFlizaF v a7E&A L L HICHMEERBONE S
VEBDEELZ2VR-F2 Y MTHY, BREHEIZBW
TARAROEFTHBY. L Lads, FHE LM
falzBir 2 TFF1 OBHFAHBEIC OV TEAHOE S
BWE LR TV 5.

AEICBW TR L2, BHEELEMARIIBITS
TFF1 %3 A cAMP/PKARIKIC X W BEZIT 5205
MoV, & BRI MKN45 2 B v TRES
24772, FORE, forskolind 5 ik Dbc AMP Cifl
HIP cAMP 2 B0 S ¢ 2 HIZ L b, MKN4541F312 35
T A NEEED TFF1 mRNAZBIZHM®T 52 L &2 /Al
L7, F/2, TFFIVER—Y —BIEEFrRHVWEZT v A4
THEBOKRELEE. 612, Iy PEHELEHE

TFF1 O FE B i 39

Control

Forskolin

PGE2

(I) SIO 160 150 260 250
Relative I TFF1 mRNA expression(%)

9 Forskolin (10 uM, 24BfIAf v FaR—Ta ) RV
PGE, (10 uM, 24Bf4 ¥ F 2 ~X—3 3 v) JSRGM-
1O ANE Y rat TFF1 ¢TFF1) mRNA X525 5%
2 Mean +£SD (n=3) *»<0.01 vs. control.

DORETH 5 RGM-1% FWV72#ME T, forskolin 4L
BIZX W NARM TFFI mRNAFEBRP LA T2 2 L2
O, 09 % cAMP/PKAREIZ & 5 TFF1HEHOH
D, b FOATR MO LE L THE
LT AWREEDTRIE S L7z,

BRI LR AN S B 1) B MR R % TFF1 ORI D
BREIZoOWTIE, B THRLLHICTFFI 7uE—%
—HNIZRDONHAEITOEF — T DFENPEETH 5
EEBENTWERTY 2o M 22
b Twiw, F72, TFR1OFEEFEIEIE, LM
Btk MCF-7 % ¥ TR ENT W5 X 912 phorbol ester T
ZHICRIZ), CNIEIBHELRMETOIRERKTH Y,
TFF1BZF 7€ —% —o - 338125 FE§ 5 AP-14
A ML RS2 L TWw 3 Y, Inadera” &
MCF-7 ##31Z cholera toxin M OF 3-isobutyl~1-methylx-
anthine (CT/IBMX) #{EM &¢7-& ZICTFF1EBLS
WRTHIEEREL, cAMP/PKARKOY 7F1) »
FMPTFRIREOFE AT ) WRetE 2RI L T 575,
RN b R R 33 W T c AMP/PK A 285 U5 AL 431H]
MOMBEEZHEBETLIPELICOVIEHLNTE R Do
7. cAMP BRIV FHOMMIZ B AL TV S
Hy FAyEy D —ThY, Migss o OEEORE
WEaoTTFINY 7 T—ERRIGENLZ EICL DM
M THOAMPEENERAL, F& LTPKA ZEHL
LCHRBoMBEEEICEELE X Twa Y, 227221,
CAMPIZ X ) EHEEMAL SN B F ¥ Y ANV EBHAEL
TVBDTY, cAMP 24§ 2 ABIREAM»LT LD
FTRTCPKAIICE 5TV EHITTRAEVWI EIFEEL
TBLUENDS.
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PKA OIFEHALIC & D BIAFRBEPREL 2T 2545,
PKAIZ X ) VB % %1F 72 cAMP response element-
binding protein (CREB) #$55 37 7 F X —% —D
CREB binding protein (CBP) &L, #—4v b&
feF7aE—4% — 1 ®cAMP response element (CRE)
A L TEEZEMLT A L ZE2 6T Y. L
LA, PKAWKE Y VLI K BOBELIEL S
EEZEZONDLOT, MEBNLREEIC L 2EEREEED
FELEZEZONDL. BAL, SROHFEBIZBWTERER
W5l Z REEE/TEFI LK — % —@ET2HWT
cAMP/PKA & DiEMALIZ 3T 5 TFF1 7 10 & — ¥ —
L ORBFIRICE T ARET EIT Y, — 456005 - 327D
WG BERTHAZ LR AL L. CREDMAEIR 7 EL
513 TGACGTCA TH 545, & DM IE I hic—3%
THEINIZROT, ZOTFFIEED EFIZI36 e H
DOEENGETSFEEL TSRO E2 615, H
f, ZOVE—y—BLLE—¥F— COMOHERE X
LIZED L CRMIZ BT ZITo T 5, 9D X H iz,
cAMP/PKAR B D& EALIC X 5 TFF1% B o L F iz
RGM-1HfETHED LN TVEDT, v b TFF#EE
FO 7 UE— 5y — N b HERET 5 BESH 2 L Bb
ns.

EEWIZTFZVY 79— 2 EMAL L TcAMP/
PKARREZEEIL ST A DIEGsITY ¥ 27 L72ZB/HRT
HB. PGE I B HEHBHEICB W CEERKS % $
72LTWwBA, AFEEE SN TW5PGE,Z%#4 (EP1
)P D3 b, Gsi2V) ¥ L7z RARIEEP2 & EP4T
HOY, BRI LR S ORIV EP4 S5
EMLTVD EREINTWE 2 REfgRIZBWL
T, BM6ITRT & 912 MKN45#I8 12 EP1, EP2, EP45%
BUREREBLTHY, ERICPGE, 2B 8¢5 L X7
-8 ART IO WTFFIBBIIARICHM AT S 2 L2538
Oz, Lo TINOOEROFHFETIE, B5 LT
W25 DHEP2 7 EPA DM E B T & v Ay, RGM-1AHH
THEEPADBEHDALHE SN TVWHEDT?, EP45S
RO RREZ R LTHWEO0E Lz, Ko
FERNS, BT L EMAIICB Vv TPGE, 25 cAMP/
PRKARE AN L CTFF1IORBEZ2RE L T A M
BEZSN, ZHIIPGE TFFOMAEER L WS B AH
LLFRDHMALBbNS.

W

b b HEAMIME MEKN4S 2 T, BRI R AR 2
BT 5 TFF1IREBIIH T 5 cAMP/PKARIO PR &
77 L7z, Forskolin & % \»iZ Dbc AMPALEEIZ & b NI
TFF1 mRNA, TFF1VR—% —@ETORBITERIC

oL, cAMP/PKARESIZ X % TFF1 &5 F ks
OFEPREIN. $72, TFF1EEFTOE—F —
L TcAMP/PKA BB OIGHALIC R § 5 0 & 48 80E -
45675 = 3271~y TEN. Ty MIEH B RIES kR
DRGM-1#RETH, RARICcAMP/PKARBIETILIC
£ 5 TFF1 HBLOMMmATRO Sz, /2, MKN45HI
FIZEGsizY) ¥ 2§ 5 EP2, EPAZERNFREHEHLTH
D, PGE,D#% 512X W TFFIRHL NV A LR+ 2 2
E DD B2 D TPGE, 13 cAMP/PKARER# M LT
TFFIBIEFRIFEHICHS LT3R EZ 5 h
7=.

OB OWTRALIHY, TWHHEBY L
HEHRF A, EHHESA (BHENKRFEFRE
WEgERr) IR SRl LRI E T
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Trefoil factor family (TFF) is a group of small peptides
that play important roles in the defense of the gastrointesti-
nal mucosa. Among TFF subtypes, TFF1 is expressed at
high levels in gastric epithelial cells. However, the regulato-
ry mechanisms of gastric TFF1 expression are not fully
understood. In this study, we examined whether cAMP/
PKA pathway modulates the expression of TFF1 in gastric
epithelial cells. MKN45 gastric cells were used. RGM-1, a
cell line derived from normal rat gastrcinc mucosa, was
also used in some experiments. Endogenous EP1-EP4 re-
ceptor expression was examined by conventional RT-PCR.
Endogenous TFF1 mRNA expression was analyzed by real
-time quantitative RT PCR. The promotor sequence of the
human TFF1 gene (—956 to +36) was cloned into pGL3-
basic vector to make a TFF1 reporter gene (TFF1-Luc)
and various mutant reporters were also made. In each re-

porter gene assay, phRL-TK vector was co-transfected for

standardization. Forskolin or DbcAMP signifcanlty up-reg-
ulated the expression of endogenous TFF1 mRNA and
TFF1 reportor genes in MKN45 cells. cAMP/PKA respon-
sive element was mapped between —456 and — 327 of the
TFF1 gene promoter. EP2 and EP4 receptors, which link
to Gs, were expressed in MKN45 cells, and PGE, was found
to up-regulate TFF1 expression. In RGM-1cells, forskolin,
and PGE, also increased the expression of endogenous
TFF1 mRNA. These results suggest that cAMP/PKA
pathway is involved in the regulation of TFF1 expression
in gastric epithelial cells, and that PGE,, a gastroprotective
prostaglandin, up-reglates TFF1 expression through
cAMP/PKA pathway.
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