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H & MM Eo| A Cerulein®] 23 Cytokine @& Ao AE A A

A4 cytokineo] FH g A B QAT HEEH JAR 7] &
A -7 disixE AAAQ]D A7F ofA kA win g Aol webA
B Ao = AR42] MEFO] ceruleing A g]3t FAA AEEAANA AAHF
A cytokine®! IL-6, IL-1B, TNF-a2] ¥&o| ras, MAP kinase, NF-kB, AP-1
ol od] Fd&e a1, T3 raset MAP kinase’} NF-kBe} AP-19] 9124
DS st} s E Ras, NFkB, AP-1S 9 A|3}7] 918 AR42] A3z
Ras N-17, kB mutant, TAM67% transfectiond}$ial, thET- 0.2 ofAF AL
9} pcDNAZE transfectiondt M|XE o]&3to] vla FA ey 18]al MAP
kinase®] 9 ceruleine] 9% ERK, JNK, p38 MAPK 43 ERK$} p38
MAPKel tigt oFg]3t4] AAAE HdAAE & NF-kB AP-1 &4 181
cytokine Wd-& SAt] v 2 A3E AUk

1. AR42] A3l cerulein (10°M)S A A8t9S A9 cytokine (IL-6, IL-1,
TNF-a) mRNAE cerulein =% 1~2A1F Fof] W s|o] 4A7M74A] A& 5 ]
a1, cytokine T A2 Ww=FA|7Fe H]Hsle] W o] FU)sFSTh

2. Ras N-17, IkB mutant, TAM67% transfections}t®] ras, NF-kB, AP-1
AAeAS wl ceruleindl 9%+ cytokine mRNASF @l W&o opyF A
U pcDNAZ transfectiondt Al 3E ¢} Blauste] A A sHA A = AT

3. Cerulein®] 93+ NF-kBe &4& == 30EU o] &A3}waL, o]F 7+
SIoh7F 4~6A17F $o Al &8t = AlZbel mE 29 €4S HAl Ra
N-17, TAM67S Z+Z} transfectiondt AEo|AM = T AESL HusHY
cerulein®l] 2|3k NF-kB &4o] 2% 9JAxo] NF-kB &4 o] rase} AP-19] &
doll g3Fs Rkt

4. Cerulein®l 93+ AP-19] €48 =% 3080 FA3tyo] 6A 75 A&
A=, Ras N-17% transfectiont AZo| A= dlZ=a A3 H]3|] cerulein
o o]k AP-19] &4o] dA 3| dAFHAo Y, kB mutantE transfectiondt Al
Fol A= A H A gFol AP-19] €4d0o] ras®] A= FFS BR o NF«k

Hd o

B

4]
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B &3+ Faekait

5. Cerulein 7@ = % 37}A] dEje] MAP kinases (ERK, JNK, p38 MAPK)”7}
5 Z7]0l &g 3hE QT

6. U0126 H=+= PDI80S9E A *]8te] ERKE AAIeHS W ceruleinel <]t
NF-kBe} AP-184 9 IL-6, IL-1B, TNF-a mRNA #d-2 AA x4+ ¢
M} Bl A4S o SB203580E A x|5ke] p38 MAPKE < A Aol
HAARIAE &4 2 cytokine W& o] FFashA] g9kt

olAke] Atz AR42] A XA cerulein®l 2]%F cytokine IL-6, IL-1B, TNE-
a?] &L ras, MAPK, NF-kB, AP-1 sl 9l&] =49 & 5 AdAth 18
i ras7} NF-xkB¢} AP-174 =9 el &Aoo, T3k HARIAR]I NF-kB2t
AP-1= MAP kinase £3] ERK9] stmi/iAld Aoz FHHc}h &3 NF-kB
o] @AolA AP-19] &Ao] dast a4qls sttt wekA % M=
o Al 5 HEE o= cytokine FHAF ] AMEAG 'ﬂ AE AshsE A
S7F RO 39 AaE dspa7l=d mwel 2 sow e

rlr rlo roi'
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Aol A = oA interleukin-1 (IL-1), IL-6, IL-8, tumor necrosis
factor-a (TNF-a)9} 22 219354 cytokine, chemokines, -ZH&%}, inducible
nitric oxide synthase (iNOS) %9 W&ol F23 Jas sta,'"” cytokine?]
44 A AW TRy ol#ew AuAAst de Aew A Aok
olg]gh Bafe] wHEle oAl @ AFPF HAGNA FrhEo] gt ok
AAAG FAFAY, AT R FAAA H2s Sl AFGNA ] o
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o} activator protein-1 (AP-1)*¢] <& 9t} Cytokine 5 A+<] promotorel

3 APFart T glo] 24E wEnk® @9 o

2
by
©
ml
o
2

o

o5 et AZAEs) SeE ol
whel S BEZE B4e) WS Bwn®
Axpgel wa

cha o,

2
g AARIAE A5
3 P A o] FHol

NF-kB&= AlxZe] A%
S zAstE= AARIAO] Y Rel homology domains i
DNA®] homodimer ¥ heterodimer® ZA&stch* NF-kBe Rel family
membero] = po0 (NF-kB1), p52 (NF-kB2), Rel A (p65), c-Rel, Rel B, 18]
Drosophila morphogen dorsal gene product”t th® NF-kBel oJ3|A %5
= fAAE gREY A AE AEfR whSEE 2sRAAE
cytokine, 2374212}, K252} acute phase T o SAAE s 71
gt HARIAe = Y2 NF-kBE  H[AFdHol A Al Aol A
inhibitory subunit®! kB family (IkBa, kBB, Bcl-3 $)9} A3AS o)Fx Jrt”
ME7F vlol# 2 M3t mitogen, B4 A, I AFA cytokine 59 FEAC 2]
af Ab=s ks A kB AbstRA S Fal Eel¥ i, NF-kB dimer7} 3
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AP-1& Jun$} Fos family®] complex® T30l Ath® Jun family w2
o= c-Jun, Jun-B, Jun-D S°] %3, Fos familyol+ c-Fos, Fos-B, Fra-1,
Fra-2 529 FA9°] 29 Jun/Jun homodimer, -+ Jun/Fos heterodimer=
Ptk AP-12 ZAo =2 o] EAsttrt gAY cytokine 5 2
2 MEL] A= s EA4d3tE™ DNAWS] phorbol ester %= cAMP
responsive sited] ZA&3le] AR HHF S KL E AP-1S A Eo &

A A4, ol FRF fHA BHE -3, cytokine WH ol Fho] gt
AP el wet Astzzdoly kst 21 BFolA FeE 7 e Abss
7 AAIAkE g A Qla? wd gge 2= o3 MAP kinased] &
o] c-Fos9t c-Juns SIASAIA AP-19] @42 Z7HAZ 5= Utk H 24
o] I AIESQ] MKN4SY Kato HIAEAA IL-8 F3xfe] W&o AP-10] 3
#Axo] Q10 AGS M EZANME Helicobacter pyloriol 28] §E¥ GZuo]
A AP-10] IL-89] L&) F&e F= Ao defA YA Agdelde] o
T "uE Aot

Mitogen-activated protein kinase (MAP Kkinase)i= serine/threonine-specific,
proline—directed protein kinase®ZA] F8& 7] LH¥AFS EA HAAFIA}
Adgste]  Fd2 HdE dsted dAddh o]y d MAP  kinaseol &
extracelluar signal regulated kinase (ERK), c-Jun N-terminal kinase (JNK),
p38 MAPK 59 37F4] ¢o}o] glth, ERK+ % mitogendl| ©]3] #=o] ==
HhA ) INKeF p38 MAPK+= &, A9 A, WA A4 cytokine & A2 2~E
g0 o) AstEck® s 4427 MAP kinaseE &4 3HA17) 11,
StA]7F MAP kinase 84S JA|sthE AR 4447 MAP kinaseE &
NEAdD AAS FET F DS AP AP-1 FAL gge 215
&-3to] MAP kinaseoll ©]&) 4% 1" NF«kB 242 JNK9} p38 MAPK<]
$] kinaseQ] MEKKI1el <Jaf =

AdAlA cytokineo] ol A Bl QA Aol wEl JAIRE E27)
Al A7 e e = U W AAAQ] A= obA
7HA] wn gk Aot} upet S g
s AgE MERP o8k 9S4 cytokine IL-6, IL-1p, TNF-a2] w&o]
ras, MAP kinase, NF-xB, -1 &
kinase”} NF-kB¢} AP-19] A9x4d28S st A4 S s
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AR42] AIEFoA] cerulein (10 "Ml €&+ g ALRDS sHgistel O A
A5 cytokine$! IL-6, IL-1B, TNF-a2] &3 % MAP kinase, NF-kB, AP-1
°f #4& FEsta, @ AR42] MEo| Ras N-17, kB mutant, TAM67<
transfectiond}o] ras, NF-kB, AP-19] 22 2A5t9<S | ceruleind] <3¢
NF-kB, AP-18d % cytokine #d WeE SAHA oW, @ cerulein 1 #]
MAP kinase (ERK, JNK, p38 MAPK)®] &3} MAP kinase®] ¢Fe]shs <A
AE AHA T & AAReIx}el NF-kB9F AP-1 &4 2 cytokine ©Hdle] W3lE
gelstsit



I As 2 9y
1. AIZF 2 AXE W&

A8 A EFE azaserined] &5te] FEE WMFH AMAE FQ AR AEFES
ATCColA Fd3ste] ARgstdt migAez= 10% FBS7F % DMEM<

o] 83} a1, cell viability: trypan blue exclusion test® &-<¢1&}$ith
2. Ay =<t

AR42] AXE 12-well culture plated] DMEM #jeFeio] Al 10%/mle] HE=
wjoksleich. wlekA|Ztel WE cytokine?] WAL cerulein (10°M)S A gld =
A2 IL-6, IL-1p, TNF-a mRNAS} @i d 2ds SA4ste] gkt
Cytokine mRNA+= ¥l¥A 9} cerulein A %] & 242} 1, 2, 3, 4A|3Hs<F v eksh
T sl RNAES —%% gkl RT-PCRS Al 333tk Cytokine ©old-2 ul A
o} cerulein A A F 6, 12, 18, 24135t vlste] weFb oA enzyme-linked
immunosorvent assay (ELISA)Z =43}t A HH A7t w2 NF-«kBo}
AP-1 &4 Wsh= wjkAI} cerulein (10° M) 2] 3 30%, 1A17F 2417, 44]
7k 6A17F Z-of electrophoretic mobility assay (EMSA)Z =743}3tl. NF-kB%}
AP-1 849 EolxZE 32ldl7] Yl cold competition 23S kA, T4 A
5 24387 98 supershift 23S 3F3th Ras, NFkB, AP-1¢] cerulein®l
ok HARRIAL &4 cytokine o WA= F3FS A7) kel AR42)
M3EFo] Ras N-17 (a specific H-Ras dominant negative gene), IkB mutant,
TAM67 (a specific c-Jun dominant negative gene)E transfectiond}$3 L,
control vectorZ% pcDNAZE transfectiondt i th. Z+2be] AM|3E = transfection$-
15A1ZF S wiatatar, vl Fels ughkste] 6A1%Fs F7F vl Fseltt. Cytokine
mRNA¥} @A ceruleings A x|t & 772} 24173} 18A17F, NF-kB¥ AP-1
B4S cerulein A A 308% Fol =Aagth Cerulein (10 Mol 93 MAP
kinase?] A7t w2 gL n]A 9} cerulein (10 °M)S X8 & 58 10,
15%, 205, 305l western bloto. = &1} T} :LFJJ_ MAP kinase®] 3}g4
AAAE cerulein =& 1AZF Aol AAA3E & ceruleinol <3 NF-kB <}
AP-1 &5 EMSA=Z 8213519 11, cytokine mRNA+= RT-PCRZ =43t



3. Cytokine &3&
7}. Cytokine mRNA

AR42] Mol cytokine mRNA ¥&-& RT-PCRE o] &3}
internal control®Z*] housekeeping gene GAPDHS ©o|-&3le] % +3}slsit)

#2319 *® Random hexamer primer 50pg, each deoxynucleotide
triphosphate (dNTP) 500 uM, RNAse inhibitor 25U, Moloney Murine Leukemia
Virus reverse transcriptase 200 US 25ul® %3¢] primingste] (37C, 1A]1%H
% RNA 2ugolA cDNAE A3tk RNA 160ng¥ 59 cDNAE Zt
cytokine (IL-6, IL-1p, TNF-a)°] 2= primerE ©]-&3o] PCRS A #&&}sich
PCR< 10mM Tris-HCl (pH 8.3), 50mM KCIl, 2mM MgCl,, 0.1 mM dNTP,
06U Tag polymeraseE FHEH3 20pl= o] A8slch. & RNAE DNAR
A HAALE AL cytokine®} GAPDHeOll t3F rat-specific primerS ©]-83le] PCRS
Al&dEitt. IL-1B primere] tdh sequence™ 5 -TCC TAG GAA ACA GCA
ATG GTC G-3'(forward primer)®} 5'-TTC ATC CCA TAC ACA CGG
ACA AC-3'(reverse primer) %t} IL-6 primer®] sequencei= 5 -CTG GTC TTC
TGG AGT TCC GTT TC-3'(forward primer)®} 5 -CAT AGC ACA CTA
GGT TTG CCG AG-3'(reverse primer)3th. TNF-a2] sequences= 5'-CTC
AAA GAC AAC CAA CTG GTG GTA C-3'(forward primer)¢} 5-ACA
GAG CAA TGA CTC CAA AGT AGA CC-3'(reverse primer)3th. GAPDH
sequence= 5'-ACC ACA GTC CAT GCC ATC AC-3'(forward primer)<2}
5-TCC ACC ACC CTG TTG CTG TA-3'(reverse primer) it} PCRS 95T
oA 30%%t denaturation, 60Co|A 30%%F annealing, 72CelA 30%3+
extensiond}e] 32 cycleWHE-3}91 T} PCR products® 0.5pg/ml ethidium bromide
£ ¥f5ts 1.5% agarose gelollA #2]¥ o] UV transilluminationo 4] 21 %]
ATt

}. Cytokine T+

vkl =43 1L-6, IL-1p, TNF-a ©¥d& Aax Al7bo| A ELISA kit
(R&D System, Minneapolis, Minnesota)S ©]-&3}th ZHzte] welloll Al&5&

_8_



TYstar 2A17FsoE mjkelith Kite] Aoz 43] 283kl biotin—conjugate
= A ZHERE RESAIF T AlH Ao = 43] Hs)stal streptavidin-HRP
HFS-A171 3 chromogen A]¢Fo & Hl xpgk &hof] 2204 30
. Kite] gAg9e 7Fek & 405nmoll Al ELISA readers A

4. NF-xB % AP-1 &4
7b ARY F29

mjeFol vk AIE(1x10°cell/mD)E ice-cold PBSE 23] A= ata 100ul9] 1
ol M (high salt buffer)oll AEAAATE 119 H-E 20mM HEPES, pH 7.6, 200
mM NaCl, 0.5 mM ethylenediaminetetraacetic acid (EDTA), 0.1 mM EGTA, 10%
glycerol, 1% Nonidet P-40, 0.5 mM dithiothreitol (DDT), 10pg/ml leupeptin, 1
mM phenylmethylsulfonylfluoride (PMSF) % 0.001% aprotinin® = -3} th.
Ao QoA 1587 X3 T cell lysate: YAEE st AEde 70T H

Palo] wuld A @ NFkB, AP-1 24 40 A-galar,

1}, Electrophoretic mobility shift assay (EMSA)

Electrophoretic mobility shift assay (EMSA)X Dignam S <& Bu¥

WS o] 8319tk NF-kB gel shift oligonucleotide(5'-AGT TGA GGG GAC
TTT CCC AGGC-3' )3 AP-1 gel shift oligonucleotide(5'-CGC TTG ATG
AGT CAG CCG GAA-3') (Promega Corp, Madison, Wisconsin, USA)E T4
polynucleotide kinase (Gibco-BRL)E ©]&&F [PIdATP (Amersham)ell §H&-A]
At} End-labelled probee Bio-Rad purification column (Bio-Rad
Laboratories, Hercules, Califonia, USA)E ©]43}%] unincorporated [“PIdATP
=HE AL Tis EDTA buffer (TE)OIA 3553tk AEd FEE010p
g) 12% glycerol, pH 7912 mM HEPES, pH 7.94mM Tris HCl, ImM
EDTA, 1mM DTT, 25mM KCl, 5mM MgCL;, 0.04ug/ml poly[ld(I-C)]
(Boehringer Mannheim, Indianapolis, Indiana, USA), 04 mM PMSF, TE 5 ©]
S35 bufferoll 4] preincubation® 1t} Labelled probe’} #H71¥H i F&2&

(sample) S 10% ¢t L&A incubation® Attt %S nondenaturing 5%



acrylamide gelolA 0.5 x Tris borate EDTA bufferE ©]83}] electrophoretic
seperations AT Gel> 80CoAl 1A 79 A% & Kodak X-ray filmell
39 overnight) =% Ath NF-kB¢ AP-1 @4 (binding activity)e] Eo]&%
= g3st7] Y3 cold(unlabelled) AP-1 oligonucleotide, cold mutant type
NF-kB oligonucleotide, cold wild type NF-kB oligonucleotideE 100w} * 7}3}¢
o] cold competition 23S  AlEr)  Supershift 23 FP-labeled
oligonucleotide probe®} ®i9¥F&}7] Aol NF-kB subunit(p65 &A1} ps0 &A))
AP-1 subunit(Jun®} Fos &) W3t rabbit polyclonal antibodies2} 4T ol 4]
1A 7SR A wf st ST,

5. MAP kinase &4

MEEZ 05% Triton X-1003} protease inhibitor mixture (Boehringer
Mannheim, Indianapolis, Indiana, USA)E §38h= Tris HCL (pH 7.4) buffer
ol FAIIAHTE Z+2F2] sampleol A 14,000 g soluble supernatant®] w2
=% Bradford WEPoz ZAHHA) 100pge] AEZEM AL Janeol loading
Ho] 39 7oA 8% SDS-polyacrylamide gel electrophoresis (PAGE)el 2]
& 223lod (10 mA, 35417 nitrocellulose® transferatAthH10 V, 2417h). MAP
kinase &4S  dolry] 9t  AEFZFNOZHE  phospho-ERK,
phospho—JNK, phospho—p38 MAPKol| th3l z}zte] S o]83Fe] western
blottingS 33ttt oA E goat radish peroxidase’t E&
Fguk-g- =742 enhanced chemilluminescence

immunoglobulin G& AHg-3d}al, s
wEAA e Selsgr.

A=}
kitS AREEI o X-ray ZE9
6. NZAG ALY

Mutant transfections ©]83}o] ras, NF-kB, AP-1S At A|xE<} MAP
kinase®] °Fzlgtd AAAE WA A s MAP kinaseE AT A EolA
cerulein (10°M)& Foi& F NF-kB9 AP-1 &4 % cytokine #&& 43}
of Blastitt. ERKS &4 A8zl f1siA MEK1/29] So]2Ql AAA<
U0126 10 pM E=&= MEK19] 5ol]&l SAAIQl PDI&0S9 30 pMS 3 %] 3}
1, p38 MAPKE JA5}7] $18}o] pyridinyl imidazoles®! SB203580 10 pMS A
A% &9t} (Calbiochem® Biochemicals). T3t ras, NF-kB, AP-1& 243}7]

_10_



st AR42] AMETFo] Ras N-17, IkB mutant, TAM67S  18A|7Hs<9H
transfectiond}$1Th.  Transfectiond]l AREE  wji7lE=Z%= DOTAP liposomal
transfection reagent; N-[1-(2, 3-dioleoyloxy)propyl]-N, N, N-trimethylammonium
methylsulfate2 AHE3FSITH
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m. 2
1. Cerulein®| 2% cytokine mRNAS} ©hld dtg

Cerulein (10 °M)& %8+ AR42] M| XEe|A] RNAS %]3te] cerulein = A]
vl W& IL-6, IL-1p, TNF-a mRNA #d< <13at9ich IL-6 mRNAE 14
7+ % 23 IL-1p9F TNF-a mRNAE 2413F Fo @aw]7] Alshelgla, w5
AN A&H oz wEAE A THFg. 1A). ¥ cerulein (10°M)S x| &
AR42] A|EQ] wjoklo|x] =3t cytokine T A (pg/ml)-& cerulein =% 3}
=E F 6AZF 2HFog 24A7HES 433 Cerulein =% 0, 6, 12, 18, 244
7F 9] cytokine ©A Wl A= 7}z IL-6 0, 21.3, 289, 332, 39.6, IL-1B 0,
0.1, 446, 65, 69.2, TNF-a 0, 24.1, 442, 57.5, 60.7 pg/ml= =3 A7kl H]e]3}e]
oz Whelo] Frksl i th(Fig. 1B).

o

—_

(Ib)

2. Ras, NF-kB, AP-12] A7} cerulein®] &3 cytokine mRNA ¥ o
W o v FF

Ras, NF-kxB, AP-1¢] cytokine?] W&o wx= FIFS dolrr] 23|
ARA42] AM|3Eel Ras N-17, IkB mutant, TAM67E Z+7}; transfectiondt$ith. 12
3l control vector®= pcDNAZ transfectiondt A|EZE o] &3ttt z+zte] A
transfection 15A17F o M 2e wixR w3, 6A]7ke] A3}k
cerulein (10 °M)& A =8k e}. wjgelol ceruleing A3 F mRNAZ} T
TAS Slall 27 2A417Ee 18A17EERE wi st Cerulein A =] 2A1%F
IL-6, IL-18, TNF-a mRNA®] &2 Ras N-17, IkB mutant, TAM67& 7}t
transfectiondt A|EoA EF REAH o7 7343 tHFig. 2). Cytokine ¥+
(pg/mD-Z ceruleing 18A17FEQF A X3k 5 wjFfol A ELISAE ©]&ste] 3
AsAh [L-6 @A opAlE A ¥} pcDNA transfection Al 3ol 4] cerulein
S AR A ZzE 078, 2159014 AA| § 232, 2473 pg/ml= @A B F7FEF L
1}, Ras N-17, IkB mutant, TAM67% transfectiondt A3 A= cerulein *]*|
A 72y 238, 2.25, 2.29914 A F 7.04, 511, 762 pg/ml= cerulein®l] <]3%t
il A H ST dizzdtel] vl dAAE] AAHAT IL-1p HHE S o AE
pcDNA transfection A3 A cerulein A X A Z}z} 234, 34.2014 #
x| § 886, 78.7pg/mlz @A3] F7Fet) o1}, Ras N-17, IkB mutant, TAM67

Do N o o r

e
A

l-‘i_zl
S
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< transfection®t MZ A= XX A 2H2F 315, 264, 3359014 47.2, 487, 39.3
pg/ml=Z cerulein®] gk Gl vty Z7h7F JAH QY - TNF-a @92
2 ofAlE /‘ﬂl%ﬂ pcDNA transfection Ao A4 cerulein A x| 2 Z}z} 28, 30.4
oA A & 435, 498 pg/ml= F7FsF 3L, Ras N-17, kB mutant, TAM67<
transfectiondt A XM= A A ZbzF 278 26.2, 25.3914 A T 396, 34.8,
365 pg/mlE ceruleinell ©g wuld WEHZ7F7F IL-64 IL-1Bell Bls) %
o7 JAHAHFig. 3). °]est A= AR42] AM|¥EA ceruleine] 2]+ X
= cytokine®! IL-6, IL-1B, TNF-a2] @& ZF717} rase} AAFIAFST NF-kB2}
AP-19] @43 dHst BA7F IS SAIST

3. Cerulein®] ¢/3F NF-kB ¥ AP-1 &4

Ll

AR42] AEoA ceruleind] 23 NF-kB2} AP-1 &4 9] Al7tol| wp& w3}
##317] 998 cerulein (10 °M)S 6A17H5<H A X|8k3ith. Ceruleino] €] 3
kB &4 302wl AetA &A4stE AL, o]F sty 4-6A11F5ol
A 3tE = Algte upE 294l @4 (biphasic or two-phase time course)S X
AtHFig. 4). NFkB 49 Eolx=E& &9lsl7] $I3] cold(unlabelled) AP-1
oligonucleotide, cold mutant type NF-kB oligonucleotide, cold wild-type NF-x
B oligonucleotideE #7}sle] cold competition 23S Al&3}si=d], cold
wild-type NF-kB oligonucleotide?o] NF-kB DNA binding probe%} A4S 3}
AtHFig. 5A). 3H NF-kB complex® A4S #21317] 98] p65(Rel A)<}
po0oll et &S5 o]&3te] supershift 2dS A3t =dl, p65 A< ps0
A EFol| A clear supershiftE H.917] W&o NF-kB complexeso]+= p65%}t
po0o] &4 &4 4= AATHFig. 5B). AP-1< cerulein #1 % 30% ¥ A3}
ol 6AIZE F7hA] A& ATHFig. 6). AP-1 &4 Hol=% cold AP-1
oligonucleotide”} AP-1 DNA binding probe®} 7 Agro =24 2215} 1 (Fig.
7A), AP-1°] tigt supershift 2 &o|A = Jund Fos T sk A 27
o Al AP-19] specific band®] =7} 7HAsH th(Fig. 7B).

g%

4. Ras, NF-kB, AP-12] 9 A7} ceruleino] ¢]3 NF-xB ¥ AP-1 &4
"X = 3

Ras®} AP-19] &4o] NF-kBe| €/dd nx]&= & raset NF-kB7} AP-1
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o] Ao wRE= JaFs BAE7] el AR42] AlEol Ras N-17, kB mutant,
TAM67S Z}Z} transfectiond}$lal, control vector® pcDNAZE transfection3t
AFEE o] &3ttt Z7te] M ¥EE transfection 15A17F 3 A 2ZE vix| = w3k
93, 6A17o] A3kt 3 cerulein (10 °M)S A A|8}¢ith NF-kB 2 AP-1 &
A7) flal miFdol ceruleing A X F 30iE-E <t wgT T A2
EE5S olgste =SAHSAY. NFkBe &AL ofF AXe pcDNAS
transfectiondt Ao A cerulein *X] & #AA3] Z7}slg oy, Ras N-179+
TAM67S Z+7} transfectiondt Aol A= cerulein®l €3 NF-kB &4o] =%
AAE A HFig. 8A). A ceruleino] <3 AP-1¢9] &4 Ras N-17%
transfectiondr A Eo Al oFAF AXE2} pcDNAE transfection$t Al|3Eof B3]
A3 A E oy, kB mutantZ transfectiondt A EollA= oA 5w x| Etct
(Fig. 8B). ©]#13dt A3} cerulein®] 2]3%F cytokine W& oA NF-kB % AP-19]
ras®] S UiI/NAIAS SAEH, 3 AP-19] FAT7HF NFkBe] EA4d &
23k 271948 AALE

T =

H

>

i, 6

ol

1% ox
W o 3
N

5. Cerulein®] ¢]3% MAP Kinase &4

AR42] AlFE)A ceruleindl] 23 MAP kinase®] Al3tel] wE 48 doln
71 913k ceruleing 30%%5<F * X%+ & phosphospecific MAP kinase 34|
(p-ERK, p-JNK, p—p38 MAPK)E ©]-8-35}o] western blotting 2.2 =43} Th.
Cerulein(10 "M)& A% & <14ksbgl Fuje] ERK(EA#: 46-50 KD), JNK(H
A}eF 46-55 KD), p38 MAPK(#AH=E 42 KD)+= &7 5~10% ol oz &4
3tEchrt o] 3o HAE A THFig. 9). Wb ceruleinel] )3k cytokine HE o A
3% 9] MAP kinase7} 5% zx7]d @A43t9S & 5 Ak

6. MAP Kinase® <2 &4 A A7} ceruleind] &3 NF-kB 2 AP-1
g4, cytokine & vX & G

MAP kinase’} NF-kB 2 AP-1 &4, 13l cytokine 39 Ab¢] %2 =)o)
S Folsr] 9l MEK H+ p38 MAPKS <fg]ehs AAAlE o]&38k3ick
ERKE 9AIsH7] 218 U0126 10pM HE+= PDI8059 30 uM, p38 MAPKS] A=
SB203580 10uM< 1A17F Aol AAXE T cerulein (10°M)S Folstaith
NF-kB9} AP-1 &4 cerulein A 30 Fo dFEES o]&35te] EMSAZ
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A3FA a1, cytokine mRNA &2 cerulein # %] 2A17F §of o4l RNAZ
2lste] RT-PCRZ <218t th NF-kB& U0126 Fi= PDIS0SIE A 3}
= AR R EA] &S AE] B8] ceruleind] o]3F FAJo] oA w o
SB2035805 A xg A= &do] Ast=A] & UtHFig. 10A). B3 cerulein
of o3k AP-1 &5 7He NF-kBF FAFsHAl U0126 = PDIS0S9E <A A8}
AL AW A ATHFig. 10B). 18] cytokine IL-6, IL-1B, TNF-a
mRNA &2 V0126 == PDI8059-S AAA XAl ceruleindl] 2]t &rdo] A5
Aot SB203580E A A g A-g-ole= AAAE FASHA @2 59 Zpol7f
A tHFig. 10C). ool A= ceruleino] 23k cytokine &olA MAP
kinase 53] ERK7} NF-kB % AP-1%4, cytokine @del| 23 2dA S
Al AL

to F
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<+— GAPDH
IL-6 —>

L1 GAPDH
-1p—>

<+— GAPDH
TNF-a —»

Marker 0 1 2 3 4 hr.

After treatment of cerulein (102 M)

pg/mi

0 6 12 18 24 hr.
After treatment of cerulein (108 M)

Fig. 1. Time response of AR42] cells to cerulein for IL-6, IL-1B, TNF-a mRNA
and protein expression. (A) Cytokine mRNA expression in AR42] cells treated
with cerulein (10®M) was assessed at an indicted time point, as determined
by RT-PCR. The internal standard(GAPDH) was coamplified with each
cytokines. mRNA expression of cytokines were evident at 1 to 2 hours. (B)
Cytokine protein level(pg/ml) in the culture medium from AR42] cells treated
with cerulein (10*M) was determined at the indicated time point using ELISA.
Cerulein caused a time—dependent increase of cytokine protein expression.

_16_



<+— GAPDH

<+— GAPDH

|
}IE

Fig. 2. Effects of IkB mutant, Ras N-17, TAM67 transfection on IL-6, 1L.-1
B, TNF-a mRNA expression in the AR42] cells treated with cerulein. The
AR42] cells were treated with cerulein (10°M) in the presence of IkB
mutant, Ras N-17, TAM67 transfection for 2 hours. Cytokine mRNA
expression was determined by RT-PCR. The internal standard(GAPDH) was
coamplified with each cytokine. Wild = non—transfected cells; pcDNA = control
vector. The cerulein-induced cytokine mRNA expression was inhibited in
transfected cells with IkB mutant, Ras N-17, TAM67 compared with
wild-type cells or pcDNA cells.
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80
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C
60
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(pg/mi)

20

Fig. 3. Effects of kB mutant, Ras N-17, TAM67 transfection on IL-6(A),
IL-1B(B), TNF-a(C) protein production in the AR42] cells treated with
cerulein. The AR42] cells were treated with cerulein (10®M) in the presence
of IkB mutant, Ras N-17, TAM67 transfection for 18 hours. The cytokine
protein expression was determined by an ELISA. Wild = non—transfected
cells; pcDNA = control vector. The cerulein—induced cytokine protein expression
in the culture medium was inhibited in transfected cells with kB mutant, Ras
N-17, TAM67 compared with wild-type cells or pcDNA cells.
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NF-xB

0 30 min. 1hr. 2hr. 4hr.  6hr.

After treatment of cerulein (108 M)

Fig. 4. The time course of NF-kB activation in the AR42 cells treated with
cerulein. The AR42] cells were treated with cerulein (10°M) and cultured for
6 hours. Nuclear extracts were prepared from AR42] cells and subjected to
electrophoretic mobility shift assay (EMSA) for NF-kB DNA binding
activity. NF-kB activation induced by cerulein displayed a biphasic time
course. The NF-kB DNA binding activity increased within 30 min of
cerulein treatment, and then decreased substantially by 1h. A second wave of
NF-kB activation was prominent at 4~6h after cerulein treatment.
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Fig. 5. Subunit composition of NF-kB complexes in AR42] cells at 30
minutes after cerulein (10 °M) stimulation. (A) Cold competition experiments
confirming the specificity of NF-kB binding by adding 100 x molar excess of
unlabelled(cold) AP-1 oligonucleotide or cold NF-kB mutated oligonucleotide,
or cold wild—type NF-kB mutated oligonucleotide. Only wild-type, and not
mutated, NF-kB oligonucleotide competed with the probe for the NF-kB
DNA binding. (B) Supershift analysis using antibodies to p65 and p50 NF-k
B proteins. Antibody against p65 or pb0 produced a clear supershift
indicating p65 and pd0 proteins are present in the NF-kB complex.
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AP-1 “““HM

ks

0 30min. 1hr. 2hr. 4hr. 6hr.
After treatment of cerulein (108 M)

Fig. 6. The time course of AP-1 activation in the AR42] cells treated with
cerulein. The AR42] cells were treated with cerulein (10°M) and cultured for
6 hours. The AP-1 DNA binding activity in nuclear extract was determined
by EMSA. Cerulein induced AP-1 activation after 30 minutes, and it remained
elevated at 6 h.
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Fig. 7. Subunit composition of AP-1 complexes in AR42] cells at 30
minuites after cerulein (10 M) stimulation. (A) Cold competition experiments
confirming the specificity of AP-1 binding by adding 100 x molar excess of
unlabelled(cold) AP-1 oligonucleotide or cold AP-1 mutated oligonucleotide,
or cold wild-type NF-kB mutated oligonucleotide. Only wild-type, and not
mutated, AP-1 oligonucleotide competed with the probe for the AP-1
binding. (B) Supershift analysis using antibodies to c-Fos, c-Jun proteins.
The addition of c-Fos or c—Jun antibody caused a significant decrease of the
specific AP-1 band indicating the presence of c-Fos and c—Jun in AP-1
complex.
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A

Cerulein Wild pc DNA IxB mut. Ras N-17 Tam 67
(108 M) - + - + - + - + - +
NF-xB L
L »

B
Cerulein  Wild pcDNA  IkBmut. RasN-17 Tam67
10t M) - + -+ - + - 4+ T~ =+

w1 et g g v

e i

Fig. 8. Effects of IkB mutant, Ras N-17, TAM67 transfection on NF-kB and
AP-1 activation in the AR42] cells caused by 30 minutes stimulation of cerulein
(10°M). NF-kB and AP-1 activations were determined by an EMSA.
pcDNA cell was used for control vector. (A) Transfection of Ras N-17 or
TAM67 reduced cerulein-induced NF-kB compared with wild-type cells or
pcDNA cells. These data suggest that AP-1 activation may be required for
activation of NF-kB. (B) Cerulein-induced AP-1 activation was reduced by
transfection with Ras N-17 whereas the transfection of IkB mutant showed
no change of AP-1 activation compared with wild-type cell or pcDNA cells.
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p-JNK . 55kD
p_ERK S e 50kD
o038 42kD

0 5 10 15 20 30 min.
Cerulein (108M)

Fig. 9. Time response of AR42] cells to cerulein for MAP kinase activities.
The cells were lysed at indicated time points after stimulation of cerulein
(10®M). The cells were lysed and 100pg total cell extract were
immunoprecipitated with phospho-specific antibodies for ERK, JNK or p38
MAPK. In vitro kinase assays were performed and phosphorylated substrates
were detected by western blot analysis using phospho—specific antibodies. The
three subtypes of MAP kinases activities were elevated rapidly in AR42] cell
treated with cerulein.
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NF-xB AP-1

Fig. 10. Effects of pharmacological inhibitors of MAP kinases on NF-kB
and AP-1 activation and cytokine expression. The AR42] cells were treated
with either the inhibitors or DMSO for 1hour prior to stimulation with
cerulein. The NF-kB(A) and AP-1(B) activations or cytokine expression(C)
were measured in the presence of SB203580 (p38 MAPK inhibitor) 10 g,
U0126 (MEK1/2 inhibitor) 10pg, or PDIR069 (MEKI>MEK?2 inhibitor) 30pg.
Inhibiton of MEK, but not p38 MAPK, activity resulted in a significant
reduction of cerulein-induced NF- xB and AP-1 activations, or cytokine
expressions. These data suggest that NF-kB and/or AP-1 transcription factors
are potential downstream mediator of MAP kinases, expecially ERK in the
cerulein—induced cytokine expression in AR42] cells.
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A7 AAEANA ceruleinoll oFl FEE AT ZT)AANA HFH
A 2 el Fast wizfAlo]al cytokine Aol Festc) olefo] H A
Ao AAHE cytokine ATz ASTHEINRFS
o7ty FH<t o]Eldk cytokined] WES A= T3 2EAE NFkB7F
gelma ek Zeja NF-kBsh tEe] AP-1& 27193 =
TR A whEka B Aol A AR42J MEZS o] &3 AFY &
Aol Al NF-kBe} AP-19] &A% ofe}, o]t HAQIAte] F a3t
ZFel MAP kinase®] &AlS #2493}o] ceruleino] 2|3} cytokine 2d e A&
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AR42] A ENA cerulein (10°M)S X 8t51S w cytokine IL-6, IL-1,
TNF-a mRNAT 2A17F Uo] 25 S, ghH wjetHo A ELISAZ 574
gk cytokine @A Azt wel FUtEE ATS HS 3} FAg A N A
cytokine A3/ S7|GdANA HAFS &S ASAEZAA Frse o=
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o] WA ceruleindl ©&) AFH MM EANME IL-6, IL-1p mRNA 2
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sttt & in vivo A@A #AGFel= IL-6, IL-1p, TNF-a % ?ﬂoﬂ/ﬂ Al ZHA]

3 Aol HGo o cytokineo] PFEATE AF AL LFolq AR
7] wEolm, B AN A AME Aol A cytoklne°1 AR EA7) o)
woll A7 Aol molA| it eherry.

AR42] A3 A ceruleing A A5t e © NF-kB €42 302wl “stA
A stE Al 1IAZE Follis BAFAHE Koty 4~6A17F $ol Al &4 3y

O

= Azl nhE 297 %lm Stk W AP-1& 30%vjel 2shE T
NFgBs T AgHow ek @4sh Helth @A A8 wde
o) 43 AN NFxB B4 gt wii gol k. Agw Aol 3

q
(e}
Frd 9E5A 39 2do 1 A NF-kB7} &4 3}% a1, amobarbital® NF-kBZ

AAEIF S AT AFEe] A;xe sl amylase +A17F %o NF-kB<}
Agde) B ARABAE F2F £ AU B Y A9E cerulein]
olgt A AR NF-kBe x7] &A435 B th& A7 A3t 4A4
27 BRI olgd AP FF B o A AAM Tl NF-kBe &4
= A 271 AN dxpAQl Aol AEE TAANA FaE TF
ARl 7)Aol d & S-S gt 2 AFolA] NF«kB &4d¢] 2dA =2 &4
32 Hole ol H|E kB © A e Ad At A kBash kBB
7} 242y 19 A1 9F 29 Al A e EAS Bol7] "oz FH . Cerulein®l
ot AFH REZ 01%3}04 NF-kB &4& A3 d3oA] kBae 43
] 3~6A1%F Fell= 73

g2dslel = vlsl, kBB
Ho 2ok whel

Al NF-kB9] 19H4] &8t kBa] 2ol 93] dojvha, 2vA &Ashe 1
=gs o F Utk kBa®t kBpe] AE thE 54 NF-kBel

ofgh FHA dAtEAEe] Ao wiitolth, & kBa® F3AE 715 HSE NF-k
B Z%d4E hraly] Wio NF-kBel 3] @43t webs] NF-kBe] &
e kBag WEA AgAste] s = AP olEd) AT Kk
Ba: U & o]Este] NFkB dimer®t DNA A4S A7k v Ik
BB A= kB motif7} $17] wliol & NF-kB7} #olshx] eke=vh™®
o 2eHA|o A 2] NF-kB &4 3loll+= 3 A Eo| A 1% = cytokined] <2
3 NFkB SA4E 93 #o3 Aoz Azdr) i F oA AP-19 &
Aol g AT =EA Rudau g, taurocholate® =¥ HdAH
ceruleing A3 A MAAT SolA S RuEHL” B A7 Aol A
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ole} AdXH A}E HATE o]9o] ceruleind] 93 NF-kBe} AP-1¢] &
3}= ceruleinoll ola] ABAE FA AT NF-kBel do]so] Zask kB ¢l
vt AP-19] 74 A2l c-Fos/ c-Juns 53k A8tz Aol wizkel AA}
olz}ol NF-kB9} AP-1S &A43A]7]7] wjiel Aoz A= ® Ay
NF-kBe] d&=A Hel= p659 ph0el subunite® T4 % heterodimer?l 9,

Nl

2 ox HI

2 AFo| A% supershift 23 23} p652F pA0 subunit”F AR42] AlEo|A &4
FES o4 G AAT o)A 7R 9] Halo A cerulein®] Y taurocholateE ©]-& ??}

o
Add mlol X pesrt AP AAE FNWE olFHol THHANLY AFE F
A T-(stimulated neutrophilell w=ZF%  HAF A FEA p50/p65 NF-kB
heterodimer®} p50 NF-kB homodimer®] #ujo]so] fE=Ho] F<ld nf 9

o * a9l AP-19} s supershift 2 H A% c-Jun} c-Fos7t 25 Q"Lﬂi’i
o}

Cytokine &ol J&FS T FAZEARIES Lolrr] fla AR42] Ao
Ras N-17, IxB mutant, TAM67S 217} transfectiond}e] ras, NF-kB, AP-1<
23S W cerulein AFell 9] 3k Cytokme IL-6, IL-1p, TNF-a mRNA¢%} ¢
Wzl uke e ofAE A ¥} pcDNA A¥EZE transfectiondt control vectorel] H]
A5ho] cytokine®] A ZAAEA] ras 18]al NF-kBe} AP-10] #ofsh
T AT Iub o7 NF-kBY AP-13 22 HAFRIA}= cytokine 71
XH promotorel]l Agrete] FAx WHS At = ) #HAYG mdoA o
SHEo A #EHE IL-13 TNF-a’} NFkBE 43 A2 4 2
A AAE AAAAME TNF-a7} 1|5 o] NF-kBE &3} Al a‘ T 2 3"}
o] AL ZI|PARTE F7|dA A cytokine®] NF-kBE #4871+ 714
ow oyA Jup? g HFde 27 @Al #BI AFAE 2
cerulein F=4 Aol NF-kB7F 7] &A3tE 1 NF-kBel A4l
cytokine KC9 IL-6%&do] 7ZAaxmw %  N-acetyleysteine®]tb  pyrrolidine
dithiocarbamate®} 722 AFSIAIE Folste] NFkB &4 o|y NF-xBe} 3¢

AR AR A AES AAIsE S Wl cytokine WRlo] SA|ETHE B
7 QokP o]y @ Aube @gatart kBE AAMEAZIAY, A 2dA
E AR3t] NFkBS Z43AA cytokines L&A 73, ka7t 2Aadat
2ol o3 wifE AARIA A8 AT ZHN cytokine BAFES FARAE
AeS dAIS 2 Aol s AR42] ME ARA|o A cerulein *1 %] 303Ul
NF-kB¢} AP-1¢] &/d3}5 o] cytokine BTt WA A8, NF-kBu

=

)
u}im
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AP-1& AA] cytokine o] AAE HE& AL 7ldAlNA Sd4tka
L el zte] o)) NF-kBe AP-17F €/d3tsal, o]5lo] cytokine 'TF ol
= AS AAREITE o)epto] A ZT|dAllA NF-«kB7F
cytokine Td-S 2AEL 7|EY Rl dXH AAE HIA, AP-1%= NF-«
B} fFAFSHA cytokine @ell #olghs . AFtol A AfEAl KLk wpolth
mEka] NF-kBe} AP-19] €43 9S4 cytokine?] IL-6, IL-1B, TNF-a =
do] AdHdAE AGGolA 7] dACA ol g HARIATE Fad TS
s A
Ras, NFkB, AP-1¢] NF-xB % AP-1 &4l X< 93
Ras N-17, kB mutant, TAM67< transfection 3t A|XE o]&3}th. NF-kB
o] &4 Ras N-17 = TAM67S transfectiondt A3 A ceruleings *] ]
Al oFAE AFEY pcDNAE transfectiondt Aol Hlal A o] A= ATt o
23k AP ras7F NF-kBo] A9lx4d7telal, AP-19] &45717F NF«xBo &
doll o3 27US dAIgTE ARk o2 NF-kBe AP-1& A= 53H52Q
AARRIA R 2gate] 3z HdS A AR 2 AFolA = AP-1 £49]
NF-kB &4 93-S FAh olds da= AP-19] 74 A< c-Fos¢t
c-Juno] NF-kBe| p6os}t o4 o Joz8d 4 91al, Fos¢t Junoll thit &
A7} NF-xBe} kB 2% 4o 235S AAAZTE Hare} Kkeratinocyte©l
/] dominant negative Jun®. 2 AP-1S A|A] NF-kBe| &Aio] oJAld 2g
A spAI Rt Aekgk 7)ol M= Fe F7HAQ A BoE Aow A7
Ao g AP-12 Ras N-17% transfectiondt Mo A] ceruleinell ¢Jg+ &
A7 ZaE e}, KB mutantE  transfectiondt Al EZoA = WE7F §l%1
o} o]gg A= ceruleinol 93 AP-19] EAolA ras7} A2 EAZ 24
st ot NF-kBe @Adole= F3s o4 s &
MAP kinase= AZ2eA] Sz AsAES k= &k 7R A 0] 7] ol
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Abstract

Signal transduction of cerulein—-induced cytokine expression in
pancreatic acinar cells

Jeong Hun Seo

Department of Medical Scinence
The Graduate School, Yonsei University

(Directed by Professor Jae Bock Chung)

The signaling pathways mediating cytokine production in pancreatic acinar
cells have not been fully understood. Recent studies indicated that cytokine
expression requires activation of NF-kB and AP-1 as well as activation of the
MAP kinases. However, the precise relationship between transcription factor
and MAP kinase remains unclear. We examined the requirements of ras, MAP
kinases, NF-kB, and AP-1 for cerulein-induced cytokine expresssion in pan-—
creatic acinar AR42] cells. Cerulein was treated to the wild-type cells and
the transfected cells with control vector (pcDNA), IkB mutant gene (IkB mt),
H-ras mutant gene (Ras N-17), or c—jun dominant negative gene (TAMBG67).
In addition, to investigate the role for MAP Kkinases, three subtypes of MAP
kinases were measured in the cerulein—treated AR42] cells, and we used
pharmacological inhibitors to attenuate signaling via these kinases. As a
result, @ cerulein (10®M) induced production of the inflammatory IL-6, IL-1
B, and TNF-a mRNA and protein expression in AR42] cell. @ Inhibition of
ras, NF-kB, and AP-1 using transfected cell with Ras N-17, IxkB mutant,
and TAMG67 decreased the cytokine gene expression induced by cerulein
(10°*M) as compared to pcDNA cells and the wild-type cells. @ Cerulein
induced NF-xB activation with biphasic kinetics. That is, NF-kB was
strongly activated within 30 min after the stimulation and a second phase of
NF-xB activation was prominent at 4~6h. Transfection of Ras N-17 or
TAM67 in AR42] cells reduced cerulein-induced NF-kB activation. @
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Cerulein induced the activation of AP-1 within 30 min after stimulation and
AP-1 activation was sustained continuously until 6h. Transfection of Ras
N-17 but not IxB mutant reduced cerulein-induced AP-1 activation. & Three
subtypes of MAP kinases (ERK, JNK, and p38 MAPK) activities were
elevated rapidly by cerulein in AR42] cells. ® Inhibition of MEK activity
resulted in a reduction of NF-kB and AP-1 activations, and cytokine
expressions whereas the inhibition of p38 MAPK did not. In conclustion,
cytokine gene expression by cerulein in AR42] cells was mediated via the
activation of the ras, MAP kinases, NF-kB, and AP-1. Ras functioned as
common upstream activators of both NF-kB and AP-1 pathway, and AP-1
might be required for activation of NF-kB. AP-1 and/or NF-kB transcription
factors were potential downstream mediators of MAP kinases, especially
ERK in the cerulein-induced cytokine expression in AR42] cell. It was
believed that inhibition of signal transduction pathway such as ras, MAP
kinases, NF-kB, and AP-1 might alleviate the inflammatory response in

pancreatic acinar cells by suppressing cytokine gene expression.

Key Words; AR42] cells, Cytokine, MAPK, NF-kB, AP-1
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