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H|AEHZ0|=A A{X|(NSAIDs)O| 2|5t MZAIE DA of| A
Mitogen-activated Protein Kinase (MAPK) &hA5|o| st

H~EH 2ol AgAd] ot g ae] 712 of2 LR A &2 F
ol o, ofgg 7| o sfutE AEAPE fdto] Hasojgith &
A= Alx ST APERE Y Fash wifA o shuE e e
mitogen-activated protein kinase (MAPK)7} H] =8| 20| =4 G Ae] 2
Sk gt AE Y] AP FA A o7k &S Sf=A] sl Al EARE
o 9w l= MAPK &4 3tel 74 e 34 Asddg 422X nuclear
factor kappa B (NFkB) ¥ peroxisome proliferator-activated receptory
(PPARY)9] d#ALS dolrwz dFvk dider AlEF¢ HT-299)
indomethacin® 5% 2 AZFEZ A8 $ & {rypan blue dye exclusion ¥
WO g AXEAE &AL AL, AlEATE 2 agarose gel 21719 4] DNA
A2 815ttt MAPK &4 3l MAPKoY dgt 143} EolgA| & o]
43 Western blot 2.2 43} a1, extracellular signal-regulated kinase
(ERK) 9} p38 MAPK®] 9AIE 93l ZHF PD0980592F SB203580% Al-&-
sho] ool &gt AEAE e WEE Aty e, of Aol A caspase-3
g9 wWzlxe =A3sHUrt Hemagglutitin (HA)°] X%24¥  c-Jun
N-terminal kinase (JNK) 2@ plasmid®t JNK dominant negative
plasmidZ transfection*] Z1 ¥ fluorescein isothiocyanate (FITC)”} %]
H HAY it sA9t 4 6-diamidino-2-phenylindole dihydrochloride
(DAPDE o] &3 W dgd Aoz INK7F b g o A" A Eo A
o] kS Hzsto] AlxEAPE gk INKe] o83 olr ghrh. 1e]a
NFkB 2% 39 = 714 luciferase reporter =+ PPRE3-tk-luciferase
reporter plasmidE transfection*] 71 % indomethacin, SB203580 12|l
PPARVA A (BADGE) el ¢]gt AL &2d3le] WalE luciferase assay =
AT o] Wy oE thEe AaE At

1. HT-29 AlE 9 indomethacin (0.1~1 mM)2 A 2|3} H -3 w] A|FA}

W a7is g7 A7, s =W e ERK, INK/SAPK, “12] 3 p38 MAPK®]
&AM BA8 sAo] HAF )

2. p38 MAPK & #1#(SB203580)2 A A1 %] & 7% indomethacin®] 9] 3
M FEAZF 43% 7FA48EE 01 agarose gel A7) G%EAke] DNA R4 AAE
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FAEE Ax 74k 28y MAPK/ERK kinase 1 (MEK1) < A7)
(PD098059)2] 1A *] &= indomethacin®l] ]38t M| AL &S 2] & 315
a1, JNK ¥4 plasmid®t JNK dominant negative plasmid®] transfeciton®]
o3k INK #td 3 A% Al ZAPEFA ] Fae F4 Xk

3. Indomethacinge A z|s+ HT-29 AHEA p38 MAPK & A A
(SB203580)2] # 2 2= caspase-3 &4 3}E AAsIA| Kol on, vig2
caspase & A A (Ac-DEVD-CHO, Ac-YVAD-CHO, Z-VAD-FMK)e] #
A & p38 MAPK &4 3o Faks 4 £33t o] 24 p38 MAPK &
13} 9} caspase-3 43t AE F23 ARAAT) ¢S T

4. Tumor necrosis factora (TNFa)ell ¢]3s] 2/d3sld NFxB =7 4
A ¥kd o]l indomethacine] 93 AFH AU p38 MAPK & A A
(SB203580) %+ PPARVZ 3A(BADGE)+ indomethacin®] NFkB A
4o GEke =z 3}

5. Indomethacin& PPARY®) /)| 42} 2382 5747 21 p38 MAPK
o A A (SB203580) A A #] 2] 2ju] gl Fgko] $1%1. 2 indomethacind] €]
g Al EAFE A X PPARVA I A(BADGE) 9] AlZAME A L3+ 318
=3

ol e A5 Q98 indomethacine WA A EF HT-29¢ 4] 37}

A MAPK (ERK, JNK/SAPK, p38 MAPK)E =7 &34 # q o] Zof A
p38 MAPK 2 3}+= indomethacin®l €] %t Al ZALE 37 o] A F5-4 o] %] wt
3% 9J8t8 Y, caspase B3} ARG E EHHOR Z}%ﬂ oz
AzrE}, o] 3k p38 MAPK®] &4 3}+ indomethacin®] 2|3+ NFxB < 4]
Zhgolt} PPARVEA 3} 2183 9w ol AddA = 1l

AN E = w2 HagH 2ol =A A9 A, mitogen—activated protein kinase
(MAPK), AlxZARE



H|AEB|Z0|=A AdH|(NSAIDs)of| 2|5+ M ZATHE DA of| A

mitogen-activated protein kinase (MAPK) &tAd5}o| odst

Z EH e
L M g

Al Zol=4d AdAlE WA gl mAgde] RS HAAT
B0 et W el BB APl g Gt A ¢
HA Qe HaE o= addAlel o3 Fa o] 7| Hel Al o}
A dHA A ke FEol o, AF 7hA ] oy BalelA AlxzAbd
o] lz=EH o= HAA ] 9% FIaFHe] Fa VAT shtE LA
gom " o BAREE e o

Cyclooxygenase (COX) A<} #AAA 7]Hd O 2= ceramide 2
24935 prostaglandin A4 ®3h” AP AR AAY Fo] By,
COX AA9= Z8A 7] W o= nuclear factor kappa B (NFkB) &4 !
peroxisome proliferator-activated receptor (PPAR) § 914" A A3 %44
AA o] HaEle] gt} o9k caspase-3 B9 8, Alob Al ol A
p38 MAPK®] @489 Al2E7] 47 5% 5 A zZo)=A 2940
ot AT A e} AzAPE ] 7ol #gk o] Bzl vk ey o]
H8k AFES G oE Haso] kAl Zhze] A 2 A4
Aol A& opA & A=A &S F-Fo] @

Mitogen—-activated protein kinase (MAPK)+& th&Esh o F-xp=o gk A
X WkSo] A 2 F L3 75 3F= serine—threonine kinase®]™, ¥
i AEeA FxHeE #Fo] dE MAPKeS 37FA FREA
extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase
/stress—activated protein kinase (JNK/SAPK) 12 3. p38 MAPK7| &# A



2Jt). old MAPK:= 7139 proline §-9 Aol 9 A 3t serine¥ threonine -
YE A4zt Al7], MAPK kinasett MAPK kinase kinase < 499
dual-specificity kinase®ll 2]3%t threonined} tyrosine F-¢2] l1itsle] 2] 3
@74 stdvt ERKe S5A 4 0= vt AaQlated o] 243}y o /‘ﬂﬁ
2, 73 agal AEARE YA s& Fdhe AoE dEA
INK/SAPK$} p38 MAPKE A9 4l AL & F4, 3459t ﬁ-ﬁLQ_mxi] A
T/ Aol BT 9 T M AEH s o &3t Ao A ek
AZAbE 2 53 B s o] 9lth® ™ ERK, INK/SAPK, p38 MAPK®] %
S 7|50l &E A AN, Zhzte] gk @A s A=) 7] sl gk SolAd

&Hoiw

= o]
Aol AL otk & 3704 MAPKE] 7%l dojA dFolx] Falo
TEE A AL JNK/SAPK 4dste] A AEAPE AR do] dANE F
2, 35 59 Jdom Bz FU MAPKE A X9} 233t upg) At
7S 1Y F du gEhA] st Axe afrle 9 A 5, 2
I oy 7EA G2 A Zehe] A3 RA Fo] WA BAZNRRE BE MX
2 Aol e 2 7)eS LuksiA T 7)E ol bk o]y pael A thekd
Ap=Rol 93k A FAPE A INK/SAPK % p38 MAPK &4 317F A+
Hol gtou naHRZo|=A Al o G ETF A EAE A

7} MAPKS] &8 o} d#x| x| e Fio] wr

NFkB 7 &% cytokine, Al|1f 51 niole A 9l AEH A F9 oy A=
of et AE ¥hs-S xd™atu] N Az oA o AEAFT 2HE
F938 e = Aoz LA I Tumor necrosis factor a
(TNFa), interleukin-1 (IL-1), lipopolysaccharides 2] A=< NFkB
inducing kinase (NIK)2} MAPK/ERK kinase kinase 1 (MEKK1) 2< 49
kinase &35 &3] kB kinase (IKKa, IKKB)E &43A7|H kB7}
Akt E A faf v oL, kBel AgtE o] AAEAA NFKB7} A= o]F
3l A ¥ o] consensus DNA elementel 2314 Fo24 Fd4 HdS g

A A7) Ak ol @AdslE NFkBE dZukgolu /‘ﬂﬁi_%’ﬂ;oﬂ
o] 3| aspirin, sodium salicylate, sulindac 59 o & v|AH Rl =4 A
AAol ol AAHEZ olF A FAFTEEIN FEAA TS TAT

Aog &z grpH
Peroxisome proliferator-activated receptory (PPARY): ligand 2 3ol
s FARAAEH] xAHFHE= U TEE FEATY S FRHo|th



Prostaglandin (PG) J», thoazolidinedione 5 2] PPARY ligand”} retinoid X
&2 2} heterodimer& ©] %™ PPAR response element (PPRE)| 233
o=A fAA wAS FAIA L PPARve] @48 activator
protein-1 (AP-1)3} NFxB w7] 4zl @#de A" g
homeostasis,” A Z 5319 qZApEY ™ 83 9% vh-So] Holshi= A
o= oA Yrt PN HAl YE PPARY ligand: 28 W] ABA=

ol 8w 3 g ou] gy BUS Eorol A & upo] BOE ok oje] A
A W3 7F Qo)

H 2 Hare] 23 NFkB ¢4 = PPARvEA 37 COX-2 &3
AA 9 Aol gt A glow PP AR magRo|=A 29AE=
NFKB 9419} PPARV ligand® 4 PPARVZA43to] #olgho] i

© 12 NFkB® PPARvE WAHZO|2Ad A 93 &ds U
AA B e F3 WA RA Fgsk Aow AzbAr)

2 A v aEH R =A AAA o F AEARE A A 2 MAPK
grdste] kg otral, A xAPd] 9ugl= MAPK @7d3tet v 7}
NEHGH ZZA NFKB 2 PPARvS A#AS wilow
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AA A 71ge g ALMEFS HT-29 A¥XF(ATCC HTB38)%
DLD-1AM 25 (ATCC CCL-221)E ATCC(Rockville, MD., USA)= HE &
%ol 100 TU/ml penicillin, 100dg/ml streptomycin 2 10% € W] 24 3}
Sejolal o] 23 RPMI-1640 81X (pH 7.4)(Gibco-BRL, Gaithersburg,
MD., USA)Z 5% CO,, 37°CollA] vl &3t}

2. A8 oA (HIAHIZ0|EM AYHAH|, MAPK S0|HM|A|, caspase 2H|
Hl, PPARvZIEHA])

HT-29 Ao v2d"zol=4 AAAZA indomethacin (Sigma, St.

Louis, MO., USA), sulindac (Sigma), ¥ nabumetone (35, A&, sty



)& Ao aEa oy Fzk ouAeY JAZHE K9 E
indomethacin X * A, Ax Aol AL&H °FAZA p38 kinase A A,
SB203580 (Calbiochem, La Jolla, CA, USA), MEK1 <JAA], PD093059
(Calbiochem), PPARv  Z3&A, bisphenol A diglycidyl ether
(BADGE)" (Fluka, Milwaukee, WI, USA) Z2]iL caspase-3 A4 ZA]
Ac-DEVD-CHO, Ac-YVAD-CHO$® Z-VAD-FMK (Calbiochem)& ©]-&
3ttt Indomethacine] €3t NFkB €43 2AE w79 NFKB &4
3 S el A A ZEA] TNFa (R&D systems, Minneapolis, MN,
USA)E 2] 3} 5 T A=l PPARYligand & 4] 15-deoxy-A
PYprostaglandin J» (15d-PGJ2) (BIOMOL, Plymouth Meeting, PA, USA)Z

o] &3}t
3. Western blot &4

MAP kianse 243 #4& 9t hAGAEFQA HT-29 A X0l
indomethacing A1zF 8 FE¥H=Z A2 & MEE FAEY. 7449 A
¥+ 50 mM Tris (pH 74), 1 mM EDTA, 0.1% Triton X-100, 1 mM
PMSF, 25 pg/mL leupeptin, 20 pg/mL pepstatin®] g8 &3 3
A & AIA Dol A 307 &t vEgE - 12,000 rpm oA 2043 94
st AEedvts HaATh FEE @A E 100CAA 581 7L
S 109%  SDS7F x3H polyacrylamide  gelell A 7] -E 8L,
polyvinylidene fluoride (PVDF) membrane (Millipore, Bedford, MA,
USA)o| @A 8- o] 5 A7t 22 ¥ membranes 5% €A E#/7F 7%
TBST [10 mM Tris (pH7.4), 100 mM NaCl, 0.5 % Tween 20]=Z 307t
pekslar 1:10000.= A" 12 &A(phospho-specific W=
non-phospho-specific MAP kinase &A)E 1A|7H&9F 244171 & TBST
2 33 MAste] 435 A &S FAE AASIG Y. HRP7F 234 24 3
A [HRP-conjugated anti-rabbit IgG (Amersham LifeScience, Arlington
Heights, IL, USA)IZ 1:20002.2 343} membraneo] 147k Fob Hl-&-
AZL & TBSTZI10E3E 33] Al#ste] dgsA] &2 FAE A8k
Peroxidase 7]#°] %% enhanced chemiluminescence (ECL)& <48
g3 F X-ray2gel #AFste] #4814 FAIEE ERK,
JNK/SAPK, p38 MAPK Z7}o] th§k phospho-specific MAPK &4 (New
England Biolabs, Beverly, MA, USA)2} non-phospho-specific MAPK &



Al (Santa Cruz Biotechnology, Santa Cruz, CA, USA)E o] &3} t}.
N5

4. p38 MAPK &M &4 (in vitro kinase assay)
p38 MAPK assay kit (New England Biolabs)E ©| &3l 43¢
A FAHA Y e} indomethacing X &g HT-29 ML E &3 A171 & <14k
3tE p38 MAPKE 9% A (immunoprecipitation) A ZAth 1 % in vitro
F-2) <14k vkg
Ao Rels)
&3ko] ®AIskar

kinase WF& 92 2 A] activating transcription factor-2 (AT

2 S whE
ECL 4o 93] ATF-2 A A EE ZH 39,
gel electrophoresis® ol €3 DNA

TIES
, membrane®l| ©]5A]7Zl & phospho-ATF-2 3A & 9]
= A
10 mM Tris (pH 7.6), 10 mM

(L |

171§ 47, 16,000
56

5. DNA fragmentation
HT-29 A ¥e] A ¥EAE-E agarose
FAs Felste] Hrtsiath AEXE
EDTA, 50 mM NaCl, 0.2% SDS % 200 ug/mL proteinasse KZ T4 %
B A2TAA AAs] A A 8]
5 st Fedoz
A=A =
S8k

o T —
A2 5o
a2 A Aok W s

Sl gsHo
gl Al 2093+
phenol-chloroform-isoamyl alcohol (25:24:1, Sigma)E ©]-&3}¢]
DNAE FZ319th %3 DNAE 03 M sodium acetateZ
ethanol2 A Azl & A3+

100 ug/ml RNase A (Sigma)E #A7F3F TE €= [10 mM Tris, 1 mM

__]i__i
EDTA (pH 80)°] ¢l 37°CellA 30 #37F wk-&-A17] RNAS AAS AL, 2
96 agarose geloll4] A 7|95 & ethidium bromide® A 3te] #2315

o AX A= A EAHcell death)= trypan blue dye exclusionel 2] 314

M

7}kl
6. Caspase-3 M &M
HT-29 th3dA EF9] indomethacing @5 Hi oe] A4 dA A
o oA HEEAn AR AEE 10 mM Tris (pH 7.5), 10 mM
Nall:PO4/NaHPO, (pH 7.5), 130 mM NaCl, 1% Triton X-100, =22 3. 10
mM NaPPi7} 8 &sjetZHolA B3AIA daolA 307 & v
12,000 mm oA 10E3F AEESY  FEavks 335k
caspase-3 T4 4o A}83} T} Caspase A2 300 ugel 3l fuy

& &
__W__



GRS 2 pg/mLe fluorogenic peptide 7] 22, Ac-DEVD-AMCS®} 3
TCol A 1AZF ¥F3A7l 3 H%E 500 ul7} ¥ == phosphate-buffered
saline  (PBS)s  H7bstdoh FEl=o] E  AMCo %%
spectrofluorometer (SPF-500CTM, SLM Instruments Inc., Urbana, IL,
USA)E o] 83}lo] 380 nmol A 9] excitation, 450 nmol A 2] emission®. %2
stk

7. Transient transfection®} luciferase =44

PPARve} NFxBeol 23+ #AALEAHSE H7] 93] PPRE3-tk-luciferase
T NFkB 235915 714 luciferase reporter plasmidE  ©]-&3F% L,
JNK/SAPK @& 3 245 98 INK 23 plasmid$! pcDNA3-HA-JNK<}
JNK®9] dominant negative plasmidg] pSR2-HA-JNK(DN)E o] £33t}
Transfection £& W2E $38 pCMV-B-gals Zo] transfectiond}$ .1,
JNK/SAPK &7l w3k thx  plasmid® pcDNA3E o833t
JNK/SAPK &4 3l 2]l HAALEA 32} dominant negative JNK plasmid
transfection®l] &3+ A EZIHE  F21slr] 93] PathDetect c-Jun
trans—Reporting System (Stratagene, La Jolla, CA, USA)E o] &3}
pFR-Luc plasmid®} pFA2-cJun plasmidE #9| transfection*] % t}.

HT-29 %= DLD-1 Al¥7} 6 well AlXw] % plated] 50 % A= W
LipofectAMINE PLUS (Life Technologies, Carlsbad, CA, USA)E o] &3}
o} Aol we}l plasmid DNA 0.7 ug¥ pCMV-B-gal 0.2 ngs 20
trandfection3}1t}.  PathDetect c-Jun trans—Reporting Systemo] 4] +=
pcDNA3-HA-JNK %3 pSR2-HA-JNK(DN)E 0.7 ng Zt#]3r pFR-Luc
plasmid¢} pFA2-cJun plasmid¥ Z47F 0.7 ug¥ 30 ngs pCMV-B-gal
0.15 ug¥ #Zo] transfectiond}At}. Transfection 5A17F & 2L wjA| =2
HpAto] Fa1 24-36 A17F & H Q3% oA E X2 3Fal luciferase (Luciferase
assay system, Promega, Madison, WI, USA)¢} B-galactosidase®] 42
ZA3A T & luciferase €44 3+= PB-galactosidase 2= Y-
o] A3

8. 040 &

[ |

OF AH
==

og
0

92 chamber slideo] #]%3F DLD-1 &b ¥o] ™3 plasmid=
pcDNA3, JNK %3 plasmidZ4 pcDNA3-HA-JNK, 1# 3! dominant



negative JNK plasmidZ4 pSR2-HA-JNK(DN)E transfectionA] #t}. L
5 24-36*] 7t indomethacin (800  uM)&  pcDNA3  HE+=
pSR2-HA-JNK(DN)7} transfection® welloll 12-24 A]3F X 2] 3F3ic}t. v X
= A7 s PBSel| 343k 3.7% formaldehyde &< 1087k 1A 311,
PBSel| 3418 0.19% Nonidet P-40 & o] 183t & $ PBSE AlA 31,
PBSe| 1:100%.=% §]“Q fluorescein isothiocyanate (FITC)-conjugated
anti-HA vh-$2 @22 34 (Santa Cruz Biotech)oll Aol A 30&7F wk-&-
A ZaeF. 1 5 PBSol| 349 46- dlarmdmo 2-phenylindole dihydrochloride

(DAPD (Sigma)E #7138} 5831 o % PBS®E 234 33 A4 39t
oy HPHu A4S O]%%}Oﬂ pcDNA3-HA-JNK r=

pSR2-HA-JNK(DN)o|] &%= AXE FITCo| o8 == ggFow g
Q13}ar o] AlEo|A DAPIO A% e woks F9 9 transfectiono] ¢Hd
Mo} vjwele] INK7F s == AAH A EoA indomethacinol] 2] 3h
AZAPE e WistE #zskevh

RE B/ W8S 33 olde) SUA UYel AW Y £ FFUAE
e 21, Mann-Whitney U testE o] &3fo] F+ 15 3Fe] BA 4 ol &
AFsArt. BAA Fo4e p < 0052 A3ttt

Im. & o}

I HIEZ0IEM AHEN 2|8t ERK, INK/SAPK 2 p38 MAPKE]

=E

[||I0II

MAPK7} vl e 2ol =4 A Ao &3 AlEAbE Ao #oldf= X
ob7) 913F0] 941 ERK, JNK/SAPK, p38 MAPKel th3l 214k3} Eo]

]%1} Western bloto.Z Bl AHZo|=A £2AAE A3 HT-29 i

A 2T A 37FAMAPK ] &74 3 of 8.5 a3ttt tixa o] Al Eo) A=

dikstEl MAPK  &4do] wi-¢ AA HolAY #HEHA ko
[e]

{
_4

ot
24
LSO

,ﬂrrn

indomethacin 0.1 mM-& A& @ 37F4 MAPK E-FolA <14tsd
MAPK7} #25Sla s g S/ el wel 7 MAPKe €43 %



A B

Indomethacin 0 04 03 05 0.8 1.0 (mM) Indomethacin 0 10 30 60 120 240 (min)
p-ERK e — p-ERK

ERK i s i e ol G ERK

i

p-JNK — — p-JNK

INK TR R e o == — INK |
p-p38 —_— - T E= p-p38
pit R P - > - g @ S

38 1. Indomethacing A2 HT-29 W& A Ed A ERK, JNK/SAPK, 221
p38 MAPK9] <14tsl AL HT-29 AIXE o8 559 indomethacin (0.1-1.0 mM) o=
1 A A & AEE S84 A ERK, JNK/SAPK, p38 MAPK® w3t ¢l4ts} Eo)
A (el elatsle] #AAglel ZF MAPKE 9143 thx &4 (heh S o]-g351o]
Western blot2 A& 3}t B. 543 indomethacin 5% (1 mM)E HT-29 A Ed
HE ot & AIZTER MEE FASe] TAT HH O E Western blot-2 Al 3 s ATt

Indomethacin 0 0.1 03 05 08 1.0 (mM)

p-ATF-2 .-

2 2. Indomethacinell 93t p38 MAPK @43l HT-29 A¥o] oy HE9
indomethacin (0-1.0 mM)< 1A1ZF A2 st & A TS LA1A Q4kstd p38 MAPKES
WG 2 AJFHT. 1 B ATF-2 fusion proteing 7| @2 o]-&3}o in vitro kinase assay
5 A3

Z 718 AL 1A). Indomethacin®] )3 MAPK @43+ e §& 102
AEE #EEH HA 2408714 E43%tE R FAHATHLE 1B).
ATF-2% 714 2 o] &3} in vitro kinase assay Wi 22 p38 MAPK &4 3}
= A £ A%l o™, Western blot 239} FAFHA indomethacin %] 2]
T 27kl mEk ATE-29] I4bs) S71E dEslv (g 2).

p38 MAPK 24 81374 o] indomethacin 2]l %k Eo]3t 27045 &<l
a7] 9k wjdE s COX JAA Q] sulindac# A4 COX-29 A A<l
nabumetone® 7S ThE H|AH Zo|=A] AAAZE A dtal HT-29 A Ea
Al p38 MAPK?] g4 3lE <ol H 9t} Sulindac¥ nabumetone X0l 4 A
glgiee] F7lel whel p38 MAPKS] Al ¢Fel= W3} glo] S14tald p38



Sulindac
0 0.1 0.3 0.5 0.8 1.0 (mM)

P38 e e — — S—— —
PP e e e . — S—

Nabumetone
P38 e - — T — —
p-p38 L e S S w—

18! 3. Sulindac B+ nabumetonea g HT-29 Al ¥l A p38 MAPK®e] ¢l4ks)
FEE okA A 1A & AEE £3]A|A p38 MAPKe gk Ql4ksl ol a3 (3)
el Qakste] #FAG el p38 MAPKE A3 Wz FACEHHE o] 8319
Western blot& A &3}
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382! 4. Indomethacin®l] 2]t A A oAl MEKL 9 A A (PD093059)e] <4k HT-29 Al
X 08 mM indomethacin® 24413t AHEgk & M EZANY HI &S trypan blue dye
exclusion P o2 F7F3t} o] v indomethacin 2] 30 £7 PDO9R0SOE w1
2 A3t M EAG v X e HIE
MAPK®] %8 Z7IAN7 o224 indomethacin X @]l A2} FAFSE p38
MAPK®9] @435 #zd F dAdHd 3).

2. ERK ¥ JNK/SAPK &43}%} indomethacin0l] 2|8t MIZAlZ Do 2
A

Indomethacin®l] ¢ 3 th#et A ZAPdo| A ERK&EAE o] IS <ol
7] 93] MEK1 A A<l PDO9R0SIE A x| A 3} o v A EAE| tf gk 2] n)
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0 5. SETON = -
Indomethacin - - - 0.8 0.8 mM
%o'v “cy, %,&; g, o@ﬁ;
e L “?,v < o
. A, Wy
LY T 1
% ", iz
(g % <h9
B
FITC
pcDNA3-HA-JNK pSR2-HA-JNK(DN)
Indomethacin - 0.8 mM

a8l 5. Indoemethacinell 2] DLD-1 Al EAPE A INK/SAPKS] 3. A. DLD-1
MEZF 6 well AZHISF plated] 50 % A= W LipofectAMINE PLUSZ ©] 83}
transfectiond} %3 t}. PathDetect c-Jun frans-reporting system= ©]-83}¢] pFR-Luc
plasmid, pFA2-cJun plasmid, pCMV-B-gal plasmidE 22 0.7 ug, 30 ng, 150 ng
2 FTEAOR transfectiond} it pcDNAS, pcDNA3-HA-JNK T=
pSR2-HA-JNKDN)E 0.7 ug % 718t 2] transfection A1# T} Transfection
BAIZE B 28 wjA 2 up4te] F3a1 24-36 A3 £ indomethacin (0.8 mM)S 24| 7F
HE st AXEE FA5Y] luciferase®t P-galactosidase A2 A9 B.
DLD-1 Al ¥ pcDNA3-HA-JNK($£1%) 3% pSR2-HA-JNK(DN)I(L.E2%)8 717}
transfectionA] 7] 2L 24-36A17F $ pSR2-HA-JNK(DN)-S trasfectionAl 31 welloll
indomethacin (800 pM)-2 12-24 A|ZF A 2] 319 . FITC-conjugated anti-HA w}-$-
2 @E2E 39 DAPIE A A8l transfection® plasmid7} &&E A A E(Z=Z4)9}
transfectiono] <tgl AEoAl Rzt M)s FF A H oz vz dri(x
400).



A AEFS ALY 4). INK/SAPK #Ad3le] Hghs doln 7] 93
PathDetect c-Jun trans-reporting system-2 ©]-&3o] JNK #}3 plasmid
2 pcDNA3-HA-JNKZE transfection *|7]3l, dominant negative JNK
plasmid&4] pSR2-HA-JNK(DN)Z transfectionA] 1 & JNK/SAPK¢ &
A3l U A E luciferase assay® 2FQ13FAt) o] ¢} g/ WAFHFHE o]
3ko] FITC7F #4149 HAol thd &A= HAZF 2ol plasmide] Al
W 2dS 93 plasmidZF SR E A XA 9] A EAPE S A EARE
A& DAPI Aol oJsk 3 weoko =z FFdw Aol FastF Tt s
plasmidel] 2|3t JNK/SAPK 24 3} indomethacin®] 2|3t JNK/SAPK 24
3}, 183 dominant negative plasmide] ¢]3F JNK/SAPKe A=
PathDetect c-Jun trans-reporting systemeol o]&] &g 4 AATHZ
S5A). &y #3333 v 44 Q8= plasmid7F @A F o] FITC & 39] &= A
¥ o} F9o o] okl M ¥E7ke| DAPI Aoz #23 ¥ o] wko
= 2ol 7t QA THZE 5B). & transfectiond] 9@ F2E INK 243}
o)t AEAPE AT gov, dominant negative JNK  plasmid
transfection®] 2]3F JNK A% indomethacin®l] 2|3k A EA}Hof <A 3FS
A A Fekadth wEbA indomethacinel] 9 gF A EZAPA A O] ERKY
INK/SAPK €433t A4 93s v AR &= Aoz AzbAnh

HE mm o, Fﬁ, 12 Hil

3. Indomethacin2Z FEE MEZEAIZHUHA p38 MAPK HAHA
(SB203580)01 28t MIZZAIYE AAE

p38 MAPK @43} Aol nla"HZol 24 4 I EAPE o 2
2.3 HAAA S Gopr ] 93k} p38 MAPKS] Mxﬂ A s 2035800162
indomethacin®l ]38+ A XAPE Aol Bok% T AE
indomethacin &= glel H|3] SB203580-& =3 =
Fetd oz M Aol ZoHE #ASFTHI™E 6 Indomethacin?g ﬂ
2]k HT-29 Al XA SB203580 0.5 uM3} 5 UM% q st AA A F
9] Z7}e] we} trypan blue dye exclusion WHH 02 713 A EAF v &
o] 47} 30 %<F 43 9% A AR THIIE 6B). ol H ¥ A7 SB203580 A
A sl FUbel mE DNA 4 a4 Fae AR 1E 60). ©]
A2 p38 MAPK® Eo] A A7} indomethacin®l] €] 3l A EAFE-S- 2]n)
UA AATHE & F ot olH AxAPd AAEH}E B4 oA B4R



SB203580 - - +

Indomethacin - + +

C
B 70
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Indomethacin (mM) - - 08 08 038
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a8 6. Indomethacinel]l 23+ HT-29 A EAFE oA p38 MAPK <A A (SB203580)
oot MEAPE A g3 A, HT-29 Al Xeol SB203580 (5 uM)2 3057 A A A A
2] @2 AR 0.4 mM indomethacine & 3dha 36 AIZF Bk & YAt En] A o
2 AERIFES A2IGH(x 100). B. HT-29 Alxo SB203580 (0.5 uM HE+= 50 1
M)E 30 7 AA A8t 24 AZHE < 0.8 mM indomethacing €] 8 v 3}
g a AEATS trypan blue dye exclusion B o2 ARGt p < 0.05,
indomethacing th=* 2] d HT-29 A2 vlw), C. Be ¢§ HHoE HT-29 Al
T2 A3 T agarose gel A9 % o2 DNA EH3le) W3ls #zsig

gh vERTh 29 6 oA B B &2 H =10 uM)e SB203580% WA A
sted &= MRSl ofAlE © TIRATIAE R Tk ol d el p3B
MAPK?®] €74 3l+= indomethacindl] 28t MXZAPE #pA oA F-2-4 o] A gF

5
[e]
qulfl= AEAS & F S
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Indomethacin — 08 0.8 0.8 (mM)
Inhibitor — - SB DEVD YVAD VAD

32 7. Indomethacin®l] ¢3F HT-29 Al FEALE A o A caspase-3 &4 gl p38
MAPK A A (SB203530)2] &3, HT-29 A X p38 MAPK®S A A (SB203580, 10
UM) E+ caspase GAA Q0 pM)ES A X33l 0.8 mM9] indomethacins 44
7k &t A e }‘}iﬂr 18] 31 caspase-3 @42 fluorogenic assay WH .2 =439
THx p < 0.05, AA X glo] indomethacing: ﬂﬂ% HT-29 A= ¢} ua),

Indomethacin (0.8 mM) — + + + +
Caspase inhibitor — - DEVD YVAD VAD
p-p38 — — — —

2 8. Indomethacino] 23+ p38 MAPK #A) 3l caspase &A1Ae] &3 HT-29
A3 caspase GAAE10 uM)2 1417 AAH X312 0.8 mM indomethacing
g3t eh 18l p38 MAPK tidk ¢14ksl So] &A2 o]-43le] Western blot2
A 843k

-

4. Indomethacin®| 2|8t MIZAISE D}EHNAM p38 MAPKR} caspase-3 &
M5Ol ZHA|

DA E HT-29 Al Ee] nAadzo|=A AdAe] o AEAE 3}
Aol A caspase-3 B4 87} F st AFNS Bad vk glon )t 9 Ax
o 2 & p38 MAPK #4335 F-#-4 0|2 7t indomethacin®] 2] 3+ A ZAME
B A ou|lE s svh webA p38 MAPK €43t 3o
caspase-3 /43¢t AdE 9 T oke AEAG AAY dFEUAAE

o

il
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erolr 1z} 39T p38 MAPK 9 A1A1<l SB203580 (10 uM) =& 7H7F th
2 EoAS IR 37MA EF72]  caspase G AA(Ac-DEVD-CHO,
Ac-YVAD-CHO, Z-VAD-FMK)E 30&3F AAA3 & 47z 9
indomethacin (0.8 mM)& * 2|3t 2™, caspase-3 &4

assay = =A3FA Y. Caspase A A A= caspase-39] &A4-S 2u|d A oA
3 o p38 MAPK &A1 A1l SB2035802- caspase-3 &4 35 A 31X
EaA ™ 7). Wt = p38 MAPK &4 3lol] t) 3l caspase 41312 43
S Yol arat HT-29 A ¥e] 374 caspase A A (Ac-DEVD-CHO,
Ac-YVAD-CHO, Z-VAD-FMK) 10 M-S 3083t AAA AL
indomethacin (0.8 mM)& 1A &<F A3 5 p38 MAPKY <14ts A%
Z Western blot. 2 =439 21 p38 MAPK &4 3} Ao off&l gk
FA E3FAH Y 8). o] 83 A3E caspase-32F p38 MAPK A4 3} +=
indomethacinell €3 HT-29 A9 A FAPE Ao A ztzt B
A YE A2 Zhe] ou|glE A#/BAE PS¢ F ANk

fluorogenic

18 oo n
ok

o

5. Indomethacin®ll 2|8t PPARvEIAMSI 2 MIZTAIHO| CHSE p38
MAPK M| 2 PPARVI NS A&k

Indomethacins 2] U5 njAE|2o]=A 494 PPARvligand24 2
43" PPARvligand= Al¥ £3}, Al¥AE Gol Boshs Aow 4
A ok aela PPARVEA S ERK HEE JNK/SAPK 24 3kdl] <4
AES W= Aoz aHA kP mela] $4 PPRE3-tk-lucE reporter
plasmid® transfectiond HT-29 A|¥o]A PPARvligandZ Z <A
156d-PGJ0ll el&ll PPARY w7l frd#} wdo] &Aste-S Fstaat(zd
9A) ol¢} A MEAE F7HEE B 4 Addvh 123l indomethacin®
PPARy w7 3z A& dASAIHon o] dAst= PPARVEIAZ
o+# 2 BADGE (bisphenol A diglycidyl ether)ol] 98] ol A5 -& 3Helstd vt
(9 9B). L8} indomethacinel ]38+ HT-29 A 3ZAPE o /] BADGE A
Aol o]d fojsk A¥ApE A &= ¢l Z12]a PPARY 7] -7
A de] g4 = p38 MAPK S A A (SB203580)2] A Aol 2)&] f2]3
e WA kv E 90).
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156d-PGJ2 - 12.5 25 50 65 uM

@
@
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Fold Luciferase Activity

o

BADGE - 60 - 30 60 uM
Indomethacin - - + + -
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»
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N

Fold Luciferase Activity

SB203580 - 7.5 - 2.5 5.0 7.5 pM
Indomethacin - - + + + +

38 9. Indomethacin®] PPARvVligand®A419] 2F-&3} p38 MAPK &/d3hete] #7. A.
PPRE3-tk-luciferaseZ transfectionA| 7l HT-29 A E¢] PPARvligand¢l 15d-PGJ.Z
Fwde 24A7F Bk AYg $ luciferase 4% A9 B, Ag BUEA
transfection® HT-29 Al ¥ PPARVZ &A1 (BADGE)E 5A1ZF &<t w2 AAH A
3}al indomethacin (0.2 mMD-S 24A17F A8 3 £ luciferase 48 =439t C. A
¢} =A3HA transfection® HT-29 Al Ee p38 MAPK S A A (SB203580)8 ==& 5
A7t A2 X3 indomethacin (0.2 mM)S 2441 7F A 2] 3k 3 luciferase &4 =43}
A}, & transfestionA] pCMVpB-gals #©] transfectiond}e] luciferase 42 p
—galactosidase A 0.2 Yol BAFY

e
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a8 10. Indomethacin®] NFkB S #1<-&3 p38 MAPK H+ PPARvEAslete] 3
A. A. NFKB A&3 2 E 712 luciferase reporter plasmidZ transfectionA] 7l HT-29
M Eo indomethacing F=EE 1417 &< AAH X TNFa (20 ng/mhE 6413
8§ & luciferase &S =489t B. A9t TYEA transfection® HT-29 A=
o p38 MAPK Y A A (SB203580, 5 pM)E 2417t &<t 123l indomethacin (0.4 mM)
< 1A AAH X3 TNFag 6417 A gk % luciferase 84S SA3h C. A9
=A%} A transfection® HT-29 A Zo] PPARvZA 3 A (BADGE, 60 uM)ZE 2417 #
A 283l indomethacin (0.4 mM)& 1A17F ®AA8ta1 TNFag 6A1ZF AEs &
luciferase A2 A3 9t ZE transfestionr] pCMVB-gal-2 Z+o| transfectiond}t
o luciferase 4% B-galactosidase &4 0.2 pyo] RAZ} G



6. Indomethacin®f| 2|8t NFxB A0 CHSF p38 MAPK M| ¥ PPARy
AHe] Hek

HAaHZol=A AdAE d59s 2 MyAdde st 9as 3
NFkB @432 A 50" sodium salicyalted] 9]3 NFxB &4 oA 2
go p38 MAPK @&A437F 83 98¢ e warh gu” aga

PPARVligand”} NFkBE A @itz &eA ok wels ol ke #
AL 2 AdoAx Belslr] Y3 NFkB 23 HF9E 717 luciferase
reporter plasmidE HT-29 M ¥ transfection A7l & TNFad| ¢]% NF
kB 2437} indomethacin, SB203530 ¥ BADGE| <& oA 2 wW3ah
TAE &8t TNFad 3 NFkB #/d3t+ indomethacinel| 2] 3l
AAFH Ao (1H 10A) ©]H 3 NFkB 243t oA «8L SB203580¢] v}
BADGE A Aol e]sf 3|&sA &Fdvi(ad 10B, 28 10C). whehA
indomethacin®] €3k NFkB &4 94 p38 MAPKY PPARvEA 39}
A#H Aol ofd Ao = AztH T

HAH 2ol =4 AdAS] & 23 s 2 A A7 28al s & 4
Aol A o # oA vt ey ol HFElgh g9k & ite] 27| el
el A= ob4 dH A A e Fato] Wk o Hoalo] o3hH H|AH E O
2 29AE 4894 gy GAE 402 FgeteE AoR A7H
F M AH R A AFAlE AESTA A AxzAPE R o] AXe
& AAstaL, WY A E AN, AL BRI E A= HoE
?—;!_’E%X% g}]\]:]_‘7*966*68

g Gajo s ghbd oz dlAHZol=Ad A9AS] COX-2 A RG]
Fad 92& T Aor AAH gom P olg AAEE TAR
cicosanoid?} WA LA EF ] Z2 £5E Z71A17] 3" prostaglandin 273

g M

Axct fgg 2404 o Fow M
51:_

A A A COX-28 FAEA7|E AIZAPES dAstE A 58 5 F
Qb el aE R =N AdA] 9% A AT A EAE]
prostaglandin A4 A 2H&3= SH Al 7] A o3& futdvE Aot



2o wad 2= g o GAE T2 gAgt NI A YA
A 27 o] prostaglandin B 7Fo] 28] 7Aaw A EAYPE qylindace] U
AFAFE-Ql sulindac sulfones- COX A &) gl E3ar ek
A xe] FAH A BALE AA S Hal §o] COX-2¢9 5354 714
S AAbEE g ol

Upekst 2ol digk oy Az o ASHdG A A NA A ZAGF APE A
o] 23 wiAe dF-EXA MAPK7F & <& A ¢k}, Schwenger %<&
FS-4 Aol AE oA sodium salicylate’} p38 MAPK #4315 E3 AX
APES 528, TNFaol 23k ERK, INK/SAPK &4 & ojAsls Aoz
B339 Y sodium salicylated] 98 p38 MAPK €74 817} TNFaol| <&
NFkB #4385 A= 2ax Auh®® 283 Jones 2

C

[o

.

indomethacin®} COX-2 Eo] A A2l NS-3980] 3] Al EZ A ERK22] £
e A, ERK Aot AR B A ] #AaAdES Agst v 2
o gy v Rel = AdAe Fo Fde g oA m el B
AFoll A i SdMEY] MEAPE Y FEH 7 MAPK &4 3ke] A3he ¢y

A YA e

oo Ay A indomethacin® 3714 MAPK (ERK, JNK/SAPK,
p38 MAPK)E =7 A Azt 5 5o vldste] 4siAZTh Ee A+
A INK/SAPK % p38 MAPK®| @A 371 ofe] Ap=tol ok Al EAE3A
of #o3l= Wk ERKS &A43 = A¥APE S AAsts Aoz dHA 9l
o T g MAPKel t1 3k 84380 A4he] Bol gL Aol ofyn 7t
MAPK®] 7]5-& EE Axe B 3o dwsl Al7]= offr). weA
ERK 24 3lo] gk 2 oo} A tf2 Ao A]e] 2oz vkt Ap=fof
3k oe] A EeAe Ztr] vhE ERKQ o &o] 7t AY AEelA A
2 dvd 2e gE ANsAdgAAY @5 o8 gFor Azhm 0¥
ol#l ztojxe] dgte] e rE v B AFr Bed Ao vjE B o
Toll A indomethacin®l] €)%+ ERK 43 A~7o] #&AHJAX T AT AL A
A ERKS] A9l dld s & MEK1SE A A Sl PD09R059+= indomethacin
of ost AxAPd #HAoA U= FFE FA EIAT. wEA
indomethacin®l &3 174 A EAE Ao A ERK €43+ AF 40 o
g A @ AoE A7HT

INK/SAPKE Al¥AbEe] Alsdd ¥y oluel A xS2a 2351340



O

O] 9}3 Ao w A Yk ? o)l et FuAde ztzte] thE 43
o, o9l AlEdd AAS Aol9k INK/SAPKe| 243+

1soform4 zpolol 7|91 Ao = 7T v AHZO|EA AHA ] ¢
M EAPHO| A INKe 9o gt H 32 A sodium salicylateol] 2] 3t
eosinophil®] Al £ApE ¥ INK 2 p38 MAPK®] €43l AR AA 7} gl e
o] 0 A frob Al X, HT-29 5] A4 salicylateel]l ¢33 MAPK®] &4 3}
S vlusle] Mo FR wel INKY p38 MAPKSE &g s)kol| zkel7t 9l
1315k 9 A v H]’\Eﬂio]‘:” @Al gk it AlEe] Al EARE
ol A INK 2€4sle] ogte 2 <A YA skt oA Ad3d INK
Eo|AAAY glormz B AFoAE DLD-1 WA EFTo| HAYSH
AAE B2 INK #93 plasmid®t dominant negative JNK plasmidE
transfection*] 71 ¥ FITC7} & HA¢] thak &A= o] &3] transfection
g_ plasmidA Hqug §].o] o]—jl tﬂ—&] o] Q /\ﬂﬁg} o]-Q /\ﬂﬁﬂ-g /\ﬂﬁj\]_ﬂﬂg
zFo] & 3ol DAPI 94 Zoko 2 g u| QA v|wdle] B3t o] 2
7 JNK 28 plasmid®t dominant negative plasmid 5+ indomethacin®l]
ot MEAPL AEE FA EKHTH HT-29 AEFE £33 47 Mx
o 4] indomethacin®l| ¢]3|4 = JNK&F p38 MAPK7} &4 3 9% ¢&=t}=
Him glglou® B AdAdAE JNK$ p38 MAPK7E @43 f<
Western blot 433} Path Detect c—-Jun trans-reporting system 2 kinase
assay®= FR1slH L, ofwf o] Aol AP FE P AIZHES Ao} ]
g HoE Adr

p38 MAPK &4 38le] 9ake p38 MAPKS| Eo] oA A2 SB2035:02 #
221 8ke] &l o, 1 AR indomethacind] €3k HT-29 A%
AZAPEE F-E4olARE 7oA A= As F2skarh ‘1]4/\}‘3:‘ s
Aol A p38 MAPK® #2242 sodium salicylateo] ¢]3F FS-4 A fro}A £
o) MZApE A sy wks} HApskeh

B w Ao A= indomethacinel]l 9] 3F t et A EAPE A A caspase-3
g3t g Had v gonz® guapdel HFdA H&ste
caspase-3¢ p38 MAPK &43l9le] AdAS dolH ot} caspase-3¢F
p38 MAPK &d3lzte] /93 JAdAE #&L 5 girh oA
indomethacin®] 93 HT-29 A EALE A A caspase-32F p38 MAPK:=
zbz2y ofm gl A s SHAINE EHA o R AR AR A, HE B

O
o

-

1



caspase 429 SgAQ AzAE BAFH]BE Ao uek A7t
g Zlolth o] AR v Rol=4 A9AAE ERK, INK/SAPK,
MAPKE &4 3}A] 7] A9t o] Fo| Al p38 MAPKYHo] indomethacinel] ]
Aol o] A FAbE ] 7ol caspasedti= S HAQ AEE A EA}
& 7 At

2HZol=A QA ogh AEAPE A p38 MAPKS]
dE& & e WAAEA NFkBS PPARvE] 184S &

NFkB+= 5983 A2y #dd Sa38 w/jA 24 vae o=
A AAA Q] sodium salicylate, aspirin, sulindac 5ol 28] A =¥ o= 1
kB 2432 JAste Zgo ovta &EA Juht o9k ##sthol
FS-4 Aol A Zol| Al sodium salicylateol] 23] p38 MAPK7} &4 8} 3"
salicylateo] &&] AA=EAHA NFkB 4317 p38 MAPK oAl A4 ¢
SB203580°1 o] 8 vhA] 3 &HH-e o =A p38 MAPK 274 2tel] €3k NF
kB oA #&o] sodium salicylated] ¢]3F &ols 2 okolA VA3 #d s
S Hol Hav} 011:}20 gy 2 d5t9] A3} indomethacing A €] $F
HT-29 M XM= A" NFkB @4 o] p38 MAPK & A Ao 23] 3&
%] @kgkon g p3g MAPK g4 slel NFkBe] #a g gle Aoz A7
At TNFaol 23 dAA<Q p38 MAPKS &4 3le] 93] NFxB &4 3l
7 s ol o] o8 AEZAE H AFukgo] AT Aol gle
UHE A2 F el ube Abol7) 9lom® 58] x4 49) p38 MAPK 24 3}
o] 4% NFkBE A dvte Avtd Asi= o™

Indomethacine ¥3&3 HlAgZo|=A AdA= PPARvligand©] il
PPARvell &gt oAl &7 el AlZAPd o] caspase$t &4 o
o ¥ PPARvligand”} kB #4383 9AE Za] NFkB #4S oJAstE A
o= &#x gvh* 183 ERK, JNK/SAPKe| ]38 ¢14ks}7} PPARvY]
#4382 A= Aoz dEA Y™™ welr PPARve p38 MAPK
2 NFxkBe] #elAle Lol Ayl B Ao A= indomethacine PPARY
ligand2 243 PPARVZ A (BADGE) X x| o] 2]g AZAPE A
#7F 91913, indomethacin®] )3 PPARVEA 3} 288 p38 MAPK 914
A AA A o gud= PGS HA] AT Indomethacin A 2] of] <] g
NFkB €4 38} oAl &3 %= PPARVA A dA Aol o)l & o] ko



Apoptosis in colon cancer cell

fvia caspase-independent pathway(?)

p38 MAPK T
%omeﬂ%
INFKB PPARy ™

G other pathway ?

(caspase-dependent)

Apoptosis in colon cancer cell

18! 11. Indomethacin®] &3t HT-29 A X592 A £A A p38 MAPK, NFkB 2
PPARYY g&3} 43 34, Indomethacinel] 93+ A|EAFEIA o A p38 MAPK .d/d
3} caspase 438 et AR FEAo| A vk w9l A AEARE #Tofd AL

AZr A} Indomethacin NFKB gAslE ¢ Astal PPARVE 43 Al7]A %
indomethacin®] €& p38 MAPK 43}, NFkB Al 18]al PPARVEA S Ao
tel Fog AFTAE Tk NFKB AAE e UE AZAE A2 ET
caspaseE AN 7= HAEE £33 indomethacinol] 2§ A EAPE] #ojst 7 o
2 A7

o] z
-
oA
-

v 2 indomethacin®] ¢]3F NFkB® A= PPARvligandZ 4 ¢ ZFgat= AH
A FEHAAT gl Aoz Azdv. PPARvEdo] B A WA
PPARVYE#E plasmidE transfection A]171 A 3ol H]sle] PPARV&Eo| 42
HT-29A4 £ o] 4] = PPARvligandell 93t &A1 &ut-&-3 2 F37) g4 o
2 Ag 5 s Aoz AAAN® L3t indomethacin AHA 7} T2 PPARY
ligandell w3 2 &3t a7t Hidos A& & doka Azdd

2 AFAHE gF3tH (1) v adHRol=A AdAE MAPK (ERK,
INK/SAPK, p38 MAPK)E #4d35kA]7]aL, o]F oA p38 MAPK &4 3=



indomethacin®ll 9] 3k Al EAPE A A F-EA o)A vE oJu|gl= e
™, caspase @A ot E SHAOR M EAbdo] #Hof
#3 HT-29 A XA indomethacin® NFkB %}/‘3?}
£ 243} Al 7] A9 indomethacin®o] 2] 3k p38 MAP
183 PPARvEASLS] A&7k f98 duaAdE 9SS s gr
H W9 caspasedt Z=HAA MEAE A Z AP ceramide AT A

28 2ol vtz Arrt vz Rel=A 4AAd ©F p38 MAPK 24 3}
of MzAbd g A #HoT A= Gz v A7 A F-Folr)

>~
o et mlm

V. &

I

Al o gt GAAE AL 7L ofA LA A FS
5 ] g8k 71" F9] st E A EAPE fdo] Harxojgity 2
A= /‘ﬂi %’ﬂ;ﬂr AP A Y] TR mifAl Feo sthvE & A e
mitogen-activated protein kinase (MAPK)7} H]|&ZH Zo|=A A A 2
sk ek Az o] AbE A ol A ojw gk S FF=A] qrE skaL, Al EARFE
oju 2l MAPK &4 3ket 7haA Sl #d Aadg Jd==24 NFkB 2
PPARVS] A@4<S <o}y izt 519ich
BT Ay nagzol=A 294 3784 MAPK (ERK, JNK/SAPK,
p38 MAPK)E =¥ ZA4A7]a, ofFdA] p38 MAPK &A43h=
indomethacinoll 9] gt A EAPE A o A FL3t 2] o] A ¥E o) m] 9= A gh& B,
caspase @4 3lotE =gz oz A FEAH| Bod Ao r AT} g a
HT-29 Al %94 indomethacine NFkB &4 3}E A3 PPARVE &4
3} A7) A4t indomethacin®l] 2] 3 p38 MAPK 43} NFkB A —1g il
PPARvE 35}o] A E7Fe] Fold dddrd = las ¢ + AATh

E‘_t

g 1 =

Mo

1. Greenberg ER, Baron JA, Freeman DH, Mandel JS, Haile R. Reduced
risk of large-bowel adenomas among aspirin users. The Polyp
Prevention Study Group. J Natl Cancer Inst 1993;85:912-6.

2. Gilardiello FM, Hamilton SR, Krush A]J, Piantadosi S, Hylind LM,



Celano P, et al. Treatment of colonic and rectal adenomas with
sulindac in familial adenomatous polyposis. N Engl J Med
1993;328:1313-6.

3. Thun M]J. NSAID use and decreased risk of gastrointestinal cancers.
Gastroenterol Clin North Am 1996;25:333-48.

4. Rao CV, Tokumo K, Rigotty J, Zang E, Kelloff G, Reddy BS.
Chemoprevention of colon carcinogenesis by dietary administration of
piroxicarm, alpha—difluoromethylornithine, 15

alpha—fluoro-5-androsten-17-one, and ellagic acid individually and in
combination. Cancer Res 1991;61:4528-34.

5. Barnes CJ, Cameron IL, Hardman WE, Lee M. Non-steroidal
anti-inflammatory drug effect on crypt cell proliferation and apoptosis

during initiation of rat colon carcinogenesis. Br J Cancer
1998;77:573-80.

6. Mahmoud NN, Dannenberg AJ, Mestre J, Bilinski RT, Churchill MR,
Martucci C, et al. Aspirin prevents tumors in a murine model of
familial adenomatous polyposis. Surgery 1998;124:225-31.

7. Shiff SJ, Qiao L, Tsal LL, Rigas B. Sulindac sulfide, an aspirin—like
compound, inhibits proliferation, causes cell cycle quiescence, and

induces apoptosis in HT-29 colon adenocarcinoma cells. J Clin Invest
1995;96:491-503.

8. Piazza GA, Rahm AK, Finn TS, Fryer BH, Li H, Stoumen AL, et al
Apoptosis primarily accounts for the growth-inhibitory properties of
sulindac metabolites and involves a mechanism that is independent of
cyclooxygenase inhibition, cell cycle arrest, and pb53 induction. Cancer
Res 1997;57:2452-9.

9. Hong SP, Ha SH, Park IS, Kim WH. Induction of apoptosis in colon
cancer cells by nonsteroidal anti-inflammatory drugs. Yonsei Med ]
1998;39:287-95.

10. Smith M, Hawcroft G, Hull MA. The effect of non-steroidal
anti—-inflammatory drugs on human colorectal cancer cells; evidence of
different mechanisms of action. Eur J Cancer 2000;36(5):664-74.



11. Chan TA, Morin PJ, Vogelstein B, Kinzler KW. Mechanisms
underlying nonsteroidal intiinflammatory drug-mediated apoptosis. Proc
Natl Acad Sci USA 1998;95:681-6.

12. Sheng H, Shao J, Morrow JD, Beauchamp RD, DuBois RN.
Modulation of apoptosis and Bel-2 expression by prostaglandin E2 in
human colon cancer cells. Cancer Res 1998;58:362-6.

13. Tsujii M, Kawano S, Tsuji S, Sawaoka H, Hori M, DuBois RN.
Cyclooxygenase regulates angiogenesis induced by colon cancer cells.
Cell 1998;93:705-16.

14. Yamamoto Y, Yin M-J, Lin K-M, Gaynor RB. Sulindac inhibits
activation of the NF-kappaB pathway. ] Biol Chem 1999;274:27307-14.

15. He T-C, Chan TA, Vogelstein B, Kinzler KW. PPAR-delta is an
APC-regulated target of nonsteroidal anti—-inflammatory drugs. Cell
1999;99:335-45.

16. Skopinska-Rozewska E, Piazza GA, Sommer E, Pamukcu R, Barcz
E, Filewska M, et al. Inhibition of angiogenesis by sulindac and its
sulfone metabolite (FGN-1): a potential mechanism for their
antineoplstic properties. Int J Tissue React 1998;20:85-9.

17. Klampfer L, Cammenga J, Wisniewski HG, Nimer SD. Sodium
salicylate activates caspases and induces apoptosis of myeloid
leukemia cell lines. Blood 1999;93(7): 2386-94.

18. Kim WH, Yeo M, Kim MS, Chun SB, Shin EC, Park JH, et al. Role
of caspase-3 in apoptosis of colon cancer cells induced by
nonsterolidal  anti-inflammatory drugs. Int J Colorectal Dis
2000;15:105-11.

19. Schwenger P, Bellosta P, Vietor I, Basilico C, Skolnik EY, Vilcek ]J.
Sodium salicylate induces apoptosis via p38 mitogen—activated protein
kinase but inhibits tumor necrosis factor-induced c—Jun N-terminal
kinase/stress—activated protein kinase activation. Proc Natl Acad Sci
USA 1997;94:2869-73.

20. Schwenger P, Alpert D, Skolnik EY, Vilcek J. Activation of p38
mitogen—activated protein kinase by sodium salicylate leads to
inhibition of tumor necrosis factor—-induced IkBa phosphorylation and



degradation. Mol Cell Biol 1998;18:78-84.

21. Elder DJE, Hague A, Hicks DJ, Paraskeva C. Differential growth
inhibition by the aspirin metabolite salicylate in human colorectal
tumor cell lines! enhanced apoptosis 1n carcinoma and in
vitro—transformed adenoma relative to adenoma cell lines. Cancer Res
1997;56:2273-6.

22. Plazza GA, Rahm AL, Krutzsch M, Sperl G, Paranka NS, Gross PH,
et al. Antineoplastic drugs sulindac sulfide and sulfone inhibit cell
growth by inducing apoptosis. Cancer Res 1995;55:3110-6.

23. Goldberg Y, Nassif II, Pittas A, Tsai LL, Dynlacht BD, Rigas B, et
al. The anti—proliferative effect of sulindac and sulindac sulfide on
HT-29 colon cancer cells: alterations in tumor suppressor and cell
cycle-regulatory proteins. Oncogene 1996;12: 893-901.

24. Suzuki A, Tsutomi Y, Akajane T, Miura M. Resistance to
Fas—-mediated apoptosis: activation of caspase-3 is regulated by cell
cycle regulator p21WAF1 and IAP gene family ILP. Oncogene
1998;17:931-9.

20. Graves ]JD, Draves KE, Craxton A, Saklatvala J, Krebs EG, Clark
EA. Involvement of stress—activated protein kinase and p38
mitogen—activated protein kinase in mlgM-induced apoptosis of human
B lymphocytes. Proc Natl Acad Sci USA 1996;93: 13814-8.

26. Kinoshita T, Yokota T, Arai K, Miyajima A. Suppression of
apoptotic death in hematopoietic cells by signalling through the
IL-3/GM-CSF receptors. EMBO J 1995;14: 266-75.

27. Raingeaud J, Gupta S, Rogers JS, Dikens M, Han J, Ulevitch R], et
al. Pro—inflammatory cytokines and environmental stress cause p38
mitogen—activated protein kinase activation by dual phosphorylation on
tyrosine and threonine. J Biol Chem 1995;270:7420-6.

28. Xia 7, Dickens M, Raingeaud J, Davis R], Greeenberg ME.
Opposing effects of ERK and JNK-p38 MAP kinases on apoptosis.
Science 1995;270:1326-31.

29. Robinson M]J, Cobb MH. Mitogen—activated protein kinase pathways.
Current Opin Cell Biol 1997;9:180-6.



30. Baeuerle PA, Baltimore D. NF-kappa B: ten years after. Cell
1996;87:13-20.

31l. Baldwin AS. The NF-kB and IkB proteins: new discoveries and
insights. Annu Rev Immunol 1996;14: 649-&1.

32. Lu X, Xie W, Reed D, Bradshaw WS, Simmons DL. Nonsteroidal
antiinflammatory drugs cause apoptosis and induce cyclooxygenases in
chicken embryo fibroblasts. Proc Natl Acad Sci USA 1995;92:7961-5.

33. Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin AS ]Jr.
NF-kB antiapoptosis: induction of TRAF1 and TRAFZ2 and c-TIAP1
and c-TAPZ to suppress caspase—8 activation. Scilence 1998;281:1680-3.

34. Beg AA, Sha WC, Bronson RT, Ghosh S, Baltimore D. Embryonic
lethality and liver degeneration in mice lacking the RelA component
of NF-kappaB. Nature 1995;376:167-70.

35. Chu ZL, McKinsey TA, Liu L, Gentry JJ, Malim MH, Ballard DW.
Suppression of tumor necrosis factor-induced cell death by inhibitor
of apoptosis c-IAP2 is under NF-KB control. Proc Natl Acad Sci
USA 1997;94:10057-62.

36. Wu M, Lee H, Bellas RE, Schauer SL, Arsura M, Katz D, et al
Inhibition of NF-kappaB/Rel induces apoptosis of murine B cells.
EMBO ] 1996;15:4682-90.

37. Brown K, Gerstberger S, Carlson L, Fransozo G, Siebenlist U.
Control of T kappa B-alpha proteolysis by site-specific, signal-induced
phosphorylation. Science 1995;267:1485-8.

38. Chen 7, Hagler J, Palombella V], Melandri F, Scherer D, Ballard D,
et al. Signal-induced site-specific phosphorylation targets 1 kappa B
alpha to the ubiquitin—proteasome pathway. Genes Dev 1995;9:1586-97.

39. Grilli M, Pizzi M, Memo M, Spano P. Neuroprotection by aspirin
and sodium salicylate through blockade of NF-KB activation. Science
1996;274:1383-5.

40. Yin M]J, Yamamoto Y, Gaynor RB. The anti-inflammatory agents
aspirin and salicylate inhibit the activity of I(kappa)B kinase—beta.
Nature 1998;396:77-80.

41. Kerstein S, Desvergne B, Wahli W. Roles of PPARs in health and



disease. Nature 2000;405:421-4.

42. Meade EA, Mclntyre TM, Zimmermann GA, Prescott SM.
Peroxisome proliferators enhance cyclooxygenase-2 expression in
epithelial cells. ] Biol Chem 1999;274;8328-34.

43. Ricote M, Li AC, Willson TM, Kelly CJ, Glass CK. The peroxisome
proliferator—activated receptor-gamma is a negative regulator of
macrophage activation. Nature 1998;391:79-82.

44. Su CG, Wen X, Bailey ST, Jiang W, Rangwala SM, Keilbaugh SA,
et al. A novel therapy for colitis utilizing PPARvligands to inhibit
the epithelial inflammatory response. J Clin Invest 1999;104:383-9.

45. Li M, Pascual G, Glass CK. Peroxisome proliferator—activated
receptor—dependent repression of the inducible nitric oxide synthase
gene. Mol Cell Biol 2000;20:4699-707.

46. Inoue H, Tanabe T, Umesono K.. Feedback control of
cyclooxygenase-2 expression through PPARY. J Biol Chem
2000;275:28028-32.

47. Nolan ]JJ, Ludvik B, Beerdsen P, Joyce M, Olefsky J. Improvement
in glucose tolerance and insulin resistance in obese subjects treated
with troglitazone. N Engl ] Med 1994,331:1183-93.

48. Tontonoz P, Singer S, Forman BM, Sarraf P, Fletcher JA, Fletcher
CDM, et al. Terminal differentiation of human liposarcoma cells
induced by ligands for peroxisome proliferator-activated receptor ¥
and the retinoid X receptor. Proc Natl Acad Sci USA 1997;94:237-41.

49. Mueller E, Sarraf P, Tontonoz P, Evans RM, Martin K], Zhang M,
et al. Terminal differentiation of human breast cancer through PPAR.
Mol Cell 1998;1:465-70.

50. Bishop-Bailey D, Hla T. Endothelial cell apoptosis induced by the
peroxisome proliferator—activated receptor (PPAR) ligand
15-deoxy-12,14-prostaglandin J2. J Biol Chem 1999;274:17042-8.

51. Chang TH, Szabo E. Induction of differentiation and apoptosis by
ligands of peroxisome proliferator—activated receptor in non-small cell
lung cancer. Cancer Res 2000;60:1129-38.

52. Tsubouchi Y, Sano H, Kawahito Y, Mukai S, Yamada R, Kohno M,



et al. Inhibition of human lung cancer cell growth by the peroxisome
proliferator—activated receptor-  agonists through induction of
apoptosis. Biochem Bioph Res Co 2000;270:400-5.

53. Kawahito Y, Kondo M, Tsubouchi Y, Hashiramoto A, Bishop-Bailey
D, Inoue K, et al. 15-deoxy-12,14-PGJ2 induces synoviocyte apoptosis
and suppresses adjuvant-induced arthritis in rats. J Clin Invest
2000;106:189-97.

54. Xin X, Yang S, Kowalski J, Gerritsen ME. Peroxisome
proliferator—activated receptor ligands are potent inhibitors of
angiogenesis in vitro and in vivo. J Biol Chem 1999;274:9116-21.

55. Brockman JA, Gupta RA, Dubois RN. Activation of PPAR leads to
inhibition of anchorage-independent growth of human colorectal cancer
cells. Gastroenterology 1998;115:1049-55.

56. Kubota T, Koshizuka K, Williamson EA, Asou H, Said JW, Holden
S, et al. Ligand for peroxisome proliferator—activated receptor gamma
(troglitazone) has potent antitumor effect against human prostate
cancer both in vitro and in vivo. Cancer Res 1998;58:3344-52.

57. Demetri GD, Fletcher CDM, Mueller E, Saraf P, Naujoks R,
Campbell N, et al. Induction of solid tumor differentiation by the
peroxisome  proliferator-activated receptor-ligand troglitazone in
patients with liposarcoma. Proc Natl Acad Sci USA 1999;96:3951-6.

58. Suh N, Wang Y, Willlams CR, Risingsong R, Gilmer T, Willson
TM, et al. A new ligand for the peroxisome proliferator—activated
receptor-y (PPAR-V), GW'7845, inhibits rat mammary
carcinogenesis. Cancer Res 1999;59:5671-3.

59. Lim JW, Kim H, Kim KH. Nuclear Factor-kB regulates
cyclooxygenase—2 expression and cell proliferation in human gastric
cancer cells. Lab Invest 2001;81:349-60.

60. Subbaramaiah K, Lin DT, Hart JC, Dannenberg A]J. Peroxisome
proliferator—activated receptorvligands suppress the transcription
activation of cyclooxygenase-2. ] Biol Chem 2001,;276:12440-8.

61l. Wright HM, Clish CB, Mikami T, Hauser S, Yanagi K, Hiramatsu
R, e al A synthetic antagonist for the  peroxisome



proliferator—activated receptor¥Y inhibits adipocyte differentiation. J
Biol Chem 2000;275:1873-7.

62. Cuenda A, Rouse J, Doza YN, Meier R, Cohen P, Gallagher TF, et
al. SB 203580 is a specific inhibitor of a MAP kinase homologue
which is stimulated by cellular stresses and interleukin-1. FEBS Lett
1995;364:229-33.

63. Lehmann JM, Lenhard JM, Oliver BB, Ringold GM, Kliewer SA.
Peroxisome proliferator—activated receptors and are activated by
indomethacin and other non-steroidal anti-inflammatory drugs. J Biol
Chem 1997;272:3406-10.

64. Camp HS, Tafuri SR. Regulation of peroxisome proliferator—activated
receptor activity by mitogen—activated protein kinase. J Biol Chem
1997;272:10811-6.

65. Camp HS, Tafuri SR, Leff T. c¢-Jun N-terminal kinase
phosphorylates  peroxisome  proliferator—activated receptor-1  and
negatively regulates its transcriptional activity. Endocrinology
1999;140:392-7.

66. Tanaka K, Tanaka H, Kanemoto Y, Tsuboi I. The effects of
nonsteroidal anti—-inflammatory drugs on immune functions of human
peripheral blood mononuclear cells. Immunopharmacology
1998;40(3):209-17.

67. Shiff SJ, Rigas B. Aspirin for cancer. Nature Med 1999;5:1348-9.

68. Jones MK, Wang H, Peskar BM, Levin E, Itani RM, Sarfeh IJ, et
al. Inhibition of angiogenesis by nonsteroidal anti-inflammatory drugs:
insight into mechanisms and implications for cancer growth and ulcer
healing. Nature Med 1999;5:1418-23.

69. Watson AJ. Chemopreventive effects of NSAIDs against colorectal
cancer: regulation of apoptosis and mitosis by COX-1 and COX-2.
Histol Histopathol 1998;13:591-7.

70. Qiao L, Kozoni V, Koutsos MI, Tsioulias GJ, Hanif R, Shiff SJ, et
al. FEicosanoids increase the proliferation rate in human colon

carcinoma cell lines and mouse colon cells (abstract). Gastroenterology
1995;108(suppl):A527.



71. Eberhart CE, Coffey R]J, Radhika A, Giardiello FM, Ferrenbach S,
Dubois RN. Up-regulation of cyclooxygenase 2 gene expression in

human colorectal adenomas and adenocarcinomas. Gastroenterology
1994;107:1183-8.

72. Yang VW, Shields JM, Hamilton SR, Spannhake EW, Hubbard WC,
Hylind LM, et al. Size-dependent increase in prostanoid levels in
adenomas of patients with familial adenomatous polyposis. Cancer Res
1998;58:1750-3.

73. Tsujii M, DuBois RN. Alteration in cellular adhesion and apoptosis
in epithelial cells overexpressing prostaglandin endoperoxide synthase
2. Cell 1995;83:493-501.

74. Subbaramaiah K, Zakim D, Weksler BB, Dannenberg A]J. Inhibition
of cyclooxygenase: a novel approach to cancer prevention. Proc Soc
Exp Biol Med 1997,;216:201-10.

75. Hanif R, Pittas A, Feng Y, Koutsos MI, Qiao L, Staiano—Coico L, et
al. Effects of nonsteroidal anti-inflammatory drugs on proliferation
and on induction of apoptosis in colon cancer cells by a
prostaglandin—independent pathway. Biochem Pharmacol
1996;52:237-45.

76. Alpert D, Schwenger P, Han J. Cell stress and MKK6b-mediated
p38 MAP kinase activation inhibit tumor necrosis factor-induced IkB
phosphorylation and NF-kB activation. J Biol Chem
1999;274:22176-83.

7{. Yamada T, Horiuchi M, Dzau V]J. Angiotensin II type 2 receptor
mediates programmed cell death. Proc Natl Acad Sci USA
1996;93:156-60.

78. Sakata N, Patel HR, Terada N, Aruffo A, Johnson GL, Gelfand EW.
Selective activation of c¢—Jun kinase mitogen—activated protein kinase
by CD40 on human B cells. J Biol Chem 1995;270:30823-8&.

79. Westwick JK, Weitzel C, Leffert HL, Brenner DA. Activation of Jun
kinase 1s an early event in hepatic regeneration. J Clin Invest
1995;95:803-10.



80. Wong CK, Zhang JP, Lam CW, Ho CY, Hjelm NM. Sodium
salicylate—induced apoptosis of human peripheral blood eosinophils is
independent of the activation of c—Jun N-terminal kinasse and p38
mitogen—activated protein kinase. Int Arch Allergy Immunol
2000;121:44-52.

8l. Schwenger P, Alpert D, Skolrik EY, Vilcek J. Cell-type-specific
activation of c—Jun N-terminal kinase by salicylates. ] Cell Physiol
1999;179:109-14.

82. Li LY, Luo X, Wang X. Endonuclease G is an apoptotic DNase
when released from mitochondria. Nature 2001;412:95-9.

83. Parrish J, Li L, Klotz K, Ledwich D, Wang X, Xue D. Mitochondrial
endonuclease G is important for apoptosis in C elegans. Nature
2001;412:90-4.

84. Roulston A, Reinhard C, Amiri P, Williams LT. Early activation of
c—Jun N-terminal kinase and p38 Kinase regulate cell survival in
response to tumor necrosis factor. J Biol Chem 1998;273:10232-9.

85. Beyaert R, Cuenda A, Vanden Berghe W, Plaisance S, Lee ]C,
Haegeman G, et al. The p38/RK mitogen-activated protein kinase
pathway regulates interleukin—6 synthesis response to tumor necrosis
factor. EMBO J 1996;15:1914-23.

86. van den Blink B, Juffermans NP, ten Hove T, Schultz M]J, van
Deventer SJ, van der Poll T, et al. p38 mitogen—activated protein
kinase inhibition increases cytokine release by macrophages in vitro
and during infection in vivo. J Immunol 2001;166:582-7.

87. Eibl G, Reber HA, Wente MN, Ohara H, Hines OJ. Activation of
PPARY inhibits growth of pancreatic cancer cells by induction of
apoptosis. Gastroenteroloy 2001;120(suppll):A722.

88. Kitamura S, Miyazaki Y, Shinomura Y, Kondo S, Kanayama S,
Matsuzawa Y. Peroxisome proliferator-activated receptor¥ induces
growth arrest and differentiation markers of human colon cancer cells.
Jon J Cancer Res 1999;90:75-&0.

89. Basu S, Kolensnick R. Stress signals for apoptosis: ceramide and
c—Jun kinase. Oncogene 1998;17:3277-85.



Abstract

The role of mitogen—activated protein kinases in
nonsteroidal anti—inflammatory drug-induced apoptosis of
colon cancer cell lines

Tae I1 Kim

Brain Korea 21 Project for Medical Sciences
The Graduate School Yonsei University

(Directed by Professor Won Ho Kim)

The mechanisms of the anti-neoplastic effect of non-steroidal
anti-inflammatory drugs (NSAIDs) still remain unknown, but the induction of
apoptosis 1s one of the possible mechanisms. We have attempted to
demonstrate the role of mitogen-activated protein (MAP) kinases, which are
generally considered to be important mediators of proliferative and apoptotic
signals, in NSAIDs-induced colon cancer cell apoptosis. Furthermore we have
evaluated the relation of other possible mediators such as NFkB and PPARYy,
which were known to be associated with NSAIDs-induced cellular response.
Apoptosis was detected by demonstration of DNA fragmentation in agarose gel
electrophoresis. Cell death was assessed by trypan blue dye exclusion method.
MAP kinase activation was assessed by Western blot using phospho-specific
antibodies to MAP kinases. Kinase assay using activating transcription factor—2
(ATF-2) fusion protein as a substrate was also performed for the
measurement of p38 MAP kinase activity. For the inhibition of ERK and p38
MAP kinase, PD098059 and SB203580 were utilized respectively. To
demonstrate the role of JNK, HA epitope-tagged JNK or dominant negative
JNK plasmid were transiently transfected, and the change of nuclear shape due
to overexpressed or suppressed JNK activity was estimated by
immunofluorescence study wusing the FITC-conjugated anti-HA monoclonal
antiby and DAPIL Caspase-3 activity was measured using tetrapeptide
fluorogenic substrate, Ac-DEVD-AMC. To evaluate the activities of NFkB
and PPARY and their association with MAPK activation, luciferase construct
containing NFKB binding sites or PPRE3-tk-luciferase construct were
transfected and transcriptional activities were measured by luciferase activity.
Treatment of HT-29 cells with NSAIDs results in a time- and dose-dependent



induction of apoptosis, accompanied by a sustained activation of all three MAP
kinase subfamilies. SB203580, a p38 MAP kinase inhibitor, reduced
indomethacin-induced apoptosis by 43 %, while PD098059, MEKI1 inhibitor, did
not affect cell death. Overexpressed or suppressed JNK activity also did not
affect indomethacin-induced apoptosis. p38 MAP kinase and caspase-3
activation were not significantly inter-linked in indomethacin-induced apoptosis.
Indomethacin suppressed the transcriptional activation of NFxkB and induced
the transcriptional activation of PPARY. However, the activity of NFxB and
PPARY were not affected by p38 MAPK inhibitor. From these results, we
conclude that NSAIDs can induce the prolonged activation of MAP kinases in
colon cancer cells and that of these, p38 MAP kinase may play a partial but
significant role in indomethacin-induced apoptosis. Furthermore,
indomethacin-induced and p38 MAPK-mediated apoptosis of colon cancer cells
is independent of caspase activation and not associated  with
indomethacin-induced suppression of NFKB and activation of PPARY.
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