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Effect of Zibachunggan-tang on lipopolysaccharide-induced expression
of NF-kB downstream genes in HepG2 cell

Sang Hoon Hong, Byung Tae Choi', Yong Tae Lee™
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To determine the effect of Zibachunggan-tang(ZCT) on the process of lipopolysaccharide (LPS)-induced nuclear
factor-kBp65 (NF-xBp65) activation, and LPS-induced expression of pro-inflammatory proteins including tumor necrosis
factor-a (TNF-a), nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), in HepG2 cell. immunoblot analysis
showed that the level of nucleic NF-xBp65 was rapidly up-tegulated and cytosolic inhibitory |-kBa was down-regulated
by LPS challenge. While ZCT inhibited an increase of NF-kBp65 and degradation of I-kBa in HepG2 cell. Beside
LPS-induced expression of a group of genes, such as TNF-q, inducible iINOS and COX-2, are repressed by ZCT. It
may be concluded that ZCT attenuates the progress of LPS-induced inflammation by reduction of NF-xBp65 activation.
The ZCT would be useful as a therapeutic agent for endotoxin-induced liver disease.
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ololl AAte MY YEHEOZE T X)FHo] n|ES HlolH
24 7 A Y 7iEle] ZHEEAIA 888 4 JE ok Al
Aol NUE Qs FUEE Aol MF 7hseh SR2A
AHIEHZCT)E FH61L, DM EFQ] HepG2 Mzl LPS
o gt gF YiEE Yo ZCTY FAS e AfFo
2 ABSILA} IZF TRIAIZFQ] HepG2 Al Zoll LPSol 2l ¢
EUEE FEA|A, NF-kBp659 nuclear translocation Q& &
34, inhibitory subunitQ} I-kBa degradation %] §3} % NF-«B
downstream gene products®] 4o thigt FUE HES A
FAB ZE A0 BAUSH= Bojet

SER

1. AE

2 uglol I8 ol Bl ATl A FART
B, 8%, 4, Y, Bl AT RS BN, A
W 180 FHNST SYS TIZH YrHTable 1)

Table 1. Prescription of ZCT

BEy Herbal Name Scientific name Dose
HiE Artemisiae capillaris Herba  Artemisia capollaris Thunb 20
G Alractylodis macrocephalae Atraclylodes macrocephala

Rhizoma Koigz 89

BRE Poria Porfa cocos Wolf 89
i Crataegii fructus C/alaegéjinzg)naﬂﬂda 8g
I=EST Paeoniae radix Alba Paeonia lactifiora Pall 69
BB Puerariae Radix Puerarialobatalwilld )Ohwi 69
1 Angleicae gigantis radix Angelica gigas Nakai 69
B Flos puerariae Puerarialobataiwilld JOhwi 69
Total 649

2. Alero) Felut Fnl

LPS (from Escherichia coli Serotype 055:B5)= Sigma-
Aldrich (St. Louis, MO)ollA] 731X, 10 mg/mld] STE
deionized distilled water (DDW)oll =QITHS 13] ALE&F &
BF510 S B HEIIC). Western blottingol] AFZ3} anti-NFk
Bp65, anti-IkBa, anti-TNF-q, anti-COX-2, anti-INOS# Santa
Cruz Biotechnology (Santa Cruz, CA)ollA} 78k 0.2~0.5 g
/me) SEZ SMslol AIBSIGCE ol o BE Aok
Sigma-Aldrich oflA] FUs1ACT.

3. ZCT 8% Ax

ZCToll E0j7} otefx 138 & 1,000 w8} Eof o 14j3h
B &Y #8942 FET I8, 185 mm filter paper
(ADVANTEC TOYO No. 2, Japan)E& AH23ld & H ANS}II,
oA S 3000 rpmofiA] 2027 AL BTG P2 HBENG &
A AXABICE AXE AIEE 84 vilsled -20 Toll H#sIA
o, dgloll AKES] AR 10 ng/me] SLE A2 g7 uiA
o =0] 0.2 m9) syringe filter2 THA] 31 500 pg/ Mo &
T2 Aesich

4. AEFY aid & X

A VAMETFQ HepG2 MES} upRA thAl M ZFEQ)
RAW264.7 M ZE= American Type Culture Collection (ATCC,
Manassas, VA)olAl T8I HepG2 A EE  Minimum
essential medium (MEM, GIBCO BRI, Grand Island, NY)ol
10% fetal bovine serum (FBS, GIBCO BRL), 1% penicillin-
streptomycin (GIBCO BRL)E H71¢t HZHIAIE AFZEI¥T).
meA A EFEQ] RAW264.7 MEE Dulbecco’s modified
eagle medium (DMEM, GIBCO BRL)oll 10% FBSE A7\t A&
IR BiRRSIRT). F MEF BF 5%9 CO; 57 fAEE
humidity incubatoroflA] 37 Tl 2% F tiSIAct. SDS-PAGE
% Western blottingE€ 9181 HepG2 A|Zo| trypsin-EDTA
(GIBCO BRL)E R|2I5KY culture plate2EE] detachAlZ] T}S,
100 mm9) culture plated)) seedingslil 48 hr EQ} OFY BIAIZIT)
500 pg/mS] SEE SAUEI BMNE MEIFHL 2417 &, 10 ug
/m2] LPSE AZISHL 1, 6 AR} &, WM EE harvestdIirh

5. Nuclear extract®} cytosolic extract®] £g)

BHYAIEZE  phosphate-buffered saline (PBS)E AW &,
buffer A(10 mM HEPES pH 7.9, 10 mM KCl, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF)Z 15 min ¢} ice
Aol|A] incubationd}I final concentrationo] 05%7} EEE
NP402 XI5kl Z8H vortexingshATt 30 sec S¢F 5,000
rpmol|A] AXMEZ|EI HENULS cytosoile extractE F|3}1L,
pelletE buffer B (20 mM HEPES pH 7.9, 400 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF)oll =¢ 15 min
EQt icedtollA] incubationdll, 13,000 rpmoilA] 15 min E9
AR5l AENE nuclear extract2 FBI3C}

6. SDS-PAGE %! Western blotting

Wi EE PBSE A2 &, lysis buffer (150 mM NaCl, 1 mM
EDTA, 0.05% SDS, 0.5% Triton X-100, 1 uM PMSF, 50 mM NaF,
50 mM Tris pH 74)& lysisAlA 14,000 rpmoilA} 20 min 7} §14)
H2)5k] whole cell protein extract® P} whole extract T
nuclear extract, cytosolic extract® Biorad®] protein assay kit
(Hercules, CA)E 01251 proteinE A2F} &, EZO] Laemmli's
sample bufferg 715id 100 Toli4] 327t 71gst tH2, 10% SDS
geloll loadingslod K718 &3 H7IBE & geldd?) proteing
nitrocellulose membraneQ & transferdld 5% skim milk® H]E0)
Aol &9 HiEE  blockingdlil, anti-NFkBpéb, anti-IkBa,
anti-TNF-q, anti-COX-2, anti-INOS$} ©]o] tH$} secondary
antibody (HRP-conjugated goat anti-rabbit)Z Xel5ldch.
PIERCEQ] SuperSignal West Pico chemiluminoescent substrate
(Rockford, IL)E membraneol] 7181 X-ray filmof] ZFZA1ziCh

7. Immunofluorescence staining
RAW2647 M ZE cell scrapers FO|22 T}, coverslip
Poll seedingBhiL 24 Al SO} QR SMIZITE. 500 pg/ S &
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Ei"@IFE"0l HepG2 celld] ¥E¥ISol widt A+

Z2UxT AGME AMEIBHL, 2412 & 10 pg/meS] LPSE X2l 6}
&Sk 1 hr & miXE MAHSHL PBSoll 3.7% =& 3)44)71
formaldehydeZ 30 min 7} 4TCollA] ZEBIAUCE 02% Triton
X-10022 permeabilizationg}al, 2% bovine serum albumin
(BSA)Z HIE0|XHQ] &9 Zee MY F 2 pg/mi9
anti-NF-kBp65 A& A5l 4 213 ¢ SA-gAES ¢
©7] ©t}2, PBS-T (0.05% Tween-20 in PBS)E AojUli,
FITC-conjugated goat anti-rabbit (SIGMA-ALDRICH) @A &
4 T FEiolA 1 hr ¢ H2Isiitt. PBS-TE Hojd £,
HEO  QAE TP dMeE 1 ug/md
4’ 6-diamidino-2-phenylindole dihydrochloride (DAPI)E 2 min
7+ XMzlstked DDWoll Alojdl t4& Crystal mount (Biomeda,
Foster, CA)Z slideglassol] mounting8ISiC}l. NF-kBp659] A Zuj
localization 488 nm9] excitation wave length& W UV
filterZ TEGI Om, SYUT fieldoll AXGHE A ZTHS 359 nm
9] xcitation wave lengthE W& UV filter & BZE3IRTC) Ha
A EA S Axioskop 2 plus fluorescence microscope (Carl
Zeiss, Germany)@} AxioCam digital camera (Carl Zeiss),
AxioVision software (Carl Zeiss)E 0|83I%Ch

4 3%

1. ZCT9] LPSoll 2J¢F NF-kBp659) nuclear translocation 2{& &3t

HepG2 Al ZollA] LPSoll 9t BF W8S Lotdy] Sis
LPS A2l 24|17k Holl ZCTE [ALISL, LPSE AEist T3,
1, 6 A1} & M EE harvestskd 10% SDS-PAGEZ X719 &6}
ATt Whole cell extractE® X71H &0 gel€ Coomasie blue
staining& 4A|$} Zo1H, I Zi} total protein band®] Xo]E
£ Hol& k). TIedvt NF-kBp659) AL localizationollA]
= Aot @2 & 4+ ARUCHFig. 1. B, C). Nuclear extract®]
NF-kBp65= & taleoll Al &2 HolA] 2oLt LPSE AMelshd
band7} ZIHAl LIERG L, 01219 #1412 Gagamchunggan-tang
9l MAelol Y8 BEXOE AAEIL USE HAFCHFg 1.
B). LPS &z2loll 9Jall cytosolic NF-kBp65= ZtAw) X]Tt, ZCTY
HAElol dl cytosolic NF-kBp657} A== HOE 2olct
(Fig. 1. C). ol2F ol #E &ele Al anti-NF-kBp6d
SHE 0]8% immunofluorescence stainingS HUAISINCE
RAW2647 miR2 thald Eo] SL ZZolA s &
anti-NF-kBp65 &4 9} FITC-conjugated goat anti-rabbit A&
A E Al gBn|ZoZ HEABIFCE 1 AN e
9] MZQ ZCTE Z7t Aeldt M Zolie M| opd AME
Zoll NF-kBp657} EX8l= RO E UERdCHFig. 2. A, B). 118
L} LPSE A2lgh 3¢ MEso] YRIE Foll FEH2E NF-xk
Bp657} QRIEHT Q2S¢ 4 YUt} (Fig. 2. O). Fig. 1. B, CS}
lRZIAE o|lE8t A ZCTE DAEISH A EolAis Axl=
1 Y€ BAFIa JrFig. 2. D).

o|4}g ZgtslH, ZCT= LPSol|l 9§ NF-kBp659) nuclear
translocationoll that HAIFI} U RA2E Y2t

Con ZCT 1 6 1 6
LPS ZCT+LPS

(B)

©

Fig. 1. Inhibitory effects of ZCT on the nuclear translocation of
NF-kBp65 (A), Coomasie blue staning with HepG2 cell whole extract-subjected
10% polyacrylamide gel. (Bnuclear NF-xBp65) and Cicytosolic NF-Bp65 ), inhibition of
LPS-induced NF-kBp65 nuclear translocation by ZCT. Cells were pretreated with 500
we/ml of ZCT before LPS challenge (10 we/ml), and then exposed to LPS for 1 and 6
hours. 40 w of cytosolic and nuclear extract were examined by Western blotting with
ant-NF«Bp65 anfibody.

A. Control B. ZCT C. LPS D. ZCT + LPS

Nucleus

Fig. 2. Effects of ZCT on localization of NF-xBp65 in RAW264.7

cells (A), Normal. (B) ZCT alone. (C), LPS alone. (D) reatments of ZCT before LPS
challenge. Cells were prefreated with 500 w/ml Of ZCT before LPS challenge (10 we/
al), and then exposed to LPS for 1 and 6 hours. Fixed cells were staned wih
anti-NF-«kBp65 rabbit polyclonal antibody and FITC-conjugated goat anti-rabit antibody.

2. ZCTY LPSoll olg} I-kBa degradation &34 F3

ZCT+= LPSo| 98} NF-kBp652] nuclear translocation2 &4
k= AOZ LIERIEE ojol £33 Q102 AM&3k= -kBad
protein levelS ZAIBIKCE 11 234} FatdlefoliMe B2 g9 I-
kBa7} cytosololiA] TAEIA LY, LPS7t M| 1 o] 4gs]
EolEe RO FE Vet Ju o] 8 ZCTY "ATiol Adl
AHEES ¢ 4 UAUCHFig. 3). ol ZAUES HIHOE LPSol
o3 Rzl FEUISA EQ3 dEe 485k NF-«kBp6d
o) g3yt ZCToll Qd AAE 4 ABE & + UAUTE
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B4E - AHeH - O] BEA

Cytosolic |-xBa

con ZCT 1 6 1 6
LPS ZCT+LPS

Fig. 3. Inhibition of 1-kBa degradation by ZCT HepG2 cels were
pretreated with 500 we/ml of ZCT before LPS challenge (10 ws/mi), and then exposed
1o LPS for 1 and 6 hours. 40 « of cytosolic exiract were examined by Western

blotttng with ant-1-kBa antibody.

3. NF-kB downstream gene products®] 4ol thgt ZCT gt

ZCTY Zg718 g 2R15E] $1dl NF-kB downstream gene
productsQ] level& Western blotting Q& £ AKSIFTY. 1ol wle}
AE7IH9 Mg W HIAZRENA VIS F85le NOE
ke G401 iINOSY) levelg HA RARSITE "4 defol
A & HolX & INOS7H LPSE AzlshH atdo] gojuim,
olgigt Aike ZCTe) AALld] Qla) ArI=]oZITt. Bt o] AHH]
¢ EERIBE Y27l TNFa W COX2 & ZCTY HAE0)
98l A= UACHFig. 4).

iNOS

TNF-a

COX-2

CON LPS 1 6 1 6
LPS ZCT+LPS

Fig. 4. Inhibitory effect of ZCT on LPS-induced iNOS, TNF-aand
COX-2 expression HepG2 cells were prefreated with 500 we/ml of ZCT before
LPS challenge (10 ws/m), and then exposed to LPS for 1 and 6 hours. 40 we of
whole extract were examined by Western blotting with anti-INOS antibody, anti-TNF-a

antibodyand and ant-COX-2 antibody.
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BHiR"HHHER"0] HepG2 celld] FERIS e &7

S 22 arachidonic acid ThAIFHY} &8 4, 18ll €5
A ARIEFRIT 1 $£84, MHC (major histocompatibility
complex) X metalloproteases &2 U361 U= FHAHEO]
43151 Toll w2 NF-«B7t 8380, gatsel 87
ollA} NFkB= ZE FalAZ9] AlEZo)4] p50/p65 subunitsQ]
heterodimer2 ExI5}3L () 2, inhibitory subunit Q1 I-kBS} 2
E8hL Uch BEH AFo] FolAH 2 ulo] [«xB Q4tslE
4 (IKK)Q €437t R, 4519 KK 1kBY Ql41EkE
doA Mz chilzl 23171719 dhiQ] ubiquitin-mediated
protein degradationg FEsic} FkBEFE AMFEXX! NF«B
= AIZd £07 o564, NF«kB AgEHo] A+ dF /4
A9 ZZ2REol A6l I ®AA] "AE 927t NFk
Boll oJsll EXMslEE dEHQ & FAARE INOS, COX-2,
TNF-a 0|1, o]5& o[x}HQ] P&EHEE MEUldiA 4o7)
E oy odux Aok, ZCTY LPSol 9 NF-kBp65<)
nuclear translocation @&} G3& &uiP™, Fig. 1, 204 LIE}
o ZIES LPSol 95t NF-kBEXRE] [-kBa |30} ZCTol
g8l QA== ALE F£5E 4= Urt E3} olET EElol 2
St &g sk KK 843 dAl dHE AR £58
¢ e} 2 d3loA= IKK activity assayE E¢F |- EQl &
Q12 3IA @t IEh) Figdy AaE BB ZCT7L [xkBad
degradation pathwayQ] ubiquitin-mediated protease pathwayoll
TAEE U 5= Ae IPHQ Aol o] HF AHHQ HE
o] BRsict. ZCT+ kB, NF-kBp652l 4318 Axskd o
SHIE0 JYIHHE Xgre & 4 Artk iNOSE neuronal
NOS(nNOS), endothelial NOS(eNOS) E3} L{E0] nitric oxide
synthase (NOS) family?] g} EFolH, & 7 T &7/
NOS&H= 2] €954 A150] Fold wf ¥do] fse A2
2 YA Ark.  NOS¢ L-arginine, O NADPH-derived
electron® £ HE] L-citrulline, NADP, 12|11 nitric oxide &) &
He E715H BTy, COX-2t olgl | &4t ThA} 280l 58
3 ggtg flche §ARM FA] g5 AR S 28l |k
Hot. o7 E4AR2 Al AAleE AR PedZ] Ras Thil
29 2aislol BASH= Ras GTPase-activating proteing ¢
A, gl 2o NOg} g0l EXHES sl 71sE 7t
A= 2201, COXoll 23] A== prostaglandin® T2
FEAE 7KL Yew, 7T F COX20l sl BEHEE
prostaglandin E2= M Z9] &3 2o SQ3 d&e st
£ mitogen-activated protein kinase cascadeE AA|gh= AOZ
gelxd UAoPY. INFo: QHMZEE Al Al Z2I8
apoptosisE FLoh= ACE ¢uidl XX EFZ M=z &
wiEl BE)7] 79 I T2 5Ql caspases cascadeE EMY3IAIA
apoptosisE 2P, I} A2 INF-a7) NE Z4] 2 4
&0l Bl ASHLE RS -3l oiske ALE ¢
24X YTk, ZCT9 WA2IZ LPSoll 93 NF-«Bp659] &4 517}
AR 2 F 1 downstream gene products®] TNF-a, COX-2 2
iNOSQ] uiglo] 24d3] & REFHCE dHgEe gag &+

Ut 2l 1F gened] ZEXE| @Yol NFkB binding

sitelt EXGH= Z10] ohEt o] 7HAl ChE FARIANER: Z§
& 4 Aouz” Fig 49 ZHES o) 71X 9uE 7KL
rt. iINOS geneQ] promoter HHoll= interleukin Soll 23l
gd3lEl= HARIXIQL signal transducers and activators of
transcription 1 (STAT1) & STAT3 94| AEYE 4= Yom,
STATE &d371E FEE @59y & HE F83 38
Z QAEIX T UTH. TH B Fig. 4.9 BT FZ8 4= QY
= A] ZCT7t LPSQ downstream signaling & NF-kB %
STATY| &43l HZE AA5i0) INOSS eiso] g = &
USE AAFSHY. £33 TNF-a9} COX-29] Aol iNOS9 dt
3 vldt E38 UENEE Fig 49 ZAile ZCTY EHE
IHE FRIsIL JUrt

o|4g EpHslH, ZCTE LPSol Q3 &8sl iAol
HEHAIRRICE Hol NF-kBpe] 84315 dHAIHH, ol
NF«B9] oA chiZQl 1kBY EHE MANESZM dojd A
olt}. gt downstream gene products®]l TNF-q, COX-2 %
INOSY) WIS OHGHEE ZCT: ZQHIETO tish Bd
BAEENE 7KL ASE AASIL Uk

2 &

ZCT7} QA M EFO] HepG2 Mol uteliZ]ololA] 5
£33 JF RYUEZQ LPSE A5l ekl g9 gadl
3ol mIXle g 4805l tied 22 ZES gtk

ZCTE LPSoll 98 NF-kBp659] nuclear translocationoi] tj
& AMEH/E 7K Jct ZCTE LPSol 93 FEes 95
HhSolA] £Q% A2 ¢#5ke NFkBY 4318 A7
C}l. ZCTE NFkB downstream gene products@! iNOS, COX-2,
TNF-a §9) wdg AAAUC

ZCT& Lpsol] 93] 4 slss tTAQ] ASHAIRRICE
Ho} NF-kBpol &43lE 94, downstream gene products?]
TNF-q, COX-2 W iNOSQ] &3l g ARSI E ZCTe 7Pl E
Zoll thst et S PABEHE VAL ASE & & YR 0]
£ 2AR gaEQ drt A4Elofof St

BALe 2

o] =ES 2002dE ENEITS) QUATIA (DHANS :
2002AA056)01 SJ3iA 3E

= j=
AaF

¢

1. BAE. 2000A3T AILANEAEH. 1-21, 2002,

2. 33U, WS, oleA, ojd3sl, R4, BE FR vlolgis
RefEt ZERBRO| TH@ WA Hat RAZAAT 6(2):117-142, 2000.

3. AXNFE. EFEFRe] MHV-2Z Jubsl nleAQ] ##HTol
iR G ERASBKR K. 19%.

4. 9}, AGE, o|1AE, REE. KB BEMES0l THE

- 1255 -



10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

23.

24.

SYE - Hyel - o) 8¢

AE, O|ZE, FEF. BEBEFB MOl T ZEM T
71 % apoptosisoll U)Al= FE KBBEEREK, 19(2)337-
372, 1998.

- 8. YBE Ol D) REEEATRS S A28 $ -

& StetialE7 = 0ay-, 18-53, 1995.

. EE, S, 25 MKEAEY FR#E X 2RREN

B IBI5H)8HE| K], 23(2):28-38, 2002.

. ZH A, 0189, MYE, RIS, AR, olgd, &84, &

& Bl FFEBE 57610 e BEREE. tidisie)ats) x|,
21(4):112-121, 2000.

. Ol&E, K1Y, HYE, LEF. FUdFHe] ¢3sd Y

ol mxjE FEl gt gad d+ uicksighElA],
22(4):107-113, 2001.

olgA. THY B A& eRISHIA 74 BEl, 15-23,
2001.

Son CG, Choi WJ, Shin JW, Han SH, Cho JH, Song KC,
Cho CK. Effects of Gamichunggantang on hyperlipidemia.
Acta Pharmacologica Sinica, 133-139, 2003.

T, olZE, £EE. Tl 8HE £59 TtE0
LR SHAL R HdHoll miklE Jg tieiIalg]Al, 21(3):
186-198, 2000.

24, 298, olFE, 88 dmrEmiRIIol VAR
9] Yz AAlol m|XlE S thekIRIEIEIA] 23(2):39-56, 2002
A4y, olgE, SEH. EEREo C8 Tgnlolz A
QIIA M EZH DXl @k 22(1):53-62, 2001.
olAE, LHE, ABN, 2T BHEY g+ U HEE, o
HIE, BEg F&E0] CC4 Fo] 98t 7H=d Aol 1)
A& S el usslA], 21(1):100-107, 2000.
25, H84Y, B8, 984, 2Yr). E8&E7} Hep G2
M ZolA] ol TH71Y Cytokine 2jol| m]X]= FEk il
ShR B3] X), 21(1):87-93, 2001.

AU, HEE 58, dSH, HES. KHE} Fas-FasL
UR7HE A2 Apoptpsis off BlAl= Ggk therohehl Tiats)
A]. 23(3):353-360, 2001.

A48T, 4EE, 0)F3E, 58, o] TGFH1 7y
ol n)Xj= gk uislerolslsl x|, 22(3):141-155, 2001.
HXE, REW BiE BAhEERES 57, udE
¥, p361,578,598,682. 1998.

gedh, BEE KF PERATTREER. IR, 2R
fit, p2795,3126. 1998.

EF3L, ST 4L, AIBE WA ol a5t g
418t 2hg. So)eiwel sk x], 16(1):67-71, 2002.

- HEE, 28, BHE mEBEEKRTF a0 v 4EH

. 38 ui==E, 16:7-29, 1993.

#HEN RS ERNCEENENSBHRRER §I5UA,
26(3):147-151, 2001.

24}, &N4, idn|, 242 9AFEE HXR]7} Ratg

26.

27.

29.

3L

32.

33.

35.

37.

39.

40.

- 1256 -

8% gig @ Uuls|t kol vl Gk chgkehahyat
B3] K], 23(2):174-180, 2002.

WS 87, WA, 47t SRBEE U taurocholate

25} 82 7] COMT &40l PIAlE | teisioas
A]. 21(2):275-281, 2000.

EWS. A1S AR Tt ol T sheketd 2 glolx| 9}
ol HE 5o g thdcistuc)ahl, 1995.

Sano H. [A new mechanism of COX-2 in inflammation.
Ryumachi, 42(3):560-72, 2002.

. Marra F. Chemokines in liver inflammation and fibrosis.

1;7:d1899-914, 2002.
Baldwin, AS. The NF-kappa B and I kappa B proteins: new
discoveries and insights. Annu Rev Immuno! 14:649-681, 1996

Front Biosci,

. Rothwarf DM, Karin M. The NF-kB activation pathway: A

paradigm in information transfer form membrane to
nucleus. SciSTKE. 5: RE1, 1999.

Nathan CF, Xie F. Regulation of biosynthesis of nitric
oxide. J Biol Chem, 269: 13725-13728, 1994.

Sermon B.A., Eccleston J.F, Skinner R.H. and Lowe P.N.
Mechanism of inhibition by arachidonic acid of the
catalytic activity of Ras GTPase-activating proteins. J Biol
Chem, 19;271(3):1566-72, 1996

Signorello M. G., Pascale R. and Leoncini G.. Effect of
homocysteine on arachidonic acid release in human
platelets.Eur ] Clin Invest, Apr;32(4):279-84, 2002.

. Kang SS, Li T, Xu D, Reinach PS, Lu L. Inhibitory effect of

PGE2 on EGF-induced MAP kinase activity and rabbit
corneal epithelial proliferation.Invest Ophthalmol Vis Sci,
JuL;:41(8):2164-9, 2000.

Menon R, Lombardi S.J andFortunato S.J. TNF- 2 promotes
caspase activation and apoptosis in human fetal

membranes. ] Assist Reprod Genet, 19(4):201-4, 2002.

. Gupta S. A. decision between life and death during TNF-

@ -induced aling. J Clin Immuno, 22(4):185-94, 2002.

Udalova IA, Kwiatkowski D. Interaction of AP-1 with a
cluster of NF-kappa B binding elements in the human TNF
promoter region.Biochem Biophys Res Commun, Nov

23;289(1):25-33, 2001.

. Punzalan C., Cai C., Schroeder RA. and Kuo PC. Redox

regulation of the rat hepatocyte iNOS promoter.Surgery,
Aug;126(2):450-5, 1999.

Glinghammar B, Inoue H, Rafter JJ. Deoxycholic acid
causes DNA damage in colonic cells with subsequent
induction of caspases, COX-2 promoter activity and the
transcription factors NF-kB and AP-1. Carcinogenesis,
May;23(5):839-45, 2002.

Darnell, JE, Jr. STATs and gene regulation. Science, 277:
1630-1635, 1997.



