AP-1
ATF-2
BSA
CBP
C/EBP
COX
CRE
CREB
DMEM
DMSO
EMSA
ERK
FBS
GM-CSF
IFN

IKK

IL

INOS
JNK/SAPK
LDH
L-NAME

activator protein-1

activating transcription factor-2
bovine serum albumin
CREB-binding protein
CCAAT/enhancer-binding protein
cyclooxygenase

cAMP response element

cAMP response element binding protein

Dulbecco’s modified Eagle’s medium

dimethyl sulphoxide
electrophoretic mobility shift assay
extre ignal-regulated k
fetal Ine serum
granulocyte/monocyte colony s
interferon

IxB kinas

interleukin

inducible nitric oxide syntha
c-Ju minal kinase/stress-acti
lactate dehydrogenase

N-nitro-L-arginine methyl ester

imulating factor

<inase



LPS
MAPK
M-CSF
MKK
MKKK
NF-«xB
NO
NOS
PBS
PCR
PDTC
PKA
PKC
PMSF
RHD
SDS-PAG
STAT
TBP
TBST
TNF-a

lipopolysaccharide

mitogen-activated protein kinase

macrophage colony stimulating factor

MAPK kinase

MAPK kinase kinase

nuclear factor-kB

nitric oxide

nitric-oxide synthase

phosphate-buffered saline

polymerase chain reaction

pyrrolidine dithiocarbamate

cAMP-dependent protein kinase

protein kinase C

phenylmethylsulfonyl fluoride

Rel homology domain

sodium dodecyl sulfate-polyacrylamide gel electrophoresis
signal transducers and activators of transcription
TATA box binding protein

Tris-buffered saline/Tween 20

tumor necrosis factor-o
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*¥h o2 T A E E dm 2 3k RAW 2647 ¢ CCYla-Cl #Fr 4]
lipopolysaccharide (LPS) 314 — % it § 4 X2 {v% #f o § B vgimie & 3|
kR A FHERN-F MG EaE R A RS- F g o ip AL
Fim A 4 m%e 3 B2 $XLF ROEEBE AP FIR
benzyloxybenzaldehyde #f#7 & = eit & 3+ CCYla-Cl it s3#47+4]d LPS 7|
#r RAW 264.7 'mrz #7514 ch— 5 it 5 42 (ICp & 7.0+ 09 uM) - @ *®
VI g aldzmre R A B E g AR R R
CCYla-Cl ei®®* #3 > 28 3. CCYla-Cl #r#]7 inducible nitric oxide
synthase (iNOS) 3¢ 1% mRNA & 3 (IG5 EA B 5 3.2+£0.7 uM %
7.9 £ 1.8 uM) - CCY1a-C1 7 ¢ #rig mRNA 4 f2 o %7 5 - £ INOS
promoter-luciferase msﬁﬁﬁ A% vP s B CCYla-Cl g;‘}é 2 INOS
promoter =1+ & NF-kB #./5 ¢ CCYla-Cl st 53 #r4] NF-xB promoter =
Mo wrd] IkB-B chs f2, ¥ IkB-oo A 223 BE >+ 2 B IkB-a
Hpa it «CCY1a-Cl € &> NF-xB &2 DNA % &> 11 2 p65 chpi g # (v % o
¥ p38 mitogen-activated protein kinase (MAPK) ~ cAMP/cAMP-dependent
protein kinase (PKA) f- cAMP response element binding protein (CREB) §
VEREA - 3:5 o gt E & ot CCYla-Cl #r4] LPS f]kE v5w?% tx RAW
2647 2 = - 3 1§ g > 55 FrflE £ TS NF«B aviE it o 2 )
NF-kB 75 7 0 Kk p 30 3rd] IkB-f 4 f£ > 0 E2 p65 chdd 45 (7% @
> NF-kB promoter %1+ » ¥ p38 MAPK ~ cAMP/PKA 4r CREB 2 j&
Pl B oo



Abstract

In this study, the mechanism of inhibition by a novel synthetic
benzyloxybenzaldehyde CCYla-Cl on lipopolysaccaride (LPS)-stimulated
nitric oxide (NO) production in macrophge-like cell line RAW 264.7 cells was
examined. In general, a large amount of NO was generated by inducible nitric
oxide synthase (iNOS), which was expressed in activated macrophages. NO
plays important role in the cytotoxicity and inflammation caused by
macrophages. CCY1a-C1 inhibited the LPS-induced NO production in RAW
264.7 cells with the 1Csy value of 7.0 £ 0.9 uM. This inhibitory effect was not
due to the cytotoxicity or the suppression of INOS enzyme activity by
CCYl1a-Cl. To explore the mechanism of inhibition of NO generation by
CCYl1a-Cl, the expression of the iNOS gene was examined. CCYla-Cl
decreased the expression of iNOS protein (ICso 3.2 £ 0.7 uM) and iNOS
mRNA (ICso 7.9 £ 1.8 uM) based on the analysis by Western blot and
Northern blot, respectively. CCY1a-C1 did not enhance the degradation of
INOS mRNA. In cells transiently transfected with an iNOS promoter
-luciferase reporter construct, CCY1a-C1 decreased the LPS-induced iNOS
promoter activity. CCY 1a-C1 attenuated on the degradation of IkB-f3, but not
IkB-a. CCY1a-Cl also attenuated DNA binding activity, or transcriptional
activity of nuclear factor-kB (NF-«kB) and p65 translocation. However,
CCY1a-Cl had no effect on the phosphorylation of p38 mitogen-activated
protein kinase (MAPK) and cAMP response element binding protein (CREB),

and did not change the cellular cAMP level. These results indicate that the



inhibition of NO generation by CCY1a-C1 in RAW 264.7 cells in response to
LPS is probably resulted from the decrease in iNOS transcriptional expression
via the suppression of NF-kB activation by reducing the degradation of IxB-f3,
but not IkB-a, and the p65 translocation. The p38 MAPK, cAMP/PKA and
CREB pathways are probably not involved.
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Riy D X B AR L X AL
B AABLBLHAB RO - PR v R AEFEPIEY > ki
TS PR AR RO G e BT R AR DR - AR BT
;?5};? Fr A gl F R i T T ke 70
FHMR e B - PRI MNP o 2R (b d B AR 3
%ﬁﬁ%)”ﬁiﬁﬂi(%ﬁﬁ%?)i O L VLR R "
P2 cn% i T % (phagocytosis) 1R B WL E o ipdt LR M K s it
B Bl FIF L o A DR R P R o B
(phagocytes) ¥ & 5 & * #F 1 - 2 5 F w3t R Kk p A koA
(reticuloendothelial system) HFE ¥ m?¢ (macrophages) @ % = #f 5 ¥%4_ 30
ik frle W 3 A4 0 & 3k k% (polymorphonuclear leukocytes
PMN leukocytes) ﬁr‘“‘%’ ? |47k (neutrophils) “‘%’ #% 143k (basophils) % F‘%’ e
3% (eosinophils) » 14 % 2 7@ ¥ % v x 3 (monnuclear leukocytes) ‘wm* o
T B imre ihlmie B¢ 7 5 3F 5 A R (secretory granules) 0 p 7 A
fApF R > VA RS EOEF 0 7 BT 7 3 M F & (bactericidal
proteins) 4 lactoferrin o 3 #3F W we ¥ 0L Wi 1Az F p d A (superoxide
radical) > ¥ & 4 i F it ¥ (peroxide) k & ¥ jic# # o pF L w¥e AIf
i f%]‘mfsk At FFLE DS °%”i&"<i§“iﬁﬁ it 7
2L ER AL -



Z ~Evgmie

J
B

g

Bt g G E Pk e % (monocytes) ¥ 5 ¥ cytoplasmic
X

extensions £17 ;X 0 FARK FEA P BT EHA S E X DB ImE o &

Al 2,

s B e e RIS histiocytese izt histiocytes (£ /3 15-18 um)
Wk R E Pistmte B4 5 hime FiRkie o B chim e 1 A
bilobate kidney A} o ¥ ehim® F® 7 3 P 4 ~ Golgi complex ~ ﬁ:j};ng .
PFHL Ry fr ¥ & ik 9 ribosomes ~ 11 % &g (4 lysosomes, dense bodies,
myelin figures, microbodies) ° fig & 2 ¢ - Eriiimiz chd L& o F
& - I cytokines s7% ¥ » 4r granulocyte/monocyte colony stimulating factor
(GM-CSF) ~ macrophage colony stimulating factor (M-CSF) & o 4 i = 34 {4
¥ Pisfliwe g r Y o PR L PN LHOT R EEE T I R

2

#e¥ > do e 4 o0 Langerhans cells » %%t <17 Kupffer cells » ¥ #% ¢
osteocalst » ® 1%#¢ 1§ % sLéhmicroglia » ™2 % alveolar macrophage ° splenic
macrophage {r peritoneal macrophage (H®] 1-1) °

F i mie B "ﬁ 7 X 7L A 5 - (1) ;év:j‘{ﬁ"*f S ;écﬁ‘)x f;‘}zr‘h)];q‘;.% S m
Fr 2 &5 B AR aime v enB e (B% 230 5400 & I e o
(2) FFRIT* — d@ e R I KRR L T ¥ (T lymphocytes) © (3) 3%
Fivr — 5 50 T ez iy o ¥ A% cytokines X 1 T fwve 2 £ v
B AL - % FHE Y e (sensitized) T fwde o (4) B4R ITF — % *é?,k
ZI G TR Eime § 28 d-0 fF (proteinase) 12 %2 4 K F]F ko R L
B4R g Ergimie L ¥ wie & 5 ireceptor kyESBEREE Y F 7
macrophage mannose receptor ~ macrophage scavenger receptor 2 CD14 o

Macrophage mannose receptor ] * # 34 t i cysteine rich domain £ i



7 =7 mannosylated antigens % & > #-v ¥ A %k ¥ B F A Macrophage

F
AR e N e gev

scavenger receptors ¥ £ i 7 jmeriligand B & 0 * F
Fer @R 3v (low density lipoprotein) (B 1-2) - CDI14 ¥ £ w7
lipopolysaccharide (LPS) (B 1-3) % & o 4 2% 'm¥ % o ¢ receptor ¥
B RAM  EEme § A2 BT o Bk R Rl kA

phagosome - #X i phagosome § £ 'w# p 1 lysosomes fk & f— A2A) =
phagolysosome ° 7 & lysosomes p erdfic 4 7 F-v %‘r 2 BEE € Hm R E A

i (W 1-4) o Eiiinse £ 507 ol (M 2 {LS s k) §3 7 F
g it e (B 1-5) « e pit {7 5 E Y pE o gx»“ﬁéf@iz—éﬂagfﬂu
7% NF PP E o ho— F 14§ (nitric oxide, NO) ~42% p d 4 (superoxide
radical)~peroxylnitrite~3E ¥ * 2 (Hy0,)~% % p 4 & (hydorxyl radical) %
HOCI % - % ¥+ /ﬂ,éwﬁaf\? Flo Vb ErEimie s ok gh 2R LA
P (mediators) » ¥ 3 * & F i 52 ’?;’ﬁ*‘fj"‘ VEAR: I O £ = g LI )
(chemotaxis) o # 3 ﬂ’c‘ L e AL RO 5 LR ’]\» ¥-v 4oiidd (antibody) % A %
(complement) 7% M ¥ Pl X R G S oo

NN B

2 -5 i % &aips

oy

-\uehy

—F Ity EA-BIEYEYHTE AD A FL T Finmie g
MF - FRF Tt AR S A EH R FERGEY BF L
Behd d o bldeA A FA I L (FulcA P2 FUR B G ) s A S
G E (Meffertetal., 1994) ~ # 554 44 ~ & ¢ 5% (% (Moncada et al.,
1991; Nathan, 1992 ) » & p & Mm% #f 2 4 - F i“ § * f£ 3

p—

endothelium-derived relaxing factor » & 5 #4 & & g #HHR DT o — F L §

A= 7 A=

A 41 * L-arginine % d - % it § & = f* (nitric oxide synthase, NOS)



(Palmer et al., 1988) it * & 4 » ¥ &g F 4 = citrulline (B 1-6) - - %
it EopFEv o 5 =8 TH 5T (neuronal) - ¥ it § & = fF (nNOS,
type I NOS, NOS-I & NOS-1) ~ p & ‘m?2 (endothelial) — % i* § & = fis
(eNOS, type II NOS, NOS-II & NOS-2) ~ 3% 3| (inducible) - ¥ it § &
= f*= (iNOS, type III NOS, NOS-III g NOS-3) (Nathan, 1992; Marletta,
1993) o v P EIEF A FAA A Ak > & 2 A7 F e chromosomal
location (% 1-1)> % 3 FA P & ie* o - 3 it § E e 2 A3
£ 7 B X B %]+ > % flavin adenine dinucleotide (FAD), flavin
monnucleotide (FMN), calmodulin (CaM), tetrahydrobiopterin (BH,) 14 %
heme > &k %2 5 J& (@ 1-7) (Marletta, 1994; Nathan and Xie, 1994) - * =
A G- F O F S EF IR F R F oo F g
£ X fr ¢ A= dimeric E A8k o Heme f- BH, 22— 3 it § & = fs
dimerization 3 B (Baek etal., 1993) - Dimeric #j s f— ¥ it § & = fis ¢ &7
B CaM % & o CaM eh® & iv* ¢34 +d NADPH ## 3| flavins
i 5 (Hiki et al., 1991; Hecker et al., 1992) o #¢ %53~ ¥ i* § & 2 fe 3 &
WAGERY oA p L - § N F L NPEG A F L e o A
—FrFEAE P L § IV AP Lwe Y AT E T4
o HpEF B X e f TG R R G & o F Tlcim e & dnve 4T R

— S v

4;%5&"3’%5%’?iéﬂtbﬁ%%;‘é'ﬁotbﬁﬁpﬁ— FiV§ &apy > - i e

WFwE L Y Mo A KA -F L EA@mE P Lwir-F 1L F &
ﬁﬁ?ﬁ¢$ﬁjﬁ%%ﬂ*§“§gﬁﬁlk°i£i£&
FMN-binding subdomain ¢ fF % 7 — £ 40-50 B 5 Aps - @ o8 i AR

¢ 75 = autoinhibitory loop (Salerno et al., 1997)> £ 5 i = CaM 3 &2
it f£% (destabilizing) > & F&E 4 ehF & " > ¥ ¥ 4 gFrf|T Fd FMN



@£ 5] heme #i®* (Nishida and Ortiz de Montellano, 1999; Daff et al.,
1999) - @ iNOS fit 4™ 87 %5 &% 5 Sfaffenimie ¢ o § e
2P EH N F LPS & cytokines 1 > € % w2 £ 1 INOS
(Fang, 1997) < iINOS Z = Fi  hpk 4 » B3 2 Lz M T3S R R
AEr o F e FEE R A INOS hE R T HEN A - §F 0§ o
¢ 3ldzimre 4 42 ML R KL% IR % (Beutler, 1989; Nathan, 1997) © # -
BE ot F i F sapre g Ly koA 4 5 M (Laskin and Pendino,
1995; MacMicking et al., 1997a) o F]pt Fr4] INOS 2 = - 5 it § > ¥ i3
B b L - B E R i fRh o

r ~ 2 3 iNOS 3 & it

# INOS 4 = a3 & (8% {;’”ﬁ\ﬂ fnPe B3 fmte 2 B endg il (54w
F ok b fljgs +) cytokines~ LA & F M2 H 2 pd AS (B9 o
"a§ ~ % pEH) ~ polyamines ~ non-ferritin-bound iron - oxygen tension ~ %
EB o pH B85 (Bogdan, 2000; Fritsche et al., 2001) - 3 4 iINOS £
FIRRT LIEF &% gt oo g e e ik R
2+ (Vodovotz et al., 1993; Rao, 2000) - Cytokines 5 d £ = INOS mRNA
3 Fev g M kA3 INOS 94 3 (Rodriguez-Pascual et al., 2000) - #
¢ &1 INOS & 7] promoter » 2 B & & 3 RN o INOS e 408 45 i+
¥ % P50 400 base pair (bp) ®3+ o ¥ 4% INOS % F]i1 5°-flanking
region KA 3 5d #4 & INOS A F14 I (Lowenstein et al., 1993; Xie
etal, 1993) 4 # INOS A F]E 3 26 exons # 25 introns (Geller

etal, 1993) (% 1-1)c iNOS A F]} 7 7 # i consensus sequences (¥ 45 £

10



BT R L nETAI]) FAd cytokine & LPS ## A FA IR o
consensus sequences % tranms-acting factors it 3% 47 A #g 8 & B INOS £
Flerdd 4 o ¥ B INOS promoter + & 7 EF S KNS R 0 A Y
% enhancer % basal promoter - % iNOS promoter } i ér%]+ ¢ 7 7
NF-«B - activator protein-1 (AP-1) - signal transducer and activator of
transcription (STAT)-1a ~ interferon regulatoy factor-1 (IRF-1) ~ nuclear factor
interleukin-6 (NF-IL-6 or C/EBP B) % high-mobility group-I (Y) protein ~
CREB # C/EBP (MacMicking et al., 1997b; Kleinert et al., 1998; Dlaska
and Weiss, 1999; Pellacani et al.,, 2001; Ganster et al., 2001) - # iNOS
promoter + F 3F F @& FF nE L imE > & 7 F kB sites & jE T
enhancer {- basal promoter } ~ & i ¥ &0 interferon-stimulated response
elemenrs ~ & j% ** enhancer fr basal promoter } 7 octamer element -
v-interferon-activated site > enhancer + (Lowenstein et al., 1993; Xie et
al., 1993; Kamijo et al., 1994; Martin et al., 1994) - 4%, %2 % %L & promoter *
3 = B NF-IL-6 % & =% ~ - & TNF response element (TNF-RE) ~ — i
NF-kB site ~ — i# Oct site ~ C/EBP ~ CRE = GAS - #ig ¥} enhancer %
¥Rl z73 ¥ - B NF«Bsite fe#ici® interferon regulatory factor binding
element (IRF-Es) - #8 j c77 iINOS # 4%t * » 5 biophasic effect k4%
- F t§ 42§ Ergimfe X I cytokines {|jpF > ¥ ¢ 51t NF-xB
(positive feedback i+ w4F %) KWMF - F it F kR > §- 3 % kR
RPN A AR (FH F A LR - F 4 § '8 X (Umansky et al., 1998;
Connelly et al., 2001) -

7 ~ IkB kinase (IKK)/NF-xB 3£ i3



% Evgimre b e receptor & FIE § P k(s 0 € 1 dmre e A 1
YR > 143 4o cytokines 37k F] 4 I (Ghosh et al., 1998; Zhang and Ghosh,
2001) » 4 42 ¢ 3 H W 4 F]F NF-xB ¢ it (Rothwarf and Karin,
1999) - & & NF-«kB # 124 & cytokines 4 IL-1 ~ IL-2 ~ IL-6 % IL-12 ~
TNF-o ~ lymphotoxin o (LTar) 2 LT~ f= GM-CSF ; chemokines 4 IL-8 -
macrophage inflammatory protein-loe (MIP-1a) ~ MCP-1 ~ RANTES Ar
eotaxin; %t¥ & &+ (adhesion molecules) +4r intercellular adhesion molecule
(ICAM) ~ vascular cell adhesion molecule (VCAM) ~ E-selectin; acute phase
proteins 4= SAA; # % A% % 4 INOS 4r cyclooxygenase-2 (COX-2)
¥4 IR o

NF-kB #2%% I @ = f > # % % Rel (c-Rel) ~ RelA (p65) ~ RelB -
NF-kB1 (p50) §= NF-kB2 (p52) (reviewed Ghosh et al., 1998) (&) 1-8) - #
pl05 2 pl00 % p50 % p52 e Spdr > 5 C-piphitfoi C-zhan
IkB-like $% 4 i {7 ubiquitin & 3 & f2 {8 &2 2 p50 % p52 &h
(Palombella et al., 1994; Orian et al., 1995) - NF-xB ™ homo- &
heterodimers 753% 3 & o NF-xB £ 7 & & - &3 300 £ JApk £ o N-
% Rel homology domain (RHD) » st J9 &4 1 mPe % ¢ &2 DNA % & ~ {7
dimerization ¥ * fri & #r4 |1+ F-v (inhibitor of kB: IxB) (Ghosh et al.,
1998) o & & fligenimee ¥ < % #ceh NF-xB dimer € ¥2 IkB % & % i
fe Y o IkB 72E= B 3 IkB-a~ IkB-B ~ IkB-¢ ~ IkB-y ~ Bel-3 (§] 1-8) -
IkB & 5 = B & { % ¢ ankyrin repeat » iz& K 7| 5 22 NF-xB & 2 % & 7
Z > ¥ d RHD ¥ NF-xB % £ (Ghoshetal., 1998) - IxB #r#] NF-xB

EMA & kg HE R C 0 oa N-3R 7 5 3 &+ i 7 domain

12



(Baldwin, 1996) - A % {ljrchim? ¢ > IkB ¢ i frfd NF-«B ¢ nuclear
localization signal (NLS) » 5= 72 ;F it e NF-xB/IkB 48 & % » @ & § &
fnrz B (Malek et al., 2001; Tam and Sen, 2001 ) % IxB #if& it I 48 &
f#1s » Tﬁ»ﬁ pES ﬁ,}? NF-«kB si"NLS > @ i p d f ¢ NF-xB dimers i& » 3]
wmiz o E Y NF-xB #“78 & gl F1& IR o ¥ “F & NF-xB & 1t i 42
Sk g IBeo A fR2 0 4 g it & F AT IBo e F]
IkB-a 7 3 leucine-rich nuclear-export signal (NES) > #711 #7 & = 7 IkB-a
ie 33 d ¥ v IlinP2 F ¢ (Arenzana-Seisdedos et al., 1997) » I A w &2
DNA % & 7 NF-xB (Sun et al.,, 1993; Chiao et al., 1994)- m IxkB-f # 2 4~
fRear R 12 IkB-ao Moo pr IR % F s A NF-xB # it 48 ? > 5
fap 2 1= GTP binding accessory protein (kB-Ras) ¢ :F# Mg & &
IkB-B ¢ specific insert domain +  (Fenwick et al., 2000) & & it 43 #ps i
IxkB efi% % IkB kinase (IKK) (Rothwarf et al., 1998; Yamaoka et al., 1998)
EiEieiTpE R (v 0 Fa (R8T NF-kB ot f @8 o 372 & e [kB-p ~
it 22 promoter =% 7 NF-xB % & > 2T % it 49 % 4_ NF-xB» F]m i
# NF-kB hF o5 - T k3 ¥ - fEwmifiis kB-a ¥ §iEjf p6s
e NLS @ p50 e NLS 1 224 & - F]24 NF-xB/IxB-o 4F & # iv & » fw¥e
Pod o e G A p6S fr IkBa N-sh 845 b ANES § 5 ¢ MATfods ¥
winre B¢ > Flm g & NF-kB/IkBa 4F & 47 € 5 § /L& 5 30 e 1%
g1 nre B2 & (Johson et al., 1999; Huang et al., 2000) (#] 1-9)- @ & IxB-f
¢ 323 M NES s (Malek et al., 2001) < IkB-B 7 12 fo P 3 e
NF-kB dimer } ¢ NLS @ ¢ NF-xB-IkB-B 4 & # i& § &lwie F ¢
(Tam and Sen, 2001) = F]p* 5 3 IkB-B g & 4 F] 5 #r] 1 M E
¥ e 3w e wmre ¢ (B 1-9) > & NFkB-IkBe 4 & 4% £ 3

13



7T e P e B¢ i |2 (Lee and Hannink, 2002) e

IKK - B4 ig &4 >4 IKKo -~ IKKB ~ 2 IKKy dimer 2% —
tetramer (DiDonato et al., 1995; Miller and Zandi, 2001) - # * IKKa fr
IKKB % catalytic subunit > @ IKKy (& f NF-kB essential modulator
NEMO) 5 regulatory subunit (Karin, 1999a; Israel, 2000) o % %z X 3|
TNF-o ~ IL-1 ~ double-stranded RNA ¢ endotoxin #1jps ¢ /%=1t IKKy °
% IKK 5 catalytic subunit ¢ > IKKB £ IkB smipe it vt gy M % (Li
et al.,, 1999b; Li et al., 1999¢c) > @ IKKo #3ina & % i iE RS9 E & i
(Hu et al.,, 1999) - IKK ¢ % IkB 4 + N-z4_F e B serine i (7ARpL 1
®% » 4 IxBa RE% 4 & S32 £2 S36 (DiDonato et al., 1996) - i& /%
fa it 8% ¢ 3§ = IkB ¢ polyubiquitination > ¥ % ¢ 268 proteosome i& {7 4
f% (DiDonato et al., 1996) - 3 3F % &7 IkB-a chA f21e% 4 # 5 3 24 &
fnPe % ¢ o F] B-transkucin repeat-containing protein (3-TrCP) > - 87 WD
repeat = F box ehd-d ¥ M PIEfL It o0 IkB-o 0 A% g iw e 4% ¢
(Davis et al., 2002) (B 1-9) - & 4 » Skpl-Cul-Roc ubiquitin ligase complex
¥ i& {7 ubiquitination ¥ * (Ben-Neriah, 2002) - » 7 3£+ %7 % LPS
Tl RAW 264.7 E w5 'we thpe > g€ #% - BAr¥ Mo IKK Jffi-; IKK-1
(* 5 IKKe) 9 2 (Shimada et al.,, 1999) - F]pt i & % 3R IKK-i ~ ¢
%14 NF-xB o IKK 4f & $ % #8413 a3 i Be o5 b e i IKKa F
bimre i) o % 0 TKK- b0 ¥ B - B IKK pinde i TBKI
(* #£ T2K & NAK) (Peters and Maniatis, 2001) - TBK1 #3335 it 43 3% &
NF«xB & it ¥ it &2 IkB e 4 % & B (Bonnard et al., 2000) -
Mitogen-activated protein kinase kinase kinase (MAP3K) #._* ¢ 1
NF-kB-inducing kinase (NIK) ™ % MEKKI1 » ¢ % it NF-xkB- NIK ¢ #

14



fi it # & v IKKa (Malinin et al, 1997) - @ MEKKI B] § % ik i
IKKB (Nakano, 1998) o F] gt % it NF-xB ¥ 7 & if B /& > A 9] &
IKKB/NF-kB B jcfr NIK/IKKo/NF-kB #./= (# 1-10) -

v A& NF-xB fiwmfbeyEp gt

308 NFB hid sl Bk p W iwie [y @ chdrd| s v
EEE > 32 NF-kB e # iT*% o p65 12 % c-Rel &0 transactivation
AR NFkB E s - B - F ST EF poS ¢ wpiphia
A4 FM @ p6S chpkfs it 4 A C-2% <9 transactivation domains (TA)
12 % N-z# 9 RHD (Schmitz et al., 2001) (B 1-11) o 514 PKA &t % & &iw
g JT Y AT e NF-xB> # =3 p65 N-z5 RHD b ¢ S276 Bapk it @ 1 4o
fE4eE 4 (Zhong et al., 1997) < IKKB it 43 i€ p65 C-#4 TA domain * ¢
S529 4r S536 mipk i (Sakuraietal, 1999)c @ casein kinase II (CK II) ¢
% S529 mhipi i (Wang et al, 2000) - ¥ ¢ H v 57 7 &+ glycogen
synthase kinase 3 (GSK3p) (Hoeflich et al., 2000 ) ~ TBK1 (Bonnard et al.,
2000) ~ IKKa (L1 et al., 1999a; Sizemore et al., 2002) ~ protein kinase (PKC)-{
(Leitges et al., 2001) % ¥4 NF-xB #4754 cnd & F|F o 8P| v P enit®
* BT p65 chERfL Tt TR ’ﬁ Mm@ KK EFitfe IkB s fza b (F
1-12) - ¥ ¢ Ras 5 d p38 mitogen-activated protein kinase (MAPK) £ j%
112 H oo dp B hEEF ok 4 p65 ehig-E 1+ (Norris and Baldwin,
1999)-Ras = PKC-C ¢ mipk it p65 ¢ RHD & /& it 451t * (Anrather
et al., 1999) - ¥ ¢t p65 crmpe it e e 3 R X FligE R A 2 b o B
H v ehpt 4 S mEph -k f2f5 (phosphatase) ~ € B33 p65S chmikph it o b4

15



A Tl 2 % P melanocyte ¥ p65 ¢ ¥ protein phosphatase 2A
(PP2A) % & > % = 3 IL-1 fljppF € i 7 p65 2 mpipe v (¥ *
(dephosphorylation) (Yang et al., 2001) o

po5 EMF 4 € X PV i che fpit (acetylation) % kP iy o dw
*z i ¥ # IR histone deacetylase 1 (HDACI1) - HDAC2 ¢ ' ™ p65 i
SrE o iEm Frg] 7 2 NF-«xB 4p i 048 7] & 3 (Ashburner et al., 2001) -
38 /p] cAMP response element binding protein (CREB)-binding protein
(CBP)/p300 22 HDAC3 ¥ & d histone e fipit &4 ¢ fgit k3 &
NF-xB Ap B ik F1 & I o § p65 Ao it BF > IkB-a B v en & 7% 4
€ %33 o m 5 HDAC3 $t p65 22 2 ¢ it {8 » Rl g W4 B & a4 >
i 17 NF-kB 4f fr4 4% w w2 §7 ¢ (Chenetal,2001) (B 1-12) - m??
* CBP &9 e N-# (7 Ap 1-450) & p300 & 5 B & e hi:
(homologous) > ¥ ¢ & p65 1 C-# (& ApL 286-551) % &
Mackman, 1997) - CBP/p300 %ﬁf dd Bi=E B p65S BE&E > - B A
CBP/p300 7 N-24 22 X gifis i e p65 C-28% & » ¥ - B domain £ gapi i
59 p65 S276 % & (Mutin et al.,, 1999) o CBP 4 Rs. 59 3 4v p65 4p B 1
A& %14 3 (Gerristen et al., 1997) - Jwip| &= NF-xB i% i3 e k17 % ¢ Z &
CBP/p300 % - Basal complex 7 7 TATA box binding protein (TBP)

(Parry and

T ¥ 1% & fpromoter (17 TATA box + -p50/65 ¥ CBP 4r basal complex
2
(=4

HrA5 R g & F L e 7 (B 1-13) o

-~

=+ p38 MAPK i %

i LPS fljgcim®e po2n & 8 Hpe 234 % INOS £ augfz? > 3 3F 5
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LR TF) S e o BB L el B 8 e e WIS E e ;ﬁ v — BB I w
¢ oo T b PR 4 F] S e F OINOS e Fl4 R o LPS ¥ LPS
binding protein fr CD14 % & 15 » € /& it tyrosine &k it o & LPS 1
H {3k vz P oste 7% ¢ 60 p53/56°" ~p58/64™ ¢ 4k it (Henricson et
al., 1995; Shapira et al., 1994) - LPS |~ ¢ & it phosphatidyl-
inositol-phospholipase C (PI-PLC) 4= phosphatidylcholine-PLC (PC-PLC)
# %7 PKC (PKC-B v -§) s is (B 1-14) > 2 E i MAPK g
e MAPK %>t serine/threonine protein kinases =7— %% o ¥ % 'w % ¢k ey
e g %= v MAPK B /& - MAPK %% &= B & 35 extracellular
signal-regulated kinase (ERK) (Nishida and Gotoh, 1993) » ™ 3 & fé
stress-activated protein kinase ° 4 %] % c-Jun NHj-terminal kinase (JNK)
(Derijard et al., 1994) f= p38 MAPK (Han et al., 1994) o & E viim?e ¥ >
LPS ¢ i& it ERKI 4r2 (p44/p42 MAPK)~ p38 MAPK % JNK (Hambleton
et al., 1996; Schumann et al., 1996) - = #& MAPK 3tic gipk it 3% v 7 2%
i 45 F]+ - ERKs ¢ % 3| c-Myc~Elk-1~Ets-2; INKs ¢ #f& it c-Jun
Elk-1 ~ activating transcription factor (ATF)-2 ; @ p38 MAPK ",ﬁ% Tog st
ATF-2 (Chen et al., 1998) ~ Elk-1 (Raingeaud et al., 1996) ~ CHOP (Wang and
Ron, 1996) ~ MEF2C (Han et al., 1996) ~ Sapla (Janknecht and Hunter, 1997) ~
CREB 2z ¢ » » ¢ 5d F it T 2 MNKI/2 -~ MAPKAPK2 (MK2) ~
MSKI1 ~ PRAK » K Eip& it #& 45 F) 3 > 802 &L Flenk i o & INOS promoter
region t 7 F #4% %]+ NF-kB~CCAAT/enhancer-binding protein (C/EBP)
cAMP response element (CRE) ~ Oct-1 ~ activator protein-1 (AP-1) ~ GAS ~
2 IREenlg & =8 (W 1-15) ° gk 585 p38 MAPK & et & v #rie®
e F 5% % (Lowenstein et al., 1993; Xie et al., 1993; Taylor and Geller,

17



2000)° 7 3% % &1 LPS #73l4= NF-kB DNA protein binding ¥ iNOS #
R - § gk ik o 82 p38 MAPK i 1§ B o @ 2hiE (4 pdd/42
MAPK (Chen and Wang, 1999)- 3 #r#1] 7 p38 MAPK /= R] ¢ &> TBP
& & 3] TATA box }+ (Carter et al., 1999) - 3&ip| p38 MAPK ¢ % 57|

basal transcriptional complex > @ "% i 7 NF-xB 354 o
A~ cAMP 4- CREB :# ;&

H 4wz b cCAMP chE ¥ UA S A FhEA IR Fwie p £ & o 4
B o CAMP i 432 & NF-xB e9E it ¥ iNOS e 4iv % » £ 5 d
PKA kgipii % I % it ]+ CREB (Walton and Rehfuss, 1990) - % PKA
Bifs i* CREB P ¢ 3 4 CREB homodimers % & ¥] CRE = % duifc+ » &
P R TY CBPE o NF-kB% DNA R 4P > §E&H vt
&Y F]F %22 & 4 transactivating activity - CBP #1450 5 #3F § #4575
B A Fd isAs ko CBP ¢ 22 TFIIB #4453 2 &> a (5 & TBP &
& (Kwok et al., 1994; Lee et al., 1996) (%] 1-16) - p65 & CBP &1 » ¢
3 4r NF-xB # 4% 14 (Parry and Mackman, 1997; Gerritsen et al., 1998) -
CAMP/PKA 30 £ @ & ¢ i& = INOS % ehit e {rdr4|55 £ % (Chen et
al., 1999; Galea and Feinstein, 1999) » e & F v m?2 tk RAW 264.7 ¥ > 1U
LPS {513 cAMP #4c » ¥ fjic— § i § ¢h2 & (Chen et al., 1999)
(F 1-17) > & RAW 264.7 sm% ¢ » LPS 314 iNOS ch& e — § it §
e g ¢ > MKK3/6 s §1% CRE 12 2 NF«B o %3 % < promoter ¥ &
it CRE =% &##& &%)+ CREB e it 5 B - COX &_& = prostanoids
eng & %% > U st ¢ arachidonic acid # % % PGH,> » PGH, £ 5§ H

18



T ¥ % 4 2 72 0 prostanoids (Vane, 1994) - COX-2 &_ COX
isoform > v € A proinflammatory f]jp 7353 11k > ¥ ¥ ARG B R
fy T ¢h prostanoid # = F B (Murakami et al., 1994; Dewitt and Smith,
1995) - LPS {lj%E eiim?e pF COX-2 en& 3+ 2 »  pFid P3| PGE, e

4 =% (Chen et al, 1999) - PGE, ¢ 5d G,-coupled receptor * & i
adenylyl cyclase » 2 2 cAMP % =it PKA (Fournier et al., 1995) o . 7g %%

B vEiwmie i f %Y o LPS » ¢ % d PGE, @ 3 4 cAMP Tk &

(Raddassi et al., 1993) -

1 ~ LPS £ LPS receptor

¥ Evime £ 7] LPS ehiflcis » &8 55 L4 4 chih 7 4
IR > # 7 tumor necrosis factor-a (TNF-a) - interleukin-1 (IL-1) % IL-6 ~
granulocyte colony stimulating factor (G-CSF) ~ GM-CSF ~ M-CSF -~ IL-8 ~
monocyte chemotactic protein 1 (MCP-1) 2 iNOS % (Guha and Mackman,
2001) (# 1-2) - LPS {r LPS-containing particles ¢ £ 3-v & LPS
binding protein (LBP) 254§ &£ 4~ - LBP & A %8¢ a0k B 5 3-10 ug/ml »
BN S EMF & (aute phase response) 6 0 dmrz ph in LBP ER €
# o LBP-opsonized particles ¢ 22 CD14 % & > & CDI14 44 5 LPS &
fnPz 3 1 i receptor (Wright et al., 1990) o frf Ft5gm?e ¢ > LPS » €44
- #& toll-like receptor (TLR) #%:% > @ 318 L X L % & Jis - TLR4 ¢ &
MD-2 & ¥ i3kehd & )47 £ 4 > 44 £ % & 3 LPS signaling receptor
17 iv  (Hoshino et al., 1999; Akashi et al., 2000) (B 1-18) - 3 % 7%= 7 3%

2% %F > LEPwe Awmetk? > LPS ¢ 5 1 nuclear factor-xB
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(NF-xB) ¢ fai& 4 F]+ (transcriptional factor) (Muller et al., 1993) -
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Bl 1-1. Evm®e chd it . A 2 514 (345 Gordon, 2003) -
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The macrophage expresses receptors for
many bacterial constituents

mannose LPS receptor

receptor (CD14)
CD11b/
CcD18

glucan
receptor

". > scavenger
receptor

e S S

Bacteria binding to macrophage receptors
initiate the release of cytokines and small
linid mediators of inflammation

lipid mediators

cytokines V@ ®

—

Macrophages engulf and digest bacteria to
which they bind

lysosome
phagosome

phagolysosome

Bl 1-2. Fefimre b it ot BY Rl m F T S A B (e
(#% 45 Janeway et al., 2001)
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O-Antigen

H
=

Quter Core

Inner Core

Lipid A

B 1-3. LPS m%fﬁ. (4§ & p Beutler and Rietschel, 2003;
Guha and Mackman, 2001) -
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47 MHC class I

. al Pruul(r:iammatory |
trigger by LPS cytokines | Microbicidal
O L6 | Tissue
O THE | Cellutar immunity
o L1 | OTH

MO and
respiratory burst

IL-4
orlL-13

Anti-infliammatory | Suppression

cytokings
TGF-f OD |
10 ™~y

FEE: —

Nature Reviews | Immunology

B 15, £ s AR AMETEw® (4P Gordon,
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HyNe T, sNH; HgNYN-OH HzNYo

NH NH NH
NADPH NADPH
—_— ——— + NO
0, 0,

+ - + - + -

H,N<" ~CO0 HaN""~ ~CO0 HN"" ~C00

L-arginine NS-hydroxy-L-arginine citrulline nitric oxide

Bl 1-6. NOS 1f2 % » & (4% p Marletta, 1994) -

26



Zn  C419 nNOS

NH,{ PDZ FAD  NADPH ’—COOH
221 980 1433

\&\m c1a4 eNOS
1153
7, ©200 iNOS
[ CaM )
1 504 537 687 716 1203
Dimer D|mer
interface interface
Oxygenase domain Reductase domain

@ 1-7. 23 nNOS~eNOS £ iNOS % (FF&-p Alderton et
al., 2001) -
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B 1-8.NF«xB £ IxkB %9 (#f4xp Liand Verma, 2002) -
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IKKY/INEMO  ,50:p65:1xBf

p50:p65:ikBa

8-TrCP-SCF complex

é‘

o} O Nuclear export signais (NES)
O Nuclear localizing signals (NLS)

B 1-9. IkB-a fc IkB-Br4 7 F ettt k3 & NF-xB a1 -

IkB-oo &2 NF-kB complex ¢ #Ffi&wki¢ » @ IkB-p &
NF-xB complex R ¢ % F ¢ (§f4%p Ghosh and Karin ,

2002) -
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canonical pathway| » KK —specific)

: 3 ~ 33 AP TN f

B /,.w NIK
p65:p50 N
st l W/ p100 (:RelB)
p65:p50 IKK \4) iprocessmg
p52(:ReiBj

B 1-10. & 875 i B2 22 [KKo/p52-specific NF-kB 7% i i /T

et & (&P Senftleben and Karin, 2002) -
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LPS IL1 TNF

\

v
PKAc MSK1 CKIl IKK

NS

5276 §529 8536
e RHD T e VR VY
PKCC PMA
CaMKIV

Bl 111 % g X F ehfilipeag + p65 1+ 3 b (B phpk 1 %
* (4% P Vermeulen, 2002) -
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Bl 1-12. NF«B

UL R

e BN

32
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(## 4% A Liand Verma, 2002) -




B 1-13. #E&F|F -~ & B Y F]+ 2 basal complex % & (4
B Guha and Mackman, 2001) -
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p65 5 expression

[ xB-binding site |

iINOS ge

 1-14. RAW 264.7 tm#e 5d LPS i iNOS A F i 12 (4
4% p Chen and Wang, 1999) -
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Cytokines, LPS

v
\

MKK3; MKK6

'

p38MAPKa and B | ——— SB203580

@
v \j \j Luciferase
ATF2 CREB C/EBP NFKB | >

CRE or C/CAAT NFKB
INOS Promoter

W 1-15. %% R imre (glial cells) ¥ p38 MAPK &d f&45it% 3
it iNOS A 7] (4 p Bhatetal., 2002) -
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Bl 1-16. LPS 1313 NF-xB & #4- %]+ 2 & (3 é&-p Delgado
and Ganea, 2001) -
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< S ——ac P —~ TK v

~
l S - / PGE,
N
p44/42 MAPK @ <~ __T 7~ PISNMAPKOmIn) o amp
-~ - |
" @@ k Tt -a v
?
(P)
OJ"‘:’ [ xB-binding site |

iNOS gene

fL

B 1-17. RAW 264.7 %z 5d LPS /&1t cAMP/PKA B3 7%
iNOS A 7] (4% p Chen et al., 1999) -
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.
CD14 MD-2

Cytoplasm TLR4

MAPKKK [ c-Raf | | MEKK1/4 | [TaKt | [WEKKd]

v \_

Transcription V¥

\
Factors Q o 0 o 0 0 G
@i i K c-Jun{ATF-2 CHE p50 | p65

= H =
SRE AP- NF-«B

—l.

B 1-18. LPS {1k ¥ 53k woe o77% 1 a4 7]+ L 2 A8
B/ (3 #-p Guha and Mackman, 2001) -
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Genes expressed by LPS stimulated monocytes/macrophages

Cytokines TNFx
IL-1
IL-6
G-CSF
GM-CSF
M-CSF
Chemokines IL-8
MCP-1
Receptors Tissue factor
IL-2 Rox
Transcription factors p50
c-Rel
Egr-1
IRF-1
Inhibitors IkBo
Others iNOS

% 1-2. LPS{|jc¥ 23k bwmoe 2 E il o751 F enA F1 4 R (3
4% p Guha and Mackman, 2001) -
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% - § CCYl1a-Cl #r4] RAW 264.7 'm* 4 & - § i* §
gy

- ~FHRFFEP D

Y wmAE LBt AP N AR R B R LY 5 @
- F R F LA R - F R F o R § O E T uE R ko
R CEBER N meh T SRS A X bl poa
Teo A B R i E g e phoAg e 4 B iiiE AT BT WA TR
- § 0 F AT dhim e AR R i R e i MR RS
BT 5 B~ FRE P Ik - k7| benzyloxybenzaldehyde #f #7 4
v &3¢ 5 R & 2-benzyloxy-benzaldehyde ¥ & i “‘%’ L R 5 <

e11 adenylyl cyclase (Chang et al., 2001) » #r+#] formyl peptide 7 I;IF%’ ¢
v k4 4% pd X (Wang et al, 2003) 2 phospholipase D e/ i
(Wang et al, 2002) o (%t & Sh4HHEL T FR L P
CCYla-Cl & § s igenfrd] LPS fliErimie 4 & - § i* § hit?* o &
LAy tdFit CCYla-Cl #rd| X BB efimee 4 & — § (* § chimre p 2 4

B E o
SRR 22

(=) 7w

41



CCYla-Cl ( > 99% ¥ &) > DMSO - RAW 264.7 mouse
macrophage-like cell line P& p American Type Culture Collection (Rockville,
MD)>DMEM - penicillin-streptomycin- 2 fetal bovine serum P p Gibco Life
Technologies (Gaithersburg, MD) - ECL Western blotting reagent 2
Hybond-N" nylon membranes B p  Amersham Pharmacia Biotech
(Buckinghamshire, UK) - Rezol "™CT reagent P f Protech Technology
(Taipei, Taiwan) > Express Hyb hybridization solution % pNFxB-LUC pip
BD Biosciences Clontech (Palo Alto, CA, USA ) - Random primer fluorescein
labeling kit p£p DuPont-New England Nuclear Life Science (Boston, MA) o
DIG gel shife kit P& p Roche Molecular Biochemicals (Mannheim,
Germany) - Polyvinylidene difluoride membrane P p Millipore (Bedford,
MA, USA) - Cytotoxicity detection kit £ p Roche Diagnostics (Mannheim,
Germany) o Anti-mouse iNOS antibody P& p Transduction (San Diego, CA.
USA)-Phospho-IkB-a (Ser32) antibody # CREB antibody f~ phospho-CREB
antibody F£p New England Biolabs (Beverly, MA, USA) - Anti-IkB-a
antibody ~ anti-IkB-f antibody ~ anti-p65 antibody % anti-pS0 antibody Pi g
Santa Cruz Biotechnology (Santa Cruz, CA) - Dual-Luciferase reporter assay
system % pRL-TK pE p Promega (Madison, WI, USA) - LPS (from
Escherichia coli serotype 0111: B4) o Lipofectamine'” regent P& p
Invitrogen (Carlsbad, CA. USA) - piNOS-LUC o Fi % 248 1 & = o

(= ) RAW 264.7 % 33 %

RAW 264.7 !wm*2 32 % % Dulbecco’s modified Eagle’s medium (DMEM)

42



2 A&RY 773 10% FBS - penicillin (100 unit/ml) ™ % streptomycin (100
pug/ml) # - B 37°C 73 5% - §F “lwmete o

(2) BlEwmei

RAW 264.7 %2 (5 x 10* cells/well) #8+ 96-well plates » [§ 32 % o
12 phosphate-buffered saline (PBS) * £ { » 4r » dimethyl sulphoxide
(DMSO) & Z4 iv% 24 ] pF o ¥ 24 » DMSO I I FF4r > 5 ul 20%
Triton X-100 (final 0.5%) 4 » DMSO #-{¥ i& i* % lactate dehydrogenase
(LDH) $#72< 0% - ¥ - ¥R 27 3 0.5% Triton X-100 » #-* & it 5 LDH
22 100 % - #- 1 7% B~ 1 v cytotoxicity detection kit (LDH) %R £
490 nm = & @ % it > spectraMAX 340 (Molecular Devices, Sunnyvale,
California, USA) o

(z) RIE-§ 5 hd =

RAW 264.7 % (2 x 10° cells/well) fa>+ 96-well plates > f§ =32 & o
™ PBS ik o e x CCYla-Cl 5% 1 -] pF{s » 4c ~ LPS (lug/ml) 7
Frimie o F g 24 ) S Plwie b ok o Mmoo P Griess
reagent K| & 32 &% ¢ 0 nitrite )k & (Minghetti et al., 1997) o #- 150 pl
e b ‘}%"}'fé v » 5 mM sulfanilamide 40 pul ~2 M HCI 10 ul 2 40 mM
N-(1-naphthyl)-ethylenediamine 20 pul > 2% T 5 & 10 # 45 - & 550 nm
TR E Rk @ endg it o spectraMAX 340 (Molecular Devices, Sunnyvale,

California, USA) -
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() BE INOS 2 512

RAW 264.7 w2 32 % % 10-cm plate * [E 3z % - Flwre £ 53
70% > 4v » LPS (1 pg/ml) flkim?e 16 | FF o 11 7ke PBS 7% 2 =X {8
Z 3 >4 r SmIPBS #lmieirT > TRIFIZS > BT me e e KIEAE
= (200 g 10 # 43 4°C) 1S #-PBS # ",ﬁ% o 12 lysis buffer (20 nM Tris-HCI ~
137 nM NaCl ~ 1 mM PMSF -~ 5 pg/ml pepstain A ~ 10 pug/ml leupeptin %
antipan) #-fw% #cd B3 4 x107cell/ml - ‘% 5425 A BT 40 50 %
e s (10,000 rpm, 30 A 4) 0 B b F i ipl & v Fov Tk R o 12 lysis
buffer # B & % Fv HE & & 2 mg/ml o P~ 100 pl 3% 4 » CCYla-Cl
(5~10uM) 5 ~ 48> fo¥tpe 22 L-NAME (1 -3 mM)’ 4 » reaction buffer (20
mM Tris-HCI pH 8.0~ 2 mM NADPH ~ 2 mM L-arginine ~ 10 uM FAD) 100
ul > A% BT i®* 3 ] PF o 4~ reduction buffer (0.1 unit/ml nitrate
reductase ~0.1 mM NADPH -~ 2 5 uM FAD)- & 37°C * & Ji& 15 ~ 45is >
4v »~ 10 unit/ml L-LDH % 10 mM pyruvate &k @&k & Ji o & {5 B~ d1 150 pl
£ 4c ~ Griess reagent ** 550 nm T P& =k B it o (Wang et al.,

2001) -

(=) BE @ ? INOS fidhi R

RAW 264.7 % 35 4% & 35-mmplate > e B 32 £ 447 FE B A o 4o »
CCYla-Cl (1~ 3~ 5~ 10 uM) & DMSO i®* 1 /] pFF{s > 4c » LPS
(lpug/ml) flgcimee o i£% 24 | pr{s > Blmie t 5k F 3§ o 14k PBS
w2 =X o 4e ~ 100 Wl Laemmli buffer (Laemmli, 1970) - #-fm% £ T >
BRI R P ke 20 Ad o JRa B FR o RIE RO FRA -
F-0 14 7.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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(SDS-PAGE) % B {4 »#& # I polyvinylidene difluoride ¥+ <72 7 5% (wW/v)
32 %o v ern TBST buffer (10 mM Tris-HCl pH 7.5 ~ 150 mM NaCl ~ 0.1%
Tween 20) “v3 1 | FFis » * INOS F88 F & K FES o 516 TBST buffer
‘}%— {8 £ 2 1:10,000 (v/v) horseradish peroxidase labeled 1gG 48 &% /8
f£% 1] pFoq* ECLreagent X 1 ip] o #%:% (¢ 9 polyvinylidene difluoride
oo 1 % stripping buffer (62.5 mM Tris-HCI pH 6.8 ~ 100 mM
2-mercaptoethanol ~ 2% SDS) # 50°C iFi& 30 A 4&ts > £ =X LEN(E o

# 07 B-tubulin FdfyEss o

(<) BlE ¢ INOS mRNA =% IR

RAW 264.7 (wm? 3z % % 10-cm plate ® > R 3 % - Fwe L83
60%> 12 PBS i* - K fs4c » 6ml &% % % kAR TCCYla-Cl B &
B3 oo i e T 1 P RiE4er LPS (1 pg/ml) flgcime »
TN A Y IEY 24 [ PF o ¥ K uid 2 5 o ki PBS ik 2
= > #- plate ¢ F/48h PBS £ # o 4r » 1 ml REzol® reagent #-im% 4|7 >
& 3 dy ez @ oh total RNA © P~ RNA (20 pg) Jk¥58 e » glyoxal mixture
(glyoxal ~ 50 % DMSO ~ 10 mM phosphate buffer pH 6.8 ) 55°C = i®%* 1
‘| ¥ (Thomas, 1980)- 4 1% agarose gel’ ## & hybond-N~ %+ - 12 UV
cross-link 2 =x > 12 20 mM Tris-HCI pH 8.0 # 60°C T3 5 4~ 48 ° 4cv »
prehybridization solution 60°C T+ ¥ * 30 4 43 > X {4 » iINOS 2%
GAPDH probe 60°C *x % [ & o iNOS cDNA probe =% & 1% reverse
transcription 7 polymerase chain reaction amplification (PCR) [geneAmp®
PCR system 9700 (PE Applied Biosystems, Boston, USA)] 4 % primers:
5’-TCATTGTACT-CTGAGGGCTGACACA-3’ (sense) * 5’-GCCTTCAAAC-
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CAAGGTTGTCTGCA-3’ (antisense) (Hecker et al, 1996) I 14 random
primer fluorescein labeling kit * 3% o 2 7 0.5% blocking reagent =
detection buffer (0.1 M Tris-HCl pH 7.5 ~ 0.15 M NaCl) “c3g » 4 » 7 $o

fluorescein- HRP-conjugate Ab =7 detection buffer » 14 chemiluminescence

ki B o

(~) #E % ? mRNA #fE 2

RAW 264.7 P23 % . 10-cm plate #» > R % o Fwme L 53
80% » ¢ » LPS (1 pg/ml) ernj;;sr:smsé 12 /] P > 12 PBS i#i 2= o 4c x

DMSO # CCYla-Cl (10 uM) # ¢ pF4c » actinomycin D (10 ug/ml) » %A
% 0~1~2+4-8 ] PFF{s 4 » REzol reagent 3¢ P~ total RNA > 2_{s#
Fack (<)

(1) #E IkB-a 2 IkB-f 4 j2% IxB-a > p38 MAPK - CREB :gifis i

RAW 264.7 m% 3 % 7 35-mmplate > *cE B 2 P B % - Flo
£ 83 80% 0 4 > CCYla-C1 (1 ~3~5~10uM) & DMSO - % 1 -}
PFis 0 4e » LPS (lpg/ml) fljgcim®e 0 2 30 &~ 48« Hdmbe b F 4 o
ke PBS ik 2 =0 o 4~ 150 pl Laemmli sample buffer > #-im % 3
T F AAEATRR IR Y kAo dt 20 44 o B B iR RIE B TR
B e ¥-v F 1 10% SDS-PAGE £ B {¢ » ## 1 polyvinylidene difluoride
B oo 107 5% (w/v) Mg ks o TBST Buffer “w# 1 /] pFFis » *
IkB-a ~ IkB-p ~ anti-phospho-IkB-a. (S32) ~ anti-phospho-p38 MAPK -
anti-phospho-CREB #u#8 & J& K #8:8 o #8818 17 polyvinylidene difluoride
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W 1% stripping buffer & 50°C jri% 30 44878 > £ =0 L o 30U
B-tubulin ~ anti-p38 MAPK ~ & anti-CREB o 3538 o

(+)NF-«B ¢ DNA 2 & iv%

e P % 53 (Chen et al, 1998) - RAW 264.7 % 1 & f

10-mmplate ¥ > [ RER o Foe L &3 80% ¥ PBS i#ie— {8 5 4e
~ 6 ml #%/% 4 » CCYla-Cl (1 ~5~10 uM) & 25 uM pyrrolidine
dithiocarbamate (PDTC) /R £353 > 2 » = % 447 (F% | /| pF o SR{8E 4o
~ LPS (1 pg/ml) fljcimPe >3~ 2 £ 457 8% 24 [ Promiz F Rl &
Z_{& s 1 7ken PBS vk =t > #&- plate ¥ §#]44PBS & 3 o4 » PBS ¥
e F T IS Aes (200 g 10 & 48) o AMkeni®z 12 1 ml hypotonic buffer
(10 mM HEPES, pH7.9~10 mM KC1~0.1 mM EDTA ~0.1 mM EGTA -1 mM
dithiothreitol ~ 0.5 mM phenylmethylsulfonyl fluoride (PMSF) ~ 1 mM NaF -
I mM NazVOy) R E3B3 B30k} 1S4 TRFREBEF L 4 r 50
ul 10 % NP-40 (final 0.5%) * /R £33 10 ) &< (12,000 g30 #5) *
R F R Bk P £ B E A 10-20 pl extraction buffer (20 mM HEPES
pH 7.9 ~ 400 mM KCI ~ 1 mM EDTA ~ 1 mM EGTA -~ 1 mM dithiothreitol ~
0.5mMPMSF~ I mMNaF - 1 mMNa;VO,) %37kt 1544 &g
REEI > Hre (12,000 g 10 4~ 48 4°C) » Bt ik 39 T p73 & -70°C
¢ o
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2) Electrophoreic mobility shift assay (EMSA)

& =2 - % i § & = fF promoter 7 kB binding site (-92 to -65)
(olignucleotide sequence 5’-tcgaCCAACTGGGGACTCTCCCTTTGGGAA
CA-3’) (Martin et al., 1994; Velasco et al., 1997) o B~ 5 ug ‘m?e % cn% B~ 4~
4v » binding reaction mixtures 7z 1 pg poly (dI-dC) ~ 1 ul DIG-labeled
NF-«xB probe~2 ul 5 & Jk & binding buffer (75 mM HEPES pH 7.6 ~ 400 mM
NaCl ~ 5 mM EGTA -~ 50% glycerol ~ 5 mM DTT ~ 2 H,0) % 30°C ™ i®
* 20 & 4Efs 0 B ATk o 4~ 2.5 ul loading buffer © 12 6% native-PAGE
KRiE 74 -4 T nylon membrane > UV closs-link & =% o f 12 wash
buffer (0.1 M maleic acid ~ 0.15 M NaCl pH 7.5 ~ 0.3% Tween 20) #£i%& 5 &
48 o 11 1% blocking buffer “c3 30 4 4&% > 4 » 1 pl anti-digoxigenin-AP
(1:10000) # 10 ml 7 blocking solution ¥ i*%* 30 4 4& - 12 wash buffer
s ok 15 & 4o £ 4 detection buffer (0.1 M Tris-HCI~ 0.1 M NaCl
pH 9.5) i#ie— =% 5 248 o & 4c » § 20 pl CSPD® substrate 7 2 ml
detection solution ¥ #%# 5 445 > 53 37°C & 15 2 4mis B 5 o

(+-) BEm%e? cAMP

RAW 264.7 i (2 x 10° cells/well) #&*+ 96-well plates » If %32 % o
o PBS Fiel1=t {8 > 4r ~ CCY1a-C 3-10 uM) > i¥%* 1 /] pFodc » LPS
(lug/ml) fipcim?z > £% 68 12 -] FF{s 4 » 200 pl lysis buffer (0.25%
dodecyltrimethylammonium bromide) &% 10 %4 4& - < f ‘w® } 5% >

| * enzyme immunoassay kit Kk jp| & m¥e p C £ °o 11 nm
1 #* enzyme i y kit & ;o] & fmre p cAMPeE B o & OD 450
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MR TR R ek B e it o spectraMAX 340 (Molecular Devices,
Sunnyvale, California, USA) o

(- =) Plasmids, ‘£#f & % % reporter # R

1) DNA % #

APPH - FHiEL 5 mlz 100 pg/ml ampicillin 2 LB ¢« 3+ 37°C
BAf¢ o 230rrpm BF 8BS o > 250mlLB ¢ o ¥ 3t 37°C
BAY o3& 16 BFoig * Maxikit (Qiagen) ®# DNA- % ™ 7,000
rpm 4°C #w 15 & 45 &k d~ 2 10 ml buffer P1 (50 mM Tris-HCI pH
8.0~ 10 mM EDTA~ 100 pug/ml RNase A) £ &5 £ 4r » 10 ml buffer P2
(200 mM NaOH ~ 1% SDS)  g=pkcds i 4-6 = fs > 3x B T T 5 445 -
4v »~ 10 ml buffer P3 (3 M potassium acetate pH 5.5) & t R £353 » T i
Mt T hkwigkdiodny Stk 20 A 4E0F S A dEdEE - o2 12,000 rpm
4°C° 3o 15 A ke B iR I ATEEG H ¢ 0 & S de 12,000 rpm 4°C
5 A& kg o M-t ik g~ Lt 10 ml QBT buffer (750 mM NaCl ~ 50 mM
MOPS pH 7.0 ~  15% isopropranol ~ 0.15% Triton X-100) T #riE 2 & 74 »
r2 30 ml QC buffer (1 M NaCl ~ 50 mM MOPS pH 7.0 ~ 15% isopropranol)
s & o £ 12 15 ml QF buffer (1.25 M NaCl ~ 50 mM Tris-HCI pH 8.5
15% isopropranol) & » 3t.s ¥ ¢ o 4~ 10.5 ml isopropranol % DNA -
*t 12,000 rpm 4°C 3o 30 A 4815 2 FFig e 4o r 5 ml 70% ¢ fif
%5 gro 12,000 pm 10 A 48 o @ TS T L DNA - 5592 15 0 w3
*+ 500 ul TE buffer » 12 U-3210 Spectrophotometer (Hitach) OD,g i8] %
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DNA z_ER o

2) lipofectamine-DNA & & j% % %

% B B~ piNOS-Luc~pNF-kB-Luc DNA 2.5 ug 2 %2 pRL-TK0.5pug
100 pul # 7w -2 o2 2 g R g w iR £353 - B~ 10 pl liposome
3 100 pl # 7 & G2 2 s A A+ lipofectamine reagent o £ #-

DNA £ lipofectamine reagent |« R £353 >3 g 2 iv% 30 4~ 45 -

3) miy kS

RAW 264.7 (4 x 10’ cell/well) f8> 6wellplate + > 2% 37C B %
PIRERE A B R R 5 60-70% FFIL 2ml Fo7 o s AR iR
- F o4 0.8ml 7 Z w3 AL well ¥ - # lipofectamine-DNA 2
&R 200l 323 GF b owell P o #imre i k 37C BA#BTRE 6
| BF o 4 ~ 1 ml complete medium (Z 20% serum, 200 unit/ml penicillin 1~
% 200 pg/ml streptomycin) I well ¥ > 2x % 37C £ a7 R RE£ - M
3 p kR ARk - £ ok r% R 2Qml) 2 CCYla-Cl R &35
J o rrRfad 8% 1 ] PFeder lug/mlLPS §jcimre » 3 3c » 12 %
#/e T 6 ) PF ik B K2 {8 0 ken PBS ik 2 =0 - plate
¥ §14 0 PBS F 3@ o 4r ~ passive lysis buffer 250 pl » #-fw 2 217 208 &
323 o ¥ cell lysates & 45 7k if f# % Bc=x {6 o £ F p| firefly luciferase

activity v renilla luciferase activity °
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4) | £ firefly luciferase 4 renilla luciferase 51

P~ cell lysates 20 ul ¥ » 3¢ ¢ » ¥ 2 » Bioorbit 1251 luminometer

# o2 >~ 100 pl luciferase assay reagent II I 3¢ ¢ iR &35 » ¥ k4%
Rig7A »~ 100 ul Stop and Glo

12 #; firefly luciferase A # eF kg o
£323 » ¥ k4 12 ) renilla luciferase # 2 %

A N
B o

reagent %

(L=2) w3 o

%3t + ¢ % Student’s f-test & k12

WU E

F %% ¥chp ! mean £ SE. & T o
ANOVA 4 17 » £ 5 Bonferroni r-test k' o £ 8 o A 455 %12 P g ] »t

0.054 5 7 i3t F enZ B o & 45 regression line % % 4= pr4] (£ * 1 1Cs

P
B o
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N

it

3

—

(-)CCY1a-Cl - § * § 4 $2 52 s 4 4

fc B LPS fljrim?e 24 ] PFiseht jiik » J1* Griess method |2
CCYla-Cl - % i* § 4 =2 8258 - CCY1a-Cl 12k & i& 3% (e g
LPS f]# RAW 264.7 (m? 4 & - % it § (B 2-1)° CCYla-Cl * 5uM
P B g dloc k(308 £ 3.6% ], P = 0.047) ¢ F kB B 4 5
10 UM 7 £ 5| 50.6 + 3.4% erfrdrc%k > ICs) 5 7.0 £ 0.9 pM « 1
trypan blue ‘m*e 4 & ;> 27 fmre 3 LDH 1 p| > ;2 » p|£ CCYla-Cl im
% 4 B S e~ 104015 M CCY1a-Cl #97 § 3 % fm*e 4 1 (4
2-1) -

(=) CCY1a-C1 % iINOS f% % i 1.2 B K

LPS fljgim®e 16 /| pFis » Bz v > 4r » CCYla-Cl B|& iINOS
FE %75 o B %A CCYla-Cl 7 € B8 INOS f % it ($Hp e & -
% i § 42.0+ 1.5 nmole/mg protein, 4c » 10 uM CCYla-C1 § % % % 43.9
+ 1.2 nmole/mg protein » P > 0.05) - NOS #r+|& N-nitro-L-arginine
methyl ester (L-NAME) 1 mM P &g #r+4] iINOS A% &1+ ( 17.1 + 3.8
nmole/mg protein, 58.8 + 10.1% #r#])> 23 mM - 5 it § 4 =& 5 145
+ 3.5 nmole/mg protein > #r# |42 & 5 65.2+8.6% (W 2-2)-

(2) CCY1a-C1 # iNOS 3¢ 2 mRNA % R2 5§
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F1* Western blot %] CCYla-Cl >t INOS Fv & o & ]
e RAW 264.7 iw% @ i ip] 7 5| iNOS 3-v % 3 - LPS (1 pg/ml) 1
B 24 o] PEiS 0 INOS 3¢ P Egeni s d &k (W 2-3)° CCYla-Cl MikR
e NFed] INOS 3-v A AL o CCY1a-Cl % 3 uM o4 & ¥
iy g2k (38.0 2 13.0% 3], P=0.016)c & & & 5 4e 5] 10 pM 7 £ 31
86.0 £3.6% crfrdiscdk > ICso B 5 3.2420.7uM -

(£ ) CCY1a-C1 % iNOS mRNA £ .2 f& 242 F 48

41* Northern blot % /p]€ CCYla-Cl %>t iNOS mRNA # 3-LPS (1
pug/ml) {1 24 -] pFis iINOS mRNA P &gend sk (@ 2-4)> 10 uM
CCYla-Cl ¥ &3 61.7 £ 6.7% ehirf]»c% o CCYla-Cl #r#4] INOS
mRNA 7 ICs &5 7.9 £ 1.8 uM » CCY1a-Cl 7 ¢ %% GAPDH A F|¢
I 0 - H I3t CCY1a-Cl #r4]m2 b INOS mRNA 7 & > £ 7 &4
4rik INOS mRNA 4 f£ o ¥ 4r » actinomycin D #74] RNA g éx & =
KplE LPS i 01248 /] FF{ScnINOSmMRNA z %1+ - B %
B CCYla-Cl % € %+ iNOS mRNA A fzie* (] 2-5) -

() CCY1a-C1 %} IkB-a. A {22 Bifik v 2 5 5K
IkB-a ¥ #r4] NF-xB % it o 1% Western blot #] 3] &= LPS 1 ’m

% 0-120 A @ B Y 0 IkB-ow A f2iE% & LPS 15030 A 4 pF s L
B it 1w (Bl 2-6)° @ CCYla-Cl %> LPS {17 fo pF A 57
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& & in [KB-o, AR 3 E B (<1294 92%, P > 0.05) (F] 2-6) - %
e r 2 kR CCYla-Cl (52 10 uM) £ 2 LPS % 30 4 48 PF #71¢ =
7 IkB-a &~ f2ic* T @ P RIS (B 2-7) F % kB che fgivH &
IkB-o0 N-:434 & % 32 4 pipc i* 7 B (DiDonato et al., 1996) o #&i&— # 453

CCYla-Cl ¥t IxkB-o ehgpg it iv* o 4§ IkB-o swipeic iv% pF >

mie & 4o » 2t B - 2 Fov FEE ST LA (20 pM MGI32) % Fr
proteasome ¥t IkB-oo 4 f2iT% o & 4| * §ip] kB-o 1% 5 &% (L e
£ o@m CCYla-Cl % ¢ 5 IkB-a mpeit iv* (13.2£3.8% Fr4l, P >
0.05) (% 2-8) -

(+)CCY1a-C1 $t IkB-B 4 fE2 § %

& LPS fljgcim®e 0-120 A 4573 5% ¢ » [kB-B 04 f2iv* & LPS ]
#r30 A EERFE S 0@ BdRT 20 P NS w4 (B 2-9)- CCYl1a-Cl (10
uM) ¢ #r4] IkB-B 4 f2 (W] 2-9) - CCY1a-Cl % 5 pM P § it ficdr |
IkB-B i fzie* (18.0£6.0%) @ t 10 uM PF ¢ B &g chdrd| IkB-B h
A% (59.0 £ 18.0%) (B 2-10) = #* & % % &7 1 CCYla-Cl enie® {54
¥ o B2 Frd] NF-«B @i iy B oo Frdlanifoi & 540400 IkB-f ~

[ T 7 dr4] IkB-os #2112 IkB-osrgipa it i % o
(=) CCY1a-C1 ¥ NFxB % & DNA z %2.‘&3
f]% EMSA %ipl® NF-«B 2 DNA % & &4 - & LPS (1 pg/ml)

Pl 1] pFenim®e » Bod) imve 2 5 B 35 » 22 DIG label s3E 4 (3 iINOS
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promoter + kB B foligonucleotide) * /& o % . NF-xB 22 DNA % & &
lrig M Agent < o 4e » CCYla-C1 10 uM B] € #74] NF-kB 22 DNA ¢

=1+ (@ 2-11) - PDTC % NF-«B egr|# (Schreck R etal., 1992) > ¢
# % NF-kB 2 p &2 DNA 1% & - CCYla-Cl & & 1 72 ¢ %3 NF-«B
% & FE o1 Western blot kX B|& p65-~p50 #& 45 3 fmre 5 chiiA) o
BI04 LPS 1l 30 A 48pFime 42 ¢ p65 ~ pSO chE E Flh % > ¥ 4
BT 60 & 480120 & 4878 p65~p50 NP ™ *% o 4c » CCY1a-C1 10 uM +
i % LPS {1 p65 i #s it r (§) 2-12) > CCY1a-Cl %3¢ pS0 il #

T% 7 2 B8 o
(~) CCY1a-C1 ¥ p38 MAPK #ifs i 2. B2 58

fmre 4e » CCYl1a-Cl 10 uM F & 1} PF{8 » 2 LPS (1 pg/ml) §1]%
0-~15-30-~60 448 - & LPS i 15 4 4815 B 4> 18 ) 5] p38 MAPK &
peit > 30 ~4ad Tl < @ > @ 60 S4Bl RRp i 2R T ' - CCYla-Cl ¥
7 B8 LPS 3142 p38 MAPK #ifis it chit* (B 2-13) -

(1) CCY1a-C1 % cAMP # = ¢ CREB & it 2§/ 5

w? 0 LPS (1 pg/ml) f1% 0~1~3~6~12~24 /] FF{s » FIR A6
| PEES cAMP R R € P &Emﬁa fv (3.4 BRI A) o g 12/ FREED B
B (S BHA) 24 ) i IR T R (R 2- 14)c lmPe 4 » CCY1a-Cl (3-10
uM) 7 ¢ #25 LPS fljcslAz i cAMP 2 & (Bl 2-15) - cAMP & 43 3% &
NF-kB 7% i &2 INOS e 51t % > £ 5 d PKA kgifs i cAMP response
element-binding protein (Walton and Rehfuss, 1990) o i&— # $£ 33 % $ 43¢
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‘m¥e ) CREB Bift i ch2 58 o fm¥e 5 LPS 1155 30 4 457% » CREB #ifit i*
ZREFE 41 A B) (R 2-16) - CCYla-Cl (1-10 uM) # 2% CREB
EEEL Y (] 2-17) o

(+) CCY1a-C1 % NF-xB &% {2 B 5

50 L iE- HendE CCYla-Cl #3F NF-kB #4475 a8 &
RAW 264.7 Eviimie e 7 2ff L - %2 3 4 1 tandem copies NF-kB
B 7| 0 i 3 F luciferase £ ¥ reporter plasmid (pNF-kB-Luc) » %ﬁ“ o
liposome i H L T 'wmre § ¢ o 1 * luminometer | luciferase %
#0 k& 57 NF-kB #4514 o LPS {1 ¥e p¥ > luciferase /5 {2 € P
Bt A fERE R Se 7 o4 2 S UM CCY1a-Cl P& € & fes > (17.1 %
3.4 %) 4r » 10 uM CCY la-C1 p¥ luciferase 775 2 € 44| (38.9 £ 10.5%,
P =0.000) (B 2-18) -

(+ - ) CCY1a-C1 %t INOS #&ri¢ .2 B 5K

%7 B3 CCYla-Cl #f° S H&E LB E o #-7 7 INOS
promoter 5 7|:# £ 3 luciferase L 7| “reporter plasmid (piNOS-Luc) # %
T g P oI * luminometer | £ luciferase evE 1> % 77 INOS # 4k
Bt e LPS flgcimie io luciferase coBfh ¢ P B ePBi 40 4.7 15 o 4e >~ 10
uM CCYla-Cl F# luciferase smo5 4% € 42 $r 4] (24.4 £ 6.6%, P = 0.033)
(R 2-19) -
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-

CCYla-Cl % benzyloxybenzaldehyde #f#74 = it &4 o & RAW
264.7 i ¢ gl d LPS s3lgFa- § 0§ 24 (B 2-1) - fFd Rl
CCY1a-Cl thimie 3 R BP Frd|— F L § chd A ¥ 2L8H K LnF 4
A3 oo @4 trypan blue (#c¥p A & ) - LDH release assay !4 %
housekeeping GAPDH A& |4 ILp| T % % » 3238 I CCY1a-Cl & 7 ¢ 51
Azlmre & Mo L - Rl E cell free e INOS fiz2 514 51 CCYla-Cl
A g gd B ard] INOS ehp st kdrdl- § 10§ 4 2 o

i# * Wester blot 2 Northern blot % /p]# INOS 3¢ 2 mRNA &
o B CCYla-Cl # #r4] INOS 3-¢ 2 mRNA 4 R o 7 3F $4 1 %
% INOS mRNA {8 T 15 59 8 4 INOS # 3R (Weisz et al., 1994) -
CCYla-Cl /273 & INOS mRNA 4 fZ4cig o Flptd 1 F 2% 7 v
CCYla-Cl #r4]- F i § 2 & /¢ d #r4] INOS mRNA #4-i5% > iEH
Fr4] INOS e R -

¥ dmre X 3| LPS fli4 s INOS A Fl4 > 2P NF-«xBE#F

I &4 d (Xie et al, 1994) - m NF-kB eE it ¢ < 3|F#r4 1+ 39 IkB
# ¥ (Ghosh et al., 1998; Karin, 1999b) > @ i A X 1] grenimie @
NF-kB ¢ £ IkB-o {rIkB-f % &2)= 72 &t ji (Baldwin, 1996)° § ‘m*z
L PP pcPE 0 IkB € BEpL (b T Reig e 2 0 i3 & NF-xB b @& 45 v
& & f promoter & 71|+ 3% ¥ 4L F]1 & J (Henkel et al.,, 1993) o &4 < =7
tch EMSA 738 5 ¢ 11 LPS flijcin®s 60 A 48P § 354 I bosh e 1 22
KB 2 &y &t o 3 AREE > & BAF &4~ 32 {8 > upper band
enie = 5 p5S0/Rel A (p65) heterodimers » @ lower band =% = 3 p50
homodimers (Xie et al., 1994) - @ CCYla-Cl it #r+#] NF-kB £ DNA %

H:
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&R F L RE CCYla-Cl € #r ] po5S P& # » $3¢ p50 ¥ 2 F2 Ko
timie B 4n B) LPS {kps € i & pS0 entr g 4% 18 % > g% (e i o
HArd 120 ~damie P cp50 2 I E P ARBFFF A 2 HRNEEFE Xia
et al.,, 2000; Zhong et al., 2002) 7 5% - Ik o d B % 32 /p] CCYla-Cl
Frdl 1 p6S g A e 5 ¥ ¥ Frf| NFxB & DNA K& - sei @2 =
> ",fah‘{— CCYla-Cl ¥ st 74| 2 v g 45 )3 » & & NF-kB promoter 4
2% > 4 o CCYla-Cl ¥ P Egdr4 luciferase e IR o

NF-kB i it eif2 ¥ %7 § fidig & IkB-a 0 fE 24 § P &
* AT IkB-a © FlIkB-ao 7 3 NES » #7137 & = 59 [kB-ou 5y 59 & Jw e %
W 3| %z B¢ (Arenzana-Seisdedos et al.,, 1997) > I & w & DNA % & 7
NF-kB (Sun et al., 1993) o § #7& =7 IkB-f A 24 &1 k{3 > ¢4 Psd chie
C-x¥mpais > T e fenE & 7 IxkB-a #74] NF-xB /% it e 5t (Velasco et
al.,, 1997) - & IxB-a £ IxB-B #t# % ehd& ¢ + IxB-a #4305 &7 NF-«xB
Peig m 5 B @ IkB-f Rl NF-xB #4145 4 5 B (May and Ghosh,
1997) - 3 ¥ % Ao 5 f IkB-a ] & > [kB-f it B~ IkB-a # it & w
e kood BT U A FE 4R 2 (Chengetal, 1998) - A A 2% 7

H I CCY1a-Cl € 4% {4 enprd) IkB-p chA f21E% o F|¥ IkB-a & &%
oW w UEP CCYla-Cl &2 2 2474 NF-kB 2 DNA & & 7% %

3% o 9710 CCYla-Cl % NF-kB 2 DNA & £ cifrd| » 7 i 8o
T IkB-B A fE o gl poS P A 2 B kB B8 TEH TR o F A
Fré s d ke IkB-a » ¥ o &2 p NF-xB & ) mP2 % > i3 &% NF-xB £
DNA % & 55 o % pNF«B-Luc # % % ‘wm?2 ¥ X p| & luciferase e77/% |2 o
IR - ;,j A e INOS A FIEARAR LR 3 2 o 2% K7
CCYla-Cl £ F = 2#r4]1 kB =¥ cgEfoc i L @iy @ o F
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T EARE R T o]0 A PRl L ¢ AMOHT HAE
Pl & engrd| it o M- E1.7-kb iNOS promoter (piNOS-Luc) # %4 I ‘w
sz @ %p|E luciferase &+ 0 3 3 INOS promoter A& $r 4] 57 B 4o e
#] kB ¥ e it > 320 3 CCY1a-Cl # iINOS mRNA % iNOS #-v 2 =
Pt B ] 2 A Rk CCY1a-Cl+ § 7 it i5d #2355 INOS 4k Flenid s
B g 1 i o

3 5875 4 1 p38 MAPK % %1t INOS A FIE & ehfe T » ¥ & 7 F it
i* NF-kB ~ C/EBP ~ ATF-2 i #* f§ 4+ %]+ (Bhat etal., 2002) 35@;;&%

7 CCYla-Cl $+** p38 MAPK ®ipk it ;2 3 #2388 - 427h] CCYla-Cl ¥ 235
d p38 MAPK EjE @ #r| T P5eniE 47 %]+ NF-kB o & iNOS promoter
# 7 CREB-~C/EBP iz B#&F]F hig s 2l - ki B+
% % 3] p38 MAPK 134 1 (Bhat et al., 2002) o % 2o & & 4 I
CCYla i & 4= € % i* cAMP g /& (Wang et al,, 2003) = & 2 =0 cdf £ 4y

2 & cAMP 3 &7 ¢ /#* NF-«kB (Dendorfer et al., 1994)< 4 » CCY1a-Cl
I g R ) cAMP & 4 o cAMP ¢ 43 7% 1 T 2% PKA - PKA £ 2

¥

CREB # # #afé v k2 & &k i - pfe (v e CREB 4 %] 473 iE 55 % ¥
T % - CREB ehghpe it (7% ¢ 3 4 CREB  homodimers £
cAMP-response element (CRE) =% sh% & 4 - % - ¢ iii& CREB &2 CBP
i & KT EH T (Goldman et al, 1997) - cAMP/PKA B /5~ € i
CREB % & # C/EBP =% @ #{+c iNOS 4 > 3142 CCAAT Box &1
o @m CCYla-Cl 7= 2 ¢ #2387 % CREB Bk it iv* o
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I~5®w

XN

+ % & ot benzyloxybenzaldehyde #g 37 & = ehit & f=
CCY1a-Cl» 5t sar#ld LPS 3ldzch— § 1 § 4 & » pLfddrd| (F% & 24

d &2 e d ] INOS % Fitm %k - CCYla-Cl #rifl- ¥
N G S d Frd) 4T NF-kB e it o i@ drd] -

\n-'

S

Fiog
Frdl NF-kB st » 7 40 4 & % p 0 Fr3] [KB-B A 2 » 12 & 2 & p6S

o A5 (5% > e &2 p38 MAPK ~ cAMP/PKA 4v CREB e# L5 /5 & B o
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70 —
60 — T

_ T ¢
50 — 1

: I

40 — %k

30 — T

Nitrite content (ULM)

20 —

10 —
4 kK

0

1
[E—

CCYla-Cl - 35 10 (uM)

LPS

Bl 2-1. CCY1a-C1 BB & ¢ 38 LPS flgme a4 - § 1V §. wi
4t ~ DMSO (control * » % = column) # 1-10 uM CCYla-Cl ie%* 1 -]
FFis4e » LPS (1 pg/ml) §ljc 24 ] PFoB~tm¥e b % r1 Griess reagent iR
£ nitrite 2 ¥ ° #Ip)4 mean+ SE. E 47 o *P <005 *P<0.0] &

control & (58.6+3.1 uM) t*fi (n=6) -
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50 —

= 7 T
5 |
S 40 —
(oF
OD —
£
o 30 —
Z
29 _
Q
: s
20 — T
iy
R |
b3
<
v 10 —
O
Z _
%
LPS - + + + + +

5 10 1 3

CCYla-Cl  L-NAME
(uM) (mM)

B 2-2. CCY1a-C1 #*t iNOS EFenf . w24 » LPS (1 pg/ml) 1
gr 16 -] P o Lysates & P~t 7k » 4 » DMSO (control ‘& - % =
column) ~ CCY1a-C1 (5~ 10 uM) & L-NAME (1 ~3mM) i£% 5 A4 -
Bl £ nitrite 2 & o #Ip)1 mean + SE.E %7 o * P <0.0l £ control &
(42.0 £ 1.5 nmole/mg protein) " (n=4) -
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CCYla-C1 - - 1 3 10 (D
LP5 - + + + +

s — — —

P-tubulin = | ——————————————
120 —

100 —

al — 2

Bl —

A0 —

1S (% of control)

20—
Hexks

|:| I
CC¥laCl - i 1 3 10 (D

LP5

% 2-3.CCY1a-C1 kR & B EBLPS kw2 2 5545 § &
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