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metalloproteinase activation and evaluate the protective effects on resuscitation injury
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Abstract

Matrix Metalloproteinases (MMPs)
are a family of over 20 zinc-containing
enzymes that cleave the various components
of extracellular matrix. Because the catalytic
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ability of MMPs needs to be activated by
metal ions, and because they could catalyze
and degrade tissue structure maintaining
extracellular matrix  protein (ECM),
including ground substances and connecting
fibers, they are named matrix
metalloproteinase. Thus, it plays an
important role in tissue structure remodeling,
repairing and destroys. According to
previous experiments, we found that histone
deacetylase inhibitor II (HDI 1II) and
cinnamophilin showed obviously inhibitory
effect on MMPs activation. We observed
that HDI II and cinnamophilin significantly
and  concentration-dependently  inhibit
MMP-9 activation induced by LPS and
MCP-1 by zymographic method. Also, we
found that the inhibitory effect of HDI II and
cinnamophilin was not due to impairment of
cellular viability by MTT tests.

According to Western blot method, we
found that wvarious stimulator-induced
expression of MMP-9  protein is
concentration-dependent inhibition by HDI
I and cinnamophilin. This indicated that
these two compounds have effect on the
protein expression of MMP-9. By using
RT-PCR method, we found that HDI II and
cinnamophilin can inhibit the expression of
MMP-9 mRNA, thus have deeper influence
on the level of MMP-9 transcription. At the
same time, we investigated the mechanism
of action of HDI II and cinnamophilin in
various signaling pathways. We found that
cinnamophilin could significantly inhibit the
degradation of inhibitor-kB-o  (IkB-a)
induced by LPS. Therefore, nuclear
factor-kB (NF-«B) may not translocate for
transcription. Furthermore, in
mitogen-activate protein kinases (MAPKS)
aspect, HDI II and cinnamophilin showed
direct influence on  phosphorylated
activation of c-Jun-NH,-terminal kinases
(JNK) activation. However, both reagents
did not show direct influence on
phosphorylated activation of extracellualr
signal-regulated kinases (ERKs) activation.
Besides, the results of flow cytometry
showed that HDI II and cinnamophilin did
not inhibit the expression of surface protein,
CDI11b, on THP-1 cells. In summary, we

found that HDI II and cinnamophilin have
inhibitory effect on MMP-9 expression, and
its main mechanism of action might through
NF-«B or MAPK signal pathway on LPS
and MCP-1 stimulation. According to the
resuscitation injury in vivo studies, we found
the functions of liver and kidney are
graduately decay by the time. Valproic acid
as function as HDI II exerted slightly effect,
though, anti-leukocyte agent, YC-1 exerted
some protective effects. It will be interesting
to further investigate its anti-inflammatory
therapeutic  profile via other related
experiments and animal model in vivo.
Keywords: Matrix Metalloproteinases,
signal transduction, the resuscitation
injury
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2-1 Matrix metalloproteinases f§ /i
2-1-1. Structure and Function

Matrix ~ metalloproteinases ~ #§ f
MMPs » & - #5440 012 7 4 (zinc ion)
& 3+ 2. -9 %% (Kotra et al., 2001) »
MMP chigit fe% 3 & B i e 1L it s
(CRRLI N E N AR S U S
(extracellular matrix proteins)siig 4 - ¥ H
B oA TR T R oG A i oen
MMPs » 57 2 5 5 F & B 35 s 4
(Stocker et al., 1995)e p #v ¢ 28 & MMPs
w k> FRATE R EH PR
o= & 4k A& = T #f : gelatinases -
stromelysins > membrance-bound
enzymes -~ collagenases ¥ 2 © MMPs >
P g 4o ¢ (Sternlicht and Werb,
2001) ° (A)~(H) &8 # i 254 A A~
% > 1By 2 MMPs B ) chdp 3 B 1%

£ 4

(A) Minimal Domain MMPs: MMP-7, 26

(B) Simple Hemopexin Domain-Containing
MMPs: MMP-1, 3, 8, 10, 12, 13, 18, 19, 20,
22,27

(C) Gelatin-binding MMPs: MMP-2 and
MMP-9 (which are focused studying in our
lab)

(D)  Furin-activated
MMP-11, MMP28

Secreted MMPs:



(E) Transmembrane MMPs: MMP-14, 15,
16, 27

(F) GPI-linked MMPs: MMP-17, MMP-25
(G) Vitronectin-like
MMPs: MMP-21

(H) Cystein/Proline-Rich IL-1 Receptor-like
Domain MMPs: MMP-23

Insert Linker-less

#75 @MMPs 3% % N-terminal signal
sequence (£ ¢! L “pro” domain) > € “U
& ¥~ ERGAA HH o < 204 SMMPs
= Tt A e 8 Ak o N-terminal sequence
¥ R H_target 7 MMPsen s s oo R o
MMPs 3 = i transmembrane domains I
2 rmte dom g E AR A IR o MMPseh
——‘t%’f#% 2230V & 5 =3 5 MMPs
¢rpro domain % pre domainz_ {$ > § L%
% latency = iy 0 i #f%ﬁtﬁ*%#ﬁ’# i S
it iy o 2 MMP-7 % b (Gaire et al.,
1994) » % - £ % signal sequence °© % = fx
% P53 erthiol (SH) group peptide » 2 — £
FEPFZELTE

e “systeine switch” sequence fr ¥ & 3

o Pro domainz 3 %=

cysteine residue f.7% i % B Ezinc B &
(Nagase &Woessner, 1999) - % proteolytic
cleavage7 & A Frd) e E B ’T} RS
M fEE Flpt @ B v e Latentd) 38 hMMPs
€ T AR AT T E
(Springman & Harold, 1990; Min, 2002) -
] doprotease i 1% % ;A% 3% 4 b ehpliR
B (conformational perturbants)4c 4v
# J2; sodium dodecyl sulfate#2 NaSCN;
% £ ff4rAu ~ Hg(Il)frorganomercurcials;
% i 3 4rNaOCl; disulfidei* & F4rz i e
glutathione;  sulthydryl = it & 4c
N-ethylmaleimide (NEM)% % - 5 3% % 1
3% 4 % 57 MMPshlatent form~ 3 p % |-
“Cysteine-switch” ¢ model
£ WS R > Cys-Zn® 2 B ehip
3 0% * ¢ & 87 o A 3 (transient
dissociation) ° %’%’ d Mot A 2 Cys22 SH
reagents i * o Cysen® A 4% T K { §
Bk Cys&2Zn” £ 493 5% » F]pt - SHEA
TARABZINTT AR A proMMPs,Tfu ¢
autolytically % ILpropeptide - ProMMPs ¢ %’g

A F G e

IR R N R
“cystein-switch” 35 3% o 28 @ > & d APMA
& H U SHai®* » (VB Mg h
propeptide ® e1Cys75 @ mL3kCys¥? Zn® 2
BFents 4 0 4r % & 0 E 1L proMMP-3 o
proMMPs 5 d APMA SHi® * rTv s 1t
R A LI S ) B I I
4ot s cysteine-switchea 3 fi Cys#

n’ 2 B el i o ¥ proMMPs ei5 4 8
& Jp eniE % (Woessner, 1999) -

"fTT 7 MMP-7  (matrilysin) -~
MMP-26(endometase/matrilysin-2) £
MMP-23 > # § 1 MMPs % §
hemopexin/vitronectin-like domain I 14
hinge # link region £ i i* domain & $& °
Hemopexin domain ¢ # 58 TIMP &7 — & 4%
T8 Fehbinding ~ » ¢ #2538 membrane
7% 1v ¥ — & proteolytic 7375 14 o (Sternlicht,
2001) - # ] %k 3 » hemopexin-like domain
¥ MMP9O & wm P & o /35 iv &
collagenase 1% 1+ £ "F’S IV S g
(Mengshol, 2002) -

%] = Gelatinases A ¥ B (MMP-2 ¢
MMP-9) 7 it % # ¢ 7 3 = B
head-to-tail cystein-rich repeats > @ 4 %44
T W4k o iz inserts #E 02 fibronection
11 collagen-binding type Il repeats > @ % &
£ collagen §r elastin % & £ *» ",% (cleavage)
(Murphy.1994; Shipley 1996) - “f gLz ks
MMP-9 % MMPs sequence * & ¥ * 4§ 3¢
% (92 kDa gelatinase B) > # hinge region
% I8 7 F M aF e type V collagen-like
inserts> @ } insert (O E & [F 15 g (AR R
Membrane-type 1 MT-MMPs 7
single-pass transmembrane domain £ ‘&
cytoplasmic C-terminal tail (4= MMPs 14 -
15~16 £ 24) # &_C-terminal hydrophobic
% 3 (Itoh. 1999; Kojima, 2000) » 14
glycophosphatidyl inositol (GPI)
membrane-anchoring signal % I ( 4r
MMP-17 = MMP-25) - iz & MMPs &
regions f— % & £ £ proteolytic events >
T & - Meimie £ 6 F 2 9 localizations
F :]grs#;,\;ﬁﬁ ZEE N e A

MMPs 1 H & # jik ¢ &
furin-susceptible site transmembrane
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domain -~ cytoplasmic  tail -~
glycophosphatidyl inositol-anchoring
domain - cysteine/proline % interleukin-1
receptor etc °

MMPs Bod=#k T & 5 - HiE & 7 4
ERY ol - e e i U R VI
BRI R G A ATE I B g L K
2wt AT R 30 - B Bl
collagen ~ elastin ~ laminin % - F]p* H %
* 5 modeling ~ repairing £ destroying °
Y 0E 0 £ & eh 4k 4 (Woessner et al.,
1991) -

MMPs # 4 3ZFRT 20 ) 4 e #
& TIMPs  (tissue  inhibitors  of
metalloprotinases) > TIMPs /&3t 4 4 3 £
(20~29kDa) hig-v B0 A & A hlme £
% @ ¥ membrane-bound F-v FAp B o
T oA 39 & - Mendrd]iE A & e MMPs
(Baker, 2002) o p % ¢ % w f& TIMPs 4%
J(4c TIMP-2 ~ TIMP-3 £ TIMP-4 i &
membrane 7 ;8 e MMP-14 2 &) > % e e
TIMPs $t* 7 [ cOMMPs #r] i 4 » 3
£ %] o & f& TIMP % MMP L {c 4 »
3“7 % F (Brew, 2000) » 4= TIMP-1 &
MMP-9 &1 & Fr ]3] - TIMPs 413> MMPs
e B G - fEip g R BRI
#% #1(Curran, 1999) -

3 5 HILe 3 T > MMPs 7

"

PHFITERPE S o & 32T embryonic
tissue morphogenesis - tissue repair

angiogenesis atherosclerosis - arthritis -
gastric ulcer ~ tumor invasion ¥ metastasis
% o MMPs 7 & fm¥z ¢k ZLH ECM A frk
H (extracellular matrix) £ components & 4,
1R e

- A g 0 AR e B gR
A %2 MMPs 4= HUVEC (* #55%% % & 42
N R e 0 A& F 1Y constitutive A i
7 MMP-2 % i (De Lorenzo et al., 2000) °
Mgt A E P mie A Eime > H
&% a & 12 inducible e MMP-9
a o %‘% d g3 base membrane & ¥ 53k %
H 3 & % (extravasation) (Lepidi et al.,
2001) -
2-1-2. MMPs and Disease

B8 o g

extracellular matrix 4 f#(degradation)£?
i3 48 (repair) 2. & e frfd o @ v Bk i
fi¥ % # extracellular matrix = degradation
7 rate-limiting eh— F o B MMPs
&5 © AL 5 B degrade collagen £2 H
extracellar matrix + 4+ P /% 1 40 % £
& 4 ¢ (Loftus, 2002) ° i ¥ MMPs ¢ 12
MERDARE AT F S AP -5 F 1
¥ o2 L= & e remodeling process A2
P s MMPs 0 € P ¢ 32 - MMPs & 1§
v g i L L Ap B (Wysocki,
1993) » ie & ¥ extracellular matrix ek 3%
“rig e v AR > R L 5 e
JeeF fdth o %~ B8 MMPs 4p b s
I )’jﬁa{rheumatoid arthritis (RA) -~ 3k $£5% i
g% F > d collagen #7k = engc ¥ ~ # 2
e = 4 MMPs- 4 %] &_ collagenase *T
destructed (Elliott, 2001; Brinckerhoff,
2002) - ]yt » & arthritic diseases = &
MMPs e &4 ie z £ - AL & sk
B # (Mengshol, 2002) - ¥ ¢F MMPs & %
£2 7 cell growth ~ invasion ~ angiogenesis ~
atheroma ¥ cancer metastasis (Visse, 2003;
Chang, 2001; Egeblad, 2002) - MMPs & #
35 % 4 e cleave matrix £ protein 0 F]
#t > tumor-expressed-MMPs i{ & ECM ¥
F B Z R tumor ‘o &¢ il i basement
membrane iE 7 #& 45 - MMPs % metastasis
e development F F]m 505 7 £ & chrt iy
(McCawley, 2000) > 7X@ » — 4@ 3 > &%
# tumor 7)== ) & > MMPs 174 JLE € 3
% o M f invasive ¥ metastatic 7 tumors
o X F{REREL FMMPs 23 -
d gt ¥ A BT 4 fr5 tumorgenesis (FE
£ MMPs #% 27 & e T4 = 5 *MMPs
& LARR V IF 2 3F 4 tumor type
prognostic  indicator  (Stetler-Stevenson,
1996; Massova, , 1998) - %] 2 MMPs %2
7% 2 % M g tumor A5 & (tumor
establishment -~ growth ~ angiogenesis ~
intravasation/extravasion £ mastasis) * #r
MMPs % e 3 e anti-cancer F » %@
WinE A€ & (9 implications (Bergers,
1999; Pupa, 2002) -

MMPs - #* lung diseases * & (Lim,
2003; Kelly, 2003) » » 5 BL% 3| MMP-9 >



3 W B AR IR oY F R & asthma
I ® > inflammatory lung cells F]4& {1
@ 2 4t MMP-9- %5 d cytokines £ matrix
bound growth factors 3} #7 > MMP-9 & m
modify fm?e chxs it o By f3 MMP-9 A it B
Bpgpt ok d Fla gajpy £& > d 30
broad spectrum 22 & — M edrd|FH A X
2 15 > #-¢ j¥_bench knowledge # ¥ = T&
B ez % (Atkinson, 2003) °

MMPs A 3% & 82 & Hp afs Rk & R A 1L 45
H.(plaque) 3 & 3 B o Plaque «H7) = ¢
314 o %2 ¢ migration £ proliferation ¥ 3%
M7 1 extracellular matrix 3 4v - &2 MMP-9
# B & basement membrane F] @
degrade » m i&_i# vascular smooth muscle
cell <7 migration £ proliferation o d
macrophages #7§# < 1} e MMPs #7ig = e
matrix degradation A& 3% & £ 4+ fifi sk &
O B S A L W S (- o
(atherosclerotic plaque instability or rupture)
B §_# %% (aneurysm) ) = e B 4 o
atherosclerotic plaque =477 - 4 Aty e
| 3¢ (fibrous cap rupture)®_ff 2 coronary
thrombosis {- #& & % 1+ coronary
syndromes 7€ & F¥]% (Dzau, 2002; Libby,
2002; Loftus, 2002) - @ iz f&k p >
plaque rupture 75 2 Ficg 3~ F
macrophages % J& 93 v ~ collagen 77 loss
I 2 %g ¥ tensile strength = - (Mann,
1996; Chase, 2002) - 3 & § & * #
atherosclerotlc plaque £ - lfL kel :ff" 5% A

% ® F#RF MMP-1-MMP-3 £ MMP-9

_'rﬁﬂ’ ¥ % 3 (Loftus, 2002; Henney, 1991;
Gails, 1994) o d % MMPs &40+ & £
g3~ X FMOEHE BN matrix A=
local destruction * @ £7 plaque %3 4, 4,
10 B (Zhang, 1999) - F]* » %ﬁ— d #r+4] MMPs
d macrophages ¥ 3 > if & 3 & plaque

B fEE KA E T MMPs 3B g i
A A LR DET o
chemokine MCP-1 £ ‘w¥ % 4r'w ;;] ERN
44 (LPS) 32¢ flj & % & MMPs i
dokng AR eEAfE T LR
et R SG T -
2-1-3 MCP-1 4 5 23k 2_ i %

MCP-1 - fAHE Pk e
chemotactic &7 ré it ¥]+ (activating factor °
4 # MACF) - MCP-1 5 chemoattract ¥
Ik fmPe chgy 4 o %2 b s A in vitro
T > MCP-1 B ¥ 1 F i H 4% 5 'm ve
(Mantovani, 1999) » A JE fm®e thid H %
cytostatic s f& > & H ‘n*2 JT i free calcium
LI A R B A el s L T ]
ey S T B H Pk e e
lysosomal fi¥% - B o ,&ﬁ@)l%ﬁ#% 4 A
AR HE Piskimre @ > MCP-1 5 3 #2047
=+ (adhesion molecules)frim?e gz A& 4 %
B o # 2 5 MCP-1 B 7
chemoattracting ~ % 1* I 3% ¥ histamine &_
V* #1209 = Zf (basophils) ¥ f-3c ik o
MCPI ENEAS LD = A0k e sk S-Sl 'fr’;é
g A ek L M o B ke
0w IR EX B R DBES EHFR
(McQuibban, 2002) ~ { artherogenesis 71§
T2 2 F L R ehd ¢ (Terkeltaub,
1998) ~ delayed hypersensitivity £2 % i- ¥
Yok bmve ¢ dn¥e grZ o0& s (Reape, 1999)
EFE2F B MCP-1 2% &2 MIPl-q -~
RANTES ¥ MIP-1 5 % & -CCL2 (MCP-1)
22 CCL3 (MIP-1a) ~ CCL5 (RANTES) %
CC Chemokines > ¢ 3¢ H % 1§ ‘w e
MMP-9 3% (Robinson, 2002) -

m MMP $#3tH P an@l 348 &
cancer ~asthma £ rheumatoid arthritis (RA)

ST A ¢ RS R o A B g 4
5 b chemoklnes € ¥ 7 1 peripheral blood
lymopocytes 7 MMP-9 » @ £23¢ L F &3
B chim e ek 4o TNF-a R €
"2 2% 28 1 MMP-9 ; @ chemokine £ ;'%’f’ﬁ
MMP-9 R % F autocrine TNF-a 775 & o
Chemokine ¢ i# = ¥ %3k % {- THP-1
fnfz ¢ TNF-a mRNA fri—v F #3248
W o4e o FR@m > #3° chemokines 7 H % 3§
foPe e MMP 3 55288 4] B 2R v dib o
AR AP HEHESZT MCP-1 %
THP-1 Mm% enf] e (5% o
2-1-4 LPS

"5 % pE %8 Lipopolysaccharide (LPS)
25 wFM M F 2 (endotoxin) € FF 4
OHE oo 204 O OF S
pro-inflammatory mediators (Guha, 2001;
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Netea, 2002)> 2 # & 3£ 7 pro-coagulant 4
+ tissue factor (TF) 22w jgr2 '8 3 5
5]+ TNF-a - LPS & & % 4 % Behp F
% TR N IE 12 (gram-negative)
wmre REY o w7 fEPF 0 LPS €A 12
9 (Raetz, 1986) - #0H iF < 21 F
(gram-negative bacteria) g %4 > LPS ¥ §
T8 - a8 L F Behi & REE > a toll-like
receptor 4 (f§ # TLR4) R st %@ 5 #
7 ¥ 4t 0 = 2 (Kiechl, 2002) o A #g el {5
3% im v $15Y LPS cnfi s B g ¥
FReA 43558 Lhmre gk o LPS ¢ &2
LPS-binding protein ( #§ # LBP) & plasma
PEL T BED % £ 5 1 CDI4
receptor © #% T k LPS i ¢ AL #E 3 1
transmembrane ¢ signaling  toll-like
receptor 4 ¥ LTR4 ch¥igse 3-v MD2 }
(Guha & Mackman, 2001) - LPS #4>* ¥ %
B Esme £ - G 4 ks A
(O’Connell, 1998) > ¥+** host fw?z 7 &
1+ g7 if; TP E e %E} 7y hdyke
e LPS ehi + 88 g LA T
s kTS e U F R
Aeie g oo D ATe 3 2 (Guha &
Mackman, 2001) - %] LPS ¥ {1 ¥ %35k 1
3 TNF-o » #4343 MMP-9 2. & 3R >
AAFEY A PR LPS ¥ THP-1
YO - R

B AR RY o B e )
Rilenit * b BAF R 5 o bt RHEHE
HE#2 8 L3230 F 530 HET

& f6 0 A P g m - Cinnamomum
philippinense #r % B t X R P
cinnamophilin f=  HDI II (Histone

Deacetylase Inhibitor II) ¥ MMP-9 5 P &g
| e o
2-1-5 Cinnamophilin %372 ;5 |4
Cinnamophilin ((8R,8’)-4,4’-dihydeox
y-3,3’-dimethoxy-7-0x0-8,8’-neo-lignan) >
% # MA-1 (Figure 1) » & - f& d
Cinnamomum philippinense © #1% B~ &
X R4 > ¢ A Fr €3 free radical
scavenging capacity (Hsiao, 2001) » I ® £
RN E G oy e R 00 F T
ehig % o A & 8 ghin vitro model > # ¥
FALTEE YR e 4 o

i3 7 7 4 I (Cheng, 1995; Yu,
1994) > &7 7 invitro A #gplatelet ~ & 3t
s B E R S R 2R F Ein
vivo /) R ¥ X 2 R g g % ¢ o
cinnamophilin 232 M4 1T % & 5 5 )
Thromboxane (TX) & = ~ & %7
voltage-dependentd 3+ i 3§ chsg * > B 5
TXA; antagonizing 7 i *
cinnamophilin &_% - 8 :E # 1 HTXA,
SRR PR 3 2 R A F I TX S
= 3 fc o F] Yt cinnamophilint 32 5§
finovel 1 TX £ TXA,fF & #r4]# (dual
inhibitor) » TXA, ¥ - #&d = j&platelet
arachidonic acid (AA) *7T A 2 h i &
cyclo-oxygenase # 4» - TXA, & - fazL¥
3 »xefplatelet aggregator > vasoconstrictor
22 bronchoconstrictor = %] #* cinnamophilin
AL E AT B Ie 2 TXAy A M B
TEFARLZ oA R oo af R

ischemic &7 model » (Cheng, 1995) -
cinnamophilin  { & g [ & - H

reperfusion #7ig & enif T o @ B ¥ -

A F P 5 (Su, 1999) cinnamophilin & +
B w B ¢ 1 ischemia-reperfusion
arrhythmia model % 3 ! antiarrhythmic 9
fo 4 5 Frdl e ok SR engacurrentfre R
ER4h ¥2 4T current o
2-1-6 Histone Deacetylase Inhibitor HDI
|| @zl 31004

Histone  deacetylase  inhibitor  1II
(m-Carboxycinnamic acid
bis-hydroxamide) » #§ = HDI II (Figure 2) »
Platse s £- fhf 2ed g a2
transformed m? 4 £ B ¥ ¥ id & k2
ek b o % A ¥ 11 neuroblastoma w F@
¢ 5 B € %% CD95/CDYS5 ligand eh4 &2
apoptosis ° Histone 77 acetylation 3% 33
transcription * ;% ¥ £ & (04 ¢ - Histone
acetylation =742 & #_i%& P& histoneacetyl
transferases (HATs) - histone deacetylases
(HDACs) i&# faf% % families sr/& 4@ iF
# ¥ (Archer & Kurdistani, 2003) - v &_%
d #i#] chromatin P e m & H A3
transcription ¥ gene % JL o Histone &_%
= nucleosome 73 & F-v F = 4 - histone
22 DNA #p 3 % @ A5 nucleosomes °



Nucleosomes ¢ 7z 7 ¥ % i g & DNA
phosphate  backbone = ¢ %  charged
hypoacetylated histones > transcription » %]
@ A Frd] o % histone acetylation P » i%
#& % charged ek & & 4% ¢ o >
transcription factors ~ # 37 ¥] + & RNA
polymerases - & 2 =3 A 4 B 3 h
DNA ,3‘5"-1%_’ i¢ transcription & {7 > 4p Bf e
gene » 1 it A4 (Marks, 2001) -

- 4@ % > histone 7 actylation §_£
transcription :factivation 3 B#; @ histone
deactylation R| £  transcription i
repression 4p B o E_F histone §
hyperacetylation # deacertylation RB|4% 3%
5 E e & - Mehtarget gene FOM o 4o
hydeoxamic acid-based histone deacetylase
inhibitos ¢ *I4| tumor ‘w2t £ > T ¢
EREMOT fgene } A BFAH2%
tumor m¥z i1 gene % IR (Kramer, 2001) °
BTy é}%k:}% 4 » 3 3 % malignancies
# w| §_ leukemias > £2 % I ¥ ¢ histone
deacetylases (HDACs) # #_ histone aceyl
transferases 4 EP300 7% % 7 B o &iT
7 ATEEMAT T B g I HDAC il
A Bty s R cancer b B2 — ARFUR EE 40 4P
Foo A5 G oRdin g B BRI R
e i (Batova, 2002) < Histone deacetylase
inhibitors 7 F & %f <9 transformed %z
® > & §_# tumor-bearing fds e P oo ¥ i
7 rxenslde 4 £ Bk~ A i 2 E_apoptotic
pow ¢ 3 — & histone
deacetylase inhibitors 4- FR901228 -~
oxamflatin » hydroxamic acid-based histone
deacetylase inhibitors MS-275 ~ SAHA
pyroxamide -~ £ m-carboxy-cinnamic acid
bishydroxamate = (CBHA-HDI II
synonym) % £ tumor #p B et F 5% A
g 7§ ¢ (Marks, 2001) - # % 45 41 » CBHA
% F A # neuroblastoma £ f& A # 48 0
nude ¥ & ¢ » AL - {3 skdn
tumor # & dr 4| A (Coffey, 2001) -
CBHA ~ SAHA £ pyroxamide # ic 3 v
#] tumor # £ > § v P0G sH B AEF B
PHETA AL 20 b el R
3 @ 3 4 pF > Histone deactylase
inhibitors ¥ € i S ikE > A H TG B3

, .
wm o Pe v = o

M ehA 4 o Ailenberg %7 3 % IR » histone
deacetylase inhibitor trichostatin A (TSA)
¥ OLE Pl endrd] 3T3 Mm% ¢ gelatinase
A & & E i o Gelatinase A mRNA fv
gelatinolytic =hiE {2 gtk Jh 7 dose-related
Fbgiv o @ H s gelatinase A activating
g & 4740 MTI-MMP 4e TIMP-2 R]i2
3 % ¢ (Ailenberg, 2001) -
2-1-7T A FIA R AL BRRE
Nuclear factor-xB (NF-kB)

Nuclear factor-kB (f§ # NF-kB) » >+
transcription factors #3%¥ gi—- f o < /]?e
ip 1> NE-xB £ Activator protein-1 (AP-1)
er1binding 1 4 #f fr & + 7 smooth muscle
cells ¥ dermal fibroblasts *# i fﬁ_ =
MMP-1-MMP-3 & MMP-9 2 upregulation
(Bond, 2001; Bond, 1999) - @ #_ % #f
macrophages {v # =+ 7 foam cells * (Chase,
2002) F L2 ] T NF-kB 2 MMP-1 4¢
MMP-3 ¢4 &4 B o NF-kB 213% § fo3
X F Jstp B chgenes % 33 M (Feldmann,
2002) » # &) k3 > f arteriosclerosis lesion
A5 & g4~ 3P (initial phase) » 3% % & p A 'w
2 ¥ % e proinflammatory genes (4~ LPS
(O’Connell, 1998) ~ TNF-a ~ IL-1 %) v
i"* proinflammatory receptors 2. & 1% * 3%
%_ NF-xB dependent - F $% A 3™ kb
lesion progressing phase ¢ - 3 9 i If
monocyte = infiltrating %% » -3 3R L
B N F AP M e genes & TR o @ ip it
genes ¥ €_ NF-«kB dependent 3(Martin,
2000) - NF-xB €_4 Rel A (p65) ~ RelB ~
c-Rel~NF-k B(p50) ¥ NF-xB2 (p52) #7ke
oo {4 Jﬁ 4w Z_d  inactive precursor
molecule p105 £ p100 #7 & = - NF-xB
7% = A B & 3£ 7 inhibitory subunits:
TkBa ~ IkBp £ IkBe ° NF-kB subunits 25 =
7 homo- ¥ heterodimers > @ p65/p50
heterodimer #_#. predominant = - NF-xB
Zd b Joen— 1 stimuli ¥ inflammaroty
factors (4= TNF- o ~ IL-1 ~ LPS ~ advanced
glycation end products (AGEs) -
hyperglycemia ~ plate-activating factor ~ sheer
stress &) {12 12 (Pahl, 1999) » IKKs ¢
phosphrylate TkB o » ¥ % polyubiquitinated



22 proteosme 7 complex system {F#* T AL
degrade # o IkB que7 degradation i@ &
NF-x B translocate | nucleus ® & — #* 3
F_eh#k F]iE {7 active transcription °

hitk B E > ¥ 5 g7 NF«B
pathway %5 + 03 & (% * (modulation)
FF R BH S en @A o F % T NFk
B fich g i inisdle 50 AT
# ¥ (4o Decoy oligodeoxynucleotides
(ODN)~1kB _ mutation Ik B gene transfer)
T #32 + NF- kB pathway ¢ 3+ % 3 chdir
#]#|4- NSAIDs -~ proteosine inhibitors ~
glucocorticoids % (Zingarelli,2003) -
2-1-8 Mitogen-activated protein Kkinase

(MAPKS)

Mitogen-activated protein kinase
(MAPK) = 7 d % & & |7 p chi
BLL BERE o SR LL B ER
AEAFREITLLEY 2R > T AF S on
77 mammalian ‘im0t T H o H 9
A5 ORIEF T~ fme ek b s b el
= (Ip, 1998; Chuang, 2000) - ¥ ¢} A &
b2 5 > MAPKs P& R T #rer &
BWHRE % 9F &7 B (English, 2002) °
MAPKSs &>t serine-threonine kinase f% % -
i & 1 mammalian MAPKs % extracelullar
signal-regulated kinase (ERK) ~ c-JUN
N-terminal kinase (JNK) ¥ p38 kinase °
MAPKs ¢ 5.9 Thr 22 Tyr 0% B ahfk - #
A4 FH o - #8 7 MAPK kinase kinase =7
protein kinase ic $3 ik it fois it — fas §
#8.7 MAPK kinase (MKK) > » %]}t gz i
B iv 0 T e E - B MAPK
translocate i » wmPe 4% > B¢ & F) S
AP-1 erjg v 22 L F)end IR o

- 4@ 5 o — & growth factors ¢ i it
ERK &2t & @ iR s > felwie cnsd 4 R4
WO AT ek 0 (Hills, 1995) - 4p &
10 A FlF P e ek € T INK &2
p38 it 4, @R T o @ yE stress eE
&~ A & 124 & apoptosis - MAPK &4 12
bt L IR R BT T R AR e
fm¥e o U Ay A hihik B R adE B
£ 4 347 in e ehik T4 o e ERK ‘24
P i ¢ R mre R4 > @ it
PR BE 4 R RS g

[N

»Em

(Alblas &Yen, 1998) - fp¥tm 5 > JNK £
p38 ‘BAT LA PR R w4 g Hi
8, 0 2Rm o 3F M aniE (Y e apoptosis £
#% 73 M (Guo & Roulston, 1998)° 3 # 3
:}}5 215 LPS # 4 H 53k w2 MMP-1 14
4 §d ERKI/2 2 p38 chzd 2 o @ 43t
H 2 3k 4o %% ¥ 4 % & 4w %% (primary
astrocytes) MMP-9 1 & 4 | 1 & 54

ERK1/2 &z 4 @ 3§ i j¢ (Lai & Lee,

2003) -

2-2 %P
AR HRY o A E Pk
THP-1 % § %% m % > ;g 2
cinnamophilin ¥  HDI-Il % % % 4

MCP-1 £ LPS #1351 3} & 3£ % 2. MMP-9 &~
RPN e gl S I B - S L A
Zymography ~ Western Blot #2 RT-PCR %
FHRFEF T ELEEE MMP-9 3o F 2
mRNA =% > 712 MTT Assay L% w2
TFIEX A, o @ 2 AN PEE T 2P en
BT o 2R RFE- O
f% cinnamophilin 2 HDIII % 'w® 21§ @
YRR T 4o MAPK 2 NF-xB % #5408, 58
R o ¥ ;‘ggl im Pz £1 migration assay °

AP E R T MCP-1 #f induce &0 'm %@
migration {535 o Hp 3F i 43 %% d YC-1 ~

cinnamophilin ¥ HDI II #f i iT * %
valproic acid % # 4 2 =3 > 2 MMP
M ARIEE kol s {0 DR T

BB W IRT R AR R ST A o

ERR AL i

31 2%

3-1-1. 4 33 Cinnamophilin £ Histone
deactylase inhibitor II (HDI II)%$} % #z &
3k moe (THP-1)12 LPS & MCP-1 #73%
3 ¢ MMP-9 % % 7% {4

d 2w e 222 flEy T
MMP-9 # & e % IR iE 2 g0 gelatine
zymography2_ = j* » KB 71 kR 2. B
"L R & 4 % LPS 22 MCP-1 #1733
MMP-9 #THP-1 w? ¢ g’ 58 o 24 2
T A THP-1 P2 ¥ & Wb 3 2 F kR &
MCP-1 22 LPSEJE 24 /| pFis » rlgelatine
zymography == /2 LR F IR e L B 5
1x10%mlpF > 240 ng/ml:MCP-1 £ 10



ng/ml<HLPS it 3% % MMP-9 (2MMP-2) %
THP-1 ‘m?e ¥ P Egend > 2_ 18 » (R IE
£ £ 4¢ *2 cinnamophilin & HDI 115 % 3 -
d gelatine zymography=n= ;2 % 3 > " ¥
cinnamophilinjk & (1 uM ~ 5 uM ~ 10 uM ~
20 UM ~ 50pM) > & £ HDI 1T (0.05 uM ~ 0.1
UM~ 05 UM~ 1 uM ~2 uM) 3k B 53 % o

MMP-9 & e T R B 0 @ Ak fr
#] & I % (concentration-dependent

inhibition) - Cinnamophilin $MCP-1 {1 i
* e A (In %)4 B 5 33.8 £16.1
% (5 uM) » 47.3 £17.7 % (10 uM) » 68.5 +
29.9 % (20 uM) > 189.9+16.8 % (50 uM) -
Hprd] 50 % F kR (Cso) s 11.6 £3.0
uM (n =3 Figure 3) ¥ *} » cinnamophilin
FLPSH| i * chyr|F & v (In %) & %
% 27.6 £4.45 % (1 uM) » 42.2 +11.5 % (5
uM) > 60.5 £14.7 % (10 uM) > 92.9 +9.7 %
(20 uM) - H#r4] 50 % F Rk B (Cs) 5
8.1 1.5 uM (n=3-4 - Figure 5) - m HDI 11
$FMCP-1 Fcie® endrd] F A0t (In %) A
B 5 154 3.9 % (0.05 uM) > 32.5 +2.4 %
(0.1 uM) » 61.2 ¥9.4 % (0.5 uM) » 87.5 +
127 % (1 pM) » HFeq] 50 % &~ kR
(ICs0) 2 0.37 +0.04 uM (n = 3-5 - Figure
4). ¥ - * 5 > HDI II;%’%LPSﬁI FOIEH g
# | A (In %) & % 5 23.4 £7.9 % (0.05
M) 38.018.7%(0.1 M)-63.1 £159 %
(0.5 uM) » 92.8 +14.1 % (1 uM) > H Fr]
50 % & Bk R (Cs) % 0.43 £0.16 uM (n
= 3-4 > Figure 6) - & # £ LPSz" & MCP-1
% THP-1 ‘m?z ¥ WJE’?? MMP-9 % i 4k
cmnamophlhn AHDIII% &gk g+ 2
AERERR YL E o -
concentratlon-dependent inhibition °
31248 7 E i 0t B 35 I e B
% 7 ¥ P cinnamophilin£? HDI HEﬁ iz «17'
¥ THP-1 ‘wP2 ¥ MMP-9 5 1 cndr ] 1
2L 51 4= fm pe R0 v ™ %E%MMP@
AR D o AP 9 MTT assay:ih—
o # 1x10%mlsin ¥ 8 & 24 well® > 12
cinnamophilin (10 uM ~ 20 uM ~ 50 uM) &
HDIII (1 uM ~ 5 uM) a2 22 - g » £
Sv x MTTEEB| EID fmbe 2 | PF o 1375 e
ﬁﬂh?f_g'?a?ﬁ pPEEE ¢ HMTTRE R R R~

"‘L_‘:

10

formazan¥ ¢ % & o 2 (& £ 4r » DMSO%
3.5 8 12 550 nmip| B ek (B e 25 S
Z P2resting ot 28 U A W AT
(Figure 7) o #% i F.cinnamophilin & 20
uM (69.3 +12.7 %) % 50 uM (81.5 +8.0 %)
PFfme R EF ] EFaRE s LAk
A2 ERX & -HDIIIA 1 uM (89 +
112 %) Ptmee i d g B
BERMI S M85 159 %) FFo 9B
B 15% e s o
3-1-3.3£3+ Cinnamophilin £
MMP-9 75 4 4 2 5 {2 35
% ® & #-cinnamophilin £ HDIII 4v »
reacting buffer ¥ 32 % > £ & & gelatin
zymography # F# 4 4 #7i# swiz % (Figure
8)» AMEEI|EH P BT A € # LPS
fﬂ,%r'f e lytic bands & 4 Fr4|eniv* 5 &
7 AV MMP-9 A 2 ihpg & A
k_«‘f@e—m#’r’#l T* @ 5 d Frd] MMP-9
I Fend m & e hocndg g 1T 4p
B o 2 %ﬁﬂ JER L B YRR T 4o NF-kB &
MAPK % 21 4, @ L5 % MMP-9 & # 8558
B ] (7% o
3-1-4. 45 33 Cinnamophilin £ Histone
deactylase inhibitor II (HDI I1)¥ THP-1
dne 11 LPS #13# (o MMP-9 3¢ F 4 R

22
2_ it

HDI 11

d 2w 1§ B % % ¥ 4> cinnamophilin
g Histone deactylase inhibitor II (HDI 1II)
iodrd) A4 S H sk wre (THP-1)7 -
LPS & ¥ MCP-1 #7345 % ¢ MMP-9 fi% % /&
5 - d MTT assay P 7 MMP-9 &
Mgl a2 d oAz e F 0T
* o 1B f# Cinnamophilin &2 HDI II %
MMP-9 sfrd] E_F %%EJ B0 Fed Fen
I i@ % 7 Western Blot &k 4 47
cinnamophilin £ HDIII $f MMP-9 F-v
A LR SR o 24 - THP-1 e g2 1
B & 24 {5 > P~{8 B 3B (cell lysate) - o
Figure 9 & Figure 10 #¥ L% 3] > &5 *F &
LPS hfljr2 & » P X0 5 1 E4%
LPS # % & % 7 MMP-9 3-v 7 4 % (lane
1 > resting) » & 2_ > Bl G oh A g oA P
(lane 2)> fm¥e 3 P47 ¥ 5 L4 ik € MMP-9
o Feh ki m oo &a&t_%i’?» ok R 5



cinnamophilin (I uM ~5 uM ~ 10 uM ~ 20
uM)-> & §_HDIII (0.1 uM~0.5 pM ~ luM\
2uM) FF> d lane3 I lane 6 ¥ U ELEF

MMP-9 F-v B ik MG E 5 kR & /ﬁri‘a
B oM FOIRIRBOR D ehfiw o Figure 9-
cinnamophilin % LPS §]ji®* T > relative
MMP-9 14 % : 1 (Resting) » 2.28 +0.18
(Vehicle) > 1.93 +0.06 (1 uM) > 1.76 0.1 (5
uM) > 0.73 +0.08 (10 uM) > 0.65 +0.06 (20
uM) o Cinnamophilin ¥f LPS §|;gci®* capr
#1F A (In %) » %5 263 6.1 % (1
uM) » 40.3 +5.6 % (5 uM) > 96.6 +25.1 %
(10 uM)-104.9 £23.1 % (20 uM)-Figure 10
%257 HDI II % LPS flji®* T > relative
MMP-9 e 3 5% : 1 (Resting) > 2.46 +0.32
(Vehicle) > 1.61 +0.13 (0.1 uM) - 0.71 +0.08
(0.5 uM) > 0.56 +0.04 (1 uM) > 0.5 +0.06 (2
UM)e 4 LPS ficie % cnfrd] F 4 14 (In %)
A %% 39 £10.2 % (0.1 uM) » 70.2 +5.4 %
(0.5 uM)>75.6 +7.2% (1 uM)> 92 +21.3 %

(2 pM) ¢ Cinnamophilin £ HDI II i f&

gy i THP-1 fmre ¥ S LPS #73

# 2 MMP9 & v F A 2
concentration-dependent r#r 4] T % o
3-1-5. ¥ 3+ Cinnamophilin £ Histone

deactylase inhibitor II (HDI II) % THP-1
e ri LPS #7348 % TIMP-1 3¢ %ﬁ'
2_it%
ez > TIMP-1 $>*MMPs& & i
TP A EARHEF
1998) » B % ¢ 4oeATIMPs (TIMP-1 3 4)
4w fho5 B TIMPs#MMPs et fe 4 &
¥l 2 FApF > TIMP-1 i 5 MMP-9
i & 4 HFrdE (Brew, 2000) o 5 3
PR LR AMMP-9 £ L E g b 3 8
Apdis r’v’ﬂ#ﬁr’ﬁtm—"f TIMP-1 F B » 58 i B
F B 718 2 ik (supernatant) ¥ i
7 Human TIMP-1 ELISA system ¥ jp|H
TIMP-1 e i* o d Figure 11 &2 12 ¢ ¥ 12
BRI 0 ok Rl g T
(Resting) » & 10°cmee 5 8 2> {7
B P 2F A2 R TIMP-1 éh3-v 5 & (4~ 9
% 844 +14.8 7 77.8 +12.9 pg/10° cells) o
& = LPS# ;;'r%;; » TIMP-1 ¢9% ¢ Figure 11
TRLRF G - & b2 5Ea5(109.5 +21.7

|

M 3r )3 (Nagase,

11

pg/10° cells) » @ A sest b ¥ & P AT P A
B oo@ REMCP-1 f]%eni s @ (Figure
12) » TIMP-1 §& 5 & jige™ "% (72.248.3
pg/10° cells) » ie 22 Resting & <1 ;2 4 P &g <5
AR o B A B e B H o T2
(cinnamophilin 1 uM ~ 20 uM; HDI II 0.5
UM ~ 2 M) > % 47 4425 LPS 1 3™ TIMP-1
0 B ARG AP DR
cinnamophilin 1 pM (105.1 +9.2 pg/10°
cells) ~ 20 uM (102.5 +12.6 pg/10° cells) ;
HDI I1 0.5 uM (105.7 +2.4 pg/10° cells) ~ 2
uM (97.5 +7.6 pg/10° cells) - @ &MCP-1
g2 T 0 PR E AR R E B Sk
& (cinnamophilin 1 uM ~ 20 uM; HDI IT 0.5
UM ~ 2 uM) > AP E LR ROk & (1
uM) £ cinnamophilin 2 7 € & b & 2F
TIMP-1 3-v 4 1 (599 +6.4 pg/10°
cells)> e 33t F & Ro&Zem 3 20 uM
cinnamophilin (76.7 +15.9 pg/10° cells) £
HDI I1 0.5 uM (78.5 +11.3 pg/10° cells) ~ 2
M (73.4 +17.9 pg/10° cells) 7 P » %
*MCP-1 {1 T TIMP-1 F-9 B e R
mE P ESRE . A RTT ik
B sz A MR RS DTIEE -
3-1-6. #% 33 Cinnamophilin £ Histone
deactylase inhibitor II (HDI II) & ¥ % 2%
% (THP-1)2 LPS #73i# % v MMP-9
mRNA z_ g 5
Pz p mRNA 74 I

ek

£ d RNA ¥ 5

Z_ {8 > I reverse transcriptase reaction
(RT-PCR) &7 £ % = o & * MMP-9 &

GAPDH % - 4 primers i& {7 MMP-9
22 GAPDH 2. ¢cDNA 2% » £ 11 1 %
agarose gel 1T A A H7 o House-keeping
gene * GAPDH #.* % internal control o

Figure 13 &2 14 ¢ » A v 1) MMP 9
mRNA #2& &d LPS % a + 2 (lane
2) o @ XS EF 2 tS(lane 3 & lane 4) >
mRNA £ 7 ik & 4 F 5 o] > 1 &
I 4! concentration-dependent inhibition £
I % o Figure 13 %2 5+ cinnamophilin % LPS
Tl i * T > relative MMP-9 mRNA 14
5. 1 (Resting) > 1.55 £0.11 (Vehicle) -
1.36 +0.17 (5 uM) » 1.07 +0.06 (20 uM) >
@ cinnamophilin ¥ LPS 41§ (¥ * g7



b (In %) %~ %] 5 31.8 +6.1 % (5 uM) >
63.8 +4.2 % (20 uM) - Figure 14: HDI II %A
LPS f]j#i®* T > relative MMP-9 mRNA
e 4 L 5 : 1 (Resting) > 1.50 %0.15
(Vehicle) » 1.21 £0.07 (0.5 uM) » 0.89 0.1
(2 uM); HDI 11 % LPS fci®* chdrd| |
A vt (In %) 5 34.7 £10.8 % (0.5 uM) > § %
Fk R g 2 uM (lane 3)pF » F|iE 7 170
100 % (97.6 +24.1 %) =7 mRNA #r4|i®
* o
3-1-7. £ 3t Cinnamophilin Histone
deactylase inhibitor II (HDI I1)$+ THP-1
% 1 LPS # % IkB-a2 "% f2i®

H 173k w e (monocyte) 5V m e
(phagocytes) & f. B & % L AR M 0 F 1T
* *#\A” &ﬁmﬁjﬁié' o AR )

%, 5 B lipopolysaccharide (LPS) ¢ 3%

gy

el

FHE Pk gd E RS
NF-xB/Rel> @ i&@ 4 3F 5 &3 L F &7
M e & %] (O’Connell, 1998; Martin,

2000) > ] 7 LR NF-kB edrd| ¥
=+ (inhibitory subunit) » IkB-a » % Western
blot ¥ 3¢ B & & RIFT, > REF &
¥ IkB-quikfs it cnA fR 1T % 22 A NF-«B
L BT AT IR iEfR o A i %3
% LPS &% Ip 2 P T B4 IkB-au v B %
Foirig 2 515 o d Figure 15 ¢ » xF“
BRIy d LPS Tl 90 & 45 pF 778~ {8
‘m*z lysate (lane 4)> IkB-quer# 3§ I *%F'
FRRIT > K§{s R w 1|7 basal level £
& (lane 5 » 120 min ; lane 6 > 180 min) °
M H s pFREELen IkB-qu# F(lane 2 0 30
min ; lane 3 > 60 min) > P/ ¥ Resting & &
2o »‘\ PRET ORI 90 A48 5 LPS fl
AR A EE LA RERLES
(Cinnamophilin 10 uM ~ 20 uM ¥ HDI II 2
UM ~ 5 uM) % #-Resting 3% 5 100 %
basal level (Figure 16) » % LPS §j#2 1S >
relative IkB-quihd-v B 72 & ' 1 5 803 ¢
7.8 % > NipERT '&i—g cinnamophilin k&
Bt Ao [kB-gs iF e 2 F]E Resting
A% ez £:983 4.1 % (10 uM) > 118.2
19.2 % (20 uM) - @ P IR % & Figure 17
® > A LPS f]2 {8 - relative [kB-as 3=
v ZESEML 674 1.2 %0 i i

12

HDI 1I 2_ {¢ > relative IkB-o 7% & & F]
Bk B PR Se @ & LR S ek lane 3,
68.4 4.3 % (2 uM); lane 4, 53.1 ¥2.3 %
(20 uM) - 1245 d Figure 16 #7h % 3| crfi
A5 AP ¥ U 42 ¥ cinnamophilin ¥ & § 3§
d Fr] IxkB-ou 3=+ F ¢ degradation @ i&—
# g3 -2 NF-kB translocate % m? % p e
v o= 2 R AR BE ek
F4 ke d NF-kB ehjg it @ & (738
T o LPS 3% % ) & 0 MMP-9 » %]t i
H)m & E £ I o @m HDI I 474 IkB-ou 3
v B 5 degradation ¥ % I 7 P & > P F &
— et LR o
3-1-8. #¥ 3 Cinnamophilin £ Histone
deactylase inhibitor II (HDI I1)% THP-1
Jmie 52 LPS 3% p65 2 ¥ 5
& 1¢ * TransAM'™™ NF-kB p65 NF- kB

p50 Transcription Factor Assay kitsz_ # » 3t
PP 2L @ * Western blote= ;4 kgL gx
NE-PER™ nuclear and cytoplasmic
extraction reagents kit$# 1 2. THP-1 5 p 4
Be o p65 e AT & £ P E e enfe
#] o d Figure 18 *# o B3
cinnamophilin (lane 3: 20 uM) st Frd] & 4
¥ H sk wre (THP-1) % p > LPS#735 %
p65 F-¢ F A M (lane 2, Vehicle) > it
Histone deactylase inhibitor I (HDI II) B]
& P drd]iT* (lane 4: 2 uM) » & @ F IR
‘e 5% posS F ¢ B o A M o
2,2,5,7,8- Pentamethyl 6- hydroxychromane
(Phdcg L 10 uM P » $}**NF-xB £- &

22 5 endr 4 # (Suzuki, 1993) F]pt A
i * PMC (lane 5: 10 pM) % § i%
control o ¥ 2 ILPMC¥ LPS*734 % 7p65
Fv B ARG PR E* o @ HDI I

T% o n F|pb

-

€ 4e3p6S Fv Fend T G Ald S E e
W & (T o
3-1-9. #¥ 3+ Cinnamophilin £ Histone

deactylase inhibitor II (HDI I1)$+ THP-1
12 LPS # % f#+% ERK ~ JNK % MAPKs
25T
Mitogen-activated
(MAPK) #= 1 d lw? %
&4 By T o d 2t 3 & 49 mammalian
MAPKs % extracelullar signal-regulated

protein kinase
LREUR SO N



kinase (ERK) ~ c-JUN N-terminal kinase
(JNK)> @ ERK £ INK % 5 'm* ek chi
B gd it et 1 g INK & ERK
% Western blot ® F-v & chd -5
% By f2 LPS £ % i d JNK & ERK %31 5
B Z @ 4 MMP-9 ehik o LR E 4
wH Y AR hd d oo A frﬂ‘*’ L L% LPS
I 2 pERF LY INK 2 ERK 3-v B %
Foirag 2 5150 It 15 A 4PF > INK
0 Feni AL P AHom ERK Pl R ig ¥
g% iv (data not shown)e 2_ {8 2% 7 i 12 15
i 48 5 LPS fcz. Jh %> d Figure 19 ¢ »
APBEEI SRR ETRERLES
cinnamophilin 20 M (lane 3) ¥ HDIII 2
M (lane 4) 215 > relative INK #4 3 5
1 (Resting) » 1.63 +0.12 (Vehicle) » 1.22 +
0.02 (cinnamophilin 20 puM) » 0.89 +0.02
(HDI II 2 uM) » Cinnamophilin ¥3* LPS 11
it aafrd| | A~ v (In %) 5 58.7 +13.6
%> @ HDIII ¥+ LPS #§c{® % cngrd| g »
v (In %)) 5 100.6 9.4 % o d 3 a i
%42 15 ERK 39 Fend RIT* 25 B9
kg ez % (Figure 20) > F]4t » LPS 3% 3% o)
¢ MMP-9 7 it s5d INK &2t 4 @ vhse
JEoo i rifp ¥t HDIIL 7 a0 € 5o ?’V‘FI'L
INK 3o i g & - ) chfird| i &0 7]
+ AP-1 emiE i MMP-9 & 3 > @
cinnamophilin #*t JNK F-v B edrd] (®
* P4 4o HDIIL & % -
3-1-1048 3 45 ¥ MCP-1 # ¥ < 55 ¥ ¥
sk (THP-1) i {7 migration 2_ 85
§ 3 P F A E pt e
¢ (monocyte) ¢ % # 3| vascular
subendothelium ¥ > @ %48 migration i¥ *
% atherosclerosis ¥ rheumatoid arthritis ¥
EEE AR E R g S (Falcone 2001;
Kintscher, 2000; Zhu, 1999) - 7 4% p g mPz
een 8 1% 3% migration 1T * «57\— 85 e
ﬁ%%%’&igﬁdWAm%J@%%
% 78 b gk Mt F]1 5 (adhesion molecules)
2 ¥5 % ¢ 0 H %Ik (circulating monocyte)
FRENFTEHR o @ 1S FR e E IR € 3P
w 4 ¥_1 chemokines (chemotaxis) # # 7
Axpt i o) L dwfe o J 5 iF basement
membrane F| X § 3 L el ot TR
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& MMPs eni®* & o fimre b enjk %‘r(wﬁr
basal laminaec ¥? interstitial stroma)m i H
23k 4% ~ 23 ¢ (Ebnet & Jordan, 1999)- @
C-C chemokine MCP-1> ¥4t ¥ % 2k ‘w22 1
migration > { #_— &5 Ak it 1T H* R
(chemoattractant)o & > MCP-1 &t 5333 4+ ¥
F5 IR dn P ehg i 21384 18 % (Zhu, 1999) >
AR B RBREES ¥ MCP-1 %73
4 2. THP-1 (wm*2 migration =3 > £_F
RS B PF2 (5> d Figure 21
2 Figure 22 (100X)® ¥ g% T| » Al 7}
MCP-1 ®% & » &2 5 THP-1 ¥
migrate I lower chamber ¥ (lane 1: 2.4 +
0.4 cells > n=4) » MCP-1(100 ng/ml) 3
7% 3484 ot F (lane 2: 82.8 +
244 cells'n =4>p < 0.05) - %+ 50
ng/ml 557 MCP-1 » B ﬁgf'l ¥+ THP-1 ‘%2
shmigration ¥ 7 21.89 & g # F B(52 +
17.8 cells » n=2 > data not shown) - MCP-1
#7245 ¢ THP-1 ‘m*& ¢ migration * & »
¢ "€ % cinnamophilin )k & 35 4 @ AR
33 ¥ L2 1| Figure 21 ¥ -lane 3: 35 +12.9
cells>n =4 (5 uM) ¥ lane 4: 9.8 6.3
cells > n=4 (20 uM) - @ % HDIII &k &
(Figure 22: lane 3)s3 4v 2 & IR F = A3
% > fe % MCP-1 #73% % e THP-1 ‘wm%e
e migration ¥ Jig 3 Frdlcnit* 1187 +4.5
cells * n=4 (0.5 uM) £ lane 4: 52.2 +17.7
cells > n—4(2 uM) o F 2 £ (T4 pFRF 5 4
BFE o B 100X TR T A 245 £11.5
cells (Restmg) » 166.8421.8 cells (MCP-1:
100 ng/ml) » 158 %3 cells (cinnamophilin 5
uM) » 61 16 cells (cinnamophilin 20 uM) >
129.5 +14.5 cells (HDI II 0.5 uM) » 97.3 +
8.3 cells (cinnamophilin 20 uM) - MCP-1
#7245 ¢ THP-1 ‘m*& ¢ migration * J& »
e EF E SRR U A AR AT
(n=2 » data not shown) °
3-1-11.3F 31 # #~ ¥ THP-1 =% % &
CD11b # R2. §,.’§1

%00l T LPS B4 H 3k THP-1 e
# % integrin CD11b st i » &R E
Bk iFen g ¢ o A L - THP-1 e
&L@W@ LPS 27 ZE 40 158 5> 11N e iR 5
dm?2 % w integrin CD11b % i* 35 o o



Figure 23 » # B2 5| & LPS 5 &7 » 'w
LI CDllb m%\ﬁL_—J_ﬁLF ,g,\é&mi\gﬂ
(lane 2: 1.31 0.1 folds » p<0.05>n=4) -
Cinnamophilin (20 pM)¥2 HDIII (2 uM) ¢
¥k CDI11b 04 3R (lane 3: 1.48 +
0.06 folds * n=4; lane 4: 1.34 +0.07 folds
n=4)> & 5uM HDIII B it #74] LPS 3%
# e CD11b # 3.(lane 5: 1.1 +0.04 folds ' n
=2)° ¥ lane 2 fp't > B LS ¥
CDIlb 3o Fent Rtz P ¥ @ & -
3-1-12.383t & THP-1 iw% ¢ MCP-1 ¢
LPS #3* MMP-9 & 24 frp 2 [ n
TNF-qu2_ B

W e )EHEq o aEPRwed
tumor necrosis factor-a (TNF-a)) £ tumor
“riSE A 4 MMP-9 § B o %3 TNF-ahfi
88 ¢ #r4IMMP-9 2 & ~ TNF-o mRNA
EE proMMP -9 -9 Fe§ 2z(Leber,
1998) - 4 7 3 Fdp 1 RHPIIREE
R mre ¢ o LPS*ﬁL’.‘TNF aehd = § - f
3{»; »xeiveg 3 A o A THP-1 22PBMCs* »LPS

S ¢ E 2 ¥ S TNF-o 4 &

_Mangalam & Haversen, 2001) o @ Stephen
7 3 4p 1 chemokine4rMCP-1 & jc3
I MMP-9 ¢ % IR §_ % 3 autocrine s
endogenous e  TNF-a. % 7 (Stephen,
2002)cd P ik cnf@ AT 7 B ot 7 TNF- o
HMMP-9 &2 £ &M AP %
#r i 2. b ik (supernatant) ¥ i@ * 7
Human TNF-  ELISA systemif] # TNF- o
g%t it o d Figure 24 & 25 ¢ ¥ W%
3> % § LPSendi 2. T (Resting) » 11 &
10%chimee 5 8 = > i 7 15 5P B8 2F AR R
TNE- aﬁv’ﬂ‘g‘»ﬁ 4 m (173 £10.3 pg/10°
cells) o & %5 LPS (10 ng/ml) f]cis » ¥
zﬁ»TNF—amg_’ﬁ — A a5(26.2
3.1 pg/10° cells > n=3)» fe e sest v ¥ &
PR L R o Ap¥en &% k& 100 ng/ml
SFLPST 2. ™ » TNF- s g B3 P & L
2 ehEa5(57.1410 pg/10° cells > p<0.05>n =
2) o @ XEMCP-1 {ljeni %@ (Figure
26 ~ 27) » TNF- =& £ Resting (29.6 +5.3
pg/10° cells » n = 3) 4m B g gF b A
(42.8 +8.3 pg/10° cells » n = 3) » fe fsezt
FRFPRNLR o A WA B e
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{$ (cinnamophilin 1 ~ 5~ 20 uM) » % = 443%
LPS )™ 7% 2. TNF- o3 B % & AT
¥ en b 2t Cinnamophilin 1 uM (62.7+5.5
pg/10° cells » n =3 » p<0.05) ~ 5 uM (83.2+
9.7 pg/10° cells > n =3 p <0.005) ~20 uM
(71.2 +2.5 pg/10°® cells > n=3 » p<0.001) -
% Figure 25 ¢ » HDI II4$+> A LPS T
TNF-o3-v Find Ry &P R P
HDI II 0.5 uM (42 6.1 pg/10° cells > n
=3)~ 1 uM (44.4 +6.9 pg/10° cells > n =3)
2 uM (32.3 +12.8 pg/10°cells » n=3)c @ &
MCP-1 ]2 T (Figure 26 ~ 27) » I
P22 4p Fe F 1 ende Jk B (cinnamophilin 1 ~
20 uM; HDII1 0.5 ~ 2 uM) » 24 7 v gk
| & MCP-1 §{; ™ TNF-a v F ch4 A
cinnamophilin % 20 pMP£97.9 +29.7 pg/10°
cells’n =3)- +* cinnamophilin 3 1 uMPF49.6
+2.6 pg/10° cells > n =3) % > e 22 Vehicle
R P EPHSLE c R IER
2 uMHDI 1T (52.4 +15.5 pg/10° cells, n
=3) £ 0.5 uM«HDI II (69.3 +12.5 pg/10°
cells » n =3) Ap b T 3¢ 5 £ 2F TNF-a
v hER R AR irEaP R OLR .
%Z 5 2P MCP-1 F PF 75 & PF > § 22 Resting4p
o ¥ uﬁ‘ﬁ“l #TNF-o 3-v ?ﬁ'mz\ TR
—‘T"ﬁ deap %k o APt % & 7 7 LPS
#2MCP-1 82 i¢ 9% @ TNF-q 30 H 4 M E
+ 2> fe Z2Resting4p v AL ErE G R
Bndw o m Fpenitr 173 LjEd P
i 4 B TNF-qf $3MMP-9 & 2 Frd] (£% o
-1-13.F st A i 16 £ IEpREE G T ¢
MMP r4| E$ 277 3
d o B2 %1 (Figure 28) ~ 5%+ it

(Figure 29-30)%7 %% &7 (Figur 31- 32);£
BAET A RNL SEDAEE G T L S EE
¥ 4F % ° Anti-leukocyte agents 4= YC-1 (10
mg/kg)e2 HDI II g i iT * % valproic acid
(150 mg/kg) % # 4 > 2% MMP F #7384
P g 5 DR v e
&2 1% (FE & PK MAR) Mg - HF
# e
3-2 @

v Zf (leukocyte) /% » (extravasation)
% (infiltration) i* * 3|2 & & £ 3 2 X
FlhRE i - faigier 74 5'?97@&;‘\\@

;—,”—3



A2 o0 m IREITR L e A 4 g F ER
(adhesion) ¥ & 7 - i B J§ # (rolling) ~
loose ¥ firm adhesion £ ‘5 d vessel wall
22basement membrane % #% (migration) ;%
» ¥l extracellular matrix ® o v n Zf 0
extravasation #? migration & iT% & Jf &
A FRAF e pE £ > # % E_matrix
metalloptoinases (MMP) 5 & > 4 st g 6 =
I} 7 4% basement membrane ° I]if E_%r%\« =2
& % ¢ (Lindhout, 1999; Ebnet, 1999;
Baggiolini, 1998)-iz4& v x I ¢17 migration
ie* . athersclerotic lesion~thrombosis
A 4 ¥ rheumatoid arthritis ¥ ' 3% 7 2&
¥ &£ & en4& 4 (Chase, 2002; Falcone, 2001;
kintscher, 2000; Zhu, 1999) - & %] i
Gelatinases MMP-2 ¥ MMP-9 /3t % =
A ercollagenases (Type IV collagenases) °
st degrade basement membrane ¢ F- v
B bt Y (2B - Pad
& 1 (Overall, 2001) - C-C chemokine
MCP-1 #33t ¥ % 3} m *& chmigration¥_— &
5 v it B 4% it 1T * F| (chemoattractant) °
chemokines # 12 34 #f MMP-9 i peripheral
blood lymphocytes » =7 % 3 (Johnatty,
1997) &2 ¥ M4 % 2 JoTNF-ae 4 =
(Leber, 1998) - # monocyte *
chemokines +4cfe 2 FFMMP 4 38 » P
p @ #rdeenfr 4 % (Robinson, 2002); =
LPSRfrer 3 5 L& A m L LAPM > A0
R @B * v kY il ke
THP-1 k@ % &3 “ &£LPS ~ MCP-1 £
TNF-o (data snot shown) = {2z ™ >
THP-1 7t & 2 MMP-9 ¥ Jg &8 to5 X%

PR
oM

cinnamophilin ¥ HDIII % &4 2~ » &
¥ ¥ MMP-9 #1 & 4 cafr ] T * o
Cinnamophilin £ - & 4 Cinnamomum

philippinense ¥ #7i5B~ ) kehx R > &
3 free radical scavenging capacity (Hsiao,
2001)> & ® LI H 45 ooy 2 iRE
m g 9{,*?3‘7 teigd o AT EIRYE
TXA, AR p i ARAR G 5 % eh1 & o
A F 29 vp ischaemic “model ¥ (Cheng,
1995) » cinnamophilin { & 3¢ [# & - ¥ 0
reperfusion #7 ig = ﬁ; Z o @ histone
deacetylase inhibitor trichostatin A (TSA)
VO E R andrd] 3T3 wfe ¢ gelatinase
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A e LB L - ¥ ¢k histone deacetylase
(HDAC) LS S SO N <
transformed (w®2 ¢ > g §_% tumor-bearing
e fe P i FormenglAsd £iRF A
L 8\ F apoptotic ‘m¥ ¥ = o HDAC#Hr]
A Al K cancer 0 BT — AL FUgR & 4 4p
oo G g o B 3 é"ﬁ‘ﬁﬁt‘ié’%‘
fg i (Batova, 2002) o A %% 3 FH
*+ cinnamophilin £ histone deacetylase
inhibitor < [glv 6 RAPE eI BE
P g LHEF BfeMMP-9 chiv* + F 4
7 #4& o d zymography A 57 13 IR
cinnamophiling HDI 1T &t 4] & A 3 ¥ %
Ik wre (THP-1)¢ > LPS& & MCP-1 “73%
7% cMMP-9 f% % &1 o &LPS (10 ng/ml)
e g2 T > cinnamophilin¥? HDI 1473
MMP-9 shdrd] 50 % & &k & (ICs) &
8.11 +1.52 uM (n=3-4) £ 0.43 +0.16 uM
(n=3-4)c @ HEMCP-1 (240 ng/ml) =] g2
T » cinnamophilin ¥ HDI II#f>* MMP-9
gfrd] 50 % F &k R (ICs) 7 11.63 +
3.0 UM (n = 3) ¥ 0.37 £0.04 uM (n =
3-5)c &% A LPS& ¥ MCP-1 ATHP-1 ‘w
e At 3 F 22 MMP-9 ¥ i Ak
cinnamophilin & HDI 115 # %k & + =
moREIRELRE 2R o kR
concentration-dependent =rr] (T # o

% 7 %P cinnamophilin 22 HDI II & %
445> THP-1 fm% ¢ MMP-9 j& {4 efir ]
T 2E3] 4= v R 0 > VR * T
MTT assay % @B % % kR D
cinnamophilin (50 pM)T 7 ¢ F ke
» e HDII F|if 2 uM F¥ > B4t 4
LER e )T PR “ﬁ LH“)JFE ?éK o N l]’“"'ﬁ’*i
43 MMP-9 # 2 mﬁk'% VX e n\##&
e (£ o

% d Western blot 4 45 » cinnamophilin
#v Histone deacetylase inhibitor II (HDI II)
e drdl A g E Pk mre (THP-1)7 >
LPS #73 % ¢ MMP-9 F-v & % 3R -
Cinnamophilin ¥ HDI II $f MMP-9 enr 4|
T B0 H B Tend o @ a8
P i ¥ A THP-1 ‘%2 @ SLPS #73 % 2
MMP-9 = E T S wOA 2
concentration-dependent err| (T % o (& d

inhibitors

’ gb

"'L—:

< oL
F e



TIMP-1 ELISA 4 7 » SN 103 &
¥ MMP-9 £ L e b2 H )4 4
e F]+ TIMP-1 ¥ 7 4p ¢ - m RT-PCR
e F B % 4 57 J) cinnamophilin 22 HDI 11
it 49 concentration-dependent e+ d LPS
i34 O MMP-9 mRNA eng 4 o d 10 F
F BRiE % 0 AP F 3 cinnamophilin
g HDI II ehdrd]|ie* g 2 & MMP-9
transcription £ upstream o

F % % % & inducible MMPs (MMPs
1-3~9 & 13) z 7 activator protem 1 (AP-1)

LTI+ AT i*(blndmg site) v iT
1B e promoters o FE RS wmie gcF

Ga1E* (4o TNF-o ~ IL-1)7 435 % © AP-1
F1+ &#_d Fos £ Jun Fv #7182
heterodimers > 0 F g 5 d

mitogen-actived protinse kinase (MAPKs)=
WL B YRE T A AL & = 2% 1 (Firestein,
1999) - A 3F % E'_#« e E B o ;‘gvj FE F5
MAPKs i /= i #; $ »cerde ] MMPs 2
Flenk o @ B PN ¢ Frd] arthritis
£17) = (Mengshol, 2002) - Nuclear factor kB
(NF-kB) = &, @ 1£E /5 %4 MMPs £
#»’P%}:J FHRET Y - ﬂrﬁ LR P R o 3B iE R
& BRRS I F A ey LA F
25 MMPs 14 I o Lt«}‘i%'“ kKen@ ke o RN
ir* if ¥+ NF-xB 22 MAPKs kinase % 31 4, @
PR EE TR TN
B TR g 0 BRI A FEN D BT
Fr MMPs & = e s B o SV % 0 g
2 NF-kB 4| F]+ (inhibitory subunit) >

IkB-o > & Western blot ¢ 3F-v & & c4 3R
FA5 0 KRB fRE Y [kB-akiph i g
f215% 22 4 NF-xB &t 4 B8 o i
e4 ¢ o ZF I LPS 11 90 & 45 pF #7B~ {8
2_m*e lysate IkB-o, 5% & B B e0°%
2% o 12 90 A4k 5 LPS fljrenfh i

o

LEEET R RRLESE > VRS T
cinnamophilin &t #74] & THP-1 ¢ > LPS #7
514 11 IkB-a degradation > m HDI 1T %+

E% Plpas P A o P oo e o R

histone acetylation 2% #7184 8T 7 A2
R SR AR
A A in vitro #5538 P 0 5 fo%2 histone
deacetylse inhibitors 4 butyric acid &
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trichostatin (TSA) » sn%¢ ¢ & IR apoptosis -
4K AT AT AR A R P
4p7r 41 hyperacetylation £ carcinogenesis
2 B enfd it M4 (Archer, 1999) - @ HDAC
inhibitors ¥ 4P A Frie B E P 5 1 7

2 % B f2  (Kramer, 2001; Mayo,
2003) « FRGE B A LB F

hydroxamic acid-based HDAC inhibitors 4=
TSA ¥ suberoylanilide hydroxamic acid
(SAHA) > ¢ :Z R eni®® G F] o dlw
i ea 4 RE TN 2 % FRFEAR
(Ailenberg, 2001; Marks & Kramer, 2001;
Archer, 1999) - SAHA ¢ 5§ 434 432 tumor
i Flm i - ek I H  antitumor 0T
* o I ¥ f in vitro ¥ in vivo model ® >
SHAH st > proinflammatory cytokines
e4 4 (Leoni, 2002)> %5+ /| &L H - v jR2*+
£« SAHA (10-50 mg/kg, per 0S) it 43
dose-independently =73 > d LPS #7234 %
TNF- o ~ IL-1B ~ L-6 £ IFN-y % ‘m®s
% o @ TSA it 43 dose-related =k > 27 fir
#] fibroblast 3T3 w® # - gelatinase A
mRNA £ gelatinolytic 77/% £ (Ailenberg,
2001) » @ A& STO m*2 (mice embryonic
fibroblasts) ® » 7= ¥ BLEI|4p i % o
o B ERE TS EREE g
gelatinase A 14 RARE » @ § (FF HIF
chs $ S8k Rl TSA Afehk st o
Bk o FHELE T F R 2
HDAC 3t - #¢ 3 7 zinc &8 i H i
e 4 & #=v9 (Finnin, 1999) - — £ hydroxate
4o TSA #7 zinc % & » f av Frd] B &
B M 4] MMPs a5 140 2k m TSA
2 HDI II iz # JF’E £ &5 d ¥4 MMPs
(gelatinse A ¥ gelatinase B)=5 mRNA - r?
B ¥t }’;3 };%.);T_mf.‘ﬁp,p}%v e F

¥ 7z o Histone deacetylase inhibitor II _,vi?
TSA F >* hydroxamic acid-based HDAC
inhibitors (Marks, 2001) - £_F ¥ it %’Jﬁ" d A
Flehic % > @ %+ gelatinase B © MMP-9
mRNA ¥ gelatinolytic =5 (£ & 4 Fr]
Pl ie— # AT o AP sk H R
cinnamophilin ¥ iv € (5 d F#r] IkB-o 3o
¢ degradation @ i& - # > NF- B
translocate % m* i eniT* o g2 5 2

}F%;}ﬁ A0 LPS #734# H 13 w2 ¢ MMP-9



it &> 3 & Fed ERK12 &g 4 i@
8 i% (Lai, 2003) » 2 & THP-1 fm®2 @ >
NEN T S SRS ) TR
MMP-9 3-v %‘r'—"ﬁ%\ WATHH>F 5 5 d INK
B f BT o AP T o 4 ¥
cinnamophilin _Ei’ HDI II ¥ & ¢ 5d #rd)
INK 3-¢ Frehd om & - 515 e | i 45 7
+ AP-1 ei3 v &2 MMP-9 A Flen& > m
F2higd 24 By Es /T ERK &2 p38 (data
not shown) % MAPKSs pathways °
FESIGAEGHE UL BALF
v w I (leukocyte) ¢ /% » (extravasation)
#2% B (infiltration) 3| % i & £.3 % L F &
Ny H P T E MMPs eni®# 3 4 f3lwm
fe b el R (&r basal laminae ¥ interstitial
stroma) @ & H 73k % » 25 ¢ (Ebnet &
Jordan, 1999) o d »* MCP-1 3t ¥ %2k 'm
*¢ chymigration > i & - fA5 rxrage (T
A (chemoattractant) » &t 59 3% 47 5 1% 2k fmve
g b 218 (5% (Zhu, 1999) 5 @ 22148
AR S Sl sl AP AP
FLEE b 4+ MCP-1 #73% % 2 THP-1 ‘m¥e
migration 7§35 o f& migration F % ¥ ¥
BZ T > MCP-1 (100 ng/ml) “4c 3 1 %
3484 2 Ak it K R o v 50 ng/ml en
MCP-1 21.89 B % o @ A ZH 3 AT »
MCP-1 #1347 ¢ THP-1 ‘w¥*2 i migration
F J&> ¢ ¥ cinnamophilin )k & 73 4v @
AR 33 o @ S ¥ HDIIL Jk & e e & IR 4
2 gp %o {2 v 3 MCP-1 #734 % 1 THP-1
‘w2 chmigration & i3 e iEH o d 1
g B AP T 2 e %7 cinnamophilin 27
HDIII ‘¥ i ¥ A& THP-1 fw% ¢ > MCP-1 #t
#4F niw¥? migration T % > A 4 — k- fg R

g4

Foengrd ] T 5 e 7 Vehicle 4p - 7o 3t
1 -
v x 3 (leukocyte) :B # 3| % i & &

§UF IR L R A S -
",‘TT 73 2wk Pl MMPs ¥ chemokines
g2 ¢h s B e T seletin v integrin
adhesion molecules 4= ICAM-1 ~ VCAM-1
i % o H %3k w2 it & . Bl integrin
CD49d/CD29 # 2 integrin CD11a/CD18 ~
CD11b/CD18 ~ CDI11¢/CDI8 %  (Han,

2003) - Integrins # 2 it B 3riP % L BB H
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#ene o IR L - Manligand ® & 0 Bt
a2 A s fmre 1Y P - 2 effectors ¢
oo A3 fe 23k b > CDIIL/CDI18 H_
B % ¢ B 2integrin- ¥ 5 3F  f44F ligands
4 iC3b ~ ICAM-1 ~ coagulation factor X £2
fibrinogen =4 < %8 » ¥ % locomotion -
chemotaxis £ phagocytosis + 7 # £ & {4
(Monneret & Rubel, 2003; Schwarz,
2002) 2 i3] %7 LPS 28 £ ¥ 42 3% THP-1
fm¥ 4. % integrin CD11b st ip 22 Lz &
Pt end ¢ 0 Foujn N mbe k3T
Bweda integrin CD11b =% i
A5 0 d Figure 23 ¢ v g s & LPS &
pﬁ’? ‘w4 wm CDI11b e 3 (lane 2: 1.31
+0.1 folds » p<0.05° n=4)>m 5 M«
HDI II B} s #r4] LPS 3% 7 CD11b % 3R
(lane 5: 1.1 +0.04 folds > n =2) - MA-1(20
uM)#2 HDI I (2 uM) € & 3%4% 2 CDI11b ¢
% Z (lane 3: 1.48 +0.06 folds * n = 4; lane
4:1.34 +0.07 folds > n=4) > 2 2 lane 2 4
o B i A $ CD1b 39 B A IR A
PP ITRLE A AH R HRDGEAP
VAT > F T E R g MMP-O 3-
0 R IR .
W3 g B L E PR E e
% ¢ LPS$H3r TNF-quens & § - f6 5 5c
3% % A o A THP-1 #PBMCs¥ - LPS'¥
€ 3% H 2% B ¥ HTNF-a 2 = Mangalam
& Haversen, 2001) - @ Robinson##* § 4p
11> chemokine4rMCP-1 & 3 ' MMP-9
e 4 IR H_F F autocrine & endogenous £
TNF-o. 35 (Robinson, 2002) > £ »* F it e
FAEF T 87 1 TNF-g3t 2 MMP-9 & 4
MIPEEPE APERZT R4 HEHATNF-a
ik ) A & LPS (10 ng/ml) £
MCP-1(240 ng/ml)#1]i4 » 7 L% TNF-a
R G- g FEa5(26.2 +3.1 pg/10°
cells > n =3 27 29.6 +5.3 pg/10° cells » n =
3) > e {2 Restingfp vt B i3t
1L B (Vehicles: Figure 24-27) o 4p ¥fe >
&% kA 100 ng/mlenLPS e ez
(Figure 31 & 32) > TNF-ash& B3 P &2
2 ehlEa5(57.1 +10 pg/10° cells » p < 0.05 >
n o= 2)° A WA EH e
(cinnamophilin 1 ~ 5~ 20 uM) » 2 3= 43¢

o fm¥E

FERP R



LPS#] ™ TNF-o3-v B ¢ & A8 ¥ 0}
2> e HDI IT#> 2 LPS {1~ TNF-a #-v
Fend g m P AR L e & AMCP-1 &
Flgcz. T > ¥ Vehicledp b » 5 % i & %
TNF-ae4 3R > e 3 2 B 5 553+ ah g
oo Fpt o A ekt & ko I LPS# MCP-1
BEAp 2k @ TNF-a s FARE 2 o it
21 Resting4p v* A i3t FAril g R &L
5| o Cinnamophilin®? HDI II=ni® % ¥ 2 §_
Fd WP L BTNFads 4 Ra $f
MMP-9 #& 4 Fr4]iE%* o

Wy b fd i f Rt AP m
cinnamophilin ¥ HDI II st 43 4] 4 2 &
P 1w THP-1 £ 3| LPS & MCP-1 3%
# e MMP-9 4 3 Cinnamophilin 2 HDI II
£+ LPS 2 MCP-1 #73% % < MMP-9 p% %
et~ LPS #7344 ¢h MMP-9 35 7 £ ¢h
% 2 mRNA h& BARR » ¥ i J_Wu
concentration-dependent 795 »zdr| -
Hpo4 tt..-E’.f-“«#’P%Jé‘ﬂJ TIMPI mé_i >
THP-1 m?z 2‘-\» % integrin CD11b % it

& 4] MMP-9 + 2 chpt % /5 & B o

C1nnam0ph111n ic ¥4 v THP-1 ¢ » LPS
#7514 e 1kB-o, degradation &7 JNK F-v F
% o m HDIIL ¥ & ¢ 50 4] INK 3
R U ek I R e E R T -
AP-1 e v &2 MMP-9 £ Flendk 30 e %
IxB-o., degradation srafr4] 18 % 8% Qi 7

M &g o d gt ¥ 12 38 %7 cinnamophilin 1 & §_
gd ¥ IkB-ashdrd] v * o @ B FF RS

MMP-9 sl F1 & I o ¥ ¢k & MCP-1 #73%
% THP-1 'w % ¢h migration ¥ % ¢ -

cinnamophilin ¥ HDI II ‘¥ it ¥ MCP-1 #71
%% chim P2 migration (T* o & 4 - W ARR
P endrdiEE o BRI mpi;}ﬁ A
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Figure 3 Effects of cinnamophilin on MCP-1 induced enzymatic activity of matrix
metalloproteinase-9 (MMP-9) in THP-1 cells. THP-1 cells (1x10° cell/ml) were dispensed on
24-well plates till 70-80% confluent condition and treated with MCP-1 (240 ng/ml) for 24
hours as indicated. Cells were treated with the indicated concentrations of cinnamophilin
(lane 3, 5 uM; lane 4, 10 uM; lane 5, 20 uM; lane 6, 50 uM) or vehicle (lane 2) for 15
minutes before treatment with MCP-1. Cell-free supernatants were then assayed for MMP-9
activity by gelatin zymography, as detailed in “Method” (lane 1, control). Percent inhibition is
presented as mean + S. E.M. of three to four independent experiments.



MMP-
Resti Vehicle 0.05 0.1 0.5 1
HDI II (uM)
MCP-1 (240 ng/ml)
120
100 -
=
<
= 80
5
'é 60
—
2
40
20 -
0] T T T T T
0.05 0.1 0.5 1 2
HDI II (uM)

Figure 4 Effects of HDI II on MCP-1 induced enzymatic activity of matrix
metalloproteinase-9 (MMP-9) in THP-1 cells. THP-1 cells (1x10° cell/ml) were dispensed on
24-well plates till 70-80 % confluent condition and treated with MCP-1 (240 ng/ml) for 24
hours as indicated. Cells were treated with the indicated concentrations of HDI II (lane 3, 0.05
uM; lane 4, 0.1 uM; lane 5, 0.5 uM; lane 6, 1 uM) or vehicle (lane 2) for 15 minutes before
treatment with MCP-1. Cell-free supernatants were then assayed for MMP-9 activity by
gelatin zymography, as detailed in “Method” (lane 1, control). Percent inhibition is presented
as mean = S. E.M. of three to four independent experiments.
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Figure 5 Effects of cinnamophilin on LPS-induced enzymatic activity of matrix
metalloproteinase-9 (MMP-9) in THP-1 cells. THP-1 cells (1x10° cell/ml) were dispensed on
24-well plates till 70-80% confluent condition and treated with LPS (10 ng/ml) for 24 hours as
indicated. Cells were treated with the indicated concentrations of cinnamophilin (lane 3, 1 uM;
lane 4, 5 uM; lane 5, 10 uM; lane 6, 20 uM) or vehicle (lane 2) for 15 minutes before
treatment with MCP-1. Cell-free supernatants were then assayed for MMP-9 activity by
gelatin zymography, as detailed in “Method” (lane 1, control). Percent inhibition is presented
as mean + S. E.M. of three to four independent experiments.
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Figure 6 Effects of HDI II on LPS-induced enzymatic activity of matrix metalloproteinase-9
(MMP-9) in THP-1 cells. THP-1 cells (1x10° cell/ml) were dispensed on 24-well plates till
70-80% confluent condition and treated with LPS (10 ng/ml) for 24 hours as indicated. Cells
were treated with the indicated concentrations of HDI II (lane 3, 0.05 uM; lane 4, 0.1 uM;
lane 5, 0.5 uM; lane 6, 1 uM) or vehicle (lane 2) for 15 minutes before treatment with MCP-1.
Cell-free supernatants were then assayed for MMP-9 activity by gelatin zymography, as
detailed in “Method” (lane 1, control). Percent inhibition is presented as mean + S. E.M. of
three to four independent experiments.
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Figure 7 Cytotoxicity of cinnamophilin and HDI II on THP-1 cells. THP-1 cells were treated
with different concentration of cinnamophilin (10, 20, 50 uM) and HDI II (1 uM, 5 uM) and
incubated for 24 hrs. Cell viability was measured by a colorimetric assay at 550 nm based on
the ability of mitochondria to reduce the tetrazolium dye 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphwnyl tetrazolium bromide (MTT) in viable cells. Percentage of viability is presented as
mean £+ S.E.M. of four independent experiments. *: P <0.05 as compared with the resting.
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Figure 8 Lack of effect of cinnamophilin and HDI II on gelationlytic activity of conditioned
medium from LPS-treated THP-1 cells. Lane 1: Resting and Lane 2: Vehicle: incubation
with reacting buffer alone. Lane 3: incubation reacting buffer with cinnamophilin 20 pM;
Lane 4: incubation buffer with 2 uM HDI II. There is no effect of cinnamophilin and HDI II
on gelatinolytic activity at any concentration tested, for duration of treatment, consult
method 4.
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Figure 9 Effect of cinnamophilin on LPS-induced production of matrix metalloproteinase-9
(MMP-9) from THP-1 cells. THP-1 cells (1x10° cells/ml) were dispensed on 24-well plates till
70-80% confluent condition and treated with cinnamophilin (lane 3, 1um; lane 4, 5 uM; land 5, 10
uM; lane 6, 20 uM) or vehicle (lane 2) for 1 hr before treatment with LPS (10 ng/ml) for 24 hrs.
Then cell lysates were obtained and analysed for MMP-9 protein expression by Western blot (lane
1, control). The data are representative example of three experiments. *: P<0.01 as compared with
Vehicle. +: P<0.01 as compared with resting.
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Figure 10 Effect of HDI II on LPS-induced production of matrix metalloproteinase-9
(MMP-9) from THP-1 cells. THP-1 cells (1x10° cells/ml) were dispensed on 24-well plates
till 70-80% confluent condition and treated with HDI II (lane 3, 0.1um; lane 4, 0.5 uM; land
5, 1 uM; lane 6, 2 uM) or vehicle (lane 2) for 1 hr before treatment with LPS (10 ng/ml) for
24 hrs. Then cell lysates were obtained and analysed for MMP-9 protein expression by
Western blot (lane 1, control). The data are representative example of three experiments. *:
P<0.01 as compared with Vehicle. +: P<0.05 as compared with resting.
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Figure 11 Effect of cinnamophilin and HDI II on LPS-induced production of tissue inhibitor
of metalloprotinase-1 (TIMP-1) from conditioned medium of THP-1 cells. THP-1 cells
(1x10° cell/ml) were dispensed on 24-well plates till 70-80 % confluent condition and
treated with different concentration of cinnamophilin (1, 20 uM) and HDI II (0.5, 2 uM)
respectively for 15 min before treatment with LPS (10 ng/ml) for 24 hrs. Then supernatants
were obtained and analysed for TIMP-1 protein expression by ELISA. TIMP-1 protein is
presented as mean + S.E.M. pg/10° cells of three to four independent experiments.
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Figure 12 Effect of cinnamophilin and HDI II on MCP-1-induced production of tissue
inhibitor of metalloprotinase-1 (TIMP-1) from conditioned medium of THP-1 cells.
THP-1 cells (1x10° cell/ml) were dispensed on 24-well plates till 70-80 % confluent
condition and treated with different concentration of Cinnamophilin (1, 20 uM) and HDI
IT (0.5, 2 uM) respectively for 15 min before treatment with MCP-1 (240 ng/ml) for 24
hrs. Then supernatants were obtained and analysed for TIMP-1 protein expression by
ELISA. TIMP-1 protein is presented as mean + S.E.M. pg/10° cells of three to four
independent experiments.
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Figure 13 RT-PCR analysis demonstrating the inhibitory effect of cinnamophilin on
LPS-induced MMP-9 mRNA expression in THP-1 cells. Cells were treated with
Cinnamophilin (lane 3, 5 uM; lane 4, 20 uM) or vehicle (lane 2) for 15 min treatment with
LPS (10 ng/ml) for 6 hrs. Following by extraction of total RNA and analysis of mRNA levels
of MMP-9 and GAPDH. RT-PCR technique was performed as described in “Methods” (lane
1, control). GAPDH levels normalized the amount of cDNA temple used in each PCR
reaction. The data are representative example of three experiments. *: P<0.05 as compared
with vehicle. +: P<0.01 as compared with resting.
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Figure 14 RT-PCR analysis demonstrating the inhibitory effect of HDI-II on LPS-induced
MMP-9 mRNA expression in THP-1 cells. Cells were treated with HDI-II (lane 3, 0.5 uM;
lane 4, 2 uM) or vehicle (lane 2) for 15 min treatment with LPS (10 ng/ml) for 6 hrs.
Following by extraction of total RNA and analysis of mRNA levels of MMP-9 and GAPDH.
RT-PCR technique was performed as described in “Methods” (lane 1, control). GAPDH levels
normalized the amount of cDNA temple used in each PCR reaction. The data are
representative example of three experiments. *: P<(0.05 as compared with vehicle. +:

P<0.01 as compared with resting.
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Figure 15 Western blot analysis demonstrating the time course on
degradation on immunoreactive I £ B-@ in THP-1 cells (1x10° cells/ml).
THP-1 cell were dispensed on 6-well plate till 70-80% confluent condition
and treated with LPS 10 ng/ml (lane 2, 30 min; lane 3, 60 min; lane 4, 90
min; lane 5, 120 min; lane 6, 180 min) or vehicle (lane 1, control 30 min) as
indicated. The data are representative example of three experiments.
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Figure 16 Effect of cinnamophilin on degradation of immunoreactive IxB-a in THP-1 cells.
THP-1 cells (1x10° cells/ml) were dispensed on 6-well plate till 70-80% confluent condition
and treated with LPS (10 ng/ml) for 90 min as indicated. Cells were treated with
cinnamophilin (lane 3, 10 uM; lane 4, 20 uM) or vehicle (lane 2) for 15 min before
treatment with LPS 10 ng/ml. Then cell lysates were obtained and analysed for IxB-a
protein expression by Western blot (lane 1, control). The data are representative example of
three experiments. *: P<(0.05 as compared with vehicle. +: P<0.01 as compared with

resting.
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Figure 17 Effect of HDI II on degradation of immunoreactive IkB-a in THP-1 cells. THP-1
cells (1x10° cells/ml) were dispensed on 6-well plate till 70-80% confluent condition and
treated with LPS (10 ng/ml) for 90 min as indicated. Cells were treated with HDI II (lane 3,
2 uM; lane 4, 5 uM) or vehicle (lane 2) for 15 min before treatment with LPS 10 ng/ml.
Then cell lysates were obtained and analysed for IkB-a protein expression by Western blot
(lane 1, control). The data are representative example of three experiments. +: P<0.001 as

compared with resting.
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Figure 18 Effects of cinnamophilin, HDI II and PMC on p65 expression in THP-1 cells.
THP-1 cells (1x107 cells/well) were dispensed on 6-well plate and treated with LPS (10
ng/ml) for 120 min as indicated. Cells were treated with cinnamophilin (lane 3, 20 uM),
HDI II (lane 4, 2 uM), PMC (lane 5, 10 uM) or vehicle (lane 2) for 15 min before treatment
with LPS 10 ng/ml. The cell nuclear extraction were obtained and analysed for p65 protein
expression by Western blot (lane 1, control). The data are representative example of four
experiments.

36



Phospho-JNK =

Total-JNK

Resting  Vehicle 20 2
Cinnamonhilin HDI 11

LPS (10 ng/ml)

2.0 +

1.8

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Relative content of phospho-INK (folds)

Figure 19 Effect of cinnamophilin and HDI II on expression of JNK in THP-1 cells. THP-1
cells (1x10%) were dispensed on 6-well plate till 70-80 % confluent condition and treated with
LPS (10 ng/ml) for 15 min as indicated. Cells were then treated with cinnamophilin (lane 3, 20
« M) and HDI II (lane 4, 2 # M) or vehicle (lane 2) for 15 min before treatment with LPS. Then
cell lysates were obtained and analysed for JNK protein expression by Western blot (Lane 1,
control) The data are representative example of three experiments. *: P<0.05, **: P<0.01 as
compared with vehicle. +: P<0.01 as compared with resting.
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Figure 20 Effect of cinnamophilin and HDI II on expression of ERK in THP-1 cells.
THP-1 cells (1x10% were dispensed on 6-well plate till 70-80 % confluent condition and
treated with LPS (10 ng/ml) for 15 min as indicated. Cells were then treated with
cinnamophilin (lane 3, 20 M) and HDI II (lane 4, 2 # M) or vehicle (lane 2) for 15 min
before treatment with LPS. Then cell lysates were obtained and analysed for ERK protein
expression by Western blot (Lane 1, control) The data are representative example of three
experiments.
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Figure 21 Effect of cinnamophilin on MCP-1-induced THP-1 cell migration. Cells (5x10*) cultured
for 6 hours in presence of different concentration of cinnamophilin (5, 20 pM) or vehicle were used
for cell migration assay as described in Methods. Migrated cell numbers are presented as mean =+
S.E.M. of three to four independent experiments. *: P<0.05, as compared with resting
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Figure 22 Effect of HDI II on MCP-1-induced THP-1 cell migration. Cells (5x10%)
cultured for 6 hours in presence of different concentration of HDI II (0.5, 2 uM) or
vehicle were used for cell migration assay as described in Methods. Migrated cell
numbers are presented as mean + S.E.M. of three to four independent experiments. *:
P<0.05, as compared with resting
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Figure 23 Effect of cinnamophilin and HDI II on LPS-induced production of CD11b from
conditioned medium of THP-1 cells. THP-1 cells (0.5x10° cells/well) were dispensed on
24-well plates and treated with cinnamophilin (lane 3, 20 puM) or HDI II (lane 4, 2 uM) or
vehicle (lane 2) for 15 min before treatment with LPS (10 ng/ml) for 18.5 hrs. Then
surpernatant were obtained and detected in flow cytometry using FITC-labeled mouse
monoclonal antibody to human CDI11b. Depicted are mean fluorescence (folds) and
standard error of two to four independent experiments. *: P<0.05, as compared with resting
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Figure 24 Effect of cinnamophilin on LPS-induced production of tumor necrosis factor-o
(TNF-a) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cell/ml) were
dispensed on 24-well plates till 70-80 % confluence and treated with various concentrations of
cinnamophilin (1, 5, 20 uM) for 15 min before treatment with LPS (10 ng/ml) for 24 hrs.
Then supernatants were obtained and analysed for TNF-a protein expression by ELISA.
TNF-a protein level is presented as mean + S.E.M. pg/10° cells of three independent
experiments. *: P<0.05, **: P<0.01, #*%: P<0.001 as compared with vehicle. +: P<0.05 as
compared with resting.
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Figure 25 Effect of HDI II on LPS-induced production of tumor necrosis factor-o
(TNF-0)) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cell/ml) were
dispensed on 24-well plates till 70-80 % confluence and treated with various
concentrations of HDI IT (0.5, 1, 2 uM) for 15 min before treatment with LPS (10 ng/ml)
for 24 hrs. Then supernatants were obtained and analysed for TNF-a protein expression
by ELISA. TNF-a protein level is presented as mean + S.E.M. pg/10° cells of three
independent experiments. +: P<0.05 as compared with resting.
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Figure 26 Effect of cinnamophilin on MCP-1-induced production of tumor necrosis factor-ou
(TNF-a) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cell/ml) were dispensed
on 24-well plates till 70-80 % confluence and treated with various concentrations of
cinnamophilin (1, 20 uM) for 15 min before treatment with MCP-1 (240 ng/ml) for 24 hrs.
Then supernatants were obtained and analysed for TNF-a protein expression by ELISA.
TNF-a protein level is presented as mean + S.EM. pg/l10° cells of three independent
experiments.
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Figure 27 Effect of HDI II on MCP-1-induced production of tumor necrosis factor-a
(TNF-0)) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cell/ml) were
dispensed on 24-well plates till 70-80 % confluence and treated with various concentrations of
HDI II (0.5, 2 uM) for 15 min before treatment with MCP-1 (240 ng/ml) for 24 hrs. Then
supernatants were obtained and analysed for TNF-a protein expression by ELISA.
TNF-o protein level is presented as mean + S.E.M. pg/10° cells of three independent
experiments.
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Figure 28 Hemodynamic effects in rats subjected to hemorrhagic shock were treated
with either vehicle (O), YC-1 (10 mg/kg, W), or valproic acid (150 mg/kg, \/). The surgical
procedure without causing a hemorrage and treated with vehicle as sham-operated condition
(@). The results are presented as mean + S.E.M. (n = 2-8).
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Figure 29 Serum levels of BUN in rats subjected to hemorrhagic shock were treated with
either vehicle (O), YC-1 (10 mg/kg, V), or valproic acid (150 mg/kg, \/). The surgical
procedure without causing a hemorrage and treated with vehicle as sham-operated condition
(@). The results are presented as mean + S.E.M. (n = 2-8).
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Figure 30 Serum levels of creatinine in rats subjected to hemorrhagic shock were treated with
either vehicle (O), YC-1 (10 mg/kg, V), or valproic acid (150 mg/kg, \/). The surgical
procedure without causing a hemorrage and treated with vehicle as sham-operated condition
(@). The results are presented as mean + S.E.M. (n = 2-8).
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Figure 31 Serum levels of GOT in rats subjected to hemorrhagic shock were treated with
either vehicle (O), YC-1 (10 mg/kg, V), or valproic acid (150 mg/kg, \/). The surgical
procedure without causing a hemorrage and treated with vehicle as sham-operated condition
(@). The results are presented as mean + S.E.M. (n = 2-8).
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Figure 32 Serum levels of GPT in rats subjected to hemorrhagic shock were treated with
either vehicle (O), YC-1 (10 mg/kg, V), or valproic acid (150 mg/kg, \/). The surgical
procedure without causing a hemorrage and treated with vehicle as sham-operated condition
(@). The results are presented as mean + S.E.M. (n = 2-8).
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