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Chinese abstract

¥ £

AW £ 39 f% % (matrix metalloproteinases » MMPs) & 3 ¥ 11 A f2
2 B fo e b 2LFT (extracellular matrix » ECM)2 ic 4 o F]pt MMPs 3+
fe g enE e (remodeling) ~ 3 4 (repairing) £ &3 (destroy) i ¥ 40 § £
L2 84 o a BT ERE TN B BA I MR E kIR
P Blde 1 [P % s B (Alzheimer's disease) ™ 2 % 3 M4 it g (multiple
sclerosis)®, # ¥ MMPs 5 B o ¥ - * 5 > &gz ® > MMPs » %82 %
Tplmre 4 K OZ DR aEF 5 AEARY i @ w2 A (metastasis) » & g
fe v 7 Bl o

ATEE o KL A T W 1% 1~ haloperidol 3 L2 7 Fu
X 2 2% o AT EE L # 4 haloperidol i #r)3 L AT B A & F e
S E ' (remodeling) « Flpt AT F @& * T 0UEE MMP-O < £ £ IR2 M

B 7 %] + (tumor necrosis factor-o > TNF-a) & M F % 4 #
(lipopolysaccharide » LPS){% & THP-1 ‘m#e 2§ o d FAFE % & 472

(gelatin zymography) ™ » &4 P L2 3| d TNF-af|jx MMP-9 %% 2 =it 2

# & € S ¥ haloperidol Jk & 3 4 0 ¥ 3 sud AArF] o B F I e g
& 3B 2 (MTT assay)® % L haloperidol g4 i % & 2L h p oz 2 3
B = o 0 F > ELE X (Western blot)2. § % = £ » % IR haloperidol k&
B 4w 5 ooxd drdgld TNF-afljp MMP-9 d-v 2 23 E o o &
enzyme-linked immunosorbent assay (ELISA)® 2% ¥ % I haloperidol »* &
BEAR 20 UM PFFal R A BN TIMP-1 2 24 o ¥ ehBEFR

haloperidol ¥ 14 5§ %k & 3 4v @ #r4| LPS #7354 ¢ MMP-9 fi¥ % /& it &2
F-v B2 2 ME o sk (transcription)™ & > 4 RT-PCR = 2 # & &

2



haloperidol #: #7 4] MMP-9 2. mRNA #3 o & 't F S5 BT
haloperidol #r+#1] %< % # valproic acid 3 (haloperidol ICsy : 5.4 + 0.3 uM ;
valproic acid ICsy : 255.8 = 73.8 uM) °

;;ﬁ d Western blot 2_ ‘% 2% % I haloperidol st % % & #r#4|d TNF-o &
LPS ] #7 ¥ 3% e total inhibitor-kBa, (IkBot) 2. "% f2 18 % o & F | * T A
# B i e & 4772 (electromobility shift assay » EMSA) » 4 5 fm %2 %
NF-kB (p65)z i = #2 /& v 535 » {8 5 haloperidol j& & 2 10 uM p¥ >
3 R &P Prd] INF-a#73% % caNF-xB 2. #& = &7 /% it - &+ mitogen-activated
protein kinases (MAPKs)> & » d P 0 % % % 7| haliperidol A.d& % kB
(20 uM)pE$r4] TNF-o 73 & e c-Jun-NH,-terminal kinase (JNK)i& i* 3
A4 G PAE o ¥ b 38— 9% IR haloperidol ¥ 7 € %23 LPS & THP-1
cells ¥ #1348 2. p 4 1 TNF-0%& L& o

AP D2 F %% S% o 3 I haloperidol /£ i E FE B drd) A Sp H
¥: 7% s #g (THP-1 cells) ¥ » TNF-o#73% %3 ¢ MMP-9 /&89 £ 30 » @ gL dr

2 Y AL B NFxB 23 4 @R T o dpF R kit { 4R 7
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English Abstract

Matrix metalloproteinases (MMPs) play an important role in matrix
remodeling, repairing and destroying. Recent evidence has indicated that
MMPs are involved in the pathogenesis of neurodegenerative diseases as
Alzheimer's disease and multiple sclerosis. On the other hand, in cancer,
MMPs encourage tumor cells to penetrate the surrounding tissue during the
invasive process of metastasis and can mediate many processes in tumor

growth and progression.

Haloperidol have been used to treat psychotic diseases clinically. These
two drugs have been shown to exert anti-inflammatory effects. Therefore, we
hypothesized that haloperidol inhibited the inflammation-induced abnormal
remodeling. We used tumor necrosis factor-o (TNF-a) and
lipopolysaccharide (LPS) as a stimulus, that induced expression of MMP-9
in human monocytic THP-1 cells. According to gelatin zymography method,
we found that the expression and activation of MMP-9 protein induced by
TNF-a was inhibited by haloperidol in a concentration-dependent way. We
also found that the inhibitory effect of haloperidol was not due to impairment
of cellular viability measured by MTT assays. According to Western blot
analysis, we observed that the inhibition on TNF-a-induced expression of
MMP-9 protein by haloperidol and valproic acid is concentration-dependent.
Furthermore, we found at higher concentration of haloperidol at 20 uM

could significantly reduced TIMP-1 proteins measured by enzyme-linked



immunosorbent assay (ELISA). Besides, we even more found that
haloperidol suppressed MMP-9 activation and the expression of MMP-9
protein induced by LPS in a dose dependent way. In transcription level,
haloperidol also suppressed the TNF-o-induced MMP-9 mRNA expression
measured by RT-PCR. According to the previous experiments, we observed
that haloperidol was more potent than valproic acid (haloperidol ICsy = 5.4 +
0.3 uM ; valproic acid ICsy = 255.8 + 73.8 uM).

We found that haloperidol significantly inhibited the degradation of total
inhibitor-kB-a (IkBa) induced by TNF-a or LPS in Western blot analysis.
In the nuclear aspect, we found that at 10 uM significantly inhibited
TNF-a-induced NF-«xB translocation and activation measured by EMSA. In
MAPKSs aspect, the concentration of haloperidol at 20 uM significantly
suppressed JNK expression in TNF-a stimulation. Furthermore, we found
haloperidol did not influence the LPS-induced production of TNF-a in the
medium of THP-1 cells.

In summary, we found that haloperidol had inhibitory effect on MMP-9 expression
and activation in THP-1 cells. Its main mechanism of action might be through NF-kB
signal pathway on TNF-o and LPS stimulation. It will be interesting to do further studies

and investigation on haloperidol as therapeutic targets on inflammatory research in vivo.



Introduction

A F £ 39 f¥% matrix metalloproteinases, MMPs)® d % f& ‘w ¥ 47
Al(cell types)~s it » B 47 7 F & (zinc)3+ » > endopeptidases e

oA @b By 4 jfiglefe b AL B (extracellular matrix, ECM)z. ~ & &+

hod

e 0 ¥ s eh 3] {5 #2 % (morphogenesis) ~ 3 4 (repair) ~ & F AT 2
(angiogenesis)F B o @ fEIL 4 d 2 6 > 5 MMPs & & & ECM p& >

§alde— wAmA S > Glde t b JRIMM & L (theumatoid arthritis) ~ # B
& & (osteoarthritis) ~ 7 % X (periodontitis) ~ £ & p %8 £ % 4 3 % R
=~ 22§ # & (Nagase et al., 1999; Shapiro et al., 1998; Westermarck et al.,
1999) « 1335 MMPs 2. domain 51 ~ ¥t J(substrate) s % — 2 » ¥ 4 3

2 % #(Table 1) 2 ¥ 1 528 (54 304 £ F chdbpic 1 (1)a0 1 K 2 3w

Tt ECM # 2 3 = i (proteoglycan) ; (2)% 4 ¢ £ catalytic domain + %
7 & (zinc)3r+ 2 MY+ Bk A A kg MMPs 2 & 3 iF 1
(proMMPs) ; (4) ¥ # A ¥ p 24 [ 2 tissue inhibitor of matrix

metalloproteinases (TIMPs)#7#r+4](Van Wart et al., 1990) o

MMPs o invitro & 4% 5 {ljgcenim e 8 % T feinvivo 2 FF e s i
FAREPMABMA; 2T PHEILHERT > FH-P HECM F & £47
¥ i (remodeling) ¥ » G4e 527573 = (embryogenesis) ~ % v 2 4k (repair)
o ¥ &% £ % (remidoling) > & % F| ¥ % & % 1 cytokines (4 :
TNF-a, IL-6) ~ growth fators (4 : EGF, bFGF, IL-1, PDGF ¥ TGF-B) ~ 4
72 4 & 4 (stress) ~ chemical agents (4v : phorbol esters) ~ 7 f %
(hormones) ~ fm?z 22 2 Firimie B imiz 2 B e 3 084 ™ > 32 ¢ 34

s - MMPs + & # 3. (Westermarck and Kahari, 1999) » #7127 MMPs



3R PR A E om MMPs 7325 2 VB B A & hgen ¥
TP al b e A R L (1)MMPs &k (transcription) 2 3%
a° 5 (2)proMMPs 2_ % it 5 (3)MMPs 2 F#r4|(Curran et al., 2000; Stemlicht et
al., 1999) -

T F SRR L R R L ¥ 1 3 MMP s transcriptional
activators » 11 82 BMMPs 3-v & > )4e ¢ Mitogen-activated protein
kinases (MAPKS)§. /& o &% b lmfe g4 ¢ » & %‘%’d e~ S LD S
Fr4|MMPs =4 3. (Westermark et al., 1999; Simon et al., 1998; Johansson
et al., 2000) o % 4F TMMPs (4 @ MMP-1 ~ MMP-2 ~ MMP-3 ~ MMP-7 ~
MMP-9 ~ MMP-11 ~ MMP-13 ~ MMP-144-MMP-19) &k #] } fipromotor
regions ® 2_binding sites3} 47 7 £~ ¢ 4% 2 5 1) Kk (Figure 3) - %’g b 3F % lmie
b e v @ MMP A %] fx# 5 (promoter) 22 H ## 4% F] 3 (transcription
factors).ss & @ P I MMPsir & I o & & 5 {2 0z (malignant tumors) ®
AP-1(#_d c-fosfrc-jun #7ke & @ = chdimer)¥ 14 & v 34 5 MMPs L 7]
# I o @ H ¢ activator protein-1 (AP-1) 3 MMP-1, 3, 94k F]en€ & i 45+ 7]
F+ o ¥ bRy - 2 E R FEEFF 0 b4e 0 ETS ¢ & promoter t £
polyomavirus enhancer-A binding-protein-3 (PEA3)z = ¥ % & (Fini et al,,
1998) ; @ Nuclear factor of kB (NF-kB) ¢ 34 #MMP-1, 3, 9, 13, 147 #
(Bond et al, 1999; Han et al, 2001) ; T-cell factor 4 (TCF4)jfr
CAS-associated zinc-finger protein (CIZ) ¢ % i* MMP-1, 3, 74 3
(Crawford et al., 2001; Nakamoto et al., 2000) ; p53+ # IxMMP-1, -2, -13
i 4% % (Sun et al., 1999, 2000) o 12 F 30 i v A drenfg 45 F] 5 > 2

3 f w2 F1+ 0 H Negative regulatory elements4rtransforming growth

factor-f inhibitory element (TIE)# AG-rich element (AGRE) (Kerr et al.,



1990; Benderdour et al., 2002) -

RN 0 MMPs /2 JF i 4 Hdrd] 2 >R a2 % > @ tissue
inhibitors of metalloproteinases (TIMPs)&_— f i &3t + 81 o 5 22 4 e
A e A e - B U ) F?'f‘:ﬂ.??%.‘irﬁ AT I S SEEI 1 S R Tt S k)
(reversible)¥2 MMPs ) = stoichiometric = 3% (1:1)2_4§ & # K #¥r+4] MMPs
A% % & 42(Brew et al., 2000) » 2 TIMPs + it 22 ECM s %€ ¥
(remodeling) - TIMPs 32+ & s 2w B = f : TIMP-1 ~ -2 ~ -3 §r-4 (Brew
et al, 2000) » % ¢ g2 = % A u =3 1 XP11.23-11.4 (TIMP-1) ;
11923-11g25 (TIMP-2) ; 22q12.1-22q13.2 (TIMP-3) ; 3925 (TIMP-4) >
e+ 2 53 21-34kDay £ L op #7512 1 cysteine residues 7 = 6 & B
A4t (disulfide bounds) ¥ 37 & = % B domain (N-, C-terminal domain)
(Lambert et al., 2004) - & B € &R p 2 % i 4 @ F#r4] 3 F 5 MMPs
(Edwards et al., 2001) o 8@ TIMPs » &c £ $r4] 3 Fe F87 proMMPs
% I b|4c: TIMP-1 ¥ 12 2 proMMP-9 2 = 4§ & # (Wilhelm et al., 1989)>
2 TIMP-2 fo-4 ¥ 11 ' X proMMP-2 % MT1-MMP /& it (Gomez et al.,
1997)- & ¢t »TIMP-3 ¥ ¢ p& 22 proMMP-2 {= proMMP-9 % & (Butler et al.,
1999)> @ TIMP-4 » ¥ 12 % & % proMMP-2 1 C-terminal domain _* (Bigg
etal, 1997)c p+*t s TIMP-1 ¥ a3F 5 ez m%e ® AT > 4o Ra*
#z (fibroblasts) ~ + A (epithelial) v p A (endothelial) o %z ~ = % ‘w ¥
(osteoblast) ~ #x ¥ ‘w #z (chondrocytes) ~ T if #vlin fe fr3F § B w57
(Welgus et al., 1985; Bord et al., 1999; Cawston et al., 1986) s ¥ % I H g _
Proed FEIGE > FHAG ARG e RV AEE o A w A VIR
TIMP-1 e P g 3 P g > R a2 B P E & 7 R T A2 258
(Murate et al., 1997) - H & — & ¢k & enf| g 4o @ 4 £ F]5 (bFGF ~ PDGF



F= EGF ~ TGF-B) ~ phorbol esters ~ serum f= cytokines (IL-6 ~ IL-1 f= IL-1pB)
wae A TIMP-1 2 23R 0 pt¢b > TIMP-1 B 5 v s st blde ! &
Fmred wuRaed £ > £ H A - l,tif)ﬁali‘l_ﬁrjﬁav‘ e D S BH AR
(scleroderma fibroblasts) ~ *+J&(hepatoma) ~ 5* & (breast carcinomas) ~ ¥ &

4 @it e 4 £ (Kikuchi et al., 1997) -

A WA ATRRAEE Y 0 MMPs 3 i 22 H ¢ o blde 1 (1)
BB P 3R 2_ w P I BB (blood-brain-barrier) (Mun-Bryce and Rosenberg,
1998; Rosenberg et al., 1996a; Rosenberg et al., 1994; Rosenberg et al.,
1995) 5 (2)® &£ # ¥ 2 %Ly "W £ (demyelination) 31 4= % 3 M4 4 itz
(multiple sclerosis * MS)2_ ¥ +&{+% LI % ; (3)E 4 J cytokines & # 7
FE 2B LF K (4 amyloid F-v STkiE = [P s 2O (Alzheimer’s
disease * AD) ; (5)# 557~ 5 (6)%® Fpimiz2 » R~ @EHEL RS
() & % A~ f3imoe b JL R ig & % 4 2o % % (Yong et al., 1998) -

53 A 1 g (multiple sclerosis » MS)#_ — #8324 v ¢ 154 i§ & 5(%
oL E FRR) ARG o B A SR R RF - KR HH
(myelin)shds B> G R RDEBAL L5 8% 2Fn TR peipd SBYE
WEA EART T R PFERT b A PR @i B0 R R A
FBRLIPE > € 514§ el R R R A % > HE S F T (mutiple) 0 &
FRRREREEBR - SIFRIVEF XF K F% A2 plaque @ A 1
(sclerosis) » i&m FEETA A5 B FEEIT o & 1992 &£ B > 30 e B 5 A 1
JE (multiple sclerosis' MS)2_ % & # > # 3L 5 gelatinase B (MMP-9) (Gijbels
etal, 1992) o ¥ ¢k » — & & 5 A 5 X (optoc neuritis) & H & A 5 XA

T2 & JF‘f 1% % B % (cerebrospinal fluid » CSF)® ¥ # P J! gelatinase B



(MMP-9)2_ 5 % o FOT & MS 5 & 2 CSF ¢ 3 3 MMP-9 ¢ » B+ 3¢
JMMpgb’:’TIMPI—\z‘\EﬁL —F I.L_.[L/p? mpg’-’d,#?

=
ém.
(w.
=B
R
™
‘m\k\

2% 3 MMP-9 &2 TIMP-1 e mRNA % & — 41 F 2 % (Ozenci et al.,
1999) @ Waubant % § 3 2.~ }}%#ﬁ 41> 41 * gadolinium-enhanced magnetic
resonance imagine (MRI)#* 8 Fie > 2 MS 5 4 @ 5 R PR k& 2
MMP-9 ¥7 i i1k & 2. TIMP-1 » #-3 31k I & g 4c & 1 (Waubant et al.,
1999) - @ f&fk + © i * interferon-f;5 % MS )}%% v H o9 LR 8 d 3T A
Faro 1 & F d ¥ interferon-fv B Fr— &3 L cytokines 5 4 : tumor
necrosis facter-o. (TNF-a)¥ interleukin-1 (IL-1)#73% % 2. gelatinase B /& 14
% 7. (Bartholomé et al., 2001) ; pt ¢F » 3> F B p H4 5 % F X
(Experimental Autoimmune Encephalomyelitis > EAE)2. & B # 4= fic; ¢ »
Bt~ A MS 2505 0 @ B¢ . &k B CSF @ LR T gelatinase B
(MMP-9)z_ % & 3 4r (Gijbels et al., 1993) - & 3 T_f A #F2. MS & & &
z_ EAE 555 ¢ > ¢ 2 IR gelatinase B (MMP-9)# 4 i A #f &7 & K chmyelin
basic protein (MBP) (Proost et al., 1993a; Gijbels et al., 1993) » @ #E3k * 1%
AEE LI G o d ¥ MMP-9 (gelatinase B)#> i % - B i€ & ehd

g o

fe %% % Bk g (Alzheimer’s disease » AD)AR 5 — f&#¢ 519 1 12 5
(neurodegenerative disease) * Tk it s 7 ¥ i el Ami¥ it o bR q_lﬁsz—
g g mA g p %y A 5 a2 (neurofibrillary tangles » NFTs) 2 2

A ek IR (P A & (cortex) ¥ & 5 it (hippocampus) ) *ﬁ s . (plaques) & 4

(Price etal., 1991)> izt M S sa s ) € e drpd (G pt i friB i & oo
Fag o P E A G EAH SREYGINFTs)E4civ A) 8 » & B d &

o A=k B 30 (amyloid-P > AP)iTK #TiE X e o BEFR N Vivo ¥ E B £

10



#Ehpdp P AR R e ¥ amyloid-B (AB)A f# - 2 Ainvitro ® > fr F
5 %% 35 MMPs (£ 2 2 MMP-9)R| ¥ #-* 3¢ %4 fZ(Backstrom et al.,
1996) - 2k m MMPs ¥ A [P ix/s g &, j‘ 7 is m”\faE_ﬁ‘« L 0 A
%2 A MMP-9 ¢ Mt 55 s 5 @ (hippocampus)sh#? 5~ (neurons) ¥
(Backstrom et al., 1996) o ¢- #t » B ¥ 300 4ja Bep 5 {8 e ke B 2 BEHL
(plaques)¥® Purkinje cells ® % 3R TIMPs =32 I3 4c (Peress et al., 1995) o
M B iT e )]%:}ﬁ a1 s 332 & dhmicroglia cells ¥ > % I amyloid precursor
protein (APP)2_ 3 %7 ¢ 115 MMP-9 24 3.(Gottschall and Deb, 1996) 14 %
B¢ A 37 H %3k 2092 R (THP-1 cells)$# *x MMP-9 (Chong et al., 2001) » #7
TR EABRERF 2k R FIR MMP-O AR - SFA I 2B R

F UGG MMP-9 %8 ¥ fe is B 2 /IR AR - LR FF o

Haloperidol (4-[4-(p-chlorophenyl)-4-hydroxypiperidino]-
4'-fluorobutyrophenone) > & # ;% 1 CyHyCIFNO, (Figure 1) » #_& %
butyrophenone #f 2_ # 4! % T_#|(tranquilizer) > % - =t & * §_{#.1957 #
(settle et al., 1993) » & Dr Paul Janssen®7t & = d1 ke 2 {8 B i & % A
HA mE ~ A F 2 pF £ L (Janssen, 1967; Kudo et al., 1999; Ichikawa et
al., 1999) o @ & ¥ > qfk F * RKiaFo 4 £ ¥ (psychotic disorders) ~ 4 &
# Jf (neurological diseases) ¥ 7 #1-% 7 7z (Tourett’s syndrome » 4+ 3 »+ ¥2 3
Pl fEA gAY R ¥ B )2 ki (Kapur and Remington, 2001) — 4275 5
e ¥ kA % 5~15 ng/ml (Ulrich et al., 1998) - H Z 32 (v % 4|3 & § fe
¢ FRA 5k AL e 3 ¥ 9(dopamine)3t 4, 8 YR E /T (Seeman and Van
Tol, 1994) » i % = "= X %8 FfuH|(antagonist) > v ¥ WU IR (> E B M 0T
* 0GP 4§ it (hippocampus)fhdopamine D% & F > & 5 = vk k7 €

iF B S v (Sears etal., 1997) ¥ ¢k » 3 Q)I}”c#ﬂ 31 > haloperidol ¥ 11 & $ e

11



73F S g ehap + W i > ¢ 35 ¢ G-protein-activated inwardly rectify
potassium channels (Kobayashi et al., 2000) ~ calcium-activated potassium
channels (Akamine et al., 2002) ~ HERG £ HEAG potassium channels
(Shuba et al., 2001; Gessner and Heinemann, 2003) ~ L-, N-,P-type calcium
channels (Galizzi et al., 1986; Sah and Bean, 1994) - & §&4& + = £ # R *
haloperidol ¥ sc € & = & £% 3 @ Fl5 L7 5 T =X {0 m & 4 4048 &
T * (extrapyramidal syndrom » EPS) > i & jg ¢ 5 5 & 123F % 7 it (acute
dystonia) ~ Bt £ F < g (psedo-parkinsonism) ~ # & 7 it (akathisia)
VB M 3E B 7 5 (tardive dyskinesia) 5 ¥ b o FF % T SFIF N BLF A
haloperidol ¥ & ¢ i = % % £ % & & % A (multiforme ventricular
arrhythmias)2_ Jz ;% (Maldonado, 2000) - #* “} > Moots et al%‘f s fin
vitro ® > haloperidol ¥ 12 #r 4| d LPS ] ¥ #7 3% % “proinflammation
cytokines » 4 @ TNF-a 2 IL-B (Moots et al., 1999) » ¥ 3 3% 5 < }gk:}ﬁ a o
A A_Bin Vitrogin vivog S ¥ > A Z SR L B
haloperidol & # L% F|haloperidol ¥t >t # § ‘w2 & 5 ‘w#2 3 |4 (Petzer et al.
2000; Eyles et al. 1996; Usuki et al. 1996; Castagnoli et al. 1999;
Subramanyam et al. 1991; Van der Schyf et al. 1994; Van der Schyf et al.
1996; Avent et al. 1997; Lockhart et al. 1995; DeCoster et al. 1995) > @ ** 3%
B }I% # Pdp 4 haloperidol >t 4 (i im®e 5 5 & f£7 4y £ 354 p38Z

INK# & > 12353 4 5% = (Noh et al., 2000) o

Nuclear factor-kB (NF-xB) #_/& > 4 #8 p - B £ & # & 7] +
(transcription factor) o @ NF-kB:g if 275 2_ % 1 22 ¢ & 1% (immunity) -~
fm¥e 3 4 (proliferation) ~ /¥ = (apoptosis)£ 2 L iEA2354p B o § NF-kB3t

BE 7w g %}(ﬁ-ﬁ;ﬁ}ﬁs v 4ot 5 M Y e (multiple

12



sclerosis) ~ b & £ B & I (rtheumatoid arthritis) ~ # @ & % i & I
(inflammatory bowel disease)£? # v (asthma) % 4 4 4p B o B o0 28 Jvf 54 8%
2 NFkB32% £ 5 7 B = f : RelA (p65) ~ RelB ~ c-Rel ~ pl105/p50
(NF-kB) ~ p100/p52 (NF-kB;) (Verma et al., 1995; Ghosh et al., 1998) » %
fo¥e KX 3| gcpF > E_r homo- 2 heterodimers 3] 3% &2 dm¥e B2 4 [ pr
#] 39 inhibitors of NF-kB (IkBs) #2% %2 & fx— 42 » A= 2 SF itk iy 2
NF-xB o @ NF-kB& ¥ L 2 & 3] 0% i fi £ d p50 & p65 ke & b
heterodimer (Li et al., 2002) ; # » > NF-kBR2% % 7 7 — £d 300 "=
f& 2 = Rel homology domain (RHD) % 3 » ¢ % 3 7 & [«kBs ~ DNA%
Mt ERealkBrE+ | > 1 & ¢ EIkBa ~ IkBp ~ IkBe ~ BCL-3 >
Ho¢ MIkBo s B i & infrd d9 5 A T e A X 1] pF - NF-«B-IkB
complex¥ ™M kW F {3 im e 4 e 2 B ook & § Hin v gt iRk
8 pF > PINF-xB-IkB complex ~ 3% 4 i# £ F & % F p (Ghosh et al,
2002) ; % M ¥e X |5 4 (pathogens) {4 : lipopolysaccharide (LPS) -
peptidylglycans ~ lipoproteins -~ unmethylated bacterial DNA ¥
double-stranded RNA ) (Imler et al., 2000) ~ stress signal £ pro-inflammatory
cytokines { 4 : tumor-necrosis factor (TNF)£ interleukin-1 (IL-1)) § g F >
IkB protein ¢ #IxB kinase (IKK > & # i#catalytic subunits IKKa £ IKK
£ 4c b — i regulatory subunit IKKy #7 2 =) gkpe i > ?T‘#%- F A
ubiquitylated > % {$ £ A% proteasome-K j# » & ¥ NF-xkB protein translocate
I ey > 2DNAF 5B sequences binding » 3 & — < 3 A F]2 #4x
(Baldwin, Jr, 1996; Karin, 1999) > & 3% : antimicrobial peptides -
stress-response proteins ~ anti-apoptotic proteins ~  pro-inflammatory

cytokines ~ chemokines ~ adhesion molecules ~ matrix metalloproteinases

13



(MMPs) ~ cyclooxygenase 2 (COX-2)¥ inducible nitric oxide synthase

(INOS) % (Baceuerle et al., 1997; Tak et al., 2001) -

Mitogen-activated protein kinases (MAPKSs) & *% serine/threonine
kinases f¥ % > ¢ X ¥4 £ FlZ 2 B F]1F F L F - 1 £ ‘Hmammalian
MAPKSs % (a) extracellular signal-regulated kinases (ERK1¥ ERK2) ; (b)
c-Jun N-terminal kinase (JNKI, JNK2 £ JNK3) ; (¢) p38-MAPK
(p38-MAPKa ~ p38-MAPKS ~ p38-MAPKy{rp38-MAPKSJ) (Figure 13) - @
H ¢ ERK pathwayi & ¢ X 3|2 £ F]F g it ¥ Bz cnd £~ W 4 &
4 it 5 B (Robinson and Cobb, 1997) » ¥ ¢t INK£ p38 MAPK~ @ 3
stress-activated protein kinases (SAPK) > F]pt v % % X DR 4 chf %
(4 : osmotic shock) ~ UV sk g &4 22 — & ‘% % (4o @ TNF-a) @2 B m
B HFE > Bz ez~ &= - transformation ~ &4~ B E G A 2
& 14 3 B (Tibble and Woodgett, 1999; Ivanov and Ronai, 2000) - 14 * fafd
] F+ 5 g+ - fa 5 AMAPK kinase (MKK) §1;# Thre Tyreh % 38
Fifa it @ A 4 & i@ translocate I fw e % 0 1B_% #E42F]3 (AP-15 1)
e s igm fad s B A FAR(E P & A EMMP-1, 3, 9% A T4
i) (Roger et al., 1994; Baud and Karin, 2001; Yang et al., 2003) - m
Activator protein-1{§ #LAP-1 > » &> #& 4 F]+ (transcription factors)#
P—RBEE R 0 H®a s FEATF (ATF2 ~ LRF1/ATE3 ~ B-ATF ~ JDP1
22 JDP2) ~ Fos (c-Fos ~ FosB ~ Fra-1# Fra-2) ~ Jun (c-Jun ~ JunB¥? JunD)
£ Maf (c-maf ~ MafA ~ MafB ~ MafG/F/K& Nrl) » iz §-9 € 3345w 2
3 4 22~ (Peng, 2004) o { i & (transcription) 2. 342 ¢ > AP-1eE it €
X FIMAPKs 45 » £ H RINKZp384R & @ c-Jungipie it m & 2 2t i

X255 4T F1A IR > 4eMMP-9%2 ' % ¢hAd 4 (Yang etal., 2003) o
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AL A S8 LA RS Lo & BBt > MMPs (% H &
MMP-9)*¢ iz st g 42 ¢ 383> % ¥ B g € oh & 4 o 4o cytokines (4 :
TNF-0)£ endotoxin (4 : LPS) % € 11" £ & MMPs & 24 > @ i = ‘w 7@
AT A fRIEY > RiEREIMMPs A2 PE { iR LB Fend T
BORILG F o sk otk e R A S E PR (THP-1) 3 9 S dme > J 000
f3— ¢ fx 4+ 2 haloperidol ¥+ TNF-a#2 LPS {173 % ¢ MMP-9 &
MELAR2ZPBME > DEFEFEY T AR BT 3 o ¥ B
# 2 7 haloperidol #fm#e 3 4 @{EEL /T ¥ 5 4o ! NF-xB & MAPKs %
]2 B P o 350452 5 4k haloperidol &Rk 2 LA L AF A

EERH PP P2k o

ETIRS
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Results
~ #¥ 31 haloperidol ¥ TNF-o % #f ¥ 1% 2 w %2 (THP-1 cells)

A2 MMP-9 pt % & 2 enie®

d2z P ki fESFAEE MMP-O it 2 S & A4 &
1 7% (gelatin zymography) g B8 iE 2 > A fwmrz k& 5 1 x 10° cells/ml
2 EE T g s fed TNF-o, (10 ng/ml) AL THP-1 fm¥% 24 /|
FFis o F1 % 2 AP 3E A 472 (gelatin zymography) ¥ 3 it 33 H 173k fm
%2 (THP-1 cells) = & % I MMP-9 crE 4t » @ 2E MMP-2 e 4 o ¥

gt iR SRR EF T 2 %R
1. Haloperidol it #7#] TNF-o §| THP-1 % 2 2 MMP-9 2_ k% &1

AfskE A E & HFH L7 kA& o0 haloperidol (0.5-20 pM) & L%
THP-1 m%e 3t 41 * TNF-a f]cm 22 MMP-9 E 2 8RR o d 7
A PR A ATE 2 F BB F > S F haloperidol Jk & 03 40 (0.5 uM ~ 1
UM ~ 2 uM ~ 10 M ~ 20 uM ) » MMP-9 &7 {#+ 4 T & JLiE b > ¢ § 2,
& B A drd) 22 % (Figure 2 A)e 2 ¥ haloperidol #f TNF-o §;§ i®* e
#1F A % (Inhibition %)4 5% 25.6 £ 6.1 % (0.5 uM) ; 40.4 + 3.7 %
(1 uM) ; 50.0 + 3.4 % (2 uM) ; 702 £ 4.0 % (10 uM)Z 883 + 5.1%
(20 uM) > H Fr4] 50 % & Rk B (ICs) 5 5.4 0.3 uM (n = 4-7 » Figure 2
B)od pt %% 7 &> & THP-1 fw?e ¢ 4] * TNF-a #7342 2 MMP-9 ¥ i
# haloperidol S F kAR et m R IEMR D2 F 4] ¥ 2 R K

& #7452 (concentration-dependent inhibition) °

= ~ ¥t haloperidol ¥ THP-1 ‘w7 575 5 2_ 8

NN
b
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% 7 ZP haloperidol Z #+ ¥+ THP-1 ‘% 7 Frd] MMP-9 & |+ 4
WMo ¥ ARG wmieF pildez g R0 & = @ & MMP-9 h4 R
BEMER Y > AR B MMT assay % ip|H ‘w2 235 7% F o # THP-1
v (1x10° cells/ml)f& {8 >+ 24 well 732 % 45 ¢ > & W[4 & haloperidol (10
UM ~ 20 UM ~ 40 uM ~ 50 pM % 100 pM) S 4w 7% 22 -] & > BE 15 & e
MTT 324 EIT 2 -] B+ JI % 7558 fm e e SR N i3 4 MTT 248 &
= formazan % ¢ % & > £ 4t » DMSO /3 f3% ¢ & & {¢ > 12 550 nm = &
Bl o M ETL GEmE s R ood FEREEFIA S FE |
P¥ > resting 7% Kk & 5 0.94+£0.04 nm > § &JI2 7 k& B 0 haloperidol
30wt olic ® Ry A R (10 M- 0.89 £0.05 nm £ 20 uM-0.73
+0.03 nm)> & 48 A = haloperidol k& & 20 uM 12 T (data not shown) ¥ 7
€ P BB i re ch3 75 (n=3~8 > Figure 3) » % ¥ haloperidol )k & # v >
HE R w7 = R R AXE B (40 uM>0.60 £ 0.02 nm; 50 pM > 0.55 = 0.03
nm % 100 uM > 0.10 £ 0.01 nm) o F]}* » & F %% #7i¢ * 2_ haloperidol %

Foik B # BN 420 THP-1 w7 o 7 L P BB E chimie 3 |4 o
= ~ i ¥ $ haloperidol $1*" MMP-9 fi% % & 14 8% 58

d 2% hf % % % {7 4 haloperidol (0.5~20 uM) & & JL% 4 jk & ¢
Fr] MMP-9 i f# chd 3 » F)pb » 2 £ {1 * zymography = j# % By %

haloperidol £ % ¢ & #HE MMP-9 & £ chf % 514 > o F it % 4

(Figure 4) » 4= # 5 42 % haloperidol ¥t>* TNF-a. (lane 2 * 4.45 £ 0.15 fold)
Tigcts #7348 O MMP-9 f¥ % =1 7 B %(lane 4°0.5 uM:4.85 £ 0.28
fold ; lane 5 > 2 uM : 4.93 £0.40 fold ; lane 6 > 10 uM : 4.99 £ 0.56 fold ;

lane 7 » 20 uM : 5.09 £+ 0.39 fold) -
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= ~ %31 haloperidol ¥t THP-1 'w% ¥ & TNF-a#734 3 f§ 3%
MMP-9 3-v % L

a8

*

T S % ¢ @ TNF-asz § it 3 % THP-1 fn% ¥ MMP-9 5
{2

ZeS

m{

&3 4 o @ haloperidol R ¥ et T * o ¥ ¢k > d MTT assay chig %
% F haloperidol it B MMP-9 &5 (4 7 2L 8 o 3t &4 KA £ opgl g8
it i @ R MMPO thy 85 o F b o 57 [ B f2
haloperidol # valproic acid $*> MMP-9 shr] it % £ 7 ¢ B2 H MMP-9
d-0 HZE AR NP4l a2 g5 E (Western blot) & 4 47

haloperidol ¥+ MMP-9 th3-vd B A RE L5 @ o
1. Haloperidol it ¥ 4] TNF-o.§) i THP-1 'z 2 2 MMP-9 3¢ % R &

% Figure 5 ¢ » # THP-1 'm% g2 ¥ 32 & 24 /] PF{s » BoH % 2
Bt (cell lysate)i& 7 % > AP F IR AR B2 DA™
(resting > land 1) » # B R MR P2 MeE 0 92 kD 2 MMP-9
Fv0 LILE o @ INF-ofljgr 24 /] FFE > BRE e S50 7 5 <
£ 7 MMP-9 F-9 & % 3R(Figure 5 » land 2 : TNF-a » 2.96 = 0.34 fold) » %
%3 7 F kR haloperidol (0.5 pM~20 uM)EJ2 {8 » ¥ 3 35| TNF-o%1
## HMMP-9 v 54 I E € “TF £ 4~ (haloperidol) ik & crsf 4 @ & IR
F R &P B S 2 A5(land 3:0.5 M > 1.66 + 0.27 fold ; land 4:2 pM >
1.67 £0.25 fold : land 5 > 1.08 £0.15 : land 6 > 0.62 £ 0.16) °

» #£ 3¢ haloperidol ¥ THP-1 w% ¥ d TNF-a#7: & 4
TIMP-1 3-v 23R &

795 2 0 8 i e g 4o D TNF-o0 g 82585 MMP-9 e 1t
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F% o w2 ? > MMPs ehz B2 H 2 A MIDL F3F 5 0 4 39 Bk
B @] B¢ > MMPs e V8 E 0 0 B 4 e e ) |
(tissue inhibitor of metalloproteinases > TIMPs)e2 222 & 5 B o p wv ©
s TIMPs § v 48 > % & TIMPs %1% MMPs sfe4 g23r4] 4 387 3
A o @ TIMP-1 PIA_MMP-9 ehi & 2 {4 e sdr ] ] (Brew, 2000)
Fgt o 50 B R MMP-9 3 AR E et b ALF N 2 Mg )R]
TIMP-1 7 B » #1224 % % zymography § 5 #7P~{# i} 5/ (supernatant)
#7 TIMP-1 39 2 g 2% o AP UEEZE LA & 7P 2% (Human
TIMP-1 ELISA system) k L& > 14 10° enim s #ic % ¥ = & Figure 6 » -
# I THP-1 fw%e i *b B endligez. T (resting) > i ¥ @R Tl et 25 2 B
1 TIMP-1 39 % 3 (land 1 : 61.55 £ 1.32 ng/ml ) - & TNF-af|#cis > R
A R &S A FA(land 2 73,19 £ 3.80 ng/ml) o 2 {S4KF 7 ek
& ¢ haloperidol 0.5 uM (land 3) ~ 2 uM (land 4) ~ 10 uM (land 5)f= 20 uM
(land 6)EI2 {8 » I TIMP-1 3=v £ ¥ @ P AP B2 & M3 b 2 &,
#(land 3 5 64.31 £ 1.40 ng/ml ; land 4 : 68.48 + 1.18 ng/ml ; land 5 : 64.37
+1.68ng/ml) - fe 433 )k A 5 20 uM 2 haloperidol ¥ (land 6 : 53.84 =
2.87 ng/ml) > Al & 3 & & e §3) o

» %31 haloperidol ¥>* THP-1 jm?z ¥ 11 TNF-o %73 %
MMP-9 mRNA 2_ 2 58

d 2_ @ R Bk & % 4F L haloperidol ¥ 12 P &g endrdd TNF-az2¢ LPS
A FOMMP-9FEE LT o a Hime ) chjd FAIRES § A
A IE® o F]pt o AR F R MMP-O A FlaigsriEfe ¢ L F £ 5
haloperidol s i¥* o # £ » & 3B THP-1 ¥ p 238 RNA k&
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{7 reverse transcriptase reaction (RT-PCR)F 2% > f|* &~ f#4xf% % (reverse

transcriptase) #-#7 % B~ ef1 total RNA #& 4% = cDNA » £ 3t P iR e B B
PR AR EY F R(H A PCR)o & ¥ MMP-9 22 GAPDH 1% - {2
51 3 (primers) X :& {73t = MMP-9 ¥ GAPDH 2. ¢cDNA A% > ¥ 12 1.5%
e17E 3 ) (agarose gel)iE {7 7. & &~ 47 > House-keeping gene » GAPDH % pt
% internal control  d Figure 7 1% % &7t » ™2 TNF-a (10 ng/ml)z2 6
| P18 > MMP-9 mRNA 14 L% & 3 4434 % ) %k (land 2 : TNF-a.» 3.30
+0.08 fold) > @ %+ % 4 haloperidol (lane 3 : 2 uM > 2.12 + 0.59 fold ; lane
4:10uM > 1.78 £ 0.39 fold ; lane 5 : 20 uM > 1.29 £ 0.12 fold)z {& »

¥ 0% 3] TNF-a#73% % MMP-9 mRNA 4 3 € 5 ¥ haloperidol k&

BB 0 @ R IR gk o

= ~ #¥ 31 haloperidol ¥ TNF-o.§|j# THP-1 % 513 IxB-a2
FRRiTH

# 4% ¥+ (4v : NF-xB/Rel family)# 1233 4535 5 8 WU F & ~ dmPe 3 4 1Y
2 v k= %2 AT o F)p o dwe (de ¢ H Pk anne ) B0 k)
FEGhe D dmpEF & R LPS) 0 g i Aamp A RS F S 0 P F R
¢ = fE 4 F] 3 (NF-xB/Rel) =775 i 15 % (Baldwin, 1996; O’Connell, 1998;
Martin, 2000) e H # > p 2 38 & F]F B & z’v’ﬁ&:{ﬁmé % (4 TNF-o
FeIL-1BE) o #4473 B 1 & eniE v 32 Zigjgr} [kB-a. 7 degradation 2
NF-kB & » 1% ¢ # A FE T @ F%* o F]pt » 5 L] * Western blotting
% 2% NF-kB e 513 (IkB-o) 39 % B35 > "By % haloperidol 7
IKB-ouifi it 1t chAs 123842 » ¥ 38 @ 8558 NF-kB cis it 1 #idiwehé 4 o

B £ TNF-of]jg THP-1 fmfe » LZ7 I P 8L H total [kB-a2 F-9
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% I o d Figure 8 cn’ % 4 I > 1132 % 30 min 7 Resting § 1 & F 1
TNF-a (10 ng/ml) {1 5 4 45 (land 2:0.743 fold)~ 15 4 4s(land 3:0.453 fold)
% 30 % 43(land 4 - 0.610 fold)ts ~ % 3R = THP-1 cell ™2 TNF-a {15 &
48 P% > total IKB-o ™ 2 (5% B 5 P9 BE 0 3 % IkB-o v thd TP AR
e TR ig i B % o Biw e 10 TNF-af g 15 & 48 K8 7 2 18 en

S o

# Figure 9 » » 4 A3 S TNF-afF » Fl@ 4 2 @ 1% > total IkB-af]

=

HEZEFERIEY > & IkB-adv hE IR S = F(lane 11 + 0.0) » 2

M

TNF-a. §] % 15 4 4s(land 2 @ 0.41 = 0.07 fold) » 5 7 F &k & 2
haloperidol » ¥ % I IxB-a 7 £ “€ ¥ haloperidol 7k & 3% % (land 3 : 0.5
uM > 0.69 £0.05 fold ; lane 4 : 2 uM > 0.72 £0.03 fold ; land 5 * 10 uM >
0.82 + 0.09 fold)m &by + = o e & ¢ &4 & F ) 20 uM PF > Frag 3R
haloperidol ¥+** IxkB-az € = = £ % & 5 f fic*% IR % (lane 6 : 20 mM >
0.75 £ 0.24 fold) » o 1+ #2342 F ¥ 12 422, haloperidol ¥
i € %%E’ Fra] IkB-o 3¢ "5 f2i%% > ke b NF-kB & » w2 2243
T_F 7|2 DNA % & eni®* & & 7|3rd] TNF-o§ #7342 o MMP-9 7% 12

F I o

A #7374 haloperidol $ TNF-o.§{ 5 THP-1 f0 % % p £ 4% ¢} p65
F-v 2§ i~ (translocate) it *

145 ¢ it e B 5% % FoiE haloperidol (0.5, 2, 10 uM)® 12 g > 4% p
NF-xB 2 DNA binding 2. % L& » 3|2 F £_%] 2 &> NF«xB (p65)i&
BT3B~ PN ATid S e R T K E-#F 3T haloperidol #3Y TNF-ozf %%

2. NF-kB (p65)i& » fm® t1 h 2 §:%8 - 4 £ 41* NE-PER™ nuclear and
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cytoplasmic extraction reagents 3 B~‘w¥z ti \ 2 fmz B endee B L ¥
Western blot g% THP-1 fm?s % #h 2. p65 % MIFA) o 1452 o A F %

T TR % 0 2 I THP-1 cell ©2 TNF-af|j# 30 4 48 PF > p65 e I
£ 5 P % (data not shown) » 99558 B % > #-‘m?e 12 TNF-of] % 30 4 45
KB 70U 18 eF Bt Figure 10 » ¥ 1 gL % 7] TNF-o 5 30 & 482 (&>
fmrg F Y chp65 A ILE € % M (lane 2 1 0.70 £ 0.03 fold ; n=5) > m¥e i p
P65 w4 e ¢ BT K e (land 2 ¢ 2.17 = 0.14 fold ; n=4) - ¥ 4287 3
I J& /& e haloperidol (0.5, 2, 10 uM) g2 16 » Alwie g RIER 5 0.5 &
2 uM 2 p65S b FEAG M B ok kTP B (lane 30 0.5 uM : 0.61 £
0.03 fold ; land 4 > 2 uM : 0.64 £ 0.07 fold ; n=4) » 7 iFk &R 5 10 uM
Bhas 4 p65 F #iFa5(land 5> 10 uM 1 0.7+ 0.17 fold ; n=2) » fe % £ %
R A e mre i P > BLER T haloperidol Rk AR 2 0.5 2 uM BF oo
AP Egit(lane3 > 0.5uM : 1.70£0.18 fold ; land 4 > 2 uM : 1.77 £ 0.35
fold;n=4)> e k& 5 10 uM PFRI ¥ 3 & & ¥ Fr4| p65 translocate I ‘m¥e
F7 enfiA5(land 5010 uM 2 1.25 £ 0.01 fold; n=2; P <0.05) - &2 5+ haloperidol
i drdld TNF-a#73 % 6 p65 3ev £ IR o

1 ~# 31 haloperidol ¥+ TNF-a 1 THP-1 % 5 0 NF-xB -
?ﬁ‘_ﬁ L2 (ER

15 2. 7 7 Bk % % 4878 haloperidol $ip? B2+ 2 4 IkB-a -9
FRRiTH > AP A haloperidol JE & 5 0.5,2, 10 uM > % EMSA 2
Sk k4E T EH LY ¢ B8 P NF«B £ DNA binding 2 # 4 -
Foip & w1 TNF-o (10 ng/ml) {1 jEcimre 154 482 30 4 480 IR % 30 &
452 P R BL ' P2 % ) NF-kB ¥ DNA binding 2. # L& $iz 5= P &g (data not
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shown) » = FJpt 2 8 F % Mk 30 A48 5 PFRFELE - NPT UF IR
(Figure 11)> % & %+ TNF-o (10 ng/ml) {1 P » w2 % p NF-xkB &2 DNA
binding -2 5 # M. (lane 1) - 14 TNF-a | 30 ~ 455 - % I DNA P
i A 4 shift 3 % (lane 2 > n=5) ° ¥ £ ¥ 7 F &k & 2 haloperidol (0.5~10
uM) > PR shift g3 B i) A kR 5 0.5 pM PEFETY 3 & &
¥ fr4] THP-1 (w?2 2 )N TNF-o#73 % ¢ NF-xB % it {5 35(land 3

0.5uM : 0.74+0.06 fold ; n=5; P<0.01) > 2k & 5 2 uM Bt Frd|2c %
trpb(land 4 > 2 uM : 0.85 £ 0.07 fold ; n=5) » % {E % kA& 10 uM %
T @ A $r4] NF-«B i% it (land 5+ 10 pM £ 0.32 £0.01 5 n=2 ; P <0.001) »
%5 o1 haloperidol # 12 jg i<+ b NF-kB 22 DNA binding 7% JL§ o d 12}
ATELZR T eniE & ¥ 10 423, 0 haloperidol ¥ 1R b ¥ NF-xB 2 DNA

binding 2. % L& -

-+ ~ #£31 haloperidol ¥ TNF-a3i% % THP-1 m® p MAPKs ¥
¢ JNK 2 B v ies

AT AR LA T ‘%0 Fd it NF-kB BE2 80 i
b @ ¥ 2 & d Mitogen-activated protein kinases (MAPKS) /72 &, & YL E2
jZod i & cnMAPKs 5 extracellular signal-regulated kinase (ERK 44/42

kD) ~ c-Jun N-terminal kinase (JNK 54/46 kD)4 p38 kinase o m +sm "z 31

[

2

-~

X

LlvE AR o Fp PR RSt AR ALE A
e dn o BB AT S Y U FATFIAR o d AT B K s

%2 jr 2 (cytokines)eg: B s v 5 #7124 % Western blot B f# TNF-o£_
% & d MAPKs ¢ /5 % 345 MMP-9 ¢h4 38 » ¥ g% haloperidol 7%

AT A ¢ o R 2w AR Bk R ATRANE % 0 IR & THP-1 cell 1
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TNF-oufi e 15 A 4505 » INK (46 KD)end L5 B s I Bg » #r0d 1ot 5 2
S i% i+ (data not shown) o # Figure 12 ¥ » # gL 23] & TNF-a {3 15
k482 1S 0 phospho-JNK (46 kD)# 3.3 P & 733 4c (lane 2 » 1.56 + 0.13
fold) » A ®|# ¥ % J Jk & ¢ haloperidol 2z {4 » #r4]d TNF-a ]
phospho-JNK (46 kD) 3-v % e wiic i@ 4o haloperidol 2 uM (land 3)
% 1.394+0.16 fold ~ 10 uM (land 4) 5 1.45+0.13 fold > @ 20 uM (land 5)
Al % 1.10 £ 0.05 fold » % 3% haloperidol JE & 5 20 uM FF > $r)
phospho-JNK (46 kD)3-v # B E # 5 P & > {447 80 % ; ¥ ¢t
haloperidol B] 7 ¢ & &d TNF-ai]jg2 total-INK (46 kD)3#v # 3R o F]
$t o TNF-o#735 A 4 cn MMP-9 = 7 it 5d INK 23 4, @ iEpe /5 - 35
B F B % % 423 haloperidol » ¥ ¢ € S Fra] INK 30 0 0 £ -

W e 4| A F]F s 2 2 FL88 TNF-a73 % (o MMP-9 £ L E -

cells) & 2 MMP-9 f% 3 /& 14 it #

dz @i E2EsAEEd MMPO 2 E 4 e 7 Amk3
A 47 7% (gelatin zymography) <3 Bk £ E 5 2 > A wmie kR 5 1 x 10°
cells/ml 2_ i * T > L &2 ' 2. p F % LPS (50 ng/ml) g2 THP-1 ‘w¥e 24
PETS o U * R RS A 472 (gelatin zymography) ¥ IR s f A H R IR
fo% (THP-1 cells)* & % 3 MMP-9 /5 14 > @ 22 MMP-2 e fd o % »

g AR LT 2 % e
m Haloperidol i; #4] LPS {3 THP-1 im? & 2 MMP-9 2_f% % /& &

AR B p L AR HF3 72 k& o haloperidol (0.5~20 uM) &k g%
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THP-1 ‘w2 433541 * LPS fjcm 24 MMP-9 &2 B8R o d 74
% & 4772 22 F B2 % F R > £ F haloperidol Jk & 3§ 4 (0.5 uM ~ 2

MM ~ 10 uM ~ 20 uM ) » MMP-9 s & IR & JRIE SR 2 ¥ 5 L &R A
el 2 B % (Figure 13 A) - 2 @ haloperidol %+ LPS {1jgci® * chafri| 7 &
% (Inhibition %)4 %] 5 38.5+0.9 % (0.5 uM) ; 47.5+4.2 % (2 uM) ; 76.6
+1.4% (10 uM);91.6 = 3.1 % (20 uM) > B Fri] 50 % & &k & (ICs) & 3.1
+0.8 uM (n=3:Figure 13 B)od }* 2% ¥ &> & THP-1 'm?2 ¢ 5d LPS
#7345 % 2. MMP-9 ¥ it 4% haloperidol S ¥ Jk B et 2 @ & IF MRS 2

FORsA4 o & F %Ik B P4k (concentration-dependent inhibition) o

* #£ 3% haloperidol $f THP-1 im*¢ ¥ d LPS #73 4 f# %
MMP-9 3¢ % 3R

d 2w e B % (Figure 30)° 325 LPS#zF it 34 ¥ THP-1 w e ¥
MMP-9 77 43 4v > @ haloperidol R # #rd |t (5% o F]pb > 57 { K
f% haloperidol $f*: MMP-9 crafer | (£ % £ F € B FH MMP-9 chd-vo & 2
T &R0 g F 2 8EE JE (Western blot) % 4 47 haloperidol #F3%

MMP-9 ch3-6 FL&REPEL P o
m Haloperidol it 4] LPS {3 THP-1 % & 2 MMP-9 3¢ 4 RE

% Figure 14 ¥ > # THP-1 ‘m% g2 ¥ 32 % 24 | PF{s » B~ H ‘m¥e 2_
PP (cell lysate)it (79 % > AP F R A4 B2 | A AT
(resting > land 1) » # B R WP P2 MeE 0 92 kD 2 MMP-9

Fv ZIRE o LIPS {24 ) PS> BB BT F L £
9 MMP-9 F-v & % (Figure 31 > land 2 : LPS » 2.81 £ 0.22 fold) » § %
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3 % F kA ¢ haloperidol (2 uM~20 pM) &2 15 > 7 3 LT LPS #7133 e
MMP-9 F-v 4 & ¢ 4 ¥ ¥ 4 (haloperidol)}k & erif 4r @ X G R &
BB b 2o fFA5(land 3 2 uM 0 1.41£0.13 fold 5 land 4 © 10 uM » 1.04
+0.13 fold ; land 5 : 20 uM - 0.54 £ 0.10 fold) -

- = ~ # 3¢ haloperidol ¥ LPS 1% THP-1 'w%2 51 % IkB-a.2.

& 4% ¥+ (4v : NF-xB/Rel family) ¥ 1133 4573% 5 2 (UK i ~ dmPe 3 4 12
Blmve k- HEZATFIRAI o TP F e (e D H ke )R 30 kA
FEEGe D mFEP F F LPS) g imap A BAETFS > TR
g = 45 F] 3 (NF-xB/Rel) =% it i #* (Baldwin, 1996; O’Connell, 1998;
Martin, 2000)> # # > ] 4 33 # 513 de i & shoje Lime jjck (4 TNF-o
FrIL-1B%) o 47 %]F B & ajs it i%?f‘.%’j%@ IkB-o.: degradation &
NF-kB it » % ¢ & A Flig (T4 418 % o F]pt > § L4 * Western blotting
kL% NF-xB e %]+ (IkB-a) 39 % 435 » KBF f# haloperidol
IkB-ouifis i ek 242 > T 8@ B2 NF-xB e it F ordigend ¢ o
# 02 LPS flj% THP-1 jw% > LB 7 B RFEL > H total [kB-oz -9 4
T o d Figure 15 e % 23 > 32 % 120 min 7 Resting § 1 3% 12
LPS (50 ng/ml) {1 30 4 4&(land 2 : 1.062 fold) ~ 60 ~ 4&(land 3 : 0.918
fold) ~ 90 4 4%(land 4 : 0.769 fold)% 120 4 4&(land 5 : 1.302 fold)is » B
12 LPS §1# 90 & 45 pF > H total IKB-aueh"% f2 1% £ 5 P AR o F]pt 4945

TS > Bwre 0 LPS f 90 4 48 KB (T 218 e Bk o

m Haloperidol st #r4] LPS 1| THP-1 % #7135 % & 2 total IkB-a2 "%
fRiT®
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# Figure 16 ¥ » § A3+ LPS BF > g 4 2 @:E > total IkB-af] &
R FE R 0 2k [kB-odev hE 5 B (lane 1 ¢ 1£0.0) » 2 LPS
Tl 90 4~ 48 (land 2 : 0.68 +0.04 fold) » 4%+ % e Jk & 2. haloperidol » #
2 IR IkB-a. 7 £ % ¥ haloperidol )k & 38 % (land 3 : 2 uM > 0.80 £ 0.01
fold ; land 4 : 10 uM » 0.78 £0.02 fold ; land 5 : 20 uM > 0.82 £ 0.01 fold)
MR b A R P TR 2 % % 0 ¥ 11 de % haloperidol ¥ i € 5
d drd] IkB-aud-v Fen's f2 (v % @ { i&- ¥ g > NF-«B translocate I
e L P IRen{T R 5 iF & LPS #73 E O k eh MMP-9 F)pt Ak g @ o jE

% IR o

+ 7 ~ %37 haloperidol & THP-1 m?z ¢ $43% LPS 973 % cnp
2 1 TNF-a% RiT#

W2 P gl AHEPIRE Ewe ¢ 0 LPS $3° TNF-a2 2
= A - fAprxagE A o m & THP-1 22 PBMCs # - LPS % ¢ 34 #25
¥ & ¥ 9 TNF-a# = (Kumar Mangalam, 2002) - % %3 TNF-o &3t
B € #r#] MMP-9 t04 =85 TNF-o mRNA 2 % 3£ proMMP-9 3-v
i 2c(Leber, 1998) o @ # 66 8 %458 & AML % ® » &% i B3] P
8 5 TNF-o. % 3L £ (Cimino, 1991) o ¥ ¢t >* Ismairetal § % 7 B3R &
acute promyelocytic leukemia (APL) cell line #2 > p 24 409 TNF-ase 32
# {4 28 & MMP-9 2 % t(Ismair, 1998) o 11 F &%= 7 &7 TNF-a
5 MMP-9 3-v £ 32 € & |4 » 24P B~ {8 F % 2t ik (supernatant)
i i * Human TNF-o ELISA system % ip|# TNF-az %1 - 5 & » {3
P 2 F %R F AT % 0 B Figure 17 ¢ - XA & LPS {1 P (resting) »

12 5x107cells 5 ¥ = if ¥ @ p| F & 372 A 2 TNF-a 3¢ % 3£ (3.72
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+ 0.30 pg/5x10°cells) » 2 {4 A %2 LPS jE & % 10 ng/ml ~ 50 ng/ml £
100 ng/ml #73% 3 « TNF-o.% L8 4 %] 5 9.56 = 0.88 pg/5x10° cells (10
ng/ml) ~ 14.26 + 0.79 pg/5x10° cells (50 ng/ml)£= 14.46 £ 0.84 pg/5x10°
cells (100 ng/ml) > d + i % % &7 > 2 LPS k& 5 50 ng/ml #73%
F Ak TNF-aZ2RE e EEF B w2 82 F %DV LTIHEE
B od Figure 18 ¥ ¥ &3] b & & LPS 1™ (resting)’ ™4 5x10° cells
H o ¥ @I IEFAER 2 TNFadkv 2R E(3.72 £ 0.30
pg/5x10° cells) » 4§ %5 12 LPS 50 ng/ml 3% % TNF-a# 3 14.26 + 0.79
pg/5x10°cells » £ 12 7 e 3 & 2 haloperidol (0.5, 2, 10, 20 uM) EJ2 {4
FIMIDF L A& @ INF-az 39 2E 2> A% 5 0.5uM>20.04+
0.59 pg/5x10°cells ; 2 uM » 21.34 + 0.81 pg/5x10° cells ; 10 uM > 25.05 +
0.47 pg/5x10° cells 5 20 uM » 22.49 + 1.35 pg/5x10° cells » 1345 12 + 2 %

k757 > haloperidol en# 4~ (% ¥ % g F| 5 PN 4 1 TNF-a4 B

¥ MMP-9 F-v & 4 $rd]

Discussion

B RS Y RE LABY 0 AT AR R %A (manix

metalloproteinases * MMPS)#> % & 5 £ & ek ¢ o A S E cniE 42 7? >

7 W wre AL I MMPs 2 ¢ o BB % R f0 AL T %2 (stromal

cells) » ¢ 3= & ‘m?2 (endothelial cells) ~ % s2* ‘w2 (fibroblasts) ~ 3“4 st

# i *z (myofibroblasts) ~ # X o *¢ (inflammatory cells)~ ¢ # *xMMPs

(Klein et al., 2004) o & @ fg4d 5 % 522 5 (CNS) » #7F ¥ 14! Shmre o

: 4 X5~ (neurons) & A2 K5 B v (glia) ' 7 A 2 MMPs (Yong et al.,
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1998) » @ B % 2. 7% i* MMPs¥ 4 f# & & & (basal lamina)ehi = > > ¥R
& "l EE(blood-brain barrier » BBB) gl » R ig 4 S F LA 4 3F 5 ¢ R
g ARG SRR P RBRESEEAN SR TES
(Rosenberg et al., 1992; Anthony et al., 1998; Asahi et al., 2001) - » H ¢
MMP-9¢2 3¢ (533 it e 2 L LA B - R FIE P 5 ¢ FRA G enign m g
(demyelination) (Gijbels et al., 1993)514 % {44 i“ g2 Aoz o ¥ b > &
Eltv g‘.:}?ﬁ,ﬁ; }J’;‘ai“”? g4 P BB MMP-OG I G 5 B2 o AT
MMP-9 & % teid (55 XA B 6 g ¢ TP mL 84 FRARL &
T AR o

MMP-9 (& **type IV collagenase » * £ % gelatin B » 4 + £ % 92 kD)
FAF IR E e AP R 2 F AR E PR
(peripheral blood monocytes) ~ P_%ﬁ‘« ¥ N FE it P2 (microphages) ~ Kupffer
cells ¥ 4 ¥ 'm *z (osteoclasts) & ‘¥ ¥ % ILMMP-9 s % I (Welgus et al.,
1990; Masure et al., 1993; Winwood et al., 1995; Swallow et al., 1996)- ¥ ¢t
% — it leukemic cell lines® > ¢ 4% : HL-60 ~ NB4 ~ U-937% THP-1» + ##
*xMMP-95% % (Ries et al., 1994; Ismair et al., 1998; Saarialho Kere et al.,
1993; Vanetal., 1991) > - & ¥ 232 ¢ » 23 ¢ = 3 (leukocytes) » ¥
Fe 02 A R MMP-9 s 1% MMP-9A f# 44 F it 4+ i 6 i il i 72
Bom % r % e s X R 7 chd & ## i (Doherty et al., 1994;
Welgus et al., 1990; Leppert et al., 1995; Weiss et al., 1986) - ¥ ¢ » H % 3§

W% F % T & e grE (4 0 TNF-o » IL-1B ~ CSFs & IL-3) & fm B 4

Z (LPS)fjepF » { ¢ @ MMPs#& o 3 2 )I%a‘*ﬁ 41> H % 3% (monocytes) &
A% Pz grg TNF-o 2 IL-1B e » @ € 5% MMP-9chdk I/ 2 &
MMP-1 (Saren et al., 1996) o & ¥ 1% 3 chim 2 $R42 » MMP-9 4 4 2 AL 7]
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Az By M2 T AL - & w8 ik (4o TNF-0i% # TNFR,) R RGER &
%] 33 (Ries and Petrides, 1995; Ismair et al., 1998) o ¥ ¢t > LPSH| ¢ 3£ % &
¥ coMMP-1£2 MMP-9 4 3R.(Lai et al., 2003)% 3% % 3 M 3 X chiw’e gk
(cytokines) (Yong et al., 1998) o @ fe— 44! (533 1t 5 5 P (4o P ia
BpE s AV E)VFRT L R A ORGSR > 27 2 45
TNF-a ~ IL-1% TGF-B (Akiyama et al., 2000; Nagatsu et al., 2000) » » H
¢ TNF-odk 3% 5 23 4 3 WL ehdg »T ' %2 %% (Munoz-Fernandez et al.,
1998) o

AR AT DR BRiwe 5 THP-1Mw% > {89 x5 (leukemia) & +
“7B- 18 h {7 3k (monocytes) e 14 A B3 & @ 17 > A FP B E P A
%z (mononuclear phagocytes) % 4p 12 (Combs et al., 1999; Hsu et al., 1996;
Giulian et al., 1990; Prieto et al., 1994; Tsuchiya et al., 1982; Yates et al.,
2000) > & ¥ I3 - e g F (4ot [L-o ~ IL-1B ~ IL-6 ~ IL-8 ~ TL-12#2
TNF-a) A # & J&(Murthy et al., 2000; Szczepanik et al., 2001; Yates et al.,
2000) - @ 3F 5 < )I?%#ﬁ B e el AT R R P (A P TR B
2 oba & F g %) ¥ microgliatw 2 7% i 3 B (Chen., 2003; Liu et al.,
2003; Nakamura, 2002; Akiyama et al., 2000)> ¥ *t 345 ¢ & & —‘F’f Al en
F %Y F R THP-1m % ¥ it © 8 4 & N “rmicroglia ‘w %
(microglia-like human THP-1 cells) (Klegeris et al., 2005) > #7121 &2 S ¢ *
THP-1 cell lines %k § (¥ e B lm?e > 4c 2 % kR P ffd 8% &
haloperidol (0.5~20 pM)Z® 4v » ) %% TNF-o (10 ng/ml)3% % MMP-9 %
BoBEREL LT HMMP-OGE A 2 P En ff 7 H 7 BRG]

d 7 A fEZE & 7% (gelatin zymography) 2. F % % % F > & THP-1/m

*z ¥ > haloperidol it #r#] "2 TNF-o #7134 % c7MMP-9e/5 4 & 3 7 i ] 5%
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b hd B BErE1S0%F ez kB (ICs)A B 5 54£03 uM; 4 2 9 %
2 % ® &0 > A THP-1M% » TNF-a 73 % c7"MMP-9 & (£ % & £ ¥
haloperidolch#E $ kB 2 & @ @ @MMP-9E 4 ME B~ » T IER T
J& (concentration-dependent) 2 Fr 1] i % o &7 Kk > L 7 7 P haloperidol
A THP-1'w% ¢ $rd|MMP-9eB - A I » T 4 £ Fl 5 5l4eme 3 (Mm@

dmPe b AT A 4 eniE % o AT AP % T MTT assay ¥ “rhaloperidol 7k
BA40 pM 12z b 35 s & ,T%u S 4360% ot A F FP7ri¢ * fhhaloperidol # k&
B BN (0520 uM) » f0% 5575 5 7 € F AR 0 2 5 (Figure 18) -

AT ARHRTRY L EFERFRL G EP e d o vk

7 B f&haloperidol &% ¢ T # B EMMP-OA L et 2 A AR d F %
%% B2 3| > haloperidol ¥ **MMP-9:rft % =127 ¢ 2 4 58 -

d Western blotf 2 = ;% {¥ v » A THP-1w%2 ¢ > haloperidol¥ P &g ¥

7R AP FHLINF-a*7 3 % 2 2 OMMPO 39 2 IR > ¥ N F

&

haloperidol 2. # ¥= Jk /& 3 4v @ &b " MMP-93-v & 3> & 7 ¥ &
JE B »< & (concentration-dependent) e 41 15 #* o 38 L& e 4 g Mk & (0.5,
2 MM)E%;I.»;,? 11 sk BRAIMMP-9en3-0 £ Jho ¥ 30k B 20 uMUR 4575
{THF V-5 3 EFAEERT > ) MMPs/E * § EE T 73
@ P 7 M A e = > TIMP-1 (28.5 kD glycoprotein) o ¢+ 3-v

XA T AR AR e (8 35 B e s )L e s H Pk e
Eointe ) oA gt 0 8 7 IMMP-9 3w 111 1 1= A5 448 & ik a o
FIMMP-9:1 3% % 3.(Goldberg et al., 1992) - f& & % & 5 55 + - %] L Hk
FARBHEZAES LT FHPH LA R R AR BT H R
TIMP-12_ # & P 5 # % (Murate et al., 1997; Ozenci et al., 1999) » @ * §

BT hiw?e $A(THP-1 cells) s fe o b2 g 4 &1 & dpm 7 a0l
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I fmre > 4 % TNF-a §| g & ¥ 3% % TIMP-1 -9 % 3R (Figure 25) >
haloperidol #* # 1S3k % (0.5 WM)P 3£ $r41d TNF-o#751 4 cA9TIMP-1 3
v % IR % haloperidol ¥ % JE R FF(Q20 uM)F ¥ 5 & & # BRIrTIMP-1:9
¥=v & Z > B o7 haloperidol¥t>t 2 & ¥ 4 BHF R T AT F 4 I H o A
(et MMP-9 TIMP-1)7 &5 7 v R 13 % T » $99% 5 £ s 025 7 11 3%
B— B34 s R > 4 o T Ok > A 4 plhaloperidol ¥ st ] i i
©=MMPs 3-v 8 ¥ (translation) 2. + #4384 (upstream) e

- a3 o AT A DNA ¢ 5 d 4 T & (transcription) 2 7§ @ A =
mRNA > 2. #2 mRNAL 5 d #& F(translation) /i 11 4F 2 Fv F o g3 i
F1* RT-PCR 2. 7 %% ~ ;2 g% haloperidol Z_% ¥ 12 $#4|MMP-9 mRNA
A4 o d F %% % % Rhaloperidolfe F "€ F kA= § @ ¥ U4 MMP-9
ImRNA % J(Figure 24)® E4 kR >10 pM +F BI¥ 13 & &+ B H
MMP-92 mRNA#% I o X7 » $20% 4 5.7 ¢ B¢ 415 2 mRNAJE
Z_(mRNA stability) > 7 5 8- HF 7 F - FIt £ LiF- B+ 5
MMP-9 A Fli# 451l A7 e+ 597X Tl Ap R 2. B2 38 o

&7 F %% HAE s MMP-9d T 1 ¥ 4k 2F 5 7 fe o2t 4 (@ vEEs /o
B & T3 ST & > 4e ¢ Mitogen-activated protein kinases (MAPKSs)
pathway ~ Nuclear factor-kB (NF-kB) pathway (Moon et al., 2004; Bond et
al., 1998) ~ #4733 & F]3 (NF-kB#? AP-1) (Sato and Seiki, 1993; Gum et al.,
1996) » @ TNF-ou7 14 {18 $1 3k 40 F viim®e 3 4 2 424 £ AMMPs -
Hiag mﬁ*éﬂ_?ﬁ{/é i* NF-xkB (Sarén et al., 1996; Ismair et al, 1998; Li
and Verma, 2002) o 4?5 % SLp gl S R iwre ¢ > NF-kB7 4L3F 5 &
o ForiE it 2@ 2 3 Dneurotrophic factors ~ cytokines£? neurotransmitters

- )

M ~ & % IR(Bhakar et al., 2002; O’Neill and Kaltschmidt, 1997; Yalcin et
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al., 2003; Carter et al., 1996; Guerrini et al., 1995; Hamanoue et al., 1999;
Kaltschmidt et al., 1995) - ¥ ¢t » £ 7% i* NF-xBR| ¥ s¢ 1 = 4 55 = (Pizzi
et al., 2002; Shou et al., 2002) » #3459 2 24 225 LR % & 4 (Bhakar
et al., 2002; Blondeau et al., 2001; Fridmacher et al., 2003; Mattson et al.,
2000) o 737 ﬂ)gk&ﬁ—r ' §& 45 F]+ NF-kBE g 2 ) = § H‘f Beip 3 B
% (Sun et al., 2003; Suh and Rabson, 2004) - @ NF-kB ;5 v 4 & %4 58
NF-kB ehdr 4] 4] 3-v IkB-oagifik v 1 » 24 - W NFxBd % ¢
translocate T % b /& 1 o Fxd LA FIR R 0 8@ g 2 3F g AP BE F)
+ A 4 (# 3% 1 MMPs¥ cytokines) (Li and Verma, 2002; Panwalkar et al.,
2004) © w ™ F % I A FNFB2 8BS E (74834 » 7 4 0 {1 % Western blot
2_F B> 2 BLBNF-xBadrd] 3] kv IkB-az. % B35 » # ithaloperidol
L3 g d rHllkB-asE f21E " A % MMMP-9%-d 2 4 9 » X fE B 2
haloperidol & IxB-oifié 1* 4 f2 18 % &7 A NF-xkBHvn 4 @ vREe s+ o1
e d o d Western blot~ $7.535 % 57 » TNF-ai® % 154 4515 7 P &g b
514 THP-1m%s P IxkB-o2 "% fZ F J& > 5 ¥ P 7 e 4 R € ibribris v 4R 3|
AEE o F A 7 kR 2 Zfhaloperidol s ¢ & Figure 26¢ # 3 LA F
haloperidol sk /& 3 % (0.5~10 uM) » 12 TNF-a. {1 frshlkB-o 3-v "% & £ 3]

® ¢ m b Ao Gk R PR(0.5, 2 uM)Fr ] IkB-o % fEFR L2 5
#haloperidolk & & 10 uMP=#r]IxB-a "% f# 42 & #k & 5 20 uM ek
450 4 ik R20 uMPFR ¥ R b H "R 248 B o &g o7 haloperidol ¥ 12 Fr
#1d TNF-out| ot 5% enlkB-a2. "% f3 (7% o F]pt > 2 i 32 plhaloperidol
o A & 5 d PrdllkB-a'E f2TE* om0 d TNF-af o751 38 cnif
AL NF-xBig » fm?e +% 22 MMP-92_promoter & 7% & » & # MMP-9148
FlRRp " o3 < }I?%:};—, At & 2R 1 Frd] 3] 39 IxkB-o st i ¥ NF-xB
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mit o B0 R F AR I IkB-az %% 5 IKK complex (Yamaoka et
al., 1998; Zandi et al., 1997) » 2 & £ i®* (Fipk it ) e IkB-o2z Ser 32 Ser
361 % F (DiDonato et al., 1997; Lee et al., 1997; Mercurio et al., 1997;
Zandi et al., 1997; Zandi and Karin, 1999) - #X @ haloperidol £_% 1% # *%

IkB-az. F 7% % (40 L IKK)P) 7§ i - H IR o

1295 ¢ it ehF B 5% % 383 haloperidol ¥ it E_5d #r 4] IkB-od-v 2. %
f2 1T % @ i Fl4r 4] TNF-af] 973 % 0 MMP-9 £ R - 5 7 F/Eid
haloperidol %t THP-1 ‘w?# 12 TNF-o3% % # 2 MMP-9 3o # JeruGfe
? > H NF-kB i& » P {5 N ehdk BUEA) o Tt » NP X B fm e 5 N e e
v B 4% Western blot g% NF-xB (p65) teim¥e 1% p ¢t e 3 - TNF-a
Pl 30 A 42 {5 0 e B9 chp6S AR € ML e PR p6s T

8 € PR Pi 4e 0 & 57 p65 d w¥e BT translocate I fmrE oo AR
2 7 Fr k& i haloperidol £ # 2 ££(0.5, 2, 10 uM) » &l #2 m R p
BRI 10 UM TR 4L F p6S K A0 £ A B A hE & o hlwE
77 - g% 7| haloperidol %k &>t 10 uM PFR|¥ 3 & & ¥ #rd] p65
translocate & ‘m?¢ ¥% - & 7 haloperidol i7" & H kB 5 10 uM BF { it
Frdld TNF-0#73 % 7 p65 F=v £ o ¥ ¢ > 27 L 8- Hminh
THP-1 X%z #% > haloperidol £ F 7 ¢ #2 %8 NF-xB £ DNA binding 4
oo @ 8 NF-xB #4483 ch MMP-9 3% 2L B R > » &9 %1l
* R A B ke & 772 (electrophoretic mobility shift assay, EMSA)4 47
¥ # 7 7 Ik & chaloperidol FF o £ 4r » f1]c#] TNF-o > BLZ 7 T §2 58
NF-kB £ DNA binding 4% & - d Figure 28 » > 4v » TNF-a.§]# 30 4
415 > 33 DNA PR A 4 shift % > § 32 % kA& 2 haloperidol
(0.5~10 uM) » ¥ 4 L shift B h § & > chlF2, > A ER 5 0.5 uM pFr e
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7 ® & #rd) THP-1 fm#e 472 N TNF-0#73% % ¢ NF-kB % i §3; > 12k
Bos 2pM PEgtFrdaak frit b 0 2 BRE kR 10 uM B IRT P A
NF-kB % it > pt &% & p65 e translocation 2 % 48 ¥ > %5+ haloperidol
LR ) NF-xB 22 DNAbinding 042 & © 355 & 12 7 Bkig 5% > 34
{ 4 ¥ 1 Fg 3 > haloperidol ¥ &t £ d NF-xB & 4, @R 5205 ke

MMP-9 e I -

5 % 2 chinducible MMPs (MMP-1, -3, -9 -13) 7 3 activator
protein-1 (AP-1)# 4% %]+ 2 & % ¥ (binding site) > #v i T ] siipromoter
+ 2R mre EE it (4o D TNF-0) @ 4 3%8 o AP-14 4 %]+ &4 c-fos
2 c-jun -9 1 3 = ¢Pheterodimers > iz & F-9 € X d mitogen-actived
protein kinases (MAPKs)=2u 4, @ % j& @ Ak & = 22 7% i (Firestein and
Manning, 1999) ¢ i7 % 1 & ## 7 FMAPKs3 = f8 » ¢ 35 © extracellular
signal-regulated kinases (ERKs) - c-Jun N-terminal kinase (JNK)¥ p38
MAPK % o & MAPKs t3t 4 @ ifiB 427 » & 2 d + 252 72 I MAPK/ERK
kinase 4 W[#-HEipeit > S E V2 Fv fEE 0 A i AR
& )5 K iE 7 & Fleh 4 B(Davis, 1994; English and Cobb, 2002) - 2 5 §
VR f B F e A T T AR T A & L5 d INKs
M % 1t c-Jun/AP-1 (Waetzig and Herdegen, 2004) > @ JNKs (& 4& = B
isoforms : JNK1, INK2, JNK3) % 4% { * #:MAPK kinases (MAP2K » 4r :
MKK4 £ MKK7)2 MAPK kinase kinases (MAP3K » 4 @ MLKs g ASK)/#
it (Herdegen and Waetzig, 2000; Rincon et al., 2001; Waetzig et al., 2004) -
AR R RAEA T A (e PR BRSO g g B R
RO P 5 ¥ ¥ p38 MAPKGE % B [T ehiE 1 13 B % (Koistinaho,

2002) o ¥ *tp38 kinase R L 4 30 ef o2 Tl s Y o X TSR G p3g
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AL AR R R R G Moo 38 A g kY ihid A A
2L ¥ P 7z (Mielke and Herdegen, 2000)° #7 14 ¢ i i3k haloperidol 7 ¥ &t %
EMAPKS/AP-15 /5 K B EMMP-93-v 2. 2 4 2 2 3L o F]P A A7 %
THP-1m#z @ > 3% 3 & 44 INK signal:& (745 34 o &Figure 29¢ > 4 »
TNF-o 15 ¥ & S ik (P INKE -9 B2 RS F 42 77 0 A 8] gl
% e )k A& haloperidol (2, 10, 20 uM) {8 » 3 JLEEEE i INKeh 4 L Ak B 522
L10 uMPF > g AR dr g e 3 B g A 2 @ & 0 0 g k&R (20 uM)
P A5 5 BB Tt 2N e 4P haloperidolik B 5 20 uMPF i &8 F 5
FrIMMP-93-d £ 30> 5 Va0 SR d #rlINK 3R> Apdts » 7

B E LTS AP-1 > i@ ' MMMP-93-v ch& IE o

7 ¥ 5 2 pkdp &> MMPs (% 2 A MMP-9)* i FiL L Y S F
4B ETEEAL > I T A fRA T i 4 e A TR > @ Bl
HEE L al4 L F wpE » & (Rosenberg et al., 1995) o #7103\ i e B
oo @ w3k P hH 7w THP-1 cellsBL %% & 3]t wm FIEp &
% LPSz {3 > #£ 34 THP-14m % #7 & 4 fMMP-9 35 % 87§ %
haloperidol 2. & » Z 3 ¥ 3" MMP-9en3d-v £ A7 & 4 e d|iT* o
zymography § %% > /=2 ¥ B % F| > haloperidol ic 7 4] A #g ¥ % 1k 'w e
(THP-1) ¢ > LPS*73 % «7MMP-9f% % % 1% 4 3. (Figure 30 A)*® % 3
concentration-dependent e 4] i * o H LPS (50 ng/ml)chf| g2 T
haloperidol #f ** MMP-9f% % $r#]50% 0 F J& ik & (ICs) 5 3.1 £ 0.8 uM
(Figure 30 B) - 4% 4| * Western blot~ 17 haloperidolsc #r#|LPS & A #f ¥
P 3k fofe (THP-1) ® #7133 cdMMP-O 3= % L € ¥ & L& ¥ 1
concentration-dependentr 4] i * o

Nuclear factor-kB (NF-kB)iz #5320 4 @y S 30417 37 5 33 g
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jL

Th

XAk FJEMMPsen4 I ¥ 2 )I% PR FPILPSAH ik mre P > F %‘gﬁ v
NF-kB/Reli4xF1+ @ A 4 37 5 fdsg2 A FL R > & 35 INF-a2IL-1%
(Sweet and Hume, 1996)~ ¥ jF i 2% % &% = @B %) 3 &2 4 @i o
(Sweet and Hume, 1996; Weinstein et al., 1992; Han et al., 1994; Hambleton
et al., 1996) - #\ i 4] * Western blotF % = ;= BLZNF-xkBz 4|+ %]+
IkB-o3-v % RE - %%‘J‘l By % % $» haloperidol ¥ >t IkB-ougk iz 1+ en4 2 %
* 22 ANF-xB 4 @y s ordrimend & o 3 LIPS {590 4 45 pF 7 B~
#ensmrzlysate » [kB-od-v 2 I E P B3 f21E% o 327 kU004 48
S LPSH g2 L% > & w2 7 Fp )k R haloperidol 2. {8 » 7 BLZ 7
haloperidol it #7 4] LPS % THP-1 ‘4w #¢ # #7313 elxB-a"% f2 (T % » & {8
NF-kB s ;% translocate & ‘w2 % ¢ & i* MMP-9 £ F] % I » ¢ =* MMP-9¢n
FEE Y ZRERD o5 2 }Ekb’%fé&fﬁ? e = Bgor o 1 * LPS{ e A

X H 73k 2 2 fm P2 R (THP-1 cells) (O'Connell et al., 1998; Guha and
Mackman, 2001) » ¢ {¥ & 4% %]3 NF-xB translocate £ 3 » ¥ it %’g d &
(L IKKB #v m 33k 1% % (O'Connell et al., 1998) » ¥ & - A9 B { & -

HIEF e d APPSRy ¢ FIR o ATHP-15m% @ % TNF-a2? LPS {1 i
PEoTig 8 chlkB-ade F R PR 5 P A4 B (TNF-a - 154 48 LPS ¢
904 4&) (Figure 258232) > ¥ &v Jn F] & b & f& 1] o] i 14 IKKsPF > & 37 3|
7 k2o B 5 913 5% e1(0°Connell et al., 1998; Hawiger et al., 1999; Fischer
et al, 1999) ° @ ¥ — § % e RIATT LPSTIjc 4 48 Pixkim®e 7 i5d 35 5

M4 YRR S 0 B ¢ & 3EIKK-NF-xBE:. /& 2f MAPK s#:. /5 (ERK 1/2; INK;
p38)% % W I| i £ F]+ NF-kB (p50/p65)£2 AP-1 (c-Fos/c-Jun) - Lai ¥ ¥ 4
Pl A 85 fa R o dm (7 end Pxfimre > )% LPST o34 3 1
MMP-93-v &* mRNA# L3 & §_ X MAPKsH ¢ 2. ERKI1/2§ /5 #7324 ¥ en
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(Laietal,, 2003) » ¥ * $i7 Rl 2] > 4 217 LPSTljc 4 7% f i i
z_ H 3k fmre > 4 7 5 d phosphatidylinositol-3/Akt/IKKa/NF-kB# i3
3% % MMP-9 2 # (Lu and Wahl, 2005) - m * F 2% % % & -7 haloperidol ¥
R e gripld LPS#734 4 cnMMP-9f% % & §-9 o2 IR (Figure 30%231)> fe 4r
B WO E Frd]d LPS#r2E % hlkB-o' f2 (7 (2 A E M v P AE
2L) > %51 % F haloperidol ¥ it ¥4t LPS#73 % ciMMP-9 k-v £ I 1 2L H
AR AINF-kBig BT > 4 ¥ B 7 L R 8- 2 $F 3t o 4 ER
haloperidol en# 4~ it % I 2 § 25PN 4 M TNF-aeh I/ Fr$|MMP-9 3
v fhA 4 o BT haloperidol 7 143 4% 24741 £ 2 TNF-a.#73 142 5 T IR
oo bAKPNBEZ BT > 5 ’5“?FaﬁF€'¥§‘E%’gE* B—H AR & K
haloperidolAl & & Z 37 % a5 F P 1% B f2 2 F 4o @ 23 #2in vivo® MMP-9
FERBE L o F LB BB FRES AR SR RS R
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Figure 1. Chemical structure of haloperidol.
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Figure 2. Effects of haloperidol on TNF-o-induced enzymatic activity of matrix
metalloproteinase-9 (MMP-9) in THP-1 cells. THP-1 cells (1x10° cells/ml) were dispensed on
24-well plates and treated with TNF-a (10 ng/ml) for 24 hours as indicated. Cells were treated
with the indicated concentrations of haloperidol (lane 3, 0.5 uM; land 4, 1 uM; lane 5, 2 uM;
land 6, 10 uM; land 7, 20 uM) or vehicle (land 2) for 15 minutes before treatment with
TNF-a. Cell-free supernatants were then assayed for MMP-9 activity by gelatin zymography,
as detailed in “Methods” (land 1, control). Percent inhibition is presented as mean + S.E.M. of

four to seven independent experiments.
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Figure 3. Cytotoxicity of haloperidol on THP-1 cells. THP-1 cells were treated with
different concentration of haloperidol (10-100 uM) and incubated for 24 hrs. Cell viability
was measured by a colorimetric assay at 550nm based on the ability of mitochondria to
reduced the tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) in viable cells. Percentage of viability is presented as mean + S.E.M. of three to
eight independent experiments. * P < 0.05; ** P < 0.01; *** P < 0.001 as compared with

the resting.
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Figure 4. Evaluation of the direct effect of haloperidol on MMP-9 enzymatic activity by
conditioned medium from TNF-a-treated cells. THP-1 cells (1x10° cells/ml) were dispensed
on 24-well plates and treated with TNF-o (10 ng/ml) for 24 hours as indicated. Haloperidol
(lane 4, 0.5 uM; lane 5, 2 uM; lane 6, 10 uM; lane 7, 20 pM) were added to incubation buffer
for 17 hrs. The data are representative example of four experiments. " P < 0.001 as

compared with the resting.
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Figure 5. Effect of haloperidol on TNF-a-induced expression of matrix metalloproteinase-9
(MMP-9) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cells/ml) were
dispensed on 6-well plates and treated with TNF-a. (10 ng/ml) for 24 hrs as indicated. Cells
were treated with indicated concentration of haloperidol (lane 3, 0.5 uM; lane 4, 2 uM; lane 5,
10 uM; lane 6, 20 uM) or vehicle (lane 2) for 15 min before treatment with TNF-a.. Then the
cell lysates were obtained and analyzed for MMP-9 protein expression by Western blot (lane
1, control). The data are representative example of five experiments. “* P <0.001 as compared

with the resting; * P < 0.05; ** P <0.01; *** P <0.001 as compared with the vehicle.
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Figure 6. Effect of haloperidol on TNF-a-induced production of tissue inhibitor of
metalloproteinase-1 (TIMP-1) from conditioned medium of THP-1 cells. THP-1 cells (1 x 10°
cells/ml) were dispensed on 24-well plates and treated with different concentration of
haloperidol (0.5 uM, 2 uM, 10 pM, 20 puM) for 15 min before treatment with TNF-a (10
ng/ml) for 24 hrs. Then supernatants were obtained and analyzed for TIMP-1 protein
expression by ELISA. TIMP-1 protein (ng/ml) is presented as mean = S.E.M. of three
independent experiments. * P < 0.05 as compared with the resting; * P < 0.05 as compared

with the vehicle.
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Figure 7. RT-PCR analysis demonstrating the effect of haloperidol on TNF-a-induced
MMP-9 mRNA expression in THP-1 cells. Cells were treated with haloperidol (lane 3, 2 uM;
lane 4, 10 uM; lane 5, 20 uM) or vehicle (lane 2) for 15 min before treatment with TNF-a (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.
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The data are representative example of three experiments. ”" P < 0.001 as compared with the

resting; * P <0.05; ** P <0.01; *** P <0.001 as compared with the vehicle.
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Figure 8. Western blot analysis demonstrating the time course on TNF-a-induced
degradation of immunoreactive IkB-o in THP-1 cells (1x10° cells/ml). THP-1 cells were
dispensed on 6 well plate and treated with TNF-a  (lane 2, 5 min; lane 3, 15 min; lane 4,

30 min) or control (lane 1, 30 min) as indicated.
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Figure 9. Effect of haloperidol on degradation of immunoreactive IkB-o in THP-1 cells.
THP-1 cells (1x10° cells/ml) were dispensed on 6-well plate and treated with TNF-o (10
ng/ml) for 15 min as indicated. Cells were treated with haloperidol (lane 3, 2 uM; lane 4, 10
uM; lane 5, 20 uM) or vehicle (lane 2) for 15 min before treatment with TNF-a.. Then cells
were obtained and analysed for IkB-o protein expression by Western blot (lane 1, control).
The data are representative example of three to four experiments. “* P < 0.001 as compared

with the resting; * P < 0.05; ** P <0.01 as compared with the vehicle.
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Figure 10. Effect of haloperidol on TNF-a-induced of immunoreactive NF-kB in the
cytosolic extract (CE) and nuclear extract (NE) of THP-1 cells. THP-1 cells (2x10° cell/ml)
were dispensed on 6-well plate and treated with TNF-a (10 ng/ml) for 30 min as indicated.
Cells were treated with haloperidol (lane 3, 0.5 uM; lane 4, 2 uM; land 5, 10 uM) or vehicle
(lane 2) for 15 min before treatment with TNF-a.. Then cells were obtained and analyzed for
NF-kB protein expression in the cytosolic and nuclear extract by Western blot (lane 1,
control). The data are representative example of two to five experiments. ™ P < 0.001 as

compared with the resting; * P < 0.05 as compared with the vehicle.
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Figure 11. Haloperidol TNF-a-induced of NF-kB activation in low concentration. THP-1
cells (2x10° cells/ml) were dispensed on 6-well plate and treated with TNF-a. (10 ng/ml) for
30 min as indicated. Cells were treated with haloperidol (lane 3, 0.5 uM; lane 4, 2 uM; land 5,
10 uM) or vehicle (lane 2) for 15 min before treatment with TNF-o. Then cellular nuclear
extracts were prepared (2~4 pg) and analyzed for NFxB activation by EMSA (lane 1,
control). . The data are representative example of two to five experiments. ** P < (0.01; *** P

<0.001 as compared with the vehicle.
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Figure 12. Effect of haloperidol on TNF-a-induced phosphorylation of immunoreactive JNK
in THP-1 cells. THP-1 cells (1x10° cells/ml) were dispensed on 6-well plate and treated with
TNF-a (10 ng/ml). Cells were treated with haloperidol (lane 3, 2 uM; lane 4, 10 uM, lane 5,
20 uM) or vehicle (lane 2) for 15 min before treatment with TNF-a. Then cells were obtained
and analyzed for both phosphor- and total-JNK protein expression by Western blot (lane 1,
control). The data are representative example of three experiments. “* P < 0.001 as compared

with the resting; * P <0.05; ** P <0.01 as compared with the vehicle.
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Figure 13. Effects of haloperidol on LPS—induced enzymatic activity of matrix
metalloproteinase-9 (MMP-9) in THP-1 cells. THP-1 cells (1x10° cells/ml) were dispensed on
24-well plates and treated with LPS (50 ng/ml) for 24 hours as indicated. Cells were treated
with the indicated concentrations of haloperidol (lane 3, 0.5 uM; land 4, 2 uM; lane 5, 10 uM;
land 6, 20 uM) or vehicle (land 2) for 15 minutes before treatment with LPS. Cell-free
supernatants were then assayed for MMP-9 activity by gelatin zymography, as detailed in
“Methods” (land 1, control). Percent inhibition is presented as mean = S.E.M. of three

independent experiments.
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Figure 14. Effect of haloperidol on LPS-induced expression of matrix metalloproteinase-9
(MMP-9) from conditioned medium of THP-1 cells. THP-1 cells (1x10° cells/ml) were
dispensed on 6-well plates treated with LPS (50 ng/ml) for 24 hrs as indicated. Cells
were treated with indicated concentration of haloperidol (lane 3, 2 uM lane 4, 10 uM; lane 5,
20 uM) or vehicle (lane 2) for 15 min before treatment with LPS. Then the cell lysates were
obtained and analyzed for MMP-9 protein expression by Western blot (lane 1, control). The
data are representative example of five experiments. " P<0.001 as compared with the

resting; * P <0.05; ** P <0.01; *** P <0.001 as compared with the vehicle.
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Figure 15. Western blot analysis demonstrating the time course on
TNF-a-induced degradation of immunoreactive IkB-o in THP-1 cells (1x10°
cells/ml). THP-1 cells were dispensed on 6-well plate and treated with LPS (lane
2, 30 min; lane 3, 60 min; lane 4, 90 min; land 5, 120 min) or control (lane 1,

120 min) as indicated.
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Figure 16. Effect of haloperidol on degradation of immunoreactive IkB-o in THP-1 cells.
THP-1 cells (1x10° cells/ml) were dispensed on 6-well plate and treated with LPS (50
ng/ml) for 90 min as indicated. Cells were treated with haloperidol (lane 3, 2 uM; lane 4,
10 uM; lane 5, 20 uM) or vehicle (lane 2) for 15 min before treatment with LPS. Then
cells were obtained and analyzed for IxB-a protein expression by Western blot (lane 1,
control). The data are representative example of three to three experiments. “** P < 0.001

as compared with the resting; * P < 0.05 as compared with the vehicle.
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Figure 17. Effect of LPS-induced production of tumor necrosis factor-o. (TNF-a) from
conditioned medium of THP-1 cells. THP-1 cells (5x10° cells/ml) were dispended on
24-well plates and treated with various concentrations of LPS (10, 50, 100 ng/ml) for 24
hrs. Then supernatants were obtained and analyzed for TNF-a protein expression by
ELISA. TNF-a protein level is presented as mean + S.E.M. pg/5x10° cells of three

independent experiments. “* P < 0.001; " P < 0.01 as compared with the resting.
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Figure 18. Effect of haloperidol on LPS-induced production of tumor necrosis factor-a
(TNF-a) from conditioned medium of THP-1 cells. THP-1 cells (5x10° cells/ml) were
dispended on 24-well plates and treated with various concentrations of haloperidol (0.5, 2,
10, 20 uM) for 15 min before treatment with LPS (50 ng/ml) for 24 hrs. Then supernatants
were obtained and analyzed for TNF-a protein expression by ELISA. TNF-a protein level
is presented as mean + S.E.M. pg/5x10° cells of three independent experiments. ™ P < 0.01

as compared with the resting; ** P <0.01; *** P <0.001 as compared with the vehicle.
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Figure 19. Effect of haloperidol on NF-kB reporter gene. At 12 h after transfection, cells
were stimulated with TNF-o (10 ng/ml), with or without haloperidol (10 uM) for the
indicated times. The cell lysates were prepared for determination of the luciferase activity.
As an internal control, pRL-TK, expressing Renilla luciferase under the control of TK
promoter, was cotransfected. All luciferase activities were normalized by the internal
control activity of Renilla luciferase. The relative changes (folds) were represented as the

mean ¥ S.E.M. of three independent transfections. **: P <0.01.
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