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The tight junctions in the epithelial cell of the
choroids are the major structures of the blood-
cerebrospinal fluid barrier (BCB). The major function
of proteasome is to degrade unneeded or damage
proteins by proteolysis. Disruption of BCB and
resulted in meningoencephalitis are important
pathological events in non-permissive hosts caused by
Angiostrongylus cantonensis. In this study, five-week
BALB/c mice were infected with the third-stage larvae
of A. cantonensis. The results showed the protein
levels of proteasome were increased during A.
cantonensis infection. Occludin was co-locolized with
matrix metalloproteinase-9(MMP-9) by confocal

immunof lourescence microscopy. Further, we
demonstrated that occludin interacted with MMP-9 in
brain tissue of infected-mice by co-
immunoprecipitation. The infected-mice were treated
with proteasomal activity inhibitor MGI32 in 1.5 and
3.0 mg/kg/day, respectively. The protein levels of
phosphorylated I kK Ba were significantly decreased as



compared with untreated control. Also, phosphorylated
nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB) has similar result. In
addition, activity of MMP-9 and occludin degradation
were reduced because of MG132. The role of proteasome
in A. cantonensis infection is to degrade
phosphorylated I kK Ba, and modulate phosphorylated
NF- kB, and then regulate the activation of MMP-9 and
occludin degradation.

Angiostrongylus cantonensis, proteasome, eosinophilic
meningoencephalitis, matrix metalloproteinase-9, NF-
KB
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Regulation of mouse meningitis or meningoencephalitis caused by Angiostrongylus
cantonensis through proteasome
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i % E v 4 iz ( choroid plexus
epithelial cells ) & m?‘ T S

(tight junctions) & 4= s /%% % &
7% I k& ( blood-cerebrospinal fluid
barrier, BCB) #3 & Bl 0 pAH
(proteasome ) i & i%* g _'% (& mre ¢
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The tight junctions in the epithelial
cell of the choroids are the major
structures of the blood-cerebrospinal

fluid barrier (BCB). The major function
of proteasome is to degrade unneeded or
damage proteins by proteolysis.
Disruption of BCB and resulted in
meningoencephalitis are important
pathological events in non-permissive
hosts caused by Angiostrongylus
cantonensis. In this study, five-week
BALB/c mice were infected with the
third-stage larvae of A. cantonensis. The
results showed the protein levels of
proteasome were increased during A.
cantonensis infection. Occludin was
co-locolized with matrix
metalloproteinase-9(MMP-9) by
confocal immunoflourescence
microscopy. Further, we demonstrated
that occludin interacted with MMP-9 in
brain tissue of infected-mice by
co-immunoprecipitation. The
infected-mice were treated with
proteasomal activity inhibitor MG132 in
1.5 and 3.0 mg/kg/day, respectively. The
protein levels of phosphorylated IkBa
were significantly decreased as
compared with untreated control. Also,
phosphorylated nuclear factor
kappa-light-chain-enhancer of activated
B cells (NF-«kB) has similar result. In
addition, activity of MMP-9 and
occludin degradation were reduced
because of MG132. The role of
proteasome in A. cantonensis infection
is to degrade phosphorylated IkBa, and
modulate phosphorylated NF-«xB, and
then regulate the activation of MMP-9
and occludin degradation.
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(central nervous system, CNS ) » i =
L R I alsfgv% B hr R
(eosinophilic menlngltls) 23 vﬂ #
"% W (eosinophilic
meningoencephalitis)  ( Kuberski and
Wallace, 1979 ) Pt 50 & & F 12
7 H % R RS
A o e ﬁn}%g%axsgzpﬂk&#
g X IER lE’lT}t"*Lﬂ— ie-? RAY T
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BB ARt oA chgen A RS
He i BT %fdmie N 2 38 chk-
RN 8 e S ?*é LARILF
(ubiquitin) &35 > & F & A 50 fe il
" fE PRAE
& & 74 ¢ (Kornitzer and Ciechanver,
2000) - § 3¢ prRE X Frd]is > NF-«xB
felkBo #72) % 2_ 45 & R gt 5 € 1
Lo fE T o it~ iz 7 ¢ e NF-xB
SIIEE - SRV EIEE
(Traenckner etal., 1994 ) & =3t p A&
e P L e F A REF o T
?%@--‘63‘9 RN S e
#c% (Baldaetal,1996) - i& @  v3
Pode w3k AT A e d (Huber
etal.,,2000) c B & Fv ik F & < 5
& 62-82 kDa » iz H_d »H gipk i ahiz
Er koAt iR BRI i
A IR IR SLA AR O SN 4

[EG RN N s AR L

( Sakakibaraetal., 1997 ) 12 2 itz &
(Chenetal.,2002) - &+ & m*2 k>
B REG DR L e AT Blmie
PO OB BRRL 1Y R R BRRE T P £
v &3 { EE# ¥ (Sakakibara et al.,
1997) ¢ fp L imbe ¥ > B[R4 €
PEGRSFEE Y 7 2T H
it g FhePpRps (b T g E R @ﬁia?]m
# 4v (DeMaioetal., 2001) - £ = 3 7
T Ap o ffTa g 20S Fev pEAgch
BT 0 € EME B AR
(Hobleretal., 1999) - @ ] * * %
W R wre (hCMEC/D3) ## = BBB
BB 2 HIV-L 37 5o 3o fedd
XF% & T‘ B 2 F-v 4 B (Huang et

l.,2009) » #X @ BaﬂTuﬂiﬁwiﬂiép
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Fedg o JlpE-d gk § ot g
FRap 28BfFiEfr i kv p-
#@Asa ik (pH 1-2 > 500 1.U. pepsin/g
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BALB/c 22 P EER p g 2w 12 /)
RIS Bk S # G 5 % 120 ERER
A Lo e F 2208 Au G A
R 22 e (Control) 2 4R &
&i@ﬁ*%lkﬁ@%ﬁiﬁo%
HREst > g e ky ks 50T
RAGe MAF=ZDH2H o R L1
12 PR R H Bk s g > Ty
LR A% 5510015520025 =
B HBER &G EHE K T AR
25 % F 4+ o

r o~ REBUS R R

#- BALB/C ze 4 i% BIMEHS A
2288 w88 AuR LIS G0
fis 48 3041 %) MG132 (Cayman, USA)
EFpegl Ty o HESRE LB G
1.5mg/kg/day % 3.0mg/kg/day ‘& 7%
A SRS R EE 20 % ik
oo Righ RS EAK TR 4

7 ~CSFipefc
F1* Urethane (1.25g/kg)

v AR e HRE ﬂ;ﬁﬁ; v HB-H TN
£ %‘J",frf fo » REREBREEINEH A KE
S Bgn E IR LERE N A 1 #
FMA P BIFEE > B ff’,, o
Heiricls o BRER LML T Bty
135 R & > ML wp 15 A T
(dura mater) > ® » #53 ( Cisterna
magna) * > CSF ¢ F]£ ‘mIL % @ i& »
Llmp? o B 3ml g R
BoR AL d o o B30 0.5ml g F ¢ o
A EI IR S A R P S

-80°C # * o

Ao~ TR R DR B
B-BE R g e Tak %> Proteo
JETTM Mammalian Cell Lysis Reagent
(Formentas, USA) # - 12 0.1g #*%
‘gt 1 c.c.enlysis buffer 2 v &) > 3%
MR TR FIE 2 (5 1 4°C 0 15000
rpm > Hre 10 A48 0 Bl iR TR
oo g B-80CAkHT Hie

=~ Y
- %388 1 Mouse anti-mouse
B-actin monoclone antibody ( Sigma, St.
Louis, MO ) - goat proteasome [35

polyclonal antibody - goat occludin
polyclonal antibody ( Santa Cruz,
USA ) -~ Goat anti-mouse MMP-9

polyclone antibody ( R&D Systems,
USA ) -~ rabbit IxBa
monoclonal antibody ~ rabbit anti-mouse
phospho-IkBa monoclonal antibody ~
rabbit NF-kB  p65

anti-mouse

anti-mouse



monoclonal antibody -~ rabbit anti-mouse
phospho- NF-xB p65 monoclonal
antibody ( Cell Signaling, USA)

= % $ui8 : HRP-conjugated
Goat anti-mouse 1gG  ( H+L )
antibody -~ HRP-conjugated Bovine

anti-goat 1IgG ( H+L ) antibody %
HRP-conjugated Goat anti-rabbit 1gG
( H+L ) antibody (' Jackson
ImmunoResearch Laboratories, USA ) -

N~ > BEE 2 (Western blotting )
RZP A2 ATH R B4
sample buffer ;& & > 3 » SDS & A%

FREFR A R ‘El"‘q\ fe » BB
Z F v B # £ 1 polyvinylidene
fluoride (PVDF, PALL, Mexico) - ;=
»~ Blocking buffer (1% BSA 33t 2
0.1% Tween 20 7 PBS) > &% 8 F #
% - ] P¥iz {7 Blocking- 12 PBST i
ez B - 104481 0 A E 4
—BFMEFET AR L PR
PBST jfit= = » & - = 10 2 4815 -
FFLE YA 2 - BT R
BTF &40 & 4801 PBST ik =z =
& - = 10 A 48 0 B (s L A~
enhanced chemiluminescence ( ECL,
Perkin Elmer Life Sciences Inc, USA )
S RBEEEFT R BT R Xray K
(FUJIFILM, Japan) & % % i @] v
Fend M o

1 ~ B % pF % 2 ( Gelatin
zymography )

Pigda ik 2 CSF 4e » 4p % U4
e sample buffer ;& & loading »>* 3 7 %
T 1% gelatin (Sigma, USA) 17.5%
SDS-PAGE ¥ i&{7 T & o a3 R

T % 2.5% Triton X-100 /%% =t » & =%
B EHFAL 30 40 L F - SRR
Bt E = 10 A4 BOREE
reaction buffer 37 C'r FR18 B | pF o
Yok AT A e 3 o AR R I
0.25% Coomassie brilliant blue R-250
$d - Bl EEFY 15%T B
75%fE A G o BESFF DB
L ",4rt 7 e gelatinase £ X H K %
B oo ¥ g3 A% 4 band 3
gelatinase - MMP-9 ez & & 47 2 | *
computer-assisted imaging densitometer
system, UN-SCAN-ITTM gel Version
5.1 (Silk Scientific, USA) -

o R R X RO OK
( Co-immunoprecipitation )

B~ rProtein G beads Agarose
(Invitrogen, Taiwan )20ul- 'z 1ml PBS
wash 3 = » & = 12 10000 rpm 1 4 45
fs o 3 “f Fipik o 4e o 5% BSA 1ml
blacking » % ** 360 &z ® + » % 4
‘CT K & 60 448 > 12 10000 rpm e
154> 3 K$J jife o 4~ PBS wash -
v~ sample % anti-goat occludin
polyclonal antibody ( Santa Cruz,
USA) > & 12 RIPA lysis buffer (3 7
50mM Tris-HCI pH 7.5 - 150mM
NaCl > 1% NP-40 > 0.5% sodium
deoxycholate and 0.1% sodium dodecyl
sulfate) 4 = 500ul » *c % AT+ >
& 4C™ > 6-12rpm > & J& over nlght °
F O % = {802 10000 rpm e T & “/f
ik o 2 Iml RIPA lysis buffer i& =
wash » &< 10000 rpm 1 & 48 > 3 =X o
£ ™ 1ml PBS wash » &< 10000 rpm 1
ks oo 2 o0 & K,fi it o B e x
20ul sample buffer > »+ 95°C # 10 4 4%



f¢ » 1 goat anti-mouse MMP-9
polyclone antibody ( R&D Systems,
USA ) # immunoblotting # /#] occludin
2 MMP-9 £ F 5 23 8% o

L+ - ~ X §= & B s (Confocal
microscopy )
HRE B s F 2 10%
? 4455 ++ (neutralized formalin) 24
P BES BB 7 FER (50% 0 75% o
95% and 100%) i (alcohol ) ¥
Wok o 1z ® F (xylene) B FpH
I % B5°C 12 paraffin ¢ 32 24 /] pF o -
¢ 10 pm G B T F
PR oo P FEARY R
PRRRCFHE R - T F o 288
4v »~ proteinase K solution (20pg/ml in
TE buffer pH 8.0) & 37Cx % 8¢ &
ftyik 10 4 480 £ 2 pH 7.4 PBS i&jis
3 E XL 5 Ao PR
M5 3% BSA *t 37°C ™ blocking 1 -]
P f A w27 — skl goat polyclonal
antibody( R&D Systems, USA ){= rabbit
anti-mouse MMP-9 polyclone antibody
(Abcam, UK) »* 4°C i¥* overnight -
Zt4 0 W PBSikjig3 =t F& L5 A
48 - #-+r 3 22 DyLight 488-conjugated
Donkey anti-goat 19G (H+L ) antibody
4= Rhodamine Red-conjugated Donkey
anti-rabbit IgG ( H+L )antibody( Jackson
ImmunoResearch Laboratories, USA )>*
37CiE* 1/ > 1 PBS %55 3 = >
% =x & 5 4 48 - 4 1 DAPI mounting
medium ( Vector Laboratories, USA ) 4t
BB fs 0 3t & g B B s (Zeiss LSM
510 META, Germany ) * » 1§ &F 3k
FEET IR -

S
RS U B R SR
Kruskal-Wallis & {7 L3t & 47 » 12
Dunn > s multiple comparison # % & +*
oo B Rk Y T B E LR L
(meanstSD) # 7+ » *P<0.05 % 77 7

EXS L L
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-~ Hpft 2 CSF ¥ 3-v fsfchih
i & IRE

E B RE A ATR K L R
B AREERS H it P God E R
i LAME 0 BRI OPFHA
Bt Hivd 2REER LR
Haea b (P<0.05) i b pg A hE
20 x E 3B A K An RAR B
LB s H CSF ¥ 3v el chd-y 4 1
B OBRET R0 AR 4 E 25
2EERE (R- )

i\

N
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PE G EREGE S TR A A AR
AR AREE S H g se F L G
gv FRE O RERTPLE R &
BZis ko 2MEER LB
H4em T (P<0.05)° B & fis AF
B AREE S H CSF @ BF & v v
2MEER AP A B4 B %
BT L Y AR L% 25 % E T
R E (FB=-)e

Rmskx CSF ¥ B & v g

=k
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o B S s 4 REE ¥ MMP-9 §
B o e BB R Ll A
OB L EER S 20 X gt B Bk
TR MARLARERF F L
.\3\‘9 ‘fr' MMP-9 & % ﬁ_”(?éé,%\m#g] e
=% (Bz=)e

2~ MMP-9 el & v 2.2 3 (£%

MR X kPR G RIA K
A ARG 4 REE 2 5% > MMP-9 &
BFehke £F3F 30 « 2587
FAANEAE MAR FREES 20 = pF >
MMP-Q &2 B & v ¢ 548 15% ([
T ) o

Nl i P e il T S R
%‘« ? IkBo %2 p-IkBo shd-v £ E
TOEBRREATANAL MAR Z
I Feo pERECAIAIS B -
Haghlie i p-lkBo ehd-v &R
éf;%&ﬁ—‘r pIKB(x R AT A B
: Hivo 2MERA
b (P<0.05) &t

Ao~ v FERME IR 0 TR
fe? p65 % p-p65 hg-v &AM E
ME G EEEZEAE LA RAR D
LR T NS Feo pERBded A s 5 o L
Hodn #ﬂpp%fﬂ%ﬂiﬁh
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MR
nd

£ RS ET pp65 LR 45 BT 3o
el drd B ie - B v A MERAL
FLpdmg s (PO0S) digd
25 (R ) e

= o~ B pE A AR S 0 PR

"‘“‘F % CSF * MMP-9 s 4
2 gelatin zymography 4 45 & & i x &

B A REE T LA Feov pERE e A (8
- Lt=xH>» % E'F\V’ MMP-9 &3
Sk MMP-9 A 4 7 45 3

M
prag e e > B
I A B A
CSF ¥ MMP-9 chig {44 ik 4 %
2R R A (W= ) e

=
g

SR S EE 2
(P<0.05) efF25 o @

\1* c“=/ '3 \T. e g‘:w
“‘JH—

\.

Ao B EE RS PR S 0 Past
w2 CSF Y B &3y chiy 2E
TE R BE R TR K D A
B AR RS §~r’r e PRI TR
oL xHgmesk? B LA Fw hkew
2HE ..%’%;%«.Eﬁﬁ‘-"@}n AR ST
5 F-0 RIS 0 B D AR
BiALE 2 B4 G B e chiA)
WL v e fRE R (P<0.05) -
B CSF® B & 3y ehjv 2 RERA
L2 R A G Rt (RN ) e

e

?%@é #=v JAM-A - ZO-1 %
P i ST o pas R R
B FEHFEL R 4 (Bazzoni
etal., 2000) - e rat 3% % 4 & £ ¢ B
P 4w — 2 PRGN 8 B e
claudin-5 3-v 22 2 ¢ R - ]t A
A%t s e (Yangetal., 2007 ) » & km
R FXIIHIVE R
JAM-A~ B & 3% fr ZO-1 thg-v % 3
£ ¢ TEom A a4 (Puet
al., 2007; Huang et al., 2009 ) - HIV-1 #1
CX SRk R =¥ -V )i
v fr ZO-1 % “T‘ 2 i % F-v (Dallasta et
al., 1999) - #& = 3% = (Acanthamoeba )
STEAE R L g B R B A
ECECEtER -2 EARNE S-S A SR
Z0-1 5% i Bl 2 F-v %2 (Khanet



al.,2009)- &z & X FHA# P AL
ol P 0 PRINa B P L e €
PSS AN Y L LAt
( Schubert-Unkmeir et al., 2010 ) - # &
R Rebrat? > EF FEREF
3k BBB {r BCB g 3 ( Al-Sarraf et al.,
2005 ). ¥ k> % rat "% % e $k Z310
cells 3 BCB #-d] chimie gz ¥ » U E
& e TR I BCB il 44

gﬂ;?ﬁ%}ggg\g E‘r}%\ —E’:K{é ]im
f@“\‘- (Shl etal.,2007>o ﬁ_;}‘\;é'%;ﬁ D

B A AR 4RSS e
Ko BIAEF Y P L v ey 4
RE O AEFRE AR eq B
o @ CSF P B & v chd L R E
RER AP e m B A SRR R
?ﬁﬂ%iﬁiﬁﬁ*zﬁﬂw’w
B L 30 &ahmifa 5] CSF

o -ﬂ\1.

e rat "R A W e e e o
MMP-9 ih4 B2 5 3 4c 8% (Kieseier
etal,,1999) > @ A& F %% AL LB
F 58 > A CSF ¥ & % 7 MMP-9 ¢
A4 (Azehetal,, 1998) > & & 7
FEE LRI L 5 H
MMP-9 ¢ » % A fRdd iT % sogd L e
Tk o dop g s R ¥
& (llhanetal., 2011) o iz ds #5 4= i ;¢
22l B M g—‘wﬁ;?l | B enig &
FEE 3] MMP-9 | = ehdg % (Kieseier
et al., 1999; Leppert et al., 2000 ) - p*

) L:}}%i M rane i (Kolb et al., 1998 )
3 %4 Bslde g (Laietal,

2004; Lee etal., 2004)?‘3% G HE LD
ST B FIME S B R
B CSF ¢ » MMP-9 e 3L E 5 3 4«
%% (Matsuuraetal., 2000) - % %
L]~ d o~ fF S F 2 Aol

& S fm e 'fr';fﬂ

GG 0 38§ H 3 MMPs 4 R
£ foiE 13 40 (Pastuszka et al.,

2008) > @ A % HIV-1 7 » # pgl20
i %’gé # 4 MMP-2 2 MMP-9 eh4 R
@ % =~ BBB m?f RRT e S L &
(Louboutinetal.,2010) &4 & ix
AP Tl mV‘%‘ R R SN G
MMP-9 §2 blood-CNS barrier sk 3 7
B (Chenetal., 2006) & Agz " »
BOR A A H R F R G e
PF o MR RPN R E A
RN TS S S LA R
;MMP9%%m’*Fﬁﬁaﬁgw
Fenizg o - 1 E B LR TR
HPP L Fd % MMP@P St
B BRSPS v i e
MMP-9 4 B -

A aRER ] 30 fR RS M
HIF KFF e R AR TR A A
RAR F TR ThhiFmed o B
5 BT oo FERRARIRAULS 0 ARpR T
IkBo e L 5> 0 @ L it en
NF-kB » MMP-9 e/ 2 4c B & F-v i
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o e T (B4 ) § R prtens
| e o @ FEERL T IkBa g%
B i R e e PR AL T
I NF-xB &5 0 2@ 8 ¥ MMP-9
T4 MEEFRT RS ERPFLE
i SR P T e Bt Bew
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