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*EE%A Y R L e P (Angiostrongylus cantonensis) g %4 &%
m7%#ﬁ?1’lﬂzéﬁ$%}mﬁimﬂmx
metalloproteinase, MMP) -9#f g 24 PF » % = » *4f2 k= (blood-
brain barrier) % = "o % %5k IREE (blood cerebrospinal fluid
barrier) g 2 4 ¢ - S5 &7 > B L Ax MAR LRER ¢ e
#45%)+ (nuclear factor kappa-light-chain-enhancer of B
cells, NF-xkB) % % %15 #7439 (inhibitor of kB, [xkB) #
a1 0 %A NG132aJd2 e TR ’é’MG132¢gﬁ'§¢é > NF- /fBrﬂ@¢ﬁa
it 2 MMP- gm/r ]b} ’ %F'T}EE 4‘P;5;?MMP gm/r v g i d ’]‘*ﬁ&l"ﬁ]’* 3%
@V;Lo_%innfmﬁ@¢nwuﬁmwaﬁﬂ% b ]
claudin-H# & A > e e e Rg P A 4cm’ KA &l
E’x%‘f$ B F-0 prded A (GM6001) &t dsclaudin-He's 3 » v ¥

B2 €3 n M d BURREE A 182 claudin-5F 2 3] Ho # R ¢
s FAMMP-97= 17 B o - > R L A AR ZMMP-9A F15
fﬁﬁ@*ﬁﬁgm*%%ﬁ MWQéW?%gﬁ/W@¢Q¢&
Pl EE R 1?@ BrEfE S we RRELfEE B R e dE G
) & i mffﬂ@iz T’Li‘éﬁf"lf’fbig‘%?'r’L—’?‘ﬁx"ﬂ—‘&ﬂﬁ}é—’tb
Bl 2 e P o f ARIREER n Yo ¥ BR R ARk
’aﬁMP9y$ﬁ%%ﬁ° rREBESFREAMP-OAR LA L A
AP p%’?“’ﬁ Pl L2 HEBERTL & mEd
» TR - BATR K 0 ED]E MO Fehp e

RBK G & > s F 5 -kappa B~ A F £ % 39 5

: The objective of this study was to investigate the role of

the matrix metalloproteinase (MMP)-9 in the disruption of
blood-brain barrier (BBB) and blood- cerebrospinal fluid
(CSF) barrier during infection with rat nematode lungworm
Angiostrongylus cantonensis. The results showed that
phosphorylation of I xB and NF-x B was increased in brain,
treatment with MG132 reduced the phosphorylation of NF-xB
and the activity of MMP-9, indicating upregulation of MMP-9
through the NF-x B signaling pathway during infection.
Claudin-5 was reduced in the brain but elevated in the CSF,
treatment with the MMP inhibitor GM6001 attenuated the
degradation of claudin-5, implying that A. cantonensis
infection caused blood-CSF barrier breakdown by MMP-9 and
led to claudin-5 release into the CSF. In addition, BBB
disruption is associated with tight junction protein
degradation, basal membrane disruption, and astrocyte
damage led to elevate BBB permeability, which attenuated in
MMP-9 knockout mice compared with wild-type mice during A.
cantonensis infection. These results suggested that
disruption of BBB and blood-CSF barrier was caused by MMP-9
in angiostrongyliasis meningoencephalitis. This study
improves understanding of molecular mechanisms that
underlie brain invasion by A. cantonensis, which is a key
step in the pathogenesis of meningoencephalitis, and can



offer a new strategy to reduce mortality.

# 2 B 43 ¢ Angiostrongylus cantonensis; NF-xB, matrix
metal loproteinase
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Regulation of NF-kB in the pathogensis of mouse infected with Angiostrongylus
cantonensis
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( Angiostrongylus cantonensis ) g % &%
AFEHFY pe

( Matrix metalloproteinase, MMP ) -9 %

K2 0] kAT g

B 24P 32w ke (blood-brain
barrier) % = "o ¥ %%7% &= (blood-
cerebrospinal fluid barrier) 45 % 2. %
d o BNk T ORAAL RAR LER
¢ e g 475 (nuclear factor
kappa-light-chain-enhancer of B cells,
NF-kB) % % %]+ #r+4| 39 (inhibitor of
kB, IkB) sgips v > %3 MG132 AJZ
g R 5 MG132 2 ¢ 7 ° NF-«B
L Y 2 MMP-9 e 4 > BT B 2
#% MMP-9 ey i Lo 12 a7+
TR R N A AR % RE R
P TR IFLT @ag 2 3= claudin-5 % 11
A 4o
0 A BRI E & R0 pRdrd Al
(GM6001 ) st #= claudin-5 &% % >

BEAF o it R

LARFR L €~ 0 o BUR AR
% @ ¢ claudin-5 2z 3| 7 % BR
¢ 2t MMP-9 E G B o ie— o
MR LG S E A MMP-9 A BRI
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The objective of this study was to
investigate the role of the matrix

metalloproteinase (MMP)-9 in the



disruption of blood-brain barrier (BBB)
and blood- cerebrospinal fluid (CSF)
barrier during infection with rat
nematode lungworm Angiostrongylus
cantonensis. The results showed that
phosphorylation of kB and NF-xB was
increased in brain, treatment with
MG132 reduced the phosphorylation of
NF-«B and the activity of MMP-9,
indicating upregulation of MMP-9
through the NF-«B signaling pathway
during infection. Claudin-5 was reduced
in the brain but elevated in the CSF,
treatment with the MMP inhibitor
GMG6001 attenuated the degradation of
claudin-5, implying that A. cantonensis
infection caused blood-CSF barrier
breakdown by MMP-9 and led to
claudin-5 release into the CSF. In
addition, BBB disruption is associated
with tight junction protein degradation,
basal membrane disruption, and
astrocyte damage led to elevate BBB
permeability, which attenuated in
MMP-9 knockout mice compared with

wild-type mice during A. cantonensis

infection. These results suggested that
disruption of BBB and blood-CSF
barrier was caused by MMP-9 in
angiostrongyliasis meningoencephalitis.
This study improves understanding of
molecular mechanisms that underlie
brain invasion by A. cantonensis, which
is a key step in the pathogenesis of
meningoencephalitis, and can offer a

new strategy to reduce mortality.
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B A e &4 (Angiostrongylus

cantonensis) ¥ 4 Z 2 chF 4 B
(zoonotic parasites )» & # A~ & (rat)
SHE B F o AR G e
TRy S FL[G A K &G T
SR En R AR K L R s b
3£ 2. (Yii, 1976; Tsai et al., 2004 ) - 4
Mg 42 & Fd e At AR R
HEE R AR AR LG A K=Y
2 B (Alicata, 1965) pt F 4 B v 7
% B 6 R AREY A G L

( central nervous system, CNS ) » i =
A5 e k) (demyelination) (Lin

etal., 2010 ) -] *&if £ = iz (Purkinje



cells) & % ~35 % 2 7 & i ('Yoshimura,

1993; Chen et al., 2004 )- F%’ G e DY N

% (eosinophilic meningitis ) (Hsu et al.,
1990) ¢ Brg B (R N
(eosinophilic meningoencephalitis )

( Gardiner et al., 1990 ) Z%E:},%IELI&@ )
A SlAsiE g NE R4 & L
ke (brain barrier) At st » E R 3
Yanre 2 4 Fed i CNS Bk 3
fmPE o 4 R P m,}w%‘wa)ﬂm K p%g
R I - ] (HER ) ‘E'/T}U{-ﬂ-

e-v A 5k A (blood-CNS
barrier) » # & [ELIE f j & Pt e
2. e -% B (blood-brain barrier,
BBB) xR g2 Ry ~ AR e
2 B A %d L FpA e s
AR e & Gk mre (astrocyte) EF
(endfeet) = - § %4 CNS p %k

ff T_E &

ﬂh—

B4 0 T 2 CNS A2
L3 3 34 F ez~ (Vorbrodt
and Dobrogowska, 2003 ) o 3% i @ 2% %
GRTF OUR L A RP R LREEET
AF £ 3 pF-9 (matrix
metalloproteinase-9, MMP-9) & 4 & A
s SALE B RE SR 2 B e

t{%ﬁﬁiﬂ PiwE R &4 (Laietal,

2004 ) > gt f 5l AR PG e g A & H
Fd 3¢ 4 japs (proteolytic enzymes)
& 3% blood-CNS barrier (Chen et al.,
2006; Wei et al., 2011; Chiu and Lai,

2013) -

Z Rl - Bt

- R ie A F =B H
(AcL3) 2 fc &

0 R 2R AL MBIE &
P s RNALRANTE - P Y
(AcL1)> fc B ¥ 7 eh AcLl g 4 -k

¥% (Biomphalaria glabrata) > # AcL1l

FT I w4 % (AcL3) pF » #k
B B R _E‘_%\ s R FR e F B

SR g, 1030 (e i
) bt r A 1% Few BER LR
(pepsin, Sigma, USA ) » 1/ g 4 #g3
W BTC2zigda? B2 g 2
JE e UEER Y E R T 0 b B
LRER- M i o SR

24— Xt i

1E 30 A 48 75
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o EANpmE AP oo
I SRR LA

M B P R
BALB/C & % 5E & pbp B ¢ &

P 57 FRBPREE R LW
I UEN 12 R E 12 ) P D
Bofe 4% ¢ u - iF o - 60 & BALB/C
S A RERER L WA G 6 o A E] g
AR LR E R A L RAR L
$53 510 -5 15% -~ 5 20 =
fex 25 % - ER g %% 12 /] pFi5
PER-BEE-5 HES S IV E-

cL3» v 415 12 /]

= ~& > gL %2 (Western blotting )
=0 B (sirtuinl) R

BAFHRTELD Iy £ % (Chen et
, 2004) fikdeT o Kt (RER

IR MRS e o) b 4

"C > 12,000 g 4 10 A 46 Bt FiR

e

R

NFTRTS B W

%

»~ SDS & A (T

B4 o R4k
N e RNE

y,

b2 e EH I

S
[
F

1’33},}

~F

nitrocellulose membrane - 4] * primary
antibody % horse radish peroxidase
(HRP) -conjugated secondary antibody
enhanced

& 7 OF B M

chemiluminescence ( ECL ) # ip] %-©

Ao

w ~NF-xB4 ¢ fiit ie»

d 473 gk SR TR L A
MR ARERE > Lo fpitpr-l R
Zic% 15% ~ % 20 X fr% 25 % P &
FOU oo F gt doo fip it pE -l BT A
resveratrol £ * AR & Ax MAA R L h
RER Y MR A% 20 X RERBFT Y o
2 resveratrol £ % ehje b Ao 4 4 2o -
60 & BALB/c & (REB A~ %] 5 AR 2
St R L Gk AR G PRER
$20% B KA RAR FF RS
DMSO A2 ~ B & i AR % &
4 ~ 3.0mg resveratrol ZJ2Z ~ B & fix

R AR %4 F P 4 »~ albendazole

(10mg/kg) BER LA RAR L
fe p* & & albendazole (10mg/kg) Fr

3.0mg resveratrol &J2 o

7 ~ Gelatin zymography ~ 7% %



AT &R F MMP-9 s
4% 7% 1412 gelatin zymography = % % &
Yoo kB AFHRE AP A%
(Houetal., 2004 )~ f§ it 40 - 348 b
fe @ ;% (gel preparation) £ SDS-PAGE
ip ke 0 * ke _separating gel ® 4 »
0.1% = gelatin (Sigma, USA) » &
& > B~ gel > 4 » 100 ml washing
buffer (2.5% Triton X-100 in
double-distilled H20 ) % gel - &%
BT #% 30 4 48 > 3% washing buffer
£ % - = o i§]4- washing buffer > gel
12 double-distilled H20 7% — =t = 4¢
» 200 ml reaction buffer (40 mM
Tris-HCI, pH 8.0, 10 mM CaCl2, 0.01%
NaN3)» % 37°C i * 18 /] FF1L t o 1U
stain solution (0.25% Coomassie Blue
R250, in 50% MeOH, 10% acetic acid )
24 gel 1 -] pF - 12 destain solution ( 20%

methanol, 10% acetic acid ) ¥4 4% -

UL BRERERECATRSE -

( Co-immunoprecipitation )
wASmlgpe g > B ex

B~ 20 w | rProtein G beads Agarose

(invitrogen, Carlsbad, CA, USA )- 12 1
ml PBS ;#% 3 = » & = 12 10,000 rpm 1
’ ’ N % /F /&

anti-mouse claudin-5 polyclone antibody

» 4e ~ Goat

( Santa Cruz Biotechnology, CA,
USA)> %3t 360 R E_ > 24T
TERER120 44 FERME B SS
4v > brain homogenates 2 RIPA lysis
buffer ( 7 3 50 mM Tris-HCIpH 7.5 »
150 mM NaCl - 1% NP-40 > 0.5 %
sodium deoxycholate 2 0.1 % sodium
dodecyl sulfate ) 4 = 500 u 1> 3<% 3%
#HFL o BACAKHET R 6-12
rpm- over night ¥ & % = { > 12 10,000
rpm .o 7 3 " #Fi o 12 1mlIRIPA
lysis buffer :& {7 ;3% » 3~ 10,000 rpm
1424 3% {2 1mlIPBS Fi%
e 10,000 rpm 1l 248 0 2 = 0 2 KT“
Fik o Bfsse » 20 1l sample buffer

(65.8 mM Tris-HCI > pH 6.8 » 2 %
SDS 5 20 % (w/v ) glycerol » 0.01 %
bromophenol blue ) » >+ 95°C & 10 4 43
{s » 14 Goat Anti-mouse MMP-9
polyclone antibody (R&D Systems,

Minneapolis, MN ) # immunoblotting

t##) claudin-5 ¢ MMP-9 £ % 3 2 3



T# o
~ ¥ 3= & B pcst (Confocal

microscopy ) %

fekr B 10 um X R
AP oo ? FiiTa o £
"B F)EHE (100 % > 95 % 0 75 %%
50%) 4= " ¥ s Rk o
£ 11 PBS ik (s B2t 3% H202
2_ Methanol » & & 10 4 4511 & % nA
14 2_ peroxidase » f 4v » trypsin >+ 37
‘CF & 20 ~ 45> 2 PBS e 10 4 48
4e ~ 3% BSA #%

B 3TCF 1 prigi

blocking » & > 2L3%F B |+ $ukl F
Jis o v PBS ik 10 & 480 £ 4 8|8 -
B Fu48 Goat anti-mouse claudin-5
polyclone antibody ( Santa Cruz
Biotechnology, CA, USA) 33 1%
BSA - & & 4°C k44~ J& overnight > &
% > U PBSkiE3x > 5 A b
#-+» 5 25 DyLight 488-conjugated
Donkey anti-goat IgG (H+L ) antibody
W 3TCHEF PN gk g K - )
FF oo 4r o~ & = - s bkl Rabbit
anti-mouse MMP-9 polyclone antibody
(Abcam, UK) ;23> 1% BSA » & 3t 4

Crk4 » »v¥Fk £ ¢ F & overnight »

1 PBS kg3t 0 F=x 5 A4
7 &2 Rhodamine Red-conjugated
Donkey anti-rabbit IgG ( H+L ) antibody
(Jackson ImmunoResearch
Laboratories, USA ) »>* 37 C#k F & 1
P R PBS ki3 0 F % 5 A
4 - 4 ¢ r+ DAPI mounting medium
('Vector Laboratories, Burlingame,
USA) 45 o S fs > »v & s i B ficd
(Zeiss LSM 510 META, Heidelberg,
Germany ) T - 12 Ap ¥ 2 o kB
T AP o
NN T
I AR L o U A I
Kruskal-Wallis :& {7 522+ & 45 » 1
Dunn - s multiple comparison & % &
oo BRI T EHEHER E (meanst
SD) %7+ »P<0.05 %77 3 53t &g %

IE & e

- g s? NF-xB % p-NF-xB
39 Fendom
|k B v cpiph it ¥ &1 NF-

KB v o TR U AM Bo



dre %1 L% PPAR v #:$uE) GWI662
2% lkB-a % pleB-adv £ 31E
30 H T 539 NF-£B 3 = e

5> 12 Western blotting 4 45 & & & x
MAR PRER e ? NF-1B

5 p-NF-xk B 39 % & > T 12 B-actin
% loading control - & % &1 & K Ax
MAER AT E 2 NF-£B 2 p-NF-
kB 3#v 2E 2 INF-£B % p-NF-
kB3v 2RE AR L s RAR 2
BB 2 53 GW9662 6mgl/kg/day 74 7
#4r (P<0.05) 3% > A AR L %
Z R EEFAR -0 B EEY
RN A RARE FREET g NF-
kB Fv £+ 2 20%% p-NF-£B 3
v I+ 2 21% - GW9662 6mg/kg/day
A LNAr MARL LR LT E =
NF-xB % p-NF-xB 39 23R & 4 9

1A% 23%2% 23% (F- ) o

=~ RER Y INOS v Fend
dBl- 2 Bl iR T AoR KL M
AR ARE2 PPARy eh% 2 it ¥ ig
S NS R -kB-a ~NF-k
B eipit 2 AmE LA 0 50 fREH

i AT f HE TR LA o

A 4 #5512 Western blotting 4 17 &
ERERE A 0 B W LI o - i
iINOS v 278 - 2587 A 4 An
MAR LREET 32 INOS Fv &L
A 5 iNOS v £ TE AR L A A
AR ARER 29 s GWI662 & & #
cht 2 @ 4 M4 (P<0.05) i A
AR L w2 FRlElE¥ LB o #iNOS
o FE AT R LAL RE R LR

Raepds

GW09662 3mg/kg/day &“
6mg/kg/day & > A W34 T 1.26 B 2

487 2 (B=)-

= Rt RER Y COX-2 kv frend
2 Western blotting A 45 & & Ax R A
B2 E A e ¢ COX-2 39 4
BE - BEHETALLLRAR L
R¥v i COX-2 Fv £+ 2
COX-2 ¥v 2ME AREERL LA LG
e ARG EE AR L e g GWI662 &
A AR i by P2 (P<0.05) g
oo FLLEEEAALALLRA
RARERTE L COX2 219+ 4
3B B IRAAALMARL LRI 2 &

GW9662 3mg/kg/day %

émg/kg/day s > ¥ & = COX-2 % A



Bl H A 18%2% 25% 5 AR R S
GW9662 3mg/kg/day % 6mg/kg/day
55 COX-2 2 A+ 2 T4%%
100% (Bl =) -

wo~ PRl s R R AR ¢ claudin-5
B0 Feniom

FrRAOAL AR SRR

¢4 ???é Lhd 2 AT HR
Aok AR AR R P RN o
Western blotting 4 478 & G 524 B
A RE BTG IR 4 %FH claudin-5 3v & -
™ B -actin ¢ loading control» 2 7% % %%
7 @ claudin-b F¢d & - &% T
claudin-5 3v AR %7 % 10 = ~% 15
v % 20 %2 % 25 % 0 pEROTHR
e claudin-5 3¢ & 7 # > cAk% o A
o ® B ¢ claudin-b F-v ¥ AR 418
% 15% ~ % 20 % 2 % 25 % » fpfT

HEeG 22 ad o g AR
SETR LA RAR SR
¢ g/)é‘ ° \@F

g e R ¢ claudin-5 3~

HiE A2

F_f‘« ¢ claudin-5 3-v

v ¥ (P<005) (Bz) -
7 ~ MMP-9 4r claudin-5 z_ % 7 i *
vg B R

Fe e ik B P TRE &

P - R E RO ’.9_3%‘«“ ’

i

MMP-9 -4 fis &t § & & % 3

claudin-5 . % 3 3 %% o S 5% T

2
TREAERAAR AL AL MG 20 % pF

r2 immunoblotting L% 7] & 105 kDa
iy L

LR RS > FEP AR K

Aw AR 462 MMP-9 ¥ claudin-5
g7 T ApiEr (BT)
= ~MMP-9 {r claudin-5 7 &% & #53R#%
RE2Z AR

DERE ET RS K-S § Rl
&g 2 MMP-9 2 claudin-5 3-v &
Ao AR L AL RBAR LR
claudin-5 3-v % 2% £ MMP-9 }
B oo W E fr E R ACAERR LAl &
BR A esE R R At s 20 ® eigd
R o R Bk T RRER X T
RAGEL RAR LEARY > BIRGEE
F % da claudins s i g
MMP-9 % B 55 (%] - )
= ~# ¥ &gk ¢ claudin-5 jk B ¥ Evans
blue Jk & 2_ 4p B 1+

CHETARALLRAR L ER
oo g kg ¢ claudinb 3¢ £ 2 F
Ba e R G A o B

¥ % ¥ ¥ ¢ Evans blue kB 2

claudin-5 #-v¢ & > i 12 Spearman’ s



ranking it 7 & 47 > B % BT e Rk
¥ claudin-5 F-v F k& £ Evans blue
kR B F O (r=095) - (B

;)o

e
¥R ALPE > PPARy ¥ 3 &7
e SO 1Y s Py VAL (B 2 R
% #12 2_ (Tontomoz et al., 1994,
Tontomoz et al., 1995; Burn et al.,
1996) Mt ¥ AW o ™ iE
AT AR H T FrF|PPAR v F it ih
S8 T i A A4 P L E RPF o PPAR
v 77 B $COX-2%2 nNOS #-v %k
oo B 5% B or PPAR ¢ 7 3 L pF

BEACIRE )3 sk SRR

R ) S e
F#IPPARy E i 28R L d RAR 2
32 VJF,’ G RN L RPN ELE A
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HERBIYRA G R gl EED

I R FITRLECE o S SR Ot
5%~ NO% % suildegf L F o> 0
¥R P > PPARy ¥ i i85 4o | £ B-
aFBEIHINF-£Bm @B 3riget 3 ¢
APM B0 2 R IR0 B F P LR
9 B 5 — BB is R34 PPAR ¢
Bt lkB-a 2 E T % HIrdINF-
kBB A Fehs TR E
(papai ) lkB-a ~NF-kB& 3R ¢

25 g hNF- g Big— 35 i8 » fmie
A Tl > i 4 AP M B9 A
MMP-9 ~ iNOS ~ IL-1 3 ~ COX-2% {
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