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w2 A o 5 i A (Toxoplasma gondii) e g %8 = $84 e
FLEEE 4 o ’?‘°$3%iﬂiifliﬁﬁ;#§%%
53%&@#*”@ ¥ (toxoplasmic encephalitis) ° ~#% %
5§%£i1,fa-+ (tachyzoite) R % % % im¥e (astroglla)
e foN B (TAT Y 0 4531 PPARy frirg W% (pro-
inflammatory enzymes) % i - 3k 3 i fix
(cyclooxgenases, COX) -2 4r# 3 Al- % i § & = s
(inducible nitric oxide synthases, iNOS) 3-v £ &
ERAEF LIS 24 ez 2k e 5 A N
dv o ¥ ¢ > & PPARy B i # rosiglitazone i®%* & ¢ >
MMP-2 ~ MMP-9 ~ COX-2 {= iNOS e 35 B ¥ et > 1 AR ¥
795 MMP-2 ~ MMP-9 ~ COX-2 f= iNOS ¢ %1% PPARy & 4|
(antagonists) GW9662 SJE W F O E DR e o At
% PPARy A RARZE KRB iwmreiEiey v ud & NF-
m%ﬁ%m’ﬁﬁﬁﬂiJWPZ ~ MMP-9 ~ COX-2 4= iNOS
AMEF B 5:%‘@;2%& L e A2 Y rosiglitazone &
FV UFEY - 7f WEiT* o
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Peroxisome proliferator-activated receptor gamma
(PPAR v ) was found to regulate inflammation and its
agonists as neuroprotective agents. In situations of
Toxoplasma gondii infection, the parasite may emerge
toxoplasmic encephalitis in human. The aim of this
study 1s to investigate the association between
PPAR v and pro-inflammatory enzymes expression in
astroglia infected with T. gondii tachyzoite in
vitro. Our results showed that cyclooxygenase-2 (COX-
2) and inducible nitric-oxide synthase (iNOS) were
significantly increased at 1 h post-infection (PI) to
24 h PI in the cell homogenates. Furthermore, the
expression of MMP-2, MMP-9, COX-2 and iNOS were
significantely decreased by rosiglitazone, PPAR Yy
agonists. In contrast, treatment with GW9662, PPAR 1y
antagonists, efficiently increased MMP-2, MMP-9, COX-
2 and 1NOS expression. These results suggested that
PPAR 7 could regulate NF-xB activation and
subsequently affected the production of MMP-2, MMP-9,



COX-2 and iNOS. In addition, treated with
rosiglitazone might offer a potential way for control
inflammatory development of T. gondii-induced
encephalitis.

Toxoplasma gondii ;s PPAR; encephalitis
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Peroxisome proliferator-activated
receptor gamma (PPARy) was found to
regulate inflammation and its agonists as
neuroprotective agents. In situations of
Toxoplasma gondii infection, the
parasite may emerge toxoplasmic
encephalitis in human. The aim of this
study is to investigate the association
between PPARYy and pro-inflammatory

enzymes expression in astroglia infected



with T. gondii tachyzoite in vitro. Our
results showed that cyclooxygenase-2
(COX-2) and inducible nitric-oxide
synthase (iNOS) were significantly
increased at 1 h post-infection (PI) to 24
h Pl in the cell homogenates.
Furthermore, the expression of MMP-2,
MMP-9, COX-2 and iNOS were
significantely decreased by rosiglitazone,
PPARY agonists. In contrast, treatment
with GW9662, PPARY antagonists,
efficiently increased MMP-2, MMP-9,
COX-2 and iNOS expression. These
results suggested that PPARy could
regulate NF-kB activation and
subsequently affected the production of
MMP-2, MMP-9, COX-2 and iNOS. In
addition, treated with rosiglitazone
might offer a potential way for control
inflammatory development of T.

gondii-induced encephalitis.
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"% & (toxoplasmic encephalitis ) ( Sabin
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WogieFritmedd LAF B &
e A5 f 48 (Hunter et al., 1992a,
b ; Daubener et al., 1993 ) o 744 35 ﬁJ{r,ﬁ
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(cyclooxgenases, COX ) -2 (Kim et al.,
2006 ) %A - F L F L A
( inducible nitric oxide synthases,
iINOS ) ( Taubert et al., 2006 ) -
WwE MR AT AT XA

( peroxisome proliferators-activated
receptors, PPARs ) £ 4% #8 (nuclear
receptor; nuclear hormone receptor
family) 32228 > 2 A % o~ B~
v Z B RE S B e ehd o
LRl TA A cnF R HTE
*onE 3 “T‘ % enfp M 1T (Desvergne

and Wahli, 1999 )» “,f $t 2 ¢t PPARy 7*



MEEF uALE Lk & (Landreth
and Heneka, 2001; Hovsepian et al.,
2011)> = H % pieo] % e %2 (microglia)
& % )k imee (astrocyte) ¥ g v oo A
EAE I MR SN e
( pro-inflamamatory cytokines ) =#?
4 % 4 & (neurotoxic substances ) 4" iz
14 ¢ (Storeretal., 2005) - A F £
F-v f& (matrix metalloproteinase,
MMP) -2 (gelatinase A) 2 MMP-9
(gelatinase B )+ frix % @ 4! 3 %
% (central nervous system, CNS) & T
% #7H 7% (Benesova etal., 2009; Lu
and Lai, 2012) - ix#* MMPs gz ds +
(promoter ) ¥ r44x % 48 4% ¥+ -kappa
B (nuclear factor-kappa B, NF- x B )
#r& v (Shihetal., 2010; Lu and Lai,
2012)- @ ¥ # & MMPs 7 NF-x B
4 3R I] PPARY PN i
(Ricote et al., 1998 ) -
3 jﬁﬁ&m‘d VR E I & )

RGBSR PP RE A d TR

LB G E e R E L > A G NG

KR AT S Y RS
RO € FIA R o s iTE KB

# 3
fe“f" rv/‘? BeE o Ft 5 f}ﬁﬁﬁ:

&7 b s MMP-2

ST o FPE
fo MMP-9 © & ik % 22 CNS 5
MRS AR R L e R
% k9 mre (astroglia) sz o

MMP-2 f= MMP-9 ¢ %’%é Erk1/2-NF-
kBt g @yEiv* m 24 (Luand

Lai, 2012 ) = MMP-2~ MMP-9 = NF-
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- ~ =4 (reagents)

PPAR v & i+ rosiglitazone ~
PPAR 7 #: 4w GW9662 4 rabbit
anti-human COX-2 polyclonal
antibodies p£% = Cayman Chemical

( Ann Arbor, MI, USA ) - Rabbit
anti-human iNOS polyclone antibody
fe rabbit anti-human NF- k B & p-NF-
x B monoclonal antibody % = R&D
system ( Minneapolis, MN, USA): £ d

Millipore ( Temecula, CA) P % Rabbit



anti-human GFAP monoclonal
antibody > mouse anti-human /3 -actin
monoclonal antibody P% %
Sigma-Aldrich Corporation (Saint Louis,
MO, USA) » Horseradish peroxidase
(HRP) -conjugated bovine anti-rabbit
I9G 4= HRP-conjugated goat anti-mouse
IgG #%_Jackson ImmunoResearch
Laboratories P % (West Grove, PA,
USA) - & 5% #-rosiglitazone
GW9662 ;% >+ DMSO ¥ » m DMSO &
Biax® b EkR S 01% =&F %
PR e e ek B 0.1 % DMSO i3

v %P (vehicle) -

=~ etk
A HE e B P Rg i ig $A SVG
pl2 (ATCC CRL-8621) % X ¢ A %
- e (Hs68, ATCC CRL-1635) pi
PaslEFREAYTERAY
( Bioresource Collection and Research
Center, BCRC)-* 7 3 10% *52 x i
(fetal bovine serum, FBS ) ~ 2 mM
L-glutamine ~ 0.1 mM NEAA ~ 1.0 mM
sodium pyruvate 2 1.5 g/L NaHCOS3 2

Dulbecco’s modified Eagle’s medium

(DMEM) 3 % 2 (Gibco, Pascagoula,
MS, USA) % 35C ~ 5% CO2 % 7 7§

KF 2me R RBAREE > Rk
Ak kR a1 EFESTTHRA
Pouz HRERIES G2 o F b, g %
F % SVG pl2 fmre thanG * M
e g apid F-v  (glial fibrillary acidic

protein, GFAP) ] »

s kag s 2 WA
¥ * TS-4 strain 3 iﬁ{fﬁ (ATCC

40050) R 4 % # % mPe > TS-4 strain
3 5]%,& P p American Type Culture
Collection (ATCC) - TS-4 strain 3 :ff;
Sl 73 10%FBS ~2mM
L-glutamine ~ 0.1 MM NEAA ~ 1.0 mM
sodium pyruvate * 1.5 g/L NaHCO3
DMEM 32 % # 2 g a® w2 & 357 -
5%C02 %2 3§ kf 2wz % 4¢
g%%g,sﬁﬁﬁg%%g@%
ATCC 2 i 157 2 o T 2b > & % 3%
F o TS-Astrain 5 B4 6 v 5 R R
B &Rz w o e g L H-TS-4 strain
PRAE R A LR e 4
X o MFEER* 3YF B en TS-4 strain 5

RAST R A
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B A T o R 75T
FLASKS P % % W fm % 12 fg e
phosphate buffered saline (PBS) /% 3
= o fo4e ~ 2ml 259 1 Trysine-EDTA
( Gibco, Pascagoula, MS, USA ) »+ 75T
FLASKS pf 2imie {T% 2 04s » 2%
L4~ 5ml 5 FBS es % % &
Trysine-EDTA £ m?z cni®* » L #-3
¥ mie 2 wmie sy &Rt 0 12 1,500 9
oo b ads o 2 2 iR o Fe ¥ MR
ﬁﬁéﬁﬁ’ﬁwé%@%%%ﬁﬁ
78+ 2. 1x106 & % wmie R T 4o 2 &

35 FBSEERDAR L EZ R L

I ~3 %,ﬁ_xﬁ?ﬁ B4 mre (s 2

fnre 228 % (cell homogenates) =t

i
G B (T 5 MR R e A

B 24 i B 45’1\ #IESF

AR LAY 161224 2 48 /| p*

Heimre Az R o AR Ll T 2
30 A PBS itz S fF 4
mammalian cell lysis reagent( Fermentas,
Hanover, MD, USA ) #-‘m ¥z 32745 =
fnfe PR o B fs KF B 2 ATHE 2
F0 2w
10,0009 % 4C ™ < 10 » ﬁajf 4 T

CE=L S RS- ECH S BV

Bk 4= > 11 protein assay kits  ( Bio-Rad,
Hercules, CA, USA) i& {7 v % &
A+ » ¥ 2 bovine serum albumin

( BSA )( Sigma-Aldrich Corporation, St.
Louis, MO, USA ) 5 &2 &, ¥ 3c ¥ »%

80 C ki -

S~ Ve chiEE e gl

15 COX-2 4= INOS 7 I p5 i
B Sk @R A% 65 K
B0 BE RGPl AR
# P s rosiglitazone e
GW9662 2 eipd 8L o
rosiglitazone e JZ:iE42 " > WL H-5
FAR $isenmre A 3T BIAR
BARZG ;“F]%ﬁ..%f'_ ~ 0.1 % DMSO
vehicle i ~10 u M rosiglitazone AJ2
2 4c 20 M rosiglitazone 2 o ¥

b GWO662 el ene W] H (25 i



a2

A2 %F 1127 rosiglitazone &I e W) o i E
LIRS Y A ] PFER-mE T A
%> £ 4 ~ mammalian cell lysis reagent
( Fermentas, Hanover, MD, USA ) #-‘m
LRV L R =L
M2 R 7 Fen F2 e B R B

A2k xB 2t -80 C kdRE e

= ~ X FpEd A~ 472 (substrate
zymography )

-l ¥e 325 % 11 substrate
zymography % 4 47 # ¢ #74 ehgv
A fRpE o R come iz (gel
preparation )£2 SDS-polyacrylamide gel
(SDS-PAGE) #p i1 » % I enf_T & %
(separating gel ) ¥ 4c »~ 0.1% =i
gelatin ( Sigma-Aldrich Corporation, St.
Louis, MO, USA) - ‘m#z 325 % B f
10,0009 % 4 CTage 10 ~ 45 B,!ft
RGP oo im0 R S~ 4p £ AR
er1 sample buffer ;2 & loading **
75% (w/v) ¢ SDS-PAGE *# - %
e 73 X 1% gelatin * )
gelatinase 7=+ o &9 AEE A7 T AK
e A ER P TR 120V hE

BETEFLBIF o RWATETH

2.5% Triton X-100 & = » & =X A d%
BBHE 044 £ ¥ - SkikS
oo Eor 10 A4 o OBV R
reaction buffer 37°C ™= ¥ & 18 )
Pros L% - Sokikeds s & 10 4
45 o FF AR L 1t 0.25% Coomassie
brilliant blue R-250 ( Bio-Rad, Hercules,
CAUSA) % ¢ 1B/ B EF* 15%
U pEfe 7.5% fEpLA o S F
BT "‘,f”i & MMPs & < i F &
HERE T gIA% L o band
gelatinase 7 &+ % & - Gelatinase
enzyme E_E & 45 A *
computer-assisted imaging densitometer
system, UN-SCAN-ITTM gel Version
5.1 (Silk Scientific, Provo, Utah,

USA) -

~ o~ @ gk E x (western blotting )

#-lnre PR 4o » & F 0 sample
buffer (0.5 M tris-HCI, pH 6.8,
containing 2% glycerol, 10% SDS,
2-mercaptoethanol, 5% bromophenol
blue) /R & 4c# 5 A daisit (7
SDS-PAGE 7 & » T ik k{8 #-F-v

% 2 polyvinylidene fluoride



(PVDF) (Millipore, Temecula, CA) -

#- PVDF ;25334 0.1% Tween
20 =1 PBS (PBS-T) >t %8 T i¥% 30
L 4B o Mg {s & PVDF 12t PBS
5% non-fatdry milk % 37CF & 1)
pe (block b4z end &% ) £ 1
PBS % 10 A4k A 54 » — B
%8 (primary antibody ) 1:1,000 7
PVDF *t 4°Cis* 2 ] p%F > 12 PBS-T
')Fi;‘%’e PVDF3 =t » £ 4 » /&2 HRP
W Al 106,000 f 4°C
45 /> 48 > 21y ¥ 3t PVDF 1+ in
primary antibody i®* - 1z PBS-T i
% PVDF3 =% - £ ;‘gé enchanced
chemiluminescence (ECL ) ( Amersham
Biosciences, Amersham, UK ) £ HRP
e A4 Lk # X kB sk ke
R o HF 1R F)eh bands £
computer-assisted imaging densitometer
system ~ UN-SCAN-IT™ gel Version 5.1
( Silk Scientific, USA) Z_ & 4 45 o
AR N i
Sk T ESCT
(meantSD) #% 7+ » ¥ ¥

- BRI

i# * Kruskal-Wallis test i& 7 su3t A

47> £ 2 Dunn’ s multiple comparison
¥ (S €47 0 P<0.05 £ 71 F szt t

MEDL & -

&L
=3 33

-~ RAR R R R e 5 COX-2
B0 Feni R

%ﬁd o ERE R AT ']\M;),E.—’F‘Erﬁ*
Wimre (5> mrz g ® 72kDa
COX-2 F-v Fend T o weiaf i g
it dreni & ko COX-2 R 418 en

¥ 1 PP % 24 0] PR OBE 0B 4o o

- . ,]\ﬁ B4 & R e 15 INOS 3
6 Fend

%‘gr} o BEREATS ’]\ﬁ B35k
Winrz fs o nrz 32k @ 130 kDa
INOS ¥-v B e o mie 08 % & 1
kA7 eniE % kg or INOS SR 4 {6 eh% 1
R R 24P FED B B ¥ A
BEhazEhEH T (B ).



= ~ Rosiglitazone &J2 {5 COX-2 3-v
Hd @ 2 EREE AT %ﬁ@ % 5K
¥ % % rosiglitazone 2 {8 > e 35
ik ? 72kDaCOX-2 3-v H ek R -
e SRR B A 45 S & BT 0 A

AR Z &
(e R

M rosiglitazone % %) ¢ > COX-2 & P

R4 ¢ COX-2 F-¥
i vehicle = 10 ¢
B R &eee® o 20 uM

rosiglitazone e %) ¢ » COX-2 3-v &
ECTRE L e PR T 'R (63.9 %,
P<0.05) ® F g% h=

tpi (B=)e

z -~ Rosiglitazone &2 (5 iINOS F-v 5
J\fi F B RR mie f

rosiglitazone zJ2 s > %‘gc} o EEE

W ipdm e 225 % ¢ 130 kDa iNOS #-+
Bt o AT E BT 0 4P

$H AR 2o B A INOS 3y

F A ¥ chH 4 o vehicle - 10 M
rosiglitazone =% %) ¢ > INOS & P &
FRESECE @ 20 uM

rosiglitazone =% %] # > INOS 3-v &

10

RO R A

P<0.05) 2 i % &

4 PR % (35.2%,

L h#ERY

Jui

Ao (BWle )o

I -~ Rosiglitazone &2 (& MMP-2 {v
MMP-9 3o & 7& 1 4 3

]\mz, 4 & B 9% mre frosiglitazone
Fed2 (8 F& ¢ gelatin zymography 4 17
dne 32 ¢ 72 kDa MMP-2 {- 92kDa
MMP-9 v Fith o b3 FAR
&R e cnle w2 e S0
SR AR AR L 2 MMP-2 4r

MMP-9 F-v &7 it o 5]

31y
ek < & o 7 vehicle v 10 M
rosiglitazone % % ¢ > MMP-2 {r
MMP-9 3-v &1t & K o
A %20 p Mrosiglitazone sk ) ¢ >
MMP-2 f= MMP-9 3-¢ B /& {4 4p 3
B

%) (P<0.05) > = it

3 P AT % (57.8% f-51.6

; -

(N
p

£ h

WA (BRI )e

+ ~ GW9662 e {6 COX-2 F-v Feh



BE R ? 72 kDa COX-2 3-v F %

LSRR N

oo lmie IR
FoARHY AR L0 B4 mY COX-2
F-0 B g F hHf 4c o &vehicle (e
u ¢ s COX-2 &P B R &R e o

7 10 u M rosiglitazone 4+ 20 ¢ M
rosiglitazone s % ¢ » COX-2 39 &
EOTR 4 g PR 2 (80.9%

1127 %)(P<0.05)> ¥ F S % &
WA (B ) e

= ~GW9662 A2 i3 INOS 3-v F ehi

Eoh
PORAR F 2k b GWI662 i
BLis o Fgd § 2 BRE 2 HiR] 130 kDa

INOS tim®e 3o in ® Foo £ ch

Lo it ArenE AT o T A
ﬁ/]igﬁ"éc o

& [

B4 INOS 3-v Fi A%

% vehicle s s @ 5 INOS

Mt R Ao a 210 uM

rosiglitazone =20 1 M rosiglitazone £
ewl? 5 INOS F-v EAPFOTR 4 e
prEgent 2 (84.4% v122%) (P<
0.05) -

SR SR

T %

Rirsk v Ap
i (R-= )

11

A ~GW9662 /&2 {4 MMP-2 f= MMP-9
v FAEAR

]\ SR 25K mre i GWI662 i
215> 454 gelatin zymography 4 17 ‘m
feiak @ 72 kDa MMP-2 - 92kDa
MMP-9 3-v Jrigit# o & AR
A &R e chlen] 2 e B R B
SR AR AR 2 2 MMP-2 4r

MMP-9 F-d F i 47 i R

TR
e+ {5 frvehicle enie b ¢ s MMP-2
e MMP-9 34 Friatt g § & &k

% o MMP-2 4« MMP-9 %10 uM
rosiglitazone e % ¢ > H Foo B A
TR L e et 2 (243 %
f+36.8%) (P<0.05) @ 220 uM
rosiglitazone e % ¢ > MMP-2 4v
MMP-9 3o ettt g 425 @

Bpent 2 (83.7% {0 75.4%) (P<

005) @ Vit % A=F R i
i (B~ )
BE

3

=

PPAR v &v& it ¥ 1 g S i
ek B e 2 R e d oAl
# %4 & ()4 nitric oxide, NO )

( Storer et al., 2005; Xu and Drew,



2007 ) ° PPAR y eiE it = ¥ F] 5 $74)
7 AP-1 ~ NF-x B - STAT =@ ia_#

MMP-9 14 3T *% (Ricote et al.,

1998) o Z\ e ﬁ?i’a‘.:,{;ﬂ;{ 2 ii;%i_? ,
£ J\m},i,-’#fr AR mre € A

MMP-2 ~ MMP-9 4= NF-x B 4
2% NF-kB ¢4r MMP-9 rjch
+ (promoter) 7k 3 i¥* (Lu
and Lai, 2012; Lu and Lai, 2013) - #
5 B 0 MMP-2 ~ MMP-9 4NF- g
B i ¢ £ ¥ PPARy $:iud
GW9662 =it * @ & ¥ chd 4c » 4R K
0 U PR E @ g T 5 s R
rosiglitazone T @ § i

g NipsEzR PPARY F o 28 &

fr MMP-9 4 3R -
COX-2 itk 88 A S A B4k [
:f}iai (human immunodeficiency virus )
B Frid A ad 5op s 4% e (Pereira et
l., 2000 ) ¢ J\M}g 2 eif 47 (Kim et
al., 2006 )e & x5 3 %% ¢ »COX-2 &
B¢ F]1E WX 5] PPARy 548
GW9662 & it & rosiglitazone i®
4 10

AN A Ry I 3

* @ G B et i o B

RN Party

12

(prostaglandin E-2, PGE-2) » k& %A
H# A+ & R4 (Leishmania
donovani ) ( Matte et al., 2001 ) &t 3 jf:
£ (Kimetal., 2006 ) R %4 E & fm¥e

(macrophages ) #iE 42 ¢ » COX-2 it

sa e

54Lh PGE-2 cha > ¥ 4 =5 %%

PGE-2 & 5 4/ ¢ o 3R g 4
( Srinivasan and Kulkarni, 1980;

Tajimaetal., 2008) - F]pt » 2\ iz

PPARy ¥ it 2223 & NF-xB a4
Fooigm P COX-2 enk > @

AR LB AR E o COX-2 i 49
¥/ PGE-2 b4 2 » ¥t PGE-2 i

REA D L RS T RAR D

B oo

AL A FILE Rl
f27 o INOSehA 4 3t ia 3 22
’f 1 (Scharton-Kersten et al., 1997) -

gl BP0 INOS ehdk 3§ < 3
NF-x B #734 & (Madrigal et al.,
2001)- & iINOS =% R ¢ F1% PPAR
v &i-m T % (Ricoteetal., 1998) -
PPARy j&it#le 5% 7 ¥ Lmp
(Heneka et al., 2000 ) st %g
(Hovsepian et al., 2011 )%+ ¥ 2% NO

IR ITE o AR chi R A



iINOS ¢ 7] & w|% F| PPARy 4l

GW9662 i it & rosiglitazone =i®

* @ B F B oo sk K o T
‘5 NO fkkimre ¥ g Frprd|F
4 Bi4F @ et i (Petersonetal.,

1995) - & bR F] o A ipaEik
PPARy + it %224 & NF-xB
;485 INOS ¢h4 3 { i
1 INOS R # 1244

7 NO » &

o NO ¥ g imdrdlF 4 A aug i
RBFrES P o

PPARy & it &l t CNS 7
OV R RGE o dofe i s Bhog

( Alzheimer's disease ) ( Heneka et al.,
2001; Landreth and Heneka, 2001 ) -~ t+&
& # * g (Parkinson's disease )

(Breidertetal., 2002) ~ 9 %+ p %8
%o R 4 B (experiment
autoimmune encephalomyelitis )

( Feinstein et al., 2002 ) o gt »
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