MA Pilocarpine DEHIM =

OHORMZMIE AFEiE OIIAR

1,2 1 1 1 =
FOIH - =LA - =HF - O|FAH - US
SIMCHEE Q| Dihst MBS A

'é‘0|0|l [HeH MMP-99] HE

The Role of MMP-9 on the Hippocampal Neuronal Cell Death and
Mossy Fiber Sprouting due to Pilocarpine-Induced
Status Epilepticus in Mice

Min Kyung Chu, M.D."?, Yang-Je Cho, M.D.", Kyoung-Joo Cho',
Doo Jae Lee, Ph.D.", Hyun-Woo Kim', Hyun-Jung Kim',
Gyung Whan Kim, M.D., Ph.D.", Kyoung Heo, M.D." and Byung In Lee, M.D."

Department of Neurology and Brain Research Institute,’ Yonsei University College of Medicine, Seoul,
Department of Neurology,” Hallym Univeristy College of Medicine, Anyang, Korea

Purpose : Matrix metalloproteinases (MMPs) have been known
to participate in various pathologic situations by modulating extra-
cellular matrix. Although MMP-9 upregulation has been reported in
some experimental seizure models, the exact role of MMP-9 in hip-
pocampal cell death during epileptogenesis and subsequent mossy
fiber sprouting (MFS) is not clear. Here, we investigated the role of
MMP-9 on hippocampal cell death and MFES after pilocarpine-
induced status epilepticus (SE) in mice, using highly specific hyd-
roxamic MMP-9 inhibitor.

Methods : SE was induced by intraperitoneal pilocarpine admin-
istration in adult male C57BL/6 mice. MMP-9 specific inhibitor was

administered intracerebroventrically 3 h after pilocarpine-induced SE.

Expression and activation of MMP-9 were assessed by zymography
and Western blot analysis. TdT-mediated UTP-biotin nick end labeling
(TUNEL) and caspase-3 aclivily assay were also performed. MFS
was investigated using Timm staining.

Results : Increased expression and activation of MMP-9 after

pilocarpine-induced SE were observed in zymography and Western
blot analysis. MMP-9 specific inhibitor decreased MMP-9 activity
in in situ zymography and hippocampal cell death in cresyl violet
staining. DNA fragmentation and caspase-3 activity were also atten-
uated by MMP-9 specific inhibitor. Four months after pilocarpine-
induced SE, MFS was evident in vehicle-treated mice; in contrast,
MEFS was barely observed in MMP-9 specitfic inhibitor-treated mice.

Conclusions : This study suggests MMP-9 is associated with
hippocampal cell death and MFS after pilocarpine-induced SE. Fur-
thermore, the findings that MMP-9 specific inhibitor ameliorates cell
death and MFS offers the possibility of MMP-9 specific hydroxamic
inhibitor as novel therapeutic strategy to reduce hippocampal damage
and epileptogenesis. (J Korean Epilep Soc 2005:9(2):119-128}

KEY WORDS : Seizures - Gelatinase B - Apoptosis -
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Matrix metalloproteinase (MMP) &= A3 2] 7|& (ex-
tracellular matrix, ECM) & #-8llgh= &) &8 g%
Ao A= A8 (embryogenesis), % B (metamor-
phosis), #% &4 4 73 (tissue resorption and re-
modeling), 4 AAT} 22 R Fog HE
= Qo 2eA ok’ A9, ok FF Hol) WA
A5, ¥ ARsks, A 22 WAl AH
M= MMP7} v|A4 o2 wgo] S5y, £33 4
e s 4 sh= Z10E B3 {1 vk’ MMP &
MMP-28} MMP—92 ¢ 7|A=& F4438H= 2 A
E 7149l type IV collagen®|t} lamining 2 333}
7] witoll g F3 A1AA Ao AV de Fo%
oJaks & Ao AAELE? ol AR H s
T MMP7} BjAAA o7 Z7le]E Ao R Bige] Qe
), A WA GEF S o] &3 ABHQ = Ao)
U, =734 SaE o A% MMP—29F MMP-9¢] o]
Z7ksk B ol ZFAEAAEES d=dtolvy)
A0 W deEy el Vi s F7) o] B3
b=

73 MMPS] AdA ] gt A& ofz WA &
2], AgA oz WA e WA 7|3y 4 snte g (org-

N

1
B

anotypic hippocampal culture) *lA4] kainic acid(KA) &
+ bicucullineS Fofsto] FEE F2308 Wl MMP-9
o] gw7t F7heEkn By {§3 Qlow ! MMP-9
st Ao Masty, vlAdgE MMP oA A
Z Foigg o 7|3 Al npuea] ARAE APHol
Tadiths A9 MMP-90] 2P ubgels =

F38 oA W32t
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34 (entorhinal cortex)olx] MMP-92 =xlgale uj
plasticity 7} SJAl9th= A9l Ax f KA F9o=
S FgE AF e MMP 8491AHS knock out
AFE W MFS7E A€ ts B3P MMP-90] E3
MFS Aol Fa8 98-8 & Rojgh= 714 7Fe3st
Al gkt

mpa] 2 AfeXE SFY 7hEe 3 2l AH
pilocarpine #% 3744 mg!t’
A4 FHE F7M 55 A, R )
oA FEAFE T MFS Aol e MMP-9¢] o8t
& st FGith 53] o el A ulA
B2 MMP AAA7} o] & o] &% ofe] Al
g G g0z Al e ekl MMP-
99 Eo]#<] anthranilic hydroxamic inhibitor'"Z Al

33tk
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Pilocarpine | =

BE FEE2 dMdgn s 8 48 &2
Agle] x| wet Ao AFRET AS 29 H,
A% 20~25 g 49 CH7BL/6 BHAE AHE3Idon,
3 2 (cage) B 5PHIE AREST, dlEEE 22+
0.5CZ FAHS oA, 12417 HA0 g wta) whe] 57
£ 7k =3 Hole A-EA A2EkeSE sisict. Pilo-
carpine ool o¢t Tx FYA LS JAE] H3l
methyl scopolamine (Sigma, St. Louis, MO, US.A) &
1 mg/kg & vhg-A 874 o] Fojgt & 30%o] A}
pilocarpine (Sigma) (dissolved in 0.9% saline, 330 mg/
kg) =¥ 0.9% salines tiZzTog =74 ) Foislo
22hg frEkh O AR BF M= MEE MMP-9
A A Q1 anthranilic hydroxamic inhibitor (Cy;HasN4O5S,
Calbiochem, Darmstadt, Germany) " & pilocarpine ¥
of 3AIRE Fof HA o FYsith A TESS 2%
isoflurane A9k 2H EF 7131(70%/30%) = v
Azl & stereotaxic frameol TAAZ|Z = =44
AA(0.2 mm posterior, 1.0 mm lateral, and 3.1 mm
deep to the bregma) el Hamilton syringeZ o]-&3s}o]
MMP-9 9AA|(5 mg/ml in DMSO, 2 4, at a rate of
0.2 pl/min)E 10¥l A FoiFlown, of & MMP-9
AAA L AFE W] 98] syringeE 103 ¢ 1
zkgle| HAAAY. ZToE DMSOE EY3 ¥

2 Foi519) Pilocarpined o3 W3+ plexiglass
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ilocarpine 5o & 64|17k 7}
- 37} Racine scales u}h
2tk ? Pilocarpine s Fol3F & A oA 7H4 whzlo]
UEPG o™, Racine grade 4 o] x| &A zhzulzks
Hol= 3749 AFARES o] ¥ E3A .

MMP 22
F-eleh(Sigma) & &7 lﬂ FAFSte] niF st AejelA]
10 U/ml®] heparin®| 4121 0.9% salineE A4S %3

1
i_‘
4%?

PA710L FA HE % oF = gulE cold plate
oA A1&3] Hajsto] ~80 el B8ttt Western blot

analysis®t zymography & $13 MMP #&li= oo &
T PSS QR wWEslo] Algsigit) dnlxa
< 400 2] working buffer (50 mM Tris—HCl, 150
mM NaCl, b
and 1% Triton X—100, pH 7.6) o|A w23} —?— 4T
oA 2082F 9,000 rpm 0.2 A E-2] B}k
3k 50 219] gelatin Sepharose 4B (Pharmacia Bio-
tech, Uppsala, Sweden) 2} 200 ¢l working buffer &
shallof| 4] 4°C o)A 60 “7E gAY o] 3 2ak] 7,000
rpml 2 55-7F YAEE] 3t T pelletS 70 ul elution
buffer (10% DMSO plus working buffer) of|A] 30+-7F

WSAIZL F AEAS Astel M) AHEISIL

Gelatin zymography

MMP—2¢F MMP—-99] &3} Bds ey 91gt
gelatin zymography+= ©]3e]| B1g =i o) we} A8
3}01;}-”'-31 oLoﬂH 7]4;5 EHE Tg}g] MMPE E_%?L,Q
& # 8kl sample buffer (30 mM Tris—~HC, 4% SDS,
10% glycerol, and 0.01% bromphenol blue, pH 6.8)
2t AL F 0.5% gelatine] ¥ 8% SDS—polyacry-
lamide & ARE-Sto] A7]19% 3FQth 7198 F 150
ml®] 2.5% Triton X—100 £80 7 1584 314 A3
siol o, Mzo] Evt e 250 mlQ) incubation buffer
(50 mmol/L Tris—HCl, 10 mM CaCl,, 0.02% NaN,
and 1 #M ZnCli2, pH 7.5)0 ¥ar 37°CeH 7247 &
QF BHEEAIZATE o] 3 WL ofHEAL Weks 4 SRS
7F1:3:62 v]&E 4% 0.1% amido black §-9e]]
1AZE FE siHsiel o] oMol E4t Fofli= amido black
S Alefet &2 fAE & A vpe] FHA 25

t} Human recombinant MMP—2%} MMP—9(Chemicon,

Temecula, CA, USA)& standard control® ARE3}9t)

mM CaCl,, 0.02% NaNj, 0.05% BRIJ—35,

Western blot analysis
MMP-9¢] Western blot analysisg 93t 43 oy

AEL MMP wEHelA V)ed U2 EulEsicy Y
oko] ME-E 8% SDS—polyacrylamide ZeflA] 47]%4%F

3l % polyvinylidene fluoride (PVDF) "H(Amersham
Biosciences, Piscataway, NJ, USA)o| %711 0.1%
Tween 208 &3 TBS(50 mM Tris/HCl, 140 mM
NaCl, pH 7.3) 2 2z} A& st 3 5% skim milkZ
S2ollA] 1A17F %< blocking 3+ttt PVDFYRE Ad20]
Al mouse anti—-MMP—9 monoclonal (1 : 1000,
Chemicon) 9} 1AIZF F&F ¥FEAIZD thE, 241 @2
HRP—conjugated sheep anti—mouse IgG(1 : 5000
Amersham Biosciences) & 1113t E9F Wke-A]71 & ECL

plus chemiluminescent kit (Amersham Biosciences)
2 wayate] DALY,

In situ zymography

MMP &A=& AFH alivl Yellr )3k ocalization)
shaz, ool gt Meld MMP-9 2Al#e] a5 ¥4
8}7] S8l in situ zymography & A&} on] old K
o] Hpfel] wteh P gF e E 2 , powd-
ered dry ice® o]83] A WEAIFHOY, cryostatS
AREE] 20 pm T2 BAAEAE WHEo] SEfo|To) &
2)t}. Fluorescein isothiocyanate (FITC)7F A%¥ DQ
gelatin (Enzchek Gelatinase/Collagenase assay kit, Mol-
ecular Probes, Eugene, OR, USA)& X3t reaction
buffer (50mM Tris—HCI, 150 mM NaCl, 5 mM CaCl,,
0.2 mM sodium azide, pH 7.6) 5 &gfolSe] g%
7kt 3, 377 GAlelA 12413 FQF wgAZvh 24
3t¥l MMP7}F DQ gelating Z38hH, A% S (que-
nched) FITC7} 338 WA H2E, FITCY 84 4%
= MMPE] &7} Hlfgteh, wh3A1Z] A& 4% para-
formaldehyde® 1173%F & Vectashield(Vector Labor-
atories, Burlingame, CA, USA) % 2]s}3r @330 7
(BX51, Olympus, Tokyo, Japan)2 o|g&l #aakgich

Sl

oy HAE PF OilmE

574 U 9st AR vREgE *@-’ﬂ% peristaltic pump
2 10 U/mi&] heparin®] 4191 0.9% saline3} 3.7% for-
maldehyde & 242 2 transcardiac perfusiondt 3, tf
S A&EE 12417 B9t 3.7% formaldehyde® 3173

skt 244 7F %6 30% sucrose €9 YT powd-
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47 SEZd = IEHILALUIN e MMP-98) &

o

ered dry ice®} optimum cutting temperature (OCT ;
Tissue—Tek, Sakura Finetek Inc, Torrance, CA, USA)
FAHES o] &3lo] WEAIZI e —80TelA R3Sl o]
2 cryostatE ARE3] 20 pm coronal sections 3hed
ARESIGITE A8 LS Ql8l|A cresyl violet @4
S AT FAH ATE s W dEH (semi—
quantitative) W& AHESIdEE Zbre] AF oA
&3 H5 EiolA 3749 7] tE

sections A#

3 & A dla Sl Rks 2 AEE Agskd
v} A4 control 9] HHEHS 100%E 3t &, zbzte]
A

AE 2 ERoM A3 AE 55
tage= YER{SITH

B 3}] percen-

He 2—&011*1 71% 22 EHE %ﬂlﬂ%ﬂolﬂ DNA B

ferase—mechated uridine 5’ —triphosphate —biotin nick
end labeling (TUNEL) ¥F2-&3tol (Roche Diagnostics
GmbH, Penzberg, Germany)% 713+ & 37T 44l
off A 1A17F sk RESAIZTE AlF £ ) & oA
< 98] 0.5 g/mlQ] propidium iodide (PI ; Sigma)& 7}
3lo] 37°Ce] GAoA 2083 ¥H-&AIZHE Vectashield
Z 293l & confocal laser scanning microscope (Carl
Zeiss, Thornwood, NY, USA) 0.2 #2355t}

Caspase—3 3% SN olxe] 78 W
wetom 24 FABELE MMPR-ERlolA el Zo] 3v}=
&3 & Axd FENS g Felste] ARSIt
FUUA20 pg o] INAL Al HEE caspase—3 BAHT
£7%7|E (Calbiochem) & o|&3l ELISAE Al3slich

Timm's staining for detection of MFS

MFSE #2317] 918 Timm's ¥4 ojzlo) Rug
WS ofzk WMEsle] AREEIQIE M SRl niFHE
A1&3 F oA WA heparinized saline 2. transcar-
diac perfusion ¥+ &, distilled waterel| 0.6% sodium
sulfide 2} 0.6% sodium phosphate’} 4]¢1 g4 o= v}
Al perfusiondtglsl, mpx|2to & 3.7% formaldehyde-@
M-S perfusion s}t 12A412F B9 3.7% formalde-
hydeZ 23RS 3193 20% sucrose ENof 24417
Eol Q) CryostateE 30 pum F7] $AEH S
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qtEo] Sdlol=of 2831 30% gum arabic (Sigma) 7}
1.68% hydroquinone (Sigma), Z18]3L citrate solution
(2.35% sodium citrate, 2.55% citric acid monohydrate)
(Sigma)©] &1+ 200 ml-&e] silver nitrate (17%,
1.5 mDE H7bsE &, 26°C Ao 1AIRE Fqb wkgA)
ZTh €5 § cresyl violet X M-S A|Pslo] wzbst
Pom, Tauck?} Nadler?] 715%¢) wel B7}sigitt. 3l
v} dentate gyrus(DG) 9] inner molecular layer} gra-
nular cell layerelA #&sl9iom™, Timm Qo] #ats]
2] ¢bAY granular cell layereflX m|oFstA s 74
9= score 0, granular cell layeroA3t f8Ao07 &
o4 (patched) #2H4 o] score 1, %A 0)1x] ALY &=

= AdgFolnels AP E7} score 13 score 39 &
7} :‘,: 01 u_“L score 2, u],xpﬂoi A7 1, oi_.“z%o] ;q
28k0 2 inner molecular layere] &%= %95 score
22 Aosigint.
SN

HolE} 52 mean=SDE ZH3) o8] Fei7te] &

A& vl s ANOVA (with Fischer's post—hoc test)
AN, T AR Aol t—testE B AA
9o (StatView ; SAS Institute Inc., Cary, NC,
USA), p<0.055 #-23t A o2 #4siaint.
= af

Pilocarpine R SHHH 2, OO0 MMP-92] &t
B R =Yy

MMP-2¢} MMP-99] ®H 9 8743t Y=g dolr
7] $130 pilocarpine & F3HAH & 1Y, 3% 79 1
23 149 Fof] A sufE AHES F gelatin zymo-
graphy S Alslo] #2819 (Figure 1A). A4 ti&
ol v #A3 (latent) AE{Ql pro MMP-2%} pro
MMP-9-2 7tz #21& ~94 kDa®} ~70 kDa $1%|f| A4
A= 9} Optical density (OD) : pro MMP—2, 2.057
+0.47 ; pro MMP—=9, 1.54+0.35]. Pilocarpine -+& %
HA#HE & 193] pro MMP-92] @A 5= A4 x
ol vl&f 2u| A F7rskglen 3dAel 7P w8k
74A el pro MMP- 9—4 L7 AAEGS 1494
ol A4 el #EoR A4St OD 1 14, 7.23
+1.02"; 34, 10.67£1.27"; 74, 3.42+0.92; 142,
1.56£0.54 ; ANOVA, *p<0.001). ¥ ~88kDas
2443t MMP~9 (active MMP—9)& 4 thxgolx

F
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Figure 1. Upregulation of MMP-9 protein and its enzymatic activ-
ation after pilocarpine-induced seizure. A @ Gelatin zymography
of mice hippocampal tissue obtained at various fime points
after pilocarpine treatment. Std, standard control; Ctr, normal
control. B : MMP-9 Western blot analysis of mice hippocampal
protein extracts at different time points after pilocarpine treat-
ment. Samples in A and B were from 5 independent studies.

AR FgkoLt pilocarpine FE FHAEH 1Y Fof
T l A zratal om], 3Ael 7 FEElE s, TUA
o= Fhaste] 14Ul @R JTHOD : 1<,
1.13+0.10 ; 3¢, 2.21+0.33: 7Y, 0.64=0.06). ©]°]l
Hlal A, pro MMP—22] %412 pilocarpine 2 £37

ool Fol i G4y cizatel vlal 2lu] U= ®Wsb @
2] QFkIOD 1Y, 2.3610.42 ; 3%, 3.02+0.63 ;
74, 2.11+0.19 : 144, 1.04£0.10) (Figure 1A), active
MMP—-2Y% 72w 2] okgprh

MMP-92] graoks 2tolr 7] ]38+ Western blot an-
alysisellX] MMP~9 eirb-g-2 Ak tiztellA w|okst
Al w2k Figure 1B). MMP—9 #ojuk8-& pilocar-
pine ¥ F3AH F 144l A4 thztel Hlah 9
v QA Z=73to] Bt Qo™ 3AA el 71 ZT)ele
Zow el 7489} 149 A<= MMP-9 2 &
PE adstel, 44 dzes visd Fue) Aoy
% YERAITHOD : control, 1.71£0.24 5 19, 6.83+
0.93:3%9,9.22+1.22"; 74, 2.66+0.17 ; 144
+0.20 ; ANOVA, *p<0.001) (Figure 1B).

4, 2.29

OfOF Yl MMP 2 TRf GV Ofo]] ot [MEdry
9 AN Fo{e| 21

et of A T4 (subfield) o W& MMP 84 % %
Asketi, Mez MMP-9 A4 Folof 23 MMP £
AAAEHNE Lotr7] A3} pilocarpine #2 T3H7A
& 3959 in situ zymography S A)&sleithFigure 2A).
g5t ofg] MMP Eol 3l gelatino] #3 =9,
AEAGD FITC7L =54 s WEsln g, 54849
73 MMP 84459} vlglstAl Bt 4 dizatellA
= CA13} CA3, 18|31 DGolA vlekst g ajo] wb
B8-S Bask o= Qldvk(Figure 2A, upper row). ©]of
H|&lA pilocarpine 2 FHA™W F vehicle& Foigh
TollM= 73 g gol CA1Z CA3, 18]31 DG 2
ol BEE G oM (Figure 2A, middle row), A¥3
MMP—9 AAAE Fo oAM= vehicle Foiwel H]
& =mAssgol Y=rk CA1% CA3, 18]3l DG H5e
23l o Figure 2A, lower row).

MMP—

o

2

SEEBEQE QIPH Ofj0r NIEA'H S O[0] CjjPr MEew™
MMP—9 AT F0{2| 21t
Pilocarpine % €373 & dojul= vl A|l3EA
gl A B4 dopry] glal, AW F 3 Al
¥ S A &5}31 cresyl violet 9 M-& ARl c) (Figure
2B). % vlzatell A= CAL CA3 a2l3 DG B
A B o)) Aol wEE A gk (Figure 2B, up-

o -
per row). oo #sll pilocarpine #2 FH7HA @ ¥ vehi-

cled FoIgt Jolx= 22 Eado] dofwtetl, CA3
o= thre] pyramidal ME7} 22459 CALS pyr-

amidal M¥EA~A3 874 5= & (pyknotic nuclei)©] &
o] #EH e, DG vlwA AEZido] Hlovt o
B A Zol|x] #AsZ(chromatin condensation)©] 2
H Qo Figure 2B, middle row). X%} pilocarpine
v 2 AH & AEE MMP-9 oAAS FoJ3h ool
A= vehicle ool Hl&] v} iAol A 8] 7H
ﬁ:ﬁ}%’ Zﬂ—% #2 @ F dglen (Figure 2B, lower
A2 Arg B8l olF BRI 7 tHper-
centage of survived cells against control : MMP—-9
inhibitor—CA1l, 86.72+11.06 ; vehicle—CAl, 18.91
+2.24" ; MMP—9 inhibitor—CA3, 62.48+9.13 ; ve-
hicle—CA3, 6.19%+1.03" ; MMP-9 inhibitor—DG, 90.56
+14.03 ; vehicle—DG, 54. 25+7.63" ; unpaired ¢—
test, *p<0.001).

row),
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MMP-91

Figure 2. Reduction of MMP acti-
= vity and mice hippocampal dege-
1 neration after pilocamine-induced
seizure by freatment of selective
2 MMP-9 inhibitor. A : Comparison
of net proteolytic activity in hip-

Vehicle

pocampal subfields by in situ zy-
~ _| mography among normal control,
vehicle-, and selective MMP-9 in-

hibitor-treated groups at 3 days
L after pilocarpine freatment. MMP-
2. MMP-9 inhibitor : Bar=100 «#m
7l in left panel and 50 #m in the

. other panels. B : Comparison of
"o | cresyl violet staining in hippoca-
) mpal subfields among normal con-
@ frol, vehicle-, and selective MMP-
9 inhibitor-treated group at 3 days
affer pilocarpine treatment. Bar=
¢l 100 #m in left panel and 50 #m in
k| the other panels.

MEYTH MMP—9 2NN FOIE Q
caspase—3 2 AUn
Pilocarpine & Z37AHE oz A% AH szl L]
DNA #8875 dotrr] 8f, FH4EH + 34
Al TUNEL 94& a8t (Figure 3A). TUNEL
RS0 okl M EEL confocal microscope’dolA]
ANFE A w3 i GMoR AT Pl ':’3
A Hgs wA =, o] & A3eH(merged) ¥l
Al TUNEL#} PI B5Fef] @F4Q1 AlEE & 35
ElAl Ak 3 diFrelk= CA13 CA3 25 Pl &
AAE7) go] @EEL, TUNEL YAAET = #hahe R
It} Figure 3A, left panel). ©]9) thx4 22 pilocar-
pine F2LFHAE F vehicle2 503 FolM= Ak
Zytol| vl CAl1Y CA3 F5ofr w2 42| TUNEL

It DNA EPIY A

124 ¢ CHEIZPESEE| K] | 2005;9(2):119-128

FAAETE Ao o9} vlEo] PI HAAME7 B
o] A4 AtHFigure 3A, middle panel). dF|5F M #
2 MMP-9 SAIAE 5% AFH LollXe= vehicle F
ool uls] CA1¥} CA3 B TUNEL 948 Hol:
AMEZL o] QA ZAage #2E 5 UHTHTUNEL-
positive cells/mm? : control, O ; vehicle—CAl, 1132
+103.24 ; MMP—-9 inhibitor—CAl, 12440£32.89" ;
vehicle—CA3, 1084.32£96.53 : MMP—9 inhibitor—
CA3, 96.40+23.16" ; unpaired r—test, *p<0.001) (Fig-
ure 3A, right panel and B).

Pilocarpine % $H748 & 1449} 348 casp-
ase—3 BAEE 43¢, AEH MMP-9 oAA
£ Tt oA vehicled Foldt Aol vl <

o917 caspase—3 BHEY AT o 5 oAl



(OD : control, 85.90+10.45 ; 1 day—vehicle, 945.37
110247 . 1 day—MMP-9 inhibitor, 589.23+101.29";
3 days—vehicle, 1509.14+158.39 ; 3 days—MMP—-9
inhibitor, 747.62+99.36" ; unpaired t~—test, *p<0.001)
(Figure 3C).

Figure 3. Reduction of DNA frag-
mentation and caspase-3 activity
after pilocarpine-induced seizure
by freatment of selective MMP-9
inhibitor. A : Comparison of TUNEL §
staining in hippocampal subfield
CAY and CA3 among normal con-

012 - ZYUH - £

= x =
- oT o

MMENT MMP~9 QI 501 S MFS W20| ot
A AT B2 1A s Az

_]
MFS Aef u]x&= MMP-92] 9dgke odolrr] 9J&|
Timm's staininge 28359t (Figure 4). Zincs &
k= o7 GE Timm's staining AeflA g4 1

Ehle], DG granular cell® CA pyramidal cell layer+

frol, vehicle-, and selective MMP-
9 inhibitor-treated group at 3 days
after pilocorpine treatment ; Nuc- |

TUNEL-positive cells ‘ -
By SR (C)
91 - 1800 - | [J vehicle 3 MMP-9I -

Caspase-3 activity e

lear Pl counterstaining (red), TUNEL
staining (green); MMP-9I, MMP-9
inhibitor ; Bar=50 #m. B : Semi-qu-
antitative analysis of TUNEL-positive
cells in mice hippocampal subfields |
between vehicle- and selective |
MMP-? inhibitor-treated groups. C :
Comparison of the relative funct-
ional activity of caspase-3 between
vehicle- and selective MMP-9 inhi- |

400 -
200 Lr
bitor-freated group after pilocar- 0- - )

. trol CAl
pine freatment. confro )
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Figure 4. Reduction of mossy fiber
sprouting by selective MMP-9 inhi- |
bitor, visualized by Timm staining
in coronal sections of the mice
hippocampus at 16 weeks after pil- §
ocarpine-induced seizure. Note
the strong silver deposits at the
inner molecular layer (black arrow
heads) and granular cell layer of
the vehicle-treated mice. MMP- [12%
91, MMP-2 inhibitor : MML, middle |
molecular layer © IML, inner mole- .
cular layer : GL, granular cell layer ; Sl
Bar=100 #m in upper panel and &8
50 min lower panel.
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cresyl violet thz: Q8E A|83le] WS =7 ol
Pilocarpine % 3748 3 16FAl 44 djzatel
A granular cell layert} inner molecular layer =5
ol MFS7F #2=| 2| 2ttt (Figure 4, left panel). Pil-
ocarpine U FFHAH F vehicled FoIdt ol
granular cell layer$} inner molecular layer A 2o 4
H o7 w7t AA G B & 4 AdthFigure
4, middle panel). o] HksjA Az MMP-9 <4
& Folgt oM MFSo] okskAl #2E o] vehicled
Folgt oo wlg] 248-e &4 5 lolchFigure 4, right
panel). Tauck¥} Nadler?] 7|l W& scoreE v]uw.s}
%S o, vehicled Fold tof wlaf MEd MMP-9
AAAE Foldt TellA 2AuidA score7t HAadRaict
(Score : vehicle, 3.0 ; MMP—9 inhibitor, 1.2 +0.45" ;
unpaired r—test, *p<0.05).

a

2 75 B8 ARES 5T REER dy] o)
£ A7 pilocarpine AT A oA FHAH o] F 3
alof] F7He MMP-90] silvt AlZAE 9 MFSH
E o, MMP-9 A84) QA& AHg-slo] sw} A3}
4 9l MEFSE 2AI S Haxs gRisiitt 295 &
oFshd, AA, MMP—-9¢] ¥l W €442 pilocarpine
9 SE 19 $7E Frtste] 3d Fol Hulell o]23e
Lt MMP-22] ¥l 2l #48 e Wgls HojTA|
EAck(Figure 1). ©4, SE ©]%, MMP &/d2 sfv} =
oo Ax Frpglon, o)y A9 AAAE F3 T
g5 gtk (Figure 24). AR, MMP-9& Ad
oz Ao zMN SE T sk snpdEAbd-E 7

|7 1 (Figure 2B), DNA #2343} caspase—3 &
A% A8t Figure 3). vFAEIO & Ael 2 MMP—
9 AAAE AMEste] AR 271X MFS
£ AAE BolFdch(Figure 4).

ol Aollx ZHAH T 1A% 3Rl A7 sn}
olx] MMP-99] B3} &4 B F7lsta o] ¥ 7k
U, MMP-22] 2z 844 Hels#| okehth(Figure
D). o]#fdt Azl KAE o]&3 od Axs! Vyn
Hl A FARgHEl, Zhang 52 7ol wER, WA
KAE 54 U= Folslo] 523 2R delAM= sint
U MMP—-99] &4do] 1+ 1 12413 Fof] 8ull S}
slo] Hareol @8ta 24 A134A] F7kett MMP~22]
el 3dAeRt 2ulf St Rauskelon, 72

S

N

126 & thatZbElstE| K| & 2005;9(2):1119-128

TFollM GABA, AZA2 bicucullined Foislsie W=
MMP-2 &A49] F7h= #2xA ok MMP-99] €4
o] gtk sloleh! B g el WA dn)
o] MMP—-9 o] KA 7H {1 6ARE Fof| mix F7}
3kl o] F 24A1774K) MMP—-9 840 718l o,
MMP-29] W3- #haEA] gkokrha Bashgl oo
Jourquin S& in situ zymography 2 o]g3slo] WA 3|
ok MMP #4o] KA 7Hd f3 8AI7F F4E S71sic)
o Busi? ol A7Aztel RalEry E3] Szklar-
czyk & reverse transcription(RT) —PCR¥} in situ
hybridization 7|&-& AHEslo], 244 @ireq MMP-2
mRNAF MMP—-9 mRNAe®] H|3l] thy] xytel] 2 2
AL e vl s 1 wgieke] #om), F& astrocyte
gl 7 DG granule cellel & @&ttty Wuslo] 2
7 @z o] F jjule A MMP-29F MMP-92] &
9l oJ3ke) 2jolE Alakska gich

w3k A AFNA CAd DG 5 v} A gl 2k
shA #Ee MMP #4do] Fd47e &l 7=l
(Figure 2A). ©1313F A= WA KA FdoA CAl,
CA3 % DG EFIx MMP 4o F7} sttt o) d
BuHele Xl oAl WA KA Zdofa] 2ol X
CA subfield$} DGellX] MMP &4o] Z7)sicles Bl
o REhgich HEgh nlw A AlEAPEe] A&Eo|il MFS

I 2L Tkl e s 93ks sk DGellAl MMP-9
gyol F7Hgh He o] oA MMP-9°] MFS, &
ol}3lZ Aol FoF A4S & Folghs FE AN
31, ojgat 7}4-& MMP—90] ECMS Halslo] oA
A FE o} A XT3 -2 A Z (remodeling)
goll T mal Wu W KA TN F7]

F2 DGolA MMP-9 2@ &A4o] Stk B
of o&ll 7rEH ez SAFE In sit zymography =
MMP B4 =& A|F7H (temporospatial) 2.2 4%
2l MMPE#YE ®EE Yeh1 &
d MMPE] &44-& A 4 e Dol glt SRR -2
AEAA AEd MMP-9 JAAE A& o, in situ zym-
ography’delx] MMPEA L7} S8lo] 743h= 4 (Figure
2A)Z ot FHAW T st oA S MMP &
BE7F F2 MMP-9e] 93 Z1%E& AlALgth

Az MMP-9 AAAIE AMg-ato] F5dddel 23t 3
npH FEAFE S A7) 1, DNA 2238459 caspase—3
4 w3 AAorF1E A Figure 2B, 3)2 $HAHE &
HA Y A A FH ol A MMP—90] 83 alinfa ZAlg o
Holstn, 1 A 71 A EZ A apoptosis) ZHYo]
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