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MMPs £k RAEf 82 HBS » X RIGHE TOREGER
HR o LM MMPs A B ? &A1H MMPs 7 384284 i
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Abstract

Matrix metalloproteinases(MMPs) are a group of
extracellular matrix (ECM) degrading enzyme, responsible for
the degradation of interstitial connective tissue and basement
membrane, during wound healing and in other inflammatory
states.

The mechanism to brain injury, little is known about the
ECM-degrading MMPs that in Angiostrongylus cantonensis
infection. Thus, it was of interest to determine MMPs in the
Angiostrongylus cantonensis infected mice brains tissue, we
use substrate gelatine zymography to detected brain tissue
homogensate express of a gelatinase(GLase) activity.

In this study, we demonstrated the presence of
gelatinolytic activity in the brain of Angiostrongylus
cantonensis infected ICR strain mice. This protease M.W.
about 94kDa, We identified this gelatinolytic activity as
gelatinase(type IV collagenase), belonging to family of the
matrix metalloproteinases(MMPs), based on the molecular
weight and the inhibition by protease inhibitors.

The 72 kDa form was present in all samples, even in those
derived from non infection mice, whereas the 94 kDa form
was present only in samples from mice infected with
Angiostrongylus cantonensis. The 94-kDa GLase activity was
Ca"" dependent, showed maximal activity in the pH 6-8, their
activity was inhibited in the presence of 1,10-phenanthroline,
and their proenzymes were cleaved and activated after
incubation with organomercurial compounds (APMA) and
trypsin. When immunoblots were performed using specific



antisera against the 94-kDa gelatinase B (MMP-9) with brain
tissue homogensate, a 94-kDa immunopositive band was
observed. Thus, it indicated that the 94-kDa GLase is
gelatinase B(MMP-9).

Gelatinase production within the CNS by glia or
infiltrating inflammatory cells may constitute an important
pathogenic mechanism for both the distruption of the blood-
brain barrier and the destruction of myelin, as observed in
several neuroinflammatory disorders. This would be the
direction for further research.

Key word : Angiostrongylus cantonensis s Gelatinase B »
MMP-9 > CNS
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A.C. . Angiostrongylus cantonensis
APMA ! 4-aminophenyl mercuric acetate
BSA . Bovine serum albumin

DMSO : Dimethylsulfoxide

EAE . Experimental autoimmune encephalomyelitis
EDTA © Ethylene diamine tetraacetic acid
Eso . Eosinophil

E/S Ag . Excretory/secretory antigen

L1 o A ET -

L3 R A

MMP | Matrix metalloproteinase

MS . Multiple sclerosis

PAGE { Polyacrylamide gel electrophoresis
PBS . Phosphate buffered saline

PMSF : Phenylmethylsulfonyl fluoride
SDS . Sodium dodecyl sulfate

TEMED : Tetramethyl ethylenediamine
PGHS2 :Prostaglandin H Synthase-2
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R3] A0y %95 R & # £ o IgE PTAT4E 9388 %95 R
J&4.Eosinophil #4 &+ & jis &1 & & > &.3& EPO, EDN, ECP,
MBP % > A& BB R o RB AT o mR B EEY
AR K AR AR L s ¥ b4e | Purkinje cell #&%k, B
#& ¥4 (demyelination) » % /& 1t Vaculization, Gitter cell
7%.BBB 3% > 5 RISHGERME BB ENER &
TR LA m B SN R R SHOE R Z G H R4 B
AH o HABLRERIURAEGRSGSBAHENR » TR
KA T GEEG AL o

SRR RFZEDHARFTEL SN RE  RALL
WA A ER A (Gn vivo)BE X > #] A Substrate gelatine
zymography & SDS-PAGE # 45 » ¥ & sl £ 5 MG &
Ao RIRFAZHNERELGE AR LEISHABERETHE®
TOREBEGT BB R AL > SRS IR & a kB Ay
Bhafe > dERAVEIEAR o BIMIRFHE L E RAE 2 8 8 5]
AR R IR GRS > BRI S TR 0 R AER
{E A0 82 B LB ~ e BT F ik o

vii



Gelatinase activity

EDTA
PMSF
Leupectin

Phenanthroline

Anti-human
MMP-9 Ab

1.Red agarose
2.Gelatin-Sepharose
affinity chromatography

viii




F—¥ %

F RAE 82 2% % —FEF A K& R (Rat) i 8 ik F= 3R 2R
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Eo BB IE 49 R IE R F A F 1o B4 (4e Glycerol~Mannitol) »
FTHMBRIGHFRE R > R ETEBESAKB A 2 AR S
BRIEMK o R EREKRL T HRABKERE c ZREF =
BREZRARE TETHRAEFTLE - ZEAEBEAE R
Albendazole s> Levamisole #= Flubendazole i /s &1 8 &9 B B &
BRERFHRE > EARZERTHHE LWL ST E
BRJ% B B 5% 55 B> ¢ A Levamisole S5mg/kg/day =%, Albendazole
10mg/kg/day & 456 % 21 R » A% R4F > B ERE RME
A RSB TR ZEF MG X BAEEY ~ F X EE
ek B A E MM EET o

A~ BEBEHE

TG LA A EARE AT AEFER AL EALEM
BB~~~ BRECTPHIRAMRAER T c BFE W
WMAEAL s XKAREBRET+EEHE W/ N BFR
Lo PP R RAE M & 0 EAMERE R AR & B4R Y
% A 2, B R 56 o



L~ BRBE

HABRER G MmEWH QBRRFi FERELESEE
RAGHAG R IR (WE 2) & THA ZR .

()R B A 5 HARRAG I B3 2 A AR BOIR o
(D) A B HARA THRRRRHMEEY ©

(Z)5 A8 A ARRAG I R A 3 A SR RE3E - BORMG I &
3 o

(v9) 51 51 3R A 8 B 18 40 B R R G > 158 R fa AT A
RKEBRANIGIH » BRI GF o

(#)Eosinophil &y &M sa g H M &G » 6,4 EPO, EDN, ECP,
MBP % > A& BRI RRATELE > BN
ERBEBGEE o

BARAEELFRECRAETRAIKRBREA 22 2
A AR I R E R > BHAS R £ 8 EH A% S (mice) B
RERREREHRE  REFFHREGEL > MBIEEIE
& f B B AP 48 4 Bl > B LA B Substrate Gelatine Zymography
% SDS-PAGE #flg » W Z QM A M AL c R
—H IR /AR HE o
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tm i, 4 & ' [Extracellular matrix(ECM)]

mp A HECM AU EER TR Z A BLEHY L
B BReESEFSNEY TN GtaB L k&L~
4m s %% B (cell adhesion) ~ #% & (migration)#w 41 4§ & f& (tissue
morphogenesis)#4 & & 3 # % o

% i, 4 35 H (ECM)FE o 49 Bt 5 328 ~ mitogenesis 44 3 &
Fotmfp e bk T ARG EME  LEHHFEH KRS THEF
MERZAL  EXBFERTEREEXY TEOT A&
JeidEi o R AR ELERRLEBL OEEX - HFuf
T ERRIEBY AR Blaap BB~ %
Bl XERaRE AL RO T S RACEMEIE
HECM)T A FtafndyF 8y o

4m J, 9 & F (Extracellular matrices) &, 3% . (— )& & B
(Basement membranes)( — ) &1 &k H] ¥ & & &4 & (Interstitial
connevtive tissue)

(—)& & B (Basement membranes)

PR RS GEaBTIEREY - REBBEE ML
JERE o £ % % o7 X K M (basal lamina) ~ A H ~ 49k B E =R
P 40 Rk, B4 ©

LR A & R4y - (1) type-IV Collagen : & & kB ey £
ity ARG REKEHRLEZ mppiEiFesEdg » g
heparan sulfate proteoglycan ~ fibronectin H X Z 4% A o
(2)Laminin ~ (3)heparan sulfate ~ (4)Chondroitin sulfate ~
(5)Entactin o
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(=)én & M) B% & & 1 & (Interstitial connevtive tissue)

& § %a i fibroblasts ~ osteoblasts ~ chondrocytes Fw
macrophages PrA& a8y > T 45 R & 4E8 A | B (tendons) ~
B (bone) ~ A5 BE (fasciae) ~ & 49 3 'H (loose stroma) ~ %y %
(ligaments) o 3 & i 514 & & 5% ¢4 15 R 8% 4 F= glycoprotein
proteoglycan ~ hyaluronic acid ground substance P 7 sk & 483K
MY T RAMBEIHFER o

ta i K H 9 B & & 8§ (Matrix-degrading proteinase) :

fmpa sh IR 89 £ 2 R collagen 0 B4k G 0 A&
HILEGWHEARS ENEGT > A AERGELG
4 & (D)matrix metalloproteasestMMPs) +4e  Interstitial
collagenase, Type IV collagenase (gelatinase A, B) (MMP-2,
MMP-9), Stromelysin % - (2)serine proteinase » 4» Plasminogen
activators, €,3% urokinase-type PA(u-PA)& Tissue-type PA(t-
PA) v 4% o (3)Cathepsins o (4)Proteoglycanase o (5)H 4t © 4e
Elastase - fmfa s R H o9 M2 — 2 S M B R G £
R dBARREA collagen A E BN EGEFTLLIRRA
AR ER AL o
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& & B¢ % (Proteases)

% & 8% % (protease) & — & @ ph 4k o B £ £ 25
% ¥ BB (exopeptidases) & A AEES(endopeptidase) iy K #8 » &
4 Py Bk B§ (endopeptidase) £ % &, ¥ 1.Serine protease »
2.Cysteine protease(thiol proteinase) » 3.Aspartyl protease(acid
proteinase) » 4.Metalloproteinase vg #g ©

Exopeptidases Endopeptidases
Aminopeptidase Serine proteases
Dipeptidyl-peptidases Cysteine proteases
Tripeptidyl-peptidases Aspartic proteases
|Carboxypeptidases Metallo-proteases
Peptidyl-dipeptidases
Dipeptidases
Omega peptidases

MMPs (Matrix Metalloproteinases) -

MMPs — #& 443 (Zn*") ¢4 £ B2 # (metalloenzyme) ©” » g8
Syt R ECMBE GRS HEMHIET £ B
FZXBEBRZ(ME-3) MMPs AL 74 B ALFT RN,
At 0 £ % 45 o 4 (wound healing)®"5M? ~ m & & 2%
(remodelling)®% ~ B gp (ovulation) ~ A% & 2 sk (blastocyst
implantation) ~ § # s & (bone growth) ~ £ & #f 4
(angiogenesis)°Y% » ¥ 44 MMPs 7 %8 5k 5% 6 82 A
EmE® A E > dokE G MRk ey 42 8 (invasion) & & &
(metastasis) > ~ g &, & M B # % (theumatoid arthritis) ~ &
J& 7 (periodontal disease) ~ ik #% 1t.(atherosclerosis) "% o
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MMPs 3 #5914 32 o 3849 48 & 45(CNS)% % Y > o 5
M B 4L JE (multiple sclerosis) » Alzheimer‘s disease &
malignant glioma o 5] B MMPs &,3% 4E 3 2 T s 42 i CNS 5%
& EBYIBIR ©

MMPs %% B # &1k C4e % VA 18 A& B (M &-1)o T
11 3£ B] A A propeptide domain & N-terminus domains(F [ -
2 ) > % %% % Bt Ae fibronectin -like repeats » transmembrane
domains % C-terminus hemopexin-like domains c MMPs 4
EHZ 2 H 4 EME £ 6,30 collagenase » @ gelatinase » @
stromelysin » @ membrane-type MMP(MT-MMP) w38k K%
(subfamilies)(® %&-1) o

H— A& MMP # A R E &2 HHEHCT i
interstitial collagenase (MMP-1) %8 4~ & type I I, Il
collagens ; Stromelysin 1 (MMP-3)2 —f6 2 S B4 E M8
B2 4 fe o #¢ type III & IV collagens, proteoglycan, fibronectin
% laminin; 72 kDa & 92 kDa gelatinase(MMP-2, MMP-9) 4t 4~
## type IV & V collagens » fibronectin » laminin ~ gelatins o &,
FHRERE  AF S RERE T4 | BB &S (tumor
metastasis) > 25 B 7B M B £ % (Rheumatoid arthritis)€
EFHRERRL c KM A EFHEMNTHERR R —2EF
A FBAZ T 0L A 4G4 | AR RS E F (embryogenesis) 0 a4k F
(tissue remodelling) » 4% & #& 4 (wound healing)©? o
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MMPs R4 A &R HH

1.MMPs 5% ¥4 3k 7% 416 & (Inactive,zymogen, proenzymes) 7
RS> LHR FREBEMERASTEARGIBREL 2.
AL E MR E E R Zo*/Ca™ 45 # £ 4 1t 45 (catalytic
site) o 3Zymogen & M H H KX &4 Bf X A B K
(organomercurials)(de APMA)#& AL o 4.754b4E B 48 2 N-s# 4%
Wi — 4 i 10kD 8445 F8 o SMMPs BE £ /e 4
i — A A B oy fm e sh R R (ECM) kit © 6. MMPs &) 7 PE T 1A
# TIMP(tissue inhibitor of metalloproteinase)ffdp#| o 7.H 4
H In"REWER Ca B4 €3k 2B % 4 &(chelating
agent)de EDTA 73 4] o 8 MMPs & 8 M 44 ik 2L 8 & 7] 4842
MRS o

MMPs A AR ABEFTAELEZF=BR KX :

— ~ 3 B # $k(gene transcription) o = ~ B¢ & 7T 7% {b(proenzyme
activation) o = ~ 41 4%k & & B¢ F ¢ %] #|(Tissue inhibitors of
metalloproteinases (TIMPs)) o

— ~ ¥ 4% B k 84 38 ¥ (Transcriptional regulation)
1 ~ #& k3 4 (Transcriptional regulation) :

OEFAGER . MMPs &5 X B 3 3k constitutively
expressed » 129 1L < 3] — 3k & 4 7 4L 4e B & % (hormone) ~
% & B T (growth factors) ~ proto-oncogenes ~ inflammatory
cytokines ~ tumor promoters ~ phorbol esters ~ 4= i1 ¥ 4 i, 4h 2
H(ECM) 2%, 4= B, 312 4m Jits, ] 3¢ Z 4 JA (cell-cell interaction)#y ik
A cORABER  BEEAUAGTRARL CTH LM
W8 55 0 45 JHl & 4o 8 ] B3 (steroids) & TGF B pr¥#p 41 o
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K BR 438 2k ] g5 & c-fos & c-jun protooncogene & 4,
Bk & W AR Bl E & 2§ M % 22 (homo- heterodimeric form)
&4 3% #% B -F(transcription factors) activator protein-1(AP-1)e it
AP-1 | F 4 4 3] & A {2 i -F(promoters) 2, 3¥ 7& -F(enhancers)
654 2 DNA & 2](#% & AP-1 binding sites,phorbol ester
response elements or TREs) k » {248 &k W4k R o
MMP-9 » stromelysins » collagenases #44% i -F(promoters) k.
4 AP-1 /7] » f MMP-2 8] R B4 AP-1 #9844 o

= ~ Bt # &M 89 3 5 (Regulation metalloproteases
activity) ©

MMPs & #15% VA JE 7& LA 89 zymogens 7 X & 4 » H 4L
% (catalytic domain)4-# 4% & F(Zn' ") pro-peptide E &4
cysteine & & #& 1L H -F 2 3¢ cysteine-zinc interaction (cysteine
switch mechanism) @ % & B 04L > & A 35 E ke P M &
Wy B-42 W A 5242 1t 4k A (autocatalysis) s F propeptide & 5,
R R A E R FC0 o
W 4 716 B T (endogenous activator) :
8,3 ® ~ Plasmin/Plasminogen 7%t % & . €3 urokinase-type
PA(u-PA) % Tissue-type PA(t-PA)f#& o @ ~ H 4B £ 84751b
4k A : trypsin, plasmin, kallikrein, cathepsin B, stromelysin o

@ ~ 4m i1k F 48 B &AL B /3 % 8 (activator/receptor) & 4% -
gelatinase A-TIMP2 receptor for gelatinase B
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= ~ B & 7 M3 414 A (Inhibition enzyme activity) :

(1)Plasminogen(PA) & M #p #] ] . &.4& Ou-PA 39 & & >
antithrombin III~ « 1-proteinase inhibitor~ « 2-macroglobulin °
@t-PA ¥ 4] & > « 2-antiplasmin ~ « l-antitrypsin ~ « 2-
macroglobulin o ®serine proteinase ¥ #|#](serpin) & % § °
protease nexin 1(PN-1) ~ PA inhibitor type 1(PAI-1) ~ PA
inhibitor type 2(PAI-2) o

(2)MMPs #p ##&| (inhibitor) . @3 ® « 2-macroglobulin o
@ 3 1l-anticollagenase o ®serum C-reactive protein o
@TIMP(Tissue inhibitors of metalloproteinase) o ®Chelating
agents (EDTA) o

#1614 85 MMPs € 2 TIMPs 14 1:1 w4 & 38 20D
Bt & &M B W 2 B39 4] » TIMPs 4,€ 82 3 &1L A pro-enzyme
form # A complex(pro-MMP-9/TIMP-1,pro-MMP-2/TIMP-
2,p10-MMP-2/TIMP-3) o B #f B 4 w4 TIMP £ 3# % %7
e KRR e MY (R £-2) o

MMPs 43 pH T > RS ERET GRG0
collagen ~ proteoglycan ~ fibronectin F= laminin % 4% » M &
BRI I R BTN o

EFEFEMKET MMPs 28| R EHH > F 55T R HA
FEBRRR R ENERYE A% MMP €884 4
BENR LRI R ERHaps AT ECMMEF AR
W BEOBEIEOBEWHB G FERIETERY
ERIR Y TS RBIT A & & EF (D)
HHEAEFARGRR - QREALMEZ G T HH
ERR QI A RRERZEGEETIHIH o
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F=%  REAARTE

— " RRELZFAFZ=ZHHHDLI)ZKE

0y W 30044 FF I K 48 2R o A FE i K 9B 4 b s AR AR
BRAME > M FRAABHETR&HZEA]1 301k
BlmAATL B B GBE£HLKR » ABRMIEHF# 37C
ZWEBAT B HBHFEL2 I FZE S AERYAH R
EHE AL ERBAHELFE o HH R 30 54
Bl —FEFER BmALAREBAGRESE F
HERDFRKRE L AFERRTRZ LB » BN
Bmy > BEAMIBMET  BRIERRLI & F
30 B3 48— F4h 0 BAKBEmE o

* AT ERGB AR

8 ml HCl
7 gm Pepsin (1 : 2500, Sigma)
/m distilled water £ 1000 ml

—~RBREHY

ICR(Institute for Cancer Research)# % «Js §.(Mice) »
BERAMeHY e BB BEE R o BREWNES
B 2N B — B LEFE 12 TR 12 N4
eI R TS o

=~
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8 4 ST Bk 402 )N & S (ICR strain)> 72 2% S 77 12
NEF ST REAK S B2e R Rast 8 aK
A BN 30 BE = H4h&(0L3) AR SK 12
ANGEE R E) o3 A

v ~ %3 4 8 35 '} (Brain tissue preparation)

PR 83 EARE A°C T Rk o BB FIR 14 X0 AF
G R &8s~ ]S~ FF » £ 100 mg &1 &% 1 ml PBS
R AT RAYERLETHESL 10 T o MFkigH
RABIN S E AN IR EECHOR 6,000g #ik 4°CTF AES
30 4% > 4-#k i FE & (Cytosol) 3 4 » i 4 (Pellet) 3R
2 0 Bk 0.25%(v/v)Triton X-100 ;8433 » 305 ki
A 14,000g ik 4°C T a0 30 o048 o8t LR
(Triton extract)3R 2~ » Cytosol & Triton extract 3 4% 87
HA-T0°C A RAR T ©

£ ~ & & 'H B JZ R £ (Protein assay)

& &g 89 £ % 4% A Bio-Rad Protein Assay 7 ik » £ &R
¥ &% G 'Y vT #2 coomassie brilliant blue G-250 # s & &,
BeM MIALERFEATEOTERS o7k L8H#
BSA 44 Standard curve . vA— % 7| S4B 5 49 BSA » Jm
£z — 8 A5 65 Bio-Rad dye, # % & 505nm T A6
RAFEME—AREWGEE o BAR RS F HRAFH &2 OD
itk RIFREHGELFTEGHRE o

7= > SDS-PAGE § ik
©OReagents and Gel Preparation for SDS-PAGE Slab Gels
B
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[ ~ Assembling the Glass plate Sandwiches
IT ~ B¥ 5% ¢4 e % 7% (Gel Preparation)

A) Separating Gel
B) Stacking Gel
0.1% Gelatin SDS-PAGE | Separating Gel | Stacking Gel
%T i | 8% |10%] 129 | 8% | 10% | 129 | 3% | 4%
dH,0 ml | 12.3] 10.3| 83| 14.0] 12.0{ 10.0] 6.5 6.1
1.5M Tris,pH8.8 | ml 75| 7.5 7.5 7.5 7.5 75
0.5M Tris,pH6.8 | ml 25| 25
30% ml 8.0| 10.0| 12.0 8.0 10.0] 12.0] 0.98] 1.3
Acryamide/bis
10%SDS ml 03| 03] 03] 03] 03] 03[ 01 0.1
10%APS ,ml 05 050 05 03] 03] 03] 01 0.1
2%Gelatin ml 1.5 151 15
TEMED ul 15 15| 15| 15| 15| 15| 10 10
Toral Volume mi 30 30f 30| 30, 30 30 10 10

12%For 10-100 K Daltons

&L Sy -
>-< /i:&"g;g

7.5% For 40-250 K Daltons

7 4 8 e (Acrylamide) 2 B A2 37 » M7 B EHEALK,
BRAMLERTE o FLOKBEm B L BRERTE o

B * .

1.Prepare the separating gel monomer solution —by
combining all reagents(F Ammonium persulfate(APS)&

TEMED$}).
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2.Degas for > 15 minutes at room temperature.
3./2 APS & TEMED —mix.
4 Pour the solution to the Sandwiches.
(pour the solution smoothly to prevent it from mixing with
air).
5.Immediately overlay solution with water.
6.Allow the gel to polymerize for 45 min -1 hour.
Note: 3 7 = BP § ok, Bl A& E & Ae A #5ml of 1:4 diluted
stock solution B ## & Bt 7K
7.Prepare the stacking gel monomer solution.( 5] k)
8.f] Astacking gel = AT,%t F JE 4k 2R #£.Separating gel &k &
8 7R Ay
9.7# AN Comb — Allow the gel to polymerize 30-45 minutes.
10.#% % Comb —Rinse the wells with distilled water.
11.Sample loaded —gels run.

III ~ Loading the Samples

Sample buffer 47844 10%Sucrose or glycerol #
Sample T it.

% 2X Sample buffer(prepared fresh each week and stored at
4°C)

Distilled water 4.1ml

0.5M Tris-Hcl, pH 6.8 2.5 ml
Glycerol 2.0ml (20%)
SDS 0.4gm (4%)
B-mercaptoethanol 1.0ml
0.5%(w/v) bromophenol blue 0.4 ml

Total 10 ml

Sample : Sample buffer (1 : 1)
[V ~ Prepare electrode buffer
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£t & #52000mlagelectrode buffer —350ml for upper buffer
chamber » #] &% Alower buffer chamber & ¥ % & 4

FiE o
V ~ Running the Gel

set voltage : 150V~ 60 min o
VI ~ Fixation & Staining
% &, ;% (Staining solution): 30minto 1 h

0.1%Coomassie Blue R250 (0.25%)
40% Methanol (40-50%)

10% Acetic acid
VII ~ Destaining

AR
7.5% Acetic acid, 10% Methanol
VI~ BB AR 75 i
7.5% acetic acid
X~ &%
70%Methanol, 0.8%Glycerine
gel drying between sheets of cellophane(3k 7% 4%)
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4 ~ Gelatin-substrate Zymography(sz'sg)
AiEHRF R 4EO. l%gelatin &4 SDS polyacrylamide &

%élﬁ%f%‘ﬁf)ﬂ R Y > & B4 gelatinase 64 %& & B F 4218

&% ay et ML BB B AT 4L E 49 gelatin
2 ﬁ* > 4o pb 4% 18 coomassie blue 2 &,4% » X G BE AT L
fiE > B BAA gelatin &k 6 > mEERAZ
gelatinoltic band » 3 ;T HBF & @B £ ey A AR AR
STEo

I ~ Gelatin-SDS-polyacrylamide gel = % 44
KEBRTABRBORES 8%  FaRtT !

Separating gel | Stacking gel

1.5M Tris-HC], pH8.8 2.5ml 0

0.5M Tris-HCI, pH6.8 0 0.65ml
30%acrylamide-0.8%bis-acrylamide 2.7ml 0.35ml
Ammonium persulfate(10mg/ml) 0.5ml 0.18
10%SDS 100.0ul 25.0ul
Gelatin(2%) 0.5ml 0

d H,0 3.7ml 1.35ml
TEMED 10.0ul 6.0ul

Gelatine-SDS-polyacrylamide = B % F ik Bl —& X
SDS-polyacrylamide & B8 » 1~ [} & & separatung gel A4 0.1%
z_ gelatin o

II ~ Loading the Samples
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Bl SDS-PAGE {2 Sample buffer 1< §¢ 2 & & 73'1 »  Sample
i Sample buffer R4 # Rtk » € EZEGH
(gelatinase)dy refolding o

III ~ 0.1%Gelatin SDS-PAGE ‘& 7k gel = K .

T B H (gel) » /w A 100ml Washing buffer(2.5%
Triton X-100 in dH,O) & ¥ & T $21%3% %y 30 541 » &
# 100ml Washing buffer H 7k — 'k o 43 Washing
buffer » B K ¥4 dH,O washing > H/m A 200ml Reaction

buffer (40 mM Tris-HCLpH 7.8, 10 mM CaCl,,
0.01%NaN3) > # 37°Cla@m KB+ » #8 12 J Bk L o>
RIEZ B B B vA 0.25% Coomassie Blue R250 3 &, 3% %
&— B > B A 20%MeOH, 10%Acetic acid B &, ©

A\ ~ Determination of pH optimum

B 30ul Sample loading % 0.1%Gelatin-8%SDS-
PAGE(Bio-Rad Mini-Protean 1) » 47 & ik 247 . 150
V ~ 60 min > &% E ki 695G > 518 Lane 1N A
#Av A 50ml 4 2.5%Triton X-100 & Washing buffer &
F#% T 30min > & # — & Washing buffer 3¢ 30min »
MEEEBE>NAANE#ELTRE pH 144 Reaction
buffer( 44 10 mM CaCly) ¥ » £ 37°C F &M 15 JJNBF 1A
b REBRZER > BREMBE » HiERAHE o

Ju~EDTA B¢ kit B &

7 i $% gelatin-Zymography 48 5] » K R & H F fe A
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0.5mM 44 EDTA o

+ ~ & G B 4 A HEF K 09 B F (Effect of

inhibitor on activity)

7 % $ gelatin-Zymography #8 F] » R R &% F lu A &
RIARZEQBEHHE » LELRKEREES .

EDTA - 10mM
Leupeptin . 10ug/ml
PMSF . 2mM

Phenanthrolin . 5SmM

+ — ~ Activation by APMA and Trypsin
a ~ YA APMA /&4t Proenzyme :

% APMA 5 # 0.1M NaOH > & A 2M Tris-Hcl 3§ % %
pH7.5 0

250l %82 (25ug) AwA 0.5mM APMA » 44 7 37
°CF BJ&E— J B » dAmA 30pt 2X loading buffer( 74
B-MSH &, # & reducing agents) » B 30ul #4/7E 7k &%
] Gelatin-substrate zymography #-#7 ©

b ~ ¥A Trypsin 7#4t Proenzyme :

25ul A2 (25ug) A Sul Smg/ml Trypsin (5% » &
&% & 3T°CF R 10 5-4% > v X 30ul 2X loading buffer
(X 4B-MSH s 1 & reducing agents) » B 30ul #4378 %k
7 i% ] Gelatin-substrate zymography 4#-#7 ©
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+ = ~ MMP-9 &4 &4t

#] /A affinity chromatography % &b/t 2 & &85 » #A§ 3
Y #% 1@ 1% Red agarose » & #| f] gelatin-Sepharose affinity
chromatography & #h 4t s & 85

E-hBEREHHEGMELNBE

AJE A g0 42 B B % s & R(ICR strain) » 74k i 7k
A 4 3 e A B X B (Aspirin(0.8mg/ml)
prednisolone(0.2mg/ml))¥ o & B H A G K LB R -
BAS ~ M H > R HE 34 H % # 47 Gelatin-substrate
zymography o#7 » MR L B GEBAELZFH o

+w ~ & G885 & 4 & 5F H v & (Time course)

VA RAE fn 82 35 B 4 v & &(ICR strain) > & 3 R~ 1
#A~S2H~3HFA~4BA~5HE~6H o R G R BT ~
B ~ B3 H > A Y % # 47 Gelatin-substrate
zymography 4547 » AL B GEEE A X FH o
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F_FRBEX

—~ & RAE on 87 S B 2 & B (ICR strain)f§ 38 34 H & F
gelatinase #) & 8,

VASE RAEfn s Sk G 848 12 X » #] A gelatin-
substrate zymography ‘& ik - #7 B 3 #(infection)=# &, » ¥1
k% B e K(control L)Y % > LRETH M
AEOBETHGERFAELE 4 TEHA# 230
94 ~72kD » 72kD band 3% 7 B 3 4 5%, Control 4L#g
A EBEHREME > m~230kD band 4 74 B % 41 &, Control £
&y Triton-extracts 2R %R A H HEM » KW 94 kD band
AR M R B AR R o f R RAE SR SRR
Z # % 1| £ K G R (rat) B &£447 & & &5 gelatinase EF
&y & A o (Fig-1)

= ~ EDTA #% & 8 gelatinase &M &y Z &

& T #E A7 & gelatin 4 AREE & &M Bk (band) &
¥ E M A d gelatinase AT E 469 0 B £ zymography
#% > j& R & %% (reaction buffer) e A 10mM &4 EDTA >
BRAIHR S mE Control 41> A band FFH % T »
HTAERT BRI EE AR G T AT
A AN PR E 4 gelatinase § & —FGETES
cofactor » Bp 3t gelatinase & —f&45(Ca™)ék TR M o
(Fig-2)
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= ~ 72 % 94-kDa gelatinase Optimal pH 481§ 2] &

LT ER—FwmME T2 R 9%kDa ZHBE
gelatinase &9 M H » fEATHE pH AT € H R R &9 & MHAE »
WA R & FERE pHE B HRBERBER &R

4% 4m > 72 ~ 94-kDa gelatinase &9 7& M i 3,48 pH 6-10 =
W o HZA pH6-8 #EM & K o (Fig-3)

vy ~ & & E5dp $] A #] 72 ~ 94-kDa gelatinase &M 89
2 H#

BEa&RFOBrH RPN ER > TATH
72 ~ 94kDa gelatinase % & # A — # 64 & G 85 o

Leupeptin ;& —#& Cysteine proteases &4 #|#| > & fv
A 10ug £ R J& % (reaction buffer)£ » gelatinase #& M4 3E
% B %% { Hfieid Hb gelatinase 3 7 B # Cysteine
A% ais o (Fig4)

PMSF, & —#& serine protease #p#|#|, % fm 2mM
PMSF % R & #&(reaction buffer)i » i R F & 72kDa &
94kDa 898 % %M » [ Hodnif s & B3 R B4 serine
% G o (Fig-5)

1.10-Phenanthrolin & —#% Metalloprotease #p |7,
% fm SmM 1.10-Phenanthrolin £ & J& #% (reaction buffer)

# - gelatinase & M T A S B I 4 > R E B
metalloproteinase o (Fig-6)
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%~k Trypsin &2 APMA # proMMP gelatinase &) 7&
1t4E H

B metalloproteinase 2 ¥A proenzyme form # X &
4 0 F 2B v £ ey E] R A 1248 1t (autocatalysis)
VER S BAEM > BT & pro-MMP Z Prud B B E & >
75 B #& zymography &iki&A24# SDS FfEL » HAER
e pro-MMP £ 4% HL A BE & 2, A& #4444 Y FR propeptide
domain 4% f& & & EALA &9 MMP > B e KA IG35 H &
A Sng/ml trypsin #& 3 10 44 » B zymography &k »
3,9 4537 ¢4 gelatinase & 5k 0 4 %) & 4y 85kDa(94kDa
Z EFALR) » 63kDa(72kDa = FALR) R 3 shHwiE N4 F
24 EkF o (Fig-7)

B APMA &4 94kDa & 72kDa > 4 % # 15K
#5 85kDa % 63kDa &4 7& 4t » {2 ¥ trypsin J& 5 &4 £ 5]
2 3t RN T B E R P o (Fig-8)

7% > MMP % & & % % Western immunoblot 3] &

AT & gelatin M EMN > 5 F 8 > BEENY
¥ B R R > & trypsin ~ APMA 3] & £ 7%
LA B & M > Tk H B £ 8y 94kDa
gelatinase & /&7 metalloproteinase #5349 MMP-9 o {233
AR T F 3R 0 B & A Anti-human MMP-9 #
Western immunoblot R 2838 » 4 R 5 8,4 94kDa & — 1%
band £ 4 > BHATAERLERECBEABLELEL
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&4 4% B M 94kDa gelatinase & MMP-9 o (Fig-9)
4+ ~ SDS-PAGE § Kk o-#7

KAV Y % B i3 SDS-PAGE ik » & R i &
4%k E ik (band)ey £ & o (Fig-10)

A~ MMP-9 &4 &1L

#] A affinity chromatography 2 &k 4t 3t MMP-9 5 %
¥ %@ i% Red agarose £ > #-#| A gelatin-Sepharose
affinity chromatography % &4t MMP-9 » & R £ 2] &
40-50kDa &5 | £ > &k &b 1 55889 MMP-9 o (Fig-11)
(Fig-12)

L~ MMP-9 & 4 & &5 4 o 42 (Time course)

4 R4n Table-1 > MMP-O £ % —HKELELFEE
% =8 > 5§ vg#4£ B &k R 1§ MMP-9(Gelatinase B)#y
EH L ER —ARBEE—BEREEMBR R
Gelatinase B #9B¢ £ &M TA# K 2| F o o

T HERBRHHEARELNBE

E g R (mice) sk Al K A » 4 %l m A Aspirin
(0.8mg/ml) ~ Prednisolone(0.2mg/ml) % 375 £ #4p » —
1% 15 88 #F Gelatinase B &9 75 & 4 > B BB X
¥4 3 R85 % MMP-9 44 & 4 o (Table-1)
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FwmEH

¥ Fig-l AR LB BabEFr ot iil—
# 94kDa band gelatinase » B % /J» & & (mice) 7 A AR & & R
B HUEFRERE > LARTERIRARAM - HK
TR R 2 R R AE B SO EE B ERE R (rat) RRARE
RELF P GER » & RFF control da(lane 8)K A F 4
 (lane 9)it AL Z GBFE M A & > & Fig-2 » EDTA # 4|
gelatinase &Mt > 4340 i gelatinase & — #45(Ca™)de T 1538
M > & Fig-4,5,6 > 45 % PMSF(serine protease inhibitor) ~
Leupeptin (cysteine protease inhibitor) it 7 25 &8 £ &% » M
chelating agent : EDTA & Phenanthrolin (metalloproteinase
inhibitor) 75 &3 $ B £ &M > B gk 94 kDa gelatinase
& & # Metalloproteinase K » &1 Fig-7.8 » @ Ag st 94kDa
& proMMP T A% trypsin & APMA %] & 4 % &4
MMP> gy Fig-9> Western-blot 5 2% 3t. 94kDa MMP #£ gelatinase
B(MMP-9) o

#41E X A affinity chromatography % 44t st MMP-9 >
8 RAZEI 2] 4§ 40-50kDa 45 K £ » &k 464 i 7 &8y MMP-
9 [ s R AT B A 0 B SN KAV H % B #F 38 SDS-PAGE
E k& (Fig-10) » £ BB RHEMEZR E & > 7T 42& zymography
B AR E fe 48 7] 2] ng/ml & £ pg/ml® > 7 SDS-PAGE = 4%
1B R Blug/ml » B bk EkRE R o

t Table-1 #& £ 134 MMP-O ¢4 & & » K B —H I B8
E2H = > HvgB R4 B &R 1F MMP-9 Z i&H o
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#7 [B] B3 48 3 Mp(Steroid) & — I 45 K 8 4h > & ¢ #|54
fg B % (Phospholipase) #& M » @ 3 #)| &7 7 4 % (Prostacyclin)
&R (HE-9)PS s WAl FRFIRERRBOEEY
Ho R iTE k8T oM ER(ME-T) -
/. % fg B % (Phospholipase) 49 4 1 T - fo & o M B
(arachidonic acid) f s fBEfE s > KB — A J|HEL/ER »
MG R & B AWM I MR EF B AR AL &4 o FE B BRI X
B (NSAIDs)&y £ = 238 4F H T LR ~ A~ B R Fa iy
VERARE B A R » A KR OERBRE LY
%] 3% 4. 1t B % (Cyclooxygenase) 7& & » & ¥ % 7] i %
(Prostaglandins)éy &£ & A M ©c EAE XA BERT » L€
IR EWEIDEYACRAETRRABANLTToFE

(158.159)

FATREE MMP-9 % A 5 35 % @Aa220(m g -5 -
6) » &y Cytokine #44E A » (R4 ASE T H o B K fm
Fo P & 8y 0 AR 482 K 4 i ~ Eosinophil ~ Macrophage %
HEHERIFAARE o B 5 5]k Aspirin( B NSAIDs) &
Prednisolone #2£.]s & & (mice) » HHIE X BJE » HERA L
B 4] MMP-9 44 & 4 o % % MMP-9 B % 7& M 3 R H &
R A Ak 4] 0 S4e Aspirin 2 VA TR T i 64 K 39 4
RAEE  AMEARHMAETHORFEIE g ER
B o P A 49 NSAIDs #r € #l R @ LB £ > = R ER B ¥
HE A ERE SR AARCY 3 54257 % 8+ NSAIDs
WHERA LB EORERIRBE R AR ARALED o
NSAIDs #93n R 4E Al 4328 & d#4# COX-2 t4¥p &£ A
MR BH > COX-2 AHRRIEBHBRFERERTA
& (M B -8) o Pugin J.U9 ¥ & 4 B Endotoxin %
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Proinflammatory mediator #|# A #8 Neutrophil #E4Z4E 5k
Gelatinase B» i 1# F Ibuprofen(Cyclooxygenase inhibitor) s ¥
iR E Gelatinase B & & 4 o g7 Aspirin(NSAIDs) &
Prednisolone & #& 7% #p 4] MMP-9 B% £ & 14 » B sb.3 8] MMP-9
&) & & SLA7 7 A% & (Prostaglandins) g & &% £ B o

MMP & — 4 & 4% 8 T 04 B 4> xABE & 7L A #& (proenzyme)
Ak 5 A T4 dr B B4 AL 55 (autocatalytically)®” »
KAEEE o MmEL > H4 MMP #E A & F (substrate)
HFRM o RS AL a8 AR 2 collagens, laminin,
fibronectin, & proteoglycans % > H A A&k EEPV R n %
HFAEVBRDPEEEAE o L FMZ B TIMP(tissue
inhibitors of metalloproteinase)®® V& 7% & & t9 3 4] > H i
EEFAEKRETER EEREH o

& RAE S 88 B & — 5 A 5 K & R (rat) B ) Ik 49 42 &
(nematode) > A%8 ~ & K(mice) ¥ BEFE > Bk
ZRBEMKHR mBTFREREALAZTL  BREFET S
Mk 0 Gl A A B R R o B BB (CSF) R R M fr ik
By =% 47 4rtd & 2 3k (Bosinophils)3% s 8% » g ax ‘%"f?‘f‘l'fié
o 3k (Eosinophils) ~ ZHBHK B HER X RE » S
(BBB) # 38 > A¥ & %m0 f Ft 55 5 (demyelination) & s E‘“
(cerebellar)i 4 IX, 4= i (purkinje cells) & £ ©¥ ~ 3548 ~ =8
F 0 BERMEAR £ 2 6,3 > Gordon phenomenon ~ RS A ~
REILAHF ~ B8~ 3% - Bk > BRE - FaEs - EH
%k #Fi(ataxia) ~ Ji B (paralysis) ~ sk 2 T 1 B Fo L E LT R B S
FHRAVE R G2 TG o

Ao fi§§ 22 (BBB) & &y B 2 % Wk fm i % B B o astrocyte
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W LB PAIT R R ER— e E R > TN
itz B 1k 45 4% 9] % > ¥k tight junction » PR %40 H
B BHERYAEREMER > ERIAAE XA ER 2
B 1 % (BBB) sk &k a1 > m ikt R MM A o

FRAEAGVHBEIZTFARKEEH 0 £ W
oligodendrocyte &4 %= jg '] — & & &4 [B & 3 4% 48 $4 % (neuronal
axon) AT & fk, 89 — #& B (membrance)> MBP(myelin basic protein)
RAEREH G E BRI LR EAE AHCNS)E
REBEEGRSZ— o

HFEWERGE RMERRZ > o | FE MR ALE (multiple
sclerosis(MS))®? & ¥ B & 5% % 7% §& % $8 5 % (Experimental
Autoimmune Encephalomyelitis (EAE)®) (% # F & & 4 5F
% MS 8 EBREX)F L r g 2R8I al§r A (BBB)%iE
(129, # % % j,~Macrophage % i# A ¥ 24% & £ 4(CNS)"> »
B AY 4 o B B 55 5 (demyelination) o Z 373 % R £ 35
protease 4 1 % B M AR b (MS)(2) &% EAEU) 44 7% 52 i@ 42 »
DR K i R £ (258D | g s g2 (BBB)gk 0035191200,
48 fa B B RESY AR A MBPO Ry 5 o i iR 42 S B JBE B
# (demyelination)®>100.109.125)

B b (Fig-13) 1 F AR AL R RE A F = B4
(L) FHBE > B8 12 X L3 4h AP BEAJSI > £
4-6 REBLEH R FiAshah > 8 79 RBBLEH R F 2B
Gk REDBEBTERY RGBT E 2 &
B 4 SRS T RBRMEE T > RELEXI L HEY
E/S B 4 » R % 1% % A % B » Microglia, Astrocyte,
Oligodendrocyte, T-lymphocyte, Mast cell % 7&4b » 9 i 4o jf 3%
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# (cytokines)®* & # & 4 A~ ¥ (mediator) 3%, 8 1t 4 K
(chemokines)1 %1% » A\ f2 B 4558 » R4 &G IR he( B
& Eosinophil)s 33 #k £ & % e (inflammatory cell)~eosinophil ~

lymphocyte % 245 8y 2 B R R TG 0B LI/A LA E A
JG R (BBB) » A R EAJGSR 0 B g etafpe gy Cell-Cell
B ik a7 R ¥ 819 BBB & # fTH &2
A% 2 2 (BBB) 129 5 2 25 % 4wl > eosinophil Z # A 5> H 3k
MMP-9 =t B T e e g RAE 42 BB 4% » B/S R4k
%% BB > & R e (inflammatory  cell) 775100 <

eosinophil®®****3) < tymphocyte™ ¥ ~ Neutrophil'%1?» -

Macrophage!'>"? % gz 18 18 o i B 5 (BBB) & 77 it i R

3t ¥ A%, o % K2 22 (BBB) #9445 » 7T 88 &y T-Lymphocyte
1R 4% s % 7 & %= A (Endothelial cell) 4 5612048 0 B 18 B2
BBB)ZZ M m» ERMAREAKRBRASHEERRA

(95,105)

Bl B & & L mpmi@i®d BBB #% > 885855 S
B> LABBEHRNEHFAE > AL EhHE Rk
ok G5 gelatinase BIMMP-9)% A& X R B & A 65—
$ %ﬁ}i}@é i éfjémBéf,ﬁ%(cytokine)(“’gs’ms’l09’135’142)%%%%’2
WGy F R mB N MMP-9 S A RLEGAKREaY
Bimpe iy s > EFRBELANELRR ) MAEFHASA
RS EE AR GBRIHAE > 2 MMP-O & REM - &
REWMBEEH R EN » L & & & F &85 gelatinase
B(MMP-9)E X » o B FAHBEE LT > Bk MMP9 R 7
SHERABRNEHFaBETaZI ARLSBTHEEEY
& e MBPC1 gk ey MBP B @A S A3l
— AN EARBRABEECD S mRr AN E Y
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B (Fig-14)» BB REM T R &AM EER o &
e B M B R AT MRS B RERR 0 o F
% 24 P Ab g% (multiple sclerosis(MS)) & K 5% & 8% %72 % &
28 B X (Experimental Autoimmune Encephalomyelitis(EAE))
MEAREBHBECT D 2R ERE G RYFE
Mok AR & T L b R A 8 5% #4844 B » MMP-9
AR EHAE  RERMAEM  AHRME—~F K-

Stuve 0.7Y1996 4% » f Interferon beta-1b #E7% #
Activated T lymphocyte /& A& 3R i#& sk, Oligodendrocytes 4948
% > @k Y BiEE ¥ R & (demyelination) o

Shankavaram U.T."*Y1997 f£45 % & ¢ PKC W &3 4%
2 > A $E PGHS-2 M€ 4% PGE2 8447 5k > T sAdE MMPs o4 &
% > W ¥R R vH(asthma)m A B R RE » £ 4 A
Indomethacin(NSAIDs)# 4] PGHS-2 4% PGE2 4% & > &
#p #] Monocyte & % MMPs o

Zhang Y. D% E B & do 3k 9 b 2 B & B ] (SLPD)
(—#& Serine protease inhibitor) 4ty %] PGH2 ~ PGE2 ~ MMPs
AL MEINRBRER BARMAELFRETAEN
Interferon beta-1b ~ Indomethacin(NSAIDs) ~ Protease inhibitor
FREFERERB W | Rof o RBEHB R ~ SHEMR
ACEM)E R RAELF AR R RZAREGHE R
o

BR AR S AAMOT  TERMNEBT  ARKR
15 fn 8% & B 2 4% 0 & & B gelatinase(MMP-9) e 47 & & 2 &4
AL P AAEBBEAT 2 ERAM ? RS
%¥(BBB)#4 18 4 » b 42 fm ffs ¢ Bt 55 $% (demyelination) » ]~ & 84
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i 4 K %9 B (purkinje cells) s % 33 oy BB IL A M > SR
MITF—FagrER o
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Mice Rat
Control Infection Infection

|

¢ I ¢ ¢ 1T T € T

Fig 1. 94 kD gelatinase is present in A.C. infection mice
Brain extracts.

Samples of brain extracts from two control and
four infection mice were analyzed by gelatin
zymography as described in Methods.

M : Human whole blood MMPs Marker®”
C : Cytosol T : Triton extract
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Control  Inf
M ¢ 1

Fig 2. Inhibition of metalloproteinases on gelatin
zymography of various brain extracts with 10
mM EDTA.

M : Human whole blood MMPs Marker®”
C : Cytosol T . Triton extract
Control : control group(no infection)

Inf . infection group
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B

Fig 3. 94 kD gelatinase Optimum pH Activity
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Control Inf Control Inf
Mic 116 ¢ [ F I C 7]

Fig 4. Inhibition of Mr 94 kD type IV
collagenase with leupeptin in brain
extracts by gelatin zymography.

M : Human whole blood MMPs Marker'®”
C : Cytosol T © Triton extract
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o i et i o ey e g o g

Inf Control Inf

Fig 6. Inhibition of Mr 94 kD type IV collagenase on
gelatin zymography of various brain extracts
with S mM Phenanthrolin.

M : Human whole blood MMPs Marker®”
C : Cytosol T . Triton extract
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S

i

Control ’ Infection

Trypsin

Fig 7. Samples were pretreated with Sng/ml Trypsin to
activate metalloproteinases.

M : Human whole blood MMPs Marker"’

C : Cytosol T : Triton extract
+  sample pretreated with Sng/ml Trypsin
— . 10 trypsin
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Fig-8 ~ Samples were treated with 1 mM APMA to activate

metalloproteinases.The gelatinolytic bands at ~94
and 72 kD o (solid arrowheads) shifted to lower

molecular weight species(open arrowheads) in
samples pretreated with APMA(+).

M : Human whole blood MMPs Marker®”

C : Cytosol T . Triton extract

+ : sample pretreated with ImM APMA

— . not pretreated with ImM APMA
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Fig 10. 8%SDS-PAGE of Angiostrongylus cantonensis

infected mice brain extract
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fraction

Fig 11. Purified with Red agarose

49




Fig 12. Purified with gelatin-Sepharose affinity chromatography
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wH el 3D 1w 2w 3w 4W S5W | 6W | B2W | B4W
MMP9 () (- (+) () | ) || )
Worm (+++) | (+++) (+) (++) | (+)
recovery L3 L3 (++) L4 ()14 L5(die) ND | ND L4 L5
Inhibited by ND MMP9 | MMP9 ND x ||l v | no
Aspirin_ (—) (+)
Inhib’fted by ND MMP9 | MMP9 ND x> | x| o | o | nD
prednisolone (—) (+)

3D : after infection 3 day

2W | after infection 2 weeks
4W ! after infection 4 weeks
6W ! after infection 6 weeks
B2W ! after infection 1 week challenge infection 1 week
B4W [ after infection 1 week challenge infection 3 week
ND : No detected
Aspirin . 0.8mg/ml (60mg/kg/day)
Prednisolone : 0.2mg/ml

Table 1. Angiostrongylus cantonensis infected mice brain

1W :© after infection 1 week
3W : after infection 3 weeks
5W : after infection 5 weeks

MMP-9 time course
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Lymphocytes Astro
Macrophages

Endothelial
cells

Cytokines Nitric Eicosanoids Proteases Growth ROI  Adhesion
oxide factors proteins

Fig-13 MMP-9 &k R dn g S A 2 A &3 3R
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nstiooaical |
Trigger " | agents
Disease‘ Disease
| Promotion limitation
1
Cytokine ; ,."1 IFN-a
network mEs PN
v v
Chemokines L6
Cell L J vy
and - monocytes . cell types |
stimulation lmpho?tes l ~
]
1 o
Enzyme ' |Enzymes Enzymes inhibitors
cascade | |(e.g.gelatinase B, P e.g. TMPs, PAIS) |
! granzymes) :
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| |Releaseof
1} |immunogenic - L6
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i |MAG - MAG-DP
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X l | \
Specific | | Autoreaclive B cells
immunity T cells 1
L
: !
te=q IFNvy Oligocional bands
Fig 14. Gelatinase BMMP9)it B BH L FEEH LR
TR
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Activation
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Leukocyte W Ll lumen

Molecules blood-brain barrier

+
(= = ﬁ =
/ \ A \->’ Neuronal cell body W _ Basement

Endothelium

membrane

Microglial’
ceil

\Perineuronal \ .
/ \ Oligodendrocyte t. Va
/ 9 {9
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Astrocyte

A

‘ Myelin in 7 6.‘ secrete  MMPs
oligodendrocyte Axon
process gelatinase B (MMP-9)

|nflamrjr_1atory Mediators

CYTOKINE
(11, TNEFL)

Inflammatory Mediators

Tissue injury Angiostrongylus cantonensis

Fig 15. MMP-9 & # # i % 32
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Matrix metalloproteinase

M Proteases
d_astase_j
Cathepsin B,L

ﬁ&gm_xiﬂg\
hydrogen peroxide Free radicals
NO_/

Eosinophil basic & / EDN:Eosinophil derived neurotoxin/EPX
Cytotoxic protein

ECP:Eosinophil cationic protein
MBP:Major basic protein
Killing of intracranial worms
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TNF-B ¢ IFN.y ——& Lymphokine mediated cytotoxicity

IL-2
5 Complement
IFN- @ lgG2a mediated
! cytotoxicity

IFN-Y TNF-}3
FC
" Antibody dependent
Macrophage ————p cell mediated cytotoxicity
Phagocytosis
intracellular killing
IFN-Y TNF-B

IL-4
1L-10 Eosinophil

L5 progenitor —-————> ——g-  Mediator release
/.—_> Th2 IgM, 19Gy ———p  Antibody

IL-4

lgE
Emmwe———~p- Stimulatory IL-3, IL-4 . . —~—3p  Mediator release
IL-10

C——=—===—> [nhibitory

Differentiationl l Crossregulation l l Etfector Function

Ref: Immunology Today 1993, 14(6). P272
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MMPs &5 & # ©
Propeptide N-terminus C-erminus
region catatytic domaint  Hinge
region
Collagenases Zn
Gelatinases Zn
Fibronsctin-fike
repeats

Stromelysins 1-3
and metalloelastase

Matrilysin Zn

Membrane
domain

MT-MMPs Zn -@

Fig.th. Modular domaln structeves of the matrix metoSioproteinases (MMPs). The N-terminus propeptide region has
obout 80 amino adids and is common to of MAMPs. An irvariant cysteine residue én the propeptide domain ligates to
the zinc ion (Zn) of the cotolytic domain and blocks its octivRy. The C-terminus domain, present it oll MMPs except
matrilysin, has a high level of homology with members of the hermopexin famidy. C- and N-terminus domains are con-
nected by a finker region or hinge that is short in coffagenases and fong in other MMPY.
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TABLE 1. Members of the matrix metalloproteinase (MMP) family

Group Members MMP number Main substrates
Collagenases Interstitial collagenase MMP-1 Fibrillar coltagens
Neutrophil colagenase MMP-8 Fibrilar collagens
Collagenase-3 MMP-13 Fibrillar collagens
Collagenase-4 MMP-! Not known
Gelatinases Gelatinase A MMP-2 Gelatin, Types IV, V collagens, fibronectin
Gehtimse B MMP-9 Gelatin, Types IV, ¥ collagens, fibronsctin
Strometysins Saromelysin-| MMP-3 Laminin, non-fibriffar coliagens, fbronectin
Saomelysin-2 MMP-10 Laminin, non-fibriltar collagens, Sbronectin
Matrilysin MMP-7 Laminin, non-fibriflar collagens, Sbronactin
Stromelysin-3 MMP-1 1 al proteinase inhibltor (serpin)
MT-MMPs MTI-MMP MMP-14 Pro-MMP-2, collagens, gelatin
MT2-MMP MMP-15 Pro-MMP-2, collagens, gelatin
MT3.MMP MMP-16 Pro-MMP-2, collagens, gelatin
MT4-MMP MMP-17 Pro-MMP-2, colfagens, gelatin
Orthers Metalloehstase MMP-12 Eastin
Enamelysin MMP-? Not known
Xenopus MMP MMP-2 Not known
Not known MMP-19 Aggrecan

Abbreviadons: MMP, matrb metslfoproteinases: MT-MMPs, membrane-type matrix mecalioproteinases. Therw is no MMP4, § or -6 PRI refers
members where the numerical desigiation has not been assigned.
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TABLE 1. Properties of tizsue inhibitors of metalloproteinases (TIMPs)®

TidMP.1 TipP-2 TH4Pd TiMP4
Chromosome gene location (human) Xpl1.23-11.4 {7q23-25 Nqi2.1-132 !
Protein (kDa) . 18 21 24 22
RNA (ib)? 09 35(1.0) 450824 12
Expression lnducible Largely constitutive  Inducible !
Predominant form of expressed molecule  Secreted : Secreted ECM-associared Secreted
Pro-MMP complex MMP-9 MMP-2 MMP-2 !
Inhibidon of MT-MMP No © Yes Yes !
inhibition of gelatinases Yes Yes Yes Yes

"Reviewed in Refs 2.3. 1, numbers In brackets denote possible sphce varbnts. Abbreviadions: ECM, extracelivlar matric MMP, matrix metalloproteinases;
MT-MMP, membrane-type matrix metafioproteinases; ?, unknown.
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MMPs EF A RBELZHA
TABLE il
Matrix Metalloproteinase Involvement in Tissue
Resorption/Degradation
Normal Process Pathological Process
Ovulation Cancer invasion
Endometrial cycling Tumor metastasis
Blastocyst implantation Rheumatoid arthritis
Embryogenesis Osteoarthritic cartilage
Salivary gland morphogenesis Periodontal disease
Mammary development/ Wound/fracture
involution healing
Cervical dilatation Fibrotic lung disease
Fetal membrane rupture Liver cirrhosis
Uterine involution Carneal ulceration
Bone growth plate Gastric ulcer
Bone remodeling Dilated
cardiomyopathy

Angiogenesis Aortic aneurysm
Tooth eruption Atherosclerosis
Hair follicle cycle Otosclerosis
Macrophage function Epidermolysis bullosa

Neutrophil function

From Woessner JF k.: The family of matrix metaofloproteinases. Aan NY Acad
Sci 1994;732:14, with permission.
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LUMEN
tight 1”\“"“0" endothelial cell
_ A —
. . P = .

o pericyte
L, 1L)

s - . AN T
= =

basement

perivascular mast cell ‘
macrophage (CD4*) %%%35%5 Ghymase, T/ membrane
Q‘,&Mﬁ TNFa, IL-1 cytokines: TNFc, \’\

pmstag,amjns %%N BM IL-6, IL-8, \ .

leukotrienes microglia

reactive nitrogen
intermedi atgg NO, NO,
bsggemc amines:

proteases: collagenase,
elastase, cathepsin Band L,

UTPA, acid hydrolases
i
hg stz;tirﬁme serotonin ) okines: TNF-o,, IL-1(c.B),
m&a . astrocyte IL-6, M-CSF, P}ACP- s
rostaglandins, cal i 8"' 3 n intermediates:
eukotrienes, PAF proteases; calpain, TR ——
carboxypeptidase E, cathepsin Band D,  reactive nitrogen intermediates:
TTPA, UTelgﬂ\ NO, NO;
cytokines: TNF (ct, b), TGF {(a,), gicosanids: prostaglandms
IL-1{a,B), IL-6, H.8 IFN (o gy) leukotrienes,
p AR ENCHYM A GM- CS MCSF MCP- 1, Ml excitatory amino acids:
reactiv mediates: 0,, H,0, glutamate quinolinic acid,
PSN

reactive Lrgggn intermediates: NO NO
eicosanids: prostaglandins, leukotnenes.
trombxanes

Ref: Journal of Neuroscience Research 51:423-430, 1998
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- Phospholipid w NSAIDs

Arachidonic acid '
Lipooxygenase ////////’ ”ﬁ\\\\\\\\\ Cyclooxygenase
Leukotrienes PGG, ‘
\\\\\ Peroxidasel B
Prostacyclin Thromboxane

LTC4 /D4 /Eq LTB; synthetase PGH, synthetase
Prostaglandin ’
iosmerase

Prostacyclin Prostaglandin Thromboxane
PG, PGF, /PGE2/PGD, TXAz

[&-7. WS S HEL NSAIDs (FI{FEH
(%) PLA;:phospholipase A;; LT:leukotriene; PG: prostaglandin; TX:thromboxane.
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COX-1 L1 COX2 A WA ELAM A &

Physiological stimulus

Inflammatory stimulus

l

Cox-1
Constitutive

TXA,

platelets | endothelium

PGE,
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PG

v

)

1

Macrophages/Other cells

CO0X-2
Induced

Proteases l
PG,

|

Other
inflammatory
mediators

!

Inflammation

@ 8. COX-1ElCOX-2 ARiFIREARMIAL
(¥ ) PLA;:phospholipase Aj; LT:leukotriene; PG: prostaglandin; TX:thromboxane.
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% B 8 (Glucocorticoids) # JF #2 B & 3 3 4 (NSAIDs) 3y 4] &
RRRBRZHE

Phospholipid
Phospholipase
(inhibited by glucocorticoids)
Arachidonate
r é |
Cyclo-axygenase S-Lipoygenase Platelet Activating Factor
(inhibited by NSAIDs) (increases vascular permeability)
[ | 1 !
Pglz PgD2 PgE2 - Thrombouxane synthetase Leukotriene A4
(Fever, vasodilatation, & ~
inhibits platelet aggregation) :
Thromboxane A2 Leukotriene B4
(Vasoconstriction, platelet ~ (Chemotaxis, increased
aggregation) - vascular permeability)

'FIGURE ? Some major eicosanoid pathways. (Kéy enzymes are shown in
italics.)



