b~ REREIRE LI BITAY N w7 AAXA Xa T
07 7 — ¥ OBtz s L OE L sE

&8 jpn

HhRE

~FHH: 2017-10-04
F—7— K (Ja):
*—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/9185




ERIFETERELMEE H£105% 15 81—93 (19%) 81

b N KERBRELICR T A= Y v 7222 rTRrF 7 —BD
R CER B X O L2 prE

SRAFELHRERLAFEEE—RE CEE | PEDHRIR)
& E B

BIRTE(LDRE - ERITHS B~ T ) » 7 A DRFECHEST LIREIC B 5 BIREOBIC A~ 1 U » 2 A D4y
BOEDATHS. AWFETIXe P RERERFELC BT D~ 1Yy 72 2T as7 — & (matrix metalloproteinases,
MMPs) &£ DA vk ¥ % — (tissue inhibitors of metalloproteinases, TIMPs) D&% % 5<% BHT, S0BEIRHDREBIRKE
TERERMM 3 61, MR NBUIRERBH, IRITE2061, B Mre\ MM LR21H, MEIEM: (LI 2601, HERE
1961, MEWEICROROMI220], MAEEBIB22G], MAMBBIPIN 6 B, MAEEEIEA G 6 1, MIES061) v s LT,
MMP-1 (HE¥ = 7 5"+ — ), MMP-2 (72kDa €5 F 5 — €, €5 FF —EA), MMP-3 (R } 5 & 5 1 v-1), MMP-9
(92kDa €5 FF =¥, €7 55—+ B), TIMP-1 & TIMP-2 122\ CHREHERMI L2 L LS RE L. SEmEmeE
RBETIL, MEDET ERCHBICSBOMITIN~ + U » 7 ABKE LTk, BERS L OMETRIC 35\ TR
WL, BEATIBRRMEOREMNMET LT k. REHMERILFENT MMP-1 1258 M NIIEE & TR, b Thi
BHER(CROMERICE . BERLR Lc. MMP-2 123X T ORI 2R Lic. MMP-3 1384 IR FE I Tt T D iRgs
TIRBRBETD - 7. MMP-9 I2HTAERCOIFE TRY RV LBBE T - 1odt, EBHRETIEE, BcHERE LY D
FRAEVEBIR & B8 & DRERBS OB ARE TIREBBM LR Lic. TIMP-1 & TIMP-2 (354 BEACIREY TH - 7. D
ZT TIMP-1 & TIMP-2 3REHRICEETH - o it, T fIRE T TIMP-1 OFRGERC ST 2BEERZETL,
TIMP-2 33 ER L. RERAMILEH"ERET, MMP-1, 2,3, 9 53X 0 TIMP-1, 2 WFhb~2 57 » — Ok X OV
(B L7 PRI X > TEESIRTWB I AR N, BB LFCLID LT F v F 12757 4 — T2, 92kDa,
68kDa % & UF 64kDa iH{LIEM A LR, ThEh MMP-9, MR MMP-2 38 X OVEKE MMP2 &% bRt =3 2
FUFARZ T 7 4 —THA CHFRCHELEEL A bR, BICETRE TR 92kDa B I{LIEH AT S hic. s
LEFD MMPs & TIMPs DZ&ETIZ, TIMPs £ D5 v 2 (MMPs/TIMPs D€L k) @ 5 % T, MMPs OB IHHi4: 8
IEG (£ 1E1.2) THRORM, MMPs D4 FREFITIE TIMP-1 i3T5 MMP-9 D% L tat, BRECEBED > b& b
ET LI TH A EARE (F/VLE0.17) TR LTz (p<0.05). HEMLHERTIZ, IEMETE{LE O T3S s L
WL DERMBOH D & - BBER EEIC, OB b OO KBIRERE LRI TR B =5 A5 V)l
W 32+1.8U/g HR) 'B®5hic (p<0.05). 25— 7 v HRERC O TRBEORE % T o/ & 25, HAREICR T
B3 F -2 HREE (1921.1U/g Ef) #BD At (p<0.1). €5 F v SRERIC DT ORN TIRFEITR b EL
DITIEEMTE(LE (13£020U/g Bi) TH D, HOECBHEMELE 141081U/g BE) £ ORICEEENRD S zh
LORERNG, VRGBS L0~ 2 27 > - C0EATS MMP-1, 2,3, 9 SBIRE(LOERICHES W~ 1 U » 2 X DHEE
WERELHRERRITENRE IR, i, EFRE T MMPs, %1 MMP-1 & MMP-9 DBFFEE, TIMPs & DR
BLoTas—rvBIUP=3 25 VFEEATEL, BEOIA LABEENELLDEEL Shi.

Key words atherosclerosis, extracellular matrix, matrix metalloproteinase, tissue inhibitor of
metalloproteinases

R D B M IS O BYIREE Lk HBIT L 7R bt
EORARDHTEERMNBY D2 L 5K A-TETE
D, BIRE(CEREE~OMRIZETETEEELZH LT3,
BYIREF(L. (atherosclerosis) 12 ZEAMIZIZEIIR LD RDMIEE
WRETHH, FEEMCIIAE ST 3 BEHMk, ~27=

PR THE12A13ARAT, PRI AE1 A10H ZH

7y — OB, FRGMEIC X BB N Y, 7 ADEE
B LUMBPA OB E LB TS, Z OBIRE(LIZANE
- MBI B R, BENT R OMIERES & L
TREL, KL LTOMELHMEMERELE 2 bR T
. BUGERICh ) AROBE L Thr BEICHE —E0

Abbreviations : AB-AP, avidine-biotin-alkaline phosphatase ; APMA, p- amlnophenyl mercuric acetate ; DAB,
3, 3-diaminobenzidine tetrahydrochloride ; EVG, elastica van Gieson ; IGSS, immunogoldsilver staining; MMP,
matrix metallproteinase ; NEM, N-ethylmaleimide; PMSF, phenylmethanesulfonyl fluoride ; TIMP, tissue

inhibitor of metalloproteinases; TNC, Tris-NaCl-Ca
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RISV @ 0EINDR, ZOBERIEORTHBOESE Y HE
LIsHASBIIRE(ILSHET LTV . Ehic, #ITLLREETI
MR =t ) o 7 RO L AEBREES EII-TL 5. L
Tetin T, HEOE« DEBCEASBEROBENLELE
ZbhD. I THEE, v NV y 2 A2 RTaFT —F
(matrix metalloproteinases, MMPs) & FEiEH 5 —FE OB T4
BRACEETHIREALTNTOMBA< MY » 7 AR5 % F
BB THBLEBAZEnD, XREORLE - EBRYE 2 5 LT
EERBASMERTHHLENZINS. MMP BEFEF7 7 §
V-1, —REEOHLNIER» DR AN, RARREh
7o MT-MMP #4%» Zh ¥ CRISEERE ATV 57", &
HEATE, ThALOBERBEIZRXFED S v ¥ & — (tissue
inhibitors of metalloproteinases, TIMPs) I k& » CHEZ = v }+
B—AENBEVPRTWAY MMPs &k FEREDRBERIC
DULTHEORHE - BB CHEMHRAY, KBIREY L%
DEBRXRTH MMPs ORBEABEI A TW5 . &I,
Galis 51T & » CEIREE(LERE & MMPs & OBIRARE &
nIcH, ZEDO MMPs & TIMPs 120, A R2DEEIC
BE LB EREEHR bR,

ARRTIE, BHRELEXEFT 5 P XBRBEZBT 3
MMP-1 (B =2 5 4+ — &), MMP-2 (T2kDa + 5 5~ — &,
E¥F7FF—-€A) MMP-3 (A} r & 7 4 > v-1), MMP-9
(92kDa €5 FF—4, €55+ —+EB) 8L TIMP-1, -2
REEBILRZNREERRETH LD, EDFRIZOWTEH
IREEBL: O WELEREL, BREBFOESFV, a5~
FPUBIV=FAFVIZHTHHRERLRELL. Zhb0
RRND, MMPs BBIIREBE(LOERCR o TRECDWTHE
211,

HHEE IV HE
1. KENARARS
SIRKAFEZIPTREBHAL LRI X 508 A0 KBk
B AEAUUEE AR E L, BWERITAER (36) 2z
ToFRB Y AR (3861), FERABE (2981), MBI fidoTo\ iRit
ML Q1F)), BEEELE (2668) B IUHEAFRE (194))
DEFOREFICAS OB L. WERELECSLTIZES
WE DS (soulder region) (2241), #HEM:BIE (fibrous cap)
(2201), WRHEMEGIIEPM (6 61), RRAEMEBIRRALRU (6 B1), MSE
(atheroma: 50) WS L7 (K 1). EHAOMRIZ, Bik28
EF, LH22EHIT, TOERIT0~918, Fi559.8+23.06
THEREYRCIEHOMICEROR VX - (8BS
). ThDLDOABIREEERL, ~ e EBRACHETELE D & 4
EANVEEDBNIEBE VER— ) VSR ALATAT

. ~—
Intima | |
Media

Fig.1. Scheme showing portions of the atheromatous
plaque of aorta for the tissue culture preparation. (A),
shoulder region: (B), inner wall of fibrous cap: (C), outer
wall of fibrous cap: (D), atheroma.

b } (periodate-lysine-paraformaldehyde, PLP) EE® T 1 H
BB, 574 vEELE. 57,4 v, HERE, &
T =FAFH « 7vF— Y v (elastica van Gieson, EVG) %
BEOV, XFERSHCHEELL.

I. KENRIESORERGLE

RS3T 4 VPR REA NI VT - =& ) — AREITHRtS
74 vL, 0.3%:88(LKEKR (ZZLILE, BER), 0.1%7 >
e bV s EERE, KR X BREEALFFY £ —+
D7 w7 EEFY <ME (DAKO, Glostrup, Denmark) IZ. & %
FRRMOBUSOMEESE, —kiihe LTEEE, 2o —Faf]
HEBRCODHERIES 2. FHELLE/ 2 v —F A5 ER
MBI E HHF35), iz w7 > — SH s (HAMSE), #
MMPs #ifh3s L O TIMPs id ThH 5. —k¥ifh e IEHE,
gt F vk <=H <= A IgG Hi{k (Vector, Burlingame,
USA) L30HIRIGE R, EBKA VIV TES vy —E
V=~ X — B A (DAKO) &304 MRIG -1,
27 3 /7wy v (3,3 -diaminobenzidine tetrahydrochloride,
DAB) KRG #¥ (0.05M Tris-HCl, 0.03% DAB, 0.006% H.0,,
pH76) W TRAB IR, i MMP-1, 2, 3, 9 #i{k (41-1E5,
75-TF7, 55-2A4, 56-2A4) & #i TIMP-1, 2 (147-6D11, 67-411) #
BREERAMRT S FREREEEASE L VEI D
DT, TOHRMIIFFICHE X T p 200,

. eE_ERE

MMPs & X U° TIMPs oEAMBORE, %12 MMPs
& TIMPs DRBERBOBRD bz, MMPs & TIMPs % &
CREHHE, <727 - DT ABEACT, R—E
Bz 2 BHEONR YR RETIAE_EREY T, B
I MMPs %# 4 47 S — A Fo A RXRe— 254 =v )
(immunogold silver staining, IGSS) % H W THREL, 0
B, LI—HOHERTES Yy —EdF Y —TFA BV RRT
& — <« (avidin-biotin-alkaline phosphatase, AB-AP) g:1C TH
THHE L ol BEIZZEFHRAS7 4 VAR5 %IE
FOFC THBRRORIGLIMIEL, ThFhD MMP 53
TIMP 23 2 51F 0 HRIG S . = v 4 FeEd# v+
v A LgG(T v ¥ v &, B LT O 2@ARIGE 2
7, 2% INE—ATATe FTHEEEL, BB (7T~ +
L) I BHEETT o, KOTETF L 0IM 7Y v v
fBER pH2.2 R CHlMR L7e2 50045 M3t L, AB-AP BiIc®
Tl ThENOMIE % 7213 MMP i3 2 Hitk & 604K
B, vrF by ~Hi~w 2 [gC Hitk & 309 RIKIE X
€, TESV—EFFU—~TAHIVERAT v F —EEESH
(Vector) £30~A0DRIGE €1, TAHVARAT » & —&
FERIE (Vector Red, Vector) W TRE I . 0O, £
BRI ImM v RS-k ik, WRET VP ) k2
7y X —EiEEREIE L, Tek—wiikE LCHERALEE
7 r—F P, MEEHTE HHF3S), fivrzev -2
btk (HAMS6), #T MMPs #ith% X 041 TIMPs #itATH 5.

V. fEEREMROHT

P iz AB-AP BRI L 5 IGSS Ao
EEERILLT, BHA=T7ELTE LA, AB-AP HEBEEH
fadh IGSS EBMMRORED bR/ VB4A% 0, AB-AP kB
BRI T 5 IGSS MM DK 0~10%, 10~
30%, 30~50%, BIUS0%LU EDBEEFNENEHER =T
1, 2,3, 428HELAY. BbhicRr a7k, NNRE—A
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FCFHEXEHL, AP CREINCFEDIMRE <2 =
77y —=VIEBWT MMPs & TIMPs WE4AIhIBEER
MMPs & TIMPs [RBFRIEORE O FHI V7o,

V. KEIREREDIEE

REMTES BTR) X v EBbh i KBREARY EENC
EHEE (Y VA, BHRE) T Ixlxlmm K@Y L, 208
B 20—25(@%0.2% 5 7 b 7AT I VIKEWESE RPMI iy
1640% (Gibco, New York, U. S. A)) 2ml /= C37C 2465l &
Lic. BSRma R, 0.02% 7 (b r Vv ak@mmL,
10,000rpm, 5 5EELLT, TDLERY —20CTHRELE. &
BRIEEERLCEEYHE L.

V. E5F > BLT I IFAFHTAPL—bAFLICES

SHHNE— OBRE

Hibbs HDFE? v, €5 F v Cmg/ml) 2&LRY 7
ZUATIF (8727 VUAT 3 F)REHL, fRoEME
THROLACEREEYERTRE, ACTESKB L. £E
DEIEROBCACIEROEREREN—B LD L3R
Bl FLE2EEGBERBER G0mM Tris-HCL 1mM ZnCl,
10mM CaCl,, 2.5% +V } X, 0.02% NaN,, pH7.5) T¥i¥é L
7%, Tris-NaCl-Ca (TNC) #&%¥ (50mM Tris-HCl, 0.15 M
NaCl, 10mM CaCl,, 0.02% NaNj,, pH7.5) #21z37°C C20RE IR IG
Tz, ¥z r2=v—79Y V7T L — (coomassie
brilliant blue) THE L-EHEL, ¥5F VB — ViR
FLk. ARE, e-=F2F v (1.2mg/m) 2L RY 7279 4
TIFFL (BT ZINTIF) REML TR FHEOKS
BTV BEEOBRE 2T o, ZDHE DS A RIGERIZ24
REE L. P FEEERELLC, F*AK VS5 —+b
(94kDa) (Sigma, St. Louis, U. S. A), e b FFvRT7 2V v
(T7kDa) (Sigma), v v MiE7 7 I v (68kDa) (Sigma), & + 4
%27 a7y vE§E (55kDa) (Sigma), JFE 747 § v (43kDa)
(Sigma), H/R=y 77 v F35—+ (29kDa) (Sigma) % H\»
TEXHhERDOEL Y VOBASTFEYRE LK.

VIL EEFRIGIHER

ESFUHFTALU— b FARER FEDOR—RBE 5 L —
VKENX R, FL—- VR LY. FOFArD—2% TNC &
BRI C3TC0R MG &2, B D ¥ %, EDTA (Sigma)
20mM, vY) v e T 7 —EHEH T 2o A R VAL T 4 =
N7 F Y F (phenylmethanesulfonyl fluoride, PMSF)
(Sigma) 2mM, v & F 4 v 7 r % 7 — & (cystein proteinase) fH
EH DO N=F L <=1 4 3 F (Nethylmaleimide, NEM)
(Sigma) 5mM, HB VX7 A AFF VBT v T 7 — FHEF D
7R £ F A (pepstatin A) (Sigma) 0.5mM FETFT D TNC
BER TRRCRIGE T L.

VI. 41 &4/7 0w pRRIFT (Western blot)

VA€ T7 4 —CRINEERBLA Y FOREX B
LT, Towbin HDHED NS &7 T vy MEHPTF 7.
RERREERLZTH G MMPs it 5 5 Wiz i
TIMPs ik E MU b DR ER L. RENCRYI 255
74— {F L AROEH TERELELYBEIUBL, 8%7 2
VT 3 FERSBEIhcEE% Horizeblot AE 6670 (7 » —,
W) % FV 250mA, 285, =t et e —AEY 10mM
Tris-HC] #2%7% pHT.6, 0.9% NaCl, 0.05% KV + v =1 v
20) vvexvE 7 5% L—} (polyoxyethene (20) sorbitan
monolaurate) (FINFIETE, HR) TV, D1 YFY v

mE7 L7 3 v CEEER, SR30HM, FERNRIELYHIE
Lz, = trete— 2B LCH MMPs #5525
TIMPs $ilsx —k#ith s LCRVGCREBRE L. —kilthe
Rt e+ vty ~#i<w 2 1gG #itk (Vector) & 304K
IR, BRAMN TV TES V—EFFry—dF
#— 2 AE (DAKO) L300 MEE & 724, DAB (Sigma)
FIGHE (0.05M Tris-HCI, 0.03% DAB, 0.006%H,0,) I TR X
iz,

K. E5F>, I5AF, $LA5—F L HBEHOR

€

Harris 5D HFENZHE - T, #EHER MMPs DE#LIER %
BEITHpT7 377 =LEBHE =K (p-aminophenyl
mercuric acetate, APMA) (Sigma) 1mM, PMSF2mM,
NEM5mM fF4EF T, “C-€7 5 ve AL LTEELED Y
SFVHBEERRIE L. "C-E¥5 5, BELEBTSE
. 18 =55 v d "C-EKEEER (0.37~1.1GBg/mmol, 7=
Ve k) WTERL, #EM (60C, 04MAE) X hE5F
VL LTHER L. AR RE=5 2+ v ‘H-kBik
AUFEF MY 74 (3.7~30GBq/mmol, Du Pont, Boston, U.
S A)CTCERBR LI H=5A+ v REBL LTEELEY=
FAF v REERRIE Lic. Cawston HOFED SR, B
EtE. [Bas—-yvi "C-EKERTER LA C- 1 #a
G vREBRLE LTS - U BEEERE L. =25~
FUSBERICEL L, B8R EFEY 1.5mM © APMA 437
C C0R IR IG X278, 2mM PMSF, 5mM NEM %50z Ths
LRz, SREER, EBRCER LARRERER 1g Y
DMK (U/g BER) TR L. 1BALE, ThEhEEY
JTCRRNT I HHEE lug HBTIER-THS.

X. #H#EeE HEhD MMPs &£ TIMPs O &

BEFEFDO MMP-1, -2, -3, 9 38X 8 TIMP-, -2 #, B+
HETE, BB EOBITY Y FA v F A A2 T » 1
BEETEE LY, HEZI A7 MMPs % LU TIMPs O &1 k:5
AW ERERER lg M7 H D mol HTHLY, MWD
MMP #FRED mol H 5\ 2 MMP [A+D mol Fofné,
Bjho TIMP 478D mol ¥ H 5\ TIMP [E+® mol ¥
DRMEDLERDABZETHEDLRE LR B L.

X. #EHErE

WEBIZTHE L EERED D ITEEMRETRL, 2B
D Kruskal-Wallis #5523 85478 D, Scheffe ©
SHEHETHRE Lic. —BEBEE T Mann-Whitney RE%
[P AN

>4 &

[ . BRI LREDO N S EMBEE

HE #& L EVG RAEIK I HHRTIE, HFEREFTHED
IEERFRERDbhich -, ITREBUEOES TREDREN
RIRIEE S & B h, LIEIcst > THm L, AR S
LRRESBOMBA =Y v ZAREELE. L1, 508~
T5I% & TSR LA L DFER & TR MBI OB EI £ 21
T otz BB RPN REMEOEEN R bt i
MR LB RFTRY 72 PR AR CHE ST - lE I T M B v B
BASTHD, REMRIZED bhichotz. MEAMCIILED
MR~ Y v 7 ARWE LT, BEEELEITHE O
Bt~ 1tV v 7 ARBELREAEE S (fibrous cap) & FDTFHD
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BeME (atheroma) 22 Slg » T\, BHMBIELBE L DER
e TR S A b h i, WEO OISR E &
BRGNS ), FBRELTTEREMEIBED AR
Dot (B 2-a). Fio, EVG Yefs FRMEHET, S8R

bl DD EDBUMIGEA LRI 572 (K 2-b).
BORMHS; THREHSIETH -2 (R 2-2). HEERETIZH
BOBEND D, MEHFE - HAONAEOLR, AKKELREDS
i,

Fig. 2. Light micrographs of an atheromatous plaque. (a) Thickened intima constituting fibrous cap of dense connective tissue
and the underlying a lipid-filled atheromatous center (HE stain, X100). (b) Foam cells and the disrupting elastic fibers in the
intima (EVG stain, X100). Inset shows fragmentation of elasticfibers (EVG stain, X500).

Fig.3. Immuno-double staining of MMP-2 (black) and
HHF35 (red) in the atheromatous plaque in the aorta
representing MMP-2 expression in smooth muscle cells by
sequential IGSS and avidin biotin immunoalkaline phospha-
tase procedures (X500).

Fig. 4. Immuno-double staining of MMP-9 (black) and
HAMS56 (red) in the atheromatous plaque showing MMP-9
expression in macrophages by sequential IGSS and avidin
biotin immunoalkaline phosphatase procedures (x240).
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1. BRE{EHRZEICHIT 2RO REERSESY

BRECREOETERBRERTH PR GEMBE ~ 27 -
77 —VOREEFNThORERNFELECCHET L. W
B0 I RE - IE & b in\ R MEME TR (L B I IR B AR
FEERSEE GD T o, BRI A SR 5 BRI E
v/ Bu7 s —VHRTH- N, FRGARLILESIHATY
fo. BESE{LEOBOMML, FEMETOREMBELEBRE
2287 = UHREERTH > R FEFREIAEE TR T
fo. BHEMHE TR EEHMER, AT ebbBEELD
BRECI<IP T 7 —ORNEEBOLN. EITRE CBE
PR R X OEARE) Itk bR BEEARO LI 2 F
HHIBERDO LD BHA BRI,

. MMP-1, 2, 3, 9 & &U° TIMP-1, 2 O%ER8{ L2

="

REERLE L, BIRE(LRECRT 5 MMP-1 12 0EHRE
B L OHETRE O PR OREMIRE & OPHIR & ROt ERA
HORBBCHERETH 1. ETREDORED MMP-2 125D
T MMP-1 EAETH -0y, KB HBaE R
0, PRI DIABETHAOMBML B B E 5o, MMP-3
BERRE TSN, ETRE TRk, w3 X
ST RTOFEE S TAHBRCHBE oD ERD Hh
fo. MMP-9 (2FREMRIEIEE, BIHED 5 IZHETREDOR
AR B S Bt TR I R & OISR TR oM SR
7z. TIMP-1 B#ARERCHE R TIIRE IR - 12
TTIREE D RIE DRGSR &AM -~ o S M I AR
MR R Lz, TIMP-2 13 MMP-2 & ISR CHIE & shiE
WA LTz, TIMP-1 ffk TIMP-2 & 54& REFTRE X
highr oo, EHREIZRVT S TIMP-2 OREN T OIIRE
BT o, BIREEDHRELFLECRSIT5S
MMPs & TIMPs OREX DL DTH S

V. hE—Exe
BIIREE(LRE W 81T 5 MMPs OE4AMBMORE, 5\
MMPs & TIMPs ORBEREOFEEDO DT —ERELY T -
7o, ¥ MMPs % IGSS TR ®B L, K AB-AP T
FRGHAD A I~ e T » - SR FHIHDT. K3z
R7 72— LA MMP2 DEAZRLTED, Hi<fF -7
27 R7 5 —COREBIE MMP-2 B BREIATWS, ¥
7z, ¥3 TIMPs % IGSS TR EE L, KIC AB-AP #T
MMPs %+ < Hub7c. AB-AP B THRE S hi- My s
Lick &, ZEBREIhHERED, BRCKHTrE a2 A=
7ibtTB L, MMP-1 R~ 2787 > — OB LURHRBRE
REEIh T (BEFOEBYER = 7 DR, WFhbd2.5).
MMP-2 (3B PEIRE & B CR R Bk L=
787y —UTRVERER BEA=272.1,3.1) 2RLTW
TR ETRECERERCEI A ok (BHA=72.0;
1.9). WEEELROBHEEBBEAR & B R il Hil
CHEBELTERILBEW~YZ r7 5 =211 5 MMP-2 OFE M
Zdbhtc BEA=71.0;2.7). MMP-3 12 MMP-2 0 {F [ &
T, 2ENCERBHRA 2T, -2 L L EVWRE
R (EEFADEYEA = 7 OFHAH0.94 ; 0.48) 7R L. HREF
TIRFBBHIC X 5 MMP-3 0 RESRIZE{LIZieh - 7058,
AT LR L ERE LR T~ e 7 v — oD MMP-3 ©
REAN L VES ADRI (BHEA=71.0; 1.5 MMP-9 2= >
7y — OB IOCTREERECREENEEE BHA 27
2.0:0.3) CHELTHEKEELE L HAFRETEERND A -
7o (BHEA=72.5,1.8). BEETELED S TILBHEEHE T
iRm0 MMPS RERNERICE -1 (BlEA27
2.6). FEJNZIEARET MMP-9 ¥ E4£T 5 FHEHRRD
B (B 273.0) sMRHEMELE B2 =271.0) 03
&%, WENELE BlA=72.00 DL5E L.

/R

Table 1. Immunolocalization of MMPs and TIMPs in normal intima and various intimal lesions
Immunolocalization of
Lesion MMP-1 MMP-2 MMP-3 MMP-9 TIMP-1 TIMP-2
Normal intima - + - — — —
(newborn)
Diffuse intimal thickening + + + + + H
Fatty streak + + + + + H
Fibrous plaque +~4 + =+ + + +H
(free of atheroma)
Atheromatous plaque
Shoulder region +H + + + 4~ +
Fibrous cap + H + + + H
(inner)
Fibrous cap + + + H +~+ #
(outer)
Atheroma H~H + + 4+ +- #
Complicated lesion H H + H A~ A+~

—, negative; =, variably and faintly positive; +, constantly but weakly positive ; constantly positive ;

1. constantly and strongly positive.
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7y —v0O MMP- RRARRIHEEHAEIEE Bl A=7
0.3) T+ 5 L IBIFBETIMHLUE Bl =71.0), B
WL E TIORL L BBl A 274.0) & FR Lip, BiEsE
(L LB LTkt~ 7 r 7 » — CORMEAEMNT 2 HE
PEIE(LR & HARE TN MMP-9 B 4 R 0 2411
Bl BEMEA=72.0;1.5). 25 —% v BIEENE Bk
PRI (B30R) 12 38 B MMP-9 & 4 #fa D Bt 313 g I #iRa
T2.6, v2u7 5> —T20THIEDOHS BHEA=71.0.
1.0) W Bl =272.0;1.5) - ioBH Lo b
Dot (FA4).

TIMP-1 R EMENEEE CEFEHMRC L CEBREEhTY
o BHEA=72.0) 2, BARECREEGMRE ~2 =
77— UL ERREERLE BEA=70.7;1.0). ok
TRETIE MMP-9 L ORBREEOE G LB Lz (B =
7 0.4). TIMP-2 %4, BEBHEARIEE TOFRBMRC X5

Fig. 5. Gelatin-zymogram of the culture media. Lysis
bands of gelatin substrate gel in the each lane (lane 1,
newborn ; 2, diffuse intimal thickening; 3, fatty streak; 4,
fibrous plaque; 5, atheromatous plaque; 6, complicated
lesion) at the molecular weights of 92 kDa, 68 kDa, and 64
kDa.

Fig.6. Elastin-zymogram of the culture media. In elastin
substrate gel (lane 1, marker; 2, newborn: 3, diffuse
intimal thickening; 4, fatty streak; 5, fibrous plaque; 6,
atheromatousplaque ; 7, atheroma), lysis bands at the
molecular weights of 92 kDa are found in theatheromatous
plaque and atheroma. Elastinolytic activities with 64 kDa
and 28 kDa are also visible in the atheroma.

EH B~ =7 2.0) &HE L CEMBREOFRBMTRE
ERER L BMER a7 3.0). MMP-9 & TIMP-2 & ORIk
BRI LR L ERRLRERAORORO CHEE (B
Aa71.0;1.0) @HEbhiz,
V. ESFULEIT aIIFTAFHTAIL—FAILICELDS
SN —

HEEELEYAVCTEYSF v RBIV a2 F v iy T
AMV=bELTFA RS 57 4 —RIT L. ¥5Fv5a
TS37 44— (K5) TEFERBEOT T 68kDa D€ T+
VO IEN R IR, 3EEFID 5 b 2 REFIC 92kDa DS v R A
Zbhic. BEXABEREH I W ETRERTCESL I T
68kDa, 64kDa D3 v FOMBIZE LT otc. EARERIC
92kDa DIEA S v PR BIEEIC B - 72, MBEMEE{LE 20
SLIEBOBEEREEBD > bEOHS & MEHEESEIC 68kDa
DENE S F VHRBEENR DA, =T AFVHFL 55
74— CHREERERERE, BN, BEETELERS LY
BEEREBRORFEDILID W 25t 92kDa D7 BIZ LW
BOEWAY P, Fhflod it 68kDa O BIC I
R22BEORCAVIFERRLE (K6). BEO | EFT
28kDa D=7 AF v HHEKELRT S OB H o7, FERB &
OB LEROBRBIC =5 R+ v BEE P RT Y iz
Abhioh oz, MHUMHEE D 68kDa &L 92kDa, 3BED
68kDa & 92kDa I =3 A F v HRIEWIED DIz,

V. BRIFIEER

KEIR DR EEE LI sV TED bR 92kDa, 68kDa,
64kDa D€ Z F 3 fREMEL, PMSF, NEM 8 L O\ 7 2 & +
VATRMEI N, EDTA COLEEI R, ZhHDOBEREE
X MMPs X230 THDENEMW I . 92kDa,
68kDa D= T A F v BIEMIC DV C L RIBEORETH » 72,

kDa12

92—

Fig.7. Immunoblot analysis of the culture media using
antibodies against MMP-2 (lane 1, fibrous plaque) and
MMP-9 (lane 2, atheromatous plaque). The 68 kDa
enzyme in the culture medium of fibrousplaque is reacted
with the antibody against MMP-2. And the 92 kDa
enzyme in the culture medium of atheromatous plaque is
reacted with the antibody against MMP-9.
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VI. 4 4770y M@ (Western blot)

BEREEFEFRPOESFVvHT7ALIL—- 1 BIVZS2AF vy
Z b L — b CH{LIEM %R T 92kDa, 68kDa, 84kDa D4 FRED
REDICDA A/ 7 ry MERNET - (7). REEKLE
EHERA LD EE L MMP-2 ONKR# F A4 v 2 RBHT A5
b MMP-2 it 68kDa BEEAME#M I, H MMP-9 #isT
92kDa EAMLBB S hic. €T 68kDa HEHix MMP-2 T
92kDa ZHHX MMP-9 &£#53HD b hi. 64kDa B D T &
MHHEE MMP-2 TH% L #RI S h i,

V. £5F>, T3AFHLVAT—4 L NRBREHOE

HEHMRTE CEM L SEEECE T 558 LEO ML
EHPHAIELL. "C-E¥57 v pABL LTERZRLIBEO LS +
vHREERNEL, REBCEE LI L A, HERELN

X TZFRZEGN 6 BER D & BRI L TR ISME AR b B BREM (L
B (1.31£.020U/g EE) & P2 RS B\ Mk B 1 i
(4.44084U/g B ) & OEICHEIRE G 8SH, p=0.0049)
DH bz, MEBEARIEER 23£041U/e E8) B E L
7o 2 BB TR L BB (442084U/g BR) 0¥ 5
F v RREN S LEE < (BT, p=0.066) bR ICIZ
ENAbAihofc. REXREBMYEABRIREIR ), HEaii
CHOBRET LSRR, X5 F v S BEN IOV CER ALK
Dot FEINC 0 B L25ERRS, 258k Lh LS0R AR, 508
EA BTSRRI ¥ X OS5 A b TR M PR IR B A B 4 iR
FHLURR, MRCHVE¥ 55 v SRESEMET T 3™
BHoto. Lo LEHRMCHEEZ T h o0 (DB,

p=0.772). AR = 7~ ¥ v HREM L =5 A v RIER b

Table 2. Collagenolytic activity of various intimal lesions of acrta

Intimal Lesion Number of Collagenalytic activity
cases (X £SE, U/g weight)
Newborn 3 0.089+0.089
Diffuse intimal thickening 39 0.279+£0.136
Fatty Streak 32 0.737+0.598
Fibrous plaque 24 0.16940.095
Atheromatous plaque 26 0.052+0.030
Complicated lesion 20 1.920+1.094*

*P<0.1 as compared with value of the other lesions by Kruskal-Wallis test.

00

C

Fig.8. Scheme showing characteristic distribution of
matrix-degrading enzymes in the portions of atheromatous
plaque, with predominance gelatinolytic activity (a),
collagenolytic activity (b) and elastinolytic activity (c).

Table 3. Elastinolytic activity of varing sites of
atheromatous plaque
Atheromatous Number of Elastinolytic activity
plaque cases (x£SE, U/g weight)
Whole 30 0.880+0.561
Shoulder region 19 0.094+0.067
Inner fibrous cap 5 0.947+0.947
Outer fibrous cap 5 3.156+1.807*
Atheroma 47 1.583+0.609

*P<0.05 as compared with value of each region in the
atheromatous plaque by Kruskal-Wallis test.
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Fig.9. Ratio of MMP-9 to TIMP-1 in supernatant cultured

aortic tissue media with various atherosclerotic lesions,
being measured by the sandwich immunoassay. DIT,
diffuse intimal thickening; FS, fatty streak; FP, fibrous
plaque ; AP, atheromatous plaque ; CL, complicated lesion.
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EWINCIE L, FERBEICERLER o (T
S8, p=0.990). =5 —F UHREEL =5 AF VHREMER
BENNERERYNBRE LCAREY 2 BRLE LcE D
AR, RFHERS I OBEEELEBCEREER o, -
fo. HEBEABERER L OMEEELECR LT, S8REC
B\ a5 — 5 VRGN (p=0.078) AFd LRI (E2). BE
WE LAY L RS E O SIT T, REESEEEAR
LEDOBSTE LT F v HRBEERALDRI. 27— VS
BEEIEBEYRVABSCECEERA bR, FoHE L
BHEMBBEA I E =5 A F VS REERRD bR (E
3). WEEELEYRS Licledh T, ¥5FV, 35=%v)H
Bnit=F A vOEEHLRRTREY R LIRS (€75
v 30U/g EEL L, 25—%v 15U/ BEBUE, =55
v 14U/g BEL L) *RCrRTeohth (B 8-a~c) &7z
3. ¥5Fv, 2S5 AFVRELIVS—FUREBEL LI OF
EHERIEIRBRTA Y P& LA L& LA L EDTA &
ETwThbifl S hi.

. $AEE FEhO MMPs &40 TIMPs OFE®R

BYUFL v FA4 AT vl BCCTEBER EERCKRE X
iz MMPs & TIMPs 0E#{l%E Lic. HBFELEFO
MMPs & TIMPs O FED AT v AR MBERTHEMERE
BEEMIH D MMPs £ LHOF (MMP-1+MMP-2+MM-
P-3+MMP-9) & TIMPs = $DF0 (TIMP-1+TIMP-2) &£ ®
HEEHLEE A, HIERBOTXTOEFNT TIMPs &3
4% MMPs QAR BB A bt CboFiy 1 1.2). HER
FEBI O MMPs/TIMPs O LR IZEEIN D 6 O MMPs/
TIMPs O LLEOFHCTHRLEYE Lic. FERBELRWTSE
B OWTHRE TS &, HEEREIEE (0.45) & LE L CHBE
HERE(LEE (0.18) LFERAEE (0.22) A% TIMPs ¢ 5 MMPs @
& AMED 5Tz (BT, WThd p=0.027). WEMELE
L LA D b OBE TIXT R COHA T MMPs L3
OF (MMP-14+MMP-2+MMP-3+MMP-9) & TIMPs 1%
OF (TIMP-1+TIMP-2) DlticZEizAbhich T,

% TIMPs &35 MMP 478D 5 T, MMP-§
TIMP-1 o3 % 24 a4 BB T0.568, WA, FBHERN
BEAREC0.071, BERFBECO.032, #RffEMRE{LE <0.051, 3BE%
BB T0.035F LTHARE TO.1T3TH -7 (K 9). HER
I ORI ST TIMP-1 235 MMP-9 2B B/ RfE
R L (8447, p<0.0001). BEEMEE{LEYMILL TR
B TIMPs i+ 2 MMP 4 FREYyEETS &, MMP9
o TIMP-1 53 % &AL, FOES TO.051, ik
MBI I HIC0. 107, EMEM BB TO0. 128, MMM RS
T0.317, BET.032Th - Tc. MMM BEEIIMBECE T
TIMP-1 &35 MMP-S Ol EELBELR L (D8
#7, p<0.0001). MMP-9 List D> MMP S FREREFED 5\ T
WEEE(CEORPN TERABELRT = &3k o .

z %=

HRE O EEOEBLH A 5D 5 NMEEECLERB DL X
BIRBEHLOKANER & LTRHBLTE D, BIRE(LOREERE
PEEAOHPSRBAN TS, BIRELOREICE L Tiad <
L MRESY, MEREHT LSS ORMIMRBIRTE
e, BESLENRHLEEL DR TV A DI Ross™Nt X
THREBIRACRGEBESRTHS. ThizOFEOHECTS

BESBERGIBRELAETHENILDTHS. 0B
BERGEBWTHREA~ M) » 7 AQELLSBREZD, A
BEOBELHE LILALBIRE(LIET LT, BEZhD
Migst =tV v 7 ADWLTIIESRE L URBRERN OB A
LOWMMXAH AV, —F, HEast<r Y o 2 ADOGBITDO
WTE, T MYy ZADREENEE L REYE- TS, 1
A<t v 2 AOH B EEHREEZE LTS DL Y v
TeFT—X, rxuFaF7—EilOoFH e T T €T
HH, B TORTEERIKEET DR EAETTOMBN
< bV o 7 ARRMIRTHETH MMPs BEEEh TV 5.
MMPs DEMIZ, FRALIEEBDOALA v X2 —-—Th5b
TIMPs T & » CRERERAMEINT5% TIMPs 227 $ / 8
EFIC B\ T4 % OHRAM 2R3 TIMP-1¥, TIMP-2° & X O
TIMP-3" RE 8 X+, TIMP-1 & TIMP-2 ¥ MMP %%

1 1D=ENETHETS. Lo TEBATIE MMPs @
EABRRBIICEIT S TIMPs B% LE - B4 O AEERRE
REBE T EE2LLRATWS . E&E TIMP1 &
TIMP-2 2T h EhEBER O MMP-9 & MMP-2 & ORIICES
HEFE LY Zh b0 TIMPs i3 MMP-9 2 MMP-2 Ok
(LD &I b THENMROERLEF L AL TW5 2 LR
BHhheitoTHD™, Z0k 5k MMPs & TIMPs % f#i7
THZLRBRECOR VLD EERYELD ETHRDTEE
LBbh5. Galis 5%, BEEELE HREL EGH L
B oWT, EEEEE Licflfast~<t Y v 72 A5 MBREIC D
THNTWE, FRIC L 5 LBEETE LR b OEBH R
BEERYSFF—ERNETRTE D, BOWS, BERLIT
SAEMME & -85 Tt TIMP-1 REERF &7 D
MMPs OMEHELECBTHRBEHER L2 b - LT
WhHEWSZETHB.

AT, %% MMPs 3 X 0 TIMPs DR%E, *DEAM
JORE, SR tELEGWEFI 22574 — (BREKE
T MMP-TIMP &I THRICREE) X 5 EEHLEE
L, EEDESF Y, a5 Ky, =5 AF Vi REEOKRE
BIOEBEBLEEY MMPs K1 54D THAZ LOEEYR
FEEHRE(LBEETRADHIC L - T, WHRE» HETHRE
CELEFTOBET MMPs BED L5 mBEZ R LT 5
DR EE L.

— R I BIRE L O EBRATFO—2 & Eh, RFNRTH
BT5 Lt L b L BEREGCEIRE(LAAOhD EEbAT
WA, BTSRRI R 5 EEEAEIREOWT
< Yy 7 AGREOED SHEG - BRI M RE L.
SEFT - T TED 5 b TR ECRIGEVREL WD E
BHE(LRERTIE, D7 EbEFF VBB OV TIZEE
BAD BRI -7z, FARCERBIY S F v HBEEORER
3, FAERBCRAGIOFHL EDET F v SBEERRLE
%, MR VESFUHBEENMETTAERCH -7, L
L, EFREZ LOBEEIMIELE, Bdbhihr ol &
FHAEOEEN S, FERIKALhEBWE S F VRS
M4z MMPs & TIMPs D4FHED A5 v AD 5 2 T MMPs 43
TIMPs X h 1.2 L BUTHAEINRRLEHN S HS.
Sasaguri 5?13 e b F A R KEIIR A REEFRBHMERICOWT
HBEHBEIER E MMP-1, MMP-3 OXBFY|MELTW5. XF
Ba T, Bt RABIRMERRD REES(LE T MMP-2 R4 ED
PRI ST ¥ SR A B & wR B S IR SRR A IS BB 72 o 72 A%, MMP-L,
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MMP-3 (&M TH - 7o, M1 FHflED MMPs &Hic o\
T D Sasaguri HOFEREAREROBROEZIIERMI & A%
oL DB IBEELLND.

AR TCTEEINDOIR H- =5 A+ v 2HEL LTHRIFL
fo= 3 AF v BIENIBERELENDOBE & itk wEc
EEYTNL, FICEMEEEIE &8 & ORI T 555
THBERLEN -7 Z L Ths. EVC REBFETLIER O
HHEORBREMRMNED ORI, a=FAFVvF (255
7 4 — I X BEHT T 92kDa, 68kDa 8 X 0 28kDa D4 F BT
Ry FpZobhis. 20 5% 92kDa 13 MMP-9, 68kDa it
MMP-2 iz X B1EM & ZTc&h b . 92kDa DOIEMNENS b HKET
HoleZ LITETHRE, HIBERD =5 25V RIZ BT 5
MMP-§ DBEEMXRLTW5. MMP-9 THIREZKED = 5 =
FURFBEIND Z L1 Katsuda BV DEEA DR TEE S5
wWERhTED, ¥, ¥ ZKBREEHRIC MMP-9 KEH
e R TREYB TV, AR CIAEARILET
BN L BE L OERS T, MMP-9 »RE 3T 2B 5
=7 r7 - COBMEHREINL Tz, Licdis T3k
BTk LA PRHHRRS IO~ r 7 » — UL+
5 MMP-9 BWREDHE, HFBEDO R L BRI EE &S
ERIELTWA LD EHERNENS. Okada 5% 13 b EHENIR
FEGHRROELETS MMP2 I =5 AF v BRIEM R L
TEY, AHETL MMP-2 2R EHEEBZEN T T OREIC
RELTWAEIRIAZ. Likdis T, MMP-2 i MMP-9
LMD S RCBEE LT Db DEEL RS, ¥ir
WEONE LBIC 28kDa D=5 A+ v REN Y IRT 1 EH
BB ol FFENSHT MMP-T OFEERN S D, SEE
CERETALERDS.

HERETIZ MMP-9 OEEBNRSLOIZHH5T, =5 &
FUSBERI TR ER S ofe. THIIMERELED
BEECEIC MRS DB E R, T, BEOHRARIEEIC
% LT MMP-9 DiE% 2 %] LBED B fE 285 1k 3 AR @
TUWDAREMERRE LTV 5,

PRSI, IMas—»r ol EHEas -5
VRSBIHEEL, ENMERARES 2Lk - THIREDE
BLEBEORFCFE LTS, BIRELIZNBE O S K
LT L, i, BEVRSCHARE TR -4 Vi
MOBENRBII- T B, LikiioT, BlIRELDOB IS,
ERIZ2S - S U BHEOSRIEELREAL R LTV, &
N EOIREE (LM R B IRAAR D B DY N = 5 — ¥ v RIE A
BTHIELRECREIRTENY, AR TLEABLOER
EEC 27— v HRERSRE S h, BEARETE S
BENESARD b, ¥ BEET LR ORMERE CEES
RIsWL OO EKHE 25 — ¥ VA RIEE RS bR, 20
27—V REECERNELRRT EDTA 2Nt 5 Z LT
Lo TERBEN AL LSO MMPs I 530 & Bbht.
MMPs OfFCa s — 5 viBHO LM TR E2E LD OH
MMP-1 €% 5. ARROHEARENBRT CEBELTC
MMP-1 ORERED bh, RE_ERETEOEEMMEITTE
BEMRL~7 27, -0 ChBZ ERNTEBINE. REHER
FENCHMERFE LR L HERETIE MMP-1 ORH - RECE
ﬁ&%m&&hkmohﬁ,%h%h@%%k%h%ﬁéﬂ
7= S REE TREARECERCEV SREEREAED &
hic, COZLRETHRECBTB25 ~ 7 VBT

MMP-1 It D MMPs BIE LTV B2 EFRBLTWS.
MMP-1 AEEBMC S FETHE, MMP-3 ic X 2 (L%
RF29DT, HAFETIE MMP-3 282 5 — ¥ v 4 REK %
REZREDOAL LAV, L, AEBROKETIL
MMP-3 & L 0" MMP-1 DEEREBRITHE W CTHEEL D 2\ 338
EME RO CEBICBELRTES 2 0D » T h
L, BARECADh LB 25—V VHBERIBER
MMP-1 & MMP-3 I & 2 E#MIEME(LO 7078 E13E 21T
<. =77, & MMP #FEOEET, MMP-9 24RZ 5Tt
FEARECRLEMELRL, BEEE LEOFTIBEBC R+
LR RIBECERLEES AR, MMP-9 i2€5 5 v %
VEBIOCVHEIS - #F vl n o fERkE L bR T Wi ELl
A IBHas—»v, [Has5—-2vD o2 #5 LUBAE
BRIV oERBTEEELLATLBY. SEDORE
b2l 2BRROBRE b, EARETLMELE LK
DFEREETRE I B =5 — 2 U S BEY I MMP-1
Chagmeing, BARCHEBE SR MMP-S 12 & 5 4584
o TWBAHEESDS.

—®Ec, MMP E4 B2 —ED & &, TIMPs DB L~
BDREEIRETHE VDR TWS. UL, KA 2EE
DEFEFD MMP-9 & TIMP-1 B4 AKBEEH T H DL T
TR7HE TIMP-l EXEMTH - ThH MMPY Li#t D
MMPs E£ 25 & MMP-9 & TIMP-1 £ & O i 5%
2EL, MMP-9 DL oMMy, Ellko
Bl - BRRYETIMERRERLTVS. SEDOBHIRE(L
REDBITTIZ, TIMP-1 ® MMP-8 12545 =4 0 EAE
ETHE, EEEEFLEOBHESREE oLt~
D, MORECEBEL0EULELER > T BDENLEL B LE
RO B Tl = L IBERIC TIMP-1 & MMP-8 &£ @
tAs TIMP-1 EEMBMLORE?H 1 | 1L HESVT
5. MMP-9 LIt D MMP-1, MMP-2 % X 08 MMP-3 ®nx 7=
EAEITIMP-1 & TIMP2 %k tc 2 A% LES - i
D oot SERUE L7EAs » iz MMP-T™ 7 & 8> MMP 4
FEAMEMTASZ LT TIMPs it U MMPs 536 & 72 b
MMP-9 EHHE Ll b EX B ENTETHS.

TIMP-2 D4, REZERE L, #TRE TEEBMAE S
IV m 7, ~CHECREARI SN - 7z, MMP9 &
TIMP-2 & QORISR INRE OMMENIE(LE L, BEEFE(L
RAOEOHRS TEEEK A BN, LaL, MMPY &
TIMP-1 & DRBRERIIETHRETET LTz, ZOKEEL
DRFFEVEIE(LE L, SEEMTELENOE DR S5 ORRAKR A
MMP-9 ¢ RABEEBEXTR T O TIMP1 X hbirL s
TIMP-2 T, TIMP2 RELMBROME TEMEILEZT
MMP-9 OENZIEE TS & THREMELE RS L OBELE
LEADEDOHSD MMPOIZ X225 AF Vi BiEk L ¥ 5
FuRl, 0, VIV VEz S - v g2 4+ 25
BTV B Z ERFRB IR

DED ks, REXREEE LB by, THREESR
IOETREOEDIC T CTELS &, HRELEET LIFEEC
HPFLLBCEBADBELEAD 20T Clileh -7, Fief—
RENKC L BEEFCECAEIND IO RBEASBERDOS
BRHEOLMHEDD T Enh, BEHR S HRIZEAREY
BEEAETOT ) y Z7AREZ 0 o T 7 —EDOEXIT, BF
M - ERMCBRRINC LD TH B I EBSD ol KER
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THWEEELREEMS LicienrT, €95V, 35— v
WiZ= 5 AFVORXBANEERRCEELR L5 12K 8 TR
BNBISRE->TED, ThrbBEHBROEBC 25— % v
E=FAFVDHBOETRLT 77 4 7 e85 G MM B
O M ERENAUC Db BEE OBERETHBEV2B. B
DES O OFEERFRHMROM, mKkEagD T-V v
RERT I e T, - O ORGP ETH A, BEY 12
BREREERACT= 77 y —UHELTIBEBBERT
(tumor necrosis factor @, TNFa) 23 W EHIROEER (R L
CHFEMEEHR T A ELERBERET LOKEAEETHS
Bl LEKRECSHMLTHE LORF LTV, 4%, Al
UREDVFA 2757 4 —CEEY A A4 vEENLSE
DN, SERE L7h - fzfiid MMPs #1213 MMP-T 7
ERTIRANBICIM LI X D EHMI RS LETHS S .

1

®

BIRE L2 BT 2 KBIREC K05 MMP-1 (BE#% =54
F— ), MMP-2 (7T2kDa £ 5 F +— ¥, €5 FF — ¥ A),
MMP-3 (A FRAS L ¥v—1), MMP-S (92kDa + 5 & 5 —
Y, €5FF—€B) B L0 TIMP-1, -2 D REEE{L2mRE
ERETH L LD, FHFRITOVCHRHIREEE DWW
BEYEEL, BRIBOEXIFY, 25 —-FUhBLiZ=5A
SR B SBE L ET B - L T T ORRLE ..

1. REDOETT L FCABECSEOMBENA~ MY v 7 22E
FLR, BEATRBEREOREMET, BMEMHEO S
BB 7.

2. REEHBLEEREORR, MMP-1 & MMP-2 (24038
RE - BETRECThEOBEETH o7 MMP-3 R#MEIRE
DOHEHMI L ETHREORKMATEEETH - 2.
MMP-9 12574 IR HIREE TRt 7o\ LESEEME TH » fo 28,
BEITRE T, FCEEE L EORBES R BEL O
ERRSCESRE CIREBEN LR L. TIMP-1, -2 12%4 18
EFITEYT, TIMP-1 i 3¥EBRZE I O A58 MRl I B %
AL, TIMP-2 12 MMP-2 el 5 fik iR Lo, REERE
DRER, BARE TR~ 7y - L PHRGMARE L5
MMP-1 & MMP-9 O BREHABEML T W7, MMP2 &
MMP-3 OB RBERRTB< 20T » — O L HIBHHBAC L 5
RBR L HMCEL D o7, TIMP-1 0= 2 r 75— L
B & 5 RHERSETRETET L, TIMP-2 0B412
R L.

3. FAMERLEOERT, HAERESNTOER TIMPs Xt
LT MMPs 2MBAL (MMPs: TIMPs=12:1) T 7.

4. BRAESITIE, EBEINE£E MMPs ©f© MMP-9
B, BARELHENTFLEANOBREERBE AR
(p<0.05) L Tk,

5. BENELEANOREEEE CERCLE =5 A5 vy
BEEAL LR, 35 - Vo BEEIBVER YR L.

6. EEFETERLE p<0.]) 25 -4 vHREHRL A
bhic.

7. BEAHE LR LR EE T L s L
TEL (p<0.05) €5 F v BEEELR LK.

Ll ED#SEM 5, MMPs & TIMPs ZABIR OB X OB
IREE(LICHES I~ b ) v 7 ADHEEE BE L, #ICBR
WLECERCFEHMBE <77 > -~ VDELTS

MMP-1 & MMP-9 BEBEABEZ R LT3 Z EAVREE
iz,

it iz

R L D Yic b, $EE & R Y B 0 ¥ Lic BRI %
HRCRECHEERFDLLET. 3, KBEEHEAEE 2 LESRE
BAREE_FREYHAESBALTHRCE S EFH L ET. MMPs
TIMPs O/ 7 v —FAFELEBE R T I - &R AENATER
DFREHREAEBRESE, vV P v F A AT o B LBEERE
BABIRCLEELERTELSENCELTRE L, e TERASE—
REEHBERLOCERERMICE BRI = LET.
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Abstract

Matrix metalloproteinases (MMPs) and their inhibitors (tissue inhibitors of metalloproteinases) play an important role in
the development of atherosclerosis by degrading the extracellular matrix of aorta. In order to know their roles in tissue
levels, MMP-1 (tissue collagenase), MMP-2 (72kDa gelatinase/gelatinase A), MMP-3 (stromelysin-1), MMP-9 (92kDa
gelatinase/gelatinase B(, TIMP-1, and TIMP-2 were examined immunohistochemically and biochemically in various lesions
of aortic tissues obtained from 50 autopsy cases: newborn: newborn (3 lesions), diffuse intimal thickening (DIT, 38 lesions),
fatty streak (FS, 29 lesions), fibrous plaque (FP, 21 lesions), atheromatous plaque (AP, 26 lesions) and complicated lesion
(CL, 19 lesions), and five parts of atheromatous plaques (shoulder region, 22 lesions; fibrous cap, 22 lesions; inner fibrous
cap, 6 lesions; other fibrous cap, 6 lesions; atheroma, 50 lesions). By light microscopy, large amounts of extracellular matrix
components were found deposited in the intima with the progression of the atheromatous lesions, and elastic fibers were
fragmented in the atheroma as well as in the outer fibrous cap by elastica van Gieson's staining. Stainability of collagenous
fibers in the atheroma was decreased with hematoxilin-eosin staining. Immunohistochemically, MMP-1-positive cells were
observed at a higher proportion in DIT and advanced lesions, especially in the center of the atheroma. MMP-2 was
immunolocalized in every lesion. MMP-3 was negative in newborn, but faintly positive in all lesions. Although MMP-9
was either negative or faintly positive in intimal cells of newborn and early atherosclerosis, it was positive in advanced
lesion, especially strongly positive in CL and in the boundary between the atheroma and fibrous cap of AP. On the other
hand, TIMPs were not immunolocalized in newborn. TIMP-1 and TIMP-2 were positive in smooth muscle cells of early
atherosclerosis. The rate of TIMP-2-positive smooth muscle cells was higher in advanced lesions; conversely that of TIMP-1
was lower in advanced lesions. Double staining of MMPs and TIMPs revealed that MMP-1, -2, -3, -9 and TIMP-1, -2 were
immunolocalized in both macrophages and smooth muscle cells. Gelatin zymography of the culture media of those aortic
tissues showed gelatinolytic activities with 92kDa, 68kDa, and 64kDa, which were considered to be MMP-9, latent form of
MMP-2, active form of MMP-2, respectively.a-elastin zymography showed the presence of elastinolytic with the same
molecular weight as gelafin gels in the advanced lesions, consistent with 92kDa. MMP. On quantitative analysis, ratio of
MMPs to TIMPs was increased in newborn. And the ratio of MMP-9 to TIMP-1 was significantly increased in CL (0.17, p <
0.05). On enzyme assay, fibrous cap elastinolytic (3.2 + 1.8 U/g weight) was significantly higher than other atheromatous
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lesions (P < 0.1). Gelatinolytic activity of FP was significantly higher (4.4 * 0.84 U/g weight) than AP (1.3 * 0.20 U/g
weight, p < 0.05). These results of the present study suggested that MMP-1, 2, 3, 9 produced by smooth muscle cjclls and
macrophages play crucial roles in remodeling of the intimal extracellular matrix during the development of atherosclerotic
lesions, and overexpression of MMPs, particularly MMP-1 and MMP-9 in the advanced lesions contribute significantly to
tissue destruction.



