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e FEREE(CE RIS BT B~ ) v 7 A2 2R T RTT — &
~ZDFRR, - B L RBYIRAIY B 3510 5 R —

SRAFEFPABLE—RE (EE | EI¥THE)
¥ B = K

KBRS, MRSt~ bV o 7 ARSOBRBIAES KBRECKIHLIC L > TETHEELLRD . ARRTIZE 1 H)
(LS KBIRBEOBRICE VT Y v 7 A2 X 87857 —+F (matrix metalloproteinases MMPs) & D4 v & & & —
(tissue inhibitors of metalloproteinases, TIMPs) R 7TH&E 2 RET2 BT, FNEICEER LB ABREEESNF, Ik
Ex bV BRBIREL R 1363 L OHBRAIOREMABRIEE 2~ T KEIREE 8 fliet L, SEEBRLE, v1 275
74—, BREERLERIEVROWERT 2. KBRBEOKEERE S L OUBTFERENEE CIX, REOMMEMICE
B REGERD b, REARLEL, MMP-1 (BEE =5 ¥+ —¥) RECREORK(L L~ 2r 7 > — Y, i - HE
DR HMaO—, SMEOHRMFMRL <2 v 7 » - CRFEENRD bhiz. MMP-9 (€5 + 7 —¥B) RAREDOKKL <
rr7 =k, h - HED< I 77— 08 LOFHEO—MITEBETH 7. MMP-2 (£ 5 F3—+FA), TIMP-2 DB
FELE MMP-1 ©ERD 5% R Lic. MMP-3 (& F = & 54 v v-1) ietE<, TIMP-1 232 me 0 R EmcBEY T
ot FEREEBIRTEL L L THELAEMIRDbRDX, MMP-1 & MMP-9 Th b, ¥0OEEII<I v 7 7 —
SWEIBbDNEN -1, MREEEZEIBCLBESF V94 £ 57 4 — Tk, 92kDa, 83kDa, 66kDa, 60kDa DIz + 5+
VARRENEARD bR, T MMP-9, $T#2 MMP-2 2 # X bhic. BER MMP-9 L Bbh b 92kDa DAV Fizk
BRI BWTIENE S, I, BREONIVWLDIFEEEVGVEALRD D, MMP-2 O Y Fit, BIE—E8Thok. =5 A
FURL EL ST 4~ T, €S5FVFAES57 4 —LABROHDFEOAY PR, D€L VvHFL ES57 4 —TiL,
77~094kDa 1= MMP-9 : Bbh BB WA v F2BEDh. EHEBREFEOY S+ Vv S RBESHR, BEL:OHBIZ,
Y=7.037—0.674X (r=0.366, P<0.05) DAEE/ MR H v, FE 6cm RO KBIRE (4.4713.67Tu/g) 2%, 6em LhEDH D
(097+1.27u/g) X H bHBIE WEMEEE LTz (P<001). %1, R bem RWBOXBIREE T, BEERNERE
(0.46£1.13u/g) L HBE L CLEELE Y5+ v HBESY R LI P<001). =FAFv, 259V, 1 FVRA7 20 VD
SEEECIIXEEBRITRIBOhih o7z, R EFHO MMP-1 812, KEDIREEEE (0.124+0.080nmol/g) M IRBYIREE(L 3
(0.063+0.054nmol/g) X b IEFEICEMEEL TR LTV (P<0.05). F7, MMP-9 &%, KEIIRAEE (0.145+0.103nmol/g) A3
EYERBEIEE (0.022:40.04lnmol/g) L h BEICEETH -7z (P<0.01). MMP-2 &%, KBHIREEEE (0.161£0.070nmol/g) &3k
TERMEBIREE (L & ORICERZIXL S, MMP-3 BERVWFhLEMECH -7, TIMP-1 Bix, KEIRAEE (1.036£0.639nmol/
g) AWSIRBHIREE(L# (0.409+0.278nmol/g), FRIEMEPEIRE (0.397+0.331nmol/g) DR AR TERIZEMBEL R L1z (W F
2 P<0.01). TIMP-2 BEGHIEMETH 7. UEDZ Ehs, XBIREEC S TiE MMP-1 % X 08 MMP-9 23 LT
BD, Ble=rrnT7 s —OnbELEINE MMP9 3, =3 AF Vv BIUMMOMBEA <) o 2 ARG YHBTAIZ LI »
TABIRERE, BCOMREORRICER L RE LR LTW B Z LARB IR,

Key words abdominal aortic aneurysm, atherosclerosis, matrix metalloproteinase, tissue
inhibitor of metalloproteinases

KEWRE & 12, KBIREEAPEICH L & 1 BITRI REIR
RERLICRETHD. KBIREEEED 5 bBREEYHES D
WREHET, RECEET SR, BREEHEE oM
fast=t Ve 2 AP PHIRECHEE B IOCHAEBE I X 5 2 T
B LichioT, ThbDRHED BB KBIRED K LE
kL, KBIRBOHERKE b TEELONEN, TORARBI
BT, M=) v 7 AOFEBIEBEAE CHHFAF
vRaAS—FUICERTA= ) v 2 ASBERSKELES

TR 6 F12A22R %A, SFRTHE2A16HZE

LTWBEEZLNE, BERTHT V) gy 7R A2 BT RT
7 — - (matrix metalloproteinases, MMPs) & Wi % —HD
BRI, ERRCEETHIREALETOMBNA~ Y » 7
AR EFUERTHBTHOTTY, KBRBOFRELEXD
LETHEEITREERESBMERTHD.

MMPs B&EF7 7 $ V-, BEE TR L LI0EHRD
—HBEPREZIR T2, Zhbik, ThPhBiokk
BEHEENYED, BOMB THANBREL LTHBIn, B

Abbreviations: AB-AP, avidin-biotin-alkaline phosphatase; APMA, p-aminophenyl mercuric acetate;
Cm-Tf, carboxymethylated transferrin; DAB, 3,3’-diaminobenzidine tetrahydrochloride; EVG, elastica van
Gieson ; IGSS, immunogold silver staining; MMP, matrix metalloproteinase ; NEM, N-ethylmaleimide ; PLP,




KBRBIZRT A=)y 7 AR Z T rT7 —& 217

RS CREMELIR S, ¥, TOBRERI#FOM v
# — (tissue inhibitors of metalloproteinases, TIMPs) IZ & - T
BECHMEATED, £4RTO MMP %1, TIMPs &
ORBEPE LB EDOREATHEELLRT L5,

MMPs &t MEREDBIEIZDWTI, ZHE TEH L DR
AgdhTEH, BOBH  EBCHESESRSC T2
MMPs DEBRABEI R TWE" . Lxr L, kBIIfRE L
MMPs DBfR%# UreiRizdind, %Kiz, £8D MMPs &
TIMPs 22T, A ORMICRE Lic@SikiE s
iz,

FPRTIZ, b rBIRECEXBIREC 31 2 2B 45N
K, P, MEMRES X0 MMP-1 (BBl = 5+ > —
%), MMP-2 (€5 %3 —+A), MMP-3 (A b = & 5 4 & v-1),
MMP-9 (€7 7+ —+¥B), fFrhik=5 = % — ¥, TIMP-1,
TIMP-2 DRFE% SEEMLEMC L L, b€ T MMPs
DEEMBCSWT O BREY ML . 8RS LR A~D
MMPs, TIMPs 5 ERZETEL, b, B& LEOLER
Bizahd 5 0 BIEEEINIE L. ZhbOREYIEEY b
WEIIRBELFE L LB, RE L, ABDREBRCE LT
MMPs O&FENCDNTEE L.

MR LUHE

1. KEfIRAREE & T HRBERBAR BEAE

LR B L OBERERIC B TR ABIREER OB IR L
EBIR T ABIREEERIF R E Lir, HBE LTTR
PSR BYIRTES LIE © FA7 12 CHE L= B BIIR T ABIIREE DL
BIRTE(LRISS, B LUARRE—FEEEEI Vs Xhig
BENCOWT, BIRE(LOMIIRE T b 5 RN PR E 2w
TERBIRT CBIIRBEARR 8 fl% v iz, S ABIIRFEESI DN
ik, BU22BI, LW T HIT, FOEEII56~938, FHT2.2
TT.9RTH -7, TIREAEUBIRE LEESIT, BHE1201, &
K 16T, FHEHKE2.815. 85 (49~69%) TH b, L&A
i, Bl 4B, ok A B, FHERS43.5119. 25 (13~65%%) T
Bole. ThOLORBIREEMT, —ReBERACEEL, B
DEAZHLVEREDD LA YRR — ) OV —RF kL
AT ¥ & I (periodate-lysine-paraformaldehyde, PLP) [E &%
KT1~3AHEREE, <574+ vARELI. <57 4 vk
W&, HE 3, BLU=3 2535 - 7 v+~ v (elastica van
Gieson, EVG) Jvfa 21T\, F2BEMENICEER L1,

I. XEREEBOETFHEMBEHEHR

FRABIRREEEBL ML, 25% FAx AT AFe ¥
(polysciences, Warrington, U.S.A.) 04 EIaTEE, 2% mEe(L
A A 3P & (Merck, Darmstadt, Germany) T1205 E&EE
L, BiK, =Hval L, BEGHEOBKBENE LB
THOENTBEYN R LTH v = VBRE 2T 7. BB
RHI GRR) H-600 HEHE CHERRE,000~10,0008 CHE
L.

. KREMARBEABRED REERRE

N7 4 PR EEA LI VT =& - ARIITH S
74 vL, 03% BERLAKE (ZEIMLE, TR, 0.1% 7 21k
FEU YA FINEEE, KR), 98% 2 &/ — A X B HEMES

NAFUH—ET w2 RfTot, X5 10% EEY <M
(Z7Favy, ®BR) 5B EEY¥OHC L DEBRRIGY 7
By 7 LI, —%kBibE LTREE 7 v —FAfikL 4T
TI8~2URFEIRIG & B, R LI/ 7 1 —FAHUE, Hi
FHREGMIAEE (HHF35), fiv2 v » — otk (HAMSS),
PRI /3 5 Stk (F8E I F B9 41 E 4 k) (DAKO,
Glostrup, Denmark), %%V v BT 5H Mk QLT U v 2
Bk, UCHLL; ~Ao—T VU ».25, OPD4; B v %k, L26)
(DAKO) Ths. —k#tb LR, vt Fiby ~Hfi<v
IgG #itk (Vector, Burlingame, U.S.A.) (HAMS56 wx LT e
FF ALY FR~ Y A [gM i) LOHBRIGE ¢, Ehex
FPUFRTEO V-G F -Gk X -G EHAG
(DAKO) L300 RIS, o7 3o _vyoy
(3,3'-diaminobenzidine tetrahydrochloride, DAB) (Sigma, St.
Lousis, US.A)) RIGH¥ (0.05M Tris-HCl, 0.03%DAB, 0.006%
H,O,, pH7.6) I CHB X ¥,

Rk, i MMP-1, 2, 3, 9 #ifk (FhFh 41-1E5, T5-7F7,
55-2A4, 56-2A4), #ik MFFEK=F 2 2 — ¥Hitk (DAKO), #
TIMP-1, -2 $itd (£h£h 50-2F8, 67-4H11) 12 X » st
Rk fTotc. Hi MMP-L, 2, 3, 9 ik & 4 TIMP-1, 2 5tk
W, FEPATRF S FRESFIRERMEZ L ofts S hie
LDT, TORRMEIECHESATHET, Zhbnz )
7 e —F kR~ e LTAY, BB ++ viEy~
v A GCHBERER®E, TESV—ErFv—mtn
F v L — A% (DAKO) &304 MRISX ¢, DAB RIGiH
TREIL.

V. k=836

MMPs OEAMYRAE T2 HHT, MMPs it 5 #itk
LEBOMIA T A HEY VT, A—Af 2 BE0HR
FRRCHRETIRFEEREEY T/, —EREOEARE
R, T MMP-1 Hi{6 & HHF35 ¥ 413 HAMSS, #
MMP-2 #if& L HHF35 %713 HAMS6 # 7213 OPD4, #
MMP-9 #ithk& HHF35 %7203 HAMS6 & Uiz, #7-, @i
MMPs & TIMPs wBIL T, #i MMP-1 #itk & i TIMP-1 #;
t, #1 MMP-2 #fitk & #1 TIMP-2 $itk, #i MMP-9 #ifh & i
TIMP-1 $ith ¥ 72124t TIMP-2 itE 0l A& be T ELRE L
o, BRI MMPs # 4 &) T = A Ko A—25F A =V
(immunogold silver staining, IGSS) ¥ HWTHEL, 0D
B, L53—HOHER TSy —EAF Vv —TA DY) RRT
% — ¥ (avidin-biotin-alkaline phosphatase, AB-AP) 342 T {uv s,
TAEHE R L ol BRI, 200574 v % 5%
EFEYFOECTHERRRIEZ 2y 2 L, FAFhD MMP 12
T BHUEE 4C TIS~URMRIEX Rz, 3 v A FEERY
FHR= v A g6 (7 =¥+ &, HF) L605H T 25 2 ERIGE
B, 2% S x -7 A F e ¥ (glutaraldehyde) (TAAB,
Berkshire, England) THBETE L, S (T < v+ &) I L B HE
T, ROTEF % 0.IM 7'V o v ERREET# pH2.2
THRE LS00 HEEH L, AB-AP BB L. Fhi
N OME 72k TIMP 18- B 46 & 6045 BIRIG X ¢k, &
FF by =< v R 1gG Hitk (HAMS6 it LTt s v
Ly FHi~v 2 IgM Hith) L0HERIEE R, Teov—t

periodate-lysine-paraformaldehyde ; PMSF, phenylmethane sulfonyl fluoride; TIMP, tissue inhibitor of

metalloproteinases
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FY—=TNANAYVKRARAT » X —EEEE (Vector) &£ 30~404R
RiG&eicth, 7rr ) FA7 72— EEEBRAE (Vector
Red, Vector) W THREBE IR, L0, XEBEBERP I
ImM V% § V= (levamisole, Vector) ik, E%E7 v 4
VHRRT 7 & —EiEMHEE L.

V. KEpREEAEEOEE

[. THLRKBIREEAR S L U BRI KB IREARS %
MEE IXIX1mm KZEEIL, FOEBKA10~15@%
02% 5 2 + 7 AT § iKY (Gibeo, New York, US.A) &%
RPMI #2#11640% (Gibco) 2ml FrT 37°C 24BFRIEERE L7z, ¥
BW R BRI, 02% 72{bF + Y v oL, 10,000rpm,
S54RELLT, 2O LEY —20C THRELR. MEA R
RERLCEEXRE L.

V. €5F>, aT5RAF., $LUThESA BT ML —

FEWCEDRBNE— OBRE

Hibbs 5 DEHIZFE, €5 F v 2mg/ml) #&HAY 7
ZYATIFHFL BB 77UA73 F) RERL, BROEE
EERIERTRE, AC CEREKB L. HRELEORIIEE
DECHACKEBOSRERN—EL b IS HFELL. ¥
LR EEBEH% (50mM Tris-HCL, 1mM ZnCl,, 10mM
CaCly, 25% PV » X, 0.02% NaN,, pH7.5) T L,
Tris-NaCl-Ca (TNC) # % % (50mM Tris-HCI, 0.15M NaC],
10mMCaCl,, 0.02% NaN,, pH7.5) vz 37C ClTEREIRIG S &
o, Pk r<vy—7997 v 17— (Coomassie brilliant
blue) THt LI-EHEL, €5 F v oz - vERE L.
R, a-=5 A% v (1.2mg/ml) ¥&LAEYV 72947 3 F
FLE@BTZIVNLT IF), BIOIES v (Img/ml) &L
V7 IYAT IS (1% 727907 3 F) 2FHLT, *
hEnRERELBOUBET, a=F A5 v RENE, 2 €4
VA RRIEN OB R T o1, ZOHED X RIS 248 R
Eli. DFEBERREL LT, ®AKY F—+Db (94kDa)
(Sigma), & F b F A7 =V v (TTkDa) (Sigma), ¥~ M7
N7 3 v (68kDa) (Sigma), & FREE S w7V v EEHE (55kDa)
(Sigma), A 77" 3 v (43kDa) (Sigma), A /HE=y 7T
e FF — (29kDa) (Sigma) ¥ FH\\T, TREHhOHEEAV F
DEASFEEEFELL.

VI. BESRMHIRE

ESFUH TR U— P FLICER EEOR—HE 5 L —
VERBL, FUr—-vEEVEELL. Z0FLDV0E D% TNC
BERIC T, 37C ITRMRIESE, OO v %k, EDTA
(Sigma) 20mM, “ U v 7' w57 —+ (serine proteinase) fHZE
D7 2=V AXVANT =70 F ) F (phenylmethane
sulfony! fluoride, PMSF) (Sigma) 2mM, Y A5 4 v 7' a 77 —
+ (cysteine proteinase) [HEH|D N-=F 1< v 1 <=4
(N-ethylmaleimide, NEM) (Sigma) 5mM, ZFii7 A5 F v
7 w5 7 —+ (aspartic proteinase) [HEF|IDRTA R F VA
(pepstatin A) (Sigma) 0.5mM FZE T © TNC BE &~ TR
BUG&& T Hie L.

I, ¥5F>, TS5SAF, aA5—4L, LU IR

7z ) SRERONE

Harris 5D ERRE - T, BHEE MMPs OFEELIERYE
T5 p-7 i/ 7 == VBB KR (p-aminophenyl mercuric
acetate, APMA) (Sigma) 1mM, PMSF 2mM, NEM 5mM ##
T, C-EFFUEREERL LTERIEOES ¥ Vv RER

FRELI. "C-E5F VL, BHLEBTEE [ Has5 -5
VEMC-EKEERE (0.37~1.1GBq/mmol, 7 =~ + &) THEH
L, B (60C, 300MAE) it hE¥5F L LTHERL
o, F i, BRI, REM=FAFVvEH-KBLAYEF Y
@ 4 (3.7~30GBq/mmol, Du Pont, Boston, U. S. A.) Iz CEEs
Lt H=5AFv2HEBL LT AFVHRBIERLRIEL
o, a5 —FUBIOFFVAT 2 ) VHBRERORISEICEEL
TiE, R LEY 1.5mM APMA » 37C T0RBIRIE S w1
#, 2mM PMSF, 5mM NEM %0z Th 57z, Cawston
LY DFEIHE, BB [ Was -+ vi “CHEKEER T
E#HL"Cl Has—rviEBL LTas— 5 v RiEs
PHIELC. PSS VAT 2 ) vHRBEMX, Okada 50 0k
ST, e b S VvR7 2V vE *H-2 — FEER (3.7~11.1
GBq/mmol, Du Pont) CHEE Lz *H-# 4 8% v b & FL{E b
5V A7 x Y v (carboxymethylated transferrin, Cm-Tf) %%
HELTHE L. SFEE, BRCER LCERERER
lg Bich DHEAL (u/g) TRL. LB, TAFhOEE
% 3TC WHWT 1 HMEW lug 9BTHERETHS

K. #AKtrsE FEHDO MMPs &40 TIMPs O% &
W' EERDO MMP-1, 2, 3,9 83X O TIMP-1, 2 %, B+
@mI¥E, EHEMEELELOEBICLD, ¥V FA v FA a2/
T oA E TERELEL. fIEL MMPs B X U
TIMPs O &2, ERCHWVEZEEKREERE g 47 H O mol
HTERLE.

Fig. 1. Light micrograph of an abdominal aortic wall with
aneurysmal dilation, showing marked degradation of
medial elastic lamellae. Elastica van Gieson stain. X10.
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X. #EHEERRE
WEELPHECEERECR L, SBMICKT 5 ki
Mann-Whitney &% Fi\ 7o, & OBEREREIR S HIC
T—REEERD, TBONTRE L. K=K 5% FiEr
Lo THEREE L.

23 #

I. RPERSEHER

HE BTk, KBIREES, WThIiEEDWRE Ly 2
LTHEY, AEORMTILMEDMNENRD bz, BRI
HEMBOBMESA DD, ABCIZEEMBRARTICRbH, &
o, MHEERHROLELTY vRBROESED D IZEE L TED
bhic. BEMBECHFFRS VKRS, EVCRETIE, BE
DSR2 R PIR O B RRAE 7 S 4 L, JERHE L7orh
BEOBMERMELHZNE LS, BhLTVWI2HH L EDS
iz (K1),

. ETEMSnER
RERBEOFEREFEREC L 28E T2, BaOmEE
BERTEERENRD SR, BEROMMBHERIR 2O L
Siws v =B OERELSICEFEEDET LAl
HEPHMT + 52V b bd7 2 MEBENHBELTE
D, ENEBERINBEEL, v~ 2727, TV LDINEBE
LTWABEM S ABRTz,

. KREIRAECHT 2 MPOREEB LFNRE

BT R B M I B TR 2338 b iz . RO BT
RZREFIOEA EHOB R AR bR, BAMKEE LT
. ¥, ®7n7,—CREBAEEERELTEY, HEE
A5 0D MBEMROVELYE L T o, MM
BRBIRO AEEICE? LA, ik - JHEo%®n
FRREIR T, TY VBRI~ r a7 —S1bh~sd
PETH IR, ERBCHERCRED bh, SHETIREAC X
DEBLTHEELT I, ~A=T U VoBRIZWY votBRD
1/3mb1/2%EDHT . BY v BRZEIc sl &
LTHEELTED, MMETIESIC L > TRT Y v Bk L %
BERDdDHII. o

HBE LTAGCIRERE LIV BRBIIRE( LR <12, W
BCABIREERAE, ~2 07> —C0BMERDRN, & -

:th'fﬁ}jé‘l

Fig.2. Electron micrograph of the media of an aneurysmal
aorta, showing degraded elastic fiber (arrow). Tannic acid
stain. X 10,000.

MR B TIRBE TS k. TV VoSBT, NETIIRE
IR L DR, - SECIZAD R h o, ~L—T Y v
SEOKBIREIRE L ABETH »72. BY VB2 S < A
BB R bhic. HE%NBEIREDO KBIRETIZ, RIEE
MEC K BED~ 07 > —SL T Y v ABOBE» R 5
DETH 1. ThENDKREITRBIT 2 KEMERO B>
WU, HE REDHRE pow BRI LE 3 mR L.

V. MMP-1, 2, 8, 9 355U TIMP-1, 2 Ofsiai (L2 E

T

MMPs # X 0 TIMPs % taits, P, s, AEo4Mm
FABA T 0 2 B MR ORI 4 T L7z, FEMARA 0 0%
%=, BUHEMEOLELN 1~25%, 26~50%, 51~T75%,
T6~100% DBEEZHER £, +, H H EFH L GE1). 7
FER= T AL — 0, B L i o L o s i
A, FLRFHROBOLHMIICORERD Bkt L.

Fig. 3. Schematic diagram of distribution of inflammatory

cells of the abdominal aortic wall with aneurysm (AAA),
atheromatous plaque (AP), or diffuse intimal thickening
(DIT), showing a greater number of macrophages and
lymphocytes in the abdominal aortic aneurysm than in the
other groups. Int., intima; Med., media; Advent,
adventitia.
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A B

Fig. 4.

Immunolocalization of MMPs in the abdominal aortic aneurysm. (A): MMP-1. (B): MMP-2. (C): MMP-3. (D):

MMP-9. MMP-1 was localized in the foam cells, spindle cells, and round cells of the wall, and MMP-2 was localized in a
similar pattern. MMP-9 was found mainly in the foam cells of the intima and round cells of the adventitia. MMP-3 was

undetectable. A-D X50.

Fig.5. Immunolocalization of TIMPs in the abdominal
aortic aneurysm. (A): TIMP-1. (B): TIMP-2. TIMP-1
was weakly localized in the cells of vasa vasorum, and
TIMP-2 was localized in a similar pattern to MMP-2. A, B
X 50.

Fig.6. Immuno-double staining of MMPs and cells in the
aneurysmal wall. (A): MMP-1 (black) and macrophage
(red). (B): MMP-2 (black) and macrophage (red). (C):
MMP-9 (black) and macrophage (red). (D): MMP-2
(black) and smooth muscle cell (red), Suquential IGSS and
avidin biotin immunoalkaline phosphatase procedures. A-D
% 200.
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aERR L b, KBIIREEED MMP-1 i3, RECIZHBRS
poMfncBETH Y, WWEMAR, HEMAR, ERPaRO
T OFENRD bRt (K 4A). rhlECIR5E # i D
BEBCBETH D, T, SBEOE M, ERBARL
SHEYEEIRT. MMP-2 12 MMP-1 i L g s Lz
7, ERTEEMREN L 1B D LI (R 4B). @4
OMRRCIRRE L D bMEEICE  rE IR TWw 2. MMP-3
BEFTEYETH - (B 4C). MMP-9 12, MMP-1 ®
MMP-2 & i35 L Bz dich - odt, AEO K
ML - SHEOEAMRCEESZED SR (B 4D). 4
BEOfFhERO—# b MMP-9 B Th - 7. TIMP-1 i133%m
EOPNEMINC B -7z (K 5A). TIMP-2 o BRI
MMP-2 L BIEFRBOSMERL, BB LK OBMMAN
Zbbhic (K 5B).

HBOMREIRE(LE T2, MMP-1 OB, HET
ABIRE L ERBETH D, PEEH» D HENLS RO Y
BIh T, —Fh - SHETIE, BiEMREOETH - .
MMP-2 mBL Tk, 2B TABIRELR U GV-BlEEL T
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Liz. MMP-3 13T H - 7. MMP-9 1L A &AM D 5o
BYuMiasEo bht, TIMP-1 63 m o pr AR SSEH
Thotc. TIMP-2 12 - R CILRBIIRAE & AR, SHOB
PRI Z RS B HE T B RThH - 1.
RBUANBIRED KBIREBIC 351 2 4 BT 6 T2, MMP-1
BRI DR S, MMP-2 it BT %
LR, BEOHEHMIRS B I A SR & A TR
ThHotc. MMP-3 13l TH o7z, MMP-9 12 —EDEESID 4
Bz o BEERBDHTH 1. TIMP-1 i, Bi—ER
B, RBOFHEMBCEBETH 7. TIMP-2 12, B &
Bz S BRE I N, SMEOBMEMBRIID Toh - T,

V. RE_ELRE

KEIRFBEEIC 35175 MMPs OE4LMYRET 210, =
BERAERTo7. £F MMPs % IGSS TR BE L, ki
T AB-AP EX VTR 787 > — Sk Al L,
6A DAL, w27 v 7 v — ORI MMP-1 it h, <
7 m7 =PI LB MMP-1 OEANER XNz, RS, <
7875 -2 MMP-2 DFEZENMRED bRz (X 6B).

Table 1. Tissue localization of matrix metalloproteinases and tissue inhibitors of metalloprotein-

ases

Rate (%)" of positive cells

Lesion Layer of
sorta MMP-1  MMP-2 MMP-3 MMP-9 TIMP-1  TIMP-2
AAA Intima + 1 - + - +
Media +H H — + —_—t #
Advent. +~4 +~F — o~ + +
AP Intima + H - ——~ — -+
Media + H# — — e~ — H
Advent. + + ~+4 — — e~ + -+
DIT Intima + + - - — H
Media + H — — — i
Advent. + e~ - -~ + 4~

a) —, 0; £, 1to25; +, 26 to 50; 4, 51 to 75; #, 76 to 100.
AAA, abdominal aortic aneurysm; AP, atheromatous plaque; DIT, diffuse intimal thickening ;
Advent., adventitia.

a bcd e f g h
Fig.7. Gelatinolytic activities in the culture media of the
aortic tissues on a zymography. Lanes a-f, abdominal
aortic aneurysms (diameter of aneurysms: a, 3.8 cm; b,
45cm;c, 51 em; d, 65 cm; e, 7.5 cm; {, 8.4 cm); lane
g atheromatous plaque ; lane h, diffuse intimal thickening.
Molecular weights of standards are indicated on the left.
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Fig.8. a-elastin zymogram of the culture media from the
aneurysmal tissue. Lysis of the substrate is found at the
molecular weight of 92 kDa (arrow).
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Fig. 9. Inhibition studies of the culture media from the
aortic tissues. Gelatinolytic activities with 92 kDa, 83
kDa, 66 kDa and 60 kDa were inhibited by EDTA, but not

by the other inhibitors, indicating that these proteinases
were metalloproteinases.
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Fig.10. Regression‘ analysis of gelatinolytic activity and
diameter of aneurysm. Y=7.037—0.674X, r=0.366,
P<0.05.
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Fig.11. Gelatinolytic activities detected with "“C-gelatin as a
substrate in the culture media of the aortic tissues with
aneurysm (AAA), atheromatous plaque (AP), or diffuse
intimal thickening (DIT). Each bar represents mean+SD.
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Fig.12. Amounts of MMPs and TIMPs secreted in the
culture media by the aortic tissues with aneurysm (AAA),
atheromatous plaque (AP), or diffuse intimal thickening
(DIT). These proteins were measured by the sandwich
enzyme immunoassay. Each bar represents mean+SD.
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BHEBREES, LATX 0 BESh TV B ABIREED =5 AF v
BORL, M5 — SV EOBMEWSER™NL, Th
¥ERHFTHIHALEbhS.

MMP-9 OABIRBVERICE T2 &E% & 20T, BIRH

TG EXBZENTES. ABIRBCIIBELIEBAERT
DL, BREIChi s TEZTDETOAREIRELEHLDORD
b Fi EERIMNEVCKLILILLTERYELAHALR
BRI B, KEIREEES DA O MMPs JIEIC X - THER
DEELIAPHHBOEREEFRL > 2hd LAk, ¥
7o, EROMNIVWEIC MMP-9 2 KB DRV RRHMER BHE L C
KEREI PR IR B EThiE, TORICS ve e x—%#
ETHIER - THOERVHIETEZAREDLHS. Zh
SOEKISH S &%, KBIRE L MMPs OGRIZDOWTIZ4S
BILIBRFATHILERDD.

*

B IR LR S A B IR B EEE B 51T 5 MMP-1, MMP-2,
MMP-3, MMP-§8 &, D4 v e ¥ % —TH 5 TIMP-],
TIMP-2 =2\ C, RFERBRILENRECRN, TOEAMR
DRE, BHER EBFOESRELBERELOUELTV,
Ea bl VCBIIREE(L & B - AL, ROBREEBL.

1. KEREEBED X FEHE S L O ETFERENERIC SV
T, W - R, HCREROBEREOERBREEARDLH
7.

2. &2, MMP-1 X ABIIREEEBEREE O Ykt
Licwzr7 5, -2, N - PEOEEHMRO—S, i, 4t
BOBEFHRE <77 > —DIBHETH 7. MMP-2 &
TIMP-2 12, MMP-1 LBz R Lich Bk &
DEFTH -1, MMP-9 12, RBEOHHK(L=2 =7 > -2k,
e AEDO=rrT > — OB IOFRERO—FIZRE SR,
MMP-3 134 6l&t ¢, TIMP-1 (2353 10% O P I 5515
HERTORTH 7. FRREBIRE(L & LB LTl b
BWInARD b0 MMP-1 & MMP-9 TH b, TOEAIL
2T RT =W IBLDNREN ST,

3. MR LEYAVWREESF UL RS54 TR,
92kDa, 83kDa, 66kDa, 60kDa =3y FAHB L, B —&1
MMP-9, # =3 MMP-2 I X BiEME i hic. BWEH
MMP-9 & Eih b 92kDa DA v Fid, KEIIREIZ BT
KL, B, BEONIVWLOREBIEVERAD D,
MMP-2 DAV FiZ, 1RIE—ETHoTz. aa=FAF V/HF 1%
7574 —Tlt, €FAFVFAL 5 FT7 4 —LRABODTE
DAY F¥uRED, 92kDa BB LBEETH 7o, A vHFAE
757 4 —TiX, T7~94kDa 1z MMP-9 & Bbh B SV F
FRDI.

4. BEEEEBOES F v BEEITL, BR L O,
Y=7.037—0.674X (r=0.366, P<0.05) 0EZ /e H b, @
& 6em KO KERE (4.47+3.6Tu/g) 28, 6cm LAEDHD
(097£1.27u/g) & h A BEBFTHEEMLH LT (P<0.0)
¥, BE 6em RBOKRBIRBET, BBUEAEEE
(046 £1.13u/g) L KB L THEFBLE V¥ 5 F v o FEEET
Lz (P<00l). =5 AFV, 253 —4V, PSVAT7 =) VD
SRREEIZB LT, FELHEYELhEh 1.

5. MfGr& LR o MMP-1 813, KBIREEE (0.124%
0.080nmol/g) 4%, MERBIIRTE(LEL (0.06340.054nmol/g) & H b
BECE@ER LTV (P<0.05). %4, MMP-9 &%, XB
Jk B85 B¢ (0.14540.103nmol/g) A FEE % A BB E (0.022F
0.041nmol/g) X » BB EETH -7 (P<0.01). MMP-2 &
2, KBIIRAZEE (0.161+£0.070nmol/g) & WRDOBICEEEILE
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{, MMP-3 B2\ FhHEETH - 7. TIMP-1 B, XBIIR
#EE (1.036£0.639nmol/g) 2R BYIRTE/L 3 (0.40940.278
nmol/g), HEBMAEIEE (0.397+0.331nmol/g) DIz H~
T, BRLEMEL R L (WTFhd P<0.01). TIMP-2 134410
BETH 7.

D Z &b, KBIREETIZ, MMP-1 % X 08 MMP-9
DEMLTED, Hie<ra7 5, —OhbEEIR S MMP-9
»n, =FAFVEIOMOMESN~ r Y v 2 AR R ST S
ZER L > TKRBRBORE, BCWiRE MBI EE R
R R LTWAZ LEARE I h .

# &

MERZDWCES, HiEE, BMLE D T Lic BT sgc
RELDHELYRLET. i, AWRRTREEL, MAHEEES L
SRREBRBEDED X OLSMBELE LT, APRrE
EERY, HEREEE USRS RELBHELEHE e
REBAKFEE FEEEE) CBBH - LET. 2P RCEL,
MMPs, TIMPs D&/ 7 & — 3 LEifhd R S T X & LSiRAZ
DA FRE T B R A B e L. 24, Akt
BEHESRE E LB SREROBIME B LIRS &4, BT
R OB E A PR E A, BILR R ORI S SRk e

Rk, BHRIFGOBDEABHUAE —EREE R BB L
ET. GVES o F A LS T o A B L BABTHBHE G R ER
TRECRE LT, BB, FPERTCHD, KBEATHE
BHEEEB AR - L SRAEE—REERBEEN, BNELER L
CERAFFE B EHE BRI E L Hle L LF et

ek, AMXOEER, H2U4EHXLRDENBELEHRE s v R
VoA (19945, AEE), TR 6 EEAABIRELEEL4TERS (1994
£, B5) TR TRRLE.
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Abstract

Aortic aneurysm is characterized by destruction of the extracellular matrix of the aorta. In order to evaluate the roles of
matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) in atherosclerotic aneurysmal
formation of human aorta, immunohistochemistry, zymographic analysis and enzyme assay were performed on 51 aortic
tissues: 30 abdominal aortic aneurysms (AAA) and 13 undilated aortas with atheromatous plaque (AP) obtained at surgery,
and 8 aortas with diffuse intimal thickening (DIT) from autopsy. Light and electron microscopic observations on aneurysmal
walls showed marked degradation of medial elastic lamellae. Immunohistochemically, MMP-1 (interstital collagenase) was
localized in foamy macrophages of the intima, smooth muscle cells of the intima and media, and fibroblasts and macrophages
of the adventitia in AAA. MMP-9 (gelatinase B) was found mainly in foamy macrophages of intima, and macrophages and a
little neutrophils of the media and adventitia. MMP-2 (gelatinase A) and TIMP-2 were localized in a similar pattern to
MMP-1. TIMP-1 was weakly localized to the endothelial cells of vasa vasorum, and MMP-3 (stromelysin-1) was
undetectable. MMP-1 and MMP-9 were immunolocalized in a greater number of cells such as macrophages in AAA than in
AP and DIT. Gelatin zymography using the culture media of the aortic tissues showed gelatinolytic activities with 92 kDa,
83 kDa, 66 kDa and 60 kDa, the former two considered to be MMP-9, and the latter to be MMP-2. The lysis bands at 92
kDa regarded as a precursor form of MMP-9 were more extensive in AAA, especially those with a small diameter, than in
the undilated aortas. While the lysis bands considered to be MMP-2 were constant. « -elastin zymography showed the
presence of elastinolytic activity with the same molecular weight as gelatin gels in the culture media from the aortic tissues.
On casein zymography, a few faint lysis bands at 77-94 kDa considered to be MMP-9 were shown. With »C-gelatin as a
substrate, activity could be detected in the media of AAA, and the levels were significantly higher in the samples from the
aneurysm with small diameter (<6 cm) (4.47+3.67 u/g) than those from the large-diameter aneurysm (over 6 cm) (0.97+1.27
u/g) (P<0.05). The inverse correlation of gelatinolytic activity with the diameter of the aneurysm was detected (Y=7.037-
0.674X, r=0.366, P<0.05). The media from the small-diameter aneurysm also showed significantly higher activity than those
from DIT (0.46+1.13 u/g) (P<0.01). No significant activities could be detected with *H-elastin, “C-collagen and :H-
carboxymethylated transferrin as a substrate. Amounts of MMP-1 secreted in the culture media measured by sandwich
enzyme immunoassay were significantly higher in AAA (0.12440.080 nmol/g) than in AP (0.06310.054 nmol/g) (P<0.05).
The level of MMP-9 was significantly higher in AAA (0.145+0.103 nmol/g) than in DIT (0.022+0.041 nmol/g) (P<0.01).
There were no significant differences among MMP-2 levels of the samples from AAA, AP and DIT. The level of TIMP-1 of
the sample from AAA was significantly higher than that from AP and PIT. The amounts of MMP-3 and TIMP-2 in all
groups were very low. These results suggest that MMP-1 and MMP-9 increase in the aneurysmal aortic wall, and that MMP-
9, in particular when produced mainly by macrophages, plays an important role in early aneurysmal formation of aorta,
degrading elastin and other extracellular matrix components.



