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=Abstract=
Expressions of Matrix Metalloproteinase-9 and Tissue Inhibitor of
Metalloproteinase-2 with Changes of Interleukin—-6 and Interleukin—-18
in Atherosclerotic Lesions of Hypercholesterolemic Rabbits

Young Moo Kwon, M.D.*, Sung Sook Kim, M.D.** Bong Hyun Chang, M.D.***

Background: Atherosclerosis is a chronic inflammatory disease of the arterial wall
characterized by progressive accumulation of lipids, cells, and extracellular matrix. Matrix
metalloproteinases(MMPs) and tissue inhibitor of metalloproteinases(TIMPs) contribute to
vascular matrix remodeling in atherosclerosis, and some cytokines may play role in the
synthesis or activation of MMPs or TIMPs. Material and Method: We produced
experimental atherosclerotic plaques in 9 rabbits by atherogenic hypercholesterol diet for 12
weeks, and 10 other rabbits were used as control group with standard laboratory chow. At
that time, 19 rabbits were sacrificed and aorta, coronary arteries and blood specimens were
prepared. The expressions of MMP-9, TIMP-2 and interleukin(IL)-18, and the bioactivity of
IL-6 were investigated with H&E stain, immunohistochemical stain, immunoblotting(Western
blot analysis), and bioassay. Result: Serum cholesterol in the experimental group increased
up to 1258262 mg/dL(control group: 41%=7 mg/dL). All experimental group showed
well-developed atherosclerotic plaques in aorta and coronary artery. The expression of
MMP-9 in aorta and coronary artery of the experimental group showed significant increase
than that of the control group by immunohistochemistry. Among the experimental group,
complicated lesions with intimal rupture or complete luminal occlusion, demonstrated stronger
expression of MMP-9. Interestingly, there was no difference in expression of TIMP-2
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between the experimental and the control group. These findings were confirmed by
Western blot analysis. The bioassay revealed significant up-regulation of serum bioactivity
of IL-6 in the experimental group(4819.60+2021.25 IU/ml) compared to that of IL-6 in
the control group(27.20£12.19 IU/ml). IL-18 was expressed in all atherosclerotic plaques,
whereas little or no expression was detected in the control group. Conclusion: The
increased MMP-9 expression along with the unchanged TIMP-2 expression seem to be

contributory  factors in  extracellular

matrix

degradation in atherosclerosis. Focal

overexpression of MMP-9 may promote plaque destabilization and cause complications of
atherosclerotic plaques such as thrombosis with/without acute coronary syndrome. Elevation
of IL-6 and IL-18 may be more than just markers of atherosclerosis but actual participants
in lesion development. Identification of critical regulatory pathway is important to improve
the understanding of the cellular and molecular basis of atherosclerosis and may open the

way for novel therapeutic strategies.

(Korean J Thorac Cardiovasc Surg 2002;35:407-19)
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Table 1. Level of cholesterol and triglyceride

Cholesterol Triglyceride

(mg/dL) (mg/dL)
Control group(n=10) 41%7 75+49
Experimental group(n=9) 1258 +262% 180+ 86*

* p < 0.05 vs control

(Beckman, LS 6000A, Nyon, Swizerland)E AH$-3l% DNAC]|
23 “Hymidine®] =% S4stgict

a1, 24 A
B}l ‘11 pakel 0.05%

olg
g = —a— PP

4 9
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3] o3 dizT 109 e} ZFY2HE 2o
Fogt AgE (0w E |

< ! 25:3F A3k Sk 8o
Aol g whe|r} Abgetglel. Adae] B4 Ze2d)
3 FAAY e 7b7h 1258 +262me/dl, 180 86mg/dl

A U279 HFA] 41T Tme/dl, 75+t49mg/dlel B3 F-2f
A E9kch(p<0.05, Table 1).
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Table 2. Intimal thickness of aorta

Intimal thickness(mm)

Control group(n=10) 0.01+0.00

Experimental group{n=9) 0.31+0.10%

* p < 0.05 vs control

Fig. 2. Histopathology of the coronary artery. Intimal
thickening and fuminal. narrowing in the experimental group
(B, D), compared with the control group (A, C) (H&E A, B X
100; C, D %x200).
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Fig. 1. Histopathology of the aorta. Atherosclerotic plagues
with marked thickening of the intima in the experimental group
(B, D}, compared with the control group (A, CJ. Infiltration of
abundant lipid-laden macrophages in high power view (D}
(H&E A, B x100; C, D X200).

3. MMP-99| 28l

gi5=e] MMP9-2 AlEe] AdelA F2 F794
b 53] A4 capollA] Al wRE Gl om, AE T
F3 Qe aAAEY AEAdrs La= g ckFg 4). A
Ao Ao W8 HEs 69+ grade 1, 39l grade 23ITH
5ol A MMP-99] & v o] w7 fARgt
7o ® WAE Y ©v(Fig 5), B_;a AEE grade 1°] 7,
grade 27} 24l geh E3F Wiuhe] it shds Ay e
H7} RH LR A= Ei% 43k MMP-99] ES I

)

o ok

P

Fig. 3. Histopathology of complicated tesions. The intimal

= - O’] . k‘ — - -

3 5 9l otkFig. 6). dETolME Fdo) gAY ofE surface of the aorta covered with fibrin clots (black

on, gEo) A2 B2 grade 0°] 74, grade 1°] 3512 arrows) suggesting infimal rupture (A, H&E %100} and

o] gArElo o] WE e grade 0] 84l grade 19] 2901} luminal obstruction (white arrow) of the coronary artery (B,
H&E Xx40).

o} olewlzl SAEdo ] MMP-92] W AR A"}
2T 7kl 97 Aol 8 K. THP<0.05, Table 3).
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Fig. 4. Immunohistochemical staining of the aorta. Focal Fig. 6. Immunohistochemical staining of complicated
strong or diffuse weak expression (grade 1) of MMP-9 in the lesions. Diffuse strong expression (grade 2) of MMP-9 in
experimental group (B, D), and no expression of MMP-9 in the aorta (A) and coronary artery (B) ( x200).

the control group (A, C) (A, B X100; C, D X200).

w

k3

Fig. 5. Immunohistochemical staining of the coronary artery. Fig. 7. Immunohistochemical staining of the aorta. No
Diffuse weak expression (grade 1) of MMP-9 in the expression of TIMP-2 in the control group (A, C) and
experimental group (B, D), and no expression of MMP-9 in experimental group (B, D) (A, B x100; C, D X200).

the control group (A, C) (A, B x100; C, D X200).
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Table 3. Expression of MMP-9 and TIMP-2

o

A9y
MMP-9, TIMP-22f &

ZHAs HHOlM L6, IL-182 HEf A

Grade O 7
Control group(n=10)

Grade 1 3 2 3 2

Grade 0 0 0 7 8
Experimental

Grade® 1 6 7 2 1
group(n=9)

Grade 2 3 2 0 0

MMP-9, matrix metalloproteinase-9; TIMP-
Values are number of cases
* p < 0.05; experimental vs control

4, TIMP-22| g+&d

=

AZelA TiMP-2E F2 Az oA Ao ¥
#2- HeFahginy. éﬁﬂ o A EDe)A 26, BT A
|7} grade 122 WE= o, Yz grade 05} o
9] e BAEAelA TIMP2: 22 6ol 4 B3t
Welo] A YT, Y XE E5 gade 09 tHFig 7, 8). 3
gEol wAR ddA MMPIE g wEs wgoy
TIMP2:= 73 2de] #25x ofster, s o
MMP-90] ZsiA] =l oo AT TIMP-29] Hde gAY
njefsbaiet.

5. MMP-92f TIMP-22| immunoblotting

N

O

Western blot analysis®l| A MMP-9°]1} TIMP-2 2.5 W9z
A3 90 Aot S5 Baks ik MMPOS ATE
oAl Hfetol wlsl ot W bandE ol 5 oy,
TIMP2% AT 2T Abold] @A o)z} glo] mlek
3 2Ale ¥ gItkEg, 9)

=
Ax
4819.6012021.251U/ml =
(p<0.05, Table 4).

31
&j—L 27.20%12. 191U/ml *‘?ﬁ%&
A, AZFg A FstA Sotskglet

7. 1L-182] 4hsd

IL-189) HAxz 518l Al As AT AE Ao A

Yeabel A e] 2aAe) gk ik Ele) Ajuke 3haE ke

o AlEetoA] m|ukale] okgl Whe-e @Ak £ glglon,
P4 3

ETM e BaE

2, tissne inhibitor of matrix metalloproteinase-2; CA, coronaty artery

Table 4. Bioactivity of interleukin-6

Control group(n=>5) 2720£12.19

Experimental group(n=>5) 4819.6012021.25*

* p < 0.05 vs control

Fig. 8. Immunohistochemical staining of the coronary artery.
Focal strong expression (grade 1) of TIMP-2 in connective
tissue in the experimental group (B, D), and no expression of
TIMP-2 in the control group (A, C) (A, B x100; C, D X200}
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92kDa

| -

— h 21 kDa

MMP-9 TIMP-2

Fig. 9. Western blot analysis for MMP-9 and TIMP-2.
Prominent band of MMP-9 in the experimental group
compared with the control group (C), and no remarkable
difference in the bands of TIMP-2 between two groups.
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MMPst 32 Y collagens 3217 whalEs)] g o
Z5-°]", organ morphogenesis, %4te] % 9]
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MMPs= @A7EA] oF 2091 Fo] A 9lem, MMP-L, -2,
MMP-3¢} ZFo] MMPel| AHE £9¢] 53k 2o Unk4
o|Agt, E&|Fl= 7]A Y] Eo]A(substrate specificity)ol] w2}

collagenase, gelatinase, stromelysin, elastase 52 % w3},

[ o ok

FA=F]  wle} 55kDa(MMP-1),  57kDa(MMP-3), 72kDa
(MMP-2), 92kDaMMP-9) S-o02 HIZ3lr|x  goti®)

MMPs+= proenzyme®] U} zymogen™} 72 H]|3A Hel R AE
o2 Fujsn], MMPs2] EA3= wanscription, proenzyme
o 843}, TIMP] )3 oA & wlEAse) Al THAo
A dAsHA =ARDPD,

o521 %)
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B

Fig. 10. Immunohistochemical staining of the aorta. Focal
strong or diffuse weak expression (grade 1) of IL-18 in the
experimental group (B), and no expression of IL-18 in the
control group (A} ( x200).

MMPs®] mRNA ©A19] Z=Aell& o8 7}A] cytokineso]
A4 AA7F 4859, ILs, TNF-¢, PDGF 52 MMPse]
A& #% T A8k, vkl heparin, corticosteroids,
transforming growth factor- 8 (TGF- ) 5= TAS oA8t:
24-& TP ol2ldt cytokinestt AAelAE HAHAHE
o] A AA ol Hofsln] gk S uld Aol x
o3 iR A 98-S PP AE YellA MM
transcriptions 53l dloll& protein kinase C7} #of sl
Zlez Boln o]2]dl AL protein kinase CE Z7HA)7)&
phorbol estersell &1 2] M| ZA)| A E(several different cell systems)
o] =55 %S oW MMP mRNA®] o] FriEls 7oz
Hol o 4 g,

MMPs®] BA4s} chAle 9844 FHepd pro-MMP HElE
A Eef| A FH[H o]Fol edojulA Al 1822 MMPs9
BAHEE 2AsE 8T AZ]E pro-MMPs] TR 7
dolrt. MMP] propeptide= zine ¥AFS: A= cysteine
switch sequence® 7}X| 2 ¢lowd, MMP7} 843l 7] 934
+ propeptide sequence®] |1}, 38k el i (perturbation)
of] 218k cysteine switch AT F(conformation) 2] H3}S Z3
zinc-cysteine?] ZAgre] F-E|=|oJof PP AX plasmin-
independent pathways7} $1A|7h plasming tf*4#-2] MMPs2
A 3}el] 3 activatorZ 4 A Yoo
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A AR MMPse] 4% 249 DAl #43s MMPsell
3t ofAjo)s, o]& XA A AAHoZ Fu]E= TIMPs
o 2Jste o]FojAlc). Ax7IA| W] FFHI} 9kl TIMPsE
20~30kDa®] AEAE 73 dhaleo]s], B43E MMPs2b
complexZ 4§ ZH, MMPs7} collagen substrateol] 243}
A ZsA g,
MMPs7} 2A43tsH 474350 F 7lx 5 HeE

548 dov)A =Hedl, 1 AME MMPs7E 71 A ehE £
|72 HIZAEES] HPo] F(tunica media)ol| Al
Wetk(tunica intima) &% ©]F-8}A] v, A& FA5te] Aot
AP Azbg wEA "oks Ao, ERe £4743)
2] fibrous cap?] ECM-& #33rozx 7zlute] A
(destabilization) & sl A=
Ao A HAcke Rel)
S7sd oy Asuke] st g3 ol

>~

A HielA MMPset TIMPs®] ey & xof gt
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