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Figurel Photomicrograph showing atherosclerotic plaque
immunostained for type | collagen. Collagen is not present in
the major portion of the lipid core (O0). The arrow indicates
the rupture site of the fibrous cap.
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Table 10 The family of matrix metalloproteinases

Group name MMP number Substrates

Cellular sources in plaques

1. Collagenase
Collagenase-1

Collagenase-2
Collagenase-3

Il. Gelatinase
Gelatinase A

Gelatinase B

111. Stromelysin
Stromelysin-1

Stromelysin-2

Stromelysin-3
1V. Membrane-type
MT1-MMP

MT2-MMP
MT3-MMP
MT4-MMP
MT5-MMP
MT6-MMP
V. Others
Matrilysin

Metalloelastase
Collagenase-4
RAS I-1
Enamelysin
XMMP

No common name
Matrilysin-2

No common name
Epilysin

MMP-1

MMP-8

MMP-13

MMP-2

MMP-9

MMP-3

MMP-10

MMP-11

MMP-14

MMP-15
MMP-16
MMP-17
MMP-24
MMP-25

MMP-7

MMP-12
MMP-18
MMP-19
MMP-20
MMP-21
MMP-23
MMP-26
MMP-27
MMP-28

Collagens I, I1, 11, V11, V111, X, XI, gelatin,
proteoglycan, link protein, entactin, tenascin,
laminin

Collagens I, 11, 111, gelatin, proteoglycan,
link protein
Collagens I, 11, 11, IV, IX, X, XIV, proteoglycan,

fibronectin, tenascin

Gelatin, collagens 1V, V, VII, XI, laminin,
fibronectin, elastin, proteoglycan, link protein

Gelatin, collagens I, IV, V, elastin, entactin,
link protein

Proteoglycan, collagens I11, 1V, V, VII, IX, X,
laminin, fibronectin, gelatin, tenascin,
link protein, elastin

Collagens I, IV, V, fibronectin, laminin,
proteoglycan, link protein, elastin

Fibronectin, laminin, proteoglycan, gelatin

Collagens I, 11, 111, gelatin, proteoglycan,
fibronectin, laminin

Fibronectin, tenascin, entactin, aggrecan, perlecan,
Collagen 11, gelatin, fibronectin

?

Proteoglycan

Gelatin

Proteoglycan, gelatin, fibronectin, tenascin,
elastin, collagens I, 1V, laminin, link protein

Elastin

Collagen |

Tenascin, gelatin, aggrecan
Enamel, gelatin

?

?

Collagen 1V, fibronectin, gelatin
2

Casein

Macrophage, smooth muscle cell,
endothelial cell

Neutrophil, macrophage, smooth muscle cell,
endothelial cell

Macrophage, smooth muscle cell,
endothelial cell

Smooth muscle cell, macrophage,
endothelial cell, T lymphocyte

Macrophage, smooth muscle cell,
endothelial cell, T lymphocyte

Macrophage, smooth muscle cell

ooboooooo..

gooooooo..

Smooth muscle cell, endothelial cell,
macrophage

gooooooo..
ooooooog..
gooooood..
goooooog..
oooooooo..

Macrophage

Macrophage

oooooooog..
oooooooog..
oooooooo..
oooooooo.
oooooooo.
oooooooo..
oooooooog..
oooooooog..

ooooomooooomimomooooooooboo
ooooooooooooMmMpP-10000MMP-10
goooooboooboooooooobooomooooo
gooooooooMMP20MMP-OUOOODODODOO
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MMP -3

MTIl= MMPp

Figure2 Photomicrographs showing expression of MMP-
2 and MT1-MMP mRNAs and gelatinolytic activity in ath-
erosclerotic plaque. (Upper panel) In situ hybridization for
MMP-2 mRNA reveals many MMP-2 mRNA-positive cells
within the fibrous cap. (Middle panel) In situ hybridization
for MT1-MMP mRNA shows that this MMP is also produced
in the fibrous cap. (Lower panel) In situ zymography shows
gelatinolytic activity in the shoulder region of plaque. Areas
of substrate lysis, which indicate gelatinolytic activity, are ob-
served as white on black substrate.
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Figure3 Photomicrograph showing location of MMP-7 ex-
pression in atherosclerotic plaque. Immunostaining for MMP-
7 shows many MMP-7-positive cells in the fibrous cap, par-
ticularly along the border of lipid core. Upper inset shows
MMP-7 mRNA-positive cells detected by in situ hybridization,
and lower inset shows MMP-7 mRNA (232bp) detected by re-
verse transcription-polymerase chain reaction analysis.
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Figure4 Photomicrograph showing expression of MMP-12
mRNA. Insitu hybridization for MMP-12 mRNA reveals many
MMP-12 mRNA-positive cells within the fibrous cap. Aster-
isk is in the lipid core of the plaque.
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Atherosclerotic Plague I nstability and Matrix Metalloproteinases

Shogo Katsuda

Department of Pathology, Kanazawa Medical University, Ishikawa, Japan

Key words: Atherosclerosis, Extracellular matrix, Matrix metalloproteinase, Plague instability

Atherosclerosisis primarily alesion that progresses due to a series of reactions induced by repair of injured intima.
Theintercellular networking that occurs among smooth muscle cells, macrophages, T lymphocytes and endothelial cells
leads to a fibroproliferative response, in which the extracellular matrix (ECM) plays an important role. Therefore, the
synthesis and degradation of ECM are expected to be strictly regulated. The matrix metalloproteinases (MMPs) consti-
tute a multigene family of 24 enzymes and play a central role in degradation of ECM components. Tissue inhibitors of
metalloproteinases (TIMPs) are specific inhibitors of MMPs that participate in controlling the local activities of MMPsin
tissues. MMP-1, -2, -3, -7, -9, -12 and MT1-MMP and TIMP-1 and -2 are demonstrated in atherosclerotic plagues.

An excess of MM Ps over inhibitors contributes significantly to ECM destruction rendering the plaque more prone to
rupture that givesriseto clinical events. Accumulating information on the molecular regulation of ECM degradation will
help investigators attain a more thorough understanding of the mechanisms of plaque instability and rupture.

(J. Jpn. Coall. Angiol., 2003, 43: 699-705)
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