J JC42507 04.1.9 10:15 AM OO0 201

—p—

J Cardiol 2003 Nov, 421 51 201-206

Involvement of Inflammation in
Acute Coronary Syndromes
Assessed by Levels of High-
Sensitivity C-Reactive Protein,
Matrix Metalloproteinase-9 and
Soluble Vascular-Cell Adhesion
Molecule-1

Kazumiki NOMOTO, MD
Sumito OGUCHI, MD
Ikuyoshi WATANABE, MD
Toshio KUSHIRO, MD
Katsuo KANMATSUSE, MD, FICC"

Objectives. Inflammation is important in the development of atherosclerosis. Matrix metalloproteinases

00 MMPs[hnd interferony which participate in collagen degradation are pathological factors in plaque vul-

nerability as an important mechanism underlying acute coronary syndrome. This study investigated
whether inflammation is related to the onset of acute coronary syndrome.

Methods. This study included 56 patients with acute coronary syndromkl ACS groupl] 104 patients with
chronic coronary artery diseaskl S groupl] and 38 control subjects with no evidence of ischemic heart dis-
ease] C groupl] High-sensitivity C-reactive proteil hs-CRP[] MMP-9, and interferony were measured in
peripheral blood samples. Soluble adhesion molecules] VCAM-1, ICAM-10vere also measured as inflam-
matory markers.

Results. The hs-CRP level was significantly higher in the ACS groupl 44.5 mg//[than in the S group

U 2.1 mg/Illhnd the C group) 0.6 mg/ILJ p[J 0.00011] The MMP-9 level was also significantly higher in the
ACS groupl 333.8 ng/m/[than in the S groupl 110.8 ng/ml[Cand the C groupl 72.0ng/m/0 p 1 0.0001C] The
VCAM-1 level was significantly higher in the ACS group! 506.5 ng/m/[than in the C groupl 448.8 ng/milJ

O pO 0.050 The ICAM-1 level and the interferony level did not differ between the groups. There was a
significant positive correlation between the level of hs-CRP and the level of the collagen degradation prod-
uct MMP-9] [0 0.520n all subjects.

Conclusions. These results suggest that plaque destabilized by MMP-9 produced in response to inflam-

mation participates in the mechanism of acute coronary syndrome.
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INTRODUCTION

Inflammation is important in the development of
atherosclerosis. Adhesion molecules, such as vas-
cular-cell adhesion molecule-I0 VCAM-1[hnd

cytokines and chemokines promote the progression
of this disease. Matrix metalloproteinasels] MMPs[]
and interferon-y which participate in collagen
degradation are pathological factors in plaque vul-
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nerability as an important mechanism underlying
acute coronary syndromes'".

Systemic inflammation increases the production
of cytokines, oxidized low-density lipoproteins

U LDLUOand lipopolysaccharidd] endotoxinll.
Pathogens such as chlamydia and viruses stimulate
macrophages, T lymphocytes and other types of
inflammatory cells in atherosclerotic lesions to
release atherogenic reactants, such as adhesion
molecules, cytokines and chemokines?".

Systemic inflammation also activates T lympho-
cytes and macrophages, inflammatory cells residing
in plaque. T lymphocytes release interferon-y ,
which inhibits smooth muscle cell proliferation and
decreases collagen synthesis. Interferon-y also
increases the production of MMPs by macrophages,
leading to degradation of the extracellular matrix of
the fibrous cap of plaque. The fibrous cap weakens,
finally resulting in plaque disruption™-.

Consequently, patients with vulnerable plaques
may show elevated peripheral blood levels of inter-
ferony and MMPs. Therefore, MMP-9 and inter-
feron-y levels were measured in patients with
acute coronary syndrome. The blood levels of high-
sensitivity C-reactive proteih] hs-CRPOwvere mea-
sured to examine the relationship between inflam-
mation and the onset of acute coronary syndrome.
Soluble adhesion molecules] VCAM-1, ICAM-10
were also measured as inflammatory markers.

SUBJECTS AND METHODS

Study population

This study included 56 patients with acute coro-
nary syndromes admitted within 6 hr after symptom
onsdtl ACS group, 48 with acute myocardial infarc-
tion and 8 with unstable anginal] 104 patients with
chronic coronary artery diseasel S group, 46 with
old myocardial infarction and 58 with stable
anginal] and 38 control subjects with no evidence
of ischemic heart diseask] C groupll The following
clinical characteristics of the subjects were record-
ed: age, sex, presence or absence of hypertension,
diabetes mellitus, hyperlipidemia and smoking. All
subjects gave written informed consent before
enrollment in the study.

Measurement of inflammatory markers

Hs-CRP, MMP-9 and interferony levels were
measured in peripheral blood samples. Soluble
adhesion molecule]l VCAM-1, ICAM-10evels were
also measured as inflammatory markers. Hs-CRP
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was measured by nephelometric assay] Dade
Behringll MMP-9 was measured by enzyme
immunoassay] Fuji Pharmaceutical Industries[l
VCAM-1 and ICAM-1 were determined by
enzyme-linked immunosorbent assay] R&D
Systems[] and interferon-y was measured by
enzyme immunoassal] Bio Sourcell

Statistical analysis

Continuous data are expressed as meanx SD.
The Kruskal-Wallis test was used to compare clini-
cal characteristics between the three groups. Any
significant difference underwent the Mann-Whitney
U-test with Bonferroni’s correction. Differences in
hs-CRP, MMP-9, soluble VCAM-1 and soluble
ICAM-1 levels between the three groups were com-
pared by one-way analysis of variance. Significant
differences were tested by Fisher’s protected least
significant difference. p values of less than 0.05
were considered to indicate statistical significance.

RESULTS

Baseline characteristics of patients
Mean age was similar in the ACS groupl 64.9 +
9.5 years] the S groupl 60.1% 10.2 years[] and the
C groupl 59.6+ 9.7 yearsll The proportion of men
was also similar in the three groupkl ACS group,
78.6% ; S group, 77.9% ; C group, 73.7%01 The
proportion of patients with hyperlipidemia was
higher in the ACS groupl 60.7%[hnd the S group
U 68.3%[than in the C groupl 28.9%L0] but the pro-
portions of patients with other risk factors, such as
hypertension, diabetes mellitus, and smoking did
not differ significantly] Table 1[]

Inflammatory markers
The hs-CRP level was 44.5mg/l in the ACS
group, significantly higher than 2.1 mg/l in the S
group or 0.6mg/! in the C groupl p[J 0.00010 The
MMP-9 level was 333.8ng/ml/ in the ACS group,
significantly higher than 110.8ng/m/ in the S group
or 72.0ng/m! in the C groupl p[J 0.0001; Fig. 101
The VCAM-1 level was 506.5ng/m/ in the ACS
group, significantly higher than 448.8ng/m/ in the
C groupl pO 0.05, ACS group vs C groupl] The
ICAM-1 was not different between the three groups
O Fig. 200 The interferony level was low in all
three groups and did not differ significantly.
All subjects showed a significant positive corre-
lation between the level of hs-CRP and the level of
the collagen degradation product MMP-91 [0 0.52,
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Table 10 Baseline characteristics of patients

ACS groupd S group C groupOd
O »0O 560 On0O10400 On03800
Agél yr, meant SDO O 64.9+ 9.5 0O 60.1+ 10.200 59.6+ 9.7 O
MaleOd 40 78.60 00O gn 779000 28173.700
Coronary risk factors(] O O O m}
Hypertensiond 281 50.000 67 64.400 281 65.80 0
Diabetes mellitusO] 161 28.60 O 29127.900 @&10s500
Hyperlipidemiad 34 60.7010 70 68.3(¥0O 10289000
Smoking 2@ 35.700 58151.000 1886.80 0

000 %."pd0.05 vs C group.d

ACS group: With acute coronary syndrome. S group: With chronic coronary artery disease. C group: Without
evidence of ischemic heart disease.

hsO CRP 0 MMPLC9
O mg/IO | 0 ng/miOd
100 A I u 600 4
400 4
50 4
200 - J_
ACS group S group C group ACS group S group C group

Fig. 1 Levels of high-sensitivity C-reactive protein and matrix metalloproteinase-9 in the ACS
group, S group and C group
The levels of hs-CRP! leftCand MMP-91 rightOwere significantly higher in the ACS group than in the S and
C groups. The box represents the interquartile ranggl between the 25th and 75th percentilesl]; the median is
shown as a horizontal bar within each box. The bars outside each box show the range of 95% of all values.
Y p0 0.0001.
hs-CRP [0 high-sensitivity C-reactive protein; MMP-9 [] matrix metalloproteinase-9.
Explanation of the groups as in Table 1.

VCAMO 1 ICAMD1
0 ng/miO P00.05 O ng/mid NS

1000 400 5

| B3 DD -

ACS group S group C group ACS group S group C group

Fig. 2 Levels of vascular-cell adhesion molecule-1 and intercellular adhesion molecule-1 in the ACS
group, S group and C group
The level of VCAM-[ leftCwas significantly higher in the ACS group than in the C group. The level of
ICAM-I right[did not differ between the groups. The box represents the interquartile rangel between the
25th and 75th percentiles[]; the median is shown as a horizontal bar within each box. The bars outside each
box show the range of 95% of all values.
VCAM-1 0 vascular-cell adhesion molecule-1; ICAM-10 intercellular adhesion molecule-1.
Explanation of the groups in Table 1.
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Fig. 3 Scatterplot of high-sensitivity C-reactive protein
and matrix metalloproteinase-9 values in all
subjects
The levels of hs-CRP and MMP-9 were significantly
correlated [0 0.5200
Abbreviations as in Fig. 1.

p0 0.0001 ; Fig. 300
DISCUSSION

Acute coronary syndromes such as unstable
angina and acute myocardial infarction are linked
to disruption of plaque. Since elevated concentra-
tions of CRP, serum amyloid A and other acute-
phase proteins occur in the blood of patients with
unstable angina, the involvement of inflammation
has received considerable attention in acute coro-
nary syndromes*”. Inflammatory markers found in
increased concentrations in patients with acute
coronary syndrome include acute-phase proteins
and cytokines, such as CRP, serum amyloid A,
plasminogen activator inhibitor-1, MMPs, inter-
leukin-6 and interleukin-8*®".

MMPs degrade collagen and other components
of extracellular matrix and so are important in the
destabilization of plaque and the onset of acute
coronary syndrome. Our study showed that hs-CRP
and MMP-9 levels were significantly higher in the
ACS group than in the other groups. This elevation
of MMP-9 levels may be associated with increased
production of MMP, probably in activated
macrophages or vascular smooth muscle cells in
plaque prone to rupture. Vulnerable plaque is char-
acterized by a large lipid core, a thin fibrous cap
covering the plaque, sparse smooth muscle cells
and aggressive macrophage infiltration®”.
Constitutive expression of MMP occurs’in vascu-
lar smooth muscle cells in normal arteries, and
MMP expression is increased in vascular smooth
muscle cells in atherosclerotic arteries.

Recently, a relationship has been found between
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blood levels of MMPs and acute coronary syn-
drome, but mostly in small studies. Serial changes
occur in the peripheral blood levels of MMPs in
patients with acute coronary syndrome®". Great car-
diac vein-aortic root differences in plasma MMP-9
levels are elevated in patients with acute coronary
syndrome, but no significant differences were
detected in the plasma MMP-9 levels in the aortic
root'". Our study of 208 patients showed that
peripheral blood levels of MMP-9 in patients with
acute coronary syndrome were significantly higher
than those in patients with chronic coronary artery
disease and control subjects. We also demonstrated
a significant positive correlation between hs-CRP
levels and MMP-9 levels in all subjects. These find-
ings suggest that inflammation is important in the
onset and progression of acute coronary syndromes.

MMPs are produced by endothelial cells and
smooth muscle cells, as well as many other types of
cells including neutrophils, macrophages and tumor
cells. MMP-9 levels are increased in the coronary
circulation of patients with acute coronary syn-
drome'’”. These findings indicate that MMP-9 is
formed in the coronary circulation. Therefore,
increased MMP-9 levels in acute coronary syn-
drome patients are related to plaque rupture and do
not result from systemic inflammation.

Our study showed that hs-CRP levels were high-
er in the coronary artery disease group than in the
control group. These findings may indicate that the
hs-CRP level is useful for identifying chronic
inflammation and may improve risk management in
patients with atherosclerotic disease. The hs-CRP
concentration is correlated with the risk of myocar-
dial infarction and predicts the risk of coronary
events''™. Other studies have shown that elevated
CRP concentration on admission for myocardial
infarction is related to increased risk of unstable
angina'’“and a CRP concentration of more than
5mg/l is associated with increased mortality'*".

Our study found no significant difference in
either the hs-CRP level or the MMP-9 level
between patients with acute myocardial infarction
and unstable angina. This observation suggests that
elevated concentrations of hs-CRP and MMP-9 are
somehow related to the development of acute coro-
nary syndromes and do not result from tissue dam-
age associated with acute myocardial infarction.

VCAM-1 level was significantly elevated in the
ACS group, suggesting that patients with acute
coronary syndrome have an increased risk of ather-
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osclerosis. The expression of adhesion molecules
such as VCAM-1 and ICAM-1 is induced by
inflammatory cytokines, including interleukin-1
and tumor necrosis factor, and by endotoxins.
These molecules are implicated in the local infiltra-
tion of inflamed tissue by various types of leuko-
cytes. Oxidized LDL is thought to be very impor-
tant role in the development of atherosclerosis.
Lysophosphatidylcholine, considered the major
active component of oxidized LDL, acts on cul-
tured endothelial cells, selectively enhances the
expression of VCAM-1, ICAM-1 and P-selectin on
the cell surface, and strengthens the adhesion of
monocytes to endothelium'*'"*", These adhesion
molecules are thus thought to promote atheroscle-
rosis.

Study limitations

This study had several limitations. Not all serum
inflammatory marker levels differed significantly
between the study groups. The serum level of inter-
ferony was often below the detection limit, so
assay sensitivity should be improved by the devel-
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opment of high-sensitive assays. Levels of interfer-
ony in the coronary sinus blood! rather than the
peripheral blood[$hould also be measured. Another
limitation was that inflammatory marker levels
were measured after the onset of symptoms in the
ACS group, and we could not determine whether
elevation of these markers was a cause or an effect
of coronary events. However, because the patients
with acute coronary syndrome were admitted with-
in 6 hr after symptom onset, time-related effects on
inflammatory marker levels were considered mini-
mal.

CONCLUSIONS

Acute coronary syndromes are associated with
significantly increased levels of hs-CRP, VCAM-1
and MMP-9 as compared with chronic coronary
artery disease and control subjects with no evidence
of ischemic heart disease. Our results suggest that
plaque destabilized by MMP-9 produced in
response to inflammation participates in the mecha-
nism of acute coronary syndromes.
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