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Abstract

Objective: To evaluate the association of the peripheral levels of the defined inflammatory markers with different types of acute
coronary syndrome (ACS) and stable angina, and the role inflammation played in the pathogenesis of ACS. Methods: For under-
standing the variation of serum concentrations of matrix metalloproteinase-9 (MMP-9), soluble intercellular adhesion molecule-1
(sSICAM-1) ,C-reactive protein(CRP), and white blood cell count(WBC) and their association with ACS, 90 patients with coro-
nary heart disease (CHD) and 30 healthy volunteers were recruited. The enrolled people were assigned into four equal groups, in-
cluding acute myocardial infarction (AMI) group, unstable angina pectoris(UAP) group, stable angina pectoris (SAP) group and
healthy control group. The serum levels of MMP-9 and sSICAM-1 were measured with ELISA kits, CRP were measured with im
munoturbidimetric assay, and WBC number were assessed all before any treatment was administrated. Results: (1)The serum
levels of MMP-9,sICAM-1,CRP and WBC in the patients with ACS were significantly higher than those in the control group
(P <0.01). (2)Compared with control group, patients with SAP only had higher serum level of SICAM-1 (P < 0.01). While the
levels of MMP-9, CRP, and WBC had no significant difference between them (P > 0.05 all). (3)Significant positive correlation
between the serum levels of MMP-9 and sSICAM-1 and CRP and WBC all were observed in the patients with ACS (P < 0.05).
Conclusion: The elevation of serum concentrations of inflammatory markers including MMP-9, sICAM-1, CRP and WBC were
associated with initiation and progression of ACS, and they may help predicting cardiovascular events.
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defined ACS . However, the correlation between

INTRODUCTION

Acute coronary syndrome (ACS) is characterized
by the activation of systemic and local inflammatory
mediators [*' so many researchers believe that in-
flammation plays a critical role in the pathogenesis
of ACS and their clinical consequences *. Local in-
flammation in the arterial wall may promote vascular
smooth muscle apoptosis, attenuate interstitial colla-
gen synthesis, increase fibrin cap degradation, and
all these may enhance plaque vulnerability. Eventual-
ly, the plaque rupture, then platelet adhesion and
thrombus formation occurs, resulting in clinically
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many soluble inflammatory proteins and cells and
their association with severity of this syndrome
haven’t been extensively studied. Our present study
was to evaluate the association of the peripheral lev-
els of some inflammatory markers, as matrix metal-
loproteinase-9 (MMP-9), soluble intercellular adhe
sion molecule-1(SICAM-1) ,C-reactive protein(CRP),
and white blood cell count (WBC),with different
type of coronary heart disease (CHD),and the role
inflammation played in the pathogenesis of ACS.

MATERIALS AND METHODS
Materials
We investigated a series of 90 patients with
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CHD (49 males and 41 females,aged 40 to 83 years)
referred to the Department of Cardiology, the First
Affiliated Hospital to Medical College of Shantou
University from December 2004 to June 2005. Then
they were assigned into three groups, including AMI
group (30 patients), UAP group (30 patients), and
SAP group(30 patients). The diagnosis was based on
the presence of symptoms and signs of ischemic,
biochemical evidence of myonecrosis, and electro-
cardiographic evidence of ischemia, as well as sup-
portive coronary angiographic findings. Moreover,
one equivalent group of 30 healthy volunteers were
recruited (15 males and 15 females, aged 43 to 74
years) as a control. Exclusion criteria were presence
of peripheral vascular diseases, significant co-mor-
bid cerebral , hepatic,or renal diseases, hypertension,
diabetes mellitus,or cancer,inflammatory disorders
including infections and collagen vascular diseases,
and use of steroid or anti-inflammatory drugs. All
blood samples for assays had been drawn before any
treatment was given. All patients and healthy volun-
teers gave informed consent.

Methods

Blood samples for measurements were drawn as
soon as the patients and controls had hospital admis-
sion and before any treatment was given. Serum was
obtained by centrifugation of vacutainer clotted tubes
at 3000 rpm for 10 minutes. All serum samples were
stored at —70°C until analysis. Serum levels of MMP-9
and sICAM-1 were measured using enzyme-linked
immunosorbent assay (ELISA) kits according to the
manufacturer’s instructions (Sigma),CRP samples
were analyzed by latex particle-enhanced immuno-
turbidimetric assay with SYNCHRON LX20 Clinical
System (Beckman), and the WBC were also deter-

mined before treatment.

Statistical Analysis

Data were expressed as mean+SD. Differences be-
tween groups were analyzed by the t-test, and corre-
lation coefficients were determined to evaluate the
correlation between circulating levels of MMP-9,
SICAM-1,CRP and WBC. A value of P<0.05 was
considered to be statistically significant. Statistical
analyses were performed with SPSS 11.0 statistical
software.

RESULTS
Baseline characteristics

Each group displayed similar demographic and
baseline characteristics except that serum levels of
TG and TC in the patients with AMI and UAP were
higher than those in the control group(P < 0.05,Tab 1).

The alteration of serum levels of MMP-9,
sICAM-1, CRP and WBC in the patients with
ACS and SAP compared with those in control
group

The serum concentrations of MMP-9, SICAM-1,
CRP and WBC in the patients with AMI and UAP
were significantly elevated than those in the control
group (P < 0.01). However, compared with control
group, patients with SAP only had higher serum
level of SICAM-1 (P < 0.01), but similar levels of
MMP-9, CRP, and WBC(P > 0.05 all, Tab 2).

The correlation between the serum levels of
MMP-9 and sICAM-1 and CRP and WBC in
the patients with ACS

When AMI and UAP group were combined to-
gether as one ACS group, the significant positive
correlation between the serum levels of MMP-9 and

Tab 1 Baseline demographics and clinical characteristics of the study population (x £ 5)
CONTROL SAP UAP AMI F p
(n=30) (n=30) (n=30) (n=30)

Age(year) 59.2 + 7.1 62.3 + 8.8 63.1 = 10.7 62.4 + 6.9 1.46 0.23
Sex(M/F) 15/15 16/14 17/13 16/14 1.57 0.21
BMI(kg/m2) 24.4 + 2.5 262 + 2.7 24.9 + 2.5 255+ 2.7 2.01 0.14
SBP(mmHg) 125 + 13 125+ 15 133 = 16 124 + 12 1.29 0.33
DBP(mmHg) 76 = 10 79 + 11 80 + 12 79 + 10 1.25 0.39
TG(mmol/L) 1.66 + 0.57 1.57 £ 0.51 2.53 + 0.64" 2.69 + 0.82° 10.31 0.003
TC(mmol/L) 4.61 £+ 0.81 4.74 = 0.83 5.82 £ 0.92" 5.51 + 0.84" 8.24, 0.005
HDL-C(mmol/L) 1.24 * 0.46 1.18 = 0.25 1.22 = 0.27 1.23 = 0.47 1.41 0.27
LDL-C(mmol/L) 2.81 £ 0.71 2.82 = 0.64 2.83 = 0.64 2.74 = 0.83 1.39 0.28
FBS(mmol/L) 5.26 = 0.89 5.24 + 1.37 5.04 = 0.91 5.19 £ 0.78 1.25 0.39
BUN(mmol/L) 5.53 +1.95 6.17 = 1.77 6.23 = 249 5.78 + 1.31 1.16 0.47
Cr(pmol/L) 115.57 + 34.29 118.31 £ 42.12 121.98 + 37.33 117.75 + 33.92 2.33 0.11
UA(pmol/L) 377.34 = 112.75 359.01 + 124.19 342.15 + 122.37 367.84 £ 104.46 1.15 0.47
GPT(U/L) 294 + 109 333+ 11.6 28.3 £ 9.5 33.6 £ 89 1.21 0.43

“P < 0.05 vs. control by Q-test
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Tab 2 Comparison of serum levels of MMP-9,sICAM-1,CRP and WBC in patients with CHD with those in

control group (x £ 5)
MMP-9(ng/ml) SICAM-1(ng/ml) CRP(mg/L) WBC(x10°/L)
CONTROL(n=30) 46.09 = 31.86 94.27 + 43.74 4.71 = 2.16 5.34 £ 1.27
SAP(n=30) 39.25 + 27.69 131.60 + 59.88 " 5.00 £ 1.72 5.59 + 1.98
UAP(n=30) 139.80 + 32.08" " 249.30 + 23.82** 12.22 + 4.21"" 917 £ 1.64""
AMI(n=30) 247.83 + 36.87" " 341.51 + 31.84"" 15.71 £ 4.72" " 13.71 + 4.27*"
F 23.58 76.91 33.69 21.62
P < 0.01 < 0.01 < 0.01 < 0.01

"*P < 0.01 vs. control by Q-test

SICAM-1 (r =0.234,P = 0.031), MMP-9 and CRP
(r=0.436,P = 0.007) ,MMP-9 and WBC (r=0471,
P =0.006),sSICAM-1 and CRP(r = 0.253,P = 0.029),
SICAM-1 and WBC (r =0.272,P = 0.023), and CRP
and WBC (r = 0.503,P = 0.004) all were observed
in the patients with ACS(P < 0.05,Table 3).

Tab 3 Pearson correlation between serum levels of
MMP-9 and sICAM-1 and CRP and WBC in
the patients with ACS

MMP-9 SICAM-1 CRP
SICAM-1 0.234"
CRP 0.436"" 0.253"
WBC 0.471"" 0.272" 0.503""

"P <0.05;""P <001

DISCUSSION

Activation of inflammatory pathways plays an im-
portant contributory role in coronary plaque instabili-
ty and subsequent rupture, which can lead to the de-
velopment of acute coronary syndrome(ACS)™. Ele-
vated levels of serum inflammatory markers such as
C-reactive protein (CRP) represent independent risk
factors for further cardiovascular events'®.

Recent studies have suggested that inflammation
plays a central pathogenic role in the initiation and
progression of coronary atheroma and its clinical
consequences'”. Inflammatory markers are the medi-
ators of cellular inflammation and promote local in-
flammation in the arterial wall, which may lead to
vascular smooth muscle apoptosis, degradation of
the fibrin cap and plaque rupture. Platelet adhesion
and thrombus formation then occur, resulting clini-
cally in unstable angina or myocardial infarction *.
Our investigation evaluated the variation of serum
levels of some inflammatory markers, as MMP-9,
SICAM-1, and so on, and demonstrated that the el-
evation of serum levels of those markers were asso-
ciated with initiation and progression of ACS, and
they may help predicting cardiovascular events.

MMP-9 is aimportant member of a zinc-dependent
metalloendoproteinases family that are involved in
the degradation of extracellular matrix components.

This enzyme,like MMP-2 its closest homo logue in
the family, is classified as a gelatinase. It is mainly ex-
pressed and secreted as protease precursor(by activated
inflammatory cells,like macrophage, T cells, and
neutrophil cells) which can cleave a variety of pro-
teins including many components of the extracellular
matrix such as collagens [, I, IV, and V ,en-
tactin, and elastin 7", So the increased expression
and enhanced activity of MMP-9 can result in excess
degradation of collagen. In patients with atheroscle-
rosis, this may cause loss in mechanical integrity of
plaque tissue that favors rupture. And physical dis-
ruption of vulnerable plaque often underlies acute
coronary syndromes ", Nomoto K er al " reported
that the MMP-9 level was significantly higher in the
ACS group than in the chronic coronary artery dis-
ease group and the healthy control group. According
this, they concluded that plaque destabilized by
MMP-9 produced in response to inflammation partic-
ipates in the mechanism of acute coronary syndrome.
This study also showed a marked elevation of the
MMP-9 level in patients with ACS. This suggested
that the increase of MMP-9 level may be associated
with pathopoiesis of ACS.

ICAM-1 was found on endothelial cells and
leukocytes, but most ICAM-1 in the serum come
from activated endothelium. Its pronounced adhesive
ability could enhance the binding of leukocytes on
the endothelium. It is important in the immigration
of leukocytes from the circulation into the intima tis-
sue 31 This could contribute to the destruction of
atherosclerotic plaque. Their denudation would be an
extensive stimulus for thrombus formation in the
artery, furthermore result in clinical ACS ™. The
soluble forms of ICAM-1 (SICAM- 1) are produced
through enzymolysis, so its serum level reflects the
expression of ICAM-1, considered to be markers of
inflammatory endothelial activation . Besides hav-
ing been found in many inflammatory processes, el-
evated concentration of SICAM-1 was reported as
well during ACS!'". This investigation also found the
higher serum level of SICAM-1 in patients with ACS
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than those in controls. These data sets hint that the
serum level of SICAM-1 may be a marker of instable
extent of atheromatous plaque. Following the eleva-
tion of ICAM-1 level, inflammatory cells accumu-
late at the local vessel wall, from which most MMP-9
release, thus, the plaque would become more unsta-
ble.

Further more, in consideration of the important
role that inflammatory processes play in determining
plaque stability; recent works have focused on
whether plasma inflammatory markers may help im-
prove risk stratification. Of these markers, CRP has
been the most widely studied, and there is now ro-
bust evidence that CRP is a strong independent pre-
dictor of future cardiovascular events, i.e., myocar-
dial infarction (MI), stroke and death in patients
with angina and in apparently healthy subjects '
Moreover, it has been suggested that CRP may not
only portend the vulnerability of an atherosclerotic
plaque but also directly and actively participate in
both atherogenesis[ 19] and atheromatous plaque dis-
ruption . In addition, many investigators have re-
ported that WBCs, especially monocytes/
macrophages, destabilize coronary artery plaques and
an elevated WBC count is a risk factor of ACS?*,
In accordance with these data, the significant higher
serum CRP and WBC levels in patients with ACS
than those in SAP and control groups in our study
indicate that elevated serum CRP and WBC levels
may be simple but effective markers of deciding
clinical prediction and prognosis of ACS.

According to our study, the concentration of
MMP-9,sICAM-1,CRP and WBC increased as the
disease deteriorates. Although our results may not be
obviously similar as to other studies, owing to dif-
ferent assay methods, objects or other test variables.
We do predict however, that the levels of these in-
flammatory markers may be used to assess ACS
severity. Besides this, we found further significant
positive correlations between the serum levels of
MMP-9, sICAM-1, CRP and WBC in the patients
with ACS. This demonstrated that the interaction be-
tween inflammatory markers lie in ACS, which
worsens local inflammation in the arterial wall, and
promotes plaque rupture and acute thrombosis. So
we hypothesize that the combined detection of these
inflammatory markers may more exactly predict the
occurrence, severity and prognosis of acute cardio-
vascular events. And in order to stipulate these fac-
tors precisely, more extensive investigations may be
needed.

References

[1] Suzuki M, Saito M, Nagai T, Saeki H, Kazatani Y. Systemic
versus coronary levels of inflammation in acute coronary syn-
dromes. Angiology 2006;57:459-63.

[2] Elabbassi W, Al-Nooryani A. Acute coronary syndrome. An a-
cute inflammatory syndrome. Saudi Med J 2006; 27.1799-803.

[3] Tousoulis D, Antoniades C, Koumallos N, Stefanadis C. Pro-
inflammatory cytokines in acute coronary syndromes:from
bench to bedside. Cytokine Growth Factor Rev 2006; 17.225-

[4] Wasserman EJ, Shipley NM. Atherothrombosis in acute coro-
nary syndromes:mechanisms, markers, and mediators of vul-
nerability. Mt Sinai J Med 2006; 73:431-9.

[5] Tziakas DN, Chalikias GK, Kaski JC, Kekes A, Hatzinikolaou
EI, Stakos DA, et al. Inflammatory and anti-inflammatory vari-
able clusters and risk prediction in acute coronary syndrome
patients: A factor analysis approach. Atherosclerosis 20006;
[Epub ahead of print].

[6] Heinisch RH, Zanetti CR, Comin F, Fernandes JL, Ramires
JA, Serrano CV Jr. Serial changes in plasma levels of cytokines
in patients with coronary artery disease. Vasc Health Risk Man-
ag 2005; 1:245-50.

[7] Diaz CJ, Nunez AC, Flores MI, Arcaute HD, Archondo T.
Haemostatic and inflammation markers in acute coronary syn-
dromes and its relationship with adverse cardiovascular events.
Arch Cardiol Mex 2006; 76.366-75.

[8] Ding SF, Zhang Y, Zhang M, Chen WQ, Chen YG, Li JF,
et al. The role of atherosclerotic plaque stability and inflamma-
tion in the pathogenesis of acute coronary syndrome. Zhonghua
Xin Xue Guan Bing Za Zhi 2006; 34:512-4.

[9] Nanni S, Melandri G, Hanemaaijer R, Cervi V, Tomasi L,
Altimari A, et al. Matrix metalloproteinases in premature coro-
nary atherosclerosis:influence of inhibitors, inflammation, and
genetic polymorphisms. Trans! Res 2007; 149:137-44.

[10] Bigg HF, Rowan AD, Barker MD, Cawston TE. Activity of
matrix metalloproteinase-9 against native collagen types I and
Il. FEBS J 2007; 274.:1246-55.

[11] Zeng B, Prasan A, Fung KC, Solanki V, Bruce D, Freedman
SB, et al. Elevated circulating levels of matrix metallopro-
teinase-9 and -2 in patients with symptomatic coronary artery
disease. Intern Med J 2005; 35.331-5

[12] Nomoto K, Oguchi S, Watanabe I, Kushiro T, Kanmatsuse K.
Involvement of inflammation in acute coronary syndromes as-
sessed by levels of high-sensitivity C-reactive protein, matrix
metallopro teinase-9 and soluble vascular-cell adhesion
molecule-1. J Cardiol 2003 ; 42.201-6.

[13] Merchant SH, Gurule DM, Larson RS. Amelioration of is-
chemia-reperfusion injury with cyclic peptide blockade of I-
CAM-1. Am J Physiol Heart Circ Physiol 2003; 284.1260-8.

[14] Myers CL, Wertheimer SJ, Schembri-King J, Parks T, Wal-
lace RW. Induction of ICAM-1 by TNF-alpha, IL-1 beta, and
LPS in human endothelial cells after downregulation of PKC.
Am J Physiol 1992; 263.767-72.

[15] Ray KK, Morrow DA, Shui A, Rifai N, Cannon CP. Relation
between soluble intercellular adhesion molecule-1, statin thera-
py, and long-term risk of clinical cardiovascular events in pa-
tients with previous acute coronary syndrome (from PROVE IT-
TIMI 22). Am J Cardiol 2006; 98.861-5.

[16] Luc G, Arveiler D, Evans A, Amouyel P, Ferrieres J, Bard
IJM, et al. Circulating soluble adhesion molecules ICAM-1 and
VCAM-1 and incident coronary heart disease:the PRIME
Study. Atherosclerosis 2003; 170:169-76.

[17] Luo Y, Xie XM, Liu HX. Related inflammation markers a-
mong different types of coronary heart disease. Zhong Nan Da



226

(18]

[19]

Lot €L UL./ Junrrnur Uj INUILjLrty 1vicutlul UINLveIdlly 4UUIl &Ll \(FH ) (L4l &a—™&4u v

H.Jin et al./Journal of Nanjing Medical University 2007 ,21(4) :222-226

Xue Xue Bao Yi Xue Ban 2004 29.227-9.

Manginas A, Bei E, Chaidaroglou A, Degiannis D, Koniavi-
tou K, Voudris V, et al. Peripheral levels of matrix metallo-
proteinase-9, interleukin-6, and C-reactive protein are elevated
in patients with acute coronary syndromes:correlations with
serum troponin 1. Clin Cardiol 2005; 28:182-6.

Yeh ET, Anderson HV, Pasceri V, Willerson JT. C-reactive
protein: linking inflammation to cardiovascular complications.
Circulation 2001; 104:.974-5.

[20] Verma S, Li SH, Badiwala MV, Weisel RD, Fedak PW, Li

[21]

[22]

RK, et al. Endothelin antagonism and interleukin-6 inhibition
attenuate the proatherogenic effects of C-reactive protein. Circu-
lation 2002; 105:1890-6.

Libby P. Current concepts of the pathogenesis of the acute coro-
nary syndromes. Circulation 2001 ; 104:365-72.

Takeda Y, Suzuki S, Fukutomi T, Kondo H, Sugiura M,
Suzumura H, et al. Elevated white blood cell count as a risk
factor of coronary artery disease:inconsistency between forms
of the disease. Jpn Heart J 2003 ; 44.201-11.



