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In male patients with coronary atherosclerosis without acute coronary syndrome, the levels 
of infl ammatory-destructive biomarkers of atherosclerotic plaque instability depended on the 
severity and dissemination of coronary atherosclerosis. The highest levels of C-reactive pro-
tein and matrix metalloproteinase 3 were found in men with atherosclerotic involvement of 
all three main coronary arteries, primarily their middle and distal segments, and in men with 
predominance of low-grade stenoses (<50%) of coronary arteries in areas of atherosclerotic 
plaques. 
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Atherothrombosis, a pathomorphological basis of 
acute coronary syndrome (ACS), is triggered in 70-
80% cases by violation of endothelium integrity at 
the site of ulceration/destruction of the cap of vul-
nerable unstable atherosclerotic plaque. This plaque 
typically has thin or locally thinned cup with endo-
thelium destruction and infl ammatory-cell infi ltration 
with monocytes/macrophages and T cells and loose 
lipid core with necrotic foci [7,13-15]. The key role in 
destabilization of the atherosclerotic plaque is played 
by infl ammatory and destructive changes induced by 
activated monocytes/macrophages producing infl am-
matory mediators and cytokines, including IL-1β, 
IL-6, IL-8, TNF-α, etc. [1,2,7,14,15]. Along with in-
fl ammatory cytokines, activated macrophages produce 
destructive matrix metalloproteinases (MMP) inducing 
degradation of extracellular matrix of the plaque cap 

[2,5,7]. These data were confi rmed by clinical studies 
detecting high levels of some infl ammatory-destructive 
biomarkers, in particular IL-6, highly-sensitive C-reac-
tive protein (CRP), MMP-3, and MMP-9, in patients 
with ACS [3-5], therefore they are now considered by 
many authors as biomarkers of atherosclerotic plaque 
instability [2-5,10,11]. 

Another aspect of the problem of instability of 
atherosclerotic plaques is the role of the relation-
ship between their size and degree of arterial steno-
sis [6,8,9,13]. Analysis of coronary angiograms per-
formed one week before the acute event showed that in 
60-70% patients with ACS the causal atherosclerotic 
plaques narrowed the artery lumen by less than 70% 
(often by <50%) [6,9,13]. Further studies in this direc-
tion are stimulated by the conclusion that cracks and 
ruptures of plaque caps leading to atherothrombosis 
can occur in instable plaques producing and not pro-
ducing arterial stenosis.

Here we studied the relationship between the le-
vels of infl ammatory-destructive biomarkers of plaque 
instability with the degree of stenosis, dissemination, 
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and primary localization of atherosclerotic foci in co-
ronary arteries (coronary angiography data) in male 
patients with coronary atherosclerosis without ACS.

MATERIALS AND METHODS

The study included 96 male patients aging 42-70 years 
(mean age 56.1±1.2 years) with coronary atheroscle-
rosis verifi ed by selective coronary angiography per-
formed on Advantex LC/LP angiography apparatus 
(General Electric) with effort angina without ACS. 
The patients were admitted at E. N. Meshalkin Re-
search Institute of Circulatory Pathology for coronary 
bypass surgery.

Seventy-two patients (75%) had a history of myo-
cardial infarction (not less than 6 months before the 
study). The history of CHD varied from 1 to 40 years 
(mean 7.1±1.3 years). Class II, III, and IV effort an-
gina was diagnosed in 14 (14.5%), 67 (70%), and 15 
(15.5%) patients, respectively. Coronary angiography 
according to ACC/AHA Guidelines for coronary an-
giography (1999) [12] revealed atherosclerotic lesion 
of one of three main branches of coronary arteries 
(anterior descending and right or left circumference 
arteries) in 17 patients (18%); in 30 (31%) and 49 
(51%) patients atherosclerotic lesions were found in 
two and three branches, respectively. The predomi-
nant degree of coronary artery stenosis was 25-50% 
of lumen diameter in 14 patients (15%), 60-80% in 
36 patients (37%), and 90-100% in 46 patients (48%). 
In 25 patients (26%), atherosclerotic foci were prima-
rily located in the proximal segments (fi rst segments) 
of main branches of coronary arteries, predominant 
localization of atherosclerotic foci in the middle (sec-
ond) and distal (third) segments was observed in 27 
(28%) and 17 (18%) patients, respectively, and no 

predominant localization of atherosclerotic foci (total 
localization) was found in 27 patients (28%).

In all patients, the blood was drawn from the ul-
nar vein after overnight fast (12 h after the last meal). 
Serum levels of CRP (Biomerica test systems), TNF-α, 
IL-1β, IL-6, IL-8, destructive MMP-3 and MMP-9 and 
tissue inhibitors of MMP (TIMP-1; BCM Diagnostics 
test systems) were measured by ELISAs on Multiscan 
EX ELISAs analyzer.

The data were processed statistically by compara-
tive and correlation methods and One-Way ANOVA 
with Dunnett test for multiple comparison using SPSS 
for Windows software. 

RESULTS

Analysis of changes in blood levels of infl ammatory 
and destructive biomarkers in patients with coronary 
atherosclerosis depending on the number of involved 
coronary arteries (Table 1) revealed the following ten-
dencies. Blood concentrations of biomarkers decreased 
with increasing the number of involved arteries from 1 
to 3: IL-1β by 1.3 times, TNF-α by 2.4 times, and IL-8 
by 2.4 times. For some biomarkers of atherosclerotic 
plaque instability, CRP and stromolysin MMP-3, op-
posite tendency was observed: their blood concentra-
tions increased with increasing the number of involved 
arteries by 1.9 and 1.6 times, respectively. 

Similar tendencies were found during the analy-
sis of changes in blood levels of infl ammatory and 
destructive biomarkers in patients with coronary ath-
erosclerosis depending on predominant localization 
of atherosclerotic foci in coronary arteries (Table 2). 
Thus, in patients with predominant localization of 
athe rosclerotic plaques in proximal segments of the 
main coronary arteries, blood concentrations of TNF-α 

TABLE 1. Blood Levels of Inflammatory and Destructive Biomarkers in Male Patients Coronary Atherosclerosis Depending on 

the Number of Involved Coronary Arteries (Right, Anterior Descending, Circumference) Coronary Angiography Data (M±m)

Parameter

Number of involved coronary arteries

p<0.05

1 (n=17) 2 (n=30) 3 (n=49)

IL-1, pg/ml 2.4±0.2 2.1±0.2 1.8±0.1 3-1

TNF-, pg/ml 6.4±0.2 5.2±0.3 2.7±0.2 3-1,2

IL-6, pg/ml 9.3±1.0 11.4±1.3 9.3±1.1

IL-8, pg/ml 59.4±5.2 34.4±3.0 25.2±3.0 1-2,3

CRP, μg/ml 5.9±0.3 7.3±0.5 11.4±0.7 3-1,2

TIMP-1, ng/ml 490.6±27.7 464.0±25.2 430.1±18.2

MMP-3, ng/ml 15.7±1.2 21.8±2.0 24.8±2.1 3-1

MMP-9, ng/ml 430.0±15.5 428.2±21.2 424.1±32.4
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and IL-8 were higher than in patients with predomi-
nant localization of plaques in distal segments by 1.4 
and 2.4 times, respectively. An opposite tendency was 
observed for biomarkers of atherosclerotic plaque in-
stability, CRP and stromolysin MMP-3: higher blood 
levels of these biomarkers were found in patients with 
predominant involvement of middle (by 1.9 times) 
and distal segments (by 2 and 1.8 times, respectively). 
Close relationship between the levels of CRP and de-
structive MMP-3 and MMP-9 was reported in many 
recent studies concerning the problem of atheroscle-
rotic plaque instability and ACS [4,5,10].

Analysis of the relationship between blood le-
vels of infl ammatory-destructive biomarkers of athe-
rosclerotic plaque instability and predominant degree 
of stenosis/occlusion of involved coronary arteries 
(Table 3) revealed their co-directed changes. For 

instance, blood concentrations of infl ammatory cy-
tokines, CRP, and destructive MMP in patients with 
low degree (25-50%) of coronary artery stenosis were 
higher than in patients with severe stenosis (90-100%): 
IL-1β by 1.3 times, TNF-α by 1.7 times, IL-8 by 1.5 
times, CRP by 1.3 times, and MMP-3 and MMP-9 by 
1.4 and 1.5 times, respectively. These fi ndings attest 
to higher level of biomarkers of atherosclerotic plaque 
instability in patients with less severe stenoses of coro-
nary arte ries at the sites of atherosclerotic foci. These 
results agree with earlier observations and conclusions 
that the greater is the clear space above the atheroscle-
rotic plaque, the higher is blood fl ow and the greater is 
the area of its contact with the surface of fi brous cap 
of the plaque, and hence, the higher is the risk of its 
tear/rupture [8-10]. This clinical-angiographic paradox 
can be determined by certain factors [13,14]. First, 

TABLE 2. Blood Levels of Markers of Inflammation and Destruction in Male Patients with Coronary Atherosclerosis Depending 

on Predominant Localization of Atherosclerotic Foci in Coronary Arteries: Coronary Angiography Data (M±m)

Parameter

Segments (1/
3
 length) of coronary arteries

p<0.05

1 proximal (n=25) 2 middle (n=25) 3 distal (n=17) 4 total (n=25)

IL-1, pg/ml 1.7±0.1 1.9±0.2 2.0±0.2 1.8±0.1

TNF-, pg/ml 4.8±0.3 4.6±0.3 3.5±0.2 3.7±0.3 1-3

IL-6, pg/ml 8.3±0.7 9.9±0.8 9.8±0.8 9.9±0.9

IL-8, pg/ml 57.9±4.3 26.9±2.2 24.0±2.0 26.9±2.0 1-2,3,4

CRP, μg/ml 4.2±0.3 8.0±0.5 8.1±0.5 6.1±0.5 1-2,3

TIMP-1, ng/ml 468.9±37.4 463.2±30.6 449.7±39.5 441.1±29.6

MMP-3, ng/ml 14.8±1.1 28.0±2.1 27.5±2.2 28.1±2.0 1-2,3,4

MMP-9, ng/ml 487.5±32.4 387.9±31.2 398.5±27.5 421.0±28.6

TABLE 3. Blood Levels of Markers of Inflammation and Destruction in Male Patients with Coronary Atherosclerosis Depending 

on Predominant Severity of Stenosis/Occlusion of Involved Coronary Arteries. Coronary Angiography Data (M±m)

Parameter

Degree of stenosis/occlusion of coronary arteries

p<0.05

1 (25-50%; n=14) 2 (60-80%; n=36) 3 (90-100%; n=46)

IL-1, pg/ml 2.4±0.2 1.8±0.1 1.8±0.1 1-2,3

TNF-, pg/ml 5.0±0.3 3.1±0.3 3.0±0.2 1-3

IL-6, pg/ml 9.9±0.9 9.5±0.9 10.0±1.0

IL-8, pg/ml 41.9±4.0 28.8±2.0 28.1±2.1 1-2,3

CRP, μg/ml 6.8±0.3 5.6±0.3 5.2±0.2 1-2,3

TIMP-1, ng/ml 441.0±35.5 448.9±29.8 450.6±28.4

MMP-3, ng/ml 24.3±2.2 22.2±2.1 17.1±1.5 1-3

MMP-9, ng/ml 470.2±24.0 401.4±22.9 316.0±22.5 3-1,2

Yu. I. Ragino, A. M. Chernjavski, et al.



590

plaques slightly stenosing the arterial lumen are more 
numerous than plaques heavily stenosing the arteries; 
second, the myocardium around plaques heavily ste-
nosing the artery is enriched with collateral vessels, 
which protects it from clinical manifestations of acute 
occlusion; third, the cap of the plaques slightly ste-
nosing the arterial lumen can be more vulnerable for 
cracking/tearing/rupture due to more extensive area of 
its contact with active blood fl ow factors.

 The dependency of changes in blood levels of 
biomarkers of atherosclerotic plaque instability on the 
degree of stenosis, dissemination and predominant 
localization of atherosclerotic foci in coronary arte ries 
reviewed by us in between-group comparisons were 
confi rmed by detected correlations between the levels 
of CRP, MMP-3, and MMP-9 coronary angiographic 
characteristics of atherosclerotic lesion of coronary 
arteries (primarily signifi cant Spearmen r and Kendall 
r coeffi cients of non-parametric distribution; p<0.01).

Thus, we revealed some relationships between 
the levels of infl ammatory-destructive biomarkers of 
atherosclerotic plaque instability and coronary ath-
erosclerosis severity and distribution in male patients 
with coronary atherosclerosis without ACS. The high-
est levels of C-reactive protein and matrix metallo-
proteinase 3 were found in men with atherosclerotic 
involvement of all three main coronary arteries, pri-
marily their middle and distal segments, and in men 
with predominance of low-grade stenoses (<50%) of 
coronary arteries at the sites of atherosclerotic plaques.
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President of the Russian Federation (grant No. MD-

539.2007.7) and Novosibirsk City Council (grant No. 
22-08).
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