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1.	 Introduction
The diagnosis and management of 

acute coronary syndrome (ACS) are 
limited by the lack of a widely avail-
able and sensitive assay for use in as-
sessment of coronary artery disease. 
The diagnosis of ACS in most hospi-
tals is based on clinical grounds, inva-
sive techniques such as coronary angi-
ography. Furthermore, most hospitals 
do not have these specialized services 
and the assessment of urgency and dif-
ficultness of CAD remains largely based 
on clinical decisions. This suggests the 
need for an adjunctive biochemical test 
that could provide diagnostic informa-
tion with the ability to correlate with 
CAD severity.

In particular, pro-inflammatory cy-
tokines and acute phase reactants in-
cluding C-reactive protein (CRP) have 
been used as biomarkers and predictors 

for acute coronary syndromes (ACS) (1). 
In parallel, pro-inflammatory cytokines 
such as interleukin-1 (IL-1) and tissue 
necrosis factor-α (TNF-α) have been 
shown to up-regulate matrix metallo-
proteinase-9 (MMP-9) (2). Matrix metal-
loproteinase (MMPs) are a large, tightly 
regulated family of zinc-endopeptidases 
that degrade different components of the 
extracellular matrix (ECM) under nor-
mal conditions, although they have also 
been reported in a wide range of patho-
logical processes, including acute myo-
cardial infarction (MI). Members of the 
MMP family are divided into classes 
based on their structure or substrate 
specificity, one of which is gelatinases 
MMP-9. Proinflammatory cytokines, 
released as a result of acute ischemic 
event, enhance the expression of ad-
hesion molecules on endothelial cells. 
Adhesion molecules support the inva-

sion of polymorphonuclear leukocytes 
and monocytes to the site of the lesion 
(3). Hemodynamic changes, injury, in-
flammation, and oxidative stress all 
appear to regulate MMP activity and 
induce MMP overexpression. MMPs 
are known to play an important role 
in the physiological and pathological 
remodeling of blood vessels (4). More 
importantly, they have been postu-
lated to be involved in the destabiliza-
tion and rupture of atherosclerotic le-
sions in unstable carotid plaques. Tis-
sue destruction seems to be especially 
related to the overexpression of MMP-2 
and MMP-9 (5).

Numerous prospective studies in 
different populations have shown that 
high levels of CRP predict future car-
diovascular events, even in apparently 
healthy individuals (6). This has led to 
the recent position statement by the 
American Heart Association-Centers 
for Disease Control, recommending 
cutoff levels of CRP less than 0.0085, 
0.0085–0.025, and more than 0.025 µM 
(<1.0, 1.0–3.0, and >3.0 mg/liter) for low, 
average, and high risks for subsequent 
acute cardiovascular event (7).

In addition to it being a risk marker, 
recent data from several laboratories 
strongly suggest that CRP is proathero-
genic and prothrombotic (8).

Therefore, our aim was to study se-
rum levels of MMP-9 and hsCRP in pa-
tients with significant CAD, patients 
with insignificant CAD and patients 
with acute MI and to determine possi-
ble correlation that will help in future 
risk assessment.
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SUMMARY
The aim of the study was to determine serum levels 
of matrix metalloproteinase 9 (MMP-9) and high 
sensitivity C reactive protein (hsCRP) in patients 
with diagnosis of acute coronary syndrome (ACS). 
The study included 150 patients divided in three 
groups: patients with significant coronary artery 
disease (CAD), patients without significant coronary 
artery disease and patients with acute myocardial 
infarction (MI). Method used for determination of 
coronary artery disease significance is coronary 
angiography, and CAD is determined as significant if 
level of stenosis is >50%. The group without signifi-
cant CAD had lower MMP-9 serum concentrations 
than group with significant CAD, which has lower 

MMP-9 than group with acute MI. Difference in lev-
els of MMP-9 serum concentration between groups 
with and without CAD is statistically significant. 
Level of serum hsCRP in group with MI is signifi-
cantly higher than in other two groups. There is no 
significant difference in hsCRP serum level between 
group of patients with significant CAD and without 
significant CAD. Our results demonstrate the signifi-
cance of MMP-9 and hsCRP level determination in 
assessment of acute coronary syndrome patients 
in the future as a biomarker of plaque instability.
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2.	 Materials and methods
Patients were recruited during the 

period from August 2008 to January 
2009. A total of 150 patients from which 
100 are admitted to the Clinic for Car-
diovascular disease University Clinical 
Centre Tuzla (UKC) with diagnosis of 
ACS and with aim to proceed coronary 
angiography, and 50 is admitted on In-
tensive Care Unit UKC Tuzla with di-
agnosis of acute MI.

Patients with history of chronic, 
malignant or acute infective disease 
were excludes from this study.

Demographic characteristics, as 
well as risk factors according to the 
World Health Association (WHO) i.e., 
smoking, hypertension and total blood 
cholesterol, were collected for each pa-
tient. CAD severity was assessed using 
the coronary angiography on group of 
patients admitted on Clinic for Cardio-
vascular disease (n=100) with criteria 
for significant coronary artery stenosis 
of stenosis >50%. Venous blood samples 
were drawn upon patient arrival at the 
hospital before any treatment. Labora-
tory methods of this study were con-
duct on Department for immunology, 
Policlinic for laboratory diagnostic Uni-
versity Clinical Centre Tuzla. Plasma 
MMP-9 concentrations were measured 
using a commercially available enzyme 
linked immunosorbent assay (R&D Sys-
tems ELISA). C-reactive protein was de-
termined by a highly sensitive (hs), au-
tomatic nephelometric method («Dade 
Behring«). Significance of the results 
was determined based on their differ-
ence between known groups of patients.

Blood was drawn under standard-
ized conditions before coronary angi-
ography and stored at -80°C. From pa-
tients hospitalized because of acute 

myocardial infarc-
tion, blood sample 
was taken in period 
of 48 hours from 
beginning of first 
symptoms.

MMP-9 is de-
termined as marker 
of plaque rupture 
and hsCRP, as indi-

rect sign of chronic inflammatory pro-
cess on coronary arteries.

We analyzed MMP-9 and hsCRP 
values in three determined group of 
patients and then compare results be-
tween group of patients with coronary 
artery disease verified by coronary an-
giography and group without CAD veri-
fied by same method. Same analyze was 
conduct with group of patients with IM.

Minimal detected dose of MMP-9 
was 0,156 ng/ml. Values of hsCRP 
above 3 mg/dL point out inflamma-
tion, which together with patient’s his-
tory and values of other cardiovascular 
markers can show inflammatory pro-
cess at cardiovascular system.

Results of coronary angiography of 
our patients we get from Department 
for Interventional Cardiology Clinic 
for Cardiovascular Disease. Other lab-
oratory tests were determined by rou-
tine diagnostic of acute myocardial in-
farction and angina pectoris during pa-
tient’s hospitalization.

In our study we determined level of 
hsCRP for all patients from one blood 
sample taken before coronary angiog-
raphy. We did just one determination of 
hsCRP because of good experience from 
our previous study on levels of hsCRP in 
patients with ACS. In that study we used 
good excluding criteria for ACS patients 
and results from two hsCRP levels de-
termination two weeks apart, showed 
no significant difference. Excluding cri-
teria are absence of maligned, chronic 
or acute inflammatory disease on basis 
of data from patient’s clinical history.
2.1. Statistical analysis

In statistical analysis we use meth-
ods of descriptive statistic with help 
of «Medcalc» Computer program. For 
testing of statistical significance be-

tween groups we use parametric and 
nonparametric tests. The level of sta-
tistical significance was set at p=0.05, 
results are significant if p<0,05.

3.	 Results
The group without CAD include 50 

patients, mean age of 58,60 years, 27 
(54%) of them male,. The group with 
CAD include 50 patients, mean age of 
60,54, 31 (62%) of them male, and group 
with MI include 50 patients, mean age 
63,82, 36 (72%) of them male,. Risk fac-
tor profiles are presented in Table 1.

There is no statistically signifi-
cant difference in values of hsCRP be-
tween groups with and without CAD 
(p=0,0798). There is statistically sig-
nificant difference in levels of MMP-9 
between group with CAD and group 
without CAD (p=4,178E-08) (Table 2).

There is statistically significant dif-
ference in hsCRP between group with 
CAD and group with IM (p=1,84E-06). 
There is no statistically significant dif-
ference in MMP-9 values between 
group with CAD and group with IM 
(p=0,29) (Table 3).

There is statistically significant 
difference in hsCRP values between 
group without CAD and group with 
IM (p=8,94E-07). There is statistically 
significant difference in MMP-9 values 
between group without CAD and group 
with IM (p=2,17E-08) (Table 4).

In group without CAD highest per-
centage of patients have hsCRP values 
from 0 to 1 mg/l. In group with CAD 
highest percentage of patients have 
hsCRP values from 3 to 10 mg/l. In 
group with acute MI highest percentage 
of patients have hsCRP values higher 
than 10 mg/l (Table 5). In our study we 
also determine the number of coronary 
arteries with significant stenosis (>50%) 
and correlate it with MMP-9 and hsCRP 
values (Table 6). We analyzed relation 
between hsCRP and MMP-9 values in 
group of patients with acute myocar-
dial infarction and conclude that there 
is weak positive correlation between 
hsCRP and MMP-9 values (Figure 1).

Risk factors Group without CAD Group with CAD Group with IM p
Smoking 24% 42% 36% 0,2907
Family history 48% 54% 16% 0,00496
Obesity 24% 24% 22% 0,9718
Hypertension 84% 80% 62% 0,4019
Hyperlipidemia 84% 86% 32% 0,0009

History of MI 10% 42% 22% 0,005

History of ICV 6%

Table 1. Risk factors for ACS. Legend: CAD – Coronary Artery Disease, IM – 
Infarctus Miocardy, ICV- Cerebrovascular Insult.

Group with CAD Group without CAD P
hsCRP 3,09 2,23 0,0798
MMP-9 880,82 434,94 4,178E-08

Table 2. Values of laboratory markers between patients in group with and 
without CAD. Legend: CAD – Coronary Artery Disease, IM – Infarctus Miocardy, 
MMP-9 – Matrix Metalloproteinase 9, hsCRP – high sensitivity C Reactive 
Protein.

Group with CAD Group with IM P
hsCRP 3,09 26,12 1,84E-06
MMP-9 880,82 986,12 0,29

Table 3. Values of laboratory markers between groups with CAD and IM 
Legend: CAD – Coronary Artery Disease, IM – Infarctus Miocardy, MMP-9 – 
Matrix Metalloproteinase 9, hsCRP – high sensitivity C Reactive Protein.
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4.	 Discussion
It is today widely accepted that in-

flammatory processes are involved in 
plaque rupture preceding acute coro-
nary events (9). In daily practice we met 
with huge number of patients which be-
side coronary angiography analysis that 
shows that there is no CAD have one 
of the clinical manifestations of ACS. 
Often patients with CAD and steno-
sis higher than 50%, proven with cor-
onary angiography, have no expected 
clinical manifestation. All patients in 
our study had diagnosis of ACS, which 
is working diagnosis for coronary an-
giography based on patient’s clini-
cal history, changes on ECG and val-
ues of biochemical parameters. In our 
study there is significant difference in 
average age of patients between group 
without CAD (58,60 years), in group 
with CAD (60,54) and acute IM (63,82 
years) (p<0,03957). In all three analyzed 
groups there is higher number of man 
then women. In a group with IM 36%, in 
group with CAD 31%, and 27% of man 
in a group without CAD. Percentage 
of women is highest in group without 
CAD and the lowest in group with IM.

Age and sex dis-
tribution of patients 
in our study is as ex-
pected by results of number of clinical 
studies conducted on patients with ACS 
or acute myocardial infarction (10). We 
notice a number of patients age 40 to 60 
years with ACS or IM but it does not 
significantly affect results of our final 
statistical analysis.

Many studies in last decade proved 
that certain markers of inflammation, 
systemic and locally, have very impor-
tant role in development of atheroscle-
rosis. So far, most studies exploring el-
evated levels of MMP-9 and its associ-
ation to coronary artery disease (CAD) 
have been based on a experimental or 
clinical design, the latter showing el-
evated levels of plasma MMP-9 in pa-
tients with CAD (11). MMP-9 is consid-
ered to be a key determinant of extra-
cellular matrix degradation, having col-
lagen as the main substrate. Increased 
concentrations and activity of MMP-9 
have been observed in human athero-
sclerotic vulnerable plaques with high 
inflammatory activity, suggesting a role 
in matrix degradation and plaque rup-
ture (2). Increased expression and ac-
tivity of MMPs have been identified in 
various pathological processes, such as 
general inflammation, tumor metasta-
sis, respiratory diseases, myocardial in-
jury, vascular aneurysms, and remod-
eling (4). Serum levels of MMP-9 have 
been reported to be elevated in patients 
with MI and unstable angina (5) as well 

as in stable angina (12). FINRISK retro-
spective study showed that MMP-9 is 
significantly high in persons with his-
tory of MI comparing with healthy in-
dividuals (13).

In January 2003 associate protocol 
from Centers For Disease Control and 
Prevention (CDC) and American Heart 
Association (AHA) point out hsCRP as 
marker of inflammation in estimation 
of risk for cardiovascular disease (7).

In our study levels of hsCRP are 
highest in group with IM as expected 
(26,11mg/l). In that group 62% of patients 
have levels of hsCRP higher than 10 mg/l.

Myocardial necrosis is reason for 
high hsCRP values in group of patients 
with IM, while mean hsCRP values in 
group with CAD is 3,09 mg/l which is 
above referent values (0-3 mg/l). Mean 
values of hsCRP in group without CAD 
is 2,23 mg/l. Values in group with and 
without CAD are not showing any sta-
tistically significant difference which 
point out the active plaque and active 
inflammatory process in both group 
of patients.

Based on AHA recommendation, 
patients in three study groups we can 
divide on subgroups based on hsCRP 
values and determine level of risk for 
acute cardiovascular event (IM, ICV, 
etc.) for those patients. Values of hsCRP 
in group with CAD are higher than in 
group without CAD but that difference 
is not statistically significant. In group 

of pat ients without 
CAD 38% of patients 
have hsCRP values 0-1 
mg/l, which shows that 
there is highest percent-
age of patients with low 
risk for acute cardio-
vascular event. Values 
of hsCRP 3-10 mg/l, 
have 26% of patients 
which point out the fact 
that in this group are 
also highly risk patients. 
Group with CAD has 
30% highly risk patients, 

Group without CAD Group with IM p
hsCRP (mg/L) 2,23 26,11 8,94E-07
MMP-9 (ng/mL) 434,94 986,12 2,17E-08

Table 4. Values of laboratory markers between patients in group without CAD 
and group with IM. Legend: CAD – Coronary Artery Disease, IM – Infarctus 
Miocardy, MMP-9 – Matrix Metalloproteinase 9, hsCRP – high sensitivity C 
Reactive Protein.

HsCRP (mg/L) Group without CAD Group with CAD Group with IM
0-1 38% 14% 4%
1-2 26% 24% 14%
2-3 4% 22% 2%
3-10 26% 30% 18%
>10 6% 10% 62%

Table 5. Distribution of hsCRP values by AHA classification in tree study 
group of patients. Legend: CAD – Coronary Artery Disease, IM – Infarctus 
Miocardy, MMP-9 – Matrix Metalloproteinase 9, hsCRP – high sensitivity 
C Reactive Protein.

Number of stenosed 
coronary artery>50%

Percentage of patients in 
group with CAD

3 40%
2 28%
1 32%

Table 6. Number of stenosed coronary artery 
in CAD patients. Legend: CAD – Coronary Artery 
Disease.

Figure 1. Correlation of hsCRP and MMP-9 values in group of patients with acute myocardial infarction

  hsCRP1 MMP 9
hsCRP1 1
MMP 9 0,28437426 1
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and 38% have hsCRP values lower than 
2 mg/l. The fact is that more than one 
third of patients in group without CAD 
are highly risk patients and that more 
than one third of patients in group with 
CAD are low to middle risk for acute 
cardiovascular even, leads to conclu-
sion that there is no significant differ-
ence in values of this marker between 
these two study group. Significant ef-
fect on hsCRP values probably had a 
patient’s therapy. Consider high num-
ber of influence factors it is important 
that in group with CAD hsCRP values 
point out active plaque prone rupture 
and make risk estimation easier. Ele-
vation of hsCRP after acute IM or un-
stable angina has positive correlation 
with consequence of disease (6). Cor-
onary angiography determine level of 
coronary artery lumen stenosis but it is 
not adequate in determination of CAD 
severity because we know about plaque 
rupture and active inflammation even 
when plaque don’t take more than 50% 
of vessel lumen (14).

Because MMP-9 has characteristic 
of plaque rupture marker and hsCRP 
as marker of active inflammation of 
atherosclerotic plaque it is interesting 
to follow these markers values in all 
three study group. Values of MMP-9 
are the highest in group with IM, lower 
in group with CAD and the lowest in 
group without CAD. Values of hsCRP 
are also highest in group with IM and 
lowest in group without CAD. We can 
see that there is no statistically signif-
icant difference in hsCRP values be-
tween group with and without CAD, 
but difference in values of these mark-
ers is still there. Difference between 
these markers values between group 
with CAD and group with IM is sta-
tistically significant. We analyzed val-
ues of hsCRP and MMP-9 in group of 
patients with acute IM and conclude 
that there is weak positive correlation. 
The importance of determination both 
MMP-9 and hsCRP together is probably 
in the fact that mechanism of there syn-
thesis is different. Our study shows that 
values of hsCRP are higher in patients 
with significant stenosis in three coro-
nary artery than in patients with two, 
and in patients with two higher than in 
patients with one, but this difference is 
not statistically significant. Also, values 
of MMP-9 are higher in patients with 
significant stenosis in three coronary 
artery than in patients with two, and in 

patients with two are lower than in pa-
tients with significant stenosis on one 
coronary artery but these difference is 
not statistically significant. Austrian 
study also shows no significant correla-
tion between hsCRP values and number 
of stenosed coronary artery (8).

HsCRP is highly sensitive but 
weekly specific marker so it is very im-
portant to combine it with patients 
clinical data but also with values of 
marker as MMP-9 who point out plaque 
rupture. here is a variety of factors in-
fluencing hsCRP and MMP-9 values, we 
exclude patients with acute or chronic 
inflammatory disease or malignan-
cies. But is noted significant influence 
of therapy that CVD patients used on 
study markers. In our study there is no 
statistically significant correlation be-
tween hsCRP and MMP-9 levels and 
used therapy. In our study we take data 
from the patients about the drug ther-
apy they use. Most of the patients use 
drugs from the group of ACE inhib-
itors, than beta blockers or Aspirin. 
Statin therapy is mostly used in group 
of patients with CAD same as therapy 
with ACE inhibitors. When we consider 
presence of list risk factors in all three 
group of patients than prescribe ther-
apy get on importance. Data of therapy 
use we get from patients which not ex-
clude possibility of incorrect and ir-
regular use. Statins therapies can lover 
collagen degradation and MMP-9 activ-
ity. Clinical studies showed reduction 
in hsCRP level for 15-28% in period of 
6 weeks statine usage, independently 
of LDL level reduction (10). Zaman in 
his study recommended combination 
of lipid reductors and antioxidants (to 
help plaque stabilization by lipid reduc-
tion, stabilization of fibrose cap and re-
duction of MMP-9 activity in plaque), 
ACE inhibitors (improvement of endo-
tel dysfunction) and beta-blockers (re-
duction of blood stream influence on 
fibrose cap) (15).

5.	 Conclusion
Our study point out importance 

of hsCRP determination because it is 
marker of inflammation at atheroscle-
rotic plaque and is important in assess-
ment of plaque rupture risk in patients 
with ACS. MMP-9 is marker of plaque 
instability and point out at plaque rup-
ture. The low but significant correlation 
between hsCRP and MMP-9 is of par-
ticular interest in our findings. This im-

plies that hsCRP and MMP-9, at least 
to some extent, could be markers of dif-
ferent physiological pathways. It is im-
portant to correlate data about presence 
of other risk factors for CAD and cor-
rect data about used medical therapy 
with data of laboratory marker levels 
to get assessment of acute cardiovas-
cular event, CAD and plaque rupture.

REFERENCES
1.	 Danesh J, Wheeler J, Hirschfield G. C-Reactive 

Protein and Other Circulating Markers of In-
flammation in the Prediction of Coronary Heart 
Disease. NEJM, 2004; 350: 1387-97.

2.	 Galis Z, Sukhova G, Lark M, Libby P. Increased 
expression of matrix metalloproteinases and 
matrix degrading activity in vulnerable regions 
of human atherosclerotic plaques. J Clin Invest, 
1994; 94: 2493-503.

3.	 Libby P. The Molecular Basis of Acute Coronary 
Syndromes. Circulation, 1995; 91: 2844-850.

4.	 Woessner J. Matrix metalloproteinases and 
their inhibitors in connective tissue remodel-
ing. FASEB J, 1991; 5: 2145-54.

5.	 Kai H, Ikeda H, Yasukawa H, Kai M, Seki Y, 
Kuwahara F, Ueno T, Sugi K, Imaizumi T. Pe-
ripheral blood levels of matrix metaloprotein-
ase 2 and 9 are elevated in patientes with acute 
coronary syndrome. J Am Coll Cardiol, 1998; 
32: 368-72.

6.	 Anzai T, Yoshikava T, Shiraki H, Asakura Y, 
Akaishi M, Mitamura H, Ogawa S. C breactive 
protein as a predictor of infarct expansion and 
cardiac rupture after a first Q wave acute myo-
cardial infarction. Circulation, 1997; 96: 778-84.

7.	 Pearson A, Mensah A, Hong Y, Smith S. CDC/
AHA workshop on markers of inflammation 
and cardiovascular disease:application to clin-
ical and public health:overview. Circulation, 
2004; 110: 534-44.

8.	 Auer J, Rammer M, Berent R, Weber T, Lassnig 
E, Eber B. Relation of C-Reactive Protein Lev-
els to Presence, Extent, and Severity of Angio-
graphic Coronary Artery Disease. Indian Heart 
J, 2002; 54: 284-8.

9.	 Fuster V, Badimon L, Badimon J. The pathogen-
esis of coronary artery disease and the acute 
coronary syndromes (1). N Engl J Med, 1992; 
326: 242–50.

10.	 Ridker P, Stampfer J, Rifai N. Novel risk factors 
for systemic atherosclerosis: a comparison of 
C-reactive protein, fibrinogen, homocysteine, 
lipoprotein(a), and standard cholesterol screen-
ing as predictors of peripheral arterial disease. 
JAMA, 2001; 285(19): 2481-5.

11.	 Fukuda D, Shimada K, Tanaka A. Comparison 
of levels of serum matrix metalloproteinase-9 in 
patients with acute myocardial infarction ver-
sus unstable angina pectoris versus stable an-
gina pectoris. Am J Cardiol, 2006; 97: 175-80.

12.	 Noji Y, Kajinami K, Kawashiri M, Todo Y, Horita 
T, Nohara H, Higashihatk T, Inaza A, Koizumi 
J,Takegoshi T, Mabuchi H. Circulating matrix 
metaloproteinase and their inhibitors in pre-
mature coronary atherosclerosis. Clin Chem 
Lab Med, 2001; 39: 380-84.

13.	 Renko J, Kalela A, Jaakkola O, Laine S, Hoyhtya 
M, Alho H, Nikkari S. Serum matrix metallo-
proteinase-9 is elevated in men with a history 
of myocardial infarction. Scandinav J Clin and 
Lab Investig, 2004; 64: 255-61.

14.	 Nissen S. Coronary angiography and intravas-
cular ultrasound. Am J Cardiol, 2001; 87: 15-20.

15.	 Zaman G, Helft G, Worthley G, Badimon J. The 
role of plaque rupture and thrombosis in cor-
onary artery disease. Atherosclerosis, 2000; 
149(2): 251-66.


