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Clinical Investigations
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Summary

Background: Acutecoronary syndromes(ACS) arecharac-
terized by activation of systemic and local inflammatory me-
diators. Theinterrelation between these solubleinflammatory
markers and their association with markers of myocardia
necrosishave not been extensively studied.

Hypothesis: Thestudy was undertakento evauatethe asso-
ciation of the systemic levels of matrix metalloproteinase-9
(MMP-9) and the tissue inhibitor of metalloproteinase-1
(TIMP-1), with C-reactive protein (CRP), interleukin-6 (IL-
6), and serumtroponin-1 in patientsadmitted with ACS.

Methods: Analysisof serum concentrationsof theabovein-
flammatory markerswas performed in 53 patientswith unsta-
bleangina(UA) andin 15with non-ST-segment el evetion my-
ocardid infarction (NSTEMI) within 48 h of admission, and
34 patientswith stable coronary artery disease.

Results: Compared with patientswith stable angina, those
with ACShad dlevated admissionlevelsof MMP-9 (p=0.04),
CRP (p<0.001), and IL-6 (p = 0.001), but not TIMP-1 (p =
0.55). Compared with patientswith UA, thosewith NSTEMI
aso had higher levels of IL-6 (p<0.001), CRP (p = 0.002),
andMMP-9 (p=0.05).
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Conclusions:. In patientswith ACS, theadmission levels of
inflammatory mediators, including MMP-9, CRP, and IL-6
are significantly elevated, specificaly in association with
serumtroponin|. Systemic and local markersof inflammatory
activity may bedirectly associated with myocardia injury.
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Introduction

Matrix metdloproteinases (MMPs) are afamily of endo-
peptidases, secreted by a variety of inflammatory or tumor
cdls as zymogens (pro-MMPs), subsequently activated by
proteinases.! Expression of pro-MMPsis strictly regulated,?
andtheir actionisinhibited by specifictissueinhibitorsof met-
dloproteinases(TIMPs).3 Thesystem of MM Psisconsidered
important in acute coronary syndromes(ACS), becauseit may
affect the endurance of the vascular matrix and fibrous cap,
renderingit vulnerabletorupture.* 5

Theaim of the present study wasto investigate differences
of MMP-9 and TIMP-1inthe periphera blood of patientsad-
mitted with ACS and stable angina, in correlation with the
widely accepted markers of inflammatory activity, interleu-
kin-6 (IL-6), and C-reactive protein (CRP) and serum tro-
ponin| (Tnl) asamarker of myocardial necross.

Methods
Study Patients

This study anayzed the demographic, clinical, and bio-
chemical dataof 68 consecutive patientswhowereadmitted to

the coronary careunit with ACS. The definitions proposed by
the American College of Cardiol ogy/American Heart Associ-
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ation Committee on management of patientswith ACSwere
used.8 Unstable anginawas defined according to Braunwald's
classification11b,” with chest pain at rest associated with elec-
trocardiographic changeswithin the preceding 48 h. Of the 68
patients, 53 had unstable angina and 15 had maximum Tnl
levelsthat exceeded the predefined vaue of 1.5 ng/ml; thus,
they were classified as having non-ST-segment €l evation my-
ocardid infarction (NSTEMI). During the same period, 34
consecutive patients (28 men, age 61 + 8 years, and 6 women,
age60+ 8years), admitted to the hospital for el ectivediagnos-
tic workup because of stable angina, were included in the
study. Inthisgroup all patientshad either apreviousdiagnosis
of stable coronary artery disease, or coronary angiography
during theindex admission documenting stable coronary ob-
gtructive lesions > 50% in diameter. Patients with concurrent
inflammatory conditions, neoplastic disease, or if they wereon
geroidal or nonsteroida anti-inflammatory medicationswere
excluded from the study. The protocol was approved by the
Ingtitution’s Review Board and informed consent was ob-
tained from all participating patients.

Blood Collection and L abor atory Methods

Inthe ACS group, MMP-9, TIMP-1, IL-6, and CRP were
measured on admission from periphera blood within 48 h
fromthelast episode of resting ischemia. In addition, Tnl was
measured every 6 h for 48 h from admission, and the maxi-
mum value, before cardiac catheterization, was captured. In
the group with stable coronary disease, blood samplesfor the
four inflammatory markers were taken from the peripherd
blood, before catheterization or any percutaneous interven-
tion, and subsequently analyzed.

Matrix metall oproteinase-9, TIMP-1, and high-sensitivity
IL-6 wereassessed in the patient’ sseraby use of commercid-
ly available EL1SA kits (R& D Systems, Minnegpolis, Minn.,
USA). C-reactive protein was assessed by use of ahigh-sens-
tivity nephelometric method (The Minineph human C-reac-
tive proteinkit, the Binding Site, Birmingham, U.K.). Serum
Tnl was measured by aone-step enzymeimmunoassay based
onthe“sandwich” principle, using thecommercidly available
flex reagent cartridge of dimension clinical chemistry system
(DadeBehring, Ltd., Walton Manor, Walton, U.K.). Thediag-
nostic cut-off point for myocardia infarctionwas 1.5 ng/ml.

Statigtical Analysis

Associations between categorical variableswere tested by
use of contingency tablesand the cal culation of Pearson’schi-
squaretest. Comparison among groupsof thestudy andthein-
flammatory markers were tested by calculations of the non-
parametric Kruskal-Walliscriterion dueto the skewed distribu-
tion of the markers. Correlationswere eval uated by the cacu-
lation of Spearman’srho-coefficient. Normality was assessed
using the Kolmogorov-Smirnov criterion. All reported p val-
ues are basad on two-sided tests and compared with asignifi-
cancelevd of 5%.

Resaults

Demographicand Catheterization Data

Ageand gender indl threegroupswerewel | matched (pfor
age >0.05 and p for gender differences >0.8) (Table I).

TaBLE | Basdinepatient characteristics
Stableangina Ungtableangina NSTEMI
(n=34) (n=53) (n=15) pVaue
Age 61+8 62+9 65+10 0.06
Malesex (%) 82 85 87 0.92
Current smoking (%) 24 42 40 0.05
Hypertension (%) 53 62 67 0.59
Dydipidemia(%) 88 83 77 0.35
Diabetes (%) 29 28 13 049
Family history CAD (%) 38 54 33 0.19
Number of diseased vessels
(stenosis=50%) 0.08
None (%) 3 0 7
One (%) 39 36 14
Two (%) 24 36 14
Three(%) 33 28 64
LVEF (%) 0.014
>50% 82 76 47
40-50% 15 16 33
<40% 3 8 20

Abbreviations: CAD = coronary artery disease, LVEF = eft ventricular gectionfraction, NSTEMI = non-ST-sagment e evation myocardid infarction.
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Cardiac catheterization was performed during theindex hospi-
talization in &l but one patient (97.1%) in the stable angina
group; one patient had aready received a diagnosis of coro-
nary artery disease from arecent angiogram. Similarly, 66 of
68 (97.1%) patientswith ACS underwent cardiac catheteriza
tion, which reveaded similar coronary anatomical severity in
al groups(Tablel).

Levelsof Inflammatory Markers

Thedifferencesin periphera blood levelsof theinflamma:
tory markersanalyzed inthethreeclinical groupsare present-
edinTablell. Anincremental relation that reached statistical
significancefor MMP-9, CRP, and IL-6 levelswasevident. In
regard to serum concentrations of TIMP-1, agradual step-up
was seen that did not reach dtatistical significance. Since
MMP-9 and its natura inhibitor, TIMP-1, are metabolically
linked, wea so analyzed the product MMP-9 X TIMP-1inthe
threeclinica groupsand observed asignificant increaseacross
theclinicd groups(Tablell).

Intercorreationsof Inflammatory Markers

We examined therelationship of the systemic blood levels
of the four inflammatory markersin our total patient popu-
lation. Significant correlations were observed between IL-6
and CRP (r=0.43, p<0.001), [I-6and TIMP-1(r=0.45,p=
0.001), and I1-6 and MMP-9 (r = 0.28, p = 0.031). No other
sgnificant intercorrelations of inflammatory markers were
observed.

Then we focused only on the group with unstable angina
(UA), observing similar relationships; IL-6 levels correlated
positively with CRP (r = 0.46, p = 0.001) and TIMP-1 (r =
0.54, p<0.001); in addition, CRP correlated positively with
TIMP-1(r =0.43,p=0.007).

L evelsof Serum Troponin-l and Correlationswith
Inflammatory Markers

Toidentify therelationship between systemicinflammation
and markersof myocardia necrosis, thelevelsof Tnl werean-

ayzedinall patientsand correlated with thelevel sof thefour
inflammatory markers, yielding significant correlations be-
tween maximum Tnl and IL-6 (r = 0.26, p = 0.04) aswell as
with MMP-9 (r =0.29, p = 0.04). No changes were observed
in the significance of the aforementioned relationshipswhen
we sretified our analysis by group of study. Patients with
NSTEMI had higher blood levels of 1L-6 than thosewith UA
(17.2£15.6 pg/ml vs. 5.3+ 9.2 pg/ml, p<0.001). Similarly,
compared with those with UA, patients with NSTEMI had
higher blood levels of CRP (17.8 + 20.5mg/dl vs. 7.6 + 7.5
mg/dl, p=0.002) and MMP-9 (869 + 306 ng/ml, vs. 705+ 359
ng/ml, p=0.05).

Discussion

Themainfinding of our sudy wasthe documentation, from
periphera blood samples, of increased concentrations of in-
flammatory markersin patientswith UA and NSTEMI. Acti-
vation of the inflammatory system was more pronounced in
patientswith cardiac enzymeel evation. Furthermore, the con-
tributory confirmation of the role of MMP-9 and TIMP-1in
ACS, with or without evidence of myocardia necrosis, ispro-
posed by their association with IL-6 and CRP.

PreviousStudies

In a previous study, Kai et al., in smaler groups of pa-
tients, reported for the first time that MMP-2 and MMP-9
were elevated in the peripheral blood of patient with ACS.8
Levelsof TIMPs or other inflammatory markers, however,
were not measured. Our resultsarein concordancewith this
study regarding MMP-9 levels. In our study, admission lev-
elsof MMP-9inthe ACS group werea most twiceashigh as
those in patients with stable angina. In addition, approxi-
mately a 40% increase in the peripherd plasma levels of
TIMP-1wasdocumented.

More recently, Inocubo et al. analyzed the differences of
MMP-9 and TIMP-1 in periphera and great cardiac vein
blood, obtained from stable patients and those with ACS and
culprit lesions in the left anterior descending artery.® The

TaBLE Il Levelsof inflammatory markersacrossthegroups of the study presented asmean + standard deviation
Stableangina UA NSTEMI pVdue
(n=34) (n=53) (n=15) fortrend
Matrix metdloproteinase-9 (ng/ml) 439+ 222 705+ 359 869+ 3062 0.04
Tissueinhibitor of metalloproteinase-1 (ng/ml) 186+ 59 256+ 105 271+87 055
Matrix metalloproteinase-9 X tissue
inhibitor of metalloproteinase-1/ 100 677.1+957.5 1635.6+946.1 2536+1340.12 0.02
C-reactiveprotein (mg/dl) 21+17 76+750 17.8+205° <0.001
Interleukin-6 (pg/ml) 47+98 59+93b 17.2+ 156" 0.001

aBonferroni corrected p value< 0.05 for the compari son between UA or NSTEMI group with stableanginagroup.
bBonferroni corrected p vaue< 0.01 for the comparison between STE UA or NSTEMI group with stable anginagroup.
Abbreviations: UA = unstableangina, STE = ST-segment e evation, NSTEMI = non-ST-segment el evation myocardia infarction.
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MMP-9and TIMP-1 concentrationsdid not differ betweenthe
groupsin the systemic blood samples, yet significant differ-
enceswereobservedinthegreat cardiac vein samples. Aspre-
vioudy suggested by detailed histologic examinations of
atherectomy specimens, thesiteof enhanced MMPand TIMP
activity is probably the active atherosclerotic coronary
plague.10 Our findings, cons stent with more recent reports, 1
12 differ from the study by Inocubo et al. in the concentrations
of MMP-9and TIMP-1inthesystemic blood specimens. This
discrepancy may be due to the smaler number of patients
compared with thosein our study. Additiond factorsmay in-
cludetemporal differencesin blood specimen collectioninre-
lation to the last ischemic episode and differencesin clinical
basdline characteristics or in the senditivity of the laboratory
measurement kit used.

Correationsbetween | nflammatory Mediators

Another interesting finding in the present study isthe as-
sociation between the plasma levels of MMP-9, TIMP-1,
and IL-6 with CRP. The latter two inflammatory markers
have been associated with cul prit lesion complexity® and are
currently widely accepted as having important clinical and
prognosticimplications. These associationsarein agreement
with previous studies supporting apathophysiologic link be-
tween proinflammatory cytokinesand the metall oproteinase
system.12.14.15 Gmilarly, the close correl ation between CRP
and IL-6 in the ACS group confirms previous observations
by Biasucci et al.16

Inflammatory Mediator sand Troponin-|

Our finding of higher IL-6, CRP, and MMP-9 in patients
with NSTEMI, compared with those with UA, a so suggests
that soluble and local markers of inflammatory activity may
bedirectly associated to myocardial injury.t” Very recently, in
adetailed study, Cusack et al. suggested that, in patientswith
UA, the enhanced inflammatory response lay within the
“downstresm myocardium” rather than at the unstable athero-
sclerotic plague.8 In that study, IL-6 concentrations in the
aortic root were not different between TnT positiveand TnT
negetive patientswith ACS, nor wasadirect correlation found
between IL-6 and TnT levels. Recently, Mazzone et al. also
reported on the correlation of serum troponin T and inflam-
matory mediatorsin patients with ACS.19 Although patients
with UA had higher valuesof |L-6 than thosewith stableangi-
na, the difference was not statistically significant. Further-
more, no correlation wasfound between IL-6 levelsand tro-
ponin T values in patients with UA. Our data are different
fromthose provided inthat study, possibly because of thelarg-
er patient cohort and the higher percentage of patients with
resting ischemiawithin the previous43 h.

Study Limitations

This study documents the concomitant elevation of sys-
temicinflammatory mediatorsearly inthe courseof ACS, us-

ing asingle blood level drawn shortly after admission. Al-
though significant correl ationswere observed from theserel-
atively small patient groups, it is likely that serially deter-
mined blood concentrations would have yielded more
information regarding changes of these markers over time.
The datistical power of the present data does not permit
prospective eva uation of the MM P-9 levelsregarding future
cardiac events, and largefuture studiesare necessary to estab-
lishthisassociationin patientswith ACS.

Conclusions

Our study providesdatathat may elucidate the complexin-
flammatory mechanismsamong markersinvolved asprimary
ingtigatorsfor the development of acute coronary syndromes.
The smultaneous increase in plasmalevels of both MMP-9
anditsinhibitor TIMP-1isof greet interest. It can be speculat-
ed that the balance of production versusinhibition of MMPsis
shifted toward enhanced proteolytic activity in patients with
ACS. Furthermore, since the activity of MMPs depends on
their rate of synthesisand activetion, but a so on thebaancebe-
tween active enzyme and itsinhibitors, the increased expres-
sion of TIMPs represents alocal negative feed-back mecha:
nism, aiming &t limiting the degradation of extrace lular matrix
proteins, with potentially important therapeuticimplications.
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