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Abstract 

Matrix metalloproteinase 9 (MMP9) is func-
tionally implicated in the process of infarct
healing. Several genetic variation of the MMP9
gene have been described, among which the
MMP9 Arg668Gln polymorphism. In the pres-
ent study, we assessed whether this polymor-
phism influences outcome after acute myocar-
dial infarction (MI). One thousand forty-nine
patients undergoing coronary angiography
were genotyped for the MMP9 Arg668Gln poly-
morphism by TaqMan allelic discrimination
assay. This population included 154 controls,
161 patients with non ST-elevation MI (NSTE-
MI), 504 patients with ST-elevation MI
(STEMI), and 230 patients with angina.
Frequency of the MMP9 Arg668Gln polymor-
phism in the global population was 25.1%, and
was comparable between all groups. STEMI
patients had higher creatine phosphokinase
(CPK), troponin T (TnT) and MMP9 plasma
levels and had lower ejection fraction (EF)
than NSTEMI patients. However, the polymor-
phism was not associated with infarct severity
as determined by peak CPK and TnT levels, nor
with LV remodeling and outcome as assessed
by 1-month EF and NYHA class, as well as 2-
year mortality. In silico molecular modeling
simulations predicted that the MMP9 polymor-
phism may decrease MMP9 activity, but this
could not be verified by plasma determina-
tions. This study investigated for the first time
the association between the MMP9 Arg668Gln
polymorphism and clinical outcome after acute
MI. Our results indicate that the polymorphism
does not seem to be associated with clinical
outcome and in particular with the develop-
ment of left ventricular dysfunction and heart
failure.

Introduction

Left ventricular (LV) remodeling following
myocardial infarction (MI), ultimately culmi-
nating in the development of heart failure
(HF), is a complex phenomenon involving sev-
eral biological processes such as the turnover
of the extracellular matrix (ECM) and inflam-
mation. Matrix metalloproteinases (MMP)
degrade the myocardial ECM leading to delete-
rious remodeling and LV dysfunction.1 Among
the different MMPs expressed in the heart and
the circulation, the levels and activity of MMP9
are elevated after MI and correlate with LV dys-
function.2-7 Furthermore, we and others have
identified MMP9 as a marker of LV remodeling
and heart failure after MI.7-10 Interestingly, the
prognostic value for LV remodeling of tissue
inhibitor of MMP 1 (TIMP1), the main endoge-
nous inhibitor of MMP9, has also been report-
ed.8 These investigations identified MMP9 not
only as a biomarker of HF but also as a key
player in the remodeling process. 
Several polymorphisms located both in the

promoter or coding region of the MMP9 gene
correlate with the occurrence and development
of several forms of cancers.11-14 However,
MMP9 polymorphisms have been poorly stud-
ied in the context of acute MI.15-17 One single
nucleotide polymorphism (SNP, code rs17577)
located in MMP9 coding sequence induces a
change from a guanine to an adenine, result-
ing in the substitution of amino acid 668 from
an arginine (Arg) to a glutamine (Gln). This
polymorphism, called Arg668Gln, is within the
hemopexin domain of MMP9 (PEX9) involved
in homodimerization and binding to sub-
strates and TIMP1.18 It is therefore conceivable
that this polymorphism could modify the inter-
action between MMP9 and TIMP1, thereby
altering MMP9 activity. Studies reported to
date showed an absence of correlation
between this SNP and MI.16,17 However, an
association with cardiovascular risk factors
and serum MMP9 levels was recently report-
ed.19 The purpose of the present study was to
determine whether the MMP9 Arg668Gln poly-
morphism influences outcome after acute MI.

Materials and Methods

Patients
The first group of patients included patients

with acute MI who were enrolled in a national
MI registry and treated with primary percuta-
neous coronary intervention. Acute ST-eleva-
tion MI was defined by the presence of chest
pain <12 hours with significant ST elevation
and peak creatine phosphokinase level above
600 units/L. Patients who had no ST-elevation

but positive cardiac markers were classified as
non-STEMI (NSTEMI). All patients had suc-
cessful mechanical reperfusion and stenting of
the infarct artery within 12 hours of chest pain
onset. Blood samples were obtained at the time
of mechanical reperfusion. LV function was
determined 1-month after MI with echocardio-
graphy. The second group of patients included
patients with stable angina and unstable angi-
na who underwent uncomplicated percuta-
neous coronary intervention (PCI). Cardiac
enzymes were normal before and after the pro-
cedure. The third group of patients included
normal controls with atypical chest pain,
abnormal stress testing but normal coronary
angiography. Clinical outcome was determined
by the following end-points: ejection fraction
(EF) measured 1-month after MI with echocar-
diography, New York Heart Association
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(NYHA) class evaluated at 1-month follow-up,
and mortality at 2 years. The protocol has been
performed conforming to the Helsinki
Declaration and approved by the local ethics
committee. Informed consent has been
obtained from all subjects. 

Genotyping
Genomic DNA was extracted from the buffy

coat of centrifuged blood using FlexiGene kit
250 (Qiagen GmbH, Hilden, Germany) accord-
ing to the manufacturer protocol. Detection of
MMP9 polymorphism was performed by
TaqMan SNP allelic discrimination on a
BioRad iQ5 apparatus using the following
primers and probes: MMP9 forward primer:
CTCAGCACCTGTCTCCTC, MMP9 reverse
primer: GGGCATTTGTTTCCATTTCC, MMP9
wild-type probe: TAMRA-CCTCACCTCG-
GTACTGGA-BHQ2, MMP9 Arg668Gln probe:
Texas Red-CCTCACCTTGGTACTGGAA-BHQ2.
The PCR reaction was performed in a 20 µL
reaction mix containing 10 ng of genomic
DNA, 2µL of 10X AmpliTaq Gold buffer (Applied
Biosystems, Life Technologies Corp., Carlsbad,
CA, USA), 1.6 µL of 25 mmol/L MgCl2 (Applied
Biosystems), 1.6 µL of 2.5 mmol/L each dNTPs
(Invitrogen Corp., san Diego, CA, USA), 0.8 µL
of each 10 µmol/L primer, 0.8 µL of each 10
µmol/L probe and 0.2 µL of 5 U/µL AmpliTaq
Gold (Applied Biosystems). The PCR reaction
was composed of 1 cycle at 95°C for 3 min, fol-
lowed by 50 cycles at 95°C for 30s, 60.5°C for
30s and 72°C for 30s. 

Biochemical assays
Plasma levels of MMP9 and TIMP1 were

measured using ELISA from R&D Systems Inc.
(Minneapolis, MN, USA). Detection limits of
the assays are 0.156ng/mL for total MMP9 (cat
# DMP900), 0.005ng/mL for active MMP9 (cat #
FD9M00) and 0.08ng/mL for TIMP1 (cat #
DTM100).

Molecular modeling
The model and energy analysis of the hemo-

pexin domain of MMP9 (PEX9) was done using
both monomers of pdb ID 1ITV.20 PEX9
Arg668Gln dimer was modeled using the same
pdb ID. Model of PEX9/TIMP1 complex was
done using chain A of pdb ID 1ITV and the
inhibitor coordinates were taken from pdb ID
1UEA, chain B.21 The complex PEX9/TIMP1 was
constructed using the protein-protein docking
program MOLFIT [http://www.weizmann.ac
.il/Chemical_Research_Support/molfit/home.h
tml.22,23]. PEX9 (Arg 668Gln)–TIMP-1 complex
was done from the docking result. All other
molecular modeling studies were done using
AMBER 8 using FF99 force field.24 Briefly
hydrogens were added to pdb coordinates and
minimized followed by solvatation of the mod-
els using an octahedron box. Energy of the sol-

vated models was again minimized. Sub -
sequently, the whole system was submitted to
molecular dynamics, by means of an equilibra-
tion phase of 2.1 ns rising temperature from 0
K to 300 K followed by a production phase of
5.5 ns at 300 K. Calculations of free energies
was done with MM-PBSA using the production
phase. In all complexes studied, chain A was
used as receptor and chain B as ligand.

Statistical analysis
Comparisons between two groups of contin-

uous data were performed with two-tailed t-
test for data with a normal distribution and
Mann-Whitney test for non-normally distrib-
uted data. Normality was determined using the
Shapiro-Wilk test. Chi-square test with Yates
correction for continuity was used for compar-
ing frequencies. Comparisons between multi-
ple groups were performed using one-way
ANOVA. Kruskal-Wallis one-way ANOVA on
ranks was executed for non-normally distrib-
uted data. In case of significance, post-hoc
tests (Dunn's or Holm-Sidak method) were
run to isolate the group or groups that differ
from the others. SigmaPlot 11.0 software was
used for these analyses.

Results

Frequency of matrix metallopro-
teinase 9 polymorphism
The presence of MMP9 variation was deter-

mined by allelic discrimination using TaqMan
assay. The frequency of the MMP9 Arg668Gln
polymorphism was first determined in the
entire population used in this study, compris-
ing 1049 patients. Clinical characteristics can
be found in Table 1. 786 of the 1049 patients
did not have the MMP9 variation (wt), 248
were heterozygous and only 15 were homozy-
gous, i.e. 25.1% carried one or two mutated
alleles (mut). The number of homozygous
patients being very low, we analyzed together

mutant homozygous and heterozygous
patients.
We investigated whether the frequencies of

MMP9 polymorphism differed between con-
trols, i.e. patients with chest pain but normal
coronary arteries (n=154), patients with angi-
na undergoing uncomplicated PCI (n=230),
and MI patients undergoing primary PCI subdi-
vided into patients with ST-elevation (STEMI,
n=504) and patients without ST-elevation
(NTEMI, n=161). Clinical characteristics are
gathered in Table 2. In all 4 groups, 20 to 28%
of the patients carried the MMP9 variation.
The frequencies of the polymorphism did not
differ between the 4 groups (Figure 1). 

Association between matrix metal-
loproteinase 9 polymorphism and
infarct size
To determine a potential relationship

between the polymorphism and infarct severi-
ty, we compared peak CPK and TnT levels with
the presence of the polymorphism among the
504 STEMI and the 161 NSTEMI patients. As
expected, CPK and TnT plasma levels were sig-
nificantly higher in STEMI than in NSTEMI
patients. However, patients carrying or not the
polymorphism had comparable CPK and TnT

Article

Figure 1.
Frequency of the
MMP9 Arg668
Gln polymor-
phism in con-
trols, STEMI,
NSTEMI and
angina patients.
Frequencies were
c o m p a r a b l e
between the 4
groups (P=0.68).
Cont: controls.  

Table 1. Characteristics of the entire popu-
lation (n=1049).

Demographics

Age, y (median-range) 63 22-91
Gender, male (n, %) 776 74
Body Mass Index (median-range) 27 16-56
Risk factors (n, %)

Diabetes 228 21.7
Hypertension 517 49.3
Hypercholesterolemia 475 45.3
Tobacco 425 40.5
Family history 291 (580) 50.2
When different from 1049, the number of available data is indicated
in parenthesis.Non
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levels, both in the STEMI and in the NSTEMI
groups (Figure 2A). 

Association between matrix metal-
loproteinase 9 Arg668Gln poly-
morphism and outcome after
myocardial infarction
LV EF was available for 468 of the 665 MI

patients, NYHA class for 589 patients and 2-
year mortality for 603 patients (Table 2). The
large majority of STEMI patients had a favor-
able outcome after MI with a median EF of 50%
and a 2-year mortality of 7.8%. 91.1% of the
patients were in NYHA class of 1-2 and 8.9% in
class of 3-4 (Table 2). Despite a lower EF in
STEMI compared to NSTEMI patients (Table 2,
50% vs 55%, respectively, P<0.001), the pres-
ence of the MMP9 Arg668Gln variation was not
associated with EF (Figure 2B). Similarly, 2-
year mortality was higher in the STEMI com-
pared to the NSTEMI population (Table 2,
P=0.04), but it was not statistically significant-
ly associated with the presence of the polymor-
phism (Figure 2A-B). Finally, no correlation
between the genetic variation and NYHA class
could be demonstrated (Figure 2A-B). 

Association between matrix metal-
loproteinase 9 Arg668Gln 
polymorphism and left ventricular
remodeling after myocardial 
infarction
Left ventricular remodeling was assessed by

the EF measured by echocardiography at 1-
month follow-up. An EF > 40% indicates the
absence of remodeling and an EF ≤40% indi-
cates LV remodeling and dysfunction. To deter-
mine a potential correlation between the pres-
ence of the MMP9 polymorphism and LV
remodeling after MI, we divided the population
of MI patients into two groups according to
their EF (≤40%, n=79; >40%, n=389). See
Table 3 for clinical characteristics. As expect-
ed, low EF patients were in a higher NYHA
class (P=0.005) and had a higher 2-year mor-
tality rate (18 vs. 5.4%, P=0.002) than high EF
patients (Table 3). Although the MMP9 varia-
tion appeared to be more frequent in high EF
patients, this was not statistically significant
(Figure 3). 

Molecular modeling of the structure
of mutated matrix metallopro-
teinase 9
In silico molecular modeling experiments

were undertaken to study the impact of the
Arg668Gln variation on MMP9 structure.
Secreted as a pro-peptide, MMP9 and most par-
ticularly its hemopexin domain PEX9 can form
dimers with both another MMP9 peptide or
with TIMP1. Localization of the Arg668Gln

Article

Figure 2. Associa -
tion between
MMP9 polymor-
phism, infarct size
and clinical out-
come after MI. (A)
Infarct size was
determined by
peak CPK and
TnT levels. (B) 1-
month EF, 2-year
death rate and
NYHA class were
used as end-points
representing clini-
cal outcome after
MI. STEMI
patients had high-
er CPK and TnT
levels and lower EF
than NSTEMI
patients. No statis-
tically significant
correlation was
found between the
presence of the
Arg668Gln varia-
tion and infarct
size or clinical out-
come after MI.

A

B
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polymorphism in the PEX9 domain suggested
that it may modulate the formation of
PEX9/PEX9 or PEX9/TIMP1 dimers. Both com-
plexes are represented in Figure 4. Molecular
dynamics data indicated that the Arg668Gln
polymorphism is located 18Å away from the
interface between the two PEX9 monomers,
excluding a potential impact on the structure
of PEX9/PEX9 dimer (Figure 4A). Additionally,
the difference in binding energy between the
wt PEX9/PEX9 dimer and the mutated
PEX9/PEX9 dimer is less than 5%, indicating
similar stabilities of the two dimers.
Additional docking analyses between PEX9

and TIMP1 showed that the interaction inter-
face of PEX9 would be different from the
PEX9/PEX9 dimer. The residue 668 of PEX9 is
located at a distance <4Å from the contact
zone between PEX9 and TIMP1, suggesting
that it could establish direct interactions with
TIMP1 (Figure 4B). Indeed, the presence of the
genetic variation increases the number of
hydrogen bounds from 8 (for the wt complex)
to 18 for the mutated complex. This indicates
that the variation stabilizes the PEX9/TIMP1
dimer. Consistently, binding energy of the
mutated PEX9/TIMP1 dimer is near two-fold of
wt PEX9/TIMP1 dimer. Therefore, this in silico
approach suggested that the Arg668Gln poly-
morphism may favor the binding of MMP9 to
TIMP1, thereby decreasing its activity.
Relationship between matrix met-

Article

Table 2. Characteristics of controls, NSTEMI, STEMI and angina patients.

Controls NSTEMI STEMI Angina P
(n=154) (n=161) (n=504) (n=230)

Demographics
Age, y (median-range) 64 22-87 63 29-89 60 24-91 68 37-87 <0.001
Gender, male (n, %) 101 65.6 116 72 385 76.4 174 76 0.75
Body Mass Index (median-range) 27 16-35 27 18-43 27 18-56 27.3 17-43 0.8

Risk factors (n, %)
Diabetes 26 16.9 40 24.8 100 19.8 62 27 0.17
Hypertension 88 57.1 74 46 215 42.7 140 60.9 0.04
Hypercholesterolemia 70 45.4 77 47.8 199 39.5 129 56.1 0.08
Tobacco 50 32.5 63 39.1 237 47 75 32.6 0.04
Family history / / 73 (144) 50.7 218 (436) 50 / / 1

Cardiovascular history (n, %)
Prior MI 0 0 20 12.4 57 11.3 75 32.6 <0.001
CABG 4 2.6 2 1.2 14 2.8 27 11.7 <0.001
PTCA 12 7.8 19 11.8 53 10.5 42 18.3 0.03
Ischemic time (h, median-range) / / 3h20 1h-11h40 3h35 1h-12h / / 0.8
Anterior infarct (n, %) / / 41 (105) 39 137 (351) 39 / / 1

Serum markers (median-range)
CPK (units) / / 321 34-598 1803 602-11392 / / <0.001
Troponin T (ng/mL) / / 0.85 0.02-9.41 4.94 0.01-31.64 / / <0.001

Follow-up
EF, % (median-range) / / 55 (111) 20-89 50 (357) 15-86 / / <0.001
NYHA (n, %)   class 1 / / 86 (140) 61.4 281 (449) 62.6 / / 0.97

class 2 / / 42 (140) 30 128 (449) 28.5 / / 0.88
class 3 / / 12 (140) 8.6 32 (449) 7.1 / / 0.73
class 4 / / 0 (140) 0 8 (449) 1.8 / / /

Re-hospitalization, (n, %) 2 1.3 30 (149) 20.1 96 (474) 20.2 10 4.3 <0.001
Death, (n, %) 2 (139) 1.4 8 (144) 5.5 36 (459) 7.8 9 (208) 3.9 0.04

CABG, Coronary Artery Bypass Grafting; CPK, Creatine PhosphoKinase; EF, Ejection Fraction; MI, Myocardial Infarction; PTCA, Percutaneous Transluminal Coronary Angioplasty; NYHA, New York Heart Association
class. When different from the total, available numbers of data are indicated in parenthesis.

Table 3. Clinical characteristics of the 2 groups of MI patients: with LV dysfunction
(EF≤40%) and without LV dysfunction (EF>40%).

EF≤40 (n=79) EF>40 (n=389) P

Demographics
Age, y (median-range) 64 32-91 59 29-90 0.005
Gender, male (n, %) 63 79.7 300 77.5 0.93
Body Mass Index (median-range) 26.6 20-38 27 18-47 0.08

Risk factors (n, %)
Diabetes 22 27.8 76 19.6 0.24
Hypertension 34 43.6 157 40.7 0.86
Hypercholesterolemia 27 35.1 174 45.2 0.31
obacco 32 40.5 179 46 0.65
Family history 33 (68) 48.5 180 (353) 51 0.92

Cardiovascular history (n, %)
Prior MI 17 21.5 37 9.6 0.01
CABG 2 2.5 10 2.6 0.71
PTCA 13 16.4 37 9.5 0.16
Ischemic time (h, median-range) 3h40 1h10-9h45 3h30 1h-11h30 0.51
Anterior infarct (n, %) 29 (52) 55.8 113 (301) 37.5 0.16

Serum markers (median-range)
CPK (units) 2479 34-9383 1241 36-10717 <0.001
Troponin T (ng/mL) 5.4 0.02-26.1 3.5 0.01-31.64 0.009

Follow-up
EF, % (median-range) 35 15-40 53 41-89 <0.001
NYHA (n, %)     class 1 31 (65) 47.7 222 (356) 62.3

class 2 19 (65) 29.2 106 (356) 29.8
class 3 13 (65) 20 23 (356) 6.5 0.005 0
class 4 2 (65) 3.1 5 (356) 1.4

Re-hospitalization, (n, %) 21 28.8 87 23.3 0.62
Death (n, %) 13 (72) 18 19 (352) 5.4 0.002

CABG, Coronary Artery Bypass Grafting; CPK, Creatine PhosphoKinase; EF, Ejection Fraction; MI, Myocardial Infarction; PTCA, Percutaneous
Transluminal Coronary Angioplasty; NYHA, New York Heart Association class. When different from the total, available numbers of data are
indicated in parenthesis.
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alloproteinase 9 gene variation and
plasma levels of matrix metallopro-
teinase 9 and TIMP-1 
To address this assumption, we measured

MMP9 and TIMP1 plasma levels in the popula-
tion of STEMI and NSTEMI patients. Both
active and total MMP9 levels were determined
using specific assays. However, while all
STEMI and NSTEMI patients were tested for
total MMP9 and TIMP1, only 64 STEMI and 28
NSTEMI patients were tested for active MMP9.
While total MMP9 level was slightly higher in
the plasma of STEMI patients compared to
NSTEMI patients, no significant association
between the MMP9 variation and plasma levels
of MMP9 or TIMP1 could be demonstrated
(Figure 5). To rule out a potential bias due to
blood sampling time after chest pain onset, we
analyzed the levels of MMP9 and TIMP1
according to the ischemic time, i.e. the time
between chest pain onset and blood harvesting
(=reperfusion). Both MMP9 and TIMP1 levels
were relatively stable during the 12 hours fol-
lowing acute MI, indicating that the measure-
ments of these proteins was not influenced by
the time of blood harvesting (Figure 6A-B).

Discussion

An association between plasma level of
MMP9 and cardiovascular risk factors was
recently reported,19 and MMP9 has already
been identified as a marker of LV remodeling
and heart failure after MI.7-10 A polymorphism
has been discovered in MMP9 hemopexin
domain PEX9: the MMP9 Arg668Gln variation,
but to date no study was able to demonstrate a
correlation between this polymorphism and
MI.16,17 PEX9 being involved in MMP9 homod-
imerization and binding to MMP9 substrates
and inhibitor,18 it was tempting to hypothesize
that the genetic variation could alter MMP9
activity and the extent of matrix remodeling.
However, in the present study, no significant
association between the presence of the MMP9
Arg668Gln polymorphism and outcome after
MI could be established. 
We first analyzed the frequency of the

MMP9 Arg668Gln polymorphism in 1049
patients undergoing coronary angiography.
Our data showing a frequency of 25.1% are in
accordance with the frequency reported in
NCBI Reference SNP: 28.7±2.5% worldwide
and 26.5±1.1% in the European population.
Although only a limited number of patients
without coronary artery disease or with stable
angina were tested, the Arg668Gln variation
did not appear to be more frequent in MI
patients.
As expected, STEMI patients had lower EF

than NSTEMI patients, higher peak CPK and

TnT levels, and a higher 2-year mortality.
However, we found no significant association
between the MMP9 polymorphism and peak
CPK and TnT levels, 1-month EF and NYHA
class, and 2-year mortality. These results indi-
cate that the genetic variation is not associat-
ed with infarct severity and clinical outcome
after MI. To investigate the relationship

between the Arg668Gln variation and LV
remodeling after MI, we divided the population
of MI patients into a group of patients with pre-
served LV function (EF >40%) and a group of
patients with LV dysfunction (EF≤40%). As
expected, clinical characteristics and outcome
were significantly different between both
groups. Patients with low EF were older, had

Article

Figure 4. In silico molecular modeling of the impact of MMP9 polymorphism on
PEX9/PEX9 and PEX9/TIMP1 dimers formation. The 2 PEX9 monomers are represent-
ed in green and grey, and TIMP1 monomer is in gold. Residue 668 is indicated in blue
sticks. (A) The distance (d) between residue 668 of green PEX9 monomer and the closest
atom of grey PEX9 monomer is 18Å. (B) The distance between residue 668 of green
PEX9 monomer and TIMP1 is <4Å.

Figure 3. MMP9 polymorphism and LV remodeling after MI. Two groups of patients were
selected from the population of MI patients depending on their EF: EF£40% (n=79) and
EF>40% (n=389). Pie-charts represent the proportion of patients having (mut, mutated)
or not (wt, wild-type) the polymorphism in each group. Differences were not statistically
significant (P=0.43).
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Figure 6. Plasma levels of total MMP9 and TIMP1 according to
the delay between chest pain onset and blood sampling (Ischemic
time) in MI patients. Total MMP9 (A) and TIMP1 (B) plasma
level during the 12 hours following acute MI.

Figure 5. Association between MMP9 polymorphism and plasma
levels of MMP9, active MMP9 and TIMP1. Plasma levels of total
MMP9 (A), active MMP9 (B) and TIMP1 (C) were not associat-
ed with the presence of MMP9 polymorphism. 
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more previous MI, had larger infarcts and had
more HF and a higher mortality rate.
Nevertheless, the MMP9 polymorphism fre-
quency was not different between both groups.
Therefore, our data suggest that the MMP9
Arg668Gln polymorphism is not associated
with LV remodeling and dysfunction after MI. 
We finally investigated whether the genetic

variation could influence MMP9 activity, but
we did not detect any significant variation in
total and active MMP9 across the MMP9 geno-
types. This is puzzling since the MMP9
Arg668Gln polymorphism is located in the cod-
ing region of MMP9, particularly in the PEX9
domain which is responsible for interactions
between MMP9 and its substrates or its main
inhibitor, TIMP1. One would have therefore
expected that a change of the amino acid
sequence of MMP9, from a basic (Arg) to a
neutral residue (Gln), would have affected
MMP9 activity. This was indeed suggested by
in silico molecular modeling, which clearly
showed the proximity of residue 668 with the
interface between PEX9 and TIMP1. Eighteen
additional hydrogen bounds between PEX9 and
TIMP1 as well as highly different binding ener-
gies induced by the aminoacidic substitution
were also in favor of an effect of the variation
on MMP9 activity. From our in silico results,
we had anticipated that the Arg668Gln poly-
morphism alters MMP9 activity. Molecular
modeling suggested that the stability of the
complex PEX9/TIMP1 was enhanced by the
substitution, probably resulting in decreased
MMP9 activity. But the PEX9 domain is also the
site for binding of MMP9 substrate gelatin25

and this binding could be modified by the
genetic variation as well. Moreover, TIMP1
might also play a role in proMMP9 activation,
as suggested by the ability of TIMP2 to activate
MMP2.26-28 It has to be acknowledged that we
had only 92 active MMP9 values for MI
patients, which considerably hampers the
observed lack of association between active
MMP9 levels and the polymorphism.
In conclusion, our report shows that the

MMP9 Arg668Gln polymorphism is not associ-
ated with cardiac dysfunction and heart failure
after MI.
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