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Important joint effect
Matrixmetalloproteinases (MMPs) play an important role in early atherosclerosis, extracellularmatrix remodeling,
plaque rupture and myocardial infarction. MMP gene polymorphisms contribute to the risk of developing cardio-
vascular diseases. In this study, we investigated, for the first time, the association between MMP-1-16071G/2G,
MMP-12 -82A/G and MMP-12 1082A/G genotypes and haplotypes and the risk of ischemic stroke (IS) among
patientswith type 2 diabetesmellitus (T2DM). To examinewhether these genetic polymorphisms are associated
with susceptibility to IS, 196 patients with IS and 192 controls were examined by PCR-based RFLP. When the
analyses were adjusted for multiple risk factors, no interaction between T2DM and MMP-1-1607 1G/2G poly-
morphism on the risk of ischemic stroke was found (p= 0.074). However, MMP-12 polymorphisms genotypes
were associated with the higher risk of IS in diabetic patients compared with total patients. The -82G-1082G
haplotype of MMP-12 polymorphisms was associated with higher risk of ischemic stroke in diabetic patients
[AOR = 2.33; 95% CI (1.25–3.62), P = 0.032]. These findings showed that there was an important joint effect
of theMMP-12 polymorphisms and T2DM on the risk of IS and therefore it can be considered as a potential marker
of cerebrovascular disorders in diabetic patients.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Stroke physiopathology is complex at the molecular level and
involves awide variety of proteins, including thematrixmetalloprotein-
ases (MMPs) [38]. Extracellularmatrix (ECM) remodeling is an essential
process in the pathogenesis of atherosclerosis and coronary heart diseases
(CHD).Matrixmetalloproteinases (MMPs) a family of peptidase enzymes
are secreted by many types of cells as proenzymes. On activation by
proteolytic cleavage, activated enzymes are capable of degrading many
extracellular matrix components, resulting in weakening the fibrous cap
and predisposing the atherosclerotic plaques to disruption and embolic
events. Because MMPs appear to be involved in monocyte invasion and
vascular smooth muscle cell migration, derangement of MMP regulation
is considered to be a critical factor in the development of vascular lesions
[46] and remodeling which is recognized as a determinant of major
vascular pathologies including atherosclerosis and restenosis [29]. MMP
expression can vary among individuals due to genetic diversity, which
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could influence the susceptibility of presenting with vascular disease
[14]. Genetic polymorphisms located in the promoter region of the
MMP genes could lead to increased gene expression and could be associ-
ated with predisposition to various diseases [55]. Overexpression of
MMPs enzymes in advanced lesions may contribute to the thinning of
the plaque cap and to the development of ischemic events resulting
from plaque rupture [3]. MMP-1 and MMP-12 genes contain single
nucleotide polymorphisms. Most of the investigated polymorphisms
have previously been shown to alter the gene expression [26,47].
MMP-1 is the only MMP that can cleave native collagen types I and III,
which are major structural components of the fibrous plaque cap.
MMP-1might play a significant role infibrous plaque disruption by con-
tributing to the degradation of interstitial collagens and thinning of the
fibrous cap [39]. A single-guanine (1G)-to-(2G) polymorphism located
at the MMP-1 promoter region (MMP-1-1607 1G/2G, rs1799750) that
affects the transcription level of the gene has been identified. It has
been demonstrated that the promoter comprising the 2G allele has
significantly greater transcriptional activity compared with the 1G
promoter, because the 2G allele creates an E26 (Ets) transcription factor
binding site and increases transcription capacity [47]. MMP-12 displays a
broad substrate specificity, including ECM proteins such as fibronectin,
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laminin, vitronectin, type IV collagen, and heparan sulfate [5,15].
MMP-12 not only digests elastin, but also degrades the basement
membrane,which enablesmacrophages to penetrate injured tissues dur-
ing inflammation. The A allele of the MMP-12 -82A/G polymorphism
(rs2276109) shows a higher affinity for the transcription factor activator
protein-1 (AP-1) andhigher gene expression in reporter gene assays [26].
The MMP-12 1082A/G (357Asn/Ser, rs652438) polymorphism is located
in the coding region of the hemopexin domain that is responsible for
MMP-12 activity, while the function of this polymorphism remains un-
known [25]. Studies have found that polymorphisms in MMP genes
that modulate their transcription or activity are associated with the out-
come of the coronary artery disease (CAD). Studies assessing the effects
of polymorphisms in theMMP-1 on cardiovascular events have found in-
consistent associations [16,43]. The MMP-1-16071G/2G variant has been
associated with the risk of coronary heart disease and with several
cancers also [22,27,40,41,56,57]. The 2G allele has been linked to in-
creased incidence or progression of several diseases, including peri-
odontitis [1,7,21,31,45], cardiovascular disorders [43,57], coronary
heart disease in diabetesmellitus patients [10], arteriosclerosis [42], de-
generative disc disease [50], endobronchial tuberculosis [29], arthritis
[37] and lung conditions [24,36]. -1607 2G allele is also the independent
significant risk factor for carotid plaque presence [9]. In addition, a
common functional MMP-12 (-82A/G) promoter polymorphism that
increases expression of MMP-12 is associated with increased coronary
artery stenosis in diabetic patients [26] and it has been associated
with coronary atherosclerosis [54,55]. MMP-12 -82A/G was also as-
sociated with coronary artery aneurysm formation in patients with
Kawasaki disease with the G allele conferring increased risk [48].
The MMP-12 rs2276109 gene polymorphismmay contribute to suscep-
tibility to systemic sclerosis (SSc), and in particular to diffuse cutaneous
SSc (dcSSc) and pulmonary fibrosis in an Italian population [34]. The
functional significance of the second single-nucleotide polymorphism
MMP-12 1082 A/G (rs652438), is unclear, but has been correlated with
breast cancer outcome [49]. MMP-12 expression levels were found to
be upregulated in recurrent versus non-recurrent stage IB lung cancer
[6] and correlated with local recurrence and metastasis [20]. Haplotype
analysis was performed to investigate the combined effect of some
linked MMP polymorphisms and some diseases. A study showed that
haplotypes of MMP-1 and MMP-12 were associated with the decline of
lung function [27]. SomeMMPpolymorphismswere shown to be associ-
ated with both atherosclerosis and chronic obstructive pulmonary
disease [17,52]. In addition, a trend of the GG-A haplotype of MMP-1 -
16071G/2G andMMP-12 1082A/G towards the prediction of future clin-
ical events was found in patients with CAD (coronary artery disease)
[23]. We hypothesized that the joint effects or haplotypes of MMP poly-
morphisms are stronger than the individual effect of each polymorphism
and because MMP-1 and MMP-12, genes are clustered on chromosome
11q22.3, we therefore addressed, for the first time, whether there were
any associations between MMP-1-16071G/2G, MMP-12 -82A/G and
MMP-12 1082A/G genotypes and haplotypes and the risk of ischemic
stroke in a Tunisian population among patients with and without
diabetes.

2. Material and methods

2.1. Subjects

Blood was sampled from 196 patients (102 males, 94 females; ages
ranging from 40 to 85 years, with an average age of 63.52 ±
11.45 years) who presented to the emergency department at Fattoyuma
Bourguiba University Hospital in Monastir, Tunisia with ischemic stroke
(117 diabetic and 79 nondiabetic) from March 2011 to March 2012. In
addition to age, the other inclusion criterion was clinical diagnosis of
ischemic stroke, causing a measurable neurological deficit (defined as
impairment of language, motor function, cognition, gaze, or vision, or as
neglect). Ischemic stroke was defined as the rapid development of focal
or global disturbance of cerebral function, with symptoms lasting 24 h
or longer, or leading to death, with no apparent cause other than vascular
origin after exclusion of hemorrhage by computed tomographic scan or
magnetic resonance imaging of the brain. Diabetic subjects were defined
by a fasting plasma glucose ≥7.0 mmol/l, or by the use of anti-diabetic
drugs [12]. Patients were considered diabetic if diabetes was previously
known. Exclusion criteria for cases included clinical presentation
suggestive of subarachnoid hemorrhage, even if the initially computed
tomography scan is normal. In addition, none of the subjects had any
of the following conditions: transient ischemic attack, cerebral infarc-
tion due to cardiogenic events, cerebral hemorrhage, cerebral venous
thrombosis, systematic inflammatory and autoimmune diseases, brain
tumors, valvular heart disease, cancers, rheumatoid arthritis, heart failure,
acute coronary syndrome, peripheral vascular disease, arteriovenous
malformation, or aneurysm, presumed pericarditis or presence of either
ventricular thrombus or aneurysm related to recent acute myocardial in-
farction and no anti inflammatory or oral anticoagulants drugs has been
taken by any patient. Concomitant liver and kidney diseases and thyroid
disease were not also found in these patients. After at least brain com-
puted tomography ormagnetic resonance imaging scanwas performed
to rule out hemorrhagic stroke, patient recruitment from 3 to 6 h was
enrolled since onset of stroke. Medical personnel of the emergency
department provided ischemic stroke care within the first hours to
time of initial diagnosis, treatment, and initial hospitalization. 192
healthy subjects consisting of blood donors were recruited as controls
(110males, 82 females; ages ranging from 40 to 85 years, with an aver-
age age of 61.69 ± 7.0 years). Matching is required for case control
study for the elimination of bias in comparison between cases and
controls. It assures that no large imbalance between cases and controls
occurs. Controls were matched with cases for age and sex. Before sam-
pling, it was verified by direct interview by two experienced neurolo-
gists if they had neurological disorders. All participants completed a
structured questionnaire as performed previously by [37] in order to
verify the stroke free-status. In addition, physical examination and
complete clinical history, including stroke risk factors, were taken for
all participants. Controls had no history of stroke who were symptom-
atically normal (had no history of arterial or venous thrombosis); all
free of any history of obesity, hypertension, dyslipidemia, diabetes
mellitus, or CAD were included in the study. Cerebrovascular diseases,
brain aneurysms, Alzheimer's disease, dementia or Parkinson's disease,
kidney/liver diseases, hematological diseases, tumors, peripheral vascular
diseases, and autoimmune diseases were excluded from these controls.
Hypertension was defined as systolic pressure≥140 mm Hg and/or dia-
stolic blood pressure≥90mmHg in at least two separatemeasurements,
or in the case of a hypertension history [53]. Obesity was defined as BMI
≥30 kg/m2. Hypercholesterolemiawas considered present if total choles-
terol serum levels were ≥5 mmol/l or if the subject was undergoing a
treatment with cholesterol lowering drugs. As ethnic differences may in-
fluence conclusions reached in SNP-association studies, all participants
were of Tunisian origin and were consented to participate in the study.
This study was approved by our hospital ethical committee.

2.2. Genotyping

For each polymorphism, a DNA sequence containing the polymorphic
site was amplified by PCR using primers described in supplemental
Table 1. The primers, probes and reaction conditions are available upon
request. Genotyping was performed by laboratory personnel blinded to
case–control status. As a quality control measure, and to assess reliability
of genotyping, we performed double-sampling restriction fragment
length polymorphism-PCR in more than 10% of the samples and the
results were consistent. Negative control reactions without DNA were
included in each well in all the genotyping steps (PCR amplification and
enzymatic digestions). No PCRproductwas detected fromany of the neg-
ative control reactions. The amplicon was digested with an appropriate
restriction enzyme that cleaves only 1 of the 2 alleles. The methods



Table 1
Sequences of PCR primers.

Gene Polymorphism Forward primer (5′–3′) Reverse primer (5′–3′) Restriction enzyme

MMP-1 (G-1607GG) 5′-TCGTGAGAATGTCTTCCCATT-3′ 5′-TCTTGGATTGATTTGAGATAAGTGAAATC-3′ XmnI
MMP-12 (A-82G) 5′-GAGATAGTCAAGGGATGATATCAGC-3′ 5′-AAGAGCTCCAGAAGCAGTGG-3′ PvuII
MMP-12 (A1082G) 5′-GGGATAATTTGGCTCTGGTCTTCAA-3′ 5′-CCATGGGAACCATAGAAAAGA-3′ MfeI
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used to typeMMP-1-16071G/2G,MMP-12 -82A/G andMMP-121082A/G
polymorphismshave beendescribed previously [11,25]. Genotypes of the
1G/2G polymorphism in theMMP-1 promoter were determined by PCR-
based XmnI restriction fragment length polymorphism [47]. A poly-
merase chain reaction (PCR)-based restriction fragment length poly-
morphism (RFLP) introducing a PvuII and MfeI restriction site was
performed, respectively forMMP-12 -82A/G andMMP-12 1082A/G poly-
morphisms. The digested productswere electrophoresed on a 3% agarose
gel containing ethidium bromide and were visualized under ultraviolet
light.

3. Statistical analysis

Statistical analysis was performed on SPSS v.17.0 software. Data
were expressed as mean ± SD (continuous variables) or as percentages
of total (categorical variables). Differences between the diabetic ischemic
stroke patients, nondiabetic ischemic stroke patients andhealthy controls
were analyzed using Student's unpaired t test for parametric variables.
Hardy–Weinberg equilibrium (HWE) was applied to test the observed
and expected genotype frequencies for cases and controls (χ2 test).
Each of the SNP in these genes was analyzed for Hardy–Weinberg
equilibrium (HWE). All statistical tests were two-tailed and adjusted
p-values for genotype and allele frequencies were obtained adjusting
for age, sex, obesity, smoking, hyperlipidemia and hypertension.
P-values were considered to be statistically significant when b0.05.
First, we investigated the associations between individual MMP poly-
morphism and the risk of ischemic stroke in separate logistic regression
model adjusting for covariates. Second,we investigated the associations
between MMP haplotypes and the risk of ischemic stroke using PHASE
2.0 software [51] and this association was also adjusted for age, sex,
obesity, smoking, hyperlipidemia and hypertension. Haplotypes that
had a frequency below 0.02% were combined into a “rare haplotypes”
category. The odds ratios (OR) and 95% confidence intervals (CI) for
the risk of ischemic stroke were calculated. The linkage disequilibrium
(LD) statistics were calculated among SNPs using SNPSTAT computer
software.
Table 2
Clinical and biological characteristics of the study population.

Characteristics Controls (n = 192) Cases

DM(+) I stroke (n

Age (years) mean ± SD 61.69 ± 7.0 64.23 ± 12.31
Gender (male/female) [n%] 110/82 (57.29%/42.70%) 63/54 (53.84%/46.
BMI (kg/m2) mean ± SD 26.29 ± 4.28 25.74 ± 4.05
Current smokers (22) 11.45% 33(28.20%)
Systolic blood pressure (mm Hg) 123.20 ± 12.78 153.19 ± 29.29
Diastolic blood pressure (mm Hg) 77.88 ± 7.06 89.08 ± 15.5
Systemic hypertension 0(0%) 73(62.39%)
Total cholesterol (mmol/l) 4.46 ± 0.79 4.61 ± 1.15
Triglycerides (mmol/l) 1.15 ± 0.51 1.32 ± 0.61
HDL cholesterol (mmol/l) 1.14 ± 0.34 1.05 ± 0.33
LDL cholesterol (mmol/l) 2.78 ± 0.75 2.95 ± 1.19
Glucose (mmol/l) 4.91 ± 0.78 9.07 ± 3.89

DM(+) I stroke, ischemic stroke patients with diabetes; DM(−) I stroke, ischemic stroke patien
p3, DM(+) I stroke versusDM(−) I stroke. BMI, bodymass index; HDL-C and LDL-C = high- an
number with percent in parentheses.
4. Results

4.1. Clinical and biological characteristics of the study population

The study population characteristics are summarized in Table 2.
There were no significant demographic differences (age and gender)
and BMI between patients with or without diabetes and control groups.
The results presented were obtained from the analysis of the whole
population (men and women). All comparisons were re-done after
dichotomization ofmen, and no differences in the results were revealed
(data not shown). Diabetic ischemic patient group compared with
controls, showed a significantly higher prevalence of conventional risk
factors for stroke, including high levels of systolic blood pressure (SBP),
diastolic blood pressure (DBP), triglycerides (TG), smoking, glucose, and
lower level of HDL-C (p b 0.05). On the other hand, LDL-C levels and
total cholesterol (TC) were not significantly different (p N 0.05).
SBP (p b 0.001), DBP (p b 0.001), glucose (p b 0.001), and TG level
(p = 0.004) were found to be higher in nondiabetic ischemic stroke
patient group than in the controls, while HDL-C level (p = 0.55),
LDL-C level (p= 0.94), and TC (p= 0.54) were not significantly differ-
ent (p N 0.05). There were no differences in the mean age, BMI and sex
between the diabetic ischemic stroke patient group and the nondiabetic
ischemic stroke patient group. TC, LDL-C and HDL-C were not signifi-
cantly different (p N 0.05) in the nondiabetic ischemic stroke patient
group when compared with the diabetic ischemic patient group.
While, TGwas found to be higher in the nondiabetic ischemic stroke pa-
tient group than in the diabetic ischemic patient group (p = 0.035).
However, glucosewas found to be higher in the diabetic ischemic stroke
patient group than in the nondiabetic ischemic patient one (p b 0.001).

4.2. Distribution of MMP polymorphisms among cases and controls

The genotypes 2G/2G and 1G/2G of MMP-1 or A/G and G/G of
both MMP-12 polymorphisms were combined because of the small
number of patients in each category. The χ2 test was used to test
Hardy–Weinberg equilibrium. Genotype distributions of MMP-1-1607
p-values

= 117) DM(−) I stroke (n = 79) P1 P2 P3

62.46 ± 10.02 0.20 0.47 0.22
15%) 39/40 (49.36%/50.63%) 0.55 0.28 0.31

26.19 ± 3.34 0.29 0.86 0.84
(15)18.98% 0.031 0.55 0.72
162.37 ± 34.98 b0.001 b0.001 b0.001
84.74 ± 16.28 b0.001 b0.001 b0.001
62(78.48%) b0.001 b0.001 b0.001
4.53 ± 1.16 0.17 0.54 0.88
1.37 ± 0.68 0.009 0.004 0.035
1.11 ± 0.43 0.02 0.55 0.94
2.78 ± 1.20 0.12 0.94 0.56
6.01 ± 1.73 b0.001 b0.001 b0.001

ts without diabetes; p1, control versus DM(+) I stroke; p2, control versus DM(−) I stroke;
d low-density lipoprotein cholesterol, respectively. Data are reported asmeans ± SDor as



Table 3
Lipid and lipoprotein concentrations and BMI according to the -82A/G polymorphism genotype in the MMP-12 gene.

Parameter DM(+) I stroke (n = 117) DM(−) I stroke (n = 79) Controls (n = 192) P values

AA AG/GG AA AG/GG AA AG/GG P1 P2 P3

TC (mM) 4.50 ± 1.12 4.86 ± 1.19 4.38 ± 1.14 4.98 ± 1.12 4.43 ± 0.79 4.80 ± 0.84 0.10 0.40 0.53
HDL-C (mM) 1 ± 0.28 1.17 ± 0.42 1.13 ± 0.45 1.06 ± 0.39 1.15 ± 0.33 1.03 ± 0.39 0.17 0.1 0.15
LDL-C (mM) 2.89 ± 1.20 3.09 ± 1.16 2.59 ± 1.10 3.40 ± 1.33 2.75 ± 0.74 3.23 ± 0.86 0.09 0.07 0.43
TG (mM) 1.32 ± 0.57 1.31 ± 0.70 1.41 ± 0.75 1.22 ± 0.40 1.14 ± 0.51 1.17 ± 0.52 0.81 0.63 0.77
BMI (kg/m2) 25.53 ± 2.89 26.31 ± 6.15 26.17 ± 3.30 26.26 ± 3.56 26.08 ± 4.04 26.27 ± 6.28 0.41 0.77 0.12

p1, control versus DM(+) I stroke; p2, control versus DM(−) I stroke; p3, DM(+) I stroke versus DM(−) I stroke.
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1G/2G, MMP-12 -82A/G and 1082A/G polymorphisms were consistent
with Hardy–Weinberg equilibrium (χ2 = 1.92, p = 0.31; χ2 = 3.21,
P=0.13 and χ2= 1.70, p= 0.34, respectively). To investigatewhether
these polymorphisms had any effect on lipid and metabolic parameters,
we compared the characteristics among the genotype groups in controls
and in patients with or without diabetes. Association was tested for each
polymorphism separately. Results of analyses for single polymorphisms
are shown in Tables 3, 4 and 5. Plasma concentrations of total cholesterol,
TG, LDL-C, HDL-C and BMI did not differ significantly between subjects
carrying the 1G/1G genotype and those carrying the 2G2G/1G2G geno-
types of the MMP-1 polymorphism in both ischemic stroke patients
(with orwithout diabetes) and control groups (p 0.05). The same results
were obtained for the otherMMP-12 polymorphisms. The effects ofMMP
polymorphisms (MMP-1-16071G/2G, MMP-12 -82A/G and MMP-12
1082A/G) on serum lipid levels in ischemic stroke patients with and
without diabetes mellitus in different sex groups were investigated and
revealed no differences in the results (data not shown).

4.3. Association between individual MMP polymorphisms and ischemic
stroke risk

The genotype and allele frequencies in patients and controls are
presented in Table 6. On the basis of logistic regression analysis with ad-
justment for sex, age, smoking, obesity, dyslipidemia and hypertension,
there was a difference in the genotype distributions of theMMP-1 poly-
morphism in total ischemic stroke patients (diabetics and nondiabetics)
and controls. Indeed, the 2G2G/1G2G genotype was more frequent in
total cases (diabetics and nondiabetics) compared with controls.
However, differences did not reach statistical significance [AOR = 1.14;
95% CI (0.76–1.52); p = 0.080]. On the other hand, no interaction be-
tween diabetes and MMP-1-1607 1G/2G polymorphism on the risk of is-
chemic stroke was found [AOR = 1.10; 95% CI (0.39–1.49); p = 0.074].
We also found no association between nondiabetic subjects and MMP-1
polymorphism [AOR = 1.06; 95% CI (0.75–1.35); p = 0.119]. As
MMP-1 polymorphism, the association between individual MMP-12
polymorphisms and ischemic stroke riskwas also evaluated using regres-
sion model and adjusted for sex, age, smoking, obesity, dyslipidemia and
hypertension. No interaction between nondiabetic and MMP-12 -82A/G
polymorphism on the risk of ischemic stroke was found [AOR = 1.23;
95% CI (0.99–1.46); p = 0.858]. Whereas, we found an association be-
tween diabetic subjects and MMP-12 polymorphism [AOR = 1.83; 95%
CI (1.10–2.67); p = 0.033]. Risk associated with ischemic stroke in total
Table 4
Lipid and lipoprotein concentrations and BMI according to the 1082A/G polymorphism genoty

Parameter DM(+) I stroke (n = 117) DM(−) I stroke (n = 79)

AA AG/GG AA AG/GG

TC (mM) 4.71 ± 1.11 4.51 ± 1.18 4.38 ± 1.12 4.76 ±
HDL-C (mM) 1.10 ± 0.36 1.01 ± 0.30 1.10 ± 0.37 1.13 ±
LDL-C (mM) 2.97 ± 1.17 2.93 ± 1.21 2.61 ± 1.14 3 ± 1
TG (mM) 1.39 ± 0.64 1.24 ± 0.58 1.29 ± 0.64 1.47 ±
BMI (kg/m2) 25.62 ± 2.97 25.87 ± 4.90 26.35 ± 3.54 25.96

p1, control versus DM(+) I stroke; p2, control versus DM(−) I stroke; p3, DM(+) I stroke ver
patients was also significant in MMP-12 -82A/G present genotypes with
[AOR = 1.79; 95% CI (1.29–2.69); p = 0.001]. For MMP-12 1082A/G,
the genotypes were associated with ischemic stroke risk in diabetic pa-
tients [AOR= 1.73; 95% CI (1.12–2.63); p= 0.013] and in total patients
[AOR= 1.68; 95% CI (1.22–2.56); p= 0.001] but not in nondiabetic sub-
jects [AOR = 1.25; 95% CI (0.87–1.58); p= 0.354].

4.4. Haplotype analysis

Haplotype analysis was only performed to investigate the effect of
two linked MMP-12 polymorphisms combined and ischemic stroke risk
in both ischemic stroke (diabetic and nondiabetic) and control groups.
Indeed, there are total of four common haplotypes (N2%) among both
cases and controls with their adjusted p-values using the most common
haplotype as reference (Table 7). The difference in frequency distribution
of all common haplotypes was examined between patients and controls
and found a significant haplotype effect of -82G-1082G [AOR = 2.28;
95% CI (1.29–3.55), P = 0.029] on ischemic stroke risk in total patients
and in diabetic patients [AOR = 2.33; 95% CI (1.25–3.62), P = 0.032]
but not in nondiabetic patients [AOR = 1.45; 95% CI (0.97–2.25),
P = 0.065]. The significant results are a consequence of the association
ofMMP-12 1082A/G andMMP-12 -82A/G polymorphismswith the risk
of ischemic stroke. The low LD (r2 = 0.082) in controls between these
two polymorphisms indicates the separate involvement of both poly-
morphisms in this association.

5. Discussion

This study is the first one conducted on the Tunisian population
that investigates the association between MMP-1-16071G/2G,
MMP-12 -82A/G and MMP-12 1082A/G genotypes and haplotypes
and the risk of ischemic stroke among patients with diabetes. In our
study, MMP-1 and MMP-12 gene variants had no effects on BMI and
lipid/lipoprotein profiles in both ischemic stroke patients (with orwith-
out diabetes). In addition, the lack of association between the MMP-1
gene variant and the risk of ischemic stroke in patients with and with-
out diabetes was in accordance with a study in CAD [24] and in cervical
artery dissection patients [4]. However, in other studies, 2G allele of
MMP-1 was associated with the risk of coronary heart disease (CHD)
[57], CHD in diabetic patients [10] and with stable plaques [13]. This
controversy was explained by the fact that MMP-1 expression in the
arterial wall is increased in individuals carrying the 2G allele, which
pe in the MMP-12 gene.

Controls (n = 192) P values

AA AG/GG P1 P2 P3

1.19 4.48 ± 0.79 4.39 ± 0.80 0.53 0.44 0.40
0.52 1.13 ± 0.32 1.17 ± 0.40 0.31 0.29 0.44

.26 2.80 ± 0.75 2.71 ± 0.75 0.22 0.11 0.60
0.73 1.16 ± 0.53 1.09 ± 0.47 0.50 0.08 0.07

± 3.09 25.97 ± 3.76 26.37 ± 5.51 0.40 0.76 0.43

sus DM(−) I stroke.



Table 5
Lipid and lipoprotein concentrations and BMI according to the -16071G/2G polymorphism genotype in the MMP-1 gene.

Parameter DM(+) I stroke (n = 117) DM(−) I stroke (n = 79) Controls (n = 192) P values

1G/1G 1G/2G 1G/1G 1G/2G 1G/1G 1G/2G P1 P2 P3

+
2G/2G

+
2G/2G

+
2G/2G

TC (mM) 4.52 ± 1.15 4.71 ± 1.14 4.50 ± 1.15 4.58 ± 1.19 4.52 ± 0.76 4.35 ± 0.84 0.39 0.40 0.37
HDL-C (mM) 0.97 ± 0.24 1.15 ± 0.4 1.05 ± 0.34 1.20 ± 0.5 1.26 ± 0.30 0.94 ± 0.30 0.56 0.17 0.44
LDL-C (mM) 3.02 ± 1.26 2.87 ± 1.11 2080 ± 1.20 2.72 ± 1.22 2.75 ± 0.73 2.83 ± 0.78 0.38 0.58 0.34
TG (mM) 1.16 ± 0.48 1.48 ± 0.7 1.36 ± 0.66 1.37 ± 0.72 1.11 ± 0.54 1.20 ± 0.46 0.44 0.44 0.41
BMI (kg/m2) 25 ± 2.7 26.73 ± 5.21 26.28 ± 3.5 26.06 ± 3.15 25.35 ± 2.98 26.95 ± 5.56 0.15 0.15 0.26

p1, control versus DM (+) I stroke; p2, control versus DM (−) I stroke; p3, DM (+) I stroke versus DM (−) I stroke.
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would retard collagen accumulation and thereafterwould retard plaque
progression [57], or it would, in the opposite, participate in fibrous
plaque disruption or erosion leading to clinicalmanifestations of cardio-
vascular diseases. Concerning theMMP-12 polymorphisms, the effect of
MMP-12 -82A/G on type 2 diabetes has been investigated. In the current
study, G allele carriers were associated with the risk of ischemic stroke
and the relative risk was more important in diabetic patients which
suggested that MMP-12 -82A/G may be a risk factor for ischemic stroke
in diabetic patients. Our studywas in accordancewith a study of Shimizu
et al. [48] in coronary artery aneurysm (CAA) patients and in contradic-
tion with another studies in coronary aneurysms [30], intracranial aneu-
rysms [58] and in vulnerable plaques in Chinese Han population [33].
However, in a previous study of Jormsjö et al. [26], the A allele showed
a higher promoter activity ofMMP-12 andwas associatedwith increased
coronary artery stenosis in diabetic patients. The effect of 1082A/G poly-
morphism of the MMP-12 on type 2 diabetes has not been investigated.
In the current study, we showed, for the first time, an association be-
tween the MMP-12 1082A/G polymorphism and the risk of ischemic
strokewhichwas alsomore important in diabetic patients. This data sug-
gested thatMMP-12 1082A/Gpolymorphismmay be also a risk factor for
ischemic stroke in diabetic patients. Similar to our results, MMP-12
1082A/G polymorphism has been also correlated with the outcome in
breast cancer [49], in lung cancer among men (Li [32]) and in early-
Table 6
Distribution of genotypes and alleles of 3 single nucleotide polymorphisms in MMP genes.

MMP genotypes DM(+) I stroke (n = 117) DM(−) I stroke (n = 79) controls (n = 1

Major
Minor

N (%) N (%) N (%)

Alleles

MMP1
G-1607GG

1G/1G 61(52.1%) 45(57%) 121(63%)
1G/2G + 2G/2G 56(47.9%) 34(43%) 71(37%)

Allele 1G 0.69 0.65 0.71
Allele 2G 0.31 0.35 0.29
MMP12
A-82G

A/A 82(70.08%) 59(74.68%) 180(93.75%)
G/G + A/G 35(29.91%) 20(25.31%) 12(6.25%)

Allele A 0.78 0.81 0.95
Allele G 0.22 0.19 0.05
MMP12 A1082G
A/A 58(49.57%) 47(59.49%) 145(75.52%)
G/G + A/G 59(50.42%) 32(40.50%) 47(24.47%)

Allele A 0.65 0.71 0.79
Allele G 0.35 0.29 0.21

DM(+) I stroke, ischemic stroke patients with diabetes; DM(−) I stroke, ischemic stroke patien
p3. DM (+) I stroke versus DM (−) I stroke; p4, controls versus total patient.
P*-values adjusted by logistic regression for sex, age, smoking, obesity, dyslipidemia and hyper
⁎ Adjusted odds ratios (AOR) are relative to genotype, CI: confidence interval.
stage non small cell lung cancer (NSCLC) [19].Whereas, it was not asso-
ciated with the incidence of restenosis or clinical events in a Tunisian
population with CAD [23]. In addition, our study showed that diabetes
seemed to increase significantly the risk of ischemic stroke which was
in accordance with many previous studies [2,8,44]. The effect of MMP-
12 polymorphisms on stroke may be mediated through a mechanism
other than lipid metabolism. It could be that these MMP-12 variants
expressed variable effects based on a variable interactionwith other ge-
netic and environmental factors or possibly through mechanisms in-
volving inflammation. Indeed, in addition to degrading ECM proteins,
MMP-12 may promote macrophage recruitment to the vessel wall by
activating TNF-α or by modulating levels of proinflammatory cytokines
such as monocyte chemotactic protein-1 (MCP-1) [18]. Cytokines are
able to induce these enzymes in cervical blood vessel walls. In our
study, we only evaluated the association of MMP-12 polymorphisms
with the risk of ischemic stroke in haplotype combinations. The results
of haplotype analysis were consistent with the genotype analysis. Our
finding showed that the -82G-1082G haplotype of MMP-12was asso-
ciated with higher risk of ischemic stroke in diabetic patients. Our re-
sults were not in accordance with a study of Haq et al. [17] in patients
with chronic obstructive pulmonary disease (COPD). In this study,
haplotype analysis was only performed for MMP-12 gene variants. It
is possible that functional polymorphisms of other MMP genes such as
92) Total patient (n = 196) P⁎ values

N (%) P1 P2 P3 P4

⁎AOR (95% CI)

P = 0.074 P = 0.119 P = 0.56 P = 0.080

106(54.1%)
90(45.9%) ⁎1.10

(0.39–1.49)
⁎1.06
(0.75–1.35)

⁎1.09
(0.66–1.42)

⁎1.14
(0.76–1.52)

0.67
0.33

P = 0.033 P = 0.858 P = 0.41 P = 0.001

141(71.93%)
55(28.06%) ⁎1.83

(1.10–2.67)
⁎1.23
(0.99–1.46)

⁎1.03
(0.98–1.56)

⁎1.79
(1.29–2.69)

0.79
0.21

P = 0.013 P = 0.354 P = 0.19 P = 0.001
105(53.57%)
91(46.42%) ⁎1.73

(1.12–2.63)
⁎ 1.25
(0.87– 1.58)

⁎1.01
(0.76– 1.47)

⁎1.68
(1.22–2.56)

0.68
0.32

ts without diabetes; p1, control versus DM(+) I stroke; p2, control versus DM(−) I stroke;

tension.



Table 7
Estimation of the main haplotype frequencies.

Haplotypes DM(+) I stroke (n = 117) DM(−) I stroke (n = 79) Total patients (n = 196) Controls (n = 192)

MMP12 (-82A/G) MMP12 (1082A/G) Frequency AOR (95%CI) P* value Frequency AOR (95%CI) P* value Frequency AOR (95%CI) P* value Frequency

A A 0.614 1a 0.662 1a 0.620 1a 0.751
A G 0.274 1.33

(0.77–2.22)
0.081 0.248 1.26

(0.65–2.15)
0.095 0.257 1.49

(0.89–2.42)
0.089 0.196

G A 0.045 1.45
(0.87– 2.32)

0.322 0.036 1.19
(0.75 – 2.21)

0.371 0.050 1.52
(0.98–2.52)

0.291 0.030

G G 0.066 2.33
(1.25 – 3.62)

0.032 0.053 1.45
(0.97–2.25)

0.065 0.072 2.28
(1.29–3.55)

0.029 0.022

P* adjusted for sex, age, smoking, obesity, dyslipidemia and hypertension.
AOR: adjusted odds ratios.
1a Haplotype used as reference.
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MMP-3 may affect the association between these two polymorphisms
of MMP-12 and the risk of ischemic stroke. More studies are needed
to confirm these findings.

5.1. Conclusion

Even the little sample size of our population, our study concluded
that only the MMP-12 polymorphisms are associated with higher risk
of ischemic stroke in diabetic patients in singly and in haplotype combi-
nation. Our results suggest that polymorphisms of the MMP-12 gene
may be linked with T2DM coexisting with ischemic stroke, and there-
fore it can be considered as a potential marker of cerebrovascular disor-
ders in diabetic patients. Thesefindings need to be investigated in larger
populations to better clarify this association and further investigations
are needed to explain the potential role of MMP-12 in diabetes and its
complications.
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