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Abstract The Matrix metalloproteinas-9 functional pro-

moter polymorphism 1562C[T may be considered an

important genetic determinant of early-onset coronary

artery disease (ECAD). In this study, association between

MMP-9 1562C[T allele with plasma MMP-9 activity,

homocysteine and lipid–lipoproteins level and ECAD in

Iranian subjects was investigated. This case–control study

consisted of 53 ECAD patients (age \ 55 years) and

unrelated late-onsets CAD (age [ 70 years) who angio-

graphically had at least 50% stenosis. MMP-9 1562C[T

polymorphism was detected by PCRRFLP, plasma MMP-9

activity, serum lipid and homocysteine levels were deter-

mined by gelatin gel zymography, enzyme assay and by

HPLC, respectively. The presence of MMP-9 1562C[T

allele was found to be associated with ECAD (OR = 3.2,

P = 0.001). The ECAD patients with MMP-9 1562C[T

allele had higher MMP-9 activity (P = 0.001), LDL-C

(P = 0.045), TC (P = 0.02) and homocysteine (P = 0.01)

levels than the LCAD subjects. MMP-9 1562C[T allele is

a risk factor for ECAD. The carriers of this allele have high

levels of MMP-9 activity, LDL-C, TC and homocysteine

(P = 0.01), thus, are more likely to develop myocardial

infarction and CAD at young age (less than 55 years).

Keywords MMP-9 � Early coronary artery disease �
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Introduction

Cardiovascular events including coronary artery disease

(CAD) and stroke have been reported as one of the main

causes of death and disability in developing countries such

as Iran [1, 2]. A number of traditional risk factors for CAD

include advanced age, sex, obesity, smoking, diabetes,

hypertension, physical inactivity, elevated total plasma

cholesterol, low-density lipoprotein (LDL), homocysteine,

decreased high density lipoprotein (HDL), and lifestyle

[3–10]. In atherosclerosis, matrix remodeling is believed to

influence the migration and proliferation of cells within the

plaque [11, 12]. Several groups of proteolytic enzymes,

including matrix metalloproteinases (MMPs) are able to

degrade components of the extracellular matrix [13, 14].

MMPs are a family of zinc-dependent enzymes that col-

lectively degrade all of the components of the connective

tissue including collagen types I–V, fibronectin, laminin,

elastin and proteoglycans [13, 15].

It has been recognized that MMPs play a significant role

in the progression of atherosclerosis, plaque rupture and

ischemic heart disease [7, 11, 15]. MMP-9, also known as
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gelatinase B or 92-kDa type IV collagenase, that is secreted

from macrophages in fibrous cap, has been suggested to be

involved in the remodeling processes associated with ath-

erosclerosis and plaque rupture [16, 17]. The role of MMP-

9 in CAD has been substantiated by genetic studies

showing that functional promoter variations of the MMP-9

gene are related to presence and severity of CAD [7, 18,

19]. Zhang et al. [20] have identified several single

nucleotide polymorphisms in the MMP-9 gene including

the C to T transition at position -1562 in the promoter

region of the protein. The 1562T allele has a higher pro-

moter activity than the C allele and may influence the

severity and extent of coronary artery stenosis [7]. Elevated

levels of MMP-9 have been reported in patients with

unstable angina [21]. However, the clinical significance of

MMP-9 1562T allele in early-onset of CAD is unknown.

The aim of present study was to investigate whether the

MMP-9 C1562T promoter gene polymorphism had any

effect on the MMP-9 activity in the plasma, lipid profile,

the level of homocysteine and consequently on develop-

ment of the early onset of CAD in Iranian population.

Materials and methods

Subjects

All patients were selected from unrelated individuals who

had undergone their first coronary angiography for evaluat-

ing the presence and extent of CAD. They were assessed and

referred to the Cardiology Division of the Imam Khomini

Hospital of Tehran University of Medical Sciences. Patients

undergoing coronary angiography for diseases such as val-

vular or congenital heart disease, diabetes mellitus, kidney,

thyroid, liver, and restrictive or dilated cardiomyopathy were

excluded. Only patients undergoing elective angiography (in

order to avoid the influence of stress situations) and had more

than 50% detectable stenosis in one or more coronary arteries

were included in this study.

Eligible patients were divided into two groups, early

and late onset CAD. The early onset CAD consisted of 53

CAD patients (43 males and 10 females mean ages

48.16 ± 8.2 years) who presented with CAD at 55 years of

age or younger. The late onset of CAD consisted of 50

patients (31 males and 19 females) who presented with

CAD at 65-years of age or older with mean value of

79.43 ± 15.24 years. Informed written consent was

obtained from each individual before participation. The

study was approved by the Ethics Committee of the Tehran

University of Medical Sciences and was in accordance with

the principles of the Declaration of Helsinki II. Blood was

drawn under standardized condition. Heparin used as the

anticoagulant because of the inhibitory effect of EDTA on

MMP-9 activity through chelating with Zn2? in the active

site of the enzyme [22].

DNA analysis

Genomic DNA was extracted from peripheral blood leu-

kocytes using phenol chloroform extraction method [23].

Genotyping of all individuals was done without knowledge

of their groups or disease. The genotyping of MMP-9

promoter at position -1562 were detected by PCR using

the forward, 50-GCC TGG CAC ATA GTA GGC CC-30

(corresponding to base pairs -1871 to -1851) and the

reverse, 50-CTT CCT AGC CAG CCG GCA TC-30 (cor-

responding to base pairs -1339 to 1319) primers, as pre-

viously described [17]. The PCR products were digested

with SphI restriction endonuclease (5 U, Fermentas) and

subjected to electrophoresis on a 16% polyacrylamide gel.

The gels were stained with AgNO3 and photographed. The

PCR product of -1562 C allele is not cleaved by SphI,

while that of the -1562 T allele is cleaved by the enzyme

generating 247 and 188 bp fragments [20].

Chemical analysis

MMP-9 assay

The activity of MMP-9 in the plasma was measured by

gelatin gel zymography as previously has described [24].

SDS-PAGE was performed in 7% acrylamide gels con-

taining 0.1% w/v gelatin. The gels were incubated in 2.5%

(v/v) Triton X-100 for 2 h, washed several times with

water and incubated overnight in 50 mM Tris–HCl,

2.5 mM CaCl2 and 0.02% NaN3, pH 8.0 at 37�C. The gels

were then stained with Coomossie blue and destained. The

culture media of Human HT1080 breast carcinoma cell line

was used as a reference for gelatinolytic activity. This cell

line constitutively expresses and releases MMP-9 into

culture media. The activity of MMP-9 in the serum was

quantitated by comparing the intensity of the cleared zone

in the gelatin Zymogram gel that corresponds to the

amount of the gelatin digested by the enzyme to that of the

reference [20, 25, 26]. A linear range of MMP-9 activity of

approximately 50-fold can be determined by using serial

dilution of the reference enzyme (Fig. 1).

Plasma lipids

Total plasma cholesterol (TC) and triglycerides (TG) were

measured by the standard enzymatic method (Pars Azmon

kit, Iran), using an automated RA-1000 (Technician, USA).

The plasma LDL-C and HDL-C levels were measured

using commercially available enzyme assay kits (Pars

Azmon kit, Iran).
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Measurement of homocysteine

Plasma homocysteine levels were measured according to the

method of Ubbink et al. [27] using high performance liquid

chromatography (Shimadzu LC 20A, Shimadzu, Kyoto,

Japan). After pretreatment of standards/samples with thio-

barbituric acid the mixture was extracted with n-butanol.

About 20 ll of butanol layer was injected to RP C18 column

using isocratic elution with methanol/water (1:1 v/v) at a

flow rate of 1 ml/min. The elution was monitored at 512 nm

using excitation wavelength of 385 nm.

Statistical analysis

The allelic frequencies were calculated by the gene

counting method. The v2 test was used to verify the

agreement of the observed genotype frequencies with those

expected according to the Hardy–Weinberg equilibrium.

The genotypes and MMP-9 allele frequencies in patients

with early onset CAD were compared to those with late

onset CAD using v2 test. Odds ratios (OR) were calculated

as estimates of relative risk for disease and 95% confidence

intervals obtained by SPSS logistic regression. The corre-

lation values of plasma MMP-9 activity, HDL, LDL, TC,

TG and homocysteine level with the MMP-9 polymor-

phism between two groups were calculated using linear

regression and an unpaired t test. A two-tailed Student’s

t test and ANOVA analysis were used to compare quanti-

tative data. Statistical significance was assumed at the

P \ 0.05.

The SPSS statistical software package version 16 was

used for the statistical analysis.

Results

The gender, MMP-9 activity, lipid parameters (TG, TC,

HDL-C and LDLC), plasma homocysteine concentration

and distribution of genotypes and MMP-9 allele frequen-

cies found in patients with early (ECAD) and late (LCAD)

onset of CAD are reported in Tables 1 and 2. Distributions

of the MMP-9 genotypes (v2 = 9.9, df = 2, P = 0.002)

and alleles (v2 = 11.5, df = 1, P = 0.001), were signifi-

cantly different in ECAD patients compared to the LCAD

individuals by Hardy–Weinberg equilibrium. The MMP-9

T allele frequency for ECAD and LCAD were 33 and 13%,

respectively (v2 = 10, df = 1, P = 0.001). However, no

MMP-9 T/T genotype was detected in patients with LCAD.

Overall distribution of the MMP-9 genotypes and alleles

were significantly different in male (v2 = 19.5, df = 1,

P \ 0.001; v2 = 8.2, df = 1, P = 0.004) and female

(v2 = 16.3, df = 1, P \ 0.001; v2 = 4.2, df = 1, P =

0.041) individuals with ECAD compared with those with

LCAD. Distribution of the C/T?T/T genotype and T allele in

male subjects were significantly different among the two

groups studied. Interestingly, MMP-9 C/C genotype was not

found in female subjects with ECAD (Table 3).

The ECAD subjects had significantly higher homocys-

teine (17.7 ± 8.4 vs. 14.7 ± 3.7, P = 0.022), lipid con-

centration, (HDL-C, LDL-C, TC, and TG) and MMP-9

MMP-9 

92KD 

MMP-2   
88KD 

Fig. 1 SDS-PAGE Zymogram of plasma MMP-9 of three different genotypes. Lanes 1–5 CC, lanes 6–10 CT and lanes 11–15 TT, lane 16
reference (HT1080 cell culture supernatant 100 IU)

Table 1 Gender, the mean ± SD plasma MMP-9 activity and levels of HDL-C, LDL-C, TC, TG and homocysteine levels in serum from early

(ages \ 55 years) and late (ages [ 70 years) onset CAD patients in a population from Tehran, Iran

Early onset AD (ECAD) (n = 53) Late Onset CAD (LCAD) (n = 50)

Sex (M/F) 43/10 31/17

HDl-C (mg/dl) 0.82 ± 0.18 (P = 0.049) 0.75 ± 0.17

LDL-C (mg/dl) 2.77 ± 0.78 (P = 0.044) 2.38 ± 1.04

TC (mg/dl) 4.4 ± 1.04 (P = 0.016) 3.86 ± 1.17

TG (mg/dl) 1.88 ± 0.82 (P \ 0.077) 1.6 ± 0.66

MMP-9 activity (IU) 95.6 ± 61 (P = 0.001) 44 ± 24

Homocysteine (lmol/l) 17.7 ± 8.4 (P = 0.022) 14.7 ± 3.7

P MMP-9 activity and levels of cholesterol, TG, HDL-C and LDL-C compared between ECAD and LCAD groups
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activity in the plasma (95.6 ± 61 vs. 44 ± 24, P = 0.001)

than LCAD subjects (Table 1). As shown in Table 4, the

presence of the MMP-9 alleles had also significant effect

on these parameters in both group of subjects. Comparing

plasma MMP-9 activity, LDL-C, and homocysteine levels

between corresponding alleles in ECAD were found sci-

entifically in T allele carrier than that of the LCAD. The

ECAD patients with the T allele and C/T?T/T genotype

had significantly higher MMP-9 activity (P \ 0.001) and

TG (P = 0.016, P = 0.017) concentrations in comparison

with the C alleles and C/C genotype carriers. The level of

lipid parameters, homocysteine and plasma MMP-9 activ-

ity in two genders in ECAD and LCAD are demonstrated

in Table 5. The levels of LDL-C (P = 0.007), HDL-C

(P = 0.018), TC (P = 0.004) and plasma MMP-9 activity

(P \ 0.001) were significantly higher in male subjects with

ECAD than those with LCAD. However, except for plasma

MMP-9 activity (P \ 0.001), in female subjects with

ECAD the levels of lipid parameters and homocysteine

were not significantly different from those of LCAD sub-

jects. Interestingly, comparing both genders, we found that

female subjects, in general, had higher levels of lipid,

homocysteine and plasma MMP-9 activity than male sub-

jects (Table 5).

The sex-adjusted OR for all subjects with ECAD, with

(C/T?TT) genotype of the MMP-9 was 3.7 (1.6–8.5,

P = 0.002). OR of MMP-9 T allele was found to be 3.3

(1.6–6.7, P = 0.001) in ECAD subjects (Table 6). OR for

Table 2 The distribution of MMP-9 1562C[T genotypes and alleles in early and late onset

ECAD patients (n = 53) LCAD patients (n = 50)

MMP-9 1562C[T genotypes

C/C 23 (58.3%)b (v2 = 3.3, df = 1, P = 0.07) 37 (74%)

C/T?T/T 25 ? 5 (56.6%)b (v2 = 6.7, df = 1, P = 0.01 13?0 (26%)
a(v2 = 9.9, df = 2, P = 0.002)

MMP-9 1562C[T alleles

C 71 (67%)b (v2 = 1.6, df = 1, P = 0.2) 87 (87%)

T 35 (33%)b (v2 = 10, df = 1, P = 0.001) 13 (13%)
a(v2 = 11.5, df = 1, P = 0.001)

a The distribution and comparisons of alleles and genotypes frequencies of MMP-9 in ECAD groups compared with LCAD were made using v2

test analysis
b The distribution of each alleles and genotypes frequencies of MMP-9 in ECAD groups compared with according to MMP-9 genotypes and

alleles in LCAD subjects separately

Table 3 Comparison of the distribution of MMP-9 1562C[T genotypes and alleles in ECAD and L CAD patients between two genders

ECAD LCAD

Male (n = 40) Female (n = 13) Male (n = 31) Female (n = 19)

MMP-9 1562C[T genotypes

C/C *17 (39.5%) (v2 = 0.6, df = 1, P = 0.44) – 28 (90.3%) 15 (78.9%)

C/T?T/T *26 (60.5%) (v2 = 9.3, df = 1, P = 0.002) *10 (100%) (v2 = 0.03, df = 1, P = 0.9) 3 (9.7%) 4 (21.1%)
#(v2 = 5.8, df = 1, P = 0.016) #(v2 = 1.3, df = 1, P = 0.26)
�(v2 = 19.5, df = 1, P \ 0.001)
�(v2 = 16.3, df = 1, P \ 0.001)

MMP-9 1562C[T alleles

C *59 (68.6%) (v2 = 0.14, df = 1, P = 0.7) *12 (60%) (v2 = 9, df = 1, P = 0.003) 55 (88.7%) 32 (84.2%)

T *27 (31.4%) (v2 = 11.8, df = 1, P = 0.001) *8 (40%) (v2 = 0.3, df = 1, P = 0.6) 7 (11.3%) 6 (15.8%)
#(v2 = 0.5, df = 1, P = 0.4) #(v2 = 0.4, df = 1, P = 0.5)
�(v2 = 8.2, df = 1, P = 0.004)
�(v2 = 4.2, df = 1, P = 0.041)

P* Comparing between distribution of corresponding MMP-9 genotypes and alleles and genders in ECAD with LCAD subjects

P# Comparing of distribution MMP-9 genotypes and alleles between males and females separately of each groups

P� Comparing of distribution of MMP-9 genotypes and alleles with males between ECAD with LCAD subjects

P� Comparing of distribution of MMP-9 genotypes and alleles with females between ECAD with LCAD subjects
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MMP-9 (C/T?TT) genotype and T allele in two genders in

ECAD and LCAD are demonstrated in Table 6. OR of

MMP-9 T allele and (C/T?TT) genotype were found to be

3.6 (1.5–9, P = 0.006) and 14.3 (3.7–54, P \ 0.001),

respectively in male ECAD subjects and 3.56 (1.1–12.4,

P = 0.047) in female with was found (Table 6).

Table 4 The association between MMP-9 genotypes and alleles and MMP-9 activity, homocysteine and lipoprotein levels in ECAD and LCAD

patients

ECAD LCAD

Genotypes Alleles Genotypes Alleles

C/C C/T?T/T C T C/C C/T?T/T C T

HDL-C (mg/dl) 31.6 ± 8.6

*P = 0.19

31.5 ± 5.6

*P = 0.1
#P = 0.9

31.6 ± 7.5

*P = 0.18

31.4 ± 5.5

*P = 0.17
#P = 0.9

28.8 ± 6.6 28.8 ± 6.5 #P = 0.97 29 ± 6.5 28.8 ± 6.5
#P = 0.97

LDL-C (mg/dl) 98 ± 32

*P = 0.6

112. ± 28

*P = 0.06
#P = 0.12

103 ± 30

*P = 0.86

113. ± 29

*P = 0.045
#P = 0.13

94 ± 37 89 ± 47
#P = 0.7

93 ± 32 89. ± 47
#P = 0.75

TC (mg/dl) 157 ± 39

*P = 0.5

179 ± 38

*P = 0.036
#P = 0.07

164 ± 40

*P = 0.045

180. ± 37

*P = 0.02
#P = 0.06

151 ± 43 148 ± 48
#P = 0.8

150 ± 43 148. ± 48
#P = 0.88

TG (mg/dl) 136 ± 46

*P = 0.7

187 ± 81

*P = 0.16
#P = 0.017

153 ± 67

*P = 0.34

191. ± 78

*P = 0.11
#P = 0.016

142 ± 61 153 ± 46
#P = 0.5

143 ± 59 153. ± 46
#P = 0.5

MMP-9 activity (IU) 64 ± 31

*P = 0.001

120 ± 68

*P = 0.002
#P = 0.001

79 ± 46

*P \ 0.001

129. ± 74

*P = 0.001
#P \ 0.001

40 ± 21 54 ± 30
#P = 0.08

42 ± 23 54. ± 30
#P = 0.1

Homocysteine (lmol/l) *16.3 ± 2.4

*P = 0.15

18.8 ± 11

*P = 0.12
#P = 0.3

17.2 ± 32

*P = 0.008

18.7. ± 10.5

*P = 0.01
#P = 0.4

15 ± 4 13.8 ± 2.5
#P = 0.3

14.8 ± 3.8 13.8. ± 2.5
#P = 0.3

*P Comparing MMP-9 activity, and levels of LDL-C, HDL-C, TC, TG and homocysteine between corresponding genotypes and alleles in ECAD

patients with L CAD subjects
# P Compared C/C genotype with CT?TT and C allele with T within group related to MMP-9 activity, and levels of LDL-C, HDL-C, TC, TG

and homocysteine

Table 5 Comparison of plasma MMP-9 activity, lipid levels and homocysteine levels in serum between two genders from ECAD and LCAD

patients

ECAD LCAD

Male (n = 40) Female (n = 13) Male (n = 31) Female (n = 19)

HDL-C (mg/dl) *38.1 ± 6.8 (t = -2.4, P = 0.018) *30.7 ± 7.7 (t = -0.2, P = 0.9) 30.7 ± 7.7 30.4 ± 6.7
#(t = 0.4, P = 0.67) #(t = -1.3, P = 0.19)

LDL-C (mg/dl) *103 ± 30 (t = -2.8, P = 0.007) *121. ± 30 (t = -0.8, P = 0.4) 81 ± 34 109 ± 45
#(t = -1.7, P = 0.08) #(t = -2.5, P = 0.016)

TC (mg/dl) *165 ± 40 (t = -2.9, P = 0.004) *189 ± 32 (t = -1.3, P = 0.25) 136 ± 39 169 ± 49
#(t = -2, P = 0.08) #(t = –2.4, P = 0.012)

TG (mg/dl) *161 ± 77 (t = -1.6, P = 0.21) *187 ± 53 (t = -1.8, P = 0.07) 139 ± 61 147 ± 55
#(t = -1, P = 0.32) #(t = -0.5, P = 0.6)

MMP-9 activity (IU) *93 ± 65 (t = -4.1, P \ 0.001) *106 ± 39 (t = -5, P \ 0.001) 43 ± 24 46 ± 26
#(t = -0.6, P = 0.6) #(t = -0.5, P = 0.6)

Homocysteine (lmol/l) *18.2 ± 9 (t = -0.05, P = 0.9) *23.7 ± 26 (t = -1.6, P = 0.13) 18 ± 19.3 15 ± 2.8
#(t = -1.2, P = 0.2) #(t = 0.7, P = 0.45)

P* Comparing parameters have been separately performed between males and females of each group of ECAD and LCAD

P# Comparing parameters have been separately performed between two genders within ECAD and LCAD
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Discussion

Coronary artery disease is the major cause of death in

developing countries, such as Iran [28]. While little is

known about the clinical significance of circulating matrix

metalloproteinas-9 (MMP-9) in early-onset CAD (ECAD),

MMP-9 functional promoter polymorphism 1562C[T is

considered an important genetic determinant of ECAD. In

this study, we compared the frequency of the MMP-9

1562C[T gene polymorphism and its association with

MMP-9 activity, homocysteine and plasma lipids concen-

tration in subjects with ECAD or LCAD in Iranian sub-

jects. We have found that the MMP-9 1562C[T gene

polymorphism increases the risk of ECAD by 3.3 fold in

this population of patients. The presence of MMP-9 (C/

T?T/T) genotype was associated with a 3.7 (95% CI: 1.6-

8.5, P = 0.002) fold increase in risk of ECAD compared to

MMP-9 C/C genotype.

The distribution of the MMP-9 genotypes in the ECAD

subjects was significantly different from that of the LCAD

patients (v2 = 9.9, df = 2, P = 0.002). The frequency of

the MMP-9 T allele was found to be higher in ECAD

subjects than in the LCAD patients (33 vs. 13%,

P = 0.001). This data indicate that individuals carrying the

1562 T allele of the MMP-9 gene are predisposed to

developing early CAD.

As shown in Table 4, ECAD patients who carry MMP-9

1562T allele have significantly higher MMP-9 activity in

the plasma than LCAD patients and those who carry MMP-

9 1562C allele. These findings support the notion that

genetic variation in MMP-9 gene is associated with higher

gelatinolytic activity, which in turn may influence large

artery lesion, predisposing the individuals with MMP-9 T

allele to an early onset of coronary atherosclerosis. This is

supported by the previous studies demonstrating that

MMP-9 T allele is associated with complicated coronary

lesions and carriers of the T allele had greater levels of

MMP9 mRNA and protein and stiffer large arteries [18, 19,

29, 30]. Our data is further supported by Zhang et al.’s

observation that 1562C/T polymorphism in the promoter

region of MMP-9 exerts an allelic effect on MMP-9 pro-

moter strength, such that the T allelic promoter has a higher

transcriptional activity than the C allelic promoter, which is

likely to be attributed to binding a transcriptional repressor

to the C allele [7, 18].

Interestingly, our studies have also demonstrated that

the ECAD patients with MMP-9 T allele had higher levels

of LDL-C, TC, and homocysteine levels that the LCAD

group. LDL-C, TC and risk factors for CAD [1, 25, 31–36].

In addition, our study indicated that there is a high fre-

quency of MMP-9 T allele in females (Table 3). Females in

general have higher levels of lipid, homocysteine and

plasma MMP-9 activity than male subjects (Tables 4, 5),

suggesting that females are more susceptible to ECAD and

myocardial infarction that male.

The mechanism whereby the MMP-9 allele contributes

to CAD and atherosclerosis is unknown. Atherosclerosis is

apparently initiated in response to arterial endothelial

injury, which allows increased permeability to lipid,

monocytes and lipid-laden macrophages. The MMP-9

Table 6 Odd ratio of MMP-9 1562C[T genotypes and alleles with respect to C/C or C separately two genders and total between ECAD with

LCAD individuals

Male ECAD Female LCAD Male ECAD Female LCAD

ORs (95% CI) ORs (95% CI)

MMP-9 genotypes

C/C Referent group (n = 17) Referent group (n = –) Referent group (n = 28) Referent group

C/T?T/T a14.3 (3.7–54, P \ 0.001, n = 26) n = 10 n = 3 n = 4

ECAD patients (n = 53)

ORs (95% CI)

LCAD patients (n = 50)

ORs (95% CI)

MMP-9 genotypes

C/C Referent group (n = 23) Referent group (n = 37)

C/T?T/T a3.7 (1.6–8.5, P = 0.002, n = 30) n = 13

MMP-9 alleles

C Referent group (n = 59) Referent group (n = 12) Referent group (n = 55) Referent group (n = 32)

T a3.6 (1.5–9, P = 0.006, n = 26) a3.56 (1.1–12.4, P = 0.047, n = 8) n = 7 n = 6

MMP-9 alleles

C Referent group (n = 71) Referent group (n = 87)

T 3.3 (1.6–6.7, P = 0.001, n = 35) n = 13

a Odd ratio of MMP-9 1562C[T genotypes and alleles with respect to C/C or C have been performed in males, females and total between ECAD

with LCAD individuals, respectively
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secreted from macrophages apparently helps medial

smooth muscle to migrate into the intima by degrading

extracellular matrix [37]. The present study showed that the

role of the MMP-9 allele as a risk factor for ECAD is not

only due to its association with a high serum MMP-9

activity but also by its association with a high level of the

atherogenic LDL-C, TC and homocysteine. Future studies

are required to evaluate the significance of high serum

gelatinolytic activity in genetically susceptible individuals

in the development of premature arterial lesion and/or

increased vascular risk.

Conclusion

The major finding of the present case–control study is that

MMP-9 T allele is associated with increased risk of

developing CAD in patients younger than 55 years old in

the Tehran population of Iran. This study also indicated

that carriers of MMP-9 T allele have distinct elevated

plasma MMP-9 activity, homocysteine and lipid profile,

suggesting that these individuals are susceptible to early

onset coronary atherosclerosis and myocardial infarction

especially at early ages (less than 55 years old).
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