
 

MATRIX METALLOPROTEINASES
WITHOUT FAMILY HISTORY OF MYOCARDIAL INFARCTION

Sana Tasnim1., Ritu Singh1.,

1Department of Biochemistry, Lady Hardinge Medical C
2Department of Biochemistry,

3Department of Cardiology, G.B. Pant Hospital, New Delhi
  

A R T I C L E  I N F O                              

INTRODUCTION 
 

Coronary artery disease is one of the major cardiovascular 
diseases (CVD), which cause morbidity and mortality in 
developed countries as well as in low- and middle
countries, including 85% of population, worldwide (Kazemi 
and Sharifzadeh, 2006). Coronary artery disease (CAD) 
including myocardial infarction (MI) affects nearly 1
million people in United States, out of which approximately 
33% people die annually due to disease severity (Mehralian, 
2007). The prevalence of MI is approximately 64.3 per 1000 
people, and common cause of death in Indian population (Lim 
et al., 2010). The patho-physiology of MI is multifactorial and 
various risk factors were contributed towards the progression 
of atherosclerotic lesions and plaque rupture. Matrix 
metalloproteinases (MMPs) are a family of zinc
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                             A B S T R A C T  
 

 

Objectives: The present study aims to evaluate the role of Matrix metalloproteinases
(MMP-9) gene polymorphism and serum MMP-9 levels, if any, in patients with or without 
family history of myocardial infarction (MI). 
Materials and Methods: The levels of serum MMP-9, 
by Polymerase Chain Reaction and Restriction Fragment Length Polymorphism and ELISA 
method, respectively. Study subjects (N=125) were divided in two groups; Group I: 
Patients with family history (F/H) of MI (N=52) and Group II: Patients who did not had any 
family history (without F/H) of MI (N= 73). 
Results: There was no significant difference found in the genotypes (CC Vs CT+TT; 
p=0.40) and alleles (p=0.28) for MMP-9 C-1562T polymorphism between patients with 
F/H group and in patients without F/H group. Similarly, we have not observed any 
significant difference in the genotypes (AA Vs AG+GG; p=0.16) and alleles (p=0.18) for 
MMP-9 R279Q polymorphism between both the study groups. There were no statistically 
significant results found for the intergenotypic association of MMP
R279Q polymorphisms with MMP-9 levels in patients with F/H group and in patients 
without F/H group, respectively. Serum MMP-9 levels were non
higher in patients with F/H group (54.4±17.4) as compared to patients without F/H group 
(52.2±17.9). 
Conclusions: Our findings suggest that MMP-9 (C
polymorphisms and serum MMP-9 levels may not contribute to the development of 
myocardial infarction in patients having no family history as compared to patients with 
family history.  
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associated with the prognosis of a cardiovascular disease risk 
(Blankenberg et al., 2003), and also found to be elevated in 
patients with MI (Squire et al., 2004; Guzel et al., 2013). 
Several recent findings regarding the genetic background of 
patients have indicated that DNA polymorphisms in MMP-9 
gene may be associated with a high risk of MI (Yabluchanskiy 
et al., 2013; Sheikhvatan et al., 2018; El-Aziz et al., 2017; 
Wang et al., 2011). Two of major MMP-9 gene variants are 
R279Q A/G (rs17576) and C-1562T (rs3918242), located in 
exon‐6 and  ‐1562 in the promoter region respectively,  were 
studied in patients with MI and acute coronary syndrome 
(ACS) in different populations (Sheikhvatan et al., 2018; El-
Aziz et al., 2017; Wang et al., 2011). A very recent study in 
Iranian population suggested that C-1562T and R279Q 
polymorphisms were positively associated in patients with MI, 
whereas few studies have reported with conflicting results 
(Wang et al., 2011, 2012). A previous study in North Indian 
population was reported in patients with CAD (Mishra et al., 
2012). However, no significant differences were observed in 
the frequency distribution for R279Q A/G polymorphism in 
angiographically confirmed CAD.   
 

MMP-9 gene is related to inflammation and is characterized by 
disintegration of the fibrous cap, leading to plaque rupture and 
progression of MI; we attempted to explore the association 
between MMP-9 single nucleotide polymorphisms (SNPs) and 
MI. Two candidate SNPs of MMP-9 gene involved in the 
patho-physiology cardiovascular diseases, including MI and 
ACS i.e, R279Q (rs17576) and C-1562T (rs3918242) –were 
selected based on genetic analysis and literature survey, 
reported earlier (Sheikhvatan et al., 2018; El-Aziz et al., 2017; 
Wang et al., 2011, 2012). The MMP-9 gene polymorphisms 
(R279Q & C-1562T) in patients with myocardial 
infarction have not been reported so far in Indian study 
subjects. In our previous study, we observed that advanced 
glycation end products (AGEs) was significantly associated 
with up-regulated levels of MMP-9 in AMI patients with 
diabetes mellitus as compared to healthy controls and diabetic 
patients (Rajdan et al., 2017). These reports suggested that 
MMP-9 gene was closely associated with the etiopathogenesis 
of vulnerable plaque. Therefore, the present study is a step 
towards investigating the role of MMP-9 gene polymorphism 
and serum MMP-9 levels, if any, in patients with or without 
family history of myocardial infarction. 
 

MATERIALS AND METHODS 
 

Study Subjects 
 

A total of 125 patients (men, women) of myocardial infarction 
(MI) within 24 hrs of the event were recruited from the 
Department of Cardiology, Govind Ballabh Pant Institute of 
Postgraduate Medical Education and Research, New Delhi, 
India for the present study. Exclusion criteria applied for the 
patients of diabetes mellitus, cancers, patients of chronic liver 
disease, chronic kidney disease and diseases of inflammatory 
pathology like arthritis, were excluded from the study. 
Additionally, patients were sub-divided further into two 
groups: i) patients with family history (F/H) of MI (N=52) and 
ii) patients who did not had any family history (without F/H) 
of MI (N= 73). All the participants were interviewed using a 
questionnaire with regard to their lifestyles, smoking habit, 
alcohol consumption, salt intake and family history of MI. At 
the time of recruitment, written informed consent was obtained 
from each participant. An approval of ethics committee of 

Lady Hardinge Medical College & Associated Hospitals and 
Govind Ballabh Pant Institute of Postgraduate Medical 
Education and Research, New Delhi, India was obtained prior 
to the study. The study group was diagnosed according to the 
evidence of significant stenosis of the epicardial coronary 
artery more than 50% stenosis in at least one of the arteries 
confirmed by coronary artery angiography. The present study 
was conducted according to the Declaration of Helsinki 
principles (1964) and its later amendments (2008). The results 
of the study were not used to change or alter the treatment 
given to the patient. 
 

Sample collection and processing 
 

Five milliliter (5 ml) of peripheral blood was collected using 
all aseptic procedures, from the participants within 24 hours of 
MI after confirmation of the diagnosis by clinical evaluation, 
ECG. The samples were taken in two vacutainers, One ml of 
whole blood was used for the total DNA isolation and 
remaining volume of blood sample was used for the serum 
separation at 2000 rpm for 10 minutes. Serum was stored at -
20⁰C (in suitable   aliquots) before it was batch analysed for 
MMP-9 ELISA test. The pack cell volume (PCV) was used for 
the purpose of genomic DNA isolation. 
 

DNA extraction and Genotyping  
 

Extraction of genomic DNA from peripheral whole blood was 
carried out by using QIAamp® DNA Blood Mini Kit 
(QIAGEN®), a silica-based membrane with spin column 
method according to the manufacturer’s instructions. Genomic 
DNA was quantified by Biospectrometer (eppendorf®), and 
stored at 4°C until further processing.  
 

Genotyping of MMP-9 polymorphisms were analysed by 
Polymerase chain reaction (PCR)-restriction fragment length 
polymorphism (RFLP) method, as described earlier (Wang et 
al., 2011) with slight modifications. 
 

MMP-9 C-1562T (rs3918242) 
 

The C-1562T variant of MMP-9 gene was amplified by PCR 
with the use of specific primers (Wang et al., 2011), Forward: 
5'-GCCTGGCACATAGTAGGCCC-3'; Reverse: 5'-
CTTCCTAGCCAGCCGGCATC-3'. Amplification was 
carried out in the Thermal cycler (eppendorf®) under the 
following conditions: denaturation at 94°C for 5 mins followed 
by 35 cycles (denaturation at 94°C for 30 sec, annealing at 
63.7°C for 30 sec and extension at 72 °C for 30 sec) and final 
extension at 72 °C for 10 min. The PCR products were 
separated on 2.0% agarose gel electrophoresis. The PCR 
amplified 436-base pairs (bp) products were digested by the 
restriction enzyme Sph1, separated by 2.0% agarose gel 
electrophoresis and visualized by Gel documentation system 
(Syngene® G:Box). Individuals homozygous for allele, i.e 
homozygous CC (only a single 436 bp band appeared on the 
gel) for homozygous TT two bands i.e. 242, 194 bp appeared 
on gel and heterozygous CT (all 3 bands, i.e 436 bp, 242-bp 
and 194-bp appeared on the gel). 
 

MMP-9 R279Q (rs17576)  
 

The R279Q variant of MMP-9 gene was amplified by PCR 
with the use of specific primers (Wang et al., 2011), Forward: 
5'-ATGGGTCAAAGAACAGGA-3'; Reverse: 5'-
GGTAGACAGGGTGGAGG-3'. Amplification was carried 
out in the Thermal cycler (Eppendorf) under the following 
conditions: denaturation at 94°C for 5 mins followed by 35 
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cycles (denaturation at 94°C for 30 sec, annealing at 57.5°C 
for 30 sec and extension at 72°C for 30 sec) and final 
extension at 72°C for 10 min. The PCR products were 
separated on 2.0% agarose gel electrophoresis. The PCR 
product of  277-bp was digested by the restriction enzyme 
Sma1, separated in 2.0% agarose gel and visualized by Gel 
documentation system (Syngene G:Box). Individuals 
homozygous for allele, ie GG, a 96-bp band and a 181-bp band 
appeared on the gel, homozygous AA (only a single 277-bp 
band appeared on the gel), or heterozygous GA (all 3 bands i.e. 
96-bp, 181-bp & 277-bp, appeared on the gel)  
 

Serum matrix metalloproteinase-9 (MMP-9) levels 
 

The levels of serum MMP-9 were estimated by commercially 
available Human-MMP-9 ELISA kits (Cat No. QY-E02978, 
QAYEE-BIO, Shanghai, China), and used according to the 
manufacturer's instructions. Serum samples were diluted 5-fold 
in assay buffer. All assays were performed in duplicates. The 
absorbance was recorded by ELISA reader (Infinite® 200 
PRO, TECAN, Switzerland) at a wavelength of 450 nanometer 
(nm).  
 

Statistical analysis 
 

All statistical analysis was performed using GraphPad Prism 
version 5 (GraphPad Software Inc., San Diego, CA, USA) and 
SPSS version 16 (SPSS, IBM Corporation, Hong Kong). Chi-
square goodness of fit was used to verify the agreement of 
observed genotype frequencies with those expected (Hardy–
Weinberg equilibrium). The analysis of variance (ANOVA) 
was used to calculate the difference between genotype groups 
using Bonferroni’s method for multiple comparisons between 
genotype classes. An odds ratio at [95% confidence intervals 
(CI)] was calculated as an index of the association of the gene 
with the disease. Other quantitative variables were tested with 
Student’s t test (unpaired) between the two groups. p value < 
0.05 was considered statistically significant.  
 

RESULTS 
 

Distribution of genotype and allele frequencies of MMP-9 C-
1562T 
 

The distribution of genotypes in the patients with F/H 
(χ2=0.18, p=0.66) and patients without F/H (χ2=1.43, p=0.2) 
groups was in accordance with the Hardy-Weinberg 
equilibrium. The CC genotype was most frequent among 
patients with F/H group as well as in patients without F/H 
group as compared to CT and TT genotypes, respectively. The 
observed allele frequencies in patients with F/H group were 
0.83 and 0.17 for C and T alleles respectively, whereas 0.79 
and 0.21 was observed in patients without F/H groups. We 
have not observed any significant association in the MMP-9 
genotypes CC Vs (CT+TT) between both the study groups [χ2 

= 0.69, p= 0.40, Odds ratio = 0.71 (0.32-1.59) at 95% CI]. The 
adjusted odds ratio for C Vs T allele frequencies was found to 
be 0.70 (0.36-1.36) [χ2 =1.13, p= 0.28 at 95% CI] (Table 1). 
 

Table 1 Genotype and Allele Frequencies of C-1562T variant 
of the Matrix metalloproteinase (MMP-9) gene in the study 

subjects 
 

Subjects 
Genotypes* 

Allele 
frequency** 

CC (%) 
CT 
(%) 

TT 
(%) 

C T 

Patients with F/H (N=52) 36(69) 14(27) 2(4) 0.83 0.17 

(χ2=0.18, p=0.66; NS) 
Patients without F/H 

(N=73) 
(χ2=1.43, p=0.2; NS) 

47(63) 21(29) 5(7) 0.79 0.21 

*Adjusted odds ratio at 95% confidence interval (CI) for genotypes and alleles: 
CC Vs CT = 0.77 (0.33-1.80) [χ2 = 0.36, p= 0.55] 
CC Vs TT = 0.42(0.07-2.46) [χ2 = 0.91,p= 0.339]  
CC Vs CT+TT = 0.71 (0.32-1.59) [χ2 = 0.69, p= 0.40] 
C Vs T = 0.70 (0.36-1.36) [χ2 =1.13, p= 0.28]  
Patients groups were compared with controls with chi-square (χ2) test at one degree of 
freedom with Odds ratio and relative risk in both genotypes and alleles. P< 0.05 is 
considered to be significant. F/H = Family history; NS= Non significant. 
 

There was no significant difference found in the genotypes and 
alleles for MMP-9 C-1562T polymorphism between patients 
with F/H group and in patients without F/H group.  
 

Intergenotypic (C-1562T variant of the MMP-9 gene) 
variations in serum MMP-9 levels in study subjects  
 

A statistically non-significant (p=0.62) intergenotypic 
variation in the serum MMP-9 levels in patients with F/H 
group i.e. CC, CT and TT genotypes was found to be 
56.13±13.37 ng/ml, 50.14±16.52    ng/ml and 55.11±11.31 
ng/ml respectively. Similarly, there was no statistically 
significant results were found between the genotypes and 
MMP-9 levels in patients with F/H group, when compared 
with CC Vs CT (p=1.11), CC Vs TT (p=0.08) and CC Vs 
CT+TT (p=1.04), respectively. The intergenotypic variation in 
the serum MMP-9 levels in patients without F/H group i.e. CC, 
CT and TT genotypes was found as statistically non significant 
(p=0.10) and values are 49.34±19.54 ng/ml, 58.44±13.13 
ng/ml and 54.61±16.18  ng/ml respectively. Also, there was no 
statistically significant results were observed for genotypes 
and MMP-9 levels in patients without F/H group, when 
compared with CC Vs CT (p=2.07), CC Vs TT (p=0.67) and 
CC Vs CT+TT (p=2.05), respectively (Table 2). 
 

Table 2 Intergenotypic (C-1562T variant of the MMP-9 gene) 
variations in Serum MMP-9 levels in study subjects 

 

Subjects 
Genotypes Vs MMP-9 levels (ng/ml) 

p* 
CC CT TT 

Patients with F/H 
(N=52) 

56.13±13.37 50.14±16.52 55.11±11.31 0.62 

Patients without 
F/H (N=73) 

49.34±19.54 58.44±13.13 54.61±16.18 0.10 

Comparison of 
Genotypes* 

p-value 
Patients with F/H                Patients without F/H 

CC  Vs  CT 1.11 2.07 
CC  Vs  TT 0.08 0.67 

CC   Vs  CT+TT 1.04 2.05 
 
F/H, Family history; MMP-9, Paraoxonase-2 gene; ng/ml, nanogram per milli 
liter. 
MMP-9 levels were compared with respect to genotypes with t-test of 
significance test at one degree of freedom. p < 0.05 is considered to be 
significant. 
*analysis of variance (ANOVA) using Bonferroni’s method for multiple 
comparisons between genotype classes. 
 

Distribution of genotype and allele frequencies of MMP-9 
R279Q 
 

The distribution of genotypes in the patients with F/H 
(χ2=0.089, p=0.76) and patients without F/H (χ2=0.13, p=0.71) 
groups was in accordance with the Hardy-Weinberg 
equilibrium. The AG genotype was most frequent among 
patients with F/H group as well as in patients without F/H 
group as compared to AA and GG genotypes, respectively. 
The observed allele frequencies in patients with F/H group 
were 0.60 and 0.40 for A and G alleles respectively, whereas 
0.52 and 0.48 was observed in patients without F/H groups. 
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We have not observed any significant association in the MMP-
9 genotypes AA Vs (AG+GG) between both the study groups 
[χ2= 1.93, p= 0.16, Odds ratio = 0.57(0.26-1.26) at 95% CI]. 
The adjusted odds ratio for A Vs G allele frequencies was 
found to be 0.71(0.42-1.18) [χ2= 1.75, p= 0.18 at 95% CI] 
(Table 3). There was no significant difference found in the 
genotypes and alleles for MMP-9 R279Q polymorphism 
between patients with F/H group and in patients without F/H 
group.  
 

Table 3 Genotype and Allele Frequencies of R279Q variant of 
the Matrix metalloproteinase (MMP-9) gene in the study 

subjects 
 

Subjects 
Genotypes* 

Allele 
frequency** 

AA 
(%) 

AG 
(%) 

GG 
(%) 

A G 

Patients with F/H (N=52) 
(χ2=0.089, p=0.76; NS) 

19(37) 24(46) 9(17) 0.60 0.40 

Patients without F/H 
(N=73) 

(χ2=0.13, p=0.71; NS) 
19(26) 38(52) 16(22) 0.52 0.48 

 
*Adjusted odds ratio at 95% confidence interval (CI) for genotypes and alleles: 
AA Vs AG = 0.59(0.26-1.36) [χ2= 1.52, p= 0.21] 
AA Vs GG = 0.48(0.17-1.42) [χ2= 1.75, p= 0.18] 
AA Vs AG+GG = 0.57(0.26-1.26) [χ2= 1.93, p= 0.16] 
A Vs G = 0.71(0.42-1.18) [χ2= 1.75, p= 0.18] 
Patients groups were compared with controls with chi-square (χ2) test at one degree of 
freedom with Odds ratio and relative risk in both genotypes and alleles. P< 0.05 is 
considered to be significant. 
F/H = Family history; NS= Non significant. 
 

Intergenotypic (R279Q variant of the MMP-9 gene) 
variations in serum MMP-9 levels in study subjects  
 

A statistically non-significant (p=0.72) intergenotypic 
variation in the serum MMP-9 levels in patients with F/H 
group i.e. AA, AG and GG genotypes was found to be 
57.96±8.68 ng/ml, 51.85±23.43  ng/ml and 54.18±11.57 ng/ml 
respectively. Similarly, there was no statistically significant 
results were found between the genotypes and MMP-9 levels 
in patients with F/H group, when compared with AA Vs AG (p 
=1.06), AA Vs GG (p=0.49) and AA Vs AG+GG (p=1.01), 
respectively. The intergenotypic variation in the serum MMP-9 
levels in patients without F/H group i.e. AA, AG and GG 
genotypes was found as statistically non significant (p=0.91) 
and values are 54.76±15.77 ng/ml, 51.32±19.84 ng/ml and 
51.68±16.43 ng/ml respectively. Also, there was no 
statistically significant results were observed for genotypes 
and MMP-9 levels in patients without F/H group, when 
compared with AA Vs AG (p=0.66), AA Vs GG (p=0.49) and 
AA Vs AG+GG (p=0.67), respectively (Table 4). 

 

Table 4 Intergenotypic (R279Q variant of the MMP-9 gene) 
variations in Serum MMP-9 levels in study subjects 

 

Subjects 
Genotypes Vs MMP-9 levels (ng/ml) 

p* 
AA AG GG 

Patients with F/H 
(N=52) 

57.96±8.68 51.85±23.43 54.18±11.57 0.72 

Patients without 
F/H (N=73) 

54.76±15.77 51.32±19.84 51.68±16.43 0.91 

Comparison of 
Genotypes* 

p-value 
Patients with F/H                Patients without F/H 

AA  Vs  AG 1.06 0.66 
AA  Vs  GG 0.49 0.49 

AA   Vs  
AG+GG 

1.01 0.67 

 

F/H, Family history; MMP-9, Matrix metalloproteinase gene; ng/ml, 
nanogram per milli liter. 

MMP-9 levels were compared with respect to genotypes with t-test of 
significance test at one degree of freedom. p < 0.05 is considered to be 
significant. 
*analysis of variance (ANOVA) using Bonferroni’s method for multiple 
comparisons between genotype classes. 

Serum matrix metalloproteinase-9 (MMP-9) levels 
 

The levels of serum MMP-9 was not significantly differed 
(p=0.053) between the patients with F/H group (54.48±17.41) 
and the patients without F/H group (52.29±17.97) (Table 5). 

 

Table 5 Levels of serum Matrix metalloproteinase (MMP-9) in 
study subjects 

 

Subjects MMP-9 levels 
(ng/ml) * 

p-
value# 

Patients with F/H (N=52) 54.48±17.41 0.053 
Patients without F/H (N=73) 52.29±17.97 

 

MMP-9, Matrix metalloproteinase gene; ng/ml, nanogram per milli liter. 
*Data are means ± SD. #Patients and controls were compared with respect to serum 
MMP-9 levels with t-test of significance test, p = 0.053. #p < 0.05 is considered to be 
significant. 
 

DISCUSSION 
 

The development of thrombus formation mainly involves two 
important events: rupture of the atheromatous fibrous cap and 
superficial damage and exposure of the endothelium. Any 
damage to the endothelium triggers monocyte and T-
lymphocyte adhesion with the help of cell-surface adhesion 
molecules known as a vascular cell adhesion molecule-1 
(VCAM-1), which further promotes their differentiation into 
macrophages. The increased permeability of endothelium 
facilitates the entry of low density lipoproteins (LDL) into 
intima of artery, where oxidation of LDL takes place due to 
production of reactive oxygen species (ROS) and nitrogen 
species (NOS) by endothelial cells. Now oxidized LDL (Ox-
LDL) taken up by macrophages through phagocytosis and 
subsequently become lipid rich known as ‘foam cells’, 
collection of such foam cells constitutes fatty streaks. These 
fatty streaks further evolve into two forms of atherosclerotic 
plaques, namely stable and unstable plaque. Stable plaques are 
developed due to gradual deposition of lipid in foam cells and 
proliferation of smooth muscle cells, having thick fibrin caps 
that are not procumbent to rupture. On the other hand, unstable 
plaques are fast growing that give rise to more lipid deposition, 
and having thin fibrin caps that are much prone to rupture, 
ultimately leads to thrombosis. 
 

Matrix metalloproteinases (MMPs) are a family of proteolytic 
enzymes, which found in the myocardium and acts towards the 
myocardial remodelling including changes in cardiac myocytes 
and in the extracellular matrix (ECM). MMPs involve more 
than 25 members, having common basic domain structures and 
salient features towards their functions [21] such as, 
degradation of ECM, activity at neutral pH, inhibition by 
means of certain tissue inhibitors of metalloproteinases 
(TIMPs), presence of zinc for catalytic domain and 
requirement of calcium for their stability. Based on their 
structure and substrate specificity, MMPs were divided into 
four groups known as collagenases, gelatinases, stromelysins 
and membrane-type (MT) MMPs respectively. MMP-9 comes 
under second group gelatinases, as they are able to degrade the 
gelatins and collagen type IV in basement membranes.  It has 
been reported that the synthesis of MMPs are stimulated by 
various pro-inflammatory cytokines, epidermal and platelets 
derived growth factors (Creemers et al., 2001), and a cell-
surface protein named ECM metalloproteinase inducer 
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(Schmidt et al., 2006). The activity of MMPs in tissue is 
mainly inhibited by TIMPs. All four types of TIMPs (1 to 4) 
have ability to inhibit all available types of MMPs with 
different peculiarity. TIMP combine with the zinc binding site 
of the active MMPs and hinders the substrate availability.  
Animal studies suggested that the disproportion among MMPs 
and TIMPs levels may lead to the further changes in 
cardiomyocyte and infarct expansion in myocardial infarction 
(Mukherjee et al., 2003; Zhang et al., 2004). Human MMP-9 
gene is composed of 13 exons and 12 introns, located on 
chromosome 20q13.12. Two most common polymorphisms of 
MMP-9 gene are R279Q (rs17576) and C-1562T (rs3918242), 
studied in different population with conflicting results (Wang 
et al., 2011, 2012; Mishra et al., 2012). A polymorphism 
(rs17576) in the exon-6 regions of MMP-9 gene lead to the 
substitution of adenine (A) to guanine (C) base at the 
46011586 position as the missense variant. Another SNP 
(rs3918242) located at -1562 in the promoter region of MMP-9 
gene leads to substitution of cytosine (C) for thymine (T) as an 
upstream variant on human chromosome 20. A recent meta-
analysis comprised of seven related studies suggested that 
MMP-9 C-1562T polymorphism was associated with 
susceptibility of MI in white population; however it was not 
significantly associated with the disease progression in Asian 
population (Juan et al., 2015). Similarly, another meta-analysis 
comprised of sixteen case-control studies reported that MMP-9 
C-1562T polymorphism was significantly associated with the 
CAD and MI in East Asians, although no significant 
association was observed in West Asians or Western 
population (Wang and Shi 2014). Wang et al. (2011) reported 
that MMP-9 C-1562T polymorphism was significantly 
associated with pathogenesis of acute coronary syndrome 
(ACS), however no association for MMP-9 R279Q 
polymorphism with ACS was observed in Uygur population of 
China. Most-recent case control and cohort study in Iranian 
population revealed that R279Q and C-1562T polymorphisms 
of MMP-9 gene are associated with the susceptibility of 
premature MI (Sheikhvatan et al., 2018). 
 

In our study, we observed a co-dominance pattern of 
inheritance among study subjects, as the genotype frequencies 
in both groups were all in accordance with the Hardy-
Weinberg equilibrium. We found that CC genotype was most 
frequent as compared to CT and TT genotypes in the patients 
with family history group as well as in patients without family 
history group for MMP-9 C-1562T polymorphism. In context 
to MMP-9 R279Q genetic polymorphism, AG genotype was 
most frequent as compared to AA and GG genotypes in the 
patients with family history group as well as in patients 
without family history group. To the best of our knowledge, no 
such study on MMP-9 R279Q and C-1562T gene 
polymorphism in the patients with family history group as well 
as in patients without family history group has been reported in 
Asian Indian context. In our study, we did not observed any 
significant association between both the groups studied for 
MMP-9 R279Q (p = 0.18, odds ratio = 0.71 [0.42-1.18]) and 
C-1562T (p= 0.28, odds ratio = 0.70 [0.36-1.36]) gene 
polymorphism with the MI. Our results for MMP-9 R279Q 
polymorphism also are in agreement with the previous study 
carried out in Chinese populations in patients with ACS (Wang 
et al., 2011). Blankenberg et al. (2003) has been reported that 
279Q allele was significantly associated with elevated levels of 
MMP-9 and prognosis of cardiovascular death and MI (Squire 
et al., 2004). However, several studies suggested that R279Q 

variant of MMP-9 was not significantly associated with the 
risk of CAD and stable angina (Morgan et al., 2003; Kim et 
al., 2002; Lamblin et al., 2002).  Similarly, our findings for 
MMP-9 C-1562T gene polymorphism are in consistent with 
the studies reported in Asians (Juan et al., 2015) and West 
Asians populations (Wang et al., 2014), as there was no 
association found in patients with CAD and premature MI, 
respectively. In a recent meta-analysis Zhang et al. (2017) 
reported that MMP-9 -1562T allele was a risk factor for CAD 
and MI, however, no statistically significant association was 
observed between rs3918242 polymorphism and CAD either 
in allelic  or recessive models in Caucasians. 
 

On further analysis, we studied the serum MMP-9 levels in 
both the subject groups for present study. Serum MMP-9 
levels was not significantly differs (p=0.053) between patients 
with family history group as compared to patients without 
family history group. Similarly, we did not find any 
statistically significant difference between intergenotypic 
variations and serum MMP-9 levels in both the study groups 
for MMP-9 R279Q (p= 0.72 & 0.91) and C-1562T  (p= 0.62 & 
0.10) gene polymorphism, respectively. The association 
between Genetic polymorphism and MMP-9 levels is also 
varied among different ethnic populations and races. Some 
studies are reported that no positive association found between 
MMP-9 polymorphism and plasma MMP-9 levels in white 
control subjects (Demacq et al., 2008; Lacchini et al., 2010), 
However, Metzger et al. (2012) suggested their positive 
association in black study subjects.  The variations in MMP-9 
levels might be due to the effects of different drugs (e.g. 
statins) that usually prescribed in CAD, as reported earlier 
(Souza-Costa et al., 2007; Izidoro-Toledo et al., 2011). Orn et 
al. (2007) reported that MMP-9 levels were not associated 
with the scar size in post MI condition, suggested that different 
mechanisms were might be associated in the regulation of 
plasma MMP-9 levels in patients with long term complicated 
MI. Atherosclerotic Disease, Vascular Function and Genetic 
Epidemiology (ADVANCE) study was conducted for different 
SNPs & serum profiling for various MMPs in patients with 
acute MI, stable angina and healthy controls suggested that 
circulating levels of MMP-2 and MMP-9 are independently 
associated with progression of an acute MI contrary to stable 
angina (Hlatky et al., 2007).   
 

CONCLUSIONS 
 

The results of the present study suggested that the MMP-9 (C-
1562T and R279Q) gene polymorphisms and serum MMP-9 
levels may not contribute to the development of myocardial 
infarction in patients having no family history as compared to 
patients with family history. Further studies in extended 
sample size with patients follow-up are warranted to confirm 
the association of MMP-9 gene polymorphisms and MMP-9 
levels with the risk of developing MI. 
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