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Abstract
Matrix metalloproteinase (MMP) enzyme gene polymorphisms, particularly MMP- 2 -1575G / A and MMP-9-1562 C / T
promoter polymorphism, also their serum levels and activity were reported to have an association with aortic valve
calci�cation (AVC). We investigated the possible relationship between allele A of MMP-2 and T allele of MMP-9 in
synchrony and synergism and risk of AVC. 92 cases with AVC with a mean age of 63 years and 92 healthy individuals
with a mean age of 61.78 years from West of Iran were included, and MMP- 2 -1575G / A and MMP-9-1562 C / T
promoter polymorphism were detected using PCR–RFLP. We also investigated the serum levels of MMP- 2 and 9 and
their activity by using ELISA and gelatin zymography methods, respectively. In addition, serum biochemical parameters
including FBS, urea and creatinine, cholesterol, triglyceride, HDL, LDL, calcium, phosphorus, blood pressure SBP and DBP
were measured. The frequency of A alleles from the MMP2-1575 variant was slightly higher in the presence of heart
valve calci�cation disease (P = 0.002). Additionally, the frequency of T allele of the MMP9-1562 variant was higher than
the control group (P = 0.007). Serum levels and activity of both MMP-2 and MMP-9 were found to be signi�cantly higher
than the control group (P < 0.001). Increased serum levels and activity of MMP-2 and MMP-9 in patients, then the control
group predispose them to cardiovascular disease.

1. Introduction
Aortic valve calci�cation (AVC) is one of the most common valvular illnesses in developed countries (1). AVC is classi�ed
as an active in�ammatory condition with lipoprotein buildup, chronic in�ammation, and calcium deposition in the
valvular lobes, comparable to atherosclerosis (2, 3). Calcium deposition in some sections of the valve does not block the
valve in the early stages of the illness, and this is referred to as normal valve function. Calci�c aortic stenosis occurs
when calci�cation thickens the valve surface, limiting blood �ow and causing abnormalities in the movement of the
valve lea�ets (4, 5). This condition affects about 1% to 2% of the population and is a leading cause of AVC. The majority
of these individuals' aortic valves become calci�ed over time, and just 1% of them have normal aortic valve function (6).
Oxidative stress, hypertension, sex, age, obesity, metabolic syndrome, hyperlipidemia, diabetes, smoking, renal disease,
and reduced Fetuin-A serum levels are the most critical variables in the illness's occurrence(5, 7, 8). NOTCH1, VDR, APOB,
APOE, TGFB1, ESR1, and IL10 polymorphisms are among the most important genetic factors in the development of
AVC (9). Aortic valve calci�cation affects 25% of persons aged 65 to 74 and 48% of adults over the age of 84. Shortness
of breath, chest discomfort, syncope, and atrial �brillation are the most common symptoms of AVC (10). Doppler
echocardiography is the gold standard for determining the severity of valve calci�cation. The only effective therapy for
calci�cation of the aortic valve is valve replacement. There is currently no medication therapy that can slow the course of
aortic valve disease or improve survival rates (10). Mitral valve calci�cation (MAC) is a long-term calci�cation of the
�brous tissue of the mitral valve that is common in the elderly and is caused by rheumatic heart disease. The presence of
MAC in the body has been linked to a greater frequency of cardiovascular disease in studies (11). Age, sex, chronic renal
disease, hypertension, diabetes mellitus, dyslipidemia, smoking, Marfan's metabolic syndrome, Holler syndrome, and low
blood calcium and phosphorus levels are the most relevant clinical risk factors (12). Matrix metalloproteinase (MMPs)
enzymes belong to a larger family of proteases called super Metzincin (13, 14). MMPs may normally breakdown
extracellular matrix (ECM) proteins and are involved in tissue deformation during morphogenesis and angiogenesis,
tissue healing, and diseases such cirrhosis, arthritis, and metastasis (15, 16). MMP tissue inhibitors, such as tissue
inhibitors of metalloproteinases-1 (TIMP-1) to TIMP-4, suppress matrix metalloproteinases at the level of gene
transcription (17, 18). The MMP-2 and MMP-9 break down chondroitin sulfate, laminin, collagen IV, and V (19). The MMP-
2 -1575G/A variant is located directly to 5′ to a half-palindromic potential estrogen receptor binding site. The 1575A allele
has been reported to crucially reduce transcription activity (20). The polymorphism MMP-9 -1562 C>T in the promoter
region may increase promoter activity (20, 21). These polymorphisms have also been reported in the susceptibility of



Page 3/17

individuals to several pathologies (22, 23). We investigated if there is a synergistic link between the appearance of allele
A of MMP-2 and the T allele of MMP-9 and the risk of heart valve calci�cation in this study.

2. Methods
2-1 Study population

The study comprised 92 individuals (52 men and 40 women) with a mean age of 64.86±10.38 with aortic and mitral
valve calci�cation, who were con�rmed as the case group by a cardiologist (patient group). In addition, the Healthy group
consisted of 92 sex- and age-matched people (43 men and 49 women), with a mean age of 63.77±7.46. There were no
additional illnesses associated with matrix metalloproteinases 2 and 9 in the control group. Individuals with OVC were
referred to Imam Ali Hospital based on a cardiologist's diagnosis; also, the control group had no history of cardiovascular
illness. The study was done according to the guidelines of the 1975 Declaration of Helsinki.

2.2 Sample Collection and DNA Extraction

In each of the two groups, 10 mL of blood was taken and split into two portions of 5 mL to extract DNA and separate
serum samples. The phenol-chloroform technique was used to extract DNA from peripheral blood cells (24-26), and
samples were dissolved in ddH2O and stored at −70 °C.

2.3 Genotyping

On chromosomes 20 and 16, target areas (MMP-9 C/T -1562 and MMP-2 G/A -1575) were ampli�ed using polymerase
chain reaction (PCR) (27, 28). Primers were designed using the Primer3 online website (https:// prime r3. ut. ee/). The
sequences of the primers were as the following:

(MMP-9, F: 5′- GCCT GGC ACATAG TAG GCCC -3′, R: 5′- CTTCCTAGCCAGCCGGCATC -3′) (MMP-2, F: 5′- AGG TTT GTC ACT
GGG TCA GGC TG -3′, R: 5′- CCT AGG AAG GGG GCA GAT AGG AC -3′)

MMP-2 and MMP-9 were genotyped using restriction fragment length polymorphism (RFLP), with RCA1 and sph1 as
restriction enzymes, respectively. PCR was performed with 25 μL volume (1 μL of DNA at the concentrations of 200–600
ng, 0.6 μL of each primer at a concentration of 10 pmol, 0.75 μL of MgCl2 at a concentration of 50 mM, 0.5 μL of dNTPs
at a concentration of 200 μM, 0.5 μL Taq polymerase at a concentration of 5 U/μL, and 2.5 μL of 10 × PCR buffer. The
PCR process for determining the MMP-2 genotypes was completed in 35 cycles under initial denaturation at 94 °C for 5
min, denaturation at 94 °C for 30 s, annealing at 68 °C for 60 s, extension at 72 °C for 30 s, and a �nal extension at 72 °C
for 10 min.  The PCR product was detected as a 301 bp on 1.5% agarose gel after electrophoresis. 10 μL of the PCR
product was digested with RCA1 enzyme for 16 h at 37 °C. The RFLP product was electrophoresed in 2.0% agarose gel
and stained with ethidium bromide. The PCR product in this position was not cleaved by the RCA1 enzyme since there
was no mutation in the wild allele (G/G), resulting in a 301-bp fragment. In the heterozygote form (A/G), three fragments
of 301, 189, and 112 bp were generated, and two fragments of 189 and 112 bp in the mutant homozygote form (A/A)
(Fig. 1a). The PCR process for determining the MMP-9 genotypes was performed in 35 cycles under initial denaturation
at 94 °C for 5 min, denaturation at 95 °C for thirty seconds, annealing at 64 °C for 60 s, extension at 72 °C for 30 s, and a
�nal extension at 72 °C for 10 min. The PCR product was detected as a 435 bp on 1.5% agarose gel after electrophoresis.
10 μL of the PCR product was digested with sph1 enzyme for 16 h at 37 °C. The RFLP product was electrophoresed in
2.0% agarose gel and stained with ethidium bromide. Since there was no mutation in the form of wild allele (C/C), the
PCR product in this site was not cleaved by the sph1 enzyme, and a fragment with a length of 435 bp was created. Three
fragments of 435 bp, 244 bp, and 191 bp were developed in the heterozygote form (C/T), and two fragments of 244 bp
and 191 bp in the mutant homozygote form (T/T). (Fig. 1b).



Page 4/17

2.4 Measurement of Serum MMP‐2 and MMP‐9

Serum MMP-2 and MMP-9 levels were measured using a Quantikine ELISA kit (R&D Systems-USA), and the results were
detected using the Awareness Elisa reader version Stat fax 2100 (ChroMate, Minneapolis-US).

2.5 Measurement of matrix metalloproteinase 2 and 9 enzyme activity

The gelatin zymography technique was used to evaluate the serum enzymatic activity of MMP-2 and MMP-9, as well as
their proenzymes. In brief, the amount of total protein was measured by Bradford method and diluted to adjust the
protein content to 2 μg/μL. In this experiment, we used sodium dodecyl sulfate (SDS) acrylamide gel (8%) containing 1
mg/mL gelatin and loaded 20 μL of sample in each well before running the test. Electrophoresis was performed and
then, gels were washed with 100 mL renaturation buffer comprising 2.5% Triton X-100 to remove the SDS three times and
incubated with developing buffer in the shaker incubator at 37 °C for 18 h. After this step, the gels were stained with
Coomassie brilliant blue for 40 minutes before being rinsed with H2O, methanol, and acetic acid for 60 minutes. The gel
image was analyzed using the software Image-J®program (NIH-USA)(Fig. 2a and 2b).

2.6 Biochemical and Clinical Parameters

In this study, the serum levels of urea, FBS, calcium, phosphorus, creatinine, total cholesterol, triacylglyceride (TG), high-
density lipoprotein (HDL-C), and low-density lipoprotein (LDL-C) were measured by Pars Azmun kits-Iran using automated
RA-1000 (AutoTechnicon, USA). The physician used a blood pressure monitor to measure SBP and DBP parameters
(Omron, M2-HEM-7121-E-Vietnam). Angiography was used to diagnose AVC.

2.7 Statistical Analysis

The normal distribution of quantitative data was investigated by the One-Sample Kolmogorov–Smirnov test. Analysis of
age, BMI, the serum levels and activity of matrix metalloproteinase 2 and 9, creatinine, TG, calcium, total cholesterol,
urea, phosphorus, HDL-C, LDL-C, FBS, SBP, and DBP was performed by student’s t-test. Also, distribution of different
qualitative data was compared between the groups using the Chi-square test (χ2). Simple and multiple logistic regression
analyses were used for the calculation of the odds ratio. Moreover, we used the Pearson correlation test to assess the
association between matrix metalloproteinase 2 and 9 with other biochemical and physiologic parameters. The
statistical analysis was performed using SPSS (Ver 16, SPSS Inc., Chicago, USA) and P < 0.05 was considered to be
statistically signi�cant.

3. Results
Table 1 shows the comparison of demographic data and means values of biochemical and clinical data between patient
and control groups. MMP-9 serum levels, MMP-9 and MMP-2 activities, FBS, LDL-C, HDL-C, urea, creatinine, calcium,
phosphorus, SBP, and DBP in the patient group were notably higher when compared to the control group (P<0.001). The
distribution of genotypic and allelic frequencies of MMP-9 and MMP-2 genotypes between studied groups is shown in
Table 2.  The overall distribution of the frequency of MMP-9 genotypes in the patient group compared to the control
group was signi�cantly correlated (P=0.007, 2X=9.95, df=2). The frequency distribution of MMP-9 genotypes in the
dominant form was signi�cantly different in the patient group compared to the healthy group (P=0.002, 2X=9.79, df=1).
The frequency of C alleles against T alleles in the patient group compared to the control group was signi�cantly related
(P<0.001, 2X=28.75, df=1). In individuals with CT+TT genotype, the risk of aortic and mitral valve calci�cation increased
by 1.69% compared to people with CC genotype, and there was a signi�cant difference (P = 0.002, 2χ= 9.79, df = 1). The
risk of aortic and mitral valve calci�cation increased signi�cantly by 3.22% in those carrying the T allele compared with
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those carrying the C allele. The overall distribution of the frequency of MMP-2 genotypes in the patient group compared
to the control group was signi�cantly correlated (P=0.002, 2X=12.43, df=2). 

The patient group had a substantially different frequency distribution of MMP-2 genotypes in the dominant form than
the control group (P=0.005, 2X=8.01, df=1). The frequency of G alleles versus A alleles was signi�cantly associated in
the sick group compared to the control group (P0.001, 2X=29.68, df=1). The risk of aortic and mitral valve calci�cation
rose by 1.35 percent in persons with genotype GA+AA compared to people with genotype GG, although the difference
was not signi�cant. When comparing individuals with the T allele to those with the C allele, the risk of aortic and mitral
valve calci�cation rose by 2.81 percent. Table 3 shows the differences in MMP-2 gene parameters in individuals with
aortic and mitral valve calci�cation who had the GG genotype against the control group. Serum levels of MMP-9 and 2,
MMP-2 activity, FBS, TG, HDL-C, LDL-C, urea, calcium, phosphorus, SBP, and DBP in the patient group were signi�cantly
increased compared to the control group, and no signi�cant association was found in mean values of BMI (P=0.47),
serum levels of total cholesterol (P=0.12) and MMP-9 activity (P =0.09), creatinine (P = 0.23) between two included
groups. Comparison of MMP-2 gene parameters in patients with aortic and mitral valve calci�cation with GA+AA
genotype showed that in these patients, serum levels and activities of MMP-2 and serum levels of MMP-9, LDL-C, urea,
creatinine, calcium, phosphorus, SBP, and DBP in the patient group were signi�cantly increased compared to the control
group (P<0.001).

Table 4 compares MMP-9 gene values in individuals with aortic and mitral valve calci�cation who have the CC genotype
to the control group. In the patient group, serum levels and activities of MMP-9 and MMP-2, FBS, TG, HDL-C, LDL-C, urea,
calcium, phosphorus, SBP, and DBP were signi�cantly higher than in the control group, while mean values of BMI
(P=0.28), total cholesterol (P=0.17), and creatinine (P=0.05) showed no signi�cant association.

Comparison of parameters in patients with aortic and mitral valve calci�cation with CT+TT genotype in comparison with
the same genotype in control group showed that serum levels of MMP-2 and MMP-9, MMP-2 activities, LDL-C, Urea,
Phosphorus, and SBP also showed signi�cant association in the patient group compared to the control group. In
addition, other parameters including BMI(P=0.25), MMP-9 activities (P=0.49), FBS(P=0.06), total cholesterol(P=0.99), TG
(P=0.95), HDL-C (P=0.14), creatinine (P=0.12) and DBP showed no signi�cant difference between the two groups. Table 5
shows the correlations between MMP-2 and MMP-9 levels and several biochemical and clinical indicators in both the
patient and control groups. In the control group, MMP-2 levels were substantially related to urea (P=0.036). Furthermore,
serum MMP-2 levels in the patient group had no signi�cant relationship with the aforementioned criteria. Serum MMP-9
levels were found to be substantially related to creatinine levels in the control group (P=0.04). The result of gelatin
zymograms for MMP-2 and MMP-9 in both groups the activity of MMP-2 and Map 9 enzymes in patients was higher
than the control group and was statistically signi�cant (Fig. 2).

4. Discussion
MMPs have been implicated in the pathogenesis of atherosclerosis in previous investigations (29, 30). The use of MMP
inhibitors like GM6001 disturbs the calci�cation process in the arteries (31). Increased levels and activity of matrix
metalloproteinases increase the risk of extracellular matrix breakdown in the intima of coronary arteries, which can lead
to atherosclerotic plaques and later plaque rupture (32). Kiefer et al. evaluated the role of MMP-2 in the pathology of CAC
and Showed an increase in MMP-2 activity in CAC pathology, which was consistent with the results of our study (33).
MMP activity is linked to vascular calci�cation in chronic kidney disease (CKD), and Chen et al. found that inhibiting
MMP activity can reduce vascular calci�cation (34). Yihong Hua et al. found a link between MMP-2 and SHF gene
polymorphisms and heart failure in a Chinese population. Their �ndings imply that allele A of SNP 1059, which has a
better prognosis than other genotypes, might be used to detect SHF in northern Chinese Han people (35). The MMP-2
gene promoter SNP 1575G / A was shown to be strongly linked with cardiovascular disease in the current investigation;
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the results of another study in Iran found a link between MMP-2 and MMP-9 promoter polymorphism with cardiovascular
disease (36). Chang et al. reported that MMP-2 gene promoter SNP 1575G / A was not signi�cantly associated with
cardiovascular disease which was in contradiction with our results (37). We aimed to look into the link between the
presence of allele A of MMP-2 and T allele of MMP-9 in synchrony and synergism and the risk of AVC since there have
been only a few studies on the MMP-2 gene promoter and its correlation with aortic and mitral valve calci�cation illness.
Patients with allele A of polymorphism G / A 1575- should be considered carriers with a high-risk factor for
cardiovascular disease. High serum levels of MMP-2 in allele A carriers were related to the risk of aortic and mitral valve
calci�cation in patients. Also, In the present study, the activity of MMP2 was measured and their activity level was higher
in the patient group than the control group, con�rming the high serum level of this enzyme. The MMP-9 gene promoter
SNP 1562TC was shown to be substantially related with cardiovascular disease in our investigation. The association of
this polymorphism with coronary artery disease and MMP-9 levels was reported by Zhang et al. Their results showed that
T <C mononucleotide polymorphism at position 1562 of the MMP-9 gene promoter was associated with increased genes
expression involved in coronary artery stenosis and coronary aortic valve. They hypothesized that the T allele was
associated with increased promoter activity relative to the C allele, which could be exacerbated by disease severity (38).
Wang et al. investigated the function of the MMP-9 -1562 C>T SNP in China. Individuals with the 1562T allele were
shown to have a greater chance of acquiring the condition, according to their �ndings (39). Shu ye et al. found that
carriers of the 1562-T allele had high levels of mRNA of MMP-9 enzyme and high serum levels of MMP-9 and greater
activity (34). Furthermore, polymorphisms in the MMP-9 -1562C/T promoter alter gene function through changing gene
transcription (40, 41). Early-onset coronary artery disease (ECAD) was studied by Saedi et al. in Iran. They suggested that
T allele in MMP-9 -1562 C>T may play a role in developing ECAD (42). Our previous study, which reported that both
serum levels of MMP-2 and MMP-9 and their activity were higher in individuals with CAC compared with healthy people
and also reported that A and T allele in MMP-9 and 2 SNPs may be a risk factor for developing CAC, supports the results
of the present data (43). In this regard, Hua et al. showed that A allele MMP-2 rs243866 was related to lower risk of heart
failure (35). Tissue inhibitors of metalloproteinases, or TIMPs,are important in the control of MMP activity.In future
investigations, we recommend enrolling additional individuals and monitoring TIMPs (44-46). Finally, in patients with
aortic and mitral valve calci�cation, those with the T allele of the C / T 1562 polymorphism MMP-9 should be regarded
carriers with a high-risk factor for cardiovascular disease. In addition, as compared to the control group, elevated blood
levels of MMP-9 in T allele carriers were linked to an increased risk of aortic and mitral valve calci�cation in patients.

5. Conclusion
In the present study, for the �rst time, the synergistic effect of both SNP and 1562 T - MMP-9 and 1575 A - MMP-2 alleles
are jointly reported as risk factors for heart valve calci�cation. It seems that higher serum levels and activity of MMP-2,
as well as MMP-9 in patients, compared to the control group make them more susceptible to cardiovascular involvement
and myocardial infarction.
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Tables
Table 1. Comparison of demographic data and mean values of biochemical and clinical data between patient and
control groups
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p-valuePatient groupControl groupParameters

P=0.07 24.28 3±.1925.02 2±.24BMI (kg.m2)

P<001.04.16 ± 150.261.05 ± 56.44MMP-9 (ng/ml)

P =0.06121 ± 28.71100 ± 21.45MMP-2(ng/ml)

P<001.046300 ± 18904.7319800 ± 11274.1MMP-9 activity

P<001.020100 ± 8223.2512500 ± 5153.3MMP-2 activity

P<001.0101.90 ± 23.7892.09 ± 6.88FBS (mg/dL)

P=32.0163.65 ± 46.40158.13 26±.78Total Cholesterol (mg/dL)

P=09.0127.88 51±.0922±118.45Triglyceride (mg/dL)

P= 01.095.01 ± 44.6781.33 ± 24.71LDL-C (mg/dL)

P<001.044.7±23.2554.11±66.15HDL-C (mg/dL)

P<001.034.97 ± 6.9327.92 ± 5.52Urea (mg/dL)

P= 01.00.96 ± 0.180.90 ± 0.15Creatinine (mg/dL)

P<001.07.99 ± 0.638.95 ± 1.35Calcium (mg/dL)

P<001.04.80 ± 0.764.25 ± 0.35Phosphorus (mg/dL)

P<001.0125.55 ± 18.54108.18 ± 8.22SBP (mmHg)

P<001.078.89 ± 10.6071.71 ± 5.25DBP (mmHg)

Values are written as mean ± SD or n (%) DM diabetes mellitus; BMI body mass index; FBS fasting blood sugar; HDL
high-density lipoprotein cholesterol; LDL low-density lipoprotein cholesterol; SBP systolic blood pressure; DBP diastolic
blood pressure; MMP-9 matrix metalloproteinase-9; MMP-2 matrix metalloproteinase-2 P < 0.05 was considered
statistically signi�cant

Table 2. Distribution of genotypic and allelic frequencies of MMP-9 genotypes and MMP-2 genotypes between studied
groups
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OR (95%CI, p-value)Patient n (%)Control n (%)Polymorphism

MMP-9 genotypes

 n=57(62%)n=76(82.6%)

 

CC

 n=32(34.8%)

 

n=14(15.2%)

 

CT

 n=3(3.2%)n=2(2.2%)TT

  P = 0.007       2χ=9.95         df= 2

 n=57(62%)

 

n=76(82.6%)

 

CC

1.69 (1.15 – 2.40)n=35(38%)n=16(17.4%)CT+TT

 P = 0.002        2χ= 9.79         df = 1

Alleles

 n = 57(62 %)

 

n = 87(94.6)

 

C

 n = 35(38%)

 

 n=5(5.%4)T

3.22 (1.94 – 5.33) P<0.001          2χ= 28.75           df = 1

MMP-2 genotypes

 n =53 (57.6%)

 

 n = 71 (77.2%)

 

GG

 n =38(41.3 %)  n = 17 (18.5%)

 

GA

 n =1(1.1 %)n =4 (4.3%)  

 

AA

  P=0.002       2χ= 43.12            df=2 

 n =53 (57.6%)  n = 71 (77.2%)

 

GG

1.35(0.95- 1.92)n =39(1.1 %)n =21 ( 29.9)GA+AA

  P = 0.005     2χ=8.01           df = 1 

Alleles

 n =53 (57.6%)

 

n =85 (92.4%)

 

G

 n =39(42.4 %)n =7 ( 7.6%)A
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2.81(1.80-4.38) P<0.001     2χ=29.68         df =1 

Distributing alleles and genotype frequency of MMP-2 and MMP-9 in patient group in comparison to the control group
was done using simple and multiple logistic regressions. OR: odds ratio with its 95% CI, P-value* is based on multiple
logistic regression for adjusting DM, FBS, Urea, Creatinine, HDL, Calcium, SBP, and DBP. P-value < 0.05 was considered
signi�cant

Table 3. Comparison of different parameters between the control and patient groups with respect to MMP2 genotypes

p-
values

Patient group

GA+AA

Control group

GA+AA

p-
values

Patient
group GG

Control group
GG

Parameters

0.07 15.3 ± 87.23 05.2 ± 26.25 47.0 22.3 ± 59.24 31.2 ± 95.24 BMI (kg.m2)

<0.001 96.146 ± 33.407 17. 12±  59.93 001.0> 44.150 ±
E259.3

99. 55± 110

 

MMP-9 (ng/ml)

<0.001 11.26 ± 12.190 80. 30± 28.118 001.0> 37.29 ±
E288.1

69. 31± E2
15.1

MMP-2 (ng/ml)

0.004 84.20111 ±
343000

 

821000±15082.71 001.0> 87.19381 ±
E451.3

757.11721 ±
E405.2

MMP-2 activity

0.05 40.29953 ±392000 20.3154 ± 101000

 

09.0 23.36374 ±
E446.2

12.24743 ±
E453.1

MMP-9 activity

0.08 05.22 ±5 .101 30. 7±  76.92 001.0 18.25
±1.102

79. 6±    
90.91

FBS (mg/dL)

0.53 14.44 ± 48.160 54.24 ± 167 12.0 28.48 ± 65.1 02.27 ± 155 Total Cholesterol
(mg/dL)

0.80 22.48 ± 87.121 76.18 ± 09.119 04.0 12.53 ± 132 54.23 ± 117 Triglyceride
(mg/dL)

0.83 71.46 ± 73.92 38. 20± 47.90 004.0 48.43 ±
68.96

35. 25± 62.78 HDL-C (mg/dL)

0.02 28.7 ± 15.44 02.8 ± 85.48 001.0> 29.7 ± 30.44 41.11 ± 38.56 LDL-C (mg/dL)

<0.001 29.6± 64.35 06.5 ± 71.28 001.0> 38.7± 49.34 67.5 ± 69.27 Urea (mg/dL)

0.01 18.0 ± 98.0 15.0 ±86.0 23.0 18.0 ± 95.0 16.0 ±91.0 Creatinine
(mg/dL)

<0.001 72.0±07.8 06.1 ± 07.9 001.0> 54.0±93.7 43.1 ± 92.8 Calcium (mg/dL)

<0.001 49.0 ± 82.4 47.0 ± 10.4 001.0> 91.0 ± 78.4 30.0 ± 29.4 Phosphorus
(mg/dL)

0.01 02.20 ± 76.124 89.5±33.113 001.0> 54.17 ± 126 22.8±106 SBP (mmHg)

0.009 60.11 ±51.78 59.5 ± 23.71 001.0> 91.9 ±16.79 18.5 ± 85.71 DBP (mmHg)

A t-test was applied for calculating the correlation values of serum biochemical parameters with MMP-2 polymorphism
(rs243866) between patients and controls BMI body mass index; FBS fasting blood sugar; HDL high-density lipoprotein
cholesterol; LDL low-density lipoprotein cholesterol; SBP systolic blood pressure; DBP diastolic blood pressure; MMP-9
matrix metalloproteinase-9; MMP-2 matrix metalloproteinase-2 A P < 0.05 was considered statistically signi�cant.
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Table 4. Comparison of different parameters between the control and patient groups with respect to MMP-9 genotypes

p-
values

Patient group

CT+TT

Control group

CT+TT

p-
values

Patient group CC Control group CC Parameters

0.25 03.3 ± 86.23 22.2 ± 84.24 28.0 29.3 ± 54.24 26.2 ± 06.25 BMI (kg.m2)

<0.001 84.148 ± 61.397 04. 45±  03.141 001.0> 04.151 ± 16.369 59. 21±  05.99 MMP-9
(ng/ml)

<0.001 68.29 ± 71.185 78. 34± 87.116 001.0> 81.26 ± 10.191 82. 30± 98.115 MMP-2
(ng/ml)

0.04 11.20144 ±40600

 

87.13199 ±29000

 

001.0> 47.18406 ±30600

 

88.11578 ±18100

 

MMP-9
activity

0.49 88.43747 ±26100

 

41.27333 ±17900

 

01.0 60.25927 ±23200

 

63.20624 ±13600

 

MMP-2
activity

0.06 29.20 ±4 .99 99. 5±  68.89 001.0 75.25 ±3 .103 98. 6±  60.92 FBS
(mg/dL)

0.99 46.33 ± 54.158 46.33 ± 68.158 17.0 85.47 ± 78.166 42.25 ± 01.158 Total
Cholesterol
(mg/dL)

0.95 23.34 ± 74.117 10.26 ± 18.117 03.0 54.58 ± 10.134 80.21 ± 17.118 Triglyceride
(mg/dL)

0.14 27.41 ± 98.93 36. 25± 36.77 03.0 98.46 ± 64.95 66. 24± 16.82 LDL-C
(mg/dL)

<0.001 95.6 ± 25.45 35.11 ± 93.55 001.0> 42.7 ± 61.43 17.11 ± 39.54 HDL-C
(mg/dL)

0.003 70.6± 80.33 37.4 ± 12.28 001.0> 02.7± 70.35 76.5 ± 88.27 Urea
(mg/dL)

0.12 18.0 ± 97.0 20.0 ±88  .0 05.0 18.0 ± 96.0 15.0 ±90 .0 Creatinine
(mg/dL)

0.68 57.0± 8 84.1 ± 14.8 001.0> 66.0±98.7 17.1 ± 12.9 Calcium
(mg/dL)

<0.001 42.0 ± 76.4 28.0 ± 32.4 001.0> 91.0 ± 82.4 37.0 ± 23.4 Phosphorus
(mg/dL)

0.01 76.20 ± 74.122 13.7±12 .109 001.0> 17 ± 28.127 46.8±98.107 SBP
(mmHg)

0.31 59.10 ±77.76 08.4 ± 74 001.0> 49.10 ±19.80 37.5 ± 23.71 DBP
(mmHg)

A t-test was applied for calculating the correlation values of serum biochemical parameters with MMP-9 polymorphism
between patients and controls BMI body mass index; FBS fasting blood sugar; HDL high-density lipoprotein cholesterol;
LDL low-density lipoprotein cholesterol; SBP systolic blood pressure; DBP diastolic blood pressure; MMP-9 matrix
metalloproteinase-9; MMP-2 matrix metalloproteinase-2 A P < 0.05 was considered statistically signi�cant

Table 5. Correlations among MMP-2 and MMP-9 levels with different biochemical and clinical parameters in the patient
and control groups separately



Page 15/17

  MMP-9 level (r*)   MMP-2 level (r*) Parameters

Patient group Control group Patient group Control group  

r=0.031 P=0.770 r=-0.108 P=0.306 r=0.095 P=0.368 r = 0.191 P=0.068 FBS (mg/dL)

r=-0.114 P=0.279 r=-0.110 P=0.296 r=-0.011 P=0.914 r= -0.219 P=00.036 Urea (mg/dL)

r=0.027 P=0.796 r=-0.215 P=0.040 r=0.186 P=0.076 r=-0.122 P=0.246 Creatinine (mg/dL)

r=0.173 P=0.099 r=-0.017 P=0.875 r=0.039 P=0.715 r=0.039 P=0.715 Total Cholesterol (mg/dL)

r=-0.035 P=0.743 r=0.097 P=0.357 r=-0.035 P=0.740 r=-0.035 P=0.740 Triglyceride (mg/dL)

r=0.036 P=0.732 r=0.147 P=0.163 r=0.005 P=0.964 r=-0.055 P=0.606 HDL-C (mg/dL)

r=0.054 P=0.610 r=0.060 P=0.280 r=0.063 P=0.552 r=0.063 P=0.552 SBP (mmHg)

r=-0.079 P=0.455 r=0.012 P=0.907 r=-0.022 P=0.836 r=-0.022 P=0.836 DBP (mmHg)

*Pearson correlation coe�cient

FBS fasting blood sugar; HDL high-density lipoprotein cholesterol; SBP systolic blood pressure; DBP diastolic blood
pressure; MMP-9 matrix metalloproteinase-9; MMP-2 matrix metalloproteinase-2

A P < 0.05 was considered statistically signi�cant

Figures
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Figure 1

a) PCR–RFLP results from MMP-2 -1575G>A genotyping, in AG genotype three fragments (301, 189, and 112bp) are
formed. AA genotype is de�ned by two 489 and 112bp fragments, while GG genotype is de�ned by a 301bp fragment, b)
MMP-9 -1562 C>T genotyping, in CT genotype, three fragments including 435, 244 and 191bp are de�ned. CC and TT
genotypes are de�ned by only a 435bp fragment and a 244 and a 191bp fragments respectively.
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Figure 2

gelatin zymograms for matrix metalloproteinase 2 and 9 in both patient and control groups. The upper white fragment
determines MMP-9 (92kD) while the lower fragment determines MMP-2 (72kD). 


